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ABSTRACT

This Project Report deals with the iavestigation of
quality improvement at Afrox Limited: Gas Equipment
Factory (G.E.F), Germiston, South Africa, which employs
the Just-In-Time/Total Quality Control (JIT/TQC)
manufacturing philosophy. The investigation was carried
out to determine the underlying causes of inconsistent
product guality, high scrap and reject rates, and
excessive rework in the Regulator cell. The Project
Report documents a Quality Improvement Programme alimed
specifically at the improvement of the toolsetters’
performance which was found to be largely responsible
for poor guality. The programme is designed to organize
the ‘Utoolsetters’ machine setup activities in the most
efficient and regulated way possible in order to
achieve maximum quality and productivity improvement.
The design of the Quality Improvement Programme is

presently under congideration for implementation.
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1.0 INTRODUCTION

Quality is of great importance to virtually all product
businesses. Customers’ expectations for product quality
ars constantly rising, partially as a result of their
experience with Japanese products, and many businesses
are working actively on guality improvement so that

competitive piessures on quality are increasing (1).

All of the above factors point to the importance to a
business not only of quality improvement but also of a
high rate of improvement. Without improvement action
the absoclute level of quality of a business will
deteriorate because of the natural tendency of
everything to decay from order = chaos (Second Law of

Thermodynamics).

A significant rate of int: stion of specific quality
improvement projects i nerefore hecessary to
counteract this general process. To retain a constant
relative status of product quality against the rising
axpectation: of customers and the improvemsant
sctivit.es (%34 compatitors, requires a highey
improvement rate which for a pusiness alreely having ¢
superlor level of product quality is the minimu-
necessary for it to retain its position. For a busines

with only an average level of quality to reap the mai

%
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strategic advantages which arise from superiority
requires yet another increment in improvement

rate (2).

The current status of a business’s produ t gquality is
never good enough. A business whose current status is
poor must improve rapidly if it is to survive, one
whose status is superior must improve to retain the
wajor advantages of that position, and one which is
average must improve to prevent its status from

becoming poor, and to make it superior.

The major challenge co a business’s treatment of
quality is to master the art of guality improvement,
and to make this a continuing part of the total
business phélosophy. Simply to maintain an existing

guality level, even a good one, is not encugh (3).

Quality improvement s praobably the greatest single
potential source to improve company performance in
South Africa, as it is for wmany othasr countries.
However, most company managers are pre~ocoupied with
aontrol  and generally lack awareness of the need for
improvement, the benefits or the techniques

available (4).

It is  impossible to over-emphasize the importance to

the company of the guality of the products that it
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supplies or the proc:sses that it undertakes or the
services that it provides or the effectiveness with
which it functions. Quality can be an asset or a
tiability. It can result in significant cost advantage
or it c¢an be appallingly expensive. It can build the

image of the conpany ov destroy it.

The costs of poor gqumlitv include the time and material
costs associated with ropeating or rectifying work,
costs of o8t output, cost of management time, penalty
costs and warranty costs These are the measurable
tfailure costs that can destroy profitability. There are
alse  the immeasurable effects, such as loss of customer
goodwill, louss of sales and the effects on staff of

frustration and demotivation.

Thur the conseguences of poor quality can have a
detrimental weffect not only on the "bottom line" of the

corpany but also on the workforce and the image of the

company .

One  such  company which is aware of the implications of
noor quality is Afrox Limited : Gas Equipment Factory
(GL.ELF),  Germiston. Early in 1986 Afrox G.E.F adopted
the Just~In-Time/Total Quality Control (JIT/TQCH
manufacturing philosopay. Their commitment to J(T/TQ”
is  illustrated Ly the company philesophy slows in

Photograph 1.1,

§
|
|
|




’ Photograph 1.1  The JIT/TQC philosophy of Afrox

# G.E.F,

N Afrox G.E.F has been awvare and is now becoming
concerned about the high scrap and reject rates,
inconsistent product quality and percentage of rework
in the various machine shops for gas egquipment cells
namely, Regulator cell, Valve and Nozzle cell, and

N Torch cell. Management (s also concerned about the
percentage of customer complaints. Although these
complaints are reflected to be relatively small,
management helieves an impeccable quality record and

image to be of strategic importance in the future.

it is for these reasons that this study has been

performed. The purpose of this report is to investigate




the underlying causes of excessive rework, high scrap
and reject rates, and inconsistent product quality in
the Regulator ceil at Afrox G.E.F. Having identified
the nature and origin of the problems the main
objectives of the project report are to propose
suitable and practical solutions for the attainment of

quality improvement.

The organization of this project report has been set
cut  in such a way so as to make it easy for the reader
to see at a glance the relatiorship between the various

parts of the study.

The report is divided into three sections. Section one
provides the necessary background information to the
project. The Japanese manufacturing technigues of
Just-In-Time (JIT) and Total Quality Control (TQC) are
described in Chapter 2. Chapter 3 provides the reader
with insight to Afrox G.E.F - the company, gas pressure

alators - the product, and problems facing the

Regulator cell.

Section two introduces the techniques and methods
employed for problem identification. Ir particular,
Chapter 4 describes the process analysis tools used in
tracing the' source of problems. Chapter 5 presents the
approach used to pin-point the fundamental cause of

problens.
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St.ction three describes a suitable action plan for
improvement. Chapter 6 presents a detailed Quality
Improvement Programme designed specifically to address

the exposed problems.

Finally, the concluding chapter, Chapter 7, presents a
summary of the development of the project report

together with recommendations for future improvement,




2.0 BACKGROUND INFORMATION TO THE PROJECT

2.1  INTROGUCTION

keference is made t¢ various concepts and principles

i throughout the discussion of the report. The aim of

v - this chapter is to provide the reader with the

necessary backaround information to these principles in .

s order that he may grasp the basic understanding of
thom. In particular, the principles of the Japanese
manufacturing techniques of Just~In-Time (JIT) and

T Total Quality Jontrol (7QC) are explained since these

two techniques form the basis upon which Afrox G.E.¥’s

manufacturing strategy is baged.

2,2 JUST-IN-TIME PRODUCTION WITH TOTAL QUALLITY

' CONTROL,

Western industry has amassed numerous prescriptions for
catching up with the Japanese. Until recently, most
- prescription lists omitted Japanese Just~In-Time
producticn management and Total Quality Control.

: According to  Schonberger (%), Just-In-Time production

is simple, requires little use of computers, and in i




some industries can provide tar tighter controls on
inventory than are attainable through the more
sophisticated cowputer-based approaches. Furthermore, a
Jir implementation leads to significantly higher
quality and productivity by exposing hidden problems,
and provides visibility for results so that worker

responsibility and commitment are improved.

Schonberger (6) describes some of the benefits of TQC
ag:

~ Fewer rework labour hours

- Less material waste

~  Higher quality of finished goods

Total Quality Control, however, is a quality management
system which is not merely concerned with the
convention~1 funciion of guality control of production

and its assoniated departments.

Schonbersger (7) c¢laims that higher guality of finished
goods is not an effect of JIT. He puts forward the
argument that equally high product quality could be
attained by means of extensive final inspection plus
rework lines and scrap bins. Therefore JIT will not
necessarily improve product quality but it will

certainly lower costs by improving the process
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quality. Total Quality Control, by contrast, certainly

will improve product quality.

Thus *here exists a direct relationship between the two
techniques of JIT and TQC. In order to appreciate the
concepts involved in these techniques let us examine
first those of Just-In-Time, followed by Total Quality

Control and finally the relationship between them.

2.2.1 INTRODUCTION TO JUST-IN-TIME (JIT)

Bicheno (8) defines wanufacturing as: "an integrated
system for the production of products which uses people
to progressively solve problems which stand in the way
of material related operations taking place
economically at the last moment, with no wastage,
exactly to customer requirements of performance and

delivery.™ Just-In-Time is an important key to bringing

about the off,ciencies in the definition.

The name Just-In-Time emphasizes producing exactly what
is needed and conveying it to where it is needed,
precigely when regquired. Just-In-Time is a philosophy,
a simplistic approach to production management which,
when implemented, gives rise to a lean and efficie.t

manufacturing opevation (%),
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o i JIT is not a technique, or even a set of techniques,
rather it is an overall philosophy which embraces both
. T old and new techniques. J.iT has a provocative goa!
!
: which may be stated as: "To produce instantaneously,
. with perfect quality and minimum waste" (10). JIT is
? . therefore a waste elimination programme where waste is
anything which adds no value to the product. Ohno (11) :
identifies the seven sources of waste as: ;
}
1. Waste of over-production |
Lo
o 2. Waste of walting
v
3. Waste of transportation
4, Waste of processing itself
5. Waste of stooks
6. Waste of motior
~
N 7. Waste of making defeative products
The JIT goal will never be achlieved but can be restated
o, in more practical terms as: "To have all external

materials reguired to produce a prodvct arrive at only
the correct time in the schedule when they are needed

and in only the guantity required.®
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According to Croshy 12y, until racently, JIT
nanufacturing hasg reuained bayond the reach of
manufacturers, except perhaps in isolated small shups.
The reascns for this elusiveness are not hard to
isplate. For JIT to work, two things must happen.
Firat, all parts must arvive where they are needed,
when they are needed, and in the exact quantity needeu.

Second, all parts that arrive must be usable parts.

Therefore Crosby (11) sugqgests that a Just-In-Time
implementation should be carried out in two seguential
stages . To solve the gquantity problem first is
difficult if the quality is in doubt. Thus Stage One is
concerned  with the qunlity of materials and Stage Two

i concerned with the gquantity of materials.

Bichena (14} presents G similar framework for
approaching the JIT goal and may alsc be presented as a
two stage process, as shown in Pigures 2.) and 2.2, or

referred to as the "Vehicle-Driver" model.

Stage One or the "Vehicle" atage prepares the facility
and the product for:

- High quality

= Low cost

- Minimum lead-tine

;
|
i
'
!
!

i
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| oo a ALY
FOcTs ey

/

SMALL SETUP
MACHINES  tAvoUuT REDUSTION
and BALAY ¢

Figure 2.1 JIT - Stage One.
Stage Two or the "Driver” stage allows the product to
be produced:
-  Instantanheously

= To market rates

- With perfect quality

[HETC8Y i
} MULTLIPUNOTION PROCESS
WORLERS DATA COLLELTION
ENFORCTY
VIEIRLITY IMPROVEMINT

\
/ / / /
LT sry FUTTER ST0O0K
RIDUCTTION REMCVAL
BTRETIUILING VINDOR

G
PULL FYNIIHND  SCHILULING

Figure 2.2 JIT - stage Twa,

Trus  both  Crosby and Bicheno ldentify quality as being

of prise importance in a JIT manufacturing environment.
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. Stage Two or the "Driver® stage allows the product to
be produced: ’
: -~ Instantaneously
* ;
5,

- To market rates

~  With perfect quaiity

LILFUNCTION PROTTHS
WORLTRS DATA COLLECTTION
ENFORCOTD
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/ / TR
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Figure 2.2 JIT = Btage Two,

Thus  hoth  Crosby and Bicheno identify quality as being

of prime importance in a JIT manufacturing environment.
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2.2.1.1 Benefits of JIT Techniques with Respect to

Quality

Btage One and Stage Two, together, list fourteen JIT
techriques. Eech technique will be briefly discussed
and its benefit with respect to quality explained.
; Hewever, two techniques, namely, quality (TQC) and
o setup-time reductict will be discussed separately and
ey in greater detall (see Section 2.2.2) whereafter the

T
// relationship between the two will be identified. The

understanding of the relationship between quality and

setup~time reduction is essential since the focus of

thin study hinges on this particular relationship.

Regign.and Focus

Thig 1= concerned with rationalising the product line,
and then engineering and  z2implifying the chosen
products  for ease of manufacture. Urder JIT, design
cannot  be a  divorced activity, but rnust ULecome
integrated with manufacturing and marketing (15).
Unless these three disciplines are totally integrated,
production will be a turmoil of conflict and
engineering change and a% a result r.oduct guality will

suffer.

Producibility is an oft-neglected aspect of product

od

A
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design (16). If products are designed with particular
attention paid to producibility and manufactureability
as well as to the statistical capabilities of
processes, the possibility of constuntly producing

defect-free, quality products greatly increeses.

Focus is related to the concept of the ’focused
factory’ as first proposed by Wickham Skinner of the
Harvard Business School. This concerns identifying
those few actions and characteristics that are crucial
to success, and doing those very well even at the
expense of others, For JIT this would imply thinking in
terms of ’factories within a factory’, each with its
own specific requirements and concentrated expertise
(17). As a result greater attention can be paid to

product quality.

Small Machines

The small machine concept refers Lo the use of several
small machines, possibly permanently set up, which are
preferred to one large machine (18). The small machines
may be located at the point of use, thereby improving
flexibility, quality and reducing setup and lead times

(19).

The small machine concept also extends to ‘NAGARA'

(self developed machines) and to 'POKAYOKE' (foolproof
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devices) {20,21). This is in-house manufacturing
innovation that allows improved gquality by the

detection and prevertion of defects. -t

Tctal Productive Maintenance (TPM)

Total Productive Maintenance (TPM) is the technigue of
uging operators to perform simple preventative
maintenance tasks. Multi~functional operators who
perform these tasks, together with skilled maintenance
people performing the more sophisticated preventative
maintenance taske, ensures maximum machine availability

(22).

Preventative Maintenance (PM) is important to preserve
the =2quipment and even more important to preserve
quality (23). The real reason for preventative
maintenance is to preserve the process capability cf
the equipment and tooling. If that is done, the
equipment must also be preserved from excess wear and
tear, and the standard of excellence to which each
machine nust be maintained will allow fail-safe
production of quality output (24). Preventative
maintenance epplies to instruments and tooling as well
as machines. A reqular program to keep all instruments
and gauges in calibration is one of the most important

aspects of total quality (2%).

T
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Layout

Under JIT, layout is not a static concept, but rather a
continuous drive towards shortening the manufacturing
process length (26). As each category of waste is
eliminated, the process length should be shortened -
often, it is the principal way to eliminate or reduce

wasteful movement (27).

Layout follows directly from Focus concepts, Hare, the
concepts of Group Technology (GT) are most relevant. GT
seek8 to group machines 50 as to produce families of
products with glmilar manufacturing characteristics
(28). The implementation of GT requires the relocation
of machinery which results in reductions In materjials
handling, machine setup time (due to product/component
families), lot sizes and thus a reduction in defective
products (29). The advantage of GT is that it provides
immediate feedback and visfbility of total operations,

thereby enhancing product quality.

A strong thread in the JIT/TQC tapestry is good
hrusekeeping (130)., Keep it clean, sharp, lubricated,
calibrated, in an exact, nearby location, and ready to
use. Good housekeeping provides an environment
conducive to improved work habits, quality, and care of

facilities (31).

Fa
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Multi-function Workers

The conceprt of having workers capable of performing
several tasks is consistent with the desire to make
oniy what is reguired, when it is required (32). JIT
demands that operators not only be moved from low to
high demand areas, but that they are also responsible
to a larger degree for conducting simple maintenance,

setup and quality improvement procedures (33).

Improvement

These are related issues of management style under JIT.
The aim is continuous, enforced improvement by making
problems visible and demanding quick response to solve

them (34).

Problem solvirg and the desire to eliminate all waste
requires ex%ensive collection of data to determine
"where we are and in what direction we are heading”
(3%). Quality control, aean- me between failures,
total lead times, setup times, quality problems, etc.
charte or graphs are commonly displayed in JIT plants.
This not oaly tells ull employees how they are
progressing, but it alsco highlights problem areas by
making them visible. The important aspect of these

charts is that they are often completed in real time
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by the operators themselves and not by some remote
department &t the end ¢f the week or month (36). This
allows for improved problem solving by the operators

and thus improved levels of quality.

