8. Basic Function/Function Block Library

8.3 Basic Function Block Library
1. This chapter describes basic function blocks respectively.
2. It's much easier to apply function block library to your program after grasping the general of function
blocks.
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8. Basic Function/Function Block Library

CTD
Down Counter (function block) Model GMR |GM1 |GM2 |GM3 | GM4 | GM6 | GM7
Application | e o (o (o |0 |0 | o
Function block Description
Input  CD: down counter pulse input
CTD LD: loads a preset value
BOOL= CD Q |- BOOL PV: preset value
BOOL= LD
INT 5 PV CV INT Output Q: down counter output
CV: current value
W Function

O Down counter function block CTD decreases the current value (CV) by 1 with every rising pulse input.
O CV decreases only when CV is more than the minimum value of INT (-32768); after reaching it, CV does

not change its value.
O WhenlLDis 1, PV isloaded into CV (CV=PV).
0 Output Q is 1 when CV is 0 or a negative number.

B Time Chart

LD (preset value input)

¢ (down counter input) L LU LLLL L
< PV setting

CV (current value) S 0 Max. coefficient
(-32768)

Q (down counter output)
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8. Basic Function/Function Block Library

B Program Example .
This is the program that sets the output contact (%00.3.0) when the down counter pulse input enters the
input contact (%I10.1.14) five times.

LD IL
_COUNT D ] CAL CTD COUNT_O
2I0.1.14 CTD
L1 e ok comr_q | CD %I0.1.14
LD _1ON
108 Jio O COUNT . PV 5
LD COUNT_D.Q
N o ' ST COUNT_Q
LD COUNT_D.CV
ST COUNT_CV
COUNT_Q 2Q0.2.0
— | {51— LD COUNT_Q
S %Q0.3.0

(1) Register the name of CTD function block (COUNT_D).

(2) Make the input contact (%610.1.14) attached to CD.

(3) Make the flag _10N (1 scan ON contact) that loads PV into CV.

(4) Set the PV value as 5.

(5) Set the CV value as the random output variable (COUNT_CV).

(6) Set the Q value as the random output variable (COUNT_Q).

(7) Compile and write your program to the PLC after completing the program.

(8) After writing, change the PLC mode (Stop -> Run).

(9) If program runs, PV 5 will be loaded into CV (Count_CV).

(10) The current value CV (COUNT_CV) decreases by 1 when the pulse input enters the input contact
(%10.1.14).

(12) When the down counter pulse input enters the input contact (%10.1.14) five times, CV (COUNT_CV) will
be 0 and Q (COUNT_CV) 1

(12) If Q (COUNT_Q) is 1, the output contact (%Q0.3.0) will be set.
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8. Basic Function/Function Block Library

CTuU

Up Counter (function block)

Model

GMR |GM1 |GM2 |GM3 | GM4 | GM6 | GM7

Application | e o (o (o |0 |0 | o

Function Block

Description

Input  CU: up counter pulse input
R: reset input
CTuU PV: loads a preset value
BOOL = CU Q | BOOL
BOOL o R Output Q: increase counter output
INT = PV cvlk INT CV: current value
m Function

O Up counter function block CTU increases the current value (CV) by 1 with every rising pulse input.
0 CV increases only when CV is less than the maximum value of INT (32767); after reaching it, CV does not

change its

value.

0 When the reset input (R) is 1, CV is cleared (0).
O Output Q is 1 when CV is equal to or more than PV.

m Time Chart

R (Reset input)
CU (CTU input)

CV (current value)

Q (CTU outpu

[ 1

_— ]

B

m Program Example
This is the program that sets the output contact (%00.3.1) when the increase counter pulse input enters the

input contact (%I10.1.15) ten times.

Max. coefficient (32767)
PV (preset value)

LD IL
_COTTHT _ Ve
2I0.1.15 T CAL CTuU COUNT_U
— U= COTNT_Q cu %10.1.15
R %I0.1.5
TI0O.1.5 JR O COWTHT _CW
PV 10
. LD COUNT_V.Q
ST COUNT_Q
LD COUNT_CV.Q
comHT_q 00,40 ST COUNT_CV
L1 (5— LD COUNT_Q
S %Q0.3.0
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8. Basic Function/Function Block Library

(1) Register the name of CTU function block (COUNT_U).

