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WARNINGS, CAUTIONS, AND NOTES AS USED IN THIS PUBLICATION

WARNING

Waming notices are used in this publication to emphasize that hazardous voltages, currents, temperatures,
or other conditions that could cause personal injury exist in this equipment or may be associated with its
use.

In sitnations where inattention could cause either personal injury or damage to equipment, a Warning
notice is used.

CAUTION

Caution notices are used where equipment might be damaged if care is not taken.

NOTE

Notes merely call attention to information that is especially significant to understanding and operating the
equipment.

This document is based on information available at the time of its publication. While efforts have been made to be accurate,
the information contained herein does not purport to cover all details or variations in hardware and software, nor to provide
for every possible contingency in connection with installation, operation, and maintenance. Features may be described herein
which are not present in all hardware and software systems. GE Fanuc Automation assumes no obligation of notice to
holders of this document with respect to changes subsequently made.

GE Fanuc Automation makes no representation or warranty, expressed, implied, or statutory with respect to, and assumes no
responsibility for the accuracy, completeness, sufficiency, or usefulness of the information contained herein. No warranties
of merchantability of fitness for purpose shall apply.

©Copyright 1987 GE Fanuc Automation North America, Inc.



i Preface
GEK-90842

The purpose of this manual is to provide information for the user to install, program and implement the
family of Series One™ family of Programmable Controllers (PCs) into a control system. The Series
One family of PCs includes the Series One, Series One Model E, Series One Plus and Series One Plus
3.7K PCs, which are described in this manual. The Series One Junior PC is described in a separate
User’s Manual, GEK-90503.

The Series One PC provides the user with the capability of developing and programming a control
system using the familiar ladder diagram logic approach. The Series One Plus includes the same ladder
diagram function plus a group of data operation functions, which includes data moves, math functions,
conversion, and fault diagnosis.

Chapter 1, Introduction, is an introduction to the Series One and Series One Plus PCs, with emphasis
on features and capabilities. A summary of terms common to PCs is provided at the end of this chapter
as an aid to first-time PC users.

Chapter 2, Physical Equipment Configuration, provides a detailed description of the hardware
components of the PC. This chapter provides an understanding of the components of a Series One or
Series One Plus PC system and how they are related to the overall system.

Chapter 3, Installation, provides the specifications and instructions required for installation of your
Programmable Control system.

Chapter 4, PC Operation, describes the operation of the Series One and Series One Plus PCs,
including features and functions of the programmer used for entering new programs, editing existing
programs, monitoring the status of inputs or outputs, displaying timer or counter accumulated values,
and displaying register contents. The last part of this chapter describes operation of peripheral devices
which may be used with both Programmable Controllers. Peripherals include an audio cassette tape
recorder for recording your program after it has been entered in order to have a permanent record of that
program, a PROM Writer Unit, which allows a non-volatile means of program storage within the PC,
and a Printer Interface Unit to allow documenting of your programs.

Chapter 5, Programming, provides the basic information required in order to develop, enter, and
implement your programs. A description of each function is provided, including examples of using each
function. Three sections are included: Programming, Basic Instructions, and Data Operation
Instructions.

Chapter 6, I/O Specifications and Wiring, is a guide to the specifications of the input and output (I/O)
modules and their physical connections to field devices.

Chapter 7, Maintenance, is a guide to basic maintenance of your system, should it be needed.
Reliability of the Series One family of PCs is excellent and other than changing the Lithium back-up
battery, when required, there should be little maintenance required of your PC. This chapter includes
troubleshooting procedures and information on replacing components.

Chapter 8, Applications, provides several typical Applications using the capabilities of the Series One
and Series One Plus PCs. This chapter should be especially helpful to first-time users of a program-
mable controller.

Appendices A through D contain a summary of Related Documentation, a Glossary of Programmable
Controller Terms, a guide to the compatibility of the Series One family of Programmable Controllers,
and a Description of other GE Fanuc Automation North America, Inc. Programmable Controllers. A
comprehensive index is included as an aid to the location in the manual of particular items of interest.



(¥}
]

7]
|
(et

iv

¥ 8
[ [~
> 8
Q nm
£op
..VVW ®
2
P
K3 ~
o
g
y -
O L
< m.
~ -lm
208
), ..m.m
(SN %Y
N
00 ;3
= 8
Q)
m. -a
¥
r. A
8o &2
e
W
o &
88
sz
=
&=
NI ]
8
T
g 9
X, )
SR
~ g
g <
N
a8 3
¥
;&
2 3
T v
K Few
= A
(SR
Y
) )
NS
0 O
y &
S ¥
1<) ~
Q)
0
LYY
LN
Q)
m.,. 1251
= N
< o

L §44

red, co y
arlotiesvilie, Virg

Uir
— |

[

L 0
I



<t

Pl
]

an radiate radio
1

dc

w

5

rd

enerates, uses, an
)

e 2
°o g B
£ .M.m o'
.m. - 5.5
-4 N ._nv. !
PR
.mm a3 B3 L)
e (a4 g ‘A
CROR-I
50 w <
vJE.. .w [
— Yt AA
EnE5
S~ E
o 56 &
S8 33
uD.. w g
5 4 g
g3
(™1 N
ok &g
“l
o ..Mu.. =2 g
o'5.5 .98
8w hE
D o~ Q|
[ + [
fw b nU 24
PR AL
Aw @

1 WO .
) Zh et

208
M “m n,.l 15
T 5

[

= mw M (@]

I
7 mw = >
§°8 5
= BT R g
8 8 5 .o
o 3 85
g2 6
=
m. mu = ﬂn
1 O3 &
8 O Q0
" “ f=< O
Q< 0 <
.© @ g7 _“..
B33
0w g
S wadd

5

~

100 1
v

1s likely to cause interference. in w

-

reguired to take w

o

eyl w







vii

Content

GEK-90842

CHAPTER 1. SERIES ONE/SERIES ONE PLUS PC INTRODUCTION
History of Programmable Controllers

Advantages Over Other Control Devices
Series One Programmable Controllers
Series One Model E Programmable Controller
Series One Plus 3.7K
Programmable Controller Concepts
Programming the Series One and Series One Plus
PCs
Function of the Central Processing Unit
Memory Word Length
Types of Memory for Program Storage
Function of the Input/Output Circuitry
Communicating With Other Devices
Remote I/O for Series One and Series One Plus
PC Temminology

CHAPTER 2. PHYSICAL EQUIPMENT CONFIGURATION

Rack Description

Module Location in Rack

Heat Dissipation

Adding Racks
Programmer Tape Port

Programmer Mount Assembly
Hardware Requirements
System Estimating
Peripheral Devices Supporting Series One Family of
PCs

Data Communications Unit

Printer Interface Unit

PROM Writer Unit

CHAPTER 3. INSTALLATION
Specifications for Installation
Installation
Power Supply Limitations for Racks
Units of Load
Safety Considerations
Recommended Field Wiring Procedures

CHAPTER 4. PC OPERATION
Introduction to PC Operation
Programmer
Programmer Features
Mode Switch
Address Data Display
Status Display
Logic Display
Logic Keys
Editing Keys

[ N SN )
U 1 1 ] ] '
N W) it s

et ek ek ek ek ek ek ek
Voo
00 00 00 IO\



viii Content

GEK-90842

Shifted Functions 4-5
Data Operation Keys 4-6
Peripheral Jack 4-7
Program Checking and Error Codes 4-7
Operation Sequences 4-8
Monitor CPU Logic 4-10
Search CPU Logic 4-11
Alter One Logic Element 4-11
Delete One Logic Element 4-12
Clear All Memory 4-12
Insert One Logic Element 4-12
Monitor I/O Status 4-12
Monitor Timer or Counter Status 4-13
Display a Specific Address 4-13
Monitor Data Register Contents 4-14
Change Contents of a Data Register 4-14
Enter or Change a Password 4-14
Access to Programmer Functions with Password in
Effect 4-14
Forcing References 4-15
Operation With Peripheral Devices 4-15
Tape Recorder Operation 4-15
Recording A Program 4-16
Verifying A Program ' 4-16
Loading A Program 4-18
Printer Interface Unit 4-18
Hardware Description 4-19
Hardware Features 4-20
80/132 Column Selection Switch 4-21
External Power Supply Connector 4-21
Power Supply Select Switch 4-21
Sequence of Operation 4-22
Power-up Sequence 4-22
User Program Transfer From PC To Printer Interface
Unit 4-22
Selection of Printout Format and Type of PC 4-22
Start Printer Operation 4-22
Printing Of Error Messages During Ladder Diagram
Listing 4-23
Printing Of Error Messages During Boolean Listing 4-23
Cross Reference Printout 4-23
Expanded Print Format 4-24
Printout Annotation Explanation 4-24
Sample Printout 4-25
PROM Writer Unit 4-29
Front Panel Features 4-30
Sequence of Operation 4-31
External Power Supply Connector 4-31

Power Supply Select Switch 4-31



Content

ix

GEK-90842

CHAPTER 5.
Section 1.

Section 2.

Timer/Counter Setpoint Unit
Timer/Counter Setpoint Unit Specifications

Remote Mounting of Timer/Counter Setpoint Unit

References for the Timer/Counter Setpoint Unit
Example of Using Thumbwheel Inputs

PROGRAMMING
Introduction to Programming

General Information
Planning a PC System
How to Use This Chapter
Programming Fundamentals
Significance of References
Significance of Input/Output References
Internal Coils
Use of the Special Function Coils
Shift Register References
Timer and Counter References
Data Registers
Flexibility in Using References
Operating Principles
Scanning
Programmer Functions
Basic Ladder Diagram Format
Concept of Power Flow
Unlimited References

Basic Instructions

Basic Instructions
How to Begin Programming
Entering a Rung With Series Contacts
Entering the Clear all Memory Sequence
Entering a Rung with Parallel Contacts
Entering a Simple Timer Rung
Basic Relay Logic (Motor Starter)
Motor Starter Logic Description
Normally Closed Input
Push-Down Stack
Detailed Example of AND STR, OR STR
Description of Operation
Use of Retentive Coils as Latches
Programming a Latched Relay
Master Control Relay Functional Description
Programming a Master Control Relay Function
Multiple Master Control Relay Functions
Disabling of Outputs
Timer and Counter Functional Description
Special Timer/Counter References
Programming Timers
Specifying Timer Preset Values
Programming Counters

4-32
4-33
4-33
4-33
4-34

U U -~

1 )
N NN RN RN N NN NN NN P b bt et pd ot b ot ot ot b ok o b ok ek ek
\OSJOOO\IO\O\#AUJNHOOO\O\O\D\O\OOO\I\]MA#hwwwww

A 'L(I('IlklllllJI(I\UI(J'U!L'hMUIUIMMU!UIM

MMMUIUIMU!MMMY\MU!MUIU!U'U!MMM

5-30
5-30
5-30
5-31
5-32



Content

Extending the Timer and Counter Range
Sequencer Operation
Referencing Sequencer Contacts with a Series One
Plus PC
Shift Register Functional Description
Shift Register References
Shift Register Operation
Forcing I/O References
Section 3. Data Operation Instructions for the Series One Plus Programmable
Controller
Data Operations
Using References for Data Operations
Entering a Constant Value
Entering a Group Reference
Data Register References
Timer/Counter References
Example of Specifying a Group Reference
Programming the Data Operation Instructions
Special Function Coils for Data Operations
DeSTR (F50)
DeSTR1 (F51)
DeSTR2 (F52)
DeSTR3 (F53)
DeSTRS (FS5)
DeOUT (F60)
DeOUT1 (F61)
DeOUT?2 (F62)
DeOUT3 (F63)
DeOUTS5 (F65)
CMPR (F70)
Addition (+), BCD 4 Digit (F71)
Subtraction (-), BCD 4 Digit (F72)
Multiplication (X), BCD 4 Digit (F73)
Division (:), BCD 4 Digit (F74)
DeAND (DATA AND) (F75)
DeOR (DATA OR) (F76)
Shift Right (F80)
Shift Left (F81)
Decode (F82)
Encode (F83)
INV (F84)
BIN (BCD to Binary) (F85)
BCD (Binary to BCD) (F86)
External Fault Diagnosis (F20)

CHAPTER 6. 1I/0 SPECIFICATIONS AND WIRING
I/O System Introduction
Field Wiring to I/O Modules
16 Circuit I/O Modules with Connectors
I/O References for 16 Circuit Modules

GEK-90842

5-34
5-36

5-37
5-38
5-39
5-40
5-42

5-43
5-43
5-44
5-44
5-44
5-44
5-45
5-45
5-45
5-46
5-47
5-48
5-48
5-49
5-49
5-50
5-50
5-51
5-51
5-52
5-52
5-53
5-56
5-58
5-59
5-61
5-63
5-65
5-65
5-67
5-68
5-68
5-69
5-70
5-71

6-1
6-2
6-4
6-4



Content xi

GEK-90842

I/O Interface Cable Cross Reference List 6-5
I/O Module Catalog Numbers 6-6
I/O Module Specifications and Wiring 6-7
115 V ac Input IC610MDL125 6-7
230 V ac Input IC610MDL127 6-8
115 V ac Isolated Input IC610MDL126 6-9
24 V dc Sink Input (8 Circuits) IC610MDL101 6-10
24 V dc Sink Input (16 Circuits) IC610MDL106 6-11
24 V dc Sink Load Input (16 Circuits) with
Removable Terminal Board IC610MDL107 6-12
24 V ac/dc Source Input IC610MDLI111 6-13
24 V ac/dc Source Input (16 Circuits) with
Removable Terminal Board IC610MDL112 6-14
115/230 V ac Output IC610MDL175 6-16
115/230 V ac Isolated Output IC610MDL176 6-17
24 V dc Sink Output (8 Circuits) IC610MDL151 6-18
24 V dc Sink Output (16 Circuits) IC610MDL156 6-19
24 V dc Sink Output (16 Circuits) with Removable
Terminal Board IC610MDL157 6-20
24 V dc 2 Amp Sink Output IC610MDL153 6-22
24 V dc 2 Amp Sink/Source Output IC610MDL154 6-23
24 V dc Source Output IC610MDL155 6-24
24 V dc Source Output (16 Circuits) with
Removable Terminal Board IC610MDL158 : 6-26
Relay Output (8 Circuits) IC610MDL180 6-27
Relay Output (16 Circuits) with Removable
Terminal Board IC610MDL182 6-29
24 V dc Input/Output (4 In/4 Out) IC610MDL103 6-31
24 V dc Input/Relay Output (4 In/4 Out)
IC610MDL104 6-33
Thumbwheel InterfaceIC610MDL105 6-36
High Speed CounterIC610MDL110 6-39
Module Location 6-41
Interface to Field Devices 6-42
Up/Down Counter Inputs 6-43
Encoder Interface 1 6-44
Binary Coded Decimal (BCD) Output 6-46
Counter Output 6-48
Interface to User Logic 6-49
Interface Function Definition 6-50
Ouptut Logic 6-53
Manual Mode 6-53
Counter Mode 6-53
Filter Selection 6-55
Fast Response I/OIC610MDL115 6-56
Mode Selection 6-58
Output Logic - Manual Mode 6-58
Output Logic - Fast Response Mode 6-58
I/O SimulatorIC610MDL124 6-61

Analog InputiC610MDL116 6-62



k- ANNNOST OV NNT N O v—i
& covovvwvwvwvoovooLEREEEL & b et O €0 €N €0 Y O B = 1 60 WD T B 00 00 00—
= GO OO OOV VOO OGO OBV VYEYS © b A L 00 00 00 0O oD 0D 60 €O 0O OC
S
-

~

kl
5
&)
PP 8
i -] ~ =
” O .m..m Im \MW/ 1|L. Qm
3 FRER 8
v [a) : S HS 4] mv _
8 5 8 1 ES08 5 ﬁ
s = % 1 G o @ g © T
8 = 8 2 —Ee®ew 9 " BER 558
.. n \O nn [ 1 Q @] ) = MW '_.. Oy
& Baf & g OS¢ g B i LECE
© 8 6 9] 5 O 73 = o] A T AW \ 2 13 nm ml ﬂﬂ
w..S ] mw. . 0 R Aw ; © 00w o @ 06 ) W. 5
“E 2B ng i85 & gL% 4 & o BOM = 28T
= 20 3 - 1 A~ M & v ¢ 3 8 4 £ i N b
42890506 38 o7 8 - I Aws B8, & R RE TR
) nw mm g “y,m A,m e » & wm “w. uy,.“ “Mm E _.w._ g g v M._ mm ‘m. " ._m" em mw. S. R tw 8 o .1 3 [ _m".
. - | o .y . . el
BEERIZES PEERISS8852s=EEE §HE8354psE § taBggsgBEE
g & m.m =2 5E 2 & ._.m (D e B 8 g 3 < QEV S & 2 a 3§ SERAOSCS0R&
Mw .Mu MW ..“W B o W Mw -4 MW ..“W _nmu. mw,. B a = o nnb Ll ..u_hv. uw F e aL Qe M. m”. o] [ T T | .-U. (L] ..
L BWEY R0 e BY Y S RN e .8 L O wad Q6 —_ B0
© ' [ D ¢ . © (@2l < D . D 1 [~ - m; 1 NN <t N \D - Alu I~
HZo8d B IE . So0d p e nw =] OHE”E . Mw b D E bb b0 b &p e e e S e
O HAl- &y 2.5 O MR v o 8§88 SeBESEES S ¢ EEEEE B SRS
EspfoL®g BE FOL W >2h3 HEETEYLER~Ady E2gdEd & .ﬁ y ﬁ_
O oS 0 R4 _u._.. . »” 2o ¢ c =3 © = Ay @ @
SR LS B E W FPEP T ER R R ]
(4] ¢ (V) ] © ( i & L2 0. ) @ =l = =
EffERALE SZLORA- m iy~ Rap; mmw mv .m ERM XS a.m 4 _m C m.. mw. my mm an wﬂm () m__“
1
« A.

ALTBGR < ) B
Z. ,
- 5
Z ™~
< A
p= <

T.

o -t
>t

"




Content xiii

GEK-90842

Application 8 - High Speed Counter Applications 8-12
Programmable Cam Switch 8-13
Cut to Length 8-16
Measuring a Random Length 8-18
Sample Calculation 8-18
Application 9 - Typical Shift Registers 8-21
Shift Register References 8-21
APPENDIX A. Related Documentation A-1
Introduction A-1
GEK-90477 Series One/Three Data Communications
Manual A-1
GEK-90507 Remote I/O User’s Manual A-1
GEK-90825 Series Six PC I/O Link Local Module
User’s Manual A-2
GEK-90846Portable Programmer User’s Manual A-2
GEK-96662 Logicmaster 1 Programmer Documentor
Manual A-3
GFK-0075 Logicmaster 1 Family Programming and
Documentation Software User’s Manual A4
APPENDIX B. Glossary of Terms B-1
APPENDIX C. Series One Family of Programmable Controllers Compatibility
Guide ‘ C-1
APPENDIX D. Other Programmable Controllers D-1
Series One™ Junior Programmable Controller D-1
Series Three™ Programmable Controller D-2
Available 1/O Types D-2
Series Six™ Programmable Controller D-3
Programming D-3
Optional Items D-4

Series Six™ Plus Programmable Controller D4



xiv Figures

GEK-90842

Figure 1-1  Series One/Series One Plus Programmable Controllers 1-2
1-2  Basic PC Block Diagram 1-5
2-1  Typical Rack 2-1
2-2  Typical Hardware 2-2
2-3 Typical (5 Slot) Rack 2-3
24  Typical (10 Slot) Rack 2-3
2-5  Expander Cable Installation 24
2-6  Programmer Mount Assembly 2-5
2-7  Example of Relay Control 2-9
2-8  Data Communications Unit 2-10
29  Printer Interface Unit 2-11
2-10 Prom Writer Unit 2-12
3-1 Rack Mounting Dimensions for Proper Heat Dissipation 3-2
3-2  Recommended Rack Grounding 3-3
3-3 10 Slot Rack, 19 Inch Mounting Dimensions 34
34  1/O Expansion Cable Connection 34
3-5 I/O Addressing Switches in Series One Plus 10 Slot Racks 3-5
3-6  Examples of Rack Configuration Switch Setting Series One

Plus 3-6
3-7  Typical Installation Dimensions 3-7
3-8 CPU Module 3-8
3-9  Proper Module Insertion 3-9
3-10 Proper Module Removal 3-9
3-11 Typical Routing of I/O Wiring 3-11
3-12 Pull Tab on Programmer Cable 3-12
3-13 Installation of Programmer Cable 3-12
3-14 Programmer Mount Assembly 3-13
4-1  Programmer Features 4-1
4-2  Series Logic (AND) 4-3
4-3 Parallel Logic (OR) 4-3
44  Volume Control Range Setting 4-17
4-5  Printer Interface Unit 4-20
4-6  Sample Ladder Diagram Printout 4-25
4-7  Sample Boolean Printout 4-26
4-8  Sample Outputs Used Table Printout 4-27
4-9  Sample Outputs Used Table Printout (continued) 4-28
4-10 PROM Writer Unit Features 4-29
4-11 Timer/Counter Setpoint Unit 4-32
5-1 I/O References Per Physical Placement for 5 and 10-Slot
Racks 5-9

5-2  CPU Scanning Sequence 5-15
5-3  Programmer for Series One and Series One Plus 5-16
54  Typical Ladder Diagram 5-17
5-5  Sample Relay Logic (Motor Starter) 5-21
5-6  Example of Normally Closed Inputs 5-22
5-7  AND STR and OR STR Connections 5-23
5-8  Push-Down Stack Storage Locations 5-24
59  Push-Down Stack Logical Opcrations 5-24
5-10 AND STR/OR STR Example Number 1 5-25



OISO AN = NN W \OD~00QCNC v )
2_ .7_ 2 o 3 3 3 o) NN 3 o 3 A_. .4 4

|
.\;. _.\.v .\u vy :J zD -D Usl'a W gl -\J s} (J W \n W)

N on <t v

| puad g g

N
W N

)
3 D
4]
(%] .m.. .m,, m. "_.
| 4™ e & .
£ 35"
9 mm ) [ M.o
o O o 8g8x
2®ms O8, . wm 8zH e
R o E S &5 B0 B0 .M F
Q LD 0 QL0 U O oy
D TR VI B B - I " A~
i m m n_ § 338 % &
[ f. (72 @ = . o o
- O 2.2
EES0dliyR 8EBBEQ
B bttty O .u.., Gt e
“ 060606 g6oB00C KT
© v oo nuecocoeeﬁ ) &
‘C -— .l i i.. T3 vy ..l. o r.l
mr £k mu 3 8 ¢ O £
_D._ | _ ] S .. 2.2 ' T”..
FSiiEdadinaisgh
» [}
SFBEEH&TT_ZIA
WSO D = NN TN \O
SERIFHARI R G ~
VN Yo Vol VR Y R Y R Vo RV T R VR VRV

VY asaz

ich Densitv Module With

J

o) N <

S i NN NTINOONWWORNNDD = ANNNN TN O

:J ﬂl (¢ ﬁg A‘I_ 1.... 1.. 11 ..... 11 .I. _l, et .I. 1._ 1.. ..1 ..1 .l_ .l, 2_ 47_ 7- Oa o AL AL .I_, ‘2_

VO VOV VL O OO D VLV YL OO BB DO GO OO OBV OGO

g
- 8z
& 5 =
=B &
Eag =
Lo}
m..vb -4 nn w »n U
-de -
& .nu - AD_. D.. .m"
o U.M = S804 .
\r Lg “ {
2L E88s
E|
=&
() S=i
Q&8P u u
= rmm v L&

d e _w._ B0 &) oe
S| .
u..nu .m Lm m

B oy A W..W “W

¢
.w
£

AN VO
V- Rv-RV-RU-RT-RV-)

.m.v

%

K

P-4

L

-]

&

S

-

H

175}

[9)

v e &)
M vy
_..mm ..m (o}
e £2 -
g 8 m..
172} mw..l
=0

8 Ea
R =
AV. - Fv
IO

_M_ V -
by W 'l
fn-w fm C..
oo Dnu b0
£oE
BB
O

% Q) =
O \O \O

g
2y 5
2 g 5
..m_ " w o __W.
s - :
n ] =] =] mw
g : e B g
) i 85 B
- m_ Am_ Amv 2 m
[l ) |2 "
= A 8 .m_ 4 & & 8
%) o BB w A_A @ 3
£t ELREEE wmpwutM T8 B
9] m . ..w.. d R d 3 «i [ ...u =
BS,s9 BEOSh gfygnd EB5SA
- 80 BU0 3 OT0 n
> = » “ e ! » ) o, ,
E” 2o 0O o _cﬁue.v_e,.e..uc‘.eme.
o < “ETE-RE ,r_A.r m..mm , r_
& ﬂ“ vm m.M I— o 3 ot B ) .M m g9 m < h- m, m
i g g 80 &K, NG g 8S< s O
“hﬁmthQﬂ AT RVENED g
>SS A2 - =] | ,
=m0 Q & S Q B Q m._m ) Q 2, B £k
G .mu S m .m.ﬂ ...w mw .m. “a m ,0 [y ﬂ ew s mmu m.“m | ,a mm
FOP LU R SR P P RYRVR P R P
DEJ el N el pleiedeygedy
< ot bt w ) W by w Sy w [~ w0 i ) by W b 0y w b o
mffm@mmu&ﬁmmmAhnfmmmmm
) _g. %0°'0C 8’0 800 g O o e ae o .5 1] _g. o e
nr D.. _ (=¥ m“ A4 ﬁu A5 A, _ -8 nu (W nu (- n e m A
Qu 8 AU el e Yok 0 QL Q: - o iz Q
...:..n = “W =B = =3 =S -w = | kW. o - eS| nw =3 “W -
-t C AT VO 00N = (N N M)\ B 00 ON D = (N
..m ...”_. ...... .% .4" i.n". — m.. SE .u.. N .M__ NN A @@
OO Ve OO VOV VO EE GO OB OBV



6-33
6-34
6-35
6-36
6-37
6-38
6-39
6-40
6-41
6-42
6-43
644
6-45
646

6-47

6-48

6-49
6-50
6-51
6-52
6-53
6-54
6-55
6-56
6-57
6-58
6-59
6-60
6-61
6-62
6-63
6-64
6-65

6-67

7-1
7-2
7-3
74
8-1
8-2
8-3
84
8-5

Wiring for 24 V dc Source Outputs

Wiring for 8 Circuit Relay Outputs

Wiring for 16 Circuit Relay Outputs

Wiring for 24 V dc Inputs/Outputs

Typical Wiring Diagram

Sample 24 V dc INPUT/RELAY OUTPUT Circuits

Wiring for Thumbwheel Interface

Thumbwheel Interface Cable Wire List

High Speed Counter Overview

HSC Location in 5-Slot Rack

HSC Connector Pin Definition

Signal Direction

UP/DOWN/RESET Input Circuit

Encoder with RESET/MARKER Option Resetting Counter
Once per Revolution of Encoder Shaft

Encoder with RESET Option in Series with Home Limit
Switch Such That Counter is Reset When Both Home
Limit Switch and RESET/MARKER Pulse are Enabled

Encoder With Limit Switch Resetting Counter and
Photoelectric Cell Inhibiting the Counter Operation

Sample BCD Output Circuit

BCD Output Wiring Diagram

User Load Wiring Diagram

I/O and Counter Function Reference Chart

Filter Selection with Dip Switch

Module Reference NUMBER/LOGIC Symbol Definition

Fast Response Module Logic Diagram

Wiring for Fast Response I/O Module

I/O Simulator Module Faceplate

Analog Input Module Faceplate

Analog Output Module Faceplate

UL Listed 5-Slot Rack

Wiring for UL Listed 115 V ac Input Module

Wiring for UL Listed Relay Output Module

Wiring for UL Listed 115V ac Output Module

I/O Points vs Temperature Chart

Wiring for 115 V ac Inputs with Removable Terminal
Board

I/O Points vs Temperature Chart

Wiring for 115/230 V ac Output with Removable Terminal
Board :

Troubleshooting Indicators

Battery Location and Connection

Location of Extra Memory Socket

Accessory Kit for Series One/One Plus

Typical One-Shot Timing

Typical One-Shot Logic

Typical Flip-Flop Timing Diagram

Typical Flip-Flop Logic

Event/Time Drum Logic

GEK-90842

Figures

6-26
6-28
6-30
6-32
6-34
6-35
6-37
6-38
6-40
6-41
6-42
6-43
6-43

6-44



8-10
8-11
8-12
8-13
8-14
8-15
8-16
8-17
8-18
8-19
8-20
8-21

Sample Cascaded Counter Logic

Typical Machine or Process Power-Up Inhibit Logic
Cumulative Timer

Sample 24 Hour Time Clock Logic

Time Clock Resetting

Fast Response Start/Stop Logic

Worst Case Timing Diagram

Application System

Programmable CAM Switch Logic Timing Diagram
Programmable CAM Switch

Output No. 1 Logic Diagram

Wiring Diagram

Cut to Length Program

Measuring a Random Length

Shift Register Example

Typical Shift Register Logic

AWN=~=O

DN N =t et ot et
N =00 ~JO0\ N



Tables

xviii
GEK-90842
Table 1-1  Series One Family General Specifications 1-4
1-2  Common PC Terminology 1-8
2-1 Series One/Series One Plus Catalog Numbers 2-5
3-1 Series One Installation Specifications 3-1
3-2  CPU Option Settings 3-8
3-3 Memory Size 3-8
3-4  Units of Load Supplied by Rack 3-14
3-5  Units of Load Used by Modules 3-14
4-1  Error Code Definitions 4-7
4-2  PC Operation Sequences 4-9
4-3  Printer Interface Unit Specifications 4-19
44  Printer Requirements 4-19
4-5 Format and PC Selection 4-22
4-6  Ladder Diagram Listing Error Messages and Definitions 4-23
4-7  Boolean Listing Error Messages and Definitions 4-23
4-8  Timer/Counter Setpoint Specifications 4-33
5-1 Series One Model E/One Plus Basic Ladder Diagram
Instructions 5-2
5-2  Series One Execution Times 5-3
5-3  Series One Plus Data Operation Instructions 5-4
54  Series One/One Plus Instruction Groups 5-7
5-5  Summary of References 5-8
5-6  Summary of I/O References for 8 Circuit Modules 5-10
5-7  Effect of Coil 376 (Output Disabler) 5-29
5-8  Data Operation Function Numbers 5-46
6-1 I/O Module Catalog Numbers 6-6
6-2  Maximum Current vs Load Type for Relay Outputs 6-27
6-3  Maximum Current vs Load Type for Relay Outputs 6-29
64  Maximum Current vs Load Type for Relay Outputs 6-34
6-5  Number of HSCs vs Discrete I/O Capacity 6-42
6-6  Manual Mode Output Logic Truth Table 6-53
6-7  Real Time Comparison Table for Preset Initially > Current
Count 6-53
6-8  Real Time Comparison Table for Preset Initially < Current
Count 6-54
6-9  Output State vs Real Time Comparison Status in Counter
Mode 6-54
6-10 Output Logic in Counter Mode 6-55
6-11 Maximum Current vs. Load Type for Relay Outputs 6-57
6-12 Operating Mode Selection 6-58
6-13 Truth Table for Output in Fast Response Mode
(S5 or S7 Have Been Enabled) 6-58
6-14 Analog Input Module Specifications 6-63
6-15 I/O Point Definition 6-63
6-16 Analog Output Module Specifications 6-68
6-17 1/O Point Definition 6-68
7-1  1/O Module Fuse List 7-7
C-1  I/O Module Capability/Compatibility Guide C-3



Tables xix

C-2  Summary of Programming References for Series One

Family of Programmable Controllers C4
C-3  Programming Function Compatibility Guide C-5
C4  Examples of Valid System Configurations for I/O Points C-6
D-1 Series One Junior Capabilities D-1
D-2  Series Three PC Specifications D-2
D-3  Series Six CPU Capacities D-3

D4  Series Six Plus Combined Memory Configurations D-4






[7,]
BEBE5g
~ Q nmw — O “UL
L 20 8 0. EE o
:mvv,ma,_ou _ﬂ“u._fn 5
) - - et ~
N m mm —-r 53 Bo mw o 9" .20 < @
\ — O g _w...C m 3 a ﬁ.. Qo
Q ' vA....n.... =3 3 « o ) el
' A_m..m r”. 4 Mw mw © o W..th (7] Q
. — = _ ) )v _ .o o * A
8 g = Sw & : g g g ¥
509 { QL= -A 5 8 “ Q3 28 g
B 3 mﬂ e -2 = Q o~ wae 2 - > o g
b 5 2y .m. 548 20 S B 8 E T, ° Q & g8
- I o i | Lol \ A Aam > = - k
SEEEE x: 28 5 PR £ k) 4
BEg gk o8 982 152ads 3 SRS 8
3 A (59 A =1 L ] 7 ]
a ¢ .m,omm..m 29 o %, u mm.,.mwr“ 28 “ﬂ._u.h 3y
3 32 S Q = W o = mV Yy * ) ..mw R4 #m R ]
o B 8 mm i m x: 4.9 o g .m_ £ E n.9 g8 588
2 | . 5 W.,_. ¢ g8 d ..n..x. Q =
.w mm _'U. .m m‘ _um.. ”.. — mm nu .hm.. -“r. m.. om..m Mw MW mm _W.m 5§ Q MM ml m ﬁm
.l- ) b Q, | Q) 9] I'5) m. ¢ 4 (@] ] ;] R~ A_ m 4 -_In. 2 Q. (
) s = 5 | A 2o ; o T ] Bo K [ m 3 Q .
HBBagEE 852 B g S ¢ EEy § E8Za. 3
=R Xk 5’9 @ -+ H ,ann - | \/h...‘uh o~
> g - g g mﬁ_ j g 5 Y dB 3 .‘m 4B (5]
£ p . "By £ 0 = d 3 mw. g g 4 ¢ 3] \D .mm v - —
x B ‘m e ‘@ i ~ N N <) = 8 o ..mw ~ O — nnv (= - o bt .e"
g0 ~— 2o B4 8 = 3 2 ol ) o b 4 n-.l\lm‘_ 2 2 )
.mu:ue._m_d g 8.8 28 °cs ) = ° & g EIER
85 2.8l . S g 4 Q >8w 8% 2 o w @B -
B o2 4 = oa g3 Yo 1] “ ! -l a» . b o) % Tw o
d 3 4 o =] m_ B > 9 a g "m g = e i) <+ '3 - v @ ‘o £
o4 E ek 2+ BB 2 B3 ’ § o= o = St 2 Q'O
g 0 : 8 & o ) i g o . =
~HEEE §0 i 5497 q8e JGEH2E 38 ° ol Iy
. _U._..,w ° ~ 3 e el 2 mw; 4 [ m, fem ~Q : Ac_- _m- » . ]
:..._,...I., "..pv ,m,v,. e‘u .._S,a\/o./.\ .c_.me
© 5 8 E§ o B H o 3 o o um 5 2 m“ 8 g Y o B 2
Q= 020, ,, — O m, ' L 0 B o - L A ) e
58 o g g R g in" S g §89% G g 85 g _w 58
5§53 B R (3] @ e B « 273 B eS8 .Mr B 4
v.v...ﬁv ] m (o] [~ ,w-.c,v L o] 7o o V.J C nm ..“_.u. h“ % v ‘m“ ”W . B w
Ho5 82 5 g 5 F 55 Bgsd3 g 9ys 88
u.m....ls.“ ~cr 1 0 J"MVNMAUA_., vt...mcnuc._
E9T5s E 83 §sggiy =% 1! ig5%
¥ .._I...l..... . » O - 9] . i .
nrhw mm m_.v ° e 8 . n,S @ " = .._w m E o mw..u )] B mm Mw -”.._ ng..m |
] =) o B u o 0 b - [ r.h.c . 3 - Q 3 m. < 2 g .0_
SEEEE. ‘T8 o Yl g 55% ALY B8 EdE
A o1m " ) 9 s 4 =R -l - . )
S 30 2 ] ] > £ g B & B m” Ty B g 8 2 g g .=
...H.. o N o rf mw ) A © & o .nm &) 0. WJ 7% = o [ L" 1 9H-u. “m "
Al . O 4 ].5 i 59 c,,a_vCA Sd4 TEE In X
= .C Lw S o - Q = [ = ) o & a. ¢ 7 S O .cmw 5 23
.mm n3 .m,. .20 Q. 2 A5 M"w q MM £ £ Mr 2g & Q ..mm. 2 m oS 3 o 6 g | b
ELYEErY L I LTS F “Eeq il
o + | 3 y o3 ] l C @ 8 [ nw. & — ] 3 ) 3 ) 2 Qe = =] o] 1 -
Yy = t | ) % A @ - m | 3 nvb.._ ‘m_ ) £ ..onu | )
LA ; oJd (7)) [« 2 Q _ Le o =) =2 < 3 { m.
: O |78 g4 g B O g8 & B .S 4 O.g g ow T X ¢z QY
| ; > , .n.wu_om. [V ...,u_
g ,fo.xn"m:w ¢ 89¢ unpma M ,4;..h 6 & ...u.“w _
fonm_.v | = [T N wlm b Q « b T > i, ik [ )
8% 58 Ty 4 3%% §54 & TEEEE i 2Ex BEsf
13 > » 5 o 6 o - B0 ) mu [ s A B RZER , £ = 2 “Bo bt
Am S LV bt | &L G Q Am S &4 I. ¢« o "G m g %0 ow Q| £ 5 & ..nw g “m.,. -,m m. 7w
q, _l;.C = e [ ] [ W “ ,annuo..v_ (o] _A mU 72 A _.2.
[23'3Y = [ ) @) U e D 1 .nd b =] - m O 2 ¢ »
2 - D " g 8 g <4 =g = £ B o,.h_”.n.. o x @ 2 O
LT & 2t ¢ BE5s EEEEIRE
. ..c.\eﬁ ;i : c_a...n._.
5 .M Mm ) .m ® g . an g5 5] ) mm 3 m m?m. BB
S r-icp 8 G885y A <d b
4 nm .m r u" 3 = © a8 u
1% & .m Z v A ¢ | ] ] .u.w
| g 9 Bz g - q 2 £2838
| @ ., L 2 b g $ 5 un Ao
Q EEo. 288 8
| & SN £-8 8o
,WM Yy nu - |
| &
i i
- (]
Y-




Series One/Series One Plus PC Introduction

GEK-90842

The advantages and features offered by the Series One and Series One Plus PCs include:

Small size - (64 1/O points in a S-slot rack) 54 in? panel space, 5 1/2 in. maximum depth, 250 in® total volume

Large Memory Capacity - Up to 1724 words of CMOS or PROM

Timers/Counters - Up to 64 (4 digit, 9999 maximum preset)

Programming Language- Boolean Based Relay Ladder Data Operations
(Series One Plus Only)

Maximum I/O - 112 (Series One) - 168 (Series One Plus)

Latching relays 28 total

16-bit Data Registers 64 (Series One Plus), 124 with TC references

Flexible 1/O - Any mix in groups of 4, 8 or 16

Replaceable 1/O Modules

Portable Programmer- Weight only 7 ozs.

Personal Password Security Series One Plus and Series One Model E

(Permits only Authorized Access To User’s Programs)

Internal and external indication of low battery

Reliable operation without fan from 0° to 60° C (convection cooling)
Retentive counters

Shift Registers (128) Built-in

Sequencers Standard - Up to 64, each with up to 1000 steps
Meets or exceeds NEMA ICS3-304 for noise rejection

Self Diagnostics

Internal Power for 24 V dc Inputs

Inexpensive

High Speed Counter

Remote I/O - Saves installation and wiring cost

a40793

Figure 1-1. Series One/Series One Plus Programmable Controllers
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Table 1-1. Series One Family General Specifications

Operating Temperature
Storage Temperature
Humidity (non-condensing)
AC Power Required:
IC610CHS101/110/130 Rack

Voltage

Frequency

Maximum Load

Output Current,
Maximum Individual

DC Power Required
IC610CHS114/134 Rack
Voltage

Ripple
Output Current
Maximum Individual

Maximum, Total (All Voltages)
Typical Battery life * (loaded)
shelf life * (no load)
*Depends upon operating temperature
Memory Size and Type (16-bit words)

Typical Scan Time per K of Memory)
(Only memory programmed is scanned)
Overhead time must be added to the
logic solution for total real scan,

time overhead is typically 4 to 5§ mSec.

Maximum /O

Internal Coils

Special Function Coils

Retentive Coils (Latches)

Timer/Counters

Shift Register Stages

Sequencers

Data Registers (Series One Plus and
Series One Plus 3.7K)

" 64 (16-bit), up to 124 with

0° to 60°C (32° to 140°F)
-10° to 70°C (14° to +158°F)
510 95%

115V230 V ac  15%
47-63 Hz
30 VA (CHS101/110)
36.7 VA (CHS130)
14 A at 5 Vdc, (04 A, CHS101)
0.8 A at 9V dc, CHS110
(1.7 A, CHS130), (0.6 A, CHS101)
0.5 A at 24 V dc, (0.2 A, CHS101)

20.5 - 30 V dc (100% of capacity used)
18 - 30 V dc (90% of capacity used)
10% of Input Voltage
14 Aat5Vdc
0.8 A at 9 V dc, CHS114
(1.7 A, CHS134)
0.4 A at 24 V dc, CHS114
(0.5 A, CHS134)
22 A, CHS114 (2.3 A, CHS134)
2-5 years
8-10 years

700 words (CMOS) or

1724 words (CMOS or EPROM)

3700 words (Series One Plus 3.7K
(CMO0S or EPROM)

20 mSec (0.5K)

Series One 40 mSec (1.0K)
65 msec (1.7K)
8 mSec (0.5K)
Series Ope Plus 12 mSec (1.0K)
and Model E 15 mSec (1.7K)
One Plus 3.7K 36 mSec (3.7K)
112 (Series One)
168 (Series One Plus)
144
4
28
64 (4-digit)
128

64 at 1000 steps each

unused T/C references
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Programmable Controller Concepts

When using a new product for the first time, there are always new concepts and terms to become
familiar with. Although PC’s are relatively easy to install, program, and apply, there are some simple
principles to follow. Figure 1-2 illustrates a general block diagram of a Programmable Controller.
Specific hardware components to illustrate this diagram will be described in Chapter 2.

pc-s1-83-0001

P 1

CENTRAL [ ! '

INPUT/ PROCESSOR | PROGRAMMER |

OUTPUT UNIT |

—_—A

L
~ I“ = ‘l‘ oA
. '
! USERSUPPLED |
|  FELDDEVICES |
] ]

Figure 1-2. Basic PC Block Diagram

Programming the Series One and Series One Plus PCs

The programming devices are used to enter the specific logic the user desires the PC to follow. This
logic, to be described in detail in Chapter 5 is what makes the user’s PC a unique unit, different from all
others unless the identical logic is entered into another unit. Recording and reloading logic from one PC
to another or to itself is also a standard feature with the programmers.

Hand-Held Programmer

The programmer can display any previously entered logic, allow the user to edit it (make changes, add
or delete portions of the logic), or display the current value of any internal timer or counter. It is a very
valuable and powerful piece of peripheral equipment, for entry of logic, control system checkout, and
troubleshooting. It can be permanently connected to the CPU or removed without disturbing the
operation of the CPU. If removed, one programmer can service several CPUs. The exact quantity of
CPUs is dependent upon the expected rate of usage but typically is between 5 and 20 CPUs.

Portable Programmer

The portable programmer uses a liquid crystal display (LCD) screen to allow ladder logic programming
for both the Series One and Series One Plus PCs. New programs can be created, previously entered
adder logic displayed and existing logic edited. An on-line monitor function is available when the
Portable Programmer is used with the Series One Plus. Programs can be transferred to the PCs or stored
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on cassette tape. The program can be printed using a standard parallel or Centronics compatible printer
through the printer port located on the rear of the Portable Programmer. For detailed information refer
to GEK-90846, which is the Portable Programmer User’s Manual.

Logicmaster 1 Family Application Software

Another option available for programming the Series One Family of PCs is the Workmaster industrial
computer with Logicmaster 1 Family application software. This software allows you to write, edit,
display, and print programs in ladder diagram format. You can view up to 7 lines of your ladder
diagram program on one screen. Programs can be annotated by assigning names and nicknames to
program elements, assigning labels to coils and adding explanations of program rungs or segments.
Many programs can be stored on a single 3 inch diskette and each program can be assigned a unique
name. For detailed information on using the Workmaster industrial computer with Logicmaster 1
application software refer to GFK-0075, which is the Logicmaster 1 Family Programming and Docu-
mentation Software User’s Manual.

Series One Plus Program Protection

The Series One Plus and Series One Model E PCs allow the user to enter a unique password with the
hand-held programmer or the LCD Portable Programmer, which prevents unauthorized users or inadver-
tent program access. When a password is entered, all programmer functions are disabled except the 1/O,
T/C accumulated value and register monitor functions. In order to have access to all programmer
functions when a password has been entered, a log on sequence must be entered. ‘

Function of the Central Processing Unit

The next element of the PC is the Central Processor Unit (CPU). The CPU is the ‘‘brain’’ behind all
logical decision making. It reads in the status of the control system, makes decisions based upon the
logic it has been provided, and then provides decisions to the actuating portion of the control system.
The CPU also performs self checking of its internal operation to ensure reliable operation. If an error is
detected, it will shut itself down. The logic entered by the programmer is actually stored in the CPU
along with storage for the operation of timers and counters.

Memory Word Length

The memory provided for this storage function is normally measured in K words, where K is an
abbreviation for kilo or 1024. Typically, one word is required storage for each function such as a relay
contact, timer preset or timer storage. These words can be of various lengths such as 16 bits, 8 bits, or
even 4 bits, wherein a bit is the most elementary measurement and can have only two states (on or off).
The word length is much like a ruler used to measure wire, sheet steel, or fabric. It can be a yard long
(16 bits) or a foot (8 bits) or an inch (4 bits). Numerical values are for illustrative purposes only and do
not represent exact ratios. Thus when quoting memory in K words (1K, 2K, 4K, etc.) always check to
verify the word length. The Series One and Series One Plus PCs use the most common measurement,
16 bits per word.
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ultraviolet light) and then placed into a special loader. A previous logic program developed in CMOS is

)
then written into the PROM. Finaily, the PROM is removed from the loader and placed into the CPU.

5 I INU 4

Function of the Input/Output Circuitry
The final element of the PC is the Input/output section. Electrical noise such as spikes on the power
lines, inductive ‘‘kick-back’’ from loads, or interference nicked un from field wiring is verv prevalent in

T 1mipact on wuic

s T D T 11
S1DIC U1 UIC OvCrail

device, the PC configuration either on paper or in hardware, can be changed if requirements change.

Several Series One family products are available that have been tested and approved by the Underwrit-
ers Laboratory (UL). These UL listed products shouid be used in installations where UL listed products
are required. The UL listed products include the Series One CPU (IC610CPU101, revision C), 5-slot
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rack IC610CHS111), 115 V ac Input module IC610MDL135), Relay Output module IC610MDL181),
and a 115 V ac Output module (IC610MDL185). Specifications and wiring information for the UL
listed modules can be found in chapter 6 of this manual.

When installing a system requiring UL approval, do not mix non UL listed products with the UL listed
products.

Communicating With Other Devices

An available Data Communications Unit (DCU) allows the Series One and Series One Plus to commu-
nicate with external devices. The Series One PC uses the IC610CCM100 DCU, while the Series One
Model E, Series One Plus and Series One Plus 3.7K PCs use the IC610CCM105 DCU. These devices
can be other programmable controllers, computers, or other smart devices. User programs and I/O
information in a Series One or Series One Plus PC can be uploaded and downloaded to or from any
master device that supports the Series Six CCM2 protocol as defined in the Series Six Data Communica-
tions Manual, GEK-25364. For detailed information on how to use a DCU in a Series One or Series
One Plus PC system, refer to the Series One Data Communications Manual, GEK-90477.

Remote I/O for Series One and Series One Plus

Another option available for a Series One or Series One Plus PC system is Remote I/O. By using
Remote 1/O, I/O modules can be located in a rack convenient to the input sensors or the.output devices
being controlled by the PC at a distance of up to .6 miles (1 km) from the PC. This is accomplished by
installing a Link Local module in the CPU rack, a Link Remote module in the distant I/O rack and
connecting them through a single twisted-pair cable. For detailed information on using Remote I/O in a
Series One or Series One Plus PC system, refer to the Series One Remote I/O Manual, GEK-90507.

PC Terminology

To summarize the preceding discussion of Programmable Controller concepts, table 1-2 provides a
definition of terms discussed above that you should be familiar with, relating to PCs. A more complete
list of terms is provided in a glossary at the end of this manual.

Table 1-2. Common PC Terminology

TERM DEFINITION

PC Programmable Controller or Programmable Logic Controller. An industrial control device using
microprocessor technology to perform logic decision making with relay ladder diagram based
programming.

Programmer |'A device for entry, examination and alteration of the PC’s memory including logic and storage areas.

Logic A fixed set of responses (outputs) to various external conditions (imputs). All possible situations for
both synchronous and non-synchronous activity must be specified by the user. Also referred to as
the program.

CPU Central Processor Unit - the physical unit in which the PC’s intelligence resides. Decision making is
performed here.

Memory A physical place to store information such as programs and/or data.
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Table 1-2. Common PC Terminology - Continued
TERM DEFINITION

K An abbreviation for kilo or exactly 1024 in the world of computers. Usually related to 1024 words of
memory.

Word A measurement of memory usually 16, 8, or 4 bits long.

CMOS A read/write memory that requires a battery to retain content upon loss of power.

PROM A read only memory that requires a special method of loading, but is inherently retentive upon power
loss.

) 7o) Input/Output - that portion of the PC to which field devices are connected. Isolates the CPU from
electrical noise.

Noise Undesirable electrical disturbances to normal signals generally of high frequency content.

Inputs A signal, typically ON or OFF, that provides information to the PC.

Outputs A signal typically ON or OFF, that originates from the PC with user supplied power that controls
extemal devices based upon commands from the CPU.

Modules A replaceable electronic subassembly usually plugged in and secured in place but easily removable in
case of fault or system redesign.

Field User supplied devices typically providing information to the PC (Inputs: pushbutton, limit switches,

Devices relay contacts etc.) or performing PC tasks (Outputs: motor starters, solenoids, indicator lights, etc.).
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Rack Description

The Series One and Series One Plus PCs are provided as a family of racks into which modules can be
inserted. Each rack contains a power supply to the right and space for up to either 5 or 10 modules (see
figure 2-1). Racks are available in 6 versions, 5 or 10-slot that accept 115/230 V ac input power, S or
10-slot that accept 24 V dc, a UL listed 5-slot rack, IC610CHS111 which accepts only a 115 V ac power
source, and a low-cost 5-slot rack IC610CHS101) that does not include an expansion part, 24 V dc
terminals for external use, or a RUN relay. Each supplies internal power to the modules inserted into
the rack. Mounting is provided by the brackets each with two keyholes at the rear of the rack. All racks
are similar. The differences being the function of the rack as determined by the placement of modules
by the user, the number of modules which may be inserted into a rack, and the input power required.
Figure 2-2 illustrates typical modules for the Series One Family of PCs, illustrating in hardware, the
block diagram concept of figure 1-1.
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Figure 2-1. Typical Rack

Module Location in Rack

The CPU module is always placed adjacent to the power supply in the first rack; it contains the
microprocessor and required memory storage. There is a connector on the CPU to which the program-
mer is attached when mounted on the rack. As an option, between the CPU and programmer a 5 foot
(1.5m) cable can be installed for more flexible operation. The remaining slots can contain I/O modules
in any mix of inputs versus outputs or voltage levels desired by the user for his particular application.
All modules as well as the programmer are secured to the rack by two snap-locks which can be released
by squeezing the module top and bottom toward the center (see Chapter 3 for additional installation
details).
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Figure 2-2. Typical Hardware

Heat Dissipation

The rack is designed to dissipate internal heat through convection cooling only and does not require a
fan for forced air cooling. However, to ensure efficient operation, free air flow should not be inhibited at
the top and bottom of the unit. A minimum of 3 inches (75mm) is recommended at the top and 4 inches
(100mm) at the bottom with 6 inches (150mm) between racks. Both sides should be free of obstacles to
allow easy removal of the unit, approximately 3 inches (75 mm) from each side excluding the mounting
brackets is recommended. Furthermore, the unit should be mounted horizontally as shown in figure 2-3
and not inverted nor rotated 90°. If not oriented as shown, derating of the maximum ambient
temperature specification would need to be considered. Placements of other sources of large volumes of
heat near the units should also be avoided, especially directly below the rack. For reliable operation, the
air entering the bottom of the rack should not be at a higher temperature than 60°C (140°. Wiring to the
I/0 modules and the power supplies should be placed so as to avoid blocking the air flow, yet provide a
suitable service loop to allow easy removal of modules with wiring attached. Wires should be tied to
maintain their order in the event they must be disconnected during module replacement.

Adding Racks

If more I/O points are required than one rack can contain, additional racks can be installed similar to the
first unit previously discussed (IC610CHS101 cannot be used as an expansion rack). At the left of each
rack are two connectors used to connect to additional I/O. An 18 inch (460mm) cable is available to
connect the rack containing the CPU module to the first /O expansion rack. The ends of this cable are
marked ‘‘CPU”’ and ‘‘EXP’’ (Expander). The CPU end is plugged into the bottom connector at the first
rack and the EXP end similarly connected to the second rack using the top connector (see figure 2-5). If
a third rack is used, another cable links the second rack to the third rack, the CPU end is inserted into the
bottom connector on the second rack and the EXP end into the top connector on the last rack. Within
these added racks, I/O modules can be inserted in any order desired, up to five modules in a 5-slot rack
and up to 10 modules in a 10-slot rack. No additional CPU modules can be installed, nor are required.
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83-pc-35mm-4-1-31a

Figure 2-5. Expander Cable Installation

Programmer Tape Port

The hand-held programmer, when installed on the CPU module, provides an auxiliary tape port for
memory transfers to peripheral devices. Tape recordings of user programs can be made on virtually any
audio cassette recorder and once made can be used to initialize any CPU to that program. Thus
programs can be made once and transported to other CPUs without manually being re-entered. Of
course, once entered they can be edited if additional tailoring is required. In the unlikely event that a
CPU fails, a replacement can be installed and quickly reloaded to perform specifically the task its

predecessor was accomplishing, if a tape record was made. The tape recorder functions are discussed in
detail in Chapter 4, PC Operation.

