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Greetings ...

This edition of our Email PLC Quiz contains questions which are sonewhat
Beyond Begi nner and coul d prove chal |l engi ng even for sonme technicians who
have consi derabl e PLC experience. As always, the prinary objective of the
quiz is to cover useful skills for technicians who troubl eshoot systens
controlled by Allen-Bradl ey PLCs.

PLEASE NOTE: If you would rather not receive nore Email PLC Quizzes |ike
this one, just reply to this email with the word “renove” in the subject
line. On the other hand, if you know soneone who nmight find this type of
i nformati on useful, please feel free to forward this email to them

| MPORTANT: Due to size and bandwi dth considerations, this edition of the
PLC Quiz is being sent as an email attachnent. If you have troubl e opening
the attachnent, you may downl oad the entire file (in an easy to print PDF
format) from our website at www ronbeaufort.com- look in the “Sanple
Lessons” section. Answers to the quiz are also available in the sane
section as a separate file. Absolutely no registration or visitor
information is ever required for access to our website.

Also, if you d like to discuss the information contained in any of our
qui zzes, please feel free to contact us. We'll be glad to answer any
guestions that you m ght have.

Pl ease keep in mind that this material is intended only for use with the
PLC-5, the SLC-500, and the Control Logix famlies of Alen-Bradley PLC
processors. You should also keep in mnd that there may be certain

i mportant differences in operation between these three processor fanmlies.
For exanple, information pertaining to a PLG-5 system m ght not be
directly applicable to the SLC-500 or to the Control Logi x platforms. In
sinple terns, all Allen-Bradl ey processors do NOT function in exactly the
same way.

LEGAL DI SCLAI MER: This material is provided “as is” with no warranty of
any kind. Specifically, we do not assune responsibility or liability for
any actual use of this material in an industrial setting and shall be held
harm ess with respect to any information presented herein. In all cases,
consult all applicable codes, regulations, and standards — and your |oca
pl ant engineering staff - before applying any control strategy.

We'd also like to say “thank you” to all of you who have contacted us and
asked for future editions of our PLC Quizzes — and who have reconmended
your friends and associates to be added to our emmil list. Based on all of
the coments we've received so far, it seenms that we're neeting our goa

of making our quizzes: (1) entertaining, (2) thought provoking, and (3)
educational. W’ ve also been pleased to hear about the “spirited” debates
over our previous editions that have taken place around the nmintenance
shops. W'd like to say a special “thank you” for all of your excellent
suggestions for topics to be covered in our future editions. W'l
definitely try to get around to those in the nonths ahead.

Good luck on the quiz ...
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| Beyond Begi nner Quiz #215 — Part 1 - “Toggling” Bits
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Figure 1 — Wring for Beyond Begi nner Quiz #215

Figure 1 shows the wiring for a sinple control systemwith two field

out put devices: a PUW’ and a HORN. There are also two field input devices.
The nonentary START_BUTTON is wired for nornally-open operation. The
nonentary STOP_BUTTON is wired for normally-cl osed operation. Al of the
wiring and field devices are in good condition. Specifically, there are no
burned-out coils, broken wires, bad sw tches, etc.

The intended operation of the systemis that an operator can start the
PUVP by nonentarily pressing the START BUTTON. The operator can stop the
PUVMP by nonentarily pressing the STOP_BUTTON. Whenever the PUWP is

runni ng, the HORN should sound. The system has been working as intended
for a very long tine.
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Figure 2 — Ladder Logic and the Input Data Table

Note that Figure 2 shows the entire | adder |ogic program and al so part of
the processor’s Input Data Table. The rungs in this file are being
properly scanned as in a nornal sinple program

VWil e taking the quiz, be sure to read each question and answer carefully
— and then pick the BEST answer which MOST LIKELY answers the question
And be sure to pay particular attention to the specific Al en-Bradl ey

pl atform (PLC-5, SLC-500, or Control Logi x) invol ved.

