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SECTION 1 - INTRODUCTION

THE MICROMASTER® CONCEPT

The microprocessor-based MicroMaster® system has a multitude
of applications. A general discussion of the concept will
enable the user to have a clearer picture of why so many ma-
chine and automation egquipment builders are now utilizing
the MicroMaster® approach, The product line is designed to
solve sequential control problems that are commonly found in
small machines and automated processes. It uses a sequential
approach rather than a ladder diagram structure, The reason
is one of economy. Prior to this strategy, small applica-
tions could not justify using state of the art technology.
Compared to ladder diagram programmable controilers the se-
quential logic avenue drastically reduces the amount of re-
quired memory, This creates a cost effective way to replace
cam timers, control relays, time delay relays, and other
discrete control components, The advantage of the Micro-
Master® approach is obvious. It replaces discrete components
which cost more, take up more space, take longer to design
in, and have greater possibility of system failure,

SYSTEM OVERVIEW

The system is a general purpose package available in two
basic versions. The fully programmable panel mouat units may
be used as development tools to create proper Sequences,
test them, and debug them before final production units are
utilized. The production versions can be either the RAM
based panel mountable units where progran changes are fre-
quent, or ROM based subpiate versions where programs seldom,
if ever, change. The basic system can accommodate up to 4
inputs and 4 outputs. If more inputs and outputs are needed,
the expander products can be added to the main system for
contreliing a Targer process.

The approach to problem solving is very much < orputer ori-
ented, but the ease of programming and the simp e instruc-
tion set allow easy use, even for the most uninitiated pro-
grammer.
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SECTION 1 - INTRODUCTION

THE MICROMASTER® CONCEPT

The microprocessor-based MicroMaster® system has a multitude
of applications. A general discussion of the concept will
enable the user to have a clearer picture of why so many ma-
chine and automation equipment builders are now utilizing
the MicroMaster® approach, The product line is designed to
solve sequential control problems that are commonly found in
small machines and automated processes. It uses a sequential
approach rather than a ladder diagram structure, The reason
is one of economy. Prior to this strategy, small applica-
tions could not justify using state of the art technology.
Compared to ladder diagram programmable controilers the se-
quential logic avenue drastically reduces the smount of re-
quired memory, This creates a cost effective way to replace
cam timers, control relays, time delay relays, and other
discrete control components, The advantage of the Micro-
Master® approach is obvious. It repiaces discrete components
which cost more, take up more space, take longer to design
in, and have greater possibility of system failure,

SYSTEM OVERVIEW

The system is a general purpose package available in two
basic versions. The fully programmable panel mount units may
be used as development tools to create proper sequences,
test them, and debug them before final production units are
utilized. The production versions can be either the RAM
based panel mountable units where program changes are fre-
guent, or ROM based subplate versions where programs seldom,
if ever, change. The basic system can accommodate up to 4
inputs and 4 outputs. If more inputs and outputs are needed,
the expander products can be added to the main svstem for
contrelling a Targer process.

The approach to problem solving is very much <onputer ori-
ented, but the ease of programming and the simpie instruc-
tion set allow easy use, even for the most uninitiated pro-
grammer,
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While computer terms and approaches are used, they are easi-
ly related to terminclogy that is familiar to users of con-
trol equipment. The following examples and their related in-

dustrial equivalent are for reference,

PROGRAM - A computer term that describes to the tlicro-
Master®) the machine or process sequence that is to be

controlled,

INPUT - External machine or process switch that causes
a change in the sequence., Typical terminolegy used to
describe these switches includes ENCODERS, PHOTOCELLS,
LIMIT SWITCHES, PROXIMITY SWITCHES, and MAMUAL PANEL

SWITCHES {start, stop, halt, up, down, etc.)

QUTPUT - External machine, process Inad or prime mover

that is turned on or off by MicroMaster®, Typical

terminology used to describe these loads includes SOLID
STATE RELAYS, POWER RELAYS, ACTUATORS, SOLENOIDS and

MOTORS.
§88855856888R0888855088483580 3858500055500 0EN0EAA T MISNHAEnAT,
gg SAFETY WARNINGS R
3§ INSTALLATION..... This eguipment should be install- 3£
§§ ed, adjusted and serviced by qualified electrical o7
§§ maintenance personnel familiar with the construction 30
§§¢ and operation of the equipment and the hazards in- ¢
§§& veolved, It 1s the responsibility of the equipment 58
§§ manufacturer or individual installing the apparatus o7
§§ to take diligent care when installing equipment, The I8
§§ National Electrical Code (NEC), sound electrical and 4
§§ safety codes, and when applicable, the Occupational 7€
§§ Safety and Health Act (OSHA) should be followed when 48
§§ 1installing the apparatus to reduce hazards to person <€
§§ and property. 8
35 USE...vevnennnn.. The chance of electric shocks, ;55
§§ fires or explosion can be reduced by giving proper J§
gg consideration to the use of grounding, thermal and F:
g¢ over-current protection, type of enclosure and good ,eg
55 maintenance procedures., . ';E’ﬁ
§55655585565655 5555568556688 067 AR A AAAARIGGAIAI666650
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SECTION 2 - PROGRAMMABLE CONTROLLER

Figure 2-1 WP6200 MicroMaster®

DESCRIPTION

The Series WP6200 MicroMaster® is a completely self-
contained microprocessor-based eight function industrial
process controller. Tt is designed to simplify the 1mple-
mentation of time, count and logic functions in control ap-
plications. Remote inputs to the unit include RUN, HALT,
RESET, COUNT and four user definable inputs., RUMN, HALT and
RESET can also be operated from the front panel. All inputs
can be coperated by a simple dry contact closure or an open
collector transistor.,

OPERATION

With power applied and the unit turned on, the WP6200 has
five modes,

1. RUN - In the RUN mode, the controller is operating
in sequential steps, accepting inputs and executing
outputs as programmed,

2. PROGRAM - In the PROGRAM mode, new programs may be
entered into the controller memory. Also, existing pro-
grams can be displayed, step by step, to a maximum
program length of 79 steps and changed if desired.
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3, HALT - In the HALT mode the operation of a running pro-
gram is suspended or put on "held", ali outputs are return-
ed to their normal state and the on-board timer/counter is
stopped. When the controller is returned to the RUN mode,
the program restarts from the exact point in the step at
which it was halted.

4. RESET - In the RESET mode all outputs are returned to
normal, the on-board timer/counter is stopped and programmed
inputs are disabled.

5. P-FAIL - In this mode the display reads "P-FAIL" {pro-
gram faflure), which indicates a catastrophic loss of pro-
gram memory. A1l outputs return to normal, the on-board
timer/counter is stopped and there is no program stored in
the memory. Returning to RESET mode will place the default
program of "CT0000" into each of the 79 available steps,
Note! P-FAIL in a controller does not necessarily indicate
a P-FAIL in its companion expander.

Operation of the WP6200 is a twe step process, First, while
in the program mode, a written program is entered into the
unit's memory, Second, the unit is switched to the RUN mode
and the program is executed. The alphanumerical display
shows a continuous status readout while the program is run-
ning, Additionally, four individual lighted rectangies in-
dicate the output status, To test run and debug a program
which uses any or all of the four user definable inputs,
without the controller being connected to the user’s system,
appropriate switches can easily be connected to the rear
terminal block to simulate the-system's inputs. Errors de-
tected during this dry-run testing are easily corrected by
simply returning to the program mode and making the neces-
sary changes.

AUTOMATIC INDEXING

When in the PROGRAM MODE, if any of the Program Control
Group switches (Figure 2-4 shown on page 7) and any of the
Data Control Group switches (Figure 2-5 shown on page 8) are
depressed and held for longer than one second, they will
automatically start indexing the display at the rate of
three times a second.
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FRONT PANEL CONTROL SWITCHES

A1l of the front panel switches are momentary actuated push-
buttons. The front panel switches are divided into five
color coded groups. The operation of each switch is describ-
ed below.

GROUP 1 - ON and OFF POWER SWITCHES (Green/Red)
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Figure 2-2 - ON and OFF POWER PUSHBUTTON SWITCHES

When power is applied to the controller input and the ON
switch is depressed, all of the front panel switches become
operative, the displays are turned on and the outputs can be
activated as programmed, When the OFF switch is depressed,
alt of the front panel switches become inoperative, the dis-
plays are turned OFF, the outputs return to their normal
state and the program resets. Turning OFF the controller
does not disable the program memory because the WP6200 has
an internal battery backup. NOTE! It takes approximately 48
hours of initial power for the battery to be fully charged
on MicroMaster® products. If you program your units and
remove power during the first 48 hours of use, there is a
chance of program loss (P-FAIL).

To familiarize yourself with the operation of the
controller, connect the unit's terminal strip to a 115
VAC, 60 Hertz power source as shown in Figure 2-8 on
page 12. In the upper left corner of the unit are the

(5]



power ON and OFF switches. Press the ON button., The
display will light up and show RESET or P-FAIL. The display
shows P-FAIL if for any reason the contents of the program
memory has been lost. Both front and rear panel RUN signals
are disabled in this mode, A subsequent entry into PROGRAM
MODE removes this restriction. This P-FAIL mode prevents
running the WP6200 if the program has been inadvertently
lost.

GROUP 2 - MODE CONTROL SWITCHES

47K

Figure 2-3 - MODE CONTROL SWITCHES

RUN PUSHBUTTON SWITCH (Green}

This switch is active in the PGM (PROGRAM), HALT and RST
(RESET) modes, It initiates execution of a stored sequence
starting at step 0l if pushed from the RESET mode, or from
the step currently displayed if pushed while in the PROGRAM
mode, It is also used to restart the program after a HALT
has been signalled.

PGM PUSHBUTTON SWITCH (Yellow)

The PGM (PROGRAM) switch is active in the RESET or P-FAIL
modes., It is used to place the controller into the PROGRAM
mode, where the user can use the STEP switches to look at an
existing program or use the STEP, FUNCTION and DATA switches
to enter a new program,
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HALT PUSHBUTTON SWITCH {Orange)

The HALT switch 15 used to suspend operation of a running
program. The program 1s stopped and the display reads 'cs
HALT" {"cs" represents the current step number), The pro-
gram may be restartod by pushing the RUN switch, or placed
in the RESET mode by pushing the RESET switch.

RST PUSHBUTTON SWITCH (Red)

The RST {RESET) switch is used to return the controller to
the RESET mode. The display reads “RESET". RESET is opera-
tional at all times,

To continue with our familiarization of the WP6200,
press the RST button and note that the display read-
out now shows RESET, Press the PGM button to put the
controller into the PROGRAM mode, flote that the display
has changed to show STEP "01". The display shows the
program in the following manner from left to right:

Characters 1 and 2 show the step number, 01 thru 79.

Characters 3 thru 8 show the step function and any
numerical quantities associated with the step,

GROUP 3 - PROGRAM CONTROL SWITCHES
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At the left end of the panel, beneath the ON and OFF nower
switches, four pushbutton switches {Figure 2-4% forn the
program control group. These four switches and their
functions are as follows:

STEP PUSHBUTTON SWITCHES (Blue)

The STEP A {STEP UP) switch is used to increment by one the
number in the step portion of the display, characters 1 and
2, The display will change to show the contents of the step,
The STEP A switch is operational only in the PROGRAM mode.

The STEP W {STEP DCWN) switch functions the same as the
STEP A switch, except the step number is decremented by
one, The STEP W switch is operational only in the PROGRAM
mode,

FUNCTION PUSHBUTTON SWITCHES (Gray)

Q\)N'C ‘ﬁ‘""‘q
//'.E_‘,—T-‘H\\Q
/GOTO S \\
/ 4 Figure 2-5
7{L+ M }3 FUNCTION
\\ /f SELECTION
N H
6 \""'--. t_Fj..r//4

The FUNC A (FUNCT1ON FORWARD) switch is operational only in
the PROGRAM mode and is used to select one of the eight
functions available for a given step, By using the STEP
switches to locate a particular sequence step, the user can
then change the functions currently in RAM for that step by
pushing the FUNC & switch, The display will show one of the
eight functions and will change the function each time the
user pushes the FUNC A switch. The controller will eventu-
ally return to the original function displayed or it can be
stopped at any desired function. The RAM is changed each
time the FUNC A switch places a new function on the dis-
play. The user can automatically cycle through the eight
functions by holding the FUNC A switch closed, The FUNC A
switch selects the eight functions in a clockwise order
(refer *o Figure 2-5).
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The FUNC W (FUNCTIONM REVERSE) switch operates in exactly
the same manner as the FUNC & switch, except the eight
functions are selected in a counterclockwise order (refer to
Figure 2-5).

Remaining in the PROGRAM mode, press the STEP A
switch and notice the 01 has changed to 02. Press the
FUNC A switch eight times and notice that 02 does not
change but characters 3 thru 8 have changed with each
push. Press the FUNC A switch eight more times and
hotice you are back to the same read-out. Press the
FUNC W switch eight times and notice that the
functions occur in the reverse order.

Press the STEP W switch and notice the step has
changed back to 01. Press the STEP W switch again and
notice that you have returned to RESET. Press the PGM
switch to return to the PROGRAM mode and then press
the STEP A switch seventy-eight times so that STEP
number “79" appears in the display. Press the STEP A
switch and notice the controller has returned to
RESET. You cannot enter more than 79 basic program steps.
However, by using loops and nested Toops (which are covered
later on in this manuai) you can expand your program to
hundreds of steps.

GROUP 4 - DATA CONTROL SWITCHES (Yellow)

Uil 0

e BFERIEe A et

Figure 2-6 - DATA CONTROL SWITCHES
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Immediately to the right of the program control group is the
data control group (Figure 2-6}. It consists of four pairs
of yellow pushbutton switches which are active from the
PROGRAM mode only. These switches are used to modify
numerical quantities associated with the step. There is a
pair of switches for each of the DATA display characters.
The top row of yellow switches [DATA A {DATA UP)] is used
to increment the DATA display characters and the bottom row
[DATA W (DATA DOWN)? is used to decrement these same
characters., These switch pairs are arranged in the same
order as the display characters,

Press the PROGRAM switch to return to PROGRAM mode.
Press the FUNC A switch until the characters "0 1S 9
9 .99" appear on the display. Using the order of
left to right, press fourth lower yeliow switch {DATA
W ) and notice that the display has changed to read
"01S99. 98", Press the same yellow switch eight
more times and notice as you do so, each press
decrements the number by one, until you have reached
zero. Press the fourth upper yellow switch (DATA A )
nine times and notice that the same digit increases
from O thru 9. Press the same switch one more time and
notice that it returns the number to zero, but has not
affected the other three numbers in the display. Any
citange 1in one column has no effect on the other
columns while in PROGRAM mode. Press all eight yellow
switches individually to either increment or decrement
the numbers in the display until the read-out displays
"01 $12 .3 4", Press the FUNC A switch and
notice the display now shows "0 1 M9 9 : 5 §"_ Press
the FUNC W switch and notice you have returned to the
previous function on the display, but the "1 2 , 3 4"
has been replaced with "9 9 . 9 9", Whenever a
function is removed from the display and returned, all
characters always return to their maximum values for
that particular function.

GROUP 5 -~ OUTPUT CONTROL SWITCHES
OUTPUT PUSHBUTTON SWITCHES (Orange)
The last group of switches are the 1/0 {OUTPUT) switches
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Figure 2-7 - QUTPUT SWITCHES

Figure 2-7) which are located immediately above the mode
control group. These four switches are used to program the
outputs.

