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EXPLANAT O.'.rr NCJrES 

The following abbreviations are bei~g used throughout 

thi~ re;·c=-~ : 

1. SEC - State Engineering Corporation of Pakistan 

2. Hf F HecVY Found~y and Forge Enginee~i~g Ltd 

in Taxila 

3. BMC - Heavy Mechanical Complex 

4. Quality Assurance 

5. QC Quo.li ty Control 

6. l.·T'-1,.:J.:. - Non destructive Ex~~:n~tions 

7. MT - Magnetic particle :esting 

8. UI' - Ultrasonic Testing 

9. PT - Dye - penetrant Testing 
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'~:XRACT / 
--------Under the existir.g operational project : TECE~ICAL 

ASSISIANGE TO STATE E!l}INEE:lilJG CO.iPO:tATIOO OF PAKISTAN -

DP/PAK/75/07/1 there has been exercised technical advisory 
se~vice to F.E_!.7: Fa::c::: A~ FO~G::: ENS:'E:::::_ING LJY.1'1'::.::' ir.. 

Taxila ~n the field of ~anufacturing tech~i~ues of he~vy 

steel castings. 

The whole te::bnical assistance to P.Ff under tte 
above 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 ty 
the author on completion of his previous two split 

•:..ssions. 

Tbe m,.: ... 
~-· 

o~jec~ive cf the te:tnic~~ a?sist~~ce 

cc~tributed by the aut~or to EFF is tte upgrading of 
heavy steel castings technology,""hich should result 
ir. quality improvement with the aim of meeting mater­
ic.l quality re~uirements from internationally 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 
March 1985). 

Implementing stepwise the advices and recommen­
dations of the author,HFF will soon be able to meet the 
whole demand for heavy qual1 ty c3st1.ngt in different 
steel grades from domestic market •hat shoJld result in 
savings in foreign exchange,better utili~ation of exis­
ting manufacturing facili~-~s,further improvement of 
casting quality and decrease of both production costs 

and rejection rates. 
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INT :1Ck)UCT IO~; 

HFF is the largest producer of ~uality castings and 
forgings in the country and h&s been operating metal pro-

The manufacturing programme co~pr~sed till no~ the 
f ~:lowing m~L~ products : 

Steel castings w:~h an estimated production 
capacity of l:000t yearly 

Cast iron products -.;itb an estimated production 
capacity of 5000t yearly 

~ide variety of forgings ~itt a tct~l esti~~ted 
prcdu~tion capacity of 150J3~ yearly. 

Due to the market situation in Pakistan the dcsig~ 
production estimations have not beer. r~hed 5:) far. For 
t~.ese reasons HFF in adil ti.on to its present activities 
has recently decided to diversify the manufacturing pro­
gram.ne by including into it complete equipnent for mini­
cement plants,white cement mills,small hydro power sta­
tions,automatic brick making plants and various other 
heavy machinery and equipment for the growing steel and 

iro::-J :i.ndustry in Pakistan. The diversification of the 
ma.'1.llfacturing programme should result in better utiliz­
ation of the existing production capacity. 

The unprecedented quick and extensive growth of 
the production at HFF 1acilities ha~ caused many diff­
iculties in the field of casting quality particularly 
!n regard to heavy steel castings. 
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Realising the occuring problerr.s caused ty disputed 
an= rejected castings due to their improper ~u~lity, the 
authorities in Pakistan have requested to provide TIFF tech­
nical. advisory assistance contributed by UNI!JO. 

The serv~ of the aut~or of this report h=ve bee;. 
included into the existing operational pro~ect being im­
:;:2..e:r.ented in Pakistan unde:- the title " TI.2E!; IC J...:.. _!_2813-

T;.;J:.:; TO STATE.. ENSINEE.:GN~ C02?0_=\t_TION - prcject ~;,_;~~e!' 

DF/PAK/75/071. 

Upon req~ of the Government of Pakistan UNDC 

and UNDP decided to provide HFF with technical assist=~ce 
ir. a total capacity of 8 man-months split into ttree mi­
ssions with following effects : 

1. First split mission from 9 October i983 till 
17 Dece~ber 1983(i~ ?~kistan fro~ 13 Octo:e~ 
1983 till 14 December 1983). 

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

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

The main objectives of the technical advisory 
assistance to HFF have been defined during a briefi~g 
session with the SIDFA Mr.M.K.Hussein on 16 October 
1983 as f ~llows : 

development of steel Cc_stings tecbnology at P.FF 

setting company standards for ateel castinss 
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The activities of the author of tt:s repcrt have 
led to a considerable improvement of steel castings 
quality wt!at concerns most of the castings m~nuf::ctured 
a~co~ding tc tectn:log:cal desigr.s prep~~ej by the auth­

or or by HFF technclogical st~ff ~ith the author's help. 
The mutual efforts have resulted in ccst savin~s on cas­
ting repairs ty welding and in decreasing of the reject­
ion rate,what has alsc been ackno~ledged ty HM:,the most 
important and the biggest custooer of HFF steel foundry. 

The counterpart staff has been properly trained in 

ac~uaintance of advanced steel casting technology based 
on the principles of directional solidification of the 
castings. 

The castings, fo~ \i'hich t~ch!!ological designs b::.ve 
bee~ prepared dur~ng the third split mission are speci­
fied as per list being the annexure A of this report 
.r.ereas castings ~a.nufactured according to designs wcr­
ked out in previous missions are listed in annexure B 
of the report. 

Compa.~y acceptance standards,manual for technolo­
gical design,heat treatment curves and other document­
ation have been prepared during previous missio~s and 
are being implemented stepwise alongwi th the growing 
experience of the HFF tect.inical staff. 

