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- Thls research pro;ect js an mvesttgatlon into the eﬂ"ectwen&is ofan mspect and rework 35’31:6111

~ called dynamic section control which has the purpose of i 1mprovmg the assembly quahty ofthe
E BMW 3~Senes manufacmnng in the Rosslyn Plant just ‘outside Pretoria in South Aﬁica. ‘The

_ system was ‘introduced into the assembly plant in Februa:y 1995 to improve the assemhly
".'quahty of tne velucles as qmckly as poss:ble The main mouvahan betnnd the need for this : |

. System was ta ﬁrmg the quahty onito the same fevel s the Gennan plents in order to bécome

__ | recogmsed in the international network of BMW’s manufacﬂmng plants alrmg w:th the new :
manufactunng plant in the USA. | |

o .The ongms ofthe dynarmc sectmn control system come ﬁmm the Mumch 3-seﬂes pta.nt as we]l e

| B ay being based of the pnnclples of poka yoke, a quahty phﬂasophy devnsed by the q ualzty-' L |
. ﬂxpert from Tnyota in Tapan, Shlgeo Shingo. Defects found on’ the assembly p]m&s fine,

- ;denﬂﬁed by the quahty anditor and mfoxmaﬁun from the marketmg department regardmg_ o

S 3 warranty claims are entered onto'a checkhst ‘which i is used hy reworkers in the plant to inspect

and- make good the defects that have been found. The checklist is updated ona weekly basis,
: henge its name : dynanuc section control. Seven rework stations in wlnch the rlynamic sectlon

| 'coﬂtrol rewoﬂccrs work, have been straieglcally posmoned in the assemb[y plant whzch tnms -
the painted bodies it recelves from the paint shop. ' '

The aﬁbcti#enaSs bfthe system has been measured by analysing the information from the daily
andits as well as investigating the trend of vehicles le sving the assembly plant still requiring
rework and repairs off-line. The analyses were divtded into three distinct periods. The first
bemg approximately 4 months before the intreduction of he dynamw section contml system, _
and the second and third periods after the introduction of the system, '

The results show that the dynamic section control system he< a positive influence in improving
the assembly quality uf the vehicles, especially reducing the pumber of‘ recurdng defects The
number ofdefects that have onty occurred ofice in each of the periods has remained reasonably- :
congtant mdwatmg that the system has no impact in reducing the random oceurrence of “one-
off” def_ects. Another significant finding was. the increase in the number of vehicles requiring
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- ‘el’a“‘ Oﬁ"‘hﬂe, attnbutable m the assemh[}' piant, after the vclucle bas left the assembiy tme

. Thisi mcrease is probahly the result of an mcreased quahty awareness mthm the assembly p[ant :' - |

- _ | mﬂlﬁﬂg in reworkm 1dezmﬁnng an mcfeasmg number of defects for repazr oﬂ‘-lme

- .  Other fat:tors such a8 clearer 1dentlﬁcnt10n of productlon goals trmnmg and dexrelopmem of 2 o

R prnporﬂnn of the assembly plant’s workers in the German plants for three weeks, "‘30"333“3"13 o

o of SHDPOIT Stﬂﬁ'bﬁ' mStalhng “the nght pbople it the nght place” and redumng the nl..mbe.r of .

_model dematmes in the plant have a!so contributed w the enomnotrs quahty imxarovemeﬂt )

. | ;ap«tbe: developnwnt of ﬁw dynanuc seci:ton controi system 1s remnnnended by mstalhng a..'__' P

= B rework station wiﬂnn ¢ach team area, and mcludmg the actzcms of dynamm section control o Ll

o - the waﬂc content afthat team Currently, the system uses external workers whxch are not part' EE

- ﬁflﬂdfﬂdl!&l teams as the c.urrent aecﬂons nverlap teamn aress, F'm.ally, itis recommended that s O

. | 'the work of" the dynaunc sectmn control reworker be muorporated as a normal ﬁmctwn witlun
- fhe team and be mtated amcmgst theteam members ' = L S
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1. INTRODUCTION

Competing 'in the international 'market as a world supp‘lier is a chalfenge most South African
cotmpanies must either be contemplating or concerned about, with the emergence of a ‘post-

-aparthe:d South Afvica’. In the motor industry, with it protective leglslatlon in the form of -

minimum locat content aaws, the reaI possmihty exits in the u.‘ure that complete vehxcles
lmown as Completely Built Units (CBU’ 8) could be unported from America, Japan and Eurepe

at a cheaper cost than they can be locally produced. This is the result of the changing -

leglslanon on Iei:al content, as well ‘as the reduced ‘import duties on new vehicles (as South

| Afiicais a sxguatnry of the international GATT agreement), which: wﬂl permit a maximum of

| 40 % dutx on all unported goods

Asa direct"fesult of the significant quality improvement in the past year, BMW (SA) (Pty.)
LTD. has been granted world plant status by its mother company BMW AG. in Germany. The
implication is that the South Afncam plant will have to compete with its German sister plants '
onan equal ﬁ:mtmg with regard to produetmn vqume and qualaty (stab1hty and IeVels), in order :

1o supply the world BMW market.

14 World Competitiveness

Until recently, most of the world’s businesses operated in.relatively small, dissimilar,
protected markets. It took hard work and money to set up 2 business in another couniry
(as with BMW in South Affica). Today however, deregulatioa and privatisation have
gained a foothold throughout the former Soviet bloc and in India, Indonesia, China,
Mexico, Argentina, and several cther countries including South Affica. The countries of
Western Europe are adopting uniform economic laws and policies, and several are seﬂing

off government-owned businesses (E.g. airlines companies) and further deregulating,

In total, the world is becoming both more uniform economically and more wide npen to
business expansion, relocation, alliances, aud partnerships. Many of the world’s
businesses may not be immediately effected, but thousands of others are exposed and




o -vulnerable For them, the 1990°s will be & watershed decade Cumpames that leam how_ L
_t_o de_hve; .qualltjy ei‘ﬁcxpsntiy anc{__to _ach;gya_connnuaus imprqvem_eat shoult_i_ find _nch_
- opp Qﬁlliﬁﬁe#.' Bat b‘usiﬁesées that do not t;fhange may get trampled. '

“Survival mears becoming "wd'rid-cdmpetitivé’ but what does world --émhpétiti'vé.' really
mean. Slmply put, a world ciass company prowdes both xts mtemal and external- '
customers thh what they request ' '

- "'Acc:ordmg to Schonberger mid Kanod [1], cus.omem generally need @ cnntmua!-} |

: lmprBVement in qaalzg:, ﬂembrlzty, and service, as well as a continuons degrense in o

' cosm Iead Imzes and erablfl,‘y World competmve compames mcogmsee ‘they have 10
prevxde ail six. x of the customer’s wants without spm-o&‘s E. g ? an unprovement in quahty B
hut mthout B assoclated cost mcrease . oo o

' The dnvmg force for operatwns management must bean. uvemdmg goal of ccmtmually.
improving semce to customers, where customer s, a3 deﬁned by Kaoru. Ishlkawa the
- next process or where the work goes next as well as the ﬁnal extemai end-user.
Contmuuus mprovement is becommg a competitwe force among 1eadmg organlsatmns
Manufacturers have several names for ¢his strategy of total quality management (TQM).
While 'I‘QM can take on a narrow deﬁmtlon, it is also used broadly, encnmpassmg -
orgamsatlanal-vwde contmuous unprovement n meetmg custemer needs, bofh internal
and external

How does 2 compeny become world competitive in order to survive? Agair Schonberger

and Knod [1] suggests sixteen points as a guideline :-

1. Get to know and team up with the next and final customer.

. 2. Become dedicated to continual, rapid improvemenf in qualil.:y,. cds't, '1e_aid' times,

" A famous Japanese authority on Quality
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' ﬂembﬂlty, vanablhty and semce. Lo

3. Achleve umﬁed pUIpose. vla shared mformatmn and team mvoivement in plannmg and L
unplementatlon of change ' B

| 4, Get to know the competltmn and the wei'ld-class pla.yers

3, Cut the numbe.r of product or service compomnts or o,;erations and mlmber of '_ -

'supphm to a few good cnes

" _6.:; {)rgamse resources into m!.lltlple chaivs of customers, each focused ot a product, :
_.s:emce-, or customer family : Create cells, flow lines, and plant-m_—a-piant situations.
7 Continua‘dy mvest in: ﬁumah resources -thruugh cross—traj'xﬁn'g’ (to‘ master niulﬁ-- =

: ﬁulimg}, education, job and career-path rotatlon, and unprove health, safety and

sscunty _ _ :

- 3 Mam:tam and improve present equmcr-t and human worlc hefors thmkmg about new
- eqmpment, Automate mcrementally when process vanablhty cannot othzmse be
| 9; Loﬁk fbr 'simple, flexible, movable, low-éoSt equipment that can be acqu'ired in

; nmlt!ple copies = each asmgnable to fomsed celis, ﬂow hnes, and pIant-m—a—plant. '

10,Maks it ewer to makefprov:de gootls or semces Wlthout error or process vanatmu

1 1.Cut flow time (wait time), distance, and i mventory- all along the chain of customers.

12.Cut set-up, changeover, get-ready and start-up times.

13.Operate at the customer’s rate of use (or a smoothed representation of it); Decrease
cycle interval and lot size.

14.Record quality and have oﬁmership of quality problems, processes and problems at
the workplace. - '

15 Ensure that front-line improvement teams get the first chance at problem solving -
before staff experts. '

16.Cut transactions and reporting ; Control the cause, not the symptoms,
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A 2 Desermtim nﬂhe Pmb!em amﬁ the Gurren‘i: Satuatmn

- In the Assembly Plant at BMW (SA), pa.lnted badles are recewed from the Paint, Shop = : R
for “trunmmg’ in the Assembly Plant. I‘he “trimming” of the velucle mcludes the ﬁtment o | &
.of - _ _ _ _ . .

o witing hamess and all electrical eqmpment in the vehicle, .
o fitmént of all hmngs, including roof linings, door trnn, carpets o
e seats axles, engine and gearbox, wheels etc, : o

_Some 300 du‘eut labourers are empluyed in the. assembly plant, which i:las ] dﬂlgned o
capacity of 100 units per day (facility des:gn)m an 8 hour shxﬁ,, but is curreutly mmmed’ -
for?Sumtsmanshoursm& ' Ve o ' '

- Aﬁ:er leavmg the Assembly Plam, the velucle proceeﬁs under its ‘own steam m be road. '_ o
tested and to the Marketmg Acceptame Pla.nt for preparatmn for the dealers D ;

- During its jau'mey down the assembly lines, each unit has great potential for having part.
- left out due to shortages or technical prablems and havmg defects being built into the
.- uhit due to operator error, Crzpples (units with part shortages are referred to as cnpples) | _
and units with known defects are corrected in off-line rework and repair areas after the
vehicles have left the production line, or in side track areas between two production
lines.

Repairing a defect or fitting a part later does not improve the overall quality of the
vehicle, but rather, it is generally accepted that repair and rework cause other defects.

In the process of trimming the vehicles, several problems are encountered in the

Asgembly Plant, and include the following -

o Shortage of vehicles from paint sﬁop; producing “gaps” on the assembly line,



-]

)

Vehicles being mde—tmckod” off the line for re-work which produce gaps.

' Ihcomp[eta bodies or damaged bodies recem.d by the, Pamt Shop ﬁom- the Body-_j_ .

. Bhop, which prevent comr leto trimming ofthe vehlcle in the Assemhly Plant.

"Shortage ofparts, resultmg in “cripples” being bmlt, wh:ch roqmro re-work later

Assembly defects that afe eltnor rocogmsed on—lmeby the operators or found oﬂ"—lme - "
- durmg the testing and repair of the vehicles of hne The vefﬁole then requires

: addxtzonai rework in a spemahsed repair areas.

| As the resutt of moonmstent supply ﬁ'om local Supphers, resulting from tociuucal _

' problomm poor focal management and local labour problems, locaﬂy maxsufaotured parts

- are. often subst!tuted by CKD (Complete Knock Down) parts ﬁ'om Gemany In many
 cases, the CKD parts ‘have been adapted to fit the Germen built vehicles by changmg and
'_optlmlmne, the dismensions ‘of the parts. As a result these parts do mot fit the South_
: African built units as accurately as they should. Examp[es-aro the front anc rear bumpe_rs. -

' The abovo—menttoned problems have the fo!lowmg unpaot on the assembly of the

" yehicles :- _

-]

- Massive amount of vehicles being re-worked “offtline” inrework areas.
Refitment and fine tuning of CKD parts to fit the vehicles to the acceptable standards-
i off-line rework and repair areas. :

Continuous “de-crippling” exercises on Saturdays to fit previously unavailable parts to
the crippled vehicies which have gone offine.

Mossive quality imj:ﬁcations, resulting from non-specialist repairmen re-working the

‘vehicles,

Loss in production volume as a result of :

= Line stoppages for tochnical problems with the facilities and the product,
such as “jogging” or alignment of the vehicles and loading stations, as well
as part fitment problems when the line has to be stopped.

g,
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g =:>Gaps generated by the pamt shop, parf shoﬂases ﬁausmg Ime stOPpage aﬂd R

on-lme ra-work

In order to compete with world standards in terms of quality, the same amount of repzir
_ and rework as a world class German plant is a target that BMW. (South Aﬁ-zca) must '
- aohleve m order to be gwen world plaut status and larger export volumes

A strategy or system of ‘check and rework’ has been devii.d which allow. rework of
N defects on-line mstead of off- lme Obviously, part shortage prob]gma cannct be rectlﬁecl_
‘when thn parts are not available - therefore the system does not cater for cripples, but for |

' assembly "‘efects and diffir Itles Thls s;stem is called Dymume Section Cnntroi
'(DSC) Dafects are noted and reworked by on—lme reworkers at certam snatmm on the

- lines thhm pre—deﬁnad Sectlons ' ' ' ' o

It is the purpme of th&s research projeet to measure the eﬂ'ectweness of the c{ynamic
_sechon contro! system mthm tha aSsembly plant (Plant 2) of the 3—senas :

. The expected outcome of the DSC will be :- |
o A réducﬁan in the number of recurring defe_ms. Once a- defect has ocourred a few
times, the section reworker will have this entered onto his checklist and will be aware
of this defect. -
o An improvement in the generc! vehicle guality being refle sted in the audit of the
vehicles canducted by the Quality department.
o A decrease n the number of vehicles leaving the final line with a non buy-ojf (a non

buy-off is a vehicle which has a known defect and which leaves the normal productmn |
flow and proceeds to an off-line area for repair). '
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 LITERATURE REVIEW

2.4 Tbta!_@uasﬂity cnnﬁrol |

' 'I‘ota! Quality Control (TQM) may be deﬁned as ma 1agmg the. cntxre organisatwn 50 that
: 1t exaals in all dlmsnsmns of products and services that are 1mportant to the customer, -
' 'The key notions m this definition are that qua]:ty extends throughout the orgamsauon in |
'. _evewthmg it does and that quality i is uitlmately deﬁn&d by ﬂle customer. |

214 _Supplier_-.GUStomer-Linﬂcs_- :

S With rcferencz to suppher I custumer lmks Chase ami Aqullano [2] refer to tlle"

L .fact that everybody in an organisation has.a. customer, Such cusmmem may be

internal as well as extemal Each of these customers have quahty mqmrements
- Some have argued that the only customer that reaily matters is the person that buys

the product or service. 'I'hmiung of co-workers downstream in the produchon o

process as customers is a sunple way of creatmg a m-operatwe and focused
| network to acbiavc the results reqmred by the enct customer Lo .

2.1.2 Focusing on Prevention

“An ounce of pre’vénfz‘on is worth pound of cure”. This saying optimises the goal
of what is being investigated - an attempt to reduce the curing of vehicles off:line
(repairing of problems) and rather preventing problems on-line, and captures the
essence of the TQM philosophy. ' '

Another example of preventing defects rather than curing them, or nspecting |
quality in, is the idea of zero defects. OF the three most common causes of worker
error - lack of knowledge, lack of proper facilities, and lack of attention - the latter
has been least often addressed in the past by 'maﬁage'rﬂent'. Hence, a hew program
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* whose GVemdmg goa{ was to pmmote a constanf consmous desn-e to do a _;ob' R
nght rhe Sirst time’, L ' e

213 _' Cﬂ_:'n;st of Quality - -

v issu'e .wa'.s first fecogniSeci by idsé?h Juran '[3}; who"Wfote'about' the Cost Of -
'Qmuty (COQ) in 1951 i m his book Quality Control Hmdbaok From a punst’ |
~ point.of view, the cost of quahty means all the costs attnbutable to the praductlon o
| - quality that is not 100 % 1:u=.‘,rfca . Aless stnngent deﬁmtlon cons;ders onIy those “
costs that are the difference betwoen what oan be expected from excellent
o Performance and. the cun‘ent wsts that exist ’I‘hese are the costs assoclated w:th_ L
_reworking, smppmg, repeated service, mspectmn, tests, warrames, and other .
o quahty-related itenis. thhp Crosby states ‘that the cost for a weﬂ Fun quahty o
| ;: " 'management progranune sb.ould be underz 5 % ' - o

Three basic asmnnptxons Jusufy an analysxs af the custs of quahty
That ﬁulm‘es are camed |
' -2 'l‘hat preventmn is chaaper

That perfnrmance cen be measured

The costs of qualny are general!y clumﬁed mto four types .

1. Apprazsal Casts the costs of mspectmn, testmg, and other tasks to ensure -
that the product or process is acceptable.

2. .Prev_ention Cosis : the sum of‘:é.ll the costs 1o preveht defects, such as the costy | _ - {

to identify the cause of the defects, to implement corréctive action to eliminaty o

the cause, to train personnel, to redes:gn the pmduct or system, and- for nev/’ B

' equipment or modlﬁcatlons ' ' '

3 Failure Co.s'ts _
' 1 Internal 'I‘he costs mcurred \mthm the system scrap, rework, repair.
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_ 2 Exremal The costs of defects that pess through the system customer_ |
warranty replacements, loss ‘of - customer or goodwﬁl, handlmg SR
. complamts and product repair. : N

'- _-2;11.4 Quality at the Source of the Production

_ Qm'alﬁty af fhe source means that each worker is a qua]tty inspe:ctor for his or her
o _awn work, Thls view has changed the practlce of having a Quahty Control (QC) o
R mspector, typncally from the OC departmient, makmg decisions about good or bad _ ._
o quahty “This phdosophy, as currenﬂy.pmctxsed. extends be_yond t_he worker to
" include the work group, all de]: ents, and to the suppliers of perts and services
.totheol‘gmsatwn P O A

o In nrder fo make quahty at the source eﬁ'e:.ﬂve, a host of phxlosophlcal ohanges
" .and actions on the part of all members of the orgamsatlon are reqmred As usual, it

| - starts with top management’s cot smitmest to empower workers to make quality
~ decisions. This commitment trust be backed up by training in the tools.to both

prevent defects and fix them when they oceur, Tt also requires a change in therole

- ofthe qualz.ty control department from that of being a police officer to that of being
a provider of technical assistance in the designing of methods and tools to prevent
'. defects. Relative to the latter poiat, imbedding inspection in the pmceﬁs itsetf
can be used not only to identify defecty but ﬂs& to correct.them before the -
~ production gdés to the next stage of productionn.' This is the fundamental basis of
this investigatibn . .to see whether specially installed inspection stations for -
inspecting and coﬁ‘ect_ing assembly errors will successfully reduce off-line rework
~and the. cost of quality,

The development of simple methods used by the operator to accomplish this is a
major feature of the continuous nnprovement approach deveIOped by the Japanese
quahty expert, Shlgeo Shingo, Thes¢ simple methods are called po&a—-yoke
 (Japanese for “fail-safe”) which Shingo developed as part of the Toyota just-in-
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22 _.Soume}._.mwecﬁon and the Poka-yoke System

2.21 Wiore Inspectors don’t Reduce Defects

In describing the poka-yoke system, Shingo [4] argues that it does not matter how .

ngorously mspectmns are carried out. Defects are generated at the wnrk stage and |
. _all that naspectors can do 1s to ﬁnd the defects ' -

Defects wﬁl not be reduced merely by malcmg 1mprovemants at’ the mspectmn
o stage, although such lmprovements may, of course, ehmmate defects in dehvered-

- Toreduce defects within production actiﬁtie& the most ﬁcndarnemal' corcept is to
o _r'ecogms‘e that defects are generated By work and oll that inspection can do is ra'
- discover those defects. Zero defects can never be achieved if this concept is
forgotten, This is a vital point and can never be stressed enough. The idea it

- expresses, moreciver; is the cornetstone on which the Zero QC system is built.

