JH [)[s1rN lit A 1 HID 1AI11IKI !>AIA |I!1UHA! » 111H

A dissertetion submitted to the Faculty of Engineer mq.

University of the Witweiersrand,

partial fulfilment of the

Johannesburg, »r

requirements for the heqref-
of Master of Science in Engineering.

JOHANNESBURG 1984



DECLARATION

I declare that this dissertation is my own, unaided
work. It is being sub"itted in partial fulfilment
of Hie requirements for the degree of Master of

Engineering in the University of the Witwatersrand,
Johannesburg. It has not been submitted before for

any degree or examination in any other University.

DIETER GUNTHER ZIMOLONG

31 ST DA> OF JANUARY. 1984



The writer wishes to record his grateful appreciation

to his parents for their support



ABSTRACT

This dissertation describes the design of a field

failure data feedback system. Such a system is

valuable in organisations who find it dif<icu.t to

monitor the quality and reliability of their product

once these have been distributed to the user.

Bv determining the irecise requirements and constraints

'.he nature of the problem was defined as well

as the
objective of the system. The writer developed three
possible solutions. These solutions are presented by
defining all sub-systems, the inputs into eacn

sub-system, the output out of each sub-system and the

function within each sub-system.

A syrtem was selected by weighing the advantages and

disadvantages of data collection, hardware

involved,
data validity, system size, communication factors,
human elements, sampling methods, costs involved and
the systems effect on the wider system. This system
was then developed in detail considering communication

techniques, data analysis techniques etc. The

dissertation includes a sample of a report generated b\

the use of realistic dummy data.



PREFACE

It is of great interest to a manufacturer to know

his products are performing after they have left the

factorye There are various r -.hods to achieve this,
and the one that .as used for this specific study, .as
a closed loop field failure data feedback system.
Obtaining reliable feedback on products can be used to
improve -eak products, perform value engineering
techniques on products, update marketing strategies

fete, to eventually increase profitability.

This data feedback system .as

developed for a large
organisation, .here the

ergonomics and reliability of

the range of products was important.

The development of such a system is presented in this

dissertation. The approach followed is that
design. There is an information

of
search, an identifica-
tion of the problem, an ana,ysis 0f the

slze
boundaries, the development of

three possible solutions

and a detailed developed final solution. The purpose

of this .as to show ho. such a system can be identified

and developed for am organisation.

Acknowledgement is made to my supervisor Mr 1 Bicheno

for his assistance and Mrs M le Roux for typing mis

dissertation
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INTRODLCT 1".\

The purpose of this proje t ¢ clert"'rnV”
performance and reliability of products which hex-

been distributed and are being operated by r.ne

user. This need arose since in this particuu a;

case, there was nc feedback except that of after

sales service which tended to be subjective.

There was nc "data"™ available to perform cost or

reliability calculations on. What was really ne-

eded was a continuous data capture of some sort to

monitor the products.

failure data feedback systems are not a new de-

velopment. Large consulting companies have been

implementing these for more than 10 veers m

Europe. Although not so frequently used in me

R.S.A. there exists a need for them.

The objective of this dissertation is to design

feedoack system such that the maximum information

can be obtained from the user at minimum cost.

The interference with the users work must be kept
as low as possible to ensure that the system will
not collapse. The data captured by this system is
the real test of the products performance in the

field.

The syster will be such that it can form oart o< *

larger system. The system m this rase wil

itretch across three organisations namely me:

1) "Producer" which is the company that manu-
factures products A. B. I-. I'e 1 et
2) "Distributor” which is tu"” company that hum

the products and , 11 ibute> then.

3) "Users" which am number



pames and workshops, wno belong to the

organisation.

The design and presentation refers

mainly to pro-
duct 6,

which was also used for a numeric example.

The amount of data to be captured and processed

uere ver carefully analysed, since the quality

costs involved and the savings achieved show an

optimum as indicated by Juran/Gryna 1

See Fig.
15
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The system that has beer, designed is that of a closed

100p feedback system. The plan used to design this

svstsm is as follows:

1.1 An information and literature survey was un-
dertaken including discussions with con-
sultants in this field, computer searches

through the C5IR and library searches.

1.2 The system analysis in detail using Murdoch

(2) as a guideline.

Determining the exact requirements of
the syste.i

Determine the constraints

Defining the system

Defining the wider system

Defining the objectives

Organising the project

1.3 The development of various possible solu-

tions to the problem.

1.4 The selection of a solution and the detailed
development thereof including a complete

formalised description of the system.

1.5 The use of a set of dummy data to generate

sample reports.

The implementation and operation of the above
system is not part of this dissertation, but will
be undertaken since this system was designed for

an existing organisation.

4/ ...



INFORMATION SURVCV

The survey was undertaken as a guide to obtain

more
sist

exist.

2.1

information on what such a system should con-

of and to see where the particular problems

What a data feedback system should consist
of. -"A well-organized data system makes :r
possible to identify those failures which
are repetetive rather than isolated” Junn
(3), The basic information United States
Army Material Command (A) found, is that a
feedback system should provide the part that
failed, the time, why it fa.,led, and how it
failed. This can be achieved by designing a
system to capture the basic performance
data, process and analyse it to provide
managers with reports suitable to take

corrective action. The communication in such

a system must be well planned since the
human element is involved. A project of
this nature needs not only management

approval but also management support and a
steering committee. The security system s
vital and can be achieved by data
verification, selective capability to access
the file, comparing codes and names against
master files and the correction of error
inputs. More information about this can be

found in Juran (5).

Junn (3; and United States Army Material
Command (4) demonstrates that reports gen-
erated should be considered very carefully
by investigating which details will be re-
quired, the frequency at which these should
be distributed, the timing required, the

persons who will receive them, the volume

5/. ..



INFORMATION SURVEY

The survey was undertaken as a guide to obtain

more information on what such a system should con-

sist of and to see where the particular problems

exist.
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What a data feedback system should consist
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possible to identify those failures whirl,
are repetetive rather than isolated' Juran
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persons who will receive them, the volume

5/.. .



-User
repairs

Fig

Instructions

Movement of

since a lengthly report may loose its appeal
and to check if the purpose has been ac-

complished.

The system should * « closed Iloop and some
global representations of such a system
are shown below in Fig. 2 and Fig 3 -vere de-

veloped by FEG. (6).

Log

Informations
Proposals
Reports

Data transfer

Exchange of

Information
Data preparation
Statistic Evaluation
Technical Analyse
Improvement Proposals

Instructions

Industry

repairs

Defect
Defect Advice data
data
Defect
data
Supply Material
depots

.2 LOOP OF DEFECT DATA ANALYSIS
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2.

2

Some guidelines to develop a data

feedback
system - The communication within the system
must be designed and structured as Foune
(7) descibed as "Communication by ob-
jectives".
The data capture system is the most sen-

sitive, since if we collect faulty or wrong
data, the whole system cannot perform its
function. Thus the minimum data that should

be captured is:

The date

The location

The exact part reference and description
The exact product reference and de-
scription

The nature of failure

This data must be captured as accurately as

possible by determining the minimum data

elements required for a specific system and

synthesize these into a composite form from

which the data can then be extracted. The

data capture system should never be imple-

mented before the data to be measured has

been carefully analysed and determined how

it will be interpreted. 1shikawa (8
mentioned some very important points to keep
in mind if large volumes of data are in-

volved when the use of a computer should be

considered. The reports generated should be

such that so"" type of |life curve as de-

scribed by Bester field (9) can be deduced
and that there if some warning Ilimit above

which tie tendencies and critical components

can be identified. Different Ilimits can be

determined for the parts according to their
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classification. A list of "repeaters” in

order of frequency is a very important re-

port as described in 3uran 3,.

Problem areat, to be aware of

Most problems arise in the data caoture area

where faults are not being reported.
Juran/Gryna (10 )describes these as unim -
portant, (can be repaired easily, very low
costs involvt d) the assumption "a fate, not
a problem" and "the sheer distastefulness of
it all." Often data is distorted by factors
such as shelf life instead of operational
life. When sampling techniques are used to
capture data, care must be taken to have a

sample representing the date in order to

ensure statistical accurac>. Juran/Gryna

(«; deals with this in more detail and

mentions in Juran (12) that no sampling at

all can be an error.

A problem that can often be overlooked is a

"software fault"” in the case of a com-

puterised system. To prevent such oc-

cvranee, a fault detection ability

inserted into the software.

can be

9/...



SYSTEM C. JECMVES AND BOUNDARIES

This part of the development is very important

since, if the system does not fulfill the needs of
the personnel that make use of it, it will fail.
Thus it is very important to determine the

requirements anu constraints of the system.

3,1 Requirements and constraints

To determine these, the first step was to

identify who will be involved. This was
performed at two levels,- namely f he
organisations and the people. Starting with

the organisations involved, the situt ion was

ar. shown in fig. A.

PRODUCER 3
PRODUCER 1 PRODUCER 2

SOLE
DISTRIBUTOR

USER
USER 1 USER 2 USER 3 USER 5

Rqg.A. BLOCK DIAGRAM OF ORGANISATIONS INVOLVED IN THE FIELD
FAILURE DATA FEEDBACK SYSTEM

The system was dr iqned for Producer 1 but
must be such that A can be used by Producer
2 and Producer 3 as well. Thus the

organisations involved are Producer 1, the



-ijj 1= Dihtr mutor nnd all Users. Produce! 2
anr Producer < are not involved, but must be

considered.

ihe most important requirements were those
of producer 1 who was primarily interested
in improving its products and profit.
Implementing such a system would mean that
the distributor and users would also have to
benefit from it, otherwise it would be too
difficult to obtain their co-operation.
Thus a questionnaire (See Appendix 1 was
used to obtain the information from se ‘or
people in the departments of P oducer 1, the
Distributor and the User. Every person

interviewed was asked about the following.

Person Interviewed
Organisation/Department

Does he see a need for such a system
What is the reason for this decision?
What reports and information would be
required from the system"

How important is the time aspect?

What data does exist which could be
ised?

Any other comments

he betaileo requirements and neeos would be

identified as well as the extent and
boundaries of the project. The information
whs humma: ized in Table ' which follows.

Heaults and deductions
All views expressed were those of the people

interviewed and not necessarily the

requirements for this particular system.

11
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DEFINITION AMD APPROACH

6.1

Definition

The wider system and the overall objective
will now be defined.
The failure data feedback system will oper-

ate in the organisations of "The Producer"”,
"The Distributor™ and "The User". AIll of
these organisations will efit from a
closed loop system which . have a con-

tinuous flow of information.

The system should be such that it can Dbe
used by any other "Producer" who makes use
of the same "Distributor”™ and "Users" with-

out changing anything.

The objective of the system is to be as
simple and short as possible, monitoring the
products and generating information to bene-
fit every organisation involved and fulfil*

ling the specific needs of the "Producer”.

Initial outline of a data feedback system

At this stage the basic idea of a field
failure data feedback system was drewn up in
a block diagram as shown in Fig. 5. The
complete system was split up into eight

sub-systems.

This is a rough idea which will be developed
further in the following chapter by de-
veloping outlines of various possible

solutions

14/...



4.

OEFI\I1110\ AM) APPROACH

4.1

4.2

Definition

The wider system and the overall objective
will now be defined.
The failure data feedback system will oper-

ate in the organisations of "The Producer"”,
"The Distributor” and "The User". All of
these organisations will benefit from a
closed Iloop system which must have a con-

tinuous flow of information.

The system should be such that it can be
used by any other "Producer" who makes use
of the same "Distributor”™ and "Users” with-

out changing anything.

The objective of the system is to be as
simple and short as possible, monitoring the
products and generating information to bene-
fit every organisation involved and fulfil-

ling the specific needs of the "Producer".

Initial outline of a data feedback system

At this stage the basic idea of a field
failure data feedback system was drawn up in
a block diagram as shown in Fig. 5. The
complete system was split up into eight

sub-systems.

This is a ro-.gh idea which will be developed
further in the following <chapter by de-
veloping outlines of various possible

solutions

14/...



Data feed-

back sub-
system

Data entry
and storage
sub-system

-14 -

Corrective
action feed-
back sub-
system

Closed loop field
failure feedback

system.

Problem
reporting and
identification

sub-system

Decision, on
corrective
action sub-

system

F|g. S Block diagram of a field failure data feedback system

in broad outline

15/. ..



The approach to the developnont of the

svstem

After the definition, the objectives and the
boundaries of the system were discussed in
broad outline (Ch 3) and illustrated in Fig
5. A literature survey was conducted and
brainstorming techniques were used to gen-
erate ideas. Some of the important ideas

are listed below.

Obtain the information directly from
user to keep the communication chain as
short as possible as shown in Fig. 6,
This would mean not having to work

through the area representative.

Fig. 6. BLOCK DIAGRAM OF ORGANISATIONS
INVOLVED WHEN DATA IS OBTAINED
DIRECTLY FROM THE PRODUCER

Make deductions from stocks of spares,
spares orders, spares usages and direct

failures to obtain data. (See Juran 1A)

Consider motivating the "User" to sup-
port such » system by offering training,
guarantees in the case of faulty parts,

marketing a feedback system or even of-



faring some kind of financial reward.

(See Ouran 12)

Operate the system in such a way that
only a percentage of the "Users" failure
information which represents the scope
of applications and all environments can

be used to analyse the products.

Use reports from other failure capture
systems as well as reliability and in-

spection data from the "Producer".

Review previous attempts to design such

a system, (i.e. try to obtain literature

on a previous attempt.)

Keep he communication chain as short as
possible and conduct a survey into com-

munication techniques.

Data captured in different environments

should be kept separate.

Only specific date should be identified
where there is absolutely no subjective

influence whatsoever.

The Pareto principle should be used to
identify problems (i.e. by clas-
sification of parts and number of de-

fects as described by Juran 14)

Most of these ideas were used or considered

in the development of the system.

17/...



4.

4

The existing systems

Before any further development takes place,
all existing systems that fulfil a similar

function were scrutinised.

Two such systems exist . One was the af-
ter-sales st.vice which was an informal sy-
stem run by the "Programs" Department of the
producer. But no data or data history was
available, since it was very subjective.
There was no system description or such like

available .

The other system was a formal system pre-

sented in Fig. 7 operated by the "User

which was very lengthy.

Various people who were actively involved in
this system were interviewed. The general
view was tat the system did not work ef-

fectively for the following reasons:

The communication chain of this system

was too long.

There were too many decision points
where information could be stopped. For
example the area representative could
decide to classify the problem as mis-

handling of equipment.

The data capture form consisted of five
«4 sheets to be f lied in by a mechanic
which resulted in incidents not being

reported.

IB/...



18

User workshop
Defect is reported on a defect

reported
Area neadquauters User v/rykshop file
receives a copy one copy

Faults are analyse

If the fault was analysed If it iso repetohve

as mishandling it is defect,it is refered to
refered back to the work- tne mom head looters
shop

Main headqucuters investigates the fault and decides on .their own modifica-
tion of the product,a rectification program or to refer the product to the

producer Various senior people must approve a specific plan of action

A rectification plan is The user decides on a The user refers the
implimented by the use' modificatior to be problem to the
implimented distributor

The distributor refers the problem to the

producer

The producer analyses the problem by on
informal system

F'g 7, BLOCK DIAGRAM OF THE EXISTING FEEDBACK SYSTEM IN THE
USER ORGANISATION
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- 16 -

User workshon

Defect is reported or a defect
reported

Area headquauters User workshop files

receives o copy one copy

Faults are analysed

If the fault was analysed

If it isa repetative
as mishandling it is

defect, it is refered to

refered beck to the work- the mom headwaters

shop

Main { idquauter investigates the fault and decides on .their own modifica-

tion. of the product,a rectification program or to refer the product to the
producer Various senior people must approve a specific plan of action

A rectification plan is The user decides on a

The user refers the
modificatior to be

problem to the
distributor

implimented by the use’

impiimentec

The distributor refers the problem to the
producer

The producer analyses tne problem by on
informal system

F|g 7 BLOCK DIAGRAM OF THE EXISTING FEEDBACK SYSTEM IN THE
USER ORGANISATION
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Very few problems actually came to light in
this system and if a prot1em was reported,
it was found that by the time it had fil-
tered through the system, there was already
a crisis. This system did not capture spe-
cific data to be used in a proper data feed-

back system.

It was concluded that a complete new system
should be developed, but that the results of
the two previous systems should be corpared
to the results of a new system to get a
measure of effectiveness in the new system,
(i.e. if the same problems arc identified, a
new system is redundant) Thus one system

can be measured against another.

The scope cf data and reports

From the determination of the objectives and
boundaries (3.2' the following data and re-
port requirements could be identified. The
table below gives the maximum requirements
which could be included in the final system.
Arinr (15) lists requirements for a similar

system.

Wear

Product failure

Mean time between failures
Environment

Location

Life

Hie ory of product

Spares

Consumables

Functioning problems
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Reliability

Actions taken
Requirements exceeded
User satisfaction
Part numbers

Parc descriptions
Product numbers
Product description
Date of defect
Person responsible
Manufacturer

Age

Parts replaced

Nature of failure

The reports required are listed ass

Location of failures
Failed part 1ists
Environment
Products

Replaced parts
Spares usage
Consumables
Actions

Responsible persons
Descriptions
Manufacturers

Age

Problems
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USER 3

USER 4 PRODUCER 4
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USER 1

USER 2
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IS CENTRALISED BY THE DISTRIBUTOR



The data will thus be received by the "Pro-
ducer's"” Programmes Department (Ail external
negotiations, letters etc have to be chan-
nelled through Programmes in this particular
company.) which immediately refers it to the
Quality Departme it. They analyse the data,
generate reports and send them to the
"Programmes" Department's project man ers.

The reports are then sent to "Engineering"”

who refers them to "Manufacturing",
"Procurement” or "Quality" iif the problem
lies within their respective responsibili-
ties. The problem will then be analysed

and if there is a need to obtain hardware
(parts or products) or speak to the "User",
this will be arranged by "Programmes"”
through their normal channels. Once a

problem area and a possible solution have

been found, they are presented to
'Programmes” which will take a decision Dy
consulting the "Ueer" and "Distributor"” if
required. The resultant action will then be

implemented into the products, system etc.
which will be monitored by the data feedback

system.