In the PROGRAM mode each switch represents a specific out-
put, Tabeled 0O thru 3. They are used to set up the output
state for each step. Pressing any of these switches will
cause the rectangle immediately above it to change state, If
the rectangle is lighted, pushing its associated I/0 switch
will turn it off and vice-versa, A lighted rectangle calls
for an output operation at that step., With the controller
in the PROGRAM mode, press I/0 button 0. Notice that,
if the rectangle were lighted, it went off or if it
were off, it lighted. Individually press ail of the
I/0 buttons (0 thru 3) and notice each push
alternately turns the lighted rectangle off and on,

In the RUM mode, the lighted rectangles change to give a
continuous indication of the state of the outputs at each
step,

REAR PANEL CONFIGURATION
Extending through a slot on the back of the WP620C is a PC

board to which a terminal block edge connector is attached.
The rear panel terminal block connection data is shown in
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Figure 2-8 (below). Please refer to Section 7 for instal-
lation and wiring information.
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Figure 2-8 - WP6200 REAR TERMINAL BLOCK CONMECTIONS

IMPORTANT!: To prevent damage to internal components and
the PC board etched contact fingers NEVER remove or install
the terminal block edge connector on the MicroMaster® with-
out first disconnecting all power from the terminal block.
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§& [INSTALLATION,....This equipment should be install- &§
§§ ed, adjusted and serviced by qualified electrical &§
§§ maintenance personnel familiar with the construction &€
9§ and operation of the equipment and the hazards in- &§
§§ volved. It is the responsibility of the equipment &§
§§ manufacturer or individual installing the apparatus &§
§§ to take diligent care when installing equipment. The §&§
§§ National Electrical Code (NEC), sound electrical and &5
§§ safety codes, and when applicable, the Occupational &5
§§ Safety and Health Act (OSHA) should be followed when &§
§§ installing the apparatus to reduce hazards tc person §&§

§§ and property. §¢
5% USE...cicvinvnnns The chance of electric shocks, 55
§5 fires or explosion can be reduced by giving proper §§
§§ consideration to the use of grounding, thermal and §§
88 over-current protection, type of enclosure and good I3
8% maintenance procedures,
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SECTION 3 - PROGRAMMABLE INPUT/GUTPUT EXPANDER

Figure 3-1 WP6300 MicroMaster® INPUT/QUTPUT EXPANDER
DESCRIPTION

The Series WP&300 MicroMaster® is a completely self-
contained microprocessor-based input/output expander, The
units are similar Tn appearance and identical in dimensions
to the WP6200 contreller, The expander is used to increase
or expand the number of avaiiable inputs and outputs on the
WP6200 Programmable Centroller, Adding one WP6300 expander
increases the WP6200 controller QUTPUTS from 4 to 12 and ad-
ding a second WP6300 expander increases the cutputs to 20.
Also, adding a WPE300 expander increases the WP6200 control-
ler INPUTS from 4 to 7 and if a WP6350 Input Expander Diode
Matrix is used {shown in Section 4), the INPUTS are increa-
sed to 16. For quick reference see Fiqure 3-Z, shown on page
14,

OPERATION

With power applied and the companion WP&200 controlier turn-
ed on, the WP6300 expander receives infermation via the sync
line for the step number displayed on the controller,

1. RUN - In the RUN mode the expander is operating in the
same sequential steps as the companion WP6200 controller and
selects inputs and operates outputs as programmed.
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Figure 3-2 COMPONEMT SELECTION CHART

2. PROGRAM - In the PROGRAM mode new programs may be en-
tered into the expander memory. Also, existing programs can
be displayed, step by step, and changed as desired,

3. P-FAIL - In the P-FAIL {program failure) mode the ex-
pander has a catastrophic 1oss of memory. In this mode all
the cutputs return to open and the programed input groups
are disabled, The only indication of an expander P-FAIL 1is
the programming lights will not be lighted 1n the steps in
which they were previously Tighted. IMPORTANT! The compan-
jon controller does NOT receive any signal from the expander
noting that its program has failed. Unless the controller
has also had a P-FAIL, the controller will continue to run
its program without the expander output, NOTE! Turning off
the power to the expander does not disable the program
memory because the WP6300 has an internal battery backup.
However, it takes approximately 48 hours of initial power
for the battery to be fully charged, [f you program your
units and remove power during the first 48 haurs of use,
there is a chance of program loss (P-FAIL}.

FRONT PANEL CONTROL SWITCHES
All of the front panel switches are momentary actuated push-

buttons. The front panel switches are divided into two color
coded groups with a programming light above each switch. The
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operation of each switch is described below.
INPUT GROUP PUSHBUTTONS (Green)

The four pushbuttons represent input groups labeled O thru
3, which are specified in conjunction with a selected input
from a companion WP6200 controller. In the PROGRAM mode they
are used to set up the input requirements for any step,
Pressing any of these switches will cause the programming
light immediately above it to change state, If the light is
on, pushing its associated switch w111 turn it off and vice-
versa. A lighted programming Tight indicates a group selec-
tion. In the RUN mode, the lights change to give a contin-
uous indication of selected groups at each step.

QUTPUT PUSHBUTTONS (Orange)

The eight pushbuttons represent specific outputs, labeled 4
thru 11. In the PROGRAM mode, they are used to set up desir-
ad outputs for any selected steps. Pressing any of these
switches will cause the representative lights above them to
change state. If the Tight is on, pushing its associated
switch will turn it off and vice-versa, A lighted light
calls for an output closure. In the RUN mode, the lights
change to give a continuous indication of the state of the
output at each step.

REAR PANEL CONFIGURATION

Extending through a slot on the back of the WP6300 is a PC
board to which a terminal block edge connector is attached.
Please refer to Section 7 for installation and wiring
information., See Figure 3-3 for illustration of rear termi-
nal block arrangement.

bl
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Figure 3-3 - WP6300 REAR TERMINAL BLOCK CONNECTIONS
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IMPORTANT! : To prevent damage to internal components and
the PC board etched contact fingers NEVER remove or install
the terminal block edge connector on the MicroMastert with-
out first disconnecting all power from the terminal block.

G850 655655661 Sa060 5556600806 TAAAGT03550RIE35663550855556
& SAFETY WARNINGS &
§¢ INSTALLATION.....This equipment should be install- &§
§§ ed, adjusted and serviced by qualified electrical &¢
§¢ maintenance personnel familiar with the construction &6
§% and operation of the equipment and the hazards in- &t
§9 volved. It is the responsibility of the equipment &8
§¢ manufacturer or individual installing the apparatus &&
§6 1o take diligent care when installing equipment. The &8
§§ National Electrical Code {NEC), sound electrical and &=
§G safety codes, and when applicable, the Occupational &&
g% Safety and Health Act {OSHA) should be followed when (7
§§ 1installing the apparatus to reduce hazards to person &<
§§ and property, &6
§§ USE......cu.iuihuThe chance of electric shocks, ;fg
§ fires or explosion can be reduced by giving proper EJE'
85 consideration to the use of grounding, thermal and 3%

g@ over-current protection, type of enclosure and good 32
¥ maintenance procedures. ' 22
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SECTION 4 - RELATED PRODUCTS

WP6220 FIXED PROGRAM CONTROLLER
(CHASSIS MOUNT)

Figure 4-1 WP6220 MicroMaster® CONTROLLER

The WP6220 is a fixed program version without readout of the
MicroMaster® WP6200 controller and will perform the same op-
erations. Utilizing the WP6200 controller, a program is de-
veloped and "debugged". The program is stored in a PROM
(programmable read only memory) which has been custom pro-
grammed by Minarik Electric or one of its Authorized Pro-
gramming Centers. The program can only be changed by order-
ing a PROM with a different program.

WP6240 FIXED PROGRAM CONTROLLER
(PANEL MOUNT UNIT WITH READOUT)

The WP6240 is a panel mount version of the WP6220 fixed pro-

gram controller, with readout of STEP, FUNCTION and OUTPUT
STATES. It shows continuous status of program execution.
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Figure 4-2 WP6240 MicroMaster® CONTROLLER WITH DISPLAY

WP6320 FIXED PROGRAM INPUT/OUTPUT EXPANDER
(CHASSIS MOUNT)

Figure 4-3 WP6320 MicroMaster® INPUT/OUTPUT EXPANDER

The WP6320 is a fixed program version of the MicroMaster®
WP6300 expander, Utilizing the WP6200 controller and the
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WP6300 expander, a program is developed and "debugged". The
proven program is stored in a PROM which has been custom
programmed by Minarik Electric or one of its Authorized Pro-
gramming Centers. The program can only be changed by order-
ing a PROM with a different program.

WP6350 INPUT EXPANDER DIODE MATRIX

R
“ L 4w

%
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Figure 4-4 WP6350 INPUT EXPANDER DIODE MATRIX

The WP6350 Input Expander Diode Matrix is used in conjunc-
tion with a controller and expander when more than 7 user
defined inputs are required. The WP6350 consists of a group
of terminal blocks and internal diodes for input isolation.
This device permits connection of up to 16 inputs.

WP6012 FIXED PROGRAM TIMER MODULE

The WP6012 is an on-delay timing module, with a 20:1 knob
adjustable timing range from 0.05 thru 1.0 second (other
time ranges available). The output is an open collector
transistor which saturates while timing and opens when timed
out. The WP6012 can be utilized to supply timing variations
for the fixed program WP6220 and WP6240 controllers. The
timer module is used in conjunction with the controller's
loopcounter to increase timing range,
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Figure 4-5 WP6012 TIMER MODULE
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SAFETY WARNINGS

INSTALLATION.....This equipment should be install-
ed, adjusted and serviced by qualified electrical
maintenance personnel familiar with the construction
and operation of the equipment and the hazards in-
volved. It is the responsibility of the equipment
manufacturer or individual installing the apparatus
to take diligent care when jnstalling equipment. The
National Electrical Code (NEC), sound electrical and
safety codes, and when applicable, the Occupational
Safety and Health Act (OSHA) should be followed when
installing the apparatus to reduce hazards to person
and property.

USE........ v.....The chance of electric shocks,
fires or explosion can be reduced by giving proper
consideration to the use of grounding, thermal and
over-current protection, type of enclosure and good
maintenance procedures,
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SECTION 5 - THE INSTRUCTION SET

GENERAL INFORMATION

The instruction set for the WP6200 MicroMaster® controlier
consists of eight possible programmable functions. The pro-
gram is a list of things for the controller to do, This list
is made up of a combination of these eight functions. The
program is executed sequentially, step by step, unless con-
ditional or unconditional branch instructions cause jumps
out of the normal sequence. The WP6200 will not allow the
programming of a function it does not understand. Wherever
numerical or alphabetical quantities are associated with a
step, the internal programming of the WP6200 Timits the
range of each digit to the range acceptable to the control-
ler. For instance, if a function refers to an input, the
character in the display which refers to the input letter
will only assume the values of A thru D. If an attempt is
made to increment this character to E, the character will
“go over the top" and return to A. If a function refers to
a step number, that step number will not be allowed to be
set to a value outside the range of 00 thru 79 (00 is RE-
SET). Thus, it is impossible to enter an "illegal" command
to the WP6200's program memory.

THE EIGHT PROGRAMMABLE FUNCTIONS

Preceding the explanation of the eight programmable func-
tions is a description of how they will appear in the alpha-
numerical display. The speed of operation of all non-count
and non-time functions is so fast that they are not normally
seen on the display. Before proceeding with the discussion
of the programmable functions, it is necessary to establish
some conventions about the type of notations to be used.
Four such conventions will be used.

1. ¢s - The notation "cs" will be used to indicate
the "current step" number for a function. This two dig-
it number may have a value from 01 thru 79, It is the
first two digits of the display readout (reading from
left to right).
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2. xxxx - The notation "xxxx" will be used to indicate the
"numerical value" associated with a count or time figure
and may have any value from 0000 thru 9999, These are the
last four digits of the display. ’

3. ts - The notation "ts" will be used to indicate the
“target step" number for a branch instruction. It is the
step number that the program will jump to when a jump is ex-
ecuted and may have any value from 00 thru 79.

4. ¢ - The notation "c" will be used to indicate the
character for the "user definable inputs A thru D".

For example: "cs S xx.xx" could be equivalent to "01 §
99.99" and "cs IF ¢ > ts" could be equivalent to “01 IF D >
79 ".

To the right of the alphanumerical display are four indica-
tor lights that show the status of the four outputs at each
step. When the indicator light is off for a given step, the
output will be in its "normal" state (for instance, with a
form C relay output the normally closed contact will be
closed and the normally open contact will be open). When the
indicator light is on, the output will assume the opposite
state. The indicator lights, from left to right, correspond
to outputs O thru 3 respectively.

FUNCTION "CT" (COUNT)

99979

“STEP~“FUNC~ “——DATA——

Figure 5-1 "CT" (01 is the current step number, CT
represents count and 9999 is the maximum predetermined
number which may be entered for this function.)

(cs CT xxxx) - This is the predetermining counter function
and it can be set from 9999 down to 0001. The outputs are
set to the desired output state, as shown by the indicator
lights, and will remain in that state until "xxxx" number
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of counts have been applied to the external count input on
the rear panel. In the RUN mode, the output state, shown by
the indicator lights, will be transferred to the outputs for
the number of counts necessary to complete the function. As
the countdown progresses, the remaining number of counts
left are shown on the alphanumerical readout display. At the
completion of the function, the controller will proceed to
the next higher sequential program step.

FUNCTION "S* (SECONDS)

595 .57

-STEP~“-FUNC~ “——DATA——

Figure 5-2 "S" (01 is the current step number, S represents
seconds and 99.99 is 99 seconds 99/100 seconds, which is the
maximum time that' can be entered for this function.)

(cs S xx.xx) - This is a crystal-controlled timer function
with the time base in 1/100ths of a second. Programmable
range is 00.01 thru 99.99 seconds. The outputs are set to
the desired state as shown by the indicator lights and will
remain in that state for the length of time indicated by
"xx.xx". In the RUN mode, the output state, shown by the
indicator 1ights, will be transferred to the outputs for the
Tength of time necessary for the completion of the function.
As the time elapses, the numerals “count-down", with the
remaining time at any one moment shown on the alphanumerical
display. At the completion of the programmed time delay the
controller will proceed to the next sequential program step.

FUNCTION "M" (MINUTES)

g +™mM5 5 59

“STEP~“FUNC~ “——DATA——

Figure 5-3 "M" (01 is the current step number, M represents
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minutes and 99:59 is 99 minuies 59 seconds, which is the
maximum time that can be entered for this function.)

(cs M xx:xx) - This is a timer function similar to
Function S, except the time base is in minutes and seconds,
with a time range of 00 minutes 01 seconds thru 99 minutes
59 seconds.

FUNCTION "H" (HOURS)

fH9 59 _ 59

“-STEP~-FUNC~ ‘“——DATA——

Figure 5-4 "H" (01 is the current step number, H represents
hours and 99:59 is 99 hours 59 minutes, which is the maximum
time that can be entered for this function,)

(cs H xx:xx) - This is also a timer function similar to
Function M, except the time base is in hours and minutes,
with a time range of 00 hours 01 minutes thru 99 hours 59
minutes.

FUNCTION "GO TO" (JUMP TO)

-STEP~~FUNC~ ‘“——DATA——

Figure 5-5 "GO TO" (01 is the current step number and GO TO
79 instructs the controller to jump to target step number
79.)

(cs GO TO xx) - This is the unconditional branch instruc-
tion. When encountered in the program, it tells the control-
ler "jump to step 'ts' instead of proceeding to the next se-
quential program step". Execution then continues from 'ts'
on. In the RUN mode, the display is continuously indicating
the current program step. Step 00 is the RESET mode of the
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WP6200 controller. The normal way to end a program is to
tell the controller to jump to the RESET mode, or "cs GO TO
00",

FUNCTION “IF >" (IF - JUMP TO)

“-STEP~“FUNC~ “——DATA——~

Figure 5-6 "IF >" (01 is the current step number and IF D >
79 says "if input D is closed, jump to target step 79".)

(cs IF ¢ >ts) - This is the conditional branch instruc-
tion. It tells the controller "Go look at input ‘c', If it
is closed, go to step 'ts'. If it is open, go to the next
sequential program step." This is the instruction which al-
lows the user to check the state of inputs A thru D. NOTE!:
The inputs are NOT monitored continuously, but only when the
program instructs the controller to check them.

