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MGM-52C LANCE GUIDANCE SET (AN/DJW-£4)
MANUFACTURING TECHNOLOGY ANALYSIS

N.V.S. Mumford
LTV Aerospace Corporation

Warren, Michigan 48090

SUMMARY

Review of the LANCE guidance set does not reveal any major cost drivers and tends to
indicate that no single manufacturing technology project could produce a cianificant re-
duction in cost. There are a number of projects which could reduce the r.idance set cost
by about 15 percent. In addition, redesign to take advantage of integrated circuit (IC)
technology has the potential of increasing the cost reduction to more than 20 percent. The
tutal cost to realize the maximum savings, not includino the cost for flight requalifica-
tion, is estimated to be $2.5-3M. The time for the various projects would take about two
years to accomplish.

INTRODUCTION

The LANCE m:ssile is about 20 feet long, 22 inches in diameter, a~d weighs 2,344
pounds when fitted with a nuclear warhead. With a non-nuclear warhead. it weighs 3,351
pounds.
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The missile is made primarily of aluminum and has three major sections: warhead, M5
main assemblage, and control surfaces (fins). The main assemblage is used with either war-
head, but a set of largz Control surfaces is required with the 469-pound nuclear warhead,
and a set of small control surfaces with the 1,000-pound non-nuclear warhead. The differ-
ent fin sizes compensate for the shift in missile center-of-gravity, which accompinies a
change in warhead selection. Additional details on the missile structures are provided in
the paper "Manufacturing Technology Analysis of Lance Missile Structures” by J.J. Ryan.

LANCE utilizes a simplified inertial guidance system that is "body-fixed" to the mis-
sile. The guidance set, located in a compartment just aft of the warhead/missile interface,
weighs less than 40 pounds. It has handles for ease of handling and installation. The
complete assembly is installed in the missile by three mounting surfaces which have been
machined to provide the required alignment; therefore, the assembly can be replaced in the
field without any special alignment.
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The guidance set is made up of tihree subsystems: the directional control (DC) sub-
system, the velocity control (VC) subsystem, and the power supply subsystem.

By regulating the four TVC valves, the DC subsystem maintains correct missile atti-
tude about the pitch and yaw axis during the boost portion of flight. The major compo-
nents of the subsystem are: a two-degree-of-freedom gyroscope and a directional control
electronics (DCE) assembly.

The VC system, which contains an accelerometer and a velocity control electronics
(VCE) assembly, measures missile velocity and shuts off the booster when engine missile
velocity reaches a preset value. After boost termination, the VC subsystem maintains
missile thrust equal to drag by controlling sustainer engine operation.

The missile.s operating power is provided by the power supply subsystem, which in-
cludes the power supply electronics (PSE) assembly that reaulates the supply of power to
the guidance components, a power battery that provides power to the PSE, and a pulse bat-
tery that provides power for firing the torque termmination valve (TTV) and BTV squibs.



At i el it Lo SOMRT T PESNSE

The guidance set also includes a timer to fire the squibs that close the torque-
termination valve when the desired missile spin rate :. achieved. All of the above com-
ponents are interconnected by the harness.

The LANCE missile is so designed that its trajectc 'y nearlyv ronforms to an ideal bal-
listic trajectory. [Its three phases of flight are:

SUSTAINER
ENGINE
SUSTAIN CUTOFF
300STER PHASE {SECO)
ENGINE
CUTOFF

(BECO!

ALTITUDE

LAUNCH 7 IMPACT

Boost Phase

The missile is accelerated to the required velocity. The correct heading, set at
launch, is maintained by proper directional control.

Sustain Phase

The missile reduces all external forces except gravity to longitudinal drag and pro-
vides the proper amount of thrust to cancel it.

Coast Phase

Sustainer engine cutoff (SECO), controlled by a timer to occur prior to propellant
depletion, initiates the coast phase. The missile then acts as a free rocket.

B: controlling the boost termination velocity (the velocity at the start of ballistic
flight) and launching at a known QE, the range can be predetermired, provided that all ex-
ternal forces acting on the missile, except for gravity, can be balanced.

LANCE uses two QE': 54 degrees for the extremely long ranges {(within about ten per-
cent of maximum) a~d 48 degrees for all other ranaes. These high Of's permit LANCE to fly
over projecting terrain, even at short ranges.

This paper describes a number of potential manufacturing technology projects which
could be employed to reduce the cost of the LANCE guidance set. The assistance of Arma
Division of Ambac Industries, Systron Donner Corporation, E-Systems, Inc., and Mr. Ashwani
Dhir of Michican Division, LTV Aerospace Corpciation in preparation of this paper is grate-
fully acknowledged.

I. DETAILED COST INFORMATION

More than 1000 LANCE missiles have been prcduced. Based on the most recently com-
pleted production contract, the actual cost of the LANCE guidance set is distributed among
jts components as follows:
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Gyro 26.4% Arma
DCE 17.1% E-Systems
Accelerometer 15.9% Systron-Donner
VCE 12.7% Systron-Oonner
Harness 10.4% LTVAC-MD
PSE 10.2% E-Systems
Integration Hardware
& Assembly 1.3 LTVAC-MD

100.0%

Comparison of the average cost for this contract with that for the first production buy
shows a reduction of about 30 percent which is equivalent to a pricing slope of about 92
percent, including the effects .- design changes and inflation.

Each of the six major components have been analysed in order to show the breakdown
into the standard manuf:cturing cost categories. The result is given below.

Gyro DCE  Accel  VCE  Harness PSE

Material 1.0 3 1 25 7 4
Purchased Parts 24.0 22 42 12 39 27
Fabrication/Processing 18.0 n 2 2 12 1N
Assembly 23.0 25 20 43 16 21
Test and Inspection 22.0 14 24 17 3 N
Support 12.0 ] 23

25 1 26
700.0%x 7T00% T00% T00% T00% 100%

When these in turn a~e related to the total guidance cost and are combined into the stand-
ard guidance components, the result is as follows:

Gyro  DCE l&ﬂgﬂiﬁ b Accel Cables
Material 0.3 0.5 3a 0.4 4.0 1.7 0.7
Purchased Parts 6.3 3.7 1.6 2.7 8.0 6.7 4.1
Fabrication/Processing 4.7 1.9 0.3 1.1 3.3 0.3 1.2
Assembly 6.1 4.3 5.4 2.1 1.8 3.2 1.7
Test and Inspection 5.8 2.4 2.2 1.2 5.8 3.9 0.3
Support 3.2 4.3 0.1 2.7 1.1 0.1 2.4

I/



From this summary, it may be seen that no standard manufacturing cost category for any of
the six major components of the LANCE guidance set amounts to as much as 7 percent of the
total.

The above summary does not reveal any major cost drivers and tends to indicate that
no single manufacturing technology project could produce a significant reduction in the
cost of the LANCE guidance set. As a result of this conclusion, specific reviews of each
of the six major components were performed. From these it appears that a 15-20 percent
cost reduction is possible, principally through redesign of the current individual compo-
nents to take advantage of integrated circuit (JC) technology. Further as much as a 25
percent reduction might be realized by using IC's and related technology to conbine all
electronics (DCE, VCE, and PSE)) into one package instead of the current three. Some de-
tail on each component follows.

I1. POTENTIAL MANUFACTURING TECHNOLOGY PROJECTS
Gyro

Because of the stringent performance (accuracy) and environmental operating require-
ments (-40° to +200°F), gyro fabrication continues to require a significant amount of hand
work and individual testing. Two potential manufacturing technology projects offer a 10
percent cost savings on the gyro (2.5 percent of guidance set cost). The first project
(At{,achment 1) involves the replacement of the present handwriting with printed circuit
cable.

_ CURRENT HANDWIRED HARNESS

PROPOSED PRINTED CIRCUIT HARNESS
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As may be seen, this replacement would reduce wiring costs by eliminating many handwiring
steps (select, cut, dress, wrap, route, attach and solder) and by preventing wiring errors
and associated trouble shooting and rework. It is estimated that this change would result
in a 6 percent reduction in gyro unit cost. A nine-month project costing about $50K would
be required, not including the cost of the gyros used for evaluation. In addition any
flight requalification costs are not included.

The second project (Attachment 2) involves the redesign of the gyro housing to convert
it from a machined and buiflt-up structure to a casting.

PROPOSED CAST HOUSING

CURRENT MACHINED HOUSING

As may be seen, this change would eliminate considerable costly blind precision machining
with the accompanying spoilage. It is estimated that this change would result in a 4 per-
cent reduction in gyro unit cost. Again, a nine-month program costing about $50K would be
involved. In this case also, the cost of any gyros used for proofing the change plus any
flight requalification costs as a result of the change are not included.

Accelerometer

The performance requirements for the LANCE accelerometer are more stringent than for
the gyro since it must function accurately at 1 g during presetting before launch, at ac-
celerations up to 30 g's during boost, and it C g during sustain phase, and all of this
within the environment requirements of -40¢ to +!00°F. Differing from the gyro, the ac-
celerometer does have significant internal electronics. A potential manufacturing tech-
nology project (Attachment 3) offers about a 30 percent reduction in instrument unit cost
(4.5 percent of guidance set cost). This project would involve three changes: (1) re-
designin? the electronics to incorporate IC's in order to reduce part costs, simplify set
up and eliminate the filter board; (2) changing the sensor material to reduce machining
costs; ard (3)change the preload set to a bellows arrangment. It is estimated that this
change would involve a project costing about $115K and taking six months to complete, not
including any flight requalification costs.

VCE

Similar to the accelerometer and the DCE, redesign of the VCE to incorporate current
technology in the form ¢f IC's, flatpacks, etc. offers the potential for a significant
cost reduction. This potential manufacturing technology project (Attachment 4) offers a
VCE unit cost reduction of about 23 percent (3 percent of guidance set cost). It is esti-
mated that the project cost and duration would be about $120K and eight months, not in-
cluding any flight requalification costs. Another potential manufacturing technology pro-
ject (Attachment 5) offers a small cost reduction (2 percent) by a change in the method
of hermetically sealing the VCE from the current solder seal banding. The cost and duration
for this project would be about $50K and eight months.

6



DCE

Application of current IC technology to the DCE (see Attachment 4) offers a comparable
25 percent cost savings on the DCE (4 percent of guidance set cost). The project cost and
duration for application to the DCE would be comparable - about $125K and nine months. Two
other manufacturing technology projects offer some potential cost reduction on the DCE. The
first (Attachment 5) involves & change in the means of hermetically sealing the metal pack-
age from the current solder seal banding. The potential cost savings on the DCE is about
2 percent (0.3 percent of guidance set cost). The project cost is estimated to be about
$100K over a 12-month timeframe. The second project (Attachment 6) involves the develop-
ment of automated equipment for acceptance testing. Development of such equipment would
save time and eliminate human errors. It is estimated these savings would be equivalent to
about a 5 percent reduction in unit cost (0.8 percent of guidance set cost). The project
cost for automated equipment for both the DCE and PSE would te approximately $1IM over an
18-month period.

PSE

Both of the manufacturing technology projects described above (Attachments 5 and 6)
are also applicable to the PSE, with essentially equivalent cost reduction potential. Ap-
plication to the PSE would therefore result in about a 7 percent reduction in unit cost
(0.7 percent of guidance set cost). The project cost and timing would be as described above.

Harness

The LANCE guidance set electrical harness depicted below is an intricate cable in order
to accomplish all of the required interconnections. The harness cost has been reduced by
more than 40 percent during production to date. From the cost summary in section I,{it can
be seen that the Fabrication/Processing and Assembly of the harness contribute 28 percent
of its current cost. The following table shows a breakdown of this cost into the respective
operations such as wire cutting, preparation, shielding, routing, etc. Recent developments
in electronic packaging and production industry have shown applications of either mechaniza-
tion or numerical controlled automation in each of these operations. Application of these
developments to the harness fabrication/processing and assembly operations to produce an
automated line-processing system would produce a substantial improvement in productivity.

Ag:::fm:m = s | POIREF) e
P16 (REF.) vee G yne CONNECTOR ASSEMBLY
GROUND (s)
CONNECTOR ™ ¥ ) iRt
s e

SHORTING .
ASSEMBLY \‘ S

CONNECTOR ASSEMBLY (J3) -~
UMBILICAL

CONNECTOR ASSEMBLY (P12)

____ CONNECTOR ASSEMBLY ()4}
EXTERNAL HARNESS

——__CONNECTOR ASSEMBLY

- e TIV
'GNITER 7 ion
nmer) -~ PUIREF) “"mmm‘\‘\-a P11 (REF)
POWER BATTERY 11V . ~ CONNECTOR PULSE BATTERY
ASSEMBLY
HARNESS ASSEMBLY )

The data on the table show that the costs as;ociated with harness fabrication and as-
sembly can be reduced by 50 percent. This represeits a 15 percent reduction in the harness
unit cost (1.5 percent of guidance set cost).

The manufacturing technology project (Attachment 7) to accomplish this cost reductior
involves the development of the automated and modularized line processing system to fabri-



Work-Content, Units/Assembly Cost
Reduction
Operation Improvement Present Revised Reduction (%)
Gathering parts and Employ magazined 2.66 2.06 0.60 1.7
wire-cutting, identi- | handling and trans-
fying. fer of wires/parts.
Wrapping of RFI Substitute mecha- 5.06 3.10 1.96 5.7
shielding and insula- |nized wrapping and
tion. use of 2ipper tubing.
Assembling ferrels, Modify connectors. 6.20 3.20 3.00 8.7
contacts, back-shells, | Eliminate ferrels.
etc. Mechanize. Conduct
numerical controlled
Assembly.
Solder connectors, Sudbstitute crimp con-| 6.17 1.46 an 13.7
cups, wires. Pot nectors. Conduct
connectors. numrical controlled
assembly,
Spot tying, etc. Substitute numerical 0.98 0.50 0.48 1.4
control and ty-wrap
automation.
Wire preparation: Introduce crimped 11.30 5.65 5.65 16.5
strip, pigtail, bin. terminals, mecha-
nized shielding,
numerical controlled
assembly, modified
connectors.
Route wires on harness| Substitue numerical 1.94 1.00 0.94 2.8
boards. controlled operation.
34.31 16.97 17.34 50.5

cate and assemble electrical cables. The following specific approaches would be involved
in this development: (a) use of crimped terminals, (b) elimination cf ferrels by modified
connector design, (c) use of special taped shielded single wires with drain wire feature,
(d) use of zipper type tubing for insulation and shielding of branches, (e) automatic wire
identification, cutting, terminating and insulation, plus (f) numerically controlied har-
ness assembly.

A preliminary concept for an automated harness assembly processing 1ine is shown in
next figure. A single line is shown to handle both shielded and unshielded wires. The
first half of the 1ine may be called the wire-preparation-section. The second half may be
called the harness-assembly-section. At the start of the line, various wires are shown
stored in a wire storage and transfer rack. Wire is fed into the automatic wire-prepara-
tion-center (WPC) from an uncofling mandrel and through certain tension and guide rollers.
In the WPC, the wire {s sutomatically marked, cut to length, stripped and terminated at
either end. In case of shielded wire, terminals are crimped onto the drain-wire in addi-
tion to the conductor. The exact length of wire to be cut is determined by preceding dry-
runs across the numerical controlled harness-assembly-center. After stripping and cermin-
ating, shielded wires are shown to automatically receive 2 tape insulation to protect the
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strippad ends of the RFI shield. The heat-shrinkable insulation 1s cured in 1ine at the
exit-end of the equipment. Prepared wire is delivered into a special magazine which allows
subsequent automatic retrieval of the wire at the harness-assembly-center. Prepared wire
of each specification must be stored in its own magazine at a prescribed storage location.

The complete routing and assembly of vrires into connectors and harness is shown to be
conducted in the second half of the line in a numerical controlled work center. Prepared
wires are retrieved automatically from magazines at programmer locations. The work center
has three axis capability and two operating heads. The main head performs the function of
routing wires and inserting terminals into connectors. Connectors are prepositioned on
harmness-board-tooling at specified location and orientation. The routed wires are held in
position in special elastic retainers. The auxiliary head is used for tie-wrapping harness
automatically at programmed locations.

It may be noted that the basic equipment for automated wire-preparation an” for nu-
merical controlled harness assembly are commercially available. The proposed line-process-
ing, however, will demand certain modifications and added features.

The project cost is estimated at about $700,000 as follows:

Prototype equipment, construction for optimization $225,000
Equipment improvements for optimization $145,000
Engineering Support and Technical Data $330,000

The project duration is estimated at 27 months.

INTEGRATED DCE/VCE/PSE

As noted above, redesign to incorporate current electronic technology such as IC's
offers significant savings on both the DCE and VCE. Use of this same technology to com-
bine all of the electronic components (DCE, VCE, PSE, and TTV) within one package offers
a very significant guidance set cost reduction. Such a change is further supported by cur-
rent LANCE operational requirements which require removal of the complete guidance set for
return to Direct Support wherever fault isolation to the subassembly level is required.

It is estimated that a manufacturing technology project (Attachment 8) to accomplish
this repackaging would reduce the cost of the missile guidance set by 15 percent. The ap-
proximate cost for this project would be about $0.5M over a duration of 12 months. Flight
requalification would probably require about 10-15 flights and take an additional 12 months.

SUMMARY

The potential manufacturing technology projects described above and in the eight at-
tachments offer the following potential reductions in the unit cost of the LANCE Guidance
Set:

Component Cost Equivalent Guidance Set

Reduction Cost Reduction Cost
Gyro 10% 2.5% 100K
Accelerometer 30% 4.8% 115K
VCE 25% 3.0% 170K
DCE 30% 5.0% 1,225k

PSE 73 0.7% ---
Harness 15% 1.5% 700K
Total 17.5% 2,310K

10
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or alternatively:

Component Cost Equivalent Guidance Set
Reduction Cost Reduction Cost
Combining
VCE. DCE, and PSE 15% 530K
To:al with Gyro
and Accelerometer 22%

As noted above, the cost for flight requalification is not included in the above
figures.

ITI. GUIDANCE TREND DATA

The ‘mpact of LSI (large scale integration) devices such as ROM (read only memory),
mircoprocessors, programmable logic arrays, etc., is now being felt in guidance system
state-of-the-art. Also, potential further cost reductions with increased memory capacity
offered by bubble domain memory and charge coupled devices will further establish trends
in this direction. The large memory capacity, nigh speed, yet tow cost and small size of
these devices opens up avenues of instrument compensation for multiple, critical parameters
and adaptive control techniques not possible or tvo costly before. The critical param-
eters of gyro and accelerometer instruments have had to he held tightly over wide ranges
of environment. With imbedded microprocessors, it is possible that parameters, once de-
fined, can be placed within the microprocessor memory for proper compensation, without
mechanical adjustments or trimming.

Microprocessor capacity also allows sophisticated gain and compensation profiles for
autopilots thus providing optimal control over a broad range of vehicle enviromment.
Adaptive control techniques can now be accomplished at low cost.

This trend toward extensive use of microprocessors must be accompanied with new and
innovative computer architectural techniques and low cost software management.

11
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Attachment ]

Title: Manufacturing Technology Project to Provide Cost Improvements in the Gyro Pick-
off Wiring System

System/session area/component: LANCE Missile/Guidance/Gyro

Problem: The handwiring of the RSG-15 gyro r2quires skilled personnel following time con-
suming procedures. The assembly wireperson is required to select, cut, dress, wrap, route,
attach, and solder a multitude of individual wires to pickoffs and terminal boards. Errors
occur which require wire and test time, trcubleshooting and rework.

Proposed solution: Replace the present "handwiring" by printed circuit cable. This custom
pre-fabricated cable consists of a flat layer of circuit etched copper conductors bonded
between two sheets of flexible insulating sheets. The conductors terminate in eyelets or
perforated solder pads which can be pushed down over component terminal pins. The pads
provide a bare copper solder area 360 degrees around the pin. A conventional soldering
iron can be used to make reliable solder joints.

Project cost and duration: The project costs include the design of the flexible etched
circuit, the terminal boards and pick-offs to interface with the flex. Fabrication of new
parts and components and installation in gyros. Complete cycle of production testing be-
fore and after environmental checks for temperature, vibration, and shock. Production
proofing of the changes in a minimum of ten gyros. (Cost of gyros used for evaluation not
included in <ost.)

Project cost: $45,000

The estimated duration of the project is nine months.

Benefits: Printed circuit cabling reduces wire costs in the following ways:
terial costs less, in quantity, than conventional cable.
Reduced time required for wiring by eliminating the numerous steps of "handwiring"
described above. Prevents wiring errors. Eliminates troubleshooting. Elim-
inates rework due to wiring errors.

Other intangible advantages of printed circuit cable inciude:

Product uniformity. Increased reliabilfty - there are no "tight" wires overstressed
during vibration.

Use of automatic soldering equipment to further reduce wiring costs will be investigated
as an alternate to conventional soldering.

Benefits to be derived from this project are a reduction irn recurring hardware costs.
Reduction in gyro cost = 6%

As<'zuptions: The above analysis 1s based upon a lot quantity of 400 gyros produced at a
rate of 45 gyros per month.

12
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Attachment 2

Title: Manufacturing Technology Project to Provide Optimization for Fabrication of Gyro
Rotor Housing

System/session area/component: LANCE Missile/Guidance/Gyro

Problem: The rotor nousing and stiffening end plate are fabricated from bar stock material
requiring machining and assembly. The design requires deep, blind, precision machining
operations on inside of housing which supports the rotor through the spherical bearing.
Spoilage costs are high because of the complex design which also mounts the electrical pick-
off system. The end plate, which mounts to housing using twelve screws, was added to pro-
vide axial stiffness to the rotor support plane.

Proposed solution: Design the gyro housing as a cast structure for mounting the pick-offs
and temminal boards. The only machining required is to provide mounting interface surfaces
for the housing, pick-offs, and terminal boards. The rotor support portion of housing will
be designed as a separate piece which can be readily machined as a surface of revolutions
and hardened. The two pieces will be mounted together using electron beam techniques. The
rigidity of the assembly will equal or exceed the original assembly.

Project cost and duration: The project costs include the design of the new assembly, inter-
changeable with the old. Fabrication of new parts and assembly in gyros. Complete cycle

of production testing before and after environmental checks for temperature, vibration,

and shock. Production proofing of the changes in a minimum of ten gyros. (Cost of gyros
used for evaluation not included in project cost.)

Project cost: $53,000
Estimated duration of the project is nine months.

Benefits: Benefits to be de' ‘ved from this project are a reduction in recurring hardware
costs. These reductions are as follows:

Reduction in gyro cost = 4%

Assumptions: The above analysis is based upon a lot quantity of 400 gyros produced at the
rate o gyros per month.
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Attachment 3

Title: Manufacturing Technolo:y Project to Reduce the Cost of the 4841 Accelerometer

System/session area/component: LANCE/Guidance/Accelerometer 4841

Problem: The 4841 currently used in tha LANCE G&C package is a major cost driver for the

package. Systron-Donner has been investigating ways to improve the performance and
reduce the price of the 4841. The modified 4841 would be less expensive because it would
have fewer components and lower assembly costs. The problem is to produce prototype 4841's
with the design changes contemplated and qual-test the new unit.

Proposed solution: The project would tool up and incorporate those techniques necessary
to produce the 4841 modification. This would include design, drafting and testing of the
new unit. Primary emphasis would be given to redesigning the electronics to reduce parts
cost, simplify set up and eliminate the filter board. The sensor material would be changed
to recrce machining costs and the preload set would be changed to a bellows type arrange-
ment.

Project cost and duration: Estimated costs are as follows:

Design Engineering $ 35,000
Drafting 15,000
Technician 15,000
Manufacturing Engineering 30,000
Q.A. Engineering 5,000
Fixtures 15,000

Total $115,000

Estimated duration of the project is six months.

Benefits: Benefits to be derived from this project are a reduction in recurring hardware
costs. These reductions are as follows:

Reduction in accelerometer unit cost = 30%

Assumptions: The above analysis is bascd on a 1ot quantity of 400 accelerometers produced
at a rate of 45 per month.
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Attachment 4

Title: Manufacturing Technology Project to Reduce the Cost of the VCE

System/session_area/components: LANCE/Guidance/Velocity Control Electronics

Problem: The problem is to reduce the cost of the VCE.

Proposed solution: The project would modernize the design of the VCE to 1975 standards.
txtensive use of integrated circuits, flatpacks, etc. would be employed.

Project cost and duration: Estimated costs are as follows:

Design Engineer $ 45,000
Drafting 15,000
Technician 15,000
Manufacturing Engineer 30,000
Q.A. Engineer 5,000
Fixtures 10,000

Total $120,000

Estimated duration of the project - eight months.

Benefits: Benefits to be derived from this project are a reduction in recurring hardware
costs. These reductions are as follows:

Reduction in accelerometer unit cost - 25%
A comparable project is applicable to the DCE with comparable savings potential and cost.

Assunptions: The above analysis is based upon a lot quantity of 400 gyros produced at the
rate o gyrcs per month.
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Attachment 5
Title: Manufacturing Technology Project to Accomplish Hermetic Package Sealing other
than with a Solder Seal

System/session area/component: LANCE/Guidance/Direction Control Electronics and Power
Supply tlectronics

Problem: The package for both the PSE and the DCE consists of an aluminum sand casting
base and a drawn aluminum cover. Both of these package components are plated to provide
solderability during integration. Assembly consists of installation of the connector,
electronic modules and interconnecting harness into the base. Final closure consists of
fnstalling the cover onto the base and finally providing a hermetic seal by soldering a
plated brass band around the perimeter of the completely assembled package at the juaction
seam between the base and the cover. The original design philosophy behind this packaging
approach was to provide a long shelf 1ife for a component assumed Lo be in the throw-away
category. It was also based on the use of hermetic seal materials and methods available
during the early 1960's. The primary problems associated with this package concept are as
follows:

The cost value for each of these components (PSE and DCE) 1s sufficient enough by
todays assessment to remove it from a throw-away category in case of an internal
failure prior to deployment. As a result, salvage and repair are expensive alter-
natives with the current package concept.

Soider band and connector installation are time consuming operations which require
high skill levels for the operator. This skill level has been demonstrated to re-
quire continuous practice by the operator and therefore lends itself to only being
performed where the frequency of occurrence for the operation is relatively high
(not felt to exist at the normal depot level for maintenance).

Because of its inherent porous nature, the hermetic seal integrity of the sand casting
base is primarily a function of the quality of the plated surface. While testing is
done on the base prior to implementation, subsequent surface damage can jeopardize
future hermetic seal integrity.

Proposed solution: The project would investigate current state-of-the-art packaging
methods and to evaluate any improved methods to provide a hermetic seal for components on
missile programs which have LANCE similar requirements. Primary emphasis would be to op-
timize repairability without jeopardizing storage 1ife or operational requirements inhecent
to LANCE. The end result of this project would be the fabrication of a prototype unit.
This unit would be used to evaluate the packaging approach selected when subjected to a
step-stress and accelerated 1ife test program which would be developed to demonstrate
compliance with the LANCE missile objectives.

Project cost and duration: Estimated cost of the project is anticipated to be $100X over
a timeframe of 1Z months.

Benefits: Benefits to be derived from this project include the following:

A reduction in recurring hardware cost (2.5% per PSE and 1.5% per DCE).

A reduction in production lead time.

Improve maintainability.

A reduction of the equipment and labor talent requirements at a depot repair facility.

Assumptions: As described above, this project would not provide how to documentation in a

ormat ch may be required to satisfy an industry wide production procurement program in
a competitive market situation.
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Attachment 6

Title: Manufacturing technology Project to Provide Optimized Production and Acceptance
Testing for the LANCE DCE and PSE Components

System/sesseion area/component: LANCE/Guidance/Direction Control Electronics and Power
Supply Electronics

Problem: A major cost driver for the subject subsystems is the result of test time re-
quired to support both in-line verification and acceptance of hardware. Since all testing
is currently accomplished using manual test equipment, the production program would benefit
should tests be performed using automated equipment. Besides the recurring cost advantage
realized by the reduction in time required for acceptance and verification, other advan-
tages provided by an automated test set would include: elimination of most human failings
which can resuit in testing blunders, the potential (without straining test capability) for
expanding parameters to be tested and data recording and storage advantages.

vroposed solution: The scope of the proposed project would encompass the design, fabrica-
tion and checkout of an automated test console (including software). In concept, this
~ouipment would provide sequential test commanding which could be accomplished either
wa~.ally (on test operator command) or automatically by a tape reader or similar sequencing
device. Speed of operation in the automatic mode would be dependent only upon setting

times required by the UWT (DCE or PSE). Stopping on UUT faults or advancing through to

any selected point in the test program would be a project design feature useful for trouble-
shooting or other in depth investigations. The project would take advantage of experience
and existing talent which has been accumulated at E-Systems on similar production programs.

Project cost and duration: Estimated cost of the project is anticipated to be $1,000,000
over a timeframe estimated to be 18 months.

Benetits: Primary benefits to be derived from this project are a reduction in recurring
are costs. These reductions are anticipated to be as follows:

DCE test reduction 1.5%
DCE Test Support (Engineering) reduction 3.8%
OCE net test reduction 5.3%
PSE test reduction 1.3%
PSE test support (Engineering) reduction 3.7%
PSE net reduction 5.0%

Assumptions: As defined and estimated above, this project would result in an automated
tes% console which would demons‘rate the desired test time savings if implemented in the
production prograr.. [t would not, rowever, cover or provide for changes to production
hardware documentation which would he required to specify the proposed alternate method
and equipment for production test!n3; nor would it develop or provide how to make, how
to use or how to calibrate documentation other than that which might be needed to support
the E-Systems in-house quality assurance requirement.
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Attachment 7

Title: Manufacturing Technology Project for developing an automated assembly 1ine for
fabricatior. and assembly of harnesses for aerospace applications.

System/session area/components: LANCE/Guidance/Harness Assembly

Problem: In the experience gained with the LANCE missile, the harness assembly comprises
haTf of the total inhouse fabrication, processing, assembly, testing and inspection costs
of the guidance set. Fabrication and processing of the harness contributes 28 percent of
its unit cost.

