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Auxiliary Commands
and Functions

OUTLINE
f=1 Introduction & 6-2 MONITOR Mode Funclions 0 6=-3 FORCE Mode Functions
O 6-4 PRINT Functions

OBJECTIVES
At the end ofthis chapter, you will be able 10
0 Explain how the MONITOR mode may be called up and used for ladder diagram

analysis.
o Explain how the' FORCE mode is used for PLC program testi. , and analysis.
O List the safety precautions required when using the FORCE mode.
o Explain how the PRINT mode is used to print out ladder diagrams.
B List and explain the other major tvpes of PLC PRINT capabilities.
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INTRODUCTION )
Three important PLC functions deserve a separate chapfer to cover their usef
ness: the MONITOR maode, the FORCE/QOVERRIDE function, and the vario
PRINT capabilities. '

After a circuil is programmnied into a PLC, its operatjon may be watched o
screen in the MONITOR mode. The current flow fromjleft 1o right as contag
opert and close’is indicated by & brightening of the screéen pattern. Funetions su

‘as coils and timers also light up when they become energized. Other types a

models of PLCs show the current flow by flashing lines a}ld functions. Still othe
use a dotted pattern system. This chapter discusses the use of the MONITC
mode.

The second function to-be covered in this chapter is;thc FORCE function.’
some cases, this function may be looked upon as an ovefride control. T. use t
FORCE function, first call up.the contact. coil. or functioh to be controlled. Ne
the cursor is moved to the function to be controlled. Then. the FORCE functi
key is depressed, Then. using the keyboard keys, the :I‘unc:lion under FORC
control may be turned on and off. The keyboard then overrides the status of 1
input from the outside system.

The third function to be discussed is the use of printouts to record inform
tion regarding a circuit and the status of the circuit parts. The most comme
printout is that of the ladder disgram. Other printouts are availuble on many oth
PLC models. These are for repisters. timed status information, and other PL
cyuipment sbidus, -

MONITOR MODE FUNCTIONS

The MONITOR mode for ladder dingram operation is indicated on the screen |
various wifys. [t may be indicated by u brightening of the'pattern where voltage
passed through. In other cases it is indicaled by the pattern changing to a dolle
ling or to a flashing effect. A Lkrge monitor that shows complete ladder ling
normally uses the brightnesy enhancement effect. Smaller monitors showing
purtion of i line use the otherindiciting systems. Figure 6~ illustrates brightnes

cenhuncement for a standard, three-wire. motor-control. single-line ladder diz

eram. The figure shows the screen as the two inpuls (stop and start) are energize
and de-energized. The patern changes altow us to wartch the circuit operation,

The MONITOR function is especially useful for analyzing a large number o
ladder lines, The MONITOR mode ussists the operator in troubleshooting a larg
system tha s madfunetoniag, I some PLC models the screen is in MONITOS
modew hepever itis i the ERIT mode i other PLCS the MONITOR mode mis
be called up separateh

Ohen Sy steny charmaeteristies may be monitored in addition 1o the Lddd
digrpnt. These mclinde register statis ivaluedoas well usandividual coil amd o
et <tatus. Grher moniorable system parametees melude a fisting of the toreel
functions, which wre discussed next. Some advzineed PLC sestems can iso Il
the actual medfunctioning ootput desiées for fist anilvsis.
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Figure 6-2 shows how the statux of four holding registers would be shown.
This figure shows the register vaiues in binary:.many PPLCy give vou i choiee of
which pumbering system you want used for the printobt: binary, decimal, hex.
octal, or ASCil -

In most PLC svstems. you may call upr individual coils, contacts. or hatn on
the serevn. For example. if vou are loaking at or in the vivinity o tine 32, vou iy
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wish 1o see what is happening Lo an input contact on line 6. which is ofT the screer
Contacts and coils from line 6 can be inscried in a blank space by themselves an
ohservied for on-off stitus. Figure 6-3 shows how these individval contacts migh
appear on @ sereen wlong with other PLE information, such as the ladder diagram