Actually the sonmetinmes “surprising” differences in operation between the
three najor platforns are the nain reason that we've classified this
particul ar quiz at the “beyond begi nner” level. Even “Top Gun” students
with several years of experience often arrive at our PLC Boot Canp cl asses
with serious msconceptions about how these different platfornms handle the
sanme basic functions such as “Toggling Bits” and “Forcing” inputs and

out puts. These inconsistencies in operation can make it quite challenging
whenever a technician has to switch fromone platformto another while

t roubl eshoot i ng.
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Sone of the “screen shot” figures used in the quiz will be taken from
various RSLogi x software packages. Naturally there may be sone m nor
differences in how the rungs and the data tables are displayed fromone
package to another. In spite of that, the actual structure of the rungs
will always be identical whether we' re discussing the PLC-5, the SLC 500,
or the Control Logi x platform You should have no trouble interpreting the
pi ctures regardl ess of which software package was used in producing them

One nore note about the Control Logi x systemis in order. The hardware
configuration for our test uses the default setting of 10.0 milliseconds
for the RPI (Requested Packet Interval) for both the input and the out put
nodul es.

Since this quiz focuses on the “Toggle Bit” operation, let’s define what
the term*“Toggle Bit” actually nmeans before we get started.

First of all, a “bit” is a “box” in the PLC processor’s nmenory — and this
“bit/box” can hold either a ONE or a ZERO

Second, when we toggle a bit, we sinply change its status. Specifically,
suppose that we toggle a bit which contains a ONE. After the toggle, the
bit will contain a ZERO. And vice versa. Suppose that we toggle a bit

whi ch contains a ZERO. After the toggle, the bit will contain a ONE

That seens sinmple enough, now let’s see how you do on the quiz. Take your
time — and stay alert. Notice that nost of the toggle and force operations
are associated with the PUW — but nost of the questions pertain to the
operation of the HORN. This is not an attenpt to trick you — but you'l
definitely need to pay close attention to make sure that you' re answering
the specific question that is being asked.
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Begin with the conditions shown in Figures 1 and 2. The Punp device in the
field is currently OFF. The Horn device in the field is currently OFF.

Suppose that we right-click and performa “Toggle Bit” operation at
Position B. Notice that Position Bis an OTE to control the Punp. Choose
t he BEST answer which MOST LI KELY descri bes the operation of the Horn.

Question 1 — for a PLCG-5 system

Answer 1A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 1B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON

Answer 1C — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will turn ON.

Answer 1D - The Horn probably will NOT sound continuously. Later if
the Start Button is pressed, the Horn will stay OFF.

Question 2 — for an SLC-500 system

Answer 2A - The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 2B - The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON.

Answer 2C — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will turn ON.

Answer 2D — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will stay OFF.

Question 3 — for a Control Logi X system

Answer 3A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 3B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON

Answer 3C — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will turn ON.

Answer 3D — The Horn probably will NOT sound continuously. Later if
the Start Button is pressed, the Horn will stay OFF.
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Begin with the conditions shown in Figures 1 and 2. The Punp device in the
field is currently OFF. The Horn device in the field is currently OFF.

Suppose that we right-click and performa “Toggle Bit” operation at
Position J. Notice that Position J is the bit on the Input Data Table for
the Punp’s Start_Button. Choose the BEST answer which MOST LIKELY

descri bes the operation of the Horn.

Question 4 — for a PLG5 system

Answer 4A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 4B — The Horn probably WLL sound continuously. Later if the
Stop Button is pressed, the Horn will stay ON.

Answer 4C — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will turn ON

Answer 4D — The Horn probably will NOT sound continuously. Later if
the Start Button is pressed, the Horn will stay OFF.

Question 5 — for an SLC-500 system

Answer 5A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 5B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON

Answer 5C — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will turn ON.

Answer 5D — The Horn probably will NOT sound continuously. Later if
the Start Button is pressed, the Horn will stay OFF.

Question 6 — for a Control Logi x system

Answer 6A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 6B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON

Answer 6C — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will turn ON.

Answer 6D — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will stay OFF.
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Begi n
field

with the conditions shown in Figures 1 and 2. The Punp device in the
is currently OFF. The Horn device in the field is currently OFF.

Suppose that we right-click and performa “Toggle Bit” operation at

Position H Notice that Position His an XIC for the Punp’s Start_Button.
Choose t he BEST answer which MOST LIKELY describes the operation of the
Hor n.
Question 7 — for a PLG5 system
Answer 7A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.
Answer 7B — The Horn probably WLL sound continuously. Later if the
Stop Button is pressed, the Horn will stay ON.
Answer 7C — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will turn ON.
Answer 7D — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will stay OFF.
Question 8 — for an SLC-500 system
Answer 8A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.
Answer 8B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON
Answer 8C — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will turn ON.
Answer 8D — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will stay OFF.
Question 9 — for a Control Logi x system

Answer 9A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 9B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON

Answer 9C — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will turn ON

Answer 9D — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will stay OFF.
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Beyond Begi nner Quiz #215 — Part 2 - “Toggling” Bits with “Forces”
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Figure 3 — Ladder Logic with Forces Applied and Enabl ed

The screen shot for Figure 3 is taken from Version 15 of RSLogi x5000 for a
Control Logi x system The |adder |ogic rungs follow exactly the same
pattern as the PLC/ SLC systemthat we used in Figure 2. Notice that forces
have now been applied (and enabled) to sone of the inputs and outputs.

