












































































































































































































































































































































































































































































and flexibility objectives, the process flow-not 
the product-is the key design point. The con­
tinuous-flow-manufacturing concept is the 
basis for constructing the process flow. This 
concept entails a U-shaped line where parts 
come into one side of the U and the finished 
product exits on the other (see Figure 121 ). 

With this type of flow, the problem of con­
gestion and wasted product movement is elimi­
nated (resulting in reduced cycle time) . 

Two other continuous-flow-manufacturing prin­
ciples in the assembly process are operator 
ownership and building to a controlled kanban 
square. (Kanban is a term used to describe a 
fixed quantity of inventory before and after a 
manufacturing process step.) Operator owner­
ship implies that one operator follows the 
product all the way through a defined set of 
operations. This greatly reduces the cycle 
time and work in process along with increasing 
the quality levels due to product ownership 
from start to finish. In addition , kanbans do 
not allow operators to start more work unless 
they need a specific part or assembly. This is 
programmed into the floor-control system to 
eliminate human judgement of what is needed. 
Using concepts that influence cycle time 
reduction and increase flexibility reflects a 
decrease in space, inventory and order 
delivery to the customer. 
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System Test and Software 
Pre load 

While the product mechanical design has 
become somewhat standardized, testing the 
system and preloading software have become 
increasingly diverse. The number of hardware 
and software solutions are constantly 
increasing and becoming more customized. At 
the same time, the highest quality must be 
maintained. 

To meet the challenges of increased solutions, 
the AS/400 manufacturing process is built 
around two key principles: 

• Manufacturing to meet customer solutions 
• Integrating quality-checking tools into the 

process 

Manufacturing Process Designed for 
Solutions 

The AS/400 test and software preload stations 
are designed around the customer require­
ments with simplicity as the foundation to 
maximum system flexibility . 

Mechanical automation, typical of high volume 
and repetitive manufacturing , is minimized. 
Work stations, such as test cells, software 
preload stations, rework, inspection, and failure 
analysis , are integrated into one physical area. 
This integration minimizes product movement 
between work stations and eliminates the need 
for costly material-handling systems. The 
low-end entry AS/400 systems are assembled 
and tested on manufacturing carts. The manu­
facturing carts provide a flexible and simple 

means of transporting products throughout the 
process. 

In addition to material-handling flexibil ity , the 
AS/400 test and preload stations are compat­
ible with all products. IBM Personal Com­
puters provide a flexible interface to the host 
floor-control system. The personal computers 
initiate test programs, relay information from 
and to the host system, and provide process 
and quality control. 

The simple layout of the test and software 
preload stations allows operators to access the 
AS/400 system under test (see Figure 122). It 
is this access that enables custom and unique 
operations to be performed on the product as 
part of the normal manufacturing process. 
Rework actions are also simplified by allowing 
rework operators to observe the system under 
test and rework it at that time, without product 
movement. 

Figure 122. Test and Software Preload Station 

The AS/400 software preload process is also 
designed to meet customer solutions. In the 
past, software was sent to customers on disk­
ettes. Now, the AS/400 manufacturing system 
preloads the system software before shipment. 
A unique software preload process loads and 
distributes all the customer software evenly 
across the disks. This software preload 
process improves installation and setup for 
AS/400 customers. 

In many cases, customers request unique ver­
sions of software or want to preload their own 
software. These special requests are accom­
modated easily in the AS/400 manufacturing 
system. In these cases, a customer's tech­
nical representatives and IBM manufacturing 
engineers meet to define the software preload 
requirements. Upon definition , part numbers 
for that particular customer are incorporated 
into the AS/400 bill of material structure. 
Thus, when that customer places an order, the 
part number automatically appears on the 
order and the appropriate software is pre­
loaded. 

