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physical properties monitored. Hardness is tested by
means of a Brinell Hardnees tester. A carbide ball of
knownh .d}amatar is hresged under a control 1load onto the
test 5ur¥ané causing a small.indehtaiiﬁn. The diameter
af this impression is measured by means of a calibrated
scop&. A look op tablie inea a correlation between the
impreséian' diameter and_ the bringll hardness. A nore .
accurate method for measuring the diameter is using &
magnified shadow graph and digital zalipers. The

latier équipmeni ié_nnly available at Rutu'ihﬂuétrial.__
7.9 DIBC BRAKE CASE BTULY

Specificativne for the AIF 852 Disc Brake, (See
Photagraph  18) which is made from § special high carbopn
steel, éalls for a bfineil hardness of betwesn 160 and
. BQO. The customer requires 100% Hsrdness testing for
the first thres production batchss of  at léast a
guanti:v of S00 per batch. _

A trial batch o. approximately 250 discs werae run
and subjected to 100% hafdnsss testing using the shadow
' graph'mEthnd.. . '

Biandard statiétical analysilg of the resulis-ara
shown in Fig. 7.1, 7.8 and Tchle 7.1 ovar leaf

0+ the R46 actual discs, 4 were completely out of
_spacifidatinn ~ two too hard and twe too soft.

The average. hérdneaﬁ of meastred was 185.2 with a

reagonable normal distribution. One important fact is
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 ABRSTRACT

Tﬁe  pufpuse of this project was to introduce an
effective Buality Contrel | Systene irto a newly
eetablighed faundry. The parent company expressed
cbnﬁarn abput  the poor guality af locally produced
castings and decided o fnvest in it‘s own foundry. As
the company exciusively pradu&es. &nmpunenté. fra thé.
mator manu%acturing industry it was of paramount
importance that the foundry is egquipped and run in
accordance to  the high manufacturing standards saet by'
the major motor manufactures. As the Aute Industrial
group 8 committed tﬁ a Total BGuality Control
programnne in line with L high~ta:h inetor
manufa:tﬁrers it is obvious that the foundry follow
suite. The strategy adopied was to base & Buality
Management Bystem along the lines of SABS 0157 and to
expand it %o ensurs that all the Quality Regquiremenis

of the customers are accommodated
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1 INTRODLUCTION
1.1 PRUOBLEM STATEMENT

To design an nptimuﬁ quatity system using a hard
systems engineering approach. and {ngethér"with “all
mandatory quality controle systems required by the
customers, produce éasting for the motor industry at a

maximum profit contribution.
t.B OVERVIEW OF THE SITUATIDON

It seems illogical that in a depressed ecoromy and
in a saturated market a new automatic high prqdudiion
' *aﬁhdrv should be cnmmiésinnﬁd.'?ﬂi the justification
is simple — BUALITY. _

The major activity of the Auto Industrial group is
the machining of motor componenis. Defective component
:éétinga account for the highest lpss of contribuiion
as ai this late stage when the defect is datected it is
too late and all the manufacturing effort expended is
lost.

In the 1light of ever 5ncra#sing competitivensss,
both from local _manufactﬁrara amdl importersy it is
becoming mora 'ﬁaairahié to produce motor componento
with greater pfofit' contribution. Apari <from design

optimizatien, nver which the component manufacturer has
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little control, 1t 4is believed that the greatest
reéults can. be achileved Tin uptiﬁising -all tround
quélity. High .priority must be glven to the'mtringent'
quality requirements :.nf the various motor car
manufactures . Optimized wolutions must be able io be
mimulated so  that pfaductibn"results'can ba_%ad back
and Cpmﬁared to the problem model. This éllaws for
congtant fine tuning and ensures perpetuation.

-fypitally quaiity'- is measursd  doaring the
manufacturing_  process . as “cnnfarmanﬁe ta
épe:i?fﬁatinna". Motor  wanufacturers have developed
systens for establishing qua’cty standards .in bath
manufacturing and supply or compenants and réw
materials - . as ahnwn_iﬁ fig. 1.i. Yeit the customer, iﬁ
detecting & failure reports these as being "unfit for

usa’ .
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1.3 LITERARY SURVEY

Frequently articles goncerning Buality and related
Biﬁtiétiual.'tapi:s appear in Enginsering Journals. OF
particular interest to Quality in manufacturing are
cuntribuiinna by Measés. John & Lawaon, Douglas C
Montgomery, & Clifton Young et ai, 8 E P Box, A Pratt &
¥ Tort, K 8 Erishnmnurthi. Common topics cnvatﬁd
include wstatistical methods, experimental design and
exanples of guality in indusiry. |

Requirements, quelity standards and guality sudits
wf  thi varinuﬁ “motor ménufactures Will be takan froam
their  respective Buality Journals, 1{i.e BAMCOR
gtatigtical procedurss. SABS 0157 part E-will form the
background to the quality prncaduréa and 1nstruciimnn.

Thage authors provids & ralnti#alv wide thaorefical
and practical spectrum to generalised gquality topics.
" Most n# the work covered can be adapted and pruuramﬁnd
inte a PR uming available spraadahnats, dntabasas, and
progran languages .

The main sources of quality theory witl be taken
- fram “Nhat is Total Guality Contrel?” by Kaoru Ishikaws
 and “B{afiitical Quality Gontrel by Grant & Leverworth.
Btatistical :uhcwpts to be sourcad from “"Frobability &.
Statistice For Engineers  and Belentiszts" by Walpole &
Myt « '

To supplement this relevant sections from Opavation
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Management by Schonburger % Knod, Production Sysiems
Planningy,  Analysis & Control by Riggs and
'Autnmatinn,Praduciinn, Syastems & Dmmetér Integrated
Manufacturing by Groover.
Systems Engineering approsch to problem solving

will be referenced from Wilson and Chechland.

1.4 THEORETICAL SOLUTION

A hard System Engineering . type approgech  to be
adopted in problem swpiving. Ahdrew Sage (4) defines
this type of approach as - "Systems Engineering i an
apbrupiata ~ combination of the Mathematical theory
systans and. behaviaral theory in a usaful asetting
appfupiata four the resolution of real world problems.t

Having developed :n' ppesible model solution, using
. the basic Wilmon meihotology, a sisulated model is to
_bh developed ao that further probless can he madé
apparsnt . Applying statistical '{w&hniquas . 1~
production dats coliected fren tﬁu sand plant in a
demignad experiment, effects and interactione are to be
investigated. = Yet there st{l11 lingers an air of
T mymtigue nbnéarning the characteristice and thewe will
hiopefully  ba explained by the sexamination of the
interactions of tha major variabies

At the outset, wsystems for both frequent and
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periodic measuring of Bhop Leoading, Production Sutput,
Process Q[uality, Sorap, Rewnrk amd Procegs Control must

be set up. .

1.5 PROPDIED SOLUTION

Manufacturing philoscphies and manufacturing quality
strategies nesd to be  formalised as an initial gtep.
This will possibly dafine manufazturing guality systems
whicti are. to be used i.e. BABS 0157 part 2, Ford's
G101, BMW’s ESK-O1 Guality Standards, FMEAR, ste.

The most Ffundamental quatitly issues .q+ process
contrpt, in particulér the Green Band'piant, heuﬂ to be
investigated using Statistical Methods. |

Systems for monitoring the productiorn output levels
and procesg canfrnt. have bawen implemented snd the#e
inetudes-

¥ Furpace lpading and melt analysis

# Pouring temperature and delivmrad guantity

# Mpuld production and machinery status

# Core production and miﬁhinary'status

# Eraah gand production and machinery status

% Hourly muﬁituring sand physical propeties

* Twice daily sand makeup chacks

# Raw material recsiving inspection

¥ Defect analysis

The Flow diagram, +Fig 1.2y, at the wnd of this
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_:habtér shnﬁa the inspection procedure. in relation to
the product itnw._at'aaﬁh of these points exists a data
recording /7 capiure system. Analysis of this data will
be used in determining the process capability limlts.

The results of these Investigations will foim the
bagis of "Work Instructions® and "Operating Pracedures®
for establishing Guality Standards and ~ Quality
Prucﬁduras.which'ara_dictatad by the custoners.

The objsct of the project is, ihé?efure, to gat the
process into control and inploment centrol mesns which
- will enmure that the overall process manufacturing

systens will remaln in control.

1.6 THE BABIC PROCERS

The process starts with the buying of serap netal.
Ar  the output stesl guality is very tightly controlled
by means of chemical and metallurgical apncifiaatinhs,
much wffort must be expended $n grading  this “raw
matarial”. Different grades of stesl and cast iron are
aeparated &nd sorted according to  spacirs chemical
aAnatysis. ' ._

Meiting furnaces are charged with carefully weighad
.ingrudimnts actording to the melt schedula. Before

Cdelivering molten metal to  the holding furnsce or to



the ling test samples are taken io snsure conformance
to 5pEci¥iﬁ§iiﬂns: o

The sand plant prepares the Ygreen sand®  {pot

besause of it’s colour but because it iz wei) mix for

the automatic moulding lire. Samples of sand from each
bateh are subjected to a compatibility test to ensure
consigtenty. SBamples are alse taken svery hour and
subjecied to more devailed physical tests like tensile,
crush, shear atréngths .and moigture canteht; Twive
daily sand makeup tests like the percéhtaqas liva elay,
dead clay, +inesm, and the los=s of ignition which gives
tﬁa eoal dust :nnteni are monitored.

After forming the moulds in two half sections, the
core ({1f required) 1= inserted together with mould
{nnoewiant and  strainer. The mauld is then closed and
gant to the pauring finé. Metal pouring temperatﬁra i=
eritical in the casting process and therefore carefully
monitored . ﬁfier. going through the cooling Ianeﬁ the
- mouid die broken and the casting removed on a vibrating
conveyor. This separates the sand from ihe metnl and is
returned to the sand plant by conveyor.

Photographs  depicting these mamufacturing processes
are appended in apperidix A

A Fflow diagram giving detalts of the manufacturing
operations and the process sequence follows aver the

page .
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52 SCABRS OLDSY Parct 2

2.1 THE NEED

As mamnufactdring processes become more and mor e
cémp lex: the nekd for ratinnalisat:an and
. standardisation becomes more apparent. Mass production
methods call for cnnsistenﬁy-in materials and pru:essés_
to reduce the ampunt u% custem P£itting" in assemblies.
PfudUbtiuﬁ _managers' soon  realize the advantages of
CUright first tima"® manufacturing philosophy uwzing
nethods %bcused on simplifying operations and "fool
proafing” . _

The BABE first pﬁhlished the "Natiopal Code of
Practice for Guality Management Systems, BABES O1%7
parts I to III* ip 1979, This was much in line with
current = inlernational developments. These Standards
have since been rationalised into the I80 9000 series
of Buality Assurance atandards* although BARS has
ratained the name SAEB 015?.