Lot Size Reductiop and Buffer Stock Removal

Excess inventory literally hides problems and prevents
much improvement (37). fTherefore inventory must be
reduced in order to surface and thus =golve these
problems, By reducing lot sires and buffer stocks,
problems will be highlighted, e.g., cetup reduction,
machinery relocation,materiales handling, insufficient
capacity, rejects, etc. . Unfortunately for many
managers, lot size reduction and buffer stock removal
forces the company to "tread on thin ice", which they
find uncomfortable (38). However, If top management
truly believe in the JIT philosophy it becomes a
managexent priority to get rid of inventory and thus

ensure continuous improvement.

schonberger (39) explains simply the reason why minomum
lot sizes lead to lowver scrap and better quality: If a
worker makes only one of a given part and pas<es it
onto the next worker immediately, the first worker will
hear about it soon if the part does not fi* at one of
the next work stations. Thus defecte are discovered

quickly and their causes wmay be nipped in the bud so
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that production of large lots high in defects is

avoided.

scheduling

The cardinal sin in JIT is to overproduce, in other
words, making anything, from components to finished
goods, which cannot be sold in the very short term,
must be avoided. JIT tries to achieve continuous flow
which minimizes leadtime (40). In a JIT environment,
the plant is scheduled to meet the market Jdemand for
the time interval while not overproducing. Regular
schedules, comprising the complete product mix, should
be raepeated with increasing frequency. The prime
requirement being to keep bottleneck operations busy,

while non-bottlenack operations may be idle (41).

Under-capacity scheduling allows operators free time at
the end of the shift to conduct planned maintenance,
machine saetups and  discuss and  implement quality

fmprovenents (42).

The *pull System® is  an  important JIT tool for
scheduling {(43). When used with a level schedule
(regular batceh sizes), a  pull system becomes a prime
tool to control work-in-progress {WIP}, prevent
overproducing and to identify bottlensck operations.

The pull system allows simplicity in scheduling, sinca
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only end-jitems need be scheduled with components simply
being “pulled" as required. According to Hall (44), the
guality incentive of & pull system is powerful. In
“act, the next operation is the worker’s customer and
should be regarded that way. The objective is t» always

be figuring out how to serve the customer better.

Yendor Scheduling

Contrary to common belief about JIT, working with
suppliers is not a prerequisite to implementing a JIT
philosophy. JIT 1is a waste reduction strategy, not an

inventory reduction programme (45).

The greatest benefits of JIT are achieved in-house,
with only a small proportion coming from working with
suppliers (46), Once the company is producing according
to a level, regular schedule, materials will be
consumed at a steady rate, and this is when buyers can
begin to talk with vendors about long-term agreements
and pull systems for purchased {tems. By working
closely with suppliers the buying company will be able
to  ensure the delivery of small lots and with perfect
quality. The  buyer becomes a facilitator of
communication, spending major amounts of time in
suppliers’ plants and with his own engineers for the

purpose of improving the quality of procured materials.




For the supplier, the reward 1is that he can move
towards JIT faster by levelling his production
schedule, reducing his finished goods inventory and

enjoying an increasingly secure market.

2.2.2 INTRODUCTION TO TOTAL QUALITY CONTROL (TQC)

According to Felgenbaum (47), Total Quality Control
(TQC) may be defined as: "An effective system for
integrating the quality development, quality
maintenance, and quality improvement efforts of the
varjous groupe in an orcanization so as to enable
production and service at the most economical levels
which allow for full customer satisfaction." In
assence, Feigenbaum le proclaiming that all functions
must unite in building quality in rather than the

outmoded approach of inspecting quality in.

what is quality? Crosby (42) defines quality as,
"eonformance to requirements", and  the following
quotation from his book, ‘Quality Is Free’, gives his

reagons: {49)

The first erroneous assumption is that guality means
goodness, or Juxury, or shininess, or weight. The word

‘quality’ is used to signify the relative worth of

27
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things in such phrases as ‘good quality’, ‘'bad
quality’, and that brave new stutement ‘quality of
life’. ‘Quality of 1life’ is a cliche because each
listener assumes that the speaker means exactly what he
or she , the listener, mears by the phrase. It is a
situation in which individuals talk dreamily about
nomething without aver bothering to define it, That is
precisely the reason we must define quality as

"econformance to requirements® if we are to manage it.

Quality means conformance to the regquirements, and that
is all it means. If you start confusing quality with
elegance, brightness, dignity, love, or something else,
you will find that everyone has different jdeas. Den’t
talk about poor quality or high gquality. Talk about

conformance and nonconformance.

Juran (50) has a similarly terse definition of guality,
*[itness for use™. ~*th Crosby and Juran assert that
their two definitions are not Just different words
expressing essentially the same idea: they state that
their definitions of quality are fundamentally
different.. The following quotation from Juran’s Quality

Control Handbook summarizes his jdeas: (51)

Of all concepts in the guality funce ', none is so
“ar-reaching or vital as "fitness fo. use". Among these

aoverall neods, the extent to which the product
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suwcessfully serves the purpose of the user, during
usage, is called its "fitness for use"., Thig ~oncept of

s i fitness for use, popularly calied by such names as

“aquality®, is a universal concept, applicable to all
goods  and services. Fitness for use is determinad by
F N those features of the product which the user can
recognize as benaficial to him, e.qg., fresh baked taste

wt brcad, clear reception of radio programs .....

{ . To the user, quality is fitness for use, not

conformance to specification., The ultimate user selaom

knows what is in the specifications. His evaluation of

quality is based on whether the product s fit for use

on delivery to him and whether it continues to be fit

Yoat,, for use.

Traditionally, three factors have been taken to
influence a customer’s purchase of a product and his or
her satisfaction with it: price, guality, and delivery.
To this effect, Groovock (%52) proposes the tollowing
M definition of guality which encompasses the definitions

of both Crosby and Juran:

"The quality of a product is the degree of conformance
of all of the relevant features and characteristics of
the product to all of the aspects of a customer’s need,
timited by the price and delivery he or she will

accaptY .

!
i
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sby {53) defines the five abscolutes of juality as
follows:

- Quality means conformance, not elegance.

- There is no such thing as a quality problem.

- There is no such thing as the economics of quality;
it is always cheaper to do the job right the first

time,

~ The only performance measurement is the cost of

quality.

- The only performance standard is Zero Defects.

Quality is measured by the cost of gquality (COQ). A
general definition of quality costs is "costs resulting
from naking defective products" (%54). Quality cost is
an unsatisfactory name for this definition and the
commonly used Mcost of quality” is even worse. The
costs included in tne definition are not the positive
costs of achlev j superior gu 1.ty but rather the
negative costs of doing things 1ncorrectly. They are
“unquality® costs. However, vhe name "quality cost® is
#o  ubiguitous that it is not practicable to change it,
but it ix important to remember what it really means

and not be misled by the apparent meaning (3%5).

RIS
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Quality costs may be divided into three main categories
namely, appraisal, failure, and prevention costs.

Groocock (56) defines these costs as follows:

Appraisal costs are the costs of inspecting and tecting
purchased items and products during manufacturing
because of the possibility of their failure.
e.g., Prototype inspection and test
Production specification conformance analysis
Supplier surveillance
Receiving inspection and test
Product acceptance

Process control acceptance

Failure _gosts are the cocts resulting from the actual
failure of products during manufacture or use
e.g., Design errors/redesign

Corrective action costs

Rework

Scrap

Warranty replacements

Product liability

Preventicn cests are the costs incurred in trying to
reduce appraisal nd fallure costs.
e.q., Product qualification

Supplier evaluations

Process capability studies
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Operation training
Quality audits

Preventative maintenance

Groocock (57) lists the purposes of quality cost

measurement as follows:

1. To enable managers to know the size of their guality
cost opportunity so that they can apply appropriata

resources for its realization,

N

To show bioadly where the opportunity is, for
axampie, irn inspection or in warranty, so thac

managers can concentrate effort effectively.

3. To ensble minagers to set targets for guality cost

redurtion and plan actions that meet the targets.

4. To enable progress towards meeting the targets ¢o be

measured.

Crosby (58) describes Zero Dafects as the attitude of
defect prevention. Zero Defects is a rtandard for
management, a satandard that management can convey to
che enployees to help them decide to "do the job right
the first time" (59). The Zer. Defects concept is based
on the fact that nmistakes are caused by two things:

lack of knowledge and lack of attention.
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Lack of knowledge can be measured and attacked by tried
and  true means. But lack of attention is a state of
mind. It ig an attitude problem that must be changed by

the individual (60},

Over the years we have been taught that we can have
high quality or low cost, but not both. The Japanese
have shown that you cannot have low cost without high
quality (61). They have adopted a Total Quality Controcl
approach to locating and eliminating the root causes of
problems. Just-In-Time cannot be successful without

Total Quality Control.

We have been taught that it is the responsibility of
the quality control department to ensure the products
leaving the factory are of high quallity. JIT proponents
have shown that it is the responsibility of each
individual to ensure their own quality (62). Thus we
move from a quality control department to a quality
audit department, and move from inspecting quality in

to building guality in.

TQC is  the technique which aims to eliminate the root
causes of poor quality thereby ensuring defect free
manufacture. Total Quatity Control particularly
emphasizes (63):

~ A goal of continual guality improvement, project

after project




~ Assigning the primary responsibility for quality to
the production people and removing it from the

quality control department

- Quality countrol of every process, not reliance upon
inspection of lots for only selected processes

{defect prevention, not random detection)

- Measures of guality that are visible, visual, simple

and understandable, even to the casual observer

-~ Automatic quality measurement devices

(self~developed)

According to  Schonberger (64) the goals of TQC are
twofold and closely related. The operaticnal goal is to
sustain the habit of guality improvement, while the
target is, simply, perfection or Zero Defects (2D). The

operational goal pursues the target.

The main incentives for employing Total Quality Control
are that quality is a major force for productivity

improvement as well as a major competitive weapon.

The most essential TQC concept is the organization of
production responsibility. As has already been
discussed, this maans assigning the primary

responsibility for quality to the production people and

P,
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renoving it from the quality control (QC) department.

[ The role of the QC department changes to being that of
facilitator. The QC department should promote the
removal of defect causes, Kkeep frack of quality
acconnlishments, monitor operations to ensure that

standard procedures are followed, joln with purchasing

people to similarly monitor supplier plant procedures, ; E o

and coordinate QC training (&5).

The QC department may serve as teachers and

disseminators of QC information, but this function
e shoula not bLe so extensive that QC people become the
recognized gquality experts. Production has the primary

rasponsibility for guality, and production foremen

should be the quality experts (66).

Schonberger (67) describes the seven basic principles
of TQC as follows: process control, easy-to-see
quality, insistence on compliance, line stop,
correcting one’s own errors, and project-by-pt ject

improvement .,

Process Contrel

Process control means controlling the production

process by checking the quality while the work is being

done. Total Quality Control is dependent on total
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process control vhereby every process is to be
centroited by checking  the quality during production.
The only affordable way to control quality in all
processes 1is for the workers to do it themselves (58).

Thus every work station may be an inspection point.

Easy-to-Spe Ouality

Display boards posted around the factory tell the
workers, bosses, customers, and outside visitors what
quality factors are neasured, what the recent
performance 1s, what the curient guality improvement
projects are, etc. TQC particularly demands visual,
obvious indicators of quality at every process, and the
indicators wust be easy to understand, e.g., not a page
of computer listings understandable only to a

technician,

Insigtence on Compliance

TQC  principles condemn the poor manufacturing practice
of passing parts and subassemblies that actually do not
quite meet established quality standards. In order to
rectify this disregard for compliance, top management
merely needs to inform nanufacturing that quallty comes

tirst and output second, and insist on it,
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Line Stop

The line stop principle is based on glving sach worker
the authority to stop the entire production line in
order to correct quality problems. Line stops are
necessitated by direct guality problems, such as parts
not. fitting quite right, and the problem needs to be
noted and immediately forwarded to the work centres
that made the poorly fitting parts. The line stop
assures that the agsemblers will take enough time to

make sure that they are not the cause of bald quality.

Correcking One’s Qun Ecrors

The principles of process control, easy-to-see guality,
insistence on compliance, and line stop help to enforce
the assignment of responsibility for quality to the
production department. The fifth basic principle,
correcting one’s own errors, closes the loop (69),
Primarily, the principle refers to rework: The worker
or  work group that made the bad parts performs the
rework itself to correct the errors., Any rework that is
necessary is considered to be well woerth it in order to
he assured that the workers have a full measure of

regponsibliity for quality.

i
H
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100 Percant Check

The principle, 100 percent check, means inspection of
every item, not just a random semple. The principle is
intended to apply rigidly to finished goods, and where
feasible to component parts. The long-range goal is to
make changes that will make it feasible to do a 100

percent check of component parts.

Eroject-by-Projedt lmprovement

The discussion of easy-to-see quality referred to
displ.y boards which often mention the current quality
improvement projects going on  in the work area
associated with the display. The displays may also list
quality improvement projects that have been completed
in the vork area which is a type of quality improvement
scoreboard. The eBBENce of project-by-project
improvement is having a continual succession of quality
improvement projects in every work area, ywar after

year,

Human beings will always make mistakes, but the work
process can be designed to eliminate many of them (70).
Thus, the ldea of making the process somewhat foolproot
has become prominent in TQYC. Devices called "SAKAYOKEY
may be attached to machines to autoratically check for
abnormality in a process. The monitoring mechanisms

thus may check for causal factors like malfunction and




-

tool wear, as well as measuring dimensions of produced
parts  and warning whaen tolerances are coming close to
being exceeded. Foolproof devices to check every plece
are especially sultable for production of component

parts.

According to  Ishikawa (71}, TQC must be continued for
as  long as the company is in ex stence. One cannot turn
the splgot on and off at will. Once begun, the movement

must pe sontinuously promoted and renewed.

The concept of Total Quailty Control is available to
all the {ndustrial world to use. The tools and methods
are well known, yet it is surprising that many
companies are not even glving serious consideration to
their use {(72). in order to bhe a world class
competitor, or even to survive in the ever increasing
international arena companies must use avery possible
means Lo improve their productivity. TQC is the basic

foundation for this survival (73).

2.2.2.1 Setup~Time Reduction

Setup-time reduction iz often viewed as a fundamental
ey of the JIT philosophy because without it, many of

the other technigues lteading towards  continuous
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improvement and the JIT goal, are not possible.

Hall (74) defines setup time for any process as the
elapsed downtime between the last production niece of
component A and the first good production piece of
component B. A setup is not complete if the process is
still running screp and trying to make production.
Likew.: e, setup time is not the total lezbour time

required for the setup.

Setup procedures are usually thought of as infinitely
varied, depending on the type of operation and the type
of equipment being used. According tc Shingo (75) when
these procedures are analysed from a different
viewpoint, it can be seen that all setup operations

crmprise a segquence of basic steps. They are:

Materials, Tools, ete, This step ensures that all parts
ard tools are where they should be and that they are
functioning properly. also included in this step is the
period after proceasing when these items ave renoved

and returned to storage, machinery ls cleaned, etc.

Mounting . and  Bemeving.. Blades. Tools, Parts, etc. This
includes the removal of parts and  tools after
cunpletion of processing and  the attachmert of the

parts and tools for the next lot.
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Megasurements,  Settings and Celibrations. This ctep
refers to all of the neasurements and calibrations that
must Le natde in order to perform a production

operation, such as centring, Jdimensioning, etc.

Trial . Rung _and Adjustments. Adjustments are made after
a test piece is machined. The greatest difficulties in
a setup operation lie in adjusting the equipment
correctly. The greater the accuracy of the measurements
and calibrations in the preceding step, the easjier

these adjustments will be.

Shigeo Shingo developed the concept of "single-minute
exchange of die" or SMED which is based on setups being
performed in under ten minutes., SMED is a scientific
approach to setup-time reduction that can be applied in

any factory and to any machine (76).

Setup redquction requires a detailed analysis of
existing setup procedures and a categorization of these
procedures into "internal® (those activities that can
only be done while the machine is stopped) and
"external™ (those preparatory activities that can be

done while the machine is still running) setup.

