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Questions

Question 1

Suppose we have a Koyo “CLICK” PLC connected to three pushbutton switches as shown in this
illustration:

CLICK C0-02DD1-D
Koyo 2| A
@ * o
@
@ pe B
PWR 3 Y D |x4 _YJ_Y_
RUN [ g ca
ERR [ STOP &
@ |v2 C
PORT 1 @ |v3 il
™1 [ D |va
RX1 g v
AD1V N
T2 1 A O
Rx2 [ @ | np2v N
PORT 2 @ | b2l
PORT 3 RS-485 @ | rcom
21+ @ |pa1v
™| g |- @ [pau
REE (@ |1e @ [pa2v
@ |pAzi
0 |@ @|24v

-
24 VDC +

Determine the switch actuation statuses (i.e. pressed versus released) given the “live” display of the
ladder logic program shown here:

X1 X2 X3 Y1l

Also, determine the status of the lamp connected to the PLC’s Y1 output.
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Question 2

Suppose we have a Koyo “CLICK” PLC connected to three process switches as shown in this illustration:

CLICK C0-02DD1-D
o0 @ |c1 Pressure
@ b
@
Q ps
PWR [ QD |x4 Flow
RUN [ RUN @ |c2 E\
ERR [ STOP Q@ s
D vz Temperature
PORT 1 Q|v3 b N
™1 3 @ |4 \5’\
RX1 [ g A
AD1V .~
™2 (3 @ | aou O
Rx2 [J @ | AD2v N
PORT 2 @ | vz
PORT3 RS-485 () peey
2+ @ |pA1v
™ | g |- @ |patl
RE (@ |1e @ [pA2v
@ |pa2i
0 |@ @|24v

-
24 VDC + 2

Determine the switch actuation statuses (i.e. low versus high process stimulus) given the “live” display
of the ladder logic program shown here:

X1 X2 X3 Y1l

Also, determine the status of the lamp connected to the PLC’s Y1 output.

file 102602



Question 3

Suppose we have a Koyo “CLICK” PLC connected to three process switches as shown in this illustration:

CLICK C0-02DD1-D
Koyo
g c1 Pressure
@
Q ps
PWR [ @ |xa Flow
RUN [ RUN @ |c2
ERR [ STOP Q@ s
@ |v2 Temperature
PORT 1 Q|v3 —————e—9
™1 3 @ |4
RX1 [ g A
ADLV N
™2 (3 @ | aou O
Rx2 [J @ | AD2v N
PORT 2 @ | a2
PORT3 RS-485 () peey
2+ @ |pA1v
™ | g |- @ |pAul
RE (@ |1e @ [pA2v
@ |pa2i
0 |@ @|24v

-
24 VDC + 2

Determine the switch actuation statuses (i.e. low versus high process stimulus) given the “live” display
of the ladder logic program shown here:

X1 X2 X3 Y1l

/| <

Also, determine the status of the lamp connected to the PLC’s Y1 output.
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Question 4

Suppose we have a Koyo “CLICK” PLC connected to three process switches as shown in this illustration:

CLICK C0-02DD1-D
Koyo ]
@ |c1 Pressure
@ xx . @
@ A
@ e Flow
PWR [ RN @ |xa -_E/
RUN [ @ |c2
ERR [ STOP Q@ s
D vz Temperature
PORT 1 Q|v3 b N
™1 3 @ |4 \5’\
RX1 [ g A
AD1V .~
™2 (3 @ | aou O
Rx2 [J @ | AD2v N
PORT 2 @ | vz
PORT3 RS-485 () peey
2+ @ |pA1v
™ | g |- @ |patl
RE (@ |1e @ [pA2v
@ |pa2i
0 |@ @|24v

-
24 VDC + 2

Determine the switch actuation statuses (i.e. low versus high process stimulus) given the “live” display
of the ladder logic program shown here:

X1 X2 X3 Y1l

|/

Also, determine the status of the lamp connected to the PLC’s Y1 output.
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Question 5

Suppose we have a Koyo “CLICK” PLC connected to three process switches as shown in this illustration:

CLICK C0-02DD1-D
o0 @ |c1 Level
@ b
@
@ e Flow
PWR [ RN @ |xa ._E/
RUN [ @ |c2
ERR [ STOP Q@ s
D vz Temperature
PORT 1 Q|v3 b N
™1 3 @ |4 \5’\
RX1 [ g A
AD1V .~
™2 (3 @ | aou O
Rx2 [J @ | AD2v N
PORT 2 @ | vz
PORT3 RS-485 () peey
2+ @ |pA1v
™ | g |- @ |pAul
RE (@ |1e @ [pA2v
@ |pa2i
0 |@ @|24v

-
24 VDC + 2

Determine the switch actuation statuses (i.e. low versus high process stimulus) given the “live” display
of the ladder logic program shown here:

X1 X2 X3 Cl

C1

| / | ( )
1/ | \
Also, determine the status of the lamp connected to the PLC’s Y1 output.
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Question 6

Suppose we have a Koyo “CLICK” PLC connected to three process switches as shown in this illustration:

CLICK C0-02DD1-D
o0 @ |c1 Level
@ b
@
e Flow
@ |xa
PWR (3 BN — 4
RUN [ @ |c2
ERR [ STOP Q@ s
D vz Temperature
PORT 1 Q|v3 b N
™1 3 @ |4 \5’\
RX1 [ g A
ADLV N
™2 (3 @ | aou O
Rx2 [J @ | AD2v N
PORT 2 @ | a2
PORT3 RS-485 () peey
2+ @ |pA1v
™ | g |- @ |patl
RE (@ |1e @ [pA2v
@ |pa2i
0 |@ @|24v

-
24 VDC + 2

Determine the switch actuation statuses (i.e. low versus high process stimulus) given the “live” display
of the ladder logic program shown here:

X1 X2 C1
[/ ()
C1 X3 Y1
| ()=

Also, determine the status of the lamp connected to the PLC’s Y1 output.
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Question 7

Suppose we have a Koyo “CLICK” PLC connected to

three pushbutton switches as shown in this

illustration:

CLICK C0-02DD1-D

Koyo |

@ b

@

Q@ [xs

PWR [ RUN D |x4

RUN [ @ |c2

ERR [ stop | @

QD |v2

PORT 1 Q|3

™1 [ D |va

RX1 [ @ [+
@ | Ap1v
T™>2 [ @ | rou
Rx2 1 @ | Ap2v
PORT 2 @ | a2
PORT3 RS-485 7 pea
2+ @ |pA1v

™| |- @ |pau
RGO | @ | @ [pA2v
@ |pAzi

0 |@ @|24\/
24VDC ) |

Determine the necessary switch actuation statuses (i.e. pressed versus unpressed) to turn the lamp on
given the following program running in the PLC:

X1

X2
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Question 8

Suppose we have an Allen-Bradley MicroLogix 1000 controller connected to three pushbutton switches
as shown in this illustration:

| |
@ @ @ © 22022

1/4 /5

+

N

D

<

1

S

=

N

— a3

COoM
L

o
[
2

[ Force

gogo

%—o

85-264 VAC
r 7 ,

, , ,
l fvac 1 vac | vac |
L1 L2 00 [ype O ypc O ype OR3

# VD(C:
@ @ D2 Q000000 QD
[]

Y
A

Determine the necessary switch actuation statuses (i.e. pressed versus unpressed) to turn the lamp on
given the following program running in the PLC:

‘ l:0 :
| /| | | | | ()
|/| [ [ N
0
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Question 9

Suppose we have an Allen-Bradley model “SLC 500” PLC connected to a pair of pushbutton switches
and light bulbs as shown in this illustration:

Slot 0 Slot 1 Slot 2 Slot 3

(processor)  (discrete input)  (unused) (discrete output)

Power
supply

N
120 VAC —
power

@ Gnd
SW_itIC_h A Lamp Y
Switch B Lamp Z
- ~
S AA

Examine the following relay ladder logic (RLL) program for this Allen-Bradley PLC, determining the
necessary switch statuses to energize lamp Y, and the necessary switch statuses to energize switch Z:

l:1 I:1 O3
| | | /| {
. I/I \ /

2 6 0
I:1 I:1 G 3
| /| | | ()
I/I [ N

2 6 4
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Question 10

Suppose we have a Siemens S7-200 PLC connected to a pair of pushbutton switches and light bulbs as
shown in this illustration:

T L
E 24 VDC
[

+
M M Mg
SIEMENS QDD DDDDDDDDDDD
SIMATIC |1M U+ 00 01 02 03 04 2M 2+ 05 06 07 10 1.1||0 L v o DC|

S7-200

CPU 224XP

OOO0O0O0O0O0O0O0 DC/DC/DC

[ sFibiAG 0.1.23.4586.7 0 1
[ RUN
[ sTop

[ ]

01234567 0.123435
o 00000000 nO000000
|1M 00 01 02 03 04 05 06 07 2M 10 11 12 13 14 15 | | ML+ |

Port 1 Port 0 D DDDDDDDDDDDDDDDD D
Lamp Y Switch A
\m/ /1 TIT

/u\
Lamp Z Switch B
/O\ JL

Examine the following relay ladder logic (RLL) program for this Siemens PLC, determining the statuses
of the two lamps provided neither switch is pressed by a human operator:

11.2 10.7 Q.1

/1 = )=
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Question 11

Suppose we have a Siemens S7-200 PLC connected to a pair of pushbutton switches and light bulbs as

shown in this illustration:

24 VDC

[ ]

Port 1 Port0

01234567 0123435
o 00000000 nO00D0O0O0O0O

( :
r | M M Mg
SIEMENS Q000D PDODPDPDDDD
SIMATIC |1M 1+ 00 01 02 03 04 2M 21+ 05 06 07 10 1. e L wm s DC|
$7-200
OOD0O0OD0OO0OD0OOO0 SZ:JDZS):;P
[ sFDIAG 01234567 0.1
[ RUN
[ sToP

|1M 00 01 02 03 04 05 06 07 2™

1.0 11 12 13

14 15 | | M L+ |

@ 220222

Q202222202222

Switch A

iR

Switch B

Ll

Examine the following relay ladder logic (RLL) program for this Siemens PLC, determining the statuses
of the two lamps provided both switches are simultaneously pressed by a human operator:

11.1 10.7

Q. 1

|/ =/

10.7 1.1
| | | |

.3

~Q

(-

>_

Furthermore, determine the necessary switch actuation statuses (i.e. pressed versus unpressed) to turn

lamp Z on.
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Question 12

Suppose we have an Allen-Bradley MicroLogix 1000 controller connected to a pair of pushbutton switches
and contactor controlling power to an electric motor as shown in this illustration:

|
"Start" switch @ @ QDD DD

+24v - 1/0 11 112 /3 DC 1/4 1/5

OM COoM
J_ L DC OUT 4 L L

"Stop" switch [ Power
_¢J_¢_ 1 Run
[ Fault
OL contact = Foree
/V/ gooao
| A S P ey
L1 2N —=—= ypc OO ypc OA [ypc ©OR ypc O3
QOO0 QDDD D
L]
Contactor coil
()
_/

This motor control system has a problem, though: the motor refuses to start when the “Start”
pushbutton is pressed. Examine the “live” display of the ladder logic program inside this Allen-Bradley
PLC to determine what the problem is:

[:0 [:0 [:0 o0
|| || || ()
. . . \/
3 2 0 2

o0

| |

I

2

Identify at least two causes that could account for all you see here.
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Question 13
Suppose we have a Siemens S7-200 PLC connected to a pair of process switches and light bulbs as shown

in this illustration:

24 VDC

( :
r | M M Mg
SIEMENS Q000D PDODPDPDDDD
SIMATIC |1M I+ 00 01 02 03 04 2M 2+ 05 06 07 10 11|[e L m s DC|
$7-200
OOD0O0OD0OO0OD0OOO0 SZ:JDZS):;P
[ sFDIAG 01234567 0.1
[ RUN
[ sToP

[ ]

01234567 012345
oO000000O00 n0O0O0Ooo0
|1M 00 01 02 03 04 05 06 07 2M 10 11 12 13 14 15 | | ML+ |