(2) Make the input contact %10.1.15 attached to CU.

(3) Set the PV value as 10.

(4) Assign input contact %I0.1.5 to the reset input R.

(5) Set the CV value as the random output variable (COUNT_CV).

(6) Set the Q value as the random output variable (COUNT_Q).

(7) Compile and write your program to the PLC after completing the program.

(8) After writing, change the PLC mode (Stop - Run).

(9) The current value CV (COUNT_CV) increases by 1 when the pulse input enters the input contact
(%10.1.15).

(10) When the up counter pulse input enters the input contact (%10.1.15) ten times, CV (COUNT_CV) will be
10 and Q (COUNT_CV) 1

(12) If Q (COUNT_Q) is 1, the output contact (%Q0.3.0) will be set.
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8. Basic Function/Function Block Library

CTuUD

Up/Down Counter (function block)

Model GMR | GM1

GM2 |GM3

GM4 | GM6

GM7

Application| e °

Function Block

Description

BOOL
BOOL =
BOOL
BOOL =

CTUD
CU Qu
CD QD
R
LD

INT =PV Cv

= BOOL
= BOOL

=~ INT

Input

Output

CU: up counter pulse input
CD: down counter pulse input
R: reset

LD: loads a preset value

PV: preset value

QU: up counter output
QD: down counter output

CV: current value

m Function

O Up/Down counter function block CTUD increases the current value (CV) by 1 with every rising up-counter

pulse input (CU) and decreases CV by 1 with every rising down-counter pulse input (CD). Note that CV is

between -32768 and 32767 (INT).

When LD is 1, PV is loaded into CV (CV=PV).
When the reset input R is 1, CV is cleared (0).
When CV reaches PV, the output QV is 1; when CV is O or a negative integer, the output QD is 1.

O 0o oo

The operation for each input signal is executed in order of R > LD > CU > CD. Note that if the input

signals are fed to the input (CU, CD, R, and LD) of CTUD at the same time, the operation of CTU follows
the above priority.

W Time Chart
LD (loading PV)
R (reset)

CU (CTU input)
CD (CTD input)

CV (current value)

QU (CTU output)

QD (CTD output)

[

PV(

reset

ue)
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B Program Example

LD IL
CAL CTUD INS_CUD
_INE_CUD— CU:= %I10.1.0
2I0.1.0 CTUD ST ACK_FUL
— v ol L CD:= %I11.1.0
ST ACK_EMP R:= %MO
211.1.0 Jeo ] . 5
LD:= %M1
STORED_HU
o Je cvl-  MEER PV.= STACK_MAX
LD INS_CUD.QU
w1 Juo
ST STACK FULL
STACK MAXJPV LD INS_CUD.QD
ST STACK_EMPTY
LD INS_Cu.cv
ST STORED_NUMBER

Conditions are: the temporary loading part STACK_MAX is 100; IN is 1 with every material-input signal while
OUT is 1 with every material-output signal. If the material input process is faster than the material-output one
and every material is loaded so that the STACK_MAX is equal to or more than 100, then QU is 1
(STACK_FULL = 1); if there's no material left in the loading part, QD is 1 (STACK_EMPTY = 1). At the

STORED_NUMBER, the number of remaining material in the loading part is shown.

%M1

[

%MO

%I0.1.0

%I1.1.0

TACK_MAX (1

STORED_NUMBE

STACK_FULL

STACK_EMPTY
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8. Basic Function/Function Block Library

F_TRIG

Falling Edge Detection (function block)

Model GM1 |GM2 |GM3 | GM4 | GM6 | GM7

Application (e (e |e |e |e | @

Function Block Description

Input CLK: input signal

F TRIG
BOOL =CLK QF BOOL Output  Q: falling edge detection result

B Function
The output Q of function block F_TRIG is 1 with the falling pulse input to CLK. And 1 scan later, without

further falling pulse input, the output Q is O ever after.