THE WP6200 LOOPCOUNTER STACK

The WP6200 Toopcounter stack is a group of four registers
used to store numbers for loopcounter functions L. = (Toop
equal) and L > (Toop jump to). To understand these func-
tions, it is first necessary to understand what a “stack"
is. A stack is a pile of numbers. "Pushing" a number onto
the stack is simply a matter of putting that number on top
of the stack. "Popping" the stack means to remove the top
number from the stack and move the number below it into the
top position. The only number on the stack which is accessi-
ble is the top number. Numbers "under" the top number may
not be used until the stack is popped. One way to think of
this is to imagine a box and several pieces of paper. The
box is just big enough to hold the pieces of paper when lay-
ed flat in the box. Pushing a number onto the stack would be
equivalent to writing the number on one of the pieces of pa-
per and laying the paper face-up in the box. At this point
we can still see the number on the piece of paper and so the
number is accessible. If we then do a second push by writing
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another number on another piece of paper and lay it face-up
over the first piece in the box, we can no longer see the
first piece of paper so that number is inaccessible. The
number on the second piece of paper is still visible, how-
ever, and thus is accessible. Popping this stack is simply a
matter of removing the top sheet of paper and throwing it
away. This brings the first sheet back to the top position
and thus it is again accessible.

FUNCTION "L = " (LOOP EQUAL)

I B

“STEP~“-FUNC~ “——DATA———

Figure 5-7 "L = " (01 is the current step number, L = 9999
sets the loopcounter to 9999 loops.)

(cs L = xxxx) - This function is used to set an internal
"loopcounter". There are four loopcounters in the control-
ler and they may be set from 0001 thru 9999. These loop-
counters are maintained as a stack. The Function "cs L =
xxxx" pushes the value "xxxx" on top of the stack. Since
there are only four loopcounters, any attempts to push more
than four values onto the stack will result in the loss of
earlier pushes "out the bottom". Only the last four values
will be saved.

FUNCTION "L >" (LOOP JUMP TO)

19

-STEP--FUNC~ “——DATA——

Figure 5-8 "L >" (0l is the current step number and L > 79
instructs the controller to execute the loop jump to target
step 79 and follow the instruction as described on the next

page.)
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(cs L > ts) - This function is rather sophisticated. It
tells the controller, “pop the top number from the stack.
Subtract 'l' from this value. If the value is then zero, go
to the next sequential program step. If it is not zero, push
the decremented value back onto the stack and go to step
'ts'." Step 'ts' is normally the step irmmediately following
the "L = xxxx" instruction which initialized the loop being
closed. When they are used this way, the group of functions
or program steps between that "L = xxxx" step and its "L >
ts" step will be executed "xxxx" times.

§5865355558855885555555555558 555555 55555555555555555558555855
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§§ ed, adjusted and serviced by qualified electrical &§
§§ maintenance personnel familiar with the construction &§
§§ and operation of the equipment and the hazards in- §§
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SECTION 6-SOFTWARE APPLICATION INFORMATION
INTRODUCTION

This section will explain several programming techniques
that can be used to solve application problems, Before this
section is read, it is important that the user understand
some basic technical details of the system,

INSTRUCTION CYCLE - Each of the eight functions requires «
finite time to perform its task. This is the instruction
cycle time. The technical data section of this manual lists
the instruction time for each function,

OUTPUT STATES - If an output is programmed to be "ON" in
two or more consecutive steps, that output will be
maintained continually for the duration of the steps.
Consequently, there will be no “drop-out™ or “"bounce"
during the transition from one step to the next.

SEQUENTIAL FUNCTION DEFINITION

Sequential functions are defined as those functions which
allow program flow to proceed in a normal step by step fash-
ion. These include the count function and the three tine
functions.

CONTROL FUNCTION DEFINITION

Control functions are defined as those functions which al-
ter, perhaps conditionally, the normal step by step order of
program execution.” These include the GO TO, IF >, and the
two loop based instructions. Loop = does not, by itself, al-
ter the sequence, It is included here because it is always
used with the L > instruction and together these functions
will alter program flow.

SEQUENTIAL FUNCTION TECHNIQUES
- CAM TIMER SIMULATION

One of the most common sequencing components is the cam
timer, It has a specific cycle time and has various circuits
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opening and closing during that cycle time. The use of the 3
sequential timing functions (S, H or M) is all that is ne-
cessary to duplicate an electromechanical cam timer with a
wide timing range and very fine resolution. The dedicated
ROM-based unit becomes an economical replacement for cam
timers when there are many events occurring during the cycle
or when the ratio of ON time to OFF time is greater than
50:1. For developing programs to replace existing cam timer
installations, a timing chart is necessary. Once the user
has developed such a timing chart, programming is straight
forward.

MINUTES
0 1 2 3 4 5 6 7 8 9 10

ON jrm

OUTPUTS

T4 [72f[ 74 | 75 [Te|T7|T8

T3

Figure 6-1 TIMING CHART

A simple timing chart (Figure 6-1) is used to help write the
cam timer simulation program. In this example, a four cam
timer is required with a 10 minute time cycle. The first cam
switch is ON for the first 2 minutes of the time cycle, OFF
for 6 minutes, ON for 1 minute and OFF for 1 minute. The
second cam switch is OFF for the first 3 minutes, ON for 4
minutes and OFF for 3 minutes. The third cam switch is ON
for the first 3 minutes 10 seconds and OFF for the balance
of the 10 minutes. The fourth cam switch is OFF for 5
minutes and ON for 5 minutes, Outputs O thru 3 represent cam
switches 1 thru 4. For each period between output state
changes, a program step is needed with the appropriate tim-
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ing function (H, S or M) and output "ON" states. T-1 thru
T-8 represent these output state timing changes or steps.

The following Cam Timer Simulation Program is written by
utilizing the data from the timing chart shown in Figure
6-1. The program shown is a continuously rrcycling cam timer
simulation, To make the timer into a single cycle cam tirer
simulation, Step 09 would be changed to GO TO 00.

STEP FUNCTION OUTPUTS

0123
01 M 02:00 X -x - (T-1)
02 M 01:00 - -x - (T-2)
03 M 00:10 -x X - (T-3)
04 M 01:50 - X ==~ (T-4)
05 M 02:00 - x - x (T-5)
06 M 01:00 - - -x (T-6)
07 M 01:00 X - -x (T-7)
08 M 01:00 - --x (T-8)

09 GO TO 01 ---X

FIVE DECADE OR GREATER COUNTING

While the predetermining count function is rather straight
forward, there are two programming techniques that will make
the count function a little more versatile. The first tech-
nique allows counting beyond 4 decades. All that is required
is to use a second count step with the same output state as
the first to count beyond 9999.

STEP FUNCTION
01 £€T9999
02 CT0001

This program counts 10,000 times before continuing the pro-
cess. Care must be taken in using this technique. At count
frequencies above 100 Hertz, it is possible that a count can
occur during the transition time from one count step to the
next. Such counts will be missed by the MicroMaster®,

Count can also be used as a 5th input when a programmed wait

is required. In this application, the count input would be
used as a 5th normally open input. Using CT0001, the Micro-
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Master® will remain on the given step until the count input
closes once. Some care must be used in applying this techni-
que. Specifically, the input rust be "open" when the step
is begun and then closed. If it is already closed when the
step is begun, the MicroMaster® will not see the input un-
less it opens and closes again.

CONTROL FUNCTION TECHNIQUES
PROGRAMMED WAIT WITH NORMALLY OPEN INPUTS

A very cormon requirement in the sequential control of small
machines and automated processes is the ability to leave
outputs in certain states until an input or group of inputs
change state. The MicroMaster® has the ability to "wait"
for an input to close while maintaining a particular output
state, A typical example of this is a box moving on a con-
veyor. The conveyor is driven by a large motor which we'll
identify as output 0. Tne conveyor is required to move the
box until it is positioned beneath a box sealing mechanism.
A normally open photocell is used to detoect vhen the box is
in position. The box will break the Tliost beam when it has
reached the required position causing the photocell switch
to close, For this example, we'll 1abel the nhotocell input
A. The photocell then becomes an input to the MicroMaster®,
A program to meet these requirements involves the IF in-
struction and the GO TO instruction. The following program
demonstrates the programmed wait technique.

Qutput 0 = conveyor motor control relay, normally open.
Input A = photocell wired normally open.

STEP FUNCTION OUTPUTS

0123
01 IF A> 03 X - - -
02 GO TO 01 X - - -
03 PROCESS AFTER ----

BOX POSITIONING

When the RUN button is pushed, MicroMaster® immediately
turns output 0 on to run the conveyor and 1ooks at input A
to see if it is closed. If it is closed, it jumps to step 3
to turn the conveyor off since the box has reached the po-
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Figure 6-2 DISPLAY Il RUN MODE AWAITING INPUT A TO CLOSE

sition for sealing. If input A is open, it drops to step 2.
Step 2 still leaves the conveyor on (output 0) and sends the
program back to step 1 (GO TO 01) to check the photocell a-
gain. The strange appearance of the display (see Figure 6-2)
is caused by steps 01 and 02 being displayed on top of each
other. The processor will repeat this sequence every two
instruction cycles until the box finally closes input A,
causing a jump to step 3.

It is important to realize that when the input closes, it
must remain closed at least as long as the total instruction
time of the steps involved. The timing chart in Figure 6-3
shows why a closed input may be missed if it opens in less
than the total instruction time. For the two-step wait tech-
nique, the wait input must remain closed for 2 instruction
cycles to insure proper performance. Refer to the technical
data section for the instruction time of each function.

STEP1 | STEP2 | STEP1 | STEP2 | STEP 1
cvcre f cyeLe | evcLe | cycLe | cvcLE
TIME TIME TIME | TIME TIME
LOOKING FOR i i -~ 17 -
INPUT CLOSURE
N.C.
PHOTOCELL
OUTPUT
N.O.
INPUT INPUT
NOT DETECTED
DETECTED HERE

Figure 6-3 TIMING CHART FOR N.O. WAIT INPUT CLOSURE

[ 32



PROGRAM PROTECT

Since the system is not supplied with a key lock switch, the
user may need to provide protection from unauthorized pro-
gramming of the unit. The following program solves this
problem.

Run Input - Normally Closed Keyswitch (Program Protect)

INPUT A = N.O. switch used as start sequence switch.

STEP FUNCTION OUTPUTS
01 IF A> 03 NO OUTPUTS
02 GOTO 01 NO OUTPUTS

03 BEGIN AUTHORIZED PROGRAM

With the switch key locked in the N.C. position, the program
will start to run at step 1 but will cycle between step 1
and 2 since input A will not close until the start sequence
switch on input A is closed. With the run input closed thru
the keyswitch, the operator cannot go into the program mode,

WP6200 REAR PANEL INPUT TERMINALS
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2 MicroMastef ® MODE L WP6240 — MINARIK ELECTRIC COMPANY
N.C. KEY N.O. START
SWITCH SWITCH
X e
K

Figure 6-4 PROGRAM PROTECT WIRING DIAGRAM
RUN PROTECT
To protect unauthorized running of a program, a key switcE
wired normally closed may be used as a remote reset switc

(see figure 6-5).
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WP6200 REAR PANEL INPUT TERMINALS
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MicroNaster ~ MODE L WP6200 — MINARIK ELECTRIC COMPANY

NORMALLY
CLOSED
KEY SWITCH

K
Figure 6-5 RUN PROTECT WIRING DIAGRAM

PROGRAMMED WAIT WITH NORMALLY CLOSED INPUTS

Waiting for a normally closed switch to open reduces the
number of steps needed to implement the programmed wait by
one. The following program is the solution to the problem
described in the normally open wait example but with the
photocell wired normally closed. In this example, the input
must stay open for at least one instruction cycle to insure
correct operation. See Figure 6-7 for timing information on
normally closed inputs.

STEP FUNCTION OUTPUTS
0123

01 IF A> 01 X - - -

02 PROCESS AFTER - -

BOX POSITIONING

Figure 6-6 DISPLAY IN RUN MODE AWAITING INPUT A TO OPEN

As long as input A is closed, the processor will jump to the
target step which is step 1. Output 0 will remain on since
the processor will repeat step 1 until input A opens, caus-
ing it to drop to step 2.
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Due to the problems associated with breaking the oxide layer
on dry contacts, it is not recommended that this technique
be used when expander input group selection is required,

LOOKING FOR|

INPUT CLOSURE

CYCLING

N.C.
PHOTOCELL
OUTPUT
N.O.

STEP 1

STEP 1

STEP 1

CYCLE CYCLE CYCLE
TIME TIME TIME
INPUT INPUT 1
NOT DETECTED!
DETECTED HERE—-

MULTIPLE PROGRAM STORAGE AND SELECTION

Manual panel mounted selector switches may be used as inputs
to the system to allow the operator to select one of several
sequences by closing the appropriate switch, Several pro-
grams may be stored in the system as long as the total steps
needed for all programs does not exceed 79, including those
steps needed to scan the program selection switches. This
provides for versatility in the ROM-based units, as several
programs may be permanently stored to be selected by the op-

erator,

STEP
01
02
03
04
05

FUNCTION
IF A>15
IF B > 30
IFC> 45
IFD > 60
GO TO 01

15 Begin sequence A

30 Begin sequence B

45 Begin sequence C

60 Begin sequence D
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ALL OFF
ALL OFF
ALL OFF
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ALL OFF



In this example, input A would be labeled "sequence A
start” on the operator panel. Input B would be labeled “se-
quence B start", input C would be labeled "sequence C
start" and input D would be labeled "sequence D start."

DRUM PROGRAMMER SIMULATION

Many applications utilize drum programming. Drum programmers
provide manual operation of output sequences. Manual opera-
tion allows an operator to have complete control of when a
sequence is to happen. This application thus allows machine
set up before automatic operation or just general manual
control of a process. The following program simulates a drum
programmer with two user indexing switches. One switch {in-
put B) is for forward indexing, the second switch (input )
is for reverse indexing.

Input B = Momentary forward sequence operator switch wired
n.o.

Input C = Momentary reverse sequence operator switch wired
n.o.

STEP FUNCTION SEQUENCE
01 IFB>01 A
02 IF C > 02 A
03 IF B> 06 A
04 IF C > 12 A
05 GO TO 03 A
06 IF B> 06 B
07 IF C > 07 B
08 “IF B> 11 B
09 IF C> 02 B
10 ‘GO0 TO 08 B
11 IF B>11 C
12 IFC>12 C
13 IF B> 01 C
14 IF C > 07 C

TO 13 C

15 GO
If the operator continues to push only input B, the output

sequence will occur in the following order with each push
(ABCABCABC). If the operator pushes input C consecutively,
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the sequences will change as follows (ACBACBACB). Each se-
quence prevents a maintained closure on input B or C from
causing the program to rapidly sequence through the differ-
ent states,

"AND* INPUTS

The following five step program shows how a logical "AND"
is accomplished for two inputs. Before the program is al-
lowed to arrive at step 5, input A AND input B must be
closed at the same time for at least three instruction cy-
cles to guarantee recognition.

STEP FUNCTION

01 IFA>03

02 GO TO 01

03 IF B> 05

04 GO TO 01

05 SEQUENCE BASED ON “AND™ CONDITION

“OR" INPUTS

The following four step program shows how a logical "OR" is
accomplished for two inputs. Before the program is allowed
to arrive at step 4, input A OR input B must be closed for
at least three instruction cycles to guarantee proper opera-
tion,

STEP FUNCTION

01 IFA>O04
02 IF B> 04
03 GO TO 01

04 SEQUENCE BASED ON "OR" CONDITION

INPUT WIRING FOR "OR" and "AND"

To minimize the number of inputs necessary to perform a
task, wire all "AND" inputs in series and all "OR" inputs
in parallel whenever possible.

SINGLE LOOP APPLICATION

The following program shows the basic use of the looping in-
structions., This technique repeats a sequence as many times
as defined by the L = number which allows a sequence to be
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repeated and then continue. In this example, a buzzer repre-
sented by output O will be toggled on and off at one second
intervals twenty-five times before continuing at step 5. The
beginning of the sequence starts at step 2, hence the L >
target step is step 2. If the Toop back target step was step
1, the L = would continually be redeclared and would there-
fore never be decremented to 0. This would prevent the pro-
gram from going beyond step 4.

STEP FUNCTION OUTPUTS
01 L = 0025
02 S 01.00 BUZZER ON
03 S 01.00 BUZZER OFF
04 L > 02
05 PROCESS AFTER LOOP COMPLETES
LOOP TIMER

The following two step program shows how a timer is created
using instruction time as loop counting. This approach to
timing is much more functional than the S, M and H instruc-
tions because steps can be incorporated between the L = and
the L > functions that will be executed each loop cycle
until timed out. Step 1 of the program sets the loop counter
to 9999. Step 2 decrements the loop counter by 1 and sends
the program again to step 2. Step 3 will not be executed un-
til the total time of 9999 x 1 instruction cycle has com-
pleted.

