Chapter 12

sequencer and Shift

Register Instructions
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12.1

Mechanical Sequencers



Mechanical sequencers are often referred to
as drum switches, rotary switches, stepper
switches, or cam switches.

0

Switch Assembly Enclosure Symbol

Sequencers are used to control machinery that has a
repetitive cycle of operation.
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A cam-operated sequencer switch uses an electric
motor to drive the cams.

Contacts

As the cams rotate, load devices connected to the
contacts can change from an on to an off state, from an
off to an on state, or remain at the same state.
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Mechanical drum-operated sequencer switch.

Equivalent sequencer data table
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Each location where there was a peg is represented by a
1 (on), and the positions where there were no pegs are
each represented by a 0 (off ).
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A washing machine is
an example of the use
of a timed sequencer,
as are dryers and
similar time-clock
controlled devices.

Contacts
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12.2

Sequencer Instructions



Programmed sequencers perform on or oft
patterns similar to that of a drum switch.

0 ] ] ] ] ] ] ] ]

4| » [{ File/Misc), File shift/ Sequencer ~ { Program Control £

o[o]oJofoJoJoJofoJoJofofoo]ofo]0
1001_10000_00110011j
2 [0]oJofoofofofofofofofofT{1]1]1
3[1]1{oJofoJofoJo[T]o[o[1]T]0[0] g
Positions 4 [0]0[0[0[0[O[O[O[T[T[T[T[T[T[1[T] >*ATTHET
s[0[o[o[o[o[o[o]o[1[1]0[0]0[o[o[0| Kile
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4| » [{ File/Misc\ File Shift/Sequencer  { Program Control A

SQO (Sequencer Output) - uses a file to control various
output devices.

SQL (Sequencer Load) - captures reference conditions
by manually stepping the machine through its
operating sequences.

SQC (Sequencer Compare) - compares bits from an
input source file to corresponding bits from data words
in a sequence file.
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SQO (Sequencer Output) instruction.

] o] ] ] ] ] ] ]

| 4| » I{ File/Misc), | File Shift/Sequencer  { Program Control £ |

— SQO

SEQUENCER OUTPUT
—1 File 405“)7
Mask

Destination (D N)
Control

Length
Position

File - starting address for the sequencer file.
Mask - bit pattern through which data are moved.

Destination - the address of the output word or file.
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s SGD . o
SEQUENCER OQUTPUT
——  File —(EN)——
Mask
Destination | (DN:)
Control
Length
Position

Control - contains the enable bit (EN), done bit (DN)
and error bit (ER) parameters.

Length - the number of steps of the sequencer file
starting at position 1. Position 0 is the start-up
position. The actual file length will be 1 plus the file
length entered in the instruction.

Position - the word location or step in the sequencer
file from which the instruction moves data.
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To program a sequencer, binary information is
first entered into the sequencer file made up of a
series of consecutive memory words.

Positions

- The sequencer bit file
= contains bits
ep 1
Sequencer sepz  Fepresenting the output
fil : :
i . action required for each
ep 3
steps  SEP of the sequence.

As the sequencer advances through the steps, binary
information is transferred from the sequencer file to the
output word.
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Sequencer used to control traffic in two directions.

N/S E/W N/S EW
0:2.0 0:2.3
0:2.1 2.4
0:2.2 O:2.5
Step 1 Step 2
N/S EW N/S E/W
|a g |
Step 3 Step 4

15 14 13 12 11 10 8 8 ¥ 6 5 4 3 2 1 0
—>» 021 0| 0| 0) 0] 0| 0| 0| 0] O] OB ﬂ‘ﬂ 0|joO0]| O

Qutput
word

Bsololo|lo|olo|lolo|lolo|lo|lolol]o
B31lo|o|lololololol ol ol o 1T iEGIES
SE“E;“‘” B32|l ol o|lo|lololo|lo|lolo|lolo| 1]o0

e33| o0|0| 0] O0)0| 0|0 0)j]0|0C|lO]lO1T]| 10| O |Step3
B34/ 0| 0| 0| 0]J]O|O|]O|O|O|O|]O|O]1]|] 0| 1| O |Step4
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Positions

0| 0 |Start

0
0| 0| 1 |Step1
0

0| 1 [Step2




Sequencer
program
used to

control
traffic.
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Output module
El: L EEE G E
| oo B o i) e ] o |
O 00
== =] L2
0
LIRS SR
S e
— SQO e
2
— SEQUENCER oUTPUT [—(EN)— IS {}
File #B3:0 e v~ 3
> Mask ooarn —ON) = ¥ {}
Dest 0:2 e 7S Hd-
Control R6:0 T~ L
Length 4 b ™) HE
Position 1 "?é' e
15 14 13 12 11 10 9 8 8 5 4 8 2 1 0
02 Destination | = | = | = | =] = | =-| - | = | -10]1]0]J0]0] 0] O
I
Mask
003Fh (hexadecimal) | 0 | 0 | o[ 0| 0| 0] O ::il ol 1|11 ]1]1]1
111111B (binary) T —— T T T
Bz3o |o|o|o|o|o|o]|o]| o0 o [ue||e |ha e la] e
Bx1|o|o0o|o|lo|o|o]|o]| o o|1|o]lo|lo]o]f 1
Eeq;i‘;"“’ B2 |o|o|o|o|o|o]|o]| o o [tall 1 [EeNEoNey 1
Bas|o|o|o|lo|o|lo]|o]| o o [Hal|tal] 1 | 1 (Mol
B34 |[o|o|o|lo|o|lo]o]| o o |WolliteRl 1 [Holl 1 (H0

Start

Step 1
Step 2
Step 3

Step 4



The sequencer output instruction requires preceding
logic on the rung where it is located.