FORCE MODE FUNCTIONS

Miy PLCs have the capability wo carny out & FORCE function. The funcion i
essentiplly an override cantrol thul enabics the aperutor or programmer (o operit,
the cuciit from the program keyvboard, The FORCE mode is useful bat must b
used with utmest caution in gonjunction with a working process.. Misuse o
FORCE cou' ! lead to cquipment damage and operator injury. FORCE is a
override function. When turned on, ii can’lead to feeding the process progran
with incorrect iglormation. I, for example. you were 10 force a safety interlocl
closed when the interlock is open. unisate operation would result. It is best ta s
FORCE only for process malfusction troublestiooting. and then with great cuu
tion, Ttis. of course. useful for prerunning the process in the office 1o see how i
waorks before-hooking up to the actuul process,

The FORCE procedure is norntally carricd cut in the MONITOR mode.
liest. place the eursor over the contict..coil. or fiunction you wish to force. Thern
carcy aut the specific keybourd procedures for farcing. Turning FORCE or
changes the status of the contact ar coif under the-cursor, If it is a normally open
contact. it will close fturn ond. 3t is o normallye closed contict. it will open (turn
offi, 1 vou forve S goft or Tuncton, i1 wilt o vn when foiced, regardless ol
external cenumnands in effeet,

Irpamrost ciases. oreime any contaet of o relay . CRL will ternthe retav ¢oil on,
s wartl ds forcing all other contacts of that CR number, An example of a display
showing a FORCL procedure is shiowil i figure 6-3. 1o rensove the FORCE

: function. turn it off and then press the Clear key.
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Force Procedure

The individual coils or contacts that are forced on may be left in the forced
state permanently by entering them—usually by pressing Return. This perma-
nent-entry procedure must be done carefully so as not to introduce a permanent
unwanted change in an operational sequence.

There are certain limitations of the FORCE mode. Not a!l functions reac!
like coils and contacts when forced. For coils and contacts. forcing a contact -
causes ils cdil and all of its other ¢ontacts to be forced at the same time. Many
other functions work in the same manner, but not all. It is necessary to review the
operating pracedures of a particular PLC to see how each function responds to the

FORCE command.

For example, in some PLCs, forcing the MASTER CONTROL RELAY
(MCR) funccion does not have the same effect as officially turning the MCR
function on through its: normal operating ladder program. Forcing the MCR coil
does not affect us function but does turn on its associated contacts.

The same spccual consideration can apply to the SKIP and DRI/SE-
QUENCER functions. See your operating manual for individual FORCE function

operational characteristics.
If un intustrial process is in operation. it shviously would be undesiruble 10

. insertinto it periodic false signals by hooking up i Keyboard to the CPU control-
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ling the process and forcing in the fulse input signals. Not only would thix be
dungerous 1o equipment. somcone could be injured. Do pol use the FORCE
function on an operating system unless all personnel in thelarca have been noti-
ficd. It is best not to use it #1 all on an operating system, Iﬁml its use ta simuli-

tions. if a1 all possible.

PRINT FUNCTIONS

Ladder diugrams on a screen cover from one 1o four or five rungs, depending on

*the PLC medel. If the entire operational circuit has twenty or more rungs. for

example. you may wish o see the entire circuit at once. If the PLC you are using
has a PRINT mode system. the whole ladder diagram can be _rinted out continu-
ously on a conventional compuler printer.

There are, of zourse, other réasons you might want a ladder printout. You
-might need a pcrmanent written record, for instance. Also. in education and
training. 4 printoul is a wrilien record of laboratory achievement (under proper
mmrol»]

/One helpful extra feature of many ladder printouts is that each rung miy- be
primcd with & crosy-refercnce system. These cross references are similar to the
conventional ones used in standard ladder diagrams. Each ladder line with a coil
or function is assigned a conscculive number. Then, on ¢ach line, a listing is
printed of the other lines in which contucts from that line's coil or function occur.

Figure 63 is an illustration of 4 PLC ladder printout. The cross-reference
system is included as numbers r_clcn.ncm_g other sections, :

Other tvpical PRINT mode capabilitics include register status, FORCE
meode status, iming diagrams. input status, oulput status, and a listing of malfunc-
tioning output devices. This section discusses only register status, FORCE modc
status. and timing diagrams.

A register Stalus printoul.is shown in figure 6-6. A user-friendly scicen
program lets vou choose 10 have the status of the register. consecutive regisiers.
or 4 number of nonconsecutive registers printed. In most cases, you may choose
whal numbering system you wan! the printout to display: binary, hex. octal.
decimal, ASCIL or others. depending on your PLC model. The printout may be in
hard copy form from the printer. or it may be printed on the monitor screen.

