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INTRODUCTION

The Model MPSS Controller is a special purpose computer designed
to control a sheet metél processing machine. The machine converts stock
material into parts with a variety of notch and hole patterns.

The MPSS Controller has been desigrned to work with a distinct type
of machine. This machine makes refriperator panels.

The controller itself is desigrned to make it easy for the operator
to  program. The operator only has to enter the +type of panel
construction, the finished length and the desiredﬂhmle spacivg. The
computer thenm calculates the required notch and hole patterns based on
this information and some interrnal dimensioral constants.

The operation of the machine itself is straight forward. The
position of the strip of metal is sensed by a photo sensor and an
incremental shaft angle Ytransducer which generates an £xact number of
pulses to the computer for an exact amcunt of material movement. The
computer then counts the pulses arnd activates the cutputs when the
programmed movemernt has cccoured. In a twe speed machine, the computer
switches from fast speed to slow speed at an early warning point so that
a more accuwate operation can be made. In a noen—stop machine, no
slowdown takes place and the die is accelerated up to strip speed when
the cperation takes place;

The MFPSS is programmed using a display and keyboard similar
to an electronic calculator. The display acts as a prompt for the
operator by indicating what data is to be entered. The procedure for
entering data is discussed iwn detéil in & later section called ENTERING

A NUMEER.



The MPSS hardware consists of the following elements:

HARDWARE DESCRIPTION

an LE!

display, 8 16 key keypad, 6 flluminated pushbutton switches, two externa

switches, 8 rotcopulser

pushbuttons and LED display are shown in Figure 1.

and & output lines.
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DISPLAY

The display on the front panel is a 12 character, 7-sepment LED
display that is wused to show data and prompt the operator for

information.

KEYPSD
The functiorn of each key is as follows:

SETUP

The SETUP key is used to enter the SETUP mode. The SETUP mode
is used to enter semi-permanernt data about the machire such as the

die spacing, cycle duration, die size, flow direction, etc....

END

The END key is used to exit the PROGRAM or SETUP mode and

return to the HRALT or RUN mode display.

PRG

The FRG key is used to erter the PROGRAM mode to enter batch

data on the parts to be run.

ENT
The ENT key 1is the data ENTER key and it is used by the
Dperator' to ivdicate to the computer to take the data that is

present in the display window.

CLR

The CLR key is the data CLEAR key and is used to erase a key

entry before the ENTER key.



FUSHBUTTON SWITCHES

The furction of each illuminated pushbutton switch is as follows:
MANUAL END NOTCH

The MANUAL END NOTCH pushbuttor switch is used to manually

cycle the END NOTCH output when the line is in the HALT mode. The

lamp indicates wﬁem the END NDTCH output is on in both the halt

and RUN modes.

MANUAL CROSS HOLE PUNCH

The MANUARL CROSS HOLE PUNCH pushbuttorn is used t0 manually
cycle the CROSS HOLE PUNCH output when the line is in the HALT
mode. The lamp indicates whern the CROSES HOLE PQNCH output is on

in both the HALT arnd RUN modes.

MANUAL. SIDE HOLE FUNCH

The MANUAL SIDE HOLE PUNCH pushbuttor is used to marnually
cycle +the SIDE HOLE PUNCH output when the line is in the HALT
mode. The lamp indicates when the SIDE HOLE PUNCH ocutput is on in

both the HALT and RUN modes.

METRIC WHEN LIT

The METRIC WHEN LIT pushbuttorn is used to switch between
metric and English units of measurements. When the lamp is lit,
data is entered aﬂ& displayed in centimeters. When the lamp is

rot lit, the data is displayed and entered in inches.

RUN
The RUN pushbutton is used to initiate arm automatic run of
the machine. The green lamp indicates when the controller is in

the RUN mode.



HALT

The HALT pushbutton is used to abort an automatic run of the

machine. The red lamp indicates that the controllar ie in the

HALT mode.

EXTERNAL SWITCHES

There are two external input switches into the MPSS: JOG FWD and
Jog REWV. These inputs are only looked at by the computer in the HALT
mode. When closed, the FWD ¢r REV outputs respectively will turn orn.
The SLOW output will remain on so that ail Jopgging (or inching) of the

machine is done at slow speed.