2.2.2 Encountering Poka-yoke Methods

Shingo {4} maintains that defects are created via human forgetfulness, and he
suggests that there are twa kinds of forgetting :-
1. The first involves simply forgeiting something, >i»~e people are not perfect,

they will, on rare occasions, madvertenﬂy forget things. It is not that they forget
things intentionally; they just happen, madvertently, to forget now and then,

2. The second type of forgetting, involves forgetting that one has forgoiten. We
. are all famifiar with this kind of forgetting. It is the reason, for example, that we
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" make checklists for aurse!ves If peopla had the 0mmp0tence o (“mds ﬂley

- would be able to remember everythmg and they_ wou_lﬁ not need checkhs_ts.

Whenever supérviscrs warn workers to pay more aftention or ta-be sure not to

- fbrget a,nythmg, they ars bemg asked to carry out operauons ag if they possessed .
-d:vme mfailibﬂxty Rather than that approach we should recogmse that people are,

after all, only human and as such, they will, on rare occasions, inadvertently forge,

- thmgs It is more effective to mcorporate a oheckhst -ie, 8 poka«-yoke devwe- '

- into the operatmn s0 thai: 1f a Wurker forgets somethmg, the dev;ce will mgnal that
o | _fact, thereby preventmg dethcts from occunmg Shingo [4] suggests that this is the N -
E quickest road leadmg to attamment ofzem defects. R

- 'Tms poka-yoke concept is actually based on the same 1dea as “fool prooﬁng”, m -
: approach dewsed mainly for pmsemng the safetynf operat;lons S

223 -'suaeess':ive'and_sai:f-:ahécksﬁ"

'Shmgo [4} mamtams that poka-yoke meﬂlods have aclneved markedly better

_ 'ressults than Statistical Qualxty Control (SQC) He mambams that poka-yolce_ |
i methods are capable of ehnunahng defec:ts entlrely while SQC methods could only _
lower deﬁact rates, A.lthough the SQC systern was charactensed by mfonnatwe |
mspectmns the answer to the question lay in the fact that the detection of
-a_bnonnahtxes was performed selectively and correctxve action took place slowly, If

- this was the case, Shinge [4] maintained that more rapid action would be prbvidéd
by self~checks. He concluded that the answer lay in havmg the pmcessmg :
operation worker carry out both checks and action. -

Howaver this concept Es ﬂaWed by'ths idea th'at, if the WOrkef involved carried out |
his or her \ own mspectlons, he or she might be apt to compromlse on quality, or
might madvertently let defects slip ﬂn*ough Thls is why stress had always been lnid
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on the idea that inspectlons had to be performed by dtsmterested mspectors

Singe this is inevitably slowed down the canective action, Shingo [4] decided that
the need for objective inspections did not require that inspections be carsied out -
a8 is common - at the end of the work process. Why not have tk, - closest person

_ p"’f""ﬂ -ﬂf&pec-rions? The “clbsest person”, i.e. the ope'raﬁ:r .af the next process,

" could j’imt_as vell take on the job of inspector. This would havé the benefit that

information about any abnormality discovered could be relayed immediately to the

. worker at the previous process. This is how the successive-check .g)srem was

_ 'dewsed “This method gamered considerable success in subsequent expemnental
' apphcatmns ata number of plants, '

A self-checfc system ullows . for even -faster corrective 'ﬁ'ctio_n to take place,

- However, .' self-checking was said to be flawed by workef"s teud’ericigs to make
-campromism and -inadveztemﬂy. over look probleims ‘Shingo 1[4] maiﬁtained that in
cases where poka-yoke devices could be used, a self- check system was even better
than & suceessive-check system. Therefore, wherever there are instances where it

 was technically -or economically _.:unfeas_lble to apply poka-yoke functions into

successive-check systems, Shingo [4] found that sel& and s‘ud_'ce_ssiVe-ch_eck-
 systetns provided far better results than SQC methods, and he apportioned most of
their success to the fact that the detection of defects was carried out by means of
100 percent mspectlons rather thau sampling mspections, and when abnormalities

occurred correctwe action was taken extremely rapxdly

Shingo [4] concluded that no matter how scientific a basis for sampling inspecticns
may be, the entire method rests on the noticn that a certain level of defects are
inevitable, whether it be 1 in 10 000 or I in a 100 000. But the requirements for
mddeni consumer items requires zero defects in 10 000 and 100 000 Furthermore,
Shingo [4] realised that the statistical basis of sampling inspections made
inspection techniques more rational and not quality assurance more raiional.

Sampling inspections, in other words, may represent a rationalisation of methods,
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‘but in no way do they represent ﬁ _féﬁonaﬁsaﬁon af'guéis. -

' The supenonty of 106 percent mspectwns becomes clear, with samplmg - aﬁ
' mspectzons hemg sed, when one wanted to put qualzty assurance on a more o o ; |
 rational basis. The ]UStlﬁcatIO!'l for using sampling i mspectxons was that 100 pea-cenf |

_ ms;:ectnons Wauld take too muck trouble and cost tao muci, Why nct, then use_
100 percent inspection techniques. like poke-yoke ones - tachmques that require

httIe in the way of trouble or expe.nse‘? '

- 2.-2.4"Sourqeins§_aecﬁon_ | S B - - o _ oy

'_'-'I"heT best form 6f iilspécfibn'ﬁwduié bé"tﬁ- perform the inspections at the source nf‘_' -
the defects - whmh is the concept ofa"aurcé impecﬁbn& .The dmrrence of a .
| defect was the result of some condmon or actmn, and that it would be possible to
o einmnate defects entirely by pm‘sumg the canse. 'I‘he cause of defects les with -
. worker errors; and defacts are the mults of neglectmg those errors. Tt follows.
 that mistakes will not turn into defects if worker errors are discovered and _
. eliminated before hand. In Shinge's [4] words “The basic idea behind our
B app}mch to quality centrol is fo prevent defects from occurring in the ﬁrst

placeﬁ .

Furthermore, rather than checking quality after a task has been completed, it is
better to check whether the opéraﬁng methods were suitable before the job started.
A good example ocourred in a machine shop : when the operator m charge ofa
rachal boring machine ad put drills in place and was ready io begm, he motzoned
fo a roving quahty control officer, who came over to the machine a_nd, using a
chart as a guide, checked both drili positions and the positions of the stoppérs used

to determzne hole depths Only when he gave the OK sign did the operator start the

machme
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2i2 5 Basic Concepts for Achlevmg Zero Defect

© Shingo [4] proposed the following basic ideas :-

1 Use source mspectmns ie. mspectmns for prevenung defects, to chnnnate |
_ defects completely Thxs does not mean dealmg with the results of defect
' ueneratlon,' it means applymg control functions at the stage where defents"
' 2._Alway.s use 100 percent inSpsctions rather than sampling inspections, _
-3, Mimnuse the tlme it takes to carry out corrective actlon whcn abnonnahheS'
| appear‘ . . . R o
4. Human workaers are ot mfalhble Rscogmse that people are human and- set up
eﬂ-‘cctwe poka—yoke dewces accordmgly

23 ~ Different Types of Inspection Methods

Shingo [4] maintains that there are three types of ins_pection.methods :
1. Inspections that discover defects : Judgement inspections.
2. Inspections that reduce defects : Informative inspections.

3. Inspections that eliminate defects .: Source inspections.

2.3.1 Inspections that Discover Defects : Judgement Inspection

These are inspections whose sole purpose is to categorise finished products as
defective or acceptable after processing has been completed. The point of this
method is to keep the defective goods from moving onto customers or subsequent
processes, and in this sense it is an effective tool. It remains inherently a kind of
post-mortem inspection, however, for no matter how accurately and thoroughly it
is performed, it can in no way contribute to the lowering of the defect rate in the
plant. This inspection method is consequently of no value whatsoever if one wants
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 to-bring down defect rates mthm Pla“fs 3

Shingo [4] argues that in many plants independent inspection processes are setup |
to inspeot items that are not defective, and asks whether this is not wasteful. He
 maintains thar judgement inspections are the lowest order of inspection, -

23.2 Inspections that Reduce Defects : Informative Inspection

An iﬂfdﬁnaﬁve- inspection is &n inSpection' in 'Whi(':h,.- when a defect ‘oceurs,
_ | mformatmn to that eﬂ‘ect is for back to the WOrk process involved, which thm _
* takes action to correst the method ofcperahon One can expect, conse¢
that the: adOpt:on of this system of mspectzon wﬂl have the efféct of gradually
'reﬁucmg producﬁou defect rates. o ' SR :

' _:.'Informatwa mspections can be dmded mto three oategones
1. Statlst:cai Quahty Control Systems {SQCS)
2. Successwe Check Systems (SuCS) |
3. Self-Check Systems (8eCS)

2.3.21 Statistical Quality Contiol Systems

’i‘he 'chafacteristics of so-~called SQC sysi.ems i:adlude, first of é!l, the notion of
informative inspections, whidh use statistically based control charts to reduce
future defects by feeding back information about defects to the offending
processes, Work methods are corrected accordingly. Additionally, characteristics
of SQC systems are the use of statlstlcs to set cantrol limits that distinguish
between normal and abnonnai situations. The number of sarnples taken to detect
abnormal values is s:mﬂarly determmed according to statzstlcal pnnclples Thus, the
use of statlshcal prmclples may be conmdered to be an e"sentlal condition
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xdentlf?mg a métnod of mSpectmn as.an SQC method

Generally, in using a control chart system, Specification {imits and control limits
are required. Specification fimits are tolerance Limits uemanded by product
functions and-oontral'linﬁts or “natural variation limits” are limits within which
normal operations will fall. | |

;f spemﬁcatmn Imuts are greater than cozrtrol imnts all 1tems processed under :
| uSual work condxtions may be satisfactory. If on the other hand, spemﬁcatmn
) ]Jm1ts are nan‘ower than control limits, it is possible iha,t, under tiormal processmg
. .condmons portions of productmn outside the spectﬁcatlon limaits wilt show
N _ defeets In reality, the use of statistics aliow us to find the contral limits, and the
results of actual operations are measured and their values recorded. If an
 shnormalty is observed in those values, the information is fed back to the process
 whete the abnormalities have ocourred. A check of actual results is then carried out
hy ineans of sampling techniques based oi stistical theory, Typical examples of
comrol charis are X-bar, R and P Contral charts. Note : on none of thesc harts
would: spectﬁcauun Imuts be plotted

There are several short comings of SQC methods. Al that control charts do is
reflect the prevailing conditions, which does not guarantee improvements to _qual‘rty.
i;e. they act as a mirror, Even though control chart methods use sampling to check
for abnormalities, and they are supported by statistical science; the fact remains
that abnormalities, or defects, appear irregularly and randomiy. Sim-ée you
cannot predict ﬁhen they will show up, the probabilfty that statistical
sampling will find abnormalitics at just the right time is far lower than 190
percent sampling. Control charis also have a considerable lag between the
discovery of an abnormality and the corrective action. That means that it takes a
iong time before improvements are made. During this period, a substantial cumber
of defect~ will probably appear. As a result of this time delay, tjuantum leaps in .
quality improvements arc almost impossible using statistical quality control
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| 2.3.2.2 Successive Check Systems (SuCS)

 The basis of successive checks systems was the need to speed up the feedback o

the worker. Thls meant that the worker wouid have to carry. out 100 percent_

- mspectlons and then 1mmedlately take action if he or she found any abnorma.llty |
This 13 rellant on ths nbjectiveness of the worker s mpectmns Indeed, that is why -

~in traditional inspection systems the mspectmns have had to be performed by -
mdependent ‘inspectors, rather than by the wgrkers mvolved in the actual -

| pmcessmg

. A worker who mspects something that be: or. she has worked on ﬂught make:: -
comprormses on quahty or might, though inadvenence, miss defects If‘that is the
| ‘reasoring agmnst SuCs, then it is stx!l ot HECessary to have mdependent
inspectors. An inspection can be carried out by any warker other than the one who.

did the processing, If this task is given to the nearest person then one could have a

-successwe check system of the followmg sort ¢

1. When A is finished processmg an ltem, he or she passes it on to B at the next

prccass

2. B first o vects the item processed by A and then carries out the processmg
assigtied tv him or her. Then B passes the i item on to C.

3. C first inspects the item processed by B and then carries out the processing
assigned to him or her, When that work is finished, C passes the item on to D.

4, In this way, each successive worker inspects items from the previous process,

5. If a defect is dlscovered in the work coming from the prewous process, the
defective item is immediately passed back to th. earlier process There, the itern
is verified and the defect corrected. Action is taken to prevent the ocourrence of
subsequent defects, The line is shutdown while this is going on.
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 This type of system largely makes up for the deficiencies of SQC methods because

it makes it pcs's'iblé" to conduct 100 perdant inspections, pérform ihﬁnédiéte _.

i "_"-feedback z1d action, ‘and have mspectlons perf‘ormed by people other than the- o
workers involved in the processing. The system is all the miore eﬁ‘actlve when_ L
o paka-yoke devices are applxed to it. These methods havs Ied to really mglﬁﬁcant o

redusttons in. d&fect rates.

 Like control chart Systems t.hls suctessive check system mvolves a vanety of .
_-: lnfomlanve mspectlons Another advantage of successxve check systems 1s that o
_' they can be apphed evenin cases where seusm‘y mspectlons are unavmdable o

- .‘me cancept afDJmamic Secrion Canrrol is baswd upon thi.s' .system. Haweve: on . o

o - mavmg lige,. such as in an aatamarzve ammbb: plant, inspecting wori:ers carmot -
| ) pass the defecf baelc ro the. suppb’mg worker pure{v because the facr!ftxes prevem | _

- s, I?zerejbre amvorkerhmbeen located ot the endofa secﬁan z‘apetfom the L

tasks oj‘m.specrion and rewarkmg for rhe entire section. |

One mighi_ initially thmk that the 'cycle times for each worker will iﬁc_reasg .b.eoau's‘e '

of the increased work foad of Inspection. However, Shingo {4] found that the cycle

. times soon rewrned to their original values after implementing SuCS because
checks becams simpler as defects gradually decreased, and famifiarity made it

possible to check items extremely quickly Additionally, the implementation of a

-successive check system leads without exception to a lowering of the defect rate
between one-fifth to one-tenth of the previous value in the space of a single month. -

‘There are soveral important poinis to be kept it mind when implemeniing a SuCS, -
Firstly, checking for too many things will undermine -the effectiveness of the
method, for either nothing will get checked or the number of things workers forget
to check will grow, The fact that ..chgcking takes time means that eventually some |
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checks will be neglected The defects to be checked should be. liniited ta tmportant -

" points found on the finished products and i important aafety cntlca! pomts ag a
_ vehlcle 3 brakmg system cnmponents e

- Secondly, -the performance  of. 100 perceﬁt checks; and prompt execution of

 Jeedback and action, Tt is critical the warkers operating previous proc:esses be
| alerted pmmptly so they recogmse the defects in questmn and correct operatmg_-' -

o _uondltlona_accordmgly Defects will never be reduced if the workers involved do
not modify operating m’ethods. when defects occur. Shingo 14] advocates ‘that the

: pmducnon lines are stapped when workers have to correct’ thelr defects, Lines
 should - niot move Again- untxi these correctmns have been made In general r

| managers and workers on the shop floor dislzke stoppmg production lmeg_ but
" there ared reasons why such measures must be adopted — '

| 1. Shuttmg dOWn 2 lme makes it possrble for managers to 1dent1fy the. offending
process rap:dly a:nd cleacly. They can then exeicise eﬁ*‘ectlva leadel‘shlp 50 that __j
" quick and powerful nnprovemcnts ean be unplemented | :

| _ 2. A worker wﬂl be much more attentxve 0 the nsk in the future becauss of the
responmbmty he or she feels for shutting down the line.

3. The fact that defects will cease to be generated after a temporary hne shutdown |
- will more than compensate for the loss incurred as a result of the shutdown.

Failing to shutdown the line and take corrective action is just the same as treating

the symptoms and not the cause,

In terms of worker concerns, many workers feel better about checks performed by
the next worker down the line beéause they have the impression that it is more like
having friends tell you to be careful than having complaints made about you by
specialised inspectors. Line stoppages also- highlight possible technical difficulties
with a particular process. If the line keeps being stopped for defects originating in
one particular area, it could be for a process problem or training of a worker.
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When the correction of defeots requires # ong time, an off-line repair worker can .
~do the raqmred work after the point where the problem has- ofiginally occurred

and has investigated the circumstances under which the defect has occurred

"The basic principle underlmng successive c__lieck methods ate -
1, AlWays conduct 160 percent inspections,
2. Judgements about defects are made objectively by a. dxsmterested person

| - 3 When 2 defect o::::urs, mfnrmatmn to that effect ig munedlataly fed back ¢
b : . pmcessmg worker where the defect orzgmated Thax worker then takes nto.
the situation and takes corrective action, '

- 4. Processing from then on thereby eeases to generate defects.

. 2.3.2.3 Self-Check Systems (SeCS)

The nature of informative inspections remains sﬁéh tha rapid feedbiuk and' swift
 action is desirable. It would be ideal to have the actual worker involved conduct
i o 100 percent inspections to check for defects. As pointed out eat'her it is held that
there are two flaws to be reckoned with :

1. Workers are liable to make ccmpromises when inrpecting items that they

themselves have worked on.

2. They are apt to occasionally forgetting to perform checks on their own.

If it were possible to guard against these flaws, then a self-check system would be
superior to a successive check system, In cases where physical, rather than sensory,
iﬁspéctioﬁs are possible, so-called poka-yoke devices can be installed within the
process boundaries, so that whea abnormalities occur, the information is
immediately fed back to the worker involved, This makes instant corrective action
possible, since it permits abnormalities to be discovered within the processes where

they occur rather than at subsequent processes. This sort of self-check system
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fepresents a higher order appl'oach than a successxve check system, ancl 1ts use can |
out defect rates even further. Perhaps in part, the reasons are that people have less _

B pswhological remstance to discovetmg abnormal:t:es themselves than havmg them ' |
L pointed out by ethem In addttson, bemg able to see the reahty of an abnorma] o
smmnon wﬂh one’ S own eyes allows une to- understand its true ‘causes, and more.
' appropnate and effective action can be Worked out and ﬂnplemented Thxs unphes h
- -.ownersth of one’s own defects '

B Cne disadvantage ef self check systems is that they are diﬁicult to use where the
B dal.t:uuon of abnmnahtaes depends on sensory met'mds - '

| 2:;3.3.._"!ﬁép'eetio_ﬁs:-that Elimi'n'ate"ﬁefeete' :.'Stjufce;lnspet:ﬁ'eﬁ; "

_ 'Soume mspectmns ‘can be described as mspectlen methoﬂs that, raiher than.
; ' _stunulahng feedback and actmn in responae to defects, are based on the idea of
- dlscovenng &rTors in conditions that give rise to defeots and perfonmng feedback
and action at the crror stage so as fo keep those errors from turming 1 into defects,

23.34 The Signlﬁcance of Source Inspection

Defects arise because errors are made - the two have a cause and effect

 relationship. If one accepts that it is impoasible to eliminate all errors from uny task.

petformed by hurians, Indeed, inadvertently errors are both possible and inevitable,
Yet errors will not turn into defects if feedback and action takes place at the error .
stage, In other words defects can be eliminated by clearly dnstmguxshmg between

© errors-and defects, ie between causes and eﬁ'ect

In source inspections, control management is carried out in small circles :

1. An error takes piaee (cause).
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2, Feedback is camed out at the BITOx. stage, bef‘orr.s the etror tuma mtu a defe::t

" 3. Corrective: action is taken accordmgly

?Sero defects are acmeved hecause EIrrors do not turn inm dei'ects, and : |
management cyclm are extremc!y rapni. Use of source mspectlons in
combmatlon with 100 percent mspectmns and poka—-yoke dewces to speed up.
.fcedback and action.

2332 Vertical soukée Inspection

' _.The ldea behmd vert:ca! source mSpertmns is 10 try to control upstream processes

in cases where they contain the causes of defects. It is always necessary to exarmne |

| __ source processes in accordance with the quality ﬂaws in cases where source

_ pmcesses have a much greater lmpact on qualtty rather than do the processes_
'_neamst at hand. |

2333 Horizonta! Source l_nSpect_ibn'

Horizontal source inspections refer to an inspection method based on the idea of
detecting defect sources within the processes and then conducting inspections to
keep errors from turning into defects.

24 Summary of Poka-yoke and Successive and Self-checks

Poka~yoke systems involve carrying out 100 percent inspections and requiring immediate
feedback and action when errors or defects occur. This approach therefore neatly solves -
the problems posed by the old-fashioned belief that 100 percent inspections take too

much trouble and costs too much.

