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CHAPTER 1
INTRODUCTION

1.0 GENERAL

Ti: PM550-300 programmer provides the uscr with a means of intcractively programming ladder
diagrams, boolean equations. pracess control loops, und special functions such as user math and
jook up tables, into the PMS550 central control unit {CCUj. The €:{'U uses state of the srt micropro-
cessor technology to perform the programmed tunctions replacing wlays, card logic, analog controt
lers, and minicompuiers with one integrated, edsy fo program system The intcractive programiming
Isnznage prompts the user for the necessary data to program any function. Laddar diagiams and
boolean logiv van be programmed dirsctly — no special programming l4nguage need be learmud The
rower flow indicator along with the programmer display facilitate analyziny the system eperation.

1.1 PURPOSE OF THF PM550 READ{WRITE PROGRAMMER MANUATL

The purpost af this manual is to provide aperating instructions for the PMS50-300 programmer and
sufticient programming cxamples to enable the uscr to program the PM550 with confidence and

efliency. The user progresses pradually from programming sumple ladder logic exprossions to set-

ting up complex process loop equations. The user is urged to program cach example and venfy 1t
esing the ST1-4100 simulator. Famliarity with ladder diagrams and basic procasscantrol are assumed

1 2 FEATURLS OF THF PM550-300 PROGRAMMEFR

'Il'ha following fcaturcs enhance the usability of the PM550 300 programmer:

Direct Entry using relay ladder symboelogy: ladder diagrams canbe programmgd without translation.

Direct Entry using boolean equations. logic sequences written m baolean form can be programmed

-'xiﬁ-.di.zt modifying the scquence.
K| i.
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Interactive programnung display prom pting requcsts necessary data to program advanved functions
and loops

Powertul Editor:  find. back step delete and insert functions make Program docum-ntation verifi
cation modification, or emrer correetion gasy

Twenty character alpha numeric display: display ol logic and d9ta s in alphanumernc tormat.

Error diagnostivs. display Provides e1T0r Mesages or additional prompting lor incorresl program-
ming entries

Fault isolation: pows flow indicator shows logic states for any poat in the ladder diapgram facih-
tating rapid troubleshooting of the vontrol logic .

Multiple References: any inpul {X). outpul (Y), control refay (CR) or user mcmory location (V. C
or A) may be rcfurenced as many times as requird.

1.3 USLR MEMORY

Che PMS50 user accessible memory mcludes

[ ogic programming 2048 D& words

Constant Data 1024.11 rds.

Vasiable Data @'onls

> o« o
|

— 64 Analog and’or Parallel words - The IMT modules are the memory storag:. locations.

In the CCU's image regster are the status of:
X —Upto @discrelc: puts.

Y - Up m@.\iscrete outputs

CR - Up to{3 1 Ycontrul relayvs or internal flags {CRO CR255 are retentive”
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SYSTEM OPERATION

2.0 SYSTEM THEORY OI' OPERATION

Figuie ? A Mustrates 4 typical PM550 system consisting ol a central control unit, power supply .
6MT discrete ;O TMT auxibary 1:Q a timericounter access module . a loop acgess module, and a
read /write programmer. A read:write programmer is not a part of the final syste¢m configuration, 1t
1s only used to progiam thy users application. Up to 512 points ot 6MT discrele 170 can be added to
the systeam through the use of the ST1-5500 150 expanduir (see fnstallation and Operation Manual
tor dutails of requirements) ‘I'wo racks of MT auxihary 1O can be drnven from the central control
urtit. Light timerfcounter acouss modules and eight loop access modules can be vonnected to the dit -
ferential linc, however only two modules can be poweral from Lhe system power supply Fach is
thoronghly covered in the fnstaliation and Qperation Manual

Thu read/wnte programmer communicates with 4 central control unit over oine of the two R$232C
ports. Many RS232C compatible duvices may mterface through either of the: RS232C ports on the
central control unit such as pnnters, modems, host computers, and the EPI STR LINK II cassette
loader.

The power supply requircs 120 volls AC 50/60 Hz input (Insiallation and Operation Manual
seztion 3) which 1y comverted to the necessary opesating voltages [or the rest of the system. Lhe
power supply employs advanced switchuwig regulator dusign to operate over voltage fluctuations.
Hizh noise immunity to transients m insurcd by an input line filter and other advanced design tech-
miques. The powwr supply also provides a power down signal to the central control unit so the CCU
can complete 1ls scan and complete a data save routine before the D voltages from the powet
supply fall below the normal oparating range. A battery pack attached to the CC provides ballery
tackup for all system memories for at least 72 hours. Provisions are provided for an external battery
input to extend ths time.

The cantral unit conlains all the intelligence for the PM550 syslem consisting of a dual 16 bit misro-
processor architecture. One nncroprocessor executes the sequential logic in the PM550 the other
handler loop processing, special tunctions. and cammunications. The CCU communciates to RS232C
zompatible penpherals thiough two dentical ports at 300 or 1200 baud It also comniunicates

t3
—

!
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with operator interface puripherals (timer/counter access modules and loop access modules) via a
9600 baud difterential line port Analog and parallel data 1o uxrt input output s handled through
the 7TMT auxiliary V). Single bit or diserels 1/01s handled through the 6M 1 input-output systetn

The 6MT discrete 1’0 systum intertaces to on/off devices at industry standard vollage kvels. {nputs
and outputs are opti¢ally isolatud from the CCU by the 6MT modules with breakdown voltags ot
up to 3800 volts At and DC input aml vutput modules are available with yoltage ranges from St
220 volts with current ranges up 10 3 amps The 6MT is part of the widely aw pted Model STI pro-
srammable controlier system and 1 compatible with the PM550.

Lhe TMT auxiliary [/ provides a TTL level parallel interface to items ke thumbwheel swilihes
and 7 scgment displays It abo provsdes analog Lo digital and digital to analog conversion tointer
tace signals found o the process control vnvironment. Standard input ranges are 0 Ssolls fulldil
izrentiat and 0 20 mulliampetes  Fhe analog outputs range from 0 — 10 volls und & 20 ma This
allows interface to standard temperature pressure, flow or othur transmatters as inpuls and 18 capa
hle of driving control silves, current 10 pneumatic convertors SCR conirollurs and other similar
output devices

The timericounter aceess module (1€ AM) 15 an operator inturtace to the PMS4E0 1t allows access to
the first 99 timers and 99 Lounters programmed n the PMSS0 Roth the current value and the pre
set value can be read by the 1¢.AM and depending an how the timer or vountur 15 programmed the
preset and current values may be moditied Up to 8 TCAMS can be cannedted to tn difterential
line in a series or dary chamn fashion

Th - loop access module {LAM) 15 the second operator inturiace to the S50, Ttas the digital anal-
o2y of the front panel ot @ 3 mode prow ss controller. [t contimuously displays the process variable
of any of the 8 lovps controlled by the PMS5(0 1t wiil seleclively thsplay on its second digital dis-
p1ay any ot the tollowing — sctpoint bias, desiation, output, gain . rate, or reszt (all in engineenng
amiy) Al these parameters can b moditied by the LAM dipending on loop mode and loop pro-
zramming Alsaincluded are loop atarm lamps and a simulated desualion display.

T . read wnte propramme: an independent periplicral to the PMSS0 system. provides the user with
v eniny ond troubleshooting ability far more powerful 1han has eser been offi.icd on a programm 4-
Ll controller With its English Janguage prompting and (r-¢ funmat Jadder diagrims. the program
rer allows the user to yuickly and effiventy progiam his ipphivibon e the PM350 A read wnitc
pregramie communicates Lhrough one of the RS23I2C ports on the CCU and s ¢apable of remot«
dperuilon over standard telephone hines using external modems _

Qtie ¥ penphicrals may be connected to the RS232C ports to vinmmunicate with the PMS50 A pnnter
wizh s the 11 Silent 700 model 745, may b connected darectly to a RS232C port and pont ouf
ASCI] messages. The LPI STR-LINK 11 program loader mmay be ulse connected to an RS232C port




It can be used to record, load, or verify PMS50 programs. Also the PM550 can be connected to 4
host computcr via R§232C ports. allowing the PM550 to hecome part of an advanced distributed

control system.
2.1 CENTRAL CONTROL UNII THEORY OF OPLERATION

The PM550 central control urt contams two independent 16 Dit MICTOPrOCESsOrs (Mgure 2 1A) A
custom microprocessor, the MP9514. 15 the lo@mc processor which handles the ladder logic. timers.
counters. move, compare. integer add and integer subtract. It also provides the logie necessary io
imbiate a special function process. The second tnicroprocessor, 4 TMS9200. 15 the master controller
in the PM550 It handlcs all the communicabons throuph the two RS8232C ports and the difterential
hne, it also performs the loop processing and spt.cial function as roquested by the JORIC processor.
The logic processor resides on the common memory unt bus and has access 1o the "MT auxiliary
1)), the constant data muniory irea, the variable Jatd mMoMOry ari. and the laddys logic program
memory It also communicates with the 6MT discrete 1/O through {he imags register and can pass
data tu the control processor by the common memory bus. The control processor also resides on
the common mermory unit bus and has 4CCess {0 the $ame MEMOTy areas as the logiw processor. n
addition it has control memory arcds fhat contain the cxeculive operating system for the PM550.

In normal operation the logic PIOCESSOT continuously executes the uscr’s logic program irom the
ladder logic program memory. It accesses the variable and constant data memory areas, the auxihary
;O (TMT) and the image rugister as necessary [f the logic Processor snLounters a spevial funclion it
halts and interrupts the conirol processor. The control processor recognizes the special function and
places it in a fist 1n fimst out stack (a queue) 1O be processed as time hecomes available. Tha logic
prowessor ts then restarted and continues with the fadder logic scan. In the muantime the conirol
processar is handling ithe data communications, loop processing. and spucial functions on a timie
shared bass. When the contiol processor vompletes a spectal function it coIn municates this Lo the
fogie processor by setiing the output power flow of the special function to a trut {ON) candition

2.2 SCAN TIME

Sean time is a nogunal 17 ms for a 2k logic program and 31 ms for 4 4K logic program. Exaul scan

rate formula is given m section 5.23.

3.
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CHAPTER 3
PREPARATIONS FOR USING TIiE PROGRAMMER

30 GENERAL

Bolore a control scquence can be entered into the PMSS0 sequencir 4 ladder diagram similar (o that
shown 1 Figure 3.0A must be drawn

3.1 ASSIGNING INPUT/QUTPUT IDENTIFIERS TO LADDER DIAGRAM

To pripare the laddur diagram of Tigure 3.04 for entry into the PM550 CCU cach of the elements
should be given an internal PMS 50 identitier 1 he internal M550 identificr is dependent upon how
the external devices arc wired to the 6MT and 7MT 14} interfaces. Referring to Figure 3.1A the
limit switch L1 is wired to the 6MT IO Mounting husv X0: theretore. the. internal designation for
L5 will become X0 Correspondingly. the intermnal designation for LS2 will be X! The internal
identifier for pulot light No | will be Y. solenoid 3 will be Y1 etc. Reter to rhe 6MT 170 installa -
ton guide in the Installation and Operation Manual for additional mtormation on termnal number-
ing. On the 7MT rack. the BCD thumbwheels are connected to channel O of the first madule thereby
giving the thumbwheel an input address of AQ The seven segment display is wired up to the 5th
module of the 7MT I:0 rack !t s vonnected to channel 0 giving it an address of ASQQ. Refer to Lhe
PM550 Installation and Opetation Manual tor duladed numbering and addressing of the 7MT 170
The assignments ot inputs and outputs to terminals 1s completely arbitrary depending upon chann:
Avalsbility and uscr preference Once 4n mput is assigned. the element retains that identifier unicss
the input is moved to anothuer terminal on the maunting base. A record of the terminal agsipnments
1% recommended as shown in Figure 3 1B and Figure 3 1€, These are memory allocations for ladder
duagrams. There ar: two user data Storage 4reas in the PM S50 the vanable data storage area (V) and
the constant data storage arvs (C). In the sample program in Figur. 3 04 the counter requires |
constant memory location for its preset word and one variable memory location for its current
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count. A preset word is assigned to the constant memory location €20 as shown in Figure 3 1D.
The curtent word of the counter 15 assigned to the vanable dala memory arca locabon V20 as
documented on Figure 3.1E. Speuial function 2. the BUD TO BINARY conversion function 1s
stared in the constant monory arca addresses (100 through (103 as shown in Figure 3.1D The
BINARY TO BCD conversion funclion SF1 also stored 1 the constant. memory area 1s in location
C104 through C107 The remaining variables from the add function are assipned 1o locations, sinc
madvertent changes to a2 special function or a loop table through indiscniminate use of data moves
will result in unpredictable program behavior {(Chapter 7)

3.2 REDRAWING OF LADDFR DIAGRAM

Once the 170 assignments and internal memory storage locations any detcrmned , the ladder diagram
ol Figure 3.0A may Lo redrawn as shown in Figure 3. 2A Note that the linut swatch and puashbutton
designations have been changed to the internal PMS50 wdentifiers, Also thd vanalde ynid constant
storage locations have hbeen documented on the ladder logic blocks This form of the ladder lopc
diagram is often a more convenient way of documenung 4 PMS5Q0 program. Anothcr notewo thy
point is that once an input ot output is assigned an intemal wWentifier, that input or putput may b
uscd as many times as neeessary i the laddes logic diagram. Fos example, in Igure 3.2A the control
relay CR1 could be ehiminated All 1ts contacts 1n 4 ladder logic diagram could be replaced with «
designator ¥ 1 and the logic would function identically.

33 DOCUMENTATION OF LADDER LOGIC PROGRAMS

The use of a ladder clament storage reeord form as shown in Figie 3.3A 1s another tom of pro-
gram documentation that has proven io be invdluable Since thors 15 @ one to une correspondence
ot ladder logic memory locations {L). and the elements in the ladder logic diagram this form can by
filled out by fore proprammimg and used as a program entry aid.

34 PREPARATION FOR LOOP ENTRY

The steps prepared for loop entry mnlo lhe PMSS0 are sinlar to those required for the ladder logic
diagram Furst, prepare a process flow diagram of the intended process. Then assipgn /O identificrs
1o the inpul and ouipul ¢lements, Next pencrate the user memory storage records for the Vand C
areas. [or further information and examples of*fhis procedur: see Chapter 7 = Programming Pro
woxs Control Fquations — Loops
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PLA
LS1 LS2 }"{
N R CR3 A=A
PB1 _| SOL3
0,0— i”1l_ Vv
- CR1
S | \.J
I}
LS3
COUNT COUNTER OUTPUT MK
{J’C
RESET
CR2 CR2
» CONVERT BCD THUMB I
// WHEELS TO BINARY ./
CR1 CR3
ADD COUNT TO THUME 7\
WHEEL VALUE Ao/
CR4 ché
| CONVERT OUTPUT OF ADD 7N\
J/{l’ TO BCD AND DISPLAY N/

Figure 3 0A. Samphke Ladder Deagram
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DISCRETT. INPUT-QUTPUT RECORD FORM

BASE. ASSEMBLY NO 1

BASFE ASSEMBLY NQ. |

"X iz used 1z Aesizuate discreis npnis and Y for disrety
outputs. 5S¢ Seclivn 3.0 T i the fastelfation and

Geratton Maned

==~

*TERMINAL *TFRMINAL

DESIGNATION TERMINAL NAME DESIGNATION TFRMINAL NAME
X6 L8] — PARI DETICT YU PL.L PARVINPLACL
X1 L52 — PART IN PLACF ¥1 SOL3 - CLAMP SOLTNOIN
X2 Bl - CYCLE START Y2 PLZ - END OF CYCLE
X3 LS3 PaR| COUNT Y3
X4 . ¥4
X4 YS
X6 Yé
X7 Y7
X8 Y8
X% Ye B
X10 Y10

B X1l Y1l

Xi2 Yi2
Xt Y13
X13 Y14
X14 Y15

“igure 3.1B  Input/Outpui Assignment Record far Sample Diagram
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AUKILIARY INPUT:OUTPUT RECORD FORM
wo|
S | = | aDDRESS DFSIGNALION COMMENTS
a | o A0 ™I THUMBWHEEL INPUT NO.
o | 1 Al
0] 2 A2
0 3 Al
b 0 ASOQ DS 7 SEGYENL THSPT AY A
s | 1 ASD
s o AS0?
s | 3 As502
6l o ABI0
6| 1 A6l
6 | 2 ABO?
PRE ARl
s ATAD
s A0}
? 2 ATO?,
o A703

Figure 3.1

B,

C. Auxibary Input/Output Record Form for Sample Diagram

b » 2 b D D
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L

USER MEMORY STORAGE. RFCORD

COMMENTS

AREA
LOCATION
NUMBLR

~
hw
=4

COUNTER NGO 1 PRESEL WORD 157

21

2?2

[l B

23

C| 1% SF2 - BCD TO RINARY (ONVLRSION

Lp ]

10

C 102

103 ——

1h4 ST1 - BINARY TO BUD CONYERSHON

105

106

107 —1

10%

o ol BCo T o BN o I I Ble |

109

Figure 3.1 Counstant (C) Memory Assignmen{ Recnrd

IISTR MTMORY STORAGE RECORD

LOCATION
NUMEER

« COMMENTS

%

&

¥ 0 COUNTER 2} 1 C1LIRRFNT WORD
v bl | BINARY OUTPUT OF SF- @ 'L00

v 2? QUTPUT OF ADD AND BINARY INI'UTS TO 5F1 & C1i4

¥ 23 L
v 24
¥ 28
¥ 26
¥ 27

Figure 3.1E Variable (V) Memory Assignment Record

3.7

<
i
I




{PL1]
HORD (LS1)  (LS2) o
X0 X1 ~
| | L
° (PE1) r U(SYO1L 3)
CR3
X2 1 A
"} P
{L.83) \_/
X3 PC2
8 |} Y2
{PB1} _/-\
X2 cTr{c20 | v20 a
4/7
CR2
CR2
| + SF2 @ €100 N\
" BCD TO BINARY \4
CR3
CR1 A~
18 —{ II ADD | v20 + v21 = V22 )
CR4
- Jcm SE1@C104 e
-z i 8INARY TO BCD \/
K3

2h B A D D)

» A A &

. rI

N aa . I

.

1gection 3.2 pointed out that this oulput
could be ehminated since Y1 could be used
as often as needed. in this case to replace
CR1.

Figure 3 2A  Redrawn Sample Ladder Diagram
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1 ADDER MEMORY STORAGF RICORD

LADDER
ELEMEN]
STORAGL ELFMINT [0 17O 10
LOCATION TYPE TYPE | IDINT.| NAMF. CUMMENTS
s SIR X » LS
| AND X 1 Ls2
2 ouUlL X 4 PL1 PART INPLACT P.T.
3 $TR X ’ PRI
4 OR CH 1
5 ADD NOT CR 3 )
& OoUT Y 1 SOLY CLAMP SO 'NO10O
7 ouT CR 1 T
R STR X 3 L83 COUNTER  COUNTCON)ACE
9 STR NOJ X 2 EBl COUNTIR  PRISIT CONTACT
10 IR T PARTS COUNTER
1 oM PRESE | LOCAIUN
12 VI CURRENT LOCATION
X} oulr ¥y 2 M2 FND OF CYCLFPL
1 STR NOT R !
13 NS SFYECI0  BCD TO BINARY
13 CLhN
[ 17 Qul (R 2
1R STR R L
1 ADD ADB V20 + ¥ = V2
2 v i
2\ v21
”? VIt 1
3 LVl CR 3 OVTRFIOW  TFRMINATE CYCLF
24 STR NOT (R q

Figure 3 3A Ladder Memory Storage Record for Sample Diagram
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CHAPTER 4

PROGRAMMER OPERATING INSTRUCTIONS
4 0 GENERAL

Plug the line cord of the read/wnite programmes into a source of 120 volts 50:60—Hz. Plug one end
of a PM550:911 96 read write programmer cabie inlo the RS232C connector on the back of the
r;ad/write programmer. Plug the other end into either one of the RS232¢. ports on the {CU (Post
I or Port 2) Turn the power switch an the Read/Wnitg programmer to the ON position and abserve
“READY™ on the display of the read write programmer. If READY 1s not displayed within S
seconds, please refer to the Installation and Maintenanue Manual,

4.1 LADDER ENTRY KEYS

Refer to Figure 4.1A [or the key location as desvnbed below.

used to entor the fisst laddor clument of each new line of vontrol sequence
TR -- sele¢ts the counter function.
— selects they tuner func lion. Ii_qung mcrements are in tenths of a second.
g selects the master contiol relay function. This function enablzs or disables all or any
e portion of the control scquence it

- signifies that the element being entercd e ta b an output signal.

- Inverls (nepates) the logical status of the selected input cutput, or control rolay
contact.
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— pemmits the operalor to enter patallej vontact combinations

— permils the OpeTator to entur series contact combinations

_ selects the JUMP function. Causes the specified number of oulputs to be skipped
wlen not activated

selects the compare function, Compart: two memory locations for cqualty or greater

1

than or equal to

programns the data move function. Transfers (he contents of one memory loration to

=
H
I

another.

programs the conditional or uncondstsonal end of scan FOS when active causes the
logic 5¢an to retum to location (} angd restart.

.- programs special function instruction in ladder logic  Also allows programming of

special function dala in user memory.
— searches ladder logic memory for desired tunction.
_ gelects the variable data #rca of user memory
selects the constant data area of uscr memory.
vy,

- selects auxiliary 10 and change I:O to input cutput module lotation

— signifies that the clunent being sntered is an mnpul signal from a devi.< connected to
tht 6M 1'50 mounting basc.

X EEEE

signifies that the elemont being untered 1s an output signal which will be applicd toa
deyico connected to the 6M 150 mounting bast

[<]
I

Lhcre are §12 control rclays inside the CCU. These arc internal storage elernents that are
similar to conttol relays. Fach CR can be referenced as many times as desirudl. Che [irst
956 CR's are non latching The jast 256 CR's latcl and retain theit status on power
failure as lang as battury backup is availablc.

o]
F

- answet prompts ending with a question mark affmaEtveiy- Gl ik

vFe - answer prompts ending with a quistion mark negetivelh— - AT Eai g T LN
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the digit keys are used lo widect input;output or conirol rlay identitication numbers,
selecl ustr memoly locations. or 1o enter numerical data into storage locations loops,
or special functions A dxcimal point B used with a user memory location sygnifics
a nonintcger (floating point) storage location. Also to be used 1n cntering non integer
numbers

used in Lhe user math special function to <nter the mathematival divide operation.

usead 1 the user math specidl function to enter in mathemutival multiply oporafion
Also used to untes the exponent m the scicntitic notation entry mode.

wsed to program the ladder logic subtract operation or to unter the mathematical
sublract operation m the math spewial tunctron or change Lhe sign of 2 numenc value

usedd to program the ladder logic addition eperation or to enlcr the rnathematical add
operation mm the user math special function.

used to assign memeory address for the rexsulls in the ladder logic add and subtiact
iunctions. Ako used to 4ssign the memory address {or (he results in the math special
tunction.

- causes the instruction keyad 1n to by mscrted tn the memory addicss displayed and all

subsequent instruchons to be moved down in meiony.

L Y
causes the instruction 01 structions programmed to be entered mto lemony.

Lauses the memory address display to wmcrement by one  Also uscd to “step’ through
multiply word mstructions — special functions, loops, o) auxiliary functons.

causes the displsy memory address 1o be decremented by one
causus the read /write programmer to enter the READ modu. In READ mode the pro-
grammer s the displayed memory address contimuously. READ mode is exited

by clear entry or cJear

causes the currently nead instiuction to be deletad aml subsequent nstructions to be
moved up to fill the gap. NOOPS (NQ Operation) is placed at cod of memory

clears the introduction cntiy leaving just the memory Jocation displivad. Tked to
enlity a location that has just boen read.




— causcs the current procedure 10 be aborted and nfurms the programmcs display to
READY.

42 LOOP AND AUXILJIARY KEYS
used to enter the 100p cntry mnde on read/write programmet.
~ used (o access auxiliary functions.

43 DISPLAY

¢ alpha numeTiu display of the read;wnlc programmer allows verification of

The lwenty charact
[t alvor allows tull

kays pressed and read back ol programs using the same mneumontcs as the heys.
Enghsh prompting in the math_ loops. speuial functions. andauxuiary funchions (sev Figurc 4 3A).

2
4 4 POWFR I'LOW

ows the status of the Joge flow at the carreat Jlisplaycd memory location.
cugrrent tlow at that poial n the ladder Ingic

h4t point and thue will he

The power flow lamp sh
If the powe flow lamp is OIL. it 15 the equivalent of
diagram. 1f the powet flow lamp 1s oft. there i no current flow at i
ni output at the: end of that logic inu. The powet {flow lamp 18 meaningless when Jisplaying user

memaory data storage locations. spuial functions, loaps or auxihary tunctions

NOTE

The power flow lamp on the Programmer is
updated approxim ately vvery 1.2 second-
[here fore, it may not tollow rapidly occur-
ring events A ‘Real Time” pawer flow
lamyp is pravided on the CCU that w capable
of following any event

4.5 BEEPER

[he heeper will sound when an invalid key is pressed or when a memory wrie €rms s derected.
Atter Lhe [ﬂ key s depressed, the CCL writes the data 10 mEmory and then reads it back 10

verify daly integriy. 1f the data whatien does not match the data read hach the becper will sound

> & & B2



POWER | sth | cTR | TMR | MCR | ouT | noOT | OR | AND | ump
comp |EIND | v X 7 | 8 9 - NSRT | DLTE
MOVE| LoOP | ¢ % 4 5 | 6 | x ENTR|CE
EOS |L A | cr 1 2 3 | _ STEP | BSTP
SF AUX | YES | NO 0 = + READ|CLR

Tigure 4 | A Read 'Write Programmer Key Display

160 STA
LOGIC FUNCTION ELEMENT
LOCATION

Figurc 4 3A  Fypical Ladder Locanion Display




CHAPIER 5
HOW TO ENTER LADDCR DIAGRAMS

5.0 CFNERAL
The steps to the successtul application of the PM55Q control svstenar:

®  Define Input/Oulpul assignments — as described in Chapter 3

¢  Develop Laddoer Lagic or Boolean kquations

(] Detine PM550 Program Listing

¢  Enter Propram into PMS55Q Read ‘Write memory using programmer

This ¢hiaptir provides a detailed descnption of each PMS550 Ladder Duagram function along with
examples of corresponding key entry scquunces

With the PM550 CCU. Power Supply, programmer and simulator connecled as shown in Figure 5.0A
¢ach example should be snterd and venficd Understanding the PM550 functions and key vntry
sequences willthenaid you indeveloping the program lishing and entry procedure tor your application

‘l'o a1d you 1 the correct entry of vach function, the programmer will de-activate keys which could
cause the function to be entered wmcorrectly

If the programmer display does not respond to a key which has been pressed. c¢heck the function
Jescription in this manual to verify the correct key sequence,




QR g -\ & T A AA B A A

weysng Maord wWAsAS YO & aangug

s
1= e e ) s3a1na0

$35IA30 _v w

oG
a3t L . 4<PrL4
31340810 M = m~ - oo TINY

(LING) {LNLY
0/1 3134981d 0i1 AGYITIXNY

|
\
|
|
!
— Lo |
. o v
1INO I
0MLNOD nlm__%%w i |
19HLINID _
|
|
A

|
¥3LNdW0I __
) _ I1NCOW
__ . | $5300V 37NAON
HIWWYHD0dd | 4ILNNOD SS5300V
3ilBM/AV3d _ /HIWIL 4007
L
_ \ —

v
530V 4HILNI 4Q1vyH3d0




5.1 CLEARING MEMORY

It 15 a good practice to clear (veasc) the reud ‘wrile memory of the CCU prior to entering ladder logic

through the programmer.

Chapter 2 of this manual desenbues 2 areas of memory which are available fo1 program entries:

L Ladder T.ogic Momory (2048 or 4096 Locations}
V Arca (1024 Locations)

C Area (1024 or 2048 Locatious)

In addition the X, Y. and C'R 1mage registers are memory arcas which hold the most reent state (on
or off) of the 256 inputs 256 outputs, snd 512 control mlays. Auxiliary Function #1 (AUX = 1.

see Secton & 1} can T used (o clear these memory areas. 1o imtiate a memaory cloar press the

tolluwing keys in Lhe order given Note that the programmar displav provides prompting messages

to aid you in clearnng the correct momory arca

NOTE

The Start-up/Run Switch on the CCT must

be i1 Start up memary (0 oledr
KEY SEQUENCE DSPLAY
- READY (SI'ART)

:AU.‘.' [E AUx = |

{TEAR LY

‘N
o

PRLSS ENTR 1O CLEAR

. AWAIT:
ClEAR WV ?
ViE PRESSY ENTRTO{.I. FAR
“WAIT*
CLEAR G ?
4 <

NOTL

Prossing  FNTR wall  clear
the 2048 or 4096 L loca-
tions. plus the 1024 Ilmage
Register T acatums.



KEY SEQUFNCE DISPLAY NOTE
PRESS ENTR [0 CLEAR Pressmg FNIR
also will clear all

loop tables.

£ ALL AREAS of

*WAITY
memory are nuw

Jeared .

READY

on each memory ared ‘I'o leave a MEmMOory Area

he next question Pressing at any tiune
m to the READY state

Note Lhat the display requesis a yes ar no answer

intact press and the progtammer will step to t
lcave the AUX 1 Fupchon and tetu

causys the programmer 10

5.2 SINGLE CONTACT — PROGRAMMING EXERCISE NO 1

output 1s controlied by one mput. Limit switch
rminal X1 Solenmd Sol 3

ase output termimnal Y1,

Figure 5.2A shows Ladder Diagram n wiich ont
182 is reprusented by X1 hecaust it is connected to mounting base input 1e
is represented by Y1 hecausc it is an output and 1s vonnected to mounting
Limit switch LS2 and solenowl Sol 3 ale examples of a dparete {on‘off} input and output which
would be ficld wircd to the GMTS0 143 mounting bast To enter the ladder diagram of Figure 5-1

push the following keys in the. order piven.

— Display indicates READY. This key clears a previous entry from the progranmer display
this hey does not clear the CCU

. Dusplay indicates O the first location avarlabl. tor stonng ladder diagram clements.

— This kev 15 used 10 enter the tirst eloment of every new fine 1n a ladder diagram . note that the

display now _lnd iates:
0 STR

This key signifius that the elvment to be entered rters Lo an input device connected 10 2

mounting base. The display now indialLs

0 STR X

2
3
g
by

WYY Yy YR >



m Selects input termunal No | o which 152 15 connected. Display indicitos.
0 SIR X1

— tnters the above mformation (STR X1) mio CCU ladder clament storage location 0. If an
error atcuns, the beeper will sound, othorwise the logic addressgyull Jnerement to 1.

m — Sigmilics that element about 1o be - nteral 1s an output

Semites that output 1s to by made to a mounung bas. (Remember that a CR 15 also an out
put Lt is internal to the CCLN.

