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Executive Summary

by John ] Furlani

1. Introduction

In perusing this report, the reader must remain
aware of the fact that the bulk of the matenal
presented herein was onginally watten in 1976
Except for mmor technical, edional, and manu-
scrpt preparation changes, the chapter contents
represent the thinking and predictions of the chap-
ter authors at the concept plannung stage of tie
Prototype Velidation Facility (PVF). 1t is quite grati-
fying to the authors that so many of the ideas,
mnovations, and applications eventually worked
themsehes into the actual architectural design
plans and functional catena for the PVF

Considerable support v<as found and a major
effort was expended in bringing this project through
the many steps of the Military Construction Army
(MCAI) program Approval for this e item, entitled
Research and Engincening Support Annex (RESA),
was receved up to the level of the Office of the
Secretary of Defense, and 1t was included in the
FV79 and -80 MCA budgets The level of approval
resulted in the Corps of Engineers awarding 35-
percent funding for architectural concept design.
Unfortunately, n each fiscal year, economic re-
stramnts and demands of programs having higher
priontv deferred the start of construction At this
ume, the project has been deleted from the MCA
Isting, and its future 1s uncertain

To a targe extent, the effort requ.red for upaat-
g the PVT design, presentaticn, and documenta-
tion took precedence over rsuance of this report
Additionally, the hope that authors would update
therr chapters and put them mto a more ponsned
state was never fully achieved This situation was
somewhat expected, since funding had been ex-
pended and bigher prionty demands almost ahways
exsted for all personne! involved i the repost

Nevertheless, this report 1s now beng ssued

to complete project commitments and o serve as a
record of the conceptual thinking that wentnto the
sn of the PVF The concept, incorporating

production methods snto prototype design and vak-
dation, 1s still viable Even though the concept wil!
not now be camed out 1n a thorough, formalized
manner i & dedicated facility, the authors are
confident that the ordnance communaty 1s aware of
the problem and will, as much as possible, consider
and incorporate production-compatible matenals,
methods, and designs into the prototype develop-
ment phase.

2. Historical Background

The Harry Diamond I 2boratones (HOU) has
been developing electronic fu.zes since World War
I, when the Laboratories were the Ordnance Divi-
sions of the National Bureau of Standards (NBS). It
was there that the first proximuty fuzes were in-
vented. The fuze concepts, earlv designs, proto-
types, and tests were done in-house, and contracts
were then awarded 10 pnivate industry for product
engineering and initial production These contracts
were then managed by a small group of laboratory
people who had been involved :n development of
the fuze design. This method of operation was quite
successful and remained the laboratory operational
policy through the followtng vears

In the 19505, the ordnan- functions of NBS
laboratones were tran<ferred to the Army and these
laboratones became the Diamond Ordnance Fuze
Laboratones {the foretunaer of Harry Damond
Laboratones, 50 named o honor the inventor of the
oroxrmity fuze) An industnal Division was estab-
ished to oversee aspects of post-development fuze
production The engineenng staff in this Division
was not a part of any research and development
(R&D) actvities They prepared the Techmical Data
Package (TDP), which was the documentation that
ncluded drawings and specificatrons of the fuze to
be produced by industry. This Division was akso
involved in product improvement and production
support—services that were obtained by contracts
to private industry
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In the late 195C s, certain shortcomings in the
diviston of responsibilities between the R&D and
technical activities were evident scarce engineer-
tng talent was squandered by duplication of effort,
the hfe cycle of the fuzes (from invention to
production) was lengthened because of (necessary)
relearning v hen the fuze project moved from R&D
nto industnial Engineening {IE), and probably the
most senious shortcoming was the occurrence of
the factor called NIH (not invented here) This
factor accounted for the impossibilty of pinpointing
responsibility and explaning field performance de
ficiencies The R&D people would say (correctly)
that the fuze was working propetly when they
completed thewr phase The (E people claimed icor-
rectly) that the design, as grven (o them, had to be
redone before the fuze could be manufactured The
contractor would say {correctly) that the end item
was produced in keeping with the requirements of
the TOP

To remedy this gnevous situatun, the opera-
tion was reorgamized. The Engmneenrg and Product
Assurance Division wac made the responsible Com-
modity Manager, duectng industnal engineenng
actvities The technical people responsible for engs-
neening were located ir vanous laboratonies After
completion of the R&D phases, these laboratory
people would * change nats, so to speak, and
would report to the Engmeenng and Product Assur-
ance Division as contrac monitors  The complete
procedure follows

Concept cesign, fabncation of early proto-
tvpes, and testing 1o prove teasibility were cont-
ued in-house. At that stage, development contracts
were awarded for the design 1o be engmeered for
production and for development quanuties to be
fabncated The tests of these units contnued
through what has come 10 be known as the DT-1
(developmental testng) and DY-2 phases and, fi-
nally, through Type Classifications (TO) Concur-
rently with development and testing, the contractor
prepared the drawings, specifications, and nspec-
tion equipment data that became part of the TDP.

After TC, the *“first buy” (a small-quantity
procurement) was handled by the Industnal Divi-

sion, which subcontracted the technical support to
the project group in the development laboratores.
It was at this tme that engineenng for production
actwities was conducted, if necessary Ths proce-
dure has contirued, essentially unchanged, to the
present time

1t became apparent taat b-.cause of time con-
stramts and hmited fund. engineering for
production could not ensure that the fuze would be
designed for manufacture at the lowest cost on a
production line in addstion, the process was meffi-
cient, since the in-house project group performing
the development was not well versed sn production
methods. The situation was further complicated by
the fact that industnal contractors were not senst-
tive to the demands imposed by development
engineenng.

In most cases the fuze under development
was intended to provide an advancement in the
state of the art Thus, it contained components and
assembhes that were relatively umique and had not
been manufactured previously, since a sponsor
could justfy funding support only if sigmificant per-
formance gains could be realized As a result, new
manufactunng approaches had to be developed or
established processes had to be modified More
often thaa not, unfortunately, manufactunng me-
thods for production occurred after development
was completed and production was already under-
way Many development programs were also ad-
versely affected by the urgent need to manufacture
large quantities of suzes for delivery to the field. This
was especially true dunng the Korean and South-
east Asia conflicts, although it continued through
the cold war ' Concurtrently, much concern was
expressed by sponsors as well as by the laboratory
command about the h.gh cost of proximity fuzes
and therr cost-effectiveness compared to more con-
ventional fuzes Performance charactenstics such
as weapon effectiveness, functional reliability, and
safety were spothgnted in relation to the cost of the
fuze. Performance levels that were acceptable
when the fuze cost $15 10 $20 could not be
justified when the fuze cost $30 to $40 It s now
clear that the situation was not as senous as it
seemed, because (1) there was a requirement for
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mcte stungent performance that included a quan-
tum increase in safety and made the fuze more
complex and costly and (2) inflation was sncreasing
the cost at a rate higher thanin the past

3. Alternative Operating Methods

1t was obvious to many people that if we were
10 reverse the nising trend n fuze costs, some
changes 1n our operating methods were essential
The most obvious solutions dealt witn nising labor
costs and the use of mechamzation or automation
10 reduce those costs Programs hike the 40-mm
proumity fuze project dunng the Southeast Asta
conilict advanced the concest of developing the
automated production hine in paratlel with the fuze
deveiopment This meant tatloring the production
machines and tooling 1o the fuze des:gn, thus com-
pressing the development and ndustnal phases
This approach offered not only fow production
costs but aiso a reduction in the ime required to go
from concept 10 production A majoi consideration
of this type of approach s that it presents a highes
rsh than the past conventional approach, since a
targe expenditure 1s required for toling even before
the fuze design has been thoroughly proven Actu-
ally, however, it may be a general corollary that to
make substantial savings in preduction costs, ighes
initial risk 1s necessary  Anotker factor to be undee-
stood s that flexibility 10 'he «me of the equpment r»
himited and 1t i~ thus cov-etectne only when large
quantities are to ke | wase !

e g atheless, the approach did gam acceo-
tance ~ wuce production costs, several e
prograce, snircduced design of the —anufactuning
equipms i cor the fuze duning the earh stg= of the
tuze gewewoment bfe ovcle ratawes o~ at tw
dostnal Lidse was reached Anim avtive
ten 10 as stateroent might be thdt ihn wadsiy
2 good idea that should be uns e 2ils At e In
fact, one might go even further and cnarge that
unless this procedure was followed alf alonz.
money was wasted The fact s, howewer, that
dev elopmental fuze projects have been funded and
scheduled n a wav that prevented manufactunng a
low-cost, mass-producible end stem

4. Organizational Limitations

One can mmagmne that developmental engi-
neers are experts ir current production technology
and that this expertise can be apphed to design
fuzes that can be mass produced at mimimal cost. fn
reality, HDL has very few product.on-lype ma-
chines for experrmental production engineenng As
a result, more rehiance for production support was
placed on shilted machinists and echaictans Thew
expenence included fabnicatng metal parts and
electroric blies 0 the req nts of the
drawings The machists and techmicians know
fisst hand exactly how close tolerances can be held
on the different mackune tools, and they are aware
of the ume requ.red and the difficulty involved n
performing mechamcal and assembly operatons
However, even this knowledge is insufficient since
they lack the expenence of woriing directly with
production equipment

S. FPhilosophical A=p~cts

Aswmiag that p Lduc’'dy should be de-
signed o our fuzes early n the -, e, how should
 be wmplementad? Should HDL hure production
engrneers 10 design its suzes? Shoule HOL send 1ts
development engineers to industry for on-the-job
tramning? Should HOL realign its staffing of develop-
ment projects bv assigning cost engineers to the
peoject groups? All these actions would help and
would not cost very much to implement. But where
are production ergwneers to be found who have
expenence n fuze development? 1t takes several
seats 1o train competent fuze engineers and des-gn-
ers Like a fuze development engineer, 2 production
engineer becomes proficient by working in hs field,
and he stays proficient by continuing to work with
the too's of his profession, which include current
producuion equigment  Whether HDL  hires
production engineers or develops them through
traming, they mamtain their competence and
productvity oy testing therr theoretical know ledze
aganst the reality ot producing parts on production
machines, just as 15 done in the manufactunng
ndustry. The state of the art in production technol-
ogy. particularly in the electronics area, 1s changing
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very rapidly How do we mantain the competence
and awareness of these production engineers? How
fong a waning peniod would be zequired for our
development engineers to become effect.ve in ap-
plying therr new knowledge to fuze designs? And
how do ve maintain their competence and current-

ness? Would a cost engineer contribute to progress
11 the fuze engineer’s work or further complicate
tne problem? These and other questions were con-
sidered Gunng the course of this study and were
used as gudel to help in d g the con-
clusions that resulted
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Chapter 1. The Electronic Fuze Prototype Validation Facility

by Frank L. Tevelow

As a result of many years’ experience with
several projects, a peed was recognized for an
improvement 1 the method of ncorporating
produciion technology as early as possible in the
devciopment phase of a fuze project order to
reduce production costs and overall ume from
conception to field implementation One possible
method to achieve these objectives was to fabricate
prototypes dunng tha deveiopment phase using
production cquipment so that venfication of perfor-
mance and producibility could be achieved before
the device was type classified and released to
wdustry for large-scale production To determine
whether this new approach was achievable, it was
proposed that a study be conducted

This seport summanzes the actvities of the
Production Engineenng Measures (PEM;} project
No 5753077, in:t:ated i june 1974, This projectss
2 Marufactunng  Methods and  Technology
(MM&T) engmeenng effort to define the Prototvpe
Vahdztion Facihty (PVF) for electromic fuzes The
proposed objectives of ine study were 10 include
the following

(a) identify the vanous manufactunng tech-
ncores avarable within the U S industry complex
for the production of electromc fuzes and the spe-
cific capabulity of each of the techriiogies in terms
of the established requirements ior national
mobilization

(b) Forecast the advancement of each of
these techngclogies within the next 5 to 10 years

) Select the single mest prosusing technol-
ogy for Army electromc and proxiamty fuzing

(d} Study the vanous methods of proGuction
encompassed within the selected technology, -
cluding examinaion of the relative merits and dis-
advantages of cach, and select one production
method

(e) Develop technical p e specifica-
tions for such equipment as may be required for the
selected production method

{f) Enumerate the exact quantiies of each of
the several types of production equipment that will
be required for the prototype facility.

(8) Study the geographical iocation of the fac-
lity, considenng such alternatives as Government
operation and contractor operation

(h) Develop a floor plan for the facility.

(1) Es'imate all cost data that will be required
1n support of a budget request for APA 4911 fund-
g in subsequent years

() Define fast-response acceptance Inspec-
tion equipment for both electncal and mechanical
measurements, considering inclusion of transducers
for automatic rejection of a defecte fuze or fuze
comp and for data recording when
desirable

The PVF concept and function may be de-
scnbed quite definitively, 2lthough the role, scope,
and limitations oi the PVF require discussion and
answers to questmns on stalfing, funding, projected
use, and other considerations descnbed in the
scope of this study. The concept and function of the
PVF, very simply, is 1o ntroduce production-type
design and fabncauon methods into the fuze design
duning the development phase and to vahdate this
design by a “sample size” run ana test before
release of any large-size procurement contract

The concept of a PVF extends back many
years at the Harry Diamond Laboratories (HDU as a
result of ous long, comsmtted invoivement, contri-
butions, and experience in the vanous fuze pro-
grams that had their start at HDL with the irvention
of the proximity fuze by Harry Diamsond in 1942
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Many advances have been made since then, with
marked changes orcurnng as a result of advancing
technologies in micromimiaturizaton, sold-state
components, and high energy, low-volume power
supphies; the use of prnted circuits, and high-
density packaging methods These advances have
both pomted up and given nise to vanous deficien-
cies 1n and unpediments to the fuze development
process exssting now and, f not changed, expected
to become more severe in the future The two
major, across-the-board problem areas for almost
al! subsystems in fuze development are (1) the high
cost and, i somne nstances, total inability to obtain
ordnance-related components and subsystems
from the commercial market and (2) the high cost
and extended delays that have occurred in brnging
2 laboratory-designed and -vahdated fuze into
production The furst difficulty occurs since a re-
search and development (R&D) program uses small
numbers of components that even when availlable
commercially, are high in cost A product, to be
profitable, must today be “machine-intensive” (fow
net man-hounsfitem). A commercial market must
thus be ass.ared or the stem is either unavailable or
can be obtained only through special tochng at
exorb.dant cost

The second problem area 1s related to the first
YSut occurs pnmanly because fabncatton practices
during the R&D phase~ of fuze design differ from
those used 1n production A simple examp'e 15 the
machining of an item, rather than punchng or
casting as would be done n production In additon,
a design or garts that can be manuaily assembied
dunng R&D may not be practical for automated
proauction Although refined engineenng pracuce
can compensate for these difierences somewhat, a
truly rel.able, tested, and validated design can be
ootamned only by introduction of produc: on-type
design and fabrication duning the prototype design
phase 1n additon, a sample size” run must be
mada on production-type equipment, and the fuze
design and producibility must be vaidated before
the selea-e of any major contract These deficien-
cres are recognized and acknovledged umiversal-
ly—the probiem thus becomzs one cf resolution

10

in 1968, DL proposed a PVF that would
involve the fuze designer and introduce
production-hine designs and fabncation methods
into the R&D fuze development phase Basically,
this would require seting up or adding to spectfic
technology areas and the acquisition and sastalla-
tion of productior-lype fabrcation machines, tech-
nologies, and assembly lines at HDL As descnbed,
this type of effort has a high mital cost and, simi-
larly, large annual operational costs However, the
specific costs cannot be determined until the van-
ous functions, operations, personnel requirements,
machines, test equipment, etc, are defined and
specified

Answess to these questions and, more specifi-
cally. to those outlined 1n the scope of the study,
were 1o be achieved by canvassing of the vanous
HDL laboratories and divisions snvolved with elec-
tronxc fuze development A wniten repost was

equested col 3 n and ¢
on deficiencies, operations, personnel, equipment,
and recuired funding that would benefaially and
economically justify inclusion of therr function
within the concept of the PVF. Although the major
divisions of an el ctronic fuze are identified as four
subassembiies—the electronic head, the power
supply, the electromc umer, and the safety and
arming unit, postiive responses have been recened
and will be presented w the following chapters
according to technological divisions o operations
€ach chapter describes the facility and its operation
as part of the PVF, equipment considerations, for-
seeable technclogy changes and possible effects on
equipment requirements and operations, and the
alternatives or repercussions if their operation were
notinciuded in the PVF

The severai technologv chapters are reviewed
and tied together in Chapter XII, Planning and
Progress This chapter introduces and discusses
problems relaung 1o ke role of the PVF as part of
the Gefense astablishment and *ts policies, the de-
srability of Government operation over quasi-
government or pnvate industry operations, the de-
sirability of a centralized P*'F over a satellite sys-
tem, the spin-off functions of the PVF, and conclu-
sions and recommendaiions.
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Chapter 1. Electromechanical Devices

by David L Overman, Robert N Johnson,
and Roland A Ebner

-1, Backg: dandl duction

Most of the etectromagnetic (EM) devices de-
veloped by HOL for electromic fuzes are small
assembhies of mechanicat electncz), and explosive
components designed for high-volume production
at low cost Typical €M devices are safey and
armuing mechanisms, power supply initiators, fluidic
generators, tusbine alternators, spin switches, and
components contaming electroexpiosive actuators
and detonators  ‘Small :s generally fess than 2 in
tabout 51 mmi i1 anv d'mension; "‘hugh volume’ 15
greater than 50,600 per r.on*n, and “low cost’ 1sm
the range of $3 00 to $5.60 each Such desgns
must use lo #-cost fabricaton techniques (stamping,
commng, casting, sintening, and molding) 10 combs-
nation with mechamzed assemblv and ‘esting 1n
order io meet these voiume and price goals

Typical past pracuce i the development of
EM ¢ vices has been to buld the small develop-
mental quantit.es with heavy emphasts on conven-
tronal maz hining of the comrponents from bar stock
The mocrnes were widely available and easy to
use, also, design changes could be made inexpen-
svely Once a new design was developed, it was
turned over to « contractor expenenced in high-
voilame production techmiques, to be  production
engincereni  Dunng this phase, many new prob-
lems usually aeveloped and had to be resolved,
creaung additional expense and delay. These diffi-
culties tended to be associated with changes in
matenals, processes, and assembly methods For
example. dic-cast parts came out with different
tuiciances and surface pioperties than the ma-
chined parts Sintered nasts had different weights
and density distnbutions, while molded parts
tended to warp eni shanh Some designs could not
be assembled or les'ed wF the automatic equip-
ment Shignt devwgn (hanges reeded to accommo-
date or take edvantage of the proc schon processes
or technques would have enioreseen conse-

quences, often making 1t necessary to repeat the full
specirum of development tests on the producton-
engineered items

As Government designers worked with con-
tractors to resolve these problems they became
conscious of ways in which therr initial designs
could be improved to avoid subsequen, production
difficulies The situation was also improved by
incorporating parts made by high-volume proc-
esses into the early development models whenever
possibie and by considenng the consequerces of
assembly and testing by automatic maclune eariy n
the design phase

The current problem faced by the designer is
the long lead time and expense tequired to procure
small developmental quantities of, for example, die-
cast metal parts It 1s ether verv costly or very
difficult to locate outside vendors who are walling to
goto the trouble to toof up for a part that may never
go beyond the development stage. 1t i also very
difficult to efficeently design die-cast, sintered
molded, or siamped paris without havirg first-hand
expenence (o ditec access to someone with first-
hand expenence) in bullding and cperating the dies
or molds In adapting 10 mechamzed assembly and
nspection, first-hand expenence 1s agamn necessary
to help avord costly mustakes and to maximize the
advantages to be gained by such equipment

11-2. Recommended Equipment

Based on knowledge of HDu's current capa-
biliies in EM devices, nt 15 recominended that
equipment of two types be purchased, set up, and
operated within the scope of the oroposed PVF.
The first type s ge I-purp shop equip
that would give HDL the ability 10 fabncate me-
chanical components in prototype quantities using
the techniques that would normally be used for
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these components in high-volume production The
second category is general-purpose equipment for
use in developing and evaluating new or improved
techmigues of mechanized assembly, testing, and
inspection of EM devices Four general-purpose
items are suggested for imtial expans:on of the shop
fabrication faciliies They are

(a) smal! diecasting machinets) with the ca-
pacity of 1.5 oz per shot of atuminum and 4 oz per
shot of zinc (about 33 g aluminum and 113 g zinc),

(b) small plasic molding machine especially
designed for insert moldings, such as switch contact
assembhies upto 0 1 *(about T 6cm’),

(c) smal! powder metal press and smtenng
furnace having a capacity for 2-0z pressings in b ass
(about 57 gbrass), and

(d) small, high-cycle-rate (50 strokes per
minute typical) punch press of about a 3-ton capac-
1y, capable of prog and fi 8
operations.

Several other high-volume production processes
such as thread rolhnig, cold heading, and fine-edge
Ianking mught be considered for future expansion
of the general shop portion of the PVF

Small machine s1ze in the abos e descriptions
means roughly 100 ft’ of space This 1s an ade-
quately sized machine for development work,
whereas larger equipment would be a disadvan-
tage Since these four items will be included in the
general shop faciities section of the proposed PVF,
they will not be (onsidered further in this chapter
However, the d-emakers and machine operators for
this equipment would be expected to become ex-
perts 10 their respective fields. As such, thev would
form the n-house consultant group for design guid-
ance on high volume mechamical fabrication
processes

In addstio to the four high-production proc-
ess machines recommended above, consideration
should alo be given 1o including necessary auxd-
lary equipment, specifically, deburning facilities for
cast and stamped parts, and plating facihties for all

metai parts Several deburning methods are consis-
tent with high-volume operations This includes wet
abrasive blasung, abrasive flow deburning, chenical
deburnng, thermal energy deburnng, harpenzing,
and chemically a celerated vibratory deburnng as
referenced i the Selected Bibliography at the end
of this chapter. The most important platng proc-
esses would be electroless nickel and chemucal
conversion coatings. Expertise and capabilities in
these areas are expected to be general shop support
functions, so that completely fimshed parts could
be delivered to the assembly areas.

The following hst suggests items of equipment
for general-purpose use in the area of mechamzed
assembly and testing of EM device<.

@) Two systems, each compnsing a rotary
synchronous indexing machine with a 36-in {914-
mm) diameter dial, 24 stations, a size of approxi-
mately 4 X 6 X 7ft(12 X 1.8 X 2.1 m), a self-
contained pneumatic system, and all necessary
logic and control systems

(b) A nonsvachronous NS) transport system
for input and output interfacing with the two synch-
roncuss machines

() A senes of general-purpose or standard
tooling modules for toohing the synchronous ma-
ctunes This ncludes, but s not limited tG, an
automatic spnng winder, orbital and radial cold-
formirg and niveung heads, adjustaide pick-and-
place modules, punches, presses, presence, pos-
uon, and force-sensing probes, markers, standard
ool hc'ders, soldenng and welding he.  ultra-
souc head, vibratory feeders, tape blanker, ineter-
g heads for lubncant, sealant, and adhesives, and
automatic screwdnvers

tI-3. Description of Facility

H-3.1 Llayout

The synchronous index machmes and NS
transport are arranged in a nummum-sized  EM

device automaton laboratory facihity, as illus-
trated by {igure 11-1 By coupling the equioment in
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the manner shown, it would be possible to develop
expenience with both synchronous and NS automa-
tion operations in the same facihity This 1s important
because fuze contractors do use both types of
equipment and they are quite different n ther
performance charactesistics. Each has ats peculiar
advantages and disadvantages, and the plan would
be to try to combine and take advartage of the best
features of both types

<
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11-3.2 Synchronous versus NS Operation

Typical synchronous machines (5,6) have a
rotating wo.ktable from 110 6 ft (0 3048 to 1 8 m)
n diameter that s indexed 1n 8 10 36 tepsat 10to
50 cycles per minute The work 15 positioned in
nests on the table, and various operauons (pich-
and-plaze, onent, probe, test, etc ) are done by
accessocy tooling moving synchronously with the
index mechanism. Operations performed at each
station are kept relatvely simple because of th2
high cycle rate and the need to mmimize malfunc-
tions Although a given machine may have 24
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Figure 11-1. Electromechanical devices automation
laboratory for Prototype Validation Facility.

The transport svstem (:H* would have a belt or
chan dnive, guidance trackage, provision for shp-
page as the pallets pile up and come to a stop,
escapements to release one pallet at a time to tive
pick-and-place unit or posioming and clamping
mechanism, deflecting or swatching devices for re-
jecting or sorting pallets, and possibiy a pallet return
system The pallets would have a memory system
so that a faulty item n an intermediate stage ol
completion is flagged to preclude additional opera-
uons from being performed and o provide for
rejection at the appropnate location in the cycle.
Subpallets might also be designed to function as
removable nests on the rotary worktable of the
synchronous machines

*Numbers »1 parentheses refer to sources of automating
equipment isted m appendix 1A, following thrs chapter

the ber of op perf d is
most hikely to pe 6 to 12 in order to provide room
for tooling and to munimize the capability lost if
single stations malfunction Some synchronous ma-
chines are configured for an :n-ine transfer arrange-
ment using pallets and a4 comveyor belt rather than
the rotarv sndexed worktable (7)

Typical NS machine systems (8, 9, 10, 11)
consst of a senes of tooled stations connected by a
transport system that feeds work pallets into and
away from each station on demand. One to four
operations are usually performed on the work at
eact. staton and the cycle rate 's about 3 to 15 per
minute.

The characteristic feature of an NS system 15
the storage capacity or “float” of pallets contamed
on the transport that allows each station to work
independently tor to malfunction independently) of
a! other stations

1t 15 difficult 1o bunld a case in favor of one 1 7pe
of machine over another, both synchronous and NS
types are widely and successfully used by sndustry.
Often the preference for a particular type 1s based
on past expenence and vested interest Any com-
pany with 10 years of productive expenence with a
gwen system wiii have developed the expertise to
make it the system preferred by them and they wall
defend their choice strongly

Rotary synchronous machines are most often
employed fo: machiming, assembling, «nd testing
smaller items such as safety and arming (S&A)
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devices or switches. NS machines are most often
employed for operations on larger items, such as
loading/ assembhing/paching of astillens projectiles
or manufactunng large automotive components
However, NS machines are also bemng used to
assemble small mechanisms such as alarm clorks
and camesas

For the same job performance, a synchronots
assembly svstem would generally be smalicr (using
less floor space} and cheacss inan an NS system
THis difference »» pnmanly due to the 5-to 8-ft (1.5
0 2.4 m) quay on the transport system between
stations and the redundant power and control sys-
tems needed at each station on the N3 system.
Intermedsate storage for the svachronous system ts
provided by bins of parts in bulk or by automaucally
loaded and unloaded racks of magazines The more
compact nature of the syachronous system would
be an advantage for one provased use, i €., devel-
oping tooled machines (o perform particulardy diffi-
cult operations such as a final S&\ device test
system) for shipment of the machine (tester) to the
contractor who manufactures the item. Less tear
cdown, shipping volume, and se up would be
required.

Machine efficrency or avalabiluy (u<ful oper-
atingumelis another impenart stem of companson.
This courd be defined as the average number of
products delivered per hour ntegrated on a
monthly basis, dwided by *he basic cvclic rate of
the machie Thus, the tarm machine effiiency
includes the effects of stopp ages, malfunctions, and
maintenance on production totals Malfunctions on
a synchronous machine stop the work at alt sta-
vons, whereas on an NS 3stem, only a single
station 15 affected for disturtances of shos Juration
Although the synchronous system may be instrins:-
cally less efficient, it 1s genesally accompaned by
more highly refired tooling and requires more skill
in desigming, setting up, and operaung than neces-
sarv with Jhe NS machine. Also, because they are
smaller, ssmpler, and cheaper, there 15 often more
than one synchronous machine doing the same job

1 1 complete system Proof of equivalent operaung
efficiencies 1s demonstrated by the large numby - of

14

highly proguctive and competitive synchronous
systernis used throughout industry. Obviously there
15 3 hmit to the number of synchronous operations
that can pe performed efficiently at the same ma-
chine, thrs number 15 about 6 to 12. Therefore, a
complete system 1s generalt made up of a senes of
synchronous machines linked with a manuzl or
automated NS transson system. (Thus, it might be
moee appropnately termed 2 semisynchronous
svstem )

High-quality feed parts, standard for ordnance
devices, are another help in achieving offective use
of automated assembly machines. Afthough this
world be a cost dsadvamtage for consume
products, it 1s not the most impostant consideration
for miltary EM devices In order to simuftaneousiy
achieve the high degree of safety tone falure n 2.5
million} and reliability igreater than 99 percent) mn a
device that has onlv one chanca to operate after a
possible 20-yr storage penod and unpredictable
environmental stress, high-qualily parts ate re-
quired no matter how they are to be assembled

NS systems are sa:d to be easier 10 set up,
debug and service than synchronous machines,
but this 15 debatable The NS system can be ex-
panded one station at a tme, which makes debug-
ging eaver. However, total ume spent setling up
and debugging a 10-operation system (three or four
stations versu, one rotary index machine) mrgizt be
greater for the NS system. The added space re-
quired for the NS transport system does provide
better access for serice o manual takeover of a
malfunctioning station, but the mu*tiphcity of power
and control systems mneans more parts and poienti-
ally more servicing

Although both systems can use memory de-
vices on the pallet> or nests so that a faulty tem can
be tagged {as discussed i 11-3.1), only the syncheo-
nous system can remember faully items or ety
nests electncally. The flexibility of modifying a
siven system to change or add unplanned coeza-
ticns 1s about the s1ne for both because the syrch-
ronous system rs generally not used at full capaaity
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11-3.3 Typical Synchronous Machines
and Ulilities

General-purpose synchronous assembly ma
chines are available from several sources Anexam-
ple of a commercually avaitable design that meets
the requirements for the eleciromecahmcal <ection
of the PVF 15 shown in hgure 11-2 (5) This s a
mediym-sized machine, 35 n in diameter 914
mm), having a 24-station indeing worktable zbove
a4 X< 6t 2 X i 8 m)cabinet and 100l mounting
surtace Itis a standard system designed for ease of
use and flexibility in convcrting from one job to
ancther It uses standard toshing modules n an
““erector set”” or bulding- block faskion to mimmuize
the tme and trouble of <etting it up This would
applv to the vatous jobs expecied for the PVE
operation Alt power for actuating the toohing mod-
vles, located ether on the lower sudace or
mounted using prednlled holes in the upper tooling
plate, 1s provsded for the central column Tooling
components have oversload protectien, and theu
travel can be adjucted to within 5001 in (0 0025
mm) in both stroke directions The man index dnve
has overload protecticar on its outpat sde  Station
location 1s provided that i< accurate to better than
0001 1. (0 0025 mm) and 1 ndependent of the
indexer These features mimmize postion esror due
1o wear n the dime svstem and make it easies to
reset the diat in the event of an overload  The man
dme svstem 1< a 1-hp elecinc motor with
clutchybrake and v anable speed pulley its speed s
mechanically vanable trom 10 to 50 cycles per
minute, thus makemg i eass Loth to <tudv problems
with tooling and to adapt its use to umple or
complex operatiors

A seit-contaired electncally dinven pacumat-
1cs package providmg vacuem and dn or lubrated
pressunzed an tor Looking is contaned in the base of
the machine Sideen general-use pncumatc vahes,
umed by means of rotary cam switches coupled to
the indexer, are located on the top of the central
column and under the lower tooling plate

Control svstems available for synchrouzing
the operations of automati. macinen range from
smple drum-type gregrammers, through matnx

Figure 18-2. Views of typical rotary synchronous
assembly machirc.

switch and relay svstems, 10 modern sold-state
programmable controliers. 1t 1s suggested that one
of the machinies for use in the EM section of the PVF
be equipped with 2 matnn switch type of M
controf svslem (12 and another be equipped witha
simple sold-state nrogrammable controller (13) <o
that expenience _an be gained wath both types of
control

11-3.4  Tooling

A wide vanety of standard tooling modules 1s
avallable Some of these are described and thewr
possible uses are discussed below

a  Anautomatic sparg winder with capacity
of 0002- o 0030-n.-dameter wire, and with
auvtomatx feed, cutoff, and controlled retention or
{eeding of each spnng This 15 likely 10 be a stnall
satellite machine stationed next to the mamn synch-
ronous assembly machine and feeding directly to a
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nest or pick-and-place unit. In order to compensate
for minor vanations in wire diameter as feedstock 1s
depletec, spning force would he mornstored, and
dynamuc control of pitch or free length would be
provided by feedback adjustment

b Orbnal andfor radial riveting and cold-
fortming machines (14, 15, 16) for manufacture and
assembiy of soft metal parts, weighing up to 0.5 oz.
Toolng keads would provide verv low force non-
impact staking, flanng, and forming They could be
used to form small cold-headed parts from
feed-stock, or to provide functicnal features on
end-item components and do these operations night
on the assembly machir.e, on demand

¢ Pick-and-place units for transferrng part<
and assemblies to and from the transpodd system, to
and from satellite operations (for example, a spin
test station), and from feeder tracks into the nests or
the rciary worktables These units would encom-
nass translational (1, 2, and 3 axis), trans'ational and
rofatonal (swinging), and invering motions  They
would include specific modules designed by the
manufacturer of the svachronous machine and
general-purpose mechanical and M units 2vailable
from specialty f.ims (17). Impostan. features of the
prek-and-place modules would be small size, easily
adjustable gnps, strokes, and motions, and ovur-
load protection 1o prevent damage 1n case of a jam
or other malfunction

d  Small modular press heads (181, for use uy
assembling press-ntted components as weli as
wnmping and punching operations in thin sectons

e Vanous probe neads, for detecting the
presence andfor position of parts or assemblies.
There could also be probes tor gaging hewghts (19),
sizes, and forces dunng assembly Special probes
cculd be developed to simuliancously measure
force and stroke of sprag-brased detent systems
during acceptance testing. In addition to simple
mechanical displacement monitor: that tap kst
swilches, the probes might incorporate flurdic and
photaelectnc semsors (2D), stran gages 121), linear
vanable displacement transducers (LVDT s, mag-
netic sensors {22, 23), and aporopnate readout
mstrumentation

16

f. Marking equip for lot bering,
serializing, dentifying, etc, is avalable commer-
cially (24, 25) and could be set up as a modular
operation

g. Resstance welding heads (26), for spot
welding of small parts, electnc connections, and
explosive assemblies They would be small ymits
with adjustatde controls for cutrent, voltage, pres-
sure, and duration

h  Ultrasonic tooling modules 127), for weld-
ing plastic assemblies and inserting metal parts into
plastic parts

1 Tape blanking tooling, for use n blanking
and instaling marking and sealing discs from
adhesn e-backed tape

) Precise volumeti:c metenng heads, tc dis-
perse ols, grease, foams, epoxies, and anacrobic
and rubber-based adhesnes and sealants. A wide
range of thvy equipment 1s available commercally
(28} Equip to disp 1 n < fied
patterns for formed-in-place gaskets may 2lso be
dessrable.

