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EXPLANATCRY NOTES

The following abbreviations are being used throughout

this regpert ¢
1. SEC - State Engineering Corporation of Pakistan

-

2. 'FF - Hezvy Foundry anc Forge Enginesring Ltd
in Taxilea

3. EMC - Heavy Mechanical Complex

L, QA - Quality Assurance

5. QC - Quality Control

€. ND= - Non desiructive wxz~inztions
7. MI - Magnetic particle Testing

8§, UT - Ultrasonic Testing

9. PT - Dye - penetrant Testing




\ ABSTRACT
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Under the existing operationel prcject : TECENICAL
ASSISTANCE TO STATE ENGINEERING CO3IPOIATION OF PAKISTAN -
DP/PAK/75/07/1 thnere has been exercised technical advisory
service tc EELTY FOUWCTT AXT FOR3Z ENET\===ING LIVITED in
Taxila in the field of manufacturing technigues of hezvy
steéd castings.

The whole techniczl assistznce to EFr under the
arcve mention~d project has been conducted within three
split missiont ° a total capacity of 8 man-months.

This report is a continuance of reports,wrote bty
the suthor on completion of his previous two split
B ssions.
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contributed by the author to EFF is the upgra ading o
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Tre main obieciive cf the technicel as

nezvy steel castings technclogy,which should result
ir quality imprcvement with the aim of meeting mater-
igl quality reguirements from interrationzlly recogn-
ized standards.

The reported split mission(third and last under
the project)had been lasting from 18 November 1984 till
10 March 1985(in Pakistan from 22 November 1984 till 5
Mzrch 1989).

Implementing stepwise the advices and recommen-
dations of the author,HFF will soon be able to meet the
whole demand for heavy gquality castinge in different
steel grades from domestic market what should resvlt in
savings in foreign exchange,better utiiiration of exis-
ting manufacturing facili.. s,further improvement of
casting quality and decrease of both production costs
and rejection rates.




INT RCDUCT ION

BFF is the largest producer of cuality castings and
forgings in the country and has been operating metzl pro-

cessing sirnce 1S7E.

The manufacturing programme cormprised till now the
following mzin products :

- Steel castings w“th an estimated production
capacity of €000t yearly

- Cast iron products vith an estimated production
capacity of 5000t  yearly

- wide vzriety of feorgings with 2 tetzl estimztesd
production capacity of 15030t yearly.

Due to tune market situation in Pakistan the design
proéduction estimations bave not beern reachedsc fazr. For
tt.ese reasons HFF in addition to its present activities
has recently decided to diversify the manufacturing pro-
gramme by including into it complete equipment for mini-
cement plants,white cement mills,small hydro power ste-
tions,automatic brick making plants and various other
heavy macninery and equipment for the growing steel and
iron industry in Pakistan. The diversification of the
manufacturing programme should result in better utiliz-
ation of the existing production capacity.

The unprecedented quick and extensive growth of
the production at HFF facilities has caused many diff-
iculties in the field of casting quality particularly
in regard to heavy steel castings,




Realising the occuring protlems caused Ly disputed
< rejected castings duve toc their improper cuzlity, the
authorities in Pakistan have requested to provide OFF tech-
nical edvisory assistance contributed by UNIDO.

The servies of the author of this report hzve beer
included into the existing operationzl project teing im-
Flezented in Pzkistzn under the title " TEIENIC2I £S€7%-
T2NC2 TC STATE ENSINZEIING CORPCALTION - prcject lNumter

DE/PAK/75/071.

Upon request of the Government of Pakistzn UNIDC
and UNDP decided to provide HFF with technical assistznce
ir a total capacity of 8 man-months split into trree mi-
ssions with following effects :

1. First split mission from 9 Getcter 1683 tili
17 Decemter 1983(in Pakistan from 13 Octoter
1983 till 1k December 1983).

