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ABSTRACT

Sétup tlme reduction is an essential sctivity used to prepare
the facliity for just-in-time (JIT) manvfacturing; the alm ol
which 48 to assist In meeting the desirable manufacturing
requlrements of deliverlng low Cost guallty produckts on time.
(20) The Japaness have shown that setup reduction eliminates
the need for setup skills and producing ln large or "“economic®
1ot slzes, (1) It is usually the case that preperatlon and
adjustments, which usually account for 95% of the setup time,

can be externalised or eliminated, (1}

The overall production process should be examined before setup
times are xeduced on existing equipment. (2} Considerations
include group technology, setup sequenclng, dedicated machines
identifying bottlenecks (stated by GPT) and the 89/20 rule. A
training programme should be inltiated where gsetup reductlon

teans, ing of p on

, setters, foxemen
line supervisors and production engineers, are educated in JIT
marufacturing, the changlng business environment and recording
and analysls methods. {31)

A theoretical approach to setup reductlon has been foxmulated
by Shigeo Shingo., (1) Durlng the prelimlnary stage laternal
and external setup are not dlstingulshed, therefore thls stage
involves a work/time study of the exlstlng setup and activity
categorlsatlion, Fzom  this, potential externalisation or

allmination of setup operations can be determined. The £irst




stage of setup involves internal and

external cperations. During this stage tooling organisation and

» are n d %o external
operations. The second stage of sebup reduction involves
converting internal %o external setup, A simple Pareto analyais

ie o tine . which are

then tankled first. This stoge includes eguipment modification,

sation of parallel operations and
elinination of adjustments. The third stage iavolves
streanlining setup b1 by 1 and

initiating setup practise sessions. All ideas should be

documented and implemented immediately.

S_e';\xps should be kept in mind when buying new equipment,
however 1t iz usually more beneficlal to modify existing
equipment in-house. (4) Setup reduction costs are low at first
for large time reductions, but costs become high ylelding emall
returns during the final stages of the programme. (31) It may

be benaficial to an schene where membars of

setup tesms roveive recognition snd a financial rewerd for
implenented ideas. (34)

4 setup reduction programme was implemented at Vire Looks, the
alm of whioh was to il the 1 to

setup reduction. Setups were reduced here on a transfor machine
by 878, 50% time savings being achieved at low/no ocost. A

where

aurvey was performed involving 18 leading JIT companies,

.4t was found that the majority (14 companies) have initlated a




setup reduction programme. However many of these companies have
only limited experience in setup reduction and, according +to
the survey, require 4-~5 years to reach the final stages of

setup reduction.
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DEFINITIONS

Setup

Setup tlme

Intexnal Setup

External setup

= The physical changes a work centre
experiences when changing from the
manufactuxe of one product to another.

- Elapsed downtime between the last production
piece of part A and the f£ixst  good
production plece of part B,

~ getup functions performed when the machine is
stopped.

- Setup functlon performed vhen the machine is

running. .

Time to set up machine = Internal Betup + External Setup Time

Attachments

Tools

Tocling

Matexlak

Lead Time

# Setup Time

= All devices which may be detached or altered
in conflguration durlng setup but which, when
running, axe attached to the machlina.

~ Devices used durlng sebtup Zox attaching,
detaching or adjusting; but when the machine
is zunning they aze not abttached to the
mechanism that directly performs the functlon
of the machine.

= A combination of attachments and tools.

- That which Ls opsrated on to go Into the
product being made; refaxxed to as the
workpliace.

= Browessing tlme + Queus time + Setup time +

Have time (21}
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1. INTRODUCTION

A definition of manufacturing has been put forward by 8lcheno
as follows: 7 An integrated system for the production of

products which uses people to vely solve bl

which stand in Yhe way of all materisl related operations
taking place economically at the last moment, with no wastage,
exactly to customer requirements of perfoxmance and delivery",
(28)  In essence the desirable characteristics  for
nmanufacturing lnclude :

- short lead times

- high or perfect guality

~ producing to maxket rates of demand

~ minimum wastage of matexlals

~ elimination of all activities that do not add value

Although these ars ldeallstic, the Just-in-time {a1m)
manufacturing philosophy captures and integrates these
chaxacterlistics.  (25) Lee has suggested that the JIT
philosophy demands that we make the minimum necessary units in
the smallest posslble quantities at the latest possible time.
{31) Rellehex has stated that an oxaminaticn of Japanese
manufacturing has revealad more than just lnnovative approaches
to production and inventory control., {2} Factoxs such as

product  design, process  planning, quality assurance,

ve mai and (to mentlon but a few)
have all contributed to the Japanese success stoxy. Thay have

accomplished much more than excellence In these specific




disciplinas; they have succeeded {n integrating them sa they
complement one  another In the achievement of  company
objectives. (2}

Bicheno trat g1 ng can be dlvided into two
subsystems: one concernsd with creating the structure in which
JIT can operate (£lgure 1.1) and the second carrying out the
actual processes (flgure 1.2). (25) These two subsystems
conceptually 1lie between the supplier and customer subsystems,
and the whole collection wakes up the *JIT BEcosystem". The
components of each subset forms an interacting and mutwally
reinforcing set (£lgure 1.3}, These components are the minimum
necessary activitles for the JIT manufacturing system to be
complete.

SELUP.
atour  REDUCTION
sod DALANCE

FIOURE 1.1 ; Stage 1 of JIT Iramswork (20}
PROCESS
MULLEQNCTION

DATA COILECTION
ENFORCED
IMPROYEMENT

oz BUFFER S10CK ¢
o AE2CTO WL
(PULL STRCHRO)  BCHERULING ’

PIGURE X.2 : BStage 2 of JIT Framework {(20)
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avalvzton ovslusgen

Siage Twe

es 1 & 2 (20)

FIQURE 1.3 : Interrelationship Between Bta

Bicheno states that since JI? 18 an ongolng cycle of
improvement, there are a large number of possible paths along
the road of improvement. For sxample xeducing setup times may
allow lot size reductlon which may allow improved gquallty
allowing buifer stock removal, allowlng improved  layout

allowing better “pull® type scheduling walch exposes

£ox which the

wider use of multifunctional workers and so on. (25}
Referring to figures 1.1 and 1.2, the £ollowing discusses how
sotup reduction affects and interacts with other important JIT

activities.

(1) DESIGN AND FOCUS

wickham Skinnex has stated that cach self contained focused
factory should be lnternally conalstent with regard te product
volumes, quality requirements, £lexibility, tooling, types of
squipment and akill levela, (25) uUnder JIT, deslan must be
undertaken so as to control or reduce parts proliferatlon and

lmprove ease of manufactura. (2%) Taking setups into account




in the deslgn stage encowrages standardisation of setup
actlvities and tooling. The activity of setting up appropriate
product familles (group technology) aids setup reduction by
confining simllar toollng and equipment within speclfic groups.

(L} POTAL QUALITY CONTROL {(TQC)

Important prlnciples lnclude preventlon rather than inspection,
quality at the souxrce, process control and operator
involvement. (25) All these can be accomodated at the setup
stage &£ trial and errox 1s removed from the setup procedure,
allowlng the f£irst-of€ component to be free of any dafects,
Furthermoxe, opexators who set up thelr own machines can

quickly identify causes of quality problems, (25)

{1i1) PREVENTATIVE MAINTENANCE

The usual pattorn is for plants to work two shifts with a two
or threa hour gap between them. (5) This gives tlme for both

preventative msintenance and overtime work if they are needed

to meet the dul lve mal can also be used
as a means of checking the condition and avallability and
conditlon of tooling before each sstup. (25) Operatoxs can atd
preventative maintenance by setting up their machines as much
as possible. fThis gives him a batter undoratanding of how the
mwachine works, thus allowing him to pay somo degree of
attentlon to the machine while it ls runnlng. Fox example, he
should be able bo detect a change in noise ox performance




patterns, thus bringing attention to the problem early. (4)

{1v) SMALL MACHINES

This JIT principle states that the smallest possible machine
consistent with quality requirements be chosen. (25) This makes
setups conslderably easiex where operators may oven set up
thalr own wachines (multifunctlonal workers). Furthermore,
fever setups are usually tequ'lr.ed on simpla machines since
these are designed to handle only a small group of speclflc
parts. It may even be feasible to have smaller machines

pexmanently sef up, thus elimlhating setups entirely.

{v} BALANCE

This is the concept of achieving a uniform plant load and
producing a little each day to match market rates, rathex than
la:gle lots periodically. BSince the improved setup can be
deslgned to have a standard time, rxegulazity of events is moxe
feasible and scheduling hscomes easlex. (25) It becomes
possible to balance capacity by reducing setup times on
bottieneck work centres.

{vi) LOT SIZE REDUCTION

Emaller lot sizes facilitate early identiflcation of quallty




problems, Improved layouts and less cash tled up in ’work-in-
process Anventory and storage space. (25) Lot size reduction
is usually only achleved successfully after setup reductlon
sipce many more setups would be regulred for a similar
production throughput. This activity can be used to build in
compulsoxy lmprovement and includes the deliberate withdrawal
of lnventory ln order to expose problems. (25) This aids setup
reduction by exposing bottlenecks and bthus allowing setup

reductlion to be implemented in Ghe most beneflclal areas,

The setup reductlon programme can be divided inte a hisrarchy

of activities as follews: {30}

[$%) Procedural level, which includes setup reduction methods,

tooling and mal organisational
methods and documentation. (section 4,3}

(11}  Structural level, which examines the productlon
structure and includes layouts, part family groupings,
sequencing and bottlenecks {sectlon 4.1).

(134) Tachnologlecal level, which locks at product deslign

wetheds, flxtures and new equipment (sectlion 4.4),




The aius of this dimsertation are as follows :

{a) To provide a setup reduction Implementation gulde
. (using a oase study as an example).
(b) To =how benefits of setup reduction as part of JIT

manufsoturing (with reference to a case etudy).

e {(e) To how a group of South

African companles (ourrently lmplementing JIT) are in the

practine of setup reduction,
It should be noted here that the time factor was a limitatlon

W/ on  this dissertation., Setup reduction may take many monthe or
) even years to develop through trial and error, considerably
¥, longer than the duration of this dissertation. Therefore in the
case study example, implementaticn was in the initial stages
\ and certaln results had to be estimated. Although immediate
. benefits have heen schieved, much work is required to further

advance the setup reduction programme.




2. SETUP REDUCTION BY INDUSTRY TYPE

Classiflcatlon of production by lndustry type 1s stated by

Sthonberger as shown in figure 2.1. (5)

Exomgios
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aasambly ling sarvices
Rasaarch an Uphaistaros
davolopment

A\
Lnagquantiy oot produebon—

largerscola produetion— A hylnd of jab a0d
A hybrd of projoct b

and fopotitva
a3
A production contrast

for a limvlod guantity
o8
Elcyronic campancats

missic, crario

FIQURE 2.1 ¢ Production by Industxy Typs (5)

In the history of production there has been a tendency to move

towaxrd moxe continuous or repetitive productlon; in other words

to more streamlined operations. Dlscreet Job«lot producers =

aven the service sector - also want the advantage of smooth

£low operations; that s , they want high efficiency, low

invantory, low labour cost, uniform quality,

and contxol and few surprises. {5)

simple planning




2.3. CONTINUQUS PRODUCTION

This segment usually conslsts of the process industries where
raw materlals enter as flows and end products emerge as units.
If a plant is able to change its productlon line to run say
different blends or contalner sizes, short setup tlmes and
rigorous malntenance are lmportant since productlon will stop
when the llhe stops. Using corventional methods, a production
line changsover may take days, which may include completely
cleaning out equipment, Therefore the company that can make

changes fast has an edge. {5}

some examples of relevant setup time reduction techniques are
as follaws: (1,5)

{1} In a palnt production iins 1t is almost cextain that
“anks wusi be cleaned when there 1s a colour changa. To
save time a buffex tank could be used vhere a clean tank
can be gqulckly attached and the old tank removed and

=leaned externally.

{44) Ina factoxy the 1 must pass through a

dia to attain its shape, Quick dle changeovers would
apply {discussed in section 4.4)

{141) In a chemical process industry part of the setup may

invelve changing
valve mix soebtings and so on. [f these are properly




documented settings can be made with no after-adjustments

necessary.

In the case of the process industxy where it is likely that the

antlre production 1line will stop during a setup, 1t may be

necessary to use a setup team to tackle each section of the
1ine simultanecusly. (5) By reducing setup times substantlally
smallex production runs could be made ln a move towards JIT

production.

2,2, REPETITIVE PRODUCTION

This is similax to the process industzy with the distinction of
production belng measured in whole units, It is useful to think
of repetitive in relative terms. Highly repetitive is the most
sinilar to continuous Elow processing; the product rarxely stops
moving since thexe is little storage and in-process inventory.
In order to maintaln a low ln-process inventoxy in a highly
repatltive environment 1t is necessary to produce in small lot

slzes moxe f£requently, thus lowering holding costs. (5)
Subsequently setup times must be effectively reduced sinwve the

froquency of setups will increase with reduced lot sizes.

2,3, JOB SHOP / JOB-LOT PRODUCTICH

In  3job shop ox Joh-lot production there is a changing mix of

Jobs produced in moderate oxr small quantities. In such a

production environment Inventory plana are translated Into

4
i
i




scheduled manufaoturing orders, where order priorities are kept
ocurrent and progress data ls collected and processed for
control purposes. (5) Usually new setups for different
operations ocour at different work aentres. Operations for
various Jobs are seperately plamned, scheduled and controlled
eince: a special setup crew may need Yo be on hand, naterials
handling may be needed, inventory may build up before an
oporation, or there may be a choice of operations for different

Jobs quoued at a given workeentre. (5)

TE Jobe are widely varied, setupe will tend to be dissimilar
and will depend largely on trial and error. However unwanted
surprises can be removed from setups, such ae locabting nissing
tooling. Furthermore, setup time is an slement of lead bime
and should be managed correstly in order to facilitate more
accurate scheduling. (7) This approach has been taken by John
Deere who preduce in a job shop environment, They have reduced
setup timgs by 30% throughout the factory merely by improving
tooling organisation. (44)

2.4, FROJECT / LIMITED QUANTITY LARGE SCALE PRODUCTION

Project and limited large scale production are aimilar to Job
shep and Job-lot production. They also require plenning and
sequenaing, ‘time estimating, soheduling and reporbting and

. The only is that path analyels is unique

%o project operationa where PERT or CPM (oridloal path msthod)
is used. (8}




In order to pexform a critical path analysis on the system it
is necessary to estimate the time required to complete each
actlvity In the network. It is moxe Qifficult to estimate times
for projects than for repetitive or Job shop operations because
of prodect uncextalnty and task variability. Usually =a
technical estimate {s obtained from those in chaxge of each
activity. (8) setup times are included in the lead time
estimates and similar to the job shop environment, tooling

organisation tan eradicate unnecessary sctup delays.

When the work structure 1s analysed it Is not uncommon that
certain tasks axe similar for different projects. (5) For
example wanufacturing window frames or bullding floors may be
repetitive. A house 13 considered a project, however building
houses 1s 8o routine that 1t is more llke repetltive than
project productlon. (%) Therefore setup teductlon techniques
could be applled to common tasks throughout the duration of
the project.
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2.6. SURVEY OF SOUTH AFRICAN COMPANIES

The aim of this survey 18 to determine the extent of setup
reduotion implementation in South Africa. The survey inoluded
oonpanies in South Afrioa which are keown to be leaders in

T A

was drawn up which
inveatigates general aspecta of respective satup reduction
programmes. It was declded Yo conduot interviews with relevant

and i (with respect to ‘the

questionaire) over the telephone. This avoided confusion as to
answers given ag well as being able to gauge how much managsrs
know about setup reduction, In addition it was possible te
learn shout aspects of setup reduction which did not appear on

the questionaire.

2.6.1. 'THR QUESTIONAIRR

The aquestlonaire 1s divided into thres parte (appendix Al).
Section 4 addresses the overall production progess and

lassifl Yo speoific industry types.

Seotion B ghows how the company approached metup reduction and
how ‘this was used to achiove jusi-in-time geals. 'The human
faotor 1is also addressed here with reference to involvement,
education, attitudes and reporting systemg, Finally it ias
shown what physical improvements have been made. From this it
is posmible to (auge how far the company is into the setup

redustion programpe. Sectlon U awplies $o companies which have




not yet impl ted setup time reduction and i bigat 12

setup reduction is still relevant in the future,

2.6.2. ANALYSIS OF RESULTS

feaults of the getup reduction survey are summarised in table
4.1, of appendix AZ. The momt important metup reduction
activities were included in this table. Results were analysed
and trends are ehown in table A.2. Observations of tables A.1

and A.2 are further discussed in appendix A2.

2.5.3. CONCLUSIONS

It is evident that the majority of leading JIT companies in
South Africa realise the importanse of setup time reduction in
order to achieve overall JIT . A large of

these oompanles have chosen the ocorrect implementation
approach, However setup time reduation is apparently a fairvly
new aotivity in South Afrdeas and most of these ocompanies are
not well advenced in this practice. Only two isclated oases
are us yeb in a position to oxtend the full advantages of
setup reductlon to benefit the company as a whole. Most
managers interviewed foreses a time scale of 4-5 years before

respective setup reduction programmes are well advanced.




3. CONVENTIONAL AND JIT S8BTUP STRATEGIES

3.1, CONVENTIONAL SETUP STERS

Setup procedures are often thought of as infinitely varied,
depending on the operation and type of equipment used. However
oven for vastly different machines, the setup procedure is
basically the same and comprises of the following steps as
shown in table 3.1.(1}

TABLE 3,31 : Times For Conventional Operatlons (1)

OPERATION % OF TIME

- Prepexation of materials, tools and

attachments. (Jigs, gauges, etc.) 30
~ Mounting and removing attachments 5
~ Heesurement, settings and callibration 15
- frial runs and adjustments 50

(1) PREFERATION
This ensures that all matexials, tools and

attachments ars where thay should be and are functioning
correctly. Included here 1is the function of roturning old

tooling to stores, as well as cleaning the machine,




{11} MOUNTING AND REMOVING ATTACHMENTS
This Includes mounting of attachmente {(dxills, dies, blades,
stz) f£or the upcoming job and removal of attachments for the

complete Job,

{111} MBASURENENTS, SETTINGS AND CALIBRATIONS
Thls refers to all functions required to produce a production
plece og. centexing, dimensloning, measuring, operating

conditions, stc.

{1y} TRIAL RUNS AND ADJUSTMENTS

This refers bGto changes made after the Lest plece has been
machined. The greater tha accuracy of steps (1i) and (1i1),
the shorter the time for step (lv) will be. The frequency and
length of test runs and coxresponding adjustments depend
largaly on the skill of the astter.

It should .be noted that steps (111) and (iv} conventionally
require a high level of skill. In this caae the settor usually
performs these tasks, whils the operator ia dlverxted to another
job or remains idle. Furthexmore it is during these two stages
that errors ox discrepencies \n setups occux, Steps (144} and
{iv] nacessitate a great deal of trlal and srror, leading to
uncaxtainties (1), The alms of setup modlfication would be &o
move stages (1) and (Ali} from internal to external operations

and to eliminate as much of stage (iv) as possible.




3.2, CHANGING QONVENTIONAL THINRING TO SUIT JIT

Setup timea are often ireated am & given, (in wost ocases,
inherently long activities) where upper managers, who have not

come up through and i large

cbvious coata, like direct labeur, tolerate a nertain specified
level of scrap and rework, and neglect setup coats. (3) It ia
important to have the convietion that drastloally shortened
setups are possible. Drastic reductions oan be made by starting
out with the attitude that a tooling ahange, for example, is
merely a matter of removing one die and attaching another. (1)
Hith dedloation to the task, it im possible to reduce setup
times of common machine types by 80% in the courme of a year,
with plenty of potential left for further setup time reduction
after that. (2) Those who have never before oconsidered a
programme Lo roducs setup times frequently look with disbelief
at the netup times listed by compunies well advanced in  the
rractice. (2)

The optimal soluylon for metups using conventional management

techniques i thought to lie in the following: (1)

(1) Setup mkille are reguired to perform the Job, therefors
skilled setters must be hired.

(41) lLarge-lots must be proceassd in order to maximise
production time.

(141) Large-lots of inventory must be controlled by taking

econonle let sizes into acaount.




Analysis of these methods are shown below:

3.2.1. SETUR SKILLS

In a fEraditlonal setup highly skilled workers are often
raquired. {1} The setter must have a gocd working knowledge of
machines and related equipment {eg. toois, dles, jigs, eic) as
wall as having the skill to perform setup functlons (eq.
measuring, centering, adjusting, calibrating, etc). The
setter's skllls are often most needsd whenm a wachine ls
complex.

While the setter is working on the machine the ocperator asslats
the setter, operates another machine, cleans the machlne, ox
simply waits. These activitles generally do not effectively
reduce the total setup time. (1)

Hany i have ) policles desi d to ralse thae

skill level of operators, but very few hava Implemented
strategies . that lower the skill level required by the setup
ltself. (2) The setup should be simplifled to zuch an extent
that opaxators could set up the machine. Skilled operators
usually demand high wages and therefore simplifylng setups to

an unskliled ox seml-skilled level could decrease labour costs.

3,2.2. REDUCING LOT SIZES

Foxr laxge orders the setup poses no problem since the setup
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time 13 small In comparison with productlon time. Kowaver it
becomes a very real problem when orders are low volume
diversified. The conventional solution ls to comblne several
orders and produce In anticlipation of demand, reducing the

ratio of setup bime to total productlon time. {1}

In effect a large number of setups are being combined into cne,
the immediate result being a substantlal increase In work rates
and productlon capacity. In fact this approach is viewed as
time saved since a large number of setups have been elim{nated.
with traditlonal setup techniques, large~lot productlon seems

the simplest way to reduce the undersixable effecta of setups.

Advantages of large-lots are percelved as follows: (1)

- Man-hours required for a certaln product are reduced.

- The proportion of man-hours spent on setup to total
productivity ta veduced.

- Load levelling can be achisved since inventory exlsts (not
proportlonal t¢ fluctoating demand).

~ Inventory cushions the impact of problems (eg. machine
braakdowns) .

=~ Inventory ls avallable £ox rvsh ordexs,

The disadvantages of large loks sre as follows: (1)
=~ Capital turnover xates ars decreased.
~ Work-in-progress inventory does not produce added value,
thexefore it wastes phymical space within the factory.

