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PREFACE

The writer has been engaged in the design and development of explo-
sive power sources for Naval aircraft systems while employed by the
U. S. Naval Weapons Laboratory, Dahlgren, Virginia, since 1958. Tncreased
applications of these power sources to aircraft systems compounded with
more stringent performance requirements has emphasized quality control.
Although the reader may get the impression that the thesis is primarily
concerned with a specific case study, it must be reminded that these
explosive power sources, referred to as power cartridges, have wide appli-
cation in aircraft, ships, missiles, weapons, space programs, and undersea
exploration programs by the Navy, Air Force, Army, and National Space
Agency. Hence, the approaches discussed herein can be applied to many
cases where small, infrequent production lots of power cartridges and
destructive testing presents a challenging application for statistical
quality control techniques. Further, the sampling scheme discussed has
general application in analyzing a supplier's process capability as well
as lot quality for any product.

The thesis begins with a discussion of the problems involved in the
development and production of power cartridges for Naval aircraft systems.
An illustrative example points out the need for SQC analyses in the
production of power cartridges where performance limits crowd dual speci-
fication limits. A production acceptance sampling scheme is proposed

which will evaluate the process capability as well as the lot quality.



Such a scheme provides a basis for partial lot acceptance and aids in the
determination of causes for rejected lots. The scheme, though somewhat
novel, is not any technological breakthrough; but rather a logical
reasoning approach, utilizing basic statistical techniques, applied to a
real world problem. In applying the scheme, it is assumed that tempera-
ture is the only operational environment that produces a significant
effect on cartridge performance and that there is a definite temperature-
performance relationship which may or may not be adequately defined. The
advantages of defining this relationship by a predictive mathematical
model is discussed with the use of an illustrative example.

Company names are not included because of the difficulties in
obtaining clearance.

The writer is much indebted to the U. S. Naval Weapons Laboratory
for allowing the writer to conduct a study concerning the reliability of
power cartridges for aircraft systems. All of the material contained in
this thesis came from a part of this study.

Very special thanks are due to Mrs. James Brown and Miss Virginia
Cummings who assisted the writer in the study. Mrs. Brown, a mathemati-
cian and computer programmer, debugged the writer's computer program and
was responsible for the incorporation of a plotting subroutine into the
program. She also performed the calculations of Appendix VI and VII.
Miss Cummings, a mathematician, was responsible for coordinating the

cartridge firing tests of Chapter 2. 1In addition, she helped in numerous



calculations, particularly control chart calculations to verify computer

outputs. Miss Cummings is the colleague referred to in Chapter 5.
Thanks are also in order for Miss Diane Newton and Miss Barbara

Stevens for their capable typing of the manuscript. Their patience and

understanding were appreciated.
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CHAPTER 1

THE PROBLEM

1.1 POWER CARTRIDGES

There are numerous mechanical functions requiring large ener;;y
inputs of short duration that must be performed in aircraft systems
only once in a mission profile. Cartridges are energy sources which
can be ideally applied to perform these functions. These power packages
transform the energy of burning propellant into useful work. Typical
applications of cartridges in aircraft are: personnel escape systems,
bomb ejector systems, engine igniter systems, fire extinguisher systems,
refueling systems, hoist systems, and emergency flotation systems. A
typical Naval aircraft utilizes approximately 30 cartridges in these
various systems. Cartridges can supply energies ranging from 60 ft-1lbs
to 70,000 ft-1bs and are very responsive (one to five milliseconds) in
supplying this power. Their small size to energy, weight to energy, and
cost to energy ratios make them preferable over other power sources.
They can be adapted to electrical or mechanical systems and are quite
versatile in the functions they can perform.

The basic cartridge components - an initiator, booster charge, and
‘ main propellant charge - are hermetically sealed in a metal case. Inert
metal parts such as sleeves, cups, retainers, closure discs, etc. are
used in the assembly of the basic components. Cartridges may be fired
mechanically or electrically in which case the initiator will be a

percussion primer or an ignition element respectively. An ignition



element consists of an electric bridgewire buttered with sensitive
explosive and surrounded by a booster charge. Upon the application of
electrical current, the bridgewire heats up rapidly and ignites the
buttered explosive which in turn ignites the booster charge. Normally,
an ignition element suffices as both the initiator and booster charge in
a cartridge. The booster charge ignites the main propellant charge which
ruptures the cartridge case and releases hot propellant gases. These
gases produce pressure to act on pistons which do work. Cartridges may
be required to function:
1. instantly (within five milliseconds). These cartridges
utilize fast burning propellant of fine granulation.
2, instantly (within five milliseconds) after a time delay
(0.40 to 6.0 seconds). These cartridges incorporate a
chemical composition between the initiator and main charge
which burns at a known uniform rate.
3. over a period of seconds. These cartridges utilize a
solid propellant grain whose burning rate can be controlled.

1.2 QUALITY CHARACTERISTICS

Cartridges are classified as impulse or delay. Output is the main
quality characteristic of impulse cartridges. Both delay time and output
are the main quality characteristics of delay cartridges. Output is
measured in such parameters as pressure, impulse (area under pressure-
time curve), ft-1bs, and velocity. Both characteristics normally have

dual specification limits. Time delays are required to allow proper
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sequencing of events in a system. If an event occurs too soon or too
late, the system will fail. The need for a minimum output specification
limit is quite obvious. The maximum output specification limit is

needed to prevent damage to the system. This limit is sometimes excluded
when the strength safety factor of the system is relatively high.

1.3 INHERENT PROBLEMS

The major problem area in the lot acceptance of cartridges is,
unfortunately, an inherent one. It can be simply stated as insuring a
high degree of reliability in the production of small, infrequent lots
where the critical quality characteristics can only be inspected by
destructive testing. This problem is magnified by a recent case. A
production lot of 167 cartridges was manufactured at an approximate cost
of $135 per cartridge. A high degree of reliability is required for
this cartridge because a malfunction could resuit in the loss of a
helicopter and its crew members. According to Table I of reference (3),
to be 95 percent confident that 99 percent of the cartridges would
function properly, a minimum sample size of over 117 would be required
for destructive testing. Such a sample size is unrealistic and prohibi-
tive.

Lot sizes normally vary between 300 and 20,000. Unfortunately, the
cartridges requiring the highest reliability are associated with the
smaller lots (300 to 1300). Lack of standardization and relatively short
service life of cartridges are responsible for small and infrequent

procurement. For instance, one particular cartridge, with a three-year
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service life, may be designed for only one particular aircraft. The fact
that only 200 of this type aircraft may be operational requires the
procurement of only 200 cartridges (plus test samples) every three years.
Small and infrequent lots are not lucrative enough for big businesses.
Small companies, without automation or quality control staffs, are
normally the recipients of government contracts for the manufacture of
cartridges. The Government's policy of competitive bidding in contract
administration encourages multi-source procurement which compounds the
problem. Another problem deals with the product itself. Explosives by
their very nature are somewhat unpredictable as to their consistency of
performance. The fact that destructive testing is involved and the lack
of sophisticated instrumentation restricts the study of the explosive
phenomena.

1.4 PROCESS CONTROL IN DEVELOPMENT

It cannot be sufficiently emphasized that reliability must be built
into an item. It is impossible to test reliability into an end item. A
production lot acceptance test serves to estimate the reliability that an
item actually has. If the test indicates that the reliability is too low,
one must back up to find the problem. The problem could be related to the
design of the item or the process which produced it.

In the design and development of power cartridges, the process is
overlooked. Current policies and procedures do not focus attention on
the process. One notable example of this is the fact that the developer,

in many cases, is not the manufacturer of production lots. The majority
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of the development engineers do not have production experience and there-
fore, concentrate their attention only on design. Consequently, the
developer neglects the importance of the process and the manufacturer,
who is not familiar with the design or application of the cartridge, is
ignorant of the effects the process may have on performance. Destructive
 testing adds to the problem because it dictates the use of minimum proto-
types in development, thereby restricting possible process data collec-
tion.

The fate of the cartridge design depends on the process used in the
manufacture of development prototypes. Excessive care in the manufacture
of prototypes by skilled modelmakers may result in the acceptance of a
poor production design. Conversely, lack of quality control by the
model-makers could result in the rejection of a good design. The former
is perhaps more frequently the case.

Since most cartridges are low production items, the type of process
is relatively unimportant as long as it is thoroughly documented in
development so that performance reproducibility in production can be
obtained. A recent case points this out. The drawing of a metal part
used in a percussion detonator did not specify the process to be used in
its manufacture. It specified only the physical dimensions and the
material. In development prototypes, the part was stamped out and the
tests of the detonator proved to be satisfactory. A contract was let for
the production of 500 detonators. The contractor machined the part which

met the requirements of the drawing. However, the shearing characteristics



13

of the machined part were significantly different from the stamped part
to give unsatisfactory detonator performance. Since the contractor had
fulfilled the requirements of the contract drawing, the Navy had no
alternative but to pay for the bad lot.

If the cartridge is to be a high production item, then the type of
process becomes rather important from a cost point of view. Value
engineering should be emphasized early in development. High production
techniques should be thoroughly evaluated in development since design
performance can be greatly influenced by the manner of manufacture.
Development costs will be high because of tooling cost. However, process
problems could be resolved by the designer and manufacturer prior to the
release of the cartridge to service and the tooling would be available
for immediate production. However, this optimum approach will meet
resistance at the higher echelons. Unfortunately the Navy budget for
cartridges is divided between two groups, R§D and procurement, which are
diametrically opposed in policy. The R§D group does not want to bear the
cost of production tooling, a procurement function. On the other hand,
the procurement group does not want to release procurement funds until
the design is released and fully documented for competitive bidding.

Even if the R§D group did finance the tooling cost, under the competitive
policy of the procurement group, the manufacturer who helped the designer
may not be awarded the subsequent contract for production, thus production
problems must be solved again. The Navy is, however, putting new emphasis

in the developer-first producer policy as permitted by the Armed Services
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Procurement Regulation. Captain Howard, Deputy Chief of Navai Material
(Procurement), addressing the Tenth Annual Seapower Symposium recently

in Washington, D. C., indicated that the Navy considers quality control

to be one of its most critical concerns today. He said, while convinced
of the importance of competition, the Navy also recognizes that '"in some
of our programs, we can do ourselves a disservice if we go into competi-
tion prematurely.”