The obijective is to minimize the length of time
reguired for internal setup and thus to maxinmize the

time required for external setup. According to Shingo
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{77} experience has shown that converting as much setup
activity as possi. from internal setup to external
setup reduces downtice Dy as much as 50 percent or

mere.,

The core of a setup . 3 external elements (78). The
exchange of the attachments must generally be done with
the machine stopped. ALl the attachments, tools, and
workers required should be in  place and standing by
with everything 1laid out as if they were surgical
instruments on a tray. With thought, workers soon learn
to  define the exchange elements in the narrowest way,
50 that every move made with the machir. stopped is
essential, As a result, the internal setup should

proceed without the slightest hasitation or confusion.

This vreguires organization of the externa. setup so
that ncthing is  forgotten ., preparation for the
exchange process. Tt also stimulates the worker to
mentally prepare for what he is about to do. However,
standardizing the externsl setup work procedure on the
same machine s also very helpful in causing workers to
qo  through a setup by a routine which can be practised

and refined until there are no mistakes.
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Adjustment time is almost always a part of internal
setup time, and sometimes a major part, so attention to

it is vital. After displaciny as much internal . arp

activity as possible to exter experienced r
estimnate that on the aver: ut 50 per

residual internal setup ti med b Cy
or reducing adjustment t r el L1 the
adjustment activity, any sc.ap that ‘ w well
as the time required for adjustinencs 3t
Executing a setup well requi- iz  arrec QACTLONS, 80
practice is necessary when tk~ “-ccec.ce is wew and
periodically thereafter when i1 i: revis~l <o when new

pecple must execute them.

2.2.2.2 Relationship Between Quality and Setup-Time

Reduction

According to Hall {80) the reduction of process
downtime (last piece to first good picre) res lts in

increased production flexibility. Shinge (81) de: cribes

the benafits of redu 1 setup tine as: reduced
inventory levels, incr: oo res;ensiveness reduced
lead time, improved v.iity, al:mination of setup

orrors, simplified hous <eepisu, and lower skill level

requirements.
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Setup~time reduction provides the economical means for
lot size reduction which eventually results in minimal
inventory levels (82). Small-lot production leads to
lower scrap and better quallty since defects can be
aiscovered yuickly and therefore there can be fast
feedback to the worker or work station responsible for
producing defects. In this way, causes of nroblems are
highlighted as they ocour and can be solved
immediately. Thus production of large lots high in

defects is avoided.

Setup reduction requires setups to be performed in
standard ways as a 1 tine operation., Consider the
difference between changing a tyre on @ passenger car
for the irst time in five years and changing one in a
pit stop during a grand prix race. A setup requires the
sang timing, organization, standardization ut

procedures, and practice as the changing of a tyre in a

grand prix race pit stop.

In  order for the internal setup to proceed without the
slightest hes . cation or wconfusion, the external setup
must be organiled to the fine:t detail so that nothing
is forgotten [n preparation for the change over.
standardizing the externa, setup procedure enables the
workers to  setup according to a routipe that can be
practised and refined wuntil split second timing is

achieved and there are no nistakes. Thus the quality of
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parts and components produced is improved since
v operating conditions are fully vregulated in advance.
;{ ! standardization reduces the number of tools required,
and those that are still needed can be organized more

*® R functionally to permit fast, guality setups.

According to Juran (83) process variations, and hence

guality defects, are traceable to the following two

kinds of causes: 2
A 1. Randowm, i.e., due solely to chance.
2. Assignable, i.e., due to specific "findable" causes.

Table 2.1 summarizes the difference between random and

assignable causes.
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Table 2.1 pistinction Between Random and Assignable
causes.
& i
X -
RANDOM CAUSES ASSIGNABLE CAUSES

Consists of many Consists of one or Jjust
; individual causes. a few individual causes.
1
; Any one random cause Any one assignable cause

results in a minute can result in a large
: amount of variation (but amount of variation.
i many random causes act
- together to yield a
P substantial total).
i Random variation cannot Assignable variation can
g, economically be be detncted:; action to
L~ . eliminated from a sliminate the causes is
; Vs Process. economically justified.

¥When only random
variation is present,
the process is operating
at ite best; if
defectives are still
being produced, a basic
process change must he
made or the
specifications revised
in order to reduce the
defectives.

If assignable variation
is present, the process
is not operating at its
best.

e 2

A diagnostic chart (Figure 2.3) was developed which
shows the breakdown of quality defecte into random and «
assignable causes. Each of these ls then further bruker
down into specific causes. Suitable action is then
prescribed in order to eliminate the cause. This chart
shows specifically that an incorrect setup can result
" in large variations and thus be responsible for the

pruduction of defects.

L4
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Table 2.1

Causes.

pistinction Between Random and Assignable

RANDOM CAUSES

ASSIGNABLE CAUSES

Consists of many
individual causes.

Any one random cause
results in a minute
smount of variation (but
many random causes act
together to yield a
substantial totall.

Random varia“ion cannot
economically be
eliminated from a
process.

When only random
variation is present,
the process is operating
at its best: if
dafaectives are still
being produced, a basic
process change must be
made or the
specifications revised
in order tu reduce the
defectives.

Consists of one or just
a few individual causes.

Any cne assignable cause
can result in a large
amount of variation.

Assignable variation can
be dotected: action to
eliminate the causes is
economically justified.

If assignable variation
is present, the process
is not operating at its
beat.

A diagnostic chart (Figure 2.3) was developed which
shows the breakdown of quality defects into random and
assignable causes. Each of these is then further broken
down into specific causes. Suitable action is then

prescribed in order to eliminats the canse.

shows specifically that

in large variations and

production of defects.

an incorrect setup can result

thus be responsible for the

This chart
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2.2.3  JUST-IN-TIME/TOTAL QUALITY CONTRZL (JIT/TQC)

INTERLINK

Having descriped the technigues of Just-In~Tima and
Total Quality Control it is now possible to identify
the relationship that exists between them. The first
goal of quality improvecent is satisfying the customer
whereas the first benefit of JIT is fast response to

the customer (84).

|
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Thus it is evident that the relationship that exists
) between JIT and TQC {8 due to the fact that both
/ ‘ techniques cater for the requirements of the customer.
Schonberger (8%) explains the JIT and TQC interlink in
the following mam r: Someone asked me once what the
connection is between quality and JIT. I said, "“fwo
peas in a pod." It was a dumb vaing to say. 1 should
N ‘ have said one pea in a pod. Lchonberger (86) summarizes
. - the connection between quality and JIT as follows:
#
1, How guality enhsnces JIT
B h*a
Fagt dil/Ouality Eifect
Variablility in quality Control vartability ;
is msjor reason for to justify buffer
buffer siovk. sLOUE cuts.
2. How JIT suts cost of guality
N
Lagt JIf/ouality Effect
“ Serap/rowork/danaye costs Rip roduetion oot
% of guality linearly sorap s revor kS damagy
related to raw and costs to same extent.

in-process (kIP) stock,
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3. How JIT improves quality

Fagt dIT/Quality Effect
Time destroys evidence Lffective process analysis
of causes of variability. requires fresh evidence in

period of limited changes -

provided by vigorous JIT,

Thus JIT technigues help to slash lead times which
. creates g poermanent early warning system (87) i.e., by

- keeping evidence fresh it facilitates the production
people in solving quality problems. lLarge cost
reductions are possible using JIT technigues since by

removing any idle inventery the potential for scrap and

rework 1s minimized. By reducing lead times JIT does

not result in flaxiblility, but it  does demand
flexibility: flexible lai-ur and flexible equipment
(88).

TQC  fahs the flemes: It greatly accelerates guality
improvement, which lowers scrap, revork, warranty and
liabillty costs. TQC tales out some of the rawork loops

, as well, which aids in cutting lead times (89)
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2.3 CONCLUSION

The techniques of  Just-In~Time and Total Quality

? Control provide the means to improve manufacturing

B pevformance and hence competitiveness in the

marketplace since both techniques are equally important
3 for ensuring improved productivity ana product quality. ’ .

. This chapter has provided the necessary background

information to  these two techniques as well as
s outlining the nuperous banefite from such an

implementation.

g

The JIT/TQU system is an imperative to continually

improve {90} and thus a sure way ~f achieving
manufacturing excellence. However, It should be borne
in mind that JIT/TQC i3 & people programme whose

success is embodded in total employee involvement.

E
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3.0 INSIGHT TO THE COMPANY

3.1  INTRODUCTION

Having explained the manufacturing philosophy of
JIT/TQC adopted by Afrox G.E.F it is now necessary to
describe other aspects of the company in order to put
the project in its correct perspective. The purpose of
this chapter is to provide the reader with sufficient
background information to the company in order that he
may appreciate the unique orgenization of the factory,
the product beinyg manufactured and the nature and

extent of problems facing the company.

3.2 AFROX G.E.F - THE COMPANY

In December 1967, African Oxygen Limited (Afrox) opened
the Gas Fiulpment Factory (G.E.F) in Germiston, South
Africa. The G.E.F was %t~ manufacture gas welding
equipment which had, until then, been imported from the
parent campany , British Oxygen (R.0.0). Rumerous
variations of the following four products were to be

manufactured: (91)

RO ot o
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~ Gag pressure regulators

- Gas cuttiy = elding torches

- Gas cutting/welding nozzles

~  High~ and low~pressure gas cylinder valves

By 1982, the G.E.F had captured the major share of the
South  African market, the balance belng made up by

imported squipment (92).

With che emergence, in the early 19708, of high
quality, cheap products from Eurnpe and above all, the
Far East, pressure was brought to bear on Afrox by
E 0.C to reduce costs at the G.E.F. In 197%, a material
requirements planning (MRP) system was installed in t.e
G.E.FP. The system was g¢radually upgraded with the
implementation of more software packages, so that by
1984 the MRP system had grown into a successful

manufacturing rescurces planning {(MRPII) system {93).

Due  to  the initial failure of the MRP system, Afrox
Management was forced to consider alternative methods
of  cost reduction. The availability of group technology
knowl edge and axperience withir the B.O.C group
resulted, at the end of 1981, in the decision to
implen-- aroup  technology (GT) as a mesns of reducing

manufacturing costs (94),
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In April 1983 GT was implemented which resulted in the
establishment of four cells:
- Regulator cell, for *he manufacture of all gas

pressur®» regulators

- Torch cell, for the manufacture of yas

cutting/welding torches

- Jalve and Nozzle cell, for the manufacture of high-
20 sow~pressure gas cylinaer valves and gas

cutting/welding nozzles

- Central Workshops cell, for *he wanufacture of

gpecial purpose products on a guotation basis

Each cell was established as an independent profit
cantre and, as such, ’fcur factories within a factory’

were established (95).

The organizational structure of the G.E.F may be
represented by Figure 3.1 where pariicular attention is
paid to the infrastructure of the Regulator cell,
However, +Lhe infrastructure within the other cells is

identical.

The Quality Control department was dissolved during the
GT implementation in 1983 and the operators were made

responsible for product quality. The present
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Figure 1.1 The G.E.F organizational structure, June 1988,
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organizational structure shows a Quality Improvemen.
Facilitator (QIF) who has been appointed head of the
newly set up Quality Assurance (QA) department. The Qa
department is not recponsible for the conventional
function of quality centrol of production and its
associated departments., However, their responsibility
involves the education and training of the production

pecple in formal quality techniques.

Many JIT principles (96,97) are in fact CT principles
(98). Thus since the implementation of GT in 1982/1983,
the G.E.F has unknowingly been moving down the JIT
road. Barly in 1986, JIT/TQC formally became the
manufacturing philosophy of the G.E.F which would build
upon the success of the GT system and further reduce

manufacturing costs (99).

The investigation of quality improvement was confined
to the Regulator cell, which is responsible for the
manufacture of all gas pressure regulators, since this
cell generates approximately 0% of the factory’s
turnover and is thercfore the area where the greatest

cost reductions could be attained.

f

s
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| 3.3 GAS PRESSUR®

The Regulator

twenty-five end

and multi-stage

regulators are sho
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THE PRODUCT

oLl . “tures approximately
products which consist of single-stage
{two  stages) regulators. Examples of

wn in Photograph 3.1.

Photograph 3.1 Gas pressure regulators

The breakdown of

3 regulator is

manufactured in the Regulator

cell.

components  of a typic.l multi-stage

shown in Photograph 3.2.
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3.3 GAS PRESSURE REGULATORS - THE PRODUCT
oy .
¢ The Regulator cell manufactures approximately
twenty~five end products which consist of single-stage :
: and multi-stage (two stages) regulators. Exanples of
regulators are shown in Photograph 3.1 FRN
o
,
. .
- |
S |
!
3
ey

Photograph 3.1 Gas pressure regulators

manufactured in the Regulator

<ell.

The Preakdown of  components  of a typical wmulti-stage

H regulator is shown in Photoyraph 3.2.




Photograph 3.2 Breakdown of components of a

multi-stage regulator,

The manufacture of regulators is not a flow-line
manutacturing prozess, The Regulator cell is
esgentially divided into two areas: The machine shop
and the assenmbly area. The machine shop supplies
components te the  sub-assembly and  final  assembly
operations and the sub-asgembly operations in turn feed

wtd Firsl ausentiy stations,

A large percencadqe of regulater componcnts are machined
in  the macrane shop in one operation on acvtomatic
machines that are dedlcated to the manufacture of a

single component or group of components, However, a few
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small families of components are machined in mini-cells
M which consist of between three and five machine tools
run by one or two operators. The remainder of

components are bought-out items or subcontracted out,

Simple low cost automatic devices are used as an ald in
the assembly of regulators, thereby eliminating many
skilled, manual assembly operaticns. The use f low
. o cost automation in the assembly area results in “he
reduction of the amount skill required to perform a
particular task. These automatic devices reduce the

margin for error during assembly operations (e.g., the

motors used for screwing the bonnets onto the rejulator

body have a pre-set torque; and thereby improve the

quality of the finished product.

3.4 PROBLEMS FACIKG THE REGULATOR CELL R

The direct and (ndirect effects of poor quali*y, in
- particular, 6.%% sorap and 20% rework, were taking
5 their toll on management and workers alike in the
Regulator c¢ell. The poor guality that had permeated
through the cell was seriously hanpering any progress
to the attainment of the JFT/TYC philosophy adopted by

the company.
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The present organization of the machine shop is partly
responsible for the poor quality prevalent in the

Rrgulator cell. At present there is dual accourntability

for both quality and output which results in the
toolsetters blaming one ancther for the production of
defects and allows them to neglect their

responsibilities. The mnanagement of the toolsetters’

3 activities is a difficult task since  their
- responsibilities are not clearly defined. Each
4 - toolsetter does not have his own group of machines and

‘/” coms nents  for which he is responsible and accountable.

Due *o the lack of control of the tool cakinets no one
toolsetter can be held responsible for the condition of

a particular cabinet.

The quality philosophy »f the company (Appendix A)
states: "Quality improvement is the gas equipment
pusiness’s most important objective. This is everyone's

iob." Unfortunately the production people appeared to

overlook this objective which resulted in product

quality being adversely affected.

The consequences of having allowed poor quality to

persist in the cell were inconsistent product quality,
high scrap and reject rates (5.5%), and a high
percentage of rework (20%). All of these consequences

are elements of waste which were threatening the future

prosperity of the Regulator cell. Crosby (100} argues
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that "Quality is free. It’s not a gift, but it is free.
What costs money are the non-quality actions - all the
actions that involve not doing Jjobs right the first

time."

The measurable failure costs of the cell’s poor quality
include the time and material costs associated with
repeating or rectifying work, cost of lost production
output, cost of management time, penalty and warranty
costs, However, there are also the immessurable effects
such as loss of customer goodwill, loss of sz2les and
the effects on staff of frustration and demotivation
{101). During an interview with the former cell
manager, Kobie Jacobs, he expressed the following
sentimentz on the effects of poor quality, "The workers
and 1 are pressurized to meet the daily schedule. We
are always fire-fighting and the workers are Jrustrated

having to work under these conditions".