L. Automatic screwdnvers (i6, 29) having
adjustable torque and self-contaned screw feed
sy-tems for threaded assembhes.

1. Genersl-purpose wibratory sorting and
feeding systems (30, 31), these umts are needed for
mary stators In general, these systems need to be

‘tuned’ each ime a rew part must be handled, but
a broad sers of generai-purpose units could forma
basic operat:on.

1-3.5 Aufomatic Data Processing

A major use o the PVF automation equipment

will be in performance-testing EM dewvices and
bassembhes. The large of data (both
vamable and attnbute) generated in these tests can
be very valuable from the standpoint of process
control and genenal quality assurance if 1t 1s oroc-
essed in a conase and tmely fashion. Direct access
to computer facilitics should be made avarlable for
this purpose Within the facilry, automate data




processing could readily be accomphished by direct
interface between the sensing probe’s readout in-

struments and SPEAR, HDL's general-purpose com-

puer system planned for installation throughcut the

laboratones (see also Chapter XI1) Another major

use of the PVF is to develop automauc €M device
test svstems that can be stipped 1o contractor’s
plants Many of the EM device contractors do not
have access to m-plant computer facilities There-
fore, use will akso be made of programmable calcu-
lators for automatic data processing These svstems
(32}, some with plolter and tape cassette dnive, can
very easily be set up to take and 1o process dats on-
kine in real time and off-line from storage on small
magnetic-tape cassettes. The programmable calcu-
fatoss are small and versatile, a complere system
could be set up for approximately $10K or less.

{i-4. Operation
1-3.1 Method and Capability

The imitial use of the EM section of the PVF as
an automaton machinery lLaboratory will be 1o
provide n-house expenence and competence in
thes field After this 15 established, the facility can
provide senvices relsted to validation of prototype
fuze devgns For example, it mught be set up for
assenbly aad/or togt of weveral hundred to several
thousand S&A devices dunng the R&D phase of 2
new fuze program Howerer, this use 1s not recom
mended now because of conflict with contracting
policy Also, the imted amount oi equipment 1
such that a complete job of this nature would
probably require several reconfigunng phases Al-
though th:s m:ght be done in a reasonable trre
aven a highly shilled and expenienced staff .ce
sect. 11-4.3) and 2 well-stocked supply of general-
purpose tooling tems, it would not be efficient
compared 10 hand assembly In order to munimsze
changeover ime and expensz for the small quartity
of ems that would be assembled, t mav be more
g-actical to use hand-loaded magazines instead of
vibratory bowl feeders to teed onented parts The
magazines would be loaded off-ine. ltems of
special-purpose  tooling  requining  considerable
tme/expense for changeover are the nests for the

rotary worktable and/or the pallets for the NS
transport system. The designs have to be tallored to
the job and they must be rephicated many times (see
fig 11-3) However, it may be posuble to devise a
general-purpose nest or pallet that could easily be
adapted to many jobs

Dunng the mual learning phase and dunng
the development of tooling for the facility, it would
be practical to concentrate on automated inspec-
ton and tesing of developmental S&A devices or
on bullding and testing simple subassembhes such
as setback mechanisms or explosnve loaded items
(see sect 11-4.2). A more general-purpose use of the
facility would be to study specific aspects of a
design relatnve %o its capability for assembly and
testing using automatic machnery.
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Figure 11-3. Detonator block assemblv (PN11722620)
for XMS87E2/0724 fuze.

In addiion to its use for prototype vahdauon,
the facility would be used to develop new tech-
niques for more efficzent automgted test and assem-
bly of fuze mechanisms For example, probes could
be developed to measure lorce bias levels at given
positons and 10 generate vanable data to replace
GO/INO-GO test probes that give only attribute
data These probes, plus 2sseciated instrumentation
and data processing, would be exceptionally valu-
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able for process control n productron environ-
ments As another example, new methods of auto-
matcally applying sold and iiquid lubncants would
be inve<tigated that could lead to more uniform and
controllable coatings, giving better performance at
lower cost These new techniques vould then be
disseminated to contractors tor improvement of
therr automatic production hines Studies of the
value of data collection, development of data librar-
wes, data analysis, analysis of system operations,
feedback control loops, etc, for particular situa-
tions would all be conducted

Another use of the facility would be to help
coniractors m evaluating vanous methods for auto-
mating a new operation or for correcting an opera-
ton that 1s causing difficulty. Different ways of
feeding and onenting pants could be explored An
opportunity 10 help a contractor correct a malfunc-
tioming station designed to feed and place small coil
spangs 15 a recent example where lack of an in-
house facility precluded expenimental assistance

11-4.2 Example

In ordes to progressively develop in-house
automation expener ce, the PVF EM device labora-
tory equipment would first be set up to perform
simple jobs A typical first job might be to set aside a
portion of a production buy of the detonator block
assembly for the M587E2/M7 24 fuze. These units
would then be built n house and furnished as
Government furnched matenal (GFM) to the prime
fuze contractor A tvpical quantity woulda be 5,000
to 20,000 units, representing one device lot The
detonator block assembly (PN 11722620) 1s shown
i figure 11-3 1815 a good test run for the proposed
PVF facility because of its small size 41 5 aam x
025 wm thich) and relatively simple, seven-pant
assembly 1t requires handling and nstallation of a
sensitive electroexplosive component and it must
be tested for contact resistance Thus, it provides
experience i explosive handhing, setup, and use of
automated test »n, and computerized
data reduction The necessary operations for this
10b are outhined n figure 11-4

This job ts La:d out on two machines to sunphfy
the tooling and to facilitate the learming process

Im! (2

PICHE (WY AEST ACTFALTTONS
FLED & ORENT 3000 TS
CETOMATOR 00K Bawa

i

PROSE PAESENCE

ey eses VAORENO 1 Q38 RODUUEST
HiDLTPO A B "72‘, STang masr
o8 PRESENSE Lrom msserse

41D RLAT WASER

RO (WY ALY
SEED SEICARTIN CATALT (] MACTRURTY oS

e e
ety £T 00D WS
RARSag INT R0

ro¥ Rt L0 waome -+ 0€ PRESE
LN ] o2 st
10D TUIAATOR 00K
$(£0 CETOMT; < QBASSIWERY Facw
WADRE 2 1

PS¢ FEASE

1 s st

ik

ftee MR QY
Figure 1I-4. Operations for automatic assembly and
test of PN 11722620.

dunng imtial operation of the facility. All probe
stations and test stations are separate from the
feeding and assembly stations. The operation can
be made more compact later by doing most of the
probe checks at the same statior being used for
feeding and placing parts. Photoeicctric or other
remote-type sensing plus addiional zontrol of the
feeding and placing operations would probably be
requirec 1n both cases, a memory system would be
used so that feeding occurs only when the probe
output 15 postive. Safety from possible initiztion of
the electnc detonator v.ctdd be provided by clear
plastic shields at all stations after or-hne introduc-
tion of the detonator. The final assembly wou'd he
foaded into magazines that would provide ntnnsic
explosion  containment dunng  storage and
shipment

The PVF laboratory EM device could be
tooled for two other “beginner” problems of cur-
rent interest One 15 the assembly and test of the
bottom plate, spacer,and setback lock subassembly
for the M732 fuze. This item, shown in figure 115, is
made up of five parts and would require force bias
testing of the setback pin and spring The cther
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SPRING RETAINING PIN
11718476

SETBACK SPRING
11718477

SETBACK LOCK
11718475

SPACER
11716748

STAKE
(4 PLACES)

BOTTOM PLATE
11716745

Figure 11-5. Bottom plate, spacer, and spring setback
subassembly. .

sotup would use the facility for automatic testing of
the completed M732 fuze S&A module
(PN11716741) shown in figure 11-6. This line could
serve as an in-house tester for Government inspec-
tion of engineering control samples during
production. It could also serve as the prototype test
model for other units to be set up in contractors’
plants. The necessary operations for such a tester
are given in figure lI-7. The system is again spread

out to use the two machines but, in this case, the
number of operations might still be too many for

later adaptation 1o a single 24-station machine. This
might be compensated for by having faulty units
marked with a code instead of being cjected after
cach test and having certain probe and orientation
stations climinated by means of clever tooling.
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Satellite spin machines are used in three places to
speed the cycle and provide better access.

TWO-SPIN LOCK
11716751

NQ. t GEAR AND PINION
ASSEMBLY 11718772

ESCAPE WHEEL AND
PINION  naStMBLY
11716775

TWO-SPRING SPIN LOCK
11716755

LAMINATED AOTOR

ASSEMBLY PALLET ASSEMBLY
11716757 ’nmm *
SHUTTER
11722669

ROTOR OETENT SETBACK SPANG

11718423 11718477
SETBACTK LOCK
1718475
VIEW SHOWN WiTH TOP PLATE REMOVED.
PHANTOM LINES SHOW ACCESS HOLES IN TOP PLATE.
DCTONATOR SLEEVE DETONATOR SLEEVE TP PLATE
SPANG 11718766 ASSEMBLY 11005146 1716748

11116748

0506 K. RN
syl | DA MAX §.
oneatesd. t S DN
"-1.575 N. DIAM MAX—A~e- SECTON BB \BOTTOH PLATE
SECTION A-A 1716745

Figure 11-6. S&A module PN 11716741 for XM732 fuze.

EJECT GOOD UMITS
IN ARMED CONDITION

MOVE SHUTTER AND
RESET DETONATOR
EJECY FAULTY UNITS

{SEGREGATE HIGH.
LOW BiAS)

MOVE SNUTTER AND EJECT
DETONATOR BIAS LEVEL

QRIENT & PROBE FOR
ARMED CONDITIONS

PROBE PRESENCE, POSITION
(SAEE CUNDITION)

TFST SETBACK SENSOR
BIAS LEVEL

EJECT FAULTY UMITS (SEGREGATE
HIGH BIAS AND LOW BiAS )
TRANSFEA TO SPN TEST

TEST TURNS TO-ARM AY 2500 APW

CJECT FAULTY UneTS (SEGREGATE
HGH TURNS AND LOW TURNS)
ECCENTTIC SPINNER RESETS ROTOR

TO SAFE POSITION

RETURN PROPLR UMITS FRUM SPW TEST A

@ = PRMARY OPERATION
= SECONDARY OPERATION

EJECT G )00 UMTS
EJECT FAULTY TS

FINAL PROSE FOR
SAFE POSITION

RESET SETRACK LOCK

Figure 117, Sequence of operation for testing S&A
module (PN 11716741).



B T NI

H
>
5
¥
i
z
g

U | Ty o WO\ LVt s 0 ae I i P pa 4 R o A8 Tt 37

——— -

. - e ey w
v o

W

11-5. Conclusions and Recommend.tions

1t s concluded that the proposed i *4 device
automation laboratory facsity would be a valuable
asset in expanding HOL's areas of technicai exper-

use and 1n supporting the current electronic fuze
R&D mussion 1t 1s recommended that it be included
in the planned PVF and that it be staffed and funded
full ume as a production engneenng support
function
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Appendix I1-A.

<

es of A

Equipment

The following list of sources of automation
equipment was compiled dunng the study covered
by this report There are many other companies in
these fields that are not included in the hist, but time
did not permit searching them out Sources 1, 2,
and 3 are general-purpose pubhcations dealing with
the fieid of automation, and they would serve as 2
good source of addiional information in this field

1 Assembly Engineening, Hitchcock Publishing
Company, Wheaton, IL.

2  Automation, Penton Publishing Company,
1111 Chester Avenue, Cleveland, OH

3 Control Engineenng, Dun-Donnelley Publish-
ing Company, 666 Fifth Avenue, New York, NY

4 Rochord Automation, Inc, Rockford iL (NS
pallet transport systems)

5  Assembly Machnes, tac , 2114 Loveland Av-
enue, Ene, PA (general-purpose synchronous as-
sembly machine<)

6 Honeywell, Inc, Dept RI1310AU, 2600
Rid! Parkway, M lis, MN (synchron-
ous assembly machines)

7 Bodmne Comp, 317 Mountain Grove Street,
Budgepont, CT (genetal-purpose m-line synchro-
nous assembly machines and tooling modules)

8. Gilman Engmeenng and Manufacturing Com-
panv, 305 West Delavan Drive, Janeswville, Wi (au-
tomatic assembly svstems).

9 Modular Machines Co, P O. Box 7158, San
Diego, CA (gencral-purpose NS assembly
machines)

10 Chicago Pneumatic, 32200 N Awis Dnve,
Madr<on Heights, ML, (NS automation svstems)
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11. Innova, Inc, 5170 126th Avenue, North
Clearwater, FL (NS automation systems).

12 Square D Company, Milwaukee, WI (pio-
grammable controllers)

13 Texas Instruments, Inc , Attleboro, MA (model
5T1 solid-state programm:able controllers).

14. Taumel Norseless Riveters, Inc, 400 E>ecu-
tive Boulevard, Eimsford, N (orbital head-for ning
machines)

15 VS! Automation Assembly, Inc, 165 Park
Street, Troy, MI (noiseless orbital  forming
machmnes)

16 Gubeln International Corp, 45 Kensico
Dnve, Mt. Kiscu, NY (automatic s.rewanvers and
radial nveuing machines).

17 Fraser Automation, 3790G Mound Road, Ster-
ling Hesghts, Ml (modular pick-and-place umits).

18 Conrac Corp . Goodrnich Division, 3560 Chi-
cago Dnve, Hudsonville, Ml (presstaker special
assembly machines)

19 Schaevitz Engincenng, P O Box 505, Cam-
den, Nj {noncontactag gage heads)

20 Scan-A-Manc, Rt 5 West, Elbidge, NY (pho-
toelectnc senscrs).

21. Interface, Inc., 7401 East Butherus Drive,
Scottsdale, AZ (low-range load cels).

22 Electro Corporation, 1845 57th Street, Sara-
sota, FL (magnetic pichups).

23 Airpax Electronics Controls D:vision, 6801
West Sunnse Blvd, Fort Lauderdale, FL (Hall effect
pickups)
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es of Aut

Equipment (cont'd)

24. %nwi Coders Corporation, 4027 N Kedzie
Avenue, Chicago, IL  {automatic  marking
equipment)

25  Bustol Brass Corporation, Noble and West-
brook Dwision, East Hartford, CT (marking
stations)

26 Kahle Engneenng, 3322 Hudson Avenue,
Union City, NJ (automatic welding heads)

27 Branson Sonic Power Company, Eagle Road,
Danbury, CT (ultrasonic work heads).

26 Tndal, Inc, 5 Villey Road, Danbury, CT (me-
tening and dispensing, heads)

29. Dixon Automatc Tool Inc, 2312 23rd
Avenue, Rockford, IL (automauc screwdnivers)

30 Magnetic Analyss Corp, 535 South 4th Ave-
nue, Mount Vernon, NY (automatic checking and
sorting machines)

31 Automation Devices Inc, Automation Park,
Fairview, PA (vibratory feed <vstems)

32. Hewleti-Packard, P. O. Box 301, Loveland,

CO (programmable calculators and nterface
mstrumentation)
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Chapter 1ll.  Semiconductor Prototype Validation Facility

by Robert B. Reams and Martin } Reddan

-1, Introduction
HI-1.1 Background

DL has always had intense mvolvement in
those technologies that could advance the art of
military electronics Ore of these areas has been
the field of semiconductors, used by industry 0
fabricate actn e solid-state devices (transistors, inte-
grated arrcunts, ete ) for the commercial market
Similar devices are bemng used extensnvely in HDL-
developed electronic fuzes, radar, and optical
systems

The present HDL staff operates a facilty
which 15 umique 1n the Army"s Mateniel Develop-
ment and Readiness Command (DARCOM} HDL
has conducted semiconductor research, develop-
ment, and nvestigation of processing techmques
continuouslv for more than 20 years, commencing
with the introduction of germanium transistors, up
10 the present common use of a muluitude of solid-
state devices

HDL nas made sigmificant contnbutions to this
technology For example, it pioneered n the use of
photoengraving 10 fabnicating sermconductor de-
vices This was done pefore industry comerted
from the use of germamium to the predomunant use
of silicon HDL also developed two imponant tech-
mques that are now commonly used by all semu-
conductor fabricators a two-step reduction proc-
ess i mask making and the generation of an arsay
of devices by the use of a step-and-repeat camera

The existing HDL senmconductos research
taboratory was set up 1n part to develop electronc
devices unobtanable elewhere ang to provide
“hands-on” expenience with the problems of pro-
ducing tegrated circuds for milnary apphcauons.
Our presenmt faclity 15 therefore equipped to
produce himited quantities of both bipolar and
metal-oxide-semiconductor (MOS) devices for ad-

vanced prototype proximity fuze designs It has
been established through many years of tedious
expenence that such n-house work 1s the only
practical way o acquire devices that are umiquely
relevant to miltary use 1t 1s understandable that
pnvate industry has shown httle concern in devel-
oping the specialized arcuits required for mlitary
application Therr raison d'etre 15 profat, thus, their
pnmary interests are centered on devices, circuits,
and techmques that are related to the mass con-
sumer markets, such as those that apply to fabrica-
ton of televisions, calculators, electronic watches,
etc Out of necessity, the area of specialized, proto-
type, low-cost, semiconductor military apphications
has been relegated to HDL’s semiconductor group.

At the present time, the HDL semiconductor
research laboratory uses these new technologies as
part of a program to seduce the cost of mass-
produced electronic proximity fuzes This i1s one
area of invesigation in which the HDL semicon-
ductor section has a marked interest, since recent
years have brought a sharp increase sin demands for
lower costs, greater rehability, freedom from main-
tenance, and use of proven radrauon-hardened
components

in regard to cost, industry expenence shows
that the speafic economics of diverse integrated
aircuits makes it daficult to arnve at a meaningful
average cost for an ntegrated circuit, but there 15
complete agreement that where the production
level is sufficiently large, silicon monolithic devices
are the least expensive components More impor-
tantly, HOL has pi d and s ¢ g an
effort to provide electronic ordnance functions 1n
an integrated form so that they will be avaitable at
lower cost than 1s now possible with discrete com-
ponernt electronics

As a direct result of past accumulated expen-
ence, there resides within the HDL Microelectron-
1cs, Matenals, and Relability Branch a detailed
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knowledge of the technologies used in fabricating
semiconcuctor devices and ciscunts for military ap-
phcations However, the present semiconductor
research laboratory has a limited capabilty The
devw es that are designed and fabricated there dem-
onstiate operatonal reliability and feastbility, but
aot at high production rates The PVF would pro-
vide the ability to demonstrate productbibty in a
more advanced semiconductor facility It wil! be
maintained and operated by research and develop-
ment personnel, but will inciude industnal-type
equipment 5o that resulting end ttems will demon-
strate producibility as well as feasibility

NI1-1.2  Problems

Vanious, obvious problems have increased
emphasis on the RAM concept treliability, availabii-
ty, mantainability), which brngs to the fcrefront
one of the outstanding, advantageous features of
monohthic structures Fomogenety This charac-
tenistic ensures that tests estabhishing the rehabifity
of 4 representative group of devices are meaningful
to the entire group when it is known tha*  common
and consistent fabnication technology was em-
pleved Semiconductor fabncation technology s
admurably sutted to batch processing, in winch
large numbers of devices are made in an dentical
mannes

The RAM conceptis especially pertinentin the
rachation hardening of semconductor devices be-
cause the seventy of radiation effects on MOS
devices depends on the hardeming process used
Four HDL facibties are available for evaluating rads-
ation effects These are (1} the cobalt 60 source—
an air and water irradiation source, whichis used to
expose electronic devices and systems to simulated
nuclear-omzing  threat environments, (2) the
Gamma-Ray Stmulation Facility {AURORA), which
produces a 100-ns bremmstrahlung radiation pulse
with a total gamma dose of 50,000 rads(Sh at the
midpoint of a 1-m-diam by 1-m-long cyhinder and
can evaluate gamma-ray-induced transient radia-
tion effects in electronics (TREE) on large weapon
systems, (3) the Tr, table Electiomagneti
Pulse Simulator (TEMPS), which produces threat-
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level electromagnetic pulses simlar to those
produced by exc pheric nuclear explosions,
and (4) the High Intenstty Flash X-Ray Faciity
(HIFX), which simulates the effects of nuclear-
weapon radiation op weapon electronic systems by
providing an intensz nanosecond burst of photon or
electron radiation The proximity, avaiabiity,
scheduling ease, and mimmum papes work re-
quirea for use of these faciliies are all advantages
accruing to the HDL PVF More relevant are the
many types of radistion: and the range of intensities
and pulse durations available But most importantis
the situation that ensures that these tests will be
unde: the direction of the R&D personnel and will
be conducted dunng the earhest stages of circunt
development Thus, the PVF will prove to be most
effective by making use of available faciities and
talent to select technology, components, and cir-
cuts 2! the earliest phases of prototvpe fuze
development

Another factor to be considered s the range of
technologrcal capabiliies of the PVF, both immed:-
ately and in the future It s presently considered
that the initial work will be centered on bipolar and
complementary MOS matenals However, sems-
conductor technology is expanding so rapidly that
the horizons are virtually unlimited, and with the
PVF as contemplated, future developments mto
other technology areas will also be possivle.

The PVF would greatly alleviate one problem
that now exists making the practical transition
between demonstrating feassbility and ensunng
producibility 1tis possible to fabnicate an integrated
arcut of special function in a hmited quantity, but
this does not mean that it will then be possible,
using similar procedures, o produce these same
carcnts economically. Thus, the PVF will provide a
limited staging area to demonstrate that the circusts
are producible with equipment and facilites com-
monly used by indusiry.

In particular, four major concerns of semicon-
ductor processing technology have been resolved
by industry, but rot in the present research labora-
tory These are
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(1)  precise control and elimination of air-
borne contaminants encountered dur-
ing fabnication,

(2)  use of 1on implantation to precsely
control the distnbation of impunties
within the semiconducior device,

(3)  use of injection-molded plastic encap-
sulants to ensure ruggedness and sur-
vival urider military conditions, and

(4)  intreduction of advanced semuauto-
matic equipment for use n all relevant
semconductor processes

12, Use of Semiconductor PVF
i1-2.1 Contamin.nt Control

Industnial semiconductor faclities control air-
borne contaminants by careful design of the total
laboratery air-handhing system The present HOL
research facility has been compelled to hmt its arr
filtration (clean air) control to several specific oper-
ations only For example, in the photomash fabnica-
ton area, the mmage-repeater camera must be
housed n a special chamber that has a filtered ar
supply. Unfortunately, the exposed masks must
then be carned in covered containers wto the
processi~- area, whrch is not controfled and where
the masks can be contamimated. Particles can col-
lect n the container and on the mashks, as a result,
photomasks occasionally have to be remade be-
cause of defects caused by particle contanination
in all nstances, the operation s mefficient—
creating handhng problems, cavsing additional
work, and impainng overall mash quality.

Anctber problem exists with the diffusion
processing of wafers At present, these operations
must be carned out 1n an environment where air
contaminants can be deposited on wafer surfaces
before the waler is placed in the diffusion furnace.
This, too, causes surface defects and results in
impaired functiomng of the devices.

The contemplated PVF calls for clean rooms
where the entite room has a controlled filtered air

25

supply In addition, there will be further refinements
n the immediate vicinity of operations in which the
process being implemented is especially sensitive to
contaminants

1-2.2  lonimplantation

Almost all semiconductor devices depend
upon precise geometrical placement of selected
P These 1mp are now distnbuted
thermally by alloying and diffusion processes using
precise photomasks to delineate areas Control to
0 5 um ts typical with these processes, but overall
yield is less than it could be since the impunty
atoms display wide-ranging dispersion from an
ideal distnbution. With impunty placement by ener-
getic 10n beams, the desired impurity can e placed
with greater precision (better than 0 ! ) and with
more precise control of spatal distribution This
technique 1s now being used by industry i process-
mg an increasing number of sermconductor devices
to produce better devices with a greatly reduced
reject ratc  The present HDL facility has no ion-
pl. equ 00 1 Is pro-
posed for the new PVF facility

M-2.3 Injection-Molded Encapsulation

In bulding fuzes, only hermetically sealed
devices can be fabncated in the present facility.
Although these devices are sausfactory—they are
rugged enough to survive most gun-fired environ-
ments—they are more expensive to fabricate than
njection-molded encapsulations (IME’s) Most in-
dustnial semiconductor package output 1s now plas-
tic encapsulated, thus, it can be expected that use
of hermetc seals in fuze manufacture will soon be
completely outmoded, resulting in higher costs in
the future There is a more compellirg reason than
cost for choosing the injection-moldad encapsula-
tions It has been demonstrated that solid encapsu-
lations are required for survaval and relable opera-
uen in the more mulitary enwirc
Therefore, HDL will require equipment for
mection-molded  encapsulation  to  duphicate

dustnal-type encapsul i multary electronic
systems
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1-2.4 Semiautoinatic Semiconductor Fro-
cessing Equipment

Those who fabricate semicenductor devices
in industry are increasing their use of semiautomatic
processing equipment, with the following benefits

() precise process control,

(2)  mummized vanations caused by the hu-
man factor,

(3} ncreased production rates, and
) reduced costs

Also, money 1s saved, bv the use of less-skiled
personnel, who require shorter traimne neniods. tn
particular, the photoengraving of devices has bene-
futed from the use of semiautomatic equipment for
applving photoressst, for processing plates, and for
the stungent cleaning required for device fabnica-
uon Modem diffusion furnaces row incorporate
elaborate gas distribution systems that provide pre-
<ise control

Since srmilar facilties have not been avalable
at HDL, current efforts i the research laboraiory
have necessanly been limited to hand operations
As a result, the end product vanes from person to
person, and overall vields are generally lower than
would occur in an automated system Until now,
this process has been adequate to demonstrate
feasibildy but not produc.bitty  Demonsiration of
the latter will require the use of equipment and
methods similar to those used in industey

HI-2.4.1 Reasons lor Equipmont Se-
lection

The cquipment to be used inthe PVF semicon-
Cuctor facility has been selected as representative
of the tvpes used by industry in the production ot
semiconductor devices (See equpment listin sect
i-2.5) The equipm>nt listed here has been se-
lected to provide a capability that s nol now
available at HDL and to brng exstng outdated

facilitves up to the leved of current technology. Thus,
some 1iems of histed equipment will be quite ssmilar
10 those now used 1n the research laboratory, but
thev will be improved versions, vastly supernior to
those presently available The goal 1s to have a
versatile, comprehensive semiconductor facility
that vall

(1) replace  the  outmoded reseaich
laboratory,

(2) permat tramned personnel to carry out
nvestigatin e processtng studies, and

(3) use the system *o demonstrate feasibility
and prove producibility

A PVF at HDL will assure »apid interchange of
production-denived informauon to the research
staff, and in ths way increase scheduling effictency,
shorten development time, and cut the costs be-
tween development to production.

11-2.4.2 Detailed Description of PVF
Semiconduclor Facility

The following descnbes the work flow and
equipment proposed for the PVF Semiconductor
Facility

Figure 111-1 shows a gereral layout of the PVF
sermiconductor facility The work w.ll be initiated in
the electronic design area, S-24, where work begins
on providing solutions to a project problem using
semiconductor technology. Development and
production people with complex caircunt
requirements will bring their needs to a staff of
electronic engineers famihiar with this technology
The engineers will de«ign the requered crrcuits using
integrated circust concepts (for instance, transistors
are move efficiently integrated than resistors, as a
result, circuits use many active devices and few
passne components) This preliminary design wall
then be breadboarded using components that have
been fabncated and shown to he compatible with
the plenned production process This procedure
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permuts imtial evaluation of the design and allows
for some modificauca and improvement of the
circuit before the photomasks are made

The staff of the Semiconductor Facihty will
then use the interactive  phics equip—ent that s
part of the photographic  acility, $-27, to generate
the required photomasks Three steps are needed to
make a photomash

(1) A proven Grcunt design 1s ¢onverted to a
mask layout, representing the specific photomask-
ing steps requited 10 comvert a sthcon wafe: to an
operating dev ce Ths tayout 1s desigaed 1o mini-
m:ze both conductor crossovers and parasiic inter-

The mital form of the <«thicon wafer will be
approxmately 2 :n in diameter as purchased from
commerzial vendors and will conform ro HDL's
specifications. These specifications will include
crystat onentation, resistivity, thickness, fault den-
sity, lifetime, flatness, and surface quality.

After incommng inspection, the silicon wafers
begin thewr processing 1n room S-29 (see fig 1li-1),
where the wafers are chemically deaned and then
ninsed in high punty water. Following this, the wa-
fers are either heavily oudized n a dufusion fur-
nace to reduce or eliminate surface damage or they
are cherncally etched in an epitaniat reactor The
onde s then removed, the wafers are chemically

action between subcircusts cleaned agan and reovidized ;

(2) The layout 1s dittized onto & magne*ic- Processing nov. switches to the photolithogra-

tape format that proviges the data required by a  phy room, S-31. The first step ss the application of

pattern generator The patte.n generator creates an  photoresist by spinner techmiques Then the first

oversized 110 ) replica of the deswred circut con- = ~en mask 1s mounted (usually a buned layer or 9

figuration on a glass photographic emulsion This  floaung collector) The mask 1s exposed to ultravio- 3

Y pattern s then exanmed tor defects before itis in  let hght, using automatic mask alignment equip- -5
e *arn used to generate the final size mask ment, and then wspecied Next. photoresist is fe- 5
. moved and the umts are carefuliy cleaned The :
{3) The final <tep takes the mask created by  matenal 1s now sady to go to the diffusion fur- £~

the pattern generator, teduces it by a factor of 19,  naces The photoresist pattern ha: permitted a se- 4

and repcats this image mto a predetermined array  lecine removal of the oxide layer, which thereby 7

that may be e.ther arcular or rectangular, to form
the master photomask for that particular level This
master mav ther be used to trandfer the image
direcily to the surface of the sshcon wafer or aselt
be contact pnnted to fabicate manv working
masks

defines open regrons of the siicon wafer into which
selected dopants can be introduced by diffusion to
a desired depth At the conclusion of the diffusion
step a major parnt of the fabncation cycle is com-
plete ard a new sequence starts The wafer is
theroughhy cleaned agam, and the wafer 1s then

b

e
Lidpey i

placed 1n the production epitavy facility where a

This working rmask < then pait of a senies of  new laver of suzcon s grown to specified resistivities 4
' masks wheeh when replicated on the suntace of 3 and concentrations. The wafer 1s then immediately i
sdicon water, contnbutes to the completron of 3 reoudized and brought back to the photolithegra- £
v working device  Through the tse ot photograrhic  phv room for photoressst recoating The sequence 2
technology, the onpinal cucut design has been  of steps 1s then repeated as outhned previously. The
z B miiplied many times to samultancously produce  number of imes this sequence 1s repeated depends 3
N * . hundreds of tunctional wircuits on a single siicon  upon the device requirements \When the last diffu-
z Y, wafer s1on step has been completed, the oxide removed,
H H ‘ and cleamng performed, the wafer 1s brought to the <
3 i The tollowng bneflv descnbe the process a Planetary Metal Station for metallization with aky- kY
)f !‘ taw ahcon water wouid undergo on its way o minum by evaporation. Typecally, for an MOS umi- (=
é o becoming an operational actn e device polar technolrgy, 5 to 7 masks are needed, a 13
) ‘ 5
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tigure 111-1. Semiconductor area.

bipolar technology requires from 7 to 11 mashks to
fabncate a circunt

In parallel with all the steps descaibed above,
test wafers will be set asde for measurement of
diffusion depth using the profilometer, the ellipsom-
eter, or the bevel-and-stam technique in combima-
tion with the interferometer The scanning electron
microscope could be available for cheching surface
defects

After aluminum metallization, the units are
brought back to the photolthography room for
delineation of the interconnect pattern Photoresist
15 agan used and the usual steps are followed, after
which the wafer ss cleaned.

Next, the wafer 1 sintered 1n a small furnace.

The wafers are now probed for cirgut func-
ton, and defectn e units are marked Thev are then
scnbed and broken, and the electncally acceptable
chips are visually inspected.

In summary, the following semiconductor op-
erations are common to the processing of most
devices to be fabrnicated in this facility.

