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COMPUTER AIDED PROCESSING SYSTEM

1.0 INTRODUCTION

1.1 Project Objective

This Phase III proposal is the result of the
completion of Phase II of the Computer Aided Processing System
(CAPS) project. The primary objective of this project has been
to improve manufacturing operations in the Printed Wiring Board
(PWB) Assembly area through the use of computer technology.

_ The CAPS project addresses five elements of the
PWB Assembly process: '
* PWB Assembly Instructions
Auto Component Insertion Programming
PWB Assembly Testing
PWB Assembly Repair
PWB Identification

* *» » »

These elements are integrated into a single
computer aided processing system utilizing a central minicomputer
to control the functions of each element and to coordinate the
use of common data. Communication links are established to
facilitate transfer of data to and from other computer based
systems.

1.2 Beason for Project

During the Phase I analysis of the cost drivers in
Tracor Aerospace Manufacturing Division, the PWB Assembly area
was identified as the most labor intensive of the production
areas. Virtually all of the products in th.s division utilize
PWB Assemblies in their design. Therefore, productivity
improvements in this area would have a significant effect on
overall factory productivity.
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1.3 Areas Impacted

The scope of the CAPS project is limited,
presently, to the areas associated with the assembly, test and
repair of PWB Assemblies. Some savings however, may be generated
in other manufacturing areas as a part of future projects.
Specific areas impacted are listed in Figure 1-1.

1.4 Technologies Utilized

Various types of computer technology were used
throughout the CAPS project. The focal point of CAPS is the
central minicomputer which is a Digital Equipment Corporation VAX
11/750 with a VMS version 4.3 operation system. The programming
language used for the majority of the CAPS software is VAX Pascal
version 3.2, Each of the elements of CAPS, as well as the
communication network linking them to the VAX computer, utilize

"various types of computer software and hardware, which are
summarized in Figure 1-2.
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I.

II.

I11.

AREAS INPACTED BY CAPS
Benefit
Instruction Sheet Generator

A. Reduced Time to Produce Instruction Sheets
1. New Assembly
2. Revision to Current Assembly

B. Increased Efficiency for Input Bill of Labor
into T™CS :
1. Reduced Input Time - New Assembly
2. Reduced Input Time - MCO

C. Increased Efficiency in Manufacturing due to
more Information
1. Prep Setup
2. Standardized Times and Methods

D. Increased Efficiency due to Method Analysis

Component Insertion Program Generator

A. Reduced Time to Produce Insertion Programs
1. New Assembly
‘2. Revision to Current Assembly

B. Increased Efficiency in Manufacturing due to
more Information

1. Sequencer Setup (parts orientation/location)

2. WD Inserter Setup (board orientation)
3. DIP Inserter Setup (parts and board
orientation/location)
C. Reduced Run Time in Manufacturing due to
Calculation of "Shortest Path" for Insertion

Computer Aided Repair

A. Reduced Time to Locate Defective Parts

B. Reduced Time to Locate Defective Traces

C. Reduced Time to Order Replacement Parts
due to more Information

D. Reduced Time to Produce Auto Test Equipment
Software due to Information from ECAD Link

E. Reduced Time to Produce Instruction Sheet
Sketches due to Hardcopy Feature

F. Increase Efficiency in Manufacturing
Engineering due to more Information from
Board Image on Computer Terminal

Auto Test Equipment Utilization

A. Reduced Time to Identify Defective Parts
for 8 Board Assemblies
B. Reduced Time to Identify Defective Traces
for 8 Board Assemblies
C. Facilitates Defect Analysis
Figure 1-1

Area

Mfg. Engr.
Mfg. Engr.

Document Control
Document Control

Manufacturing
Manufacturing
Manufacturing

Manufacturing
Manufacturing

Manufacturing
Manufacturing
Manufacturing

Manufacturing

Test Tech
Test Tech

Test Tech
Test Engr.
Mfg. Engr.

Mfg. Engr.

Test Tech

Test Tech
Manufacturing
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CAPS BARDWARE/SOFTWARE
QTY COMPUTER SYSTEM:
1 DEC VAX 11/750 CPU with 8 MB Memory
2 RA 81 456 MB Hard Disk Storage
1 TU 80 Mag Tape Drive
2 Able Computer Attach Comm Box (32 ports/box)
2 DZ 11 Comm Board (8 ports/brd)
1 LA 120 Console Terminal
1 Printronix P 300 Printer
3 US Data Password Modem
1 VMS version 4.3 Operating System Software
1 Pascal version 3.2 Programming Language
1 Ingres version 3.1 Data Base Management Software
CAD COMM LINK:
1 Model 10 Raypro Microcomputer
1 Giltronix #6847 Auto Port Switcher (7 ports)
1 Giltronix #C4506 Manual Port Switch
1 US Data Password Modem
MANUFACTURING INSTRUCTIONS GENERATION:
3 DEC VT 240 Video Terminal
1 Printronix P 300 Printer
AUTO COMPONENT INSERTION:
2 TRS 80 Model II Microcomputer
1 Giltronix #6847 Auto Port Switcher (7 ports)
1 Remark Datacom 20 MA to RS 232 Converter
1 US Data Password Modem
COMPUTER AIDED REPAIR:
1 Seiko GR1104 Color Graphics Video Terminal
(Tektronix 4014 compatible)
AUTO TEST:
8 Hewlett-Packard Custom Auto Test Fixture
8 Bewlett-Packard Custom Auto Test Software

*

Cost partially covered by other projects
** = Cost covered by other projects

Figure 1-2

*&

L 2

*%

*%

*%
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2.0 *AS-IS" ASSESSMENT
2.1 PWB Assembly Instructions

At Tracor Aerospace, the proper method for
production of a PWB Assembly is defined by the Manufacturing
Engineer via the Manufacturing Package. Information in this
Manufacturing Package includes the sequence of manufacturing
steps and the standard time calculated to perform each operation.
As stated in the Tracor Standard Operation Procedure (SOP) 2023:
"ME (Manufacturing Engineer) and QE (Quality Engineering) shall
write a concise, accurate description that details how build and
inspection operations are to be accomplished. The manufacturing
process description shall include all required special tools,
aids and "how to" instructions.” Figure 2-1-1 shows an example
of one page of a Manufacturing Package (prior to the CAPS
project). This example shows the minimal information provided
for seven operations written manually on a special form., This
example also demonstrates the potential for mistakes. For
instance, the text describing the proper machine was not
completed for operation 60.

On occasion, a pictorial explanation is required
to illustrate a manufacturing step such as the location to mark
the serial number or the proper place to cut a trace on the PWB.
Such sketches are added to the instruction sheet by maneuvering a
large engineering drawing onto a photocopier, and then cutting
and pasting part of the copy onto the appropriate page.