Manufacturing Process Designed for 
Quality 

Quality inspection is no longer a verification 
step at the end of the process. Rather, it is 
integrated into and throughout the process. It 
is the goal of this process to attain Six-Sigma 
(3.4 defects per one million opportunities) 
quality by improving the process a factor of ten 
in incremental steps. This goal is achieved by 
incorporating quality-checking tools in the 
process. 
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Throughout the assembly and test process, the 
manufacturing floor-control system continually 
validates part numbers, serial numbers, and 
engineering-change levels to coincide with the 
customer order. Order validation ensures that 
customers get exactly what they want when 
they want it. 

Each work station on the manufacturing line is 
an inspection station. A dynamic inspection 
program, run at the first step of each opera­
tion , randomly asks questions of the manufac­
turing operators. These questions are 
changed as necessary, and feedback is given 
to the operators immediately. 

Intelligent rework programs greatly aid in the 
rework process. If a failure occurs, the rework 
programs freeze the failure, analyze it against 
the error history, and recommend repair 
actions to the rework operator. As the rework 
operator makes the corrective action, the 
rework program is updated to reflect the latest 
repair actions. Components that fail in system 
test are immediately taken to a failure verifica­
tion station. Here, failures are analyzed, veri­
fied , and communicated to the appropriate 
design team. This timely response provides 
an efficient and effective rework process. 

However, the people are at the heart of manu­
facturing process quality. With a common goal 
of ten times improvement, manufacturing 
teams of operators and manufacturing engi­
neers study the process to find opportunities 
for improvement. Each error is identified, ana­
lyzed, and acted upon for improvement. 
Process improvement teams, headed by the 
manufacturing employees, have shown signif­
icant results in process quality. 
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System Shipment 

After the system is assembled, tested, and 
preloaded, it is ready for shipment. However, 
the AS/400 shipping process goes beyond tra­
ditional shipping processes by providing a 
Total System Package. 

Total System Package 

Here, the customer is provided almost all com­
ponents of the system order: printers, dis­
plays, modems, cables, publications, blank 
tapes, and printer paper. This Total System 
Package, in one consolidated shipment, pro­
vides customers with all the parts necessary to 
set up and use their AS/400 system the same 
day it is received. 

Shipping Process 

A Total System Package demands system 
flexibility. Using diverse manufacturing 
resources, the shipping process handles many 
unique customer requirements to customize 
the system shipments (see Figure 123). 

Within the shipping process, certain features 
ensure the highest shipping quality. One key 
element is that the shipping department is 
located next to the manufacturing department. 
As such, communication is enhanced, and 
expensive material handling is minimized. 

Figure 123. Hydraulic Lift Used for Product 
Movement 

Another key element is that components in the 
Total System Package contain bar code iden­
tification. Bar coding is a standard require­
ment placed on all IBM suppliers. When the 
system is ready for packaging, an operator 
scans the bar code of each part against the 
content of the customer order. The use of bar 
coding eliminates the human error element 
and improves quality (see Figure 124 on 
page 223). 



Figure 124. Bar Code Equipment in Use in the 
Packaging Process 

Once the components have been assembled 
to match the customer order, they are pack­
aged with highly tested packaging material. 
Early in the development cycle, system pack­
aging is stressed until it passes rigid environ­
mental , drop-and-shake tests. 

While all components of the system are pack­
aged, shipping labels are applied, and the 
components are consolidated for shipment. 
Total cycle time for the process from start to 
finish is less than 24 hours. 

Conclusion 

A manufacturing process designed for cus­
tomer solutions must adapt to a rapidly 
changing marketplace with a high quality 
product. Early process development maxi­
mizes manufacturing quality. While simplicity 
produces flexibility, inherent quality-checking 
tools enable the AS/400 manufacturing 
process to achieve its Six-Sigma quality goals. 
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Manufacturing Card and System Tests 

Describes how early involvement and 
enhanced test equipment and processes 
enable the manufacturing group to deliver 
high-quality products at a lower cost. 

Gary L. Kearns and Keith R. Halphide 

Introduction 

The manufacturing test objectives for 
Version 2 of the AS/400 system are to imple­
ment enhancements to the Version 1 process 
that support continuous progress toward 
improvement objectives. 