Port 1 Port 0 DD QDD

Red 35 PSI
2 ’ T
Green 2.2 feet

o o

Examine the following relay ladder logic (RLL) program for this Siemens PLC, determining the statuses
of the two lamps provided the pressure switch sees a fluid pressure of 30 PSI and the level switch sees a

liquid level of 4 feet:
10.7 11.2 Q. 3

-
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Question 14
Suppose we have a Siemens S7-200 PLC connected to a pair of process switches and light bulbs as shown

in this illustration:

24 VDC

( 3
[ | M T\ f\_‘
SIEMENS DO DDDDDDDDDDDDDDDD
SIMATIC |1M 1L+ 0.0 0.1 0.2 0.3 0.4 M 2L+ 05 0.6 0.7 1.0 1. . % M L+ DC|
S7-200
OOO0OOOOOwuOn il
D SF/DIAG 0.1.23.45186.7 0.1 DCIDC/bC
[ rRuN
[ stop

12345

01234567 0
o 00000000 un000000
|1M 00 01 02 03 04 05 06 07 2M 10 11 12 13 14 15 | | ML+ |

Port1 Port 0 D DD DDDRDDDLDDDDDDQDD

Red 110 °F
\O/ A E
Green 3.5 GPM

O g

Examine the following relay ladder logic (RLL) program for this Siemens PLC, determining the statuses
of the two lamps provided the temperature switch senses 102 °F and the flow switch senses 4.7 GPM:

10.2 11.0 Q. 3

1/ )=

Q.3 Q.1
| / | ( )
1/ | \

Also, determine whether the inputs on this PLC are sourcing or sinking, based on how they are connected

to the process switches.
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Question 15

Suppose we have an Allen-Bradley MicroLogix 1000 controller connected to three pushbutton switches
as shown in this illustration:

| [
@ @ @ QDO DD
A +24v - W ¥ 2 Y3 DC U4 U5
Lo 4 O™ | com
gooooo
B 1 Power
[ Run
T [ Fault
C [ Force
1 oooo
rss-zsAvAc-I r ‘ r ‘ r ‘ r ‘
| VAC VAC VAC VAC
L1 2N = ypc OO [ypg/ O & O ypc Of3
@ @ @ D@ /NN /R,
L]
v~ Blue
A
S~ Yellow
N

\
d

Determine the status of each lamp given the following program running in the PLC, assuming switch
A is unpressed, switch B is pressed, and switch C is unpressed:

|:0 |:0 |:0 o
| | | | | | (
. . . \ /

3 2 0 1
[:0 [:0 [:0 Go
| /| | | | /| (
I/I . [/ | \ /

2 0 3 2
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Question 16

Suppose we have an Allen-Bradley MicroLogix 1000 controller connected to three pushbutton switches
as shown in this illustration:

| |
@ @ @ ) & D QDD DD

1/4 /5

>
N
EN
<

1
5
=
S

[ Force

C
1 gogo

[ EEsRe g r r

,
| VAC I vac vac | vac |
L1 LN == ypc O |yp ¢ 02 ypc O3

© 0 00 @ 0002

v~ Blue

r

o _|
=

(

. Yellow

N\

@

Determine the necessary switch actuation statuses (i.e. pressed versus unpressed) to turn the blue lamp
on, given the following program running in the PLC:

|:0 |:0 |:0 o
| | | | | /| (
. . I/I \ /

2 3 0 1
[:0 [:0 [:0 Go
| /| | | | /| (
I/I . [/ | \ /

2 0 3 2
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Question 17

Suppose we have an Allen-Bradley MicroLogix 1000 controller connected to three process switches as
shown in this illustration:

| [
@ @ @ QDO DD
+24v - 110 /1 172 113 DC /14 115
Temperature L ooy J fOM | com
T 000000
1 Power
Flow = Run
v\ﬁ 3 Fault
[ Force
Level |:| |:| [ |:|
g T T e 1 e 1 v
L1 L2IN — ypc O0 |ypo” O1 \pc OR ypc OB
@ @ @ D@ /NN /R,
L]
v~ Blue
A
S~ Yellow
AA