B.2 FUNDAMENTAL RERUIREMENTS FOR SABS

ALl quality systems need certain _fﬁndamantai'
requirements (3) to ba met in order io be Buccessful,
Without them the system will be doomed to certain
failure. Gualliy systems, like SABE, are net Just lip

service exercises which will satisfy quality audits and
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HBQQEEHGFQ. These provite the infrastructure for bonding
‘together atl qualiiv efforts into & practicat and

usetul Quality Management System. _

These  fundamental reguirements are defined as
follows:e— . _

¥ Awareness - The concept  of guality mansgement and

quality systems must be undérs{aﬁd by the Ruality

Manageﬁent.Team, : _ '

# Commitment - The Guality Management Team must be
totally committed to  the bhilnénpﬁy af Gﬁality
Management . - ' o

% UOrganization - The organization structure mus: be

clzarly defined and the RBuality Management  Teaa

concerned with the inplementing and menitoring product
defacts.

¥ Provision of Resources - Top management must oake

available the necessary funds to effectively implement

Buality hsauranca Systems.
2.2 OVERVIEW OF SABS Q157 PART B

EABE 0137 im divided into B parts.
Part O ;'nuality Management and Buality Assurance
| Standards - Guidelines for sélautinn.and use ,
Part I - Quality Bystems - model for Buality in Design
- Development , Prnductinng inﬂtallatinn.
and Sarvicing. o

Part Il « fdalily System -~ Mudél_fnr Buatlity Assurance
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in Production snd Installation.
Part III -~ Buality Systems. - Model for Buality
Assurance in Fipal Inspection and Test.
Part 1V - Guality Haﬁéﬁeﬁant and Buslity System

Elsments - Buidelines.

Part 2 ié the a::éptgd norm for -tha'manﬂié&turing
industry. | ' _ .

This is based on 180 9008 fuality 'systéms."
-Bpeciiically it iz for use tn'ensufe-¢&h¥nrmance to
spe:ifiad raquiramanta by the 5uppiier during'
prnductiun. This is achieved by the :nmpilatinn of a
- Buality Manual. In_ this manual the following minimum
.muality Systems muét be defined and documented s—

*'Manégemant:réspnnﬁihility

# ehaality system |

¥ Contract review

% Document contral

# Purchasing

% Purchaser supﬁlied product

% Product identification and traceability

% Process control

¥ inspectinn and testing

¥ Inspection, measuring and test equipment

# Inspection and test results

¥ Contrel of nodeconferming product

¥ Corrective actipn

# Handling, storapge, packing and dalivery
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*

Buality records

# Internal duality audits

*

Training _
Statistical Techniques.

*

The siructura' chosen for this manual is to take
each o the above 'mentiﬁnad_ topice as aﬁ ﬁﬁarating
Procedure. Each operating procedurs is then detailed

with  Work Imstruction or instructions to suPplamanf
‘the Operating Frnce&ureq. .This hatps tﬁ' Iagically__
struct@ra the manual and reduces the need to repeat
 many common standing instructions. Dperating Procedures

and Work Instructions are systematically rumbered and
| indexed for éasy referehce. |

Included 1in the system is a numbering ayétém for
._Iall' documerts mentioned in both the Operating Systems -
and the .Nnrks Instrustions. This is reguiraed to.
standardise, and possibly minimise the amount of forms
to be used in the system.

Traceabitity ?nr procedures and instrudtinns for
every form must exist. This implles that all quality
related information i.e. material an#lyaaa, hardness
testa, production recufda, etc., must be able to be
traced “For avery single component manufactured. Thess
racords  are gensrally expected to be kept for 8 yRars -
although ‘"safety critical" components must be kept: for
10 years.

However, SABPS doee not &ddress all the necessary
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Adssgues for the mandfa:turing'nfZautamative Components
to customer specifications. It is, théreﬁ&fe, necessary
to supplement it with additional systems sp that issues
d¥ B~jio01,  VW Cuality Systems, BMW Quality Btandérdﬁj
Mercedes Bendz 4 etc., can be addressed within a sipgle

Duality Assurance Bystem.



2 QUALITY SYSTEMS

8.1 VIEW POINT OF GUALITY
Normally quaiity iE.ViEWEd as shown in the diagram

 (fig.8.1)  and .rapraéants' the more  traditional view

point. of a Buality SQystem.

NAIVE PICTURE OF QUALITY SYSTEMS

-
tag Lor
Pl

N

o

S 'PROCESS }L;@;;:;;

T4
implimeant mg;:gf
¢hange e
.
detect. e regord
. arror ahalyse fig, 3.1
fig 2.1 ' '

Thiz system monlters the output of the process.
When nom unformance is detected a corrective actien is
appiied and the output is again monitored to ensure
that the corrective actiun Haﬁ had the desired sffect.
fhis sort of radﬁctinnist hit aﬁd. miss approach to
problem solving is depicted in fig 2.8

The problem with this gort of problem solving
technigue is - that only a 'vary limited view of the
gsymptoms are identified and the impact of the 5u1utinn__

iz not viewsd in conjunction with all the opther
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interactive systems. Expressed in terms of Murphy’s
Lawe "new sotutions breed new problems!
The Systems Engineering approach is to adopt a wore
holistis view of both the problem and the solution and

the relationship between them.

: _HoPINa THAT ANALYST X - {Le
AEAL~WORLD ' . TECHNIGUES

TIQUE . : . USED BY .
PROBLEMATG o m \ ——

. WILL DISAPPEAR ﬁ

THE REDUCTIONIST APPROACH.TO PROBLEM SOLVING

fig 3.8

The Ffirat stap in.ayatam Engineeripy is tg eleage
the “naive" pieture into & "righ" pictha by & wider
view of ithe problem situation. Thig aids the définifiun
of the whole problematigus so that a dunceptual midel
uén he davaldped. [ .tachniqua “for aehieving this &g

C-A-FTel~W~E analysis, a8 explained. by Wilson (5.
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‘Using this apprnach to  Buality Management Systemﬁ
ylelded this analysis: '
Customer — The end user, in this rase ihéimntnrist
Actors - Guality Asmurance department of buth the
. manufacturer and the moter assembly plant
. Performance - Guality standards as defined by BABS and
the various mbtor.manufactuwwrg ' '
Transfnrmatinn = Denvarting raclaimed steel into high
quality autnmntive cnmpnnents '
af%iciant1y
Weltanschaadnyg ~ Motor manufactures perception of tha
| . Buality Standards of the companent
_ manufactures _
- Ownership ~ Component manufacturaer’s manufacturing
capability | “
Environnent - Rsstreined-tu the motor manofacturer ’s
spaclficationg and supply contractual

agreament

And this 1ledds 1ip the following definition of the

problamat iquer-

The conponent, 'ménuﬁacturns_ ability to produce
automotive componenis to  the specifications requirsd,
in the agreed quantity, o the delivery schedule and at

a price which will allow for fair putual profits.
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RICH PICTURE OF QUALITY SYSTEMS

e

L

JRER

7 Doou nantary

Control

Pt

Feoe

- iy Y T JOTRY I o ; - i
Lo Pk Voo Montlng {‘ T P
bt Y shap R ey - I Lo et

Trrme ay -

P55 = Process Speoificotton Shnaif""' Lo fig, 3.3

Bignificant 1n the above diagram iz the apparent

‘womplexity of the interactions of all the guality sub
systems,. The motor manuwfactures L.e.. UN; B, Ford,

atc., each have thelr own specific reguirements Jmposed

on the componant manufacturer. The system suggests

that all of these plus reguirements of 8ARPE are

transformed - ints Operating Procedures, These Qperating

Procedures are supported by detailed Worke Instructions

whish tugéthar with Process Specification Shewsts and

Doocumentary Control define the sxact parameters for the

varipus manufanturihg prn:asaas}

Castings , the output o AIF, ar.: the raw materials
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used in the next phase of sonversion. Again the same

verdor specifications are imposed. This, no  doubt,
laads ta a vary tight bond betwsen the foundry and ths
‘machining / finishing procedures. It is also this link
which im the justification for AIF‘s existence — simply
hecause other foundries which Auto Industrial used
could not skip the desired guality. '
This is the reason why “machining / Finishing

-~ r gn the diagram = all part ot the same group.

8.8 W-i01

The emnphasis of BABS 0157 is on guality management.
symtens and although the naéd fnr statistical control
is = addressed, it i= momewhat vague. Ford Guality
Cartrel Specification ﬁ*iéi iz & quality system used by
Ford on it’s suppliars (6), The function of this systan
iv - to  mneure  that suppliéru are usin, ﬂf%ﬂ:tiva
statistical methods to produce components to within the
: fhn minimum laid down standards. Thias is in itaeif a |
quality restriction in as  much that pompliance is to
mipimum standards - snsuring thsat only barely a minimum
Wwill be achieved, but this is further qualifisd in that
the system does sncourage ongoing quality. improvemant.

This basic format of statistical guality sssurance
iz usad by most other motor smanufactures. '

In egsence the goals of B-101 are as tollowsp-
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. % Produce products whose guality is unsurpassed by
mﬁinr cumpatitnra. | '

# Only pradunta.which fully comply with engineering
ppecifications may be shipped to Ford ' '

% Requiramenté-are mat efficiently - both from cost and
timing point of view. Consistent quatity nullifies
the need for afterﬁthewfaﬁt_1n5pacting to Find
defects. - '_

# Consistency in quality cen only be achieved ina
prosess which 1 iphersntly capable of consistency.

% Process pnr#nrmanca'depandm on both the combined
effacts af machine capability and prﬁcasa control.

* A1l processes must be conducted within their process

capabllity

This ultimaiely Ipads to the conclusion that this
system is concerned with the fact  that the py ocess
capebility must be guantified and that the ongeing
production must be kept within the defined pra&ﬁum
tapability 1limits. This implies that the procese must
be capable of performing within the limits at the
uufaet. Alibough this .auundz vary fundamental it has
some  profound ramifications in  the foundry industry.
Dniike machining operations which are egasily definad
and whare the capability iIs readily ﬁaasurabla, the
foundry  process ig  largely dgpehdant an  oparator

judgement. Even in the most sophisticated foundries,
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autﬁmatiun. is limited to relatively faw protesses. Is
it, {heré$bre, fair that the smame guality control
syetems should be applied? Daterminihg the process
capability of many operations is in fagi determining

" the capability of the process operator!