Proposed solution: The proposed solution ‘s to undertake a development program for appli-
cafgon of automated and modularized 1ine-processing technigues to the fabrication and as-

sembly of harnesses. The program objectives would be as follows:
(a) Development of a standardized line-processing equipment concept, which would be
capable of application to a majority of current and future missile systems.
(b) Development of a protoiype, automated processing l1ine to support the study of
alternatives under item (a), above.

In developing the processing 1ine concepts, the utilization of existing, proven processing

systems will be maximized. One of the possibilities of such an application is given below:

Operation Example of Automation

Wire preparation, including stripping, Replace all soldered connections with

pig tailing, preparing jumpers, cutting crimped connection.

and tinning.

Solder connectors, cups, wires, etc. Use Eubank$ type Stripper/Terminator,
automatic equipment for automatic

Assemble ferrels, contacts, back:hells, measurement, cutting, stripping and

etc. terminal attachment.

Route wires on harness boards. Use Huges wire-center systems including
solderless wire-wrapping inter-connec-
tion techniques where applicable.

Wrap RF] shield and tape. Substitute with the use of zipper-type
tubing using special semi-automated

Shrink tubing. ‘ools.

Spot-tie wires. Substitute TY-WRAP mechanized systems.

Project cost and duration: Estimated costs are as follows:

Prototype equipment, construction and installation $225,000

Equipment improvements and modifications 145,000

Engineering support and technical data 330,000

Total $704,000

The estimated duration of the project is 27 months.
Benefits: Benefits to be derived from this project are:
A reduction in recurring hardware cost for harness = 15%.

A standardized automated processing system for fabrication of harness assemblies for
aerospace applications.
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Attachment 8

Title: Manufacturing Technology Project to provide Reduced Missile Cost by De-
moduTarization and Increased Use of Integrated Circuits

System/session area/component: LANCE/Guidance/Missile Guidance Set

’rocblem: Study shows that major cost drivers do not exist in the LANCE guidance system;
therefore, no single manufacturing technology project could produce a significant cost re-
duction in the LANCE guidance set. However, four separate subassembiies, each housing dif-
ferent electronic circuits used in the guidance function, are contained within the set.

The initial impetus for the individual subassemblies includes both the need for packaging
room and modularity for field maintainability. The evaluation of the LANCE operational
concepts in which the Guidance Set is removed as an assembly and returned to Direct Support
for fault isolation to the subassembly level and consequent replacement has eliminated

the need for modularity. Combining the four electronic subassemblies into one larger sud-
assembly will reduce cost of the guidance set hy elimination of many individual connectors,
harnesses, enclosures, 2tc.

Proposed solution: The cost of the LANCE missile guidance set can be significantly reduced
by repackaging the four electronic subassemblies into one larger unit. Further gains in
cost reduction, as well as easing the packaging effort, can be accrued by redesign of cur-
rent discrete component circuits to make maximum use of integrated circuit (IC) technology.
The effort would provide substantial savings by reducing printed circuit board count, com-
ponent count, connector count, and harness complexity.

Project cost and duration: Estimated costs are as follows:

Circuit redesign and breadboard test $100,00C
Packaging redesign 32,000
Prototype fabrication and test (3 units) 200,000
Technical documentation 200,000

Estimated duration of the project is 12 months.

Benefits. Primary benefit to be derived is a 15 percent reduction in cost of the Missile
Guidance set.

Assumptio.'s: Project cost and duration extensive qualification testing such as EMI,
[{ghtning e “ects, RFI, etc. will not be required.
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PERSHING II MISSILE SYSTEM GUIDANCE SUBSYSTEMS

P.J. Brennan, Jr.
Martin Marietta Aerospace

Orlando, Florida 32805

ABSTRACT

This paper reviews the guidance subsystems of the Pershing II Missile System. This
system, which is presently in the Advanced Development Phase, is being monitored for pro-
duction design and costs as part of the Army Design to Unit Production Cost program. The
guidance subsystem cost is furnishe? for the standardized component categories requested.
Cost drivers, and manufacturing technology projects to reduce cost, are identified.

INTRODUCTION

Martin Marietta has been pursuing continuing studies and developments applicable to
the Jershing Missile System for the U.S. Army Missile Command. These include improvements
in Pershing performance, cost-effectiveness, and flexibility in field operations. For
example, the Automatic Reference System (ARS), which evolved from a requirement to auto-
mate the azimuth determining and presetting procedures for the Pershing Ia guidance sub-
system, is now entering operational service.

The constraint which guides the development of the Pershing Missile System is that it
has to be both militarily effective and, because of the necessity for a minimum of collat-
eral damage to civilians, politically acceptable to solve the "Tactical Nuclear Dilemma"
arising from the use of tactical nuclear weapons. The Pershing II Missile System provides
a solution to this problem with the us: of a small nuclear weapon, a short reaction time,
low vulnerability, and an order of magnitude improvement in accuracy. Pershing is capable,
with present technology, to satisfy the improved accuracy requirements, and already pos-
sesses the required reaction time and low vulnerability.

The Pershing II Missile System is now in the Advanced Development (AD) phase. Follow-
ing successful demonstration in the Terminal Radar Area Correlator Experiment (TRACE),
which was a helicopter captive flight test program to prove the feasibility and accuracy
of the radar guidance system for a terminally guided reentry vehicle, the guidance sub-
system was changed significantly for the Pershing II Missile System. Engineering models
of the guidance subsystem equipments have been fabricated and factory acceptance tested.
Flight test in helicopler and fixed-wing aircraft is presently in process to simulate por-
tions of missile performance. Prototype equipments are in design/fabrication phases lead-
ing to Pershing II missile flights late in 1977. Production designs and costs are being
pursued as part of the Army Design to Unit Production Cost (DTUPC) program. Prodi~tion
cost information used in this presentation is obtained from the DTUPC phase of the Pershing
II program.

Preceding page blank
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SYSTEM DESCRIPTION

Pershing 11 Missile and :eentry Vehicle

Pershing II capability will be provided by a small cost increase over maintaining the
preaent Pershing Ia system. The cost increase is small because the Pershing II Weapon
System is a modular improvement to the Pershing Ia system, utilizing the existing Pla first
and second stage motors, launcher, and other ground support equipment. The only change to
the system is the front end of the missile., The Pershing Ia guidance and control section
and reentry vehicle (RV) are replaced with a new RV containing an inertial system for guid-
ance snd control throughout missile flight, a radar area correlation terminal guidance
and control system, and a warhead., The Pershing Il missile is launched, like Pershing Ia,
on an inertially guided boost phase trajectory to second stage cutoff and reentry vehicle
separation, after which the reentry vehicle proceeds on an attitude controlled ballistic
path to the terminal phase. An all-weather radar is activated in the terminal phase to
correlate the returns from an area surrounding the target with a prestored reference map
of the target area. Several such correlations are obtained during terminal descent to
derive position corrections for updating the inertial position of the reentry vehicle.

This technique provides an order of magnitude improvement over Pershing Ia in delivery
accuracy. Without terminal guidance activation, the Pershing II still achieves the same
accuracy as Pershing 1la.

The tactical reentry vehicle shown in Figure 1 contains the complete missile guidance
subsystem. Basic guidance is provided by a combination of inputs from the inertial measure-
ment and radar correlator systems. Control is maintained by both reaction jets and air
vanes. Guidance commands are given by the Pershing airborne computer which derives 1its
inputs from the inerticl measurement unit, rate gyro unit, and the radar correlator system.

The guidance subsystems considered in this paper are the:
Inertial Measutrement Unit (IMU)

Pershing Airborne Computer (PAC)
Sensor Correlator System {SCS)

Radome
RADOME REACTION SYSTEM
MU
STABILIZED
ANTEMMA A[RBORNE
COMPUTER
SENSOR
CORRELATOR
SUBSYSTEM
/

Figure 1. Tactical Reentry Vehicle

22



P — B e ]
SO — e e erw O TR TSSO TR, s ST

Inertial Measuremeut Unit. The Inertial Measuremeut Unit (IMU) consists of a 4-gimbal
platform which uses gyros as sensing elements for stabilization, and accelerometers for
measuring acceleration. During flight, the IMU, in conjunction with the airborne computer,
supplies missile guidance and control output functions of navigation and steering, and also
stabilizes the radar sensor gimbal during the terms.al flight phase. The IMU also, in con-
junction with the airborne computer, performs a self-alignment during ground operations
without the need for external referencing equipwent for determining the azimuth of the IMU
with respect to north.

The IMU built by Singer-Kearfott for the Pershing II application uses off-the-sghelf
hardware and designs from the KT-70 family of Kearfott IMU's, principally from the SRAM
t ‘gsile and A-7 Aircraft IMU. The IMU azimuth cluster, housing the inertial elements
(sgvros and accelerometers), consists of A-7 components in its entirety. The zimbal systen
stricture also contains A-7 components for the2 most part. Over 1000 A-7 IMU's have been
pro¢ uced.

The gimbal system is housed in a cylindrical casting mounted through shock isolators
(aee Figure 2) to a base, one side of which also provides mounting for the shock mounted
ele:' ronics housin;;. The electronics components are mounted on five multilayer printed
rficuit cards measuring 6.6 x 8.6 inches overall with a 6.0 inch radius on one side. The
five e.ectronic assemblies are dedicated to the following functions: one for the power
supply, one for the X and Y axis digital accelevromeer loop, one for the Z axis digital
accelerometer loop and the serial core memory, one for sequence and alignment, and one for
gimbal control. These carde are mounted on three replaceable subassemblies wiiich are cast
frames which provide stiffneas as well as cooling (see Figure 2). The parts count for the
IMU is detailed in Table I.

Figure 2. I'nertial Measurement Unit
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TABLE 1

Guidance Parts Count

MU PAC SCS Total
Quantity Quantity Quantity Quantity

Integrated Circuits 164 681 624 1469
Resistors 852 769 2094 3715
Capacitors 369 774 1025 216%
Diodes 164 120 139 423
Transistors 187 63 230 480
Inductors/Transformers 27 5€ 50 133
Connectors 5 61 133 199
Printed Circuit Boards 6 23 15 44
Miscellaneous 40 29 42 111
TOTAL 1814 2576 4352 8742

The cooling system is a forced air system in which the air first passes over the gim-
bal outer housing and then into the electronic section where it passes over fins cast into
the module frames. Protection for the electronics as well as the containment and ducting
of the cooling air flow is provided by a drawn sheet metal cover. The interconnections
of the modules is via a wire wrap tray. The interconnection of the gimbal electronics and
the I/0 connectors is with printed flexible harness assemblies.

General Characteristics

Weight 32 1b

Size 8.5 x 10.5 x 13 in.

Platform 4 gimbal (azimuth, inner
pit=h, roll, outer pitch)

Linear acceleration 40g each axis

Vibration 25.3 grms

Shock 2850g peak

Pershing II Airborne Computer. The Pershing II Airborne Computer (PAC), designed by
Bendix, consists of four functional areas.

A central procegsor unit (CPU) performs all the computational, processing, and format-
ting requirements for the air, ground, and test modes of the Pershing II Missile Weapon
System. A memory section provides the required storage of both the program and data for
all operational, executive, ground communications, anu test programs. In addition, storage
is provided to facilitate program loading and computer startup. An Input/Output (1/0)
section controls inputting data from and outputting data to the required missile subsystems
and ground support system. The fourth function is the power supply section.

The structural and thermal design utilized in the PAC is a direct descendant of the
BDX-900 family from these Bendix programs: the Bl Bomber Air Inlet Control System, the Bl
Electronic Control Assembly for the attitude reference system, the S3A Aircraft Flight
Guidance Computer ard Air Data Computer, and the Mark 30 Underwater Vehicle Strapdown
Guidance and Control System. The design consists of a brazed aluminum housing which
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provides two cold walls for the forred air cooling system (see Figure 3). The unit con-
tains twelve plug-in modules anc space for one spare card. Nine of these are multilayer
printed wiring boards 6 x 6.5 irnches in size comprising the following functions: Arith-
metic Card (1), Control Card (), Interrupt Card (1), Serial Data Card (1), A/D-D/A Convert-
er Card (1), Signal Conditioner Card (3), Monitor Card (1). The remaining three modules
are the Analog Power Supply (an assembly consisting of two multilayer cards), the Logic
Power Supply (an assembly comprised of several small PC cards), and the 16K core memory
module. The modules are interconnected by means of a wire wrapped backplane with connec-
tions to the I/O connectors by flexible printed circuit harnesses.

Figure 3. Pershing II Airborne Computer
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The Central Processor Unit (CPU) employed in the PAC is identical to that used in the
3DX-9C0 -~omputers with the exception of incorporating components of a low power dissipationm,
and minimum circuit changes to increase the computational rate; however, the architecture
and utility software are identical. It is interesting to note that flight software develcp-
ment time was materially reduced through the use of &« BDX-9000 computer, a commercial
equivalent of the BDX-900. This allowed software to be developed concurrently with PAC
development and manufacturing.

The core memory is s modified electronic memories SEMS 9 16K memory. This memory is
a descendant of the 4K SEMS 8 memory used in the MK-30 system and F15 Avionics Intermediate
Shop which were both built by Bendix.

The Input/Output section of the computer incorporates design features from both the
Mark 30 and the present Bendix BDX-820 computers utilizing present state-of-the-art compo-
nents.

A parts breakdown by generic type for the computer is shown in Table I. The large
proportion of integrated circuits used, many of them MSI and LSI devices, is key to achieve-
ment of the high packaging density, low power, and high reliability required for the PAC.

General Characteristics

e Parallel, microprogrammed, 16 bit CPU with 2.4 us add time

® 16K x 16 bits plus parity RAM and ROM memory with 1.2 us cycle time
e 13 priority interrupt levels

e ac and dc analog, pulse, serial binary, and discrete inputs

Pulse inputs 3 accelerometers
Serial inputs: 16 bit serial-parallel converter
Discrete inputs: 24 differential TTL, 30 - 28 Vdc
Power input: 25.5 to 32.5 Vdc

e dc analog, serial binary, and discrete outputs

¢ Weight: 35 1b

e Size: 12.5 x 13.75 x 7.5 in. max

® Linear acceleration: 40g each axis

e Vibration: 24.3g rms max

e Shock: 1550g peak

Sensor Correlator Subsystem. The Sensor Correlator Subsystem (SCS) located within

the Pershing II reentry vehicle, provides relative target position information for reentry
vehicle guidance during the terminal phase of flight. The SCS is a combination all-weather

radar sensor and automatic area correlator integrated as part of the guidance subsystem
furnished by Goodyear Aerospace.

Upon a command indicating arrival at the target area, as derived from inertial coordi-
nates, vehicle altitude is computed using the first return signal availsble. The radar
provides terrain reflectivity, as its entenna scans about a vertically stabilized axis
from vhich a Plan Position Indicator (PPI) image is created and stored in the correlator.
This image is compared in the correlator with a previously prepared reference image, and
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signals are generated that indicate missile displacement from tlie inertially comj uted
position. These signals, along with the altitude error signal, are used to correct the
inertial data in the Pershing Airborne Computer (PAC), which, in turn, generates =missile
steering commands to the air vanes.

The SCS includes the Stabilized Antenna Unit (SAU), Radar Unit (RU), Correlator Unit
(CU), and Power Converter Unit (PCU). See Figure 4.

The Stabilized Antenna Unit consists of a three-degree-of-freedom gimbaled antenna
with associated drive motor and resolver pickoffs. There is a servo electronics housing
containing one double sided printed circuit card holding IC's and discrete components.

The SAU utilizes a separate altitude measurement antenna and a terrain mapping antenna
with associated wave guide switch, feed horns, rotary wave guide joints and linkage nor-
mally associated with antenna systems. This unit i{s 16 inches high and requires a 16 inch
diameter clearance and is mounted forward in the nose of the missile and is covered by the
radome.

Figure 4. Sensor Correlator Subsystem
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The Radar Unit consists of &« cast housing containing a tunable frequency agile mag-
netron, receiver, modulator, tracking local oscillator and associated waveguide and semi-
rigid coaxial cable. The housing has a formed cover which provides an RF tight enclosure.
The unit contains 12 double sided printed circuit boards which measure 3 x 4 inches and
contains IC's and discrete components. The unit measures 14 x 8 x 8 inches and occupies
one quadrant of the forward section of the missile just aft of the antenna unit.

The Correlator Unit consists of a cast housing which has a cover which provides an RF
tight unit. The unit contains nine multilayer printed circuit assemblies which measure
5 x 10 inches and mount a combination of integrated circuits and discrete components. This
unit alsc houses the correlatron tube and associated hardware which performs the basic
comparison function between the incoming live radar PPI image and a self-contained refer-
ence. The reference film unit assembly used in loading and holding the reference data is
mounted to the outside of the housing. The overall dimensions of the unit are 14-1/2
inches long, 16 inches wide, and it is semicircular in cross secti~~ with a taper to fit
the forward missile section just aft of the antenna unit mor~ _.ng bulkhead.

The power converter unit is a purchased asser* .y which converts battery 28V to 13
regulated output voltages with a peak power ov’ _.ut of 2500 watts. The unit measures 14 x
9 x 9 inches and occupies a quadrant of th- .orward section of the missile just aft of the
antenna unit.

Table I shows the parts cor .. for the SCS.

Radome, The Pershine (I radome assembly consists of three basic parts: (1) a
titanium~zirconium-zoly’ uenum alloy (TZM) nose cap subassembly (including an impact fuze
device and an RF ener_,y absorber), (2) a slip-cast fused silica (SCFS) ceramic radome budy,
and (3) a glass/ep <y attachment ring which is bonded to the base of the ceramic shell,
and by means of _ategral captive nut plates attaches the radome assembly to the RV air-
frame. See Ff_ure 5.

ATTACHMENT
RING ASSY

IMPACT FUZE ASSY
NOSE CAP 7
I

Pty meetey sy e Yot
®
o
W
w

g
= — 4 -i4 - INCHES

i ; DIA
L
% |
|
E *

A |

o )

P e R N —

Figure 5. Radome Assembly
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GUIDANCE SUBSYSTEM DETAILED COST INFORMATION

Inertial Meassurement Unit

The Inertial Measurement Unit cost is apportioned to the standardized
Relative costs for each standard component are then broken down

down as showri in Table II.
into the standardized cost categories by percent.

See Table III.

Using Tables II and III, the total IMU cost breakdown is shown in Table 1V.

TABLE II1

IMU Component Breakdown

component break-

(Percent)
Electronic Assemblies 35
Major mechanical parts 37
(gimbals, structural member)
Gyros 17
Accelerometers 11
TOTAL 100
TABLE II11
IMU Cost Categories
Major
Cost Categories Zlectronics Mechanical Gyro Accelerometer
Material and Purchased Parts 82 50 40 25
Fabrication and Processing 0 7 20
Assembly 16 35 35
Test and Inspection 16 12 14
Support 18 6 6
TOTAL (Percent) 100 100 100 100
TABLE IV
IMU Cost Breakdown
Manufacturing Cost Categories
Standard Guidance Purchased|Fabrication and Test and
Component Materials| Parts Processing Assembly|Inspection |Support
Electronics 35 - 28.6 - 2.1 1.4 2.8
Major Mechanical 37 - 18.5 - 5.9 5.9 6.7
Gyros 17 - 6.8 1.2 6.0 2.0 1.0
Accelerometers 11 - 2.8 2.2 3.9 1.5 0.7
TOTAL (Percent) 100 - 36.7 3.4 17.9 10.8 11.2
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The major cost driver for the Pershing II IMU is purchased parts at 57 percent of the
total IMU cost. A further breakdown of this shows that the electronic component purchase
is slightly more than 50 percent. The major mechanical area, which includes the resolvers,
the gimbale, and slip rings accounts for a little more than 32 percent of the purchased
parts costs. The parts purchased for the inertial components (the gyros and accelero-
meters) sccount for less than 17 percent. This is no doubt due to the fact that both the
gyros and accelerometers are used on many other Kearfott IMU programs and production economy
can be achieved.

The next major cost driver for the Pershing II IMU is labor which can be broken down
into three subareas of assembly, test and support. It accounts for 43 percent of the total
IMU cost. As can be expected in a complex system such as an IMU, the agsembly accounts
for the major share of the labor costs at approximately 50 percent. Support and test
account for approximately 25 percent each. Although complex tests are run on an IMU, the
test labor is relatively low because a great many of the tests are run with automatic test
equipment under computer control.

The material/labor ratio of 57 percent material/43 percent labor is due to the use of
hybrid electronics where possible and, although hybrid components tend to be higher cost
components, fewer components are used. In addition, another factor that influences thas
cost ratio is the automatic testing concept.

Airborne Computer

The Pershing II Airborne Computer is classified under the Electronic Assemblies
standardized component heading. The relative costs for the standardized cost categories
are shown in Table V.

The primary cost drivers are purchased parts - 50 percent, and assembly - 33 percent.
In the purchased parts, the particular costly items are:

1 Core memory (16K words, 17 bits/word)

(L]

MIL-STD, HI-REL parts

3 High performance linear IC devices and ultra precision resistors.

The core memory accounts for at least 20 percent of the total cost of the computer.
Appreciable cos: savings should be possible in this area with the availability and appli-
cation of v non-volatile semiconductor memory.

TABLE V

Airborne Computer Cost Categories

Cost Categories (Percent)
Material and Purchased Parts 50
Fabrication and Processing 8
Assenbly 33
Test and Inspection
Support
TOTAL 100
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The use of Military-Standard, HI-REL parts, particularly for inteagrated circuits,

Wnile the additional
cost of MIL-M-38510 devices may ultimately be reduced, this has to be regarded as a signi-
ficant cost factor for the foreseeable future.

probably accounts for another 15 percent of the total computer cost.

The use of high performance linear integrated circuits and ultra-precision resistor
networks to meet very tight gain stability znd linearity requirements in analog channels
accounts for an estimated 5 percent of the total cost.

Sensor Correlator Subsystem

The Sensor Correlator Subsystem cost is broken down to the standardized guidance com-
ponents shown in Table VI.

Relative costs for each standard component are now shown in the standardized manufac-
turing cost categories of Table VII.

TABLE VI

SCS Component Breakdown

(Percenc)
Electronic Assemblies 40.9
(Correlator Unit)
Microwave Devices 27.4
(Radar Unit)
Major Mechanical Parts 20.1
(Stabilized Antenna Unit)
Cables 425
Power Supplies 7.1
(Power Converter Unit)
TOTAL 100.0
TABLE VII
SCS Cost Categories
Microwave Major Mechanical Power
Electronics Devices Parts Cablee Supplies
“aterial 4.5 0.6 122 0.1
Purchased Parts 63.3 78.2 66.0 19.0 100
Fabrication and 10.3 7.5 17.1 1.8
Processing
Assembly 15.8 9.8 7.5 36.2
Test and 2.2 1.5 4.8 32.8
Inspection
Support 3.9 2.4 3.4 10.1
TOTAL (Percent) 106.0 100.0 100.0 100.0 100

k)
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TABLE VIII

SCS Cost Breakdown

Manufacturing Cost Categories

Standard Guidance Purchased |Fabrication and Test and
Component Materials| Parts Processing Assembly|Inspection|Support

Electronics 40.9 1.8 25.9 4,2 6.5 0.9 1.6
Microwave Devices 27.4 0.2 21.4 2.1 2.7 0.4 0.6
Major Mechanical 20.1 0.2 13.3 3.4 1.5 1.0 0.7
Cables 4.5 0 0.9 0.1 1.6 1.5 0.4
Power Supplies 7.1 7.1

TOTAL 1002 2,2 68.6 9.7 12.3 3.8 3.3

TABLE IX

SCS High Cost Items

Percentage of
SCS Costs
Radar Receiver Front End with Tracking Local Oscillator 10.8
Tunable Magnetron 3.3
Correlatron 3.0

Using Tables VI and VII, the total iCS cost breakdown is shown in Table VIII.

The major cost driver of the SCS is purchased material which accounts for apprcximately
70 percent of the SCS total cost.

items of which only one is used per guidance system.

Of this 70 percent, 17 percent i3 in three high cost

See Table IX.

r
ci

the total parts

count, Table I, the remainder accounts for 50 percent of the SCS costs.

The other cost driver is touch labor which accounts for about 25 percent of the total

SCS costs.

Radome

The manufacturing cost category breakdown of the radome is shown in Table X.

TABLE X

Radone Cost Categories

(Percent)

Materials

Fabrication and Processing

Assembly

Test and Inspection

Support
TOTAL

12.6
66.5
4.6
12.8
3.5
10C .0
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The cost driver is touch labor. A description of the fabrication process is furnished
with references to the effect on cost of the various steps in the fabricationm.

The TZM nose cap if conventionally machined from bar stock and is not a major cost
contributor to the rsdome assembly. The attaclment ring is fabricated by hand layup of
pre-impregnated glass fabric on a mandrel wich conventional debulking methods used at
intermediate stages of the layup. The completed layup is autoclave cured on the mandrel
under elevated pressure and temperature and the cured part is machined to proper external
contour while attached to the mandrel. The proper internal contour of the attachment ring
is provided by the external shape of the mandrel thus reducing machining time. Fabrication
of the attachment ring up to the point of bonding it into the ceramic body represents
approximately 13 percent of the end item cost of redome and only 0.6 percent of the guid-
ance system cost; therefore, cannot be considered a major cost driver,

Febrication of the SCFS ceramic radome body represents approximately 46 percent of the
end item cost of a radome assembly (2 percent of guidance uystem cost) and is considered
the major driver of the radome coat. The radome body is produced by slip casting in a
plaster mold, firing the resultant ''green" casting at elevated temperature to produce a
dense, rigid blank and grinding the blank to required dimensions. The starting material,
slip, 1is a slurry of finely divided silica particles suspended in water. The plaster mold
is made by allowing plaster of Paris to harden around a model of the shape to be duplicated.
The plaster mold together with an internal displacement mandrel (sized to produce the re-
quired inner shupe of the as-cast blank) is then filled with slip under pressure, The
plaster outer-wall of the mold absorbs the water from the slip leaving a filter cake depos-
it which becomes the desired shape. The thickness of the cast wall is a function of time
and typically a Pershing II radome blank requires approximately 6 hours of casting time.
Excess slip is then drained from the mold after the deeired cast wall thickness is obtained
and the cast shape is allowed to partially dry in the mold before removal. The casting is
then drieé thoroughly in a temperature and humidity controlled enviromnment to remove ab-
sorbed moisture before firing in a kiln to develop the desired sintered strength and den-
sity (which in turn determines the dielectric constant of the material). A typical firing
cycle is six hours at 2200°F in air. It is during the critical casting, drying, and fir-
ing cycles that differential shrinkage of the part occurs and if not carefully controlled
can result in cracking of the part, rendering it useless. Even with stringent control, a
typical yield will be one useful blank for every two cast. During startup of a production
run, casting yields are even worse, typically one of three or four until the process
"tailoring" phase is complete for the particular part geometry involved. Fortunately, at
this point in the process the material and manpower investment is relatively low so that
low initial yields do not substantially drive the finished cost of a radome when produced
in quantity (100 or more units).

After firing, the casting is thorough.iy inspected for cracks, inclusions, and other
flaws and then proceeds into the grinding phase which accounts for approximately 88 percent
of the finished cost of the ceramic body. Two vertical grinders with diasmond wheels are
used in the operation, one to form the outside contour of the part and a separate unit ic
grind the inner contour. Approximately 70 hours of continuous grinding are required to
produce a dimensionally acceptable radome body from the as-cast blank., Because of the
hardness and vrittle nature of SCFS, past attempts to reduc: machining time by increasing
feeds and speeds has invariably resulted in increased losses (reduced yield) and has proved
economically unjustifiable.

After completion of grinding and necessary dimensional inspection, the part is oven
dried to remove moisture, sprayed with a sealer of silicone resin, and proceeds to final
assembly where the glass/epoxy attachment ring is bonded into the unit and the nose cap
assembly is fitted.
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Total Guidance Costs

The total Pershing II Guidance Subsystem cost is summarized in Table XI. The cost
drivers identified previoucly in this paper carry over to the total guidance subsystem
unchanged. We see that we have approximately 60 percent purchased material and parte ver-
sus 40 percent other cost categories - primarily touch labor. The 60 percent purchased
material is made up of 30 percent primarily electronic piece parts (except for memory) for
the electronic assemblies, and 9 percent for the microwave devices, where the high cost
RF components predominate. On the labor category, the assembly category at 10 percent for
the ele:tronic assemblies is the only large cost driver.

TAERLE X1

Guidance System Cost Breakdown

Manufacturing Cost Categories
Standard Guidance Purchased |Fabrication and Test and
Component Materials Parts Processing Assembly | Inspection |Support
Radoms 4.5 0.6 0 2.9 0.2 0.6 0.2
Rlectrounice 49.2 1,0 30.4 3.4 10.2 1.5 2.7
Microwave Devices 11.7 0.1 9.1 0.9 1.1 0.2 .3
Major Mechamical 20.5 0.1 1.7 1.5 2.5 2.2 2.5
Gyroe 5.6 0 2.2 0.4 2.0 0.7 0.3
Acceleromsters 3.6 0 0.9 0.7 1.3 0.5 0.2
Cables 1.9 1] 0.4 0 0.7 0.6 0.2
Power Supplies 3.0 0 3.0 0 0 0 0
TOTAL 1002 1.8 57.7 9.8 18.0 6.3 6.4
TABLE XII

Project Cost and Potential Guidance Systeam Cost Reductious

Potential Cost Reduction
of Guidace System Cost
Cost ($) (percent)

Production of printed wiring 452,200 1.0

boards using the semi-additive

technique

Improved production techniques 133,000 1.0

for multilayer rigid-flax

printed circuit asseablies

Elimination of connectors and 205,000 0.1

reduction of intercomnections

Printed wiring board cleaning 120,000 0.15

proceduress

Accelerated cure conformal 120,000 0.2

coating for printed wiring

boards

Microelectronic packaging 65,000 5.0

utilizing leadless inverted

devices (LID's) and chip

component technology
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MANUFACTURING TECHNOLOGY PROJECTS

With the cost drivers identified, the potential manufacturing technology projects
submitted are primarily aimed at reducing the fabrication, assembly, and test cost of the
electronic assemblies through reducing the cost of the printed wiring board. As a result,
these technology projects should have widespread applicability to all electronic systems
in which printed wiring boards are used. The microelectronics packaging project is aimed
at a method of achieving the cost savings of MSI and LSI techniques, without the large
initial investment of time and money, by utilizing component chips in leadless inverted
devices that can be mouated directly on printed circuit cards. Table XII contains the
proposed manufacturing technology projects together with project cost and potential guid-
ance system cost reductions.
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Manufactuiing Process for Producing Military Approved Printed
Wiring Boards Utilizing the Semiadditive Technique

System/Panel Area/Component. Defense Missile Systems/Guidance Control and Launch/
Printed Wiring Boards (PWB).