The minimal amount of information provided in the
Manufacturing Package causes additional work to be performed by
the assembly personnel., For example, setup information for the
machires which prepare the components for manual insertion must
be obtained by measuring a sample PWB for each part. Getting
part number and reference designator information for the
particular parts involved in each individual operation requires
the operator to search the entire Parts List summary.
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Engineered time standards are manually calculated
for each operation. For operations such as component prep and
insertion, the number of components involved have to be counted
in order to perform the time calculations, which is a time

consuming activity obviously subject to human error.

Revisions to the Manufacturing Package are made
using the provision in SOP 2023 which describes Manufacturing
Change Orders. In this procedure, the corrected information is
added using correction £1luid ("white out") or the cut and paste
method on the Manufacturing Package kept on file by the
Manufacturing Engineers.

SOP 2023 further requires: "After completion of
the operation pages, the ME and the QE will complete the cover
page. The page, attached to the front of the operation pages,
defines the manufacturing package contents and routing
instructions.” An example of a Cover Sheet is shown in Figure 2-
1-2. It should be noted that the "Purpose of Change" block is
used as a historical reference for revisions made to the
instructions and only the last line is used to write in data (the
whole block is not rewritten).

After the appropriate authorizing signatures, both
new and revised Manufacturing Packages are forwarded to the
Document Control Center. The Document Control Center makes
photocopies and distributes them to the appropriate files. They
are also responsible for inputting/updating the standard times
(Bill of Labor) in the Tracor Manufacturing Control System (TMCS)
via computer terminal connected directly to the UNIVAC mainframe
computer. The operator manually inputs the setup and run time
for each operation of the Manufacturing Package. In addition,
for updating an existing Bill of Labor, the operator must compare
the previous version with the latest revision to determine which
values are to be modified. This manual input activity is labor
intensive and, again, a potential source of errors.

8
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2.2 Auto Component Insertion Programming

There are currently three automated machines used
in the insertion of components into Printed Wiring Boards.. The
Sequencer machine prepares a reel of axial components specially
sequenced to correspond with the insertion pattern of the second
machine, which is the Variable Center Distance (VCD) Axial
Inserter. The third machine is the Dual Inline Package (DIP)
Inserter, which sequences and inserts integrated circuits.
Special ASCII language programs must be produced on each of the
devices for each PWB Assembly targeted for auto component
insertion. For the VCD Inserter, the information required for
the program includes the location coordinates of the inserted
components, the center distance between component leads, the
component height, and the insertion sequence. The DIP Inserter
requires the location coordinates of the components, the location
of the bart in the parts holding magazines, and the insertion

- sequence. The Sequencer requires the parts holding station

number listed in reverse order of the insertion pattern defined
by the VCD Inserter program.

Under the "AS-IS" condition the information
required to operate the three automated machine was determined
manually by measuring the appropriate dimension on the component
or board. Then, a sample board in placed on the inserter and
manually manipulated for each insertion location under the head
of the machine. The x-y location value is then recorded. The
task of programming the insertion equipment is done by the
machine operators and the result of their effort is optimized
only to the extent their expertise and time constraints will
allow, Setup information is recorded manually on paper at the
time of programming and kept on file in Auto Insertion.

10
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2.3 PWB Assembly Testing

The Manufacturing Test Department was another area
investigated by CAPS. Manufacturing Tests verifies the
performance to requirements and reliability of deliverable
electronic hardware. When PWB Assemblies were received from the
assembly area, a test technician would set up the required test
equipment, load a board onto the test fixture and run a series of
pre-defined tests., If the PWB Assembly passed, the board was
moved to the next operation noted on the production work order.
If the PWB Assembly failed the test, the technician would notify
Quality Control which would produce a Test Inspection Report
(TIR) on the failed boards. The TIR is a permanent record on
which all rework performed on the board is documented. The
documented test procedure and type of test equipment utilized
will determine the fault analysis process the technician will
use. There are three types of test equipment configurations

~used: manual test, semi-automatic test, and automatic test.
Manual tests may require the use of a hot mock-up, oscilloscope,
meters, power supplies, and schematics, to isolate faults to the
component or trace. Semi-automatic tests will locate the
malfunctioning circuit, but may also require the use of an
oscilloscope, meters, and schematics to isolate the faults.
Automatic tests performed on the Hewlett-Packard HP 3060
isolates faults to the component or trace.

When the test technician determines what part(s)
need to be ordered, a parts request status card is completed and
submitted to Production Control. Production Control then uses
the Tracor Manufacturing Control System (TMCS) to locate which
stock account the part should be issued from and turns in the
Material Requisition/Transfer Order (MRTO;} to the appropriate
stockroom. When the stockroom satisfies the request, it notifies
Production Control which delivers the part to the requesting
technician. The repair technician installs the part as
designated on the TIR, and presents the board to inspection for
approval.

11
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2.4 PWB Assembly Repair

Repair of a nonconforming PWB Assembly is
; accomplished in three major steps. First, the PWB Assembly is
tested by the Test Technician to identify the defect. Next he
locates the defective component or trace, and the he marks it
, with an adhesive sticker and documents the problem. The board,
3 along with the appropriate replacement parts, are then sent to a

Repair Technician to initiate the actual repair. Major repairs
[ to open lands are routed back to the Touchup area in PWB Assenmbly
} for repair. 1If the test is performed on automated test
equipment, the identification step is significantly more
efficient, since the defects are identified by a paper readout
listing the faulty component's reference designator or trace's
node name, However, the technician must then refer to the
schematic and search on the actual PWB Assembly to locate and
mark the defect. If replacement parts are required, he must
, " refer to the Parts List to obtain the proper Tracor part number,
then complete the order. Once the Repair Technician completes
the repair, the PWB Assemblies are inspected and rerouted through
the test procedure. This cycle is repeated as required until an
acceptable PWB Assembly is produced.

2.5 PWB Identification

One of the initial operations in the production of

Printed Wiring Board Assemblies is the marking of information
onto the bare PWB (without components). The type of information
affixed to each board varies depending on the requirements of the
product. All boards require as a minimum, a serial number and
assembly revision letter. Other information which might be
marked on a board as well includes the Production Work Order
L (PWO) number, a reference designator, the assembly dash number,
and the last two digits of the current year, The information

marked on the boards must remain legible under the same
environmental conditions required of the PWB Assembly itself as

12
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defined by MIL-STD 810C. Currently, the information is applied
to the board manually using a special nonconductive, indelible
ink and a metal quill pen. The ink is a two-part compound
(DEXTER HYSOL CAT-L-INK and CATALYST) which must be prepared
daily. The process of writing legible numbers and letters in a
very small area on the PWB is a tedious task subject to human
errors which require immediate correction. The serial numbers
are recorded manually on the back of the PWO documents to serve
as a log of the numbers used.

13
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3.0 *PT0-BE" ASSESSMENT
3.1 PWB Assembly Instructions

The goal of the CAPS Instruction Sheet Generator
is to aid Manufacturing Engineering in providing detailed
information to Manufacturing at minimal cost and in a timely
manner. The CAPS Instruction Sheet Generator utilizes computer
technology to access key information from Computer Aided Design
(CAD) and the Tracor Manufacturing Control System (TMCS) in a
real time environment, thus minimizing the amount of manual
calculation and data entry required to produée the Manufacturing
Package.