B Time Chart

ok—d
I

- |~ (1 scan or F_TRIG execution time)

B Program Example

CAL F_TRIG INS_FT

sIo.o_0
— CLK:=  %10.0.0
LD INS_FT.Q
ST FALL_DETECT

If the input variable (%10.0.0) changes from 1 to O, while detecting its state, the output variable

FALL_DETECT will be 1. And 1 scan later, the output variable FALL_DETECT will be 0.
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RS
Reset Priority Bistable (function block) Model GMR_| GM1 |GM2 |GM3 | G4 | GM6 | GM7
Application | e o (o (o |0 |0 | o
Function Block Description
Input R1: Reset condition
RS S: Set condition
BOOL =S Q1 = BOOL
BOOL AR1 Output Q21: Operation result
m Function
R1 d & Q1
S —=21
Q1

If R1is 1, output Q1 will be O regardless of the state of S.
The output variable Q1 is 1 when it maintains the previous state, R1is 0, and S is 1, it will be 1.
The initial state of Q1 is 0.

m Time Chart

R1

s | [ 1
Q1

m Program Example

LD IL
CAL RS INS_R
__INZ_ T . R1:= RESET1
_|SET|1_3 * Qlf~ ERESULT ; S:= SET1
N LD INS_R.Q1
ST RESULT

(1) The output variable RESULT is 0 and maintains its value when the input variables SET1 and RESET1
become simultaneously ON.

(2) The output variable RESULT is 0 and maintains its value when RESET1 becomes ON and SET1 is OFF.
(3) The output variable RESULT is 1 and maintains its value when SET1 becomes ON and RESET1 is OFF,
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8. Basic Function/Function Block Library

R_TRIG

Rising Edge Detection (function block) lodel GMR | GM1 |GM2 |GM3 | GM4 | GM6 | GM7

Application| e e (o (o |0 |o |0

Function Block Description

R_TRIG Input  CLK: input signal

BOOL =CLK Q| BOOL

Output Q: rising edge detection result

m Function
The output Q of function block R_TRIG is 1 with the rising pulse input to CLK. And 1 scan later, without

further falling pulse input, the output Q is 0 ever after.

m Time Chart
o — I 1
| |~ (1 scan or R_TRIG execution time)

m Program Example

LD IL
CAL R_TRIG INS_RT
—IN3_RT CLK: = IN_SIGNAL
IN SIGHNAL | BE_TRIF RISE_DETE
—{ox o e LD INS_RT.Q
ST RISE_DETECT

If the input variable IN_SIGNAL changes from 0 to 1, while detecting its state, the output variable
RISE_DETECT will be 1. And 1 scan later, the output variable RISE_DETECT will be 0.
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SEMA
Semaphore (System resource allocation) Model GMR_| GM1 GM2 |GM3 | G4 | GME | CM7
Application | e o (o (o |0 |0 | o
Function Block Description
Input CLAIM: signal to claim a resource monopoly
SEMA RELEASE: release signal
BOOL ={CLAIM BUSY |= BOOL
BOOL qRELEASE Output BUSY: waiting signal not to obtain the claimed
resource

m Function

This function block is used to get an exclusive control right for system resources.
BUSY is 1 when SEMA function is executed (CLAIM =1 or 0, RELEASE = 0) and other program is using the
resource. If you want to obtain the resource control right, wait until BUSY will be 0 after executing SEMA
function block (CLAIM = 1, RELEASE = 0). When BUSY is 0, it controls the associate resource and after
completing the control, it transfers the control right executing SEMA function block once again with CLAIM =
0 and RELEASE = 1. (At this time, the program that has the control right can execute SEMA function block
with CLAIM = 0 and RELEASE = 1)
* The instance of SEMA should be declared as "GLOBAL" so that its access is available in the programs
requiring the resource.
» Each program to claim the same resource should be designated as the same priority.
* Not available to use between multi-CPU modules in GM1.
* Internal execution structure of SEMA function block
VAR X:BOOL:=0; END_VAR
BUSY :=X;
IF CLAIM THEN X:=1;
ELSIF RELEASE THEN BUSY:=0;X:=0;
END_IF
m Time Chart
The access right to control the same resource is transferred between the program block A and the program
block B.