The breakthrough process techniques intro­
duced with Version 1 of the AS/400 system 
continue as the working platform for Version 2 
enhancements. These include early manufac­
turing involvement and delivering stable, 
manufacturable designs to production by the 
following activities: 

• Early stress testing using guardband func­
tional assessment at card and system 
levels during the product development 
cycle 

• Addition of optical and in-circuit card test 
capability 

• Continued improvement of functional card 
testing capability established for Version 1 

• Guardband product audit of ongoing pro­
duction 
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• Ongoing system performance monitor 
benchmarking 

Card and system manufacturing engineers par­
ticipate in the development stage of the 
product to help ensure that a stable design is 
delivered to manufacturing. Manufacturing 
engineers work with development to stress test 
logic cards during early engineering tests. 
Functional card test, introduced at Version 1, 
continues to be used to reduce the number of 
test steps and to enhance the effectiveness of 
the test. 

Early Manufacturing Test 
during Product Development 

Early in the product development cycle, manu­
facturing engineers from Rochester and from 
other AS/400 manufacturing sites worldwide 
work with development engineers to select test 
methods and architectural requirements for 
product cards and testers. Product cards and 
testers are designed concurrently to support 
shortened product development cycles. Proto­
types of production functional testers test 
many of the development engineering cards. 
Manufacturing and development engineers 
have joined together on some subsystems to 
such a degree that the initial subsystem opera­
tion and card characterization is done on man­
ufacturing tester prototypes located within the 
development laboratory. 

Early stress tests are performed on logic card 
assemblies from early engineering prototypes 
through the final design. Manufacturing engi­
neers work with suppliers and developers to 
correct deficiencies and define custom pro­
duction stress profiles for each logic card. An 
extra margin of safety, or guardband, is veri­
fied in this testing, ensuring that later manufac­
tured parts obtained from multiple worldwide 
sources will operate properly through the full 
system specification range. Data from early 
production provides a baseline for process 
control and initial knowledge for the system 
that aids in defect diagnosis at functional test. 

Guardband testing demonstrates performance 
capability beyond normal system specifica­
tions. It involves subjecting hardware to 
extreme operating voltages, temperatures, and 
oscillator frequencies to determine the actual 
functional limits of a given design. By doing 
early guardband testing while development 
engineers are still heavily involved, key tech­
nical people are available to diagnose and 
solve potential problems found during the 
tests. The early detection of problems allows 
time to modify designs, change supplier 
choices, and improve manufacturing quality 
before volume production begins. This 
approach can eliminate the need to depend on 
additional specialized stress testing as a 
screen to fine tune or selectively assemble 
systems to meet operating requirements. 



Card Test during Production 

Card level test begins after placement and 
soldering of parts to the raw card. Figure 125 
illustrates the addition of in-circuit and optical 
test capabilities and the consolidation of func­
tional test equipment by migration from dedi­
cated to multipurpose functional testers . 

In-Circuit Test 

Enhancement of short circuit and open circuit 
test equipment allows in-circuit testing on 
selected logic cards. In-circuit testing supplies 
power to the device under test (DUT) and tests 
selected parts using signals supplied and mon­
itored by the tester electronics. In-circuit diag­
nostic resolution is high because of the 
location of probe points throughout the DUT. 
Figure 126 on page 226 shows a bed of 
spring-loaded probes in contact with various 
points on the DUT for an in-circuit test. These 
tests complement functional testing by pro­
viding direct parametric measurements and by 
providing coverage for functional test configu­
ration-dependent defects. 

Optical Test 

The use of optics in the AS/400 system brings 
new challenging technology to the card test 
arena. Figure 127 on page 226 shows the 
optical card tester. The tester provides laser 
testing to meet strict safety standards, as well 
as high-speed performance testing of the 
optical subassembly. This testing takes place 
prior to integration into the book package for 
functional testing . 