STEP FUNCTION
01 L = 9999

02 -+ L>02
03 TIMED OUT PROCESS

NESTED LOOPS

Please refer to the discussion of the Toop stack when re-
viewing this section. The loop stack will keep track of up
to four L = 's at any one time in the program. Nested loops
are loops within Toops and serve mainly to increase the to-
tal time needed when used as a loop timer. Each loop declare
is limited to four decades. Nesting of loops expands total
available time by a rather large factor. The following two
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loop nests expand the total loop timing from the previous
example by a factor of 9999 x (9999 x 1 instruction cycle).

STEP  FUNCTION

01 - L =9999

02 L = 9999

03 L > 03

04 L > 02

05 TIMED OUT PROCESS

Let's go through the stack to see what is occurring. Step 1
pushes a number 9999 on top of the stack. Step 2 pushes an-
other number 9999 onto the stack making the push in step 1
unaccessable until the push in step 2 has been popped. Step
3 is a loop compare of the most recently declared 1oop num-
ber which is in step 2 and at the top of the stack. The tar-
get step for the L > in step 3 is step 3. Therefore, the
program will stay on step 3 (jump to itself) until the num-
ber at the top of the stack (declared at step 2) has been
decremented to O (popped). khen this occurs, the L = in step
1 will move to the top of the stack and become accessable.
This will also allow the program to arrive at step 4 which
compares and decrements the Toop created in step 1. The tar-
get step in step 4 sends the program back to step 2 which
redeclares or pushes another number onto the stack again
making the current value of the remaining Toop number in
step 1 unaccessable (current value is 9998), The cycle re-
peats until the value remaining in the loop register set at
step 1 is 0 (finally popping the initial L =) allowing the
program to continue at step 5. As indicated in the Single 7
Loop Application shown on the previous page, sequential
functions may be inserted between L = and L > steps. When
this is done, the target step for L > is usually _the step
immediately following L =, ‘

ADVANCED TECHNIQUES AND APPLICATIONS
INPUT SAVING APPROACH TO MULTIPLE PROGRAM STORAGE
Earlier in this section a technique was shown for loading
more than one program into the MicroMaster® memory and then

using inputs as program selection switches. While useful,
this technique used one input for each program. Another
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method, which Tooks at combinations of inputs to determine
which program should be run, can be used to reduce the num-
ber of inputs required. This example shows this technique
being used to select one of four programs using only two in-
puts. It is easily expanded to three inputs and eight pro-
grams or four inputs and sixteen programs. To be practical,
the program selection switch should be of the rotary type
with one pole for each input used and one position for each
program in the MicroMaster®, The switch must be set before
the “run" button is pushed. The method is demonstrated
graphically in the flow chart in Fiqure 6-8. Input A is
checked first (step 01). The state of this input is used to
select one of two pairs of possible programs. Input B is
then checked (steps 02 and 04) to determine which of the two
programs in the selected pair will be run.

INPUT TRUTH TABLE
1 = CLOSED, 0 = OPEN

INPUT A INPUT B

0 0 SEQUENCE A
0 1 SEQUENCE B
1 0 SEQUENCE C
1 1 SEQUENCE D

1S
iNPUT A
CLOSED

Figure 6-8 INPUT SAVING FLOW CHART
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PROGRAMMING SOLUTION OF INPUT TRUTH TABLE

STEP FUNCTION OUTPUTS
01 IF A> 04 NO QUTPUTS
02 IF B > 30 NO OUTPUTS
03 GO TO 15 NO OUTPUTS
04 IF B > 60 NO OUTPUTS
05 GO TO 45 NO OUTPUTS

15 BEGIN SEQUENCE A
30 BEGIM SEQUEMCE B
45 BEGIM SEQUENCE C

60 BEGIN SEQUENCE D

The only difference with this approach is that the sequence
must be selected prior to pushing the run button versus a
continuous scan of four inputs until the operator closes one
as in the previous-example.

WP6200 REAR PANEL INPUT TERMINALS
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2 pole, 4 position ROTARY SWITCH
Figure 6-9 INPUT SAVING WIRING DIAGRAM
INTERRUPTIVE INPUT SCANNING

The following program uses the L = and L > to generate a
time delay which may be interrupted by an external input.
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The loop counter is initially set to 7500. The L > at step
03 will normally send the program back to step 02 7500
times. The scan time for each loop is 4 ms (2 ms for step 02
and 2 ms for step 03). 7500 x 4 = 30000 ms or 30 seconds, If
input A does not close during this time, the program will go
on to step 04 when this time delay is complete. If input A
does close during this time, the program will branch to the
interrupt process at step 10. The loop may be expanded to
include other "IF >" statements if more than one inter-
rupting signal is required. The loop number would have to be
adjusted to allow for the new loop time,

INPUT A - INTERRUPT TIMING IF CLOSED

STEP FUNCTION OUTPUTS
01 L = 7500 ALL OFF
02 IFA>10 ALL OFF
03 L > 02 ALL OFF

04 TIMED OUT PROCESS

10 INTERRUPTED PROCESS

With the Toop counter set to 7500, the loop back (step 03)
will send the program to step 02 7500 times unless input A
changes state causing a jump to step 04. The scan time for
each cycle is 4 ms (2 ms for step 02 and 2 ms for step 04).
4 x 7500 = 30000 ms total or 30 seconds. If input A does not
change state for that 30 seconds, the program will go to
step 04 when the loop counter finally has been decremented
to 0. With this approach, the 30 second timer has the abili-
ty to check an input every 2 ms while timing. The open loop
timer version of this without the interrupt ability would
simply contain a step of “S 30.00". For each step added
within the loop, the additional scan time must be calculated
to determine the right loop number for the total cycle time.
For instance, it may be required to check two or more inputs
during this cycle time with two or more possible interrupt
sequences based on which one is closed,

MAINTAINING CONSTANT CYCLE TIME IN TWO PROCESSES

Earlier in this section, a technique was shown which made it
possible to allow an input to interrupt a time delay. An ex-
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pansion of this technique is sometimes useful when the orig-
inal time delay must be maintained. An example will help il-
Tustrate this. Suppose a certain manufactuiing process
requires that water be delivered from a tark for a fixed
period of time whenever a demand switch is activated, It is
also necessary to maintain the water in the tank between two
levels which will be indicated by float switches.

The necessary inputs and their input numbers are as follows:

IA - DEMAND SWITCH, CLOSE TO START CYCLE
IB - LOWER FLOAT SWITCH, CLOSE WHEM LOW
IC - UPPER FLOAT SWITCH, CLOSE WHEMN FULL

Outputs are assigned as follows:

00 - TANK OUTLET VALVE
01 - TAMK INLET VALVE

STEP FUNCTION OUTPUTS COMMENTS
0123

01 IF A> 07 - - - HO DEMAND

0?2 IF B> 04 - - - - NO FILL

03 GO TO 01 - -

04 IFA> 11 - X N DEMAND

05 IFC> 0 - X FILL

06 GO TO 04 - X

07 L = XXXX X - DEMAND

08 IF B> 13 X - NO FILL

09 L> 08 X -

10 GO TO 01 X -

11 L = XXXX X X DEMAND

12 IF ¢ > (9 X X FILL

13 L>12 X X

14 GO TO 04 X X
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The process first starts by using a programmed wait on two
inputs. Nothing will occur beyond step 03 until either the
demand switch (input A) is closed or the low float switch
(input B) closes indicating that water in the tank has
reached the Tower level.

If the demand switch closes before the Tow float switch
does, the program is sent to step 07 to set a loop timer (L
= XXXX) for the duration of the process. It then goes to
step 08 to look at the lower float valve (input B) while
pumping water out of the tank (output 0). Should the lower
switch close during this timed process, the program is sent
to step 13 which continues the loop timing and also allows
more water into the tank by turning output 1 on. The program
will time out in steps 12 and 13 unless more water is coming
in than is going out causing the upper float switch to even-
tually close (input C) which will send the program back to
step 09; completing the timing process without allowing any
more water in the tank (output 1 off).

If the low float switch closes before the demand switch is
pressed, the process will start at step 04 allowing water to
enter until the demand switch is pressed (input A) which
starts the loop timer at step 11 or until the upper float
switch (input C) turns off the inlet valve (output 1).It
then would send the program back to await input A or B to
close at steps 01 and 02. Assuming that the demand switch is
pressed at step 4 before water reaches the upper limit, the
process then starts at step 11 which sets the loop timer and
allows water to enter starting at step 12 until either the
timer times out or the upper float switch closes causing the
timing to continde at step 09.

The Toop timer for the process will be decremented either by
L > at step 09 or the L > at step 12 depending on the level
of water during the total cyclie time as sensed by the upper
and lower float switches.

This process allows one of two processes to occur within a
given cycle time by using one of two L > instructions alter-
nately based on the condition of two inputs.

[44]



TWO HANDED MACHINE START (ANTI TIE-DOWN CODE)

Manufacturers of machinery are often required to provide
their equipment with a "two handed" anti-tiedown start.
This consists of two physically separated buttons which must
be pressed simultaneously to start the equipment, This is to
insure that the operators hands are clear of the machine be-
fore it can be operated. The anti-tiedown feature prevents
the operator from defeating the device by jamming one of the
buttons. This program shows a method of implementing this
function. The sequence can only be started if the two but-
tons are pressed within .2 seconds of each other,

The following program suggests an approach to use, It does
not guarantee safety; it establishes a technique for safer
machine operation. The designer of the machine or process is
ultimately responsible for safe operation by designing both
machine hardware and software with operator safety in mind.

INPUT A - LEFT HAND.START BUTTOH
INPUT B - RIGHT HAMD START BUTTOHN

NO OUTPUTS OM FOR THIS SEQUENCE

STEP  FUNCTION COMMENTS

01 IFA>04 WAIT FOR LEFT OR

02 IF B> 09 RIGHT HAMD INPUT

03 GO TO 01 TO CLOSE

04 L =50 WAIT FOR RIGHT INPUT

05 IF B> 14 TO BE PUSHED WITHIN

06 L> b 202 MS OF LEFT HAND PUSH -
07 IF A> 07 WAIT FOR RELEASE OF I-A
08 GO TO 01 START OVER

09 L =50 WAIT FOR LEFT IMPUT

10 IFA> 14 T0O BE PUSHED WITHIM
11 L> 10 202 MS OF RIGHT HAND PUSH

12 IF B> 12 WAIT FOR RELEASE OF 1-B
13 GO TO 01 START OVER

14 EXECUTE PROCESS
[ 457
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PRESET INDEXING OF STEPPING MOTORS

Stepping motors and preset indexers are often used in
positioning applications, By using Type 2 outputs from the
MicroMaster®, and by utilizing both scan time and loop in-
structions, the MicroMaster® system can be programmed to run
stepping motors at specific speeds and to preset index the
stepping motor shaft to precise locations. Due to the rela-
tively slow scan time of the system, the standard maximum
pulse rate available is 250 hz. However, special software is
also available to increase this rate at the expense of other
standard features. The Tollowing program and wiring diagram
is based on the use of a Slo-Syn® stepping motor system.

TYPE 2 OUTPUT REQUIRED
FOR
STEPPER MOTOR INTERFACE

NC
PULL UP AVAILABLE
ONLY ON MicroMasters
HAVING NC TERMINALS
/—\\\
————————— N
aN28 € —r .

| L—-‘—-—@I NO W

Figure 6-10 TYPE 2 OUTPUT
STEPPING MOTOR PROGRAM FOR SLO-SYN® SYSTEM

OUTPUT 0 = MOTOR CH
OUTPUT 1 = MOTOR CCW

STEP FUNCTION OUTPUTS

0123

01 L =200 -~ - -

02 - GO TO 03 X = - -

03 L > 02 ' ----

04 S 0z.0u : - - - -

05 L = 100 ----
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06 S 00.02 -X - -

07 L > 06 .- -
08 S 00.54 - -
09 GO TO 01 “---

The above program will pulse the stepping motor 200 steps CW
at 250 HZ, then stop for Z seconds and pulse the motor 100
steps CCW at 34 HZ, then stop for 1/2 second, then repeat.
The pulse train frequency is determined by the scan time or
delay time of the step that turns on the output. In step 2,
the GO TO instruction is used because it has the quickest
scan time (about 2 ms or 250 HZ.). To slow the speed, a time
step or slower scan instruction can be placed in the step
that generates a pulse as shown in step 6. S 00.50 would
generate a pulse train of about 34 HZ. For each pulse, the
stepping moter will move its normal step angle. In the case
of a Slo-Syn® with the STM-103 translator, the normal step
angle is 1.8 degrees of arc, Therefore, by setting the lcop
counter to 200 or 200 pulses before going to step 4, the
stepping motor will rotate exactly 1 revolution before stop-
ping. (200 x 1.8 degrees = 360 degrees). With other types of
translator modules that allow microstepping for greater res-
olution, the same MicroMaster® program will allow even
greater positioning control of the stepping motor system.

WIRING TO Slo-Syn TRANSLATOR
MODEL STM-103

o
Cc
STM-103

N

°9 @ Vo
N O—— )

-@) W
Micro-

Master ol . _cw

cO
NOO —O

Ne O—

Figure 6-11 WIRING DIAGRAM FOR SLO-SYM® TRANSLATOR
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SUBROUTINE DEFINED

A subroutine is defined as a set of instructions that can be
executed from any point within a program and then return to
the point of call to continue once the subroutine has been
executed. Since the number of available steps in the Micro-
Master® is limited to 79, the use of subroutines may allow a
program to be executed which otherwise might be too large to
fit in the 79 available steps. The subroutine must be at
least four steps long to provide a reductign in the number
of steps required since it takes three steps to call for a
subroutine., The following program uses the L = and L >
functions to create subroutine calls. A review of the
operation of these instructions will be helpful in
understanding the program operation.

The L = value will be equal to the total amount of
subroutine calls needed + 1.

In this example, we'll call for a subroutine 3 times,
therefore L = 4.

STEP  FUNCTION COMMENTS
01 INITIAL EXECUTION POINT
- OF A GIVEN PROGRAM.

10 L=4 FIRST SUBROUTINE CALL
11 L>2l

12 CONTINUE PROGRAM AFTER
-- SUBROUTINE HAS COMPLETED
-- FIRST EXECUTION

20 L=4 SECOND SUBROUTINE CALL
21 "L >3l

22 CONTINUE PROGRAM AFTER
-- SUBROUTINE HAS COMPLETED
- SECOND EXECUTION

30 L=4 THIRD SUBROUTINE CALL
31 - L>50

32 CONTINUE PROGRAM AFTER

-- SUBROUTINE HAS COMPLETED
- THIRD EXECUTION
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45 GO TO 0C

50 BEGIN SUBROUTINE AND
-- RETURN TO THE -POINT
-- THAT IT WAS CALLED
-- FOR AFTER COMPLETION

60 GO TO 11

Now for a point by point explanation. The subroutine in
this procram starts at step 50 and ends at step 60. The
first call is at step 10 wiich pushes a number 4 onto the
loop stack. Step 11 is the comparison of the number at the
top of the stack (the most recently declared L = which is at
step 10). It decrements the number at the top of the stack
by 1. If the remaining number is greater than 0, it causes a
jump to the target step. In the first execution, the number
at the top of the stack was 4. Subtracting 1 gives 3 which
is greater than (. Therefore, it will jump to the target
step. The target step in this case is step 21, Had the re-
maining loop number been U, it would not jump to step 21,
but would go to the next sequential step. In this case that
would be step 12. Step 21 requires ancther decrement and
comparison of the number in the register (reduced to 2) and
jumps to the target step 31. Step 31 requires another dec-
rement and comparison of the number in the register (reduced
to 1) and jumps to the target step 50. Step 50 is the start-
ing point of the subroutine. The last step in the subroutine
sends the processor pack to step 11 which makes another com-
parison to the top of the stack. The number at the top be-
fore the comparison is 1 since it has been decremented 3
times already. how, when the processor decrements the number
at the top of the staeck again the remaining number is G. The
L = declared at step 10 is finally "popped" and the proces-
sor will now send execution to step 12 rather than step 21.
This process allows steps 50 through 60 to be executed and
the program to be continued from the point of the initial
subroutine call.