I hus represents the speaific ternnnal to whach the output signal wall be apphed The display
tow tndicates

I OUT YI

Laters ali informanhon shown on the display into location 1 venfy that whon X1 closes an
output occurs at Y1 by ukosing switch X1 on STI4100 Simulaton tamp Y1 will hght This
verifivs (hat all entnes are correel dnd 1hat the control sequence porfonns as planned The
Start-up’Run Swilch must be 10 Run to verify the program

- - .
-
X1 Y1
° \/\ -
LS2 SOL 3 ~-

Figure S 2A  Ladder Diagram [ir One Qutput Controlled by One Input




53 LADDER ELEMENT (1. MEMORY) STORAGE RECORD

Assignments of CCU Ladder Flement (L Memory) Stordge Loc a‘mn numbers should be rocorded o 3
on the Ladder Element (L Memory) Srorage Record form shown mn Figure 5.3A. I'hert: are 2048 or w
4096 (including zero) Ladder Element (L Memory) Storage Location numbers available, and attemnpr -

ing to find an entry eryor in a large control sequence would by prohibitive without some revord of &

what was gntered into the CCU Note that the elements of the {adder diagram of Figure § 2A have
becn recorded in the form of Figure S 3A. {see Appendix A-l)
LADDER F1EMENT \MEMORY) STORACE RTCURD
7 ]
2o
e =) o
R AR =
=] 0 B ! COMMENTS
Mol Fe o =k Bl A
x| GEIFE| 2|7 2
2312 3
25 .
N>
V21
0 |sTR " RE
1 |our] XY 1 | soL3

T

e
23
LE

Figure 5.3A Laddey Flement {L Memory) Starage Record Fonm
{ Exercise No. 1

5 4 SIMPLE SERIES AND CONTACTS - PROGRAMMING EXERCISE NO. 2

resented by X1 and X2 are shown ¢on nected in sends m thu laddcr diagram of ;

Two clements rep
accur. ‘Lo enter the ladder dia-

Figure 5.4A Both input devices must close before an output wll
gram of igure 5 44 press the follow ing programmer keys'

HEDEE

— Pressing the key execules the -lear ladderdcment {memory) storage command
and all 2048 ur 4096 locations arc clearvd. Ths opertion also cleats the discret (Y and

C'R) Image regsice. Display now indicates

READY (START)



(]

CIREIRE

1 EEEC

- Selects ladder element location No. 3 to receive element about ta be entered. {Storage
locations 0, 1. and 2 have artutranly been jeft unassigned).

.. Pressed to dufine the first clement of each new ladder linc
— Signifies that the element to be entersd is an external mput.
Selects specific input connected to input terminal No. 1 of mounting base
Display now indicatcs
3 STR XIi

Fniers STR X1 mto location L3 Until the @ key is pressed, nothing is vntured 1110
the CCLU. The storage location 1§ automatiually incremented to 4 aftor the data is wotten.

This key 15 used to join elements in series, and ¢an be employcd as many times as re-
quired in a single ladder line.

Sigmfics that the element to be enltcred is an gxlemal imput
— Sulects specific Wrminal to which input will b made The dovice connected to the thurd
mounting base inpul terminal will reecive an inpul signal. (The [isst input and cutput
tesminals are X0 and YO0).
Display windicates
4 AND X2
Fnltrs E mto location L4,
— Signifies that next element 15 an output.

— Signifies that the outpul 1s extemnal and will be made to the 6MTSO mounting bast

- Sclects specific lerminal to which antput will be made ; the deyvice vonnectcd to the third
mounting base output lermminal will recuve the output signal.

— Enters OUT Y2 inta the CCU




Verify Lhat the ladder diagram ot Figure 5 4A has becn entered correctly by swilching {CU to RUN;
sct switchus X1 and X2 on the smulator to CLOSED Lamp Y2 will light to indicate the control
sequunce 15 valid Figure 5 4] shows how the laddor diagram of Figure 5 3A would be listed on the
ladder el ment {L Memory) storage record form.

X1 X2 Y2

T | | | | M T
L | 1 | | S 1

LS42 LS36 SOL 4

Figure 5 4A. Ladder Diagram for Two Inpul Flements in Senes

LADDER TLEMENT (L MEMORY) STORAGE RECORD

Z

52

(7 o
28|88 otlokl 0%
= ealOE|2% COMMENTS
cAla-lT=TE| =
o<t - =

a & -
<5

I =

[7¢]

0

1

2

3 |STR| X | L | L5%2
4 |anp| X | 2 | 1536
5 lour) ¥ | 2 | s0L4
5
B

Figure 5 4B. Ladder Element (L Memory) Starage Record
i (Exercise Nu. 2}

=
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5.5 USE OF KEY TO CHECK CONTENTS OF MEMORY

The E key is used (o display the conteni of any CCLU ladder clement storage location to venify
that the control sequence has been correctly entered. Check the content of each CCU ladder elemeni
storage location apsinst that information hsted on the ladder clement storage record {ontents
arc chucked by reading the information indication on the programmer diplay. To observe the
operation prvss the tollowing programmer keys’

~ Prossing key relurns the prozrammer (o the ready mode, the first locat®n to be checksd
can now he detimed

Seleuts ladder element storage location L3
@ Press this kuy and observe that the display indicates
3 STR X!

We see that in ladder clement storage location L3 we have entcred SIR X1 Refer to Fig
ure 5 4B and observe that this is the correct entry far location numbir 3 Now press the
key onct., the display now indicates

4 AND X2

Check this information against the entry in ladder ¢lement location L4 as shown in Fig-
ure 548, Once the key has been depressed. the programmer continues (o rcad the
contents of the ladder elument location defined on the display. The key can then bo
used to mmcrcase the location number while the programmer reads and displays each loca-
tions' contents. Pressing any key on the programmer except the _or keys
will discontinue the read mode.

Referring to Figurt § 4R: Press E once, then press until location No. 6 1s displayed.
Notec that the display contains a NOOP. This is bucause no informalion was entered nto tls
ladder clement storage location [t must be pointed out that checking the CCU contents dpes
not have to begin at location 0, il can begn at any location; for example if you wanted to
check the contents of CCU ladder element fucation No 107 {logi memory} you would first

. press the key
Then vou would pruss the digit keys _ E and Zl Next you would press and

read the display to determinc. what kind of element is contained 1n that moemory location




5 6 USE OF BACKSTEP —

Tust as tho key is uscd 1O 1ncrease (he location number, the Backstep key 1s used to de-
crease the Jocation number ot logiv, vonstant Of variable memory or X's, ¥'s Of CR s Dress the

key followed by the key . sulecting location No §. Press the key and ohserve the
contents of lovation No 5 on the display Press the key and obscrve the location number

changes from 5 to 4, and the contents ot lovation Ne 4 are displayed

57 USF OF THF POWER FLOW LAMP

The power NMow (PF) lamp is used as a troublushooting aid . By observing its status when the k\L‘}’
15 pressud ., the sccumulative status of the PF at a particular location can be observed. To illustrate

ity use in lho previons example, press the . Land @ keys. [he display will show STR
X1, in location No. 3. Observe the power flow lamp as you clese the dmulator switch X1 The

* This indicates that the CCLI has sunsed the switch closure, stored

power flow lamp w dl come: On.
in the power flow In acuof

the condition of X1 in the imuge register, and placed the status of X1
dance with the nstruction execu ted.

Press the key and observe the display We are now looking at Jocatim 4 winch contains AND
X2. The power {low lamp shows the result of combimng X2 and %1 1 an AND iashion in the PF
The lamp will come on if both X2 and X1 art on Thus, the power flow lamp <un be usud much as a
volt meter is uscd 1n relay contrul to detcrmine that conlacts are closed Lo produces: an output

ddic of a ladder limc. whencyer X1 1 off.

Note that beeause the powsr flow is heing rcad in the mi
2 is open or clused indvpendent of

the true stalus of X2 cannol he determined. Ta determine if X
L X1, pruss the following keys

' — Display indicates READY {RUN}
-
— Display indivates X2 with no ladder elvment location number
- Display indwates %1 = (. Close X2 amid observe that thie display changes to X2=1

Thus approach can be used to read the independant status of any input (N} or output (Y, CR}. -

*NOTE

i

g
: ‘The power flow lamp un the Programmer 15
; updated approxiumnately tvery 1:2 second.

Therctore, it may not follow rapidly accur-
ring events A “Real Time" pawer [low
lamy is provsded on the CCU that is capable
af folluwing any event

P Y N Y. Y V. V.Y . YN Y



5% USE OF THE FUNCTION

The key s usmedl 1e cnlist the aid of the programmer in locating a spraifiv ladder element
watun the 2048 (or 1096) ladder element stoyape lacations To illustrate its use m the previous

example. press the E] @ , . _and keys The programmar will bgin losedrih

thiowgh memory stariing at logation 0 and proceeding umid a lacation 1s identified with X2 [he
Uispley then indicates the complete contunts and locstion number th which X218 toumld

4 AND X2

To search tor additional tocationy which contain X2 continue to press the kev unigl all meseory
has heen searched.

Each ladder element comsists of an opcode and av wentifivr For example AND X2

{1} AND OPCODV
{2y X ELEMLNT TYPL
{2 LLEMENT IDENTIFIED

A search may be conducted tor a complilc word (AND X2) the opcode (AND) or the wentifivd
=lement (X2)

whon a sedrch s conducted for an clement whuch s nol contaimed 1n the ladder clement locations
:'hllcé display will mdicate NOT FOUND
cafl

The sloraw. location preceding the element to b FOUND 15 the starting location for the scaich
Stirt with locatian 0 ta search all log memory

'{‘hg, following elements arc tonbuldon areaments tor a FIND NOILL X, Y CR.V O AND A A
Jocauon numbuee must b present to execute the FIND which scachos the rest of memory startmg

with the location heved in.

‘A

'{Il § Read Wnte Programincr remembury the FIND argument until E] or another FIND Scipionce
is ‘gntered Therdfonr:. 4 location can be tound and modific d «nd whan II 15 pressed again th
" .

nep [ocation found.

CHANGING A LADDLR BIAGRAM AF IER ENTRY INTO THE CCU

¢ 8 ladder diagiam i cntonad mto the CCU adding an element Jeleting an clement or civinging,
Iemanl OP CODE may be required to eltect a ladder diagram change




591 Inserting New Elements

The programing! key is used to msert a new ladder element (nto a ladder linc that has been
previously entervd. Figurc: 59 1A shows how the ladder elemont location assign ments [or the serncs

contact example will change when switch X10 is added m series ta the ladder line. To add X10 the

following keys are pressed:

— Display indicates READY (RUN)
_ Defines the laddur element location 10 which X10 will be store:l
El @ _ X10 is to be placed in scries wiih X1 and X2. Display now indicates
S AND XIU
— The element AND X10 is entered 1nto locaton 5. The prey ious conlants of
lovation 6. Tlas upwatd

location No. 5 (QUT Y2) arc saved and written into
shifting of locations vontmues through location 204 7 (o1 40953 The elemunt

in locatian 2047 (or 4095) is Jost.

5 9 2 Deleting Elements fram a Ladder Line

The programmer key is used to remove an Jlement from a ladder line that has been proviously
entered . Reternng to Figure 59.7A element X10 ¢an be removed Irom the line by pressing the

following keys.
Display indicates READY (RUN)

- . Detines (he lacation of the ¢iement to be removed.

N T W N N N D iV Vi NN i ) ) J

i o I 5
i Display mdicates S AND X10

I
ation 6 arc downwald shifted into location

nwatd shifung continues through lovation

— Element AND X 10 erascd, and (he contents of lov
5 The display now indicatcs 5 QUT Y2. Thi dow
2047 (or 4095). Location 047 (or 4095) hecomes a NCGOP

512




X1 X2 X10 Y2

T

LADDER ELEMENT STORAGE RECORD

LADDIR FTEMINT STORACE RECORD

_Z
:
[S9
e =
=<1 B ] D R ™ .
P ;; On|low oz COMMENTS
H -_ -
1< E el Il ] I
27| z
[y [
<O a
- =
172l
)
1
2
5 [sir| x |+ |Lsaz
4 [anp| x | 2 |Lsis
s JaND| x | ELEMENT X 10 ADDLD BY UST. OF INSERT FLACTION
6 loutt v | 2 |so14
Figure 59 1A Use of Insert Function
X1 X2 Y2
g LADDER FLEMENT STORAGE RECORD
LADDER L1LFMENT STORAGE, RECORD
=z
P 7. "
. |&2 o
H E < |- — .
il o A o o= COMMENTS
o E i - i -&l==
] = z
= G ra
A &
<o =2
-5
3 [STRE X | 1 |Ls42 ELEMENT X10 IS ERASED AND TLEMENT ONT ¥2
o [awo| x| : |5 IS DOWNWARD SHIETLD TO LOCATION NO 3
il s |ovr] Y| 2 |soLs

Figure 5.9 2A  Use af Pelete Function

‘f: 513



593 (banging an Element

Any previously cntered element can be changed by addressing the ladder clement location, defining
the new element. and entering the new elemont using the @ key. Refer to kigure 59.3A and
press the following heys in order given’

ue — Display indicatcs READY (RUN)

— Defines location to be changed

m _ Defines the new element to be entercd nto location 4

@ Automatically erases the previous statement (AND X2) and «nters the new

statement (AND X12) into location 4

Verify that the new ladder hinc 1s tunctional by closing switches X1 and X12 on the simulator: lamp
Y1 will light

This method can also be used to erase an clement from a line. Press the following keys
— Display indicates READY (RUN)

E . Defines location 1o be changed

[~ Auvtomatically - rases the previous statement (AND X12). Since no new eloment was de (ined
a NOOP is entered in location 4.

59.4 Use of Clear Entry [ =] Key

The E Ley can be used af any time ta clear the programmer display without tlearing the displayed
location number. This can bc useful 1n correcting an eImor during defininon of an element or in
editing an exasting program.

.Refer 1o Figure 5 9.4A and press the _ , and keys The display now 1ndicates
S QU Y2, Prussing the key clears OUT Y2 from the display (NOT FROM €CUMEMORY) so

i that a new entry can be made. Press _ _ _ Location 5 now contain elemdnt

OUT ¥3 which can be venfied by closing switch 1 on the simulator and noting that <lement Y3

lights.

VY ¥V NIV EEN

' 23



X1 X12 Y2

I | | | | )

LADDER LLEMENT STORAGE RECORD

LADPER ELEMEN{ STORAGF RECORD

4
22 g
=11 o N P COMMENTS
ol A B R
Tmlw o s =t 7
S%|3 :
3% g
%
1 srr| x 2
3 [anp| x |12 AND X2 FRASTD. AND XI2 WRITIEN IN
5 |OuT) ¥ 2
'S
l'igure 5.9 3A Changing an Element i a Ladder MNiagram
X1 Y2
1
!
i =3 z —
b |EG E
‘ ,.,,§ . =l {OWMEN D>
| e R R Y
Xuldpl == (TR
| 2903 z
a e N
i :
f -
| 3 |sTR[ X |
| 4 AND %12 (S FRASIT IROW THIS MIMORY 1OCATION
s oot v | oz
3

1; Figure 5 9 4A Changang an Flement in Ladder Diagram Using E
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5.10 SIMPLE PARALLEL |¢ | CONTACTS PROGRAMMING EXERCISE NO. 3

In the ladder diagram shown mn Figure 5 10A ., 3 inpul duvices are connceted m parallel. Figure 5.10B
shows how the control sequence would be listed prior Lo entry into the sequeneer.

To enter this ladder digram into the CCU, press the following keys in the order given  (CCU must
he in STAR'I -UP mode.)

o] b 0] e L)

-. Erases all ladder elemonts lacations.

EI 5 |~ Sclects CCU taddur clement storage location 3.

E] — Used to enter the first element of a Jadder line

X Signifies that the element 1o by catoied reters to an input line connected to the 8MTS0
Mounting Base.

Digit key selects specific inpul lerminal of mounting base
Display now indicates STR X3 in location N 5

— Enters the clument §1TR X3 intolocation 5 and mcrements the. stotage location

to 6.
be: untored in parallel

h
L
Sy
L
”~
N
S
) — (Press key ftirst and then digit key | 4 | ). Signifies that element to be
! entered refirs (o a signal at imput terminal No 4 on the mounting hase
— The E key is used to enter the element wnto the ({ U; and to select the

H

This element (ype key signifies that the next element enterad will be connccted
i parallel with the element previously vnteral Any number of elements may

=]

[+]
NN

uc:xt ladder vlement storage location

. . E Pressing each of these keys ssparatcly onturs elements OR X9 and selects the

next ladder element storage location number.

H . Pressing these keys separately onfers clement Y6, and signifies that element

g Y6 is an output signal to be applied to outpui terminal No. 6 of the mount-
ing basz.




Venly that the ladder diggram of -Figues 5.10A has been entered correctly by closing and opening
simulator switches X3, X4, and X9 one at a time, as each switch 1s ctosed lamp YO will ight 1o
verify CC U must be in RUN mode.

T x3 Y6 I
{LS3) N\
[ 3 o
. /
X4 - PILOT
. I )\ LAMP
X9
I {PB8}

Figure 5 10A. Ladder Diagram for Programming Exercise No. 3

LAPDER ELEMENL (L MEMORY) SIORAGE RECORD

5 o
c [
g;ki_ oZ|oE|ez COMMENTS
o T=lT Tz
:

LADDER FLEMENT
STORAGE LOCATION

PAY

5 |STR | X 3 |83

6 |OR X 4 | LA6

2 lor [x |9 |[pBs

: 8 lovt | ¥ 6 PILOT| CLOBURE OF X3, X4, OR X% WILL ENERGIZE
‘K LAMPE Y& TURNING ON PILOT LAMP

Figure 5 10B. Ladder Etement (L Memaory) Storage Record
{Fxercise Nu 3)

LRI I EITL 7Y




541 MULTIPLF OUTPUTS — PROGRAMMING EXERCISE NO 4

Figure 5.11A shows a ladder diagram in which the first two vlements ar¢: connected n parallel to
control output ¥7; then thu parallel Lormbination is connected 1n seties with a single element. Three
outputs are shown> Fither X6 or X7 must Jose to energize Y71 Fither X6 or X7 must close and
%10 must close before the dual outputs Y5 and Y11 will enccuze. To prepare for enlering the
ladder diagram of Figure 5.11A press tht following keys.

] [ O ] ]

— we have Jleared out all informaton contamned w the CCU Tadder Elemunt {L Memory)
Storage Location area. New informalion (an now be assigned lo those areas we have used
befor.. Note thdt we could have elected o cnter new information into the CCL without
clearing the Ladder Element (L Memory ) Storage Location arca. By entering INLO an ar<a
alrcady used (he new entry replaces the previous entry.

Figure 5.1 1B shows how the ladder diagram of Figure 5.11A appean when its eloments are listed on
the Ladder Clement (L Memory) Storage Rusard ‘10 enter the ladder Jiagtam into the CCU, which
is now olear of all previous information. press the following keys (explanation of the key action

follows below.

[ 2] (=] (3] [ b
[ox] O] [e] b

(1 ] [ B

[ 3 0 (0] b
t] ] L5 b

[ B0 O G e

With CCU in RUN. now close switches X? and X10 on the Simulator. tamps Y5. Y7 and Y11 will
. fight Open switch X7 and close switch X6: again lamps Y5, Y7 and Y11 light, Open X10 and Y7

. will remain on

Look apan at the kiy sequence: note that =loment X7 was connected n parallel with element Xb

using the element key Output Y7 was pencrated using the elament key The combiny-
tion of X6 OR X7 was connue ted in serivs with element X 10 using the E] clement type key. Both
n elemont type key. As many outputs

ehn . cwm AR 3 W rl cn A P A B fn’nﬁ:h?lnﬂfh.ha.’)y,ﬁmﬁﬂ‘» :’IA’

oulputs were conngeted in parallul by repeatd use of the:
. as are requited may be conngcted n this manner. Qutputs muy he placed at any pomnt in the hinc
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X7 " X10 Y5

PB33 PILOT

Figure 5§ 11A. Ladder Diagram tor Programming
ikxercise No. 4)

LADDER ELEMENT (L MEMORY) STORAGE RECOKD

-
£
[+
R 5
"._1"§ < i = = )
& eze COMMENTS
= %: g:; ZE|S%
[Ty [ z
Q<= Q
2% -
-
[°5]
v |8TR| X T | PR&I
iy |OR ] X 6 | pB33
2 |OUT} Y 0 SO12
i 3 |AND| X | 10 | LS103
I
i 4 |out!| Y s | soL4
s |our| v {11 | piLor
LAMP
[

Figure 5.11R. Ladder Element Starage Record
{Exercisc No. 4)
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512 PARALLFL SERIES .[] CONTACTS USING [o=] - FUNCTION —
PROGRAMMING EXERCISE NO. 5 '

n on Figure 5.12A ix given in Figure 5.12B In

The control sequence for the ladder diagram show
OR SR funcuon (made by pressing two keys)

{ adder Flement (L Memory} Storage Location 4 an
18 ¢ntered.

10 undersiand the ust. of the OR-8TR function, enter the ladder diagram of Figure 5.124 as follows’

m

- — To clear programmer and CC ¥
E! — Ladder Element (L. Memory) Storage Location 1 ready tor assignment, as

shown by the display.

@— These keys enter clement and OP code SIR X3 and select next slorage

louation.

El IT‘ @- These heys connect clements X4 and X2 in seres and select the next storagc
' location. the rusult of combimng element X3 and X4 in sencs s plactd in the

PF.

- -_ Thesc. keys store. X3 ANDed (put in scries) with X4 m Push Down Stack 1.

cnters element X2 and selects (ha next storage location.

@ @— These kcys connect elements X2 AND X5 in series within the PF and sclect

the next storage location.

E] — These keys, when pressed provide the instruction that connects the conients
ot PDS} in parallel with the conlents of PE, 1 e.. to gencrate.

X2 X5
i | |
I Vo

' ' Figure 5.12A. Ladder Thagram for Pragrampung
(Exercise No.3)

5-20

N
S\

'
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¢

(B i Bak B o P B B P



v LADDER FLEMENT (1 MEMORY) §10RAGE RECORD

1 -
K z2
i = %
: 2518 1 B w
23|z&leg|oslez COMMTNTS
| BE)TE T LT 2
- [a]
(=-4 —
]
b
Vi
o |str| x| 3 | Ls33
L |anw| x | ¢ | PB43
2 |ste| x | 2 | Ls98
1 lanp| x | s | 1st0
OR-
) 4 |STR N
s |ann] X | L | Lse
6 |lour] Y 5 | P11OT
LAMP
&
3
10
11
L
2 _‘5 wf
12 L]
o
o
73
24

Figure 5.12B. Ladder Element {L Memory) Storage Record
(Exercase No 5)




5.13 USE OF FUNCTION-PROGRAMMING EXERCISC NO. 6

The control scquence histed In Figure 5 13A shows how the ladder diagram of Figure 5.138 will be
enterud mto the CCYU. Enter the ladder diagram by pressing the tollowing keys:

mlmnjzis

@ To clear CCLUi logic menory with CCU 1n Startup.

_ Digit | sclects logiv memory location 1
E m - Places STR X1 in location 1

sTR This SFR term will -.ause clement X1 to be placed in PDSI1 (Push Down
Stack 1) of pushdown stack as the program is executed.

m ﬂ— NOTE. ‘Vhis is a case whule an nternal output CR1, is used w» an input
- The AND-STR entry causes the contents of the PE, power tlow, (X2 OR

CR1) to be connected in senes with the contcnts of PDSY {X1) - to obtain
the following:

X1

] I 1
I )
X2
| |
|
CRL

EI m - (Al this poinl the faddur diagram of Figure 5-138 has been entend into the

CCU; however, (o obtain 4 visual display on the simulator anel verify that the
¢ntry 1§ cormect. we have added output elemunt Y1)

Yolulniz

R
>
N
\
e
N
N\
N
N
&
3
S
S
h
N
S
S
$
¢
‘
:




LAUDER ELEMENT (IMEMORY)STORAGE RFCORD

ra
z5
E3 «
‘ “ .
= E . < COMMENTS
v B4 2 B
% w ]2 i =7l "<
235 =
-] -~
g
P
Lolstr] x| 1 | 18 STATUS 15 PUT I~ PF
2 |sir| x| 2 | pwaz STATUS OF X2 PUTINPE X1 10 PDS]
OIOR | CRE g?_:‘;ﬁ‘:'- PARAITFL STATI SOl X2 OR CRI I FF
o |ann SLAIUS OF PUSE (X1) COMBINED WITH
SIR PUSERIUS IX2 ORCRT)IN SERIES  AND
s |otv| cr{ 1§ conTROL RELYY 1

& ULl X 1 FUR]
YLRIFY ONLY

et WY

figure 5 134 Ladder Llement (L Memory ) Stornge Record
{Exercise No. 6)




X2

l

I
!n_ Y1*

CR1 """O‘_"'

»y1 INCLUDED ONLY TO GIVE

VISUAL EVIDENCE ON SIMULATOR THAT

LADDER LOGIC 15 VALID

PB42

Figure 5.13B. Ladder Diagram for Programming Lxercise No &

segquenda. has been entercd corm ctly by -losing gmulator switches X1 and

h X2 and note that Jamp Y1 remains lighted  indicating that
¥ 1 wall ¢ xtinguish

Verify that the control
X?2: lamp Y1 lights Now open switt
CR1 complctes the circull across X2, Open switch X1 and lamp

5.14 USING ] AND LUNCTIONS — PROGRAMMING LXFRUISE NO. 7
To cnter the ladder diagram in Figure 5.14A we must’

a) Cause X2 AND X3 to be jained 1 suries

X2 X3
|} ||
| ' | |
b) Cause. Y1 AND X5 {0 be jomed n series
Y1 Xb
1 ||
| | |

¢) Cause Y1 AND Y§ to be juined in parallel with X2 AND X3
X3

X2

- - 'u

. Y1 X5
' -

Aht e e

— e AN ST T 'j_nm‘



d)  Cause X1 to bu joined 1n senus with the paraile]l combination

X1 X2 X3

Y1 X5

To accomplish this, we will enter the control sequence into the (CU in the order shown below. The

control suyuened for Figure 5.14A is shown i Figure 5148,

T X1 X2 X3 yi T
oA
L534 L553 LS42 SOL 3
Y1 X5
| | ||
| | | |
1 SOL3 LS51 L

Figurc 5 14A Ladder Diagram for Programming Fxercise No 7




EADDER ELEMENT (5. MEMORY) STORAGE HECORD
=
Z8
N
31 L P
_¢§ gg gg oF gg COMMENTS
XLlg=|"H| T2 ">
FEANE
%0
- -
1)
o lstr| x| 1 | 183¢] NOTE BEGIN ENTRY BY CLEARING BOTII FROGRAMMER
AND QLU WITH AUX |
str | x | 2 | 1ys3]  TIMS STRIUNCIION PLACES ¥1INTO PRSI X2 AND X3
WILL BL COMSINED IN SERILS AND PLACFD IN | .
3 1anp| x | s | Lsa2
3 [sTR 1 | SUL3|  THIS STR FENCTION MOVES X1 FROM PRSI TO PPS2
PLACES A2 AND X3 INTO PUM. ¥1 AND XS WII1 AT COML
BINED IN SERIFS AND PLACLD (N Pt
4 {AND| X | 5 | LS5
OR
5 | sk LAUSES {X2 AND X1) TO BE JOINED IN PARALLEL WITH
(Y' AND X5)
AND
6 |SIR = CALSES PARATLN | COMBINATION LU BE JOINED IN SFRICS
WITLE X1
ot v | 1 | sou
8
9
10
e —
23
24

Figure 5 14B Ladder Elemen( (L Mcmory) Storage Record

(Exercise No 7}




LADDER FLEMENT
STORAGE LOCATION

RFEADY

KEYS PRESSED

“LR

[ (x] 0] B
(] [x] (2] b
[ 2] G B

(=] ] L] b

[ [x] 5] £

FXPLANATION

Clears all ladder clement locations.

First entry to be i Laddar clement loca-
tian O.

X} status is placced in PR
X1 status placed in PDSI.

AND function causis X2 to be connected
i sertes with X3 and this comhination 1s
placid in PF

Third STR function places ¥1 into PF,
causcs X1 to be pushed down to PDS2
{see Fipgure 5.14B), and moves X2 AND
X3 from PF to PDSI.

Second AND funciion causes Y1 m PE to
be cannceted in series with XS and this
combination 1s placud m PF:




LADDER ELEMENT
STORAGE LOCATION KEYS PRESSED EXPLANATION

5 OR -STR function causes he contents of

PDSI (X2 AND X1) to be connected in
PARAI LEL with contents of PF (Y}
AND X3§) to obtan:

At the same lune the contents ol PDS2
(X1} pop up into PDS1

@ E] @ AND—SIR (unction <4uscs contents of

PDS! (X1) to by connecled in SERIES
with contents of PF (Y1 AND X3) OR
{X2 AND X3) to obtan.

E! OUT tunclion causes an outpul TO OLLUL

at ferminal 1 of output Mounting Base.

It can be seen that the OR—5TR and AND -STR tunctions are used ta uither OR the contents ot
PDS! with PF or to AND them together. In addition, these two functions bong thy contents of

PDS2 into PDS1. PDS3 into PD¥S2 and PDS4 into PDS3

Clear CC.U memory using the AUX! Function before proweeding to the next cxample.

N
ﬁ~
N
N
N
A\
\
N
N
Q,
S
&
Y
a
S
S
&
8
S
S
$
L
i
'
$
¢
i
%



5315 COMPLEX LADDER DIAGRAM — PROGRAMMING EXERCISE NO 8

ln the ladder diagram of Figure 5 [5A . a singie element (X1) is connected in series with a parailel
combmation of five <laments Within the parallel combination there arc two scnes combinations.
The control sequence for the ladder diagram in Figure 5 15A 15 shown listed in Figure 5 1SB Once
the control sequence is entered into the (U the following action will take place nside the CCLE as
1t Cxecules the program.

T X1 X2 X3 Y12 T
l! || ()
|| | |

{LS32) {LS41) X4 {PBB1) {SOL 6)
I | | 1
X5 {(LS18) X6
|| [ |
| i | |
L (LS16) (LS28) 1

Figure 5§ 15A. Ladder Duagram for Programming Exerase No 8




LADDER ELEMENT (L MFMORY?} STORAGE RECORD

-
=S
E_q
E 5 - E
q4E| Ew ol COMMINTS
e = e 1D — o = ¢
p o AN 100 E=d =l
EElar] 7| S| %
RS =
<5 )
172
- n Isrr | x [ 1 | Lsa2
1 |sTR | X | 2 |LS4
2 lawn| x | 3 ] EBS)
1 lor | x 1.4 |1518
4 |stR| x | 5. |s8t6
5 lanp| X |Me | Ls23
OR
b |STR -
AND THIS TOINS X1 FROM FDS1 IN SFRIES WITH
~ |STR ([CX2 AND 1 x 1) OR X4} OR (X2 AND X3)) IN PF.

g lour| Y 12 | SOLe

2

in

i1 NOTI: S1EPKTY 18 PRESSLD F OLLOWING EACITENL RY

TO ADV ANCE TO NEXT 3 LORAGE LOCATION.
12 __,.L_______
...-'"'.‘-"
/;2,;_’/1- \\._:_________/

23

24

Figure 5.15B. Ladder Element (L Memary) Stlorage Record
(Exercise No. 8)

R N N I Wi Vi VLY W iV i I’I’/’/’)/’) )}_A

L2 I ST =y



LADDER ELEMENT
STORAGE LOCATION

RLCADY

KLYS PRESSLD

[}
[ & 01 B
() K] 2 B

[ X G B

EEENE

bl ] (&) B

(=] b1+

EXPLANATION

Selects Location U

status of ddement X1 will be placed in PF
Conients of PF (X1) are placnd nto
PIIS). and status of element X2 15 placed

into PE

Contents of PIF aic ANDed with clement
33 (0 abtain:

X2 X3
3 1 ] t
I I

And this comlunation is plawal mte PE.

tonlenls of PE 18 QRed with N3 10 oblain

Contents of PDSY (X1) 1s pushed down
into P8I content ot PR (X2 AND \3)
OR X4 n pushed down to PUS| and
¢lement X5 1 placed into PT

Content of PF (X5) 1 ANDed wilh
cloment X0 and this combination plaved
mto the PF

The content of PDSI X2 AND X3) (3R
X4 18 ORed with content of PF (XS AND
X4a) to obtain



LADDER ELEMENT

STORAGE LOCATION EXPLANATION

KEYS PRESSED

and thus combination s placed into the
PF. at the sammv time. conlunt of PDS2
pop up to PDS!.