Version 1 

Figure 125. AS/400 Logic Card Test. Each 
block represents a unique piece of test 
equipment. Test processes are shown 
within the block. 

Version 2 

TECH029-3 

Manufacturing Card and System Tests 225 



Figure 126. Test Probes in Contact with a 
Logic Card 

Figure 127. Optical Safety and Performance 
Tester 
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Functional Test 

The efficiency and effectiveness of functional 
test continue in Version 2. During a functional 
test, the card receives the same signals, 
timings , and instructions it would in an actual 
system running in a customer environment. 
Functional test utilizes the microprocessors on 
various AS/400 logic cards. The micro­
processor tests itself, the logic contained on 
the card , and then the external buses and 
ports on the card . Wrap connectors, actual 
system devices, or tester logic cards attach to 
external buses and ports. The tester logic 
cards often make use of the same parts used 
in the system. Reuse of system parts provides 
real-life functional testing, as well as a savings 
in the design time and the cost of test equip­
ment. 

Main storage subsystem cards have no 
internal microprocessors to perform self-test. 
The tester logic card emulates the system 
main storage bus by providing and monitoring 
signals at system speeds. The tester logic 
card is capable of varying the timing parame­
ters to perform further stress tests on the main 
storage bus as well as to record main storage 
addressing information of failures for supplier 
use in analysis and process improvement. 

Version 2 brings boundary scan to selected 
AS/400 cards. This technology allows testing 
at full system speed, with the ability to stop the 
system clocks to observe and modify the oper­
ating states of latches controlling 1/0 signals. 
System diagnostics and functional card test 
both use boundary scan to control and monitor 
logic that is inaccessible to conventional circuit 
probes. Additionally, with the appropriate 
tester logic card, boundary scan provides extra 
information about the nature of a failure, which 
aids in card repair diagnostics and provides 
feedback to suppliers. 

Figure 125 on page 225 illustrates that the 
four types of functional testers in Version 1 
were reduced to a single functional tester in 
Version 2. Through migration of Version 1 
card test software to new tester logic cards 
and the Personal System/2 (PS/2) computer, 
the Version 1 9404 and 9402 functional card 
tester has been upgraded to multipurpose 
functional testers at significant cost savings 
over building and supporting additional equip­
ment. This consolidation and reuse of test 
equipment is key to meeting shortened product 
development cycle goals. Additionally, pro­
duction flow is smoother because multipurpose 
testers accommodate variance in product mix 
better than dedicated testers. Figure 128 on 
page 227 shows an operator changing the 
functional tester to perform a test on a different 
model product. 



Figure 128. Multipurpose Functional Tester 
Setup 

System Test during Production 

System test of the assembled AS/400 system 
is the final safeguard to prevent shipping a 
defective system to a customer. The inte­
gration process includes verifying that the 
assembled system configuration matches what 
the customer ordered. This includes all speci­
fied software loaded on the system at the 
latest change levels. Any customized code for 
special bid customers is also loaded. The 
variety of possible software packages is 
growing constantly. 

Final test for Version 2 AS/400 systems 
includes several system performance assess­
ment methods that provide an indication of 
system performance capability. System perfor­
mance limits, determined jointly by develop­
ment and manufacturing engineers during 
product development testing , are used as a 

benchmark for comparing current production 
system capability. 

Guardbanding 

Selected final test cells are configured to 
perform voltage-margin guardband testing as 
part of the production final test process. The 
test initially operates the system at previously 
established benchmark voltage levels (for 
example, ±10%). If it passes, the test is com­
plete. If it fails , one of several lower levels 
(±7% or ±5%) is attempted to determine where 
the operation transition point occurs. 

There are two benefits from this methodology. 
First, specific exception systems can receive 
extra test and analysis to improve their perfor­
mance capability. Repairs are performed to 
bring the performance up to benchmark stand­
ards, which reduces the likelihood of a cus­
tomer experiencing an intermittent problem 
with the system. Second, analysis of unique 
situations that are detected leads to improve­
ments in design and manufacturing processes 
that benefit future systems. 