The system was developed to be as short as
possible and to fit best into the existing
organisation as represented in Fig. 10. This
system Fig. 10.) is described in detail in
Appendix (I111),
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5.2

S>SU H Il

This system is developed such that the "Pro-

ducer's" Programmes department collects data
directly from the "User". Thedata will not
be the same as in the previous system. In
this case the sample from the "Users" lo-
cations will be very small since the data
will be collected by the "After Sales

Service" staff on their regular visits to
the "User". This will meanthat no ad-
ditional organisation or personnel will

required to collect the data, but the data
analysis will be a lot more complicated and
perhaps less reliable since less data is
available. The data is received by Quality,
including any hardware that was obtained by
"Programmes". Quality analyse the data,
generate reports end send them to the "Pro-
gramme1s"Project Managers. The reports are
then sent to "Engineering” who refer the re-
ports to "Manufacturing", "Procurement"™ or

"Quality" if the problem lies within their

respective responsibilities. The problem
will then be analysed by the responsible de-
partment. Once a problem area and a pos-

sible solution have been found, they are

presented to "Programmes" who will take ,
decision by consulting the "User" and
"Distributor™ if required. The resulting
action will then be implemented into the
products, system etc. which will be

monitored by the data feedback system.

This system was designed to give the "Pro-
ducer"” immediate feedback from the "User"
but probably not as reliably as the previous

system and is represented in Fig. 11, The
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system (Fig. 11.) is described in detail in

Appendix (1V)
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SYSTEM 111

) sys>em was developed in such a way thal

if fits into a system presently operated b;

the "User". The "User" has a defect

reporting system whereby a defect is re-

ported by filling in a defect report. (/

rage questionnaire) The defective product is

laoeled and kept in a store for later
reference. The report is then sent to the
organisation via three distinc* levels. At
each level in the organisation the head car
decide to send it on or take some other type
of action. If the defect is worth re-
porting, then the head of the wuser organi-
sation will ensure that the problem is
brought to the attention of the "Distri-
butor”. The defect report is then sent from
the "Distributor™ to the "Producer”. "Pro-

grammes" rece:ves the report and immediately

refer it to ‘ he "Quality" Department.

Quality analyse the data based on the tyoe

of analysis envisaged for "System .
Reports are generated by Quality, which are

sent to the Programmes Project Managers.

The reports ere then sent to "Engineering"”

w ich refer the reports to "Manufacturing”,

"Procurement” or "Quality" iif the problem

lies within their respective responsibi-

lities. The problem will then be analysed

by the responsible department and if there

need to obtain hardware (parts or
this will

is a
products) or contact the "User",

be arranged by "Progr mes" through their

channels. Once a problem area and a
identified, they

normal
possible solution have been
to "Programmes", which will
the "User"™ and

are presented

take a decision by consulting
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Distributor™ if required. The resulting
action will then be implemented into the
products. systems etc. which will be

monitored by the data feedback system.

an
with
data
The

This system was developed to Ilink into
existing system thus not interfering
the "User's" operations during the
capture as represented in Fig. 12.

system (tig. 12.! is described in detail in

Appendix (V).
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5.4 Conclusion
The solutions thus generated were
and discussed with the people
how they felt about such a system.
opinions of the "Distributor™” and
were taken into consideration.
this information was wused &? an
identify advantages and disadvantages of the
proposed solutions. Otner techniques

cluding value management

Heerden (16) were also used to
these. Then Table 2 was drawn up
most important advantages and disadvan
only.

*3vantages

The data collection is

short and originates di-
rect from the "User"
organisation.

The system is not long
(i.e. not as lengthy as
system 111)

Thi. uystem only captures
concrete data (i.e. no
subjective or human in-

fluence on the data cap-
ture).
The system only refeis to

produces (or hardware}

once a definite problem

Disadvantages
V- subjective in-
formation can be
captured by this
(e.qg.
nomics aspects of

system ergo-
the products)

Data capture is
the responsibility
of the "Distribu-
tor" and does not
fall the

Producer's control

within

The hardware has to
be traced back to

the "User". This

32/...
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involved as to

Then

as described by Van

identify
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has been identifier which
requires the insuection
of hardware. (There is

no hardware moving in the

system, onl> information
This cuts out additional
costs.

The system can have
variour monitors built in
to check the validity of
the data.

A number of these systems

can conveniently be im-

plemented in a parallel

situation. (For a number
of “Producers")

The "Producer is in con-
trol of most of the
system.

This system has the shore
tert, cheapest and mos.
direct data capture sub-
system .

The lime to capture the
oata and have it availa-

ble to the "Producer"™ is

ve*y short.
The hardware is immedia-
the

Sales Service"

tely available to
"After
staff of the Producer.

Subjective data is ob-

activity consumes

a considerable time
The user is only
informed about the
action at a later
stage.

The "Distributor™
ha to

with

interfere
the "User's"

operation to obtain

the oata.

Costs are incurred
to train the
"Users" involved in

the data capture.
Data capture

will be performed
ON various people
of differer. . stan-
dards of education.
The

"User" is only

informed about ac-

tion to be taken
at a late stage.
If the "User" has

too many different

"Producers", the
"User" might have
to sacrifice too

much time.
Most of the data is
subjective .

To obtain sensible
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tained
There is much perso-
nal contact with the
"User" .

The complete system is

driven by the producer.

The data capture inter-
feres very little with
the "Users" work.

The s>stem on the whole

is the shortest.

The "User" has his own

immediate feedback.
The

"User" can decide if

action is required before
proceeding and making a

detailed analysis.

The hardware is immedia-
tely available.
A r,imber of "Producers"

can make use of this sys-

tem without any difficul-

ty.

Subjective data as well

as technical data can be

obtained.

The data capture activity
does not interfere

with the work in the User

organisation at a.i.

reliability and

spares information
is very difficult
since sample

sizes are very
small ,

The validity of the
data is very diffi-
cult to verify.
A lot of

element” is

"human

invol-
ved.
This is a very

lengthy system end
action might only
be initiated at a
critical

A lot of

stage.
informa-
tion which might be
or interest to the
"Producer” i3 lost
in the system.
This system can be
very costly.
Difficult

the

to con-
trol time in
this system.

Data capture is
completely up to
the

not

"User" who is

always techni-
cally orientated.

Inc "User"

takes
decisions about
discarding some of
the data captured.

It is not possible
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to obtain reliabi-
lity or spares in-
formation from the
data since it is
collected very
jiased.

It is a large sys-
tem, therefore thf
producer can only
control a very
small part of this

system.

Table. 2 A TABLE OF THE MOST IMPORTANT ADVANTAGES AND
DIS-ADVANTAGES OF THE THREE PROPOSED SOLUTIONS

5.5 Selection

It was decided to develop System | further
after many discubsions with the "User” and

"Distributor” ana careful consideration of

all a? ts. The future use, practical
aspects of the systems, human elements,
size, communication aspects and many more
were taken into account . The major

disadvantage of system 111 was the length
and the bias in the datacaptured. The
major disadvantage of system |l was the

difficulty to obtain spares ar.d re.Uabil tiy

information from the data captured.
Although system | has a number of
disc' outages, it was decided that it was

the best system s’nee very useful data could
he obtained to ana se the products with
reference to reliabilities, spares, future
designs, failures etc. which would be very
valuable for the company. 'hi system ha®

the test potential to fulfil the objectives
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The *iral sulu* iOi miu. rit
development, of the proposeo jvst en. i. ne svsten

was kept as short as possible to avoid unnecessary

work and operating costs. fht description uf the
final solution which follows in this chapter was
developed nuch that, the "data capture’ ana datn
analysis" sub-svst ems weie developed in detail
chapters b.2 and fo. 3 respectively and the
remaining system was developed in chapter h.
The sub-systems described in chapter h./ anr AL
involve the most important activit ies > 1. ,
failure data feedbact t.ystefi nc- '» n#’
capture sub-systen must oh we

mentioned by ‘uran 16 ti ap" ur*

data accurately: and rhr ja? . i =M

which .S lose!’ re ated ' hi n
sub-system must oerforn ins oo f-:m
order tc obtain act iret-; if neet .-

The remaining syate ies : bm --pt n'

was developet at * 1" !

oroanisatio; - -as.. poie.

therefore . decide; the" O - - .t R A
in the syster should be the respont :r .- +
departments <r irgariif at ,one .nx o :vei
department; or organisation; r... mix H-) ..vat
inforinat lot whic* enter <h« uub-synt'o £ »t
they ar>- responsible . fo ma w
required te leav * tv- ib- yct.eir, ¢ *if"
which, suer task mus" o per forme; urv “ h»
funr tionr within o nut--; vatee . "h .. ipiiina
was used t' asr.ur m ftv in esvlu im. ianientat .or
ot the system, 'inn department’ tit

responsible for their own nib- n>ot: nn- arm vievo i ni
the sub-system according tc thetiowi proredur e« ,
This is important , sine; tor examp It t hi

Engineering department won In know best how * e



analyse a product failure anu it would cause
dissatisfaction if someone else would dictate to
the Engineering Department how to perform their
analysis. Thus in summary the only restrictions
laid down for each sub-system are the input,

output, duration and function which have to be

adnered to.
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6.1

The final solution is presented in the plan
on the previous page in Tig. 13, followed bv

a description of each sub-systems input,

output, duration and function in this
chapter. (The symbols used can be referred
to in Appendix 11.)

Sub-system 1

The funct,on of this sub-system is the
date capture performed by the
"Distributor™ who records any
information required by him and sends
the data captured to the "Producers
Programmes Department. There s

channel to enter this sub-system to

inspect or obtain hardware.

The duration in which to send captured
data from the "User" to the "Producer”
via the "Distributor” should not Dbe

more than four days.

The input into the system s the
implementation of the corrective
action as identified by the system.
The output will be defect reports from
the "User's" system and the data

captured for this system.

This sub-system is represented in fig. 14.
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USER

Failure data is manually recorded by the user.

USEK

—i Data cards are collected by the distributor.

DISTRIBUTOR

Dote is sorted according to the producers

DISTRIBUTOR

So?*e data is extracted by the distributor.

DISTRIBUTOR

—i Data is sent to the respective producers.

PRODUCER

F|g 14 FLOW DIAGRAM OF THE DATA CAPTURE SUB-SYSTEM.
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Sub-svstem 2

The function of thi , sub-system is to
see that the information (data
captured by ' ne "Distributor™) is
being receiv d by the "Producer" and
is sent jirectly to the Quality

Departme' c.

The duration is zero since the
documents will not be handled.
he outputs and inputs are the data

capture sheets

Su' -svsterr 4

The fu ctiot of this system is the
analysis of the data so that meaning-

ful reports can be generated.

The inputs into the sub-system consist
of the data collected on the forms
(designed by the "Producers™ Quality
Department) and a report from Program-
mes (complaints received from their
"After Sales Service" or defect
reports from the "User.") Other inputs
are the history of the product which
is available tc Quality (including the
plans with reference to all part
numbers etc.) The ’'nputs will be from

the list below:

Date

Location of failure
Venue
Part no.

Part description
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Environment

"roduct no. serial no.
Part replaced

New

Old

Medium

Product description
Nature of damage

The number of productr inspected
Parts description

Part nu.

When the batch was isrued
Number of card form

Its locatio

The time sent away

The time received

Model of product's number

From Programmes the mpu* will be a

report of any problems that were
identified by the "After Sales Ser-

vice" or by the defect reports which

will be compared to the reports gen-
erated .

The output of this system will be
selected reports from Table 3. These

were determined when the objective and
boundaries of the system were identi-

fied

sub-system is represented in Fig. ""«
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12.

14.

15.

16

COHIROL CMAHT OH 1YI'E 01 RtPORI

Conttol charts

e) Control In dividual parts
1 Aver eg* X and range R
Il Average X and standard deviation 0
Il Individual X

Iv. Cumulative rmiiurt v

b) Control ol | overall fraction defective
1 % Defective p

It Mueiher of deviations op

c) Control of overall number of delects
| Defects per unit u

Il Humber of defects <
frequency distribution
Correlation with other data
Comparison with standards or previous average
Ranges
Tabulations by defect type
Delect metrics
failure patterns (failure ratios tle-r, 111el
Relationship between part end system
*ellability
field failure as factory reject
Complaint In dices
List In order ef Importance
Cost ansiyel-
Spares usage
Comperlson (or problem reports

problem report

DEPARTMENTS MHO FHCFIVf REPORTS

ENGINE PROCRAtoeS QUALITY

Table 3 Table Of the type of reports to be consider,-ri
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Weekly
Weekly
Weekly
Weekly

Weekly
Weekly

Weekly
Weekly

Weekly

Weekly

Weekly
Monthly
3 Weekly
2 Weekly
inthly
Monthly
2 Weekly
Weekly
Monthly
Month! y
Monthly
Monthly

When ap-
plicable



Reports and
failure date
forms ore
sent to quality

PRODUCER

Quality sorts the incoming documentation

Quality enters the information

into a terminal

The data is being p ocessed by

a computer

The resulting reports are printed

UALITY

The reports ore sorted and sent to the

\' relevant departments

PROGRAMMES

TK DATA ANALYSIS-SUB SYSTEM

Fig. 15. FLOW DIAGRAM OF



S5ub-svstem__4

The function of this sub-system is to

receive oil the reports (for Programmes,

procurement, Manufacturing and engine-

ering) from Quality and either pass them

department if the
reports are not of interest

on to the relevant

to Program-

mes or to evaluate the report and decide

on any action reguired. The
which this

way m
sub-system operates

entirely the responsibility of Program-

mes. Programmes will have to formalize

their procedures within one month and

pass o copy to Quality. Programmes will

have to operate according to their pro-

cedure

The time to handle the reports should

not be more tf an two days.

The inputs are the reports from Quality,

The outputs are the reports / or memos

from Quality describing an action to be

fnr de1avs

Sub-system 5

The function of this sub-system is to

receive the reports from Programmes

and to evaluate and analyse the pro-

bi<m reported on. To decide on some

type of corrective act Jh plan, the

Engineering D urtment can woik

Programmes to visit the user and view,

test or obtain any hardware. The

Engineering Department should then
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Sub —§;

write a short proposed corrective
action report to hand to Programmes.

The wa. in which this sub-system

operates is entirely the responsibi-
lity of Engineei incj. Engineering wnl

hove to formalize their procedures

within one month and pass a copy to

Quality. Engineering will have to

work according to their procedure.

The time in which to handle reportt

should net he mo”e than two days.

The inputi will be the reports from

Programmes with any memos ii required,

as well as he dware iif required.

The outputs will be the reports as

wel1 as a proposed corrective action

report to Programmes.
stem 6

The function -,f this sub-system is to

receive the r oorts from Programmes

and evaluate and analyse the problem

reported on. To decide on some

type
of correntiv® acticn plan, the
Quality Department can work via
Prcgramm i to visit the user and view,
test or r ,ta<n any hardware. The
Quality Department should then write a
short proposed corrective action
icport tr hmd to Programmes, The wav

:n which this cub-system operates is
entirely the responsibility of
Quality Quality will have to

formalise their procedures within one
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month and pass a copy of them to
Quality. Quality will have to work

according to their procedures.

The time in which to handle reports

should not be more than two days.

Thn inputs will be the reports from
Programmes with any memo's if
required, as well as hardware if

required.

The output will he the reports as well
os a proposed corrective action repoit

to Programmes.
Sub-system 7

The function of this sub-system it, to
receive the reports from Programmes
and evaluate and analyse the problem
reported on. To decidf on uome type
of correct ve action plan, the Kanu-
factur ing Department can work via
Programmes to visit the user and view,
test c¢r obtain any hardware. The
manufacturing Department should then
write a short proposed correct ive

action report to hand to Programmes*

The way in which this sub-system
operates is entirely ‘he
responsibility of Manufacturing.
Manufacturing will have to fornil se

their procedures within one montu md

nor a copy of them to Quality.

Manufacturing will have to work

according to their procedure.
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SUB-SYSTEM 13

INPUT: Reports

OUTPUT; Corrective action

FUNCTION: The User organisation implements a plan of action

SUB-SYSTEM H

INPUT: Reports

OUTPUT: Corrective action

FUNCTION: The User organisation impliments a plan of action

SUB-SYSTEM 1

INPUT: Corrective action

OUTPUT: Data capture cords

FUNCTION: The Distributor collects the data capture cards
and keeps a record of them

SUB-SYSTEM 1

INPUT: Reports/recommended action

OUTPUT: Action plans

FUNCTION: The Programmes department arranges a meeting

with the Distributor rAd User to decide and
approve a plan of .non

SUB-SYSTEM 15

INPUT: Records on design information

OUTPUT: Reference for for future work

FUNCTION: The library of the Producer organisation stores

development.design,planning etc. for future
reference

SUB-SYSTEM 12

INPUT: Proposed change

OUTPUT: Updated product

FUNCTION: The implimentation of an engineering change in the
Producer organisation

SUB-SYSTEM 2
INPUT: Data capture cards

OUTPUT: Data capture cards

FUNCTION: The Programmes department receives the
data capture cards and posses them on

SUB-SYSTEM 10

INPUT: Reports/recomended action

OUTPUT: Decision/ report

FUNCTION: The Programmes department anangesa meeting

with all departments to decide on a corrective
action plan

»

SUB-SYSTEM 9
INPUT: Memos

OUTPUT Ha/dware / visits

FUNCTION: The Programmes department arranges a visit to
the user

SUB-SYSTEM 3

» INPUT: Data capture cards/reports

OUTPUT: Reports

FUNCTION: The analysis of the data to generate meanim/ul
reports is performed by the Quality department

SUB-SYSTEM 8

INPUT: Reports/memos/hardware

OUTPUT: Reports

FUNCTION: The Procurement department evaluate and analyse
any problem identefied

SUB-SYSTEM 7

INPUT: Reports / memos / hardware

OUTPUT: Reports

FUNCTION: The Manufacturing deportment evaluate and analyse
any problem identefied

SUB-SYSTEM 6

INPUT: Reports/memos/hardware

OUTPUT: Reports

FUNCTION: The Quality deportment evaluate and analyse
any problem identefied

SUB-SYSTEM 5

INPUT: Reports/ memos / hardware

OUTPUT: Reports

FUNCTION: The Engineering department evaluate and analyse
any problem identefied

BH
SUB-SYSTEM A
INPUT: Reports

OUTPUT: Reports

FUNCTION: The Programmes department receives the reports,

takes any action required and sends the reports
to the relevant departments



SUB -SYSTEM 16
USER ORGANISATION

They undertake the necessary
negotiations with the user,
distributor and producer.

SUB-SYSTEM 1

USER

Return cards are completed by
each workshop.

SUB SYSTEM 2
USER AREA HEADQUAUTERS

They receive the reports,analyse
them and refer mishandling of

equipment back to the user.

The remaining remaining cards
nre cpnt on.

SUB-SYSTEM 3
USER MAIN HEADQUATEfS
They receive the reports,analyse

them and send selected reports
to the distributor.

"DR-SYSTEM 4
DISTRIBUTOR

They collect the return cards
from the user.

SUG-SYSTEM T
DISTRIBUTOR

They undertake the necessary
negotiations with the user and
producer.