(1) chemical cleanine
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(2} deromized water nnse of ultra-high pusnty
(3) thermal oxidation of siicon
(3) chemical etching of $:O, to delineate dif-
fusion areas
15) epitaxaal growth in a reactor
{6) opticalnspection
(7} photoresist  application by  hign
acceleration
(8 ph ask ahg tand
{9) photoresist development
(10) phcioresist remonal
(11} dopant predepositions (about seven)
(12} dopantdnve-ins
(13) dhify depth me
(13) resistivity measuzement
(151 surface defect count (optical microscope
or, possbly, scanming  electron
microscope)
(16) nterconnect metallization
(17) siicon-aluminuim sintering
(18) clectrical test by probes
(19) wafer scribing 2nd breaking
{20) visualinspection
(21) die bonding to headers os packages
(22) lead bonding
(23) encapsulation and hid attachment
(24) final electrical test
(25) hermeticity tests
(26} environmental tests
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11-2.5 Minimal Recommended Equip- (1) Dry Plasma Etcher &

ment—Basic Plan g

(m) Scanning  Electron  Microscope— £

The equipment that would be needed for Supplementary but highly desirable (n- z

effrcrent performance of a PVF semiconductor facil- cluding auger and backscatter x-ray) 5

ity 1< hsted in the following 4

(n) Ellpsometer 3

(2) Clean-Room Expansion—Add 25 sihcon };

work stations with exhausts (0) Profilometer o

3

(b) Automatic  Photoresist Handling—Add (p) Infrared Opiscs- Hot-spot sensing, fault %

spinners to Photoresist Facility. water Jocation, tarlure analysis ¥

' N <pinner device dopants, mas\ spininer «;; &
(Q) Dy Plasma Stripper e

() Automat.  Water Prober—Add  one 3 Z

<tat.on The equiprrent described would be instatled ::%

n the new facility on the second floor of e &

() Automatic Testers—Add Test Stations for research and enginecring bullding This would be a 1:

the completed package. hinear tester, complete operatng facility contaiming all the equip- A

| digital tester. ment necessary to fabncate complete semiconduc- o
tor devices, starting with the sihcon wafer %

(e) Automatic Mask Algnment—Add ahgn- b

ment and exposure  machmes Detatled d gs of the equip layout f,:

. protection ahgnment have been provided (see fig 1lI-1). »2
1

=

) Ph a<k Imp nis—Add closed- The facility as descnbed will be able to pro- g

toop focus, add capabilny for hard- vide HOL »uth the ab.lty to use the following e

surface paitern ganerator {on chrome}, technologies bipolar, MOS, silicon on sapphire E]

Laser mash snspection and repair 100l {SOS), and wntegrated wjection logic (L) Other £

automatic emulsion dex eloping svstem technoiogies will also be possible, although thev are 2

! notincluded in this plan =

¥ (g) lon implanter ;;
1l1-2.6 Operational Considerati E7

(W Automatic Dre Bonderns—Add two auto- e

. matic dre boaders; add two automatc The raw matenals constmed by ths facihity %
1ead bonders toptical fix) are the silicon wafers from which everything is b

~ fabncated and the matonal used dunag producticn. f#:
) . W) Automatic  Scnbmg—Add  automatc Gases probably have the highest use rate. Liquid é';
) g wafer-cutung svstem sutrogen and oxygen are constantly in use; specialty ;:
. doping gases are also needed for diffusion and j?%
,' ) Metal Evaporation Swtem—Add  high- oxde growth The facility would akso require lim- k3
i capacity, metal evaporator (planetary ted amourts of semiconductor grade acids ard £
? wype) solvents, since relatwely smail quantities are re- E
. quired in each processing step 29
B &) (PCVD—Llow-pressure  chemucal  va- %
"3 por deposiions added to diffusion The mash-maling area sequires masking &
5 tubes Ylanks which come n a variety of sizes and surfaces %
z 3
.. é
& 3
7 2 &
] E4)
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{emuksion, iron oxide, chrome oxide) and the The only items which would be stoched in the

chemucals for processing facility would be parts for repaining the processing

equipment These would include furnace-heating

The chotolrrhographic area req vanious  elements, diffusion tubes, quartz tubes for epitaxial

photores.sts, thesr developing chemicals, and stip-  reactors, and electronic component boards for the
ping soh ents. control devices

ne e 97 e e
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Chapter IV.—Prototype Validation Facility for Fuze Power Sources

by fredenckh G Turnll

1V-1. Background

Electronic fuzes sequire a source of power
and, n almost all cases, it 1s provided either by an
electrochemical er a wind-dmven, zlectromagnetic
power supply  Shelf hfe hmnauons and safetv re-
quirements generally sule out the use of actne
battenies, hence, rockets, montars, bombs, artlflen,
and mines generally employ resene-tvpe (iquid or
thermali battenies, turpoaltesnators, or fluidic gener-
ators The assoc.ated technology base s highly
specialized and radwallv different from that of the
commercial batten or generator Most of the re-
search and de elopment that extenas the state ot
the art in this techrology area s carmed out in
government nstallations To mantain contineity,
mimmize mumtion costs, and assure relability of
ordnance electronies, it 5 necessan 10 mantan
this expertise n the Armv’s Development and
Readiness Command

Although these PVF activities will support ge-
nerc power supphy, svstems, specific power sup-
phes associated with tour fuze svstems have been
selected tor discussion These fous tuzes wilf proba-
bly be produced soon, they arc the FMU98,
M587 /M7 24, XM? 34, and M7 32 un productiont
The corresponding power supplies are the PSEL5,
PS113, PS127, and PS602 These umits are thus
taken as the models tor the design and tormat ot
operatiuns deemed apphicable tu power supphies in
the ioresecable 3- to 10-vear me trame The
PS115 and the PSi27 dall into the categon of
aqueous resene battenies, the PS113 fus the cate-
gon of thermal battenes, and the PS602 1s a wind-
dmven turboalternator The taulin will alvo accom-
modate wind dmer fluidic generators such as
those cvpected to find sensce in the second-
generation class of 2 750 rachet fuzes This de-
sin approach permits the pow er supph technology
area to fulfll immeduate program goals, yet be
sutfiienth flouble to adapt readih 10 advanang
technology

The #VF wili make it feassble for power sup-
phes to be fabnicated that use techmques and proc-
esses that are very close to--or can readily be
adapted to—those used by commercial manufac-
turers. Although a complete production capabiit,
will not be available within the PVF, the tochng and
processes 10 be used will demonstrate and prove
the techmigues required fur large-quantity commer-
wal manufactunng In addition, matenals will be
ervaluated as to their suitability for satsfying perfor-
mance cntena and their adaptability in fabncaung
the required power supply A power supply design
will often contar parts that are umque :a design,
inherently expenuve, and occaswonally no longer
avadable in the commercial market The HDL PVF
would provide: a capability for ready evaluation of
substdute matenals and items with respect to func-
tonal design, performance, and cost

The PVF would include final acceptance test-
ing to evaluate the quality ot the completed power
supplies Normally, the aqueous and thermal power
>upphs lests are aestrucine, whereas the air-driven
power supply tests are nondestructive Test equip-
ment would be automated as much as possible, but
most final power supplv data acquisiion would be
himited to acceptireject cntena, as would be re-
quired mm commercial production

The PVF for the HOL Power Supply Branch
would be intwo areas the existing Branch area and
the proposed PVF annex The Branch facliies
would include the laboraton, a test area, and a drv
room The laboratory area would be used when
personnel w ere working with auds telectrolytess, as
when flling and closing copper ampules for the
power supplies The test 2rea would house test
equipment, the high-speed spnner, bench-
mounted air guns and <spinner, as weil 25 wind-
tunnel, data-acquriton, and  data-processing
equipment To accommodate power supply envi-
ronmentaltests, coa~ al cables would be connected
to the test area to rezord data The space for the
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taboratory and the test area 1s 864 ft* The dry room
would include an additional area of 1690 ft’, with
the relatve humudity mamtan.ed at fess than 3
percent The dry rooa 1s nevessary for thermal
power supply work since the electrochemical com-
ponents are moisture sensitive. This area also re-
quites a machine capability that will include a lathe
a mill, and vanious hydraulic and mechanicat hick
presses  The aqueous power supphy svstems can
tolerate refative humidity up 10 40 percent There-
fore, such equipment could be located in the PVF
area wherte this relative humidty could easily be
maintained The rotational and fluidic generator
actnaty would also be located in the annex

Yo demonstrate that the PVF can produce
power supplies with high rehability and high qual-
1y, a substantal number o units must be fabnicated
A gurdeline for this number would be fabncation of
500 to 5000 units at a maximum rate of 1000 per
month A quartity of less than 300 s not enough to
demonstrate potentiat assemblv processes  The
number 1000 tepresents completed power sup-
phes, whereas indnidual piece parts could be as-
sembled at a higher rate, consistent with commer-
cial practices

The powet suppiv svstemis presentaton for the
PVF will first cover the aqueous svstem and wall
then be followed by « discussion of the thermal and
air-driven svstems The PS115 svstem (aqueous) 1s
n productior It has progressed through conceptual
design and mital in-house development, about
1,000,000 units have been manufactured by com-
mercial sources In the following preseatation, par-
ucular  portios have been extracted from the
conceptual studv to lusirate the PVF approach
The llustrated concepts are also applicable to the
PS127 power supply and other aqueous systems
The main difference between the PS115 and PS127
s the method i which the copper electrolyte
ampule 1s hermetically sealed

Tc support this PVF effort, general machine-
shop and special-process equipment 1s needed s
assumed that such equipment would ako support
other facility actmities Examples of equipment ana
<ervices requived to meet the power supply effort
follow
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o Press, ether a “C” frame or straight side
with a capacity of 30 tons and a stroke rate of
150 per minute, of bed size 24 by 16 10 and
able to accommodate a 600-b progressive
die Automatic feeds and stock reels would be
required

o Injection molding, sems-automatic, capac-
ity of a four-cavity mold, each cawity requiring
20z

o Sintening furnace

o Die casting, 3-0z capaaty for erither alumi-
num of ZINC

e Plaung and 100l/dre faclits

o Stamping,
machines.

stabing,  and  soil-forming

e Lathes, mills, etc of a vaneiy to demon-
strate production Guantities

Proposed acditional equipment required for
each power supply svsiem is included separately in
its section, except for the test and evaluation equip-
ment Thic te<t equipur 1A basse re for
any power supply system built in the PVF Equip-
ment cited for each power supply system would be
supplemented additionally by existing Power Sup-
plv 8ranch equipment, detailed as foilows

Fquipment on Hand

Dry room, 1690 ft"
Pvrotechnic room, 338 ft!
Acoustic room

Pellet press

Spot weider

TIG welder

Ultrasonsc welder

Solder, nduction

Kick press (2), 5-ton
Hydraulic press, 5-ton
Hydraulic press, hand (7}
Shear/punch, hand
Ovens (+160F) (7)
Hvdrogen annealing furnace
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Annealing furnace (2)
Vacuumoven (3}
Abrasne cleaner
Ballmilt {3y
Test and evaluation equipment
Electronics
Spwner
Envirenmental
support mackine in drv room
Lathe
Mill
Ondl press

V-2, Aqueous Power Supglies
wv-2.1 Psiis

The PS115 power supplv (fig 1V-D 15 a
tead fead dionde reserve enesgizer using a copper
ampule as an electrolvte reservoir The power sup-
ph < intiation and functions are descnbed below

The power supply as assembled < an wmen,
sealed uns encased in 3 plastic housing with pro-
truding wire leads for connection to the fuze The
chemical reactants are kept <eparate by enclosing
the electrolvie in a sealed copper ampule

Upon encountenng the <etback and spin
10rces generated on a projectile dunng finng, a
werght eaclosed in the ampule collapses the cutter
blade<, preraing the diaphragm  This allows the
electrotvie o flow into the cell stack via the fill hole
The methvlene bromude, a heavy, sonconducine
hqud, ~equentally flows trom the cantndge behing
the electrolvte and mashs the cut edges of the ull
hole, preventing miercell <hort aircuts In this ac-
tne <ate, an electrochemical reaction occurs
within the cellk between the alternaung lead and
lead dwnde surfaces, which are insulated from
cach other by fishpaper separators The 19-cell
<enes stack develops an open circunt te minal volt-
age of approvimately 30 Vdc

A production manufactunng process s illus-
trated i figure V-2 The feasshlity of the
production and process concepts outhined on the
drawing are the result of an engineenng study

ANAAE CAY [}

POLYPROPYLENE FEER Avpne
MAER CUP ASSEMBLY
AEOHT (METHYLENE BROVDE
ARG ELECTROLYTE
CUTTER BLADE(3)
1
€5 PLATE NOT SGAN)

SEPARATOR (20
PLATE (194
CXEL WPE LEAD (84) ,
STACK
AssgwaLy

i

[
SEQUENCER j
|

BOTTCV PLATE
NCXEL ARE LEAD (B~)
NSULATOR

HOUSNG
(VOLOED ARGIAD AWARE
] AND STACK ASSEVELES)

Figure IV-1. AQueous power sups,.. 1ssembiy.

These concepts are a valid starting pont tor specific
equipment, tooling design, and tabnication me-
thods The drawings also depict the ulum:te
production-hine. handling methods which in some
arcas will be simplified for the PVF These difier-
ences will be explained station by station in the tent
and in appendin IV-A

Dunng the <etup of anv production line, prob-
lems usually anse with tooling and methods and
perast until the  bugs ” are worked out Although
the manufactunng methods are umique, HODL has
had some smilar expenence and can anticipate
spec.fic problems regarding the PS115 kne These
areas are ampu'e seahing, cutter and blade assem-
blv, electrode and ampule assembly bonding. and
njection molding of the final bly
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The matn problem associated with the sealing
of the ampule can 15 contaiming the electrolyte in
the ampule duning welding, which is very difficult
stnce the ampule must be filled with the acid almost
to its hp Maximum acid s used because the physi-
cal volume of the ampule has to be kept to a
minimum and also because excess air is undesirable
where fluobon: acid and copper are present
Theretore, any movement of the ampule may spill
aad onto the weld area and spoil the seal Also, if
the welding process (generating heat) 1s not quick
and efficient, the iquid may expand onto the weld
area or vapors may be generated that will cause
blow-holes

The assembly of the blades to the cutter plate
s & problem because the small size and ntnicate
shape of the blades cause them to tangle and bunch
up when handled i bulk Also, the alignment ot
blade to cutter 15 exceptionalls crtical Another
factor that has not been resolved 15 whether to set
the 90-deg bend 1n the cutter plate before or aiter
assemblyv with the blade, or 10 assemble at 45 deg

Problems encountered in electrode and am-
pule assemb!y bondmg will greatly depend on the
aevelooment and selection of the 1abrcation me-
thods The complete electrode assembly sequence
and ampule assemblv must be subjected to a hent
cycle in order to achtev e adhevion of the polvethyl-
ene coated (bonding agents fishpaper separators
and spacers Induction heaters are planned to be
the heat source—a method that bas not been at-
tempted previoushy on this vpe of power supph

The final molding of the plastic housing
around the elect.ode and ampule assemblv will ako
preseat many problems Mold design wili be entical
<ince the electrode and ampule assembly must be
held in place fismlv but without anv deformation
Molding contro! parameters such as heat, pressure,
cvcle ime, cure ime, etc. wil! have to be controlled
precrsely to prevent overheaung the ~mpule and
causing plate misalignment

In all the above areas, a pnme advantage ot
the PVF i< the avadability of equipment for one to
investigate and resolve problems before entenng

0o any large-scale production This will ensure the
smooth transtion from in-house development to
production at a contractor s plant with the Govern-
ment personnel having more than adequate hnow. |-
eage tontethigently guide the contractor

The following described process will include
nspection stations at appropnate points These sta-
tions will ensure that the saw matenals, individual
prece parts, or assemblies comply with the drawing
specifications.

Although the PVF 15 not a manufactunng plant,
1ts purpose 1s to prove o7 establish techmques for
component manefacture It is thus apparent that
many procedures of the PVF will be entirely suit-
able for amanufacturer’s facility

Ampule Assembly.—Figure V-3 shows the
relatve position of the 10 parts of the ampule
assembly The flow process is outhined on figure IV-
2 A straight-ine intermittent system, shown in
figure IV-4, was selected for ampule assembly. This
scheme has the advantage of imparting flexibiltv to
work station placement and ready addition of future
stations. Additonally, work stations may be posi-
toned to afford greater maintenance accessibility.
Alo evaluateu was an pule a bly on an
automatic assembly machine using an erght-station
intermittent dial as its nucleus The disadvantages of
an intermittent dial were that it would be too
crowded for efficient maintenznce and would not

CUTTER PLATE

DUAPHRAGY ELECTROLYTE / CUTTER BLADE (3)

AMPRE CAN

POLYPROPYLENE FESR OUTER CAN
VATH VETHYLERE BROVE

AMVER CAN

Figure IV-3. Ampuie 2ssembly.
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NECT METHYLENE

PLACE CUTTER
I ASSENSLY BROVOE

;—IEI -
e

VIERATOR BOKL.

FEEDS INVVERTED
BOECT AMPLE CAN
ELECTROLYTE .

/
£ PCK AND PLACE LTE WELD
CUPHRACY

CARTRIOGE ASSEMILY DAL

;
VERATORY BOWL, j

~INVERTING TRACK
| ESECTION

1
PLACE WEGHT

VBRATORY BOWL.
FTEDS MEKATS

! YVEARATORY EOWL.
FEEDS CUTER cmmncs_l \ FEEDS ANER CAR.RIOGE

BLANK POLYPROPYLENE FBER

(SEE DETAZ SKETCH)

Figure 1V-4. Mechanized ampule assembly.

be easilv adaptable to the addition of future work
stations Because of these disadvantages, the
curcular diat-plate method was dropped

The welding station will be the pacing opera-
tion on the proposed production ampule assembly
system A 6-s cycle i< estmated Detatls for ampule
and cartndge assembly are described i appendn
A

Cutter Assembh —The fabnication of the cut-
ter assembh Components, its cutter plate, and three
cutter blades, would present no problem The con-
figuration of both parts 1s easly achieved from
standard die design practice

The assembh methods pertinent to the above
parts are, however, extremely imited A die-set
assembhy scheme 15 not consdered to be feauble
because of the proumity ot the parts, thair night-
anglc assembly, and the hinges and tabs inherentin
the cutter plate design

36

The nucleus of the cutter assembly machine ss
a punch press equipped with a pneumatic intermat-
tent motion tfour-station, dial-tvpe), shown in fig-
ures< IV-5 through V-7 This tvpe of equipment s
avzrlable as a standard item, although modifications
mav be required Tir rodifications anuopated
mav necesatate additional press dearance and ro-
locaton of tooling mounting surfaces

The cutter blades are 1o be formed and
blanked on a 1-on dwe, using the 30-ton Minster
press at a rate ot 300 blades per minute Blades wal
then be cleaned and heat treated The cutter plate
will be comentonally die cu, although not
blanked, on the assemblv dial press A departure
trom convention will be that the hinges (which
eventually support the cutter blades; wall be formed
n the die to 90 deg and then roned to thesr ongmnal
flai postion This operation will allow flat place-
ment of the blades, yet imparta  bend memony  to
the cutter plate hinges for reformmg atter installa-
tion ot the cutter blades

r o Ean
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CLiTER PLATLS : (2}
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wE CIF LI
oF CoMpLEHD CAPTINT RALL UFRIZRD AS

AsutwmLy CAM FOLLOWER

[OONVENTIONAL FOLLOWER
MAY AOT B¢ USED BECAUSE
OF WORANOLOER'S ROTA TICN)

Figure IV-5. Cutterassembly. "~ ~

Figure IV-6. Cutter assembly—workholder.

METHOD OF PROVIDING THREE -STOP
INTERMITTENT MOTION T0

WORKHOLDERS DURING DWELL OF -
FOUR-STOP DIAL. e

STEPPING MOTOR

y; . 6 STATION GEREVA
’ ’/‘
, é& “ WORKHOLDER NEST.
[ 7 .‘(%
THE PURPOSE OF THE SIX-STATION 1 ‘/I '**5
GENEVA SHOWN IS TO PROVIDE AN \
ACCURATE THREE-STATION MOTION & — SILENT CHAN
FOR THE FOUR WORKHOLDERS AND A\ ~ /  SERPENTINE DRIVE
. LOCKING METHOD FOR MAINTAINING !
WORKHOLDER ORIENTATION DURING DIAL
INDEXING. THIS GENEVA DOE3 NOT ~/
PROVIDE DIAL INDEX:NU. .
. DIAL INDEXING IS PROVIDED BY A \ )
FOUR STATION PNEUMATIC MOTION. \ = AVE TAKE.LP

DIAL OUTLINE
Figure IV-7. Cutter assembly workholder mechanics.
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Another suggested procedure will die form the
cutter plate hinges to 45 deg beiore assembly and
bend them to the vertical after cutter blade installa-
non Details tor this proposed method are in cppen-
dix iV-A at the end of this chapter

Stack Assembly —The PS113 stach assembly
consists of an ampule assemblv, a seal nng, a
sequencer, 20 separators, 19 plates, an insulator,
and 2 wire leads, shown n figure IV-1

The process flow 1s outhined on figure V-2

The seal nng, separators, plates, and insulator
are blanked from coil stock on progressne dies, two
parts per press stroke, through the die set and wnto a
holding magazwne, shown m figure *V-8, at a
production rate of 200 pants per tunute (press
speed 100 strokes per minute), using a $-tcn h-
draulic press

The process of bullding the electrode and
ampule assembly will occur within a closed-hne
system, figure 1V-9, at a rate of 18 umits per minute
for the PVF The PVF will deviate from the planned
production-line comveyor system and instead use 2
tote tray to transport the workholder «fig IV-10)
from station to station The workholder contains a
die spring 10 the center which, when compressed
0 25 1n to the stops, creates a 250-Ib force on the
stached unit. The guides used ir stacking are made
out of a nonconductive matenal, <uch as glass-filled
nylon, which will withstand 300 £ heat The clamo-
ing dogs are steel and nde on a shding track The
four holes on ihe outer corners are used for align-
ment on the compression and heating indexing unit
Points of contact with fishpaper will be Teflon
coated to grevent stV.ng of tne polyethylene. The
details for the assembly are descubed 1n appendix
WA

Comprossion and Heat Seal —The production
facihity will have three sets of induction: heaters, the
PVE will use one set tfig 1Vv-11) Appendiy IV-A
descnbes the <erics of operations which occurs at
this station

S

Figure 1V-8. Magazine for separators and plates.

Wire Welding —At stations 12 and 13, figure
IV-11, sermautomatic systems will be used for per-
cusson butt welding The welder's two wire leads
will be designed with a weld monitoning system
Units will be manually loaded at stanon 11 The
wire will be automatically fed, straghtened, cut,
and welded at stations 12 and 13 The wire will be
pretinned nickel or, f the pretinned wire causes
problems in the welding area, nickel wire will be
used, requinng a wave tinmirg operation
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Figure 1V-10. Stacking workholder.
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Figure IV-9, Electrode and ampule assembly line.

NOTE

(1) STACKING GUIDES ARE UP DURING ENTIRE OPERATION

(2) WATER CODL RAM OPTIONAL IF NECESSARY TO HAVE
PROPER COOLING OF AMPULE UURING HEATING

(3 ) INDUCTION CORLS WiLL INDEX DOWN, ENCLOSING THE )

i LOWEST PART OF THE UNIT AS IKDICATED INNO 3 3

N

VX

[ 293

- (1) COMPLETED (2) RAMLOADS  (3) COLS NDEX (%) CORLS (5 ) LOCKIG (6 ) RAM RELEASE
STACK AND HEAT RETHACY DOGS AND COOL
RECEIVED CLAVP
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-
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Figure 1V-11. Compression and heat seal.
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Final Assemblv tInjection Molding) — From
wire welding, the electrode and ampule assembly
will proceed to final assembly Insert molding s the
proposed method for final assembly of the €'ec-
trode and ampule assembly into ti.e umtized power
supply configuration The ampule assemb's will be
centered m a mold cavity and protec.ed by a
premolded locator and ampule protector, which
will also provide lateral support for the cell stach A
premolded bodom support plate will locate the
stack and provide a means of applving pressure to
the cell stack dunng insert molding to ensure that
the seal between the plates and insulators remains
intact (g 1V-12) These two parts will be assem-
bled with the electrode and ampule assembly and
loaded as a unit into the bottom half o1 a mold,
posiioned on an index table A compiete mold for
this operation consssts of two bottem cavities and
one top cavity \With the bottom cavity mounted on
an index table it s posable for an operator to
remove the molded power supphes and load the
nserts while the second cavity of the mold 15 in the
molding crvcle

Injectton molding ot the power supply will
provide a completely sealed assemblv The wires
will be postioned more preciselv than could be
evpected  the houwng were first molded and then
the assembh was held together with epony

One vertical clamping molding me<hne with
a tour-ca.atv mok] wone top half and two bottom
halvestwi ' he required

Final Inspection —Finshed units will be m-
spected visualhy tor obvicus de ects, e g, wire tn-
mng, voids, flash, leakage, or sther physical dam-
age Dimensions will Le checked for conformance
to drawing requirements

sondestructive electaical tests for cold voltage
1350 mv maumum, nsulation resistance (200
Mohm min mum when meassred at 200 Vdo), and
possible cap atance will be performed on a single
slide-loaded nondestructine tester with a iaultindic -
ator tor eachtest
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Figure 1V-12. Final assembly by insert molding.

Operational Spin Tests — Sample units will be
selected from: each fot, the quantity will depend on
lot size Tests will be conducted at spin speeds of 45
10 360 1ps on units ccaditioned at -0 1o - 130 F

The electnical charactenstics, voltage, and
nosse of the tested power supphes will be moni-
tored on a test console tor comphance with the
opuonal requirements. The console will record all
data and visually indicate the failure mode if an out-
of-specification condition occurs.
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Engineering evaluation tests will also be con-
ducted to establish the ability of the power supplies
to meet operational requirements after being sub-
jected to any combination of the following environ-
mental conditions: (1) transportation vibration,
(2) thermal shock, (3) storage, (4) drop tests, and
(5) jolt/jumble.

Following spin testing, rapid case removal is
an important prerequisite to valid postmortem in-
spection of reserve power supplies. However, the
PS115 power supply design does not lend itself to
the simple rapid decasement practices incorpo-
rated on conventional reserve power supplies.

The method suggested to facilitate rapid and
economical case removal requires special appa-
ratus depicted by figure IV-13. The operation of this
concept foliows.

BELLOWS 3.1/4 BORE
3.1/2 STROKE CYUNDER }
{INDUSTRIAL TYPE) ) '

e

MICROSWITCH
/ SAFETY INTERLOCK

)

VEW A -
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TUBE GUARD 1

BROACH CUTTER (3,

H
ang
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v-2.2 PS127 Ampule Sealing

Ampule sealing for the PS127 power supply
uses the technique of tungsten inent gas (TIG)
welding. While thousands of copper ampules have
been successfully TIG welded singly, the process
has not been automated. Automation, which would
not be difficult, is described as follows.

The copper lid and ampule case would be
positioned by syntron vibratory bowl feeders onto a
rotary table and held in position by vacuum. The
cutter assembly would be inserted into the ampule
case, electrolyte would automatically be dispensed
into the ampule, the lid would be placed on top of
the ampule case, and a die with a mating projection
to the die on the welding electrode would be
positioned to the ampule. The ampule assembly will
rotate in approximately 7 s to complete the weld.

. The completed ampule would then be ejected from

CUTTER DEPTH ADJUSTMENT (3)

Figure 1V-13, Postmortem hroach detail.

The tube guard is raised, telescope fashion,
and a power supply is placed in position. With the
tube guard lowered, the air cylinder is activated by
a momentary contact switch. The ram pushes the
power supply past the broach cutters and the unit is
ejected, its case broached to the stack in three
places by the keyway cutters. It is now ready for
further manual decasing with pliers.
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the table. The completed ampule assembly would
then be heated in a 160-F chamber and observed
visually for leakage to determine weld integrity.

1v-2.3 Electrode Material

To supply the variety and quantity of elec-
trodes required for the agueous power supplies, a
continuous strip plater would be located within the
PVF. The PS115 power supply is constructed with a
duplex electrode: positive material (lead dioxide)
on one side of a thin steel plate and negative
material (lead) on the other side. The P$127 power
supply is of parallel construction: the electrodes are
of two varieties. The positive electrode has lead
dioxide on both sides of its steel plate; the negative
electrode has lead on both sides of its steel plate.
The plater required to produce such material would
require electrical, water, and environmental serv-
ices. The physical size of the plater would be 45 ft
long by 18 ft wide, an area of 570 ft’. Ceiling height
would be 16 ft unless such a height was not avail-
able; a lower height of 8 ft would result in increasing
the length to 75 ft for a total area of 1350 ft’. The
plater would consist of tanks arranged in series,
with rollers and guides arranged on top of the tanks.
Possible tank overflow would require that the floor
be chemically resistant. Arranged along the tanks
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would be water pipes and alectrical condunts The
electncal supply would consist of seven rectifiers,
the maximum requinng 300 A a1 20 V Deion zed
water equipment and holding and mmang tanks
wouid be lozated alongside the plater Spent solu-
uons would require treatment before disposal to
meet emuronmental requicements  The electrode
matenal requared for manufacture ot the antizipated
power supply quantities would range between 100
to 1000 tt" tor € xch vanetv The time required to
produce s quartity would be a maximum of
seven days tor 1000 §° quantty  After plating the
€2 ¢t~ tatenal wu ' b vt ato widths suitable
tor the dies used to punch the electrode
corf guration

tV-3. Thermal Power Supplies
V-3.1 Background at HDL

Thermal power supplcs have been used m
miliany haraware tor about 25 vears A signibcant
1echnological adv ance occurred when the electro-
hie and heat elements were formed as pellets
resuling in an overall amplification of the manufac-
tuning process [n the more revent thermal power
supphes, electrolvie pellets and heat pellets are
used m the cell stack in place of the coated metal
stp and heat pads used in the PS113 power sup-
piv The cell stack s thus an ordered arrangement of
disk-type parts the bimetal anoae, the electrolyte-
depolanzer peliet, and the heat peflet

Al this tme, HDL mtends to concentrate on
the use of the homarencous depolanzer-electrolvie
tinder (DER) pellet and the swo-compoaert heat
pellet To date, only one ali-pellet thermal power
supph has been developed at HDL, this s the
PS313 (PN 1176488), which operate ter 60~ inthe
range trom 24 10 30 V under a 24-ohm resstive
load Siace 15 an exsting untt with a Techmcal
Data Package (TOM, st will be discussed here as a
workieg model tor a pratotype manufactunng line

In connection with thermal power supply
manufacture, a number of things must be
considered

Fiest, some of < te active matersals used in the
power supply are highly mossture absorbent, and
some of these are irrer ersibly degraded by moisture
pichup 1f mossture were 1o be absorbed by these
materals before final completion ot the power
supply, the power supply would be useless. Thes,
then, defines the need for dryness of ofl matenals
s~ Wt - taeemal power suppr “nd the need
for a dry-ccom workeag area for thomeal power
supply assembly In thermal posser supey manu-
facture, therefore, a stnct procedure most b {oi-
fowed 10 achieve maumum dryness of ail matenals
used within a power supplv before it s hermetically
<ealed in ametal can

Second, a number of special materials are
used n a thermal power supply which present
potential heaith hazards and whose preparations
require complex equipment and skilled personnel.
These matenal- are pant of the active chemical
svstems that make the power supply work. The
anode matenal s < thin film of vapor-deposited
calcum on a thin metal substrate. The electrolyte or
DEB matenal in this case 15 a four-component mix
fo-med by a senes of mechanical and fusicn opera-
tions of the two types of heat matena's used. The
chief heat material is a blended pelietized two-
component powder. The other matenal is a pyro-
technic powder intermixed with inorganic fibers to
form a paper-like matenal. This ‘vaper” 1s cut into
narrow stnps for use as fuze trains

The remaming matenals—such as the thermal
and electncal insulations, the contairer, consisting
of a drawn steel can and Ld or header, with insu-
lated teraunals, an igmiion device, a primer of
match; and leads to connect the stack 16 the termi-
nals—are usually purchased i bulk or ot
quantities
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The flow chart of figure IV-14 shows the flow
of materials and piece parts for the fabrication of
the PS413.

IV-3.2 Preparation of Chemically Active
Materials

The preparation of various chemically active
materials will now be described.

Anode Stock.—The anode stock is the
calcium-coated steel or nickel bimetal strip stack
from which the anode piece parts are punched. The
calcium is vapor deposited upon the steel or nickel
strip material, which is wound on a drum. During
coating, the drum is in a vacuum chamber with an
induction-heated crucible, containing calcium
metal, running along the bottom of the chamber
paralleling the drum. As the drum is rotated, the
calcium evaporates from the crucibles and con-
denses on the steel strip. The thickness of the
calcium coating on the steel is determined by the
total exposure time and the rate at which the
calcium evaporates. The. length of the winding
depends on the width of the strip stock heing used.
This is a batch process, requiring specialized equip-
ment, skilled personnel, and dry-room work space.
The complcie process is outlined by the block
diag.am in figure IV-15, As visualized at this time,
the bimetal facility would be installed in the dry
room of the Power Supply Branch,

Depolarizer-Electrolyte Binder (DEB
Powder).-~This binder is the most complex of the
chemically active materials in the thermal battery.
Preparing the DEB powder includes weighing out
the materials; fusing the materials; granulation, siev-
ing, or classification of the fused materials; and
pressing the final powder into pellets. Since the
material is very dusty, controlling this dust requires
good housekeeping techniques. The block diagram,
figure IV-16, shows the manufacture of the DEB
pellet.

Iron Powder-Potassium  Perchlorate  Heat
Powcdler —This material is a blend of special iron
powder, such as Pfizer NX1000 and Exide "Edi-
son” iron with finely ground potassium perchlorate.
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RAW MATERIAL RAW MATERIAL RON LEAD
{1) MICROGLASS FIBERS {1) POTASSIUM PEACHLORATE STR®
(2) FRERFRAX {2) RON POWDER
(3) ASBESTOS
(4) HEAT POWER SLURRY
I i : 5
ELECTRODE |
HEAT POWDER with
stoex LEAD
HEAT PAPER ' t
STOCK
' PELLET PIECE
PARTS
FUSE STR®P f
STOCK
VACUUM
i DAY
VACUUM

ORY

RAW MATERIAL RAW MATERIAL ASBESTOS STRAP
{1) ALUMINUN {1) LITHIUM CHLORDE STOCX
{2) CALCIUM {2) POTASSIUM CHLORIDE
{3) IRON STRWP {3) SLICA
} {4) CALCIUM CHROMATE PUNCH PARTS
PROCESS '
(1) PREFUSE PROCESS m
(2} DEGREASE {1) FUSE
(3) VACUUM (2) ORY
DEPOSIT (3) CALCINE VACUUR DRY
{4) ANNEAL {4) BLEND
i Y !
BIMETAL ELECTROLYTE
ST0CK POWDER
PUNCH PRESS DEB
ELECTANDE PELLETS
0 | vacumonr ]
E
BATTERY STACK
/
CAN ASSEMBLY ASSEMBLE LID ASSEMBLY
(1) INSULATION (1) INSULATION
{2) VACUUM DRY {2) ELECTRIC MATCH
{3) VACUUM ORY

Figure IV-14, Thermal battery assembly.



4

T e

L R R T P ST Ty R (T )

-

— -

= ———— 1 o -

Aty s

r o A

> »one Toraais T o™ e
EnterToR
LFAVLER

et
T
Figure IV-15. Anode stock.
P i TR ator
ST e e AOVARAY
. [ald o
T S AN atee” va.ix Oewear
~ [E13 hAEL) - ane s
ol . e
TSt e st avoe PRI RRT
. PN 3 PLTORIVTS
Lo - LTINS
PYET I [ETRY ot ate
e ORI A K T Mdas . TTUMRESAL
VESn SIREENS 2 BT oS
2255 es, WIOUNCA, - o T
IeAAL 43
LETREHIN
new ey T T mpearan POSYEN
« Seemn e HEQ RMETHN o s
om g - L RE 3 - IINTARERS
" oewza
A rss

Figure IV-16. Depolarizer electrolyte binder.