ROTOPULESER

Material movement is sensed by the MPSS through the rotopulser
{(rotary pulse generator) which is an incremental optical shaft anple
encoder. Thies device generates a precise rnumber of pulses for each
revelution of its shaft. On the shaft is a precision measuring whesl
which rides on the material. As the material moves through the machine,
it turns this wheel and thus causes the rotopulser to gernerate pulses,
The computer cournts these pulses and by krnowing the counté per
revielution of the rotopulser and the circumference of the wheel, the
computer can detect the amount of material that has moved through the

machine.

OQUTPUT LINES

The MPS5 has 6 outputs. These are S5 ampere, opern collector
transistors that switch load current to the DC ground. The furction of

each is ae follows:



FWD

The FWD cutput is used to turrn the machine drive rolls in

the forward direction.

REV

The REV output is used to turn the machine drive rolls in

the reverse direction.

SLOW

The SLOW output is used to change the speed of the drive
rolls, When the SLOW ocutput is on, the rolls will turn at slow
speed whern either the FWD or REV cutputs are on. - When the SLOW
output is off, the rolls will turn at fast speed either the FWD or
REV outputs are ar. The SLOW cutput is always on when FWD is off
or in the HALT mode. The SLOW ocutput will be off when the FWD is
ot and the distarnce to the next press furction is greater than the

programmed SLOWDOWN DISTANCE {(see SETUP).

END NOTCH

The END NOTCH cutput is used to cycle the end notch preses.

CROS5 HOLE PUNCH
The CROSS HOLE PUNCH ocutput is used toc cycle the cross hole

punch.

BIDE HOLE PUNCH
The SIDE HOLE PUNCH cutput is used to cycle the side hole

punich,



The control of all of the above mentiorned hardware is provided by
a wmicroprocessor and its associated memory components. The operating
pragram of .the computer is contained in read—onlymmemuhy (RDM?}. User
data, such as SEtup parameters and batch data, is contained in random-
access—menory  (RAM) that rnormally would rniot retain the information when
power  is  off exceptrthat there is a recharpable rni-cad battery in the
uriit  that provides power to the RAMs when the unit is shut off. This

battery is constantly charged whern the unit is in operation.



MODES OF OPERATION

There are five modes of operation in the MPSS: SETUP, PROGRAM,

RUN, HALT, and ERROR. It is possible to be in two modes at the same
time. This will become clearer upon explanation of the two "types" of
modes. Orne type can be called the display made,‘and the other can be

called the machine mode. The display modes are SETUR, PROGRAM, RUN, or
HALT. This rvrefers to what the computer is showing on the display and
what keys it will respond to. The machine modes are RUN and HALT and
they refer to what the machine is doing. The ERROR mode can be entered
from either type of mode depending on the nature of the error. By
making this distincticon betweern the two types of modes, an coperator can,
for example, put the machine in the RUN mode and thern put the display in
the PROGRAM mode and thus program riew data while previcusly programmed

batches are being run.

SETUP ™MODE

The BETUF mode is used to enter machine parameters and some seldom
charnged part parameters, The mode is entered by pressing the SETUP key
and is exited by pressing the END key or by stepping through all of the
parameters. Figure &2 and Figure 3 provide & physical picture of the
paramaters. Table 1 shows a table of these parameters with the prompts
used and the range of gllowed values., A place to write in the proper
values for your machiné is praovided. The setup parameters and their
furctionm in the machine are as follows:

DETECTOR T8 END NOTCH DISTANCE
The DETECTOR to END NOTCH DISTANCE is the distance from the

certer of the end rnotch die to the photo sensor.



DETECTOR TO CRDES HOLE PUNCH DISTANCE
The DETECTOR to CROSS HOLE PUNCH DISTANCE is the distarnce

from the center of the cross hole purnch die to the photo sensor.

DETECTOR TO SIDE HOLE PUNCH DISTRNCE
The DETECTOR to SIDE HOLE PUNCH DISTANCE is the distance

from the center nf the side hole punch die to the photo sensor.

SLOWDOWN DISTANCE

The SLOWDOWN DISTANCE is the length required for the machine
to dependably shift from - fast speed to slow speed so that the
material is moving at slow speed when a press qperation oCCurs.
If the distance is set to zero, then the computer set the ling up

as & flying die machine with no stop at a press cycle.