The quality philosophy of the company also state "if
it comes to a trade off, quality is more important . n
cost or output." On numerous occasions this prirn. e
wag violated possibly because management was not fu'.y
committed to the idea of placing quality before outnut

This resulted in a bad example being set for tha
workforce who began to disregard guality in order to

meet production guotas.

|
i‘
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During the implementation of group technology in the
factory in 1983 the gQuality Control department was
dissolved and the operators, not roving inspectors,
made accountable for product quality. Observations
revealed that the operators and machine tool setters
tended to abdicate from their quality responsibilities
since they were failing to detect defectives that were
passed onto the assembly operations, let alone prevent

defectives from occurring.

The TQC technique used for quality control is "N = 2%
where the first and last pleces are inspected. Some of
the more common gauges used for component inspection
are: standard plug gauge, limit plug gauge, plate

gauge, adjustable caliper gauge, limit caliper gauge,

adjustable diameter, adjustable screw, ring and ring

socrev. The majority of these jauges are “go/no-go" type

gauges. Using the ¥N = 2" approach, if the first and

last pleces are good it assumed that the process has

remained stable (r no tool wear ur

out-of-adjustment conditions have arisen) and therefor=

all parts are good

Systems that had been developed to record neasure ~f
qualivy such #s scrap rate have been comple
disregarded by the operators and machine tool set. -
These systems revealed & scrap rate rangling fror

to 3.0% {see Table 3.1), the vallidity of wh
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questionable. One such system 1s the three coloured
tray ({3-tray) system (Appendix B). As a result ot this
lack of discipline a high percentage of scrap that was
produced in the machine shop was going unnoticed. It
was convenient for the operators and machine tool
getters to turn a blind eye to the scrap produced or
even at times attempt to conceal it. This is because
the scrap rate is one of five factors used in their
appraisal system and thus an excessive scrap rate would

b detrimental to thelr performance record.

Thus the little information that is recorded does not
give an  accurate reflection of the true to life
situation. This {. evident in the recorded mcrap rates
for the machine shop for the first six months of 1987

shown below in Table 3.1.

Table 3.1 Monthly Scrap Rates For Regqulator
Cell (AFROX,1987)

JAN | FPER | MAR | APR

Machine shop HAy | I
serap rate in
Regulator cell. 3.08] 2.48) 1.28]) 1.78] 1.68] 1.0%

Unfortunately these figures are extremely misleading
ani not only do the workers and management begin to
believe them but the danger arises when they convince

themselves and others that they don’t have a quality
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problom. Scrap rece tigures were rvecorded for the
months of September and October which revealed a more
accurate measure of the order of 8.%%. This figure is
based on  the collection of data shown in  Section

4.2.2.2.

This defect rate of 8.5% may Dbe categori.ed in the
following manner:

65% of defects are due to the produetion process.

20% ot ‘afects are due to vendor supplies,

15% of defects are due to design error.

The production process is responsible for the majority
of defects and thus this study was targeted t¢ improve

it in order to realize the greatest impact.

The maln cause of quality problems can be attributed to
the lacl of management commitment and involvement,
whereas the production people are only the symptomatic
cause of problems. The nanagement problem is presently
being addresged by the use of an external quality
consultant  in order to establish the foundation for the
tong term solution. However, the problems identified in
the production process are being addressed by the
propoged  Quality Impruvement Programme and serves as

the short term solition.

- s -
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problem. Scrap rate figures were recorded for the
months of September and October wvhich revealed a more
accurata measure of the order of 8.5%., This figure is
based on the collection of data shown ia Section

4.2.2.2.

This defect rate of 8.5% may be categorized in the
following manner:

65% of defects are due to the production process.

20% of defects are due to vendor supplies.

15% of defeccs are due to design error.

The production process is responsible for the majority
of defects and thus this study was targeted to improve

it in order to realize the greatest impact.

The main cause of quality problems <an be attributed to
the lack of mnanagement commitment and involvement,
whereas the production people are only the symptomatic
cause of problems. The managoment problem is presently
being addressed by the use of an extarnal guality
consultant in order to establish the foundation for the
long term solution. However, the problems identified in
the pronduction process are being addressed by the
proposed Quality Improvement Programme and serves as

the short term solution.




59~

Inconsistent quality of wmachined components seriously
hampered the performance of the final assemblers. The
percentage of rework at times reached alarming
proportions of about 20%. This resulted in frustrated,
dissatirfied and demotivated wourkers because poor
quality components thwarted their efforts to meet

production schedules.

"The development of trusting and mutually beneficial
relationships between the customer, ourselves and our
suppliers, as well as between employees and management,
is the key strategy aimed at improving our guality." So
states the quality philosophy of Afrox G.E.F. However,
due to the existing troublesome situation in the cell,
management blamed the workers and vice versa.
Unfortunately this resulted in the workers adopting a
*Them versus Us® attitude which only further
complicated matters in the already strife torn

R. julator cell.

3.5 CONCLUSION

The discussion of this chapter attempted to give the
reader ¢reater insight to the company. Afrox G.E.T has
a unigue factory organization whereby ‘four factories

within a factory’ have been established and each

s
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‘factory’ operates as an independent profit centre. The
Regulator ceil is one of the four autonomous
‘factories’ within the factory which is dedicated to

the manufacture of all gas pressure regulators.

The prohlems identified in the Regulator cell are a
result of workers and management alike losing sight of
the ccmpany’s meost important objective, that c° quality
improvement. For this very reason the cell lapsed into
a state of disorder where inconsistent product guality

was allowed to persist.

Checking through effects to find exceptions or
something unusual does not in itself serve the
interests of the company (102). The cause factors for
these exceptions must be found and appropria%e actions
taken, When considering corrective action it is
important to take wmeasures to prevent recurrence of
these excepticns. However, making adjustments to the
cause factors involved will not be enough. One must
endeavour to remove the cause factors which have been
responsible for the exceptions. In removing the causes
for exceptions, one must establish the fundamental
cause of the problem in order to take appropriate
act.on to prevent recurrence. In the following chapters
this 1is the approach adopted to change the status quo
of the Regulator cell and thus achieve an improved

level of quality.
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4.0 PROBLEM IDENTIFICATION

4.1 INTRODUC1TON

Probler. identification and gaini:g control over the
process is founded on measurement and study (193).
Peoblems exposed are candidates Jor investigation and
analysis. This chapter deals with the basic principles
and tools used to monitor the process, whereby not only
were the areas of improvement highlighted but also
investigated and analysed. In particular, the problem
identification was directed at the underlying causes of
inconsistent product quality, high scrap and reject
rates, and excessive revork. The methodical process of
measurement and data analysis provides the means to

establish te sources of these problems.

4.2 PROCESS ANALYSIS TOOLS

Problem identitication is greatly facilitated by means
of easy-to-use process analysis tools. A  process
analysis may be as simple as using a gauge, however,
Ishikawa (104} and Schonberger (105%) suggest that a

mere  complete study may employ the following five
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primary tools of process analysis:

1. Process flow chart: Track the flow of the product

through all steps and stages.

Pareto analysis (The principle of the ’vital few

[

and trivial many): Plut disturbances, for example
defects, at every point in the process flow. Select
the worst case {longest bar on the Pareto chart) for

further study.

3. Fishbone chart (Ishikawa diagram or Cause and
Effect diagram): Make the ’worst case’ the spine of
a Fishbone chart. Seccndary causes become secondary
bones ronnected to the spine. Tertiary causes
connect to secondary causes. Begin experiments on

extremity ‘bones’.

4. Histograms: Sometimes it is useful to measure a
process characteristic - perhaps one of the
uxtremiry hones - and plot the measurement data on a

histcgram. The shape provides clues to causes.

%. Run diagrams and Control charts: In many cases it
is valuable to plot measured process data for
critical characteristics on Run diagrams and

cratistical Process Control (SPC) charts.
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These tools are mostly not for design engineers and
quality engineers. Design engineers may have a need for
higher-order statistical analysis, particularly
design-of-experinent methodologies. Quality engineers
may need to use multiple regression techniques to
investigate complex causal patterns. However, these
preccess analysis tools are best suited for use by
production enployees such as line operators and
assemblers since they are responsible for the taking of

measurements and collection of data.

During the course of the investigation it was found
unhecessary to utilize all five tools in order to
pin-point the source of problems. However, in the
discuseion that follows each tool used w!ll be briefly
explained and then shown how it contributed to the

homing~-in of the fundamental cause of the problem.

4.2.1 PROCESS FLOW CHART

A process flow chart identifies the operations in a
production process and how they are sequenced. For
complex products it is useful to prepare a flow chart
deplcting how the streams of materials move and
converge during the processing stages. Such a flow
chart makes 1t easier for a)l concerned to understand

the system deslign (106).

B
|
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N : preparation of a flow diagram, showing the
; rgression of operations from raw material to the
3 * nished product, Is a useful aid in determining the
cation of control stations., By monitoring these
tations it s possible to identify the areas of

o : reatest disturbance to the manufacturing process.

As mentioned previous'y, the manufacture of regulators

. is not a flow-line manufacturing process and thus to
i depict a detailed sequence of operations in the form of
T a flow diagram would be prohibitive. For the purposes

of the study, a simplified process flow chart (Figure

4.1) has been prepared showing the general sequence of

« operations from raw material to the machine shop to

final assembly.

4.2.1.1 Control Mechanisms

e rhe process flow chart in Figure 4.1 was usea to
. determine the location of suitable control stations.
The machine shop .nd the assembly area were identified
B as  the main areas where controls should be instituted.
In order to devise suitable control mechanisma it
required a period of familiarization with the various i
operations and protesses in the wachine shop,

sub-assembly and amsembly areas.
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Two separate cheklists were developed (Appendix C),
one for the mac ine shop and one for the assembly area,
in order to record the possible causes of inconsistent

preduct quality and defective components.

The checklist for the machine shop (Figure C1) lists
eleven posaible causes of defects. The toolsetter or
machine operator was required to record the defects,
using the clipboard and pen provided, on a separate
sheet for every batch of sach component machined.
Unfortunately this recr.ding system failed despite
constant erforts to explain the purpose and stress the
importance of it to the toolsetters and operators. The
failure can be attributed to the toolsetters’ and
machine operators’ lack of discipline, lack of
understanding, lack of co-operation and fear, although

unjustified, of revealing the truth.

The checklist for the assembly area (Figure C2) lists
thirteen pocsible causes of defects. A clipboard and
pen was set up at the workstation of each assembler to
enable them to record the nature of the defect and the
frequency with which it occurs in the simplest possible
way. $ince the machine shop systen failed it resulted
in employing the strateqy of monitoring activities
downstream i.e., in the assembly area and working back

upstrean to determine the possible causes of asaignablne

defects
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During the initiation of this et recording system
the purpose and Importance of ceocuring this data was
explained to the acsemblers in conjunction with the
supervisor who is able to converse in the workers’
¢ language. In order for this system to be successful it
was found necessary to reinforce these 1dras each week.

The assemblers, however, were found to be far moro

responsive and cc-operative than the toolsetters and

N machine operators. The purpose of this system was not

; -~ only to record the nature and frequency of defects but

o also to create a helghtened awareness of the need for

guality improvement,

The information recorded on these defect lists is valid

altaough not entirvely accurate. The accuracy of the
data is guestionable because occasionally one or two of
the eight assemblers had a slightly different spread of
problems compared to the rest of the assemblers. There

could be a number of reasons for this behaviour:

{ 1) The aszembler concerned might think that the
occurring defect is not servious and thus does

b not warrant attention,

( 1) The assembler might »nick up a defect but isg
unsure of the cause of the defect. As a result
he might think that it is better to leasve it out

than to mark an incorrect cause.
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{iil) The assembler could be afraid that if he
records too many defects he will be reprimanded
and thus to avold such a situation defects might
not be recorded. By obtaining management support
for the syste. and encouraging management to
asgure the assemblers that their performance
reccerd would not be affected it was possible to

allay the unjustified fears of the assemblers.

4.2.2 PARETO ANALYSIS

4.2.2.1 The Pareto Principle

The prinzinle of the ‘vital few and the trivial many’
is  xnown as ‘the Pareto poinciple’ (107). A vital few
members  of the assortment account for most of the total
effect. The bulk of the members (the trivial many)

account for very little of the total effect.

A major use of the Parsto principle is in the design of
auality improvement programmes. Here the principle has
¢> wide an application that no intelligent approach to
Juality lmprovement is possible without it. Improvement
can  be justified only for the vital .ew projects. It is

these projects which conrtain the bulk of the

g
f ‘
{
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opportunity for improvement in failure rates, quality

costs, etc..

The vital few projccts are identified through a ‘Pareto
analysis’. In its most basic form, this consists of a
listing of the contribultions to the problem in the

order of their importance.

4.2.2.2 Dpiscussion ot Pareto Analysis

The data recorded on the defect lists 1in the assembly
area was collected and analysed on a weekly basis. A
Pareto analysis was performed each week (Figure 4.2 -
Figure 4.9) to determine the most frequently occurring
defects in the manufacture of regulators. In this way,
it was hoped to identify a common recurring pattern of

defects which could be further iavestigated.

Close examination of the weekly Pareto charts revealed
that there was no recognizable pattern when the top 20%
of categories of defects (which generally accounted for
about 80% of the defects) of each chart were compared
with one another. The various defects appeared to occur
in a fairly random fashion and thus was difficult to
isolate a dJroup of common recurring defects. Therefore

further analysis using Ishikawa diagrams would have

L
A,
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required a fairly lengthy period of investigation and

measurement,

Due to  the random nature of the defects there appeared
to be k1 common  denominator  responsible  for the

inconsistent product guality and excessive defect rate.

Detailed inaspection of the recorded defects revealed an
interesting result. The majority of defects (60%) were
found to originate from the machine shop. $ince the
toolsetters and nachine operators have been assigned
the respongibility for product quality both were
suspected of abdicating their responsibilities. The
toolsetters wate chogen to be investigated first
because they are assigned the responsibility of setting
up the machines accorling to drawing specifications.
Initial suspicions of lack of discipline and lack of
co~operation further justifiea the decision to

investigate thoir activities,

4.3 CONCLUSION

The process analysis tools employed provided valuable
infermation necessary to  narrow  down the fundamental

CAuse of the problem to a few specific areas.
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meagsurement,

Due to the random nature of the defects there appeared
to be a commen  denominator responsible for the

inconsistent product guality and excessive defect rate,

Detailed inspection of the recorded defects revealed an
interesting result. The majority of defects (65%) were
found to originate from the machine shop. Since the
toolsetters and machine operators have been asrigned
the responsibility for product gquality both were
suspected of abdicating thelr responsibilities. The
toolsetters were chosen to be investigated first
because they are assigned the responsibility of setting
up the machines according to drawing specifications.
Initial suspicions of lack of discipline and lack of
co-operation further justified the decision to

investigate their activities.

4.3 CONCLUSION

The process analysis tools employed provided valuable
information necessary to narrow down the fundamental

cause of the problem to a few specific areas.
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Additional techniques and measurements are now required
to further investigate these possible sources of poor
guality (nonconformance to requirements) and ultimately

pin~point the root cause.




T

5,0 THE 'BREAKTHROUCH'

%.1  INTRODUCTION

Quality improvement activities are concerned with both
sporadic and chronic quality problems. A sporadic
problem iz a sudden adverse changr in the status quo,
regquiring a remedy through restoring the status quo. A
chronic problem is a long-standing adverse situation,
requiring a remedy through changing the status quo
{108)., Sporadic problems are dramatic and receive
im-ediate attention. Chronic problems are not dramatic
because “hey have been occurring for a long time, are
often daifficult to solve and are accepted as
inevitable. The danger is that the fire-fighting on
sporuaic problems may take <continuing priority over
effort where larger savings are possible i.e., on

chronic problems (109),

The chronic problems facing the Regulator cell required
a change in the status gquo. In order to change the
status guo, Juran (110) advocates that a breakthrough
is needed in order to achieve an lmproved level of

quality.
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5.2 EVALUATION OF TOOLSETTERS

The toolsetters are largely responsible for produst
gquality in the machine shop and thus an in-depth
; investigation into their activities was nenessary
either to confirm or remove suspicions regarding their

N performance.