The s1atus of any forced functions may also:be printed out. If you have
forgotten what forced contacts or funclions remain in the ladder diagram. 2
FORCE lisung printout will display them. If there are no forced contacts or coils,
none will print out: otherwise. those in effecy in the circuit will be printed out.
Like the register status, the FORCE functian halmg may be put on a printer o
printed on the screen.

Timing diagrams are availuble on many PLC printouts. In most. vou first
choose the time interval you wish 1o use, from tenths of a4 second to minutes.
Next. you choose the item or items to be observed, such as‘registers or coils und
contacts. The number of items viewed is limited by the PLC’s program and printer
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FIGURE 6-%
Ladder Diagram Printout
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{In Binary) (In Decimal)
FIGURE 66
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FIGURE 6-7
Register Timing Printout

.

FIGURE 6-8
Contact Timmg Printoul

FIGURE 6-9
Exception Timing Printout
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column width. Figure 6-7 illustrides the printouts for two u.bi\u.ra being timed.
Figure 6=8 shows five conticts feach with the same number as ity coil) being
tmed. Both figures shown use a fixed. selected interval, ,

An alternative o lixed-time intervals is available, Exception time saves
paper and the time thit would be spent poring through a lot of data, Exceplion
timing prints oul only when one of the items bemg monitored changes status,
Figure 6-9 shows how exeeption fime works for the same registers and contacls
shown in figures 6-7 and 68, The time of the status change is shown on !hc left of

the printout.
Timing in inte vals and by exception can be shown on the screen or printed

on @ printer.

FXERCISES

Obtain the operationu! manuals,;i'm one or more PLCs and review the operational proce-

dures for MONITOR. FORCE. and PRINT. Answer the following questions:

1. Explain how the MONITOR function is made operational. how it works, and what data
and functions nury be observed.

2. Repeat exergise | for the FORCE function,

3. For the FORCE funetion. list how the force procedure affects each of the operallonal
{unctions of the PLC. starting with contacts and coils,

1. Repear exercise | for the PRINT tunetion.



Creating Ladder Diagrams
from Process-Control
Descriptions

OUTLINE
7<1 Introduction & 7=2 Ladder Diagrams and Sequence Listings 0 7-3 Large-Proce
Ladder Diggram Construgtion

OBJECTIVES

AT the end of this chapter. you will be able to

L Create basic fadder dingrams from u sequence of operational steps.

2 List the mujor stepsin creating a PLC progrim for an indusirial situation.
I Describe the content of each of these sieps.
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CREATING LLADDER DIAGRAMS FROM PROCESS-CONTROL DESCRIPTIONS

7-1

7-2

INTRODUCTION

Planning without action 15 4 waste of time and money, and-action without planning
ereates chuos, The purpose of this chapter is 10 outline some of the planning
needed to create pood, workable, safe PLC programs—without chaos. .

You may want to omit this chapter for now if you work with preprogrammed
PLC programs. You should include this chapter if you have to create your own
programs, modify programs. or if you doubt the validity of the program you have.

This chapter 1s written in relay logic, The principles are readily converted to
PLC programs, as was covered in chapter 5 for coils and contacts.

LADDER DIAGRAMS AND SEQUENCE LISTINGS

Ladder diagrams are the most commonly used diagrams for nonelectronic control
circuits, They are sometimes called elementary diagrams or line diagrams. Some-
times they are considered a subtype of schematic diagrams. The term ladder
diugrams is used in this text. Why are these diagrams called iadder diagrams?
They look like a fadder in a way. You start at the top of the ladder and gencrally
work your way down.

Twao types of ladder diagrams are used in control systems: the control ladder

diagram and the power ladder diagram, This section concentrates on con-

trol ladder diagrams. with only a fundamental éxplanation of the power ladder
diagram. _ - .
Figure 7-1 shows two basic control ladder diagrams. The first one, A. is for a
single switch that turns a relay output, CRy, on and off. The second, B, is a single-
function diagram with parallel lines for control and parallel lines for output. Either
or both of two switches turn the output and a pilot light on.

FIGURE 7-1 _ » L
Basic Control Ludder Diagrams '
CRy

J(} d Output

Al
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1
b Ouipin
Bl
.f by
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FIGURE 7-2

~ The control ladder diagram of figure 7-2 has two active functional lines,
Some of the coramon practices for the format of control ladder dzagrams are
illustrated by th s figure, Those practices are as follows:

o_All coils, pllol lights, and outputs are on the right.