Content of Pk (X2 AND X3) OR X4 OR
(X5 AND X6)1s ANDed with content of
PDS1 (X1) to oblain

; [ L]

X1 X‘Zl X3
A HH
X4
1|
1 |
X5 X6
L — |

and this combination is placed in PF

OUT Y12 places the contents ol PF into
the IR for wutput to oulput terminal 12
of the. mounting basc.

[ ] (0 [2]




5 16 REDRAWING COMPLEX LADDER DIAGRAMS

A ladder diagram having dual outputs and parallel palhs to energize those dnal outputs 1§ shown 1o
Fipure 5.16A 1o altempt an ¢ntry of the elements in that configuration would prove extremely
difficult the ladder diagram of Figure 5.164 1s redrawn m 5 16B and. in this configuration. untry
of the elements can be handlud using procedures already covered in this manuval A final check of
the input power paths requured to produce the outputs is the only check required Lo insure that the
control scquence of the redrawn version is the same as that for the more complex laddcr diagram

aw
X1 X2 1

O—

A3 X4

X5 Y2

O

Figure 5.16A Original Laddey Diagram
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™ X1 X2 Y1
X3 X4
1
| |
X1 X3 xsl Y2
: ‘i Yy 4
| \ \_/
X2 X4
||
|}
~_ ~

Figure 5.16B. Redrawn Ladder Dhagram
517 PROGRAMMING FUNCTION
The NOT function nverls the status of the selectyd input output or wuntrol relay Reler to
Figure 5.17A 4nd note that limit switch LS1 is connected to mounting basc input terminal X0:
also remumber thit X0 becomus the 1°0 identitier for LS1 Note also that an output is vonnected
to output mounting bas termina! ¥1 and teominal Y2, Figue 5 7B shows a ladder diagram in
which LS| and oatpurs ¥1 and Y2 might be combined for «ntry into the €CU: dosing LS1 wall,

as shown by the ladder diagram, gnergize Y1 and deenergize Y? Enter (he ladder diggram of
Figure 5.17R pressing the following programint t Keys in the. nrder given:

F B 0 B [
FREEEE
FMOE

F = = [6) b

HEEH




%0 un the simuldtar (o closed and observe that lamp Y hghts and Y2 gous oul Now, sut
2 will light Using the NOT function mverhud the
logical status ot switeh X0 as thet stafus existed at the mounting base input terminal i he NOT
funution inverls the logical status of any vlument Figun 5 17C <shows the listing ol clemunt los-
ton [or Uiaure 5 1 7B Jadder diagram Turn out lamp Y 2 b lore proweeding by «nienng the lollow

Sct swalvh
awildh X0 o open lamp Y1 vaill extinguish and Y

ing w2que nee

sote that X0 s referenced 10 two wparate Jines but only Connects o mounting base at one point

170 IDENTIFIER DETERMINED BY MOUNTING
BASE TERMINAL TO WHICH THE DEVICE 1S CONNECTED

MTG
BASE|  bmsso 100

LS1
T—\\ X0 e CCU »
X1

Figur § 17A  Status of Each 170 Device is Applied 10 Mounting Base

T Y
X0 Vi
- | e\
| | -/
: LS1 PILOT LAMP
I }/y { ) -4
r | U
; LSt PILOT LAMP L

Figure 5.17B Uswg NOT Functian to Invert Input Switth
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Jine ladder diagram in which the NOT function is used in another way

Figure 5.17D shows a two
Output Y1 willbe prevented from energizimng 1t the two cwitches. X% 1 and X2. are closed at the same
¢. To see how this operates. enler the ladder diagram of Figure 5 17D by pressing the fallowing
he Ladder Element {L Momory) Storage

tim
programmcr keys n the order given TIymre 5.17E shows t
Location record.

=8
Z B ”
23)s = I
S5 |dploBlaBleZ COMMENTS
= z =) o] Il =R =
o E - -4
=l (7]
=3 a
oK =
- o
5
SR X ] LIMIT
Wl
I |JouT] Y 1 |PILOT
LAME 1
3 ?ql(-]l.lr X ¢ WHEN INTERED INTO TIIL SEQUENCE. THE NOT THNCTION
' CAUSFS TIHE LOGICAL STATUS OF SWITCH X0 TO BE

PILOT | JNVERTED. IN THISCASE A NORMALLY OPEN SWITCH WILL
LAMP 2| FUNCTION AS A CLOSED SWITCH. CLOSE X40 AND LAMP Y2
1§ EXTINGUISHET

3 |ouTy Y Z

9

10

11

e —

e
T

12

13
;;L:':z

23

24

Figure 5 17C. Ladder Element (L Memory) Storage Record {NOT Function)

nrrr 2NNl
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8
&
q
g

A _ . ™ W
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X1 X2 CR1
|| | | {1 !
| \_/
{LS28) (LS29)
4 CR1 | X3 Y1
/P' | | M\
im I l || U/ I
» (LS202) PILOT LAMP

Figure 5 171} Using NOT Function to Invert Control Relay (CR)

AREROE
FE G
HEDHE
= E B [ E
EERE
HE0H

Close switch X3 on the Simulator and lamp Y1 will light, close switches X1 and X2 and lamp Y1
will ¢xtinguish. Using the NOT function to enter CR1 in the second Lini mverts the status of CR1:
-and until CR1 is energized in the first ine. Y1 will hight cach time thal switch X3 is ddosed Thus,
‘when X1 and X2 are closed CR1 s energized, and lamp Y 1 extinguished. Open eithar switch X1 or

i %2 and lamp Y1 will light again.
Y
Hi f




NOTE

The NOT key 15 a legal suffix for the

following keys

fjowever, the combinatiuns
~NOT AND STR” and N[ OR
STR* are: torbdden

{ADDER ELEMPNL (MCMORY) §IORAGE RFCORD

=8
T -
=
=3ls x
] z —
-1§ wa log|ow o
el 1SR FR|" s COMMENTS
xa I=tal Bl =1 s
w o
] w -
=33 =
2
"‘u:
p |sTRY X 1 | LIMIT
Sw 28
i |awpl x| 2 LIMIT
SW 29
2 | ouT|CR 1 | CONTROL
RELAY 1
5TR wirH L5285 AND 1§29 (1OSkD AT 1HF SAMF
3 | NOT|CR 1 | CONTROL] TIME THIS PREVENTS THT PILOT LAMP
RET.AY 1 CONTROLLFD BY Y1 FROM BEING TURNED ON
4 ) AND| X 3 | LIMIT
SW 292
s lovur| ¥ L | BLOT
LAMP
&
8
9
10
11
12
[ ————
L~
13~ el K\_____-—f—‘
23 M_’—’-ﬁl
24 J

Figure $.17E Ladder Flement (L Mcmory) Storage Record (Tavertin
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5.18 PROGRAMMING NORMALLY CLOSED INPUTS

The CCU “<ees” only that a switch
normally closcd ot open. Therefore, 1t a function is t
normally open contact must
when L84 15 closed.

he programmed. In thu following example, SOL4

LADDER DIAGRAM

SOL 4
' LS4
l _%NG—
1/0 ASSIGNMENT
f]n’
MTG MTG
BASE BASE

LS4

——%9"'—'—)(2

would bo:

Here 1S4 (normally open) is assigned o X2 and SOLA is assigned to Y3

T LADDER DIAGRAM

Y3

1
=

SOL 4

15 closedl (voltage at an mput termunal) or open, not if 1t is
o occut when an input swilch is closed «
is to be enurgized

The diagram and program

~~ STR X2
OUT Y3

'
_/

PROGRAM




in the next sample SOLS will be energized whon LS6 15 closed. A normally closed contact of LS6 s
used and SOLS is cnergized until 1LS6 has been actuated.

LADDER DIAGRAM

LS6 SOL®

O ASSIGNMENT: ' .

MTG BASE  MTG BASE

SOL 5

The diagram and program would be.

T LADDER DIAGRAM ~

X4 Y3
1 O
] I PROGRAM

—\- STR X4 L
CUT Y3 .

Note that in hoth of these sxamples. a normally cpen contact is programmed since an outpul 1s (o
be wncigized when a contact 15 closed . Tf the user wanted Y3 to tum on when LS6 opens, he would

have programmed it as follows:

HEEDH
b ] ] B




5.19 PROGRAMMING [=x] FUNCTION

The MOR 15 used to enable disable the outpul(s) in 1tz field of control. Figure §.19A shows a ladder
diggram 1 which & master conirol relay (MCR} function 1s constructed using relay circurtry Out .
. puts SOL K and SOL L cannot ociur until this MCR relay is energized. The same MCR function s
shown in Figure 5 19B as it would be diagrammed fo1 entry into the CCU

Outputs Yland Y2 are controlled by the MCR function and ¢annot be cnergized by their resputtive
actuating switches untii the logic combination of ((X3 AND X4) OR X5)is truc When X3 and X4
are. dlosed (lines being controlled arc: autive) outputs Y1 and Y2 can be energized for output Y1 to
energize X6 and X7 must be closed. If X3 or X4 should open while Y1 15 cnergized, Y1 will be
dexcnergized regardless of whether X6 AND X7 1s logically true Thus tlhe MCR function controls
the logical status of the outputs. both Y and CR, that comprise thi. MCR field ot contro! Figur

5 198 shows that the MCR field of control is two outputs [o enter the MCR tunction as dia
granmed in Figure 5.19B press the following keys in the order given:

(o] [oo] (0] [ o] o
(] [e] =] (3] [3] P
(o] x] [4] £

(] [x1 (5]
A B b
[=] [x] [¢] ]
ool ] [ ]
T
;'_.E]
o X [2] £
L] (2] B

[
)
S

i |
+ 3
:=
g
o |
ne R
|
.
e ¥
# HY
2001




CRM

A

Figure 5.19A4 Master C ontrol Relay Functivn Using Relay Terminology

ulator switches are open and CCU 1s in RUN then closc switch X6 and X7, [amp
Y1 does not light because the logic nput for MCR is not truc. Close switvh X35 and lamp Y1 will
light Open switch X3 and lanip Y1 extinguishes Output Y1 15 controlled b}'; the MCR tunction.
Close switch X8 Output Y2 does not hght because the logical status of the MCR inputs is not true.
Close switches X3 and X4 and the MCR logical input becomes {re. Output lamps Y1 and Y2 light.
Open switch X3, and output lamps Y1 and Y2 extinguish. Close switches X8 and X9 No output
lamp lights When an output 18 within the MCR ficld of contral two conditions musl bu obtained

before that outpul van energize:

Insurne: that all Sim

1) MR logical input must he true
2)  Logic required for energizing the specific autput must be true

Ergure 5 19C shows how the MCR tunction is rveorded before entry in the CCU

A MCR can control up to 1023 outpuis.

‘m Wa W M. B W odn R ENINTY B DD R DR IJ

‘-w




X3 x4
{LS23) (LS18)

Lﬁ MCR (2)* e

X5
g3 (PB201), L —
s {LS40) (L543)
- X6 X7 SOLK
o — N o——4
T_N\O_%\ v
X8
{L55) SOLL
o o -o——¢
Y2
X9

*THIS NUMBER 1S ENTERED AT SAME
TIME AS MCR AND DETERMINES THE NUMBER OF
OUTPUTS (EITHER Y OR CR) TO BE CONTROLLED

Figure 5 19B  Master Control Relay Function Using the PM550 CCU




LADPDCR ELEMENT (L MEMORY) STORAGE RECORR

£
g% o
48 E“‘ on E =
e B R R COMMEN I'S
oo |~ A (g -
a =i =)
it )
0 |STR| X 3| 823
1 |anD| X 4 | ISI8
2 |OR X 5 | PE201
3 |MCR) - 2 - NUMBER OF (RITPULS COMPRISING MCR Y OR CH
OUIPUL FIEID OF CONTROI. ENTERED WITH MUR
4 |SIR| X 6 | L340
S AND| X T | L3&3
6 |ouT| Y 1| SOLK
7T |ISTR| X R | LSS
g [OR b 2 115
3 Jovl] Y 2 | sOL1
2 ?/f-q____\—q
T pp——
FR
24

Figure § 19C Ladder Element { L Memury) Storage Record for MCR Functign




520 PROGRAMMING JUMP FUNCTION

‘The JUMP function with 1ts input off causes 4 spccified number (ts {icld of vontrol) of outputs to
hu skipped. or “frozen” logically 1 thew last siate. When a sequence is required which must b
perfarmed only at a specified times and the outputs must remain in their state 40 all ather times. a
jump function can be used The Jadder diagram shown in Figure 5 20A contains 2 2 oulput jump
function. The assignment of Ladder Element (L Memory) Storage Location numbers for the laddur
diagram is shown in Figurc. S 20B. The “ficld ot control” fur a jump function 1s defined as the
number of subscquent outputs, both Y and CR_cuntrolled by the jump function. I'or examnple
JUMP (2) would indicate that the next two outpuis would be controlled by the JUMP function.
A JUMP can have a field of 4095 outputs maximum. As shown in the. ladder diagram. in Figure
5 20A, the JUMP function field-of-control consists of outputs Y15 and Y7 An ontput to energizy
Y15 can cucur only 1f X8 iz ¢losed at the same time that X26 is osed (The same is true for Y7 and
X19). [lowever, it during the time that Y15 15 energizad X8 opens. Y15 will remain energized.
should X26 open afler X8 opens, Y15 will still remain energized untl X¥ closes again. (This is true
for all oulputs within the JUMP function field of control). 1o enter the ladder diagram of I'igure
5 20A containing the JUMP function, press the tollowing keys in the order given:

FEDBHS
cr] [0] [m] {x] [1] [0] f]
awl [ X |_T_||m|
() (91 1
L] [x] (8] b
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cn n Iy Iy Iy Hh Ph T

_dh

[ 4)

N SRT (W 4

JUMP (2)*

X286 Y156
.} H_w—o_+
VLsm - V'S0L6

4

X3

LS13
X30

1L.s10

Y Y Y YYD

*WHEN SWITCH X8 1S OFEN,

OUTPUTS Y15 AND Y7 ARE JUMPED OVER

DURING SEQUENCE AND NO CHANGE IN STATUS OF OUTPUTS CAN
OCCUR. WHEN X8 CLOSES (LINES BEING CONTROLLED ARE ACTIVE}.

OUTPUTS FROM Y15 AND
WHEN X8 OPENS, Y15 AND

{ON OR OFF) AND CANNOT

Y7 CAN OCCUR IF X26 AND X138 CLOSE.
Y7 RETAIN THEIR OUTPUT CONDITION
CHANGE REGARDLESS OF STATUS OF X26

OR X198 UNTIL X8 CLOSES AGAIN

Figure 5 20A Ladder Diagram of 2-Line JUMP Functivn



\ab ab AV sk &Y nbaBATA

TARNIR TLEMINT (L MEMORY} STORAGT. RTCORD

=
=S
z% | -
4 8 Z L2 - = -
e B EEL RS COMMEINTS
muw |2 = |=Z|=
: : z
bd 32 | - Y
2 |a A
&
‘<P
" in
N |STR| X 1] 1)
I AND| X | PB42
2 |OorT| ¥ 3| SOLB
3 |ISMRY X 8 Ls22 OUTPUTS Y31 AND Y0 ARL NOT 'AR 'O THE JUMF FUNCTION:
TG VERIFY THIS, OPEN XR AND CLOST. SWITCLIFS X140, X1. AND
4 ™P - 2 X3 ON SIMULA (OR. LAMPS Y3 AND YO RESPFCTIVED Y WILL
LIGHT CLOSE SWITCH X26 AND NCTE THAT Y15 DOLSNOT
SIR | X 26| IS/ LIGIIT: CLOSE SWITCH X8. AND Y15 WILL LICHT WITH X26
STITE CLOSED . OPLN X8 . Y15 REMAINS LICH LD OPEN X26
LI ouUr| ¥ 135 301 ¢ AND LAMP Y15 WIL1 NOT EXTINGUISIH — PRUYING [HAI OLV')
FL IS UNDER CONTROL. 0OF THT FUNMP FONCTION C ANNO1
T |STR| X 19 Ly4 CHANGE IHEIR OR/OFF STATUS FXCTPT WHTN T CONTROL
LING SWIICH (IN LIHIS CASE X3) IS CIOSFD THIS IS TRUF. FQR
ﬁ‘\. T Y 7 SO 2 AllL OUTPLTS IN THE JUMP FIELD OF CONTROT
9 |STR X 3| LS13
i0 |OR X 0| 1814
ii |OUTI Y df SuLe
1"
13 [ x
oL —
23
24

Figure $.208 Ladder Element (L Memoary ) Storage Record tor the JUMP Funcuion
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1B
Kk
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At this point the Jump function must be selected and, as shownin Figure 5.20A. this will b assigned

to ] adder FElement (L Memory) Storage Lucabon 4.

[Zl . (s number 15 the aumbsr of outputs that will he contained in the JUMP field ot

contrul)

[ X EEE
miajaE
(= E D Bk
E G
(= X B B
HEERE
f) ) (2 B

The hffervnce between the MCR and JUMP lunction 18 that while the MC R turns outputs off if 11s
input condition 1% falsc (PF = 0), the JUMP tunction simply jumps Over {hem (does not change their

logal status) it its input concition 18 false.

NOTL

A jump OF MCR within the. control
rangt. of anothet active jump or MCR
1s treated as a Na Qperation”, 16 it
has no eifuct.



§ 21 PROGRAMMING SHIFT REGISILERS

A shilt registor 15 used to store and transfer information from onc output o1 <s€age to another In con
Jungtion with the movemen( ol pacts on 8 machine (see Sk 12 and 13 also) The shift registor stapes
conespond to physical locations on the machine. Shaft nmsters are commaonly used with index
tables or transfor lincs to keep track of part status The mnformation 1s shalted from slage to stage by

a switch on the indexing mechamism Fuure 5 21 A shows an example of 3 4-stage shift regisier Fo
vhter the shift register. press the tollawing keys 1 the order given

[ ] [0
o) o] =] [ [X] (3] B4
QE '

x] [2] P
o] (o] {] [] e
] (4] b
- [¥] 2]
o] (] 3] b
b1 Y1 0]
(] (] (25 b
(=] [x] [o] P

El

HEHER

st

™

]

=]
[>]
(-]
H




LAPDER ELEMENT (L MEMORY) STORACE RTCORD

=
e
22| - g .
;;3§ Hd ol oo COMMTNTS
7 .‘..r_; =E|=
of Bl 4 4
=2l A =
RE &
&l
SR X1 DEFINES STATE SHIFTED iN
X2 SERVES AS SHIFT PULSE
il ] T e s X2 1S RESET
1 | MCR| - 5 ™ x
2| sTR| x| 2] vs4 '-‘lml o -m
R -
JUMF {4)
AND | JuMP ) |
3 | noT} CR| 0 ve ~
1 {3}
alme| - | 4 —
S|sRp Y | 2 ADQITIGNAL STAGES CAN
) BE ADUEC HERE AOTH THE |-_<:}—-"‘
p|oLTf ¥ | 3 MCR AND JUMP FIELDS OF
CONTROL MUST BE INCRE on
7| STR| ¥ 1 MENTED BY ONE FOR EACH _1l N\
. ADDED STAGE.
ml v | 2
il _11 {73}
] f 0 r V
9 | sik| ¥ 1
1
10| otT| Y 1 ___{l @
| ‘L- y
nlsxl x| 1
CLOSE X1 AND X2. OUTPUT YOWILL LIGHY. OPEN X) AND
2| ouT Y1 9 CLOSE X2 SEVERAL TIMES OBSERVE THAT THE OUTPUT STEPS
- ONCE FOR EACH SWITCH CLOSURE. CLOSING X3 TURNS ALL
13] SIR| X OUTPUTS OFF. ¥3 MUST BE OPEN TO MAKE THE SHIFT REGISTER
1o L our] cr| o OPERATIVE.
— " —
" — e
24

Figure 5-21A. Ladder Diagram and Program for Shift Register
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5.22 HOLDING CIRCUITS AND LATCH RELAYS

The image register tn the CCYV is divided so that CRO through CR255 and YO thiough Y235 are
nonretentive 1 nature and can by uscd in nonretentive sealing (helding) curcwits Thiy will be
‘feanl at power turn on CR256 through CRS11 are retentive in natur and therefore. perfanm as
latch relays dunng POWER OFF Latch autputs {Y) may be programined by using nutentive ¢ Rs as
shown i Figure 5 22A

T X4 X2 CR256

— Y
N
()

Figure § 22A Programmany Latch Qutputs

*

523 PROGRAMMING END OF SCAN FUNCTION

A desenbed in Chapter 2 (Syslom Opuanion) the PMS50 operates with a nomindl 17 v.c sean of
i+s 2048 words of ladder logic memory (31 mse¢ nonnal for 4098 word). fellowed by a 2 myec [0
cycde The END OF SCAN 1s a conditional operation which can be implemented i any ladder logic
(T Y lucaton to reduce the memory scan hime

\Lh in a program 15 entered thal nuquires only 2 porlion of the 2048 (ar 4096) word capauty the
time can be rvduced by using an END OF SC AN at the end of the program Figures 5 23A and
B display the DPMSSQ lakder lome timing diagram with and without LOS The wquation 3n
re 5.23C can be used 1o determme memory scan time based on the L location in which the EQS

can be implemente<d i the nuddle of a LOGIC progiam ‘I hat portion of the progiain after the
will not be scanned causing all nutputs to remain 0 their last state: counters and limers arc
erative. Fipure §.230 <hows a ladder diagraim which used EOS in the middle ot ladder logic

-
o
M
N
-+
b
.
e
o
prov s
-
L 4
e
-
-
o
3
-

e L



20 MS 2MS
1/C
CYCLE
LOGIC WORD O LOGIC WORD LOGIC WORD
2047 2047
LOGIC WORD
0
Figure 5.23A. PMS550 Timing Diagram without EOS

.//. AL

Figure 5 23B PM550 Timuing Diagram with EOS at Location Neo 500
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Memory Scan Time (Milhsecands) — Worst Case

334000518 XM+C6XF
Length of Ladder Legic Program (n Words

F Number of Special Functions

Example.
3 Special Functions
678 Words to EOS
Scan Timg = 3.3+000561B X 678+0.6 X 3
= 8.61 Milliseconds - Warst Cass

Figurc 5.23C. Scan Time Forntula

: LADDER ELEMENT
= STORAGE RECORD 1 Y1
A | '

; 0 STR X1 | —\_J}
' ? OUT Y1 X2

2 STR X2 F EOS(C
3 EOS (C) X3 Y3

1 N\
4 STR X3 1 | \_/
5 OUT Y3

Figure 5.23D Ladder Diagram and Storage Record for FOS




5.23.1 PROGRAMMING A CONDITIONAL END OF SCAN

To enter the ladder diagram in Figure § 23D press the following heys in the order yven:

o] o] [ ] (]
| {4 ] (] b
] ) (1] 4

[ x] (2] £

m -
[ (x] [3] B
] O] B b

B

NOTE

Wien the key 1s pressed. the
prompl “EOS COND? is displayced.
If |ves| is answered . the EOS is condh-
tional uzpon input power flow

With X2 Jlesed power flow 1s true (on) and COS does not effect the logic. With X2 open. power
tlow 15 false (aff) and EQS takes olfect

To verify FOS opcration open switches X1, X2, and X3. With Switch X2 open the IEnd of Scan
takes etfect. Closing X3 does not effect output Y3, Close X1 and Y1 lights. Now close X2, the LGS
is mo longer n offcet and X3 will now operate Y3 correctly With Y3 energized . open X2 and venfy
that X3 no longer operates Y3 due to the EOS

5.23.2 PROGRAMMING AN UNCONDITIONAL END OF SCAN
Tha unconditional END OF SCAN (EOS) causes the scan to terminate regardless of the power flow

in_ the 'O vyels vueurs. and then exeeution begins again at 1 ovation 0 It 1s programmed identically
to a conditional END OF SCAN, except js answered (o the prompt “E0S COND*”




$.24 DEFINING INTEGER VALULS

In order to implement timers, counters math equations, special (unctions and process control equa-
tions numeric values, positive ot negative  used in these tunctions must be defined and stored in Lhe
USER STORAGE ARFA.

Lhere are 2048 (or 3072) Locations {C0 through C1023 (or C2047), V0 through V1(323) which are
available for storage uf numeric values.

Because ladder lagic is restricted to the usc of Integer valucs (no tractions or decimals). the follow:
ing examples illusiratc the entry of itegers Chapter 6 describes Lhe cntry of nen-integer valucs and
thuir use in special functions.

As an example, the valuc of 29 can be assigned to data storage lovatian (22 by pressmg the follow:
ing keys.

As indicated in Section 5.2, the key returns the programmmer to the READY statu
In all the provious ladder diazeam programming cxamples a ladder clement location
No. (0-4095) was thun sclected for entry of the st ladder element. The READY state
allows entry into any of seviral available storage areas

— Dser “*Constant™ Data Storage Area has been selected

— Ulser storage arca focation No. 22,

Display indicates: €22

E - The E key has been presscd so that a value can be asvigned to data storapy location
No €22,
- Display indicates €22 = 29
EN'E N{YLE The displaywd intormation does not trans{t r into the CCU until the key
has been pressed Prossing automatically steps to the next slorupe
i Iocation.

-

3nc¢ 4 lovation in the data storage ar-:a has been selected . the and keys ¢un b ned to
iflcrease or decrease the location number.

WARNING

A

Do not use user area CQ — C]S tor
user progiam data ‘Lhese 16 locations
L are reserved for loop table pointers.
Appropnate warnings will appear on
the Read!Write Programmer display.

5.55




The [ollowing cxample illustrates the use of the key 1n the data storage area:

- Dasplay indic4tes READY (RUN)
El — Selects lacation €22 to be read
@ .- Display indicates: C22 =29

Assignments of data storage area location numbers should be recorded on the data storage record
form shown in Figure S.24A. As 4 program is deseloped a record shunld be kept ot the location
numbers that have been assigned 2 yalue along with the value. 1t can be vmployed as many times
as requircd m the ladd-r diagram progrdm To change Lhe value assigned to location €22 press the

following keys.

LK ~ Programmer indiuates RLCADY (RUN)

— Selecis locaton (122
E — Selects new valuc

@ . The old valuw 15 automatically erased and the valuw 9 entered n its place.

If an error is madc in defimng a valu for a particular data storage location. the key can be
used to clewr the value from the display 50 that a correct entry can bu made.

KEY SEQUENCE DISPLAY NOTF

READY
El (22=29 The |CE| atfects the pro-

grammer Jisplay only,
with no effect on CCU

22 memory

[=] {41 (o] (22 =40
[ €23

Storing and recalling vvarable™ data in the V arca uses the same key sequences with ¥ substituted
for C.

™ o R B oD DL DD fl‘/’ﬁ/’ﬂ”ﬂl’)}-

=




T
fa
o
e,
2 4
2 =
m £
# w
& S >
3 z g
2 £
m =

- 3 =
% 3
g S5
Fu .
|4 «
3 P
= o y
JATVA ) ©
"ONKOLLY 20T | —| ™)™ =la W

vIEV D (| w WES

"




525 LADDER LOGIC MULTI-WORD FUNCTIONS

Fach of the functions which have heen deseribed up to this point have been single word functions.
The PMS5(% has 7 mult-word [unctions which can be programmed into ladder logic memory

E TIMER 3 Words
COUNTER 3 Words
INTEGER ADD 4 Words
|i_'] INTEGER SUBTRACT 4 Words
@ INCEGER COMPARE 3 Words
INTEGER MOVE 3 Words
E] SPECIAL FUNCTION REQUEST 2 Words

Single word functions are defined and entercd inio Logic memary ons word at a time. Mult:-word
functions are diffcrent n that E s pressed only atter the complete function (2,30r4 words)
18 defined. Paragraphs 5 25.1 through 5258 describe the correct entry procedurc for these func
tions. Paragraph 3 25 10 describes how to change or edit a mults word function aftcr it has heen

entercd.

Specral Function (SF) entry and editing proccdures are described 1n detail in Chapter 6.

with the exception of SF. all other ladder logic multi-word functions are performed on every sLan

. without tftecting the memory scan ime descnibed in paragraph 523, As mentioned

ol memaory
dder logic functions and are restricled to thy use of integuts as data values.

earhor. these are 14

5251 ENTERING COUNTERS

is shown in Tygure 521.1A along with the Laddur Llement
(L Memory) Starage Location assigmments. The number of closures of X1 will be counted, and this
switch will be entcred into the (CU (st Any combination of switches ¢an be cntered, tn which
case the number of times that the combination is acfive will be counted Next, the combination of
switches constituting the reset enable wondition 15 entered, in this case Teset 15 purtormed when Xx16
of X3 is opencd The counter 1§ enabled when both arv closed Constant C100 has been sclected to
define the PRESFT count. This is followed by V8 which 18 used as 2 blank spave where the current
count is developed. To enter the ladder diagram of Figure 5.21.1A press the following keys in the

ordet given.

A ladder diagram for a typical counter

[P N, ¥ l%ﬁﬂﬁﬁﬁ?l’l’/’ﬁ/’/lL
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ACTINL INCRFMESTIN 1% JH)s MASNLR IS A GOOD CHYLK —_
lé THAT IHE COLNIER 1S TUNCTIONISNG CORRECTLY. ILKS
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Figure § 25.1A Ladder Diagram and Storage Records (or the Counter Function
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KEY SEQUENCE

Y

YES

I

3 E GG A E

] EG

Bl b (X1 [ L]
bl Bl [ 5]
b B2

~] [c] 1] [o] [0]

] V] (6]

DISPLAY

CLCARL!?

PRESS ENTR TO CLEAR

CLEAR V?

PRESS ENTR TO CLEAR

CLEARC?

PRESS ENTR TO CLEAR

READY (START)

0 STR X1

1 STR X16

2 AND X3

3 CTR PROTECT?

COUNITER

4 PRE: C100

5 CUR. V¥

NOTE

CCU must be in Start up
to JJear memory.

Clears all memary (L. ¥, and
<)

Closures of X1 to bo vounted
if Reset/Enable {X16 and
X3) combination truc
Resct/Enable mnput in sencs
with X3 input.

Counters and ‘['umers can be
proteeted from modification
by the TCAM (Timcr

Counter Access Madule) by

anawering to the

prompt. Protecled counters
read as “COUNTER (P)'.

Preset stored in €100
Current value stored in ¥8

Note' Bouause a counter re
yuires three locations to b
complete, the key is
pressed only AFIER all
three have been dctined

S ST N N A W W W iV 4P 4N i WL .,‘ ) l’

N



KEY SEQUENCE DISPLAY NOTE

3 @ EEI m 6QUTY 11 Rackstep (BSTP) is not allow-

: ed dunng definition of the
S preset and current words.

@ READY {START)
DOREREE ae-

C101
-

Verify counter operation ¢s indicated in Figure 5 24.1A. The current count can be observed by
viewing storage area location V8 The maxamum count capability is 32 767,

N .)'