’ 5.2.1 WORK~SAMPLING ANALYSIS

Work-sampling is like the before flow chart, It shows

what is happening at present (111). The work-sampling
study vyields data on percentage of idle or delay time.
The purpose of conducting a work-sampling analysis was
not to determine wutilization rates but rather to
establish the manner in which the toolsetter allocates
his available time to the various activities of setting .

a machine.

In order to avoid bias, the work-sampling study was
performed in a period of time representative of average
conditions. Other “*ypes ¢! bias that were guarded

- against are as follows:

o
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- ke coudy was conducted over a number of weeks so
that the results were not biased by a single unusual

aay.

- ’Instantancous’ observations were made so that the
toolsatters did not "glide" into another activity,

leaving the author a choice of which one to record.

-~ Observa:iions were made at random intervals so that
the toolsetters did not "prepare for" the

observations at set intervals.

~ The toolsetterr were informed about the nature of
the study in srder to prevent hostility and

deliberate attempts to foul it up.

~ When in doubt, the toolsetter was asked what the
observed activity s in order to avold judgemental

bias.

~ A sample size of 300 observations was taken which,
tfor the purposes of the study, was considered a

large enough sample to yield convincing results.

The work-sampling form (Flgure Dl) drawn up for the
study lists ten of the toolsetters’ activities most
likely to be encountered. The results of the study wmay

e summarized as follows {(Table %.1):




E
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Table 5.1 Results of Work-Sampling Study
PERCENTAGE OF
ACTIVITY TOTAL OBSERVATIONS
1. Sharpening tools 13.67%
2. Gauging componsnts 11.33%
3. Marking off 0N
4. External machine setup 3.67%
%. Internal machine setup 15.00%
6. Recalled to machine 27.00%
7. Aiding another toolaetter 2.33%
8. Stripping dowr machine 12.00%
9. Functional test 2.67%
10. Other 11.00%
An analysis of the “asults revealed that the

toolsetters spent approximately 30% of their time being
recalled to a machine, This is not only an indication
»f  their lack of education and training that limits
their machine tool setting abilities but also of their
disregard with respect to their product gquality
responsibilities. As a result the quality of machined
components was i wgistent, cor Unents  were not
machined according to the schedule dictated by the
Kanban board (approximately 35% of all components had
to be expedited), and a large anount of scrap (8.5%)
was produced which was not formally recorded and thus

want unnoticed.

e
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. ‘ The percentage of time recorded for external machine
S setup activities was approximately 4% which is
abnormally low. shingo (112) suggests that the

M proportion of time spent on external machine setup

e activities should be at least 50% of the to%tal machine
setup time. This is a clear indication that there was

barely any planning or organization prior to a machine

setup. This resultad inr the adverse situation of

! ! unnecessarily long setup times which severely hampered

the cell’s JIv strate:. of producing in smali lots.

This lack of preparation probably alsc accounts for the

H high percentage of machine recalls.

P, The purpose of the functional tist is not only to
e determine that the component conlorms to drawing

specifications and thus allows for trouble-free

i assembly, but also to ensure that the component
performs its demired function. The low percentage of
time spent by the toolsetters is evidence of the fact

R that insufficient neasures were teken by them in order

to ensure defect free components.

5.2.2 ATTITUDE OF TOOLSETTERS

Having observed the activities of the toolsetters and

highlighted many of their shortcomings it was an
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[ interesting exercise to draw up a questionnaire for the

toolsetters in order to ascertain thelr perceptions

regarding their performance. The questionnaire for the

toolisetters {Appendix E) is based on the Toyota

T | Production Systems Wuste Questionnaire.

™ general impression gained from the questionnaire

was that there were large discrepancies and numerous

r -t contradictions between the observations of the author

and the perceptions of the toolsetters. The toolsetters
gave the overall impression that they were performing
to the best of their ability and facing up to their

designated responsibilities.

The machine shop is highly dependent on the skills of

the toolsetters in order to get the machines set up and ”' . N

producing quality components. Unfortunately the
: toolsetters appeared tou have taken advantage of this

situation which has been to the detriment of the cell.

; The present performance appraigal system o{ the
toolsetters (Appendix F) has unfortunately, through
% certain loopholes, been partly responsible for allowing |

the toolsetters to adopt an attitude of superiority.

' The toolsetterc have a rating of five which is the
: highesn' possible rating. The validity of this rating is }
questionille due to the findings of the poor }

performeace cf the toolsetters. As a result of their
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rating they have reached a plateau with regards to

their performance appraisal and thus appear to have
{ B lost their incentive and motivation to attaining any

further goals.

It is apparent that revised standards are necessary wo

overcone this situation and prevent a future

! recurrence. Mike Karle, the Jit manufacturing
consultant for Afrox G.E.F, has proposed new
- performance appraizal standards for the toolsetters

A (Appendix F) which outlines objective standards tc

measure and give recognition to the performance of the

toolsetters. BT . .

o

Quality control is perhaps the chief reason for good

housekeeping ut  safety and pride undoubtedly are

important related factors. One ‘ay expect that sloppy

housekeeping habits encourage sloppy work habits, which

lead to personal injury and injury to products and

equipment (113). Conversely, good housekeeping should 2
provide an environment conducive to improved work |
- habits, gquality, and care of facilities. I[nasmuch as
good housekeeping 1is considered a contributor to good

quality, housekeeping responsibility must reside with

g thogse who have quality responsibility, namely, the

foreman and the workers (114).

The toolsetters’ attitude towards guality and lack of

ot s o



pride in their work

housekeaping habits

-l

may be depicted in their nntidy

which is evident from thelr poorly

maintained tool trolleys (Photograph %.1). However, the

real cause for the toolsetters’ lack of wmotivation can

once again be attributed to management. Management

should give the

toolsettars the recognition they

deserve and encourage and reward any innovative and

creative ideas.

Photograph 5.

1

Example of a toolsetter’s

dicorganized tool trolley
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A clean and tidy workplace makes the unspoken statement
that quality is expected (115). Thus the slovenly
housekeeping habits of the toolsetters were merely a
confirmation of the previous findings of the
toolsetters’ poor performance with regard to product

gquality.

5.3 CONCLUSION

Traceability 1s the ability to identify the individual
parts of any component, and that could mean people,
tools, materials, and any other particulars that
pin-point the origination of quality problems, One of
the most difficult aspects of solving quality probiems
is identifying where and vhaen the problem the
originated. Without thst inrormation, the ability to
solve problems decreases inordinately. If one does not
know what caused the problem, it is only reasonable to

expect that the problem will not be solved (46).

The axtensive investigation into the toolsetters’
activities provided the much sought after breakthrough
that the toolsetters were responsible for the poor
quality (8.%% scrap -~ 65% of these defects were due
primarily to incorrect setup procedures, 20% rework) of

machined components in the machine shor.
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The design f a suitable quality isprovement programme
wonld provida the necessary means to achieve an
improved level of quality. However, for the successful
implementation of the quality progrimme it is essential
to gecure the correct management commitment and
support. Management commitment must be coupled with
total management involvement. Thus unless management
faces up to its responsinilities to achieve quality no
guality programme, irrespective of how good it is, will

be able to solve their problems (il17).
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6.0 DESIGN OF THE QUALITY IMPROVEMENT PROGRAMME

6.1 INTRODUCTION

The achiovement of quality improvement ultimately leads
to the attainment of unprecedented levels of
performance. Without a disciplined and planned approach
one is limited to the troubleshooting and fire-fighting
role, responsibilities will remein undefined and
efforts to achieve Improvement will be dissipated and
wasted (118). This chapter deals with the design of a
detailed Quality Improvement Programme intended for the
specific purpose af improving the toolretters’
performance, This programme will enable the
toolsetters’ efforts and energies to be channelled in
the right directic. in order to achieve maximum gquality

and productivity improvement.

The human factors that may be involved in the
introduction of remedial changes are essenticl to
consider. These human factors may very well result in
resistance to change because of soclal consegquences and

the need for altered patterns of behaviour or learning.

Twe of the most important factors necessary for the

successful  implementation of a programme are that full
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training be provided for those who will be raquiredvto
operate and manage it and the proper definition and
delegation of responsiblilities {119). However,
motivation for workers is equally important gince it
consists of discovering and applying the stimuli needed
to induce employees to meet their respensibilities with

respect to quality.

6.2 USE OF BOLT/UNBOLT OPERALU«S

The toolsetters are required to perform all the menial
and skilled tasks necessary to complete a machine
setup. The toolsetters are the most skilled workers in
the machine c¢hop and thus the design of the Quality
Iaprovement Programme attempts to harness thelr full
potential. an investigation into the toolsetters’
activities revealed that a large percentage of them may
be considered as menial tasks. Thus in order to assist
the toolsetters it was decided to introduce the concept

of a bolt/unbolt operator,

The toolsetters are classified as artisans or Grade "A"
whareas the bolt /unbolt operators are graded as "DY
operators (somi~skilled workers) according to the
SEIFSA {&teel Engineering Industries Federation of

gouth Africa) Grading System. According to their job

§
|
|
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description there are numergus tasks which they can
1 » perform in order to alleviate the toolsettars of the
;

burden of the menial tasks., The following list covers

the most general tasks:

=~ Changing the collet size on a machine

- Changing the feed-finger on a machine

i - Removing tool holders and tools from the turret

~ Inserting tool heolder: and tools in the turret in

the correct sequence according to the tool layout

~  Stripping down the machine

=  After stripping down the mach.ne the bolt/unbolt
operator can take the tools that require sharpening
{ to the toclroom and get the tool-grinder to sharpen

them

can replace them in the tool cabinets in thelr

rd

Eu - Once the tools have been re-sharpened the operator
E correct position
|

« The operator can remove a cam set from a machine

= The operator can fit a cam set onto a machine
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~ The operator can assist in external setup procedures

namely, preparing all the necessary tools, cam sets,

collet size ecc. for setting up a machine

~ Maintaiaing the tool cabinets in an orderly manner

- Ensuring that the correct size of material is

tvailable at the machine

~ Ensuring that the corrvect drawing is available at

the machine during a setup

- Removing tools from the slides

-  Placing tools in the zlider in the correct seguence

according ta the tool layout

-~ Organizing that the correct gauges are avallable at

the machine for use by the machine operator

-~  Replacing the gauyes in their respective positions

in the tool cabinets

Thus it  appears from the above list that the work load

of  the toolustter will decrease enormously. However,
with the iIntroduction of the bolt unbolt operators the
toolsettaers will be exproted to  concertrate  thelr

efforts  on  the wmore skilled activities ¢f a setup as
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well as beirg required to accept a change of roles. e
toolsetters will be encouraged to utilize their
. ¥
- available time for duveloping improved methods for
| . improving the quality of components and reducing lot
-
: sizes in order to reduce the stock of componente,
'
» €.3 REORGANIZATION OF THE MACHINE SHOP
4 !
»
o~
{ The reorganization of the machine shop was necessary in

order to facilitate with the management ol both the
toolssttersr’ and the bolt/unbolt operators’ activities.
At present in the machine shop there is dual

accountability for both guality and output which

unfortunately results in finger-pointing amongst the

toolaetters and sairking off of tnelr responsibility.

The machine shop will be divided inte three separate
groups (Figure 6.1). Fach toolsetter in tre machine [N

shop will have his own group of machines and components

for whict he is responsible and accountable. Each
toolsetter will be assigned his own bolt/unbolt
operator who reports to him, There will be three
separate tool cabinets in  the machine shop, each
housing the tools and gaunges for its respective group ;
of machines, where each toolsetter wiil be responsible i

for his own tool cabinet.
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The inclusion of a pre-set tooling bench should provide
the necessary incentive to engsge in the development of
T
pre~set tooling which should be the responsibility of
both the toolsetters and the production engineer.
o
. An  added advantage of organr the machine
vhis manner is that itob rota be inty
poth the toolsetters and ol
This job votation schen we sach
K toolsetter and his respective bol /ur : 1ovill
~
// pecome  equally competent on  all ot i 11 the
machnine shop and thus provide g ote” bl
-
¥
. The cost effect of employing  ttree  bolt/unbolt

operators (Grade "D") can be calcalarsd as 1. liows:

For a Grade "DY operator the annual

{R4.5%2/hr) X (45 hre/wenk) X (52 weeks) X 1.333

R14 100

where: R4.52 is the SEIFSA minimum wage rate for
Grade YL operator (effective frowm 00 July “8&)

madical

The 1.3331 factor ac t . for pension,
Corte .n subsidie urE,

benefits, sick jeaw:

eto.




sy

LMLmMMMAmmMmmw

~93~

Thus the total annual cost “or three
bolt/unbolt operators = 3 X Rl4 100

i

= RiZ 300

Preduction c¢osts can be approximated and broken down
into three main areas:

hatwrial 60%

Overheads 30%

Direct Labour 10%

Thus the additional annual direct labour cost seems
insignificant when compared to the average monthly
irventory holding costs *  about Rl 000 000 (AFROX,
*88). The benefits of improved quality and minimization
of lost production output further Jjustify this

additional cost.

6.3.1 TOCL CABINETS

Each toolsette. and hig bolt/unbolt operator is
responsible for organizing and maintaining their tool
cabinet in  an orderiy manner. The tools and gauges for
sach component mist be  arranged, for example by
comporent  number as well as use made of colour coding,

for eame of identification, This will also enable
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visual inspections to be carrird out for missing gauges

and broken tools.

The investment of back-up tooling is suggested in order
to prevent tool breakages from causing disruptions and
stoppages to production. Although the cost of tooling
is expensive, the cost of loss ¢f production output and
poor quality of machined components must be weighed up

against the cost of this investment.

6.3.2 TOOLROOM FACILITIES

The 2 is a centralized toolroom which provides a
tool-yrirding service to all four cells within the
G.E.F. FPreviously the toolroom was manned by three
tocl-grinders but at present tha workforce has been
reducea by two~thirds and is row manned by a single

teol-grinder.

As a vresult of the present tool-grinding capacity the
response time, which 1is the time elapsed between
handing a tool in and the tool being returnad, of the
tooiroom has deterivrated since it cannot cope with the
existing demand. The average response time was found to

Le approximately a week and a half.
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The production services department provided the
following breakdown of toolroom hours amongst the

various ceils (Tabie 6.1):

Table 6.1 Breakdown of Toolroom Hours For Cells

(AFROX, ’88)

AVE. OCT [NOV, |DEC. |JAN.| AVE., % OF
'86/'87('87 |87 ['87 |'88 |[TOTAL TOOL~
ROOM HOURS.
Regulator cell 30 89 92 30 38 33.968
Central workshops 23 34 54 13 18 16.62%
cell
Toreh cell 67 68 83 a0 25 30 ngN
Valve and Nozzle 43 19 27 30 18 17.48%
cell
Other 13 17 1 - - 2.90%
196 237 13257 108 96 100.02%

The Regulator c¢ell has the highest averade percentaqge
of toolroum utilization. Thus with the investment of
back-up tooling there will be an increasing demand on
the toolroom. Therefore it is suggested that management
at G.E.F recruit snother trained tool-grinder in order

to provide additional tool-grirnding capacity.

The axpected benefits from employing a second

tool~grinder are as follows:

- Improved toolroom response time




-~
B - N
- .
vy - e . "
w5 # - .
B
{ -96-
v §
#
. ~ Workload in tuclroom will be evenly spread
; i
- {
~ The toolroom will be able to cope with the
A increasing demand more efficiently
B -  Redu:ed overtime costs
- - Less stoppages in production due to broken tools
r
- In the event of one tocl-grinder being absent due to
iliness then the second tool-grinder provides the
= ; necessary backup
T
B The cost af employing another trained tool-grinder
~ (artisan) can be calculated as follows:
For an artisan tie annual cost is:
(R6.53/hr) X (4% hrs/week) X (52 weeks) X 1.3313
= R20 400
where: R6E.53 is the SEIFSA minimum wage rate for an
artisan (effoctive from 20 July ‘88)
The 1.333 fuactar accounts for pension, medical
henefits, sich leave, ceénteen subsidies, UIF,
ete.
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Thus the cost of employing a second tonl-grinder should
be easily off-set by the above expected benefits, some

of which are immeasurable in terrs of cost savings.