Problem., The present Military Specifications preclude the use of a cost saving semi-
additive or Thin Copper Foil (TCF) technique for fabrication of PWBs {or Military systems.
Changing existing specifications and writing new ones, where necessary, could result in
considerable savings for the Military, since PWBs often represent 30 to 50 percent of a
subsystem control cost, and improve pollution abatement. Thie process would develop tech-
nology for higher density packaging, finer line widths and improved spacings.

Proposed Solution. The processing techniques required to meet the demanding high
density packaging requirements would be enhanced and the amount of undesirable effluents
reduced. This would require the design, fabrication, installation and checkout of a pilot
1ine. Test specimen fabrication and test data accumulation would be treated as a prime
elemei.x as backup for Military Specification changes. Some of tlie more detailed task
descriptions are:

1l Deteruine the affected roecifications and the degree of impact.

2 Evaluate the process capability for producing laminations without foil pin holes.
3 Establish and perform test requirements.

4 Establish process control.

53 Develop automatic techniques with adaptive controls.

6 Change Military Specifications.

7 Write new specifications.

8 Acquire specification approval.

Project Cost and Duration. Estimated costs are as follows:

Pilot line design $ 22,400
Pilot line ccnstruction - tank facilities 144,800
Pilot line automation - equipment and controls 112,000
Materials 5,000
Engineering support and tech data 112,000
Specification approval 56,000

$452,200

Estimated duration of the project is 24 months.

Benefits. Expected benefits to be derived from this project are a reduction in re-
curring hardware costs for all PWBs produced for the Military and also improved pollution
abatement. The reductions are as follows:

Reduction in drilling costs 202
Reducztion in etching costs 80%
Total reduction of a PWB 30%
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This results in a 2 percent reduction in electronic assembly costs, and approximately 1
percent potential guidance system cost reduction.

Assumptions. That all branches of the Miliitary are receptive to common specifications.
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Improved Production Techniques for Multilayer Rigid-Flex
Printed Circuit Assemblies

System/Session Area/Component. Missile/Electronic Controls/Electronics

Problem.

complex interconnections needed for high density advanced design electronic assemblies.
Present day techniques and tooling employing bench operaticns for their manufacture are
expensive, and more automated lower cost concepts are required.

Procedures, tooling and bench operations are used to laminate, solder and trim M/L

rigid-flex circuitas.

The f,llowing process requirements exemplify the problem areas which

will require more mechanization in their fabrication.

Problem

o v & | & |-
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Etching thin film laminates.

Selective cutouts of prepregnated fabric.

Bonding of copper to flexible H-film.

Curing of M/L laminated circuits.

Drilling, plating and verification of thru-hole connections and circuits.
Cutouts of M/L printed circuit board laminates and flexible H-film.
Skiving of flexible H-film for soldering branch circuit pads.

Soldering of M/L rigid-flex assemblies.

Proposed Solution. This project would center on development of new manufacturing

techniques, low cost tooling concepts, mechanized procedures susceptible to automati.n,
and producibility guidelines for production improvements in processing M/L rigid-flex
assemblies. Present manual, bench type methods will be replaced with techniques which
are inherently less costly by one or two orders of magnitude. The following actions are
proposed:

1
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Technical survey on M/L rigid-flex applications.

Design process and tooling improvements (standardization).
Prepare cost tradeoff analy 4s.

Pilot production of work samples.

Preproducibility/design guidelines.

Technical demonstration of automation.

Issue project documentation/reports.
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Project Cost and Duration. Estimated costs are as follows:

Manuvfacturing and engineering effort in information

collection, design, and checkout of new techniques $112,000
Tooling 14,000
Material 6,000
Travel 1,000

$133,000

Estimated project duration is 14 months.

Benefits. Benefits to be derived are a reduction in recurring hardware costs as
follows:

Estimated reduction in manufacturing and
quality labor costs of rigid-flex assemblies 802

This is equivalent to an electronic system cost reduction of 1.8 percent, and approximately
1 percent potential guidance system cost reduction.

Assumptions. That utilization of rigid-flex packaging techniques will continue to be
needed in the manufacturing technology applications of the 1980's.
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Elimination of Connectors and Reduction of Interconnections

System/Panel Area/Component. Missile/Electronic Controls/Connectors

Problem. The use of connectors for round-to-round, flat-to-flat, and flat-to-round
contacts often encounters problems because of hardware availability, hardware cost and
system reliability. A standard connection typically requires a minimum of three inter-
connections to achieve electrical continuity between two electrical conductors.

Proposed Solution. Connectors will be eliminated and the interconnection between
electrical conductor and male/female members reduced by joining electrical conductors to
each other, thereby effecting only one interconnection instead of the usual three. Join-
ing methods will be developed which are reversible and nonreversible. Nonreversible
interconnections may be "broken” by removal of 1/8 inch interconnection area and reprepar-
ing adjoining conductor ends for reconnection.

Where testing requires multiple disconnects a temporary wmechanical interconnection
may be made until final assembly is desired with a reversible or nonreversible direct
conductor to conductor interconnection.

Interconnection will be made by mechanical, soldering, or metallurgical hand proce-
dures singly or in combination.

Project Cost and Duration. Estimated costs are as follows.

Manpower requirements $165,000
Facilities 20,000
Engineering support 20,000

$205,000

Estimated duration of project is 24 months.

Benefits. Benefits to be derived from this project will reduce project cost for the
fabrication of the larger missile systems such as Pershing by approximately 0.1 percent
each.

Assumption. The presently conceived and demonstrated interconnection philosophy can
be readily advanced to be production worthy and economical.
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Fabrication of Lower Cost, Higher Reliability Printed Wiring
Boards by Mechanization of Cleaning Procedures

System/Panel Area/Component. Control - autopilot, servos, power supplies, networks,
printed circuitry; guidance - electro-optics, printed circuitry, designators, IR devices;
test equipment - printed circuitry.

Problem. Recent Military Specification revisions (MIL-P-28809) specify use of Rosin
Active (RA) flux for soldering. All traces of rosin must be removed as indicated by ionic
contamination measurement. Presently, specified solvents are not bipclar. They remove
both polar and nonpolar soil; consequently, flux residue is not effectively rexoved. The
problem calls for development of bipolar technology to meet Military Specification require-
ments within EPA/OSHA restrictions. PWB module fabrication is now ineffective and corts are
prohibitive due to poor ionic/benign soil solvency power and redundant cleaning cvperations.

Proposed Solution. New sclvent systems possess high solvency power for both polar
and nonpolar soils. By the use of one of these solvents (35 percent ethanol in freon or
wvater-based solutions) the industry will be able to conform with residual contamination
requirements specified in MIL-P-28809 and other documents. In-process control and moni-
toring technology will be obtained by translation from laboratory measurement instrumenca-
tion on-stream feedback control systems.

Selected solvents will supersede nonpolar chlorinated hydrocarbons and become industry
standards to conform with OSHA/EPA environmental edicts. Single solvent systems that can
remove all soil types will be used tc remove soil to the specified, required levels at a
substantially lower cost with regard to intrinsic value and process labor. Developed in-
line cleaning process would contain self-monitoring of solvent-of-Printed Wiring Board to
ensure repetitive process effects automatically.

Project Cost and Duration. Estimated costs are as follows:

Technical survey $ 5,000
Cleaning system definition 10,000
Pilot line design 15,000
Pilot line construction 25,000
Pilot line demonstration 15,000
Cleaning guideline development 10,000
Engineering and technical support 20,000
Adaptive controls and mechanization 20,000

$120,000

Estimated duration of this project is 24 months.

Benefits. The benefits to be derived from this project may be applied to all elec-
tronic modules included in platforms, microwave devices, power supplies, transmitters, and
sensors.

Electronic module cleaning costs for both labor and materia. can be reduced by a fac-
tor of 50 percent over present industry standards, and a potential guidance system cost
reduction of 0.15 percent is estimated.

Improved performance and higher acceptancr rate in fabrication will result from
ability to use more active flux for improved solderability. The reliability/acceptance
rate will improve by 20 percent,
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An intangible benefit will be derived from the use of OSHA/EPA approved solvent sys-
tems and the ability to meet new Military Specification requirements.

Assumptions. The cost and acceptance benefits will be achieved from known tested
solvent systems and well-designed, functionally-controlled stock hardware items,

The solvent usage will conform with EPA/OSHA standards as now defined and/or pro-
jected for future utilization.
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Accelerated Cure Conformal Coating

System/Panel Area/Component. Guidance/“rinted Wiring Boards/Connector Potting

Problem. Conformal coating now costs in excess of $10 per printed wiring board.
bulk of this cost is from setup and touch labor. To obtain proper material properties,
precise two-part weighing is required. Curing is for 4 to 6 hours at elevated temperature,
during which time coating is tacky and attracts atmospheric contaminants, causing rework.

The curing cycle is a major manufacturing constraint. When the disadvantages of two
part conformal coatings are considered - mixing, application poisonous solvent cleanup for
gun and masks, pot life, and energy requirements - single material with indefinite pot life
and fast cure (4 to 10 seconds) becomes extremely attractive.

Proposed Solution. Fast cure one-part resin systems are in widespread use in the
furniture arnd printing industries. The material is easily applied by airless spray or
curtain coating. The photo-initiator serves as a catalyst causing 100 percent liquid-to-
solid conversion in a few eeconds when ultraviolet radiation is beamed onto the liquid
film. No other energy is required for curing.

Since the new technology is reduced to practice, the success risk is low. What must
be developed however is a "curtain" flow of resin to accommodate irregular shapes of Printed
Wiring Boards as the present art is for flat surfaces (originally deveioped for coating
wood panels with epoxy at 100 feet per minute).

Preliminary development work shows that certain ultraviolet-cured resin families will
meet the stringent requirements of MIL-I-46058C with regard to protective qualities and
coating hydrolytic reversion characteristics.

Project Cost and Duration.

Specify coating and curing equipment $ 30,000
Develop processing technology for regular shape§ 30,000
Develop control technology 30,000
Certify process with written process 10,000
Implement process in production 20,000

$120,000

Project is expected to require 24 months for completion.

Benefits. A cost-effective conformal coating system will be developed which cures
in seconds instead of hours. Cost reduction will accrue from curing time factors, mecha-
nized (curtain coating) application, energy savings, and material cost savings (no waste
due to pot life).

The benefits derived from Line throughput and readily mechanized in-line staging are
appasont. Process controls ar: minimized, and skilled labor requirements reduced sub-
stantially.

All factors indicate a conformal coating fabrication cost saving of 60 percent and a
potential guidance system cost reduction of 0.2 percent.

Assumption. Modification of QPL list of MIL-I-46058.
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Microelectronics Packaging Utilizing Leadless Inverted Devices (LID'S)
and Chip Component Techn-logy for High Density Packaging

System/Panel Area/Component. Missile Systems/Guidance and Control/Electronic
Asgsemblies.

Problem. Parts procurement typically accounts for 60 percent of all systems cost and
there is a need for high density in many electronic systems. The use of hybrid, MSI and
LSI devices during development and for the production of limited quantities results in a
high initial parts cost, and an excessive turnaround cycle for incorporating changes. The
savings inherent in hybrid, MSI and LSI techniques requires high production to justify the
high front end custs.

Proposed Solution. A technology will be developed to utilize component chips and
LID's attached directly to printed circuit boards by use of a solder cream or conductive
epoxy. Sealing and protection would be provided by a vapor deposition of Parylene. These
circuits will approximate the density of hybrids and allow for repair and the incorporation
of change during the development phases. This technique also has application to the
limited production quantities usually required by an engineering evaluation phase. The
mechanical and electrical characteristics are such that they allow conversions to hybrids,
MSI or LSI if the quantities of a carry-on production phase warrant a change.

Project Cost and Duration. Estimated costs are as follows:

Engineering and Technical Support $36,000
Material 7,000
Travel 2,000
Test 20,000

$65,000

Estimated duration >f the project is 12 months.

Benefits. The benefits of this program are development of a system to allow high
density packaging during initial development phases at cost in line with discrete component
usage, and enhanced ability to convert to hybrid, MSI, and LSI devices during the carry-on
production phase.

The use of LSI/MSI in place of discrete parts can result in savings up to 20 percent
in electrouic assemblies. Since 49.2 percent of guidance system cost is attributed to
electronic assemblies, up to 10 percent guidance system cost savings could be achieved.

A conservative 5 percent potential savings will be allocated to allow for existing MSI
device usage, and for circuits where MSI {s not applicable.

Assumptions. The assumptions made were that the trend of LSI costs is downward and

that this technique has applications to any program where potential production quantities
justify LSI's and where high density/low weight are requirements.
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LOW COST INERTIAL GUIDANCE SYSTEM MANUFACTURING TECHNOLOGY
FOR THE LONG RANGE GUIDED MISSILE

Donald E. Ziebarth
Director of Production

Honeywell Inc.

St. Petersburg, Florida 33733

INTRODUCTION

In assembling this paper and selecting proposed Manufacturing Tech-
nology Projects, Honeywell has attempted to attack the significant cost
drivers. We have also directed our efforts along the goals stated by the
Honorable W. P. Clements, Jr. in his Memorandum for the Secretaries. Spec-
ifically, we have chosen the technology that holds the most potential for
advancing low cost, high reliability tactical missile midcourse guidance
and control-- the Ring Laser Gyro. We are applying modern manufacturing
techniques from the outset of its design (numerically controlled machining,
hot pressed processes versus machining, laser beam cutting and welding,
etc.) and are exploiting the existing Honeywell owned state of the art
capital equipment for maximum producibility and minimum nonrecurring cost
to the Army. 1In addition, we have chosen manufacturing projects that will
assist the Army and advance basic manufacturing technology, thus benefiting
the DOD requirements in general.

It is with these goals in mind that Honeywell submits these projects
to the AMC Conference on Missile Manufacturing Technology.

BACKGROUND

The Long-Range Guided Missile (LRGM) is a tactical surface-to-surface
weapon employing a conventional warhead intended for battlefield support
missions in 1980. Low cost in volume production is of primary importance
for the LRGM, The necessary multiyear development contracts further
emphasize the need for innovative manufacturing techniques to counter the
effects of inflation.

The Army Missile Command is currently evaluating several candidate
concepts for LRGM guidance and control, such as distance-measuring equip-
ment (DME), command guidance, and inertial guidance. Operationally and
logistically, the inertial guidance approach has the advantage of being
completely self-contained and independent of ground stations and ground
or air based data links. It would also utilize elements of the present
Lance missile ground-handling equipment (Figure 1l).

As defined by the Army for LRGM, the missile guidance and control is
performed by a guidance system composed of an Inertial Measuring System (IMS),
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FIGURE 1. LANCE MISSILE ON MOBILE LAUNCHER

Flight Control Computer ("CC), and Unit Power Supply (UPS). 1In turn, the
IMS includes a set of inertial sensors, three rate-integrating or attitude
gyroscopes, and three pendulous accelerometers. The IMS senses the spe-
cific forces (thrust, lift, drag) and angular rates (pitch, roll, yaw)
acting upon the vehicle from initial boost through aerodynamic flight to
impact; the FCC processes the measurements to determine the vehicle's
position, velocity, and attitude in a navigation reference frame which
also contains target coordinates. Using predetermined guidance laws, the
PCC then commands the vehicle to steer to the target. Finally, the FCC
computes autopilot corrections from rate gyro inputs to maintain the
vehicle on a stable path throughout the flight regime.

TECHNICAL APPROACH

The two most common ways to mechanize an inertial system are gimbaled
and strapdown. In the gimbaled approach, the accelerometer triad is iso-
lated from vehicle angular motion by gimbals which are stabilized in the
navigation reference frame by the gyro triad. A separate body-mounted
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rate gyro triad is required for the autopilot function. In the strapdown
approach, the gyro and accelerometer triads are mounted ("strapped down")
to the vehicle body directly. The accelerometer outputs are transformed
by the FCC from body to navigation frame by a nine-element direction
cosine matrix which is updated by outputs from the gyro triad. This is
sometimes referred to as an electronic gimbal.

The Honeywell approach to the design of a low-cost guidance system
for LRGM is based on four elements:

a. The strapdown mechanization which eliminates expensive gimbals,
torquers, and gimbal pickoffs.

b. Elimination of duplicate sensors and electronics for the auto-
pilot function, a strapdown characteristic.

c. The ring laser gyro for the strapdown attitude sensor with its
simple, rugged construction, and lower parts count.

d. Standard, commerciaily available high volume electronics parts
for digital processing, control logic, and memory elements.

These technologies have been developed for the Naval Weapons Center/
China Lake on the Advanced Tactical Inertial Guidance System (ATIGS X-0
Experimental Program). The ATIGS X-0 (Figure 2) has repeatedly demon-
strated two to four nautical miles per hour performance on two and three
hour captive flights in an A7E aircraft. Technical and cost goals
established in the ATIGS X-O program for the low cost production system,
as shown in Table I, have resulted in the design of the modular ATIGS-2
System shown in Figure 3. Engineering development of ATIGS-2 is expected
to be complete in 1978 with pilot production in 1979 and full volume
production in 1980 to 1981.

ATIGS X-0 EXPERIMENTAL SYSTEM ATIGS-2 PRODUCTION GOALS

IEERRETY

ADVANCED DIGITAL Y . .
LS| COMPUTER .t

GYRO STRUCTURE COMPUTER

HYRRIDS
THREE AXIS
RING LASER GYRO
assemeLy NN - - - - ¢
THREE AXiS GG- 1178 ALGS
ACCELEROMETER
ASSEMBLY -_'i'
POWER SUPPLY
ADVANCED
ACCELEROMETERS

ACCELEROMETE RS GYRO GYRO SUPPLY

FIGURE 2. ATIGS X-O FUTURE PAYOFF

417

2



TABLE I. ATIGS DEVELOPMENT GOALS

Volume 500 Cubic Inches
Weight 25 Pounds

Power 65 Watts

Performance 500 Ft SEP (Missiles

o HYBRID HYBRID
ATIGS-2 .° LS COMPUTER PROCESSOR PROGRAM
o MEMORY
) »
GG-1328 RING
THREE AXIS GYRO LASER G YRO LASER GYRO
ASSEMBLY TRIAD
ACCELEROMETER ACCELEROMETER ACCELEROMETER

Qe AND ELECTRONICS TRIAD

SYSTEM POWER
SUPPLY

FIGURE 3. MODULAR ATIGS-2 SYSTEM

COST DRIVERS

This orderly development will allow sufficient time to develop the
proposed manufacturing techniques to insure the successful attainment of
the LRGM production cost goals of the 1980's. In attacking the design to
cost and producibility efforts currently in process, we have identified
the cost drivers and are systematically attacking each area. This paper,
however, has attempted to categorize the drivers per the AMC Conference's
format and will address only three areas requiring special Army attention
and assistance. We feel these three projects fall into the Manufacturing
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Technology charter and the results will be universally usefui to the
industry.

Several obviovcs cost drivers can be identified from Table II:
a. The gyro is the single highest cost driver.

b. The second most signifcant cost item is the electronics, and in
particular, the digital computer hybrids (see Figures 2 and 3).
In Table II, the FCC hybrids are included in purchased parts and
comprise 13.7 percent of the total system cost. The benefits
of the proposed manufacturing project on hybrids will be even
more significant if the decision is made to utilize hybrids in
areas other than the computer, such as inertial sensor
electronics.

c. The third most significant cost driver is the accelerometers,
but since the current plan is to procure these devices, no
technology project is proposed at this time. Honeywell, however,
has under research a heaterless high-g accelerometer which may
be an area for consideration in the future.

Although.system level testing does not shuw in the cost model as a
line item, it is a critical event which limits production rate and influ-
ences per unit cost. In addition, this testing screen must insure that only
"good"” hardware reaches the Army or the life cycle cost escalaces. In
addition, this proposcd testing project would allow the Army to make maxi-
mum utilization of one of the most advanced inertial guidance test facil-
ities in the industry and is in keeping with the Army's objective of
providing incentives "for contractor capital investments in modern, more
effective manufacturing facilities™ (1). Special emphasis will be assigned
therefore, to testing and Honeywell has included a proposed task for this
effort.

TABLE II. LRGM/ATIGS ADVANCED TACTICAL GUIDANCE
SYSTEM COST BREAKDOWN

Manufacturing Cost Categories
Purchased | Fabrication & Test &
Standard Guidance Component Materials Parts Processing Assembly Inspection | Support
Ring Laser Gyros (3) 40.9% 1.3 3.2 E 8.9 3.9 9.4
Electronics (FCC) 21.8% --- --- 1.6 1.4 1.2
Accelerometers (3) 15. 9% --- E ooo .- --- ---
Unit Power Supply 6.2% coo 2.5 --- 2.5 0.5 e.7
Structure 10.1% 3.7 2.4 0.7 1.3 1.2 0.8
Cables & Connectors 5.1% Soo 3.3 --- 1.2 0.4 0.2
TOTALS 100% 5.0 44.9 13.9 16.5 7.4 12.3

| i MAJOR COST DRIVERS
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The next section delineates manufacturing projects to attack. 1In
order of priority: the Ring Laser Gyro, Hybrid Electronics, and System
Test Cost Drivers. Following the technology discussion is the Project
Summary for each of these projects.

PROPOSED MANUFACTURING TECHNOLOGY PROJECTS

Manufacturing Technology Project for Optimizing Hybrid
Manufacturing for the Computer

Problem. 1In its final or production form, the ATIGS Advanced Digital
Computer Subsystem will be a small, compact, and functionally capable
device. It will consist of a circular housing containing two printed
wiring boards as shown in Figure 3. Mounted on each circuit board are
three thick film hybrid packages, each two inches by two inches. One of
these hybrids is a central processor (CPU), one nonvolatile program
memory (PM), one scratchpad memory (SPM), and the other three are input/
output modules. The integrated circuit chip complement consists of approx-
imes tely 400 chips for the total computer and represents approximately 22
pecent of the total system cost (see Table II and Figure 4).

The costs for the computer are divided into the following major areas:
hybrids, circuit boards, and final computer assembly and test. The hybrid
costs, including the integrated circuits, mounting labor costs, and the

FIGURE 4. ATIGS COMPUTER SHOWING THICK fILM PACKAGEY
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device test, account for 81 percent of the total computer cost. These costs
assume the use of commercial parts screened to Mil-Spec reguirements and the
bonding of these parts to the substrate by use of flying wire bolts. The
wire bonding process has been the industry standard for mounting integrated
circuit chips in packages or onto hybrid modules. This technique is time-
consuming and costly. Further, the wire interconnects have been recognized
as the major source of failures in IC's and hybrids. Several attempts have
been made to speed up chip handling processes. 5Some, like Spider Bonding
and Unibond, tried to automate the chip transfer from the wafer to the
dual-in-line lead frame. For others, such as beam lead and flip chip pro-
cesses in which chips were used for multichip applications, modifications

in th2 conventional metallurgy of ICs allowed a collective bonding of all
pads on a substrate. For many reasons, such as pad number limitation,
limited power dissipation capability, and lack of standardization between
manufacturers or cost, none of these techniques has been totally success-
ful in becoming a new industry standard.

Proposed Solution. Preliminary studies have shown that significant
cost reductions can be achieved by eliminating the manual bonding of the
chip leads. The proposed method for achieving this goal is Tape Automated
Bonding (TAB). It derives from the Honeywell Multibond Process and is in
preproduction at Honeywell's Ccmputer Facility in Phoenix, Arizona. The
process consists of two main operations:

a. IC's are picked up from a sawed wafer and bonded to a 16 mm wide,
copper laminated, plastic tape (Ficure 5). Accurate chip orienta-
tion is preserved during and after bonding.

FIGURE 5. TAB TECHNIQUE CHIP SOLDERED TO CARRIER STRIP
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b. Depending on the application, this plastic tape is then wound on
on a reel, or chips in 35 mm slide frame are used to transfer
chips onto the ultimate substrate. In the LRGM computer applica-
tion, IC's will be bonded onto multilayer ceramic substrates.

TAB, as previously described, is conceptually easy to automate
utilizing:

a. A carrier tape (Kapton presently).

b. A wafer sawing machine which preserves chip orientation.
c. A bonder for chip to tape bonding.

d. A bonder for chip to substrate (or lead frame) bonding.

Laminated tape fabrication is not a complicated process. Honeywell
has a commercial production line for its tape needs. Several flexible cir-
cuit manufacturers can also provide tapes to Honeywell's specifications.

Wafer sawing is the second step which has to be automated. Wire saws
have been available for several years. Their major drawback is the kerf
between rows of chips which is larger than usual scribe lines.

A new wafer saw using a diamond impregnated blade has recently been
introduced on the market. It allows a kerf 1z, in the range 0.001 to
0.002 inch entirely compatible with standard scribe lines.

To fully demonstrate the feasibility of the TAB concept, three machines
have been commercially developed. Two of them are bonders and have been
called Inner Lead Bonder (ILB) and Outer Lead Bonder (OLB). The third one
is a test adapter for ac and dc testing of IC chips.

Once IC chips have been mounted on tape (ILB), they would be ac (and
dc) tested in order to bond only good chips on substrates. The flexibility
of performing 100 percent functional testing is one of the main advantages
of TAB. Standardization in the location of the outer ends of leads at the
tape level (Figure 6) provides this fleribility. The test pattern shown
allows use of the same probe head for any chip type provided pin count is
at most 24. Other heads are used for higher pin count IC's.

The TAB process just briefly described lends itself to complete auto-
mation. It has several advantages over the conventional chip bonding
processes:

a. Individual handling of IC chips is completely automated and full
advantage is taken of the high accuracy in chip alignment which
exists at the wafer level and is preserved throughout the entire
process. Without this accurate alignment, complete automation
would be practically impossible.

b. Faest, complete dynamic testing is possible once chips (of what-
ever type) have been bonded on the tape. This step permits only
good chips t> be bonded onto the substrate and thereby reprusents
a significant increase in module yield.

c. In case of multichip substrate applications, compatibility

between equivalent chips of different manufacturers is possible.
Only the inexpensive photomask which defines lead etching has
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FIGURE 6. RIBBON TEST AREA

to be changed. This compatibility is a significant feature which
up to now has been a problem with beam leads and flip-chips.
Table III summarizes the various chip attachment procedures and
compares them to TAB.

53



TABLE III. CHIP ATTACHMENT CONVENTIONAL TECHNIQUES VERSUS TAB
Heat
Transfer
Compat- Number |[Connec-| Capa-
ibility |Automation| of tion bilities | pynamic
versoans * Capability| Leads |Length | Rth (J-s) «hy
Die and
Wire Bonding
Good Poor High 0.010" Good Expensive
to
m No 0.030" 2 to
AR A SR limi- l0°C/W
>eudG tation
Beam Lead
Medium [Medium High 0.005" Poor Expensive
Good Poor to
50 0.010" 50 to
Flip Chip
Poor Medjium Low 0.000" Medium Expensive
Good Poor
30
25 to
75°C/wW
TAB
Good Good High 0.020" Good Inexpensive
to
-mz 72 0.040" |2 to
R demon- 10°Cc/W
strated

*Capability to mount equivalent chips from different manufacturers at
same substrate location.
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Project Cost and Duration:

L Assessment and R&D Study of TAB for Military $ 55,000
Applications (Go/No-Go decisions on metalliza-
tion system and approach)

‘e Production Line Prototype Equipment Develop- 120,000
ment and Evaluation

] Test Prototype Equipment Development and 80,000
Evaluation

° Production Line Equipment Fabrication and 100,000
Installation

° Test Equipment Fabrication and Installation 75,000

$430,000

The duration of this program will be 30 months.

Benefits. This technology and production technique will reduce module
test time (all IC's are tested before mounting), assembly time (automated
equipment), rework effort (pre-tested piece parts and simple repairs), and
will increase yields. Net result is a significant cost reduction and
reliability improvement in the missile computer and potentially in other
areas of the system,

Reduction in Computer Costs 10 percent
Reduction in System Costs 2.5 percent

Assumptions. The above presentation and figures assumed a delivery
rate of 50 systems per month. For that numbcr of systems, the number of
IC's in production per month is approximately 25,000.

Manufacturing Technology Project for Adapting Advanced Capital Facilities
for High Volume ATIGS Inertial Guidance and Control Testing

Problem. Prototype laser guidance system testing (gyros, accelerom-
eters, and digital computers) has been performed in a manual/semiautomatic
mode with high operator interaction and cost. The present test method does
not optimize operational confidence because of differences in test versus
flight dynamics, nor provide the low cost, high volume test capability to
meet tactical missile guidance and control delivery rates and cost goals.

Proposed Solution. During the past two years, Honeywell has acquired
and capitalized a state of the art test facility for support of its new
products. This facility has just become operational and is now available
for application to a wide range of programs and products. The ATIGS hard-
ware approach is an ideal candidate for test in this facility, and adapta-
tion of the guidance system to the facility will be cost effective for
Honeywell and the Army LRGM program. It is proposed that we mechanize a

* This development effort is predicated upon the fact that commercially
available materials and processes may noc be compatible with the
requirements of military hardware.
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multiple system calibration and performance test. This test will be com-
puter controlled with no operator intervention on an automatic test table.
{See Figure 7.)