Transportation and storage of stock requlres extra wan-




houzs and material handling systems, which increase

costs,

Large-lots mean longer lead tlmes which could lead to
delayed orxders and missed deadllines. Furthermore there
may be discrepencies betwesn actwal and forecasted
demands which laads to stockouts or large internal
inventories,

- Model changes could leave laxge amounts of 01d stock,
which must now bal disposed of ox sold at a large
discount.

- Inventory quality decreases with time, eg. rust or dated
stocks may diminish in value.

Quality problems take longer to detsct in large lots.

One of the most impoxtant factors to address tregarding large
Lot sizes is lead tlme, Using smaller lot sizes leads to a
dramat{cally reduced processing time from the xaw material
stage through to the £inlshed product. This means that lead
times for orders placed can be reduced significantly.
Pollowing setup time improvements, a xeductlon in the total
production &time can he achleved through the elimination of
walting for processes, walting for lots and producing in smail
lots. ({1} These lead Eime reduction technlques may be used to
reduce ox aliminate queues as followst
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{a) LEAD TIME RRDUCTION TECHNIQUES
(1) ELIMINATING WAITING FOR PROCESSER

12 a production line is aot balanced the production rate will
bs  governed by the bottlensck workcentre. (18) It is eovident

that and of the bottleneck will

be idle for a certain amount of time agcording to respective
Processing tines relative to ths bottleneck’s processing bime.
The shorter the ing tims of the
the idle time of that workeentre. (21) Acoording to Shingo,

the longer

this idle tiwe often accounts for 80% of tha total production
‘time, resulting in only 40% of the total time used for
procesalng. (1)

Say a machine A is the first process and machine B is the
second. Now in this hypothetical case machine A completes its
There will
obyiously be a line balapcing problem hers, A huffer should be

tagk quicker Der ocomponent tham machine B.
set up before machine B, WHhon there are a maximum of say 20
produvts in the buffer, nachine A otops produation., Due to
labour costs being higher then machine Jidle-time oaosts, the
worker must perform another task. When the buffer stook gets
down to say 5 products, machins A resumes production, This can
be organimed effectiveiy by having several nachinga walbing
(planned) wo that workers can change between machines in a aet
roubine. This will improve labour usilisation but will not

speed up the rate of production. Walting fZor processas oan be




eliminated by balancing the line so that no bottlenecks exist,
. This ocan be achieved by reducing setup times on bottleneck

workcentrea,

(11) ELIMINATING WAITING FOR LOTS

B Huch  time is lost when work-in-progress must wait for
provessing of an entire lot betwuen work stations. The ideal
situation is to have only ors item being transported between
| : all stationa. (1) In this wa: each item moves direatly to the
next process s soon as 1t has undergone processing. ALl

intervals between processes will now take the time needed to

provess ons item. Therefore, for 10 processes, the overall lot
procesning time will be cut to 10% of ite original time. The
only problem with this {s that transportation cperations wmill
inorease benfold, Thue the necesaity to improve plant layout

and aimplify n teahni botween dons.  (eg.

simple conveyars  between olosely  grouped machines).

{ii1) PRODUCING IN SMALL LOTS

Smaller lot slazes must be produced per production run in  order
to facilitate a more flexible production mix. (1) This is where
the importance of setups arises, The frequency of setups Wwill
inorease but due to the drastic reductions in setup times, more
changeovers can be performed without any losses in produotion
times. In essence, the degres to which setup times have been

reduced will determine how many more changeovers can be




permitied, and in turn will determine the lot slzes.

For example, let us say that the setup time im one-tenth of
what it originally was. This means thai ten setups can be

verformed for every original one without any losses in

tine. 1y the lot sizes can also be
reduced by a factor of ten, which will result in a 80% ocut in

proceseing time of any partioular itewm.

(b) EFFRCTS OF QUEUR BLININATION

Referring to table 3.2, walting for procesaing csn be reduced
to say 40% of the original time (discussed befors). The time
aspent walting for lots san be reduced to 16% of the original
value for say 10 processes. Furthermore the time taken can bas
redused to 10% of original value by reduoing ot sizes by a
factor of may 10. This resulty in a tize saving of 99,6% in
woving & partiowlar product through the production process. It
should be noted that the time saving effects are multiplicative
rather than additive,




TABLE 3.2.: Hffects of gueue Elimination (1}

STRATEGY % OF PREVIOUS TIME
walting for processes 108
waiting for lots 10%
Preducing in small lots 10%
Total productlivity time 0,4%

The implications of table 3.2 are that lead times can be cut
down dramatically xesulting In an Improvement In customer
satisfactlon. Furthermore costs aze not only saved in a
reduction in work-in-progress, but also from the ability to
make-to-order rather than make-to-steck. Production can now
take place after orders have been placed rather than before and
rush oxdexs can be dealt with promptly, Pu’:the:moxe delivery

dates are easy to weet.

3.2.3. ECONOMIC-LOT SIZE METHOD

The right quantity to produce ls that which best balances the
costz related to the number of productlon xuns (setup costs),
against the costs xelated to the lot size (holding costs). When
these costs have been properly balanced the total cost s
minlmised. The zresulting production guantlty is the economic
lot slze ox economic oxdex quantity (E0Q). (21)
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Q= = (21} Where

£0Q
Ixc

Q=

D = Demand
8 = Setup Cost

€ = Carrying Cost

The application of this formala is illustrated in figure 8.1
below. The BOQ is essentlally where the total ocost is
mininised.
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FIGQURR 9.3 ¢ The REOQ Cout Qraph (8)




The EOQ graph can now be modified as shown in figure 3.2 where
the EOQ can be made to approximately equal one in theory or a
very small lot size in practice. On the graph it is shown that
getup costs are out dramatically using setup  redustion
techniques. This leads to the feasibility of producing in
small lots whioh in turn reduces carrying costs, The graph
clearly implies that setup veduction ie a ocatalyst for

hieving small lot at minimum coat.
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DIGURE 8.2 : Bffects of Setup Reduatien on EOR (5)




3.9 BENEFITS OF REDUCING BSETUP TIMES

A larger proportion of setup errors are sliminated due io

the atandardisation and simplification of setups.

Operating conditione are fully regulated in advance ie.
a quality item can be produced on the first run. This
leads to the elimination of tyial runs and therefora fewer
defeots are produced. By using dead ntope and making
adjustments during external setup, Viro Looks has almost
eliminated the trial and error prooess required to achieve
a  quality thus el Ly 40%

of setup time,

Simplification of setups leads to an increass in safety
levels. Fromex have veduced the risks of handling heavy
dies by adopbing suitable mabverials handling equipment.
(28)

Housekeeping is simplified sinos many ‘tools are
atandardised as well as unsbandardised tools more
funotionally organised, Afrox have placed tooling
oupboards on the shop flcor at the GT gell for which the
regpective tooling is used. (40)

The cost of ing setup 4 and tonling ia

relatively low when to the from
produstivity increases. Viro Looks has achiaved a 67%




reduction of metup times on hottleneck machines, and have
o ity by 10% at a oost of

iy

approxinately R8760.00

Tooling ochanges are quick, therefore workers have no
reason to avoid them. At Rowen Engineering many setups
have been simplified and reduced by over 90%, allowing
operators te perform many of the setups themselves., (45)

Lower ekilled workers can be adopted for simple tool
changea. Furthermare workers cay stay with one machine
Zor a yeasonable amount of time rather than being moved
around when a metup is required. This leads to workers
faeling a senge of responmibility for thelr partlonyar
machine. At Viro Looks specific operators have been
solested to assist with setups and have been inoluded in
the setup teams. Therefore they feel part of the programme
and know more about setup reduction in the changing JIT

anvironment.

Hhen satups are short 1t i less likely for interruptions
to take place eg.  lunuh breaks, telephone oalls, other
urgent tasks, eto. At Vire Locks idle btims has effectively
bean eliminnted since setups are now short encugh to be
parformed between breaks,

Betup are d known  detup

times  flacilitate bhetter production planning. Rowen
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Engineering know their setup times o within 5% and oan

plan more 1y, (48)

N «  Simplified maberials handling avoids lifting of heavy
objects. Promex have adopted methods for Lifting and
M positioning of heavy dies (as shown in figure 4.8). (26)

- Job  aegurity 4is increased since setup teams  ave
B resgonsible for redusing setup times, and will perform
S advanced  getups wmore frequently when lot sizes are
' reduced. Note that the setter’s job is not at risk since
his Job role will ba diverted o othex setivitiss, such as

of 4 setups, tooling

Y organisasion, ete. At Viro Locks the time saved on setups

is diverted to theso aotivities, resulting in a shift of
Job definition,

N - Sorap is reduced since setup reduction ‘techniaues
KO eliminate trisl runs and adjustments., Almo gquality is
: improved sirces metups are standardised and no longer
'x\‘,f depend on individual setup skills. At Rowen BEngineering

. ! the sorap level ham bsen reduced to less than 1% dus to
asetup and
(48)




s ‘ 4. SETUR REDUCTION IMPLEMENTATION
\

Hell says that & programme to reduce setup times is much like

any other of h! methods study.

(2) 8ince much of the work of changing the setup on any

equipment is a matter of making mechanleal changes and revising

N the layout of meterial and items srcund it, much can be done to

reduce setup times without res g to .
(2) There axre no "hard and fast rules for setup reducbion,
however any changes made to the production process with respect
to aetups should be simple, with ohanges restricted to
squipment which is available and easy to understand, I the
whole production process ls to be albered in the future, 1t i
advisable to get a bacla idea of what the aventual system will
consiet of and seleat operations which are least likely to be
disturted by theae changes, Nanagement sannot escape the faot

. ‘that future development oannot be entirely foreseen, and that

A rovisions may have te be made. (2) The setup programme oan
I only proceed by “doing"; falling this it im doubtful whethex
T setup reduction will ever be implemented. (2)
&

4 summary of the setup

disouseed in this seotlon im shown in tuble 4.1 with othar

o for impl summarised in table 4.2.

N By
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TABLE $.2: Suawary of Otber Consderations Rogulre# for Sekup Reduckion
Rr Comtseration Comaents
- 1, Stuyfaction agpraach ~ 1t 15 profersble to take action fsuctietoly whes an dea s quoerates
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4.1, BXAMINING OVERALL PRODUCTION

Reduolng machine setup time should not be the first step of a
asetup reduction programme. Effort spent reduoing setup time on
existing equipment can be wested without first looking a$ the
overall production process. (2) The ocompany may change,

redesign or drop sertain products for vhich setup time

has been impl ted. 4 1y the company may
be planning on buylng new machines, thus negating all efforis
made on older machines, Thersfore it is up te¢ manogement %o
look at the future of the production process in order to aveid
setup don iupl 2)

4.1.1. GROUP TECHNOLOGY (GT)

Acoording to Schonberger, the oonoept of GT ds a key to
achiaving JIT results where Ltem vardety is high., (5) 6T is a
way of grouping machines and work centres based on parts that

require %ae ssme . 4 o ! the

original oconcept of GT was devised to reduce setup tim~. (12)
Therefore a family of components should be oreated with this in
mind. A GF cell may be set up for ssveral parts that follow the
same manufacturing process. In effeat Jjobs are seleoted
requiring similar technology %o be run through a machine
goquence as a group, The machines may be positloned oloae
enough together 8o that as each unit is complated on one
machine, it may bo loadad into the next. This creates a small
production line oconsisting of an irrvegular mix of parts with




iittle or no ldle inventoxy between stages. (5)

Toyota have developed U-gshaped GT c¢ells contalining a maximum of
£ive manned work stations, () When the cell is operating a‘c
less than full capacity, fewer than €ive operators may be
assigned, with each operator running moze than one machine. At

the limit a single worker could handle all five maghines. {5)

Schonberger says that setup time may be an obstacle to GT since
all different parts in the O cell would xeguire its own
machine settings, tool changes, and so forth. (5} However
parts following the same f£low path are likely to have similax
setup characteristlcs so that a quick-setup ldea adopied fox

one of the parts may work nn all the othexs as well. (5}

The GT approach to setup time reduction is more a question of
good planning and organisation than ¢f new investment. The task
of £inding tooling familles can be facilltated by uslng a
classificatlion and coding system where common tools axe used
for varlous components, (12) OF simplifies setup reduction
since toolling orxganlsatlon 1s slmplified and setup sequencing
(see section 4.1.2.) 1s easler to control.

A OT setup technlque sultable for dle changeovers has been
adopted at Toyota, (6) The setup procedure is illustrated in
€igurs 4.1 whels parts A and B axe processed in sequence on
four machines. The idea is not to process the last part A on

&1l four machines and then seb up all four machines for part B,
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i aince this would take too puch time. Processed parts flow one
: by one with each ayole time. Therefore the setup proceeds
! sequentially on such' machine within one cycle tims. This
. results in a loos of cne production piece only. In any GT cell,
3 providing the setup time on each machine ie equal to or lesa

‘than the oycle time, this approach can ba adopted. Note that
} this cycle itime may be for one cooponemt, one lot of

ate, on the rel between setup

and cyole times,

EEY: @ - Production of
conponent A

- Prodaction of

conponent B
A: } - Setup mrocedure

s eeO®
. eee

FIGURE 4.1 : Setup in a GT Qell (8)




4.3.2, SETUP SEQUENCING

This involves grouping a family of parts into a specific order
such that the change from one component in the sequence to the
next is small. Therefore between any two consecutive items in
the family only a minor setup change is regulred. (12,27} The
maln disadvantage of this technique is the lack of flexibllity.
At this stage 1t ls lmportant to note that violating the
required sequenve should be avoided at all costs. Not only do
setup tilmes rise sharply, but managers could be incllned to
foel that they can get away with bad planning. Before long
there would be no sequence at all due to Memexgency" ordsxs

ly  taking . A solutien to' malntaln

flexibllity {to a certain extent) would be to keep the seguence

but alter the lot sizes to meet demand changas.

An example of setup 2§ has been far GEC

Smill Machines' rotox shop. {29} Each rotor has been classifled
according to specific common parameters, In this case diameter,
end xing thickness and shaft hole diameter. In thls case study
an attempt was wade (using the xotor classifjcation data) to
determine the wmost beneficlal seguencing schedule. This was
arrived at by disgussion with shop supervision and preduction
engineexing, and was based ilargely on intultion. A production
run was simulated {using the deduced scemencing rules), namely
the £lrst approximation. Th2 ssquence was examined and changes
vere tosted againat a second slmulated production run (the

second approximatlion). A thlrd slmulatlon was wur but ylelded




ne real beneflts, and therefore the second approximation was
adopted. Machine utllisation for one week's production rose

from less tham 50% to 92%.

According to Carstens, sequencing can be adopted before asetup
times are reduced. In this way a halfway stage can be devised
by scheduling which reduces the negative effects of long
setnrae  immediately and allows JIT to be {ntroduced immediately
with degrees of vompromise and sub-optimlsation. Scheduling
should be sufficlently £lexible so that as setting problems are
solved with time, development into “pure® JIT would be simple.
(29}

4.1,3. DEDICATED MACHINES

Many Japanese sompanies buy =imple equipment with  lowex
capacity, in order that they may dedicate these and thus
elimtnate setups, (5) Smallex machines are run in parallel
which has the added advantage of production able to contlnue
(although not at f£ull capacity) in the event of a breakdown
It should be noted that the possibility of 6T and sequencling
should be examined first since these may oliminace the need for
dedicated machines. Companles which have old, depreciated
equipment net in use should alzo ésdicate these machlnea as LCA
{low cost autiomation}, Bven Lf they cannot handle the requized
capacity they can still run in conjunction with newexr equipuent

and reduce the number of setupe to be performed. {5)




If dedicated nachines are not feasible an alternative oould be
to adopt semi-dedloated machines. Then the number of setups
would be limited on each machine, encouraging the possibility
of operators setting up their own machines. Semi-dediomted
machines have heen adopted at Mono Pumps. Four identioal
nilling machines exlet to process a number of cowmponente. One
of the of setup reduction was to have dedicated
tooling for each job, however for 20 different Jjobs, 80 seta of

tooling would be rewuired for each job per machine, Thia would
hove been too costly. therefors the Jobs were divided up and
dedioatod to certain machines. In other words, in the case of
20 jobs, ecach machine would process § speoific componenta.
Although #lexibility was decreased, only 20 mets of tooling
were required. The setup has bsen considerably shortened since
tools are efficlently organised and flexibility losees have
beon for by scheduling

teonniques. (42)

4.1.4, THE QPY (OPTIMISED PRODUGCIION TECHNOLOGY) PRINQIPLE

Benefits from setup time savings are dependent on the type of
resource involved. The avallable time 2% a bobtleneck resource
ia spllt betyeon procassing time and setup time. If we save an
hour of getup, we galn ap hour of procesting bime. Purthernors,
an hour eaved a4t a botilensok operation is mors important than
Just the inoroased howr of production at the hottleneck. It is
equivalent ‘e an inareased hour of throughput for the total
ayatem. Un non-bottlenmck operations, we have three elementa of




bime - processing, setup and ldle time. Here LE we save an hour .
of setup, we galn an additional hour of idle time,
Consequently, an hour saveu akt a non bottlensck is worth o

nothing, (21} .

Therafoxe 4{t is wvident that sebup reductlon on 2 non-
bottleneck work centre wlll fail to impxove throughput levels. L
After the bottleneck setup time has besn reduced the line may
stlll be ynbalanced. If setup time on the bottlensck was a
signlfleant factor, drastic xeductlons may shift the bottlaneck >
to another work centra up- or downstream of the original (3
bottlensck, Bach bottleneck can then be tackled consecutively T
using setup reductlon techniques until the line f=» < P

approximately balanced.

4.1.5. THE 90/20 RULE

This uswally appllet to most activitles within a factory. For
example, & f£ew opuiatlons ,roduce most of the scrap, a few

items hold up mort of the bachorders, & few producis account

for the bulk of preductionm, etec. {7)

X GEC Smull Wachines have reduced setup times en twe machines

ool whleh genexate a large proportlon of tuxnover. "his approach . ¢
]
Vot was taken &n order that the bulk of producklon may ba

streanlined and the low turnover speclal Ltems tackled at a
LI later stage. {39)




M Viro Locks most of the changeovera occux fox special items
‘which account for a small proportlon of turnover. It was
decided to reduce sotup times fox these products since machines

for large turnover ltems have been semi-dedicated and requlire

£ow Fux . hl for both high volume and
spacial ltems are v'milar, GLherefore cowmon principies can be
applied to both,




4.2, TRAINING REQUIREMENTS AND SETUP TEAMY

8etup reduction does not happen on lt® own, It takes a team of
peopla who aggressively puxsue the problam to make short
changeovers & zeality. (40,45} Hall says that: 'The Job of
management is to enable the direct-action paople tuo perform
better. That job ls coaching, and coxching is development of
others while developing yourself, Coaches teach, make
correction, blend talent as a team, develop individual and
collective skill and motivate, but coaches do not play
themsalves, That 18 xeserved for the players." (10) This
suggests that setters and operators should ultimately be

trained to wake setup changes themselves.

4.2,1. 'THE TRAINING PROGRAMME

To get into the splrit of workplace oxganlmation, workex
training and \nvolvement must begin, olse baslc problem sclving
is not sufflciently transfexxed to the workers and supervisors
thamselvee. (10} This applies to sebup reduction, where the
basig natuze b€ the setup reductlion process (trlal and exxzox)
compals education thxough involvement.

A training approach adopted by "Cummine Bngine Company" has
been documented. {(31) The tralning programme should lnvolve
all relevant productlon opexators, setters and Immodlate
support staff., From these attendees, setup reduction tezms ave
foxmed who would then the imp P EHY]




(a) STUDY ACTIVITIES

Bach mancfacturing work team, along with supervisory, technlcal
and other dizect support staff would iInitlally spend Gtime
learalng about the followlng:

(253 THE _J1T CONCEPT

This would Include & genaral ovexview of lts origlns, benefits

and the state of implementation in Japan and the West.

(11} JIT MANUFACTURING

This woulé involve learning the basic JIT principles such as
uniform plant load, 1line balancing, plant layout, kanban

systems and implicatlons of JIT manufactuzing.

{414) THE CHANGING BUSINESS ENVIRONMENT

This luciudes what 7T means for the plant and the chunges that
people would sees golng on around Sthem. fThis portlon of
tralning would lead up to a recognitlon of the nesd to reduce
sebup timaa. It should ba clearly shown whors setup reduction
£its in and how Lt bensflts the factory.

{iv} RECORDING AND ANALYSIS METHODRS

Not all the people making setup &nalyses may have a qéod




background in lndustrlal enginsexing method studies. Therefors
it may be advisable to give a format to work by and some basic

N instruction in methods studles, (2)

(b) COURBE SUMMARY

The couxrse should show setup teams how te go about setup
A reduction by showing attendees physical illustrative examples,
' It 1i» essential that those examples have baen taylored by the
- team facilitator to sulte the equlpment in that particulay
factoxry. (40) Oiving setters generalined examples which &o not

/' apply to their machinss is meaningless. Relevant aexamples
N should generate somé ldaas at a latex stage since in many

instances workexs will have seen these techniques before on

other machines, however in the past they may not have related

to them ae setup reductlon techniques, (2}

At “"Cummins Engine Company® each attendee recelved a

L certificate valldating his successful completion of the
‘ trainlng programme. They also received a comprehensive
\\( reference manual contalnlng a copy of all course material, as

well as analysls and lmprovement guide notes, (J1)

(¢) EETUP_DEHONSTRATIONS
The atm of physical demonsiration ls to let settexs see satup
. reduction techniquee in action. (37 - 45) This can be achleved
by running a pllot project where befoxe each damonstration
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setup, plant managers, section leaders, department heads and
related personnel observe aotual setup operaticns in the shop,
look for problem areas and work towards aolutions. (2} The
author suggests that demonstrations begin on simpler equipment
where large aetup veduotions oan easily he attained and

progress ta comm'-~x machires at a later stage.