The number of tasks typically required in the PWB
Assembly process is finite regardless of the design of the board.
Almost all boards must flow through operations for marking,

' component prep, component insertion, inspection, wave solder,

secondary assembly, touchup, and final inspection. The tasks
within each operation are also fairly repetitive, utilizing the
common manufacturing resources located in the area. It is this
common denominator of manufacturing methods which allows for the
development of a set of standard manufacturing instructions, with
associated standard times. 1In the CAPS system, each standard
manufacturing instruction is assigned a three letter "Method
Code". This "Method Code" is then given an appropriate standard
time taken from generally-accepted predetermined time manuals.
The Method Code facilitates computer manipulation of the data,
thereby réducing manual data jinput and arithmetic calculations.
In addition, the Method Codes can be analyzed for frequency of
occurrence to pinpoint potential areas for method improvements.

Certain tasks require information unique to the
design of the PWB Assembly, such as the length to cut a jumper
wire or the number of holes to be masked. 1In CAPS, provisions
are made for inputing up to two variables for each Method Code,

14
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which are defined as either text to be printed verbatim, or
numbers to be used in calculating time standards. Inclusion of
material information used within each operation is accomplished
through the input of the appropriate item number listed in the
Bill of Material, downloaded from TMCS. Any other unique
information can be input verbatim using the "free text" option
provided within CAPS. '

Custom software was developed on the VAX computer
which allows the Manufacturing Engineer to input, via VT240
computer terminals, the appropriate Method Codes and variables
required to produce detailed instruction sheets., A series of
menus allows the M.E. to choose the steps required to accomplish
the task, whether it be writing a new instruction sheet, reVising
a current instruction sheet, or maintaininé the data bases where
the Method Codes and other information are defined. The process

~flow diagram for generation of instruction sheets is shown in
Figure 3-1-1. Details on the exact procedure for any specific
process are defined in the Software Documentation Appendix I of
this proposal.

Basically, the M.E, enters onto a formatted "Input
Sheet" screen the operation number, name, and work center. Then
the appropriate (pre-defined) Method Code is selected and
entered, along with the item number of material involved, if any,.
and variable information, if required. The remainder of the
Input Sheet line is filled in automatically with material
description and reference designator, partial description of the
manufacturing instruction and the associated standard time. 1If
the material item number has a multiple quantity with different
reference designators, additional Input Sheet lines will be
automatically filled in for each reference designator, thereby
reducing the inputs required by the M.E. If CAD information is
available, variables defining the lead spacing information for
Component Prep operations are automatically calculated and input
to the proper variable field. The Manufacturing Engineer
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completes additional Input Sheet lines for each material item
and/or Method Code involved in the operation. This basic
procedure is repeated for each operation in the manufacturing
process. The CAPS Instruction Sheet Gernerator software then
transforms the abbreviated format of the Input Sheet into the
expanded Instruction Sheets used in production. Time standards
are automatically calculated for each operation based on the
predetermined times established for each Method Code. An example
of a CAPS instruction set is shown in Figure 3-1-2,

Instruction Sheets produced using CAPS provide the
vital information required to properly setup many of the
operations in PWB Assembly. For the "Stage" operation, a summary
is shown of the operations involved in the assembly, and the
material associated with each of those operations. This
information assists in the distribution of material at the
beginning of a production run to the appropriate workstations.

For operations where tasks are performed on individual parts,

detailed information is provided for each of those parts,
including the Tracor part number, a functional description, and
the reference designator, if applicable. For component prep
operations, lead spacing and lead length specifications are
provided to assist in prep machine setup. A provision in the
CAPS software allows the M.E. to optimize this setup information
by arranging the lead spacing in ascending order to avoid
repetition of setups. Also, for most operations, a "target"
production time is calculated in pieces per minute or boards per
hour based on the engineered time standard which provides a
benchmark for manufacturing. The text of the instructions is
more complete and is consistent, regardless of the individual
producing them. The time standards are correspondingly more
consistent and, again, are based on predetermined times or
stopwatch time studies which should satisfy the requirements of
MIL-STD 1567A.
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For those occasions in which a pictorial
representation of the board is needed to clarify an instruction,
software is developed to produce a hardcopy printout of the PWB
Assembly onto a letter size paper. Three types of pictorials are
available: l)an outline of the board with the components
outlined, 2) an outline of the board showing the traces on the
top side, 3) an outline of the board showing the traces on the
bottom side. These provide considerably more accuracy than the
sketches and photocopies previously used.

The Cover Sheet associated with the Instruction
Sheet is also produced using the CAPS Instruction Sheet
Generator. Once again, the M.E. chooses the appropriate menu
options to access a speciélly formatted screen on the VT240
terminal and some of the required information, such as the
purpose of the change and list of documents in the manufacturing
package, is input., The remaining required information, the
'touting instructions and the assembly time standards, is
automatically input via software which accesses the data
previously input during the instruction sheet generation process.

The Instruction Sheet and Cover Sheet are printed
out using a Printronix printer and the resulting Manufacturing
Package is routed for the appropriate signatures. The
Manufacturing Package is then forwarded to the Document Control
Center so that photocopies can be made and distributed to the
appropriate files. The Document Control Center also initiates the
CAPS software routine for automatic upload of Bill of Labor data
to TMCS., This routine replaces the manual effort of inputting
data with a system that automatically compares the Bill of Labor
presently in TMCS with the data which was electronically stored
as a result of the generation of the Cover Sheet using the CAPS
Instruction Sheet Generator. The difference between the two
files is then automatically updated in TMCS. For new PWB
Assemblies, the full Bill of Labor produced from CAPS is uploaded
automatically.

20
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Revisions to the Manufacturing Package due to
Design Engineering or Manufacturing Engineering changes are
significantly simplified with the CAPS Instruction Sheet
Generator since the data can be edited electronically and
reprinted. The process flow diagram for generation of revised
instruction sheets is shown in Figure 3-1-3. Revisions due to
general manufacturing process changes are also simplified due ‘to
the development of an automatic update function. With this
function, a change in the Method Code information (text or time
standard) will automatically be incorporated in any Input Sheet
being edited (for any reason) by merely pressing a pre-defined
function key. To determine which PWB Assemblies require editing,
the Method Code Analysis function is employed to search all Input
Sheet files for occurrences of that code.

3.2 . Auto Component Insertion Programming

The goal of the Auto Component Insertion
Programming portion of CAPS was to improve the efficiency of the
Auto Insertion operation by using computer technology to produce
optimized insertion and setup information. The CAPS Insertion
Program Generator utilizes data from CAD for board/component
location and orientation, from TMCS for material part number and
descriptive information, and from the Component Data File on the
VAX for dimensional information on individual components. 1In
addition to the data transfer links, electronic communications
are established between the Design Engineers and the M.E., and
between the M.E. and the insertion machine operators, to insure
that the M.E. will be cognizant of any design or insertion
program changes. The security of the insertion prog:ams is
enhanced, since they are stored on the VAX computer system, where
files are backed up on magnetic tape daily.