This system will consist of a three-axis test table, computer control-
ler, special fixturing, special software package for test and control, and
will interface with an existing centralized data management system.

The test system hardware will consist of:

a. An available Goerz Model 551-2 or equivalent test table, four
of which are currently in place and operational at Honeywell's
Aerospace Division.

b. Special fixturing which wiil mount four or more guidance systems
for concurrent testing and will isolate guidance system mechan-
ical crosstalk.

c. Test computer and interface: H31l6 minicomputer with special
purpose table control and data interface.

The test software will be modular and written in a high level language
such as FORTRAN for ease of transfer to other computers. 1t will include
diagnostic capability for the unit under test as well as the test system,
and will enable automatic fault isolation to the shop replaceable unit.
Software routines will be developed to automate all tests. The advantage
of this approach is repeatability of testing and building the engineer's
knowledge into the test.

The data analysis will be both real time and batch for history pur-
poses. Real time analysis of critical parameters will be displayed locally
and logged automatically for history.

The data package will be printed at the end of each meaningful incre-
ment of the guidance system test. Each data package will be stored in a
central system for “rend analysis and history file.

FIGURE 7. HONEYWELL's INERTIAL TEST FACILITY
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Projent Cost and Duration. Estimated costs are as follows:

Analysis $ 50,000
Interface Hardware Modification 100,000
Software 75,000
Demonstration Test 50,000

$275,000

Estimated duration of this project is 12 months.

Benefits:

Rel.Ciion of 12 percent in factory testing cost.

Reduction of 1 percent in total guidance system acquisition
cost.

Test time will be reduced from six hours per unit to one-half
hour per unit using the multiple technique described.

The proposed method is a dynamic test capable of giving opera-
tional confidence at a factory or depot level and will greatly
simplify field operational problems and save an intangible, but
large amount of money in operational use.

The test will be automated and rigorously controlled so that
costly human errors will be minimized and will not slip through
the manufacturing process to become field problems.

Data package will be automated and standardized and will ease
the Army inspection task during sell-off of guidance systems
from factory to depot.

Honeywell has operated such a test system and has capital equip-
ment avallable to mechanize and demonstrate it.

Manufacturing Technology Project to Optimize
Production Processes for Laser Gyros

A labor/material breakdown of current costs of the ring laser gyro is
shown below.

Percent of Current Costs

Laser BJock Mirrors — Total
Material 1.9 0.1 3.2
Purchased Parts — 3.9 7.9
Fabrication and Process.!ng 11.2 6.4 32.2
Assembly —— -—— 24,1
Test and Tnspection -— -— 9.5
Support -—- -—— 23.1
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Major cost drivers are the laser block and mirrors. These components
contribute 23.5 percent to the cost of the gyro directly. Indirectly,
through their impact on assembly, test and inspection costs, they contri-
bute approximately another 10 percent. A schematic representation of the
block assembly is shown in Figure 8 and a photo description in Figure 9.

Problem. The major cost driver of the ring laser gyro is the fabrica-
tion cost of the ring laser block. The block is made of Cervit 101, a
stable low expansion but high cost glass ceramic material avajilable only in
bulk form. It must be machined to intricate contours and close tolerances.
Currently, single spindle, manually controlled ultrasonic diamond milling
and drilling machines and single spindle optical polishers are employed.
Efforts to reduce laser block costs have focused on a search for alterna-
tive lower cost materials having the potential for utilizing lower cost
manufacturing processes and on the development of improved machining and
polishing technology.

Alternate Material. Contacts with glass and glass ceramic manufacturers

have identified a material similar to the CerVit 101, capable of being hot
pressed and possessing appropriate physical properties. Hot pressings of
this material are currently being used to manufacture a line of commer-
cially available components so that basic technology has been developed
and production facilities are existent. Enough progress has been made

to date in achieving the required material homogeneity, that is, freedom
from entrained ai-, to warrant consideration of this material for the laser
block. Current estimates are that the cost of the final, hot pressed block
will be comparable to the raw material cost of the CerVit 101 in production
quantities.

HARDCOAT LO BIRROR (J)

ULTRASTABLE OPTICAL COMMEC: SEAL 3

CERVIT gsLock
COLD WELD PINCN-OFF
Moot

ANODE

OXIDE COATED COLD CATMODE

FIGURE 7. HONEYWELL LASER GYRO DESIGN CONCEPT
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FIGURE 8. RING LASER GYRO

The hot pressing will permit many of the previously machined external
features of the block such as the dither mechanism, to be achieved at no
additional cost. By the judicious distribution of the block material in
stiffening ribs, etc., it will permit a reduction in block weight and
inertia and an increase in stiffness at no additional recurring cost. The
resultant improvement in performance under dynamic environment reduced
dither drive power requirements, and electronics simplification are addi-
tional benefits to be realized. Vendor mold and process development and
in-house design and development efforts are required to implement both
this manufacturing technology development and other modifications designed
to eliminate several expensive components by integrating their functions
into the laser block.

Machining Technolog¥ Develo;meng. Block machining costs have been
reduced to one-third o elr original costs over the last three years
using Ultrasonic Diamond Grinding Spindles for milling and drilling opera-
tions. These single spindle, operator tended machines are vintage tool
room eguipment when measured against what is achievable with numerically

controlled machines employing these spindles. Machining costs can be
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reduced 10 percent by the combination of hot pressing, design modification,
and the Aevelopment of an automatic indexing, numerically controlled Ultra-
sonic Diamond Milling machine and a three spindle Ultrasonic Drilling ma-
chine. The latter will permit simultaneous ultrasonic grinding of the
three sets of identical internal features and mirror mounting faces. Pre-
liminary studies have established the feasibility of these machines and
have identified parameters to be controlled and development effort required.
The basic machine tool configuration has been established. The result of
the proposed machine tool development effort will be the achievement of a
glass ceramic machining capability on a par with contemporary metal working
technology and block machining costs consistent with targeted gyro costs.

Machining technology development required includes: developing the
optimum spindle speed and transducer parameters, establishing the automatic
shutdown criteria, design and fabrication of the machines and application
of the machines to the block and mirror substrate fabrication.

Polishing Technology Development. The potential for reducing block
polishing costs to less than one-third of their present costs by gang
polishing tool development has already been demonstrated. The latter is
based on the use of a four-block holding fixture and the simultaneous
polishing of four surfaces on conventional polishing equipment.

The comparatively poor surface control resulting from current ultra-
sonic diamond milling operations in comparison with the precision surface
location and flatness control required for the molecular bonded mirrors,
necessitates multiple polishing operations with progressively finer polish-
ing compounds. By the implementation of a fine-grinding operation with
diamond bonded laps, preparatory to the polishing operation, a high quality
surface close to the final surface requirements can be achieved at very
low cost. With modern bonded-diamond products, the preparation of optical
surfaces for polishing becomes more nearly a machining operation, and con-
siderably less the craftsman's art. It will permit the use of unskilled
operators to attend to the loading function.

By eliminating the need for polishing on half of the surfaces now
polished, reducing the number of separate polishing operations required on
the mirror mounting surfaces, and by gang polishing on several conventional
polishing machines tended by a single operator, polishing costs can be cut
S percent.

The manufacturing technology development required involves refining
the gang polishing tooling, applying existing fine grinding equipment and
technology, restructuring and refining the polishing operations, and
developing the required inspection and metrology.

Mirrors. The mirrors are high cost elements requiring manufacturing
technology development to effect the transition from single item fabrica-
tion to high yield batch processing. The flat, curved and adjustable
mirror substrates require the development of improved manufacturing tools,
processes, and controls for fine grinding and polishing and improved
polishing materials. The mirror coating processes now employed provide
satisfactory mirrors in small lots but at excessive cost and with exces-
sive lot-to-lot variablility. Production equipment and processes and
improved process controls identified below will permit the required 5 to 1
reduction in substrate cost and 10 to 1 reduction in mirror coating costs.

Substrate Machining and Polishing. Viable batch processing techniques
have been developed Tor the fabrication of flat mirrors substrates which to
date have cut substrate costs to one-fourth of prior costs.
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Additional development is required to permit the extersion of these
techniques to larger production lot sizes with improved controls. Fine
grinding will achieve superior surface flatness and finish, and reduce
subsequent polishing costs. Application of the above, in conjunction with
the numerically controlled ultrasonic machines, will permit low cost fabri-
cation of the adjustable mirror which provides the laser gyro's optical path
length control. Modification of the curved mirror design will permit the
tooling to be developed for the simultaneous generation of the concave sur-
face on a lot of parts.

Mirror Coating. Maltilayer Dielectric mirrors used to form the laser
cavity and their interaction with the laser beam determines the perform-
ance of the gyro. Establishment of the mirror criteria to be met has not
been considered within the scope of the proposed manufacturing technology
program but is a necessary precursor effort. The manufacturing technology
program will insure that the established mirror criteria are met in a cost
effective manner consistent with established targets. The primary objec-
tives will be to establish and meet the required substrate criteria and
coating process control. Mirror coating is a batch process with unit cost
essentially dependent on the capacity of the deposition chamber once satis-
factory substrates have been loaded into the chamber and adequate control
of the deposition process insured. CerVit substrate scatter evaluation
techniques will be developed. Alternative mirror coatings which may be
more susceptible to process control will be sought. Several specific
compositions have been investigated and shown to provide significant
potential performance benefit. Recent modifications of the standard elec-
tron beam evaporation process which shows promise of being able to improve
the stability of laser mirror materials will be investigated.

Other Related Manufacturing Technology Development. 1In addition to
the above fabrication and processing cost drivers, there are cost drivers
in all the areas tabulated in the labor/material breakdown of the ring
laser gyro. In general, these either require longer lead time manufactur-
ing technology development or shorter lead time engineering efforts to
achieve the cost targets established. The latter, having less new develop-
ment content, are not included herein.

The longer lead time manufacturing technology development required
include the following:

. Lower cost batch cleaning processes for lasex gyro components.

° Lower cost seals for electrodes.

. Multiunit fill station for simultaneous fill, test and pinch off
of several laser blocks.

° Mirror-to-block and block-to-case alignment tools and processes.

Typical of the necessary but shorter lead time engineering efforts
required but not included are the following:

a. Cost reduction of mechanical hardware by the application of pre-
cision casting, deep drawing and powder metallurgy to case,
covers, electrodes, brackets, etc.

b, Rationalization and automation of computer assisted gyro cali-
bration, acceptance test and test log preparation.
cle Electronics manufacturing technology development.
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SAM-D GUIDANCE SYSTEM MANUFACTURING TECHNOLOGY PROJECTS

H. I. Flomenhoft
Raytheon Company
Missile Systems Division

Bedford, Massachusetts 01730

ABSTRACT

The SAM-D Air Defense Missile System is currently in the "Proof-of-Principle"
guidance-system flight-test program phase. Experience that has been gained in building
and testing the first group of the guidance systems has provided insight as to the areas
vhere the development of new manufaeturing technology could provide significant pro-
duction cost reductions for the SAM-D system. About three years are available for
the development of new manufacturing technology to permit its application to the SAM-D
system during the Producibility Engineering Planning phase. The major cost drivers are
the airborne travelling-wave tube, gyros and accelerometers, radome, microcircuit
devices, hybrid microcircuit assembly, and the ground-radar array-element support
structure. Thirteen manufacturing technology projects are proposed to deal with these
and other production problem areas. The cost of these projects is estimated at
approximately $10 million, with a potential total production-cost saving of approximately

8 percent of the airborne guidance system cost and approximately 2-1/2 percent of the
ground radar unit cost.

INTRODUCTION

Tho SAM=D Air Defense Missile System is currently in the development phase, and
the guidance system is demonstrating its basic performance characteristics in the
initial series of guided-missile flight tests designated as the "Proof-of-Principle”
flight~-test progran.

As of the end of August, 1975, five of these flights have been m' ‘e successfully.
More than half of the guidance systems for these flights and several ,round-test
missiles have been completed and the remainder are in various stages of assembly.
This provides some visibility as to the major areas in which design changes are
required for producibility and as to the areas in which new production technqiues will
be required to handle the unique features of this new design. Some of the problems
will be resolved during the normal evolution of the engineering development program.
Others will be dealt with during the producibility engineering activities that are
a prelude to the first limited production phase. The first stage of this is the
Producibility Engineering Planning Phase, which is currently being planned to start
in 1978, with low-rate initial production being considered for 1980. Thus, there
is a period of several years for the development of new manufacturing technology to
be available as the basis for production implementation for SAM-D.
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The purpose of this paper is to identify those areas in which the investment
of funding well in advance of future production to develop improved manufacturing
methods could provide a significant pay-off for reducing the cost of the SAM-D
guidance system. Presented herein are thirteen proposed projects which Lave high
potential for production cost reduction. In almost all cases, these developments
can also benefit other programs. As background for these proposed projects, a
brief description of the SAM-D guidance system is presented, followed by a per-
centage breakdown of the cost elements of its major components, aud a discussion of
the projects.

SAM-D GUIDANCE SYSTEM DESCRIPTION

The SAM-D guidance system applies the 'target-via-missile' (TVM) concept,
wherein 2 ground-based multifunction phased-array radar and digital computer are
used both to track the target and control the missile in flight. The radar tracks
the target aircraft and also illuminates it with radiation that, when reflected by
the target, is received by the interceptor missile. Information on the target is
then relayed from the migsile to the ground for instantaneous course correction, 1if
required.

To accomplish the functions described above, the guidance system consists primarily
of a seeker and on-board transmitter/receiver system for communication with the ground-
based portion of the guidance system. The seeker is comprised of an antenna, inertially
stabilized pedestal and gimbal assembly with rate integrating gyros and torquer motors,
and various electronics for head control and for processing the received signals.

For the purpose of this discussion, the slip-cast fused-silica radome can be considered
to be part of the seeker. The uplink/downlink system 1s comprised of a high-voltage
power supply, transmitter with travelling wave tube (TWT), receiver, several antenna
horns, and antenna-select switching system. In addition, there arc several electronics
packages to perform various logic and flight-control functions. The autopilot, consist-
ing of an electronics package and inertial sensors assembly (ISA), which is furnislied

to Raytheon by the Martin-Marietta Corp., is included herein as part of the guidance
system. A single multipurpose battery supplies power to the entire guidance and
armament systems. (A separate battery is used to power the motor for the hydraulic pump
in the control actuation system.)

The location of these various components is shown in Figure 1. It can be seen
that most of the guidance system is packaged compactly into the guidance section,
with the seeker antenna projecting forward into the radome. Various elements of the
link antenna system are installed in the warhead and control sections, and the
inertial sensor assembly, with its three body-mounted rate gyros and linear accelerom-
eters, is mounted at the aft end of the warhead section. The exploded view of the
guldance section shows that most of the electronics, including the autopilot elec-
tronics package, are assembled in trays which surround the inner structure. The
battery and power supply are mounted in the center, with the TWT and transmitter
components and the aft and. A cooling system is provided for ground testing. An
overall view of the electronics trays and the seeker assembly is given by Figure 2.
The TWT is illustrated in Figure 3.

the SAM-D guidance system has been designed to meet stringent performance speci-
fications within very tight constraints of packaging volume. It therefore
has the characteristic of being densely packaged and of making use of a number
of integrated circuits and hybrid microcircuit assemblies, as illustrated in
Figure 4.
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FIGURE 2
SAM-D AIRBORNE GUIDANCE SYSTEM ASSEMBLY

FIGURE 3
SAM-D ATRBORNE GUIDANCE TRAVELLING WAVE TUBE
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The radar unit is also shown as part of the guidance system. In fact, the radar
and the weapon control group all play a part in missile guidance, as well as in
all of the other {unctions of the SAM-D system. There is no raticnal basis ‘or
isolating any specific ground hardware as being dedicated to missile guidance;
therefore, the entire radar unit (including the shelter, but not including the
vehicle on which it is mounted) is also included in this discussion.

SAM-D GUIDANCE COST ELEMENTS

Raytheon's current estimate of production cost of the SAM-I system provides
the refererce points for the cost per:entage breakdown presented in Tables I and II.
These reference points assume that none of the proposed MMLT projects have been
carried out. Potential savings from any project are assessed against the relevant
reference point.

Table I presents a detailed breakdown for the airborne portion of the guidance
system with the significant cost drivers encircled. With the cost information that
wvas availsble, it was not feasible to accurately separate purchased components and
purchased material, so these are shown as one category. However, purchased components
are clearly the dominant part of this group. It is clear taat the cost drivers are
almost every category of purchased components plus electronics assembly and test.
Support costs tend to run as a percentage of the other labor costs, so they will
sutomatically benefit from any reduction in those costs. By far the largest single
cost driver is the category of purchased electronic devices.

It also was not feasible to separate the costs of "Magnetics" and "Connectors".
Magnatics are distributed in several other categories, and connectors are shown to-
gether with cables. The cost of connectors dominates this category under the heading
of "Material and Purchased Parts",

A breakdown of th: cost percentages of the components of the SAM-D Radar Unit
is shown separately in Table II since there is no rational way to allocate a portion
of the multi-function radar costs against each guidance system. A breakdown of these
costs into the manufacturing cost elements was not available at the time of this
report. However, significant cost drivers of this group are the fabrication and
asseably of the antenna systea.

On the basis of the foregoing information, a list of promising manufacturing
technology projects have been developed, which are discussed in the next section.
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TABLE 1I
SAM-D GROUND-BASED RADAR UNIT PERCENTAGE COST BREAKDOWN

Percent

Radar Unit Subsystem of Total
Antenna Systems Group 32.7
Signal Processor Group 8.3
Control Unit Group 2,7
Transaitter Group 16.1
Receiver 28.2
VRU & Interface Unit 0.7
Shelter and Interconnections 10.0
Integration, Assembly, & 1.3

Checkout

Total 100.0

DISCUSSION OF PROPOSED PROJECTS

The projects which are proposed in this paper have been selected primarily
with the objective of attacking the cost-driving elements of the SAM-D Guidance
System. However, some projects have also been included which require the development
of manufacturing methods in order that products with desirable design characteristics
can be made producible. Others may not be especially applicable to the system,
as now designed, but are aimed at establishing fabrication techniques compatible
with future design trends.

Tue cost of producing a guidance system is driven fundamentally by its design,
and most particularly, by the number of discrete parts. Consequently, the most
dramatic cost reductions, and reliability improvement, result from the incorporation
of new technology through design evolution. The best example of this is the incorpora-
tion of integrated circuits to accomplish specified functions with fewer parts. It
is to be noted that the largest single SAM-D cost driver is the category of purchased
electronic parts, over which the guidance-system manufacturer has little control
other than by basic design. Design is also closely interrelated with the normal
producibility engineering process and with the application of new manufacturing
sethods. Therefore, some degree of design development must be involved with some
of the proposed projects, although the fundamental objective has been to identify
the areas in which new manufacturing technology is reeded, with a good probability
of successful achievement.

Thirteen projects are proposed for the Army Materiel Command Manufacturing Technology

Program. These are summarized in Table III with estimates of project cost and per-
centage cost reductions of the airborne guidance system or ground-based radar unit.
Most of these projects are directly aimed at reducing SAM-D guidance system produc-
tion costs where new technology is required. Project #3, on the inertial sensors,
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primarily the rate-integrating gyro, involves significant detailed redesign in order to
make manufacturing improvements feasible. Project #4 on the guidance battery does

not appear to provide much cost reduction on initial procurement, but is extremely
promising for doubling useful life and, therefore, reducing life-cycle costs. Projects
S through 7 all deal with improved methods for electronic assembly. Project #8 for
improving KO-l aluminum casting methods has general application. Project #9 on
advanced composite fabrication methods also has general application, but is proposed
here with respect to a specific structure in the SAM-D guidance system, since it is

a good practical example on which to develop new fabrication methods. Project #11,
dealing with automated assembly of dual-in-line packages onto printed circuit boards,
has primary application to the Radar Unit electronics, and for future new applications,
recognizing current design trends. Projects 10, 12, and 13 all involve areas in which
development work must be performed to demonstrate that the new methods can be applied
to SAM-D production.

In addition to the specific projects proposed herein, there is another area which
the Army Missile Command should consider for a broad-scale development program.
This is the area of quality-assurance environmental screening tests, including tem-
perature (burn-in), vibration, acceleration, and other tests to identify any inherent
defects in the manufacturing process. Very effective methods have been developed
and applied to date, as evidenced by the extremely successful SAM~D flight-test
program thus far, but these have been developed on an empirical basis. A better
fundamental understanding of these methods, in terms of their effectiveness in
revealing inherent defects without inducing unacceptable cumulative damage, is sorely
needed. This would require a substantial development effort which is recommended
for consideration.

Appended hereto are the Project Summary Sheets for each of the thirteen proposed
projects.
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Title:

SAM-D GUIDANCE PROJECT #1

MANUFACTURING TECHNOLOGY PRCJECT SUMMARY SHEET

Manufacturing Technology Project to develop automated production methods
for traveling wave tubes.

System/Session Area/Component: SAM-D/Guidance/Microwave Devices

Problem:

The TWT used in the SAM-D guidance system is a complex electronic microwave
device meeting extremely stringent requirements. This device contains

737 parts made from 24 different materials. The SAM-D TWT is the most
expensive component in the guidance system and is a significant system
cost driver.

The SAM-D TWT has been designed and is manufactured using present-day
micrawave tube technology and its cost is typical of that technology
as practiced throughout the industry. A fundamental change of concept
in the manufacturing process is required to reduce the cost of TWT's
in general, as well as the SAM-D TWT in particular. A number of opera-
tions, for example testing during the aging process, have high labor
content. The development of automated methods to reduce labor is
required. Also new technology is required to fabricate high~-cost
component parts.

The tight perforumance requirements of the SAM-D TWT cause the additional
problem that the tube may have performance changes due to subtle differ-
ences that inevitably occur as a result of changes in fabrication methods.
Thus, a complete evaluation and verification of tube performance from
tubes manufactured by the intended final production process is required
in advance of a commitment to production.

For the reasons outlined above, a manufacturing technology project for
reducing the cost of the SAM-D TWT is required well in advance of any
contemplated production procurement.

Proposed Solution: This program would develop automated equipment to perform

fabrication processing and test operations that presently require

large amounts of labor. These equipments would be evaluated individually.
They would then be integrated into a pilot production line and a sample
run of SAM-D TWT's would be manufactured. Both the quality and the cost
of these tutes would be monitored closely to insure the program objectiv. :
are met. Tube quality would be established by a tube qualification test
program o assure performance equal to or exceeding that successfully
demonstrated in the SAM~D development program. This program would also
develop the technology needed to fabricate expensive component tube parts.
This would principally involve components in the magnetic circuit and

the electron gun. Parts made by this new technology would be evaluated

by using them in the same run ot tubes manufactured on the piloL production
line with parts costs and the quality of the resulting tubes carefully
evaluated.
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At the end of this program, a pilot line employing the newly developed
automated equipment would have been set up and a run of 100 SAM-D TWT's
would have been manufactured and evaluated. The form, fit and function
of these tubes would be identical with TWT's made using present-day
technology. This project will be successful if these objectives are met
and, in addition, the tube costs are consistent with the estimated cost
for anticipated SAM-D production rates.

The amount of equipment used for the pilot line would be the minimum
necessary to demonstrate the concept and would not be sufficient to
support the planned SAM-D delivery schedule in full production. The
additional copies of the equipment that would be required to support the
production contract would t.e procured at that time.

Project Cost and Duration: Estimated Costs are as follows:

Design and Development of $1,970,000
Automated Equipment and Tube
Component Technology

Pilot Line Design 50,000
Pilot Line Set-up 400,000
Pilot Line Prove-out 860,000
Production Line Design 70,000

Total $3,350,000

Estimated duration of the project is 36 months.

Benefits: Beneafits to be derived from this project are a reduction in recurring
costs for the SAM-D TWI. These reductions are estimated to amount to
approximately 3 percent of SAM-D guidance aystem cost.

The methods and equipment developed would also be applicable to other
TWTs.

Assumptions: The stated benefits do not include the costs associated with procuring
equipment for and setting up the planned production line. It is further
assumed that the tube construction rate would be four per day in full
production.
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Ticle:

SAM-D GUIDANCE PROJECT #2

MANUFACTURING TECHNOLOGY PROJECT SUMMARY SHEET

Manufacturing Technology Project to reduce the finishing cost of slip-
cast fused-silica radomes.

System/Session Arsa/Component: SAM-D/Guidance/Radome.

Problem:

The current state-of-the-art of slip casting silica radome billets re-
quires casting to a wall thickness approximately 0.3 inches greater than
the final wall thickness in order to allow for thickness variability

and distortion during firing and still have sufficie.: material to grind
to the specified shape. This means that a great deal of grinding is
generally required afterward. Also, the yield of sound castings is

low (about 50%). The keys to reduce radome costs are to improve yield,
to cast with thinner walls to reduce grinding, and to develop improved
methods for the rough grinding operation.

Proposed Solution: A basic improvement in casting technology is required to enable

slip casting to thinner walls with more uniform results. This program
would investigate various approaches to "matched casting" wherein a
displacement plug is inserted into the mold to form the inside surface
of the radome billet, whereas that surface is now formed as the free
surface of the slip as it settles under the external pressure forcing
vater out through the porous mold. The primary problem to he solved is
Ew to extract the displacement plug as the billet shrinks during drying.
Since the green casting has very low strength at this stage of the
process, it is easily susceptible to shrinkage cracks. Regardless of
the outcome of the foregoing task, a second task is to develop methods
for casting more uniform billets of reduced wall thickness. It is also
necessary to develop new techniques of supporting dried billets during
the firing process to minimize distortion, especially for thinner-
walled billets. The successful accomplishment of these two tasks re-
quires a careful step-by-step program.

An additional task of the proposed project is to explore automated
methods of grinding the rough billet to further reduce the cost of this
operation. This task would be initiated approximately six months after
the start of the first task to allow time for initial results to become
available,

It should be noted that the method of casting discussed herein has not

been successfully accomplished heretofore, so that t..ure is some risk
of success in this project.
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Project Cost and Duration: Preliminary estimates are as follows:

Task Estimated Cost Duration
1. Matched Casting Investi-~ $200 K 18 months
gation (Casting, Holding
and Firing)
2. Reduced Wall Thickness 50 K 9 months
Casting
3. Automated/Mechanized 400 K 18 months

Machining Studies

Total $650 K 24 months

Benefits: A preliminary estimate of the savings in recurring costs is approximately
12 of the SAM-D guidance system cost.
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Title:

SAM-D GUIDANCE PROJECT #3

MANUFACTURING TECHNOLOGY PROJECT SUMMARY SHEET

Man-“- turing Technology Project to Apply Automatic Methods to Inertial
Senso: rabrication

System/Session Area/Component: SAM-D/Guidance/Gyros and Accelerometers

Problem:

The performance requirements of the SAM-D missile guidance and control
system dictate the use of turee precision rate-integrating gyros, three
high-performance body-mounted rate gyros, and three body-mounted accelerometers.
These instruments are expensive and therefore represent a significant

cost driver to the guidance and control system. The integrating gyros

have been produced in limited production quantities which has forced

the use of precision fabrication and assembly methods involving con-
siderable skilled labcr. Several iterations of test, adjustment or re-
work, and re-test are normally required before reaching specified per-
formance levels. An excessive rate of scrap or rework is inevitably

a part of this process. New concepts in the manufacturing process are
required to apply increased automation and staged screening tests to

reduce labor cost and increase yield. A manufacturing technology project

is therefore required to develop new methods and modify design approaches to
demonstrate that resulting gyros can be produced in conformance with
performance requirements. The same technology improvements can be achieved,
to a somewhat lesser degree, with the body-mounted rate gyros and accelerom-
eters.

Proposed Solution: This program would begin by systematically studying each of

the fabrication, assembly, test, and rework tasks involved in gyro and
accelerometer manufacture that are known to be the most costly. Mod-
ifications of design or selections of alternate materials would be
identified, where necessary, to permit improved production methods
utilizing modern tape-controlled machine tools and advanced metal-forming
methods. The criteria for design change should be to reduce manufactur-
ing cost combined with unimpaired performance and reliability. Extensive
use of automated techniques for machining and assembly, using self-~
fixturing parts or carefully designed fixtures, would be applied insofar
as practicable to achieve unit-to-unit identity with a minimum of skilled
hand labor. Automatic fluid fill stations would then be used for maximum
repeatability of results. This would be followed by automatic test
stations for processing multiple numbers of units with pre-programmed
tests and automatic data printout.

An important aspect of this program would be the development of effec-
tive screening techniques for each stage of fabrication, gaging, sub-
assembly and final assembly to assure very high reliability of each sub-
assembly before it goes into the next stage of assembly and test. If
this successfully achieves close to 99 percent yield at each of five
stages of manufacture, total yield could be between 90 and 95 percent.
In this case, the few failures could be scrapped and rework eliminated.
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This project would include setting up a pilot line to demonstrate the
principles employed and to produce a sample run of production gyrus

and accelerameters. These instruments would be subject to a qualification
program to demonstrate that they conformed to the performance require-
ments established during the SAM-D development program. This type of
program must be carried out well in advance of anticipated production
procurement for the resulting sensors to be considered for use in
production SAM~D missiles.

Project Cost and Duration: Estimated costs are as follows:

Benefits:

Design analysis and optimization $125,000

Process equipment specification writing 50,000

Modification and expansion of prototyping 100,000
facilities

Tool design, fabricatiou 120,000

Tool design, assembly 200,000

Fabrication of prototypes of 250,000
fabrication and assembly tools

Engineering support and data 150,000

Manufacturing qualification units 75,000
and qual test

Production Tools and test equipment 200,000

$1,270,000

Estimated Duration: 24 to 30 months.

It is estimated that production costs of gyros and accelerometers could
be reduced more than 20 percent, representing a possible saving of
approximately 2 percent of the production cost of the SAM-D guidance
and control system.

Acaumptions: Estimates are based on assumed production rates representative of

those required to support current missile systems using similar instru-
ments.

78



ot

Title:

SAM-D GUIDANCE PROJECT #4

MANUFACTURING TECHNOLOGY PROJECT SUMMARY SHEET

Manufacturing Technolugy Project for Automation of Manufacture and
Testing of Guidance Batteries.