6.4 MACHINE SETUP PRUCESS FLOW CHART

The investigation into the toolsetters’ activities
showed that a large percentage of their time was .pent
on being recalled to a rpreviously set machine. This
indicated that they were not sufficiently prepared in
order to set up the machine correctly the first time

within the allotted time.

Another result of the iavestigation showed that
althouyh they did not spend an abnormal amount of time
re-sharpening .cols they persistently performed this
activity at wne wrong time i.e., during a machine

setup.

Thus the output of compol. s from the machine shop was
being severely affected by t o poor performance of the
toolzetters and unfortunately quality was being
sacrificed for the sake of output. It is for the above
and previously discussed reasons that a machine setup

Process flow chart was designed. A graphical

o o " T S

|
:
i
H
|
i




representation of the process

the following pages (Figure 6.2).

The process is designed on the following basis:

-~  The process must be as practicel as possible

those involved in its implemencation

~  The process must be easily controlled b

managae ant of rhe cell

A Kkey factoc in the development of this process was

constant  meetings  and

discussions

different parties concerned. The

people at tpne planning
important in  order to

eventual implemcntation,

st age
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representation of the process flow chart is shown on
. "t
{ the following pages (Figure 6.2).

The process is desiyred on the following basis:

. - ‘The process must be as practical as possible for

those involved in its implementation

- The process must be easily controlled by the

management of the cell

A woy lactor in the development of this process was the

et
. constant neatings and discuseions held with the ‘ . i‘
P, ) Y
“wwu . different parties concernet. The involvement of the
M, people at  the planning stage of  the process was
important in order te -rsure the suvcress of  its !

eventusl implonentation,
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MACHINE SETUP PROCESS FLOW CHART
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Figure 6.2 Machine setup process flow charv.
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Figure 6.2 {continued) .




=103~

4,....PAG! 102 ! FROM PAGE 102

FROM PAGE 102

RETURN ALL TOOLS,
TOOLHOLDERS AND

GAUGES TO CORRECT W

PLACE IN TOOL
CABINET

YES

i

REPORT ANY MISSING

OR BROKEN TOOLS, X

TOOLHOLDERS AND
GAUGES J

DECIDE
IF GAUGE

Is
REQUIRED

NO

RE-~CALIBRATE
GAUGES ACCORDING
TO STANDARDS

Figure 6.2 {continued).
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GUIDE TO THE DELEGATION OF ACTIVITIES FOR
MACHINE SETUP PROCESS

RERSON RESPONSIBLE FOR ACVIVITY

Foreman

Bolt/Unbolt opara

Bolt/Unbolt operator
Bolt/Unbolt operator
Bolt/Unbolt operator
Bolt/Unbolt operator
Bolt/Unbolt operator
Bolt/Unbolt operator

Bolt/Unbolt operator

Toolsetter
Toolsetter
Toolsetter
Toclestrer
rfoolsetter
Hachine operator
roc'setter
wohine operator

Toolsetter

and cleaner

Machine operator and supervisor

Bolt/Unbost operator

Toolsetter

Toolsetter

Bolt/Unbolt operator

Toolsetter

Toclsetter

Quality Improvement Facilitator
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6.4.1 DISCUSSION OF FLOW CHART

The flow chart describes the logical sequence of events
or activities nececsary to perform a quality machine
setup. Each activity 1is clearly defined so that the
delegation of responsibilit;” for each activity is
easily accomplished. In this way, every persor involved
in the process will be accountable for his assigned
activities. It will also facilitate the cell management

in controlling the process.

On analysis of the flow chart it is evident that the
toolsetters’ activities occupy between 10% and 15% of
the total machine setup time whereas the bolt/unbolt
operators’ activities occupy between 85%% and 90% of the

total machine setup time.

The allocation of time was based on the fact that a
large percentage of activities inveolved in a setup may
be considered as menial tasks. Thus with the
introduction of the bolt/unbolt operators it would be
possible for the toolsetters to be alleviated of the
burden of having to perform all the menial tasks
themselves. In this way, the toolsetters would be able
to concentrate more on the advanced activities of a
setup and thereby creating a means of ensuring

consistent quality setups.

g
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The intension o1 the toolsetters of such a
large percentage o. resent activities is to
allow them the cpruriuniv, become more actively
involved in setup time reductiun techniques. Thus the
changing role of the toolsetters is important for their
job security which 1is discussed in detail in Section

6.5,

At present the toclsetters’ imagination and innovation
are stifled by their munda.e daily routine. Setup-time
reduction is a key factor in the achievement of guality
machine setups since the less tige consuming a setup
is, the less time the toolisetter has to concentrate on
the task and thus the margin for error is reduced.
Also, setup-time reduction techniques tend to simplify
and regulate the tasks involved and thereby again
reducing the margin for error. Setup-time reduction
requires the organization and standardization of
procedures so that operations can be performed in a
routine manner. Thus an important reason for setup-tine
reduction is the quality improvements possible since

operating conditions are fully regulated in ~dvance.

Crosby (120) suggests that "Quality is ballet, not
hockey.” Thus a guality machine setup i7 achieved using
a planned, organized and deliberately designed approach
like ballet as opposed to hockey which is a game of

haphazard agtions and ever~changing situations,

-
e
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The nachine setup process clearly identifies the
external gsetup procedure and the internal setup
procedure. This distinction helps to optimize the time
utilization of both the toolsetters and the bolt/unbolt

operatoys.

The inefficiercy of the machine shop at present is a

result of the tollowing three factors:

- Lack of organization

- Lack of discipline

- Lack of accountability

The objective of the machine setup process is to
provide those people who are responsible for the
manufacture of parts and components a framework to work
within. This process is a means of instilling some form
of discipline and hence organization in their work

environment.

A detailed discussion of the variocus activities follows
where suggestions for improvement and implementation

are discussed.

A
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ACTIVITY A

The Kanban board s a visual display which is used as
an aid in scheduling the machining of components. Thn
foreman is responsible for the smocth running of the
machine shop and the decision as to which component to

machine next is based on the Kanban display.

In the ideal Kanban system there should be nu necessity
to expedite any job. However, since the present system
is not id=al the foreman must assume responsihility for
the co-~o.Jdinating and scheduling of components. As the
systen progresses the foreman should place more
emphasis on becoming a facilitator to the toolsetters

and training them to operate the system efficiently.

EXTERNAL SETUP PROCEDURE (ACTIVITY B TO F)

External setup procedure is defined as those activities

which may be pe jormed while a machine is in operation,

A1l the accivities of the external setup provedure have
been assigred *o the bnlt/unbolt cperators since none
of the activities really regquires the skill of the
toolsetier. Although the toolsetter will not b
directly responsible for these activities he will act
as  a mentor to the bolt/unbolt operator and asslist him

where necessary.
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ACTIVITY. B

It is imperative that the most up to date revised

drawings be stored in the filing cab'net on the shop

floor. Tight controls must be introduced to ensure that

the most recent revisions prepared in the drawing

office are also found on the shop floor. The drawing

must always be available at the machine t. facilitate

the toolsetter in setting up a job according ¢. drawing

specifications.

ACTIVITY ©

The Titular card (Filgures 6.3 and 6.4) is an important

aid to the external setup procedure. It contains the

tollowing information:

- Component number

- Cycle tine

- Machine metup tinme

~ Machlne number

-  Tools required

- Tool laycut
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ACTIVITY R

“he bolt/urbolt operator must ensure that his tool
trolley has all  the necessary tools to strip down and

set up a machine without having to walk away from it.

1f for some reason he walks away from the machine in
order to find a particular tool then it is a sign of
insufficient preparation and results in unnecessarily

longer setup times.

ACTIVITY E

The boltsunbalt operator should have little troudle or
none at all in obtaining the 2urrect tools, toolholders
and  gauges from the tool cabinet provided the cabinet

is arranged in an orderly manner l.e., according to

component number.

At  present a large amount of emphasis i= be. o nlaced
on  the organization of the tool cabinets. Th wuld
be no  lnstances of wmissing gauges and  broxen or
unsharpened tools left lying in the cacinets oi. o the

pew system is implemented.

ACTIVIIY F

fhe bolt/unbolt operator nust ensure that the correct

o
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size, type and quantity »f material is available at tre
'y wmachine. It is important to ensure that no excess of
material is kept at the machine since it could hide

" potential scrap being produced.

ACTEVITY G

Once the machine has stopped production the bolt/unbolt

. : operator must *rip down the machine. All the toolg

S removed from the machine must be put to one side for
- the toolsetter to inspect and decide, only after the
. next setup is complete, whethev they can be replaced to

the cabinet or must be booked into the toolroom.

The cleaner wmust remove all the accumulated swarf and

¢lean the machine so that the bolt/unbolt operator and
the toolsetter can work unhindered., A c¢lesn machine
also helpe to ¢ 2 a better working environment as
well as maint. the machine in better working

N condition. o

ANTERNAL SETUP PROQCEDURE (ACTIVITY H TC O)

%
Internal setup procedure is defined as those vities
which may be performed only when a machine is coped.
JSSO—— -
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ACRIVITY H

The bolt/urbolt  operator should be able to accomplish

these Jasls  weasily with initial quidance from the

tooleetter, Certain  tas in tmin activity may be
improver upon  or even removed in order to reduce the

setup time, There arve two possible improvements:

{ 1) By developing a common vam set for a group of
components it will completely eliminate the
necessity of changing cam sets (Photograph &.1)

and could reduce the setup time for each

conpunent by about 1% to 20 minutes.

Photograph 6.1 Ewample ot & typical cam set,




[

A spare oylindrical drum {(Protugraph 6,0) was

but is never

purchased for the hydraulic sachine
used. By setting the trip Jdoygs on the spare drum
while the machine i{s in operation the setup times
on these machines could by reduced, Thus thus
apurat bos cousd ke convested from the internal

netup prooesure bo the externs’ setup provedure,

photograph 6.2 A eylindrieal drum showing

tymreal vrip dog settinagn,

ACVIVITY ]

e

1

he

Pitular car’ provides the bolt/unbolt operator with
tool tayout  whivh 10 essential  for the correct
goot toolyo in the tureet oo olides,

ERgH

.
"
5
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At  this stage of the setup process the bolt/unbolt
operator’s activities come to a halt sin 2 he has a "Dp»
grading and 1is not permitted to set a machine for
another operator. Thus while the toolsetter takes over
and completes the setup the bolt/unbolt operator may

begin to prepare for another setup.

ACTIVITY J

Where possible the toolsetter should use a sample piece
{Photograph 6.3), where the component is still part of
the bar of raw material, when setting up a machine.
This method provides the tooslgetter with a fast

reliable means of making fine adjustments

Photograph 6.3 Sample pleces used for making

fine adjustments
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; ACTIVITY K
L
;{ The toolsetter must accurately check all dimensions

with analogue measuring equipment such as verniers,
» micrometers and depth gaudes according to drawing
specifications. Thus it is vital that the most recent
revised drawingy be availchle at the machine. This can
be accomplished by removing all previous drawing

revisions from the filing cabinet on the machine shop

S s floor and ensuring that only the latest revision
: w~
Ve prepared by the drawing office is available for use.
sy -
wL ACTIVITY L

It is essential that the toolsetters set up the machine

around the mean of the tolerance band. On a humber of
occasions the toolsetters would set up the machine on
the lower limit hoping to compensate for tool wear.
However, they were unaware of the natural variation of
the machine and as a vresult a fair amount of scrap
would be produced. Thus to ensure that the machine has
been set up correctly it 1s suggested that the
N toolsetters take a sample of say five components and
racord the results on pre-prepared charts using

verniers and micrometers.
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ACTIVITY M

Prior to the start of a production run the toolsetter
must perform a functional test on the component. This
is to ensure that it can be easily assembled, performs
the required function and to ensure the safety of the

product.

ACTIVITY N

The toolsettar is respensible for encuri.g that the
machine is safe to operate. He must check that all
tools are correctly tightened, there are plastic guards
on the macnine and the bar feeding mechanism |is

properly secured.

When the toclsetter signs the firgst-off form
(Figure Gl)} bne is committing himself to the fullowing
statement: I confirm that component number, say, 18720
conforms to all specified parameters on the drawing and

that I have confirmed that the operation is safe.

ACTIVITY ©

The michine operator must sign the first-off form only
once he has deronstrated to tne tCoolsetter how to
operate the machine properly, an understanding of
safety instructions and an understanding of correct

quality ingpection procedures.
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ACTIVITY P

Onze  the componmnt  conforms to specifications and the
machine is safe to operate the toolsetter starts the
production run and allows the machine c¢perator to

assume his duty.

ACTIVITY Q

At present the machine operator is exprcted to gauge
the first and last component of each new bar in an
attempt to control the gquality of machined conponents,
Although this is not the most reliable means of control
it will suffice until such time that the operators have
been sufficiently trained in  Statistical Process

Control (SPC) charting mothods.

Statistical Process Control is an unnatural process for
an operator. It is not natural, iour after hour, day
atter day, week after week, to measure the pieces, plot
the points, perform the arithmetic, and constrain all
personal actions %Yy the resuits. Some operators will
have difficulty with arithmetic. Many wili feel a
reluctance to plot points that show the process is out
of control ana to seek assistance in solving problems.
Others will be disinclined to put written accounts of
problems and actions on the charts. Statistical Process

Capability and Control apply similar constraints to the
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natural behaviour of first line supervisors (e.g., by
requiring them to stop a procesz and lose output while
a special cause is investigated). Thus the introduction
of process capakility and control is a major challenge
to management because of the psychological factors,
technicai difficulties, and financial

constraints (121).

Gruocock  (122) suggests a list of some of the actions
that have to be planned, scheduled, provided ith
resources, and _mplemented so that a company can
complete a programme ol Statistical Process Capability
and Control (Appendix H). The list indicates the
complexity and difficulty involved in successfully

implementing such a prcgramme.

ACTIVILY R

The toolsetter is responsible for making decisions as
toe whether tools neasd re-sharvening or re-grinding.
These decisions should be based on standards and
specifications. This decision process should preferably
take place during production runs in order to optimize

his time utilization.

ACTIVILY &

The three tray sgystem should be used to control the
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amount of scrap and rework. It is an effective system
when used since scrap and rework are clearly visible to
everyone on the shop floor and can be used as a
motivator for improvement. ‘owever, the tendency is
usually to try and hide or remove any evidence of
non-conforming components. Thus to the unsuspecting
observer the scrap rate may appear to be of the order

of 1% or 2%.

In order for this system to yield valid results and to
be effective the machine shop supervisor must empty the
trays at the end of each day and record the results on
the first-off form. Using these results an approximate
sCrap rate mway be calculated and reasonable goals for

improvement may be set.

ACTIVITY. X

once the toolsetter has decided which tools need
re-sharpening or re-grinding the bolt/unbolt operator

can book them into the toclroon.

ACTIVITY U

At present, pre-set tooling does not exist. However,
this is one area in which the toolsetters should be
able to make progress in order to further reduce setup

times.
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The reason why the idea of pre-set tooling was included
was to show these activities in the context of the
setup process in the event of this tooling being

developed sr possibly purchased.

The toolsetter should decide if the pre-set tools need
to be adjusted but those that were re-sharpened or

re-ground should automatically be sent for adijusting.

ACTIVITY V

A pre-set tooling bensch will be required so that the
tooling can be correctly adjusted by the toolsetter for

the next setup.

ACTAIVITY W

once  the tools have been re-ground, re-sharpened and
adjusted they can be replaced to thelr correct place in
the tool c¢abinet together with all the other tools,
tovlholders and gauges. Ia  this way, the tools and
gauges will always be avallable for dispatch for the

next st .up.

ACTIVITY X

The toslretter should frequently inspect the cabinets

and  report any missing or broken tools, toolhoiders and

O
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gauges. If any of these are critical to an operation
and are not reported it could lead to unnecessary
stoppages in production and possibly have e detrimental

cascading effect on product agsembly.