Programmer Mount Assembly

A Programmer Mount Assembly (IC610PRG190) is available that can be used to mount and protect the
hand-held programmer on the outside of a panel or console. A hand-held programmer, when mounted
externally, can be used as an operator interface unit to change timer or counter presets, monitor timer or
counter current values, monitor 16 consecutive I/O points, monitor the entire contents of the user
program, and, with a Series One Plus PC, monitor register contents. The programmer mount assembly
includes a mounting bezel, a clear plastic cover, and a cable fastener. In addition to the mounting
assembly, a shielded, round CPU/Programmer cable (Catalog No. IC610CBL102), designed specifically
for mounting the hand-held programmer away from the CPU rack must be ordered separately for use
when installing the hand-held programmer in this manner.

The Programmer Mount Assembly bezel installs on the outside of a panel or console with only four
screws. The hand-held programmer snaps into the bezel using its two snap-locks. A clear plastic cover
then fits over the bezel and programmer, thereby protecting it from its industrial environment. The
Programmer Mount Assembly can also be used as a table top stand for the hand-held programmer by
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mounting four rubber feet, which are included with the assembly, on the reverse side of the bezel using
the panel mounting holes.
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Figure 2-6. Programmer Mount Assembly

Table 2-1 lists the Series One/Series One Plus PC catalog numbers and nomenclature for the various
modules, cables, peripherals, and accessories. For detailed information on I/O module specifications
and wiring diagrams, see Chapter 6.

Table 2-1. Series One/Series One Plus Catalog Numbers

DESCRIPTION CATALOG NUMBER
CPU, Series One (700 words of CMOS Memory, standard) Version C is UL listed IC610CPU101
CPU, Series One Model E (Enhanced Version of CPU101) IC610CPU104
CPU, Series One Plus (700 words of CMOS Memory, std) IC610CPU105
|CPU, Series One Plus 3.7K (3700 words of CMOS Memory) IC610CPU106
I/O Expander Cable IC610CBL101
Programmer with Keylock IC610PRG100
Programmer w/Keylock (Required for Series One Plus) IC610PRG105
|CPU to Programmer Cable, 5’ (1.5m) IC610CBL100
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Table 2-1. Series One/Series One Plus Catalog Numbers - Continued

DESCRIPTION

CATALOG NUMBER

Rack, 115/230 V ac Power Source, 5-slot

Rack 115 V ac Power Source, 5-siot, UL listed
Rack w/24 V dc Power Source, 5-slot
Rack, 115/230 V ac Power Source, 10-slot
Rack, w24 V dc Power Source, 10-slot
Filler Module

24 V dc Sink Input, 8 Circuits

24 V dc Input/Output, 4 Inputs/4 Outputs
24 V dc Sink Input/Relay Output, 4 Inputs/4 Outputs
Thumbwheel Interface

24 V dc Sink Input, 16 Circuits w/LEDs
I/O Interface Cable 10’ (3m)

24 V dc Sink Load Input, 16 Circuits

24 V ac/dc Source Input, 8 Circuits

24 V ac/dc Source Input, 16 Circuits

115 V ac Input, 8 Circuits

115 V ac Isolated Input, 4 Circuits

230 V ac Input, 8 Circuits

115 V ac Input, 6 Circuits (UL listed)

24 V dc Sink Output, 8 Circuits

24 V dc 2 Amp Sink Output, 4 Circuits

24 V dc 2 Amp Sink/Source Output, 4 Circuits
24 V dc Source Output, 8 Circuits

24 V dc Sink Output, 16 Circuits w/LEDs
24 V dc Sink Output, 16 Circuits

24 V dc Source Output, 16 Circuits
115/230 V ac Output, 8 Circuits

115/230 V ac Isolated Output, 4 Circuits
Relay Output, 8 Circuits

Relay Output, 5 Circuits (UL listed)

Relay Output, 16 Circuits

115 V ac Output, 6 Circuits (UL listed)
High Speed Counter

1/0 Interface Cable (High Speed Counter)
Fast Response 1/O

I/O Simulator, 8 Inputs

Printer Interface Unit

[PROM Writer Unit

Accessory Kit

Lithiuom Battery

PROM Memory (4 Chips), Series One, Series One Junior
CMOS Memory (4 Chips), Series One
PROM Memory (4 Chips), Series One Plus
CMOS Memory (4 Chips), Series One Plus
Rack Mount Brackets

Programmer Mount Assembly

Rack, 115/230 V ac Power Source, 5-slot (no expansion, 24 V dc Terminals, or Run Relay)

IC610CHS110

IC610CHS101

IC610CHS111

IC610CHS114

IC610CHS130

IC610CHS134

IC610MDL100
IC610MDL101
IC610MDL103
IC610MDL104
IC610MDL105
IC610MDL106
IC610CBL105

1IC610MDL107
IC610MDL111
IC610MDL112
IC610MDL125
IC610MDL126
IC610MDL127
IC610MDL135
IC610MDL151
IC610MDL153
IC610MDL154
IC610MDL155
IC610MDL156
IC610MDL157
IC610MDL158
IC610MDL175
IC610MDL176
IC610MDL180
IC610MDL185
IC610MDL182
IC610MDL181
IC610MDL110
IC610CBL107

IC610MDL115
IC610MDL124
IC610PER151

IC610PER154

IC610ACC120
IC610ACC150
IC610ACC151
IC610ACC152
IC610ACC155
IC610ACC156
IC610CHS191

IC610PRG190
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Table 2-1. Series One/Series One Plus Catalog Numbers - Continued
DESCRIPTION CATALOG NUMBER
Remote CPU/Programmer Cable 1IC610CBL102
Data Communications Unit IC610CCM105
I/O Link Local IC610CCM110
I/O Link Remote IC610CCM111

Hardware Requirements

The Series One and Series One Plus PCs are an excellent relay and timer/counter replacer or substitute
for other sequential type control devices, such as drum or stepping switch based systems. However, one
question always arises - how much hardware do I need to buy? The answer varies extensively based
upon different applications and their attendant complexities. Areas of concern include amount of
memory, mix of inputs versus outputs, voltages of I/O, and physical size of the Series One or Series
One Plus PC system. The following steps are guides to estimate the requirements of the Series One or
Series One Plus PC system. With a little experience, estimating required components will become
second nature. If you require assistance, please contact your local GE Fanuc Automation distributor
who handles the Series One Family of PCs.

NOTE

CPU Module IC610CPU101A is different from 101B and 101C in that 101A has a 3 digit preset
for Timers and Counters, while the updated modules, 101B and 101C have a 4 digit preset. The
101 A method of monitoring the accumulated value of Timers and Counters is also different. With
the 101A module, each individual Timer or Counter must be accessed by using the sequence
SHF, 6XX, MON for each Timer/Counter to be monitored. With the 101B or the 101C CPU
module, the keys NXT or PRV will move the monitor display to the next or previous Timer or
Counter.

System Estimating

The Series One and Series One Plus PCs are provided with 700 words of CMOS memory as a standard
feature. Expansion to 1724 words is possible by adding a CMOS memory chip. If the unit is to be
PROM based, the program can be up to 1724 words. The Series One Plus 3.7K PC provides the user
with 3700 words of CMOS memory as a standard feature. For average complexity relay replacement,
700 words should be adequate for up to 64 I/O, and the 1724 should be adequate for up to 168 I/O. If
the logic is considered more complex than that used as examples in this manual, a representative sample
(10 to 15%) of the logic should be programmed. From the amount of memory (on paper) the sample
requires, the total memory requirements can be estimated. If in doubt, obtain the optional memory with
your unit to ensure simple system design.

The key to many of the answers (cost, physical size, memory requirements, etc.) is the I/O structure. If
a design exists such as shown in figure 2-7, assume that all the relays and timers are enclosed within a
box; these are the elements to be replaced. This figure is for illustrative purposes only; no indication is
given that it performs any real functions. Passing through this box are wires from switches, auxiliary
contacts, overload relays, etc.; these are inputs to the control system. There are wires connecting to
loads or actuating devices such as solenoid valves, motor starters, indicator lights, etc.; these are outputs
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estimating system requirements, review the following standard features as discussed in later chapters to
define their impact on your control needs:

Up to 64 Timers and Counters (4 digits each)

128 Stage Shift Register

Up to 64 Sequencers Each With Up to 1000 Steps

28 Latched Relays

Data Operations (Series One Plus and Series One 3.7K)

64 Sixteen Bit Data Registers (Series One Plus and Series One 3.7K)

- Up to 124 Data Registers are possible when unused T/C references are used as Data Registers.

a42153

+24VDC - 24VDC
v-o—i
aRERN
R ’ L &y
4 1
T ito orS to 4 ‘TLC':—
e ! {0
to °’5 to | [ ite ito
12 e || i
ito— F""ﬁ_ It to 3“’
g : >4 =
e °?€ it ||t ' —
3K1 ’j?Kz 3‘(3 Ke m_L
0—6?‘»\— = i i i
to
HHH
to )
" @
Lo —o;{’:d L”LD:— T T r?xw )
o i
e Lo_J”";‘ci_! tol [ ito
I»g Riogy]
“lto to to 1 ‘ito ] —""5—
) o= o= 45?
to ‘éto te ito o
KS Ke ;n 3“ -_§K11
K
[,
M a e

Figure 2-7. Example of Relay Control

Peripheral Devices Supporting Series One Family of PCs

Several peripheral units are available to support a Series One or Series One Plus Programmable
Controller. A basic description of these units is provided in the following paragraphs. For a more
detailed description of the use and operation of these units, refer to Chapter 4, Operation, in this manual.
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Data Communications Unit

The Data Communications Unit (DCU), IC610CCM100/105, provides the ability for external devices to
communicate with the Series One, Series One Model E, Series One Plus or Series One Plus 3.7K PC.
Series One Model E, Series One Plus and Series One Plus 3.7K PCs require the CCM105 DCU. These
devices function as a host to the Series One or One Plus PC and can be other programmable controllers,
computers, or other smart devices. User programs and I/O information in the Series One or One Plus
PC can be uploaded and downloaded to or from any master device that supports the Series Six CCM2
(Communications Control Module, Version 2) master/slave protocol as defined in GEK-25364, which is
the Series Six Data Communications Manual. The Series One or Series One Plus can only function as a
slave device during a communications session.

a40537

Figure 2-8. Data Communications Unit
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Printer Interface Unit

The Printer Interface Unit, IC610PER151, is a compact, easy to use device that attaches to the Series
One, One E, One Plus or One Plus 3.7K PC in the same manner as the programmer. This peripheral
interfaces to many readily available personal computer printers and provides a means of obtaining a
hard-copy printout of the user program in either boolean or ladder diagram format. Version B works
with Series One, One E and One Plus PCs. A higher revision will be available that will also work with
the Plus 3.7K PC.

a40538

Figure 2-9. Printer Interface Unit
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Specifications for Installation

The Series One and Series One Plus PC can be easily installed in any NEMA panel or similar metal
surface. Figure 3-1 provides details on the mounting of up to three racks except for input voltage
requirements to form a single PC system. Since a completed 5-slot rack weighs less than five pounds
(10-slot rack, less than 7 pounds), it can be easily installed by one technician. Table 3-1 provides
specifications to be met during installation.

Table 3-1. Series One Installation Specifications

Rack Size
S-slot 114 x 47 x 5.5 (290 x 120 x 140mm)
10-Slot 183 x 4.7 x 5.5 (465 x 120 x 140mm)
Completed Rack Weight 4.5 Ibs (2.0 Kg), 5-Slot
(less wiring) 6.5 Ibs (2.9 Kg), 10-slot
Ambient Temperature 0° to 60°C (32° to 140°F)
Storage Temperature -10° to 70°C (14° to 158°F)
Humidity 5-95% (Non-Condensing)

AC Power Required:
IC610CHS101/110/130 Rack

Voltage 115V230 V ac 15%

Frequency 47-63 Hz

Maximum Load 30 VA, CHS101/110 (70 VA, CHS130)

Output Current 1.4 A at 5V dc (0.4 A CHS101)

Maximum Individual 0.8 A at 9 V dc, CHS110 (0.6 A, CHS101; 1.7 A, CHS130)

0.5 A at 24 V dc, (0.2 A, CHS101)
DC Power Required

IC160CHS114/134
Voltage 20.5 - 30 V dc (100% of capacity used)
18 - 30 V dc (90% of capacity used)
Ripple 10% of Input Voltage
Output Current 14 A at5SVdc
Maximum Individual 0.8 A at 9 V dc, CHS114 (1.7 A, CHS134)
0.4 A at 24 V dc, CHS114 (0.5 A, CHS134)
Maximum, Total 22 A, CHS114 (2.9 A, CHS134)
(All voltages)
Run relay 250 V, 4 amp, Resistive Load
(Not Present on CHS101)
Vibration Meets JIS C 0911 IIB Class 3
Tested to MIL STD 810C Method 514.2
Shock Meets JIS C 0912

Noise Immunity Meets NEMA 1CS3-304
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Figure 3-1. Rack Mounting Dimensions for Proper Heat Dissipation

Installation

Unpack each unit carefully and retain any instructions shipped with the units. Two spare fuses are
attached to the top of each rack; they should be removed and retained for future use. The racks can be
installed either with no modules or with modules installed. The following steps will assist in organizing
and simplifying the installation of a Series One or Series One Plus PC System.

Racks

1. Using the rack as a template, mark where mounting holes are to be drilled.
2. Drill the four mounting holes (1/4‘‘ (6mm) if using pass through bolts, or 3/16”’ (Smm) if using

tapped holes).

3. Insert top 2 bolts (3/16‘‘ X 1-1/2”° or Smm X 40mm), put unit in place, and loosely secure with

washers, lock washers

and nuts.
OR
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4. Tap holes and insert top two bolts. Place unit onto mounting bolts and loosely secure.

5.

10.

NOTE

When inserting the 2 top bolts, attach the green jumper as shown in figure 3-2. This jumper wire
is packed with each rack and provides a method of grounding the rack when an earth ground
(such as the shield or hard wire in the power cord) is also connected to a mounting bolt.

The power supply ground connection is made to one of the mounting bolts (step 3 or 4 above). A
jumper wire is included with each rack to interconnect the mounting brackets. The ‘‘C’’ terminals
on the power supplies are interconnected when more than one rack is used. Otherwise, the ‘‘C”’
terminal is not connected to anything in a single rack system.

a40147

jumper wire included with 1/0 base

star washer

to an earth ground

Figure 3-2. Recommended Rack Grounding

Complete the installation of the bottom two bolts and tighten all mounting hardware. Power
supplies are shipped installed in each base.

. If additional racks are to be used, repeat steps 1-4 above. If only one base unit is used, go to step

15.

NOTE

When drilling or tapping holes ensure that metal chips do not enter unit already installed. Clear
work area before installing base units.

Obtain flat ribbon cable used to interconnect racks. Locate end marked ‘‘To CPU”’, remove dust
cover from bottom connector of first (CPU) rack, and insert cable connector (see figure 3-4) fully
into receptacle until locking tabs capture connector.

. Fold cable as shown on figure 3-7. Remove dust cover from top connector of second rack and insert

opposite end of cable marked ‘‘To Expander.”

Secure cable in place with wire wraps or cable ties.
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11. If a third rack is used, repeat steps 8-10 with CPU end of cable in bottom connector on second rack
and Expander end in top connector of third and last rack.

12. If a 10-slot rack (IC610CHS130 or IC610CHS134)) is to be included in a system, it can be mounted
on standard mounting rails in 19 inch cabinets and consoles by attaching the rack mount brackets.
Two adapter brackets and hardware required for assembly are included in the bracket package,

IC610CHS191.

a40214
1889
(480)
18.3
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DIMENSIONS IN INCHES,
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IN PARENTHESIS
Figure 3-3. 10 Slot Rack, 19 Inch Mounting Dimensions
a40280

Figure 34. I/0 Expansion Cable Connection

13. Unused rack connectors such as at the top of the CPU unit and the bottom of the last rack should
retain their dust covers.
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14. Inside each 5-slot rack at the rear of the leftmost module slot is a two position switch. On the CPU

[y

W

unit, this switch must be positioned towards the left. On the first expander it must be towards the
right. If a third rack is used, the switch must be towards the left again. An exception to the
described switch settings is when a 5-slot rack is used as an expansion rack in a Series One Plus
system, where the CPU rack is a 10-slot rack. In this case, the switch must be positioned to the left.
This switch is not included in the IC610CHS101 rack, since it cannot be used as an expansion rack.

CAUTION

All switches must be set properly. The Series One or Series One Plus PC may not function
correctly if any switch is not in the correct position.

TN S AINTTN T AN 2a o~

The 10-siot racks, IC610CHS130/134 have two bridge connectors on the back plane which must be
configured. Bridge connector SW1, located between slots 3 and 4, has 2 positions EXP and CPU.
The jumper must be positioned on the corresponding pins to specify whether the rack is a CPU rack
or an Expansion rack. Bridge connector SW2, located between slots 9 and 10, selects the address to

be aSSl.g"ueu to slot 10 and the expaﬁSlOﬁ rack slots. The bclcouons are either 1UU EXP or 7 UU

Figure 3-5 shows the location of SW1 and SW2.

a40794
SW2 oWl
700 100 EXP CPU
EXP
BRIDGE - CONNECTOR | .
1 ~ A
>~ BRIDGE - CONNECTOR 2 IC6|00C;1S|30
4 1C6J0CHS 134

_[}r — = = = ol . 4 ~
| |

11 11

Figure 3-5. /O Addressing Switches in Series One Plus 10 Slot Racks
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16. Example of SW1 and SW2 settings are shown below in figure 3-6.
ad0795

SW2 1100 EXP) SWi (CPU)
|

70 | TO
107] 1077 | 067 | 057 | 047 |037 |O027

100 ql:’t? 06C 1050 {040 |030 OTZg 010 {000 {SR-21] E-048
0i7 | 007

SW2 1700 EXP) SWz 1100 EXP)

10011070 {060 | 050 | 040 O‘I’? (%_Zg) %lé) 000 [SR-21} E-048
077 | 067 [ 057 | 047 |037 |027]| 017 [007

750 (740 {730 | 720 | 710 E-0IB
E-028
747 | 737 |77 | 17

SET TO LEFT POSITION

SW2 {100 EXP) SW2 (100 EXP)
]
070 {060 | 050 {040 | 030 aTzoJJ 010 | 000 |SR-2!] E-048

0|jT0 | T0
077 {070 | 057 | 047 |037 [027] (017 {007
150 |40 | 130 [120 [ 11O [ 100
TO |TO |TO JTO |TO | TO
157 | 147 {137 {127 | u7 |07

SW2 (100 EXP) SWI (EXP)
| !

760 [ 750 {740 (730 |720 | 710 |700 E-048
J0|1T0 jTO |TO |TO {TO |TO
767[ | 757 | 747 | 737 (727 | 7i7 707

Figure 3-6. Examples of Rack Configuration Switch Setting Series One Plus
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Figure 3-7. Typical Installation Dimensions
NOTE
Ground Connection should be made to mounting bracket, not to the terminal strip.
CPU

17. Locate the CPU module (see figure 3-8) and set switches and shorting bridge connectors per table
3-2. If additional CMOS or PROM memory is to be installed, now is the time to do it. For detailed
instructions, see Chapter 7.

18. The CPU module must be installed adjacent to the power supply in the first or topmost rack.
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a40281

BATTERY
CONNECTION

S1AND S2

.....

Figure 3-8. CPU Module

Table 3-2. CPU Option Settings

SWITCH 1 - POWER UP FUNCTIONS SWITCH 2 - MEMORY TYPE
OFF Clear Coils OFF PROM
ON Retain Coils ON CMOS

NOTE

ON is Towards the Faceplate. Factory setting is: Clear Coils and Select CMOS memory. Retain
Coils affects 340-373 only. Counters and Shift Registers are always retentive.

Table 3-3. Memory Size

MEMORY SIZE

CONNECT JUMPERS BETWEEN PINS
700 Words CMOS A BandD E
1724 Words CMOS B CandE F
1724 Words PROM A BadD E
CAUTION

Remove jumper E F before installing PROM. Battery will discharge in a very short time if
E F is not disconnected.

NOTE
Pin A is towards the faceplate. Factory setting is: 700 words CMOS, 1724 words PROM (same Setting)
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Figure 3-9. Proper Moduie Insertion
19. Tilt the module approximately 10° as shown in figure 3-9. Insert bottom of the large printed circuit
board into the bottom card siot.
20. When the bottom siot is engaged, rotate the moduie to engage top siot. Slide module into base unit
untdl it is irmlv seated and snan locks encage
until it is y seated and snap locks engage
A 972
O
~a 7~ . T .y | RIS, Y I, Y L PR R . [P . [ I e a | [T SR, w11 ____
21. Other modules installed into racks at slot locations as determined by installation plans. Foliow
steps 19 and 20 above for each /O module.
22. To remove a moduie, squeeze the snap locks top and bottom (see figure 3-10) towards the center

nd pull the module straisht out. Saueeze fo pnroximatelv 10 pounds (5 K¢) and pull
and pull tf e straight out. Sgueeze fo P ( g) p
farce R.12 nounde (4.8 o)
force ¥-12 pounds (4-3 Kg)

240283

SOUIFE /F HERF

TO REMOVE — [
! - N
. BE#
. ! A EEYEERITA
iu TR B P
| = & " T iee ¥
il @& £ @ Tiee N '
I P % ga o e W
HIN EFEE B aadi™
[ 100 Y BN |3 [EE\\
[alles WEFEEE EFEIR | A\
A\ IR SN BN TR »»
[ 1 B = W |~ B |
T B 3 W "N |
LY - RE

plllzg
&

soucezEmere | o Nnatt®™ \ . 7
TO REMOVE —J ~ ~ /
Figure 3-10. Proper Moduie Removal
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Power Connections

23. AC or DC power connections are made to the terminal strip on the far right of each unit. See table

3-1 for power requirements. The minimum recommended wire size for power connections is AWG
No. 18 (1mm).

24. Strip 0.4 £ 0.1 inches (10 * 2mm) of insulation from each wire (hot, neutral, and ground or + and -)
or place a No. 6 insulated lug (ringed or forked) onto each wire.

&

. Remove plastic cover over terminal strip and retain. Connect the hot wire to the top terminal. The
neutral is connected to either the next (second) terminal for 115 V ac operation or the third terminal
for 230 V ac operation as marked on the base unit. For 24 V dc racks, connect the + and - terminals
to the DC power source.

WARNING

Do not use the top screw for power connections; it secures the terminal block. Verify
connections before applying power.

8

Connect an earth ground wire to the rack mounting bracket as shown in figure 3-2. (T ypically this
ground wire is the green wire from the ac power source.)

WARNING

Ensure that all exposed wiring is either under the screw-down plate of the terminals or
insulated by shrink tubing or sleeves.

27. The terminals labeled +24 V dc and -24 V dc provide 24 V dc @ 100 mA for connection to an
external sensor (not on IC610CHS101).

. The two remaining terminals are used with the RUN indicator. Use of this standard feature on all
racks is optional. It can be used to drive an external indication of the functional state of this rack.
The Run relay is closed when the CPU is scanning (not on IC610CHS101).

29. If the Run indication is desired, it can be wired separately to an external indicator (light, bell,
whistle, etc.) or in series with other racks. Follow steps 24-25 above for guidance on connecting
these wires. Then replace the plastic cover.

8

/O Field Wiring

30. Recommended wire size for connection to the I/O modules is stranded AWG No. 12 (0.65-2mm)
wire. Two wires per terminal are possible with AWG No. 14 (0.65-1.6mm) wire.

31. Strip 0.3 £ 0.05 inches (8 £+ 1.5mm) from each wire to be connected to the I/O modules or install a
No. 6 insulated lug (ringed or forked). Bare wire connections are recommended for multiple wire
connections to one terminal. -

32. Carefully remove plastic covers over I/O terminal connections by lifting top or bottom leg and
sliding it to right or left.

33. Starting with the lower terminals, connect the field wires to all I/O terminals. Power connections
such as those to commons (C) should be made last. No connections are required to unused circuits;
however, screws on unused terminals should be tightened.
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34. For 16 point I/O modules that connect to I/O through a connector on the faceplate, secure the
connector on the I/O Interface cable to the connector on the module.

WARNING

Ensure that wires to the top set of terminals do not extend beyond the screw-down plate.
Any wire exposed before the terminal plate must be covered by shrink tubing or sleeves.

35. Wires should be laced together to leave a service loop adequate for removal of I/O modules without
disconnecting wires. See figure 3-11. After testing of I/O wiring, replace plastic covers.

a40017

<
E
Figure 3-11. Typical Routing of /O Wiring

Programmer

36. The hand-held programmer (catalog no. IC610PRG100 or IC610PRG105) can be placed over the
CPU and power supply for permanent or temporary mounting. Its connector fits into the receptacle
on the CPU and it snap locks onto the power supply.

37. If an extender cable is used with the programmer, it should be installed next or when required. One
end of the cable has a push tab (see figure 3-12). This end is connected to the programmer (see
figure 3-13). The other end is connected to the 26-pin connector on the CPU. Both ends are keyed
for proper installation. The red edge of the ribbon cable is installed up at both ends.
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a40163

Figure 3-12. Pull Tab on Programmer Cable

NOTE

For proper noise immunity, it is recommended that the extender cable be used on a temporary
basis and not permanently installed with the programmer.

38. To install the programmer directly onto the CPU, align the programmer on the outside dimensions
of the power supply and gently push down to engage snap locks.

CAUTION

To ensure proper CPU operation, it is recommended that the programmer not be connected
nor disconnected with ac power applied.

83-pc-35mm-4-3-31a

Figure 3-13. Installation of Programmer Cable
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39. The Programmer Mount Assembly (catalog no. IC610PRG190) can be used when installing the
hand-held programmer on the outside of a panel or console, or can be used as a table top stand for

the programmer. Figure 3-14 shows how to install the mounting assembly. The CPU/Programmer
cable must be ordered separately.

© HOW TO MOUNT THE CONNECTOR a40148
Y TARPING SCREW 3Ix 6
¥ CPUPROGRAMMER CABLE : -
ACSI0CBLI02A; MOUND CABLE COMNECTOR CLAMP
or
@CSWOCALI00A) AT CABLE I ‘
COMECTOR

® WHEN USED AS A BENCH-TYPE

TAPOING SCREW WASHER M4

4x
1.

CABLE CLAMP
\

% CABLE MUST BE ORDERED SEPARATELY PANEL CUT UNIT = mm

[

Figure 3-14. Programmer Mount Assembly

Power Supply Limitations for Racks

If the power supply in either a CPU or expansion rack should become overloaded, unpredictable system
operation may occur. To ensure that this does not happen, the total current capabilities of the modules
placed in the rack must not exceed the current carrying capabilities of the rack power supply.

Units of Load

The power used by each module is expressed in (units of load), where 1 unit equals 10 mA. Calcula-
tions are based on the worst case condition with all inputs and outputs on. Table 34 list the units of
load supplied by each rack, and table 3-5 is a list of units of load used by each module. When
configuring a rack, note the units of load supplied, then add the total units of load used by the modules
you have selected. The total units of load for the modules must not exceed the total units of load
supplied by the rack. If they do, the system should be redesigned.
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CATALOG POWER SUPPLIED IN UNITS OF LOAD
NUMBER RACK DESCRIPTION +5V +9V +24V +24 V External
1C610CHS101 S-slot, 115/230 V ac 40 60 20 -
IC610CHS110 5-slot, 115/230 V ac 140 80 40* 10
IC610CHS111 S-slot, 115 V ac, UL 140 80 50 10
IC610CHS114 S-slot w24 V dc P/S 140 80 40 -
IC610CHS130 10-slot, 115/230 V ac 140 170 50* 10
IC610CHS134 10-slot w/24 V dc P/S 140 170 50 -

*If an external sensor is connected to the 24 V + and - terminals on the power supply, the current used
to the maximum of 100 mA), should be deducted from the available listed units of

by the sensor (up

load.
Table 3-5. Units of Load Used by Modules
POWER USED IN UNITS OF LOAD
CATALOG
NUMBER MODULE DESCRIPTION +5V 49V . +24 'V

1C610CPU101 CPU 25 - -
IC610CPU104 CPU25 - -

1C610CPU105 CPU 25 - -
IC610CPU106 CPU 25 - -
IC610PRG100 Programmer 6 5 -
IC610PRG105 Programmer 6 5 -
IC610MDL101 24 V dc Sink Input (8) - 1 10
1C610MDL103 24 V dc In/Out (4/4) - 2 7
IC610MDL104 24 V dc In/Relay Out (4/4) - 20 6
1IC610MDL105 Thumbwheel Interface - 1 9
1C610MDL106 24 V dc Sink In w/LEDs (16) - 3 24
IC610MDL107 24 V dc Sink Load In (16) - 3 23
I1C610MDL110 High Speed Counter - 7 -
IC610MDL111 24 V dc ac/dc Input (8) - 1 -
IC610MDL112 24 V ac/dc Source In (16) - 13 -
IC610MDL115 Fast Response /O (4/2) - 8 6
IC610MDL124 1/O Simulator (8) Inputs - 1 11
1C610MDL125 115 V ac Input (8) - 1 1
1C610MDL126 115 V ac Isolated Input (4) - 1 -
IC610MDL127 230 V ac Input (8) - 1 -
1C610MDL135 UL, 115 V ac Input (6) - 1 -
IC610MDL151 24 V dc Sink Output (8) - 2 3
IC610MDL153 24 V dc 2A Sink Out (4) - 1 1
IC610MDL154 24 V dc Sink/Source Out (4) - 1 10
1C610MDL155 ' 74 V dc Source Output (8) - 3 -
IC610MDL1"" <. V dc Sink Out w/LEDs (16) - 4 0
1C610MDL157 24 V dc Sink Out w/LEDs (16) - 4 10
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Chapter 4

4-1 PC Operation
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Introduction to PC Operation

After completing the installation procedures described in the previous chapter, your Series One or Series
One Plus PC is ready for operation. This chapter describes the operation sequences for those PCs. A
description of the features and functions of the programmer are the basis for the information in this
chapter. The last portion of this chapter describes the operation of peripheral devices that can be used
with the Series One or Series One Plus. The information in this chapter will allow you to become
familiar with the programmer keys and the keystroke sequences required for the various programmer
operations.

Programmer

The hand-held programmer (figure 4-1), when connected to a PC by one of the three methods described
in the previous chapter, can be used for entering a new program, examining a previously entered
program, editing (changing) a previously entered program if required, monitoring the status of input or
output points, displaying the contents of registers, and displaying timer or counter accumulated values.
In addition, with the Series One Plus, a password can be entered with the programmer to protect the
contents of your program from unauthorized or inadvertent entry or changing. Its features and functions
are described in the following paragraphs. For detailed descriptions of the programming functions, refer
to programming, Chapter 5.
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Figure 4-1. Programmer Features
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Programmer Features

The programmer features shown in the illustration on the previous page are described in this section.
The descriptions of the features are keyed to the numbers (1 to 8) next to each feature in the illustration.

1. Mode Switch

This is a three-position keyswitch used for selecting the operating mode of the PC. This switch can
be repositioned at any time as necessary without disrupting AC power. The left position (RUN)
allows program execution with outputs enabled. The CPU scans its stored logic and allows
timer/counter and relay contacts to be displayed. However, in the Run mode, changes to the logic
are not allowed. In the center (PRG or Program) position, new programs can be entered and
previously entered logic can be altered; however, no solving of the logic is performed. The right
(LOAD) position connects the programmer to an external device such as a tape recorder through the
adjacent tape port. Logic is not solved while in the LOAD position.

WARNING

If a version A or B (IC610CPU101A OR IC610CPU101B) CPU IS installed, the Series One
programmable controller will always power up in the run (operating) mode unless a
programmer is connected and the programmer is in the program or load mode.

2. Address Data Display
This is a four digit display used to indicate either the address, in decimal format, of where the
display is in the user program stored in the PC’s memory or reference data used as a part of the
logic. To indicate that addresses are being displayed, periods appear near the bottom and to the
right of each digit (for example, 0.1.2.3.). The LED to the top right behind ADR will also be lit.

3. Status Display
These five LEDs are energized to indicate the following functions or status of the Series One:

ON/OFF When in the Run mode, this LED indicates the status of discrete references (I/O, internal coils, and shift
register stages). It is ON when a reference is energized and OFF when de-energized.

RUN ON when in the RUN mode and CPU is solving logic.

BATT  ON when the voltage of the intemal lithium battery, which is used for maintaining the program stored in
CMOS memory during no-power conditions, is at a low level and should be replaced within 10 days - see
Chapter 7. This LED is OFF when battery voltage is OK, or battery is disconnected.

PWR ON when the internal power supply is producing DC power. If OFF the rack power supply should be
checked - see Chapter 7.

CPU ON when internal error checking has detected a fault in internal hardware - see Chapter 7.

The above four LEDs (RUN, BATT, PWR and CPU) duplicate the operation of the indicators on
the CPU when the programmer is installed.

4. Logic Display
These sixteen LEDs are used to indicate the type of logic entered into memory. While being
programmed, they reflect the logic selected by the user prior to actual entry into CPU memory. For
definition of the first 12 LEDs functions, see key definitions under 5 below. The 4 LED’s to the
right have special functions as follows:

ADR ON when display is indicating an address value. The address is displayed in decimal notation, beginning at
0000 and ending at the last address in the user program or a maximum of 1723 (maximum number of 16-bit
words in memory is 1724).
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SHF ON when operator has selected the Shift key and is an indication that future key selections will be based
upon the upper key labels. Shift function will remain in effect until either the Enter or Clear key is selected.

DATA  (Series One Plus only) On when monitoring the contents of a register and the Address/Data display contains
the data (4-digit BCD value) in that register. The contents of 2 consecutive registers will be displayed.

REG (Series One Plus only) On when monitoring the contents of a register and the address of the selected register
is displayed. The display can be alternated between REG and DATA by depressing MON.

These sixteen LEDs can also indicate the status of 16 consecutive I/O states when used with the
monitor function discussed later in this chapter. The numerals above the alphabetical characters are
used during this function.

5. Logic Keys
These twelve keys are used to select the required function and enter logic when in the Program
mode. The upper labels are used to enter numerical values when preceded by the Shift key.
Numerical values, when entered, are viewed in the Address Data display. The decimal point is used
only for the entry of timer preset values in tenths of a second. The Monitor function will be
discussed below as part of the Upper Case keys. The function of the lower or normal case labels on
these keys is described in the following key discussion.

AND Places logic such as two contacts or two groups of contacts in series (see figure 4-2). Power flow must be
possible through both elements before it will be passed to the next element.

OR Places logic such as two contacts or two groups of contacts in parallel (see figure 4-3). Power flow can be
possible through either (or both) elements before it will be passed to the next element.
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Figure 4-2. Series Logic (AND) Figure 4-3. Parallel Logic (OR)

STR Begins (Starts) a new group of logic and stores current logic results into a Last In, First Out (LIFO)
pushdown stack. '

NOT Inverts the state of the referenced status to create a normally closed contact. NOT AND results in a normally
closed series contact. NOT OR results in a normally closed parallel contact.

our Specifies the end of a string of logic by entering a coil. With a valid reference, such as OUT 19, this coil will
reflect the output of the rung of relay logic by turning ON or OFF as dictated by the pow -~ flow. Outputs can
be paralleled by entering additional OUT functions at the end of a rung of lc: ..
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Specifies a timer function to end a rung of logic. The timer requires a unique 6XX reference for storage.
Two types can be programmed (seconds and tenths of seconds) depending upon the numerical preset (with or
without decimal point) entered after the 6XX reference. For example, 0.9 or 9.0 seconds can be programmed,
depending on the decimal point.

Specifies a counter function to end two logic rungs. The two logic rungs required by this function are count
and reset. Count, being the top rung of conditional logic. When all programmed conditions permit power
flow, the counter will begin counting. The bottom rung is the reset rung and is programmed with the
conditional logic required for resetting the counter. The counter also requires a unique 6XX reference for
storage. Transition detection is a standard built-in function.

Specifies a Shift Register function to end three logic rungs (input, clock, and reset). The reference used with
SR (for example, SR 410) is the first stage of this shift register. The last stage must be entered immediately
after the SR and its reference. A shift register can contain a total of 128 steps or several shift registers can be
programmed, each with a different number of steps, as long as the total of 128 steps is not exceeded.

The MCS (Master Control Start) key specifies the beginning of a Master Control relay function. This
provides an efficient method of programming for controlling large quantities of coils if a specific permissive
condition is not satisfied.

The MCR (Master Control Reset) key specifies the end of a Master Control relay function. A similar number
of MCRs must be entered to terminate, one at a time, the Master Control Start functions entered. One MCR
terminates only one previous MCS function.

Used with latches, shift registers, and coils. It specifies where latches are to be turned ON (set), shift register
stages set to the ON state, or coils to be tummed ON and not affected by intemnal reference 376 (disable all
outputs).

Performs functions similar to the SET key for latches, shift registers, and coils, except it specifies when these
references will be turned OFF (reset).

6. Editing Keys
These eight keys select the action required to modify either the stored logic within the CPU or the
logic address being displayed. Those keys that can modify previously entered logic (that is, Delete
and Insert) require a confirming key operation to ensure that the operation is to be executed. Thus, if
they are accidentally depressed, the error can be corrected by depressing the CLR (Clear) key
without actually affecting any entered logic. A description of each editing key is as follows:

DEL

INS

ENT

‘When logic is being displayed, this key (Delete) when included as the first keystroke of a two key sequence,
will cause that single function to be removed (deleted) from the CPU memory. To be effective, after
depressing Delete, the PRV (Previous) key must be depressed, which executes the delete operation.

This key (Insert) allows logic functions to be inserted between existing logic functions. The function or its
address that is after the location at which the new function is to be placed, is displayed. Then the new logic is
built followed by the Insert key (not the Enter key) and the confirming NXT (Next) key. The new logic that
is inserted by this key sequence will be placed in memory immediately before the displayed function or
address.

The ENT (Enter) key is used to complete the entry of logic when initially building the CPU program or to
replace an entire single word function. Logic functions are entered typically at the end of the existing logic.
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The CLR (Clear) key, when selected, clears the programmer of previously entered commands. If error codes
are displayed, this key will acknowledge the error and return the programmer to its normal (cleared) function.
When monitoring a program, depressing Clear will cause the display to indicate the memory address in lieu
of logic functions. When the key sequence CLR, SHF, 3, 4, 8, DEL, NXT is entered, the entire contents of
memory will be cleared.

NOTE

This key sequence should be used with caution, be sure that you want to clear the entire program.
Remember, if single functions or groups of functions are to be cleared, the DEL key, followed by
PRYV should be selected for each function to be cleared.

This key (Shift) locks all other keys to their shifted (upper label) functions and causes the SHF LED to be lit
in the display area. The shift operation is ended by selecting the keys Clear or Enter. The SHF key must
precede a numerical key or a group of numerals before selecting the numerical keys. For example to enter an
open contact with input reference 12 as the first contact in a rung of logic, the key sequence would be STR,
SHF, 1, 2, ENT.

This key (Search) allows the entire program to be searched for specific logic functions. The logic function is
defined by the logic keys (without Enter), then Search is selected. The memory will be searched from the
current location until either a match is found or all memory is searched. Successive depressions of this key
will cause repeated searches with memory wrap-around. An unsuccessful search results in error code E99
being displayed.

‘When displaying logic or monitoring I/O state, selecting the PRV (Previous)B key causes the previous logic
function or 1/O status to be displayed. Additional depressions of this key cause the display to decrement until
memory address zero is reached.

When displaying logic or monitoring I/O state, selecting the NXT (Next) key causes the next logic function
or I/O status to be displayed. Additional depressions of this key cause the display to increment until the end
of memory is reached.

7. Shifted Functions
The Shift key, when selected, causes most keys to change their function to those marked on the face
of the programmer directly above the corresponding keys. Normal unshifted functions are as placed
on the keys themselves. Most of the shifted functions are used when entering numerical values
(digits 0-9 plus the decimal point). When entering a program, the unshifted functions must be
selected first (AND, OR, NOT, OUT, TMR, etc.), then the SHF is selected to enter the numerical
portion of the program. The use of the other four shifted functions are as follows:

MON

‘When in the Run mode, this function allows the user to monitor the status of I/O references in two successive
groups of 8. The specified I/O reference is used to select the first 8 references and the next group in
numerical sequence is also shown to provide a total of 16 real time statuses. The specified reference should
be the first reference in a group of 8, for example, specify 10 to monitor the 1/O group 10 to 17. If a reference
other than the first one in a group is specified, monitoring of the I/O will default to the first reference in the
group. After the reference (for example 043) is entered and displayed (for example 040) as data, the status of
the 8 references in that group (for example 040-047) are displayed by the first 8 LED’s (AND, OR, STR, etc.)
in the logic display.

The next 8 references (e.g. 050) are also displayed and their status is indicated by the last 8 LED’s (MCS,
MCR, SET, etc.). These 16 LED’s will be ON or OFF as the I/O assigned to these references is energized or
de-energized. As the I/O changes, the state of the LEDs changes.



(o]

w
3
&

Data Operation Kevs
ata Uperaion hevs
Thece twn keve are ncad durine enterino the data aneratinne when nroorammine the Serec e Pluc
A LAAWOW LYV WV nv]h’ Hd W WOoOwWNS uu‘-u‘é \wiiW\/Ad ALA AW UL Vx}v&uu\:lw VY AAWwil y‘vb““‘ulmlé AV WWALAWD \Vilw A AMD
DM MThasa Lawve hava na affant wham thic me~ngramenar (Datalas wa IOLKINDRATNE) 1o naad ¢n
X\ 4 13DV AU]B lave 11V il L Wiivil u yl Elmlu iVl \bmmus IV, ALVVILIVI NU1LIVY ) D VU WV

cmne a2 Qarmioe Mma DA ML Lo il o f coml f dhicos Lacie S docmetliad ol

DCLIOS VIIC I'C. 11IC 1UulCu0Il 01 Cdlil U1 UIOdDCO y> ACDLIIDCU DCIVUW.

IE'
]
0
[
2

depressed before a 2-digit value corresponding io the data operation or Function i
A et % aL_t_ T

IVEN YIZA YV 4 YO .\ A T _a_ 1 . _L£oaL _ -
y LIV, 0L, I'/4, I'd4, CIC. ). A COmPpICIC 1151 01 WIC gald Operauois aml el runc

o]

=




4.7

1]

(@]
o

td
-

P‘l

ed by the programmer. Functions entered are checked for
aranrac anterad atr EFrrare datartad dAnrine thece chackc ara
AVAWAWAAWVAY D Vllw‘»v“’ Vi, AddAVVAD NAWWVWVIWVAL Umulé HIWOW WiiwvwiDo ldwv
T fallawad by o tura Aot ~rnda 7/N1_00N Tha MDIT alan
idv AULNUWIA U a Ltwv ms L LOUU \Ul”’)o 4110 OI U DV
< #lennas alina 4lis T 2o oo le Lo oo 4L DITAT 3 AL _
Y WC Uldl UIC I'C 1d SWICIICU 10 UIC RUIN IIIOUC.  AILCT
1 11 r b | 1 P g
k should be performed, which checks the entire program.
mmml s e Ae lhe maries amd meetlle il o T L Al o 4l
Calll CliVl COUC, 1 CdudC, allu PUBBIUIC IMCcuU1IVUd> 01 CICAlllR Ul
. . 3 . . PR s ! - - s
PIrogramimumer 10 enter 10gic 18 documented in Lnaptcr 5 as I art OP prograrnrmng.
................... provides which are shown in the following table:
LY 4 4 WD 4NN Wt
dDI€ 4-1. LITOr L0a¢€ venmuons
Novenn M ocemenndurn A nd: e
Cats! LoiTeCuve ACUOn
Nevneontne anttnememtnd ¢t maclaces 21 Tewnmmzema Ao e b2 e MNamenan
UPCTator aticmp 10 periorm i- | CXamine Oopcraton LCPICSS
lacal Acmacntian annah an Ahacotias | OTD D arrmitinta menmas At am
icgal Operation SuCa a5 Coanging | Lida. NREiNitaie proper mancudn.
v rmnee 2en DTITAT e ada
program NuUIN MoGe.
1T hac datartad arrnr in nra_l (Gn tn DPraoram mods nracc
wd WS AASW WWIWWIWAE  WAAVA ALL ylv v L3 Ave&wu ARANNSA o wvrawv
m an d o TN 0 Addre cf c 1
m

|Tﬂ
S

tr)
w

More than eight status ievels at-
tempted to be stored in pushdown

Go to Program mode. Depress
CLR. Programmer will display
location of first 9th STR error.
Examine logic and reprogram as

»

Coil (output, intemal, timer, or|G

AT T

VUl more

unier) used as an
than once.

g ») -~
CLK. Frrogrammer

ing same reference.
.. | _ e

COl rercrence.




PC Operation

GEK-90842

Table 4-1. Error Code Definitions - Continued

Applicable Mode

Code| Run | Prog | Load Significance Cause Corrective Action

E6 | X Incomplete Master | More MCR references than MCS | Go to Program mode. Depress

Control in program. CLR. Programmer will display
first unmatched MCR. Correct
program by deleting MCR or ad-
ding MCS.

E7 | X Incomplete Counter or|All control lines not provided to|Go to Program mode. Depress

Shift Register. one or more Counters and/or Shift | CLR. Programmer will display

Registers. errant function. Add required re-
set, clock or clear lines.

E8 X Incorrect Operation. Operator attempted to write in- | Depress CLR.
struction on second word of a
2-word instruction.

E9 | X Incomplete Logic. Relay ladder line not connected to | Go to Program Mode. Depress
coil; relay contact(s) left incom-|CLR. Programmer will display
plete or hanging. first unfinished logic element.

Add logic to tie this element into
stored logic, or delete element(s)
to remove incomplete logic.

Ell X Memory Full. Operator attempting to add logic | Depress CLR. Restructure pro-
to CPU already at limit. gram so that logic limits will not

be exceeded.

E21| X | X Parity Failure. CPU has detected a fault in the | Go to Load Mode. Depress CLR.
parity structure of its internal|Reload memory from previously
memory. recorded tape or clear entire mem-

ory and reload manually. If]
BATT light not ON and fault can-
not be cleared, replace CPU mod-
ule.

E25 X |Faulty Comparison. External device such as tape cas- | Depress CLR. Verify correct pro-
sette has content that does not|gram number or tape. If correct,
agree with CPU memory. either re-record tape or reload

CPU.

E28 X |[Weak Record Signal. |Playback Signal level, such as|Adjust volume level on tape re-
from tape recorder, is below ac- |corder or other peripheral device.
ceptable level. If ON steady for extended period

of time, restart function to obtain
reliable operation.

E9| X | X Unsuccessful Search. |Search function has reviewed all|Depress CLR. To cause an addi-
memory and has not located re-|tional search, re-enter function
quired. and restart.

Operation Sequences

An understanding of the basic PC operation sequences is necessary in order to effectively and efficiently
enter ladder diagram programs. You should be familiar with the use of each key, alone and in sequence
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Table 4-2 lists the various onera,ggn,s, the keystrokes requ'u'gd to enter those operations, and the mode or
modes in which the operation can be performed. Each of the modes is indicated by a letter; R (RUN), P
( IRAM) orl] n AD)

(PROGRAM), or L (LOAD).

Table 4-2, PC Operation Sequences
MODE
Operation Keystrokes or Operation Sequence KIPIL

Insert or Remove Key X X
Clear ail user memory CLR SHF 3 4 8 DEL NXT X
Dispiay present address CLR X1 X
Display present function NXT X1 X

Next function NXT(After previous keystroke) X1 X
Previous function PRV X1 X

Go to address 0000 in program memory SHF NXT X1 X

Go to specific address SHF (address) NXT X1 X

Go to next address After previous entry NXT X1 X
Ciear dispiayed function CLR X1 X
Search for a specific function (Function) SHF (Ref. No.) SCH NXT X1 X
Search for a specific reference number SHF (Ref. No.) SCH NXT X1 X
Insert function before the dispiayed (Function) SHF (Ref. No.) INS NXT X
function (or address)

Cancei insert CLRSHF INS X
Delete a functon (address) DEL PRV X
Check program for errors. If no error CLR SCH X X
detecied, the nexi availabie address is

displayed.

Turmn Timer/Counier ON TMR or CNT SHF 6XX SET X

Tum Timer/Counier OFF TMR or CNT SHF 6XX RST

Change preset vaiue of a Timer or Counter | SHF (preset vaiue) ENT X

Monitor ON/OFF status of a group of 16 [SHF (Beginning Ref. No.) MON X
CODSOCIJUVC IBICIBDWS U.IU, lmemm COl.lS.

Shift Register coiis

Monitor Timer or Counier accumuiated SHF (T/C No.) MON To monitor the previous or next | X

value T/C enter, PRV or NXT

Moniior ON/OFF staie of any coil or The ON OFF LED tums ON or OFF to indicate the state | X

contact of the displayed reference.
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Monitor Data Register Contents (Series One Plus only) - This operation sequence allows an operator
to monitor the current contents of any data register. After installing the programmer, place the mode
switch in the RUN position and perform the following actions:

1. The programmer will display the address zero indicated by four zero digits in the display, with
decimal points to the right of each digit (0.0.0.0.), and the ADR LED lit.

2. Enter the reference for the data register to be monitored. Valid data register references are 400
through 577 and 600 through 673. For example, to monitor the contents of data register 452, enter
the key sequence R 4 5 2 MON.

3. The display will contain the address of the selected data register.

4. To display the contents of the selected data register, depress the MON key a second time. The
display will now contain the current contents (4-digit BCD value) of the selected register.

5. The NXT and PRV keys move the display to adjacent data registers.

Change Contents of a Data Register (Series One Plus only) - This operation sequence allows an
operator to change the current contents of any data register. After installing the programmer, place the
mode switch in the RUN position and perform the following actions:

1. The programmer will display the address zero indicated by four zero digits in the display, with
decimal points to the right of each digit (0.0.0.0.), and the ADR LED lit.

2. Enter the reference for the data register to be monitored, following the steps in the previous
operation.

3. After depressing the MON key a second time and the current contents of the data register are
displayed, the contents may be changed if desired.

4. To change the current contents of the displayed data register, enter the sequence SHF XXXX
ENT, where XXXX is a 4-digit BCD value having a valid range from 0000 to 9999. The new value
entered will write over (replace) the value originally displayed.

Enter or Change a Password (Series One Model E and Series One Plus) - This operation sequence
allows an operator to enter a password or change a previously entered password. When a password is
entered, all programmer functions are disabled, except for the monitor functions. This prevents
unauthorized access to the program in a Series One Plus PC. After installing the programmer, place the
mode switch in the RUN or PRG position and perform the following actions:

1. To enter a new password or change a previously entered password, use the following key sequence:
CLR SHF 9876 DEL SHF XXXX ENT NXT
2. 9876 is a required sequence. Your password (XXXX) can be any numerical value from 0001

through 9999. The value 0000 is equivalent to no password, all programmer functions are operable
when the password is 0000. If you do not have a requirement for password security, use 0000.

To have access to all programmer functions when a password is in effect, a LOG IN sequence must be
entered by the operator. After performing any necessary operations with the programmer, the operator
must then enter a LOG OUT sequence to prevent any unauthorized access to the program. The LOG IN
and LOG OUT sequences are shown below.

Access to Programmer Functions with Password in Effect(Series One Model E and Series One Plus)
After installing the programmer on a Series One Plus PC having a password in effect, place the mode
switch in the RUN or PRG position and perform the following actions:

1. To LOG IN, enter the key sequence:
CLR SHF 5678 DEL SHF XXXX ENT NXT

2. The numerical value, 5678 is a required entry. XXXX is the password that had been previously
selected by the operator.
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3. The operator can now monitor or change the program as required. When not using the programmer,
the operator should then LOG OUT to return the programmer to password security.
4. To LOG OUT, enter the following key sequence.

CLR SHF 1234 DEL NXT
5. Verify that the programmer functions have been disabled.

NOTE

If the user should for any reason forget the password entered into the PC, use of most program-
mer functions would not be possible. If this should happen, contact the GE Fanuc Automation
service center in Charlottesville, Virginia for assistance.

Forcing References - The operation sequences described in this paragraph allow you to force an Input,
Output, Shift Register, Timer, or Counter reference either on or off. Forcing the state of I/O references
provides a convenient method of testing the operation of field devices and debugging the logic in the
user program. If an input or output is forced on or off, it will remain in the forced state for 1 scan of the
CPU. The programmer must be in the RUN mode to force any reference. After installing the
programmer, place the mode switch in the RUN position. Use the following steps to force references.
1. The programmer will display address zero indicated by four digits in the display, with decimal
points to the right of each digit (0.0.0.0.), and the ADR LED lit.
2. Enter one of the following sequences to force a reference either on or off as required:
e To force a specific reference ON, enter the sequence: SET, SHF, XXX (Reference), ENT
e To force a specific reference OFF, enter the sequence: RST, SHF, XXX (Rcference) ENT
3. Repeat the above operation for other references to be forced.