5.252 DFLAY-ON TIMFRS

A dolay —on timer is used where il 1s desired to actuate a device al some time after the actuating
switch has Josed. Figure 5 25.2A shows onc. tarm of delay —on timer i which a single switch starts
and resets the timer (X1 closed = timer start, X1 opcn—timer resat). The dynamics of this delay -on
timer is as follows. Three seconds after switch X1 1s closed the pilot lamp Y8 tights. To coter the
delay on timer shown 1n Figurc 5.25 2A press the tollowing keys in the order given:

KEY SEQUENCE RISPLAY NOTE
[I| CLEAR L?
- PRESS ENTR TO CLEAR

CLEAR V?

PRESS ENTR TO CLEAR

CLEARC?

PRESS FNTK 10 CLEAR

READY (START) All Memory Clcared.
0 STR X1

[ STR X1




KLY SEQUENCF

] [

] [v] {4
] [v] [1] o]
[+] 5]

H

OB

DISPLAY
2 TIMER PROTECT”
2 TIMER (P}
3PRE VI
4CUR V10
50UT ¥&8
READY (START)
Vi =130
READY (51 AR1)

NOTE

Bicause a timer 1equues three words 10 be
complete the enter key 15 pressed only alter
all three have been defined. Also. BSTP 13 not
dllowad dunmg defimtion of the Preset and
Current words

Tountura delay —on timer that wall accumulate
increments of
dwation of mput switch closure requares d
tmer comtignration hke that shown in the
ladder didgram of Figure §25 2B Note that
two difturent input clements aie required. one
element enables/resels  the  timer and (e
seeond etement activates the tumer each time 1t
¢loses. The dynamics of the deldy on tmer
contaed m the laddes dagram shown i g
ure 5 25 2B tollows Both switchos X3 amd X4
must close betore the timer can sl and be
achivated . closmg X4 coables the timer and
cdostng X3 dclivates the mor (1 Rd s closed)
Fach tune X3 Loses (while X4 1§ closed) (he
umer decremenls

i avcordance with  the



LADDLR FIEMFNT (MFWORY) 3 IORAGE RECORD

-~
EE . ODAFNTY
3 = P o WL
- 5 }E.‘. wl Il w = _]'*-' AR
o R RS T X -3 o
ol L s A »—+1-—1-— s
=4 I 3 | e b wnar | N
38 | ’ | . [-6—4
S | -
- v p)
| L N RS
o [smm| X | 1] tent b |
1 [ s 1| e o R TS iters
| NN M I i
e
3w —_—— A
4 | vi0 >i
s |ouT Y x| ruor AN % Af
r + |= W
e e ™ ]
[
1
% NCHE 1O VERIE Y THIAT LADDER DIACRAM FINC TN
AS [NTFRED CLNSF SWITCH % ONSUMLLA LUK
B THREL SHCONDS LA LER LAMPYB S UL TCIHT
10 INDIC 41ING THAT TIMLR HAS TIMFR MRT NOw
" QPN X1 AXD PRESS PRIN-RANMLR (ULK| KDY
puiss BBl sk PRESS RIAD KEY ann
12 HOLD ALY O% N CLOAF SRITCH Y AND UGBS RS E
- THYU |1 THAND IASPLAY FIRST Q%S Tt
'_,_41" NLMEL R 0 (REPRLSEN FING 50 10 SHOONIS,
14 /,.,-’ TREN AFTIR XHISCLOSLL THE ASPLAY CIIANCL S
%- | RUM 0 10 DICREMONTING FOMENG TN 2
LACIT] O SICOND, THIS IS A SING 4] Lok
- AT THE ITMLN Y NAMIUS AND PROYILILS &
o GOOD OILLR OF TIML I OPI RATION
USER MIMORY STORAGE. RI'CORD
(=]
FA
z
g1, COMMENTIS
21313
- § -
¥ { £l PRESET TIME
! 2
¥ )
v 4
v ¢
¥ 6
v | 2
¥ g
v 9
¥ 10 + {1RRIENT IIME

Figure 5 25 2A  Ladder Disgram and Storage Records | ar Delay On Tumer
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LADOLR TTEMINY | Mo MORY) STOR VG RECOKD

- COMMENTS
v 2
e s
35 brlot|e?
£3]2 &l =
:;
-
—
ST | X Y[ 121
L |SIk] Y| A 183 -1
— . e—. e e
7 [ rMn —
}_1_ Clo0 __1 )
3 (Vi
- - v —
clarg| v | s} SoLw
—{
f -J .ee
" FAGTE G VIRIEY (HAT [ AUDLE DOVGRAY | UG THONS AS -
- PNTFHED CLONE SWLTCH X4 ON SIMUE ATOK, NUXT -
) PP SRATEH A3 LOR \PPROSIIATERY 1@ SECONLY
-r AND FHEN UPLN N0 CONTINGC TV TOST AND UPEY -
i fomfm - { —— N2 TIME SILL b ACCUWLLA FER LACH TIME X -
1 CLOM SEWIL w8 f 2 Ih MELWUE L LSNP e
- | YR LIHES SO CREER (1M1 ALCDUELATED ;
Lo MUTER TIVMUR MRS DU RIGARDLEN O MEWBLR -
' OF TIMES X-1SEYCLED OFLS N ANU W PRI>S
-J'- -1 J PROtRAMMER [CIH) A) v sN1-rREss [F1[T) =
L P st PRESS PHUL-RAMAC.R (READE APY LHULO DOWNS aMD 08l ]
[ ] CLONL Xu {IBNE RVE PRUGRAVUMLK LEFT HAMD
o PASPL A% ANO £ EOSE ANRHIPLE XA, REGINNING o
-2 —_ WITH NUMRER 44 de X b0 = 4 SEQONIPR - 1E LIS _
2 LAY WLl DUCREFMENT IO ZLRG STORANG FaIH
TIME %115 OFFN TILS 17 48 STEN VHAT YiME
ACTUMULATES ONLY WHIN A 15010610 AND TVER
1S ENABIEL
—

T'SER MFMORY STORAGE RECORD

§ COMMUNTS
-~ = -
™~ = =
~« «
v § -~
C 10 40
L 14t
USER MEMORY SFORAGE RLCURD
Q
<
< & COMMINTS
s 1218
-~
1813
' t - CURRENT TIME
v 2

Figure S 23 2B Deluy On Timer For Two Llements, Ladder Llement and
tiser Memmory Storage Records
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To enter the timer vonfiguration shown in the ladd. r diagram of Figure 5 25 2B press the (olowing
keys  the order piven.

Lo o [0 B} o] B
Lo b
(=] £

[ L X GBI

[ G b L] (0 (o [ fd (] (0] e
o] 1 (8] bed

(- {1 (] (o] (o] (=] [a] [o] b

Vunty this timed function as described i Figure 5 25 R Delay on timers can e set and activated
by almost any combination of mput devices the combinglion 15 dependunt only upon the task (o b
perform:il Figure 525 20 shows a ladder diaggram 11 which the duration of ¢losure of (wo senes
wonnected cloments 15 mad  the timer wiTeset {unction 1s providud by two parallel—connected
elements. [he dynamics of the dilay on timur contamned n the ladder diagiam shown 1n Figure
5725 2C 14 tollows: Timel 18 enabled when switch X158 (or X20) o dlosed and nowt when X1% and
X20 aie openced After timer 1s cnabled 1l 1s activated when hoth X2 and X3 are ¢losed. Opening X2
or X3 will mterrupl lumui active lime but so long a3 timer is st time IS aw usmulated each time
hoth X2 and X3 are closed To enter the ladder diageam shown in Fytun 5 25 2C pruss the tollow-
ing keys in the order given
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4 | TME] -
s |con] - | - | - |
s | V1
OUT| ¥ 10 | PN
1 AMP !
8
b —
® |
10
11
I
|
13 o NOTE- 10 YERIFY THXI LADDFR DIALRAM FUNCLIONS AS
ENTERED, CLOSE SWITCH X15 CLOSE X7 AND X3 AND 0 ——
14 L OBSERYF THAT Y10 LIGHTS AT LND OF % SLCONDS.
b/ \F %70 RAD BEEN CLOSFED INSTLAD OF X135, TIMER
" A WOUTD ALSO HAVE HESN ENABLFD 1INE CAN RE ACCL —_—
g - MULATED IN NCKEMENTS S0 LONG AS TTMER IS FNADLED =]
3 ANTI HUTH X2 AND X3 ART CLOSFD, IN TIIS CASE OPENRING
ETTHER A2 OR X3 WILL INTERRU T TUIC DECRIMENTING
24 FLINCTION OF THE TIMER. THY DECREMENTING FUNCTION P
- AN BE OBSERVED AS BEFORE. MOTE THAT CURRENT TIME -
15 ANSIGND TO LAUDLE ETFMENT (L MEMORY STORACE
LOCATIONS V1. -
\
USFR MEMORY STORAGE RECORD F 3
= s
z
z COMMENTS {
3 g .
o '
« ¥ = &
Q [u | s
. ¢
C 100 A0 PRESENL TIMT. .
C 101 4
USER MEMORY STORACE RECORD 1
Z .
-
ﬁ o COMMELNTS
E < A
=1z )3
-«
- ot = A
¥ 1 l CURRENT TIME
v 2

Figure 5 25 2C. Ladder Element and User Memory Storage Records
Fnr Timer Functien
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[] b

(] b

o] (=] &1 (2]
[l (=1 (31 b
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(=] 3 (] (6] b
(] ] el (0 00 (20 (93 g VD ]
(=] (] (1] (]

[4 [ 00 [ ] I E ] B

5253 DELAY OFF TIMFRS

153

A delay off fimer 1s used where 1t 1§ desired 1o turn a deviee on unmediately after a swfihos closed
and oft ot o delaved time afler the switch 1s opened Figure 5 25 3A shows a dugram of 4 dulay—oft
(imer m which the same inpul switdh starts and resets the timer In this tmcr configuration the
outptil Y1 15 complcmented with the NOT tunction this 15 irue also of the wpul switch X0 fo
implement the delay—off timer of lgure 5 75 3A press the following kovs in the order mvin

[ £ 03 b L] Bl
] b

[~ B

(o] [ [ 1] L]
) (=] [x] (o] 4
= [ =2 © 0 [ [ I E )
o] ] (] 0 el
FAOOR R EE R

Set <witch X0 on the smulator first to CLOSED and ¥ 1 will come on; than st X0 to OPEN and
output lamp Y1 will go out 4l the v nd of the 5 scoonds,

4
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X0
//{—— PRESET Y1
X0 TMR TIME  |CURRENT ,_O—+
OF 50 IN TIME
¢ / C100 V1
Al
NOTE: OUTPUT Y1
~ MUST BE COMPLEMENTED (STATUS INVERTED) -~

USING THE NOT KEY

CLOSE SWITCH
'._._—__-_‘
X0

————

|

t

!

|

|t OFF DELAY
TIME 5 0 SEC

Figure § 25.3A Sumple One-Input Delay-Off Tunet

525 4 HOW TO EXTEND I'TMERS

Extending Timer Tune By Addition (Cascade Method). The maximum time span for 4 single timer 15
54.6 minutes with a lolurance of t0.] sceond. One method of creating longes time spans is to cas
cade timers as shown by the ladder diagram m Figure 5.25 4A. In this case, closurc of switch X11 18
the cvent to be timed, and switch X14 tunctions as the timer enable‘reset ¢vent. To cnter the two
timers in cascade as shown by the ladder diagram in Figurc 5725 4A, press the following keys o

order gIven:

) B3 (20 ] Bsd b

(=) bl

[o] () X1 [ 0

[ (x1 [ (] b

] = 1 (] (0 (o3 (o) B (4 [ e
e ] [

m I I R NN TY DD Py P



HEE
alujBin]e
iz
HREE

HOOEEEE R
Bjajoj

Verify lier operation 4s described in Figure 5 25 4A.

Fatending Timer 1ime By Multiplication (Counter Method). A second method of extending Limer
ume is to use a counter m tandem with a timer to effectively multiply the tumes output. Figurv
5.25 48 shows a diagram of the: counter method ot extending timer, Note that the inyerted status of
CR1 (an internal FLAG jnverted with the NOT funchion in this case) is utihzed as a resel input lu
the timer CR1 output is also an input to the counter and rcpresents the itemn to be counted . The
inverled output of the counter YO 15 also one of the timer reset inputs, YO causes the counter; timer
to stop and reset alter 1t has timed out. [his arrangement will cycle at a penad detenmnined by mul
tiplying the present time figure (in tenths of seronds) by the preset count tigur: In this case the
total time equals SO tenths of seconds x 4 (0 obtain 20 seconds {o enter the cxtended timer shown
in Figure 5 25 4D press the Tollowing keys in the arder given-



|
|
|
|
!
|
|
|

/i

N Y Y Y Y. YV NIV . F.NEY .

DIAGRAM/COMMENTS

X11
Y2
T f v T (1: v
X14 M 1 M 2
10| . R 0
0 1
Y1
| O
. A

Closing X14 enables {activates) both umes. Y1 will be energized when X11 has been closed a
total 3 seconds. Y2 at 7 seconds.

L MEMCRY
LOCATION PROGRAM
] STR X11
1 STR X14
2 TMR
3 C100 {Preset Location}
4 V1 {Current Location)
5 ouT Y1
6 TMR
7 C101 {Preset Location)
8 V2 {Current Location]
g QuUT Y2
Cc MEMORY
LOCATION VALUE &
C100 3o First timer’s 3 seconds preset value
c101 40 Second timer's 4 seconds preset .
Vv MEMORY .
LOCATION VALUE | ‘
Vi ' First tmer’s current value, Equal to 30 at preset. times down |
ta 0 the Y1 energized
V2 * Second timer’s current value equal to 40 {4 seconds) when 4
reset or preset and equals O when timed out and Y2 i
energized :

Figure 525 4A. Extended Timer Using Cascmic Method
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X

i

X0

H }_ PRESET CR1
TIME CURRENT
1etyo | TMR | T [Mrme (1
(50) V20
CR1
PRESET AL
X1 crr | COUNT CURRENT.——O———#
C24 COUNT
(4) V21

=

IIE

EI

=]

1o verify the ounter method of extending time . set switch X0 on the stmulator to CLOSED 1 2t

L]

Y

mlslnlzis
OEEE
nl=

frrd ]

Figure 5.25 4B Extended Timer Using Counter Method
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b ] [ feod L]

[]14]

[ [v]
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Y

1\13

B

] (<]

(o]
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0] fn

scoomds the vutput lamp YO witl light Closing X1 will resct the temer and counter

5255 PROGRAMMING INTEGFR El FUNCTION

There are often conditions in machine ot process control when different modes of operation requre

a change In parameters in an equation or 3 new vaiue in a Timer or Counter [he
the abihity to MOV L an integer from ene memory localion to anether

Figun $ 25 SA duscnhes an ¢ xample where the MOVE function is utilized to externally select the
preset value for a delay ofi timer MOVL s & conditional opezativn 1hal s if Decurs asa 1esult ol

continuity thiough a line of logic When power {low 15 on. a MOVL occurs

5

o] |

key provides



v4
] T
v | c22 023—0—
DATA STORAGE X2
RECORD | | .

LOCATION VALUE COMMENTS

c21
C22 * X1
C23 : Current Time c24TO
c24 100 — g MOV | "C22
C25 50
C26

x1

€25 TO
— A—{ VoV | "G

Figure 5 25.5A. Ladkler Thagram and Storage Revord for Ladder Logic

Infeger Function

Inpul X1 has been selected to control the MOVE. in Figure 525.5A. When X1 1s open, a MOVL
occurs from C25 to (22, When X1 is closed. the value in (:24 is moved inta (.22. Note that the
yalues arc always maintamed i €25 and C24.

To enter Lhe txamplc at Figure 5 25 5A pruss the following keys in the order given

Y Y Y Y Y Y Y Y Y Y Y Y Y.y, Ve y3»

KFY SEQUENCE DISPLAY NOTE
[o] [<] [ E! CLFAR L? CCU tn Start-up.
PRESS ENTR TO CLEAR
@ (LEAR V? logic memory and image

registur cleared.

YBS PRESS ENTR 10 CLCAR

CLEARC? Yariable data storage cleared.

PRESS ENTR TO CLEAR

ERHEH




—~

KEY SEQUENCF

=

Gl X100
Eeq (] [x] [2] (5
ed ]

(<]

F [c] 2] [2]
b [ [2] [3]
o] {o] (3] [2]
bl [ x] [
b] o]

=] (<] (2] [4]
b (€] (2] (2]
F] L] 4 (X1 (0]
p] fed
EIBIE
[ (] 2] ]

o o A [

EE!EH
(=1 (&) L] B

C25

C26

DISPLAY

READY (START}

5 STR X19

6 STR X23

7 TIMER PROTECT?

TIMER

8 PRE C22

9 CUR: (23

10 OUT Y4

11 8TR X1

12 MOVE

13 FROM: C24

14 TO: C22

15 STR NOT X1

.16 MOVE

17 FROM.: €25

18 TO: €22

100

50

u
)
g‘

NOTE

Constani memory cleared.

Preset value address.

Current vdlue address.

Because a MOVE requires
three instructions to be com
plete. the key is pressed
only after all thrce have heen
defincd. As the displayed
prompting message indicates,
the MOVE FROM address is
defined first, followed by the
MOVF to address.




To senfy the MOVE tunction open switches X19. X23 and X1. To read the TMR curient value
press the Ia E_] L{] E and E keys. Close swilches X23 and X19. TMR oper-
ates from a 5 0 sec preset because X1 1 npen and the 5 0 sec value in location € 25 1s moved mto
the preset localion €22 Open switch X19 X23 and cdose switch X1 The presel umu s now moved
fzom (.24 to C22 and the TMR opciates with a 10 O second prosct (lose X19 and X23 and wnly

correed TMR operation

§ 25 6 PROGRAMMING INTFGFR COMPARE FUNCTION

Fhele are many occasions in automatc contrel when il 1s dusiable to know if a value s cgual to,
less than, or greater than a cerlam spodified limat "1her PM550 compare function uses the power
flow to determune 1ts mode (equal to oF greater Lhan or vqual to). then sets a new powwr flow hasedd
un the result of 1ts companson of two specttied values

Figure § 25 0A 1llustrates how the conent value of tWo counl-rs cin w compared In this case
CRA40 was arbitranly selected to set the power fluw aml determne the mode ol companson ‘The
compare function requins 3 locations to be detined

COMP
FIRST ADDRESS
SFCOND ADDRLSS

In ol cases, the second value s compated to the tirst Note tat just as i TMR < and CTR s the
addsiss (C YV or A) s defined nol a roal numeow value That address stores (he value to be com

pated To entr the oxample of Uigure § 25 6A press (he following Keys m the order @mvin

KEY SEQULNCL DISPLAY NOTE

READY (RUN)

L  OSTRX

HEEE s

@ 2 CTR PROTECT?

[] COUNTER

L] IPRE (2] Presct value address.

(=] ‘ 4CLR (22 Current value address

b (] 5OUT Y1 Lneigzed when value m

C22=2i
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KEY SCQUENCL

o (1 X
HEEE
-

]

HEEE
HEEE
HEEE

p b [ [R] (4] [l

B b

b [ ]
b [c] (2] [4]
Bk (V] (3]

B [ (] (e R ]

=

 HERE
claala
5 [

DISPLAY

6 STR X3

78TR X4

& CIR PROTFCT’

COUNTER

9 PRF C23

10 CUR C24

11 OUT Y2

12 STR CR40

13 COMPARL

14 COMP €22

15 WITH 24

16 0OUT Y3

17 STR NQ'I { R40

18 COMPART

19 COMP €22

20WITH (24

2OUL Y4

E 0 =0 ) 2 < oo

Venly compare operation as descnbed m Figure 525 6A,

0] n
El 2 @313 « 200
!

C23

575

NOTF

With {R40 oll comparc IS
1or equality

Y3 s onif value €22 = (€24

With CR40 on compate 1s (o1
=2

Ydr onit C222(24



X1 - V1
DATA STORAGE
RECORD X2 o Lo e ( )
R
LOCATION VALUE
C21 100
C22 Current Count X3
c23 200 c Y2
c24 Current Count
X4 T C23|C24|
R
CR40 Y3

| | compl c22|c24

:

Y4
| co N
fl/lf we) c2z|c24r—( )

Figure 5.25.6A. Ladder Diagram and Sturage Record for Compare Function

Recause CR40 15 not uscd as an output i this program, when CR40 is programmed as a normadlly
open input its power flow is always ‘off” When programmed as a normally closed input, its power
flow is always “on’. This power flow determunes the mode of companson (Figure 5.25.6A}

To verify the compare function open switches X1 through X4. The counters are reset and C22 =
(24 which energizes outputs Y3 and Y4 Closing swatches X3 and X4 increments (24 to a value of
1, while C22 = 0. Y4 15 then energized because {24>C22 while Y3 is turned oft. Close switch X2.
then toggle X1 twice, €24 15 now less than C22 and Y4 tums oft.

Figure 5.25 6B, displays how Power Flow van be utilized to select (he type af comparison 1o be
mads The power flow after Ihe companson 1s used to mdicate the result of the compur:. Unlike the
move function which operates conditionally, the comtpare funcuion is updated on every memary
scan of the PM550. The compare can be placid n the field ot an MCR so that its output can be
extoernally controtled.
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- HOo—

[ )
| [
| profr COMPARE EQUALITY | PF ON IF EQUAL
! | £ > ! )
I PFON | COMPARE OR < | PEONIFM’
| J———

Figure 5§ 25 6B Power Flow Used to Select Type of Compuee
3 35 7 PROGRAMMING INTREGLR ADDITION (+)

Additton of (wo integer values can he programmed as shown m Figuie 5 25 A To eniar the ladde
diagram press the following keys in the order given.

KFY SEQULNCL DISPLAY NOTF

] m ZIE B [ READY {START)
LFEED 0 STR X!

| STR X2
E 2CTRPROTECI?
COUNTEHR

R.77




X1 Y
| c '
DATA STORAGE I c211c22
RECORD X2 T
LOCATION VALUE t
c21 100
$22 Current Count X3
C23 200 I c Y2
c24 Current Gount
X4. T |C23|C24
R
CR40

Y3
1 ] compl c22|c24 I
|| \_/

CR40 Y4

H cOMP| c22 cza__O__-

Figure 5 25 6A. Ladder Dhuagram and Storage Record for Compare Funcliun

Because CR40 1s not used as an output 10 this program, when CR40 15 programmed as a normally

flow is always "off. When programmed as 2 normally closed input, its power

open input its power
5 25.0A).

flow is always ‘on’ This powcer flow determines the maode of camparison (Figure

To verify the compare function open swilches X1 through X4 The counturs are reset and €22 =
(24 which encrgizes outputs Y3 and Y4 Closing switches X3 and X4 wncrements C24 o a valuc of
1, while C22 = 0 Y4 is then energized bucause C24>C22 winle Y3 is turncd off Close switch X2,

then loggle X1 twice. C24 is now less than C22 and Y4 tumns off.

Figure 5.25.6B. displays how Power Flow can be utihzed ta selecl the type of comparison to be
made. The power flow atter the. comparsson is used {o indicate (he result of the compar: Unlike the
move function which opurates conditionally . the comparc function is updated on every memory
scan of the PMS50. ‘I'he vompare ¢an be placed n the field of an M{R so that ils output can be

externally controlled.
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R Be— — — —— s — by

|
I
PF QFF COMPARE EQUALITY 1 PF ON IF EQUAL
g > l )
PF ON COMPARE 3 OR « | PFONI|Fac<
i
PF OFF |F o -

5

|
]
[
I
I

Figure 5 25 6B. Power Flaw Used to Select Type of Compare

525 7 PROGRAMMING INTEGER ADDITION (+)

Addition of two integer values can be programmed as shown in Figure § 25 7A. (o enter the ladder
diagram press the tollowmng keys in the oider given

2] o]

KLY SEQUENCE

!

STEP

(] & (X {1]

B (]
B[]

X

(2]

=

(]

DISPLAY NOTL

RLADY (START}

Q STR X!

I STR X2

2> CTR PROTECT?

(OYUNTER



aTIRIor

.

[

KEY SEQUENCE

(=1 (1 0] o] o]

b (1 [0 el [

F o ] O

B (= ) (3]

] g [ 4]

- o]

(]

B [ [ [
EialmoiE

bl o [ 2]

bed [ [x] (5]

g 2]

mjainiain

= [ D (el (5]

=) [<] (1] [l [4]

() [ O ] @ S e
O EE ECE

DISPLAY NOTE

3 PRE C100

4 CUR: €10}

50UT Y1

6 STR X3

78TR X4

8 CTR PROTECL?

COUNTER

9 PRL: C102

10 CUR. €103

141 OUT Y2

12 STR X5

13 ADD

14 LET: Cl101

15+ CJ03

vontents of C103

16 = C104

C100= 10

Cl02=15

C103

Contents of €101 is added to

The result is stored in (104

. W

- - - o AW . e »



” ]

|
o c @
%2 T c100 Cit1 .
1
| | B
USER MEMORY
STORAGE RECORD
c100 10 Fe
c101 Current Count |

C102 15 T | ctwo2 |cio3 {2
Ny

£103 Current Count

X4
c104  Sum of C101 + €103 ———[ t——— R

] by H

X6 ! : {
— ADD ! cyo1 ( +C1031 =C104 =

Y 1 i |

] 1 '

Figure 5 25 7A  Ladder Dnagram and Storage Recornls fof Iuteger Addition

L—

Integer addilion requires 4 locations to be camplely. @ Koy 15 prossed Lo onter the equanon inle
Ladder Logie locations 13—16 after all 4 rems are defined Like {MR € | R.MOVE and COMPARE
sunchions nlcger addition uscs mndin ot addressing (o define the values of 1is parameters. An address
¢ v or A} must he defined when entenng an wquation Never & numeri. value

Vhe integer addition function provides the abihty 10 find the sum of 2 integur values (no dvcimal).
fL vperales conditionally  thatisals calculated depundent on npat power Now.
_ O
Hw output power flow ot an add indiates an vverflow s cyqual toand pormal 1t it s equal 10
ro Results are invalid if an overflow is mdicated.

§pecial function 8 (user math) provides for the goneralion of non mieger math cquations which aie
calcuinted on a condhtional basis Uscr math 1s descrhed 1n Chapter 6

To venfy Integer addition vpen switches X1 through X4 Close XS press EB , . m E R

and E Keys on programmer. Close X2 and X4 kach dJosure ol X1 or X3 will now wncrement
( 104 by one vount. Note that data is read {rom data stOTagL area hot laddor logie storage where
cquation was enlcred Opun XS and obscrve thal (104 holds its Inst valuc. even it €101 and C103
are incremented



5258 ENTERING INTEGER SUBTRACTION (-)

Like integnt ADD, thus function is a conditional operation programmed 1n jadder logie. It provides.
the ability to find the difference betwoen two signed mteger vahues

To cater the ladder diagram of Figure 5 25.8A, press the following keys in the ordir mven.

KEY SEQUENCE DISPLAY NOTE
RFADY (RUN)
o] (] ] [ 0 STR X1
fend 1 STR X2

bed ]

2 CTR PROTECT?

COUNTER
0] 3 PRE: C19
b [] (21 (o] 4CUR €20
b (1] 5 OUT Y1
b 6 STR X3
= 7STR X4
= 8 CTR PROTEC1?
] COUNILR
o] 9 PRE C10
L] 10 CUR (40
11 QUT Y2
b ] 12 STR XS

b ]

13 SUBTRACT

5-80
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KEY SEQUENCE DISPLAY NOTE

@ I4 LET: €20 C20 - C40 = C50
E 15 - €40
5] [o 16=:C50

E’CI]E] C19=15
fed () [e] Bl [o] [E} [] [¢] c30=10

¢3!
X1
| | ¢ ———{:}—
X2 T C19 | C20
—{
USER MEMORY
STORAGE RECORD
X3
ci9 15
C20  Current Count — < 4®—
S | 7o
urren oun R
C50  Sub: C20 - C40
X5

_| |__. sup | €20 | c40 | cs0

Figure 5§ 25 8A. Ladder Diagram and Storage Records for Integer Subtract
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To verify Intcger subtract. open switches X1 threough X4 (lose X5. Press |« ._. : .
, and keys on programmur. {lose X2 and X4 to enable counters Closc: X3 five times

noting that C50 increments from 0 to 5. Each closure of X1 will now decrement €350 by 1 count
5259 CHANGING MULTI-WORD FUNCTIONS AFTER ENTRY

Once a multi-word function has been entered into ladder logic 1t mdy be necessary to read a word,
change a word, delete or erase the entire function.

(ul XYL D O I

Figure 5.25 9A displays the ladder logic and storage data (or &4 timer function. Press the following
keys to enter the timer into CCU memory:

(o] [ (%] (1]
]
SEHEDEEE G
FIBEE:
z|sjn|alslnjalolx

Whale entering the timer funclion (As i all mult word functions) the programmer dasplavs prompt -

g messages as an aid in the definition of (erms. Thest prompting messages appear only durnng
entry and are not displayud during 8 meniory READ. 10 read Location No 4 press

o] L] b

CL

»*

& # &

STR

iy D I dhH

A

(75 Y

The display indicates 4 V2

T

To change the timel currenit word location from V2 to €20 press C \il E E

7 /Y

A
The display indicates 4 C:20 B

3
Close X1 and X2 while reading location €20 to verify timer operation. '

N

[

& WS W] Wy WY




Ladder Diagram User Memory User Memaory
Storage Record Storage Record Storage Record

0 STR X1

1 STR X2

2 TIMER

3C1e

4v2 (19=100 \d |

SOUT Yi €20 V2 Current Word

Figure 5.25.9A. Ladder Dnagramy and Storage Record for Timer Funclion

Figure 5 25 9B shows the ladder diagram storage record before and aftes the delete operation Note
that all three words of the timer function were deleted.

A DLTC may occur under the following vonditions:

1D Any ladder logic address ot a multi word function can be selected.

2}  All locations of a multi-word function will by el ted simultaneously.



Ladder Diagram
Storage Record Before DLTE

0 STR X1
1 STR X2
2 TIMER
3C19
420

500T Y1

Storage Record After DLTE

Ladder Diagram

0 STR X1
1 STR X2

20UT Y1

Figurc 5.25 9B, Delete of Multi-Word Function

Tainsert a counter function mmto the ladder logic memory press the followimg keys:

KEY SEQUINCE

UL

mr 3|

DISPLAY

READY {RUN)

2

2 COUNTER

3 PRE; V3

4CUR: V4

4 CUR. V4

NOTE

Selects location for st word
ot counter function

All three words are defined
before insert is pressed .

All three elements are inserted
1nto Memaory .

Pross , E . E and through memery to venty that the insert was performed correstly,
Refer to Figure 5.25 9C for the correct Ladder Diagram Storag: Record. Note that all other words

in L memary were pushed down by 3 memory locations.




Ladder Diagram Storage Ladder Diagram Storage
Record Before Insert Record After Insert

0 STR X1 0 STR X1

1 SIR X2 . 1 §TR X2
20UTY! 2 COUNTER

3 3V3

4 4v4q

5 50UTYI1

Figure 5.259C Inserl of Multi-Word Function
5.26 READING AND WRITING THE IMAGE REGISTER

[ndwvidual lovations In the image register can he wntten or read from the programmer, This feature
1s useful for both program and IO chech out

To wnte a one to the image register {Y or CR)_ press the following keys;

zl B m To wiite a zero to Y2, press the toliowing E
E [@

Ta read the image register press the following keys

E The value of CR27 will be displayed with 1 = on and 0 = off.