Determine the necessary switch actuation statuses (i.e. low versus high process stimulus) to turn the
yellow lamp on, given the following program running in the PLC:

|:0 |:0 [:0 o
| | | /| | /| ()
. I/I I/I \ /

2 0 3 1
1:0 1:0 1:0 oo
| | | /| | | ()
. I/I . \ /

0 2 3 2

Next, determine the necessary switch actuation statuses (i.e. low versus high process stimulus) to turn
the blue lamp on, given the same PLC program.
file 102600
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Question 18

Suppose we have an Allen-Bradley MicroLogix 1000 controller connected to three process switches as
shown in this illustration:

| [
@ @ @ QDO DD
+24v - 110 /1 172 113 DC /14 115
Temperature L ooy J fOM | com
= 000000
1 Power
Flow = Run
v\ﬁ 3 Fault
[ Force
Level |:| |:| [ |:|
g T T e 1 e 1 v
L1 L2IN — ypc O0 |ypo” O1 \pc OR ypc OB
@ @ @ D@ /NN /R,
L]
v~ Blue
A
S~ Yellow
N

\
d

Determine the necessary switch actuation statuses (i.e. low versus high process stimulus) to turn the
blue lamp on, given the following program running in the PLC:

|:0 |:0 [:0 o0
| /| | | | /| ()
I/I . I/I \ /

3 0 2 1
1:0 1:0 1:0 oo
| /| | | | /| ()
I/I . [/ | \ /

0 2 3 2

Next, determine the necessary switch actuation statuses (i.e. low versus high process stimulus) to turn
the yellow lamp on, given the same PLC program.
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Question 19

Suppose we have a Koyo “CLICK” PLC connected to three pushbutton switches as shown in this
illustration:

CLICK C0-02DD1-D
Koyo o|c A
@ b ra—
@
@ ps B
PWR [ EUL D | x4 ole
RUN [J g €2
ERR [ STOP rE
QD |v2 C
PORT 1 @|v3 il
™1 [ D |va
RX1 [ g A
ADLV .~
™2 [ @ | ou O
RX2 [ @ | Ap2v N
PORT 2 @ | a2
PORT3 RS-485 7 pea
2+ @ |pA1v
™| g |- @ |DpA1l
RGO | @ | @ [pA2v
@ |pAzi
0 |@ @|24\/

Z—
Z—

24VDC |

Sketch a Ladder Diagram program for this PLC to energize the lamp if the following input conditions
are met:

e Switch A pressed
e Switch B pressed
e Switch C unpressed

Y1
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Question 20

Suppose we have a Koyo “CLICK” PLC connected to three pushbutton switches as shown in this
illustration:

CLICK C0-02DD1-D
Koyo o|c A
@ b ole
@
@ ps B
PWR [ RUN @ | x4 TIT
RUN [J g €2
ERR [ STOP rE
QD |v2 C
PORT 1 @|v3 il
™1 [ D |va
RX1 [ g A
ADLV .~
™2 [ @ | ou O
RX2 [ @ | Ap2v N
PORT 2 @ | a2
PORT3 RS-485 7 pea
2+ @ |pA1v
™| g |- @ |DpA1l
RGO | @ | @ [pA2v
@ |pAzi
0 |@ @|24\/

Z—
Z—

24VDC |

Sketch a Ladder Diagram program for this PLC to energize the lamp if the following input conditions
are met:

e Either switch A or switch B pressed
e Switch C unpressed

Y1l
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Question 21

Suppose we have an Allen-Bradley MicroLogix 1000 PLC and two pressure switches we need to connect
to it:

A\ 2

? 7 QDD DDDDDDDDQD QDD
Cdm NC NO +24v — DC 1/0 1/1 112 113 DC 1/4 1/5
'@ O @ L DCouT ClOM ‘ ClOM
{, } gooooon
TTrip = 25 PS| 1 Power
O R
Pressure A un
[ Fault
1 Force
oo
[ 85204 vac r ‘ r ‘ r ‘ r ‘
r 1 VAC VAC VAC VAC
29 1 N L ypé 00 ype O1 ype OR2 ype Of3
S NE D QDD DDDDDQD QDD

= 1

l | 120 VAC
TTrip - 139 PSI o~
Pressure B AA

Determine the necessary contacts on each pressure switch (NO versus NC) we need to connect to the
PLC inputs in order to make the lamp turn on when pressure A exceeds 25 PSI and pressure B drops below
139 PSI, given the following program running in the PLC:

a0

1:0
| | | /| {
. I/I \ /
2 0
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Question 22