The previous discussion has emphasized the importance of studying
the process during the development of cartridges. There are five
distinct phases from the paper design to the production of cartridges.
They are:

1. Preliminary development (experimental models)

2. Advanced development (prototypes)

3. Design qualification (advanced prototypes)

4. Preproduction

5. Production

The developer is responsible for the first three phases, the manu-
facturer for the last two. In the first phase, the designer experiments
with models to determine whether his paper design is feasible. Limited
tests are conducted and appropriate design changes are made. Ten to 50
models may be fabricated. If the design appears feasible, the designer
proceeds to the next phase. In the advanced development phase, environ-
mental effects and component interactions are studied in prototype tests.

Fifty to 100 prototypes may be fabricated. The writer contends that the
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designer should consider the process effects in this phase, for instance,
the effect of machining a component as opposed to stamping, so that the
methods to be used in the manufacture of the end item can be established.
Burr (2) indicates control charts may be particularly helpful in the
exploratory phases of research where it is not yet known which factors
are most influential on the variable under study.

The qualification phase is the final development phase. Tests are
conducted in accordance with MIL-D-21625D. It is during this phase that
the reliability of the design under operational conditions is estimated.
If the test results are satisfactory, the design is approved and final
drawings and specifications are prepared. Approximately 200 advanced
prototypes are tested. A typical request for the manufacture of these
prototypes contains the statement, 'Manufacturing methods used in produc-
tion should be as close to those anticipated for procurement on a
production basis as time limitation and quantities required justify.”

Yet, the process used is not studied, and consequently, is not
adequately documented. Normally the manufacture of these prototypes is
done by another government activity or a contractor without the presence
of the design engineer. Because of insufficient information feedback from
the manufacture, the designer may be unaware of serious production problems.

It is imperative that the design engineer monitor the manufacture
of these prototypes. The use of statistical control charts during this
phase could be extremely helpful in analyzing the process capability.

The remaining two phases, preproduction and production, will be

discussed in the next section.



1.5 PROCESS CONTROL IN PRODUCTION

Once the final cartridge specifications and drawings have been
released to the procurement group, the developer relinquishes process
control responsibility to the manufacturer. Specifications require the
submission of a preproduction lot (less than 100 cartridges) by the
contractor prior to entering production to ascertain that he has the
technical capability to produce acceptable items. Process studies would
appear to be essential in this phase; yet to this writer's knowledge, it
is not done. The use of control charts would aid in analyzing possible
production problems so that procedures could be formulated for the
subsequent production run. In the production run, control charts could
be used to maintain process control. There are several justifiable
reasons why the contractor does not utilize statistical methods in
controlling the process:

1. they are not required to by contract, nor would it be

feasible to do so,

2. being generally small companies, they lack the quality

control staffing,

3. they lack the test equipment and instrumentation,

4. and they are not familiar enough with design to know what

process effects will affect performance.
Hence, the contractor produces the best he knows how, hoping the 1lot
quality will be accepted.

Production lot acceptance sampling is in accordance with MIL-STD-105D

or MIL-STD-414. Using these acceptance procedures alone, the cause for
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rejection, whether it be in the design or process, cannot be ascertained.
A process study is presented in the next chapter to illustrate how

control charts could be used to analyze a cartridge production process.
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CHAPTER 2

A PROCESS STUDY

2.1 INTRODUCTION

Since 1959, 24 production lots of the MARK 5 delay cartridge have
been manufactured by four sources of supply. Thirteen of these lots
failed to meet the specification performance requirements. Lot size
varied from 600 to 5,000. The high rejection rate could be caused by
the lack of quality control in production, noncompatability of the
process capability with specification limits, or design deficiencies.

If statistical quality control had been utilized, perhaps the cause
for rejection could have been ascertained.

Permission was given by the U. S. Naval Weapons Laboratory, Dahlgren,
Virginia, and the ABC Company for the writer to conduct a process
capability study of the manufacture of 3,000 MARK 5 type delay cartridges.
This study was conducted independently of lot acceptance tests.

2.2 CARTRIDGE DESCRIPTION

The MARK 5 delay cartridge is used to open a parachute automatically
two seconds after the pilot or crew member has been ejected from an
aircraft in an emergency escape. The cartridge employs a standard
.38 caliber pistol cartridge case, with the open end crimped over a
closure cup (Figure 2-1). The cartridge is center-fired with an M42
percussion primer. In the assembly a delay insert is placed in the
cartridge body. The order of assembly of the delay insert is: porous

disc (to diffuse primer blast), ignition mix (to ignite the delay columm),
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delay column (a chemical composition which burns at a known uniform rate),
ignition mix (to ignite main charge), orifice, and main charge. A closure
cup is crimped over the delay insert. The cartridge is hermetically
sealed. Length of the cartridge is approximately 1.1 inches.

The cartridge is inserted in the breech of the parachute opener
attached to the parachute pack. As the seat is ejected from the cockpit,
a lanyard is pulled tight, and withdraws a sear pin from the parachute
release mechanism. This action releases a firing pin which strikes and
ignites the cartridge. After a two-second delay, the parachute is opened
automatically.

Two critical performance quality characteristics are involved - delay
time and energy output. The ejection sequence requires that the parachute
be opened during the time span of 1.62 to 2.53 seconds after initial
ejection, otherwise the pilot or crew member will be fatally or critically
injured during low altitude ejections. The cartridge must also provide
a minimum of 48 ft-1bs of energy to open the parachute. There is no upper
limit of energy output since it is physically impossible for the cartridge
to contain the minimum amount of propellant that would damage the system.
The cartridge must function within the above limits over the temperature
range of -65°F to +160°F.

2.3 OBJECTIVES

The objectives of the process capability study were:

1. to determine if the process was in statistical control,

2. to determine probable causes if there was a lack of

statistical control,
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3. to determine if the estimated process quality could meet
specification limits,

4. to determine if the effect of test temperature on cartridge
performance is significant,

S. and to compare the results of the process analysis with
the results of the independently conducted lot acceptance
tests with regard to lot quality.

2.4 THE MANUFACTURER

ABC is a small company employing approximately 100 employees. The
company specializes in the development and manufacture of explosive items
for the petroleum industry. It has developed and manufactured several
missile destruct systems for various government agencies. Prior to the
manufacture of this lot, ABC had manufactured nine lots (beginning in
June 1964) of the MARK 5 and MARK 6 delay cartridges. All lots failed
to meet specifications but were passed on waivers. The company project
engineer responsible for the manufacture of these cartridges had been
formerly associated with another manufacturer of the MARK 5 delay
cartridge. The company had a Quality Assurance Department whose main
function was inspection. No formal quality control programs were
administered. Most of the employees of the company were technicians
and production workers. The professional staff was capable but meager.
Many of the key personnel were ex-military with ordnance experience and

had experience with other companies in the explosive field.
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2.5 THE PROCESS

The writer visited ABC during the period of 11 - 13 July 1966 to
observe the manufacturing process and to outline procedures to be
used in the process study. The process was essentially an assembly
operation with the components being procured from outside sources. The
components were 100 percent inspected by ABC prior to assembly. The
assembly line consisted of five women. The assembly operation was
essentially a hand operation. The only equipment utilized were presses
and weighing scales. The assembly process was broken down into a
written step-by-step detailed procedure, including inspection. Critical
dimensions and weighings were checked by two persons. The daily produc-
tion rate was approximately 200 cartridges. Although no formal statis-
tical quality control procedures were administered, the project engineer
did take samples from the line sporadically and tested them for delay
times at -65°F and 160°F. Data on these tests were not made available.

2.6 THE PROCEDURE

All cartridges manufactured were serially numbered by order of
production. This requirement had not been specified in the past. Two
subgroups of five samples were taken daily, one in the morning (approxi-
mately 10:00 a.m.) and one in the afternoon (approximately 2:00 p.m.).
The decision to take two subgroups per day was based on the anticipated
daily production rate of 200 and the minimum number of subgroups
recommended by Grant (5) for the establishment of trial control limits.

The subgroup size of five was originally selected on the basis that five
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seems to be the most commonly used size in industry and in this
particular case, the cost of testing for this particular process study
was not a significant factor. Subgroups were selected in a manner to
give the maximum chance for the quality characteristic measurements
in each subgroup to be alike and the maximum chance for the subgroups to
differ one from the other; i.e., samples in each subgroup were selected
consecutively from production and morning to afternoon, day to day
variations were allowed from subgroup to subgroup. Originally it was
planned to test all the samples at 70°F. However, it was later decided
that more information could be obtained relative to specification limits
if tests were conducted at the specification temperature extremes of
-65°F and 160°F since it was known from past history th#t temperature
will affect performance. To eliminate inconvenience and to minimize
further sampling cost, the already selected subgroups of five were
divided into subgroups of three for -65°F tests and subgroups of two for
the 160°F tests. Selection of the larger sample size for the -65°F tests
was made on the basis of past history indicating that -65°F temperature
produced more erratic effects on performance than 160°F temperature.
Although the originally planned subgroup size of five would have been
better on statistical grounds, subgroup sizes of two or three are perhaps
more practical in the manufacture of explosive items due to the cost of
destructive testing.

Because of the limitation of time and money and due to the lack of

test equipment by the contractor, sample testing was conducted at the
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U. S. Naval Weapons Laboratory after the entire lot had been manufactured,
thereby eliminating process control during production.

2.7 COMPUTER PROGRAM

A program for an IBM 7030 digital computer was developed for control
charting. Such a program will be invaluable should the proposed sampling
scheme of Chapter 3 be accepted. Appendix I contains a flow chart of the
program. Appendix II contains a card listing of the program. Comment
cards are included in the listing as well as a variables glossary,
Appendix III, to facilitate program interpretation. Test data is tabu-
larized in Appendix IV. Figures 1 through 8 of Appendix V are X and
R charts for delay times and output for -65°F tests and 160°F tests. The
charts are facsimiles of the outputs from the computer plotter.