Now, let's see what happens when we call for the subroutine
again. The subroutine is required again starting at step 20.
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This second call pushes a number 4 onto the loop stack. Just
as it did at step 11. The program execution proceeds as it
did in the first call, jumping first to step 31 and then to
step 50. Wnen the subroutine completes, the program then
jumps to step 11, however, the loop will have only been
decremented to two, step 11 will decrement it to one and
send it on to step 21. Step 21 will finally decrement it to
0 and the program will continue at step 22. The third call
at steps 30-31 will operate in a similar fashion.

TECHNIQUES CONCLUSION

This completes the discussion of pooular programing techni-
ques. There are other techniques peing used and discovepad
every day. These basic techniques will allow the potent-t]
user to create programming solutions to small scale problems
and enhance his knowledge of programmed control.

PROGRAMMING WITH THE EXPANDER
BASIC PROGRAM ENTRY

The use of expander products vecome necessary vhen more than
four inputs or more than four outputs are needed. The ex-
pander system must operate with the main MicroMaster® system
and uses two wire serial cata lines tor receiving data from
the WP6200. Program entry to the expancer is similar to the
WP6200. The expander is an extension of the main system
which allows more outputs to be contrnlled and expands the
use of the IF irstruction thru input ¢roup selection,

The orange buttond contrcl the eight outputs in exactly the
same manner as the 1/0 buttons on the WP6200 controller. The
green buttons control input group selection in a similar
fashion. The step being programmed is controlled by the
WP620Q and is the step displayed on the WP6200.

INPUT PROGRAMMING INSTRUCTIONS WHEN USING EXPANDERS

The WP6200 MicrobMaster® is limited to 4 user definable
INPUTS. These user definable INPUTS can be increased to 7 by
adding a WP6300 Expander and if a WP6350 Input Expander
Diode Matrix is also usad, the INPUTS are increased to 16.
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The foliowirc 11stings illustrate how to program these ad-
ditional 1inputs by showing what should be displayed on the
LPE200's alphanunerical display and which lights should be
Ticnted on the WP6300's group indicator lights for each
individual input.

7 INPUTS USING A WP6200 AND A WP6300
WP6200 WP6300 GROUP LIGHTS

INUT - prseay 670 6/1 6/2 /3
A cs IFA>ts OFF OFF OFF OFF
B cos IF5>ts OFF OFF OFF OFF
€ csIFC>ts COFF OFF OFF OFF
r-5/0 cs IFD >ts Gl OFF OFF OFF

> ts OFF 0N OFF OFF
> ts UFF OFF ON OFF
> te UFF  OFF  OFF ON

-G/ ¢s IF
D-G/2 c¢s IF
U-G/% c¢s IF

22O D5

16 INPUTS USING A WP6200, A WP6300 AND A WP6350

WP6200 WP6300 GROUP LIGHTS
DISPLAY G/0 G/1 G/2 G/3

A-G/0O cs [FA>ts OH OFF OFF OFF

INPUT

B-G/0 c¢cs IFB>ts ON OFF OFF OFF
C-G/0 c¢s IFC>ts ON CFF OFF OFF
D-G/0 cs IFD>ts OH OFF OFF OFF
A-G/1 ¢ IF A>ts OFF ON OFF OFF
B-G/1 ¢s IF B>ts OFF OH OFF OFF
C-G/1 cs IFC>ts OFF ON OFF OFF
=67 c¢s IFD>ts CFF OM OFF OFF
A-G/2 ¢s IFA>ts OFF OFF ON OFF
B-G/2 c¢cs IF B> ts OFF OFF ON OFF
C-G/2 cs IFC>ts OFF OFF ON OFF
D-G/2 ¢s IFD>ts OFF OFF ON OFF
A-G/3 ¢s IF A > ts OFF OFF OFF ON
B-G/3 c¢s IFB »ts OFF OFF OFF OHN
C-G/3 cs IFC» ts OFF OFF CFF ON
D-G/3 c¢s IFD > ts OFF OFF OFF ON
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EXPANDER PROGRAM LOSS

The loss of a program loaded into RAM is possible for the
same reasons as discussed for the "P-FAIL" display to occur
on the main system. Since there is no alphanumeric display
on the expander units, the only visual sign of a program
loss on the expander is a lack of any cdisplay lights for
both the internal group select switches and the outputs. All
outputs will go to their off state if a memory loss occurs.
The RAM in the expander only keeps track of the additional
outputs and the internal group selection switches.

TESTING PROGRAMS

Testing of tne program can be accomplished in the same
manner as the WP6200. Refer to the fourth paragraph on page
4 for details.

INPUT "OR™ TECHNIQUES

As discussed earlier, the MicroMaster® system can be pro-
grammed for ltogical "OR" and logical "AND" input scanning.
Where inputs are to be "ORed", some program space may be
conserved if the inputs are connected to like input numbers
in different groups. It is then possible to check both
inputs using one IF > instruction by selecting their
associated input groups simultaneously. The following ex-
ample will illustrate this technique.

X = Programmed on

STEP , FUNC GROUP LIGHTS
0123
01 SIF B> 10 XX X X

Any one of four independant irputs all wired into input B
terminals will cause a jump to step 1C if closed,

PROGRAMMED WAIT LIMITATIONS

Implementation of the programmed wait using normally closed
switches is-not recommended when using expander products.
Refer to page 83, "Normally Closed Contacts Used Hith
Expanders" for explanation.
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PROBLEM SOLVING TECHNIQUES

In order to solve a systems problem with a MicroMaster®, it
is important to approach the solution in the proper manner.
This approach should be used in even elementary problems, as
it will minimize errors and establish documentation that
will make future modifications easy and clear.

The MicroMaster® is a Sequential Process Controller, Other
process controllers are generally defined as "Ladder Dia-
gram" Processors. In this type of system, the complete 1lad-
der diagram is scanned in a fixed time, which is a function
of the length of the program. States of inputs and outputs
as well as timers and counters are stored in memory and then
acted upon as the processor reaches the end of the prog:am
in the ladder diagram.

The MicroMaster® differs from this in that it is a sequen-
tially programmed device, It acts upon, and completes, each
instruction as it is encountered in each step of the pro-
gram. In some cases, this is a decided advantage. For exam-
ple, a ladder type process controller typically cannot do
loops, or nested loops as can a MicroMaster®, This means
that each set of instructions that could be handled by L =
and L > in the MicroMaster®, must be programmed individually
in a ladder type process controller. In this case, the num-
ber of program steps is much less in the MicroMaster®,

Since the MicroMaster® is.a sequential device, the approach
to solving a system problem is to break down the machine op-
eration into a series of sequential operations. Generally,
this is how machines are designed. It is only after a ma-
chine is designed that the designer creates a ladder diagram
to serve as a connection diagram for the user. Therefore, a
listing of the machine sequence is the first step in problem
solving for a MicroMaster® application.,

At this point, identification of inputs and outputs is pos-
sible. It is critical that specific identification, such as
Input A = Start Switch and Output O = Main Drive Motor, be
made for each input and output of the system. Next, using
"The Instruction Set" and "Programming Techniques" explain-
ed earlier in this manual, a list of instructions, or pro-
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gram may be developed. Often, it is useful tc write this in
the form of a flow chart. An exanple of & flow chart is
shown in figure 6-13 on page 59.

Finally, the program should be listed on the MicroMaster®
programming form enclosed with each MicroMaster® product. It
1s a good idea to leave spaces in the Tist of instructions,
so that changes or corrections can be made without rewriting
the entire program. For examplie:

STEP FUNCTION OUTPUTS

0123
01 IF B> 03 - - - -
02 GO TO 01 - - - -
03 S 01.00 X = = =
04 GO TO 07 - - = -
05 GO TO 05 --- -
06 GO TO 06 - - - -
07 $ 02,00 - X - -

If it is found that another time delay is required after
Step 03, it can be inserted without rewriting all the in-
structions that follow. For example:

STEP FUNCTION OUTPUTS

0123
01 IF B> 03 --- -
02 GO TO 01 - - - -
03 S 01.00 X - - -
04 - S 05,00 - - =X
05 GO TO 07 - - - -
06 - G0 TO 06 - - - -
07 S 02.00 - X - -

The following example illustrates a point by point procedure
that will help in the development of an application program:

POINT 1 - Define the overall function that is to be accom-
plished by the control system:
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A conveyor control is required to keep track of the
movement of two conveyors that are being used to trans-
fer stereo speakers into a baking oven for curing, The
Speakers are rardomly spaced on one conveyor and must be
evenly spaced on a second conveyor which is positioned
at a right angle to the first conveyor for proper index-
ing into the oven by a pusher mechanism. The process is
continuous unless stopped by the operator or unless the
pusher mechanism jams. If the pusher mechanism jams, an
alarm must sound.

POINT 2 - Describe a step by step operation (refer to figure
6-12 shown on page 58 for & :raphic illustration):

The sequence is started by the pushing of a start button
by the machine operator. Motor "A" is started and
drives conveyor "A" until the first of randomly spaced
speakers drops off conveyor "A" onto conveyor "B". This
is sensed by photocell "A", At this point, motor "A" is
stopped. The Timit switch at the end of conveyor "B" is
checked to see if the Tine is full, If it is, the pusher
solenoid is activated for five seconds, moving the
speakers into the oven. A three second time delay at
this point allows the pusher solenoid to retract. Limit
switch "C" is checked during this time delay to verify
that the pusher solenoid has retracted. If it has not
retracted at the end of three seconds, the process is
stopped and an alarm will sound. If the pusher solenoid
has retracted or the line was not full when limit switch
"B" was checked, conveyor "B"is activated for 1.3 sec-
onds. The whole process is then repeated. There is also
a requirement for an emergency stop push button.

' POINT 3 - Define all inputs and outputs that are needed,

From the description in Point 2, the following inputs
and outputs may be defined:

INPUTS

Start, Emergency Stop, Photecell "A", Limit Switch "B",
and Limit Switch "C".
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OUTPUTS

Conveyor Motor "A", Conveyor Motor "B", Pusher Solen-
oid, and Alamm

We now assign the inputs and outputs as follows:
INPUTS

Start

Emergency Stop
Photocell "A"
Limit Switch "B"
Limit Switch "C"

RUN terminal on MicroMaster®
HALT terminal on MicroMaster®
INPUT A on MicroMaster®
INPUT B on MicroMaster®
INPUT C on MicroMaster®

nono Hon

OUTPUTS

Pusher Solenoid
Conveyor Motor "A"
Conveyor Motor "B"

Atarm

OQUTPUT 0 on MicroMaster®
OUTPUT 1 on MicroMaster®
OUTPUT 2 on MicroMaster®
OUTPUT 3 on MicroMaster®

L T T 1

POINT 4 - Utilizing the data from Points 2 and 3, write a
step to step program description which will be used to write
the final program.

In step 1, we look at Input A which is a normally closed
photocell at the end of conveyor "A". Output 1, which
is the motor for conveyor "A", is turned on during this
Step. When the photocell opens, we drop to step 2, which
is a 1/2 second delay for allowing the speaker to settle
on conveyor "B, In this step, all of the outputs are
off. After 1/2 second has elapsed, we move to step 3
which checks Input B, the limit switch at the end of
conveyor “B" to see if the line is full. Since this
1imit switch is also normally closed and if the line is
not full, we will move to step 9. Step 9 is a 1.3 second
time delay with Output 2 on. Output 2 is the motor for
conveyor "B" and this indexes the speakers along con-
veyor "B". We now drop to step 10, which tells us to
repeat this cycle again. We will continue to repeat it
until Input B opens, indicating that a speaker has
reached the end of conveyor “B". In step 4, we activate
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the pusher mechanism for 5 seconds to push speakers into
the oven. At this point, Output O means the pusher solen-
oid is on. At steps 5, 6 and 7, we scan the switch Input
C, on the pusher mechanism, to see if it has retracted.
The time required to scan this in steps 5, 6 and 7 is ap-
proximately 3 seconds. At step 6, there's a 2 millisecond
instruction time and also at step 7. Both of these total 4
milliseconds times 750 which is 3 seconds. Finally, if 3
seconds, or 750 Toops elapse without Input C closing we go
to step 8 which sounds an alarni. The program will stay on
step 8 until the RESET button is pushed on MicroMastere,

POINT 5 - Utilizing data in Point 4 write the final program:

STEP FUNCTION OUTPUTS

0123
01 [FA>O0L - X - -
02 S 00.50 ----
03 IFB>Q09 - - - -
04 S 05.00 X - - -
05 L = 750 ----
06 IFC>09 - - - -
07 L>06 ----
08 GO TO 08 - - =X
09 S 01.30 - - X -
10 GO TO 01 - -~ -

A completed Programming Form for the above program is shown
in figure 6-14 on page 60. This approach is only one of sev-
eral possible solutions to this problem. As long as the 79
steps are not exceeded, any given solution to a problem is
as good as another.

[ 57 ]



LIMIT
SWITCH

|
%ﬁﬂm

SOLENOD |

CEN

> -

TO 0 O

P SHER —

' !

— —

)
} SPEAVERS EXIT OVEN
|

—)

Ory
MECHANISM —~
— a
rl
~
“ TONUE DR 2
- SRR
SPEARER M1 ' N s e I~ - =
STOR %1:"{] ) N N O R A =/
MOIOR 1] Jo >0 Oevercency
PHOTJCELL STOP M
o
0
Q
R
. A
NOTE
T SPEAKERS ON CONVEYOR &4 ARE RAMDOML ¥ SPACED
2 IPEANERS OM CONVEYOR 8 ARE EVEML ¥ SPACELD

Figure 6-12 CONVEYOR GRAPHIC

[ 53]




TURN OFF

02 MOTOR ‘A°

1S
CONVEYOR
‘8

FULL?

TURN ON
PUSHER SOIL_

TURN OFF
PUSHER SOL

JURN ON
MOTOR 8"

WAIT 1.3 SECONDS

TURN OFF
MOTOR ‘B’

og

Figure 6-13 FLOW CHART

[ 59 ]




u PROGRAMMING FORM
Ic ll  FOR SERIES WP6200 and WP6300
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SECTION 7 - HARDWARE APPLICATION INFORMATION
SYSTEM CONFIGURATION

A typical MicroMaster® system consists of a series WP6200
product which provides connections for 8 inputs, 4 outputs,
115 vac 50/60 Hertz power and if necessary, expansion series
WP6300 products, The expander products are connected via
serial data lines (2 wire, sync and return). The following
information is to be used to reduce the possibility of in-
correct operation caused by spurious signals and general
noise caused by mixing different types of signals in a given
installation.

INSTALLATION INSTRUCTIONS
GENERAL INFORMATION

The MicroMaster® system has two basic packages for machine
or process control. The ROM based chassis models (WP6220 and
WP6320) are designed to be surface mounted inside control
cabinets. NEMA rated cabinets may be necessary depending on
the particular enviornment, The location surrounding the
chassis system should be free of mechanical shock, heavy vi-
bration, atmospheric contaminants such as water spray, dust,
0il mist etc., and extreme temperatures,

The other type of package offered in the MicroMaster® line
is the panel mount products (WP6240, WP6200, AND WP6300).
These products fit into panel cavities with the following
dimensions:

3" High x 5-3/8" Wide x 7-1/4" Deep

If airborne contaminants are near the process or machine, it
is recommended that panels be protected in appropriate NEMA
rated cabinets with subpanels. Remote operation of the run,
halt, and reset inputs can be accomplished using appropriate
switches connected to the switch terminations on the rear of
the product.

CLEARANCES

When installing the MicroMaster® dedicated chassis system,
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provisions should be made for easy access to the unit so the
PC board can easily be removed from its case for replacement
and/or changes in the PROM chip, the plug-in input modules
and the plug-in output modules. For panel mount products,
there should be adequate room behind the product to allow
easy connection of all external devices to the terminal
block. Dimensional data is shown in Section 8 on pages 103
and 104.