Its manufacture imvoh < blending of mivng In the
PS313, this beat powder consits of 86-percent irun
powdes and 14 percent potasuum petc hlorate
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The werghed amounts of atomized perchlo-
rate and iron pow der are blended, and a smear test
15 used as the visual test for unformity of mix The
blended matenal s stored until ready for use Sen-
eraltests, however, are made to chech the matenal,
pellets are made to measure Knticn sensiinity and
burning rat, and a caorvTetne test of a gnen
woight of e ma is also made to venfy its heat
content

Heat Piper to Fuse Tram —Heat paper s
uvsed as e tuse 112 . tee a0l S system 10
emyre that all the heat pelletc of the cell stack
wwmte  The matena: conusts of a3 minture of fine
2rcomum metal and banum chromate powder,
ntmately mived with glass nucrofibers, fiberfrax,
and asbe<tos fibers 1t can be made as required and,
1t the amount wsed 1s relatnely small, it may be
made on a laboraton sheet mold Burming rate and
RrAkon sensitnats tests are <ufticient to veny i
usefulness

Ignuter or Elecinc Match —The PS313 uses an
eleciric march 10 igarte the power supply. The
match s 3 welded bndge match with a bndge
resistance of 1.3 + 0.1 ohms This stem K< used
serveral power supplies and can be bought in refa-
tveh large quantities There s, however, another
cheaper version, it has bern used as a <oldered
bridge and can be used for expenimental as well as
routine 1e<t power supphes The bare match can be
purchased, and <hont nibbon icacs ot steed or nichel
can be spot-welded to the match tabs for subxe.
quent connection 1o the power supply terminzls

The Can and tsd —The PS413 canis a drawn
steed can and 15 purchased commercially it mea-
sures 2 160 1D and 1625 o high, with a wall
thichness of 0035 i and a bottom thickness of
0075 i Cans are ordered in quanity, and for
small production runs the entire order 15 placed
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immediately when work is stated on the power
supply The PS413 hid has been purchased in two
steps A metal faonicator supphes the hid blanks—a
disk of 2.16 10 dameter with four 0 161-in dia he-
ter boles and an indent near the edge for subse-
quent heharc welding The lid or cover blank is sent
to another specialist finin for installation of the glass
termunal seals and the insulated wire leads Some
terminal seal fabricators will also fabncate the metal
piece The purchaser of both the can and the Iid il
bearthonid'ng 02t (67 Pulchase

Thermal and Electrical insulation —Usually,
the thermal insulation 1n the thermal power supph
carn also act as the electncal insulation  The maten-
als used are cloths or papers made of mnorganic
tibers and phlogopite mica The asbestos papers
come in vanous thicknesses quantities and are
cashy made by punctung them into cutter disks o:
other <hapes A problem for people who make
asbestos parts s the danger of therr breathing asbes-
tos dust The hght fibers and dust may become
auborne and become arr pollutants Some thermal
power supph manutacturers are now ordenng
these punched parts from specialty supphiers who
presumably have adequatehy protected therr pet-
«onnel trom the dust

The achestcs papers contain organic binders
<0 then mav be handled withoat teanng Organic
matenats will break down in an actnated thermal
povwer <upph  generating gas, developing high
pressures and causing undesred chemical reac-
tions Theretore the prece pants ot asbe<tas tand
nbetfraxt are oven baked at 1000 F 1or 30 minutes
to amnve oft such binders  Fibertrax paper, more
fluity .7 10 asbestos, 15 used as stack-wrapping ma-
tenal Mnca s used to pratect leads trom vens hot or
burming suttaces and  <nce it s an impenious
matenal, t will alwo protect leads trom the possible
flow ot iquetied electrolvie 1t also provides a vapor
bamer arcund terminal <eals to prevent vapor
tormed n the power supph from reaching cooler
id surtaces, condenung, bndging the glass seal
nsulation and <horting the icads to the can Muia,
wmch s evpensne, s generally bought from suppli-
c1« who fabncare the piece paris Adhessve and
nonadheave worven glass tape s used 1o maintain

e e W - - - - .

the stack structure integmy by a tight wrapping of
the sulations aganst the stack The assembled
stack, with the cells in the center and each end built
up with extra heat pellets and end insuiators, 1s held
under pressure in a press while the wraparound and
lead insulators are apphed Narrow glass tape 1
wrapped tightly over the inwlators and adhesne is
used 1o prevent unravening

End Collector Plates and Leads —The eag
collector pl-t~s a 2 d sxs ¢l D997+ 10 1270 Aem
steel with a nbbon wron lead welded to ther The
bimetal plates are punched from 0 005-i5 stap
stack usinz the ram dies There are two such plates
to each batiery, one at each end of the stack These
plates brng, the electncal energy out of the stack

The aternal power supply leads are made
from the same matenal 1t 1s purchased as narrow
stnp stock and cut to the dessred lengths

Parts Fabnicaton, Subassembhes, and Fina!
Assembh — Thermal power supplies have alwavs
been basicailv hand-assembled stems, and they
have been hand assembled because of thewr low
procurement level Large procurements would
make it economicsllv feasuble to mechamize the
batten assembly For instance, both the DEB and
heat pelicts can be made 0n an automatic press (14
per minute) Bui each tvpe of pellet s collected and
mndinidually werghed on an avtomauc Lavoratory
balance znd <orted according to the werght range
Each cell stach 1s built up of hand-transferred parts
on an assemblh pg. The correct number of prece
parts s controlled by laving out each type of parton
designated spots on a control card. The stock s
then assembled by taking the preces from the card
n consecutin e orde

Figure IV-14 shows the movement of matenal
and the operatons imolved  After the vanous piece
parts have been purchased, made, and assembled,
the power supplv manufacture involves the fabrica-
tion of a number of subassemblies—ideally simulta-
neoushy —which are then combined into the power
supply The subassemblies are the cell stack, with
assocated wraparound insulators and fuze tran,
the hd assembly; the insulated can assembly, and
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the match with leads fFrom hgure IV-14, one can
see that the vacyum drving and finng (bakung)
operations are frequent

The following piece parts would be made n
house with tooiing on hand Dies would have to be
fabricated for the pellet press and punch press.

Item Stack materul  No./power Tool
supply
Anodes Bumetal fpue- n Dves and
chased? punch press
DEB pefiets  DEB powder 1 Dves and
peflet  press
Heat pellets  FE heat powder 8 Mes and
peliet press
Fuze tran Zs beat paper 1 Sheet
skarry

The building ot between 500 to 5000 power
supplies requires scheduling the purchase of those
materals and items obtainable from outside supph-
ers, in-house preparations of matenals and subas-
semblies, suthiaient work space and storage space
for those matenals and items awaiing further oper-
auons, and wise use ot mallable personnel

1v-3.3 Support

Items of support tor the Power Supply PVE
include matenals, people, and equipment

Aaterale —Tvpcaily, stems such as the lids
and mica requite 1rom 6 to 7 weeks fead ume Lead
umes tor mamy ot these speaal matenals van
greathy with the general economy and with speciiic
condittons ot supply and demand However, the
entire quantity of DEB po vder and heat powder for
alot run man be prepared at the beginmung, cheched
out, peiletized, and stored 1n <ealed contaness unul
necded

The number of people required at any one
time can be kept low o »ateral avalabibity permute

the two powders, but it would be better to have at
feast two people knowledgable in the operations.
Pellet and punch-press operations can be handled
by one operator. Chemical and o’her tests on the
esectrotyte and heat powdets can be performed by
chemical laboratory personnel.

The accompanying equipment hsts show that
much of the equipment presently on hand 15 appli-
cable to the proposed actnity punch press, hv-
draulic press, peilet press, spot welder, etc Most of
the required new equipment relates to the powder
preparations an oven, blenders, granulators, etc.
Howerver, at least one large vacuum oven will be
needed to accommodate the greatly increased vol-
ume of materal to be vacuum dned at one tme

One area of concern that has been mentioned
previously invohes dust control Dusts are gener-
ated in both the powder preparation and at the
peliet press The calaum chromate contained in the
electrolvte dust 1s considered caranogenic and
must be contamned within a closed system at all
tumes The thermal power supph indusiry s now
working on thrs problem, but at the present time has
not developed an entirely satisfactory solution

Drv room —The equipment and matenals
needed for a drv room are | sted below.

Equipment

Stokes granulator, Model 43

Twan shell blender

Aicroatomizer, type SMA

Burning rate test equipment

Ignition sensitnvaty test equipment
Fusion over blue MCFD 20
Fused-quantz trays

Small muller, Stmpson
Vacuumoven, Stokes, Model 138D

optimum scheduling of the work The same opera-

tors who ascemble stacks (which takes 10 minutes) Bi-metal deposition
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can ako hine cans, assemble hids, etc  The heharc Degreaser
welding operations 10 <eal the po.ces supph wall Tooling dses for pellet
require a shilled operator One person can prepare press stackiag
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IV-4. Air-Driven Power Supplies
IV-4.1 Background and Introduction

The current an-driven power supphies being
developed for electromic fuzes are small assemblies
of mechanical and electromechamical compenents,
designed for eventual high-volume, low-cost
production The units are generally less than
1751 34 mm m any dimension, may be
produced n a volume of more than 50,000 per
month, and ¢ost from $1 00 to $3 00 each High-
volume production of these units mud use fabrica-
uon techniques such as stamping, casuing, sintening,
and molding 1n combimation with mechamized
assembly and testing n order 10 meet the high-
volume, fow-cost goals

Currently, two basic types of air-dmen power
supphes lend themseh es to high-product-on proto-
type validation One device 1s a urbine/alternator
(T/A) for the XM734 mulu-option mortar fuze,
_urgently i acdhvanced engineening development
seefig IV-17) The other device s a fluidic genera-
tor being developed tor use with a 2 750 socket
fuze tse2 fog IV-18) Thrs device s in the intermedi-
ale stages of development Each tvpe of device
contans an electromagnetk circut and a means for
modulzting the aircuit, which depends on m-fight
ram-air flow throuzh the unit

1 the case ol the T/A ram arr enters the
device through an ntale at the projectile nose and
s directed toward a turbine  The hinetic energy of
the air 1« comerted by the tutbine to mechanical-
rotational energy, the exhaust air 1« then evpelled
through slots unitormly <paced around the circum-
ference of the tuze ogne The rotational motion of
the turbine s transterred to a ovhindnical permanent
magoet rotor by a concentnc shaft The rotor turns
between the poles of a magnetic statos and induces
an electromo've force (emi) 1n the armature
windings

for the fludic generator (fig Iv-181, ram air
flows through the generator nozzle and passes into
3 cavity, causvng oscdlations i the cavity which
induce a2 mechanical vibration in a metal daphragm
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at the rear of the cavity The wvibrating diaphragm
changes the flux permeance of a magactic circun,
thus generating an ac signal i the col windings of
the circunt

151-75

Figure 1V-17. Turbine altemator for XM 734 multi-
option mortar fuze.

469-71

Figure 1V-18. Fluidic r for i ]
sensor.

Since the two types of devices are similar,
assemoly and testing of both types would use sim:-
lar procedures, thus, much of the same type of
assembly and test equipment would be used for
vahdaung high production assembly procedures for
both devices
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1V-4.2 Equipment Description

Required equipment to assemble the air-
dmen power supplies would be composed of one
synchronous assemblv machine and three non-
synchronous assemblv stations This equipment
would allow for sahdating individual assemblies
and would assist in determining the most cost-
effective assemblv layout requered for implement-
ing an auvtomated assembly of an air-drnven power
supply  The optimum layout would consist of
stnctlv synchronous, nonsynchronous, or a combr-
nation of it e two tpes of equipment

Production assembly processes that might be
followed for final assembly of T/A"s and fludic
generators are gnen in two process flow charts,
figures IV-19 and -20 The feasibilitv of the
production and process concepis gnen on the
‘gharts has nct been veniied io date Thev reflect
assembh procedures that would be required for the
power <upphes n therr current  staies  of
development

The current T/A has been designed to be
amenable to highaolume production  The flow
chart tor this design 1s therefore quite representatn e
of advanced engincenng planning Assembly of this
type of power supph will be discussed in detart
station by station as described it appendi IV-A

The assemblv equipment drscussed here
nonsynchronous A svstem emploving this tvpe of
equipment consists of a senes of assemblv stations
Part transfer between machines would be per-
formed by an operator This tvpe of system allows
each station to work independently, at its optimum
ovcle rate

A typical flow chart of assembly stations to
implement the mechanized assembly of the current
low-cost T/A for the XM734 fuze 1s described in
appendix IV-A and in figures IV-21 and -22

Components of the fachity used for assem-
bhng TiA-type power supplies could be retooled
and emploved in assembhing fludic generator-lype
power supplies
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The use of toolable assembly stations, which
permits indnadual development of assembly <ta-
tions, creates a need for only one or two asserrbly
machines to vahdate all the assembly operations
£ach indnadual operation could be developed, de-
bugged, and optimized station by station.
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Figure IV-21. Bobbin assembly.
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Figure IV-22. Turbine alternator assembly.

Appendix IV-A.—Production-line Handling Methods

IV-A.1  Aqueous Power Supplies
IV-A.1.1 Sequence of Operation

A descnption of the station sequence of as-
sembling aqueous power supplies follows

1 The weght is transported, by vibratory
bowl feeding. 10 an escapement which drops an
indrvidual wesght into an awart.ng workholder, con-
tamned in a six-station, intermittent-motion dial

2 The dia! then conveys the werght to the
cartndge placement station. The cartndge assembly
consists of an wner cup, a wad of polypropylene
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fiber, and an outer cup. The cantndge cups will be
iabnicated in house with forming and blarking of
these parts, from coil stock, taking place m
progressive dies at a rate of 100 parts per minute

Two die sets wiil be required, one each for the inner
and outer cups The die sets wll be indnadually
operated bv an in-house 30-ton Minster press

Following blanking, both inner and outer cantridge
cups will be vapor degreased 10 remove die lubn-
cants 1o assure maximum cleanhiness Polypropy-
lene fiber will be purchased in mat form Because of
the recuperative properties of polypropylene fiber
following blankirg, it is imperative that this material
be contained until it is encapsulated between the
two cups Cartridge assembly is performed in a
vertical, four-station, intermittent motion dial.
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3 The dial then indexes, conveymng the
weight and its cantndge assembly to the ampule can
placement station

4 An ampule can from a vibratory bowl 15
transported iflange downi to an escapement which
drops it over the awaiting weight The ampule can
will be tabnicated in house in progressive forming
and blanking at a rate of 100 parts per minute The
ampule can die set will be uperated, nterchange-
ably, i the <ame press used for production of
cantndge cups. To assure optimum cleankness, am-
pule cans will be vapor degreased, to remove die
tubricants, immediately tollowing blanking

5 The dial indexes the ampu'e can assembly
to the ejection station Dunng indexing. a pin in the
bottom ot the dial s wurkholder rares the assembly
for ejection

6 The ampule can assembly, ejected to an
inverting track, 1s ejected to an accumutation dial
Dunng its travel through this track, ine ampule can
assembhy s mverted (lange now  up ), and s
contamed canndge assembh moves smoothly to
the ampute can bottom At thrs juncture, the PVF
will use 10te travs instead of a comevor svstem to
transpont the items 1o the indwidual stations for
completion ot assembly and sealing of the ampule

T Al the metimlene bromide mjection sta-
won, a vacuum s pulled on the ampule can intenor,
and the methviene bromide  imected nto the
awaiing ampule assembiv, with a metenng pump
controthing the volume

8 At the culter assemblhy <tation, a cutter
assembly « transported 0 an escapement by a
wulraton bowl and «« dropped nto an awaiing
ampule can assembly The cuttes < design renders it
prone to interlocking jams duning vibraton conves-
ance This problem will have to be resohed in the
PVE

9 At the fluobonc acd inection stalioa, a
dispensing nozzle advances and low ers the ampule
an The electrolvie 15 injected into the ampule can
assembly with a metenng pump that controls vel-
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ume Aleads * by hianc onto the ampule and
clamped until the a...pule s w=kled

10 The diaphragm will be fabricated in house
from raw matenals Corl stock will be fed through «
stnp degreaser 1o assure component cleniiness,
then blanked into storage tubes A 3-ton hydraukc
press will be used in comunction with a 2-on die
set, operating lubncant free Total output anuici-
pated, i1s 200 parts per minute (press speed 100
strohes per minute)

11 Upon arrival at the welding station, a
stepping .rotor engages the workholder rotation
gear The workholder rotates, TIG welding 15 act-
rated, the diaphragm 15 welded to the ampule can
flange around the entire circumference with over-
lap as required When TIG welding deactwvates, the

pping motor di and the ing work-
holder deactivates

12 The ampule assemblies will now be
placed in an oven on acid-detecung paper and
heated to 200 F for 24 hours, at the end of which
ume defective units wili be noted. Werghts and
cutter assembhes will be salvaged before the am-
pules are drscarded

IV-A.1.2 Cartridge Assembly
(fig. IV-A-1and - 2)

Annner cup from a wvibratory bowl is lightly
pressed into an awaiting hold in the vertical dial by
a placement punch The mner cup placement
punch retracts, the vertical dial indexes, conveying
the inner cup to the polypropylene fiber placement
station Then the polypropylene fiber, either auto-
matically or manually fed, s blanked through a die
and placed in the hole in the verucal hole on top of
the nner cup, the polypropylene fiber blanking
punch retracts, and the vertical dial indexes, con-
veying the inner cup and polypropylene fiber to the
outer cup placement staion. An outer cup from a
vibratorv bowl s lightly pressed and inverted into
the counterbored dial hole contaming the previ-
ously placed polypropylene fiber and irner cup and
outer cup The outer cup placement punch retracts
The dial-mounted assembly punch setracts to its
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Figure IV-A-1. Mechanired cartridge assembly.

point of ongin The vertical dial indexes, comeving
the assembh to the cartnage assembly placement
station The assembly punch m the vertical dial
advances, pressing the cartnidge assembly through
a sizng die and nto the werght 1n the honizontal
diat

IV-A.1.3  Cutter Assembly (fig. IV-5 through
1V-7. main report)

The sequeace for cutters assembly follows

1 Three pichup pins, mounted 1n workhold-
ers n the intermittent dwl, rase and engage inree
holes s the cutter plate stock web

2 The cutter plate i< blanked and the pickup
pins retracting in uaicon with the blanking dee set,
position the cutter plate on the dial workholder

PLACE INNER CUP

HORIZONTAL DIAL

SSEIECTION PN
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3 The die set retracts

4 The intermuttent dial indexes, transporting
a cutter plate to station 2, the cutter plate placement
posiion The cutter plate stock web advances

5 Al station 2, a cutter blade from a vibra-
torv bowl 1s placed on the awaiting cutter plate
hinge and caimped 1n posiion

6 Placement 1s performed bv “pick-and-

place equpment which in the PVF application
would likely be done by hand

7 With the wmtermittent dial stationary, the
dial workholder indexes 120 deg

8 Repeatstep 5
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NOTE

DRANNG LEPKTS PUNCHES AT Fuit
ADVANCE  WITH DIAL S GEREVA WOTION
180* INTO DWELL™ PHASE CF 2°9

> SUDE STARTS ADVANCE 90% AFTER
OLAL'S DWELL PHASE START THS $0*

& uTRutD Y0 PLACE QUIER CU® PRIOR

T0 PUNCH ADVANCE AT QUTER CUP NSERTIGY

Figure 1V-A-2. Polypropylene fiber insertion.

9 Repeatstep 6
10 Repeatstep 7
11 Repratsteps

12 The mtermitient dial indexes, conveying
the cutter assembly to station 3

13 Atstaton 3, a compression mandrel low-
ers, retaiming the cutter assembly under compres-
<10n on the dat workholder

14 The cutier plate hinge-forming junch
raises from the dal workholder, forming the three
cutter blade retaiming hinges of the cutter plaze (fg
V-8, mam report)

NS FH
=z
BAPUT SHAFT Biybnt I WEKGaT

4 STATON GENEVA
(OR CYCLC SDEX) MOTION

ACTIVATIGN FOLLOWER (4)
MOUNTED N DIAL PUNCHES

INNER CUP INSERTION

DIAL DRIVE
(OUTPUT SHAFT)

/
/u DIAL QUTLINE

Vg

175 STAOKE
(ESTIVATED)
L

S N IS PROPOSED METHOD OF IVPARTING
ADVANCE AND RETRACT MOTION T0 1W0 (2)
PUACHES, HAvING BFFERENT STROKES
MOUNTEG &\ AN Bu1cANITIENT 120TION DIAL
PUNGH NOT ONS THANSPIRE DURNG DIAL §
-QRELL CYQLE

15 The compression mandrel retracts

16 The cutter plate hinge-formuing punch
retracts

17 The mtermittent dhal indexes to station 4

1V-A.1.4 Electrode and Ampule Assembly Line
(fig. IV-1, -9, -10, main Chapter)

Atstation 1, the insulator (fig iV-1)1s placedin
the workholder bv an automatic placing mecha-
rism In the following assembly procedures all
fabnicated pants excent the sequencer and the
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ampule assembly, will be supplied to the placing
mechanisms from magazines

At station 2, the bottom plate 1s automatically
placed in the workholder for production

AU station 3, seven stacking mechamsms will
be used Each mechamsm will alternately place 20
separators and plates For the PVF, one mechanism
will be used

At station 4, the sequencer 1s placed onto the
stachs This will be done by a vibratory bowl feeder
and automatic placing mechanism

At station 5, the seal nng 15 automatically
placed ontop of the sequencer

At station 6, the ampule assembly will be
placed automaticallh  Ampule assemblies will be
supphed on trays and fed mto the placing mecha-
msm bv a vbrator

At staton 7, a compression guard, t2d by a
vibratory bowl, will be placed onto the ..sembly
This reusable guard will protect the edge of the
ampule a~ well as provide even force distr bution
durnirg compression

Station 8 will not be used for the PVF in the
produc von line, this s an nspection station where
autonr tic equipment checks the proper placement
of sequencer, seal nng, ampule, and compression
ruard

1V-A.1.5 Compression and Heat Seal (fig. V-9,
11, main Chapter}

The compresston and heat seal operations
tollow

1 A ram lowers and cocks the spning in the
workholder, applying 250 1b of pressure on the
electrode and ampule assembly

2 The induction cotls lower, heat the assem-
blvio 300 F, and retract

3 Two locking dogs are advanced onto the
umt cempression guard

4 After the loching dogs are n place, the ram
retracts This completes the cvcle, and the work-
holder s removed

Al station 10, the workholders are passed
through a cooling tunnel

At station 11, electrode and ampule assem-
blies are remowed and the workholders are reset for
recychng through the system The unloaded assem-
bhes wiit be visually inspected and manually trans-
ferred to station 12

IV-A.2  Air-Driven Power Supplies

IV-A.2.1 Meckanized Assembly (Turbine/
Alternator

The shaft and magnet assembly would be
performed i aninjection-molding machine A shaft
would be positioned within the center hole of a
magnet, and the plastic molding compound would
be injectad between ihe shati and the magnet

The coil assembly would consist of sequen-
nally assembling the following parts bobbin, con-
tacts, and wire After a check to ensure that the
assemblv 1s complete, the et would be removed
from the coil ascembh machine and carried to the
final assembly machme The staton-by-station final
assembly operations are detailed as follows

Statron 1—Feed bobbin, onent, pick up, and
place in nest on glallet

Station 2—Feed contact, onent, pich up, and
place over ports on bobbin, heat stake ports.

Station 3—Same as station 2, except contactis
placed at second contact location

Station 4—Wrap one end of wire 10 one
contact, wind required number of turas around

Yﬁav.,x
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bebbin, and attach other end of wire to cther
contact

Station 5—Sense presence of parts bv conn-
auty chech, hft assembiv frem pallet, and discharge
into contaner

The following parts are sequentiaily asem-
bled t6 make the basic turbine/alternator asse nbly
houstng, beaning, coil assembly, shaft and magnet
« ssemblv, beanng, and end plate After a chech to
ensure that the assembly 1s complete, the hcusing 1s
cnmped to complete the assembly The turbine is
then press-fit on the alternator shaft, and the T/A1s
functionally tested The umt 1s then dega s5oed, f
required, to assure proper opefaucs The staton-
bv-station assemblv operatons are detaded as
toflows

Station T—Freed housing, onent pick up and
Piace 1n next posiicn on pallet

Statior. 2—Feed a beanng, pick up, and place
in boss 'n houwing
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Station 3—Feed coit assembly, onent, pick up,
and place m housing

Station 4—Feed shaft and magnet assembly,
pick up, and place in bearng in housing

Station 5—Feed beanng, pick up, and place
on front erd of shaft

Station 6—Feed erd plate, onrent pich up, and
place over beanng and into housing

Station 7—Sense ior presence of housing,
bobbin, shafi, and end plate

Station 8—Cnmp erd plate to housing

Station 9—Feed wrbine, vrieat, pich up, and
press onio shaft

Station 10—Test and degauss T/A assembly.
Statron 11—Remove T/A assemblv from pal-

tet and relocate in compariment trays on an X-Y
indexing container
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Chapter V.—Printed-Wiring Board Fabrication

by lra Marcus

V-1. Introduc’l>n

A survey of the fuze designers at HDL and 2
study of published articles concerrang crcunt fabn-
'on techmques of the future indicate that the
. Ated-winng be.rd (PWB) will continue to be a
major component 1n the constructior of commer-
cial and multany electronics The reasons for this
jollow (Pertnent Inerature :s Iisted n the Selected
Biblography at the end of this Chapter )

1 Low cost PWBs are relatnely inexpensne
To a large degree, board cost 1s related 1o area In
fuzing apphcations the areas of the patterns are
smali in monar and arullcry applicatons, they
range from less than 110 716 5 1n* Nevertheless,
the fuze boards are produced in large quantities by
the processing of arravs of individual boards on
large sheets—the boards are cut apart and are easly
<haped to the iregular peometry of fuzing apphca-
tons An addional adsantage 1s that thev do not
use precious metals

2 Rugpgedness. PWBs have successfully been
wed 1n mortars and in arullery and ground equip-
ment vader the most severe arcumstances of
shock, vibration, and temperature extremes They
can accommodate  all  anticipated  fuzing
apphcations

3 Grealer use As apphcatons become in-
creasngly complex and the technology of multi-
laver PWBS matures, w2 can expect greates use of
small multitaver boards i low-cost, high-volume
ordnance ciectronics

4 Veraaulty- PAWB constructron techmiques
are rdeal for the <mall size of proamity fuze anten-
nas ana rf stupline arcuntry Use of the PAVB proc-
s for these apphcatons, however, requires
greater precision and more refined procesang con-
e thar. aormally needed to fabrnicate PAWBs for
mterconrection At high frequencres, PAWS tech-
mques ako permat tabrication of capacitors and

nductors in addition 1o the simple conductor
pattern

Where space 15 severely restricted, thick and
thin film fabncation techmques offer some advan-
tages Those processes allow fine hine defimtion and
punting or deoosition of resistors Both th ' wnd
thin film techmiques also offer some hmited capaar-
tor fabncanon However, many apphcauons do
eust in which a large available volume allows the
use of the more rugged PWB Some work 15 now
also being done to explore the punting of low
temp=iature-cunng ressstor matenal onto P\WBs
that wi! be competitne with the ceramic-based
crcunts

The major problems that wou'd be ackiressed
by the Panted Wining Board Fabricat.on Fadints are

@) Process selection for fabnication of PWBs
which optimize desired electncal charactens-
tcs (such as antennas, f boards, filters, and
MICrowave crrcuits)

tb) Producibility of a'l beard designs by
production equipment

(c) Comparsor and evaluation of exisung
processes

) Evaluation of new processes
(e} Development of new processes and ma-

tenais through Manuafactunng Methods and
Technology IMMAT) studies

V-2. Types and Processes for Fabricating
PWBs

There are several types of P\WBs and several
ways to fabnicate them
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Types of PWBs

Single sided A PWB whose msulating substrate has
a conductor pattern on only ore of its surfaces

Doulle sided A PWB whose insulating substrate
has conductor patterrs on both of its surfaces
Deswred connections between patterns on both
sides mav be made by component leads, wires,
nvets, and by plaung ihrough

Multdner PWB  In complen electromc atravs
where even a double-sided PAVB i not enough 1o
whe the interconnection topolog al problem, it 1
necessary to use addittonal lavers ot P\VBs The
multiple boards are made mto a lamunar stock of
nsulated  thin PWB< interconnected by plated-
throusn holes The muluple lavers and plating-
through tezhnrquas allow topologuca! <olutions be-
tween am of the boards and eliminate the need for
jumper wites A multdaver PAB consists of several
lavers ol separate cucuts bonded tlogether to
produce a thin homogeneous usit with mternal and
external conrections to each level of the crrcuntrv as
dictated by the electnical requirements of the <vs-
tem Thie abiliy to provide “stacked ™ or theee-
dimensional cruutn ofters & “umber of umique
advantages 10 the electroing packaging engineer in
arcas where volure reduction is as important as the
reqursmnt or sped al etectaal haraciensta s
Three base methods are used to mterconnect mul
tdaver Grcutts the plated-thr agh hok- the dear-
ance hole and the butli-up techmque The plated-
through tvoe provde< interconnection 9 and be-
ween lavers by a hole which s plated with a
conductine material The dearance-bole tvpe pro-
wvides access to terminal pads on each levdd ot
ureutn by <learance holes on each laver above it
The built-up process achieves the interaver con-
nections by sequential metat depostion of conduc-
ine patierns with (: without the need for holes
through the entire thickness of the multdaver board

Fabrication Processes

Pattern plating Only the desired conductor patiern
and holes iplated-throughs recene metat buddup
before etching of the pattern See figures V-1 ard V-
2

Panel plating The entire susface and ho'es (plated-
through) receve metal buildup before etching of
the pattern See figures V 1 and V-2

Etched process fsubtractive) The process begins
with u substrate which 1s covered with coppur on
one ot both surtaces, metal s selectn ey added and
then removed by etching to form the deswred pat-
tern See figures V-1 and V-2

Additve Process The process which bemins with a
substrate having no copper on enker surface and
has the metal pattern selectaelv added to it See
figures V-3 and V-4

V-3. Process Capability of PWB Facility

The type of PVF needed for PAVB fabncation
would be able to fabmcate ungle-sided, double-
wded, and multilaver PWBs uung both the additne
and subtractive processes The subtractine process
aflows both pattern and panel plating The additne
process use< onh pattern plating The vanous com-
binatons used tn the fabncation of PAVBs have
ditferert advantages  Since the equipment 1o
produce anv one tvpe of board can be used to
fabricate anv other type of board by change of
chemuals and processes, few addiional costs are
incurred for ths versatilitv. Ot course, the muty-
laver PAVB docs require use of a laminating press.
However, the antiaipated need for muitilayes PAWBs
1 future fuzing applications s high, and this special
press s warranted
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PLATE SOLDER
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[ J
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Figure V-1. General flow chart for suttractive
process.
V-4, Detailed Description of PWB Facility

V-£.1 Artwork Master Generation and Numer-
ically Ce Hled Drill Tape Preparati

The first steps in the PAWB design process wall
be completed in the exssting laboratory area Ade-
quate computer-based facilities tor master artwork
generation and numencally conirolled (NC) dnil
tape preparation alreadv are available One-to-one
step and repeat negatne and compatible NC dnli
tapes will be prov-ded by exsting personrel in the
laboratory In those cases where artwork masters
are provided but are not accompanzad by NC tapes,
the PVF NC dnll will be able to cut its owr control
tape The exisuing artwork master generation equip-
ment conssts of

12 Reduction camera tsee fig V-5142\ 42-in
copy board
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Figure V-2. Plated-through holes.

o' Step and 1epeat automatic camera (see fig
V.61

) Panted winng board antwork generator

tseefig V71161 2040 photoplotter
Two mteractne cathode ray tube
{CRT) design stations

Two large interactive ploting  surfaces
\Magnetic and paper-tape nput and
output

Saftware to provide dnll tape<

id) Complete  photographic  processing
svstem

A one-to-one step and repeat phototoo! and
NC dnill tape will be output by the above equipment
and detvered to the PVF
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ARTWORK MASTERS
NC DRILL TAPE

]

SUBSTRATE PREPARATION
AND HOLE DRILLING

[ proTORESIST IMAGF |

[ACTIVATE mAGE PATTERN]

ELECTROLESS UEPOSIT
COPPER PATIERN

SOLDER MASK

PROFILE

Figure V-3, General flow ~hart for additive process.

V4.2 Substrite Preparztion and Hole Drilling

Raw substrate stock will be purchased in the
commercially availlable 3- x 3-ft size The stock will
oe cut to the bauc handhing panel size by a 36-n
shear The parels are then punched for registration
with two locaung holes Pattern hole forming 15
accomphshed by ether NC dnlling with a mult-
spindle dnll or by punching with a 35-ton press The
panelis then degreased and scrubbed

V4.3 Photoresist Imaging

Depending upon the application, & specific
sequence of pho.oresssung, exposing, and develop-
ing 15 reguired When dry film 15 used, the film will
be applied with a 1ammator, exposed with ultra-
wolet Tight and grav developed  Less accurate

7 SUBSTRATE ¥

(a) UNCLAD BOARD

- e

() DRILL HOLE PATTERN

SENSITIZED SURFACE

::] E]j RESIST

(c) RESIST ANU SENSITIZED IMAGE

iCOPPER

(d) ELECTROLESS COPPER

- f—

(e) STRIP

Figure V-4. Additive process.

tesist patterns will be screen panted on the parel
An ovenis required 10 cure certam types of ressst

V4.4 Board Pattern Processing

Equipment s required for processing-beard
patterns uwng both the subtractve and additrve
processes  The <ubtractne process requires a
convevor etcher and a senes of processng tanks to
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Figure V-5. Reduction camera.

Figure V-5. Step-and-repeat aulomatic camera.

Figure V-7. Printed-wiring board artwork generator.

electroless plate copper, electroplate copper, and
1o electroplate tin-lead A solder reflow furnace i
required 10 seal the walk of the pattern, to remove
shivers, and to improve solderability after storage
The additne process requeres onlhy a sefies of proc-
cssing tanhs A lanunaung press s needed to com-
press and bond the lavers of a multi-laver stack

Board profiling 1s 10 be done for complex
shapes by a 35-ton punch press while simpler
shapes wilt be template sheared in a hydraulic
press

V-4.5 DJoardInspeclion

The inspection area will house the plating area
calculator. which determines the platng power
supply settings A plauing thickness gauge and lead-
un percentage analyzer will confirm the plated
thckness and composition of the deposited <older
A large-field optical comparator will examine hole
quality and allow precision measurements of trace
width, hole size, and spac.ngs

Table V-1 lsts the equipment and utiities
needed for printed-winng board fabrcation. Fig-
ures V-8 through V-21 show the tvpe of equipment
needed
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10. Degreaser.

figure V-

Figure V-8 A 36-in.shear.

igure V-11. Printed-wiring board/

F

V-9.NCdrill.

igure

Fi

scrubber.
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Figure V-14. Ultra

Figure V-15,

S1

figure V-12. Dry film laminato:

finter.

2. Screen pi

V-1

figure

T A 00 AT ) A3 O €AV 8 e A S A3 ) g lh a¥ 3y 1 YO AL ol RN ILE Mey 2 b hyan ks S



TR PR VAT A,

Figure V-19. Punch press.
V-20. Plating thickness
measurement.

trure

F

line.

ive process

Conveyor etcher.

Subtract;

18 Solder reflow.

V-16.
17.

V.

Figure V-

Figure
Figure
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Figure V-21. Multilayer press.

Table V-1 fquipment and Utilities Needed
foe Printed Wiring Board Fabrication

Process/equipment Utihities
Subraie pecparation
and hoke dnlling
36-m shear Compressed ar 100 pw
NC ded Compressed anr 100 pw

208 V' 3 phae
Regrsttabon punches oo

Degreaser 208 4 3 phase
fume exhaunst

Ponted-cucut 208 v 3 phase cold

scrubber water dan

Fhotoresd anagong
Ory 1dm Lamanator 298 vV angle phase

tume exhaud

Developer 115 V ungle phase fume
exhaudt, cold water dran

Screen ponter 208 v 3 phase

UV ewposer Fune exhaust, 208 V
singhe phase

Oven 2068 V segle phase

Board Processng
Comevor eicher 208 V 3 phase cold

water dean, fume exhant

Table V-1 (cont’d) Equipment and Utifities Needed
for Prnted Wiring Board Fabrication

Process/equipment Utilities

Board Processog (cont'd!

