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// MANUFACTURING TECHNOLOGY STUDY

INTRODUCTION

~~~ 
‘
~ Thi s volume contains a cand idate manufactur i ng technology (MT)

plan for Navy electronics formulated as a resul t of the study
descri bed briefly in Volume I and in detail in Volume III of this report.
The purpose of this vol ume is to give informati on on the aspects of the
prc gram suc h as

~- (Li savings minus investment)_
~~~t — i  0 savings to investment ratio,

• timeframe
Z-~ , applicab le wea pons systems~ ,

‘ (1. • manufacturing cost category of cost savings

on an overall , as wel l as indi vid ual , project basis. ~~
( -

The following general rul es were followed in setting up the
program :

• • Project costs were obtained in present dollars from
fi rms . Implementation cos ts for one production
line were included if appropriate. Further costs
to impl ement at addi tional lines are not included
as it is possible that such activities would not

P be funded out of the Navy MT program.

• Timeframe estimates were obtained in addi tion .
The earl iest any new project was started was FY80.
s ince the FY78 and 79 MT plans are already fai rly
firm. However , if appropriate , sugges tions for

P reprogranining of funds, in FY 79 were Included.

• Project savings , in present val ue dollars , were
estimated from industrial estimates of cost savings
(weighed for technical risk) assuming that the
project was successful .

• Cost savings categories - as developed in Vol . I ,
Table 5a , b, for each project are reported and

• projects are ranked by category.

• Weapons systems of applicability for the projects
are listed , and projects are ranked by the appl i-
cable weapon system of savings impact .

Science Applications, Inc. —
~

— ._ . • -.---• -_ -_-. - • ,  — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



MANUFACTURING TECHNOLOGY STUDY -

Rankings by highest savings minus inves tment are gi ven . Savings to
investment ratio is calculated in addition . A study of the variation of
rank due to changes of the standard interest rates of 10 percent and
annual inflation of 4 percent indicated little sensitivi ty to these
parameters.

LIST OF PROJECTS

The titles of the 101 candidate projects are given in Table 1 in
order of an arbitrary index assigned. More detailed descriptions of each
project are found in Appendix A of Volume III .

PROJECT RATING

Projects were rated by expected savings minus investment and savings
to investment ratio. Table 2 contains a prioritized list by highest net gain.

Projects were evaluated initially on a 4-year procurement cycle
for cos t sav ings , assumi ng both that all projects would be successful , and

• that their savings are applied to all electron i cs in the related class
(e.g., a cost savings for one project in missile electronics is applied at
the end of the project to all missile electronics). This procedure produces

• 
— 

favorabl e returns , and is used uniformly for all projects . In order to
estimate the effect of cutting out projects with lower S/I on savings ,
a sample of 93 projects were studied as to the joint distributions of these
variables . Figure 1 shows the distribution of savings to investment ratio

• (S/I) for a sample of 93 out of 101 projects rated as described . The scale
is linear in project number , but l ogari thmic in S/I. Note a “tail” of low
return projects superimposed on a typical log-normal distribution. If one
cuts all projects wi th an S/I of 3.2 or less (14 projects), the tail

• largely disappears. Figure 2 shows the expected savings (the average of
nominal and risk adjusted) on a similar plot. The dotted lines show the
effect of removal of the 14 projects on the low S/I cri teria. Again this
produces a log-normal distribution , this time in project savings . A cut on
projects S/I 3.2 or less on the set of 101 projects would produce a project
sample of 82 projects. These plots were made wi th Interim project data ,
and the cut was reinvestigated when final report data was available. The

Science Applicatk ns, Inc.
2
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MANUFACTURING TECHNOLOGY STUDY

overall effect of the cut is to increase S/I by abou t 20%. There may be
other reasons for including projects that have a low S/I. One factor may
be large indirect benefits such as lower weight (particularly for missile
and av i oni cs systems).

Projects ranked by highest net gain (gain = savings-investment ) but
savings to investment ratios are listed also in the computer output. These
ratings are based on current best information as of mid FY77 but updates
to p-roject costing due to altered technological risk factors and changed
procurement projections will vary ranking prior to FY80.

PROJECTS RATED BY COST SAVINGS CATEGORIES

f Projects were aggregated i nto the appropriate cost savings category
and suim~arized. The cost categories are those used in Vo l ume I , Table 4a,
b , and printed in the output tn an abbreviated form (Table 3) .  In the out-
put x indicates the Table 4a product cost factor, and y the Table 4b

P process cos t factors .