4,2.2, SETUP TEAMS

According to Lee, the team should consist of 2 - 3 operators
and  @etters whe are regularly involved in the setup of the
machine in foous, Thoy are aupported by technical pecple -
such as lino process engineers and tool contrel supervisors, 4
®maintensnce operator may need %o be added if maintenance ia
poor. The role of the faciiitator is usually £illed by an
industrial (work study) engineer whose basic functions are to
call meetings, issue ninutes and chalr breinstorming sessione,
ste. (31)

During the initlal atages of tho setup raduction programme the
rerson training the team (usually a manager) should act as a
guide. (81) His role is to allow the teams to gain reaognition
by introducing the team to the new way of thinking and giving
setup examples. This should generate some ideas at a later
stage sinus in many instances operators will have seen these

technigues before on other machines. (2)

Les recommends that line supervisors should not be gore membera




of the setup team since hls commitments already usually take up
most of hisg bime and there ls a risk that the supervisor would
becom¢ the person who f£inishus up with the majoxity of team
work assignments, owlng to his demonstrated skills In gelting
things done. This would overload him tventvually and could
cause the team to become & "study" group who delegate work o
othax (already stretched) resources. (31} It is regommended
however that llne supexvisors be regularly updated on the
team!s activities by means of minutes, occislonal invitations
to team meetings and by constant updatlng by the team
facilitator,

Afrox has structured its setup teams Jifferently. 40)
Acconding to Karle it was found thet by only including sekters
in setup xeductlon teams, foremen and llne supervisors felt
thteatensd,  Tharafore 1t was decided that teams would consist
of a cell manager {who was the team leader), the gell
production anginssr, the cell foreman and 2 - 3 setbtexs for a
particular cell., Bince Afrox had 23 high volume cells, 3 setup
toams were foxmed. A monthly evaluation la made of implemented
suggastions and a monthly weward lz egually divided bstween
mambexs of the satup reductlon team.

In the aubthor's experience it is dcairable that the setup team:
{1} Has a thorough knowledgs of the machines lnvolved to that

he knows when an idea wlll work, ox can glve veasons why

4% Wikl not work,
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(i)

v}

Has some
attachments
nake,

Has  draughting skills in

wngineering skllls in order to avoid

This includes hardenlng, welding, etc

oxder to produce

drawings if required by subcontractoxs,

machine

which are either impossible or toe cestly to

working

Is well connected with outside companles 1f parts are to

be wmade by subcontractors,

and should be able to

ordinate the manufacture of these parts.

Knews
which may be used lnstead

parts.

com

what standard "off the shelf" items are avallable,

of speclally manufactured




4.3. A THEORETICAL APPROACH TO SETUP REDUCTION

The theory of setup time reductlon was developed in Japan by
Shigeo shingo, author of "A Revolution I Manufacturing: The
8MED System". ({1} This was developed through years of
expexience where a number of setup steps have been laid down as
£ollows: (1)

(1) Preliminary stage : Internal and external setup not
distinguished

{i1) Stage 1 : Seperating Internal and external setup

(1i1) stage 2 : Converting internal tc external setup

(4v} stage 3 : Streamliining selup operations

A graphic representation of thewe stzjes ls shown in figure 4.2
and {ilustrates the effect of eauh stage on overall setup time.
A detalled discussion of each setup stage follows.

D estomersonp

Ramg tnat shoutd be-
lang 1o externat uetup.

Intarnal aatup

FIGURE 4.2 : Stages of Setup Time Redugtion (1}

2,




4.3.1 PRELIMINARY .cAGE - INTERNAL & EXTERNAL SETUP _NOT
DISTINGUISHED

In the conventlonal setup all operations are usually performed
internally causing tnnecsssary delays. (1) Thls stage involves
analysing the existing setup and distinguishing which setup

operations could be external Instead of internal.

(a)  WORK/TIME STUDY

In order to implement any form of lmprovement a time/method
study analysis should be made of the existing setup. According
to Lee, no better method exists than the use of a time lapse
video camera to record what actually happens duxing a setup.
The video tape becomes a "Living" recoxd, very much superior ko
elther the written or spoken word which often tends to suggest

what ought, rathex than did ocecur., (31}

Lee suggests that the recording be done openly and becomes the
property of the setup team. This ensures that the vldeo cannot
be misused and bullds up an enviromment of trust. Also 1t
should be stressed that the setup be £llmed like it i3, where
setters do not vlolate noxmal sebup practice fox the sake of
the camera. Furthermore the camexa should not be stopped when
somethlng goes wrong (tight threads, jammed wheels, etc). {31}
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{b) ACTIVITY CLASSIFICATION

Boon atter the video ls wade, the £irst setup team wmeeting

should take place. The video 1s reviewsd and an analysis sheet
It is the author's view that compllicated

of the

is £illed out, {31)

work study tables are not necessary at this stage

programme, since the exact setup procedure has not yet been

standardisea. All that 1s xequired ls a simple process chaxt

describlng each worker's activities, and the assoclated times

taken (see appendix Bl).

In order to dlstinguish between internal and external setup
operations each work element should be classified., (31) One
h  has  been for "Cumming Bngine Company"

whexe activities are classified according to the following work

categoxies (31) :

Clamp (C}, Adjustment (A), Other (0), Unclamp (UC), Cleandown
(ep), and problem (P).

From thene categories it 1is evident that "adjustment”,
*Cleandown" and "Problem" categories can possibly be made
external operations, (31) Furthexmore a checklist for each
category has been drawn up stating what can be done to lmpruve
opexations.

another approach has been documented for "GEC Small Machines®

where setup activitles are classifled according to

"trangportatlon®, “operation" and "delay" functions. (28) The

reasoning here lz that there is great potentlal to externalise




"transportation® and "delay" activitles. (28)

VHe An alternative methed (used by the author in the case study) s

vt to classlfy each work element according to broad  work e A
. .:. S categories with associated times (appendix B2), The aims of :, N ; )>
i this classification are to: VR

(4} betexmine which actlvitles can possibly be wade external T

or eliminated. 1
{11) ldentify activities which are easlly made external, .
‘::""w {411) Identify which operations account for the longest times

during the setup.

4.3.2, STAGE 1 - SEPERATING INTERNAL AND EXTERNAL SETUR

The most loglcal arxeas to attack setup tlmes are those where

changes are so obvious, there is no need to delay. (2) Most of |
the time, people famlllar with the particular setup can look at

the 1ist of categories and lmmediately spot potentlal ways to !
make operatjons external. At thls stage 1t may be a good idea

to predict which operatlons must remain lntexnal, which can be

made completely external, which can he made partly external,

and which can be eliminated. Obviously predicttons cannot be

entizely accurate, however this does glve a gulde as to which

operationg must De tackled flrst. Moving operatlona o
EEN extexrnal setup lesaens the number of lnteznal operatlons and
* H makes the analysls easler later on. An example of seperating

internal and external operatlons ls illustrated ln appendiz BI,




since

1)

{441}

oparating conditions in advance,

a . everything lald out.

work statlon as possible.

equipment, a toollng storxe may have to be used,

A
-
e an
machine).
.
L

the aim of making operatlons external is to prepare

ali the attachments, tools

and workers required should be in place and standing by with

Then as the machine stops they are ready

b to perform the setup without having to go through unnecessary

Internal operatlions.

-'"» In ordexr to make toollng organlsatlon an external operatlion, 1t
is usually necessary to xevise the factory's tooling layout.
With regard to setup reduction, the aim of layout is to group

tooling and squipmeni reguired for setups as close to the

{Preferably in tool cupboards at the
If this is not possible due to large heavy

However 1t is

recommended that this store be layed out in such a way that:

Al attachments are grouped accordingly for specific Job
setups,

All atbachments are easlly acecsgsable at a wmomants
aenled. Foxr example, 1§ dles are piled on tup of each
ashey Ak iz dliflowld and time consuming to locate the
4ig at She boktom of the pile. (U}

Attacawents wust be easily transportable to the machine.
The beet and cheapest method s uswally a tzolley. Hach
set of tooling may be stoxed ln its own dedicated t':oney
or stored in trays which can easily be loaded onte a

trolley. (%) .

Ny
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In  the

case of tools It may be the case that these cannot
always be dedicated for sach Job. In suth a case a 1ist wust be
used. An

made up of each tool and where in the setup it is

example 13 shown in appendix €. This allows settexs to prepare
tools beforehand and avoids having to sesaxch fox tools during

the getup,

Some useful hints for improving toollng organisation are as
follows: (2)
{1} Reduce

the variety of tools (1f possible), make screws

uniform and standardlse tools even 1f screws are of
Aifferent sizes.

{41) 1€ there 1s no obstacle to the operation, sevure wrenches
or handles to screws to ellminate having to pick up and
put down tools; or use devices which can be tightened by
hand, eg. wingnuts.

(111) Keep bools nearby and arranged neatly. Label tool hooks
ox keep tools taegether on boards.

Immediately after a setup, when old attachments have Just come

off the wmachine, the setbter wust see to It that all these

attachments axe prepared for the next setup of that partlculax
job. A tonllng board allows for ths metter to check that all
attachments are available, however he cannct tell if relevant

functlonal checks have been .

to be sharpened or checked should not bs packed away untll the

setter has done so. As setup times become shorter and batch

sizes are reduced, the number of setups increase. Subsequently




setups become more frequent and it becomes Increasingly more
impoxtant for the sebter to organise 0ld attachments

immediately after a setup. IE there are a sufflclent number of

intermedlary 3iys to be dedicated to each job (this is not ’ B
always the case), khen adjustments must be made at this stage . -

8o that attachments sre preset when put away.

This ensures that before a setup, a1l that 18 vequired is to y

transfer toollng boards to the machina,  When toole cannot be . “
dedicated to each Job, the setter {who should have a list of
tools for each Job) must lay these out at the machine before
the setup commences. Gauges to chock workpieces must aiso be
xeady at the machline. 1f general intermediary jigs are used
for all Jobs, adjustments are wade on external gauges durlng i w Y
this time.

Pra-preparation also includes a waxning system to inform
setters precisely when the next setup will be. Usually the

ol supervisor is given a production schedule Lo work from, .

LA & he knows 1y when & setup will take place. '
(2) Every mornlng the supexvisor car give the setters a list of :
setups for the day. This allows the setter to mentally prepare H W
for each sotup. {2} This would not he necessary if a £ixed

schedule ox Job sequencing technlques are used,

" ‘ Other Jsommon operatlons which can be moved to sxternal setup

. Include preheating of dles, cleaning operatlons and maintenance AN

{whlch can be scheduled out of normal working houral,
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STAGE 2 - CONVERTING INTERNAL TO EXTERNAL SETUP

4.3.3,

Once stage 1 has been completed@ the setup becomes shorter and

moxe simple, and it bacomes easier to concentrate on lnternal

operations. The main aim here ls to modify equipment and
procedures ln  oxder to ellminate unnocessary Internal
operations; thereby reducing lnternal setup time to a minimum.

(a) pAREIO 2

It iz log
those opura
chaxt iz
oparation

reached.

longest opexations flrst.

the most

ANALYS1S

lcal that the next axea to reduce setup times are
tions which take up the most time. (2} The Pareto
used to classify categories by placing the
Eirst and

This draws the attention of idea generatlon to the

longest
80 on until the shortest operatlon s
These atre usually the areas whexe

impressive setup time reductlons can be made in a

relatlvely short perlod of time.

Hall

setup i by means of Borss

rnalysis. {2) An sxampla ls illustrated in figure 4.3. Brvad

categories axe analysed first on level 1. These are brohen

down into operations and analysed on levsl 2. Operatlons cap

be broken down further into activities and analysed on level 3.
of levels

The number 1s not 1limited and depands on the

compiexlty of the satup and the desired detall of analysis.
Note from the example that precedures which have already been

eliminated or moved to external setup are discluded from




=

i
g |
v
e
’r/v, further analysls.
) . The example shows how catagorles of the setup are analysed. .
rf O Categorias 2 and 4 are made external and category 5 eliminated. g

These decialons have been made on leval 1 and only categoriew L =

and 3 need be further analysed. Categories 1 and 3 are “ *

subdivided Into operations, These represent the axisting ;
R operatlonal times before any Improvements take place.  Also L
shown hexe are operations which can be (fully ox partlally) L .
;‘ - ' externalised or eliminated. Aftex implementatlion, the B ' °
ﬂ-‘::""v" remalning intarnal operxations on lavel 2 axe further analysed. j .

The intexnal poxtion of opexation 3 is than subdlylded into
exlsting activitles. Ideas f£or improvement are generated on
Jevel 3 and activities are agaln (fully or partly) externallsed
or eliminated, The analyst contlnues until the deslxed number

of levels {(datermined by the setup team) have been analysed.

In practice all that 1s required is a simple Pareto analysls
- conducted to rxank In lgheskt ordex the time consumlng
. opexatlons. (31) An oxample of Paxaeto analysls involving two H
. \J‘ lev;xe has been documented., (26) Broad satup categorles have ‘
. ' K been listed, making up level 1., These have then been brukn
down inbto operatlons, making up lsvel 2. The time taken [z

each operation on level 2 have been added to give the teo*al

time of each level 1 categoxy. Anothex exampla of Parsto

~ analys's is shown in appendix B4.
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(b} MODIFYCATIONS FOR INTERNAL SETUE
Examples of equipment modifications include the wue:  of

functlonal clamps, die centerlng, E£unctlonal stz.Aaxdisation,
intermediary J1g9s and mechanisation (refer to sectlon 4.4.3),

Much of the idie time encountered during a setup Is due to a

non setup + A set allows each

worker to go in and do hig Job without having ko think of what
to do mext. The .rocedure must be wxitten out in a simple foxm
80  that workexs Involved in the setup can mentally prepaze
before the machine stops. 1t may be a good 1dea for the setup
team to post up a procedure at the machine (Just before the
setup) £or the operator or smetter to follow. This will
probably only be necessary untll setters are famillar with

their xespective tasks.

Parallel operations, when properly devised, can more than halve
satup btimes dus to economy of movement. (1) This 1s
particularly relevant to larger eguipment, such as a dle
casting wachine, whare setup s requixed on both sides of the
machine. The sattes then does not have to walk back and forth

betwasn elther slde of the machine.

when deviaing parallel operatlons 1t is imporkant that thers ls
no  unnecessary walting by any worker performing setup
operatlions, The sotup procedure must thersfore be devised so

that workers' actlons complement each othex, A problem exlsts




when modd for have just been

made. At this stage the new procedure has not been carried out
and therefore the operational times are unknown. Therefore it
i8 neaessary to estimate these times and draw up a rough
rrocedure. Then when the setup takes place, discrepencies can
be noted and the procedurs duly modified. It may take a few
sotups and subsequent modifications bafore the procedure ism
perfected. This process must be carried out every time &
rodification takes place; however this becomes easier as the
setup iz simplified,

&0 important factor to be conmsidered in parallel cperations is
safety. If two workers for instance are performing tasks on
oppoeite sides of the machine, they must oommunicate by means
of hand signals, shouting, whistles or Luzzers. (1) This
avoids the first worker indexing a ool post for example, while
the other worker's hand is still in the nachine. Since this
system i1s not foolproof it may be useful to adopt safety
devices; eg. an ipmobalising switch may be activated by one
worker so that the other worker cannot index the tool rpost

while the first worker‘s hands are in the machine.

(o) ELIMIRATING ADJUSTMENTS

Adjustments usually account for the largest percentage of sebhup
time, (1) The aim here ias to make fixed settings se that no
adjustments is neoessary during internal setup. This may

involve making adjustments off the machine as an axternal




operatlon prloxr te the setup, Bliminating adjustment involves

positioning attachments on the r-chine in precisely the same

location for the same setup.
function standardisation

hni inciude ary 11498,

and die centering (see sectlon 4.4.3). AdJustments can also be

eliminated by simply documenting £ixed numerical settings, eq.

temperatures, feedrates, eta, Once settlngs have been

calibrated, they can then be set at the same value each time.
Furthermore two different setters will obtain the same readings
for thelr respective setups. Adjustments axe made by trlal and

errox, and as long as settings ixe made on the basis of

intuition, thexe is no way to avoid trial runs., {2)

Techniques algo depend greatly on the accwracy required for the
workplece. Making settlngs often relles on moving attachments

agalnst a dead stop, or screwing a bolt up againat & machine
whether such an attachment ls pushed up agalnst the stop

£ a

face.
hard or gently may make a difference of a few microns.

large degree of accuracy is Yequired, thiz method i= not

acceptable and may have to be tested and xevised.
Determining preset values for future setup ls no essy task.

The only basis available from which to wotrk lg the conventional

setup.  In othex words, the machine must be set up £irxst using
the conventional methods of trial and erroxz. Thls Ls an
Important setup since ail setups are on




its accuracy. The polnt te be made here ls that this *model®

setup must be a5 accurate as possible (according to machine

capabliity) in order that future setups remaln accurate.

The setter Is now in a position to take moasurements off the

machine for preset values. This will involve delaying the

setup somewhat, however the time lost is small In comparison

with future benefits which will be achleved. Furthermoze this

delay will only occur durlng one setup (for that particular
Job}, Bearing ln mlad that these dimensional values are
cructal £or f£uture setup presettings, the setter munt Dbe

allowed to take his time taking meagurements and should double-
check a3l readings. An example of such measuxements and its

transferance to respective attachments is 1llustrated in

Appendix BE.

4.3.4. STACE 3 - STREAMLINING SETUR OPERATIONS

This Involves fuxther Iimprovements to both Intexnal and
external operations. Lee states that, when the setup team
believes that the duzatlon of the setup has heen teduced in

compliance with the goals set, another vides should be made of

the new method. (31) This serves as a ‘“springboard® for

further improvements. It has been suggested that L€ the new

wethod 1z allowed tp mature and become the “noxm" for several

months, then further improvements of slgnificant magnitude can

be made by a new or reconvened team. (31)

—




In order to standardise setup times and procedures, it ls
important for setup people to be thoroughly familiar with all
setups ooncerned. [Executing a setup well requires correct
rsactions, 80 practise  is necessary when ‘the
procedure is new, and perlodioally thereafter when it ia
revised or when new people musl exeaute them. In the sase of

qomplex setups, teams may be required. Members of the team

nuat 32 setup 8o that

one another. (2)

If undercapacity scheduling is implemented it may be a good
idea to ressrve some time after a shift for practising setups.
Since wmetup times have been drastically reduced, thare io
usually enough time to praotise as well as set up the machine
for the next shift, This practise time chould be used
ocongtructively, enabling astup people to build their skills,

‘try out new ideas and debug new setup procedures.

4.8.6. OTFHER CONSIDERATIONS

(a) THE STUDY/ACTION APPROACH

The eetup Iimprovements achloved depsnd very much on the

approach taken, Digaunsed below are two possibilities: (2)

(1) Study the entire setup in detail and implement changes
only when all poseible ideas for improvement have been

generated.




{11} study the setup, starting xoughly and gradually wmake

refinements, while constantly implementing these ldeas.

Studying Lthe entlre setup in detall makes the analysis more
complicated. Using this approach, no physicul Improvements

have been made, therefore all operations need Lo be examined,

On the other hand, a study-action approach may be implemented.
The setup is studled broadly flrst and any ldeas genarated are
immediately implemented. If no developments result €rom this a
more detalled analysis ls made and subsequent ideas are again
put  into practice. This second approach involves far lass
work since the setup 1s being physically shortened on a

continuous basla,

It is better to take action lmmedlately when an idea (which has
been proven {n theory) is generated than to plan continuously
and not make any physical progreas. Setup people may lose
Interest in the setup reductlon pregramme L{f no Implementation
1s carrled out, Furthermore implementation gives the programme
momentum f£or further idea generatlon. (2) Shlgeo Shingo has
stated; "If you cannot figure out how to do something, talk 1%
over wlth your machines.® (1) The point being made here ls
that it.ls better to make modifications in small progressive
stages and see how they work physlcally, than to make major
changes whlch are untested. 1£f a small modificatlon does not
work, it can De redesigned and altered at & relatively low

cost.




(b) CHANGEQVERS DURING & PRODUCTION RUN

I% 48 usually ‘the case that a machine reguires attachment
changeovers

inolude blades,

during & production run,
drills,

These attachments may
or outting tips whiah become blunt
after a certaln amount of time. This type of changeover is

‘troated in exaotly the pame manner as a setup,
disd

Al 4
blunt

nust be in. advance when

All the benefite of

setup
reduotion are negated if adjustments are required for this
changeover. The method used here can be duplicated from the
aotual metup in order o eliminate trial runs and adjusiments.
Intermediary Jigs play an important role and an example of

changing lathe tool tips is illustrated in meotlon 4.4.3.

(o) DOCOMENTATION

Al) information related to the setup reduotion programme should
be at by the factlitator. The

reasons for this formality are,

firably i a person who dla
inatrumental in the setup vreduotion programme leaves the
company; hias successor oan carry on with the programve from
whers 1t was left off, Secondly, dooumented information aan he
uaed as a basis for further improvewent. From ‘the authoxrs

eaxperienae it s auggested that this include the following:
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(vi)

A prograss chart which moniters the rate of improvement
as 1llustrated in figure 4.4. Thias allows management to

see Lf anough time is being devoted to the programme.
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PIGURE 4.4, : Setup Improvements Progress Chart (1)

The existing setup procedure. This merely Involves
£11ing the work/time study tables.

A slmple Pareto nnalysis to show time consuming
activitles.

1dean which  have oxr have not  been implemented.
Reasons for non-lmplemented ldeas must be glven, since
clircumstances way change to make thase )deas acceptable.
The most effective way to i1llustrate ideas is by a
aexles of sketches.

Delegatlon of responsibillties, indicating who performs
speciflc activitles for making improvements.

The revised setup procedure must be made avallable to

setup people In ozdexr that there 13 no confusion




(vit}

(viit)

{ix)
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regaxding procedures. Thls must include both internal
and external operations.

Kew policles; eg. who has access to toollng cupboards,
ete,

Recordings of actual setup times. Thie moniters the
degree ‘ to which the sektup has been standardised and may
call for further idea implementation or setup practise
sesslons.

doals for the future. Realistic goals must be set so
that setup people know what they are worklng towards.
For example, "Cummina Brgine Company" inltially set a

target £lgure of 75% xeduction within 12 months. (31}




4.4, MACHINE SELECTION AND MODIFICATION

1t is essential that management and workexs know the
capabliities and limitations of their machines. Failing this,
setup reductlions cannot be fully effective, in fact overlooking
relevant factors when changing the conflguratlon of the machlne

may lead to machine damage.