SUB-SYSTEM 5
DISTRIBUTOR
Tne/ extract any information

they require from the return
cards, sort them and send them

to the producers programmes.

Fig. 12. BLOCK DIAGRAM OF THE PROPOSED SYSTEM 111
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SUB-SYSTEM 16

PROGRAMMES

They receive the problems
identefied and the proposed
solutions.and negotiate with all

parties to take action and
impliment a solution.

SUB-SYSTEM 12
PROGRAMMES

They arrange a visit to the user
location to speak to the user
and obtain hardware.

SUB-SYSTEM 6
PROGRAMMES

They collect the return cards
from the user venues and
make them immediatly availiable
to quality.

SUB-SYSTEM 15

PROCUREMENT

They receive the reports and
identify the problem, find a
proposed solution and send this
information back to programmes

SUB-SYSTEM H
ANY DEPARTMENT

The relevant department
tdetefies a person or group of
people to visit the user venue

SUB-SYSTEM 7
QUALITY
They receive the return cards

and enter the information
into a data bank.( computerised

or manual)

> . js

SUB-SYSTEM #4
MANUFACTURING

They receive the reports and
identify the problem, find a

proposed solution and send this
information back to programmes

SUB-SYSTEM 13

QUALITY

They receive the reports and
identify the problem, find a

proposed solution and send this
information back to programmes.

SUB-SYSTEM 10

ENGINEERING

They receive the reports and
identify the problem, find a
proposed solution and send this
information back to programmes

SUB-SYSTEM 9
PROGRAMMES

They send the reports to the
responsible departments to

initiate action on any problems
whivh have ocurred.

SUB-SYSTEM 8

QUALITY

They analyse the data and
generate a number of reports,
which they send to programmes



SUB -SYSTEM 14
USER ORGANISATION
They undertake th-e necessary

negotiations with the user,
distributor and producer

SUB-SYSTEM 1

USER

Return cards are completed by
each workshop.

27 -

SUB-SYSTEM 13

DISTRIBUTOR

They undertake the necessary
negotiations with the user and

producer.

Fig. 11. BLOCK DIAGRAM OF THE PROPOSED SYSTEM
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SUE-SYSTEM 12
PROGRAMMES

They receive the problems
identefied and the proposed
solutions.and negotiate with all
parties to take action and
impliment a solution.

SUB-SYSTEM 8
PROGRAMMES

They arrange a visit to the user
location to speak to the user
and obtain hardware.

SUR-SYSTEM 2
PROGRAMMES

They collect the return cards
from the user venues and

maxe them immediatly avail iable
to quality.

SUB-SYSTEM 11

PROCUREMENT

They receive the reports and
identify the- problem,find a
proposed solution and send this
information back to orogrammes

SUB-SYSTEM 7
ANY DEPARTMENT
The relevant department

idetefies a person cr group of
people to visit the user venue

F SUB-SYSTEM 3

QUALITY
They receive the return cards

and enter tne information
into a data bank.(computerised

or manual'

SUB-SYSTEM
MANUFACTURING

They receive the reports and
identify the problem, find a

proposed solution and send this
information back to programmes

SUB-SYSTEM 9

QUALITY

They receive the reports and
identify the problem, find a
proposed solution and send this
information back to programmes.

SUB-SYSTEM 6

ENGINEERING

They receive the reports and
identify the problem, find a
proposed solution and send this
information back to programmes

SUB-SYSTEM 5
PROGRAMMES

They send the reports to the
responsible departments to
initiate action on any problems
which have ocurred.

SUB-SYSTEM 4
QUALITY

They analyse the data and
generate a number o' reports

which they send to programmes
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SUB -SYSTEM 16
USER ORGANISATION

They undertake the necessary
negotiations with the user,
distributor and producer

SUB-SYSTEM 1

USER

Return cards are completed by
each workshop

SUB-SYSTEM 2
DISTRIBUTOR

They collect the return cards
from the user.

SUB-SYSTEM 15
DISTRIBUTOR

They undertake the necessary
negotiations with the user and
producer.

SUB-SYSTEM 3

DISTRIBUTOR

Tney extract any information
they require from the return
cards, sort them and send them

to the producers programmes.

Fig. 10. BLOCK DIAGRAM OF PROPOSED SYSTEM |
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SUB-SYSTEM 4

PROGRAMMES

They receive the problems
idertefied and the proposed
solutions.and negotiate with all
parties to take action and
Impiiment a solution.

SUB-SYSTEM-IQ
PROGRAMMES

They arrange a visit to the user
location to speak to the user
and obtain hardware.

SUB-SYSTEM A
PROGRAMMES

They collect the return cards
from the user venues and
make them immediatly available
to quality.

/

PROCUREMENT

They receive tne reports and
identify the problem,find a
proposed solution and send this
information back to programmes

SUB-SYSTEM 9
ANY DEPARTMENT

The relevant department
idetefies a person o* group of
people to visit the user venue

SUB-SYSTEM 5
QUALITY
They receive the return cards

and enter the information
iInto a data bank.l computerised

or manual)

—4 t

SUe-SY5TSM_12
MANUFACTURING

Tney receive tne reports and
identify tne problem, find a

proposed solution and send this
irtcrmation back to programmes

SUB-SYSTEM w

QUALITY

They receive the reports and
identify the problem, find a
proposed solution and send this
information back to programmes.

SUB-SYSTEMS

ENGINEERING

Tney receive the reports and
identify the problem, hnd a

proposed solution and send this
information back to programmes

SUB-SYSTEM 7
PROGRAMMES
They send the reports to the
responsible departments to

initiate action on any problems
wnrch ho ve occurred.

BUR-SYSTEM 6
QUALITY

They analyse the data and
generate a number of reports,

wn.ich they send to programmes



NAME
INTERVIEWED

10.

ORGANISATION

Producer I
Programmes
Department

Producer I
Manufacturing
Department

Producer T
Procurement
Department

Producer T
Engineering
Department

Producer T
Quality
Department

Producer I
Engineering
Department

Distributor
Department

Producer I
Engineering
Department

User
Representa-
tive

Product
Programmes
Department

12

NEED

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

REASON FOR A NEED

Such a system exist

Tc obtain safety, functionability,
interchangeability, logistic and
cosmetic information

To trace material faults for their
origin and to trace faulty external-
ly procured parts.

To monitor any system problems.

Since there exists no logistic and
design feedback.

Need to know the problems, defects,
quality reports and contract short-
comings to take corrective action.

To improve the existing system

Need information since the present
system 1s not very effective

Since life information can not be
obtained for large products and

there exists too little design feed-
back

Since at this moment only the inci-
dent failures are rrcorded.

If there are more concurrent systems
it 1s easier to identify a problem

Tablet TABLE OF REQUIREMENTS AND LIMITATIONS OF A FEEDBACK
SYSTEM OBTAINED BY INTERVIEWS

REPORTS AND INFORMATION REQUIRED

None

An analysis by the quality Department
and a defect analysis by engineering

Reports on material and vendor supplied
components.

All design and logistic information

Reports on quality costs, failure data,
reliability data, maintainability and
product safety.

Information required will be the mean
time between failure, the environment,
the action, the cause and reliability of

the products and its parts.

Information on reliability, spares used

and repalrs made 1s needed.

Reports are required on reliability,
tracesbility, life, logistics, mainte-
nance and spares usage.

Information is required on spares usage,
rework, replacements and modifications.

Information on deficiencies, technical
data and where the requirements are

exceeded

TIME IN WHICH
REQUIRED

Not applicable

As soon as
possible

As soon as
possible

The informa-
tion must be
continuous

As soon as
possible and
immediate ac-
tion in the
case of criti-
cal defects

As soon as
possible

As soon as
possible

As soon as
possible

Continuous
data 1s requi-
red

As soon as
possible

DATA EXISTING

Defect reports

Build book per
lot per pro-
duct

None

None

Build books
and the clas-
sification of
defects are
available

In house re-
liability in-
formation

None except
for some very
informal data
exists

Data received
presently 1is
not sufficient

The defect
report system

The defect re-
port system

COMMENTS

No co—-opera-
tion

There 1s a
definite need
for the syster

There 1s a
need for such
a system

None

Immediate ac-
tion must be
taken 1in the
case of criti-
cal defects

Cannot see
how any relia
bility data
can be cap-
tured

The present
system is too
complicated

The present
system 1s net
sufficient

The communica
tion chain is
too long 1in
the existing
system

Any system
should work
via ''Program-

mes'l



quired,

qui red.
The output will he the r p
as a proposed corrective act eon

to Programmes.
Sub-sss;.em 9

The function of this sub-system is tt
arrange a visit to the User. The re -

spective department should identify =

person group, time and venue to Vvisit

the User. Hardware can be inspected,
viewed at or obtained. Programmes
will arrange these actions with the

User and the way this sub- system
operates is entirely the responsibili-
ty of Programmes. Programmes wiill
have to formalise their proceoures
within one month and pass a copy ic
Quality. Programmes will have to work

according to this procedures.

The time in which to handle such an

action is limited to one week.
The inputs are requests by the rele-
vant departments in the form of a me-

mo .

The outputs are the request of a

visit, to obtam hardwai" etc.

SO



flub-svstem |Ijl

IIIN
| ,,
client t proCucer etc.) about a plan o

action and includes »hoev=r th y
require. They can do this thrnuuh
technical committee

meetings

1hen a decision is taken and Program-

mes is responsible to
delegating to the

ment or

initiate
responsible depar
organisation etc.).

Interna -

M'Ce by
Change Process

1, =ny changes take
Engineering

Programmes -ill arrive at decisions in
the sub-system -hich they are re-
sponsible for. Programmes

formal... their procedures -ithin one

month and pass a copy of the procedure

to Quality. Programmes ~-ill

work according to

have .<

these procedures,

piogrammes must also advise Quality

any action taken in the form of a

report.
me ume in -hich to handle such
action should be one month.

The inputs are the proposed corrective

action reports as -ell as memo's.

The outputs -H I be the decision taken

an Dual 1tV

51/a.a



5Ub- £vStAMT 1P

The function of this sub-system is to
decide on action to be taken.

Programmes receive the proposed cor-

rective action reports as well as the
original reports. Programmes then
arrange with all parties (user,

client, producer etc.) about a plan of

action and includes whoever they
require. They can do this through
technical committee meetings etc.

Then a decision is taken and Program-
me } is responsible to initiate it (by
delegating to the responsible depart-
ment or oraanisation etc.). Internal-
ly any changes take place by
Engineering Change Process (ECP).
Programmes will arrive at decisions in
the sub-system which they are re-
sponsible for. Programmes will
formalise their procedures within one
month and pass a copy of the procedure
to Quality. Programmes will have to
work according to these procedures.
Programmes must also advise Quality on
any action taken in the form of a

report.

The t ime in which to handle such

action should be one month.

The inputs are the proposed correct ve

action reports as well as memo's.

The outputs will be the decision taken

by management and a report to Quality

51/...



on the problem as well as the

solution. Outputs might implement
changes in other organisations
involved.

S5ub-s vstem 11

The func11.i of this sub-system is a
meeting where user, client and pro-
ducer are present to discuss or take
action on any problems. This will be
arranged by Programmes. Thus Program-
mes is responsible for this sub-sy-
stem and they will also formalise

their procedures.

The time duration of such a meeting

should not be longer than a day.

The inputs are the reports, problems

and recommended action.

The ouputs are action plans formalised

by Progrommes.

Sub-system 12

The function of this sub-system is to
implement an engineering change and
the procedures for such an action are
laid down in the Producer organisa-

tion.

The time duretii is a week to a month

to implement a change.

The input is a change on paper or in

the design .



6.2

The output is an updated product.

(Software and hardware)

The function of this sub-system in the

action, implementation of corrective
action xnd negotiation about a
product. This is the responsibility
of the "Distributor”™ over which the

"Producer”" has no control.

Suh-system 11 / Sub-system 14

The function of this sub-system is the
action, implementation of con ective
action and negotiation about a pro-
duct . This is the responsibility of
the "Distributer"/"User" about which

the "Producer" has no control.

Sub-system 13

The function of this sub-system is to
store information on development, de-
sign, planning etc. for future refer-
ence. The library will be wused to

store the information.

The inputs are any changes to pro-

ducts, systems etc.

The ouputs are references for future

work
Data capt. re r,ub-t tern
This sub-system is uf grea importance since

inadequate and faulty data inputs would makn

the system wuseless. Thus data and infor-

53/..



mation capture form the basis of the sy-
stem. In tnis sub-system it is of impor-
tance that one has a good picture of the
problem, that one communicates well with the
users and have a background of statistical
techniques. But never-the-less, the most
difficult task is to obtain timely, accurate
and complete data from the field. T,.is will
best be achieved if one advises field

operators as to what data must be captured,

how it is to be captured and how it will be
reported as described by AMCP (4). But
while .011e. tinn data, <continuous track
must be kept of the cost involved to

determine the effectiveness of the system.

6.2.1 Objective of the data capture

sub-system

The object e is tc clarify the pur-
pose the data collection as a ba-
sis for actions, to include every-
thing into the data and to take
action according to the data col-

lected. This can be achieved by:

Planning a system to receive in-
formation in any form.

To provide for new data needs.

To provide for the elimination
of data no longer required.

To design a standard language
for data recording.

To captu data on successful
operations as well as failures.
To include plans for incorpora-
ting statistical methods for

evaluat mg data.

. 54/...



To determine minimum data re-

quirements.

Scope of the data rapture sub-system

It is most important to provide only
the facts required, to achieve this
in a reasonable time span, to have
data representing the true situation
(will data captured reveal the
facts?) and to only use countable
data for this specific system as
Kaoru (8) points out. An refe-
rence to use when designing the data
capture system 13 the B. S. 5760
Part 1.

Identification of data to be c

tuned

It is important to mention again
that an effective data capture plan
must be co-ordinated to reduce the
data capture activity to a routine
activity. Ideally the number of
failures should be recorded adequa-
tely to determine the cause of

failures as stated by Juran/Gryna

(18). In such a situation it is
more useful to analyse a small
sample in detail than to process
large volumes of data. In this case

there are different conditions under
which data is raptured, but if the
data capture '¢'*> t on differs, the
data capture; ill remain the

same .



Two sources of data are the field
failures and in-house records avai-
lable. Since the in-house record?,
exist and only have to be entered
into a data base, this will not be

formalised.

The field data to be captured as de-

termined previously as:

Wear information
Product failure

Mean time between failures
Environment

Location

Life

History of the product
Spares

Consumables

fin ctioning problems
Action taken
Requirements included
Satisfaction

Part numbers

Part descriptions
Product descriptions
Date

Person respon ble
Manufacturer

Age

Parts replaced

Nature of failure

Apart from this list, the following

should also b- considered:

Reporting activity

Drawing number



6.2.ti

Operating time

Number of cycles
Accumulated operating time
Accumulated cycles

Date maintenance started
Date maintenance ended
Effect of malfunction of
equipment

Symptoms of malfunction

Condition of failed part

It was decided to only capture the

following data from the "User":

Date

Part number

Part description
Environment

Product number
Product description
Part number replaced
Age

Reason for failure
The reason for <collecting only the
above data ~e given in chapter

6.2.4 and 6.3.

Capture of acceptable and realistic

dat a

Once it has been established what

data is required, the important
question is; how will it be cap-
tured? It is important to mention

that this activity cen only be suc-
cessfully performed using com-

munication theory which is very

57/.



often neglected.

6.2.4.1

Introduction to commurn-

cation

The most effective com-
munication will be
achieved by planning the
communication, thus an ap-
proach of communication by

objectives was used.

It is important to iden-
tify the need of com-
municating since people
communicate for humerous
reasons such as wishes,
creative desires, idea'",
needs etc. Ma; low,
rankeu the human needs as
physicological, security,
social, ego and self

actualisation in decending

order of importance,
fourie (19) illustrates
that communication pro-

blems are caused by trying
to satisfy different
communication needs

(listed by fourie (19) as

informational, emotional,
entertainment, motiva-
tional and ideological.)
at the same time. Thus

the specific need to com-
municate in this case was
identefied ast To obtain

accurate and reliable

58/...



6.2.4.2

field failure data for the
use of a data bank fi om
which meaningful reports

can be generated.

Qu.jprtives, constraints
and problems to be aware

of

The user of the system
must know why he is per-
forming certain tasks and
how the system operates.
This is of importance
since it may cause a pos-

sible resistance to com-

municate . Thus when de-
veloping the communica-
tion, the above must be
kept in mind as well as

the cost of the effort to

capture the data.

The objective and con-
straints for the com-
munication were de-

termined as follows;

Objective; To have a
person respond in the best
possible manner to perform
the data capture and feed
it to the "Distributor”.

Constraints; The com-
municator will be the
person repairing the pro-

ducts and the communica-

59/...



S iet-i fei™ w,er
t - "1 1itt 1” it

wh: 1> he 'aptul

: hi ‘at. for the "Distri-

utoi'. AJi the data cap-
ture wJyJl take piac in
1n. "Liset ' organisation.

Hpp -uac1 Inc c 11 cunist ances

tourie 20) is a good
quideiine to determine
ttiese . In this particular
situation the dal capture

takes place in the "User"
organisation which is
arge and offers many dif-
ferent means to capture
data. The circumstances
under which the data is
captured can have a great
influence on the eventual
success of the data cap-
ture and it was thus deci-
ded to try and control the
circumstances where pos-
sible (i.e. the data cap-
ture card and procedures
will be designed for the

"User")

There are four approaches
when communicating nameiey
rati nal, humorous, seri-
ous or emotional. for
this specific case the ap-
proach is purely rational

and serious since there

60/ ..
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6.2.4.4

are cost involved and the
toyic is purely technical.
This was very important to
consider in chapt. 6.2.6.6
where a return card was

designed.

Ana |l Nsir, of the commu-

nicator
The communicator was
analysed by determening

the demographic profile of
the people involved which
was performed by the
method described by Fourie
(20) and van Scnoor 21

In this <case the people
were the mechanics with

the following character-

istics:

Sex - Males

Age - Between 18 and 50
years

Nationality - South
African

Occupation - Technician

(mechanics)

Education - Std 8 to T'
technician

Income - R500-00 tc

R 1300-00 p.m.

l:v g area - R.h.m
Having identified the

above , the men1s c.pacitv

for comprehension abilitv

61
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to encode messages/ is
known. To ensure correct
date capture it was thus
oecided to only capture as
little data as possible
and in a manner which can
easily br understood by a

technical person.

The communication habits
were established in the
list below to determine
how the communication
should cake place.