Input 1 Ladder logic program Qutput
L1 L2
PB1_ SQO
L seauencer output HENH 0:2.

0O O-PB1 : .
File #B3:0 -(DN)
Mask 003Fh
Dest 0:2
Control R6:0
Length 4
Position 1

Positions File #B3:0 0:2

Destination

When this logic goes from false to true, it triggers the
sequencer to perform its functions.
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Simulation of the stop light program.

[ 00 |
- NIl
02 |
03 |
[ 04
l||E|
s o [ [ 05 |
s o [H [ 07 |
el 05 | | 08 |
¢ o [iE} 09
Ao v |- ETm
[ 4

- — o 1 —
Assignment 12-1
000 1:1i0 3QO
] [ Sequencer Cratput —(EN —
PB1 Fila #0830
Mask 001Fh —CDH
Drest Q2
Control R&:0
Length 4
Position 1
=¥ Binary Table 2
o1 15 14 13 12 11 10 9 |
B30/ O o 0 0
B31/ 0
B3:2/ o
B33/ o]
B34/ 0
B35/ o
4|
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Address |

Radix: |Elin.5r_|,|

T able: |EE:EFina|u.JI -

Symbol ||




12.3

Sequencer Programs



A sequencer program can be
event-driven or time-driven.

An event-driven sequencer
operates similarly to a
mechanical stepper switch
that increments by one step
for each pulse applied to it.

A time-driven sequencer
operates similarly to a
mechanical drum switch that
increments automatically
after a preset time period.
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A sequencer chart is a table that lists the
sequence of operation of the outputs controlled
by the sequencer instruction.

L2
Outputs 0®
7 8 B 4 8 2 1 B ' ®
1| = *| |0000000010000001 > @-
2 * - 0000000001000010 3®—O
4 ®—0O
3 * * 0000000000100100 O
4 * | * 0000000000011000 5@ E
Position 6 @ —CO
5l % | % | * * | * | * 0000000011100111 7@ H
6 * * 0000000000100100 8® | Output module
7 * * 0000000001000010 g@| atposition 1
8| * *| |[0000000010000001 1?3
* Indicates that output is energized  Sequencer output file words 12®
Matrix-style chart 13®
14®
15@
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Simulated sequencer chart event driven program.

=yl o<} | TS o\
i 1140 $QO
ads . oo ] [ Sequencer Cutput L EN ) ——
= -0:2 Pushhutton File #NT:0
| ‘ | Mask 00FFh —CON-
: ‘ . m Dest 03
e I Control RE:0
| | -_ il .
f | : Im FPaosition g
M |e m 3
| | tput Table &
5 o DfR & . e R i T AR B £ : :
|,”F_ e 151413121110 9 8 7 6 5 4 3 2 1 0 | by
i | = 0.0/ 5l
5 o 3 | - 3 o1/
| | Q:2/ O 0O 0 O 0 0 0 0 0 O 0 0O 0 o0 o0
mm - Rl
o @ | & E 0.4/ 0 0O 0O O 0O 0O O O 0 0 0 0 0 0 0 O
. | | 0:5/ -
el 09 Wl i3
o= | g Radix: [Binay  v| Table: |00 Output v o | §|
L 4 b
Address | Symbol I
|
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Time-driven sequencer with timed steps that are
not all the same.

Timing chart
N/S Red Green Yellow
E/W Green Yellow Red
«—25s »le«—5s5—>|€«—255s >e«—55—>

This sequencer program is used for automatic traffic
light control at a four-way intersection.
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Traftfic
Light
Program
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T4:1/DN

Ladder logic program

el

@)
-

T4:1/DN

3

-SQO
SEQUENCER OUTPUT
File #N7:0
Mask 00FFh
Dest 0:2
Control R6:0
Length 4
Position 0
-SQO
SEQUENCER OUTPUT
File #N7:10
Mask 00FFh
Dest T4:1.PRE
Control R6:0
Length 4
Position 0
-TON
TIMER ON DELAY
Timer T4:1
Time base 1.0
Preset 25
Accumulated 0

Outputs
L2

North/South

0:2/0

-
X -

0:2/2




Simulated traffic light program.

Qo1

- -
T4 10N 50
4 E Seqaencer Cratprat —{EN )
Fils =7
Mk 0OFFh DN -
Duast ooF
Conizol HE:l
Langlh 4
Position 0
§00
| Seqaemcey Output —{EN T )—
Fils #rT 0
Mk 0OFFh |—CDH -
Dest T4:1 PRE
Conirol FE-[
Length 4
Position 0
T41DN TOH :
| Taomer O Dralay I:E" -
Tirmet T4:1
Time Base 01 DN
Prusat 1
Ror o 1]
C END 5

Integer Table

N7-10
MN7:11

N7:12
MN7:13
N7:14

Yalue
0
250
o0
250

20

151413121110 9 B 7 &6 S 4 3 2 10
N7:0/ © © © © © © © © © © © © © © © ©
N7:11 © © © © © © ¢ o 9 1 @ © o o o 1
N7:2/ e ©¢ © © © o © o o o 1 o o o o 1
NT:3l e © © © © © © o © ©¢ o 1 o 1 o o
N7:4/ e © ©o © © 0 © © 0 © o 1 o o 1 o
Radix | Binary Table [N7: Integer

{" 2':". Iy LI IWIRATL W =FREN S UMl s, DA

Radix | Decimal -

]




Sequencer with constant time intervals.