4.4.1, MACHINE CARE

A typlcal Japaneds company looks after lts machines by means of
nmanagement  practices. {4) For exanple, by implementing
undexcapacity scheduling and load levelliny the machlnes are
not excesslvely used and in fact run well below capacity. (4)
Furthermore, lower opexating speeds not only reduce the
possibillty of Jams and breakdowns but also reduce wear on

machine parts and dles. The combinatlon of regular

3 ive mal cleaning and adjustment and

reduced rates of work leads to machines lasting longer. (4}

How s all this related to setups? Flratly it ls often the
time saved by quicker setups that allows for undercapacity
schedullng, preventative malntenance, etc, Secondly 1t is
feared that by pexrformlng setups often, equipwent damage will
oscur, In fact just the oppozlte seems to happen; the setup ls
80 short and simple and has been practised so often that it is
tnevitable that 1t will be done right £lxabt time. (2) Lastly it

is a well known fact that ln order to make settings and not




) adjustments on a machine, operating conditions wmust xemain ,-e;K/ .
constant. (1) If a machine 1% excessively worn opexating
conditions will vary, the machine will vno\: ba able to hold
(‘ - tolexance, and pre-setup will not be possible. One  Amexlcan T
) manager, whan asked what the principle dlfference was between
v Japanese and American machines answerid; "rhey use their

machines, we abuse ouzs." (4) Yy

Many Japanese companies have experienced the use of elabovate
. equipment wonitering and early varning systems. These devices
f monltexr the process f£low and signal when jams occux, measure
N dimensions  and othex chavacberistics of E£iniwhed paxts, "
1nd1ca'ta when these characteristics approach tolerance limits,

keep track of the usage of dles or fixtures, and slgnal when 1t

48 time to adjust or yegring them. A yesult of this extenslve

monitering is that the Japanese worker can see a problem

and take corxective action immedlately befora any damage occurs

. to the machine, toola or the workplece, (4)

" 4.4.2, BUYING EQUIPMENT - WHAYT TO LOQK FOR

1£ a company does not have the toollng capaclty or manpower fox
physlcal sebtup changes it should conslder putchasing of
\ o eguipment carefully by looklng £or the followlng basic polnts:

{1} The Japanese tend to use emaller, less expenslve machines
and place higher importance on rellablliity and ease of

i nal than on rate. {4) By having smaller,
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i lawer capacity machines running in parallel, a breakdown would

. not be as serlous as one large, hlgh capaclty machine stopplng

TS production. Furthermore simpler machines are easiex to set up -
v{ S and setups can vary often be performed by operators. (2) R
v o
L (1L) It Ls lmportant to keep setups In mird when purchasing a e
¥ machine. One should laok for ease of making physlcal changes. i
e Look £ox any problams which may arise durlng the production

cycle, lncluding sebtups. Make suxe the machine ls sulted to o
the speclflc job, ‘ .

{1 when purchasing machines 1t is best to stay with one
typa. For example, 1f all drilling wachines perform more or 4 ¢
less the same task, purchase ldentical drilling machines. With
mixtures of equlpment brands, developlng setup btime-saving v

medifications ls more comtly. (3}

i {iv} The company concerned should not base their declsion %o
H buy a machine on the loweat bld., (3) Other considerations
Vo include suitabllity for the ovexall production process, ease of H

opexatlon and ease of setup, )

1
, ' {v) Before buying a new machlae, one should £lrst look at f‘
N . -‘ existing machines. It may be the case that one part of a ‘[
. machine nesds to be reground ox replaced In order to run .
anothexr 10 years. Also production rxoutings may be altexed In |

K order that older machines can be dedlcated and utilised.
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In many Japeness firms most of the ocapital investment iz
devoted to upgrading of existing equipment and processes. (4)
This can be achieved by introducing materials handling and
other process rationalisation measures, rebuilding and
impreving equipment, adding monitering devices and redusing the

nusber of werkere through automation. United States companies,

and 4t 48 believed most of the Western World, have made
“capital " with © 4 lon". (4)
4.4.3. MACHINE AND ATTACHMENT MODIFICATIONS

Satup reduction often requires machine modification which in'
some oases could be fuirly exiensive if the full benefits of
zotup redurtion are to be achisved. In some companies there
may exis. a nisconception that one should not tamper with
machine toold designed by experts. Furthermore, some believe
that the resals value of such gemeral-purpose eguipment aould

be reduced £ it l& modifisd Pfor special Jobs. (3)

Much of Westaxn induatry relles too nuch on independent
equipment suppliers. Very often they omnnot design and produce
thelr own producticn equlpment, or even carry out major repalrs
or modificationa on the ewuipment they purchass.  Subsequently
they do not have the abllity to ocompete on the basis of unigue
process technology, something whish la'not availabls "off-ithe-

shelf", (4)

a

4
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In Japanese industry we £ind there is & large amount of
equipment and machlnery which has been designed and bullt ®in-
house™ for specific production purposes. (3) Their machine
shops are well-staffed and active, a place where many of the
new process  technologies are developed, and  therefore
unavallable te competitors. (4) By modlfying, or even bettex,

manufacturing, <quipment can be designed so that fast setup

hardware tectniques are i . Fur prob.

arising durlng actual production can be eliminated; something
an external suppller could not foresee. (2) The Japanese in
some cases cut thelx setup times essentlally to zero since the
mwachine 1is designed for Just one job; all attachments and
£ixtures may be built so that no settings or adjustments are

necessary. {3)

Modiflcations imvolve changes to wachines where part of a
machine may be redesigned or modifled for quick changeovers,
Algo additional attachments may be added for simplar setups,
This Llnciudes tooling changes where drills, dies, blades, Jigs,

ete, are

for easy during a setup.

applications of setup time zeduction have been extensively
documented {1,2). Therefork this section will mexely summarlse
varlous examples for common setup problems. For more detailed
explanations refer to the prescxibed literatuze,

ta) DIE CHANGROVERS

This type of setup is vommonly found te take a long period of




time and may cause bottlenecks. Whether the eguipment involved
1s a metal press or a plastic forming machine, general setup
reduction principles arxe similar with respect to related
hardware. The following examplies show general changes for
machines, tooling, attachments and materials handling

equipment,

(1} STANDARDISED DIE HEIGHT AND CLAMPING POINTS

ghut  height adjustment wastes tlme and requires considerable

8kill. These shut helght ad: are only y because
dle and clamplng heights differ. This problem can be solved by
attaching shimg or blocks of sppropriate thickness to
standaxdlse these heights (£lgure 4.5).

dah as8
ssndadzng L ] L ]
Semangheigt o
P

FIGURE 4.5 : Dis and Clamping Height Standardisation (1

(11} DIE CENTERING .
Precigse dle centering is nacessary and must De carried out with
caution slnce the dle could be destroyed Lf the ram is not

vorrectly alilgned, Therefore this operation s time-consuming

"

]

5
s




and difflcult.

The setup c¢an be improved by making use of a

centering 3ig made up of two plates as shown in Efigure 4.6}
one slde s attached to the machine and the other side to Ehe
dte. The V-shaped projection between the plates allows £ox

automatic centering in both X and Y planes.

fssllohy2 + B 2 K)
Foor adating Ihckness.

canteringig ol altachment piss ttomale)

RN} corteriog lg an maching (male)

NN

FIGURE 4.6 : Centering Jigs (1)

(114) SIMPLIFIED DIE EXCHANGE

The conventlonal wethod often involves an overhead crane which

11£68 tha old die out of the machine, places It alongslde,

Elxst
dles.

plcks up the new dle and places 1t in the machine. The
alternative is to use xoller conveyors on medium-sized
Flgure 4,7 shows a progresaion of steps for simpllfication by
this method the

helght

means of the roller coaveyor method. For

Y helght is

1sed to conform te the die
positlon ln the muchine (£igure 4.8), This wethed s preferred
when human effort is requlzed since any llfflng operations are

aliminated.




2

11] Take out o .
ol i ahnlu\dmumﬂvl . .
waye . o

P HEEES L ’

Four Movementy

] e S

Two Mavemonts

(4] Insors now dlo whle romoving

5 @_m i dio liniked movomonl)

Linkage “
Ore Movomont P

BXGURE 4,7 : Simplifying Dis E¥change (1)
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FIGURE 4.8 : The Rollex Conveyor Hethod (2)




An  alternative method can be used when the machine does not
allow for the roller conveyor method. Flgure 4.9 shows the
correct method for holsting dies. The new dle 1s prepared in
advance just before the changeover (stage 1}, by suspending it
Just high enough to allow for lateral movement, using the first
heist, The othexr holst is then used to 11ft the old die out of
the machine (stage 2). The hoists are then moved aleng a rall

and the new dle 1s lowered into the machine {stage 3).

FIGURE 4

Tha Holst Method (1)

(iv) COCLANT LINE CONNECTIONS

Most injectlion moulding machines have a sexies of supply and
dzalnage llnes attached to the dle for coolant purposes. In
the zonventlonal method each of these lines 1s attached
sepexately, Figure 4,10 shows how connections can be simpllfie”

by means of using manlfolds.




FIGURE 4.10 i Improved Coolant Line Connectlons (1)

i {v) DIE PREHEATING

v DIE_PREHEATING

1 In the conventional setup a numbexr of scrap parts are made
‘ until the dls has heated up. (1) Therefore the new dle must be

\’%‘ .‘ praheated to eliminate this scrap., Methods include steam
' \“i generators and electrical heaters.

(vi) ELECTRICAL CONNECTIONS

. ‘ A conslderable amount of time can be saved by grouping
t individual wires and sockets to form ane plug and socket.

. 1‘ (b} INTERMEDIARY J10§
) .
c Intexmedlary 3igs are used In crder o slimlnate adjustments

- during a sstup. When blades axe changed for example, holdexs,

! : referred to as intexmediary jJigs, should be used Instead of

' mounting blades dlrectly onto the head. Dimenslonsg can then be

S
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K.

aset durlng external setup and holders mexely have to be
switched during internal setup. Intermediary Jigs may be
designed in such A way so as to eliminate all adjustment
{internal and external), (1) his is lllustrated In £igure
4.6 where the dle is automatically centred in the machine by
weana of & sub-plate or Intermedlary Jig., This can alse be
applied to changing of lathe tlps. Conventially tips axe
changed inslde the machine, after vhich flne adjustments are
required. For quick changeover the entire tool holder (which
servas as the intermediary jig) is removed from the lathe and
tips are changed outaslde the machine on a gauge during external

setup (Elgure 4.11).

PIGURE 4,11 : Changing Lathe Piys Oubside of Machine (1)
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(e) FUNCTION STANDARDISATION

This involves leaving the mechanism alone and modifying

only

the €unction. In effect, one wulbti-purpose mechanism s
designed in ordexr to eliminate physically changing attachments.
Therefore only a minor adjustment is required for & setup. The

following examples sexve to illustrate this polnt.

{1) ROTATING TOOL POST

The setup here merely requlres rotating the tool post, Then

tooling Eor the next setup can be inserted behind the machine
as external setup (figure 4.12).

(A} ferforge workplocoe

o 00 g
=

I

A18) fof amal worksiocea

FIQURE 4.12 + Rotating Toolpost (1)




{11}  BXCHANGING PROPILE TEMPLATES

BY sinking linear templakes Into a shaft one can obtain the
required copying functien by mexely xotating the shagt

(flgure 4.13),

= e

FIGURE 4.13 : Rotating Profile T mplate (1)

{d) FUNCTIONAL CLAMPS

A functlonal clamp is an attachment device sexving to hold
objects In place, 'Thls Invelves £ixing attachments to the
machine and usuvally takes the form of nuts and bolts. A bolt
15 passed through & hole in the atbtachment and f£lxed inte a nut
on  Lthe machine. The boly must be turned a largs number of
times lnto the nut before the atbtachment 12 Llghtly seocured
onto the wachine.

tightens the bolt and the fizst turn that loosens it. The time

Howevex, 1%t is only the last tuvrn that

required for the zemainlng turns axe wasted., Flgure 4.14

illugtrates some of the one-turn or guick release attachments.
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PIGURE 4.14 : Examples of Screw Improvement (1}

{e) MECHANISATION

Mechanisation should preferably be the lasi stage of the setup
reductlon programme, Mechanlsing un inagflcient setup operation
will only achleve llmited time rxeductlons, and will do 1ittle
to remedy the baslc faults of a poorly deslgned setup process.
(2) It s much more effsctive to mechanise setups that have
already been streamiined, It should also be noted that
merhanisation can involve a large capital layout, therefore it
is  ad “'sable to investigate 1f this small lmprovement is cost

effect. 8,




4.6 COST CONSIDERATIONS

I% Ais rocommerded that the same costing approach be adopted as
has been done by Cummins Engine Company. (33) They have
adopted a "no cost/low comt" approach with limited expense
budgets available, Capital expenditure if reguired later,
would need to be fully justified via the normal oapital

approval prcosss for the particular company, (31)

4.5.1 COST/SETOP PIME RELATIONSHIP

During the dinitial stages of the setup reduction prograume
& wle machine or attachment modifications and tooling
organisational changes can be made yielding large time savings
at low cost and in a relatively short pericd of time, (1)
After that things get tougher in compliance with the law of
dimipishing rebturna - big money for small improvementa, (31)

The 80/20 rule could be used to roughly approximate the
relationship between setup time and  improvement  ocosts,
demonstrated by figure 4.18.  As shown, 70 - 80% setup ‘time
improvement 1= aonieved with 20 - 30% of <the potential
rodifiontion costs, This is accomplished via stages 1 and 2 of
the setup reduction programme which involves ‘tooling
organisation improvements, procadural changes and simple low
cost tooling modifications (refer %o seotions 4.8.2 and 4.3.3).
In order to out down the remaining 20 - 30% setup time it would
be negessary %o invest ancther 70 - 80% of the potential
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'
modification ocosts, This represents stage 3 of the saetup
reduction programme where setup operations are stresmlined via “
" further 4ooling and machine wodifiocations (refer to seotion N
{ 4.3.4). It should be nobed that the ourve shown if figure 4.15 . K
. may vary marginally, depending on the setup. »“ .
h o e
SETUP TIME T .
Original -
.o setup time e
70-80% of L :
ariginal
setup time
. 20-30% of
T, original ————
N sotup time |
N CO8T

20-30% of cost T0-80% of cost

FIGURE 4.16: Cost/Setup Time Relationship

g 4.5.2 SETUP OOBY ANALYSIS

4s  was previously wstated, ocapital expenditure for setup
\ veduotion may have Yo be justified before funde are approted.
Therefore 1t i1s usually necessary +to ocaleulate if asetup

reduation is gost effective.




According to Goldratt the company concerned should detexmine
how idle machines affect real cash £lows and accounting
{13)

costs

shauld not be consldered. Therefore machine depreciation

vosts have not been included in the analysis since this is an

accounting figure {usually used for tax purposes)., sSaiarles of

setters have also not been included since 1t Is wusually the

case that 1f sstups are drastlcaliy reduced, the company will

still employ the setter full .umne. His expertise will merely

be used elsewhexe in the company. Therefore setters' salaxies
@0 not effectivsly change. Salarles may only be included In
the analysls 1f setters axe dismissed, Overheads have also not

been included since these are £ixed costs regardless of setup

time,

The setup cost analysis proved to be a diffucult process since

cextaln relevant factors are not easily quantiflable and

interact with other relevant activitles., However a zough

costing procedure has been devised by the author as follows:

Real Costs of machine downtime:

A = loea of sales/hz. related to lead times.

B = holding costs/hr, detexmined by lot sizes and ovexall work~
1n-~progress. .

¢ = scrap costs/hr., due to unsuitable preventative maintenance

ox setup techniques. Note that adjustmwents will almost

alvays produce scrap.




Note that scrap costs are related to lot sizes, since the
smaller the lot size, the gulcker qualiby problems are detected

and therefore the lower the scrap.

€{t) = Potal cost/hr. due to the above factors

=A+B+C

getup Times:

Present setup time = (1)

NOTE: All times assoclated with the operatlon being examined
wust be included; eg. related adjustment time and trial run
times.

Estimated improved time {using pareto analysis} = Tl(a)

Cost of Implementatlon:

Cost of toollng for setup activity =D
cost of subcontracted labour for implsmentatlon = E

Total implementation cost = C{I}

Break-even Analysi

Cost of present metup ci{p) = C(t) x T(1)
Cont of improved setup c{n) = C(k} x T(s)

x*

Pral




N Number of setups to be

performed to cover im- o(1)
(-. R plenentation voats ¢(p) - Cln)
- It is now pomsible to look at the production schedule and , )
- deternine over what paricd of time N setups will be performed. - N o
' . From this 1t aan be determined if implementation of an idem is W . ‘
v . Qust effeative or a short, medium or long term basis, R )

%  Setup time reduction slso reduces setup costs indirectly by
allowing smaller lot sizes to be economical - thus reduoing
holding ocosts, and lmproving quality - thus reduoing scrap
costs,  Therefore a weighting factor x has been Introduced in
caloulating the gost of the improved setup, The larger the
holding ocost and sorap savings, the higher the weighting

factor. It is the author‘s opinion that this welghting factor

. would range between 1,0 and 2,0.
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4.6 WORKER MOTIVATION

The genexal aim of motivation {8 to appeal to the psychological
process to get lndlviduals to willingly pursue organisatlonal
objactives, (32) 1f possible, a wanager should "match®
oxganisational objectives with an individual's pezsonal

objectives through selected work assignments, (32)

Feln says that unless managers belleve that workers can help
raise productivity and are willing to involve them, a programme
should not be started. Half-hearted management support -
indlcates to workexs that management does not believe they can
help; the programts is doomed, Requirements for a successful
programme axe trust and crediblility between employees and
management. (34)

446,21, MOTIVATION TECHNIQUBS

Agcoxding to Shell, sScuder and Dawachl, it hai heen found that

the top £ive factors to technical pd are
achisvement, recognltlion, advancement, the work ltself and the
possibility of growth. (32} These are Incentives which tend %o

motivate by linking rewards to performance.

Revards will only asslst in performance Lf the £followlng

oncur : {32)

(1)  The employee belleves that productive sffoxt will lead to
reward,




{11)  The criteria that will be used as bases for rewards are
clearly communicated and undexstood.

{1341) Rewards axe percelved as fair and equitable.

{1v) Managers understand the potentlal lmpact of rewaxds on
othex subordinates.

(v} The
decislons affecting their work lives; eg. pay, benefita,

organisation attempts to lnvolve 1its people In

Job mecurity, alternate work schedules and participation.

According to 8lnk, motivational techniques can be classified

undexr money, goal setting, participation and job enxichment.
{33) He makes reference to a study whlch shoved that £inancial
Ancentives are relatively more effective than any of the othex
technliques. (33)

and Hall {10)

Contrary to these f£indings, Schonberger (11)

both agree that incentive
disadvantageous
Individual

into an e sry-worker-for-himself-aéfalr,

to the long texm goals

pay systems are

of the company.

incentive pay systems make a company's shop £loox

which ls disastarous

L£ they wmust woxrk as a team (which is usually the case

£or

R satup redustion). (10)

This convincingly backs up the fack that not all peaple need
the same rewaxds, and the same indlvidual may need dlfferent
things at different times, (32)

[ of the problems with incentive schemes s that managers are not

According to Schonbergex, one

- suxe which performance measures to base the
. on. {10}

an incentive pay system, since once lmplemented 1t is alfficuly |

incentive system
The company must think carefully bafore Inplementing




to abandon. (11)

4.6,2, JINCENTIVE SCHEMES

According to 8ink, Incentive systems can be divided Into

suonomle and non-economic lngentives, (33)

{a) BCONOMIC INCENTIVES

Direct £inancial planrs include cost savings shaxing and profit
sharing schemes, (33) According to Feln, an important element
in the success of productivity sharing plans iz that employess
share dirsctly in productivity gains and all employees are
inveolved. They see the frults of their efforts In thelr pay
cheques. Since productivity lopses affact them, employses
participate actively in xalsling output (34).

Indirect f£inanclal plans Include wage and malary systems,
benefits, promotion practices, mexit evalustion ard perquisites
(33).  With regaxd to setup reductlon, 1t may be the case that
any of these plans applied to lnd{viduals are indeed nok
bena€lclal, as sgstated by BSchonbexger and Hall (discussed
before}. Therefore it is recommended by the author that group
rather than individual £inanclal incentive schemes are adopted.
This would encourage competitlon between setup teams and would
at the szame time encourage members of the team to actlvely
particlpata.




(b} NON-BCONOMIC INCENTIVES

This mainly oonsista of job redssign, job rotation and non-
finsnoial revognition. (33) Simk refers to a Job redesign
model which didentifies five aore Job dimensions - skill
variety, task i + bask signifid and

foadback. (33)

With regard to setup reduction, skill variety ia sgatisfied
since the getter's Job im effectively bransformed from
performing long setups to identification of sstup improvements,
Task Jdentity and task significance ocan be related 4o ‘the
tralning programme where setters are educated in "the JIT
copcept",  “JIT panufacturing' and “the changing business
environment". (31) In effeot setters have beon nade aware of
why thelr task is important and how it fitve into the company’s
manufacturing and busineas mtrategy, Autonomy is satisfied
since asetup teams are free to inplement no cosb/low  cost
changes when neceasary. (31) [eedback inm then sccomplished
since getters can visually see how modifioaticns luprove setup

timen,

Job redesign takes place in an attempt to lnereass the degrve
4o whish & given Job satiafles the five core job dimensions,

(34)  Improvement of the job dd 4 will Lly
improve or enhance oritical psychological states or how the
individual feels about the job, which will in turn have a
benetinial efifect on behaviour and work-related outcomen, (34}
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N Non-£inanclal recognitlon involves publicising the achievements
K of setup teams. Improvements should be displayed either at the °

machine or on a notice-board for all to see. {2)
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5. SETUP TIME REDUCTION AT VIRO LOCKS - A CASHE STODY w
, 18 A setup reducti wag impl ted at Viro Leake (Pty) “ g
! ftd, where modifications Were made on 8 bottleneok machine. .
o This section will discuss the production process of the i
e o company, ‘the product, the approach %o the setup programme, ) .

what modifications were made on bottleneck machines, end what
R 8till has to be done, The changes shown here were devised ovexr ©

a 2 month perlod with the author acting as a full time setup

6.1, JHE COMPANY

Viro lLocks are nmarket leaders in the production of brass o kS

padinoks, and have been so for a number of years. Over the

past year (1836 - 1887) the company has become extremely .

interested in  Just-in-time productlon and ocome major i
- improvements have already been made.

The factory layout is shown in figure 5,1 whewre the procens

o) moves $rom incoming raw materdals through to  gomponent
3 mapufacture and on to f£inal assembly and despatch. The
¢ ansembly side of the fagtory has sxperienced mome major changes
whers lot sizes, and therefore work-in-progress, has heen
reduced dramatically. Assembly has been streamlined where
short assembly lines have been set up for each product. In !
¢ faot assembly never has more than one or twe days work-in-

e progresa at any one time.