Kidia preference - speech

or writing

Media competition - spe-
ech preferrence since
practical, technical peo-

ple normally commuhnicate
little by writing)
Channels - This will be
kept as short as possible
within the organisations.
Code preferences - None
Time preference - Not on
Wednesday afternoons since
most of *he employees tike

part in the orgaisations

organised sporting ac-
tivities.
Time available - As lit-

tle as possib 1e
Apart from the facts men-

tioned above it must be

kept in mind that com-

62/...



6.2.4.5

municator and destination
are removed far from each
other. they are widely
dispersed and they repre-
sent a great number of

people.

Mp(11x» sflerticw

This selection was per-
formed according to Fourie
(22) keeping in mind what
wes determined in chapter
6.2.4.4. The first step
was to make a code analy-
sis to determine which of
the seven categories could
be used to convey the mes-

sage as shown below:

Retu.n cards
Telephone
Installation
Sampling
Test results
Letters
Pamphlets
Telex

Computers

The next step was to se-
lect a media keeping in
mind the codes which can
be tried. The media is
anything used to actually
convey the message and the
media which could be made

use of in this situation

63/...



were

Language Yes
Visual Yes
Sound To a very small
extent
Touch No
Smell No
Taste No
kinesthet ic No

The only media considered practi-
cal from th*» above were return
cards, telex, telephone and compu-
ters. To select the med.a to be
used the media characteristics of
these four were compared in Table
4.

"naracN istie Telex Telephone
Hardware cost High Low
Storage required Medium Low

Reliability

Less 100 % Less 100%

Transportability Medium Medium
Obsolescence NA NA
Versatility Medium High
Encoding possibility Good Very good
Space Medium Medium
Geographic range Large Large
Speed Fast Very fast
Operating procedure Medium Simple
Permanence Medium Medium
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CharacetM1 :stic

Hardware cost
Storage required
RedJiability
Transportability
Obsolescence
Versatility

Encoding possibility
Space
Geographic range
Speed

Operating procedure

Permanence

Computer Card
Very
High
Less
High
NA

high

100 % Less 100 %

Medium

Good

High

Large

Fast
Complicated
High

Table 4.A COMPARISON oC MEDIA CHARAC*ERISTICS

It was

to capture

volved

cost

dec.ded to .,e

is low,

and no

Cards

costs

Return

risto since the in-

there is no encoding

trained personnel is

required.

6.2.4.6

The design of the return

card

When designing a return

card (see Fig. 16.) it is

better to use a glossary

of standardised words and

to accept

some loss of

eci racy and detail

the

resul-

ting from coarseness
The
be of

and it

of codes on it. re-

turn card must

con-

venient size was
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thus decided to use a post
card size. The post card
was desighed so as to have
a brief, rational and
serious article format as
described in more detail

by Fourie (22%

The return card was
designed using devices

mentioned by Fourie (22

The page layout was such
that information was
spread evenly arid more
blank space was avalliable
where a heavy typeface was
used. The colour was cho-
sen keeping the communica-
tor in mind mainly euro-
pean technical and yellow

seemed to be the best

colour since it signals
alertness. ( It must be
mentioned that if more

Africans use the return
cards, the colour has to
be revised since yellow
may indicate illness or
converdice to them).
Finally the type-faces
were looked at and it was
decided to use an "easy to
red" face for the heading
and "solid" lower case
letters elsewhere since
these were more legible

than only capital letters.
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Once these

(see Fig.

large volumes

assured

legitle and

bright.

Dato:

Part number:

Part description:

Environment: Storngv [J
Cpern onal; ]
Training CcJ

Part number replac d:

Product number:

Product description:

Age: oid Q
Ncv, n
Used []
Reason for failure. Punctiorul
Breakage

the

return

are used

it

they

67/ ...
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1. This card will only bo ‘jsed to capture data to

improve the product.

2. Those cords will be collected every Tnursday

by u person sent from the distributor.

3. For any enquiries or queries about this cord
please phono Mr. X
Tel yy-yyyy

Fig. 16. AN EXAMPLE of a DATA CAPTURE CARD (FRONT AND REVERSE
SIDE)



6.2.4.7

1ecrn 11 cb1content of card

Every card contains an
identification number (see
Fig, 16. top right hand
corner) and the following
data which must be com-
pleted by the user of the
card;

Date

Part number

Part description

Environment

Product number

Product description

Part number replaced

Age

Reason for failure

The reverse side of the
card contains three para-
graphs explaining their
use, where and when they
will have to be returned
and who can bn contacted
if there are any queries

(see Fig. 16.).

The sub-rystprP'T

In this sub-system the
"Distributor” receives
printed return cards from
the "Producer"” which he
has to distribute and keep
a reliable record of. It
will be the "Distribu-

tor's™ duty to train the
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"User" of these cards as
to its function. The
"User" will be required to
complete these cards con-
tinuously to be collected
by the "Distributor" on a

weekly basis.

Tie "Distributor" will ex-
tiact any information
which he requires for his
own purpose and will then

send the return cards to

the respective "Pro-
ducers". The "Distributor"
will always let the "Pro-
ducer"” know whet numbers

of cards were distributed.

A block diagram of the

sub-system is shown in



69

"User" of these cards as
to its function. The
"User" will be required to
complete these cards con-
tinuously to be collected
by the "Distributor” on a

weekly basis.

The "Distributor” will ex-
tract any information
which he requires for his
own purpose and will then

send the return cards to

the respective "Pro-
ducers”. The "Distr.butor"
will always let the "Pro-
ducer"” know what numbers

of cards were distributed.

A block diagram of the
sub-system is shown in
Fig. U.



i isei-

Fnnurt dote v manually recorded by the user.

Data cords are collected by the drstributor.

Jato is sorted according to the producers

- date s mextrvnpn hy ’h< listributor



This sub-system genen ' A ih
the manufacturer to improve pr .du( ' les .gn
processes, tests, field erv i.ce. market. -
strategy etc. The steer ing ommit'e-

the feedback system should monitor
activities in this sub-systen .usei
There are various points to he aware wh-
analysing feedback data which art merit 'u
by Ouran/Gryna (18):

A low complaint rate by the customer
does not necessar 11) mean that tie

satisfled.

The user is involved and concerned w 1

the entire service life of the produc”

The user suffers costs directly causec
by failures as well as indirect costs

(i.e. late deliveries
During the "wear in" phase, the failure;
are highly complaint-prone as comparer

to the later life.

The most important aspect for the user an

the user’s costs and low eff ectivenea;
involved, such as repair cost r-.
effectiveness loss, additional capac 11\

required due to product downtime, damaqt
resulting from failures, lost profits anr
safety costs. This should be kept in minr

when analysing the data.

6.3.1 Objective

There are several objectives to tin

analysis. The major one. art  the



6.

6.

3

3.

.2

3

identifeat ion of prrolems, measure-
ment of the product performance,
spares usages and inputs ror future

designs.
Scope

The inputs and outputs determined
previously are the boundaries of
this sub-system. The inputs will he
the information captured on the

turn cerds, the information suppl-~d
by the "Distributor" (e.g. the card
numbers and locations, the stocks at
the "User" venues etc.) and the
"Producer's” information (e.g. the
dates when batches were released,

inspection reports on batches etc.

The reverse side of each report will
present the mathematical method of
how tne results were calculated, so
that anyone making use of the report

knows how the results were derived.

The analysis will only be performed
on a sample of data, thus statisti-
cal tools and standards such as Mil-
std 416 (see Appendix VI) should be
used to check the validity of the
analysis. Depending on the amount
of data to be processed, it is
recommended to make use of computer

facilities for the analysis.
System errors

The validity of the data capture an-

anlysis will be controlled by the

73/...



use of the following techniques.

6.3.3.1 I f use is made of a
computer facility for the
analysis, checks have to
be built into the software
to perform the analysis.
The following information
will oe available:

USfH -

Date of repair
Part number

Part description
Environment
Product number
Product description
Part replaced

Age of product

Reason for failure

DISTRIBUTOR -

Location

Number of products at the location
Card number

Responsible person at location

Number of cards per location

PRODUCER -

Dates of batch numbers when they left
the factory
Insp 'tion reports of the batches

Details about he product

The defect reports which

"After Sales Service”

741/...
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6.3.3.2

6.3.3.3

receive, are also an input
which will be used to com-
pare to the data analysis
findings. This enables
the "Producer" to compare
the effectiveness of the

two systems.

The reports which can be
generated are listed in
6.1 to show up any prob-
lems in thr software it-

self.

The validity of the data
on the return cards will
be monitored by comparing
part numbers with the part
descriptions, checking the
length of part numbers,
comparing product numbers

with product descriptions,

checking dates (i.e. no
future date etc.) and
assuring that all the

cards have been completed

fully.

The response by the work-
shops will be monitored by
keeping a record of the
number of return cards
sent in every month, what
locations (persons) sent
ther in and if this flow
is continuous and reason-
able. The forms which
were filled in incorrectly

per month, per location

75/...



No of forms
received

JAN.

FEB.

will also be monitored.

Quality will then generate
a bar chart as shown in
Fig. 17. for each location

on a monthly basis.

Location 1.

MAR

APR.

»
Month



No of forms
received

Location 2

JAN FEB- APR. Month

Correct forms received

Faulty forms received

Flg 17 Bor chart to identefy the correct and faulty data return
cards received per month per location

771
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Thus it can easily be
monitored which Ilocations
are reporting satisfac-
torily so that probJems
can be followed up to
improve the situation of

data reporting.

6.3.3.4 The resulting reports can
be compared to the "After
Sales Service" problems
identified and the "Defect
Reports” received from the
"Distributer™ to see if
the system is effective
and if there is any con-
nection between different

complaints.

The reports

Refering to the list of possible re-
ports (Table 3.) onlya number of
selectedreports will be generated
from the analysis and used in the
system. At a later stage , ad-
ditional or other reports can be

generated, but up to this point in

time only a few reports will be re-
quired.
Critical parts will be printed in

bold throughout the reports so that
any critical part (identified by the
"Producers" design records) can im-

mediately be identified.

78/.
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6.3.4.1

20

10

A control chart of number

of defectives

Reports will be generated

for each product as shown

in Fig. 18.

P

Sub-groups

F|g 18 A CONTRO- CHART FOR THE % DEFECT! /ES

o
1]

UCL

n - number of products at
the "User" venue
p - percentage of failures

of the product per week

number of failures = jon
n n

Zpn

En

=p+ 3 /p(1-P)

Reference was made to
Kaoru (23) on control

charts for these reports
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which will be generated
for each product with all
the new and old products

discarded.

6.3.A.2 A contiguous histogram

Thir histogram as shown by
Juian (24) will be plotted
to determine som; type of
frequency distribution per
part and per product. It
must be noted that this
will be under conditions
of the "Doer" (i.e. how he
really sees the failures
in his application). The
histogram (fig. 19.) can
be used to determine the
mean failure rate.

These reports are only on
failed parts and products.
If a large amount of data
is available a mean and
standard deviation can be
calculated for the

distribution.

No of months HISTOGRAM FOR
frequency PRODUCT A
2b\
range was
recorded
20
15
TA

10 20 30 40 50 60 70 80 90 Frequency range of failures

F|q 19 BAR GRAPH OF NO OF MONTHS FREQUENCY RANGE WAS RECORDED VS.
FREQUENCY RANGE OF FAILURES PER PRODUCT
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6.3.4.4 A bar graph of fraction

Defective per month

The number of defects per
part can b" captured and
if the part is an A, B or

C item.

A - Serious effect on
fitness for use.
B - Critical effect on
fitness for use.
C - Minor effect - N

fitness for use.
fraction defective =

nc. defective

no. of products
Reports as shown in Fig.

20. will be generated for

each product.

FRACTIONS DEFECTIVE
FOR JfwuARY

08- item

item

02 item item

Product Y Products

FlQ 20 A GAR GRAPH OF THE FRACTION OF PARTS DEFECTIVE PER
PRODUCT PER MONTH.
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t>.7.4.5 Cumulative failures

Cumulative failures will
be plotted per part and
per product as shown in
Fig. 21. Further ref-
erence material about cu-
mulative failures can be

obtained from Juran (25)

and Murdoch (26) . By an-
alysing the slope of the
graph, t.verages and
trends, problems can be
identified.

At a later stage one can
cumulatively add the dif-
ference between the value
recorded and an approx-
imate average value but at
this stage nothing is
known about the products

(i.e. no averages at all).

No Of " CUMULATIVE FAILURES AAPort 7
failures FOR PRODUCT AO
per month A APart 6
per pro-J / Z A 2
4
3
Month*

Q 21 A GRAPH OF CUMULATIVE FAILURES PL'"R PART PER
PRODUCT PLOTTED AGAINST TIME



''albut, d1u

A i il ror-

1 it feiiul-eb pe: part
'ht i.rodur ‘r and of all
*tif nruducte an shown iri
ljg. 11-. naseti on the

""HP®to pri.nvj.tiif described

\ Jurai

_ A PARET ANALYSIS FOF
NO 0" :)Qiu *ROD. ICT / croR JANUARY

lefec tive per
produc: per
north

A PARETO ANALYSIS FOR
Nc o* pro- PRODUCT RANGE FOR JANUARY

ducts defect-
ive per
product
rc.rtge per

t onfr

w roduct type

FIg 22. A PARETO ANALYSIS OF PARTS PER PRODUCT AND
THE COMPLETE PRODUCT RANGE.



Pareto

No of ports
defective per

product per
month.

No of pro-
ducts defect-
ive per
product
range per
month. &

analysis

Thii analvti: . the re-
cora of failures pei part
of the products and of all
the products as shown ir
Fig. 22. taseo on the
Pareto principle describee

bv OQOuran 16

A PARETO ANALYSIS FOR
PRODUCT X FOR JANUARY

PARETO ANALYSIS FOF
PRODUCT RANGE FDR JANUARY

Product typt

FiIg. 22. A PARETO ANALYSIS OF PARTS PER PRODUCT AND

THE COMPLETE PRODUCT RANGE.

(13



6.3.4,7 Field ailure versus

factory reject

This repcrt compares prin-
cipal field failures with
the principal factory re-
jects. It is a list of
both and these can be com-

pared periodically.

The failures per "User"

venues

these are compared every
month per product as shown

in Fig. 23.

Failures

recorded per PRODUCT X FOR

product per JANUARY
month
7
6
5
3
2
iioni ivoovooviovii viii ix User locations

Fig 23 A BAR GRAPH OF FAILURES PER PRODUCT VS
USER VENUE.
841/...
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6.3.4.9

6.3.4.10

Tabulations

A listing can be made of
the failure rate by defect
type per part per product
in order of importance as
performed by Juran/Gryna
(27).

failure patterns

The only information
aval liable is the time
when the batch left the
"Producer" and if the pro-
duct is new, old or nor-
mally used. Thus life
curves can be plotted to
obtain a "bathtub™ curve
as described by Bester-
field (9 but they include
transport, storage, use
etc. as shown in fig. 24.
This will again be the
life which the "User" ex-
periences of the product
in its environment which
can be of value to the

"Producer".

RV...
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Failure rate LIFE CURVE FOR PRODUCT A
per product

per month

Months since
product left
factory

F|g 24 A LIFE CURVE OF PRODUCT FAILURE RATE VS TIME FOR
EACH PRODUCT

6.3.4.11 A list parts per
product
A list <can be generated

which gives the A, Band C
Parts per product as shown

in Tahlp S.

PRODUCT A RART B PART C PART
), Q— 3 1 7

2 3 8
4 10

5 12
6

13
IS

Table 5. TABLE oF PARTS in EACH PRODUCT
86/...
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6.3.4.12

Reliability

The reliability and the
availability can be deter-
mined ir the products and
parts are identefied which
have failed more than
once. Detailed informa-
tion refering to the aoove
is presented by Anderson
(29) .

MTBF = Mean time before

failure

MTTR = Mean time to repair

t
-/>( x) dx

Reliability e

Availiability = MIBF

MTBF+MTTR
1 =%
MTBF
t = Time
r is a function of x

at any roint in time t.

Tnus a reliability and
», TFf can be determined
jr the products and parts
lere repetative failures

occur .
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Cost ot
parts defect-
ive per pro-
duct per
month

[Rand]
4000-

3000

2000

1000

87

6.3.4.13 Cost analysis

The cost per part is

corded with the producer,

thus the total cost

product or part can be de-

termined and represented

in a Pareto diagram

shown :n fig. 25.

Product cost = Number
products failed x cost

that product.

Part cost = Number
parts failed x cost

part

Thus an analysis per pro-
duct and of the complete

product range can te gen-

erated .

A PARETO ANALYSIS FOR
PRODUCT V FOR JANUARY

88/...



Cost ot
parts defect-
ive per p*o-
duct per
month

[Rand]
4000

6.3.4.13

Cost, analysis

The c.ist per part xs re-
corded with the producer*®
thus the total cost per
product or part can be de-
termined and represented
in a Pareto diagram as

shown in Fig. 25.

Product cost = Number of
products failed x cost of

that product.

Part cost =  Number of
parts failed x cost per

part

Thus an analysis per pro-
duct and of the complete
product range can be gen-

erated.

A PARETO ANALYSIS FOR
PRODUCT V FOR JANUARY

2 3 6 M pQft no

88/...
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Cost of pro- 1 A PARETO ANALYSIS FOR THE
ducts defect- PRODUCT RANGE FOR JANUARY

ive per

product*QQQQ
range per

montn  goOO
[Rands]

6000"
4000

2000

w X Z Y vV S o N L G Product type

F|g 25 A PAPETO ANALYSIS OF THE COST OF PARTS Pr R PRODUCT
AND THE COST OF PRODUCTS PER PRODUCT R JivC

6.3.4.14 Spares usages

The spares usage required
for logistic purposes will
be determined by one of
.luran/Gryna (27 )1s methods
every month (spares per
product per month). For
example for 1000 products

per month :
Nj= number of failed
parts i per 1000 products
per month
j - the number of months
Then for that product the

average usage of spares as

seen by the "User” will be
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N, Nij

jxIDOO

Thus as time proceeds,
this estimate will more
and more closely reflect
the expected spares usage
by the "User" A list will
be printed per product as

shown in Table 6.

PRODUCT PART NO USAGE'nermonth per product-N )
A 16 2?
27 10
3
1 3
6
2
; 2
1
1
10 1
15 0
4 0
0
13 0
14 0
17 0
18 0
B 23 29
1 17
3
6
2

Table 6 A LISTING OF THE SPARE PARTS USAGE PER PRODUCT

90/. ..
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5.3.4.15 List

4 Jist of repeaters per
part in order of frequency
will be generated for each

product.

Examples of computer programmes to
evaluate histograms, x and R charts,
np charts and cusum charts are given
in "journal of Quality Technology"
Jan. 1969, April 1969, July 1969 and
Jan. 1970 respectively.

