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ARSTRACT

An electronie computing gage with IBM card punch was found to be a
practical system for monitoring the eritical steps in the ¢rimping
procesz of the assembly of some partz. In the crimping process &
plastic part iz compressed into a metal cup to obtzin an assembled com-
ponent without gaps, Dimensional data of the plastic part and metal
cup are recorded on a printed tape and on IBM cards, which are used to
program a computer to calculate the stendard deviacion of the lot. Lot
acceptance is statistical and is based on the standard deviation of the
lot, The electronic computing gage cowpares the height of the assem-
bled compoments bgfore and after crimping and indicates whether or naot
an acceptable assembly (without gaps) has been made, This system
eliminates the need for the mamual caleulation of height and recording
of data at the production site, thereby increasing the rellability of
the assembly process at a decrease in cost,



LHTRODUICTION

Ag part of the crimping process of the asgembly of parts or components

a plastic cvylinder is compressed into a metal cup; the resulting assembly
must not have any gaps between the cylinder and cup In crder to be accept-
able, The precision essential in the cerlimping operastion in the assembly
of parts reguires rhat the entire assgembly operation be closely monitored
and that all assembly data ba recorded. In addition, design specifies-
tions require that the standard deviation of the zpecific crimping dimen-
slions for the lot of parcts be calculated and used as the basis for accept-
ance or rejection of the lot.

Formerly, a manual air gage method was used to menitor the crimping opera-
tion. This method of monitoring required that the operating perscnnel
perform the necessary calculations for determining the acceptance of an
individual component assembly: the data were then trensposed for entry
intce the lot records and for purpoges of key pumching to cobtain a card

for use in programming the computer to calculate the standard deviation
of the lot,

An electronic gage linked with computing and data recording components
was found to be a more practical gystem for obtaining closer control of
the erimping operstion. Although stacked components (i.e., assembled,
but not crimped) of 2 part psss through the crimping stage individually
or in series, gage memory limiratioms prevent operation of the gage 1n
a parallel antry mode,

DESCRIPTION OF GAGLNG SYSTEM

The specially designed electronic computing gage with an IBM Model 024
card punch was developed to menitor the in-process assembly operation
(erimping process) of a part and to record its final height. The compu-
tation is automatle, and the data are recorded on a 4.00 in. {101.6 um)
tape at the gage and on an IBM card by the card punch, which can be
remotely located. The gege results are printed onm tape by e Model 155
data printer {Non-Linear System, Inc.,, Del Mar, Galifornia). The gage
congele and fixture are shown in Figure 1, and & close-up of the page
fixture is shown in Figure 2.

The application of an electronic gage computing and recording svetem to

tha crimping process gliminates the possibility of human error in per=-
forming caleulations of helght at the production site and in tha recording
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FIGURE 1 - Electreonic gage console and fixture.



GAGE HEAD B
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FIGURE 2 - Gage fixture showing three diffarential tran:former gage heads
(&, B, and C) used in conjunction with elactronic gape comsole.

of data. A manual key punch operation is also eliminated., The IBM cards
are processed, and 2 computer program is used to analyze the data statis-
tically. The Model 155 data printer st the gage provides operating
personnel with current information ou the operation of the crimping
pProcess.

The designations &, B, and C lecated on the gage fixture shown in Figure 2
are differential transformer gage heads and refer algo to the components
of the pare. Although the computer module of the gage was originally
developed to algebraically add the measured sizes of a three plece com-
ponent to obtain frs theoretical height, 2 two piece component uaes only
designaticns A& {plastic cylinder) and C (wetal cup}. The designation B
refers to the third part of a three piece component, =.g., sleeve, After
assembly, the actual or final bheight of the part (cylinder and cup) is
measured and compared to the theoretical height. The individual assemblad
part is accapted if there iz agreement batween actual and rtheoreticel szize
within an allowsble preset limit,

Acceptance of the lot is on a statistleal hagis, The E dimension is the
algebraic sum of the stacked components {A+B+C) of the part: the T
dimenzion is the difference between the theoretical and actual height of
the stacked components., A negative T value reveals that a compression
exists between component A (eylinder) and component ¢ (cup), and the assem-
bly is acceptable as indicated by 2 green light on the electronic com-
puting gage. Conversely, a positive T value reveals that a gap exists
batwean the stacked components, and the azsembly is rejected az indicated
by a red light on the electronic computing gage.



GAGE SPECITICATTONS

A block diagram of the gaglng svstem is shown in Figure 3. The primary
comaiderations that were used for the gage specifications are listed as
follows:

1. Three differential transformer gage heads having a mzximum
gaging range of 0.010 in. {0.254 mm) were used Co measure the
three compements of a part in seguence. Although two-piece
parts were assembled, gage head dimension B was added into
the final assembly dimension.