A poka-yoke system is a means and not an end, Poka-yoke systems can be combined
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Wlth successwe checks or wuh seli?-checltS, and can ﬁﬂﬁl the needs of those techmqm-'__{_ '
.-by pramdmg 100 percent mspectmzzs and prompt feedback and action. Sucmm o

o .-_.selﬁ-chacks can act only ag mformauve mspe(:tmns, in Whlch feedback and acuon take-.""'-' .-: o
= place after a defhct has Occurred In fagta they make the occurrenca ofat e ast one d eféct :
_"memtabla Of coun-se, i cam where a‘epmm‘s or rework can be mmie it !m:lcs s : E
: though no defects have ncem-red, but i m absolute sense, these metheds are lnherentiy,"’_;. .
- --_._._'unabie to aﬁtam zero defects ' - A U,

o R fbﬂows that source mspectmns and poka—yoke measures must he combmed xf one' o

."':"__"mshes to eimunate defects It is the combmatxmz nf source mspectlons and poka.yokg_ i

o devwes that maices it possible to estabhsh 2010, eﬁcts In sp‘lte ofthe fact ﬂ,at p oka__:_:__-:

e _._-:yoke methods themselves are extremely eﬁ'ectwe’ final results wﬂl 4 epe.n i consr derably y
'_ o on the. mspﬂstwn system wﬂ:h which poka-yoke methods a.z'e combme& Wherwe; o .'

o '_ '_'3possib13, itls nnperaﬁve to fry t6 combine mspections and the poka—yoke system, andthe

. .'_'_"uae of poka-yokﬁ methods Wlth self-checks or successive checks should be: llnuted tQ S
_"mstanm Gonatramed by techmcal or ﬁnanclal mpedimems T
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Dynanuc sectmn control is a productton dnven qualxty control system, whlch mt,ludes the: B
 inspection of partially assembled vehicles for assembly defects and the mpalr of the very. same'- g

defbcts by the dyna.rmc secﬂon control reworker To gain 2 better understandmg of the

o :d i sectwn contml system, the follomng ﬁaur aspects should be understood

L The productxon ﬂow of velncles m the assambiy plant. |

| 2 The Worlﬂngs of the dynamic section control system N
S 3. The deﬁmng oftha sactxons oftne dynamlc section control -
4, 'I‘he posmonmg afthe dynaxmc secnon controt rewark statxons m the productmn hne |

. 34 Tén_é-;-ﬂm ﬁf-vehiiéu}ésf m,f-m msfimamaetum:_-pméss--
. '_A, batter understandmg of the productmn flow of veh:cles 1s reqmred in order 1:0

- understand how and where the DSC is nnpiemented The foilowmg is a lmef deswpt:en” ": |
- of the productmn ﬂow afveh:cles from the pamt shop to the. end of mad test, where the S

Vemcles are ready for the market;ng acceptanca area

344 PaintShop

The paint éhop' feceivbé bodies froxh the body shap for painting. Each body travels

- with its own job card?, which has the purpose of mfonmng the operators in both

' the paint shop and assenibly plants what colour it should be, what trim it shauld'

" have fitted and what derivative itis i.e. whether it is a 3161, 318, ..., 3281

- The complete .bod_y is painted and sealer is applied in certam areag of the painted '
body for the purpose of water prooﬁng it. After completion, the painted bodies are
- fed via conveyor to the assembly plant’s selectwuty (Refer Flgure 1 on page 26

| below), -
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: 'I‘he purpose afthe selecimty area, wluch has A 1deal capaclty of 54 veh:c!es, 13_ :
 twofold:- -

; 1 _To act as & buﬁ‘er between the pamt shop and the assembly plant (Plant 2) In . o

" . the case where the pamt shop has to stop for some reastm or anuther, the s

B assembly plant can confinug t0 draw vehicles from the selectmty thhout'
o '_stoppmg Furtherm:ure, in the case of the assembly plant stoppmg the pa.int shop L
| cmooﬁmuenmnmgunﬁltheselecﬁwwhasﬁlledup R

o 2. To 3“"“’ the assembly plant to have some fexibiity i in Selecnng wluch velucie S

;denvatwe is ta be assembled, For exa:mple, there may be soma part shortage for-: I

3 a few hours for all 316i s. The seiactmty 'Wolﬂd al!aw for these bodies to be

© held back in the selectivity untit the problem is overcome. Furthennore, there o

R may bea quahty problem Wlﬂl black trim, in whlch case all vehxcies ass:gned to -
be fitted w1th blacktnmcanbe heldbackln the selectiwty | - |

343 Plant2 Assembly Plant

' Painféd_bodie_s are selected ﬁ'om the selectivity and !o_a_.ded. onto the pre-trim line.

3.4.3.1 Pre-Trim
The pre-trim fine has approximately 100 operators fitting the pre-trim of the
vehicles, which include the following : ' '

o the removal of all four doors, which are attached to a 'hanga.l-‘ system which
- automatically transports the doors to the separate door assembly area. |

*'The job .card i the .p:in_te& docuritent defining the vehicle’s colour, options and boy number,



L wmnghar:mms,cablesandbattery
e sonnddeademugmatenal

: Whlchtheyareloaded ontothefms Iilne
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3.4.3.2 Trim 1

Thereare appro;ﬁmately'so operators fitting soft tnmto the vehicles onthe'mm 1
tine, whioh take again 3 hours to pass along the line. The vehicles are loaded semi-

e cmmdhmgmdA— B-andC-rpostmversda.shbowdandpedal

‘! . 'Iheveluclestakeappmmmatelyshwmstoﬂaveldmthepm—mmlma,aﬁer
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automat:cally ﬁ-om she pra—tnm fine via an overhead hmst I‘he soft trim mciudes'__ IR

o the follo“nng
o front andrearwndscreens

R o electromc compute: cnntrol systems for the engme managemsnt system, mr.'
'_ -condlt(omng system, vehicle alart system and for the automatlc gearbox. .

- ® _radlato_r_s,- m@ndnnona_wndmser and.eng_me compartment trim -

e 'i'ea:l'.'pla'rdel shelf, and centre co_nsdles_._' |

o Aﬁ:e.r reachmg the end of the trim 1 hne, the vehlcle is a.galn loaded via 4 seml- )

automatic overhead hoist onto the trim 2 lme it should also be menuoned that fhe

 -overheadhmstshetweenpre-tmnandtnmlaswellasbetweentmmlandtnmz o

fhave three hoists clrculaung, giving a two veicle buffer between the lines, This

3 -a]lows mdwidual line stoppages of less than 10 mintites without mterfenng withits

_-wcedmg and succeedmg hnes Tlus agam gtves the a.ssembly plant ﬁmher- N
| ﬂe:u’blhty

3.-1.:31.:3..'-1'7ri‘_m Side-tr_ack Area

The trim snde-track area between the trim I and trim 2 lines is used to remove
- vehicles from the fine to repair problems in the vehicles baftn rehicle is put
onto the trim 2 line. In some cases, certain critica! parts raust be ..... 4 Sor further
parts to he fitted on the ¢rith 2 line, This is a small area which can old 2 vehicles,
and is accessible from the overhead hanger system transporting the vehicles from
trim 1 to trim 2. Once the vehicle has been repaired it is loaded into the overhead
hanger and loaded onto the trim 2 line. This also serves as a small buffer as welt as
giving further flexibility, so that, for example vehicles for which there are no axles
or engines (to be fitted in the overhead), can be removed from the production line, .
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'_3‘13.4 Tnmz S
. The tnm::mng is completed durmg the velucle 8 movement dnwn the mm 2 lme m. B
| B appro’amaxely 32 hours ‘I’he tnm comp!etwn mciudes the followmg .
o ﬁ'ont and rear seats and underdash covers " o
.3 handbrake and the staetmg wheel _

s mndsewen mpers -
. Ai: the end °fth° tnm Zime the vehxcies are I.oﬁded'..intdthe overhead C“hang ers : .

fsf:?i';s.-sf .mérheéd"__ L
e ’Iihe ove;head vhangers hold the trnnmed vehlcles above gmund for ﬁtment af the' o o
foﬂemng | - __ R o
A undexbady‘parts snch-as*ﬁ:els plpes;fuel tanks brake pxpesmld preparaﬁol:r:‘ - |
thhevehlcleforengmeand axleﬁtment - S

o '_ o froni axle and engine ﬁtment, rear axle and prop~shaft ﬁtment and exhaust_; o
. pipefitment . - o S s

o wheels, bumpers and stdne-_guafds._- _-

The O\fcrhead c-hangers then lower the vehicle _'-on_to. its wheels and onto. the ﬁnai
fife, e |

3.4.3.8 Th*e Separate Door Assembly Area

~ Afer the doors are removed at tﬁe start of the pre-trim line, the doors travel ona 5::
N hanger system mto a storage area, The system is designed 5o that the entire system t
~ can .mmmodate all the doors for aIl the vohlcles in piant 2 pnnr to thenr reﬁtment "

on the ﬁna! line.
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From the storage area the four doars for each vehxclc travel on “their hanger to the = -
‘separate deor assembly area, The doors are mdexed ainng the assembly area whilst '-

. they are tnmmad Aﬂer the trim is completed, the doors are inspected and again | .
_sent’ to a smaller storagn area. The doors Temain in the same sequence as the '_ o

_ vefucles on the main productxon lme

When the corre'sthndirl_g vehicle amvea at t__h'e- dnor fitment statioi on the fins! line,
 the doors ate “called” down from the stotage area and refitted to the vehicle.

N 3.4.37 Fﬁ-aai L-ijie- -

~ On the final line the. vehicle’s .-eﬁg_i_l__‘lﬂ c_ompaitméiit is -cmﬁpﬁét’ed,- all wiring o
 barnesses finished off, the trimmed doors are fitted to the vehicle and the keys are
" coded for each individual vehicle. Finally, all the fluids are filed including brake
_.ﬂmd, power stesting fluid and radiator water. At the end of the final line the
. vehicl« " started and can, i in theory, proceed to road test for the mmahsat:on of the .

vehic? 2” 'S systems

Howéver,_ this is where the assembly defects and assembly problems which havé
‘oocurred during the assembly of the vehicle in the .assembly plant have to be
corrected before the vehicle can praceed to the Road Test. Vehicles with defects
marked in their job cards by the operators do aot receive a buy-off at the end of the
final line (such a buy-off is aéknowledgement that the vehicle is perfectly |
assembled). These vehicles are known as ‘non buy-off vehicles. Additionally,

R e ol

vehicles which are missing paris, known as ‘cripples’, also d » not receive a buy-
off.
Non buy-off vehicles are rémoved from the flow of normal ‘bought-;oﬁ" {problem- _
free) vehicles and proceed to the relevant repair area in Finish 1, Cripples proceed b
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as far as possible with the flow of normal vehlciaa until their missing parts prevent
them from proceeding, At that point in time, the vehicles are taken to the cnpple
camp for storage until their migsing parts are avmlable

31.4 Finish 1 Repair Area

Several problems with the vehicle could have arisen during assembly which require
the vehicle to be repaired off-line in the repair areas in Fiuish 1. This vepair is
unnecessary and extremely costly in terms of:

- ® Repmr persons are at a disadvantage relative to the original operator when
1epairing defects, as there are many more parts fitted causmg_ fitment difficulties,

o The vehicle is side tracked from the normal flow process, which slows down the

- vehicle’s progress. |

s Offline repair increases the poten’ual for damage and scratchmg the vehxcle ]
outer surface,

o The tice and labour cost of the vepair persons iz an additional cost to the
vehicle’s manufacturing costs. In terms of the zero defect concept, the costs are
known as the prive of non conformance (PONC).

The basic rework that is perfornied in the Finish 1 repair area is as follows -

3.1.4.1 Electrical Repairs

On the production line, electronic conirol systems in the vehicles, for the fuel
injection system and automatic gearbox have to be “coded”, This means that the
control system is programmed according to the model type e.g. 325i manual or
325i automatic require different coding for their fuel injection system. Coding
problems prevent the v+ e from being started, and the vehicle has to be repaired

in the electrical repair area.
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* well as broken bulbs and faulty iHStl_iiment clusters, |
=> Assembly’ : In this section of the main sudit, all defects relating to the
 fitment of all parts to the painted body are grouped. This section can include

defeots which have ocourred i the Finieh 1, Road Test and Final Acceptance
repair areas. However, in the detailed analysis of the assembly section these
- defecis have been manually removed io obtain a fair reflection of the

assembly plant’s contribution.

=> Kngine Compartment : Fitment defects of all parte within the engine
compartment are grouped in this section. Engine harnesses and covers, brake
pipes, plastic covers as well as the mechanical parts such as exhaust
manifolds and engine mounting brackets, |

= Underbody : The vehicle’s underbody is inspected for defects much as brake

~and fiel lines not being in plastic clips or rubbing or touching, all safety

critice! suspension and steering joints 4re torque-checked as well as sound
deadener material or exhaust piﬁes fubbing or touching the body. |

=>Road Test : All the audit vehicles are externally road tested to check for
wind-noise, rattles, vehicle performance, ‘straight line running’, and general
vehicle dynamics. Defects found are grouped together in the road test

. section.

=> Water Test : Audit vehicies are subjected to & 10 minute water test in a
gpecially constructed test booth which is subject to rigorous calibration of
both the water pressure and spray pattern of the nozzles, Leaks found during
and after the 10 minute test are booked against the offending department,

o The allocation of responsibility of the defect whom was deemed to have caused the
defect Generally speaking, the production department is allocated the defect and at
the presentation of the audit vehicle each allocation is discussed and agreed to, In the
instances where it can be shown that there is a problem with the part, then the defect
is allocated to the reievant Purchasing Department. This is done so that problems with
parts are taken up with the suppliers whom are expected to correct their problems,

3 It is into this section of the audit that the detailed analysis has taken place.



Initialisation of the keys, which is done on the final line once the vehicles doors
have been fitted, can also be a problem due to faulty keys and problems with the
receiving and transmitting system in the keys and in the vehicle.

General electrical problems have to be repaired. These include problems with -



Uity ot Wit o o Pups

An exa';i:ple; of & typical main audit paper appears in Appendix E Examp]es'pf Main and
Section Audits, '

4.2 The Vehicle Section Audit after Final Line
As with the main audit, there is an audit of one vehicle, each production day, which has

just left the final line. In other words, it is an audit of the asserably plant’s contribution to
the vehicle; and is known as the section audit.

The sams prdcedure as with the main audit is followed, with the vehicle being closely
 examined for defects that may have ocourred, waether they be dpmages, assembly

defects ot even functional defects. The same computer system is also used with the

| section audit. However only the sections relevant to the assembi’jr plant are used, detailed
as follows :

o Body in White ; This section is pot audited in the section audit,
o Quter Surface ; This section is not audited in the section audit.

) Elecﬁ‘ical System ! This is included and is identical to the electtical system in the
main audit,

o Assembly : “ne of the purposes of the section audit is to supply quick feedback to
the assembly plant of possibly recurting defects. As with the assembly & stion of the
main andit, defects from the repair areas of Road Test and Final Acceptance cannot
have occurred since the vehicle is audited immediately afier the vehicle has left Final
Line, with the exception being the Finish 1 repair area, Therefore, with these repair
area defects removed from the main audit's assembly section, and the Finish 1 defects

removed from the section audit, the two should be comparable,
s Engine Compartment : Included and identical to the same section in the main audit.

s Underbody : Included and identical to the same section in the main audit,



umwmyofumwnmwhm.ubmg o e i . . PageSZ

- wiring hamesses received with defects from the suppl:er as well as those caused

. dunng assembly

3.1.4.2 Body Shop Repair Area

Many assembly plant operations require brackets and studs on the vehicle’s body
for attachment. Not only should the right brackets and studs be in the eacactly the

right placs, but they rust also be there. An exatople of one missing bracket and jts
enonnous unpact is as follows : the bracket for the fuel tank being left off. prevents

the folluwlng parts from bemg fitted certam fuel p!pas, the fuel tank, the rear axle _
_sub—assembly, the propeller shaﬁ Therefore the vehicle cannot be cmnpleted inthe
| assembiy plant and mus.. ha pushed’ oﬂ' !me for completmn in the F:msh 1 repair' B

' area.

Typical de‘i-ié.:cfﬁthat"adversety effect the asseinbly plént wei

. u'_._ The omission of smd_s omd brackets due to human or maehine (rozﬁot} error in

the body shop. These defects have usually not been noted prior to the body

entering the assembly plant, Typical gxamples of thess indudé '_pp'ara;ors

* forgetting to weld on a bracket for brake pipes, and a stud getting jammed in

~ the robot and subsequently not being welded onto the' body. Prpg,ramnﬁn'g'of

* robots is also important, -and-nﬁstékes dan result in brittle welding of studs
which break off when they are used in the assembly plant.

o The damaging, breaking-off and bending of studs and brackets dufing the
body’s journey through the body, paint and _ﬁssembly shops. Typical eia.mples
include a body being loaded skew onto a loading bed or some facility and as the
vehicle travels along it catches with some part of the facility, 'break:i'ng off &
bracket or .stud.

The vehicles are driven to the body shop repair area (which is outside the Finisl. 1

area) for repair, Once the body repairs are completed, the vehicle is returned to |
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Road Test Nat alldltf‘d

) _‘Watar "l[‘e_s.t.. Not ;audl_ted_. _

o 3 Statisﬁaca! Metheds

o In analysmg the numher of defects from each mdmdual auaht (and velucle), each defect s
- assumed to be independent of another defect. In other words, the defects found dunng L
. the process of audltmg by the audrtor will ot foliaw 2 normal dlstnbutlon curve, with _'
 the data. falhng between a normal tolerance band, such as nmchlmng & dlameter ona rod' '_
.ofmetal Them are no specnﬁed toIerances to which the assembly should be done such &

| 17 defects per vuhxcle only the human. eﬂ-’ort and drive to ach:eve Z610 defect. The |

| .nwnbar of defects found by the audltor on a partlcular day ranges ﬁom zero to mﬁmty,
- mth the target bemg zero defects _ -

o In gene:ral the followmg a.ssumphnns are made regardmg the occurrence of defects [5]

- e

-]

Defects ocour at random in continuous Space and time;

The defwts occur .s'ingb:, and the probabxhty of two' events m:wmng snmultaneously f

is ZBI’O

De&cts oeceur uny‘bmiy, ie. the expectad number of défects in a gwe.n mterval is
pmporuonal to the size of the mterval '

Defects occur mdependentzy, i.e. the probability of an defect ocourring in-any smail
interval is independent of the probebility of the event occurring in any other small
interval;

- The variable is the number of dafecty that occur in an interval of a given size.

From these assumptions, it is expected that the number of defects found is expected to

follow Poisson ' distribution as per the formula below



UmmrlynﬁheWItwamu&,Johmesburg . e _' Page33 o

‘Finish 1 5o that the incomplete assembly caused by the body defect can be done h

This is m_:lnnally to either the trim repair area or the mechanical repair area.

3.1.4.3 Trim Repair Area

The trim repau- area serves two functions :-

‘1. Repair of defecfs ﬁam the proa'uanan line, or ﬁtment of parts that were

unava:lable due to parts shortage on the line i.e. repa:r of cnpples and .

2 Inspecrzon and repair of export vehicles. Since the quality standards of the

- vehicles exported to Australia are much higher than those for the local mariet,
* thise vehicles (approximately 4 vehicles per day) ;irfe. inspected using a checklist

 and repaired. These defects are noted and fed back to the production line.

3.4.44 lechanical Repalr Area

Many mechamcal parts ﬁtted in the overhead are su~called “go or “no-go™ 'paft&. '
‘Examples are front and rear axles - without the axles being fitted the overhead

must stop (stoppmg the entire production line in the processf) because the vehicle |

~ cannot proceed onto the final line without an axle. Therefore such oripples can
- mever ocour. Another exampleé of a “no-go” cripple is the wheel assembly.

However, cripples such as exhaust heat shields result in faitly large ctipples being
geverated. Propshafts and exhausi pipes are deliberately Wi off so that iater
fitment of the heat shi:lds does rot require their removal in the mechanical repair

area, Therefore, a large proportion of the mechanical repair area’s work is

“decrippling” of :
1. Pert shortages of so-called “go” mechanical parts, and

2, Parts that could not be fitted because the vehicle required body repair.



_ Ummkyofﬂm\mtwaumm;qwm o o R Pﬂﬁe46

“",‘L N
| .POISSO?”S'(x)._ =

where : ~ x wthe numbar of defects, | - ._
o ?L expected number of defects or the 1 mean of the populatlon, o
e = base nfnatural lnganthms (~ 2. 7182818285) ' '

Data from several audlts can be grouped together on 4 c-chart, wluch entils the plottmg | |
of the number ofdefects per audit against the date of the audit, For one particular permd s
the mean m:mber af defects per audlt or vehmie i8 calculated as follows 1

: wl_lere P T= the mean number of defents per veluole far the penod

'k =the number of vehicles inthe mpulatmn*
c, =the number of‘defects on aparticular vehicle.

The standard deviation bftﬁe'popiliﬁtion is cali;ﬁlé,ted s follaws :

whers: . o =the standard deviation for the population;
& =the'mean number of defects per vehicle for the period;

To establish whether a datum wzthm the population is stable or if there is either a
reduction or increase in the number of defects per vehicie, both the Upper Controf Limit
(UCL) and Lower Control Limit /LCL), which can be calculated as follows, are used as
warning markers for datum that is not representative of its population :

UCL=C+30] and
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: --'Another source cf mechamcal repair is the ﬁﬂmg of ﬂutds whmh couid not be |
completed on the firial line because of system leaks, such as - o

. 1. The brake system |
| 2 The air condntmmng sysbem
3. The power steering system. |
4 Theengme ¢cﬁ:blir1g sySte_mi: an_d- rad_iﬁtor. : |
_. Thé lealcs have to Ibe found and.mpaired in __the me_chanical =repafr area.

| A fmther source of repaxr work for the mechamcal area w the ahgnment of

'. bumpers which are ‘the resuli of the dlfferent mzes between local and CKD .