WIRING PRECAUTIONS

A11 MicroMaster® products should be wired in accordance with
the National Electrical Code, federal, state, and local
codes, and/or any other applicable safety codes. In addi-
tion, the user should turn off power and take other neces-
sary precautions during installation, service and repair to
prevent personal injury and equipment damage., Al1 Micro-
Master® products are internally fused to help protect their
circuits from abnormal current flows due to incorrect hookup
and/or internal component malfunctions,

To connect wiring to the MicroMaster® terminal blocks:

1. Strip or remove approximately 5/16" of the wire's
insulation,

2. Using a small screwdriver, loosen the appropriate
numbered terminal screw by turning the screw
counter-clockwise,

3. Insert the uninsulated end of the wire into the hole
directly beneath the terminal screw.

4, Hold the wire in place and tighten the terminal screw
by turning it ¢élockwise.

IMPORTANT!: To prevent damage to internal components and
the PC board etched contact fingers NEVER remove or install
the terminal block edge connector on the MicroMaster® with-
out first disconnecting all power from the terminal block.

A power switch is recommended on all ROM-based units to con-
trol power to all elements. In the case of RAM-based units,
in order to prevent program loss due to a discharged or
faulty battery, it is recommended that AC power be continu-
ously applied to the product. Even if the panel mounted
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power switch is turned off, applied AC power is still charg-
ing the battery and holding the RAM memory. In this
instance, the master power switch should only interrupt the
load power.

INSTALLATION PRACTICES

Whenever a process controller such as the MicroMaster® is
used, the equipment designer must keep in mind that such
controllers are a collection of very sensitive and complex
electronic circuits which must be operated in a generally
hostile electrical environment. Unless precautions are taken
in the installation of these devices, noise of sufficient
amplitude to cause equipment malfunction can and will enter
the equipment. A little planning in the installation can go
a long way toward guaranteeing fault-free operation.

For this discussion, the connections to the MicroMaster® can
be broken down into three major groups. These are power
input connections, output load connections, and the signal
input and sync connections.

The first rule to be followed in the installation of the
MicroMaster® is "the input, output, and power groups
must NOT be cabled together". Keep all signal input
leads in a separate bundle and keep that bundle physically
separated from the load and power bundles. Normally, an inch
or two of separation is all that is required, but where long
parallel runs must be used, greater separation or separate
conduits for signal and load lines is desirable. Never run
signal and load lines in the same conduit. The importance of
keeping these groups separated cannot be stated too
strongly. Whenever a load is switched, rapidly varying elec-
tric and magnetic fields are set up around the conductors
connected to the load. These fields can and will induce
fault signals into the power leads and into the signal input
leads to the MicroMaster® if steps are not taken to allev-
iate the problem,

Rule number two for fault-free operation is "suppress all
inductive loads". By far the largest single cause of
improper MicroMaster® operation is the switching of un-
suppressed inductive loads., Aside from causing erratic
operation, unsuppressed inductive loads greatly increase the
rate of wear on the output relay contacts and will cause
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premature failure of the output relays. The reason inductive
Toads cause such problems is that when the current through
an inductor is interrupted, a very high voltage spike is
generated by the inductor. These spikes can easily reach
values of several thousand volts unless some method is en-
ployed to effectively limit the value which they may attain.
This spike voltage may appear between the leads which feed
power to the device, or between either or both power leads
and chassis ground, depending on the physical construction
of the device in question. Normally, a voltage limiting de-
vice such as a metal oxide varistor (MOV) should be placed
across the inductor right at the inductor itself, This helps
in two ways. First it will 1imit the maximum amplitude that
the spike voltage may obtain., Second, since there is some
capacity between the terminals of the varistor, it will help
1imit the rate of change of current through the inductor.
Since the voltage of the spike is directly proportional to
this rate of change (V = L x di/dt), this will help limit
the amplitude and rise time as well. In extreme cases, it
may be necessary to supply an additional capacitor across
the inductor to further 1imit this rate of change. The value
of this capacitor should be approximately 1.0 mfd per amp of
Toad current. To avoid damaging the contacts, this capacitor
should be placed in series with a resistor which limits the
capacitive inrush current to less than the relay contact ra-
ting. Thus, a 1 amp 115 vac load switched through a 6 amp
relay would require a 1.0 mfd non-polarized capacitor in
series with a 20 ohm resistor (120 volts/6 amps) connected
directly across its terminals. A larger value resistor would
be desirable from the standpoint of contact life, but, since
the resistor reduces the effectiveness of the suppressor, it
cannot be increased without limit. While these techniques
will normally Timit the spike voltage appearing between the
leads to an acceptdable level, they do nothing to suppress
the spike which often appears between the leads and the me-
tal frame of the device. This spike can result in a high
frequency ground current which may interfere with processor
operation, If this spike becomes a problem, it can be elimi-
nated by bypassing both leads of the device to its frame
with capacitors. For a 115 vac device, a .05 mfd capacitor
rated for this kind of service will usually prove suffi-
cient. Figure 7-1 (shown on page 65) will help to illustrate
these suppression techniques.
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115 VAC operation).

R1 - Value Greater than V-Load/I-contact.

Cl - 1.0 mfd/amp of Load Current, Non-Polarized.
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Figure 7-1 HIGH VOLTAGE SPIKE SUPPRESSION TECHNIQUE

Rule number three is "eliminate loops in the input and
load wiring". The coupling of noise via magnetic fields
between circuits is achieved through the mutual inductance
of the two circuits. This mutual inductance is largely de-
pendent on the area of the loop through which the current
must flow in its journey from the source through the load
and back to the source. By 1imiting the size of the loop,
the available coupling is also limited. Figure 7-2 (shown on
page 66) will help to explain the principle, In practice,
this means that both conductors connected to a load or input
device should follow the same physical path. Since the field
from the two conductors will be equal and opposite, they
will cancel and 1ittle or no magnetic coupling can occur, In
the case of input leads, keeping the input and return Tines
close together will prevent any differential signal from ap-
pearing between them since any induced signal will be the
same on both leads. It is not really necessary to run sepa-
rate return lines for each input providing that the return
and input lines follow the same path. For instance, the in-
put lead bundle could contain all 8 input lines and 1 return
1ine. The same applies to load bundles, where only 1 power
common is used for all loads. It is necessary, however, that
the switched (hot) lead for each load follow the same physi-
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cal path as the power comnon. If possible, the hot and com-
mon or signal and return should be twisted together, Where
several hots and 1 common or several signal and 1 return
line are bundled together, twisting the entire bundle will
help reduce this form of coupling,

“Rule number 4 is "keep all wiring as close to ground as
is practical". Where the equipment is mounted in a metal
cabinet, the wiring should be dressed along the surface of
the cabinet and not just run by the shortest possible route
to the switch or load device. This reduces considerably the
likelihood that electric field coupling will interfere with
operation of the controller since the capacity between the
input leads and ground will be much higher than the capacity
between the input leads and the noisy conductor. The capaci-
tive voltage division this introduces will tend to reduce
the induced fault voltage.

Adherence to these guidelines will usually result in fault-
free operation of the MicroMaster® and its associated
system. Problems can still arise, however, due to other
equipment not related to the MicroMaster® but sharing a com-
mon power line. Generally, the interfering device can be
identified and, by using the methods of suppression discus-
sed above, the problem can be eliminated., Identification of
the interfering device is usually fairly easy. It generally
is observed that the MicroMaster® exhibits erratic operation
when the device is switched on or off. When the device can-
not be identified, a commercial EMI filter can be installed
in the MicroMaster® power line to suppress the interference.
The output of the filter should connect only to the Micro-
Master® power terminals. It should be as close to the Micro-
Master® as is practical. Where the interference is radiated
into MicroMaster® rather than conducted via the power lines,
shielding of the radiating leads will probably be the most
effective., If that is not possible, shielding of the leads
into the MicroMaster® may be attempted, but will not be as
effective as shielding of the interfering device. In dealing
with any interference problem, it will generally be found
that suppression or shielding of the interfering device is
more effective and easier to accomplish than trying to sup-
press all possible paths of noise coupling into the Micro-
Master®,
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SAFETY DEVICES

The equipment designer who utilizes electronic process con-
trollers must pe constantly aware of the hazards involved in
using these devices, The failure modes of these devices are
completely random and unpredictable. Virtually anything can
happen when the device fails. It could start unexpectedly,
turn on all outputs, execute steps out of program sequence
or simply fail to run. In view of this, the designer is
warned not to rely on the process controller to activate de-
vices or respond to signals which involve the safety of the
machine operator. This point cannot be stated too
strongly. Some positive and independent means must be
provided to protect the operator of any machine utilizing
process controllers. Some form of positive disconnect for
load power should be provided to shut down the machine for
maintenance or emergency shut-off. Do not count on the
process controller reset or power switch to provide this
function. Switching circuits designed to protect the opera-
tor's hands in the event the machine is inadvertently acti-
vated should directly control the machine and not be passed
through the controller as an input. In general, a machine
should be designed such that the failure of any one compo-
nent will not result in the existence of a hazardous condi-
tion. When using process controllers, the controller itself
should be considered as a single component.

REMEMBER:

1. Keep input, power and load conductors separated.
Suppress all inductive loads.

Avoid loops “in input and output wiring.

Keep wiring close to ground.

. Do not rely on the controller to activate or respond
o safety devices.

r"'U'\;th

INPUT CIRCUITS
INTERNAL INPUT CIRCUIT
The MicroMaster® Series WP6200 controllers utilize two

internal plug-in input modules. Each module contains four
input circuits. The first input module is identified as
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Inpyt Module Number 1 and contains the inputs for RST
(RESET), RUN, HALT and CNT (COUNT). The second input module
1§ Identified as Input Module Number 2 and contains the four
use; definable inputs IA, IB, IC and ID. These plug-in
modules contain circuitry identified as Type "A" Inputs and
are operated with a DC voltage in the range of 9 thru 15
VDC. Figure 7-3 illustrates one of the Type "A" Input cir-
cuits contained on the internal plug-in input modules. An
optocoupler provides photo isolation of the internal proces-
sor. The MicroMaster® power supply is an unregulated one.
This power supply is normally used to supply the switching
voltage for the inputs and its output appears at terminal 6
(+12 VDC) on the external terminal block, It has a range of
10 to 15 VDC depending on the input voltage to the control-
ler and transformer loading. Therefore, the open circuit
voltage level at terminal 6 can vary from 10 to 15 VDC. The
switching voltage is not internally connected to the plug-in
input modules and must be externally connected with jumper
wires on the terminal block between terminal 6 (+12 VDC) and
terminals 7 (I+1) and 12 (I+2). Figure 7-4 shows the connec-
tions of these jumpers,

I+ > —
i
|
1K i
l
INPUT > AM———
R ERISY)
p—
0.1 MFD
RETURN >— l

Figure 7-3 MicroMaster® TYPE "A" INPUT CIRCUIT

Q
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[ ¥ [ ] [ A ] ® [ J ® [ J
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= MicroMaster® MODEL WP6200 — MINARIK ELECTRIC COMPANY:

Figure 7-4 SERIES WP6200 INPUT SWITCHING VOLTAGE JUMPERS
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TYPICAL EXTERNAL INTERFACES

The basic interface to the input terminal is a switch rated
for dry contact use. The MicroMaster® input circuit will
indicate open if 100 microamps or less is flowing, It will
indicate closed if 4 milliamps or greater is flowing, If
electronic switching is utilized in lieu of dry contact
switches, caution must be taken to insure proper perform-
ance. If external voltages are less than the open circuit
voltage at the input terminal, enough current flow could oc-
cur to falsely sense a closed input. As long as the open
Circuit voltage level from the external source is equal to
or greater than the terminal level, proper operation should
occur. The ideal electronic interface for the system is an
open collector NPN transistor connected as a current sink on
the input. It represents an electronic equivalent to the dry
contact. The following circuits are commonly found in indus-
trial input devices such as TDR's, limit switches, encoders,
photocells, proximity detectors, counters, and manual con-
trol switches.

ELECTROMECHANICAL DRY CONTACT

A typical electromechanical form A dry contact is the sim-
plest input circuit (Figure 7-5). It may be necessary to
connect a capacitor across the count input to eliminate
mechanical contact bounce. Generally, 2 mfd at 35 vdc has

been found to be sufficient.
I -@INPUT
-~

EXTERNALl :QDRETURN

Figure 7-5 DRY CONTACT CONNECTION

NPN OPEN COLLECTOR
Generally, no special precautions need be taken with this

circuit (Figure 7-6 on page 71) as leakage through the
transistor when off is typically well below 100 microamps.
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However, the transistor should be able to withstand 18 volts
collector to emitter in the off state and 20 milltamps col-
lector current in the on state.

‘ 7
l HQ INPUT
EXTERNAL r//’
LOGIC

I 1 EXTERNAL\ N

Figure 7-6 NPN OPEN COLLECTOR CONNECTION

OPEN COLLECTOR with CLAMPING DIODE

Some manufacturers of proximity switches and other sensing
devices include a diode in the internal circuitry to prevent
the output from rising above the positive supply rail. This
diode is normally connected between the output terminal and
the positive supply terminal (See Figure 7-7). If the power
supply for the external sensor is at a lower potential with
respect to return than the internal MicroMaster® supply,
sufficient current could flow through the clamping diode to
cause the input to appear closed, It is not recommended that
this type output be connected to MicroMaster® unless the
sensor is powered from the MicroMaster's power supply. If
the sensor requires a different voltage from that supplied
by the MicroMaster® then a special input module must be used
which is compatible with the sensor's power supply.

e —
T ’)@mPUT
—
EXTERNAL
LOGIC
l EXTERNAL \

2 — — < RETURN
Figure 7-7 OPEN COLLECTOR WITH CLAMPING DIODE

{

HIGH VOLTAGE SWITCHING INPUTS (115, 230 VAC, ETC.)

While the MicroMaster® input circuit requires low level
voltage, open collector transistors or dry contact form A
switches as shown in the previous discussion, the applica-
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tions for MicroMaster® will involve the retrofitting of
existing discrete control systens that use a wide variety of
input devices., Those devices switch a multitude of both ac
and dc voltage levels including power line voltages. It is
recommended that commercially available optically isolated
interface devices be utilized for proper sensing by Micro-
Master®, Contact the Minarik factory for further details.

MicroMaster® AS AN INPUT POWER SUPPLY

Where the use of input devices requiring 12 VDC of unregu-
lated power are needed, it is recomended that the Micro-
Master® Series WP6200 internal power supply be used. This 12
VDC supply is rated at up to 200 Milliamperes and is
available at terminal 4 (RTN) and terminal 6 (+12 VDC) on
the external terminal block. By using this approach, the
user will save the expense of an additional power supply and
will also guarantee the input voltage level to equal the
MicroMaster® level,

OUTPUT VARIATIONS AND NOMENCLATURE

The MicroMaster® Series WP6200 controllers utilize two
internal plug-in output modules and the Series WP6300
expanders utilize four internal plug-in output modules, Each
module contains two output circuits. These modules are
identified as Output Modules Number 1 and 2 for the
controllers and Qutput Modules Number 1, 2, 3 and 4 for the
expanders. There are presently three types of output
circuits available. The stock output is a relay (see Figure
7-8 on page 73). This output is defined as a type 1 circuit.
The second type of output is an open collector transistor in
a 4N28 optocoupler. If the MicroMaster® product normally has
form C relay contacts, an 820 Ohm pullup resistor is provid-
ed as shown in Figure 7-9 on page 73. This output is defined
as a type 2 circuit. The last output type is an unregulated
12 vdc programmable power supply that can source up to 200
Milliamperes maximum divided into all outputs. This output
is defined as a type 3 circuit and is shown in figure 7-10
on page 73. Since the user may want to mix outputs for a
given product and since all three outputs are considered
standard, the chart at the top of the next page defines the
output types and their description.
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OUTPUT DESCRIPTION

TYPE A 2 - EACH TYPE 1 CIRCUITS
TYPE B 2 - EACH TYPE 2 CIRCUITS
TYPE C 2 - EACH TYPE 3 CIRCUITS
TYPED 1 - EACH TYPE 1 and 1 - EACH TYPE 2 CIRCUIT
TYPE E 1 - EACH TYPE 1 and 1 - EACH TYPE 3 CIRCUIT
TYPE F 1 - EACH TYPE 2 and 1 - EACH TYPE 3 CIRCUIT

® @NC

Four Form “C’* Contacts
on the Controllers
Two form “’C’" Contacts @C

and Six Form A" (Nor- T

mally Open only) Con-
tacs on the Expanders

L @NO

Figure 7-8 - TYPE 1 QUTPUT CIRCUIT

PULL UP AVAILABLE —$§ %~
ONLY ON MicroMaste 820
HAVING NC TERMIN LS m 7

Figure 7-9 - TYPE 2 OUTPUT CIRCUIT

—— Sc
g
INTERNAL _/_K
12 vDC
SUPPLY
—Eno

Figure 7-10 - TYPE 3 OUTPUT CIRCUIT
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The following part number system identifies which input and
output modules are installed in the MicroMaster< units. The
controllers use the product model number followed by two,
two digit groups of letters. The first two digit group
identifies the internal plug-in input modules and the second
two digit group identifies the internal plug-in output
modules. The expanders, which have a fixed input group
circuit, use the product number followed by a four digit
group of letters to identify which internal plug-in output
modules are installed. The internal plug-in modules are
installed sequentially in the same order as the part number
indicates.

