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I. INTRODUCTION

A. PURPOSE AND SCOPE

This final technical report is being submitted in fulfillm ent of the require-
ments of Contract DAAK1O-77-C-0047, DD Form 1423 Data Item A004. The
report covers Honeywell activities pursuant to this contract, which called for
a Producibility Engineering and Planning (PEP) effort on the XM74 GEMSS
Extended Tripline Sensor . The overall purpose of the effort was to supportArmy mine programs by maximizing the producibility of the Extended Trip-
line Sensor and by evolving in parallel an automated assembly machine
production line and associated processes for high volume, low cost pro-
duction. The work was conducted for ARRADCOM, and technical manage-
ment was provided by Joe Rehkamp of the Large Caliber Weapons System
Laboratory.

~~~ 1
B. RE PORT OR GANIZATION

This report is organized to provide separate sections for the two primary
activities involved ( Extended Trip line Sensor Production Engineering andMachine Line and Test Equipment Design) as well as supporting effort; I. e.,
reliability, availability, maintainability, safety, etc. The section on sensor
Production Engineering is organized to present the initial design first and
then to describe the design changes proposed in the program. This enables
a clear perception of what changes were evolved and how they affected the
baseline design . Cost data are contained in a separate section and cover the
initial design cost and the cost as the result of approved changes. The lastsection of this report contains recommendations for on-going activities re-lated to the XM74 GEMSS Extended Tripline Sensor .

C. CONTRACTUAL MATTERS

The original contract (DAAK 1O-77-c-0047) covered a two Phase effort
— running fr om 11 May 1977 to 30 November 1977. Contract history Is as

• p follows: 
-I

I I

~~~~~~ I

,

1

_____________ 
.~~~— .—



Letter Contract 11 May 1977 $98, 679
Mod P00001 6 June 1977 Definitized contract
Mod P00002 27 September 1977 Extension for end of 1

contract to 30
December 1977.

Mod P00003 9 February 1978 Supplement to scope of
work added $131, 248
and extended end of )
contract to 28 February )

- 

1978.
Mod P00004 20 July 1978 Extended end of contract

to 30 August 1978 .
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I II . SUMMAR Y

The program was initiated on 19 May 1977 with the intent to maximize the
producibility (minimize the production cost) of the Extended Tripline Sensor
and to evolve an automated assembly machine production line. The effort

I was conducted in two phases. Phase I activities concentrated on Tripline
Sensor producibility, the design baseline for automated assembly, and the
initial cost estimate. In Phase II, the emphasis was on finalization of the

I automated assembly machine production line and preparation of supporting
technical data, including process descriptions, Quality inputs, RAM, Safety,
and Human Factor s Engineering.

A. PRODUCTION ENGINEERING EFFORT, XM74 GEMSS EXTENDED
TRIPLINE SENSOR

In the GEMSS Extended Tripline Production Engineering effort, change pro-
posals involving ten (10) drawings were prepared and submitted of which

I nine (9) were approved (see Table 1). Changes were made to the Tr ipline
Sensor baseline design only in those cases where Project Office approval of
the change proposal was received.

1 The approved changes increased the automated producibility of the GEMSS
Sensor. Changes which increased producibility and/or directly reduced
costs included the incorporation of features and configuration revisions to

I permit automatic handling such as the hole in the case and sleeve.

The proposed changes to the bobbin are needed to permit automatic winding

I in conjunction with the assembly of the weight to the bobbin .

For each proposed change, an evaluation was made to confirm the predicted
benefits and to ensure no adverse effect on performance, reliability and/or

I safety.

The final configuration reflects a tr ipline sensor fully capable of automatic

I assembly which was not true for the baseline design.

On the basis of substantial improvements in producibility, it Is concluded
that Production Engineering Objective #1 for the XM74 GEMSS ExtendedI Range Tripline Sensor was achieved during the program.

Objective #2 requires the following information pertinent to Extended Trip-

I line Sensor production which is common (Identical to the ADAM mine
tripline sensor assembly facility):

S



TABLE 1. CHANGE PROPOSALS

Drawing Change Description SU~~~~~ ed Response

0. Original Baseline Design 10/27/77 N / A

1. 9292972 Sensor Assembly 8/ 15/77 Approved
Show Piece Part Revision

2. 9298578 Spring Ejection 8/ 15/77 Rejected

3. 9292976 Sensor Case and Bobbin 8/ 15/77 Approved
Assembly Pictorial
Changes

4. 9292981 Eyelet, Interface Re vise 8/ 15/77 Approved
to Washer Configuration

5. 9292982 Bobbin Assembly 8/1 5/77 Approved
9292983 Weight , Bobbin

6. 9292985 Bobbin 8/ 15/77 Approved
Add 30° Taper, Relocate 7/31/78 Open
.03 Slot

7. 9292986 Release Mech and Case 8/ 15/77 Approved
Assembly
Pictorial Changes

8. 929298 7 Case, Sensor 8/ 15/77 Approved
• Add (2) Sets of (4) Holes

Add (4) Flutes j i
9. 0292988 Sleeve 8/15/77 Approved

Add (2) Sets of (4) Holes

10. 9292989 Washer, Case 8/15/77 Approved
Enlarge Chamber



I
I t
I Production tooling and fixturing

• Assembly and inspection facility designs

I . Manufacturing and assembly process descriptions
• Software
• Pr ovide drawings, specifications and technical data as

needed to replicate common facility items.

I This information was submitted as the Common Design Study, dated
1 November 1977, and includes the following common automatic assembly

I machines:

Machine No. 8 Diaphragm Assembly

I Machine No. 9 Housing Assembly
Machine N o. 10 Release Mechanism Assembly
Machine No. 1OA Terminal Assembly

I Objective #3 requires the following information pertinent to Extended Trip
line Sensor production which is similar to the ADAM mine tripline sensor
assembly facility and which may be modified for Extended Tripline Sensor

I pr oduction:

• Production too ling and fixturing
• Manufacturing and assembly process descriptions

I . Software
• Design modifications and technical data to

implement fabrication of modified facilities.

I This information was submitted 12 June 1978 and includes the following
automatic assembly machines which are similar to the ADAM machines: V

I Machine No . 11 Release Mechanism and Case
Machine No. 12 Sensor Case and Bobbin Assembly
Machine No. 13 Sensor and Breakwire Assembly

I Machine No. 13A Epoxy Dispenser

ObjectIve #4 requires the following information pertinent to Extended Trip-
line Sensor production which Is unique to the Extended Tripline Sensor as-I sembly facility:

• Production tooling and fixturing

I . Manufacturing and assembly process descriptions
• Software
. Designs and technical data as required to construct

these unique facilities.

V
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This information was submitted 12 J une 1q78 and includes the following
automatic assembly machines which are new and unique to the Extended
Triplin e Sensor:

Machine No. 7 Bobbin Assembly
-

• Machine No . 12B Sensor Case and Spring Assembly

Objective #5 requires a cost estimate for final deve lopment, fabrication and
installation of the complete production facility. This information is pre-
sented in Section VII of this report .

B. MACHINE LINE DESIGN

The design of the machine line was predicated on providing a new, highly
automated production configuration to achieve the volume output capability
required (200, 000 units per month on a one shift, 8-hour day, 5-day week
(1-8-5) shift basis and using a 50 minute hour and 21 days per month ) at the
lowest unit product cost. The PEP effort involved a new sensor; however ,
there were applicable design resources by way of machine designs fr om the

• ADAM sensor line which proved to benefit the GEMSS Sensor program .
These resources were used to the maximum extent possible to facilitate the
machine line design for the Extended Tripline Sensor . (Hef: Figure 1.
Assembly Flow Chart. )

The basic equipment required for the machine line was determined by means
of relating the Extended Trip line Sensor to the ADAM sensor . Consideration
given to commonality and similarity between the two sensors made it possible
to take advantage of existing ADAM machines and equipment for application

• to the extended range sensor. The resulting three categroies; common,
similar and new, have been described above . Preliminary design work and
breadboard models resulted in one entirely new machine, No. 12B . This
was necessary in order to avoid unacceptable complexity in machine No . 12.
One of the ADAM machines has no equivalent in the GEMSS Sensor line.
This is machine No. 7A, for Bobbin taping. The extended range sensor does
not use tape at this point, since the Bobbin Weight retains the trip line in the
Bobbin . The two assembly lines then have the same number of machine
types, namely ten (10). ThIs we believe to be a notable accomplishment
since the extended range sensor has four (4) additional piece parts compared
to the ADAM sensor .

One other factor in determining a machine line to meet the capability require-
ment involved the Bobbin Winder. Since the Extended Tripline uses more
than twice the amount of line compared to the ADAM sensor, the quantity of
Bobbin Winding machines required Is doubled. Honeywell has developed a
new high speed winding station on this contract which reduces the quantity 3f
Bobbin winder s required. Initially, it was determined that five (5) of these

6
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I
I machines would be required for the 200, 000 per month capability. The im-

proved winding station reduces this requirement to four (4) machines.

C. ENGINEERING SUPPORT

I Throughout the program, reliability and safety inputs were provided to
Production Engineering on a continuing basis for the PEP tasks on the Ex-
tende d Trip line Sensor. Support was also provided for the Machine Develop-

I ment effort in the area of reliability, availability and maintainability (RAM )
plus safety and human factors engineering (HFE) . This resulted in optimi-
zation of the production line within the context of these speciality disciplines.

D. INSPECTIO N AND TEST EQUIPMENT

A listing of inspection and test equipment is presented in Section IV . D of
this report. In addition to these specific items, the assembly machines are
built to include probes and/or inspection stations to assure that the product

I meets all quality requirements. The probe stations are designated on the
machine dial schematics contairked in Equipment Technical Data Package
Specification in Appendix B of this report. d

I E. COST DATA 

-

I The estimated unit product cost (UPC ) of the Initial baseline Extended Range
Trip line Sensor was $4. 51 each. The UPC for the PEP version of the sensor

- is $3. 03 each. This shows a potential savings of $1. 48 per unit or $3, 552, 000
for a calculated second year production quantity of 2, 400, 000 sensors. ThisI savings, in reality, could be greater than the figure given . One assumption
taken for the initial estimate has proved to be premature. This concerns the
requirement for leadwire attachment. At the beginning of the program it

I was assumed that the leadwlres (2) would be soldered to the sensor using an
automatic assembly machine. This does not appear possible without
additional machine deve lopment. Design changes in the sensor configuration

J 

will not alleviate the problem. The leadwires must be soldered to the sensor
as a separate operation and this cost element appears in the post PEP UPC
determination. Eventual automation can increase the savings to $1. 72 for a V
total price of $2 . 79 each per unit . Tooling can be provided to improve the

I operation as a semi-automatic process. Putting such tooling on an automatic
- 

- assembly machine does not appear feasible for initial production at this time .
Continued study would be conducted during the production phase in order to

I develop a suitable method of doing this with automation. A concept drawing
for a leadwir e assembly station Is included in Section IV of this report. (Ref:
Figure 2) . A summary of cost data is contained in Section VIII and Appendix
D of this report .
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I
I

F. RECOMMENDATIONS

1 The completion of this program has provided fulf illment of specified objec-
I tives needed to describe a facility and process for an automatic assembly

line to perform efficient, high volume production of reliable Extended Range

I Tripline Sensors which meet the quality requirements at a high confidence
level and at a low cost. It is therefore recommended that the machine de-
signs and technical documentation composed in this program be established
as the ini tial production capabili ty baseline design for the XM74 GEMSSI Extended Range Tripline Sensor and the proposed machine line.

I
I
I 
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I
I

III . PR ODUCTION ENGINEERING EFFOR T

• The objective of the Production Engineering effort was, to evolve a design
of the GEMSS sensor suitable for economical high-volume production and

- 

- 

compatible with safety and reliability requirements established for the parent
mine. An additional objective was to achieve maximum commonality with
the ADAM sensor since this would contribute to the optimum utilization of
facilities to the max imum extent possible for both sensors. The GEMSS
sensor Production Engineering effort was cond ucted in close coordination
with the machine line and test equipment design task to ensure complete in-
tegration of the production line on a continuing basis.

I The result of the Production Engineering effort was a number of design
changes which enhanced the produclbility/ commonality of the sensor con-

I figur ation. In the following discussion, the initial baseline design is des-
cribed first in order to establish the proper setting from which the design
changes, which are subsequently reported, can be clearly and easily related.

A. DESCR IPTION, IN ITIAL BASE LINE DESIGN

I The design configuration for the XM74 GEMSS Extended Trip line Sensor
adopted as a baseline for the PEP program is delineated in the ARRADCOM
Engineering Release Record, DRDAR-LCU-DM, No . A7N2501 dated 24 June V

I 1977. This list has been transcribed and presented in this report as Table 2 .
The drawings of piece parts which have been recommended for PEP re-
vision are Indicated in the right hand column.

1~~~~~~~~~~~ 
V

I B. PRODUCIBI LITY/COMMONALITY CHANGES

I the beginning task in the PEP program consisted of an Engineering study of
drawings and specifications in order to determine the changes needed to
achieve automatic assembly for high volume, mass production at the lowest

I 

possible cost. The sensor subassemblies and final assembly were each
evaluated in relation to the recommended changes so as to avoid any corn-

b promise in the safety and reliability of the Item . A summary of the proposed
changes is shown in Table 1. None of these revisions have any affect upon

I the commonality already existing between the ADAM Sensor and the GEMSS
V Sensor .

I The scope and results of each of the listed changes recommended are des-
cribed in the following paragraphs:

15 
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TABLE 2. BASELINE DRAWING LIST

Drawing No . R evision Date Nomenclature PEP Revision

A9298576 - 77—6-24 Wir e, Magnet
A9298592 - 77-6-24 Thread , Polyester
B9292983 B 77-6—24 Weight , Bobbin Yes
B929859 1 - 77-6-24 Tape
B92986 17 - 77-6-24 Urethane Compound
B9298619 — 77-6—24 Paper , Gasket -
C9292981 B 77-6-24 Eyelet, Interface Yes
C9292989 B 77-6-24 Washer , Case Yes
C9292990 B 77-6-24 Spri ng. Booster
C9292998 B 77-6-24 Diaphragm Assembly -

C9298575 - 77-6-24 Cover , Post
C9298577 - 77—6—24 Ring, Reta ining
C929858 1 — 77—6—24 Ball, Locking
C9298582 - 77 — 6—24 Spring, Washer
C9298 587 - 77—6—24 Housing As sembly V

C9298589 - 77—6—24 Tube , Housing -

C9298599 - 77-6-24 Eye let, Diaphragm .4

C92986 18 - 77—6—24 Gasket, Fibr ous A

D9292972 B 77-6—24 Sensor, Assembly Yes
D9292976 B 77-6-24 Sensor Case & Bobbin Yes V I

D9292980 B 77 -6—24 Anchor
D9292982 B 77-6-24 Bobbin Assembly
D9292986 B 77-6—24 , Release Mech . & Case Yes -

D92929 87 B 77—6-24 Case ~V ’ Yes
D9292988 B 77—6 — 24 Sleeve - Yes
D9298578 - 77 — 6—24 Spring, Ejection Yes
D9298579 — 77—6—24 Cap -

D9298586 - 77 -6—24 Ring, Ball Lock -
D9298588 - 77—6—24 Cup, Housing

- D9298598 - 77—6—24 Diaphragm -

D929860l - 77-6-24 Terminal, Breakwir e
F9292985 B 77-6—24 Bobbin Yes - 1
F929299 1 B 77—6-24 R elease Mech. Assy )
F9298597 - - 77—6—24 Plate, Diaphragm

- i i

H
- 1 6  
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P

Change Proposal No. 1

( 
The first proposal includes the following parts and assembly:

9292983 Weight, Bobbin
9292985 Bobbin

( 9292982 Bobbin Assembly

The changes requested are needed to facilitate the press fit assembly of theI Bobbin Weight into the Bobbin . This is accomplished by providing a taper
in the Bobbin Bore and adding a radius at the ends of the weight. The bene-
fit of these changes will be experienced as a greater yield fr om the assembly

I machine since these revisions will reduce misfeeds and shearing during the
press fit assembly.

I This assembly is accomplished on Machine No. 7.

The Bobbin also requires that the 0. 03 slot be relocated from the 4th quad-
rant to the 1st quadrant in order to permit the thread to lead off in the properI direction on the assembly machine.

Change Proposal No . 2

I The following piece parts are the subject of the second revision:

- I 9292987 Case, Sensor
9292988 Sleeve
9292989 Washer Case

I The Case and Sleeve are modified to include two sets of four holes each.
These are construction holes which permit the use of pins which serve to
retain the ejection spring and booster spring during an-intermediate stage -

- 

I

I of assembly. The springs are assembled on Machine No. 12B and the re-
maining parts for this subassembly are added on Machine No . 12. The
retaining pins hold the springs in place for transfer from 12B to 12 .

I The case is further modified to Include four (4) flutes to act as guides during
assembly of the Ejection Spring and Booster Spring. Another feature which
will allow easier assembly and seating of the Booster Spring is a larger
chamfer at the end of the 0. 415 diameter of the case washer. —

Change Proposal No. 3

I Changes were requested on two more parts to reduce assembly difficulties
• anticipated on Assembly Machine No. 12B. These are:

P1’ - 

17

- — ~~~~~~~~~~~~ __ I~~~ _ V - • --~ V ~ •~!i~ —~



9298578 Spring, Ejection
9292981 Eye let, Interf ace

The Interface Eyelet is currently a brass eye ldt. To assemble this eyelet
requires an orientation for proper side u p  and also a pre-assembly with the
Ejection Spring prior t o assembly into th~ Sensor Case . A simple flat washer V

overcomes bcth of these prob eins without any adv erse affects upon cunction .
The ejection spring could be correspondingly simplified by not having to en-
gage the eyelet, but a change in the spring would eliminate the commonality
with the ADAM spring.