0

a

o

8.8 Bk

An input line can feed more than one output. If it does, the outputs are
connected in parallel.

Switches, contacts, and so on are inserted in the ladder line starting on the
left.

Switches, contacts, and so on may be multiple contacts in series, parallcl
or series parallel.

Lines are numbered consecutively downward on the [eft.

Every connection nodeé is given a unique identification number.

Qutputs can be identified by function on the right, in notes.

A cross-identification system may be included on the right. The contacts

-associated with the line's coil or output are identified by line location. In

figure 7=2 the 3 to the right of line 1 indicates that a normally open contact

. of relay CR; (the coil on line 1) is located on line 3. For a normally closed

contact, the number would have an asterisk (*) next to it or a bar over it.
Figure 7-5 uses the same system ontwo different lines.

Relay contacts are identified by the relay coil number plus a consecutive
sequence number. For example, we have included contact CRy-1. If other
relay CR; contacts were used, the next woula be CR3-2, and so on.

The control ladder diagram in figure 7-2 has an operaling sequence as follows:

Straight-Through Sequence
All switches are open to start; both coils are off.
Close SW,, SW;, or both; CR; is energized.
On line 3, CRy=1 closes, enabling line 3 (CRg is still off).
Closing SW; energizes CRy and pilot light PL,.
Opening both SW, and SW; turns everything off.

: L sw, CRy La
Two-Function Control Ladder Line 0/ 10 /
e 1 Oo— 3 Output 1
; - sW,
2 0—/0—-—-——
CRy=1: CRy
3 0—“———0/ ‘;—O—a Output 2
N By,
=
P s
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Alternative Possible Sequence

Initially turning on SW;j causes nothing to energize.
Opening SW; when everything is on would turn off CRy and PL, only.
(Other sequence possibilities exist.)

Figure 7-3 is an incorrect ladder diagram that contains the same compon
used in figure 7-2, Will this circuit work? No. First of all, if power could g¢
point 13, the outputs would not work. Each’ wou_ld have 1/3 control voltage ac
it. Relays would not pull in, and the light would glow dimly or not at all. Bu
outputs will never go on anyway. If all switches are closed, no power gets thre
contact CRs—1. 1t cannot close until CR; is energized, which is impossible.

.. |
FIGURE 7-3 : Ls
Incorrect Control Ladder Dia-

‘. gram for Figure 7-_-2 tT v : : :

The operation of the power ladder diagram in figure 7-4 is straightforw:
When the power contactor coil is energized, the power contacts close and po
is applied to the motor or the load device. Note that the power ladder diag
wiring is shown by thicker lines, to differentiate its wire from control circuit lir

-
|

FIGURE 7-4 Power to control diagram
Power Ladder Diagram -
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il

L,

ety

Lz

p—

Additional sequence requirements may call for the construction of additio
control ladder lines. The following functional modifications can be added to
ladder diagram of figure 7-2.

SW, must be on for CR; to go on.
CRy must be off for CRs to go on.
CRu.is turned on by CR;. CRy, and SW,.
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The extended ladder diagram is shown in figure 7-5. Note that there is a
dotted line between the two SWjy contacts. The dotted line indicates a common
single switch with two contacts. (If SW; were on the left, only one contact would

be needed to run hnes 3, 4, and 5.)

Line
SW,

CR,

I".'

. SW .
1 P h :
1 ib—O/G ~ O/C O\ﬂ X, 5 Outpur |

SW, :
i)
CR,-1 SW1 o3 3
12 5
3 =" —— ! e . 5% Oupun 2
: s PL|/
:
i : >, <
I

CR+-2 CRy

CR,

Ourpur 3

| sw
& ” 14 o~ 15” 16( ) |
i :

FIGURE 7-3
Extended Control Ladder Diagram for Figure 7-2

An added sequence of operation can be determined from an added ladder
line. Such an added ladder line is shown in figure 7—6, The added sequence based
on this additional line would be as follows: CR; or CRy or both, plus L&;; and CRy,
turn on relay output CR.

L

4
CR,-3

17

g wieay

CR,-2

FIGURE 7-6

'J»_—.”___j

LS;;/.

18 19
o I P Oultpur 4

CRy-!

CRyy

Added Line for Control Ladder Diagram of Figure 7--5

L

4

Note: References
on right of Figure
7-5 lines must be
revised to include
components on
lines 6 and 7.
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7-3  LARGE-PROCESS LADDER DIAGRAM CONSTRUCTION

Some of the steps in planning a program fora large process are

Define the process 1o be controlled.