3-8 BEK=-01

Another example of vendor quality system iz HSK-01,
supplier  guality assurance  systen asaéémmént
questionnaire as used by BMW. | '

The function of this is to assess the guality
Prowess ot the component supplier.  In order to
determine the ‘“degree of attainmani" twanty quality

aspects are addreased, MNamelys-~

_ Bcora
1) Organimation - GA Systam - Job Descripiions eto. (907
B) Planning ~ Project Planning ~ Procurement Plan (60)
2 hnaumant Bon{rnl « Defined Systen (S0)
4} Production Equiﬁmant Dnntrﬁl-capahility Biudies (S0)
%) Pradustion Procedures~Written Work Instructions (S0
&) OC Progedures - Metheds — Ingpection - Archives (S0)
7) Product Reguirament-Guarantes Acceptable Guality(0)
) Lahoratory ang Inspection Equiﬁmeni'm Adequate t451
3 Bub—Buppliar @.Assurance-Bupplier Assessment {6Q)



i0)Frocess Parameters - Méintenance {30)

iiiIn_Prucaas Inspection ~ Regular Checks (8303

1E3Finél Inspection - Conformance to Spacificatinn.(BO)

18)Process Control - Statistical Methods - (80)
14)Non Canfarming Prﬂduut - Segragate- ) : - 430)
15) Ingpeciion and Test Btatus ~ iﬁenti%ied : {80}
16iMaterial Handiing - FIFD - Correct Methods (30)
17)Training Programme ~ GQuality Improvemant (30)

18 Porumentation and Records - "DV Parts 10 Years. (55)

ig)Corractive Action Prnceduréﬁ-Writtan_Instructinntad)

B0)BMW Access to Supplisrs - Adequate BN 11)

TOTAL ~ BSS

The assessment of guality ig as followse~

BES - 855 Al
785 - BRO AR
&4 - 750 B
580 ~ 640 B2
(30  ©

Meets the requiremsnts
Predominantly meets the requirements

Mestis most of the requirements

Only meets requiremsnts conditionally

Does net mest the requirements

Therefodre, in order to supply BMW a minimum of a B2

rating is required.

vhe gystem is designed to structure an improvement

programme  for “weak" gquality areas, A Bantt chart type

progranme

iz drawn up for each topic  for the next

twelve monthg so that future auwdits can he mestursd to

pnsure quality progress.
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2.4 NISSAN’S 806 & SUPPLIER DEVELOPMENT ASSESSMENTS

. Nigsan‘s Supplier Ruality Aesurance (88A) is based
directly on BSABE O0157. The purpose i@ to establish
procadure éuidelihes to ensure that all products and
services .delivered to  Nissan aeet all | the :.
gpacifications. '

Nissgan witl..audit_its-suppliers, usually annually,
to  ensure total  conformance. Areas  deered . as
norn-compliant will require a documanted eorrective
action plam which will be mutually agreed uptn. | | -

_Aéseasmgnt guide  is  directly linked to SABS
reguirements. On completion of the quality 'aﬁ_dit,
auppliers will be rated with A, By, B,y or D grade.

A = Fully assured to marfaciure cnmpananin.

B _¥ fAssured with items of minor non-conformance. Minor
non-conformances wolld be a non~conformance which will
not a#fent the product in gsny way. Nermally this weuls
he & document type d%-nunwcnﬁfurmance.

C = Conditionally asdured. This condition will be for a
Uimited period anly and followed up by & further
agsesghant . : | |

D = Dimassured. May not supply components.

A full  report detailing all sos-conformances as

mither sericus or minor together with recommendations
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is submittad tn the supplier.

8.5 VW - SUPPLIER mUﬂLITY‘DEVELDFﬁENf {BaD}

Alihﬁuéﬁ this systaﬁ féquires a guality manual
based on BSABS 0157, there no direci connection between
880 and BABS. In essence the audlt system 1s.dividad as
followss— | ' |

Part 1 - Organisational Requirements

_ _ _ Poinis
' Urqénisatinﬁ o o 240
®.A. Beneral _ 80
Wdality Planning 132
In-Process @.8. ' BE
B.A. Principies . as
-Production 54
TLD —~ Documentation : 142

Part 2 =~ Reguirements aceording to Production

Te:hnnldgiaa

Goode Recéiying/ﬁturaa 212

Amsuring Guality Bupply 0 u4s

Inspection of Finished Boads : 36E
Final Inspection Product Audit 290
Btnrage'c;nditinnﬁ - Despateh 78

Rellabitity Testing '5-



gt
Maintenance of Insg/Frod Eguipment . 40

Production Conditions and Monitoring

dr Sand Mix i74
B) Cora/Mould 174,
3) Melt Furnace | : 174
4) Casting/Moulding . | o 174
5) Fettling/Fimishing =  a7a

The results of these items determines the overall graga

as follows:

GRADE @UALITY = DESCRIPTION CONSEQUENCES
CAPABILITY '
A 90 - 100% Buality Capable Nes e
B 75 ~ B89% - Conditional Buality Improvement
Capable Ftan
G Qo - 4% Not @uality Capable Immgdiate Action’
‘Ptan

The outstanding feature of this audit aystem is
that ‘a high degree of significance is inan tu-the. 
actual marufacturing prnceaa; This makes it a.mnre
personal system and more user frisgndly system to both

YW and the sugpliar.



8.6 ARE SUPPLIER GQUALITY ASSURANCE SYSTEMS MNECESSARY?

1t is indeed a pity that in additiocn tc BABS each
motor manufacturer polices itz own supplier quality
assurance .syﬁtEﬁ. The question is why and at what cost?

Baehingly, mator manufactyres do not balieve that
the guality standards set by BABS are sufficiently high
ér that BABS  are capable of impiementing the
. requirements of the motor . industry. There ara.axamplaé
of foundriss which have SABS approval yet to not meet
the quatity standards of mbst_mutnr manufactures.

¢ there are eight motor manufactures whith each
sngloy an avarage of +five supplier guality assurance
engineers at say & cost of R100 000 it means that there
is a direct expense of Ré4m plus travelling,
‘accommodation, etc. If the supplier who suﬁplies to ail
‘thae motor manufactures is sudited only once 8 vear at @
days per audit ii means 8 loss of 28 working days tn 
the supplier quality department plus modarate
interruptions to production management. For 500
suppliers this amounts to 1R 000 lost days.

I do ne. believe that this elther justifishle or
necessary. I think  that this problem Qhuuld be
addreaéad by both BSABE and the Motor Mannfactures
Faderation to set supply standards for .tha motor

Andusiry as a whole.
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4.1 INTROBUCTION TO FHEA

A completely different approach tb.mualiiy Bystems
is that taken .iﬁ:JFailure Mode and Effect Analysis
(FMEA) .« The obdect of this analysis is to numerically
evaluate the result of the failure or anticipated
tailure of  the component or aupraEt of a componert .
Component  faliures can be plearly classified intm..
either a failure as a .result of poor. design or é
tailure as & resuli of poor manufacturiﬁg techniques.
The game basic principles are appliad t4 component
design as to the production processes in ﬁrdar'ta
attempt to evaluate the result of a failure, Component
FMEA is usually only used by the design engineering
dep.ritment whiie the tatier is more commonly used by
prnducfinn engineering department .

~Pomponent failurés will vary in seriousness from
minor annovance or  ipconvenience tu; at the nther
exireme, major hazard which effects ths safaty of
people, resulting in the loss of 1ife or limb, The
latter are classified as “Safety Oritizal’ and sach
manuwfacturer Has & method of idantifyihg the specific
attribute which accounts for  the critigality. These

componants  have to be handled with extreme care. Non



-~ .
conformance to specifications are not tolerated at all
angd an} imﬁrnvamants, alterations (1.e. rafurbished =1l
replaced tooling) or “mudifi:atidns" will have to be
veitied by the ovarseas prihcipal manu+a&tures* '

- A\ ho cnmbdnent' development takew place at the
“foundry and  all 'cumpunents are made to principal
manufactures dréwings- and specifications, FMEA‘s will
b limited to Process and Manufacturing only.

The result of denign. FMEAs8 ars safety critical
ppecifications on componentis. As a typicgl axample on
A disk .hrnka caﬁting. drawing th& Following sa+ut9

Ceritical i{ams appear dn a Vollhswagen dr;wihg - "100%
Crack Free" and "Defects which sdversely affect the
wtrangth of  this tomponent are not nerﬁittedﬁ- Theae.
very broad based specifications mffectively means that
no deviations in specifications can be made and alwo
th&t process FMEA® must ensure tl.et defects identified
in the manufa:tur#ng process will et efdect  the

component safety and raliability in any way.
4,8 FMEA TEAM

Chooming the team i important. The objmct im to
gt s broad as pessible spectrum which muegt lnelude,
at  least, all thé manufacsturing disciplines while not
making the team too big sn that decision making

becones  difficult. The ddeal obpumbsr dle JF people.
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"In putting  togsthaer  the team the fallowing must

also be takern into ac

count 1~

*Representatives from major gisciplines

#Team imader and

spcretary

- ¥Not too many "strong” personalities

#Taam members must be trained in FMEA

#Time Limit ~ i.8. aveld interruptions

kTime table for raview meetings

*#Pra-meeting preparations organised

*Buitable vanue

4.3 SEDUENDE OF OPERA

TIO0NS
1) Tooling e Runner| |#)Me1t| {B)Sand| |7)Core &) Bought
Dasign Systan | Mix | - - Duts
— . — A— _ .
. r 5
{8 Mouid, 1SiPouring| |[&)Band
Frap. Control Teat ing
i | i
E)Mnulﬂing'
-
1M Findishing
N RS
11) Inspaction
. Tha surwst wethod of greuring that all cperaticns

arg inciuded in the FMEA {s to follouw the manufacturing

oparations, &z =shown above, An example of & FMEA form
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o
ig shown  in  fig. 4.1, which iz an A8 size form for
wase 0f  usee. These operation are then filled in on the

firet column labeled "Operation Bequence."

4.4 ANALYSIB OF FAILURES

The objeet at this mtage is to list all the
poesibie #ailﬂras which could také place with magh of
the ligtad aﬁaratinns. For example examine the forth
operation "Melt". ésk ihe questian "What will happen if
tha melt procsdure goms - wrong?". ‘The nswer to this
questiﬁn' is | the 'pmtantial aétual' failure. It is
necesaary to he very pessimistit. - This implies thé
sxamination of the woeret possible sc&nériua. The tqam
must be mncnuraged to divulge  all the process shord
comings and not te hide system f&itures.'

Examp los n? actual fallure modes are described

below, The quastion to be corsidered to streds the

Admportancse of potential  Failore is "Cowld it?Y as

nppnied to “WIVL 1t?". Typical failure modes are:

Dversize Crached Pouruus
Underaize Qpan Misaligned
Reugh Bharted .Dutnufwhaian:a
Excentrie Leaking Paformed

Missassemnbled Damagec Omittad
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Now  the effect of the failure is examined, This is
the cnnsaquénce the poseibie failure would have for the
customer, which may be the next operation in ihé
mamsfactiuing process. By “"Customer” im meant the
Schonburyer definition of the word. _
Effect(s) of Failure - Where possible, exprass effect
in terms of the product function. This will help te
identify the saverily of the 'cnnéaquanﬁé of fha
- faliurat '

Excensive machining will be required |

Benerate excessive heat

Compongnt witll %ractufa _

~ Having established ail {ha posaible effects of the

iéilufaa, the causes heed to be sstablished. This iw
simply the reasons for the failures. ;Liai all the
possible causes assigned to  each  feilure metde, B -a
should be taken to e=ndure that the list is &6 inclusive
a8 poerihie s that remedial effort can he aimed at al

partingnt causes. Exapples of maﬁsun might b

Broken tooling Maghing settings

Worn Tooling Inacewrate gavging

Wrong matalluryy _ Inadequate proo: as
' control

The oversall objective of this sxersise is to gather

a good wuwnderstanding by all  tha team hambarﬁ of the



possible failures  together with their - causes and

mffecta.
4.5 CURRENT AND IMPROVED RISK FACTOR =

The selected technique for FHMEA ahalyses the
current status of the pafential *ailﬁre, lists pozsible
corrective measuves and  ant.cipates what the improved
ptatus will be. This i clearly demonstrated an the
FMEA form. | |

To datarmina the risk Factor thrae prababilities
are taken intu account i= 1) docurence

' . B Sighificance
E} Discnvary
The Risk Priority Féﬁtur is minmply & probablility which
i® the product of these {hree probabilities.