When a new or revised PWB Assembly design produced

on the RACAL/REDAC Computer Aided Design system is released for
production, the Design Engineer initiates a special procedure for
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Figure 3-1-3 Revise An Inszgruction Sheet Using CAPS
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downloading the design data file to the VAX computer in
Manufacturing., The M.E. is electronically notified of the
download via the mail utility on the VAX and, after downloading
the associated BOM from TMCS, he initiates the "Reform" software
routine prior to the next effective production run. "Reform" is
a software routine which translates the format of the data as
received from CAD to a format compatible with the three
applications in CAPS: 1) Component prep data €or the Instruction
Sheet Generator, 2) Component location and orientation on the
board for the Auto Component Insertion Programming, and 3) Board,
trace, and hole size and location for the Computer Aided Repair
work station. |

In addition to CAD and BOM data, the CAPS
Insertion Program Generator requires certain data relating to the
design of the board holding fixture and the setup restrictions of:
the insertion equipment. A special communication system is

" installed between the VAX and the two controllers for the

insertion equipment using a microcomputer as a coordinator/trans-
lator/input/output device. Software is developed so that the
machine operators can input information for: 1) Board
orientation on the fixture, 2) Insertable components purposely
excluded from insertion, 3) Grouping and exclusion of windows on
the fixture for each insertion pattern, 4) Location of reference
pin offset for each window, 5) Number of windows on a fixture, 6)
Inactive inserter parts holders, and 7) Preassignment of parts to
parts holder locations. The process flow diagram for generation
of Component Insertion programs is shown in Figure 3-2-~1.
Details on the exact procedure for the process are defined in the
Software Documentation Section, Appendix I of this proposal

After all of the required information is supplied,
the CAPS Program Generator will be activated by the machine
operators to produce the actual insertion programs requested and
the instructions for setup of the components to correspond to the
program. This request is initiated by the machine operators
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instead of the M.E. so that temporary modifications can be
rapidly accommodated. The M.E. is automatically notified via the
mail utility of the VAX of permanent changes so that he can
investigate the situation and, if warranted, process the
associated modifications to the Instruction Sheet.

The final result of the CAPS Program Generator is
a computer-optimized insertion program for each requested machine
in ASCII language which is uploaded to the appropriate machine
controller electronically. The setup information, as shown in
Figure 3-2-3, is printed on a Printronix printer connected to the
VAX computer.

3.3 PWR Assembly Testing

From a cycle time standpoint, the most effective

- technique for identifying functional non-conformance on a PWB

Assembly is through the use of automated test equipment such as
the Hewlett Packard HP 3065. This equipment utilizes custonm
vacuum fixtures with special spring-loaded contact pins located
precisely to correspond with key nodes on the PWB, The PWB
Assembly is placed onto the fixture, the vacuum is actuated, and
the board makes electrical contact with the pins. The pins are
the interface between the PWB Assembly and the computer
intelligence of the automated tester. Custom software is
developed to test the values of the individual components on the
board for conformance to the tolerance requirements of the board
design. Those components not meeting the required specifications
are noted on a machine print out which lists the defects for
further action. Tests are likewise run on traces to identify
shorts or opens which affect the designed function.

To increase the utilization of the Automated Test
Equipment and thereby decrease the time associated with the
identification of defects, research was conducted to compile a
target list of PWB Assemblies to be converted from manual and
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semi-automatic to automatic procedures. Of the 30 PWB Assemblies
originally considered, all but eight were removed from
consideration because they were covered under other contracts, or
major design changes were anticipated which would have obsoleted
the custom software and hardware soon after creation.

) Original plans called for the selected boards to
, be converted for testing on the HP 3060 Auto Test Station.
However, in 1985, improved test equipment was procured external
to the CAPS project and plans were modified accordingly. The
cost of securing software for the new HP 3065 was significantly
less than for the HP 3060. Also, the tests developed on the new
tester are capable of handling LSI and VLSI (Large Scale
Integration and Very Large Scale Integration) components such as
logic, memory, and microprocessor IC's (Integrated Circuits).

T T T T -

The original plans also called for developing the
software "in-house" and procuring the fixtures from an outside
vendor, with some in-house assembly regquired for the fixture.
Manpower obligations elsewhere precluded this approach. Instead,
quotes were requested from several outside development facilities
for purchase of both fixtures and software for the eight PWB
Assemblies. Based on cost and firsthand knowledge of the test
equipment, Hewlett-Packard was chosen to meet our requirements.
A listing of the eight PWB Assemblies involved and the conversion
implementation status is shown in Figure 3-3-2, .

O . )

- . ———

In addition to decreased time for defect
identification, a number of other benefits are realized for those
boards tested on the HP 3065. Since the Automated Test Station
has a communication link with the VAX computer, information on

E defects is uploaded to facilitate the utilization of the CAPS
Computer Aided Repair workstation (see Section 3.4). Since these
defects are stored electronically, defect trend analyses can be
developed in whatever format deemed appropriate to identify
potential areas for corrective action. Also, the detailed

e f e g -
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PWB Assembly

EA MUX
151936-0001
Bite
137597-0002

AC ALU
138204-0001

Ext I/0
137426-0004

Pwr Supply
146898-0001

2K RAM
146828-0002

Mtr Driver
146837-0001

Para Peripheral 01/30/86

151787-0001

Sent To
HP
08/05/85
08/05/85
08/05/85
08/05/85
08/05/85

10/31/85

12/11/85

CAPS ATE TEST FIXTURE
IMPLEMENTATION STATUS

Received Verification
From HP PWO # Date

10/07/85  PH1301 11/14/85
10/07/85 PHO204 11/21/85
10/07/85 PH1065 12/04/85
10/07/85 PH1461 01/09/86
11/26/85  PHO543 02/03/86
01/15/86 PH1263 08/01/86
02/19/86 ° PH1614 03/14/86
03/19/86 PH1985 10/30/86

Figure 3-3-2
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PWO #

PHO198

PH1714

PHO0273

PH1462

PH2175

PH1254

PH1615

Run

Date
11/21/85
12/11/85
12/16/85
03/13/86
02/19/86

10/16/86

03/14/86
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information provided about the defect may yield clues as to the
source of the problem. For example, if a component is found to
be consistently on the high end of a tolerance, then the
components in stock may be mismarked.