A B A B
CLAIM
A B : A
RELEASE
BUSY E
Control right A used B used A used B used
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m Program Example

LD IL
PR INTER ' CAL  SEMA PRINTER
_3|T AR|T_ L iEIE:.TSY | moT_avaIL ! CLAIM:= START
I RELEASE:= END
R e ' LD PRINTER.BUSY
ST NOT_AVAIL

When you want to produce a printer output in different program blocks with the printer attached to the PLC
system, you can easily control it by declaring the instance 'PRINTER' 'GLOBAL' and using SEMA function
block named as 'PRINTER' in each program. If you execute SEMA function block (PRINTER), when START
is 1 and END is 0, and claim the right to control the printer, while the printer is used in other program block,
BUSY is 1. If the printer is not used in other program block, BUSY will be 0, which means you can start the
program to produce the printer output with it. After completing the print control, execute SEMA with START =
0 and END = 1 so that other program can get the right to control it.

VAR_EXTERNAL S1 CLAIM_PT; claim the printer control right
PRINTER: SEMA
END_VAR CAL  SEMA PRINTER
CLAIM:= 1
RELEASE:= 0
Sl N CLAIM_PT T1 PT_AVAIL; printer control right check

LDN PRINTER.BUSY
T Tl PT_AVAIL ST TRANS

S2 PRINTING; printer output

52 N PRINTING Print?r c9ntr0l program
If print is completed, PRINT DONE:=1
1 2 PRT_END T2 PRT_END; print completion check
LD PRINTER_DONE
ST TRANS
S3 P REL_PRT S3 REL PRT; transfer printer control
CAL SEMA PRINTER
T3 RE_PRT CLAIM:= 0
RELEASE:= 1

T3 RE_PRT; printer request again

LD PRT_REQ
ST TRANS
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Bl Bl FR.INT CLATM PT
Linel [—r1| Fd { | e I
Bl Bl
Linel [— | {r1
Bl Bl FR.INT ING:
Line! [— | { | >h
B
Line3 -
- PR, INTER-
CLATM PT SEMS B
Lined CLATBTEY -
I
Lines 1] 4EELE
A5E
Linef
a1
LineT {5 —
FRINT DX
PRINTING E
Lines Printer Output CiOHE { —
User-define
Lined Function Block
or Program
Linel0
Bl
Linell {5—
FRINT LW
E B
Linel? |~/ =
- FF. INTEE:
_OFF SEML
Lineld |~ }—{CLAIBTEY
I
Linel4 1 4RELE
A5E
Linel3
_OH 81
Lineld |~ | {R—
Bl
LinelT R —
FR.INT
Line1d —{R—
B
Linel%
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SR
Set Priority Bistable (function block) Model GMR | GM1|GM2 |GM3 | GM4 | GM6 | GM7
Application| e e (o (o |0 |o |0
Function Block Description
SR Input S1: set condition
BOOL 4 s1 o1} BooL R: reset condition
BOOL- R
Output  Q1: operation result
m Function
S1 21 Q1
R—Q &
Q1

If S1is 1, output Q1 will be 1 regardless of the state of R.
The output variable Q1 is 0 and it maintains the previous state when S1is 0, and R is 1.
The initial state of Q1 is 0.

m Time Chart

S1 :
R [ ] 1
Q1
m Program Example
LD IL
CAL SR INS S
__INE_ S . Sl:= SET1
SET1 SR
— = Q1] BESULT ; R: = RESET1
LD INS S.Q1
RESET1 Jm
ST RESULT

(1) If input variable SET1 becomes 1, output variable RESULT will be ON.
(2) The output variable RESULT becomes 0 when input variable SET1 becomes 0 and RESET1 ON.
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TOF
OFF Delay Timer (function block) Model GMR |GM1 |GM2 |GM3 | GM4 | GM6 | GM7

Application| e e (o (o |0 |o |0

Function Block Description

Input IN: timer operation condition

PT: preset time
TOF

BOOL= IN QF BOOL
TIME = PT ETpP TIME

Output Q: timer output

ET: elapsed time

m Function
If INis 1, Q will be 1. And after IN becomes 0 and the preset time (PT) of TOF passes, Q becomes 0.