These parts are assembled on Machine No . 12B .

Change Pr oposal No. 4

Two assembly drawings are to be revised in order to show changes on the
individua l piece parts contained in these assemblies. These are:

9292986 Release Mechanism ard Case Assembly
9292972 Sensor Assembly

I
C. DESCRIPTION, F I N A L  DESIGN - 

-

The final design as represented by the incorporation of the previously de- - ‘

scribed changes is funetionally identical to the pre-PEP configuration. The
flutes added to the case must be limited in length so as not to interfere with • 

1the sealing and potting to be accomplished in the mine body. The use ci a
narrow band of shrink tubing on the outside of the Sensor Body will improve
the results of the sealing and potting operation.

Certain changes are being reviewed for incorporation into the ADAM Sensor
as a result of VECP activity. These changes will affect the Release Mech-
anism which is common to both the Extended Tripline and the ADAM Tripline.
These changes do not appear to be objectionatlle for apDlication to the Ex- - ‘

tended Tripline, however , no space has been gwen to further discussion of
these changes in this report . - 

•

D. TECHNiCAL DATA PACKAGE V -

The changes described above apply specifically to a8sembly operations.
Machine development and prove-out of concepts have been accomplished on
the basis of these recommendations. Additional problems may occur, how-
ever , these will not relate to the Sensor desigi-. with the pi-uposed changes.

I !
18 

3
1

I
___________________________ - - 

__________________________ — ~ - — — — -_ - 1T - 4
_ _ _ _ _ _ _



Individua l piece parts are normally procured fr om subcontract sources andno changes have been suggested which pertain to piece part fabrication .The pr ocurement history of 15, 000 sets of parts manufactured and purchasedf or contract DAAA21-75-C-109 and 5, 500 sets for AOMC Purchase OrderD-428994-OPD did not reflect any significant fabrication problems which re-quire drawing changes.

Quality Assurance provisions for Tripline Sensor Extended Range, QAP-GEMSS- 1 (23 June 1977) has been studied and reviewed. This specificationis acceptable with the following exceptions:
- - Reference paragraph 3. 3 Non-Release

“The Sensor Assembly, when subjected to a deceleration of 5000 g’s minimum,in the direction of deployment, shall not release when tested in accordancewith 4. 5. 1. 1”. At the present time it is not known if the GEMSS Sensor isI capable of meeting this requirement . No qualification testing has been per-
1 formed as described in paragraph 4 .5. 1. 1 at the 5000 g level. Until sucha time when this is accomplished, this requirement cannot be accepted.

I 3. 6 & 4 . 5 . 1 . 4 
-

I Breakwire Function

The Pull Force Rate, 3-1/4 ±3/4 inches/second (ref. 4. 5. 1.4) should bedeleted and replaced with the following:

l “A Pull Force shall be applied smoothly and uniformly V

along the axis of the bobbin post and the force
required for the breakwlre function shall be noted. ”

-V

V~

I-
I
i A

I
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4

IV. MACHINE LINE AND TEST EQUIPMENT

A. MACHINE LINE - REQUIREMENTS AND PROGRAM APPROACH

The producibility engineering and planning activities conducted on this pro-
I grain required the design of a machine line for the automatic assembly of

the XM74 GEMSS Extended Tripline Sensor capable of producing 200, 000
sensors per month, (1:8:5 schedule using a 50 minute hour and 21 days per

I month). The assemblies must reflect a low unit product cost and meet high
- - reliability and safety requirements. This called for maximum utilization of

contemporary technology in automated assembly machine and test equipmentI design to ensure maximum economy in GEMSS Extended Tripline production 
V

U operations . Complete design packages have been provided for a total of 10
different machines in the following three categories:

1 1. Machines common to ADAM automatic assembly machines:

I Machine No . 8 Diaphragm Assembly
Machine No . 9 Housing Assembly
Machine No . 10 Release Mechanism Assembly
Machine No. 1OA Terminal Assembly

I 2 . Machines similar to ADAM Sensor machines and differing only
by minor alterations:

I Machine No . 11 Release Mechanism and Case Assembly
Machine No. 12 Sensor Case and Bobbin Assembly
Machine No . 13 Sensor and Breakwire AssemblyI Machine No. 13A Epoxy Dispenser

3. Machines which are new and unique to the GE MSS Extended

I Tripline Sensor :

Machine No . 7 Bobbin Assembly

I Machine No . 128 Sensor Case and Spring Assembly

The program approach selected was as follows: - -

• Conduct research into current machine technology to determine
I the most appropriate applications and use the results to estab-

lish the machine line.

• Prepare performance specifications for the machines selected.

i i
I - - - 

V 
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• Prepare and document all designs and present them with associa-
ted costs to the Project Office.

As a result of this effort, the Project Office would receive, in effect, a
machine line technical data package suitable for the Sensor initial production
facility . The documentation requirements for the effort include a process
description and inspection procedures.

In addition to assembly machines, certain other machines and equipment are
needed for operation of the line. These items are as follows:

( 1) Spring Coiler to fabricate the Ejection Spring,
( 1) Spring Coiler to fabricate the Booster Spring.

DEGREASER : Barin Blakeslee
Model MSR-120
460 Volts -

~ A
1/60 Phase/cycle

CONTOUR PROJECTOR : Kodak
Model 4
50-60 Cycle

DEMAGNETIZER: El Matco
Model LAC-15VB
460 Volts

• 50160 Cycle

HUMIDIFIER AND rENT : Not defined

OVEN: Despatch
Model V-35 liD
440 Volts
6 50°F Temp
60 Cycle

MICROSCOPE: American Optical Comp.
Model 570 0.7 to 4 .2X

Detailed descriptions and requirements for these machines and equipment 4
is included In the Appendix Section of this report. This information has
been prepared in accordance with Appendix B and Appendix C of specifi-
cation PBM-OSM-70- 1 as required in the revised scope of work for this
contract.

111
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I B. DESIGN APPROACH

The assembly that is to be automated for high volume production is generallyI a tested and proven design either in the advanced development or production
engineering stage. Because of this, Honeywell’s approach in production
engineering the existing product design for producibility is to minimize de-
sign changes and to emphasize modular automation concepts. The proven

I reliability, safety, quality, and cost reduction benefit s, inherent in the auto-
mated assembly concepts developed by and in use at Honeywell, are realized
when the considerations for automated assembly are incorporated into the-I product design.

Modif icat ion of Product Design for Automated Assembly
I Design modif ications that are necessary to facilitate automated assembly

generally fall into the following three categories:

J • Changes in Configuration to Facilitate Automated Part Orientation
andlor Assembly Location - Many of the parts for an assembly

I have slots, holes, projections, irregular shapes , etc., that can
be used by the automated assembly mechanisms to provide proper
part orientation and location . Parts that do not have “identifi- )cation” features can usually be modified slightly to provide theI necessary configuration without affecting the basic device design
or function .

I . Changes in Fastener and Retainin~g Members to Permit Handling
0! Subassemblies from One Machine to the Next - The output of
each machine must be secured as a module oi~ issembly to per-

I mit handling and feeding to subsequent machines. Par ts gen-
erally can be modified slightly to provide fastening or retaining
means without affecting the basic product design or end function .

I • Changes in Subassembly Drawings Reflecting New Assembly
Seq~uences - Initially, the product must be broken down into

I logical s~ibassemblies or modules for automatic assembly. Tofacilitate assembly requirements, Inprocess checks and critical
inspection techniques, modules are further broken down into

I machine operations. There is an upper limit to the number of
operations that can be economically performed by any one auto-
matic assembly machine. An optim um num ber of wor k stations
for each machine can be determined by considering balance be-

I tween operations on the machine, machine complexity and pro-
duction capacity. Parts can usually be changed slightly to facili
tate new assembly sequences without affecting the function of the

I end device In any manner.

23
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Development of Assembly Sequence

To develop efficient and reliable assembly machines, the overall device
must be considered in relation to its makeup and function. The first step
for efficient and reliable utilization of automation is to establish an aut omated
assembly sequence for the device based on a modular relationship with pre-
lirninary assembly and inspection operations for each module. As develop-
ment progresses, the assembly operations for the machines are defined and
subsequently refined to provide shortcuts and continuity. Also, features may
be added to improve quality control. -

The module s or assemblies resulting fr om the machine operations must be
considered to determine the means of interim handling and transportation to
the next operation. Minor subassernblies without delicate features can be
handled in bulk from one machine to the hopper feeder of the next machine.- Other modules require special magazines for protection as well as for main-
taining orientation to the next feeding station. The design of the magazines
and any special safety and handling provisions they must include are also
considered throughout the assembly sequence development.

As the modules develop, their characteristics are defined in terms of as-
sembly, function, and safety requirements. Provisions for performing

V safety and quality checks as part of the machine operations are incorporated
wherever possible. The operations of the checking stations are reviewed to
assure that all requir ements are met. Redundant inspection stations are
provided for all critical checks. On occasions where machine functional
checks are impractical, verification provisions for inspector monitoring or
sampling are made. These considerations are part of the key to efficient
and reliable module machine development.

C. SPECIAL AUTOMATIC ASSEMBLY FIXTURES (SAAFS)

The assembly machines proposed for fabrication of the XM74 GEMSS Ex-
tended Range Tripline Sensor and previously referred to in Section IV .A
are listed in Table 3 to show the parts assembled on each machine.

In the Summary, Section LI. E, describing Cost Data, reference is made to
an assembly problem relating to leadwire fastening. It is recommended
that this operation be accomplished using special purpose tooling dur ing the
initial production phase of sensor manufacture. H oneywell recommends -

pr oduction experience In order to optimize the design of a station suitable
for Installation on an assembly machine. Figure 2 is a concept sketch of
a bench mounted tool which would be manually loaded and cycled. This will
permit refinement of the concept without interrupting machine operation.

24
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TABLE 3. XM74 GEMSS EXTENDED RANG E TRIPLINE
SENSO R ASSEMBLY MACHINES

I _ _ _ _ _  _ _ _ _ _ _  _ _ _

Machine Name Parts Assembled Commonality

I 7 Bobbin Assembly 9292983 WeIght New
9292982 9292985 Bobbin

I 92 98591 Ta pe
9298592 Thread

8 Diaphragm Assembly 9298597 Diaph ragm Plate Common
929299 8 0298598 Diaph ragm

9298599 Diaph . Eyelet
9298618 Fibrou s Gasket

9 Housing Assembl y 9298588 Housing . Cup Com non

I 9298587 9298589 Housing . Tube

10 Release Mech . Assy. 9298582 Washer Spring Common
9292991 9298586 RIng . Ball Lock

I Less Term~na1s 9292998 Diaphragm Assy .
9298587 Housing Assy.

IOA Terminal As~ y .  9298601-1 Te rminal . Breakwtre Common
9292991 929860 1- 2 Termina l , Breakwire
( Release Mech. Assy.)

11 Sensor Case/Sleeve 9292987 Sensor Case Modified
Assembly 9292988 Sleeve

I 9292986 9292989 Case. Washer
929858 1 Locking Ball
929299 1 Release Mech . Assy .

12B Sensor Case/Spring 9292981 Interface Eyelet New
I Assembly 9292990 Booster Spring
I 9298578 Ejection Spring

9292986 Case/Sleeve Assy.

I 12 Sensor Case/Bobbin 9292980 Anchor Modified
Assembly 9298579 Cap
9292976 9298581 Locking Ball

9292986 Release Mech. /Case Asey
I 9292982 Bobbin Assembly

13 Sensor & 131W Aisy . 9298575 Post s Cover Modified
9298576 Magnet Wire
9298577 131W Retain ing Ring
9292976 Sensor Case/Bobbin Assy .

13A Epoxy Dispenser 92986 17 Adhesive Modified
9292972 Spec. MMM -A - 132
Extended Range Type 1, Class 3

V Tripline Sensor

I

25

i i  
_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



Tripline-Functional Outline of Leadwire Assembly Station -

Assembly of the leadwires to the release mechanism terminals can be ac-
complished by equipment outlined in Figure 2 . 

-

Sequence of functions:

1. Feed mechanism advances wires 0, 050 inch. -

2. Form die anvil actuates and bends leadwires at a 900 angle.

3. Wire feed mechanism advances leadwires one-half inch (0. 50).

4. Head moves down until leadwires touch terminals on release
mechanism assembly.

5. Reflow solder tips move into position and reflow solder on
terminals. (If insufficient solder is available on terminals a
form of paste solder may have to be added in a prior step).

V 

6. Cut off die cuts wire to predetermined length .

7. Wire guide head moves up, thus completing assembly. -

8. Nest rotates, moving new part Into position for sequence of
operation to begin again.

A similar situation exists with the Diaphragm Assembly machine with respect I
to notching of the diaphragm . The first approach to this operation was to
notch the diaphragm as it was being fed at the assembly station on Machine
No. 8. Later study of this plan revealed too many problems, among them
being orientation of the diaphragm. It is now proposed to accomplish the -

notching when the assembly is complete , Thi s is the method in current
use on the hand line. We have found that the hand tool built for this purpose Icould, In fact, be mechanized and added as the final working station on -
Machine No. 8. This machine could still be a “commonl ’ machine except
when running ADAM Sensors the notching station would be disengaged. 

-

Funding limitations did not permit design effort to delineate this station dur-
ing the PEP program. It is suggested that this task be accomplished on the -

IPF program. 
-

- i-I
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I
D. INSPECTION AND TEST EQUIPMENT

I The following items of inspection and test equipment are required in theI manufacture and assembly of the GEMSS Extended Tripline Sensor:

I EQUIPMENT NAME DRAWING NO. REVISION
I 

Deployment Fixture H28 112266-E2 B

I Force and Displacement H28 112270-Gl A
Gage

1 0.460 Dia . Go-Ring Gage H28 11227 1-G1 A

Spring Test Nest H28112271-G2 A

Functional Location Gage H28 11228 1-Gl A

0.46O Dia. Go-Ring Gage H28 112284-Gl A

Impact Tester No Drawing - Purchase

I
I
1
I

I-

I

~1 -
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V . RAM/ SAFETY/HFE

The following par agraphs summarize the significant aspects of activities
involving Reliability, Availability and Maintainability (RAM), Safety, and

I Hum an Factor s Engineering (HFE) support during the progr am. Table 4
shows the associated data items completed as specified in the progr am.

TABLE 4. ASSOCIATED DATA ITEMS

I TASKS 
— — 

DATA ITE M .1 F A l A  N J J A

I RAM PROGRAM PLAN A O II -

HFE PROGRAM PLAN AO~~5

I CONCEPT/DESIGN CONTINUOUS A.S NECESSARY
REVIEWS

RAM PROGRAM REPORT A007, AO 1 O 4 -

I A 012 (1)
HFE TEST PLAN A 01 6 4

HFE F I N A L  R E P O R T  A 01 8 , A0 17I - (2)
SAFETY REPORTS AO2O 4 4

I RAM/SAFETY/HFE AOO 1.
INPUTS FOR FINAL
REPORT

- I
(1) The RAM Report incorporated the following three program required

Data Items: the RAM allocations, assessments and analysts, the
Maintainability Reports, and the Maintainability Prediction Data .

I (2 ) The HFE Report incorporated the HFE progress report and final
fiFE report.

I
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A. RELIABILITY, AVAILABILITY AND MAINTAINABILITY (RAM)

1. Reliability

The primary Reliability Engineering effort was to insure that the machine
V line would achieve the Reliability, mean time between failures (MTBF) ,

requirements as defined in the contract. The activities pursued to accom-
pu sh this effort are presented in the Reliability-Availability-Maintainability
Program Plan which was written in response to Item A00l of the DD Form
1423 CDR L.

There was continuous participation in concept revision and changes to ensure
awareness and consideration of Reliability criteria. All machine designs
and specifications were reviewed for operational reliability. There was
also participation in the preparation of machine performance specifications
to ensure consideration of reliability requirements.

The Reliability-Availability-Maintainability Report was presented in response
to Item A007, A010, and A012 of DD Form 1423 CDRL and includes the re-
liability (MTBF) analysis of all final machine designs. The analysis presents
the predicted MTBF values for each type of machine in XM74 Tripline
Sensor Machine Line. The prediction is based on data and prediction methods
recently developed at H oneywell and currently used on the ADAM Mine
Machine Contract, DA.AK 1O-77-C-0018. All machines have surpassed the
predicted MTBF’s beyond the contract requirement which is a MTBF 7
hour s, the design goal.

2. Availability

The primary objective was to ensure that the machine line would achieve the
availability requirements defined in the contract as 85 percent under ideal
conditions, I. e., trained personnel, repair parts and tools readily available,
etc. The contract further defined a production rate of 200, 000 units/month
on a 1-8-5 shift bases using a 50 minute hour and 21 days per month . These
were the assumptions used in the availability analysis of the machine line.

Availability activities that were followed in this program are presented in
the Reliability-Availability-Maintainability Program Plan, Machine con-
cept., Including station descriptions and dial layouts, were reviewed for
availability considerations. There was also continuous participation in all
concept reviews and changes to ensure awareness and consideration of
availability criteria.