System/Session Area/Component: SAM-D/Guidance/Pcwer Supply

Problem:

The majority of positive- and negative-plate manufacturing for silver-
zinc tatteries is still based upon techniques developed twenty years ago.
Process control equipment development in the last few years offer a
tremendous opportunity to almost all manufacturing companies to up-

date manufacturing technology. However, the initial expenditure for
such: equipment for military batteries is normally more than one company
or one program could support. One such instance is installation of
automated battery-plate manufacturing lines, one for positive plates and
one for negative plates. These lines would necessarily have to be
capable of manufacturing all sizes and types of plates for a variety

of batteries, in order to offset the cost of the equipment.

An additional problem is the large number of in-line production and
acceptance tests to which the SAM-D guidance battery is subjected during
its manufacture prior to being submitted to final acceptance testing.

A large majority of these tests are electrical (i.e., continuity, {n-
sulation resistance, resistance, voltage, etc.), which could be per-~
formed by a computerized test center.

Proposed Solution: It is proposed to undertake a development project to develop

techniques for continuous plate manufacture and automatic plate setting
of positive and negative plntes. This project would set up and prove
out automated manufacturing lines utilizing a sensor-based computer as
the heart of the process control and monitor system. This system would
exert a much greater control over the variables involved and substantially
reduce manufacturing cost and time.

A second task of this project would be to install a sensor-based computer
with approp-.iate sensors and to develop a program to test the guidance
battery. Subsequent to installation and prove-out, this system would also
be incorporated on all DOD programs. A sensor-based computerized test
center performing both production and final acceptance tests would
increase efficiency and reliability of the testing in that it would take
less time to perform the tests and each battery would receive exactly

the same test.
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Project Cost and Duration: Preliminary estimates are as follows:

Cost Duration

1. Automated Platc Manufacture $485,000 24 months
2. Computerized Testing 98,000 12 months
Total $583,000 24 months

Benefits: The benefits to be derived from this program are estimated to be abcut
3.4% of the cost of the SAM-D guidance battery, which is a very small
saving in terms of the guidance system cost (approximately 0.1%2).
However, this project is proposed because of its potential saving to all
batteries manufactured for defense programs and because of the improve:.
reliability that can be achieved by increased automation. In addition,
there can be a real life-cycle cost benefit in the form of increased
shelf life and, therefore, a decrease in the number of battery replace-
ments reguired during the operationeal life of the missile system.
Depending on the decrease in variability among production batteries
that is achieved by automated methods, it is estimated that the useful
life of the battery might be as m:ch as doubled. The saving in the cost
of replacement batteries over the operational life of the SAM-D system
could be five to ten percent of tne original acquisition cost of SAM-D
guidance systems.

Assumptions: Production quantities and rates expectcd for SAM-D and other missile
systems were assumec. The estimate of life-cycle cost benefits, expressed
in terms of guidance-system acquisition cost, assume that all costs are
in constant 1975 dollars.
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SAM-D GUIDANCE PROJECT #5

MANUFACTURING TECHNOLOGY PROJECT SUMMARY SHEET

Manufacturing Technology Project for Improved Methods of Mechanical Bonding

System/Session Area/Componeat: SAM-D/Guidance/FElectronics

Problem:

A vide variety of adhesive materials are use! extensively throughout the
SAM-D guidance system for bonding components, cubstrates, printed wiring
boards, covers on substrates, etc. Ae a result, many different types of
boading materials must. be available at all times. Several factors
determine how much mesterial should be purchased and stored: for example,
material usage, shelf life, minimum lot size, material packaging.

Each type of material as specific parameters that must be adhered to for
maxirum effectiveness; for example, mixing ratios, application, bonding
pressures and curing temperatures. Some materials have short pot life
which requires the mixing of numerous small batches when processing in
high volume. These variables which are normal for any one system,when
multiplied by several systems,become more complex and operator dependent.

Propcsed Solution: A ranciacturing technology project for the development of

improved -.ethoc3 for handling adhesive materials on a production basis

iu propowus! i Lasic gsal of this project would be to standardize the
us~ of actesives, insofar as poecsible, to minimize the required inventory
of adhesjve materials, solvents and cleaning compounds, and the number

of ovensc which must be is2intained at different curing temperatures. In
adiitior, the use of premeasured or premixed packages and the use of
autcuated storage, mixing, and dispensing processes would be investigated.
This prcject would include the following tasks:

1. Investigate the properties and manufacturing costs of the various
adhesives in current use to establish a reduced number of standard
adhesives. Waste due to limited shelf 1life and normal rework require-
ments will be consldered.

2. Investigate the use of automated equipment for handling and dispeasing
adhesives.

3. Develop universal type bonding fixtures.

This project would include a tooling prove-out phase to certify that the
methods are acceptable for use in production.

Project Cost and Duration: This project 1s estimated to cost approximately $209,000

Fenefits:

and extend over a period of 18 months.
It is estimated that this project could result in a saving of apvroximately

1/2 percent of the guidance system cost. In addition, it is believed that
further benefit will be derived from an improvement in long-term reliabilicy.
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SAM-D GUIDANCE PROJECT #6
MANUFACTURING TECHNOLOGY PROJECT SUMMARY SHEET

Title: Manufacturing Technology Project to Develop Methods for using Conductive
Epoxy for Various Types of Electrical Bonded Connections

Szltg[Seuion Aru[Men : SAM-D Guidance Electronics

Problem: It is very difficult to control the flow of so’der in a production
environment when making soldered electrical cuni:ections on high-density
packages such as hybrid microcircuits. This may cause electrical shorts
or contamination or leaching of adjacent gold leads and connections. Also,
if processes are not carefully controlled, soldered connections are subject
to fatigue and can cause thermal stresses. Soldering also has the disadvan-
tages of subjecting assemblies to high local heating, requires the use of
flux which must be cleaned off, and requires cleaning solvents which may have
adverse effects on the devices and assemblies.

Proposed Solution: A project is proposed to investigate and evaluate conductive
epoxy materials and application management for use in the fabrication of
hybrid thick- and thin-film circuits for military systems. This effort
would be comprised of the following tasks -

1. Conduct a vendor survey of the leading conductive epoxy materials and
dispensing equipment.

2, Generate a test/reliability program to evaluate the selected materials
and processes.

3. Design and generate art work of appropriate test patterns.

4. Investigate and evaluate one-component vs. two-component conductive
epoxy systems and method of application. For example: screen printing
and dispensing.

5. Investigate and evaluate repair/rework techniques.

6. Generate design/dra‘ting standards for producing art work of circuits
utilizing conductive epoxy.

7. PFabricate appropriate test patterns utilizing active and passive
devices for evaluation and demonstrate the production methods to be
used.

8. Generate cost analysis of conductive epoxy vs. solder attachment of
microfilm components.

Project Cost and Duration: The project is estimated to cost approximately $350,000
wvith an 18-month duration.

Benefits: A potential cost saving of about 1/2 percent of the guidance systea cost
is anticipated to result from the successful development and application of
conductive epoxy to electrical bonded connections.
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SAM-D GUIDANCE PROJECT #7

MANUFACTURING TECHNOLOGY PROJECT SUMMARY SHEET

Advanced Multilayer Board Fabrication Methods

System/Session Area/Component: SAM-D/Guidance/Electronics

Problem:

Production of multilayer printed circuit boards (PCB's) using epoxy
fibexrglass laminates has consistently posed a number of vexing in-process
problems for the fabricator. Three of the most serious of these problems
are summarized as follows: 1) Epoxy Smears: The detection and removal
of epoxy smears, 2) Delamination: Delamination is primarily caused by
thermal shock, 3) Discontinuity: Continuity problems in plated-through
holes which can be caused by a number of problems, including tnose
described above. Furthermore, there is a need to develop methods for
producing multilayer boards of larger size and incorporating transmission
lines of controlled impedance.

In addition, the fab-ication of multilayer printed circuit boards (PCB's)
has traditionally beeii accomplished by the "subtractive' process wherein
etching is employed to obtain the required circuit patterns. This process
requires stringent in-process controls and large facilities are needed

for high-volume production. More recently, the industry trend has been

to supplement the subtractive production facilities with "additive"
process facilities which offer a high~volume fabricator many cost

savir 3 advantages which cannot be achieved using the traditional subtractive
process. PCB's produced by the additive process possess characteristics
such a8 excellent fine lines with straight walls and high-density circuits
with lendless holes which cannot be achieved otherwise. This process

has not been applied and demonstrated for military hardware.

Proposed Solution: A project is proposed to develop the manufacturing technology

required to prcduce PCB's using POLYIMIDE or equivalent materials as a
substitute for EPOXY FIBERGLASS laminates. This is based on the following
technical considerations which cen be related to the three problems addressed
in the preceding section. 1) The polyimide system is smear proof - thus
eliminating the first problem and associated costs. 2) Polyimides can with-
stand temperatures up to 260°C as opposed to FR-4 epoxy which is rated at
125°C maximum. 3) Polyimides have a thermal coefficient of expansion in the
Z axis of 1.0 X 10~3 IN/IN°C as compzced to 15 X 10-3 IN/IN/°C for FR-4
epoxy fiberglass laminates. This fact will not alleviate the thermal shock
problem, but help in the continvity of plated-through holes, since the polyi-
mide system more closely apprcaches the expansion characteristics of the
copper which is deposited in the plated-through holes.

This project would also include a comprehensive review of manufacturing
technology and facility requirements associated with the additive process.
Emphasis would be placed on ilentifying areas in which the application of
this technology would be most cost-effectivz and especially as to its
applicability for the fabrication of large-size multilayer boards. The
proposed project includes the fabrication of sample mulcilayer boards such
as digital or analog (wvhich incorporate stripline circuits with controlled
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Project #7

characteristic impedances) utilizing the additive process to demonstrate
state-of-the-art circuit and unique network configurations which can be
produced.

Project Cost and Duration: This project is estimated to cost approximately $175,000,
with a duration of twelve months shown as follows:

Months after Go-ahead

Task 12 3 4 5 6 1 8 9 10 u 12
Material Procurement a o
Process Development a VAN
Laboratory Experiments o A
Fabrication - PCB's a A
Test/Evaluation a Jay
Report fa A

Benefits: All available data and experience to date indicates that multilayer PCi's
fabricated with polyimide glass laminates result in a superior product
with respect to dimensional stability, reliability and tolerance of higher
maximm service temperature. The proposed solutions are directed toward
yield improvement as well as processing cost reduction. It is estimated
that a cost saving of more than 20X could be realized in the fabrication
of multi-layer boards.

This could mean a saving of about 1/2% of the airborme guidance system
cost and up to 12 of the radar unit cost.

Assumptions: The stated benefits assume the successful completion of the tasks
described. The implementation of automatic plating-solution monitoring
equipment is assumed, along with a volume of multilayer printed-circuit
boards in the order of 50,000 per yesr.
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SAM-D GUIDANCE PROJECT #C
MANUFACTURING TECHNOLOGY PROJECT SUMMARY SHEET
Title: Manufacturing Technology Project for Developing Improved fethods for
Casting KO-1 Aluminum Alloy

System/Session Area/Component: SAM-D/Guidance/Major Mechanical Parts

Problem: In many cases, aluminum castings are desirable for light weight and for
forming complex shapes. :lost aluminum casting alloys have considerably lower
strength than the wrought alloys, which limits the use of casting for aluminum
parts. The aluminum alloy commonly known as KO-1 is a relatively new
casting alloy that has higher properties and can be used for high-strength
applications. However, it is very difficult to cast this material because
it 18 "hot short" which causes cracking during solidification. Reject
rates commonly run from 25 to 45 percent. In addition, this material is
not veadily weldable by conventional techniques which limits the possibility
of repair of defective castings at the foundry and limits broader design
applications. A project for developing improved casting and welding
methods for KO-l aluminum is required.

Proposed Solution: It is proposed that a project be undertaken to develop improved
casting procedures for KO-1 aluminum for both permanent mold and investment
casting. This project would include an investigation of the following
factors:

1, Effect of tolerances on caemical composition

2. Mold temperature

3. Methods for controlling solidification on a production basis

4. Effect of pouring with and without screen

5. Techniques for repeatedly achieving fine grain

A pirallel program is proposed to develop optimum welding techniques

relative to pre-heat, filler wire alloy, composition, post-heat, welding
speed, and optimum heat to avoid vaporization.

Project Cost and Duration: A preliminary estimate of the cost of this project is:

Cost Duration

A. Casting Investigation $160,000 12 months
B. Welding Investigation 70,000 6 mon:hs
Total $230,000 12 pinths
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Benefits: A significant improvement in the yield of KO-1 castings is estimated to
enable a possible saving of about 1/4 percent of tii® cost of the SAM-D
guidance sys em.

Assumptions: It is assumed that this project would lead to casting yields up to
about 85 percent.
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SAM-D GUIDANCE PROJECY #9
MANUFACTURING TECHNOLOGY PRODUCT SUMMARY SHEET
Title: Advanced Composite Material for the SAM-D Guidance Inner Shell Support
Structure

System/Session Area/Component: SAM-D/Guidance/Major Mechanical Parts

Problem: The SAM-D Missile is a high-performance flight vehicle which is sub-
jected to severe aerodynamic forces and thermal responses. As a result of
these external environments, the internal support structures of the
guidance system also experience high design environments. These are
complex in shape and expensive to fabricate due to limited package volume
and critical structural requirements. A high-cost hardware item within
the SAM-D guidance system is the inner shell electronic-package support
structure.

The current design of the inner shell is c¢f an aluminum casting which 1is
expensive, heavy, of medium strength and stiffness and possesses low
structural damping.

Proposed Solution: A method of achieving lower fabrication costs of the inner shell,
as well as to gain secondary advantages of weight reduction, increased
strength, increased structural damping and the ability to orient fibers
to obtain directional strengths and stiffness for uncoupling frequencies,
is to consider the utilization of Advanced Composite Materials.

Recent developments in the aircraft, aerospace, industry and leisure product
industries have demonstrated that various composite materials have been
utilized successfully in the forms of compression molded, injection

molded, filament winding, pultrusion and prepreg tape to comprise efficient
end items.

The paramount objective of this program will be directed toward low-cost
fabrication and will study the Advanced Composite Materials available

and the associated manufacturing methods required, both innovative and
existing, to achieve a low-cost SAM-D inner shell structure. Currently, the
raw costs of composite materi.. is generally higher than metals; however,
raw-material cost should decrease in the future as composites come into

more general use, and there are other cost advantages and fabrication
techniques which can, in many applications, result in competitive final
costs, such as

e The ability to orient and position reinformed fibers in specific
areas can result in structure of simpler design than those achieved
with metals where welding, riveting and bolting is required.

o The use of hybrid materials, such as mixtures of glass and re-

inforced fibers, will allow improved performance while optimizing
the effect of the high-priced material.
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o The fabrication technique can be selected to provide the best
cost advantage. A combination of techniques may be used to
reduce overall costs.

¢ In many cases the component can be molded or wound to final dimensions,
thus eliminating or reducing machining operations.

Specifically the program tasks are as follows:

o The selection, through extensive analytical and fabrication studies,
of candidate composite materials.

e Development of cost effective fabrication methods.

o Development of analytical approaches, design criteria and failure
criteria required for designing with anisotropic materials.

e Preliminary design and analysis of the inner shell.

e Prototype fabrication.

e Demonstration and engineering testing.

o A meaningful comparison between end products in terms of cost,
weight and performance will be made, since dimensional, environ-

mental and system constraints used for this application would be
identical to those of the existing component.

Project Costs and Duration:

Benefits:

Material Selection and Development of $ 80,000

Manufacturing Methods
Engineering Design, Analysis and Methods 180,000
Prototype Fabrication 50,000
Engineering Testing 40,000
Total $35C,000

Estimated project duration is 24 months.

It is extremely difficult to estimate possible production cost reduc-
tions before more detailed studies of the particular application have
been made. On a preliminary basis, it is estimated that the production
cost of the inner shell could be reduced more than 10X which would be a
fractional percent reduction of the guidance system cost. However, there
are a number of intargible benefits which should ultimately be reflected
in reduced life-cycle costs, namely, greater resistance to fatigue,
reduced weight, and reduction of transmissibility of shock and vibration
environments to the major part of SAM-D guidance electronics. The results
of this project could also be applied to other mechanical parts in the
SAM-D guidance system, with the inner shell serving as the most suitable
candidate for developing new methods.
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SAM-D GUIDANCE PROJECT #10

MANUPACTURING TECHNOLOGY PROJECT SUMMARY SHEET

Manufacturing Technology Project to develop semi-automatic testing techniques
for acceptance testing of Inertial Sensor Assemblies

System/Session/Component: SAM-D/Guidance/Gyros and Accelerometers

Problem:

The body-mounted gyros and accelerometers, which are part of the SAM-D
autopilot, are installed in a heated block for mounting in the missile.
This assembly is the Inertial Sensor Assembly (ISA) for which a major
cost factor is the 24 to 36 hours of testing on each at final acceptance.
Each of the three gyros and three accelerometers in the ISA is tested by
conventional means during tests cf the ISA on a centrifuge and rate
table. This procedure is time consuming since the tables must be
accurately adjusted for rotational rate and the data recorded manually.
The 1ISA must also be repositioned six times on the centrifuge and three
times on the rate table.

Proposed Solution: The project would involve designing and fabricating an automatic

testing system. The system would utilize automatic data read and

record through the use of a coupler system and a tape punch. A dedicated
mini-computer would be integrated into the system for both the testing
and data reduction. 1ISA positioning would be accomplished automatically

through the use of a servo controlled positioning device which would be
controlled by the computer.

Project Cost and Duration: A preliminary cost estimate for the entire project is

Benefits:

approximately $500,000, with a duration of 18 months.

It is estimated that this project could achieve a production cost saving
of approximately 1/2 percent cf the guidance and control system cost.
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SAM-D GUIDANCE PROJECT #11
MANUFACTURING TECHNOLOGY PROJECT SUMMARY SHEET
Manufacturing Technolecgy Projec’ to Investigate and Evaluate Methods for

Autcmatic Processing and Assembly o lual-in-line Packages (DIPS) into
Printed Circuit/Multilayer Board Type of Electronic Assemblies

System/Session Area/Component: SAM-D/Guidance/Electronics

Problem:

In general, conventional military type of electronic mcdules waich
employ the use of either flatpack integrated circuits and/or LSI micro-
electronic devices, are not readily adaptable to automated assembly methods.

This condition is primarily attributed to the configurations of the
electrical leads of these types of devices and to a certain extent vari-
a:ions with respect to physical sizes of those components which have

Leen selected to satisfy specific logic functions. Manufacturing processes,
nethods and technqiues generally associated with these devices require,
upon completion of pre-conditioning (burn-in), that the leads of the
device be pretinned and formed to a desired configuration. These

involve different kinds of operations, depending on the device and the
application. The devices must then be precisely oriented and aligned with
respect to corresponding pad locations on the PC/MLB. Final assembly

of the devices is then completed by using soldering technqiues involving
either resistance or infra-red reflow systems.

In order to avoid such problems, as described above, manufacturers of
electronic componentr .ave developed and produced a variety of dual-in-
line packages (I"®-,, which are configured to be compatible with automatic
insertion equipment. Although these devices are primarily being used in
commercial applications, future design trends indicate an increasing
utilization of DIPs in both missile airborne guidance and ground systems.
Inasmuch as military electronic systems have more stringent requirements
in terms of high packaging density, tighter manufacturing tolerances,
critical reliability and maintainability factors, etc., a project should
be undertaken in order to develop methods, equipments and procedures
which will demonstrate the feasibility and reliability of such

automated systems for military systems.

Proposed Solution: Initially this project would entail a series of in-depth

engineering studies which would include the following:

e Survey and classify the configurations of those DIPs which meet
such conditions as performance and producibility which is required
for both missile airborne guidance as well as tactical ground systems.

e Survey and evaluate those currently available equipments which indicate
a potential capability for reliably processing and assembling DIPs
into PC/MLB type of assemblies. These include magazines, sequencers,
inserters, and testers.
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Project #11

o Evaluate and establish design guidelines for high-density electronic
modules which are compatible with automated manufacturing methods and
processes.

e Establish criteria for and acquire facilities, tooling, and equipments
necessary for pilot line prove-out, and conduct a pilot-production
demonstration of the system.

e Prepare and submit final report which would identify all major findings
associated with this project plus conslusions and recommendations as
to the feasibility for fully automated processing of DIPs through such
operations as tinning, sequencing, assembly and soldering.

Project Cost and Duration: A preliminary estimate for this project is as follows:

1. Survey and classification of DIPs and handling equipments $30,000

2. Establish requirements and design standards 50,000

3. Design representative modules with DIPs for 70,000
epplication to SAM-D for pilot-line prove-out

4. Acquire and set up pilot line 150,000

5. Pilot-line prove-out 150,000

Total $450,000

The estimated duration of this project is 18 months.

Benefits: 1If the Radar Unit electronics were redesigned entirely to use DIPs instead
of flatpacks, it is estimated that this project could reduce recurring
Radar Unit costs approximately 1/4 percent. This method could be applied

to the airborne guidance system if it also were redesigned to incorporate
DIP-type packages.

Assumptions: The project cost estimate is based on a pilot production run of approximately
100 moduies with 20 DIPs per module. Estimates of benefits are based on
the assumption that production rates would require that 2600 electronics mod-
ules per month be produced.
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SAM-D GUIDANCE PROJECT #12

MANUFACTURING TECHNOLOG{ PROJECT SUMMARY SHEET

Manufacturing Technology Project to Apply Electro-Discharge Machining for
the Fabrication of the Array-Elem:nt Mounting Plates of the Radar Antenna

Systea/Session/Component: SAM-D/Guidance/Radar Illuminator

Problem:

The SAM-D phased-array radar antenna is comprised of over 5,000 array
elements in the main array. These are miunted in three tiers of plates,
which are fabricated in three sections each and joined at two seams on each of
the three levels. The total of over 15,000 mounting holes must be in
registration within 0.014 inches of true position. The present method of
fabrication is to punch the holes and to register the nine plate sectioms.

It has been found during the Engineering Development Phase to be extremely
difficult to meet tolerance requirements by this method. Four sets had

to be manufactured in order to obtain an acceptable set. Problems
encountered during the manufacturing cycle were distortion, twist, work
hardening, internal stresses, and unpredictable dimensional growth. Electro-
discharge machining is being successfully applied today for forming holes
with very tight tolerances, but development is required to apply it to

plates of the size required for the SAM-D radar.

Proposed Solution: It is proposed that a project be undertaken to develop the

tooling and techniques for forming the holes in full-size array-element
support plates by electro-discharge machining. The end result of this
project would be the qualification of this manufacturing method for use
in the production phase of the SAM-D system. This effort would be per-
formed in five major phases, described as follows:

1. Study and Evaluation -

This period will consist of producibility evaluation of detail design
relating to electrode-discharge machining. Examples of producibility
studies would be dimensional changes necessitated by new locating points
and tooling holes. Another example of study during this period would be
evaluation of vendor recommendations, power requirements, special designed
and extruded shape electrodes, including material selection for electrodes.

2. Establishment of Requirements -

A vendor survey will be conducted. Based on results of study phase,
detailed requirements will be established related to tolerances, time
cycles, power requirements as a function of the number of holes cut simul-
taneously, electrode material and design, heat dissipation, and pumping,
cooling, filtering and flow requirements of the dielectric fluid. Also,
preliminary design concepts will be develojed for tools and fixtures.

3. Prototype Test -
Small -scale prototype tests will be conducted using approximately

10 electrodes, for the following investiga :ions:
a. Study copper extrusion and molded graphite electrodes

b. Study finieh on piece parts as a function of time cycles
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c. Establish wear and length of electrodes

d. Establish flow characteristics and cooling of electrodes
e. Slug removsl and electrode flushing

f. Establish number of electrodes possible in one set-up

The results of these will be used to establish the overall size of machine
and table and other detail requirements.

4. Acquisition and Set-up of Full-size Machine -

A final vendor selction will be made to fabricate a full-size machine
suitable for the antenna-plate application. Close wonitoring of his
efforts throughout construction will be maintained. Test pieces will be
run to burn pattern into the locating table. A final test piece will be
run and inspected for final acceptance of the machine after installation
at Raytheon.

5. Prove-out Phase -

Three complete antenna sets (nine plates total) will be electro-
discharge machined to qualify this method for SAM-D production. These plates
will be subm:tted to the inspection cycle for all aspects of drawing
mandates. These areas will encompass such criteria as:

a. Tolerance, true position, configuration, etc.
b. Flatness

c. Twist

d. Repeatability

e. Surface finish

f. Structural Analysis

g. Analyze after EDM for material degradation

Project Cost and Duration: It is estimated that 36 months would be required to
complete this project, with costs estimated as follows:

1. Study and Evaluation $ 20,000

2. Establishment of Requirements 20,000

3. Prototype Tests 70,000

4. Acquisition and Set-up of Full-size 450,000
Machine

(continued next page)
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Project Cost and Duration: (continued)

5. Tooling 200,000
6. Prove-out Phase 40,000
Total $80C¢,000

Benefits: It is estimated that the increase in yield expected by this method could
result in a 75 percent saving in the labor for fabricating these platies,
with an overall cost reduction of approximately 1 percent of the Radar Unit
cost.
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SAM-~D GUIDANCE PROJECT #13

MANUFACTURING TECHNOLOGY PRODUCT SUMMARY SHEET

Title: Radar Phased Array Element Fabrication and Assembly Methods

System/Session Area/Component: SAM-D/Guidance/Radar Illuminator

Problem: The SAM-D Array Element in the phased-array radar consists of two major
subassemblies: a microwave phase-shifter assembly and an electronic control
assembly. The subassemblies must go through many operations and consist
of approximately 60 components. Each operation affects the yield of the
element and certain critical operations affect the electrical performance.

Proposed Solution: This program would examine all areas of array element fabrica-
tion, ussembly and test and would develop methods to change the high-
labor, low-yield operations to minimize the labor and increase the
yield. The main areas of concern are listed below.

Phase Control Assembly: Investigate co-firing the insert and toroid as
one unit, in order to eliminate the insertion and curing effort.

Investigate a precision molded insert with wires plated on. This would
require a special connector technique which would also be investigated.

R.F, Subassembly: Investigate powdered metal technqiues to eliminszte the
extrusion and grinding of the waveguide body.

Investigate replacement of beryllia windows with a non-toxic material.
This would increase safety and lower cost due to the fact that beryllia re-
quires special handling, special cleaning, and special disposal.

Investigate tooling required to fully automate insertion of all components
into the R.F. Subassembly; this would include toroids, inserts, wires,
chokes, soldering of wires, insertion and bonding of front and rear
radiators.

Rear Radiators: Investigate a precision moldable rear radiator material
to eliminate precision machining.

Flex Print, Filter Network, Flux Driver: Investigate alternate methods
of interconnections including a single-substrate assembly.

Project Cost and Duration: Estimated cost of this program is $625K spread over

23 months. This effort would include building a small number (300)
of array elements utilizing the new manufacturing techniques developed during
the first 13 months of the program.
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Benefits: The benefits of this program will be a higher yield for all aspects of
array element fabrication. A more uniform element in terms of RMS phase
error is also expected which in turn would further increase yield and
improve the radar perfcrmance. A 10 to 15% yield increase should
easily be achieved wvhich would reduce the cost of the SAM-D Rader Units
approximately 1-1/4 percent.

Ascumptions: The only assumption here is that the full-up production build would
not start until the completion of this manufacturing effort.
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ABSTRACT

This paper discusses Anti-Ballistic Missile (ABM) guidance technology development in
terms of performance, cost, manufacturing technology and the interrelationships of these
factors.

Anti-Ballistic Missiie (ABM) technology has proceeded from successful development and
flight test of the SPRINT I intercepcor missile in the 60's to operational status of the
present SAFEGUARD System at Graud Forks, North Dakota, in the mid-70's. Development com-
menced in 1972 on SPRINT II, a less costly and improved performance missile featuring 65
percent component commonality with SPRINT I which was designated for Minutemen Site Nefense.
In late 1974, technology validation studies of a significantly enhanced performance capa-
bility SPRINT derivative, the Improved SPRINT Il Missile Subsystem (ISMS) were initiated
and continue at this time.

ABM guidance technology development, production, and plans for future production have
progressed consistent with the evaluation of the existing manufacturing technology, per-
ceived threats and systems options for effective threat counteraction. SPRINT is required
to execute high g (>100) maneuvers - with millisecond response - within a broad range of
Mach numbers, dynamic pressures, and angles of attack. It must also survive nuclear radia-
tion and blast effects without structural failure or loss of controllability. Life Cycle
cost considerations are impacted by acquisition cost deltas associated with the performance
parameters needed to meet the evolving threat plus provisions for 10 year storage life in
the readiness state, cell security from sabotage without personnel protection, shock with-
standing of free field nuclear effects, and launch, flight, in storage reliability. An
overview of the impact interrelationships on guidance design is shown below for the three
major configurations of interest:

Performance/Cost
Missile Configuration Drivers

SPRINT I Autopilot/Missile Guidance Set NE, D, A

SPRINT 11 Missile Controller Set NE, D, A, R/

ISM3 Digital Missile Controller Set NE, D, A, R/, RT, TG
NE - nuclear effects R/ - reliability

D <~ dynami: (shock and vibration) RT - reaction time

A - acceleration TG - technology growth
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Cost Drivers hive been quantified in terms of hardware element and function as shown
below:

[ Percent of Percent of
Hardwvare Element Total Cost Function Total Cost
Electronics (modules) 48.6 Purchased parts 41.4
Platforms 13.7 Factory labor 22.6
Microwave devices 12.0 Quality labor 12.4
Major mechanical 7.1 Support 9.2
Gyros 7.0 Test Labor 7.6
Cables 5.2 Material 6.8
Power supply 4.7
Accelerometers 0.9 geral LOCE0
Heat sinks, bkts, etc. 0.5
Connectors 0.3
Total 100.0

Detailed discussion of both design and cost experience associated with ABM guidance
is presented in order to provide a base from which proposed manufacturing technology pro-
jects which can favorably impact cost for systems in the 1980's may be evaluated and cor-
related with other Army programs.