Both and koys may be used when reading or writing the image registur,




CHAPTER ¢
ENTERING SPECTAL FUNCTIONS

6.0 PRINCIPLE OF OPERATION

" As previously indwatcd. all operalions in ladder logic are himited to using mteger (no fraction or
decimal) values. This applies to ladder logic addition and subtraction as well as move and com-
pare The executive processor must be called upon lo perform any operation in which a non
integer is used. [n addition, thy uvxiculive processor can perform a broad vanety of subroutines
designated as SPECIAL FUNCTHINS. The tablein Figure 6.0A lists the available Speaal Fune tions
(SF)

All SF 5 fodlow a basic format for implementation. Figure 6.0B describes SF operatian,

Ladder Logic Entry

The Special Function Request Line mentioned 1n Figure 6.0B has the following format:

| I SF' V:'-C
Lo LOCATION NO. PE = 0 IF BUSY
CONDITIONAL PF =" IF DONE
CONTACT
{X,Y, OR CR)
V/C NO IDENTIFIES
LOCATION IN USER
ENTERED BY MEMORY WHERE SF
PRESSING [SF] BEGINS

This ling in ladder logic 1deniifies

1} When it is necesssry to porform the SF — by the conditional contact power flow This
contact must remdin closed until the SIF has been completed.

2)  Where the particular Sk is located in user memory — by the. V:C locabion number

3)  Status of SF via cutput power (ow.

61



SENO TITLE DESCRIPTION
SFO ENTRY POINT PAOVIOES ALTERNATE ENTRY POINT FOR A SPECIAL
FUNCTION
S5k BINARY TO BCD CONVERTS APOSITIVE BINARY NUMBER | ESS THAN
10000 TG A POSITIVE 4 OIGIT BOC CODEG NUMBER
5F2 ACD TO BINARY CONVERTSE A POSITIVE 4 DIGIT BCO COOED NUMBER
TO A POBITIVE BINARY NUMRER.
o 2 | SCALE CONVERTS ASCALEDC BINARY NUMBER ~ TO A
FLOATING POINT NUMBER IN ENGINEERING UNITS
SF4 LINSCALE CONVERTS A FLOATING POINT NLUMBER IN ENGI
NEERING UNITS TD A SCALED BINARY NUMBER *
SFb SQUARE SQUARES AN INTEGER OR FLOATING POINT NUMBER
SF8 SQUARE RDOT TAKES THE SQUARE ROQT OF A POSITIVE INTEGER
OR FLOATING PQINT NUMAER.
SF7 COMPARE COMPARES TWO INTEGERS OR FLOATING POINT
NUMBERS FOR <. &. =.& ™ AND F
1 3 MATH PEAFCAMS CHAIN CALCULATIONS [+ - X. AND —} ON
INTEGER OR FLOATING PQINT NUMBERS
8FQ SEQUENTIAL OATA TABLE OUTRUTE SUCCESSIVE ENTRIES OF A TARLE EACH
TIME IT IS EXECUTED
SF1D CORRELATED DATA TABLE LOCATES ENTAY IN YABLE 1 THATIS 3 INPUT AND
QUTPUTS CORRESPONDING ENTRY FROM TABLE 2
8F11 ASCH STRING QU TPUTS ASCIY CODED MESSAGE STORED 1IN DSER
MEMOAY TG RS Z32PORTS 1 DR 2
8F12 SYNCHRONOUS SHIET SPECIFY A AEGISTER OF ANY LENOGTH
REGIBTERS SHIFT OCCURS EVERY TIME SF12 CALLED
3F13 ASYNCHRONOUS SHIFTY INPUTE TO ASYNCHRONQUS
REGISTERS [NPUT SHIFT REGISTER
SFi4 ASYNCHRONOUS SRIFT OQUTPUTS FROM ASYNCHRONDUS
REGIETFRSOUTPUT EHIFT REGISTER

“ASCALED BINARY NUMBER HAS A RANGE GOF & TO 32000 WHERE @ CORRESPONDS T() THE LOWER
ENGINELRING UNITS LIMIT AND 32000 COARESPONDS T(O THE UPFEH ENGINEERING UNITS LIMIT.

LE IFAFLOWHKHANGES FROM 2 TO 30 GPM THE SCALED BINARY VALUE OF (i= 2 OPM THE SCALED

VALLUE OF 16000 - 180132000 {30-2)+2

1G GPM and 32000 - 30 GPM

Figure 6 0A  Special Funuhinn Description Toble

i
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EXECUTIVE

PROCESSOR
USER MEMORY LADDER LOGIC PROCESSORA SCANS

LADDER LOGIC MEMORY FROM

MRS [ AL LOCATION & THROUGH 4095 SER

2 V24  SFNO VICES 1/0, THEN REPEATS LADDER

4 V30 TERMINATIONOR | FOGICSCAN.

5 CHAIN COMMAND | WHEN A SF OPERATION IS DESIRED,

6 V1023 A SF REQUEST LINE 1S PROGRAMMED

-p INTO LADDER LOGIC THE CONDI-
TIONAL CONTACT SETS THE POWER
FLOW FOR THE SF REQUEST WITH
POWER FLOW ON. THE LADDER LOGIC
PROCESSOR STOPS SCANNING UNTIL
€ 2047 THE EXECUTIVE PROCESSOR ACKNOWL

EDGES THE REQUEST, AFTER WHICH

sFTAsK [1]9 THE LADDER LOGIC PROCESSOR

REGISTER RESUMES I TS SCAN OF MEMORY

THE SF 1S NOT PERFORMEDR IMMED(
ATELY TRHE EXECUTIVE PROCESSOR
PLACES THE V/C LOCATION NC
{WHERE THE SF PARAMETERS ARE

_[ |__SF V/C | | STORED) IN A TASK REGISTER

Loc NO [ | (QUEUE] THE SF s ARE THEN PER
FORMED IN THE ORDER IN WHICH
THEY WERE REQUESTED AND THE
QUTPUT POWER FLOW SET EQUAL TO
ONE WHEN THEY ARE DONE.

DEPENDING UPON THE LAST WORD
OF THE SF IN THE V/C AREA THE SF
4095 MAY TERMINATE OR ANOTHER SF
FOLLOWING MAY BE EXECUTED.

LADDER LOGIC
PROCESSOR

Figure 6 0B  Speciol Function Operation

-3




|

To enter the ladder logw: request linc: of Figure 6.0, press the following kevs:
KEY SEQUENCE DISPLAY NOTE

LLR READY (RUN)

@ E] _ 10SIR X12 Conditional contacl

11 Sk PRIORITY?

YES 1 1 SF (P}*

E! E‘ m 12 AT V100 Location of SF in dat4 storage
memory

12

#There are two queues (or stacks) for pending SE's. One is the priority (I} gqucue which 1s accessed

by answering YES. The other is the non-priority queue aceessed by answenng NO Both queues are

treated wduntically! The quene with the fewest number of special functions will mun the fastest.
Each guene can have a maxumum of 32 SF's.

X1

2
._—1 —— sFim| V100 /-

Figurc 6 0C Ladder Diagram and Storape Record for
Special Function Resquest Line

61 ENTERING NON-INTEGER YALUES

All data valucs used n ladder logic arc integer valucs with a range of +32767 to -32768 Special
Functions can utilize non-nteger data vajucs with a ranpe of £0 5397605 X l(}'?8 to +0.7237005

< 104-?".’

Al non-integer numhbuts requin: two consecutive memory locations for storage. To cnter the value
79,32 into user memory press the following keys:

A T Y Wi VLE BN

n Wa 4an W




KEY SEQUENCE DISPLAY NOTE
READY {(RUN)
m E El V1 =29.32 Pressing the D key tollowing

the user memory location num-
ber (V1) identifies the value to
be a non-integer The value
29 32 s antomatically storud in
location V1 and V2.

2 Vi

If the number exceeds the 10 digits plus decimal point allowed in the above example the number
can be entered 1n scientific notation or “F7 pnotation. In “F” notatien the [irsi number belore the
“EY callud the mdnlissa, 15 mulliplied by ten to the second nember following the “E™ called the
exponent (power) For example 1 257t3 is equal to 1257 x 103 or 1257, Sec Figure 6 1A for
exampleq The “E* is entored uslng, the luy Le. 1 27E3 15 entered in C20. as follows

.@l_]m : .. 3 UTurﬁ.Aﬁpn.ss.nl__l 211 o |
“E” Notation Equivalent Value
1.257E3 1.257.
3546L7 3 546 000
- 543E0 -.543
123 F-2 00123
-98E-R -. 0000000098
l.5E15 1.500, 000. 000, 000, D00

Figure 6 1A. Example of “E™ Natation




READ — To read the non-inteiger whuch has been entered, press the following keys:

KEY SEQUENCF DISPLAY NOTE

READY (RUN) Failure to piess the | « | key
will cause (he programmer (o
read an integer value in location
V1 and the corniect value af
29320E*01 will not appear in
the display ‘The noninteger
requires 2 Lansclubive mcanory
locations for storage. A read
of the second location (V2 in
the above cxample) will also
cause invalid data to appear in
the display.

MIE v

by V1. = 29320E+01

STEP - BSTEP

As described in Paragraph § S, pressing, E intiales 4 continuous read mode Pressing {or
el ) after m will cause the contents of the next higher (or lower) location to be displayed.
When using the E and functions in vger memary (V) cattion most bo exerciscd
in mterpreling the displayed information. When reading non-integer numbers the key must
be depressed to read each memory location

Enter the value 96 5 into VS, and 12.5 into V7. by pressing the following heys:

KFY SEQUENCE DISPLAY NOTF

s READY (RUN}

E 3 D E] E E E E‘ V5. =96.3 Pressing ﬁ will automatically
' ' ' put V7. on the display
SOEOEOGE v

D PP i D0 I DN DI DD RN I II BB DA IINIS ) D OB D B



To read the values press E D @ Display indicates: VS = +9 6500E+0]

Press D Iusplay indicates. V7, = +1.2500G+01

ENTER the value 100 into V10 and S into V11 by pressing the following keys

KEY SEFQUENCE DISPLAY NOTE
| READY (RUN)
amaininin vi0=100
(=] Vil=s
E V12

lTo 1ead the vulues press [Il @ Display indicates. V10 = 100,

. display indicates: V11 = §
NOTL
Bocause the first value read was an itoger,

stepping causes the programmer to read an
integer i the next available location.

Press

Beuause anluamixing integers and non-intogers (an create some difficulty when using the ,
surl . and keyy, 1t is recommended that when assipming VIC location numbers to data

values intcgurs and non ntegers should be scparated, not intermixed




6 2 SF1 - BINARY TO BCD CONVERSION

When an ouiput device requirs data in BCD fonnat (such as a digital display), SF1 must be used to
converl the PM550 Wnary value to BCD fopnat. Wiring the outpul device to 4 Rbeciﬁc parallel
output module establishes the A address. SFI takes the valuw ina V. C. ar A address, converts it
1o 4 digit BCD format then storcs the result in the designated ¥, C. or A address

$F1 is programmed into uscr memory (V) as follows.
KFY SEQUENCE DISPLAY NOTE

READY (RTN)

E E m Vé SF =1
BINARY TO BCD

ERR OUT? YES  If no was answered the prompt
“ERR OUT " would be shipp<dh.

The error out allows the speci-
ficaion of an umage register
location which s turned on 1l
an error ocotrs. An error will be
mdivated for SF1 if the binary
number is negative ar is greater
than 9999.

:| ERROUI CR 28
BINARY V1
BCD VS

Ea CHAIN SF? NO See Section 6 16 for details on

how o chain SF’s

= ENTER SF? YES  The SF 1§ not written untl

PRESS ENTR TO s pressed

FNTLCR

V20 v 70 15 the ncxt blank location

after the SF

- h W R dd I NAIIIIYD D P I D

-




To read the special function key in the following

v @ ] Then step thru the SF unog the [ key The frm] key n

mopelative on SF's

To modity a speaal function, read 1t and step thru until the term £0 be moditied is displayed . Use
1o clear the user entry and key (n the new data. Continuc to sivp Lhru until the prompt
*PRESS ENTR [ ENTER” appears Press B and the speadal function will be modificd.

6 3 Sk2 — BCD TO BINARY CONVERSION

When an input device provides data values 1 B D tormat (such as thumbwheel mputs). SEF2 must
be used to converl the value to binary tormar As discusse d m Chapter 3. each Panallel Input module
can interface with four separate inputs by specifying tour separate. A wldnesses. Once a device has

been wired to a pasallel mpul module 1ts addiess is defined by the module's position on the mooni-
ing base

SI2 is programmed nto user memory (V () as lollows,

KEY SFQUENCE DISPLAY NOTF
r RLADY (RUN)
(][] Vo Sl
E] BCD TQ DINARY

FRROUTYYES If na was answend the next
prompt ERR OUT would
be skipped Ihe error out
allows the specilication af an
mage regstor lovation whch s
turned on 1if an error occurs

(L]

An error will be nhicated if
an nan BCD ceded number is
inpuled.
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KEY SEQUENCE

zola
zmin
e

] (]

DISPLAY

ERR QU1 CRS

BCD: V2

RINARY VY4

CIIAIN SF! NO

ENTER SF° YES

PRESS ENTR

TO ENTER

VIO

To read the special hunction, kuy in the following

. _ _ E Then step thru the SE using 1hc key The key is
SEs.

inoperalive on

NOTE

Specily B{ D address
Specity Binary address

Sue Section 6.16 for detun!s on
how to chain SF's.

The SI is not writlen until
enter 15 pressed.

V10 is the nuxt location atfter
the SF.

To modity a special tunction. read 1t and step thru untd the term to be meodified is displayed Usc

to clear the user cntry and key

i the new data. Continue to step thru until the prompt

“PRESS ENTR TO ENTLER  uppears. Press and the spaial function will be maoditied

-~ o - F'A



6.4 SF3 .. SCALL

Internal integer data m loops 18 scaled trom 0 to 32000 in binary  Zero corresponds to he lower
engmeering units limal and 32000 conesponds to the upper engneenng umts Jinot (1e 1f a flow
ranges from 2 to 30 GPM, the scaled binary value of 0 = 2 GPM, the scated value of 16000 = 16000
32000 ¢30-2) +2 = 16 GPM and the scaled value of 32000 = 30 (PM)
witif X

Another area,scaling 1s tound,on the analog input and ouput modules If 2 0 - 2C na or 5 volt
input sigmal 1s apphcd to an analog mput module with a ¢ 2048 ma or 0 - 512 voll 1ange a linary
output of G to 32000 results Sumilarly, i1 a binary output of 0- 32000 is applicd to an analog out
pul module wath 2 0 2044 ma or 0 10 24 volt range, an output of 0 - 20 ma or 0 = 10 volls
results.

In many process apphoations 2 range of 4 20 ma 15 used wstead of 0 20 ma This allows open
circuit detection since a mummum of 4 ma must flow at all nmes A4 20 ma mput yichds a binany
output range of 6400 32000 By answenng the 204 offset quistion with yes 6400 15 now the
lower Limit and the upper imat rimains at 32000

To program SF3 Lhe Mllowing key sequence 15 required
KFEY SFOUENCF DISPLAY NOTL

READY {RUN)

E] E] Y78 = 3 7 If no wis answered the next

prompt LRR OUT:” would he
skippal  The error out allows
the specification ot an image
register location which is tumed
On 1l an Crror oLcurs. An ¢ITOT
will be mdicated it the binary

. mput 15 not between 0 and
32000 indlusive

[ SCALL
ERROUT' Yb§ j
[ ERROUT Y7



KEY SEQUENCL DISPLAY NOTE

m E @ SCALE A100 Yhe suale number must be an

integer

m D RESULT: ¥0O ‘The result must be a floatmg

point location.

206 OFFSET?

YES

Dm LOW LIM =

32F) The “E” is cntered using the
key. See paragraph 61

FEOOEEE {1 1w =

2 12E1
CHAIN ST°? See Scction H.16 for details on
NO tow to chan SF's.

CNTFR SE? YES The SE ss not written until

enter is pressed

PRESS ENTR

TG ENTER

E V106 Noxt avanable ¥ location after
SF

Fot the above example the low limit of 32 (3.2E1) corresponds to 6400 hinary which is 4 mawmto

an analog mput module. The high limit of 212 {2.12E2) gorresponds to 32000 binary which is
20 ma into an analog inpul There[ore, i a temperature transmitter with a range of 32°F to 21 2°F
and an output ot 4.20 ma ts conneclid to A100. VO would contdin the fomperature measured in
<

F

To tcad the special unction, key in the following’

E B _ _ Then step thru the SF usma @ key. The key 15 v

operative on ST

To modify a special tunciion, read it and stcp thru until the term to be modificd 1s displayed. Use
to clear the user eniry and key in the new data. Continue 10 stcp thru nntil the prompt
“PRESS ENTR 10 ENTER " appears Priss E»] «nd the speial function will be moditied.

612




6 5 SF4 — UNSCALE

SE4 s bawcally the mverse of SE3 1t s used to convert a quantity mn engmeenng units probably
from an operdtor mierface, 1w 4 seuled Binary numbeor thar the PMSSO can use o loops or as an

output (o an anglog module
The key > quetne . [or SE4 [allows

KEY SEQUENCE

]
MG [

R4

i

1 LI
[ BT o] [

zlojula
[

f] (5] [e] [ fe]
b IR E

DISPLAY

READY (RUN)

VISE-4

UNSCALE

LRR OUT"
YES

ERR {3 (R3S

UNSCALL VIO

RFSUIT Vi12

20 OFTSET?
NO
Low Lim=5S00

HiLim-2500

NOTF

[f no was answered the next
piompt ERR{H:'1 would be
skipphd  The error oul illows
the specificanion of an image
1egistet lovation wlnch s tuined
an il AN ITOT QL Urs An ¢ rmar
will be indicuted it the input s
not hetween the High and Low
hivvils i lusiveg

[he number to be unscaled
musl be odting powt

The. sesults 15 a scaled bibary
nteger




KEY SEQUENCE DISPLAY NOTE
CHAIN SF? Qee Section 6.16 for detalls on
NO how to chan SFs.

ENTER SF? YES The SF is nat written until

enter 1s pressed.

PRESS ENTR o R
TOENTER R PSS T
@ vi2 # V12 15 the next avadable loca-

tion allcr the SF.

For (he shove example an input ot 50 would yield a scaled output of zero and an input of 250
wauld yielk 32000, Thercfore an input of 135 would yreld %g‘_ig-x 32000 = 13600.

To read the special function. key n the followimg.

. ; ,E] , E Then step thru the SE using the key. The key 1%

inoperative on Sk's

To modify a special function, rcad it and step thra until the term to be maditied is displayed. Use
(o clear the ustr entry and key m the new data. Continuc. to step thru until the prompt
“PRESS ENTR TO ENTLR" appears. Press E and the special tunction will be modified.
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6.6 SF5 - SQUARE

This function genurates the square of an integer or floaling point number The input and output
¢an be any combination of integer and floating pamt numbers and can be in ¥, C, or A, Tho key

sequvnce follows:

KEY SEQUENCE

NOEGE
zlm

HEOEO
HHEE
HEEOO
HE

=

z

LHSPLAY

READY (RUN}

V1SF=5

SQUARE

FRR OU17?
YLS

ERR OUL.
CRI101

SQUARL OT-

V0

FQUALS V21

CHAIN SF? NO

FNTER 5E? YES

PRFSS ENTR

TO ENTER

V3

NOTLE

Il no was answered (hv next
prompt “FRR QUI* would
be skipped. The «rrm out
allows Lhe specitication of an
image register location which
is turned on it an error ocoursy
An error will by indicated if
overflow or underflow owcurs.

The input is an intepar m this
case and the output s a float:
ing point number

See Scotion 6.16 for details on
how to ¢ham SF's

The SF is not written unnf
pressed.

V5 s Lhe: next location after the
Sk



To rcad the special function, key in the followmg-

[ 13 [ G b

Then step thru the ST using the key The key is inoperative on St''s.

l'o n_mdt'fy 4 special tuncton, read it and step thru until the term to be modificd 1s displayed. Use

E to ulear the user ¢nlry and key in the new data. Continue to step thru until the prompt

“PRESS ENTR 10 ENTER" appears Press @ and Lhe special function wili he moditied.

6.7 SF6 — SQUARE ROOT

SF6 takus the square toot of a positive floating point or integer number The input and output can
be specified as integer or floating point independently . An attempt to take the square root of 3
negative number results m zero and an error flag The wvntnes required for SE6G are shown below:

KLY SEQUENCE
][] [=] [6]
] (-]

DISPLAY

READY (RUN}

VOSF=6

SQUARE ROOT

ERR OUT? YLS

NOTE

If no was answercd the next
prampt *ERR OUT =~ would
be skippad  Thue error out
allows the specifications of an
imape rogister location which
1$ turned on 1f an error oveurs.
An coion will be indicated it
the square rool of a nogative
number (s attempied or if an
underflow oucurs

'
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KtY SLQUENCE DISPLAY NOTE

[ 0] L] FRR QUT: Y11
E 23 @ (] fr};:’s SOUARE ROOI

OF 21

n
- ([ LZID w’h FOUALS. (2723
2 )
ﬂ Yr‘ b "F { HAIN KF? See Section 6 16 toc detaly

\NO on how 1o chain SF's

E FNTER SF? The SF s not wnrlten unul

enter Is jressed

:l PRESS LNTR
10O ENTFR
E Vi VI3 is the next location altier

the Sk
To read the speciad function key in the following

mlolofalz

Then step thru the SF using the B hcy The key 1s inopmative on SE'

I'o mondify a special function road il and step thou untl the term to be modificd s displased Use
1y clear the user entry and Key In the new dary Conhinue 10 step thru uniil the prompt
“PRLSS ENTR TO ENTER sppuars Press and the speaal Tundtion wall be modihed
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68 SF7 COMPARL

SE7 providus the shility to vompare two floating pomt or a [loating point and an inwpcer value
(Nots. 1t both values Lo ke compated arv (NLegers, ladder logic compare — paragraph 5.23 6 —van
be used ) An ima register location 18 turped on or oft as the result of the compare. An example
of the kev sesquence of SET which ¥25. is 1o he compared against V30 with {'R3% turmed on
when they are not cqual 1s as toliows

KEY SEQUENCE DISPLAY NOTF

. RFADY (RUN)
lIlE] (1:SE=7

i COMPARE

FREOUT! YES 1f no was answered fhe next

prompt "ERR OUL. would
be. skippud. Thu error out
allows speisficanon ol an in4g
rgister lucation which s turned
on 1t an error ocLurs; an erroy
will be indicatcd if any user
supplied addresses are out of
range.

(=] ERR OUT. {LR39

G COMPARE: ¥25.

WITH" V30

| TEST FOR 1.V 9 V25, < V30 (lss than)

NU
TESITOR L.E? V25 % V30 (less than ot
NO ciual)

TESUTOR EQ2 V25 = V30 fcqual)

NO



KEY SEQUENCE

HEGE

DISPLAY

TESITORGE?
NO

TEST FORG'L?
NO

‘TEST FOR N F.?
YFS

STATUS  CR38

CHAIN SF¢ NO

ENIER SF< YES

PRESS ENTR

TO FNTLER

22

CAUTION

NOTE

V25, = V30 (greater than OT
equal)

V15 > V30 (greater tham)

vas= V30 (nol equal ta)

I'he status location thy
jmage register recuves the

result or the vompart {On =
Trae, OIT = Fals¢)

$ee paragraph 6.16 for details
on how (o chain SF's.

The SF 15 not writcn until
gnter is prossed.

(.22 s the next location after
SF

Avod the use of “F Q" {Equal to} com-
pare unless both terms 4re guarantead to he
exactly equal Small round Off erors
caused by floating pomnt to integes or in
teger to foating point conversions Ccan

cause the E Q. Compare to fad

A YFS answor to the appropriate question selucts the type of vomparison 10 be made In this
exampl: we selected to compare V25, with ¥30 and tested Tor inequality.




i‘ Here is another SF7 ¢xample where output Y12 15 tumed on when V45 isless than V41,
i KEY SEQUENCE DISPLAY NOTE
| b READY (RUN)

O HE] C17sreT
il COMPARE

? FMEEO
1 mimiain
@i

zlujnia
AR
g

@

=

ERR QUT? NO

COMPARL V45

WITH: V41

TESTFOR L.I'?

YES

STAIUS Y12

C11AIN SF? NO

ENTER SF? YES

PRESS ENTR
TO ENTER

To ruad the spactal function, key in the following

) (] [0 (2] Gl e

620

The prompt askings for am
srror out locanion was skip
ped since no was answerad.

The other condition prompts
are shippud  after  the  first
“YES® responsd

See Paragraph 6 16 for details
an how to chain SI7's

The SF is not wntten until
enter 18 presscd

(22 1s the ncxt location atter
the SF.

Then step thru the SF using the key. The key 1s inupcrative on SF's.

~
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N
N
N
b
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Q
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To modify a special tunction read it and step thru untl the term to be modificil « displayed Us
to clear the user entiy and kev in the new data. Contnuy to step thru unlil the prompt
PRLSS LNTR TO ENILR ™ appears Press awl the special function wilk be modified

69 SI'8 - MATH

SES 15 used to develop math equanons which melude add (+) sublract L) madtiply ix) diade t-)
and # result (=) These equations «an include haoth mteger und floating point sanables Thi cqua
tions atv. sulved in strud nue Sarng with the first Lwa torms

An cxample equalion is
N
Vv +C3Tx(32=VI18
Whete V| s a scaled analog inpul yaluc
¢ 33 15 4 non integer constant
( 33-.\15 an i ger constant

V18 s 2 non-ntapar result

V1. will be added to (33 | then that quantity will he mult.plid by €32 The ot will b stored 10
V (8 45 an non-integer numbel

To entet that equation the following keys ar pressed

KLY SEQUENCE DISPLAY NOTE
[ \ READY (RUN)
OXEOE o -
MATH

ERROUITNTS 1 no was answered the next

prompr ERR OL 1 would bn
skipped. The error vut allows
fhe specifivatan of an image
feeintel locathion wigh &
ed on 1if an eror m.culs An
crror wall be spdicalodd ot over
fow or underflow oecurs or il a
divide hy zero i attempitd



KEY SEQUENCE DISPLAY NOTE
ERR OUT. Y?
[1] FIRST TERM- V1
[ 1<) 2] 2] [ ] NEXT TERM:

+C33.
[c]]3 NEXT TERM:
X('32
El I] D RESLLI =: V18,
] [] {HAIN SF?NO  See Section 6.16 for details on
liow to chain SF’s.
[+v] ENTER SF? YFS The ST is nol writtcn unti

cnter is pressed

PRESS ENTR

TO ENTER
E gj,’-f _ {}/7/1s the next location after
i & ) the SF.

To detemmne Lhe number of memory locations used count one location for SI8 header. onc loca-
tion for each term of the equation, and one location for a termination flag The above example
required 6 locatians for its entry

Note that the equation 15 entered from left (o nght, with each new term operating on the combina-
tion of all terms to ils left The result of the equanion must dlways be entured last.

Addresses (V, C or A), not data values, are entered in user malh cquations.

There 1s no limit to the number of terms which can be used 1n SF8.

Because both intcgurs and floating poimnt numbers can be muxed within a single S8 equation, you
must select whether the result will be nreger or floating point. If the calculated result of an equa-

tion contains a-fraction, vet the defined storage location 18 far an integer value, the calculated result
will automatically be truncated. For cxample:
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VIixV2 -y
where, Y] =9

V2 =54
then V4 =30

Because V1 s desipniled 1o b 30 integer. the actual result of 504 1s (rund 4t d 10 50 witich s
standan vq

This feature can be used 10 contert 4 non-intuger salug to an intéger V] = 392 1t can b Crun.
cated to o whole mumbver and placed in V29 by

KEY SLQUENCL DISPLAY NOTE

RLADY (RUN)

g[olalaln sy

MATH

1 ] FRROUI?NO St no was answered | the

promp Js};1:1‘: tOr 47 - au

low thion 1s skapped

|Il ] EIRSI TERM V|
V] RISULT V29
CHAINSF?NO  See Section 6.16 {or details on

how (o cheng SF <

[ [] ENTERST? YES  The SE is not written until
enter s presscd.

PRLSS TNTR

TO ENTER

El C-H1 Cd4d v the next location ait.
the SF




To read the special funclion . key m the following:

E m - Then step thru the SF using the key The kuy s

inoperative on SE's.

To modify a special tunction. read it and step thru until the term to be modified is dispiayed Use
ta clear the user entry and key tn the new data Continne to step thru untd the prampt
“"PRESS ENTR TO ENTER" appedrs. Press m and the special function will be modified.

6 13 SF9 — SEQUENTIAL DATA TABLE

The sequential data table function has a pointer to a data table 1 user memory, Evary time the
specidl funciion is called Lhe value at the: powter s movad to the output location and the pointer s
advanced to the next location When the pointer reaches the end of Lhe Lable 10 is roscet to the stait
position and the “rostart tlag™ s turned ott. The “restart flag”™ is on if the pounter is at any other
lovation other than the bempnning of the (able,

One: excellent application s replaciny a profile cam [ollower af the ramoic setpoint to a control
loop. ‘'T'he halves correspondmg {0 each segment of the cam are ¢ntered into the table. A timer
activatey the: su;m‘nflal data table iunchon poriodically which causes the simulated “vam to rotate ™.
The output or the special function s then used as the setpoint in the loop which follows the profile
progranmum-d in the table
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Figurc 6 10A  Cam Curve for Sequential Data Table Example




To enter SI9 follow the pracedure below

KFY SFQUENCE DISPLAY NOTF.

tu READY (RUN)

V] (4] (4[4 vosr -0

) SEQUEN 1AL
DATA TBL

@ ERR OUT! YFS

m FRR OUT H{ no was answind the nest
CR 109 prompt  Lrr Qut 7 would b

skipped The wnior out allows
speafivation of an imdgt e
et location which s turned
on 1 dn Srror oo urs An uiiol
will be indicated at the point s
goes oul ol .

TABLL €20 Starting address of table
EI NO OF Specifs number of tabl. -ntites

CNTRIES {2

POINTER V2 Points te cuirent table memon

lscation The us.r can modity
the value 1n the pointerd desir d

m 0 OUTPLT A101  {urrent ralue at pointet loca

ton s antput to A 101

E] E RLSTART FLAG ¢ R2¥% olf when powntir s pamt

(R2Y iy 4l first locanon In table

m CHALIN SE?NO Sc¢ Section 6 16 for detatls on
how to ¢hain SF «

[] ENIER SEYES  The ST is nof wnitten unul
enter s pressed




KEY SEQUENCE

KFY SEQUENCE

L]

[ =] [ (=] {e]
Z|SEa
b (=1 51 5
Bl ] [e] 5]
GG
B (=] L Lo
b (=] (1 [5)
b4 G151 o]
frd (=1 (41 [0
4 =1 GG
b (=] 3] L]
b 51 ] (2]

DISPLAY NOTEL
PRESS ENTR TO
FNITER '
Vi3 V13 is the noxt location after
the SF.

‘I'o entur the data table that corresponds to the profile in Figure G 10A use the following sequence:

DISPLAY NOTE

READY (RUN)

C20=0

C22=155

(23=065

(24=12

t25="170

Cle =63

C28 =40
(.29 =37
C30 =38

(31=48

. dm IR TE N A
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To read the special function, key mn the [ollowing:

IE] IE] @ . Then step thiu the SE using the El key. [he key 1s In-

operative on SI' s,

1o modify a special function, read il and step thro until the term to be modified is displayed. Use
(o clear the user entry and key in the new data. Continue to step thru unul the prompt
“PRESS CNTR TO ENTER™ appoars. Pruss and the speuial tunction will be moditied.