-
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I
I Predictions were made of each machine’s availability using data and pre-

diction methods recently developed at Honeywell and currently used on the
ADAM Mine Machine Contract DAAK1O-77-C-0018. All machines had a

I predicted availability as good or better than the contract requirement. The
result of the availability analysis and predictions were presented in the
Reliability-Availability-Maintainability Report.1 ~~~. Maintainability

The primary objective was to ensure that the machine line would achieve
the maintainability, mean time to repair (MTTR ), requirements as defined
in the contract. The maintainability efforts were closely associated with
the reliability and availability activities discussed in the previous paragraphs.
The tasks that were followed to reach this objective are presented in the
Reliability-Availability-Maintainability Program Plan. This included con-
tinuous participation in concept reviews and changes to ensure awareness

I and consideration of Maintainability criteria. All machine designs and
• specifications were reviewed for maintainability requirements.

The Reliability-Availability-Maintainability Report was presented In re-
sponse to Items A007, - A010 and A012 of the DD Form 1423 CDR L and in-
cludes the maintainability (MTTR) analysis of the final machine designs.

I The analysis develops predicted MTTR values for each type of machine used
in the XM74 Tripline Sensor Machine Line. These values were presented
in the RAM Program Report. The prediction is based on data and prediction
methods recently developed at Honeywell and currently used on the ADAM

I Mine Machine Contract DAAK1O-77-C-0O18.

Other maintainability activities during the program were developing machine

‘ 

guidelines for the performance specifications, monitoring design activities,
reporting concerns and progress, maintaining liaison with other program
personnel and reviewing plans for future program plans.

I B. SAFETY

I The Safety Engineering activities were closely coordinated with the Human
Factor s Engineering activities. These safety activities primary involved
concern for safety of personnel associated with the automated equipment

I i. e., operator s, maintenance personnel, observer s, etc. The safety effort
in support of machine design activities encompassed initial reviews of the
requirements, definition of guidelines for use in design and incorporation
of safety criteria in the specifications including requirements established
by the Occupational Safety and Health Administration (OSHA).

1 31
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A Safety Analysis and Hazardous Failure Mode Analysis was performed for
each machine and documented in Safety Analysis and Hazard Evaluation Re-
ports in response to Item A020 of the DD Form 1423 CDR L. This analysis
included a review of the information generated for a similar data item under
the ADAM Mine Machine Contract DAAK1O-77-C-0018 with modifications
thereto based on equipment design features peculiar to the GEMSS Extended
Tripline Sensor. A separate report was written for each type of machine
used in the proposed production line.

C. HUMAN FACTOR S ENGINEERING (HFE)

The objective of the HFE effort was to max imize the human factors effec-
tiveness of the machine line and thus ensure high efficiency in all man-
machine interactions. The HFE activities were coordinated with the Safety
and RAM activities to establish an efficient and effective effort. HFE
Machine Design guidelines were developed based on program requirements
and objectives, experience with other machine lines, military specifications
and standards and sources outside Honeywell relative to fiFE evaluation of
machine production lines. These guidelines and planned HFE activities were
presented in the HFE Program Plan in response to Item A015 of the DD
Form 1423 CDRL.

All design and specification activities for the unique and modified machines
were monitored to ensure appropriate consideration for hum an factors~Existing ADAM. Mine Machines, contract DAAK1O-77-C-0018, used in this
program were reviewed for possible HFE improvements. The machine
drawings and specifications of the unique and modified machines used in the
machine line were reviewed for HFE features and considerations. The HFE
analysis Is documented in the Human Factors Engineering Report in response - -

to Item A018 and A0 17 of the DD Form 1423 CDR L.

A Human Factor Test Plan, in response to Item A016 of the DD Form 1423
CDRL, was written. It provides a general outline of test procedures to
follow that may be used in a later phase to evaluate the fiFE character-
istics of the GEMSS XM74 Extended Tripline Sensor production machines.

To summarize, the following data items have been submitted as referenced
in this section: -

i~1(I

I,
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I

Data Ref. No. Date Submitted Report

I A004 31 August FInal Report
A007 15 June TECH/PERF No. 12

I A010 l5June  TECH/PERF No. 12
A011 28 April TECH/PERF No. 10
A012 15 June TECH/PERF No. 12
A015 28 April TECH/PERF No. 10I A016 15 June TECH/PERF No. 12
A017 30 March TECH/PERF No. 9
A018 31 August Final Report
A020 15 June TECH/PERF No. 12

I
I
I
I
I
I
I
U
I
I
I
I
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VI PROCESS DESCRIPTION

I
A . SUMMAR Y

The assembly process flow chart is shown in Figure 1. Copies of the Pro-
duction Process Summary layouts are included on the pages following. These

I 
describe the process for assembly of the XM74 GEMSS Sensor .

In addition, there are certain special process requirements currently in use
for the ADAM Sensor which are applicable to the Extended Tripline Sensor.

I These are as follows:

I Harparizing - The Spring Washer is deburred in a Harparizer
machine. This special tumbling is done on all lots to assureI uniform, burr free parts for proper function of the Sensor.

I . Water Bath and Humidity Chamber - The Bobbin, being made of
nylon material is subject to becoming brittle in the winter season
due to low humidity in the factory. To correct this problem, the
Bobbin piece parts are soaked in water f or  8 hours before windingI thread on the bobbin core.

The same problem exists when the retaining ring is placed on

I the bobbin post. This problem is resolved by soaking the Sensor V
Assemblies in a humidity chamber a minimum of 2 hours prior
to machine assembly of the retaining ring.

I • X-Ray - The Release MechanIsm, and Case Assembly, and the
Sensor Case and Bobbin Assembly requir e Process Controls
where X-Raying is employed to determine position and presenceI of various componentry.

B. PROCESS SUMMARY LAYOUTS

I ~V 
-

I 
-- -I 
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I
VII . QUALITY ASSURANCE

Inspection Procedures were generated for each material, piece part, sub-
assembly. and final assembly on the Extended Tripline Sensor Drawing List,

f applying the Quality Assurance provisions developed under Contract DAAA-
I 73-C-0070 and QAP-GEMSS- 1, dated 23 J une 1977, and are included as

Append ix C.

I Quality Engineering, in conjunction with the other Honeywell engineering dis-
V ciplines, developed the necessary inspection equipment designs which were

prepared in response to Item A008 of the DD Form 1423 CDRL.

I Quality Engineering Acceptance Equipment Operation Instructions and the
Calibration Program and Data Record were prepared in response to Items

I A013 and A014 to the DD Form 1423 CDR L.

There was continuous participation by Quality Engineers with the Machine
Designers, Production Engineers, and Reliability Engineers on machine de-
sign tasks to assure that the special automatic assembly fixtures (SAAF’s)

V met the requirements and considerations of the Scope of Work. Quality
- Assurance Demonstration Plans were prepared foi~ each of the ten (10)f SAAF ’s. These were prepared in response to rtem A009 of the DD Form
1423 CDRL.

The plans detail Honeywell verification of the SAAF, which includes:
identification areas, operation, controls, preliminary run and log book
verification. These plans also include the demonstration test, which in-

• cludes: items addressed preceding the demonstration test, during the
( test and following the test. Also included with Item A009 is a General Pro-
. cedur e for Demonstration Test that describes the duties of each discipline

dur ing the conduct of a demonstration test. The General Procedure also
I addresses special situations, such as administrative stoppage, a RAM
1 failure, and termination of test for unsatisfactory SAAF performance.

I
t
t

I
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VIII. CONCLUSIONS AND RECOMMENDATIONS

I
The XM74 GEMSS Extended Range Tripline Producibility Engineering and

I 
Planning Program has been successful in reducing the unit product cost of
the GEMSS Sensor by incorporating changes to permit automation. The de-
gree of automation can be extended as experience is gained in actual pro-
duction as in the case of leadwire soldering. It is believed that this improve-

I ment must be done in a production environment in order to properly identify
and establish the working parameters for a successful soldering station.

I The PEP program has provided complete designs for ten (10) SAAF’S for
automatic assembly of the GEMSS Sensor. Machine concepts for new stations
were bui lt in the lab and proved out for reliability and establish a high con-

I fidence level in the design.

The PEP program has provided a complete Quality package conveying all
• aspects of machine build and acceptance as well as quality data for sensor

production. -

The PEP program has provided coordinated inputs in the area of RAM, Hu- 1)

I man Factors Engineering, and Safety for the Extended Tripline facility.
V This facility has been fully delineated including the factory floor plan and

necessary support equipment.

( The production facility costs are also presented in detail In Appendix D
which Includes separate cost information for debug and machine demon- V

- stratlon hardware. -

( Based upon these accomplishments it is recommended that this Information
be used for defining the initial Production Facility for GEMSS Sensor pro-

I duction. -

I
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FS 578-4869
1.0 SCOPE . -

- This equipment funct ional criteria spec ification establ ishes the techn ical and 2
mission requirements, allocates functional area requirements for the process,
identifies interfaces and specifies individual pieces of equipment which are to
be configuration items for special automatic assembly of the XM74 GEMSS
Extended Tripline Sensor.

This equipment is tabulated (ref. Table A-I) which shows each machine by
name and number, a listing of parts assembled and commonality with ADAM V I

Sensor Assembly Machines. - -

2.0 APPLIC ABLE DOCUMENTS I

2.1 Government Documents
4

The following documents of the issue in effect on the date of beginning activity
on this contract shall form a part of this specification to the extent specified I
herein: 

-,

Standards

MIL-STD-1472 Human Engineering Design Criteria for 
- 

i
Mil itary Systems, Equipment , and Fad - — .

u tica
Drawing.

9292972 Extended Range Tripline Sensor

QAP-GEMSS-1 Specification Extended Range V -
~~

Tripline Sensor

4 J
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TABLE A-i. GEMSS EXTENDED RANGE TRIPLINE
V SENSOR ASSEMBLY MACHINES

I Machine Name Parts Assembled Commonality

7 Bobbin Assembly 9292983 Weight New
5 92929 82 9292985 Bobbin
1 9298591 Tape
1 9298592 Th read

8 Diaphragm Assembly 9298597 Diaph ragm Plate Common
9292998 9298598 Diaphragm

1 9298599 Diaph . Eyelet
92986 18 Fibrous Gasket

1 9 Housing Assembly 9298588 Housing, Cup Common
1 9298587 9298589 Housing . Tube

10 Release Mech . Assy . 9298582 Washer Spring Common7 9292991 9298586 Ring, Ball Lock -
Less Terminals 9292998 Diaphragm Assy .

9298587 Housing Assy.

I 1OA Terminal Assy . 9298601- 1 Terminal , Breakwlre Common
9292991 9298601-2 Terminal . Breakwire
(Release Mech. Assy. )

11 Release Mech. and 9292987 Sensor Case Modified
& Case Assembly 9292988 Sleeve V2 9292986 9292989 Case. Washer V

929258 1 Locking Ball -

9292991 Release Mech. Assy.

12B Release Mech . and 9292981 Interface Eyelet New
Case Assembly 9292990 Booster Spring
9292986 (Partial) 9298578 Ejection Spring

9292986 Case/Sleeve Assy.

12 Sensor Case/Bobbin 9292980 Anchor Modified
Assembly 9298579 CapI 9292976 9298581 Locking Ball

1 9292986 Releaae Mech ./Caee Asay.
9292982 Bobbin Assembly

I 13 Sensor & B/W Aesy . 9298575 Post , Cover Modified
9298576 Magnet Wire
9298577 B/W Retaining Ring
9292976 Senior Case/Bobbin Aesy.

I 13A Epoxy Dispenser Adhesive Modified
9292972 Spec. MMM-A-132
Extended Range Type 1. Class 3
Tr ipline Senior

~1
~~~~~~~~~~~~~~~~~~ —V- 

-

-‘ 
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-~ ~~~~~~~~~~~~~ V - V - V •



FS 578-4869
2.2 Non-Government Documents

Not applicable .

3.0 REQUIREMENTS

3. 1 Manufacturing Line Definition

3.1. 1 General Description -- The basic manufacturing line will consist of
ten automatic assembly machines and two spring winders which will assemble
individual piece parts and/or subassemblies for the XM74 Extended Range
Tripline Sensor Program. The manufacturing line flow is shown in Figure
A-i. The output product of each machIne is directly acceptable to the machine
following In sequence so as to maintain contInu ity throughout the manufacturing V

line .

3.1.2 CapabIlity -- A complete manufacturing line consistlng of one each of
the ten automatic assembly machlnea would have as a nominal line rate the
following capability when expressed at the maturity levels indicated:

Cumulative production at 100, 000 total 30, 000 sensors/mo .
500, 000 total 45, 000 “

1, 000, 000 total 55 , 000 “

The line output capacities have been adju sted for efficiency, scrap and salvage
and the values expressed are net outpu t of sensors delivered .

The limiting machine in the overall line production rate is the Bobbin Assembly )Machine . This machine l~ a line limiter until three Bobbin Assembly MachInes
are available when other machines become the pacing Item with a limiting out-
put as follows: -

58

— —  - 
- - — V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I

I
I FS 578-4869

I 
- 

L
- f 7 ~~~~~~~~~

II. I I I ’  I I I u i ~ I I
U — •

V C u I C ~ ~~~~~‘ i ~ ~ ,—¶ — 
/V m S

I

v -

I ‘.4 ~. w  IN Ii S0’ ~ °‘ ~ i a’ s .0

- 
S.’I L_ __ 0I

I 

- 

~itHiii
- I~ iI

~ ~~ 
~ ___  

~ 
___ ___ 

iI d

: 1  
I 1 f ~J 

~ 
I L~T T

____________________  — 

- •V ~~ V • • V -
~~~~~~ 

-



-it

F’S 578-4889

I-I . .~~. 
V

I S .
00

‘.4
4 1. 5 N ~- 4)

V 
_ _ I
N I l  ‘.1.50’ .C 

4)

5~

Cl,
14
0
03

{IIUj 
_ _V 

-

[I~
Ij LJ~i~ [~‘~ 

~V ~~ 

- 
_ _ _ _  ____ _ _ _  _ _ _ _  _ _ _ _

I I  ~o i . O u ~~ I
Iu o o..~~...i u4

U O R I. M O

~~~

)

~~~

a M O  ___i I 4~~l I 4 M X ø . JI.. ] U O a e..l .J M~~

60

-
— 

— —



I
I
1 A FS 578-4869

I -

I
I I

— I—  .0

I ~ii

0’ .4 41 0’ 1.1 V 0’ .~ ~ .,-, -4

I 1i-~ ~~ II ~~~~~~~~~~ 

~~~~~~~~~~I _ _  
I _ _  _ _  _ _  _ _  

I

1 17 
___________________________________________________

I I ~~~~ L °°~~~~~~~~°- ~~~~~~°



FS 578-4889
--

L ~~~~~~~~~~~~~~~~~~ -

../

-
I

.2
—-4 C)

0

H 
-

‘.4 41 5.5 -
N 14 J. S
0~~t-d I--. V) - 4)

03
- 03
- 

.
~~~ 

V
4 1 4 1 1  1 rfl£1.QO I 0C). I- ’C I I .

0~~~5tl ’.I 0‘a 
~ . -~ a

_ _ _ _  _ _ _ _  _ _ _ _  

- 

r’1
~ 

J 
V

U O R~~~~ M O~~~~~~l N a  J U e~~~I..~~~O _ 1 )~~~n ,1I..OCJ W —
(_ 4 I~~~~~~ E_ . J p. J ___________________________________________

62

H
— 

— ~~~~~~~~. -- - V - V V~ - V -- - —
~ - .  - - — - 

~~ V _ ~~V~ Z~V .11..



FS 578-4869

At 100, 000 total 90, 000 sensors/mo. net

I 500, 000 total 135, 000 “ “ “
1, 000, 000 total 165, 000 ~I

f The line output for various combinations of machines at the three maturity
levels is further delineated in Table A-2 .

3.1 .3 Manufa cturing Line Diagram -- Figure A-i shows the assembly line
flow of piece parts and subassemblies through the manufacturing line . Fol-

I lowing Is a brief description of each assembly machine which includes a dis-
cussion of the major functions conducted. The applicable piece part and sub-
assemblies required are listed for each machine .

1 3. 1 .4 Interface Definition - - 
-

I )

I 3.1.4.1 Compatibility with Other Lines -- The special automatic as-
sembly line for production of the GEMSS XM74 Tripline Sensor has common-

I 
ality to va rying degrees with the automatic assembly line used to assemble
the ADAM Sensor (ref. Table A-i) ; however, It the GEMSS Sensor Line Is
self-contained, there would be no interface situation between the two lines.
If a GEMSS line were installed without the common machines (i .e. ,  Machine
Nos. 8, 9, 10, and b A )  for the Release Mechanism, then there would be an
interface between Machine 1OA and Machine 11 where the two lines become
separate . ThIs provides an option with respect to the number of machines
installed which Is dependent upon the combined production levels.