Many (actually nost) technicians becone thoroughly confused whenever the
“Toggle Bit” operation is perforned while forces are installed. The
guesti on qui ckly becones: “Which is nore powerful — the toggle or the
force?” As you mght suspect, there is no “one size fits all” answer for

what seens to be such a sinple question

Good luck on the rest of the quiz.
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Begi n

with the conditions shown in Figures 1 and 3. Notice that forces

have been applied — and these forces are enabl ed. The Punp device in the

field

is currently OFF. The Horn device in the field is currently OFF.

Suppose that we right-click and performa “Toggle Bit” operation at

Posi ti

on B. Notice that Position Bis an OTE to control the Punp. Choose

t he BEST answer which MOST LIKELY describes the operation of the Horn.

Questi

Questi

Questi

on 10 — for a PLC-5 system

Answer 10A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 10B — The Horn probably WLL sound continuously. Later if the
Stop Button is pressed, the Horn will stay ON.

Answer 10C — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will turn ON

Answer 10D — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will stay OFF.

on 11 — for an SLC-500 system

Answer 11A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 11B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON

Answer 11C — The Horn probably will NOT sound continuously. Later if
the Start Button is pressed, the Horn will turn ON.

Answer 11D — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will stay OFF.

on 12 — for a Control Logi X system

Answer 12A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 12B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON

Answer 12C — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will turn ON.

Answer 12D — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will stay OFF.
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Begi n

with the conditions shown in Figures 1 and 3. Notice that forces

have been applied — and these forces are enabl ed. The Punp device in the

field

is currently OFF. The Horn device in the field is currently OFF.

Suppose that we right-click and performa “Toggle Bit” operation at

Posi ti

on D. Notice that Position Dis an XIC for the Punp which is |ocated

in the control rung for the Horn. Choose the BEST answer which MOST LI KELY

descri

bes the operation of the Horn.

Questi

Questi

Questi

on 13 — for a PLG-5 system

Answer 13A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 13B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON.

Answer 13C — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will turn ON.

Answer 13D — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will stay OFF.

on 14 — for an SLC-500 system

Answer 14A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 14B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON

Answer 14C — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will turn ON.

Answer 14D — The Horn probably wi Il NOT sound continuously. Later if
the Start Button is pressed, the Horn will stay OFF.

on 15 — for a Control Logi x system

Answer 15A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 15B — The Horn probably WLL sound continuously. Later if the
Stop _Button is pressed, the Horn will stay ON.

Answer 15C — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will turn ON

Answer 15D — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will stay OFF.
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Begi n

with the conditions shown in Figures 1 and 3. Notice that forces

have been applied — and these forces are enabl ed. The Punp device in the

field

is currently OFF. The Horn device in the field is currently OFF.

Suppose that we right-click and performa “Toggle Bit” operation at

Position H Notice that Position His an XIC for the Punp’s Start_Button.
Choose the BEST answer which MOST LI KELY describes the operation of the
Hor n.
Question 16 — for a PLC-5 system
Answer 16A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.
Answer 16B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON.
Answer 16C — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will turn ON.
Answer 16D — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will stay OFF.
Question 17 — for an SLC-500 system
Answer 17A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.
Answer 17B — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will stay ON
Answer 17C — The Horn probably will NOT sound continuously. Later if
the Start _Button is pressed, the Horn will turn ON.
Answer 17D — The Horn probably wi Il NOT sound continuously. Later if
the Start Button is pressed, the Horn will stay OFF.
Question 18 — for a Control Logi x system

Answer 18A — The Horn probably WLL sound continuously. Later if the
Stop_Button is pressed, the Horn will turn OFF.

Answer 18B — The Horn probably WLL sound continuously. Later if the
Stop _Button is pressed, the Horn will stay ON.

Answer 18C — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will turn ON

Answer 18D — The Horn probably will NOT sound continuously. Later if
the Start_Button is pressed, the Horn will stay OFF.
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