Manufacturing Technology projects are identified and described which indicate total
cost reduction potential of approximately 38 percent for missile guidance systcms.

I. INTRODUCTION

A. BMD Interceptor Evolution

In 1972, a SAFEGUARD SPRINT missile intercepted a Minuteman reentry vehicle high over
the Kwajalein Test Range, demonstrating a new breed of missile distinct from previous and
concurrent ballistic and space vehicles - the terminal interceptor missile. To achieve
this successful milestone, development of new structural concepts and new materials to
meet launch shock, acceleration load, and aerodynamic heat and pressure parar “ers pushed
technology thresholds far beyond anything any previous missile had experienced. More than
a decade of interceptor research and development enabled the interceptor to accomplish its
mission - seeking-out and destroying a reentry vehicle on a one-to-one intercept.

Today, the SAFEGUARD System is installed and operational at the Grand Forks, North
Dakota SAFEGUARD Site to protect a por.ion of our retaliatory forces and to provide the
U.S. invaluable experience in cperating a deployed Ballistic Missile Defense system.

Shortly after, SPRINT II1 was conceived to meet a growing and more formidable threat
and development was started under the Prototype Demonstration Program. Changed to the
Site Defense program in 1973, the purpose was the research and development of BMD compo-
nents (a radar, interceptor missile, and tactical software) that would form the basis of
a second generation system for defense of Minuteman. In 1974, the emphasis was switched
from a Site Defense Prototype Demonstration Program to the advanced development of Site
Defense components. Development of the SPRINT II missile subsystem was redirected to an
Improved SPRINT IX Missile Subsystem.

The Improved SPRINT II Missile Subsystem (ISMS) provides an improved configuration of

the SPRINT Interceptor missile subsystem used in the Safeguard and Site Defense systems
vhile maintaining the same role of intercepting and destroying incoming RV's.
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B. BMD Threat/Mission Evolution

Advances in offense ICBM technology such as chaff, multiple warheads, and decoys made
a short-range, very high acceleration missile necessary. Thus, SPRINT, an outgrowth of
the Nike-Zeus program, was created as the second line defense to complement the longer
range SPARTAN missile, and provide terminal defense. The evolution of the BMD systems has
been intended for various levels of deployment from area defense to terminal hard point
defensec. Although SAFEGUARD uses the major components developed for the Sentinel system
(area defense) its limited deployment plan reflects changes of mission from full to light
area defense, and more recently, to point defense of Minuteman. SPRINT, through extremely
high acceleration and maneuverability, 1is able to intercept RV's at closer range. Close
range intercept is advantageous because atmospheric friction burns up peuetration aids
such as chaff, decoys, and debris; thus making identification of actual RV's relatively
simple.

Looking to the future, we must anticipate t' ¢ growing threat of independently-targeted
reentry vehicles, or closely-spaced in-line reentry vehicles. Mission requirements to
counter this threat are more challenging. Engagement problems caused by multiple nuclear
blasts within a battle space environment present a formidable challenge to interceptor
development. Any of scveral phenomena resulting from a thermal blast can seriously cripple
the missile's effectiveness and most likely prevent it from accomplishing its mission.

As a warhead is intercepted, the first effect is a pulse of prompt nuclear radiation.
This pulse can disable adjacent interceptors, a phenomena known as fratricide.

The next disabling effect encountered is the nuclear fireball and its dissipation
pattern. With it, as a concomitant effect, is an electromagnetic blackoutr region which
prevents radar detection and microwave guidance signals from reaching interceptors near
or behind the fireball.

The last phenomena is a shock wave or blast that can disrupt the interceptor's flight
pattern, or even destroy interceptors at high intensities.

Application of the basic technologies in analyzing specific interceptor problems with-
in a thermal environment provide a valuable cross-pollination of technical know-how in
continuing to push back the thresholds of interceptor technology development.

in addreasing interceptor guidance technology development, it is necessary to sum~
marize the evolution of the guidance systems in SPRINT interceptors of the SAFEGUARD, Site
Defense, and Site Defense Technology Programs.

II. INTERCEPTOR GUIDANCE

A. Safeguard Sprint

In the SAFEGUARD mission, the SPRINT interceptor is required to execute uigh g majeu-
vors, with millisecond response, over a broad range of Mach number, dynamic pressure, and
anyle of attack. In addition, it must survive nuclear radiation and blast effects without
structural failure or loss of controllability. To accomplish this, a lateral acceleration
autopilot and missile guidance set is used with gain scheduling as a function of dynamic
pressure via the ground radar and on-board gain optimization using a high gain adaptive
contro! approach. This enables the maneuver response to be nearly optimum in spite of
large a:rodynamic non-linearities and uncertainties that occur over the broad range of
interest. In principle, the adaptive loop functions to maintain as high a gain in the con-
trol loops as possible, consistent with acceptable limit cycle amplitudes as determined by
hydraulic control system flow capability and endurance.
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B. SPRINT II Missile Subsystem

Technical advances that had been used to develop SAFLGUARD SPRINT became part of the
basic SPRINT II design. Changes brought about by the Site Defense role of providing low
altitude defense of Minuteman sites against an increased ICBM threat included integrating
the missile guidance set and autopilot into an integrated circuit Missile Guidance Set
(MCS) which would increase reliability and accuracy at a reduced cost. Advances in semi-
conductor technology made it possible to combine the SPRINT autopilot and missile guidance
set into one integrated assembly capable of performing in the SPRINT Il environment.

C. Improved SPRINT II Missile Subsystem

The concern over Soviet technology advancements was the driving factor in redirecting
the Site Defense Prototype Demonstration Program to a Technology Development Program.
Addressing itself to the technologies of ballistic missile defense, BMD technology develop-
ment lays the basis for future systems efforts by incorporating technologies into compo-
nents that could be integrated into new systems or be used as adjuncts to SAFEGUARD or Site
Defense. The Improved SPRINT II Missile Subsystem (ISMS) provides an improved configura-
tion of the SPRINT interceptor missile subsyetem used in the SAFEGUARD and Site Defense
systems. The ISMS improvement includes a change from the analog MCS to a digital missile
controller set (DMCS). The DMCS yields substantial improvements over the SPRINT 1I MCS
in the areas of radiation order limits and reduced trajectory deviations, digital control
circuits, improved circumvention scheme, and limited inertial navigation. This later
capability is provided through the strap down inertial system using a laser gyro together
with the on-board digital computer. The inertial navigation technique provides a large
system benefit via a reduction in radar scheduling. Retention of vital system variables
euch as gains, steering commands, discre:es, missile mode logic, and major filter state
variables, enables a major reduction of radiation induced trajectory deviations. Restora-
tion of the DMCS to normal operation is achieved more qui-kly and completely than fn SPRINT
II because the DMCS digital circuits have faster recovery times than the SPRINT II analog
circuits.

III. MCS COST CONSIDERATIONS

A. MCS Cost Drivers - Background

Three factors predominated in the ultimate considerations which led to the current
MCS design, 1) Cost, 2) Reliability, 3) Nuclear Hardness. A summary of each factor and
the major design selection and trade study approaches selected is presented below.

l. Cost. The lowest risk, reduced cost development approach was the specific objec-
tive. To this end, detailed analyses and trade studies were performed for four basic
design concepts: cordwood, hybrid, medium scaie integration (MSI), and moduie.

The evaluation of these concepts, which follows, describes the applicability of their
specific attributes to the SPRINT II MCS.

Cordwood - The Cordwood packaging technique is used in 3AFEGUARD SPRINT for both the
autopilot and missile guidance set. Though this technique affords a high packa xing density,
it was not chosen for SPRINT II because fabrication complexity and difficulty of maintenance
drive the overall cost higher than the module concept.

The cordwood package would have had a failure rate of 14,313 fits, and a 98 percent

testability. The package would contain 4,500 autopilot and 5,500 MGS (SAFEGUARD) parts,
or approximately 50 percent more electro: ic components than the module design.
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Hybrid - The hybrid technique includes a combination of film (both thin and thick)
and monolithic fabrication methods to produce circuit components (resistors, capacitors,
diodes, and transistors) interconnected in a complete circuit and asrembled in a single
package.

Though the uybrid savings were projected to be slightly more than those of several
other candidates, the hybrid concept was not chosen for SPRINT II primarily because of the
development risk. A dry, hermetically sealed package would have had to be developed to
minimize nichrome res{stor problems, and thick film resistor tolerances (0.l percent)
would require extensive development to achieve. In addition, analog implementation would
be poor, and several of the components (such as tantalum capacitors, coils, filters and
delay lines) could not be hybridized. Figure 1 illustrates savings for hybrid versus the
cordwood design concept as a function of production quantity. Breakeven was calculated
to occur at 65 units.

:

ad
ﬂg NET SAVINGS
g (HYBRID)
=1 44 PERCENT
A

g (65) . ‘

500 1000 2000 3000

Figure 1. Hybrid versus Cordwood Savings

Although the hybrid technique did not lend itself to wide application in the MCS de-
sign, it 1s being used in the IF amplifier, resulting in a simplified package and a cosc
savings.

Medium Scale Integration - In the MSI technique a group of solid state monolithic
technologies is used in the fabrication of integrated electronic components with circuit
complexities in the range of 10 to 100 gates. All circuit elements (active and passive)
are simultaneously formed in a single small wafer of silicon by the diffused planar
technique.

The MSI design was not chosen because, even though the packaging volume of this design
would be small, cost and risk would be high. Many semiconductor devices would have to be
developed to meet the nuclear rejuirsments, MOS (metal oxide silicon) technology had not
progressed sufficiently for cousideration in a denign and development applicaticn, and
there were, and still are, au insufficient number of radiation hard bipolar MSI circuits
available in production today. In addition, MSI technology is more readily applied to a
digital implementation rhan to the analog used in the MCS.

Module - The module concept was selected for use in the MCS because it provided in-
creased nuclear hardness tc survive the SPRINT I1I dynamic environment, improved performance,
greater reliability, and reduced cust, through the use of semi-automated assembly techniques,
i.e., wave soldering, automatic insertion, easy mechanical assembly, and automated test;
all within the baseline constraint »f minimum departure from the SAFEGUAR:* SFRINT design.

The module packaging concept is the baseline MCS design (Figure 2). Among its advan-
tages are design simplicity, low cost, and low development risk. This simple printed ci:r-
cuit board concept is easily fabricated, and has autometic insertion and soldering proc-
esses. Each module is designed as a functional entity. The result is ease of maintenance
and 100 percent testability. Reliability is good, with a failure rate of 10,900 fits
(failures per billion hours of use).
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Figure 2. MCS Design Showing Module Packaging Technique

The current MCS design contains 5,408 electronic parts mounted on 26 single-sided modules.
This design through the use of integrated circuits and modular packaging allowed a 46 percent
reduction in electronic parts.

In order to realize the maximum return from the SAFEGUARD investment, a parts common-
ality of 85 percent was obtained for the SPRINT II design. By use of integrated circuits,
parts count and solder joint connections were substantially reduced(*). The modular baseline
MCS design was judged to offer the minimum development risk, the lowest cost, and the most
reliable approach which attained nuclear hardness.

2. Reliability. Analytical apprcaches utilizing reliability mathematical models were
developed very early in the SPRINT R&D program. From these models, it was apparent that the
following parameters were the most important in achieving the reliability goals:

a. Electronic storage failure rate during a 5 year life (i.e., storage fuilures)
b. Percent of testability of missile electronics
¢. Periodic test interval for missile electronics

d. Severity of inflight environments (acceleration, shock, vibration, and aerodynamic
heating).

The development philosophy for SPRINT was "a tactical missile from a tactical silo with
the initial design.” Although many changes occurred during the 13 year development, the
first flight test missile (launched successfully on November 17, 1965) is not greatly differ-
ent than the 70 that are being deployed at Grand Forks, North Dakota.

At the end of the Reliability Demonstration series (flown at bcth WSMR and KMR), the
SPRINT subsystem had completed 51 flight tests with no electronic failures. Each missile
contains about 9,000 electronic piece parts and the Ground Support equipment contains an
additional 5,000 parts for a total of just over 700,000 parts tested with no failures. This
highly successful flight test series demonstrated the flight reliability of the SPRINT sub-
system. The demonstration of the ability to survive long term storage in a controlled en-
viromment proved to be somewhat more difficult. In order to facilitate better communications

*The only components not common to SAFEGUARD in the SPRINT II MCS design are the integrated
circuits, six magnetic devices and eight discrete semiconductors.
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withk customer and management and provide a simple numeric for tracking progress and prob-
lems, an average electronic piece part storage failure rate was established. This single
value is simply the total system electronic storage failure rate divided by the total num-
ber of electronic piece parts in the system. In order to meet the reliability goals es-
tablished early in the R&D program, it was calculated that an average electronic piece

part storage failure rate of 3.05 x 10-9 failures per hour was required. Based on a simple
comparison of this single numeric (average part failure rate) it is shown that the fielded
system is performing better than predicted.

Average Electronic Pieces
Part Storage Failure Rate

Required to meet specified reliability goals 3.05 x 10-9 failures/hour
Predicted based on failure rate revision of 1969 2.3 failures/hour
Experience to date (all sources) 1.4 failures/hour
Grand Forks only 1.07 failures/hour

As a result of the extensive flight test program and the long term monitoring of
storage data, two critical parameters of the SPRINT subsystem have been demonstrated.

1 Overall success ratio 91 percent

2 Storage average part failure rate 1.07 x 10~9 failures/hour
Perception of Reliability impact on cost drivers is aided by a review of the techniques
used to achieve these results:

Decision to Use High Reliability Piece Parts - The quality and reliability of the basic
building biocks of a complex electronics system is vital to achieving system reliability.
The failure rate of high rel parts 1s roughly one~half of the more commonly used Mil Standard
parts. This lower failure rate is achieved by extensive environmental screening and 268
hours (typical) power burn-in on a 100 percent basis. SPRINT parts specification require-
ments were developed jointly by Martin Marietta Corporation and Bell Telephone Laboratories
using the Minuteman I parts spec as a reference.

Derating - A conservatlve derating policy of 50 percert was established for SPRINT
electronics and was confirmed by detailed stress analysis. Of some 14,000 electronic piece
parts, only 6 were found to violate this policy, and the majority were even more conserva-
tively derated. Derating tends to drive the operating failure rate in the direction of the
much lower storage failure rate.

Teatability - In any long life system, the degree to which it can be periodically tested
is one of the most important considerations in achieving reliability. Testability is defined
as the percentage of the parts that are testable in terms of failure rate. The SPRINT System
Missile electronics is greater than 98 percent testable. Testability considerations must
also address test frequency. Studies have indicated that one test per day is optimum, how-
ever, once per month is sufficient to exceed reliability goals.

Production Environmental Testing (PET) - PET 1is also an extremely important factor for
achicving high reliability. It consists of conducting environmental screening tests on 100
percent of items produced. Testing is done at the assembly or black box level. On SPRINT
IT, sine vibration, mechanical, and tcmperature shock are used for PET.

Lot Sampling, Dissection Analysis and Storage - During the production of the 70 SPRINT
Subsystems for deployment, a piece part lot sampling program was initiated. In general, 10
samples were selected from each purchased lot of plece parts. Two were dissected and com-
pared to a carefully prepared baseline. The baseline consists of complete characterization
of a known good part with respect to parameters and physical characterization including en-
larged color photographs. The other 8 samples are placed in storage, and periodically,
critical parameters are measured and analyzed for trends.
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Certified Lines - The R&D program revealed several very troublesome components which
did not entirely respond to normal corrective actions. In order to prevent further prob-
lems during production, certified or captive lines were established at 3 vendors covering
4 parts. These certified lines were wholly controlled by MMC, and only SPRINT parts were
produced on them. Operation of the lines was supervised by MMC personnel after which no
further problems oc:urred with these 4 parts.

Clean Room Assembly Area - Use of high rel parts alone does not assure rzliable .3~
sembly level of black box hardware. In order to minimize fabrication errors and contamin-
ation, all electronic assemblies were built in a clean room enviromment. All employees
wore smocks and access was limited to the fabrication area. All components were staged
and detailed process plans developed. All employees were certified in their particular
operation by extensive education courses. The courses emphasized superior fabrication
results, acceptable results, and unacceptable results. All tools were calibrated before
each shift and for certain operatinns. FPmployees were required to fabricate several sam-
ples for destruction test prior to starting the shift productjion run. This technique
minimized fabrication errors and improved the production yield.

Reliability Growth Test-Post Flight Analysis of Performance - The WSMR series of 42
flight tests served as an excellent example of reliability growth. Exhaustive analysis,
simulation and ground test followed each failure occurrence. Once corrective action was
established, the change was fully tested and evaluated before introduction into the next
test missile. In most cases this technique solved the problem at first attempt. There
were, however, two cases where the cause was not fully understood and near the end of the
WSMR series second failures occurred. However, in both cases, the final solution was
effective and demonstrated by no reoccurrences during the 34 tests at KMR.

Preflight Management Review and Inspection-Subsystem Managers - Prior to each test
flight a thorough review of all discrepancies, failures, test data, changes and risks was
conducted by top engineering management {technical director and his staff). These reviews
were conducted early enough so that correction of deficiencies could be completed prior
to scheduled flight dete. The data was presented to management by the subsystem manager
of each portion of the system. This approach was unique on SPRINT. Each element of the
SPRINT missile, silo, and grcund equipment had a key engineer assigned to it. This engi-
neer was responsible for all aspects of his hardware and had reporting to him cognizant
experts in Manufacturing, Quality, Procurement, etc.

Production Policy - As production of deployed hardware was beginning, it bec.ame
evident from the KMR series that the reliability was exceeding goals. Therefore, a 'no
change" policy was established. In other words, no changes in design, troling, or proce-
dures were permitted so that degradation in performance would be minimized if not elim-
inated. Obviously, it was not possible to stop all changes; however, the difficulty in
getting a change approved went a long way in eliminating problems that are always evident
with wholesale changes. The control over changes was exercised by the "A" Change Board
which was chaired by the top executive on the project and manned by his immediate staff.

Other tasks which contributed to the reliability success of the program included:
Failure Modes Effects and Criticality Analysis;
Reliability Design Analysis-Component Stress and End of Life Tolerance;

Laboratory Exposure of all hardware to anticipate flight environment prior to first
flight;

Qualification test program which was, in general, conducted at 50 percent overstress
in transportation, handling, storage, and flight environments;
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Sampling of production line hardware on periodic basis and subject to transporta-
tion handling storage and flight environments;

Elabnrate system of failure reporting, corrective action, and follow-up.

In conclusion, the results of these techniques are best shown by the success of
the Reliability Demonstration - Flight Test Program where a success ratio of over 90
percent was achieved and by the average electronic storage failure rate which at 1.4
x 10=9 faflures/hour is much less than the required value of 3.05 x 10-9 failures/hour.
A more subtle but equally important result was the actual deployment operation itself.
A total of 70 sets of ground equipment and 69 missiles were installed precisely on sche-
dule with no schedule deviations due to failure of hardware, procedures, or support
equipment. This operation was conducted and completed on schedule in the hostile en-
vironment of North Dakota's severe winters. 1In retrospect, it is evident that some cost
reduction opportunities could have been incorporated with acceptance of quantifiable
degradations in Reliability which continued to meet specified levels.

3. Nuclear Hardness. a. Nuclear Environment - The SPRINT II transient ionizing
radiation environment consists of the short duration prompt gamma pulse (experienced
within hundreds of nanoseconds after the fratricide burst), and the delayed ionization
pulse (experienced within tens of microseconds after the burst) which is caused by neu-
tron interactions with air, neutron interactions with the missile, and decay of fission
debris.

The prompt gamma component of the weapon spectrum produces the peak ionization dose
rate of the SPRINT II environment in the missile. The neutron component of the weapon
spectrum produces the delayed ionization pulse. Weapon yield, missile altitude, and
distance from the fratricide burst affect the magnitude of the peak ionization dose rate,
A the neutron fluence and energy spectrum, the delayed ionization dose rate encountered,
and the total dose environment.

o

Neutron radiation produces delayed ionization transient damage rffects in semi-
conductors (which anneal out in a time interval dependent on the operating condition
of the device), and permanent damage in semiconductor devices through displacement of
atoms or capture of the neutrons by atoms. Semiconductor photocurrents that result from
transient ionizing radiation can cause transient circuit responses, fractional loss of
capacitor charges, and alteration of the elctrical properties of dielectric and insul-
ating materials.

TS STR TR

Both transient and permanent damage effects of the nuclear radiatfon environment
are dependent upcn dose rate, total dose, neutron fluence, circuit configuration, and
the type of component device used. These effects can lead to circuit transients and
perturbations which degrade the performance, maneuverability, and reaction time of the
missile.

b. Source Limitations - The choice of nuclear design approach was also influenced
by the difficulties of procurement. Though it was possible to buy standard TTL logic
and integrated circuit operational amplifiers in the limited quantities needed, the
Texas Instruments 5400 series (which is the basis of the MCS logic) was the only line
of hardened integrated circuits available, and even this source was in danger of being
closed down because of a lack of volume purchases.

Thus, a major problem was faced in building a hardened system because of existing
supplier constraints that appearad likely to become more severe. The Department of
Defense no longer occupies a douinant position as a buyer of semiconductors. Present
DoD requirements account for only 5 percent of the total integrated circuit market, and
the government ranks fifth in dollar expenditures for this item among the following user
markets: computer systems, industrial, distributor, consumer, government, and export.
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c. Dynamic Environments - The SPRINT II MCS must also perform in flight environments
exceeding 10,000g's peak acceleration shock at 24 grms random vibration. Comparable levels
for the DMCS are 20,000g's and 45 grms.

4. Performance/Cost Driver Summary. An overview of the combined interrelationship
of performance/cost drivers is shown in Figure 3 for the three major SPRINT guidance hard-
ware configurations.

Performance/Cost
Missile Configuration Drivers
SPRINT 1 Autopilot/Missile Guidance Set NE, D, A
SPRINT I Missile Control System NE, D, A, R/
ISMS Digital Missile Controller Set NE, D, A, R/, RT, TG
NE - nuclear effects R/ - reliability
D - dynamic (shock and vibration) RT - reaction time
A - acceleration TG - technology growth

Figure 3. Performan:e/Cost Driver Interrelationships

ABM guidance technology development, production, and plans for future pre.uction have
progressed consistent with the development and application evaluation of the needed manu-
facturing technology, perceived threacs, and systems options for effective threst counter-
action. SPRINT is required to execute high g (+100) maneuvers with microseconi responses
within a broad range of Mach numbers, dynamic pressures, ard angles of attack. It must
also survive the nuclear radiation and blast effects without structural failure or loss
of controllability. Life Cycle cost considerations are impacted by the performance param-
eters neaded to meet the evolving threat plus provisions for 10 year storage life in the
readiness state; cell security from sabotage without personnel protection; shock with-
standing of free field nuclear effects; and launch, flight, and in storage reliability.

The SPRINT I analog autopilot was the last major assembly to be qualified for tactical
use. Primary factors impacting design schedule and cost were the uncertainties associated
with needed interceptor characteristics and the necessary characterization of the nuclear
environment. Design objectives for the SPRINT II MCS included improved performance and
eliability, increased nuclear hardness, and reduced cost.

B. MCS Design Actions Impacting Cost During Development
1. 1Initial Concepts. MCS hardware design features incorporated as part of the funda-

mental concept include: microelectronic hybrids, rigiflex harnesses, cast structure, and
packaging methods.

Microelectronic Hybrids - Martin Marietta-developed microelectronic hybrid designs are
used ‘n the SPRINT II MCS in place of SAFEGUARD SPRINT thin film IF amplifiers. The hybrid
is cunsiderably cheaper and more producible than thin film. These advantages are evident
in the resulting replacement of four thin film assemblies with one hybrid.

Rigiflex Harnesses - All internal wiring of the MCS 1s accomplished with printed cir-
cuits, using rigiflex harness interconnections. Figures 4 and 5 illustrate the rigiflex
harness designed for the inverter regulator No. 1 module. This approach cuts cost and in-
creases production largely by avoiding the necessity to handle individual wires and by
maintaining a constant lead dress.

Cast Structure - The MCS 18 an all-cast structure (Figure 6). At the time it was the
largest investment casting for such an application in the country. Casting provides an
integral structure that eliminates fabrication of individual parts, tolerancing problems,
and many machining operations.
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Figure 4. Multilayer Printed Figure 5. Inverter Regulator No. 1

Wiring Rigiflex Harness for
Inverter Regulator No. 1

Figure 6. MCS Cast Structure Showing
Equipment Shelf and Canister

Packaging Methods - Although state-of-the-art electronic packaging methods are used
throughout the MCS, the modules are basically produced by existing, proven techniques. The
22 thin modules in the system are framed and attached to printed circuit boards (16 double~-
sided and 5 multilayer), to which the components (discrete, TTL, integrated circuit opera-
tional amplifiers, and other subassemblies) are mounted and soldered. Each module is en-
capsulated in foam and shielded. Each is functionally testable.

This method greatly reduces assembly time by permitting components to be assembled
in one flat plane. All modules are designed for automatic component insertion equipment.
Accessibility allows repairs to be made quickly and eisily. The sacrifice in component
density and volume remains well within the volume or weight restrictions of packaging in
the missile guidance and control section. Moreove', costs are reduced and producibility

enhanced without jeopardy to reliability.
Increased Production Yield - Another advantage of the printed circuit module construc-
tion method is that the production yield of the board is high, and the yield increases when

comfortable conductor widths and spacings are used. Table I reflects Martin Marietta ex-
perience with printed circuit board production. The MCS printed circuit boards are produced

using Class I and II tolerances.
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TABLE 1

Conductor and Spacing Tolerance versus Yield

Fabrication Technique Class I Class II Class III1 Class IV Class V
Print and etch +0.006 +0.004 +0.002 +0.001 +0.001
(no overplate) -0.010 -0.005 -0.004 -0.002 -0.001
Approximate percent of yield* |99 percent |95 percenc |85 percent | 50 percent | 30 percent
Panel plate +0.010 +0.007 +0.005 +0.004 +0.002
(no overplate) -0.015 -0.010 -0.008 -0.006 -0.003
Approximate percert of yleld* |98 percent | 95 percent | 90 percent | 85 percent | 40 percent
Pattern plate +0.015 +0.010 +0.008 +0.006 +0.003
(no overplate) -0.010 -0.007 -0.005 -0.004 ~0.002
Appioximate percent of yield* | 98 percent | 95 percent | 90 percent | 85 percent | 50 percent
*The yield is the approximate number of acceptable boards expected in a quantity
of 100. This yield relates to conductor line width and pad sizes. It does not
consider other processing deficiencies that may cause rejection.

2. Cost Targeting (CT) aud Design to Cost (DTC) .

in the Prototype Development (PD) phase.
midway i1 the PD program through introduction of a project wide DTC program.

Cost Targeting is fundamental to the achievement of DTC objectives.

The SPRINT II program established
cost targets during the Concept Development (CD) phase which became design-to-requirements
Additional emphasis was placed on cost reduction

Both techniques

stimulate favorable attitudes and impetus for manufacturing techmology improvements.

Figure 7 iilustrates the overall SPRINT II program development cost estimate history

for a composite of development program tactical hardware prototypes.
hardware elements comprising a total of 66 subassemblies are represented.

Twelve different
It will be seen

that the initial status of 7 percent adverse was impacted by specific development actions

to culminate in a final status which was 15 percent favorable.

abstract of the SPRINT II history for the MCS.

Figure B 18 a corresponding

Table II lists the major development actions which contributed to favorable cost
target attainment of 5.5 percent.

DTC START
T T o SR S ‘
ke TP —“'-'°°~-‘
100 COSY TARGET * ~y
T _EAC .
NOZZLE, LAUNCH SHELL, UMB RET, H/H, LCSM, eceeeaa,  85%o0fCT:
LEGG, NETWORKS, CELL DOOR “w
LPE
1ST STG SKIRT
PERCENT :?‘r:
TOTAL COST sob }
TARGET S
EAC CHANGES:
DESIGN SIMPLIFICATIONS
PROCESS/TOOLING CHANGES
2 LABOR/PRORATE UPDATES
REPROGRAMMING QTY C HANGES
S AT &3 93 e 3Nt eha  eha s
TIME
Figure 7. SPRINT II Cost Target (CT) versus Estimate at Complete (EAC)
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Figure 8. Misgile Controller Set (Quantity: 12)
TABLE II
Missile Controller Set Development Actions
Which Favorably Impact EAC
Percent Cost Target

Action Improvement
Eliminate conformal coat (pc cards) 0.60
Remove connector pc card eyelets 0.65
Remove computor designations on pc cards 1.37
Use hybrids 0.15
Stop redundant separation force checks 0.29
Revice MPP's 0.16
Redesign inverter regulator loop 0.26
Delete video processor transistors 0.07
Improved method of RFI module seal 2.06
Others 0.07
Total 5.68

It should be noted that the development of a more effective process for applying an
RFI seal to modules constitutes the largest single beneficial cost driver interaction.
Additional innovations of note involved design and manufacturing process simplific.. lons.
In total, the 5.5 percent favorable cost status of the MCS resulted from design/marufac-
turing technology actions whose total value was 5.68 percent. Of this total 93 percent
resulted from manufacturing cost reduction actions. Cost reductions achieved through use
of hybrids did not reach the target levels which had been originally established.

C. MCS Cost Drivers

Table III illustrates the functional cost analysis of the SPRINT guidance system.
It should be noted that the electronic modules constitute the largest single guidance cost
element and that its value is over 3.5 times the next largest element. Conversely, pur-
chased parts are approximately 2 times the value of factory labor in the functional break-
down.

Figure 9 is an additional illustration of the cost impacts and interrelationships of

guidance system hardware elements and functions. This information constitutes the base
from which the proposed Manufacturing Technology Projects are constructed.