611 SF10 — CORRELATED DATA TABLE

The comrelated data table function locakis the entry in the inpul lable that is greater than or equal to
(=) the input value. It then outputs Lhe corresponding value Trom the output table See fFigure
6 11A for an example

An application for the comrelated dala table is (o look up the appropriate slope and constant Lo
linearice a thermououple USINE 4 segmental straight line approximation The appropnate segment 15
selected by the non-lineanzed inpul.

INPUT TABLE QUTPUTI TABLE |
60 = 0 CRO = 7
cel = 5 C8) = 15
C62 = 10 (82 = 3
C63 = 15 83 = 27
Cod = 2 (834 = 4§
63 = 2§ C85 = 23
C66 = 30 C86 = 62
67T = 35 C87 = 98
C6R = 40 8% = 72 ¥1 =712
C69 = 45 CRY = 65
70 = 50 Co0 = 41
C71 = 55 91 = 32 ;
(172 = 80 02 = 6 '
¢T3 = 65 93 = 2
C74 = 70 (94 = 17 f
C78 = 75 C9s = 83
C16 = 80 C96 = 56
17 = 85 (97 = 4
C7% = 90 Cog = 9
C79 = 95 99 = 0

If VO = 37 then V1 = 72 after SF10 is excented

Figore 6.11A. Sample Correlated Data Fable



To program the corrclated data table. an mput table and an output tabl similar to that generated
tor the sequential data table in Scction 6 10 must b entered along with the foliowing key sequence.

KEY SEQUENCL DISPLAY NOTE

READY (RUN}
(€101 (51 (=] [ [e] | (16 SF =10

[ CORRF.LATED
DA1A TBL

ERROUT? YES I no was answercd the next

prompt “ERR OUT" would
be skipped The error oul
alows the specification of an
image register location which is
turned on 1f an error accurs.
An error will be indlicated if the
input 15 out of range of input
table.

E ERR QUT: CRY7
INPUT. VO
@ INPUT TRL. €60 It is extremcly important that

the input tablt Is ordered 1n
ascending order for this func -
tion Lo operate i.e., lowest value
in  lowest memory locatiom
highest value 1In highest loca-
tion, etc.

L] OUTRUT

TBL (80

@ NO. OF Both tables must have the same

ENTRIFS = 20 numbcr of entiies.



KEY SFQUENCE DISPLAY NOTE
E] QUTPUL: V!
Fa__] CHAIN SF? NO  See Scction 616 for details

on how 1o chain SF's

ENIER SF? YES The SF is mot wiitten until

enter is prussed.

PRESS ENTR

TQ FNIER

E C23 C23 is the next location after
the SF.

To read the special tunction. Key in the following:

E m ]3 @ . Then stcp thru the ST using the key. The key

is inoperative on SE'S.

To modity a specal function read it and step thru unul the term to be madified is displayed. Use
to clear the user entry and key 1n the pnew data Continug lo step thru until the prompt
“PRESS ENTR TOQ ENTER™ appears. Press @ and (he special function will be moditied

6.12 SF11 - ASCI STRING
The PMS50 has the capabihily ot sending a pre-programmed MesSage to a prinlct Of conputer

and;or upon command from the ladder logic program. ASCII strng outpuls a group of character
jocation values slored in user Memory. The message can be directed to either of the 1O RS?32

ports at 300 baud or 1200 baud.

KEY SEQUENCF DISPLAY NOTE

READY (RUN)
mlginDajnain 30 SF = 11

OUTPUT ASCII
MESSAGE

- o s moaan A 0% T2 B D RN



KFY SEQUENCE

= Bl
b [€] ] [o] o]
b

DISPLAY

ERR OUI? YES

ERR OUT.
CR247

MESSAGE
START. C100

PORT
NUMBER =1

CHAIN SF? NO

ENTFR $E? YES

PRFSS ENTR

TO ENTER

€37

NOTE

[t no was answered the prompt
“*ERR OUT: ~ would be skipped.
The errar out allows the speci-
fication of an image rcpister
location which 1s turned on if
an error occurs. An error will be
indicated 1f v/t 7

fnter RS232 port ta which
message is directed (1 or 2).

See Section 6.16 for details on
how to chain Sks

fhe SF s not wntten until
wnter 18 pressed

C37 is the next locahon after
ST.

Next the message to be sent must be entered in user memery. Latry is via the AUX 7 tunction The

key scquence required to send “Counter

starts at C100 and the timcr current valug i at V18. Sue Sectio
Maximum length of an ASCIL stning i1s 32 characters. ASCIL strings can be chamed for messages

greater than 32 characters.

1 = (Current Value)” is presentid below The message
n 8.7 for further details on AUX 7.




KEY SEQUENCE

b €1 [0 [ [e]

DISPLAY
READY (RUN)
AUX =7
ASCIl MESSAGE

START C100

C100L = 67

C100L = 67 (C)

CI00R =79

C100R =79 (0)
C1011 = 85
CI01L = 85 (U}
C101R =78
CI101R = 78 (N)
C1021 = 84
C102L =84 (T)
C102R = 69

C102R = 69 (E)

NOTE

The message is enlervd using
Aux 7 The message 15 printed
using SIF1 1

Location of beginning  of
message.

See cade chart in Section 87
for code number.

Read:Wnte Programmer de

codes and displays character af
displaysble. Character 18 written

when is prussed

Two characters arc stored m
gach memory location. kach
charactur is 8 bits wide.

N Y Y N Y. ViviW /I I W /]

- W

s ™




KEY SEQUENCE DISPLAY NOTFE

(1031 = 82
C103L = 82 (R)
C103R = 32

E] ' C103R =32()

E C104L = 49

E C104L = 49 (1}

E]m C104R = 61

@ C104R = 61 (=)

Cl105L=VIi8 It a storage location s specifiud

within a message its valuc will
be printed. The storage location
takes wne Mamory location
{16 hits).

by C105L= V18
m Cl06L = V13

@ C106L - V13 ()

0] ¢ 106R = 10
CI06R = 10 ()
o] C107L =999 Any code > 127 will feminate

AUX 1.
@ END- C108

READY (RUN)




To read the special function. key the [wllowing.

E’ . ‘L hen step thru the SF using the E key. The El key

is inoperative on SF's.

To modify a special function, read it and step thru until the term to he modified s displayed. Use
E] to Jear the user entry and kcy in the new dala. Continue to step thru until the prompt
“PRESS ENTR TO ENTER™ appears Press m and the special funcuon will be modified.

6.13 SI'12 — SYNCHRONGUS SHIFT REGISTERS

The user van specify a table of any length to be used as a shift register Each time SF12 is called.
the data in the table will be shifted down unc position. The first position in the table will be filled
with seros. The data shifted ont of the last table pusition will be lost The programmct must insert
new deta nto the first table position with a MOVE mstruction Fach picce of datais a full work {16
bits). Input could comc: trom a TMT 300 input module.

It the table is vmpty toliowing a SF12 cxccution. then a status bit (IR hit) will be turned on n
dicating that there is no data m tho register [f the table (register) vontains any non-zero clements.
then the status bit will be turned off.

$E12 can be programined using the following scquence.
KEY SEQUENCF DISPLAY NOTE
READY (RUN)
FIEREIE V3 SE=12
SEQ SIIIFT REG
FRR OUL? YES

[1] m LRR OUT CRI0 CRI0 will be on if an vror is
detectid when executing SF12.

m @ REG START V10 Shitt  register start  paosition.
m E REG Shatt register length,

LENGTII= |0
STAI'US BIT CR2 an it register emply.
CR2

E‘ E CHAIN $F? NO
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KEY SEQUENCE DISPLAY NOTE

ENTER SE? YES
PRFSS ENTR 10

ENTER

E] . V2 Ncxt avallable data storage
location

6.14 §T13 — ASYNCHRONOUS SHIFT REGISTERS — INPUT

‘The asynchironous specidl function 1s accesscd using two difforent special functions  SF13 and
SF14. SFF13 1s used to input to the sinit register and SF14 is used to output from the regster.
Similar to the synchronous spectal tunction a starting address is specificd tor the register along with
the length of the register In the case of tho asynchronous shitt regisict. the user is actually
programming the maximum length the nuuster will reach 1f this lenpth is excceded. an error will
oucur.

The lollowng scquence shows how to wnput (O an asynchronous shift regster.

KEY SEQUENCE DISPLAY NOTE
cur REARNY (RUN)
4[] V3 SF=13
FAL L THRU SR
INPUT
ERR QUT? YES ~CRS on mdicaies an emor has

[ owured — it maximum length
of SR has been ¢ xceedcd.

N
v

E] ERR QU CRS F\”
m @ E IiF.(.‘ START:

V100

m Eﬂ REG LENGTH = 10



KEY SEQUENCE DISPLAY NOTE
STATUS BIT CRO is on if there 15 no informa
(RY tion in the SR.
[I] SOURCE. ADDR.  Al01 is the address of the in-
_ A101 put information.

{HAIN SF? NO
ENTER $E? YES

ITEP PRESS ENTR TO
ENTER

o

6.15 SFi14 — ASYNCHRONOUS SHIFT REGISTERS — OUTPUT

SF14 1s used to outpul miormation tfrom an asynchronous shaft register. Thisis dont ona first 1n?

first out basis — namely thu information furthest down in the table is the first information to bt
output.

The tolluwing sequinue demonstrates how to output information from the register

KEY SEQUENCE DISPLAY NOTE

READY (RUN)
-E V3 Sk =14

FALL THRU SR
OUTPUT

FRE OUT? YIS
CRROUT CRS
[1] [e] REG START:

v 100

@ RF( LENGTH
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KEY SEQUENCE DISPLAY NOTE

STATUS BIT.

CR9
@ I] DEST REG: AS01 1s AIM location where we
AsQ1 wili send SR output information.

' CHAIN $E? NO
ENTER SF? YES

PRESS ENTR TO
FNTER
@ V7 Next available V location.

6 16 CHAINING SPECIAL FUNCTIONS

In many applications, more than one special functions may be reguired to solve a particular equa-
tion and the delay causiad by scquential quewing ot each function s unacceptable. To solve these
apphcations. all special functions have been desipned with a chaining capahitity. 1f Yes is answered
1o the prompt "CHAIN SF? . a speuial tunction tmmediately following (it must starl in the next
available location) will be excouled withont delay. An unlimited number of functions can be chain-
ed. An error in a special function will stop execution of the chain.

An example of an equation thal requires chaming special functions is the pressure - (emperaturc -
gravity compensation of an orifice plate style gas flow meter The equation tor flow is given below

/P Gg
FMAX 9 \/ 9 . L (1)
P G VT

[P Gy T \
FMAX \f — -\(f — i
Ty

T
1]

.
i

PG

Since these terms are constants let FMAX PaGpig = M,

|-I .h l-!‘ M T
o E = M
o PG



Equation 3 will be solved using thres chained special functions. The first will employ “User Math’™
to solve T/PG. The second wll use ““Square Root” to solve for / T/PG . The last will multiply
M BY/ T/PG with user math

Assume M is in Jocation C18. 1 is inputed via A100. P via A101, G via A102, and store the results
in VO. The following sequence will program equation 3.

KEY SEQUENCE DISPLAY NOTE

CLR

alalolalo
B

clz[alo
zo[ojojo

O EE 0
b=l 1 (AT (0 e 2]

FHEMEID

=
B
(e}

READY (-RUN)
C208F =8
MATH

ERR OUT? YES
ERR OUT: CR20

FIRST TERM
A100

NEXT I'ERM
= A101

NEXT TERM
= Al102

REFSULT V2 V2. is temporary storage
¢ HAIN SF? YES

ENTER SF? YES V2. =
PRESS ENTR TO

ENTER
C26

T
PG

C268SF = 6
SQUARE ROOT

ERR OUT? YES



KEY SFQUENCE DISPLAY NOTE

[l [ [2] [1] ERR QUT. CR21
v [2] ] SQRT OF- V2.
E 3 D EQUALS: V2 The input and output can be

the: same location V2. pets -
placed with its square root.

CHAIN SE? YES
T
ENTCR SF? YES V2 = \/%

PRESS ENTR TO
ENTR

= c30
B (308K =8

MAIH
ERR OUT? YES
ERR QUT: CR22
B 1;12[{5]' TERM.
] (o1 [] NEXT TERM
swe [=] [v] [0] [-] RESULT: V0.
= CHAIN SF? NO
o] ENTER SF? YES VO, = Mfl
PG
PRESS ENTR TO
ENTER

i c35
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6 17 SFO — THE ENTRY POINT SPECIAL FUNCTION

In many applications, the same spicaal funetion 1s used in many parts of the program
simultanceusly. To avoid having to duplicate the special function in C or V memory every lunc it
is used. the entry point spicial function can be used to create an altematc untry address. This is
necessary because the same SE cannot be qucucd more than once SFO avoids this problem.

Any number of entry pomnt SF's may be placed betore the desired special function and “chained”
with it Fach additional simultaneous use of the function must have its own entry point SE.

Ta program the entry point SF, follow the sleps below
KEY SEQUENCE ~ DISPLAY NOTE

I READY (RUN)

iy

[0] ' C22SF = 0
ENTRY POINT
FRROUI? NO  Always answer no since this

function  will never give an
error

st mi CHAIN SI? YES  Always answer yes or the func-
tion will do nuthing.

ENTER SF

<TER PRESS ENTR TO
ENTER
E 24 Continue here with the SF
desired since SFO by 1tself does
nothing.

| ‘ I . 640




CHAPTFR 7

PROGRAMMING PROCESS CONTROL LQUATIONS LOOPS

The steps m the successful application of the PM550 control system for feedback control loops an
as follows

] Dew lop a control configuration for the process of interest

" Determme e speafic paramctors for cach lnop such as mput hardwaic addresses.
spans of the ficld transmittas tor each input output haidware addresses etc

3 Develop a Loop Specificanon Sheet for cach loap

4 Fnter palametess into the PMS550 memory using the read. write programmer
I his chapter 18 divided into two sections.

I The finst scition descnibes the basiu conepts behind loop tmplementation in the PM33U

2 The second section <deseribes the mechanisms by which (hie user enters loop specificanions
and parameters.

 oupled with the Loop Specificalion Shect and the prompting of the read. wnte programimer. the
application ol the PM S50 10 process control 15 a straghtforwurd procedute.

kxamples of fiow the PMSS0 15 aclually apphed to process control are discussed n the: PM350 Loop
Apphcation Manua!.



71 BASIC LOOP FEATURES OF THE PM550

The standard loop processing features vof the PM550 provide far the specification af loop con-
figurations such as the level, temperature, and tlow loops of Figure 7.1A. The PM550 can support
4 maximum of eight such loops and also provides for such advanced control concopts as ralio
contral, cascade control, fevdforward control, and others Coupled with its sequence control
teatures, the PM550 1 ideally suiled tor coniral of such batch units as chemical reactors, product
or raw materal blenders, and others In addition to control calculations, the PM 350 also provides
for alarms on the process vanable and on the control deviation In addition to the atandard loop
processing [catures preprogrammed nto the CCU (P13 1oops) . the PM550 system can salvc control
problems such as proportional-only control loops and fime-proportioning control loops using the
special tunction mathematics and look-up tables. The control laop capabilities, are thercfore limited
by the vontrol requirements and analog inputfoutput capacity {64 channels}.

To spucify the loops to the PM550, the engineur uses the read write programmer to create the loop
table Part of this table rcsides in the V-area of muemory. while the remainder resides in Lthe (-area
ot memory The objective of this first sechan 15 to avqyuaint the engineer with th¢ basic conwepts
that must be appruciated in creaung the loop lables.

The operator interfaces with the loops via the Loop Access Module (LAM) illustrated in Fig
urc 7 1B. For the selected loop. this station provides the following .

1. Display of the prouess variable.

Display of ane other opurator seleclidl loop paramcier. either the set point, deviation.

intcgral residug (bigs). or loop output

3 Capabiity ot changing set point or bias 1f loop is in automalic, or 100p output if loop 1s
in manual. If loop is in casvadc, neither may be changed

4  Display and selection of locop mode: etther manual, auto or cascade

Display of alarm on the proucss variable or warnings on the control deyiation,

6. Display and enter loop tumng paramcters (changin Joop tuning parameters is not
permitted without a key)

-9

wn

7.1.1 Process Vanable

For each loop, ene process vanable must he specified. This process variable may be tahen {rom
eithur of the following

1 From the analog input module,in which case the engincer will specify an AIM address
7 From a location in the V-area In this case. the process vanable is frequently called a
computud variable. Notc. " memory locations may also be used 1F C is read/write

memary.
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Figure 7 1A Process Unit With Three Conventional Feedback Cantrol Loops

An example ¢of a computed vanabl. 15 dlystrated in Figune 7 {C 1 he beat transforred in the
exchanger is the product of the flud flow the Mnd heat capacity and ihe lemperature nse The
mdath capahility of the PM55C can readily perform this computation, and the result would he
stored in (he V area from which 1l 1 retrieved and used as the prouess variable 1n the loop cal
culations This example i3 given tn detal in a later scehon

The uppes tive<digit disptay in the operator station s dedicated at all times to the display of the
process vanable. Thus display 1s 1efreshud approximately every 200 msue The display of the process

vanabl o in engmeering urats with the position of the decimal pont specitied by the cngineer
dunng {oop specification

711 1. Input Span

The actual span of the PMS550’s analog wiputs s @ to S 12 volts  [he lvop processing features
provide for 3 Linear canversion over either ol (e following procss vanable input spans.

1 A span of 0 to 5.0 volts, commonly refcrred to as a span of O to 100%.

I Aspanot 1.0 to 50 volts, commonly referred to as a span of 2004 to 100%
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Figure 71B Loop Access Modube (LAM)
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Figuee 7 1C. A Computed Vanable, the Heal Trans(er in an Exchanger
When the loop tables are ¢reated . the engineer must specify which span is to be used.

The most common input of the latter fvpe is the 420 ma current loop, where 4 range resistor is
used to generaie a | 0 volt input differential for a current of 4 ma. and a 5.0 volt input differentizl
tor a current of 20 ma. This resistor is built into the 7MT analog input module.

In addition to specifying which of the above two spans will be used. the engineer imust also
spectly the engmeenng values that contespond to the upper and lower ranges of the input span,
If the span is 0 to 100%, the upper range is the engineering value comresponding to 100% and the
lower range 15 the value corresponding to 0%, It the span 18 20% to 100%, then the lower range 1s
the enpmneenng value corresponding to 20% (or 4 ma in the case of the current loop) Figure 7 1D
ilustrates the input of a tumperature ot 80YF when a 4 20 ma temperature transmitter 1s used with
a span of 50 to 150CF.

The upper and lower ranges must be entered with the same precision that the process vanable is to
be displayed to the operalor For lhe example in Figure 7 1D, entries of 150 0 and 50.0 would
cause the process variable to be displayed with a resolution of 0 1°T




PROCESS CURRENT ANALOG T
VARIABLE LOOP INPUT
SPAN 512V 5oV
150°F F =——— z—oﬁm—-— — < — — —+ 150°F = UPPER
RANGE
/8 8ma 22V
QOF - — —— = —— —= T~ — —1= 80°F

500F - an — ——— L ——— ——-—_\—— A g 1 500F = LOWER
4ma
1.0V RANGE
A
ooV

Figure 7 1D Current Loop Input on the PM550

7 1.1.2 Sqguare Root

The orifice meter s a very vormmon flow measuremunt device Although vaniations exist tor special
applications the devicc usually vonsists of a concentne otitice inserted into (he pipe aLross which
the differential pressure 1% measured. Thus the actual analog input will be the output of the difter-
ential pressure transitter, Clearly a zero differential pressure (or & P) corrcsponds to a zero flow
From the peometry of the pipe and otifice and from the properties of the flud  the volumutric Nlow
{in units such as GPM) that corresponds 10 (he upper range (or 20 ma output [rom the P trans-
mitter) can be calenlated

The rclationship tlescribing the onfice mutes 15
F=cMAPF
p

which mvolvis a square root relationship. The lower range On the AP transmitlur 1s always 7ero.
Let the upper rangs heAP 0. Then the above equalion ¢an be writien as fallows

) ()

p AP

mdx

-



Notc that (y v/ APh;a_xfp must be Ihe volumetric flow, say Fpgx that corresponds to a full scak
AP reading of APppx. Thus. the equation becomnes

AP
FaF /_
max \ &P

Further, vbserve that AP/AP;,ax must always be a number betwecn 0 0 and 1.0. Therefore, we
mught consider AP’APpax to be a normalized AP whach we could represent as AP'. The flow equa
non becomes

F - Fmax ¥ AP’

Normally the AP transmitter will output o 4 20 ma signal The PMSS0 can calculate AP, the nor-
malized AP, dircetly trom the input vollage nanly.

" vV 1.0
ar - 510 10O

The span of the AP transmittcr 1s not needed jor this calculalion.

To caleulile the flow. the PMS50 needs only (v take the square root of AP’ and Lhen multiply by -
Fmax lhus, ;mt creating the loop table the engmeer must spely the wjuare root option on Lhe )
provess variable, and provide the span range as () O for lower range and Fyax (or upper range Spe
cifically. note that the span of the differential pressure transmutter (in 1130, pst mm Hg. or other
units) is never enlemil The display to the operator will always bo the flow in the umts of Fay, ‘,’
~ and the set pomnt will also be spectivd mm these ungts 5

7113 Special Functions on the Process YVanable

The PM550 special functions can be used to perform calculations on the process variable If neces-
sary . these calculations can also mmvolve other analog snputs and values stored i the V and ¢ areas
The value of the proviss vanable 1s always made available for thes calculations If the square rool
aption is specified. the square root ol the process vaable 15 coraputed first and the resnlt passed
to the speaal funclion walculations.

One example af a spuaaal function caleulation would be sinoothing (or filtering) the process vanable.
The basic smoothing or Nlienng ¢quation 1s the tollowing diftérential equation

dPy —_
LT + Py =PV




o

where PY = raw input, PV = smoothed value, and 7 = filter time constant The corresponding dif
ference equafion is

TV = kPV +(1-k) BV

where

-~
[

1
= exp(Tsir) = T
1+ :—

T, = loop sampling time

This calculation requires one floating peint location in the V-arva for sioring the value of PV,

Another example where the special funution feature would be nccessary is in the pressure: (Lmpera
ture/pravity compensation of gas flows In order to compue Fmay for the flow equation, the gas
temperaturc is assumed to be Ty {absolute). the gas pressure is assumed to be Py (absolute). and the
graysty is assumed to be Go. The actual flow equation then hecomes

F=Tax M"\/l \/'P_o 1 Go
V' Vi, V¥ V&

The meter lactor 1s defined to be

M = \/l\/ﬁ\{?ﬁ’_ :\/_POGU \/_.l_
T, VPVT© r, VB

where v PaGo To 15 & pre-computed constant stored m either the V or C arca. The special function
calculations basically compute the meter tactor M and multiply by the value suppled for tho pro
cess varable to obtain the true flow. To provide protection againsl transmitter Lwlures, upper and

lower bounds can bu placed on the meter fa.tor

The special function featurc can be utilized in a varety ot ways. mdJuding the computation of the
heal transfered as illustrated in Fugure 7.3C, This feature makcs the PM550 capable of implementing

truly powerful control systenis.
7.1.2 Manipulated Vanables

The results of all vontrol calculations 1s a numbet between 0 and 1.0 whuch is always displayed 1o
the operatar in perceni (o a resolution of 0.1% (that is, the output range is 0 0% to 100 0% for the
opurator station} The outpul may be direcled io either of two destinations’

1. Asan analog output from AIM.

3 To an internal memory location in the V-area for cascading loops Note Cana of mem-
ory «an be used 111t is maintainud in Read/Writc
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When the output 15 an analog signal to a TMT output module, a 0% output will praduce a zero out -
put yoltape or current . A 100% outpul produces 4 10 volt or 20 ma signal. If a 20% offset output is
selected, 0°% output produces a | volt or 4 ma signal, and 100% output produces a 10 volt or 20 ma
signal.

7.1 3 Control Calculations

The basic purpose of the loop features in the PM550 1s (0 enable the engmeer to easaly and quickly
implement feedback contro! on his process. The basic control equation is the commonly used pro -
portional integral-derivation (PID) control law which has been used in canventianal controllers for
many years, In addition Lo Lhe basic PID control equation, the PM550 provides the engineer with
error squared and error deadband options and incorporates an anti windup algonthm or reset. 'I'he
PMS50 implementation of PID contml] inherently provides for bumpless lnsfer In addition,
cascade control configurations are easily implemented. again incorporating bumpless transfer.

Ths sections that follow descnbe the features available for implementing control loops

7.1.3.1 The PID Control Equation

Although considerable effort has been directed toward supenior control equations. the conventional
PID wqualion wonlimues 10 be the most popular. The basic [orm of the equation 15 as follows.

1 d
M-Mo = K¢ (L;'i' T, edt+Td'd—i:)

where

M = control output

e = errorsignal = R PV
R = setpoint

K¢, = proportional gain
Ij = reset time

Tq = derivative time

Mo = imtial value of M

The coefficients K. T,. and ‘[g are called tuning constants The value of My ig selected to provide
for bumpless transfor.




A common modification to the above equation 18 to base the dervative on the teedback variable
instead of the ereor signal. The result is.

- 1 4PV
M-Mg = K¢ 6—,+ P feae-14 dt)
One advantage of this 15 that sct point chanys no longer affect the denvative mode.

In the PM550, the following discrete version of the above equation is used:

Tg n Td
Mq-Mo =Ko \:en . _'20 &= T, (PVyy - PVy-1)
i=

where

M, = outputattmet= nTy

e, = errorattimet=nTg

PV, = process vanablc at tme t = nTg
Tg = sampling ime

The ¢quation is commonly referred to as the position form of the PID contrel equatian

In the PMS50 implementation, certain modifications to the above equation have been made to pro-
yide for computational efficiency In addition, protection against reset wind-up has been incorpo-
rated Fxecuting the above equation requires two mcmory locations, ane for storing the inlcgral
sum and one for storing the previous process variable (PVy-1) These have been incorporated 1nto
the: loop tables, so that the user need not be concerned with them

The sampling time is specified for each laop on an individual basis. The basic loop processing inter-
vil for the PM550 13 0.5 second. The sampling tune must be specified as an mteger multiple of 0.5
seconds up to a maximum ot 4095.5 seconds

7.1.3.2 Auto-Manual Modes
The basic PID control loop can be in one of two mades:

1 Autao
2 Manual

A third mode, cascade, is concemed only with the source of the set pomt, but this will not b dis-

cussed in Suetion 7 1.3 7. The location of mode keys and lights on the LAM isillustrated inF igure? 1B
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Basically. no loop control calculations art pertormed m the manual mode. When the loop i3 in
manual, the operator may spucify the loop oulput through the LAM . Fssentially, the auto manual
mod¢ sclection acts ke the switch in Figure 7.1E. When the switch 1s in the manual mode, the
output is as specified through the LAM. When the switch is in the auto mode. the output is the
resnlt of the PID calculattons. To wonscrve processor ime, the PMS550 executes the PID calcula
tions only when the loop is in Auto

When thc loop is 11 Aule, the operator may sclect any of the lollowing for display in the lower five-
digit display on aperator station’

In the auto modd, the operation may only change the set point and bias. Although hc can display
the output to the prowess, he cannot change its value The set pomnt and error are displayed in the
same engincering units as the pracess variable. The output and bias (1integral sum) ar<. both displayed

n e

In order to achieve bumpless lranster, it is necessary that the outpul not change when the loop s
switched from manual to auto or vice versa. For the switch [rom auto to manual, the PMS550 simply
retains he Jast value compulcd by the PID #quation until the operator spectfies a new value. For
the switch from manual to auto, Lhe sct pomnt is set equal to the process vanigble and the value: of
M, in the PID equation is s¢-t cqual to the presunt manual output Lo thu process. In the PM550, this
latter step is accomplished by providhng the proper in1tial candition to the bias.

As will be descobed in a subsequent section, the aulo manual mode status is availably to the ladder
logic portion of the PMS550 via the selectud bits in the 1mmags register. Thy €U may either read or
set the 1magu regster bit for thy auto/manual modd

7 1.3 3 Tuning Constants

As indicaled in the previous section. the PID cantrol equation involves three vocfficients commonly
referred to as tuning constants The units and ranges on these Ihrce coefficients arc as follows.

M I

£

Sct point

Error {or doviation, &)
Integral sum (or Bias}
Ouptut

J.oop tuning parameters

. h S B am A Am Bn ah A A I T B B A NIVIINSLY P ﬂ 'p ) X

Coefficent Units Range
Proportional gain. K, B {5 0.00- 9999
Reset time, T; min 001 99999
Dernivative time. Tg min 0.00 - 999.99
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Since the resei time coefficient 1s in the denomumnator n the control cquation, a zero value is not
allowed Furthermore, if the reset time s specified as 999.99, the coefficient 1/1j in the control
cquation 1s set vqual to zero, or In other wonds, the control equation has no resct action. The
special case of 0.00 for the propertional gain K will be discussed in the next section (the result
is integral-only centrol).

In some conventional controllers, the preportional modi settng 1s the propertional band in %. To
convert the proportional band (PB) in % to the proportional gain m %% {(actually % changd in
ouput/% change i input), the equatian is

100

Ke= B

In ather words, sumply change the PB from “% to a number and then lake the reciprocal.

The proporiional gan is always entered as a positive number. This is reasonable when a positiv
change in the oulput from the PM550 will result in a positive change in the l0Op’s procuss variable
Figure 7 1F dlustrates such a process. H the signal to the stcan valve increascs, the result would
be an increase in the process temperature Thus, the gain should b¢ positiye, or as is commonly said.
the controller should be direct acting

Figure 7.1G illustrates a case wheru a positive change in the PM350 output would result in a de
crease in the process vanable [ the signal (o thu valve increases, more cooling water 15 admattcd,
which would lower the process teinperature. For this case, the controller s proporiional gamn should
be negative. or as 15 commonly said, the contraller should be reverse acting.

In specifying the loop table for the PM550, the proportional gain is always entered 4s a pdmnve
number A separate entry to the readfwrntc programmer sprcifies the controllur to be direct or
reverse acting, which 1s used internally to previde ihe proper sign for the controller gun.

7 1.3 4 Intcgral-Only Control

The control equations as presented in Section 7.1 3.1 all had the proportional gain K. multiplying
all thrcc modes. The PID equation was written this way to bc vonsistent with the customary pres-
entation of the equation, but the PM550 provides for a case where the proporbional gan K is
specified to be zero
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Figure 7.1F, Example Requiring a Direct Acting Contreller
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Figure 7 1G Example Requiring a Reverse Acting Controller
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In effect, a zere value for Ko ehiminates the preportional and derivative modes but not the reset
mude, 1he result bemng
K¢
M-Mp~= T, j edt = KR [ edt
1 .
This is a reset only ¢ontroller. which has some practical applications {(one bemg in noisy flow loaps)

In this case, the integral mode pain KR 15 taken to be 1/T;, or in other words, the gamn Kj 1s taken
to be 1 0 for the resct mode but zere for all other modes.