Adddne process Cold water, dran, 115-V
phase fome exhaunt
Subtractve process Cold water hot water

dramn, 208 v 3 phase com
pressed an (100 psi}
fume exhaust

Multidaver press 208 V 3 phxne cold
water drain  compressed
aw (100 psd

“older reflow 208 V 3 phase tume
evhauy

Purch press 35 T 208 V 3 pnase
compressed aw (100 psi)

Hydaauhc press 6 T 208 V 3 phase

Inspection
Plating theckness
masement 115 V ungle phase
Platng area
cakulator 135 V sungle phase
Other anspection
ads —

Afncellaneous
Stocage —
Chermcal recychng —
Sinls  benches —
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Chapter Vi.—Electronic Board Assembly Facility

by t2

VI-1. Introduction

Electromc components will be assembled
onto printed-winng boards by hand or bv machime,
or by both Certain fuze designs are so densely
packed that 1t 1s not possible to msert parts by
machme For those cases, the tlectronic Board
Assembly Facliy (EBAF) will pruvide for modern
assembly-line  fabncaton by hand, using
programmed conevor-connected stations and n
line mspection  Those circuts which will allow
machine msertion of parts will be fabacated that
way

One of the pnman objectives of the EBAF will
be to explore all possible means of machine
insertion assembly  In those nstances where 1t
«annot be done, the objective will be to etficiently
use hand assembly in conunction with other
semautomalic methods In both cases, the
subsequent soldening operation will be done by use
of mass soldenng equipment Lead tnmming will be
done by an automatic lead cutter Dunng vanous
states of fabncation, from subassembly to the
almost completed fuze pachkage, it 15 someitmes
necessan to encapsulate sections of electromics
The £BAF will be able to pot clectronics using both
the solid eporv-type and foam encapsulants Some
of the benefits of this section of the PVF would be to

(a) demonstrate that a particular assemblv
can be fabncated with automatic equipment

(b} allow precise production cost estimates of
specific arce : designs

tc) prove out the capability of circun
components to be mass soldered

(d) prove out the mass solderability of etched-
wire board layouts supporting electronic
components

Marcus

(e} demonstrate automatic lead cutting and
isolate problem components whose feads are
not sutable for mass tnmmung

f) optumize encapsulating design strategv

(g) provide equpment and capability to
evalvate the relative  cost-effectiveness
assembly metnods versus standard hand or
standard automalic fabnication

(h) prove out automaed or mechamzed
mspection equipment

M provide potential for improving data
collection and utizauon

() prove out the m-hre electronic and
mechanical equipment required to make final
adjustments on the printed-wining boards

Vi-2. Process Capability of Electronic 8oard
Assembly Facility

The combined abilities of hand assembly and
automatic insertion will allow the producibihity
vahdation of anv  envisioned high-volume,
ordnance electronics  Special machinery can be
added as these processes become accepted
throughout the electromics industry and the military
community. it 15 expected that integrated circunt
packaging will change from sndividual packages G
some form of ¢ -roll fitm g for
more economical insertion  Provision 1s made for
acquinng one such machime As the facility
matures, 1t 1s expecled to be a vehicle for the
evaluatton of new production machines and
processes which could benefit the manufaciunng of
fuzes. Both in-hne and fimished assembly testing will
be done in the test area Figure VI-1 15 a work flow
dhageam planned for this facshity  Table VI-1 lists the
major eouspment required
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Some pertiient hterature s listed 1n the

Selected Bibliography at the end of th', chapter

Figures VI-2 through VI-11 show typral
prieces of equipment needed for the electronic
beard assembiy tacilits

Table VI-1

tquipment

Ten station programmed
awembly bench

NMase solder

Detlover

Lead cutter
Cunmy oven

Foam et ng

Enonwy dpeneer

AUOMatK  Component
wnetton

Automatx d imertxon
Segquener

Pantopraph merton

Party Qoraee
Hand tooh— avembhy
Rewodd ook

Advanced automat
merton

Printed Winng Board A bl

Equipment

Utilities

115 % 100 pv an

208 v ungle phae
106 pu ax

208 V theee phase
tume exhaint

208 V' three phate
470V thie phase

208 V' \ngle phaw
100 pa as

IS V100 pu ar

115V 100 pu
A

IS V100 g au
115

115 V100 pu
ar

2 mpsm e T e T
INCOMAG PARTS
BSPECTON
STCRAGE
|
y
PARIS 5AS o
WARUAL [secvenced
PROGRAMVED N
MANUAL WSERTION TCMATIC NSERTIOA!
[
VASS Su0ER
1 e .
[
[evcarsuearicn] [siomace |

Figure Vi-2. Programmed assembly bench.




Figure V1-3. Mass soldering machine.

Lead cutter.

Figure VI-5.

Figure Vi-4, Defluxer.

ring oven,

Figure V1-6. Cut
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Figure Vi-7, Epoxy dispenser.

Figure VI-10. Sequencer.

Figure VI-8. A

% Pantograph.

Figure Vi-1

b
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Figure VI-9. Automatic dipinsertion,
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Chapter VIL.—Thick Film Hybrid Microelectronic
Fabrication and Assembly

by Joseph L Ansel!

Vii-1. Introduction

Dunng the past decade, the production ot
commeraial  electronc  devices  has  gradually
evohed anwar from the use ot aiscrete assembly
methods toward greater use of hybnd fabncation
techmigues 10 the same tme peniod ordnance fuze
technology has seen the replacement of mansy me-
chamical and electromechanicat fuzes by improved
electronic versions the transistor replaced the vac-
wum tube, the mtegrated circut 1 replacing the
transistor, and state-ot-the-art tuzes are increasmngly
beng designed around digitat ~tegrated arcuts
The complexty ot these elecitonic modules, com-
bined with the small volume available to contain
them, has torced ordnince elecironic desieners
toward widespread usc ot thich tdm hyvbrid micro-
elecrronics as the tabrcatcn medium tor these
arcuits All indications are that, in the tore<ecable
tuture hvbnd arcuits will be a ma,or technology
used 10 tabncate high-volume, low-cost, small-size
ordnance electronics

HDL has been a recth imvohed with modern
thich tim applications st ice 1968 The use ot this
technology has increased greath since that bme as
s adhantages became hnown and accepted One
example o it use 15 i the 2733 multi-option
mortar tuze which utilhzes thick nlm hvbad mod-
ules tor both the amplitier tig V-1 and o~aifiator
crcute g VIR A< our use of and expertice n
t skl bnbrd microcrcuts have daveloped the
apphcations ot this techrology 1o tuze deugns have
progressed  trom reseaich and development ‘o
present imohement with productiun-based de-
sins Perinent literature o presented in the Se-
lected Bibliography at the end ot this Chapter
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Figure VII-1. M734 multi-option mortar fure
amplifier.

The desszn of bvbad crrcnts for production
ntroduces ditferences in desigh phitosophy, ap-
proack and methods from those previoush used 2
research and development applications

The thick film group at HOL presently sup-
ports both :eseath and developmer., and
production-based projects  Development work
pertormed tor the latter usually ik ludes initial thick
film hvbnd laveuts as well as prototvpe samples tin
quartiies up 10 about 5003, used o prove svstem
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teawbility  in addtion, accompanving technical
data packages have been prepared

Due to Iirutations ot the processing equip-
ment currenih being used tor thack il 1abncanon,
the production data package obtained trom proto-
tvpe samples « not suitiienth accurate Qther
problems are aho caused by the equipment and
techmques, since they are not compatible for the
tabrication ot «mall voiumes at high production
rates Problem areas are substrate shape, wze and
onentation ot resstors, high-rate vwire bonding on
small geometnes, and final protectine Grcurt encap-
sulation Durning prototvpe construction,  these
problems may be sohed by caretul assembly and
detaled inspection by shalled techniians Thas

(0] INCHES 1
l||||||||||l||||||
690-75

Figure VII-2. M734 muiti-option mortar fuze
oscillator.

would not be economically feasible on an auto-
mated, high-volume production line

\Vith a PVF however, the tatiliues would be
avallable tor determmation of proper tabncation
techniques ot thich film hwbrd arcuts at high-
volume production rates The evpenience and
Lnowledge accumulated on this equipment 1n de-
veloping thick film processing techniques and pa
rameters sill ultmatelv provide accurate thick film
hybnd microcircunt models that will introduce 1 -
dustn producton processes or be compatible with
them

The most importani problems that the trck
tlm PVE wili attempt to solve immeduatelv are

(a) determination ot-higk-volume production
printing parameters tor fine-hine conductor patterns,

by evaluation ot pnnt and fire parameters to
achieve minimal resistor tmmung,

tc) adaptaton of functional iactyve) resistor
tnmmung, compatble with high production rates
tthis 1< important i seting burst hesghts ot proam-
v tuzes),

dh ntroducton of automatic were bonding of
all transistors and droaes i habnd circunts with a
singie visual alignment, and

‘er development of high-velume, fow-cost
packaging  techmques  toe  the  ordnance
environment

Vil-2. Thick film Process

Thick film hvbrd production techniques allow
the manutacture of conductors, ressstors, capaci-
tors, inductors, and crossovers trom thick film ma-
terals Al are eacilv tabncated, and each tvpe of
thick film component has s inherent advantages
and dradvantages relaine 10 115 more standacd
counterpart Thick film resistors prowade an excel-
leni compromie between cormentional carbon
compostion resistors and metal film tvpes <o far as
<ol stability, temperature costicrents, and other
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perunent tactors are concerned  Thick film capaci-
tors may be tabricated tor low values of capaui-
tance  The<e values are generally himited by the
avalable substrate area Dissipation fackss, how

ever, are usually not as good, and tolerances cannot
be held precinedy This may be compensated for by

Since an introduction has now been gnen to
tems that can be fabncated with thick film technol-
0g). a simple ifow chart (fig VI1-3) wall distrate the
ordered steps in making these tems Blodks and
paths that are <hown as dotted ar¢ optional de-
pending upon the requirements of each parucular

AN

tnmmng capacitos to value This process s sull  arcut
beng deveroped for good vields at high production
rates and currently has mam preblems Inductors
may be made with thick film matenals by sprralling
conductors ot narrow line width and vaned <pa-
ong. but are generalh limited to low -inductance,

low-Q apphications

VII-3. Description of Thick Film Facility

The thick film hybnd facidity will be divided
mto severai {unctonal areas, descnbed below
Necessary equpment 1s histed n 12ble VII-1 and
showa n figures \11-2 through \ii-21 (following
chapter text)

s

e
VLA MSRUORRI UL AN Sl AT I 3 1

The nherent ver<aulity of thick tlm networss
can be evtended wrht the use ot deelecties to
provide multdas ered Grcutng

P

vit Qualin Assurance, Incomng Inspection b
Pants and matenals recened n the tacility will
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Figure VHI-3. Thick film fabrication flow chart.
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Table Vii-1

. Equipment Requir t

Prccess Capacity Utilities
Qualty Assurance
Incomng Inspection
Viscometer — 115 V., sngle phase
M roscope, — 115 V, single phase
stereozoom
\icroscope, — 115 V, single phase
metallurgical
Epoxy bonder - 115 V, single phase,
Cune tracer — 115 V, sngle phase
Probe station — —
Prnter - 1i5 V, ungle phase
Furnace — 460 V, 3 phase, air, 30 ps,
cold water, dramn, exhaust
Digital mulumeter —_ 115 V, single phase
Storage
Jar roller () — 115 V, single phase
Dessicator cabinet () — —
Large <torage — —
cabinets
Screen <torage — —
cabenets
Drafting table/desh - 115 V, single phase
combrmation
Polzr coordinato- — 115 V, sngle phase
graph
Prot and fie
Fanter () 3000 parts/ 115 V, sungle phase, on,
hr each 90 pa, vacvum, 25 0
Diver (2) - —
Furrace (2) 5000 1 % 1 m 450 V, 3 phase, ar,

<ubstrates/hr each

Roesistor :nmoung

Laser tnmmer 22,000 resis-
tors/hr
Passve assembly
Edge pm attach —
Robot parts placer 1800 chips/
hr
Solder rellow 600 1T x 1 m
substrates/min
74

30 ps, water, drain

220 V, uagle phase,
115 V, sngle phase, an,
80 pu water, drain

115 V., single phase
115 V, single phase

115 V, angle phase




U en BT e T e el T O e T
S %

5.

’,’f Table ViI-1 (cont'd). Equipment Requiretaents

£

-

% Process Capacity Utilities

E Convevor ultra- — 115 V, single phase

¥ sonic cleaner

. Actne assembh

3 TC die bonder 1000 10 4000 115 V, single phase,

< , dice/hr vacuum

: Ultrasonic die - 115 V, single phase,

3 bonder autrogen, vacuum

> Ultrasonic alumi- - 115 V, single phase

; num wire bonder

;f Ulirasomc geld 2000 10 3000 115 V, single phas,

'g wire bonder wires/hr

? Thermosonmic 1500 to 2000 115 V, single phase,

E\ wire bonder wares hr vacuum

‘ Pulse heated TC —_ 115 V, single phase, hvdro-

s . wire bonder gen, vacuum

H H Automatic thermoson- 7200 115 V, single phase,

< 1c wire bonder wues/hr

H Worl benches. ver- — 115 V, sngle phase,

é vcal laminar air 230 V, 3 phase

N 1 flow

5 Eporv bonder —_— 110 V, ungle phace,

3 vacuum

N Epoxv bonder - 115 V, single phase

3 Encapsulation

s ' Hermetic sealing — 115 V, sngle phase

: | Injection molding — 115 V, single phase

b Contormal coatng 60C ' \ 1 n 115 V, ungle phase

x <ubdrates/hr

g . Test and tadure analvsis

¥ - Probe statons (2) — —

y )

f& il be directed mto this area tor evaluation 12) Storage This wtea will be entirely under
S h This inatiad Cheh will ensure that all i oming com- the control of the qualty asurance stait trom area
; . - ponents and matenals contorm 1o speatications above The components and matenals that wilt be
< The area will include equipment necesan tor requited 107 vanous projects will be stored here
3 ove detaded viwal inkpection, probing. and elec - under hnuted access control This will ensure use ot
7z tncal tnting ot both acin ¢ and pasane chip compo- quahified matenak on all programs and will present

rents  In addiion  «ome thick tlm procesung unauthonzed use of the gualified matersals
equpment such as a panter turnace, and vicome-

1t will be ued fo make ample tests ot the proper- 3) Lavoutand Anwork Thi <ection will con-
tien ot all batc hes ot thick it matenals trol the preparation of and a file system tor artwork
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involved in screen manufacture. In addition, this
group will be responsible for developing and over-
seeing the engineering process and flow control.
The processes, steps, materials, and procedures will
also be documented at this point.

The layouts made in this section may utilize
either a drafting table or a polar coordinatograph,
both of which are available. Special or complex
artwork will be prepared on the interactive
computer-aided design (CAD) artwork generator
used primarily by the Printed Wiring Facility. With
this equipment, rubylith masters will be prepared
for photographic reduction. The reduction itself will
be handled in the printed-wiring board fabrication
facility, and from there the screens will be pre-
pared at qualified contractor facilities. The reason
for having this last operation performed outside the
facility is that experience has shown that competent
contractors are able to make good screens, cheaply
and just as quickly as can be made in house. This is
not true for other process steps.

(4) Print and Fire: Itis in this area that the bulk
of thick film fabrication takes place. The printed-
and-fired substrates made here {:rovide the basis for
hybrid assembly. This section also fabricates com-
ponents such as printed conductors, resistors, ca-
pacitors, crossovers, etc. The equipment consists of
automated screen printers, conveyor dryers, and
convevyor furnaces. This equipment has been sized
for a production capacity that experience shows is
necessary in order to closely simulate full
production capabilities and capacities, and to dis-
close potential problems that may arise in perform-
ing these functions,

(5) Resistor Trimming: Resistors are automati-
cally trimmed to value at this point. The laser
system that will be available for this function (and its
associated computer control) will be able to trim
resistors to close tolerances at production rates
either in a passive situation (trim made to a specified
resistance) or in an active mode in an operating
circuit with trim made to a specified circuit parame-
ter such as frequency o voltage.,

(6) Passive Assembly: The passive assembly
area will allow automated placing of components,
solder reflow, and subsequent cleaning operations.
The automated parts placer is controlled by a mi-
croprocessor which can use the same program
generated for the location of wire bonds for the
automated wire-bonding operation in the active
assembly area described next.

(7) Active Assembly: The operations per-
formed in this section are extremely important 1o
the hybrid process. Two major steps are per-
formed—placing active chip devices onto the sub-
strate and "‘wiring”’ them into the circuit. This area
will require an automatic, thermosonic wire bonder
with a large enough capacity to simulate
production-type processes and techniques. In addi-
tion, several manual bonders of various types will
provide an accurate simulation of many, if not all,
the types of bonding available to the industry gener-
ally, now and in the foreseeable future.

This section provides die bonding of several
types: i.e., epoxy bonding, thermocompression die
bonding, and ultrasonic die bonding. In addition,
the types of wire bonding available are ultrasonic
wire bonding of both gold and aluminum wires;
thermosonic wire bonding; pulse-heated, thermo-
compression wire bonding; and fully automated,
computer-controlled, thermosonic wire bonding.
These capabilities will allow the facility to closely
simulate any type of process used in a production
situation

(8) Encapsulation: Because of the variety of
packaging techniques possible in fuzing applica-
tions, this facility provides production capabilities
for three major types of encapsulation: hermetic
sealing, conformal coating, and injection molding.

(9) Test and Failure Analysis: This area will
provide us with a facility to test finished products
and perform failure analysis. The ‘““heart” of. this
section will be the Hewlett-Packard 9500D Auto-
matic Test System, which is already an HDL operat-
ing facility.
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Figure VI1-8. Automatic screen printer.

Figure Vil-6.Screen printer.
Figure VII-7. Jarroller.

B Sl 3

RER TR AL A

VII-5. Probe station.

Figure

Figure Vil-3. Epoxv die bonder.




Figure V11.9. Conveyor furnace.

ering system.

V11-12. Automatic reflow sold

Figure

Laser trimmer.
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Figure VII-10 Automat
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Figure VII-13. TC die bonder.
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VII-11. Robot parts placer.

Figure
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Fi ure V11-18. Automal |cTCmvebordu.

Figure VII-19. Injecticn
molding machine.

. AR O
i
Chapter VIL  Selected Bibliography

Jerenwn Agnew  Thicd Ffm Technologv  Havden,
Rochelle Park, N: 1973

" Max Fogiel Aodern A roclectromics, REA, New
) York 1972
) -
| C A Rarpes, ed Handbook ot flectronic Packag-
.I mg McGran-Hill New York 1969
i C A Harper. ed. Handbook ot Thuick Fidm Hybrd
- - Micioelectronics: McGraw-HilE New Yok
' Figure VII-20. Conformal coater. 1973
!
80
Y
¢

[T YPRP Y




= — b

Chapter VIll. Prototype validation Facilities for
Inspection and Testing Systems

by Horace

VII-1,  Background

Fuzes and thew component parts de eloped
by HDL iall into two general categortes, depending
on the weapons tor which they are desgned Mis-
ale fuzes are usually verv complex, expensne de-
vices, requuing almost 100 percent celiability, and
are produced m relatnelv Tow volumes Comven-
tionat hand assembly for this tipe of production
facilits would probably be mandatory On the other
hand, rocket mortar, and arullery tuzes are usually
less sophisticated electiomcath - are used 0 tar
greater  numbers operavonally, and must be
produced in farge quantities to mect milizan logistic
needs These latter fuzes are candidates for modern
automatic manutactunng techmques ot fabrication,
assembhy, and testing

\When high production rates exiit, a reduction
0 umit cost ot onhy & tes cents per unit can return
<avings of hundreds of thousands ot dollars This
gollar <aving 1 1t s to be ot true alue to the
government, must be achieved without downgrad-
ng a et < electncal integnty of the miditany charac-
tenistics of the tuze Rehabildy must reman tugh,
«torage life must rot be compromised and opera-
wonal features must not be degraded Assurance
that these condiions 2re met can be enhanced by
comprehense.e measurement inspecion. and test-
g procedures dunng the manutactute ot the fuzes<

Numerous raeasurement and inspecticn tech-
miues already et and are beng used 1n a.t0-
matic fabncation and assembh lines ter commer-
c1al mechanical and electncal stems. Many of the<e
methods are directlv apphicable to fuze ranufac-
wre, ard the user can ncorporate them 1ato an
automatic hne with a high degree of confdence
Other aspects ot fuze testing, howerver, partrcularly
special condmons applying to radiaing-type prox-
imuty fuzes, have no direct counterpart 1n tugh
production items on the commercial market For
adequate and rel.2ble acceptance tesung methods
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and procedures to be avalable at the ume
production 1s started, the hardware and docunten-
1ation must be prepased and vened dunng the fuze
dervelopment phase

Vil1-2. Recommendations

A facilay ts required that will atlow the devel-
opment of comprehensne te<t and measurement
rnethods and test equipment concurrenth with the
fuze design This would assure that, at the time a
contract i let for production ot fuzes farge
quantities, an acCurate testng svstem w ould exist to
test and evaluate unite rapidhy and nevpensnely.
The required <vstem <hould incorporate at least the
followng general capabilitics

(@) Provide the necessan mechamzed assem-
bhes that will aliow the test svslem to operate
dynamically in a completelv automated mode Me-
chanical handling equipment <hall be provided to
pick up the fuze assembly from handling trays load
the fuze into a proper rtload box when needed, and
avtomatcalh simulate and measure tuze parame-
ters upon reque-t

(b) Deiermine whether measured parameters
are withia predeternuned hmits

© Mark all tuzes which do not meet the
above cntena with a unique svmbol, which wil
skow the speaific tuze parameter that was talled
The panel of the te<t station <kould also be marked.
to alert the operator of the falure

(d} Provide equipment to remove the fuze
and autematically place it in appropnate bins (ac-
cept, reject, and re-work), after tests are complete

(@) Provide a real-ime data-acquistion and
processing  <ystem  for  fuze tesing  dunng
acceptance

e AR A I e MO ot Vo e

v s AR ARl 5 o




L e ————— —

com e~ -

e b

SV

e P

(1) Keep a running trequency distnbution for
each tuze parameter measured so that means, stan-
dard  deviavons, and talure rates can  be
determined

(@ Previde a printed record ot analvzed data

th) Provide data storage for fusther ngorous
statistical analv s

VIIi-3. Equipment Required

The production equipment—whether rotarv
table non<vynchronous transport svstem, or other
tvpe—uill be selected by the fuze design require-
ments Test stations must then be implemented as
requited, and the selected svstem of transducers
and tntuning must be designed and installed on the
production equipment

It +« evpected that a ewnicomputer wouid
con 3 the complete operation of the test svstem
and would alko be able to acquire data on com-
mand trom the <atellite stations that compose a
complete test taciity  Once acquired, the data
would be statisscally processed to pnpont trends
o* fuze parameter~ The mincomputer, on com-
mand, would either assume tota! control of the
nucroprocessor-controlled <atellites or would ac-
quire data from the <atelhte stations Each <atellite
station would have enough circutny incorporated
nte its hardware 10 sequence s own tesis, issue
Go, No-Gu decsons, and temporanh store data
trom one of 1w o measurement C\CI{"

In the automatic mode it is emvisioned that the
central procesyng umt (CPUs would totally control
the operation, retnier e the temporaridy held data on
demand conduct vanous statstical exeraises {also
on demand) and issue a pnatout In the local
maode, each satellite station would operate mde-
pendenthy  Because this mode ot operation ex-
cludes computer operation, no data would be
rec rded QOperation in this mode s basicallv in-
tended to allow the Tine to perform if a computer
breakdown wv.ere to occur

The fotlowing are typical satellite stations for
antlfeny provimity tuze testing ond the tests per-
formed by each station
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@) Oscillator/amplifier assembly staton firc
delay, current detector, frequency
(oscillator), rf seraitivity, fire pulse en-
ergy, rf power, integraton time, noise
rejection, low height of burst (HOB),
mid HOB, high HOB

(b) Amphfier assembly staton current, arm-
g time delay tfinng delay), seiect R9
and 3 HOB tests performed, battery
noise (noise reyection), integration time,
fire pulse cnergy

(c) Oscihiator test staton rf frequency, detec-
tor voltage, f power, current, rf
sensitivity

Two of these stattons are normally required
for measurements before and after the assembly
has been encapsulated in a potting matenal

For performance of the oscillator/amphfier
assembly testing, the following example of options
that could be proved in at tne PVF is presented

Viil-4. Examples of Tester Design Approaches
VINl-4.1 In-line Production

The present government design of the
osdiliatorj amrplifier tester 1s not conducive *o in-hne
testmg, but was developed for DECASD buy-off
tests it 1s judged that 100-percent testing of the
osciflator/amphfier  (potted) 15 requred
production Therefore, the following aprroaches
are offered for adaptng this test to n-hne
production

Automatic Fead of Assembly D-1 —In this
mode, two chambers are used on a modular con-
sole (as the tester 15 presently being designed)
Oscillator/amphfier assemblies are automatically
fed and placed to the sockets of the chambers
The chamber doors are autematicaliy opened and
closed, and the tester 15 automaucally operated
Electronics remain muiimatrixed Operation would
be as follows. Oscillatorzamplifier assemblies
would be deiivered to the tesung station on car-
tndges or magasnes Each staton would be
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cquipped with an automatic feed and transfer de-
vice which would take assemblies from the car-
tndge and insert them into the sockets of the cham-
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(¢} One operator (minimum) required per two
systems

: ber doors The doors would automaucally open and (d) Operator decision ehminated in placing
- close While chamber A 1s pertcrmung tests, cham- fejects Into proper rack
NI ber B would be unloaded and reloaded automau-
cally Rejected assemblies would be maintained te) Protection of production flow due to tester
. Accepted assembiies would be returned to a stor-  down time since several testers are employed ;
. age cartadge of magazine This mede 1s shown in o9
. , figure VIil-1 (f) Extensive debugging and troubleshootng N
- to perfect the automanc feed can be expected B2
RSTE matially due to the nature of the product. k=
somface : |
' . TEst L
- r own Rotary Turntable —In this mode, two cham- 3
N ! bers are used, with electrenics again multiplexed ,
TT S et reosam Occdlator/amplfier  assembhes  are  manually
3 . LJ\ VALE R (08 OAVRER) loaded and automatically unfoaded from the table
’ '*”‘;":‘g:‘:“"’ A memory system 1s provided for automatic rejec- A
' uon of reject bl Reject blies are =
stached, :» order until a given number, 15 for ks
example, have accumulated The turatable would i

Figure VIHI-1. Test chamber, automalic feed, and
plug-in. then cease to operate untll the rejected assemblies
were manually unloaded The tags would be typed b
n proper seguence, and would be manually at- 23
tached to the rejected assemblies when they were 54

removed This mode i shown in figure VII-2

. The tester weould require the tollowing
redessgns

T, BVBPPY FaFdS T g Ben TR R AT N o i PN S yv o 55 ¢ A o iees 3

J

) {a) Automatic operation ot doors, preferabh, Operation vwould be s follows 3
B doors should open dow s b
: &
s (b) Automatic start of tester [— i
3 - an
- I - o 27
. : . REXCT RACK ROER
1 {0) Use ot reject signal to operate control of TEs? o;sm'sm R P rr /s e -
. ' i teed mechamsm tor rejection ot « smponent RN ;<_3=‘&a.(;:n %9
' ! m‘?-l:av':n;;‘ag:! 3
STA 1 4 [CLTETY g
. ) () Redesign of sockets to perrmt automat 18420G) CARTGCE L85 & AZEX TR 2t
ot . - AN VEOuNsy &
msertion A special, temporary tvpe of socket may % & / ¢
< i have to be used, where tne oscillator/ampliier e ’q,, N3 E
v’ . assemblv 15 first inserted nto the special sochet \ g &3 ?' >
i before s ted 1o the chamber R - N E:
i wAcToy (LAY
H . a3
. This svstem has the following charactenstics ¥
iy i 1S SV as the tollowing charactenstic § Sk STATOA, Woad RE3, ATARY S
TURKTARE (7WD MSTS PEA STATIOR 3
? (a) Low rates (approvimately 120 umits per 2 ALTERATE KO0E THE STATONS
B hour at 100-percent etficiency, tnerefore, at least (ASSTA 28 3), WITA TOTAL 4 TESTAG #OMTS
pc“ : * SEVERAL PARAETERS TESTED AT STA 2. W
! «x, and preferably seven or eght svstems are re- REVANNG TESTS PEFCORMED AT STA 3
. quired for a production hine, but not for the PVF)

by Operation that is relatnelv expensive and
cumbersorne

Figure ViI1-2. Rotary turntable, oscillator/amplifier
tester.
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Two E-heads are tested simultaneously, re-
quinng approximately 40 s Dunng this penod, the
operator places the two assemblies to be tested into
sockets on the turntable At the completion of the
test cycle, the turntable indexes (two stationsi—
provided, of course, that two additronal assemblies
have been mserted by he operator The tester
assemblies are now at the reject station, where anv
units failing to pass the tests will be automatically
stacked .a the reject rack At the next index, the
assemblies are ejected into a cartndge or magazine

This sy stem otfers the foilowing teatures

@) Relatnelv
opefation

nexpensne  and  simple

(b} Low rates (approumateiv 160 uats per
hour, theretore at least four svtems are raguited
production)

{c) From (b above, ai trast tour operators,
plus one support percon, wouwd he required

id) Ehrmination of operate- decision in placing
rejects ieio nroper rack

@' Protection ot producti i flow dueto tester
downt.me, since severat testers are emploved

Poiary  Turntable—Honzontfl Mode —The
approch 1< a vanation of the roan tur-table ap-
proach. but here the <ockets travel honzontalis
This mode which has all the advaciages histed
above, but permits the presest modular stacked
deugn ot the “edter to remain, 1s shown in tgure
ViK-3.

Ui ar Indever —In this mode <everal cham-
bers are used viith electromics multiplexed Here,
one of more uperators load oscillator, a nplifier
assemblies 1nto suckets or the hinear machuie while
nther pmits are beng tested At the end of the test

vde, the tested units index to a reject station
wi >re units 1hat have ialed the tests are automat-
_ailv unloaded un proper <equencer into ~pecial
repect racks At the nextindex cvcle the assembles
are presented te th>  stomatc unboading <tation
where they are stacked wnto cartndaer of Maga-
“ines Thie mode 1s shownin figure Vill-4
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Figure VII-3. Rotary turntable, horizontal mode,
oscillator/amplifier tester.
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Figure VIll-4 tinear indeer, oscillator/amplifier
tester.

This ,-tem ottevs the folic.ving benefits and
buitions

2' Simple operaton, somewhat more expen-
snve tper umit than the automatic teed approach

(b High rates, depending on numb of
chambers and amount of multplencz Ascaming
fow Sambers with a 40-s test cycle, an appron-
mate production fale of 320 assemblies/hr 15 ex-
pected, with one operator Two such lines would
be required with erght chambers, production rate
would be doubled, but two operators would be
requited

1} From th) above, requirement of at least
two opesators, plus one support person




td) Elmunation of operator decis en 1 placng
regects into propes rack

(e} Protection of productio  flow with two
svstems, in evert of down ime

 Modular design possivle for testers, permt-
tng quich plug-in of tester or chamber in the event
of a problem In 2dd-ton any gnen chamber mav
te bypassed by bicoang oft its related icadmg
station

(g versatndy permrted in tosting Bv chang-
ing ndex cuvcie, ascemblies may be tested in two tof
more* ~equential chambers ot statzons, permitting
cefiam esls 10 e run concurreniiy at diferent
stzions  This may increase rate and reduce com-
riextty of mulupiening

Belt tLinear) —Thie approach 1s suvalar (o the
linear indexer approacn above, diffenng onk, n
configuration  Th~ svstem ofiers all the vanous
advantages and diadhvantages listed above, with
the exception that it 15 less expensne ard more
compact The hinear belt svstem 1s shown in figure
Viil-5
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Figure VILI-5. Linear beft, oscillator/amplifi~ tester.

Eelt (Linear-Honzonzal Mode) - -This system
s ako similar to the bnear indexer spproach wnh
the same basic operation

Other methods examined included the use ot
temporary connectors, mulaple connector boards,
etc . but were evaivated as having no prmary
acvantage

Of the several methods mvestigated, the last
o, bet (hoeard and belt thncar-horizontal) are
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recommended as best meeting prodi ci-on regquire-
merls with a memmum of ¢etal equipment COsts
and a mureum number ¢t operating personnel

In additon, it 15 concevable that operaton
could be compleiely automatc—ir e, autsTualk
feed of assemblies 1o Ihe dive belt, but this would
require an attendant, thus reduan2 the total payoif
of such a device In adamen due to the natuie of
the product, this tvpe of element could be experted
to be cumbersume and iroublesome, although,
with some tuture produtt aesrn of the tuze a
relable, etficrent teeder could laier beinstaded

From a tc2a. svstems aproach, manual *eed-
ing 15 ach meble--at this stage—belavse a relatveh
minor marwuz: operation pes- edes this test Thes
operation 1s the breaking off of the fill tbe trom
pottng), and csuid easily be comb ned with feeding
10 the 16z, thus comb.ung: the operations

Vii1-4.2 Oscillator Tester

The osullator tester performs the funct.onal
te<ts on the antenna/oscllater assembh The tester
provides the assembiv under test with the <pectiied
operatmg power and envwonment  The functiral
tests consist of measurentent of

(1) dc cutrent,

2 detector output voltage
+3) ripower, ang

(3) rf irequency ana ~ensinily

Carmer Frequencs Test (pre<ent method! - -
First, dc power 1s apphed with 1 1-min ume delay

The 11 energy from the fuze antenna 15 then
coupled to the m=er W, the probe. The motor
dnven swept oscillitar (LCY & stopped =aben an
output  w  detected at  the  60-\Misz
amplifier/detecior The outout of the LO 15 precal-
brated and mosniored o5 a freguency countert e
fiz VIll-6
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ROTATING

OIPOLE
DiPOLE RF 10
DETECTOR ASSEMBLY COUNTER
e |
UNIT MOUNTING SWEPT
UNDER FIXTURE MIXER ettt
TEST - 0sC
‘ GR-1208C
60-MHz
AMPLIFIER | 60-db GAIN
DETONATOR
0.5 vdc

Figure VIII-6. Carrier frequency test diagram (present
method).

Carrier Frequency Test (proposed method).—
No change to the existing test chamber is required
(see fig. VINL-7).

TE51
CHAMBER
PROBE
—

23
1 4 ugta
FRED

TEST FOSNay

Jdb ATUEXR

CARRIER FREQUENCY
LAMP (ON CONSOLE)

Figure VIII-7. Carrier
{propased method).

frequency test diagram

The rf carrier is coupled to an rf amplifier by
the existing coupling probe on the right-hand wall
of the chamber. The amplified signal is directed to a
frequency discriminator with an output voltage pro-
portional to frequency. The output voltage of the
discriminator drives an adjustable threshold com-
parator circuit. The comparator circuit determines
whether the voltage from the discriminator lies
between Van and Vo If the voltage is between
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Vi and Vo (fig. Vi-8) the AND gate is output,
and a lamp driver is turned on, indicating that the
oscillator is within specification.