_' (C‘rerman) bumpers The e.xact pnmuonmg of the bumper shock absorbera, onto
| o whlch the front bumpers are mcunted are set on the pre—trim lme using a jig. The
N : | Jlg is set for e_l_t_her __(,K‘D or local bumpers, dependmg on the information supphed'

by the logistics department as to what bumpers they will be supplying. On many

R occasmns, ‘the: supply suddenly changes or 2 different bumper slips through. The ;

" bumper is then removed and shock absorbers adjustecl off-line so that perfect

: ahgnment oftha bumper and body is achieved. '

3.2 The Biaskground to Dynézmi_c Section Control (DSC)

In an attempt to improve the line quality of the 3-series production in the Munich Plant in

- Germany, as well as reducing the number of vehi_cle: requiring off-line repairs, 2 system
of inspecting, checking and repairing these defects found on the vehicles at the end of a
section on the production has been implemented. Fortunately, the nsed to redﬁce the
number of vehicles requiring off-line rework, and to drastically improve the quality of the

vehicles leaving the production line complemented each other.

During the assembly of & complex vehicle such as the BMW 3-series, certain assembly
procedures require that operations prior the procedure in question be perfectly
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T}ms, fcu a pattmlﬂar period it s expeoted fhat- the nmnber of defects found on 3 __: __
parucmiar verucle wﬁl he between the upper control lumt and the lower mntrol lumt as o

caiculated above for followmg & Polssnn Dzstﬂbution

o '4.3,1 'lc'éﬁdit"iﬁna _}i:s':e which .ﬁfp;:'issbn Mﬂd_élfsfeaks ;mwﬁ_ S

- 'Changmg Dutslde mﬁuence of the condltions w!nch are assumed to be stable For'-

o '_example, i ¢ one was countmg vehmles on a road leadmg away ﬁ‘om a busmess or S "
- _mdustnal centre at the end of a workmg day, ve‘lncles are oertamly not arlsmg at a0

. .random tithe at tha cuuntmg pmnt they all ledt work as nearly a5 poss:ble as they. o

: -_physmally could at the same time! « nior are thev lﬁdependent Pven Ifa Pmsson e -
- todel appears to fit traﬁc counts on thls toad during the day, 1t wﬂl not dosoat - | ' |
the beginning and end Qfﬂm day Addmonaliy, velucles wxll not be cmmng along'_ S

S mdependent{y ifthere isa trafﬁc Ilght in the road

Such an outside ihﬂixent_:e i the case of this study could be the _inﬂ'ﬂductioi;fnftﬁa .

| dynamlc 'segtiqn._bbntro_l"sy:éte:m._ Therefore, randomness of the @bcufrencje of the o
deficts in each audit is assumed to be different before and after the introduction of

- the dynamm section control system Henge, the data has been broken into separate
tlme periods before and after the mtroductmn of the dynamlc sectnon contrcl

- system
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4‘4 Anaﬂysus of 'the ﬁss@mbﬂy Sectmn of ihe E’uiam Audif:

-.4._4.‘5! Data cmiac&inn

R The updated a.udlt s‘heet was cﬂ!lected daaly ﬁ'om the audltor and tha followmg S -

: data Was extracted manually
L Datenfthe!‘udlt | y T
| 2_. 'I‘otal QZ for tha entlee velucia ﬁ'om ail the sect!ons _
3. ‘I‘otal QZ and total number of defects for assembly section of the audlt

R 4, QZ and number of defects a’,ttﬁbutable to the a.s'sembb! plant in the assembly L

= sectlon ofthe audlt, encompassmg ali the dynamic sectton :.ontrol reworlcers

Al the defects mmmved ofﬁ-lme, althuugh paﬁ of the assembly phnt’ o

| : orgamsauml were grouped as part of “Other™ (see pomt 8 bellaw) N
. ; 5 'QZ and numher of defects attnbutabie to the Boafv Skop in the assembly Sec-tlm\ 2

| 'aftheaudtt. o - T o

_ _' 6 QZ and number of defeots attnbutable to the purckasing deparﬁnem (TP) for B
- part related daﬁ:cts in the assembly sectnm of the audxt ' '

7. QZ and number of defects axtnbutable to ol atker deparﬁnents (Otker) for- |
: defects in the assembly sectlon ofthe audit, mcludmg

e All oﬂ‘lme areas (Fmash 1, Road Test and Final Acceptance,l for
de.ects caused during repairs.

o Seat tritm plant (Plant 5) for seat related defects

e Paint shop defects allocated to the assembly section,

Although the assembly plant together with the dynamic section control system can |
-theoréti_cally, and pi*a'ct_ic'al.l_y do cause -defécts in all the sections of the main audit, -
to simplify 2 complicsted analysis and reduce the data tc a more focused
population, this research project will focus only on the assembly _séct_ion df the
maini audit, and foous on only thos_e_ defects caused by the assembly plant. In doing
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. eompleted The sayings “RIGHT FIRST TIME" and “ZERO DEFECT ASSBMBLY”-’
| ) .'whmh have been paraphrased by European and Amencan busmesses m a frantic and o
| : pame—smeken atbempt to. keep up, w;th their: .‘fapanese competltors appears not. to be .
“possible either i in the cemphcated manufactu:e ofa motor vehlele or m the European-

- cultuxve or manufactunng system In an attempi to m‘iprove the quahty and maintain the
'prodlwtxon volumes, ‘the' BMW Mumeh Assembly piant has derwed a system wheh_

- retams sume of the lcey pnnc:ples of 'l‘QM

B 'A 20 od example of the urgent tieed ofan addltmnal operator is rehva.nt in understandmg -
C -1 the etngms ef the dynaxmc sectnon control system. Obvxmlsly, the roets of the system .
- -:_ E must come ﬂ'em the poka yoke meﬂluds pmpoSed by angeo Shmgo [4] but the -'
fbllomng example should be cons;dered w1th and Wltheut the use of & reworker. The .
: -exaxnple is @ descnption of a typlcal prablem folmd in the overhead sectmn af the_ .

o assemh!y plant, mvolwng a mstake from the pamt shop. S

= One ofthe last. OPel’athIlS in the pamt shop is: the applxeatmn ofunderbody sealer (W) B

: : fer the wate*‘pmoﬂng of the beﬁy Excessrva apphcatmn of this wax may prevent the

- ﬂtment ef underbedy parts sueh as chps and brake p1pes Furthermore, certam holes have
o be taped closed dunng the painting and waxing process to prevent blackaf:e of these

~ holes, wh:ch are required for clips and plastle brackets in the assembly plant. This tape

~ has to be removed before the vehicle enters the assembly plant, and can cause line

Stoppage, or even prevent & part ﬁ'om being fitted. An assembly opemtor does niot have
ti thug to remove: the tape. Tf an sddidioual person (rew:arker) were avallabie the
problem would solved, Removal of this tape an;i fitment of the omitted part can also be
undertaken by the reworker, thh the mfonnatxon bemg fed back to the oﬁ‘endmg gection

or- sectmns '

" :%'.3' . Pri’neipléjs of Dynamic Se‘ctiph centrel __

As desenbed above, a tremendous eﬁ’ort, use of manpower time and cost & meurred in

repamng the vehlcles off-lin to the requlred qu&lnty leveis One has to ask oneself i
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so, the assembly plant’s GDntnbUtlon to the assembly sectum of the audlt wﬂl be )

. isulated to measum the effects of the dynamic sectmn control

4.4-.2- Tyﬁies of -Va_hisies included in"tﬁhe Anarlysts..

o All BMW ve!ncles for the South Aﬁ-lcan market as wr a;.' export .veh'icies are
audited, In order to keep the data uniform and comparable, only locally assembled

R 3-senes ve}uctes, destined for the South Africar ket were mcluded in the
_ﬂn.alYBls exeludmg the foliomng vehxcles from the analyms | ' |

a .Ali locally assembled 5-senes wvehicles, as they are assembled in a dlﬁ'erent- '

; assemblyplant. o o - |
e Al mmorted whits : Completely Bmlt Ui (Co  iemi-aock Down Units
_ :(_SKD)-. | _ S

o All 3-senes units for export, since these vehicles received speclal attentipn over -

: and above the dynamic ssctlon control dunng their assembly

443 Grouping of Data - Three Distinct Periods

The dynamic section control system was introduced on the 10% of February 1995,

In an attempt to measure the effectiveness of the dynamic section control’s |
introductjon, three distinctive periods of assumed equal population means in the

number of defects per assembly section of the main audit were established

Period 1 : This was taken as 38 audits before the 10" of February 1995, which was
from 9™ August 1994 until the 8% .- Febr -+ 1053,

Period 2 : This was taken as the subsequent 38 audits after the 10% of F&bruary
1995, ﬁ-om 10"' of February 1995 until 19" of July 1995,
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: some ok thls Woﬂc could be done on-lme This would have the fo]lowmg advantages - '_ ; : o

e _-_A decrease m the number of vamcles bemg removed ﬁrom the producnon ﬂow for o "
o repalrs, whlch should shorten the a.verage productlan tlme This would mean that the _
_vehmles could be supphed to the customer more qmcldy, reducmg the am::unt of

| capttai tled Upm Wark—m-Progress (WIP) o B

' -'é' 'Impmve customer s&tlsfact:on, w:th pronnsed dehvexy dates bemg met more easxly i
M _because the velucle will be tled up ic:SS in repan' aa'eas . R
| ) e A decrease m the number ofvelucles raquumg fepm:, wh:ch oould reduce the number L

| :_' of n&’ lme repamnen Since these peopie are highly skllled, a reductwn m the dlrect o
- costs, in the fonn of salanes and wages of the 1 repurme.n, is poss:ble T

g :,.Better averall quallty i8 posmble because the repaxrs could be dane at a more'- |
C convment pomt ¢ line. where less parts aref{tted, meamng repalrs nould be rlane to o
ahxgh.,r standard | S ' |

° Reducﬁon ofthe d.amages and snratches of the velnc.le s outer surface wh:ch ocours i - :

: vff:-lme areas. Th:s is one of the consequences of repair people chmbmg in and out of _

-_ - the vehicle to nove It, as well as peopte passmg by the vehmle and damagmg the Paun -
" \mth tocals ]ewcllery and clothmg : . - . -

o Less fa,ctory floor SJpace is requnred as tha number of oﬁ‘-hne veincles should be_
- rcduced ‘Space saving can be used for aitemat:ve activities, posmbly reducing future
mvestrmnt itt new buildings. | | |

The”system“ that has been innpiemented to perform the repairs and' reworks onniine is
called dvnamic sectlon control The workmgs and pnnclples of DSC are descrlbed- '

below.

The dynamic section control is carried out on 100 % of the vehicles maving thmugh the
sectlon, with the exceptlon being when a particular defect recurs, In such a case, the
: feedback must be given to the area causing the defect. . '



'Pemd 3 As a control set of‘data, 8 ﬁlrther 40 audits were talcen aﬂer pencd 2 s '
'ahove, ﬂ‘om 25“= Juiy 1995 unu* 28 Novmaber 1997, R

’ i'Maéﬂyéis_‘@ﬂhe'-As?%s;aem_bﬂy '-'Sectiun af‘thg {sei:ftidn ’ﬁu-dﬁt_': : -

. 4.5._-1'_ Data c@utecei-osa-.

'f The updated sectmn audxt sheet was coilected dmly ﬁom t.‘ne audrtnr and the B .

o :_-fonowmg data was moted manually

:31._._Date ofthe Audxt )

2 Tot il Qz and total numbcr gfdefeuts for assembly sectmn of:he audlt

3, QZ and number of defects attribugable to: the a.mmbb: plant in tha assembly. L

R sectlon of the audlt, encompassmg all the dynamic section contro] reworkers, -

| 4 QZ and number af defects attnbutable to the Boab; Shop in the assembly secttnn - RN

Al All the defects that could- have been mcurred uﬁiima, aithough part of the
| _assembly piant 5. orga:nsatlon Were gl’Ouped as part of “Other" G see pomt 8._' R
: _'beiow) |

of the audlt

- 'QZ and numher of defects attnbutabia to the pw'chasmg depar!mem (TRJ for |

© part related defects in the assembly section of the audit.

6, QZ and number of defects attributable to all other depariments ’Other) for
" defects in the assembly sectwn of the audit, mcludmg

o All oﬁ‘-hue areas (only Finish 1) for defects caused during repairs.
o Seat trim plant (Plant 5) for séat relaied defects.

o Paint shop d‘éfépts allocated to the assembly section,

o Again, to focus on the effectiveness of the dynamic sectioz control system, and to



Dy ot Wil bty Paged]

\ Gnly defects whichare caused bythe “sectmn” ie, ﬁ'omthe master area ltself, or wlnch" "
- can at least be corrected by the master area must be repaired, Defects, caused outside the
:ectlon can be oorrected but may only be mcluded in the dynanuc section test 1f it can be

ensured that themformatmnte correct the defectw:ll mach the ared ofthe cause '

The rules of dynamic section control are as follows :-

1. Team members take it in turns as int, * / repairman, which requires mulﬁ-bldﬂing
 (this phase of the dynamic section control has sl to be implemented in South Afiica,
but is operational in the Miunich :plant.' B

2. An inspection area afier each section must be created to accommodate mspectmn / |

repairs as part af the product:an process,

I
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3 Imt:e.l mspectwn lxsts for each sectlen are complled from aud:t defects wiuch are S

- assngned te an operater When the system is runnmg mspect:on hsts are generated hy L -

. 'the eemputer wl'uch al!ows defects whxeh have been ehmmated to be mr-'wied ort. a:-

random basxs wheu reqmred Inspectxon i8 accerdmg to the checkhst

e : 4.;,_.-The mspeetor / rewomer must mspeet every vehlcie accordmg to the eheck list end -
| .__.'pmwde feedback te the approprnate team members on an engmng bams Tms can_ -:':.-
o _. meiude geachmg; o | | [
' 5 ‘I‘hereworker must make gfmd all defects he ﬁnds on-reute of hlsmspectlan pian o :

o mﬁaahs 'ta"eﬁs!ime' mé;y aneem the beeyiane- paint shepe- ta'ut eié'pencipte_-staﬁds. o

6 Ali defeets must be entered mto the computer at the end nf the shxﬁ te ellew the' o

: 2 generation nf th(:- follomng days check hsts

_ ?,__- A dedwated qualrty team (3 members) mspeet Yy repalr 2 ,sample ot ﬁmsh ed vchicles R

o _j :usmg a wnsolidath check hst and euter theu‘ ﬁndmgs into the eomputer

o8 'The computer generates o da}’ trend gl‘ﬁPhS by eeetmn, b}f all secttons consohdatedj e

o -and from the qualrty team’s ﬁndmgs

. In essence, the defects must be reworked by the section causing them, Regular
- mspectmns must be carried out to eatablish how many defects that were on the eheckhst -

are re-occumng

‘34 The Establishment of the Sections

The secﬁo'ni is usuaiiy deﬁned as an area under the _eontrel of ene feremah / team leader
or a defined area of the vehicle of technology (e.g. Witing hamesSes; underbady and
_ interior trim). The key to defining the sections is to establish a suitable breakpaint in the



mmuyafmwmvma,rmm ~ B PageSI’_::"_'_

- s:mphfy a comphcated analysm and reduced the data to a more focused PGP“lﬂ“‘m: - |

o _only data from the assombly section. of the sectlon audit has been . used
- Addmonally, there are too many contributors other than the assembly plant tothe

' other sectxons of tho audxt, a3 well as the assembly section being des:gned for the .

: assemniy plant, In domg so, the assembly plant’s direct contn‘butlon o the

: assembly section of they audit cnuld be isolated to ‘measure the eﬁ‘eots of the
| _'dynarmc set*.tton control, " '

- 4.5.2' | Types of \féhioi_es iﬁoﬂuded in tho An_a!ysis '_

As mth the main audit malys:s and in order to keep the data umfom and'_-'

comparable, only locally assembled, 3—sene.s vehicles, destined for the South -

_ Aﬁ-tcan market were mcluded in tae analysis, mluﬂmg the followmg vehloles from .
the aualysxs

o Ali locally assemblec! 5-senes vohacles, as they are assembied in a dlﬂ‘erentf '
assembly plant - -

e All imported units : Completely Bmlt Unlts (CBU), Senu-»Knock Down Units
- (SKD): |

a All 3-senes utits for export, since these vehicles received speoxal attentlon over
and above the dynamlc section control durmg their assembly

4.5.3 Grouping of Data - Three Distinct Periods

Bearing in mind the introductory date of the dynamic section control system (10"
of February 1995), and in an attempt to measure the effectiveness of the dynamic
section control’s introduction, three distinctive periods of assumed equal
pooulation"means in the number of defects per assembly section of the main audit
were established



o Permd L: “This was taken a8 53 aud:ts before the 10"1 of February 1995 whzch waa o

ﬁ‘om 12“' September 1994 antil the gt anebrua:w 1995.

o ]Pen-md 2: T"ns was faken as: . the subsequant 53 audnts aﬁer the 107lil of February' | ..

46

1995, fmm 10% nf‘February 1995 urml 18t ofJuly 1995

I’_m__gﬂ_ As a control set of daxa, a further 53 audxts Wera taken after per*od 2
abnve, From 19"' July 1995 until 12 October 1995. |

An attempt was made to keep tlae rumber of a!ndits eqnal ﬁ‘or each penod

4 and to keep the periods as coincidemtal as pnss:ble w:th the those of the mmn- '_
_ :audrt analysns, allnwmg cnmparasons between the two to. made. B

Anaﬂysns of the Change in the “One-oﬁ” and Recurrlng
Defects in the Assembly Section of the Main Audit

4;6.’_{ Data 'coazeiction |

‘One the audited vehicle has been preé_ent'gd_ and all the defects and their allocation
~agreed upon, the TQ department enters the information into the BMW mainframe

compuier as an official audit vehicle, This information is strictly guarded to preveni:
tampering. However, it is possible to get a list of all defocts that have been

~ recorded and how many times each defect has occurred.

'A pnmmve hst of defec.ts .and their ocourrence was extracted, with the followmg

important information hemg tabulated :

1. Defect description and date of occurrence.
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fine, by asking the question Can the amembb! ofrhe vektcle continie mw@ ffhe -
dgfectwm o remain unrepaared m the vehicle?

The dyna:mc sect:on control staﬂons were pomtmned in the assembly plant as per ﬁgure
4 helow '

Fmal Lim

L p-l;.‘_ ST .

3.4 Details of Maln Rework Problems

The detailed listing of examples of dynamic section control rework sheets and the
detailed station layout of the assembly plant are given in Appendix F, as follows :

o DSC Station 1 : Positioned in station 12 on the pre-trim line,
o DSC Station 2 : Positioned at the end of the pre-trim line in the buy-off station.
o DSC Station 3 ; Positioned at the end of the trim 1 line in the buy-off station.




. PA DSC Statnon 4 Posmuned at the end 0f the tnm 2 Ime in the buy—oﬂ’ statlo,, E_ | _;
& Z}SC Statnon 5: Posntmned in statmn 9 ofthe overhead seetlon IR
Y I!SC Sfatmn 6 Posmoned in sta:tlon i7 ofthe overhead seotaon

e DSC Statlou 7; Posl_tu_)'ned-__m stat_lon 3;6_ of_ th‘e ove_rhead-a_n_d ﬁ_nal fine.
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2 QZ score for the partacular defect,

' 3. Frequem_:y of occurrence in the -spec!ﬁﬁ petiod.

| Tt doing so, it is possible to see which defécts are recurring during & certain period
 and which defects have only occurred once (“one-offs”). The nature of -th'e'
-dynanuc sectmn eontrol System is that it should s:gmﬁcantly reduce those defects .
which are Tecurring, ‘because the reworker will become aware of them via the |
. mspection sheets. '

| 462 Types of Vehicles included in the Analysis

As before, only locally assemibled, 3-seric, vehicles, destined for the South African
market, were mcluded in tha analysis, which agam excluded the following vehtcles
. _ﬁ om the analysx,s

R All Iocally assembled 5—senes vehlcle as- they are.'a.ssémbled .in a different

| assembly plan‘ o - ' h

| o All mported units ; Completely Buﬂt Units (GBU) Senu-Knock Down Unlts
- (SKD). |

e All 3.-seriés units for export, since these vehicles. received special attention over

and above the dynamic section control during their assembly.