2.8 CONTROL CHART ANALYSIS

2.8.1 Temperature Effect

Before going into the detailed analysis of the control charts,
some comments in regard to test temperature are in order. Before
conducting the tests, it was expected that test temperature would have a
significant effect on the means of the quality characteristics. The
burning rate of the delay composition and energy output increases as
temperature increases. Some effect, though not as great, was expected in
the ranges of the quality characteristics. Generally, low temperatures
give more erratic performance. Since charts were maintained for both
temperatures individually, these known effects would be self compensating

in regard to control limits. However, if an excessive number of points
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fell out of control for one test temperature when compared tc the other
temperature, then one could suspect temperature as an assignable cause
of variation in addition to the known effects.

2.8.2 Subgroup Size

In comparing control charts of the quality characteristics by
test temperature the reader must take into account the difference in
subgroup size which undoubtedly produced some error.

2.8.3 Points Out Of Control

Six of the eight control charts had points falling out of
control. A summary of points falling out of control, by charts and
subgroups (SG), is given in Table 2-1.

TABLE 2-1

POINTS FALLING OUT OF CONTROL

est Quality Characteristic
Temp. Delay Time Output

X R X R
-65°F | 2 (SG #8, 32) |1 (SG #8) | 1 (SG #10) | 1 (SG #27)
160°F | 0 1 (Gs #8) | o 1 (SG #14)

The fact that the range charts for both quality characteristics
in -65°F and 160°F tests had points falling outside the control limits
indicates the process variability is out of statistical control. Further,
since one point fell out of control for both quality characteristics for
both temperatures, one must exclude temperature as an assignable cause
of variation. The fact that the means were in control for both quality
charactersitics in the 160°F tests, but out of control in the -65°F tests

might lead one to conclude that temperature might be an assignable cause
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of variability of the process mean. However, the fact that six of the
seven points falling out of control were associated with subgroups taken
in the afternoon (three points alone were associated with Subgroup #8)
may be more significant. The effect of morning versus afternoon
production will be investigated later.

2.8.4 X Charts

In observing the X chart for delay times in -65°F tests

(Figure 1, Appendix V), a gradual shift in the mean during the entire
production can be noted. This shift is not as predominate in the 160°F
tests (Figure 5, Appendix V). However, if Subgroups #1 through #5 and
#15 through #18 were neglected in the latter chart, a shift might be
detected. Also in regard to the latter chart, a short run of six points
(beginning with Subgroup #12) can be noted. In observing the X chart
for output in the -65°F tests (Figure 3, Appendix V), a shift in the mean
(with a short run of five points beginning with Subgroup #7, and a long
run of 10 out of 11 points beginning with Subgroup #22) can be noted.
Though not as pronounced and without runs, this shift can also be noted
in the 160°F test (Figure 7, Appendix V).

2.8.5 R Charts

The difference in subgroup size for the temperature tests must

be considered a significant factor in comparing the variability of the
quality characteristics by temperature. However, the fact that the
majority of the peaks on the R chart for delay time in -65°F tests

(Figure 2, Appendix V), but not for the 160°F tests (Figure 6, Appendix V),
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were associated with afternoon subgroups now compounds the morning
versus afternoon effect with a possible temperature effect. This will
be discussed next.

2.9 MORNING VERSUS AFTERNOON PRODUCTION

To test the hypothesis that variances of the morning and afternoon
production for the quality characteristics at each test temperature
were equal, Bartlett's tests of (8) were conducted on the control chart
data. It was assumed that the samples were taken at random from normal
populations. Results of these statistical tests (Appendix VI) at
.05 level of significance are tabulated in Table 2-2.

TABLE 2-2

Ho: VARIANCES OF MORNING AND
AFTERNOON PRODUCTION ARE EQUAL

est Temp. Delay Output
-65°F Reject Hp Cannot Reject Hg
160°F Cannot Reject Hp | Cannot Reject Hg

Further, to test the hypothesis that the means of the morning and after-
noon production for the quality characteristics at each test temperature,
analysis of variance tests of (8) were conducted on the same data.
Results of these statistical tests (Appendix VII) at .05 level of signifi-
cance are tabulated in Table 2-3.

TABLE 2-3

Ho: MEANS OF MORNING AND
AFTERNOON PRODUCTION ARE EQUAL

Test Temp. Delay ' Output
-65°F No test, -2 not equal | Cannot Reject Hog
160°F Cannot Reject Ho Cannot Reject Hp
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The results of both of these statistical tests and the analysis of the
control charts indicates to the writer that there was a problem in
afternoon production in regard to delay time variability which was
sensitive only to the -65°F tests. The lack of humidity control during
production was concieved by the writer as one possible explanation.

The relative humidity is normally higher in the afternoeﬁ than in the
morning. In addition, by afternoon the delay cemposifion, iaid out for
the day's production, would have more ‘'soaking" time. If moisture was
absorbed by the afternoon production, it is conjectured that the
moisture could have been solidified in the delay composition during the
-65°F tests while vaporized in the +160°F tests, thereby producing a
significant effect in one case and not in the other.

2.10 PROCESS IN CONTROL

The data from the subgroups which had points on the control charts
out of statistical control were discarded and new control limits were
calculated to bring the process under control (see Appendix VIII}. This
procedure is recommended by (5) to estimate the process capability. The
estimated process capability was needed for comparison with specifica-
tion limits and the results of the lot acceptance tests. It must be
emphasized here that the validity of the test procedures used in these
SQC tests and lot acceptance tests in the past is questionable. However,
until this probiem is thoroughly investigated, it is assumed that the
test data is valid and can be used to estimate the process capability.

The fact that temperature has an effect on both quality characteristics,
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and that specification limits must be met over a temperature range,
required analyzing the process capability for the quality characteristic
at each temperature extreme. Process natural tolerance limits (NTL)
for both quality characteristics for each temperature are calculates in
Appendix VIII.

Figure 2-2 graphically depicts the process capability for this lot
in relation to the specification limits. The range of the process
natural tolerance limits for both quality characteristics over the
temperature range of -65°F to 160°F can be calculated as follows:

DELAY TIME IN SECONDS

Range = upper NTL for -65°F - lower NTL for 160°F
= 2.575 - 1.776
= .799

OUTPUT IN FT-LBS

Range = upper NTL for 160°F - lower NTL for -65°F

= 98.88 - 55.00

= 43.88
The process range of 0.799 seconds for delay time over the temperature
range is compatible with the specification range of 0.910 seconds.
However, the process is not centered with regard to the specification
limits. The lot will be 0.69 percent defective in regard to the upper
specification limit at -65°F and less than .017 percent defective in
regard to the lower specification limit at 160°F. Since output has only

a single specification limit, the process range is unimportant. The

process is capable of meeting the minimum output specification over the

temperature range.
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2.11 CENTERING THE PROCESS

If the ABC Company, neglecting the possibie morning versus afternoon
effect, could maintain statistical conrtrol for their process, the process
means should be carefully centered with respect to the delay time speci-
fication limits. Recommended process means are calculated.

Let: 0—; = estimated standard deviation of low temperature

tests (-65°F)
U}]= estimated standard deviation of high temperature

tests (160°F}

-
X of low temperature tests

»<
[
]

XH = X of high temperature tests
Assume: Definite temperature-performance relationship so that

XL - XH can be considered constant.

Then:
MAX X|, = USL - 3 ii"L = 2.530-3 (.0851) = 2.275
MIN Xp = LSL + 30‘;{ + (XL - Xg) = 1.620 + 3 (.0716)
+ (2.320 - 1.,994)= 2.161
MAX Xy = USL - 3 r:ri - (XL - Xyj = 2.530-3 (.0851) -

(2.320 - 1.994)= 1.949

MIN X, = LSL + 37 = 1.620 + 3 (.0716) = 1.835

Recommended YL = MIN X|, + MAX XL = 2.275 + 2.161 = 2.218
2 2
Recommended Xy = MIN Xy + MAX Xy = 1.949 + 1.835 = 1,892

2 2

Figure 2-2 graphically depicts the centered process.



2.12 COMPARISON WITH LOT ACCEPTANCE TESTS

The results of the control chart anaiysis were in favorable agree-
ment with the lot acceptance tests. All of the cartridges tested in the
lot acceptance tests met specification limits, although several cartridges
produced delay times at -65°F just under the upper specification limit -
which was predicted in the control chart analysis. The estimated lot
means of the quality characteristics for each temperature were comparable.
The estimated standard deviation for the lot acceptance tests were some-
what higher for the quality characteristics at each temperature. This is
reasonable since shifts in the means for both quality characteristics at
each temperature were noted in the control chart analysis. Such shifts
would not be detected in the lot acceptance tests where the samples were
randomly selected.

2.13 CONCLUSIONS

From the process study, the following conclusions are made:

1. The process is out of statistical control.

2. Morning versus afternoon production may be an assignable cause

of process variation.

3. The estimated process capability is compatible with specification

limits.

4. Test temperature, by itself, does not appear to be an assignable

cause of process variation.

5. The estimated process capability did favorably agree with lot

acceptance tests. It must also be pointed our here that the
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psychological factor of knowing that the process was under study
no doubt influenced the quality of the lot which was much better
than the previous lots produced by ABC. Further investigations
should be made to determine cuases of shifts and the morning
versus afternoon production variation. Unfortunately, many
months have passed since the production of this lot and such
investigations would probably be fruitless. In the future, how-
ever, the implementation of process control in the production

of cartridges would aid in the detection of causes of variation.
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CHAPTER 3

LOT ACCEPTANCE AND CONTROL CHARTS

3.1 A LOGICAL STARTING POINT

The value of control charts in the development and production of
power cartridges has been discussed in Chapter 1. The writer has
hopefully presented the need for control charts., The next step is to
implement the use of such a tool., The acceptance of the use of control
charts cannot be gained readily on the basis of one case as presented
in Chapter 2. Like any new policy, it must be given a trial run to
prove its usefulness. Theoretically, one would think that control
charts should be applied first in the-developmental phase. There are
several valid objections to this. They are:

1. Presently, design engineers are somewhat inexperienced in

production techniques,

2. The limited manufacture of prototypes, as dictated by

current policies; does not allow for a thorough process

study.

3. The process used in the manufacture of prototypes may not
be indicative of the production process.

4, The destructive tests for control charting would be in
addition to required environmental tests and therefore

would appreciably increase developmental costs,



These objections could be overruied if we applied control charts
first to production lots by:

1. having the design engineer monitor the contractor's production
to study actual productisn techniques being used, This ~+ill
give the engineer valuable experience in production techniques
as well as aiding him in the contro}l chart analysis.

