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physical properties monitored. Hardness is tested by
means of a Brinell Hardness tester. A ~arbide ball of
known
test

dia~eter is pressed under a cOntrol load onto the
surface causing a small indentation. The diameter

of this impression is measured by means of a calibrated
scope. A look up table gives a correlation between the
impn:!s!:iion diameter and the bl-ineithal-dneGs. A more
aCCLII-ate method for mElasudng the diametell-is using a
magnified shadow graph and digital calipers. The
latter eqUipment is only available at Auto Industrial.

7.a DISC BRAKE CASE STUDY

Specificati~ns for the AIF 852 Disc Brake, <See
Photograph 1S) which is made from a sp&cial high carbon
steel, calls for a brinell hardness of between 160 and
200. The cUstomel- I-equil-es100% hardness testing for
the fil-st thl-ee procluction batchss of at Isast a
quanti of 500 per batch.

A trial batch o~ approMimately 250 disc. were run
and subjected to 100Y.hardness testing using the shadow
graph method.

Standard statistical analysis of the results are
shown in Fig. 7.1, 7.2 and T~hle 7.1 over leaf

Of the 246 actual discs, 4 Were completely out of
speCification - two too hard and two too soft.

The f.\verage hal-dness of meast..lI-edWcl:\S 1135.2with a
reasonable normal distribution. One important fact is
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ABSTRACT

The purpose of this project was to introduce an
effective Quality Control Systems ihto a newly
established foundry. The pa~ent company expressed
concern about the poor quality of locally produced
castings and decided to invest in it's own foundry. As
the company exclusively produces components for the
motor manufacturing
importance that the foundry is equipped and run in
accordance to the high manufacturing standards set by
the major motor manufactures. As the Auto Industrial
Group is committed to a iotal Quality Control

with the high-tach motor
obvious that the foundry follow
adopt~d was to base a Quality

programme in line
manufacturers it is
nuite. ihe strategy
Management System along the I1nes of SABS 0157 and to
expand it to ensure that all the Quality Requirements
of the customers are accommodated
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:l :tNTRODUCTl:ON

1.1 PROBLEM STATEMENT

To design an
systems engineering
mandatory quality

optimum quality system using a hard
approach an~ together with all

controls systems required by the
customers, produce casting -Forthe motor industry at a
maximum profit contribution.

1.2 OVERVIEW OF iHE SITUAiION

It seems illogical th~t in a depressed economy and
in a saturated market a new automatic high production
foundry should be commissioned. Yet th~ justification
is simple - QUALITY.

ihe major activity of the Auto Industrial group is
the machining of motor components. Defective component
cas~ings account for the highest loss of contribution
as at this tate stage when the defect is detected it is
too late and all the manufacturing effort expended ~s
lost.

In the light af ever Jncreasing competitiveness,
both from local manufactLlrer'sand importers, it is
becoming mora desirable to produce motor components
with greater profit contribution. Apart from design
optimization f over which the component manufac:turE1rhas
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1itt le control, it is believed that the greatest

can. be achieved in optimising all round
quality. High priority muat be given to the stringent
qualt ty requirements of the var ioua

manufactures. Optimized ~olutions must be abl~ to be
simulated so that produ~tlon results can be fed back
and compared to the problem model. This allows for
conBtant fine tuning and ensure. perpetuation.

Typically qua lity is measured dur i I1g the
manu+ac+ur- ing as " con+er-mance to
specifications" • Motor ~~n~factLlrers have developed
systems for establishi,g qua~,ty standards in bof~
manu+ac t Lll- i ng and supply components and raw

as shown in fig. 1.1. Yet the cLlstomer~in
detecting a failure repods these as being lIunfitfor-
LIse"•

QU;lLITY PERCEPTION
(J!5Ef}~!.__~:~~J

fig. 1.1
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1.8 LITERARY SURVEY

Frequently .articles t:onc:erning GlLl.alHy .and related
Statistical topics appear in Engineering Journals. Of
part:tcutl\r intel-est to GlUl\Uty in manuf.actLlI-ng are
contributions by Messrs. John S Lawson~ Dougl.. C
Montgomery~ J Clifton Voung et ai, G E P Sox, A Pratt.
X Tort, K S Krishnmoorthi. Common topics covlirsd
includs statistical msthcds, exper!msnt.al design .and
examples of quality in industry.

Requirements, quality standards and qua'lty audit"
of the various motor Manufactures will be taken from
their respective Gluatity Jou)"'na15 , i.s SAMCdR
statistica' procedures. SABS 0157 part e witl form the
bac:kgiol.tndtel the qua tit Y' proc:etdLlres.and ihstV"Llctiona.

These authors provide a relatively wide theoretic.al
practical spectrum to generalised quality topics.
of the work coveisd can be .adapted and programmsQ

and
Most
intd
program langua~es.

The m.ain SQLtr'ces Of qu.a1 :i t Y t heo!"'ywill be t akGln

from "Wh.l;lthi Total Cilu.alityControl'?u by K&\Oil.1hIlM:l,!cawil\
.and "Statistical Quality Control by Gr~nt • L~venwarth.
Stati$tical concwpts to b~ sourc~d from "Prab.ability •
Stati.tic. for Engin~~r. and Sci~nti.t." by Walpol ••
Myer ••

To mupplement this relQvant .~ctions fram dp~r~tion
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t< Knoel, ProclLIc;:tion Systems
Conirol by Riggs anel

Automation,Proeluction, Systems 8e Computer Integrated
Manu1-acturing by Groover.

Systems En~ineering approach to problem solving
will be refer'enced from Wi bon and Chechlancl.

1.4 THEORETXCAL SOLUTION

A hard
adophd in
this type
appr'opiata

Systmm ~ngineering type approach to be
problem solvinc;;). Andrew SagE! (4) deHne!:ll

t:lTapprt:l.tlc::ha$ ...."Systll1ms ~nginl.l!ering.l.SIan
combination of the Mathematical thl.l!ory

systems and behavioral theory in a useful setting
appropiate for the rssalutit:ln of real world problems."

Having devl5!loped a pl:)l!Ssiblemodllllsolution, u£$in9
the basic Wilson methodology~ a simulated modsl is to
be d~veloped so that further problems can be mad~
apparent. Applyin~ stati_tical techniques to
production data col1ec::ted frolil the lillandplant in a
dSl!Signed experiment, STfacts and int~ractions are to be
inYll1stigated. Yet there .til1 lingl5!rs an air of
my!!!tiqLl1II
:,opsTLllty

concerning ths characteristics and these witt
be explained by the ~xamin.tion of the

interactions of tha mmJor v~riabl.s
At th~ outset, sYlaltems -For both frGltNl!nt and
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pe!''''iodicmea5luring of Shop Loading, Production OLltPUt,
Process Quality, Scrap, Rework and Process Control must
be sst up.

1.5 PROPOS~O SOLUTION
Manufacturing philosophies and manufacturing quality
strategies need to be formalised as an initial step.
This wi t 1 possibly defins manufactul-ing quality systems
which are to bs u~ed i.e. SABS 01~7 part E, ~ord/s
Ql01~ BMW's QSK-Ol ~uality Standards, FMEA~ etc.

The most funda~ant.l quality iSSUeS of procesD
control, in particular the Bresn Sand pl.nt~ nesd to be
lnve.tigated using Statistical Methods.

Sys.tems
",nd process
include :-

• Furnace loading and melt analysis
+I PourinQ hmperatL\re and cleliversd quantity

for monitoring the production output levels
cuntrol have been implemented and these

* MOLlie:!prodLu::t:l.onanel mac:hinF.!rystatus
+I Core production and machinery .tatus
* Breen sii\ndpl~oductielnand machinery mtatus
* Hourly monitoring sand physical propeties
* Twice daily sand makeup checks
* Raw material receivtng inspection
* Oefect an~lysis
The flow diagr~m, ~ig i.e, ~t the end of this
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chapter shows the inspection prOcet1Hr!?'.,in rsls.tion to
the product ftow. At ~ach of these points exists a data
recording I capture wy.tem. Ana\y.is of this data will
be u.ed in d.termining the process capability limits.

The results of these InVestigations will fo.m the
ba.is of "lAlt:lrkIn ..tructionsu and "Operating Procedures"
for ests.blishing Quality Standard. and Quality
Procedure. which are dictated by the customers.

The object of the project i~, therefore, to get the
process into control and implsment control means which
will ensure that the overall process manufacturing
systems wilt remain in control.

1.6 THa aASIC PROC~SS

The proces. starts with the buying Of scrap metal.
As the OL\tput sleel quaHty is very tight ly contrtl1led
by means of chemi~.l and metallurgics.l specification.,
much sffort muat be exp.nded in grading this "raw
mat.ri.al". Different gt".adl!:)$o-f steel and ca.t iron .are
separated and sorted according to spectre chemical
cii\nalysis.

Mel ting furnaces are charged with carefully weighed
laccording to the melt 1!iIc:hedLll&+.Be 1-0l'" e

molten metal to the holding furnaCe or to
ingl"'E!dients
delivering
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th~ line test samples are taken to ensure conformance
to specifications.

The sand plant prepares the "green sand" (not
bec~use of it's colour but b~causs it is wet) mix for
the automatic moulding line. Samples of sand from each
batch are subjected to a compatibility test to ensure
consistency. Samples are also taken every hour and
subjected to more detailed physical tests like tensile,
crush, .hear strength. and moisture content. Twice
daily sand makeup testa like the percentages live clay,
dead clay, finIDs~ and the loss of ignition Which give.
the coal dust content are monitored.

After forming '~hemoulds in two h.t\lfsectionsf the
core (if required) i. inserted together with mould
innoculant and strainer. The mould is then closed ~nd
sent to the pouring line. Metal pouring temperature is
critical in the ca.ting process and therefore carefully
monitored. After going thrOUGh the cooling tane. the
mould is broken and the ca.ting removed on a vibrating
conveyor. This separates the sand from the metal and is
returned to the sand ptant by conveyor.

Photographs depicting these manufacturing proc•••••
are appended in appel1l::lix A.

A flow diagram giving d.tails of the manufacturing
opel..""tions and the pl~OCe'l:1i.sequence follOW. over the
page!•
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fig 1 2
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e SASS 0157 Part a

S.;iTHE NEED

As manufaeturing processes
complex the neeo for

become more and more
rationalisation and

standardisation becdmes more apparent. Ma8$ production
methods call for consistency in materi",ls and processes
to reduce the amount of custom "fittinaU in assemblies.
Production managel-s soon l"'ea1ize the advantages of
"right first timeII manufacturing philosophy using
methods focused on simplifying operations and IIfool
proofing" •

The SABS first
Practice for Quality

published the "Nct\tiohalCode of
Manaaement Systems, SABS 0157

parts I to 111" in 1979. This was much in line with
cunent internatiorlat d'l?vf::!lopments.These Standarda
haVe since been rationalised into the ISO 9000 series
of Quality Assurance stanoards, although SABS has
retained the name SABS 01S7.

a.S FUNDAM~NTAL REQUIREMENTS FOR SABS

All quality systems need certain fundamental
requirements (3) to be met in order to be successful.
Without them the system will be doomed to certain
failure. Quality systems, like SABS, are not just lip
service exercises which will satisfy quality audits and
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assessors. These provide the infrastructure for bonding
together all quality efforts into ~ practical and
useful Quality Management System.