PROJECT S RATED BY MAJOR WEAPON PROCUREMENT

Lists of the projects rated against major weapons procurements ,
miss i les , aircraft , ships and other electron ics are presented in the
output in format similar to that used previous ly where appropriate
project savings are allocated to specific Navy weapon systems by the NEMTA
program. The following table , Tab le 4 , s hows thi s aflocation. In~many
cases projects are applied to more than one weapons system; however, the 

—

cost for multiple application is not accounted for as it is possible that
the further imp l ementation will not be funded directly by MT funding .

V
PROJECT RECOMMENDATIONS FOR FY 82 to 84

The out-years FY82 to 84 represent an opporturuity for Increased
benefit from manufacturing technology by addressing Indirect costs.
Reduced weight and power consumption and increased reliability affected
by Improvements in manufacture ought to be used as additional criteria
in project selection . Many projects begun In the FY8O-81 timefranie will

r

____________ — Science Applications, Inc. —3
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_________— MANUFACTURING TECHNOLOGY STUDY

niature into effective cost saving mechanisms . able 5 represents a
compe id ium of key technology for costs for the period 1978 to 1990 and
Table 6 lists programs already i dentified in this study that are apparently
responsive to the future projected needs.

Naturally these projects will evo l ve , new technologies will emerge
and procurement priorities will change ; however , at this point in time
(mid 1977) it appears that the candidate Navy MT program does have a future
oriented component that will serve as a framework for the program in the
FY82-84 timeframe.

SUMMARY

A candidate plan has been cutlined involving a number of elements ,
and methods to select orojects have been advanced . Certain projects are
too specialized to be rated versus the broad categories used initially
(Table 3), yet are good candidates when analyzed for specific weapons
procurements (Table 4). if all projects from Table 3 of S/I 2.9 or greater
are included along with projects 28, 44, 60, 75 and 78 which rate well
from Table 4 (specific systems app lication), a present va l ue program of
31.3F1 worth of projects returning between 580 and 825M in savings over a
4—year period is Indicated. The average S/I is 22 with an average project
cost of 401K.

V

Science Applications, Inc.
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MANUFACTURING TECHNOLOGY STUDY
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Table 1

List of Candidate Electronics MT Projects

Proj.No. Title
1 Metal Core PCB
2 Con fo rmal Coating - Moisture Sea l s
3 Group Technology/Parts Classifi cation
4 Cost Savings via Standardi zed Soldering Specifications
5 Smear Free Interconnect Holes - PCB
6 Computer Controlled Pattern Pri nting
7 Automatic Gang Probing of Multilayer Thick Film Substrates
8 Revision of Rework Standards - Hybri d Circuits
9 Vapor Soldering - Automated Assembly
10 Interactive Fault Isolation Software
11 Data Link - Supplier/Assembler
12 Automated Fault Isolation
13 Automated Hybri d Circuit Assembly Justi fication
14 Low Cost Hybri d via Redesign for Manufacturability
15 Manufacturing Methods for Magnetic Components
16 Automated Laser Bonder for Hybrid Microelec tron i cs
17 Computerized Ion Beam Resistor Trinuiing
18 SAW Devi ce Repli cation

- p. 19 Leadless Inverted Devices
20 R. F. Packaging Techniques
21 Electron Beam Imaging System
22 Electron Bombarded Device MT

p 23 Thin Silicon Layer Technoiogy
24 High Dose Shallow Profile Ion Impl antation Systems
25 Encoder Improvement Program
26 Evaluati on of Electrocheinical Etching Process
27 Adapti on Control of Drill Temp - PCB Board Application
28 Coaxial Magnetron-Design for Manufacture
29 Manufacturing Methods - Frequency Agile Magnetrons
30 “Nasgiow” Plati ng on Connectors
31 Low Cost Machine Insertable Tantalum Capac itors
32 Fibre Optics Signal Cables

p.’