The problems 1lie on the component manufactu.ing side of the
factory. 4 batch system is still being used where largze lote
are being processed, Very often the oriteria used to change to

another Job is when rew material im all waed up. Raw material

is ordersd o demand,

are also heing menufactured according o thia Jdemand. 1%

actual demand is less than that forecasted, the compeny is
P p—

Conversely if actual demand is higher than that forecasted,

Baaentlally the company uses a push

of firm orders,

stockcuts will oocour.
system for ocomponent manufacture and a Pull ovstem for
assembly. After wanufacturing, componente are kept in the

stores and drawn by asaembly when needed (figure 6.1},

o
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i
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PIGORE 5.1 : Factory Layouh
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Viro Loaks manufactures » renge of brass psdiooks with hardened
shackles as well as seourlty locks and night~-latches. Sinas
padlocks acoount for the majority of production only these will
be further discussed. Plats 6.1 illustrates the basic

components making up the padlock assembly.

BLATE 5.1 : Padlook Assembly

A range of stendard looks are produced which are “bread and
butter” lines and account for most of the company’s ‘turnover.

Orders for standards are fairly oonsistant avery wmonth,

therefors foreoasts are fairly accurate. The oompany

conbinuously produces the reguired number of products, for sach

model type, %o meet the foroasted demand.  Aasembly asuembles

these ltems soon after the have been

{in predetermined batoh asises) in order to .woid excesa work~
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in-progress. Unfortunately only one model type oan he assembled
at any particular time. In essence standard items are made~to-
atock due to the large time gaps between model ohangeovers.
Thersfore & buffer stock of finished goods is bLilt up in an
attenpt to avoid stockouts of any partioular model.

A swall perosntage of turnover is generated by approximately 12
speolal items. Orders are erratic and therefors it is almost
inpossible to forecast demand for thess items accurately.
Enaller lots of lock bodies (2 days - 2 weeks production) are
manufactured on one machine, (for all 12 body types) since
demand is lower. Bingoe the changeover Sakes 1 <« 2 davs it is
evident that setup ‘times take up a large proportion of
»rroduction tine.

The ocompany 4is able to deliver special items with short lead
timer. This is achi by 4

to a mouthly forecasy (usual.y a very inaccurate one) and

moving them to stores when completed. When a fixed order im
placed, %he oompany ocan draw components from atores and
agoemble the desived numbers in a short period of ‘time.

Thersfors special items are k. 1 .
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5.2, EXAMINING OVERALL PRODUCTION

{a) GROUP TECHNOLOGY

Machines have not been groupsi into product familles because
manufaaturing and sssembly have been laid out sepsrately in the
factory, Therefore a finished product could not emerge from a
6T gell. Furthermore shackles are sent owt for hardening whioch
oauses & signifioant time delay., Combining manufacturing and
'asgenbly has been previcusly reviewed (36) but wae dlsoarded
due to problem# in nolse levels and high costs. GT cells would
not yenefit special items since finished articles are made-to~
shook, bl dex. I#

and setup lead times
were reduoced, specials oould be mude to order., However a
sultable steck of shackles would have to be kept since these
experience : significant lead time when sent to a subcontractor

for hardening.

(b) SETUE SEQUENGING

Setup sequencing has bsen implemented for standard items aince
demend for theas items 1s falrly constant and a produotion
sequence has besn caloulaved acoordingly. Machines for these
items have fairly long runs with few setup changes, therefore
in this case setup sequencing is not a priority. Howsver when
sotups become shorter and more regulax, more effort will: be
spent  on sequencing. Tor speclal items owvders ars not

consistant. A buffsr for spealal items hae been created by




waking-to-stock, assembling-to-order; however there are etill
material shortages, emergency orders, broskdowns and at this
ataga the long setup time (1-2 days) on the transfer machine.
Thie requires a large degree of flexibility for special items,
thus liniting the of metup .

(o) DEDICATED MACHINES

Machines produoing parts for standard items have been semi-
dedloated, whera tWo or three similar parts have been asmigned
to one machine. For example, four standard look bodies are
progessed by two machines. In this case tooling organisation
hag been simplified since only two sets of tooling are required
at each machine. In the oase of speclal items, osrtain machines
have been dedicated to these items, Thim ensures that sbtandard
item production is kept constant and ie not affented by apscial
item market ohanges, Unfortunately small machines running ia
parallel have not been implemented (espeoially in the cmse of
transfer machines producing lock bodies - a bottlenack in  the
avatem) effsotively resulting in production stoppages in ‘the

svent of a breakdewn.

(d) THE OPT PRINCIRL

It was determined by management that a bottleneck existed a*
the trensfer machines producing look bodies, (36) This was
largely due t¢ setups taking 1 - 2 dave to complete. A% present

agsembly must often wait for look bodies to be uompleted and




inventry always exiats before . 8ince

uachines for mtemdard items have been semi-dedicated, the metup

duoti was on

producing special item lock bodies. Since all transfer machines
are similar, ohanges which are made on one machine ocan

eventually be made on all tranefer machines.

{e) THE 80/20 RULE

The valua of the lock body was aleo used as a oriteria for
machine selection for setup reductlon. The lock body accounta
for approximately 75% of the value of the completed padlock
(38), vresulting in a large amount of cash being tied up in
inventory. It would be desirable to have as little inventory of
this oomponent as possible. Therefore the need to minimise
setup ‘times, resulting in smaller batches and thus leas

inventory.

5,3, PRODUQTION FROCESS AND MACHINING

8ince metup reduction was initlally only performed om
bottlensck ¢ h ), only these will be

further discussed.

Raw material arrives ab the factory as long strips of braas,
ewtruded in the ghape of the speoific lock bedy pu.dile.
Bodies axs then cut to size on a manual cut-of£f machine and the

nape of the louk stamped. Up to thil point there are no




bottlenecks,

In order t¢ make up ‘the assembly (plate 5.1), a numbor of holes

must be drilled in the bedy into which other components £1%,

Drilling snd reaming are by

machines.

The company has not used its old transfer machine for dedicated
manufacture. The newer machines are semi-dedicated and produce
gtandard bodies while the older machine iz used %o yprocess
apecials.

The reagon for thia is that newer machines have

twics the capacity of the older one, which are needed to keep

up with the high deuand of standard producta.

The transfer machine used for this task has been dealgmed
almost lika a group technology work- cell, Ssven stations
containing nine heads are situated around the perimeter of the
machine faoing inwaxds, sideways or downwards. At the centre
of the muchine is a rotating table dontaining eight sets of

Pnevmatic jaws, into which eight bodiee are placed.

The drilling cyole works as follows:
The operator yuts a body inte the seb off jaws facing him. HNote
that there are seven drilling statlons and wight sets of jawa.
This 18 =o thab the operator oan load the machine while the
drilling hoads are worlking.

ngaged, the tahle is
vhigh closes the jaus on the body.

When the automatic ovele mods is
by the
Then when the heads

systen

have




all oe.pleted drilling, the table indexes automativally such
that ench body sdvences by one station. The operafor removes
the completed body and inserts the next one, thus repeating the
Progess. In this way seven bodies are all operated on
simultaneously and advance between stetions untdl all holes are
onpleted,

Plate 6.2 shows how the bodies are located in the jaws. Figare
6.2 1illustrates the lock body, showing which holes must be
drilled in this operation. Next to each hole the numbar in
brackets asignifies which machine head or unit was used for
drilling or reaping. Figure 5.3 iilustrates the basic layout
@f the wmachine showlng the neven stations and where the nine
drilling unito #re located. An "H" on the diagram signifies
that that particular unit traverses horizoncally. A "V" means
vertical 4raversa. Huvthermore each unit is labslled with a
“D" or an “R". 4 'D" sigmifies that a drill is used in this
uwnit and an “R" corresponde to & reamer. Therefors if a holse
has been machined by two unita (figure §.2), then that hole has
been drilled and reamed.

|




Body Orientation in Jaws

BLATR 5.2 :

IENNNANANES S

Drilled Body

PLATE 5.2 ¢



ELATE 8.8 : Transfer Machine

®—-— WERATOR

$IGURE 5.8 : Trenafer Huohine - Plan View
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6.4, TRAINING OF THE SETUP TEAMS

At the start of the setup oy
{ fically the technical di tor) decided that it would not

Rlay an adtive rols, but merely coach the poopls dirsatly
involved with the programme, i2. smetters, operators, line
supervisors, eto, This ensured that ideas had to oome from

people on the shop Zloor.

The tralning programme was initiated by the author and included
the twe primary setters in the company and two operatore

4 with . This group essentially mode up

the sstup team with the author acting as programme acordinutor.
The production manager was alsoc involved since he had & sound
knowledge of the machires isvolved and oould resoommend or
reject proposed modificatbions.

The setup team was shown how setup reduction would benefit the
company as a vwhole by giving them an overviem of the JIT
concept and JIT manufacturing, as woll as how setup redugtion
would change their position in the compony (sce seatlon 4,2 on
training for setup teans). Setters wers chown how thelr Joba
would change from long tedious setups to shors, simple setups
with more time available for iden generation and bullding of
wodificationn.

The author Introducsd he team to tha new way of thinking by
giving generalised sxamples and showing how these could bo used




on the transfer machine. This immediately triggersd ideas trom
aetters who had aeen similar techniques on obher machines bub
had never related these tv aetup reduction.

Sinoe sotup reduction was naw in the company tho team could not

learn via setup demonstrations. However this tean was used %o

a setup on an exiati machine

in order to train cthex personnel.

It wan established by the author that the desirable qualities
of the setup tean and daved 1

of the following: . .

(L) The metters, produstion mwanager and tachnical diractor
had a good knowledge of the maohines.

(il) The production manager had engineering skills in oxder to
contral machine wmodifications and knew which off~the-
shelf items were available.

(111) The production manager and technical director wers well
conneoted with ocutside H for

purposes.




o 5.8, APPROACH TG SEIUT REDUGTION

‘ 5.5.1 FPRELIMINARY STAGR: INTERNAL AND EXTSENAL SETUP NoT
{ ] DISTINGUISHED

- (a) WORK/TIME STODY

It was found that the existing setup had no set procedurs and
all sobup operatlons were performed randomly. 8imilax

operations for a speclflc Job took varying amounts of time,

M’)- depending on the setter's performance on that particulax day.
/ For these xeasons moxe than one setnp was obsarved and average L0
times calculated. Diffexent problems arosa for different Jobs RN
(these were random problems which had little %o do with the ) o
specifle  Job belng set up), Therefore a numbex of different "

BN satups were obsaxved %o expose as many setup pxoblems as
poasibla. 8 D

. 4 time lapse video was used to film the setups as well aa en
analyst (the author) whe simu! 1y and

respective timos on & work sheet for ocach wetup. Werksheet |
: . examplos for the case study are shown in appendix Bi. {

o (b) ACTIVITY CLASSIFICATION

It was obmexrved that since there was no asotup procedure,
cortain activities wsre interupted and resumed later. For
. exanple, the operstion sould be changing jawe and the asettex




would reguire assistance with height adjustment. The operator
would then leave the jaw attachment operation and assist with
height adjustment. For this reason it was nscesaary for the
analyst to decide on broad categories firut and then iy
aotivities from the worksheet to these categories. Using this
mothod overail times for each category were determined by

adding times o. eau. relevant astivity.

Setup categories for the case atudy are shown in appendix B2
with approximate times for each oategory, Setups I and 2 are

sinilar setups, the time di

between thess
It should be
noted hers that the addition of the times for each oategory

illustrate how unpredisctable eetup btimea can be.

doss not equal the otal time for the setup since sstters and

adnn iy

operators may work on GiIf 3! .

Therefore times should be caloulated as follows., If setup
theix
tines fall into different categoriss and will be added. If
they are performing the same task together, their times Fall

into one category and only the actual time (which ls the tiume

roople are performing different tasks asimultaneously,

for one worker‘a activities) ie taken into acwount.

5,6, STAGE ) - SRPERATING INTERNAL AND SXTERNAL SRIUP

By otudying the workshwet, a rough estimate was made of whioh
setup ocategories could be externalised or eliminated (appendix
B8). Rolerring %o the table in appendix BS it was inmadiately

svident for example that tooling organisabion was internal due
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4o bad planning and osubsequontly had to be rearranged.
Inspection time could be oonsiderably shortened by wuaking an
inspection gauge avallable at the machine, ehimming of Jaws
oould be eliminated by setting predebernined jaw helghts and
maintensnos could be eliminabed from the sebup by soheduling a

dodd outaide of esstup  time.

Burthermoxe 4% was realined that no presettings were made;
everything had to be adiuuted aftervards.

All  aotivitles which could bo made external or aliminated were
tackled firct in order to achieve maximum benefit with minimum

eRfnrt,

6.5.3 BST4GE 2 - UONVERTING INTRRNAL T0 EXTERNAL SEYUP

(a) RARETO ANALYSIS

For the case utudy a Paveto chart of each atogery (listed in
appondix BA), for setups I and 2, wag drawn up and is
4dluatrated  in appendix F. Note however that tooling
organisation ond maintenance have not bean included, since
these have already boon moved to sxternal operations and do not
require further analysis. Furthermors, adjustment time has
aleo been onitted from Paxeto analysia since:

(X} ndjustments axe depondant on chunges made to other
operanions. For example, the extent of adjustment is
dlrectly dependent on setting delll  dopths, mechanical




stops and electrical stops; shimming Jaws; and helght

settings. It was resllsed that by presetting all of
these, much of the adjustment and trial run time could be
eliminated.

(11) adjustments vary between setups. 1t vould be pointless to

analyse this category of operations since the adjustment

time required for different setups is completely xandom.
Foxr example, on one setup the requlred setting may be
achleved Elrst time without any adjustment necessary. On . N
the othexr hand the setter could be unlucky on another -
day, and may have to make say eight adjustwents before the -
This illustrates how the

deslred setting 1Is reached,

operation of making adjustments cannot be £ixed in a set

procedure.,

since much implementation still has to take place, these charts !

show what the new setup time {s percleved teo be. Each

operation was examined, and using the relevant idea an estimate

can be wade of which operational segments could he nade

external, eliminated, or reduced.

Besides lookling at tlmes, it was important to obsesrve haw well

operations vere carried out.  Although the setup showed,

cleaning time to be low, 1t was found that the machine was not N}
adaguately cleaned. It was estimated that to clean the machine
properly using existing methods would take approximately 4

hours. Therefore this cleaning operatlon time has bsen sdded
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in the pareto analysis ln order to recelve the proper attention

required (appendix B4).

{b) MODIFICATIONS FOR INTERNAL SETUP

to and machine are discussed in

aeation 6.8, The problem of not adopting fixed setup

rrocedures in the oconventional setup was effectively

illuatrated. The operator was usually not aware of what to do

walted for inetructions from the sevier.

Unfortunately the wsobtter also did not know what was to come

next and

next, and decided as he went along. In the end the operator
assisted the setter in operations where two people were needed;
performed operations which shewid be external, eg. looking for
etc; oF wvrely remained idle walting for his

toole, gauges,

next instructlon.

The d setup 't { B2) show idle times
However this only illustrates the times
If the time

for asetups 1 and 2.
for which both workers were simultenecusly idle.
Bl), it is evident that

atudy are [¢
the times for which each worker 18 idle are considerably

longex.

For example, setup 1 shows an ldle Hime of 45 minutes, which is
sccounted for by one lunch break of 30 minutes and oune tea
break of 15 minutes.
it 48 apparent that the setter was idle for the above 45

When apalysing the work/time study sheet




minutes. He wne operator (who was assisting) was idle for
a total of & houre and 30 minuves, plus the above 45 minutes.
Thie idle time for the operator does not include time spent on
activitiss which could be eliminated or made external. These
times made up an additional 50 minutes, totalling almoet 8

hours. This means that for a 10 hour setup, the operator was

ly utilised for 1y 20% of the setup.

After some modifications were made to the setup, a rough
procedure wae drawn wp (appendix D), where an attempt was made
‘to aynohronise operations performed by the setter and operator,
as well ag minimice idle time, This procedure will be temted
and modified accordingly. It is not imposelble for time

estinates to be eo that the mist  be
totally revised. This illustrates how setup vime reduction can
only progrese by dolng and seeing.

{o) BLIMINATING ADJUSYMENTS

This was achieved mainly by dedicating attachments of fixed
dimensione to speaific Jobs. For example; instead of
adjusting the length of a threaded rod for a depth step, a bolt

of length was for each Job,
The workpieos then had correct hole depths on the firet run,
eliminating any further adjustments. (Discussed further in
section §.6)




5.5.4 OTAGE 3 ~ STREAMLINING SETUP OPERATIONS

Sinoes the setup reduction programme is still in the initial
etages, this stage has not yet been reached.

5.5.6 OTHER CONSIDERATIONS

(a) STUDY/ACTION APPROACH

Putting ideas into practice is an ongoing aativity at Viro
Locks. Modificatione are tried out immedistely providing they
£all within the budget of R3000.

(b) QCHARGROVERS DURING A FRODUCTION RUN

During production it was necessary to change small drills every
3 hours and laxge drills once dally. The conventional method
involved replacing drills in approximately the correet
positions and adjusting mechanical and electrical depth stops.
This was a falrly lengthy procedure since trial runs had to be
made and test pieces checked with gauges, It was dlscovered
that this was a job that opexators avoldnd, and the necessary
changes wers not made perlodlcally as specified. Thls led to a
higher Bscrap level since blunt drills wexe "wandering® on the

face of woxkpleces,

Thia activity was lmproved by using the same procedure for
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setting drill depths as was adopted in the setup (see section
5.5.8.), Blunt drills were resharpened and lengths preset when
they ocame off the machine in order to be ready for the next
drill . This was to a few

minutes, thus giving the operator no reason to avoid i%, as

well as reducing trial run sorap pieces.

{c) DOCUMENTATIOI

The <following have beon documented at Viro Locks by ‘the

facilitator (the author):

(1) The existing setup proosdure for job numbera 430/530/010
and 802 (appendix Bl).

{i1) Pareto analyses of these jobs (appendices B4 & F).

(144} idéas snd rejeoted proposals (seation 5.8).

(i) & proposed, reviaed eetup procedure [mppendix D).

{v) New policies (section 5.8.1).

In addition the metter has documented which tools are required
for these specific Jobs (appendix C}.

(d) SUBCONTRAGTING

From observations by ‘the author 1t was usually the ocase
that the toolroom was +too busy abtending to  everyday
requirements to worry about setup reduution  attachments.
Therefore the ocompany had to turn %60 a subcontractor. It
was noted that suboontracting caused delays in the setup

veduction programme since toolmakera had a backleg of Joba,




(35,38)

Buboontractors had th‘e added disadvantage of not being able to
1dentify with the actual machine, Therefore the company had to
rprovide the subcontractor with a detailed set of working

) & time

wos expensive without any guarantees that parts would be

accurate.
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(ffa “y 5.8. MACHINE MODIFICATIONS
e The tfollowing are hardware changes which were made on the %
¢ B ‘transfer machine used for manufacturing special items. Since 5

all transfer machines in the company are similar, the ideas ;

adopted bere oan be extended to other areas in the faotory. ;

2 Thie ssotion will take each broard category in the setup
(appendix B2) and discuse each in turn, 1illuetrating what

S originally existed and respective modifications.

/ | (a) TOOLING ORGANISATION
— w"»' Tooling was originally pre-sharpened and organised at the \ N
o, T machine before the setup begins (externally), Therefore the
\ 3 time for this function should essentlally be zero. However
' _\ ocertain problems ocould arise due to inadequate tooling
Ty ' organisation whiok would make tooling organisation internal,

I Theste inoluded the following:

(1) Problem 1:
Although t%ooling was brought to the machine it was not

» an organised logically. Therefore time was wasted in locking for

S

N e which tool fita into a partioular unit. (Opsrator espeoially
L could not readily identify tooling),
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Solution 1:

Organise tooling into tooling boards where all tooling for each
atation is easily identifieble, ia. group tooling for each
statlon or unit of the machine together and label each tool
(plate 5.4). Tooling wnust be arrangsd on the boards in a
pattern approximutely corresponding o the setup procedure, ie.
‘the order in which the getter uges the tooling. The boards fit
onta trays which can be placed on the perimeter of the machine
(plate 5.5).

PLATE 5.4 3 Attochmente Arranged on Boards
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PLATE 6.5 : Trays Looated on Machine During Setup

t (14) Problem 2:

- Tools were left on tool trolley, on machine or sny ledge, or

aetiur and operator both nesded the same tsel at once.

ol Therefore setter and operator were walking bach s.i forth

H . looking for tools during the setup.

X\ T 3 Solution 2:

. ‘ L Tools required for a certain job must be ltemised and placed in
' ' & seperate tcol board nsar ko the machine (plate 6.6)., When
' ‘ ! . each tool has been used 1t nust be replaced on the tool boaxd.
\; ‘ 1

Al



If +the setup procedure requires that a partioular tool is used
by setter and cperator simultanecusly, a duplicate of that tool
must be made available during the setup.

BLATE 5.8 : Tools Oxganisation During Setup

(444) Problem 3;

When old tooling was taken off a machine it was placed next to
new tooling and blunt tooling could get mixed up with sharp
‘tooling.

Solubion 8%

Plastlo bin/a nust be provided into which all old teoling is
rplaced, Operator or setter must not glsan or shewnt: sny of

this tooling until setup is complete.




(1v) Broblem 4:

The job originally scheduled for setup i was job no. 430. All
the tooling, etc, was presharpensd and prepared for the setup.
As  the machine went down it was decided to change to job no.
802. No tools were pre-sharpened, hence the additional time
vequired for %ooling orgenisation. Burthermors  drills,
reamer:, ocollets and bushea had to be located from stores - a

lengthy prooedurs.

Solution 4:

Tooling organisation must fall into the post- rather than pre-
proparati 0 category. de. all old tooling must be sharpensd
&nd cleaned immedistely after the setup is aomplete. In this
way all tooling can be avallable at a moments notice before the

setup. Two policles need o be adopted s follows:

Polioy 1 : Each Job will have its own complete set of
tooling. I any %ooling bresks it must be replaced from
storea and not borrowed from umother Job’s tooling. Betup
tooling must be kept in a looked oupboard on the shop
floor (near to the machine) to which ondy the setter has a
key. In this way the setter can be heid recponsible for
wissing tooling.