This PLC is being used to start and stop an electric motor, and also to shut it down automatically if
any of three “shutdown” conditions occur:

e Excessive vibration
e Overcurrent (overload heater contact)
e High winding temperature

Power Processor Digital Digital
inputs outputs

Supply —1 Lo xo éo YO
J Mmoo x || @o 1

To motor contactor

120 VAC

Start_‘. Stop_ﬁ N H @o || @o v

L% HQo x3 || Ao vs
e 4 °
)

@O X4
@ Gnd 112

Com
Vibration contact Temperature
contact
2 /V/ 2 Overload %
g I contact @ :L\
J

The status of each shutdown contact is as follows:

e Vibration contact: closed when okay, opens when vibration becomes excessive
e Overload contact: closed when okay, opens when overloaded
e Temperature contact: open when okay, closes when hot

Draw a PLC ladder-logic program to start and stop this motor. Be sure to make the program latching
so that the operator does not have to hold the Start button to keep the motor running.

PLC program
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file 103847

Question 23

The following PL.C program was written to control the operation of a large electric motor-driven pump.
A variety of “permissive” inputs protect the pump from damage under abnormal conditions:

Start Stop Permissive Motor

. /] . (

Motor temperature
Vibration Inlet pressure  Outlet pressure Pump temperature Permissive

/ [

Identify the type of contact (either NO or NC) necessary for each of these electrical switch contacts,
based on the trip condition (either high or low) and how each input is applied in the PLC program:

Start pushbutton = NO or NC?

Stop pushbutton = NO or NC?

High vibration = NO or NC?

Low inlet pressure = NO or NC?

High outlet pressure = NO or NC?
High motor temperature = NO or NC?
High pump temperature = NO or NC?

file 102560

24



Question 24

The following PLC program was written to control the operation of a large electric motor-driven pump.
A variety of “permissive” inputs protect the pump from damage under abnormal conditions, and one
permissive in particular (“valve open”) will only allow the pump to start up if one of the valves in the
piping system is in the full-open position:

Start Valve open Motor

| | | /| (

| /| (s =
Stop Motor

(-

Bearing temp.

Vibration

Motor temp.

Oil pressure

/]

Identify the type of contact (either NO or NC) necessary for each of these electrical switch contacts,
based on the trip condition (either high or low) and how each input is applied in the PLC program:

Start pushbutton = NO or NC?
Throttling valve open limit = NO or NC?
Stop pushbutton = NO or NC?

High bearing temperature = NO or NC?
High vibration = NO or NC?

High motor temperature = NO or NC?
Low oil pressure = NO or NC?
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Question 25

A Koyo CLICK PLC controls the start-up of a gas-fuel furnace, using an event drum instruction. The
purpose of this sequence is to safely “purge” the furnace of any residual fuel gas vapors using fresh air before
attempting to ignite it:

Inputs
e X001 — “Purge start” pushbutton (momentary NO)
e X002 — “Ignition start” pushbutton (momentary NO)
e X003 — “Shutdown” pushbutton (momentary NO)
e X004 — Flame sensor — PLC' input energizes when flame detected

Outputs
e Y001 — Combustion air valve — energizing this PLC output opens the air valve to the furnace
e Y002 — Fuel gas valve — energizing this PLC output opens the fuel gas valve to the furnace
e Y003 — “Purge complete” lamp
e Y004 — Spark ignition coil

Step description

Step 1 — Waiting to purge

Step 2 — Purging combustion chamber
Step 3 — Chamber purged, waiting to start
Step 4 — Furnace running

_Always_ON
SCl Complete
I I __{Drum (EventBase) _Q
Step Event 1 2 3 4
1 X001 O o o d
YOO|2 \|(004|1 >|<00Tf 2 T1 B OO .
_i I I/I I/I Reset | 3 X002 O O m O
T2 4 X003 R O
_i | Output 1=Y001 4=C1
! 2=Y002
X003 3=Y003
_i | New Step
I
Current Step DS1
C1 T1
I I Timer (ON Delay) TlmQ
Current Value Not Retained
sec
Setpoint 480
Current 0

(continued on next page)
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(continued from previous page)

Y001 Y002 Y003 T2
_i/l I/I I I Timer (ON Delay) T2 _(om,m -
Current Value Not Retained
sec
Setpoint 300
Current 0
X002 T3
I I Timer (OFF Delay) T3 —(Outpul )=
Current Value Not Retained
sec
Setpoint 10
Current 0
T3 Y004
| | (
[ \ >7

Analyze this furnace control program, and then explain what each instruction does (including the
practical function of each timer instruction). Also, identify all conditions that will shut down this system
(returning the drum to step 1).