Although this part of the CAPS project deals with
only eight PWB Assemblies, many future boards will also be set up
to be tested on the new HP 3065 tester. Auto Test software for
most of these new boards will be developed in-house; however, if
the reéuired schedule for completion of this software should
exceed the available manpower, the use of outside contractors as
been proven to be a viable alternative,

3.4 PWB Assembly Repair

Automated Test Equipment will usually identify
. faults on a PWB Assembly at the component or trace level of
detail. The diagnostic printout produced tells what is
defective, but not where it is on the board. Since the defect
must be marked for eventual repair, the test technician must
search the board to locate the trouble spot and apply the
adhesive defect sticker. This locating task can be quite time
consuming in the case of large boards and even more significant
when pinpointing trace defects. Also, providing the part number
information for component replacement means additional time
searching through the Parts List documentation. The objective of
the Computer Aided Repair (CAR) portion of the CAPS project was
to utilize computer technology to aid in the defect location
aspect of the PWB Assembly repair process.

Design data from the CAD facility and material
data from TMCS are downloaded to the VAX computer and are
reformatted into a form compatible with all CAPS applications,
Software was developed on the VAX to produce a graphics image of
the board on a high resolution SEIKO GR1104 color terminal. The
process of locating the particular trace or component is
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accomplished through highlighting the specific trace or the
outline of the component. For those PWB Assemblies tested on the
HP 3065, a communication link is established with the VAX
computer so that a list of failure details can be displayed when
the specific serial number of the board is input. Another
feature, the labeling of all components on the screen with
reference designators, will assist in situations where the
identity of the components connected to a particular trace is
needed. For components which are highlighted, material
information is displayed to assist in the ordering of replacement
parts. The process flow diagram for the utilization of the CAR
workstation is shown in Figure 3-4-1. Details on the exact
procedure for the process are defined in the Software
Documentation Section in Appendix I of this proposal.

Development of the CAR software and associated
~communication links yield benefits beyond the immediate
application of repair of PWB Assemblies. CAR was developed to be
compatible with Tektronix 4014 so that a wide variety of
terminals could be utilized. In fact, the Manufacturing
Engineers have access to the CAR image on their DEC VT240
terminals, although the low resolution, monochrome display is
useful only as a reference. Any future applications which need a
graphic representation of the board could use this utility simply
by connecting a Tektronix 4014 compatible terminal to a
communication port on the VAX computer. Also, the communication
links established between the VAX, CAD, TMCS, and the HP 3065
Auto Test equipment facilitates more rapid in-house development
of Auto Test software for new PWB Assemblies.

3.5 PWB Identification

Several methods were investigated as possible
alternatives to the manual operation of marking information onto
printed wiring boards. The initial idea of modifying a computer-
based plotter device encountered problems due to the difficulty
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Figure 3-4-1 Computer Aided Repair (CAR) Process
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of the modification and the need to develop an ink delivery
device capable of applying the thick ink precisely with no damage
to the traces on the board. The savings of such a system would
be limited since an operator would still have to prepare the
special ink, clean the delivery system, and load each board onto
and off of the device.

Another alternative investigated was the
utilization of a laser device to etch the information onto the
board. Three problems were found with this approach which
discouraged its adoption. First, a white area would have to be
silkscreened onto the board in order to get the proper contrast
between the alphanumerics and the background. Second, since the
laser essentially "burns" the characters into board, the
potential exists for damaging the traces on a board. Third, the
cost of a typical system was found to be between $50K and $100K,

~ excluding holding fixtures.

The most promising alternative appeared to be the
use of special labels produced on a device which prints,
laminates, and applies the label to a board placed beneath it.
The label material is made of a polyimide compound with a
pressure-sensitive acrylic adhesive and a polyimide-based, ink-
receptive coating covered by a Kapton laminate which withstands
the wave soldering and solvent cleaning environment. The
printer-applicator device is computer-based and is capable of
communicating with the VAX computer so that the serial numbers
printed on the labels can be recorded and printed on the serial
log on the back of the PWO document.

Further research into the label alternative
uncovered problems that, while not insurmountable, would have
resulted in a significant increase in the cost of its
development. Although the special labels are widely used in
commercial applications, they would have to be subjected to
extensive environmental tests to meet the military standard
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qualifications of the PWB Assemblies to which they are affixed.
The estimated cost of conducting such tests is shown in Figure 3-
5-1. Another large cost would be incurred for the process of
incorporating the proposed label into the official documentation.
Engineering Change Orders would have to be initiated to modify
design and manufacturing documents for over 300 PWB Assembligs.
Because of these costs and the costs of the capital and labor
directly associated with the development of the workstation (see
the CAPS SERIALIZATION WORKSTATION ANALYSIS, Figure 3-542), this
portion of the CAPS project was identified as unattractive for
further development.

3.6 Pogsible Future Enhancements

The development of the applications within the
CAPS project and the associated effort to integrate the various
~ computer systems and islands of automation suggested additional
benefits beyond the immediate scope of this project. While these
future enhancement possibilities are intangible for the cost-
benefit analysis of the present project, they are an important
and sometimes crucial prerequisite to implementing future
manufacturing improvements.

The material and design data stored on-line in the
VAX computer is readily accessible for computer-generated
programming of future automated systems such as those for
masking, material handling, and robotics, as well as other
intelligent systems currently in-house such as the AAC Component
Locator and the Component Verifier on the Sequencer. Software
could be developed to automatically reorder replacement parts for
those boards tested on the KP 3065 by accessing the test results
and the material data associated with the particular board. In
addition, the Component Data file maintained on the VAX to define
the physical dimensions of the axial lead components could be
expanded to include all components and could serve as reference
to the Design Engineering, Incoming Inspection, and Procurement,
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ENVIRONMENTAL TESTS COST FOR
SERIALIZATION LABELS
(PER MIL SPEC 810C)

l., Temperature/Altitude Test:

Engr. Hrs., = 6 = § 260
Tech. Hrs. = 50 = § 1,058
> 2. Humidity Test:
3 Engr. Hrs., = 10 = § 434
Tech. Hrs., = 125 = § 2,645
3. Salt Fog Test:
Engr. Hrs. = 3 = § 130
- Tech, Hrs., = 16 = § 339
4., Vibration Test:
Engr. Hrs, =166 = § 7,205
Tech. Hrs. = 400 = § 8,464
Fixture Material = § 750
5. PFungus Test:
: Engr. Hrs. = 32 = § 1,389
Outside Vendor = $ 600
Travel = $§ 2,000
6. Test Report:
Engr. Hrs. = 50 = § 2,170
TOTAL COST:
LABOR = $ 24,094
OTHER = § 3,350
Figure 3-5-1
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CAPS
SERIALIZATION WORKSTATION ANALYSIS

COST:
Equipment -
o Automated Label Maker/Applicator
o Bar Code Reader and VAX Link

Qualification Test -
0 Environmental Test to meet MIL STD 810C

Development Labor -

o Computer Programmer 160 hrs

o Project Investigator 80 hrs

o Mfg. Engineer 160 hrs.

o Quality Engineer 160 hrs

0 Quality Control 200 hrs
SUBTOTAL

Incorporate ECO's -
o 300 ECO's X §500 per ECO*

Net Material Costs -
: GRAND TOTAL COSTS

BENEFIT:

7634 hrs over 7 years = § 183,290 = § 26,184/yr

* = Conservative Estimate

Figure 3-5-2
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Various types of analyses can be performed using
the data captured or stored on the VAX computer. CAD data could
be analyzed for manufacturability. Data captured from Auto Test
could be analyzed to determine any defect trend patterns. In
addition, Method Codes could be analyzed relative to production
volumes to identify possible bottlenecks in the process flow.