Guardband failures are closely analyzed by the 
cross-functional failure analysis teams through 
root cause analysis to determine causes for 
marginal failure situations. This information is 
then used to further evaluate the design and 
process capability as appropriate. Further vali ­
dation of the guardband assessment process 
is performed by correlating subsequent actual 
field performance against the guardband 
margin capability exhibited during system pro­
duction test. 

Performance Benchmarking 

Running performance monitor programs pro­
vides another benchmarking technique. These 
programs are a series of different customer 
data processing applications that benchmark 
processing time per system. The applications 
include commercial end-of-day closing trans­
actions, RPG compilation jobs, and database 
query transactions. Performance bench­
marking provides a method of quantifying the 
degree of similarity in performance capability 
between systems. 

The various performance analysis applications 
described expand the traditional system test 
pass or fail assessment. More specific infor­
mation is available for making system ship­
ment decisions. 

Partnerships 

Rochester system test and card test share a 
common database, simplifying the correlation 
of information. Rapid card retest is provided 
within Rochester to support failure analysis. 
Improvement teams cross organizational boun­
daries to analyze failures and work with sup­
pliers to prevent defects at their source. 

Data collected from the system and card test 
and repair processes are analyzed for clues to 
potential process improvements. Suppliers 
and designers receive feedback from this data­
base, along with reports from failure analysis 
teams, to assist in isolation and correction of 
problems. 
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Conclusion 

Manufacturing card and system test empha­
size proactive quality for the following reasons: 

• To avert potential problems by active par­
ticipation early in the design cycle of the 
product. 

• To aid suppliers in isolating problems and 
correcting the source of the defect instead 
of simply separating the good from the 
bad. 

• To satisfy customers by enhancing pro­
cesses and communications, while deliv­
ering a competitive, quality product. 

AS/400 logic cards receive functional test to 
assure the delivery of the highest quality 
assemblies. Teamwork between development 
and manufacturing engineers early in the 
product cycle assures the product is designed 
for manufacturability. Functional stress test of 
early production accelerates the detection of 
defects and the improvement of designs, pro­
cesses, and parts before high-volume pro­
duction begins. 

System testing of custom configurations to 
each customer order assures customers 
receive the complete hardware and software 
solution ordered. Various performance bench­
mark or guardband audits provide assurance 
that expected system functional capabilities 
are delivered. 

Supplier and customer partnerships with con­
stant communications and feedback are 
essential to achieving customer satisfaction 
and quality improvement. 
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Data Management System of the Circuit Package Production Center 

Describes the quality data management 
system, which gives complete defect tracea­
bility on AS/400 circuit cards. 

Richard A. Saltness and Steven A. Horejsi 

Introduction 

The information systems in manufacturing are 
changing to match the flexibility needed in 
today's manufacturing environment. This 
article discusses how they are changing and 
an instance of that change in the data man­
agement system of the circuit package pro­
duction center (CPPC). CPPC assembles and 
tests many of the circuit cards that go into the 
AS/400 line of products. 

The information systems in Rochester manu­
facturing are the product of the 30 years that 
Rochester has been a manufacturing site. 
Today, floor control consists of a large variety 
of systems ranging from old to state of the art. 

Clearly, as cycle time is further reduced on the 
manufacturing floor to the 1-day timeframe, 
nonintegrated batch systems become a bottle­
neck to the manufacturing floor. The way 
CPPC stores and delivers data must be flex­
ible and responsive to a rapidly changing envi­
ronment. 

CPPC in Rochester manufacturing has made a 
sizable investment to move to the flexible, 
responsive information system needed to 
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deliver the product to the customer quickly and 
with high quality. 