These fundamental requirements are defined as
follows: ...
* AWareness The concept of quality management and
quality systems must be ul~erstood by the Quality
Managemerlt Team.
* Commitment The
totally committed

GII.lal Hy Management
philosophy

Team must be
of Glt.taU t yto the

Management.
* Organization
clearly de~ined
concerned ~dth
defects.
It Provision of Resources Top management mt-Istm;ake
availQb\e the necessary funds to effectively implement
Quality Assurance Systems.

The organization structure mus~ be
and the Qua Ii ty Man,\;\gementTeam

the implementing and monitoring product

e.a OVERVIEW OF SAaS 0157 PART e

SABS 0157 is divided into 5 parts.
Pad. 0 - GlLtaIitY Managf.!lllentand QLlali tY Assl.\I~anCe

Standards - GUidelines for selection and use.
PGlrt I - QLlality Systems'" model for Quality in Oesign

- Development, Production, InatallGltion
and Servicing.

Part II - QUGllity System - Model for Quality AssuiMnce
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in Production and lnstallation.
Part III - Quality Systems' Model for Quality

Assurance in Final Inspection and Test.
Part IV - Quality Management and Quality Systl'am

Elements - Guidelines.

Part a is the accepted norm for the manufacturing
industry.

This is
SpecHically

based
it is

on ISO 9008 Quality Systems.
for use to ansur-a conformance to

specified requirements by the supplier during
production. This is achieved by the compilation of a
Quality Manual. In this manual the following minimum
Quality Systems must be defined and documented :-

* Management responsibility
1+ Quality sys·tem
if Contract I-eview
* Document control
* Purchasing
* Purchaser supplied product
* Product identification and traceability
* Process control
* 1nspection and testing
* Inspection~ measuring and test equipment
• lnspecti~n and test results
* Control of nonconforming product
* Corrective action
* Handling, storage~ packing and delivery
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* Quality records
* Internal quality audits
* Training
* Statistical iechniques.

The structure chosen for this manual is to take
each of the above mentioned topics as an Operating
Procedure. Each operating procedure is then detailed
with Wark Instruction or instructions to supplement
the Operati"g Procedures. This helps to logically
structure the manua] and reduces the need to repeat
many common standing instrL\ctions.Operating Procedures
and Work Instructions are systematicallY numbered and
indexed ~or easy reference.

Included in +,e system is a numbering system for
all documents mentioned in both the Operating Systems
and the Works Instructions. This is required to
standardise, and possibly minimise the amount of forms
to be used in the system.

Tl~ac:eabi1itY fCIl- procedures and instructions for
every form must exist. This implies that all qUality
related in~ormation i.e. material an~lyses~ hardness
tests, production record_, etc.~ must be ablm to be
traced for every single component manu+ac tur-ed, These
records are generally expected to ba kept for 8 years -
although "safety critical" components mUst be kept-for
10 years.

However~ SABS does not address all the necessary
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issues for the manufacturing of automotive components
to customer specifications. It is, therefore, necessary
to supplement it with additional systems so that issues
of Q-101, VW Quality Systems, BMW Quality Standards,
Mercedes Bendt I etc., can be addressed within a single
Quality Assuranc~ System.
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a QUALXTV SYSTEMS

8.1 VIEW POINT OF QUALITY

Ncr-ma l Iy quality is viewed as shown in the diagram
(fig.8.1) and represent. the m~re traditional view
point of a Quality System.

JVAIVE PICTURE OF QUALITY SYSTEMS

PROCESS

implirnent
change

fig, 3.1
fig 8.1

This system monitors the output of the process.
When nonLunformance is detected a corrective action is
applied and the output is again monitored to rnnsure
that the correctiV8 acti~n has had the desired effect.
This sort of reductianist hit and miss approach to
problem solving is depicted in fig 8.2

The problem with this .ort of problem solving
tethniqu~ is that only a very limited view of the
symptoms are identified and the impact of the solution
is not viewed in conjunction with all the other
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interactive systems. Expressed in terms of Murphy's
Laws "new soll.ltions bn:~ed new pl~oblems"

The Systems Engineering approach is to adopt a more
holi~tic view of both the problem ~nd the .ol~tion and
the relationship between them.

TO SOL.V~

The first step ~n System Engine!!:!dnQ h. to cl d19!!:!
th!!:!II ncaiv!!:!11 pichI!"'!!:!into Oil "!"'ichllp:l.c:tutEaby Oil wider
view of the problem situation. This aids the definition
of the whole problematique so that a conceptual model
can be developed. A technique for achieving this is
C-A-~-T-O-W-E analysis, as explained by Wilson (5).,



Using
-16-

this appro~ch to Qu~lity M~n~gement Systems
yielded this analysis;
Customer - The end user, in this case the motorist
Ac:tors;- GIt..\a\ity A$isurance depadment of bc..ththe

m~nufacturer and ins motor as;sembly plant
Performance - Quality standards as defined by SABS and

the v.ai:l.ousmotor m~nufat:tu·\,frs
Transformation - Converting recl~imed steel into high

quality automotive! components
efficient Iy

Wel'lanschaul.lnc.J- Motor manufactLtres percepHon ·of the
Quality Standards of the component
manu f~t:tI.tres

Ownership - Component m~nufacturer's m~nufacturing
capab i1.i ty

Envil-onment - Restrained to the llIotormam.tfat:turer '$I
specifications and supply contractual
.agreamen't

And this leGlds tc the following dafiflition oT the
pt'oblematique='"

The com~onent manufactures ability to produce
automotiVe! components to the specification. r~quiredf
in the agreed quantity~ to the delivery schedule and at
'" price which witt alloW f~r fair mutu~l profits,
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ttt!

P.S.f~. ,;.l Process !1po()lfieotioil Shee!' fig. 3.3

Significant in the above diagram i~ the apparent
complexity of the interactions of al\ the quality ~ub
systems. The motor manufactures i.e. VW1 BMW, Ford,
etc., each have their own specific requirements Jmposed
an the component manufacturer. The
that a\l of these plus requirement. of SABS are
tran~formed into Operating Procedures. These Operating
Procedures are supported by detailed Works Instructions
which together with Process Specification Sheets and
Documentary Control define the exact parameters for the
various manufacturing proce.~es.

Castings ,the output o{ AIF, arl the raw materials
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us~d in the next phase of ~onvergion. Again the game
vendor specification. are imposed. Thisf no doubt,
lead. to a very tight bond between the foundry and the
machining / finishing procedures. Xt is also this link
which is the justification for AlFie existence - simply
~ecau.e other foundries which Auto Industrial used
could not ship the desired quality.

This i. the reason why "machining / finishing
.r on the diagram - all Part of the .ame group.

a.8 {;(·-101

The Glmphasis of SAaS 0157 is or. qLlaUty management
systems and although the need for statistical control
i. addressed, it i. somewhat vague. Ford Quality
Control Specification Q-101 is a quality system used by
Ford on it's suppliers (6). The function of this system
i. to ensure that suppliers are u.in~ effective
statistical methods to produce components to within the
the minimum laid down standards. This is in it.elf a
quality r~.triction tn a. much that compliance ia to
minimum atandarda - ensuring that only barely a minimum
will be achieved, but this is further qualified in that
the system does encourage ongoing quality imprOVement.

This b.sic format of statistical quality ••surance
is used by most other motor manuf.ctur~8.

In e$sence the goal$ oi Q-101 are as t~llows=~
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* Produce product s whose qua1ity is unsLlrpassed by

major competitors
* Only products which fully comply with engineering

s~ecifications may be shipped to Ford
* Requirement. are met efficiently - both from cost and

timing point of view. Consistent quality nullifies
the need for after-the-fQ~t inspecting to find
defects.

* Consistency in quality c~n only be achieved in a
process which is inherently capable of consistency.

* Process performance depends on both the combined
effect. of machine capability and proCess control.

* At I processes must be conducted within theil" process
capabi lity

This ultimately leads to the conclusion that this
system i. cancerned with the fact that the ploceas
capability mUst be quantified and that the ongoing
production must be kept within the defined process
c::rapabiIHy limits. This implies that the process mLIst
be capable of performing within th? limits at the
outset. Although this sounds very fUndamental it has
some profound ramifications in the foundry industry.
Unlike machining operations which are easily defined
and where the capability is readily measurabls1 the
foundry process is largely depend.nt on operator
judgement. Even in the most sophisticated foundries~



-20-
automation is limited to relatively fww proce.ses. Is
it, therefore, fair that the same quality control
systems should be applied? Determining the process
capability of many operations is in fact determining
'thecapability of the process operator!

8.3 (ilSK-Ol

Another eX<\1mpleof Vendor quality system is (;ISI<-o1,
supplier quality asSUrance system assessment
questionnaire as ~sed by BMW.

The function of this is to assess the qual~ty
prOWess of the component supplier.
determine the "degree of attainment"
aspects eare eaddl-el:5sed.Namely:-

til order to
twent y quea11ty

SCOltie
1) Organisation - (;IASystem - Job Descriptions etc.(90)
2) Planning - Project Planning - Procurement Plean (60)
3) Document Contl"'ol- Defined Syst.m (50)
4) Production Equipment Contral-Capeability Studies (50)
5) Production Procedures-Written Work Instructions (50)
6) (;ICProcedures - Methods - Inspection - Archives (50)
7) Praduct Requirement-Guarantee Acceptable Quality(80)
8) Laboreatory and Inspection Equipment - Adequate (45)
9) Sub-Supplier Q.Assurance-Supplier Assessment (60)
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10)Process Parameters - Maintenance
11)In Process Inspection - Regular Checks

(SO)
(80)

12)Final Inspection - Conformance to Specification (80)
1S)Process Control - Statistical Methods
14)Non Confoiming Product - Segregate
15)Inspection and Test Status - Identified

(SO)
(SO)
(80)

16)Matel-iat Handling - FIFO ....Correct I"lethods (80)
17)Tl-aining Pro(;p-amme- GlLlalityImprovement (SO)
1S>00cumentaUon and Records - "0" Parts 10 Years (55)
19)Corrective Action Procedures-Written Instruction(SO)
20)SMW Access to Suppliers - Adequate

825 - 855 A1
755 - 820 A2
S45 - 750 B1
580 - G40 B2

(5S0 C
Thel-efcllwe,

TOTAL
The assessment of quality is as follows:-

Meets the requirements
predominantly meets the requirements

(SO)

855

Meets most of the requirements
Only meets requirem~nts conditionally
Does not meet the requirements

in order to supply BMW a minimum of a B2
rating is required.