2. combining contrcl chart tests with production lot acceptance
tests to eliminate increased cost,

"Another important advantage may be:derived by applying control
charts first to producticn. Many cartridges have already been developed
and are in production. Production problems seem to occur rather
frequently. By using control charts as-a trouble shooting mechanism,
perhaps the sources of the problems-can be found., No-doubt, the infor-
mation gained will be extremely useful - in implementing process studies
in the development phase.

Having justified production as a starting point, control charting
must be introduced in such a manner that it will be readily accepted on
a trial basis. This essentially depends-on° whether or not control
charting can be combined with production- lot acceptance testing. By
doing so, the application of control charts can be evaluated at no
added cost.

5.2 A REQUIREMENT

Sampling procedures for production lot -acceptance of cartridges

must be in accordance with MIL-STD=105D; ggmggigglProccdumes and Tables
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for Inspection by Attributes, or. MIL-STD-414, Sampling Procedures and

Tables for Inspection by Variables for. Percent Defective, according to

current policy.

3.3 A DISADVANTAGE OF CONTROL CHARTS.IN LOT ACCEPTANCE

Overlooking the previously stated requirement, there is another
reason why control charts could not be the sole basis for production
lot acceptance. Although not done in the:case presented in the
previous chapter; random sampling, a requirement for acceptance
sampling, could be achieved in the selection of rational subgroups for
control charting according to reference (5). However, if the process
were deemed out of statistical control, there would be no basis for
determining the lot quality. The lot quality may be acceptable even
though 'the process may be out of siatistical control,

3.4 AN ACCEPTANCE TEAM

If a sampling scheme could satisfy the requirements of
MIL-STD<105D or MIL<STD-414 and control charting methods, it would
have the following advantages:

1. would not disrupt the present acceptance procedures to any

degree,

2. valuable information could -be obtained about the process in

addition to just the function of accepting or rejecting lots,

3. two functions, process study and lot acceptance, would be

performed for the price of one,

4. and would permit acceptance of part of a lot.



With regard to production acceptance, the‘'latter advantage has particular
merit. Presently, no record of cartridge production is made; i.e.,
cartridges are not serialized or identified by erder or date of
production., The lot is assumed homogeneous and' if an unacceptable

number of defective cartridges is found in the acceptance sample, the

lot is rejected. However, homogeneity may not be the case, A sudden
shift in the mean may have occurred during the latter part of production
and the majority of the defective samples may have come from this phase
of production. Control charts would-have detected this shift and if the
defective samples did come from this phase of production; then one could
justify accepting those cartridges produced up to the shift in the mean
and rejecting those after the shift prowviding that the cartridges could
be properly identified. Should this justification be questioned, another
sample could be taken.  Both the Navy: and ‘the. contractor would benefit by
partial lot acceptance.

3.5 RANDOM SAMPLE?

Though a fine technicality, the question of randomness of the
samples is the only factor which can.be argued in the proposed sampling
scheme depending upon one’s interpretation of MIL-STD-105D and
MIL-STD-414., To be truly random, for a total sample size of n, each
cartridge in the lot has n chances of being selected. In order to
incorporate control charting into the sampling:procedure, however, if
we divide the total sample size n into k subgroups of size m where m

“samples are randomly selected over k periods of time; then each
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cartridge in the lot has only m chances of being seiectgd: There are
pros and cons for both cases. For example, one could argue that during
one period of production,._a.number of defective cartridges could be
produced .and in the latter case, each defective cartridge would cnly
have m chances of being selected. Conversely, one could argue thLdt all
the cartridges produced during one period of time could be defective
and in the truly .random case, there is a chance that no sample would
be drawn from this period. In terms of probability, however, neither
argument is valid. The fact that paragraph 7.3 of MIL-STD-105D implies
the acceptance. of periodic.sampling, as would be the case in control
chart sampling, allows the writer to assume that his proposed sampling
scheme will meet the requirements of MIL-8TP=105D or MIL-STD-414 with
regard to randomness. Further, each cartridge has the chance to be
selected without regard to its quality.

3.6 SAMPLE SIZE

Sample size is the most important criterion in the use of the
.combination sampling scheme. In keeping with the objective of not
increasing testing cost, the sample size:dictated by the acceptance
procedure presently used, which is dependent on the Military Standard
specified, lot size, and AQL; must be compatible with tﬁe minimum
sampling required for a valid control chart analysis., The minimum
sample size required for a valid control chart analysis has been
determined by the writer as 75. This is based on 25 subgroups, the

minimum recommended by reference (5), and a-subgroup size of three.



39

Subgroup size of three was chosen by the writer on the basis of
minimizing the number of destructive tests, yet allowing an estimate
of R in a subgroup when a measurement of one sample is lcst due to
instrumentation failure. The factors influencing the acceptance
sample size are worthy of discussion since they have a significant

bearing on the applicability of the proposed  scheme,

3.6.1 AQL

Present policy establishes-an AQL of .04 percent for life
saving cartridges, i.e., cartridges used in aircraft personnel escape
systems, and AQLs of .10 percent and .25 percent for other cartridges
depending -on the consequence of a malfunction. When MIL-STD-414 is
used, Inspection Level IV, normal inspection is specified. However,
some trade-off is given relative to the sampie size when MIL-STD-105D
is used, Inspection Level II, normal inspection, and AQLs of .10 per-
cent and. .25 percent are used for life saving-and other cartridges
respectively to give more practical sample sizes for small lots. One
might conclude that these AQLs are rather stringent considering the
‘cartridge application and the probabilities involved, This can be
illustrated by a realistic example. Assume-a production lot of 1,000
MARK 5 delay cartridges of Chapter 2 was .10 percent-defective with
respect to delay time. This would mean that there was only one
defective cartridge in the entire lot. With aircraft being quite

reliable, the probability of this-defective: cartridge being in an
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omergency situation at low altitude would be very low, However, other

- wust be considered. The OC curves of the sampling plans are
based on continuous production with an average outgoing quality level,
The manufacture of cartridges. cannot be regarded as such. Hence. with
a lot size of 1,000, an AQL of. .10 percent, and normal inspection under
MIL-STD-105D; there is a 50-50 chance that a lot can be accepted which
is six times as defective as the AQL; Another important aspect is a
psychological one. The fact.that a defective cartridge may result in
the loss of a pilot's life takes preference over any probability theory.
The value of human life is impossible to equate tc any probability
theory. Although stringent, AQLs of .04 percent to .25 percent appear
to be within the realm of cartridge production., Needless to say, these
low AQLs help increase sample size and enhance the applicability of the
proposed scheme.

3.6.2 Lot Size

As previously stated in Chapter ‘1, production lots of cartridges
vary between 300 to 20,000 cartridges it must be pointed out that the
cartridge application has a direct relationship with lot size and AQL
which enhances the compatibility of lot acceptance sampling and control
chart sampling. Life saving cartridges, thanks to high reliability of
aircraft, are of low usage; yet demand greater reliability, Hence,
these cartridges are normally associated with the smaller lot sizes

(300 to 1300) and the more stringent AQLs (.04 percent to .10 percent),



Other cartridges, such as bomb ejector cartridges, are of high usage
and demand less reliability. These cartridges are asscciated with the
higher AQL (.25 percent). This relationship of cartridge application
with lot size and AQL maximizes sample size.

3.6.3 Military Standard

The most significant factor in regard to sample size is the
~military standard used. Compare the sample sizes of MIL-STD-105D and

MIL-STD-414 in Tables 3-1 and 3-2 in accordance with present policies,

.TABLE 3-1

SAMPLE SIZE FOR. LIFE SAVING CARTRIDGES

Lot Size Sample Size
MIL-STD-414
Inspection Level IV
MIL-STD-105D Normal Inspection
Inspection Level II | Variability Unknown
Normal Inspection Standard Deviation Method
.10 Percent AQL .04 Percent AQL
301- 500 125 25
501- 800 125 30
801-1200 125 35
1201-1300 125 35
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TABLE 3=-2

SAMPLE SIZE FOR HIGH USAGE CARTRIDGES

Lot Size Sample Size
MIL-STD-414
-Inspection Level IV
IL-STD-105D ‘Normal Inspection
E;spection Level II | Variability Unknown
ormal Inspection Standard Deviation Method
.25 Percent AQL .10 = .25 Percent AQL
1301- 3200 200 40
3201- 8000 200 50
8001-10000 200 : 75
10001-20000 315 75

From this comparison, it can be seen that sample sizes of MIL-STD-105D
are compatible in all cases with the minimum control chart sampling
while those of MIL-STD-414 are not with the exception of lots over
8,000, Presently, MIL-STD-105D is used somewhat more than MIL-STD-414,
In section 3.7, the writer justifies the nonuse of MIL-STD-414 in
production lot acceptance of cartridges,

3.7 MISUSE OF MIL-STD-414

It is generally agreed that for a given quality protection,
smaller samples may be used with variables criteria than with
attributes. .There is a misconception that MIL-STD-414 should be
specified for low usage cartridges on the basis that sample size is
‘minimized by the use of variables and -that MIL-STD-414 is the only
generally accepted variables sampling: procedure., MIL-STD-414 is

based on the assumption that measurements are selected at random from
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a normal distribution. Many frequency distributions of a product’s
quality characteristics are roughly normal when the product comes from
‘a single source and is produced within a short period of time, refer-
ence (5). However, with relatively tight specification limits, how
valid is the assumption of roughly normal. If the acceptance plan is
based on normality, and the assumption is false, then an incorrect level
of protection will be indicated. Therefore, it is best to test for
normality before selecting a sampling plan, Sampling plans for car-
tridges are selected during the final development phase, Present
policies do not provide for sufficient data in development to conduct
-normality tests. Even if normality could be ascertained in development,
with multi-source and infrequent procurement, normality cannot be
guaranteed in production. One solution to~this dilemma would be to
specify normality tests for every production lot in the cartridge
specification. "If normality was indicated, MIL-STD-414 could be
applied. If not, the acceptance sampling procedures of reference (6),
using variables with non-normal distributions, could be applied.