4.6.3 Grouping of Data - Three Distinct Periods

The analysis was grouped again into three distinct pariods, bearing in mind the 10®
~ of February 1995 a5 the introduction date of the dynamic section control. Again,
three periods of asumed equal population means in the number of defects per

asgembly section of the main audit were established,
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Pemd 1: ‘This was taken as 30 audits before the 10"* ofFebma:y 1995 whzoh was
from 4 Ostober 1994 until the 10% of February 1995 |

" Periofl 2 : This was taken as the subsequent 30 audits after the 10% ofFehnmny
1995, from 11% of February 1995 untit 22* of June 1995,

- zerioci 3 : As a control set of data, a further 30 audits were from the 23" of June
1995 until the 15® of October 1995.

4, 7 Anaﬂys'is of the Non Buy—oﬁ Rate of Vehlcﬂes !eavsng the
Funaﬂ Line of the Assembly Plant |

The ﬁrst three methods a measunng the eﬁ‘ectweness of the dynamm sacnon contro} '
involve the ana]ysm of the defects and quahty of valncles after they have been repmred
and reworked several _tlmes after leaving the assembly plant’s final line, In the Finish I
and Road Test areas, many vehicles are repaired and defects corrected, especially after -
the Veiﬁple*'s internal road test. If the vehicles overall quality as measured by the TQ | |
department has improved, but the number of non buy-off‘véhicles has remained constant,
or even increased, then it is logical to assume that the quality awareness and repairing of |
vehicles has improved and that dynamic section control is possibly ineffective towards
some of these defects, It is therefore absolutely necessary to investigate the changes in
the non buy-aff vehicles before and after the introduction of dynamic section controi.

Defects were highlighted by the worlers whilst assembling the vehicle, for the purpose of
repairing them off-line. These vehicles could be either “cripples” (parts missing) or
vehicles that have functional or assembly problems (“off-line vehicles™).Vehicles with
known defects do not receive a full buy-off stamp on their job cards, and only whan t_hé
vehicle Las been repaired or fitted with the missing part does its job card receive a full

buy-off. These vehicles are known a5 non buy-off vehicles.
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4. ME"E‘HDB“ |

To detenmne the eﬂ:’ectweness of the Dynamlc Section Control four different aSpects af the
productmn ﬂowand quahty were: analysed ' '

1. The direct improvement in the vehicles quality, which is measured by the TQ
Department on a dauly basis, i i the relevant sectmn of the mam udit pertammg to
the assembly plant '

2. '-The mrect unprovement ia the velmie’s quallty, which is measured by the secnon
- audltors onasa danly basis, in the re!evant sectmn of the secnon audit pen‘tmnmg to the
_ assembly plant. ' ) o

3, 'I?:e number ami extent of “me-oﬂ” defacts that have been found in the same sectmn. .
. of the main amfit perlammg to the assembly planh ' ' o

4. The tremi in the non bmy-oﬂ‘ rate nﬁ‘ veiucles ﬂeavmg the E‘mal Lme of the assembly
plant. Velucles with known defects do hot recelve a full buy-off stamp on their job cards
since they have pmblems These wvehicles are known as non buy-off vehicles, These defects
were MgMghted by the workers whilst being assernbled, so that these defects could be

repaired in the off-line repair area of Finish 1. Th.se vehicles could be either “cripples”
(parts missing) or vehicles that have functional or aS_séml?ly problems (“off-line vehiclés”).

41 The Main Vehicle Audit

During each production day, the Corporate Quality Department (TQ) aumis one vehicle
per day, which is presented to the pl'Ddl"GtiOIl departments for viewing and correctlve
actions. This is the official measurement of the entire Rosslyn Plant’s quality and is
reported directly back the Corp .ate Quality Division in Munich. It is also the official
way of measuring vehicle quality at all the BMW plants around the world, and will be
used to determiite whether the S.outh Af. an plant will, in the future, survive and
compete with all its sister plants around the world or be simply wound down and finally
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The cause and reasos for the mlssmg parts ane. problems wnth the vehlcle are allocated C

~ to the relevam department whloh are listed below, The fiest group are probiem uauses
from outside the mﬁuence of the assembly plant. ' '

Q

: Baab; S.zop defects ongmatmg from the body shop.

Lagzstzc.v m:ssmg parts «nd defects relsted to the dehvery of parts to the lme
Suppliers - part related problems |

Engme plamt - defects originating from the 1 engme plant

Othér - ;hese ate defects that occur randomly and are grouped together as other An

- example is when the air conditioner chargmg niaching breaks down and the vehicles

' nannot be charged v 'th gas The vehicle has to be charged oﬁ‘ line and therofore .

canuotgetabuy oﬂ‘. o

The semnd group listed below are causes of-probloms. from within the assemnbly plant,
upon which the analysis of the data will “ocus,

(-]

o

Pre-trim w1th1n tﬁe assembly plant.
’I‘rzm I thhm the assemb!y piant "
th 2 w1th1n the assembly plant,
Overhead within the assemibly plant.
Final line within the assembly plant.

Axle sub-assemiblies within the assembly plant,

- 4.7.4 Data Collection '

All the data from each vehicle’s job card is reccrded onto the final line production
report on a daily basis. The information recorded by the final line team leader
mcludes the following information : ' '

o The number of vehicle produced in the shift.

P e T

I A s L IR
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closed. Further to this, to ensure a common standard betweea the auditors amund the |
world, there is frequent enchange of auditors between the plants. Althovgh there is an |
 obvious human element in measuriug the quality with difierent persons around the - corld,

it is fairly Wel,l_ .camm_lled and the system’s and auditor’s iotegrity is not qn‘clei' R
ihveﬁtigation in this rearch project and is thus taken as being objective measurement.

The vehio!e_ is clogely examined for defects that may bave occurred, whether they be
daméges, paint 'defects assembly defects or aven functional defects. These are noted
down and Bntered into a computer system which allocates the defect the follnwmg _
attributes ;- |

[+

Defzct description and location from a controlle -
Defect severity by the allocation of a 0Z niume.., * udent on swerity _
apcording to location, function and customer relevance, . . sumbers have the
following possible scores : 0.07; 0.15; 0.22; 0.28; 0.35; 0.42; 0.50; 0.68; 0.78; 0.90; -
For example, a miror paint defect on the under side of the bumper would attract 0.07

" QZ points because of its insignificance, whereas a missing wheel bolt would attract

0.90 QZ points because of its obvious safety relevance.

The 's'e'ctidn into which the defect should be grouped, Defects are grouped according
to the f‘ollo_wing categories ;-

=5 Body in White : This sect.on is for defects relating to the vehicle’s sheet
metal and “hang-on’ parts suci: as the bonnet, boot-lid and doors. Such
defects include dents, and ‘hang-on’ part alignments such as door gaps and
flushness, These attract high Q< points because of the effert that misaligned
‘hang-on® parts have on wind-noise during driving.

=> Quter Surface : Paint, clear-coat and sealer application defects are grouped
together in this section. Generally speaking, because these defects do not
affect the function of the vchicle they do not carry high QZ poinis. |

=> Electrical System : Operational and finctional defects pertaining to the
vehicle’s electrical system are grouped together in this section. Thess include
functional systems svch as non operational electric windows, faulty alarms as
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o A llbt Ofall the hody numbers of the Vehncles that have left che ﬁnai lme

® A 11511118 Of the all the non huy—nﬂ‘ vehlcles, their body numbers, a descnpmn of '
| the reason fer the non buy-off and an allocatmn of the cause of' the problem '

e Plant stoppage ﬁme and the reasons forpmduction loss T SRR

| - “For th‘t:‘ _pl@ujpazse'.of.' .-'th_is research project, all the iuforrnéﬁbﬁ_'ﬁ'bm- eat_:h daily | -
- R prdd!ictidn report was entered jnto an IBM Cozupatibie Personal Computer fbr the |
| purpase of analysmg the data. By removmg those non buy—oﬂ‘ vehmles w1th causes - o
| ﬁ'om out51de tie assemhly platit’s mﬂuence from the analyses (body shop, supplier, |
o 1oglstlcs, engme plant ‘and ather) it was possible to ‘measure the trend of the
. numbar of wehicles coming “off-fine from the assembly plant with problems |
- ongmatmg from wuhm the assembly plant. The dynarmc sectnon c:ontrol reworkers i
. could or shauld have been able to repair these defecfs after thenr appomtment o
o '_ ‘the posmon of reworker For example, parts bemg teft- oﬁ‘the velucle due to thexr _
o unavaxlabﬂxty I resultmg in the vehicle’s nion buy-oﬁ) is outsnde the mﬂuence of the )
assembly plant and could not be reworked by the dynamic section control |
_ reWorkers and will have been allocated to loglstlc ay the ongmators of the prohlem. '
[ (outslde the assemhly plant’s mﬂuence) ' |

Agin, it was assumed that the data would follow Poisson’s distribution, where the
_ nu_tnber of cocurrences of the event would be the number of non buy-off vehticles

leaving the final line in one production cay.

4.7.2 Types of Vehicles included in the Analysis

The final line buy-off report for the .3-s_<sri_es assembly plant (Plant 2) includes all3- _ i':'::'
serfes vehicles for both the logal market, _as'well as the export mai-kets. ‘Therefore,

" all lacally assembled, 3-sesies vehicles, destined for the South African market and |
| export markets were included in the avelysis, which excluded the follomng
vehicles ﬁ'om the analysis :



R '._'e Ail Iocaﬂ)' assembied 5-senes vemcles, as they are assemb'ed ina d'ﬁ%fe““-i =
. emblyplant. T TR
o if o All tmpurted umts Comp!eteiy Buﬂt Umts (CBU} Senn—Knnck ann Umts

e ’4 ? 3 Gf@ﬂpmg Df Daﬁa Thn'ée Dssﬁnct Pemds E - T

. _' Thc analysm was gmuped agam mto three dxstmct penods, haanng m mmd the 10"‘;-- CE

S er Febmary 1995 as the mdumon date of the dynamic section contm] The

i thme penods chosen were as. ciose a8 poss:ble ta the three penods ofthe analyses:.. S
":"”-'-"::'_;oftheaudits : ST - g _

o 1 eng_cj Thls was taken as. 74 productlor days befors tha m"‘ ofFebruazy 1995 '_ -
e whlch was fmm 10‘* October 1994 until the 10'“ ofFebruary I995. CE

o ﬁ'crm 13“‘ ofFebruany 1995 unul z"‘ ofJune 1995

L Penod 3: As a control set of data, a ﬁthher 74 producf .m days Were taken fmm.__ o
| a.ﬁer pemd 2, from the 5% ofJune 1995 and 19"' Sep*.:mber 1995
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5. DESCUSSHON OF THE RESULTS

Page 58

A summary 0fth° anaiysed data is shown i in the table below, which mcludes the time span of |
the each gm_up__af data an_d the number of audits or working days in the time ~pan.

Table 1: "Sq'lmmm_-x_of eri

: _ _ . - Periqdi | _Perigd2 Perind 3
D eseription of the Analysis Dates Data | Datey Data’ Dates Data
S I B | _Type . _Type 1 Type
1An i A  }5-Aup94to8-] 3R Audits | 10-Feb95to | 38 Audis |25-0l95 10 28-) 40 Audits |
1 WAHS M!izilifufmtzenﬁl mﬁ::;l‘ir.t ngs's 1 i9uos © Wow5 o
t 2 |Analysis of vhe Asmmy T 2Bt | 53 Andis " 10Feb95T0 | 53 Audis | 19-Juk85 W 12~ 33 Audies |
hSeetiuuoftlle Section Audit O6Feb93 IS Qets
4-0'&:(-94.» o ) e TiF505 o | 30 Audis [ Rass e 15] 30 Andis |
13 ﬁg:l’f :ﬁ;s ﬁf:: Rc:mmlﬁ,:;m- TRebds [ | 22095 | omss o
[Defects in the Assenbly Section | -
__ Jof the Main Andit | S A N ) | N
4 JAnalysis of the Non Buyoff (00034t 16] — 74 | DFbdst | 7 |[imo3nis] 7.
_ Feb95 | Produ 02-Tun95 | Produet Septd5 | Productio
Rate of Vehicles Ieaving the b Da;f"" G sl Bl Dags
Final Line of the Assemhly o .
Plant —
5.1 Analysls of the Assembly Section of the Main Audit

The detailed results of the analysis of the assembly section of the main audit are given in

Table 4 on page 95,

Eantire Assembly Section of the Audit and its Contributors (Figure 5, page 89)

Figure 5 on page 89 shows the assembly section of the main audit (and the contributors

to the assembly scction) plotted against time, showing the 3 distinct periods.
Additionally, the contributors making up the assembly section’s total have also been
plotted. A line of linear regression has been plotted for each of the contributors

(assembly plairt, body Shop, TP, and other) during each of the three periods. Details of

the regression caiculations are given in Table Z on page 87.
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L The graph shows a marked decrease in the number of defects in the assembiy :
- section of the audit dunng this period. This decrease is clearly attributible to the
~ decreass in the number of d_c “.cts contributed by the assembly plant, with all the

E other contributors remaining constant during period 1.

Perigd 2

- | Aﬁer the mtroductton of the dynam:c sechon cotitrol Systeny the aumber of defects_ .

i haVe remamed constant dum:g period 2. The assembly plant’s contribution has

decreased when compared to the 1" period, but has remained constant during the
o penocl Further to this, the line of linear regtession for the assembly section and_

o -the assembly plant’s contribution has changed from a line w;th a negatwe slope in o
period 1, to a honzontal lme in period 2, mdlcatmg some sort of stabnhty Anot.her o

' -notmeable feature of this penod is the 1‘P’s contribution has shnwn an small
' ina . . .
| Penod3

" The assemb]y sectlon has shown a, slight dearease in the number of defects durmg
penad 3, again mainly due to the decreasmg number of defects from the assembly

plant. TP’s contribution has shawn a marked decrease in defects, contrasted by an .

increase in defects from the boay shop

Assembly Plant’s 'Coﬁtribution to the Assembly Section of the Audit (Figure 6,
page 90)

This figure shows the assembly plant’s contribution of defects (excluding those from the
repeir areas) to the assembly section of the main audit plutted against time, showing the

3 distinct periods plotted on a c-chart. Additionally, the mean number of defects and

control limits for each period have been caiculated. The detailed caloulations are given in

Table 3 on page 88.




Mﬁwﬂiﬂmmma.mm

P T o e aean A e e e -

B -',Emod

o 'Dunng penad 1, the mean number of defects was 17 26 defects, with the UCL and o

' LCL being 30 defects and 5 defects respecuvely The standard deviation for the
Pemd was 4.15 defects Thus, dunng this penod the assembly plant‘s contrsbunon
- ranged between 10 and 40 defeots. Thus, zero defeczﬁnm the assembly plent Wa.s"
~ not possz&fe dw*mgpenad i

" “The mean num‘nar of defects contributed b y the assemhly plant decreased
: substanually to 7.80. defecw (a decrease of 54. 8%) In support of this tremendous-

- 'mprnvement fhe UCL and LCL have decreased to 16 and 0 respecnvely, which i is o

" a:ttnhuted toa demaase in the standard dewa:uon 0.2.79 (a decreass of 32. 8%)

. --:'_-Ld3

I'he mean numbex of defects for thzs peﬂoﬂ is 5.43 dﬂfests @ ﬁlrther decrease of
© 30.2% over period 2). Purthermore, the UCL and LCL have decreased to12and0
N respectwely, wlwh is apgain attributed to & ﬁlﬁh&l‘ decrease in the standard s
'demt:on 0.2.33 (a decrease of 16,5% over penod 2) | :

Reiat:onshlp between the Total QZ of the M:un Audnt and the Assembly Sectmn as

well a5 the Cnntnbutmn of the Assembly lant to the Assembly Section (Blgure 7, o
page 91) '

This figure shows the relaﬁonship between the total QZ of the entire vehicle'(plot.ted on

the x-axis) and the assembly section of the audit, as well as the assembly plant’s
contribution to the agsembly section of the audit. The data has not been grouped into the
three distinct periods as they are assumed to be independent of time,

The figure shows a strong linear relationship between both the assembly section’s QZ
and the assembly plant’s QZ contribution and.the entire vehicle’s QZ, Wi_fch_R_3 values of
0.81 and 0.72 respectively. The x-axis intercepts are approximately 2.5 and 4.0 QZ

points respectively. This shows that the if the assembly section of the audit were fo bs

zero (QZ. = 0),' then the total vehicle QZ would be 2.5. Additionaly, the difference

3 Pageﬁﬁ ) o
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E between the twa mtercept points : 2.5 and 4.0 shows the contnbutlon of the other -
contnbvmrs to the assembly section of the audit (bady shop, TP and other) |

The most compe]]mg message fmm thls ﬁgure is its linear reiatmnshlps, shmmng stmng o
evldence that the major decrease in the total QZ of the audit is atiributable to the
decrease in the assembly plant’s contribution to the assembly section. In other wcmis
 when the assembly plans contribution to the assembly section has been low then the
total QZ of the vehicle has aiso been low, and vice versa, This can be atiributed to the
~ farge individual QZ points attracted for each defect in the assembly sectlon. Furthemore ' CF
a Iow total QZ is lnghly dependem: on the assembly plant’s contnbutlon o o |

Re}atmnshnp between Assembly Section of Main Audit and Assembly Piamis_ | -
Contnbuﬁon to the Assembly Sectmn (anure 8, page 92) )

Tlus ﬁgure shows the relatlonshlp between the QZ of the assemhly secuon of the main -
aud:t (x-axis) and the assembly section’s contribution to the assembly section of the
andit. The data has not been grouped into the three distinct penods as they are assumed |
to be independent of time. '

- The figures shows a linear relationship, with the R? value of 0.84. This result is expected
since the assembly plant 'i_s the main contributor to the assembly section. The x-axis

intercept is at approximately 2 QZ value of 0.6 {(which apprcximatés to 2.5 defects per
audit), whiuh represent the contribution of the other contributors to the assembly section
(body shop, TP, other).

Relationship between Assembly Section of the Main Audit and Eody Shop's, TP's
and Other's Contribution: to the Assembly Section (Figure 9, page 93)

This figure shows the relationship between the remaining contributors (other than the
assembiy plant) and the assembly section of the main audit. The R? values for the lines of |
linear ; egression fitted are iess compelling than that of the assembly plant’s cbntribution
(0.04, 0.27 and 0.23 rés’pec’tively). This shows that there is far less of a linear relationship
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and more: af a random relatmnshxp w:th the assembly sectaon T!ns was ;wt e:xpected - :-
 since the aasembly sectlcm s QZis the sum-of all its contrlbutors Thm posmbly mdlcates '
o a process wlnch is not under control (whmh is: supported by the upward trend in TP’s -~
numher ofdefects in penod 2- reﬁer Flgure 5, page 89) Further to tlus the body shop 8 '. -
Iime of 1 unaar regresslon has a very shallow slupe, mdlcatmg an almost constant SR

o contnbuﬂon to the ass«emb]y section.

_ i”msson‘s I'!‘obabi!lty Dlstﬂhmtmn for ASSemny Plant's Nssmber of Defects_. C
o CnnmbutedwtheAssembly Section of the Mam Amdnt (Fxgum 10 page 94y

Tlus ﬁgure shows the 1heoreucai probabll:ty of the number of defects occunmg m the B
' three penods ibased oti Poisson’s model, using the calculated means for each period, ’I‘h:s =

is merely to show the slgmﬁcmt dl&‘erence between penod 1 and the penods 2 a.nd 3.

S;é__ -_--.mmsxs_ @mmm Seation af-the _;sectimmdst o

. The detaxled resutts of the anaiyms of the assembly section of the. sectlon audit are ngen o

Cin Tabie 7 onpage 105.-

Ent:re Assembly Seetwn of the Alnd:t and xts Conmhutors (anure 11, page 100)

- Pigure 11 on page 100 shows the assembly sectmn of the sectmn audrt {and the

contributors fo the assembiy sectmn) plotted. agamst t:me showmg the 3 distinct periods,

Additionally, the contributors making wp the assembly sectlon s total have also been |
plotted. A line of linear regression has been plotted for each of the contributors

(assernbly plant, body Shop, TP, and other) during each of the three periods. Details of
the regression calculations are given in Table 5 on page 98.

' _'Pério | 1
The graph shows a constant number of defects durmg the 1* penod The assembly
plant 8 contnbutlon shows a slight i increase,

"P-a'g‘e 62‘-’ S

SWSTERTT
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.'_Tiw 2'ld permd ﬂhows a d"amatlc change in the number of defects aﬁer the .