Make a sketch of the process operation,

Create a written step sequence listing for the process.

Add sensors on the sketch as needed 10 carry out the control sequence,

Add manual controls as needed for process sctup or Operauonal check-

ing.

6. Consider the safety of the operating personnel and make additions and
adjustments as needed. ”

7. Add master stop switches as required for safe shutdown.

8. Create the'ladder logic dmgram that will be used as a bas:s for the PLC
progrant. '

9. Consider the ““what if's'" where the process sequence may go astray.

B

Some other steps needed in program planning that we will not cover ar¢
troubleshooting of process malfunctions, parts list of sensors, relays, and so on,
‘and wiring diagrams, mcludmg terminals, conduit runs, and s0 on.

To iilustrate the nine steps of the planning sequence, we use a fundamental
industrial control problem. We then go through the creative process to illustrate
each of the steps of the planning process.

Step 1

Define the problem.

We wish lorset up a System forspray-painting paits. A part is to be placed on
a mandrel When the partis in place, the mandrel automatically raises the part jnto
a hood. After the: part rises and is in the hood, it is to have spray paint'applied for a
peripd of six seconds. At the end of the six seconds; the mandre] returns to the
original position. The painted part is then removed from the mandrel by hand. (We
assume for our illustration that the part dries very. quickly.)

Jdep 2
Make a sketch of the process (figure 7-7).

Step 3

List the sequence of operational steps in as much detail as ppssible. The sequence
steps should be double or triple spaced so that uny omitted steps discovered later
may be added, The following is a step scquence [or this process:

1. Turn on puint pump and pnéumatic aic supply.
2. Turn system on. This requires ¢xira pushbutlons separate from system
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Spray Paint Hood

| PainrRaservoir,
and Pump

Pant Placed I Imo Hood
Here— .

Pneumatic Valva to Raise Part by Cy!rnder
Spring Returns Down whien Off

FIGURE 7-7
Sketch of the Spray Process System

Ted

Put part on mandrel. Sensor indicates part in place.

4. Push the system start button or buttons. Having to push two buttons
(with-both hands) reduces the possibility of the operator's hands being
injured by the rising mandrel.

5. The mandrel is raised by a pneumatic cylinder energized by the opening
of an electrically actuated ‘air valye, The mandrel will return down by
gravity and downward sprmg action when the valve is reopened. Note
that when the mandrel rises, the part in the place sensor at the bottom
becomes ‘de-energized.

6. 'When the part reaches the'top, it 'is held against a stop by the air pres-

sure! A sensor indicates the part has reached the ‘top.

A timer starts and runs for six seconds.

During the timing pericd of six seconds, paint is applwd by the sprayer.

At the end of the six seconds, painting stops and the part | wers.

The up sensor is de-energized when the part leaves the top.

The part arrives at the bottom, re-energizing the part in the place sensor,

(We assume that the part in the place sensor did not rise with the man-

drel;)

12. The part is removed from the mandrel,

I3. The system is reset so that we may start at step 3 again,

r--'f—'"ro.m:-d

Step 4 ;

Add sensors as reqmrcd Once we hst the sequence, we find that sensors are
needed in the machine to indicate process status. We need a sensor (LSP) to show
4hat the part has been placed on the mandrel initially. We also need a sensor
(LSU) to indicate when the mandrel is fully extended upward. Among other
possible sensors that a process such as this might need is one to make sure the
paint sprayer has paint and one to make sure the inserter's hand is out of the way.
Depending on the process and the detail af control, there could, he other sensoss
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LSuU
Limit switch or LSP
other sensor thal Limit switctl or other sensor that
indicates when the e indical s In place.
mandrel is fully up ol Pl
Control|  Stant 1 [g]swt
SianE R:f::v Stop Stop
Stop [Q Timer Two RUN pushbution
Cabinel stations for hand salety,

~——Systern Start and Stop

FIGURE 7-8 X
Sensor, Enclosures, and Pushbutton Locations

required, as well. Figure 7-8 includes the two basic sensors, LSP and LSU, ar
their locations. The figure also shows Lhe enclosures needed, along with th
locations of start and stop buttons.