I 
3. 1 .4 .2 Facilities/Utilities -- Because of the similarity between the

ADAM L ine and the GEMSS Line there will be common usage of certain
facilities and utilities. The following facility Items would be shared by both

1 assembly lines: 
-

~i
_
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TABLE A-2 . NET PRODUCTION PER MONTH AT 100, 000,
500. 000 AND 1, 000 000 LEVELS

MACHINE NO. Q~A$TIT IES OF MACHINES

7 I 2 3 4 5 6 78 1 1 I 2 2 2 3
9 I I I I I 2 2

10 I I 2 3 3 4 jIOA I I I I 2 2 2
I I  I I 1 2 2 3 3121 I 1 I 2 2 3 3§ 12 I I 2 2 3 4 4
I3 I I 2 2 3 4 4
13A I I I 2 2 2 3 -j

~ Output
(1,000’s) 30 60 90 120 150 180 210

7 I 2 3 4 5
8 I 1 I I 2 -

I I  I 1 1 2 2
121 I 1 I 2 2
12 I I 2 2 2
13 1 I 2 2 2
13A I I 2 2 2 -

Outpu t
(1 ,000 ’s) 45 90 135 180 225

I-i
7 I 2 4
8 I I I 1 V_I

9 I 1 I I
• 10 I I I 2§ IOA I I I 2
— I I  I I 1 2

— 128 I .1 I 2
12 I I I 2
13 I I I 2 -
13A I 1 2 2

Output
(1 ,000’,) 55 110 165 220 1 ~
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• Demagnetizer
-The demagnetizer Is used to demagnetize piece parts,

I tool ing and machin e components as required .

( • Ultrasonic Cleaner-Degreaser
This equipment is needed for cleaning piece parts,
tooling and mach ine components.

V 

Humidity-Controlled Room

I The Sensor Bobbins mu st be maintained at a high
moisture content in order to prevent brittleness.

V 
Brittle parts cannot be properly assembled.

P 3.1.4.3 Process Interfaces -- The Assembly Process Chart as shown
In Section 3. 1 .3, Figure A-b , depict s the selected method of assembly.
SAAF’s #7 , #8, #9, #12A and #12C are independent subassemblies, and mayI be produced in any quantities in advance of insertion into the next assembly.

I Production of SAAF #9 Assembly Is not dependent upon magazines, while
SAAF Assemblies #7 . #8, # 12A and # 12C are dependent upon availability of

I magazines, and their p !oduction will be limited to magazine capacity.

I
- 3. 1.5 Government- Furnished Property List -- With respect to the XM 74

GEMSS Sensor, no Gove rnment-fu rnished equipment is required specifically
for the Automatic Assembly Line . In Paragraph 3 .1.4.2 , Items are listedI which would be placed between the two lines.

3. 1 • 6 Organizational Concepts -- The close- relationship between the GEMSS
- I and ADAM Sensor will result In the assignment of engineering personnel with

dual responsibility for similar automatic assembly fixtures.

.
V
~~ I
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PROGRAM MA NAG ER

ENGINEERING
SUPERVISOR

IIIIEII _-
SENSOR LEAD ENGINEER - - DESIGN ENGINEER

ADAM I E.T.L. I
ADAM LEAD ENGI NEER ~~~~~~~~~~~~~~~~ L.......... ..... ........ E.T. L. LEAD ENGINEER 

-~
PRODUCTION ENGINEERS

SAAF 7 (A) - SAAF 7
SAAF 7* (A) SAAF
SAAF 8 (B) SAAF 8
SAAF 9 (B) - SAA F 8
SAAF 10 (C) SAAF 10 -
SAAF 10* (C) SAAF 10*

11 ~D) SAAF 11
12 (E) SAAF 12

CE) SAA F 12*CE)
CENTRIFUGE (F) SAAF 12C
SAAF 13 (A) IMPACT MACHINE I
SAAF 13A (F) SAAF 13(F) SAA F 13*

]
- 

- V :3
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3.2 CharacterIstics

3.2. 1 Performance Chara cteristics -- Special automatic assembly fixtures
will produce 750 to 1250 completed assemblies per hour , depending upon the
complexity of the assembly. -

When the SAAF is double nested , as is the case In GEMSS #9 , the output is
approximately double the 750 to 1250 assemblies per-hou r rate .

The life expectancy of any SAAF is Indeterminate . Each component used In
the basic machine and the special tooling is replaceable on a modula r basis.
For example, the contractor has converted WAAPM SAAF’s for use on the
ADAM Machine Line with acceptable results.

3 .2 .2  Physical Characteristics --
Production Area:

a. The space required for a typical SAAF is 400 square feet of
floor space (20 ft. x 20 ft. square) . This area will support
parts and assemblies going into the machine, as well as the
completed assemblies. The need for aisles and cart storage
space is not included in the 400 square feet for the SAAF .

b. The space required for a typical spring winder (there are
two on the E .T.L.  Sensor), including stress relief ovens
(two), would be 825 square feet of floor space . This area
would support the carts used to load and store the completed
springs, and to deliver the springs to SAAF’s 12 and 12B.

c. The space required for an ultrasonic degreaser for cleaning
of some parts and especially for cleaning SAAF #11 Nest
would be 25 square feet (5 ft. x 5 ft.  square).

87
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d. The space required for mixing epoxy for SAAF #13A would

be 100 square feet (10 ft .  x 10 ft .  square) . This area
would require a special exhaust system to the outside of 

V

the building . -
~~

e. The space required for sensor lot acceptance testing would
be 600 square feet (60 ft. long x 10 ft. wide) . This re— )
quires a clear area 20 ft. h igh mid-point in the length of

the test area .

f.  Allow 10 percent of total for aisles, break area and fore-
man’s office . I

Production Area Required: -,

a. 400 sq. ft. x 10 machines 4000 sq. ft.

b. SprIng winding area 625 sq. ft.

c. Ultrasonic degreaser 25 sq. ft.

d. Epoxy mixing area 100 sq. ft. 
-

e. Sensor LAT area 600 sq. f t .

Subtotal 5350 sq. ft.

f .  5350 x 10% 535 sq. ft. j
- G rand Total 5885 sq. ft.

There are no security requirements with the SAAF or the E.T.L.  Sensor with
regard to the manufacturing area .

There are two areas where health considerations must be addressed , which
are listed In Subpa ragraph “d” above . The outgasslng of the epoxy must 3
be exhausted outside of the work area (building) immediately. The epoxy Is

-1
~
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dispensed on Machine 13A , so it must be equated with the exhaust system to
remove the outgas from the epoxy .

The E.T.L.  SAAF will meet all OSHA requirements prior to their installa-
I tion on the E .T .L .  production floor .

1 3. 2 • 3 RelIability - - The reliability of each machine in the GEMSS XM74
Extended Sensor production line will ha ve as a design goal a minimum mean-
time-between failure (MTBF) of 8.5 hours . A failure is defined as any un-
scheduled machine stoppage during a scheduled production period which re-

I quire s repair maintenance personnel action due to breakage or severe mis-
alignment ( i .e . ,  malfunction) of any machine subassembly or component .
The time the machine runs is the production time associated with machine

I cycling, but not including any cycling during repairs or other cycling during
which good product could not be produced . During the machine performanceI demonstrations and qualification testing, the number of failures and the pro-
duction time will be collected as needed to calculate the machine mean-time-
between-failure so that reliability growth can be analyzed.

I 
3.2 .4  Mainta inabilIty -- The maintainability of each machine used in the
GEMSS Extended Tripllne Sensor production line will ha ve as a design goal
a mean-time-to-repair (MTTR) of 1. 75 hours. To achieve this goal, the
machines will be designed to comply with the following:

a. Modularization - The machines shall be designed to make max-
Imum use of modularized subassemblles for each type of

I maintenance and to reduce the number and type of repair
parts and assemblies required to support maintenance.

I b. Accessibility - Maximum use will be made of design
techniques that will provide ready accessibility for re-

I placement or servicing .
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c. Interchangeability - Components will be interchangeable with-
out requirements tc calibrate or adjust at time of replacement

d. Maintenance Periods - The system will be designed so that
prevent ive ma intenance is requ ired only in off-production
hours.

kAll machine s are analyzed for MTTR using the definition of failure presented
in Paragraph 3.2.3. The repair time will include preparation time, fault
location time, fau lt correct ion time, adjustment/calibration time and check-
out time . If two or more repair personnel are involved , only elapsed time
will be measured . However , the number , skills, and elapsed time for each
repair person s~iall be record~d. During the machine performance demon-
strations and qualification test ing, the number , type of failure , and the time
to repair will be collected so that machine maintainability characteristics
can be analyzed. *

3.2. 5 Availability -- The machines used in the GEMSS XM74 Extended Trip-
line Sensor production line shall be designed to minimize the downtime (MTTR)
and to maximize the uptime (MTBF) for each machine . The machine s shall be
designed to have a minimum inherent availability of 85 percent . The inherent
availability is defined as:

Availability = M T B F + M T T R ,c 100%

Wh ere MTBF = Mean Time Between Failures
MTTR = Mean Time to Repair

3.2.6 Environmental Conditions -- The toxic nature of the outgassing from
the epoxy mixtu re Is the Only known natural environmental item. The cx-
pertence gained from the ADAM Sensor Is that when the outgassing i-s cx-
hausted to the outside air , there Is no “roblem, as the epoxy gasses are

V quickly dispelled. J
70 9
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I 3. 3 Design and Construction

3.3.1 Name Plates and Marking -- There is no general criteria used for
Identification and markings on electrical and pneumatic lines and controls .
Identificat ion here is only used when necessary . Lines are identified when-
ever hydraul ic or water lines are concerned to avoid confusion in the machine

I system.

3.3.2 Interchangeability - - Standardized tooling and castings have been
I utilized in the design and assembly of assembly machines. Some of the

standardized features include: probes, parts feeding mechanisms, maga-
I zine feeders, work stations, etc. This major emphasis on standard ization 

-
throughout reduces the number and type of repair part s required to supportI maintenance and maintain interchangeability to a maximum .

I 3.3.3 Safety -- Through the use of good design and -the proper selection of
material, machine safety shall be in conformance with the Intent , and general
Interpretation of the following safety publications and codes: - V

a. AMCR385 -bOO , AMC Safety Manual -

I b. AR4O-5, Health and Environment

I C. MIL-STD-882A, System Safety Program Requirements V

4

d. Occupational Safety and Health Act (OSHA) 
-

1 e. National Electric Code for Hazardou s Operations

The Safety Engineering effort will be coordinated with RAM and HFE efforts
to establish an integrated program . A safety review of each machine shall
be conducted to determine compliance with the above-listed publications .

‘ I
V
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3.3.4 Human Performance/Human Engineering -- Each machine in the
GEMSS XM74 Extended Tripline Sensor production line shall be in conform- J
ance with the intent and general interpretation of the following documents:

a. - MIL-STD-l472B Human Engineering Design Criteria
for Military Systems Equipment and
Facilities

b. MIL-HDBK-759 Milita ry Standardization Handbook ,
Human Factors Engineering Design
for Army Material

A human factors review of each machine shall be conducted prior to release
of the machine for use in the normal production environment to determine
compliance with the above-listed documents.

3.4 Process/Operation Characteristics/Configuration Items 3
3.4.1 Flow Diagram -- The process/operation flow diagram is included in
Section 3.1.3, Figure A-i .

3.4.2 Function and Physical Interfaces --

Physical Interface Between SAAF - -
Physical Interface of Parts

From SAAF to SAAF and Assembly Between SAAF is by

8 10 By magazines
9 10 Bulk - into #10 by feed bowl -

10 bOA By magazines
bOA 11 By magazine
11 12B By magazine
12C 12B By spring magazine -

12A 12B By spring magazine
12B 12 By magazine V - 

-‘

12 13 By magazine
13 13A By magazine

- ‘ 7 12 Off # 7 to container, then hand
loaded Into magazines

72
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Functional Interfaces Between SAAF -- The operation accomplished

I on SAAF-#b2B has a functional interface between SAAF’ s b2B and 12. The
ejection spring and the booster spring are compressed and a retaining pin Is
Inserted into the assembly on SAAF b2B. The retaining pin Is removed onI SAAF 12.

I This Is the only functional interface in the GEMSS Sensor Automatic Assembly
Line .

3.4.3 Functional and Flow Diagrams -- Functional diagrams (dial layouts)

I are included with the description of each of the assembly machines. Line
flow diagram (Figure A- i)  Is included as part of Section 3.1.

I
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MACHZNE #7 -

BOBBIN ASSEMBLY , 9292982

PARTS

• Bobbin, 9292985

• Thread , 9298592

• Tape . 9298591 1
• Weight BobbIn , 9292983

Bobbin has two parts: -

- Core, which thread is wound around , and post which J
fit s into the Release Mechanism Assembly. -

- - I
PURPOSE OF ASSEMBLY

To store thread , approximately 46 feet , which is wound about the Bobbin Core t
in a manner that it will easily deploy from the Bobbin when the Sensor Assembly J
Is functioned.

_ _  

IThe tape is used 2~ Y to maintain one end of thread in proper position.

- 

- 

The weight is used to trap the other end of the thread , which will maintain a
pull force consistent with the requirement of the drawing ; see Figure A-2 -
and A-3.

- -
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Figure A-2. WAAPM-Type Sem~automatic Bobbin Winding and TapingMach ine
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Fi gure  A-3. XM74 Bobbin Assembly
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MACHINE #8 - -
DIAPHR AGM ASSEMBLY , 9292998

PARTS

• Diaphragm, 9298598 a

• Diaphragm Plate, 9298597

• Eyelet, Diaphragm, 9298599 -

V 

Gasket , Fibrous , 9298618 
- 

]

I
PU RPOSE OF ASSEMBLY

The Diaphragm Assembly, Figure A-4 , is used to con vert gas pressure,wh ich
is delivered to the Diaphragm, into uniform mechanical motion , which results

- 
V 

in sensor release.

The Diaphragm Plate provides the means to attach the Diaphragm Eyelet and
the gasket into an assembly. The Diaphragm Plate has other functions, which 

-

are mentioned later.

The Diaphragm, when pressurized, flexes and con vert s gas to mechanical
motion . V

The Eyelet , when crimped, provides a seal between the Plate and Diaphragm . 3
The Gasket , Fibrous, provides a controlled leak path for the gas pressure to
leak off after the sensor has been released. -

I
V 
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MACHINE #9
HOU SING ASSEMBLY, 9298587

PARTS

• Cup, Housing , 9298588 -

J• Tube, Housing, 9298589

PU RPOSE OF THE ASSEMBLY

The Housing Assembly. Figure A-5, is used to house parts of the Release
Mechanism, the assembly at SAAF #10.

The Cup, Housing, provides a locator in its center hole to orient the Tube , 3Housing . It also provides fou r holes in its side wall for the assembly of four
Locking Balls at SAAF #11. The fla nge provides a sealing su rface for the
Diaphragm. The small hole at the bottom of the Cup is for nest location pur-
poses only.

The Tube , Housing, provides two holes for the assembly of two Balls, Lock-
ing, at Machine #12. The O.D. of the Tube pro vides location and concentricity
for the two Spring Washers and the Ring Ball Lock at SAAF #10. The slot in

- the end of the Tube, Housing, provides a locator for the Tube to the Cup.

The assembly is crimped together by flaring the two sections of the Tube ove r
the Cup, Housing, center hole . -

4 . 8
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MACHINE #10
RELEASE MECHANISM ASSEMBLY , 9292991

PARTS

• Housing Assembly, 9298587

Diaphragm Assembly. 9292998

— Spr ing Washer (2), 9298582 1
- Ring. Ball Lock, 9298586

Ii
PU RPOSE OF THE ASSEMBLY

The Release Mechanism Assembly, Figure A-6 , is the heart of the sensor 1
release function . .1

The two Spring Washers are oriented and assembled into the Housing Assembly, 
V

followed by the Ring , Ball Lock. The Diaphragm Assembly is placed on the
assembly, and then the Tube , Housing, is flared ove r the Diaphragm Eyelet, 3completing the assembly.

-

V 3
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MACHINE #1OA -

TERMINAL ASSEMBLY
(PART OF THE RELEASE MECHANISM ASSEMBLY)

PART S - ‘

• Release Mechanism Assembly (Part ial) J
— Term inal, Breakw ire, 9298601-1 - 

-

9298 801-2

PU RPOSE OF THE ASSEMBLY

The placement and location of the two Terminals upon the Diaphragm Plate
is to provide a method to solder the Breakwire at Machine #13 . - I

• The two Terminals are punched out of a strip and placed
on the Diaphragm Plate . 3

• The Terminals are then staked to the Plate by heat , which
stakes two plastic post s over the Terminals. -~~

:i~
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MACHINE #11
RELEASE MECHANISM AND CASE ASSEMBLY , 9292986

PA RTS

• Release MechanIsm Assembly, 9292991 (Figures A-7 and A-8)

- S1~ .~ve, 9292988

- Case, Sensor, 9292987
- 

- Case, Washer , 9292989

- Ball, Locking (4) , 9298581

I

PURPOSE OF THE ASSEMBLY

The four Balls are assembled into the four holes of the Sleeve and the Cup,
Housing. The crimp of the Sensor Case completes the assembly.

• The four holes in the Slee ve provide the means to contain V

the four Locking Balls.

• The Case, Sensor , provides the envelope protection for the
( Sensor, and the case crimp contains all parts in the proper

, I - position .

• The Case, Washer , locates the Release Mechanism Assembly
in the Sensor Case and captivates the fou r Locicing Balls in
the proper position .