'/he system is designed to strLlctLu"'ean improvement
programme for' "weak" quality areas. A GC:\nH chart type
pl-o(,;jl-ammeis drawn up for each topic for the next
twelve months so that future audits can be measured to
ensure quality progress.
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8.4 NISSAN'S SQA ~ SUPPLIER DEVELOPMENT ASSESSMENTS

Nissan's Supplier Quality A~suran~e (SQA) is basad
directly on SAaS 0157. The purpose is to establish
procedure guidelines to ensure that all products and
services detivel-ed to. Nissan meet all the
specific:atitms.

Nissan will audit its suppliers. usually annu.lly~
to ensure total conformance. Areas deemed as
non-compliant will require a documented correctiVe
action plan which will be mutually agreed upon.

Assessment guide is directly linked to SABS
requirements. On completion of the quality audit,
SI..lPP liers ~Ii1\ be rated with A, B, C.,or 0 grade.
A = Fully assured to manufactUre components.
a = Assured ~ith items of minor non-conformance. Minor
non-conformances would be a non-conformance which will
not affect the product in any way. Normally this woul~
be a document type of non-conformance.
C = Conditionally .ssured. This condition will be for a
limited period only and followed up by a further
assessment.
o = Dis.ssured. May not supply components.

A full report detailing all non-conformances as
either serious or minor together with recommendations
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is submitted t~ the supplier.

8.5 VW - SUPPLIER QUALIfY DEVELOpMENT (SQD>

Although this system requires a qua t Ity manual
based on SABS 0137, there no direct connection between
SQO and SASS. In essence the audit system is divided as
Tollows=-
Part 1 - Organisational Requirements

01"'ganisation
Q.A. General
Qr;atity Planning
In-Process Q.A.
Q.A. Principles
P1"'OdLtc:tion
TLO - Documentation

Points
840
80

18e
88
86
54

14e

Part a Requirement,s to Production
Technologies
Goods Receiving/Stores 56
Assuring Quality Supply 146
Inspection of Finished Go~ds 86e

Final Inspection Produ~f Audit ego
Storage Conditions - Despatch 7e
Reliability Testing
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Maintenance of Irtsp/Prod Equipment 40

Production Conditions and Monitoring
'. Sand ~ix 174
ED Cor~/l'lot.lld 174 .
g} Melt Furnace 174
4) Casting/Moulding 174
5) Fettling/Finishing 174

The results of these items detennines the overall grade
i:lefollows:
GRADE QUALITY DESCRIPTION CONSEQUENCES

CAPABILITY
A

B

90 - 100X

75 - S':IX

QuaUtY Capi:lbIe
Conditional Quality
Capable

:rmprovement
Plan

C o - 74X Not QUi:llityCapable Immadii:lteAction
Pl.i:ln

The
'that a

outs;tanding
high degr!?!e

feature of this; audit .ys;tem is
of significance is given to the
process. Th~s mi:lkee it a more
more user friendly system to both

actual manu~i:lcturing
personal system and
VW and the supplier.
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3.G ARE SUPPLIER QUALITY ASSURANCE SYSTEMS NECESSARY?

It is indeed a pity that in addition to SABS each
motor manu+ac tur-er polices its own supplier quality
assurance system. The question is why and at what cost?

Seemingly, motor manufactures do not believe that
the quality standards set by SABS are sufficiently high
or that SABS are capable of implementing the
reqt.\irements of t,hemotor industry. There are examples
of foundries which have SABS approval yet do not meet
the quality standards of most motor manufactureS.

If there are eight motor manu'Factt.u-eswhich each
employ an average of five supplier quality assuran~e
engineers at say a cost of Ri00 000 it means that there
is direct expense of R4m plUS travelling,
accommodation, etc. If the supplier'who supplies to all

the motor manufactures is ~udited only once a year at a
days per auoit it means a loss of 84 working days to
the supplier qua lity department plus moderate

For 500interruptions to production management.
suppliers this amounts to 18 000 lost days.

I do nl"• beUeve that this either justHiable Or
ne~essary. I ";hin~~ that this problem should be
addl-essed by both SABS and the Motor Manufa~h.\res
~edertation to set supply standards fOI- the motol-
industry as a whole.
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4 FAILURE MODE & EFFECT ANALVSIS

4.1 INTRODUCTION TO FMEA

A completely different appro~ch to Quality Systems
is that taken in Failure Mode and Effect Analysis
<F"MEA). The object of ·thisanCllysis is to numerically
evaluate the result of the failure or anticipated
failure of the component or sub-part of a component.
Component failures can be clearly classified into
eithel- a failLIl-eas a )"esl.l1t of poor'design or a
.fai1LlI-e as a l-es:;uttof poor mal1ufac::t1.II-illgtechniques.
The same basic principles are applied t~ component
design as to the production processps in order to
attempt to evaluClle the result of a failure. Component
FMEA is usually only used by the design engineering
depcrtment, while the latter is more commonly used by
production engineering department.

Component failures will vary in seriousness from
minor annoyance or inconvenience to~ at the other
extreme! majol- hazard whil::h ef·fects the safety of
peopla, resulting in the loss of life or limb. The
lattet al-e classified as "Safety CI-itical" and each
manufacturer has a method of identifying the Rpecific
attribute which accounts fer the criticalit). Thase
~omponents have to be handled with extreme care. Non
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conformance to specifications are not tolerated at all
and any improvements, alterations (i.e. refurbished or
replaced tooling) or "modifications" will have to be
vetted by the overseas principal manufactures.

As no component development takes place at the
foundry and all compOner1'tSl ii\re made to principal
manufii\c:tl\l~e$dn\win\;ls and SlpeciTicli.'ltionSl,Ft~EA/Slwill
be limited to PrOCeSl$ and Manufacturing only.

The result of desiGn FMBAs are safety critical
specifications on components. As a typical example on
a disk brake casting drawing the following safety
critical items app.ar on a Volkswagen drawing - "100M
CI~ack Fn'lI1:!"and "Oefects which adVei"SielyaHect the
strength of this component are not permitted", These
very broad based specificationSi effectively means thli.'lt
no deViations in specificli.'Itionscan be made and also
that process FMEAs must enSL\I~etl..:Itdefects identi Hed
in the n,an\.\factLII-:Lngprocess wi I1 not I!!Hect the
component safety and reliability in any way.

4.1: FMEA TEAM

Choosing the team is important. The objl!!ctis to
get ~s broad as possible spectrum whi~h ~ust inclUde,
at ll!!a.t, atl the manufacturing discipline. while not
making thu team too big so that decision making
b.com~. diffi~u\t. Th~ idsa\ numbsr 's e p~opl~.



In puttin~ together the team the ~o11owing mu~t
also be taken into account=-

.Representatives from major disciplines
*Team leader and secretary
*Not too mAny Ustrong" personalities
*Team memben; ml..lstbe trained in PME:A
ITime limit - i.e. avoid interruptions
*Time table for review meetings
*Pre-meeting prep.r.~ions organised
*EluitQ\b'Levenue

4.8 SSQUe:NCe: OF OPe:RATXONS

1) Tooling
Design

e> Runnel-
System

4)Melt S)Bought
OLlts

The surest method of ensuring that .11 operation~
are included in the FMEA is to fol1aw the manufacturing
operations, as shown above. An exampte of • FMEA form



is shown in fig. 4.1, which is an AS size form for
ease of use. These operation are then filled in on the
first ~otumn labeled "Operation Sequence.h

4.4 ANALYSIS OF FAILURES
The obJect at this stage is to list all the

possible failures which could take ptace with aBch of
the listed operations. For exampla examine tha forth
operation "Mett ". Ask the ell,lestion"What wi I I happen if

the melt procedure goes wrong?". The answer to this
qLlestion is the potential actual failure. Xt is
necessary to be very pessimistic. This implies the
examination of the worst possible scenarioa, The team
must be ~ncouraged to divulge all the process short
comings and not to hide syatem failures.

Examples of actual failure modes Mre deacribed
below. The question to be considered to stress the
impol~tt1\nCe of potential failulwl!) is IlCould i't?" .as
opposed to "Will it?". Typic",} f",!1I..1I-emodel$ arru

OVel-size CI-t1\cked POl.\I-ULIS
Unde!l-size Open MisalignEild
Rough ShodF.!cI OLIt-of"'balan-;:e
Et::centric Leaking Defol-med
~1issaasemb 1eel D.amii\ged Omitted



~tQntlal f\t(i)flh1i ('rJns qU""tI;S
F.,IoIQ 10",," Cu!IOn,.r..,

I fActu.,1 1~lfoCl)
...,,..-,...-...-.... _,.._."',~..,.,,~...-.
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Now the affect of the failure is examined. This is

tha consequence the possible failure would have for the
customer, which may be the next operation in the
manl.lfactl.lring process. By IIC\.\stomer" is meant the
Schonburger definition of the word.
Eff~ct(s) of Failure - Where pos5ible1 express effect
in terms of the product function. Thi. will help to
identify the sevEll~i.ty of the consequence of the
failure:

EXCEls.ive machining will. be )"'equlred
Sanerate excessive heat
Component wilt fracture
Having establishad .11 the possible affect. Of th~

failure., the causes
.imply the reason.

need to be established. Thi. is
for the failures. List all the

possible causes assigned to each fcilure mode. C.·~
should bt4' taken to ens,urlll!that ths U!'i>tis .s inl,::tusivr;
as pas',bllll!so that ramadi.1 effort can be aimed at .1
pel-t,inlll!ntc:aI.ISelS.Examp les o-F cc!\usesmight ba =

Broken tooling Machine settings
War n Too li 1"19

WI~ong meh 11w-gy
Inaccurat~ gauQinQ
In,.\deql.\!Oit!'.i!prl,:)(;.•S1i!\
control

The ovarall objective of this aX!'.i!rcia.is to gather
• ;ood understanding by all the team mambar~ of the
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possible together with their causes and
eHects.

4.5 CURRENT AND IMPROVED RISK FACTOR

The seleded technique fOl~ F'1'1EAanalyses the
current status of the potential failure, lists po.sible
corrective measures and ant.cip.tes what the improved
status will be. This is clearly demonstrated on the
FMEA form.

To determine the risk factor three ~robabiliti.s
are taken into account:- 1) Occurenee

a) Sigl1ificance

The Risk Priority Factor is simply a pr~bability which
is the product of these three probabilitiem.

Occurrence ia a probability ranked from 1 to 10.

The to be considered in estimating the
occurrence ranking is the probability that the cause
will oCCUr and th~. results in the indicated failure
mode. The following table may be used as • 9uide line.

RANI<XN(3PROBAaILlTY 1
1 1/10 000
8 1/5 (1(.)0
:3 ila 000
4 1/1, (ICIO
5 1/5()0
6 1/800
7 1/100
S 1/50
~ lleO
10 1/10

CRITERIA
REMOTE probability of occurrence
LOW probability of occurrence

MODERATE probability of occurrence
HI(3H probability of occurrence
VERY HX(3H probability of occurrence
CERTAINTY
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Signific~nca is the estimate of the significance of
the "effects of fed lute" to the cus t cmer on a 1 to 10
scale. The table below giVes a helpful guide.