Oecurrence 1s & probability ranked frum'iltu 10,
The eriteria to be eonsldered in estimating the
pecurignce  ranking is  the prnhabiiity that the cause
will ocewr and this raﬁults in the indicated failure

mode . The fdlluwing table may be used as & guide Tine.

SRITERIA RANKING | PROBARILITY
REMOTE probability ¥ oocourrence i 1710 Gou
LW probebility of osmcurretice 2 178 o0wo
' ' ] 1782 000

4 171 Q0O

_ ] 17800

MODERATE probability of oggurrencs & 17800
HIGH probability of occurrence 7 17100

a 1/50
VERY MIBH pvuhability ot n:currencn -9 1/B0
CERTAINTY 10 1710
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Bigniticance is the sstimate of the signifivance of
the “eftfects of Failuwre" to the :ustamer orioa 1 tn 10

ecala. The table below gives a halpful guide.

CRITERIA RANKING.
UNREASUNABLE tio expect that the minor nature i
of this failure will have any :
noticeabls effect on the :
' eustomer
LOW significance ranking due to the minor
nature of the faliilure. Only slight
cugtumer annoyance.

MGOERATE faiiurg which causes the customer
disgatigfaction. CQuestomer is made
uncomfortable or is annoyed by
the failure,

HIGBH degree of customsr dissatisfaction

. due ito the nature of the fault.

JFAILURE of ithe product to perform ite

purppse. Noes not involve safety.

VERY HIBH mignificant failure involves
potential safety prnblema

S@my FOLE ©W

g
Lo ]

Disbnvery is the probability af dincavaring the
defecty caused by the fallure identi%ied, betfdre tie
product leaves the manufacturing location, using the 1

ta 10 scale. 7w fellowing ig & guide line.

CRITERIA ' ' TRANKING | PROBABIL ITY

REMOTE . Detest is very obvious 1 1710 oo
LOW likzlihood that ihe product g2 178 00U
is dispatensd with the defect| 8 1/8 oo
The defect is ohyvious q 171 000
: : 5 1/500
MODERATE. Defent is easily & 17800
identifiad 7 i/7100
_ ' : 8 1780
HIBH. The dsfepect has subile 9 1780
characteristics
VERY HIGH., The defaecl is latent 10 1710

and would not appear
at manufaciuring ar
1n5pa:tinn.
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The resultant risk priority factor is an integer in
the ranée of 1 to 1000, Obhvipustly the higﬁer the mnumber
the higher tha risk. This is used to zet a priority
rating for a plan of astion which will address the more
perious faults Ffirgt. The plan of action must inglude

the date of the next FMEA to ensure effective follmw

T1- P
4.6 BAFETY CRITICAL COMPONENTS

A & result of design FMEA carrigd out by the
princiipie  manufacturers  components  which  eshibit
critical failure features are termed "Bafety Oritical®.
This implies that if the designed feature is not
maintained the component could fall in its functicny
thareby causing or resulting in damage to machinery
and/or injury and even loss of life.

To avert this situation &11 dvrawings smrd paperwork
are to .carry an identification symbol showing that the
somponent  fs & "Bafety Gritical® item and the specific
features  that result in this are to be glearly
identified. |

Each manufacturer has his own  "safety eritical"
gypbol. - For sxanple hne manufacturer uses an invertad
triangle with the letter "8" pn the inside. |

ALL vgafaty  Critigal®  components ar#  to
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cunspicaously display the followingi-

1) The sa¥at9 critigal symbol is to be shown in the key
af all "Safety Driticai" drawings. The title is to
indicate this and also the humber of oecurrences, o
B}  Print the numbar  of '5éfety critical fnatures.
reiévant to the 'chmﬁbnant on 'the drawing in the
designated area and identify sach safety critical item
adjacent to the actual poai{ion on the drawing. 1.e.
Purnsitylnetactinn' | \%§7 - '
Hardnass 160 - 190 BN \§/ |
This" idénti#icatinn states that the design feature may
not be altered in any way .and shiuld alteration be
required for any reason  whatsoever, written appruval
and subsequent drawing changes will he fequired.

) ALY paper wurk relatiﬁg tn & "Bajety Critigat®
components are to bear the safety critical atamp.

4) Quality Control are to carefully monitor all safety
critical components and &  traceable ; record of

 Umeasurenents taken" kept.

4.7 CONCLUSION

s it can be seen this method {8 very subjective
and open to all sorts of abuse. The gkill tam be
developed in using this technigue is to try to keep

Judgements consistent.
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A good apin-off of FMEA analysis is that a good
understanding bf the comnonent and the.ménu+a:turinﬁ
process im  gained by'tha evaluating team. This is also
a dynamic process ih  that when all major defects afe
" eliminated, minor defects begin to become significant
and  are addressed. This is simply yet another exémble
of the uitiimate quest for zero defect.

All motor  manufactures require that component
auppiiera do prn&eaa FMEAs, and 13 therefore very

important to suppliers who want YA ratings.
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S INFRASTRUCTURE OF THE

BUALITY SYSTEM
‘5.1 PROVISION OF RESOURCES

The firat step  in defining Quality
respbnaibilitiea is tu. es£ab1ish a Ruality Management
Team (GMT). This consists of the Systems Manager, who
is also appointed the Guality System Co-ordinator, the
Foundry Méﬁager; the Déveiupment Hanaget, thé_.
Metaliurgist and the anductinh Marager. The function
uf the BMT is to attend to all the quality related
mattoers affesting the drawing Qp and implementing of
procedures  which will satisfy the requiremenis of BABB
0157 Part 8 and io supplement ft so that {t wWill also
patiufy the Quétity fequirementa of the various motor
‘manufactures. This task will be achieved in four haaiu.
steps - | |

# Duatity Poliay

$ Dhjectives

# Btandard Operating Frocedures

* Works Instructions .
These four jevels of documents fouus on the product In
increasing detail.

The procedurs will be to draw the documents firaetly.

in dratt formy elrcutlate them to all people concerned
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for camﬁent; and -after gaining general ﬁﬁnsansus tn
prepare ihem in the sténdard format for approval by the
Maraging Director. o

The di&gram'beluw depicts the general structurs.

flg. 4.1
_gﬁﬁ QUALITY First Leval
Mdanuat - ' - POLCY
L . STATEMENT _

- Standar4 g o ) . o
Procadures " OBJECTVES Second Leval -
Manual ) _ o o

OPERATING : Third Laval -
' PROCERURES g ird Laval
Control & v, _

Manual E o o o
DOCUMENTARY” works . PROCESS Forth

i - ; - SPECIFICATION

4T - INBTRUCTIONS
CONTROL SHEET
‘ .

9.8 QUALITY POLICY

This siatamant provides a set of broad dirvectional
guidelines  for tﬁa whole fagtory. It outlines
managemanis ewxpectations from the statf and indicates.
to the custemers what they man exptt.

A good Guality Policy should therefors include the

%nilnﬁing aims &~
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% Steps to pfevant defactive work
% Preserve and imprs,w the company’s image
¥ Promste customer conldence asd satisfaction
# Reducs BET AR rework and'rumtifinatinn
S Imprnvn productivity
Following ia the adopted poli:y of Aute Industrial
AUTO INDUBTRIAL GUALITY DOMMITMENT

BUALITY is the number ane apnrating prinrity in the
Aute Induutrial Broup _

Our  aim i% to give top attention ~ top ststus - and
top dedication in every decision we make ~ @very action
wia take and mvery mnove we make.
| This philosophy {8 to be implsmented at every Auto
Industrial Group wmite by adherenca to the follewing
thres guatity mandatesi~

1) In order to maintain guality leadership in
- the markets wa serve we wiil produce and deliver on
time, products “and gervices which cﬁninrm iu BAEE 0187
part 2. | o '
To  achimve this geal  wach  individuais
:nntributiun i & vital part of the overall effort. The
anphasis  on quality requirss congtant consclious
gonmitment by each smplayee to DO IT RIBHT FIRST
TIME“; Management is dedi&atud_tn crasting corditione
which will allow achisvament of this goal.
By - improving r-tatiunuﬁips and commpunications

with the labour fores amd tncuurnuing tean spirit
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throughout  atll iavwls of the company and to promote
batter afficisncy and - incressed prdductivity by
creaating better and safer working rsonditions.

Bigned Bhiu% Exegutive.

5.3 OBIECTIVES |

A sarious time constraint on ieplementing  the
quality policy s that unlesa_a-ai-ﬁatinq for BEK-01
gan be schieved, cnmpunantal panriot be shipped tu'EHw
irrespective of the actusl quality standard ashisved.
BMW  contributes significasntly to the order book of Acto
Industrial, This has to be schisved befors the end of
Jung ‘Bl. B} rating reguives BABE 0i%7 Part B to be
oparating, although an actual BABE audit cwan be
completed at & later date.

Thereatore thw immadiati ohjective is to :nncun{ratw
on  drawing up and impledenting cperating prodedures and.
supy lementing  them with works {nstrocticons. At the
same time it 1n'raquirnd to implement data mellscting
sysiems o that process capsbilities can be evalusted
hefore the end of June, 1991, _

Te ashieve thiu the following prngrammé_haa it be

ol lowed g~

: Jarn Fab  Mar ﬂpr May Jun
‘Bat up Monitor Systemel ex(ae | { I
Basic Procesa Dontrol | {Rxx¥| l | |
SABR 0157 part 8 1 [ O#se (oMK [RERE (RS |
Process Experiments | { | o%uu| i |

— i —
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Systems Effentiveness | bows] % | EsEw| [

!
Protess Capabiltity i [#%% | [ ##e] ¥lak 1
GEK-01 Assesament Pt ) kR [ e ] RExR] !
BBK-0) Audilt 1 ' I ] b [ 2

%.4 STANDARD OPERATINE PROCEDURES

BABS 0157 Part 2 gives & guide {o the minimum
standard operating procedure requiremaﬁtm. Btandard
prnﬁaduras' apply to hﬁth gquality  systems as well as
‘technical mattevs. The object is to gpell put the
broad basic quality ariteria. More 5pe=i%ic'
instrustions which detail the exsct inmtructions ars to
be included in specific works inbstructions for éa:h
topic . Each operating procedure may consist of many

works instructions as depicted balow

P-8.1
Meptal Melting Proosdure

WI=~lQ
- Qo'td Btari Instruction

Wi=11 B
Mmtal Tranmfer Instruction

WI-ig
Emergensy Instructions

Operating {awtructions muet also meke reference to

sprolfic 'dncumaniary~ ant recording procadures. Each
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document in  the system must be numbered and blank
. masters appended to the operating procedures manual.
Operating procsdures  must alse define both
depaftmentai and pérshnal prncedurea. Every pracadure
and instruction muat defing whe in responsible for

implamenting and rontrolling the procedurs.