Input Ladder logic program

SW T4:0/DN [TON

1T H’E TIMER ON DELAY —ENH
1k Timer T4:1
Time base 1.0
Preset 3—@®
Accumulated 0
_ — SQO
T4'1DJE-DN SEQUENCER OUTPUT
11 File #B3.0 —(EN)—
Mask FFFFH
Dest 02 PN)
Control R6:0
Length 8
Position 0
Binary Table
151413121110 9 8 7 6 5 4 3 2 1 0
B3:0f 00 O 0O O OO OOCDOOODOTUOTUOTG WO
B33 00 11 0 0 00 O 0O 1 100 11
B32 00 0 0 O 0O OO O OO O 1 1 1 1
B3:/3 1 10 0 0 0 0011 001100
B3:4 00 0 0 OO0 0O 1 1 1 111 1 1
B3 00 0 0 0O 0 0O O 11 0 OO OTUOTPODO
B3 0 0 11T 0 0 001 11 11111
B3/7 00 01 0 0 00 0 0 0 111 1 1
B3/ 010 1 0 0 0O O 10 1010 1
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Simulated sequencer with constant time intervals.

AD 2 o =0,
1170 T4:.0/DN TOW
4 | =t Timer On Delay —{ EN —H
= Timer T4:.0
Time Base 0.1 DN
Preset 20
Acomm 0
<o [ |-& S $QO
<o [l (01 | 001 1 E Sequencer Cutput el EN
| File #B3:0
<o [ |-& [ Mask FFFFh [—CDN-
e . Digst Q:2
o (03 | m i Control RE:0
o QI 04 | i
| s 1514131211103&?554321&ﬂ S :
so [ E |e @ B30/ 6 0 0 0 0 0O 0 0 O 0 0 0 0 0 0 O
d#ﬂ- 05 06 | B31/ o o 1 1 0 o o oo o1 1 o o 1 1
1y B B3.2¢ 0 0 0 ¢ 0 0 0 0o 0o o0 o011 1T 1
d'&liﬂ & B33/ 1 1 o060 00 01T 1 0601 1 o0 o ¢CEND Y]
e & - B34/ o o ¢ o0 000 o 1171 1T 1T 1T 111
08 m_ B39/ o o o o o oo o1 1 o o0 o0 o0 o0 o
'6;}' | B3:6/ o o 1T 1 o6 o0 oo 1T1T 11T 1 1 1 1
So B o | B3:7/ o o o 1 o o 0o 0o 0o 0o o1 1 1 11
B3:.8/ o 1 o1 o ooool1 o1 01 o 1 ﬂ
<o il |- Kl seas_ , ,
So5A Radic |Binay  »|  Table |B3:Binay | &
<o K& {12 Address | Symbol |
<o il e |
<o §E
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Inputs Ladder logic program Qutput
Module 0:2 L2

— SQ0 Y

SEQUENCER OUTPUT o 0
File #83:0 —(EN) 1@
Mask FOFF ( 2@
Dest 0:2 DN) 3 @
E:nntr:l Hﬁ:g 4 @
engt 5 @
Position 2 6 ®-

700

8 ®

g @

10®

1®

I 12®

a0 13®-

14 @

Event_ 15 11109 8 0 |Destination 15®

(o]0 o]0 ofofJoJo[1[1]1[1] O:2 Current step —> Pos 2
]
driven T 1T
I[1[I[T [OJO[OJO[A[A]I[I[I[A]I[1] Mask
T RERRRRRRRRRRARE
F'ns[ | File
o[oJ[o[o[o[oolofo[o[oJo]o]Jo][oJo[o] #B3:0

OUtPUt 1[olol1]1]olololololol1l1]ol0]1]1
Pos2[0/0[0[0[0[0[0]o]ojo[O]Of1[1][1]1]
ari[i1[ojo(o(o[ofo[T[T[O[O[T|T[0O[0
pl‘()gl‘am. 4(olofofololofolola|1[ {11117
5/10{0[o[0]o|0|0JO]1[1]0]O[0O[O]0O]O
HANREAECINRCIE B EIEE
, AR IR R R
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Simulated event-driven sequencer output program.

Control :
I:1 0:2 o2 Length 13
_%P_.m : mi Position
<o [ [-@ E
o [ 02 | 001 ~¥ Dinary Table - CEND Y
-d"u-m : m 114131211 109 8 7 6 &5 4 3 2 1 I]il
o I i | B30/ o O 0 0 0 D O O O D O O O O O O
' -: B31¢ g ¢ 1 1 @ 00 00 o1 1T a0 e 1 1
<o [E |HD B3 2/ > o 0o 6 6 0 0o o o b oo 1 1 11
y ' B33/ 1 1 oo o0 o o o110 01 1 o o
<o @ “' B34 o 06060 0000511111111
So { 07 | = 07 | B35/ o o 0 0 0o 0o o o011 o 0o 0 0o 0o o
' 5 B3E/ o a 11 o9 0002011 1T 1T 1T 111
{&'m ' “l B37/ o o1 o 0o o oo0¢1 1T 1 11
' E3 8/ o1 o1 0 00 0ol ol1ol o1 ;I
Fiadix |B1'nam,t ;I T able: EB-‘:I: Binany ;i Foros | §|
Address | Symbol ||
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The sequencer input (SQI) instruction allows input
data to be compared for equality against data stored in
the sequencer file.