(MAX) Vy |

(MN) V4 [

|
fo (MAX)

f1 (MIN)

Figure Vill-8. Discriminator outpul.

Measurement of Anterior/Oscillator Operat-
ing Current.—The measurement of anterior/oscil-
lator current can be done using the present tech-
nigue, with the possible exception of the addition of
a Go/No-Go lamp on the test console, indicating
that current is within specification limits.

Measurement of Radiated Power.—The radi-
ated rf power is received by the dipole and rf
detector assembly on the rear wall of the chamber.
This measurement is presently made by reading the
calibrated detector output on a digital voltmeter. A
Go/No-Go test can be implemented which lights a
lamp on the console when the detector output
reaches a level equivalent to the required minimum
of 150-mW rf output power.

Sensitivity Adjustment.—The sensitivity ad-
justment is made by simulating a doppler signal and
adjusting the rf coupling to the antenna and the
oscillator for optimum fuze detector output. The
doppler signal is simulated by spinning a dipole
antenna at the top of the chamber at 3600 rpm.
This is then equivalent to a constant doppler re-
flected signal of 120 Hz seen at the antenna
terminal.

The oscillator sensitivity is a function of the
transistor parameters: mainly, transistor fr, other
circuit component parameters, dielectric constant
and thickness tolerances of the copper-clad board
material, and the effects of the potting material.



Oscillator sensitivity adjustment is very diffi-
cuit to automate because it involves the manual
opuration of connecting the capacitor parts. One
method of making this adjustment is to bridge the
gaps between the pads with conductive paint; how-
ever, the resistivity of conductive paint normally
changes with drying time. Another method is to
connect the pads before testing and remove the
connections during test. The third alternative is to
cmpirically determine which pad connection will
alfow a majority of the assemblies to meet the
specification and make this adjustment on all fuzes
prior to test. The tester can then be automated for a
Go/No-Go sensitivity measurement. The assem-
blies that pass can be diverted to manual test
positicns for adjustment. One automatic and one
manuai test position would be required. Supporting
argument for this last approach is as follows.

Figures VIiI-3 and -9 show the correlation
between oscillator sensitivity change after potting
and transistor fr. It shows that if the mean sensitivity
is adjusted 13 percent high before potting (mean
value of 113 mV), and the transistor fy varies from
700 to 1300 MHz in any lot, then the sensitivity will
vary approximately 4-10 percent (10 mV). The
specification limits for sensitivity are approximately
<+ 40 percent.

This allows approximately -+ 30-percent
change in sensitivity with transistor fy and other
circuit parameters. If the change in sensitivity with
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fr and other circuit parameters were empirically
determined, this would allow presetting the sensi-
tivity adjustment before assembly with maximized
production yield.

NOTE 1. CORHELATION OF OSCILLATOR SENSHIVIFY
weik i ON POTTNG AND TRANSISTOR 17

2 SOLID LINE REPRESENTS COMPUTER -

GENERATED LEAST -5QUARES

HI¥ OF THE STRAIGHT LINE-

18y USHIY == 00406 17 (MH) 53470 -

THE 264 DATA POINTS. .
{CORRELATION COLFFICENT =068%) . -

PERCENT CHANGE & SENSTTIVITY

o
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* ‘e
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Figure VIHi-9. Correfation between sensitivity change
after potting and transistor. fy data obtained from
HDL.

Vill-5. Conclusions

A facility should be assembled to prove that a
high-volume 100-percent testing system will elec-
trically be able to stimulate the fuze or module
under test and retrieve the results of the reaction so
that meaningful decisions on the unit's performance
can be readily made.



Chapter IX. Centralized Environmental Validation Test Facility for HDL
by Abraham Frydman

1X-1. Introduction

I1X-1.1 Summary and Update

Fuze design at HDL has included ‘‘environ-
mental” testing during the development stages,
even though it may not have been thought of in
those particular terms. Such tests were usually se-
lected by the designer and ranged from simple,
rigged bench tests to setback tests made with gas
guns and centrifuges, and spin tests made with
appropriate spinners (more recently with the HDL
artillery simulators). Advancements in the gas gun
and artillery simulator test facilities/procedures
demonstrated their credibility for validating struc-
tural and operational design reliability. Good corre-
lation between laboratory tests and subsequent
field tests created a situation in which the fuze
designer eventually placed greater emphasis on
preliminary ‘‘environmental’’ testing. Of course,
the preproduction-developed fuze was still run
through the prescribed MIL-STD tests, and test
plans were formulated for various types of “‘buys”’
and for production lot acceptance criteria. To a
large extent, the tests, plans, and specifications
were selected by the program manager after con-
sultations with the environmental engineer.

In the last several years, the HDL environmen-
tal test laboratory equipment and capabilities have
been modernized. In addition to the conventional
altitude-temperature-humidity and other MIL-STD
environments, HDL has updated its facilities by
inclusion of impact-type testers and various types of
analog and digital computer-operated shaker sys-
tems. There has also been increased emphasis on
innovative and time-saving test methods such as
transient waveform control (TWC), shock spectrum
syntl s (S5S), random vibration testing, and mo-
dal test and analysis.

The proposed PVF provides the opportunity to
restructure and reorient the present operations to
opiimize existing goals. To start with, the environ-
mental engineer will be able to provide much

greater support to the fuze designer in the selection
and timing of proper environmental tests and to do
so throughout the development cycle. In addition,
the environmental engineer will, through familiarity
with the product design, be able to select and
validate reduced MIL-STD test requirements and, in
some instances, even introduce validated nonstan-
dard tests that will provide considerable cost sav-
ings through markedly reduced test times,

In the following sections of this chapter it will
be seen that considerable use is expected of com-
puterized systems. The use of computers is a feature
that even in a limited sense would be a powerful
fuze design aid. Its support role for environmental
testing will be readily apparent from the following
descriptive material. It should be equally apprecia-
ted that coupling environmental testing throughout
the entire fuze development cycle and into the
preproduction runs will result in hardware that
provides maximum structural integrity, optimum
environmental durability, and operational reliability
validated to user-prescribed battlefield conditions.
and

IX-1.2 General Description, Purpose,

Concept

The foregoing concept is concerned with the
establishment of a Centralized Environmental Vali-
dation Test Laboratory (CEVTL) to provide test
support for the simulated fuze mass-production
operations performed at the fuze PVF. The pro-
posed CEVTL will use dedicated computer equip-
ment and conventionally controlled environmental
test equipment for the dual purposes of performing
accelerated and conventional design validation
testing. Emphasis will be placed on the accelerated
test method in order to reduce turnaround time
by an estimated factor of as much as one-half .
Also, it is planned to upgrade the level of confi-
dence in the test results because of the ability to test
larger lot sizes per unit time. A central processing
unit (CPU) will rapidly develop test data bases to be
used to validate or reject prototype fuzes/subas-
semblies or fuzes under development, based on
proof of design, overdesign limits, design to cost, or
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similar types of acceptance criteria. To reduce
production costs for a particular fuze design, limited
numbers of prototype fuzes will be manufactured
using production-line techniques as opposed o the,
conventional method, which resorts to custom-
made tool-room techniques. These simulated
production runs early in the development stage will
identify and fix potential production-line problems,
demonstrate the mass-producibility of a particular
design, and provide quantitative unit-cost estimates
before the Technical Data Package (TDP) is re-
leased to industry. To ensure, however, that
product reliability has not been compromised by
the selected production-line techniques, prototype
fuzes/subassemblies would have to be tested to
simulated or accelerated service life. Thus, test data
conveniently collected and stored within the CPU,
when analyzed by a preprogrammed mathematical
model, can be used to rapidly ascertain the
adequacy/integrity of the mass-produced fuze. If
necessary, the mathematical model can be further
extended to determine the probability that a partic-
ular fuze can survive the rigorous field-acceptance
tests which are used to determine whether the fuze
is ultimately approved for full-scale production. The
mathematical model can also establish confidence
limits for the fuze.

Practical developments in state-of-the-art dy-
namic testing, manifested by computer-based tech-
niques, make it possible to rapidly expose proto-
type fuzes/subassemblies to simulated/equivalent
field damage. For example, field damage resulting
from transportation vibrations can be measured in a
matter of minutes or hours rather than days (the
usual time for acceptance testing). This time saving
is achieved by substituting intense random vibra-
tions for the standard harmonic excitations. This
and similar test techniques (such as the Shock-
Transient Waveform Control Testing and Airgun
Testing) skillfully applied can minimize pre-
production costs by scaling down the magnitude of
field testing on prototype fuzes. Furthermore, readi-
ness is improved because of a substantial reduction
in assessment time as well as ever-increasing
computer-based simulation testing.
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The concept of equivalent testing, although
demonstrated in practice,"’ often requires extensive
empirical and analytical efforts for demonstration of
the correlation between laboratory and field tests.
In some cases, test technigues developed for one
product must be modified in order to apply to
others. In the past, such an effort was prohibited
because of the high cost of prototype fuzes. How-
ever, the availability of a fuzing PVF (furnishing
prototype fuzes and components at economical
unit cost and in sufficient quantities relatively early
in the production stage) is expected to make such a
correlation effort possible. The PVF should also
provide for reasonable lead time for any necessary
redesign modifications before the TDP is released
to industry. Such modifications may also include
product redesign to reduce unit cost if the margin of
safety is determined to be unreasonably high.

The accelerated testing proposed here could
be performed reliably on prototype fuzes at various
stages of production without interfering with
production-line operations. However, it is recog-
nized that terminal phase testing of the end-item
fuze(s) is the most cost effective. Therefore, the
CEVTL will be designed toward performing envi-
ronmental validation testing as specified for the
assembled component/system, such as for first-
article acceptance samples of thermally condi-
tioned electronic subassemblies (E-heads), impact
switches, and fully assembled fuzes.

The proposed CEVTL will resort to the innova-
tive use of a CPU and dedicated digital minicompu-
ters to meet three primary objectives:

{a) automatic test control/monitoring of ad-
vanced simulation test equipment,

(b) data acquisition and documentation of the
raw test results, and
'W. C. Facker, Equivalent Techniques for Vibration Test-
ing, Naval Research Laboratories, SBM-9(1972).
'Cyril M. Harris and Charles F. Creed, Shock and Vibra-
tion Handbook, 2nd edition, McGraw-Hill. New York
(1961).




() overall evaluation of the raw test results in
accardance with the predetermined criteria to
aid in decision-making for mass producibility
and cost effectiveness of the fuze designs
under consideration.

To meet objective (a), the CPU will be used partially
as a library source for storage of test-simulation
codes developed especially for the accelerated test
method. As an example, consider the use of the
accelerated test method to simulate rough handling
environments in the field that are characterized by
complex shock signatures (damped shock tran-
sients with variable amplitude and frequency
components). Such signatures—hereto impractical
10 generate conventionally—can now be synthes-
ized on electrodynamic vibration generators within
minutes using computer-based shock TWC test
techniques. To simulate the same environments
conventionally, one would have to resort to lengthy
and costly field and laboratory testing, as no practi-
cal laboratory test methods exist now.

Use of the CPU or dedicated mini-digital com- °

puters in test applications to meet objectives (b) and
(©) is clear. The CPU referred to here is a PDP
11/45 computer and peripherals or other remotely
connected ADP equipment having equivalent com-
putational capabilities.

. summary, proximity environmental valida-
tion sting capabilities can be reliably incorporated
in the fuzing PVF operations. Using conventional
and special test equipment operating under a local
controller, prototype fuzes and subassemblies
would be tested at the final level of assembly (unless
otherwise specified) 1o assess the mass producibility
and cost effectiveness of a particular design. Raw
test data for a limited lot size will be entered into a
centralized data bank and analyzed to determine
proof of design, design margin, and possible modifi-
cations 10 reduce unit cost.

Tables 1X-1 and -2 present a summary of the
floor plan, test equipment, and utilities required to
support the proposed CEVTL (communication lines
to CPU not shown). The same test equipment is
used whether or not accelerated or conventional
testing is performed.
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The proposed conc 2pt for environmental vali-
dation testing is not a substitute for the formal
product acceptance tests. Rather, it is primarily
intended 1o provide a means for quick assessment
of a particular design, indicating whether it has
been compromised by mass-production  tech-
niques, without the need for costly and extensive
ficld tests for every production run. Final accep-
tance of the product still depends on compliance
with the formal field tests.

1X-2. Environmental Validation Tests

The folluwing types of tesls are proposed in
support of the environmental validation process.

(a) Mechanical vibrations—harmonic, ran-
dom, and mixed mode—simulating various
transportation environments for munitions

(b) Standard mechanical  shock—simple,
composite, one-sided—simulating rough han-
dling of munitions

(¢) TWC testing—nonstandard mechanical
shock—=digital control techniques used 10 syn-
thesize user’'s specified complex shock
signatures

(d) Shock spectrum—primary, residual, and
maxi-max—simulating  rough handling and
other high-shock environments. This form of
testing is not specified in military standards,
but is computed from field data for a specific
fuze environment

(0) Least favorable test method response—
composite worst-case shock envelope for a
multitude of field conditions used primarily to
accelerate test time

() Air gun launch shock—simulated gun bal-
flistics, including spin and environmental con-
ditioning effects

() Temperature/humidity /thermal  shock—
conditioned thermal cycling to simulate field
or depot storage environments and/or dor-
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mant status before execution of dynamic
testing

(h) Pressure/altitude  (vacuum)—simulating
airborne transport of munitions, effectiveness
of moisture-resistant seals, etc

(i) Standard rough-handling shock—5-ft and
simulated 40-{t drop tests, quantified jolt, jum-
ble, etc

(i) Other—such as salt spray—performed to
validate corrosive resistance of materials to
corrosive storage environments
IX-2.1 Testing Procedure, Documentation,
and Data Analysis

A limited quantity of prototype fuzes/ subas-
semblies will be subjected to the type of tests
specified in section 2. For optimization of test
operations, the smallest (but statistically meaning-
ful) lot size will be tested at selected test stations. As
many test operations as technically or sequentially
possible will be run concurrently, such as multi-
chamber or multi-shaker control. Such automatic
operations will require computational/ processing*
of test data, retrieval, storage, and CRT display
capabilities accessible from the testing area. Be-
cause of the automated test operations proposed,
between two and three mid-ievel technicians will
be required to perform environmental validation
testing.

IX-2.2 Environmental Accelerated Test Design

In general, no accepted specifications exist for
accelerated environmental testing of electronic
fuzes. Guidelines and procedures are available for
accelerated aging environments such as depot stor-
age and 20-year fatigue life for shipboard equip-
ment. In moslt cases, however, accelerated testing
for specific fuzes will have to be developed almost
on a custom basis and, to be effective, this will have
to be done within the development cycle of the

*To the extent that no dedicated computer is available, it
is proposed that this task be supported by an HDL PDP
11745 processor or equivalent ADP equipment.
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product. The design of such tests will require that
ariginal work be done in areas such as damage/
wear mechanisms, equivalent  deposition  of
mechanical/thermal energy, exaggeration factor
theory, and statistical correlation techniques. Efforts
of this type will have to be supported concurrently
with actual prototype development to achieve ulti-
mate potential of the PVF operations. The particular
applicability and weighted contributions of each of
the operation/survivability prototype parameters
will have 10 be evaluated with respect to the spe-
cific product and to the particular type of field
environment considered most demanding. Valida-
tion tests on production hardware will have 1o be
performed initially (in those cases where existing or
relevant data can be obtained) to demonstrate dam-
age equivalency of any proposed/developed accel-
erated test procedures. Eventually, some acceler-
ated tests will achieve general recognition and
reach the acceptance level of the current MIL-STD
tests.

IX-2.3 Standard and Nonsiandard Tests

The CEVTL validation process will include
both standard and nonstandard tests. Standard tests
are usually specified in considerable detail in Mili-
tary Standards (e.g., MIL-STD-810C, MIL-STD-331)
or other official. documents such as procurement
specification control drawings (SCD’s) and
ASTM/ANSI codes. As a result, each test is well-
defined in its requirements, applications, and pur-
poses. Nonstandard tests, on the other hand, may
also be quite detailed and equally valid for their
intended purpose; nevertheless, they are character-
ized by user-defined specifications. Although these
tests may eventually be described on SCD’s delin-
eating specific environments for a given fuze, they
are, in most instances, specific to a particular pro-
gram and do not have general applicability.

Quite often, such environments (tests) are re-
quested by the user who is intimately familiar with
the field environment, or they are introduced by the
engineer/designer following successful usage dur-
ing development. Developed nonstandard test
plans must permit flexibility in test operations. It
may be expedient (though in some cases absolutely
necessary) 1o allow contract test engineers to adapt



or madify test facility equipment and procedures.
However, experience and a thorough knowledge of
the product, its enviconment, and the test itsell are
required before such changes can be adequately
evaluated. In any event, test plan modifications
should be discussed with the environment engineer
and receive user approval before the start of con-
tract testing.

Several nonstandard test techniques are now
more widely used for dynamic, accelerated testing.
They include the following.

(a) TWC using digitally controlled vibration
generators (used to simulate user-prescribed com-
plex acceleration time histories). This test method
can be used successfully to simulate a variety of
complex shock events that are readily synthesized
electronically, However, due to current existing
equipment limitations, this method cannot be ap-
plied for shock levels exceeding 1000 g.

(b) Shock spectrum testing (simulating the
damage-dependent frequency content of a com-
plex shock event). This method can be used reliably
to generate frequency components in excess of
50,000 8.

{(¢) Interior ballistic techniques (simulating gun
launch shock/spin effects) using various types of
air/gas guns and flight boosters.

(d) Equivalent vibration damage techniques
tespecially effective in reducing test time—typically
from hours 1o minutes).

Accelerated testing usually starts with the one
considered environmentally most damage-inducing
or environmentally most failure-prone, followed by
tests of decreasing environmental severity. This
may be justified on the grounds that if the item
survives the most severe test it will probably satisfy
the remaining tests. More practically, it saves test
time by pinpointing rather quickly any defects that
require reconsideration or redesign. The CEVTL
computer system will include assessment capability
of design/overdesign margins in terms of confi-
dence levels. It is expected that accelerated testing
will become more prevalent because of ongoing
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research and development in this technology and
the need 10 reduce project development/test costs.

The advantages and disadvantages entailed in
the two test methods are given as follows.

Method Advanlage Disadvaniage
Acccietated  Potentlal reduction Extensive development
test of test time by S0 effort 10 establish

percent and more equivalency.

Lengthy (as long as
1-1/4 months)

Conventional Procedures avail-
test able and valid

Regardless of the test method selected, the follow-
ing parameters could be assessed based on the
proposed concept for environmental validation
testing.

o Design/overdesign limits (system level)

e Potential mass-reproducibility problems af-
fecting design integrity (component level)
(versus  overdesign

o Cost effectiveness

margins)

I1X-2.4 Fixture Design and Fabrication

The concept of environmental testing pro-
posed here will require design and fabrication of
semi-universal test fixtures to permit quick adapt-
ability and interchangeability of test setups. One
advantage. of -universal fixtures is the cost saving
that is realized when they are already available.
However, the design and fabrication of an ade-,
¢, gate stock and range of universal fixtures requires
a substantial initial supporting engineering effort.

IX-3. CEVTL Personnel

Test operations in the CEVTL will be con-
ducted by three technicians under the guidance of
two professional staff members. Each technician
will perform tests assigned to his station, testing the
required number of specimens commensurate with
a given task. To minimize cost, tests will be run
concurrently whenever possible. To further opti-
mize test operations, test personnel will be trained
in all operations applicable to their grade level. The
use of automated equipment for operations and
documentation will offset the limited staff size.
Staffing does not require additional personnel.



Table IX-1. Test Equipment and Ulilitles in Room N-2 of Proposed CEVTL

{iem Measurements Electrical Characteristics
Depth  Width  Helght  Weight Volts  Phase Amperes
(in) (in.) {in.) (b

(1) Rough handling,3 48 48 36 300 115 1 20
{2) Centrifuge 60 60 - 700 330 2 20
(3} lmpact/shock tester 32 76 180 5000 220 2 10
(4) Teletypewriter with 24 3o 40 80 225 1 5
CRT display
CRT d
(5) 5-ft Drop tester 36 46 —_— 500 115 1 5
(6) 40-ft Drop simulator 36 76 180 1000 115 1 5
{7) Workbench —_— —_— — — _ — —

The walls and ceilings of this room must provide acoustical isolation to 70 dB. The noise level in the room will be
dpproximately 95 dBA.

Table 1X-2. Test Equipment and Utilities in Room N-3 of Proposed CEVTL

Htem Measurements Electrical Characteristics
Depth Length Height Weight Volts Phase Amps Other
{in.) {in.) {in.) (Ib)
Digital control/monitor 36 66 60 500 110 1 20 3 circuits
test system
Teletypewriter (with 24 36 40 80 115 1 5 —
CRT display)
Disc/library 36 36 40 80 115 1 5 -—
Power amplifier 36 72 — 700 220 3 450 —_
Vibration generator 60(dia  — 60 1500 220 3 400 -
Heat exchanger 24 24 —_ 300 220 1 8.5 Chilled water,
with pump drain
Pressure f altitude ’ 50 45 60 700 115 1 100 —
chamber
VSP machine 42 48 — 700 115 1 10 Chilled water,
drain
Temperature / humidity 48 48 60 200 115 1 30 —
conditioning chamber (2)
Ternperature-conditioning 60 60 60 300 1S 1 S0
chamber (thermal shock)
Work benches (2) 36 72 32 200 115 1 15 e
File cabinets (2) 16 18 42 30 — - —
Desis (2) 33 60 10 100 — 1 -
Storage cabinets (5) 20 36 72 40 - — —
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Chapter X.—Mechanical Fabrication

oy Harry E. Hill, Jr., Guy T. Appel,
and Paul S, Flosge

X-1. Introduction

The mechanical fabrication section of the PVF
will provide general “production” support to the
other PVF technological areas. This section will
fabricate plastic and melal parts, tooling equipment,
and fixtures; perform various types of mechanical
inspection; and be responsible for the mechanical
maintenance of facility equipment. The equipment
includes both modern general shop equipment and
some that is applicable to high-volume manufac-
ture. The areas that make up the mechanical fabri-
cation section are general shop, inspection, plastic
molding, automated metal removal, die-casting,
and powder metallurgy.

Historically, the mechanical fabrication of
electronic fuze prototypes has been conducted in
the HDL shops with standard, general-purpose ma-
chine tools (e.g., lathes and mills). These tools have
been used since the establishment of the laborator-
ies during World War Il and, at that time, most
other fuze manufacturers used similar equipment.
The past 25 years have seen more extensive use by
industry of new materials and processes for mass
production of mechanical components. To a large
extent, this change has resulted from the increasing
costs of materials and labor that have spurred the
development of automatic assembly cquipment
and material-saving processes, However, the man-
ufacturing methods and processes for electronic
fuzing have not kept pace. A major contributing
factor to the increasing disparity between methods
used in the manufacture of fuzes and methods used
by other segments of industry is the continued use
of nonproduction equipment, primarily involved in
the metal removal techniques, for the fabrication of
fuze prototype parts.

High-speed, material-saving fabrication proc-
esses also have not been fully utilized for ihe
fabrication of electronic fuze components. Specifi-
cally, few die-cast or powdered metal parts are
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produced. These processes have, however, been
widely adopted in the industrial sector for high-
volume commercial production of mechanical
components.

Die-casting is probably the fastest of all casting
processes and is equal to stamping, die-forging,
plastic molding, powder metallurgy, and screw ma-
chining for high-speed, large quantity production.
Even while achieving high production rates, die-
casting provides close tolerances and smooth sur-
faces and it can be used for complex parts having
thin cross sections, Die-casting requires the follow-
ing design considerations. Sections need 10 be uni-
form and thin; changes in thickness should be
introduced gradually. Ample fillets must be pro-
vided and undercuts avoided. Large, thin, flat sec-
tions must also be avoided because of the possibil-
ity of warpage as the castings cool.* The most
important design consideration in die-casting is the
necessity of providing drafts (tapered “walls) that
permit part ejection from the die and removal of
core rods. These design considerations, especially
draft provisions, make the design and form of the
die-cast part unique. The consideration of these
design peculiarities must be included during the
development process.

If a part is to be die-cast, the fit of that part and
its mating parts must allow for dralt angles, wall
transitions, and allowable undercuts during the de-
sigh process. If these considerations are not in-
cluded during deveiopment, the use of die-casting
will either be precluded or require subsequent ex-
pensive change orders resulting in increased cost
and/or program delays.

Industry has increased considerably its use of
powdered metal parts during the past decade. Al-

*Proper mold design is required to minimize the occur-
10nce of porosity in die-castings.



though the basic price for powdered metal is rela-
tively high, its nearly complete wiilization ol ma-
tenal and the limited need for subsequent machin-
g of finished parts make the process highly com-
petitive with other methods. Since there is a high
associated die cost, this process usually necessitates
production tuns greater than 10,000 parts for it to
be economical. This amount is exceeded consider-
ably by total volumé requirements for most fuze
programs, Again, as with die-cast parts, certain
limitations are placed on the design of parts for
powdered metal fabrication. Foremost, from the
fuze designer’s point of view, are the effects of size
and shape on the density characteristics of the end
product. The number of levels of a part affects the
complexity of the press or results in a varied density
at each level. Also, sharp radii or knife edges must
be avoided. Uniform shapes can be accommo-
dated parallel to the compacting anis, but perpen-
dicular holes and threaded sections cannot be pro-
vided without secondary machining. Some consid-
erations, such as restrictions on holes perpendicular
to the compacting axis, are well defined; others,
such as restrictions on knife edges or sharp radii, are
judgements. Many of the judgements are based on
the evaluation of tradeofis between part function,
die lite, die material, and preduaction run quantities.
Design of one component to compensate for the
permitted  manufacturing  variations  of another
component, performed during the development
phase, achieves a fow-cost production item; at the
same time, it establishes a valid Technical Data
Package {TDPY and proper, reliable fuze function.

The equipment necessary for the general shop
support includes lathes, mills, drill presses, grinding
machines, a jig-borer, NC equipment, and gear
hobis. The gear hobs and NC equipment will be
used in the manufacture of mechanical compo-
nents for fuzes with the remainder of the equipment
used primarily to make tools and fixtures.

Cost factors and economic operation of the
facility will justify the initial manufacture of compo-
nents, during the early design/development phases,
on equipment other than production equipment.
Final design considerations will be adjusted for
mass producibility of the end items as made on the
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productionssuited machinery. The use ot NC lathes,
mills, and machine centers 1or quantities of 50 to
200 in many instances will be the bost compronise.
This equipment has setup times and manufacturing
rates that fall ‘between those of the production
equipment and the manually operated equipment.
The setup time typically is closer to that of auto-
matic equipment, with the production rates closer
to those of manually operated equipment. Parts
tolerances will generally vary more when obtained
from automatic equipment than will those obtained
from a machinist. A machinist compensates for taol
wear by gaging parts frequently and altering tool
settings. On an automatic machine, the first compao-
nents are set for manufacture near one tolerance
extreme. As the tooling wears, the last components
come off the line near the other tolerance sxtreme.

The inspection equipment is composed exclu-
sively of equipment presently in operation at HDL.
The inspection of dies and tooling used throughout
the PVF is critical. Dimensions will be checked and
values recorded at the start and aiter full comple-
tion of each run, All data will be entered in the
computer center for later analysis. Parts will be
designed so that they can be made efticiently and
economically. To achieve this, not only will parts
have to be made in large quantities, but tool wear
and required tool changes will have to be mini-
mized. This is implied since the replacernent of
tooling after several thousand pieces on a
production run of hundreds of thousands increases
the cost of the part. Close monitoring of tool and die
wear as a function of parts produced will enable
valid extrapolation of ultimate tool and die life,
predicated on the information gathered in making
prototype quantities on production equipment.

Statisticalanalysis of component size variation
as a function of all facets relating to specific manu-
facturing methods will aid the designers in selecting
the precess, part configurations, and design toler-
ances. Similarly, early identification of parts that
exhibit wide size variations tfrom the normi will aid
the designer in identifying areas of a subassembly
that will require special attention. If practical, com-
pensation for these variations would involve rede-
Sign of components; if not, another process would
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have 1o be selected  Although part cost would be
tugher, tirst conuderation would have o be tune-
tonal operational rehabilits

Accumulation ot tool wear data will alwo de-
tesmune the time at which tooling should be e
placed, priur o the manutaciure ot vut-ul-tolerance
components Tu be usetul the knuw ledge must be
gamed trom high-speed production equipment to
enabie prediction o1 wlerance rends that will ap
pear m adlid production In addition, good insped-
bon data entered as computer records wili show the
precise size of the comporents that went into
protots pe tuzes These data will document the tact
that assemblies that were tested were repre onta
e otthe TDP

A turther benent o1 dose inspection dunng
development will be the establnbment st accurate
gagme standards tor later use in procuction De-
taded analvais ot the size samatons ot garts ;n
production will resuttin the use 01 Go/N0-Go gages
that are less costh and, although not as precise are
adequate test cntena and betier suited tor measure-
ments on a mass production ine

The plastic molding equipment at HDL s ade-
quate it ss felt that the equipment s, for the most
pant, adequate for fabnicating prototype models ot
electrome tuzes \With this equipment there would
be the abiiav to fabrnicate both thermoalastic and
thermosetung plastic parts. Because of therr special
properties and the cost savings in the use ot plastics,
thewr use n electronic tuzes has been sceadily in-
creasing The avalability of this egutpment at HDL
has led 1o the use ot new matenals, the develop-
ment of new plastic components, and the replace-
ment, i product-tmp:or ement programs, of previ-
ously made metal parts bv plastic parts Much ot
this wotk has been on nove cones—the major
plastic component ot elevtronic tuzes Currenthy
work 15 being done to develop new sealing and
joimng metnods to provde a strong, weather-tight
seal at the nose-cone/fuze-body intertace Most o1
the development aork on the plastic turbine blade<
for the turboalternator power supph was done at
HDL
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One promising area for investigation is the use
of plast.c gears and pintons in S&A devices, al-
though the plastics used must be coniparble with
the gases in the environment. Plastic molding prom-
1ses large cost savings «n this area, but advances are
required to overcome the static-strength and creep-
strength imitat.ons of present matenals Also, addi-
uonal information must sull be developed on the
apphcations and limitaions of plastic-molded
gears A specific aspect that must be evaluated s
she etfect of long-term storage For this evaluation
to be done, some of the tests will have to be made
n close haison with the fuze designers Complete
testing and evaluation of the vanous plastics 1s an
absolute recessity tor development of valid TOP's
New plastics are being introduced conunually, and
unless compansons car be readily done the best
matenal may not be specitted With the PVF in
operction, the designer can readihv have pants
produced from several matenals, enabhing him to
select the optmum mawenal for the miended
purpose

The metal parts tabncation group consists ot
three tvpes of equipment gear hobs screw ma
chines, 1nd chuching machires Untortunately, ex-
pense gear hobbing = sull the pnman method tor
manutactunng gears tur eleciron tuzes  Some
equipment being speuitied tor the PVF will be used
1o dev elop alternatn ¢ methods to gear hobbirg but
until these processes are developed  the tacilits
must have this equipment HDL does have ore gear
hob mad Pine but requaes puichase ot a second one
to provide necessans operational reubiity. Bewdes
providing gear Lompunents r protolype models
the equipment will proade gears tor use 1a the
development o new methods ot assembh and
fabnication  Imestigation ot gear operation as a
tunction ot dimensonal tolerances will ad the de-
wgner N speatung these tolerances  Permiting
manvmum tolerarces tur gears that will st pectorm
rehabn will result in lewer rejects fonger tool lite
anc overall lower costs

The largest numbers ot tabncated parts are
probably those made by a wrew machme These
machines produce parts trom amy mac hinable ma-
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tenat they otter production rates ot up to 5000
parts pes hour and they maintain bigh accuracy

For optimum use of screw machines the parte must
be properhy designed  This agamn requires a close
working relanonship betw een the designer and PAF
personnel Since the ulimate objectne i< the devel-
opment of mass-producibie end stems at lowest
cost it s necesaan that production-onented de-
agns be introduced at the earhest practicai ume

Thic requires tabncation o1 designs dunng proto-
tpe development  atiemptng  small quantay

procuction teeding production problems back to
the desmner and redewigo tor economical trouble-

see production

X-2. Description of Genzral Shop Area

The general shop area of the PVE contains
equipment that will be used i the tabrication ot
igs tntores molds and dien The equipment nec-
esars 101 this support actny 1< currenth onred by
HDL The required equipment ndludes lathes
mitls dnll presses goeders 3 pg borer and an
electnical dncharge machine (e DD

The semautomatic asembh equipment pro-
posed tor the PVF requires the tabrication of spex 1al
s and ntures as toohng tor the rapid accurate
foc anon o components These jigs and intures may
amph be locating pins on a base plate or mav be
complex intures requinne locatng clamping and
FOLARNR ¢ OmpoOnent Parts

in additon to the pas and itures tor the
ennautomatic assembh equipment pgs and In-
tures wil! be required 1or marual assembh opera
tons Recause of the vafous hpes of assemblies
that wiil be produced i the PVF nese a sembh
Auds are pecean 1or LinCient operation

Tha tabrication ot all requised components tor
2 protolype tuze i not posaible n the PVF on the
production equipment Thete will be imes when
« heduting restrictions or econonmic considerations
will ity the tabsicatior of components on the
general <hop equipment Thiscan normalh be done
witn the equpment hied Eaupment m HOUS
ceneral shep will akao be emploved as 2poropnate
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to supplement PVF faciliies when higher than nor-
mal demands occur

The molds and dres used tor plaste molding,
die casting, and powdered metal pressing will be
tabnicated it the general shop area In addition to
the <tandard equipment, a pig borer and EDM are
necessan for this work  The yig borer will produce
ems requinng close tolerances The EDM machine
will be uced to tabncate dies that require the use of
extremeh hard matenals

The prnding equipment i used pamanh tor
tool tormuing Two exceptions are the surtace gnn-
der and cvhindecal gonder  The suntace grindet
would be used to generate fiat surtaces on pgs and
molds The cviindacal gander would be used to
tabncate shatts and dowels requinng extremelv
smooth surtace fimshes

X-2.1 Numerically Controlled Equipment

Major manufactunng companies are gradually
reizing  that  numencalh  controlled  (NCY
production equipment is not just a glamorouy addi-
ton to the production floor but a real work horse
\ith todas <« high labor costs NC equipment tor
Many Manuaclunng operations » justity g 1< large
captal expense by retuiming high vields Typrcal
examples 0f <av.ngs that have been expenenced by
the use of NC machimng *NCAMI are shown i table
\-1 Savings are attnbuteo mamiv 1o the reduction
o1 setup and parte-handhing time and to the number
ot uminterrupted machme-cutiing ov cles that can be
provrammed on the NC machine The co~t ot labor
tor the machine tmc both comentional and NC,
can be tabulied by use ot the current hourh sate as
the muluplication tactor With thic in aund, one s
ate m saving that NCM s plaving .0 important role
n the manutacture o1 high-volume items of which
tuzes are anexample The advantages o1 NCN iein
the <peed and accuracy ot posstioning, part configu-
raton memon  planned tooling <equences, and
automatic too! changing and loading performed
ntegralh, with the metal remoral cycle

De~gnmg tuzes tor NC metal remoral dunng
protonvpe dereiopment will be enhanced by the
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ability to fabricate the part on a typical NC machine
that will run through the projected manufacturing
cycle. The design can be easily changed by chang-
ing the machine computer program. The designer
will become intimately familiar with manufacturing
processes, using a variety of NC machine configura-
tions presently available in the HDL Engineering
Support Branch. The machine configurations that
will be available are as follows.