• The four Locking Balls retain the Sleeve between the O.D.
of the Cup, Housing, and t h e O .D .  ot the Case, Washer .
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Figure A-?. ADAM Release Mechanism and Case Assembly Machine
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Figure A-8. XM74 Release Mechanism and Case Assembly
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I MACHINE #12
- SENSOR CASE AND BOBBIN ASSEMBLY , 9292976 (COMPLETE)

PARTS

I • Sensor Case and Spring Assembly (from SAAF l2B)
V - Bobbin Assembly, 9292982

I - Ball , Locking (2) , 9298581

- Cap, 9298579

- Anchor, 9292980

I -

PURPOSE OF THE ASSEMBLY

- -- I
V The two Balls are assembled into the two holes of the Tube , Housing (Machine
V 

#9).

I The Bobbin Assembly, Figures A-9 and A-b , is assembled into the Tube
Housing (Machine #9) and at the same time into the Sleeve .

I • The Balls (2) provide the Release Mechanism the capability
to lock up the Bobbin Post while the thread of the Bobbin

I Assembly Is being deployed .

• The Anchor is bowl fed and compressed to fit into the I .D.

I
I . The Cap Is a part which adds weight to the Bobbin Assembly

,.r better d plcyment. It also captivates the Bobbin within
*. leg. 01 the Sleeve , and th e, (ou r tabs of the Cap lock over

I
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the four “legs” of the Slee ve, so the assembly will sur-
vive the launch environment. -

• The Bobbin Assembly is partially dr illed on th is machine 
-

to re~ uce drilling “heat” on Machine #13.

J 1
3
3 )
]
-j
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3
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I Figure A-9 . ADAM Sensor Case and Bobbin Assembly Machine
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Figure A-b . XM74 Sensor Case and Bobbin Assembly -
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MACHINE # 12A 3
- SPRING, EJECTION, 9298578 -

- 
I

PARTS 
-
~~

None

-Il
PURPOSE OF THE SPRING - 

V

The Spring provides the power and weight to deploy the thread past the mini- - 

1mum deployment requirement . - - -

• The Spring has two diameters: - 
-

a. Large diameter 
V -

~~

b. Small diameter -

• The Spring is manufactured and automatically placed on a
magazine with the large opening facing upward.

• The Spring is stress relieved in a 350°F oven . All Springs - j
that are stored in a compressed position must be stress re-
lieved to assure proper Spring function after many years of ]storage . 

- 

-

I
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MACHINE #b2B

SENSOR CASE AND SPRING ASSEMBLY , 9292976 (PARTIAL)

I PARTS

• Release Mechanism and Case Assembly, 9292986 (Figure A - l i )

• - Spring, Booster, 9292990 
-

I - Eyelet, Interface, 9292981

- Spring, Ejection, 9298578

I
I PURPOSE OF THE ASSEMBLY

The Booster Spring and the Ejection Spring pro vide the power to deploy the
thread past the minimum deployment requirement .

I The large I .D.  of the Booster Spring will lock onto the diameter provided on
the Case, Washer. -

The small I.D. of the Ejection Spring will lock onto the outside diameter of

I the Sleeve .

The Eyelet , Interface, separates the Booster Spring from the Ejection
Spring . When the thread deploys, it will be contained within the I .D. of
the Eyelet .

The Springs (2) will be compressed and remain in the compressed condition

I until SAAF #12 , where a retaining pin will be removed for assembly of the
two Locking Balls, Bobbin Assembly, Anchor and the Cap.

~i
I
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SPRING, BOOSTER , 9292990

I -

I PART S

None

I PU RPOSE OF THE SPRING

I The Spring provides the power and weight to deploy the thread past the mini-
mum deployment requirement . V

I The Spring has two diameters:

I - a. Large diameter

b. Small diameter - -

I • The Spring is manufactured and automatically placed on a
magazine with the large opening facing upward.

• The Spring Is stress relieved in a 350°F oven. All Springs

I that are stored in a compressed position must be stress re-
lieved to assure proper Spring function after many y~~ rs of
storage .

I
1
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MACHIN E # 13
SENSOR ASSEMBLY , 9292972 -

PARTS

• Sensor Case and Bobbin Assembly, 9292978 (Figure A-12) 3
- Breakwire , 9292 576 

-

- Ring, Retaining, 9298577

- Cover , Post , 9298575

PURPOSE OF THE ASSEMBLY - V

The Breakwire is placed into the ‘V’ of the Bobbin Post. The Retaining Ring 3is placed into the radial groove of the Bobbin , the Post Cover is assembled, 
-

and at the same time, the Breakwlre is pulled taut . The Breakwire is solde red
to the Terminals (2) (Machine #1OA) . -

• The Breakwire (.004 insulated copper wire ) is broken when
the Bobbin thread pulls on the Bobbin Post . The electronics
of the de vice detects the change in the circuitry which causes 3
the mine to detonate .

The Retaining Ring captivates the Breakwire in the ‘V’ slot
of the Bobbin . Its large diameter will not permit the Bobbin -

Post to leave the Tube , Housing .

• The Post Cover seals the openIng above the Bobbin Post . 3The Cover fits into the cavity of the Diaph ragm Plate . The
Post Cover, when seated, will pull the Breakwire taut,
which gives uniformIty to Breakwlre function . -

92 3
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MACHINE #i3A -

EPOXY APPLICATION TO THE SENSOR ASSEMBLY

PARTS

Epoxy )
PURPOSE OF THE ASSEMBLY -

The application of epoxy to the top of the Sensor Assembly Is to seal the Inter- -

face between the Post, Cover, and the Diaphragm Plate (Figure A- 13 and A-i4) .
In addition to sealing the Interface between the Diaph ragm and the Diaph ragm 3
Plage 3 60°, the epoxy is applied and the cure of the epoxy is effected without 

- 

I

any residual pressure . This sealing is required to provide structural re- j
inforcement of the Diaph ragm Plate . -

• The epoxy Is applied automatically to the top of the Sensor.
This operation is accomplished while the Sensors remain In 

-

the magazines. The epoxy Is cured in an oven attached to
the machine . The epoxy thins out and flows freely into the
interface of the parts . 
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Figure A- 13 . ADAM Sensor Assembly Machine )

4-COVE R , POST

~~~~ 
~ —~~~3- R ING , RETAINING , BREAKWIRE

- 
- - - 

2 - WIRE , MAGNET , ELECTRICAL

(:bi 
-

1 - SENSOR CASE AND BOBBIN ASSEMBLY

Figure A-14. XM74 Sensor Assembly Mach ine
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3.5 LOGISTICS 
F’S 5’1~ -4~ 6~

3.5.1 Support .1
Cr it ical components for repa ir or replacement are stocked using a “Min/
Max” Tooling System.

The responsible engineer assigned to a SAAF establishes a Mm /Ma x Tooling
List for all critical pieces of special tooling which are subject to wear or
being damaged. He then orders the maximum quantity to be held in the Tool

Handling Crib . As the tooling is used and the minimum quantity is then on

hand , the crib attendant notifies the engineer , who places an order for re- 
-

placement of special tooling to meet the maximum quantit y. 
-

The engineering crew establishes mm /max quant ities on OML part s which 
-

are common among all the SAAF’ s. The reorder of these component s is -

identical to the mm /max for special tooling . -

3.5.2 Facilities 3
Facilities required to support the E .T .L .  SAA F line are:

1. Ultrasonic degreaser -

2. Stress relief ovens (2)

3. Air cond itioned assembly area and associated equipment

4. Humidity chamber (2) , 8 ft. x 8 ft.  
-

5. Demagnetizer iJ
6. Epoxy mixing eciuipment -

Description of facil ities required:

1. Ultrasonic degreaser

Baron Blakeslee MRS- 120 
V 

-

460V 1 0  60-cycle
- - V -

96 -j 
~~~~~~~~~ 

- 

V ~~~~~~~ - -  
--

~~~~~~~~
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2. Stress relief ovens (2)

I Dispatch oven V 35 HP
440V 3 0 60-cycle

1 3. Air conditioned assembly area and associated equipment

No preference

4. Humidity chambers (2)

I Chamber by contractor
Humidity equipment - no preference

5. Demagnetizer

Electromatic - LAC - 15 VB
Belt feeding

I 460V AC 1 0 50-60 cycle

6. Epoxy mixing equipment

3. 5. 3 Utility Consumption

I SAAF No. Electric Compressed Fuel Gas Water Steam

7 2.29 950 - - - -
8 2.29 950 — - — -
9 2.29 950 — — — -

10 2.44 950 - - - -
1OA 2.44 950 - - - -

‘
I 11 2.51 950 — — — —

12 2.67 950 — — - -

12A .42 950 — - - —
- 

- 12B 2.87 950 - - — —
12C .42 950 — — - —
13 13. 72 950 — - — —

V 13A 2.44 950 — - - —

TOTAL 36.80 11. 400
- ‘ UNIT KWH/M CFH/M

ii
- - - ~~~~~~~ - -

-

~~~~~~~~~~~~~~ - V  ~~~~~~~~~~~~~~~~ - - -~~~~~ ~~~~
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The data listed above Is from a 1977 utility usage analysis (Figure A- 15) for
comparable machines used on the ADAM program at Honeywell’s Twin City
Arsenal, BuIlding 103, New Brighton , Minnesota .

3.5.4 Personnel 
-

Personnel requirements listed below show the numbe r and type of personnel
required for the specified mobilization rate of 200 , 000 sensors per month .
These requirements are also based upon a self-contained , stand alone, mature Imanufacturing line. Concurrent operation of other lines at the same location
will reduce these requirements . -

Program Management: Program Manager 1.0
Quality Manager 1.0 1Engineering Supervision: Production 1.0 -

Quality 1.0 1Eng ineering: Production Engineers 8.0 -

Quality Engineer 1. 0
Quality Technician 1.0
Evaluation Engineer 1.0

Manutacturj nC Assistant Foreman 1.0 1
Machine Operators 20 .0
Group Leader 2 .0 1Tool Room: Toolmaker 5.0

Inspection: Receiving Inspection 1.0 1Floor Inspector 3 .0
Floor Group Leader 1.0

E valuation Technicia n .5
Chem & Met Lab Engineer .5

Chem/X-ray Technician 2. 0 1
Plastics Lab Engineer .2

Technician 1.0 1
98 1~
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4.0 TEST/VERIFICATIO N 

-

Test and verification of the GEMSS Extended Trip line Sensor Special Auto-
matic Assembly Line shall be accomplished by conducting a demonstration
test on each Special Automatic Assembly Fixture (SAAF) . Demonstration
Test Plans shall be pre pared for each SAAF to assure that SAAF require-
ments are met and that Extended Tripline Sensor Assemblies conform to -

MIL- S—48755.

a. During the conduct of the demonstration test , Reliability,
Availability and Maintainability (RAM) data shall be re- 

-

corded by failure indicating :
- Cause of failure
- Corrective action
- Time to determine corrective action
- Time to perform corrective action -

- Total down time per failure -

This data will be part of the reliability analysis.

b. During the conduct of the demonstration test, the following 
-

shall be recorded:
- Date of demon - ration test
- Start time
- Stop time (Stops will be recorded by nu mber displayed -

and/or reason for stop and duration of stop)
- Observed time
- Total run time
- Total down time

102 0
II
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- Cycle rate (CPMO

I - Total cycle count
- Total parts count

I - Lot number of parts and material assembled

I This data will be part of the engineering evaluation.

c. During and/or following the demonstration test , samples of
SAAF-accepted assemblies shall be selected and inspected
and/or tested for conformance to MIL-S-48755. The inspec-

I tion results will be part of the Quality evaluation.

r d. Installation testing and checkout shall consist of the following:
- All feed , work and probe stations function properly.