5.3 WORKE INBTRUCTIONS

Works inmtructions define in evary pomsible detail
iha _exa:t pruceés and alss the guality etandards whilch
appLY .The works  instruction may be viewsd in threa
parts, im. the Works Instruction (WI) dtseld, the
recording - documeni/Process Control 8hest (FCB) and the
Process Specdfication Sheet (PSS). | .

The werks instructimn details ibhe process in siep
forma. T™e Production Manaﬁer will go through mach gtep
with the ma:hina/prnﬁeis operator  afd ensure that'hm |
understands  avery dmtail. Although thp systan in fairly
rigld all stafé are encouraged to improve or simplidy
the  provess in which case 1t will be necessary to
update = the  works 1natructiﬁn. _ However , tha
instructibns muat .ba specifiad particolarly in the
inspection standardes wo that. © ahart cute  whichk
compromise quality will be avpided. _ _

Each - cumpnneﬁt Ttem is controlled by & unigue

Frocess Specification Sheat. Haw  fig. (H.8) ¢ This
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documsnt glves tha exact:machina settings and the ewant
manufacturing procedure for sach componsnt. Critical
maasurémahts.'aﬁd requiraments are highlighted in the
inpecting  standards. This gives the process/machineg
uperaidvl'detaila of ‘the exact requirementis in easy to
understand format. ' _ |

Documentary  control ig in the form of Pracaaa
'Gdntrnl Shéaté, Cmem  fig. 9.8, Exact ﬂatéils' u?l
prndﬁ:tiqﬁ qualitias, delays, component &hangaa, étc.

are racorded.
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& DESIGN OF EXPERIMENT

6.4 BABIC PRINCIFLE OF A BREEN BAND PLANT

The physical nsture oF the Ygreen ssnd" ueed in
antomatic moulding lines is very complex. ESBEntially
it conslsis of & mixiure of raprocassed sand, new sand,
bentonite, :ualdﬁzt, mojsture and residual fines. The

sehamatic diagram below shows the basic process.

MOULDING SAND PREPERATION
]
B

rpe

§ mmknt
i :‘.\ii‘f'.}d{.:l?.)j’

from minufdireg line

D

iy B.1



& sand loss

e

New sand is introduced into the systam to replace
sand. which .ia lost in the protess and at the same iime
ditutes the bulid up n*'resiﬁuai dead clay and atﬁer

Cimpurities.
$ig B4R

banie- og)

( S C hew onite st |
! sand .

I G'ree‘n Sand Cyecle K‘ ) |

mst!nzm_ Shile ot |

uut ' '
B ! "jj:rl : rrnlxer‘—l
H r el

burnt clay D!i:«]l_lrghg I—r’nauld!ngJ

The cycle includes the addition of Coal Dust and
Bentonite with each completed cycia. Hot Metal ignites
(burns) the cmal dust and winters (kills) the clay.

This regults Iin the build up of "dead clay" and burnt
coal dust "finas®.

_ _na impuritise 4in the sand affects the dasirahié-
propetise of the sand thess are carefully menitored.
The guantity of coe® dust in the systsm im monitored as
the "Loss OF Ignition" (LOI} in & fesl which all the
votitiles, asfter the moisture content has bheen famnve&,
~are burnt  out. Dead clay 12 measured by mwans of a
titration process while the Jines  are messuwred in a
miegve test whirh also giQau the average grain size

definition of the sand.
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The results. of these tests are usad to make
" gorrections io the green sand. This human input element
is . necessary as the size and quantity of gastings vary
whieh obviously causes anrraﬁpnnding variationg in the
gresn  sand 'makaup. Inconsistency in sand quality
results indtially in poor qﬁality ﬁasting'surﬁages and
ultimately in total ipability to mowid,

‘Dr.  Behaarsshmidt (1) claims that in his experience

'apprnximatety BO%  af castings scrapped can be

atiributed to variations in  sand quality. Tha
-ralati?ely_ limited experlence gained in production
casting at this point in time seems strongly to suppert
this claim and, therefore, the need to study this
process is VEry.avidant. |
The  most significant variables in the moulding
“grean sand" ste summarissd belowy- |
controllable variablas - %\;ucycled gand
Y% new wand
% bantonlte
% coal dust
% water (moisture content)
mixing time
Un:nntrniled variables -~ ambipnt temperature
' atmospheric humidity
recyciaed sand temperature

logz of ignition {(bBurnt



u-q, Be
coal)

prodoction rate

variety uf.cumpnnent
castings '

1htrndﬁctinn of core sand

‘build up of residual fines

mporities from the
atmosphersa

| The desirablé tharacteristic reguired of the
moulding sand are summarised belowi- |

‘High mould strength - rinid mechanical propeties

Mouldibility =~ ability to take on any shape
Flowability - gbiiity to pﬁur_it_intn a mouid
Inert and safe w po influence an the metallurgy

or on people or squipment
Permeaility - ability to vent off gasses and
steamn
- From this 1t wcan be saen that the demands en the
moulding sand are very stringent and that in order to
prndu:a congistent High quality castings accurate sand
technplogy data must be available.

The paradox in sand technology is the apparently
zonflicting requiremahts; Hard moulds which are idesl
for  dimensional gtability wiitl have popr flow
charactaristice. Home compromise in charactaristics
will, thurefnfa. have iu he made ~ and perhaps &

resulting optioum can be estimsted.
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The concept behind further investigation into
"areen sand" i3 to establish not eonly the effects and
influences of the @ain contolable variables but alse
the effents of interactions hetween these variables.
There is little that can be done about the
uncontrollable variables except to keep them as
chnﬁistent as pnssible 80 that their respective effects

will not unduly degrade the experiment.

6.8 PURPOBE ANR METHODOLOBY

If  the sand were to be kept hansiStgnt, then the
vargst variablaé would be the additives i.g; h@ntbhite,
.:nél dust and moisture. Tha quality, feflacteﬁ.in'tha
:nnsisténcy, ot these ingréd;ents is vary gond and is
generally accepted as the industrial standard. The
justification for not including the sand, at this
stage, is that in itmelf it is inert, although it may
be the carrier of impurities. This problem will be
adressed separately. ._ |

With this format of three varisbles complete block
factorial experiment ism +¢easible and desirsble as the.
1ntaraut1nnm alsp nesd to be investigated.

The mbdel for the thras~factor enéeriment ig given
by
Tigurps Bovagth groph(al) § phlach getibe)d gt labe) § +€y 4.1

To facilitate a systematic tabular technigue the

. Yates  (#) methodology - is used for deriving the
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 facterial eifa;tau-.The %nrma{ which s shown below is

epasily p-ogrammed onto & spreadsheset for  guick and

accurate analysis, This is justified because with twa

replicatéa,.ia avaluationg need to be made. | '
The effect of .hese varisbles will be maaéurad by

the fnllnwiﬁg testss- _ ' '

1) compactibility - % af tampact by applying 8

tnntralled rains

2) shear - kN lsad required to shear thé test
- marnle _ |
) crugh ~ kN laad requiraed to crush the test
ganp Le '
4) tensile - kN load require’ to snap the test

sample

£) hardness hardness of the test mample

This, therefore, impliss that S tipes two
réplicated sets of teuts are to be conducted for each

test condition.

Table 6.1 Yates Method

(1) (@) | @) Tdent.
(13 | t1i+a | (1)+avbeab | (1) +atbrabrotactborabe| Total
o b+ab e+acthetrabe| a—~{1) +ab-b+ac-c+abo~be] A contrast
b ¢tag a={1)+ab-h | b+ab=-{(i)-atbotabo~c-an: B contyasi

ab botabe | ac-giabe~bol sbwbmick (1) dabuebp=aeie | A sandrast

c a={1} b4+ab~{1}~a | ctag+abrabo~(i)—a~b-ab| O contraet
ak ab=~h betabo=g=ae|  ag wrabg-be~ad+ 1) ~abde | AD contrast
be ag-a ab-b-a+({1) | betabo~c~ac-b-ab+(i)+i| BO contrast
abe | sbe-be| abo-bo-asve| abgwbpeacto-abrbre~(1) [ ABL neatrast




The experiment regquires two conditions for each of

the ‘varisbles. High and iow states will bs chosen from
the daily sand 'piani control system. Summarised below
are these conditions togather with diagram depicting
the déaign consept » ' '
| | Low high
a 4 Moisture 2 ,5% 4 ,0%
Goal Dust 4,0 10 ,0%
e Bantanite By0% 7,04
fig. 6.3 o - . a

Jas Aa s
v I J
_ i
!
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| /1{1) | o~ fﬁﬂ{ﬁhﬁe
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6.3 REBULTS & ANALYBIS

An important condition of the experiment is that it
i run in a uompletely random manner. Théliirst two
column of table 6.8 shows the actual order in which the
experiment was - run. Environmental conditions were
reasonably consistent with ambient temperature belween .
18 anhd 820 degrees centigrade and & humidity of 65
pﬁrﬁgnt. A uniform sample of new sand was used far atl
thé tests, Bentoniie arnd :Qai ﬂugiuaambieslwére taken
Frém new uncontaminated stock. ﬁixing time was hétd.
eonstant at’ 1b'm1nutas; which is the laboratory mixers
manufactures recommended time. 1 Kilogramme samples
were mined ?nr gach af the 16 test unndifiﬁns.

The experiment resulis for sach of the flve tests

| displayed in the form of a matrix for casy referance.
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Table 6.2 Tesi Results

Experiment Test Results

Random |@td.{Compact. [Shear || crush Tensile {| Hardness

R ord.f) 1} Jt Je& [2 Je st e J1|e

7 |14 (1) | 40 | 82 || 15 | 14 | 20 | 22 0.8 |0.8 | &7 | 40

& |3 A so 7 ) 15 | es | 19 ] e |lo.9 |1.8 || 48 { a2

16 [10 [ & | 86 | 86 | 12 | 15 || te | 19 llo.4 |o.B || &7 | 41

18 |15 flab Jse | w3 a7 | 17 F R0 21 1o |oe || 43} 4

11

2 |c 24|28 | 15|18 | &5 | 18 [o.5 |a.4 | 50 | &5 |.
4 |8 |ac | se |47.5) 81 | =8 | 58 | =9 |e.: |1.7 | S0  .4$ |
5 |8 [oe [ &5 | 25 || 15 | 14 | 19 | 4B Jo.6 .4 | 80 | 27
18 |t fabe || 44 | a4 | 20 | 26 | %3 |@e.s|2.1 |1.5 || 45 | 24

Table 6.8 shows the me’ od used for analysing the
results, This inforoation was fed into a Lotus 128
spread sheet, the resulis of which are shown op Table
B8 '



Table 6.8 Method of snalysis.