WARNING

When forcing input points with the set or rst sequence, the actual state of the input may be
overridden. If the forced set or rst occurs in the user logic program before the input is
checked in the same i/o scan, the set or rst state will take precedence and could cause an
output to be turned on or off at the wrong time.

Operation With Peripheral Devices

Several peripheral devices are available for use with a Series One or Series One Plus PC. The
~ Programmer is required for operation with the tape recorder, when recording user programs. The tape
recorder connects to the Programmer through the Programmer’s tape port. The tape port is located to
the right of the mode switch and is labeled TAPE. The rest of this chapter describes the operation of
these peripherals, which are listed below:

Audio Tape Recorder Various models
Printer Interface Unit Catalog Number IC610PER151
PROM Writer Unit Catalog Number IC610PER154

Tape Recorder Operation

Most audio tape recorders with auto-level control can be used with a Series One or Series One Plus PC.
It is recommended that the recorder also be equipped with a counter to allow multiple programs to be
recordedon tape. Units such as General Electric model 3-5148 have been tested and found fully
compatible with the Series One family of PCs. This recorder is packaged with an interface module (not
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required for the Series One or Series One Plus PCs) and can be ordered as Catalog Number 3-5156. The
tape recorder allows three functions to be performed: (1) record a program onto tape, (2) load a CPU or
peripheral from tape, and (3) verify the content of a tape. The operation of each of these functions is
described below in a step-by-step manner. All logic memory is recorded on tape.

Tapes created on Series One, Series One Model E or Series One Plus PCs can be loaded into any Series
One, Series One Model E, Series One Plus or Series One Plus 3.7K PC Tapes created on the Series
One Plus 3.7K PC can only be loaded into another Series One Plus 3.7K PC.

A 2.5 foot (0.75 meter) audio cable (Catalog number IC610CBL151), which is gray with a red tracer, is
supplied with the programmer. This cable is used only with a tape recorder and connects it to the tape
port on the programmer.

Recording A Program
1. Install the Programmer and apply AC power to the PC.
2. Tumn the mode switch on the Programmer to the LOAD position.

3. Apply AC power to the tape recorder. Verify presence of the write protect tab on a cassette and
insert the cassette. If the write protect tab is not in place, data entered on the tape may be
inadvertently erased.

4. Adjust the tone control to its highest position.

5. Connect the Programmer (TAPE port) to the tape recorder (MIC input) with the 2.5 ft. (0.75 m)
audio cable (gray with red tracer).

6. Rewind tape to the beginning or to the desired record position if multiple programs are to be placed
on one tape. Programs require approximately 1.5 minutes (700 words), 4 minutes (1724 words) or 8
minutes (3.7K words), as applicable, of tape per program.

7. For identification of a program, if desired, enter a four digit number (0000-9999) on the Program-
mer. When tape is accessed later to load the CPU, this number can be used to identify the correct
program prior to altering CPU data. If a program number is not as expected, the operator can
terminate the load operation and get the correct tape without loss of existing program nor delay
incurred by loading a wrong program. However, this identification number is optional.

8. Begin the tape recorder operation by depressing the RECORD button (and PLAY if required by the
tape recorder).

9. Depress the WRITE key on fhe Programmer. The record operation will now begin.

10. If after following all instructions, reliable operation cannot be obtained, try operating the recorder
with batteries.

11. When the record is complete, the Programmer will display End in the Address/Data display and the
ON/OFF LED will be off. Stop the recorder and note the counter position so that the amount of tape
used for that program can be determined.

12. Depress the CLR (Clear) key on the Programmer to end the record operation.

13. It is recommended that the tape be rewound to where the record began and that thc Verify operation
described below be performed to ensure data integrity.

Verifying A Program
1. Install the Programmer and apply AC power to the PC.
2. Turn the mode " ~h on the Programmer to the LOAD position.
3. Apply AC power to the tape recorder and insert the cassette containing the program to be verified.
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14. When the verify is complete without error. the Programmer will display End in the Address/Data
display.

15. Stop the recorder and depress the CLR (Clear) key on the Programmer to end the verify operation.

16. The verify operation will require approximately the same time as the record operation.

Loading A Program
1. Install the Programmer and apply AC power to the PC.
Turn the mode switch on the Programmer to the LOAD position.

w N

Apply AC power to the tape recorder and insert the cassette containing the required program.

Adjust the volume control to the setting determined during the verify operation. Adjust the tone
control to its highest setting.

5. Connect the Programmer (TAPE port) to the tape recorder (EAR input) with the audio cable (gray
with red tracer).

>

6. Rewind the tape to the beginning of a previously recorded program. Tape can aso be on the blank
area prior to the program, but not on another program. Enter the program identification number (if
previously recorded).

7. Select the READ key on the Programmer to establish the load operation.
8. Start the tape recorder by depressing the PLAY key. Theload operation now begins.

If the CPU detects a program number different than the one entered in step 6, the programmer will
beep and the display will show PA

9. If the wrong program has been selected, the load operation can be aborted by stopping the recorder

and powering-down the CPU or remove the programmer from the CPU, then reattach and depress
the CLR key.

10. Any errors detected during the load operation are indicated by an error code being displayed on the
Programmer’s Address/Data display. Error code E21 indicates the tape has an interna parity error.
A steady E28 indicates the play level iswrong and the load should be stopped, volume adjusted, and
the operation restarted (step 6 above).

11. When the load is complete with no errors, the Programmer will display End in the Address/Data

display and the ON/OFF LED will be off. Stop the recorder and depress the CLR (Clear) key on the
Programmer to end the load operation.

12, The load operation will require approximately the same time as the record operation.

Printer Interface Unit

The Printer Interface Unit (catalog number IC610PER151) provides an interface between a Series One
or Series One Plus PC and a printer for the purpose of providing a convenient means of obtaining a
hard-copy printout of the program residing in the PC’'s user memory. It can also be used with a Series
One Junior PC. The format of the printout is switch selectable and can be either Boolean (mnemonic) or
ladder diagram format. Many readily available, inexpensive printers can be used with the Printer
Interface Unit.

A 6' (2m) Printer Interface cable and an external power supply cable are included with the Printer
Interface Unit. Printer Interface Unit Specifications are listed below in table 4-3
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Table 4-3. Printer Interface Unit Specifications

Operating Temperature
Storage Temperature
Humidity (non-condensing)
Required Operating Power

Dimensions

Weight

Printer Interface

Printing Capacity
(maximum)

0°to 60° C (32” to 140° F)
-10° to 70° C (14° to 158° F)
510 95%
+5V dc + 5%, 300 mA (minimum)
(Supplied either intemally from the CPU or from an
external power supply)
5.7 x 4.7 x 1.5" (145 x 120 x 38mm)
11.68 0z (330 g)
Centronics (Parallel)
Ladder Diagram Listing
13 contacts and 1 coil per line
16 lines per page
Boolean Listing
200 steps per page (4 lines with 50
stepsin each line).
700 steps maximum

Table 4-4 lists the requirements that a printer must meet for use with the Printer Interface Unit.

Table 4-4. Printer Requirements

print is switch selectable.

Epson model RP-100

Seiko model GP-500

e Must have a Centronics interface

e Ableto generate ASCII character code 7CH (Hexadecimal) asa’’/*‘ (slash).
e Must respond to control codes. OE H (SO) - Expanded print ON
OF H (SI) - Compressed print ON
12 H (DC2)- Compressed print OFF
14 H (DC4) - Expanded print OFF
o Must be capable of printing 132 columns; however, if an 80 column printer can respond to the SI (OF H) control
code to alow 132 or more characters per line, it can be used. This type of printer, when used with the Printer
Interface Unit, will print compressed characters. Choice of norma (132 column) or compressed (80 column)

¢ Thefollowing printers have been tested for operation and can be used with the Printer Interface Unit.
General Electric Personal Computer Printer, model 3-8100

Hewlett Packard Thinkjet, model HP 2225C
IBM Personal Computer Graphics Printer

Hardware Description

The Printer Interface Unit is a compact unit that attaches to the Series One or Series One Plus PC.
Electrical and physical connections to the PC are made through a 26-pin connector located on the back
of the Printer Interface Unit. The Printer Interface Unit is attached to the PC by placing its 26-pin
connector directly over the mating connector on the PC and gently pushing down on the unit until it is

securely in place.

Connection from the Printer Interface Unit to the sdected printer is made through the Printer Interface
Cable, IC610CBL152 to a 24-pin connector on the =nt of tie unit. Power to the unit can be supplied
directly through the rear panel connector from the CPU power supply or from an externad power source
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capable of supplying +5 V dc @ 300 mA. The power source, either internal (INT) or external (EXT) is
selected by a 2-position switch located on the rear panel. Connection to an external power source is
made through a 3-wire cable supplied with the Printer Interface Unit.

The sequence for operation of the Printer Interface Unit is initiated by depressing pushbutton switches
on the front panel. Two indicator lights on the front panel provide a visual status of the Printer Interface
Unit operation. There are also 2 indicators that provide operating status of the PC. Figure 4-5 is an
illustration of the Printer Interface Unit showing-the features mentioned above.
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Figure 4-5. Printer Interface Unit

Hardware Features

The Printer Interface Unit front panel has two LEDs located in the upper right comer used for visual
indication of system status. The purpose of the indicators is described below.

CPU The red CPU LED is an indication of the operating status of the CPU in the PC. This is identical to the CPU LED
on the PC.

ON CPU failure has been detected.
OFF CPU operation is normal.
PWR  The green PWR LED is an indication of the status of dc power being supplied to the Printer Interface Unit.

ON If power is being supplied by the Series One or Series One Plus intemal power supply, tbis indicates that +5 V dc
isbeing properly produced by the supply. If the Printer Interface Unit is being powered from an extemal source,
the+5 V dc being supplied iswithin the specified tolerance.
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OFF 5V dc not being supplied or not in tolerance.

The 24-pin connector located on the lower right of the front panel, provides a connection from the
Printer Interface Unit to the selected printer through the Printer Interface cable, IC610CBL152.

Immediately to the left of the connector are 4 pushbuttons used to initiate operation of the Printer
Interface Unit to get a hard copy printout. There are also 2 LEDs used as status indicators during the
set-up procedure.

FORM  This pushbutton is used to select the fomat of the printout, either aladder diagram or Boolean listing of the user
program. The pushbutton is an alternate function switch. Each time it is depressed, the selected printout format
will change.

As the pushbutton is depressed, the color of the LED will alterate between green and red. The LED, when green,
indicates aladder diagram printout; when red, indicates a Boolean listing printout.

PROD  This pushbutton is also an alternate function switch. Each time it is depressed, either a Series One Junior PC or
the Series One/Series One Plus PC is adtemately selected as the program listing source. The selection must agree
with the PC to which the Printer Interface Unit is attached.

As this pushbutton is depressed, the color of the LED will altemate between green and red. The LED, when red,
indicates selection of Series One Junior, when green, indicates selection of Series One/Series One Plus.

PRNT  When depressed, this pushbutton causes the printer to begin printing the user program in the selected formats.
STOP  When depressed, this pushbutton causes the printing operation to stop.

80/132 Column Selection Switch

On the right side-panel is a 2-position toggle switch used for selection of either 80 column printing
format (compressed print) or 132 column printing format (normal print). The 80 column compressed
print format is typically used with printers designed for use with personal computers. The selected
printer column format corresponding with the switch position is printed on the right edge of the front
panel, either 80 (towards the top of the unit) or 132 (towards the bottom of the unit). If desired, the 80
column compressed print format can be selected for use with a 132 column printer. The unused space to
the right, beyond the 80th column, could be used for adding comments.

External Power Supply Connector

A connector located on the lower right side of the unit provides the connections to an external power
supply. A mating 3-pin connector with attached wires which are 3 feet (Im) in length, is provided with
the Printer Interface Unit for connection to the external supply. The color code for the externa power
supply cable and specifications for the power supply are as follows:

‘White +5V dc, + 5% (rated at 300 mA minimum)
Black Power supply logic ground
Green Common system ground

Power Supply Select Switch

This is a two-position switch located on the bottom of the unit, directly above the 26-pin connector.
This switch is used for selection of either internal or external dc power for the Printer Interface Unit.
The top switch position is labeled EXT (External) and the bottom position is labeled INT (Interna). If
the Printer Interface Unit is to be powered by an external +5 V dc power srmply, d:ic Power Supply
Select switch must be set to EXT.
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Sequence of Operation

As a convenience to the user, instructions for using the Printer Interface Unit are printed on the front
panel of the unit. The sequence of operation is described below. If a Series One Plus program is to be
printed and a password is in effect, the password must be changed to 0000 before mounting the Printer
Interface Unit.

Power-up Seguence

The following power-up sequence should be followed after the Printer Interface Unit has been properly
configured.

1. Power to be supplied by the internal PC supply or an external power supply.
Place EXT/INT switch in the INT or EXT position as required.

Turn off power to the PC.

Mount Printer Interface Unit onto the PC.

Attach Printer Interface cable from connector on front panel of unit to printer.
Turn on power to the PC.

Turn on power to the external power supply, if used.

NoWnwhA®®D

User Program Transfer From PC To Printer Interface Unit

Immediately after the power-up sequence has been completed, the user program stored in the PC’s user

memory will automatically begin transferring to a buffer memory in the Printer Interface Unit. This
program transfer will take about 1.5 minutes. When the program has been successfully transferred, the

FORM and PROD LED indicators will turn on green. If the program transfer is not successful, the LED

indicators will either flicker on and off red or neither LED will illuminate. If after 2 minutes, neither
LED turns on, repeat the power-up procedure from the beginning of the sequence.

Selection of Printout Format and Type of PC

Select the printout format, either ladder diagram or Boolean, and the PC model, either Series One Junior
or Series One/Series One Plus by depressing the FORM and PROD switches as shown in the following
table.

Table 4-5. Format and PC Selection

FORM PROD
PRINTOUT TYPE LED ON PC LED ON
Ladder Green series one/be Plus Gren
L adder Green Series One Junior Red
Boolean Red series one/one Plus Green
Boolean Red Series One Junior Red

Start Printer Operation

Depress PRNT pushbutton. The ladder diagram or Boolean program listing will begin to print and
continue printing until the complete program has been listed or has been stopped by the operator.

If at any time, the program listing is to be stopped, depress the STOP switch. When this is done during
aladder diagram printout, the printout will stop. When the STOP switch is depressed during a Boolean
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listing printout, the Boolean listing printout will stop, the printer will formfeed, and the complete
OUTPUTS USED TABLE will be printed.

Printing Of Error Messages During Ladder Diagram Listing

If any errorsin the printing process are detected by the Printer Interface Unit during printing of a ladder
diagram listing, an error message will be printed and the printing may stop, depending on the type of
error. Table 4-6 lists the error messages and their definitions.

Table 4-6. Ladder Diagram Listing Error Messages and Definitions

ERROR MESSAGE DEFINITION
ROW OVER One rung of logic exceeds 16 lines.
COLUMN OVER More than 13 arcuit elements in line ) )
STACK ERROR (SR) Clock or Reset line not proved in Shift Register logic.
STACK ERROR (CNT) Reset line not cErog_mmmed mn Counter Ioghic. _
STACK OVER Pushdown stack using AND STR and OR STR functions exceeds 8 levels.
STACK OVER (MCS) Levels of MCS control exceed 8.
MC ERROR MCR functions exceed MCS functions.
PROGRAM ERROR Any error not listed in this table.
NOTE

When the ROW OVER or COLUMN OVER error messages are printed, the printout of the
ladder diagram will continue. When any other error messages are printed, a PRINT STOP
message will be printed, paper will feed and printing will stop.

Printing Of Error Messages During Boolean Listing

If any errorsin the printing process are detected by the Printer Interface Unit during printing of a
Boolean program listing, an error message will be printed and the printing may stop, depending on the
type of error. Table 4-7 is the Boolean listing error messages and their definitions.

Table 4-7. Boolean Listing Error Messages and Definitions

ERROR MESSAGE |
INSTRUCTION [  OPERAND DEFINITION
#++ERROR*** | Not a valid instruction
7? Incorrect operand

Cross Reference Printout

When the ladder diagram or Boolean printout of the user program has been completed, the printer will
formfeed, then begin to print a cross reference printout of all outputs. The heading of this printout is,
OUTPUTSUSED TABLE. The outputs referenced in the user program (rea world outputs, internal
rela)és, shift registers and timers/counters) will have an annotation mark to the right of the reference
number.

The outputs used table will continue printing until all output references have been printed. This printout
cannot be stopped, as can the ladder diagram and Boolean listing printouts.



4-24 PC Operation

GEK-90842
Expanded Print Format

When a more complex ladder diagram, using MCS and MCR functions, is to be printed out, an
expanded print format is used. The starting point of each MCS function is denoted by aletter, thefirstis
A, then B, etc. The letter is carried through to the end of each page and the beginning of the next page,
providing aready reference to the continuation of the ladder logic within the bounds of each MCS/MCR
control. As multiple MCS functions and the logic under their control are printed, each succeeding group
of logic is shifted to the right. When a group of logic under MCS/MCR control is ended by an MCR
function, (MCR) is printed in the last column to the right and the letter corresponding to that MCS/MCR
logic to its right.

Printout Annotation Explanation

Several items appearing on the printouts in figures 4-6 and 4-7 are explained for clarification. The ladder
diagram printout in figure 4-6 has a circled number (I-5) next to each annotation, which corresponds to
the number preceding the explanation of each annotation. The circled number 6 appears before an
annotation on the Boolean printout in figure 4-7. The circled numbers (1-6) are for discussion purposes
only and do not normally appear on a printout. -

1. The type of printout on each page appears on this line, either LADDER DIAGRAM PRINTOUT,
BOOLEAN PRINTOUT, or CROSS REFERENCE PRINTOUT.

2. This annotation, V X.X, is the version of the system operating software contained in PROM
memory in the Printer Interface Unit.

3. The model of PC selected by the user as the program listing source will be on this line. The
annotation will be either SERIES ONE JR/SR-10 for a Series One Junior PC or Series One, One
Plus/SR-20, SR-21 for a Series One or Series One Plus PC.

4. ‘The page number of the ladder diagram printout or Boolean printout will appear here as a 4-digit
decimal number, starting with PAGE 0001.

5. Refers to ladder diagram printout only. This 4-digit decimal number is the user program memory
address at the start of each rung of logic. The first element in the rung is stored at that address. In
the example in figure 4-6, the memory address of the start of the first rung is 0000. The first element
in that rung is a normally open contact referenced as 001 (reference number is printed directly
above the contact). The memory address at the start of the second rung is 0013, the first element in
this rung is a normally open contact referenced as 040.

6. Refersto Boolean printout only (figure 4-7). The # sign immediately following a numerical value in
the Boolean printout listing, indicatesthat the value is areference assigned to an element at the end
of a rung.

7. A symbol preceding a numerical value in a Boolean printout, indicates that the value is a constant.
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Sample Printout

A sample of each of the previously described printouts is shown in the following group of figures. For
this group of printouts, a program was entered into a Series One Plus PC.

Printer Interface Unit /@
LADOER DIAGRAY PRINTOUT
USER PROGRAM LISTING V2. 2/@
SERIES ONE, ONE PLUS/SR-28, sn‘u———-@ @\ PAGE 0081
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Figure 4-6. Sample Ladder Diagram Printout



4-26 PC Operation
. GEK-90842
Printer Interface hit  ySER PROGRAM LISTING V2.2
BOOLEAN PRINTOUT
SERIES DNE, ONE PLUS/SR-28, SR-21 PAGL 8081
8eee: STR | ) - ”ee: - 0158:
001: M0 ] %1 - o101: - 051:
908: MD 9] w2 - ne: - 0152:
0063: AD ] 0%3: - "ne: - 153:
0004: AD L) o - NM: - 0ns4:
00685: ND % omb: - nes: - 0155:
0006: AD L Ob6: - 0166: - 156:
%7: ND g8 w7 - "ne7: - 8157:
0008: AD a1 5s: - 0108: - #158:
0993: ND [ 3V o%9: - 0109: - 0159:
8918: ND { X) 068 - ol1e: - 9160:
011: ND o4 0%1: - 0l11: - 9161:
2 Wl 100 0e2: - ne: -- ne2: -
®13: SIR e 0963: - 913: - "n63:
Ma: R " 0064: - niu: - b4:
015: ND T M) 0865: - em: - 165:
0016: LS 0966: - 016: - 0166:
®17: SR l:‘;/@ 0967 - " - e
818: 0U1 1 068: - 8118: - £168:
919: STR e 8069: - 019: - "69: -
0020: ™R, 661 "we: - 812e: - 917%:
0021: 306, # ”®|n: - 8121: - nn:
822: SIR MR et nn: - #122: - -
8623: STR L o0n: - 8123: - ®73:
0024: N1 683 wn: - nAn: - #174.
9825: s B85 wn: - "uxs: - oun:
8026: MR we: - nx: - "nn:
0027: STR W01 $72 wn: - nn: - 7
0828: STR %7 on: - ne: - 817
929 STR [ ) own: - "n2: - 079:
W38 SR 6] 009 - ne: - 9188:
01 L& e: - 3 - 0181:
9932: SR 66 082 - ne: - o182
#833: DSIR  (F58) 00e83: - fnxy: - 8183:
03U: m o: - uu: - 9184:
|h: ¢ @ 0nes: - nes: - 8185:
283%: %1 0006: - n%: - 9186:
037: b1 0 - ni: - 087
%: 13 0808: - 0®: - 0 -
0s: - 08: - n¥e: - e,
0: - 0 - ue: - ne%:
oy: - o, - na: -  }H
o - "R - fno: - 8
043: - 0%: - na: - nxy:
0o - e - Nnu: - 9NN
0045: - 0 - ne: - n%:
046: - 98%6: - 814: - 91%:
o7 - 0097: - na: - 0197:
8048: - 0098: - 0148: - 7138
8849: - 0093: - §149: - 9199:

Figure 4-7. Sample Boolean Printout
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PROM Writer Unit

The PROM Writer unit (catalog number IC610PER154, version B replaces version A and can be used
with Series One Plus as well as Series One and Series One Junior) is a compact, easy to use device that
connects directly to and mounts on a Series One or Series One Plus PC. When mounted on a PC , the
PROM Writer unit is used to write the contents of user memory to a 2732A-2 PROM (Series One), or a
27256-25 for a Series One Plus, thereby providing a non-volatile means of user program storage. After
being written to, the appropriate PROM can be installed in any Series One or Series One Plus PC as
required. Programs stored in PROM memory will not be lost during no-power conditions.

An additional feature of PROM memory is that different programs can be stored on individual PROMS
for use as required by various applications. Another function of the PROM Writer unit is to transfer the
user memory contained in a PROM to the CMOS memory in a Series One or Series One Plus.

On a Series One or Series One Plus PC, the PROM Writer unit physically mounts on the right of the
front panel, in the same manner as the programmer. A connector on the lower left rear of the PROM
Writer unit attaches to the connector on the front panel of the Series One or Series One Plus PC. The
source of power for the PROM Writer unit is switch selectable and can be from the internal supply of
the PC or from an external source of 5V dc. Figure 4-10 is an illustration of the PROM Writer showing
the location of its features, which are described in the text following the illustration.
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Figure 4-10. PROM Writer Unit Features
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Front Pandl Features

The front panel hastwo LEDs in the upper right comer which are visual indicators of system status. The
purpose of the each indicator is described below.

PWR The green PWR LED monitors the status of dc power being supplied to the PROM Writer unit.

ON If power isbeing supplied by the CPU rack, this indicates that +5 V dc isbeing produced by the supply. If the
PROM Writer unit is being powered from an external source, the+5 V dc being supplied is within the specified
tolerance.

OFF 5V dc not being supplied or not in tolerance.

CPU The red CPU LED monitors the operating status of the CPU module. Identical to the CPU LED on the Series
One or Series One Plus CPU module.

ON CPU failure has been detected.

OFF CPU operation isnormal.

The socket on the lower right of the panel is used to contain the PROM being written to. The socket is a
zero insertion force socket. To insert a PROM into the socket, push the locking handle up, insert the
PROM, then lock the PROM in place by moving the handle down to the horizontal position. The
PROM should be placed in the socket with the notch towards the end of the socket closest to the PWR

LED as indicated by the figure on the panel next to the socket. Even though the spacing of the dlots in
the socket allows easy insertion of a PROM, care should be taken to ensure that leads on the PROM are
not damaged.

Immediately to the left of the socket are 4 pushbuttons and their associated LED indicators. These
pushbuttons are used to initiate operation of the PROM Writer unit and the LEDs are indicators for each
part of the operation.

BLANK  When depressed, initiates checking of the PROM inserted in the socket for verification that the PROM does not
have any information written into it. To initiate a blank check, the pushbutton is depressed. The light will turn

on, then off, indicating a successful blank check. If the light remains on, and the ERR light turns on, the PROM
needs to be erased.

The BLANK light will also turn on, then off during the normal operation of writing to a PROM as indicated by
the instructions printed on the lower left of the unit.

WRITE  When depressed, the WRITE pushbutton initiates the sequence of events that causes the user program in the
Series One or Series One Plus CMOS memory to be written to the PROM. When the WRITE pushbutton is
depressed, the BLANK light will turn on, then off. Next, the WRITE light turns on, program entry is executed,

then the WRITE light tums off. A blank check and verify are performed automatically when the WRITE
pushbutton is depressed.

CMPR  During the sequence for writing to a PROM, this light will tum on while the contents of the PROM are being
compared to the contents of user memory in RAM. The CMPR light tumns off when the compare is completed
and is good. If the compare is not good, the CMPR light will remain on and the ERR light will tum on. | n
addition, the contents of a PROM inserted in the PROM Writer unit socket can be compared to the contents of
user memory, whenever the CMPR pushbutton is depressed.

ERR Thislight isa visud indication that the PROM writing operation has not been successful. If tbe light tums On

during any portion of the operation, an error has occurred. If this does happen, depress the ERR pushbutton and
repeat the procedure.

As a convenience to the user, the PROM Writer unit instructions for writing the contents of user
memory to a PROM are printed on the lower left of the unit.
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Sequence of Operation

The sequence of operation for writing the contents of user RAM memory to PROM memory is as
follows:

WRITE OPERATION SEQUENCE INDICATION

Depress WRITE pushbutton WRITE light turn on

Blank check performed WRITE light turns off
BLANK light tums on

Write to PROM BLANK light tums off
WRITE light turns on

Verify contents of PROM with contents of RAM memory WRITE light tums off
CMPR light tums on

Write sequence successful CMPR light tums o f

The sequence of operation for transferring the contents of PROM memory to CMOS memory is as
follows (the CMOS memory should be cleared first):

PROM TO RAM OPERATION SEQUENCE INDICATION

Depress WRITE and CMPR pushbutton at the same time. Contents of WRITE light and CMPR light will
PROM will be transferred to RAM memory in the PC. turn on.

Contents of PROM and RAM memory are compared. WRITE light turns off.

Compare good. Sequence of operation complete. CMPR light tums off *

*|f an error is detected during the compare operation, the CMPR light will remain on and the ERR light will turn on..
The error can be cleared by depressing the ERR pushbutton. When this is done, the ERR and CMPR rights will
tum off. If an error is indicated, repeat the operation.

External Power Supply Connector

A connector located on the right side of the PROM Writer unit provides the connections to an external
power supply. A mating 3-pin connector with attached wires 3 feet (Im) in length, is provided with the
PROM Writer unit for connection to the external supply. The color code for the external power supply
cable and specifications for the power supply are as follows:

White  +5V dc,+ 5% (rated af 0.5 amps)
Black  Power supply logic ground
Green  common system ground

Power Supply Select Switch

Thisis atwo-position switch located on the bottom of the PROM Writer unit, directly above the 26-pin
connector. The switch is used for selection of either internal or external dc power for the PROM Writer
unit. The top switch position is labeled EXT (External) and the bottom position is labeled INT
(Internal). When used with a Series One or Series One Plus PC mounted in a high-capacity rack, power
can be supplied internally and the Power Supply Select Switch is set to INT.

If erratic operation: is observed when attempting a data transfer using the PROM Writer, it is recom-
mended thia an external source of 5V dc be used.
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Timer/Counter Setpoint Unit

The Timer/Counter Setpoint Unit IC609TCU100) provides an aternative method for entering a timer or
counter preset value in a Series One Plus program. This unit can also be used with a Series One Junior.
A Timer/Counter Setpoint Unit mounts on the Series One Plus rack that contains the CPU and plugs into
the same connector as does the hand-held programmer. The Timer/Counter Setpoint Unit can also be
connected remotely by using the 5 foot (1 .5m) remote programmer cable, IC610CBL102. With the unit
mounted on the PC, the hand-held programmer can then be mounted on top of the Timer/Counter
Setpoint Unit, thereby providing a convenient way to monitor the operation of timers or counters. The
physical size of the unit is the same as the Data Communications Unit, Printer Interface Unit and the
PROM Writer Unit.
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Figure 4-11. Timer/Counter Setpoint Unit

There are four 4-digit thumbwheel switches on the unit, which provides a convenient way to enter a
4-digit BCD value into each of 4 specific internal locations in the Series One Plus PC for use as
Timer/Counter preset values. These values are simultaneously entered into data registers (two 8-bit
registers for each BCD digit) for use as preset values or for other data operations. When the BCD preset
values have been entered into the PC, they are retained in the PCs memory as presets, even though
power is removed from the PC and the unit is removed.
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Timer/Counter Setpoint Unit Specifications
The following table contains general specifications for the Timer/Counter Setpoint Unit.

Table 4-8. Timer/Counter Setpoint Specifications

Number of Circuits 4 (4 BCD digits per circuit)
Timer/Counter References 674, 675, 676, 677
Register References 564, 565 (T/C 674), 566, 567 (T/C 675)
570, 571 (T/C 676), 572, 573 (T/C 677)
Preset values Timer: 0.1 to 999.9 seconds
.01 to 99.99 seconds
(Series One Plus 3.7 only)
Counter: 1 to 9999 events
Ambient Temperature 0°t0 50° (32" t0 122°F)
Storage Temperature -20° to 85°C (-4° to 185°F)
Humidity (non-condensing) 5% to 95%
Internal Power Consumption 5V dc, 40 mA (maximum)
9V dc, 5 mA (maximum)
Units of Load 4units @ 5 Vdc
1unit@ 9Vdc
Environment Considerations No corrosive gases

Remote Mounting of Timer/Counter Setpoint Unit

A Unit Mounting Bracket, IC610ACC190, is available which allows mounting of the Timer/Counter
Setpoint Unit on the outside of a panel or console. The Unit Mounting Bracket consists of a mounting
bracket, connector clamp and a cable clamp. The Timer/Counter Setpoint Unit mounts on the bracket,
secured by two captive screws on the unit. The unit connects to a Series One Plus PC through the round
5 foot (1 .5m) remote programmer cable, IC610CBL102.

References for the Timer/Counter Setpoint Unit

The Timer/Counter references for the memory locations into which the BCD values are entered in the
Series One Plus are 674, 675, 676 and 677. Each of the references refer directly to a memory location in
the CPU that accepts one 4-digit BCD value as it is entered with each 4-position thumbwheel switch.

Each thumbwheel position represents one BCD digit, with the least significant digit being the position to
the right.

Each of the register references refers to an 8-bit data register. Two consecutive registers are required for
each 4-digit BCD number.

Since al four BCD values are read into the PC each scan, discretion must be exercised when changing
any values when the PC is running, since undesired intermediate values could be read by the CPU and
used during one or several scans. It is recommended that the following CAUTION be followed.

CAUTION |

When mounting Or removing the Timer/Counter Setpoint Unit, be sure that power isturned
off. If a switch position (valr=) isc.cnged during operation, an incorrect value may
temporarily be read into the CrU.
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Example of Using Thumbwhedl Inputs

The following example of aladder diagram rung shows how the Timer/Counter Setpoint Unit is used to
enter a preset value into a Timer or counter, or to enter data into data registers.

T674
—H—0O—

SW2
20 |
H DeSTR 564
DeOUT soo}—_g
SW3
30
—]| oNT |—e
601
C601
T Iy R500

STR 10
AND NOT TMR 674
TMR 674

STR 20
F50
R564
Fe0
R500

STR 30

STR NOT CNT 601
CNT 601

R500

GEK-90842

ad421 86

TIMER 674 USES
THUMBWHEEL DATA
FOR ITS PRESET VALUE.

WHEN SWITCH 2 IS CLOSED,
THE THUMBWHEEL IS READ
IN AND STORED IN A SAVE
REGISTER, WHICH IS R500
IN THIS EXAMPLE.

THE VALUE IN THE SAVE
REGISTER (500) IS USED
AS THE PRESET VALUE FOR
COUNTER 601.
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SECTION1
Introduction to Programming

General Information

The Series One™ and Series OneTm Plus are easy to use small PCs with many advanced features. One
of the advantages of these PCs is the ability to be programmed or tailored specifically to the needs of an
application. Furthermore, if requirements change, the PC can be reprogrammed to fit the new applica-
tion. This chapter provides the information a user needs to develop or modify the logic within the Series
One or Series One Plus. It will discuss the basics of CPU operation necessary to develop a proper logic

program, the theory behind each function, examples of how that function could be used, and
step-by-step entry of sample programs.

Planning a PC System

When planning a PC system, the first step should be to define the system by writing a description of the
functional requirements for that system. A description would usually consist of block diagrams and
written descriptions of the various parts of the system. Input devices should be defined aong with the
process or machines to be controlled. The next step would be to develop the program required to control
the system.

On a sheet of paper, layout each rung of your ladder diagram and assign references to inputs and
outputs. The program can dso be written in mnemonic form (Boolean), which is how it will be keyed
into the Series One or Series One Plus when using the hand-held programmer. As an option, programs
can be entered in ladder diagram Format using the Portable Programmer. This applies to both the Series
One and Series One Plus. You can also enter programs with the Workmaster® industrial computer
using Logicmaster™1 application software. For information on using the Workmaster industrial com-
puter for programming, refer to the Logicmaster 1 Programming manual, GEK-96632 for Series One.
For Series One Model E, Series One Plus, and Series One Plus 3.7K, refer to GFK-0075 which is the
Logicmaster 1 Family Programming manual .

How to Use This Chapter

This chapter is divided into 3 sections. Section 1 is adescription of the requirements for programming.
Included, are lists of all of the programming functions and a table of programming references assigned
to each slot for 8 point modules. The purpose and types of references are explained, including “real
world” use and internal use. A basic explanation of the scanning operation of the Series One and Series
One Plus PCs is given. The scanning process is the basis for operation of al PCs and the user should
have a good working knowledge of this operation.

The next 2 sections are devoted to programming. Section 2 describes and gives examples of the basic
ladder diagram functions. Section 3 provides the user with a descriptior ~f the data operation functions
for use with a Series One Plus PC. The data operations greatly cxtend wie number and complexity of
applications possible with the Series One family.
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Table 5.1 lists the basic ladder diagram functions for the Series One and Series One Plus. A more
detailed explanation of each instruction can be found later in this chapter. Execution times in Table 5.1
are for Series One Model E, Series One Plus, and Plus 3.7K only. Execution times for Series One are
listed in Table 5.2. Note that in the table, I/O = I/O points, IR = Internal Relay, SR = Shift Register.

Table 5-1. Series One Model E/One Plus Basic Ladder Diagram Instructions

Execution Time
(microseconds)
For Series One Plus
Memory
Instruction Definition Words | Inactive Active
STR START. Start rung with a N.O. Normally Open) contact. 1 6.6 6.6 I/O,IR,SR
50.9 [50.9 Sequencer
STR TMR START TIMER. Start rung with a N.O. contact referencing a 1 103 |10.3
timer.
STR CNT START COUNTER. Start rung with N..O. contact 1 103 |10.3
referencing a counter.
STR NOT START NOT. Start rung with a N.C. (Normally Closed) 1 9.1 9.1 I/O,IR,SR
contact. 61.5 |[61.5 Sequencer
STR NOT TMR |START NOT TIMER. Start rung with a N.C. timer contact. 1 12.8 |12.8
STR NOT CNT |START NOT COUNTER. Start rung with a N.C. counter 1 12.8 12.8
contact. )
AND Add a N.O. contact in series with the previous contact. 1 53 5.3 YJO,IR,SR
6.2 |59.1 Sequencer
AND TMR AND TIMER. Add a N.O. timer contact in series with the 1 53 53
previous contact.
AND CNT AND COUNTER. Add a N.O. counter contact in series with 1 5.3 5.3
the previous contact.
AND NOT Add a N.C. contact in series with the previous contact. 1 8.4 8.4 I/O,IR,SR
60.3 Sequencer
AND NOT TMR |AND NOT TIMER. Add a N.C. timer contact in series with 1 84 84
the previous contact.
AND NOT CNT |AND NOT COUNTER. Add a N.C. counter contact in series 1 84 8.4
with the previous contact.
OR Add a N.O. contact in parallel with the previous contact. 1 6.6 | 6.6 I/O,IR,SR
6.2 |60.3 Sequencer
OR TMR OR TIMER. Add a N.O. timer contact in parallel with the 1 6.6 6.6
previous contact.
OR CNT OR COUNTER. Add a N.O. counter contact in parallel with 1 6.6 6.6
the previous contact.
OR NOT Add a N.C. contact in parallel with the previous contact. 1 9.1 9.1 I/O,IR,SR
6.2 |62.5 Sequencer
OR NOT TMR |OR NOT TIMER. Add a N.C. timer contact in parallel with 1 9.1 9.1
the previous.
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53

Table 5-1. Series One Model E/One Plus Basic Ladder Diagram Instructions - Continued

Execution Time
(microseconds)
For Series One Plus

(1) data, (2) clock, (3) reset. can be programmed to shift
forward or backward.

Memory
Instruction Definition Words [Inactive Active
OR NOT CNT  [OR NOT COUNTER. Add a N.C. counter contact in paralel l 91 9.1
with the previous contact.
AND STR AND STORE. Connects a logic group in series with the 1 38
logic group preceding it.
OR STR OR STORE. Connects a logic group in paralel with the 1 38
logic group preceding it.
MCS MASTER CONTROL START. Begin control of a block of | 50
logic with a master control relay.
MCR MASTER CONTROL RESET. Ends control of a block of 1 30
logic with a master control relay.
ouT Defines a coil for arung of logic, either an externa output or | 75
an internal coil.
SET Defines a coil as being latched, the coil will remain on until 1 175
tumed off by RST.
SET OUT IF ON, the coil will remain ON even under control of the 1 10.0
Output Disabler Coil (376).
RST RESET. Causes a coil that had been latched (SET) to be 1 93
unlatched (Reset).
SET OUT RST [ SET OUT RESET. Defines a coil as being a one-shot (ON 1 19.3
for one scan).(One Plus Only)
TMR TIMER. Programs a Timer operation. Times up from zero 2 27.1 700.0
to a preset value. Elapsed time stored in an accumulate 1/0,IR,SR
register. Preset time range is 0.1 seconds to 999.9 seconds. 458.8 Register
CNT COUNTER. Programs an up counter. Counts up from zero 2 27.1 Y06.8
to a preset value which can be 1 to 9999. The current count 1/0,JR,SR
is stored in an accumulate register. Counters are retentive. 465.6 Register
Requires 2 rungs of logic; first rung enables the counter, the
second rung resets the counter.
SR SHIFT REGISTER. Programs a shift register which can be 2 53.1 |64.1
128 steps in length or a number of shift registers of varying +16.6 For each
lengths (128 bits total). Retentive. Requires 3 rings of logic; bit shifted

Note: I/O = I/O Paints, IR = Internal Relay, SR = Shift Register
Table 5.2 is a list of execution times for the Series One functions. Execution times are given in

microseconds.
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Table 5-2. Series One Execution Times
Sequencer
Instruction [70 Point Int Relay | Shift Register Timer Counter Inactive Active
AND 33.9 327 375 36.0 84.0
AND NOT 36.5 35.1 39.9 40.8 88.8
OR 36.3 345 435 36 84.0
OR NOT 38.7 36.9 45.6 40.8 88.8
STR 40.8 39.6 48.0 89.4 89.4
STR NOT 42.0 432 50.4 97.2 97.2
SET 38.1 42.6
RST 38.1 42.6
Instruction Inactive Active

MCS 35.2 35.2

MCR 37.8 37.8

SET OUT 49.8 49.8

ouT 43.8 43.8

TMR 69.6 115.8

CNT 80.4 1035

SR 55.2 66.9 + 12.9/N (1)

ANDSTR 34.2 34.2

OR STR 37.8 37.8

(1) N = number of bits shifted.

Table 5.3 isalist and description of the data operations that can be programmed, with a Series One Plus,
in addition to the basic ladder diagram functions listed in Table 5.1. A more detailed explanation of
each instruction is provided later in this chapter.

Table 5-3. Series One Plus Data Operation Instructions

Execution Time
Memory (microseconds)
Instruction Definition Words | Inactive Active
DeSTR DATA STORE. Loads accumulator with a binary or BCD 2 6.3 [321.9 I/O,JR,SR
(F50) value which can be a 4 digit constant or the contents of a 80.7 Register
specified 2 byte reference. 14.3 Constant
DeSTR1 DATA STORE 1. Loads the lower byte (least significant) of 2 6.3 140.9 I/O,IR,SR
(F51) the accumulator with the contents of a specified 1 byte 63.8 Register
reference.
De STR2 DATA STORE 2. Loads the lower 4 bits of the accumulator 2 6.3 |172.2 I/O,IR,SR
(F52) | with the upper 4 bits of a specified 1 byte reference. 95.0 Register
DeSTR3 DATA STORE 3. Loads the lower 4 bits of the accumulator 2 6.3 |173.8 I/OIR,SR
(Fs3) with the lower 4 bits of a specified 1 byte reference. | 96.6 Register
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Table 5-3. Series One Plus Data Operation Instructions - Continued
Execution Time
Memory (microseconds)
Instruction Definition W or ds|Inactive Active
DeSTRS DATA STORE 5. Loads accumulator with a binary or BCD 2 63 |325.0 16 Paint
(F55) value from the 2 byte contents of a 16 circuit (high density) Input
Input Module. Module
DeOUT DATA OUT. The contents of the accumulator (2 bytes) are 2 63 |329.4 I/O,IR,SR
(F60) written to a specified 2 byte reference (Output, Internal Relay, 52.6 Register
Shift Register Coils, Data Register or T/C Accumulate
Register).
DeOUT1 DATA OUT 1. The contents of the lower byte of the 2 63 |160.1 /O.IR,SR
(F61) accumulator are written to a specified 1 byte reference (Output, 39.1 Register
Internal Relay, Shift Register or Data Register.
DeOUT2 DATA OUT 2. The contents of the lower 4 bits of the 2 63 |116.0 I/O,IR,SR
(F62) accumulator are written to the upper 4 bits of a specified 1 39.8 Register
byte reference (Output, Intemal Relay, Shift Register or Data
Register).
DeOUT3 DATA OUT 3. The contents of the lower 4 bits of the 2 63 [108.1I/0,IR,
(F63) accumulator are written to the lower 4 bits of a specified 1 SR
byte reference (Output, Internal Relay, Shift Register or Data 55.0 Register
Register.
DeOUTS DATA OUT 5. The contents of the accumulator (2 bytes) are 2 63 |365.3 16 Point
(Fe65) written t0 a specified 2 byte reference. Must be a 16 circuit Output
(high density) Output module. Module
=< COMPARE. The contents of the accumulator are compared to 2 63 |354.0 /O,IR,SR
(F70) the contents of a specified 2 byte reference (I, IR, SR, or DR) 112.8 Register
or a4 digit BCD constant. Intemal coils turn on to reflect the 57.0 constant
result of the comparison.
Acc > DataOn 772
Ace=DataOn 777
Acc < Data011 774
+ ADDITION (BCD). The contents of the accumulator are 2 63 |698.0 I/O,IR,SR
(F71) added to a 4 digit BCD constant or the contents of a specified 456.8 Register
2 byte reference which must be a valid BCD number (Input, 262.0 Constant
Internal Relay, Shift Register or Data Registers).
- SUBTRACTION (BCD). The contents of a specified 2 byte 2 63 |[557.0 I/O,JR,SR
F72) reference (Input, Internal Relays, Shift Register, or Data 3 15.8 Register
Registers) or a 4 digit BCD constant are subtracted from the 275.0 Constant
contents of the accumulator.
X MULTIPLICATION (BCD). The contents of tbe accumulator 2 6.3 497 to 2851
(F73) are multiplied by the contents of a specified 2 byte reference (1/0,IR,SR)
(Input, Intemal Relays, Shift Register, or Data Registers) or a 4 290 to 2644
digit BCD constant. The lower 4 digits of the result remainin (Register)
tk accumulator, the upper 4 digits are stored in registers 576 223 to 2576

and 577 which is the auxiliary accumulator.

(Constant)
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Table 5-3. Series One Plus Data Operation Instructions - Continued
Execution Time
Memory . (microseconds)
Instruction Definition Words |nactive Active
+ DIVISION (BCD). The contents of the accumulator are 2 63 1218 to 2851
(F74) divided by the contents of aspecified 2 byte reference (I, IR, (1/0, IR, SR)
SR, or DR) or a 4 digit BCD constant. The first 4 digits of the 742 to 2645
answer are stored in the accumulator and the remainder is (Register)
stored in the remainder is stored in the auxiliary accumulator 720 to 2577
(registers 576 and 577). (Constant
DeAND DATA AND (Logic product). The contents of the accumulator 2 63 |345.0 I/O,IR,SR
F75) arelogically AND-ed with each corresponding bit of a 103.7 Register
specified 2 byte reference (I, IR, SR, or DR) or a 4 digit BCD 55.6 Constant
constant. The result is stored in the accumulator.
DeOR DATA OR (Logic Sum). The contents of the accumulator are 2 63 |345.0 I/O,IR,SR
(F76) logically OR-ed with each corresponding bit of a specified 2 103.7 Register
byte reference (I, IR, SR, or DR) or a4 digit BCD constant. 55.6 Constant
The result is stored in the accumulator.
SHIFT RIGHT|FUNCTION 80, SHIFT RIGHT N BITS. Contents of the 2 63 [216 +13.4/N
(F80) accumulator are shifted to the right by the specified number of of bits shified
bits (I-15). Positions from which bits were shifted are filled
with zeros. )
SHIFT LEFT |FUNCTION 81, SHIFT LEFT N BITS. Contents of the 2 63 |220 + 13.4/N
(F81) accumulator are shifted to the left by the specified number of of bits shifted
bits (I-15). Positions from which bits were shifted are filled
with zeros.
DECODE FUNCTION 82, DECODE. Decodes the lower 4 hits of the 1 63 56.3
(F82) accumulator to a decimal number from 0 to 15 and placesa 1l
inthe bit position in the accumulator which corresponds to that
decima number.
ENCODE FUNCTION 83, ENCODE. Encodes a bit in the accumulator 1 63 12820
(F83) to abinary code representing the position number (0 - 15) and
places the binary code in the lower four bits of the
accumulator.
INV INVERT. The 16 bits of the accumulator are inverted; i.e., 1 1 6.3 30.3
(F84) toOand Oto 1. Example:
1101 1001 0110 0111
inverted to
0010 0110 1001 1000
BIN BINARY. Converts a BCD value in the accumulator to a 1 63 |4122
(F85) binary code.
BCD BINARY CODED DECIMAL. Converts a binary code in the 1 63 |746.0
(F86) accumulator to aBCD vaue.
ENTERNAL FUNCTION 20, EXTERNAL FAULT DIAGNOSIS. Allows 1 63 |355.3 I/O,IR,SR
FAULT extemal &vices to be monitored for unwanted conditions. If a 114.0 Register
DIAGNOSIS | fault occurs a preassigned 4 digit BCD number is displayed on 722 Constant
(F20) the programmer. Multiple fault conditions can be monitored.
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Programming Fundamentals

This section provides a guide for entering and using each of the instructions. The instructions are
presented in groups that correspond to their functionality. Table 5.4 lists the instructions grouped in this
manner.

Table 5-4. Series One/One Plus Instruction Groups

BASIC INSTRUCTIONS

STR, STR TMR, STRCNT,STR NOT,

STR NOT TMR, STR NOT CNT

AND, AND TMR, AND CNT, AND NOT, AND NOT TMR,
ANDNOTCNT

OR, ORTMR, ORCNT, ORNOT, ORNOTTMR,
ORNOTCNT

ANDSTR, ORSTR

MCS, MCR,

OUT, SET, SET OUT, RST, SET OUT RST (ONE PLUS ONLY)
TMR, CNT, SR

DATA OPERATIONS

SERIES ONE PLUS ONLY

MOVE DeSTR (F50), DeSTR1 (F51), DeSTR2 (F52)
DeSTR3 (F53), DeSTRS (F55)
DeOUT (F60), DeOUT1 (F61), DeOUT2 (F62)
DeQUT3 (F63), DeOUTS (F65)

ARI THVETI C >=< (F70), + (F71), - (F72), x (F73), + (F14)
LOG CAL DeAND (F75), DeOR (F76), INV (F84)
CONVERT BIN (F85), BCD (F86), Shift Right (F80)

Shift Left, (F81) Decode (F82), Encode (F83)
SPECIAL External Fault Diagnosis (F20)

Significance of References

Whenever programs are entered into any PC, they must be accompanied by reference numbers. These
references help to tell the CPU which function is specified. For example, which pushbutton controls the
starting of which motor? Which timer are you referring to? Reference numbers are a vital part of
programming, and in the Series One and Series One Plus are octal based; that is, they start at 0 and go
up to 7, then jump to 10; at 77 the next value is 100. They look like traditional decimal numbers, except
the digits 8 and 9 do not exist. Table 5.5 summarizes the various reference values and their significance.
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Octal Values References Decimal Quantity
000-157 I/0 points (Series One) 112 total
000-157 1/0 points (Series One Plus) 168 total
700-767 (Series One Plus only)
770-777 Special Function Coils (Series One Plus only) 8
160-337 Internal Coils (Non-retentive) 112
340-373 Retentive Coils (Internal) 28 (1)
374-377 Special Functions 4 (1)
400-577 Shift Registers 128 (1)
600-677 (4) |[Timers and/or 64 (2)

Counters (1X2)
400-577 Data Registers, 16-bit (Series One Plus only) 64 (3),

124 Total if T/C references used as data registers

1. Retentive upon power failure.
2. Total maximum number of Timers and/or Counters.

3. Shift register and data register references are identical however, shift registers operate on bits, while data registers (located in a
different area of memory) operate on bytes.

4. T[C references 600-673 can be used as data registers, if they are not referenced as timers or counters.

Significance of Input/Output References

I/O modules can be placed in any mix desired; however, once installed the exact reference used in
programming is established by their physical placement. In other words, references are assigned to each
location by the operating system in the CPU, and therefore are fixed for each location. As shown in the
example in Figure 5.1, the modules are numbered from zero (adjacent to CPU) towards the left through
al racks until the last module is reached at the left of the last rack. The exact reference is obtained by
appending the circuit number (0-7), to the module number. Circuit numbers depend upon the terminal to
which the field device is wired as discussed in Chapter 6. Table 5.6 summarizes available I/O references
for 8 circuit modules for your convenience. This table can be reproduced locally to form a part of your
system documentation. Notice that whether reference 005 is an input or an output depends upon which
module is inserted into the I/O slot adjacent to the CPU. Refer to the Series One family compatibility
guide in Appendix C for additional valid I/O references per physical location of modules.
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100 070 060 050 040 030 020 010 000
T0 1O 10 10 10 10 10 10 T0
107 07? 087 057 047 037 027 017 007
CPU
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10 SLOT RACKS
EXAMPLE SFRYS ONf PLUS)
— pc-s1-83-0068
03 02 01 00 SLOT NUMBER
30-37 | 20-27 lo-17 0-7 VO REFERENCE
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130-137|120-127] 110-117 | 100-107|
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—1 ] 70-77 | 60-67 | 50-57 | 40-47
POWER
SUPPLY

150-157]140-147

- E——
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SUPPLY

Cmm— 1= w— ] =—

5-SLOT RACKS
(EXAMPLE-SERIES ONE)

Figure 5-1. I/O References Per Physical Placement for 5 and 10-Slot Racks

NOTE

The addressing of slot 10 in a10-slot rack is determined by configuration of the two bridge
connectors on the rack backplane.
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Table 5-6. Summary of I/O Referencesfor 8 Circuit Modules

Module NO. Circuit No. Reference In/Out Device Name Wire No.

000
001
002
003
004
005
006
007

010
011
0i2
013

01

020

02

03

05

06

~NouhwN—O]lVYouoprhrwNn— O ~No o hhwN— O ~Noo ok~ — O ~Noo O~ WN— O ~No ol B~ wWN — O ~Noo oA WN — O
o
w
~
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Table 5-6. Summary of I/O References for 8 Circuit Modules - Continued

Module No.  Circuit No. Reference In/Out Device Name Wire No.
0 070

07

10

112
113
114

11

12

13
134
135
136

140
141
142

14

15

OO wWNFROlVNOoOURAWNF—EO|loORARWNF—ROINOANUVMAWLWNDRO]| YOO wWNFR, O]l NYNOUOUDRWNEFL O]l NOWME WN —
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Table 5-6. Summary of |/O References for 8 Circuit Modules - Continued

Module No. Circuit No. Reference In/Out Device Name Wire No.

700
701
702
703
704
705
706
707

710
711
712
713
714
715
716
717

720
721
722
723
724
725
726
727

730
731
732
733
734
735
736
737

740
741
742
743
744
745
746
747

750
751
752
753
754
755
756
757

760
761
762
763
764
765
766
767

70

71

72

73

74

75

76

O T WN — O ~No U~ wWN—O ~Noo O~ WN —O ~Noo o phhowND—, O Yool wNDe— O ~No OB WN — O ~NOoOO O~ WN — O
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Internal Coils

The internal coils are control relays that can be used to control logic in the Series One or Series One

Plus user program. However, their status cannot be provided directly to the 1/0O section. Retentive
relays are specialized internal coils that have their ON or OFF status retained during time periods that
the PC is not operating such as during loss of AC power. They use dual operations (set and reset) similar
to hard-wired latching relays. A switch (S1) on the CPU module must be set to the ON position in order
for the internal coils, 340 to 377, to be retentive upon loss of power. If the switch is not set properly,

these coils will function as non-retentive coils.