However, 1if each toolsetter were allocated a budget to
cover the costs of replacing or purchasing additional
tools, toolholdcrs and gauges then their responsibility
for the tool cabinets would increase. Insodoing, the

expected benefits would be:

( 1) Well maintained tool cabinets to permit fast

setups and machining of quality components.

{ii}) ‘The Loolsetters would be provided with the
necessary resources for developing innovat.ve

ideas.

ACTIVATY. X

The decision as to whether re-calibration of gauges is
necessary coan be based on a simple time period system
as  follows: At the beginning of a time period a colour
sticker c¢an be placed on each gauge. At the end of the
time period all the gauges can be re-calibrated and a
new colour sticker can bhe used to indicate the

beginning of a new time period,

e



Ti 2  gauges must be re-calibrated by the head of the
newly set up Quality Assurance department, namely, the
Guality Improvement Facilitator according to

pre-defined standards.

6.5 CHANGING ROLE OF THE TOOLSETTERS

A company intending to increase productivity and
quality has a serious credibility problem obtaining
participation from a workforce who believes that their
reward will be an early place in the unemployment line.
Suspicion of management motives is the biggest reason
employees, whether unionized or not, fear participating
in workplace improvement. Narrow job descriptions are
seen as a lifeboat that will see them tou retirement

without realizing that the lifeboat has a leak (123,

The introduction of the bolt/unbolt operators results
in a change in the toolsetters’ role and thus a
restructuring of thelr Jjobs. This changing role is
important for the job security of the toolsetters. It
is  essential for the toolsetters to realize that they
will not be made redundant with the introduction of the

bolt/unbolt aperators but rather a form of job
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enrictment will result from their vrecruitment. This
will provide the toolsetters with the opportunity for
growth and  achievement. In order to assure the
tocleetters that they will not become redundant and
face possible dismissal, management must openly declare
in a written statement or policy that workers will not
be dismissed as a result of JIT or quality
improvements. This formalized policy is essential for

the toolsetters’ job security.

The bolt/unbolt operators will alleviate the
toolsetters of many of their existing menial tasks in
order to enable the toolsetters to concentrate their
eftorts on the actual skilled task of setting a
machine, Thus the toolsetters will be expected to
pertorm consistent quality wstups which will result in

an improved level of juality of machined components,

The toolsetters must see some sort of advancement for
themselves possibly in the form of a higher position
and more money. This is vital if they are to accept
this system. However, the workers must be sufficiently
motivated in order for them to strive towards the

accomplishment of their tasks.

The toolsetters’ new role reguires them to becore
involved in the development of improved setting and

machining methods., This will enable the Requlator cell
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o 2 to improve gual’’ but will alse increase the self

egteem of the tools. «.s.

The toolsetters may combine their skills and form a
group or an "A-team" of problem solvers and
' eliminators. The synergistic effect of this team could
i ’ rrovide the means for continuous and rapid quality

improvements within the ce’l,

! o7 6.5.1 MOTIVATION

Motivation wmay be defined as the process of stimulating
employess to work towards goals that they consider will

satisfy their needs {124y, Applied to quality,

motivation consists of discovering end applying the
stimuli needed to induce employees to meet their

responsibilities with respect to guality (12%).

. Many managers deplore what they vegard as a loss in
pride of workmanship or a decline in the spirit ot
‘eraftamanship’ which once prevailed among workers., The
%K implication is that workers were once self-motivating
with respect to quality and that this self-motivation
hasg been loyst (126}, MoGregor (127) proposed two

alternatives regarding the worker: Iz the change in the
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worker or in the work ? These two alternatives have

been given names -~ Theory X and Theory Y, respectively.

Under Theory X, the modern worker has become lazy,
uncr osperative, will not accept rerponsibility, etc.
Hence managers must combat this decline in worker
motivation through  skilful wuse of ir entives and
penalties., Under Theory Y there has been no change in
human nature. What has changed is the way in which work
is organized. Hence the solution is to create new job
conditions which permit the normal human drives to
assert  themselves. Managers are not unanimous in
adhering to one or the other of these theories.
Howevar, there seems to be no conclusive evidence that

either can outperf~rm the other in economic terms,

when congidering - motivational strategies it is
esgential to Know what motivates workers.
Herzberg (128) suggests that the most important scurces
of wmotivation for employees are those factors that are
intrinsic or directly related to tie job itoelf. The
growth or motivator factors that are intrinsic to the
jobby  are: achievement, recognition for achievement, the

work itself, responsibility, and growth or advancement.

According to Hergbery (129) the apgsence of factors thut
are -~xtrinsic to the Jjob such as: compuny policy and

administration, supervision, interpersonal
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relationships, working conditions, salary, status, and
security can mnmike a worker dissatisfied. but their

. presence will not motivate him to work harder.

' The only way to motivate employecs is to give thenm
challenging work in which they can assume
responsibility (130). However, monetary rewards based

on merit and achievement have a high degree of

motivational value as opposed to general salary

4 ircreases which have little, or no, long-term

- motivational value. Thus the changing -ole of the
toolsetters provides them with Jjobs that should meet

. their needs for growth, recognition, achievement, and

S - responsibility.

5.6 CONCLUSION

The identification of problems is necessary but |
“ insufficient in order to achieve an improved level of

quality. The exposure of problems alone is ineffective

unless accomparied by a suitable action plan for

* improvement.

The design of the Quality Improvement P gramme
attenpts to address those specific elements found i

responsible for poor quality. In particular, a
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reorganizatior of the machine shop was proposed whereby
each toolsetter would be responsible and accountable
for his own group of machines and components. The
concept of a bolt/unbolt operator was proposed in order
to alleviate the toolsetter of menial tasks anrd thus
enable him to concentrate his efforts on performing
congistent quality setups. The introduction of
bolt/unbolt operators resulted in a change of roles for
the toolsetters who would become actively invilved in
the development of improved methods for reducing satup
times. Finally, a twenty-six step machine setup process
was developed, where responsibilities are cleariy
defined, in order to regulate the toolsetters’ and the
bolt/unbolt operators’ activities for maximum quality

and productivity improvement.
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7.0 CONCLUSION

It is difficult to wvisualize a scenario in which the
importance of quality to consumers declines. Depression
or prosperity, quality will make gains for two basic

reasons {131).

First, consumers expect more today, ard their
increasing knowledge and sophisticatinon will be a
continuing force behind that impetus. Compsnies
supplying products and services will need to upgrade
their quality systems and programmes continually to
reach end sa%“isfy more demanding customers. Taat trend
will be accentuated as prosperity continues because
consumers will be making free choices for goods and
services among increasing numbers of competitive

products {132).

Second, gquality is the last accessible frontier for
cost reduction. Although company forms and functions
may change drastically in the future, those changes are
aggentially evolutionary. The pressures for impacting
return-on-investment (ROI) with workable cost reduction
efforts are intense right now and guality costs are the
iast costs to be addressed under Xknown management
techniques. More aad more conpanieec will be turning to
quality professionals to help them with those effurts

(133).
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The development o©f the Project Report is set out in a
logical fashion in order to enable the reader to
{ " appreciate the rature of the study performed and may be
summarized as follows: Chapter 2 describes the

manufacturing philosophy of Just-In-Tiine production

M with Total Quality Control adopted by Afrox G.E.F. The
company, the product, and the problems facing the
Regulator c¢ell are outlired in Chapter 3. Chapters 4
and 5 present the techniques used to identify,

highlight, and analyse the source of problems. Chapter

6 documents a detailed Quality Improvement Programme

tailored to suit the needs of the toolsetters.

The study revealed that the toolsetters, who are

assigned the responsibility for product guality, were

the major contributing factor to quality problems. The
Qualiity Improvement Programme is designed to provide
the toolsetters with the necesrary resources, in
particular the concept of a bolt/unbolt operato. was
proposed, in order to enable them to reach their full .
: - potertial. The twenty-six step machine setup process
developed was designed to 'gulate the machine setup
activities for maximum quality and productivity
. improvement. Although some of the activities are
- specific to the machine shop of the Regulator cell the
general process may be modified and adapted to suit

other industries.
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The programme emphasizes the necessity for making each

ir toolsetter responsible and accountable for nis assigned
group of machines and components. In this way, each

- toolsetter will be solely responsible for his guality

e R and output and thereby facilitate management with the
future control of the cell. This delegation of

responsibility will create an awareness amongst the

’ toolsotters that defective work can be traced back to

. them and therefore they will be likely %o take more

care and pride in their work.

. : The introduction of bolt/unbolt operators requires the
QWM?,, . toolsetters to become more actively involved in setup : - x&
*%m% ) time reduction techniques. The development of improved
w;wh methods will create the opportunity for further
reducing lot sizes as well as the buffer stock of
components between the machine shop and the assembly

area.

. The action plan for «uality improvement has been
clearly defined and the foundation for an improved
level of quality has beern established. However, the

, necessary education and training must be provided in

order to reap the full benefit of such a programne,
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Quality is much bigger and broader than just physical product quaiity.
Quality improvement is about meeting zhe needs of ail people we are
invoived with in such a manner that we “enhance their experierice of

. product ownershir  ~d association” with our products and organisation.

The existence of aciegated product quality staff does not ailow
anybedy ta abdicate from their quality responsibilities.

. Quahty improvement is the gas equipment business's most important
N ‘ objective. This is everybody's job.

w The customers needs must aiways reign supreme for without them we
y, have no business at all. Therefore, “the customeris king is our guiding
’ maotto.

N itit comes to a trade of!, quality is more important thaa cost or output,

'q However, just as charity should start at home, so should service —we
S ’ must be dedicated to provide high quality service to each other, our
o empicyees and cther depanments and divisions within Afrox.

Quality improverment must start with an attitude of mind that refuses to
accept any unsatisfactory experiences as unavoidable or inevitable and
commitment to the ideals of service and perfection, through the
elimination of problems at their source.

. The deveiopment of trusting and mutually beneficial relationships

between the customer, ourselves and our suppliers , as well as between N
empioyees and management, is the key strategy aimed atimproving our
quality.

Finally — the degree of excetlence in quality can only be judged by the
recipient of the product or service — not the provider.

“ “Quality is whatever the customer perceives it to be”.
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APPENDIL B

EXPLANATION OF 3-TRAY SYSTEM
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THE. J-TRAY SYSTEM
i
The 3~tray system (Photograph Bl), which is intended to
L N control  the elements of waste of scrap and rework,
N operates on the following basis:
- Each machine is fitted with a stop and a run sign
M ) and an indicator which indicates how frequently a
o component needs inspection
.
-~ All machined components ave placed into a dark green
tray
-~  When the indicated guantity for gauging is reached, i
the last component machined is then inspected with
the gauges supplied

-  Should the comp .ent be found defective , all the !
machined components in the dark dreen tray are %
transferred into a light green tray and submitted

tor 100% inspection

~ The machine is stopped, the stop sign is displayed
and the machine tool setter and supervisor are

notified

~  Only after the recessary adjustments to the machine

have been made py the toolsetter may the stop sign




e T —

=Ll
be removed and the machine set in motion again

should the last omponent of the Indicated guantity
for gauging be found to be correct, all the machined
components. in the dark green tray can then be
transferred to an ordinary tray ready for the next

operation
The red tray is for scrap components. only

components that have been thorvoughly inspvected and

cannot be rectitied are placed in this tray

e o

Photograph Bl The i-tray systom.

é
|
|
!

N R



of

-137-

APPENDIX C

REGULATOR DEFECT CHECKLISTS
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HACHINE NO.

TUMPONENT NO. 3 DATE:

ZATCH SIZE

MACHINED COMPENENTS DEFECTIVE LIST (PER BATCH SIZE)

TONLSETIER:

i« Ovaerall “ B 2100 LONG o . T 100 §HOR_‘£
length ¢ i
| [ T [ 1T Tl
; [ T T T
T Cuter 100 B1G T00_SMALL
Diameter (OD)
P i ] | T LT T
T [ T 1 bt L]
T Taner - To0 BIG i 190 SMALL |
Diameter (I0)
el AN JE [
! Ll bl L] RN
T Thcead : T00_815 ‘l TO00 SHALL
A i R [ A [N
1 i T T 1 T [N
5. Thread T00_DEEP T TH0_ SHALLOW
N i
i P T [ T T
1 T T L U O I
b, Hole Dapth T00 OEEY ] TO0_SHALLOW
i
i ] 1T ‘T H { ! % ]
Ll ol L] L ! l
. Searing face IO ROUGH THATTER K.
Cr LT T 1 T T
TR S I R IR NN
&, Holes aot | ‘ t i i i i H [
breaking i ! ! i |
through : ’ 1 i | ‘
9. Urili bits ¢ ( : i {
breaking i ! ! !
T s =
10 Coacen~ | | i i
tricity [ ] 1 !
|
|| o
il.dures ’ ! ; !
T T [ 1] ]
NOTE: 1. inoisettar must perform functional test before production run

2. Operator sust sample 13t and last component of each har.

Figure C1

pefect list for machined componentr..
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NAME: FRANCIS

BATE:

Aulti-stage Regs)

1. Leaik on lst Scage
nozzle

|
I

!

2. lst Jtage Pin

|
J
|

3. Leak on lst “tage
Bonnet

4, lst Stage
Dlaphragm

S+ Leak 3n 7ed
Stage .- 1

B. 2nd Stage Pin

7. Leak on Ind
Stage Bounet

3. Ind Stage
Diaphragm

9. Leak on Bull Nosa

10.Leak on Zafery
Valve

11.Leak on Indicator F_

12.Faulty Gauges

13.Faulty Bedy

4

Figure C2

pefect list for assembled components.
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WORK-SAMPLING FORM
CATEGCRY OF
ACTIVITY OBSERVATIONS PERCENTAGES COMMENTS
1. Sharpening
tools
2. Gauging
components
3. Marking off
4. External
machine setup
5. Internal
machine setup
6. Recalled to a
machine
7. Aiding another
toolsetter
8. Stripping down
machine
9. Functional
test
10. Other

Figure D1

Work-sampling Zorm.
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APPENDIX E

QUESTIONNAIRE FOR TOOLSETTERS
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QUESTIONNAIRE FOK TOOLSETTERS

When answering the question, cross the appropriate block.
1t is crossed, the situation you have uncovered must be

considered as an item of waste and investigated.
Does the toolsetter:

1. Have the proper tools for a setup ? YES D NO

2. Have easy access to his tools ? YES G NO El
3. Have to share tools ? YES [E] NO []

4. Maintain the tool and gauge cabinets in an orderly

manner ? YES D NO

5. Spend a lot of time searching for the correct kY

gauges ? YES NO D

6. Spend & lot of time doing bolting and unbolting

operations ? VES NO D

7. Have to be recalled tn machines often ? VYES B NO D

8. Report common occurring proebloms ¢ YRS D NO .
9. Pacilitate with maintenance of machines 7 YES ﬂ NO
10. Report missing tools, gauges etc. ? YES D NO E‘

11. Have to walk unnecessarily to fetch

tools 7 YES NO []

12. Use the right tool for the right job ? “&S D NO



14.

16.

Pl 17.

18,

19.

30.

21

2

a3
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Know what safety aids must be used ? YRS D NC E]

Set up machines according to drawing

specifications ? YES D NO

Perform setups in the manner that he does bscause he hzs

always done it that way ? YES NO D

Spend unnecessary time sharpening tools during a

NOD

Check the first and last components of each new

bar ? YES D NO

Use gauging equipmont like verniers and micrometers to

check tolerances on components ? YES D NO

setup ? YES

Aid another toolsetter frequently ? YES B NO D
Encounter many machine breakdowns ? YES NO D
Perform a lot of rework operations ? YES NO D
Perform unnecessary setups ? YES NO D

Bncounter a lot of drill bits and tools breaking

off 7 vES No D

e d
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Follow the setup procedure specified below:

Before nachine runs out (External procedurs):

Determine naxt component to be

machined ? YES D NO [?]
Obtain latest drawing ? YES D NO

Check that all the correct tooiing and equipment
that is required for a setup is available without
having to walk away from the

machine ? YES D NO

Check that all drills and machine toolas are

sharpened ? YRS D NO E]

Check that all the nacessary gauges and correct

materials are available ? YES D NO

After rachine runs out (Internal procedure):

Strip down and rlean machine ? YES D NO
Set up machine using sample piece ? YES D NO

Perform a functional tesnt on the component before
the start of the product.on

run ? YES [] NO

Check all dimenaions with suitable measuring

squipment ? YES D NO

Ensure machine is safe ? YES D NO E]

Ensure that operator knows the correct operating

and safety procedures ? YRS D NO




8

26,

27.