1he SUP- sv.»tern

This sub-system will operate as
follows: The "Producer” (Quality
Department) receives information

from "Programmes" (After Sales Ser-
vice), the "Distributor™" (return
cards and defect reports) and from
the Manufacturing Department.
Quality receives this information
and enters it into their data L“nk.
The data is then analysed end re-
ports are generated. These reports
are then sent to Programmes for fur-

ther handling.

The sub-system can be represented as

shown in Fig. 15.
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PRODUCER

Fig. 15

Reports and
failure data
forms are
sent tc quality

DISTRIBUIO PRODUCER

QUALITY

Quality sorts the incomes documentation

QUALITY
Quality enters the information

mtoa ermmal

QUALITY

The data is being processed by

a computer

QUALITY

The resulting reports are printed

QUALITY

The reports are sorted and sent to the
relevant departments

PROGRAMMES

_0OW DIAGRAM OF THE DATA ANALYSIS -SUB SYSTi_N

92/...



If n- "HtL.BV W:dj f°' o f 8A"

m . °,p. f- ilent onei i+ me+ *« since most of
*« t '-ports will on'v Df generated if they

spe,laiiy 'agues'ed. 'he reports which
w; i oe generated m a iegular basis “re a.

-,nnwr in iahie

e(urt Lnapter t reouency

a nontinunin hist ogran 6.5,4.2 Monthly
:umulativ” failure’ 6.3.4.5 Mont hiy
uaretd ana 1V8.1t 6.3.4.6 Monthly
a..ure- oet use r.'.4.P Monthly
.enues
list ina :v- - - . A1 Monthii
'Dates isaof . $.4,14 Monthly
LRt «.5.4.1" Monthlv
-~ Monthly
Table 7 ST )P Tol(- .gppDRTy AHIC'H wmNIL- Btr GENERATE'
ne oo ni sample reports

< tnp above.
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CcB

oo N0 b wN-—

13
11
11

13
14
15
16
17
1i

19
20
21

22

23
24
25
26
27
2«
29
30

SAMPLE REPORT

This chapter snows how 'ne repo’ - weir ibta. e,.
A set of realistic dumm\ oara are genera -
required on the "Return card". See Appenn . =
This data is sorted by the computer anc a jm> -
of printed lists are qenerateo. Se* Appenn.
VII-X1) Then the required repor'i are iim. e-
calculated and the results are showr t he L]
pt .t of this chapter. Any actior t he ‘ake. w.1.
be as based on these reports.
The sort on the computer *at performed js.n*
software of the Bets Graphics Cac am. 1 *3?
necessary to enter two short prooramme* as snow
in Fig. 3*. to select anc rorma* ‘he oare ‘0w
and the data output or the printout-.
VR* 1- IC =
SCLNTRCL LIST.R2CT.7A3LELt5ET:
3EGIN DATA BASE =aC8S:CRO19:II: <cet:rgAf\ DA%a 3AS
.I'VELS :
1 REPOR'i
15 UPDATE:
ITEMS:

DATE t U£( 1el5 ) *

PAR.U2( It 15):

OESCt U101 It 15):

ENVtU2?It!5)

PRCDMC tU 2 (It 15):

PRCCEStU2IIt 15):

PARREPtU2dtI5)T

AGEtU2 (It 15)m

FAIL,U2tlil5)-

FQRMt U4 <11151:
SETS:

NAME: PIiCET.C.CACI*:

ENTRY: CA'r5,

PAR,

uE 3C,

ENV,

3RCDNC-

PP.CDES .

PARSE e.

6GC,

FAIL,

FORK:

CAPACITY: 'f:



pa,Pl
1

w

DN OO

q
10
11
12

13
14

15
16
17
13

19
20

21

22
EC=

- 94 -

15 1C
RCPCRT HI,"FAILURE CATA"-"#:

=t ,E =«, «== o’c.

PART AGE FAILURE"*77?.

H3 »"NO- REP",19:
h3e"MGe 1)ES",)d,SPACE A1:
3,PAR,5:

o,PRCONC,ii:

O» PARREP»19:

o,CATE,29:

3,ENV,3A:

C,CESC,*6*.

C,FORM,52:

C. PROBES. 57;

C,AGE,63;

3,FAIL,69:

S 3,PAR:

S2, PRCDNC:

Si.CATE:

T3, PAft.eO0.Sr,ACE Al ,CCUNT.
T2,PRC:>C«90.CCUNT ;

E\C;

Fig. 31. L PROGRAM TO FORMAT THE DATA INPUT AND OUTPUT

Once this had been completed,the printouts we.e
obtained and used togenerate reports. Each
report is introduced by giving a short description

of how these were derived.
a» CONTINUOUS HISTOGRAM

Table 8. was obtained from tne parts which faile
during April (04), May (05), 3jne (06) and July
(07) which are given on the printout in APPEND IX
(X1). (i.e. the PART TOTAL for each part number).

Failure rate = No failures

No of parts

95/ ...
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PART_INO NO OF FAILURES TOTAL MONTH PART NO NO OF FAILURES TOTAL
1 2 June 1 1
2 5 3 9
3 2 7 3
4 2 9 2
5 1 10 2
7 2 1 5
1 1 13 1
10 2 15 1
21 2 16 1
19 23 1
1 2 2 — 36
2 3 July 1 8
3 4 2 1
6 3 3 18
7 1 7 4
8 1 10 3
1 2 11 0
12 1 12 4
16 1 13 2
17 1 16 2
22 1 18 2
26 1 19 2
n 25 1
49

Table 8. a list of THE NUMBER OF PARTS PER
PER MONTH FOR FOUR PRODUCTS

From Table 8. the average failure rate per

month per product A is

APRIL : Failure rate = 19/4 =4.75

MAY : Failure rate = 21/4 = 5.25

JUNE : Failure rate = 36/4 =9.00

JULY : Failure rate = 49/4 =12.25
Similarly for part 1 ofproduct A:

APRIL s Failure rate = 2/4 =0.50

MAY ! Failure rate = 2/4 =0.50

96/...
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JUNE Failure rate = 1/6 =0.25
JULY i Failure rate = 8/6 =2.00
Similarly For part 3 ofproduct A:
APRIL F ilure rate 2/6 0.50
MAY F ilure rate 6/6 z i.00
JUNE F lure rate 9/6 = 2.25
JULY F lure r te 18/6 = 6.5
Similarly for part 11 of product A:
APRIL Failure rate= 1/6 = 0.25
MAY Failure rate= 1/6 = 0.25
JUNE Failure rate= 5/6 = 1.25
JULY Failure rates 2/6 = 0.50
To plot bar graphs of 'no. of months fre-
quency range was recorded1 versus 'frequency
range of failures' very little data was

availiable (i.e. only 6 months from which no
real distributior can be identefied) but
they were plotted as shown in Fig. 26.

No of
months
frequency
range was
recorded

HISTOGRAM FOR PRODUCT A

TcPW Al-10.0] Frequency range of failures
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No of
months
frequency
range was
recorded

No of
months
frequency
range was
recorded 4

[0-1,06] .JO]

No of
months
frequency
range was

recorded”

[0-0,SOT

FIG- 26 rs

PART AND PRODUCT.

[0,51-1,00]

HISTOGRAM FOR PART
OF PRODUCT A.

-,cr -1,50] [1,51 -2,CO] Frequency range

of failures

HISTOGRAM FOR PART 3
OF PRODUCT A

;2 01- 3,00] [3,01- 4,00] Frequency range

of failures

HISTOGRAM FOR PART 1
OF PRODUCT A.

[1,01 -1,50] Frequency range recorded

9R/
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7.2 CUMULATIVE SUM OF FAILURES

The information required is the number of
failures per part per month which can be
obtained from Table 8. in chapter 7.1 and
sumarised as shown in Table 9. The data is
plotted in a graph of 'cumulative average
failures per part' versus 'time' as shown in

Fig. 27.

"\"PART NO. 1 2 7 11 16
MONTHA*A

No. of failures

April 5 2 1 0
Mav 2 3 1 2 1
June 1 9 3 3 1
July 8 1 4 2 2
Cumulative no. of failures
April 2 5 2 1 0
hay 4 8 3 3 1
June 5 17 6 8 2
July 13 18 10 10 4
Cumulative average no. of
failures.(-Cumulative no.
of failures devided by 4)
April c.30 1.25 0.50 0.25 0.00
May 1.00 2.00 0.75 0.75 0.25
June 1.25 4.75 1.50 2.00 0.50
July 3.25 4.50 2.50 2.50 1.00

Table 9 A TABLE of CUMULATIVE FAILURES PER
part per month.

99/...
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7.2 CUMULATIVE SUM OF

FAILURES

The information required is the number of

failures per part

per month which can be

obtained from Table 8. in chapter 7.1

and
sumarised as shown in Table q. 'he daia
plotted in a graph of ‘'cumulative average
failures per part' versus 'time' as shown
Fig. 27.
A".sAAPART NO. 1 2 7 11 16
MONTH"""""*.
No. o failures
April 2 5 2 1 0
May 2 3 1 2 1
June 1 9 3 5 1
July 8 1 4 2 2
Cumulative no. of failures
April 2 5 2 1 0
hay 4 6 3 3 1
June 5 17 A 8 2
July 13 16 10 10 4
Cumulative average no. 0
failures.(-Cumulative 1o.
of failures devided by 4)
April 0.5v 1.25 0.50 0.25 0.00
May 100 2.00 0.75 0.75 0.25
June 1.25 4.75 150 2.00 0.50
July 3.25 450 250 250 1.00

Table 9 A TABLE of CUMULATIVE FAILURES FtF
part per month.

99/. .

if>

in



99

Cumulative
no of
failures per
part per

CUMULATIVE FAILURES FOR THE
month.

PARTS OF PRODUCT A

Part

Part
Port

Part

April July Months

FJg 27 A 3RAPH OF CUMULATIVE NO. OF FAILUA ES PER PART PEP
MONTH VS TIME
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7.3

PART NoO.

10

11

12

13

14

15

16

17

100

A PARETO ANALYSIS

NO. OF PARTS FAILED,

13

40

10

AVERAGE FAILURES PER

PART PER MONTH.

—13_ .,

4X4

4x4
— ACL
4x4

4x4

4x4

4x4

»

L-,

4x4
4x4
4x4

6-
4x4
4x4
4xz
4 x4

4 x4

0.81

0 56

2.50

0.63

0.06

o 31

, 0.56

, 0.31

«

.0 25

0.06

0.00

. 0.25

, 0,06

101/.
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7.3 A PARETO ANALYSIS

PART NO. NO. OF PARTS FAILED. AVERAGE FAILURES PER
PART PER MONTH.

1 13 —ii. , 0.61
4X4

9 \__5-, 0.56
4 x4

40 —40_, 5 59
4 x4
2

2 0.13
4x4

i "' =0.06
4 x4

3 —3- = 0.19
4x4

10 _10. « 0.63
4 x4

1 T -9 .06
4 x4

3 3 . 019
4 x4

10 5 8. «0.31
4x4

11 9 9 %0.56
4x4

12 5 S &0.31
4x4

33 4 4 -025
4x4

14 H il -o0.06
4x4

15 1 ——MW . 0.06
4x4

16 4 4 0 25
4x4

17 1 L , o.06

101 /
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PART NO. NO. OF PARTS FAILED. AVERAGE FAILURES PER
PART PER MONTH.

0.13
0.13

20 0.13

0.06
0.00
0.06

0.0t

Table 10 A LIST OF FAILURES PER PART

Tabic 10. was obtained by recording the pro
duct number and PART T( AL in APPENDIX VIlII

Average failures per = No. of failures

part per month No. of months * No.

of products
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7.4

From APPENDIX X ece , m *e
(TR) was added
added to give 45 and

chart of 1failures per pioduc . > oo
versus 'user venuel was plotted L "ow
Fig. 29.

Failures per product = \o. nroduct raxia: e;

No. months

In this case only two venues were v-*-

namely training (TR) and operational (OP).

Failures failures for product
per pro-
durt per
month
Training Operational

F|g 29 A BAR GRAPH OF FAILURES PER PRODUCT PER
MONTH VS USER VENUE.
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COST ANALYSIS

The cost per failure per part per month was
obtained by multiplying the average A1fail-
ures per part per month1 as obtained in
Table 10. chapter 7.3 by 1the cost of the
spare part' as shown in Table 11. A Pareto
diagram was then obtained by plotting ‘'costs
per failures o* ('arts per month1 versus 1the

parts' asshown in Fig. 30.

PART NO. NO. FAILED COST PER PART TOTALL COST
1 0.81 R 0.50 R 0.41
2 0.56 R 0.20 R 0.11
3 2 .50 R 0.80 R 2.00
7 0.63 R 1.20 R 0.76
10 0.31 R15.00 R 4.65
12 0.31 R 5.20 R 1.61
4 0.13 R 2.00 B 0.26
5 0.06 R 2.00 R 0.12
6 0.19 R 3.00 R 0.57
8 0.06 R 5.00 R 0.30
9 0.19 R15 .00 R 2.85

1" 0.56 R20.00 P 11.20
13 0.25 R16.00 R 4.50
14 0.06 R50.00 R 3.00

15 0.06 R 1.00 R 0.06

16 0.25 R 3.00 R 0.75
17 0.06 R 2.00 R 0.12
18 0.13 R 2.00 R 0.26

19 0.13 R 2.00 R 0.26

20 0.13 R 5 00 R 0.65

21 0.06 R 1.00 R 0.06

22 0.19 R 1.00 R 0.19

23 0.06 R:>.00 R 0.90

24 0.00 R89.00 R 0.00

25 0.06 R 5.00 R 0.06

26 0.06 R 0.80 R 0.06

Table 11. A List oF FAILURE cOST PER PART
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A PARETO ANALYSIS FOR THE
COST OF PARTS FOR PRODUCT A

M TOBU 9 3 17237 16206 16 4v 1922 S 17 2 15 21 25*262~ Part'no.

F|g 30 A PARETO ANALYSIS OF COST OF PARTS PER PRODUCT.
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7.6 SPARTS US\0i

The spares usage will be the same as Table
10. in chapter 7.3.
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CONCLUSION

A data feedback system such as the one described
in this document, will improve the products and
give management a realistic measure of the product
performance. The failure analysis must identify
if they are due to maintenance, design of the spe-
cific product, quality, material or operating pro-
cedures. Apart from such informrtion about the
product, the following will be identified (as ob-

served by the "User"™ during his operations):

failure rate
life
spares required

costs involved
This system has been developed with the above-
mentioned points in mind, but th real test is the

implement at ion.

The company for whom this system was developed has

never operated such a system. Thus it is a new
concept which should be marketed. To implement
it, this report will be sent to management and all
the relevant people who will be directly in-
volved. Having made the system known, a design
review will be held and the system will then be
updated if required. Once management approval has
been obtained, preparations will be made to imple-

ment the system for a trial period at two or three
"User" venues. This will be carefully monitored
and after such a trial period a report will be
made, on the basis of whic a second design review

will be held.

An approach of this nature is required since there

are costs involved which should be kept as low as

108/.



possible, also one must consider the need for
eliminating ts many problems as possible before

implementing the system on a large scale.
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APPENDIX |

The forms which follow are the results of interviews,

conducted. The following information is a summary of

the more important facts obtained during the interview.

110/...



Quest!onaire

1. Name:
1
2. Urganisation:

Producer 1 (Programs)

3. Is there a need for a data feedback system?
No
4. What is the reason for the decision made in 3?

A similar system controlled by the "Program#M,"department exists
Bv a formal system defect reports are received from the "l ser
which are referred to the Producer 1 "Engineering" department.

5. What reports and information would be required by
you?

Not applicable

6. Is the time that information is received im-
portant?

Not applicable

7. What data/information is avail able which can be

used by such a system?

Defect reports

8. Comments:

The person interviewed was not co-operating fully since he
felt that | was interfering with nis work.
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Questionalrr

1. Name:
2
2. Organisation:

Producer 1 (Manufacturing)

3. Is there a need for a data feedback system'*
Yes
4, What is the reason for the decision made in 3?

We know too little about the areas of safety, functionability,
logistics and cosmetics of our products.

5. What reports and information wouldbe required by

you?

An analysis by Quality

Defect analysis by Engineering

A cost analysis must be made available

6. Is the time that information isreceived im-

portant?
The information should be received as soon as possible

7. What data/information is avail able which can be

used by such a system?
Defect reports are available from the User

Build books are available per lot per weapon of the products
which leave the factory

8. Comments:

Sees a definite need for such a system
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Question cure

1. Name:
3
2. Organisation:

Producer 1 (Procurement)

3. Is there a need for a data feedback system?
Yes
4. What is the reason for the decision made in 3?

To trace any faults that have occurred in material.

To trace any bad quality in externally procured parts.
To pick up system problems of the User.

5. What reports and information wouldbe required by
you?

Reports on material which has failed

Reports on failure of vendor supplied components. The nature
of failure of these sub-contracted items should be known.

6. Is the time that information isreceived im-
portant ?

As soon as possible

7. What data/information ia avail able which can be
used by such a system?

None since "Procurement" does not keep any records.

8. Comments i

"Procurement"” feels a need for such a system, since Just because
no failures were reported, does not imply that there were none
which concerned them.
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Qupstionai re

1. Names
4
2. Organisation:

Producer 1 (Engineering)

3. Is there a need for a data feedback system?
Yes
4. What is the reason for the decision made in 3?

There is no feedback and important inputs for Logistics and
Design available.

5. What reports and information would be required by
you?
All information which can be used for design and logistics.

6. Is the time that information is received im-
portant?
The information capture and the generated reports must be continu-
ous .

7. What data/information is avail able which can be

used by such e system?
None of this kind

8. Comments:

None
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mr Uaif18at iun:

Producer 1 iQual" tv

m ‘neT-frr b need fom a nat8 feedback system?

Vet

What is tne e<eeson for the decisioi mare in 3°
To decrease problems caused by iiK*r>or duality, *o denti
£y contract shortcomings

To identify problem? and make them knov so that corrective
action car. be taken

To monitor all products presently.

What reports and information would be required by
vou9

Quality cost reports

Product safety soch reports

Reliability reports

Maintainability reports

Failure |ALLE
Is the time that information if received im-

portant?
As soon as possible

What data/informat ion is avail able which can be
used by such a system?

Build books
Classification of defects

Comments:

The analysis chould be based on how critical a part is. If
it is a very critical part any failures recorded should be

followed up by immediate action.
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Questlonaire

Qe

Name:

6

Organj sation:

Producer 1 (Engineering)

Is there a neei for a date feedback system?

Yes

What is the reason for the decision made in <

Need feedback of the products performance in the field.

Although such a system exists, which is claimed tc be working
well, one should try to imporve it.

What reports and information would be required ov

you?