LEADING EDGE TAE WIDTH
The LEADING EDBE TAER WIDTH (C1) is the lenpgth from the
leading edpe of the end notech tab to the trailing edge of the end

notch tab.

END NOTCH DIE WIDTH
The END NOTCH DIE WIDTH (CZ) is the lenpth from the leading
edge of the end notch die to the trailing edpe of the end natceh

die.

CROSS HOLE LOCATION
The CROBS HOLE LOCRTION (£2) is the length from the center
of the cross hole punch to the leading, or trailing, edge of the

sheet.



END NOTEH TIME

The END NOTCH TIME sete the time duration of the end notcoh

press cycle.

CROSE HOLE PUNCH TIME

The CROSS HOLE PUNCH TIME sets the duration of the cross

hole punch press cycleae.

SIDE HOLE PUNCH TIME
The SIDE HOLE PUNCH TIME sets the duration of the side hole

punch press cycle.

CORRECTION FACTOR
The CORRECTION FACTOR is a constant that allows for the
correction of the length of a part due to wear of the measuring

wheel,

w ] Q-



SETUP DATR SHEET

PARAMETER
DETECTOR-END NOTCH
DETECTOR~CROSS HOLE PUNCH
DETECTOR-SIDE HOLE PUNCH
SLOWDOWN LENGTH
LEADING EDGE TAE WIDTH
END NOTCH DIE WIDTH
CROSS HOLE LOCATION
END NOTCH TIME
CROSS HOLE TIME
SIDE HOLE TIME