CRITERIA RANKINS
UNREASONABLE to expect that the minor natute 1

of this failure will have any
noticeable effect on the
customer

LOW significance tanking due to the minot 2
nature of the failute. Only slight 8
customet annoyance.

MODERATE failure which causes the customet 4
dissatisfaction. Customer is made 5
uncomfortable or is annoyed by 6
the fai lure.

HIGH degree of customer dissatisfaction 7
due to the nature of the fault. 8

FAILURE of the product to perform its 9
purpose. Does not involve safety.

VERY HIGH significant failure inVOlves 10
potential safety problems

Discovery is the probability of discovering the
de~eect, cal-lsed by the Tai lu)-e identified, beTol-e ti'e
product leaves the manufacturing location, using the 1
to 10 scale. "'h~ -fc\1owing is a gL.\ideline.

- - .. .,---..
CRlTE:RIA RANKING PROBABIL.ITY
RE:MOTE. D~fect is vel-y obvious 1 1/10 coo
LOW Ukolihood that the procluct 2 lie; OC'C)

is diSlpatched with the defect S 1/2 000
The defect iSlobvious 4 1/1 000

s 1/5CICI
MODERATE:. tIe t:ec:t is e~sily 6 11200

identiHElo 7 1/100
8 1/50

HIGH. The de-Fect has subtle 9 1/120
chmracteristic!!I

VE:RY HIGH. The clefec:tiSl latent 10 1110
and would not appeal-
at manL.lfac:h.ll-ing 01-
inll&pecHcm.

~ -..........
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The resultant risk priority factor is an integer in

the range of 1 to 1000. ObviouSly the higher the number
the higher the risk. This is used to set a priority
rating for a plan of action which witt address the more
serious faults first. The plan of action must include
the data of the next FMEA to ensure effective follow
LIp.

4.6 SAFETV CRITICAL COMPONENTS

As a result of design FMEA carried out by the
princliple manufacturers components which exhibit
cl~itic::al fai ILll-efeahu-es al-e termed "Safety Critical",
Thi. implies that if the designed feature is not
maintained the component could fail in its function,
thereby causing or resulting in damage to mach~nery
and lor injury and even loss of li'e.

To avert this situation all drawings and paperwork
are to carry an identification symbol showing that the
component is a "Sa-fety Critical" item and the specific
features that result in this are to be clearly
identified,

Each mi:\nLlfactLIl-el-has his own "1$<;Ifetycl~iticc"\l"
symbol, FOI- example one manufactLll-el"'Ll$iell:}hln inve:lrted
tl-iangle with the leHer "S" on the inside,

All "Safety Critical" components are to
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conspicuously display the following=-
1) The safety critical symbol is to be shown in the key
of all "Safety Critical" drawings. The title is to
indicate this and also the number of occurrences.
S) Print the number of safety critical fAatures
relevant to the component on the drawing in the
designated area and identify each safety critical item
adjacent to the actual position on the drawing. i.e.
Porosity Detection
Hardne.s 160 - 190 BHN
This identification
not be altered in
required for any

Btates that the dasign feature may
any way and shtlLlldalteration be

reason whatsoever, written approval
and subsequent drawing changes will be required.
S) At 1 papel" wor"k I-elating to a IISafet.yCI"itical"
components are to bear the safety critical stamp.
4) Quality Control are to carefully monitor all safety
critical components and a traceable record of
"measw'~ements taken" kept.

4.7 CONCLUSION
it can be seen this method is very subjective

sorts of abUse. The skill to be
this technique is to try to keep

and open to all
developed in using
judgements consistent.



A good spin-off
understanding of the
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of FMEA analysis is that a good
comnonent and the manufacturing

proc~ss is gained by the evaluating team. This is al&o
a dynamic proce$~ in that when all major defects are
eliminated~ minor defects begin to become significant
and are addressed. ThiR is simply yet another example
of the ultimate quest for zero defect.

All motor manufactureR require that component
suppliers do process FMEAs~ and iJ therefore very
important to suppliers who w~nt "A" ratings.
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5 INFRASTRUCTURE OF THE

QUALITV SYSTEM

$.1 PROVISION OF RESOURCES

Th~ first step in defining Quality
responsibilities is to establish a Quality Management
T~am (QMT). This consists of the Systems Manager, wha
is also appointed the Quality System Co-ardinator, the
Foundry Manager, the Development Manager, the
Metallurgist and the Production Manager. The function
of the QMT is to att~nd to all the quality related
Matters affecting the drawing up and implementing of
procedures which will satisfy the requirements of SABS
0157 Part 8 and to supplement it so that it will also
aatisfy the quality requirements of the various motor
manufactures. This task will be achieved in four basjc
staps :-

* Quality Policy
* Objectives
* Standard Operating ProCedures
* Works Instructions

These four levels of documents focus on the product in
increasing detail.

The procedure wilt be to draw the documents firstly
in draft farm. circulate them to all people concerned
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for comment, and ~fter gaining general consensus to
prepare them in the standal~d format fOl- appr-ova1 by the
Mar:.agil"lgDirector.

The diagram below depicts the general structura,

fig, 4.1

Quolit.v
Syshlrn
MClnual

QUALl1Y
POLICY

STATEMENT

First Level

Standortl
Procedures
Manual

OBJECTIVES Second Level

Prace::'s
Control
Manual

OPERATING
PROCEDURES

Third Level

CONTROL INSTRUCTIONS

PROCESS
SPECiFICATION

SHEET

Forth
LevelDOCUMENTARY WORKS

5.2 QUALITY POLICY

This statement provides a set of broad directional
guidelines the whole It out lines
managements expectatlons from the staff and indicates
to the customers what they can expRct.

A good Quality Policy sh~uld therefore include the
~ollowing aims :-
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* st~P$ to prevent deiective work
* Preserve and impr~J~ the camp.ny'a image
* Promote cu.t~mer con~~1ence and .atisfaction
* Redu~e scrap, rework and rectification
* Improve productivity
Following is the adapted policy of Auto Industrial

AUTO INDUSTRIAL QUALITY COMMI"rMENT
QUALITY is the numb!!!rone operating priority in ths

Auto Industrial Group.
Our .im i2*·togiv$ tap attention ....ttlpllIItcii\tus...and

ttlp dedication in every decimitln we make - every Action
we take and every move we make.

Thh phi lOSlophy h to be imph:mented at eVery AL\ttl
IndulStrbl Group Hite by .dhereneGl td thIS! 'fdllowing
three qua'ity mandatelS;-

1) In order ttlmaintain quality leadership in
the mcii\rkGlt.We serve We will produce and deliver on
time, products and serviCes which canftlrm to SABS 0157

part s.
To achilllvllI! thhl gaa\ GI.!.\l:h individLlat.

cdl1tribution b &\ vihll p.rt of thaioverall tIIHort. Thill
tfmph",si1III on CILIa\ity )-eq\.1irfUI con.hllt c:onsciouil
commitml!!nt by !I.ach I!!rnptoYlllsto 1100 rr RIGHT FIRST
TIME"fl Management i. dSciic.at!ldto creating condititlns
which wilt .allow achiev~ment of thiS Qoal.

ay improving retation_hips and commun'~.tion$
with th. lcii\bourforcs .nd .ncour.aging t•.am spirit
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throughout all lev~15 of th~ company and to promote
better efficIency and increaaed productivity by
creating batter and safer working ~onditiona.

Signed Chief Exacutive.

ei.S OBJECTlVe;S
A aarious time constraint on implementing the

quality policy ia that unteatt a B1 rating for QSK-Ol
can b~ achiev~d, components c~nnot be shipped to BMW
irre$pectiv~ of the actual quality standard achieved.
BMW contribute. significantly to th~ order book of Auto
Industrial. This has to be .chieved b~fore th~ ~nd of
June '91. Bl rating requires SABS Oi~7 Part e to be

an actual BABS audit can b~

Th~refore the immediate objective is to concentrate
on drawing up ~nd implementing operating procedurea and

At thlll
.amli time it :I.E I-eql..lil-edto irnp'l.amemtr.jalta coll&lctin«;l
.y~tems .0 that procele capabilitiwa can be evaluated
befor~ the end of June, 1991.

To achieve thh thll)following pl-ogri\mme hi\l!!Ito be
fol.lowmd;"'"

Jain r-llb M",r ApI" 1'1oily Jl.tn
811t up Monitor 8yatemal ***1** I I I f
aa.ie Proee •• Control I 11***[ 1 I I
8ABS 01~7 part e I 1***(**** :****1** I
PI-OI!I5IIS. Expe\~imetnts I ( I l(.*l(o I I I



SY$tem$ Effectiveness
Process Capability
QSK~01 Assessment
QSI<-01 Audit
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1 **1 *
1*** I
J 1 **
I 1

1**** I 1* I
I *** I * 1** I
I ** 1 ***: I
I II**' I

6.4 STANDARD OPE::RArINt3PROCEDUr-<ES

SABS 0167 Part e gives a guide ta the minimum
stanclard operating procedure requirements. Standanl
procedures apply to both quality systems as well as
technical matters. The object is to spell out the
brocild basic quality criteria. More spec:iHc:
instructions which det.il the exact instructions are to

t ::Jpic. Each operating procedure may consist ~f many
worke instructions as depicted betow

(-.-----
WI"'i!
Metal Transfer Instruction

Opel... t:l.n!;l i Hlltl-uct1onflS mU!IIt cl\hlo mak6f l"IP.fIl'l'enc:e to

.p~c:ific documentary and recording procedure.. Each
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document in the system must be numbered and blank
masters appended to the operating procedures manual.

Opl:!!l-aUng p,-ocsdl..\lwesml..listalso define both
departmental and personll procedures. Every procedure
and instruction must define who is responsible for
implementing and controlling the procedure.

5 .5 WORKS INSTRUCr I(~NS

WorkS instructions define in every pos.ible detail
the exact process and at.o the quality atandarda which
apply. The works instruction may be viewed in three
parts, ie. the Wades Instn\ctlon (WI) itseH, 'the
recording document/Proce.. Control sheet (PCB) and the
Proc ••• Specification Sheet (PBS).

rhe work. inatructiQn detail. the process in step
form. T~e Production Manager will go through each .tep
with the machine/proce.. operator and ensure that he
under.tands every detail. Although the system in fairly
rigid .11 staff are encouraged to improve or simplify
the process in which ca.e it will be nece••ary to
update the work. instruction. However, the
instructions must be specified particularly in the
in.pection atandard. .0 that ahort cut. which
compromise quali'ty will b~ avaid~d.

Each component It~m i~ control1sd by ~ uniqua
Proce.$ Specification Sh~et. Se~ fig. (5.S). Thi.
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document gives the exact machine settings and the exact
manufacturing procedure for each component. Critical
measurement. and requirements are highlighted in the
inspectin; standards. This gives the process/machine
operator details of the exact requirements in easy to
understand format.