- The above arguments against the use of MIL-=STD=414 are certainly
valid; however, they are of secondary importance. The prime reason
against the use of this document concerns itseif with the product.
Consider the cartridge as a system. Even though the end performance
parameter. of the system can be a variable, there are components within
the system whose quality characteristic can only be observed as an

attribute. For instance, consider the delay column and ignition mix
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of Figure 2-1. The assembly of these components is perhaps the most

' critical operation in manufacture of the MARK 5 delay cartridge. The
function of the first ignition mix is to ignite the delay column and can
only be observed as an attribute. The delay coiumn has two functions:
to provide a time delay and to.ignite the second ignition mix. Here,
.the. former function can be observed as a variable, the latter only as

an attribute. In order to be assured of a given quality protection,

the sample size should be based on. attributes criteria.

3.8 VARIABLES DATA

Use of MIL-STD-105D has been justified. Normally fraction
defective charts are applied to process studies where attributes are
the criteria. However, with destructive testing, the cost would be
prohibitive due to the large sample size required. Variables data
‘can be used with MIL-STD-=-105D; in fact, it is a presently accepted
practice in cartridge production lot. acceptance. Using variables
data, ‘the quality protection is higher than the AQL specified because
of the qualitative data, This somewhat justifies the previously
mentioned-policy of specifying higher AQLs with MIL-STD-105D, The
cartridge is classified as simply a defective or nondefective
~acecording to whether or not the measured-quality characteristic is
within specification limits. With variables data, X and R control

charts can be maintained,
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3.9 TRADE.OFF

Control charting could be readily incorporated into the current
production. lot acceptance procedures where MIL-STD<105D is employed with
variables data. Although random sampling is permissible in the selection
of rational subgroups for control charts, some sensitivity in process

shifts is traded. for the lot acceptance function,
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CHAPTER 4

A SAMPLING SCHEME

4.1 GENERAL DESCRIPTION

The proposed cartridge production acceptance sampling scheme
applies only to cases where MIL-STD-105D and variables data are
specified. Sample sizes will be dictated by MIL-STD-105D and divided
into subgroups according to order of production., Samples within sub-
groups will be randomly selected from cartridges produced during the
subgroup interval,

Production lot acceptance will ‘be based on the acceptance criteria

- of ‘MIL-STD-105D and lot performance.. Control charts will be maintained
to study the process, If the lot is rejected, control charts may
~indicate the cause and provide a basis for partial lot acceptance.

‘4,2 SUBGROUP. INTERVAL

Subgroup interval can be based on unit or time periods of
‘production. The latter is recommended so that morning versus afternoon,
day to day, week to week effects can be investigated. However, the basis
is dependent upon lot size and .daily production rate. For instance, if
the daily production was high. compared to ‘the lot size, the unit basis
‘may ‘be more-appropriate due to- the relatively short period -cof time span.
The decision as to the basis of subgrouping should be deferred until the

lot has been manufactured and production records submitted,
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4,3 PRODUCTION RECORDS

Cartridge specifications or procurement contracts should specify
the serialization of cartridges. by order-of production and the
maintenance of production records. It-is recommended that a per_.udic
production log be maintained of cartridge-serial numbers., The starting
and stopping of the production line should be recorded by time and
cartridge serial number.

4.4 PROCEDURE

After the lot has been produced and the production log submitted,
the process analyzer must decide on-the number of subgroups and the

subgroup size. The imposed constraints are:

k = 25
n=23
kn £t
where k = number of subgroups
n = subgroup size
t = sample size as dictated by

MIL-STD-105D
From Chapter 3, the reader will recall that kn pjp will always
be compatible with t. The basis of subgrouping will be heavily
dependent on the constraint imposed upon k, For instance, if the
process analyzer wanted to study the process on a daily basis (sub-
group interval = one day) and there were only 15 days of production;

he could not do so.. However, he still. could base his subgrouping on
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a time period of production bv reducing the time span to half day
intervals (k = 30). The constraints do allow for flexibility.
‘Consider the following two examples.
EXAMPLE 1: lot size = 5,000
daily production rate = 200
t = 200
in this example, it would seem more appropriate to base the
subgroup interval upon time period of production. The subgroup
interval could be based on day or half day intervals with k being 25
and S0 respectively which would dictate n being 8 and 4 respectively,
In faet, if some sampling basis were.discounted, both schemes could be
employed from the same data provided the random sampling was based on
‘k = 50, n = 4,
EXAMPLE 2: 1lot size = 5,000
daily production rate = 1,000
t = 200
In this example. it would be desirable to base the subgroup
interval upon unit period of production. The process analyzer has a
choice of k being 25, 28, 33, 40, 50, and ‘66 with n being 8, 7, 6, 5,
4, and 3 respectively.
Once k and n have been decided upon, samples can be randomly
selected within the subgroup interval-and test fired. In the case

where kn< t, the extra samples should be randomly selected from the

entire lot and tested for production lot acceptance only,



-4,5 TESTS

Grant (7) peoints cut that the ambient test is only a substitute,
dictated by economy, for an. environmental test. Ambient tests are
usually used for production testing largely because of their simpiicity
and economy.

Since cartridge performance is relatively sensitive to temperature,
ambient temperature tests cannot be specified for production tests.
Presently, normal temperature tests of 77°F + 5°F are specified which
require temperature conditioning equipment. The writer contends that
production tests of cartridges should be conducted at design temperature
extremes rather than 70°F on the basis of:

+. mwresent undefined temperature-performance relationships,
Specification limits are normally established for a
temperature operating range cf -65°F to 16G°F, Unless
a temperature-performance relationship has been defined,
performance at =65°F or 160°F cannot be predicted from
70°F tests for comparison with specification limits,

2. the slight increase in 1¢s) <osts

Since temperature conditioning equipment is required even for
70°F tests, the additional cost of conditioning cartridges to -65°F
~ or 160°F would be neglizible Admittedly, there would be some testing
difficulties. Presently, for 70°F test, the test vehicle is not
temperature conditioned due to the fact that experience has indicated

that the heat transfer between the cartridge and test vehicle is
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negligible if the cartridge is fired within five minutes after removal
from the conditioning chamber. For -65°F or 160°F cartridge temperature
conditioning, there may be a heat transfer problem. However, it is
envisioned that such a problem could be solved relatively easy and
inexpensive through the use of insulation by "heat or cold sinks."

4.6 THREE CASES

Historically, there is a definite relationship between temperature
and cartridge performance which may or may not be defined. For testing,
three cases must be considered, They are:

-1, unknown temperature-performance relationship and the
single specification limit,
2. unknown temperature-performance relationship and the
double specification limit, and
3. known temperature-performance relationship and the
single or double specification limit(s).

Single specification limits are normally associated with a lower
specification limit and apply only to impulse cartridges. Since energy
outputs decrease as temperatures decrease, -65°F tests should be
conducted in Case 1, Double specification limits always apply to delay
cartridges, and in most instances to impulse cartridges. Hence for
Case 2, tests should be conducted at both -65°F and 160°F. This would
require doubling the sample sizes of MIL-STD-105D. If the temperature-

performance relationship were known as in Case 3, tests could be conducted
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at any temperature and performance predicted for any other temperature.
For Case 2, which is the most frequent, attempts should be made to define
‘the temperature-performance relationship to reduce testing cost, In the

next chapter, such an attempt is made for-the MARK 5 delay cartridge.
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CHAPTER 5

A PREDICTIVE MODEL

5.1 APPROACH
A short investigation by a colleague, reference (4), greatly
influenced the approach used by the writer in the development of a
predictive mathematical model for the performance of the MARK S delay
cartridge over the temperature range of -65°F to 160°F. This investi-
gation consisted of a computerized statistical analysis of the
production test data of the MARK 4 delay cartridge. The MARK 4 delay
cartridge is identical to the MARK 5 delay cartridge except for the
delay time range. The significant conclusions from this investigation
were:
1. the variances of the delay time characteristic can be
considered constant from -65°F to 160°F within each lot.
2., the relationship between delay time and temperature can
be considered linear within each lot.
3. the hypothesis that the linear regression lines for
delay time of all lots are equal must be rejected.
4. the manufacturer may be the significant factor for the
rejection of the above hypothesis.
In formulating a predictive model for production acceptance of the
MARK 5 delay cartridge, the writer utilized the following approach:
1. conduct acceptance tests at -65°F and predict performance
at 160°F. By doing so, the need for an output predictive

model is eliminated.
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2. consider two variables in the delay time model, temperature
and process dispersion. Only temperature was considered in
the investigation of reference (4).

3. use the parameter of range at -65°F for process dispersion.
Assume range of dispersion to be constant from -65°F to
160°F.

4. use the parameters of minimum delay time at -65°F versus
minimum delay time at 160°F among lots for the temperature
effect variable rather than the delay time versus tempera-
ture parameters within each lot as in (4).

5. analyze the relationship of delay time and temperature by
manufacturer.

6. select a manufacturer, and by multiple linear regression
analysis, develop a predictive model for delay time.

7. determine accuracy of model.

5.2 TESTS AND SPECIFICATION LIMITS

As the reader may recall from Chapter 2, the delay time characteris-
tic of the MARK 5 delay cartridge has dual specification limits while the
output characteristic has only a lower specification limit. Additionally,
one must recall that temperature has a pronounced effect on both
characteristics. Output decreases as temperature decreases. Conversely,
delay time increases as temperature decreases. Hence, if production
tests were conducted at -65°F, cartridge performance in regard to upper

specification limit for delay time and the lower specification limit for
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output could be verified directly. A model for predicting delay time at
-160°F would indirectly verify cartridge performance with respect to the
lower specification limit for delay time. Conducting tests at any other
temperature in the -65°F to 160°F operating range would require a
predictive model for output, and the double use of the model for delay
time. Cartridge performance with respect to the three specification
limits would be totally predicted.

In production lot acceptance tests of MARK 5 delay cartridges in
accordance with MIL-STD-105D, emphasis is on individual cartridge perfor-
mance rather than lot means and dispersion. Every cartridge performance
should be within specification limits. Due to the lot size, inspection
level, and AQL, rejection number will always be one. Therefore, the
model developed for predicting delay time at 160°F was based on the
indirect temperature relationship of the minimum delay time recorded of
the -65°F test with that of the minimum delay time recorded of the
160°F test of past production lots. Assuming a valid model, any predicted
value at 160°F below the lower specification limit for delay time would
cause rejection of a lot.