2. Second split mission from 8 April 198% till
7 June 1984(in Pakistn from 11 April 1984
till 5 June 198%4).

3. Third split mission from 18 November 1984
till 10 March 1985(in Pakistan from 22 Noverher
1984 till 5 March 1985).

The main objectives of the techniczl advisory
assistance to HFF have been defined during a briefing
session with the SIDFA Mr.M.K.Hussein on 16 October
1983 as follows ¢

- development of steel cestings technology at EFF

setting company standards for steel castinzs




The activities of the author of this repcrt nave
led to a considerable improvement of steel castings
quality what concerns most of the castings mznufzctured
ccording tc technclogiczl designs prepzred bty the zuth-
or or by HFF tecnnclogiczl stzff with the zuthor's help.
The mutual efforts have resuvlted in ccst savincs on czs-

)

ting repairs ty welding and in decrezsing of the reject-
lon rate,what has zlsc been acknowledged bty EVI,the mest
important and the biggest customer of HFF steel foundry.

The counterpart staff has been properly trained in
acguaintance of advanced steel casting technology based
on the principles of directional solidification of the
castings.

The castings,for which technologiczl designs hzve
beern prepared during the third split mission ere speci-
fied as per list being the annexure A of this report
whiereas castings manufactured according to designs wecr-
ked out in previous missions are listed in annexure B
of the report.

Company acceptance standards,manuzl for technclo-
gical design,heat treatment curves and other document-
ztion have been prepared during previous missions and
are being implemented stepwise alongwith the growing
experience of the HFF technical staff,

The main and original objectives of the author's
services to HFF have been attained.
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I. RECOMM=NDATIONS

The elaboration of the technologiczl design of cuality
cteel castings indererndent on their si-e =znd weight,

should be tased on thorougr conzigerstion cf th

o

i
ciples of directicnel soligdificzticn in 211 =sv
relzting to casting feeiirg.

For further improvement cf casting cuzlity ell prin-
ciples of gating system design,specified by the author
in his manual,handed over to HFF staff,should te foll-
owed as soon as proper refractory products will be ave-
ilable. This relates especially to such factors as rise
of liquid steel in the mould cavity as well zs the

infiow velccity of the steel inic
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Furtr.er upgrading cf steel cz2ting ¢t
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achieved thrcugh an imprevement of ¢
guality. Trhis should be obtained by the irtrcduction
of chromite sand for the preparation of the fzcaing
sand in moulds for medium and large steel castings.

+

It is alsc recommended to consider the possitility
of modernization of the tinding system of roth mou-
1ding and core sand ty the application of alkyd-type
of resin binder as the most suggested one.

As many of defects on heavy and complicated czstings
were caused in the past by improper fezding.1it is highly
recomrended to improve the efficiency of feeding by the
introduction of very effective insuletion mzterizl

for casting feeders. This will also result in a much
better casting yield as well as in an extension of the
production capacity in regard to the height of indivi-
dval castings.




10.

11,

HFY shoulc strongly continue tc resplace high carton
mild steel grades by steel grades with low czarbon
and higher mangznese content to improve the welc-

the czsting mzterial.

The heat ireatment procedure of all czstings made
in »ilé and low zlloy steel grade should be chznged
with irmedizte effect towards &z fril imlermentaticr
of the normzlizing with subsecuent terpering sccor-
ding to diagrams elaborated bty the author of this
report for HFF.

All castings for whick the author prepared technolo-
gical designs with HFF steff participztion,must be

strictly nenufactured in zecordznee with tre sti-u-
lzted cutlines on calculztion shezts and tiveprints.

The dreft of the technical specification for steel

castings,elzborzted by the zauttor during his first

split mission should be inccrporzted into the offi-
cial documents of the QA and as such fully utilized
fcr the material requirement negotiations with HFF

customers,mzinly HMC.

As soon as possible,MT examinatiun of steel castings
should be introduced and fully implemented. For thzt
purpose efficient equipment is to be purchased.

HFF should continue the efforts towards thre upgrading
of the technology of castings,manufactured in copper
alloys mainly in regard to heavy castings,where the
rejection rate is very high. A progress here may be




achieved through the imprcvement of melting practice
ané modernization of employed galing svstems as it
wze initiated by the auibor £ +riz report. & PpeCss-
jble extension of the centrifugel czsting me th.od
should te seriously considered.
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MAIN DUTIZS OF TEXZ JOBR DZ3C2IPTION

Assessment of the whole maznufacturing process of
heavy steel castings with particy.ar emphzcis on
the quality of raw mzterizic vesed znd the ccrre-
ctness c¢f pattern and moulding design

Assessment of the eguirment and procedures zpnl-

I
m

P
ied in the tuzlity ccrircl process of steel ¢
tings and its suitability for techniczl recuire-

ments set by the manufacturers and customers con-

cerned.