Document~ry control
Control Sheets, see
production qualities,
are recorded.

is in the form of Process
fig. 5.S. ~xact details of

delays, component changes, etc.
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Part Description: l( Drowlng - Sl«ltcll
Make: Model:
Cs1:ml' Dwri No~ ,(3} ConiS

i (.!) MriieHnl ..... Mocilln!) SottlnOIlI-
CatmrSpe« AlF Spttc: Gas Prem.Int P1: P2: P3:

Chemical MaI<"'. l1mrora:- Blo", Puru'll -C 51 P S 1M ~mt Gae-----mal -. Imln DIp:
Mal< FumQcrt Teme!lfQtul'll:
Cotit .TGlTIPtIt'aturo: IAox: MIn: ProductIon Rate: Compllnfllllll I Hour
!..adl. Treatment: -

1(4) __ : E1pISfilii9::_____
(7: ]a~tihr1 Shot: BlaL --Machln~ --Core: Band 5(IIf

strainer: t.Aould Innoeulant: -NC). eoriiiiCriMio I Me-uld: FeW.
M®hlnoS~-

Sand 11me." - Top Box see, 1(5) Fll"rt Off-Bottom f)o)( Soc. \lllIuol In,poct)on:
CIOIf1I)lno PI'ItiIIIUI"O:Top BGr
ClampIng PrliSBunr. Bottom BGr Hardllfllla:
MtIldmum CooNng lJnl~ Min
MIIIlmum .,.9)0.02 11111l1: MIn Matallurglcal InsP8lltlon:

Production RcWi: Component. {. Hour DIm.llllanal Chock:

Revision DatesNotes NotM _......,
D .. leVel~

Blroctorv

I MAfnllurav
Dev§12I2rn~D~

- Compiled by: Date Issued:
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& DESIGN OF EXPERXMENT

&.1 SASIC PR!NCIPL~ OF A 8RE~N SAND PLANT

Th~ phY$icat natur~ of the hgrsen B~nd~ uBad in
autQm~tic mQutding lines is very cQmplex. Essentially
it consi.t~ Qf a mixture Qf r~processad sand, new sand,
bentonite, coalduct , moisture and residual fines. The
schematic diagram below shows the basic process.

AtJOULDING S~AND PREPERATION

to rY1l1U({HtHJ litlo

..

;,'t.t",
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New sand is introduced into the system to replace

sand which is lost in the process and at the same time
dilutes the build up of residual dead clay and other
impLII"ities.

fig 6.2

I
I
: Cree")'}'!' t':l'and

costln~j~- sh~~el hot
out_J metal

It: ' •• - .,J]
II ounn

burnt cloy iP line 9
&: send loss .

bElht- COQI

Cyol. \ ) I~~VIi ~Olt~~
_~ .,.t....

I mixer 1_. 1:-'

LmOUldlngJ
_ 1I,(1e "

The cycle includes the addition of Coal Dust and
Bentonite with each completed cycle. Hot Metal i9nites
(burns) the c~al du~t and sinters (kills) the clay.
This results in the build up of "de~d clay" and b~rnt

As impurities in the sand affects the desirable
propeties of the Sind these are carefully monitored.
The quantity of cor' dust in the system ~s monitored as
the "Loss Of rgn1tion" (LOr, in a test which atl the
vot iti1e5, i!\Hel-the moistLt1-econtent ha~ been removed,
are burnt out. Dead clay is measured by means of a
titration process while th~ fin.s are mei!\suredin a
sieve test which .lso gives the .v~rage grain size
definition of the Sind.
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The results C)f these teto;ts are usad to make

corrections to the green sand. This human input element
is necessary as the size and quantity af caltings vary
which obviously caUSes corresponding v~riations in the
green sand makeup. Inconsistency in sand quality
results initially in poor quality casting surfaces and
ultimately in total inability to mould.

Dr. Schaarschmidt (1) claimn that in his experience
approximately of castings caM be
<1Hribl.lted
rel.atively

to V.ariations in s.and qua ti t.y • The
limited experience g.ained in production

casting at this point in time seems strongly to support
this claim .and, therefore, the need to study this
process is very eVident.

The most signi"ic.ant v.ariables in the moulding
tlgreen sandH car-esLlmmarislltdbelow#-
controllable variables - ~ recycled sand

~ nit'>:sland
X I;>~ntc::mite
~ co.al dUlst

Uncontrplled vlari.ables

~ water (mpistl.lrecontent)
mixing time
ambient hmpel".atLlrl!)
.atmospheric humidity
recycled •.and temperature
los. of ignition (bu~nt



coa 1)
~roduct ion rmte
Variety of component

c:a$tings
introduction of core nand
build up of re$idual fines
impurities from the

atmosphere
The de$irable required of the

moulcHng SahtJ are summarbed below=-
High mould strength riqid mechanical propetie$
Mouldibility ability to take on any shape

From thi$ it

ability to pour it into a mould
no influence on the metallurgy

or on people 01- equipmant
ability to vent off gasses and

steam
can be seen that the demands on the
very stringent and that in order to
hi9h quality castings accurate sand

Flowab itit y
Inert and seaTe

moulding
produce

sand ayoe
conlilihltent

technology data must be avail"ble.
The paradox in sand technology is the eappearently

conf lieU ng reql.d.y'ements. Hard meu lds wh ich are idea t
for dimensional stabi lity wi t I have P001- flow
characteristics. Borne compromise in characteristics
will, therefore~ have to be made - eand perhaps a
resulting optimum can be estimated.
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The concept behind fUrther investigation into

"greet) sand" hI to estabUsh not only the effects and
inflUences of the main coniolable variable. but also
the effects of interactions between these variables.

is little t.hat. can be done i1.\boutthe
except to keep them as

Cdns~stent as possible so that their respective effects
will not unduly degrade the experiment.

G.a PURPOSE ANn METHODOLOGV
If the sand Were to be kept consistent, then the

\:.:Irgetvariables would be l:headditives i.e. bl1!ntonite,
coal dust and moisture. The quality, reflected in the
consistency, of these
generally accepted as
justification for not

ingredients is very good and is
the industrial standard. The
including the sand, at this

stage1 is that in itself it is inert, although it may
be the carrier of impurities. This problem will be
adr~Ssed separately.

With this format of three variables complete block
factorial experiment is feasible and desirable as the
interactions also need to be invesi:iqated.

The model for the three-factor experiment is given
by
YiJkIM= M +ai+bj+ck+(ab)ij+(ac)ik+(bc)jk+Cabc)ijk+Eijkl

To oFacilitatl!?a systematic hbular technique the
Yates (a) methodology is 1.1secl for derivinl;l the



factorial effec~s. The format which is shown beluw is
eC\sily r.·~ogrammed onto a spreadsheet for qu ick and
accurate analysis. This is juatified because with two
replicates, 16 evaluations need to be made.

The effect of ~hewe vari~btes will b~ measured by
the follow~ng teats:"
1) compact~bility - K of ~ompact by applying 8

controlled rams
... kN toad required to shear the test

8) crush ... kN load required to crush ttl test

4) temsi Ie
sample

- kN toad requirL' to snap the test
saml=te

5) hardness - hardness of the te~t sample

This, therefor.e, implies 5 tines two
replicated sets of t.Jis are to be conducted for each
test cond ition.

Tabte 6.1 YAtes Method

I
...-........

(1) (8) (8) Ident.
---.....
(1) (i) +a (1)';'a+b+ab (l)+a+b+ab+c+ac+bc+abc Tohl
" b+ab c+ac+bc+abc .-(l)+.b-b+ac~c+abc-bc A contrast
b c+ac a-(l)+ab-b b+ab-(l)-a~bc+abc-c-a~ B contnast
al:> bc+.abe a\c:~'c+il\bt:"'bc~b~b~~+(l)+~be·be-~c+~ AI! e.e.\,,~I';,oli~'i
C a- (1) b+ab- (l)-a c+ac+ab+abc-(1)-a~b-ab C contral$t
ae ab-b bc:+abc-c"''''cac 'c+abc'''bc-a+(1)'-ab+b AC contrastbe:: ac-c: ab-b-.a+(l) bc+abc-c-ac-b-ab+(1)4L tlC contrQ.\!!!itabc:: abc:-bc: abc:-bc-ar.:+c:abc-bc-a1c+c:-ab+b+a- (,l~BC I,r :l't.rast
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The gxperiment requires t~o canditions for each of

the vaY'iablea. High and low states wi11 be chosen +rcm
the daity sand plant controt system. Summarised below
are these conditions together with diagram depicting
the design concap t ,

low high
a y. Moistt.\re 8,6% lJ·~Oy'
b Coal Dust 4,0% 10,0%
c Bentonite S,O% 7,0%

fig. 6.3

/ob
/

QB"C'*'-'--"'_ '""~'lqC

a
,1

/ j

I
'I' ,',\ ; 'i
·1 f ~ , i' <

I
,1/
C



b.S RgSULTS & ANALYSIS

An
is rlln
colLlmn

important condition of the exp~riment is that it
in a completely random manner. The f.irst two

of table 6.e shows the actual order in which the
experiment
rt:lasonably
tS and eo
pel'c.~nt. A

was r-un•. Envii'onmental conditions were
consistent with ambient temperature between
degrees centigrade and a humidity of 65
uniform aample of new sand was used for all

the testa. Bentonite and coal duat _amples were taken
from new uncontaminat~d stock. Mixing time waa held
constant at 10 minutesf which is the laboratory mixera
manLl'Factures recommended tim~. 1 Kilogramme samples
were mixed for each o~ th~ 16 teat conditions.