5.3 TEMPERATURE AND PROCESS DISPERSION RELATIONSHIP

Historically, temperature has produced a significant effect on delay
times of the MARK 5 delay cartridge. Assume the linear relationship of
(4) is valid. Logically then, process dispersion will have an effect
on the location and possibly the slope of this linear regression line

with respect to predicting the minimum delay time at 160°F. However, due
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to the parameters selected to determine temperature relationship among
past lots (minimum delay time at -65°F versus minimum deiay time at
160°F), initial thoughts were that the process dispersion effects would
already be compensated for within these parameters themselves. Never-
theless, both temperature, indirectly, and process dispersion were
considered in the model.

5.4 MANUFACTURER EFFECT

Production data from 23 lots of the MARK 5 delay cartridge were
available. Figure 5-1 is a scatter diagram of delay time means at
-65°F and 160°F for all lots. From this figure, one must agree that a
linear correlation between means of the two temperatures appears remote.
Yet, if one were to differentiate the lots by the four manufacturers,
Figures 5-2 through 5-5, a different conclusion would be drawn. Since
all manufacturers in essence produced the cartridges from the same
drawings, one must conclude that the process has a significant effect
on cartridge performance. Again the need for process studies regarding
the manufacture of power cartridges is emphasized.

5.5 THE MODEL

Manufacturer B was selected for the development of a delay time
predictive model for his process. The basis of selection was the larger
number of lots submitted, and the greater range of delay time. A
multiple linear regression analysis of the production lot data of
Manufacturer B is contained in Appendix IX. It is concluded that there

is a linear trend at the .05 level of significance of the minimum delay
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time recorded at 160°F which depends on the minimum delay time recorded
at -65°F or the process dispersion of delay time at -65°F or both. The

estimated regression of y on X] and X2 is:

y = -.059691 + .872169X; + .000564X2
where y = minimum delay time at 160°F

X] = minimum delay time at -65°F

X2 = range of delay time at -65°F

In trial computations, it was found that y is very insensitive to X2.
Either the premonition that the process dispersion effect would be already
incorparated into the temperature effect parameters was true or the
process dispersion effect was insignificant when compared to the tempera-
ture effect. Regardless of the case, the regression equation can be
rgduced to:

y = -.059691 + .872169X3
The model was applied to the production lot data. Table 5-1 compares the
predictive results of the model with the observed results.

TABLE 5-1

MODEL RESULTS VERSUS OBSERVED RESULTS

Minimum Delay Time at 160°F j
Lot Model Observed
1 1.751 1.775
2 1.925 1.925
3 1.859 1.850
4 1.802 1.800
S 1.772 1.750
6 1.772 1.825
7 1.728 1.675

The average error was .0219 second, or 1.22 percent. Maximum error was

3.07 percent.
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5.6 LIMITATIONS

It is known that temperature has a significant relationship upon
cartridge performance. Perhaps this relationship is linear in most cases
and can be expressed in simple mathematical form. However, the fact
that the production process has a significant bearing on the validity of
the model certainly limits the use of such a model in production accep-
tance from several standpoints. Firstly, a certain amount of production
lot data must be acquired before a model can be developed. This means
that such a model could not be incorporated into cartridge performance
specifications for initial production. Secondly, even if from a single
source of supply, infrequent procurement certainly gives a definite lack
of guarantee that the process will be the same from lot to lot. Thirdly,
the competitive procurement policy would dictate the development of
models for each manufacturer which would be impractical. Nevertheless,
the use of mathematical models should not be neglected. Before
McNamara's policy of closing down Government production plants, the bulk
of cartridge production was done by one Government plant. There is a
present trend toward reinstating the production of cartridges by a
Government plant. If this materializes, then greater control of the
process can be affected. With single source, process controlled produc-
tion, mathematical models for predicting cartridge performance will have

important application in production acceptance.
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CHAPTER 6

SUMMARY

6.1 CONTROL CHARTS

Advances in air technology have resulted in increased cartricge
performance requirements which are crowding the present ''state of the
art" design performance. Process control, which would seem mandatory,
is not implemented by contractors for several justifiable reasons.
Further, because production lots are small and infrequent, and
because destructive testing is involved; the problem of confidence
level and minimum sample size becomes paramount in acceptance tests.
The use of control charts in production acceptance tests by the Govern-
ment can provide:

1. additional confidence in lot acceptance because additional

information is available.

2. valuable information feedback to the design engineer and
contractor for the resolution of design and production
problems.

3. partial lot acceptance.

Control charting could be readily incorporated into current cartridge
production lot acceptance procedures where MIL-STD-105D is employed with
variables data. Cartridge serialization and production records would
be the only additional requirements.

6.2 PROCESS EFFECTS

The development of mathematical models for predicting cartridge

performance could substantially reduce the cost of production lot
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acceptance tests. However, the use of such models will be limited due to
the significant effect of the process which presently cannot be controlled
from manufacturer to manufacturer. This conclusion from Chapter 5 and

the results of the case study of Chapter 2 has indicated to the writer

the importance of the process. Presently, considerable research is being
devoted to finding better materials and techniques to improve cartridge
performance. Although the writer is not advocating the censure of
research, the diversion of some of the research manpower and money to
process studies of the production of current designs may produce startling
results. Besides, even design improvements as a result of research

cannot guarantee any increased reliability if process control is not
maintained in production. Process studies are, therefore, recommended to
improve lot quality and affect consistency of cartridge performance from
one manufacturer to another.

6.3 GENERAL APPLICABILITY

Although the writer has applied a sampling scheme, which allows for
process study and lot acceptance independently with the same samples, to
explosive power sources; the scheme has more general applicability. It
could be applied by any commerical or governmental agenéy to verify the
product quality level submitted by vendors and the variability of that
quality level in conjunction with the ageiicy's lot acceptance procedures.
Such information would be useful in the selection of a vendor. Grant (5)
points out the use of control charts by a purchaser to help a vendor
improve his process. With the proposed scheme, this could also be done

in conjunction with the purchaser's lot acceptance procedures.
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The use of linear regression analysis in predicting environment-
performance relationships should have general application in production
acceptance tests where:

1. there is sufficient historical data to verify linearity.

2. the effect of the process from one manufacturer to another

is insignificant.

Many environment-performance relationships have been found to be
approximately linear, particularly when temperature is the environment
involved and the temperature range not too severe.

6.4 RECOMMENDED STUDIES

The contents of this thesis have been concerned with process study
and production lot acceptance of Navy explosive power sources. These
are only a few of the areas which shouldbe investigated in regard to
the reliability of cartridge performance. Studies are recommended in
the following areas:

1. Correlation of performance between production test fixtures
and actual systems. The objective of this study would be to
validate test fixtures and procedures. Some work in this
area has been accomplished. Two approaches are recommended,
theoretical and emphirical. The theoretical approach would
be the optimum but the most difficult due to the many
variables that would have to be defined. The known effects
of these variables would be helpful in establishing future

design parameters.
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Determination of the effects of environmental sequential tests
on performance. Limited study by this writer has indicated
that these environmental tests, which are currently neglected
in development, have adverse effects on cartridge performance.
Even though the magnitude of the individual environments used
in this limited study may have been too severe, thus producing
unrealistic results: the operational environment of cartridges
is constantly changing and these cyclic environments should be
simulated to verify cartridge reliability.

Determination of realistic AQLs. The writer has always
questioned the tight AQLs imposed upon cartridges, particularly
when small lots and destructive testing are involved. Though
not to be meant as a contradiction to what has already been
said, a study of the theoretical probabilities of cartridge
malfunctions in service might be highly informative, particularly

when compared to actual percentage of malfunctions.
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APPENDIX I
FLOW CHART FOR CONTROL CHART COMPUTER FROGRAM
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APPENDIX I (CONTINUED)
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APPENDOIX I (CONTINUED)
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APPENDIX I (CONTINUED)
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APPENDIX II

CARD LISTING OF CONTROL CHART COMPUTER PROGRAM

DIMENSIPN A(50,5),B(5),C(5),D(5),X(50),R(50),F(5),F2(1),FMT(5)

DIMENSIPN XNUM (50),YXP(3),YRP(3),YLINE(50)

CALL SETIT

CALL CRTID (4HQCS1)

EQUIVALENCE (YXP(1),XCL), (YXP(2),XLCL), (YXP(3),XUCL),
(YRP (1) ,RCL) , (YRP(2) ,RLCL) , (YRP(3) ,RUCL)

DY 2 I=1,50

2 XNUM (I)=1

10

1

DY 100 1¢=1,2

DATA (FMT(I),I=1,5) (6H(F7,3),7H(2F7,3),7H(3F7,3),7TH(4F7,3),
7H(5F7,3))

READ 1,K,N

FORMAT (212)

1F(K,GT,50,PR,N,GT,5) ST@P

F2(1)=FMT(N)

READ F2, ((A(I,J),J=1,N),I=1,K)

D 3 L=1,N

READ 4, B(L),C(L),D(L),F(L)

FPRMAT (4F7,3)

COMPUTE RANGE @F EACH SUBGR@UP @F DATA

XK=K

SUMR=0

Dp 5 I=1,K

J=1

L=N

R(I) = A(I,J)-A(I,L)

SUM RANGE VALUES

SUMR = SUMR+R(I)

CPMPUTE RANGE MEDIAN

RR = SUMR/XK

CPMPUTE MEDIAN @F EACH SUBGRPUP @F DATA

SUMX = 0

XN=N

0 9 I=1,K

SUMX1 =0,

D 8 J=1,N

SUMX1 =SUMX1 +A(I,J)

X(I) = SUMX1/XN

SUM @F MEDIAN VALUES

SUMX = SUMX +X(I)

COMPUTE AVERAGE MEDIAN

XX=SUMX/XK

CALL SUBRAUTINE T® C@MPUTE RANGE AND MEDIAN C@NTRPL LIMITS

CALL CPNTR (XX,B,RR,D,C,XUCL,XCL,XLCL,RUCL,RCL,RLCL,N)

IF (1¢,EQ,2) G TP 111
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APPENDIX II (Continued)