Use of the Special Function Coils

Interna coils 374 through 377 are specia purpose cails, in that they always perform specific internal
functions and also provide useful internal system status. Coil 374 is a first scan reset or power-up
indicator. Coil 375 provides a convenient way to program a 0.1 second clock pulse. Coil 376 can be
used to inhibit all hardware outputs, that is, outputsthat are connected to user devices (programmed with
an OUT XXX instruction). Finally, coil 377 is an indicator of the operating status of the back-up battery
for the CMOS memory devices. This coil could be used as a contact to turn on an output connected to a
light, bell, etc. as a visual warning of a low battery.

Shift Register References

A group of references (400 to 577) are used by the shift register. A total of 128 stages are possible and
they can be used as one large shift register or a group of smaller shift registers (for example, 3 @ 30
stages and 2 @ 19 stages) as long as the total number of stages does not exceed 128. Additional details
on all these functions will be provided later in this chapter.

Timer and Counter References

Another group of fixed references (600 to 677) are used with timers and counters. Any mix of timers or
counters totaling 64 can be used in a Series One or Series One Plus PC. Counters provide an additional
function, in that they can also control a sequencer with up to 1000 steps. Counters are retentive upon
power failure. References 600 to 673 can be used as 16-bit data registers if they are not used as T/C
references. T/C references 674-677 are reserved for Thumbwheel Interfaces or Timer/Counter Set Point
use only.

Data Registers

Data registers are available only with a Series One Plus PC. Thisis a group of sixty four 16-bit registers
which can be used for storage of numerical data. Data can be written to or read from the data registers
for use by the data operation instructions. Additionally data stored in the registers can be used as
Timer/Counter presets. The references to be assigned to these registers are 400 to 577. Note that these
references are identical to the shift register references. However, shift registers operate on individual
bits (400, 401, 402, etc.), while the data registers operate on bytes and are located in a totally different
area of memory. A byte in the Series One Plus PC is a group of 8 consecutive bits and each register is 2
bytes in length. By using available T/C references, the total number of data registers references can be
up to124.
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Flexibility in Using References

Although references are assigned to specific functions as shown in Table 5.5, there is some flexibility in
their use. I/O references not used by the hardware 1/0 section (for example, no module inserted into
that slot or circuit not wired up) can be used as interna coils. However, if expansion is planned for the
future, sufficient references to support that expansion should be reserved and not used in the current
programming. Retentive coils can also be used as internal coils if their retentive function is not
required. However, typically the unique value of retentive relays does not justify their sacrifice for a few
internal coils. The shift register references can be used as a source for additiona retentive or interna
coils if they are not used for shift registers or sequencers.

Operating Principles

Before discussing the details of programming and the use of references, some details on the internal
operation of the CPU can be useful. The majority of Series One and Series One Plus applications can be
solved and the programs developed without consideration of the internal structure of the CPU. How-
ever, some applications can be more efficiently solved if knowledge of the CPU operation is applied
while the program is being developed. The basic operation of virtually all PCs is referred to as a
scanning function. There are many hundreds of decisions to be performed in any program, and the CPU
cannot do all of them simultaneously. Similar to any electronic processor, it performs its operations one
at a time. However, the speed of performance internally, makes the external results appear to have all

operations accomplished at once.

Scanning

The term scan is @ method of describing how the CPU performs its assigned tasks (see Figure 5.2). It
begins at the first function, such as arelay contact, entered into the beginning of memory (address 0000).
It proceeds sequentially through all memory addresses performing all functions entered by the user (for
example, relay contacts, timers, latching relays, counters, sequencers, shift registers, etc.) until it reaches
either the end of memory (address 1723) or the end of the program as entered by the user.

During the scan the logic sets or resets coils, according to the instructions entered into the logic program
by the user. The status of these coils is immediately available to the next logic function. At the end of
the logic scan, the CPU gets input data from the input modules and provides new data to output
modules.

Next, the programmer, if connected, is serviced by making logic changes and/or updating its display.
After servicing the programmer, the CPU performs a check of its internal hardware and resets the
watchdog timer. The watchdog timer is a hardware timer set at 180 msec (milliseconds) to ensure that
memory Or internal circuit faults do not cause the CPU to enter an endless loop because of hardware
failure. If a scan is not completed at least once every 180 msec (typical maximum scan is 60 msec), the
hardware will shut the CPU down turning outputs OFF. Finally, any forced 1/0 will be entered. With
successful completion of the internal checks, the CPU goes back to the start of the scan and continues its
scanning sequence with the logic function entered at address 0000. This repetitive scanning operation is
performed from the time power is applied to the CPU until it is removed.

Total scan time includes user logic solution time plus overhead. The overhead time includes monitoring
functions, 1/0 updates and housekeeping tasks. The typical scan times listed in the specifications in
Chapter 1 assume that only basic instructions have been programmed (AND, OR, STR, NOT, etc.), they
do not include overhead. The overheud time is about the same (4 to 5 mSec) for Series One and Series
One Plus. This time must be added to the logic solution time to obtain the total real scan time.
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In order to achieve the maximum scan time, the monitor function should be disabled for both Series One
and Series One Plus programs, since the monitor function adds about 2 mSec of overhead time when it
is active. Also the overhead of a Series One Plus is increased dlightly when communicating through the
DCM, since both the Series One Plus CPU and DCM have been designed to provide a much higher
throughput than the Series One CPU/DCM combination. Additionally, timer and counter instructions in
the Series One Plus are slower than in the Series One because of the ability to use registers for preset

values.

The scanning operation is very basic to PC operation and should not be overlooked. It provides a very
useful verification of the CPU’s reliability. For details on troubleshooting, refer to Chapter 7. The
scanning operation also provides a fixed and definable sequence of logic decisions. Functions are solved
in the order programmed. The results of one function (for example, coil, timer, shift register, etc.) are
immediately available internally to the next logic element. In larger complex logic programs, internal
races can be eliminated. The user does not need to be concerned with the time delay relays required to
pullin or activate nor their variations (for example, a 4 pole vs 8 pole relay).

pc-s1-83-0004

SOLVE
LADDER
DIAGRAM

SERVICE VO

SERVICE
PROGRAMMER

RESET WATCHDOG
TIMER

ADD FORCED Vb

Figure 5-2. CPU Scanning Sequence

Programmer Functions

The basic programming language of the Series One and Series One Plus PCs is a simple relay ladder
representation based upon standard Boolean functions (AND, OR, and NOT). Throughout the discus-
sion of programming, examples will be used to illustrate the function described. The illustration of the
Programmer (Figure 5.3) will be used as a reference for these examples and specific key sequences will
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be provided so that the user can follow and demonstrate the example. A short-hand notation will also be
provided that is recommended as a simple method to document your program. A complete discussion of
the programmer is provided in Chapter 4. A brief overview of important keysis presented below to aid
the user’s understanding of the examples.

The keyboard has both upper and lower case functions similar to a typewriter. The numerical keys for
most programming steps are accessed by first selecting the SHF (Shift) key to the upper right. Once
depressed, the SHF LED is lit (display center right) and then the appropriate numerical digit(s) can be
selected. The shift function is latched and will be released only by selection of the ENT (Enter) or CLR
(Clear) key. The SHF key does not have to be held down. The display window in the upper |eft reflects
either address or data information (not both) as the operation progresses. Typicaly, as keys are selected,
their respective LEDs will light to display the function selected. Other important keys are as follows:

KEY FUNCTION

AND | AND referenced status with previoudly entered logic (Series)
OR | OR referenced status with previously entered logic (Parallel)
STR | START new rung of aladder diagram
NOT | NOT or invert (i.e. make normally closed) contact referenced
OUT | OUTput logic status to a coil, either output or intemal
TMR | TIMER is selected as desired function
CNT | COUNTER is sdlected as desired function
SET | SET latching relay or shift register status
MCS | Master Control Start - begin control of master control relay
MCR | Master Control Reset - end control of master control relay
SR Shift Register - establish range of shift register
RST | RESET latching relay or shift register status _
F FUNCTION - specifies a data operation (Series One Plus)
R REGISTER - specifies a data register or group entry (Series One Plus)

a41 939

—— ADDRESS DATA —

ONOFF  RUN BATT

PR CPU

(7] B ) ) () (5]
(5] [ () o) (] [so)
O (o o] [a] (3] [
NEE

Figure 5-3. Programmer for Series One and Series One Plus
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Basic Ladder Diagram Format

Figure 5.4 illustrates a typical ladder diagram. Between two vertical power rails to the extreme left and
right, contacts are placed in horizontal strings or lines. Adjacent lines can be connected between
contacts by a vertical line to alow logic to be solved in paralel. The horizontal strings (series) of
contacts are equivalent to ANDs. For example line 1 can be described as: A and B and C must occur
before coil X is energized; any one reference can prevent the coil from energizing. Similarly vertical
contacts are in parallel and programmed as ORs. Thus, line 2 is described as: D or E or F will energize
coil Y. Any one reference can by itself energize coil Y.

In the Series One and Series One Plus PCs, there is no internal limit on how many contacts can be
placed in series, nor how many in parallel. However, as a practical limit for smple programming and
system documentation, it is recommended that a horizontal string be limited to nine contacts and one
coil; and a vertical array to seven paralel lines.

a42342
CONTACTS
[ A B c | X
11 11 11 N
11 1 I 17T U
Y
|D| )
1 U .
E / \RIGHT
] —e OUTPUT
COIL POWER
. RAIL
— —
LEFT
POWER RAIL

Figure 54, Typical Ladder Diagram

Concept of Power Flow

One key feature of PCsis power flow. Thisis a conceptua flow of power used to visualize the operation
of coils, timers, counters etc. Referring again to Figure 5.4, the left hand power rail can be envisioned as
“hot” (connected to 115 V ac or +24 V dc) and the right as its associated “neutral” (connected to 115
V ac or -24 V dc). The coils (e.g. X and Y) will be energized if there is a path for power flow from the
left leg to the coil placing the full potential across the coil. If there is no power (electron) flow, the coil
will be de-energized (OFF).

Power always flows from the |eft towards the right and will pass through normally open contacts if their
references are energized (ON) or normally closed with de-energized (OFF) references. Power flow is
also alowed vertically either up or down between adjacent lines where parallel connections are
programmed. However, power can NOT flow from right to left at any time through contacts or
horizontal shunts. This feature simplifies programming and prevents undesired sneak paths. However,
if hard wired relays are replaced by a Series One or Series One Plus PC, it is possible some adjustments
may be necessary to the logic to either ssmplify the programming or to add sneak paths that may be a
basis for the relays functioning.
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Unlimited References

Another difference between PC programming and hardwired relays is that any reference such as an input
or coil can be used on relay contacts as often as necessary. Since references are merely a unique series
of bitsin a word of memory, they can be programmed wherever and whenever necessary. Now with
PCs, there is no need to count relay contacts and try to limit individua references to four or less
contacts; no need to plan to use form C relay configurations to squeeze two contacts from one pole. Any
reference can be envisioned as a relay controlling many poles providing both normally open and
normally closed contacts that operate without any time delay from pole 1 (closest to the coil) to pole
1000 (furthest away from coil).
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SECTION 2
Basic Instructions

Basic Instructions

This group can be considered as the basic building blocks for a relay ladder diagram. The instructions
reference discrete bits that are to be part of an operation, that is, a conditional contact or the end of a
rung, which could be an output or an internal relay.

How to Begin Programming

The easiest way to begin feeling comfortable with programming a Series One or Series One Plus PC, is
to enter one rung of logic with contacts in series that control a single coil. Physically connect input
devices (pushbutton switches, limit switches, etc) and an output device (such as a lamp) to the
corresponding terminals on an input and output module in the PC, turn the inputs on and off, and observe
the result on the output device.

Entering a Rung With Series Contacts

In the following program sequence, a rung of ladder logic is shown, then the keystroke sequence
required for entering the logic. Notice that when entering a numerical sequence, the SHF key must be
depressed before the number or number sequence. In the example, each keystroke is separated by a
comma. Numbers with more than 1 digit are grouped together for ease of interpretation.

Turn the mode keyswitch to the PROG (programming) position in order to enter the logic.

Enter two normally open contacts (1 and 2) in series controlling the state of an output coil (17). Both
contacts must be closed to tum on the output.

04

When input devices wired to inputs 1 and 2 are closed, output 17 will tum on. The operating state of the
inputs and outputs, either ON or OFF, can be monitored by observing the LEDs on the Programmer’s
logic display that correspond to the input or output.

a40347

Entering the Clear all Memory Seguence

After observing the operation of the series rung, the rung can be deleted by entering the clear all
memory sequence, or the rung can remain in memory, with the next rung starting at the next memory
address. The next memory address, assuming that the above rung was entered at address 0000, is 0003.

If you wish to clear tie contents of memory and start the next rung at address 0000, enter the following
key sequence. ‘

CLR, SHF, 348, DEL, NXT
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When the clear all memory sequence has been successfully entered, the rung of logic that had been
entered will be cleared from memory. (Remember, whenever the clear all memory sequence is entered,
the entire contents of memory will be cleared).

NOTE

Be sure that you want to clear the complete contents of memory when using this sequence, there
iS no recovery.

Entering a Rung with Parallel Contacts

Continue the simple program entry by entering a normally open contact (4) in parallel with asecond
normally open contact (20) that references the output coil (20). In series with these, add a normally
closed contact (5), then the output coil.

a40347

If an input device, such as a limit switch is wired to input 4, and the limit switch is closed, the output
would turn on. The normally open contact referencing the output would close and become a seal
contact, which would maintain the output in the on state, even if the limit switch wired to input 4 were
then opened. The output could be turned off, in this example, by momentarily closing a switch
connected to the closed contact, reference 5. Since thisis a normally closed contact, it would open when
the switch is depressed, and the output would turn off. This logic is commonly used as a motor starter.

Entering a Smple Timer Rung

Next, enter two rungs of logic, the first ending with a timer, having a preset value of 30 seconds.The
second rung has an output controlled by the state of the timer coil. When input 11 is closed, the timer
begins timing up from O towards the preset value of 30 seconds. When the accumulated value of the
preset reaches 30, the timer coil will turn on, contact T605 will close, and output 25 will turn on.

a40347
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Basic Relay Logic (Motor Starter)

With this background on the basics of programming a Series One and Series One Plus PC, Figure 5.5

provides a simple example to illustrate relay ladder programming. The references used were selected for
illustrative purposes and can be adjusted as necessary to meet your application needs. This is a simple
motor starter and seal circuit. An input module is assumed to be installed next to the CPU (005 = start

pushbutton input, and 006 = stop pushbutton). Adjacent to the input module is assumed to be an output
module (010 = output to motor starter). The program does not care whether these input and output
modules are 115 V ac or 24 V dc. The programmer keys to be depressed to enter this logic are also
shown in the figure. The start key begins a new rung of logic; this example and most that follow assume
an empty memory so the example begins at address 0000.

pc-s1-83-0006
START STOP
J 00!;—_—1 006 010 g;n 005
AND NOT (1)(132
010 ouT 010
| }

{ 1 00 WORDS PER ELEMENT |
ﬁE_Y ON LED'S DISPLAY fif ON LED’S DISPLAY
STR STR SHF [anc] AND

[s#] STR AND. NOT

] STR. SHF 5 s+] AND. NOT. SHF

ADR 0001 ] AND. NOT, SHF 6

OR ADR 0003

[s+] OR. SHF d ouTt

- OR. SHF 1 E3™ OUT. SHF

3 OR, SHF 10 3, OUT, SHF !

ADR 000.2 ], OUT, SHF 10
ENT ADR 0004

Figure 5-5. Sample Relay Logic (Motor Starter)

Motor Starter Logic Description

The first reference is entered (STR, SHF, 5, ENT) and a normally open contact is established since the
NOT key was not depressed. Referring to Figure 5.5, the next function moving from the left (contact
005) to the right aong the top line of the logic rung, is a paralel contact referenced as 010. Parallel
logic is represented by the OR function, which is selected followed by the desired reference (10) and the
Enter key to load the memory. Again moving to the right of the top line, the next contact is in series with
the logic completed so far. Thus the ANTI key is selected (for series logic). Since this contact is
normally closed, the NOT key is also selected followed by the reference 6 and the Enter key.

The final element of thislogic isthe coil or output of the rung. Selecting the Output key does not ensure
a “real world” output will be generated; it also must refer to an I/O reference and have an output
module inserted in the proper slot. To establish the rung output coil, the output key is selected followed
by the Shift key, the reference (10) and the Enter key. Outputs can be paralleled by entering additional
OUT functions immediately after the initial one.
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Normally Closed Input

After completing the logic of Figure 5.5, severa features of programming should be noticed. First, all
elements of the program are entered directly into CMOS memory as the Enter (ENT) key is depressed.
Thus, if power should be interrupted while a program is being entered or altered, it will be totally saved
except possibly for the one element being worked on. Second, there is feedback on the programmer for
all entries.  Something happens (LED ON, display changes, error codes appear, etc) for each key
selected. Third, the logic is set up for inputs that are wired normally open. If an input is wired normally
closed, an adjustment must be made to the symbol (NO or NC) used for that input. Referring to Figure
5.6, inputs sense voltage at their field terminals. They can not detect if a voltage is from a normally
open limit switch that is depressed or from a normally closed pushbutton that is not depressed. Cover up
the two field devices wired to inputs 002 or 003. If you were the input module, and both applied voltage
to the field terminals, could you tell which was wired normally closed and which normally open?
Because of this, the programmer or system designer must compensate.

pc-s1-83-0007
|
INPUT MOOULE
HOT N
| ¢ 0 002
o o —0003
RETURN
HOT NC o
B NUMBER 1
1 '2 o ¢ ucHT )
002

Figure 5-6. Example of Normally Closed I nputs

In a previous discussion, it was stated that inputs are like relays with many poles and you are selecting
which type of poleisto be used when you program. In the lower half of Figure 5.6, coil 002 is shown in
the de-energized position; however it is wired to a normally closed pushbutton. When you want power
to flow if the pushbutton is NOT depressed, which contact type do you choose, NO or NC? The answer
is normally open since coil 002 is always energized except when the pushbutton is depressed. There-
fore, in programming with the Series One or Series One Plus PCs, a nommally open contact is
appropriate. If the stop button of Figure 5.6 were wired normally closed, its internal logic should be
normally open to compensate] However, this concept does not normally cause problems for the

programmer. Since PCs ar e reprogrammable, if an error is made and discovered when the system is
exercised, it is easy to correct
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Push-Down Stack

Two very useful functions are programmed using a 2-key sequence, the AND STR and the OR STR.
The AND STR provides a common series connection between a block of logic and the OR STR
provides a common parallel connection for a block of logic. These instructions provide the connecting
links not allowed with any of the previously mentioned instructions. The logic used with this type of
operation is referred to as a push-down stack. The push-down stack can accommodate up to eight levels
(groups) of logic. A push-down stack can be thought of as a temporary storage area to allow the
combining of elements in series (AND) or parallel (OR) connections. Figure 5.7 illustrates the use of
these functions.

a40545

g g A b O
ceof poet | e 1 poeeed
CONNECTS LOGIC IN SERIES
S S O
CONNECTS LOGIC IN PARALLEL

Figure5-7. AND STR and OR STR Connections

The following pages contain a more detailed description of a pushdown stack and programming with
the AND STR/or STR instructions.
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Detailed Example of AND STR, OR STR

The push-down stack can be used for several groups of contacts, either in series or in parallel, and can
be reused many times in the user’s logic. As mentioned previously, the stack has eight levels or storage
locations where an ON/OFF (1/0) condition is stored.

PUSH-DOWN STACK
ON (1) Location 1
ON (1) Location 2
OFF (0) Location 3
ON (1) Location 4
OFF (0) Location 5
OFF (0) Location 6
ON (1) Location 7
OFF (0) Location 8

Figure 5-8. Push-Down Stack Storage Locations

Description of Operation

There are four basic rules that govern the operation of the push-down stack and they are explained in the
following examples.

Rule Number 1: A STR X instruction pushes the contents of each position in the stack down one
location. The contents of location number 1 are pushed down to location number 2, the contents of
location number 2 are pushed down to location number 3, and so forth. The logical status of reference X
is then moved into location number 1 of the stack.

Rule Number 2: The AND Y/OR Y instruction logically ANDs/ORs the status of reference Y
(ON/OFF) with the ON/OFF status of location number 1 in the stack and writes the result back into
location 1.

AND (SERIES) OR (PARALLEL)
BEFORE AFTER BEFORE AFTER
LOCATION LOCATION LOCATION LOCATION
Y NUMBER 1 NUMBER 1 Y NUMBER 1 NUMBER 1
................ B B e T T T T SR
OFF OFF OFF OFF OFF OFF
ON OFF OFF ON OFF ON
OFF ON OFF OFF ON ON
ON ON ON ON ON ON

Figure 5-9. Push-Down Stack Logical Operations
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Rule Number 3: The AND STR or OR STR instructions logically AND or OR location number 1 in
the stack with location number 2 and writes the result into location number 1. In other words, these
instructions put one group of contacts in series or paralel with another group of contacts. This
instruction also moves the contents of positions 3 through 8 up one location.

Rule Number 4: An OUT Y instruction sets Y to reflect the status of location number 1 in the stack. If
the status of location number 1 is ON (1), output Y will be turned off. If the status of location number 1
is OFF (0), output Y will be turned off.

pc-s1-83-0055

1 3 5 20 INSTRUCTION REF.NO.
__j/f____i '___4 STRNOT 1
OR 2
2 4 STR 3
ANO STR
AND NOT 5
ouT 20
LOCATION
NUMBER INMALLY STRNOT 1 OR 2 STR_3
1 ANY _":I ?
\ - — ik
'] !
2 ANY ANY ANY "—":I.
\ \ [
3 ANY ANY ANY ANY
4 ANY \ ANY ANY \ ANY
[ ] \ () ] ]
L] L] [ ] L]
L] L ] L] *
OR 4 AND STR ANDNOT_§ OuUT_ 20
. e . ] [ . ] 20
T

|1

oo BT B

Figure 540. AND STR/OR STR Example Number 1
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pc-s1-83-0056
1 2 3 20 INSTRUCTION REF_NO.
— §TRNOT ]
4 5 g’r‘h? 2
AND NOT 6
ORSTR
AND STR
out 20
LOCATION
NUMBER INITIALLY STRNOT 1 STR 2 AND 3
1
1 ANY \ —}4— \ —‘3’- -415—{’f—
2 Ay \ Ay ## #
3 ANY ANY \ ANY ANY
4 ANY \ ANY \ ANY ANY
[ \ . \ ) .
L[] L] L] L]
L4 . . [
STR 4 ANDNOT § ORSTR AND STR OuT 20

29

-+ S | AT oA TEa "sTrus’O

AR AR

pAys

% ;

T
S,

{

Figure 5-11. AND STR/OR STR Example Number 2

Use of Retentive Coilsas L atches

All coils referenced so far have not been retentive upon power failure. Thusif a non-retentive coil is ON
when power is removed from the CPU, it will be OFF upon reapplication of power (if Switch 1 on the
CPU module is ON). There are 28 specia coil references (340-373) that are retained upon power
fallure. Thusif they were ON prior to loss of power, they will be ON when power is restored; they will

be OFF while power is OFF since no scanning is being performed. In addition to these 28 references,
latches can be built using shift register references (400-577) that are not being used to perform shift
register functions. Either retentive coils (340-373) or shift registers (400-577) can be used to control
contacts, both normally open and normally closed wherever required. This special retentive function is
derived from their use as coils to complete or store the results of relay logic rungs.

Programming a Latched Relay

Latches require two separate functions or inputs similar to hard-wired relays, a SET (turn ON) and a
RESET (turn OFF). These functions are commonly referred to as latch and unlatch. If both are active,
the last one in the scan will be controlling the state of the coil. To turn on a latch, the function SET
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followed by the retentive coil reference (for example, 340-373 or 400-577) is used instead of OUT, plus
the coil number at the end of a logic rung. Once power flows to that coil, it will be energized (turned
ON) and remain ON even if power flow to it should be interrupted.

To turn a latch off (de-energize) separate relay logic should be built ending in a RST (Reset) function
and the [same] coil number. In many applications, it is useful to allow the system to clear (turn OFF)
coils when power fails so that an orderly restart is possible when power is restored, whether that is 2
seconds or several hours, or several days later. Other applications require the control system to
remember the status of key items such as part position, operations completed, elevators up or down, etc.
The Series One and Series One Plus are provided with both standard and retentive coils to allow the user
to tailor the program to fit their requirements.

Figure 5.12 illustrates the programming of retentive (latched) relays. Coil 340 is used only as an
example. The logic to either set or reset a retentive coil can be of any convenient size similar to
standard coil logic. When power flows through the top rung to the SET coil 340 function, it will be
energized and remain ON even if power flow is removed. Anytime the power flows through the lower
rung (regardless of path), coil 340 will be turned OFF. Since the set coil 340 is programmed before the
reset, it is placed in earlier memory locations and the reset function will have overriding control if they
are both energized.

pc-s1-83-0011
1 1 STR 271
27 32 037 175 340 AND $32
I p SET  OR 135
OR 377
135 267 STRNOT 037
L ! AND 175
I ! OR 257
AND TR
377 SET 340
p— STR 067
AND 306
067 4 STR 015
306 036 340 AND 307
— — |—-0—-,PF—————®——0 RESET oR STR
AND NOT 036
015 307 RESET 340

{ 114 WORDS PER ELEMENT |

Figure 5-12. Example of Latching Logic

Master Control Relay Functional Description

To control large quantities of coils on a supervisory basis, a Master Control relay function is provided.
This function allows an efficient method of programming to turn off large quantities of coils in case some
major permissive is not satisfied. One approach would be to incorporate a permissive contact in each
rung controlling one of the coils. This may require many contacts and inefficient use of memory.
Another method is to bracket those rungs over which master control is desired; this is similar to
quotation marks around a direct statement (one at each end to define exactly where the statement starts
and where it ends).

The permissive logic is first built starting to the left of the ladder diagram adjacent to the ‘‘hot’’ power
rail. Then an MCS (Master Control Start) function is entered, followed by the logic it is to control, and
ending with an MCR (Master Control Reset) function. The MCS and MCR are like quotations around
the logic to be controlled. When power flows to the MCS, the logic enclosed will operate normally. If
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there is no power flow to MCS, the coils will be forced to the OFF state regardless of the internal logic
conditions, timers will be reset to zero, and counters will stop (frozen) but not reset. The amount of logic
controlled by the Master Control relay function is limited only by the memory provided.

pc-s1-83-0012
STR 003
003 005 007 AND 005
— — ~MCS
STR 007
043 OR 043
— AND 021
ouT 052
TR 152
152 SPAN OF iND 156
— CONTROL| AND NOT 010
ouT 271
152 STR 152
. AND 027
L r ouT 265
LMCR
017 012 [MCR] 303 STR 017
AND 012
o~ — —eo—+ OR 315
315 AND NOT 303
ouT 043
— —
{118 WORDS PER ELEMENT |

Figure 5-13. Example of Master Control Relay Logic

Programming a Master Control Relay Function

Figure 5.13 illustrates the use of one pair of MCS/MCR functions. In many cases it is convenient to
view the MCS function as defining a sub-left power rail whose connection to the main power rail is
dependent upon some relay logic. The conditional logic (I003 - 1125 in this example) is built first using
the normal relay logic. The MCS function is entered without any reference to create the beginning point
of the control. Logic is built using normal functions within the control area. Note the duplication of
contact 152, which cost only one memory word, there is no need to count or limit the quantity of relay
contacts used in PCs. To end the master control, the MCR function is entered returning control to the
next power rail to the left and conventional logic can now be built. Unless both references 003 !andA
005 are energized (ON) in this example, coils 052, 271, and 265 will be OFF. When these contacts are
passing power, coils 052, 271, and 265 will respond to their normal logic.

Multiple Master Control Relay Functions

Multiple master control functions are possible in any logic program. They can be embedded within the
scope of the first MCS and the last MCR as necessary, as illustrated in Figure 5.14. The first group of
coils under the Master Control of references 010 [or] 011 is 204-213 which includes two smaller groups
(207-210 and 212-213). Group 207 and 210 are under the Master Control of 010 or 011 and 015, while
group 212 and 213 are controlled by 010 or 011 and 022. Note the requirement for two successive
MCRs to end both the group 212-213 and the larger group 204-213. To operate correctly there must be
an equal number of MCS and MCR functions in your program.
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pc-s1-83-0013
STR 010
J o [mcs] 204 R o1
} —(>—e —
out 204
on 012 208 STR 012
b L | L ( )._4 ouT 205
) ! L STR 013
. ANO NOT 014
013 014 <08 ouT 206
*— STR 015
[Mcs] o1e 07 —g?nsuov 016
018 1 2
ouT 207
—e s 012
012 210 s 210
— —{ STR 023
ANO NOT 021
out 21
STR 022
023 [mcr] o2 2n
— MCS
— | +F O—e STR 024
out 212
022 [MCS] 024 212 STRNOT 025
ANO NOT 026
+— —— —0— out 213
L— mcr
c25 026 213 MeR
——A—— STR 930
AND 1
MCR MCR oR 033
030 031 032 2n AND NOT 032
—i — I»—qv——jX————O—q out 271
033
[
1 22 WORDS PER ELEMENT

Figure 5-14. Multiple Master Control Relay Logic

Disabling of Outputs

In addition to Master Control functions, all outputs can be affected by an internal special function coil
referenced as 376. When this coil is energized by user logic, all outputs in the hardware I/O structure
will be tumed OFF. Internal coils and statuses will still operate, but only internally. The only exception
is to coils that are programmed as SET OUT functions rather than the OUT function. These will still be
able to provide their normal output status (ON or OFF) to the I/O section.

Figure 5.15 illustrates the use of coil 376. In this example, when either reference 003 or 056 (inputs,
outputs, or internal depending upon hardware I/O configuration) is energized, coil 376 will also be
energized. This will cause all coils programmed with the OUT function, such as 010, to be turned OFF
at their output module, although they will function normally internally. However, coils driven by the
SET OUT function, such as 011, will not be affected by the status of coil 376. Table 5.7 summarizes the
effect of coil 376 on the OUT and SET OUT functions.

NOTE
It is not recommended that the Output Disabler coil (376) be used with retentive coils (latches).

Table 5-7. Effect of Coil 376 (Output Disabler)

Coil 376 OFF Coil 376 ON
Internal Status Out Set Out Out Set Out
OFF OFF OFF OFF OFF
ON ON ON OFF ON
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seconds or .01 seconds as applicable. The timer starts at 0000.0 and records time, towards the preset
value. When the preset value is reached, an event will happen according to what has been programmed.
Also, when the timer reaches the preset value, the timer will continue timing up, until reset by an
interruption of power flow through its conditional contacts, or until it reaches its maximum value of
999.9 or 99.99, as applicable at which time it will stop. If power flow to a timer is interrupted or if the
CPU should stop operating, the timer will be reset to zero. The basic clock driving all timers derives its
accuracy from a crystal within the CPU, it does not depend upon the AC power line frequency.

pc-s1-83-0015

ANY
RELAY LOGIC PRESET
>~

Figure 5-16. Sample of Timer Logic

A timer can be programmed to be self resetting, by programming a closed contact referencing the timer
coil. If programmed in this manner, when the preset value is reached, the timer coil will turn on, the
closed contact referencing the coil will open and the timer will reset to 000.0 and start timing up again.

Figure 5.17 illustrates the programming of various types of timers. The relay logic is built in the normal
manner up to the coil selection. The timer (TMR) function is selected along with a timer/counter
reference (600-677). Each timer or counter must have its own unique coil to operate properly. After the
timer is identified, the preset is entered.

In this example, coil 41 will be OFF until 15 seconds after timer 601 is energized. It will remain ON
until either the power flow to 601 is interrupted or the CPU goes through a power up operation. Coil 42
is inverted from 41 in that it stays ON until 15 seconds after power flows continuously to the timer 601,
when it goes OFF. Timer 602 delays 5.5 seconds after reference 27 is energized before it turns its coil
ON, also energizing coil 43.

Specifying Timer Preset Values

The Timer preset value can be either a fixed value entered after the T/C reference, the BCD value
entered with the Timer/Counter Setpoint unit for the special Timer/Counter references (674-677), or the
value in the registers that are assigned to the special Timer/Counter references. These registers are 564
and 565 for T/C reference 674; 566 and 567 for T/C reference 675; 570 and 571 for T/C reference 676,
and 572 and 573 for T/C reference 677.

The preset value information is also valid for Counters.
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a40016
025 032  T601
15 STR 025
OR 026
026 AND NOT 032
*—i ™ 601
- — 15
T601 041 STRTMR 601
*—i| —O—e out 041
STRNOTTMR 601
T601 042 ouT 042
—3f—O—+ STR 027
027 Te02 ™R 602
‘ 1L T P 5.5
11 —_—955 STRTMR 602
T602 043 add 043
—| {} ® | 1.17 WORDS PER ELEMENT]

KEY _LED'S _ DISPLAY _ KEY _ LED'S DISPLAY  KEY  LED'S _ DISPLAY
STR Tﬁ: STR ; STR, SHF 2
STR, SHF STR, TMR STR, SHF 27
STR, SHF 2 STR, TMR, SHF ADR 0.0.1.0
STR, SHF 25 L8 STR TMR, SHF 6 ™R
ADR 0001  [CU—)STR TMR SHF 60 ¥ TMR, SHF
OR F= STR, TMR, SHF 601 _i_ TMR, SHF 6
OR, SHF ADR 0.0.0.6 TMR, SHF 60
OR, SHF 2 ouTt TMR, SHF 602
OR, SHF 2 OUT, SHF ADR 0.0.1.1
ADR 0.0.0.2 OUT, SHF 4 SHF
AND OUT, SHF 4 SHF 5
AND, NOT ADR 0.0.0.7 ™ SHF 5.
AND, NOT, SHF STR SHF 55
AND, NOT, SHF 3 STR, NOT ADR 0.0.1.2
AND, NOT, SHF 32 STR. NOT, TMR STR
ADR 0.0.0.3 STR, NOT, TMR, SHF STR TMR
™R STR,NOT, TMR, SHF 6 ¥ STR, TMR, SHF
TMR, SHF | STR, NOT, TMR, SHF 60 STR TMR SHF 6
TMR, SHF 6 STR, NOT, TMR, SHF 601 STR, TMR, SHF 60

0] TMR, SHF 60 ADR 0.0.0.8 STR TMR, SHF 602
TMR SHF 601 out ADR 0.0.1.3
ADR 0.0.0.4 OUT, SHF out
SHF OUT, SHF 4 OUT, SHF

™ s 1 OUT, SHF 4 OUT, SHF 4

‘ﬁ?‘ SHF 15 ADR 0.0.0.9 ; OUT, SHF 4

ADR 0.0.0.5 STR ADR 0.0.1.4
STR, SHF

Figure 5-17. Example of Timer Logic

Programming Counters

Counters (Figure 5.18) operate similar to timers except that they require two rungs of relay logic to
control their operation. The upper rung controls when the counter is incremented. When this rung goes
from no power-flow to power-flow (OFF to ON), the counter is incremented by one. To cause another
count to be recorded, power-flow must be interrupted and another OFF to ON transition must occur. All
counters count up, starting at zero, towards a preset value. The ability to detect transitions and record
counts is built into the counter function and requires no further programming by the user. The lower
rung of logic (second STR function) controls the reset of the counter function. Whenever this rung
supplies power flow to the counter, the counter will be reset to zero. If both rungs supply power flow, no
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counts are recorded and the counter is forced to zero. All counters are retentive upon loss of CPU
power.

pc-s1-83-0017

ANY
RELAY LOGIC COUNT

PRESET

IMAZCOO

ANY RESET
RELAY LOGIC

Figure 5-18. Example of Counter Logic

Figure 5.19 illustrates the operation of counters. Again, the relay logic driving the counters is built as
separate rungs using normal relay programming techniques. Counter 603 will count (increment)
whenever references 015 and 016 are both ON or reference 017 is ON. If one parallel path is energized
while the other is also ON, no additional count is recorded. When the count reaches 35 (its preset), coil
603 is energized, also energizing coil 46. Counting will continue beyond the preset value, and will
continue counting until the counter is reset. Whenever reference 013 is energized, regardless of the
count or top rung status or coil state, counter 603 will be reset to zero and held at that value until
reference 013 is de-energized.
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pc-s1-83-0018
i e STR 015
L
— ONT 35 AND 016
017 803 g#ﬁ 017
013
*— CNT 603
013 --- 035
p STRCNT 603
ouT 046
€603 046
i+ O
| 1.14 WORDS PER ELEMENT |
KEY ONLED'S DISPLAY KEY ONLED'S DISPLAY KEY ON LED'S DISPLAY
sTR] STR STR STR
[s%] sTR.sHF [5/] STR.SHF STR,CNT
] sTRsHe 1 [[3] STRSHF 1 [sw] STR CNT.SHF
[5] sTRsHF 15 [3] STRSHF 13 [[6] STRCNT.SHF 6
ADR 0001 ADR 0004 [0] STRCNT.SHF 60
AND]  AND CNT CNT [3] STR.CNT.SHF 603
[s#¥]  AND.sHF 5] CNT.sHF [ev]  aDR 0007
7] aND.sHF ] €7 oNT.sHF 6 out
6] anpswe 16 [0 CNT.SHF 60 [S%] OUT.SHF
ADR 0002 [3] CNT.SHF 603 [4] OUT.SHF 4
OR ENT]  ADR 0005 [6] OUT.SHF a6
(%]  oR sHr Ge)  sw ADR 0008
[T omswr 1 [3] swr 3
OR. SHF 17 [ s 35
[&7] aor 0003 ADR 0006
015 OFF { ON H \ ON ! H
—_—— ON ] 1 H [}
1 ' ' ' ]
e L o 1 g ; —
017 ' OFF —_— o™ OFF 'r_.__,___°" :
- ) ] ON
013 OFF | H ' \ OFF o
M T
COUNT: + - : 1 |=- zErO >

Figure 5-19. Example of Counters

Extending the Timer and Counter Range

Timers and counters can be connected in series or cascaded to extend their range beyond four digits.
Figure 5.20 illustrates several techniques to extend preset ranges by utilizing multiple timer/counter
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functions. Timer 611 will record time as soon as references 206 and 225 are energized. After 800
seconds it energizes its coil and stops recording time. However, timer 612 starts as soon as 611 reaches
it preset and continues for another 950 seconds. This is a total of 1750 seconds from the time T611
started. Whenever reference 206 or 225 is de-energized, timer 611 is reset to zero, de-energizing coil
611, and also resetting timer 612 (if necessary).

pc-s1-83-0019
L__z’oe 225 TE11
L ~ STR 206
l | \ 800 ZnD 225
T T612 T™MR N
} -O 950  STRTMR 611
T™R 612
T613 1613 950
g —~ o STRNOTTMR 613
f e T™R 613
T‘6 113 STR TMR 613
750  STR 306
—r gvg < CNT 614
.- 750
306 STR 052
} STRCNT 615
ONT 615
052 l e 500
1L NT 615
¢t CNT 500  stm 307
Cc615 615 CNT Sae
|1
*— |
c615
|1
i CNT ¢ 900
307 616
T——i -

Figure 5-20. Example of Extended Counters

Another pair of functions are timer 613 and counter 614. Timer 613 is a self resetting timer with a
preset of one second (10 tenths). It produces outputs each one scan long, every second from the time the
CPU starts until it is turned OFF. Counter 614 counts these pulses up to 750 of them (750 seconds) until
reset by reference 106. Since counters are retentive, using timer 613 to produce a one second clock that
is counted by 614, results in a retentive timer. A similar result occurs if the top rung of counter 614
were referenced to internal coil 375 in lieu of 613. The third example in Figure 5.20 is counters 615 and
616. Counter 615 counts reference 52, up to 500, and then resets itself. Counter 616 records how many
of these groups of 500 counts occur. Since counter 616 has a preset of 900, its coil will be energized
only after 450,000 transitions of reference 52. At anytime, counter 615 has a representation of the small
number of counts (0-499 or least significant portion) and counter 616 the larger values representing
multiples of 500 (500-450,XXX) or most significant portion. Application techniques shown in Chapter
8 illustrate how a low order preset of 1000 can be obtained to produce a more conventional double
precision counter.
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Printer Interface Unit
CROSS REFERENCE PRINTOUT
OUTPUTS USED TABLE v2. 2
SERIES ONE, NE PLUS/SR-28, SR-21 PAGE 0007
SHIFT RERISTER
20: a18: 3 29: 439: M0 458- %60 n:
481: M1 21: ¢ 013 M1 851: [ - i
482: 412: 3 422: 2 £2: 1 W 452: L~ 2:
483: 413: 3 423: 3 433: 3 3 453: 83 47:
: 44: 3 4A: 3 434: 3 4M: $54: 454 :
45 415: 3 25: 3 43%: 3 M5 455: 465: 5:
486: 416: 426: ¢ 43: M5 #56: 466: £76:
o1 47 427: 2 437 W7 457: $7: 477
508: 518: 528: 538: 548: 558: 560: 57:
: 511: 521: 531: 541: 55%: 561: 5n:
582: 512: 822: 532: 542: 562 862: §$72:
583: 513: 823: 533: 543: 953: 563: 573:
5 : 514: 524: 534: SM: 554: 564: 5:
585: 515: 525: 535: 545: 865: 585: 5%:
586: 516: 526: 536: 546: §56: 586: 5%:
97 §17: 827 537: 547: 557: 867: 5T1:
TINER/COUNTER
508: Gie: 628: 638: 640: 658: 60: &n: 190:
M: s 611: 81: 831: bA1: 861: 661: 6n: 1681:
m: 812: 622: 632: 642: 862: : : 1e:
68: » 813: 623: 633: 643: 653: 663: 673: 103:
G 814: B2: B834: 644: 664: 664: 6M: N
685: £15: 625: 835: B45: 865: 665: 6%: 186:
606: §16: 626: 636: 646 656: 666: §%: 186:
RN - R 4 37 7 §67: 7 877: i 1J

Figure 4-8. Sample Outputs Used Table Printout
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Printer Intarfece Unit
CROSS REFEREMX PR
OUTPUT REGISTERS USED TABLE v2. 2

SERIES ONE PLUB/SR-21 PAGE 8088
ouTPUT

) 091 " <] [} 085: 886 087 e a1 2

"n3: 014: 915: 078: 8N: 872 873: 0%: %: -
INTERNAL RELAY

#16: N7 828: 821: 022: 823: 824: 825: 26 827:

<) s 59} 83 B4 35 %6 837
SHIFT REBISTER

8- 81 842: 43 M o5 846- 047

858: 51: 82: %63: 54 865: 856: ®7:
DATA REBISTER

: 418: 429: 438: 449: 458: 468: om:

»,: 11 21: £1: 441: 451: 461: m:

a2 412: 422: 432: 442: 452: 462: -

a3: 43: 423: 433: 443: 453: 463: 473:

M 414: 424: 434: 444 454: 464 4

45: 415: 425: 435: 445: 455: 465: 475:

486: 416: 426: 436: 446: 456: #66: 476:

897 a7: 427 437: M7 457: L YH 47

500: 518 528: $38: 548: 558: 560: 5%

S81: §1: s 521: 531: 541: 851 561: 5n:

SP: §12: §22: 532: o42: 552: 562: 5n:

§88: §13: §23: 533: 543: 553: $83: 573:

" _H $14: 524 534: 544: 554 564: 5N

585 885 525: 535: 545: S6b: $65: 5%:

8- 56 826: $36: 546 8b6: 566- §7:

i §7: 527 537: 47: %7: %7: ST

*

Figure 4-9. Sample Outputs Used Table Printout (continued)
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pc-s1-83-0022
030 T600 T600
—t O—45 SR 030
{ ! 5 AND NOT TMR 600
T600 €801 ™R 600
—— —F 8 STRTMR 600
' counT AND NOT CNT 601
031 STR 031
' NT 60!
— | N e
STR 1
601 033 o g0,
— O—¢ o 601
i w8
1
*— - 2
6 OR 034
601 601 034 AND NOT 601
— O < - 5
' T ' out 034
2 5 STR 601
034 g a
—| OR 601
- 5
601 035 OR 50;
o il
— } —O——¢ o 601
4 - 8
601 ouT 035
—] STR 801
5
601 orR 6o}
*— OR 601
7 - 7
601 gu*r 036
TR 601
—— S 5
8 OR 601
601 036 el 6
Py Lo O—¢  our 037
3 STR 601
.- 1
601
OR 040
*~——] AND NOT 601
a .- 7
601 ourt 040
—
7
601 037
[
— | O—t
601
—
6
801 601 040
+— : O—4
1 7
040
*—

Figure 5-23. Typical Sequencer Logic

Shift Register Functional Description

Another powerful feature of all Series One and Series One Plus PCs is the ability to simulate the
operation of shift registers. There are many physical devices that operate similar to shift registers such
as an anchor chain, a conveyor belt, an indexing machine, a line of customers at a refund desk, etc.
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shift registers, ring counters, First In First Out or Last In First Out stacks. Each shift register reference
can control any number of relay contacts, both normally open and normally closed.

Shift Register Operation

To illustrate the operation of serial shift registers, Figure 5.25 defines a theoretical problem using a
sequential assembly machine. The machine has space for a maximum of 12 parts at any one time. these
parts may be cups or other storage locations physically on the machine. The operations are performed
while the machine is stationary and then all storage locations (cups) are indexed rapidly one position
towards the right. There are three separate operations such as part assembly, welding, clamping, nuts
tightened, painting and label placement, etc. Since it would be a waste of material and machine time to
operate on locations without a part in place, there is a sensor on the first location to detect when a part is
present. To the right is a testing position to determine good parts and bad parts for later separation.
Each position of the machine is assigned a number for later reference to the shift register. Notice that
positions 3, 5, 7, 10, and 12 are only holding locations to store parts in progress and are related to the
mechanical layout of the machine.

pc-s1-83-0024
OPER OFER OFER TEST DIVERTER
L1 .3 = .33 l::]
’ ’ ’ ' GOOD PARTS
2 | 3| a l s |6 | 7|8 |9 |10]11]12
- | REJECTS I
PRESENT

Figure 5-25. Example of Shift Register

Figure 5.26 illustrates the logic, including shift register, used to solve this problem. The following I/O
references are assigned for use in this logic and can be changed as necessary to fit your application.

Part Present (Input) 045
Test OK (Input) 046
Reset/All (Input) 047
Operation 1 (Output) 130
Operation 2 (Output) 131
Operation 3 (Output) 132
Test (Output) 133
Diverter (Output) 134

Shift Permissive (Internal) 214

The timing of each operation allows the machine to index one position each 3 seconds. Thus timer 631
produces an output every 3 seconds as long as the internal permissive is satisfied. This coil (214) is
developed elsewhere and indicates all operations have been completed and hardware is out of the way,
allowing movement without damaging the machinery. The shift register itself has three parallel rungs
each of which can be any combination of series and parallel contacts. The first is the input signal.
Whenever this is supplying power flow the first stage of the shift register will turn ON and remains ON
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even if the input changes. The middle rung is the clock signal controlling the shifting of all stages.
When this signal goes from OFF (no power flow) to ON (power flow), all stages will shift one position.
This shifting is completed before other logic is solved. The bottom rung is the reset signal. Whenever
this signal is supplying power flow, (all) stages of the shift register will be turned OFF (cleared).

The references used by this shift register and thus the number of stages, must be defined. The reference
for the shift register itself is the location of the first stage and immediately following that is the reference
for the last stage of that shift register. In our example, input 045 indicates a part present and loads the
first stage (431) of the shift register.

Timer 631 (3 seconds) and coil 214 (permissive to shift) are both required before the shift occurs.
Finally, input 047 is used to clear all shift register stages perhaps at the start of machine operation or
otherwise under operator control. The shift register is built using references 431 through 444 (total 12
stages). The remaining relay logic merely connects the individual stages of the shift register to their
output to exercise proper control. The only exception is the next to the last rung. This rung receives the
test signal and resets stage 440 if the test is passed. Thus when the later stage (443) receives the data, it
will not activate coil 134 to operate the diverter. Therefore, good parts are passed and the diverter
operates only for bad parts, not for empty locations or good parts.

a42154
631 *1° = PART PRESENT
* 0" = NO PART OR GOOD PART
STRNOTTMR 631
214 631 ORNOT 214
@%______O_._‘>s.o ™R 631
-——- 3.0
045 STR 045
i1 INPUT STRTMR 631
it T o 214
SR 7
631 214 2;1
$—i o= e
STR 432
047 our 130
$__‘ '_____ger__ 44 SMW 434
eTE our 134
1
a2 5 sm 426
(- W
*—t U ] STR 440
OPER2 our 133
434 131 S§TR 046
RST 340
}_—__-0—017‘6 STR 443
opERD
436 13 our 134
1L
1T p
TEST
440 R
|1
+—} O—e
RESET
046 340
11
L 4 LA
443 134
|
I

—
-t .

Figure 5-26. Example of Shift Register Logic
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Normally many parts will be processed through this machine, continuously moving from input at
position 1 to output from position 12. However, for the purpose of illustration, a single part will be
examined as it moves down the machine. The part is placed in position 1, energizing input 045 and
setting shift register stage 431. After three seconds, timer 631 energizes clocking the shift register
causing the ON state for this part to move into stage 432. Then timer 631 will reset itself and stage 431
is cleared. When stage 432 is energized so is output 130 causing operation one to be performed on this
part. An additional three seconds pass and another clock cycle causes the ON to move to stage 433.
Stage 432 will be loaded from 431 which is OFF as long as additional parts are not processed. The
above discussion assumes no delays are experienced with the permissive.

The above operation repeats itself as the part goes through 434 (operation 2), 435 (rest), 436 (operation
3), 437 (rest), and 440 (test) at three second intervals. While at the test position, output 133 is energized
and the test OK input (046) is expected. If the part passes the test, input 046 will reset stage 440 making
the remainder of the shift register act as if no part was present and allowing the part to pass straight on
through. However, if the test is not passed, the ON stage moves to 441, 442, and 443 at three second
intervals. At stage 443, it energizes output 134 causing the diverter to push off the defective part into the
reject bin.

Other logic can be added to improve the capabilities of this program. For example, a timer could
measure the delay from the manual cycle (631 energized) and receipt of the permissive (214). It would
also alarm if this delay was excessive such as 5 or 8 seconds beyond the normal 3 seconds. Counters
could also be installed to record both good and bad parts produced. This data can be readout and reset
via the programmer whenever desired, such as each shift, day, week, etc.

Forcing I/O References

An invaluable tool in the verification of user logic and field wiring is the ability to force I/O references.
The operation of the I/O forcing operation is dependent on the I/O reference being forced. Inputs
connected to external devices can be forced on or off for one solution of user logic. All other I/O
references can be forced on or off indefinitely, but are overridden by user logic.

The most frequent user of the I/O forcing function is for verification of field wiring of outputs. Since
user logic overrides the I/O forcing function it is recommended that this operation be performed with
user program memory cleared. The key sequences for forcing I/O references are as follows:

e To force a specific I/O reference ON, enter the sequence: SET, SHF, XXX (I/O) reference), ENT.
e To force a specific I/O reference OFF, enter the sequence: RST, SHF, XXX (I/O reference), ENT.

WARNING

When forcing input points with the set or RST sequence, be aware that the physical state of
the input may be overridden. If the forced set or RST occurs in the user logic program
before the input is checked in the same I/O scan, the set or RST state will take precedence
and would cause an output to be turned on or off at the wrong time.
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SECTION 3

Data Operation Instructions for the Series One Plus
Programmable Controller

Data Operations

The Series One Plus PC has, in addition to the basic ladder diagram functions, a group of instructions
that include data moves, math functions, logical operations, conversion, and external fault diagnosis.
These instructions provide the PC with the capability of performing various data operations. This group
of instructions operate on multiple bits rather than one bit at a time. These instructions are not available
with a Series One PC. For programs requiring many data operations, it is recommended that the Series
One Plus 3.7K PC be used.

All of these instructions require that the data to be operated on be loaded (stored) into a 16-bit register
called the accumulator. The data (numerical value) is processed in the CPU as BCD (Binary Coded
Decimal). Each BCD value is represented by 4 corresponding bits in the accumulator. A BCD value
can be any of the digits 0 through 9. When the specified operation is performed with the contents of the
accumulator, the result of the operation is stored in the accumulator. This data can then be transferred to
external outputs or stored internally to be used as needed. Additionally, data can be stored in registers
(sixty-four 16-bit registers) and those registers referenced when programming the data operations. Each
register can contain a 4-digit BCD number. Figure 5.27 is a block diagram showing how the data
operations are performed.

Registers and the accumulator may also contain binary data, however arithmetic funcﬁons cannot be
performed until the binary values are converted to BCD.

a40848
DATA N,
CONSTANTOR | | ACCUMULATOR |
GROUP REFERENCE
CONTENTS OF ACCUMULATOR
COMPUTED WITH A CONSTANT
OR CONTENTS OF A GROUP
FEFEFENCE
l DATA OUT,
RESULTS STORED N ::}ﬁ:}ﬁggaL
ACCUMULATOR —*
INTERNAL
STORAGE

Figure 5-27. Data Operation Block Diagram

The contents of the accumulator do not change until new data is loaded into it with a D STR instruction
or a computation takes place and the result is stored in the accumulator.
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Using References for Data Operations

When entering an instruction for a data operation, the instruction is first specified, then the data. The
data can be a constant value or a groupreference that contains the data to be used.