The e~periment results for each of the five teats
displayed in the fOi'mof a matrix for easy reference.
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Table 6.2 Test Results

Expl:1l"'imentTl:1stResults
Random Std. Comp.ad • She",r Crush Tensile H",rdness--.
Rl.tn Ord. 1 2 1 2 1 2 1 2 1 2

'7 14 (1) 40 89 15 14 20 22 0.8 O.S 87 40.
Eo 8 a 59 57 15 25 19 22 0.9 1.8 48 42
16 10 l:! 86 86 U 15 16 19 0.4 O.S 3; 41
HI 15 ab 56 55 17 17 20 21 1.0 0.9 48 48'.-11 2 c: 24 2S 11;) 18 25 18 0.9 0.4 80 25

.........-'
4 8 ac: 56 47.5 81 88 8S 88 2.1 1.7 50 45

19 e. be: 25 25 15 14 19 1t:! 0.6 .4 8(1 27
1S 1 "'Ibe 44 44 80 26 88 2S.5 2.1 1.5 45 84

Table 6.8 shows thl:1me' lod used for .analysing the
results. This information was fed into a Lotus 128
spread sheet, the re&ults of which are shown on Table
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Table G.S Method of analysis.
,--

Test Type : F'age~of F'.:Ig!a5_
Trel/::\;;• Replicate Rep Ueate Total SLIm of
Comb. i e Tieat. (1) Ce) (8) Sq\..lan~s

-(1)
~

~

b - --
~b

~
c ~;.,

Iat::
bt: ----abc:
SOLlrce of Sum of Oegree* Mean CompLlted
Vari~nc:e SqLlares of Freet:\om SqLlare f

-Main &:Hed .-
A

B
-........ -

C -Two ..fac:tor- 7ntei~t:tion .
AS

AO
.,_,___....,.....,-""'- ......... - .
£10

Three-fat: tCit !nterac::t.ions -.~ABC
E:r'n::I1'"

TClht
" .
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TE:ST: COMPACTASIU1Y lTi'ifAT. REP REP 'fOTAL 'fATES METHOD SUM !l'" EfFECT & MEAN t05(1,6)
COMB. 1 tREAT (1) (2) (.3) SQUARES IffiERACTION Oof SQ = 5.32
(1) 79 195 378 667
0 11~I laa 289 171 1817 A 1817 367 +++++
b 7r.t. ! 151 76 -25 38 B 38 a +++++
ob 1 t I I laa 95 -17 17 AS 17 a

\

c .,I~'I 37 -12 -90 501 C 1501 101 ++.~+
ee 104 39 -13 19 21 AC 21 4-
be ~~I 57 2 -1 0 Be 0 0
abc 38 -19 ·-21 26 ABC 26 5
TOTALS 340 327 667 E~ROR 40. S 5

TSSQ 2459 16
TEST; SHEAR
TREAT. REP REP TOTAL 'fATES METHOD SUM Cf' EFFECT & MEAN
COMB. TREAT (1 ) (2) (3) SQUARES It-.'TERI<CTION Oof 9Q
(1 ) 29 69 129 J05
0 40 60 177 82 420 A 420 47 .++++
b 26 92 19 -rs 16 e 16 :2
ob 34- 65 63 -12 9 AB 9 1
e 28 11 -9 48 144 C 1 144 16 ......
0<: 64 S -7 44 121 AC 1 121 14 .~ •• +
be '9 36 -::l 2 0 BC 1 0 0
abc ea 27 -9 -6 2 ABC 1 :2 0
TOTALS 149 157 J05 ERROR 71 a 9

iSSQ 764 16
Tl!ST: CRlJSH
TREAT. REP REI' TOTAL 'fATES METHOO 9UM IT EFFECT &
OOMB. 1 2 TREAT (1 ) (:2) (3) SQUARES INREACTION Dol'
(1)

II
42 83 1eg 361

0 41 76 202 59 214 A 214- 24 +.+++
b 35 109 5 ....'24- 35 B 35 4
ob 41 9.3 54 15 103 AS 13 1
c 43 -1 ...7 43 113 C 113 i3 +++~+
0<: 66 6 -17 49 14.7 AC 147 17 +++++
be; .31 2.3 7 ....10 IS' eo (5 1
ob;; 62 031 a 1 0 Al3C 0 0
TOTALS HlS\ 176 J61 ERROR 71 a 9

TSSQ 59a 16
TEST: TENSILE
TREAT. REP REP TOTAL YATES ME:'rHOO SUM OF EFFECT de
COMEl. TREAT (1 ) (2) (3) SQUARES I,,",E:RACTION Oof
(1) :2 4- 6 16
e 2 2 10 6 2 A 2 11 .+++..
b 1 G 0 -2 0 a 0 2
ab 1 S 5 -1 0 AS 0 0
e 1 1 ...2 4- 1 C 1 a +.+.'lo
0<: 4- -0 -I f5 1 AC 1 1 12 ......
be 1 03 -1 1 0 l3C 1 0 1
obc J, .3 0 1 Q ABC 1 0 0
TOTALS a a 16 ERROR 1 a 0

TS9Q 5 15
TEST: HARDNESS
TREAT. REP REP TOTAL YAT1::S METHOD SUM OF EFFECT & MEAN
COMEI. 1 2 TREAT (1 ) (2) (3) SQUARES INTE:RACTION rT(1)

II
77 162 326 612

e eJa 11.14 2M 7el 350 A JeO 30 +.~++
b 76 150 16 -12 9 a I 2~db B6 l3G 62 iB 20 AS 2
t; 55 a :2 40 100 C 1 100 a ••• ++
ee tie a -14 46 1.32 AC 1 1032 10 ~+.. +
be 57 40 0 -16 16 tIC 1 16 1
obc 79 -1 20 AtIC 1 20 2
TOTALS 315 297 (m2 ERROR 103 a 13

TSS£! ml......- 16
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6.4 EFFECTS AND INTERACTIONS

The s~gnificant results are tabulated below in
table €o.5

Table 6.5 EHeds and Interadic:m$ Summary

Compact • Shea\~ Crush TeMsile 8h.;ltter
i---MoistLll~e S~9 • 8ig. Sig. 8ic)• Si9'

~ .- ....Coal Sig.
Bentonite Sig. 8~g • Sig. 8ig. 8ig.
Moisture ... Coal
Moist.ure + Bent. S i~,~• 8ig. 8ig. 8ig. Big.-----Bentonite + Coal
Moist+Bent+Coal -

The effects of both Water aNd B~ntC)nite are
prominently significant on all the physical properties
of green sand. Surprisingly, is the insignific.nc~ of
the coal dust except in its affect of diluting the
moisture, possibly the reason why there is no three
factor significance.

Note!worthy is the pronounced significance of
moisture content on cornpC'\ctibi1ity. This t09fi!ther
with the reducing effect of the coat confirms the
v<iil1:l.dityof the compactibility test as a control
me~hanism.
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I

I
i
I

As coal has no real positive significant influence
on tl1ephysical properties and it is expensive, it must
be kept to an absolute minimum. Coal apparently pl:iS
an important roll in the surface finish of the casting
so that additional experimentation in this area may be
necessary.
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7 CAPASXLXTV STUDY

7.1 DEFINITION

The c~p~bility study is an an~lytical methodology

process
predicting the output consistency of ~ m~chine or

aid to diagnostics when the output is
specification limits (7). Techniques

the analysis vary from graphic
using prep~red forms through techniques

~nd an
beyondpredicted

ave i table fCIl-

using c~lcul~tor to specialized computer progr~ms.
Ideally capability studies should be carried aut at

variClus s·~.ages of f! machines 1He cycle f,-om
pre-delivery and at regular intervals thereafter.

Capability studies should include equipment
tooling material
consi~tency to
condition'l'\.

Finally, process Of machine &tudies m~y be used in
problem salving when out of specification conditions
~re found to help diagnose the c~use of the probleM.

operator combination to enaure
spe~ification unw.r production

The techn ~e is to establish all the probable causes
(assignable causes) of variability and then to ~n.1Yle
them one at a time monitoring improvements.

7. e METAL HARDNESS MEASURElvJl:::NT

In c~sting. hardness is one of the ~mportant
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properties monitored. Hardness is tested by
means of B Brinell Hardness tester. A ~arbide ball of
known dia~eter is pressed under a control load onto the
test surface causing a small indentation. The diameter
of this impression is measured by means of a calibrated
scope. A look Up table gives a correlation between the
imprea~ion diameter and the brinell hardneDS. A more
accurata method for measut-lngthe diameter is using a
magnified shadow graph and digital calipers. The
latter equipment is only available at Auto Industrial.

7.8 DISC BRAKE CASE STUDY

Specificati~ns for the AIF 852 Disc Brake, (See
Photograph 18) which is made from a sp&cial high carbon
ateel, calls for a brinell hardness of between 160 and
200. The cUstomel-I-equires100% hardnel:llstesting for
the fil-st th'-ee procluc:tion batches of at least a
quanti of 500 per batch.

A trial batch o~ approximately 250 discs were run
and subjected to 100% hardness teating using the shadow
graph method.

Standard statistical analysis of the results are
shown in Fig. 7.1, 7.2 and T~hle 7.1 over leaf

Of the 246 actual disca, 4 were completely out of
specification - two too hard and two too soft.

The average hardneas of measured was 185.2 with a
reasonable normal distribution. One important fact is
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fig 7.1 I
HIsrOBARS

fig 7 ..2
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table 7.1 Statistical Analysis

SamplE! size
AVE!I-age
Median
t10de
Geometrj,c mean
VC\r iance
Standard neviation
Standard error
Minimum
Ma>~imum
Range
Lower quarti le
Upper quartile
Interquartite range
Skewness
Standardized skewness
Kurtosis

'Standardized kurtosis

246
185.207
184
182
185.017
72.467
8.51276
O.54S754

160
221
61

ldO
189

9
0.847816
5.42867
2.01403
6.44805



-61-
that the hardness is me~sured at the surface while the
cuatomer specification call fot" a core (center)
hardness. A correction factor of -7 units can therefore
be applied, which makes the data very clOse to the
desired theoretical mean of 180.

This, ht>wever, s.tiil gives an definite failLu-eof
four component with severa: border line cases and a
spread which is too broad. Any slight shift in the
proces. will result in far too higher failure rate. The
charac:ten-isticOf the distdbLttion need to be aBel-ed
to a steeper CUrve.

7.4 R~COMMENDATIONS

To redLlce the spl-ead the process wi 11 have to be
tightened. The following recommendations are therefore
made:-
• Very tight control of the metal carbt>ncontent -
record chemical analysis and make up analyses
* Write specific Prt>cess Specification Sheet for the
rate and method of carbon addition to the furnace.
* Record pouring temperature and time taken to fill
mould, i.e. X Chart for pouring 'im~s/temperature
* Specify maximum mould cooling time
* tletai1 inspection of batch "Fin.t tlH" and eVe)-y
twenty boxes there after.
* Draw up control chart for hardness testing.
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7.5 SECOND RUN
ResuIts 0+ the

expected. Although
second run were not as geod as

there were no rejetts~ i.e. out of
hardness specifications1 the variability had increased
significantly to 127.1

BeTol-a nmning any fadher' trials complete an""lysis
of the problem situation - a~l the systems - including
the component specifications need~ to be investigated.

7 .6 REVI EW OF THE PROBLEM S't"t ,JATI ON

The specification
hardness of t,'tween

for this component calts for a
160 and 200 and alsO a percentage

carbon content of bet~een 8.7% and 8.~%. This is a
problem.

To determine the carbon content of
the percentage of
subtracted from

t.he molhm
metal, one third of
phosphorus must be

siliton and
thlE carbon

equivalent. The silicon content is apprOXimately 2%
with a negligible amount of phosphorus present, So that
0,67% shou ld be deducted fl-omthe carbon eqllivalr.ntto
determine the carbon content. Typically carbon
equivalent of 4.3X is desired. Thi. gives a carbon
content of 8.6X. But over 3.5% carbon becomes unstable
in the molten metal resulting in unde.olved carbon
being present.

Thi. means that the carbon r.an only be at the
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absolLlte 1owen- limit which makes eHective control Vel-y
difficult. At this limit carbon is oxidized very
rapidly reducing significantly the shelf life of the
metal. The customer has bean made aware of this
problem.