CPPC Data Management 

The card manufacturing process is a complex 
series of operations spanning a wide variety of 
specialties. The card process technologies 
supported by CPPC span the entire spectrum 
of card production, from custom raw card fabri­
cation and test through the assembly, solder, 
and test of pin-through-hole (PTH) and sur­
face-mount-technology (SMT) card assemblies. 
The specialized fields practiced within CPPC 
include chemical, electrical, and mechanical 
engineering, metallurgy, and process control to 
mention a few. The cards produced in 
Rochester are destined for both US and 
non-US locations for use in a wide variety of 
products. It is vital to Rochester's continued 
profitability that the quality, reliability, and 
availability of these card assemblies be main­
tained. 

Former Data Collection System 

With this broad mix of technologies, it is pos­
sible for specific process parameters to go 
beyond specified control limits. Inspections, 
test operations, and other safeguards are 
designed into the process flow to avoid the 
delivery of a defective product to customers. 
In the former data collection system, process 
and defect data was recorded on a so-called 
travel sheet, which indeed traveled through the 

process with a job lot of cards. While the pre­
vious method had the advantage of minimal 
cost, the penalties were many. First, the oper­
ator wrote the information on the sheet, which 
is both time-consuming and error prone. 
Second, a nonmanufacturing person entered 
the data into a batch system for overnight pro­
cessing into the CPPC database; this intro­
duced additional errors and labor costs. Also, 
the travel sheets were subject to destruction or 
misplacement, in which case, all data for a 
particular job lot was lost. 

But perhaps the largest disadvantage of this 
batch environment was the inherent delay in 
the availability of information. Because the 
travel sheets followed the job, this data could 
not be entered into the database until the job 
was complete; the database did not contain 
any information about jobs in process. At the 
time, the average job cycle time was in the 
range of 3 to 4 days, meaning that processes 
gone awry went undetected for days because 
the information that could expose them was 
traveling about the manufacturing floor on a 
sheet of paper. The costs of these delays 
were in the form of wasted material, added 
labor, and lost time. 

Finally, the collected information was stored in 
a database in nonstandardized format. This 
method made access to information almost as 
difficult as its collection. The people that 
needed the information to improve the pro­
cesses had difficulty getting it. 



Strategy Definition 

A task force was formed to discuss and gather 
requirements for data management of the 
CPPC area. This task force exposed key 
areas of needed improvement and made 
immediate recommendations defining priorities 
in the area of data management. 

An additional challenge was to provide quick 
and convenient access to the database. A 
large number of tools, reports, and programs 
were already in existence. These ran in a 
wide variety of environments and were written 
for the database. It was not the task force's 
intention to force users to learn new tools; any 
new process would have to operate effectively 
with as many existing tools as possible. 

Implementation 

After the task force generated the require­
ments, CPPC formed a team of key technical 
individuals to help gather requirements before 
code design. This team was the data col­
lection steering committee. 

Representation in this committee from over 17 
different CPPC areas included test engi­
neering, process engineering, test manufac­
turing, process manufacturing, CPPC business 
office, maintenance, quality, management, pro­
gramming, vendor card procurement, and the 

early manufacturing involvement (EMI) team. 
These key people, who owned the key pro­
cesses identified by the task force, as well as 
management provided the commitment 
needed. The task force assigned each action 
item to an owner. The owner was responsible 
to gather and define detailed requirements to 
resolve that action item. 

It was the committee's responsibility to 
approve high-level designs and to ensure 
common procedural solutions as each of the 
action items was solved. The committee also 
reviewed and approved the system architec­
ture required for future expansion. 

This review process helped ensure that a 
delivered product fulfilled expectations of 
requirements gatherers, and provided a forum 
for feedback as requirements were imple­
mented. 

The solution was an integrated data manage­
ment system that cooperatively collected, veri­
fied, and managed the data in a distributed 
relational database. This system enabled 
immediate data access, with total system 
latency averaging less than 15 minutes. Using 
this improved system, process problems were 
detected and corrected in minutes rather than 
days. Also, the accuracy of the data was sig­
nificantly improved because only choices that 
made sense for the operation were presented 
to the user for entry, eliminating the opportu­
nity for entry of nonsensical data. 