109



TABLE II1

SPRINT Guidance System Functional Cost Analysis

Percent Distribution of Cost Elements
Percent of Purchased
Total Guidance L Factory Test. Quality
Guidance Element Cost Parts | Material | Labor Labor Labor Support | Total
Electronics 48.6 62.1 0.9 16.8 33 8.3 8.6 100
(modulesn)
Platforms 13.7 6.2 11.5 37.7 12.8 20.6 11.2 100
Microwvave devices 12.0 53.4 9.4 12.0 8.2 8.4 8.6 100
Major mechanical 7.1 7.9 23.9 21.2 21.2 17.3 8.5 100
Gyros 7.0 9.9 4.8 39.3 13.3 21.6 11.1 100
Cables 5.2 15.7 9.9 38.3 9.3 19.4 7.4 100
Power supply 4.7 33.6 18.1 20.5 5.8 10.8 11.2 100
Accelerometers 0.9 0.9 16.8 37.6 12.8 20.6 11.3 100
Heat sinks, brkts 0.5 14.1 13.9 46.9 - 17.6 7.5 100
Connectors 0.3 78.4 - 9.6 - 4.7 7.3 100
Total 100.0 41.4 6.8 22.6 7.6 12.4 9.2 100
SPRINT GUIDANCE SYSTEM
FUNCTIONAL COST ANALYSIS
HEAT SINKS, BRK’I(;S“ 0. 3% CONNECTORS
ACCELEROMETERS
POWER SUPPLY
CA S COST ELEMENTS
ELECTROMICS 1. ELECTRONICS (MODULES)
2. PLATFORMS
GYROS 48.6 3. MICROMAVE DEVICES
4. MAJOR MECHANICAL
5. GYROS
MAJOR 6. CABLES
MECHANICAL 12.0% 7. POMER SUPPLY
MICROMAVE 8. ACCELEROMETERS
DEVICES 9. HEAT SINKS, BRKTS, ETC
10. CONNECTORS
TOP 3
ELEMENTAL COSTS (%) FUNCTIONAL COSTS(X) COST ELEMENTS
48.6 ( ELECTRONICS  PURCHASE PARTS 404 (1,3, 7)
13.7 ] PLATFORMS FACTORY LABOR [———————322.6 (1, 2,3
12.0 /] MICROWAYE QUALITY LABOR ———J12.4 (1. 2, 5)
7.V MAJOR MECH SUPPORT [———149.2 (1, 2,3)
7.0 GYROS TEST LABOR [—1 7.6 (2, i, 4}
5.2 ] CABLES MATERIAL 6.8 (2, 2,3)

Figure 9.
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SPRINT Guidance System Functional Cost Analysis




D. Manufacturing Teci:~ology Projects

Table IV lists the propc=2d manufacturing technology projects, the estimated initial
cost of development, and indicates the cost reduction potential for each project in terms
of percentage of guidance system cort. Detailed additional descriptive information is
attached to some of the manufacturing technology projects as amplification of the project
objective.

TABLE 1V

Proposed Manufacturing Technology Projects, Project Initial Cost,
and Potential Guidence System Cost Reductions

Potential Cost Reduction
of Guidance System Coet
Initial Cor.t (percent)
Compreheusive investigation of part costs $ 85,000 12.0
Improved sslection/application of nuclear hard 78,000 10.0
semiconductors
Develop semi-2utomatic acceptance test techni- 157,028 5.0
ques for inercial sensor assemblies
Exploration of CAD/CAM automated assembly of 65,000 3.0
film hybrid microcircuits
Production of PCB's using the semi-additive 452,200 2.0
technique
Improved production techniques for multilayer 133,000 1.8
rigid-flex PC assemblies
Coaxial cable fabrication 440,000 1.7
Conne~tor/interconnection reductions 205,000 1.2
Laser trimming of stsr value resistors 194,000 1.1
Optimize production inspection of electronic 210,000 0.6
assemblies
Total { $2,019,228 38.4

daourt s T

E. Institutional Cost Drivers

Detailed study and consideration of cost drivers and efforts to conceive alternatives
for improvements naturally encounters problems of an instituticnal or historical nature.
Such problems are basically attitudinal. They are impacted by future expectations as we'l
as habitual outlooks and approaches conditioned by experience. Although their influence
on cost effectiveness achievement is subtle and difficult to quantify, it is recommended
that an attempt be made to obtain the thinking and intuitive feelings of the conference
attendees on possible approaches to future improvements. Some items which may profitably
be explored are:

1 The applicabilicty of Military Specifications for parts, material, processes, and
design/manufacturing control. Could a standardized, simple procedure be devised
to take meaningful exceptions? Previous studies strongly indicate significant
cost reduction potential. (1.) (2.)

The measurement and control of Operations and Maintenance (0&M) cost factors
during development. Means for better utilization of contractor organization
knowledge and skill to beneficially effect O8M cost and field performance and
reliability.

[£S)
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3 Lessons learned from experience in application of additional Design to Cost
Emphasis.

4 Functional interface standardization versus detailed specification standardization.

5 Exploration of potential pitfalls and benefits associated with encouraging the
use of standardized electronic modules and preferred LSI components. Cost savings
potential is considered attractive when applied on a DoD wide basis. (3.)

6 In depth cost effectiveness analysis of quality control techniques and approaches.

One analysis indicated as much as 25 percent of missile cost was assignable to
procedures derived from MIL-Q-9858. (4.)

IV. CONCLUSION
It 18 our belief as a result of previous cost reduction efforts and the additional in-
sights gained through the preparation of this paper that concentrated additional study is
warranted on both specific manufacturing technology piojects and those generalized, proce-
dural aspects of DoD Development and Acquisition which pervade the total cost process.

REFERENCES

(1.) "Report of Task Force on Reducing Costs of Defense System Acquisition,"” Defense
Science Board, J. Fred Bucy, Task Force Chairman, 15 March 1973

(2.) Wm. P. Wood, "Technical Sacred Cows and Their Impact on Design Cost," Proceedings of
the Western Regional Conference - ASQC, October 2, 3, 1975, Venice, California

(3.) Philip K. Klass, "Avionics - USAF} Weighing Standardized Modules,'" Aviation Week and
Spacc Tochnology, September 16, 1974, p 51-56

(4.) C. Leatherbury, A. Kresse, C. David Weimer, '"Production Cost Reduction Case Studies

of Three Tactical Missiles,”" AD 513090, Institute for Defense Analysis, September
1970, p 37

V. MANUFACTURING TECHNOLOGY PROJECTS

Title: Conduct a Comprehensive Survey/Investigation of Factors Which Comprise Part Costs
and Develop Cost Effective Alternative Approaches

System/Panel Area/Component: Missile/Electronic Controls/Purchased Parts

Problem: Purchased (arts are the largest single electronics cost driver. Special military
requirements impact this cost and present military part cost trends are adverse in view of
the decline in proportion of military to commercial business. Analyses of commercial hard-
ware items adapted for military usage typically reveal significant cost advantages when
compared to fully militarized designs and have performed adequately in the military appli-
cation. The attached description contains additional background information on this problem.

Proposed Solution: Identification and thorough analyses of specific case histories of com-
mercial/military product developments can provide a data base from which possible future
approaches can he quantified and projected. The data base should be supplemented by a com-
prehensive survey of all major elements of the military parts selection, specification,
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purchase and handling process as fulfilled by DoD contractors. In particular, the quanti-
fiable and obscure cost alements of present practices must be definitiged and assessed.
Performance considerations and risks associated with new approach alternatives should be
appraised with a degree of thoroughness comparable to the cost siement analysis.

Project Cost and Duration: Estimated costs are as follows:

Develop detailed case histories assessing cost impact of parts $35,000
Conduct detailed survey of contractor and DoD representatives - 35,000

parts life cycle cost impact analyses
Prepare report summarizing findings and recommending approach 15,000
alternatives ——
$85,000

A follow-on step is recommended in which the project findings are applied and verified to
an on-going project. Estimated cost 1is $250,000. Estimated duration of project is 8 months.

Benefits: Bencfits achievable from this project are a reduction in parts life cycle cost
as follows: Net reduction in parts costs - 25 percent (savings will approach 50 percent
vhere nuclear hardness is not required). This equates to a 12 percent reduction in guidance
system cost.

Assumptions: That effective means can be determined to more closely approximatz commercial
esign practices for parts application in military hardware.

BACKGROUND

Purchased Electronic Parts Life Cycle Cost

The following factors combine and interact to adversely impact the total life cycle
cost of purchased alectronic parts in military systems:

1. Milicary Part Specifications/Standardization - considerable effort has been spent
recently to achieve better understanding of the rost/performance impact of system
and detailed part spscification and standardization efforts. The concensus, with
some reservations, is that system performance standardization should be more
oriented toward function and less dominated by "how to do it" specifications. A
recent report concludes "The elimination of the MIL-SPEC burden can substantially
reduce the cost of electronic systems'" and cites one example in which material
cost was 25-50 percent lower than an equivalent military system for an identical
environmental application.(l.) Present military part specifi~ations require pay-
ment of a purchase price premium which tends to increase in magnitude for areas
vhere commercial technology is rapidly changing. The effects of such a constraint
on contractor design and other internal activities is significant but not readily
quantifiable without detailed investigation and actual trial study, measurement,
and evaluation of alternative approaches. Semicondurtor costs in particular are
impacted adversely by current trends. Evidence exists that military functions are
exploring slternative means of working these problems. In one instance the Army is
bypassing its own MIL-S-19500 and MIL-M-38510 specifications to permit a single ap-
plication of a non-military semiconductor part family.(2.) Purchase cost differ-
entials of 10:1 are not uncommon between military and commercial versions of an
equivalent circuit function. These factors suggest that a systematic evaluation
and pilot study of alternative approaches is needed with the objective of respond-
ing to the AMC Design to Cost Policy statement "Ar important part of the product
we are buying from the contractor is his design creativity and he must be free to
use his best judgment in producing his competitive prototype hardware.''(3.)
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Commercial Industry Trends - at one time military purchases represented approxi-
mately 80 percent of the semiconductor business. Currently MIL STD IC's are ap-
proximately 5 percent of total industry billings and trending downward. The im-
plications for design applications are that measures which more closely approximate
effective commercial design practices for fielding workable products under warranty
are needed. The key question pertaining to effective reaction to these trends
centers on how rather than if and to what exten’.. A recent article presents data
and an approach rationale which asserts that effective part screen testing can be
performed in-house or contracted from indepencent test labs for approximately $0.10
per device at a volume of 150,000 per month.(4.).

Military product designers with some modification in attitude and approach can
determine effective means for making the transition from utilization of military
specified parts to commercial parts. An effective investigation technique for
identifying and implementing positive actions is to obtain the data necessary for
analyzing parts as a systems engineering process which can be optimized in terms
of the weapon system life cycle.

Design/Manufacturing Technology Trends - T'he technology demands of the 1980's
will encompass greatev diversity of part selections and greater inherent com-
plexity in part application than presently exists. To effectively and economi-
cally cope with these challenges simplification of all ancillary constraints
which effect part documentation, purchase, and design application 1s necessary.
Reliability, availability, and maintainability (RAM) needs must be met more
effectively as well. Forseeable actions which impact parts cost from initial
purchase throughout the life cycle are:

a. Selection/Receipt/Screening - limited across the board use of blanket
military specifications.

b. Application - environmerntal testing at the PCL ievel prior to subse juent
assembly. Reference (1.), p 286 discusses the need for more real’sm ‘n
environmental design.

c. Test - system/subsystem level testing of the PET and Reliability verifica-
tion variety.

d. Product Warvanty - greater contractor participation in the diagnostic/
repair pro:ess at the depot and field maintenance levels.

Warranty/Main:.ainability Trends - A sufficient experience base exists to sub-
stantiate the ‘vsirability of extending long-term contractor maintenance war-
ranties to military electronics. Properly contracted and administered warranties
have resulted in substantial equipment reliability growth early in the acquisi-
tion process and significant reductions in maintenance costs.

The warranty/maintainability process is facilitated by the following techniques:

a. Contractor cost tradeoffs in component cost, assembly-line quality control
and failure rate prediction.

b. Adequate protectioca against equipment tampering and misuse.

c. Contractor visibility and participation in the equipment maintainability
process.

An important consideration in meeting cost and performance goals wi{thin the provisions
of enforceable warranties is recognition of the nsed to provide sufficient contractor flexi-
bility during development. The lowest cost, adequate, simplified desiyn will frequently
not extensively employ military standard parts anc may be fabricated by commercially proven
processes.
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Decigner/Hanufacturing Technologist Interactions - To a.c~uplish these objectives
will require closer and more .atensive relationships between Manufacturing,
Quality, and Engineering technologists than has been typical in the past. A
centra.ised area equipped with a broad complement of part test equipment for
screening, PC board fabrication, and subsequent environmental test verification
is necessaiy. Personnel staffing of individuals thoroughly versed in the af-
focted technologies is vital since practical decisions and actions must be made
and implemented quickly.

The contractor knows (or will quickly learn) hov to manufacture an assembly at
the loweet possible cset for a fixed price that will reliably perform as required.
The following ideas are suggested for further evaluation:

&, Minimize piece part documentation cont:ols required by military contracts.

t. Allov purchase of commercial type parts to minimal functional and environ-
mental requirements and documentaticn.

¢, Minimize costly receiving inspection and acceptance testing on the part
level.

d. Develop more cost effective manufacturing processee and controls.

e. Provide more knowledgeable and experienced personnel to the assembly line
to perform tests and quality inspections.

f. Assign qualified engineers to be accessible to evaluate and correct any
problem recognized by the testing or inspection personnel.

g. Customer should place emphasis on accepting product on the printed circuit
or replaceable assembly level.

h. Por maximum benefit, a dollar limit for throvaway level has to be estab-
1ished for individual programs based on technology, complexity, and total
quantities.

These objectives will require breaking away from habitual practices of relying
on detailed part specifications to provide assurance of a product suitable for
the application. They will also require careful, technically mature, and prac-
tical judgment of the design application need prior to and during the breadboard
stage as vell as in fabrication of deliverable products. Product grade level
selections equivalent to JAN-TX or MIL-M-38510 will not be avoided if they are
purchasable at an affordable price but need not be specified for a given design.
Some savings in documentation cost are forecastable from simpler specifications
and process documentation but these are nonrecurring.

To compare expected cost savings on a typical assembly the following matrix is

Recurring Cost Matrix

This matrix depicts an electronic assembly using 10 IC circuits, 10 resistors, and
7 capacitors.

Industrial Military

(10) 54164 Type IC's (5.50 ea) $£5.00 (25.00 ea) $250.00
(10) RCR's Resistors (0.03 ea) 0.30 (0.04 ea) 0.40
(6) Ceramic CAP (0.13 ea) 0.78 (16.00 ea) 0.96
(1) TANT CAP (0.30 ea) 0.30 (0.35 ea) 0.35
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Industrial Military

Trouble shoot/test and 80 percent yield 90 percent yield

repair assemblies $7.00 $3.50
Per Assembly $63.38 $255.21
(1000) Total Cost $63,380 $255,210

The matrix does not include items that would have approximately the same cost such as lot
acceptance testing, assembly fabrication, staging of parts, and stocking of parts.

Basis for Calculations
1. Manufacturing time for working hour = $15.00 hours.
2. Cost to repair and retest failed assemblies = $35.00.

3. 1000 Electronic assemblies to be fabricated.

Title: Improved Selection/Applicati.n of Nuclear Hard Semiconductors

System/Panel Area/Component: SPRINT Missile System/Guidance Systems/Semiconductors

Problem: Electronic parts are the major cost driver in guidance system design. Semi-
conducrcrs are the major electronic part cost element. Nuclear hardened semiconductors
are significantly more costly than commerical equivalents by factors which frequeutly
exceed 20:1.

Economy of scale factors are continuing to drive the cost of military electronic parts
higher. 1In particular, upward cost trends for semiconductors can be expected to reflect
steadily decreasing trend ratios of military/commercial product mixes experienced in the
past decade by parc¢ manufacturers. Those design applications requiring nuclear hardness
are the most severely impacted since the nuclear characterized parts are an even smaller
fraction of the total military part product business and consequently, bear the risk of
unavailability for both development and production quantity buys as well as the cost
premium associated with technological obsolescence and sporadic development quantity pur-
chases. Recently, such problems have adversely impacted costs for a major DoD program.(5).

Proposed Solution: Conventional solutions to this problem such as captive production
lines, clean room assembly areas, precisely specified part selections, etc. have one com-
mon feature - high cost. However, Lhe manufacturing technology of the 1980's will con-
tinue to require effective part control, reliability and affordable cost. Achievable
improvements are dependent upon realistically appraising the response of the parts in-
dustry to the major trends of the marketplace and developing cost effective internal
techniques for providing che needed part control. This proposed manufac.uring technology
project impacts the highest cost factor of the highest element of part cost for some
military design applications - nuclear hardness. In essence a methodology and pilot
equipment configuration is proposed which will provide a cost effective screen and/or
characterization test procedure for handling a moderate to large volume of semiconduc-
tors. The inherent feasibility of this approach has been demonstrated for small part
quantities. Therefore this proposed manufacturing technology project is focused on mak-
ing an effective transition of the technique to larger quantities on a systematic pro-
duction line basis.

A key feature to the success of the concept is a cost effective and proven method
for assessing piece part suitability in the nuclear environment of interest. Dependent
on program design requirements, EMP, neutron damage, prompt gamma burnout or total gamma
dose degradation may be the key performance parameters which require test verification.
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Conventional methods of screening for the critical environment are costly and time con-
suming. Typical present methods of screening use either single channel (high speed) os-
cilloscope photography, single channel data recording or multi-channel recorders. All
these methods furnish data which requires further processing to evaluate pass/fail deci-
sion parametric values.

Martin Marietta Aerospace studies of this problem for several years have led to the
development of a more cost effective test unit to provide necessary decision block inter-
face data. A method of multiple channel data acquisition and analysis in real time has
been successfully demonstrated which significantly effects the cost of providing discrete
part nuclear hardness assurance. Additional information which describes the technique
and present test equipment is attached.

Project Cost and Duration: Estimated costs are as follows:

Purchase parts and materials $10,000

Part characterization test, irradiation and post irradiation 34,000
test (includes some outside irradiation facility rental cost)

Analysis of data and report preparation 12,000

Follow-on application of improved technijues to develop 12,000
test hardware

Preparation of detailed final report 10,000

Total $78,000

Estimated project duration is 12 months.

Benefits: Potential benefits to be derived are a new generation of test fixtures which
will enable pass/fail decisions in real time and provide a permanent rccord of device
operation history as described in the attachment.

1. An initial reduction of $3.00/device screened (based on costs of polaroid film
lease equipment and manpower to reduce data) through systematic use of the
described techniques.

2. 30 percent reduction in records retention and retrieval cost.

3. A potential additional reduction of $3.00/device screened resulting from test
optimization of equipment to increase throughput.

4. Fixture standardization which assures that each part screened is subjected to
identical predetermined stresses.

5. Increased availability of consistent quality parts because suppliers to the
specification can understand the methods, procedures, and fixtures instead of
suspecting the screen techniques are inconsistent and arbitrary.

Development and verification of the productionized ver~ion technique will potentially
lower the net cost of nuclear bard semicoanductors by 30 percent. This equates t> a 10 per-
cent reduction in guidance system cost where nuclear hardness is required.

Assumptions: The potential benefits are predicated on design applications which require

high rel, nuclear hard parts within the discipline of a development philosophy which
requires that all tactical recuirements be approached concurrently.
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Data Acquisition System

Economical data acquisition is accomplished by utilizing a computer controlled single-
shot analog to digital converter, programmable multiplexer, fast RAM storage, and a digital
demultiplexer. The system 18 shown in block form in Figure 1 with a photograph of the
complete system in Figure 2. The system organization simulates 1, 2, 4, or 8 dual gun
oscilloscopes. The selection or channel assignment depends on the type of data to be
analyzed, the time rate of response and the spectral characteristics of the environmental
simulator.

INPUT BUFFERS

&1 IaaLoG ke
al Jro 21 Lo2a x 12 2's DIGITAL
& F™DIGITAL a RAM 16MHz [ ] COMPLEMENT et o0
=1 Jeonverer S CONVERSION
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————e! D
CONTROL
LoGIC
TYPICAL INPUT BUFFER
A AR
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LINE PRINTER o coweuter || 170
0SCILLOSCOPE INTERFACE [*] BUFFER
508 VDU STORAGE
i
50 s

Figure 1. Data Acquisition System Block Diagram

Figure 2. Nuclear Test Data
Acquisition System
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The data output may be displayed on an oscilloscope, a video display unit, teletype~-
writer, or line printer. All data is stored on magnetic tape in engineering units for
finish formatting after test is completed. Figure 3 shows ~» typical data pulse printout.
This data is for a prompt gamma linac screen of PIN gamma detectcr diodes. The first row
is a printout of dosimetry, rows 2 through 4 are the PIN responses and row 5 the cumulative
data output summary including mean and deviation. This data is available on an ASR 33 TTY
within one minute of the data pulse. The test throughput rate, including permanent data
storage is one linac pulse/minute. This testing was done in parallel with present oscil-
loscope acquisition methods where two men operated two Tektronix 556 oscilloscopes (lease
cost $220/week) and annotated Polaroid film ($165/case). The data system requires one
man plus ten reels of 4 inch mag tape/week ($12/reel). The differential devices test cost
is $3.00.

SET DOSE RATE PULSE WIDTH

+11, +0.]135417E+0€€ +0.799999E-¢06 DOSIMETRY MEASUREMENT
+11, -0.251923E+000 +02.799999E-206 TEST DEVICE #1

+1i, =-0.239423E+000 +0.533333E-0¢¢ TEST DEVICE #2

+11, =-9.283654E+000 +0.799999E-¢@6 TEST DEVICE #3

+36, -0.272344E+000 +0.433810QE-@21  CUMULATIVE DISTRIBUTION

}

MEAN STGMA

Figure 3. Typical Data Pulse Printout

This system will operate on ncutron data in the same manner. The important difference
is that the pulse time in a reactor 1s one pulse/hour such that all prior data is completely
organized and formatted between reactor pulses rather than summarized.

This system will perform detailed neutron circuitry characterization in a similar man-
ner. The important difference is that the typical pulse time from a reactor is one 50 us
pulse/hour. Therefore, all prior data may be completely organized and formatted between
reactor pulses rather than summarized for subsequent analysis. This eliminates one or more
weeks of turn around time for subsequent data evaluation and possible retest of a modified
circuitry configuration. Using this system it 1s possible to obtain a neutron circuitry
characterization, summarize and evaluate the data, make exploratory circuitry modifications,
and verify the performance of the altered circuitry configuration within the time availa-
bility of the next neutro: pulse. The potential reduction in system development and ac-
quisition costs are substantial.

The system is ruggedized for complete air or truck transportability and operates on
one phase, 20 ampere service.

The complete success of this unit indicates that substantial savings can be achieved

in multi-channel, single-shot or repetitive testing and further development of this tech-
nology is warranted.

Title: Development of semi-automatic testing techniques for acceptance testing of Inertial
Sensor Assemblies.

System/Pane’ Area/Component: Missile/Guidance/Electronics Inertiai Sensor Assemblies (ISA's)

Problem: A major cost factor for ISA's is the 24 to 36 hours of testing on each assembly
at final acceptance. Each gyro (3) and accelerometer (3) is tested by conventional means
on a centrifuge and rate table. This procedure is time consuming since the tables must be
accurately adjusted for rate/RPM and the data recorded manually. The ISA must also be
reposi.loned six times on the centrifuge and three times on the rate table.
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Proposed Solution: Develop and evaluate a mechanical fixture capable of being repositioned
automatically into many different precise locations remotely by the operator. The follow-
ing factors would be evaluated and combined to determine the overall cost savings from
implementing this approach.

Servo type drive system - electrical pneumatic, screw, piston, etc.
Positien locking device - pin, ciamp, wedge, electrical, pneumatic, etc.
Fixture material - aluminum, steel, magnesium, cast.

Producibility - tolerance study, fabrication techniques, calibration.

Interchangeability - shock machine, rate tables, centrifuge table, vibration machine
(evaluation of environments fixturing will be subjected to).

Positioning - specified positions, randem or seyuenced, infinite on demand.
Sub-fixturing - premounting of unit under test prior to submittal to test area.

Physical characteristics - weight, size and center of gravity considerations versus
environmental applications.

Develop plan for automating all mechanical and electrical functions: input stimuli, out-
put monitoring and decision making, autoratic programming of rate table, centrifuge rpm,
and sequencing of Tixture positioning through use of a mini-computer and software.

Piroject Cost and Duration: Estimated costs are as fcllows:

Design engineering $90, 000
Engineering sketches 10,000
Engineering fixtures, fabrication 20,000
Engineering electronic test equipment, fabrication 20,000
Final report 10,000
Total $150,000
Material:
Mini-computer PDP-11/05 $4,312
Teletype 1,620
Interface components 316
Connectors 80
Standard accelerometer 700
Total $7,028
Total manpower $150,000
Total material 7.0%&
Total project cost $157,028

Estimated project duration is 12 months.

Benefits: Test time can be reduced by 16 to 24 hours per unit or approximately 5 per-
cent of .est labor effort. Less skilled personnel may be used as test operators. Test
resul’ . will be more accurate and reliable, eliminating human judgment and error. This
ea'.a.es tn a guldance system cost improvement of 5.0 percent.

Assumptions: Representative (SAM-D, SPRINT) ISA's are available for evaluation during

this project. SPRINT and SAM-D Manual ISA Test Stations are available for use on this
project.
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Title: Exploration of CAD/CAM Automated Assembly of Film Hybrid Microcircuits

System/Session Area/Component: SPRINT/Guidance Electronics/Hybrid Microcircuits

Problem: Usage of selected hybrid microcircuits is potentially cost effective in many
future electronic system designs. In particular, such circuitry offers the potential for
design adaptation of readily available standardized circuitry elements in chip form to the
unique requirements of a single system. A customized hybrid microcircv t which performs
needed additional signal processing while avoiding a completely new circuit combination
for. one or more Printed Wiring Boards (PWB8) offers potential economies for production of
the limited development hardware quantities. Frequently, once the development design is
verified it is not cost effective to re-modify for optimization of the ultimate production
cost for an additional first run production quantity. Additional background information
is attached.

Solution: Appraise and cost the factors which should be assessed in initial design of a
hybrid microcircuit which will minimize the constraints on cost effective production of
volume quantities. Prepare a set of design guidelines which encompass these factors and
fulfill a necessary preliminary step to effective integration of CAD/CAM technology. The
logical step which follows is application and perfection of the resulting techniques to
an existing design application. The basic objective of this manufacturing technology pro-
ject is to o-ganize, systematize, and document the essential considerations in practicing
what is sometimes called KIS (KEEP IT SIMPLE) in the initial microcircuit design applica-
tion.(6.) Existing CAD technology will be applied to optimize essential cost/performance
parameters such as tolerance, sensitivity, resister ratios, and power dissipation, into a
CAM integrated design which optimizes layout, interconnect and crossover topology, proc-
esses, and circuit element selection.

Project Cost and Duration: Estimated costs are as follows:

Material $10,000

Development of model guidelines (fabricate 50,000
a selected microcircuit)

Tooling 5,000

Total $65,000

Estimated project duration is 6 months.

Benefits: Our exverience indicates this technique can potentially improve guidance system
cost by at least 3.0 percent. Cost reductions will result from the design simplifications
and optimizations achieved by harnessing computer capability to perform the multiple calcu-
lations involved in ordering and summarizing the separate cost/performance impacts of param-
eters and circuit element selection options. Potential savings are higher for many elec-
tronics systems.

Assumptions: There will be a significant number of cost effective opportunities for future
use of hybrid microcircuits.

BACKGROUND

Fabrication and Assembly of Thick Film Hybrid Microcircuits

Definition of Problem and Manufacturing Counstraints - Present hybrid circuit designs
require eutectic attachment of capacitor chips and active semiconductor devices to thick
film circuits which are subsequently soldered to metal package headers and hermetically
sealed. While these hybrid circuits meet stringent SPRINT specifications, they require
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ROTARY-HEAD LASER STRIPPER IMPROVES
REMOVAL OF HIGH-TEMPFRATURE-RESISTANT
WIRE INSULATION

Laser stripping of wire insulation has
eliminated the problem of nicked or cut
conductors, often associsted with mechanical
stripping methods. However, conventional
laser stripping machines employ a fixed laser
beam and require turning the wire to expose
the entire circumference to the laser. This
involves mechanical complexity and can be a
problem with some wire configurations (e.g.,
excessive length).

To eliminate the necessity to turn the
wire, Martin Manetta’s Orlando Division has
built a prototype of a patented laser stripper
with a rotary laser head, employing a 50-watt
CO; laser to burn off high-temperature-
resistant insulation. Limited tests on 20 types
of wires have produced consistent results. The
machine strips both single and twisted
multiconductor wires having spiral or braided
shield. Insulation material in the tests
included flourocarbons, FEP, PTFE, polyi-
mides, and fiber glass. The processed wires
exhibited no detrimental charring or pitting
of the insulation and no damage to shields or
conductors.

In virtually all cases, the laser beam
produced clean cuts in the pnmary insulation
with little or no fraying. The insulated and
shielded wires that are especially difficult to
strip by mechanical or conventional thermal
means (those with polyimide and fiber glass
insulations) appear prime candidates for CO>
laser stripping with the rotary head machine.

Specifically, the eight wire types identilied in
the table have excellent characteristics for use
with Martin Marietta’s laser stripper. For tests
with these wires, laser focus was held constant
and the CO7 laser was operated at 20 watts.
The rotary head speed and exposure time
were varied to accommodate the different
shield types and insulation thicknesses.

In its present dsvelopmental configura-
tion, with the range of head rotation speed
limited, the machine has restricted versatility.
For longitudinal cuts, the operator manually
pulls the wire past the laser head, which is
fixed for this operation. In tests, longitudinal
cutting has caused slight discoloration of the
wire jacket at braid openings.