f - Control system functions properly .
- 

- SAAF-accepted assemblies conform to MIL-S-48755

Li
I

‘ - I

I
- - 

- 103

I
i
__ 

_

~~~~~~~~~ -
-
_

~~~~~
--; - _ _  -

- - - - —  

-
- 

~~~~~~~~~~~~~~~~~~~~~~~~ 

- -



TS 578-4869
APPENDIX B

EQUIPMENT TECHNIC AL DAT A PACKAGE SPECIFICATION j
FOR -

SPECIAL AUTOMATIC ASSEMBLY LINE JFOR XM74 GEMSS EXTENDED TRIPLINE SENSOR

SPECIFIC ATION TS 578-4869 -

•

I

—I
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1.0 SCOPE

1. 1 Equipment Data Specification

I
This Equipment Technical Data Specification establishes the performance,

I design, test, manufacture and acceptance requirements for Special Automatic
Assembly Fixtures ( SAAF) used in the fabrication of the XM74 GEMSS Ex-
tended Range Tripline Sensor.

This equipment is tabulated (ref: Table B-i) to show each machine by nameI and number . A listing of parts assembled and commonality with ADAM
Sensor Assembly Machine is also given .

I
2 .0 APPLICABLE DOCUMENTS

2. 1 Document Specification

The following documents, of the issue In effect on the date of beginningI activity on this contract, shall form a part of this specification to the extent

I 
specified herein:

Standards
MIL-STD-1472 Human Engineering Design Criteria for

Military Systems, Equipment and
P Facilities.

• Drawings

I 9292972 Extended Range Tripline Sensor

Specifications QAP - GEMSS-1I Extended Range Trip line Sensor

107
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TABLE B-i. MACHINE TABULATION

Machine Name Parts Assembled Commonality - ,

7 Bobbin Assembly 9292983 Weight New i
9292982 9292985 Bobbin

9298591 Tape - ‘
9298592 Thread

8 Diaphragm Assembly 9298597 Diaphragm Plate Common 
• -

9292998 9298598 Diaphragm
9298599 Diaph . Eyelet
92986 18 Fibrou s Gasket

9 HousIng Assembly 9298588 Housing , Cup Common -
9298587 9298589 Housing. Tube j

10 Release Mech. Assy . 9298582 Washer Spring Common
9292991 9298586 Ring . Ball Lock
Less TermInals 9292998 Diaphragm Assy.

9298587 HousIng Assy . 
-

1OA Terminal Assy . 9298801-1 Terminal , Breakwire Common
9292991 9298801-2 Terminal , Breakwire T
(Release Mech. Assy.)

11 Release Mech . and 9292987 Sensor Case Modified
Case Assembly 9292988 Sleeve —

9292986 9292989 Case. Washer
9298581 Locking Ball -
9292991 Release Mech . Assy .

12B Release Mccl,. and 9292981 Interface Eyelet New
Case Assembly 9292990 Booster Spring

9298578 Ejection Spring
9292986 Case/Sleeve Assy.

12 Sensor Case/Bobbin 9292980 Anchor Modif ied
Assembly 9298579 Cap
9292978 9298581 Locking Ball -

9292986 Release Mech . /Case Assy.
9292982 Bobbin A ssembly

13 Senior & B/W Assy. 9298575 Poet , Cover Modified
9298576 Magnet Wire
9298577 B/W Retaining Ring
9292976 Sensor Case/Bobbin Asey. -

13A Epoxy Dispenser 9298617 Adhesive Modified
9292072 Spec. MMM -A -132
Extendid Rang. Type 1, Class 3 • -

Tr lplIne Sensor

11
108 1
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I 2.2 NON-GOVERNMENT DOCUMENTS .. NOT AF-PLICABLE

3.0 REQUmEMENTS

3. 1 Item Definition

I
The XM74 (Extended Tripline) automated machine line described herein is

I a group of unique machines that result in a complete and acceptable XM74 ,
Extended Range Tripline Sensor.

3. 1. i Item Diagrams -- Figure B-i shows the total machine line flow of
the Sensor Assembly. Following this diagram are dial layouts and descrip-I tions indicating the functions performed on each machine .

I 3. 1.2 Interface Definition - - The SAAF for the GEMSS Sensor Assembly
Line will consist of 10 Special Built Assembly Fixtures. They will run in-

I dependent of each other . The controlling factor will be availability of parts

and assemblies fr om previous SAAF ’s.

• The GEMSS Sensor Line will run at various rates (assemblies/per hour ) due
to the complexity of the various assemblies, therefore, a comparison of
hours per month multiplied by the expected RAM rate predicted (PCS/HR )
has been compiled to Identif y the specific functiona l interface requirements

I (Ref: Table B-2).

I Physical interface relationships are specified on tooling drawings for the
individual SAAF Station, Base, Dial, or Tooling Plate. These drawings

I will be furnished with the SAAF’S In almost all instances. Special drawings
are required for each station and probe.

I

109
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HI - sI
TABLE B-2. SPECIFIC FUNCTIONAL INTERFACE REQUIREMENTS 

-

- RAM Rate Expected Quantities PCS/Month 
-

SAAF # Predicted 1-8-5 2-8-5 3-8-5
PCS/Hr l6O Hr 320 Hr 500 Hr

7 198 31,360 62,720 98,000
8 1272 203, 520 407, 040 636, 000
9 2142 342, 720 685, 440 1, 071, 000 

-10 1035 165, 600 331, 200 517, 500
3 10k 965 154, 400 308, 800 482, 500 -

11 • 790 126,400 252,800 395,000
i2B 694 111,040 222,080 347,000
12 683 109, 280 218, 560 341, 500 -

13 991 158,560 317,120 495,500
13A 882 141,120 282,240 441,000

I
I
11~,
B
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As much as possible, the cont ractor should use standard off the shelf items
for the electrical and pneumatic systems.

3. 1. 3 Major Component List -- Honeywell Ordnance Machine Lab (OML)
Automation Equipment Is designed and built to standardized configurations
whenever possible . The Machine Development Laboratory has designed and

I built more than 1100 automatIc assembly machines in recent years and has
available extensive tools and equipment to support machine build progr ams.

I The magnitude of OML operations has permitted standardization of special
machines to a high degree. Enclosed as an attachment to this specification
Is a booklet entitled Automation Standard Equipment. This booklet is a cata-
log of major components which have also been referenced on the design

I 
drawings for the assembly machines to be used for building the XM74 GEMSS
Extended Range Trip line Sensor . )

3. 1. 4 Government Furnished Property List -- With respect to the XM74
GEMSS Sensor, no Government-furnished equipment Is required specifically

I for the Automatic Assembly Line. Due to similarities between the ADAM
and GEMSS lines there will be common usage of the following facility Items:

I I Demagnetizer

• Ultrasonic Cleaner-Degreaser - 
-

• Humidity Controlled Room

These facilities would be placed between the two lines.

3. 2 Characteristics

3.2. 1 Performance Characteristics -- Special automatic assembly fixtures
I will produce 750 to 1250 completed assemblies per hour , depending upon the

complexity of the assembly. Machine descriptions are given on the followingI pages.

-1 115
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MACHINE #7 
-

BOBBIN WINDER

APPLICABLE PIECE PARTS -

• Bobbin Print #929298 5

• Weight Pr int #9292983 -
~~

• Tape - Print #929859 1

• Thread Print #9298 592

I Bobbin Assembly Print #9292982 
-

ii 
-

I
MACHINE OPERATIONS -

This machine (Figure B-2) is required to assemble the bobbin and weight
with 46 feet of thread wrapped around the bobbin . The thread Is held on the L
face of the bobbin by an adhesive tape and maintained in the rear by a press 

-

fit between the bobbin and weight. The sequence of machine operations is j
as follows: 

-

1. BobbIn weights are placed onto the nest and positioned. -

2 . Bobbin 10 placed onto the nest in front of the weight.

3. The thread is wound onto the bobbin with 1/2 turn located -

in the weight cavity of the bobbin and with 46 feet along
the body. A final 3 wraps is done on the bobbin post . -

4. Tb. thread ii taped into position on the bobbin face. 
- 11 -

This tape ii sul d by a heat ing operation .

II
h i  fl~

_________________________ - -_ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
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5. The nest is compounded to press the weight into the weight

I -- cavity maintaining the thread in the rear of the bobbin.

- 6. Excess thread in the operation is removed.

I 7. The final Bobbin Assembly is ejected off the machine in bulk.

I
I

I

I
I

I

I

I

~ 
I
I

• 
—
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MACHINE #8
DIAPHRAGM ASSEMBLY

APPLICABLE PIECE PARTS -

• Fibrous Gasket Print #9298618

• Eyelet Diaphragm Print #9298 599

• Diaphragm Print #9298598

• Plate Diaphragm Print #929859 7 1
• Diaphragm Assembly Print #9292998

MACHINE OPERATION S

Thia machine (Figure B-3) is required to assemble an eyelet, diaphragm,
plate diaphragm and gasket to form the diaphragm assembly. This completed
assembly Is fed as a unit to Machine #10 . The sequence of machine opera- -

~~

tions is as follows: .1

1. Fir st, the plastic diaphragm plate is fed to the nest -

from a vibratory bowl. -

2 . Now, a gasket is blanked from . a continuous roll of I
material and placed into position on the diaphragm plate.

3. Next, the diaphragm is fed from magazines to the nests.
It Is positioned on top of the two previous piece parts.

120
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4. - Then an eyelet is fed from a vibratory bowl. This eyelet
I is crimped to hold these piece parts together .

5. Following the crimping operation, the assembly goes through
- a notching station where the diaphragm is notched to provide

clearance for the spout.

6. The final station is the point where the assembly is ejected
- - ( to a magazine.

I

• I
I
I
I

-

~~ 
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MACHINE #9

HOUSING ASSEMBLY

APPLICABLE PIECE PARTS -

• Tube Housing Print #9298589

I Cup Housing Print #9298588

• Housing Assembly Print #9298587

MACHINE OPERATIONS

Two piece parts are Involved In this assembly (Figure B-4) .  The tube and -

cup hou sing are assembled to form the housing assembly. The sequence of
machine operations Is as follows:

1. First , the housing tube is fed from a vibratory bowl onto 
.

the nest . - -

2. Next , the housing cup is fed from a vibratory bowl and I
positioned on top of the housing tube. 

I

3. The two pieces are fixed together by a staking operation .

4. This final assembly Is now ejected In bulk . 1
H

- 

II

124
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MACHINE #10
- RELEASE MECHANISM ASSEMBLY

I APPLICABLE PIECE PART S

• Spring, Washer Print #9298582

• Ring Lock Print #9298586

I 1 Housing Assembly Print #9298587

• Diaphragm Assembly Print #9292998

I
MACHINE OPERATIONS

This machine is required to assemble the housing assembly (from Machine
#9) and diaphragm assembly (from Machine #8) along with two washer springs
and a lock ring (Figure B-5). This entire assembly is the release mechanismI without the breakwire terminals. The sequence of assembly machine opera-
tions Is as follows:

I 1. First , the housing assembly is fed from a vibratory bowl .
- It is oriented In the nest by a spin station .

2. Next, two springs are fed into the housing assembly. These
- are also fed from a vibratory bowl .

H
3. Then a ring lock is positioned on top of the two springs andI three separate stations exercise the springs.

4. Now, the springs are compressed and nest slides are used to
captIvate the assembly.

I

~
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5. The diaphragm assembly is fed from magazine and placed

on top of the nest .

6. The diaphragm assembly is staked to the remainder of the

I assembly and the nest glides are retracted. Following this
the assembly Is ejected to a magazine.,

L I
-II
I
I

-

I

I
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i - - I
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MACHINE # 1OA i
TERMINAL ASSEMBLY F IXTURE

APPLICABLE PIECE PARTS - I
• Terminal, Breakwire Print #9298601 -

• Release Mechanism Assembly Print #9292991

MACHINE OPERATIONS

Thia fixture (Figure B-8) assembles the terminals (left and right side ) to the
release mechanism . The sequence of machine operations is as follows:

I
1. The magazines containing the release mechanisms are

utilized as a nest . The fixture indexes the magazines -

through the assembly operations . - ,

2. Next , breakwire terminals are punched from strip stock 
I

and positioned onto the release mechanism . -

L i
3. Finally, these terminals are held in place by heating 

-

and forming two plastic ears on the release mechanism.

Ii ’
I

- J
I

132 1
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MACHINE #11

RELEASE MECHANISM AND CASE ASSEMBLY

1 APPLICABLE PIECE PARTS

Release Mechanism Assembly Print #9292991

• Case Washer Print #9292989

• Locking Ball Print #9298581

• Sleeve Print #9292988

• Sensor Case Print #9292987

- MACHINE OPER ATIONS -

This machine (Figure B-7) assembles the release mechanism assembly.
case washer, locking balls, sleeve and sensor case . Crimping the sensor
case onto the release mechanism along with the fdu r locking balls maintains
this assembly together. The small ball size adds to the complexity of this

1. assembly. The sequence of operations is as follows:

1. The sleeve is fed from a vibratory bowl onto the nest .

I - 

2. The sensor case is fed from a vibratory ‘bowl onto the nest .

3. The case washer is fed from a vibratory bowl and positioned

I in the nest adjacent to the sleeve and sensor case .

4. The nest Is now compounded allowing the washer and sensor

I 
case to drop approximately 1/2 inch lower than the sleeve .
This allows for positioning of the locking balls in the sleeve

1 l at a later etation.

I i 135 
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OPERATION PART N~

I HOPPER ORIENT. t~ETER & FEED SLEEVE 9292988

2 PROBEP&P

tOPPER ORIENT. IETER & FEED
SENSOR CASE 9292987

4 PROBE P & P

5 HOPPER FEED WASHER 9292989

6 PROBEP&POF CASEIWASHER
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‘
~.

~,IlO 
—

0 
9 MAG. FEED FELEASE P.ECIt 929299 1

i~ PROBEP&P

1i IDLE C

\ 
\
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8 - - 
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\ \
14 RADIALLY FEED BALLS
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TS 578-48691 5. The release mechanism Is fed from a magazine onto the

sleeve with the correct orientation.

6. Four 0.040 diameter locking balls are fed by a vacuum

I pickup to a nest r ing. Th is nest ring is compou nded allow-
ing the balls to run down four ramps into their correct

I position in the assembly.

7. Wit h the four balls in position the nest is compounded

I again and the washer and case are adjacent to the
sleeve and release mechanism . The balls are now con-
tained in the assembly.

8. The assembly is permanently fixed together by crimping

I the sensor case.

I 9. After the crimping operation, the sensor case and sleeve
assembly is ejected into a magazine .

I I

I
I

i 139

-~ ~~~~~~~~~~~~~~~~~~~~~~~~ . ~~_ .___ 1~~~~~



TS 578-4869

MACHINE # 12B - -

SENSOR CASE AND SPRING ASSEMBLY -

APPLICABLE PIECE PARTS

• Release Mechanism & Case Assembly Print # 9292986

• Eject Spring Print #9298578

• Booster Spring Print #9292990

• Eyelet, Interf ace Print # 9292981

MACHINE OPERATIONS I
11

This machine (Figure B-8) is required to assemble the release mechanism
and case assembly (obtained from Machine #11) with the ejection spring,
booster spring and interface eyelet . The two springs are temporarily held
in compression with a retaining pin . This reta ining pin is removed on the
following assembly machine . The sequence of machine operations is as
follows: I

1. The sensor case and sleeve assembly is fed from a magazine
onto the nest . This assembly is inverted in the process so
the release mechanism Is located at the bottom of the nest.

2. Before the first spring is inserted , the nest pins are exer-
cised to ensure correct position of the sensor case in the 1nest . These nest pins are later used to contain the booster
spring in compression .

I
140 
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3. After the nest pins are exercised, the booster spring is
Inserted , prepositloned , compressed and retained in the
case by the nest pins.

4. The interface eyelet is fed from a vibratory bowl and
positioned into the sensor case .

5. Now, a temporary retaining pin is fed to a V slot located
on the top of the nest . This pin is now adjacent to the re-

I lease mechanism and case assembly.

6. Next , the ejection spring is fed to the nest and compressed .
The nest slides are retracted and the retaining pin Is pushed

I 
into place .

7 . The sensor case and spring assembly is ejected to a maga-
zine which will feed into Machine #12 .

r 
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t
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1~i 

143

5—-’- — * - -- - 
— 

___p__
- - 

~~~~~ - -



TS 578-4869

MACHINE # 12
SENSOR CASE & BOBBIN ASSEMBLY

APPLICABLE PiECE PARTS

• Cap PrInt #9298579

• Ball Lock Print #9298581

• Anchor Print #9292980

• Bobbin Assembly 
. 

Print #9292982

• Sensor Case & Spring Assembly

MACHINE OPER ATIONS

This machine (Figure B-9) Is required to assemble the cap, anchor , bobbin
assembly and locking balls into the sensor case and spring assembly. The
sensor case and spring assembly Is acquired from machine #12B and already
contains the eyelet and ejector and booster springs. Once these piece parts
are assembled, they are contained by crimping the sleeve and cap tabs. The
sequence of machine operations is as follows:

1. The sensor case and spring assembly is fed Into the nest .

2. The pin containing the springs within the case is removed
and nest slides are used to mainta in the springs in corn-
pression .

3. Two locking balls are fed and positioned into the assembly.

4. The bobbin assembly is now fed and positioned into the case .

TI
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I 5. The anchor is fed and positioned on top of the bobbin assembly.

6. Now the cap Is blanked from strip stock and positioned on top
of the anchor.

7. The sleeve tabs are crimped to hold the assembly together just
after the nest slides are retracted.

8. The cap tabs are crimped to lock the assembly together.

9. Now the bobbin assembly within the case is drilled separating
the weighted and sensor wire end of the bobbin assembly.

10. Finally this sensor case and bobbin is ejected from the machine
into a magazine .

I L

I
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MACHINE #13

SENSOR AND BREAKWIRE ASSEMBLY

APPLICABLE PIECE PARTS

• Sensor Case and Bobbin Assembly Print #9292976

• Wire , Mag., Elect Print #9298576

• Ring, Retaining Print #9298577

• Cover Post Print #9298575

MACHINE OPERATIONS -

This machine (Figure 8-10) is designed to weld the breakwire to the two

breakwire terminals. Several operations precede and follow the welding
station . This Is for preparatory purposes and continuity checks. The two
other piece parts involved in this assembly machine are the retaining ring
and plastic post cover. The sequence of machine op~ratlons is as follows:

1. First, the sensor case and bobbin assembly are fed from

a magazine to the nest. -

2. The breakwire is fed from a remote station and the Insula-
tion is burned off . Then this section of. wire is positioned
onto the breakwire terminals. To maintain control of the
breakwire , jaw s on the nest are activated .

3. A retaining ring and cover post are fed onto the release
mechanism and positioned. This helps to fu rther capture
the breakwtre. --
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4. The bobbin assembly goes through a final drilling operation
to clear any excess material in the assembly.

5. Now flux is applied and the breakwire is welded to each
terminal .

r 6. The breakwlre is cut and trimmed. A continuity probe is
used to ensure a complete weld .

1 7 . Finally the sensor and breakwlre assembly is ejected to
I a magazine.

I

I

F
1
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I I
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MACHINE #13A -

SENSO R EPOXY FIXTURE -

APPLICABLE PIECE PARTS

• Tripl lne Sensor , Extend Range Print #9292972

MACHINE OPERATIONS

This machine (Figure B-li) is required to apply epoxy to the tr ipline sensor
following the application of two (2) No. 26 Gage Lead Wires (hand line opera-
tion). This epoxy serves to protect the electrical connections completed on
MachIne #13. The fixture utilizes the magazines containing the tripline sen- .4

sors as its nest . The sequence of machine operations is as follows:

1. The magazines containing the tr ipline sensors are indexed
through the fixture.

2. FIve separate stations apply epoxy at selected locations .. -

onto the release mechanism which combine to form one
continuous epoxy coating to end of sensor.

3. FollowIng the applicatIon of epoxy the loaded magazines are
cured in an oven for a period of time. i-I

3.2.2 Physical Characteristics --
Production Area: - -

a. ‘the estimated weight of the H oneywell Standard Type 189 Base
tooled is 9500 pounds. The space required for the typical II

152 ]
1-I

- - 5  -- -- - •  -- --~~~~~~~~- -~~~~~
5- — - - .- .-•-~- - . — .~- - --- 4- 5



- -  - - — r—— - -

I I • I • I 4
1514 TOwi~~ 15o~~~ P51os~wa

0

- - 

5T~~~~ X~X~X~

~Q.o ~TOR~iGE 

-

EPOXY ~.&‘I OUT

- . 

_ 

~~~~~~~~~~~~~~ _ 
_

A.PP L’( ~~ ‘O%’~ O,.~ PItCL 
- - 

- 
_ ________________________  

-

~~~P,T Op~ ~~~~~~ t TIOp ~~ 
- • - 

- - - 

- 

S.
- 

,:~ 1~
I
5’t

a /

A 
~~~~~ 

j 
~ 100 .4MM. O~*IN. 

/

5511 SI ~~. 5110151 TLjI I

‘. 5 , 5  I 7 • 5 4

Figure B—].l. Machine //13k Sensor Epoxy 

~~~~~~~~~~~~ - -- ~~ 

-

~~~~~~~~~ - — .:~~~~T - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



~~~~ PWET

0

S1A~~~ X X ~X~ —

I - 6TA® c

~ It .~~tO~~~~~~~ —

“NI. ’

I I 4O RIZ O~
..)ThL 

~~~~~~
I I - LO~~~~ L’~.
- - ~iJ C11O15SII,~~V.

0U4NI C~~~

~ 
_ L _ ~~ 

1

I 05155

i~1~rti~ Ô
~~~~~ J~rL Ij  

_ _ _ _ _ __ _ _ _ _  _ _ _  -

_______ _______________________________________________ a
515.51005115 IS?. lIT. j 5*51 F 5 1  SI 555151155 ~~~~ . lS?.~~

______ ~~~ ~ W G  ~~~ Nse~~~,S 
__________ 

1 1 TOP
_______ 1L SE$8~ R AMY . I9XTU~~

S .  ~~ 
~~~

y
~~~1~

i
514 M~ & E.T~~~~~~~F IM

_________________________________ ~~~~i;~
•— .‘l.u 51.2.SI ~~ 

~~ ‘~‘~l I ~~ I 77- % 4I e .f r~~

I $ I

l~3iine #13k Sensor Epoxy Fixture Reverse side Is blank
-7

-- — - -  — -
- 

- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



I

TS 578-4869I 
~ 

SAAF is 400 square feet of floor space (20 ft. x 20 ft.
square> . This area will support part s and assemblies.I The need for aisles and cart storage space is not in-

I 
cluded’ in the 400 square feet for the SAAF.

b. The space required for a typical spring winder (there

I are two on the E.T.L . Sensor), including stress relief
ovens (two) , would be 625 square feet of floor space .
This area would support the carts used to load and storeI the completed springs, and to deliver the springs to SAA F
1 2B.

c. The space required for an ultrasonic degreaser for clean-
ing of some parts and especially for cleaning SAAF #11I Nest would be 25 square feet (5 ft. x 5 ft . square) . )

I d. The space required for mixing epoxy for SAAF #13 would
be 100 square feet (10 ft. x 10 ft. square) . This area
would require a special exhaust system to the outside of
the building . - -

I c. The space required for sensor lot acceptance testing would
be 600 square feet (60 ft. long x 10 ft. wide) . This would

I have to be a clear area 20 ft. high at mid-point in the length 
- -

of the test area .