(a) Two-axis continvous-path, engine lathe
with automatic tool changing capability.

(b) Two-axis, point-to-point, single spindle,
drilling machine with milling capability.

(c) Three-axis, continuous-path, vertical mill-
ing machine with linear and circular interpolation in
the control system.

(d) Three-axis, three-positioning, two-
continuous-path, vertical drilling and milling ma-
chine with a position indexing tool tur: ~t with linear
and circular interpolation for continuous-path
milling.

(e) Three-axis, horizontal spindle machining
center with an automatic tool changer (24-tool
storage), three-lincar-axis operation, and a rotary
indexing table,

(H Punching machine with a rotary automatic
tool changer (26 stations).

As indicated by the above list, the designer will
have turning, drilling, and milling metal removal
capabilities with which to prove out his desigs
under realistic NCM processes.

Table X-1. Time Savings from Use of NC Machining

Item Lot Conventional NC Percernt
size hours hours savings

Switch bracket 50 G695 ox 78
Manifold 0 073 d.16 St

Giear bousing 0 127 1.00 92

Table X-1. Time Savings from Use of NC Machining

‘cont’d).
Item Lot Conventional NC Percent
size hours hours  savings
Cylinder block 10 4.05 0.10 20
Bracket 10 3.78 0./0 A
Motor base 15 216 0.65 70
Casting 15 3.18 0.39 a8
Panel 10 2.0 0.2 90
Plate 10 09 0.27 60
Bracket 13 0.24 0139 43
Hub ] 2315 54 77
Flange 10 140 1.25 92
Base 1 54.3 1.3 98

X-2.2 Metal Removal Equipment

Swiss screw machines have been used exten-
sively in industry in the production of electronic
fuze components. Their use is especially applicable
to the fabrication of extremely accurate slender
parts that must be made at high production rates.
These machines readily cut pivo! points, back
shoulders, multiple diameters, tapers, and complex

shapes,

The tooling on the Swiss screw machine s
located circumferentially around the stock being
machined. On a machine with five tooling loca-
tions, two are typically employed for diameter
turning, and the remaining three are available for
cutting-off operations, knuring, chamfering, etc.
The stock is held by a rotating collet and advanced
& the cutling lools that are controlled and posi-
tioned by cams. By coordinating their movement
with the forward movement of the stock, almost
any desired shape can be turned. The diameters on
slender parts can be heid to 0.0003 to 0.0005 in.;
shoulder length can be held to 4-0.0003 in.

Many standardized attachments that are avail-
able eliminate other complex secondary opera-
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tions These include the following took single
pomt, 1122, and urcular form, dnlls, cutoft, counter-
bores, axessag, chamfenng, milling, threading,
and tapping  These attachments can be nter-
changed on a specitic prece ot equipment but are
not usually nterchangeable from one manuractur-
or s machine to another To miinnze tooling costs
and provide mavimum ilexbibty 1t 1s best to pus-
chase the tw o machines necessan tor the PVF 1rom
one manutacturer Honever the quantities ot pans
10 be produced n the PVF do not warrant the
addivonal cost ot automatic bar teeds

Several manutacturers provide machines that
have a veratde set of extremely retined attach-
ments. Desked 1ooling includes ¢ross shdes tor
torm took, drfiing, coemterbonng, threading, re-
cesang, haurhing, cutott, and chamtenng The spec-
icaton for ol Swiss screw machanes tor the PVF
~hould specifv c(hip separators Other charactens-
s that <hould be considered in the <peciticauons
are an electromechanscal index an the headstock
and the aczelerator headstock spindle brake, or
three-camindey capabihity

The operaing ttme of these machines for a
peaic job would be extremely short because
productien rates will be 500 to 5000 parts per hour
The <etup time tor a machine can take 4 10 16
hour< depending on the complevity of the part to
be made Hence a good part of the time in this area
will be devoted 1o <etup rather than tabncation A
machinit will require three 1o *our weeks ot <pe-
aalized traning to dex elop proficiency m <etting up
these machines

A manually loaded chuching machine will be
required 1o pertorm secondan operatiors on the
castings and powdered metal parts. The machine
<hould sccommadate a minmum of <ix tooks on a
Dauc shde and have a <eparate threading attach-
ment Several \NC chucking machies are cutrenth
manutactured that would <atsty the needs ot the
PAY 1 an NC chuching machine were selected, a
separate threading  attachment would not be
needed but an eight-tool trret would be needed
A tvpical setup tme on anv chucking machine 1<
three bour- for a aingle operation

X-2.3 Inspection

HOL has substantial sophisucated mechamicat
rspection oqupment that wit support the PVF,
parucutarhy ior measurements of small parts Much
of she equipment measure< hnear and angular di-
mensions. This area will provide precise dimension
nformation that will be necessary i setting up
tolerance requirements for the 2VF-produced parts
Ot speaal interest to the PVF are the Beadix Shef-
field Cordar inspection Machines These machines
operate using the Cordax program run on a Digual
PDP-8 minicomputer for secording positions and
comering these measurements into dwrensions
<uch as height, length, width, diameter, radiws, and
angie The PDP-8 operctes in a time share mode
while runming Cordax to provide general-purpose
computationat facihties using BASIC and other
languages

On order for one of these Cordax machines is
an automatic dine svstem with automatic probe
sensing The probe will automatically be positioned
on 4 part to measure any number of desired dimen-
soas With this svatem, a runming inventory of ait
prototvpe parts and dimeasional charactenstics
sent through mspection will be logged nto the
computer, reflecting part dimension changes dunng
the prototvpe run. Computer program analysis of
these data records will be extrapolated to project
these changes to torecast toc! ite and other usefut
productior-hne information  Dunng p:ototype de-
velopment, the data v compuier storage will be
analvzed along with other test data 10 statstrcally
coelate fuze perdormance and pant dimensional
charactenstics

X-2.4 Plastic Molding

The a0 broad classifications of plastic maten-
als  are thermosetting  and  thermoplastic
compounds.

Thermosetting compounds produce a product
that takes form and a permanent set within a mold
by simultancous applicatien of beat and pressuie
The compound 1s presoftened by heating and then
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hateened by polvmenzation throagh the 2pplica-
tion ot addi:onal heat and pressure

Thesmoplastic compounds,  however, un-
dergo no chemical change m molding Thermoplas-
tics are softened at elevated temperatures and re-
main soft untl cooled

Plastic matenals ditter wideh trom one n-
other, even within the th o specitic categones Therr
indnidual charactensucs adapt to many processing
meathods compression molding, transter molkding.
njection moldmg, jet molding, casting, extrus-on
blow.ng. and lamuinating  All the plastic matenak
can be iabnicated by more than one method, al-
though one process 1s usuath much better than the
others Compression, transfer, and mgection mold-
ng are the three processng methods that are most
oflen used n tabncating electronic tuze compo-
nents The molding matenal is purchased coamas-
cuallv 1In powder or granular torm However, two
processes, compression and transter molding, te-
quire preformmg ot the plastic This pretormng
compresses the powder mto pellets of umtorm
densty and weight The aze andd <hape ot the
peliets are related to the size and shape of the mold
cavty that will be used in the tinal operation  The
advantages of pretorms are 1o taaltate rapid load-
g, minimize waste, and negate the posability ot
mold damage due to overfoading Two types of
pPrelorming presses exnt sotan and reciprocating
A rotany press s a multestage mulu-die machine
that produces tems at a high rate Pellets produced
on the rolan press have the ame charactefistics as
those procdduced on reaprocaung machines The
reaiprocating machmes have a much lower output
rate but thev require onhy one die, and dies can be
changed quukly  Ths s a distinct advantage n
prototvpe tabrication, w th its multiple programs
and irequent desipn changes Changeover requue-
ments, the need for tewer dies, and less emphaas
on high rate production dictate selection of the

receprocating machine tor the PVF The proper
chore ol presses 105 industrnial apphcation 1 pot as
obviovs

Con pression molding s the application of a
compressn= torce 10 a premeasured amount o1

matenal i a heated mold As the mold closes,
pressure 1s apphed 1o the softened matenal, forcing
ntoflow and conform to the shape ‘ the mold. The
wmitial materal may be edther granular or a preform

Thermoseting compounds are normally ysed, since
the required rapid heating and cooling of the mold
makes a thermoplastic compound less suited to this
proce<s Pressures normally used in compression
molding are between 100 and 8003 psi, depending
on the matenal and s1ze ot the pant The tempera-
ture range of the molds 1s from 250 to 400 F (about
121 to 204 O and s achieved erther by directh
heaung the mold or by heat transfer from heated
platens The heat s supplied bv steam, bheated
hquds, electncal  resstance,  or  ultra-high-
trequency electac cursents

Presses tor compression molding fall into
three categonies hand operated, semiautomatic,
and automatic  Automatic presses are required on
production line< to meet high-volume output rates
The parts produced on automatic presses are quite
uniform because uming and feeding of raw mater-
aleis highly repetitne and automatcally controlled
Semaulomantic presses operate automatcally for
one cvcle, but then require manual loading and
unloading  The automatic cvehng of the molding
process on a semiautomatic press ehminates some
operator-induced vanauons The vse of preforms
on a semautomatic press ads the production of
vnitermhy  similar parts  that  duplicate  those
produced on an automatic compression molding
press

The semautomatic pre<s 1s best sunted tor the
PVF It produces pants which quite accurately duph-
cate parts produced on automatic presses it will
require no additional smvetment because HDL cur-
renth has this capabiliy 1f the increased emphasis
on prototype vahdation at HDL causes an increase
n the demand for compresston-molded parts, the
addiion ot automatic contrors would be conud-
ered The addmon of automatc cortrole would
allow higher production 1ates without expansson ot
curfent att

Transfer molding diifers from compression
molding in that the molding matenal s intzally n 2
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pressure chamber above the mold cavity The ma-
tenat 1s plasticized by heat and pressure and slowly
injected into the mold cavity where it 1s cured and
hardened  Transfer molding 15 excellent for
production of parts having ntrcate shapes and
large Cross-section vanations The process s also
useful for pars that require small metal nserts,
ance the hot plastc enters the mold slow Iy, at low
pressure This process differs trom mjection mold-
ing of thermoplastc matenals in that the mold i<
kept heated at all umes and parts are ejected
without ccoling HDL currently operates several
presses ot this type, rangng trom a manually oper-
ated 100-ton hvdraulic press 10 several 30-ton
<emiautomatic presses The exisiing capabiliies are
conadered adequate tor the PVF operaticn

tnjection-molding machines have the hughest
production rates, up 1o 350 <hols per hour Thi
production rate alilows the use ot sngle-caviy
molds and reduces molding costs The operation of
these machines 1s the <ame tof thermopiasuc and
thermosetting compounds The molding compound
1 contamed n a hopper and fed by gravity into a
metenng device  This measured charge s then
heated in a heating chamber that operates at 25010
500 F (about 121 to 260 C), depending on the
matena. usec and the mold wize The heating cham-
ber contains a torpedo-like spreader that causes a
thin lave: ~t matenal to be heated capudiv and
unto.mis  The ram moves tomard to inject the
plasticized matenal at pressures as high a< 30,000
ps Thermoplasic matenals are genetally used in
miection moldng They have low matenal loss
ance the gate and sprue materai are reused The
mold 1« mamtamned by circulating water at a con-
<tant temperature <clected at 165 10 200 F tabout
~3 10 93 O} Since 1t % not aliernateh heated and
cooled the production rate may be theto <y <hots
per mnute a SIRAICANT INCTEASe OVer compre<sion
molding HOL currerts aperates several inpection-
molding machines

At addmonal imection-molding machine of
1-07 capaciy <houid be purchased Thrs would
replace the two 1-07 manual-control presses cur-
renth n operator: The new machine would be
<emiautomanc, with temperature and pressure con-

trols, sncluding low-pressure jection A typrcal
press of this type 1s the Hornet Model HVI-25RS,
manufactured by Newbury Industnies

HDL currenlly has enough auxliary equip-
ment to support the plasic molding area It wncludes
a rolling mill, plastic gnnder, tablet maker, and
several heat exchangers tor both heaurg and cool-
ing molds

X-2.5 Die Casting

HOL has no capability for die casting 3t this
ume Die casung s also an area where considerable
terest has been ndicated by several n-house
groups  pamcularly the safety and amuing (S&A)
group There have been difficutties 1n secunng pro-
totvpe parts and there 15 a destre 1o be more
numately myoh nd with the process thanis possible
when dealing with contractors The 1ack of any
capabilin 0 this area greatly affects equipment
choices, and tends 1o make decisions divisible mnto
the categories of immeduate mimmat needs and
additiona!, more advanced equ-pment

For the most part, two basic types of allovs are
used in diecast fuze parts Thev are aluminum and
zinc allovs This causes a basic problem since each
matenai requres a different tvpe of die-casting
machme The hot-chamber die-castiag machine s
used tor zinc, and the cold-chamber die-castng
machine « used tor al Molien al
because of 1te higher temperature and reactivity,
1ends 1o attack the <teel pumping mechamsm of a
die-casting machine, which thus require< special
construction A cold-chamber aluminum machine
requires that the molten aluminum be transferred
into the pressure cvhinder from a separate meltng
pot for each mach.ne cvcle By contrast, a hot-
chamber die-casting mechine has the pressure ol
inder immersed i the meltng pot so that no molten
metal transier 1s needed The zinc melting pot 1s
theretore an integral pant of the die-casting ma-
chine The advantage of & hot-chamber machine 15
that r:o separate melting apparatus < required and,
because no metal transier 1s imohed, cvcle imes
on a hot<chamber machine are faster. Zinc can be

used and parts cast i a cold-chamber machine if
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need be, but aluminum cannot be used n a hot-
chamber machine Therefore, all other consider-
ations aside, it would seem that a cold-chamber
machine would be the type to purchase

There are, howerer, other important consid-
erations First, most of the die-cast parts mhich
tend to be <mali) are zinc, and zinc 15 the easier
metal to work with overall Second, the cold-
chamber machines generallv come n larger sizes
than hot-chamber machines This difference further
compounds the mitial nefficiency of fabncating
2enc parts 1n a cold chamber Therefore, the more
practical equipment with w hich 10 start die casting
would be the hot-chamber zinc die-casung ma-
chine  This machine could be mcluded with the
mnital PVE equipment procurement, or it could be
added 1 the future Add.tonat equipment would
later wnclude a larger cold-chamber aluminum die-
casting machine and a melting furnace

Another process in die casung requires trm-
mung flash from the castings This can be done
several ways Furst, there are die-casuing machines
that incorporate a tnmmes in their design Ancther
way of tnmmng 15 10 use a inmming press The
flash can ako be tnmmed by ‘anious methods
manually if necessarv 1t ss preferable to secure a
press with a tnmmer included 1f this 15 not possible,
a press would have to be purchased separately,
since a relauvely large number of parts have to he
tommed f two die-casting machines are pur-
chased—one cold chamber and one het cham-
ber—the probability of having an integral tnmmer
on both woula be very small, so a tnmmeng pres<
should be viewed as an eventual nex essity

The maximum number of die castings of any
ore pant produced through all stages of develop-
ment will be 5000 The total monthly output of die
castings of all pasts should not exceed 3000 preces
The mawmnum part werght 1s about 4 ¢z, although
most parts will be only a small fraction of that

weght
A relatnely new phase in die casting 1s In-

jected metal assembly The two parts to te joined
are held in a die and holding fixture, and molten

zinc or lead alloy 15 njected into the cavity The
spherical shr.nkag. of the injected metal provides a
mechanical locking of the pants Because the proc-
ess does not rely on adhesion or bonding, there is
no need for special cleaning and surface prepara-
tion Parts that can be joined can be made of glass,
brass, aluminum, steel, and nylor. The advantages
of this process are high speed (up to 1100/h),

fi y of bly, relaxed tolerances for indi-
widual parts, no fimshing op quired, and
elimination of the effect of operator skill on the
quality and strength of assembly.

In addition to the josung of parts, the opera-
tion can include the integral forming of parts by use
of special dies to form cams, flanges, or pimions in
the same process Where accuracy s important,
tolerances can be held to 0 0005 . total indicated
runout (TIR) Tolerances have been held to 0.003
TiR dunng the assemblv of a brass gear to a shaft
while molding the pmion The volume of metal that
can be injected Lmits the size of assemblies Cur-
rent equipment s mited to 0 610 ? of molten metal_

Because the fixture posiions each part inde-
pendently, tolezances on parts ca- be relaxed The
strength of the joint does not depend on precise
dimensions of the component Paits held together
by this process rely on radial and axsal shnnlage
Porous matenals provide 1deal locking surfaces be-
cause the jected metal penetrates the voids 1o
provide the px lock. For h-surfaced ma-
tenals, some provision must be made in the design
fur gapper areas into which the metal can contract
This can be provided by annular grooves, dovetails,
or hnurling

A fist follows of the equipment needed to
sepport a die-casting facshity

Minimum Equipment Needed

Hot<hamber zinc die-casting machine (1),
35t101200z.

Injection assembly machine (1)

Tnmmung press (1), 2ton
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Additional Equipment Desired

Cold-chamber aluminum die-casting machine
{1 1202202

\elung/ladhng turnace ti)
Tumbler/deflacher (1)
Materials

Alumnum 1nd zinc ingots die lubnicant, abra-
anes, etc

Die-casting molds
X-2.6 Pondered Metal
\-26 1 Introduction

A capabity for the in-house production ot
<mall quantiies of powdered metal partc would ad
the tuze development programs at HDL At the
present tme, onh a small pescentage of the metal
sarts that < outd be made usng puw dered metal are
beng made by this process A substanual <avings i
the cost of mass-produced fuzes wou 1be realized
W the powdesed metal process were beng used to
fabrnicate tuze parts

ot having an in-house tacibty, HDL has not
been able to 1abe advantage of and use powder
metallurgy dunng the prototvpe development of a
tuze 1L careless 10 speaity a pondered metal part
design it 11 has not been thoroughh tested and
evaluated betore the release of a TOP Tests con-
ducted on amilar parts made ot machined pow-
dered metal ugs or bar stock will not indiate
precisel how the powdered metal part might pes-
torm 1t 1s possble 10 secure some off-the-shelf
powdered metal pacts from commeraial sources, as
has been done with <ome present oarts, but the
development ot each new part has its own ininca-
ies and tends to be one of a kind Some exposure
to the pow dered metal design process has provided
graduai ac quisstion of knowledge but does not com-
pare to the expertise that would accrue from actual
evpenence in an in-house facility

A basic inherent problem 1n secunng small
quantities of powdered metal parts from outside
sources 1s the operation of the commercial market-
place Purchase of anv prototype part i< costly Itss
made more difficult for pondered rietal parts be-
cause of the additional special compacting-press
tooling required Furst, this tvpe of tooling reduces
the number of available comvetent contractors
Since there 1s no guarantee that a prototvpe part will
go wio volume production, the nsk factor ‘or a
profitable returnis igh and fusther discovrages
potental part supphers But even whena con-
tract 15 let, there 1s high probabiity that the
prototype part design  and possiblh  even the
tooling will have to be modified Transactionwitha
suppler then requires placing a new contract or
renegotiating the onginal contract—both costly
evercises

Schedu'.ng requirements and program funding
do not allow a desipner the luxuny of even consider-
ing a new contiact or the renegotiaton of the
ongnal contract Rather than go through the afore-
mentioned process, the designer must rely on ma-
tenak and designs that use :1-house capabihties

Thus, a part that obviously called for use of
powdered metal would be fabncated for the proto-
type using some other manufactunng process
Howenrer, in setting up a production hne, a contrac-
tor would naturally attempt to reduce costs bv
fabnicating the part out of powdered metal This
would often require redesign of the pant (as a
change costi and result in a fuze that was somewhat
different from the actual validated prototype fuze.
in some nstances, functional periormance would
be adversely affected, introducing costly shut-
downs and requinng expensive retesting, revahida-
ton programs

The types of parts that are often made of
powdered metal in industry and that would proba-
bly also be used extensively in HDL programs
include the following gears, sprages, pawls, shafts,
bushings, plungess, base pfates, housings, and other
component parts used in small, clock-type conteol
and timing mechamisms. At the present time, a few
of the more standardized smaller and simpler fuze
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components of this tyoe are being made from
powdered metal by outside contractors.

Itis expacted that the demand for any particu-
lar part would extend up to a maximum of about
5000 units in any particular development prograns.
Al any given time there may be between two and
five poris being developed in powdered metal. In a
typical month, the total production of all parts
would not exceerd 3000. The total number of parts
produced will be divided between one or more trial
runs. Units would be used to check the basic
design, to determine dimensional variations, and to
provide parts for various types of environmental,
strength, and operational tésting. A longer run of the
final prototype design would provide additional
units for a repeat of the preceding tests, for test and
evaluation of subassemblies, and for tests of com-
pletely assembled fuzes. A series of trial runs could
be required beiore an acceptable part would be
produced. A general trial run would be on the order
of 100 1o 200 units, and a final run could produce
up to a few thousand. Although all parts made
would be inspected closely, only a small number
would be used in the various detailed tests. A total
of no more than 5000 of a <pecific part would be
madae between trial and final prototype stages.

The low unit cost per part, coupled with the
fast cycle times of the required presses and fur-
naces, makes a long run practical for checking the
press operation and part reproducibility. With a
press that can produce 10 to 40 parts per minute,
several hundred parts can be made very quickly to
check for such things as powder filling and unifor-
mity of compaction. The inherent design of these
powdered metal presses makes fast cycle times
possible, but it also makes such detailed checking
necessary for setling up pant design processing
procedures.

The farge runs of parts can also be handled
quite easily by the sintering furnaces that are avail-
able. Except for the small batch furnaces that are
not really related 10 production furnaces, the re-
maining suitable furnaces have capacities similar 1o
the general range of the presses These larger fur.
naces ako make ot practical 1o use atmosphere
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equipment corresponding to that used in the
production furnaces. With the larger furnaces and
their associated atmosphere equipment, it will be
possible to make realistic determinations of the
production variables that will prove useful (o the
ultimate fuze contractors.

X-2.6.2 Powdered Metal Processes

Production of powdered metal parts involves
several separate processes. First, a powder of the
desired composition must be produced. Then this
powder is pressed into compacts of the desired
shape in the “‘green” state. These green compacts
are: then h2ated until their powder particles are
bonded together. After this heating or sintering
process, the part may be used as is or it may go
through some combination of repressing, sintering,
and impregnating to produce the desired physical

‘properties. Final machining may be required, de-

pending on part complexity.

The processes naturally dictate the equipment
required for a powdered metal facility. The equip-
ment falls into three basic operations—biending,
compacling, and sintering. Each of these operations
requires its basic tools—the mixer, the press, and
the furnace, plus the related ancillary equipment. A
further descripiion of some of the basic processes
involved follows.

Blending. — The first step in producing a pow-
dered metal part is to secure a powder of the
desired composition. The blended powder usually
consists of either an alloy powder, a mixture of
clemental powders, or a single elemental powder,
together with a lubricant/binder, such as zinc stea-
rate. This lubricant/binder reduces die wall and
interparticle friction. It also makes the powder more
workable before pressing and helps 1o hold the
green compact together.,

Compacting.— After the desired powder is
secured, it can be compacted by several types cf
presses. The three basic types of prosses are the
isostatic, the hydravlic, and the mechanical. The
isostatic press uses a fiexible mold, which is subject
to hvdraulic pressure over its entire outer surface lo
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produce the compacting force With thss tvpe ot
press, ot (s easy to achieve uniform, honrogeneous,
ugh-oenwity parts  There 15 a problem in designing
and secuning the required flexible molds The pres-
sute produces compaction from ali d.rections s1-
multaneously, which makes the calculation of the
mold shape somewhat difiicult 1hese presses are
also quite slow and difficult to _perate, s0 they
would not be used n volume production There-
fore, use of such a press in house would make it
difficult 1o relate our expenience to that of the final
fuze manufacturer

There reallv 15 no clear choce between the
other two tvpes of presses Although the method of
producing the compacting force s entirelv c'itferent
n the two presses, therr operation i1s nonetheless
quite similar Mechanical presses use an arrange-
mes t of cams and levers to produce this motion,
hvdraulic presses use hvdraukic cylinders to
produce this motion Both can be used to compress
10 constant density {(bv use of constant pressure).
Howerver, n 1s doubiful that this teature would be
used very oiten

Both the mechamical and hhvdraulic presses
produce compaction along a single axis but there is
usually more than oe compaction imot:on} along
this axes I a uniform densay 1s desired over the
entire pant lengtk, muluple ram motons 2re re-
quirad For a sivgle-level nart, compression from
one side orlv aganst a die will produce a gensity
gradient trom the panch face to the bottom of the
die. Theretore pressng trom tep and bottom 1s a
requirement it a part nas more than one level, a
separate punch with inaependent motion will be
sequize<d tor each level These separate punches are
required so that there will be an equ2i compression
rat.y in each level of the part This equal compres-
sion ratio s needed to produce equal denstv n
each level because powder does not flow hydrau-
lically between fevels In a forming operation o1 this
type, 1 >¢ ot a hydrauhc press can be an advantage
A hvdrazlic press can often make it easer to have
multiple punches, and it 15 easter to control and alter
the motions ot these punches
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Two features available in beth mechanscal
and hydrautic presses are removable die set tooling
and 1002 operating on the withdrawal principle
Both features are highly deswrable ard often come
together A die set s a removable tool holder and
tooling set which can be set up independent of the
press. This allows toohng to be sef up or repared
while the press is being used with another set of
toolng The setung Lp of tooling is usually much
eavier on a work bench than in the confined space<
cf the main press frame An additional advantage of
die set tochng 15 that it holds tolerances more
precisely because the punches and dee are held in
alignment by their own irame This scaled-down
frame holds its algnment far better than the large
press frame, which also has to take the loads of
producing and applying the compacting force.

Normally, the upper punch retracts from the
die, allowing the die 1o be forced up by its float
springs from the lower punch. The lower punch
then moves up and presses the compact out of the
restraiced die  This rebound motion leaves the
compact unsupporied in the die, oiten causing
cracks Withdrawal tooling reduces the possibility
of breaking compacts when they are removed from
the press In withdraw al toohng, the die is not spring.
loaded so the lower punch remains in contact with
the compact The upper punch can r.t on the
compact as the die 15 withdrawn as an extra protec-
tion aganst crach growth

Sinterrg Operatrons — Sivtenng consists of
heating the green conipactin a controlled reduc-
ing atmosphere 10 a temperature below the melting
point of the base metal The requirzd temperature
vanes w.dely, depending on the matenal beng
used Powders of sron and copper Dases require a
much higher temperature than those of aluminum
bases. At the sintering temperature, a predomi-
nanth schd-state bonding process occurs between
the poader particles of the compaa It s this
bonding that determ.nes the mechanical and physi-
cal properties of the pare After cooling, the parnt
may be used as 15 or t may go through further
operations 1o develop its properties These could
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include repressing, resatenng, impregnation, of -
filtraion  Both resmtenng and infiltration mvolve
the sintering furnace

The basic too! for the «intening operation 15 a
furs2ce that produces a high temperature, some-
what below the meling point of the metal powder
Because it 15 desired that aluminum-, copper-, and
iron-hased pewders be used at vanous tmes, there
will be a large difference 1n the speclic furnzce
temperatures requited  Although here vall bave to
be a compromise in the design of the furnace, it
should be optimized for the most widel, used
powders those of ron and copper base Both have
siilar temperature and atmosphere requirements
A furnace of this tvpe would atso be able 1o handle
2fuminum, afthough 1 would do so at a substantial
sacnfice in performance when cempared to one
desned specifically for alurinune

Any production sate above the purely ore-of-
a-lind part requires an in-hine type of furnace This
tvpe of furnace featrres a iong tube, enclosing a
<elected gaseous atmosphere, with an mput end, a
burn-off heat zone (uphional), a sinter heat 7one,
and a cooling zone The ends of this tube ase sealed
bv deors from the outside air to retan the control
ammosphere These doors have a burn-off port and
pifot 1o provide a controlled atmosphere outlet
Thev also have a flame curtain to prev ent combush-
ble atmosphere trom miung with room air when
they are opened 1o put in and “emove parts

The purpose of the two heat zones s to (13 first
burn oft the volatife powder lubnicants and binders
at a low temonerature, and then {2) sinter the part at
a higher temperature, just below the melting pont
of the metal powder The burn-off furnace enables
a higher product-on rate because the heat load s
taken up by two furraces it also allows a more
favorable temperature for burn off than that of a
sintenrg fumace However, at the low production
rate proposed here, it vould not be worth the
added expense of the burn-off furnace

Several reduing atmospheres could be cho-
sen for use in the sintenng furnace These atmo-
spheres include bottled hydrogen, cracked fuel gas,

and dissoniated ammonia; the latter two require
generat ng equipment. Several considerations make
drssocrated ammonta more attractin e than the other
aitmospheres

Cost, sterage, and nanding problems are en-

countered when bottled hvdrogen 1s used ac an
atmospnere Botiled hvdrogen costs more than dis-
sociated ammomia, even when the total costs of
producing the dissociated ammonia fevlinder am-
monia, electrsc power, mantenance, and amortiza-
ton) are included Also, one 150-1b (about 67 \g)
cyhinder of amsroma produces the same volume of
atmosphere as 34 cylinders of hvdrogen, so that
storage and handhing of the latter becomes a com-
paratively large problem Atthe proposed operating
rate, it v.ould mean that 34 cylinders of hydrogen
1 ould have to be handled each month as com-
pared to only one cylinder of ammonia Use of
bottl~d hydrogen s also disadvantageous conside: -
ng the labor mvolved in changing cylinders and the
problems of delnvery into a testricted area

Cracked fuel gases (esogas 2nd endogas) are
atmospheres nich in hydrogen and carbon monox-
ide as reducing agents However, several problems
mal e these gases undesirable as atmospheres The
gas generalors fequire a natural gas supply that
would be questionable at best i terms of availabal-
ity These atmospheres also contain wnpurtes
which are detnmental to the surface of the pow-
dered motal pant The range of flow rates through
these atmrosphare generators 18 somew-hat re-
<ivicted compared to the dissociated ammoma gen-
erator, and the homogenenty of the output gas tends
1o be vanable with flow rate

Dissociated ammonia s produced by heating
anhydrous ammoma (NH;} in the presence of a
catalyst to crack it into nitrogen N) and hydrogen
(H;} The output gas has an approximate composi-
tion of 75-percent hydroger and 25-percent mtro-
gen, with traces of undissociated ammonia This
atmosphere has almost the same effect as pure
hydrogen, since the nitroger +s hasically inert it s
somewhat superior to hyd 110 torms of fewer
harmful impurdies and Zave:  awpomnt
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An adc tionat advantage of a dissociated am-
monta atmosphere generator s that a hydrogen
diffusion unit cou'd be added to produce ultra pure
hvdrogen as an atmosphere The hydrogen diffu-
s1on unit uses a paliadwm ulver alloy as a diffusion
medium to separate hydrogen from other const.iu-
ents of the mput gas This arrangement would
require excess capacity inthe imtial ammomia disso-
crator because, on a volume basss, the yield rato s
about two thuds ot the dissociated ammonia inpu

Model Powder Metallurgy Facility — The
equipment hsting that follows descnbes a model
powder metatturgy facilty at two levels of opera-
ton One level would be for the mimmum amount
of equipment required to start such a tacilty This
equipment, by its inherent nature, wculd iake care
ot all but the largest powdered metal parts to be
encouttered at HDL The addional equipment, for
a higher level of operaton, would include a larger
press to handle the larger parts, a second oven for
the smtering of 2lumiium parts, and an ultra-pure
hvdrogen gereraung unit Along with thic equep-
ment would go *he increased storage and handhng
equipment requised
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Basic equipment

Compacting press, 15-ton capaaty, 72 1 long
by 4010 wide by 93 1n tngh, 7100 1b, 439V,
3 phase, 55 hp

Die sets, spare

Sintening furnace, 30 Ib/hr capacity, 180 fong
by 54 wide by 661 tigh, 340V, 3 pnase,
250\W

Ammoma dissociator, 300 cfh capacily, 60 in
long by 36 1n wide by 72 'n.. high, 430V, 3
phase, 9 kW

Al here control equip

Infiltration chamber
Powder blending mill

Pant storage cabinets
Additional equipment desired

Compacting press, 40- 10 60-ton capacily
Suntering furnace, aluminum parts
Ultra-pure hydrogen generator plus anciflaries

Additional storage and handling
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Chapter XI.—Compater Support for the Prototype Validation Facility

by Robert H. Rot2n

Xi-1.  Introduction

A number ot areas within the PVF require
computer support This support will be provided by
a combmation 01 mumcomputers and ntelligent
terminals that will be acquired tor the PVE, and by
vanous types ot computers and process control
eaupment planned 1or or already present at HDL
for example the latter equipment includes the
Direct Numencal Control Master Svstems Control-
fer (IDNC-ASCY which supports the Research and
engincenng Support 1 aboraten ‘RESL), the geneal-
purpose  laboraton-wide  actomration  network
(SPE AR and the large-scale HOL central computer
system eperated by the HOL Management Informa-
ton Svstems Otce (MISO) Trnie combreation of
equ preent will be retesr >d 1o throughout this chap-
ter ac the “Svstem *

Animportant teature o the computer support
15 the use ot a common data base of intormation
descnbing the device< and components that pass
through the PVF This irtormaton will be vsed and
updated by the varous computer apphicatons i
the PVE Thus, the statss of devices and data on the
devices will be availlable, w a central location, a<
nput to 2 vartely of application programs used both
nade ind outside the PVE The use ot these data
outade the PVF < aot addressed s this chapter
Some of these outade applications will obvicusly
be improvement ot fuze de<igns tuze operation as
weli as tuze produambiny) documentation, draw-
s techmcal data packages (TOP s1, manutactur-
ing metheoologies and techrques, etc . but this
matenal s be.ond the scopz 6t s chapter

In the follovang <ections of this chapter, the
chives 0! applicanans that will be Lupperted are
descrbed and tyrcat apphcations are discussed
Appendin M-A shews spearfic uses *o be made of
this suppert by the ficihiies 1a the PVE Appendin
XI-B 15 a oibhogragty of <ome dtcles and texts

which provide information on the use of computers
n computer-aided design (CAD), engmeenng, test-
ng, and manufactunng

X1-2. Data Entry, Yransmission, and Collection

The Syster must be able to accept data from a
number of sources The sources can be roughly
classified .nto three areas data entry, computer
transmutted data, and automated data collect on

Manual data entry will be used whenever st s
necessary to enter data into he “ystem which are
not in rachee-readable form Typrcal apolicaticns
would mclude incoming spection  .n-process
manual inspectiens, directnes 10 the System, etc
For the most pan, the input dev.ce will be simidar to
ateletvpewnter However, in some casesuwitl bea
special device whch s designed for a specific
function te g , where dnlv numenc informatonisto
be nput, the “teimnal " would have just a numenc
Lev pad) Another important data entry device will
be graphical in aature Ths willinclude both digitiz-
ers and graphics terminals The graphics terminals
will generally be used to tacilitate the analysis
penicrmed an device< passg through the PVF

Data on the devices within the PVF will reside
within a number ot different computers, some n-
<ide and some outsid~ the System The datz wiltbe
tr d to that comp on which 1t 15 most
appropnate tor the work to be pertormed  (he two
machines within the System that will pnmanlv be
sesponsible for the switching and transmussion of
the data will be the communication front-end con-
wroller of the SPEAR Network and the DNC-MSC of
the RESL.