Example #1:-
WP6200-AA-AA is a panel mount controller with two type "A"
input modules and two type "A" output modules installed.

Example #2:-
WP6300-EAAD is a panel mount expander with two type "A",
one type "D" and one type "E" internal plug-in output
modules installed, Refering to the terminal block
connections (expander terminal block connections shown in
Figure 7-14 on page 83) output terminals 11 and 12 have a

_type 1, Form "A" relay contact circuit, terminals 13 and
14 have a type 3, 12 VDC output circuit, terminals 15 thru
22 have four type 1, Form "A" relay contact circuits,
terminals 23 thru 25 have a type 1 Form "C" relay contact
circuit and terminals 26 thru 28 have a type 2 circuit
with internal pull-up resistor.

HOW TO REMOVE and REPLACE PC BOARD ASSEMBLIES
The MicroMaster®-printed circuit board assemblies must be
removed from their cases in order to change the internal

input and output plug-in modules and to change the PROM in
ROM based units.

To remove and replace the PC board assembly from the case
follow these instructions . . .

1. Disconnect input power going to the unit.

2. Remove the two screws that hold the terminal block to
the case.
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3. Hold the case with one hand and grasp the terminal
block with the other. Using a slight rocking motion from
end to end, free the terminal block from the PC board and
pull it straight away from the end of the case.

4, The PC board assembly is held into the case by the
front bezel on the panel mount units and by a flat plate
with mounting ears on the surface mounted units. Remove
the four screws from the case flange and while being
careful not to let the PC board assembly fall out, remove
the front bezel or the surface mounting plate,

5. Slide the PC board assembly out of the case.

6. After performing the required operations on the PC
board assembly (replacing the plug-in modules or the ROM,
etc.), slide it back into the case, making sure that the
edges of the board are placed between the internal "run-
ners" on each side of the case.

7. Replace the front bezel or the surface mounting plate
and replace the four screws. To insure easy alignment of
the screw holes, do not tighten the screws until all four
of the screws have been started.

8. The terminal block, which is also a socket for the PC
board edge connector, has a key and the PC board assembly
edge connector has a matching slot to prevent the terminal
block from being assembled incorrectly. Replace the
terminal block by aligning the slot and key with the PC
board and carefully press the terminal block straight down
until its ends are flat against the end of the case.

9. Replace the two screws which hold the terminal block to
the case.

REPLACING INTERNAL PLUG-IN INPUT AND OUTPUT MODULES

In order to replace the internal plug-in modules, the PC
board assembly must be removed from the case. Step-by-step
instructions for removing and replacing the PC board assem-
bly are described starting on page 74 under the heading "How
to Remove and Replace PC Board Assemblies".
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To remove and replace the internal plug-in input and output
modutes from the PC board carefully follow these: instruc-
tions . . .

1. To remove a plug-in module, hold the PC board assembly
down to a flat surface by grasping the power transformer
with one hand,

2. With the other hand, grasp the plug-in module by the
outer edges of its PC board and using a slight rocking
motion from end to end, carefully pull it straight away
from the PC board assembly.

3. To replace a plug-in module, hold the PC board assembly
down to a flat surface by grasping the power transformer
with one hand.

4, With the other hand, grasp the plug-in module by the
outer edges of its PC board and line up the holes in the
plug-in module socket with the pins on the PC board
assembly, making sure that the locking ramp on the module
faces the friction lock on the PC board assembly (see
Figure 7-11 shown below). After lining up the holes, press
the plug-in module down until it snaps into place.

LOCKING
= " RAMP

~—FRICTION L

ON PC BOARD "
Figure 7-11 INSTALLING PLUG-IN MODULE
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APPLICATION OF DEDICATED UNITS (WP6220 and WP6320)

Generally, the creation of ROM-based units is accomplished
at the factory or authorized progranming center. The typical
approach to programming of the ROM-based units assumes that
the program has already been debugged using fully program-
mable RAM-based units. Programs that are fixed for a given
application can then be placed on ROM and the MicroMaster®
becomes a control comporient in a machine or process using
the less expensive "dedicated" OEM versions. The program-
ming forms supplied with RAM-based units are used to docu-
ment final programs and become the sole document nceded to
create ROMs with appropriate programs "burned in', These
ROMs are then inserted into the ROM-based products, creating
a control device that has a specific function,

INSTALLING THE PROM CHIP INTO THE
WP6220 and WP6320 DEDICATED UNITS

Most of the time, the installation of the PROM integrated
circuit into the system will occur bhefore shipment from the
factory or programming center, However, where installation
of dedicated products is made prior to the program being
finished or changes in the program are necessary, carefully
follow these instructions ., . .

1. Remove the PC board assembly as described in the step-
by-step instructions starting on page 74.

2. Remove the PROM by gently prying up with a screwdriver
blade between the PROM and its socket.

3. Insert the new PROM into the socket, making sure that
Pin 1 (identified by the polarizing dot on top) is ori-
ented correctly into the socket as shown in Figure 7-12 on
page 78. CAUTION!:- Position the pins on the PROM di-
rectly over the holes in the socket and gently apply pres-
sure to the top of the PROM. Apply only enough pressure to
seat the PROM completely. If the PROM does not slide into
the socket easily, remove it, reposition the pins, then
apply gentle pressure until it is seated. A very slight
end-to-end wiggle may be used to help seat the PROM. But,
any lateral movement may damage a pin so avoid wiggling if
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you can. If you must wiggle the PROM to seat it fully, be
sure that the pins are Tined up properly first, then wiggle
only very slightly and slowly,

4. Replace the PC board assembly as described starting with
step 7 on page 75.

NOTE!:- Under most circumstances, the creation of custom
PROMs for a given application is done either at the factory
or at an authorized programming center. However, where ap-
plications are many and varied, it may become more conveni-
ent for end users to "burn in" their own PROMs using cormer-
cially available PROM programming equipment and modified
MicroMaster® hardware.

i

T L
(N N ) (o s I o |
o

PROM PROM DD
PIN 1 (Polarizing Dot) PIN 1 (Polarizing Dot)

3

[,

WP6220 CONTROLLER WP6320 EXPANDER

Figure 7-12 MicroMaster® PROM LOCATIONS
UTILIZING A WP6012 TIMER MODULE
While the WP6220 and the WP6320 are a very economical way of
sequential control, they are limited to a pre-defined se-

quence that is normally developed on the fully programmable
MicroMaster® products. If applications require timing varia-
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tions within a fixed sequence of outputs, the dedicated
units can be utilized by using the WPAN1Z2 Timer HModule. The
WP5012 is a parel mount, one second on-delay, time delay
relay with a 10:1 tining range. It must be connected to a
type "3" output on the MicroMaster® units (see Figures 7-15,
7-16 and 7-17 shown on pages 84 and 85). In operation, the
output from the WP6012 is an open collector transistor which
saturates while timing and opens when timed out.

The following examples demonstrate how the MicroMaster®
units can be programmed:

PROGRAM FOR MAXIMUM DELAY OF 1 SECOND
The program will stay on step 1 as long as the WP6012 is

timing (9.) thru 1 second). When the preset time has elapsed
the program will advance to step 2,

STEP FUNCTION OUTPUTS

0123
01 IFA>O1 ---X
02 Timed-out process --- -

PROGRAM FOR MAXIMUM DELAY OF 10 SECONDS

The same WP6012 is used and by using a lcop back 10 times
program it becomes a 10 second timer with a range of 1 sec-
ond thru 10 seconds. When the preset time has elapsed the
program will advance to step 4.

STEP FUNCTION OUTPUTS
0123

01 L = 0010 - - =X

02 IFA>O02 - - =X

03 L>02 -——

04 Timed-out process - - ..

SYSTEM TROUBLESHOOTING TECHNIQUES

This section will point out some of the more common problems
experienced in MicroMaster® system applications and show
some troubleshooting techniques useful in locating their
cause,
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COUNT INPUT

One of the most frequent causes of problems in MicroMaster®
installations is the count input. These problems stem from
two major sources. The first is contact bounce. Mechanical
contacts do not generally close just one time, but "bounce"
several times when they are closed. If this bouncing contin-
ues long enough, the MicroMaster® will see more counts than
are actually intended. There is a technique to determine
whether contact bounce exists which will prove useful in
many cases. Enter a program to the MicroMaster® consisting
of one step:

STEP FUNCTION OUTPUTS
0123
01 CT 0010 - -

Put the MicroMaster® into run mode and activate the count
input using whatever input device is connected to it in such
a manner as to generate one count. For instance, if the
count device is a switch, manually close and re-open the
switch, Observe the display. If no "bounce" was present, it
will read:

STEP FUNCTION OUTPUTS
0123
01 CT 0009 -- - -

If it shows less than nine, then a bounce was present. With
a mechanical switch, it can usually be eliminated by shunt-
ing the switch with a capacitor of approximately 2 mfd, 25
volts, If polarized, the " + " end should go to the count
input and the " - " end should go to return. The value is
somewhat dependent’ on the maximum count rate in the applica-
tion. If it is too large, the capacitor will filter out de-
sired closures as well as undesired ones,

The second problem commonly experienced with the count input
is due to the finite time needed for the MicroMaster® to ad-
vance from one step to the next. The count input will re-
spond accurately to count rates as high as 1,000 counts per
second. Once the counter has been decremented to zero, how-
ever, it takes the MicroMaster® as much as 2 milliseconds to
get to the next step. After that, it can take as long as 6
to 8 miiliseconds for the output relays to change to the
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next state. Thus, where count rates in excess of approxi-
mately 75 to 100 counts per second are heing receijved, extra
counts can go by unnoticed during this transition period,
There is no real solution to this problem, A special "chip"
is available which improves these times considerably, but it
will not work if the system uses an expander, and the dis-
play will go blank during the execution of the count step.
Program mode appears normal when using this "chip". If prob-
lTems of this nature are experienced and these limitations
are of no consequence in the application, contact the fac-
tory and ask for information on the fast count EPROM,

LINE VOLTAGE

Another frequent problem encountered in MicroMaster®
applications is caused by low lire voltage. Power is applied
to the Microtiaster® and either nothing happens (no display
at all) or the display will light with letters or other
strange symbols. The letters or symbols will be the same in
all eight digit positions. This is usually caused by Tow
line voltage. The reset generator has detected that the line
is not high enough to maintain proper cperation and has dis-
abled the processor and display. This usually occurs at ap-
proximately 90 VAC input. There is considerable hysteresis
in the reset generator, While the reset generator drops out
at 90 Volts, the line must be raised to a voltage between
100 and 105 Volts to get the generator to pick back up.

This line voltage problem can be even more mysterious when
the line dips during run mode. This can happen when a large
load is switched on at the same time as the MicroMaster®,
causing a momentary drop below 90 Volts. The processor will
reset. The only cure is to stabilize the Tine or to move the
MicroMaster® to some quieter, stabler power source.

LOW BATTERY

The MicroMaster® battery circuit is constantly charged when
power is applied to the unit, regardless of the state of the
front panel power switch. Under normal circumstances, this
is enough to keep the battery charged continuously. In
applications where power is removed for long periods of time
relative to the length of time that power is applied, it is
conceivable that the battery could become discharged. This
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will result in "P-FAIL". It is usually possible to avoid
this circumstance by keeping power applied to the Micro-
Master® whenever plant power is on. A master power switch
for the machine should be wired to de-energize only the load
power, and not the MicroMaster®,

INPUT NOISE

Noise on the inputs to the MicroMaster® is one of the most
troublesome areas in MicroMaster® applications. It usually
occurs when switching an inductive load in the vicinity of
the input wiring. Refer to the section on installation prac-
tices for ways to minimize these problems. It is possible to
use the MicroMaster® to localize the source of these prob-
lems, By entering a program similar to the following, the
offending input-load pair can often be determined.

STEP FUNCTION OUTPUTS
0123

01 S 00.50 - - - -

02 IFA> 06 X = = =

03 IFA>O06 X - = =

04 IFA>O06 X - - -

05 GO TO 01 X - - -

06 GO TO 06 X = = =

This program checks for interference between input A and
output 0, It will continually recycle unless the noise gen-
erated by switching output O ON causes a faulty signal to be
seen on input A, In that case it will jump to step 06. An-
other test would involve switching output 0 ON at step 1 and
OFF at all the other steps. This would check for noise when
the output was deZenergized. Similar tests could be run for
other input-output pair combinations to determine if they
showed any interaction. It may be possible to overcome such
problems by writing the program in such a way that the out-
put state does not change immediately before an input state-
ment. For instance:

STEP  FUNCTION OUTPUTS
| 0123

01, S 01.00 X - - -

02 IF A > 05 R

would be more susceptible to noise than:
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STEP FUNCTION OUTPUTS

0123
01 S 01.00 X = = -
02 S 00.05 - - - -
03 IFA> 06 ----

Since in the second example a settling time of approximately
50 milliseconds is provided at step 2 during which the noise
is allowed to die out before the input is checked. Whether
this technique can be effectively used will depend on the
application.

SYNC LINE NOISE

The "sync line" is used to transmit step and mode informa-
tion from the MicroMaster® to the system expanders. If noise
is generated which interferes with the "sync line", the ex-
panders will see incorrect data and will set up incorrect
output states. This is usually characterized by erratic ex-
pander operation and normal MicroMaster® operation although
if enough noise is present, the MicroMaster® may also act
erratically. The solution to the problem can usually be
found in the section on installation practices.

NORMALLY CLOSED CONTACTS USED WITH EXPANDERS

In a previous section, it was noted that a problem sometimes
exists when an attempt is made to wait for a normally closed
contact to open when such contact is wired through a group
select on the expander. The problem is that the contact may
have closed when its associated group was de-selected. Since
there is no "wetting current" available when this occurs,
the oxide on the contacts may not be cleaned away. The con-
tact is thus electrically open even though it is physically
closed, If such a configuration must be implemented, the
contact should be rated for this type of service. This means
either a new gold plated contact or some form of solid state
device with an open collector type of output. The problem
does not exist when using only the MicroMaster® since wet-
ting ‘current is always available.