Tab le 1
• List of Candidate Electron i cs MT Projects

- continued -

Proj.No. Title
33 GaAs FET/Replacemen t for TWT
34 Patterned Polyimi de-Siloxane Coatings
35 Ultra Thin Copper Clad Laminates
36 Lightweight R. F. Stripl ine Assembly
37 Low Cost Microchannel P lates
38 GaAs Microwave Circui ts - Manufacturability
39 NMOS Memory-Tn Metal ROM
40 Low Cost Polyimi de MW-PWB ’s
41 Semi-Automated Minature TWT Assembly
42 Not Used
43 Large Scale Hybri d Assembly and Test-Automation
44 Computer Controlled Machine Too l s
45 Improved/Automated Standard Machini ng Processes
46 Automated PCB Insertion
47 Flat Wire Interconnects
48 Automatic Sonar Test Equipment
49 Microprocessor Rep lacement in Digi tal Sonars
50 Automated Wiring System
51 Computer Processed Shop Instructions
52 Substitution of Gold Plating - Interconnections
53 Mechanized Fabri cation-Fl exible Multilayer PCB
54 Water-Soluble Organic Fl ux Flow Solder ing 

—
55 HF Remova l Technique— Drill Smear PCB
56 Automated Cable Harness Manufacture

• 57 N/C Cable Harness Assembly Machine
58 Envi ronmental Test Automation
59 Automated Opti cal Inspection. PCB
60 Near Field Antenna Measurement
61 Production Test Modeling
62 Improved Analog Circuit Automated Fault Isolation Software



• Table I

List of Candidate Electronics MT Projects
- continued - -

Proj .No. Title
63 Improved Test Methods - MOS-Rad Hard IC’s
64 Automated PCB Board Test Equipment Development
65 Ribbon Sapph i re
66 CMOS Custom Library
67 N/C Machine Calibration
68 Thick Film Printed Hybri d Seals
69 Plasti c Molded Microwave Components
70 Laser Welding of Cabinets
71 Projection Pri nting SAW Device Manufacturing
72 Increased Medi an Technology Level via Contractor Short Courses
73 N/C Placement of Componen ts and Reflow Solder
74 Semi-Automated Core Stringing
75 Improved Hole Etching /Stniplines
76 CAD for Wire Harness - Software
77 Advanced N/C Machi ne Controller
78 Laser Welding - Core Memories
79 “Silk Screen” Printing for PCB ’s
80 Qu ick  Reaction - Change Capability
81 Effective Utilization of Automation Interfaces

82 Hierarchical Control Program/Robotics
83 Tactile /Visual Sensors on Roboti c Arms
84 Reembodiment of Semi Conductors in LSI 

—
85 Fibre Opti cs Integrated Structure - Ai rframe

86 Glue Process Av ioni cs Chass is
87 Plastic H.V. Power Sup. Cabinets
88 I I I , V Compound Crystal Growth
89 GaAs FET Yield Improvement
90 Epitaxlal YIG Microwave Fi lters
91 Piezoelectri c Polymer Films
92 Compos ite Materials in Optical Assemblies
93 Diamond Turned Plas tic Lenses



Table 1
List of Candi date Electron i cs MT Projects

- continued -

Proj.No. Title
94 Vacuum Lock Coating System
95 Automated Photo-Cathode System
96 Not Used
97 Monolithic Focal Plane Detector - Manufacturabi lity
98 CMOS/SOS Manufacturability Study
99 Laser Inspection of Hybri d Circuits
100 Low Cost Monolithic Ceramic Capacitors
101 Closed Ci rcuit Clean ing of PCB ’s
102 Component Assem bly - Automated Operator Ass istance
103 Ink Jet Wire Marking System

g
I

)

I—



TABLE 2

Notes to Assist in Reading this Output

The project in the output title is a 20 character abbreviation
used for conven ience , see Table 1 for exact title of the projects.

The symbol x is used for the product cost category - reference
Tab le 4a Volume I, an abbreviated description is given in output.

The symbol y is used for the process cost category - reference
Table 4b Volume I, an abbreviated description is given in output.

I- - .‘
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*2 50 001 R EA C TON CNG .C*P . 210 0.0 *51 * 6.4 •ooo.z 4895.0 0.6
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Table 6. Selected Advanced Technology Projects

4 Title
3) Group Technology

10) Interactive Fault Isolation Hardware
17) Ion Beam Resistor Triming
21) E-Beam IC Mask Prepa ration
24) Low Cost Ion Implementation Machine
33) FaAs FET/TWT Replacement (high power)
38) GaAs Microwave Circuits
65) Ribbon Sapphire
70) Laser Welding (cabinets )
81) Automation Interface—Standard ization
82) HierarchIcal Control Program/Robotics
83) Tacticle /Vi sual Sensor in Robotic Arms
84) Reembodinrnt of Semi conductor in LSI

85) Integrated Fiber Optics (airframes )
88) 111-V Compound Crystal Growth
98) CMOS/SOS Manufacturability
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