The automated data collection portion of the
System will be used 1o acguire real-ume data on
devices as thev pass through v. 10us portions of the
PVF The data collected wiil generally be used in
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the PVF for two purposes (a) to provide control of a
process being carned out in the PVF (eg, the
weighing and sorting of the components of thermal
power supplies), and (b) to collect data on items
under test for subsequent analysss, quality control,
and simulation swdies For example, the stabiliy
and repeatability of S&A control parameters could
be menitored, and resulting data couid be used to
contro!l the tabrication of additonal g.:totvpes
Simultaneously, the data could be used as inputinto
rehavility stadres

XI-3. Design, Analysis, Simulation, and
Management Information

Most of the “raw computer power” that the
PVF wil' require will be used tor the design and
development of “producuon  methodologies
based on the prototvpe engineenng design and on
the prelinunary TDP's, the analvas of data gener-
ated during the simulated “production’ runs, the
design of device tests and the analysis of the result-
ing data, and the pertormance of computer simula-
tions of the real production process It will also see
considerable use i prowiding information to
management on the status of aevicers and programs
within the PVE Most ot the CAD, analysis, and
simulation will be done on the mam HDL computer
svstem Most of tne data transtation and temporary
storage will be done on the DNC-MSC  Some
typical tasks which will be pertormed are set torth
below

Atter the des.gn o1 a device has been per
fected and inial prototspes have been tested, ot
wll be nec.asary to determine those problems that
mav anse duneg prods tion of the device by indus-
tn Using the engineer < design data and informa-
tion from the preliminan, TDP, computer programs
will be rua that will control the “anous machines in
the PVF by use of compurer-aidea manufactuning
(CAM) techaiques These computer studies will
detersune potential manufactunng problem areas
For example, RC parts programmers will use the
drawing data and the APT compuler program 0
control the NC machin< producing mechanical
parts Work flow studies will be conducted to
determune the best order and procedure for me-
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chamical parts manufacture  As parts proceed
through the PVF, generated data will modify the
work flow design Problem areas will be solated
and changes will be made to the manufactunng
procedures that will elimnate the difficulties The
results of this effort will be guidelines to the indus-
tnal manufacturer that will expedite setting up
aroduction hnes with a mimimum of problems
and/or delays in producing reliable fuzes at lowest
cost

Devices are evaluated in three phases—the
test design, the test and the analvsis of test data
Vanous design.of-experiments computer programs
willbe used to develop statisuically sound tests (e g,
Probe Test, Random Batance Test) Specialized
computer programs will be used to develop the
detailed procedures for performing the tests Test-
ng will usually be monitored and controlied by
local mini- and microcomputers and by the distub-
uted intelligence inthe SPEAR network Data gener-
ated by tests performed outside the PVF (eg, at
remote test sites) will be transmuttect va the SPEAR
network into the common data base. After tests are
completed, other programs will be used to analyze
the data and pinpoint weaknesses i the “manufac-
tured”” product

Simulation of the complete wanufactunng
process will be a major computer support task for
the PVF Usig data from each of the statioas within
the PVF and a simulation program we n an
appropuate language (GPSS or Simscapt) the high
rate production process will be ssmulated Resuts
of the simulation will be used to “tune " the process
so that final recommendations to manufactyrers
will indicate the best process of several presented
alternatives

The use cf the Svstem to provide current,
detatled informavon 15 a capability that will enable
management 10 exercise better contiol over pro-
grams being conducted in the PVF The exact
nature of the reports will depend on the type of
mformation desired However, one preaiction can
be made—miuch of the outout will be presented
graphically  Management s usually more con-
cetned with overall trends and levels than specific
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aumenc values Graphics is the best way to present
this type of information The computer programs
that produce the reports will be nonprocedural,
weer directed, 1 e, there will not be a fixed report
output format  The user will be able to direct the
program in a simple, Enghsh-like language State-
ments bhe

PLOT NUMBER OF REJECTS VERSUS CONVEYOR SPEED
wiltbe used

Another smportant management tool will be
resource scheduling Because the PVF will not be
an intenstve use, high-volume manufactuning plant,
maony of s facshies and much of its equipment
(e g, rotary tables, nonsynchronous transfer hines,
etc ) will be shared among the artviites in the PVF
By the use of an appropniate shop scheduling pro-
gram, the use of these resources wil' be scheduled
to maimize disruption. and inefficiencies

XI-4. Equipment Requirements

The exact configuration and amount o
computer-ihe equipment that will be required de-
pends to a great extent on the exacy makeup of the
opetations, equipment, and faciiies within the
PVF However, certan preces of equipment will be
used independent ot the precise makeup of the
PVF A majonty of the requisite computer re<ources
vl ewst before the PVF is implemented  This set of
equpment 15 histed 1n section \-4 1 Some addr-
nonal equipment will be acquired specifically tor
use i the PVF This latter aquipment 15 listed in
section Xh-4 2

X141 Existing and Available Compuler
Resources

The following computer reseurces are on
hand and accessible at HOL.

1BM 370/ 168 computer

Direct Numencal Contrel—Master Systems
Controller POP-11/Adage GP430 graphics
system

Computer Vision Design System (2)

Interdata 80/Adage GP420 graphics system

Tektronix 4015 DVST graphics terminal

tmlac €DS/4 graphics termnal

SYEAR low-speed Data Acquisiion, Test,
and Control (DATAC)/Graphics system

SPEAR medium-speed DATAC system

sssorted SPEAR tme.shanng teletypewnter
ternunals

XI-4.2 Required New Computer Resources

The following computer tesoutces are re-
quired to support the HDL PVF.

SPEAR high-speed DATAC's (2)

SPEAR low-speed DATAC's (6)

Limited distance modems (10

inout terminals (3)

Additional Adage computer-aided  design
terminal

sMicroprocessor controllers for  computer-
aided manufactunng

Miscellaneous probes, interconnection  de-
viKes, etc.

Computer software

X1-5.  Alterratives

The alternatne to providing complete com-
puter support for the PVF 1y 10 use only the ¢xisting
equipment (sect Xi-4 1) which, although extensve,
lacks the hardware connection and software sup-
port for the PVE set forth previously. Witnout this
connection and support, the automated actinities,
the analvars, the simulstion, etc . descnbed before
will be greatly curtaed i some cases and wmpossi-
ble 1 most cases None of the automated | nks, the
on-Ine data bases, or the real-ime daia acquisition
will be performzble. Thus, the advantages that
couls be realized by full use of computer support
will not be achieved and the patential benefits to
the vanous programs will be severely restcted

it should be recognized that the exwsting
equipment and capabilities were not implemented
for the PVE but were acqu sed for other support
The augmentations recommended will enable the
FVF 1o make use of the existing HDL capabiliies;
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thus, the PVF will have the adv antages ot a modern,
mutumithon-dollar computer svstem at a

traction of that cost

PPOL

Xi-6. Conclusion

In order for the PVF to be ettectinely used, itss
necessan that thes facility have adequate computer
support. HDL, as part o s ongoing mission, ha<
implemented a svstem to provide extensne com-
puter support tor the vanous laboraton orgamza-
tons and ther personnel  Extending this suppont
nto the PVF will increase the usetulness and greatly
mprove the eftectneness ot the PVF

Appendix XI-A.—Appiications of Computer
Support within the PVF

XI-A.1 Introduction:

Grnen below are descnptions of <ome specific
apphcations of computer suppost within the PVF
and within facihities directh associated with the
PVF Intormation 1s alo g en on computer applica-
tions that are outside the scope of the PVF, but
whose results are refatedto the actnsties of the PVE

XI-A.2 Electromechanical Facility

1ar Detecting and controtling th* >outiomng
ot parts duning assembhy

i Controlling the testing of electromechan:-
cal mndules and acouwnng S&A vanable and
aunbute data

10 Anahscot testdata

() Quality assurance contrel of electrome-
chamcal tabrication

te) Kinematic studies 0t mechanisms.

XI-A.3 Semiconductor Prototype Fabrication
and Validation

&) Control of the testing of integrated Gircusts
(1C's) under elecincal and emuonmental
slress
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(b Analvsis of test data

t¢) Computer-aided design and layout of 1C
mashs

XI-A.¥ Power Supplies

fal Automated testng of power supplies and
analy<s 0! test results

(b} Controlling and monitoning assembh of
power supphes

() Automated control of wetghing and sort-
ng oi the elements of thermal power supphes

i1d) Controlling assembly of aw-driven power
supplies

(&) Computer-aided dessgn of mashs of fludic
power supphes

XI-A.5 Printed-Wiring Boards (PW8's)

(a) Computer-aded routing and layout of
"W

(5 Numencally controlled dnliing of PAWB s
XI-A.6. Elecironic Board Assembly

1a) Controlling robots and other automaied
assembly equizment

(b Automated tesung of electronic subassem-
bhies and anz'vsrs of collected data

XI-A.7 Automated Fabrication of Thick Fim
Circuits

15: Comy ster-aided circut design,  layout,
and antw otk preparation

(b)Y Computer control and monitonng of cir-
cutt fabnication

() Computer control of lazer resistor trimmer.
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() Computer montonog  of  matenal
mentory

te} Computer testing and quality assurance
{QA ot incoming matersal

(h Computer-aided testing of  thich  tim
crcunts

XI-A.8 Automated Fuze Assembly

ta) Computer scheduling and controtng of
nonsy nchronous transter hines

b Controt ot robots and other teces 01 av-
<embh cquipment

XI-A.9 Fuze Testing

(a Automated data acquisifion ifom tuzes un-
der test and anah s ot the te<t results

i Automated te<t setup using robots 1o pos-
tion fuze connect 1o lester, an* remove atter
et

XI-A.10 Ensironmental Validation Laboratory

tar Computer-nded deugn of emvionmental
stimul

th Computer-controded testing, data acGuia-
tion and analves
X2-A. 11 Mcchanical Fabrication

ta) Computer-aded  desmn ot mechamcal
parts, molds s, etc

th Numencalh  controlled  machimng 6t
parts, molds, pgs, etc

(0 Computer-aided nspection and  quabity
control of tabnicated parte

(d» Computer control ot stoch imenton

Xi1-A.12  Management Control and Aids
a4 Computar-generated status reposts
tt) Computer-aded planming studies

i) Stmulation 01 manuiacturang methodolo-
gres and technuques

1dr Rewource scheduling of PVE tacilites
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Chapter Xil.—Planning and Progress

by Harry € Hill, ).

After the mtial formulation of the PVF con-
cept it became apparenl that the question of Gov-
or ¢ ion would have to be
dJecided early, because of the need for certan basic
support sctvities and choiwce of geographncal loca-
ton. After prehminary ex
Technology, inc, Lancaster, PA, emetged as the
best choice for a company-operated faclity Hamat-
ton was geographically desirable because of ws
closeness to the fuze developers Hamiton pos-
sessed GOCO facilives that were not in use and
were available. Furthermore, Hamilton was experi-
enced in fuze fabncaton and 2;sembly The choice
for Government operation was the Hatry Diamend
Laboratories This would place the fuze designers
and prototype iabrcation close to each other and
also would allow the use oi the current facilities at
HDL for prototype fabrication and necessary sup-
port activities  Ar: economic analysss showed the
construction and opesation of the PVF at the HDL
site at Adelphy, MD. the beiter choxe. The HDL
focator and Govermment operation shows a dis-
counted total project cost advantageof 4 < mulfion
dollars for the seven-year economuc fife used and s
further supported by the nonquanufiable benefits.

Having established HDL as the location, the
equipment selection process changed HODL has
exsting shep facilities that are used for fabncating
prototypes and specialized egu:pment for fabncat-
Ing prototype subassermbiies of some electromc
fuze womponents These facdies weve first exam-
ned to 1dentfy areas that differed from curters and
anucipated industnal practices Equipment selec-
tion now emphasized these areas where differences
occurted. New areas were also included This ap-
proach was used to munimize capial investment
while still providing the functional capabilitves nec-
essary fora PVF.

The additional equipment required by the PVF
recesstated expansion of the current floor space in
the Research and Engincenng Building. This expan-
sion had bees pant of the long-range constauction

plans at the new facihities at Adelphi, MD. The inttial
plan was formulated in April 1975 In May 1975,
thss plan was reviewed by top ag athDL
and rejected  Top management directed the devel-
opment of a thiee-year project plan with military
construction in the second and third years. Also
specified was the selection of one element of the
PVF for first-vear funding Thick film hybnd circuit
fabncation was selected, and a formal request for
funding was made. This complete plan was
presentea and the first year element rejected at the
FY77 Apportionment Hearings at the Armament
Research and Development Command. Concur-
rently, management at HDL deferred the Military
Construction Army (MCA) one year.

These defercals caused a luation of the
three-year plan At the same time, the individual
chapters were submitted and more detaled and
accurate inf was available on equip
space requi ts, and Gp All this infor-
mation was reviewed and analyzed The result of
this was the formulaton of a five-year plan for
equpment purchase with construction occurring in
the second and third years.

in devefoping this plan, several critena were
wyed n selecting the year of purchase. The impor-
tance of need was the goverming selection cntefia
Alfl the technologies and equipment selected are
deemed necessary for the successful operation of a
PVF, but the tnmediate need for some and the
economic bencins denved from them juaify their
earher selection The best example of this type of
module is the thick film hybrid (TFH) facilities. In
examining the direction of fuzing technology, TFH
1s the newest and a major cost dnver in new fuze
procurement; becausa of thic it was the Sirst module
selected Operating efficiency was considered next.
firsy, operating efficiercy was considered as de-
fined by the rormal fow of work in the PVF-
component or subassembiy fabrication, fuze as-
sembly, testing, and suppont activity, Second, self
sufficiency of the operating medules was consid-
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ered Since it 15 possible that some segments of the

PVE facilities would be approved and not others,

modules were selected so that equipment pur-

chased weuld be beneficiat and could be Juctified

even though egquipment for the complete faclity

was not obtained Thus, each sear's funding will

provide a specific increase i the operation capabil-
ities of the PVF. The second vear MCA made space
requirements a consideration when selecting mod-
les for the first and second project years Not only
15 space very hnuted at HOL, but also the type of
space needed tor PVF equipment 1s not generaily
available within the General Purpose Laboratory

Prerequisttes for operating modules were consid-
ered, although, a< stated above, termination of the
project at the end of any funding vear will not affect
the capabihties acqused up io that pornt The rotary
1ables scheduled for purchase i the second vear
are necessary for the electromechanical module
and electromc test module. Therefore, the electro-
mechamcal rrodule s a prerequisite for the elec-
twonic test module. however, failure to obtain the
latter roduie will not negate use of the equipment
i the electromechamical area Deliverv time for the
equipment was only considered when it afiected
one of the other selection critena Since most of the
equipreent is standard commercial equipment, de-
Inery tme 1s typically very short

Frguce X1I-1 shows the five-vear plan as devel-
oped n FY77 The honzontal strps on the figure
represent different modules of the PVF In some
cases, these stups are dwided .nto submodules, as
witk the power supply moduwe Each submodule
shown +s seli-sufficrent and zan function without

beequent year funding for equi w Tvpically, a
module extends for one vear. The third veas was an
exception, and these funds were extended through
the ficst quarter of the fourth year Ths is proposed
<o that delivery of equipment coincides with the
completion: of the building The MCA comrposes a
second-floor addition to the Research ard Engi-
neenng Support Building (203) The addition will
provide approximately 40,000 ft' of addiwonal
space for the PVF

Pt PEAR . e " e 5 .n i

Figure X1i-1. Five-year plan for Prototype Vatidation
Facility.

This plan was acted on, and requests were
submitted for the MCA and 55 percent of the
quip The TFH equipment was st in the first
year, but was also backed up by a second-year
1unding request under an alternatve funding cate-
gory. This was done because there was some con-
cern during the first submission about the correct-
ness of the funding category The MCA was re-
viewed and approved by the Department of the
Army. The Corps of Engineers was instructed to
proceed with the final designin February 1977. The
five-year plan suffered a major setback in May
1977, when the MCA was deferred one year. This
caused another complete review of the plan be-
cause of the need to coordimate the equipment
acquisition and the building construction

As a result of reviews at HDL, it was decided
that :he earher funding request for TFH equipment
would be dropped and the back-up request used
Requests for printed circuit equipment and me-
chanical parts equipment would be deferred one
year while sorie semiconductor equipment would
be moved up one year.

With the MCA deferred another vear, space
requirements became critical n planning the ac-
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quisstion cf equipment it was decided that a shaft of
the whole five-year plan was not desirable Instead,
a four-year plan was developed This plan s shown
n figure XII-2 A shift to the four-year plan was
possible because of the orgoing activsties dunng the
previous year. The major drawback to this plan was
the tigh dollar value of equipmen® required tn year
four This equipment includes stems that have been
under revieww  Although a final decision has not
Leen made, 1t appears that approximately 25 per-
cent ¢t the tourth vear equipment will be deleted
The major changes that are being considered are in
mechanical parts fabrnication, power supply assem-
bly, and semuconductor fabncation Funding re-
quests have been prepared and submutted for
equipment through year three Fundsing requests for
equipment in year four were prepared in March and
Apnl 1979 and were submutted by June 1979 The
review of this equipment and a thorough analysss of
the economics of its purchase were completed in
March 1979
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Figure XI1-2. Four-year pizn for Prototype Validation
Facility.

The four-vear plan represents current thinking
at HDL, although the m.uatron date ot thrs plan:sin
doubt because oi the deterral of the MCA. This plan
onginated n 1975 as a two vear plan and has
evolved to the current four-vear plan Matching the
acgquisition of equipment to the bulding schedule

was the pnmary reason for extending the years of
equipment purchase The desire to mnimize the
additional staff necessary for operating the PVF also
contrtbuted By relying heavily on traiming of cur-
rent personnel to operate the equipment, ime had
to be provided for this training. This training can be
accomplished while continuing normal Model Shop
Prototype Fabnication assignments dunng the four-
year plan Industnal equipment and processes will
continue to be monitored by HDL, and if better
equipment or processes become available, appro-
pnate modificatons will be made to the plan
Changes are rot expected (o be dramatic but
because of the four vears involved 1n purchase and
the dynamucs of the electronics fabrnication industry
some changes are anticipated

Since the earlv planning of thrs project, the
staffing and operating costs of the PVF have been a
concernto all nvolved. The goal was to ac.comphish
all work with exsting staff This goal was thought
achievable by use of personnel in the Mechamical
Engineenng Support Branch and the Electronic £n-
gineenng Support Branch. These Branches f2bricate
the prototypes now, and would experience a de-
cline in their workload with the PVF n operation
This establishment of a “part-ime™ Labor force to
operate the equipment removes the burden of
down-time expenses from the PvF The fluctuating
nature of R&D work will invanably cause periods of
relative mactivity and peak werk perods. \With
proper scheduling, the<e periods can be balanced
with other demands for similar services at HDL.
Because of the planning necessary in scheduling
work and the amount of equipment to be main-
tained, u 15 necessary 1o have a small permanent
statf it s felt that the scheduling and maintenance
of the PVF can be accomphshed by six people, two
professionals and four techmcians. These people
would not represent an increase in personnel at
HDL. They would be transferred from other areas
of the orgamization and permanently attached to
the PVF. The two proiessionals would include a
mechamcal engineer and an electronic engineer
The four techmicians’ duties would be equaiiy di-
wvided between setup and maintenance. The exact
responsibiliies would vary, depending on the back-
ground of the indndual
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Chapter XIil.—Summary and Conclusions

by Harry E. Hill, Jr, and John § Furlani

The stated principal objective of this study
was the definition of a facility that could manufac-
ture and 1est prototype electronic fuzes using ad-
vanced state-of-the-art production techniques This
objective has been realized The technologies and
equipment necessary 10 apply them have been
enumerated, the facility has been laid out n detail,
and a muli-year plan for implementation of the
findings of this study has been developed.

Ths study 15 the joint effort of nine branches at
HDL. The distubution of w ork was recommended
by a Steenng Committee that convened 1o review
this project The commitiee decded that the
project should be managed by the Engneering
Support Branch and that tasks related to specific
component areas would be delegated to the appro-
priate branches within HOL. It was felt that this
method would provide for the broadest input to the
project within HDL at the lowest cost. The initial
reaction of several branches to the prototype vali-
dation facthty (PVF) concept was skepticism. Skep-
ucal or not, they began to examine how thev were
doing things, what industry was doing, the costs of

changing designs after tesung. and problems that
now occur in the manufactunng of electronic fuzes
Attitudes gradually changed, and skeptics became
advocates. The conversions first occurted within
each area of expertise and gradually expanded 1o
overlapping areas. Not all technical groups support
the need for the complete facility. This is primarily
because the problems peculiar to one area are not
understood by those in other disciphines 1t is the
consensus of those involved that the evolved plan
should be in clemented and that all elements
should be included

The prototype vahdation facility represents a
seemphasis of production aspects dunng develop-
ment This had been considered during develop-
ment, but the PVF now provides the tools for
verification of producibility Not onty will the tools
be provided, but the development personnel willbe
actvely involved, allowing them to benefit from

this expenence. Knowledge ganed during proto-
type fabricaton will be used 1o aid the management
of contractors’ efforts dunng development and later
dunng the production phase Further, production
techmiques specific to a particular design will ke
passed along to the contractor to reduce transition
t:me from development to production

The semiconductor research and develop-
ment (R&D) personnel at HDL have been produc-
1ng evices for electromc fuzes, radars, and optical
systems for many years. They have been innovators
n semiconductor technology, for example, they
developed the two-step reduction process for mask
making and the use of the step-and-repeat camera
for generaung large arrays. Much of their current
work 15 directed toward the development of
radiation-hardened semiconductor devices for mili-
tary use. The trends developing in this area are the
increased use of silicon mono'ithic devices and the
integration of fuze functions The emphasis wili be
on bipolar and complementary metal-oxide semi-
conductors. The facilies proposed will allow fora
practical transition between demonstrating feasibil-
ity and ensunng producibility. The area will have
precise envi ronmental control to minimize contam-
\nation, an ronamplanter for the accurate place-
ment of impuntes, injection-molded plastics en-
capsulating for lower costs, and semiautomatic
equipment for process control

The electromechanical experts identified two
senarate areas where improvements are required.
The first area wdentified was the support area of
mechanical parts fabncation The use of fow-cost
fabncation techniques such as stamping, coining,
casting, sintering, and molding is desirable in many
electremechanical components, including S&A de-
vices. These capabilities are necessary for compo-
nent fabrication so that assembly and test opera-
tons will be performed on simular items Because of

gent safety req ts, extensive testng is
required of S&A mechamsms, and process changes
often require the repetition of these tests. The sec-

119

RSN FETE < XY EH TR wmmm‘;&mm

YV E bie dabeh it Asdd . Anr W
AP ek B fe o bar 2 ke BN Ve wst i biote 0N akl

it




£

o3l

A

b D

R E RLAN RN

I

B
53
<3

SV Dt NP e S

.

b - m—

- - -
e e o —

———

S MR AN T AL BTN B ST g e T e Mees T e e e

ond area identified was mechamzed assembly, test-
ing, and inspection This 15 integsal to the design of
the mechanisms and has the potential of large
savings Currently, these are labor-intensive areas
and the work is done by hand The emphasis will be
on mech »n and merging of the bly and
test operations Mechamization will also offer im-
proved safety in the fabnication area

Thick film microelectromic fabncation and as-
sembly 1s a technology recently apphed to elec-
tromc fuze cucuits. it 15 not only an emerging
technology, but one that currently 1s expensive for
military systems The increasing use of multifunc-
tior fuzes and the increasing interest in fuzing
smaller munitions are causing the use of this tech-
nology more and more. Problems that need to be
worked on in this area are (1) the pnnt-and-fire
parameters that allow the needed fine line conduc-
tor patterns and achieve mimimal resistor tnmaung.
123 adoption of active resistor tnmming, compati-
ble with high production rates, {3) automatic wire
bonding with a single wisual ahgnment, and
4) development of low-cost packaging techmques
for the ordnance environment

The printed winng board fabncation area will
allow for additive and subtractive board processing
and multlayer board fabncaton Printed winng
boards will continue to be used 1n electronic fuzes
when space permils and in other apphcations be-
cause they are rugged and relatively mexpensive In
addimon, pnnted circuit board techniques are used
n the fabrication ot antennas and f stnphne cur-
cutty This area wall provide the capability for
fabncating printed circuits in large arrays which
reduce handhing and are desirable with automatic
insestion equipment New processes will also be
ntroduced such as the additive process, which uses
less copper and results i less waste, and mululeyer
board fabncation, which increases circuit density
and allows pnnted circuit techmiques to be used on
more complex circuitry

The electronic board assembly area will em-
phasize machine snsertion of components. The refa-
tvely low cost of pnnted circuit boards compared
to thin and thick fitm circuit methods and the
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proven suggedness of these subassemblies in the

d e env: lly assures therr con-
unued use. Modern hand assembly stauons and
machine nsertion will Loth be used The bigh
density of components in some electromic apphica-
tions requizes partial or complete hand assembly
Whenever possible, machine insertion will be used
to decrease hand labor requirements for these as-
sembhies. The use of large asray circuits for machine
nsertion, mass soldering, and automatic lead cut-
ting all affect circuit topology. Circuits assembled in
tus faciity will have demonstrated compatbility
with all of these mass-production techniques.

Most of the research and development that
extends the state of the ari i power supplies for
electronic fuzes is conducted by the Government
Safety requirements, hmited space, and the ex-
tended shelf Yife of electronic fuze power supplies
make them umique. Four power supply types meet
these requirements. liquid reserve, thermal reserve,
turboalternator, and fludic generator The technol-
ogy base for these is highly specialized and radically
different from the commercial battery industry. The
power supply area s alr22dy heavily commutted to
prototype power supply fabrication The equipment
that power supply personnel is proposing will aug-
ment what they already have with the emphasis on
techniques and processes that are very close to or
can be readily adapted to those used by commer-
cial manufacturers In addition, materials will be
evaluated for thewr suitability to sausfy performance
cntena and for their adaptabilitv in fabricating the
required power supply

The goal of the environmental test area 15 to
achieve accelerated conventional environmental
tests. This is necrssary so that the environmental
testing can keep pace with the increased rates of
mechanized assembly. If production rates increase,
the current level of confidence can be maintained
and if production rates remain constant, the testing
level of confidence can be increased. The high cost
of field tests and the time delay between fabrication
and field testing make accelerated enviconmental
testing desirable. Field tests will not be eliminated,
but accelerated environmental testing will provide a
quick reaction screening of production units and
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allow for early detection of faulty production units

The PVF can provide prototypes that closely repre-
sent progiuction stersis. This wall result in improved
cotrelation of test results to final field performance

These effortis—combined with recent advances
the technofogy of simulated environmental test-
ing—have the potential of replacing field testirg,
after inweal correlation, with simulated enviconer ~n-

taltesting

The electronic test area 15 where the proper
funcioning of the fuze is validated Expenence has
shown that on-hne testing of electronic fuzes (par-
ucularly the radiating type) ts a untical factor in the
production process Design and fabricaton of such
equip has accompanred each fuze develop-
ment with the soecifications and *ten the equip-
ment itself being given to the production contractor
for inclusion on the producton ine Numertous
measurement and nspection tecnmiques already
ewst and are m use in automatic fabrication and
assembly lines for commercial mechanical and
electronic items Many of these methods are di-

rectly zpplicable to fuze manufacture and can be
incorporated nto an automatic fine witi, a high
degree of confidence Other aspects of fuze testing.
however, particularly special conditions applying to
radaung-lype proximity fuzes, have no direct
counterpart in fugh production stems on the com-
mercial market [t s on the second type of tesung
that the prototype vahdation facility will concen-
trate. Rezent advances i microprocessors and rela-
ted automatic equipment have permitted an ex-
panded and more sophisticated tole for such equip-
ment Mechanical handhing, automauc cvcling of
tests, and marking of tested fuzes will be included
Minicomputer control of the microprocessor-
controlled test station will provide flexbilhty and
real-ime data acquisition.

The electronic assembly area examuned two
problems. the final assembly of electronic fuzes and

the nonsynchronous systers 1c advantageous, and
for this application such a system 1s psopused Twe
types of “0! dard f. g methods were pro-
posed ultrasonic and laser This equipment will be
used to =upport both the electromechanical and the
power supply areas. Several ultrasonic bonders
were p! d to provide the ied sange of
frequencies and power levels Two faser systems
were also proposed a 200- to 500-W vitnum
aluminum garet (YAG) or ruby laser and a 1-to 5-
AW CO; laser The ability of this type of equipment
to concentrate on small areas mmimizes the possi-
bility of damaging other areas or components on
the work piece Bath technologies are being adop-
ted by industry for high-rate quality production
because of their controllability and a resultant low
reject rate

The mechanical parts fabrication zrea will
opetate n support of the rest of the facilty. The
onmary deficiencies cited by development groups
were the lack of powdered metat and die-casting
technology The additon of these capabilines ac-
counts foi most of the effort Special design consid-
erations safely requirements, and physical proper-
ties of the parts require the use of production-like
parts during development testing Because of the
large inventory of eguipment and extensive use of
screw machine parts, two screw machines were
specified. These pants are not the most desired,
because of dependance on fore-gn equipment, but
until proven alternalives are developed they will
continue 10 be used in quantty in eleciromechani-
cal devices The current numerically controlled
machine 100l and plastic molding equipment is
considered neceszary and sufficient for proper op-
eration of the cverall facility. A general shop and
inspection: area is also necessary 10 support the
faciuty. These capauilities are also ated

There are a nunrber of areas withir: the Prote-
type Valsdation Facility where computer support is

methods of nonstandard f g The rel

ments of rotary or synchronous machines and non-
synchronous transfer machines were discussed in
some detarl in the chapter descnbing the Electro-
mechanical Facility Ther it was concluded that

d This will be provided by 2 combi-
naton of minic s and intell 5 e \
that wiil tie into existin, computer facilties at HOL.
Management will use these facilities for scheduling,
imentory controf, and costng information.
Computer-aided design and manufactunng will be

rotary tables were better, but for final fuze bly
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coordinated with the NC equipment throughout the
facdity  Portable terminals will provide real-ime
data acquisition from operating equipment and on-
line test setups These data can then be analyzed
and/or used as inputs to simulation programs Since
the PVF will have single pieces of equipment when
the production facility may have many, the cost of
end ttems 1n production will rely to some extent on
the ability to simulate the proposed production
facility on computers

Once each of the areas was defined, the
individual areas were itegrated into one coinbmed
facility This involved the removal of duplicatons
and the addition of areas overiooked 0 the separate
chapters. Figure Xill-1 shows the layout of the
preposed facility. The proposed location to house
the PVF s a second-floor addition to the Research
and Engineenng Building at the Harry Diamond
Laboratonies, Adelphi, 14D. Chapter Xl (Planning
and Progress) describes the plan for the Prototype
validation Facility in detail, including the construc-
tion and a listing of necessary equipment.

Of real concern is the problem of maintaining
the PVF capability when the work level is low. This
problem was considered early in the study and Aas
recogmzed as a cntical factor in assessing the prac-
tcality of the PVF. &k was conduded that if an
element of the PVF required the permanent assign-

ment of specialists for operation then it was not
practical for inclusion As a result, each of the
several study groups was informed that they should
approach the problem with the assumption that the
PVF activity could be maintained with existing staff
Further, if specialized knowledge was required for
the operation of certain types of equpment, ot

souid be obtained by training and not by recruiting
addwional staff This was considered to be a reason-
able imitation since equipment already existed and
was being used to fabricate orototypes. With adds-
tional traiming, existing staff could become profi-
cient in the operation of the equipment required for
the PVF. Further, since the emphasis was being
placed on producibility, more prototypes would be
fabricated on the new and less on the old equip-
ment. Thus, the overall workicad would not be
significantly increased

An economic analysis was made companng
the predicted costs of fuzes in production under the
current system versus these costs with the Proto-
type Validauon Faaility in opesation. This analysis
was based on the ption that the utl of
the PVF dunng development will provide a head
stant towa+d the later production phase. This was
estimated to result in a 10-percent reduction in unit
production cost Qver an 11-year period, 11
projects were considered The details are included
@ a document titled Economic Analysis for the

Figure XII-1. Llayout of P P Yo

idation Facility.
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Research and Engineenng Support Annex, July
1978 This analysis concluded that a total present
valye of savings amounted to 17 03 million dollars,
a savings-to-nvestment rato of 2 32 and a rate of
(eturn on nvestment of 22 percent These figures of
course include the cost of construction, equipment
purchase, and Operaung expenses

There s strong rationale to support the conclu-
s1on tnat a prototype design—using mdustnal-type
fabricavon methods made on production-like
equipment that 1 validated by vanous test methods
before release for production engmeering—will
present fewer problems and fewer scheduling de-
lays, and will result in a cheaper, more reliable end
product Computer suppor, on-hine test data, and
smulation testing will also provide documented test
data packages aganst whuch later production-run
ume can be reasured Because of the vanous
production options, HOL personnel would be used
efficiently by shifung people among the various

areas as work loads change This wiil provide a
group of people, well versed in the vanous
production areas, that wll be able to go to contrac-
tor plants, consult with and advise the cortractor in
setting up production lines pinpoint problem areas,
and assist generally At least one indradual will be
responsible for overseeing and coordinating all op-
erations, including value engineenng, design-to-
cost, quality assarance, reliabilty, and develop-
ment of prototype tes' data packages Another
individual will act as the hibrary and condunt for
collecting, staying abreast of, and disseminating
state-of-the-art and technological advances relating
to product g and ion The PVF
group will form a reservoir of in-house expertise
that will stay abreast of the latest advances in
production technology areas pertinent to electronic
devices, including fuzing They will thus be n a
position to advise Army headquarters staff regard-
g electronic technology production, thus assunng
a strong def posture, compl d by mobilt-
zation readiness
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