Tust Type o o Page___pé Pagas,__

Treui.|Replicate| Repiicate |Total . B - |Bum of |
Gomts i 8 Treat . (1) ) {3) Squarew

(1)

&

b

ab

[ 4

Jae

he

fab

Bouree of  |Gun of  |Degrees Mean Computed
Variance Bauares of Freedom Square $

Main Effect
a0

E

|G

Two~factor Interaction

B

AC
BG

Threg-factor Interactlons
= - _

Error
Total 1
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TEST:  QOMPACTARILITY

THEAY. REP HEP  TOTAL  [YATES METHAD SUM OF  EFFECT & MEAN toa(18)
coMa. 1 2 TREAT (4 (2) (3) |sOUARES NTERACTION [DoF jam  F =832
oo > 78| i85 278 &7 ' ' '
ti¢] 183 289 1N 1817 A D1 |5ET AET e
72t ia1 16 -8 0 3@ @ 11 38 & s
11t 1am on -7 17 @ il 17 s
$¥| 37 -12 -A0 661 @ 1] 801 101 weees
1okl A —1a 19 2t At 1 2 &
x| 82 2 - o K 1ifj 0 o
B8] 38 —10 i | 26 AD 1/ 26 &
. 6&7 ERROR 40 8l a
TeER 2489 16|
TEST: SHEAR
TREAT.REP REP TCFAL  [YATES METHOOD UM OF  EFFECT & . MEAN
cOMB, 1 2 TREAT (1) () (3) [SQUARES INFERACTION Do |sq  f
‘:1J AR AR TR ; 29 59 '29 ao& . .
8 40| 6o 177 8z Az0 A 1] g2t 47 e
b 26| w2 19 ~i& 1€ n 11 18 2
o 34{ BS 63 12 $ AB 1" o 1
« 28{ 11 8 48 144 B 1] 144 ]G sees
o 64| &8 7 M 121 AR A1 12 14 e
be : | 2 -3 2 o 8 1|l o o
(L - LR i e =1 N W ... | 2 AEC 1 2 R
TaTALS 149 187 306 ERROR 74 6] 8 '
1880 R4 16
TEST: GRUSH _ : .
TREAT. REP REP TOVAL  [YATES METHOD UM (F  EFFECT & MEAN
cowe, 1 0 2 TREAT ((1) (2) (4) ([SUUARES  INREAOTION  JDoF Jeny H
(1) UShEAEME 4e| B3 {m  3mt _
4| 76 202 89 214 A bot] 214 24 e
35| 109 B <4 & B [ 1] = &
M) 83 sS4 48 13 AN 1t 13
Gl - -1 3 @ 1] 113 1A v
6| & 17 48] 147 an 1] 147 17 e
| 28 7 -0 5 ™ 1] & 1
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&8 0 =2 b s 11 o 2
A 8 i D oAH . 1] ¢ 0
1 -2 4 1 ¢ 11 8 e,
- o~ o8 1 Ao 1] 1 1z veeer
3 o~ 1 o =0 1{ o
a0 3 0 ARG il o o
ERROR 1 gl o
18]
YATES METHOD  |SUM OF  EFFERT & _MEAN
coMa, 1 2 TREAT 1) (2) (3) [souares  nreraroN JBoF sm ¢
SRR 97| taz aze 612 _ _
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s75 4 0 5] 16 Be 1] 18 1
-} =18 =18 0 AEG 1] 20 2
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6.4 EFFECTE AND INTERACTIONS -
The gignificant results are tabulated pelow in

table 6.5

Table 6.8 Effects and Interactions Summary

dbmpaq{. Bhear Crush.-;Tanaile. ”éhaﬁﬁef _
“Maisture Big . Big. Big. | Big. a§g. o
. caa1':" —— - —— . —= -
Bantanite Qig; Bigg T Sig{ 3.51Q,_-:_ Biﬁ;; |
e .  " _ | i
: Moisture + Bant. 8tg. | Sig. &ig. | Big. | Big..
“Bentanits + Caal ” | |
Moist+Bent+Coal

The effects of both Water and Bsntonite are
avoninently significant 'nn all the physical properties
of green sand. Burprisingly, is the insignificance of
the rosl dust except in its effect of diluting the
.mniature, pussibly the reéﬂnn why there is no three
factor sighi*icancm.
‘Noteworthy ls the. profounced signifizance of

moigsture content on compactibility. This together

with the reducing effect of the coal confirms the
validity of

the compactibitity test as a controel

mechanism,
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AE eoal has no reai positive sidﬂifﬁcant influence
on the physical prapertiaa and it is expensive,; 1t must
~be kept to ah absolute minimum. Coal apparantiy plays
an impartanf'rall in the surface fipigh af thé cagting
so that additimnél-experimantatinn_in this area may be

T NRCRSBETY .




TV EAPABIL.ITY STUDY

7.1 DEFINITION

The capability study is an analytical methodology
for predicting the output cnnsisfency af a machine or
prn&ess and an aid +te diagnostics when the ﬁutput is
predicted beyond specification limitd (7). Techniques .
available for  the analysis  vary from  graphic
technigues  using prépafad  forms through feehniquea1
.usiﬁg ﬁalnulaior to specialized computer programs.

Ideally capability studies should be carried dui.ai
various stages ©f a2  machines life cyele. - from
pre-delivery and &t regular intervals thereafter, |

Capability studies should include equipmenfz -
tooling - materizal -~ operataor -cumﬁinétion ta engure
consistency T specification unuer  production
conditions. o

Finally, process or machine 5tudias.may be used in
problem solving when out of eperification conditions
are  found to help diagrioee *he cause of the problen.
The techn' ue is to establish all the preobable causes
{agsignable causes) of variability and then to analyze

them one at a time mopitoring improvements.
7.2 METAL HARDNESE MEASUREMENT

In castings hardness is ope of the Important
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physical properties monitored, Hardness is tested by
means of & Brinell Hardness tester. A carbide batll a#
kriown -d}amatar is bresaed'under a coantrol luad onto the
test sur¥acé causing a small'indeﬁtatidn. The diameter
of this impression is measured by means of a calibrated .
scope, A look up tabie gives a vorrelation betwesen the
impression diameter and the brinell hardness. A more
accurate method for measuring the diamatah ig using a
magnified shadow graph and  digital caiipérs. The

latter equipment is only available at Auto Industrial.
7.3 DISC BRAKE CASE BTUDY

Specificatisns for the AIF 838 Disc Brake, (Sews
Photograph 18) which is made from a special high carbon
steel, ﬁalls for a bfineil hardness of betwean 160 and
- BDO. The customer requires 100% hardness testing for
the first three production batches of at least a
quanti-w of 500 per batch.

A trial batch o. approximately 830 discs were run
and subjected toc 100% hafdnaas testing uging the shadow
'"graph-methnﬂ.. . '

Stgndard Etatiéti:al analysis of the reaulfs are
ghown in Fig. 7.1, 7.2 and Tihle 7.1 over leaf

Of the B46 actual discs, 4 were completely out of
specification - twe too heard and two too soft.

The average' ha?dneaé of measured was 185,28 with a

reagonable rnormal distribution., One important fact is
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HISTOBARS ] . % CHART - g BIBMA LIMITB
....!,,. !|| T .‘.| ‘-‘—Illfr T - ....,;_l,,.
- fccaptable 1 ml| | Reject _
i : e L1 : .
i " Regd. Process 4 ﬁ Max 281
70" mean ucL, i1 g
It T ~ Process UCL B810.7
0 _ 4800 ) 1
S0, - \ ! o[ l |
e | . L] . -
CF -\ i , 185
ig / - A .190. m
r B . | ot E
ot e :
- 1 Process LCL 160 '
S 11607 4
r{ Reject | | Redect i { | 1
; i : . Reject
" M .I R .. y N 4 4 N " N _‘$ [E T 1 it ik ll_ll_Lllll [
160; iBOi BO0
BRINELL HARDNEESSH
‘ o -tablé 7.1 Statistical Analysis
Bample size 246
AvVeTage ' 185.807
Median ' 184
Mode 182
Beometric mean 18%.017
Variance ' F2.467
Standard deviation B.5l127&
Standard error ' 0 .542754
. Minimum 160
. Maximpum ' 221
Range : B -3
tower guartile 130
~ Upper dquartile 189
Interguartiie range 9
~ Skeuwneas 0.847816
Standardized skewness T .42867
Kurtposis 2.0i408

'giandardized kurtosis & . 44805
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that the hardness is measured at the.surfaca while the
customner épe:ifi:atinn call fqr_'a: care {center)
hardness. A correction factor of ~7 units can therefore
‘be applied, which makes. the data 'vefy aluge to the
desired theoretical mean of 180. |

This, however, till gives an dafinite-?aiiure ot
four component with several border line cases and &
spread which ds too broad: Any slight shift in the
process will result in far tnﬁ HighEr failure ra{e, The
characterisiic of the .distribﬁtiah need to be aliered

to a steeper curve. .
7.4 RECOMMENDATIDNS

T .reduce the apréad the process will have fo be
tighténed. The follewing recnﬁmendatinhs are ﬁherefbra
made -~ ' _ _

#  Very tight contrel of the metal carbon content -
record chemical énalvsia and make up analyses '
¥ MWrite specific Process Specification Sheet for the
rate and method of carben addition to the furnace.

¥ Record pouring temperature and  time taken to fi11
mnul&, i.@. X Chart for pouring *imes/temperature

* Epecify maximum mould cnniing time

# Detail inspection of batech “Firsi 0OFf" and every
twenty boxes there after. '

# Draw up control chart for hardness testing.



7.5 SECOND RUN |
Results of the second run were not as gbud-as
expected. Although there were no rejects, i.e. out of
hardness speciticatinns, the variébility héd ihnréasad
‘signifiganily to 187.1 | |
Before running any férther trials complete anzlysis
of the problem situation - ail the.systama-w.inciuding

the component spacifications needs to be investigated.

7.6 REVIEW OF THE PROBLEM STUIATION

The épéci%icatinn for this ZCQmpnhent.nalls for a
bardnese of boiween 160 and BOQ and also a per:entaga
carbon  coptent of between 8,7% and 5.9%. This is a
prnﬁlem. |

To determine the carbon content of the molten

metal; 'nne. third of the percentage of silicon and
phosphorus must be éubtracted from  the carbaon
gquivalent. The silicon content ig apgproximately B%
with & negligible amourt of phosphorus present, so that
0,67% should be deducted from the carben equivalent to
determing  the carban  tontent. .Typi:ally carhbion
agulvalent of 4.9% is desired. This gives a carbon
content of $.6%. But over 3.5% carbom becomes unstabie
in the meolten metal Eesulting in  undesplved carbon
being preéant.' ' ' '

This meané that the carbon ran anly be at the
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abzolute lower limit which makes affective control very
difficult. At this limit wcarbon is oxidized very’
rapidly reducing significantly the shelf 1ife of the
metal. The custamer ham been made aware of this
pfublem. '

The pnext problem is to control the easting cooling
iime in the mould. The longer the casting is laft in
the mould the slower the cooling and the sefter the
casting will ba. The object is to raduce the herdness
spraad by atlnwing  aqual cooling dur#tian to all the
:aétinqs'mnulds- _ _ |

The - problem is  that the moulding machine
autonatically feeds tha cooling mnuldé through a +tixed
cooting lane. Any stoppage or interruption liké ﬁaiiiﬁg.
 for metal, resulis in a corresponding extension to the
coaling time. This lmplias that the machina must run at
a constant rate - a congition which is very difficuld
1o achieve. Usually the cooling time ie not gritical,.
- The Kunkel Wagrner auiomatic moulding line gertainly
. dows not lend itseld to "short circuiting” the tooling
lanes.