Inputs Ladder logic program Output
Input module
L1 I:3 PL1 L2
— sal
— o1 @ SEQUENCER INPUT -’
jLox o o—— @ : :
/ File #N/11 PL1
& o—0 ® Mask FFFO
I5) o Source 1:3
m oo ® Control R6:21
? o o— ® Length 4
A Position 2
"\t e ®
@
o-""'f.::— ®
o—o— ®
o0 @
W)
o~ o ®» Sequencer file
Py oo ® WordY T Step
O ® #N7:11 0
= ? 12 1
l 13/ 0000| 1010| 11 00| 1101| 2
Input word 1:3 Mask value | 14 3
o000l 10 10| 11 00| 11 01 }—>| 11 11|11 11| 11 11| 00 00 15 4
Fad i




When the SQI is paired with an SQO instruction
with 1dentical control addresses the position is
incremented by the SQO instruction for both.

Ladder logic program

o] SQO

SEQUENCER INPUT SEQUENCER OUTPUT {EN}
File #N7:1 File #N7:20

Mask OOFF Mask 00FF

Source I3 Dest 0:2 {DN)
Control R6:5 Control R6:5

Length 8 Length 8

Position 0 Position 0

This type of programming technique is used to monitor
and control, respectively, a sequential operation.
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The SLC 500’s sequencer compare (SQC)
instructions are similar to the SQI instruction.

E ESLl ESFI‘ SGE‘ EDLI Eﬂ'ﬂ‘ FFL‘ FFU‘ LFL‘ LFU‘ ﬂ

| 4| » [ File/Misc File Shift/ Sequencer  { Program Control A

Differences between the two include:

 The SQC instruction is an output rather than an input
instruction.

* The SQC instruction increments the position parameter

e The SQC instruction has an additional status bit — the
found bit (FD). When the source pattern matches the
sequencer file word the FD is set to 1.

£ 2011, The MeGraw-Hill Companies, Inc.



Sequencer compare (SQC) instruction program.

Inputs Ladder logic program Qutput
L1 :0/1 Input
I module 1:1 L2
2 — SQ0
i e P o ALk SEQUENCER COMPARE _(EN)_
r ® 2 Mask Foooh -(ON) H
== | 2 ® 3 Source I:1
= FD
L ® a4 Control R6:7 ( )
® Length 5
® : Position )
D 7
® s R&6:7 PL1
>s I O
@10 FD
®11
o— 0T — P12
oﬂ/ﬂ"' (v} W13 Binary Table
¢ B4 15 14 13 12 11 10
o B 15 = =
;
1]
Position 3 —— 1
Q
o

Table: |B3 Binay ~
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Simulated sequencer compare (SQC) program.

LRI e LR -LIRE

[~

I =% ProSim Simulat... -

I:1.5

0:2)

5

(i1 CmTu [ [ ] —
— i vl —
O X ||, LAD 2 = B
- N 1110 $QC
I/O Simulator I 000 s i B e
-3, PB Input File #B3:22
3, " Mask FODOR (DN~
'}mi Source I:1 e
Lo Control R6.7 D
.o Liveth 5
o O m| Paosition 1
<o [E
& o N RE:TIFD 0:2/0
001 - B C.JD
PL1
ooz 151413121110 9 8 7 6 5 4 3 2 1 0 = (END ™
B3:22/ O b 0 O O 0 O O 0 O O 0 O 0 0 o
B3:23/ o o o1l oo oo 0o 0o 0o 0 0 o0 o o _|
B3:24/ o o1l oo o oo o oo o o o0 a o
B3.2%/ o o 1 1 o 0o o o 0 0 0 0 0 0 0 O
B3.26/ o 1 o o o 0o 0o o 0 0O 0 0 O 0 O O
B327/ 1 o o o o 0o 0 © 0 © ©0 O O © O O :_]
Radix: |E'ma|}| - T abile: iEE: Binary = o | §|

01
- [
mE |
= |
m |
i |
EH |
o]
o |
;||
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Symbal |




The sequencer load (SOL) instruction is used to
read the PLC input module and store the input
data in the sequencer file.

E ESL‘ BSF!l SE’IG‘ SﬂLl SE‘IDI FFLI FFU‘ LFLI LFU‘ q

4| » [{ File/Misc), File Shift/ Sequencer  { Program Control £ |

For example, a robot may be
jogged manually through its
sequence of operation,

with its input devices read at
each step.
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Sequencer
load (SQL)
instruction
program.
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Operating

force

PB1

Ladder logic program

Cam (on machine)

g

P

Limit switch

— salL
[._ SEQUENCER LOAD N
File #N7-20
Control RE:22 —o)
Length 5
Position 3
Source word 1:2
15 0
ooool1010[11 001101 5"'[“5“‘3
Destination file #N7:20
Ar A
Word 15 0
N70:20 0
21 1
22 2
23 loooo 1010(1100 11013
B
24 4 ™ Current
25 5 M




Simulated sequencer load (SQL) program.

+ i

EI ~X ProSim Simulat... ?Ex -

| ‘ LAU £ = -
E IO Simulator |l e PRI
- File #MNT: 20
"|:'|: "l]:'.r.!I - 123 Soarce 3 SN
m 00 Comtrol R6:22
: : Length 5
S o R _ | ; o Ji _ FPosition
5o [E 02 Jf e 02 |
<o [E = | <o [E 001 : CEND
sole llse M 151412121110 9 8 7 6 5 4 3 2 1 0 4
— e —_— N7-20/ 0 0 0 0 O 0 0 0O 0O 0 0 0 0 0 0 0
el | il N721/ © o 0 o 0 0 6 0 0 0 0 6 6 6 0 o _|
s o I B <o B N?Z2Y o© o o o o o o o 0o 0o o 0o 0 o0 O O
f N7-23/ O 0O 0 0 O O 0 O O 0 0O O O 0 O 0
gl 0] CH (oo il N724/ o 0o o 0 0 0 0 © 00 0 0 0 O O
<o [E E | s E N725/ © o o 0 o 0o 0 0 0 © 0o 0 0 0 0 o ~|
il 2= 5 ¢ o JiE Fadix: ]Einar_-.l v|  Table: IN?‘. Integer ll | @I
o i | 5@ |so m
| 1 | Address | Symbol |
1 ikl 11 | (11 | Sl 11 |
1 _
| |&  H|so Bl
- o & 13 fI el 13 |
<o 14 | ] 14 |
so-E e > |« 3
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124

Bit Shift Registers



A bit shift register is a register that allows the
shifting of bits through a single register or group
of registers.