CORRECTION FACTOR

~~~~~ Table 1.
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Setup Mode Data
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'RANGE
29399, 99 IN
2-999. 92 IN
2-9239. 99 IN
2-999. 99 IN
@-999. 939 IN
2-99S. 99 IN
@-999. 93 IN

-21-99,92% SEC

.91-99.99 SEC

«@1-92.99 SEC

« 294, 22RO
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PROGRAM MODE

The PROGRAM mode is used to enter batch information on the type of
part to run.

The PROGRAM mode is ertered by pressing the PRG key and is exited
by pressing the END key. The first entry required is the type number.
The display will prompt for the TYPE, which can be from 1 to 8., The
display will then go through a sequerce of prompts, asking for the data

required for each particular type. See Table 2 below fqr the possibie

types.
TYEE END NDTCH CROSS HOLES SIDE HOLES
1 YES YES YES
2 YES : NO NO
3 YES YES NO
4 YES NO YES
S NO YES YES
& NO YES NO
7 NO NO YES
8 ND NO NO
Table 2. Pattern Types
In types 2,3,6 and 8 the operator is only asked for the finished
overall length (LEN). In types 1,4,5 and 7 the operator is asked for

the finished overall length (LEN), first side hole location (PR}, and
side hole spacing (Fh), This is the only information required. The
computer can  add the leading and trailing allowarnces and calculate the

entire roteh pattern from this information.

-
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RUN MODE
The RUN meode is used to actually produce the parts. The mode is
entered by pressing the RUN key and is exited by pressing the HMALT key.
Pressing the RUN key enables the computer to cycle the appropriate
outputs when the programmed lenpth is encountered.
While irn the RUN mode two rumbers will be seern on the LED display.
The number on the left side of the display indicates the location of the

next operation. The rumber on the right side irndicates the current

position.

ERRDOR MODE

The MPSS computer can detect certain cperational errors and it
displays a wmessage that shows *Error N' where N is the error number.
The MPSS will only respond to the CLR key in order to clear the error

messane. The description of each error is as follows:

Evror @ Number entered is ocut of range
Error 1 Zero entry is not allowed
Error 6 Type number error

Error 2 More than 200 operations in work stack



Rescalution

Accuracy

Maximum Line Speed
Maximum Lerngth Part
FPattern Types

Input Power

ODutputs

Physical Gize

Weight

SPECIFICATION

@12 in. with 12 in. wheel
Output turned on within 1
count (does not include errors
of the machine)

222 FPM

993%2.99 inches

a8 (1-8)

115 vRaC +/~108%, S58-6@ H=z,

1 Amp max, S—-24 VDC, 1 amp
(excluding loads).

& (FWD, REV,S5L0W,P1,P2,P3)

& in. X 9 in. X 12 in. with
al in. flarge on the front parnel

13 pounds



LENGTH CARLIERATION

The computer detects the movemernt of material througﬁ the machire
by mears of arn optical shaft encoder which is alsoc called a
rotary pulse geﬁerator or rotopulser, It is a device that
pernerates electrical pulses as the shaft is rotsted. It can
detect the direction of rotaticrn and it pererates a precise
number of pulses for each revolutiorn of its shaft. The computer
detects these pulses and counts the net number of up and dcwn

pulses in order to kriow the shaft position.

The computer only knows the anpular displacemen{ af the shaft.
In order to translate this arigular movement intc actual material
movement, a precision measuriné wheel is attached ta the shaft of
the erncoder. The wheel rides on the material ard is carefully
aligred so¢ that in one revalutiorn of the shaft, an amcurt of

material equal to the circumference of the wheel moves through

the machire.

The resclution of the system (smallest measured increment) is
equal ta the circumference of wheel divided by the riumber of
counts pererated in one re;oluticn of the encoder shaft. If the
circumferernce of the wheel%is 1@ iﬁches and there are 1008 pulses
per revolution on the:encoder, thern the rescolution would be 1@

inches/1008 or @.01 iriches. If a 12 inch wheel were used thern

the resclution would be @.Q12 irnches.

In this system, the computer has a setup parameter called the

correction factor. The correcticorn factor 1is used to cset the

_1'7..



nominal resolution of the system and to compensate for small
errors due toc measuring wheel diameter errors. The initial value
of the correction factor ié computed by dividinpg @.@1 by the
system resolution. Thus, & 1@ irnch wheel would have an initial
correction factor of @.@1/0.01 or 1.Q2020 and the i2 inch wheel

would have a correction factor of 2.01/0. @212 or .83333.

Using this initial value of correction factor, the system can
then be fire tured in order to give optimum accuracy. Length
imaccuracies éonsist aof two distinct elements, the repeatability
error and the lirearity errvor. The repeatability error résults
from wvariatioms in the mechanics of the maéﬁine fram one
cperation to the next. This variation would be the same for 1
inch long parts or 188 inch iong parts. The linearity error is
due to slight errors in the size of the measuring wheel. Thie
error grows as the length of the part grows. It is not noticable
on short parts and can pet quite significant on long parts.

These twa error elements must be separated iv order to properly

calibrate the system.

The repeatability error can be determirmed by rurming & large
riumber of short parts and measurlng the total var:at:on irn length
from the shortest part to ihé lovgest part. This total var1at1on
should be withinm the machine's specified tolerance. Further
tests should not be attempted until this variation tolerance is
met. Once the variatiornn is determined, a part as long as

possible shculd be rurn ard ite lergth carefully measured. AR riew

value for correction factor carn be calculated as follows:

..18_



NCF = OCF X PL/AL

where NCF is new correction factor
OCF is old correction factor
PL is the propramed length

Al. is the actual measured length

As an example, with the old correction factor at 1.0000@, a 10&
inch part was programed with the result being a 102.85 inch long

part made. The new correction factor (NCF) would be:

NCF = 1,000 X 122/10@.25 = .99751

This new value for correction factor should be entered inte the
camputer., If the resultant error was less than the allowable

tolerance, the previocus step should not be done.

At  this point, the machine should be reascriably well calibrated.
However, a portion of the linear error detected coculd have been
due to a repeatability errcr. Further calibraticon carn be done be
running & large sample of lonpg parts and carefully measurinp each
part ard firding the mear value. The previcus calculation can be
repeated using the mean vélue as the measured length to  further

TR A

refine the correctian fécfor. If in the previcus example, the

correction factor of .95751 were entered and & riew run of 100

inch parts resulted iw a spread of 1QQQ.@Q2 to 102.06, the mear;

value would be 100.03 and the riew calculaticr would be:

NCF = , 93751 X 1e@/100. @3 = , 33721

-1 9~



This should then yield parts that are within the specified
allowable length variation, centered around the length programed.
Further adjustments can be made using this same procedure should

the wheel begin tc wear.
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