Step 5
Add manual contrals as needed: We may need a manual pushbutton to raise-th
mandrel to the top for setup purposes! The manual up position is needed when w

sel the spray-gun pressure for optimum paint coverage. We include pushbutton u
(PBU) on our ladder diagram to accomplish this manual control.

Step 6
Consider the safety of the machine operator, One basic way to keep hands out of

process is to have two start buttons. Then both hands must be away from the wor

to depress both buttons (which works until the operator figures out how to use on
knee and one hand). Other considerations, which we do not cover in detail here

might be operating a fan to disperse fumes during spraying, or perhaps a photoce
proximity-personnel-system-stop device.

Step 7

Add master stop switches as neede | for operator safety. This may seem to be pa
of step six because both steps deal wvith operator safety. It is a continuation of th
safety issue, but emergency stop switches are so important that they need speci:
consideration as an additional step.

Step 8

Create the ladder logic diagram. The diagram created is to include the steps an
considerations of the first seven steps. This is shown in figure 7-9 for our sprayin
example.
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Step L1

Emergency :
Number 3;09 L;m Rr! Function
1,2 B
Master Right  _eft
3,4 Stop  Stop Swop 1 B. C System
I Master Relay
Seal
Part on Mandrel Right Left
CR1-2 LSP (St _Start
5 —— | f— o0 O0———a 0—-—1 C D,E,G Up Relay
Enable
CR2-1 CR3-1
: D Seal (CR2-1)
Shutotf (CR3-1)
CR2-2
6 7 —{ |- @ E Solenoid Up Alr
Enable A o Cylinder
Manual Up
N - Manual Up
Part in Hood
| TRI G I Paint
Enable \J ?n 30 sac
0 6 sec
8 @—ﬁ H K Time to Lower
Off 0 sec
To 7 sec
On at 7 sec
TR1-1
8. 10, 11 \r‘:‘[‘('.— @—— Jd ﬁ'.ir;.:6 Spray
: on soc
TR2-1 =
12 a/f o— CR3 K ¢ Shutott
Open LSP at 7 sec
Line C Note: Relarence Line ;Wﬁf
esel

FIGIIRE 7-9

Normally Open ~ Letter shows whare coil conlagts are on another line,
Normally Closed - Letter with bar shows same
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Step 9 ;
Determine the “whatif’s," or patential problem areas. After the ladder diagram s
completed, all'possible situations and emergencies should be hslcd In this exam-
ple, some of them might be

© What if no part is in place when the start buttons are pushed"

O What if the power fails during the cycle, when the part is nsmg, during
patnlmg. or at any other time?

O What if the sprayer runs out of paint?

0 What if the same part is left in fora double coat? -

O What if the stop button is pushed? Does the stop bufton really stop the
entire process, or can the mandrel move and create a safety problem after
the stop button is depressed (it can)?

All of these types of questions should be considéred in the final sequence and
ladder diagram. Review of our ladder diagram in figure 7-9 covers some of these
contingent situations, but not all of them. Further modifications would be needed
for a more complete consideration of contingencies.

EXERCISES

" FIGURE 7-~10 _ W, W,
- Ladder Diagram from Which to L_O/o__‘r__J p
Make a Sequence

Solve the following problems using the nine-step planning sequence:

1. Make a ladder diagram for the following sequence:
When SW, is closed, CR; goes on.
After CRj goes on, SW;'can tum: CR; on.
When CR; goes on, PL, goes off.

2. Make up a sequence listing for the ladder diagram in figure 7-10. '

CRI? 1 LS, CRI!
P O - e
CR -1 LS, CRy4
I - o O—-—v
CR, -2 cau-r SW CRyg
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3. A pittois pliced onu conveyor, The part wtomatically moves down the conveyor. In
the middie of the conveyor. the part goes through a two-foot-long painting section. The
sprayer puints fur the time the part is under the booth. during which time the conveyor
does nuit SI0p. When the purt resches the end of the conveyor, the conveyor stops and
the part iy removed. Assume that only one part cun be on the conveyor at one time.
t/lint; Use one limit switch at the front of the booth and another at the end.) See figure

7<11 : i
FIGURE 7-11 il ' Spray Booth (#1)
Dhagram for Exercises 3 and 4 i of

_ _ : / ‘Stamper Enclosure (#2)

o ) }
Star1 Here Q Stops. Here

4. Sume as exercise 3 except that the purt stops in the middle of the conveyor and is
stumped. not painted. and then continues to the end of the conveyor,