» The bit shift register shifts bits
serially (from bit to bit) through
an array in an orderly fashion.

» A shift register can be used to
simulate the movement, or frack
the flow, of parts and information.
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Bit shift register simulation

Bie&/ 1 o o 0o 0o 0 0 O 0
B3 #F g 1 o 1 o o o 0o 0o o 0 0O 1 o o

Bottle Line Simulation

Radix: |Binary Table: [B3:Binay | ] é[

»Sensor S1 detects all bottles while sensor S2

detects broken bottles only.

» The bit shift instruction is used to automatically
.energize the broken bottle divert gate



Basic concept of a shift register.

i I 1B 6 W o 0l 0 65 el 0 O 5 S Il O

Original data in initial position

Datain=1
=il [

[ o s e e s R 6 N S e e e
n New data in shift right position

Shift data
(clock)

Datain=0
.

s 1 (o|f (1 (0l0|1lali11]|i|0O|1]|0©

—

N MNew data in shift right position

Shift data
(clock)

» A shift pulse or clock causes each bit in the shift
register to move one position to the right.

» The data (1 or 0), can represent the presence or
absence of parts.
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Types of shift registers.

e e Bit shift right (BSR) register

l

1orO+>» —1>» —(F» —(4>» —p» —4» —1> —I» —1»
. . a Least significant
Bit shift left (BSL) register Pt gy
<l <« <« < < < =« = <1 1o0r0

Wraparound or circulating shift register
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When working with a bit shift register you identify
each bit by its position in the register.

For example, there may be a
specific type of package that
you want to track and you only
move a 1 into the register when
that type comes on to your
system. On the discharge side
you may have an arm that
pushes your package off the
belt when the shift register
shows it is in the proper
location - but ignores other
packages 011 the belt.
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Bit shift left instruction.

—BSL

BIT SHIFTLEFT ~ {EN)—
E ESLl BSﬁl Sml SD‘L‘ Eﬂﬂl FFL‘ FFU LFL‘ LFU‘ B File [ e |
- Control [ j {DN)
- - Bit address | |
A ) File Shift/ Sequencer L._ Length S

BSL (Bit Shift Left) - Loads a bit of data into a bit
array, shifts the pattern of data through the array to
the left, and unloads the last bit of data in the array.

Bit address

I:1/1 1
15 E Shift direction -
TiTlelaglT |10l Tl1lelTl1I6]10(10] B3:10
B> Invalid > 1111110l B311

Unload bit — 20
R6:0/UL
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Bit shift right instruction.

—BSR

BIT SHIFT RIGHT —(EN)—
ESL‘ BSR sur:l suLI SQO| FFL| FFU LFLI LFIJI File | ;

I
Control [ 1 {DN)
£ )\ File Shift/ Sequencer £ Egnzf:gm% |

BSR (Bit Shift Right) - Loads a bit of data into a bit
array, shifts the pattern of data through the array to
the right, and unloads the last bit of data in the array.

Unload bit
R Re:1/uL | 1
15 Shift direction = 0 /#"
1O i (e et e el 1T e B3:50
- Invalid 1T D0l1T111010617311| B3:51
Ao
7 24
0
[:3/5
Bit address
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The BSL and
BSR instructions
have the same
operands.

—BSL
BIT SHIFT LEFT
File
Control |
Bit address
Length

@)

I H(DN)

— BSR
BIT SHIFT RIGHT
File
Control
Bit address |
Length

Few-
oD

File - Address of the bit array you want to manipulate.

Control - R data table type used to control the instruction.

Bit address - Address of the source bit.

Length - Indicates the number of bits to be shifted, or

the file length, in bits.
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i /EM /EU /DN JEM JER JUL AN AFD LEM  POS -
The status bits of the hu 0o 0 0 0 0 0 0 0O
control word are: >

Radx: | -

T able: |FIE: Contmal =

Address [RE.(0 Svmbol |

Enable Bit (EN) - 1s set to 1 when the instruction is true.

Done Bit (DN) -The done bit is set to 1 when the
instruction has shifted all bits in the file one position.

Error Bit (ER) -The error bit is set to 1 when the
instruction has detected an error, which can happen
when a negative number is entered in the length.

Unload Bit (UL) - It is the bit location into which the
status from the last bit in the file shifts
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Inputs Ladder logic program

[ ] L3
L1
Bit shift left (BSL) NI [
. . = 4[— BIT SHIFT LEFT —(EM)—
Instruction = Flle W10
R Control R6:0 H{DN)
Bit address 1A
progral | l B Length 20
I:1/1
Bit address
[:1/1
1 B e
15 - Shift direction ﬂ/ B3:Table - Before limit switch clock pulse
1l1lolol1|1|olol1]1]lo]l1|1]l0o]|0] 0] B3:10 15 14 13 12 11 10
- Invalid >|(1|1]|1]|0]|B3:11 B3:10/ 1 1
B3:11/ 0 0 0O
Unload bit —~ 20
R6:0/UL
Bit address
I:114
1
15 B Shift direction
F
1lolol1]1]lolo|1]l1]ol1]1]|0]lo]|0] 1] B3:10 15 14 13 12 11
—< Invalid >1[1|0|1]|B3:11 Ei“gﬁ;;
Unload bit ¥20
Re:ouL !
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Simulated bit shift left (BSL) program.