A report of Mean Time Between Failures, would be the most impur-
tan:, but is its not believed that this can be achieved Defect

Environmeninet reports are important for analysis. Reliability.
Defects, Cause, Environment, Action etc must be captured

Is the time that information is received i».
portent?

As soon as possible; through the present channel information
38 lost or delayed for too long.

ta, information is av.,1 able which can be

ured b, jch a system?

ti. re bility is tested on sample sizes of new products
Rur. r" . data is only captured at Producer 1, and not once the
Os has obtai-ed it.

Comments;

It cannot be seen how any valuable reliability data c*o be cap-
tured by such a system.



Questional re

1. Name:
7
2. Organ!sai. ion:

Distribution

3. Is there a need for a data feedback system?
Yes
A. What is the reason for the decision made ir. 3?

Many unsuccessful a-fups have been made to develop such a sys-
tem, since the prest-uc & stem is not working properly.

5. What reports and information would be required by
you?

Reliability feedback is required. Other logistic problems that
are existing should alSo benefit from this information. Store,
spares, repairs etc can benefit.

6. Is the time that information is received im-
portant ?

As soon as possible

7. What data/information is avail able which can te

used by such a system?

None except for some very informal information.

8. Comments:

Difficult to obtain information since the system is so long
and a lot of information is lost and distorted.
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Questional re

1. Name:
8
2. Organisation:

Producer 1 (Engineering)

3. Is there a need for a data feedback system"
Yes
4. what is the reason for the decision made in V

For many products life is not qualified in house and data should
be used as design feedback

3. What reports and information would be required by
you?
Reliability information coupled to life including traceabilitv
of faults. Information on logistic, life, spares and maintenance
Is the time that information is received im-

portant ?

As soon as possible

7. What data/information is avail able which can be

used by such a system?
The data that is available is not sufficient

8. Comments:

The present system is not working properly.
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Questional re

1. Name:
9
2. Organisation:

User representative

3. Is there a need for a data feedback system#
Yes
4. What is the reason for the Decision made in 37

Only incident of failures are recorded at this stage.

3. What reports and information would be required by
you?

From the feedback action must be taken such as spares used,
rework made, replacemnts made and modifications.

One requires failure data as well as subjective opinions about
the products.

6. Is the time that information is received im-
portant?

The data capture should be continuous

7. What data/information is avail able which can be
used by such a system?

All parts are numbered and the locations and environment where
they are situated should not be difficult to determine.

8. Comments:
In the present system the communication chain is too long.
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Cluestionairc

1. Name:
10
2. Organisation:

Producer 1 (Programs)

3. Is there a need for a data feedback system?
Yes
4. What is the reason for the decision made in 3?

If there are more systems it will be easier to identify el.j.s
ting problems

5. What reports and information woul be -equired by
you?

What deficiencies exist, where requx: t .ts are exeeded and
technical data.

6. Is the time that information is received im-
portant?

As soon as possible

7. What data/information is avail able which can be
used by such a system?

A system of defect reporting

8. Comments:

All systems should work via "Programs" department.
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APPENDIX 11

Symbols used in the flow charts.

DOCUMENTATION

MANUAL INPUT

SORTING

PROCESS

EXTRACT INFORMATION

ENTER INFORM" mLON INTO TERMINAL
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APPLNDIX IITI

Proposed system |I.

Each sub-system is addressed in more detail as
well as the activities between the two
sub-systems. (i.e. activities between sub-system

1 and sub-system 2 were addressed as link 1,2)

Sub-sv stem 1

This is the data capture which takes place

in the "Users"” organisation by the
"Distributor™. The information (determined
very roughly in 4.A) 1 be captured by the
"Distributor" as wef as any other in-

formation about the "User" (i.e. his stocks,
size of business etc.) The system will in-

clude some means of motivation to obtain the

data as well as a carefully designed method
of minimal interference with the "Users"
activities. This will be achieved by making

use of psychological and communication tech-
niques and to collect only necessary data in

order to achieve the overall objective.

Link 12s This is the physical data capture

by the "Distributor™ from the "User".
Sub-system 2

The "Distributor” receives the data, ex-
tracts whatever he requires by use of his

own system to do so.

Link 2L3: This is only a dummy link.
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Sub-system 3

At this stage the "Distributor™ organises
the data according to the different Pro-
ducers. The sorted data will then be sent
away to the respective "Producers" on forms

designed by them.

Link : The data is sent from the

"Distributor” to the "Producer".
SuD-ssstem 4

The "Programmes" Department of the
"Producer" receives the data (it is company
policy that all external activities or in-
formation must operte through Programmes)
and passes it immediately to the 3uatlity

Department.

Link 45% The data is immediately passed on-

to the i,u»lit> Department.
Sub-system 5

The Duality Department records the data in a

computer dita bank or in ledgers thus en-

tering the information into an analysis
system.
Link \6: This is -nly a dummy link.

Sub-system 6
The data which has been recorded will be

analysed resulting in a number of reports

for various deoartments and organisations.
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This is a complete sub-system which will be
developed in more detail at a later stage
and will be achieved by a computer aided
data processing system. The data bank will

also include information generated by the

"Producer" (i.e. inspection reports, batch
numbers, dates of delivery etc.) The re-
ports will then be sent to Programmes for

further action on them.

Link 6.7; The reports are sent t ) Program-

mes.

Sub-svstem 7

Programmes receives the reports and sorts
out the reports which are ment specifically
for Programmes. The other reports are then
sent to the departments and organisations
for which they were intended. Eg. Logistics
obtains information about spares, Engine-
ering about product reliability and re-

spective failures etc.

Links 7.8, 7.9; 7,10; 7.11; 7.12; 7.13: The
reports are sent to various departments who

attach a "Recommended Action" report and
send these back to Programmes.

Sub-system B

The Engineering Department receives their

report and they analyse any problems wurvig

their own system. To develop such a system
is the responsibility of Engineering. lhere
ia a provision in the system enabling

Engineering to visit the "User" venue and

inspect products, defective parts, environ-

124/...



- 124 -

ment etc. Engineering analyses the specific
problem and writes a short "Recommended
Action" report which is sent to Programmes.
If the problem turns out not to be an
engineering problem, the report should be

sent to the department responsible.
Link 83: This is only a dummy link.
Link 8,11; 8.12; 6.13: In these links the

reports are being sent from Programmes to

the relevant departments.

Link 8,14: In this link the report as well
as the "Recommended Actions” are sent to
Programmes.

Sub-sstetr Q

In this sub-system a department identifies a
specialist or a group of people to investi-
gate a specific failure at the "User" end.
Programmes will in due course be informed as
to who the people are, what their plan of
action is to be and where t eir investi-

gation is to take place.
Link 9,10: This is a memo to be sent to
Programmes to inform them about the details
of a visit to the "User".

Sub-svstem 10

In this sub-system Programmes negotiates and

arranges with the "User" for a specialist

or group of people to visit the "User" lo-
cation in the shortest time possible.
Programmes will make wuse of their "After
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Sales Service" staff to fulfill this
function. During these arrangements, "After
Sales Service" should also feedback summary
of the data captured, resulting actions and

thank the "User" for his co-operation.

The information which the "After Sales
Service" Department captures during the
course of their work -ust be fed back to
Quality so that the results of the feedback
systems can be compared to those of the

"After Sales Service" Department.

Link 10,7:. These are the findings of "After

Sales Service" sent to Quality.

Link 10.1: These are visits by the "Pro-

ducer” to the "User"
Sub-system 1i

The Quality Department receives their report
and they analyse any problems by using their
own system. To develop such a system is the
responsibility of Quality. There is a pro-
vision in the system enabling Quality to
visit the "User" venue and ins-e't oroducts,

defective parts, environmei etc.

Quality analyses the specific problem and
write a short "Recommended Action Report”
which is sent to Programmes . If the
problem ti.rns out not to be a quality
problem, the report should be sent to the

department responsible.
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, ink 11,14: In this 110K the report as well
as the "Recommended Action Report" are sent

to Programmes.

Sub-svstem 12

The Manufacturing Department received their
report and they analyse any problems using
their own system. To develop such a system
is the responsibility of Manufacturing.
There is a provision in the system enabling
Manufacturing to visit the "User" venue and
inspect products, defective parts, environ-
ment etc. Manufacturing analyses the

specific problem and writes a short "Recom-

mended Action” report which is sent to
Programmes. If the problem turns out not to
be a manufacturing problem, the report

should be sent to the department respons-
ible.

link 12,9: This is only a dummy link.

Il mk 12,14: In this link the report as well
as the "Recommended Action Report" are sent
to Programmes.

bub-system 13

The Procurement Department receive their

report and they analyse any problems using

their own system. To develop such a system
is the responsibility of Procurement. There
is a provision in the system enabling

Procurement to visit the "User" venue and
inspect produ ts, defective parts, environ-

ment etc. Procurement analyse the specific
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problem and write a short "Rercmmender-
Action" report which is sent to Programmes.
If the problem turns out not to be a oro-
curement problem, the report should be sent

to the department responsible.

Link 13,9: This is only a dummy link.
Link 13.14: In this link the report as wel.
as the "Recommended Action Reports" are

sent to Programmes.

Sub-svstem 14

Programmes receives the "Recommended Action"
reports and takes action based on the recom-
mendations of the reports. The Programmes
department <can arrange internal meetings,
external meetings or negotiate with the

"User" and "Distributor™ to oecide on what

BC4ion could be taken. After Programmes
have decided on s definite action. the
"User", the "Distributor”™ and all depart-

ments in the "Producer" organisation have to

be informed.

Link 14,15: Programmes informs the

"Distributor" about any action taken.
Sub-system 15

The "Distributor” evaluates the repo:i ano
gives his inputs, or takes any actior re-

quired.

Link 15.16: The "Distributor™ inform? th-

"User" about any actions taken.
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S5ub-svstem 1B

Necessary negotiations are undertaken and
any actions which has been decided on, will

be fed back into the system.
Link 16.1! The "Users" are informed by

their organisation about the changes to be

implemented.
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APPENDIX I\
Proposed system 1Il»
Each sub-system is addressed in more detail as
well as the activities between the two
sub-systems.(i.e. activities between sub-system 1
and sub-system 2 were adressed as link 12

Sub-svstem 1

This is the data capture which takes place

in the "User" organisation by the "Pro-
ducer's"”, "After Sales Service" Department.
The failure or complaint data will be cap-
tured in mere detail than for System |

Link 1,2: This is the physical data capture

by the "Producer"” from the "User"

Sub-svstem 2

(same as sub-system A in system |

The "Programmes" Department receive the data

feedback reports from their "After Sales
Service " staff and extracts any information
they would require from it. This data will
be passed to "Quality" immediately.

Link 2,3: The data 1is immediately passed

onto the Quality Department.

Sub-svstem 3

(same as sub-system 5 in system |

The Quality Department record the data in a

computer data bank or in ledgers thus
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entering the information into an analysis
system.
Link : This is only a dummy link.

Sub-system 4

(same as sub-system 6 in system 1)

The data which has been recorded will be

analysed, resulting in a number of reports

for various departments and organisations.

This is a complete sub-system which will be
developed in more detail at a later stage
and will be achieved by a computer aided

data processing system. The data bank will

also include information generated by the

"Producer" (i.e. inspection reports, batch
numbers, dates of delivery etc.) The re-
ports will then be sent to Programmes for

further action on them.

Link ~5: The reports are sent to Program-

mes .

Sub-system 3

(same as sub-system 7 in system 1)

Programmes receive the reports and sort out
the reports which are meant specifically for
Programmes. The other reports are then sent
to the departments and organisations for
which they were intended. E.g. Logistics
obtains information about spares, Engine-
ering about product reliability and respec-

tive failures etc.

Links 5*; 5.7; 5.9; 5.10; 5.11; 5.8: The reports

are sent to various departments who attach a
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"Recommended Action" report and send these

back to Programmes.

S5ub-s> stem 6

same as sub-system 8 in system 1)

The Engineering Department receive their re-
por and they analyse any problems using
their own system to do so, To develop such
a system is the responsibility or Engine-
ering. There is a provision in the system
enabling Engineering to visit the "User"
venue and inspect products, defective parts,
environment etc. Engineering analyses the
specific problem and write a short "Recom-
mended Action"” report which is sent to Pro-
grammes. If the problem turns out not to be
an engineering problem, the report should be

sent to the department responsible.
Link 6.7: This is only a dummy link.
Link 6Q; 61(J; 6,11: In these links the re-

ports are being sent from Programmes to the

relevant departments.

Link 6,12: In this link the report as well
as the "Recommended Actions” are sent to
Programmes.

Sub-system 7

(same as sub-system 9 in system 1)

In this sub-system a department identifies a
specialist or a group of people to investi-
gate a specifii .'eilure at the "User" end.

Programmes will in due course be informed
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as to who the people are, what their plan of
action is to be and where their invest-

igation is to take place,

Lini< 7.8: ihis is a memo to be sent to

Programmes o inform them about the details

of a visit to the "User".

Sub-system 8

(same as sub-system 10 in system 1)

In this sub-system Programmes negotiates and
arranges with the "User" for a specialist
or group of people to visit the "User" |lo-
cation in the shortestpossible time.

Programmes will make use of their "After
Sales Service" staff tofulfill this
function.During these arrangements, "After

Sales Service" should also feed
back a summary of the data captured, result-
ing actions and thank the "User" for his

co-operation.

The information which the "After Sales

service capture during the course of their
work must be fedback to Quality sothat the
results or the feedback systems can be
compared to those of the "After Sales

service' Department can be warned.

Link : These are the findings of "After

Sales Service" which are sent to Quality.

Link 81! These are visits by the "Pro-

ducer” to the "User"
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Sub-system 9

same as sub-system 11 in system 1)

The Quality Department receive their report
and they analyse any problems by using their

own system. To develop such a system is the

responsibility of Quality. There is a pro-
vision in the system enabling Quality to
visit the "User" venue and inspect products,

defective parts, environment etc.

Quality analyse the specific problem and

write a short "Recommended Action Report"
which is sent to Programmes. If the problem
turns out not to be e quality problem, the
report should be sent to the department

responsible.
Link 9,7: This is only a dummy link.

Link 9.12: In this link the report as well
as the "Recommended Actions Report" are sent

to Programmes.

Sub-system 10

.same as sub-system 12 in system 1)

The Manufacturing Department receive their

report and they analyse eny problems using
their own system. To develop such a system
is the responsibility of Manufacturing.
There is a provision in the system enabling

Manufacturing to visit the "User" venue and

inspect products, defective parts,
environment etc. Manufacturing analyses the
specific problem and write a short
"Recommended Action"™ report which is sent to
Programmes. I f the problem turns
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out not to be a manufacturing problem, the
report should be sent to the department

responsible.
Link 10,/: This is only a dummy link.

Link 10,12: In this Ilink the report as well
as the "Recommended Action Report" are sent

to Programmes.

Sub-system 11

ssm' is sub-system 13 in system 1)

The Procurement Department receive their
report and they analyse any problems using
their own system. To develop such a system
is the responsibility of Procurement. There
is a provision \n the system enabling
Procurement to visit the "User" venue and
inspect products, defective parts, environ-
ment etc. Procurement analyses the specific
problem and write a short "Recommended
net ion report which is sent to Programmes.
I f the problem turns out not to be a
procurement problem, the report should be

sent to the department responsible.
Link 11.71 This is only a dummy link.

Link 11,12: In this link the report as well
as the "Recommended Act ior Report" are sent

to Programmes.

Sub-system 1"

(same as sub-system 14 in system 1)

Programmes receive the "Recommended Action

Reports” and take action based on the recom-
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mendat ions or the report. The Programmes
department can arrange internal meetings,
external meetings or negotiate with the
User and "Distributor” to decide on what
action to be taken. After Programmes have
decided on definite action, the "User",
the Distributor' and all departments in the

"Producer organisation have to be informed.

Link 12,13: Programmes informs the "Distri-

butor"” about any action taken.

Sub-system 13

same as sub-system 15 in system 1)

The Distributor"” evaluate reports and gives

his inputs, or takes any action required.

Link 13,14: The "Distributor”™ informs the

"User" about any actions taken.

Sub-system 14

(same as sub-system 16 in system 1)

Necessary negotiations are undertaken and
any action which has been decided on, will

be fed back into the system.

Link 14,1: The "Users" are informed by
their organisation about the changes to be

implemented.
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mendat ions of the report. The Programmes

department can arrange internal meetings,
negotiate with the

external meetings or
"User" and "Distributor" to decide on what
action to be ta'en. After Programmes have

decided on a definite action, the "User",
th“ Distributor” and all departments in the

Producer' organisation have to be informed.

Link 121 2i Programmes informs the "Distri-

butor”™ about any action taken.

Sub-s\stem 13

same as sub-system 15 in system 1)

iho Distributor” evaluate reports and gives
his inputs, or takes any action required.

Link 13,14: The "Distributor"” informs the

User about any actions taken.

Sub-.vstem 14

same as sub-system 16 in system 1)
Necessary negotiations are wundertaken and
any action wh.ch has been decided on, will

be fed back 3"to the system.
Link 14,1: The "Users" are informed by

their organisation about the changes to be

imp 1emented.
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APPENDIX V

Proposed system 111.

Each sub-system is addressed in more detail as
well as the activities between the two
sub-systems. (activities between sub-system 1 and

sub-system 2 were addressed as link 12)

Sub-system 1

Information about a defect or equipment
shortcomings are reported on a defect report
form in the "User" workshops. The product
concerneo is labled with the defect report
number and is stored such that it can be
referred to at a later stage. The report
includes a number of carbon copies which are
sent to the specified departments in the

"User" organisation.

Link 1.2: A number of copies of the defect

report are sent to the area head office.
Sub-svstem 2

At area headquarters, the reports are
analysed and if the defects are the results
of mishandling of equipment they are refer-
red back to the "User". A plan of action is
decided on. This action will be implemented
in the workshops and the defect report will
be considered as taken <care of. If the
above sit tion does not prevail, copies of

the mport are sent ti the main headoffice.
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ink 21 4: A numbt j ol copies of the defect

report are sent to the main headoffice,
Sub-system 3

The defect reports are received by the main
head office where a decision about action to
ne taken is made, cased on the defect report
and inputs by the area headoffice. The main
headoffice can decide to either repair,
modify or replace parts or products or to
refer the defect back to the "Distributor"”.
In the latter case a copy of the complete

defect report with inputs from the area and

main headoffice are sent to the "Distri-
butor”.
Link a i The defect reports is sent from

the "User" main headquarters to the "Distri-

butor™ .

Sub-system 6

(same as sub-system 2 in system 1)

The "Distributor" receives the data and

extracts whatever he requires.
Link A5: This is on*y a dummy link.