B | ."mtreductmn of the dynazmn section comml system. Ad&itlona]ly the trend durmg o
o the period has also been a steady decrease, partly. axtnbutable 1o the assembly i
- _Plﬁﬂt’s decreamlg contribution. Purther to this, the fine of linear regression for the .
.':._tOfai aasembly secﬁuu and the assemh[y plant s contribution has changed froma

honzontal line i in perind l,ton dewnwards sloping fine in permd % mdmatmg that o -

. -sgmeﬂlmg has changed behveen the two penods probably the lntroductmn of the' |
) dynamxc Sechon contm! system B - R

d3

o _' -The assembly secﬁon hes shown a shght ﬁ%fease in the number of defeots durmg o
RS --penod 3 and a steeper regression line showmg a greater unprovement during .
o penod 3 than in. penod 2, Tl'us is pnnczpally due to the decmasmg number of o

o defects from the assembly plant. The assembly p!ant’s contribution is the only . o
S contnbutxon that showudecreasmg munbm- of defects during the penod. :

'_Assembiy l’lant’s Ccmtrnbutmn to t!ie Assembly Secuon of the Andrt (Flgum 2

. pagelOl) o T R
This ﬁgure shows the assembly plant’s contnbutmn of deﬁects (excludmg those ﬁ'om the__ .
repmr a.leas) to the assembly sectmn of the section audit plotted agalnst tnne showing

the 3 dlstmct peﬁods on a ¢-chart, Addttmnally, the mean number of defects and control |

: Ilmlts for each penod have been calcuiated The detalled calculatlons are gwen in Table 6
~on page 99 ' ' '

~ Period 1
. During period 1, the mean number of defects was 9.55 defects, with the UCL and
LCL being 19 defects and 1 defect respectively, The standard deviation for the :
'penod was 3.09 defects. Thus, durmg this period the assembly piant’s contribution
-ranged between 19 and 1 defects. Thue. zero defect ﬁom the assembly plcmt was B
ot posszble a‘urmg penod o |
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’ Penod 2

o I’he mean number of defects contnbuted by the asscmbiy plant decreased '_ " B
- - substantia!iy to 6. 58 defects (a decrease 0f 3L 1%) In support of this tremendous: -
E improvement, the UCL and LCL have decreased to 14 and g mspectlvely, wluch zs

e "'attnbnte d ta N decrease in the standard dewauonto 2. 57 (a decrease of 18. 8%)

| Peﬁ’ag 3

o .The mean number of defects for this penod is 5.64 defects (a ﬁ.u‘ther decrease of .
I 14.3% ovex penod 2) Furthennore, the UCL. aud LCL have decreased to 13 and 0 '_ o
. respectlvely, whlch is agam af buted ta ‘a further decz‘ease in the standard- o

. dewahon 10 2. 38 (a deomaSe of 7, 4% aver persad 2)

- Re!aﬁoinship 'betweén Asseml'ily ’Siect'i'on' of Maiin' -Amiit amd _Asseﬁiiy I’Sants -
: Conm'buﬁan to the Assembly Section (anure 13, page 102) FE.
Thzs ﬁgure shows the relauons}up be;tween the Qz of the assembly secﬁon of the Svactmn o
audtt (x-xis) and the assembiy sectlon s oonmbunon to the assembly section of the - |
) audit. The data has not been gmuped mto the three dlstmct penods as they are assmned i
to be mdependent of tlme o '

“The figures shows a linear relatid:iéhip, with the R value of 0.67. This result is expected

since the 'as's_emblj plant is the main contributor to the agsembly section. The x-2xis

intercept is at approimately a QZ value of 0.6 (which approximates to 2.5 defects per

audit, and corresponds exactly ‘with the same figare wi_th respect to the main audit :
Figure 8, page 92), which represent the contribution of the other contributors to the
assembly section (body shop, TP, other).

Relationship between Assembly Section of the Section Audit and Body Shop's,
TP's and Other's Contribution to the Assembly Section (Figure 14, page 103)

- This figure shows the relationship between the remaining contributors (other than the -

assembly plant) to the assembly section of the main audit. The R? values for the fines of
linear regression fitted to the contributions of body shop, TP and other, are less




M e

: Unmmty ofthe wmm&, Johumesbvta

compellmg than that of the assembly piam: 8 contﬁhntlon (0 02, 0. 11 and 0 21
respectively) This. shows that there is far less of a linear relationship and more of. a

tandom ralatlonshp with the assembly section. This was not expected smce the aSSemny =

section’s QZ is the sum of all its. conf:rlbutors 'I‘hxs posslbly mdxcates a pmcess which is

 not under control.

Poisson's Probability Distribution for AsSem'_bly'_ Plant’s N_umbex’ of I)efecfs

 Coutributed to the Assembly Section of the Section Andit (Figure 15, page 104)

Tlnsﬁgw‘eshom the theoretical probability of the number. of defects occurmxgm the

thres periods based on Poisson’s model, usiag the caloulated means for cach period. This
s thei-ely 0 show tne.siyiﬁcar(t difference .hetwe_en period 1 and the periods 2 and 3.-

| 53 Analys&s of the Change in the “One-off” ancﬁ Recurrmg

Defects in the Assembly aectmn of the Mam Audat

| I‘he deialled results of the “ane-oﬁ” evaluatlon are in Appenrhx D in Table 8, Tahle 9
Table 10 on pages 109 110 and 111.

'I'ile N umber of “One-oﬁ” and Recurrmg Dafects

Flgure 16 on page 112- shows the graphical representatmn of‘ the number of defects
having occurred once in each of the three periods, and defects that have occurred more
than once in each of the three periods. '

Peijod 1

- The number of defects which have accurred once in the period is 237 different
defects, The mumber of defects which have occurred greater than once i.e. two or
more times is 408 different defects. This ranges from 67 defects which have
occurred fwice to one defect which occurred 14 times in the period (Réfer Table 8
on page 109), In total, 645 defectr occurred in 30 audits during the 1* ﬁeﬁod.

Pageﬁs o
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| "I‘he sumber of defects of “orie-off” doficts in the period have been reduced o193
'dlﬁ'erent defects, a reduction of 8. 6%. The number of defects which have 3_
e oowrred greater than once is 223 different defects, a reduction of 45 3% This

| ranges from 41 defects which have owurred twice to one defm;t whlch occurred 12

times in the petiod (Refir Table 9 on page 110). In wotal, 416 defcts ocourred i in B

30 audxts durmg the 2“" penod, which represents a decrease of 35.5%,

: The aumber of defects o “one—oﬂ” defe&s in the petiod have increased to a smnlar

" level of the 1* period of 236 different defects. However, the number of defects .

~ which have occurred greater than once is 121 different defects,  fixther reduction
" 0f 45.7% aver period 2 and 70.3% over the 1* period. This ranges from 36 defects
-whlch have ocwrred twice to one defect whlch occurred 7 times in the penod

| (Refer Table 10 011 page 111). In total 357 defects occurred in 30 amhts durmg '

- the 3™ period, which represents a ﬁxrther decrease of 14, 2% over penod 2and a
" decrease of 44.7% Gver the 1% period | |

The_-decnfgase and theﬁ'in_tzrease 6f the “one-off” defects from period 1 to 2t0 3 is

inexplicable, suffice to say that it is probably due to the increasing quality awareness after
the introduction of the dynamic section control system after period 1. The steady
decrease in the so-called recurring defects is expected since the intrinsic design of the

dynamic sectiqh control system is to attack the reburring defects by means of |

documentation and monitoring. The results of the “one-off” analysis provide substantial
evidence in support of the success of the dynamic section control system.

The same data in depicted in Figure 17 on page 113 in the form of & histogram, The data
i grouped by the number of times that defects have ocourved on the x-axis. This figures.
supports the reasoning above and illustrates that the number of recurring défects have
been substantially reduced after the Iintroduction of the dynamic section control system.

£
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- Figum 18 on page 114 shows the per{‘,entage ccmtnbuuen that each group of recumng ' _'
| defet:ts and the “one oﬂ” defects has tOWards the total number of defects for the permd o _.
. As expected the percentaga contnbutmn of the oue-oﬁ” defe.cts has inicreased ﬁ'om S
 period 1 to 3 since the total number of defecus have decreased (especially the recurring '- |
; onesl) and the number of “one-off's” has remamed constant. It must be pomted out fhat )

in pennd 1 there was one defect that: recurred 14 times whxch was the worst recumn,g _

defect, whereas in penod three the worst was one which recurred onty 7 tunes Agam,.

'thls supports the notion’ th'-f the dynamlc sectton control suocessﬁllly reduces r&cumng

'. 5;;4 Ana!ysas of the Nan Buy-off Rate of klehicies ieavmg the

Final Line of ’Ehe Assembly Pﬂam

’.[Tle detaﬂed results and data of the analysis of the non buy—off‘ rate of velucles leawng_ -
B final line ate given in Appendn: D with the detailed data given in Table 12 on page 119.
o | The ﬁnal line non huy—oﬁ-‘ rate for the three penods is piotted in Flgure 15, page 116 :
- This ﬁgure does not ﬂiustrate much but serves to show the randnrrmess of the ﬁnal ime
© mon buy-nﬁ”. _' ' o '

The data has been .grﬁuped mto two groups of responsibiiiﬁes : those from inside the

assembly plant and those from outside the asserhbly plant, Table 11 on page 115 is 2

surbmary of the find line non buy-off data, which has been divided into the two groups.”

 The mean number of defects for period 1, 2 and 3 are 42, 37 and 38 respectively.

Period 1

The mean number of defects attributable to the assembly plant is 13 per day, with the
main contributors being pre-trim (with 2 mean of 4) and the overhead (with a mean of 5). -

Page 6'1 o
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- The mean x number of defects attributable to areas of responmbihty DutSIde the assemb[y -

plant is 29 in the ﬁrSt period. Thls represents approxlmately 69% of the non buy—oﬂ'
vehwles ' '

o B;c_l_';od
Durmg permd 2 the mean number of non buy-off‘ vehlcles attn’butable to the assembly
plant has increased to 15 vehlcles per day an increase of 15.5%. This is largely due to

the increass from | pre-trnn {6) and trim 2 (2). In comparison, the number of non buy-off
velucles atl:ribumble to outside the assemhly plant han decreased ta 32 Vehml&s per day -

a dec_raase_ of 24.1%. This is ia:geiy due to the improvement from hody shop.

The a5se'nih1y plant’s contribution has increased agsin from period 2 to period 3. This is.
_1argely due to the increased cuntn'butxon from oviriead and tiim 2, in spite of a

desreased contribution from pre-trim. Those assngned to responsibility outiide the

assmbty plant has shown a further decrease, (even though it is smaﬂ), with 2 ﬁuﬂler _

improvement from hodv shop. '

Possible Reasons for the Steady Worsening from Assembly Plant

This increase was not expected, and requires explanation as this could be a negative
factor for the dynamic section control system. Possible reasons for the increase in the

number of non buy-off vehic_-lés assigned to the assembly plant are :~

o An improved qualily awareness, especially from the side of the assembly plant
operators. The response to greater quality awareness would be to mark the defects in
the vehicle job card thus'making the vehicle a non buy-off vehicle (since it has a
defect) and requmng it to have rework off-line. ‘I‘hese would generally he defects

uaused by operators,

o Stricter standards bemg applied by the audztors causing the quality stmdards in the

2
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. as.s‘embty Iines t0 Jollow suite. As the generally quality unproved the. smcter the
standards have become as ‘well as ‘new’ defects havmg bemg fcund by the auditors. -
The react;on from the productlon line has been to inform the operators, creating an
acut,e awareness about the parucular problem, causing an increase in the number of

" non buy-oﬂ" velncles | '

o ntrodyction of new facilities onto the lines, which have an implementation phase. A
good example is the introduction of the separate door assembly,
R The introduction of pavts and sub assemblies which were previously assembled in-

- house, but have 5ee?z given 1o an outside supplier. This would include the supply of
seats ‘to the tnm 2 lme This passubly explains the worsened sttuatton on tnm 2.

. ered lme suppb’ of local and CKD parts which have a dimensional difference. A
~ good _example to the front bumper and previously explained. '

Possible - Reasws for the Steady Improvcment of non Assembiy Pl:mt
_Responslblhtms ' '

- This improvement was also not expected, and also requires explanation. Poss:ble. reasons -

for the improvement are ;-

o Greater quality awareness and dedication to quality from TP themselves.

o Increased pressure from the assembly plant 15 its suppliers to improve their quality.
This includes the body shop and TP.

o A real improvement in the parts supply from the logistics department, reducing the
number of cripples.

o Stabilisation of the volume oul of the assembly plant, allowing for improved part
supply and a greater focus of quality.

o Quality awareness of the assembly plant operators, who have been made aware of
the defects from the audit even if they are defects allocated to the TP department.
Special effort has been made and extra time and skill is taken when fitting parts that
have known dimensional problems.
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5 5 cher Reasons for &he Assembly Plant Quality
impmvement hesades '&h@ Dynamuc Sectnan Cnmmﬁ

' As d&scnbed earher, the dynanuc section controf is not the only reascm why the assembiy. _
qﬁaht_v has mpmved subsi:antlally smce the begmnmg of 1995 1t would be foolish to o
- attnbute all the mgmvement to the dynmmc section control system There are wther real :
__reasons and mﬂuences that have also contnbuted to the quahty suiccess, It is pemnent to - | )

o pomt these factors out, and are descnbed below

' 5 5 1 Glaar Goais !dentif‘ ed by the Techmcai Dlrec"or which ara
' Fﬂcused 0!1 Qua!nty - . . -

. It is now well known in the company that the targets and goa]s ﬁ:r the pwducuoq .
o departments are quality, vokmme and budget and in that. orderl Tirne, moraey, '

’ energy and t‘ﬁ'ort have riow been focused on the quahty aspect of the VGhlcie

 In former times, the primary goals varied from IS0 9000 certification, volume and

_ 'new model mtroductmns Many hours have heen spent on these secordm;y goals_
 because these were 1dent:ﬁad as the primary goals by senior menagement. When
" ISO 9000. certxﬁcatmn was 1dentsﬁed as & pnmauy goal, even though certification |

was awarded, quality suffered even though remaining the ___ya_rdstxck_tor measuring

the performance of the plant. Even though success was achieved, which was

Tnternational Certification of ISQ 9002 (which has still o be achieved by any other

local automobile manufacturers - scme others have SABS certification) production.

quality remained a sburc_e of pain and pressure from BMW’s mother company,

- By installing quality, 'vo_lume and tudget as the primary goals, it has enabled the
team leaders, operators and section managers to focus on the real requirements of
the customers ; top class quality, on-time delivery which is the tesult of gaod

volume and the reduced cost of production which could be passed on to the
~ cugtomer, Customers do not care about problems and systems in the plant

aRe L L e e
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N '(incxudmg ISO 9000) they only care about their personal vemcles 180 9000 s &
- tool to assist the plant in btuldmg the right quality and is POC ﬂ'om the view pomt .
- of the custumers and shoulﬁ never be the pnmaxy goal.

8.5.2 The Reorganisation of the Manufacturing Division

I former times, the senior management reporting structure was ‘organised such
that the core managers of éa.ch the piants (hod'y shop, paint shop, assembly plart

| ‘and the engine plant) reported dlrectly to the Technical Director. This meant that .

_ thetr ttme was spent mak:mg decxs:lons conr:.ermng the entire dmsmn, mcludmg the
_manuﬁctunng of vchxcleu engmeenng and purchasmg declsxons as well as the

model hne up. .

W’:th the grrival of the new techmcal director a new organisation in manufactumg'
- was estabhshed at the end of 1994. This included the, mtrodnctmn of a general |

manager respons:ble for the manufactunng of vehxries with the core managers of

* eachof the plants reportmg to him. Thts facilitated a much more focused approach
'thh regard to the manufacture of the. ve}ucles The plant managem themselves'

could then a!so foous on the problems and cha!lenges of their p]ants espemally on
quahty, volume and budget, Manufacturing obtamad an xdenmy of its own, all
falling under one umbrella, ' ' '

553 '_i"'hé “New S_buth Af_rida"’

Another major role player in the quality improvement has been the new democratic

South Africa. This has resulted in the majority of the work force gaining some

place and 3 meanmg in the society of South Africa, resulting in the foﬂbvﬁng

positive aspects :- -

= More positively motivated and happier operators, which was exiremely
uoticeable on the shop floor,

Page. ‘71
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. Operators bemg; less resentﬁﬂ of authonty and tmstmg of thetr motwes

A heltef in the: management and then* motlves, and that thelr umon is not there |

~ to pra;ect them from “raclst” managemem o

. Operatcars becoming more mterested in the company s long term survival and
“the. reahsatmn that the cnmpany reqmres their support in order ro survwe
' Add:tmnally, that the . company is not just 8 source of employmant hut an

o employer that needed them ay Well as therr country needmg thelr company

Commltment to the company and 1ts goals ':_ -

: quc_fo; _thcmselvcs and in then_* ﬁ.tt_ure. L

| 554 Wodel Separation

 Avthe end of 1994 the assernbly plant for the assembly of the S-series (plant 3) was
" completed, and the assembly of the 5-series began in November 1994, This meant
that planit 2 became solely rcs;:onsnble for the assembly of the 3-gerfes. Thls had the .

" enormous effect of almost halving the work load on the support sta&‘ in plant 2,

. mcludmg the tea.m leaders the. process engineers and the sewtion managers The
- following prohlems were rel:eved when the assembly of the S-senes was taken out

- ofplant2 -

[

Facility constraints which only affected the 5~_series did not have to be solved.

5-series quality problems were passed on to the S-series assembly plant
~persannel - team leaders and pr’dcess"engineers, who.wefe unavailable to-essist
in the quality problems with the 5-series at the time because they were involved
-inthe construétion of the new plant |

Fewer parts on the !me (with a reduction of up to 60%), which allowed for the.

redxstrzbutlon of parts and operatlons on the line,
Less operatlons per operator, allowmg them to focus on 3»seﬁes assemhly'ohl-y.'

A reduction in the number of operators in plant 2, makmg tmmmg and

. development of the individual operators by the team ieaders more manageable
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The average number of operators per team leader was reduced from _-
apiprommateiy 20 down to 15, Tfus also had the posntlve eﬁ'ect of reducmg the

: number of operators per statzon '

_ o A, reduction in the volume required from piant 2. The ortgmal dm!y target was

85 umts per day (3-series and S-series together from plant 2) and althmIgh the
tow! daily volume remained at 85, this was spht into 75 3-series and 10 5-series
pe day 'I'hus thes daily volume from plant 2 was effectively reduced by 10 units

- per day to 75. This had the effect of increasing the cycle time per station (ven
though this was partislly negaiod by the reduction of operators which wete

transferred to the 5-series piant) allowing more time o quality issues. |

| 5.5.5 The Right People in the Right Place

In anmanufactumlg envitonment. such as assembling motor vehicles, which is

labour and people intensive (unlike 2 mechine shop using CNC machines for
example), a great deal of success of the praduction lies in the 'peffoﬁﬁance' and

_ motivation of the people. This is probably even more trre'in South Afiica where

the majority of the people have not been formaly educated and trained when
compared o countries in° Westen Europe or North America. The process is
extremely dependent on the human beings doing the right thing at the rigt time

Some of the people in the production environment prior to June 1_994 were clearly
incapable of even doing the right thing, never mind at the right time. As 2 result,
quality suffered. Additionally, the production departments traditionally paid the
lowest salaries and offered the poorest benefits within the company, This resulted
in the top people in the company shying away from the production enviroument.
Fortunately, this was realised by senior management and as a result of
reorganisations of reporting structures, the appointment of top serﬁ.or managers as
plant menagers {even without previous production experieﬁcé) and the drawing in
of up and coming engineers as section managers into the production departments,

the managemeht structyre was injected with new life and health,

Page?.? -
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- One.'_ﬁf the ccnsequencéé' of this was the rea}isaﬁoﬁ that there was -_a.'s_evem_ o
péffamanoe 'probléan with the employees on the team leader and process engineer
level ‘and: that installation of the right team leaders and process enginsers in the
Tight place was paramount to success. Team leaders were replaced by ernployees
- from within the organisation as well as so-called “Meisters” from the German
o . plants, Further to thlS, there was the formation of a qualtty department w1thm the .
) assembiy plant’s management structure Spemﬁcally for solving quality problems_
and assnsung the liné managers with quahty This included appointing two German -
| quairty engineers, and 2 section manager solely re.sponslble for quality. A certam
| porhon of the qua.aty improvemep  the assembly plant muat be attnbutable to _
_ the instatlation of the nght people i in the nght place

. 556 " “Life after IS0 9000"

| | Whﬂst the pnmary 'objéctiva was set s ISO 9000 certification, the p.Iant’s. volume
' and quality targets became secondary since no additionsl resources were employed

However there have been some posntlve aspects which have been forth coming
aﬁerJ{SO 9000 certlﬁcatlon, and are listed below :- ' '

° The use of the ISO 9000 quahty system which has snmpllﬁed many of the
| comphcated work instructions and systems that were used in the past as well as
_ supplylr.g information that was never there, Operatlon plans, information and
clearly defined work procedures have assisted the operators by defining a clear
working environment.
o Clearer information and stricter work instructions have assisted team leaders
with operator training, development and importantly operator discipline,
o With the system in pléce many employees’ capacity was freed up to concentrate
their time and effort on quality, volume and budget. '

o Reducing the number of goals (by completing the ISO project) meant less

B }E!_ég’f‘ﬁ;_
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" pressura for. f’*e emp[oyees

@ Motwatlon and pnde from achlevmg mtematlonal cernﬁcatlon whlch cot.id be o

. chatmelled mto quahty improvements

5,57 Stable Production Volume -

By .focusihg' on the thi'eé pnmary gdals' effort was injected into achieving a
- oonstant daily vulume. The productmn line stopped regularly for the f‘ellowmg

: reasons -

& Facility cdnstra_ints such as lifting trolleys running at different spéesls to the main

o ‘Technical problems with ftment of certain parts to the body, such as the front

_ ‘axle camer wl:uch for years presented at ’ieast 2 ane mimite stap on 70 percent
of the vehicles, : | | S B

N o Poor team leadershxp, planmng and badly trame;i aperators

o Poor pmces__s enguaeeamg _

- These all served to increase the line speed so as to compensate for these stoppages

which were previously thoughit to be normal. Consequent _ﬁ_ctions and focusing on

the preblems facilitated simple and efficient reduction of the down time,

Reducing the line speed was one of the kéy factors in achieving stable volume,

Slower liﬁe speeds meant a longer cycle time which in turn meant a longer time to
solve the prablems causing the line to stop in the first place - a type of snow ball
effect. The advantages of achieving a stable production volume are listed below :-

s A lohger cycle time rédticing the percentage loading of every operator in the

e e e

e
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plant by sxmpiy slowmg the lme down More tmle becomes avmlable tu Spend'

~on Quailty and techmcal pmblems

" '_ e A slower wark pace reducmg the fatlgue for each operator

'. s A more relaxed and 1ess hectlc wor]ﬂng enwonment.