Examination of the present cond:itions and further

prereguisites envisaged fer eventual repziring of

castings upon the evaluation of the nzture of def-
- . .

ects both ¢f the cur

result of possitle techncicgiczl f-iiures.

Introduction whenever zprliczvle ¢f effertive iné-
ustrizl methods fcr detecting of czzting cr-cke
and other common defects.

Classification of casting defects recongnized
technically permissitle fcr renair of welding.

Preparation of detailed technolcgiczl instructiorns
for the repair of heavy czst parts.
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THEZ JURSITANZS OF T-CEMIC:L ACTIVITISS

oy W

ve of the reported implementztion of

ciect hes teen tre upgrziine cf be=vy stzsl onz-
tings manufactured bty EFr because the cormp=znr hzs f=ced
serious cuzlity problemns in wzy of high rejeztlon r-tes
anG bigh czsiing rerszir costs whzt has resuiisl In fir-

enciz> lcsses.

This was mzinly caused bty the lack of experience
which for natural reascns could not guzrantee tre regqg-
vired guality of heavy and complicated steel c=siings
with high materlal cuality recuirements.

= - Ve T + 2 . . i~ — -
Since adiitionzliy internsztionzlly recegrnized
Luziity stznizrds hzve not beern atliuninied bt Tolh

a

ETF ané its cusiomers tre c=sting Lu-lit oni fe-si-
3
b

tility of casting defects repzirs hzve zrousel disp-
v
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tes rcgarding the acceptability of fAFf steel c
products by the custcmers,mzinly EMC.

The author of this report has set acceptance
standzards for steel castings based on well known
international standards and specificztions.

Furthermore the author has analysed the steel
casting cuality to finé the mzin causes for improper
casting quality. As a result it has bteen found out
that the guestioned casting quality is mainly =ffe-
cted by improper feeding and pouring as far =as int-
ernal casting defects are concerned. Since HNMI h=as
introduced UT for internal casting defect detection,
what has been required by the designers of the pro-

ducts manufactured in a cooperation tetween HMC and
HFF and this according to common internationzl pr=actice,




it hzs reasn essentizl to updzte the czsting technclogy in

order to meet the set requirements.

To achieve this as a wutuzl effort of the reprort
aut-~cr and the HFT counterpzrt fellowing zctiivities hzve
beer. exercised during =2il ttree split missions :-

- Prepzrztion of tschnilogics
comprehensive instructicns for the design o
steel casting technology.

.

- Training of HFF counterpart stzff in =2ccuainting
the above me-..ioned manuzl for practical use.

- Introducticn of principles of the directionzl
sclidification cf stezl czstings in czcsting

tecrhnclogy desigrn witirn speciz

3

over casting fesling =nd pciring.

h$]

- Introduction of standzrdised fe=Zing riser

shazpes and sizes.

- Introduction of completely new gz2ting systems
built up in refractory sleeves and tased on
technically justified parameters as controlled
inflow speed of steel into the mould cavity as
well as controlled rise of metal level in thre
mould cavity during the pour.

- Introdiction of out chills as means for the
arrangement of conditions for directional soli-
dification of steel czstings. Elimination of
internal chills as defect causing elements in

castings.
- Feasitility studies of castings inguired and
ordered by HFF customers.




Preparztion of technologicel designs for new czstings
ordered with HFT.

Guidance ani =28viscry zssistznce in rrevzrztion c¢f

%
114]

technolcgicel cCesigrns for new czstings ty the EHF
staff.

* o v - H N < ] - -
lon cf rrevicus techncZogizzl deczign: fer
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as showing unsztisfactory cuszlity.

Assessment of the guzlity of csstings in all ph=ses
of their manufacture i.e. as casi,sfter fettling,
after heat treatment,prior to znd after thkeir rep-ir
by welding,during ncn destructive testing znd durinr
machining.

Consultztion on welding procedures in reg=rd of
casting repairs.

Introdaction of new heat treatment cycles.

Introduction of steel grades with high mznganese
content as replacement of steel grades with higher
carborn content in order tc improve the technologic=1l
properties of casting material,mairly weldzbility.

Elaboration of arendments and explanatory notes tc
the previously prepzred instructions covered bty the
already mentioned manual.