I f. Allow 10% of total for aisles, break area and foreman’s
office.

I Production Area Required:

I a. 400 sq. ft. x 10 machines 4000 sq. ft.
b. Spring winding area 625 eq. ft.

i 
c. Ultra sonic degreaser 25 eq. ft.

I 
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d. Epoxy mixing area 100 sq. ft.
e. Sensor LAT area 600 sq. ft.

Subtotal 5350 sq. ft.

f. 5350 x 10%

Grand total 5885 sq. ft.

Factory floor plan layouts for the area in Bldg. 103, Twin Cities Army Am-
mun ition Plant , wh ich has been assigned for assembly of the XM74 GEMSS
Sensor are shown in Exhibit A. This requirement is shown in two phases:
(1) The initial production facility incorporat ing only one each of the required
machines and (2) the area required with an expansion to meet the PEP study
requirement of 200, 000 Sensors/month on a 1:8: 5 shift basis.

g. There are no security requirements with the SAAF or the
E.T.L. Sensor with regard to the manufacturing area.

h. There are two areas where health considerations must

be addressed, and are listed in Subparagraph !‘d ”
above . The out-gassing of the epoxy must be exhausted

- outside the work area (building) Immediately . The epoxy
Is dispensed on Machine 13A so it must be equated with
the exhaust to remove outgas from the epoxy .

The 1~.T.L. SAA F will meet all OSHA requirements prior
to their installation on the E .T. L. produ ction floor. •

3.2.3 ReliabilIty -- The reliability of each machine in the GEMSS XM74
Extended Sensor production line will have as a design goal 5 minimum mean-
time-between failure (MTBF) of 8.5 hours . A failure is defined as any Un-
scheduled machine stoppage during a scheduled production period which re-
quires repair maintenance personnel action due to breakage or severe ml.-
alignment Ci. e •, malfunction) of any machine subassembly or component . I

H 158 j
•1

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -



I
I

- z — — . — M i  0 ~ O sI o~~~~.I,
• - - *11 —I—

- - - I i 
- 

~~ aI t1 1. . .
I - - : J..L_L

15 
p - - -  i - - I .  R

- \ - I
~~~~~~~

-i
~~~~ 

- - p

-;
~ ~~~~~~~~~~~~~~~~~~~~~~~ 

I . 
*1 

~ 
Thm ; 

_ _ _ _  

~~~~~~~~~~

• 

-~ 
.

1 
_ _

~~~~~~~ ~~~- 5- 

ii
I 4 • 

•

-
_~

•
‘.
~
—

~~~
: 

- :~:~ ) 

_ _ _ _ _

-H - 

. -
~~~~~~

- 

- ‘ •  - - - - -

1 ~~~~ i~i~~ 
. 5 5 U 0 U l( ” . ”: I —I VC) 

~~~ ..1 
. 

. . -* -

: - - - -ii - . .  - - I _____ C)

~ 
_
~~J4 . .  . . :L

I 

E 
_ _ _ _ _  

E ~
1’ ~~~~~~~ L’ -

~~~~~ 

‘
~

~ I . — . ~ — -.~~ — i o  ~I ‘~
157Ii_

_ _ _ _  
_________________________________

_ _ _ _ _ _ _  - — ~~~~~~~~~~~~~~~ - -



.i 
~~~~~~~~~ 

T — ’ — ~~~~~~~~~~ _______

- -
~~ 

4t~~~~4U S.U’~4~4~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~

-

, 
LNi:nu tsNl~~~~~ 

- ‘r :~I
~~. ~~~~~~~~~~~~~~~~~ I

H~~N~~i~ ~i2a~z~ _ _ _ _  _ _ _ _ _ _ _  _ _ _

____ 
I ?N /1 ~~~ ~~ _______

- 

• - - - - 

~~~~~~~~~~ 

I S 5 •~~~

_ _ _ _ _ _ _  

- -~~~~~~~

—- LI fl’t~114i1~~~ I i - 
_ _ _

~~
‘ 

~~~~~~~~~~ 
I 4”

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_

_ _  - ~ . I

.

I - -  - 

~~~~~~~~~~~~ ~~~
I 

_  • 5 

~~~~~~~~~~~~~~~~~~~~~~~~ ‘

~ 

~- T T f~ T’~~~~
it” i~~~~~ 

-

- S . - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 5 5  • • ~~~I + + + 
• I • 

H
I S 

- 
S

• 5 
- 

I

_ _ _ _  
_ _ _ _ _ _ _ _ _  - :::‘Ji, i _ _ _ _ _ _ _ _ _ _  _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
“-

- 

I

•

~

•i ~~~~~~~~~ 
_~~~~.L j t t 1~~~~1 _ J _ i .~~L~~~~~~~ j~~~~~~~~~~~~ .~~~~ ii  1i1~

— 

Ui 

~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~ ~~



- 4 ,~ ‘ t ’ ~~~ S ’  ‘ ‘ - - ‘ ‘ -  ~- 4 —  ~~~~~~~~~~~~~~~~~ 
+ . I ~~~, + 4 +  

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
I 

.L 1 I 

~:

______ 

I I ~ 11ff “*‘~fl~~iF
_ _ _ _ _  

I I  ~I

I

, ~~~~~~~~~~~~~~~~~ 1 1

-

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _  

. 1 1 1
S. — IXTINNID TISPIINI ~ 

‘
~~
‘
~~‘ ‘~ I — 

I
5110 1$ - I I S I

- - - 
- 12. ~ 12 :   . S    t -

S S . •• •• — . •— — — — S . — - • - • — . , • • - $  ~~~~~

-

. 

S. •~~•• S- +- 5-5 S S- ~~S . S . S . S . S ..5 4 4 

1 

+ . + .-

5101 ~~~~~~~ I :
- ~~~~ ~~~~~

. -

4 
I

- -  - 
- 

-~T~T ’  ~~~~~~~~~~~~~ - 
-

S ‘

S. 

:
_ I

I 

~

I
_ 

I r~~ — —

- -~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~- I.Z.L&TRAiOtJJC Dr RtA~~~ R~~~~ .K I 9  h . : -  - , !
I:a.coupA~AroR. ~~~~~ - t o  - ‘ H ’  - • I - 5 - I -

- - I LDeMA~H4~ TIZrR . - I. 19 - 
- - I - - I I -

I * t~~~ t~~~

t

~~

t i lt  
I 

~~~~~

I
I

I
I

~~~~~ ~~I I ~~I I  
I I ~~~~~~ _______  ____  

I., 

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
~~~

- -

S H t LI I I
~~(~~~~~~~I~~~

I I I  
I ’ ’  i

’
I ‘

S 

~11~ Jh IL H 11 ~i u Jh Hi ~t I ltj nH Li1I1 ~ L 159 
- — 

Reverse side is blank

_S- ~~~~~~ —~~~~~~~~~~~ — • ,,— —
Zr - . - ~ - - - ____________— - —



TS 578-4869
S. The time the machine runs is the production time assoc iated with machine

cycling, - but not including any cycling during repairs or other cycling during

which good product could not be produced. During the machine performance
demonstrations and qualification testing , the number of failures and the pro-
duct ion time will be collected as needed to calculate the machine mean-time-
between-failure so that reliability growth can be analyzed.

3. 2. 4 Maintainability - - The maintainability of each machine used in the
GEMSS Extended Tripline Sensor production line will have as a design goal
a mean-time-to-repair (MTTR) of 1.75 hours. To ach ieve this goal, the
machines will be designed to comply with the following:

a. Modularization -- The machines shall be designed to make maximum
use of modularized subassemblies for ease of maintenance and to reduce the
number and type of repair part s and assemblies required to support main-

I tenance.

I b. Accessibility -- Maximum use will be made of design techniques that
will provide ready accessibility for replacement or servicing.

c. Interchangeability -- Component s will be Interchangeabl e without
requirements to calibrate or adjust at time of replacement .

d. Maintenance Periods -- The system will be desIgned to that pre-

I ventive maintenance is required only in off-production hours.

J Ail machines are analyzed for MTTR using the definition of failure presented
in Paragraph 3.2.3. -The repair time will include preparation time, fault

I location time, fault correction time , adjustment/calibration time and check-
out time . If two or more repair personnel are involved, only elapsed time

l
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will be measured. However, the numbe r, skills, and elapsed time for each -

repair person shall be recorded. I
During the machine performance demonstrations and qualification testing, the
number, type of failure , and the t ime to repa ir will be collected so that
machine maintainability characteristics can be analyz ed. 

-

3.2.5 Availability -- The machines used in the GEMSS XM74 Extended Trip-
line Sensor production line shall be designed to minimize the downtime (MTTR)
and to maximize the uptime (MTBF ) for each machine. The machines shall
be designed to ha ve a minimum inherent availability of 85 percent. The in- -

herent availability is defined as: -

AvailabilIty = MTBF + MTTR X 100% 
- 

I

Wh ere MTBF = Mean Time Between Failures
MTT R = Mean Time to Repair - ,

3.2 .6  Environmental Conditions

a. -- The SAAF equipment metal surfaces shall be protected I
during storage with a high grade preservative oil/grease. It shall further be
covered with a plastic sheet pulled tightly to reduce openings around the 

-

fixture . All moisture shall be removed from the compressed air system. 
-

The electrical power shall be disconnected by removal of the fuzes. The j
SAAF number shall be affixed to the outside surfaces of the plastic shield ,
together with date of storage and next inspection scheduled date. Storage 

1

temperatu re recommended 40°F to 90°F in low humidity area . I

b. Shipment -- The SAAF shall be loaded on a special built shtpping I
platform which will support the Base Machine and provide bracing for all

162
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arms which may extend beyond the SAAF table . The Electrical Control Box

I shall be braced as required to preve nt vibration in shipping . The Upper
Tooling Plate shall be in the down position during all movement of the SAAF ’s.
Long magazine feeding stations (feed in or feed out) may be secured to theI shipping platform. The SAAF shall further  be protected by a wood frame
plastic cove red “Green House” construction to protect from water and dirt
during shipment. The SAAF shall be protected from temperatures below
40°F . The mode of transportation recommended Is the “Air Ride” offered by

I National Moving Concerns. Excessive shock and vibrations may result In
damaged electrical systems as well as out of line conditions on metal parts.

c. Operat ion -- The SAAF equipment must be kept clean and well lubri-
cated during normal operations. The buil d up of moisture in the Air System
must be periodically drained. All cam followers and oil reservoirs must be
serviced on a regular monthly schedule .

d. Environment -- The E .T .L .  SAAF’ s have no effect on the natural en-

l vironment except for SAAF 13A which dispenses epoxy onto the sensor . The
epoxy outgassing is removed from the SAAF area by a special exhaust system.

I The mixing of the outgassing with the outside air has no effe ct on the envi ron- jI 
ment .

1 3.2.7 Transportability -- Transporting assembly machines must be conducted
with the care normally exercised in moving machinery . Moving must be by
experienced personnel using proper equipment and safety precautions. There
are no abnormal requirements for transporting.

3.3 Design and Construction

Contractor’s background in assembly machine production must show a consist-
ently high accomplishment on machine efficiency and reliability . All acceptable

1 163
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industrial standards followed to maintain the quality in the design and con-
struction of each machine . Military standards are to be followed when ap-
plicable . .1

3.3.1 Material, Process and Parts -- The materials used in standardized
components are materials which lend themselves to the particula r application . -

All castings are stress relie ved to obtain maximum life and stability . All
critical areas on machine bases and tooling are either painted, anod ized or
plated to provide a protective finish and add aesthetic value to the machine.

Standardized components are selected on the basis of their particular appil-
cation. The components to be of a correct and proportioned size so as not

to approach their practical fatigue life. All applicable industrial standard s
are to be followed. - ,

3.3.2 Tooling -- All special tooling is designed to meet the specific require-
ments listed in paragraphs 3 .2 .3 , 3 .2 .4  and 3. 2.5  and acceptable industrill
standards. - -

3.3.3 Name Plates and Marking -- There is no general criteria used for
identification and markings on electrical and pneumatic lines and controls.
Identification here is only used when necessary . Lines are identified when— .1
ever hydraulic or water lines are concerned to avoid confusion in the machine
system.

3. 3.4 InterchangeabIlity - - Standardized tooling and castings should be
utilized In the design and assembly of assembly machines. Some of the
standardized features include: probes, parts feeding mechanisms, maga- Izinc feeders, work stations, etc. This major emphasis on standardization -

throughout reduces the number and type of repairs required to support main-
tenance and maintain inte rchangeability at a maximum . -
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3.3.5 Safety -- Through the use of good design and the proper selection of
mater ial, machine safety shall be in conformance with the intent, and general

I interpretation of the following safety publications and codes:

I a. AMCR385-100, AMC Safety Manual

b. AR4O-5, Health and Environment

c. MIL-STD-882A, System Safety Program Requirements

I d. Occupational Safety and Health Act (OSHA)

e. National Electric Code for Hazardous Operations.

I The Safety Engineering effort will be coordinated with RAM and HFE efforts - 

-

to establish an integrated program. A safety review of each machine shall be
conducted to determine compliance with the above-listed publications.

1 3.3.6 Human Performance/Human Engineering -- Each machine in the GEMSS
XM74 Extended Tripline Sensor production line shall be In conformance with

I the intent and general Interpretation of the following documents:

I a. MIL-STD-1472B -- Human Engineering Design Criteria for Military
Systems Equipment and Facilities. -

I b. MIL-HDBK-759 -- Milita ry Standardization Handbook , Human Factors
Engineering Design for Army Material .

A human factors review of each machine shall be conducted prior to release
of the machine for use in the normal production environment to determine corn-

- 
-

. pliance with the above-listed documents.

1 3.3.7 Standards of Manufacture -- The standards of manufacture for Special
Automatic Assembly Machines used in the assembly of the XM74 GEMSS

~~F 
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Extended Trlp line Sensor will be in accordance with the Items described on 
-

the following specification sheets for automatic assembly machines (Ref:
Exh ibit B) .  These are general specifications . Detailed specifications will be
generated pr ior to actual mach ine build and will be recorded on a form as
shown in Exhibit C. .1

3.4 Major Component Characteristics

Each component listed in 3. 1. 1 is self explanatory for its performance and
physical characteristics. You r attent ion is invited to the attached booklet
ent itled, Automation Standard Equipment, for additional information .

4.0 QUALITY ASSURANCE PROVISIONS

The performance and physical requirements of the GEMSS Extended Tripline
Sensor Special Automatic Assembly Line shall be demonstrated on each Special 

-

Automatic Assembly Fixture (SAAF).

4.1 Genera l

Development Contractor personnel shall witness the tests! verifications of
each SAAF in the Automated Assembly Laboratory . SAAF completeness and J
physical requirements shall be verified prior to the demonst ration test . SAAF -

performance shall be verified during the demonstration test . The conformance 
-

of the Extended Tripline Sensor assemblies to QAP-GEMSS-1, shall be verified
during and following each demonstration test .

:1

Ii
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E X H I B I T  ~~

• 
- HONEYWELL SPECIFICATION SHEET R E V I S ION OR I G I N A L

AUTO MATIC ASSEMBLY MACHINE DATE 31 AUGUST 1978
PRELIMINARY NAME R.  F A I R CH I L D

MACHIN E: XM7I, GEMSS ER T SEN SOR CC : M . L .  J. B U D N I C K I

PART OP: GENE RAL SPECiF I CATION ALL MAC HiNES M.L. P. VAN BROCICLIN¶ TOOL NO: — QIJAL C. FLMM I NG/R. KEEFE

ACCEPTA NCE : 1 HR P.E. G . ADAMS

ITEM

I. Machin e Counters

I a. Cycle counter — 7 digI t  t otal cycle qu anti ty , no n-resetable.
b. Good ass.mblI .s — 6 digit s rssatable.
c. 6 dIg it total cycle res.tabl..
d. Mount counter as low as possible on cabinet.

2. Identification Area s -

a. All nest locations with stamped number.
b . AIr Gauges and va l ve ma rked with recoimnended settings.

I C. LImIt  switche s noted Normally Open (NO) or Normally Closed (NC).
d. Station numbers permanen tly affixed.

3. Machine Controls

I
a. One remote Jog card - female receptab~..b. Index start/stop button on each and of each machin , within easy reach of

operator unless noted otherwise.
c. All presence and position probes stop up unless noted.
d. All orient motors stop with cycle stop.
a. Probes with Coun t feature wil l be adjustable - one thr.., or stop up.
f. All feede r bowls and vibratory tracks to stop with main motor start/stop switch.
g. Individua l air pressure regulators for each air operated ~~rk station whenrequired for critical adjustments.

i . Explan ation of all light ed numbers to be dIsplayed on two sides of elactri cal

‘ 
h. Lighted numbers to be dIsplayed for probe stations . Jam switches , etc.

cabinet.
j. All open air blow lines to stop wi th cycle start/stop switch.

I ~‘• Safety

U a. The machine must meet Honeywell requirements for safety.
b. Mu st meet OSNA requir ement for pinch points and notes.
c. Guards around explosive handling stations shall f i t  contour of station and

have door to allow easy accessibilit y.

t I 
d. No i se-muffl, all air valves and Vent uri vacuums , avoid ai r assist on eject.

5. Tcoi Insp.çt ion - MachIne Check le t

I a. Proper assemb le, alignmen t and security of machine components.
b. Dimensiona l and positional variations of nests and other selected con,ponants .
c. Proper function of machi ne components.
d. All cams to be keyed .
a. Criti cal nest dimensions to be Identifi ed by Production Eng i neer must be Inspected

and verified by Tool Inspection prio r to aasambiy.

1j 1  167
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EXHIBIT 
~~

HONEYWELL SPECIFICATION SHEET 
—— 

REVISION ORIGINAL
AUTOMATIC ASSEMBLY MACHINE 

DATE 31 AUGUST 1978
PRELIMINARY NAME R. FAIRCHILD

MACHINE: XM74 GEMSS ERT SENSOR CC: M .L . J. BUDNIC KI
PART OP: GENERAL SPECIFICATIONS ALL MACHINES M .L. P. VAN BROCKLIN
TOOL NO: QUAL Il. KEEFE
ACCEPTANCE : I HR P.E. G. ADAMS

I TEM:

6. General Acceptance

a. Complete design packoge of each machine to include electri ral schematic , and
program documentation. All cam layouts and charts.

b. Machines will be provided with a tool cabinet wi th  setup masters , can temp lates
and a ll special tools.

c. A cri tical spare parts list will be Included with each machine , l i s t ing  par ts
that should be kept in stock to preclude production delays.  Draw ing(s) shal l
be included if needed to describe th e p a r t ( s ) .

d. An Operation and Maintenance M~.iua l Shall be supplied with each machine. 
-
~~

7. Acce ptance Demonstrat ions

a. Mach Ine Base - Each machine base w i l l  be run-in for a period of 24 hours
mlnimta ,, at f u ll cycle to de mo nstrate base r e f l a b l l i t y  prior to machi ne
assembl y.

b. Tooled Machine Without Parts - Each completely tooled machine w i l l  be run
les s parts at full cycle rate for a period of 24 hour s m i n i m u m  to demonstrate
proper mach ine fabrication.

c. Comp leted Machine WIth Parts - Each machine w i l l  be accepted for prod uction
of sensor qualification build after demonstrating a minimum of 30 percent
of estimated production rate (i.e., a quantity of acceptable units ’ equal
to one hour est imated production rate must be fabr icated in 3.33 hou rs
(maximum).

d. Machine caused defects shall be no greater than XX % of the acceptabl e un i ts .
Accept a ’e unIts Include ‘ non-mach ine caused defect ive un i ts .  The machine
bese, feed bowls , and other components w i l l  run at the speci f ied cycle rate
during this acceptance . The operator load i ng during th is  run w i l l  be the
seine as t he anticipated operator load i ng for the I n i t i a l  product bui ld.
An operator can be Mach ine Lab Techni cian or Tool Maker.

8. General Tool Station Features

a. Eject stations to magazines shall have parts Jam stop switches and have fail
safe concepts. ‘1b . Ma gadne stackers shall have a p o s i t i ve  method of magazine ai i gnment.

c . Inspection stat ions and probes w i l l  have setup l Ights .
d. Presence and position probes will normally follow each work and assembly

station accordi ng to standard practice , unless otherwise noted.
e. Avoid the use of air for eject , reject , and feed i ng of parts whenever prac tl- al.
f. Feeder bowls to have slots or holes for escape of dirt, foreign material ,

short parts . etc. 5-

-ii
-. .
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I
I

EXHI BIT A

HONEYWELL SPE CIFICATION SHEET REVISION ORIGINAL
AUTOMATIC ASSEMBLY MACHINE DAT E 31 AUGUST 1978

I PRELIMINARY NAME R. FAIRCHILD

MACHINE : XM74 GEM SS ERT SENSOR CC: M.L. J. B U D N I C K I  -

I PART OP: GENERAL SPECIFICAT ION ALL MACHINES M.L . P. VAN BROCKI.IN
TOOL NO: 1 HR QLIAL R. KEEFE
ACCEPTANCE: P.E. 6. ADAMS -

I ITEM -

9. Extra Machine Base Features - -

I Each machine shall have a variable sp eed motor. - 
- 

- -

10. Appr ovals Required

a. Production Eng i neerIng approva l Is required on machine con cepts , dial layouts ,

I nests designs , inspection stat-ion designs and magazine designs and acceptance
demonstr ations.

b. Product ion Engineering approvals are required on prel iminary Insp ection station

I 
concepts and fin al Inspection station designs before starting fabrication.

c. Quality Eng i neering approvals on qualified inspection stations.

II. Magazine Requirements

I Each machine package shall include a slfficient quantity of magazine s to hold
2,000 parts or assemblies.

I -
I
I
1
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Exhibit C TS 578 4869 -I
SPECIFICATION SHEET

AUTOMATIC ASSEMBLY MACHINE PROGRAM
SAW IrvisloN 

PATE 

jPART NUM OSM Ofl RATION N IMBER &iSi~ iNAt O R

MA CI NC CO NTRO LS DpIv r C

MCCFPIANCI - C PM O L IA N T I T  V AND I IM( SCRAP

STATION _REQUIREMENTS 
__________________

I PARTS ASSEMBLED S. HOW RECEIVEO cowwE N-rS -

__  .5- 

_ _  

-j
2. WOR k STATIONS

_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  ___  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

3. MEASUREMENTS TOLERANcE 
~~~~ 