28,

/ 29.
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Regrind and sharpen all tools during a production run
that are in need of grinding and sharpening and store

them in their respective cupboards ? YES D NO B

Have available time at the end of the day to work on

setup time reduction techniques ? YES D NO E_}

Realize the importance of quality

improvemsnt ? YES l:] NO E]

Have an understanding of the cost of

non-quality ? YES D NO

Have daily rscords of scrap produced ?  YES D NO

Set reassuable goals for quality

improvement 7 YES D NO l
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APPENDIX F

PRUSENT AND FPROPOSED PERFORMANCE APPRAISAL
STANDARDS FOR TNOLSETTERS
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PRESENT PERFORMANCE APPRAISAL STANDARDS
FOR TOOLSETTERS




CAS  BUTIMENT  FACTORY  PERFORMANTY APPRAISALS

//lm;' ..................... l
TUONNED e s PO H AOOLSETTER -+
|
WA O ; B — P
FRIORMNGCE AREAS 1 2 1 4 5 6 ] \
PR & ¥ Biald L 2N 1.0 falogl | 85-p8 !
SCRAP QR 1Y 25 > 3,0 [2,6-3 [2,1-2.50 1,6-2 11,1-1,5] ¢,6-1 [00,5 ‘
|
CONTRIBUTION 25 [ AR 2 2 2 ) I» i
ABSENTEEISM  (DAYS)] 10 S0 |30 [re | 5 EECT I S 2 ) :
. — i
e JOUSEREEPING 3 U/A | BOR B/AY AVE 0O | v/AX0 B

AL (‘(NI‘NMICN_}

CONTRIBUTICH IS APPRAISED RGAINST VHE POLIOWING N |

L LETOD DPRVEMENT RECOMMENDATIONS TO REIXCE STANDARD TIME,

2. | QULETY DPROVENTIT RTHENDNTIQNS 10 REDOCE. REJECT PERCENT .
ST SAVING RELUAMEDATICNS !

- | SAFETY LPROVESNT RECCMENDAT IS ]

A VEASU

3
STRBCEPTAE

i = PODR

WAY o« BULOM AERILE

A = AVERNGE

G [ teri)

VI svavy vn

FEABLE RUSULT MUST BE CETALAD (N ANY OF THE RECCMMENDATIONS

DEPP. diendd
SUPERVISOR
LMPLOYEE




s e S R D

245

175

173

k(o]

38

243

173

0

38

- ,
e

PERE MEAS 1, 35
< ey 25
N
o 10
. e s 5
i 5
« . .
. 3
. S0
et
PERE, AREAS 1. --- 33
... [
e, =
e 10
e
~ERC. AREAS 1. 35
o e g s
e 28
" * 4. 0
R 3

2 3 4

[370/350] 335/440] 445/59s | 600/70 |

c9/5Ga. 1 S1/63% |

§4/89% | >

TOTAL CETAINED
CEPT. HEAD

SUPERVISCR
EMPLOYEE

oaTE

»8 1co
75 jloe]
3 Q
131 0
3 4
108 140
78 10
7% jloe]
0 4C
15 0
k) 4
10% 140
7% 100
i3 e
30 4
15 20
hd 4
105 40
5 00
7% Lo )
30 40
15 0
Lidnd Avoraisal
TOTAL | RATING

i

4t ﬁn&u.. CRAND T
]

i
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PERFORMANCI APPRAISAL STANDARDS
FOP, TOOLSETTIRS

7 Objective. Uevelop obiective standards which wi'l be usad by cells to
measura aad give recoguition to the performance of the toolgatters,

Requiremencs :

; a) What does Management craquire from the Toolsmtters?

Management require the serters to ensure that the assembly ares Ls
supplied with quality machined parts (no scrap) wich a minimum
{ideally zevo) stock of componeats.

s - b) What do the settars require from Management?

The secters regquira Managemant £o give them due vecognition for their
v achievaments and zo reward them with a good pay packast.

» In order to meet the above two requirements, Managepent must

- develop objective standards to measure the settars parformance
and give them the recngnition they deserve;

~. - ruduce lot sizes < encourage and reward setters for developing L R iR

improved method:  ich will enable the G.E.F. to improve quality . 6

Ld and reduce stock of componen:s while increasing the self esteem
of the saetters.

v\Ax Proposal R

In order to try and meet the above requirements, cthe fallowing twe-part o
proposal has been devaloped. -

- A lormal appraisal will be used to messure the geccars
B performance in the arcas of - Quality
. - Jutpue
- Work ralated contributions
- Absentesism "
3 - A Cell Setup Reduction Team (SRT) will ha formed, where Che tonm

members will raceive monetary compeasation for tmprovements wnich .
thay hive implemented. i

Lach of the ab .e two parts will now be discussed in detail,
" . 5

/1. Formal Appraisal...
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Lo FORMAL APTRAISAL

The proposed formal appraisal Ls designed for a JIT environment with
the followiig requirements

- Evary settsr in a cell Mtas Mis own group of machines and
components for which he {3 rasponsible and accountable. This
means thac there {s ne dual accountability for quality and output
as 1ls presencly the case {a cerzala cells.

A pull system ind associated Kasban board exists for manufactured
components. The Karban board must be divided te show which
settaer la responsible and accountabls for which machines and
therefore B £s, tool ph ds, gauges and tooling layout
steats/Boards,

uslity and cutput Measuresent
As was staced {nitlally, the prime requiremsnc of Managesent is that
the satters keep the assembly areas supplied with quality parts, vhile
the stocks of components Ls kepr at & minimum. This smeans that, as
An ocutput standavd, the setcar L3 accountable only Lf the assembly
avea coms O & standstill due to

{ 1) poor qualiiy of machined parcs
{11) no parzs due to inafficienc setting procedutey
(aot lsck of raw material, ecc.)

Line-Stoppage Measucemant

Te provida an objective measurament, assembly stoppages must be
recorded against the particular sazters name. In order to simplify
what could Be a very complicated orocedure, I reccmmend that only che
nuabar of daily stoppages (as oppnsed to the sctual stoprage tize) be
racorded by the fovemay. This can be done in the form of a graph
which will be displayad {n che foremans' cffice (saes example). This
will resuls in ferer disputes and will ensurs that the graph is
visible to all.  Obvicusly, ouly stoppages for which the sactar can
be held sceountabls must be racovded.

Definition.

A lipe~stoppage :s when the asssmbly area comes to a
tandstill due Lo & lsck of parts (L.e, none in the
bius or on the machine) or due to poor quality (scrap)

parts.

Qualiry Problens

4% ve belteve that “quality” is our wosr important objective, the
following should te implementad.

Josus

Hori
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If a quality problem occurs in a cell, Lrragpective of how big ot
small 1t may bde, {t shosld be treated l‘ke an iajury due to an
acrident tn the factory. This maans thac the Cell Mamager, Foreman,
Produzzion Ingineer, 0.0, Foreman and the Settar muct be called
togather iomediacely to detersine the root csuse of the problom and o
implement cnanges to ensure that the same problem can naver re-sciur.
The Q.C. Foreman will keep minutes of che Quality Incident meatings in
book form and, as for aczidencs, each incidanc must rosull (n minusad
and delagatad action plans.  These minutes must not be droppad unttil
the action 15 completed and signed off by the .. Toreman.

It is important o notz that the Secrcar is SCLELY aczountabla for the
quality of components whers quality {s defined as “conformance o
requirementcs (apecificati.ns)”. £ nen-conformance components ara
discoverad in assembly (or via the complatats sysctem) zhe Settar who
set tha machine, 13 accountable and will be penalised {n his
appraisal, This obviously raquives seflinyg Cruueadility, which wau
be achimved by having satters accountable for a spmcific group of
machines and also by having serial numbaered products.

Due %o the importanze of quality and cutput, this measursment should
have a wetghting factor of 4GQ0% in the Sattarz agpealsal,

dork Related Contributions

As 13 the case prasantly, Setters will raceive racognition for
contributions when -leir performance appraisal is done. Howaver,

¢ 1) Recognition will only be givaen for suggestions implementad by the
Setter,

(41} Only work relatad suggesctions will be accapted e.g. satup
reduction, quality, machine relifabilicy/maintenance, design
change suggestions, lot size reduction, erc,

A; Secters are members of the SRT, the improvemenr which the SRT has
ifmplomented will count as contribution on sach of tha Settars
per?armanca appraizals.

Work related contridbutions should have a weightiag factar of 20% in
the appraisal.

Absenteaisnm

This measuremant will nor change, sxcapt that {fs weighting facZor
will be (0.

DUE_DATES FOR APPRAISALS |

Apbraisnl! MUST be complated by the followlng Hacss each year and tha
vasulta submtteed (in summary form) ta the Factory Managee.

31 Jsnuary
31 May
30 June
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IOULSETTIRS PERFORMANCY APURAISALY

Crade Toesvesvaaseaans Call Doassaeas
Name Toeneserneaaanes Zaployse ¥ou f aiiiiiiceanns
Setter Doeresenvenaes o Jate Toisaveerenionne
Forsman [ T PLnBL RAAKING ¢ aeieeeaneiinay
Farisrmance | deasuranent Ralative | Perioceance Ranxing § Foiit Vaivel
Area ! Yetghe (2} H b] [ P
Quenrut/ Tatal number of line e a5 30ma 15=39 T=id
quaiicy Atoppages par apprilsal
period (4 moachs) 1230 T8 T 30
Cencriducion | Total number of o =2 N 4 S+
suggestiona
inplewenced 50 7 % 55
Absentesism Totsl nuaber of 10 B =3 2=3 Q=i
dava sbsent i) g 6 130
Total number 2f POLALE! suviveriiireriens ?4inal Ranhing of Sacter
Tz l ¢
i |
g <230 1281-349 1350-‘«39 uo-s_a_;
Satter P oavensessaraene Date H
Foreman Toeaseerareanesna Fioal Ranking @ s.eienncisiass
Ferfarmance | teasuremenc Reiacive Performance Raexing & Soiat 7alue
Ares vagghe (1) F I S S
Sutouc/ Total nusner of Lina (5] “le Thead | 15~ PR
jquaticy 1TOPPAgas per appralsal
peciod (4 monthe) T 80 113 60
Contribucion | Tatal nuaber of X 02 3 A 5
suggestions
twplamanted 55 70 (¥ 138
Absencaeism Toral nuaber of 1o jad b3 2=3 -1
L tys absent 10 30 0 30
Total nusber of P LDES! seevssceverernens Pinal Ranking of Setcar
\ ‘ < y LS
‘ £33t 123 =343  :150=419 | 4405000

Serter D oeereaienas Gare :
Poceman PPN . FLDal RABKIOE P wenriereereion
Paciarmanne Heasucement ‘?\ahcm- cs-formance Ranwiay § Point Vaium
Asna Hetghe (1) 3 s T

Vutputs Total cmbear of lise 0 i DETIRREEN 1 [
Muality stopnagas per appraisal | s

pariod (4 mencds) el R wy o
Contribucion | Tatal numdber of 3n o-2 k] 4 So

suggosticns N ek

implamanted [ 38 3] 1%
pbseaccatse | Toral nusber of 10 o+ 4= 1=3 9=t

days abseus 20 30 b kL]

Total number of Polnts:

1 Danking of Settar
2 E] H “
cxse l1s1-sa_ysemens 440-30d
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LOGAD TRUEMR

QALY QUALLITY 7 SATETY [/ PRONUCTICH pubonT

v OQATZ: oo SEY P COnPLETIR

‘‘‘‘‘‘‘ TITLE: oo .‘ . QUALLTY appuoven uy:

C U TETLE e s QUALLTY APPRAVED DY L
; WACHING MO0 oo i, OPERATOR DRHCHSTRATED UHDERSTARDINMG OF
CONRECT QUALITY [MEPECTION PROCIOURES
. VoL Tl .
ORANING MQ.: oo, . T T
PR
MoMOLT QPERATON' & QEMOHETRATED UHGEﬁ TAUDIHG Or
- TTYOINETIUCTIONS WITHESSED 47
QPERATION: Lo L. JN N
Q0L OV LT
COERATON: L
CopL JY
i
~
.
H
3 !
i
* §
Figure G1 Pirst-off form.
¢
!
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APPENDIX H

ACTIVITIL. FOR IMPLEMENTING A STATISTICAL PROUCESS

- ' CAPABILITY AND CONTROL PRCGRAMME

i
.
,'/ i
(Source: Groocock, J.M., The Chain of Quality: !
. i
superiqrity, John Wiley and Sons, 1986,

pp 244-245)
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Table H1 Activities for Implementing a statistical
Preo - ss Capability and Control Programme
Responsibility Activity

Division mansger

Division manager

Division manager

Programme manager

Functional managers

Division manager
Human relations manager

Consultants or internal
trainers

Quality and manufacturing
unginearing

Purchasing and quality
enginesring

Quality and manufacturing

enginearing

Manufacturing and quslity
engineering

Decide to implemeat programme.

Convince de
ssrious,

tment heads he is

Establish multifunctional
implerentation committee and
appoint programme manager.

Prepare initial implementation
schedule.

Agree schedule and assess
resources required.

Agree schedule and resources.
Get support of supervisors.

Determine numbers of managers,
engineers, supervisors,
operators and inspectors who
require .raining. Conduct
training, taking account of
education level of trainees.

Identify all existing processes.
Determine: which have had
capability measured; which are
incapable: which are under
statistical pr-cess control;
which require capability
messured; and which require
statistical ccatrol.

Communicate to suprliers of
materials ani corponents the
desirsbility of instituting
statistical process capability
and control.

Conduct process capability
studies on all designated
processes.

Provide necessary additional
and hetter gauges.

W,
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Responsibility

Activity

Manufacturing and quality
engineering

Manufacturing engineering

Product engineering and
marketing

Manufacturing engineering

Purchasing
Manufacturing sngineering
Manufacturing and quality

engineering

Quality and manufacturing
engineering

Manufascturing s:pervisors

Machine operators

Supsrvisors, manufacturing
and quality engineering

Manufacturing fngineering

Quality engineeri.g

Determine special causes of
variaticen. Improve processes.
Remeasure cspability.

Revise process specifications.

gxamine tolerances of design,
which are beyond the capability
of processes, and widen when
possible. Conduct necessary
negotistions with customers.

Establish statistical process
capability requirements with
vendors of machines.

Convince machine vendors of
seriousnesy of this requirement.

Provide new machines and
processes as required.

Perform acceptance capability
tests of new machines.

Provide statistical process
control metheds for machine
operstors. Change time
standards as necessary.

Institute start of statistical
process control and continually
evaluate spplication.

Change from traditional to
statistical methods of process
control.

Respond rapidly and effectively
to operator problems.

Determine need for and
institute: improved machine
msintenance, toel change, cycle
time, etc.

Monitor defect levals from the
originel and modilied processes
of items, and of . he outgoing
product .
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Responsibility

Activity

Quality snglueering

Inspection supervisor

Quality marager

Mariketing and quality
managers

Divisien and plant
nanagers

Modify inspection and test
plans.

Implement moditied iarnprction
and test plans.

Each month report progress of
the implemen®arion versus the
scheduled milestonss to the
to the division and plant
managers.

Inform customers about progress
made in implsmenting the
programme and the resulting
improved product quality.

Follow progress of prograame
wnd continually communicate to
all levels - managers,
engineers, supervisors,
operators, and inspectors - the
importance of the programme.

A ity st

Pl
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