= '- E .=--'-=: u'.-Lrﬂ! 2_:

oW v
- 11140 BSL

i 000 ] E Bit Shift Left - CEN——

LS1 File #83:10

Control RE:0 —CDN -
Eit Addvess 1141
Length 20
<X Binary Table
D01 |
15 14 13 12 11 10

4
B310/ ©o o o 0o 0o o o
0

B311/ O O 0O O O O

R adix: IEinal}l Table: IES: Binary

Address [§310/0 Symbol |
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Inputs Ladder logic program

Bit shift right ; O QSP_BSH .
(BSR) instruction ———— P Lt

Control
Gl Bit address 1:3/5
Length 24
program. . g
Unload bit
o Reé:1/UL | 1 |
15 Shift direction o 0 B3: Table - Before limit switch clock pulse
1101110010111 10|0(1]10]1(1]0]| B350
<«———Invalid——|1|(0o|1|1|0|0|1]|1]|B3:51 B35S/ RS0
B3:51/ 0 0
/54
0
1:3/5
Bit address
Unload bit
R6:1/UL |0
Shift direction - F
4 B3: Table - After limit switch clock pulse
1]1]0]1]1]0[{0]0]1]1]0]0J1]0)1]1)B350 15 14 13 12 11 10 9 8 76 5 4 3 2 1 0
<«—nvalid————|0|1|0|1(1|{0]|0]| 1| B3:51 B350/ 1 1 0 1 1 0 0011001011
« B3:517 0 0 0 0 0 0 OO@1 011001
ra
/24
0
1:3/5
Bit address
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Simulated bit shift right (BSR) program.

e
|: 310 BSE
] E Eat Shatt Faght —(:EH:]—
LS1 File #B3:50
Comtrol RE:1 (—CDH -
Bt Address |39
Length 24
"% Binary Table
5o
m 001 1514 1312 11 10 9 8 7 l:‘:END:‘.I_
ﬂ'm B350/ 1 o 1 1 o o o 1 1
<o [d B351/ o o o o oo a o 1
S (6 | Radc |Binaty  w|  Table: [B3:Binay |
<o I Address | Symbol |
o [E
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Bit BSL instruction program with wraparound
operation.

Inputs

L1

o~ 0— SW

The clock pulse
input is a 3 second
pulse generated by
on-delay timer T4:0.

© 2011, The MeGraw-Hill Companies, Inc.

Ladder logic program

SW T40DN —TON
| .]fP TIMER ON DELAY EN
Timer T4:0 _( )i
Time base 1.0
Preset 3 _(DN)
Accurmulated 0
T4:.0/DN _BSL
1L BIT SHIFT LEFT
EN
JL File $B3:0 _( }
Control R&:0
Bit address B3:0/0 —(DH}
Length 3
Re:0/UL B3:0/0
1l —
] (
B%:{yﬂl PL1
F
L
B3:0/1 PL2
1[ £
S
B3:02 PL3
1L ™
1L o

Outputs

L2

PL1 %\():_‘
To0a

ria{_ 14




Simulated BSL instruction program with
wraparound operation.

140 T4:0DN TON 5
LE =1 B = _J"{ Tiraar On Dalay —-:H;—
3 Tuas: ra:0
Time Baie 0.1 —:T.'FH:_
Prasul 30
Boomkm 1]
0:2 , X .
T4 WDM el
0l | oo 1 E Fit Shift Lafh BN ——
File #5330
: n Camlml RED "'-'."-D}TE..'“
: Bit AMres B30
2 Liergth 3
04 RE:OMLIL B3:0/0
- @ | ooz J E <
[
B0 0210
L0} [ETE =13 = . 3
- [ FL1
- i o
. m 04 =1
i PL2
B3 7 032
2 0% 1 E £
E PL3
bt S Minary Table
E| oos e
514121211 109 8 7 6 5 4 3 2 1 0 = CEND
BEX0/ a0 0 @ o o 6 0 o o o a0 o a o 1 :J
Rodec [Binay  v| Tabke [B3Bney | oo | &
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Shift registers are used in
material handling
processes where some form
of binary information must
be synchronized with a
moving part on a conveyor.

»'The sensor that drives the data line on the shift
register detects the presence or absence of a carton.

» A logic 1 sensor condition state can indicate the
presence of a carton, and a ( the absence.
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Spray-painting operation controlled by a shift left
register.