The next problem is to control the casting cooling
time in the mould. The longer the ca.ting is left in
the mould the slower the cooling and the softer the
casting will be. The object is to reduce the herdn.ss
spread by alloKing equal coolin; duration to aIL \~e

castings moulds.
The problem is that the moulding machine

<automatically ,feeds ths cooling moulds thl-ough a -fixed
cooling lane. Any stoppage or nterruption like waiting
for metal, results in a corresponding extension to the
cooling time. This implies that the machine must run at
a constant rate - a connltion which is very difficult
to achieve. Usually the cooling time is not critical.
The Kunkel Wagner automatic moulding lin~ certainly
does not lend itself to "shod c:il-c:u:i.tingllthe eooHng
lanes.

Metal delivery temperature and pouring rate is well
under control. This aspect is under control and
parameters recorded onto charts to verify the status,

Ths prQc:~dure of carbon intraduction into the melt
furnace ht\\1IS bsen docLlmentecl on the pro(:;ellSlI5

speCification shest.
In the following tsst run the cooling time. Ire
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to be recorded. Comparisons 0+ hardness and cooling
time!lll will be made to see if soma correlQtion is
prs!lllent.

7.7 THIRO RUN

Ouring thi!lll run the knockout time was recorded.
~his wa. achieved by .hort~circuiting the cooling tanem
and following ea~h mould box to the knock~out station.

ihe I:cluatings Werli that, Tl:Illowed through th\l!IIlh;Aklill Qut
and Ill.ar.:ed in sequenc:e -For h.ardne!!iIi!i5 trt!!lating .aHer they
were cool enough tl:l handle.

RelllUlts are a!ili follows:
Numbelr 1 E 9 4 :5 6 7 a ~ 10 11

Time \min) 113 es eG e7 ea 49 4E.> 49 4~ 5S '.55

Hardn",.s 197 lSG lSE.> tse lSS 1713 17S 174 178 176 170
continulJtd
Numb!!!" te 13 14 15 1S 17 is 1~ eo 91 se

'rime 56 S5 :37 SS :39 40 18 19 eo ee es

Hardnel$. 170 113e180 190 180 198 197 195 188 180 lS8
Analysis I:If thhl dilta i. as 'FotlowliI,

1• Relgression An.alY15is- Linear MOdel.: V l1li a+bX
ParilAmwter

IntlfY"t:ept
Slops

e98.6ee
"'1.4441

SbMdi.\rd r Prl:lb.

l:i:rt'ot' V. hie LaVEll
eS.74SS 11.6 0

o •14(.i7S -10.9 0



e. Analysis C).f Variant:'~
Source Sum of Squarel!l DoF
Model 80$4.6579 1

Error 5S0.G154 eo
l'oh 1 (Corr) 86.85.87137 e1

Mean Square F-Ratio Prob.
80$4.6579 10S.eel 0

e'9"osos

Correlation Coefficient = ~0.'9167
Sid. Error of Estimate = $.81380
R-s;qU/iilrad := 84.08 per'cli?nt
8. Staph - Casting Cooling Characteristic
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From this it can be seen that thli!reis re:,,:\50il':ible
cor~elation betwe~h ha~dness and knock-out time.
Solification of the metal in the mould is completed
after about 10 minutes, with poul"'ingtemperatures of
1400 degrees centigrade. However~ at this stage the
metal is likely to be damaged (distorted) in the
shake-out as it is still too soft. After 16 minutes the
casting will be sufficiently hard to avoid this risk.

Knock-Qut times of between 15 and ee minutes will
give the desired effect. This will produee castings in
the hardness range of 18S to 195 which is suificiently
far enough away from the minimum Clf 160.

But the method used to achieve these test results
is not practical for productic:IMpurposEls. The second
moUlding machine, which is being commissioned at
prEsent, wilt be far more suitable for this process.

THe present proeeas :I.!!I therefl:lrenot capliilbiht of
meetihg the .pecified quality requirements.
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S PROCESS CONTROL

a •1 PURPOSE

0,... W<:\ltel'"A. ShEi!whart (8) st<:\tes "Maas:ured ql.laUty

of manufactured product is always subject to a cartain

amount of variation a$ a result of chance. Some stable

I sytlltem of chance c.:tL\seSiI i<.!~ i nher ent in <:\nypart icu la'r'

schEll,.,e o·f pl-oduc:tion <iilnd inspection. Vad"dion witMn

this st.:tb~e p.:tttern is in~yitabla.

varitlAtion outside this stable pattern may be

W\RIATIO!\IIN
(IISTR IBUT ION

••• 01\ "NY CO!-'OI'lATIOH ot 'Jl1t$t

IF ONl.Y COI'1110NCAUSES OF VARI-
ATION ARE PRESENT, THE OUTPUT
OF A PROCESS FORMSA PISTRIaU-
TION THAT IS STABLE dVE~ TIME
AND IS PRE:(fICTABLE.

IF SPECIAL CAUSES OF VA'UATION
ARE PRESE:NT, THE PROCESS OUrpUT
IS NOT STABLE OVER TIME AND IS
NOT PREDICTABLE.

,, ,,

Hg. 7.i
;rig. 7.1



In order to effectively use process control as a
means of quality assessment, it is important to
understand the concept of variation. The diagram an the

page adequately explains this concept in
relation to Shewatt's definition of process control.

Process control in the foundry may be classified
into three dominant areas naml:1lyMetal1l.lrgica1 Contl·ol,
Production Process Control and Sand Plant Control.
Each of these functional areas ia under its own
management allowing for focussed specialisation each in
their respective dom.ln.

~
1M Analysis 1M Defects
IPour Temperature IRun Time Analysis

I F'clI.lndr·yPI~oc:essContl-ot I
J

- I I -- I
etallurgicat PlwodL((;::tion S.and
ont 1-01 Process Plant

Conh'ol Contl·ol
.._.

* HardnessI Metallogl-aphy

*Compactibi 11ty
*PhY5d,cal
Propeties

*Chemical Make-Up

Therefore, to outline the details each control
aspect will be examined separately.
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S.2 METALLURGICAL CONTROL

~ Chemi~al an~lysis, Pour temper~ture and Melt
l~eC:Clrd are the most important eontr-ct factors in
metallLlI-gic:alcontl"ol. rhe Melt record, as 'thename
implies, is the hard copy record of the melting
procMss. A separate record book is kept for each
furnace. All raw material additions to the furnace and
corrected metal ladle tl"ansferred are l~ecorded together
with respective chemical analysis and delivery
temperatures for each transaction. The chemical
analySis is verified against the recipe, which
obviously varies for different product groups i.e grey
iron, high carban, etc. Chemical an~lyse. are therefore
controlled within these groups. The one common element
in casting is the mould pouring temperature and as it
is a very critical element manufacturing proces.,
process control systems were implemented.

Figure S.S shows the results of monitoring the
daily average temperature for each tadle delivered to
the pouring line for the months af March and April. The
process W~$ initially very unstable. This can be seen
by the relatively high variations in the three sigma
plot. A4ter implementing effective contral measures to
reduce variations in delivery temper.ture • .te~dy
improvement i. observed.
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Fig. 8.2,
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8.8 SAND PLANT CONTROL

The preparation of green sand is of particular
interest in terms of process control. As has been
painted out it is of paramount importance in producing
quality castings.

Sand must meet smveral specifications. Moisture
content, total cOR1bLlstib~e$, permeability,
compactability, tensile strength, percent clay, fines,
etc. are characteristics regularly measured.

Of all these propertius the one which concerns
pl~odLlction most often is compactability which, in a way
sLlmma,-j.ses seve)-aI proper-ties of the sand.

Compactability i$ affected by the amount of
mpisiL.Il-e, gi-ain size distribution, percentage clay and
in turn reflects how permeable the mould will be to
e$caping gases, resistance to erosion by hot metal and
how strong the mould will be.

A sample is taken from each 800 kilogramme batch of
green sand produced and a compact~bility test taken. At
normal production about thirty batches are produced per
hour so that up to 180 batches may be prodUCed in a
shift. These readings are logged and plotted on a
prepan'ld chart.

Fig. 8.8 shaws the plot of compactability for each
batch on January~ 21 and March, 21. One of the
problems with this automatic green sand plant equipment
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is that the operator can override the moisture
measuring probe which often leads to over correction of
minor moisture drifts. This condition is clearly
evident in the January control chart. Note the
improvement in the Match contrcl char t simply by less
interference with the moisture control.

The average and the three sigma limits for the day
are calculated and plotted. Results obtained are shown
on the following pages. Once again evidence of control
is demonstrated by the narrowing of the limits.

Fig. 8.4 shows the X plot together with the 8 sigma
limits and the calculated average upper control limit
and lowar control
capability oVer that

1imit , This gives a p)~ocess
period of 4~.O1. - 82.91. = 18.11.

i .e. capable of
the )~ange

producing within +- 6.5%.
and the 8 sigma range

Also shown
fo\~ theis

corresponding daily averages.
The problem is that the process desires a

compactibility of between 40 and 86 for consistency in
the automatic moulding line.

After limiting the use of the manual control
faci lity
definite
this.

to extreme emergency cases only, there is a
imp\~ovement in l~eb .t t s , Fig 8.5 demonstn,tes
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8.4 PRODUCTION PROCESS CONTROL

Monitoring the number of defects (Scrap) is a very
important quality control function. This is the acid
test of quality ef~ectiveness Un~ortunate\y much of the
work being done at present is in product development.
This results in an abnormally high amount of test runs
and trials proving ~rocesses, procedures, metallurgy,
chemistry, equipment~ moulds, m8chine~y, ~tc. being
done. Usually this involves short runs producing less
th.:ln 100 compcnante , Therefon:1, in determinil"H:;)
percentage reject, only production batches in excess of
100 components are considered, effectively filtering
cut most tria Is.

In considering the most suitable IT 's of defect
control, the follows factors are significant=-
* batches val~ying vastly in quantity i.e 250 to 2500
* components varying in size
* components varying in complexity - difficult shapes
* some components rC'c:,dil-eCOI-e
* different metal types
* multi cavity moulds
* differing run frequency
* different hardness reqUirements

The only chart which will accommodate these
charactaristics is the P-CHART. The method used was
referenced from Grant • Levenworth (8)



A data baa. conaisting quantitiea produced, ahd

total quantities scrapped was set up. Shown in table
8.1. This information is used to determine the
'fl~action (p.l~centage) limits
Control limit ia dete\~mined aa follows=-

-ULC ;;::; P + S.J(p(1 - p)/ rl)

whel-e - l!\~/l!n..ip ;:::

The corit r-ot chad for' this is shown in Fig. a.r;..