CONNECTION DATA

The illustrations shown on the following pages show terminal
connections and connection diagrams for MicroMaster® pro-
ducts.
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- Figure 7-16 WP6012 TIMER MODULE
CONNECTED TO A WP6200 SERIES CONTROLLER
AND A WP6300 SERIES EXPANDER
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SECTION 8 - TECHNICAL DATA

WP6200, WP6220 and WP6240 CONTROLLERS

ENVIRONMENTAL
INPUT POWER vuvevvnns ... 105-125 VAC, 50/60 HZ, 12 WATTS
OPERATING TEMPERATURE ©'uvevuneeennnnns 0-50° CENTIGRADE
RELATIVE HUMIDITY ©uverenvunnnnnnn 5%-95% NON-CONDENSING
INPUTS
INPUT VOLTAGE vvvvvenanns eeeee teeneesess 18 UDC MAXIMUM
INPUT CURRENT vvvveeneens eeeeeenna.n .. 30 MA MAXIMUM
OUTPUTS
TYPE 1 eveereneeeenennns FORM "C" RELAY CONTACTS, RATED
115 VAC, 6 AMPS RESISTIVE
TYPE 2 vevnnnnn. eetraiiannes OPEN COLLECTOR TRANSISTOR,
RATED 30 VDC, 25 MA
TYPE 3 vevenen. eeeneas MicroMaster® SUPPLIED 10-15 VDC,

RATED UP TO 200 MA PER OUTPUT, 200 MA TOTAL

INSTRUCTION TIMES

WP6300 and WP6320 EXPANDERS

ENVIRONMENTAL
INPUT POWER wevvunnanenn 105-125 VAC, 50/60 HZ, 12 WATTS
OPERATING TEMPERATURE «..ienee. eeveesess 0-50° CENTIGRADE
RELATIVE HUMIDITY +eceveencnnn. .+« 5%=95% NON-CONDENSING
OUTPUTS

TYPE 1 weeeevencensoncassass FORM "A" and FORM "C" RELAY
, CONTACTS RATED 115 VAC, 6 AMPS RESISTIVE*
TYPE 2 veveecencecossasnsesss OPEN COLLECTOR TRANSISTOR,
RATED 30 VDC, 25 MA

TYPE 3 teveeveencecenns MicroMaster® SUPPLIED 10-15 VDC,
RATED UP TO 200 MA PER OUTPUT, 200 MA TOTAL

*Qutputs 04 thru 09 can only have Form "A" Relay Contacts
and Outputs 010 and 011 can have Form "C" Relay Contacts.
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SECTION 8 - TECHNICAL DATA (CONTINUED)
WP6350 DIODE MATRIX

ENVIRONMENTAL
OPERATING TEMPERATURE ..vevveeenerennss 0-50° CENTIGRADE
RELATIVE HUMIDITY ..iieeviennnnnnns 5%-95% NON-CONDENSING
WP6012 TIMER MODULE
ENVIRONMENTAL
INPUT POWER +veveeeeeeneseseass SUPPLIED BY MicroMaster®
OPERATING TEMPERATURE ..vvvveennnnonnns 0-50° CENTIGRADE
RELATIVE HUMIDITY .uieevinenennnns 5%-95% NON-CONDENSING
OUTPUTS

SOLID STATE ....... COMPATIBLE WITH MicroMaster® INPUTS

SAFETY WARNINGS

§§ INSTALLATION.....This equipment should be install-
§§ ed, adjusted and serviced by qualified electrical
§§ maintenance personnel familiar with the construction
§§ and operation of the equipment and the hazards in-
§§ volved. It is the responsibility of the equipment
§§ manufacturer or individual installing the apparatus
§§ to take diligent care when installing equipment. The
§§ National Electrical Code (NEC), sound electrical and
§§ safety codes, and when applicable, the Occupational
§§ Safety and Health Act (OSHA) should be followed when
§§ installing the apparatus to reduce hazards to person
§§ and property.

55 USE..... ceessseesThe chance of electric shocks,
85 fires or explosion can be reduced by giving proper
8§ consideration to the use of grounding, thermal and
5§ over-current protection, type of enclosure and good
§§ maintenance procedures.

395558055555855585555555555555555855555555558555558555555585

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§
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REFERENCE

C1
IC1
Pl
Q1
R1
R2
R3
R4
Z1

Bl

BR1
C1-C2
C3
C4-C5
C6
£7-£18
C20

D1

D3
D4-D5
06-D10
D11-D14
FUl

IC1
1C2-1C5
1C6

IC7
[C8-1C9
IC10
IC11-1C1
K1
L1-14
LED]-LEDS
MOV

01-03

WP6012 PARTS LIST

PART NUMBER

010-0008
060-0037
120-0013
070-0004
030-0038
030-0021
030-0013
030-0021
071-0005

DESCRIPTION

270 PF 50 VDC DISC CERAMIC
MC14541 OSCILLATOR-DRIVER
1 MEGOHM POTENTIOMETER
2N6424 NPN DARLINGTON

2.2 MEGOHM 1/4 WATT

10K OHM 1/4 WATT

1K OHM 1/4 WATT

10K OHM 1/4 WATT

1N4744 15V ZENER DIODE

WP6200 PARTS LIST

062-0005
073-0005
010-0044
011-0040
010-0002
011-0001
010-0027
011-0008
071-0012
071-0026
071-0012
071-0017
071-0024
050-0001
061-0011
060-0050
060-0012
060-0051
060-0041
060-0016
040-0009
020-0038
240-0010
040-0025
075-0002
(70-0006

NI CAD BATTERY

1 AMP BRIDGE RECTIFIER

0.47 MFD 250 VAC

4700 MFD 16 VDC

27 PF DISC CERAMIC

1 MFD 15 vDC

0.1 MFD 50 VDC CERAMIC

6.8 MFD 35 VDC TANTAL!M

1 AMP 600 YOLT DIODE

SCHOTTKY DIODE

1 AMP 600 VOLT DIODE

1N914 STLICON DIODE

1N914 STLICON DIODE

5 AMP PIGTAIL FUSE #175-005
LM7805 5V REGULATOR

MC75453 RELAY DRIVER

ICL8211 RESET GENERATOR
74L5257 INPUT MULTIPLEXER
P5101L CMOS RAM CHIP

8748 MICROPROCESSDR {PGM P1304)
DL2416 DISPLAY MODULE
NC2D-JPL2-DC12Y ARROW M RELAY
47 MICROHENRY CHOKE

RED LITE BAR

V130LA10A TRANSIENT SUPPRESSOR
MPS-U64 PNP DARLINGTON
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WP6200 PARTS LIST (CONTINUED)

REFERENCE PART NUMBER DESCRIPTION

R1 030-0002 33 OHM 1/4 WATT

R? 030-0049 243K OHM 1/4 WATT 1%
R3 030-0033 470K OHM 1/4 WATT

R4 030-0050 27.4K OHM 1/4 WATT 1%
R5-R10 030-0021 10K OHM 1/4 WATT

RN1 034-0016 220 OHM 7 RESISTOR SIP
RNZ 034-0006 4.7K OHM 7 RESISTOR SIP
RN3 034-0003 10K OHM 7 RESISTOR SIP
Tl 230-0037 ST5-20 SIGNAL TRANSFORMER
A1 062-0001 6.00 MHZ CRYSTAL

WP6220 PARTS LIST

BR1 073-0005 1 AMP BRIDGE RECTIFIER
C1-C2 010-0044 0.47 MFD 250 VAC

€3 011-004C 4700 MFD 16 YDC

C4-C5 010-0002 27 PF DISC CERAMIC

(6 011-0001 1 MFD 15 VDC

C7-Clé 010-0027 0.1 MFD 50 YDC CERAMIC
D1 071-0012 1 AMP 600 VOLT DIODE
DN1 071-0027 7 DIODE NETWORK

FUl 050-0001 5 AMP FUSE NO, 175-005
ICI 061-0011 LM7805 5V REGULATOR
IC2-1C3 060-0050 MC75453 RELAY DRIVER
IC4 060-0012 ICE8211 RESET GENERATOR
IC5 060-0016 8748 MICROPROCESSOR -
1C6 060-0047 512X4 PROM

L1-L4 240-0010 47 MICROHENRY CHOKE
MOV 075-0002 V130LA10A TRANSIENT SUPPRESSCR
) 070-0006 MPS-U64 PNP DARLINGTON
R1 030-0050 27.4K OHM 1/4 WATT 1%
R2 030-0049 243K OHM 1/4 WATT 1%

R3 030-0033 470K OHM 1/4 WATT
R4-R7 030-0021 10K OHM 1/4 WATT

T 230-0037 STH-20 SIGNAL TRANSFORMER

X1 062-0001 6.00 MHZ CRYSTAL
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REFERENCE

B1

BR1
C1-C2
€3
C4-C9
€10

Cl11
Clz-C28
D1-D2
b3

DN1

FU1

IC1
IC2-1C5
1C6-1C9
110
IC11
IC12-1C13
1c14
IC15
L1-L4
LED1-LED1Z2
MOV

R1

R2

R3

R4
R5-R7
R8-R11
R12-R13
R14

RN1

RN2

RN3

T1

X1

WP6300 PARTS LIST

PART NUMBER

062-0005
(73-0005
010-0044
011-0001
010-0002
011-0040
010-0014
010-0027
071-0012
071-0026
071-0028
050-0001
062-0011
060-0046
060-0050
060-0016
060-0012
060-0042
060-0045
060-0041
240-0010
040-0025
075-0002
(30-0002
(030-0049
(030-0033
(030-0050
030-0021
030-0038
030-0010
030-0021
034-0014
034-0017/
034-0006
230-0037
062-0001

DESCRIPTION

NI CAD BATTERY

1 AMP BRIDGE RECTIFIER
0.47 MFD 250 VAC

1 MED 15 VOO

27 PF DISC CERAMIC

4700 MFD 16 VDC

0.01 MFD 50 VDC

0.1 MFD 50 VDC CERAMIC
1 AMP 600 VOLT DIODE
SCHOTTKY DIODE

8 DIODE NETWORK

H AMP FUSE NO. 175-0D05
LM7805 5Y REGULATOR
TIL-113 OPTO-COUPLER
MC75453 RELAY DRIVER
8748 MICROPROCESSOR (PGM P1305)
[CL8211 RESET GENERATOR
8797 HEX BUFFER
HCPL-2600 DPTO-COUPLER
P5101L CMOS RAM CHIP

47 MICROHENRY CHOKE

RED LITE BAR

VI130LAI0A TRANSIENT SHPPRESSOR
33 OHM 1/4 WATT

243K OHM 1/4 WATT 1%
470K OHM 1/4 WATT

27.4K OHM 1/4 WATT 1%
10K OHM 1/4 WATT

2.2 MEGOHM 1/4 WATT

270 OHM 1/4 WATT

10K OHM 1/4 WATT

47 OHM 4 RESISTOR SIP
220 OHM 15 RESISTOR DIP
4.7¢ OMM 7 RESISTOR SIP
STH-20 SIGNAL TRANSFORMER
6.00 MHZ CRYSTAL
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WP6320 PARTS LIST (CONTINUED)

REFERENCE “W" NUMBER  DESCRIPTION

Ci0 W1063 4700 MFD 16 VDC

Cl1 W1021 0.01 MFD 50 VDC

Ciz2-Cg/ W1020 G.1 MED 50 YDC CERAMIC
D1 W 7000 1 AMP 600 VOLT DIODE
CN1 W12043 8 DIODE NETWORK

FUl W17095 5 AMP FUSE NO. 1/5-005
IC1 W12089 LM7805 SV REGULATOR
IC2-1C5 W12075 TIL-113 OPTO-COUPLER
IC6-1C11 W12082 MC75453 RELAY DRIVER
IC12 W12066 8748 MICROPROCESSOR
[C13 W12078 ICL8211 RESET GENERATOR
IC14 W12G73 HCPL-2600 OPT(Q-COUPLER
IC15 W12076 512X4 PROM

Li-L4 W5017 47 MICROHENRY CHOKE

MOV W7012 V130LA10A TRANSIENT SUPPRESSOR
R1 W2070 243K OHM 1/4 WATT 1%

R2 W 2006 470K OHM 1/4 WATT

R3 W2071 27.4K OHM 1/4 WATT 1%
R4 W2008 27K OHM 1/4 WATT

RS W 2007 10K OHM 1/4 WATT

R6-R9 W2029 2.2 MEGOHM 1/4 WATT

R10 W2050 470 OHM 1/4 WATT

RN1 W 2065 47 OHM 4 RESISTOR SIP
71 W5016 ST5-20 SIGNAL TRANSFORMER
X1 W7034 6.00 MHZ CRYSTAL

WP6350 PARTS LIST

[C1-1€2 W12043 DIODE NETWORK

TYPE A PLUG-IN INPUT MODULE PARTS LIST

C1-C2 W1020 0.1 MFD 50 VDC CERAMIC

CN1 W1065 0.01 MFD 8 CAPACITOR NETWORK
IC1-1C4 W 12088 HL1Ll OPTO-COUPLER

RN1 W2038 1K OHM 8 RESISTOR DIP

RN2 W2033 3.9K OHM 7 RESISTOR SIP
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TYPE A PLUG-IN INPUT MODULE PARTS LIST

REFERENCE PART NUMBER DESCRIPTION

C1-C2 010-0027 0.1 MFD 50 VDC CERAMIC

CN1 013-0001 0.01 MFD 8 CAPACITOR NETWORK
IC1-1C4 060-0015 H11L1 OPTO-COUPLER

RN1 034-0005 1K OHM 8 RESISTOR DIP

RNZ2 034-0006 3.9K OHM 7 RESISTOR 5IP

TYPE A PLUG-IN OUTPUT MODULE PARTS LIST

K1-K2 020-0024 12 VDC SCHRACK RELAY

TYPE B PLUG-IN OUTPUT MODULE PARTS LIST

0C1-0C2 060-0005 4N28 OPTO-COUPLER
R1-R?2 031-0024 220 OHM 1/2 WATT
R3-R4 030-0013 1K OHM 1/4 WATT

TYPE € PLUG-IN OUTPUT MODULE PARTS LIST

01-02 070-0006 MPS-U64 PNP DARLINGTON
R1-R4 030-0021 10K OMM 1/4 WATT
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DIMENSIONAL DATA

Al Dimensions in Inches
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Figure 8-1 WPE012 DIMENSIONS
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§ DISCLAIMER

§& The information and technical data in this manual
§§ are subject to change without notice, Minarik
§§ Corporation and its Divisions make no warranty of
§§ any kind with regard to this material, including,
§§ but not timited to, the implied warranties of mer-
§§ chantability and fitness for a particular purpose.
8§ Minarik Corporation and its Divisions assume no re-
§§ sponsibility for any errors that may appear in this
§§ manual and make no comitment to update or to keep
§§ current the information in this manual.
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LIMITED WARRANTY

A, WARRANTY:— Minarik Corporation warrants that their products will
be free from defects in material and workmanship for a period of two {2}
years from date of shipment thereof, Within the warranty period Minarik
Corporation will repair or replace such products which are determined by
us to be defective and which are returned to Minarik Corporation, 901
East Thompson Avenue, Glendale, CA 91201-2011 or to the nearest Minarik
Authorized Service Station, with shipping charges prepaid. At our option,
all return shipments are F.O.B. Minarik Corporation or its Authorized Service
Station, This warranty will not apply to any product which has been sub-
jected to misuse, negligence or accident; or misapplied; or repaired by
unauthorized persons; ar improperly installed. Minarik is not responsible
for removal, installation or any other incidental expenses incurred in
shipping the product to or from the repair point.

B. DISCLAIMER:—= The provisions of paragraph ‘A" are Minarik’s sole
obligation and exclude all other warranties of MERCHANTABILITY or
use, express or implied. We further disclaim any responsibitity whatsoever
to the customer or to any other person for injury 1o pesson, or damage to
or loss of property of value, caused by any product which has been sub-
jected to misuse, negligence or accident; or misapplied; or modified or
repaired by unauthorized persons; or improperty installed.

C. LIMITATION OF LIABILITY:— In the event of any claim for breach of
any of Minarik’s obligations, whether express or implied, and particularly
in the event of any claim of a breach of the warranty contained in para-
graph ‘A’ or of any other warranties, express or implied, or claim of
liability, which might, despite paragraph ‘B’ be decided against us by any
lawful authority, Minarik Corporation shall under no circumstances be
liable for any consequential damages, losses or expense arising in con-
nection with the use of, or inability to use, our product for any purpose
whatsoever. An adjustment made under the warranty does not vaid the
warranty, nor does it imply an extension of the orginal two (2} years
warranty period. Products serviced and/or parts replaced on a no charge
basis during the warranty period carry the unexpired portion of the arigi-
nal warranty only.

If for any reason any of the foregoing provisions shall be ineffective, the
corporation’s liability for damages arising out of its manufacture or sale of
equipment, or use thereof, whether such liahitity is based on warranty,
contract, negligence, strict liability in tort or otherwise, shall not in any
event exceed the full purchase price of such equipment,

Any action against the Corporation based upon any liability or obligation
arising hereunder or under any law applicable toc the sale of equipmeant
or the use thereof, must be commenced within one year after the cause of
such action arises.
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