’ Suggestions for Socratic discussion‘

e Why is a purge time so important to the safe operation of a gas fuel furnace?

e Explain the purpose of the NO contact instruction addressed to the bit _Always_ON (SC1).

e Suppose you were helping another technician troubleshoot a burner problem in this furnace, and in the
process of doing so had to start up and shut down the furnace several times. The technician you are
working with gets impatient and tells you to edit the PLC program so that he won’t have to wait so
long for the furnace to re-purge itself every start-up cycle. Which portion of the program controls the
purge time? Would you do what the other technician tells you to do? Why or why not?

e Suppose the programmer writing this program forgot to include the normally-open Y002 contact in
the rung leading to the drum instruction’s reset input. How would this omission affect the program’s
operation?

e Suppose the programmer writing this program forgot to include the normally-closed Y004 contact in
the rung leading to the drum instruction’s reset input. How would this omission affect the program’s
operation?

file i00458
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Answers

Answer 1

Switch statuses:

e Switch A = pressed
e Switch B = released
e Switch C = released

The lamp will be de-energized.

Answer 2

High pressure and low flow and low temperature.

The lamp will be de-energized.

Answer 3

High pressure and low flow and high temperature.

The lamp will be de-energized.

Answer 4

High pressure and high flow and low temperature.

The lamp will be energized.

Answer 5

Low level and low flow and low temperature.

The lamp will be energized.

Answer 6

Low level and high flow and high temperature.

The lamp will be de-energized.

Answer 7
Necessary switch statuses:
e Switch A = released

e Switch B = released
e Switch C = pressed

Answer 8
Necessary switch statuses:
e Switch A = pressed

e Switch B = pressed
e Switch C = released

Answer 9

To energize lamp Z: press switch B, release switch A.

To energize lamp Y: press switch A, release switch B.
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Answer 10
Output Q0.1 will activate to energize lamp Y, but the other output (and lamp) will remain off.

Answer 11

Output Q0.1 will activate to energize lamp Y, but the other output (and lamp) will remain off.

To energize lamp Z, you must release (unpress) both switches.

Answer 12

Contactor coil failed open

Wire connecting contactor coil to 0:0/2 failed open

Wire connecting VAC-VDC terminal to DC COM terminal failed open

Wire connecting input switch “commons” to contactor coil failed open
Output channel 0:0/2 defective on the PLC

24 VDC power supply in the PLC is insufficient to power the contactor’s coil

Answer 13
Green lamp is on, red lamp is off.

Answer 14

Green lamp is off, red lamp is on. The PLC inputs are configured here to sink current.

Answer 15

The blue lamp will be off and the yellow lamp will be on.

Answer 16
Switch A = pressed

Switch B = released

Switch C = pressed

Answer 17

Low temperature and low flow and low level are required to energize the yellow lamp.

High temperature and high flow and high level are required to energize the blue lamp.

Answer 18

High temperature and low flow and high level are required to energize the blue lamp.