Metal delivery temperature and pouring rate iz well
under  gontrol. This aspect i¥ under control  and
parameters recorded anin charts to verify the status. _

The procedure of :arbnn-inirnductiun into the melt
furnace has been  decumenied  on the  process
spaci*icatinh sheet .

In the faliowing test run the cooling times are



-aq.m .
to be recorded. Comparisons of hardeess and cooling
timew will bBe made to gee i+ sowe correlation is

present .

7.7 THIRD RuN

During  this run  the  Knockout time was recorded. .
Thia was achieved by shart-circuiting thn_gnnling lanes
and following each mould box to the kndck~nui:st&tiun.
The castings wers .than=$u11nwid through the shake put
and plarad in sequence fnr hardness truating aftmr thay
werae tobl enocugh to handle.

Reauiits are as followsi
Numbwr 1 B 8 4 5 6 7 8 9 10 11
Timeimin) 18 B3 Be E7 B8 48 46 4B 49 58 75
Hardness 197 186 186 188 186 179 178 174 178 176 170

cant i nuad
Numisar 1B 13 14 15 16 17 18 19 20 21 BR
Time 56 3% 87 98 89 40 18 19 B0 BE 83

Hardnesa 170 188 180 180 180 188 197 195 166 180 188
Analysis of this data i as followsr
1. Regrassion Analysis ~ Linwar Model: Y = a+hX

Parameter Extimator Standard T - Prob,
- Errer Value  Level
Intercapt 298.688  B35.7438 1.6 0

Blope ~1.4441  0,14078  -10.8 O
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B. Analysis of Variance

 Bource Bum of Squares DoF  Mean Bquaré F~Ratio Prob.

Model - 3044 .6573 1 S054,6878 105.221 0

Error  5B80,6i854 B0 o .,0808
Total{lorr) S63%.2787 21

Correlation Cosfficient = -0.9167

Std. Error of Estimate = 5.3880
Resquared . o m B4;03‘parcentf"
8. Braph — Casiing Conting Characteristic
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From this it can be seen that ihera is rensonabie

correlation betwseon  hardress  and  knock-out  time.
Solifization of the metal in the mould is completed
after about 10 minutes, with pouring témpératures'nf
1400 . degrees centigrade. Howaver, at this stage the
metal is 1ikely to be damaged (distorted) in the
shake-out as it is t111 tdo soft. After 16 minutes the
casting will be mufficiently hard to avold this risk,
: - “Kﬁaak~aut times of beiween 16 and B2 minutes will
give the desired effent. This will produns éaaiingu”ih
the hardness range of 185 to 195 which is aufficiantly.
far enowgh away fram-{he m;nimum of 160,

But the method used to achieve these test results
is not practical for production purposes. The second
moulding ﬁachiﬁe, which is being commissioned at
presant, will be far more wuitable for this process,

The present process 1a  therefors not capabile of

mpeting the =mpecitied guality requirements.
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2 PROCESS CONTROL.

8.1 PURPOBE

e Wailter A, Shawhart (B) states "Measured guality
of manufactured produst is always subject fo a certain
amount - of variation as a result of chance, Some stabla
‘sysgtem of :hancé causes’ is inhersnt in any p&riiduiar

gchane  of -prnéhcfian and ipspectivn. Variation within
this stable pattern is inevitaﬁlm. The reasons for
variation ouizide this  stable pattern meay be

Cdiscovered and corrected.

LOEATION

VARIATION IN
DISTRIBUTION

an "-""" . .
. . v+ « DR AKY COVEMATION OF THESE i“\ o
IF ONLY COMMON CAUSES OF VARI- # e

ATION ARE PRESENT, THE OUTPUT
OF A PROCESS FORME A DISTRIBU-
TION THAT IS STABLE OVER TIME
AND I8 PREDICTAELE.

IF BFECIAL CAUBES OF VARIATION
| ARE PREBENT, THE PROCESS OUTPUT
" 18 NOT STABLE QVER TINE AND 18
NOT PREDICTABLE.
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In 'nrder to effectively use process cnhtrnt As a
ficans of qualify aesessment, it is imporiant 1o
underatand  the conpept of variation. The diagram on the
previous page adequately explains this concept in

relation to Shewart’s definition of pruness':nntrnl.

Process cantrnl_ in the foundry may be classified
into three dominant areas namaiy Mgtallurgical Control,
Fréductinn Process Cantrol and - Band Plantjnantrnl.
 Each  of theme functional aress i3 under it own
management allowing for focusesd specialisation each in

their respective domain.

Fqundfy Process Control

{ . ' - ' L

Metalliurgical Produstion Band
Gontrol .| FProcess Plant
Gontirol Control
% Analyeis Y Dafeuis #lonpactibility
#Pour Tempevrature *Run Timg Analymis #Physical
_ Prapeties
¥Melt Reword % Hardness #Chemical Make-Up

& Matallography

Tharefore, to outling the detalls each control

aspect will be examined separstely.



68—
B.2 METALLURGICAL CONTROL

% Chemical analysis, Pour temparature and Melt
racord are the moat impartént .unﬁtrut factors in
metaliurgical cantral. The Melt record, as the néme-
implies, is the hard copy record of the melting
procuss. A aapar#te record book  is kapt for each
furnace. All raw material additions to the furnace and

carrected  metal ladie frans¥grféﬂ are recorded. together

| with réipactive chHemical analysis  and délivefy
temperatures  for  each . transaction. The chemical
analysis is verified against the recipe, which
obviously varies for di*ferantfpruduct groups i.e qrey
iromn, high-narbun,.atc._ﬁhamical analyéas are therefore
controlisd within these grnups; Tha pre common element
in casting is the mould pourinyg temperaturs and as it
is & very critical elament manufaciuring process,
process control gsystems were tnplemented. .

.Figura' 8.2 shows the results of aonitoring the
daily average temperature for each ladle delivered to
the pouring line for the menthe of Mareh and April, The
process was initislly very unstable. This.can'ha saen
Ey the relativaly high variations in the thrae sigma
plet. After implementing effective control measures to
reduce  varistions in .dalivarv temperature a ateady

improvement. is oheerved.
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8.3 BAND PLANT CONTROL

The preparatinn of green sand is of particular '
ipteregt in terms of pruceéa. :dﬁtful. -Aé hag been
- pointed nui it is of paramount 1mpuftance in producing
quality castings.

gand must meet geveral specifications. .MniS{uFe '
content , total combustibles, permeability,
conpactability, tensile strsngth,'per:ent elay, $inas,
etc. are :hafa:teriﬁtics ragularly méasured.

0f all these properties the one which cancerng
production most often is compactabiiity whieh, in a way
sumpmarises seversl prnperties_n# the sand.

Compactability is affected by thé_ amount  of
moisture, grain size disiribution, percentage clay énd
in turn reflects how permeable the mould will be to -
escaping gases, resistance to erosion by hot metal and
how strong the mould will ba.

A mample is taken from sach BOO kilogramme batch of
gresn sand produced and a compactibility test taken. At
normal production about thirty batches asre produced per
Hour @mo that up +to 180 batches may be produced in a
shift. These readings are logged and plutied. en &
prépared chart.

‘Fig. 8.8 shows the plot of compastabilitiy for each
batch on January, &1 and March, 2i.  One of the

prnbiams with this automatic green sand plant equipment
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is that: the operater can override the mﬁisture
measuring probe which often leads to over correction of
mingr moisture dreifts, This condition is clearly
~ evidant in . the  January .:antfﬁl chart. Note the
" improvement in' the March cuhtrnl.:hart simply by less
in{érierence with the muisiure cnhtfui.

The avaraga and the three sigmajlimits for the day:
are ﬁalcuiated ﬁnd-plntted. Results obtained are shown
on  the following pages. Unce again svidence wf cantrol
is demnnétrated'by the narrnwing.uf {he.limits. |

Fig. B}4lshnwn the X plot togethaer with the 3 sigma
limits and ihe rcalculated average upper control limit
and  lower control  Uimit.  This gives & process
capability ovar thst period of 46,0% - B2.9% = 13.1%
i.e. tapable of producing within 4 6.5%, Also shown
is the range and the 5 sigma range for the
cnrrESpnﬁding daily.averagas;_

The problem- is ihat the protess desires a
- compactibility of betwéen 40 and 86 for consistency in
the automatic moulding line.

After 1imiting the use of ithe manual :nﬁtrnl
facility to extreme emergency cases only, there is a
definite imprnvehent in ‘rew.lts. Fig 8.5 demonstrates

thisg.
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8.4 PRODUCTION PROCESS CONTROL

Monitoring the number of defects (Scrap) is a very
impnrtant quality econtrol  functien. This it the acid
test of guality effectiveness Unfortunately much of the
work being. ﬁnne at preaent.is'in product development .
This results - in an sbrormally high amcunt of test runs
and trials proving processes, procedures, metallurgy,
chemistry, equipment, moulds, mechirery, etc. being.
dune, 'ﬂsually thié'invdiveé short runs pfnduting léﬁﬁ
than 100 ﬁaﬁpnﬁents. Therefore, in detarminihg

percentage rejects only production batches in excess of

106 components are considered, effectively filtering

out most trials. |
| In considering the mnét suitable ¢ - "8 of defect
:anfrnl, the follows factors are significant i~
¥ batches varying Qastly i guantity i.e 8050 to EEOO
# components varylng in size
& cﬁmpunantﬁ varying in complexity - diffigult shapes
.u some components reqaire core
# differsnt metal types
¥ multy cavity moulds
# differing run frequency
* differant har&ness requirements
The ﬁnly ghart which will accomnodate these
characteristics is the P-CHART. The method used was

referenced $rom Srant & LEvanwdfth (8
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A data bame consisting guantities produced, and
total quantities scrapped was set up. Shown in table
@1,  Thizs information s used to detsrmine the
fraction (percentage) limits '

Contrutl 1imit is determined as followse-
e = p + BIptL ~ p1/ m
o where B = Ip/En;
© The econtrol chart for this 18 shown in Fig. 8.6.
The upper contral limit {is calculated (lower control
1imit is meaningless), ALl points out of the qahtrni
S limit are investigated. |
Table 8.4 Ecrap p-Ghart Data
Bateh #if @ty ©ty Fract, UL | MBafch AR Rty Sty _Fraﬁt. L