Sub-system 5

same as sub-system 3 in system |I)

At this stage the "Distributor"” organises
the data according to the different Pro-
ducers. lhe sorted da a will then be sent
away to the renpectivr Producers on forms

designed by them.
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Link 76: The date is sent fro,,' the "Distri-

butor™ to the "Producer".

Sub-system 6

,same as sub-system 4 in system |

The "Programmes" Department of the "Pro-
ducer"” receive the date and pass i

immediately to the Duality Department .

Link 6,/ : The data is immediately passed

onto the Quality Department.

Sub-system 7

vsame as sub-system 5 in system 1

The Qu epartment record th data in a
compu. a bank or in ledgers thus
entering  he jinformation into an analysis
system.

Link /,8: This is ¢ 1y a dummv link.

Sub-system 8

same as sub-system 6 in system 1

The data which has been recorded will be
analysed, resulting in a 'umber of reports

for various departments and organisations.

This is a complete sub-system which will be
developed in more detail at a later stage
and will be achieved by a computer aided
data processing system ihe data Dank wij,

also induue information generated b\ the
"Producer"” (i.e. inspection reports, beirh
numbers, dates of delivery etc.) The report
will then be sent to Programmes for further

action on them.
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Link 89j The report is sent to Programmes

Sub-svstem 9

same as sub-system 7 in system |I)

receives and sorts out the
for

Programmes
reports which are meant wmnecifically
The other reports are then cent
for

Programmes.
to the departments and organisations

which they were intended. E.g. VLogistics
obtains information about spares, Engine-
ering about product reliability, and re-

spective failures eve.

Links 9.10: 911; 9,12; 9,13; 9.14; 9,15: The
reports are sent to various departments who
attach a "Recommended Action" report and
send these back to Programmes.

Sub-system 1Q

(same as sub-system 8 in system 1)

The Engineering Department receive their
report and they analyse any problems using
their own system to do so. To develop such
a system is the responsibility of Engine-

There is a provision in the system
the "User"

ering.
enabling Engineering to visit

venue and inspect products, defective parts,

environment etc. Engineering analyses the

specific problem and writes a short

"Recommendeo Action" report which is sent to

Programmes. If the problem turns out not to

be an engineering problem, the
be sent to the department responsible.

report should

Link 10,11: This is only a dummy link.

HO /...
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Link 10,13; 10.14; 10,15: In these links the
reports are being sent from Programmes to

the relevant departments.

Link 10,16: In this link the report as well
as the 1M1MRecommended Actions Report" are sent

to Programmes.

Sub-svsterr 11

(same as sub-system 9 in system 1)

In this sub-system a department identifi d
specialist or a group of people to invest-
igate a specific failure at the
"User's" end. Programmes will in due course
be informed as to who the people are, what
their plan of action is to be and where

their investigation is to take place.
Link 11,12: This is a memo to be sent to
Programmes to inform them about the details

of a visit to the "User".

Sub-system 12

(same as sub-system 10 in system 1)

In this sub-system Programmes negotiates and

arranges with the "User" for a special, t
or group of people to visit the "User" Ilo-
cation in the shortest possible time.
Programmes will make use of their "After
Sales Service" staff to fulfill this
function. During these arrangements, "After
Sales Service” should also feed back a
summary of the data captured, resulting
actions and thank the "User" for his

co-operation.
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The information which the "After Sales
Service" captures during the course of their
work must be fed back to Quality so that the
results of the feedback systems can be
compared to those of the "After Sales

Service" Department.

Link 12,9: These are the findings of "After

Sales Service" sent to Quality.

Link 12.1: These are visits by the "Pro-

ducer” to the "User"

Sub-system 13

(same as sub-system 11 in system 1)

The Quality Department receive their report
and they analyse any problems by using their
own system. To develop such a system is the
responsibility of Quality. There is a pro-
vision in the system enabling Quality to
visit the "User" venue and inspect products,

defective parts, environment etc.

Quality analyse the specific problem and
write a short "Recommended Action Repo-t"
which is sent to Programmes . If the pro-
blem turns out not to ue a quality problem,

t report should be sent to the department

responsible.
Link 13,11 : This is only a dummy link.
Link 13,16: In this link the report as well

as the "Recommended Actions Report" are sent

to Programmes.
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Sub-system "4

same as suo-system 12 in system 1)

The Manufacturing Department receive their
report and they analyse any problems using
2de.ir own system. To develop such a system
is the responsibility of Manufacturing.
There is a provision in the system enabling
Manufacturing to visit the "User" venue and
inspect products, defective parts, environ-
ment etc. Manufacturing analyses the speci-
fic problem and write a short "Recommended
Action” report which is sent to Programmes.
If the problem turns out not to be a manu-
facturing problem, the report should be sent

to the department responsible.
Link 14,11: This is only a dummy link.

Link 14,16: In this link the report as well
as the "Recommended Actions Report" are sent

to Programmes.

S5ub-s\ etern IS

(same as sub-system 13 in system 1)

The Procurement Department receive their
report and they analyse anyproblems using

their own sva cm. To develop such a system
is the responsibility ofProcurement. There
is a prov. ion in the system enabling
Procurement vis.t the "User" venue and
inspect produc. ., defective parts, environ-
ment etc. Proc "ament analyses the specific
problem and w 11e a short "Recommended

Action Report" which is sent to Programmes.

If the problem turns out not to be a

143/...
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procurement problem, the report should be

sent to the department responsible.
Link 15,11: This is only a dummy link.

Link 15,16: In this link the report as well
as the "Recommended Actions Report" are sent

to Programmes.

Sub-svstem 16

(same as sub-system V in system 1)

Programmes receive the "Recommended Action
Reports” and takes action based on the
recommendations of the report. The Program-
mes department can arrange internal meet-
ings, external meetings or negotiate with
the "User" and "Distributor™ to decide on

what action could be taken. After Program-
mes have decided on a definite action, the
"User", the "Distributor™ and all depart-

ments in the "Producer" organisation have to

be informed.

Link 16,17: Programmes informs the

"Distributor"” about any action taken.

Sub-svstem 17

(same as sub-system 15 in system 1)
The "Distributor™" evaluates reports and
gives his inputs, or takes any action re-

quired .

Link 17,18: The "Distributor™ informs the

"User" about any actions taken.

u4/ ..
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Sub-system IB

‘same as sub-system 16 in system 1)

Necessary negotiations are wundertaken and
any action which has bean decided on, will

be fed back into the system.
Link 18,1: The "Users" are informed by

their organisation about the changes to be

implemented.
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Sub-system 16

(same as sub-system 16 in system 1)

Necessary negotiations are undertaken and
any action which has been decided on, will

be fed back into the system.
Link 16,1; The "Users” are informed by

their organisation about the changes to be

implemented.
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APPENDIX vi

ELANS FOR vapfAD| FQ f.1f1r| [t]].

ML-STD-414 1S CHARACTERISED BY

INDEXED TO AGL
LOT-LY-LOT ACCEPTANCE SAMPLING

NORMAL, TIGHTENED AND raucED INSPECTION LEVE:sS

THREc measures of variability can be used:
KNOWN STANDARD DEVIATION <T

ESTIMATED STANDARD DEVIATION S
AVERAGE RANGE R

166/...
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Companion ol *ur,!,u,« md »inibl« S—

Fcwure

Impvctkw

Distribution of
individual
Bieasurrmuntt

T>pc of defect

Sumpic me

Process information

Severity

Evidence to
supplier

Measurement
errors

Screened lots

Allribules

Each item classified as defective
or nondefoctive Co no-go
gnpcs may be employed

Need not be known

»ny number of defect types can
be assessed by one plan
Depends on protection required

Percent deft -tive

* eights all defectives of a given
kind equally
Defectives available as evidence

Measurements not recorded

No effect on performance of
plan

Plirn for Ptrcont Defectivi

Vanabins
Each item measured Inspectlor
more sophisticated, fuglier

inspection and clerical cost
M uml be known (normal usually
assumed)

Separate plan required for each
type of defect

Smaller sample size (or same
protection as attributes (at least
30% smaller®)

Percent defective plus valuable
information on process average
and variability for corrective
action

Weights each unit inspected by
its oro.unity to specifications

Possible for lot to be rejected on
sample containing no defective*

Measurements avaiiiiblc for
review

Screened lots may he rejected
in error even though they
contnin no defectives

Companion of Variables and Alfr .yiet Sample aim *

Pi' = 00109 e = 0.05
P« 00535 gsQio
2=
Single sampling attributes ,0«
Venables s uUs
eknown ... - S
* unknown (si ... K,

a unknown (A of croups of 5)
Seoucniid Syfrpniic o known IASN alp,). j03

Based on MIVSTD I0SD. Code K. 1* AVL

1471...
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*PBliMlion of Mil STD-414*

Section Form 1 Form 2
Preparatory Obtain | andn  , Obtain M and n
from appropriate from appropn .te

tablet

Determine Section B
critrn* l.i

(U-X)*

Section C
Ik!

ﬁrmr,f) tu- X)v

X - L)u

Emni.jiion
Enter table with
n and Ornr
Acti ''meelrr or pr
ction ;
Single Accept if Accept if
ipeoficition
Ty > hot TL > kev< MorpL < M

Poubl_e _ AeccP’ '<t j Accept if =
ipectfication .
T( > k.Ti > h |pc +PL<,v

»nd »< MSD
™ h < MAP

e = scale factor.

1 No» official procedure.
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/4L HUI. ML Ut. .
jh 1:CAL DEFECTS ;IE INOPERATIVE

JR Uf,USABLE PRODUCT) AND MAJOR DEFECTS (IE SERVICE CALL
OF ASSEMBLY OPERATIONS ARE (1974):

REQUIRED'
ASSEMBLY
ASSEN PRODUCTS AOQL(%)
SIMPLE IRONS, MIXERS, HEATERS, SMALL

RADIOS, CLOCKS, CLOCK RADIOS, CAR

RADIOS, IGNITION SYSTEMS,

BATTERIES, ALTERNATORS 011

1

INTERMEDIATE MONOCHROME TV SETS, STEREO AM-FM,

STOVES, REFRIGERATORS, FREEZERS,

AIR CONDITIONERS, COLOUR CATHODE

RAY TUBES 1175
COMPLEX SINGLE UNITS OF LARGE ELECTRONIC
PRODUCTS SYSTEMS, TRANSMITTERS, CARS,

COLOUR TV SETS, MINICOMPUTERS,

NUMERICAL CONTROL UNITS, MOBILE

COMMUNICATION SYSTEMS 7543
COMPLEX ASSEMBLIES OF COMPLEX PRODUCTS,
SYSTEMS RADAR, SONAR, FIRE CONTROL

SYSTEMS,

aP



APPENDIX VII

Data used for Oummv run.

Data was generated for the return

entered into a computer to sort
The detailed information which

given in this appendix.

DATE =63/0/20

Pte-T »ClI
DESC *Pl A
ENV =TR
°RCCNC-=i
PRCCE3=A
P°1tT*5P =ClI
AGE * NE
PAH =9?

cCR» *CO1

DAT? =63/04/ 2fi

=C2
DESC =NUT
ENV
PRCONG* 1
PRCDE S*A
Pewu-RE P= C2
AGE *NE
CAIL *FU
PC4» =3C2
DATE =33/04/26
9Anr =03
DESC *3CL T
ENV «TR
P» :CcNC =1
PRCCE 5*4
P*I*EP =
AGE =N£
FAIL =4R
FCRP =303
DATE 62/04/20
P4B.T
DESC *LSV5R
ENV mTR
PP CDNJ=1
PRCCES'A

P<veroc p«

cards, anr ther

information.

was entered

« Ut =|, -
cAlt =F.
co» » =0h4

DATE =33/04/2t>

PACT =c-»
DESC =NuT
ENV zTD
PPCC',3* 1
°RGCES=A
P4erPF P=c;
AGE =u:
“AH =87
=nr v -
=a; ZO«
PAR? ='C
DESC ..c..
ENV =T?
PRCDNO*I
RRDDE S=A
Pvzr REP=
AGE =US
FAIL =FL
FCRV =336

DAT? =6 2/C* /0

v4“r =0f
'Sc =CnA:N

ENV aT?
PRCDNC = 1|
PRCDES=A
RAITRF P=

AGE =vs
FAIL =4R
-CPv =*c"

CATE =<3/07?/*;
Pact *n7
DESC =PIP?
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OATc =e3/05/J5

wer =oa

2-SC =CYLINOEP
ENV  =[?
PRCDNC=1
PRQDES*A

Mct *5 p=ce

AGE  =USs

FAIL *pq

Fo1P *012

MzZT  =c3
""ESC =PCIT
E\'V =CP
P«CCNC= 1
PR3C=S*a
fherREP=C3
«GE =UG
FAIL *3R
FCIf =013

CAa:c =53/C6/25
wer «C3

&SC *»CL T

CNV «Qp
PRCGNC* 1
P»:05s*A
PP*r*EP=C3
AGE  *U3
FAIL *3R

*ci4

3ATE *83/06/25
P*8T  *03

3ESC *HCLT

EW *CP

e» COVr,'si
PPCCES*A
A#)RTPEP*C3

E\V sTq
°RCCNO*1
9R:CES=A

RE F=07
AGE *t S
FAIL *BR
FCR» =003

Oarf *33/05/03
P\C+ .c2

CESC * NUT

5NV *T?
PRCCNQs i

PROCEf J

PPCn.'E P--C2
AGE ay;
FAIL =agq
r CR» =009

SATE *43/05/03

P4-f2T =06
-Esc  =cnain
Env *rq
PRCONC* |
PR3DE3*A
PwrREp*06
AGE  *(i$
FAIL *3R
FCRP *C1C
AATE =53/05/06
pA»r =cl
GESC =PIA
ZNV «TR

00 CCNC* 1
PRCOES*A
PftftrRE R* CI
AGE =ub
fajl =9
FCRP *011

151/..



AGE «US
c AlL =3A
PCSP *C13

Date =53/06/25
pwr *c3
DESC =9CLT

ENV *CP
PRCDNCel
PRODES=A
f%nREP=C3

AGE =US

fail =ea

=0%P =014

DATE =91/06/2=
fact *09

CES5C =CRIVE
5-NV «CP

PR COND* 1
PROCES-A

VA<rrRE P=cs

AGE *L'S

FAIL sCU

FC«P =C15

DATE =53/06/29
Pn'tr *03

CESC AT

Er.V --cp
P»CCNO=1

PRCD cS=A

MfjP EP« 03

AGE =US

cAIlL =3°

CC’P =016

DATE =33/06/23
P**«r *01

DESC *PIN

151

CK/ =CP
PPCCNC=1

P;CDES=A

PRCfRE P=C 1
AGE =L5
FAIL =3%
FCRP =018

DATE =€3/06/27?
PhOr *10

DESC =CONTROL S
ENV =rp
PRCCNC* 1

PROCc S* A
***rREP=io

AGE =vS

fail =5R

pc:is» =ci7

DATE =93/06/29
P6e.r =07

DESC *FTP=

XV *TR
PRCCNO*1

PRDDE S=A

PAtnE p=C7

AGE =UsS

Fail =9R

cCR» =019

AT f =33/36/20
p*fr *03

-ESC =20LT

ENV =p

PR GONC* 1
PR35:5=A

merRE F=C3

AGE =LS

FAIL *3R

Fc?» =:?c
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AGE =U5
PAIL =33
FC3 =079

DATE =83/06/23

Pear =03
DESC =6CL T
6 NV = 0P
PP. CDN0=3
PRODE s* A
M?TRE P=0 3
AGE =LS
FAIL =8R
PCS* =C*C
LATE =33/06/28
=03
DESC =8uL T
EKV *CP
PROCNC* 3
PR ODE S=A
PAPTPEP=03
AGE =U3
FAIL =83

FC3P =031

OflI-E =83/06/23

Pmav =io
DESC «COKTRCLS
E»'V =CP
poQONO=3
PRCCE3*A
POCTREP=10
AGE *Us
PAIL =9%

=032
DA-F =83/36/29
Pnrr *23

DESC =hE AT INC

152

E\v rop
PRCDNfa 3
po 7CE .
Phzibf ,<.j
ACE =LS
PAIL =9R
PC*P =093

OAT? =83/06/29

Pn@r =03
DESC =3CLT
ENV = OP
PRCONO* 3
PF;0C.ES =A
PRBPEP* 03
AGE =us
PAIL =2R

PORK =08 A

DATE =93/06/29
HART =03

DESC ®3CLT

ENV =CP

PR CONC=3

PR3CES =A
PRRREP* 03

AGE =usS

PAIL =47

FCRP *0 85

CATE *93/06/29

PW * 16
DESC *CA9LS
ENV «c?®
PRCCNO= 3
PRO7' =, =4
PWRE P=16
AGP *us
PAIL * br
FQRP =096

153/...