Station

® o 6 6 oo o e o

B3:0/7 | B3:0/6 | B3:0/5 | B3:0/4 | B3:0/3 | B3:0/2 | B3:0/1 | B3:0/0 #';';Eﬂ
Part No O 0 0 0 0 0 0 0
present Yes 1 1 1 1 1 1 1 1
LS1 Oven 1 Oven 2
(Hanger) I | I |
Jr 7 jE jE rA) @0 ?
50 o 6 6 @ ©

N TR

LS2 LS3
(Part enter)
spray gun 1 spray gun 2

Reset PL1

Undercoat Topcoat ﬂ Storage
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Inputs Ladder logic program Outputs

L1
Clock LS1 Sai
pulse T Tiid | P
$ 0,0 LST 1L el " —(EN)— T
ile #B3:
Data Control R6:1 —(E}N) SOL1-O '], O0—§
pulse Bit address I:1/2
ik B3:0/0 Length 8| soL1 Spray gun 2
N L
| 1 ' soL2 o4 o+
L N/
O O LS3 B3:0/5 SOL 2 PL1 Y~ |
][ ( A
JL L |
—0 O— Reset I:1/2 &
1[ I
1L COUNT-UP COUNTER [—(CU)—
Lgo Counter C5:1
Preset —@N)
Accumulated
LS3

—CTU
] [ COUNT-UP COUNTER |—{(CU)—

Spray-painting sk P9

Accumulated

p ro gram ™ Reset C5:1
][ (RES

C5:2

RES

— EQU PL1

EQUAL —( )} —

Source A C5:1.ACC
Source B C5:2.ACC
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Simulated spray-painting program.

© 2011, The MeGraw-Hill Companies, Inc.

[ E:L .
Jal 4 F Bit Shift Lef) el EN
L5 File 2H20 ;
Condml (=15 5—-':1_.!1"-'_:]—
Bit Address 402
Lengih g
B3.0/0 0:2i0
Dot = = g
SOl 1
B304 ]y
po2 —— E g
SoL 2
k4r —CTIIl
003 1 E Count Up L (CUy—
La2 . T G5
Presad 0 N
Ao 0
103 —CTU
D:H ] [ Cenaeil T.lp —t_’_'Cl.I:‘_Ii
L83 Crounter L.
Prasad 0 —{IND—
Ao ]
1174 C5:1
005 = = (RES»—7
Fesat
[
L RES)—
EQ Ci-2i2
006 P Equal <
Source (351 ACC — — = FLY
0 an . =
e B C52a0C | e )
0 [ 15141312111053?554321ui‘
B30/ o 0 0 O O 9 O o o o 40 o0 a a1 o0 T
| B adliv | Canms = Tabber |0 Dimman = 1 &l



Tracking of carriers through a 16-station machine.

Statlon
® ® @ ®@ @ @ @ ® . @ ©® & @ ®@ @ G}
0:4/15|0:4/14/0:4/13|0:4/12/0:4/11]0:4/10| O 0:4/8 0:4/5 r.:}-u-'-'. 0:4/3 | 0:4/2 | O:411 0:4
HE!WEJFH Inspac:tmn
Inputs Ladder logic program Outputs
0:4 L2
L1
Prox #1 L1/ _BaL D:
- ; 1
(Carrier detection) ] [ BIT SHIET LEFT —(EN)— &
: ; Prox #1 File #0:4
m *43\ L1 Control R6:0 —(DN) 3 ®
N Bit address 1:1/2 4 ®-
Prox #2 Length 16 5 @
(Part detection) 6 &
7
‘g :1/2 1:1/3 0:4/4 8 @
i e ) 9 @
1L g 10 @
PB1 PB1 PL4 11 @
Failed part)
| ) 1:1/4 O:4/6 2%
o0 o—I:1/3 Ir iE ?_:4:"5 13 @
PB2 PB2 PL6 15 @-
(Reworked part)

o—1:1/4
© 201 T_Q -



Simulation tracking of carriers through a
16-station machine.

IO Simulator I

I:1
¢ o [l |-&-
< o [Nl |-&- [N
oo [H |-&- [H
-5's- [E |-e B8
{';‘a -
<o [H |-e 3
<o [@ |-¢ @
.l- s all 07|
5o [ [ 08 ]
<o [H |-o [E
<o il |-¢ EE
4”& o
<o §HE |-¢ 13
<o H e B
5o iH |-e
so Hie I3

0:2|

o [
<o il
X 02|
<o [
o [
<o E
<o 3
|;‘d'-“}m
<o E
5o 2l
<o Eil
R 11 |
<o HE
s> =

<o
<o E

1:3)

- 1111 BSL
' JE Bit Shift Left . —
PRON #1 File 04
Control RE:0 —{DH -
Bt Address L1152
il Length 16
113 Ddid
- [N E CUD
¢ [ FB1 PL4
& [E RIE 0:46 D:416
. =} = 2t c13
FB2 FLE PLG
|-e-
<
| 151413121110 9 8B 7 6 5 4 3 2 1 EHND 5|
< @ CHND 3
04/ @ 0 0 0 0 0 0O @ O 0 O O 0 0O 0 O ']
o [ S
o 51 Fadiz: |Binary w| Table: (00 Ouput | Forces | §|
< Address | Syrnbel |'|'
-5
sl 13 ]
le-
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12.5

Word Shift Operations



Word shift operations provide a simpler
method of loading and unloading data into a
file, usually called the stack.

They can be used for
tracking parts
through an assembly
line, where

parts are represented
by values that have a
part number or an
assembly code.
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The first in, first out
(FIFO) instructions are
word shift operations.

—FFL

—— FIFO LOAD

Source
FIFO
Control
Length
Position

()
o)
(@)

—FFU
FIFO UNLOAD
FIFO
Destination
Control
Length
Position

(e
o)
@)
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The FIFO function shifts the data from a complete
word rather than shifting bits of information
within a word.

The FFL loads logic words into a user-created file
called a FIFO stack.

K E:;lb LOAD —(EN)—
Source | |
Two separate shift pulses i ; - —(©N)
are required: one to shift Longih M)
data into the file (load) = |
and one to shift data out [ — | (ev)—
of the file (unload). ~ — | Fro mm
™ —
e e A
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—FEL

The parameters required | sroiom - (eN)—

Source

for the FIFO load (FFL) FIFO | —(DN)

Control

instruction are: A _ —(Em)

Position

Source - Word address from which the data are entered
into the FIFO file.