Entering a Constant Value
a40849

INSTRUCTION | | EnT | | sHF x| X xl x| ENﬂ

Where XXXX is a 4-digit BCD number

When a constant (4-digit BCD number) is entered as the data value, the bits of the BCD numbers will be
stored in the corresponding position in the accumulator, i.e., the least significant digit in the lower 4 bits
of the accumulator, and the most significant digit in the upper 4 bits of the accumulator.

a40850
4-DIGIT BCD NUMBER
I DIGIT DIGIT DIGIT DIGIT 7
L 4 | 3 ] 2 ] 1 |
(elef2[1]8JaJ2]1]8[aJ2]1[8]a]2]1]
| ' |
NUMBER [ 8 ]' 3 { 9 i 2 B
;o T y : r
accumuator [1fofJoJofoJo[1J1]1Jofo JoJo[1]0]

Entering a Group Reference

INSTRUCTION ENT R X X X ENT

The 1/O points, internal coils, and shift registers are treated as 8-bit registers when programming data
operations. The references are then referred to as group references. By selecting the R key before a
value, that value is operated on as an 8-bit or 16-bit register. For example, R 1 5 actually references 8
consecutive 1/O points, 150 to 157. This is a convenient way of reading in data to the accumulator from
input modules, or writing data from the accumulator to output modules for use as required by the user
program. Certain instructions operate on 16 bits, in those cases the data will be read from or written to
16 consecutive references (one 16 circuit module or 2 adjacent 8 circuit modules). The group reference
number for the references mentioned above can be either 1 or 2 digits.
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Data Register References

Data registers are referenced as 3-digit octal values with a valid range from 400 to 577. Although each
individual register actually refers to one 8-bit byte, most registers are operated on as 16-bit words (2
consecutive registers). For example, if the key sequence R 4 0 2 is entered, the data operation uses data
registers 402 and 403. If a 4-digit BCD value (for example 1234) were entered into the register, register
402 would contain the 2 least significant digits (34) and 403 the 2 most significant digits (12). A useful
feature of the registers is that they can contain a value to be used as the preset for timers or counters.
Unused T/C references 600-673 can be used as data registers. Each T/C reference operates on a 16-bit
register.

Timer/Counter References

The timer/counter references are also 3-digit octal values. Each of the timer/counter references
represent a 16-bit register. Valid range for the timer/counter references is 600 to 677. These registers
contain the accumulated value of a timer or counter. It is important to note that the timer/counter
accurnulated value is not the same as the accumulator read to or written from when programming any of
the data operations.

Example of Specifying a Group Reference

An example of specifying a group reference and how it relates to the accumulator is shown below.
Example: Reference specified is 41.

a40851
42 41
[7 o] 7 0]
i i Contents of 41 and 42
(16 bits) are loaded into
[Ce 16 BIT ACCUMULATOR 1] the accumulator
NOTE

Discrete bit 410 will be stored in the first position of the accumulator; discrete bit 427 will be
stored in the last position (16) of the accumulator.

Programming the Data Operation Instructions

When a program is entered to perform any of the data operations, the first instruction must have at least
one conditional contact entered immediately before it. To enter any of the data instructions, the F key
must first be selected, then the Function number (F50, F63, F82, etc.) of the instruction. These numbers
are assigned internally, by the CPU’s operating system, to each of the data operation instructions and are
listed in Table 5.8. After the F X X number has been entered, the program address will advance 1 step
and the second word (data entry) should now be entered. The data entry is selected by entering SHF X
X X X, for a constant value, or R X X X for a group reference.
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DeSTR (F50)
DeSTR (Data Store) is a 2 word instruction which, when executed, loads the accumulator with a 4 digit
BCD constant or the contents of a specified 2 byte reference.
NOTE
When loading I/O References or other data, be sure that it is in BCD Format. If not it should be
converted before using the data for arithmetic functions.
a40852
REF + 1 REF
B ol o]
j i |
bt 1
¥ [
Iae a = "l A IAA L ATAn
| LJ - v l ALLUVIVLA 1UR
Vaiid Group References
000 - 014 i/0 Points
070-075 1/ Points
016 - 036 internal Coils
040 - 056 Shift Register Coils
400 - 576 Data Registers (8-bit)
600 - 877 T/C Accumuisted Vaiue Registers
(16-bit)
0000 - 9999 Constant (4-digit BCD)
=111 CONDITIONAL
FFII5110]  convacT
e bmerned  Cenmactreend wiN I AW
__GROUP do__Ji T rers wwy | ]
[ REFERENCE 7] $-—-1——LDSTR Xxx_ —%
r— e— pr— p——
fall 10 11 1
[ I N N
4 DIGIT CONSTANT . e - -
& d ] TR XXXX L&
¢ | { DSTRXOOX |—%@
—BCD VALUE
i I
r— gr— — — g—
e
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DeSTR1 (F51)

This is a 2 word instruction which, when executed loads the lower 8 bits of the accumulator with the
contents of a specified 1 byte reference. The upper 8 bits (8-15) will be zeros.

a40853
REF
L7 o]
15 8|7 0| ACCUMULATOR
Valid Group References
000 -015 1/0 Points
070-076 1/0 Points
016 - 037 Internal Coils
040 - 057 Shift Register Coils
400 - 577 Data Registers (8-bit)
HEE 4 —Losm xx]—4
GROUP
|’ REFERENCE ']

00

DeSTR2 (F52)

This is a 2 word instruction which, when executed loads the lower 2 bits of the accumulator with the
upper 4 bits of a specified 1 byte reference.

a40854
REF
|7 413 0|
[ s 413 0] ACCUMULATOR

Vatid Group References
000 - 015 170 Points
070 -076 1/0 Points
016 - 037 Internal Coils
040 - 057 Shift Register Coils
400 - §77 Data Registers (8-bit)

[Fle][z] ¢ osmeox}—4

GROUP
r REFERENCE _I

0
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DeSTR3 (F53)

This is a 2 word instruction which, when executed loads the lower 4 bits of the accumulator with the
lower 4 bits of a specified 1 byte reference.

a40855
REF
L2 43 o]
d
|
L6 a3 0] ACCUMULATOR
B Va'liiEGroub References
000 - 015 1/0 Points
070 -076 1/0 Points
016 - 037 interna! Coils
040 - 057 Shift Register Coils
400 - 577 Data Registers (8-bit)
FEE 4t —Losm ] —
GROUP
[ rerFerReNcE 7]

L) .

DeSTRS (F55)

This is a 2 word instruction which, when executed loads the accumulator with a BCD value from the 2
byte contents of a 16 circuit Input module.

a40856
REF + 100 REF
[+ 0|7 0] 16 POINT INPUT MODULE
1
| 15 8|7 0| ACCUMULATOR
Valid Group Reference
000 - 005 16 Point Input Module
] ¢ b—{osms x]—¢
GROUP
[‘nssenmce‘]

D00
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DeOUT (F60)

DeOUT (Data Out) is a 2 word instruction, which when executed transfers the contents of the
accumulator (16 bits) to a specified 2 byte (group) reference (Output, Internal Relay, Shift Register coils,
Data Registers or Timer/Counter accumulate value register).

a40857
[ 15 8|7 0] ACCUMULATOR
K ol 0|
REF + 1 REF
Valid Group References

000-014 1/0 Points

070-075 1/0 Points

016 - 036 Internal Coils

040 - 056 Shift Register Coils

400 - 576 Data Registers (8-bit)

600 -677 T/C Accumulated Value Registers

(16-bit)

FEE 4| Lo mad—4

GROUP
rnerensnce ‘]

DO

DeOUT1 (F61)

DeOUT]1 is a 2 word instruction which, when executed will write the contents of the first 8 bits (0-7) of
the accumulator to a specified reference.

a40858
{15 8|7 0] ACCUMULATOR
|7 0] REFERENCE

Valid Group References
000 - 015 /O Points
070- 076 1/O Points
016 - 037 Internal Coils
040 - 057 Shift Register Coils
400 - 577 Dats Registers (8-bit)

FEE ) —Loomm}—4

GROUP
[‘REFsaeucs']

OO0
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DeOUTS (F65)

DeOUTS is a 2 word instruction, which when executed will write the contents of the accumulator to a 2
byte reference which must be a 16 circuit Output module.

a40861

|15 8| 7 0] ACCUMULATOR

! 1

|7 0] 7 0| 16 POINT OUTPUT MODULE
REF + 100 REF

Valid Group Reference
000 - 005 16 Point Output Module

FEE 4 oo 37—

GROUP
rREFERENCE—I

00

CMPR (F70)

The contents of a specified 2 group reference or a 4 digit BCD constant are compared to the contents of
the accumulator. The result of the comparison will cause one of three special purpose internal coils to
turn on, depending on whether the accumulator value is greater than (>), equal to (=) or less than (<) the
value specified by the reference or constant.

a40862
Valid Group References
000 -014 1/0 Points
070-075 1/0 Points
016 - 036 Internal Coils
040 - 056 Shift Register Coils
500 - 576 Data Registers (8-bit)
800 - 677 T/C Accumulated Value Registers
(16-bit) FLAGS
0000 - 9999 Constant (4-digit BCD) > = <
772 773 774

[FIZI0e] ¢ b lewen ox}—4

GROUP
rREFERENCE—I

OO0

4 DIGIT CONSTANT

rf L omenxoc }—4

[—BCD VALUE—I
HINN
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e Compare seguence
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e Addition sequence

~ANOACE
""""""""" a4uvuolo
M PP P —— ~1 ACCUMULATOR
115 {4 DIGIT BCD NUMBER) O] ~AnTEMTE
wWWIN I LIV D
-+
REFERENCE +1 REFERENCE
7 n 7 n
hd ~1 2 GROUP REFERENCE
A 2 2 1 OR
- -l = . 4 i Ao T A s
glalalslalalalalaglalaolelaglalaln & DIGHT LUNSTANT
~ 1 =1 bl S I | ~Jd ) Bl | 1 1
A PUMAIT BN
4 3 2 1 Sl BvY
T —T—T T T T ANSWER STORED IN
gial2f1{8jafz2{1]8laf2]1/8[4]2]1] ~ accumuLaTor
Py — ® IF ANSWER IS 0000, ZERO FLAG IS ON
. | CARRY | ZERO e IE ANCWER IE > Q808 FARRY £l AR IS ON
FlAG FlAG ¥ Ir ANOVVER la ZIIVI, CARRY FLALD IO UN
i — @ IF ANSWERIS >9999 AND THE 4 RCD DIGITS
775 776 ARE 0000, BOTH THE CARRY AND ZERO FLAGS
WILL TURN ON.
EXAMPLE:
7777
+2223
10000
-.-e___
T
-~ a oo - s m ama .y I ' - DPEDA LI AN A
CAKNKY FLAG ON s— — LENU FLMALY UN
A k]
e Addition rrozramxmnz r.xamme
Exampie 1
r
4 BCD digits are loaded in accumulator from Inputs 0030-0047.
aANOCR
ax*vovv
| . reml e M em
| i — = = Jd d
é— }——e——] OS™R3 }b—o@ __ ___ ___ ___ .
| ! et Ll [Ls] Lol lewr] [ R] [ 3] [en]
| & r s 1—d4 T T / = =/ =/ =
| L - [z T s T oo T e B s BN e I = |
| [P | | LN o SIS [ NI [ 000 fy SUAT p SN ) SS0AN |
l _LUUUI IUJ—-"—“ [,
! - G 6 0 ENT R 1 0 ENT|
= MW e _a. Lol A1 . &L . NN
e The conienis of the accumulator are added i0 data from mputs 0050-0067.
e The answer is stored in the accumulator and also written to Outputs 0100 - 0117. IfD OUT is specified as a D

Register, Internai coii, etc.; the answer wouid be stored at that iocation for further use in the TOgTam.
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Example 2

This example shows more than one constant value entered in the program. By closing the respective
contact, a different number can be selected to be added to the contents of the accumulator.

B

DSTR3

¢ 1258

>——-{ }——E¢ 3346

"

@BSEEH@BIB

"
pt
P

g [

[}

a40867

) [ &) [wcs) [w
)@ & E] E
9 =] =
) 3 &)

R S S I Y
=] 3] [

2 I R I I

I Y T ) NN B N 5
G+] ] [~

[ W

I I N ) B Y

4 ] =]

NCN N 75 TN i W i

When 11 is closed, MCS is energized and does not control the logic following it. The number selected
by closing one of the contacts, 12, I3, or I4 is added to the contents of the accumulator (read from Inputs
0030-0047). When IS is closed, the answer will be written to Outputs 0060-0077.
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Subtraction (-), BCD 4 Digit (F72)

The contents of a specified 2 group reference or a 4 digit BCD constant value are subtracted from the
contents (BCD) of the accumulator. If the answer after the subtraction is positive, it is written directly to
the accumulator. If the answer is negative, the Borrow Flag (775) turns ON, the absolute value is
subtracted from 10000 and the resulting value is written to the accumulator. If the answer after
subtraction is zero, the Zero flag (776) turns ON.

a40868
Valid Group References
000 - 014 1/0 Points
070 - 075 1/0 Points
016 - 036 internal Coils
040 - 056 Shift Register Coils
400 - 576 Data Registers (8-bit)
600 - 677 T/C Accumulated Value Registers
(16-bit)
0000 - 9999 Constant (4-digit BCD)

FLAGS
CARRY ZERO

775 776

EEE A1 xd—

GROUP
|’ REFERENCE "|

OO0

4-DIGIT CONSTANT
b L o] —
I— BCD VALUE

F IO
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e Subtraction sequence

a40869

ACCUMULATOR
[15 (4 DIGIT BCD NUMBER) o] A oNTENTS
REFERENCE +1 REFERENCE
7 o}7 2 GROUP REFERENCE
4 3 2 1 OR
8laf2[1]eJaJ2] [ 8]al2]1[8[a]2] 1| 4DIGIT CONSTANT
" 3 3 3 4 DIGIT BCD
ANSWER STORED IN
slal2]1]8Ja]2]n 8{af2[1]8[a[2]1 ACCUMULATOR
BORROW| ZERO ® IF ANSWER IS 0000, ZERO FLAG IS ON
CARRY | FLAG ® IF ANSWER IS NEGATIVE, BORROW FLAG WILL BE ON
775 776
DSTR4-1 lSTR' lSHFl | 5 I IENT'
Lrel 5] g &) 2] [ )
a4
3333 _f CJ 0 @3 =
tsee] [ 3]) 3] [ 3] [
D-OUT 15}
3 ]
[ N I

e Subtraction programming

e Data is entered into the accumulator from Inputs 0040 - 0057.

example

e A constant value (3333) is subtracted from the contents of the accumulator.
* The answer is stored in the accumulator and is written to outputs 0150 - 0167.
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Multiplication (X), BCD 4 Digit (F73)

The contents of the accumulator are multiplied by the contents of a specified 2 group reference or a 4
digit BCD constant. The answer can be from 1 to 8 digits. The lower 4 digits of the answer are stored
in the accumulator and digits 5-8 are stored in data registers 576 and 577, which are the auxiliary
accumulator. If the answer is zero, the Zero flag (776) will turn ON.

a40870
Valid Group References

000 - 014 1/0 Points

070-075 1/0 Points

016 - 036 Internal Coils

040 - 056 Shift Register Coils FLAG
400 - 576 Data Registers (8-bit) ZERO
600 - 677 T/C Accumulated Value Registers 776

(16-bit)
0000 - 9999 Constant (4-digit BCD)
GROUP R'EFERENCE
1B ¢ x  xx}—4
GROUP
r REFERENCE -I
CONSTANT
VALUE
4 DIGIT CONSTANT ]
A —Lx o] —4
[—— BCD VALUE —-I
e Multiplication sequence 440871
[is @ DIGIT BCD NUMBER 0] ESNymILaTOR
REFERENCE +1 X REFERENCE
7 07 O P~—2 GROUP REFERENCE
a 3 2 1 OR
s[af2[1[8]af2]1|8[a]2]1|8]a] 2] 4 DIGIT CONSTANT
8 7 6 5 4 3 2 1
slaf2]1]8]a]2]1[8]a]2] [8]al2] |e]a]2]1]e]a]2]1le]a]2] 1|8]a]2]"
REGISTER 577 REGISTER 576 ACCUMULATOR WILL CONTAIN
AUXILIARY ACCUMULATOR LOWER 4 DIGITS
DIGITS 5-8J
ZERO FLAG
776

o The lower 4 digits (1, 2, 3, 4) of the answer will be stored in the accumulator. The upper 4 digits (5, 6, 7, 8) will be stored
in the auxiliary accumulator (Data Registers 576 and 577).

e If the answer is /0000000, the Zero flag (776) is ON.
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e Multiplication programming example
Multiplying 4 digits by 4 digits with an answer containing 8 digits.

2
T——H——w—D-sm R 9 [ =
—x 13757 OO0 MM @O E
] ] 3 =1
D-OUT 14
I O TN I N O N i
] J = =1
L—{bout1e ) [ [ =)
|G B I R
I W N ) O O
Lr] [e] (o] (&)
(e ] L] (o]
e A 4 digit BCD value is entered into the accumulator from Inputs 0050-0067.

e A constant value (1375) is entered as the multiplier.

¢ Assume that the answer is an 8 digit BCD number. The lower 4 digits are stored in the accumulator and transferred to
Outputs 0140-0157. The upper 4 digits are stored in the auxiliary accumulator (Data Registers 576, 577) and transferred to
Outputs 0160-0177.

a40872

D-STR576

Division ), BCD 4 Digit (F74)

The contents of the accumulator are divided by the contents of a specified 2 group reference or a 4 digit
BCD constant. The 4 digits of the quotient are stored in the accumulator and the 4 digits of the
remainder are stored in the auxiliary accumulator (Data Registers 576, 577). If either the dividend or
divisor are zero, the Zero flag (776) will turn ON. If the divisor is zero, the Overflow flag (777) will also
turn ON.

a40873
Valid Group References
000 -014 /0 Points
070-075 1/0 Points
016 -0386 Internal Coils
040 - 056 Shift Register Coils
400 -576 Data Registers (8-bit)
600 - 877 T/C Accumulsted Value Registers
0000 - 9999 Constant (4-digit BCD) FLAGS
ZERO OVERFLOW
776 777

CIEE ¢—A{ x=]—4

GROUP
['nersnsncsj

OO0

4 DIGIT CONSTANT VALUE

b L+ o

I——BCDVALUE-—]
FO0O0O0
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¢ Division sequence
a40874
15 (4 DIGIT BCD NUMBER) O L CCUMULATOR
loft1]ofoJol T ToJoTol"T1Tol1To 1] contenre
REFERENCE +1 * REFERENCE
7 07 0 ==—2 GROUP REFERENCE
4 3 2 1 OR
0101010 01011]0 CI’IOIO 0111110 4 DIGIT CONSTANT
QUOTIENT = REMAINDER
a 3 2 1 1 2 3 4
ofofofofoJoJoTofoJofo 7 ]0]0o]  JoJo]olol1]o]olo]lolo]l1]o] ]o]0
ACCUMULATOR REGISTER 577 REGISTER 576
v AUXILIARY ACCUMULATOR
FLAGS
ZERO OVERFLOW
776 777

* The quotient (0 - 4 digits) will be stored in the accumulator as shown. the remainder (0 - 4 digits) will be stored in the
auxiliary accumulator (Data Registers 577, 576) as shown.

e Division programming example

Division of a 4 digit number by another 4 digit number showing how the quotient and remainder can be
written to Outputs.

a40875

T

— }——0——[
— -~ 5
—{ o

DSTR 3

f
[

HOUOHEHE

N

9 -OUT 1

B E
[ EE
BRERE

m
Zz
=

[T11

®

57

—{osm
Y {oour

g

13

]

3 B [ @ Bl

UEHEEEEE
HEHEEEEE

® A 4 digit number is entered into the accumulator from Inputs 0030 - 0047.
¢ That number is divided by a number specified by Inputs 0050 - 0067.
* The 4 digits of the quotient are stored in the accumulator and are also written to Outputs 0110 - 0127.

e The 4 digits of the remainder are stored in the auxiliary accumulator (Data Registers 577, 576) and are written to Outputs
0130 - 0147.
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DeAND (DATA AND) (F75)

The contents of the accumulator are logically bit AND-ed with the contents of a specified 2 group
reference or a 4 digit BCD constant. The result is stored in the accumulator. If the answer is 0000, the
Zero flac (776) will ta ON
——aN~ - \ ~J SRS TIEREL e
ad40876
000 -014 I
070 -075 {
016 - 036 intarnal Coils
040 - 058 Shift Register Coiis
400 - 578 Dats Registers (8-bit)
600 -677 T/C Accumuisted Vaiue Registers FLAG
{18-bit) ZERO
0000 - 9999 “onetant (A.dinit RCD) -
S Constant (4-digit BCD) 770
e N e g | 1 r = 1
FFI1 71151 @®---4 b—{ D-AND XXX }—@
—d —J —J 1 [ | . - 1
GROUP
rREFERENCE—i
I mll 11 11 ]
L1l ] 1 ] 1 |
4 DIGIT CONSTANT
1 1 r = |
@ ——-—<4 — D-ANDXXXX ——@
i [ [ | 1
II'——BQD \!.A.L.E——lI
L] L]
/M m
ISHH | i1 11 11 i
— . . v—— | S—
DeAND deguence
3 a40877
r T T 2 g T . g T I 4 T g T T . g T - AL AN ATAD
1151141312111 |10|{ 9 8|71 6]514]3]2]1]01 AUmULA T VR
Lfief i3] 1cjT1]10j91 571615148131 19] TENTS
D=AND
, ,  2GROUP
REFERENCE + 1 H REFERENCE | REFERENCE
4 3 2 i _Or
21sglglalaloalslolalseleglalalalaln & LUiail
LOGIC PRODUCT
Y RESULTING
| e pu s mapn s T T | e T T T..T BRIT PATTERN
—{15’ 114113 12'|11'[10°] 9| 7716 15141312]11]0] CTARERN I
) SIVUREUV IN
ACCUMULATOR
FLAG ON
F ALL
ZEROS
776

A D RESULT
(o} (7] (o]
o] 1 o]
1 o] [¢]
1 1 1
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e Programming example, DeAND

a40878

2
PSTR 4 M3 E OO
D-AND 2222 el [ 5] 1]
ovr calienlenl el sl

Lrd Le] Lo]) [~] [r] [s] [&7]

e Assume the data entered into the accumulator from Inputs 0040 - 0057 = 1234
Is logically AND-ed with 2222

e The resulting answer stored in the accumulator would be 0220

e 0220 is written to Outputs 0060 - 0077

e Accumulator and reference contents for above operation are shown below

15 0
foloJof1JoJoJ1ToJoJo 1 [ o[ ]o[0]

7 0o 7 0
{ofofJ1]o]ofJof1]ofofof1]oJoToT1]0]

15 0
loJolofofofof1]oJoJoJ1]ofofoJo]0]
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DeOR (DATA OR) (F76)

5-63

The contents of the accumulator are logically bit OR-ed with the contents of a specified 2 group
reference or a 4 digit BCD constant. The result is stored in the accumulator. If the answer is 0000, the
Zero flag (776) will turn ON.

a40879
Valid Group References
000 - 014 1/0 Points
070-075 1/0 Points
016 - 036 Internal Coils
040 - 056 Shift Register Coils
400 - 576 Data Registers (8-bit) FLAG
600 - 677 T/C Accumulated Vslue Registers ZERO
(16-bit) 776
0000 - 9999 Constant (4-digit BCD)
[¥] $-—-{ oo x}—4¢
GROUP
rREFERENCE ‘|
4 DIGIT CONSTANT
$-—{ F—Loon xox}—4
’——BCD VALUE ———]
DeOR Sequence
a40880

(15[1a[13[12[n1Jio[ e8] 7[6]5]4[3]2]1] 0]

D<OR

REFERENCE +1 1 REFERENCE ol

4

3 2 1
7]elsfa]3]2]1Jo]7]6][s[a]3]2]1]0

LOGIC SuM

}

—{isTiafisfiainfiofeTe 76 s ]a]3]2] 1] 0]

&= F ALL
ZEROS

FLAG ON

776

e Truth table for DeOR operation.

A = Accumulator contents

D = Contents of reference or constant

RESULT
0

-=00]|>»
-0-0]|0

1
1
1

ACCUMULATOR
CONTENTS

2 GROUP
REFERENCE
OR
4 DIGIT
CONSTANT.
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e Programming example, DeOR

a40881

9 R [ 3] [N
I} DSTR 12
10 10
LF ) 5] [o] [enT]
DOR 14

LR ) ] [27] [enT]
O @D ] &
O O O &
Lrl 6] [[o] [enT]
LR [1] [e] [enT]

D-OUT 16

o Assume data entered into the accumulator from Inputs 0120 - 0137 = 3210
¢ Is logically OR-ed with data from Inputs 0140 - 0157 = 7531

e The resulting answer stored in the accumulator will be 7731

e 7731 is written to Outputs 0160 - 0177

e Accumulator and reference contents for above operation are shown below

15 0
[oJo]r]1]oJoJ1JoJoJoJo1]oJoJoT0]

7 017 0
tof1frJrfofJrjofrfoJofr1]1]oJofo]1]

[21111]1]0]1]1[1]0]0]1]110]0]0]?1
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¢ Programming example using FUN 80 and FUN 81

This example shows a technique that can be used for deleting unnecessary data after it has been entered
into the accumulator. In the example the fourth BCD digit will be deleted.

a40884

STR] [sHe] [ 1] [enT]

1

T——# DSTR ﬂ—f Moo

FUNs1a}—e LF] [e] [1] [a7] [sw¢] [4] [e1]

FUNBO4}—¢ L] [e] o] (=] [ [ [v
Led L7 b M=) [R] ] [
+6]————q

Lr] [e] o] &) ] [T ] [
DouT 10}—¢

Date entered into accumulator from Inputs 0020 - 0037.

Ls [ 3T e [ 2 ]

Shifted left, 4 bits.

(3 1T 61 271 0]

Shifted right, 4 bits.

Lo 3 [ e 2]

The fourth digit (5) has been deleted.

The remaining value is added to the contents of Inputs 0060 - 0077. The result is stored in the
accumulator and written to Outputs 0100 - 0117.
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Decode (F82)

The lower 4 bits (least significant) of the accumulator are decoded to a decimal number from 0 to 15. A
‘17’ is placed in the bit position in the accumulator that corresponds to the decoded decimal number.
The upper 12 bits of the accumulator are disregarded for this operation.

A

o [ 2]

e FUN 82 Decode sequence

[olofofoJoJoJoJoJoJoJoJo]1ToTo] 0]

FUN 82

]

13[12{11]{10| 9

!

+---«] l—-[FUN82]—+

LOWER 4 BITS OF
ACCUMULATOR CONTAIN
1 BCD DIGIT.

WHICH IS DECODED TO
A DECMMAL NUMBER.

A “1" WILL BE PLACED IN
THE ACCUMULATOR POSI-
TION CORRESPONDING TO
THAT DECIMAL NUMBER.
ALL OTHER POSITIONS WILL
CONTAIN ZEROS.

a40885

o If the BCD digit to be decoded is an 8, A “‘1”’ will be placed in the accumulator at that position as shown.

e Programming example, FUN 82

!

1
[ 1 o
4 } ~{osTR3 2}—-—l

Rl

il lcs

FUNB2 |—¢

pouT4 |—@

40 100
] |
L ( ) y
| |
1
t : =
1 ] [~
57 117
| L I
L N\

L) ] 2] [&7]

Le]) Le) (o] [ev]) [r]) [e] [

EaR sl el )

lOUTI !SHF'
b
| |

=
|
|

Ge 9 5] [0

Lo] [o] L&)
| |

)

ERE el Eal

a40886

¢ A BCD digit (for example: 6) is loaded into the accumulator (lower 4 bits) from the lower 4 bits of the reference, Inputs
20, 21, 22, and 23. The bit pattern loaded in the accumulator would be 0 1 1 0.

o The BCD digit is decoded to a decimal number between 0 - 15 (in this example 6).
e That number is stored in the corresponding bit position in the accumulator.

e Outputs 0040 to 0057 correspond to the 16 bits of the accumulator. One of the outputs will be enabled when the
accumulator position has a ““1°* placed in it. When the contact corresponding to the output reference is closed, a coil 100 -

117 will turn on.
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Encode (F83)

A bit in a position in the accumulator is encoded to a 4-bit code representing the position number (0-15)
in the accumulator. The resulting 4-bit code is placed in the lower four bits of the accumulator.

a40887
I0RE foeeeef L e
® FUN 83 Encode sequence (example)
[eTsToTe] TeoTToToToToTs] ridbsunie
ojojojoJofoJoJoJoJo]iJoJoJoJo]o POSITION IN THi
Lol ] ] ACCUMULATOR
POSITION 5
FUN 83 IS ENCODED
5 TO A 4-BIT CODE
[eToTofoJoJoloJolo o ololo o 1]  ANBSTOREDN
18 4 2 118 4 2 118 4 2 118 4 2 11 OFTHEACCUMULATOR
¢ The upper 12 bits of the accumulator will contain zeros after the FUN 83 has been executed.
INV (F84)
The 16 bits stored in the accumulator are logically inverted; i.e., 1 to 0 and 0 to 1.
a408s88

AEE 4o w3

e Invert sequence

CreTolo e FTe e [T e e [T iTy] jeessoneon

15 NV o ARE
ol 1] 1T JoJol [ JoJo[1[1JoJo]0] LOGICALLY INVERTED

¢ Programming example, INV

3 ISTRI lSHF' l3| |ENTI
I pSTR 3 o & R 3] B
INV
" O © M
w ) 000 BN R) 3] [ENT
-
pour 7} [ 3] 3] B9

Ll [e] o] [en] [R] [Z] [Eng

e Data entered into the accumulator from Inputs 0030 - 0047 is inverted.
e The inverted data is added to data from Inputs 0050 - 0067. The answer is stored in the accumulator, then inverted again.
e Data is written to Outputs 0070 - 0107
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BCD (Binary to BCD) (F86)

A binary code stored in the accumulator is converted to a 4 digit BCD value. If the resulting BCD value
is >9999, the overflow flag (777) will turn on. The flag coil can be used to turn on an output device as an
indication of the overflow.

a40890

[JEIET A L oo

e BCD conversion sequence

BINARY CODE
[o]o1JoJoT 1 JoJoJoJo [ o[ []1] STOREDINTHE
BN ACCUMULATOR
IS
BCD
OV:::LGOW i 2 L ! f DIGIT BTED oA
cD
775 1Jofof1JoJoJ 1 JoJoJ 1] [oJoJo1 NUMBER

¢ Programming example, BCD

[sTR] [swr] [ 1] [ent]
DSTR3

Led Ls) Le] (o) [r] [3] [=v]
Lel U L[] [r] [s] [ev]
] ] ] =

Douw'1
Led [e) (o] [a]) [A]) [] [=v]
¢ ﬁ l w s s ] 2] 7] [ [=7]

fout) [swe} [ 2] [ 3] [o] [=7]

e Data is stored in the accumulator from Inputs 0030 - 0047.

e Data from Inputs 0050 - 0067 is added to the value in the accumulator.

¢ The resulting answer is stored in the accumulator, where it is converted to a 4 digit BCD number.
e The BCD number is written to Outputs 0070 - 0107.

e If an overflow occurs, the overflow Flag 777 will turn on Output 130.
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Field Wiring to I/O Modules

Each of the 8 circuit I/O modules, has a terminal block attached to it with 10 screw terminals. The 16
point I/O modules, with screw terminals, have a removable socket type terminal board on the front of
the module. The terminal board can be easily removed, which allows modules to be readily removed or
changed without removing the field wiring to the module. Each of these terminals are capable of
accommodating one AWG No. 12 or two AWG No. 14 stranded wires. A clear plastic cover snaps over
the terminals as a safety precaution. An insert is included with the covers to record circuit identification.

Some of the 16 point I/O modules are connected to field wiring through a connector mounted on the
faceplate. A description of these modules is on the following page.

The rest of this chapter provides specifications, wiring diagrams, typical schematics, and sample
reference numbers for each module type. The typical schematics are to provide details for interfacing
and not for maintenance or repair of these modules.

The sample reference numbers should be adjusted by the user to the actual slot in which the modules
will be installed. Every slot is provided with eight references. Those modules that provide eight circuits
still consume 8 I/O references. When 4 circuit modules are used, the four references not used to
interface to ‘‘real world’’ I/O, are available for use as internal references for the user’s logic program.
A 16 circuit I/O module uses 2 groups of 8 I/O references.
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a40287

a41928

PUM Ty -
A Y s

o

Figure 6-1. A. Typical I/O Module B. High Density Module With Removable Connector

clo CAO
oo " 0
0o lo L
o4
20 30 os °°
ocs '°
40 50 00
or g
60 70 03
40
os
C20 07 o
8 CIRCUIT 16 CIRCUIT

a40796

Figure 6-2. Typical I/O Terminal Configuration
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pc-s1-83-0068
; 2 | e §
o3 02 01 00 SLOT NUMBER
30-37 | 20-27 | 10-1? 07 VO REFERENCE
POWER
U siemy /
130-137]120-127]110-117{100-107
— — - - a40797
10 07 ) 06 [
—1 ] 70-77 | 80-87 | 50-57 | 4047
POWER r——— C— ——— —— —
SupPLY 00 | 070 | 080 | 060 | 040 ] 0% [ 020 o0 | 000
150-167]140-147) 10 10 10 10 0 i) 10 10 10
107 077 087 067 047 037 027 017 007
cry
150 140 130 120 10 100
10 10 10 10 10 10
157 147 137 127 17 107
—J 7 U3 37 | — | S— —_— T
18 14 13 12 1" e ——— ——— — _—— L r——
070 J 080 | 060 J 0s0 ]| 03 ] 020 | o0 | ooo
1 10 10 0 10 10 ) T 10
on 08?7 067 047 03?7 027 017 00?
POWER
suPrLY cru
10 |16 | 13 120 1o | 100
0 0 10 10 10 10
187 147 137 127 17 107
5-SLOT RACKS 10 SLOY RACKS

(EXAMPLE—SERIES ONE)

EXAMPLE SEMES ONE PLUS)

Figure 6-4. Example of 16 Circuit I/O References

NOTE

When using the maximum number of 16 point I/O modules possible, the slots marked with an X
are no longer available for system use.

I/O Interface Cable Cross Reference List

The following list provides a reference to the available I/O Interface cables and the module or modules
with which they may be used.

Cable Description

IC610CBL105
24 Pin Connector
10’ (3 meters)

IC610CBL107
32 Pin Connector
10’ (3 meters)

Module Description

IC610MDL105
IC610MDL106
IC610MDL156

1IC610MDL110

Thumbwheel Interface
High Density Input
High Density Output

High Speed Counter
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I/O Module Catalog Numbers
Table 6-1 is a list of catalog numbers for Series One/Series One Plus I/O modules.

Table 6-1. /O Module Catalog Numbers

DESCRIPTION

CATALOG NUMBER

I/O Modules - Input

115 V ac Input, 8 Circuits 1C610MDL125
230 V ac Input, 8 Circuits IC610MDL127
115 V ac Isolated Input, 4 Circuits IC610MDL126
24 V dc Sink Input, 8 Circuits IC610MDL101

24 V dc Sink Input, 16 Circuits
24 V dc Sink Load Input, 16 Circuits

IC610MDL106 (2)
IC610MDL107 (1)

24 V ac/dc Source Input, 8 Circuits IC610MDL111

24 V ac/dc Source Input, 16 Circuits IC610MDL112 (1) (3)
Analog Input, 4 Channels IC610MDL116

1/0 Modules - Output

115/230 V ac Output, 8 Circuits IC610MDL175
115/230 V ac Isolated Output, 4 Circuits IC610MDL176

24 V dc Sink Output, 8 Circuits IC610MDL151

24 V dc Sink Output, 16 Circuits
24 V dc Sink Output, 16 Circuits

1IC610MDL156 (2)
IC610MDL157 (1)

24 V dc 2 Amp Sink Output, 4 Circuits IC610MDL153

24 V dc 2 Amp Sink/Source Output, 4 Circuits IC610MDL154

24 V dc Source Output, 8 Circuits IC610MDL155

24 V dc Source Output, 16 Circuits IC610MDL158 (1)
Relay Output, 8 Circuits 1C610MDL180
Relay Output, 16 Circuits IC610MDL182 (1)
Analog Output, 2 Channels 1C610MDL166
1/0 Modules - Special

24 V dc Input/Output, 4 In/4 Out 1C610MDL103

24 V dc Sink Input/Relay Output, 4 In/4 Out 1C610MDL104

Thumbwheel Interface
High Speed Counter

IC610MDL105 (2)
IC610MDL110 (4)

Fast Response 1/0O, 4 In/2 Out 1IC610MDL115
I/O Simulator, 8 Input Circuits 1C610MDL124
I/O Modules - UL Listed

115 V ac Input, 6 Circuits 1IC610MDL135
Relay Output, 5 Circuits IC610MDL181
115 V ac Output, 6 Circuits IC610MDL185

1. Removable terminal board for I/O Wiring.

2. Connects to J/O through 24 pin connector on faceplate.

3. This module can also be used as a sink input. The user must provide the power source to operate the field devices.
4. Connects to /O through a 32 pin connector on faceplate.
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I/O Module Specifications and Wiring

The remainder of this chapter describes the available I/O modules for the Series One and Series One

Plus PCs.

115 V ac Input
IC610MDL125

This module provides 8 circuits each designed to receive a single discrete (ON/OFF) signal from user
supplied devices. Typical input devices include limit switches, pushbuttons, selector switches, and relay
contacts. The 8 circuits are divided into two groups of 4 circuits each. Each group can be supplied from
a separate power source. Power to operate the field devices must also be supplied by the user. Figure
6-5 provides wiring information for this module. Following are specifications for each of the 8 circuits.

Input Points 8
Operating Voltage 97-132 V ac
AC Frequency 47-63 Hz USER WIRING MODULE
Input Current 15mA @ 60 Hz 115 vAC
115 mA @ 50 Hz ot s U -
Input Impedance 9.5K ohms ~
ON Level Above 80 V ac ——o o—1—Do
OFF Le\g,l Below 20 V ac ——o""o—+ O
OFF to ON Response 10-30 ms o o——)
ON to OFF Response 10-60 ms ) ’
Circuit Indicator Field Side T QD 3
Internal Power Consumption | 10 mA @ 9 V dc oo Q) a
Units of Load 1 Unit @ 9 V de — o——Q¢
Weight 50z(140 g) ¢——alo—1 P
——oo—+ >
115 VAC
o Qe
WIRING DIAGRAM
INPUT ~
Fom st e O PN AAAM Jl l[
, =
; 115 _VAC  common V2
10 (;‘;HER I LED& ~
THREE CIRCUITS VAV OPTICAL

COUPLER

SAMPLE INPUT CIRCUIT

Figure 6-5. Wiring for 115 V ac Inputs

pc-s1-83-0037

TYPICAL

REFERENCES

05C

[¢1-2]

052

083

© 054

055

056

087
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This module provides 8 circuits, each designed to receive a single discrete (ON/OFF) signal from user
supplied devices. Typical input devices include limit switches, pushbuttons, selector switches, and relay
contacts. The 8 circuits are divided into two groups of 4 circuits each. Each of the 2 groups can be
supplied from a separate power source. Power to operate the field devices must also be supplied by the
user. Following are specifications for each of these 8 circuits.

Input Points
Operating Voltage
AC Frequency
Input Current

Input Impedance

ON Voltage

OFF Voltage

OFF Current

OFF to ON Response
ON to OFF Response
Circuit Indicators

Units of Load
Weight

Internal Power Consumption

8

180-265 V ac
47-63 Hz

18 mA (265V, 60 Hz),
Max.

11 mA, Typical

18 K ohms @ 60 Hz
Above 180 V ac
Below 40 V ac
<2mA

5-50 ms

5-60 ms

Field Side

10 mA, 9V dc
1Unit@ 9V de

5 oz (140 g)

Field connections are made to screw terminals on
a terminal block mounted on the faceplate. Each
terminal will accept up to one No. 12 AWG wire
The C1 and C2 common
terminals are isolated from each other.

or two No. 14 wires.

r- -—-Cf” - —-

)

)

]

[}

)

' 180-265 VAC

SRR v S

- COMMON CED \
TO OTHER —AAMA

INPUT

THREE CIRCUITS

SAMPLE INPUT CIRCUIT

USER WIRING

MODULE

180-265 VAC
HOT ~ NEUT
—\ZJ

Dt

180-265 VAC

Qc2

WIRING DIAGRAM

OPTICAL
COUPLER

Figure 6-6. Wiring for 230 V ac Inputs

pc-s1-84-0024

TYPICAL
REFERENCES

060
061
062
063
064
065
06€

067
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115 V ac Isolated Input
IC610MDL126

This module provides 4 circuits, each designed to receive a single discrete (ON/OFF) signal from user
supplied devices. Typical input devices include limit switches, pushbuttons, selector switches, and relay
contacts. Each of these circuits is isolated from the other circuits on this module relative to AC power
source. The term isolation is not relative to optical-coupler noise and fault isolation which all I/O
modules have. Each input is provided with 2 field terminals allowing separate AC power sources (that
is, different phases) for each of the four inputs. The sources of AC power must be supplied by the user.
Figure 6-7 provides wiring information for this modules.

Although this module consumes 8 discrete references assigned to the I/O slot into which it is inserted,
only 4 are actually used. The other 4 can be used internally as coils, but they cannot be provided to
hardware I/O modules. Following are specifications for each of the 4 circuits:

Tnpat Points , pc-s1-83-0032
Operating Voltage 97-132 V ac TVPICAL
AC Frequency 47-63 Hz USER WIRING MODULE REFERENCES
Input Current 15ma @ 60 Hz
Input Impedance 10K ohms @ 60 Hz %)
12K ohms @ 50 Hz
ON Level Above 80 V ac [TWC’/ —T o
OFF Level Below 20 V ac HOT (yNEUT —Q Ne 3c
OFF to ON Response 10-30 ms s D
ON to OFF Response 10-60 ms Lot~ R
Circuit Indicator Field Side a®n O~ 31
Internal Power Consumption 10mA @ 9Vde T VACMG —Q 2
Units of Load 1@9Vde Lot~ nEuT - .,
Weight 42 oz (120 g) i @
115 VAC ol o QD3
l HOT ° NEUT Qw3 3
%)

WIRING DIAGRAM

rFooee- St e WA i}
1
': =
: 115 VAC
(@t
- OPTICAL
COMMON o N COUPLER

SAMPLE INPUT CIRCUIT

Figure 6-7. Wiring for 115 V ac Isolated Inputs
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GEK-90842

24 V dc Sink Input (8 Circuits)
IC610MDL101

This module provides 8 circuits each designed to receive a single discrete (ON/OFF) signal from user
supplied devices. Typical input devices include limit switches, pushbuttons, selector switches, and relay
contacts. Power (24 V dc) to sense the state of these inputs is provided by the rack power supply. No
external power source is required with this module. All 8 circuits are powered from this one source.
Figure 6-8 provides wiring information for this module. Following are specifications for each of the 8
circuits:

pc-s1-83-0034
Input Points 8
Maximum Voltage 36 Vdc .
L

In;uotpenCug:::m) 18 mA USER WIRING MODULE REFERENCES
Input Impedance 1.8 K ohms .
ON Level* <3Vd - 3%
OFF Level* >3Vdc ¢ o—5 Do 046
OFF to ON Response 410 15 ms .
ON to OFF Response 410 15 ms o o— oar
Circuit Indicator Field Side ——o o——>? 042
Maximum OFF Leakage 3 mA ¢ %
Minimum ON Current 7 mA 1 3 oe
Internal Power Consumption 14 mA for each ON ——o o—1- 044

Circuit @ 24 V dc 1r—o’~5————@ 045

10mA@9Vde J 265 oae
Units of Load 1@9Vde

10@ 24 Vde alo =0) . 047
Weight 4.2 oz (120 g)

c @—N\ INTERNAL
CONNECTION

* Voltage levels measured between common and input terminals
(across input device).
WIRING DIAGRAM

‘ TO OTHER
common 24 VBC CIRCUITS
Fo-----s-es---- Mll——ﬂ
! INTERNAL ﬁ
POWER SUPPLY
: OWER S LED
]
]
1
: $
. ) INPUT
bemmoey o7 Gmm e OPTICAL

COUPLER

SAMPLE INPUT CIRCUIT

Figure 6-8. Wiring for 24 V ac Sink Inputs



the 16 circuits. Typical input devices include limit switches, pushbuttons, selector switches, and relay

dc power to sense the state of these inputs is provided by the rack power supply

.
»

Input Points 16 a40566
Maximum Voitage 36 Vdc
V[ g VUS| TN 731
(Upen Lt
Innut Current 16 mA MODULE
~a - - -~ - =y USER USER TYPICAL
ON Level 0Oto3Vdc WIRING WG REFERERCES
OO ¥ acral 10 oo 2€ Y7 3 — )
WK AsxYEL 40 W OU V¥V UL _ ¢ A!B v — a a
OFF to ON Resnonse 4 to 15 ms —o o— OtHr—=< ~°o -
— o oy o0 o O T~—o0—4 030 omn
ON to OFF Response 410 15 ms i oo g olls ~g 4 S
AMMoctommm AP ¥ aclraaa A A ] - s - 7 o~ I ol wee
IVAGRAILMUIL VKK & LR/ Y_—'v" O = < — - H 034 035
Minimum ON Current SmA L = = g c36 037
Circuit Indicator Field side a2l ol o~
Trtnrmal Damwar Cancrnmation |94 A /2 OV 4. WMox [ - = i 3 o
ALIICTLA&L X OWEl LOLSu won &% A @ 5 v U8, IviaxR, 0 < -0 —0 TO—+% 130 1N
(16 circuits ON) ——o— 0% 2 ~o—4¢ 132 133
mam  a o ma owr e W& o ° o oH Il i~—n—29 134 138
210 mA @ V dc, Max. 1 cdls Slle T PO
(1€ ~irmiiite OND Y I 13e13e
(40U Carduies viyy o—0
Units of Load 3units @ 9V de 2
\.—A —~ we . T
21 units @ 24 V dc
W al e AN ~ae 719N .\
vy Sagnt “.4 OZ (ieV g)
WIRING Di&GRAM
AaANCAO
QAVI<40
13 ~ 55°C {i6 CIRCUITS OWi
NOMAED 12 % 13 CIRCUITS ON
NU!ELN i = l
L |
CIRCUITS _ |
ON Lo |
|
|
4 |
|
!
T T T T T T
i0°C 20C T 0T 0T &0<T
AMBIERT TEMPERATURE i*Ci
Kioure 6£.0 T/0) Paintc V€ Toamnaraturs
- le“l w WS A N A WVARAW v W a vlllrvl AR W
. TO OTHER
PR 24 vDC [ 2% CIRCUITS
LUMMUN T | ~r~ ~ 7
[ S S iy S W ), ) W —
' ~ 7 101 T &<J T | ———
! 1 INTERNAL | | | A
: O~ power suppLy D | I v
i > ~— ) —
) > -T N = |
! T | | N
. INPUT i | | OPTICAL ™N
! o= ~ 1A A ] 1 | CoOuUPLER —_—
LommesyT e VVVV g —& =



6-12 YO Specifications and Wiring

—eee———— — ————
GEK-90842

24 V dc Sink Load Input (16 Circuits)
With Removable Terminal Board
IC610MDL107

This module provides 16 circuits, each designed to receive a single discrete (ON/OFF) signal from user
supplied devices. This module has 16 LED status indicators to reflect the ON or OFF status of each of
the 16 circuits. Typical input devices include limit switches, pushbuttons, selector switches, and relay
contacts. 24 V dc power to sense the state of these inputs is provided by the rack power supply;
therefore, no external power source is required for this module. The 16 circuits are divided into 2
groups, with each group having its own common terminal. The 2 common terminals are tied together
internally.

Figure 6-12 provides wiring information for this module. The 16 input circuits are connected to user
devices through a removable socket type terminal board.

a40799
Input Points 16
Maximum Voltage (Open 36 V dc USER WIRING MODULE USER WIRING
Circuit
Inlgut urrent 17 mA
ON Level * O3 Vde
gg Lev('g\ .R ;9 to1§4 Vde o—ic TYPICAL
to ON Response to 15 ms 0 REFERENCES
ON to OFF Response 4 to 15 ms $——o o %) 1
Maximum OFF e 1 mA 2 Q——=CT"o—4¢ o o
Minimum ON Current SmA —oo—+Q s
Circuit Indicator Field Side Q—+—<"o—+¢ o042 043
Internal Power Consumption |25 mA @ 9 V dc, —o o—H0Q
Maximum Q——c~o—4 o o
(16 circuits ON) 0
14 m&f%f &ach ON circuit @ 7 O\QL 046 047
c
Units of Load 3 units @ 9 V de salile %] 0 s
23 units @ 24 V dc , % = 141 140
Weight 6.0 oz (170 g) —o o—— 5
*Voltage levels measured between common and input ¢ o o—2-0Q G e 142
terminals (across input device). 240798 . Q—t—CT—o—9¢ s 144
—o o0—1—0 6
16 16 CIRCUITS ON , Q—F——< "o—e 147 126
o1 o
uuggsk 1
CIRCUITS 3 CIRCUITS ON
ON 8
o WIRING DIAGRAM
T T 1 T T A
10°C 20°C 30°C 40°C SO°T 60°C
AMBIENT TEMPERATURE | °C)
Figure 6-11. /O Points VS Temperature
COMMON 2avoc TO OTHER CIRCUITS
S g
' INTERNAL
! POWER SUPPLY
: INPUT OPTICAL
bee et - - O A COUPLER

Figure 6-12. Wiring for 1€ Tircuit, 24 V dc Sink Load Inputs
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GEK-90842

24 V ac/dc Source Input
IC610MDL111

This module provides 8 input circuits, each designed to receive a single discrete (ON/OFF) signal from
user supplied devices. Typical input devices include pushbuttons, limit switches, selector switches and
relay contacts. These input circuits can interface to either 24 V ac signals or 24 V dc source-type signals,
thereby allowing the module to interface to input devices that provide their own voltage. Following are
specifications for each of the 8 circuits.

AC INPUT DC INPUT
Input Voltage 20 t0 28 V ac, 50-60 Hz | 20-28 V dc (Source)
Input Current 19 mA (maximum) 19 mA (maximum)
13 mA Typical 13 mA Typical
ON Level 201028 V ac 20to 28 V dc
OFF Level Ot 6Vac Ot 6Vde
OFF to ON Response 5 10 50 ms 6 to 30 ms
ON to OFF Response 5 to 60 ms 5 to 60 ms
Circuit Indicator Field Side Field Side
Internal Power Consumption 9 V dc, 10 mA (supplied by rack power supply)
Units of Load 1@9Vde
Weight 5 oz (140 g)
a42681
User dcviccs are conn 1 to screw tc . a,ls on USER WIRING MODULE TYPICAL REFERENCES
the faceplate of this module. Each screw termi- 2028 AC
nal will accept up to one No. 12 AWG wire or ~ o Em
two No. 14 AWG wires. The ON/OFF state of _
each circuit is indicated by an LED located in the ) ° \2
field side of each circuit. The 8 circuits are o o—T0 O 036 031
divided into 2 groups of 4, each with its own — PW
common. The two commons, CA and CB are —~o D2 O 032 033
isolated from each other internally. Each input © ° \@
can accept either an AC input or a DC input. $—o"0—1Q: Qs 034 035
1r-—-</0—-—
¢—alo—1—s 22 7 036 037
a42682 %) cs
i P
INPUT (0-7) 20-28 v DC
ro--@---
¢y (<X
! ' WIRING DIAGRAM

prmme

OPTICAL
COUPLER

COMMON
ICA CB)

Figure 6-13. Wiring for 24~ .c¢/dc inputs
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GEK-90842
M4 X anlda Chrtewmnns VToemeed 1L £V mncelda)
<4 vV ac/ac Source input (16 Circuits)
Wik Daocmawahls Mot 1 Doanod
vitil REemovavie 1erminal poara
TOLINRANY 119
1ICOIUMIDLILZ
g o/ PE-PUSTIR. IR P PR 1 QNP PP L TR =) o QLI LIS I SRS U SR S S S LU
1S moauiC proviacs 10 mput UILS, will LCU Indicators, €acn aesignea 1o reCeive a singie discrete
e SV a% > = Y. 1~ . . . . o -« . . . . . L - . . -
(ON/OFF) signal from user supplied devices. Typical input devices include pushbuttons, limit switches,
selector switches and relay contacts. These input circuits can interface to either 24 V ac signals or 24 V
dc source-tvne sionals. therehv allowino the inle to interface to innut devicec that nrmvide their num
- W - .J rv M-e‘l-v’ —-v-vv; SRALNS VY AL S SAAW AAAVWAMAY SV ALASWVALAWMWYY W “lr“lv AW V AWWA AR rAvv.\-lv SAAWAL W VYVAL
vnltage Tn additinn the mndAnle ran he ~rannantad ne a cinl inmit Whan 1cing tha cinl ~Aan® orieasi e
AAYZY e Adl GAIMLLIVILy WiV MIVVULIWY VAl VUV WJILUIVVIVAL D a4 duin ul, (¥ 4 &% VYV 1iNA1 WAL IV Ddlin VVILLLE Ul AllV), l,
tha 1noar svmivet arvsmemler ¢ha anvena AL camcrrne fae thha Scmcaiid Aacrtimnncs oo sxrlaacm ccand 2 dhhs amccems  Sememiad
UIC UdLL IIUDL dupply Wiv SOUUILT UL po 1 101 Ul 1put Ucviied, HICII WA Ul WIC dOUICC UIput
PP - SUNSUCIUIE - T P LY . SUPL S S TR JC I 1P S S -
niguration. rouo £ are¢ speciications 1or each of the 10 circuiis.
A TATDY T W™ TATDY ™
Nne UNXX Vi Ao AN U1
Input Voltage (Source or Sink) 141030V ac, 50-60 Hz | 20-28 V dc
Input Current 2mA@24V a 12mA @ 24 dc
ON Levei 141030V 14 10 30 V dc
Fa - -l JuaE—— n._ " wr _ n . ~ XY 1
urr Lev v J V ac v Jd V ac
NET ¢ MA! D acece e € en 2N con o & en NE .
s » WiV N P‘,“bc o SV LD & W LJ LD
NN ¢n NEER Dacnnnea § tn 30 me 8 tn 28 me
VLY BV VAR l\w.’vuav - VW WV ARAV - WA dwel RREO
Circuit Indicator Logic Side Logic Side
= . b e i
Internal Power Consumption 9 V dc, 130 mA (maximum)
Typical, 25 mA + 4.5 mA for each ON circuit
Tlentéan nlf ¥V acnd 12
Vi v au 10
W osaht 6 o2 (170 o)
Weiaht € 0z (170 g)
a40800
User devices are connected to screw terminais on
the removable connector mounted on the
farenlate nf ic mndnla Farh crreaw tarminal
.-vvrluw wVa AAAY AAAVUINMAW . At SAAAA ODOWAW VY SAwAAAAALLACAL
wrill anranmt 11m tA Ama NTA 19 A JOY exreonn e Swwron 16 CIRCUITS ON
YV il mval Uy W ULV I1W. 14 AYWZWDY pyy Ul L v 16
AT 14 AXYIIM 2. T N INTTYY caca L _ 1
INO. 14 AwG wires. 1n€e OnyOrr st: 1 eacn
PRSI DU B . LY. I LY YV 1 10 .1 1 . NUMRBRER 12
circuit Indicaicd 0y an L. located in tne 1o0g1C of
. o - . . —— - - . . -e . a - ~MoenrTe
side of each circuit. The 16 circuits are divided SRS 8
into 2 groups of 8, each with its own common.
— _ 4 J
The two commons, CA and CR are isclated from )
A AW BVY W WWAAMAAWVA 9 Swrd A AN WwAS MAW ADVAWAWNE AL VAL
oaan nthae sntarnalle Earh imemi¢ Anm ancamd
Wwawili Vvl ulwula.uy. AsQN/11 Lu» | S 7 1 “UW_ 15
mrtlhne nee ALY lacaiid e -~ T S o
ClUlvi all A\ l_ ulk 1l a L 1. ut.
Figure 6-14. I/O Points vs Temperature
Chart
N AAGEE &



I/O Specifications and Wiring

GEK-90842

USER WIRING

MODULE

USER WIRING

14.30vDC

14-30VAC

1|+

INPUT (0-7)

e e
h

L
e

’

o~

¥
'

........