The Method Code system (three letter codes
representing a task and its corresponding time) uses only a
fraction of its total capacity. The "a_", "B_", and "Q__"
series codes are reserved for PWB Assembly instruction sheet
generation., Over 15,000 codes are available for use in other
applications such as instruction sheet generation in other
ménufacturing areas, flow chart generation, and inspection defect
codes. Use of the Method Code system in these areas would allow
electronic access to the data for display and computer analysis.

_ When used to define predetermined tasks and times for an

Instruction Sheet, the method code system will facilitate
compliance with MIL-STD 1567A.

The CAPS Instruction Sheet Generator still
requires inputs from a qualified Manufacturing Engineer with
knowledge of the manufacturing environment and the requirements
of the product design. Since CAPS has access to the design
information, the next logical evolution of the Instruction Sheeg
Generator is for the computer to anticipate the correct Method
Code to be input, based on the design data and a set of
manufacturing environment "rules" which artifically reflect the
intelligence and thought patterns of the M.E. Such a system
would further reduce the time involved in producing instructions
and would preserve the knowledge of proper manufacturing
techniques.

Another improvement facilitated by CAPS is the

possibility of "paperless" instructions. The instructions would
be available electronically to manufacturing personnel via video
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terminals. Any changes to the information could be put into
effect as soon as the M.E. made the revision. Also, since the
M.E. can view both the completed instruction sheet and a drawing
with CAPS, the technology exists for expanding the capability to
the manufacturing area, although the cost of the expansion is
currently prohibitive. Installation of additional CAR terminals
may be feasible in some manufacturing areas with very little
additional software development required.
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4.0 PROJECT ASSUMPTIONS

Some of the benefits of CAPS, although tangible,
cannot be expressed in terms of direct labor "time per board"
savings., Specifically, the unit of measure for generation of
instruction sheets and input of bill of labor is "time per
instruction sheet". Likewise, the unit of measure for generation
of component insertion programs and development of test programs
is "time per program®". To calculate savings, each of these three
types of unit of measure must be multiplied by the corresponding
type of volume (for example, time per instruction sheet X number
of instruction sheets). The format of the savings calculations
require that the volume be defined over time and customer
category. Two of the three types of volumes, the number of
instruction sheets and the number of insertion programs, cannot
be readily defined in terms of time and customer category.
. Therefore, for savings calculations, an assumption was made that
volumes for those two types have a direct correlation with the
board production volume in regards to distribution over time and
distribution over customer category. For example, assume that 10
insertion programs were written in 1986 and the 1986 board
production volume was 25,000 boards. If the projected production
board volume for 1987 was 50,000 boards, then the projected
volume of insertion prog:rams would be 20. The same apportioning
methodology would be used for all appropriate years and customer
categories. The rationale for this assumption is that the low
volume/high product mix environment of this production area and
the generally short life electronic designs (i.e., frequent
redesigns) is an effective indicator of overall activity.

48




Tracor Aerospace

g T e - ™~

5

.0

COST

See Volume II.
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} 6.0 SAVINGS ANALYSIS PROCEDURE

The numerous features encompassed within the CAPS

project have a significant impact on the Printed Wiring Board

} production process. The thirteen cost drivers chosen for the
cost benefit analysis were selected on the basis of their ability

to be quantified using auditable and rational data. Intangible
benefits, such as compliance to military standards and providing
the foundation for future improvements, are not included. Also,
the increase in productivity due to fewer errors was not included
due to the ambiguous format of the data which could not clearly
segregate the effect of the project., All but four of the cost
driver incremental times (time per unit of measure) were based,
directly or indirectly, on Industrial Engineering stopwatch time
studies. Touch labor actuals and an engineering projection were
used for the remaining cost drivers.

Each cost driver incremental time is quantified on
an annual basis for the years in which it would be in effect.
The methodology for quantifying the cost driver times annually
differs depending on the nature of the cost driver. 1In general,
for those cost drivers whose unit of measure volume cannot be
discerned directly for all relevant years, the unit of measure
volume for the current year is projected for the remaining years
and apportioned over the customer categories based on a direct
correlation with the production Build Schedules (refer to 4.0
Project Assumptions).

Instant, or Firm-Planned, Build Schedules were
extracted by computer software from the Customer Order Book in
Operations Services, Manufacturing Division, in October 1986.
The Customer Order Book is the official record of Tracor
delivery schedules, and drives all manufacturing activities. It
is kept up-to-date by technicians based on inputs from Contracts
Division through and in conjunction with, the respective Program
Managers. The Instant Build Schedule contains "deliverable" part
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numbers, project numbers, quantities, and dates. Since the
project number refers to the customer, it was a simple matter to
divide up the project number into one of four customer
categories:

l - F-16 (General Dynamics, Ft. Worth)

2 - USAF

3 - DoD (other than USAF)

4 - Commerical

This was done, and the result was an Instant Build
Schedule for all four customer categories showing "deliverable"
part numbers, quantities, and years (1986-1993),

Follow-On Build Schedules were extracted from the
Business Development Bookings Forecast. This document is updated
monthly by the Business Development Division, based on inputs
from the program managers. It contains system identifiers,
delivery dates, customer information, etc. For Tech Mod's
purposes a separate file was set up to tie the system identifiers
to existing LRU's, where possible. Where this was not possible,
the system identifiers were sometimes tied to "representative"
LRUs, i.e., an LRU that would be roughly equivalent in terms of
the manufacturing resources required. 1In some cases the bookings
forecast could not be defined in terms of manufacturing hours
required.

The Booking Forecast as presently structured has
four customer codes. They are:

C - Commercial - Non-military domestic sales

G - Government - U.S. Government sales where the intended
use is the U.S. Government

F - Foreign - Foreign Military Sales (FMS). Sales

initiated through a U.S. Government
procurement activity where the intended
use is the foreign government

I - International - Direct foreign sales of any product
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By combining the Government (G) and Foreign (F)
categories a build schedule entitled "Government" was created; by
combining the Commercial (C) and International (I) categories a
build schedule entitled "Commercial” was created.

The computer was programmed to look at all
bookings, determine the LRU's (based on the system identifier)
and multiply the probability of capture by the gross quantities
shown. It then printed out the build schedules showing the LRU's
and the year in which they would be built.