The Llppe\~ contn;)l limit is calculated (lower control
limit is meaningless) • An points Ol..ltof the cont\~ol
limit a,"'. investigated.
Table 8.1 SC1~ap p-Chad Data

Batch Aif Qty Qty Fract. UCL I Illatch AH Qty Qty Fract. UCL
NulQberNumber Prod, !krap Defect I INumber Nul!lber Prod. Scrap Defect
APRIL I 113t91 919R 215 7 0.033 0.068
8091 919R 604 281 o.aae 0.168 : 114£91 919R 291 0 0 0.068
3D91 91~ 500 PGS 0.$36 0.16B I 114E91 9191. 294 1B 0.061 0.068
4lJ91 220/4 172 ~ 0 O.!6B I I1GE91 334 540 S3 0.061 0.068
5091 216 586 ..~ 0.200 0,168 I 117E91 Seq 7~ 27 0.034 0.068u
8091 a16 673 ~8 0,OB6 0.168 I U!3t9! 216 8115 49 0.050 0,C6B
lOI191 922 4&2 58 0.126 0.168 I teaE91 822 291 15 0,052 0.068
11091 822 383 eo 0.052 0.168 I 124E91 322 524 53 0.101 0.068
llD91 924 29~ 60 0.2&2 0.168 f U~7E91 300 1010 67 0.066 0.068
12D9! 354 822 E8 0.087 o .16B I 12B~91 3E3 673 43 Q.064 0.068
15D91 352 841 71 0.20B 0.168 I I29E91 216 m 8 0.0fl9 0.068
16091 353 368 43 0.117 0.168 I 130E9i 919L 714 B2 0.: ,5 0.068
17D91 3'14 leoo 69 0.058 0.168 I IJUNE
lBI191 216 814 144 0.177 0.168 I 13F91 216 4'1'3 22 0.046 0.074
18091 see 245 33 0.135 0.168 I 14F91 919R 283 46 0.163 0.074
22D91 se2 746 B& 0.112 o .16B I 15F91 822 603 Ig 0.030 0.074
23091 91.9R iSE 27 0.178 0,168 I 110F91 32E 417 16 0.088 0.074
24091 9~e 498 B8 0.1&7 0.168 I 111F91 822 51S 0 ° 0.074
24D91 216 693 199 0.287 0.16B I 11et=91 822 245 12 0.049 0.074
25D91 828 780 48 0.062 0.168 I 11SF91 216 510 sa 0.075 0.074
25091 838 "OS 151 0.310 0.168 I 114E91 919R 291 83 0.118 0.074
26091 300 551 44 0.080 0.168 I 117F91 220/4 BOO 39 0.049 0.074
P.9D91 216 218 19 0.087 0.168 I I!BF91 919L 981 4'j 0.12S 0.074
HAY f 11BF91 919R 215 81 0.144 0.074
!lE9! 216 1GB 27 0.1&1 0.068 I !19F9i 501 557 73 0.0131 0.074
1£91 922 999 81 0.081 0.068 I 120F91 216 559 p.'1 0,043 0.07Q
131:91 919R 485 24 0.049 0.068 I f21F91 334 438 11 0.025 0.074
10E9t 822 238 12 0.050 0.068 I I
10E91 323 181 27 0.144 0.058 I I
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'3 CONCI-US :tON

9.1 SABS 0167 P~rt e

Th~ vallIe of SABS 0157 F'ad a is in th~ $Itruc+ur- ing
of th~ qu~lity managerr.!;mt system. To d.at~ the major
task of C:l-~ating the basic: Op~\-t1':\tingpl-oc::edl.(r~$Tor the
quality manual h~v~ b~e~ c:omplet~d which impli~. that.
quaUty
indeed

management system is functioning. This is
the case albeit due to senior management

i nve 1vamemt •
In considering the typ~cal life cycle of • foundry

it is obvious that during the early stage. i.e.
t:hanging fl-om the "projet:t" to a "pl-C)duc::tion"phase

many cC)nf1 let ing inter~sts.
orientation is on "fine tuning" the process while that
of production (and the investors) want high output
yield. It is h~re th~t quality management systems
played a high ~rofile in resolving these issue~ - with
the ~mpha$lis on lido it. \-:l.gl1t- -t~I-st t:l.me".

With regard to the quality manual, it was necessary
to addenc:ll.lms to the
\-eqLI:I.n~ments i.e. expanding the sh.t istical PI-Oc!G)SS
t;C)ntl-ol section; ind ud i11\d human rG)1!SOLlrCe$ sacHor!;
dfl1finlng poUc::y prOClll!dLll-epolicy l$lnItemli."lts;1St.ating
company safmrl:y policy and c:lefini ng c!,'a1ity cent ),'01
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cost.. Th~.e addendum. proved to be satisfactory to all
the motor manufacturers.

9.2 ;UALITY AUDITS

Quality Audits were carried out i~ the
. dtinn the project.

First wa. an in-hr~.e audit lead by the Quality
MMo<Iger (jr Hubc:o, on of our si.ten- companies. This wealD
c.rri~~ out two weeks prior to the BMW audit. A
~rio ~ty list. together with a plan of action to ensure
timeous implamentation was drawn up.

Sacond w.as the preU.minal~y BMW audit condL\cted fo\-m
22nd to the 24th May, which is a month .arlier than
originatly anticipated. Thi. audit took three days to
complete and wa. carried out in accordance with the BMW
QSK-Ol format. Most significant deficiency pointed out
was the lack of control over specifications in that
there was no apparent link between a drawing change
leval and the recatt systam for specification
o<Imendmenhi. Aho notad were G\'ighteenminor it(;!mli!iwhieh
need to be address.d. Part of QSK-Ol is an action plan
programma which witl remedy these, and other, short
comings befor~ the next offici~l ~udit in October this
y~~r. PoiMt~ aw.rd~d for this audit w~r~ midw~y b~tween
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and the action plan is geared to

rating in October. Senior management,
are very pleased with the resulta

B1 and
achievirg

BE I~.ating
an AE

achieved so far.
The third and last .audit was carried out by Nissan

on the 88th May. The original ptan was that this audit
would take place before the BMW audit. Many of the
points noted from this audit wer~ similar to the
previous audits. The company wa$ given a "B" I-ating
with the opportunity of another audit in September, by

which time sufficient work could have been done to
mel~;i.t an ItA" I-ating.

Both customers were satisfied with the quality
progress made and noted that it was unusual to achieve
such favorable ratings in such a short period.

9.S DESIGN OF EXPERIMENT

The investigation into the physical characteristics
of green sand with variation in sand ingredients proved
ttl be of gN~at value. !t also showed th.atmuch more
attention should be paid tn $and physical
haracteristics, that much more of this type of

investigation is needed.
The experiment showed how critical both water and



bentonite are
that a new
effects of
mouldability
haa brought
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on the physical makeup. It is envisaged

set of experiments which will examine
residual fines and bentonite on the

of green sand will be carried out. Winter
on a new problem of tamperature.

Relationship
compactibility
~xamined.

between moisture,
and flowability also

tamperature,
needs to be

9.4 CAPABILITY STUDY

The production of high ca~ban components on the
Kunkel Wagner is very dubious. The proCess requirements
and the process capability are too close, so that any
marginal production variatian results in unacceptable
product being produced.

It appears that this type of component is b~st made
on the Disa Matic moulding machine which allows for
easier control of in mould cooling down tamperature
control, which seems to be the element which is lacking
on the Kunkel Wagner process.
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9.5 PROCESS CONTROL

This is the most important visible element in
quality systems. Process control. aheets integrate
process capability with process control and provides
the process operator with immediate feed back on the
process performance. ContrOl sheet. introduced
generally proved to be very successful and also
highlight the necassity to keep all the process
etements under control. In the metal pouring procedure
this has lead to very signiflcant improvement in the
percentage scrap components producad.

9.6 LESSONS LEARNT

The task of implementing quality sY$'tems is neve\-
completed. UpdC\ting and wl-Hing new pl-ocedures is an
ongoing task~ and as the quality system itself strives
for continual improvement the volume of this task
reflect it's effusiveness.

Much of what has been achieved has been as a result
of simply applying rudimentary text book techniques.
Further improvements will stem from a more general
understanding of quality principals by all echelons of
employees. This applies particularly to highly operator
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intensive ~nvironments. Correspondingly, the more
sophisticated the quality system, the greater the
probability that entrophy will take over.

For this reason all the statistical analysis has
been centralised in the systems department. Results
have to be fed back quickly in order tc be effective.
Generally quality progress reports have been well
accepted and therefore, qualifies the effeeiveness of
"vis;ibil!ty management" 'techniep.les.

The Quality Manual is in itself a fairly mundane
colled ion of documents. Few mClnager:shave any bl.lrning
desire to read, let alone, .tudy all the set out
procedures and instructions. A much more effective
means of commLlMications al~e the! "Firocess SpecHication
She!l?ts", which .'lummal-i.ethe pedinent opel-ations and
points out critic~\ requirement. and settings - often
diagr.mmatical1y.

The overall effectiveness in the quality By.tem is
in the measurement of scrap components. Rework is
confined mainly to esthetic characteristics and att
other defects, like perosity, inclusions, gas etc., are
scrapped. The problem in scrap control is to avoid
polalwisat ion between IIin5lpection" and lI!=1rodl.lction"
departments. this the author, betieves has bee~
overCOme with the introduction of the Quality
Management Team (QMT). It is theil- Llttimat~ task to Slet
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the physical inspection standards and to maintain these
standards. After an initial period of uncertainty, the
team settled down to mutu~lly bene4icial compromises.

9.7 FUTURE IMPROV~MENTS

Auto Industrial Foundry shoUld use the Quality
System as a model +cr developing all o;;ystemst hrouqhcut
the group. Sacause Quality Management is not a closed
system, it interacta with every ather activity in the
manufacturing environment and certainly tha whole
group should be viewed as a Manufacturing System. This
open approach will er~ance the prospects of the whole
group in it's expansion programma.



-88-
APPENnIX A

Quality starts with carefully
graded sc:rap.

.......,":~";~
Photograph 2 -·Raw materials being carefully weighed I

before charging into the furnac:e.

.... ~-
. k~"-'

;,!;~~'\'t.;'..r:.-, r.:t:l~::.."t.~ .
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Photograph 8 - Metal being tranfered from melting

to holding furnace.

F lotograph 4 - Kunkel Wagner automatic
line
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Photograph 5 - Pouring and cooling lanes for the
Kunke l Wagner.

L



Control panel for the automatic
green sand plant

Photograph S - Mixer milt. Materials are gravity
fed from the .ilos
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View of the green sand plant. S~nd is
taken aut on conveyors,

Photograph 10 - Mixing core sand. Sand
fed into the mixer.



roto9ra~h 11- Cor~ moulding machine - after
automatic cycla is complet~d.

Photograph is - Removin; cor. and res~tting
.automatir::: eye:1e.



-89-
Photograph is - Inocculating a pouring ladle -

bsfore delivery to the line.

Photograph 14 - Complete moutd ready for



IPhotograph

I
15 - Pouring metal into mould on the

pouting Lane.

Photogtaph 16 - Shot blast machine fot cleaning
sand off castings.
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Removing flash and feeders by
grinding,

II
Photograph 18 - Castings ready for

__ ____...J

in.pectiO~



-92-
19 - Carefully visual inspection - marking

a11 de-Fect s ,

Photograph eo - Classiflng rejed castings f~
statistical analysis. I
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Sectioning castings to examine
core metallurgy.

Photograph 22 - Detail of green sand half

/
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Laboiatoty equipment for detetmining
sand thatacteristics.

Photograph 24 - Equipment used for
qL\a11 t Y of sand.
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