Policy 2 : No tcoling may be replsced in the tuoling
boards until all drilla, eto, have been sharpened and all
roguired distances on other setup equipment have been

checked. It may be a good idea to aotually drill and ream




all holes in a plecs of socrap brase and check hole

. diaweters (using yplug gauges) for burrs or other

inaccuracien. (burrs are sometimes found on a test body < S 5
N vy
and time is wasted changing and re-an.isting the drill b -
during the aetupi. o -
(v) Problem 5: .

Tooling orgenisabion in the tooling cupboards waas poor and the
setter had to search for tooling (plate 6.7). The only *
identificvi.on was the job number stamped onto the Jaws and ! ‘i

seats. Other tooling was found in stores by using a drawing of

the body. E
Solution 5:

411 tooling nuat be golour coded where the tooling and tooling &

boards have coloure to a ific job, The :

setter can then tell at a glance if any tooling ls Inoorreot or

missing and make the necessary replacements before the sebup

begins, If a set of tooling can be used for two jabs (og 430
. and 530}, the tooling board and tooling must contain both
golours. FHor speoific teoling which is required for two

z‘ i . diffeyent jobs (eg. mneat inserts which are expensive %o make

for every Job), keep all seat inserts on a specific board

A L labelled “seat inserte" (rhich is oclour coded) and transfer
. . .h tooling £rom the “smeat insert” board to the job toeling board
N ’ just before the setup begins. As a backup to the colour coding

’ N ' syetem, all tooling and toeling boards should be ntamped with

' . ‘the relevant job number,




PLATE 6.7 : Tooling Cupboards Before Improvements

(vi) Conclusions:
H this activity can

ie.

With £fiolent tooling
eseentlally be convertad %o an external opeyation.

tooling organisation time is out down to zere during the setup.
Furthermore this external funotlion can be streamlined and the

time for thim reduced, resulting in higher flexibility when

dealing with extracrdinary conditions.




(b) REMOVING OLD AND RERFITTING NEW JAWS

Present procedure for each vice la as follows:

- Remove jaws

- Remove left-hand vice

- Bemove seat

~ Clean left-hand vices (off machine}

- Clean vices {on machine)}

-~ Fit new seats

~ Replace left-hand vice

~ Fit new Jaws

The left hand vice must be removed in order to reach the bolta,
holding the seat, with an alles key. (figure 5.4)

FLU

REMOVE VIGE ‘ l
(]

1/
MLER KEY FLiNe LT

FIGOURE 6.4 : Seat Attachment Before Improvement




Proposals for improvement:

(1) A second met of vicea could be made where the Jaws and
seatn are fitted off the machine, and the old vice assembly is
replaced by the new. A mejor advantage is that inaccurate jaws
qould be shimmed off tha machine. The proposal was discarded
however due to (1) the enormous cost involved, (2) the ‘time
soale required for delivery, (8) it was doubtful that a local

oould 11y such an item and

(4) four bolts are used to fix each vice whereas only two are
nsed to hold each jaw.

{i1) The Jawe and viceas could be remade to Aincorporate a
dovetail or T-slot arrangement as shown in figure £.5. This
was  alse disoarded as a ghort term solutlon for the same
reasons as propesal (i), However this was recommended as a

long term selution.

FIGURE 6.6 : Quick Attachment/Removal of Jaws




(1i1) A ppeumatic tool is already availahle therefora as a
chort term solutlon 1t was declded %o mount the jawe onto the
vice as 1ls currently being done, but with the mechanical aid.
The funation of <beking off the left hand vice in order %o
detach the seats is an unnecsssary tiwe oonsuning aotivity.
Therefore it was decided to design and manufacture a new set of
soats With different =alze seat inserts corresponding 'to
different leok eizea, (plate 5.8)

PLATE 6.8 : Seat Inseris

Another solution to streamline the operatiom may be to use the
split thread method to fix the Jaws to the vice so that only
one turn is required per bolt (figure 5.6). The meat ineert

only needs one turn sincs the pear shaped hole method of




(111} A opneumatlc tool ie already available thersfore as a
short term solution it was declded to mount the jaws onto the
vice as ls currently being done, but with the mechanical aid.
The function of taking off the left hand vice in order to
detach the esats is an unnecessary time consuming activity.
Therefore 1t was decided to deslgn and menufacture a new set of
seats with different size seat inserts oorresponding ‘to
different look sizes, (plate 6.8)

PLATE B.8 : Seat Inserts

Another solution to streamline the operation may be to use the
split thread method to f£ix the Jaws to the vice so that only
one turn is wequired per bolt (figure §.8). The peat inmert

only needs one turn sinas the pear shaped hole method of




has been .

‘the bolte length
which fixes the seat insort hae been standardised, therefore

the bolt nesd never be removed.

Y T peovinen

BIGURR 5.

Split Sorew Thread

to) REMOVING OLD TOOLING

‘This takes up a very small persentage of bthe btotal setup time
and therefors the present methods have been deemed acveptable
for the short term, The time for this will improve slightly
since premet (quiok release) tool holders have been fitted to
units 8 and 8. (plate 5.9) Unit 2 is also suitable for a
premet  tool holder but this will cause problems with the bush
‘through which the respective drill passes.

For the long term a completely new arrangement would be
required for holding drills and reamers and for flxing bushes.
This would involve major modifications to the machine and must
‘therefors be analysed for qost effectiveness, A proposal im
illustrated in figure 8.7 where a speclal quick release tool
holder nust be designed (similar to existing onem). Then all

drills and reamers oan te mountad into tool holdera off the




machine and adjustments made externally. Standard tool holders
(plate 5.9) ocannot be used since length L i long and most
heads are not demigned for them. Hotice in figure 5.7 the
pear shaped holes for sttachment bolte in order that bolts nesd

only be loosened one turn in order %o remove drilla.

ELATR 6,8 : Existing Quiok Release Tool Holder

PYGURE 5.7 : New Quick Relamgs Topl Holdex




(d) HEIGHT ADJUSTMENT

At present height adjustmont time is deceiving. Looking at
setups 1 and 2 it appears that this function takes a relatively
short +time, In fact the current method used 1s totally
inadeqnate and leads to highly inacourate machining. Height
blocks are used ‘%o posltion the heights of each station as
ehown in plate 5.10. Onoe height is determined (using helaht
blocks as a <feeler gauge in gap) bolte holding units are
retightensd,

BLATE 0 : Height Setting Blooks




Reasons for inacsurscies:

(i) When loosening bolts (which hold unit) the eliding portion
of the unit tends to move away from the fixture leaving a
gap as shown in figure 5,8,

Therefore even 1if a clook gauge were to be used on the
wnlt  to adjust heights it would not glve the same reading
as the actual movement of the tool, since the ool is no

longer horizontal.

o

FIXTERE
wr Lk

QIGURE 5.8 : Undegirable Gap on Unit




126

(i1) When the helght blocks are placed in the gap (plate
6.10), either the fit of the blocks will be different
from one metup to another or the £it will be different on
elther side of the head. On sows heads, which were

eventually set correctly, the helght blocks would not #it

into the required gap.

(144) When the bolts holding the hesd are retightened the whole

head tends to move dus to friotien.

(iv) When a olock gauge is mounted onto the bage of the unit
‘to change height, inacouraqies cocotr due to inbernal
stresses on the unit.

Solution:

I% was deoided to elininate height adjustments by using dead

stops. Existing height blooks were accurately wachined and

respective heads reston hoight blocks when the machine is in
oparation. This solved problems (ii) and (iv).

Problema (i) and (1ii) were resolved as follows, Un each bolt
used to tighten the head & new arrangement was adopbed ss shown
in figure 6.9.
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FTIGURE Tightening Bolts for Height Adjustment

The oil film between twe washers prevent the head from ievinx
when tightoning bolts, During the setup the bolts are lovsened
apd retightened %o a very low toxque. This allowa the head %o
move up and down but the dlso springs prevent the head from

noving away from the machine.

(e) PITTING NEW TOOLING

Short of designing and

nR new heads, the nethod
of attachment must emsentially xemain the same. Ax was

mentioned before wunits § and 9 are o the quick release type




and the tool protrusion from the tool holder can be preset.
There is a gauge for this purpose currently used for two other

" machines (plate §.11)., The proposed tool holder for gulck

attachment is discusfed in section (o).

(£) BETTING DRILL DEPYHS i @

At present the protrusion of drills from respeotive heads is

estinated by the astter, This meana that mechanical stops need
to be adjusted accordingly (discussed later). Since the aim is
%o uake settings rather than adiustments, each tool aust

wrotrude the same smount for a speocific Job for eyery setup.

b
|
Proposals: .
{i) 4 oollar (which fits over the tool)} or gauga block of
i

. predetormined size could looate from the tool tip to the
head of the unit (collet face) as shown in figure £.10.

The gauge block is held agalnset the collet face and the
%00l pulled oub until it touches the end of the gauge
block, '




COLLEY FAGE
SOLET - BAUGE 3L08K

FIGURE B.30 : Gauge for Drill Length

This was discarded becauss a different gauge block would
have to be made for avery tool for every job - a large
task which would slom progress., Also a problem would
exist with drills which operate through bushes. 4 gauge
blaok wauld not le suitable since the tip of the drill is
located within the bush in the head’s retracted position
{figure B.11).

EIQURE B.33 : Status of Driil in




(1) It was originally decided to locate the tool in the back
of the head (figure 5.12), The backs of the tools would
be drilled and tapped and 2 bolt with a lock nut inserted.
This bolt would be used to bring the tool %o a
predetermined length. Even after the tool is shortened by
sharpening, the bolt would be used to bring the overall
length back “o the original overall dimension. This idea
was discarded siace the back of the tooling iz hardened

and therefore could not be tapped.

aoLr BRILL
106K Hu7

FIGURE 5.12 : Predetermining Drill Lenath

(411) It was decided o use drill collare whers the length of
each drill is get =xternally using an external gauge
(plate B.%1)., The collar is fixed ontoe the drill via a
grub worew and locates againet the collet face (figure
§.13). This looation acte as a dead stop requiring no
adjuetment during internal setup,




PLATE 5.11 : External Gauge for Presetting Tool Length
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FIGURE 5.13 ¢ Setting Drill Lengthe




(g) ADJUSTING DEPTH STOPS
(4) FAST FORWARD STOPS

For the shortest possible cyole time the tool must traverss
rapidly until it almost touches the job. Thereafter the prede-
beymined feedrate im engaged by means of a steel block
depressing a limit switoh, The position of this block (ie.
where the transition between fast and slow traverse ocours)
must be predotormined in order to eliminate adjustments. At
presant ‘the block is mounted on & slide so that its position
oan. be adjusted for different Jobs, The mechanism is shown in

figure 5.14.

L l:ﬂ
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FUATURE BLOgk LIKIT SWITCH
RETRARTER POSITION

—

oy
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OPERATIAG__PesITIoy

FIGURE 6.14 : Faet Forward Mechanism




Proposal .

(1) It was propoged that an extra set of slides be made with
corresponding blooks. Then the position of the block on
the alide could be preset befors the setup and replaced
during the setup, Thim involved extra time on the

external setup and was therefors discarded.

(2) A simpler solutlon was sdopted where a gauge block was . o
rlaced Detween block mounting bolt and back of slide an
shown in figure 5.15. The gauge block could not locate ¢
onto the blook itself because the block is situated behind IS )
the elide and is therefore inaccessable unless the whale

slide is removed, This method is acceptable #ince the ’ . o

Preset distance need not be completely accurate. 1

R . S s
e \
< N
TAUGE BOEK *
v
. ' JIQURE 6,16 : Faet Forward Setting Gauge
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e
e L (41) MBCHANIUAL STOPS
FERE T Mechanical stops defermine the sitroke of the head, le, the
Coon depth of sach hole in the lock body, The back stop will i
D ! deternine the positicnal limit of the unit in ite retracted a9
P position whioh nust be sufficient for the vioss to olear the A
Lo | tools when the table is rotated, Tha forward stop detormines L

. how deep the tool will drill into the body. Forward and back -
atops are shown in plate 6.12.

[T B '
ity " i

! : PLATR 6,12 : Forward and Back Machanical SBtops
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Gne of the problems with the current method is that the look

nute get damaged due o ad, ur when
a drzill change ocours durihg & particular run the mechanical
8tops are constantly adjusted. This could be avoided 1f the
tool length was presel (discuseed in Section (£)).

The back etop was redesigned by manufacturing @ collar (partly
threaded) which £its over and looates sgalnst the back of the
raspective threaded rod, Tha forward stop thrsaded rod was

replaced by a partly belt of length.

These are now fixed and cannot be tampered with by supervisors
or operators (figure €.16),

BETRAGTED
Fosirink
SOLLAR {BAck S10F)
FORRARD S10¢ 00K
SPERATID
[ p— PISITON
{rarwara Stor}

FIGURE 5,18 : Mochanioal Stops After Hodifiomtion

o



(1i4)

Thess

ELECTRICAL STOPS

consiat of alides along whish adjustable blocka are

mounted.

When the moechanical stops are set the blocks are

moved until the limit switch i activated.

This may have to ba

adjusted Lif the mechanical stop positions arve changed.

Gther problems enoountsd are that the slides are becoming
dietorted due to wesr and as a result the blooks are not
looating squarsly on the mllde {plate 5.13). If these stope

are to be presst, the present system ia totally unacceptable.

PLATE 65.18 : Existing Eleotrical Stop Slides




Propesals:

[$3]

(2}

1t was suggested that, like the fagt forward stops, a
spare met of slides be wade up on which the stop blocks
sould be premet before the setup.

Thie was however

discarded for the same reasons as the famt~forward stop.

A simple system was developed for preseting this funotion,
An  assembly as shown in figure 6.17 was made up where a

rod was uced a8 a stop. This stop ¢an be adjusted if the

limi? switch needs to be replaced, sinoe not all limit
have identioal ELT 1 stope, As can be seen
lengthe x1 and x2 are preset and the ocollar locates

against the block face, A pair of rods (of preset length)
would be kept in the tooling tray for each unit for every
Job.

rode with the new.

During the setup the settar mimply replaces the old

NOYIKS kT
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FIGURE 5,17 Eroposed Solution for Bleotrical Stons




(h) EINAL ADJUSTMENT AND INSPECTION

As can be seen from metups i and 2 this constitutes & rather
large proportion of <the setup and for this renson it was
evident that most of the setup problems lay here. On analysis
1% was disoovered that heighis, mechanical stops and elsotrical
atops had to be adjusted vp to elght times Then two sets of
elght bodies {one per Jaw) were ohecked and sent for
inspeation.

The reasons for adjustments are as follows:

(1} The hole dapthe are only approximated in the 2irst
instance, therefore it is obvlous that adjustments need
4o be made. ‘The present procedure is to approiimate the
hole depth, machine & test body, check if the hole ia too
deep or too shallow and adjust, This is repeated
constantly until +‘he setber is matisfled with “he
2inished lock body.

(ii) Height adjustment method whioh affscta distances between
boles ia inadequate. The solution to this is diccussed

previously under section (d).

(341) The setter iz not using en adequate sampling sigse to
oheok bodles, Eaoch dimension has a tolerance band and
for the setup the setver should work as olose to the mean
of this band as possible, The disousslon below

1illustratee the problem.
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The present ayatem works aa follows. The setter machines a
test body and ohacks distances between holes on a profile
projector. He ‘then ocaloulates the difference betwsen the
distence measured and the tolerance mean on the drawing. The
height of the station is then altered accordingly (using the
old inaccurate system as discussed in section (d). Another test
body 1is machined and it was found that the distance was ebill
not  gorrect,

5.18, The

The reason for this is illugtrated in figuve
setter adjuste from his measured piece the
difference to the drawing dimension, For sxample if he has
meagured say 9,78um and the drawing dimension is 10wm, he will

move the machine head correspondingly by 0,22mm.

The problem ia that he does not knoW where ths machine mean is
{the machine head alse moves within a vertain tolerance). In
effent: he is using a cample size of one %o determine the
machine mean and thie is why the machine head i# not moving

acoording to the amount which was adjusted for.

e e e PR T {8010)
UPPER LINIT { HAGHINE)
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)
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SURAP " OR REWIRY
LOHER LINIT {HACHINE)

PIGURE 6,18 : Relationahip between Tolerance Bands
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By using a sanple slze of one, the specification mean iz not

matohing up with the machine mean. Therefore a larger sample
size (of say 2 sets of § bodies) should bo taken and the mean
caloulated., Then the machine unit height can be adjusted
according to this mean. This approach was tested and was found

to be accurate to within 0,02mm.

It should be notod here that this sampling need only take place
vhen the presettings for the heights of the unite are being

aaloulaved, Tt ie dmperative at this stage that these
presettings correspond to the drawing mean of the respsctive
dimension. In other worde the machine and drawlig means must

correapond closely, since all Puture metups are based on these

Onoe these are "

rrosettings.

nged nevex be made in future setups.

(4v) Cnoe ths metter is satisfied with the test pieces they ave
sent to inspeotion which takes an extra 45 winutes to
checlk the pleces. It is dmperitive that either this time

be out down or the setier measures the places and is

responsible for quality centrol.

(v) The setter has to walk approximately 26 metres and up a
flight of steps in order to check distances on the profile

« This is fatigueing to the mebtter and wastes

tine.




There are two possible solutions. The profile projector
could be moved onto the shop floor, however checking
bodies on the profile projector 1s atill a lenglhy
Progedurs,  Alternatively a gauge could be used to ocheck
the distances between holes on the body. These gauges
already exist (plate 5.14) but the method of measurement
would have to be checked for accuracy. Since these gauges
are small they can be situated at the machine as part of

the prepared toolins.

PLATE 6.14 : Gauge for Checking Hole Positions




. ' (vi) Time is wasted checking hole depths, dismeters and
. recesses since gauges oannot always be looated. Gauges v

are shared between machines, and thersiore the operator ie o

ugually required to looate these during the setup.
Furthermore gauges Were thrown loosely inte a plagtic bin,

making it necessary to search for specifio gauges. -

S This problem was Selved by purchasing a set of geuges
) which was dedicated o this partioular mnachine. Since
hole diamoters and depthe have been satandardised for .
different size looks, only four setes of gauges wWere

required for the entire range of specials. These were

set out logically on gauge boards in such a way that an
inexperienced person could lccate tho required gauges for . Tt
apeoific holes. An example is shown below in Ffigure 5.19. £y

GOLOY Cunt . .

s | AR B

o wiw, | 1 |2fe{3fe| 4 Isfet 1
\( i j wea | 0 ] O O o |O|O
=l 00| |O|O
N s
N <:::; = i O O O

v PIGURE 5,39 : Gaoge Organisation on Boards .




(vii) Gonolusions:

Although adjustment accounte for a majority of the setup time

1t can be out down d tically by all 4

conditione in  advance. This inoludes drill  lengths,
mechanical, electrical and fast forward atops. Helght
adjustments can be eliminated by sebting heights to a dead stop
and inspectlon time oan be reduced by using gauges placed at

the machine.

(1) SHIMMING JAMWS

The 4 must  be when jaws are located at
different heighta with respect to a fixed reference point, The
drill which machines the shackle pin hole (figurs 5.2) passes
through a bush which is located in the jaw (plate §.15). The
Jaw loostes on the vice as shown in plate 5.16 on plane A. is
the distance Y between the bush centre and the locating face of
the jaws is not conaistant, shimming blocks may be required to
1ift ocertain jaws fractionally off the vioce (figure 5.20). If
the Jaw is situated toc low the clearance batween the shackle
pin hols and the long-shackle hols is undersize, and that
specific jaw must be shimmed up, Alternatively, if the jaw is
situated too high the clearance s oversize and the jaw must be
ahimmed down. Unfortunately shimming down is not possible

therefora such a set of jaws was producing scrap bodies




PLATR 5.15 : Bush Situsted in Jaw

PLATE 5.16 : Looation of Jaws on Vice
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SHKEAL BL0ck

FIGURE 5,20 : Shimming Block for Correct Bush Height
On inspeation, distance Y of all jawe were acourate to within
0.09mm.  The heighta of the vices where the Jaws locate were
aluo compared, and were found to vary by 0,05mm,This meant that
Jaws could be as much uas 0.08mm tes high or too low.  Although
each aet of vices are numbered the jaws are not. Therefors a

random pet of Jaws fit onto each vice.

The problem was solved by matohing each vioe with a certain sat
of Jaws, For example if the location wiep on a partiocular viae
waa lower ‘than average, a set of Jjaws with a larger than
average distance Y was matohed with this viue, In other words
the higher Jaw compensated the lower looation plane on the
vice, The same was true for a situation that was visa versa.
(refex to figuve 5.21).




This matohing of jaws and vices was not performed by taking
moasurements, The Jaws were fixed onto vices at random and
elght test bodles (one per set of jaws) were machined and
checked, The gauges are of the go, no-go type and operate suoh

that one ocan feel approximately by how much the clearance in

under - ox tze, for ol which were
acceptable, the respective jaws were left alone. The jaws for
‘the most over - and undersize bodies were swopped. Next the
second-most over - and undersize jaws for respective bodies
were swopped and so on. Bushes (situated in jaws) were then
all situated at the same height. Each set of Jaws was marked
acoording to the vice number se that it could be fixed to the
same vice for subsequent setupa. In this way shimming was
eliminated completely.

W

JIGURE 6.21: Matching Jaws for Helsht Compensation




(3) HAINTERANCE
4 wag disouzsed in seotion 6.5.2, maintenance was not inoluded

during internal setup time,

{x) IDLE TIMR

This has been discussed in saction 5.5.3.

(1) CLEANING MACHINE

Bafore eny improvementn were mnde, ocleaning the machine gould
take anything up to & full dey to complete. The machine is
fairly oomplicated and therefore difficult to olean since scxe
places are not easlly accesgabie. During operation a large
amount of brass swarf is build up and 1s diatributed over the
entire machine, The bulk of the swarf falls to the bottom of
the machine whers 1t cun be removed via a door which faces the
operator (plate §.17). It is imperitive to clean the machine
before a ochangeover since awarf on looating faces will cause
setup inacouracles. Also it i8 unoomfortable for the setter to

work if he must constantly pull out brass splinters.