Two adjustments were made to the Follow-On Build
Schedule numbers. To negate the "trailing off" effect of the
Bookings Forecast, a straight-line production rate was
substituted for the Government and Commercial numbers for the
years 1990 through 1993 inclusive, based on the average of years
. 1988 and 1989. The second adjustment distributes the Government
category numbers over the categories of F16, USAF, and DoD. This
distribution is based on the ratio of the totals of each of the
three categories to their sum in the Instant Build Schedule.

It should be noted that six of the thirteen cost
drivers will not be included in the ITM Discounted Cash Flow
Model. Four of these six cost drivers are associated with the
input of the Bill of Labor by Document Control personnel who are
classified as overhead. The other two cost drivers are
associated with the generation of manufacturing packages by
Manufacturing Engineers who charge time to Production Support
Accounts (PSA). Therefore, savings for these cost drivers would
be difficult to identify and validate.

6.1 PWR Assembly Instructions

The computer-assisted generation of detailed PWB
assembly instructions has a beneficial effect on eight cost
drivers. The production of the instruction sheets, themselves,
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by the manufacturing engineers takes less time even though the
amount of information provided has dramatically increased. Time
Studies were performed on the "AS-I1S" and "TO-BE" methods used to
produce completely "new" instruction sheets using a typical size
assembly. In the case of "revised" (rather than "new")
instruction sheets the M.,E. will also save time depending on the
no of changes to be made and how many instruction sheets are
changed per year. Projections were used for the time required to
revise instructions. These projections were based on the above
study, assuming an average of three operations changed per
revision, using the formula:

total time/instruction sheet
number of operations

X average of 3 operations/revision

"AS-IS" and "TO-BE" times were recorded per

- instruction sheet. To determine the annual volume of instruction

sheets written using CAPS, a count of new instruction sheets on
file electronically was made. For the nine months between
January 1986 and September 1986, 119 instruction sheets were
produced - an average of 159 per year. Although not all new
instruction sheets are processed by Document Control, all
revisions to instruction sheets are. The number of revised
instruction sheets was derived from records kept by Document
Control for the months between February 1986 and August 1986
excluding April 1986. The savings calculations have been
adjusted to reflect anticipated completion of development.

Bill of Labor time standards are determined by the
M.E. for each operation on an instruction sheet. This
information is input to TMCS on the mainframe computer. With the
CAPS system, the information is uploaded electronically for both
the PWB Assembly instruction sheets produced using CAPS and the
Fab Shop instruction sheets produced outside of CAPS. The only
remaining labor associated with the "TO-BE" upload procedure is
the input of the appropriate assembly or fab number by Document
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Control to formally initiate the procedure. There are four
different types of inputs involved in this input procedure -~ new
and revised Bills of Labor for PWB Assembly and Fab. The revised
Bill of Labor input requires more time for the "AS-1IS" procedure
due to the necessity of searching the instruction sheet to locate
the revisions. The input of Fab Bills of Labor require less time
than that for PWB Assemblies because of the fewer number of
operations. Three of the four types of inputs were time studied.
The time for the remaining type, input of a new FAB Bill of
Labor, was projected using the following formula:

time for input of FAB revision

time for input of PWBA revision

As in the time calculations for producing

instruction sheets, the unit of measure for input of the Bill of

Labor is "time per instruction sheet.” The unit of measure

. volumes associated with the four types of input procedures were

derived from records kept by Document Control for the months

between February 1986 and August 1986 excluding April 1986. The

savings calculations have been adjusted to reflect the May 1986
completion date.

X time for input of new PWBA

The majority of the savings associated with the
instruction sheet generator portion of the CAPS project is
attributed to increased information supplied to manufacturing via
the detailed instruction sheet. This portion of the project was
the first to be developed and, from the standpoint of touch
labor, should be considered fully operational and installed as of
January 1986. The year 1985 should be considered a transitional
development period, and the year 1984 would be considered the
prior period, i.e., before the beneficial effect from the CAPS
instruction sheets. With these time frames in mind, a computer
analysis of historical touch labor actual charges was produced
for a sample group of PWB assemblies to demonstrate the savings
per part between the "AS-IS" year (1984) actuals and the "TO-BE"
(1986) year-to-date (as of September 1, 1986) actuals. The
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resulting average savings was then spread over the adjusted
production volumes for the appropriate customer categories and
affected years.

6.2 Auto Component Insertion Programming

The methodology for calculating savings for this
portion of the CAPS project is based on time studies normalized
for the average number of components inserted per board, and the
number of auto insertable assemblies on file divided by the
number of years the auto insertion equipment has been available.
The "AS-IS" time was studied separately for the VCD and the DIP
machines since the latter is more difficult to program. The time
for each was multiplied by the average number of insertable
components per assembly (55 for the VCD; 21 for the DIP) as
derived from an analysis of the associated method code defined by

- the CAPS instruction sheet files. The CAPS method code analysis

software is a feature of CAPS which searches for the number of
occurrances of a specified method (code), as defined by the
manufacturing engineer, in the instruction sheet generator input
sheet for all electronically stored files on CAPS. The
calculation of the "TO-BE" times for the VCD and DIP machines
allows for both a constant value (time to initiate the program
generator, regardless of the number of components) and a varible
value (to verify the correct location of each component).

For the "TO-BE" method, the formula is:
(average number of components inserted
X time to verify correct location)
+ time to initiate the program generator

The two time values in the above formula are the same for both
the VCD and DIP machines. The unit of measure volume is in terms
of number of programs generated per year. This figure is
calculated by the number of auto insertable assemblies on file
divided by the seven years the equipment has been in use. The
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resulting average savings is then spread over the adjusted
production volumes for the appropriate customer categories and
affected years, with the 1986 savings adjusted to reflect the
anticipated completion date.

6.3 PWE Assembly Testing

.The savings for this portion of the CAPS project
is limited to eight specific PWB Assemblies which were targeted
for development on the new HP 3065 Auto Test equipment.
Dévelopment was completed in March of 1986. Computer analysis of
historical touch labor actuals is presently available for only
six of the eight PWBA's, The average savings for the six was
calculated and applied to the anticipated volume for all eight
PWBA's, with the 1986 savings adjusted to reflect the completion
date.

6.4 PWE Assembly Repair

As in the PWB Assembly Testing portion of CAPS,
the savings associated with the CAR workstation is limited to
specific thirteen PWBA's, although future yet-to-be developed
PWBA's could be tested on the HP 3065. Industrial Engineering
time studies were used to determine the typical "As-Is" and "To-
Be" times. The savings was applied to the anticipated volume for
the thirteen PWBA's, with the 1986 savings adjusted to reflect
the anticipated completion date.