After IN becomes 0, the elapsed time (ET) will be shown. If IN becomes 1 before ET reaches the preset time,

ET will be 0 again.

m Time Chart

IN
Q
PT PT
Preset time PT
ET
m Program Example
LD IL

CAL TOF INS_TOF

IN:=  T_OFF
PT:= T#10S
T_OFF TIMER_OK LD INS_TOF.Q
T#10S ET_TIME ST TIMER_OK
LD INS_TOF.ET
ST ET_TIME
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T_OFF

TIMER_OK 10s

Preset time 10s

ET_TIME

(1) Output variable TIMER_OK is 1 when input variable T_OFF becomes 1.

(2) TIMER_OK is 0 only if 10 seconds passes after T_OFF becomes 0.

(3) If T_OFF becomes 1 again in 10 seconds after it turned OFF, TOF will be initialized (TIMER_OK is 1).
(4) After T_OFF becomes 0, the elapsed time (ET_TIME) will be measured and shown.
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TON
ON Delay Timer (function block) Model GMR | GM1|GM2 |GM3 | GM4 | GM6 | GM7

Application| e e (o (o |0 |@ (o

Function Block Description

Input IN: timer operation condition

PT: preset time
TON

BOOL= IN Q | BOOL
TIME | PT ET[J TIME

Output  Q: timer output

ET: elapsed Time

m Function

Elapsed time (ET) is measured and shown after IN becomes 1. When IN becomes 0 before ET reaches the
preset time, ET will be 0. If IN becomes 0 after Q is 1, Q will be 0.

m Time Chart
IN
Q
PT
i Presettime PT
ET

m Program Example

LD IL

CAL TON INS_TON

IN:=  T_ON
PT:= T#10S
TIMER_OK LD INS_TON.Q
ET_TIME ST TIMER_OK
LD INS_TON.ET
ST ET_TIME
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T_ON

TIMER_OK

10s

Preset time10s

ET_TIME

(1) The output TIMER_OK = 1 ten seconds later after the input T_ON is asserted (T_ON = 1).
(2) Elapsed time ET_TIME is measured and shown after the input T_ON becomes 1.

(3) When T_ON = 0 before ET_TIME reaches the preset time (10s), ET_TIME will be 0.

(4) If T_ON = 0 after TIMER_OK = 1, then TIMER_OK =0 and ET_TIME = 0.
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TP
Pulse timer (function b|ock) Model GMR |GM1|GM2 |GM3 | GM4 | GM6 | GM7
Application | e o (o (o |0 |0 | o
Function Block Description
Input IN: timer operation condition
PT: preset time
TP
BOOL AN QI BOOL Output  Q: timer output
TIME P T ETF TIME ET: elapsed Time
m Function

If IN =1, Q will be 1 only during the preset time PT; if ET reaches PT, Q will be 0.

If IN =1, elapsed time ET starts to be measured and maintains its value after when it reaches PT; if IN = 0
after ET reaches PT, ET = 0.

The state of IN doesn't matter while ET is measured (increased).

m Time Chart
IN
Q
“PT
Preset time PT
ET

m Program Example

LD IL

CAL TP INS_TP

IN:= T_TP
PT:= T#10S
T TP TIMER_OK LD INS_TP.Q
T#10S ET_TIME ST TIMER_OK
LD INS_TP.ET
ST ET_TIME
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T_TP

TIMER_OK 10s Preset time 10s

ET_TIME

(1) TIMER_OK is 1 during 10 seconds after input T_TP was asserted (T_TP = 1). While ET_TIME increases
during 10 seconds, the state of input T_TP doesn't affect TIMER_OK.
(2) ET_TIME increases when it reaches T#10S and then it becomes 0 when T_TP = 0.
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