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SUMMARY

A feaslbility study wasz performed on the use of process
control teclhmiques which might reduce the need for a
duplicate inspection by production Inepection and quality
control inspection. Two active detonmator fabrication
programs were sclected for the study. Inspection areas
accounting for the greatest percentage of total Enspec-
tion costs were aselected by applying “Pareto's Principle
of Maldistribution." Data from these areas were then
gathered and analyzed by a process capability study.




INTRODUCTION

This study was performed to determine the Feasibility of more extensive
uge of statistical quality control techniques in the explosive component
production process which might reduce the need for 8 duoplicate inapec=-
tion by production inspection and quelity conkrcl inspection personnel.
A concept called "Paretao's Principle of Maldistributlion" was used to
organize information to logically decide what arers of the production
procass were most susceptible fo improvement. If scrap and other losses
are analyzed by these methods, one will determine that the feollowing
prineciple holds almost universally.

4 small number of areas where losses might oceur wili usuzally sccount
for the major portion of those losses. For example:

+ 3 departmentsz out of 10 will cause approximately #0-90% of zli
loasea,

¢ 3 machines out of 10 will cause approximately 80=-90% of all losses.
¢« 3 people cut of 10 will cause approximately B80-90% of all losses.

# 3 defect types out of 10 will cause approximately B0-90% of all
Iosges,

Pareto's Principle was applied in this study to determine those inapec~
tion areas that accounted for the greatest percentage of total {nspection
costsg.

After the area was ldentified by Pareto's Principle it was further exam-
ined by a process capability study. The process capability study is s
bagic technique for analyzing data. '"'Capablility" mesans the natural or
undisturbed performance after extraneous influenceg are eliminated, In
manufacturing terminology, process cspabllity refers to the loherent
ahility of the process to turn cut similar paris: the best distribution
that can be maintained {n statistical control for a sustained period of
time under & given set of conditions.

DISCUSSION

Two active detonator fabricatiom programs were seleected for this study.
For the purpese of this report, these programs will be referred to as
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Detonator A and Detonator B, Az a first step, Pareto distribution charts
were prepared rhowing quality control inline and production inspection
costs. A review of the Pareto distribution chart for Detomator & re-
vealed that 487 of the total quality control inline inspection cost was
expended on the gage cap Inspaction (Figure 1). In the assewbly process
of the detonator no gap may exist at the interface of the powder train
and the end cap (see Figure 2, Items 1 and 2), The gep is controlled by
inverting the end cap (Item 1, Figure 2), measuring, 2nd then assembling
the &nd cap and remeasuring to the same reference. This is the gages cap
inspection, As a result of the high percentage of total quality control
inline inspection coat expended on the gage cap Inspection, this opera-
tion was selected for examination. Data were collected and a process
copability study was conducted (Table 1 and Figuere 3). The results
indieate that 100% inspection by production Inspectors could not be
etiminataed unless a defact rate of 5% or larger is acceptable, However,
the quality control ingpectiom ean be relaxed from 1007 to some smaller
sampla. Thisz will reduce inspection cost without zacrificing quality.
Algo, the reavlts of the production inspection measurements are recorded
and are available for review by quality control engineering persomnel.

N -

&1
NN
*/

L

Nl

FIGUEE ? ~ Crosgs section of Detonator A showing items involved in gage
cap inspection,

Z

4 review of the Parato distribution chart for Detonator B reveals that
75% of tha production inspection cogt is expended on the bridgewire and
glot inspection (Figure 4). At present, these inspections are performed
100%. Random sempling and control charts cannot be recommended at this
time, The critiecal nature of thiz operation and the inconsistency of
present tooling dietates stringent inspection.

The well depth inspection is the next item on the Pareto distributicn
chaxrt (Figure 4); 1007 production fnspection with quality contrel wverifi-
catlon is in effect, This inspection consists of gaging from the top of
the sleeve to surface A" of the header (Figure 5). Here again, data
were collected and a process capabllity study was conducted (Table 2 and
Figure 6). The results Indicate that there is a possibility of elimi-
nating the production LO0% inspection. Past history, of 600 assemblies,
ghows a 1% reject rate, and the X and R control charts on the current
data show that the process is in comtrol, The six-standard-deviation



Table 1

PROCESS CAFABILITY STUDY FOR DETONATCR A CAP ASSEMELY
(0.0000 + 0,0005-in. SPECIFICATION)

Histogram foxr:

Range A1l 1405 Last 63
{in.) Assemblies Assemblies
0.0007 & 0.0008 XX
0.00G5 & 0.0006 X
0.0003 & 0.0004 XXETXLETKREX XXKHEX
0.0001 & 0.0002 bl e e 5 EAREARRAXARN K AR AT LR IR
=0.0001 & 0.0000 EATAEACKAEKELAEXELLK b N
=0.0003 & =0.00062 AAXEARLETH LA AN N EX THLNEELE IELREERERNNNNE
-0.0005 & -0, 0004 AKX LR KRR IO X000 EXXHMAL IR
=0.0007 & -0,0008 x
=0,.0009 & -0.0008 ®
~0.0011 & -0.0010 b4
n 105 &3
K -0.00009 in. ~0.00007 in.
& 0.00031 1in. 0. 00024 1in.