The prototype could be applied to
production with moderate additional develop-
ment. The rotary head concept is proved;
however, additional features such as auto-
inatic control of timing, shutter operation,
lens focus, and longitudinal feed and faster
rotary head speeds could be required for a
productioncapable rotary-head laser wire
stripping machine.

As the heat resistance of wire insulation
materials increases, so does the applicability
of laser wire stripping. Martin Marietta’s
rotary-head wire stripper, optimized and with
production control features added, will solve
an increasingly severe proolem
preparation.

in wire
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S Head
Speed
Wire Type Mil Spec Insulation Type (seconds) (rpm} Result
m- conductor, MPD-1098° Polytetrafiouro- H 50 No marks on
shisld ethylene/coated tr.ket under
glan rald
NAS-702 Nylon over PVC 1 100 No markson
tape resin gke' ander
7]
Single conductor, MIL-W-5080/1 Nylon over glass 30 10 Thick insulstion
no shield {ber braid over slight char
nylon
Single conductor MIL-W-22759/2 | TFE & TFE coated 4 50 No marks on
glass over flouro- conductor
polymer
Twisted pair, MIL-C-27500 Extruded clear L 30 No marks on
braid shield nylon conductor
3-wires twisted, 11181014 Clear nylon 3 100 No marks on jacket/
braid shield Sp. MILP-20693 some under braid
ypelll, Grade E
Solid coaxial, MILC-1701/60 | PVC Polythylene 3 100 Clean cut
double braid synthetic rubber no marks
shield glass on teflon
Single conductor, MIL-W-22759/2 Flouropol]!mcr 5 100 No marks on wire
no shield insulated TFE &
TFE coated glass
Single conductor, 11199791 Polyimide film N 100 No marks on wire
twisted shield and FEP tape
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costly production methods not adaptable to high rate production. Moreover, they require
special substrate configuration and hand assembly, are difficult to rework, and can be
contaminated with flux during soldering which requires an extensive cleaning operation.

The application of known manufacturing processes and testing of functional circuits
fabricared with these processes to prove their application can solve this problem, leading
to producible designs and lower cost in production.

1. Objectives and Benefits - Determine cost effective assembly methods for hybrid
circuits and provide test data which will verify application of these methods in meeting
system specifications. Some prccesses to be investigated are listed below.

1 Elimination of substrates with holes and use of multiple image printing with
laser scribe and break.

2 Use of silver and/or gold epoxy for chip capacitor and die attachment to sub-
strate.

3 Use of ultrasonic high speed gold wire ball bonding to replace present thermo
compression pulse bonding.

4 Elimination of solder and flux inside package when using hermetically sealed
metal package (replace with epoxy and wire bond).

S In-process test and rework prior to header attach (assembly of expensive header
package).

6 Replacement of present metal hermetic package with ceramic package with soldered

lead frame, parylene coating, and transfer molded plastic body or with non-
hermetic epoxy attach ceramic 1id.

These new techniques and processes can reduce hybrid costs by 25 percent and result
in producibility design guidelines for implementation in other programs. A further cost
reduction of 10 percent may be realized by potential use of an all plastic hermetic pack-
aging concept.

2. Description of Work -~ A two part program is proposed to investigate new processes
which are applicable to the present hermetic package and to investigate the use of ceramic
packages or hermetic plastic molded packages.

Processes

1 Multiple image printing, laser scribe, and break.

2 Epoxy screen printing for component attach, material selection, bond strength,
screenability, rework ability, curing, and handling.

3 Attachment of capacitors, active die, and other chip components.

4 Bond line (visual) criteria, bond strength, reliability, temperature aging.

S5 High speed ultrasonic ball bonding, full strength, compatibility with epoxy
bonded devices, and elimination of 100 percent ND wire pull testing.

6 Substrate to header attach and interconnect.

1 Test for part life cycle without deterioration or degradation when using new
materials and processes.
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Packaging

1 Use of ceramic header with soldered on lead frame, materials, solderability,
interaction with other material, components, and processes.

2 Parylene coating for moisture barrier and protection of components when using
non-hermetic package.
3 All plastic package - material selection, transfer molding.

4 Test for part life cycle without deterioration or degradation.
Title: Manufacturing Process for Producing Military Approved Printed Wiring Boards
Utilizing the Semi-Additive Technique.

System/Panel Arec/Component: Defense Missile Systems/Guidance Control and Launch/Printed
Wiring Boards (PWB).

Problem: Present Military Specifications preclude the use of a cost saving semi-additive
or Thin Copper Foil (TCF) technique for fabrication of PWBs for military systems. <(hang-
ing existing specifications and writing new ones, where necessary, could result ja consid-
erable savings for the military since PWBs often represent 30-50 percent of guidance sub-
system base labor cost, and can also improve pollution abatement. This process would

develop technology for higher density packaging, finei line widths, and improved spacings.

Proposed Solution: This project will enhance the processing techniques required to meet
demanding high density packaging requirements and reduce the amount of undesirable effluents.
It will require the design, fabrication, installation, and checkout of a pilot line. Test
specimen fabrication and test data accumulation would be useable as a prime back-up element
for Military Specification changes. Some of the more detailed task descriptions are:

1 Determine affected specifications and to what degree.

2 Evaluate the process capability for producing laminations without foil pin holes.

3 Establish test requirements and perform same.

4 Establish process controls.

3 Develop automatic techniques with adaptive controls.

6 Identify Military Specifications changes needed to accommodate the semi-additive
technique.

2 Write new specific.tion drafts.

8 Obtain specification approvals.

Project Cost and Duration: Estimated costs are as follows:

Pilot line design $22,400
Pilot line construction - tank facilities 144,800
Pilot line sutomation ~ equipment and controls 112,000
Materials 5,000
Engineering support and technical data 112,000
Specification approval 56,000
Total $452,200

Estimated duration of the project is 24 months.
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Benefits: Expected benefits to be derived from this project are a reduction in recurring
hardware costs for all PWBs produced for the military and the improvement of pollution
abatement. Cost reductions are as follows:

Reduction in drilling costs 20 percent

Reduction in etching costs 80 percent

Total reduction of a PWB preparation cost 30 percent
This equates to a 2 percent reduction in guidance system cost.

Assumptions: That all branches of the military will be receptive to a common specification.

Title: Improved Production Techniques for Multilayer Rigid-Flox Printed Circuit Assemblies

System/Session Area/Component: Missile/Electronic Controls’Elecironics

Problem: Multilayer (M/L) rigid-flex circuits are effective means of providing the complex
interconnections needed for high density advanced design electronic assemblies. Present
day techniques and tooling employing bencih operations for tiicir manufacture are expensi-e
and more auvtomated lower cost concepte are required.

Procedurrs, tooling, and bench operations are used to laminate, solder, and trim M/L
rigid-flex circuits. The following process requirements exemplify the problem areas in
their fabrication wnich require more mechanization:

Problem Areas:

1 Etching thin film laminates.

2 Selective cutouts of prepreg fabric.

3 Bonding of copper to flexible H-film.

4 Curing of M/L laminated circuits.

S5 Drilling, plating, and verification of thru-hole connections and circuits.
6 Cucouts of M/L printed circuft board laminates and flexible H-film.

ya Skiving of flexible H-film for soldering branch circuit pads.

8 Soldering of M/L rigid-flex assemblies.

Proposed Solution: 1uii> project would center on development of new manufacturing techni-
ques, low cost *ooling concepts, mechanized procedures susceptible to automation and
producibility guidelines for production improvements in processing M/L rigid-flex assem-
blies. Present manual, bency type methods will be replaced with techniques which are
inherently less costly by one or two orders of magnitude. The following actions are
proposed:

1 Technical Survey on M/L Rigid-Flex Applications.

2 Design Process and Tooling Improvements (standardization).
3 Prepare Cost Trade-off Analyses.

4 Pilot Production of Work Samples.

3 Prepare Producibility/Design Guidelines.
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Project Cost and Duration:

[3 Technical Demonsiration of Automation.

7 Issue Project Documentation/Reports.

Estimated costs are as follows:

Manufacturing and Engineering effort in information
collection, design, and checkout of new techniques

Tooling
Material
Travel

Total

Estimated project duration is 14 wouths.

Benefits:

This equates to a guidance system cost reduction of 1.8 percent.

Assumptions:

$§112,000

14,000
6,000
1,000

$133,000

Estimated reduction in Manufacturing and Quality labor costs of rigid

flex assemblies - 80 percent.

Title: Coaxial Cable Fabrication

System/Panel Area/Component:

Problem:
driver for the aerospace industry.
problems in achieving consistent VSWR standards.

Proposed Solution:

length and perform all end-trimming operations.

Missile-GSE/Networks Cables

Benefits to be derived are a reduction in recurring hardware costs as follows:

That utilization of rigid-flex packaging techniques will continue to be
needed in the manufacturing technology applications of the 1980's.

Termination of flexible semi-rigid Coaxial Cables represents a significant cost
The cost impact stems from fabrication and operating

Automatic equipment needs to be designed to cut coax cables to correct
Following these operations the cables

should have end terminations automatically installed by crimping, swaging, or induction or

resistance soldering.
coaxial cables.

ment.

bility and error free performance.

Project Cost and Duration:

These techniques will require a new family of interconnections for
During research on this problem, possible use of lasers will be explored

means to trim and strip cables. Currently, an experimental laser stripper equipped
with a rotary cutting head shows considerable promise as replacement for mechanical equip-
Laser application in cable preparation will help enhance the reliability of the
product and reduce its cost since the machine will be programmed for consistent repeata-

Review present type of coax cables

Survey existing automatic equipment for
possible use

Design new interconnections

Material costs

Fabricate samples (soft tools)

Test samples

Tradeoff studies (fab cost)

Design special purpose equipment

Determine implementation cost

Final report

Total

Estimated project duration is 30 months.
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Estimated costs are as follows:

$ 15,000
15,000

100,000
10,000
20,000
20,000
20,000

200,000
20,000
20,000

$440,000

A description of the laser stripper is attached.



Benefits: The benefits derived from this yr~3ect are the reduction in rework and the re-
sulting lowering of recurring labor cost and material savings. Present procedures rerult
in 30-50 percent rework, material waste, and excessive touch labor costs.

Reduction in recurring cable labor 50 percent
Reduction in cable material costs 50 percent
Reduction in cable reject and rework 85 percent
Overall reduction in cable cost 33 percent

This equates to a 1.7 percent reduction in guidance system cost.

Assumptions: The cost raductions indicated apply to the fabrication of large quantities
(10,000 and above) of coaxial cables and can be applied to any weapon system.

Title: Adjusting Star Value Resistors* by Thick Film Laser Trimming Techniques

System/Panel Area/Component: SPRINT/Electronics Controls/Star Value Resistors

Problem: The costly and time consuming requirement for electronic output balancing of the
SPRINT autopilot, the MCS, and the DMCS has proven to be a major cost driving factor
throughout the development of these subsystems. Since the flight environment prohibits

the use of potentiometers, or other adjustment devices, close-tolerance fixed-value resis-
tors are selected during test to meet precise system balance requirements. In some cases,
where balance 1s quite critical, resistors are installed in series to derive required values.

Since Star Value Resistors cannot be selected from existing stocks, but rather, must
be ordered in sets to assure star value balancing, a large inventory of high cost, close-
tolerance parts is maintained for each test operation throughout the life of the prograc.
This, in turn, calls for procurement of resistor sets repre=enting the probable balance
selection ranges for each test application. When used, however, only one resistor from
each set is applicable. This condition entails significant component cost, which, coupled
with the added and more significant labor cost involved in the selection, installation,
and inspection of each application, represents a sizable factor for each guidance package.

Proposed Solution: Existing commercial tecinology for laser trimming of thick film cir-
cuits can be upgraded to meet the stringent 2nvironmental requirements of the missile
electronics system. Laser trimming wouid eliminate at least three costly hand operations
plus the waste invclved in a requirement to purchase and maintain relatively large stocks
of surplus resistor sets-
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Project Cost and Duration:

Resistor Network Design and Packaging (approx. 6) $ 26,000

Equipment and Tooling 20,000
Automatic Test Program 16,000
Engineering Support and Data 72,000
Autumatic Packaging 60,000
Total $194,000

Estimated duration of the project is 18 months.

Benefits: Overall cost reduction can be realized in the assembly, test, and star value
resistor selection. The major cost reduction will be in recurring operations. Cost of
thick film resistor elements will almost balance the costs involved in discrete resistor
acquisition.

Reduction in recurring labor is approximately 11 percent per system. This equates
to a 1.1 percent reduction in guidance system cost.

Asgsumptions: The above benefits are based on the assumption that automatic methods will
replace manual operations, and that it will be possible to automate all testing and
selection of resistor values and include this function in the overall module test program.
An additional assumption is that presently developed potentiometers which can be set and
locked are not a viable replacement for star value R's.

*Star Value Resistor - a component whose value can be determined only by testing
the module, and is selected to meet certain functional requirements.
Title: Elimination of Connectors and Reduction of Interconnections

System/Panel Area/Component: Missile/Electronic Controls/Connectors

Problem: The use of connectors for round-to-round, flat-to-flat, and flat-to-round con-
tacts often encounters problems because of hardware availability, hardware cost, and sys-
tem reliability. A standard connection typically requires a minimum of three intercon-
nection actions to achieve electrical continuity between two electrical conductors.

Proposed Solution: Elimination of connectors or reduction of the interconnection labor
required to join electrical conductor male/female members to each other by effecting only
one interconnection instead of the usual three. Joining methods to be developed will be
both reversible and non-reversible. Non-reversible interconnections may still be broken
by removal of 1/8 inch interconnection area and repreparing adjoining conductor ends for
reconnection. Preliminary investigations of this technique are encouraging.

Where testing or preassembly requires multiple disconnects, a temporary mechanical
interconnection can be made. Upon final assembly, the desired reversible or non-reversible
direct conductor to conductor interconnection is performed.

Interconnections can be made by mechanical, soldering, or metallurgical hand proce-
dures singly or in combination.

Projected Cost and Duration: Estimated coets are as follows:

Manpower requirements $165,000
Facilities 20,000
Engineering support 20,000
Total $205,000

Estimated duration of project is 24 months.
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Benefits: Benefits to be derived from this project will be reduced cost for the fabrica-
tion of the Electronics modules and other interconnections labor by approximately 70 per-
cent. This equates to an overall guidance system cost reduction of approximately 1.2
percent. At this time material costs appear to be comparable for both techniques.

Assumption: The presently conceived and demonstrated interconnection philosophy can be
readily advanced to be production worthy and cost effective.

Title: Functional Examination Measures for Optimizing Production Inspection of Electronic
Assemblies

System/Panel Area/Component: Missiles/Electronic Controls/Printed Wiring Board Assemblies

Problem: Visual inspection cost and subsequent cost of reworking rejects by touch-up
operations on Printed Wiring Board (PWB) assemblies are two major cost drivers in missile
production. Visual inspections which require variances in appearance and subsequent
classification as production rejects requiring component replacement or touch-up are due
to scratches or pin holes in conductors, spots in plating, shape of solder fillets,
measling spots in laminate, and other anomalies.

Specifications for missile electronic controls, MIL-S-45743 and MIL-S-46844A (MI),
identify appearance features requiring visual inspection. Quality records accumulated
during the production of the SPRINT system have proven that visual inspection to meet
these MIL-Specifications for appearance requirements cause rework and are less effective
in discovering discrepancies than electrical (environmental) functional testing. Visual
inspection without instrument measurement is not effective for microcircuits or in detect-
ing latent component failures.

Proposed Solution: A functional test procedure for electronic assemblies is proposed to
detect or induce latent failures as a fault screening system for appearance anomalies

that are costly to change. Optimized production imspection cost and reduced touch-up
costs will be achieved by extending present experience in production environmental testing
(PET) systems to a limited environmental testing (LET) procedure for checking of produc-
tion anomalies and verification of functioual acceptance. In many cases a simple thermal
fatigue test will locate latent defects readily.

Using selected electronic PWB assemblies from SPRINT and similar missile control
systems, the following comparison will be made to compare PET and LET test methods:

L]

Thermal shock at selected levels of time-temperature exposure rates.

2 Vibration at selected ranges of amplitudes and frequencies for cycle-duration
exposure rates.

Project Cost and Duration:

Engineering design $ 30,000
Manufacturing tests 150,000
Test tooling 20,000
Test evaluations and reports 10,000
Total $210,000

Estimated duration o the project is 18 months.

Benefits: The selected functional test (PET versus LET) procedure will provide the fol-
lowing benefits:
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This

a.)

2.)

3.

4.)

s.)
6.)

Reduction in rework costs 6 percent of electronics assembly cost
Reduction in inspection costs 3 percent of electronics assembly cost
Net reduction 9 percent of cost of electronic system

assembly cost for each missile.

equates to a 0.6 percent reduction in guidance system cost.

REFZRENCES
H. P. Gates, Jr., et al, "Electrnnics-X: A Study of Military Electronics with
Particular Emphasis on Cost and Reliability," Report R-195, Institute for Defense
Analysis, Science and Technology Division, Volume 2, p 290, January 1974

"New Tri-Metal Process Brings Hemeticity to Plastic-Packaged IC's," Electronics,
May 1, 1975, p 29-30

"Design to Cost Policy,” AMC Guide: Design to Unit Production Cost, December
1974, p 67

Bill Coker, "IC Testing Economics - In-House versus External Testing Services,"
Evaluation Engineering - July/August 1975, p 26-27

"Now the Trident Plagues Lockheed," Business Week, May 5, 1975, p 42

Rictiard Snyder, "Ten Poin.s to Optimize Your Hybrid Circuit Specifications,"
EDN, June 5, 1975, pp 29-35.
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IMPROVED HAWK MISSILE CUIDANCE MANUFPACTURING TECHNOLOGY PROJECTS

€. L. Kritter
Raytheon Company

Andover, Massachusetts 01810

Improved HAWK ie a mobile surface-to-air missile system deployed by the
U. S. Army. The Improved HAWK program modifies the existing Basic HAWK
system by providing a new missile, an automatic data processor, and modifica-
tions to ground support equipment. The program is in the production phase
at this time.

The purpose of this paper is to discuss current manufacturing technology
associated with the missile guidance section and present some proposed pro-
duction technology improvement studies which have the potential benefits of
increar:d veliability and lower cost.

Figure 1 shows the Improved HAWK guidance and control group. The
guidance section component parts are solid state and «re designed for fast
start capability so that these components are dormant until the missile 1is
commanded to launch. Since the missile is not required to operate until
launch, field test and repair are not required. The missiles are accepted
in lots of 300 to 500 based on flight testing. This acceptance program
coupled with the no field test or repair feature results in a certified
round missile.

Matufacturing, lot acceptance, the repairs resulting from sample tests,
rebuild and training are the significant cost drivers associated with the
guidance section.

The elements which contribute to the cost of manufacture are defined
in the matrix in Table 1. Areas vhere a manufacturing technology project
discussed in thie paper could result in significant cost reductions are
circied in Table 1.

Lot acceptance requires that missiles be flown and a specific number
of reliability and lethality successes must occur. As previously stated
a lot contains from 300 to 500 missiles of a fixed configuration and can be
accepted with as few as six flights or as many as twenty flights. The
acceptance program can cost from 6.6 to 202 of the guidance package cost
and is directly related to reliability.

After missile deployment, readiness is verified by testing 10X of each
lot on an annual basis using a Theater Readiness Monitoring Facility. The
acceptance test equipment in this facility is identical to that used in the
factory. The average repair costs for a missile which fails this test is
equal to 2% of guidance package acquisition cost.

Preceding page blank

133



R0 .

NOILJ3S TOYINOD NV HONVAIND AMVH AIAOHUIWI

o T e Cp———

- . INVISNOD IWIi LOWdOLAY 318V1D413S

T 3¥NO14

*

ALV IIANINYW HOTH

304 NOIL231430° 398V

10¥ING
NOA311.3903 ONITIv A
~SYOLYAIDY DIINVEAAH
s o€
JOLYNLOY -

*

LAVLS ¥DIND

¥IA13D38 ISHIANI

i
&

VNNIINV .QINTYEWIO -~ AVHAY QISVHJ

SOINO¥I2113 31VIS Q105

JqINIIS

.

134



Lo

T 7gvl

h'o ST'0 0 ) ) J=.Mﬁ _ WYV N0
¢'¢ 't 9 5's 52 5'or ST04.407
0'0T or T30V 2 SO¥A9
60 072 8°0 T'0 70 h SNOINVTIZISIH
0'T 2'0 5'0 £'0 0'7 h S311ddNS ¥3M0d
h'T b0 @) T'0 9'T g TV
9'T £°0 6'0 0'2 8T £ | WOINVHOIM Yorvi
't 9'0 €0 €0 L'h [ IAVHOYI I
59 es | @) | €| oa s SIINOYLOTT3
9'T 8'0 T'0 62 9'T . SIWOTVY
1490ddNS | dSNI 3 | Ma@aassv |  avd | T.0wW aw || Tiol
1831 S14vd 2¥nd || 40 ¥

SIOVINIDUId NI SINFWTI1I ONIYRLIVINNVMW

SINFTT3 150D

i

135



O - o Nl B

A continuous training program consisting of Annual Service Practice
(ASP) firings 1is in process. Missile reliability also dictates the number
of rounds expended for training.

Table 2 tabulates the proposed manufacturing technology projects,
including the project cost, expected cost savings, and the cost drivers
addressed by the project. The project cost covers the necessary engineering,
qualification test, and demonstration efforts to prove that the task is
feasible and achieves the efficiencies that are expected on a pilot basis.

The expected cost saving 1s expressed as a percentage of guidance
section cost and is based solely on the application of these advancements
to Improved HAWK production assuming that the production rate remains
constant and that these projects prove feasible within their respective
schedules. It is estimated that guidance section costs could be reduced
by approximately 5% if these projects achieve the efficiencies expected.

Current manufacturing trends show a marked increase in nondestructive
test (NDT) facilitization. Instrument and peripheral sales have increased
at a rate of 10% per year from a $85M sales ino 1970 to a $250M projection
in 1980, Currently over 200 manufacturers produce NDT syst ms, components,
auxiliary equipment and supplies. Economic, technical, regulatory, and
legal factors influence the expansion of this technology. References 1
through 9 detail this trend and the growth of data processing as an adjunct
to nondestructive testing.

The following pages contain the projects and are presented in the
format required for this symposium.

REFERENCES
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Menlo Park, California, February 1970.

(2) "Analytical Instruments," Report No. 477, Stanford Research Institute,
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(3) "Occupational Safety and Health," Report No. 511, Stanford Research
Institute, Menlo Park, California, March 1974,

(4) R. E. Turner, "The Greening of Nondestructive Testing," Quality
Management Engineering, Page 10 - 11, May 1972.

(5) N. S. Beyer and J. F. Stanoba, "Color Kadiography and Monochrome
Conversions," Qualitv Management Engineering, Page 12 - 14, May 1972,

(6) H. R. Clause., "NDE: The New Name of the Game," Iron Age, Page 71 - 76,
July 30, 1970.

(7) "A New Kind of Laser Detective," Business Week, Page 23 and Page 28,
January 12, 1974,
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Page 27 - 28, April 5, 1972.

(9) "A Laser System that Spotu Product Defects,'" Business Week, Page 80 -
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PROJECT #1

Title: Automate X-ray Readout and Provide 3D X-ray Capability

System/session area/component: Improved HAWK/guidance/incoming inspection
and test, in process inspection, missile lot acceptance, and repair and
training after deployment.

Problem: Part and material screening processes were started to eliminate
infant mortality failures during manufacture and deployment. These sacreens
include preconditioning at rated power and high temperature, centrifuge
tests, and X-ray. Semiconductors are preconditioned on a 1002 basis and
other components are preconditioned on a sample basis. Improvements in
automated assembly line efficiency result from these techniques which are
common practice in commercial industry.

Rework costs increase directly with the level of assembly build up so
substandard materials and component parts ideally should be eliminated
prior to use in higher levels of assembly. Rework of failed assemblies
in highly automated manufacturing facilities requires diagnostic equipment
and operators with skills greater than those required on the production
line.

No screening system is 100X effective, and failures do occur in
manufacture, flight acceptance programs, sample electrical test of deployed
missiles, training, and rebuild programs. Costs of flight failures include
the missile, the test range, and flight analysis. Costs of failures during
electrical tests include the cost of missile repair and associated logistic
transportation and handling.

X-ray is a key nondestructive tool in a part/material screening
program and has a tremendous growth potential. The process costs are low
on a per unit basis; permaunent records can be kept for reference; and
operators can be trained easily. The system is fundamentally flexible, and
a new component part type does not require major system changes. Equipment
improvements in other diagnostic fields, such as medicine, are directly
applicable to the X-ray screening process.

X-ray is now limited to a two dimensional format, and is dependent on
che judgement and training of the inspectors.

Six bundred thousand (600,000) components per month are currently
X-rayed for the Improved HAWK program, and all of the results are analyzed
by operators. A high component reject rate still exists in spite of a four
year corrective action program with semiconductor manufacturers.

Figures 1, 2 and 3 show typical failure modes detected by X-ray that
would pass electrical tests but contain inherent failure mechanisms such as
solder balls, poor bonding or foreign material.

Table 3 tabu’~tes the number of potential failures detected by X-ray
during 1975 on a pe. guidance section basis.

X-ray screening is 142 of the cost of component part screening.
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TABLE 3

POTENTIAL FAULTS/
COMPONENT PART TYPE GUIDANCE SECTION
Integrated Circuits 1.6
Diodes 0.7
Transistors 2.8
Other Parts 0.3
TOTAL 5.4

Proposed solution: To improve fault detection efficiency two steps

should be taken. The first step is to automate the analysis of X-ray

results; the second 18 to provide a depth perspective
holographic techniques.

by parallax or

Automated readout would compare the pattern of the device under

analysis with a pattern of an acceptable device using

a small computer and

scanning equipment. This pattern recognition technique has been used in

allied fields such as automated semiconductor bonding.

(10) It is also

feasible tl.at this equipment could evolve so that an intermediate step such

as a radiograph would not be necessary.

Parallax X-ray photography will provide a three dimensional image when

combined with stereo optical techniques. It may also
zone-plate holographic techniques to achieve the same
developed in automated readout can be expanded to add
Component parts frop current production would be used
improved efficiency and fault detection capability.

Profect cost and duration:

A) Automated Readout

be feasible to employ
effect. The softwarec
the third dimension.
to validate the

1. Develop computer readout programs for X-ray analysis

- transistors, diodes, integrated circuits and

capacitors

$180,000

2. Engineering support to run pilot production runs
through automated analysis/compare with manual system 40,000

Estimated project duration is 12 months.

B) Add 3 Dimensional Readout Capability

Total $220,000

1. Develop stereo X-ray techniques for better fault

detection

$305,000

2. Upgrade computer readout to handle stereo X-ray
analysis technique, provide necessary engineering

support to part screening analysis
Estimated project duration is 30 months.

Estimated combined project cost 1is $780,000

255,000
Total §560,000

Benefits: The primary benefit is improved product reliability. Additional

benefits include reduced rework at higher levels of assembly. Improvements
in reliability will also result in reductions in lot acceptance costs,
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training costs and sample test and rebuild repair requirements. These

benefits are estimated to provide the following savings:
Reduction in screening test touch labor 0.05% of guidance package cost
Reduction in rework costs 0.50% of guidance package cost
Reduction in acceptance test costs 0.20% of guidance package cost
Reduction in field repair costs 0.50X of guidance package cost
Tota’ estimated savings 1.252

Assumptions: The number of defects found in component parts will re¢main

constant during this time frame and Improved HAWK production will be
essentially constant. This type of NDT technology will be applicable to
other systems where highly automated manufacturing techniques benefit
markedly from reduced rework activity.
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PROJECT #2
Title: Neutron Bombardment Nondestructive Testing
System/session area/component: Improved HAWK/guidance/inspection and
test.
Problem: Component parts, sealed electromechanical devices, 1ind sealed

one shot devices are frequently contaminated with non-metallic foreign
material.

Flux and lubricants are contaminants in gyros, accelerometers and
potentiometers as well as other solder sealed assemblies. These con-
taminants frequently jam the instrument or result in erratic operation.

If component parts are suspect, destruclive sample tests are usually
necessary and in some cases the lot of material is scrapped because the
extent of contamination is unknown.

Proposed solution: Neutron bombardment can detect organlc contamination

in metal sealed devices. Preliminary tests have shown that two drops of
flux can be detected using present techniques. The source of the neutron
beam i8 a nuclear power plant.

Neutron bombardment strikes the object under test which in turn
impresses a radioactive pattern on indium foil. A film is then exposed to
the gamma and beta rays given off by the indium foil to provide a radio-
graph of the sample. It is also feasible to expose the film directly
through gadolinium foil.

The radiograph will show the organic contamination that exists.
Compounds which contain good neutron scattering materials such as hydrogen,
beryllium, and carbon show up best using this technique.

The project would test components where the common failure mode 1is
caused by organic contamination. Visual aids and enhancement techniques
will be exploied. Pilot computer programs will be developed to determine
whether computer pattern recognition will improve inspection efficiency.

Project cost and duration:

Set up pilot neutron bombardment test station $110,000
Engineering support, sample setup, review, develop

visual aids and enhancement techniques 60,000
Computer software to determine pattern recognition

feasibility 50,000

Total poject cost $220,000

Estimated project duration is 18 months.

Benefits: Better product reliability and reduced rework and scrap at

higher levels of assembly.

Improved reliability will result in reduction in lot acceptance costs,

training costs, and field repair requirements. These benefits are estimatecd

to yield the following savings:
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Reduction in rework and scrap costs 0.15% of guidance section cost
Reduction in acceptance test costs 0.102 of guidance section cost
Reduction in field repair costs 0.202 of guidance section cost
Total estimated savings 0.452
Assumptions: The number of defects found in component parts will remain

constant during the time frame, and Improved HAWK production will be
essentially constant during this feasibility study.
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PROJECT #3

Title: Automatic Deburring Operation

System/session area/component: Improved HAWK/guidance/major mechanical
fabrication

Problem: Fabrication of metal parts requi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>