Low temperature and high flow and high level are required to energize the yellow lamp.
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Answer 19

X1 X2 X3 Y1l

| | | /| | /| (

[ I/ | I/ | \ >_
Answer 20

X1 X3 Y1l

| /| | /| (

I/ | I/ | \ >_

X2

| |

[
Answer 21

Both pressure switches need their normally-closed (NC) contact terminals connected to the respective
PLC input terminals.
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Answer 22

PLC program

X0 X1 X2 X3 X4 YO
Start Stop Vibration Overload Temp. Motor run
| | | | | | | | /V ()
| | | | I /

YO

Motor run
| |

31




Answer 23

Start pushbutton = NO

Stop pushbutton = NO

High vibration = NC

Low inlet pressure = NO

High outlet pressure = NO
High motor temperature = NC
High pump temperature = NO

A helpful problem-solving technique is to first identify the necessary coloring which will allow the motor
to run (i.e. the condition of all permissives during correct operating conditions):

Start Stop Permissive Motor

] /] ] ()=

Motor temperature
Vibration Inlet pressure  Outlet pressure Pump temperature Permissive

| =/ A/

We know the NO contact instruction labeled “Permissive” in the upper rung needs to be colored if ever
the “Motor” coil instruction is to receive color. This means the entire series string of contact instructions in
the second rung needs to be colored under proper operating conditions.

Once we know this, we may determing the necessary “normal” statuses of all permissive switches in
order to make their corresponding PLC program contact instructions colored. A few examples will be given
here:

High vibration: The PLC contact instruction for this permissive is normally-open, which means that PLC
input must be energized with electricity in order to color that contact instruction. This means the high
vibration switch must be in the closed condition while everything is running as it should (i.e. low vibration),
and open if vibration becomes excessive. A vibration switch that is closed when vibration is below the trip
threshold is a normally-closed (NC) vibration switch.

Low inlet pressure: The PLC contact instruction for this permissive is normally-open, which means that
PLC input must be energized with electricity in order to color that contact instruction. This means the low
inlet pressure switch must be in the closed condition while everything is running as it should (i.e. adequate
inlet pressure), and open if inlet pressure becomes too low. A pressure switch that is open when pressure is
below the trip threshold is a normally-open (NO) pressure switch.

High outlet pressure: The PLC contact instruction for this permissive is normally-closed, which means
that PLC input must be de-energized in order to color that contact instruction. This means the high outlet
pressure switch must be in the open condition while everything is running as it should (i.e. moderate outlet
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pressure), and close if outlet pressure becomes excessive. A pressure switch that is open when pressure is
below the trip threshold is a normally-open (INO) pressure switch.

33



Answer 24

Start pushbutton = NO
Throttling valve open limit = NC
Stop pushbutton = NO

High bearing temperature = NO
High vibration = NC

High motor temperature = NO
Low oil pressure = NO

A helpful problem-solving technique is to first identify the necessary coloring which will allow the motor
to start up and keep running (i.e. the condition of all permissives during correct operating conditions):

Start Valve open Motor

| | | /| (

| /| (s
Stop Motor

(v )

Bearing temp.

Vibration

Motor temp.

Oil pressure

/]

Since the motor is controlled by retentive coil instructions (“Set” and “Reset”), we know all the
permissive contacts on the Reset rung must be uncolored in order for the motor to run. The normally-
closed “Valve open” instruction must be colored in order to allow the Start input to latch the Set coil and
start the motor.

Once we know this, we may determing the necessary “normal” statuses of all permissive switches in
order to make their corresponding PLC program contact instructions colored. A few examples will be given
here:

“Valve open” limit switch: The PLC contact instruction for this permissive is normally-closed, which
means that PLC input must be de-energized in order to color that contact instruction. This means the limit
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switch must be in the open condition when the valve mechanism moves into the switch’s sensing range (in
the fully-open position), and close when the valve mechanism moves away from the switch. A limit switch
that is closed with nothing near it is a normally-closed (NC) limit switch.

Low oil pressure: The PLC contact instruction for this permissive is normally-closed, which means that
PLC input must be energized with electricity in order to maintain that contact instruction in an uncolored
state. This means the low oil pressure switch must be in the closed condition while everything is running
as it should (i.e. adequate oil pressure), and open if oil pressure becomes too low. A pressure switch that is
open when pressure is below the trip threshold is a normally-open (NO) pressure switch.

High bearing temperature: The PLC contact instruction for this permissive is normally-open, which
means that PLC input must be de-energized in order to maintain that contact instruction in an uncolored
state. This means the high bearing temperature switch must be in the open condition while everything
is running as it should (i.e. low bearing temperature), and close if temperature becomes excessive. A
temperature switch that is open when temperature is below the trip threshold is a normally-open (NO)
temperature switch.

Answer 25
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