Current Data Management 
System 

Because a major goal of the data management 
system is to enhance process control and 
defect prevention, the timely and convenient 
availability of information is of primary concern. 
Also, because business decisions are based 
on this data, the accuracy and level of detail 
are of great importance. 

An important paradigm in the process of 
system specification is considering CPPC an 
external IBM customer; that is, rather than 
write all of the necessary solutions, CPPC 
would attempt to integrate off-the-shelf IBM 
licensed programs as well as business partner 
solutions. This means that large pieces of the 
system would be maintained by IBM and its 
business partners rather than CPPC. The 
advantages of using off-the-shelf software are 
significant; fixing bugs and many new 
enhancements would be automatic. This 
means that programmers could concentrate 
their efforts on the customized pieces of the 
data management system yielding significant 
leverage in development effort. 

The system itself consists of three major parts. 
First, the work stations run OS/2 Extended 
Edition in a token-ring network. These stations 
serve to integrate the numerous systems and 
applications present on a modern manufac­
turing floor, presenting the operator with the 
preferred single system view. 
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The second major part of the system is a small 
group of Personal System/2 (PS/2) systems 
that provide an area controller function on the 
token-ring network. The area controller distrib­
utes network services and shared files as well 
as provides a local relational database, which 
was implemented in the Operating System/2 
(OS/2) database manager. This provides for 
continuous system availability, even when the 
host database system is down or stopped for 
maintenance. 

The third major part of the system is the host 
database, which is implemented in a DATA­
BASE 2* (DB2*) relational database on a Mul­
tiple Virtual Storage (MVS) platform. The host 
provides a powerful data storage and access 
environment and supports a variety of access 
tools, such as Statistical Analysis System 
(SAS) and Query Management Facility 
(QMF*). 

Figure 129 shows the system architecture of 
the CPPC data management system. 

Basic Operation 

Each operator claims the work performed on 
each job of cards ; this is called a process 
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Figure 129. System Architecture 

claim. If an operator finds a defect of any 
kind, the operator enters the defect claim into 
the system through a graphical interface that 
serializes the transaction and updates the DB2 
data management system to minimize errors in 
the data. 

Figure 130 on page 233 shows the steps nec­
essary for an operator to enter a claim in the 
system. 

The graphical interface consists of a Presenta­
tion Manager image of the circuit card with its 
electrical components on it. Each electrical 
component is a unique bit map, and the image 
of the assembled circuit card is a collection of 
all of the component bit maps overlaid to 
become one assembled image. The compo­
nent bit maps are stored in a component 
image library. When the development labora­
tory releases a new card to manufacturing, a 
series of programs analyzes the data and, 
based on component types, size, and location 
information , automatically generates the 
image. The image is then copied to our area 
controller to allow for better performance in 
delivering this data to the operator. 



Defect 
Claims 

User Authorization 

Operation Selection 

Card Part Number, 
Serial Number, and Job 
Number Bar Code Entry 

I No 

l__. Claim Complete 

ESD = Electrostatic Discharge 
ID = Identification 
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Figure 131 shows the graphical image of a 
circuit card used to make defect claims. 

Figure 131 . Graphical Card Image 

Traceability 

Each defect type is recorded against the oper­
ation that most likely caused it. Defect reports 
run four times per day and are delivered to the 
two lead floor technicians in the manufacturing 
area. These reports provide notification of 
process, maintenance, and operator education 
problems that cause multiple defects. 

To decrease electrical component failures, 
CPPC now has traceability of failing compo­
nents to the failure it caused on the assembled 
cards. This information is essential to failure 
analysis engineers and component suppliers. 

Conclusion 

The CPPC data management system is just 
one example of the ultimate goal of a totally 
integrated manufacturing environment across 
multiple manufacturing lines in Rochester. 
Similar development is under way in many 
hard-file manufacturing lines and the systems 
manufacturing line. 

CPPC programmers consistently followed 
hardware architectures, communications proto­
cols, and database practices, which makes 
linking information across manufacturing lines 
a straightforward process. 
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