56




€-9 aunbiy

STNIAVS

DILL NOLDIO2IY Fa ]
ANV AVTONO
STHYDA
NSVl P LINY
12370
SNOLIOAIOMd SNDYEIINTIONG
SR
TAINGD INTHIOOG
SR I
HING00 SID
SOLIXAMd INDEXIN 1T

imn
-0

SBLL
2800
'S1-6Y
LTI
f. q229~8§:=ubpuxsaxﬁ Aﬁ
\

SIIONIS IWLL EDINMIQLS

4
X
-]
=2
(]
=4
g
8
m
|

A9010Q0HL3W SISATYNY LI43N38-1S0D

NY'E SISATWNNY




> ~p—————

. g

Tracor Aerospace

7.0 SAVINGS VALIDATION

The "TO-BE" incremental times, the units of
measure volumes (where applicable), and the production build
schedules will be validated within 18 months from the date of
implementation. The methodology will be the same as used in the
Saving Analysis Procedure (see Section 6.0) with two exceptions.

The processes of PWB Assembly Test and PWB
Assembly Repair are difficult to distinquish from one another in
the real world environment. Although separate labor charge
numbers exist for test and for repair, some identification for
repair occurs during the test process. Therefore, after
implementation, the effect of the CAR workstation on actual touch
labor charges will be indistinguishable from the effect of the
improved test procedure.

In order to validate the savings for the eight PwB
Assemblies for which CAPS affected both the test and repair
processes, touch labor actuals for the time prior to
implementation of either new process will be compared to touch
labor actuals after implementation of both new processes. The
results, although not itemized separately, will reflect the total
effect of both parts of the CAPS project.

For those assemblies whose test fixture/software
development were not within the scope of CAPS, time studies will
be used to demonstrate the CAR savings. The magnitude of the
savings will likely be less than shown in this proposal, however,
since the savings for eight of the PWB Assemblies affected by CAR
has already been accounted for in the savings associated with the
Auto Test development portion of CAPS, as explained in the
previous paragraph. Production build schedules for all cost
drivers, including CAR and Auto Test, will be updated.
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TABLE 1
PROJECT ECONOMIC SUMMARY

COMPUTER AIDED PROCESSING SYSTEM (CAPS)

FINAL TECHNICAL REPORT

Implementation Date:

Manhour Savings: F-16 Instant
F-16 Future
Other DoD Instant
Other DoD Future

TOTAL
r Material and
Labor Savings: F-16 Instant
. ' F-16 Future

Other DoD Instant
i Other DoD Future

TOTAL

Internal Rate of Return:

DoD To Total Production Ratio:

Subcontrator Capital Expenditures:

Subcontractor Related Funds:

DoD Funds:

Productivity Savings Reward (PSR):

60

Jan. and Oct.

30.2
23.8
11,751.1
9,665.9

21,471.0

$ 693
$ 706
$ 282,971
$ 306,314

n

590,683

35.0%

0.80

$ 214,492

§ 54,745

$ 54,320

$ 283,664

1986
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" COMPUTER AIDED PROCESSING SYSTEM (CAPS)
FINAL TECHNICAL REPORT
ATTACHMENT A - "AS-IS" AND "TO-BE" PROCESS FLOWCHARTS

See the following eight pages.
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COMPUTER AIDED PROCESSING SYSTEM (CAPS)
FINAL TECHNICAL REPORT

ATTACHMENT B - CAPITAL EXPENDITURE SUMMARY
Implementation
Description 1984 1985 Date
DIP Component Verifier $ 21,495 1986
Axial Component Verifier $ 38,055 1986
Computer CPU, Disk, Tape,
Console Software & Manuals $ 86,592 1986
Auto Switchbox $ 622 1986
Cables $ 507 1986
Connector Hardware $ 323 1986
Two Switchboxes $ 530 1986
] Sightscreens $ 1,376 1986
1[ Two Modems $ 700 1986
Three Terminal $ 5,340 1986
f ' Two Modems $ 1,050 1986
' Graphics Terminal S 4,750 1986
Eight Test Fixtures $ 16,650 1986
Microcomputer $ 2,700 1986
[ (CAD Comm,. Link)
: Auto Switchbox $ 847 1986
(CAD Comm, Link)
Connector Hardware $ 65 1986
(CAD Comm. Link) '
SUBTOTAL $161,340 $ 20,262
' Sales Tax ('84 .05125,
'85 .06125) $ 8,269 $ 1,241
; Mtl OB ('84 .1236,
L '85 .1124) $ 20,964 $ 2,417
TOTAL CAPITAL $190,572 $ 23,920
CUM CAPITAL $190,572 $214,492
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COMPUTER AIDED PROCESSING SYSTEM (CAPS)
FINAL TECHNICAL REPORT
PROJECT PROCESS SPREADSHEET

ATTACHMENT D -~

1. AS-IS Process
Instruction Sheet Generator
Produce Instruction Sheets
New Instructions
Revise Instructions

Yy
Component Insertion Program Generator
Program XD
Program DIP
B Assenmbly Test
HP3065 Test Brds (8 assys)
Test Program Development
PWB Asserbly Repair
HP3065 Tested Boards

II. TO-BE Process
Instruction Sheet Generator
Produce Instruction Sheets
New Instructions
Revigse Instructions
Input Bill of Labor
New Assenbly-PWBA
New Assenbly-FAB
Revision ~PWBA
Revision-FAB
Manufacturing Labor
Component Prep
Manual Assembly
Component Insertion Program Generator
Program WD
Program DIP
PWB Assembly Test
BP3065 Test Brds (8 assys)
Test Program Development
PWB Assenbly Repair
HF3065 Tested Boards

111, Delta
Instruction Sheet Generator
Produce Instruction Sheets
New Instructions
Revige Instructions
Input Bill of Labor
New Asserbly-PWBA
New Assembly-FAB
Revision ~
Revision-FAB
Manufacturing Labor
Component Prep
Manual Asgembly
Component. Insertion Program Generator
Program WD
Program DIP
FWB Assenbly Test
HP3065 Test Brds (8 assys)
Test Program Development
PWB Aasenbly Repair
HP3065 Tested Boards

NOTE: Values are in manhours.

1986

43
72

2
7
230
310

9847
14405

137
40

11

20
14

7
227
306

2183
2836

n
24

1987
280
468

3

13
429
561
10737
15707
13

240
262

89

132
88

13
424

572

2381
3092

39
157

215

/4

1988
165
276

2
8
253
342

6317
9241

88
154

33

78
52

8
250
337

1401
1819

259
92

118

1989
73
122
1

3
112
151

2796
4090

0
68

34
23

110
149

620
805

4l
23

1990
119
199

1
6
182
247

4556
6665

0
111

56
38

180
243

1010
1313

67
70

1991

119
199

56
38

180
243

1010
1313

152
67

70

56
38

180
243

1010
1313

152
67

70

1993

99

166

76
103

o wo &N (=X~}

w
[V

134

w
(] ~No [l o o0 N OO

1016
1700

12
50
1646
2228

43365
63438

18
45

465
950

134

835
1379

19
35

33751
50947

15
10

233
380

" 58

481
321

12

49
1626
2193
9615
12491
32

1373
570
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COMPUTER AIDED PROCESSING SYSTEM (CAPS)
FINAL TECHNICAL REPORT
ATTACHMENT E - SAVINGS CALCULATIONS

See the following page.
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