: {9 has been proved several tunes, that w:th a proper supply and a mnooth_'. ._

. Pmductﬂm flow, the best quahty results wcre achleved Stop f start production o
L condltmns have' mstlgated the operators 10 re!ax and iase concentmtxon on the job__'.
- Wlth the result of poor quahty o o -

' ) 5 5 8 Commumcaﬁon and lnfonnatmn from Management for the

Qparators

: The mtreductmn ofcomnnnucatmn sesslons thh documented mfonnatxon supphed e
e _' a all the team leaders from the assembly plant manager regardmg unpnrtant plant' '_ N
L mfonnatlau. “This was read out to the Operators “each. week, and mcluded '
. ._ mforrnatlon on Weekly quahty andt voiume targets and achlevem,nt there nf The_: o
e operators themselvea began to understand what was requxred of them w1t|1 regard_
S to quahty and volume '_ R - -

) Aﬂdltlonally, a concept of team representatives, elected from each team ieadgr area |
by the operators themselves, was introduced into the assembly plant. This becane

knowm s the team speaker meeting, in which between ?5 and 30 repr‘eseﬁtaﬁve_ '

C had g weekly meetmg with the assembly plant manager talang cnmmumcatmn a
_ step ﬁm:her ' '

5.5.9 ° Motivation to Survive and Compete as an International Plant

There had been a clear statement from the Managing Director of BMWAG with

regard to the survival of the Rosslyn plant. With the need to .fi_ntemationaiisa’, S
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- "there “exists’ 4 need for the R05s1yn plant to beoome a member of BMWs N
'mternauonal plant network along with the new plant in USA. The vonditions for

| being granted mtematmnal plant status were to achieve specified quality levels and

stable volime, The reward for achieving these goals would be to begm exportmg

. :3-senes vehicles to Australia and Pakastan

- This presented the assembly plaot with a “do or die” scenario, which has an
_iraportant motivating factor which must be considered as & factor for assembly
quality improvement. . | | | |

5.5.10 Tr_fainin_g_; and Devélqrpment of ths_e Operators |

A programme of training aad &evelopment of the team leaders and operators was .
B started in the begmmng of 1995. Thls mcluded the. trsmmg of appro:amately 150 -

operators at the Regensburg plant in Germany for three weeks. Additionally, two

groups of top class German reworkers were sent to South Africa to work on the

hnes to train and develop local operators. In fact this was the -be'gmnmg and
introduction 'o'f the dynamic section control system, with -'the German
reworkers assessmg and correctmg the nssembiy defects, and then usmg the

mformatmn for training.

A total of five groups, with 30 opérators per group from the lines were sent to the
Regensburg 3-series plant Germany at a cost of approximately R1.2 miliion per
group. The operators were accommodated in a Hotel in Regensburg  and
transported each day to the plant where they worked in tandem with German
operators, The hope behind the idea was get the critical number of operators
irained in Germany so that they could return and pass on the message and assist in
the training and development of their colleges. This has proven to be a massive

SuCCess.
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5.5 11 A ﬂﬂore Facused Audit Aalncation Of Defects

| In the begmrung ofthe last quarrer of 1994 the audit system was changed so that N R

defect could be alloua:.ed down to team lezder levei In uthers worﬁs, defects

. wiuch were previow,. * allocated so mther the entire body: shop, paint shop or _ﬁ _' :
- “assembly plant were allocatedto the raspectwa team leaderareasmeach the shops
 This served o identify the information and create an atmospisre where defects

were assoclateci with a particular team and team leader - problem ownership.

. Graphs and mformattm rcgardmg each team leader became avaﬁable. Iuﬁannatlml o

B became epen and transparasat, which- thad the. effect. of puttmg the team leaders
‘under enormous pressure. Problem areas and team leaders were easily ader_ltaﬁed.. o

' It alsn had the posmve unpact of motivating the team to lmprove Nobody Ilkes ) _
' havmg then- names assomated vnth poor pelformance This means transparency of - -

- accounbabihty on quahty traceabihty ofthe problem S

B 5 5. 12 A More Accurate Allocaﬁon of Befecis to ﬁ‘ielr R:gistﬁz!
- Ownem :

A ceﬁa_in amount of incorrect allocation of defects existed before the introduction
of the sirong management team into the assembly plant, Th many instances poorly
- fitted parts by the assembly plant were as a direct result of certain brackets, holes

and sf;uds beiﬁg_i_n._the wrong place from body shop. These defects were j'ust .
allocated to the assembly plant since their parts were not fitted properly, especially - B

in the assembly section of the audit. Slowly and consequently, via the use of
corrective gotion the root of the problems were found, and consequently the cause
of the defects were allocated to the real owners who could then solve their
problem. A great number of assembly plant defects originally allocated to the
assembly plant were solved when it was proven that in most cases a body shop
fault was causmg the assembly defect. '




5. 5.13 lmproved Quahty Awareness :" '

' _Wxth one of the pnmazy goals bemg quwhty, thxs has genera!:ed a greater quahty |
R aWareness Ali employees have become conscience of quahty, and want to know -
‘the nght way to fita part perfectly, and not just fit it, Quality awareness means that_ B |
“the Operators ﬁmdamental motivation for fitting a part changes It is not only Hsor . - |
B hzr job tu fit the part but to fit the part without fault Continuous negatwe and'_ o
o positive feedbaclf veinforces this, The opetator becomes mvoived in 2 competition
- with him or herself as to h_ow many sifmies _they can fit the same part _v_nthout having
. - :ﬁegaﬁva-feédback'ﬁﬁm t;‘de'andii: Quektio'ns' are asked infofmafﬁon is gathereﬁ-'ail'
m the' neme of‘nnprovmg quahty again 3 mow ball effert and a:ll()ﬂle!“ good:
. exa:nple of what npen and trat parent mfonnatwn for all: cem ﬁchleve PR '

. BB, ‘34 Reduction of the Nunﬁbér of Offdine véhiclés walting for -

~ Repairs and !mpmvsd Rework Standareis in Off-lma Rewark : |
Areas o _ S o

__ By reducmg the numher of velucles waltmg around for repmrs wa strzct.
management installanon of the right team leaders i in the oﬁ'lme areas am:l by L
_consequently stoppmg the assembly p!ant when the number of offline veh,tcles_ :

reach a certain cntlcal level, the number of vehzcles in the off-line areas of Fnush I,

Fmal _ Ameptance and Ro_ad Test could be reduced_from apprcmately 450
E _ve}ﬁcl'es to consistently less than 150 vehicles from the -begimﬁng of 1995 until

June 1995. It is an acknowledged fact that off-line rework and moving vehicles
around causes more defects and dirt, Reducmg the number of oﬂ" line vehlcles'
reduces this nsk as well as shortemng the processing perlod

Repairing vehicles also ihtroducw the risk of not performing the repair properly. |
The ve-use of plastic clips may cause further defects. Training and help of the
repairmen has been the key factor in 1mpromg the off-line rework, as well the

- allocation of any defects in the entire region of a documented rework. Strict

d(_:icumentatibn of when and where rework tock place has been strictly enforced,
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_ _- o _Fm' example, 1f4hera was a rattle m the door wh:ch was repmred in- the road test_ - :

e  aren, then any defects found by the audltar on that door wou!d be allncated to the__'_ - L
-'."';_.'_“’adf“-““-repwmteader | - - S S

R 5.5;1_5 --!ms:meﬂ Pra&es_se'sf- e e

Identlﬁcatmn of poor touls, wrong or wor fac;htles, and madequate traxmng a“d o
- information have been addressed, which s sgain one Ofﬂle spin Dﬁ’s of having the .

i AR

it

g SR R, T 5T

. .:'_i '-.“ght people ln the ﬁgﬁt place Tlns 1s also ori¢. of the' reasons for qﬂallty B

i hoptavenent F‘m“g a bols with 2 ‘W"m 0"* Spamwr isa good example Notonly »
- | does 1t take Innger but damages the bolt of worse stnll results ina 1008& bolt. .
: L!stenmg to the operator nde;nhﬁﬁng }ns or her pmblems can 80 a long way o L
o se!wng 2 lot of pmuess related pmblems Infcnnatmn from the Ge.rman rewcm -
. . . -_-:_team was. also a sow‘ce ofva]uable mfonnatxon What taois arethey usmg m the. e o
: Gﬁnnanplmgforﬂusopm()n? . B B .

e
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CONCLUSI

ONS AND RECOMMENDATIONS

-84 Dynamic Section Gontrol

There is Little doubt that the _dyn#nﬁc__ section control system weorks. It is, however,
'ﬁmdam%e;ttaiiy.hnp#ssihle to categorically prove that it does work in fight of the
.-'sigrﬁﬁcéﬁt méasufés' and change"d. working cohditions that have been implemented, as
identlﬁed in Section 3.5 on page 70. The measured results presented in this repont show |
srgnr&cant evidence of the success of the system, but have also been s;gmﬁcant!y.-
| '-mﬂuencedvbythefactors pomted out in the Sectmns 5. L S

| HoweVer, .there are two mgmﬁcant pleces of mfonnat:on Whlch prowde a very stmng- :

- .argument mthc favour of the workxngs of the dynanuc sectmn control system '

- 1. The ﬁ:st Sactor is the significant decrease in the number of recurng defects identified

' in Section 5.3 on page 65. The measured results #* “w almost no decrease i the ‘one-

i def‘ects, and coupled with the changes in the management structures and working

environment, which does not either forus on the recurring or “one-off’ "defects,
prowdes strong evidence that the dynmuc sectxon control is respcnsnb;e far reducing
the recunmg defects

The very nature of the dynamic section control system is to record defects found and
repair them, In recording them, the systen: is preparing for a reoccurrence of that
defect so that it can be repaired. This means that. defects which are recurring should
not pass the repair point, thus significantly reducing the chances of it occurring m the
audit.

2. The second factor is the increase in the number of off-line vehicles attributable to the

' assembzly' plant, as identifi-" in Sec_;tion 54 on phtge 67. This increase was not
expected as “:;ontified in Section 1.2 on page 4. This proved to be a short sighted

& e sy s £y R e
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expeatanon, since the quahty awareness of the dynamic section cotitrol rewoﬂaers L
“would havc definitely increased. They have been responsible for checking the quahty,_
“and obviously would not have been able to repair all the defects because of 4 lck of
tite on the line, Their procedure is to mark the ramammg defiscts in the job card for -
repair off-line, Naturally, there should be an increase in off-line, vehicles. Additionally,
| singe it is their job to make-good assembly defects, it is logical that the off-line
| vehicles _attnbutable to the assembly plant should increase. Tlaz is also strong .
evidence that the dynamic section control system works, - ' ' |

It is also xmportant to pomt out tha negative and positive aspects of the dynamlc secnon '
sontrol syst xti x’i-om 8 management pomt of view, g o

6.1.1 Positive Aspects of the Dynamic Section Control System -

- The following points are viewed as the advantages of the dynam‘ii: section éonﬁrql :

 system '

o Signiﬁcantly Fetnes i€ recurring assembly defects.

o Signiﬂcdntly'in' oves the assembly quﬁ?ib{ inthe'mahu'factur'iﬁg of vehicles.

o Creates anc  winiains ah environment of qua.ify awareness, with the operators
being fed wun immediate information regarding the defects that they are
causing,

o Reduces the lead time between time of cansing the defect and feedback to the
operator that the defect has been thade. If one were only to use the audit
informatiun, which is some times at least 5 days afier the vehicle has passed

through the assembly plant, the problem may have already been solved but there
could be several vehicles with the same defect. -

o Involves the operators themseivg.é with thelr defects. T!e defects are ot
identified by the team leader or auditor, but by one of their own colleagues.
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o The dynamic section eontrol qys!em is a transparent .s;ystem mvalvmg everyone
ﬁ'om the section in their defects '

8.4.2 Negative Aspects of the Dynamic Section Control System

' Th'e'ﬂynamic section coritrol system does not only have positive results, but there
' ar~ some drawbacks with the system as well. These include the following =~

: _e The pnncxple of inspecting for defects goes agamst TOM pnnclples, in that

 suppliers should give their customers perfect quatity, This is true if one looks at
* the individual worker as the supplier and the next worker as the customer, 2s

" Shingo. [4] does with his poke-yoke system. However, if one looks at each

section as a customer and supplier, then the dyn'amic section control reworker at
the end of the section is attempung to nge their customer (the next section)
o perfect quality. | | |

o The dyﬂamic section control aystmn requires an “increase in the number .

operators per section. The reworkers themselves are pure PONC ~ these

" wotkers are paid to cotrect their colieges mistakes. This reduces productivity
since the reworkers are not value adding, This effectively increases the cost of
the velcles which the end consumer has to pay for,

6.2 The Future Development of Dynamic Section Control

One of the keys of the success of the dynamic section control system was the
- appointment of a full time technician for the maintenance, monitoring and upkeep of the
system and the information, The gathering of information from the audit, off-line rework
and information from customers such as warranty claims is a full time task, Filtering
through the information and translating it into check lists for reworks is the key to its
success, Initially, this was not properly maintained, and the dynamic section control was

not as effective as it could have been, This finction requires extensive knowledge of the

eprng e e e g
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3 plant and a sensﬂive faeling for the qualxty When does a nne-oﬁ‘ occurrence  of 2 def‘ect S

| ' appear on the cueck Ixst‘?

o 'I-Iow daes the dynauue section ctmtrol system dev;-.lop firther? The follomng proposﬂs _ '_ - L
 (someof them: are alroady being put in place!) would greally enhame the eﬁ'ectwenesa of C

_tne dynamo seﬂmn control system

K3 The ﬁrst step should heto mcrease the number of reworkers in the assembly plant, by s
_ 'mstalhng Y dynaxmc sectnon control reworker i each t% g@er area. “This. would_
- mean mereasmg the rawork stations and. reworkars ﬁ'om currently 76 12.in the _
' ﬁature Theae should :mtmlly be expenenced repa:rmen preferably fmm the oﬂ‘»hne'
. repair areas. These reworkers should not report to the individual team: leaders butto
 their angmal off-line team ieaders, in"-order to maintais a mgmﬁcant amount. nf o
N 'mdependence from the section, Once this has been mstalled and is- worlcmg-

_ | suocessﬁt]ljr, then the second step should be engaged

Ll The second gtep is to remove the reworkers from al ofthe team ieader mas and then' B
10 use one operator from the team jeader area itself, with appmmmateiy one week -
- ovetlap. This removes one of the dynanuc sectmn corrtrol system’s dlaadvamages the

reduction in praductmty

"o The third step is to then make the reworker position within the team leader area one

of the official aperations for that section and include it in the operation instructions.

Then the team leader can rotate all of the operators through this position. This enables
all operators to see all the defects that all of his colleges are causing, hopefully
improving his workmanship when he is assembling and create further awareness of

quality,

6.3 The Hdentlﬁcatuon af the Factors that are the Gomerstones o

of the Assembly Quality Improvement

Tt is also pertinent in this report _ta-highlight the import factors besitdes the dynamic

e st
L iyl
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"~ section control whlch are have bean resnomble fbr the remarkaﬁle quaht? llmli'“W*‘-""f““"“‘ e

o in he assemblY Plant ’I‘hese are ndentnﬁeti below -

' @ Clearsetungoftha u s of

o of motur vehw!s mamlfactunng, these shamd bs quallty, meeting your pmnuss'ﬂ_-z- "
- sapply date and kespinig the manufactunng costs as lawas pass:ble. Secondarvj tols .
E fsuch as IS0 9000 cemﬁeatlan, and quallty SYstems such as dynanic section control:'-, S

L _. f_are Qfm iﬂteregt to the end sonsumm They should not he the pnmary 30315

e n Installmg the nght penple in the nght p!ace, even 1fthxs is ats prenuum cost

B 5 'Trauung and dﬁvelopment nfthe i)eopie is of Para.mount lmportance Educatmﬂ m hfﬁ .
h 'skllls such baSlG economics, and home finance are thremel}' lmpﬁmﬂt in "’EW ”f_-
'mouvamn and understanding of the goals and l-’losmm of the fe@mpany in the world o
B - class competmon, Political freedom and stabllity of if *'ountfﬁf Pla}' a ﬁxrther role iy
o "Imutwatmg operators as well as imprﬁvmg absenteeism; Technioal fraining and qlmﬁty LT
R training sre easﬂ.‘f cnnducted w:th a graat deal af suiceess, but. mthout the ﬁmd o, :ntal_ -

o ._erlucatmn base and lifs sk!lls, thns canbe wasted time and mergy

e Manufacmnng ote model in one plant is another s:gmﬂcant ﬁ'wtm‘ fﬂi‘ pr oducmg 300‘1 o
- quality, This keeps the already complex process. of assembliﬂg motor Ve‘“"*e-'* “

o sunpleaspossihle _

ina '_jos Inthacase S
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Table 4 Detailed Data_from Main_Audit and the Assembly Section aod its

Contributors

ASSEMBLY SECTION

Agsembly | Assembly Plant|  Body Shop TP Other
Audit | Date | Totl | OZ | Noof | OZ | Moof [ OZ | Neef | OZ | Noof | QZ [ Neof
No. in Vehicle efecty  Defects Defocts Defecty Defect
Period %
1 |9-Aug94| 17.08 18501 33 [ 687 | 27 ] 035 1 Jo72| 3 jo056 | 2
2 {16-Aug-94] 1431 [6.81! 27 | 533 | 22 o000 O [0657] 2 | 091 3
3 |14-Sep-94] 13.74 [7.83| 30 | 576 | 23 J035]| 1 J078] 3 | 094 | 3
4 115-Sep-947 1684 J1L.10| 38 1 355] 29 {a@n| 3 [o72| 3 | 091 3
§ Sep-04) 1464 {920 35 | 643 | 25 |105| 3 JLi6| 5 | 0%6 | 2
3 ep-94| 1273 [ 729 26 | 440 | 16 |[070| 2 |156| 6 | 063 | =
7 |26-8ep04] 1182|664 23 | 381 | 13 §000| O 18| 7 | 098 [ 3
T8 |29-30p94] 984 |562| 2t |27 | 11 [6i6 | 2 [122] 3 | 091 | 3
9 |30-Sepd| 1069 1621 | 23 | 421 | 15 (044 | 2 |100) 4 | 036 | 2
10 [ 4-Oct-d4 | 1568 [938| 35 1670 | 25 [000| 0 |is4] 7 | 084 | 3
¥1 | 5Qctd4 | 1496 |866] 52 | 598 | 22 |000] 0 J1&4| 7 | o4 | 3
11 | 7-Oct-94 | 14.81 |9.27| 35 | 464 | 17 [079 | 4 |223] 9 | 1a% 5
33 |11-0ct94| 13.03 [8.84] 31 | 542 | I8 |oak | 2 |172] 7 | 126 ] 4
14 |11-0ct-04 | 1203 (884 | 31 | 542 ] 18 loaa | 2 |172| 7 | 126 | 4
15 | 18-0ct94] 1437 | 8.23| 30 | 481 | 17 {028] 1 1iss! 8 | L26 | 4
16 |18-0ct94] 11.87 | 7.73| 28 [ 409 | 14 J000| © |2381 10 | 126 | 4
17 |20-Oct-04] 1099 §540| 20 | 433 | 16 Jooo| © |04a] 2 | 06 | 2
16 | 26:0ct-94] 14.65 | 749 | 29 | 446 | 19 | 035 1 |1291 5 | L8 | 4
19 127-Dct04| 1482 | 863 | 31 | 678 | 24 Joo0o]| o |18] 7 |oo0 | o
{20 |3-Nov-94 | 1690 [9.11| 34 | 761 | 28 |028| 1 (022 [ | 100 | 4
31 | 4-Nov-94 | 16.26 1 8.13 | 31 | 550 | 22 [oo0 | © |198] 7 | 056 | 2
77 | 9-Nov-9d | 11,00 | 483 | 18 | 326 | 12 1022 | 1 (07| 3 | 063 )
23 | 9-Nov-94 | 648 | 298] 11 § 1851 7 000 | © [050] 2 | 6.63 2
24 |10-Nov-94| 8.88 [3539| 14 | 339 | 14 J000] ©0 |000] 0 | 000 | 0
25 |11-Nov-94] 1077 | 5.15| 20 {329 ] 13 o000 | © |o88| 4 | 09 | 3
36 |16-Nov-94| 657 |3481 11 | 213 | 8 |07 | 2 |o000]| o0 | 033 1
27 |18-Nov.04| 960 {525 18 | 4471 15 fooo| o0 }o781 3 § o000 | o©
28 |23-Nov-94{ 9,19 1520 19 371 14 {000 0 079 3 0,70 2
29 [25-Nov-94| 1118 [632| 25 y 497 | 20 |35 | 1 {072| 3 | 0.28 i
30 |28-Nov-94| 7.18 [269] 10 | 190 | 7 [022| 1 |02a| I | 035 i
31 | 1Decvd | 999 |457] 17 | 2231 o Joas| 2 iz 4 | o0 | 2
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Univassity of the Wihuaiumnd, Joha:ﬁesi:urg