CATE =33/06/30

P*FT *07
CESC »P!PE
5NV =0°
PtCDNC=3
PROCES=A
99CTRE P*C7
ACE sUS
FAIL =33
FCPM =C38

DATE =83/06/30

Pear *03
D6SC =3QLT
F NV *CP
PRCONQ* 3
PRGDES*A
PM#RFP=C3
AGE *JS
FAIL =*R
FCRP =0 39

CATE =83/07/01

pier *oi
CESC =o0|N
ENV =CP
PRCOfn =3
°RCDCS=A
fAerRE P=0I
AGE =uS
FAIL * 8R
FORM =090

CATE *83/57/01
ANZ Tt , N

CESC -WHEEL
FNV ajo
P7CCV5=3
PRCHESaA

=3gTKE « 11

153

AG= =US
FA»c =3A
F'PK =591

CATE =8 3/57/04
FYitur a03
oesc *BCLT

ENV *CP
PRCONC* 3
PR 3CE S*A
W7TRE P= 03
AGE *US
FAIL =8R
FCRF =092

CATE =33/07/05
Pier « 19
CESC * L TUcE
5*.v =C9
PRCi>NJ=3
PR3C?S*A

IP; P=19
AGE =u S
PAIL a 3R
FGR £ =093

CATC *83/07/06

PRT ,o0i
DE5C *PIN
?2NV *CP
PR CCNC* 3
PROCS S* A
PKTTRE P* 51
AGE *UsS
fail * 3r
=C7TP *044

DATE =63/07/06
P4&T *03
OESC *3CLT
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e W =0P
PRCCNO0=3

PR1D=S=A

F*>crRFp-n3
AGE =Us
FAIL =%R
FGRP *096

DATE *63/07/06

i>ier =12
C5.SC =AXEL
ENV =0P
P° CDN3= 3
pRGC=S*A
PiWTPEP* 1 2
AGE *LS
cAlL =6R
PQRH =C37

DATE *83/07/06

PACT *19
DESC =CUTL:T
FNV *CP
PRCDNC*3
PROCES'A
PACTRE P*

AGE *Us
FAIL *83
FC3R *038

nATE *A3/C7/0'

Peer «C3
DESC -COLT
E6V *CP
PRCON>3
PPICES*A
PALTRE P*01
'35 *Us
-STL *93
FC»P *099

CATE *33/07/07

PS&r * 17
CESC *AX£L
ENV N
PRCCNQ*3
PROOF S*A
PVREP* 12
*Cr *US
FAIL =8°

FCRP * 100

CATE *83/07/07

pmKT «C7
CESC =31PC
ENV *C°

PR CANC * 3
ORCUES--A
*AtrRE P*C 7
AGE *1S
FAIL *3R
pCRP =10)

"ATE *83/07/09

PAICT *03
resc =301t
ENV *C3
PRCDNO* 3
PR3CES*A
AttIRE P*C3
AGE *US
FAIL *9R
CQRP *102

CATE *87/07/09
P5AT *12

DESC *AxEL
ENV =CP
PRCCNO* 3
PRCDES* A

ARTRE P* 12
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AG: »U3
FAIL «3»
=C%P *103

GATE *33/07/09

PART =03
CESC =8CLT
EKV- =CP
PRCCNO0=3
PRODES*A
mflWcP*03
AGE =uS$S
FAIL =qq
FCRf *104

CATE =33/07/09

PRGT *01
CESC rt»!N
ENv =rp
PRCON:*3
PR 3CE3*4
P42?*EP*31
AGE *uS
FAIL *3r
FCA" *1C5

GATE *93/07/ 10

P4&T "03
DESC *9CLT
ENV *CP
PRCONC* 3
PR30E S* A
PmerRE P*03
AGE =u$s
cAlL *3R
FC k =106

GATE *93/07/10
* ci
CcSC *PIn

ENV =QP
PRCDNC=3
PRCDCS=A
PGCTPEP=C1
AGE =u $
FAIL *3R
FDRk =107

GATE *93/07/10

Pact =o1
DESC *PIN
ENV =0P
PRCCN3* 3
PRDDES*:
P9BTR? P*C1
AGE =LS
FAIL *£R

FORk * 1A9

DATE *93/07/ 1C

P4Rr *IC

GcSC iCPNTRCLS
ENY =CP
p?ccn:*3
PROOES*A
wwrREP* 1?

AGE *US

FAIL *3R

CCRk =109

CATE x-13/37/11

PORT =25
CFSC *SLE EVE
FNv *no
PRCON 3*3
PROD-:;*-!

OftfTR'. PT .'S

AGE -Us

FAIL *FJ

-D?k =:>C

156/



Mer =03
DESC «BCLT
PNV =GP
r>SCD.N3»3
PRODES3 A
pqRTRE P=03
AGE 3LS
FAIL 3BP
FG3IM =111
CATfe =83/
RBer =13
DESC *C 'M
ENV =CP
PR CDNC= 3
PRDC£S=A
fnerREt»* 13
ACE *LS
eAlL =3R
FCRK -r 2

QAT =93/ig4/21

Pmer *02
DESC *NUT
ENV aT3
PR CDNJ - 4
PROSES a A
liveTREP* g 2
AS: =NC
=AIL 30R
'CRM  *113

"ATt =33/04/26

*

omtT 7
of Lr *PIP?
if.l/ 3TR

f- ;Anc*4

PR 2CE S*A
pAeWEP*C7

156

AGE 3NE
FAIL =B»
PC?* 3114

DATE *83/04/26
PART" =20

DESC =DCCR
ENV =TP
PRCCNO*4

PR3Lt 3*A

Pf)<2PE P= 20

AGE *NE

FAIL =FU

FCRP =115

IATE  =83/04/26

pp.tr *?1

DESC =LIGht

EIW *T5

PR CDNO0=4

PRCDES*A

fWCTRE P* 2 1

AGE *N E

FAIL =33

F=RP =116

DA’ =33/9Q/:3
* 02

DESC =NUT

EKV =rq

P® CDN3=4

PRGrES*A

PNRREPsO?

AGE *uUs

cail «3r

cCG?2* =117

16571...



ENV =T3
PRCCN'D*4
PRODES=A
fWrRc P ,03
AGE ulS

c AlL «3R
FORM »IIfl
-ATE =f3/05/C3
Pner =03
oesc =BCLT
ENV =TR
PRCONO»4

°R 3C ES*A

W mE D=03
AGE us
cAlL =SR
FOR" =119

DATE *33/05/03

*12
DEGC *AXEL
ENV =TR
PROCNOs*
PROCES* A
#WRE P*n
AGE * Us
FAIL =%
ey<r *120

DATE *33/05/ 33

?eer =36
DESC -SEALS
f NV *TP
PRCDNC=A
PRDDE S* A
ilerPEF=2s
AGE =US
cAIL =30
CCRP =121

157

CATE =33/05/03
°Aer =ci

DESC =P!\

ENV =T»
PRCDNO-4
PRCD6S-A
A*TREP=C1

AGE -Us

fail =sr

FCsr *122

DATE =33/05/06
Wittr *IT

n-gc *inlet
ENV *TR
PRCCNO-4

PR ODE S= A
pAerREA-i?

AGE =LS

=AlL =R«
FC'> - =123

AATE *33/05/0

P4qr =16
DESC =CA 3LE
CNV =70
PRCLNC**
PRDDES-A
PWEP- 16
ACE «uC
FAIL *99

FC*P =124

1581/...



DATE »13/36/93

PWtT *11
DESC =WHEEL
ENV =0P
PRCDNC* 1
PROD5S*A
f»p,REP=II
AGE =US
FAIL *83
FC3f *021

Date *83/06/31

Peer * 11
DESC *hMEEL
cKV =CP
PRCCNQ* 1
PR:DES* A
PfterREP*! 1
AGE =LS
FAIL =)
=CRP 12

CATE *83/07/04

pfscr *03
OESC *83LT
ENV *CP
BRCCkC*1
PROD? S* A
PA:3*EP*C3
AG? *'JS
FAIL «9P
PCRR *323

ATE «13/07/04
mgr  *10

ESC *CONTRCLS
NV »ro
'CC'10* |
tCCESsA
fHfR?P* 1C

158

AGE *us
CAIL =94
*02 A

CATE *83/07/07
Fner =oi

OESC *“PIl 6

ENV *CP
PRCDNO* |
PRCu?S*f

AierRE P=0 1

AGE *Us

FAIL *9R

FORM *025

DATE
PftCr
DESC
ENV
PRCON:
PROOFS
"“W>E P
AO?
FAIL
CCRM

CATC =83/07/

PFTRr *03
CESC *3:LT
FNV *3P
PPCDNC*1
p»CL?S=A
WymRE P* C3
AS? *us
FAIL »8R
FCRM *327

CATE -+3/07/10
r=run *! 3

OESC * MCLr

159/...



EW rep
PRCDN2= 1
PR3CES=A
P*%%EP=C3
AGE =US
PAIL =3R
FCRf =028

DATS  **-3/04/20

trtntr *02
DESC =NUT
ENV *TR
PRCONO* 1
PRcnes=A
pterie 0=C2
AGE =NE
PAIL =3R
COR“ *029

DATE =53/04/20

PARr =04
DESC =LFVER
ENV =TR

PR CDNO=2

°R DDF S=A
PfiPTRE P=C4
AGE =NE
PAIL =BR
FORP *03c

OATE =83/04/26

PA» =11
DESC sWHEEL
"NV *TR
PRCCNO0»2
P»CCES«A
PACT»E P= 11
AGE «US
PAIL *09
FCRP =031

159

DATE =83/04/26

PART =02
Dt SC =\LT
ENV =TR
PR CCNO* 2
PRODES=A
ftiwSEP*C2
AGE =US
FAIL =93
FCPP =032

OATf =52/05/03

POPT =02
DESC =NUT
ENV *r«
PRCON'*2
*R3D:S=A
fhi2yREP=02
=us
FAR =9R
FCRP *033

DATE =63/05/06

p*er =03
DESC =9CLT
ENV TR
PRC: ,*<
PR3D*5=A
merR:P =C3
AGE *Us

t AlL =39
FCR* =034

DATE =63/06/23
*13

DFSC “CAM

E\v *CP

P° CCNO* 2

PRODES-A

Pocrpfp* 13

160/...



JAT: =43/76/

PflC- -f 1

esc *

*'v =or

CvNQ =

TR]DES=A

°ftCTHF P=C j
AGC >uc
BAIt Sy5
OATE —e )/ !
°fle- -1-

NES( -FXr . *
. XV
u'RCDV.:

"O0CE5- ¢

* '

A - i./"hl/2F
°yirr i
DESC iWHp-i
r fjv zCP
ORGDNr =?
PR:CES=6

Ps’ i

a« » <

A;.

rNV =CP
PRCCNO=?
PRCBES=A
AyerRE F=07?
AGE =US

PATU =3P
enrk =r3%

Af: *63/0'/ "

ASr s07
e;c  =pipc
NV aCPp

ppCDKk :=?

ppjoes=a

PP,eirPc 0=C"

AG *Us

"a; 7(1

=33/oal:«
=se- -c3
EG s33L*
r'7
-

PRIDES*A

~"BT»- P=C A

AG: =u.c
*Ait =y?
r?i =CA1

’

'ATL 733/06/3:
pmiT 711
YESC aCAy
' W 30P
'RCUVO
;C.E3=
mcrR uP=;
Al* ell j
ma: . 7 5

ml 32



DA~E *83/06/30

PACT * 15

DESC sSuPPORT
ENV =CP
P%3CN0=2
PROD5S=A

FAarRE P*

ar,= ='JS

FAIL =S8R

POtM =043

DATE =63/37/04

"ACT =01
CESC =01A
ENV =CP
PRCCNC=2
proce:.= 6
F=C 1
AGE *L5
=Ait *FB

FCRP =C44

OATE =33/07/04

PnCr *03
DESC =3CLT
ENV =CP
FA:C\3=3

P9 0D€S=A
Fnrn-'E o= 07?
AGE =LS
FAIL =36
FC4" *04 5

"ATE * 53/C7/Q5
PART *03

DESC =3GL~

ENV =JP
PRCDNC*2

PROC S3* A

”e?rsE F* C3

1n

AGS =us
=AIlL =8R
=0RV =04/
UAr= =83/07/0"
P4%r =33
DESC =3CL~*
ENV =0=
PRCDNC* 2
PP.DCCS=A
P=C3
AGE =us
cAlL =3R
cCPF =04"

:ATE =33,37/ =

o«,eT =10

DESC =CCT,TRCL S
ENV =:p
PRCDNO0*2

POCDE 3*4

PS67RE o= 10

AGE =L'S

cl!L «3R

i:?* *046

DATE =53/37/06

PRCT *0 3
DESC =3CLT
ENV *3P
PRCDN 0*2
PRCTES =A
PmcrRE O - '3
A= *.8
FAIL ¥

FORR =04 3

DATE =n/clcfc
P*Fer *12
r ESC =AXEL

162/



ENV P
P3CCMC=>
PR3DES=A
P=12
AGE «US
FAIL =9R
FCRP =C50
DATE =93/C7/C6
pF>Pr *ib
DEIiC =CAS8LE
ENV *CP
PRCDNO0=2
punrESsA
ASerP. EP* 14
AuE =UsS
c AlL =31
FCIP =0=1
DATE =91/:~Z»3
Pscr =03
DESC =id T
ENV =CP
PICCNC =?
ORCD?5= 1
Pn«TP,= F«0 3
AGE ='JS
cAlL =91
FC3" =092
PATf =*3/37/09
PABT *07
DESC =PI PE
E-.7 =2P
PRcn\0=2
PAOCF S=A
P*»eT«E P=C7
AG= =J3
FAIL =er
=C»P *093

162

CATC =d3/u7/09

P *ax *03
DESC =3CLT
ENV =0OP
PRCCNO* 2
PRDDES=A
POBTPE 0=C3
AGE =US
FAIL =BP
FOP» =C54

DATE =83/07/09

CNer =13
DESC =C AM
ENV =CP
P»CDM=2
PROOF 5=A
meiRF P=13
AG- . *L’S
cCee| =gq
ftGRM =095

DATE =33/07/ 13

P»eT =07
DESC *PIPE
F NV =CP
00rfM-e i

PRBTRc P* 07

AGE =US
FAIL =9R
FCRP =096

DATE =*3/07/13
pmeT =07

DESf =Ploc

6 NV =-0
PRCD\C=2

PeCD* 5*A

pCIR- p* C7

163/...



ENV *G9
PRCCNC=?
PR3DES«A
F»<7PEP=12
AGE =UsS
RAIL =9%
FCRP =C50

DATE =93/C7/C6

£ 5z
11

DESC =CAELE

ENV =CP
PRCDND* 2
P«OrES=A
AKNPEP= 11
AGE =U5
PAIL 31
pcsp =oe:
CAT? .g-,/
PFCr =33
DESC =ACL
ENV =Co
PPCDNC= 2
opcr-3=A
PeTPEP=03
AGE * US
CAIL =99
PC9* =052
DATE ==3/3
PABT =07
DESC "PIPE
ENV =DP
PPCCNtD = 2
PPQCE 5=A
6>CT°E P=07
AGE =U3
Fail =99
=copP =053

LAPE *d3Z07/99

Pnar =33
CcSC =3CLT
ENV =0P
PRCCNn=2
PRDDES*4
p-jeiPS P*C3
AGE =US
FAIL =RP
FQPM sC5A

DATE *33/07/09

=13
DESC =C a*
ENV *CP
P° CDN 3* 2
PRCOF 5=A
FicteTRE P= 13
AG' *JS
FayL =BR
crqp =395

2ATE =33/07/13

pfirej =07
rESC =PIPE
ENV =DP
9009N3* 2
P°3CES*6
PSBTRE P* 3 T
AGE =US
FAIL =SR
FC9P =356
DATE ==3/07/1:
F*tRr =07
0E3C =9 19E
ENV ="9
9RC2ND=2
P°wCe ?2*A

peKJft = P* C7

163



AGE =usS
FAIL *54
FDKr *C57

date =83/07/13

fmg? *03
DESC *BnLT
ENV =CP
PSCDNO=2
PRCLES=A
r*erSE P=C3
ACc =Us
FAIL =8R
PCR* =C59

CATE =83/07/13

P>2r =11
YESC *WHSEL
ENV =CP
PRCCNC* 2
PROCHS*A
PserRE P* 11
AGE *US
FAIL =9R
FC7P =r.5S

CAVE =53/07/13

2P>«T =01
OESC =PIN
CNV * CP
PRCCNC* 2
PRCDESsA
PserftE P* oi
AGE =LS
FAIL *B6R
eCRP *340

CATE =93/07/13
ttm? *14
SESC -CABLE

— 163

POCDNQa 2
PRCDES* A
PSPTRC Pel#,
AGE =us
FAIL *FU
FORM aCfc1

DATE a43/07/ 13

PBBT =15
DESC "CUTLET
ENV =CP
PRCCNC*2
PROOF S=A
MPTBEF* | 0

AGE =LS

FAIL =bR
CCPM =:s2

CATE =63/07/13

0661 =1%

: » =L TUBE
ENV  *CP
PRCP"0=2
PRCOES=A
PNQT*= F= 19

AGE  *US

=Al L a39

FORM *043

CATC =33/04/20

PAST =01
DESC *PIN
ENV «TR
PRCDNO=2
PPCD5S* A
fRRTcr c=C1
AuE =f:
FAIL =BR
=CRM =064

164/...
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CATE =3?/0*/25

P«er =11
CESC =WhEEL
ENV sja
PRCDN2=3
PRCCES=A
PFWrREPs

AGE =us

c AlIL =HR

FCRP * Cfc5

CAT= =33/34/26
PART =03

cesc *2CLT

5NV =TR
P3CCNO0*3
PROCES*A

mcps P=

AGF «US

PAIL =»R

FCRP *066

DATE *33/04/28

P4BT =20
DESC *o::p
5\v «TR
PRCDNO0*3
PRS3E 3* A
PARTre p=

AGE *JS
=AIL *5R

rORfn =067

DATE =33/34/23
Prer =21
cesc *1 IGHT
fehv a7R
pA3:ND*3
PR31ES=A

P=

AGE =V5
FAIL =BR
FCRM =Cé6c

DATE *33/04/26

?20Rr *07
r-tsc -pipe
tis;v =73
pp.CONO0=3
PR3GES*A

P* 07
AGE *Us
FAIL *°R
FCSP *066

CA76 =33/05/03

Fmer *11
resc =WHEEL
E,V =TR
PROCNO* 3
PROVE 3=i
PhCiRE P= 11
AGE =0S
FAIL =3R
FCRf "CO
0AT= *33/05
prai =03
cESC =30L"
EKV *73
PRCD'iC* 3
PROCES*A
FMrPE P* 03
AGE *US
FAIL *3R
FORP *071

CATE *63/35/04
P&T =36
DESC *CUAtN



ENV =TR
PRCDNC=3
psncs S*A
MgrR =P=06
AGE =US
=AIL =3R
FCRP r 072

CA'"E  **3/0s/C4

°**»Rr *22

OESC "INDICATOR
=NV «0;
PRSCM.; «3

PR3CES=A

°SCTRE P* 2Z

AGE =LS

[=AIL  * 3R

FCRF *(C73

DATE *33/05/C4

"QCT * 11
OESC "WHEEL
ENV * TR
PRCDNCIt 3
PROOE s* A

AGE =US

c AlL *BR

FCRP =074

CATE =83/0%*/0t

=32
OESC =KUT
EKV *TR
PRCCNJ =3
PRICES =A
°Acr*s P*c ?
AGE *tis
FAIL «3R
-CRP *C75

16}

S3ATE =33/06/2:

PCiCT =03
CESC =90LT
EX =TR
PRCONO* 3
PRODE S=A
Ft>eTRcp-C3
AGE =LS
FAIL =3R
FORP =C7°¢

CATE =83/06/24

PFjEI =c;
DESC =3CLT
ENV sh?
pROCsC=3
PR3DE S*A
PneTRE P=C3
AGE -w3
FAIL =SR
FOR* =J77

OATE =83/06/27

Peer =09
DESC =:r IVE
EW =CP
PRCCNC* 3
PPOCE S=A
*>*2?285P=C9
AG- =_S
FAIL =3»

FORP =078

"ATE =3"/Cb/23
DFH?r =us

nESC *O0FIVE
EMV =CP
PRCD\0» 3
PROOFS*:

PfIiTIRE a=c 9

166/..,
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APPENDIX VIII

in orde” of part numbers
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IX

APPENDIX

part per

per

the new and used failures

to count

A sort

product.
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