FIFO - Address of the file in which the data are entered.

Control - R data-table type and is the file address of
the control structure.
Length - File length in words.

Position - Is the next available location where the
mstructlon loads data into the stack.

2011, The McGraw-Hill Compan



=% Control Table
JEN /EU /DN JEM /ER JUL AN /FD LEN POS =]
o 0 0 0 O 0 0 0 o0 0

R adis: ] i ___J T able: EFIE‘:E_:IntrnI |5 - | éi

The status bits of the
control word are:

Addiess |RE:D Symbol |

Enable Bit (EN) - 1s set to 1 when the instruction is true.

Done Bit (DN) -The done bit is set to 1 when the
instruction’s position equals the length.

Empty Bit (EM) —The empty bit is set to 1 when
all the data have been unloaded from the FIFO file.
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—FFU

The parameters required —| frounosn —(eU)—

FIFC

for the FIFO unload Destination —(N)

Control

(FFU) instruction are: e &)

FIFO - Address of the file in which the data are entered.

Destination - Address to which the FFU unloads data.

Control - A three-word element that consists of the status
word, the length, and the position. When it is paired with
the FFL, the control addresses are the same.

Length - File length in words.

Position - Next location from which data are unloaded.
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Inputs Ladder logic program

L1 Input A
it | (eN)—
FIFO LOAD EN Integer Table
IL Source N7:10
0 O—Input A FIFO #NT7:12 DN
T o Conirol R6:0 —o0)
Length 10
Position 8 —(Em)
—0O O—InputB — FFU
i £ FIFO UNLOAD EU
IJUI;:B FIFO #N7-12 Eaa
np Dest N7:11 DN
H d Control RE&:0 _( )
ow data are Length 10 |_Gen)
Position 8
[ 3 L
indexed in

and out of a Vocimal_ 5]
FIFO ﬁle' Destination 25??;

LIEtE LL. E ? g; N7:12 Data index
Data exit from position 0 of the 5 46 i toward the
FIFO file on a false-to-true 3 9875 starting
transition of the FFU and write address of

: 4 125 :
over current data in the the file, one
s 5 867 .
destination. 6 7 word with
Source 7 17 each false-to-true

N7:10 53 . 8 0 g?__r&smcan of the

Data enter the FIFO file on a 9 0 N7:21

false-to-true transition of the FFL Position
at the position indicated in the
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Simulation of data in and out of a FIFO file.

x| 1:140 — L
1 E FIFO Load By —
Input A Souree N7:10
FIFO #NI1Z LD
Control RE:0
Lﬂﬂ.gﬂl 1|:| =
E I:I'E Posituion [ _{:E' :]-
oo [l
== T 1111 ——FFU
el 01 s == FIFO Unload e — S —
o FIFO) -
Iﬂ; Input B . __ R Diest N7:11 L Di)-
¢ o E ''~¥ Integer Table | E"‘:;:;I Rﬁ:g
I | g ~hil
o ﬂ"l; Value "‘!l l Position i —CEMD-
6o @A N7:10 n
= N7:11 0 [y
" I
&.H;f 002 N7:12 0 CEND ]
& o Il N7:13 0
| N7:14 0
< o N7:15 o I
o @ N7:16 0
- N7:17 0
aial 10 N7:18 0
aXal 1 N7:19 0
| N7:20 i
<o HE N7:21 0 -
-0 O | i
. E | | FRadix |Decima| _:E T able: |N?: Integer = - rces | al
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The First in, First out (FIFO) instruction is often
used for inventory control.

Each part is assigned a
unique code, which is loaded
into a FIFO stack, and parts
are removed in the order
prescribed by the stack.

This type of control ensures that the oldest part in
the inventory is used first as the first part entered is
the first part removed.
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The Last in, First out (LIFQ) instruction inverts
the order of the data it receives by outputting
the last data received first and the first data
received last.

—LFL —LFU
LIFO LOAD —(EN)—‘ LIFO UNLOAD —(EU)—!
Source N70:1 LIFO #N70:3
. ( Dest N70:2 _(
l(_llgr::tjml #2205:13 DN) Control R6:61 DN)
Length 64 ( M Length 64 (EM
Position 0 3 ) Position 0 )

The LFL and LFU instruction are also used in pairs

E| BSL EEFII Eﬂ{:‘ SQL)} sSQ0 FFL‘ FFU‘ LFL LFLII |E|

{41) File/Misc File Shift/ Sequencer £ Program Control




FIFO and LIFO container stacking operations.

FIFO stack
In Qut
e e [ e —
4 I 3 2 I 1

Horizontal storage area

Vertical storage area

1

In 2 Out
e e o
3 I—h— 3 —FI 3

LIFO stack
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LIFO instruction pair program.

e
o)
@)

—LEL
LIFO LOAD
Source N70:1
LIFO #N70:3
Control R6:61
Length 64
Position 0
—LFU
LIFO UNLOAD
LIFO #N70:3
Dest N70:2
Control R6:61
Length 64
Position 0

)
V)
(o)

N70:1 Source

LIFO load enters
data into stack at
next position.

H__FiIE #N?U:Hﬂ_b Word
=
3
4
2
5]
7
S 64 words allocated for
? . "~ LIFO stack at #N70:3
11 Destination N70:2
- e
63 LIFO unload
. removes data
" - from stack in

Transfer of data

reverse order.

The LIFO stack operates similarly to that of the FIFO
stack, except that the last word in the LIFO stack is
the first word that is unloaded from the stack.
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