Meetings and discussion with design officers of HFF
and HMC related to alterations in the casting design

in order to improve their casting feasibility.




introduction ¢f new mzterizls for the

«

- Adviscry in th _
gating systexr and in the design of its refrzctory ele-

ments.
- & - . -~ - -~ -~ .-~ - -
- Fariicireticon I Giscussion cn telhnel

ncle
which has surfacsd in dzy-to-d=zy =zffzir

o, o % EEGy, R S S 4 T mye < S AT
imenite ir ths zpplicztion of insulzticon kricEs

r
of feeding risers.

- Consultation on non-ferrous czstings technologv with
specizl regard to melting practice znd g=ting systews:.

All these activities resulted in the immadi=te imple-

. . . s . .
rgs znd reccmmendztions of the -~uther.

~ - S - - - - -
< g£e externt trne utili-ztiizcn hzs led to signifie-nt
irgrevement of czstirg cuzlily chservel znd reccgnised =zlsc

ty EMC.

Some of the zuthor's reccromendztions and findings
could not be immediztely utilired. This relates mzinly
tc new moulding materials as chromite sand 2nd resin tin-
ders because they are not available in Pakistzn znd must
be imported.




Iv CONCLUSICNS

Heavy stz2el castings are being manufeactured
within long production cy:les lastine in many c=ses

- - . -7 3
tc severz. menths.

For these rezsons a full ascessment of the
results cf the authcr's servi~es tc BFF =as well 2s

complete utilicaticn of ris findinge could not te

achieveé within his three,rather short split missios.

It is therefore highly advisable to extend

technical assistance of UNIDO to KHFF within the field
of heavy steel casting technclogy according to Project

concept drzfted by the author for the consider=ztion of

LaB Aot

3 -y~ £ TS At~ .7?._'»_ - . ~
+he Government of Paxistarn and N ITC TN in Fetru=ary

1985 znd svtmitted to tbe institutions invclveZd.
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LIST OF CASTING TECHNOLOGICAL DRSIGNS PXPLTE
BY THr AUTEOR IN COOPEIATION WITE HFF STAFF
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Sidée Frame for Iron car
Fivol bezr fer Iron car
Side Frame cap for

iron car

Stopper fer iron car

Axle housing cover
for iron car

Axle housing for iron car

riznge fcr exle for iron czr

cer for ircr czr

wheszl fc¢r iren cer
Discrizrge pipe

Discharge pipe

Trunion

Kiln tyre
Kiln tyre

IdY2r sprocket

Bearing seat

Steering arm

Roll hubt

Sprocset

Sleeve for swinging coupling
Kiln support roller

Liner

Gear ring

Drg No. E01-02-2
Drg No. =0°-02-3

Drg No. £0°-02-§

Drg No. T01-02-4
Drg No. E01-02=-1=7

Dre Nc. E01-02-"-6
vrg Ke. Z07-02-7-=
Dre Nc. ;0 =0

Yo
o

-4 <D
Drg. Nc.6-80-0u5"

Drg %Nc. 2032-07

Drg No. C50-081

Drg No. C50-073

Drg No. 759
customer's Incuiry

Drg No. D5671-6-2

Drg No. 0*-B-2<2

Drg No. ER2,2,02-10
Drg No. A35-018

Drg No. D42 <3-1

Drg No. 560-071

Drg No. £10-037

Drg No. N6222-03-0309
Drg.No. N5735-0201
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LIST OF CASTINGS MANUF:CTUED ALIEADY

ACCO3CING TC TE:S

SGGAR MILL CHEEK

~T ’:"F rnT -
PN IV SN S (U Sl =

FEED HEAD

-KILN 3I0LLER

KILN ROLLER

DAIVEN SPROCKET

TIUNION

SLEZVE FO2 SWING ING
C OUPLING

DISCHARGZ PIPs
LIN=R
THAUST ROLLER

MALL BELL

DG

DG

D3G

DG

N=w TEZCENILOGY

NC.

NGC.

NO.

NO.

NC.

NO.

NO'

0-D65%-"
72C-72-L-2011
729-83-k-202"
728-83-0L09

7287, -3-n=n2
03-1-3-2-D80%-2.232

MCL20-3-70¢F

S60-071

N6L80-04 01
N6222-0:-0320
728-83-3-0502

026-04-021-8£-001
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