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Why are we doing this?

 Because career fair folks asked forit... :-)

* Ladder logic is still commonly used
- PLCs (Programmable Logic Controllers)
- Makes programming look like circuits;
originally switches and relays
- Each “rung” is a rule relating inputs & output;
sort-of like an if-then statement



Ladder Basics
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LED IS On



LED Is on while
Switch is pressed



LED IS on while switchO is
pressed AND switchl isn’t
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LED IS on while SwitchoO Is
pressed OR switchl isn’t
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LEDO is as LED before,
but LED1 is on while LEDO is off
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An example: Alarm sounds
when either sensor is triggered
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But we also want21larm

if a wire to a sensor breaks...
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Implementations?

* There is a standard:; IEC 61131-3, however,
Allen Bradley, Siemens, etc., PLCs differ a bit

* LDmicro is an old free editor+compiler
https://cqg.cx/ladder.pl

* OpenPLC is open-source PLC software
compliant with IEC 61131-3

https://autonomylogic.com/docs/openplc—-overview/


https://cq.cx/ladder.pl

LDmicro description of A1arm

LDmicro export text
for 'ANSI C Code', 4.000000 MHz crystal, 10.0 ms cycle time

LADDER DIAGRAM:
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Name | Type | Pin
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XSensoro@ | digital in | (not assigned)

XSensorl | digital in | (not assigned)

YAlarm digital out | (not assigned)
|

!
RAOK | int. relay



LDmicro structured text
forAlarm

LDmicro®.1

MICRO=ANSI C Code

CYCLE=10000

CRYSTAL=4000000

BAUD=2400
COMPILED=Z:\Big\Courses\CPE200\LADDER\alarm.c

I0 LIST
XSensor®@ at ©
XSensorl at 0
YAlarm at ©
END

PROGRAM

RUNG
CONTACTS XSensor® 1
CONTACTS XSensorl 1
COIL RAOK B 0 0O

END

RUNG
CONTACTS RAOK 1
COIL YAlarm 0 0 ©

END



LDmicro C code for 21arm

/* U xxx symbols correspond to user-defined names. There is such a symbol
for every internal relay, variable, timer, and so on in the ladder
program. I xxx symbols are internally generated. */

STATIC BOOL I b mcr = 0;

#define Read I b mcr() I b mcr

#define Write I b mcr(x) I b mcr = x

STATIC BOOL I b rung top = 0;

#define Read I b rung top() I b rung top

#define Write I b rung top(x) I b rung top = x

/* You provide this function. */
PROTO(extern BOOL Read U b XSensor@(void);)

/* You provide this function. */
PROTO(extern BOOL Read U b XSensorl(void);)

STATIC BOOL U b RAOK = 0;
#define Read U b RAOK() U b RAOK
#define Write U b RAOK(x) U b RAOK = Xx

/* You provide these functions. */
PROTO(BOOL Read U b YAlarm(void);)
PROTO(void Write U b YAlarm(BOOL v);)



/* Call this function once per PLC cycle. You are responsible for calling
it at the interval that you specified in the MCU configuration when you
generated this code. */

void PlcCycle(void)

{
Write I b mcr(1);

/* start rung 1 */
Write I b rung top(Read I b mcr());

/* start series [ */
if(Read U b XSensor@()) {

Write I b rung top(@);
}
if(Read U b XSensorl()) {
Write I b rung top(@);
}
Write U b RAOK(Read I b rung top());
/* ] finish series */

/* start rung 2 */
Write I b rung top(Read I b mcr());

/* start series [ */
if(Read U b RAOK()) {
Write I b rung top(0);
}
Write U b YAlarm(Read I b rung top());

/¥ ] finish series */



Special Blocks for LDmicro...

—[0SR]- One shot rising; osF for falling
—[TON]-  Turn On with delay; TOF for off
—[cTUu]- Count Up; cTp Down; cTcC Circular
- [EQU]- == comparison; also NEQ != and
GRT >; GEQ >=; LES <; LEQ <=
—[MOV]- Move; also ADD; SUB; MUL; DIV

Others include ADC read, PWM output, shift
register, look-up table, and many more...



OpenPLC Editor: Blink a LED

OpenPLC Editor - Blink
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OpenPLC Editor: Traffic Light

File Edit Display Help

OpenPLC Editor - Traffic Light FBD
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IEC 61131-3 Standard:
PLC Programming Languages

 We’ll stick to LD for CPE200, but...

 [EC61131-3 lists 5 programming languages:
— |IL: Instruction List (text)
— ST: Structured Text (text)
— LD: Ladder Diagram (graphical)
- FBD: Function Block Diagram (graphical)
— SFC: Sequential Function Chart (mixed)



IL Reference Card (Siemens)
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ST Example from SolisPLC
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LD Example from SolisPLC
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FBD Example from SolisPLC

Analoginpuf0] A In Ot & AnalogScaledD)]
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SFC Example from SolisPLC
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