Musbey Mosher Prod, Scrap Detect I eiaber Yanher Prod, Scrap Defect
R 1N OB RIS 7 0.8 0,068
W9 SR 608 B 0.8 G.MER I IMESL MR B 0 O 0068
WO G 500 M8 059 068 1 11491 AL 2% 18 0,060 0,068
ol BM 1R D 0 08B DMGESL M 5RO B3 0,061 0,068
SO0 El6 6 T 000 0.6 | (ML 8B M0 &7 0.0M 0.8
BIGL Bl6 &7 53 O086 0,063 IB3E91 216 B6S 49 0,080  0.060
009 SR d6h 5B O.BS 0,068 1 (B3P0 S 8O 0N 0.058 0,068
UM SB  B8B R0 D05 0680 IBSEM s SR 58 001 0,068
109 B B9 60 OGE 068 1 1EFEBL EOD 1010 €7 O0.066  0.0¢8
B9 B B2 PR 0.0 04601 IBGES! BB 61 48 0064 0.068
M9 BR SM 71 OB 0.0 (891 B oM B 0.9 0,068
1609 58 BB 43 0.7 04681 IB0ESE I T4 B2 0.5 006K
9 WA 100 63 0058 0.068 | NUE
WD9) E16  BIE 180 G.77 OB 1 ISOL 26 AN B 00 O.0M
109 B5R BNS A O35 OJ6B | IOl IR BB3 46 063 0.7
ANY BEE MBS OIE O.E8 [ UF9 S 603 18 0080 0407
ERDAL GIOR 152 E7 7B 0.6 ) MOFS! B M7 #5008 0.0M
2401 B 498 B3 067 OGS I AFSE WE 512 0 0 00M
B P16 69R 199 0.7 6B | MBSl R 245 18 0043 0.0M
BSOOL 3 0 48 0062 04631 1GPYL R16 510 B 007 007
2509p 938 408 450 0,570 O0.058 7 IMESL SR B9 B3 Q018 007
00t 200 5Bt M 0,080 0.68 1 LITFOL BROZ4 BOD §9 0.080 0,07
20090 BI6 AR 19 0087 0.5 | LGRS 91 891 47 OB 007
MY U MER MR OBIS 8 OMB 0M

S BM6 169 BT 060 O0.068 0 MOl BT 55 T 00181 0.0M
9L R 999 B 0080 008 MR Bl6 559 B 0.3 04T
BEOl SR 485 25 0049 OGO | Pl 304 AR U1 0085 007
10690 BER P (B 0.050 006011 -

0631 W3 67 E7 0044 0.068 1
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9,1 SABS 0157 Part B

The valus of SABS Diﬁ?_Paft 2 im in the strusturing
of the quality managensnt system. To dale the major
task of creating the.basiﬁ oparating procedures for the
guality manual Bave bzen completed which implies that a
quality managamant aysten is funetioning. This ia
indesd the pame albelt due e esenior  management
invaivenent « _ |

S In considering the typical life :yhla of & foundry
ii ia shvious that during the early stages i.e.
whanging . from the “"projset" to & "production” phase
there are  many conflicting intaraﬁts. Project
ordentation is on "fipe tuning" the process whils that
of producticon J(and ihe fnvestors) want high autqu
yigld. It iq ‘here  that guality managemsnt lﬁysfams
Cplayed a high profile in resolving these izsues — with
the emphamis on Ydo it right -~ first tima",.

With regard to the quality manual,'it Was nacassafy
to  make smevarsl addendume to  the. basic 0ABS
requiremsnts  l.e, expanding the statistical proceoss
contral ﬁectimns inciuding human resturcss sectiong
defining poiicy proocsdure policy statemeste) stating

comparty wsafety poliegy &and defining orality control



costs. These addendums proved to be satisfactory to all

the mator manufacturers.

9,8 HUALITY AUDITS

Yo Quality Audite were carried out  in  the
Coakdon o - the prmdaut.

First was an din-hease sudit  lead by the Guality
Managwr of Hubgo, on of ouwr sister cnmpanies.'This was
sacrise out twa weekw priar te the BNW audit. A
srde iy list, together with a plan m$.a=tinn i ensure
timeous implementation was drawn up. -

Sacond was the preliminary BMW audii condusted form
3Bnd to the B4th May, which ie & month earlier than
originaily anticipated. This audit took three days to
compliste and was carrisd out in a::nrdan:e_withu*ha B
PEK~01 furmat; Most signifisant deficiency pointed out
waes  the iack of control over apacificatiuns in that
there was no apparent 1ink between a drawing change
laval ant:  the . recall syatiem for gpaslfication
- amendinents. Aisn fated were sightesn mipor itema which
need  to ba addressed. Pari of 8K-0f is an action plan
programme which will ramedy these, and uthaf..mhnrt
cominge befores the next ﬁffi:ial audit in Dctuﬁar this

year. Points swarded for this audit were midway beiwsen
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Bl and B2 rating and the action plan iz gesred to )
achisvirg an  AE rating in Ogtober. Benior management ,
needlass to SAY, a?a vary plaased with the resuiils
achieved so far. ' | o
The third and last audit was carried au{-by Nissan
. on the BBth May. The original plan was thet this audit
would take place before the BMW  audit. Many of the
pointe noted. from this audit were simitar to the
pravious audits. The company was given a "B rating
With the opportunity of anoiher audit in Beptember, by
Cwhieh  time sufficient work could -have besn dons it
‘merit an "A" rating.
- Both cuéﬁumars were satisfied with the quality
progress made and noted that 1t was wnusual to achiave

" sueh favorable Fatinga in sush & shori pericod.

9.3 DESIBN OF EXPERIMENT

The investigation inte the physical characteristics
of green sand with variation in sand ingredients proved
't be of great value. It also showed that much more
attention sheuld he paid tn wsand physical
~haracteristics, that mich  move of this type of
inveatigation 15 nesded,

- The experimant showed how critical both water and
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bentonite are on the physi:ai makeﬁp. It is.enviﬁaged
that a new met of experiments which will examine
effecfs pf  residual fines and bentehite on tha.
motldabitity of green sand will be carried out. wintér
has brought on & new  problem  of temﬁaratura.
' Relationﬁhip  ' between - mﬁiﬁture, temperature,
-anmpa&tibility - and  Fflowsbillity alse needs 'tn. be

. examined.

St DHPRHILITY sTuny

"The prnducti&n. of .high carbon :nmpanehtu un the
Kurikel Négner is var? dubipus, The prossss reguirements
and the prozesa papability are too clese, so that any
marginal _praductiun variatian resulits in dnaceepiable
pruﬁuct being produced,

It appears that thiz type of component is best made
prn the Disa Matic moutding machine which allows for
easier control of in mould ceooling down temperature
controaly, which seems to be the eliemant which is lacking

on the Kunkel Wagner process.
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9.5 PROCESE CONTROL

This -is the most important visible alemeht in
quality systemg. Process centrol sheets integrate
process rapability with process control and provides
the process operator with' immediate feed back on the
process parfﬁrmance. Contre)l  sheets  introdured
generally proved to be very suctessful and also
highlight  the neceusity to keep all the process
elemerts under control. Iﬁ the mgtél pouring éfn:édura
this has lead {o very significant improvement in the

percentage serap components produtad.

9.6 LESSONS LEARNT

Thé task of implementing quality systems 15 never
compisted. Updating and Qriting new procedures is an
angoing iésk, and as the gualify sysiem itsaif strives
for continual  improvement the volume of this task
reflect it’'s effusivensss.

Much of what has besn achieved has been as a result
of simply applying rudimentary fext book technigues.
Further improvemsnts will stem from a more general
understanding of guality printipals by all echelors of
employess. Thie applies particularly to highly operator
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intensive  snvironments. cnrraspﬁndingly,. .the move
snphisti:ated the nguality system, the greatar tﬁe
prnbability that entrophy will take over.

For  this reason  all the statistical analyéiﬁ has
been centralised in the systems department. Results
have ito be fed back qui:kly in arder i1o be etffectiva.
Benerally guality propress rveporis have beeh well
accepted and therefore, guatifies the effRcivencss of
Myigibility man#gement" technigues,

The Guality Hameal is in itesld n:faifly mundane
ﬁultahtinn ‘of documents. Few managers have any burning

desire tn read, let alone, siudy  all the set out

procedurss and  dnstructions. A puch mere effective

means of communications are the "Procese Bpecification
ahaeta", which oummarise the pertipent operations and
peints  out :uriticnl regquirements and aeitingm'~ u%tén
diagrammatically. '

The aqverall effectiveness in the quality system is
in the measurement of serap components. Rework is -
confired mainly to esthetic characteristice and all
other defects, like perosity, inclusions, gas etc., are
gsorapped. The problem in scrap control is to avold
pnlarisation betwean Hngpection® and "production®
depariments. this , {he aufhar. baliaveg ham bee~
overcome wWith the imtroduction of the Buality

Mamagament Team (BMT}. It is their ultimate task to set



the physical inspection standards and to maintain these
standards., After an initial period of uncertainty, the

team setiled down tp mutuslly beneficial compromises.

9.7 FUTURE IMPRDVEMENTE

Auten Industrial. Foundry shoutld .usé' thé Buality
System as a model for developing all systems throughout
. tha group. BRecause _Quality hanagsmeni is not 5 closed
..syatem, it interécts with svery niﬁer avtivity in the
manufscturing environment - and ctertainly the whole
group should be viewsed as a Manufacturing Bystem. This
open approach will enhance the prospects of the whole

group in it‘s expansion prograome.



. ~88-
APPENDIX A

Photograph -1 — Buality starts with carsfully
graded scrap.

.. D .
™ . -
B, -

I .
N SR

Photograph 2 —. Raw malerials being carefully weighed
before charging into the furpace.
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Photograph 2 - Metal being tranfered from melting
to helding furnace. :

Fiwotograph 4 — Kunkel Wagner automatic moslding
line
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Photograph S — Pouring and cnl:l.l.ing lanes for the
Kunkel Wagner.

. . EUEIEAE SO
Fhotograph & — Clean castings being taken out of the
‘shake-out ’
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Photngr.ph 7. = Control panel for the autmmatic
grean sand plant

Photagraph 8 - Mixer milt. Materials arae gravity
fad from the sitos
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Phntugraph G ~ Yiew of the green sand plant, Band is

taken nut an convayars.

Photagraph 10 - Mixing core sand. Sand
fad into the mixer.

ia gfavity
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Photograph 11 ~ Bore moulding machine - after
: automatic cycle ig camplated.

- Fhotpgragh 12 - Removirg cora and resstting the
© automatic cyele.
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Phutograph 18 - Inocculating a pouring ladle -
: : bafore delivery to the line.
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Photograph 15 ~ Pouring metal into mould on the
pouring lane.

Phutngraph 16 - Shot blast maching for claan;ng
sand off castings.
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Photograph 17 - Removing flash and feeders by
S grinding.
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thtngraph 19 - Carefully visuat inspectinn - marking
all defects.

Photograph 20 ~ Classifing reject casiings for
statistical analysisg.
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Photograph 21 ~ Sectioning rastings to examine
core metaltlurgy.




Gy lpans

'Phntngr‘aph 23 - Laboratory équipmaht for determining
sand characteristics.

Phaotograph B4 ~ Eguipment used for measuring
' quality of sand. '
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