11. APPENDIX D: DETAILED RESULTS AND DATA OF THE
ANALYSIS OF THE NON BUY-OFF RATE OF VEHICLES
LEAVING FINAL LINE OF THE ASSEMBLY PLANT

Table 11:  Final Line Non Buy-off Summary -

'Sum

Total Pre- Trim'l‘rhu Over|Fina [Axle] Sum Body Loglx S"up -Engiu Other :
No.of [Trim| X | 2 | - [ I | s | of {Shop| tics {plier. of Non
Defect ' head | Line Assem l’lant Assem
1 s bly by |
| Plant Plant |
Respo Respo |
nsibili | ns:bih -
| S TS A M S A A A A e
Period1| Noof| 74 |74 | 74 | 74 | 74 | 74 |74 | 74 |74 | 74 |74 | 74 | 74 | 74 |
| Days | . 1
Char|f 42 | 4 ] 1 [ 1] S 1 |18 ][] 7 [4]1 4 | 28
0-Oct-{ Sigma| 6 | 2] 1 {41 | 2]1]1| 4 4] 32| 1] 2 { 5§
94 .| 4 | I S I I S P '
to J owcLf 6 |11 ] 3} 3 [12]4 ]3| 24 |24]15 (10} 4 | 10 | 45
10-Feb-] Lecx] 22 |2 212222 2 (2|1 [-2]-2} 2] 13
Perion 2| No.of| 74 |74 | 74| 74 |74 |74 (74| 74 |74 | Ta | 74| 74| 1A | &
- _Thays : 1 . ) ) | -
_ Char] 37 B8 1 1 2|51 )|1]148.77 |3 |6]1 5 | 22
15-Feb- | Sigma| 6 | 2 | 1| 1|2 | 1|1 & | 3] 231 Pl 5
95 _ ' _ A _
fo TDCL) 6 |13 | 4 | 6 |11 ]| 3 | 4 | 27 [15| & | 14| & | 11 | 36
02-Jun-| LCL{ 19 | 1 | =% | 2| 2| 2|2 3 14|22 2 | 8
95
Period 3| No.off 74 | 74 | 74 | 74 | 74 | 74| 74| 74 |74 | 74 | 74| 74| 14 | 14
Days e
Char] 38 {3 | 1[4 {11886 2 2 21
0S-Jun- | Sigmal 6 | 2 | 1 | 2 1T{1( 4 [2] 2 1 5
95 _ . _
to UCL| 57 | 9| 5| 0 |16 | 3 | 4| 30 (14| 7 |15] 6 | &8 | 34
19-8ep- | LCL| 20 | 2] 2| 2| A12]|-2] 86 |1 ]| 2|4 2| =2 | 7
95 '
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EI NPT RS et

Snuth erica -

VEEICLE REPORT . _
Complete #Ehicle Audlt

_ Date*
' Page.

18 04. 98

St

Pbate -
-Baries

Model
Body Na.
Country

E364
-~ CRI8 .
L AV70072

i8.04.96

' SOUTH AFRICA

- Anditor
Audit Type
Lfan

- Cermant.a

' H.BICHLER

Zh

_ALPINE WHITE

NO

DEFECT LOCATION -

' DEFECT TYPE Wght REL Resp

Shift. .T

sEdeuﬁ.j-

QEN=  0.63

Qz.

175
147
147
178

WINDOW FRAME
DOOR PANEL INNER
DOOR - PANEL: INNER
WINDOW . FRAME

“RR LH ALIGNM.PARTS

FRT RH ALICNM PARTh_'

‘RR LH SEAM SEALER.
FRT LY WELD DEFECT.

17
12
17

R 12B
Tp-1
TE-1

e

- T-128

'wwﬁwr'

SECT;ON .

e

RS

. QZﬁ:

(=]

- -
o1
S |

I

563

568

121
212

474
120
720
723
F24

171

144

148

171
171
997

BONNET

BONNET -

FENDER

B-POST

WINDOW FRAME OUTER
QUARTER PANEL .
BOOT LID

BOOT LID

BOOT LID

C-POST -

DOCR

DOOR™

ROOF

ROOF . o
ENCINE COMPARTMENT

' FRT LH
 RR LH
. RR TH

OUTER

. OUTER PAINT DEFECT 35
OUTER FLAT MARKS

LH
SURFACE IRRE 12
ENCLOSURE 8
HIGH SPOT 12
POLISH MARKS '8
FLAT MARKS 35
FLAT MARKE . 12
FLAT MARKS 12
DAMAGED 12
PAINT DEFECT 8
DAMAGED 28

'OUTER
OUTER
R

RR RH
FRT RH

iz
PAINT DEFECT . &
DAMAGED - 8 .

ENCLOSURE B .

T-2D
T-35A
© 72D
‘T-35A
CTP-1
T-2D
T-2D
T-123°
pe2F
T-2F -
T-2F
T-2F
T-35A
T-2D
T-35A

e P

IR E R |

f.g;gg

2.18

SECTION

ELECTRICAL SYSTEM NO

DEFECTS

SECTION

| ASSEMBLY

QzN= 1.56

'H'QzH=

141
115
458

CHECK STRAP & CDVER
PARCEL SHELF |
WINDOW GUIDE

" RR LH HARD OPERATE

28
QFFSET

22 N
RR LH STAND AWAY Z8 N



e, 2 —

VSOl e ddaly AN D s 2 LAY U .

shift

) NO DEFECT LOCATION DEFECT TYPE Wght REL Resp
. 450 REAR LITE RUEBER SEAL STAND AWAY 22 N T-33A A
i 459 WINDOW GUIDE RH DAMAGED 35 H T-34¢ A
a 178 HEADLINING RR FITMENT 3 H TP-2 A
P 152 DOOR PANEL FRT RH DAMAGED. 35 H T-34J A
iy 152 DOOR PANEL FRT RH WAVY 28 N T-34J7 A
- 267 BOARDCOMPUTER - FITMENT 28 N T-33C A
SECTTON mémzcompmm NO DEFEGTS
» SECTION UNDERBODY NO DEFECTS
SECTION ROAD TEST NO DEFECTS
SECTION WATER TEST NO DEFECTS
’-"f QEN-Total = 3.67 QZE-Total = L1.75 QZ-Total = 5.42
Total defects 1 28
LOCAL PRODUCTION - AUDIT TYPES ZA & AQ
o
This Audit vs Target (Aprit 1996)
" Target Green/Yeliow 430 [QZH Target  0.00
Target Yellow/Red 6.30 Actual QZH4  2.1C
Actual 5.42
Section Breakdewn
1Body in White}Outer _S_urfacelAssembILSecﬁonsl
Target GreenfYellow | 0,45 1,77 2.55
Target Yellow/Red 0.56 2.55 3198
Actual ' 0.63 2.18 2.51
Departmental Breakdown
Th-1 T2 ™3 T B &3 | Others
Target Gresn/Yellow 0.91 (RE 2.26 00 030 | 028 1 000
Target Yellow/Red 147 159 2.8 4.00 0.59 0.35 0.00
Actual 0.74 1.34 2.58 0.00 0.41 0.35 0.00

e o PR



soutn .&fx—ica  s/maic reimiize Pages 1

bate . o 7 18,04, 95 o ‘anditor .. H SNYMAN
‘Beries . - E364 Lv - Aadit Type - BT

Model .0 o CHR7B - - . - Ldne- . ... 0%

Body No. '.aﬂnoqoa'~<;v- S _'_Comments ;;;-tTRIM Ffl

| Country ' SOUTH AFRICA

WO DEFECT LOCATION DEFECT TYPE Wght REL Resp  Shift

o
e R
S

PP-2
A v -
'¢~320

714 GLOVEBOX LID- UPPER/anER OFWSET . 23
. 556 AIR VENT GRILLEXADJ _ SIDE L# OFFSET . = 22
© 151 DOOR GLASS - FRT IH NOISE 35
| 623 LEGROOM HEAT CHANNEL . FRT {H FITMENT . 26
162 A-POST COVER - r_"- . RH-DIRTY - - 22
151 DOOR. GLASS .. . FRT RE NOISE = = = 35 .

mEwmEE
Z?ym#P?f;

= sgaaigw;i=.itsﬁ@zNﬁeohéaﬁﬁaﬂn¢ o prers

e v i T

QZN- Tntal 0,04 . aH-Total = 0.70  °  Qz-Total = 1.64.
j'Total defects v.,:_*Gyg S A
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G@NTR@L REW@RK SHEETS



ﬁfﬂaﬁn R@W@wk Pmbiems

Area: Pae-m]pastam N Reworket._

' MikeMasako

Reﬁam | _Not Repaired |

{Boollid. @ge Dufier rubber NI

Cab'e Tie RH undardzash cutshoner.

DME bragiet misaligned

1BME eover pioor fit

_|Earth etud LH front seat area notﬁited .

Earth connection L fioor hose o

TFenderRIT& LA hamess clip NIC

whee [~ym m-h'u.n';..-%

|Fuef filler grommet PIF

. {Fuse box! hameaucl;u_s mtﬁtted

Grab handes dity -

Harness fouting at l..H rear door sill Tseat belt anchor
Hendiining da e

Headlining dufy -

: Hea&lning_s_gggg_g SErsar

indicator side lght LH Fronk Tooss
Loose parts in anit - g 3}

|Non-sunroof gmmmets nﬁm_r_rg_

|Parcel shelf grommets missing -

Rear bumper center bracket [oose

|Repair headiining front edge saperaMg

[Safeiy belt height adjuster - weldnutmbadytéoblg

Striker plate RH loose

Unit dirty fnside -

Windscraen Washer ipe brackat uutﬁtted‘

|Windscreen washer pipe clips not fited

] W&ldscreen washer pipe not ln ciips (RH fner fender

%ﬂgaesaat&sﬁgsagaaéasssaaﬁaagﬁw

Originatot: R, Spance

DSCKWOB  Date:2/20166 - Revistom: 1

-



Mam Rewarﬂ-: thﬂems BER

~ {rea: PRE-»TRIMBuy-oﬁ . Reworler:_

o navid Malhsbula

20-62-98

t:aused by

- Probieny mmpuon
ATSE Feshboarioap :

| Repeired _

Notﬁepmmd 1

Alr vent il gei mnterﬁ(mant

Auxillary fan plag NC

Bonnet DWA switoh ot oonneeted

{Bonnet gas sprirg poot fit

C-Post cover clips ot fitted

Demister air vent grilas ﬂtment =

© iu"_i-..i: ool _-_t._: "M —a §

|Headfight earth poin toose

Dumimy housing for foglight connemon ot e R

10 |Headlight Giment/ algnmerrt

[Headtight hamess tiot in. clip

12 |Headlining dirty

Hoedlining gap alApost

114 |Headlining sagg ggatmr '

[Heater duct LF footwell not ﬁtted

16_|Ignition key operation St

17 |Indicator side light LM front aoase' T

12. [Loose parts i unit

* [ 9o |LoudSpeakers loose

Wiiror hamess e nﬁt i neaduning

[ Multi-display panel pooriyﬁtted
- (Paint on dashhuards R

" |Parcel Shatf dirty _

|Parce] shelf grommets m!ssmg

{Rear seat squab sound insulation hot ﬂtted

Spere wheel well sound deadner N/F-_

RH rear legre 1 duct poor Tt due fo cargetﬂtmant _'

|Steering column top cover scratuned

Bunroof waatharcord: wavy

|V¥rong parcel shelf fitted -~ .

gﬁﬁﬁéﬁkﬁﬁﬁaﬁaﬁaaﬂsgggaéﬁsggaw&a

e

- ——

© DSCIWOB Date:2/20108 Revision |

_ Amromwupfundmelar B



Tttt g

_ fArea- TRIM‘I

R@Wﬂl‘kﬁl‘ e

Mam ﬁ@wm'k Pmbﬁems
.:_-_" Simgar Mphse )

' Date

iNo{

] i‘-"rablem Degcr p“hon

_Gauseébv

ﬁﬁpmred

thkép'w sd |

3nd Brake l_ght dirty

3rd Brake fight hamess not connected B
{31 Brake light joose - L

3rd Brakellght a:mggmeut' T

" [3rd Brakelight rubber poor fit_’
|Airintike snorkel NIF___

Airbag fid misafigned

|Bosrd oomputarmisahgned

tn_cn -n_-d‘n w:-n..u-'u -

‘{Bonae* hinge bolt ‘ot Titted

Bonnet rubber fitment/icdse

Bonngt sound deadrnier chps NE

Boof flange RH sids fauliy '

{C-Post clips intorrect

C-post cover dity -

C-Pest cover LH poor fif” fit |

St

C-post cover RH poor Git_

C-post interior light gap

ICable tie for diain hoses cut shoner

Car jack moumting bmcket DA N

 [Cowl covergap

Glovabox Iid alignmerrt

B&Baaaaazaa:'

'a's;

[ 22 [Glovebox screw closmgcap ﬂ!ment —

Loose parts inunit

Parcel shelf dity

Paicel shelf ol NiE

Rad:ator expansion mnk switch lnosa

Rear iie rubbiw seal offset (‘tap cumers)
{Rear speaker cover dented .

Rear speaker cover not f:t!ed

Rear speaker cover poor fit

Roof fre.ne seal wavy

Safety belt knob RH NE

Scuff plate pin LH rear poorﬂt '

Tall fight covers poor fit

Taolbox incomplete .

Underdash cover LH misallgned
Dnit di dirty ms[de .

aaaaﬁagmésﬁﬁaﬁé

NEY

gﬂaaaasaﬁaa&

 Qriginator: R. Spence

| DSCIW08 Date: 220156 Revision 1

Approved by: U Pfundmeler



Eﬁam R@W@E’k Pmbﬂemg

- |ngen: 'rmmz T Rawoﬂter‘ Caiphusﬁamasha!a T Date: 200296

ANe|. Prohlem Descriphan o ol Causedby | ~ "Ré@mfrﬁd"_ _ Mot Repaired
T e e

Bonnet embiem: paoorﬁt_

C-Post cover dirty _

Door opening weaiherdnm ﬁtlwaw

Grab handle cover foose -

|Handbrake handie damag__

- l-leadlinlq_g dirty

Haadumngmreardamagea e
Kidney grille ﬁtment e

;P Parcel shelf diy

{Rear cushion gap (at safety helt salch)

TRear squab (lop comers) offset/stand away
|Rear squab to parcel shelf gap -

 TRear squab fo scult piate poor fit

TRear squab to seat ball stalk fiiment

|Rear souatfo weather cord poor fit -

_[Rear squab toushing dunr panel

[ Seuff plate fiment

Scuff plate rubber raat FIF

E5'353633-3-230mv-i_ci-'m..mu-u'-h'

steering cclumn height adjustrﬁent lock Ioose 5 '

NH
EY

[Steering column Emver cover laosa ! poorﬂt o

|Steering column MA -

{Underda sh poor fit -

Weatharoond poorﬁt_.' NS

aaaaaataaaawaﬁaaﬁam&aaaagﬁgws

Originator: R. Spence S - DSCHNIB Date:2120/98 Revision 1 - Approved by: U Prindmeler



RO

s

ol

S R,

&ﬁam Rewerk Pm&xﬁems | T

{Ares: OVERWEADA __ _ Reworker [CaralvdiMerwe

" Date:|20-05-85

proh:emnasrmpuon | causedby |

" Repaired__ | NotRepaired |

' ﬁ'shahiessgrommetmasﬁmg cover Not relmvel:! " Paantshov'

'Auuiilaryfanhameascjpluose ey Predrim

Auxillary fan plug N/C _ T Pre-trim

[Brake pipa brackel joar bent 1. OmeadA |

Brake pices not clipped in bmckei - ~ O/ead A

IBrake gipesiouching stABSpump - - { Tam1

_CIusmmsrearunderboc_IyWF 1. oOheadA

JEngine earthstraploose =~ -~ - - 1.~ OheadA

Frash air box drain pipes ﬁtment . -  Ofhead A

.Fueg::peclamp!oose I S b Qhead A

Fuel pipe rear not clipped in bracket N . Olhead A

Gearbox crossmember loose . T Oead A

Gearievernoiclipped inbracket - ~ Dihead A

Hooterstudgmmmeisnotremoved L | Palntshop -
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{15 |Masking Tape not fomoved | Pamtshep |
1 33 {PV.C front wheelarch exp&ndlng nut holes . Paintshop

17 {P.V.C on ofher mounting points | Paintshop

g |P.V.C. on fromi mounting - I 1 . Painishop B

{1 PVC. onfuelfilterbdct_' 1T Paintshop

P V.C. onrear mounting | il ' ] Paintshop -

Power stesting expansion husetouching sumggua - Bupplier - =

Propshaft center bearing bent - i Packagin

{Fropshaf splitie lockaut nok loosened _. omead AT

| Radiator bottom damaged T T T Olhead A |

1Radiator hottom mounting loo: Ioose T ' S T inm 1.

Réa’r_ABS-ha_m'ess_gmmmetPfF'*- R OIheadA -

Rearbumgperconterbracketiosse ~ | PredimA

. |Rear silencer heatshigld not fastened = o Ofhead A

| Stabilizer siud grommets not remwed B ~ Paintshop

Stud cup ot removed 3 - Painishop

YWax on rear susp. mountmg areas  Paintshop .-

Welding Spiaﬂeron maraxle mounﬁng areas _ ~__ Bodyshop

35aa&ataﬁﬁasasamﬁaaéauasﬁﬁkwﬁgg

a

8

Onignator: R&peioe . DSOClwO8 Dalo:2/20095 Reviston 1

 Approved by, 1.Pfundmeler




PUER s L e

o e g M e

Mam R@W@rk thiems

OVERHEAﬂB -' Raworker' " lJonas Monamudi - | -

Dat T

Prohlam Bescripﬁon '

- Causedby

ant bumper ahgnmeut

Repaired .| Mot Repaired |

" IFuel pipe clamp Joose -

[Power steering expansmn ho.ée touching_sump guaid

PVC in rear wheal arch atiogiing bumper afignment.|

Rear bumper bracket hole stripped

Wneelarch rear RH stonegugrd not cllpped in bumper

Wheaihouse front ower rubbar P
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-Abe‘] Dignafi - [

Prohm Bescn ion

. Aooeleraiof linkage cover not fitted. (M43)

[ Caused by |

Air cléaner harmess under tension -

|Alr cleaner trarmpet loose |

Air ¢on Hamess not eonnacted

[AIr flow meter. connection gmmmet PfF (4 cyl)

Ashtray Tiap sticking

1Batteiy cable notin clip

|Camshaft sensor hamess P/F

Door chackstrap rubbers left slde Pn‘-'

Engine dlagnostic plug cap P/F -

Engine diaguostic plug bracket back ta fm'm (aesi)

[Engine piug cover W

|Fan shreud expanding fivets _P_JF -

|Firewall drain hose loose

Freésh air intake grill ubber seat. baor fit

{Mandbrake lever cable nuts NF

_lignition coll hamess connection. grommet Pﬂ'—‘

|Interfor rear view mirror hamess gmmmet poor fit

Interior rear view miliror N/E=

Jack support not fitted to underbodv

Jump stat paint cover NE

"|Miain hiatness prommnet assy - wirss visable

[Quality Sticker on englne hamess not removed |
|Radiator cap looss 1

Rediaior expanslon BollE S G056

Radlator switch harmess PIF

Seaf belt mounting bok closing r.ah NIF :

Speed cgnirol cable poorfit

Siicker - 328 model N(F

Tooibox iTap apen.

tpper radiator hose 10 a.ngine poor il

|Vacuum pipe on engine not clipped (mé) ~
[Windscreen washer bottle empty C

Wiper ann position incorrect
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