PRINTI1,XUCL, XCL, XLCL , RUCL, RCL, RLCL
11 FPRMAT {1H220X,6H@UTPUT//1H 5HXUCL=,F7,3,5X,4HXCL=F7,3,

1 5X,5HXLCL=,F7,3/1H SHRUCL=,F7,3,5X,4HRCL=,F7,3,5X,
2 SHRLCL=,F7,3/)
Gp TP 113

111 PRINT 112,XUCL,XCL,XLCL,RUCL,RCL,RLCL
112 FPRMAT (1H220X,5HDELAY//1H SHXUCL=,F7,3,5X,4HXCL=,F7,3,5X,
1 SHXLCL=,F7.3/1H 5HRUCL=,F7,3,5X,4HRCL=,F7,3,5X,
2 SHRLCL=,F7,3/)
113 DY 12 I=1,K
IF (X(1),GT,XUCL) PRINT 131,I
IF (X(I),LT,XLCL) PRINT 132,I
IF (R(I),GT,RUCL) PRINT 141,I
IF (R(I),LT,RLCL) PRINT 142,1
12 CONTINUE
131 FORMAT (1H 1HX,12,22H IS @VER CONTRPL LIMIT)
132 FPRMAT (1H 1HX,12,23H IS BEL@W C@NTRPL LIMIT)
141 FPRMAT (1H 1HR,12,22H IS @VER C@NTRPL LIMIT)
142 FPRMAT (1H 1HR,12,23H IS BELPW CPNTRPL LIMIT)
DP 18 I=1,K
IF (X(I),LT,XCL)} X(I}=-X(I}
IF (R(I),LT,RCL} R(I)}=-R(I)
PRINT 17,1,X(1),I,R{I}
17 FPRMAT (1H 4X,1HX,12,1H=,F7,3,16X,1HR,12,1H=,F7,3)
X(I)=ABS(X(I})
18 R(I) = ABS(R(I})
XK=K
IF (IP,EQ,1) G§ TP 61l
PRINT 6,XUCL,XCL,XLCL
6 FPRMAT (2HS2,BOX,20HMEDIAN COPNTRPL CHART/2HSO0,28X,SHEX 56,
12X,5HMOD 2,2X,9H160 DELAY/2HSO,19X,7HXUCL = ,F7,3,3X,
26HXCL = ,F7,3,3X,7HXLCL = ,F7,3)
Gp TP 62
611 PRINT 61,XUCL, XCL,XLCL
61 FPRMAT (2HS2,30X,20HMEDIAN C@NTR@L CHART/2HS0,28X,SHEX 56,
12X,5HMPD 2,2X,10H160 @UTPUT/2HSO,19X, 7HXUCL = ,F7,3,3X,
26HXCL = ,F7,3,3X,7HXLCL = ,F7,3)
62 XMAX=X(1)
XMIN=X(1)
D@ 200 I=2,K
IF (X(I),LE,XMAX) G@ T$ 1200
XMAX=X (1)
G@ TP 200
1200 IF(X(I),GE,XMIN) G@ T® 200
XMIN=X(I)
200 CPNTINUE
XMAX=AMAX1 (1, 1*XMAX,1,1*XUCL)
XMIN=AMIN1 (,9*XMIN, 9*XLCL)
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APPENDIX II {Continued)

DX= (XMAX-XMIN} /20,
CALL GRF(0,XMIN,XK,XMAX,0,0,1,DX,0,2,0,K,XNUM,X,1,1,2H67,1,0)
DP 210 1JK=1,3
DY 201 LMN=1,K
201 YLINE(LMN)=YXP(iJK}
CALL GRF(0,0,0,0,0,0,0,0,0,0,1,K,XNUM,YLINE,1,1,2H54,1,0,
210 C@NTINUE
CALL INTVL (XTIME)
IF (19,EQ,1) G TP 711
PRINT 7, RUCL,RCL,RLCL
7 F@RMAT (2HS2,30X,19HRANGE C@NTRPL CHART/2HSO,28X,SHEX 56,2X,
1SHMPD 2,2X,9H160 DELAY/2HSO,19X,7HRUCL = ,F7,3,3X,6HRCL = ,F7,3,
23X, 7THRLCL = ,F7,3)
GP TP 72
711 PRINT 71,RUCL,RCL,RLCL
71 FPRMAT (2HS2,30X,19HRANGE CPNTRPL CHART/2HSO,28X,SHEX 56,2X,
1SHMPD 2,2X,10H160 PUTPUT/2HSO,19X,7HRUCL = ,F7,3,3X,6HRCL = ,F7,3,
23X, 7THRLCL = ,F7,3)
72 RMAX=R(1)
RMIN= R(1)
DP 300 1=2,K
IF (R(I),LE,RMAX) GP T® 1300
RMAX=R(I)
Gg TP 300
1300 IF{R(I),GE,RMIN) G@ TP 300
RMIN=R(I)
300 CPNTINUE
RMAX=AMAX1 (1,1*RMAX,1,1*RUCL)
RMIN=AMIN1 (,9*RMIN, 9*RLCL)
DR= (RMAX-RMIN) /20,
CALL GRF (0,RMIN,XK,RMAX,0,6,1,DR,0,2,0,K,XNUM,R,1,1,2H67,1,0)
DP 220 1JK=1,3
DP 211 LMN=1,K
211 YLINE(LMN)=YRP (1JK}
CALL GRF(0,0,0,0,0,0,0,0,0,0,1,K,XNUM,YLINE,1,1,2H54,1,0)
220 CONTINUE
100 CONTINUE
CALL TIME (TPTAL)
PRINT 1000, TPTAL
1000 FORMAT (27H RUNNING TIME IN SECONDS = ,F7,3)
STPP
END



APPENDIX TII

VARIABLES GLOSSARY FOR CONTROL CHART COMPUTER PROGRAM

Variable
Name Description
XNUM the number of points to be plotted by the GRF plot
subroutine
K number of subgroups
N number of samples in each subgroup

B(N), C(N), D(N) tabulated 3 sigma limit factors

SUMR sum of range values

R(I) range of subgroup 1

RR range mean

SUMX sum of mean values

SUMXI sum of sample values in each subgroup

X(I) mean of subgroup I

XX mean of entire sample; mean of subgroup means
XUCL mean upper control limit

XCL mean center line; equivalent to XX

XLCL mean lower control limit

RUCL range upper control limit

RCL range center line; equivalent to RR

RLCL range lower control limit

XMAX maximum point to be plotted by GRF subroutine on the

mean control chart



Variable
Name

XMIN

DX

RMAX

RMIN

DR
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APPENDIX III (Continued)

Descrigtion

minimum point to be plotted by GRF subroutine on the
mean control chart

distance between tick marks on Y axis of mean control
chart

maximum point to be plotted by GRF subroutine on the
range control chart

minimum point to be plotted by GRF subroutine on the
range control chart

distance between tick marks on Y axis of range control

chart
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APPENDIX VI

BARTLETT'S TEST

1. FORMULAS (reference (8)

Hp: 0r12 =dr§2 = - =0k

When nj =np = ... =nk =n

B statistic becomes

K
(m-1)(n S*— 3 1n si)/c

B =
i=1
where
C=1+ (K+1)/3K(n-1)
K 2
s2 =3 Si/K
1=1
2 & -
5; = 2 (X - Xi)K(n-1)
i=1
nj = number of values in each treatment
K = number of treatments
K
n=2_nj
i=1

When n] # n2 # ... # ng

B statistic becomes

B

M/C
where

2
-V in$? -3 viln S5

=
|
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APPENDIX VI {Continued)

-
[y
]

Ny -1

= number of values 1in each treatment

=
o
I

K = number of treatments

2 N -
s = 2. (Xi-Xi)/(n-1)
1 4=1
K
n = ZE; ni
i=1

2. APPLICATION OF BARTLETT'S TEST TO SQC DATA

Bartlett's Test was applied te the SQC data of Appendix IV. The
treatments were morning production and afternoon production, where i=1
and i=2 respectively.

A. -65°F Delay Time

ﬂlznz

s{ = .006316 X1 = 2.335
82 = 016769 ié = 2.2906
2

S2 = (.006316 + .016763)/2 = .011543

~5.06468

in S2
1

in s% -4.,09414
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APPENDIX VI (Continued)

In S2 = 4.46194

M = 47[2(-4.46194) - (-9.15882)] = 11.04218
C=1+ 3/6(47) = 1.0106
B = 11.04218/1.0106 = 10.9

Xos(1) = 3.84

2
B >X p5(1), therefore reject Hy.

-65°F Output

ny # np

V=47 + 46 = 93 X1 74.61

2]
[Wy
]

72.902 Xy 76.37

%]
L}

83.836

197}
N
]

[72.902(47) + 83.836(46)]/93 = 78.31

In S% = 4.28910

n
[y
i

4.42892

In S

92
N
[}

In 4.36069

=
I

93(4.36069)-[47(4.28910) + 46(4.42892)] = .22615

1 +(<%; . Z%" §%:> /3 = 1.01076

M/C

O
]

B

.22615/1.01076 = .223

2
X 05(1) = 3.84

B < x?os(l), therefore cannot reject H,.
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APPENDIX VI (Continued)

160°F Delay Time

ny # n2

V=231+ 30 = 61

s2 = .006630 X3 = 1.983

s3 = .011599 X; = 2.018

s? = [.006630(31) + .011599(30)]/61 = .009074

In s% = -5.01617

In s% = -4.46541

In $2 = -4.70233

M = 61(-4.70235) - [31(-5.01617) + 30(-4.46541)] = 2.62022

1 1 1
cC=1 +é‘>T + 30 H)/S = 1.04925

B

2.62022/1.04925 = 2.49
X?os(l) = 3.84
B x?os (1), therefore cannot reject H,.