MASTERS APPROVAL 
—

ITEMS REQUIRED 
~~3 ~~~~~ REQUIRED —

_________ 
HIGH HIGH LOW LOW

_____—

CT - REjECTS — — — — — ________________________ -

5. PEED SOWL5 
___________________

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  
1 -

a. SPECIAL ~~QUIRE~~ NT1 
______________________

— 

—5-

- - -  

_ _

_ _ _ _ _ _ _ _ _  __ —— 

.5 

- - 1
•1
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I

I
I Exhibit C

3.3.8 Faci l i t Ies

r 
FACILITY

- 
Ultra Sonic Degreaser 4001 10 FT II~ 0V NO YES YES 8’ x 8’ SQ

AC

I Stress Relieve Oven 0001 10 FT Ii4OV NO NO YES 0’ x 12’ SQ
I AC -

Air Conditioner EquIpment N/A 20 FT I,40V NO YES NO N/A

f (Ceiling Mount) AC

1 Hum idIty Chamber 1001 8 FT IIOV NO NO NO 8’ x 8’ SQ
AC

DemagnetIzer 5001 8 FT 46OV NO NO NO 5’ * 5’ SQ

I - 
AC

Epoxy out—g issing Exhaust Equlpmsnt N/A 8 FT 1IOV YES NO YES N/A

LL -_ _ _ _ _ _  _ _ _  _ _ _ _ _ _



I
Exhibit C TS 578 4869

3.3.9 Page I of 2 
-

U T I L I T Y  CONSUMPTION

.51
ELECT COMPRESSED FUELC SAAF I P0~ER AIR  OIL GAS WATER STEAM

7 2.29 950 - - - -

8 2.29 950 - - - -

9 2.29 950 - - - -

10 2.44 950 - - - -

10* 2.44 950 - - - -
Il 2. 51 950 - - -

12 2.~ 7 950 - - - - ]
12* .42 950 - - - -

121 2.67 950 - - - - -

I2C .42 950 - - - - -

13 13.72 950 — - -
13* 2,41. 950 - - - -

TOTAl. 34.60 11 .1.00 - - - - 
- 

-

UN IT Kl~4/M CPH/M 
-

The data l isted above is f r au,.  1977 UtilIty Useage An a lysis , and comparable machInes

us.d on the ADAM Program at Honeywell , Twin City Arsenal , Buildin g 103 New Brighton . IMinneso ta.

I
ii
•1
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I
Exhibit C

Page 2 of 2

3.3.9 UTILITY CO$ISUMPTION/OPEUTIONAL RATE

I ELECTRICAL POWER KWH/HR COMPRESSED AIR CF/HR

SAM I ~~i7~~ 160 HR/MO 320 HR[M0 500 NR7MO ~~ ? CF/HR 160 HRIMO 320 Hr/NO 500 HMIO

7 2.29 366.4 732.8 1145 .0 7 950 152,000 304,000 475,000

J 8 2.29 366.4 732.8 1145 .0 8 950 152,000 304.000 475,000 
-

9 2.29 366.4 732.8 1145.0 9 950 152,000 304,000 475,000

10 2.44 390.4 780.8 1220.0 10 950 152,000 304 ,000 475,000

10* 2.44 390.4 780.8 1220.0 10* 950 152 ,000 304 ,000 475,000

II 2. 51 401.6 803.2 1255.0 11 950 152 ,000 304 ,000 475,000

12 2.67 427.2 854. 4 1335.0 12 950 152 ,000 304,000 475.000

l2A .42 67.2 214.4 210.0 12A 950 152.000 304 ,000 475,000

J 12B 2.67 427.2 854 .4 1335.0 l2B 950 152,000 304,000 475,000

l2C .42 67.2 214.4 210.0 12C 950 152,000 ~O4,O00 475,000

I 13 13.72 2195.2 4390.4 6860.0 13 950 152,000 304 ,000 415,000

13* 2.44 390.4 180.8 1220.0 J.~L 950 
- 

152.000 304.000 475.000

TOTAL 36.60 5856.0 11 ,712.0 18 ,300.0 TOTAL 1 ,400 1 ,824,000 3,848,000 5,700 .000
- KWH/MO KWH/MO KWH/NO - CF/MO CF/NO CF/MO

111
- ‘ 1

~
--1 -~ 
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4.2 Quality Conformance

a. Prior to the demonstration test , the following shall be verified:

- Identification area

- Proper function of feed , work and probe stations

- Control system must stop the SAAF and provide a numerical
I . display to indicate the cause of the stoppage .

- Counters presence and function

- Safety

- Workmanship

This verification will be pa rt of the physical and special criteria
conformance,

b. During the conduct of the demonst ration test, 
- 

the following shall be
recorded:

- Date of demonstration test 
.

- - - Start time

- Stop time (Stops will be recorded by number displayed
and/or reason for stop and duration of stop)

- Observed time -

- Total run time
ii

- 
- Total down time

- Cycle rate (CPM)

- Total cycle count

- Total parts count

- Lot number of parts and material assembled—U 174 7 1 ’

- - 
-_______ 

-
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- Cause of failure

I 
-
- Corrective action

- Time to determine corrective action

I - Time to perform corrective action
I

- Tota l down time per failure

This data will be part of the performance and reliability analysis.

I c. During and/or following the demonstration test, samples of SAAF-

accepted assemblies shall be selected and Inspected and/or tested for con-

I formance to QAP-GEMSS-1. The Inspection/test results will be part of the

Quality evaluation.

I 
‘ I

5.0 PREPARATiON FOR DELIVERY -

Each assembly machine built Is to be debugged before delivery and Is to be
considered a completed unit. Each machine Is to be appropriately crated or
packaged so that damage will not be Incurred when moved from one facility

f to another.

I

- I
I

~1
I
1 175
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APPENDIX C

INSPECTION PROCEDURES - 
-

FOR

THE EXTENDED TRIPLINE SENSOR ASSEMBLY I
Specification : QAP—GEMSS—1 dtd 23 June 1977 1

I
a 

-

A

B-
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APPENDIX C

INDEX — INSPECTION PROCEDURES
EXTENDED TRIPLINE SENSOR ASSEMBLY

INSPECTION PROCEDURE
DRAWING NO. REVISION NO. NOMENCLATURE ISSUE NO.

9292972 -- ~~~~~ Triplin. Sensor , Extan4ed Rang. 2
- (2 Parts: Pr e—s.al and Post—Sea].)

9292976 B Sensor Case & Bobbin Assembly 2

[ 9292980 B Anchor 2

r - 9292981 B Ey.let , Interface 2

9292982 B Bobbin Assembly 2

9292983 B Weight , Bobbin 2

9292985 B Bobbin - 2

9292986 B - Release Mechanism & Case Assembly 2

9292987 B Case , Sensor 2

E 9292988 B Sleeve - 2 )

r 9292989 B Washer , Case 
- 

2

L 9292990 B Spring , Booster 2

1 9292991 B Release Mechanism Assembly 2

9292998 B Diaphragm Assembly . 
- 

2

1 9298575 Orig . Cover, Post 2

L 
9298576 Orig. Wire, Magne t , Electrical 2

9298577 Orig. Ring, Retaining , Breakvirs 2

E 9298578 Orig. Spring , Ej ection 2
- 9298579 Orig. Cap 2

[ 9298581 Orig . Ball , Locking 2

- 

9298582 Orig ; - 
Spring , Washer 2

9298386 Orig. Ring , Ball Lock 2

9298587 Orig . Housing Assembly 2

1 9298388 Orig. Cup, Housing 2

9298589 Orig~ Tube, h ousing - 2

177
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- — 2 —

INSPECTION PROCEDURE -

DRAWING NO. REVISION NO. NOMENCLATURE ISSUE NO.

9298591 Orig. Tape 2 
-

9298592 Orig. Thread, Polyester 2 
J

9298597 Orig. Plate, Diaphragm 2

9298598 Orig . Diaphragm 2

9298599 Orig . Eyelet , Diaphrag m 2

9298601 Orig . Terminal, Breakvire 2

9298617 Orig. Urethane Compound 2

9298618 Orig. Gasket, Fibrous 2 
-

9298619 Orig. Paper, Gasket 2

I ,

I
I!
.1
1!
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INSPECTION INSTRUCTION
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APPENDIX D
- 

COST DATA

Cost data has been developed for the following cont ract requirements:

• Unit Product Cost (UPC ) for the baseline design
I - • UPC for production engineered design

I • Production facility costs for a 200, 000 unit s per month
- production line rate .

Cost summaries on the following pages provide detail on costs as follows:

( UPC Baseline $4.514 each
1. UPC PEP Version $3.033 each

I The UPC costs include the cost of the Release Mechanism as provided by the
ADAM line . The $1.568 each price for the Release Mechanism is a figure[ from 1977 production . The current 1978 price shows a reduction in this
figure which would fu rther reduce the $3. 033 price. Additional savings will
also be realized when the leadwire soldering is automated and when anticipated

L Release Mechanism reductions are accomplished, the price per sensor should
- be approximately $2 .25.

- 
The UPC costs have not been developed to show a cost vs. quantity relationship.
Information if presented however, which shows the line rates for various corn-

F 
— - binations of assembly machines. Cost information for line rates other than

1 200, 000 units per month can be furnished upon request .

r The production facility costs are also presented in detail in this appendix
4 which includes separate cost information for debug and machine deinonstra-

tion hardware .
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:~

XM74 GEMSS EXTENDED TRIPLINE SENSOR FINAL UPC

Type of Contract : PEP Contract DAAK 1O-77-C-0047

Customer ARRADCO M

Type of Proposal: C

Procurement Manager: All material estimates are same as preliminary
UPC of July, 1977. H. Spiller. reviewed MPR ’s
in July, 1977 for pa rts unique to XM74. ADAM
Sensor part s taken from ADAM Contract 0048 .

Production Manager: Ken Jenson

Quality/Delive ry
Period: Quantity of 200, 000/Mont h was stated in the con-

tract . It is assumed that this would be for one
. year. Since no delive ry time was specified , the

costs are given in 1977 dollars.

Groundrules I Assumptions:

1. This is a budgetary estimate.

2. Estimate is in 1977 dollars and is assumed to be the second
year of production (i.e., 2, 400, 000 sensors) after an initial
quantity of 165, 000. Maximum rate is to be 200, 000 per
month .

3. The cost of the release mechanism assembly is taken from
the current ADAM cont ract with adjustments for total quantity
and assembl y losses for assembly into sensors. —

4. Cost of “D Test” units have been estimated on the basis of 4
lot, of 80 units each per month . The cost for the “D Test”
units are covered in the asses. bly scrap rate. II
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5. Th e UPC I. based on 1:8: 5 production .

1 6. It is assumed that the use of Government Furnished Equipment
will be rent free .

1 7 . All tooling and equipment necessary for quantity estimated has
been designed , dc-bugged and will be available . The non-recur-
ring costs for the machines, tooling and facilities are not in-

1 cluded in this estimate.

8. The item design is as described by the drawings and speciuica-
1 tions transmitted to Honeywell from ARRADCOM and received

7 June 1977 and re vised in accordance with producibility recom- ‘I
mendations submitted by Honeywell to ARRADCOM 15 Augu st

- 
1978. H

1~ 9. Machine usage (i.e., the production line) for this production is
based on the following assumpttons~

a. Honeywell OML machines have been assumed for assembly

1 operations . The specific machine requirements are listed
I 

• 
on the attached table .

I - b. One operation remains as a manual, semi-automatic opera-
tion, namely, the soldering of (2) leadwires to the sensor.

I More development work is required for full automation of
I leadwtre soldering .

- 

U nit Cost/Price: 
-

Basic Cost Basic Cost1 July , 1977 30 August 1978

Quantity 2, 400, 000I Material 0.644 0.643
Factory Labor & Burden 2.346 1.129

I
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‘Ii

- jEng. Labor & Burden 0.211 0.201
Tooling plus shrinkage/surplus 0.088 0.052 1Factory Cost 3 .279 2 .025 

-

G&A at 19.7% 0.646 0.399 -

Total Cost 3.925 2.424 -

Profit at 15.0% 0.589 0.364
Price 4.514 2.788

-I

-j

* 
p

I
I
I

- -I
I
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