-J‘
v

-ba PR
DC == OR 17 AC

~r

WIRING DIAGRAM

TYPICAL
REFERENCES
010 on
012 013
014 015
016 017
1M 10
113 112
115 114
117 116

% LED

IONM

OPTICAL

|

COMMON (CA, CB)

COUPLER

SAMPLE INPUT CIRCUIT
FIGURE 6 15 WIRING FOR 16 CIRCUIT 24 VAC/DC SOURCE
LOAD INPUTS

Figure 6-15. Wiring for 16 Circuit 24 V ac/dc Source Load Inputs

a40801

6-15



6-16 I/O Specifications and Wiring

GEK-90842

115/230 V ac Output
IC610MDL175

This module provides 8 circuits each capable of controlling user supplied discrete (ON/OFF) loads.
Typical loads include relay coils, motor starters (up to No. 3), solenoid valves and indicator lights. The
8 circuits are divided into 2 groups of 4 circuits each. Each group can be supplied from a separate
power source. Power to operate the field devices must also by supplied by the user. Figure 6-17
provides wiring information for this module. Following are specifications for each of the 8 circuits:

CAUTION

If this module is wired incorrectly or the listed specifications are exceeded, any damage
incurred by the module or user devices connected to the module may not be covered by

warranty.
pc-s1-83-0033
Output Points 8
4 ting Voltage 97-265 V ac AErERENCES MODULE USER WIRING
AC Frequency 47-63 Hz , c
um Current* 1 amp 7,268 VAL .
Maximum Leakage Current 1.2 mA @ 220V, 60 Hz LN &
0.5 mA @ 110V, 60 Hz
ON Voltage Drop 8’% 8 (1)§mp 050 c@ ——e
. .5 am,
Smallest Recommended Load |25 mA P o1 O
Maximum Inrush 10 amps for 16 ms 052 2 Q) AT )
S amps for 100 ms Rt
ON 1 OFF ﬁmespom 8.30 ms (172 cycle) o PO
to nse -10 ms (1/2 cycle
Circuit Indicator Logic Side 054 1%y —-
Fuses (Internal, Soldered) (2) S amp fast blow (one 055 5 Q Y
on each fgroup of 4)
Internal Power Consumption 20 mA for each ON 056 e O— 4
Circuit @ 9 V dc Farareie
Units of Load 16 @ 0 e 0% %
Weight 6.4 oz (180 g) 97-265 VAC
*Maximum load current is dependent upon ambient w8 (O— —>
temperature as shown on the chart in figure 6-16. a40555
8 CIRCUITS ON AT | AMP EACH
8 — 8 CIRCUITS ON AT 0.5 AMPS EACH
M WIRING DIAGRAM
NUMBER 6 1
C‘”g:”s . ~ 5 CIRCUITS ON AT C.S AMPS EACH
3 CIRCUITS ON AT ! AMP EACH
2 -
T T T T T 1
10°C 20°C 30°C 40°C 50°C 60°C
. AMBIENT TEMPERATURE (°C)
Figure 6-16. /O Points vs Temperature
5a HOT 97-26i VAC
YO OTHER -+—e@—O0\_O0——-O--------- W e==a
THREE CIRCUITS - '
1
LD E
& - |
& 1 OUTPUT
O .......... S - -

Figure 6-17. Wiring for 115/230 V ac Outputs
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6-18 /O Specifications and Wiring

GEK-90842

24 V dc Sink Output (8 Circuits)
IC610MDL151

This module provides 8 circuits each capable of controlling user supplied discrete (ON/OFF) loads.
Typical loads include relay coils, motor starters, solenoid valves, and indicator lights. The 8 circuits are
provided referenced to a single DC power source, that must be supplied by the user. Figure 6-21
provides wiring information for this module. Since current flows from the load into the field terminal for
each circuit when the output is energized, these circuits are referred to as sink DC outputs. Following
are specifications for each of the 8 circuits:

pc-s1-83-0035
Operating Vot $24va
rat oltage -
ok Violtage -8 45V dc TYPICAL
Maximum Current* 0.5 am; REFERENCES MODULE USER WIRING
Max. Leakage Current OlmI@dec 5 24 vDC
ON Voltage P 0.8V @ 0.5 amp =
Smallest R dedLoad |1 oA & O =P B i
ecommen
Maximum Inrush 3 amp for 20 ms ose 52 *
1 amp for 100 ms 061 %, 4/
OFF to ON Response 100 msec
ON to OFF Response 100 msec 062 & — e
Circuit Indicator Logic Side 2 e
Fuses (Internal) @3 amp . 063 %, { X
one on each group o
Internal Power Consumption 20mA @ 9 \grdcp 064 4(_7xﬁ 4—ae
3 mA for each ON 065 5 —N A
Circuit @ 24 V dc
Units of Load 2 units V dc 086 % — v —
3unis @24 Vdc - oo o
Weight 420z (120 ) 5 I
INTERNA /{’_—_\ Z)
CONNEC’!LON c2
* Max. load current is dependent upon ambient temperatures as
shown in fig. 6-20. a40550
8 CIRCUITS ON AT 0.5 AMPS EACH WIRING DIAGRAM
] < 8 CIRCUITS ON AT .35 AMPS EACH
NUMBER 6
CIRGIITS *$ S CIRCUITS ON AT 0.5 AMPS EACH
ON 4 4
2 -
1 T T 1 1
10°C 20°C 30°C 40°C 50°C 60°C
AMBIENT TEMPERATURE (°C
Figure 6-20. I/O Points vs Temperature
Chart 24 voc COMMON _vee.,
! * O == == ST o
INTERNAL )
POWER SUPPLY .
gz = ‘Cncos. ;
OPTICAL COUPLER 3
ouTeuT Ve :
S o, YR I PR -

Figure 6-21. Wiring for 24 V dc Sink Outputs
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GEK-90842

24 V dc Sink Output (16 Circuits)
IC610MDL156

This module provides 16 circuits, each designed to be capable of controlling user supplied discrete
(ON/OFF) loads. There are 16 LEDs on the faceplate, which are status indicators to reflect the ON or
OFF status of each of the circuits. Typical loads include relay coils, motor starters, solenoid valves, and
indicator lights. The 16 circuits are referenced to a single DC power source that must be supplied by the
user. Output switching capacity of this module is 0.5 A at 24 V dc. The output switching circuitry is
arranged in 4 groups with 4 circuits in each group. Each group is protected by a 3 amp fuse.

The 16 circuits are connected to user loads through an optional I/O Interface cable, Catalog number
IC610CBL10S5, which connects to a 24-pin connector mounted on the module faceplate. Figure 6-23
provides wiring information for this module. Following are specifications for each of the 16 circuits.

Output Points 16 pc-s1-83-0070
pukl \t]i:lgnzgluge i(—)ZQ]chdc USER USER TYPICAL
ON Voltage Drop, ical 09 V dc 8 0.5 amp WIRING MODULE WIRING REFERENCES
ON Voltage Dro ;{mmnm 1.5 Vdc @ 0.5 am;
Maximuns Currents 0.5 am P s ) AL B
Maximum Leakage Current 0.1 @40V de 4, 0 10 1~ 030 031
Maximum Inrush 3 amp for 20 ms o) 2 o 3 L 032 033
1 amp for 100 ms ~ 4 5 ~
OFF to ON Response 0.1 ms " o = 034 035
ON to OFF Response 0.1 ms —r o & 036 037
Fuse (Internal) 3 amp (In Output
Common Line, one for 8:2 ¢
each group of 4). 4 0 o 1 @ 130 131
Internal Power Consumption 40 mfo@ 9V dc, @ 2 o 3 A—@ 132 133
Maximum —— 2 o 2N 132 13
16 outputs O b 6 ° 7 { o
§6mA@24 de — -0 O ~A_¢ 136 137
Maximum C -1+
(16 outputs ON) g?_—;g [iF———e
Units of Load 4 units @ 9 V de K/ 5-24 VDC
10 units @ 24 V dc
Weight 390z (110 g)
*Maximum load current is dependent upon ambient
temperature as shown in figure 6-22. 240552 WIRING DIAGRAM
16 30°C (16 CIRCUITS ON)
NUMBER 12 o
OF
CIRCUITS
oN 8
6 CIRCUITS ON
4 —
1 T 1 1] 1 ¥
10T 20°C 30°C 40°C 50°C 60°C
AMBIENT IEIPERATURE (B}
Figure 6-22. I/O Points vs Temperature
hart
¢ f: vee COMMON - e
11|+ * ~Or--omeneed [RAREEEED
INTERNAL % 3a
POWER SUPPLY
= TO OTHER
CRCUITS
OPTICAL ouTPUT :
COUPLER . o U - S

Figure 6-23. Wiring for 16 Circuit 24 V dc Sink Outputs
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GEK-90842

24 V dc Sink Output (16 Circuits)
With Removable Terminal Board
1C610MDL157

This module provides 16 circuits, each designed to be capable of controlling user supplied discrete
(ON/OFF) loads. There are 16 LEDs on the faceplate, which are status indicators to reflect the ON or
OFF status of each of the circuits. Typical loads include relay coils, motor starters, solenoid valves, and
indicator lights. The 16 circuits are referenced to a single DC power source that must be supplied by the
user. Output switching capacity of this module is 0.5 A at 24 V dc. The output switching circuitry is
arranged in 2 groups with 8 circuits in each group. Each group is protected by a 3 amp fuse.

The 16 circuits are connected to user loads through a removable socket type terminal board. Figure 6.25
provides wiring information for this module. Following are specifications for each of the 16 circuits:

Output Points 16
Operating Voltage 524 V dc a40802
Peak Voltage 40 V dc
ON Voltage Drop, Typical 1.0 Vdc @ 0.5 amp .
ON Voltage Drop, Maximum |2.0 V dc @ 0.5 amp 7 30°C 116 CIRCUITS ON)
Maximum Current* 0.5 amp NUMBER 12 —
Maximum Leakage Current |0.11 mA @ 40 V dc 3
Maximum Inrush 3 amp for 20 ms CIRCUITS ¢
1 amp for 100 ms » 6 CIRCLITS ON
OFF to ON Response 0.1 ms 4
ON to OFF Response 0.1 ms
Fuse (Internal) 3 amp (In Output Common T : — T t
Line, one 10°C 20°C 3C°C 40°C S0°C 60°C
for each group of 8) AMBIENT TEMPERATURE (°C)

Internal Power Consumption |9 V dc: 3 mA + 2.3 mA for
each ON circuit

24 V do: mA for cach ON Figure 6-24. 1/O Points vs Temperature
Units of Load 4 units @ 9 V dc Chart

10 units @ 24 V de
Weight 5.6 oz (160 g)

* Maximum load current is dependent upon ambient temperature
as shown in figure 6.24.
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GEK-90842

24V dc 2 Amp Sink Output
IC610MDL153

This module provides 4 fused 24 V dc sink output circuits each capable of controlling user supplied
discrete (ON/OFF) loads. Each circuit is rated at 2 amps continuous current. Typical loads include
motor starters, relay coils, solenoid valves, and indicator lights. The circuits on this module are referred
to as sink outputs since current flows from the load into the field terminal for each circuit when the
output is energized. Field connections are made to screw terminals on a terminal block mounted on the
faceplate. Each terminal will accept up to one No. 12 AWG wire or two No. 14 AWG wires. The
ON/OFF state of each circuit is indicated by a corresponding LED. This module, although having only
4 output circuits, will consume 8 consecutive discrete references. The 4 references not available as
‘‘real world’’ outputs can be used as internal coils. Following are specifications for each of the four
output circuits.

Output Points 4 a40551
Operating Voltage 51024 Vde
Peak Voltage 45V dc
ON Voltage Drop 'ésvvdcdc @41 amp 4 CIRCUITS ON AT 2 AMPS EACH
: @ 4 amp 4 4 CIRCUITS ON AT | AMP EACH
Maximum Current* 2 amps F——._3 CIRCUITS ON AT
Maximum Leakage Current |<.4mA @ 40V dc NUMBER 3 “a 4 AMPS EACH b 3 CIRCUITS ON AT 2 AMPS EACH
OFF to ON Response .1 ms CIR?:(FJ TS .
ON to OFF Response .1ms oN 2 ™
Circuit Indicator Logic Side N
Fuses, Internal 5 amp (1 for each circuit) !~ I CIRCUIT ON AT ®<_
Replaceable 4 AMPS .
Internal Power Consumption |5 mA @ 24 V dc T T LB
2mA@9Vd 10 20°C 30T 40°C S0°C 60°C
Units of Load lunit@ 24 Vdc AMBIENT TEMPERATURE (°C)
2units @ 9 V dc
Weight 4.2 oz (120 g) . .
Figure 6-26. I/O Points vs Temperature
Chart
*Maximum load current is dependent on ambient temperature as shown in figure 6.26.
pc-s1-84-0022
TYPICAL
REFERENCES MODULE USER WRING
OPTICAL S5A ouTPUT
@ COUPLER PR __.:
ot = E
030 [ C 2)—-—: J_' s VDC ,
! -— T .
{1—4 J'- 28 Suc = '
031 1 6 c@Q— LED 4 '
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(o}
Y
<
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-
<
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2
I’
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'
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L.

032

A 1O OTHER 5 70 24 vDC

b CRCUITS
033 3 <@

SAMPLE SINK OUTPUT CIRCUIT

WIRING DIAGRAM

Figure 6-27. Wiring for 24 V dc 2 Amp Sink Outputs
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GEK-90842

24 V dc 2 Amp Sink/Source Output
IC610MDL154

This module provides 4 isolated, fused 24 V dc sink or source output circuits each capable of controlling
user supplied discrete (ON/OFF) loads. Each circuit is rated at 2 amps continuous current. Outputs can
be connected in parallel to increase output current capacity. Types of loads that can be controlled by
this module would include motor starters, relay coils solenoid valves, and indicator lights. All 4 circuits
can be referenced to a separate DC source of power. The circuits on this module can be used as either
source outputs or sink outputs, depending on how the load is wired in relation to the load power supply.

Field connections are made to screw terminals on a terminal block mounted on the faceplate. Each
terminal will accept up to one No. 12 AWG wire or two No. 14 AWG wires. The ON/OFF state of each
circuit is indicated by a corresponding LED on the logic side. This module will consume 8 consecutive
discrete references. The 4 references not used as ‘‘real world”’ outputs can be used as internal coils in
your program. Following are specifications for each of the four circuits.

a40553
Output Points 4 4 CIRCUITS ON AT 2 AMPS EACH
Operating Voltage 51024 Vdc . < 4 CIRCUITS ON AT ® AMP EACH
Peak Voltage 45V de «._3 CIRCUITS ON AT \
Maximum Current* 2 amps Continuous NUMBER 3 J Va4 AMPS EACH \
8 amps Maximum Peak cm%ﬁ”s R \
Maximum Leakage Current |<.4mA @ 40 V dc _ AN ; RCUIT T2 AMPS £
ON Voltage Drop 1V do @ 6 amps oN 2 2 CIRCUITS ON AT 2 AMPS EACH
6 Vdc @ 4 amps ' e
3Vdc@ 2 amps ' CIRCULT QN AT
A5Vdc @ 1 amp
OFF to ON Response 1 ms T T N !
ON to OFF Response 1 ms 10°C 20°C 30°C 40T 50°C 80°C
Circuit Indicator Logic Side AMBIENT TEMPERATURE (°C)
Fuses, Internal 5 amp (1 for each circuit) . .
Replaceable Figure 6-28. I/O Points vs Temperature
Internal Power Consumed 2mA@9Vde TYmcAL 0
30 mA @ 24 Vdc REFERENCES MODULE USER witwG pc-s1-84-0023
Units of Load 2 units @ 9 V dc
3 units @ 24 V dc o
Lamp load should be .8 amps or less. 5
*Load current (max.) is dependent on ambient 0%° °Q ; _1’ 5 ¢ 24 voc
temperature as shown below. e ‘ @/c o= | R
052 2QQ 2 .
0s3 1Q 3@ T soumcr
Q
Although not shown as such, the 4 circuits are isolated from each other and can be connected to separate power sources.
OPTICAL 5A  OUTPUT

COUPLER N - -
==
=7
LED
T COMMON
——o —0O--

Figure 6-29. Wiring of 24 V dc 2 Amp Sink/Source Output
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GEK-90842

24 V dc Source QOutput
IC610MDL155

This module provides eight 24 V dc source output circuits, each capable of controlling user supplied
discrete (ON/OFF) loads. Each circuit is rated at 0.5 amps continuous current. Typical loads that can
be controlled by this module are motor starters, relay coils, solenoid valves, and indicator lights. The
output switching circuits on the module are arranged in 2 groups with 4 circuits in each group. Each
group of 4 output circuits is protected by a 3 amp fuse. All 8 circuits should be referenced to a single
source of dc power. Field connections are made to screw terminals on a terminal block mounted on the
module’s faceplate. Each terminal will accept up to one No. 12 AWG wire or two No. 14 AWG wires.
The operating state, either ON or OFF, is indicated by a corresponding LED viewed on the module’s
faceplate. Following are specifications for each of the 8 circuits.

Output Points 8 a40554
Operating Voltage S5to24 Vde
Peak Voltage 40 V dc
ON Voltage Drop 1.0 V@ 0.5 amp 8 4 50°C (8 CIRCUITS ON!
075V @ 0.1 amp }
Maximum Current* 0.5 amps NUMBER 6 -1 6 CIRCUITS ON
Maximum Leakage Current |0.1 mA at24 V dc -
Smallest Recommended Load |1.0 mA oN 4
OFF to ON Response 100 psec <1
ON to OFF Response 100 psecs 2+
Circuit Indicator Logic Side |
Fuses (Internal) (2) 3 amp (in output T T T T T v
common line, 10°C 20°C 30T 40°C S0°C 60°C
one for each group of 4 AMBIENT TEMPERATURE (°C)
circuits)
Internal Power Consumption |30 mA maximum @ 9 V dc, Figure 6-30. I/O Points vs Temperature
Supplied by rack power Chart
supply
Units of Load 3Units @9V de
Weight 4.2 oz (120 g)

*Maximum load current is dependent on ambient temperature as
shown in figure 6.30.
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Figure 6-31. Wiring for 24 V dc Source Outputs
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GEK-90842

24 V dc Source Output (16 Circuits)
With Removable Terminal Board
IC610MDL158

This module provides sixteen 24 V dc source output circuits, each capable of controlling user supplied
discrete (ON/OFF) loads. The output switching capacity of this module is 0.5 amps at 24 V dc. Typical
loads that can be controlled by this module are motor starters, relay coils, solenoid valves, and indicator
lights. The output switching circuits on the module are arranged in 2 groups with 8 circuits in each
group. Each group of 8 output circuits is protected by a 5 amp fuse. All 16 circuits can be referenced to
a single source of dc power or each group of 8 can be referenced to a separate source of power. Field
connections are made to screw terminals on a removable terminal board mounted on the module’s
faceplate. Each terminal will accept up to one No. 12 AWG wire or two No. 14 AWG wires. The
operating state, either ON or OFF, is indicated by a corresponding LED viewed on the module’s
faceplate. Following are specifications for each of the 16 circuits.

a40805
Output Points 16
bt tp ting Vo %024 V dc USER WIRING MODULE USER WIRING
Peak Voltage 40 V dc TYPICAL
ON Voltage Drop Maximum 1.5 V dc REFERENCES
0.8 Vdc 8 0.5 amp (Typical) 5-24 vDC
0.7 V dc @ 0.1 amp (Typical) ca@Q——i|——¢ o020 o2
Maximum Current®* 0.5 amps ————Q0
Maximum Leakage Current |10 m, 40 V dc 1Q— N g 022 023
OFF to ON Response 0.1 ms esisn've; o) Q2
ON to OFF Response 1.0 ms (Resistive ~ o
Circuit Indicator Logic Side 3O < 024 025
Fuses (Internal) (2) S amp (in output common p——" N -4
line, one for each group of 8 sQ——H——o o026 027
circuits) QD
{Jn“tlel'na}P IP::: Consumption %% xtr}A for ezgu:% ON circuit 5.24 v DC 10 &
ts o nits dc e} |I.__.___._._.< a cB
Weight 7.1 0z (2% 2 | % ) 121 120
— L)
2Q———=o 123 122
& —Q3
*Maximum load current is dependent on ambient temperature as «Q A e 125 124
shown in figure 6.32. 240804 , A Qs
1 - 16 CIRCUITS ON 6 Q__M\_—ﬁ 127 126
. . 0.25A b L (D)7
NUMBER 12 S
3 0.5A > .
C'Rgﬂ”s . S Y 10 CIRCUITS ON
6 CIRCUITS ON WIRING DIAGRAM
4
T T T T 1 T
10°C 20°C 30°C 40°C 50°C 60°C
AMBIENT TEMPERATURE (°C)
Figure 6-32. I/O Points vs Temperature
TO OTHER CIRCUITS
5A 5-24vDC
common 3
= ‘
OPTICAL ouTPUT

COUPLER

)
}
0_-__,1',.-._.4

4

Figure 6-33. Wiring for 24 V dc Source Qutputs
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GEK-90842

Relay Output (8 Circuits)
IC610MDL180

This module provides 8 circuits each capable of controlling user supplied discrete (ON/OFF) loads.
Typical loads include relay coils, motor starters, solenoid valves, and indicator lights. Since this module
is not designed for a specific current type such as 115 V ac or 24 V dc, it can be used with a wide variety
of loads and signal types. The 8 circuits are divided into two groups of 4 circuits each. Each group can
be supplied from a separate power source. Power to operate the field devices must also be supplied by
the user. Following are specifications for each of the eight circuits:

Outputs 8

Operating Voltage 5 to 265 V ac/dc

AC Frequency 47-63 Hz

Maximum Current* 4 amp (resistive)

Maximum Leakage Current 1 mA

(Across Contacts)

Smallest Recommended Load 5 mA

Maximum Inrush 5 amps

OFF to ON Response 5 ms

ON to OFF Response 5 ms

Circuit Indicator Logic Side

Fuses (Internal) (2) 10 amp (Replaceable)
(one for each group of 4)

Internal Power Consumption 45 mA for each ON
Circuit @ 9 V dc

Units of Load 34 units @ 9V dc

Weight 7 oz (200 g)

*Since non-solid state devices are used as the power switching devices, the following limitations must be observed for reliable operation:

Table 6-2. Maximum Current vs Load Type for Relay Outputs

OPERATING MAXIMUM CURRENT FOR LOAD TYPE TYPICAL LIFE

VOLTAGE RESISTIVE LAMP SOLENOID (OPERATIONS)
220 V ac 4.0 Amp 0.5 Amp 0.5 Amp 100,000
220 V ac .05 Amp .05 Amp 800,000
110 V ac 4.0 Amp 0.5 Amp 0.5 Amp 150,000
110 V ac 0.1 Amp 0.1 Amp 650,000
24 V dc 5.0 Amp 0.5 Amp 0.5 Amp 100,000
50 V dc 1.0 Amp 0.1 Amp 0.1 Amp 100,000
100 V dc 0.5 Amp .05 Amp .05 Amp 100,000
250 V dc 03 Amp .03 Amp .03 Amp 100,000

NOTE

Lamp loads are defined as a X10 inrush with a power factor (PF) of 1.00 and when turned OFF
represent a PF of 1.00. Solenoids are defired with a X10 inrush, a PF of 0.65, and when turned
OFF represent a PF of 0.35.
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GEK-90842

Relay Output (16 Circuits)
With Removable Terminal Board
IC610MDL182

This module provides 16 circuits each capable of controlling user supplied discrete (ON/OFF) loads.
Typical loads include relay coils, motor starters, solenoid valves, and indicator lights. Since this module
is not designed for a specific current type such as 115 V ac or 24 V dc, it can be used with a wide variety
of loads and signal types. The 16 circuits are divided into two groups with 8 circuits each. Each group
can be supplied from a separate power source. Power to operate the field devices must also be supplied
by the user. The ON/OFF status of each circuit is indicated by an LED, which is located on the logic
side of the circuitry. The 16 output circuits are connected to user loads through a removable socket type
terminal board. Following are specifications for each of the 16 circuits:

Outputs 16
Operating Voltage 510220V ac
51030 Vdc
AC Frequency 47-63 Hz
Maximum Current®* 2 amps (Resistive)
8 amps per Common (maximum)
Maximum Leakage Current 0.1 mA
(Across Contacts)
Smallest Recommended Load 5 mA
Maximum Inrush 2 amps
OFF to ON Response 10 ms
ON to OFF Response 10 ms
Circuit Indicator Logic Side
Fuses (Recommended, External) 2 amp in series with load
Internal Power Consumption 30 mA for each ON Circuit @ 9 V dc
Units of Load 48 units
Weight 8.5 oz (240 g)

*Since non-solid state devices are used as the power switching devices, the following limitations must be observed for reliable operation:

Table 6-3. Maximum Current vs Load Type for Relay Outputs

OPERATING MAXIMUM CURRENT FOR LOAD TYPE TYPICAL LIFE

VOLTAGE RESISTIVE LAMP SOLENOID (OPERATIONS)
220V ac 2 Amp 0.25 Amp 0.25 Amp 100,000
220 V ac 0.03 Amp 0.03 Amp 800,000
110 V ac 2 Amp 0.25 Amp 025 Amp 100,000

110 V ac 0.05 Amp 0.05 Amp 650,000
24V ac 2 Amp 0.25 Amp 0.25 Amp 100,000
NOTE

Lamp loads are defined as a X10 inrush with a power factor (PF) of 1.00 and when turned OFF
represent a PF of 1.00. Solenoids are defined with a X10 inrush, a PF of 0.65, snd when turned
OFF represent a PF of 0.35
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GEK-90842

a40806

USER WIRING MODULE USER WIRING

TYPICAL
REFERENCES
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Figure 6-35. Wiring for 16 Circuit Relay Outputs
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GEK-90842

24 V dc Input/Output (4 In/4 Out)
IC610MDL103

This module provides a dual function since it provides 4 input circuits each designed to receive a single
discrete (ON/OFF) signal from user supplied devices and 4 output circuits each capable of controlling
user supplied discrete (ON/OFF) loads. Typical input devices include limit switches, pushbuttons,
selector switches, and relay contacts. Typical loads include relay coils, motor starters, solenoid valves,
and indicator lights.

24 V dc power to sense the state of the inputs is provided by the rack power supply. The 4 output
circuits are referenced, through their respective loads, to a single DC power source. The ON/OFF state
of each input and output circuit is indicated by an LED. Figure 6.36 provides wiring information for this
module. Following are specifications for each of the 4 input and 4 output circuits:

INPUT CIRCUITS
Input Points 4
Maximum Voltage (Open 36 Vdc
Circuit)
Input Current 18 mA
ON Level 0-3Vdc
OFF Level 18-36 V dc
OFF to ON Response 4-15 ms
ON to OFF Response 4-15 ms
Maximum OFF Leakage 3mA
Minimum ON Current 7 mA
OUTPUT CIRCUITS
Output Points 4
Operating Voltage 5-24 V dc
Peak Voltage 45V dc
Maximum Current 0.5 amp
Maximum Leakage Current 0.1mA @40Vde
ON Voltage Drop (Typical) 0.8 V dc @ 0.5 amp
0.65 Vdc @ .1 amp
ON Voltage Drop (Max) 1.5V dec @ 0.5 amp
OFF to ON Response 0.1 ms
ON to OFF Response 0.1 ms
Fuse (Internal) 3 amp
(In Output common line)

Internal Power Consumption 20mA@9Vdc

Inputs 14 mA for each On Circuit

Outputs 3 mA for each On Circuit
Units of Load 2units @ 9 Vde

7 units @ 24 V dc
Weight 4.6 oz (130 g
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GEK-90842

pc-s1-83-0071
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Figure 6-36. Wiring for 24 V dc Inputs/Outputs
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GEK-90842

24 V dc Input/Relay Output (4 In/4 Out)
IC610MDL104

This module provides 4 dc input circuits and 4 relay output circuits. The 4 input circuits are each
designed to receive a single discrete (ON/OFF) signal from user supplied devices such as limit switches,
pushbuttons, and relay contacts. The 4 relay output circuits are each capable of controlling user supplied
discrete (ON/OFF) loads. Typical loads include relay coils, motor starters, and indicator lights. Since
the relay output circuits were not designed for a specific current type, such as 24 V dc or 115 V ac, they
can be used for a wide variety of loads and signal types. The ON or OFF state of each input and output
circuit is indicated by an LED. Figures 6.37 and 6.38 provide wiring information for this module.

Following are specifications for each input and output circuit.

*Since non-solid state devices are used as the power switching devices, the limitations listed in table 6-4 must be observed for reliable

operation:

DC INPUT CIRCUITS

Input Points

Maximum Voltage
Input Current

ON Level

OFF Level

OFF to ON Response
ON to OFF Response
Maximum OFF Leakage
Minimum ON Current

36 Vdc

18 mA (max)
0-3 Vde
18-36 V dc
4-15 ms

4-15 ms
3mA

7 mA

RELAY OUTPUT CIRCUITS

Outputs

Operating Voltage

AC Frequency

Maximum Current*
Maximum Leakage Current
(Across Contacts)

Smallest Recommended Load
Maximum Inrush

OFF to ON Response

ON to OFF Response

Circuit Indicator

Fuse (In Output Common Line,
Replaceable)

Internal Power Consumption

Units of Load
6 units @ 24 V dc

4

510 265 V ac/dc
47-63 Hz

4 amp (resistive)
1 mA

5 mA

5 amps

5 ms

S ms
Logic Side
10 amp

45 mA for each ON

Circuit @ 9 V dc
20 units @ 9 V dc
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GEK-90842

pc-s1-83-0072
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Figure 6-38. Sample 24 V dc INPUT/RELAY OUTPUT Circuits
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GEK-90842

Thumbwheel Interface
IC610MDL105

This module provides an interface between the Series One or Series One Plus PCs and up to four sets of
user supplied thumbwheels. Each set of thumbwheels will allow the operator to control the preset on a
timer or counter. In fact, these timer/counters (references 674 to 677) will not function without this
interface module. The power (24 V dc) to sense the state of these thumbwheels is provided by the
power supply in the CPU base unit. This interface module must be installed in the same base unit as the
CPU and can only be located in slots 2 through 5. Only one interface module is allowed per system.
The thumbwheels and their associated wiring must be supplied by the user. The thumbwheels are
standard BCD coded and diode isolated, a standard option available with most thumbwheels. The
following is the required setting for each digit of the thumbwheel:

Digit Internal Switch Closure (X=Closed)
Value 8 4 2 1
0
1 X
2 X
3 X X
4 X
5 X X
6 X X
7 X X X
8 X
9 X X

Whenever the interface is installed in the CPU base unit, eight discrete references are assigned to this
module slot. These references have no significance relative to the operation of the interface. They can
be used as internal coils, but not as status to other hardware I/O. All four presets are read into the Series
One or Series One Plus PC each scan. Figure 6.39 illustrates the wiring for the 20 terminals on the
interface module. No special terminations are required for circuits that are not being used.

One thumbwheel is read into the CPU every scan assuring rapid response to new values. Care should be
used when changing the value on the thumbwheels, since intermediate values can be brought in and used
during a scan or for several scans. For example, if the thumbwheel is set for the value 095 and the new
value 105 is desired, altering the hundreds digit first results in 195 being detected and used by the CPU,
until the tens digit is changed from 9 to 0. Nommally, higher values are more acceptable than lower
values and the natural tendency to enter new values from the left or high order digit will result in larger
values. However, if the tens digit is changed first, the value 005 could be read prior to the 105 being set.
The exact results depend upon the application and the specific logic entered.

Intemnal Power Consumption 90 mA @ 24 V dc (9 units of load)
10 mA @ 9 V dc (1 unit of load)
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 GEJ-7000
¢ Thumbwhee! interface Cable

" Wire List and Installation Diagram

GEK-90842

pc-s1-83-0067

AL'E/ ] 321
Pin No Signal Wire color code Pin No Signal Wrre color code
a1 674 Thumbwhee! switch ORN (RED1) B1 675 Thumbwheel switch ORN (BLK1)
A2 676 Thumbwhee! switch GRA (RED1) B2 677 Thumbwhee! switch GRA (BLKX1)
A3 1 WHT (RED1) B3 2 WHT (BLK1)
units dgit units digit
A4 4 YEL (RED1) B84 8 YEL (BLK1)
AS 1 PNK (RED1) BS 2 PNK (BLK 1)
tons dignt tons digit
AS 4 ORN (RED2) B6 8 ORN (BLK2)
A7 1 GRA (RED2) B7 2 GRA (BLK2)
hundreds digit [} digit
A8 4 WHT (RED2) B8 8 WHT (BLK2)
A9 1 YEL (RED2) B9 2 YEL BLK2)
A0 4 PNK (RED2) B10 8 PNK (BLK2)
AN not connected * ORN (REDJ) B1 not connected * ORN (BLK3)
A12 not connected * GRA (RED3) B12 not connected * GRA (BLK3)
Color Code Example ORN ------orange
ORN (RED): GRA (BLK2): T
YEL ---yellow
orange one red mark gray two black marks PNK - pink
RED - red
BLK - black

marks are not used.

° I solid state BCD input is used. connect to BCD input device common.

Figure 6-40. Thumbwheel Interface Cable Wire List
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High Speed Counter
IC610MDL110

The High Speed Counter module (HSC) allows a Series One or Series One Plus PC to monitor and
control a number of process variables (position, velocity, flow rate) that the CPU cannot control due to
timing constraints. A logical relationship between the counters seven inputs, the preset, and current
value determines the status of its own two external outputs as well as others through CPU user logic.
Figure 6.41 illustrates this concept.

The module can be installed in any of the first 4 I/O slots adjacent to the CPU, and uses 8 I/O and 2
counter references to interface with user logic. Indicators on the front face of the module give output
and count status.

General Specifications

Up/Down Counter Inputs Increment (Up) Count
Decrement (Down) Count
Reset/Marker

Preset Value (0 - 9999)
Current Value (0 - 9999)

Up/Down Counter Outputs Two Discrete DC (5 - 24 V)
Current Value (BCD)
Reaction Time < 100 Microseconds Between Pulse
Received and Transition of Output
Environmental
Operating Temperature 0to 60° C
Humidity, Non-Condensing 5t095 %
Power Consumption from Internal Supply 7mA @9 Vdc
Pulse Rate Without Filter < 10 kHz
With Filter < 500 Hz
(Filter selection by three dip
switches on module, see page 6-69)
Range 0 to 9999 Binary Coded Decimal(BCD)
Minimum Pulse Width 25 mS
a00807
ON— —— —— — — -_
OFF

fo—— 25 usec ——I—_—
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Up/Down Counter Inputs

SPECIFICATIONS
ITEM UP/DOWN INPUT RESET INPUT
Minimum Input 25 nSec 100 nSec
Pulse Width
Supply Voltage +12 V dc, 10% +12 Vdc, 10%
On Current <3 mA 10 to 15 mA
Off Current 10 to 15 mA <3 mA
On Voltage <3Vdc >7Vdc
Off Voltage >7Vdc <3Vdc
40068
1 1 2
4&
OFF — ON
ON -T OFF - T
COUNT * RESET *

Figure 6-44. Signal Direction

The conditions necessary to increment/decrement, or reset the counter are described below. This is of
particular interest when counting in one direction only.

DESIRED ACTION CONDITION

Increment Current Count Increment Input: (Disabled) -- (Enabled)
Decrement Input: Disabled

Reset Input: Disabled

Decrement Current Count Decrement Input: (Disabled) - (Enabled)
Increment Input: Disabled

Reset Input: Disabled

Reset Current Count Reset Input: (Disabled) -- (Enabled)
Increment Input: Disabled or Enabled
Decrement Input: Disabled or Enabled

Increment Input: Disabled, > 10 V dc Between Pins Bl and Al
Enabled, < 2 V dc Between Pins B1 and Al

Decrement Input: Disabled, > 10 V dc Between Pins B2 and A2
Enabled, < 2 V dc Between Pins B2 and A2

Reset Input: Disabled, < 2 V dc Between Pins B6 and A6

Enabled, > 10 V dc Between Pins B6 and A6

Al, A2, A6 a40069

12 vOC A C

Bl, B2, B6
Figure 6-45. UP/DOWN/RESET Input Circuit
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Typically an incremental encoder controls the counter through the Up/Down, and Reset Inputs. To
comply with HSC circuitry, the encoder should represent clockwise and counterclockwise movement of
its shaft with two separate pulse trains that increment and decrement the counter. Figures 6.46, 6.47,

and 6.48 illustrate sample connections.

cmja
=D,

COUNTER

)

[

7

!
.

+12VDC + 108
USER SUPPLED

pc-s1-84-0005

RESET/MARKER

PULSE

DECREMENT

PULSE

INCREMENT

PULSE

Figure 6-46. Encoder with RESET/MARKER Option Resetting Counter Once per Revolution

of Encoder Shaft

HIGH SPEED COUNTER
MOOWLE

oo j@
=DiE>
=D,

i

4

7

HOME SWITCH

+12VDC + 10%
USER SUPPLED

IbEN

ENCODER

bEN
bEN

pc-s1-84-0006

RESET/MARKER
PULSE

DECREMENT
PULSE

PULSE

Figure 6-47. Encoder with RESET Option in Series with Home Limit Switch Such That
Counter is Reset When Both Home Limit Switch and RESET/MARKER Pulse

are Enabled
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pc-s1-84-0007

HIGH SPEED COUNTER USER PHOTO ELECTRIC CELL®

MODULE SUPPLEED,

RESET _T-7- :I
COUNTER
LIMIT SWITCH

ENCODER
DECREMENT
COUNTER INCREMENT
PULSE

[

i

e*—a
INCREMENT J % % ;
% DECREMENT
COUNTER m PULSE
+ —
+12VDC + 10%

USER SUPPLKED

Figure 6-48. Encoder With Limit Switch Resetting Counter and Photoelectric Cell Inhibiting
the Counter Operation
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Binary Coded Decimal (BCD) Output
To view the counter current value, a four digit BCD (sink/source) output is provided.

SPECIFICATIONS
ITEM RATING

OUTPUT POLARITY 1: Optoisolator OFF
0: Optoisolator ON
See Sample Circuit Below

SOURCE MODE

Supply Voltage 5Vdec 5% 12 Vdc + 10%
Allowable Ripple <1% < 3%
Current Consumption <10 mA <25 mA
Output Voltage 35Vdc 6 Vdc

at 0.1 mA at 0.4 mA
SINK MODE
Output Voltage 04V dc@ 2 mA

0.1Vdc @3 mA

a40070

VOLTAGE

Figure 6-49. Sample BCD Output Circuit
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Counter Output

The HSC has two discrete outputs that can be controlled from ladder logic or by the relationship (>=<)

between the present and current value of the counter.

I/O Specifications and Wiring

%

GEK-90842

SPECIFICATIONS
ITEM RATING
Type NPN Transistor, open collector, sinking
Voltage Range St024 Vdc
Peak Voltage <45V dc
Current Range >03A

A typical wiring schematic to field devices and a sample circuit are shown in figure 6.51.

HIGH SPEED COUNTER MODULE

+V

\ 7
/E\%

V: +5VDC + 5% OR
+12VDC £ 10%

pc-s1-84-0009

B USER LOADS
A
NO. 2 |
| — T
b—15 o
NO. 1 [ I
S
g
7 U
5-24VDC

Figure 6-51. User Load Wiring Diagram
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GEK-90842

Shown below is the definition and user logic symbol for each interface function.

COUNTER FUNCTIONS USERLOGIC SYMBOL
SET CURRENT VALUE oNT

o1 X*
Y.

X: 100, 102, 104, 106
Y:0-9999

a42645

DEFINTION

WHEN COUNTER X IS ENABLED,
CURRENT COUNT IS SETTO A
VALUE OF Y

PRESET VALUE CNT

o0— X"
Y.

X: 101, 103, 105, 107
Y:0-9999

WHEN COUNTER X IS ENABLED,
PRESET VALUE OF COUNTER
ISSETTOY

* X = Counter Reference
* Y = Valid Range
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242646
INPUT FUNCTIONS LUSER LOGIC SYMBOL DEFINMTION
> PRESET VALUE* * X ENABLED WHEN CURRENT
VALUE OF COUNTERIS
o— p—o GREATER THAN TS PRESET VALUE
X: 00, 10, 20, 30
= PRESET VALUE* * X ENABLED WHEN CURRENT
o— }—o VALUE OF COUNTER IS
EQUAL TO ITS PRESET VALUE
X: 01, 11, 21, 31
< PRESET VALUE* * X ENABLED WHEN CURRENT
o—o |—o VALUE OF COUNTER IS
LESS THAN ITS PRESET VALUE
X: 02, 12, 22, 32
CARRY / BORROW X .
X: 03, 13, 23, 33

* Enabled when current value of the counter undergoes one of the six sequences

described below :

. 0001 - 0000 - 9999 (Decrement Rollover)
. 9999 - 0000 - 0001 (Increment Rollover)
. 0001 - 0000 - 0001

. 9998 - 9999 - 9998

NHEWN =

. (Increment Current Count) - (Externally Reset Counter) - (Decrement Current Count)

6. (Decrement Current Count) - (Extemally Reset Counter) - (Increment or Decrement Current Count)

* * The status of these input functions is given to the CPU once per scan. Therefore, if a
particular condition is true for less than the scan time of the user logic, its associated
Input function would not be enabled in the user program.
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a42647

QUTPUT FUNCTIONS USER LOGIC SYMBOL DEFINITION *
OUTPUT NO. 1 x IF DISABLED OUTPUT NO. 1
MODE SELECT o IS IN MANUAL MODE
, IF ENABLED OUTPUT NO. 1
X: 101, 111, 121, 131 IS IN COUNTER MODE
OUTPUT NO. 1 X IN MANUAL MODE OPERATES
STATE °"—'O'—° OUTPUT NO. 1 AS
NORMAL OUTPUT
X: 100, 110, 120, 130
IN COUNTER MODE DETERMINES
IF OUTPUT NO. 1 1S ENABLED
BEFORE OR AFTER PRESET
IS REACHED
OUTPUT NO. 2 x IF DISABLED OUTPUT NO. 2
MODE SELECT —O—o IS IN MANUAL MODE
_ IF ENABLED OUTPUT NO. 2
X:103, 113, 123, 133 IS IN COUNTER MODE.
IN MANUAL MODE OPERATES
OUTPUT NO. 2 X OUTPUT NO. 2 AS NORMAL
STATE o—~0O—0 OUTPUT
X:102, 112,122,132 IN COUNTER MODE DETERMINES

IF OUTPUT NO. 2 1S ENABLED
BEFORE OR AFTER PRESET
IS REACHED

* For further description on the operation of outputs, refer to Output Logic Section.
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Ouptut Logic

Each of the two HSC outputs operate in either the manual or counter mode. The operating mode of each
output is determined by the state of its mode select function (refer to output function section). The logic
of each mode will be covered separately.

If Mode Select Function Disabled (0): Manual Mode, Enabled (1): Counter Mode.

Manual Mode

The state of an output in the manual mode corresponds to the status of its associated Output State
Function as shown below in the manual mode output truth table.

Table 6-6. Manual Mode Output Logic Truth Table

OUTPUT MODE SELECT OUTPUT STATE OUTPUT
0 0 0
0 1 1

Counter Mode

In the counter mode of operation outputs can react immediately when the current count reaches specific
preset values. In this mode each output is controlled by a combination of three factors.

1. Initial relationship between preset and current count.
2. Real time relationship between preset and current count.
3. Status of Output State function.

When the HSC receives a preset value from user logic (via preset counter function), it is initially
compared to the current value of the counter. If the preset is greater than the current count in this initial
comparison the real time comparison*2between the preset and current count is *‘true’’ when the current
count is greater than or equal to the preset. In other words when the current count reaches the preset
moving in the POSITIVE direction the real time comparison becomes *‘true’’. This concept is shown
below in table 6.7.

Table 6-7. Real Time Comparison Table for Preset Initially > Current Count

CURRENT COUNT CURRENT COUNT
< PRESET > PRESET
REAL TIME COMPARISON STATUS FALSE TRUE

*Real Time Compariston = continuous comparison between preset value and current value of counter.
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Conversely, if the preset is initially less than the current count, the real time comparison is ‘‘true’’ when
the current count is less than or equal to the preset. In other words, when the current count reaches the
preset moving in the negative direction the real time comparison becomes ‘‘true’’. This concept is
shown below in table 6.8.

Table 6-8. Real Time Comparison Table for Preset
Initially < Current Count

CURRENT COUNT CURRENT COUNT
> PRESET < PRESET
REAL TIME COMPARISON STATUS FALSE TRUE

Once the status of the real time comparison between the preset and current count has been determined,
the status of the output is easily obtained. If the outputs associated output state function is disabled its
status corresponds directly to the real time comparison status. If the output state function is enabled the
output’s status is the inverse of the real time comparison status. This concept is shown in table 6.9.

Table 6-9. Output State vs Real Time Comparison Status in Counter Mode

OUTPUT STATE REAL TIME COMPARISON REAL TIME COMPARISON
FUNCTION IS FALSE IS TRUE
DISABLED 0 1 -
ENABLED 1 0

1: OUTPUT ENABLED
0: OUTPUT DISABLED

Table 6.10 summarizes the logic associated with an output in the counter mode of operation.
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Table 6-10. Output Logic in Counter Mode
INITIALLY PRESET > CURRENT COUNT
OUTPUT STATE FUNCTION CURRENT COUNT CURRENT COUNT
< PRESET > PRESET
0 0 1
1 1 0
INITIALLY PRESET < CURRENT COUNT
OUTPUT STATE FUNCTION CURRENT COUNT CURRENT COUNT
> PRESET < PRESET
0 0 1
1 1 0

Filter Selection

In some electrical noisy environments it may be necessary to filter out noise through filters available on
the module. The HSC provides this capability on the incremental count, decremental count, and
reset/marker inputs. The location of these switches on the module is shown in figure 6.53.

Sense of switch: OPEN - Filter Disabled (< 10 Khz)
CLOSED - Filter Enabled (< 500 Hz)

pc-s1-84-0004

INCREMENT D‘\
T e
Uj weuT

(11
(10
(1D
(1

D 0o
A il
@mw“//.' E\%L:J

J 2
]2

]2
] ¢

J o
P

Figure 6-53. Filter Selection with Dip Switch
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Fast Response 1/0
IC610MDL115

The Fast Response I/O module allows a Series One or Series One Plus PC to respond quickly to an
input and/or monitor very short input pulses. The module’s four 24 V dc inputs and two relay outputs
use 8 I/O references to interface with user logic. Each of the 2 outputs can operate in a manual or fast
response mode. An output in manual mode is controlled from user logic similar to any other discrete
output. An output in the fast response mode can be controlled independent of CPU scan time by its 2
associated inputs, with one input enabling it, and the other disabling it. Up to 14 Fast Response I/O
modules can be included in a Series One or Series One Plus PC system, thereby providing 28 fast

response outputs and 56 inputs total. Following are specifications for each of the input and output
circuits.

DC INPUT CIRCUITS
Number of Circuits 4
Maximum Voltage (Open Circuit) 36 V dc
Input Current 16 mA (maximum)
ON Level 0-3Vdc
OFF Level 18 -36 Vdc
OFF to ON Response 0.3t0o1 ms
ON to OFF Response 50 to 150 ms
Maximum OFF Current 3 mA
Minimum ON Current 7 mA
Input Pulse Width 1 ms (minimum)
Circuit Indicator Field Side
NOTE

Input Switching Voltage Provided by Module

RELAY OUTPUT CIRCUITS
Number of Circuits 2
Operating Voltage 5-265 V ac/dc
Ac Frequency Range 47-63 Hz
Maximum Current* 4 amp (resistive)
0.5 amp (inductive)
Maximum Leakage Current 1 mA
Smallest Recommended Load 10 mA
Maximum Inrush 5 amps
OFF To ON Response 5 ms (maximum)
ON To OFF Response 5 t0 10 ms
Circuit Indicator Field Side
Circuit Indicator Field Side
Fuse (In Output Common Line) 3 amp
Internal Power Consumption 50 mA + 53 mA/Output ON Circuit at 9 V dc,
15 mA/Input @ 24 V dc
Units of Load: 16 (9 V dc)
6 (24 V dc)

Since non-solid state relays are used as the power switching devices, the limitations as shown in table
below must be observed for reliable operation.
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Table 6-11. Maximum Current vs. Load Type for Relay Outputs

OPERATING MAXIMUM CURRENT FOR LOAD TYPE TYPICAL LIFE

VOLTAGE RESISTIVE LAMP SOLENOID (OPERATIONS)
220 V ac 4 Amp 0.5 Amp 0.5 Amp 100,000
220 V ac 0.05 Amp 0.05 Amp 800,000
110 V ac 4 Amp 0.5 Amp 0.5 Amp 150,000
110 V ac 0.1 Amp 0.1 Amp 650,000
24 Vdc S Amp 0.5 Amp 0.5 Amp 100,000
50 V dc 1 Amp 0.1 Amp 0.1 Amp 100,000
100 V dc 0.5 Amp 0.05 Amp 0.05 Amp 100,000
250 V dc 0.3 Amp 0.03 Amp 0.03 Amp 100,000

NOTE

Lamp loads are defined as a X10 inrush with a power factor (PF) of 1.00 and when turned OFF
represent a PF of 1.00. Solenoids are defined with a X10 inrush, a PF of 0.65, and when turned
OFF represent a PF of 0.35.