2. The gaging amplifiers that were used are capable of regponding
to incramental changes as small as 0.000010 in. ¢0.000254 mm)
over the entire gaging range,

3. An additive veltage network algebraically added the output of
the gaging amplifiers.

4. A differential wvolrage comparative network permitred the
operator to dial in the allowable assembly tolerance,

5. & reject network with operating tolerance lighits provided a
vigval Indication of part classification.

6. An analog-to-digital converter operated a tape printer.

7. The necessary electronic interface for an IBM Model 024 card
punch was used,

B. A five-digic cthuamb wheel., number switch was provided for use
by the opetator to record (by means of & dial} the part serial
number.

GAGE OFERATION

The operator places Part A in Fixture A, Part B in Fixture B, and Part ¢
in Fixture {, and then records (by means of 2 dial) the part gerial number
{five digits, such as 10768), The cycle start button setz the gage and
the printer in operation: the part serial mmber is printad out; the
printer "indexes" {distingulishes the part serial number from the dimen-
sional data): Part A deviation is read and printed; Part B deviatiom

is read and printed; and Part C deviation is tead and printed.

Part deviations will be displayved visually (digital display showing +
or «) and then stored In a memory band (4~hr maximm storage time);
Part A is then remeved from Fixture A.



Sanod
Hpmfrge
\ Swinghar
-/ - \ |
- Fl - I I - Prenigs
- / Chperal
Yaltester
>_J
F '1'
L J
Oillum
— 1 » L
/ E— |rubee B
& T .
) -~ L *
¥ Mathaly

Aeld st Ampli Fier
Bollgrannicd Amphabiar

Phugrial
Gage Warnds Fanelag
1 Aumpli her Cemuenier
i
k|

I l.IJ == Gy F o bure

FIGURE 3 - Block diagram of electronic computing gage system.

Parts A, B, and C are then assembled and designated as Part ABC; Part
ABC is placed in Fixture € (same fixture used for Part C buc with the
mean masters for Parts A and BY; the stored deviation signals of Parts
A, B, and C are then added algebraically to cbtain dimension E and com«
pared to the measured deviation of Part ARC., 1If the deviation ¢f Part
ABC exceeds that of the algebralic sum of Parvs A, B, and €, the part is
rejectaed. If the deviation of Part ARBC is equal co ar less rthan the
algebraic sum of Parts A, B, and C, the part is &accepted.

The deviation signal of Pare ABC is printed om the digiral printer and
algo fed into rthe necegsary interface to operate tha IEBM card punch.
The IRM card punch only records the deviationm of Part ABC.

When the system is wused to check the deviariom of a two-plece part, A
and C or assembled Part AC, channel B zhould be turned off, theraby
showing a deviation of 0. Final checking of the agsembly is done with
gage head B for all cases (Part AC and Part ABC),

Filgure 4 is a reproduction of a typical printed tape of the zaging
regults with an explavetion of the svmbolsz. The tape is read from
bottom te top. The tape printout format shown in Figure & applies to
a two-plece assemblvy.
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FIGURE 4 - Typical printed tape of the gaging results for a two-plece
assembly as printed by the Model 155 data printer,



I8 CARD FORMAT

Figure 5 shows a2 typical punched IBM card (which is included on the tape
printout format) for a two-piece assembly using an TEM Model 024 card

punch.
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FIGURE 5 - Typical punched IBM card formac for
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COMPUTER PROGRAM

Uging the IBEM cards punched by the electronic computing gage, the IBM
Model 360 computer is programmed to calculate the average haipght (X)
and the standard deviation of the heipht. 1In addition, a frequency
diagram (Figure 6) and contreol charts (Figure 7) can be plotted by the
compiiter from these data,

oy
- 10,00+
L M =73
= su,uu_; X=-00012Z5
R - Sigma = 0000415
= glnbsool
5 §
u E
-] [
o W
54.50 | 40.00F
Z.5- 0.00F
0.00 000 . . .
0,32 0.8 DG4 025 0.3¢

Deviotion (in, x 1072}

FIGIRE & =« Fragquency diagram plotred by IBM Model 360 computer.

CONCLUSTION

The application of an electronic gaging computing and recording system
for monitoring assembly operations was successful In that it eliminated
(1) manual calcularions at the production gite, {2) wmenual recording of
data and (3) key punching. Consequently the reliability of the assembly
process was increasad at a deerease 1o cobt.,

Futiure systems for similar applications will incorporate a wemory storage

go that assemblles will be able to pass through the system in paraliel
as wall as in serie=,
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FIGURE 7 - Control charts can be plotted by computer from data produced by the gaging system.
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