Actually, the integral-only option pernuts a loop to be used as an integrator instead of a controller.
To do this, we must specily the set point to he zero and the controller te be reverse acting, The
equation then becomes

1 f 1 f
M-Mg = =—[(0-PV}dl ==~— | PVdt
0 Tl ( } Ti
{ine apphcation of this i1s as a flow lotalieur. Usually Mg will by spocificd as z¢ro (that s, the: autput
will be specified to be zero befare the “controller’ is placed i auto to begin the integration). How

ovir, the st tune T, must be set 30 as to keep M from reaching 1.0,

For example, suppose the span on the process variable is O to 20 GPM, and the largest flow total
{output of Lthe integral) will be 480 gallons. Il would Lhercfore take

480 Gal n )
20 GPM 24 Minutes

U
[

gpan of the Py To prevent M trom exceeding 1.0, the value of“I1 must be 24 or greater There
g we might use 24 for T; il we wire lughly cortamn that 480 galions wonld bu the maximum
total If we were not so sure about the 480 gallons being the maximum. we might set T;

. 5 Error-Square] Conirol

pplications such as pH control and | pccasionally, level control. the standard PL1D control equa-
18 not very satisfactory. In these applications, the controller should have a low gamn when the
(or deviation from set point) 1s small, but 2 much larger gan when the error 1s large.

il approach to obtaining these characteristics is to multiply the gain by the error. giving:

. 1 ¢ .. APV
M-MG=K¢_!et(c+ f‘/cdt I T)

"y

S M




In effect. the control equation is now based on ¢le| (or signed ctror squared) instead of the error
alone.

‘Thus option is achieved smply by replying “‘yes” to a quustion “ERROR SQUARED?” from the
read ‘write programmer

7 1.3 6 Errer Deadband

The previous section indicated that some applications required a controller with a low gain for small
errors and a high gain for large errors. Another approach (o implementing such & characterist is to
incotporate an ctror deadband into the controller.

in the PM550. the error deadband option causes the error 1o be “recomputed’ as follows
If{lej — e db) <0 thene¥ =0

wher( (el € gp) >0 then e* = (je| - € gp) sen (€)

e = error deadband
sgn{e)} = signofe(lfore>0. -1 tore < 0)
e¥ = error used mn control calculations

Figure 7,1H illustrates the relationship of e* vs. ¢,

This option is attained by smply responding “yes™ to the rvadfwrite programmer question —
“DCADBAND?" However. both error squared and crror deadband may not both be used simul
taneously for the same loop The valuc used for egp is that for the yellow deviation alarm as de-
scrbed in Section 71 4 2.

7.1.3 7 Remote Set Point and Cascade Mode

‘The previous sections describugl procedures whote the set point of a loop is entercd via the operator
station. The PM550 also permuts the set point to bw taken from an int¢rnal memory location in
either the V-area or the C-arca. This feature’s counterpart in a vonventional controller 1s the remotc:
set point option, which must be purchased whenevcr the set pont is provided by another device

For example, suppose it is necessary to adjust the temperature accordmg to a pre<lefincd manner
whilc 2 batch reaction is proceeding Using conventional equipment. & Gam programmer could be
used to dnve the set pomni to a conventional controfler To accept the signal from the cam pro-
grammet., the conventional controller must have the remoltc sct point option.

Rerpepmy =y smsises =
———— SR
—rr—A e o e o
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Figure 7 111  Crror Deadband Relationship

Using the PMSS(G this capability can b obtanicd without the purchase of extra hardware Using
the tookeup table specidl function the proper temperature at any time can be obtamcd from U
table and stored 1n a location i the b arcy As will be descnbed below the loop can be instructed
to retneve s sul pomt from this lovation

Figure ™ 1J expamls upon thy disgram in Cygure 7 1T to incorporate the remote set poind capa
b].it)' An adihtional switch known as the cascade switch is prinidad on the st pomnt input Winn
t[%i switch 15 11 the open cascade position the set point 15 accepted only from the operator station

AMY. Whin the switel v i (the cosed dscade position the set point 1s taken from a location

the V orC arez. and will not be accepted tiom the op: rator station

) the operator slation there are no keys labeled “open vascade™ and “closed cascade” but valy
angle key tabeled ¢ ASC ADE  This hev s actuatly the closed cascade position as desenbed in
re 711 This poution only miakes swnse 1f the loop 1s also in AUTO. Thus, there are only
i« unonable combimalions of the positions of the two switches in Figure 7.11,
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i Auto Manual swilch in Manua! Actually, the posstsion of the vascade switch is itmmatenal,
bul the PMS$50 will automatically force ihe switchto open cascade This position 19
attamed a1 any tume by pressing the MANUAL key

3

Autoe Manual switch 1n Auto. Cascade switch i OQpen Cascade. This position is attained
al any hme hy pressing the AUTO key Bv inforone, the ALTO Key really means “Aulo
Open Cascale™

3 Auto/Manual switch in Auto, Cascade switeh in Closed Cascade. This position is attaimed
by presuing the CASCADF key. If the loop 15 1n manual depiesang the CASCADFE will
place the loop mto AUTO and then into CASCADE Note that thue € ASC ADE key really
means “ AUTO ¢ losed Cascade ™

The position “Manual Closed Cascade™ is meaningless 10 the PM530 . and tt will never occur 1If
the lovp 18 1n CASCADE (actually Auto, Closed Cascadd) depnssing the manual key switchoy the
loop to " Manual Open Cascade”

The PM550 also provides for bumpless transter to losed Lastde provided the source of the awl
pomt 15 8 read write Jocation 1l user mMemdny Whenever the CASCADE key 1s dopressed  the
PM550 first lakes the cumment value of The set point 4nd storos i the user area location from whih
the set point value is to be taken Of course. tho value m this logation can be changed at any time
Conversely when the transition s made from CASCADE 10 AlYIQ) . the last value of the se1 paint
is retaned until a new vatue 15 entered through the operator station

In making the loop confignmtion, the cagmeer may choose not ks speaily 2 memory location for
the set pomt by answenng ‘NO™ lo " Rumots. Sctpoint’ In this case the PMSS0 will not permit
the loop to be put into CASCADL.

As for the Auto/Manuat switch, the status of the cascade switch 1 available to the ladder lome
through the CR-bits 1o the 1mage regisier The CCU may road the status of the cascade switvh ot
may specify 1ts status Notu that it a LAM 1s not used and the setpoint for # loop 1s to be obtained
from a V. C o1 A memory location the prompt “LOOP FLAGS?” must be answured YES and
the loop flags m the mnagy registes requesting Auto and Closed Cascude must be set to 1 (See
table 7 2K)

71 38 Cascade Control

$= 'nw process applications require that the output of one controller be used as Ll st pont for
snpther. Figure 7.1K illustiates a case where a temperature controllen providing the sel pomt to
: w controller. The temperature controller is said to be the outer or master cont roller, the flow
Itml]e-r is said to he the mner or slase controller. The PMS50 accommodates conligurations such
his. and even permils higher levels of vascading

T €A
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TRAP

Figure 7.1K. Cascade Control System

Estublishing such 4 configuration in the PMS530 is casily accomplished , requiring only two specifica -
tions

1 For the mnner cantroller (the {low controller in Figure 7 1K), a soury oy the sel point
must be specified as a lovation in the v-ared

3 For the ouler controller {the temperaturc controlter in Figure 71K}, the destination
of the output must be the same location in the V-area.

.In ali other ruspects, these two controllers are specified as usual.,

!I

[The loop configuration n the PM550 is a illustrated in Figure 7 1L, For the outar control loop,
it is not neewsary that a source be provided for its set point. in which tasc the PM550 would not

permit closed cascade Of course, 4 sounrce for this sct point can be provided if appropriate

The PM550 provides for bumpless transter throughout the possible number uf states of the cascade
iconfiguration in Figur: 7 1L Starting with both laops in manual. the transitions would bt as
rfollows:
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1. Place inner locp in AUTO The PM550 automatically sels R, =PV and appropnately
initializes the integral sum (bias) for the inner loop.

2. Place the inner Joop in CASCADE. The PMS50 places Lhe value of Ry in the V-arcs
memorty location.

3 Place the outer loop mn AUTO. The PMSSO automatically sets Ry = PV, and appropn-
ately initializes the integral sum (bias).

1t an mtemal source. for Ry 15 prowided, the outer loop can then be put in CASCADE.

The PM550 permits the mode transitions to occur in tius scquence only The PMS50 will not permit
the outer loap to be placed in AUTQ unless the inner loop 18 1m CASCADE. The 'M550 permits any
switeh to be opensd at any time, but the PM550 will automaticatly opcn any switches further ont
in the chain. For example. placing the inner loop on AUTO (which also meuns open cascade) causes
the PMS550 to place the outer loop in MANUAL (which also implies open cascade for the outer
loop) Sinmularly, placing the inner loop in MANUJAL (and thus open vascade) causes the PM550 to
place the outer loop in MANUAL.

7.14 Alarms

Process alarms compnse an int¢gral part of the loop calculation features in the PM550. These alarms
are oF two types:

1 Alarms on the process variable.

2 Alarms on the control error or diviation (setpoint prouess variable)

kach 1s described in detail 1n the following sections Through bits in the image regsicr, the status
of all alarms is made available to the ladder logic program If the prompt “LOOP FLAGS s an.
swered YES. The status of the alarms is also indicated by the alann display lights an the operator
station, as illustrated 10 Figure 7 1B




7.1.4.1 Process Variable Alarms

The PM550 provilcs for two process vanable alarms:

High alarm occurs when the pracess variable exceeds a user-specified value known as the
high alarm limit .

Low alarm owcurs when the process vanable becomes less than a userspecificd value
known as the low alarm limit

Associated with each alarm is a deadband provided to prevent “chatter”

Figure 7 1M illustrates the process variable alarm limits and deadband An alarm occurs when the
process variable goes outside of either limit. The return-to normal does not occur unlil the process
vatiahle returns to within the alarm limit with the associatcd deadband.

The operator station only displays the status of the alarms for the particular loop beng displayed.
Should 2 process variable alarm occur for a loop nat beng displayed, the loop display will begin 10
flash. The vperator should then depress the loop increment button. The aperator station will then
display the loop for which the alammn condition exists By this procedure | the operator acknowledges
that he is awarc of the existence of this alarm. and this alarm wiil no longer cause the loop display
to flash. Acknowledging the alarm an any LAM will call all LAMS in the svstcm to stop t]aslung
Should the process variabie retum to normal and then cnter the alarm state again, the flashing w:Il

ne-aiur

On some oceasions, two or more unacknowledged alarms may vxist at the same time. Depressing
the loop increment butlon will causc the station to display the lowest numbercd loop with an un
acknowledged alarm. but the display will continue to flash. Depressing the loop mcrement button
a second time will cause the station to display the next loop with an unacknowledged alarm. The
operator should repeat this procedurc until all alarms have been acknowledged.

During loop specification, the vngmcer must provide values for sach process vanable alarm himit.
Should he not wish to specify alarms. the enginecr should nsert defanlt values so that the alarms
will ncser occur. The process vanable alarms are always processcd, regardless of whether the loop
is in MANUAL. AUTO, or CASCADE.

NOTE

Loop alarms are stored as scaled integers,
therefore, the valuc rwad hack on the read:
wnte programmer may differ shghtly from
the value programmed due to round off.

7-23
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7.14 2 Deviation Alarms
The PMSS0 provides for two levels of deviation alarms

1. A yellow deviation lumit

2. Anorange duviation Tunt.

The deviation slarm bands are always centered about the setpoint, or sawd another way the devia-
tion alarm dest 1s actually on Lhe controt crror, Simee these alanms are on the contrel error, they
are only processed while the Joop 15 1n AUTO or CASCADE.

Figure 7 IN 1llustrates the deviation alarm bands In ¢reating the loop tables the user must enter
values for the yellow deviation limit, Ay, and the orange hmit. &gy If'the absolute deviation s
lss than &y then the green deviation light will be Wlluminated on the LAM if the absoluie duviu-
tion 15 greater than Ay and less Lhan A, Lhe high or low yellow deviation light will be illuminated .
depending upon whether the error is above or below the setpoinl, If thu absulute dueviation exceeds
Agy. then cither the high or low orange deviation limit will be illuminated. As illustrated in Figure
7 IN . a deadband 1s incorporaled 4t each limit to prevent chatter.

Ths loop display will Nash oaly when the deviation enters the orange band | 1.e.. the absolute error
exceeds Ay, Thus, the operator must only achnowledpe the orangy deviaticen slarnms The loop flash-
tng tor the process variable alarms and the orange deviation alarms is identical, so the opurator will
not know which alamm has occurred nor in which loop until ha acknowledges the alarm.

Through bits in the image rogister, the ladder logic program can ascertain the statuses of both the
yellow and orange dewiation alarms and can determine if the aturm is in the lugh o1 low band How
zver, the COU cannot acknowledge an alarm.

NOTE

Loop alarms arc stord as scaled intepers
therefore. the value back on the read:wnte
programmer may differ slightly from the
value programum d duc te round off,
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7 2 SPLCIFYING LOOP CONFIGURATIONS

With the did ol prompting commands from the read'wnle programecr the loop configuration anl
associated constanis are entercd into tables | hese commands are divided inlo four categones

1 [.oop table memory allocation

i

Process vanable spcaifications
1 Control specifications

4  Alarm specifications

For ease of refirinee o this manual, cach entry has been assignal a step nusber However, the prv
gramqns.i does not display or accept 4 step numba r

In response to a prompt from the programmer, one of the following types of information must be
enterd

l Numerical datd

YLS,NO

| 2%

ey

Momory Address

The type ot data to bc «ntered can pormally he wierred from the message i the prompt. Lach
prompt that (hiuits a response cnds with either an equal sign {=). a question mark (7). or d wolon ()
The use of these and some examples are givan m Figure 7.2A

It 15 also essential that a wrtlen record be mantaingd for cuch loop in the PMSS( and that this
reeund become an miuegrsl part of the documentation tor the PMSS0 system For this purpose the
Loop Specfication Sheet 1 provided. Figure 7 2B illustrates a Loop Speclication Sheet that has
heen completed for 4 (ypieal loop. When all cntnies are complelud this sheet providos the informa
1(:: required 10 answer all prompts from the progriammer  The Loop Specitication Sheel requests

¢ information (Jo1 example. engnuerng umts for 1the progess vanable) that s not entered nlo
the PM550 On the Loop Speafication Shect such mformihon is shown enclosed 1n quotation
Marks (') Although such sntormation could certainly be omutted. good system documentation
anably proves useful



- )

A

~

N

Last Character Type of Data <
n Prompt 11+ be Entered Examples .
= Mumuiic data LOOP NUMBFR~ <

Py LOW RANGE= P

GAIN (7= A

$

? YFS:NO TUNE INV? ‘
SORT OF PV? E

REVERSF ACTION! 4

Addresy CONSTAN] TABLE: ¢

Pv ADDR" 4

SF ADDR \

Figure 7 ZA. Data Fntry Conversions

A blank specification shuet (s prov ded for your convenience in Appendix A, It mayv be duplivated
without prior purmission frem Texas Instruments

LT
b ... .



LOOP SPECIFICATION SHEET

Loop Description “Process Hot Water Tempeisture Controller™
Tas TCI07° PMAS0 Laop Number = 5

MEMORY ALLOCATION
Tuning Constants in V. {C or V)

Beyinning Ending

Address Tutwe C Tune V Address
Constant Tablé ce1 21 15 C75
Variatle Table Va4l 12 18 V58

Are jvop flays for alarms and inode switching atlouated n the imaye reqister?  YES If YES.
give beginning address CR29

PROCESS VARIABLE Address:  AbOZ
20% Otfset? YES Square Roov? NO
Special calculation?  NO If YES. give address:
Low Range = 50 Migh Range = 250
Engr, Umits "NEGF~ Transmitter 'TX 107 °
CONTROL CALCULATIONS Samgple Time = 160 <¢6¢
Ramaoate Set Point? NO I¥f YES qive addrass:
Special Calculation? NC ({ YES. give address-
LOCKS—8et Poini? YES Auto/Manual?  YES. Castade? NO
Ervur Sguared?  NO Error Deadband? NO
Gam  1.00%% Reset Time  999.8
Rate = 0.0 min Reverse Acimng? NO
Qutput Address V78 20% Offset? NO.
[ ALARMS
! Pracess Variable
Low = ﬂ High = 160
Deéviation
Yellow = 2 Orange = ]

Fizure 72B. Typwal Loop Specificatuon Sheei




721 Loop Table Memory Allocation

The loop tables contain all of the contiguration informalion and data values required to completaly
define a loop. Part of this infermation will not change during the execution of the loop, bul some
information will change as the loop calculations progress. Thus, the table for slonng the data for
cach loop is divided into two segments. onc residing in the C-area and the other residing in the
V-area.

It is essential that the user maintain an up-to-date memory allovation record for both the € area and
the V-area. The length of each tahlu depcends npon where the tuning constants are to be storcd
(either 10 V or in C} Figure 7 2C gives the length of each table for both options, The user must
supply a starting address for each of these tables The PMS550 culculates the ending address of each
table and assumes that these locations arc nat bang used for any other purpose

As llustrated in Figure 7 2D, the entry of the loop table address data entails six steps.

Step 1 To insure that the read:write prozrammer is rcady (o accept the loop specification
data the key'should be depiessed.

Step 2 To inform the read:writc programmer that a loop 1s to be defined. the key must
be depressed. The readiwrite programmer requests the loop number by displaving “LOOP="". The
loop number must be a number in the range of | to 8

Step 3 After the key 18 diprass=d, the read’wnte programmer displays “CONSTANT
TABLE:" to request the starting address of the loop table in the C-urva. Any address in the C-area
may be entered with the exception ot (.0 through C15 which are reserved to store loop table
addresses,

Step 4. Atter the hey is depressed, the read/wnity programmer displavs “VARIABLE
TABLE ™ to request the starting address of the loop table in the V arca. Any address in the V-area
may be entered,

Step 5. Tuning constants may reside 1n either the C-area or 1n the V-area When read/wnte
momory 1y used for the C-area there is no difference in the behavior af the system Lhus the logical
choice maght be the ara (hat has the most unused locations. When read only memory s nsxd for
the C-area then the tuning constanls can be changed only when they reside in the V-area. After
depressing the key the read/wnte programmer prompt VAR TUNF? il the key is de:
pressed the tuning parameters will be key IN V INUMOTY | causes tuning pdarameter to be stored
in C Memory.




Step 6. After the key is depressed. the read/write programmer displays the ending
address (specifically, the last louation usedl) of both tables.

*WARNING

As the PM550 assumes that all locations between the start address
and the end address, inclusive, arc available for the loop tables, the
memory allocation should be carefully checked to be sure that ne
intermediatc location is being used for olhcr purposes. At the time
the read fwrite programmer displays these addresscs., nothing has been
wriften into memory. Consequently, the table entry can be aborted
if necessary before any contents of memory arc altered.

Step 7. Afltcr depressing _the messape. “'LOOP FLAGS?" is displayed The user may
optivnally specify that loop mode and alarm status intormation passed to the ladder logic pro-
gram via the image register The us at the respuctive image register hits will be gy n in Section 7.2 5.
[ the responst ta ““LOOP FLAGS?Y is yes. then the address of the first CR or Y bil to be used for
the loop flags must be entercd in responsc to “LOOP FLAGS ™ Tt the response to"LOOP Fi AGSY!

is no, the message “[.OOP FLAGS: ™ will not appear.




T VI S o o s 0

Tuning Constants Tunmng Canstants
i C mV
C - Table Length 21 15
Vv -'lable Length 12 18
Figure 7.2C. Length of V and C Tables
Step Key RWP Display
1 e READY (RUN)
2 LY 1.OOP NO =
LOOP NO = 1
3 CONSTANT TABLE.
CONSTANT FABLE: €105
4 VARIABLE TABLE
VARIARLE TABLE. V27
5 VAR TUNE?
VAR TUNE? YES
6 C119/v44 END
7 LOOP FLAGS?
LOOP FLAGS? YES
1A LOOP FLAGS
= 1LOOP FLAC.S: CR105

Figure 7 2D Typical Sequence for Entering Lanp Table Memory Aillocations

PR .+
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7 2.2 Process YVanable Specifications

The acxt section ot the data entry procedure pertains to the process varable spatifications, The tol -
lowing information must he specitied.

1.  The address of the process vanable
2 The 20% offset option (yes no)
3. Syguare root ot the pr0n.-e§s yartable (Yesino)

4. Special caleulabion for the process vanabl: (ycsno), and 1 so, the address of the special
calculation

5. Low range for the process vanable

6. 1ligh range for the process varable
Fizoare 7 2E illustrates a typical scyucen-c of commands for entering the process vanable specifications

Step B. After 15 depressed, the resd /writs programmer ¢isplavs “PV ADR:. " The process
valiahle addiess can be either an AIM address, a C-area address, or an V-area address. Althongh the
programmer will accept @ C-arca address tor the Py this makes sense only when the (-area 13 read:
write memory

Step 9 After 1s depressed, the messag= TV 20% OFFSET?™ inalisplayueal | Tf the range is
20 to 100%%, respond ™ |ves| . The * response indicates a 03 to 1004 input range

NOTLE

The 20% olfs=( oplion applivs only Lo the
process variable; specifically it does not
pply to the set point,

Step 10. After 15 depressed, the read'wnte programmer displays “SQRT OF PV?™.
Respond b the squan. roor ol the proeess variable s desired, it not. respond ~ '
A YES response causes the square root to be taken ot the value specified {or the process vanable.
The squale root will be used 1n loop calculations

Step 11. After E] 1s depressed, the message SPEC CALC ON PV?7 15 displayed. bnter

? "

~if a special function 15 to be executed using the value of the process vanable. I E' IS
entlfrcd, Stup Lla is hypasscd (as s illustrated in Figure 7 2E). If the square root option is chosen.,
ihéFqu.dre rool will be taken prior (o 1he spetial funchion ¢ xceution.

‘FEL

Step 11a. Afta i depressed. the read write programmer displays “PY CALC ADR-7.

i Erder the V area or C area address where the special [unction is stored

|
|
|
‘ 7.33




KEY
STEP SEQUENCE DISPLAY

R STEP 'V ADR-

A103 Py ADR: A103
9 STEP PV 20'% OFFSET?

YLS PV 205: QFFSET? YES
10 STFP SQRT OF PV?

NO SQRT OF PV? NO
11 STLT SPFC CALC ON Pv ' NQ

NO SPEC CA1.CONTV? NO
12 STCP Py LOW RANGE. =

100 O PV LOW RANGE = 100.0
13 STCT PV HI RANGE =

500.0 PV HI RANGE =3000

Figure 7.2E. Typical Sequences for Enlering the Prucess Vanable Specifications

Step 12. Altcr [¥7¢] iy duepressed, the message #py 1 OW RANGE=" s display:d. Enter the
engnLering value coresponding to (he Tow range ol the input (0%t “YES response 1o Step 9
0% if "NOQ" r<sponse to Step 9).

Step 13. After 15 depressud, the fead wrnitc programmer displays “PY H1 RANGF="
Entcr the enpinu-:ring value corresponding to 100% on the inplet range.

7.2.3 Control Specifications

The third seuvtion ot the data entry prowiluse pertains o the control specifications. The tallowing

information must be specified:

] Samople rate (1n sceonds)
Sourcs of seipoint
Special caleulation on sutpoint

Locks {setpoinl. anto;manual. and cascade)

un - ‘S [

Error ¢ alculations (error squared or errar deadband)

(. Tuning constanls (gain. reset time . and dervative time)
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Direct/reverse acting
8  Addruss for oulpul

9. Output 20% oftset

Figure 7 2F illustrates a typical sequence of commands for spectfying the control configuration for
8 loop

Step 14. The sample time must be entered in seconds to the nearest halt secand. Since the
loop procvessing cycle time of the PMSS0 1s one-half second, the sampling time for the loop must be
an integer muitiple of 0.5 seconds ‘I he shortest sampling time 0 S seconds; the longest permissible
sampling time is 4095 5 ¢econds.

Step 15. It the response (o the prompt “REMOTEL SP? 15 NO, then the setpoint can only be
¢ntered from the LAM The control immode ““ulosed cascade ™ will not be permitted. even 1f the opera
tor or the CCU requests cascade. IT the response to the prompt - RFMOTF SP? 15 YES  an adiress
fur the selpoinl must be entered, as tllustrated in Step 15A in Figure 7 2T . The memory address
may be either a C area or an ¥ area The value 1 this lovation 15 assumed te be a scaled integer
vaine The valuc may also be taken (rom A but 3 speciad {anction will be requiral i€ (e valu has 4
207 offset.

Step 16, If no PV spraal calculation was specified in Step |1, the prompt "SPEC CALC ON
SP?" appears If the response 18 YES, then the address ot the speuial caleulation must be enteted in
Step 16A, Tf the angwer 1s NO, Stop 16A 18 skipped  If 2 PV speaid] caleulaion was speaifi=d | tien
St.p 16 15 bypassed

Step 17. [Foreach loop in the PM550, locks may be specified on each of the following:

1 Scipaoint
2. Auto:manual mode

3 Cascade mode

When specified . these locks arc in effcct only when the kevlock isin the “Qporate:™ position. Whan
in the “Tune:Unlock™ position. the lovks are over-ndden This feature permits the engineer Lo sel
up 4 p-articular loop and then prevent the operator trom making subsequent alterations

As a practical mattoer, the cascade lock s only ellective when the aute manual lock 1s »:t. Thus
whun the response 1o Step 17B 15 NO, Step 1 7C is bypassed.



All locks pertain only to LAM, specifically. they Jo not pertain to the ladder legic. For vnample,
the setpoint lock has nat effect when a loop is in closed casuude, as the sequence or some other loop
may change the setpomnt regardless of the status ol the setpoint lock.

Step 18 The control calculations are normally based on Lhe crror {setpoint minus plocess van-
able), but may optionally be basid on error squared ur ciror deadband {but not both). When the
crror squared option is specified, Step 18b s bypassed

Step 19, An address must be supplicd for the oulput from the control calculations. This
address would normally be either an AIM address or an ¥ area address. A C-area addrsss should be
provided only if the C-area is read/write memory

Step 19a. When the output to AIM s to be 4 20 ma or 2-10 volt signal. a 200 ofisct must
be speailicd for the output

Step 20 Valucs must be entered {or the PID control equation’s three tumng parameters. 2ain
{m 0’4 resel time (11 minutes). and derwvative time (in minutes) The special cases of the PID con-
trot equation are obtancd as follows.

PI control (no derivative): enter zere for the derivative {ime
No resct action. enter 992.9 flor the reset time
Integral-only contral. enter zero for the gan
Step 21, A dirvet acting controller has 4 poSItIve gait. 1€ 4 positive ciror resultsin a positiye
change in (he output from the contioller. A reverse acting, controller has a negative pain, 1¢., 4 pusi-
tive error results in a negative change in the output from the controller. If a diréct acting controller
15 desirud. the promipt * REVERSE ACTING”™ should be answered N(}

7 2.4 Alarm Specifications

The final section of the data entry proccdure pertamns to the alanm specifications. The following
paramutces must be specified:

1. Low al4rin limit

2. Iligh alarm limit
3. Yellow deviation lirmt
4. Qrange deviation inat



STEP KEY SEQUENCE DISPLAY
14 SAMPLE (SLCC) =
BL—_I 0 SAMPLE (SEC) = 10
15 E’ REMOTE §p°
E| REMOTE SP? YES
15A E SP ADDR
LV_f 9 [1—| SP ADDR. V91
16 ETre SPEC CALC ON Sp?
SPEC CALC ON SP? YES
16A {EI SP CALC ADDR -
vI[z][o] SP CALC ADDR.. VID
174 [ LOCK SP?
E LOCK SP? NO
17B el LOCK ADTO/MAN?
E. LOUK AUTOMAN? YES
17 i LOCK CASCADE?
LOCK CASCADE? NO

Figure 7.2F. Example of a CCU of Commands for Entening Control Applications
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STEP KEY SEQUENCE DISPLAY
12A FRROR $Q?
[] FRROR 5Q7 NO
18L DEADBAND?
[E| DEFADBAND? NO
19 OUTPUT ADDR.
[o] [0] ouTPUT ADDR: A200
19, QUT 20% OFFSET?
OUT 20% OFFSF1? YLS
20 GAIN (%B/%) =
GAIN (%:%) = 32
21 REVERSE ACTING?
REVERSE ACTING? YES
22 - RESET (MIN) =
(o] RESET (MIN) = 50
23 E RATE (MiN} =
(3] [o] RATE (MIN) = 0

Figure 7 2F Example of a CCU of Commands for Entering Conirol Applications (Cont)
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Figure 7.2G 1llustrates a typical response to commands for entering the alarm specifications Note
that all alarm parameters are specificd in the engincering units of the process varable.

Step 22. The value of the low alarm is entered in the engineering units of the process variable.
If no low alarm 1s desired. enter a value equal to the lower range of the process variable,

Step 23. Enter a value for the mgh alann 1o the enpneening unils of the process vanable. I no
high alarm s desired. enter a value to the upper range of the process variable.

Step 24 L[nter a value for the yellow dewiation alarm (n the engineering units of the process
variable. If the creor deadband option is the cantrat actian s slccted, this value will alsa be used ax
the error deadband If no yellow deviation alarm 15 desired  enter a value equal to the span (upper
range minus lower range )} of the process vanable.

Step 25. Enter a value for the orange deviation alarm in the engineering units of the process
variable If no orange dewviation alarm is desired. enter 2 value equal to the span (upper range minus
lower range) of the procss vanable.

Step 26 The display of "ENTER LOOP?” signifies that all necessary specificahons have been
caterea] for the wontrol loop. If the response 1s ."PRESS ENTR TO ENTER™ wll be dis-
played. Depressing the || key then enters the loop into the CCU

STEP KEY RWP DISPLAY
22 LOW ALARM =

[e] Low.ALARM = 250
23 st HIGH ALARM =

= @ HIGH ALARM = 350
24 YELLOW DEN =

El D YELLOW DEY = 135
» ORANGE DEV =

5 ORANGE DLV = §
% ] ENTER LOOP?

PRLSS CNTR TO ENTER

Iigure 7.2G. Typical Sequence for Entering Afarm Specifications
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7 2.4 Loop Tables

The daia entcred via the rcad/write programmer 1s used (o build the loop tables. part of which
resides n the C-arca and the remainder in the V-arca. The data in the { table is normally not
changed after the loop has been confipured . whereas (he data in the V tablc will change.

Although users of the PM550 will rarely need lo access the data in these tables othur than via the
loop specification fuatures of the read wnte programmcr. the structure ot these tables will be pre-
sented The memory locations can be displayed and even altered by any method for accessing the
PM550’s user memory. Ilowever, 1t is not recommended that the loop tables be altervd i this way.

Figures 7.2H and 7.2J provady the structure and definition of the ¢ntries 1 the loop tables.

7.2 5 Image Register to Loups

As slatcd earlier, the uscr has the option ot specifying (hat ten image regisicr hits be allocated for
the purposss of communicating between a loop and the ladder log. program These bits are used

for (he following purposes:

1 Indicate the status of alarms to the ladder logic

2 Indicate the status of the manualiauto;cascade modes to the ladder logic

3 Tnable the ladder logiv tu request that the loop be placed in rnanual. auto. or cascade

mode.-

Figure 7.2K gives the speeific use of each of the ten bits When 1he loop configuration is entered
the user must spocity the address of the tirst bit The remaining bits are located sequentially.

7.3 Loop Errors

The (ollowing errors (Figure 7 3A) van ouviur when attemplng to program A loop. These errors
will be displayed on the programmer when the loop 18 entered mlo the CCU If an error occurs. the
loop will be entersd into the CCU as is, but will not be exceuted until the crror is corrected.

To correct the crrar, read the loop back via the programamer by depressmg the [usd key after spec-
ifving the loop number. Step through the prompts and risponses until (he response 1n error is
encountercd. Depress the key and re-enter the correct response Step through the remaining
prompts and enter the loop nto the CCT

.
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10
11
1.2
13
14

15

17
18
19

20

LOGP
NO.

SAMPLE RATE

C — Table Flag Werd

Special Function Address

Process Varighle Address

Sct Point Address

Qutput Address

Process Yariable

Span

Process varable

Lower Ranpe

Low Alarm Limit

t.ow Alarm Limit

Yellow Deviation 1imit

Qrange Devialion Limil

Address of CR Bits for Loop

Proportional Gzam

ke

Reset Coeflici=nt

KCI.S;.I.I.