BLATE §.17 : Machine Aogess Point

The machine was originally cleaned with a brush, however this
was  found to be slow and ineffective. Managemont had already
identified +the problem and had adopted a vacouur cleaning
aystem to suck gwaxf from the machine. The oleaner Wauld start
cleaning the machine approximately 15 ninutes before the
changeover. During thies time nuch of the awarf would be
removed Zyom <the indexing table and the work-station units.’
Howsver 4t was found that this symtem was not fully efifeabive
for the following reasons:

(4)  The machine is %oo ihtrioste, therefors the vacouam wipe

cannot access all arsas,

{11) No warning system existed for the cleaner, resulting in




having to sometimes wait for cleaning to commenve after
the machine had stopped. .

(411) The cleansr had not been instructed how to oclean

‘the
maohine and therefors was unaware as to which areas had ¢
te be spotless for locatd e} K

cleaning prooedurs has been laid out in Appendix D).

The ocleaning opsration time was gsubstantially reduced as
follows. A warning system was adopted where the supervisor
would summon the cleaner 16 minutes before the setup, The bulk
of the swarf around the machine was still removed by vaccuuming
during this time, Tha setup procedure was devised such that
when the machine stope, the setter and operator are performing
operationa away from the operating position, This given the ©
clesner & chance %o open the door under the machine and remove 2

\he bulk of the swarf, ‘

Bupply and drainage tanks were designed end built (plates

§.18 and B.19 respectively) and were used for washing away
swar? by means of spraying a aleaning #luid onto the machine. !
The oleanar was shown to sbart near the top of the machise and
work his way down until all swarf was removed.

shown which areas to wipe dry afterwards

He was ‘then i
{theas are the
attachment location areas).
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PLATE 8,19 : Drainags Tank




5.7. COST CONSIDERATIONS

It was deaided by managenent that a low cost approach would be
adopted. A budget of RI000.00 was allowad for initial changes
with more costly modifications requiring Jjustification (via the
onalysla disoussed later in this section).

The following changes were made at almost no cost:

{4 Organisation of tools which involved rearranging
‘tooling, oolour soding and organising tool oupboards.

(11) Using existing quick relesse tool holders.

(11i) Helght blocks were nade in-house bLy setters and
tightening bolt assemblies for height adjustwent wexs
bought at low cost (approx. R80.00).

(4v) Collars Ror sebting drill depths were made in-house and
the gauge for presetting tool length already existed.

) Mechaniocal, slectrical and fast forward atops wero made
in-house from sorap material,

{vi) The gauge %o be used for £inal inspaction already
exizbed, '

(vil) DBoards fox plug gauge organitation was made by sstters,

{vidl) B3 ion of jaws was d at no cost,

The following ohanges were made at low copt:

[£3] Hanafacture of 12 tooling trays (spprox. Ri200}.

(s1) Fesder oleening tank und drainage tamk (approx. oest
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R1000.00) .
The following changes excesded the allowed budget:

{4} Manufacture of new seats (approx. R450D."0).
(11) Dovetail or T-slot on jaws for quick attachment and

removal (in excess of K10 000.00 per set of Jawa).

It 18 evident from the above that most setup benefits ocan be
obtained at no ox low coet, An example of an analysis for oost
Justification is disoussed below. Since replacement of asats
and Jjaws are perflormed simultansously, they will be snalysed

‘together,

The ninimum total cost flor this modification is R10 000,00 per
aet of Jaws % B sata required + R4600,00 = R54 500.00

For this transfer machine and taking the average sost for a
padlock at R3,00 (inocluding labour) and the ooat of a lock body
at R1,00:

For a bottlemeck machine (whers extra output = extra sales):

& = loss of sales/hr = R8/lvck x 200 bodies/hr = RE0O/hx

B = holding oosts/hr = R0.25/body x 200 bodies/hr = R BO/hwk

C = morap coste/hr = Ri/bedy x 20 bodies/hr = R20/hr
G(t} = total cost/hr = F870/mr

# Holding cost is approximately 26% of valus of look bedy, (85)
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For replacing seats and Jawe:
Present setup time = T(1) = 2h50 (Appendix B)
Estimated Lmproved time = T(s) = Oh50 (Appendix D)

Implementation oost = C(I} = R4600.00
Coat of present setup = C(p) = RETO/hr x 2h60 = R1886.33

Cost of improved setup = C(n) = RE70/hr x 0hOB
1.5%

= Ra7T.22

#% It was deoided by the author to use a weighting factor of
1.5 due to the added potential of emaller lot sizes, reduced
holding costs and improved guality.

Number of sotups to cover implementation ooste

RB4 500G
N= ________ . =29,28
R1898.33 - R3T.22

Therefore 30 setups are ired to cover imp. coste.
Since one setup is conducted approximately every 2 weeks on
this machine it would take 80 weeke for this modification to

pay off, ie. a long term modification.

Hanzgement haa decided that this caplital outlay is too large,
therafore the seat modifioation for R4B00,00 was examined

seperately as follows:




TPotal cost = RETO/hr

Prosent setup time =2h50

Estimated improved seiup time = 1h0O
Implementation cogt = R4500,00

Cost of present setup = R1898.33

Cost of improved setup = RE70/hr x ihr
= R515.39

1.8%
# Note that this weighting factor has been reduced since ‘the
potential benefits of amalier lot sizes hag beon decreased.

R4500

£l = 3,28
R1898.33 - R615.39

4 setups {

1y 8 weoks) are required to pay
for this modification, ie. a short term modification,




8.8, HORKER MOTIVATION

Hanagement at Virc Locks demonstrated that they wanted #ull

invelvement in the setup reduction programme. This showed T

; setters and ‘that was 1in’ in  their N
L s tial For out a 1 * N

ideas initiated by sebters have given them a senss of -
achievement. Succesaful changas are reccgnised by management - N
and resulte are displayed. oetbers have advanced in their jobs :
since the work emphasie has shifted from lengthy setups to

setup reduction implementation. e

Hanagement has decided that pay inocentives would not be
benefiolal for oompetative reasons. I% was praferred to uce
non-soonomiec  inoentives where setters’ Jobs have been
redesigned to make their jobs sasier by eliminating tedious
setups and encouraging them to think of new setup methods. Job
redesign has encouragnd setters to vary their gkills, hes given
‘them task identity and allows them +o communicate with «

management via feedback channels.

oo Setters alsc receive non-economic recognition since they will

LRI bes invited o porform a setup for top nanagement when it has
o been improved according to ‘the setup reduotion potential
{Appendix D).




5.9, SUMMARY OF BENEFITS

For implemented @aetup improvements {using thort ‘term

modifications):

Original setup time = approx 10 hours (Appendix B)
Setup time after improvements = 3,3 hours

Time mavings = 87T%

Low ocost/no ocost improvements = 50X% of time savings
Inplementation costs = R6780.00

= 10% ( @)

Mixed model freguency inorsase = 3 times (Appendix G)

Potential setup improvements (ueing long term modifisations):

Fotentlal setup time = 2,3 hours
Time cavings = 17%
Implementation costs = RB5AB00,00

Sot¥ters and operators recelve more job sabisofaotion aince
‘tedious avd lengthy setups on the transfer machine have been
eliminated. Furthermore they are given the opportunity to

generate new idean and be vewarded for it.

Setup time reduotion on transfer machines (and other machines
at & later stage) will aZfect the produotion of standard and
spscial jtems in diZferent wavs, Setup time reductions for
standarda will allow for a better model nix eince smaller
batohes will he 1, Less is uived for

finished goods since the mixsd models will decroage the chance




of ® sokoubts. Sinve demand is known, the company can run &

level schedule which meets thess oustower requirements

For special items, setup reduction will have different
implications. Produotion rune are alrsady fairly short (2 daye

- % weeks), setup wild work rates

substantially, When oetnp times are suffioiently reduced the
company may declde to reduce batch sizes further (%o say 1
day).  Eventually component stocks (which are kept in stores)
could be aliminated, with assembly “pulling® ocomponenta

direotly frot s If an order kas to aome

in, it would not take long %o change over to that job.

3

b




6. SUMMARY AND GONCLUSIONS

In ordexr to satiofy the aime of thia dissertation the following

has been ooncluded and summarised:

{a) SETUP REDUCTION IMPLEMENTATION GUIDE SUMMARY

{4)  BXAMINING OVERALL PRODUCTION

- Examine the overall production procesé befors making any
detailed setup reduction modifications, taking into account
future produst changes and purchasing of new equipment.

- Examine the poasibility of implementing 6T, setup sequenocing
or dedioated machines as means of reducing sebtups.

- Une the OPT principle (tackling bovtlenecks =first) and/ov

the 80/20 rule to determine where in the plant the programme

should be started.

(44) TRAINGHG

« Develoy & where all

operators, setters, line supervisors, foremen, produgtion

engineers and lemediate support staff are iavelved

The <{raining programme should inolude the abovementioned
staff learning about tvhe following:

= the overall JIT aoncept.

- ‘baslo JIT prinoiples in manufacturing, of. lanban,




balancing, ete.

- how JIT and setup reducklon will change the factory
environnent and potential benefits,

- reacoxding and analysis methods,

- Devlase setup teams, consisting of a team leader, process
enginess or line supervisor, £oreman and 2 - 3 settexs or
operators.

- Train team members ln setup reductlon methods by means of
relevant examples and physical demonmstratinonr

{i11) APSROACH TO SETYF REDUCTION

- 1t is adviwable to implement ldeas immediately. This
simplifies setup analysis since the setup is  being
physically shortened on a continuous basis and momentum s
glven to the programme.

« fToollng changes during a produstion run must be treated in
the same manner as a setup.

= Docvument all detalls of the progrs sme for future reference.

PRELIMINARY = STAGE « DISTINGUISHING BETWEREN INTERMAL _AND

EXTERNAL OPERATIONS

Examine exlsting setup/s by means of work/time study wmethods.
A tlme lapse camera nay be used. Analyse the setup and
determine which activities could be made external. A wsaful

ald is to flrst group operations into broad work categoriaes ey.
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transportation, operation, delay, etc.

STAGE 1 ~ SEPERATING INTERNAL AND EXTERNAL SETUP

Start with obvicus changes which are simpie, This Includes
preparing, toollng and opezating conditlons In advance,
improved  tooling organisation and setup warning systems
{indlcating the time of the next aetup). Othex common
operatlons  include preheating of dles and externalising

cleaning and maintenance operationa.

STAGE 2 ~ CONVERTING INTERNAL TC EXTERNAL SETUB

Use a simple pareto analysis (uswally 1 ~ 2 lavels} to
determine  which cperations are time consuming and  must
therefora receive priority. Techniques lnclude devising a
standard procedure In order te ellminate ldle time; uslng
parallel ope':anons {econonmy of movement); and eliminating
adjustmants, where £ixed saktlings are made or adjustments are
made off the machine during external satup. Equlpnent
wodiflcations lnclude the use of functional clamps, functlonal
standardizatlon, intermediazry 3lgs and mechanlsatlon. At this
stage all prescttings are determined from an accuzate "model*

satup,

STAGE 3 - STREAMLINING BETUR CPERATIONS

This involves further improvements to internal and external




o
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Prastl setup to develop correot
b and achlieve setup times,  Adopt

undercapacity scheduling in order to practise getups, bulld

setup akills, try out new ideas and debug new setup procedures

{iv) SOSTING

= Adopt & no cost/low cost approach wath limited expense
budgets available and large capital expenditure requiring
full justifiostion.

~ Sstup reduotion 2ollows the law of diminishing returns -
large beneZits for low gost initially, progressing to small
benafits for high coat.

{v)  HOTIVATION

- Baitable mobivational techniques should be used to engourage
teans to partloipate

= A finanoial yeward divided egually amonget members of the
setup team for implemented ideas with msome Rorm of
recognibion ig recommended.

(b) SETUP REDUGTION IN SOUTH AFRICA

- Betup roduction is a falrly new actividy in South Afriea
where setup improvemeonts range from 0 - SOX.
~ The netup reduction programme is perceived to be a lengthy

procedure of trial and ervor whigh (necording to the nurvey)
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would take 4 ~ § years to implement successfully.
~ The main areas of canvern for setup reducticn include a lack
of priority given to sotup redustion, lack of training and

ne monitering or documentation.

{o) BENEFITS OF SETUP RELGCTION AT VIRO LOCKS

~ Setup time on a bottleneck transfer machine has bsen reduced
from 10 hours te 8,3 hours, a 87% reduotion.

= The setup time oan be further reduced by one hour if long
term modifications are made,
saving of T7%.

resulting in a potential time

= ROI i high with a 10% inarsass in productivity due 0 setup
‘tine reduction at a cost of approximately R8760.00.

~ S8etters’ and oporatora’ Jobs are more rewsrding due to ideas
being implemented and elimination of tedious setups.

- Sotup roduction has potentially sllowed the £requenay of
mixed models to inorease threefold, resulting in a dearsase
in inventory levels.

- Bmergenoy orders oan be dealt with promptly due to short
changeovers.

- Operating oonditions are regulated in advance by malking
adjustments during oxternal setup, thus sliminating trial

and error for tely 408 of

setup time.
~ Idie time has boen eliminoted by shorvening setups and
organisation of setup proceduics.
- Job  definition

has been changed to eetup  reduaticn




activities resulting in on inarease in job security.
Sorap levels are reduced singe setups are performed more

acourately and no longer depend on individual skilla.
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SETUP REDUGTION QUESITICNAIRE

APFRADIX 51 :

COMPANY :
SEQTION A 1

1. How would you elassify production? (delete what is

net »
applicable) . z

SECTION B :

1.

2,

H.

What

Many / Few product types

Job shop / Repetitive

Make to order / Make to stock

High / Low components to finished goods zatlo
Unit / Volime type productlion

Tight / Looss tolezances

High / bow k11l levels

capital / Labour lntemsive production

MEDIUK HIGH

which of the following have been adopted?

priority was setup reduction given as part of the
SIT progranme?
u

Dedicated Machines
Parts Standardisation
Group Technology

Setup Sequencing

Only complete i

Y/ N

¥
¥
¥

£ you have

SUR?

Ix
a4
/N

implemented SUR

How 4ld you

Was SUR translated, into other actions? ¥ / N




A2

1f yee - What others?

If no - Why not?

Who did SUR? (State all pecple involved}

Whe has recelved trainl..g on SUR?

What axe attitudes towaxds SUR?

las & SUR reporting system been established? ¥ / N

1f 30 - How does it work?

T What improvements have been achieved? »

8. What proportion of the plant has expexienced SUR?

SECTION ¢ : Only complete 1f SUR has not been implemented.

L. Why has SUR not been implemented?

2. When ars you pianning to implemant it in the future?




AFFENDIY A3 : SURVEY RESUTLTS AND ANALVRS
TABLY Al } Reeulbs Analyeie

coweany & &
S |
‘\\\g‘: §,§ $§ is“’~ & Q"?é ‘
SUR initlated x| # %% x XX x| X x
Rep. & make-to-order xt¥ | ® XX ¥| X
Prlority of SUR R EEERE LR EEE R L L
bedicated machines b EEEE | ¥ %
Parts standardlzation X| LERE X ¥ [ [ ¥
Oxoup technology ¥ LEE! LE RS
Setup sequencing 2 ¥ EER
Bottlenecks studled lst ¥ LR
Work/time atudy used LEEERE ¥ X | % x
TPormal analysis x X o
EBasy changes made lat % x| E % x x|«
Lot sizes raduced E EEE LEEREREE
QC problems exposed PR
Flexibility increased ¥ X
Management involvement FEREEEEE o i X| X
Worker involvement EREEE x |
Worker tralning ERERE ¥ ES ‘
Positive atbitudes ERBEE FPEE X |
4UR reporting system X
Reductlons achleved (%) (997§ 0/7500( of 030 O 00IBQBE Y60 OBORY
Extent of programme (%) 138 020 5[ 5 of75 of 033 LoolLol of 515
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TABLB A2 ) Satup Reduotion Trends

ASPECT OF SEYUP REDUCTIOK

% PARTICIPATION

{all companies)

Setup reduction lnitiated
Repetitive and make to order
Righ prioxity given
Pedicated machines

2arts standardisatlon

Group technology

Setup sequencing

78%
B1%
50%

Bottlanecks axamined first
Work/time study used

Pormal operational analysis
Easy changes made first

Lot elzes reduced

Qualisy problems exposed
Flexibility increased
Management involvement
Complete workex involvement
Worker training

Positlve attitudes

setup reduction reporting system

(only companies which
have implemented setup

zeduction)

9%
79%
0%
64%
96%
43%
213
938
648
21%

43%




Hote that the top part of table 4.2 takes all 18 vompanies into
agoount. The figures on the bottom part of the table are

caloulated with respaot to the companies who have wsbarted

inplementation {14 companies).

Reforring to table A.1 it iz evident that of the 18 companies
interviened,
(18%).

14 have made sone attempt at setup reduction
Rowen Engineering is the furtherest advanced
practice of setup bime reduction and have achieved an

in  the
average
of 90% improvement throughout thelr entire plant. As
bed all the

can  be
sgen, they have impl
in tavle A.i,

listed
as well am giving ‘their programme # high
priority. Afrox ism almo fairly well advanced with an aversge of
76% improvement in 35% of the factory.

Bight of the companies listed have implemented setup reduvtion
3 1y, 60-98% B

however they have
only looked at a very small portion of the factory (bslow 20%).

In essence they have actually initiated a pilot melup veduotion

programme where the general aim is to prove to werka * that
substantial eetup time improvemsnts can be achieved.
Qut of the six les who have not achleved any riwsical

improvements yet, fFive of them have Jusl started or are zbuuk

to  start setup reduotion (in the next 3-6 montha). Only one
coumpany, MSN Electroniecs, belisved that setup reduction wae not
relevant to thelir company, and that current setup methode were

optimal,




T - B

GEC Small Machines have adopted an interesting polloy., Thay

have purposely reduced (before impl satup
reduotion) 4in order to expose bottlenecks as well as to ahow
workers that it ls a real need and not just an exercims, John
Deere have alao adopted a different approach. Instesd of
consentrated efforts in one specific area, they have logked at
5% of the factory, but have only achieved 30% improvement

(moving internal to external operations).

Referring to table A.2, there sppears to be acme areas of
ooncern. Only 50% of the 18 ocompanies have given setup
reducticn a high priority. The main veason given was that
managers have so many other tasks that they can only spend lesa
than 6% of their time on setup reduction. Most menagers agreed
that improvements would ccour much faster if someons in the
company was dedicated to setup reduction. Only 8% of the

i have  impl ted netup . Although thia
activity was not

to soma les, other

were not aware of s:quencing bensfits.

It aeems that mowt companies are on the right track towsrds
aotup reduction, 79% have adopted the ocorroet methed of
exanining bottlenecks firet and implementiag a work/time study,
Unfortunately 60% have adopted an informal approach ond 39%
have not taken advantage of making simple ohaages dirst at
relatively low cost. The main benefit achieved wax 1. rize
reduotion which 86X of the oompanies adopted, CGniy small

percentages Sound quality problems or made use i iuaveased




Elexibillty.

Managemunt involvement 1s high at 93%, howevex complete worker
involvement ({includlng operators) at 64% could be improved.
Boms companies axe still in the analysls stage, the reason
glven for not inciuding all workers yet. These companles do
intend lnvolving all workers when the programme is further

advanced,

Tralktng of workers in setup reduction techniques 1z low at
21%, and much of &his is Informsl. Rowan has tralned workers as
the programme progressed by involving them in  the

Lupt on, le. tralning, Afrox has bullt a

tralning cell of machines no longer In use, where workers are
trained in JIT/TQC methuds. Tralning is alse not extensive due
to the cowpanies still being in the esrly stages of

implementation.

only 57% of the companles have posliive attitudes amongst both
management and workers. It seems that workexs are sceptical
untll they actwally see physical improvements., Therefore this

figure will most likely lmprove as companles progress.

only 43% of the companles have xeperting systems where progress
is menltered, and many of these systems are informal., This la
relatvd to the low percentage of companles who have adopted a

formal approach.