MODULE USER LOGIC SYMBOL
REFERENCE
NUMBER

0 o———{}——o0

.« —O

«  —OH

Y "——O-+

b40556

DESCRIPTION

CRABLE 30 ¢
OUTPUT X4 IN MABUAL MODE :
GPERATES A5 SORMAL BISCRETE

SQUTPUT 24 I8 FAST RESPOSSE MODE
EBABLES OUTPUT 0. ¢ (X&)

DISABLE 90 ¢
OUTPUT X4 IN MANUAL WOOE :
OPERATES AS MORMAL DISCRETE
[ 1)
OUTPUT X4 18 FAST RESPORSE
DISABLES OUTPUT B0 4 (X&)

EBABLE %0 €

OUTPUT X5 IN MANUAL WOOE :
'm“?nn AS BORWA. DISCRETE

OQUTPUT X6 In FAST RESPONSE WODE
EBABLES OUTPUT 0. 6 (26)

OISABLE w0 &

OUTPUT B6 I BABUAL MODE
gl'nn 6 WORBA. DISCRETE

Figure 6-54. Module Reference NUMBER/LOGIC Symbol Definition
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ad40547
CPU Side (User Logic) Fast Response Module Field Side
Input No. O Y Input No. 0
Input No. 1 Input No. 1
L/
b Output No. 4
Output No. 4 (X4)
Select
Output No. 4 (S5) 9
Input No. 2 9 Input No. 2
Input No. 3 inputNo. 3
P O No. 6
utput No.
L
Output No. 6 (X6) ‘
Select
Output No. 6 (S7) G

Figure 6-55. Fast Response Module Logic Diagram



@
(-]

DT Ao an

CULERA-YUBGL

-\ +

USER WIRING

© n
- “m
8 2 o
1
~t g X
o @ Q
- = >
@ @ >
Q » 3] ”
°g Qa & Q e
u‘. (.} —D..m. w W\
w uw mu x Pt
(o 1L “.Illll,f \_llu... .n“
// o H ./ \ | “
. [l d - | !
X s a H
= a q W L oo H
] ! Q& o™ !
1 , Aﬂ/ &3 - '
W 63 | H
=, ] '
S 6 &

L4

INPUTS
—oo0—+)2

USER WIRING

*——0 O/

y¥—< o0—m— 0

d

| — A .
2
g — (
Lﬁ & b 6 v.+T
N N & , m (
4 : gl g $—wr—it—
S g > =g
e 5 I TEE A
a SNl z3 r
g =g G T
Q.
\V/ 0 O-
lllll ————
& L= NN
W @) mw. )
3 3
1 [] A' v A
X oo K p
: \
\ —
] ~r. A S -
! 1 —Ch——e
[} 1 N
L | \
. gN

-4

SAMPLE OUTPUT CIRCUIT



I/O Specifications and Wiring 6-61

GEK-90842

I/O Simulator
1IC610MDL124

The 1/O simulator module has 8 two-position (ON or OFF) switches, each having an associated LED,
that is, if switch 1 is turned ON, LED 1 will light. An I/O simulator module uses one I/O slot and the 8
1/O references assigned to that slot. Each of the switches can be programmed as a discrete input device.
This module requires no field connections since its function is controlled by programming. An I/O
simulator module is a valuable tool in program development and troubleshooting. An I/O simulator
could also be programmed to be used as conditional input contacts for control of output devices.
Specifications for this module are as follows:

ON to OFF Response 4 t0 15 ms
OFF to ON Response 41t 15 ms
Internal Power Consumption 10mA @ 9Vdc
14 mA/Circuit ON @ 24 V dc
Units of Load 1 unit @ 9 V dc
11 units @ 24 V dc
Weight 3.2 0z (90 g)
a40215
1
4 \
170 SIMULATOR
0 O O 4
I O O 5
2 O O 6
30 O7
0
|
2
3
4
S
6
7
- I =

Figure 6-57. I/O Simulator Module Faceplate
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Analog Input
1C610MDL116

Introduction

The Analog Input module provides four independent input channels capable of converting an analog
input signal to a digital signal for processing by the programmable controller. This module can be used
with Series One and Series One Plus programmable controllers. However, the input can only be
provided in binary form with a Series One PC. The Series One Plus, in addition to the basic functions,
provides data operations (including math functions), which allows other types of operations to be
performed when using the analog input module. Each Analog Input module requires 16 I/O references
for addressing.

Hardware Features

The user can select, by jumper placement, to use either voltage inputs (1 to 5 V dc) or current inputs (4
to 20 mA). The factory setting is for voltage input operation. Resolution is 8 bits, which allows a
maximum digital value of 255 to be converted. Eight LEDs on the faceplate provide an 8-bit binary
display of the input. The channel to be displayed is selected by depressing a pushbutton on the
faceplate. Each time the pushbutton is depressed, the next channel in sequence is selected, i.e., channel
1,2, 3,4, 1, etc.

User field wiring is made to a removable terminal board on the module’s faceplate. A hinged plastic
terminal cover on the terminal board protects the terminals. The terminal cover has a removable label
that can be used to record circuit information. :

The maximum conversion time is 2 milliseconds and does not add to the scan time of the CPU. The
four channels are converted one at a time, with one channel being converted each scan. Each successive
scan converts the next channel in turn.

Power Requirements

This module requires an external 24 V dc power supply. The 24 V dc supply in Series One racks can be
used, however the current provided by the rack is limited to 100 mA, which is sufficient current for one
Analog Input module, since the module requires up to 65 mA for operation.

General and Electrical Specifications
Specifications for this module are provided in the following table.
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Table 6-14. Analog Input Module Specifications
Number of Channels 4 (Independent)
Input Ranges +1to +5 V dc or 4 to 20 mA
(jumper selectable for each channel)
Resolution 8-bit binary (1 in 256)
Digital Outputs 8 bits, binary data output

I/O Points Required
LED Display (16 LEDs)

Operating Temperature
Relative Humidity
Input Types

Input Impedance

Absolute Maximum ratings

Conversion Method
Conversion Time

Linearity Error

Accuracy

Accuracy vs. Temperature
Extemal Power Source

9 V dc Power Consumption

4 bits, channel status

16 consecutive (per slot assignments for 16 points, 0 to 7 and 100 to 117, etc.)
8 bits: Data being read into the selected channel
4 bits: Channel selected for Data Display

4 bits: Channels being scanned

0 to 60° C (32 to 140° F)

5% to 95% (non-condensing)

Differential

> 1 MQ (Voltage put)

250 Q (Current put)

Voltage Input, 0 to +10 V dc

Current Input, 0 to 30 mA

Successive Approximation Method

2 msec, maximum

+0.8%, maximum

+1% at 25° C, maximum

150 ppm (parts per million) per 1°C

+25 V dc, 65 mA (maximum)

55 mA (Supplied by rack power supply)

I/O Reference Definitions

The Analog Input module uses 16 consecutive I/O points, beginning with the first I/O reference assigned
to the I/O slot selected for the module. In the table, it is assumed that the Analog Input module is placed
in slot 3 of a properly configured 5 or 10-slot CPU rack (references 10 to 17 and 110 to 117). These
references are used for the example only, other valid references for I/O slots that allow 16 references can
be used. The following table defines the use of each of the I/O points.

Table 6-15. I/O Point Definition

I/O POINT DEFINITION WEIGHT /O TYPE
10 Data Bit - Binary 1 Input
11 Data Bit - Binary 2 Input
12 Data Bit - Binary 4 Input
13 Data Bit - Binary 8 Input
14 Data Bit - Binary 16 Input
15 Data Bit - Binary 32 Input
16 Data Bit - Binary 64 Input
17 Data Bit - Binary 128 Input
110 Channel 1 This bit is used in ladder logic to sense Input

when the data received at the inputs is for this

channel.
111 Channel 2 Sense bit Input
112 Caannel 3 Sense bit Input
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Table 6-15. I/O Point Definition - Continued
1I/O POINT DEFINITION WEIGHT O TYPE
113 Channel 4 Sense bit Input
114 This output combined with the following output can Output
115 be set to selectively scan only 1 channel, instead of all Output
4. These outputs are ignored if the scan selection
output is on. The desired channel is selected by
setting these two outputs in the ladder logic to the
state, as shown below, for that channel.
OUTPUT 114 OUTPUT 115 CHANNEL
0 0 1
1 0 2
0 1 3
1 1 4
116 Not used
117 Scan selection output. This bit must be set for the Output
module to read data input, unless the selected channel
scan outputs are used. This output is set in the ladder
logic program

Sample Ladder Logic

Sample ladder diagrams are provided below using the same I/O referencing as is used in defining the I/O
points in Table 6.15 on the previous page. These are examples of programming the Series One Plus.

Example 1. If all channels are to be scanned, output 117 must be on.

| SW1 117 | swil and sw2 are
tm===] [~ e (S )===+ user switches
SW1l SwW2 117
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Example 2. This example of ladder logic allows you to select the channel to be scanned.

| cH 2 SELECT
+----]

CH 4 SELECT
e T

CH 3 SELECT
+mmmm]

CH 4 SELECT
e B

The Function codes used in the above example are as follows:

SW2
$mmmm] e S [ F51
------ [ F86

110
+m===] [mmmmmm e [ F60

111
+====] [ [ F60

112
+o===] [mmmm e [ F60

113
e I CEEEEEE R [ F60

[-—-—--~ - (

[======- Fmm e (

R# 500]

R# 502)

R# 504]

R# 506]

) ———+

Retrieve data
and

convert to BCD

Store channel
registers 500

Store channel
registers 502

Store channel
registers 504

Store channel
registers 506

F51 = D STR1 (Data Store 1), F86 = BIN to BCD, F60 = D OUT (Data Out)

1l data in
and 501

2 data in
and 503

3 data in
and 505

4 data in
and 507
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Analog Input Module Features

Figure 6.58 is an illustration of the faceplate for the Analog Input module, showing its features and user
wiring connections.

241896
—
CHANNELS INPUT  ANALOG CHANNEL SELECTED
BEING SCANNED ! x FOR DATA DISPLAY
ALL DIM, 18 188 B I60SPY BY DEPRESSING
[lF ALL SCANNED:I o 28 28 |2|3209 PUSHBUTTON
30 30 |B4 BG4
DATA BEING READ ada ﬂ‘” CHANNEL SELECT
IN ON SELECTED PUSHBUTTON
CHANNEL FOR
DATA DISPLAY
CH
0SP
SEL CHANNEL | INPUT
-y
+1H O
]
+d ®
- ==
mpEOR
vl © |
s EXTERNAL
— ov SUPPLY
L )
| E—

Figure 6-58. Analog Input Module Faceplate

Selection Of Operating Mode

The mode of operation, either 1 to 5 V or 4 to 20 mA is determined by the absence or presence of
jumper plugs on pins that are located on the side of the bottom circuit board. There are four sets of pins
(2 pins in each set), with one set for each channel. The first set of pins is labeled CH1 and the last set of
pins is labeled CH4. The factory default setting is for 1 to 5 V operation, which is no jumper present.
To select the 4 to 20 mA mode of operation for any channel, place a jumper on the two pins for the
channel or channels and push the jumper firmly onto the pins.
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Analog Output
IC610MDL166

Introduction

The Analog Output module provides two independent output channels, each capable of converting 8 bits
of binary data to an analog output. This module can be used with any of the Series One family of
programmable controllers. The Series One Plus, in addition to the basic functions, provides data
operations (including math functions), which allows other types of operations to be performed when
using the analog output module. Each Analog Output module requires 16 I/O references for addressing.

Although this module can be used with the Series One and Series One Junior, in addition to the Series
One Plus, certain programming techniques will make better use of the capabilities of the Analog Output
module with these PCs. An APPLICATION NOTE will be issued explaining those techniques in detail.

Hardware Features

Each channel can provide either a voltage output (0 to +10 V dc) or current output (4 to 20 mA source).
Voltage or current selection for each channel is user selected by how the field wiring is connected on the
screw terminals on the faceplate. Resolution is 8 bits, which allows a maximum digital value of 255 to
be converted. Eight LEDs for each channel on the faceplate provide an 8-bit binary display of the data
output for each channel.

User field wiring is made to a removable terminal board on the module’s faceplate. A hinged plastic
terminal cover on the terminal board protects the terminals. The terminal cover has a removable label
that can be used to record circuit information.

The maximum conversion time is 10 microseconds and does not add to the scan time of the CPU. Both
channels are converted with each scan.

Power Requirements

This module requires an external 24 V dc power supply. The 24 V dc supply in Series One racks can be
used, however the current provided by the rack is 100 mA, which is sufficient current for one Analog
Output channel, since the module requires up to 85 mA for operation. The maximum load for both
channels is 170 mA.

General and Electrical Specifications
Specifications for this module are provided in the following table.
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Table 6-16. Analog Output Module Specifications

Number of Channels
Analog Output Ranges

Resolution
Digital Input Data
I/O Points Required

LED Display (16 LEDs)
8 LEDs for each channel
Operating Temperature
Relative Humidity

Output Impedance

Output Current

External Resistor
Conversion Start
Conversion Time
Accuracy

Accuracy vs. Temperature
Extemal Power Source

9 V dc Power Consumption

2 (Independent)

0 to +10 V dc or 4 to 20 mA

(selectable for each channel on faceplate terminals)

8-bit binary (1 in 256)

8 bits, binary from the CPU

16 consecutive (per slot assignments for 16 points, 0 to 7
and 100 to 117, etc.)

8-bit binary data display of output data for each channel

0 to 60° C (32 to 140° F)

5% to 95% (non-condensing)

< 0.5L (Voltage Output)

10 mA, maximum (Voltage Output)
550L, maximum (Current Output)
At start of CPU’s scan

10 msec, maximum

0.2% at 25°C

30 ppm (parts per million) per 1°C
+24 V dc, 85 mA (maximum)

55 mA (Supplied by rack power supply)

I/O Reference Definitions

The Analog Output module uses 16 consecutive I/O points, beginning with the first I/O reference
assigned to the I/O slot selected for the module. In the table, it is assumed that the Analog Output
module is placed in slot 2 of a properly configured 5 or 10-slot CPU rack (references 0 to 10 and 100 to
110). These references are used for the example only, other valid references for I/O slots that allow 16
references can be used.The following table defines the use of each of the I/O points.

Table 6-17. I/O Point Definition

/O POINT DEFINITION /O TYPE
CHANNEL DATA WEIGHT
0 Chanrel 1- Data Bit 1 1 Output
1 Channel 1 - Data Bit 2 2 Output
2 Channel 1 - Data Bit 3 4 Output
3 Channel 1- Data Bit 4 8 Output
4 Channel 1- Data Bit § 16 Output
5 Channel 1 - Data Bit 6 32 Output
6 Channel 1 - Data Bit 7 64 Output
7 Channel 1 - Data Bit 8 128 Output
100 Channel 2 - Data Bit 1 1 Output
101 Channel 2 - Data Bit 2 2 Output
102 | Channel 2 - Data Bit 3 4 Output
103 Channel 2 - Data Bit 4 8 Output
104 Channel 2 - Data Bit 5 16 Output
105 Channel 2 - Data Bit 6 32 Output
106 Channel 2 - Data Bit 7 64 Output
107 Channel 2 - Data Bit 8 128 Output
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Sample Ladder Logic

A sample ladder diagram is provided below showing a method of how to move output data to Channels
1 and 2. This is an example of programming the Series One Plus for using the Analog Output module.

Example. Move output data to Channels 1 and 2, using the same I/O references as are used in
previous table; i.e., 0 to 7 for Channel 1 and 100 to 107 for Channel 2.

SW1 SW2 Move data from
Hmm==] [—===]/[~=m=m= ————— [ F50 R¥ 500)——————- + registers 500/501
to the accumulator
then
______ [ F85 ==+ Convert data from
BDC to Binary
and
______ [ F61 R# 0 J-—-————=—+ Send the data to
Channel 1

SW1 SW2 Move data from

4m—==]/[====] [~=mmm— ————— [ F50 R# 502]—=——=—=- + registers 502/503
to the accumulator

then

______ [ F85 ]-——————+ Convert data from
BCD to Binary ’

l and

—————— [ F61 R¥ 10 ]--—=-=-=+% Send the data to

Channel 2

The Function codes used in the above example are as follows:
F50 = D STR (Data Store)

F85 = BCD to BIN

F61 = D OUT1 (Data Out 1)
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Figure 6.59 is an illustration of the faceplate for the Analog Output module, showing its features and

user wiring connections.

I/O Specifications and Wiring
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Figure 6-59. Analog Output Module Faceplate
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UL Listed Products

The Series One products that have obtained UL approval or are UL pending are described in the
following pages. These products are listed below. As with all products that have obtained UL approval,
each listed item has an attached UL label.

e IC610CPU101 Series One CPU. Version C of the CPU is UL Listed. The functionality of the CPU
has not changed, all specifications are the same as the previous version.

e IC610CHS111 Series One 5-slot rack. 115 V ac source of input power required.

IC610MDL135 Series One 115 V ac Input module, 6 circuits.

IC610MDL181 Series One Relay Output module, S circuits.

IC610MDL185 Series One 115 V ac Output module, 6 circuits.

The following pages contain the technical specifications and wiring information required to implement
the Series One UL listed products.
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5-Slot Rack, UL Listed
IC610CHS111

The 5-slot UL Listed rack is similar to the existing 5-slot rack, IC610CHS110, in that it has a power
supply to the right and slots to contain up to 5 modules. The power supply for this UL rack requires an
input power source of 115 V ac. This rack does not accept 230 V ac input.

As with existing 5-slot rack, a terminal board is provided for field wiring connections, refer to the
following figure. The two top terminals are for the 115 V ac HOT (H) and NEUTRAL (N) connections.
The next two terminals are for connecting an external device to the RUN relay, the next two contacts (+
and -) provide a 24 V dc output voltage at 100 mA for connection to an external sensor, and the bottom
terminal is the common (C) connection to an expansion rack.

When used as the first rack in an installation, it must contain the CPU which is placed in the slot next to
the power supply. The rack can also be used as the second or third rack in a system if more I/O is
required than can be contained in the first rack. A two-position switch on the inside, left of the rack,
must be set determined by location of the rack in the system. For a UL approved installation, do not mix
UL approved and non UL racks or modules. Specifications for this rack are as follows:

AC power Required: 115V ac, 15%
Frequency: 47 t0 63 Hz
Maximum Load: 0.8 A, max.
Output Current: 14 A, at 5V dc
0.8 A,at9Vdc
05 A, at 24 Vdc
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Figure 6-60. UL Listed 5-Slot Rack
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Relay Output Module, UL Listed
IC610MDL181

This UL listed module provides 5 circuits, each capable of controlling user supplied discrete (ON or
OFF) loads. These loads typically include relay coils, motor starters, solenoid valves, annunciation
devices and indicator lights. Since this module is not designed to operate with a specific current type
such as 115 V ac or 24 V dc. It can be used to control a wide variety of loads and signal types. The
relay contact rating for this module is C150.

The 5 circuits are arranged in one group, with 2 common connections, which are tied together internally.
Power to operate the field devices must be supplied by the user. An LED, viewed on the faceplate,

provides a visible indication of the ON or OFF state of each circuit.

a41925
Outputs 5
ra Voltage 510 132 V ac/dc TYPICAL USER
ggeprt::gencyhg 47 to 63 Hz REFERENCES MODULE WIRING
Contact Rating C150
Current, Continuous 2.5 Amps 030 00+
Current, Make, 120 V 15 Amps
Current, Break, 120 V 1.5 Amps 031 10—
Maximum Leakage Current 1mA
(across contacts) 032 20—
Smallest Recommended Load 5SmA
Maximum Inrush 5 amps 033 30
OFF to ON Response 5 ms
ON to OFF Response 4 ms 034 4 O
Circuit Indicator Logic Side
Fuses (Internal) (1) 10 amp, replaceable r—-<0
Internal Power Consumption 45 mA for each ON INTERNAL
circuit at 9 V dc JUMPER | | C
Units of Load 23 Units at 9 V dc -0
TO OTHER a41689
CIRCUITS 6n CONMON N
4L ———— -
¢ Er--
! I
|
|
|
|
|
|
|
%i r[ l COMMON }
LED ;
|
OUTPUT |
& {)._-___t\,._...._.l

Figure 6-62. Wiring for UL Listed Relay Output Module



Wiy ©___ o a0 __ 3 WS e _ - -
/'O Specifications and Wiring 6-75
_ _ -
GEK-90842
44 WY FaY a 4 MmN . TYY v e . . |
115 V ac Ouiput Moduie, UL Listed
IC610MDL185
Thic TTT 1icead svmmdiile sammcridac £ Alemaits samrbk ~omalle 0 oo 112 oo cooa12.3 30 . //AANT
i1 UL 1IDICU 11X UIT P1oviucy U CaCUlly, Calll CapabIC Ol COIUOUUULIE UdCI SUpplICU ULITIC (VIN Or
OFF) loads. These loads typically include relay coils, motor starters, soienoid valves, annunciation
jevices and indicator lights. The 6 circuits are arranged in two groups, with a single common
connection for all circuits. Power to operate the field devices must be supplied by the user. An LED,
viewed on the faceplate, provides a visible indication of the ON or OFF state of each circuit.
CAUTION
If this moduie is wired incorrectly or the listed specifications are exceeded, any damage
incurred by the moduie may not be covered by warranty.
241926
Outputs 6
Operating Voitage 97 to 132 V ac TYPICAL USER
AL Demasesamae A e £2 LY. merenrLiAse a 2o - aamemia
AL Tcqucaly &/ 10 OO nz REFERENLED UDULE WIKING
Maximum Current 0.5 amp (per naint) o~
Mo X oot P D Geni N Cao C~ Y~
Miaximuin L-eakage Lurrent UO mA at 11U V ac, oU V4L UV Ut r—
Hz ]
ON Voltage Drop 0.8 V dc at 0.5 am: 041 104 A&
o WM« M ___ A_31Y __ 3 ~nL A + o v Y
ollAuest Knelomnenueu Loaa L0 MA l
aximum Inrung 10 amns for 16 me nan "~ AN 1
Maximum Inrugh 20 amps for 20 ms 042 20O—4+—"TV"V""—@
S5 amps for 100 ms ) |
N ¢ AN Dacemnmca P N~ |
VL U UIN nespuunsc 4 1B 043 3“__ ' \ ‘
ON to OFF Response 8 to 10 ms (12 cycle) o i A T
Circuit Indicator Logic Side naa .~ A 1
Fuses (Internal soldered) (9} § amn ves “cOT
2 WBSTS \AllsSTGaay SUrGaTI TG \«) o am v i
(one for each group of _ |
3 e F 045 5§ O—de M@
mree circuits) A M
Internal Power Consnmntion 20 mA for sach O Py |
p mA for each ON N ~ |
circuit at 9 V de cO1T— )
Units of Load 12 Units at § V de
241688
5A
TN ATUED Py ~ .
TO OTHER 00—\
3 CIRCUITS | Q7.132VvAC
5A | HOT pty
— - NN A N AL
r Yy~ v - v ANt 2|
TOOTHER _ 1 . -
arprnTe OO 1
& vmuuii o I I I 1
N R d | S H
LED/n )\ + 4 < !
—t L YV 2 i
) oSSR X S !
~ — VAN 4 '
N\ T 4 H
A\ !
- | T outpur . i
——0——------\ =
Fionre 6-63. Wirino for IJL Lict 11 ac Dutnnt ule
Figure 6-63. Wiring for UL Listed 115V ac Output Module



6-76 I/O Specifications and Wiring

GEK-90842

115 V ac Input Module (16 Circuits
With Removable Terminal Board
IC610MDL129

This module provides 16 circuits each designed to receive a single discrete (ON/OFF) signal from user
supplied devices. Typical input devices include limit switches, pushbuttons, selector switches, and relay
contacts. The 16 circuits are divided into two groups of 8 circuits each. Each group can be supplied
from a separate power source. Power to operate the field devices must also be supplied by the user.
Figure 6-64 provides wiring information for this module. Following are specifications for each of the 16
circuits.

a42493
Input Points 16 FIELD WIRING MODULE
Operating Voltage 80-132 V ac
AC Frequency 47-63 Hz ——@
Input Current 14.5ma @ 60 Hz 20
Interconnection 2 groups of 8 circuits @
each
ON Level Above 80 V _._@_@
OFF Level Below 1S V _@
OFF to ON Response 5-50 ms __@
ON to OFF Response 5-60 ms _@
Circuit Indicator Logic Side __@
Internal Power Consumption 64 mA @9V dc (Typ)
Units of Load 10 Units @ 9 V dc @
Weight 6.4 oz (180 g) _@
®
a42308 @___@
14
®
o 21 ®
- ©
s
4 -

Ll 1 1 I 1
10°C  20°C 30°C 40°C 50°C 60°C
AMBEENT TEMPERATURE (°C)

Figure 6-64. 1/O Points vs Temperature

Chart
a42362
115 VAC N TOOTHER 7 CIRCUITS
ot
OPTICAL
COUPLER
INPUT

Figure 6-65. Wiring for 115 V ac Inputs with Removable Terminal Board
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115/230 V ac Output Module (8 Circuits)
with Removable Terminal Board
IC610MDL179

This module provides 8 circuits each capable of controlling user supplied discrete (ON/OFF) loads.
Typical loads include relay coils, motor starters (up to No. 3), solenoid valves and indicator lights. The
8 circuits are divided into 2 groups of 4 circuits each. Each group can be supplied from a separate
power source. Power to operate the field devices must also by supplied by the user. Figure 6-65
provides wiring information for this module. Following are specifications for each of the 8 circuits:

Output Points 8 a42492
A: Cl 'Frﬁe:ﬁe::;mge 23:2241{\: ac MODULE USER WIRING
Maximum Current 1 amp
Maximum Leakage Current 1.2 mA @ 230V, 60 Hz @— 11523 VAC
ON Voltage Drop 1.5V @ 1 amp . | —O——0—
Smallest Recommended Load |25 mA i (O4———{x0-¢
Maximum Inrush 10 amps for 17 ms |——®
OFF to ON Response 1 ms ] @O+— oo+
ON to OFF Response 9 ms —®
Circuit Indicator Logic Side | O4——-Ao—+¢
Fuses (Internal, Soldered) (2) 5 amp (one on each |_®
group of 4)
Internal Power Consumption |12 mA for each ON O O ,
Circuit @ 9 V dc @— 115/230 VAC
Units of Load 16@ 9 Vdc . _®_J@1+4.
Weight 7.4 0z (210 g) | O+—o+
P I
a42367 i,__@
l 0 O
HOT CONNECTIONS TED TOGETHER
INTERNALLY AS SHOWN
T T T T T 1
10°C  20°C 30°C 40°C 50°C 60°C
AMBIENT TEMPERATURE (*C)
Figure 6-66. /O Points vs Temperature
Chart
a42366
[ LD —Qoutpur
+ —
SSR
" ] 5A
T RUSE o
STATE
RELAY TOOTHER CRCUITS

Jigure 6-67. Wiring for 115/230 V ac Output with Removable Terminal Board
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Introduction to Maintenance Procedures

The Series One and Series One Plus PCs are designed to provide trouble-free operation. However,
occasionally situations requiring corrective action do occur and it is important to be able to quickly
identify the source of such situations and correct them. Many times the need for corrective action
originates outside of the PC.

Troubleshooting Aids

The advantages provided by the Series One and Series One Plus PC design are indicators and built-in
aids to troubleshooting not only the PC, but also the overall control system. The main diagnostic tool is
the programmer that can be easily attached to the PC. The programmer provides great insight to the
status of the overall control system. When troubleshooting a Series One or Series One Plus PC based
control system, make a habit of having a programmer with you.

Basic Troubleshooting Procedure

The following questions should be asked and appropriate action taken to negative answers. At the end
of the list of questions are step by step procedures to be followed to replace various modules in a Series
One or Series One Plus PC. All major corrective action can be accomplished by replacing modules.
No special hand tools are required except for a screw driver and voltmeter. There is no requirement for
an oscilloscope, highly accurate voltage measurements (digital voltmeters), or specialized test pro-
grams. Refer to figure 7.1 for location of the referenced indicators.

1. Is PWR (Power) light ON? If not, measure power at the input voltage terminals (98-126 V ac or
195-252 V ac as appropriate) on racks using an AC source of power. For racks requiring a DC
power source, measure the DC voltage between the +24 and O V terminals. If the appropriate AC
or DC power is not present, locate the source of the problem external to Series One or Series One
Plus PC. If the AC or DC power levels are correct but the PWR light is off, fuses should be
checked, then replacement of the CPU rack if necessary.

2. Is CPU light OFF? If ON, check which error code is displayed, refer to table 4.1 for error code
definitions and take appropriate action.

3. Is RUN light ON? If not, check for the cause such as the programmer in the PRG or LOAD

position or programming errors. If RUN light is OFF and a programmer is not connected, or the
programmer in in the RUN mode without an error code being displayed, replace the CPU module.

4. Is the BATT light ON? If yes, replace the battery. Since the BATT light is only a warning level,
the program may be unaltered even if the battery is low. After replacing the battery, examine the
program or test the PC operation. If a fault is located reload the program from tape recorded at the
completion of initial system programming.

5. In multiple rack systems if the CPU is operating, the RUN relay can be very useful in verifying
operation of the other .21 supplies. If the RUN relay is not closed (high resistance) check the
AC or DC power supply as in step 1 above. Adequate AC or DC power and an open relay requires
replacement of the rack.
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Figure 7-1. Troubleshooting Indicators

General Troubleshooting Procedure

Additional procedures depend upon knowledge of the logic installed by the user. The following steps
are more general in nature and should be modified or adjusted as necessary to meet your specific
application. There are no better troubleshooting tools than common sense and experience. First plug in
the programmer and place it in the RUN mode, then follow these steps:

1. If the Series One or Series One Plus PC has stopped with some outputs energized or basically in
mid-stream, locate the signal (input, timer, coil, sequencer, etc.) that should cause the next operation
to occur. The programmer will display ON or OFF condition of that signal.

2. If the signal is an input, compare the programmer state with the LED on the input module. If they
are different, replace the input module. If multiple modules in an expansion rack appear to require
replacement, verify the I/O cable and its connection before replacing any modules.

3. If input state and LED on the input module agree, compare the LED status and the input device
(pushbutton, limit switch, etc.). If they are different, measure the voltage at the input module (refer
to Chaptcr 6 for typical I/O wiring). If the voltage indicates a problem, replace the I/O device, field
wiring, or power source; otherwise; replace the input module.

4. If the signal is a coil wired to a field device, compare its status to the LED on the output module. If
they are different, verify the source of field power to ensure excitation voltage is available. If field
power is not present, examine the power source and its wiring. If the proper field power is
available, but the status is wrong at the I/O module’s output terminal, replace the output module or
verify that the rack is providing the proper power to the module.

5. If the signal is a coil and either there is no output module or the output is the same as the coil state,
examine the logic driving the output with the programmer and a hard copy of the program.
Proceeding from right towards left, locate first contact that is not passing power that is otherwise
available to it from immediate left. Troubleshoot that signal per steps 2 and 3 above if it is an
input, or 4 and 5 if it is a coil. Ensnre iéant Master Control Relays are not affecting operation of the
logic.
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6. If the signal is a timer that has stopped at a value below 9999, other than 0000, replace the CPU
module.

7. If the signal is the control over a counter, examine the logic controlling the reset first and then the
count signal. Follow steps 2 through 5 above.

Replacement of Components

The following procedures provide details on procedures to be followed when replacing components of a
Series One or Series One Plus PC system.

Replacing a Rack
1. Turn OFF power and remove the programmer (if installed).

2. Remove the plastic cover and disconnect power wiring from the terminal board on the lower right
side of the rack.

3. Remove all I/O modules. 1/O wiring does not have to be disturbed if service loop was provided
during the original installation. Note the position of each module in the rack for proper
reinstallation.

4. Remove CPU module (if installed) and any filler modules. Place them aside in a safe location for
later reinstallation.

Remove bottom two bolts holding the rack in place. Loosen but do not remove the top bolts.
Slide base unit up and then pull forward to clear the top mounting bolts. Set the rack aside.
Reinstall the new rack onto the top mounting bolts.

Insert bottom bolts and tighten all four mounting bolts.

Install the I/O modules in the same slots from which they were removed.

v % 3 W

WARNING

Placing a module in the wrong slot can cause incorrect and dangerous operation of the control system.

10. Install the CPU and any filler modules that were removed.

11. Reconnect power wiring to the terminals on the right side of the rack. Reinstall the plastic cover
over the power terminals.

12. Verify proper power wiring and then tum power ON. Carefully check operation of the entire
system to ensure that all I/O modules are in their proper locations and the program is not altered.

Replacing a CPU Module
1. Tum OFF power and remove the programmer (if installed).
2. Squeeze the CPU module at the front, top and bottom to release securing tabs.
3. Pull the module straight out from its slot.
4. If PROM memory had been installed in the CPU, remove the PROM and install it in the new CPU.
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Insert the new CPU module by first aligning the printed circuit boards into the bottom board guide.
Rotate the module upwards slightly to engage the top board guide.
Push the CPU module into the rack until both tabs snap into place.
Reinstall the programmer and reapply power.

Reload the program from tape recorded after initial system programming. Check operation of entire
system.

Replacing I/O Modules

1.
2.

0 ® N v ok

10.

Tumn OFF power from both the rack and the I/O system.

Remove the plastic cover from over the terminals on the I/O module to be replaced. Only field
wiring on the defective module needs to be removed.

Disconnect field wiring from I/O terminals, detach the removable connector, or remove the connec-
tor to the I/O Interface cable, as applicable according to the type of module. Label each wire or
note installed wire marking for future reconnection.

Squeeze the I/O module at the front, top and bottom to release securing tabs.

Pull the I/O module straight out.

Insert the new 1/O module, aligning printed circuit boards first into the bottom board guide.
Rotate the module slightly upwards to engage the top board guide.

Push the module into the rack until both tabs snap into place.

Reconnect all field wiring, replace the removable connector board or replace the connector, then
replace the plastic cover.

Reapply power to the CPU, then to the I/O system. Check operation of the system, especially the
I/O module that was replaced.

Replacing the Battery

If the CMOS memory back-up battery requires replacement, refer to the following procedures. Figure
7.2 shows the battery location on the CPU, location of the battery connector and the battery tie-down

straps.
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Figure 7-2. Battery Location and Connection

1. Remove the CPU following the previous instructions.
2. Cut the plastic tie down straps that secure the battery to the board.

3. Disconnect the battery. There is sufficient capacitance in the system to retain the CMOS memory
contents even without the battery for about 20 minutes.

WARNING

The lithium battery should be handled with care. DO NOT discard the battery in fire. DO
NOT attempt to recharge the battery. DO NOT short the battery. If these precautions are
not followed, the battery may burst, burn or release hazardous materials.

4. Connect the new battery (catalog no. IC610ACC150) and place it in its proper position on the
printed circuit board.

5. Secure with new tie downs or insulated wire.

6. Reinstall the CPU module.

7. Verify that the BATT light is OFF. If necessary, reload the CPU from a tape made after initial
system programming. Then, check operation of the entire system.

8. If the two printed circuit boards that make up the CPU are separated, ensure that they are
reconnected, installed in a rack, and powered up. Otherwise, logic may lock into a high current
drain mode and prematurely drain the battery.

Adding Memory

The following procedure should be followed when adding memory to a2 Series One or Series One Plus
PC. Either CMOS RAM memory can be added to increase memory capacity from 700 words to 1724
words or non-volatile PROM memory can be installed that contains a program previously entered into
the PROM.
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Figure 7-3. Location of Extra Memory Socket

. Before installing additional memory, it is recommended that any program currently in memory be

recorded on tape. If this is not done, the program will be lost after memory is added and a Clear All
Memory operation is performed.

Remove the CPU following previous instructions.

3. Locate spare memory socket at the rear of the larger printed circuit board in the CPU.

Obtain the required memory IC either type 6116LP for Series One or 6264LP-15 for a Series One
Plus, 2K x 8 bit CMOS RAM (or equivalent). If adding PROM memory, obtain an Intel type
2732A-2 for Series One or a 27256-25 for a Series One Plus (or equivalent PROMs). Ensure that
the CMOS RAM or PROM is correct for your PC.

CAUTION

When handling CMOS memory ICs, always handle by the case and not leads. Static
electricity on leads can damage internal circuits. This damage may not be apparent for
several days or weeks of operation.

5. Orient the IC so that the notch at one end matches the notch in the memory socket.

. For clearance when installing memory ICs, it may be necessary to lift the smaller printed circuit

board 1/8‘ (3mm). Do not separate the boards. After the memory IC is installed, reseat the smaller
board.

. Insert the IC into the socket carefully and evenly so as not to bend any leads. Visually inspect to

ensure that all leads are in place and then push down to firmly seat the IC. If necessary, readjust the
jumpers and/or switch 2 as shown in table 3.2.

. If the two printed circuit boards that make up the CPU are separated ensure that they are

reconnected, installed in a base unit, and powered up. Otherwise, logic may lock into a high current
drain mode and prematurely drain the battery.

. Reinstall the CPU module following previous instructions.
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10. Power-up the CPU, place the mode switch in the PRG position and perform a Clear All Memory
operation (CLRSHF348DELNXT). The entire memory will now be entirely clear of data. Any

program previously recorded on tape can now be loaded into the CPU from tape or a new program
can be entered.

Spare Parts and Components

To support the Series One or Series One Plus PC, an Accessory Kit is available IC610ACC120). This
kit includes commonly needed components that may get damaged or lost in the normal course of
operation. For a complete list of accessories for the Series One Family of programmable controllers,
refer to GEP-762. Rather than attempting to place orders for plastic covers, fuses, andio cables, screws,
etc., this kit can be ordered and provides sufficient material to support 3-5 CPUs depending upon their
I/O count. Included in the kit are the following items:

ITEM QTY. ITEM QTY.

Cable, Programmer to Tape Recorder 1 Fuses, 2A SB (Spiral Element) 3
Cable, Programmer to Peripheral 1 Fuses, 3A FB 5
Cover, CPU Connector 1 Fuses, 3A SB 5
Cover (large), DCU, PROM Writer, 2 Fuses, 4A SB 3

Printer Interface Fuses, SA FB 3
Cover (small), DCU, PROM Writer, 1 Fuses, 10A SB 5

Printer Interface Key, Hand-Held Programmer 1
Cover, 1/O Terminal 4 Screws, PH (M3x5) . 10
Cover, Power Supply Terminal 2 Screws, PH (M3x7) 10
Cover, Rack Dust 1 Screws, PH (M3x16) 10
Fuses, 1A SB 5 Spacer 3
Fuses, 2A SB 3

When supporting a Series One or Series One Plus installation, it is recommended that spare modules be
available on site. These are in addition to the Accessory Kit previously discussed. As a guide to your
requirements, the following percentages are presented. As a minimum, one each of all modules is
recommended. Depending upon a number of application related conditions (location, average weekly
hours of operation, cost of downtime, etc.) more units may be justified.

UNIT % SPARES
Base with Power Supply 15
CPUs 15
Input Modules (each type) 10
Output Modules (each type) 15
Programmers 10
Cables 10
Peripheral Devices 10
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Figure 7-4. Accessory Kit for Series One/One Plus

Fuse List
Table 7.1 is a list of fuses used in Series One 1/O modules.

Table 7-1. /O Module Fuse List

/O MODULE CURRENT CIRCUIT

CATALOG NUMBER RATING (AMPS) QUANTITY CONNECTION TYPE OF FUSE
1C610MDL103 3 Amps 1 soldered pico fb
IC610MDL104 10 Amps 1 fuse clip miniature sb
IC610MDL115 3 Amps 2 fuse clips miniature sb
IC610MDL151 3 Amps 2 soldered pico
IC610MDL153 5 Amps 4 fuse clips miniature fb
IC610MDL154 5 Amps 4 fuse clips mimature fb
IC610MDL1S5 3 Amps 2 soldered pico
IC610MDL156 3 Amps 4 soldered pico
1C610MDL157 3 Amps 2 soldered pico
IC610MDL158 5 Amps 2 soldered pico
1C610MDL175 5 Amps 2 soldered pico fb
1C610MDL176 3 Amps 4 fuse clips miniature fb
1C610MDL180 10 Amps 2 fuse clips miniature sb
IC610MDL181 5 Amps 1 fuse clip miniature
1C610MDL182 2 Amps 2 fuse clip miniature sb
IC610MDL185 5 Amps 2 soldered pico
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Application 2 - Flip Flop

This logic reverses states (ON/OFF/ON/OFF, etc.) each time a control signal is energized. In this
example, the Flip/Flop changes state on the OFF to ON transition of the control signal. A typical timing

diagram is as follows:

pc-s1-83-0042

TIMING DIAGRAM

T 2 3 ¢

Figure 8-3. Typical Flip-Flop Timing Diagram

In the following typical logic, input 01 is the control signal and output 20 is the flip/fiop.

pc-s1-83-0043

ONE SHOT
@0._‘0‘L Jg ‘8_‘ STR o1
U al 1 @ AND NOT 161
ouT 160
01 181
@¢—t -O— ® = 3
160 162
Or—+ i O—2¢ 0 0 "%
ouT 182
LATCH
180 162 20
O] —if—O0— O 180
» Cr et +
+— —

Figure 8-4. Typical Flip-Flop Logic
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Application 3 - Event/Time Drum

Many control requirements can be defined as a sequence of established states for each output. The
decision to shift from one step to another can be based upon time or specific input states. To illustrate
this concept, the following 6 step example is provided. The control on incrementing the step is a
confirmation of both events (for example, input 11) and a time value (for example, timer 601).

Step
Number Input Time 20 21 22 23 24 25 26 27
1 10 T600 0 1 1 0 1 1 1 0
2 11 T601 0 0 0 0 1 0 0 1
3 12 T602 0 1 1 1 0 1 1 0
4 13 T603 1 1 1 0 0 0 1 0
5 14 T604 1 0 1 1 1 1 1 1

Each step can have different output states and more or less control can be implemented as the application
requires. The ladder diagram required to implement this function is as follows:

pc-s1-83-0046
STEP NUMBER 1
008 10 TMREOO 340
S5t o » -
2 o
— AN NOT M:gg
STEP NUMBER 2
805 1M TMRGO1 34
@¢— — @ ' it
241 on 241
r—— b ﬁuo‘! TMREO1
STEP NUMBER 3
608 12 TMREO2 342
Q¢r— — ® m ot
2 AND 12
J»—-—lw}-—— ARONOT  TMAGOZ
out 342
STEP NUMBER 4
(] 13 TMREO3 343
Ot—i—++—0—® T =
34 o 23
i Sgvr e
STEP NUMBER 5
[ ] 14 TMREOs 344
Or—F— 44— 0O0——4<® ™ e
s g
— |—— ANONOT  TMRSOL

Figure 8-5. Event/Time Drum Logic
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STEP NUMBER 1 pc-s1-83-0047
L 30 (\600 l STR 340
11
1 NS TMR 800
1.0
STEP NUMBER 2
341 maj\sm
I L STR 341
¢ 1 \J * @ TMR 601
1.0
STEP NUMBER 3
34 TMR602
11 I\ ¢ STR 342
¢ L N\ TMR 602
1.0
STEP NUMBER 4
343 TMR603
] | — ) - STR 4
¢ ! S @ TMR gog
10
STEP NUMBER 5
“ s s
] L Tl
¢ f @, ¢ T™R 804
10
ADVANCE DRUM
TMR600 345
Jt e\ STR TMR600
L 7 < @ OR TMR601
TMR601 OR TMR602
11 OR TMR603
T OR TMR604
TM'RGLOZ out 345
=
TMR603
Jd 1
11
TMR604
11
11
SEQUENCER
345
4 L Py @ STR 345
o CNT STR 17
605 CNT 605
17 b 5
11
110

Figure 8-5. Event/Time Drum Logic (Continued)
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pc-s1-83-0048

DEVICE NUMBER 1

L 805 20 J
@4— - 7 O @ o eos

€05 oR 603
T — | out 20
5
DEVICE NUMBER 2
805 21
Il ~\
@— ) O—1 @ s e
l 605 oR 603
— | OR 605
3 - 4
605 out 21
+—iF
4
DEVICE NUMBER 3
605 22
| o R
©¢- ! * nY; B @® s g0
eos oR 605
¢— —e OR 605
13[ . a
605 OR 603
11 - ,
* —,! - ouT 22
805,
]
1+t
5
DEVICE NUMBER 4
605 23
| o\ TR 605
f jal —\/ ‘ s_- 3
605
805 il 5
T 1 out 23

Figure 8-5. Event/Time Drum Logic (Continued)
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pc-s1-83-0049
o5  DEVICENUMBERS }4\ J
I L STR
@) S—to ™ -
605 oR °°§
5 | OR 605
2 .
810? ouT 24
¢ 1 |
5
DEVICE NUMBER 6
805 25 .
1L P TR
@t— S—@m -
605 OR °°§
¢ - } OR 605
3 - 5
| 05 ouT 25
— I
5
DEVICE NUMBER 7
gos F ST
@ o— .1 ﬁ ) TR e03?
805 OoR “°§
4— o co3
3 —
605 OR 605 -
{ | —4 out 26
4
o
*— |
5
DEVICE NUMBER 8
god r27\ STR 605
@‘ 12[ \J - @ - 2
605
e o
T 1| ouT 27

Figure 8-5. Event/Time Drum Logic (Continued)
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Application 4 - Cascaded Counters

If an application requires a counter with presets greater than 9999, multiple counters can be assigned to
that function. Two counters can record values up to 99,999,999 and three up to 999,999,999.999 etc.
Additional logic is incorporated to generate a reset signal at 10,000 counts instead of the normal 9999.

The following logic uses two counters to record up to 99,999,999 events. Counter 601 records the low
order values (thousands, hundreds, tens, and units) and counter 602 the high order values (tens of
millions, millions, hundreds of thousands, tens of thousands).

CASCADED COUNTERS pc-s1-83-0050
ONE SHOT
00 340 341
L P O“——‘ STR 00
@ ¢ | ¥ { @ AND NOT 340
ouT 341
" ;‘\0 STR 00
[
@¢— | Y, <+ @ IR 340
FRST COUNTER IN CHAIN (0-10000)
341 342 st
11 | 341
@¢ 11 —++ eNT ©) AND NOT 342
CNTE01 oRCeNT 81

CNT

EXTENDS CNT 601 BY ONE COUNT
342 341 342

i @ STR 342
AND NOT 341
OR CNT 601
ouT 342

1P = STRNOT 342

@ ¢ T CNT ¢ @ STRCNT 802
. 602 OR 01

CNT602 ONT 802

¢- 7' % 9999

Figure 8-6. Sample Cascaded Counter Logic
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Application 5§ - Coil 374, Power-Up One-Shot

In industry, power loss to machines and process equipment is a frequent event. When such an event
occurs it creates havoc with automatically controlled equipment and processes. The moment power
returns it may be desirable to place the machine or process in a ‘‘hold”’ state until verification or critical
limits, position of moving parts, and support equipment interfaces are confirmed to be correct by
authorized personnel.

Description of Operation

The Series One and Series One Plus PCs have a special function reference (internal coil 374) that
provides a pulse during the first scan only after powering up the CPU (or going from program to run
mode). Using this pulse in the ladder logic, as shown below, will place the machine or process in the
desired hold state.

The instant power returns to an automatic machine or process, certain phases (for instance, activating a
cylinder, starting a motor etc.) of the automatic cycle need to be inhibited until a correct state is
determined allowing the continuation of the cycle. The following program scheme will inhibit those
critical outputs from activating field devices until a reset pushbutton is depressed, thereby, releasing all
inhibited outputs and allowing the cycle to continue.

FIRST SCAN PULSE a40025
374 340

SET
INHIBIT £IN
THE BE(}INNING

0
340 YOUR PROGRAM
RESET
INHIBIT
200
EXTEND
CYLINDER
A
250
RUN
CONVEYOR
#10

Figure 8-7. Typical Machine or Process Power-Up Inhibit Logic

The program logic in the above figure is an example you can use to inhibit certain phases of a cycle. In
this example, when power returns to the process, 374 will be on during the first scan of the CPU,
latching coil 340 on. The referenced NC contact of coil 340 is placed in series with the logic that
actuates output coils 200 and 250. Even if the program logic is calling for coils 200 and 250 to turn on,
they will not until 340 is unlatched. The only waywunlatch3401stodepressﬁ1emsetpushbutton
(1100), allowing outputs 200 and 250 to be turned on.
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Application 6 - Coil 375, 10Hz Clock

The Series One and Series One Plus PCs have a special function reference that continuously provides a
pulse every tenth of a second. The following two examples use the function of this reference (10 Hz
Internal Coil 375) to create a cumulative timer and a time of day clock.

Example 1: - Cumulative Timer

In this example, when reference 01 is on, time (in tenths of a second) would be accumulated by counter
600. If the time to be measured is anticipated to be larger than 999.9 seconds, cascading another counter
will increase the range to 9,999,999.9 seconds. This technique allows you to measure the duration of
an intermittent event that would otherwise reset the standard timer when changing state.

pc-s1-83-0078
o1 375
@ 1} { } CNT — @ STR 01
600 AND 375
?f STR 02
1 CNT 600
9999

Figure 8-8. Cumulative Timer

Example 2: - Time of Day Clock

In this example, the 10HZ clock (Internal Coil 375) is used to program a time of day clock with reset
capabilities. This is a 24-hour time clock, with the time format being XX:YY, where XX = hours
(0-23) and YY = minutes (0-59). The 10HZ clock provides the 0.1 second pulse to counter 603 which in
turn produces one pulse every second. The remaining three counters, 600, 601 and 602 keep track of
seconds, minutes and hours that have elapsed. If power goes off and the clock needs resetting, the
combined use of a 3 position switch and a pushbutton, as shown in Figure 8.10, will allow you to set the
correct time. The lower portion of Figure 8.10 is the ladder logic which resets the clock. An I/O
Simulator module, IC610MDL124, could also be used and programmed to reset the clock).
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Application 8 - High Speed Counter Applications

Three general types of application examples will be covered within this application.
1. Programmable CAM Switch
2. Cut to Length
3. Measurement of length

In the development of these applications the following system configuration will be used.

pc-s1-84-0010

H SPEED
COUNTER
—— e e
E}- vo | vo | vo cPu Z;
SERIES ONE
POWER
SUPPLY
v V|
T— m
8 POINT NPUT
SMULATOR
MODULE
[ 4 A}
ENCODER DRPAY

Figure 8-13. Application System
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Programmable Cam Switch

The basic concept behind a CAM switch is to enable/disable certain devices at various points in the
cycle of a machine. Using one or more high speed counters this type of control can easily be
implemented. The following example illustrates this, cycling the high speed counter’s two outputs at
different preset values. The timing diagram below shows the output logic, with the user program
necessary to implement this logic shown on the following pages. This example assumes that the
encoder is resetting the counter once per revolution, and that the machine will not travel from one
transition point to the next in less than twice the scan time.

a40023
CURRENT COUNT 0 50 150 250 325 360
PROCESS STAGE | FIRST |SECOND | THIRD |FOURTH| FIFTH |
SHIFTREGISTER | 400 | 401 | 402 | 403 | 404 |
I l I | l l
OUTPUT NO.I [ l J L
OUTPUT NO.2 | l
Figure 8-14. Programmable CAM Switch Logic Timing Diagram
a40893
10 161 160
@ H RESET/WNTIALZE
ONE SHOT
404 02
i
10 161
@ ¢ O-¢
404 .02
{
160 163 1862
® e— -O-¢
180 163
® +—H— O
00 165 104
dk
© $——H O axeneon >
ONE SHMOT TO INCREMENT
01 ST REGISTER

Figure 8-15. Programmable CAM Switch
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a40893
00 185
] O+
® i
01
182
7 ‘ ]l ___d SHIFT REGISTER THAT
O S SR DETERMINES STAGE
OF SEQUENCER
162 ‘r
|
1
404
164
160

Figure 8-15 Programmable CAM Switch (Continued)
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a40893

FARST STAGE
CURRENT COUNT <
PRESET INITIALLY

OUTPUT NO 1 NOT NVERTED

OUTPUT NO 1 IN COUNTER MODE

OUTPUT NO 2 DISABLED

OUTPUT NO. 2 N MANUAL MODE

SECOND STAGE
CURRENT COUNT < PRESET
INITIALLY

OUTPUT NO. 1 INVERTED

OUTPUT NO. 2 IN COUNTER MODE

Figure 8-15 Programmable CAM Switch (Continued)
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Cut to Length

With this type of control application the object is to generate a pulse output every X number of counts.
In cut to length applications X represents the length of material to be cut in pulses from the encoder.
The following example pulses output No. 1 of the High Speed Counter once every 100 counts. The
figure below shows the logic diagram for output No. 1, while the next figure contains the wiring diagram
for this type of application, followed by the associated ladder logic.

a40894
OUTPUTNO. 1 ] ) — 'L
CURRENT COUNT © 100 200 300 400...
Figure 8-16. Output No. 1 Logic Diagram
pc-s1-84-0014
HIGH SPEED COUNTER
MODULE B8
2 USER LOAD
OUTPUTNO 1 Q\\
RESET
COUNTER |
DECREMENT
COUNTER
INCREMENT
COUNTER

+M\-

w
+12VDC £ 10"
USER SUPPLIED

Figure 8-17. Wiring Diagram
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240005

ONE SHOT TO WRITE
PRESET TO HSC

WRITE PRESET OF
100 TO HSC

CNT 101
100

101

OUTPUT NO.! IN COUNTER
MODE OF OPERATION

Figure 8-18. Cut to Length Program

Measuring a Random Length

In measuring the length of moving objects, the leading and trailing edge of the object enables and
disables the counter which is tied to the encoder. At this point the accumulate value of the counter
represents the length of the object. Unfortunately the accumulate value of the High Speed Counter
cannot be moved into the user logic of a Series One or Series One Plus PC. Thus an objects length can
only be measured relative (> = <) to a preset value in the counter. Through the use of a shift register and
multiple presets, the length can be approximated to within two successive presets. To determine the
accuracy a moving objects length can be measured. Three parameters must be considered:

1. Velocity of Object (pulses/second)
2. Resolution of Encoder (inches/pulse)

3. Scan time of the Series One or Series One Plus CPU (seconds) These three factors combine in the
following manner to determine the accuracy of measurement.

Accuracy of Measurement = R INCH V PULSE 1.1sc (sec)
PULSE SEC
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Sample Calculation
Given:
1. 0.1 inches/pulse
2. 60 RPM, assume 1 pulse/degree = 360 pulses/second
3. Scan time 20 msec
PULSE SEC
The user logic as shown would implement this type of measurement giving a resolution of 10 counts.

I/O Definition: I11 - Photoelectric cell which enables counter 110 - Manual Reset/Initialize
a40895
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Figure 8-19. Measuring a Random Length
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Figure 8-19 Measuring a Random Length(Continued)
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Figure 8-19 Measuring a Random Length(Continued)
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Application 9 - Typical Shift Registers

When applying controls to a conveyor system or indexing machine, consideration must be given to the
object being assembled, since it invariably has discrete information (pass, fail, etc.) associated with it.
Each time that the object is advanced in the assembly process, its discrete information must follow it.
The shift register function provides this control within the Series One and Series One Plus PCs.