160°F Output

nj = n2 X1 = 78.40
s = 76.569 Xz = 79.58
2 = 53.399

52

S2 = (76.569 + 53.399)/2 = 64.984

In si = 4.26914

In S2 = 3.97777

In S2 = 4.17409
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APPENDIX VI (Continued)

M = 31[2(4.17409) - (4.26914 + 3.97777)] = 3.13937
C=1+ 3/@(2) (31})= 1.01613
B = 3.13937/1.01613 = 3.09

X205 (1) = 3.84

BL X?os(l), therefore cannot reject Hg.
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APPENDIX VII

ANALYSIS OF VARIANCE TESTS

1. FORMULAS (reference (8))

Ho:M1 =Y2 = ... Mk

Source of | Sum of | Degrees of Test
Variation | Squares | Freedom Mean Square Statistic
Among Means |  ASS K-1 s3 = Ass/(k-1) | Fc = s3/52
ithin WSS n.-K S = WSS/(n.-K)
Total TSS n.-1

TSS (total sum of squares) =
K ng
S x - ./n.
i)

ASS (among means sum of squares) =

K
S ((./mi) - TP/

i=1
WSS = TSS - ASS
where
K = number of treatments

n; = number of values in each treatment

o E
i=1 j=1

T =£ xij
j=1
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APPENDIX VII (Continued)

2. APPLICATION OF ANALYSIS OF VARIANCE TO SQC DATA

The analysis of variance was conducted on the SQC data of

Appendix IV.

tion, where i-1 and i=2 respectively.

Treatments were morning production and afternoon produc-

A. -65°F Output
Degrees Calculated]
Source of Sum of of Test
Variation Squares | Freedom | Mean Square | Statistic
%mong Means 73.4406 1 73.4406 .94
Within 7288.1830 93 78.3676
Total 7361.6236 94

X3 = 3,581.42 X2 = 3,589.46

( x1)2 = 12,826,569.2164 ( X,)2 = 12,884,223.0916

x{; = 548,640.7812 N. = 95

T.. = 7,170.88

(T..)2 = 51,421,519.9744

TSS = 548,640.7812 - 51,421,519.9744/95 = 7,361.6236

ASS = (12,826,569.2164/48 + 12,884,223.0916/47) -
51,421,519,9744/95 = 73.4406

WSS = 7,361.6236 - 73.4406 = 7288.1830

F 05(1,93) = 3.96

Calculated test statistic< F_g5(1,93), therefore cannot reject Hp.
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B. 160°F Delay Time

Degrees Calculated
Source of | Sum of of Test
Variation { Squares | Freedom | Mean Squares | Statistic

Among Means | .01873 1 .01873 2.06
Lithin .55350 61 . 00909

Total . 57223 62

X] = 63.463 X = 62.549

( x1)2 = 4,027.55237 ( x2)2 = 3,912.37740
xlg = 252.62023 N. = 63

T.. = 126.012

(T..)2 = 15,879.02414

TSS = 252.62023 - 15,879.02414/63 = .57223

ASS = 4,027.55237/32 + 3,912.37740/31 - 15,879.02414/63 =
.01873

WSS = .57223 - .01873 = .55350

F 05(1,61) = 4.00
Calculated test statistic <F g5(1,61), therefore cannot

reject Hop.



95

APPENDIX VII (Continued)

C. 160°F Output

Degrees CalculatedP
Source of Sum of of Test
Variation Squares | Freedom | Mean Squares | Statistic
Among Means 22.1017 1 22.1017 .34
Within 4029.0163 62 64.9840
&otal 4051.1180 63
X; = 2,508.81 X2 = 2,546.42
( X1)2 = 6,294,127.6161 ( X2)2 = 6,484,254.8164

2 = .4
x12 403,353.4673

64

T.. = 5,055.23 N.
(T..)2 = 25,555,350.3529
TSS = 403,353.4673 - 25,555,350.3529/64 = 4051.1180
ASS = 6,294,127.6161/32 + 6,484,254.8164/32
- 25,555,350.3529/64 = 22.1017
WSS = 4051.1180 - 22.1017 = 4029.0163
F 05(1,62) = 3.996
Calculated Test statistic &£ F _5(1,62), therefore cannot

reject Hp.
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APPENDIX VIII

CALCULATIONS OF PROCESS NATURAL TOLERANCE LIMITS

1. -65°F DELAY TIME

From Appendix IV: 3 X = 74.087,ZR = 4.727, k = 32

Excluding SG #8 and 32: £X = 69.601,FR = 4.314, k = 30

= X .
X=5 = 693301 = 2.320
— 4.314 =
R = —-§—= 30 .144
XLCL = 2.173, XUCL = 2.467 (means now in control)
RLCL = 0, RUCL = .370 (ranges now in control)
/
a"’ = B__
d, (see Table B, reference (5)
,
g = .144 = .0851
1.693
= _ _ 2.575
NTL = X :_3 = 2.320 + 3(.0851) 2. 065

2. -65°F OUTPUT

From Appendix IV: 2X = 2411.60, ZR = 420.20, k = 32

Excluding SG #10 and 27:$ X = 2273.73, 3R = 352.03, k = 30

X = 2273.73 = 75.79
—30
R = 352.03 = 11.73
30
XLCL = 63.83, XUCL = 87.75 (means now in control)

RLCL

0, RUCL = 30.15 (ranges now in control)
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APPENDIX VIII (Continued)

0 =11.73 = 6.93
1.693

96.58

NTL = 75.79 + 3 (6.93) = 55.00

3. 160°F DELAY TIME

From Appendix IV:Z')'(' = 63.974 (k = 32) ,ZR 2.967 (k

31)

Excluding SG #8, 2 X = 61.817 (k = 31), & R = 2.549 (k = 30)

X = 61.817 = 1.994

31
R =2.549 = .0850

30
XLCL = 1.834, XUCL = 2.154 (mean of SG #11 now out of control)
RLCL = 0, RUCL = .278 (range of SG #13 now out of control)

Excluding SG #11 and 13: 2X = 57.730 (k = 29), 2 R = 2.263 (k = 28)

X = 57.730 = 1.991
20
R = 2.263 = .0808

28
XLCL = 1.839, XUCL = 2.143 (means now in control)
RLCL = 0, RUCL = .264 (Ranges now in control)

’
g = .0808 = .0716

1.128
_ . 2.206
NTL = 1.991 + 3(.0716) = [°7.°
4. 160°F OUTPUT
From Appendix IV: 3 X = 2527.58, S R = 284.49, k = 32
Excluding SG #14: £ X = 2450.03, S R = 251.59, k = 31

X = 2450.03 = 79.03
31
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APPENDIX VIII (Continued)

R = 251.59 = 8.12

31
XLCL = 63.76, XUCL = 94.30 (means now in control)
RLCL = 0, RUCL = 26.55 (range of SG #32 now out of control)

Excluding SG #13: 2 X = 2372.46, S R = 223.39, k = 30

X = 2372.46 = 79.08

30
R =223.39 = 7.45

30
XLCL = 65.08, XUCL = 93.05 (means now in control)
RLCL = 0, RUCL = 24.36 (ranges now in control)

/
= 7.45 = 6.60
2 1.128

98.88

NTL = 79.08 + 3(6.60) = 59.28
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APPENDIX IX

MULTIPLE LINEAR REGRESSION ANALYSIS

Formulas used in the analysis were in accordance with reference (8).

X1 = minimum delay time recorded in -65°F tests
X2 = delay time range of -65°F tests
Y = minimum delay time recorded in 160°F tests
Y =a + bjXj + byXy
a =Y - X}by - Xobp
7 _ZYu,— RS U _E-x2u
Y = Xl = s A2 =
n n n
= ‘51 ‘32
bl = s b2 B ——
A fa)
1 al2 all g1l aj] ay2
Al = E AZ = | A =
2 22|, 212 82 » 42 222
gi = Z Xiu Yu - ( Xiu) ( Yu)

n

2
i = 32 ( Xiy)
aji = xiu - ;U

- (X1w) ( X2u)
n

a2 Xiu X2u

Applying these formulas to Manufacturer B's MARK 5 delay cartridge

production lot data:
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2
Lot No. x_l 52_ _Y_ 5_1_
1 2.075 .175 1.775 4.305625
2 2.275 . 300 1.925 5.175625
3 2,200 .250 1.850 4.840000
4 2.125 .075 1.800 4.515625
5 2.100 .050 1.750 4.410000
6 2.100 .225 1.825 4.410000
7 2.050 .200 1.675 4.202500
Xju = 14.925 Xy = 1.275 Y, = 12.6000 xiu = 31.859375
2
Lot No. X2 X1X2 X1Y X2Y
1 .030625 .363125 3.683125 .310625
2 .090000 .682500 4.379375 .577500
3 .062500 .550000 4.070000 .462500
4 .005625 .159375 3.825000 .135000
5 .002500 .105000 3.675000 .08750
6 .050625 .472500 3.832500 .410625
7 .040000 .410000 3.433750 . 335000

2
X2y = -281875 XXy = 2.74250 X;Y, = 26.898750 XY, = 2.378750
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cy2
aj] = 31.859375 - (14.925)° . 037143
7
a2 = 2.74250 - (14’925)§1°27S) = .02402
1.275)%
ay, = .281875 - 1—17—-— = .049643
{
g = 26.898750 - *14°925)§12°60) = .03375
g2 = 2.31875 - (1°275)§12°6°) = .02375
A .03375 .02402
- = .0011049
1 .02375 °049644 110497625
037143 03375
4, . 02402 Oasyel = -00007147125
A = . 037143 .02402 = .0012669295
102402 .04964
.00110497625
by = 70012669295 - -8721686
_.00007147125 _
by = 0012660795~ = -00056412965
a= EZ%E - 14;925 (.8721686) - 1°§75 (.00056412965) = -.059691

Y = -0.059691 + .872169 X3 + .000564 X2

To test the hypothesis

Ho:{?l =f2=0

the test statistic is

SS reg .029449
2 N 2 -
SS res . 00805 7.33

4 4
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where SS reg gi bj = ..029449

(Yy - D% - SS reg = .00805

SS res

Since 7.33 > F_5(2,4) of 6.94, Ho is rejected and a linear trend is

concluded.
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Entitled
APPLICATION OF CONTROL CHARTS TO SMALL LOT ACCEPTANCE
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Small, infrequent production lots and destructive testing present
a challenging application for statistical quality control techniques.
A sampling scheme is devised which allows for process study and lot
acceptance independently with the same samples. The scheme can be
incorporated into existing acceptance procedures, providing variables
data is utilized and the sample size is 75 or greater, Advantages,
limitations, and trade~offs of the scheme are discussed. Multiple
regression analysis is applied to the development of empirical
mathematical models for predicting product performance at design
temperature extremes to minimize cost of acceptance tests. The
sampling scheme and the development of performance models are related

to explosive power sources used in Naval aircraft systems.