‘ ;
- £ '/
Jo [

AP P EBNDTI X 81

WORK / TIME STUDY TABLES
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SETUP 1 J08 KO, 10y
SETTER QPERATOR CONENTS
koo CGrganise tooling Tooling organizatien should ke
Ot Strip safely covers b check | Remove javs & clean relevant postepreperation, organise on
belt tensions surfaces, booling boards
Reagve left hand vices to
ek seats
0% | Cn reliesme bt 4
orgnise Sosking at skakion
Ghib Reacve old cans.
045 | Clemn 4 riplace ne cans
ot Remove ik, callet, holder &
bush - head 5
1004 [ Resove bt ohe - heid §
1h1o Rewove bits & busk ~ heads | &
2
18 Loosen keight bolts af ail
statloas
2 Reaovn driil, ste - head § dle
thz | Clean slides
et | set hetgst - station §
1025 | Set helght - statlon 2
™y ot height - stadion 3
";H Set height - stablon 4
a3t St height - station 5
Mar | Set belght - stablon §
B | Kalting for clower Elisinte valting




W3 | Fliting seabs, vices & Javs
FLE bush - head §

s F4 bush - huat §

ot Fit bush - head 2

005 Fit raamer - head § Orglse drills 1o cotlets
asternilly

e F1E raamer ~ head 8

2| sharpen dritts Fit reaner - head §

o % W
STARY UF b4y

b5 | Teoling organization

;3| Sharpen drllls feplica javs, eke Jav replaceseot takes approx
14,5 ains / station

wea | A s Feteh drits Bl organizablon  erefors

o FIE drt) ~ hesd 7 oqeratar not wure of maiching

06| Stop to atiow operakor access | FLt drll - head 2 4111 & collet sizes

hiz FLE dril] - pead §

i Fib drill - head 1

i FLt dril) - hoad 3

@0 | Looking for dritls Looking for drilts

a5 | Sharpening drills Repliclng lask Jov Jave vere noh Helshed since
bleck vis aissing

M2 | Seb deidh depth - bead ¢ ldle

36| Seb dri1) depth - houd 2

e | 968 drt) doptn - head 4

| Set dritl denth < head §




Sat drl1t depth - hesd §

idle

@6 | sk drids depth < hoad 7
W2 [ ek drill depkh - hoad 9
i | gapect sk e Bock found 0 floor - block
shoolt B atacked Yo jav Wt
sl broke oft,
Tool-reon has been asked da
aake aiher blocks
"y TEh BER
25| Tako off fav & neasura Tooh-Tone vinhy measerenent for
T Reptace fav black
#8 | Start best piece (del1) all | Looklny for efssing auges
except head )
W8] thek hodes b approsiaite
carrect dagths
b | st adjustamis Welplag to machine best bodies | Drill depth % stablon height
& dndes table stk
leight blacks are aat aceurate
40 ) Rechack hale on body
AME | dachine est pece & shack ait
holes
% | ond adjustwints
04| st adjustemnt for head ¢
£ et
ST | Chask holes for fhoe adfustaant | 18
0L | Chock budy en pratile profecter
t7 | ake aojusteents
625 | check boiy on profile projector




S i . .
B4
an | v adjustaents tite
eSS | Check body on profila projector
o9 | Make aljustesnts
i | Chack bisdy on profile sroester
e | Make adjustaents
T3¢ | Check body en prafile projecior
T3 | fake sbfustrents
st | Check bod on profite projecter
7E7 | Make djustanats Test plece sceaptabte
WIS | Change drill Bell1 eotsing a burr
@20 | e Javs
% | Finst dospection b further
afugteents
10h00 £




B5
SETUP L Jog b 43005380000
SETTER OPERATOR CORKENTS.
o | (e 1 Cloaner cleaniag rachine (up Yo
L) fowore faes b Yefk hand vicer | D30
at gl statlons Hachine i3 oot clean in N
120 | Reaove ¢ril - hesd 2 relevant places ¢
122 | Sonove ¢rllL « hewd 3
N Resove drid) - hosd § K .
W) feaove driy) - hest 3 R Py
1825 | Reaave ded1l ~ bead 7
1028 § Rosoye reaser ~ heat § sotter is checking dt ol
veaner can be used (or nov Job
Gt 'ty
28| suwove bush - head 2
0| Glem riogs (Mch mist be
replaced)
1933 | Fit bush ~ bead 2 2 sove bushes soeld aoraally
T34 | Fit grdi - head 3 Assisting setter ~ head 2 have to be replaced but vas d
N I bush - head 3 Clesning vicas on dackine oxcluded due to sequenclng of
" Cleaning vices of wachine Jobs
Seats vould normally have to be N
veplaced bub vas exclude¢ due
ko sequenclay of Jobs - add 1S
slautas for s operation
Fhxing sereu for bush wlssing
~ haad §
43 | Looktg for head 5 bush bolt
3| FIE bush serm o hoad §




1o [ POl - sed 4

Ihds Teh BRERK

2oé | Waiting for air upply for | ldle Haintenance  replactng  alr

claning sy vank

208 | Fib bush screvs - head 7 Cleasing vices off aschine

W06 | Maltlng for air supply A ak source located (cannot
reach averyvhere o nichine)

07 | it resmer ~ head 7

M | Reuave cenner - et 8

w4 ] FIb reansr - head 9

9 Cleanlng vices on nichlae

W2l | Fi reaner < deat 6

a2 | Fib AUl - hesd 7 Renove dril] - hewd 3

w25 | Ressve bush = heud 4 Sesuae cleantng viees tperator 1 ceaning vieo faces
shile inderlng tadle, Setter Is
clening feats & dirtying
viess,

227 | Fit bugh - heat 4

0 | oking for drth o 4 Looking Tor drid) = head 4

30 | hwing  diflodty Wb | Reswae clenning viee

raplactng drill ~ houg ¢

wal | b drt - uoad | Replace dril ~ houd 4

e tile sotter stanitng ln wy of
aperator

wa | Gt booling Restne cluaning vices

255 | Loosen height bolts  statlon |

% - statin 2

31 - staklon 4




RRtS
0
F
ey ™

4

X
23
e
Ml

w1
w5
59
3o

3m09
il
e
ey
30
i
e

has

hs2
a3
£
35
T
L
4602

Loosen height bolts = station §
- statyon b
- shenon 7
Claaning areas for fitting
Yelght blocks
Sob hight ~ shatton t
- shation 2
- statton 4
= station §
- station §
- shation 7

Leaves nachine

L FEb cany b adjust

Set dei) depth - head 4
S0t wechanieal atop = bead 2
Valting for operator
fast forvard, mchinical shops
& slactrical stops adustaenta
Hesd
Hoad 3
Yoad 3
Head §
Head 7
Heag §
Hoad 9
Wachise 4 best body

A5k delit depth ~ head ¢

Mtach seats, Laft hand vices &

favs

Indesing  table ¢ braverslng

heads tor gattor

Check teae bedy
[

£ach station takes approx

43 ainy

Tparalar tinishing Jiva
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B8
ez | Change dritl - head 3 ffind | rfe Wil toaving o burr
dnil firsty

| Shane it heek &r11) degth = beai 3

05 ]

s | Rl - bed 3 lile

| Adfust can distance

M0 | Check test body vith gauges

b4l Re-sachlne test body dorasting meiter

A3 | Mjust hedght - hest §

M5 ) Hachlag tosh body Theaning naght dekts area

O8 | Check vith gaeges

511 At height - heat 9 dusisting settar

4h% | Pull undt 7 back oa slides

35 | Re-sachlne test body Cloaning hoight bolts ared

o5 | Check vith guges

59| Pack taols away Setber fears that ool way ke
seaovat 1a bls sbsence

ShO0 | Check body on praffie projuctor | tdle

SIS | Adfust belght  hoad 3

£ Msisting sebter

;a2 | Agjust heigh « hewd &

26 | Adjust height ~ hsd 7

B2 | Aéjust Srdll dopth < bead 2

00 | Adjust fast forard - haad 8

32 | Re-machine best sody

he3 | chack uith gauges Clezelng old Javs Hove b oxtarml sebip

SKH | A driit depths - hesda § 4§

e | Adjest arill doth - haad 2
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B9
3 | Reeaciine best body Fiaantng old jaus
N ’ 5h37 Chack vith gauges e . .
Con o | Reeasching test gince ' R
( S S0 | Chack body on profile grojoctor W uakey agpron LS s for ’
i ) Eo) Adjust helght - station 2 dsstating setter every retern jowrney by profile ’ 5
e o6 st d arojector .
- M « station § N “f -
0 w -
sl ez - shation &
R ) - station 7
L 06 | Mochine test vody oo N
.;;.,__/' 6hoD Check vith gauges . Lo
/] 808 | Check body on proflle projector | lale -
@ | Re-aijust aech b olec stops ~ | Mastsing ssbter | &
Ghig hoad 3 3 N 1}
Gn | Reeasching test hoty o
e Sobtar & oparator waitioy tor .
. watarlal to wackine 0 test - '
e bodles - had plaming
oo
. \\/ START OF WY ~
- ™8 | Check baty on profile projector
N M0 | achine best body
. s | Wachine 8 test bodies
' [ Tnspection checking bodtes,
. Gnly gauges are balny vsed,
therefore add 435 alns for full
i




6

1007
10h10
12
1018

107
Lont9
1620
16821

1th24

Fine ad fustaents ~ head ¢
tdle

Chack © tesi bodies
Yatting for G check
Canverse wlth 00

Hake atjestrents & machine 2
test bodles

Check vith pauges

Ide

Shargen ey drill

1dle

Adjust Sl dopth - heas 2
ttie

Sheck driited hola

Liaves aachine to reaove brass
wpllater fn oy

Hie

Salties for & tospection
Hle

Hachlne 8 test badies
e

Reaove oversize dril]  head 2
tole

Replace drill - head 2

Nachine test bedy foversize
ele enty)

1dle

Hechne test body tholt hele)
tile

Hachine B test bodles
Check body vith gauges
Wachlne test bosy

tite

Fekeh tray of bogtes to aschine

Renove tools & prepare

check o bodies  (holes

distances betuaen holes)

Ohesk sade on adjustaents only
 thspection mot eomlete

o conlste

i1l oversize - head 3

Workers should possibly wear

safety glastes dering setup

L
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APPBNDIX B2; SETUP OPERATIONS CATEGORISATION

Satup Puncticn Time
setup 1 Setup 2

1. Tooling organization 1héo ]
2. Removing old & refitting new

Jaws 2hs0 2h20
3. Removing old attachmenis

{drills, reamers, bushes, etc) 0h20 0h1s
4, Helgnt adjustment Oh20 0h35
5., PFitting new attachments 0h55 0hss
6. Setting drill depths by adjusting

mech, elec & fast forward stops 1ho? 0hls
7. Pinal adjustment, trial runs

& inspection 4h25 5h35
8. shimming Jaws oR30 0
9, Malntenante 1hoo 0

Auxiliaxy functions

10, Xdlo time 0h45 3h5%
11, Cleaning machine ] OhSS5
Total setup time (le., machine
dovn-tine} 10080 11h05

fvil

. /L
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APPENDIX B3

SEPERATING INTERNAL AND BXTERNAL SETUD

getup Operation statuy

1. Tooling Organisatlon External
2. Removing old and xefltting new jaws Internal
3. Removing old attachmants Intexnal
4, Helght adjustment Internal
5, Fltting new tooling Intexnal
6. Setting drill depths, adjusting

mech, elec & fast forward stops Internal/Bxternal
7. Pinal adjustment, trial runs &

inspection Internal/Eliminate
4, Bhimming Javs Eliminate
9, Maintenance External
10, 1dle time Ellminate
11, Cleaning machline Bxtarnal
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Operational Cateyory

Adjustwments, trial runs, lnspec

Cleaning

Removing & £ltting Jaws

Toollng oxganizatlen

Drill depths, mech, elec, £ stops

Malintenance

Fitting new attachments

Idle time
shimming Jaws
Setting heights

Removing old attachments

APPENDIX B4: PARETO ANALYSIS OF BXISTING SETUES

pareto Chart of Setup 1

62aratlana1 Cateqory

Adjustments, trial runs, inspec

Cleanlng
1dle

Removing & f£itting Jaws

Fitting new attachments

setting helghts

Driil depths, mech, elee, ££ stops

Remove o0ld attachments

—

5h35

4ho¢
dhsS

pareto Chart of Setup 2
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APPRADIN G 1 L1ST OF TOOLS AND ATTACHWERTS

PEQUIRED TOOLS FOR JUB NO. 480/530/039
Fiteing and vemsving attach
STATION | ATTACHMENT TOOLS
1 2 drills chuck key; hook spanner; 27/8¢ spannar
bush 4mm allen key; vice gripp sofb hammer
2 drill #7/30 spanner; hook spanner
] drill 19 spanner; small hook spanner
bush Zmm allen key; %mm allen key
4 drill 27/30 spanner; hook spanner
bush dmm allen key
5 reamer 27/30 spanner; haak spanner
& drill %
reamer 27/80 spanner; hook spanner
bush 4nm allen key
7 reaner 27/30 spanner; haok spanner

Afgusting statisn heighty

torque wrench with long extension; 22wm sosket

Sebting mach & slee stops

2% 12 spanners; Sam allwn key

Setting fast~forward feed
3mm allen kayj 2,50m allen key




REOUIRED ATTACHMENTS FOF JOB NO.

480/530,010

UNIT

DRILLE

COLLETE

BUSHES

CAMS REAMERS DIN
1 2, Bnm 240
2 B, tam | 29%8/6 | S, tam aso
3 B,8m | ZH¢3/10 u28
+ 3,0mm | 2048 3,0mm | G FORTe 340

3,85 PASSO
s g tom | 206576 | 5, tam 340
[ 25%10/11 barral
7 5,8m | 20#5/6 | 5, 80m 340
8 25%6/7 bolt
° 25%6/7 1ong
shackle

L

'
1
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APPENDIX Di i PROPOBED SRTUP PROCEDURE

BETTER

OPERATOR

CLEANER

-0h18

hoo

hO2

OhoY

Ohi7

Ohzg

oh29

oha2

Oha1: 30

Oha?7s 30

OhH013¢

Frapara tooling

taken to machine

STOP MACHINE

Remove jsws % seats

Btand at cperaton

posibion

Remove reamers

& cams

Lossen haight
holss

Set rough
heights using
hetght blacks
Tighten balts
b 8 Na

Get fast
farvard thops

Set mech steps

Stand betwesn

stations 4 & §

Remcve drills

% bushes

Wipe vice loo-
atieon surfaces
Replace Javs

& seats

Remave bulk of
woar f

Spray vices with
1iquid cleaner
Wipe gaps for
height blosks

Spray entire m/c
sccovding to
procedure

tlose drainage
tank & remove

feeder tank

Wipe relavant
areas on external

part of machine




1ho0: 30

1hat

1h36
2h1t
2h13
2h2B

Bet alec stops

Replace cans,

drills, bushes

Fit blocks inte
Jaws
Replace raamers

tpump of f)

Coump_of £

Set heights
Trial run (1 plece)

Inspect (holes & hole positions)

BEGIN PRODUCTION

Remave  bulk  of
awarf from bottom

ef machine
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ABBRNDIX D2 : PROPORED CLEANINQ PRUGHDURR

1.

Spray gaws with salvent and renw Jirge gwerf porbicloe,
Accasg poink {s shown below.  Cleaner (s eeguired to stand

on edge of machine and ¢lean all jaws from khis pnsition.

Wipe faces for height bluck settings, proseeding from
atatien { through to 7.

Wipe mechanizal atop heads and fast forward bolts Cuse in
conjunction with air Jjob for sleaning?, proceeding from
atatien 1 ta 7.

Clean heads and stations starbing from a plane Just helow
moters and work down o base of station. Ancess polnts are

shown belew.

e




e
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ABPENBIY D2 : PROPOSED GLEANING PROCEDURR

1. Spray  Jawe with salvent and remove Jarge

e par biclen.
Aucess point is shown boluw. Cleaner s roquirad bo stand

on edge of machine and clesn all jawe from bag position.

2. Wipe fates for haight block setbings, prucesding from
station 1 through ta 7.

2. Hipe mechanical atep heads and fast forward balts (usa in
conjunction with air jet for clasningd, procweding from
station | ta 7.

4.  Glean henda ahd stationa starting from a plano Just belew
mobore and work down to bape of sbation. Access points are

shewn beiow.




N Clean vices

sure  that

potnts sre shown below, Note that sebter or operator mus

help cleaner

palnts,

¢jaws have been ramoved at this staged makin

all fipe brass particlen are remaved. CULEEY

by moving supply tank around to access




[

fosgr Imdexing  table and all aroas an wentre of

using Adoss prints shawn bl

machine

GClean underpeath gach workstation, especially bdelt heads

and slides.
Close dralnage tank 1lid and ramove feeder

maching.

tank from

Continue wiping <er use air jet) areas on uxterior af

machine ie. mechanical, electrical, fast forvard stops

areas vhere spacer blocks sre used for setting.

dene while ssttar and oparater ara performing

tthis  is

respactive

taska). Unite using spacar blocks for sotting are

belew.

shawn
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BLOCK fO8
GRILL QepT

(!
BLack oy e 3)

Aok 7R
DAL BEPex
(ko 7

TEE FUN SETTIAQ
HLEBTRIGAL $TOP (A0 1)

Open docr at bottom of machine and remove bulk of

tuhan jaws have heen replaced).

swar f




APPENDIX B : ATTACHMENTS FOR SRTUP REDUCTION

UNIT § ¢

FRESETTING OF ATTACHMENTS FOR JOE NO. 430/580/010
Maximum drild length BOmm
2Smm

Forward stop (bolt)
Mechanical stop (block)
Electrical sbop (1/2 tube)

UNIT 22
Mechanical stop ~ depth stroke (bolt)
~ hack stroke (aellar)

Fast forward (block)

Wit 3
Mechanical ptop —- depth stroke (collar)

- back stroke (bolt)
Fast forward (block)

UNIT 4 3

Cam depth setting (hleck)

UNIT 8 1
Dapth setting (block)
Drill dapth (set aut & bolt)

UNIT & &

Mechanical stop - dopth stroke (collar?

B5,Smm  (xBOX10)
85, Sme 1R I

71, Bdnm (12 OD)
43, 86mm (12 1D)
BBmm (x15x4)

BOmm <12 ID)
30, 8ma <12 0D
128mm (X18x4)

15, 7mm (x17x28)

47mm {X20225)

21, 8m

81,20m (12 1D

Vel




&
¢
i
¥

{
i
{

- back stroke (balt)

Fast forward thlock)

i

Iz

Depth setting (block)
Drill depth (plata)

UNIT 8§
Machanical stop - depth stop (bolt)
~ pack step (zollar)

Fast forward (block)

UNIT 8 1
Mechanical stop - dapth stop (bols)
« pack stop (eollard

Fast forvard (black)

Nete ¢

M1 elaectrical steps are adjusted to reguired setiings during

firat setup for that particular fob.

e

s2mm (12 0D)

127m0 A% 15%4)

27 4mm (x20%RE

0, 0nm

74, 25mm <12 OD)
&8am ({2 Ib)

7Emm (x1%x4)

71,%m (12 OD)
87,6mm (12 1D)

100mm {x185x4)
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After Improvements {from appendlx B4)

HOTE: The average time between setups 1 and 2 are used in this
ia

analys

LEVEL 1!

Adjustments,trial runs,inspes
Removing and refltting jaws
Setting drlll depths

Fitting new tocling

Helght settings

Removing old tooling

LEVEL 2%

{a) Removing and refitting jaws
BEFORE

Remove Javs

Remove LY vicea

Remove seats

Clean LH vices (off m/c)
Clesn vices (on m/t)

Pit new seats

Replace LH vicea

Pit new Jaws

Total time » 2h35

Shov




AFTER
Remove jJaws 0hi2

Remove ssats oh02

Clean vices (on m/e) 0ho3
Fit new seats 0ho4
Fit new jaws 0h3s

Total time = Ch56

(b} Setting drill depths, adjusting mechanical, electrical snd
£ast forvard stops
BEFORE

Adjusting drill depths
Adjusting fast-forward stops|
Mijusting mechanical stops
adjusting electrical stops
Adjusting cam distance

Total time = 1h07*

AFTER
Satting fast forward stops ohod
Setting mechanical stops ¢hlo
setting electrical stops oho7

Total tims = Oh21




{e) Fitting new toeling

BEFORE

Replace drills
Replace reamers
Raeplace bushes

Replace cams

0h15
oh28
ohio
Uho4

Tokal time = QhSS5

Replace & set drills
Repiace & set reamers
Replace bushes

Replace cams

AFTER

0h21
oh33
ohl0

ohos

‘rotal time = 1109

(a) Halght settings

BEFORE

Loogen balts
Clean gaps
8et helghts
Tighten bolts

LU
oho5
0h09:30

0h07

Total time » Oh27:290




F4
AFTER
Loosen bolts and tighten to 8Nm oh12
Set helghts 0ho4
‘Tighten bolts to 30Nm 0ho?
Total time = 0h23
(e) Remove tooling
BEFORE /APTER
Remove drills & collets Ono6
Remove reamers & Tollets 0ho7
Remove bushes 0h03
Remove cams Ohl:30

Total time = Ohl7:30




‘the operations "remove Jaws" and "£it new Jaws" are taken from

level 2 and Eurther broken stown as Eollows:

LEVEL 2:

Remove jaws 0n12

KLt new Jaws

thess operations will be
0ld and fitting new jJaws".

Foxr convenience
operation - “removin:

LEVEL 3:
BEFORE

Remove 2 boltm LH Jaws

Remove 2 bolts RR Jaws

Remove old Jaws

Clean vice locatlon :nFe

Fit new LH jaws

Sami~tighten LH jaw bolts
Hammer LH jaws into place
Tighten LK Jaw bolts

Fit new RH Jaws
semi-tighten RH jaw bolte 3
Hammer RH jaws into place

Tighten RH Jaw bolts

Total time = OnA7

0h3s

combined into

one

N




After
jaws (section 11.6.2) the setup procedure will be as follows:

implementation

of the long term solution for

APTER

Loosen L bolt {1 tuzn) LH Jaws
Loosen 1 bolt (i turn) RH jaws
Remove old jaws

Fit new LH Jaws

attaching

0h02

0ho2

oho2

Hammer LK jaws into place

Tighten 1 bolt (1 turn) LY Javs
Fit new RN Jaws

Hammer RH jaws into place
Tighten L bolt {1 turn} RH Jaws

Total time = Ohid

oho2

0ho2

Setup procedure for changing jJaws on level 2 would then be as

£ollows?

LEVEL 2:
Remove jaws

Remove seats|

Clean vices

Fit new seats

Pit new Jaws

0h02
Oho3

0h06

0h04
thod

Total time = 0h23 (Originally 2h35)




a4

The operations

"replace drills and reamers®

level 2 and subdivided as Zollows:

LEVEL 2:

Replace dxills 0h21

are taken Erom

Replace :sama:sl

Uh33

LEVEL 3t

(1) Replacing drills and reamers with no bush (time/head)

AEFORE
Fit collet

Fit drill in collat

Place gauge plate against vice
Pull drill out to touch plate
Remove plate

Tighten collar

Total time =

0h00:15
0h00:1§

0h00:15

Qho6
Total time for 5 heads = Oh30

(11) Replacing drills with bush (time/head)

BEFORE
Fit collet

Place drill in collet

Place plate/holt against bush
Pull drill out to touch plate
Remove plate/bush

Tighten collar

Total time =

0h08:15
0h00: 30

0h00:18

0hoé

Total time for 4 heads = Oh24

0h02

ohoz

onod2

0ho2




APPERDIR G: PRODUGTIVITY INCREASE CALCULATION

it Average production ¥ime between changeovers is 2,778 daye = - /
86,87 hours. (36}

P Present setup time = approx 10 hours
ratio of setup time to production time = 10

Rew setup time = 3,3 hours

Ratio of setup time %o production time = 3,3 .
86,67 o’

Productivity inoresse = 16 - § = 10% T Iy

If 3 setups were performed instesd of one durdng the time
between changeovers, setup time would increase to 10 hours for
§ setups or 1B% of production time {same as for original

setup). Therefors the freauency of mixed models oould be

inoreased 3 times without affscting productivivy,
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APPENDIX G: PRODUCTIVITY INCREASE CALCULATION

Average production ‘time between changeovers ik 2,778 days = .

-~
‘

88,67 hours. (36)

Present setup time = approx i0 hours

radio of motup time b production time = 10 5% LI i
.67 o0

New setup time = 3,3 hours
Ratic of estup time to Preduction time = 3,3
86,67

Productivity inorease = 16 - 5 = 10%

1% 3 setups wers performed instead of one during the time 1Y
1 between changecvers, setup time would incresse fo 10 hours for
- 8 setups or 15X of production biane (wame as for original

o setup)., Therefore the 2Sraguency of mixed models ocould be

increased 3 times without affeoting producbivity,




Author Abrams Hilton Mark
Name of thesis Setup Time Reduction In A Just-in-time Manufacturing Environment. 1988

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