Referring to the following example, the objects undergo a mechanical and visual inspection at stations
Number 1 and 3. If either inspection fails, the object is rejected at station Number 5. In order to track
the pass or fail status of each object, two shift registers are required, one for the mechanical inspection
and one for the visual inspection.

pc-51-83-0044

STATION STATION STATION STATION STATION
NUMBER 1 NUMBER 2 NUMBER 3 NUMBER 4 NUMBER &

[

MECHANICAL INSPECTION VISUAL INSPECTION REJECT STATION
INPUT 001 INPUT 002 OUTPUT 20

SHIFT SIGNAL
INPUT 000

Figure 8-20. Shift Register Example

In this example, I/O and shift register references are assigned as follows:

INPUTS OUTPUTS
00 Advance belt, shift signal 20 Reject Arm
0 - Off
01 Mechanical inspection 1-0n
0 - pass
1- fail
02 Visual inspection
0 - pass
1 - fail

03 Reset Shift Register
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Shift Register References

400  First reference in mechanical inspection shift register.
401  Second reference in mechanical inspection shift register.
402 Third reference in mechanical inspection shift register.
403  Fourth reference in mechanical inspection shift register
410 First reference in visual inspection shift register.

411  Second reference in visual inspection shift register.

Typical logic using these references is shown in the following ladder diagram.

ST MoNAL pc-s1-83-0045
00 181 }g
@" it F A @ zmcno'r 12?
out 160
00 161
® i + O— ® gum'r 161
MECHANCAL NSPECTION SHIFT REGISTER
TR
@9 t - O (O 160
- T 2
— — 403
= =
—it ] O,
VIBUAL SIBPECTION SHIFT REGISTER
02 410 .
L
® it [ @ S$TR 188
100 - %
— g an
o3 411
— 1 - O—
REJECT WIDGET
e 2 sT™R 403
® ~| —o O—— © on an
an our
+—

Figure 8-21. Typical Shift Register Logic
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GEK-90507 Remote I/O User’s Manual

This manual provides information needed to implement a Remote I/O system using the I/O of Series
One and Series Three PCs.

Chapter 1, Introduction to Remote /O, is a general description of the capabilities of Series One and
Series Three PCs.

Chapter 2, Installation and wiring of the /O Link modules, discusses the hardware used,
installation, wiring, and fault detection.

Chapter 3, Configuring a Remote I/O system for the Series One PC, describes how to design and
implement a Series One Remote I/O system.

Chapter 4, Configuring a Remote I/O system for the Series Three PC, describes how to design and
implement a Series Three Remote I/O system.

Chapter 5, Configuring Mixed Remote I/O systemsescribes how to design and implement a mixed
(Series One and Series Three) Remote I/O system.

Chapter 6, Timing Considerations, explains how to determine the timing delays in the Remote 1/0
structure.

Appendix A, Power Supply Loading, lists the power characteristics of the power supplies and
modules used in Series One and Series Three PCs.

Appendix B, Design Worksheets, contains handy worksheets for designing Remote 1/O systems.

GEK-90825 Series Six PC I/O Link Local Module User’s Manual

This manual describes the link between the Series Six family of programmable controllers and the 1/O
structure for the Series One and Series Three programmable controllers. This link is established
between the Series Six I/O Link Local module and the Series One family and Series Three 1/O Link
Remote modules.

Chapter 1, Connecting the Series Six PC to the Series One or Series Three I/O system, is an
overview of the system configuration and operation.

Chapter 2, Series Six PC I/O Link Local Module and Programming, explains how to install and
operate the Series Six I/O Link Local module and how to program the Series Six CPU for I/O Link
Local operations.

Chapter 3, Series One PC /O Link Remote Module,explains the installation and operation of the
Series One PC /O Link Remote module.

Chapter 4, Series Three PC I/O Link Remote Module,explains the installation and operation of the
Series Three PC I/O Link Remote module.

Chapter 5, Cable Wiring, describes cable wiring between the Series Six PC I/O Link Local module
and the Series One or Series Three PC 1/O Link Remote module.

Appendices A, B, and C, provide application information on setting up an example I/O chain and
using the I/O chain status byte.
GEK-90846Portable Programmer User’s Manual

The purpose of this manual is to provide information on the functions and features of the Portable
Programmer and to instruct the user in installing, programming, and implementing the Portable
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Programmer with the Series One programmable controller family and the Series Three programmable
controller.

This manual contains nine chapters and six appendices. Each chapter contains sections to aid the user in
locating required information.

Chapter 1, Product Summary, presents a product overview and describes the operating modes.
Chapter 2, Operation, explains the installation and operation of the portable Programmer.

Chapter 3, Introduction to Programming, provides general information on programming.

Chapter 4, Definition and Entry of Instructionsexplains how to start a new program and contains the
instruction sets.

Chapter 5, Edit Program, provides instructions for entering the Edit mode and editing functions.

Chapter 6, Display Program, provides the user with the information for displaying a ladder logic
program.

Chapter 7, On-Line Monitor/Change, covers the On-Line Monitor and On-Line Change functions
available for the Series One Plus and Series Three PCs.

Chapter 8, Communications, explains how programs may be stored on cassette tapes or transferred to
the PCs.

Chapter 9, Print, covers the print options and functions.

Appendix A, Series One PC Serial Interface Setup, covers the Data Communications Unit and the
CPU serial cable.

Appendix B, Series Three PC Serial Interface Setup,contains information needed for connecting a
Series Three PC with the Portable Programmer.

Appendix C, Port Definition, describes the CPU serial port and the printer port.

Appendix D, Compatible Printers, contains the necessary information to implement and specifications
for selection of compatible printers.

Appendix E, Series One Plus PC Password, contains instructions for password operation.

Appendix F, Portable Programmer Case, illustrates optional carrying case for the Portable
Programmer.

GEK-96662 Logicmaster 1 Programmer Documentor Manual

This manual presents the information necessary to use the Workmaster industrial computer with the
Logicmaster 1 application software to program a Series One PC. The information contained in this
manual corresponds to version 02.01 of the Logicmaster 1 Programming and Documentation Software.

Chapter 1, Introduction, introduces the capabilities of the Logicmaster 1 software and also explains
how to load and copy it.

Chapter 2, Workmaster Operation Using Logicmaster 1 Software, explains basic operation of the
Workmaster industrial computer when using Logicmaster 1 software. Sections are included on the
keyboard, display format, and keyswitch positions for the Workmaster computer and Series One PC.

Chapter 3, Programming the Series One PC, explains how to enter programming logic for the Series
One PC through the Edit Program function.
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Chapter 4, Advanced Programming Functions, explains how to annotate Series One programs and
how to use the Teach function to make programming on the Workmaster computer easier.

Chapter 5, Logicmaster 1 System Functions, explains how to use the scratch pad, print programs,
upload and download programs, and use the filing programs.

Appendix A, Menu Tree for Logicmaster 1 Software, provides a map to the function keys throughout
the Logicmaster 1 software.

Appendix B, Port Characteristics and Wiring Diagrams, provides the information needed to connect
the Workmaster computer to the Series One PC or peripherals such as an external disk drive or printer.

GFK-0075 Logicmaster 1 Family Programming and Documentation Software
User’s Manual

This manual provides the information necessary to use the Workmaster® and Cimstar I™ industrial
computers with Logicmaster 1 Family application software to program the Series One Model E, Series
One Plus, and Series One Plus 3.7K Programmable Controllers. The content of this manual is arranged
similarly to GEK-96662, as described above.
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Glossary of Terms

Address - A series of numbers from 0 to 1723 in the Series One and Series One Plus Programmable
Controllers, assigned to specific program memory locations and used to access those locations.

AND - (Logical) A mathematical operation between bits, whereby all bits must be a 1 in order for the
result to be a 1.

AND - (Function) An operation that places two contacts or groups of contacts in series. Both control the
resultant status.

BCD (Binary Coded Decimal) - A 4-bit system in which individual decimal digits (0 through 9) are
represented by 4-bit binary numerals; for example, the number 43 is represented by 0100(4)
0011(3) in the BCD notation.

Bit - The smallest unit of memory. Can be used to store only one piece of information having more than
one state (for example, a one/zero, ON/OFF, good/bad, yes/no, etc). Data that requires more
than two states (e.g. numerical values 000-999) will require multiple bits.

Byte - A measurement of memory, in the Series One and Series One Plus, equal to 8 bits.

CMOS - Acronym for Complimentary Metal-Oxide Semiconductor. A read/write memory that requires
a battery to retain its content upon loss of power.

CPU (Central Processing Unit) - The central device or controller that interprets user instructions,
makes decisions and executes the functions based on a stored program. This program specifies
actions to be taken to all possible inputs.

Counter - A function within the PC that records events based upon the on/off transition of a signal. A
coil associated with the counter is energized at a user determined preset value.

Field Devices - User supplied devices typically providing information to the PC (Inputs: pushbutton,
limitswitches, relay contacts, etc.) or performing PC tasks (Outputs: motor starters, solenoids,
indicator lights, etc.).

Group - A series of eight consecutive references, such as I/O points, internal coils, etc.
Inputs - A signal, typically ON or OFF, that provides information to the PC.

Instruction - A word, usually an acronym, or group of words and numerals that are part of a program
entered into user memory.

/O (Input/Output) - That portion of the PC to which field devices are connected. Isolates the CPU
from electrical noise.

/O Scan - A method by which the CPU monitors all inputs and controls all outputs within a prescribed
time.

K - An abbreviation for kilo or exactly 1024 in the world of computers. Usually related to 1024 words of
memory.

Ladder Diagram - A representation of control logic relay systems. The user programmed logic is
expressed in relay equivalent symbology.

Latch-APCoj)émtionﬂmcauscsacoiltostay on and remain on even if power or the input is
removed. Referred to as a retentive function.
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Logic - A fixed set of responses (outputs) to various external conditions (inputs). All possible situations
for both synchronous and non-synchronous activity must be specified by the user. Also referred
to as the program.

Memory - a physical place to store information such as programs and/or data.
Microsecond (ms) - One millionth of a second. 1 x 10,-6 or 0.000001 second.
Millisecond (ms) - One thousandth of a second. 1 x 10,-3 or 0.001 second.

Modules - A replaceable electronic subassembly usually plugged in and secured in place but easily
removable in case of fault or system redesign.

Noise - Undesirable electrical disturbances to normal signals generally of high frequency content.
Non-Retentive Coil - A coil that will turn off when power is removed.

Optical Isolation - Use of a solid state device to isolate the user input and output devices from internal
circuitry of an I/O module and the CPU.

OR - (Logical) A mathematical operation between bits, whereby if any bit is a 1, the result will be a 1.

OR - (Function) An operation that places two contacts or groups of contacts in parallel. Either controls
the resultant status.

Outputs - A signal typically ON or OFF, originating from the PC with user supplied power that controls
external devices based upon commands from the CPU.

PC or PLC - See Programmable Controller.

Peripheral Equipment - External units that can communicate with a PC; for example, cassette tipe
recorder, Printer Interface Unit or PROM Writer Unit.

Preset - A numerical value specified in a function which establishes a limit for a counter or timer. A
coil will energize when this value is reached.

Program - A sequence of functions and/or instructions entered into a Programmable Controller to be
executed by the CPU for the purpose of controlling a machine or process.

Programmable Controller - A solid-state industrial control device which receives inputs from user
supplied control devices such as switches and sensors, implements them in a precise pattern
determined by ladder diagram based programs stored in the user memory, and provides outputs
for control of user supplied devices such as relays and motor starters.

Programmer - A device for entry, examination and alteration of the PC’s memory including logic and
storage areas.

PROM - Acronym for Programmable Read Only Memory. A type of memory that requires a special
method of loading, but is retentive upon power loss.

RAM - An acronym for Random Access Memory. A solid-state memory that allows individual bits to
be stored and accessed. This type of memory is volatile; that is, stored data is lost under no
power conditions, therefore a battery backup is required.

Read - To have data entered into a PC from a peripheral unit.

Reference - A number used in a program that tells the CPU where data is coming from or where to
transfer the data.

Register - A group of censer.. L 'nemory locations within a PC, used for storage of numerical data.
Retentive Coil - A coil that will remain in its last state, even though power has been removed.
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Rung - A sequence or grouping of PC functions and instructions that control one coil. One or more
rungs form a ladder diagram.

Scan - The technique of examining or solving all logic steps specified by the program in a sequential,
repetitive order from the first step to the last.

Thumbwheel Switch - A rotating numeric switch which can be used for inputting numeric data to a PC.

Unlatch - A PC function that causes an output previously turned on by a latch function to turn off no
matter how briefly the function is enabled.

Word - A measurement of memory, in the Series One and Series One Plus, equal to 16 bits.
Write - To output or transfer data from the PC to a peripheral unit.
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Appendix C
Series One Family of Programmable Controllers Compatibility
Guide
Feature Junior One™ Model E Plus Plus 3.7K
10 Points (maximum) 24 Basic Unit 112 112 168 168
50 W/Exp Unit
96 W/Exp Rack
Memory
Memory, 700 words CMOS RAM | standard standard standard standard n/a
Memory, d to 1724 words |no yes (1) yes (1) yes (1) n/a
Memory, 3700 words CMOS no no no no yes
RAM
EPROM, non-volatile storage yes (2) yes (2) yes (2) yes (2) yes (2)
Bartery Back-Up es yes yes es yes
Typical Scan 0.5 K Program: 0 mSec 20 mSec 8 mSec mSec 8 mSec
imesl1.0 K Program: 40 mSec 40 mSec 12 mSec 12 mSec 12 mSec
1.7 K Program: n/a 65 mSec 15 mSec 15 mSec 15 mSec
3.7 K Program: n/a n/a n/a n/a 36 mSec
Intemal Functions 160 144 144 144 144
Non-Retentive Coils 96 112 112 112 112
Retentive Coils 59 28 28 28 28
ial Function Coils 5 4 4 4 4
imers/Counters 20 (4-digit) 64 (4-digit) 64 (4-digit) 64 (4-digit) 64 (4-digit)
Thumbwhee] Interface Module no yes yes (3) yes (3) yes (3)
Timer/Counter Setpoint Unit yes no yes (3) yes (3) yes (3)
Shift Registers 155 steps 128steps 128 steps 128 steps 128 steps
Data Registers (12) no no no 64 (16-bit) - 64 (16-bit)
uencers 20 (1000 step) 64 (1000 step) | 64 (1000 step) | 64 (1000 ) | 64 (1000 siep)
High Speed Counter P e "o e "o
Built-In (2 KHz) yes no no no no
1/O Module (10 KHz) no yes yes yes yes
Discrete 1/O Modules yes (4, 5, 6) yes yes yes yes
Analog I/O Modules yes (4, 7) yes (7) yes (7) yes yes
gl_ Listed mModnles yes o yes . yes (8 yes " yes ®
emote yes (9 yes (8) yes (8) yes ( yes (8)
No. of IO inliemote System 26, 40 or 72 96 96 96 96
2
Banc Ladder Diag. ions yes yes yes yes yes
0@ ions and Math no no no yes yes
/Hand-Held Programmer
IC610PRG100 yes yes yes yes (11) yes (11)
IC610PRG105 yes yes yes yes yes
Hand-Held Prog Mount Assembly |yes yes yes yes yes

1. CMOS RAM mem

2. E’ROM memory
Series One Plus, 27256-25

Has limited usefulness

Ll B ol o

10 Link Rem
Expansion module in the

Sesies One Plus 3.7K, 27256-25
One Thumbwheel Interface or one Timer/Counter Setpoint Unit can be used in a system, not both
Requires Series One 5 or 10-slot expansion rack.
Limited to one 16-point module per system.
See 1/O Module Compatibility Chart

Series One Junior & Series One, 2732

10. ApphenoSenuOneJumoronly.
11. PRG 100 cannot access data registers, data operations, or math.
12. Up to 124 total if unused Timer/Counter references used as data registers.

Series One, 61161.P Series One Plus, 6264LP-15 (low power devices only)

RemotellOmﬁmso?uliheloamduptoBN'(lxm)ﬁmmm.mwm-ph&kbwmwmd
9. E:plnuonnckcanbelw' (M)ﬁmhmmgmmmghmw Expansion cable to & basic unit and an 1O
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Feature Junior One™ Mode E Plus Plus 3.7K
Program with Workmaster® 1) yes yes yes yes
Computer or IBM Personal
Computer
Program with LCD Port. yes yes yes yes yes
Programmer
CPU
IC610CPU101 (UL Listed) n/a yes no no no
IC610CPU104 n/a no yes no no
IC610CPU105 n/a no no yes no
IC610CPU106 n/a no no no yes
Password Protection Available no no yes yes yes
Racks
5-slot, IC610CHS101 (2X6) no yes yes yes yes
S-glot, IC610CHS110 (2) yes(expansion) yes yes yes yes
S-slot, IC610CHS111 (5) yes(expansion) yes yes yes yes
S-slot, IC610CHS114 (3) yes(expansion) yes yes yes yes
10-slot, IC610CHS130 (2) yes(expansion) yes yes yes yes
10-slot, IC610CHS134 (3) yes(expansion) yes yes yes yes
19‘‘ Rack Mounting Brackets yes (4) yes (4) yes (4) yes (4) yes (4)
Data Communications Unit, yes yes no no no
CCM100
Data Communications Unit, yes yes yes yes yes Rev C
CCM105
RS-232/422 Adaptor Unit yes yes yes yes yes
Peripheral Devices
Printer Interface Unit yesRev A& B | yes Rev A& B | yes RevB yes Rev B yes
Rev C
PROM Writer Unit yesRevA&B | yes RevA & B | yes RevB yes Rev B yes Rev C
Timer/Counter Setpoint Unit yes no yes yes yes
Cassette Tape Recorder yes yes yes yes yes
Accessary Kit included yes yes yes yes

4. Used with 10-slot rack.

6. Not expandable

1. Future enhancement with this product.
2. Requires 115230 V & power source.
3. Requires 24 V dc power source.

5. UL Listed, 115 V ac power source only.

GENERAL SPECIFICATIONS

Humidity

Typical Battery Life

Operating
Shelf Life

Openting Power For

Units and all Racks

5% to 95% (non-condensing)

210 S Years
8 10 10 Years
115/230 V ac
24V dc

See specifications for each unit or rack for details
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Table C-1. /O Module Capability/Compatibility Guide

Feature Junior One™ Mode! E Plus Pius 3.7K
Input Modules
Icﬂg}ebax;ussﬁxcmts yes (1) yes yes yes yes
Icgégh\dealzl%7Cncmts yes (1) yes yes yes yes
IC610MDL 126
lcéigmfl?.llhx:t 4 Circuits yes (1) yes yes yes yes
ircuits es (1 es s es 5
ICgiO\hIIECLéQ‘;Ik Load, 16 Circuits zes El; zes :s zes zs
Icglo\};ﬂd)cl-é?r?k, 16 Circuits yes (1) yes yes yes yes
ICGiO\};{?CI/‘écl 1Scnm:e. 8 Circuits yes (1) yes yes yes yes
lcgio\hlﬂl)cl/ﬁcnsourcc. 16 Circuits yes (1) yes yes yes yes
IC610MDL116
1CEIOMDL B 0L Dised) yes yee yee yes
115 V ac Input, 6 Circuits yes (1) yes yes yes yes
Output Modules
ICGIgDMSI%L\II7fc 8 Circuits yes (1) yes yes yes yes
I“lgﬂhg)l‘\lifc Isolated, 4 Circuits yes (1) yes yes yes yes
lcgio\b/ﬂd)cLéﬁk. 8 Circuits yes (1) yes yes yes yes
lCGIO\N,llchéffk' 16 Circuits yes (1) yes yes yes yes
ICGlo\hI&EcL%Si Sink, 4 Circuits yes (1) yes yes yes yes
Icgzo\h"gcl-%sz Sink/Source, 4 Circuits yes (1) yes yes yes yes
Icg}o\ﬁcLégim 8 Circuits yes (1) yes yes yes yes
ICS}OMchLéiﬁm 16 Circuits yes (1) yes yes yes yes
IC610MDL 166
o OMsﬁ\ggm yes (1) yes yes yes yes
IOﬁlOMDLl 'fasn_cm) yes () yee yes yes yes
IO6R1=(1)‘L¥DL1 2 5 Clreuits yee (D yee yes yes e
ICEIOMDL 185 (UL, Liwed) yee () yes > e yes
Relay Output, 8 Circuits yes (1) yes yes yes yes
) Special Modules
ICGIOWLIII?/%uL 4 In/4 Out yes (1) yes yes yes yes
ng}O‘h’lDLIOl:k In/Rly Out, 4 In/4 Out yes (1) yes yes yes yes
Icg:ghwn 1/0, 4 In/2 Out yes (1) yes yes yes yes
IC610MDL 124
1/0 Simnhlot. 8 Input Circuits yes (1) yes yes yes yes
ICGIOMgﬁmtc Setpan t Unit yes (1) no yes (2) yes (2) yes (2)
ICG]OMDLIIO ne yer yee @) ye @ yes &
High Speed Counter no yes yes yes yes
1. Requires 2 5 or 10-slot expansion rack.
2. One Thumbwhee! Interface or one Timer/Counter Setpoint unit can be used in a Series One Plus system, not both.
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Table C-2. Summary of Programming References for Series One Family
of Programmable Controllers

Memory Type Valid References (Octal) Decimal Quantity
Series One Junior

I/O Points 96 total

Basic Unit Inputs 000-016 15

Basic Unit Outputs 017-027 9

1/0 Expansion Unit Inputs 030-047 16

I/O Expansion Unit Outputs 058-061 10

Expansion Rack 1/0 030-067 40

130-137

Internal Coils 160 total

Non-Retentive 140-277 96

Retentive 300-372 59

Set Retentive Coils 373 1

First Scan Reset 374 1

0.1 Secand Clock 375 1

Disable All Outputs 376 1

Back-Up Battery Status m 1
Shift Register 140-372 155 (total steps)
Timers and Counters 600-623 20 (4 digit) (1)
High Speed Counter 624 1
Sequencers 600-623 20 (1000 step)

Series One/Series One Model E

1/0 points 000-157 112 total
Internal Coils 144 total

Non-Retentive 160-337 112

Retentive Coils 340-373 28

Initial Reset 374 1

0.1 Second Clock 375 1

Disable All Outputs 376 1

Back-Up Battery Status kyyl 1
Shift Registers 400-577 128 steps
Timer/Counters 600-677 64 (1)
Sequencers 600-677 64 (1000 steps)

Series One Plus/Series One Plus 3.7K
1/0O points000-157 168 total
700-767

Internal Coils 144 1otal

Non-Retentive 160-337 112

Retentive Coils 340-373 28

Initial Reset 374 1

0.1 Second Clock 375 1

Disable All Outputs 376 1

gack-Up Battery Status 277 1

pecial Purpose Coils
Shift Registers 400-577 (2) 128 steps
T s 4 e
seps

Data Registers 400-577 (2) 64 (16-bit)

1. Total maximum number of Timers and/or Counters.

2, shift registers and data register references are the same, shift registers on individual bits, while data registers

Ahhoughmmg a totally differen gtmofmemory. & opemie g
3. Unused T/C references can be used as data registers which provides up to 124 16-bit data registers (T/C references 674-677
are reserved for T/C use only).
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Table C-3. Programming Function Compatibility Guide

Feature Junior One™ Model E Plus Plus 3.7K
Basic Ladder Diagram Functions
STR, STR NOT yes yes yes yes yes
AND, AND NOT yes yes yes yes yes
OR, OR NOT yes yes yes yes yes
SET, RST yes yes yes yes yes
ouT yes yes yes yes yes
SET OUT yes yes yes yes yes
SET OUT RST no no no yes yes
OR STR yes yes yes yes yes
MCS. MCR yes yes yes yes yes
TMR yes yes yes yes yes
STR TMR yes yes yes yes yes
STR NOT TMR yes yes yes yes yes
AND TMR yes yes yes yes yes
AND NOT TMR yes yes yes yes yes
OR TMR yes yes yes yes yes
OR NOT TRM yes yes yes yes yes
CNT yes yes yes yes yes
STR CNT yes yes yes yes yes
STR NOT CNT yes yes yes yes yes
AND CNT yes yes yes yes yes
AND NOT CNT yes yes yes yes yes
OR CONT yes yes yes yes yes
OR NOT CNT yes yes yes yes yes
SR yes yes yes yes yes
Data Operations

DeSTR (Data Store) no no no yes yes
DeSTR1 no no no yes yes
no no no yes yes
DeSTR3 no no no yes yes
no no no yes es
DeOUT (Data Out) no no no yes yes

UT1 no no no yes
UT2 no no no yes yes
DeQUT3 no no no yes yes
DeOUTS no no no yes yes
COMPARE no no no yes yes
ADD no no no yes yes
SUBTRACT no no no yes yes
MULTIPLY no no no yes yes
DIVIDE . no no no yes yes
DeAND (Logical AND) no no no yes yes
DeOR  (Logical OR) no no no yes yes
INVERT . no no no yes yes
glg)(BCD TOTBui Cé::ven)) no no no yes yes
in ° vert no no no s es
SH]FPR]EEIT no no no yy:s ;es
SHIFT LEFT no no no yes yes
DECODE no no no yes yes

ENCODE no no no yes
EXTERNAL FAULT DIAGNOSIS no no no yes yes




C-6 Series One Family of Programmable Controllers Compatibility Guide
%

GEK-90842
Table C-4. Examples of Valid System Configurations for I/O Points
rvo PC and ) 1[0) Valid Configursation
Points Rack Type Module Type and References
TPK.A 40896
Series One Junior
1C609SJR100 Basic Unit
1C609SJR102 000 - 016
IC609SJR110
24 IC509SJR114 Inputs - 15 o - 027
IC609SJR120 Outputs - 9
1C609SJR124
10609SJR121
TPK.A 41931
Series One Junior
IC609SJR100 Basic Unit 000 - 016
IC609SJR102 ——
1C609STR110 o - 027
1C609SIR114 Inputs - 15
1C609STR 120 Outputs - 9
50 IC609SJR 124
1C609SJR121 o
1/O Expansion Units :f
IC609EXP110 1/O Expansion 050 - 061
IC609EXP120 Inputs - 16
IC609EXP121 Outputs - 10
TPK.A.40897
Series One Junior
IC609SJR100,102 Basic Unit
IC609SJR110, 114 | Inputs - 15 T
IC609SJR120, 124 | Outputs - 9 —
IC609STR121 | o - o
2410
64 And
060 | 050 { 040 | 030
One Expansion Rack &7 | 05 | 00 | a3 |
5 or 10-Slot Rack (3) 8-Point 20
IC610CHS110, 114 | (1) 16-Point 37 |
IC610CHS130, 134 L
IC610CHS120, 124 | 40 IO
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Tabie C-4. Exampies of Vaiid System Configurations for 1/O Points - Continued
iy PC and o Valid Configuration
Points Rack Type Moduie Type and Keferences
™D A V;Qt\a-\
AN %1T04
Series One Junior
ICS09SIR100, 102 | Basic Unit —
IC609SIR110, 114 Inputs - 15 —
s =y b i —
IC609SIR120, 124 | Outputs - 9 -
1C609STR121
96 And 24 1/0 \ IR E
i \A/ 1w i 07 | 077 [ 067 ; 057 | 047 | 03°
[ MR
72 1/0 / \ | el
_ - . i | 3|
QI_E; Ex_pancigr_x R_nck ’ [ . 2 . N s [
10-Slot Rack (7) 8-Point OR n
IC610CHS130, 134 (1) 16-Paint M e T KC | G°C , 06 ] 0 | 0 | CX | |, T
DGR A T Y0l T Te Y0 | TC G TC | T T
!C@l-v__;lZOi 124 i37 { @i i w7 {wz 087 | 057 | 047 | 037 ﬁ %
or | [ L
| i |
D
(9) 8-Point
32 (4) &-Point TPK.A.40898
Series One Modules
Series One Model E 8 8 8
Series One Plus or 030 [0z0 | 0!0 |0OO
I T JUCKEN IRECA IR IR
_ _ o v/ 7 v/ I -
Senes One Plus 3.7K 0 Lo Luo lwe [ 7°
cn = ome = ™ T 1 |10
(1) 5-Slot Rack 7 L2y [y o7
64 IC610CHS110 (4) 16-Point 6 6 6 6
1C610CHS114 Modules
IC610CHS101
TPK.A.41933
s 8 s 8
Camar Nna o2 103t Tow 1000
eSS VK ST IR 'H
Cariac Nna Madal E 79\ © _Daiet 0¥ | [on |oo?
WDVAWD AR VAUULL & \O) O-ruui v
ac Nena Dlue | V PTI p r=
WALAWVD AR 3 AWD AVAVIIWD ”"
R4 DPlue 2 TX 1 s s 8 ¢
L ad WA AWD ARy A AUD J.T AN II e Tear Toee Toe
(N &_Clat Danle L\ /l10 it [Te |10
\w] JWJEVUL & o771 | 087 047
1051 C11Nn
ANA AV A AT A AV /\
ICE10CHS114
Series One TPK.A.41934
Cariac ndal T 19\ ©_Dasnt
WVAAWY ARy AVAVRSA A \v’ UT4a Valay
Series Ons Plus [ S R N T I
TS s T T T Te 1=
64 imc Plne 2 7K or N /v |7 I% % [ 1% [ T
(1) 10.C1at Rank IAI g_.lg'nlgg lg b
\EJ SVTEEws ave 1/ \| |7 [N
1081 <130 (A 16 Dnant ry W@ jor jo
L0V SIS0 &) i6-roant PR
IC610CHS134
I0810CHS120
IC610CHS124




Table C-4. Examples of Valid System Configurations for /O Points - Continued

) 7o) PC and ) 70) Valid Configuration
Points Rack Type Module Type and References
72 | (9) 8-Point TPK-A.40920
Series One Modules
Series One Model E ¢ 8 8 8 8 8 8 & 8
Series One Plus or A AR
107 | 077 |067 |0S7 [047 |037 {027 | 017 |007
Series One Plus 3.7K 50 {140 [130 |20 |10 | 100
(1) 10-Slot Rack (2) 8-Point o (w5 |3 | |
IC610CHS130 Modules ¢ 8 Kk B K K K ®
112 IC610CHS134
1C610CHS120 (6) 16-Point *Not used with 112
IC610CHS124 Modules 1/O Configuration
TPK.A.40899
72 (9) 8-Point e e
Serinne Modules q,:: %o gg qrac:
Series One Model E o e ot joeor |
Series One Plus or }:cj ‘ge‘ % ?
Series One Plus 3.7K A
(2) 5-Slot Rack (2) 8-Point BERERCIER
IC610CHS110 Modules o7 677 |67 fos° |00
112 IC610CHS114 X
(6) 16-Point T s % %
Modules
TPK.A.40922
Seri&sOncPlus3.7K s 8 8 8 9 8 8 8 8
Series Ope Plus FEEEERE R
(1) 10-Slot Rack (14) 8-Point o
112 IC610CHS130, 134 | Modules
And ‘zg v:: 3‘?‘ Z{ ;Y:é
=]
(1) 5-Slot Rack s s s 8
IC610CHS110, 114
s & o TPK.A.40923
BN %
o jon M -~
Series One
Series One Model E
Series One Plus ,',:, .T‘} g;g ‘é,
Series One Plus 3.7K orr |os7 |08 | oar
112
[ 9 [ L
(3) 5-Slot Racks (14) 8-Point e 5 3 -;3
IC610CHS110 Modules w @
I1C610CHS114
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Table C-4. Examples of Valid System Configurations for I/O Points - Continued

vo PC and o Valid Configurstion
Points Rack Type Module Type and References
TPK.A 41935
se!ies Om L] L] (] L] J .
Series One Model E A
057 104 {037 {C2° {017 {oCY o
112
(2) 10-Slot Racks (1) 8-Point TETETE E R
IC610CHS130 Modules \ N e e i
10610CHS134 )\I |
IC610CHS120 '
1C610CHS124
TPK.A 40924
Series One Plus (6) 16-Point
Series One Plus 3.7K | Modules TR T T T T e T
0 [o% [ |0 |0 |afr la |o% |oot :
120 | IC610CHS130 And i*‘ glallalel”|
1061 134 24 4 3 12 167
(3) 8-Point
Modules
I TPR-A41936
Series One Plus Ol G L TN L LN T T L
Series One Plus 3.7K =]
i ] J [J 1 ] 1] [J [J ] L]
152 | (19) 8-Point EEEREIEE BB
IC610CHS130 Modules
1C610CHS134
TPK.A.40925
Series om Plus [ [J . . L] L] [ [
Series One Plus 3.7K e R R R RS |
(1) 10-Slot Rack (8) 8-Point T “"‘; = | 5 i I |
160 | IC610CHS130, 134 | Modules [ B8 %8188
And L
D
(1) 5-Slot Rack (6) 16-Point TR
IO610CHS110, 114 | Modules
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Table C-4. Examples of Valid System Configurations for I/O Points - Continued

10 PC and ) 1) Valid Configuration
Points Rack Type Module Type and References
TPK.A.40926
. ) L] L3 L3 L] [ L] L]
Sercs O e FEEEEERE
Series One Plus 3.7K m oot (e |7
i I e
(2) 10-Slot Racks (9) 8-Point
168 1C610CHS130 Modules ’r:é }: o __”? ;r”c‘ 6%
IC61 134 k( T {4 | 7YY m {70
(6) 16.P°int ] L} L] ] L] L] L} /
Modules

1. These examples represent only a sampling of the many configurations of racks and I/O points that
are available. Configurations depend on the number of 1/O points and type of I/O modules (4, 8, or
16 points and the units of load used by the modules) required for a particular application.

2. If modules having only 4 I/O points are used in any slot, the references not used as ’’real world**
I/O are available for use as internal references in the user program.

3. The 10-slot racks IC610CHS130 and IC610CHS134) have 2 bridge connectors on the backplane
which must be configured for proper rack addressing. Configuration of the bridge connectors is

explained in chapter 3, Installation. The X in a slot means that there is no valid address for that slot
for that configuration. )



Appendix D
Other Programmable Controllers

Series One™ Junior Programmable Controller

The Series One Junior programmable controllers are a group of low cost controllers specifically
designed for control applications requiring 4 to 60 relays. The Series One Junior offers a control
package using only 53 square inches of mounting area, which is about the same as four 4-pole relays.
Series One Junior PCs are available in various combinations of voltages.

Each Series One Junior basic unit has 24 built-in I/O circuits, including 15 inputs and 9 outputs. User
memory is 700 words of CMOS-RAM, or optional EPROM memory. If more than 24 I/O points are
required, expansion is accomplished by one of two methods, either add a Series One Junior I/O
expansion unit or a 5 or 10 slot expansion rack to the basic unit. A system can have up to 50 I/O points
by adding an I/O expansion unit, which has the same form as the basic unit.Up to 96 I/O points can be
included in a system by adding a standard Series One 5 or 10-slot rack to the Series One Junior basic
unit.

Any combination of standard Series One I/O modules can be included in an expansion rack, with the
exception of the High Speed Counter module or the Thumbwheel Interface Unit. The expansion rack
can be located up to 100 feet (30 m) from a Series One Junior.

The Series One Junior has a built-in high speed counter capable of counting pulses up to 2000 counts
per second. The programming language is the same (basic ladder diagram functions) as is used to
program the Series One and Series One Plus. Programs can be entered using either the hand-held
programmer, which can be mounted on the basic unit, or the LCD Portable Programmer. Many
programs developed on the Series One Junior PC can be transferred to a Series One or Series One Plus
PC.

Table D-1. Series One Junior Capabilities

Number of I/O Points (Maximum) 96 total
Basic Unit Inputs 15
Basic Unit Outputs 9
Expansion Unit Inputs 16
Expansion Unit Outputs 10
Expansion Rack I/O (Mixed 1/O) 72

Internal Coils 160 total
Non-Retentive 96
Retentive 59
Special Function 5

Shift Registers 128 steps

Timers/Counters 64 (1)

High Speed Counter, Built-In 1

Sequencers 64 (1000 steps)

(1) Maximum total number of Timers and Counters or a combination of Timers and Counters.
Optional devices include the Timer/Counter Setpoint Unit, Data Communications Unit, Printer Interface Unit, PROM
Writer Unit, and an audio cassette tape recorder.
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Series Three™ Programmable Controller

The Series Three PC is a compact programmable controller capable of handling applications in the 16 to
400 /O range. It offers many of the same outstanding features as the Series One family of program-
mable controllers such as compact size, CMOS or PROM memory, hand held programmer, and low
price. Improved capabilities include 4K memory, 400 I/O points, and four function math. Following are
specifications for the Series Three PC:

Table D-2. Series Three PC Specifications

Size for CPU and 128 /O 189 x 10.3“ x 6.3
(WxHxD) (480mm x 262mm x 159mm)

Functions Relay including Latches
Timers (1.0, 0.1 Sec)
Counters

Master Control Relay
Shift Registers

Add, Subtract, Compare
Multiply, Divide

Data Moves

Subroutine

Scan Rate 20 msec. for 2K
40 msec. for 4K

Internal References 400 1/0

64 Latches

304 Internal Coils

128 Shift Register Stages
128 Timer/Counters (4 digit)

Programmer Built-In with Keylock

Available /O Types

INPUTS /O POINTS OUTPUTS /O POINTS
115 V ac/dc 16 115230 V ac (2 A) 16
Isolated 115 V ac 8 Isolated 115/230 V ac (2A) 8
24 Vdc 16 24 V dc (2 amp) 8
24 V dc 32 24 V dc (1 Amp) 16
24 V ac/dc Source 16 24V dc 32
230V ac 16 Relay Out 16
Analog 2 Analog 2
5-12Vdc 32 5§5-12Vdc 32
OTHER MODULES

High Speed Counter, I/O Link Local and Remote (Twisted Pair and Fiber Optics), Data Communica-
tions, 24 V dc In/Out (16/16), I/O Simulator
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Series Six™ Programmable Controller

The family of Series Six programmable controllers consists of three models: 60, 600, 6000. The
capacity for memory and Input/Output increases as the model number increases. Each model also has
internal register storage in varying sizes. The family concept allows the use of common features
between models. The common features include a common programming language featuring a basic,
extended, and advanced set, the same reference numbers, the same Workmaster industrial computer for
programming and running many available programs tailored for industrial applications, the same 1/O
structure; including modules, racks and cables, most of the same CPU modules, transportable programs
from one model or size to another (upward or downward compatibility) and the same options. Memory
and I/O capability are listed in Table D.3.

Table D-3. Series Six CPU Capacities

/O CAPACITY
MODEL LOGIC MEMORY INPUTS OUTPUTS REGISTER STORAGE
60 4K 1000 1000 1024
600 8K 1000 1000 8192
6000 32K 2000 2000 8192
Programming

Programs are entered using the LogicMaster 6 software package on the Workmaster® industrial

computer. The Workmaster has a 9°° CRT display, a full-travel keyboard, integral 3 1/2*“ diskette drive,

and full off-line/stand along programming. Programming logic is basically a relay ladder diagram

language consisting of relay ladder logic (N.O. and N.C. contacts, counters, timers, one-shots and

latches). Additional features in the Basic group include Arithmetic (add, subtract, and compare), data

moves, binary and BCD conversion, a Master Control Relay function and communication requests. The

extended Mnemonic group includes the following functions:

e Data Moves (Left 8, Right 8, Block)

e Signed Arithmetic (Double Precision Add and Subtract, Extended Add and Subtract, Multiply, Divide
and Greater Than)

e Table Moves (Table-To-Destination, Source-To-Table, Move Table and Move Table Extended)

e List (Add-To-Top, Remove-From-Bottom, Remove-From-Top and Sort)

e Matrix (AND, OR, Exclusive OR, Invert and Compare)

e Bit Matrix (Bit Set, Bit Clear, Shift Right, Shift Left)

e Control (Do Subroutine, Return, Suspend I/O, Do I/O and Status)

The advanced function adds an additional Table Move instruction, Move Table Ex, which has the

ability to address all 8192 registers in an advanced model 600 or a model 6000.

I/O modules available for the Series Six PCs include the following:

e 115/230 V ac/dc, Inputs and Outputs
115/230 V ac Isolated Inputs and Outputs
12 V ac/dc Inputs

24-48 V ac/dc Inputs

12, 24, 48 V dc Sink and Source Outputs
120 V dc Outputs

High Density Inputs (32 Inputs)

High Density Outputs (32 Outputs)
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e Reed Relay Outputs

¢ Analog Inputs and Outputs

e Thermocouple Inputs

¢ Interrupt Inputs

e Axis Positioning, Type 1 and Type 2

e High Speed Counter

e ASCII BASIC module, 12K or 20K versions

e 1/O Receiver and Transmitter for operation up to 2000 feet (600 meters).

e Remote 1/O Driver and Receiver for cable operation up to 10,000 feet (3 Km) or unlimited distance
over a modem link.

Optional Items

Optional items for use with a Series Six PC include a Redundant Processor Unit (RPU), Communica-
tions Control Modules, an Operator Interface Unit (OIU), color and amber Operator Interface Terminals
(OIT), ProLoop™process controllers, and various software packages for use with the Workmaster
information center. The software packages include VuMaster™, FactoryMaster™, and Process-
Master™. Additional software packages will be available in the future.

The RPU acts as a switch to transfer control from one Series Six CPU or I/O chain to a standby in the
event that a failure occurs in the first. This provides a method of minimizing downtime in the event of a
failure in the PC system.

The Type 2 Communications Control Module (CCM) provides 2 independent ports (RS-232C, RS422,
or 20 mA) for slave communications with computers or similar intelligent devices. The Type 2 CCM
also has the added function of originating communications to other Series Six CPUs, computers, or
other similar intelligent devices from the user’s ladder diagram program. The Type 3 CCM also
provides 2 ports, and the protocol required for interfacing to selected process control systems.

The OIU is a hand-held micro-terminal that allows an operator to monitor or modify the register
contents and I/O states of a Series Six CPU. The OIU communicates with a CPU through the
Communications Control module (Type 2).

The OIT connects to the Series Six through an ASCII/BASIC module and provides CRT background
screens for the display of status from the CPU. User configuration of the screens allows tailoring the
screens to fit the application.

The ProLoop process controllers are a group of analog controllers that can operate independent of, but
be supervised by a Series Six PC.

Series Six™ Plus Programmable Controller

The Series Six Plus is a cost effective programmable controller that can be easily expanded to cover a
wide variety of applications. The Series Six Plus offers in one rack, more capability than the Series Six
family of programmable controllers, which includes models 60, 600 and 6000.

A Combined Memory module, which includes internal memory, up to 16K words of user memory and
up to 16K of register memory, is available in six different configurations as shown below in Table D.4

Table D-4. Series Six Plus Combined Memory Configurations

Total Memory User Memory Register Memory
. K 4K =z
12K 4K 8K
16K 8K 8K
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10-Slot Rack, 2-3

115 V ac Input Module, IC610MDL129, 6-76

115 V ac Input Module, UL Listed
IC610MDL135, 6-73

115 V ac Input, IC610MDL125, 6-7

115 V ac Isolated Input, IC610MDL126, 6-9

115 V ac Output Module, UL Listed
IC610MDL18S, 6-75

115/230 V ac Isolated Output
1C610MDL176, 6-17

115/230 V ac Output IC610MDL175, 6-16
16 Circuit I/O Modules with Connectors, 6-4

2

230 V ac Input, IC610MDL127, 6-8

24 V ac Sink Output (16 Circuits)
IC610MDL156, 6-19

24 V ac Sink Output (8 Circuits)
IC610MDL151, 6-18

24 V ac/dc Source Input (16 Circuits),
IC610MDL112, 6-14

24 V ac/dc Source Input, IC610MDL111, 6-13

24 V dc 2 Amp Sink Output
IC610MDL153, 6-22

24 V dc 2 Amp Sink/Source Output
IC610MDL154, 6-23

24 V dc Input/Output (4 In/4 Out)
IC610MDL103, 6-31

24 V dc Input/Output (4 In/4 Out)
IC610MDL104, 6-33

24 V dc Sink Input (16 Circuits),
IC610MDL106, 6-11

24 V dc Sink Input (8 Circuits),
IC610MDL101, 6-10

24 V dc Sink Load Input (16 Circuits),
IC610MDL107, 6-12

24 V dc Sink Output (16 Circuits)
IC610MDL157, 6-20

24 V dc Source Output (16 Circuits)
IC610MDL158, 6-26

24 V dc Source Output IC610MDL1S5S, 6-24

5-Slot Rack, 2-3
5-Slot Rack, UL Listed IC610CHS111, 6-72

A

Accessory Kit, IC610ACC120, 7-6

Adding Memory, 7-5

Adding Racks, 2-2

Advantages and Features, 1-2

Advantages Over Other Control Devices, 1-1

Alter One Logic Element, 4-11

Analog Input IC610MDL116, 6-62

Analog Output IC610MDL166, 6-67

Appendix A - Related Documentation, A-1

Appendix B - Glossary of Terms, B-1

Appendix C - Compatibility Guide, C-1

Appendix D - Other Programmable
Controllers, D-1

Applications, 8-1
Application 1 - One-Shots, 8-1
Application 2 - Flip Flop, 8-2
Application 3 - Event/Time Drum, 8-3
Application 4 - Cascaded Counters, 8-5
Application 5 - Coil 374, Power-Up

One-Shot, 8-7

Application 6 - Coil 375, 10Hz Clock, 8-8
Application 7 - Start/Stop Circuit, 8-11
Application 8 - High Speed Counter, 8-12
Application 9 - Typical Shift Registers, 8-21

B

Basic Instructions, 5-19

Basic Ladder Diagram Instructions, S-1
Basic PC Block Diagram, 1-§

Basic Troubleshooting, 7-1

Bridge Connectors, 10-Slot Rack, 3-5
C

Catalog Numbers, 5§
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Central Processing Unit, Function of, 1-6
Change Contents of a Data Register, 4-14

Clear All Memory, 4-12
Components, Replacement of, 7-3
CPU Option Settings, 3-8

CPU Programmer Cable, 2-4
CPU Scanning Sequence, 5-15

D

Data Communications, 1-3

Data Communications Unit, 1-8, 2-10
Data Operation Block Diagram, 543
Data Operation Instructions, 5-4, 543
Data Registers, 5-13

DCU, 2-10

Delete One Logic Element, 4-12
Display a Specific Address, 4-13

E

Earth Ground Wire, 3-10

Enter or Change a Password, 4-14
LOG IN, 4-14
LOG OUT, 4-15

Entering Basic Instructions, 5-24
AND STR, OR STR, 5-24
Basic Relay Logic, 5-20
Disabling of Outputs, 5-29
Latched Relay, 5-26
Master Control Relay, 5-27
Normally Closed Input, 5-22
Push-Down Stack, 5-23
Retentive Coils as Latches, 5-26
Rung with Parallel Contacts, 5-20
Rung with Series Contacts, 5-19
Simple Timer Rung, 5-20

Error Code Definitions, 4-7

Error Codes, 4-7

Example of Counters, 5-33

Example of Relay Control, 2-9

Example of Timer Logic, 5-31

Expanded Cable Installation, 2-4
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F

Fast Response 1/0 IC610MDL11S5, 6-56
Faster Scan Rate, 1-3

Field Wiring to I/O Modules, 6-2
Forcing I/O References, 542

Forcing References, 4-15

Fuse List, 7-7

G

General Specifications, 1-3
General Troubleshooting, 7-2
Ground, Earth, 3-10
Grounding, Rack, 3-3

H

Hand-Held Programmer, 1-1, 1-5

Hardware Requirements, 2-7

Heat Dissipation, 2-2

High Density Module with Removable
Connector, 6-3

High Speed Counter IC610MDL110, 6-39

History of Programmable Controllers, 1-1

|

I/O Addressing Switches, 3-6

1/O Expansion Cable Connection, 3-4

I/O Interface Cable Cross Reference List, 6-5

1/O Interface Cable Wiring List, 6-4

I/O Module Capability/Compatibility
Guide, C-3

1/O Module Catalog Numbers, 6-6

I/O References for 16 Circuit Modules, 6-4

I/O Simulator IC610MDL124, 6-61

I/O Specifications and Wiring, 6-1

IC610CHS111, 5-Slot Rack, UL Listed, 6-72

IC610MDL101, 24 V dc Sink Input (8
Circuits), 6-10

IC610MDL103, 24 V dc Input/Output (4 In/4
Out), 6-31
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Index
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P

Password Protection, 1-3
PC Operation, 4-1
PC Terminology, 1-8
Peripheral Devices, 2-9
Peripheral Devices, Operation, 4-15
Planning a PC System, 5-1
Portable Programmer, 1-1, 1-5
Power Flow, 5-17
Power Supply Limitations, 3-13
Printer Interface Unit, 2-11, 4-18
Printer Requirements, 4-19
80/132 Column Selection Switch, 4-21
Extemnal Power Supply Connector, 4-21
Hardware Description, 4-19
Hardware Features, 4-20
Power Supply Select Switch, 4-21
Sequence of Operation, 4-22
Program Checking, 4-7
Programmable Controller Concepts, 1-5
Programmer, 4-1
Programmer Cable, 3-11
Programmer Features, 4-2
Address Data Display, 4-2
Data Operation Keys, 4-6
Editing Keys, 4-4
Logic Display, 4-2
Logic Keys, 4-3
Mode Switch, 4-2
Peripheral Jack, 4-7
Shifted Functions, 4-5
Status Display, 4-2
Programmer Functions, 5-15
Programmer Mount Assembly, 2-4
Programmer Tape Port, 2-4
Programming, 1-5
Programming Function Compatibility
Guide, C-5
Programming Fundamentals, 5-7
Programming the Data Operation
Instructions, 5-45
Addition (+), BCD 4 Digit (F71), 5-53
BCD (Binary to BCD (F86), 5-70
BIN (BCD to Binary) (F85), 5-69
CMPR (F70), 5-52
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(Programming the Data Operation
Instructions cont)
DeAND (DATA AND) (F75), 5-61
DeOR (DATA OR) (F76), 5-63
DeOUT (F60), 5-50
DeOUT1 (F61), 5-50
DeOUT2 (F62), 5-51
DeOUT3 (F63), 5-51
DeOUTS (F65), 5-52
DeSTR (F50), 5-47
DeSTR1 (F51), 5-48
DeSTR2 (F52), 5-48
DeSTR3 (F53), 5-49
DeSTRS (F55), 5-49
Decode (F82), 5-67
Division (:), BCD 4 Digit (F74), 5-59
Encode (F83), 5-68
External Fault Diagnosis (F20), 5-71
INV (F84), 5-68
Multiplication (X), BCD 4 Digit (F73), 5-58
Shift Left (F81), 5-65
Shift Right (F80), 5-65
Special Function Coils, 5-46
Subtraction (-), BCD 4 Digit (F72), 5-56
Programming, Introduction to, 5-1
PROM Writer Unit, 2-12, 4-29
Front Panel Features, 4-30
Power Supply Select Switch, 4-31
Sequence of Operation, 4-31
Proper Heat Dissipation, 3-2

R

Rack Description, 2-1
Rack Grounding, 3-3
Rack Mounting Dimensions, 3-2
Recommended Field Wiring Procedures, 3-15
Referencing Sequencer Contacts, 5-37
Relay Output (16 Circuits)
IC610MDL182, 6-29
Relay Output (8 Circuits) IC610MDL180, 6-27
Relay Output Module, UL Listed
IC610MDL181, 6-74
Remote 1/0, 1-8
Removable Connector, 6-3
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Replacement of Components, 7-3
Replacing a CPU, 7-3
Replacing a Rack, 7-3
Replacing I/O Modules, 7-4
Replacing the Battery, 7-4
Requirements, Hardware, 2-7
Routing of I/O Wiring, Typical, 3-11

S

Safety Considerations, 3-15
Search CPU Logic, 4-11
Sequencer Operation, 5-36
Series One Execution Times, 5-3
Series One Model E, 1-3
Series One Plus 3.7K, 1-3
Series One Plus Program Protection, 1-6
Series One Programmable Controllers, 1-1
Shift Register, 5-38
Operation, 5-40
References, 5-39
Shift Register References, 5-13
Significance of References, 5-7
Spare Parts and Components, 7-6
Special Function Coils, Use of, 5-13
Specifications for Installation, 3-1
Summary of I/O References for 8 Circuit
Modules, 5-10
Summary of Programming References, C-4
Summary of References, 5-8
System Estimating, 2-7

T

Thumbwheel Interface IC610MDL105, 6-36

Timer and Counter, 5-30
Extending Timer/Counter Range, 5-34
Programming Counters, 5-32
Programming Timers, 5-30

- Timer/Counter References, 5-30

Timer and Counter References, 5-13

Timer/Counter Setpoint Unit, 4-32
Example of Using Thumbwheel Inputs, 4-34
References for, 4-33
Remote Mounting, 4-33

(Timer/Counter Setpoint Unit cont)
Specifications, 4-33
Total Scan Time, 5-14
Troubleshooting Aids, 7-1
Types of Memory, 1-7
CMOS RAM, 1-7
PROM, 1-7
Typical I/O Terminal Configuration, 6-3
Typical Rack, 2-1
Typical Sequencer Logic, 5-37

U

UL Listed Products, 1-7, 6-71

Units of Load, 3-13

Units of Load Supplied by Rack, 3-13

Units of Load Used by Modules, 3-14, 3-15

Unlimited use of References, 5-18

Use of the Special Function Coils, 5-13

Using References for Data Operations, 5-44
Data Register References, 5-44
Entering a Constant Value, 5-44
Entering a Group Reference, 5-44
Timer/Counter References, 5-45

Vv

Valid System Configurations for 1/O
Points, C-6

w

Workmaster Industrial Computer, 1-1
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