Denvative Cov Micg nt

e S SN TR P g— f— —— — S {p—

. I ’::1-.

D S

I UNVHN NI VDN SN S

Figure 72H  C—Table Structure

741




o Al m——- e = 0.

WORD NOTES
0 Loop Number i3 stored as 0- 7 in high order 3 bits instead o' 1- 8
Sample rate 1s the number of half seconds between control calcula-
tions for the loop Sample rate i8 stored in low order 13 bits
1 Bits in the flag word arc used as follows.
0 0 = Tuning paramcters in C
| = Tuning parametcrs n VY
| 0 = Do not take square root of PV
1 = Take square root of process variable
2 0 = Direct Acting
1 = Reverse Acting
3 1 = Control based on efTor squared
4 1 = Contral based on urror deadband
5 0 = No auto lock
' 1 = Aulo lotk
6 0 = No cascade lock
1 = Casuade lock
7 0 = No setpomt lock
1 = Sctpoint lock
8 0 = PV Suale is 0% — 100%
1 = PV Scale is 20% — 1007
9 0 = Output Scale is 0% — 100%
1 = Qutput Scale s 209 — 100%
10 0 = No PV Special Function
1 = Special function on PV
11 0 = No set PT Speaal Function
1 = Special Function on Set point
12 0 = Bypass ali Caloulation for loop
1 = Process loop normally
13
14 Decimal point location in LAM Display
15
2 $pecial function memory address (zero if no speial function)
3 Process variable memory address
4 Set point memery address (zeto if closed cascade not permiited)

Figure 7.2 H C—Table Structure {(Cant)
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WORD NOTES
5 Mcmory address for loop output
6.7 Span of process vanably (loating point value)
8,9 Lower range of process varable (floating pont vilue)
10 Low alarm limt (scaled integer value 1s fraction of full scale)
11 High alamm it (scaled integer value 1s fraction of ull scale)
12 Yellow deviation alarm (scaled inieper value s fraction of
full scale)
{3 Orange deviation alarm (scaled integer value is friction of
tull scale)
14 Address of first CRU but for lovp (-} means na ¢ RU bits are
reservidl for this loop)
15 16" Proportional gain K I /T, (floating pount value)
17 18% Reset coeificient, K . TS_-" T; {floating pont value)
v 20* D« nvative coefficient, Ty ! Tg (floating pont value)

*These words reserved only when bit zero ot € Table flag word 13 ddear = 0,1¢ tunc n C

Figure 7 2 H C-Table Structure (Cont)




Figure 72] V-Table Structure
7-44

WORD LOOP
NO SAMPLE COUNT
s O
I V — Tabk- Flag Word
s Process
3 Vanabie
4
Setpoint
5
6 Frrur
7
8‘ Output
9
10 Bias
I1
(2 | Properional Gam |
I I
13 L_KC___._____E.J
14 1 Reset ( acflicient, I
15 1 xery, {
16 r_Dc:au:Co;ﬁcie; - T T T
' |
17 Tp/l
L DS J

R i et A . o . ee A o



WORD NOTES

Q Loop number is stored m high order 3 bits as 0—7 instead ot 1 -8

Sample rate is the number of half seconds until the next contral
calculations will be performed . Stored in low order 13 bits

1 Bits tn the flag word are used as follows:

0 Not in yellow deviation alurm
= In yellow deviation alarm

= Not in orange deviation alarm
= In orange deviation alarm

= Error 15 negative

= Error is positive

= Not in low alarm

= In low alarm

= Not in high alarm

= In agh alarm

N
-0~ QO =0 =0 -0 =C—=,QO—,D =0
!

5 = Qpen cascade
= (losed cascade
6 = Manual
= Aulo
7 = Dewiation alaim nat auknowledged
= Dcviation alarm acknowledge
8 = HI;LO atarm not acknowledged
= HI/LO alarm acknowledge
9 Not Used
10 I = LAM rcquesting cascade
11 1 = LAM requesting auta
12 1 = LAM rcquesting manual
i3 1 = CCU requesting cascadc
14 1 = CCU requesting auto
15 1 = CCU requesting manual
e Process vanable {tloating point value stored as a fraction of
tull scale
4.5 Setpoint (floaling point value stored as a fraction of full scale)

Figure 7.2), V--Table Structure (Cont)
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WORD NOTES
6,7 krror (floating point value stored as 2 fraction of full scalc)
8,2 Qutput {floating point value stored as a fraction of output
range)
1011 Bias (Noating point value stored as a fraction of output range
12.13* Propottiondl gain, K {floating point value)
14.15* Reset cocfficient, Kc Ty : T-l {Moating point value)
16.17* Denvative coefficent. 1y ! TS (floating point value)

*These words rescrved only when bit 0 of €' .- Table flag word is sct (= 1).

Figure 7 2]. V -Table Structure (Cont)
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BIT SET BY MEANING OF 0 MEANING OF 1
l (CU Not requesting manual mode Requesting manual maode
2 CCU Not requesting aute mode Requesting auto modc
3 CCU Not requesting «iosed cascade Ruquesting closed cascadc
4 Loops Luop 18 1n manud) Loop i in auto
5 Loops Loop 13 in open cascade Loop is m chired cascade
6 Loaps PV s nota lugh alarm PV 15 1in lngh alarm
7 [oops PV 1y not «n low alarm PV 15 1n fow algrim
8 [.oops Negalive crror deviation Positive error devialion
9 Loups Deviation is not m orange band I»evianon 15 1n orangd band
10 Loops Deviation is not 1n yellow bancd Deviation 1s in yllow band

Figure 7 2K JR Bits Associated with Loops
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ERROR #

|

10

11

12

13

14

15

16
17

I8

DISPLAY

ER ] OU1 OF BOUNDS

ER 2 COMMUNICA [HONS

FR 3 WRONG MODE

ER 4

FR 5 NUMBER RANGE.

LR 6 CCUTATAL ERROR

FR 7

ER &
ER 9 REMOVE CONTROL

FR 10 PVSPAN =0

[FR 11 P¥ RANGE

FR 12 LOOP NUMBER

FR 13 FLOATING PT

ER 14 REWIND TIMFQUT

CR 15 SAMPLE =0

ER 16
FR 17 RESET =0

ER 18 NO LOOPS

MEANING

User tried to access non existant o
or L

C.CU found 2 non ASCII-REX char-
acter n the communicalions stream
{system error).

CCU 1 in the wrong mode {(state) (o
do the requested function.

CCU found unexpocted data in communi-
cation strean (system criof).

CCU found 3 numbet in the communication

stream out of the expected range. L&
clcar error m system table can be no
larger than 46.

(€U found an error that would indicate
a CCU hardware fadure while attempting
to carry out user request.

Invalid task received by CCU (System
ctror)

Spare

Tape Jeck 15 eather not in remaote modc
ot tape was not rewonnd back to start

Values [or PV high = PVLOW or user has
sel internal value for PVSPAN to 7uro

Decimal point for PYHIGII oul of range

System encounter a loop number less
than 1 or greater than 8.

General floating point math errat.

Tape. rewind did not ocour within
40 seconds.

Sample rate has become zeton loop
fable

Reset has become zcro mn loop table

No loap table exist in the systcin
(0 —=C15=0).

Figure 7 3A Loop Error Table
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ERROR #

19

20

35
36

3%

38

39

DISPLAY

ER (9 LOOP TABLF

ER 20 PV 1OW

SPARE

ER 22 PV Rl

ER 23 PYHI <. PVLOW

FR 24 SAMPLERATE

FR 25 SAMPLE/RESET

ER 20 GAIN

ER 27 GAIN/RESET

ER 28 RESET
FR 29 RATE

ER 30 ALARM/DEV

ER 31

LR 32

ER 33

FR 34 PV HI
ER 35 RESET
ER 36 RATL

ER 37 ALARM:DFV

FR 38 TAPE TIMEOUT

FR 39

MEANING
Invalid address found for this part-
icular loop's C TABLE tound 1n
oQ—=Cl15.

Crror encountersd writmg;updating
PV low

Error encountered woting/updating
PV high.

Process variable high hound cannot be
luss than process varable low bound

Frror encountered wnting/updating
ratc winle changng sample interval.

Frror encountured writing/updating
rexel while changing sample mterval

Enar encountered writing updating gain.

Error encountered writing; updatiog
reset while ¢hanging gain

Error ¢ ncountered writing/updating resel.
Esror encountered writing; updating ratc

Error updating orange. yullow, lu,
low alarms

Spare

Spare

Spart

Frror reading PV high
Errot reading reset
Etror reading rate

Error reading orange, yellow, hi,
low alarms

Ruquested tape operation did not complu.te
in4 1/2 minutes.

Sparu

Figurc 7 3A  Loop Error Table (Cant)
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CHAPILR 8
AUXILIARY FUNCTIONS
8.0 Auxiliary Mimtions are used n an off ine mexle ot operation These funcpons prrtaim a
numher of tashs such as clearing memory, self-dragnostics reading error tablc etu Lach funcuon
w(ll he covered in detal
81 AUX 1 — CLFAR MLMORY
The Jear momory ausihiary function allows the thrie uset memory arcas ta be cleared selud tively
[he required proccdwie 1 detaded below. The startup run switch must be placail w startup (@
<lcar memory
KLY SEQUENCE DISPLAY NOTE

WLk READY (SLARD)

B m AUX =1 No localion address is requind
lor an AUX funclion.

E {LLARL? Image register is ceared when
the L-dred is ceared.

fls PRESS ENJR TOCLEAR Mrmory §s Jeared only if ¢nter
15 pressed

Eﬁ E (. LLAR V "NO IT no s answered. the next
memory ara prompis 4ppedrs
after step




KEY SEQUENCE DISPLAY NOTE
CLFARLC’ Loops are cleared when the
C area 1s vieared.
VS PRESS ENTR TO CLEAR
[ READY (STARTY

In the above example. the ladder logie (L) and the constant data (C) areas of user memory are
cleared The vanable data (V) memory 15 not Jeared . A “WRONG MODE' mcssage indicates
an artempt to vlvar memory wilh the slartup,;Tun switch in the Tun posiion.

%2 AUX 2 — PROGRAM MODE. SINGLE SCAN

l'he program mode single suan auxiliary Function 4llows start/stop control of the ladder logic
processor while loops vanfinue to be processed . When program mode 1 active, the Jadder logic
ProwLssor 1s stopped. This provides a safe mode where extensive Jogic program modification can
be made without affecting the state of the auxdhary 170 and loop procedures. Run mode restarls the
ladder logiv prouessor In the program mode. 4 single Jogic scan <an be initiated by the single scan
command. This feature allows stalic debugging of rapid events like single scanning o one-shat_ efc

To activate program maodc and :or the single scan [unchions, tollow the steps below

KEY SEQUENCE DISPL AY . NOTE

AUX -2 No location address is

requircd for any AUX tunction.

PROGRAM MODE ?

PRESS FNTR TO PGM CCU enlers program mode
when ENTR is pressed.

@ SINGLE SCAN? Single logic stan OCLUrs when

ENTR is prussed.




B (-]
] L]

KEY SCQUENCE

DISPLAY NOTE

PRESS EN IR TO SCAN

SINGLE SC AN * NO The single suan can be repeatcd
as required.
RUN MODF ' NO 1 2aves CCU i program mode

READY (PGM RUN)

To 1 turn 1o run mode Irom the program mode pross the following heys:

HEBRHEHEHEE

KLY SEQUFNCF

A0

DISPLAY NOTE

READY (PGM RUN)

AU =2

PROGRAM MODE 2 NG

RUN MODF. ?

PRESS FNTR T RUN

READY (RUN)

8.3 AUX 3 — PROGRAMMER SFLF-TFST

The Read Wnitw progiammer has exlensive it 1est programs built m | hese programs aic initiated
using AUX 3 Thiy funchion must be performed wilh the Read Wnilw. programmer disconnedl d
from the CCU AUX 3 is a stand 4loue test which can e mun to test the programmet at any time
An R8232C loup back connector shoukl be connected to the programmer prior 10 starting the test




Follow the instructions below for operation of AU 3 Once the self test 18 started it will con-
tinue until s pressed. If e operator docs not answer the prompts on the keyboard and
display tests, they are assumed to have passed. The program flow of the test sequence 15 gIven mn

Figure 8.3A.
1 Insure the uwnit has 4 RWP loopback conncetor plugged nto the back. ¥t not, then the
R5232C test will fail.

Insure the power switch is in the off position.
Plug the RWP inio AC power

furn on the RWY

Venty thal "READY" is dhsplayed.

Press and verify that “REA Y™ is displaved.
Press E

«RWP SELF TEST is displaved Press

“REV™ is displayed (olowed by 3 micgess for each ROM FEach REV 1D is displayed
for 25 seconds The numbets are used by T1 to track ROM revisions for the Read ‘Write
pProgrammer.

R

1¢. After 5 scconds verify thg: display shows®
“ROM O KB O”

11 After § seconds, verify the display shows’
“DSP O R§232C O

12. Aflter § seconds, venfy the display shows™
“RAM Q"

13 Afltur 15 seconds, vorify the display shows™
“KEYBOARD TEST”

14 Starting with the key press heys from 1t to nght, down. right to left, down. ct¢
I the message.
~ERROR TRY AGAIN”
i displayvd. a kuy was pushed out of suquence. Push the corrvit key and continue.
If the display does not remain blank after pushing the vorrect hey, then continue with
step DO NOT push the key as the last key 1n the sequence.

O T Y Y Vi V. Y. A -



START

CLEAR
ERROR
CELLS

A 4

DISPLAY
REV
NUMBERS

DISPLAY
ERROR COUNT
ROM, KEYBCGARD

DISPLAY
ERROR COUNT
DISPLAY, RS 232

DISPLAY
ERROR COUNT
RAM

RAM
TEST

!

KEYLOCK
STATUS

NG

OPERATOR
PRESENT

KEYBOARD
TEST

* -

DISPLAY AND POWER
FLOW TEST

ROM
TEST

RS 232
TEST

!

BEEPER
TEST

|

Figure 8. 3A. Read/Wnte Programmer Self-Test Program Flow
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15 The RWP dsplays all printabl. ASCIT characters and all matnx dots. ( ‘heck that the
characters are displayed correclly and that all the dots are tumed on at the end of thc
st Power flow indicator will tumn on and off dunng the display test.

16. Thu RWP displays- “DISPLAY GOOD 7 ¥ ORN™

17, Press il the display operated cortectly E it any characters did not display

correctly or it any of the dots did not turn o1l If no key is pressed. (he RWE defaults

(o YES after 5 seconds
18, Becper st will be displayzd for 2§ geconds and the poeper will beep {wice

84 AUX4 -~ CENTRALC ONTROL UN1T (CCU) SELF TEST

The cential control unit {CCUY also contains extensive self-(Lst programs. AUX 4 1s used to start
thes: programs. Sue Setion 8.5 (AUX 3 Read ‘Clear vrmor table) to interpret the nesults of the

C{.U seli-test il it fails.

Te run the CCU salt test use the following key sequente Insure the CCL hasa loopback cennector
plugged nto the diffcrential part or chse the diagnostic will record an crrof.

KEY SEQUENCE . DiseL AY NOTE

»
a

. READY (RUN)
E AUX =4 Nu location addtess 15 requircd
for an AUX tuncuon

[+2]
[ CCU SELF-TEST
| PRESS ENTR TO START

¢Cl TEST RUNNING

CCU 1EST PASSED OR (CU 1LST FAILED dis
played upon completion

1—1 READY (RUN)

Y Y Y Y Y. YV~
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8 5 AUX 5 — READ/CLEAR ERROR TABLE

The PMS50 contamns a table where any detectable CCU errors are logged The AUX 5 tunction
allows reading or cleanng of any or all errors in the table See Figure. 8 5A tor the meaning of
each error number The first 16 ¢rrors (0 15) are fatal and will halt the CCU following completion
of the current scan. ‘The faull relay will drop out and all 1:(3 (6MT + 7MT) will freeze in its last
state until the error 18 JJeared.

Nesther ladder logic nor loop processing 18 executed. The syslem will not proceed to the RUN
state with an outstanding fatal error Non-fatal urrars are considered warmings and do not direcily
effect system executton, No external signal is given to the uscr thata non-fatal error has olgurred.

Use the tollowing procedure 1o read and clear single errors in the error table

KEY SEQUENCE DISPLAY NOTF

LR RFADY {RUN}

Al'X =35 No location addriss is re-

quircd for any AUX function.

READ OR (LR ERR TBL R
. L

CLEAR ALL ERRORS ? NO

E CRRORNO =& The numbir in parenthesis 1»
the number ol c¢rrors that

fee] ERROR NO = 6 (27) have occurred The maximum
count 15 255

ERROR NO = 7 {5)

Eﬂ FRROR KO =7(0) Pressimng @ tlears the dis

playwd ciren number,

READY {RIIN) and allowed

b At S ad




Lise the following sequence to clear all errors.
KEY SEQUFNCL DISPLAY
L READY (RUN)
AUX =5

READ OR CLR LRR TBL

» ~
EFHRH
(]

v
.t
-«
-
-
n

CLEAR ALL ERRORS?

PRESS ENTR 10 CLLAR

3

READY {(RUN)

WY Y R Y Y Y Y.V.yYWNEES

/. A I (A

Lo, <diPa



ERROR NUMBER CLASS DESCRIFTION

0 F USER REQUESTED CCL DIAGNOSTIC TFAILLD.
(SEE ERRORS 32-46 FOR SPFCIFIC ERROR)

OPLRATING SYSTEM ROM FRROR

Wy

. OPERATING SYSTEM RAM ERROR
L LISFR MEMORY L, v, C PARITY ERROR

= OPERATING SYSTEM ERROR

k OPCRATING SYSTFM ERROR (MULTI PROCESSOR
COMMUNICATION)
. tl BATTERY LOW ERROR (MAY Br {}VERRIDDLN
WITH OP1HONAL STRAF)
? k POWER FAIL RECOVFRY FRROR. SYSTEM DID
NO'T POWER DOWN CORRLCTLY .
K. - RLESCRVLED
F INVALID 1OOP FLAGS DETLCTED IN C LOOP
TABLE.
IR F LOOP TABLL TRROR. LOOP STRUCTURES AT

COC1S ARE NOL PROPCRLY [INITIALIZED. IF
LOOP PROCFSSING IS NO1 IN USE, COCI15 MUST
BLC SET TO ZEROD.

16 .: NF RESERYVFED

(s NF INVALID INPUT VIA PORT ZERQ (0). ONE (1)
OR TWO (2), INVALID ABCHH CHARACIER

l: NF RESFRYED}

LR NF COMMUNICATION FAILURE ON PORT O (1.AM/

TCAM. DIFF PORT) SYSIEM iRIED TO COM-
MUNICATE 3 TIMES WITH THF T.AM QR iCAM
AND FAILED

21 NI COMMUNICATION FAILURE ON PORT 1 (RWP
OR DUMB TERMINAL) SYSTEM TRIED TO COM-
MIINICATF. 3 TIMES WITH RWP AND FAILLD ™

*Th. system continues to attempt to communicate with the termmals even though 3 failurey
were encountered .

F i = Fatal hueror
NF: = Non Fatal Error

Figure 8.54 System Erenr Table by Number

&9
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ERROR NUMBER

Cl ASS DESCRIPTION

22 NE COMMUNICATION FAILURE ON PORT 2 (RWP OR
DUMB TERMINAL) Y SPEM I'RIED 10 COMMUN-
[CATF. 3 TIMES WITH THF RWF AND TAILED.*

23 NE OPFRATING SYSTEM E RROR
24-29 NF RESERVED
30 NF 1OOP CALCULATIONS ARL TAKING LONGER

THAN 0 5 SECONDS

3 NE LOOF MATH FRROR. TLOA LING POINT UNDER
FLOW OR SQUARE ROOT ERROR (VIA SPECIAL
FUNCTION LOOP VARIABLL PRE PROCFSSING).

32 A+ PARILY ERROR L
33 b MEMORY FAILURE L
34 PARITY CRROR ¥

35 - MEMORY FAILURF V

36 . PARITY ERROR €

37 g MEMORY FAILUREC

iR B PARITY ERROR €' (C" 1S EXPANDED C MEMORY)
9 kL MFMORY FAILURE C

40 LOW LEVFL INFERRUPT FAIL URE

4] B IR MEMORY TAITURL

42 ' PORT @ (DIFFERENTIAL LINE) LOOPBACK DIAG-

NOSTIC ERROR

43 v CLOCK INTERRUPT FAILURE

44 b SPFCIAL FUNCTION INTERRUPT FRROR

45 i lhDDE.R 1 OGIC TFS | PROGRAM TAILURE

46 r 6MT 10 CYCLF FAILURE

#The systcrn continnes to allempt to communicaly with the termindls cven though 3 failuses
were envountered .

F = Fatal Error
NF = Non Fatal Error

Figurc § SA. System Error Table by Mumber (Cont )
8-10
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8.6 AUX 6 — TAPE CONTROL

npatihle with thc

TR LINK Ll digatal cassette recorder manufactured by lm
' allows contiol of loading. ventying

— Puwe  303-761-85¢0

'The approptiate connection of the STR LINK Il (o the PMS5Q system s shown in Figuie 8.6A.
R-ad the STR-LINK II Opcrating Manual hefore proceeding to the key sequences below.

The PM550 is ¢
fronicProcessors, Inc. (EP1). Englewowd.,
or dumping user memory to:from cassetie tape

R

R5232 CABLE

DATA SET CONNECTOQOR
I ~RS8232 PORT d/

cCu STRl-ILINK

STR-LINK (I-MODEL #207-038

FOUR WIRE CABLE-MODEL #203-027

Figure 8.6A. SI'R-LINK II Hookup




T LTS T UT YRR TS PR ATIOM T T

The dump (record) uscr memory on tape uses the following prowdures.
KFY SEQUENCE DISPLAY NOTE

x| READY (RUN)

[+] [¢] AUX =6

TAPE CONTROL

E! 1.OAD FROM TAPE ° NO
DUMP TO TAPE ? YES
o DUMP L7 YES

E DUMP V ? YES

El\ DUMP C ? YES

No locdtion address is required
fur an AUX function

Record V¢, and L user mem

Ory on tape.
E' PRESS FNIR 'O DUMP Press stop on EPL, then push
rcmote control button. Wait
@ YWALT* far tape to record and run.
then press stop on  EPI
VERIFY ? “YERLFY? prompt or an efror

mussage will appear.
VERIFY ! NO

RFADY (RUN)

The information on the tapu can be comparud with that in memory usmg the venty teature. To
verify. use the following sequency :

a W

T L S ST S WY S R Y Y I B N

JEE P

B

ke b A



KLY SEQUENCE

(iR

= (=]

DISPLAY

READY (RUN)

AUX=0

TAPL CONTROL

LOAD FROM TAPL. ? NO

DUMP TO TAPE 7 NG

VERIFY ? YLS

PRESS ENTR TQ VERIFY

*WAIT*

READY (RUN)

To load vser mamory {rom tape use the following

KLY SEQUENCE

CE

B & &G EE

He

HEHEE
]

DISPLAY

READY (RUN)

AlIX =6

TAPF CONTROL

LOAD FROM TAPF ?

PRESS CNTR TO LOAD

*WAIT*

DUMD TO TAPE ?

DUMP TO TAPE ? NO

VERIEY ? NG

READY (R1UN)

&13

NOTE

Press stop on EPT, then remote
control pushbutton. Wait for
lape to stop, press stop again on
EPI.

NOTE

Picss stop on EPL then remote
control push buiton Wait tor
tape to stop. then press stap on
EPT An crror message will be
displaved 1if the load fails.




AUX 6 ERROR MESSAGE DISPLAY

I D e

If an error is encounty red duriog a load, dump or verify the following is displaycd

ERR STAI =LL VvV C

¥ /

7

whure. LT represents L memory, V¥ V memory and CC C memary. The range of values for LL,
VvV and CC are as follows:

01 — Verify error. check sum error, invalid ASCI character or invalid start address.
02 — Ruud after write crror
04 — Panty or framing error
08 — Invalid rceand length
The errors are cumulative and displayed m hex, v g,

FRR STAT =01 0C 02 represents

L —crror)
Y —errorsd4and 8
C --error2

(PR R U S Y S I WG W S S W S N e N W




8.7 AUX 7 — ENTERING ASCII MESSAGE

—~ The AUX 7 funvtion allows the ¢ntry of ASCIT messages into user memory ASCII characters are
™ untered via a decimal code given in Figure 8 7A Special Function 11 commands the ASCIT mussage
in laddor logic.,
F. -
: ﬁ The tirst step n entering an ASCII message 15 10 ook up the code for each character in Figure 8.7A

The imessape tor the programming example below 1s "COUNEER | = (VI8) CR, LF” ({V18) means
the value of ¥i8) Figurs 8 7A shows how this inessage 15 eodod

ASCII characters are stored with two chaiacters per memory location. Addresses for values to be
printed take one location and one localion 1s required [or e teomnatar, Thorefort:, the memary
required is: i

number of chars. + |
2

See Figure 8.7C. tor an example

Memory =

+ number of valucs rounded up ta the nearest whole number

:
»
»
»
S




ASCAI Decimal ASCIL Pecimul
Character Code Character Code
NULL 0 @ 64
SOH 1 A 63
e 5 B 60
LTX 3 L 67
o 8 D 08
END 5 L il
ACK. 6 E 70
BEL T G i
BS 8 1 ”
HT 9 L ra
LF 10 ! i
FF 12 L T6
CR 13 M 77
¥ o N 78
Fr 15 0 79
OLL I P 80
D1 17 4] Rl
DC2 1% R S2
DC 3 19 S 5
e 20 T B4
NAK 21 I B3
SYN 22 v i
ETB 23 W o
CAN 24 X s
oy ; Y 89
SUB 26 Z 20
ESC 27 l -
ES 28 Buck Slash 92
cs 29 | 23
o3 50 3 94
o 4 - 05
SPACE 32 : 26
r. 33 2 a7

o b 94
# 35 < i
: 4 d 100
% 37 e 2 101
% % f 1 102
. 39 g " o
. p noos 104
. a2 i 106
N Pt K 107

i : 108

45 m ho9
| i N 10
A pl 5 112
! pi p 113
! e . 114
3 51 s 11%
3 5 " 116
5 53 . 11
: o v 118
: s - 119
P S& / X 120
g 57 y 121
| 58 4 E 12
: 59 { 122
: 5 -, 124
: 6l ) 125
Z s - 126
2 63 il

P PN YT 'SY Vs T

|‘ Figure 8.7A. ASCII Character To Decimal Code Chart For Aux 7
%16




CHARACTER CODE

67
79
85
78

69

82

32. (SP) is one space

49

61
{v18) _ V18  This prints the value of V18 ‘
CR -+ 13 A CR causes the carriage {or print read) to
LF . 10 return.

-+ A LF causes the paper to advance one line
preparation for the next |ine of print

I—l%mm—IZCOO

igure 8 7B. Sample Message Cinling

Ciowo ¢ 0O
C101 Ty N
c1w2 - T E
€103 R SP
C104 ° 1 =
C105 V18
. C106 CR CF
C107 TERMINATCR

Figure 8 7C. Memory Locatioms for AUX 7 Example




The requared steps for the message in Figure 8 7B follow

KEY SEQUFNCFE
[ [7]

3TE

-

(<] [ [0] [0]
-] [o] [7]

=

B

1 2] [&]

[ (2] (]
= [2] [7]
glola
=

DISPLAY
READY (RUN)
AUX = 7

ASCI MFSSAGE
START: €100

CIOOL = 67

Cl00L =67 ()

CIO0OR =79

Ci00R =79 (0)
CI101L = 85
C1011 =85 {U)
CIOIR =78
CIOiR = 78 (N}
CI02L = 84
Cl02L =84 (1)
C10ZR = 69
CI02R = 69 (F)
C103L =82
CIO3L =82 (R}

C103R =32

81"

NOTF.

Wy are programming the left
8 bits of ((100.

We are programmmng the right
8 hts of C100.



KEY SEQUENCE

b
bl (4] (5]
e

b [e] [0
fd

=

b

] 1] 9

FA 1

HEIEE

Ll

t.

DISPLAY

Cl103R =32 ()
C104L = 49
C104L. = 49 (1)
CID4R =61
CI04R = 61 (=)
Cl105L = V18
ClOSL= V18
C106L = 13

C1061.=13¢)

Cl06R = 10

ClO6R = 10( }

ClO7L =999

END- 108

READY {(RUN)

NOTE

If a storage locabion 1s sped
ified within a message its value
will b ponted. The storage
location takes one memory
location

Any unprintable character will
be shown as a blank.

Any cvode & 128 will term-
inate AUX 7

kud back an ASCII message follow the same sequenc as ryuired 1o wrile the message but
E instead ot aftir vntunng lhe START location Then use to examine the




APPENDIX A

DOCUMENTATION

A-l LADDER CLEMENT (L MEMORY) STORAGE RECORD

Al DISCRETE INPUT/QUTPUT (6MT) RECORD FORMS

A-ITT  AUXILIARY (ANALOG;PARALLEL) INPUT!QUTPUT (7MT) RECORD
AlY DATA MEMORY STORAGE. RECORD

AV LOOP SPECIFICATION SHEET




LADDER ELEMENT (L MEMORY} STORAGE RECORD

PROGRAM TITLE 3
PROGRAMMER :
DATE PAGE OF {
LADDER 4
g ST U B commenTs ‘
LOCATION i

l

{

A

Al
; CONTROL PRORNIICTS OIVISION
JUHNSON CITY , TENNFSSLE 37601 TELEPHONE.: 15 426 1167

Gl A2



24 b

DISCRETE INPUT — OUTPUT (6MT) RECORD FORMS

BASF, ASSEMRBLY NO BASE ASSEMBLY NO
"TCRMINAL *TERMINAL
KMI g TFRM} :

DESIGNATION TERMINAL NAME A — NAL NAME
v

il

iR

I

I

!

]

]

i

: A3




AUXILIARY INPUT/OUTPUT RECORD FORM
{7MT) RECORD

AUXILIARY INPUT/OUTPUT RFCORD FORM

MODULE

CHANNFI.

ADDRESS DESICNATION COMMENIS

A4

:
:
A
§
i
|
|
%
a
s
i



DATA MEMORY STORAGE RECORD

SALION . COMMENTS
NUMBER




T

LOOP SPECIFICATION SHEET

Loop Description”
PM550 Loap Number ———

MEMORY ALLOCATION
Turing Constants in_{C oF Vi

Beginning Ending

Address Tune G Tune V Address
Constant Table ——m e P R
Variable Table _ — S U

Are loop flags for alarms and mode switching allocated 1n the image register? \f yes, give

beginning address’

PROCESS VARIABLE

209% Offset? ——e

Specia) calculation? —————e—
Low Range =
Engr Units ———

CONTROL CALCULATIONS
Remote Set Point?———
Special Calculation?e———
LOCK - Set Point?————
Error Squared? e

(2113 R ——

Rate ™ e

Cutput Address’ ————o-

ALARMS
Process Variable

Low = ————
Deviation

Yellow = ——

Address e—m ——

Square root? ———

if yes, ge address ————
High Range = —————
Transmitter ————=—

sample Tim8 = ———

If yes, give address ————=

if yes, gve address. ————=
Auto/Manual?,_._..Cascade?__..__.
Error Deadband? ———

Reset TiMe = e

Reverse Acting’ ————

20% Offset? e

High = ————

Orangs = ———
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