X + 38 0.00083 in. ¢, 00067 in,

X = 3s =0.00102 in. ={. 00080 1in.
Signfficant Hot significant Platykurtic
Departure from approximately
Hormality at 1% level
Expected %

Defective 3 1
ahoye USL

Expected %

Defective 9 4
balow 1SL

Actual HNo. 5 LU
of Rejects
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FIGURE 5 - Component porclons of Detonator B,

(6o) value {8 slightly lesg tharn the tolerance spread. Thus, if the
distribution could be centered there would be no rajects.

A procesa capabllity atudy was also conducted on the wold used to produce
the header for Detonator B {see Figure 7 for dimenzions of intarest on
the headar). The tabulated results are included s Table 3. As a result
of the analysis we have now reduced the inspection for those dimensions
which show an expected percentage dafective of zerc.

CONCLUSIONS

The zbove studies, although limited to selected areas of two programs,
point out the merit of statistical quality contrel and that the need for
duplicate inspection can be reduced, FProper use of atatistical quality
control techniques provides production personnel from the cperator to the
plant manager with factual quality information. It lends itself admirably
to cost reduction, points out areas of over- or under-inspection, and
quice often resulis in specification changes to bring the specification
tolerance within the npaturazl tolerance,
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Tabla 2

PROCESS CAPABILITY STUDY FOR DETQNHATOR B WELL DEPTH
(G.1800 + 0.001¢, - 0.0005 in, SPECIFICATION)

Cell Midpeint

{in.} Histopgram
0.1803 =
0.1802 HEHXE
0.1801 EXEKERRELX
0.1300 KAXEINKEKEANLK
0.17%9 EXEXEFAXLNE LN N KN
0.1798 KAKEARER
D.1797 KEEXXKERLENR
0.1796 b B B A
0D.1795 T T e b A e e o B A o e o
n 131
X 0.17973 in,
8 0.00023 in,
X+ 3s 0.18042 in.
X - 3s 0.17904 in.
Significant Skewad at
Departure from 1% Lewvel
Hormality Positive
Expected % (]
Defective
above [ISL
Expected % 16
Defective
below LSL
Actual Ho. 0
of Rejacts
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FIGURE 7 - Three views of Detonmator B showing dimensions of Interest 1in
the process capab{lity study for the mold.

12



Tabla 3
DETONATOR B HEAD QUALIFICATION OF MOLD WO, 3

__ Cavipy 1 Cavity 2
Kumber  Expested Mumber Expacted  Fuanbar

Idantification of % af ] af
Dimeneion on Figure 7 Heads, Dofeotive [Dofecto  Pefective Defacta

Flatness Surface 4 1 18 0 0 ¢ 1]
0.0005" Maximom

Pavallglism & ro B 2 1B 1 0 - 5 o

within 0.0010 Total

Finish 1§ 3 18 & L 25 1]

Suxface A

Wideh & ? Q L 0 1]
0.197 - §.2013

Thicknaga
G.095 - 0,105 5 7 0 0 L] ¢
0,007 - 0,017 6 13 2 0 1 0
0.145 - 0.147 7 ¥ 0 | 0 1]
0.097 = 0.10% a 7 L f Li] a

Thread Dimenaion
Major Diamsewsr
0.1623 + 0. 000D, - 0.0032 g 1 1] Q [ ]

Centerline Distance 15 7 bl 1 0 0
G.050 + 0,002

Cowmtersink Diamstar 11 7 1] 0 Q 1]
0.0%0 + 0.00%

Cencarline Distance 1z 7 0 G 0 1)
0.1%0 - 8,210

0.075 Max. Dimmeter 11 7 Q i} 0 0

Cmintaraink

Countarsink il T Ly 0 0 0
a0 + 10°

Radius 13 7 e 0 14 b
0,010 + 0.00%

Well Depth 14 ¥ ﬂ [ L1 0

0.07% 4 0.010

*411 dimenslons are in inches unless otherwise stated.

R. P. Ratay, Editor
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