The main and original objectives of the author's 
services to HFF have been attained. 
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I • RSC OMt-st;n AT :: ON 2 

1. The elaboration of the technological design of quality 
c:•ei::1 c-s ... .:"'gc: ..;...,ae~"' .... ~e ...... o.., •"'"' ...... s.:-e - .... 4 ··:::. ..... \...+ ... ~ -- :;:;. ~.J....t.. _ ~.J ~-··- .. .:""' •· v:l-...:...- -- ::.,.. • ._•·-~!:,[.Aw' 

should be tasea on thorougt consida~~t:o~ cf tte prin­

ciples of directicnal solidificaticn in all ~s~ects 

rel~ting to casting feeiir.g. 

2. For f~rther improvement cf casting ~uality all prin­
ciples of gating system design,specified by tte ?.uthor 
in his manual,handed over to liFF staff,should be foll­
owed as soon as proper refractory products will be ava­

ilable. This relatas especially to such factors as rise 

of liquid steel in the mo~ld cavity as ~ell as the 

i~flcw velccity of the steEl i~tc it. 

achieved ttrcugh an i~y~cve~ent o~ c~s~:r.g s~rf ~ce 
(iuali ty. Ttis should be obtained by tr.e introduction 
of chro~ite sand for the preparation of the facing 
sand in moulds for medium and large steel castings. 

4. It is also recommended to consider the possicility 
of modernization of the bindin~ system of botr. mou­
lding and core sand by the ap~lication of alkyd-type 

of resin binder as the most suggested one. 

5. As many of defects on heavy and comrlicated castings 
were caused in the past by improper fe~ding. 1 t is highly 
recomrr.ended to improve the efficiency of feeding by the 
introduction of very effective insulation m~teri~l 
for casting feeders. This will also r~sult in a much 
better casting yield as well as in an extension of the 
production capacity in regard to the height or indivi-

dual castings. 
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6. HFF should strongly co:: tinue tc replace high c?-r'ton 

mild steel grades by steel grades with low carbon 
and higher manganese content to i~rrove the welc-

7. The heat ~reat~ent procedure of all c~stings made 
in r;;ild and low alloy steel grade stould be c'!'.~~ged 

witt i?T.".ediat..e effect tcwarjs a ft;ll im lerr.e;.t~tii:!". 

of the normalizing witt subse~uent te~pering ~ccor­
ding to diagrams elaborated by the author of this 
report for HFF. 

8. All castings fer which the author prepared technolo­
gical desig~s ~ith HFF staff particip~tio~,m~st be 

<j. The draft of the tech~ical specific::xtio!"; fer steel 
castings,elaborated by tte a"Jtto!" during t.is fir st 
split mission should be inccrporated into the offi­
cial documents of the QA and as such fully utilized 
fer the material requirement negotiations with HFF 
customers,mainly HMC. 

10. As soon as possible,MT examinati~n of steel castings 
should be introduced and fully implemented. For th~t 
purpose efficient equipment is to be purchased. 

11. H~"'F should continue the efforts towards the upgrading 
of the technology of castings,manufactu~ed in copper 
alloys mainly in regard to heavy castings,•1lere the 
rejection rate .is very high. A progress here m?.y be 
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achiP,ved through the improvement of melting practice 

and modernization of em~loyed gating syste~s as it 
_.a:: m:.tiate~ by tr.e author cf tr.:.= r:po:-t. J-. pcss-

ible extension of tt.e centrifugal c~sting mettod 

should be seriously considered. 
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II M.AIN DUTILS OF TE~ JOB n:::sc::I?T IO?~ 

1. Assessment of the whole manufacturing process of 

heavy steel castings •itt parti~~ar e~~ha~is on 
th~ ~uality of raw rr.~te!'i~ls u~ed ?..!:d the cc~~e­
ctness cf pattern and mo~laing des:gn. 

2. Assessment of the equ~;~ent anc procedures apDl­
ied in the ~u~lity c~~:~c: ~recess cf stee: c~~­

tings and its suitability for tect~ical re~~ire­

ments set b; the manufacturers and customers con­
cerned. 

3. Examination of the present cond:tions and further 
prerequisites envisaged f~~ eventual rep~iring of 
castings upon the eva:uatio~ of ~he nature of def-

4. 

result of ~ossible tectnc:cgi:~l f~:lu!'e=. 

Introductio;, 1*he!'leve!' 2;:;:::.c~~le cf e!'!'e~::·;e :~~-

ustrial mettods fer detecting of c~sting C!'~cks 
and other colll!ion defects. 

5. Classification of casting def~cts reco,gnized 

te~hnically permissible fer re~air of welding. 

6. Preparation of detailed technolceical instructio .. ,s 

for the repair of heavy cast parts. 
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The main objective of the rerorted impleme~t~tio~ of 

tings manufactured by P..F? because the cor.:r::~:1~· t ~s f ~ced 

serious ;uality p:-oble!!.s in -way of high reje:~~or: r:tes 

anci~: losses. 

This was mainly caused by the lack of £Xperience 
which for natural reascns could not guarantee t~ .. e req­
uired quality of heavy and c001plicated steel c~3ti~gs 

with high material ~uality re~uire~nts. 

Since aj::it:.onally inte~na:io~~lly reco~~:.zed 

E?f an:: its c-ustorr:ers t!-.. e c~s~i:.g ~-_;<:: .. it:· ~:r:: fE:- s:.­

tility cf casting defects repsi~s h~ve aro~~e:: d:.s~­

utes regarding the acceptability o~ nFF stee: c~st 

products by the custome~s,m~inly H~:. 

The author of ttis report has set acceptance 

standards f~r steel castings based on well known 

international standards and specific~tions. 

Furtherm .. )re the author has analysed the steel 
casting ~uality to find the main causes for ilr.proper 

casting quality. As a result it has been fo~~d out 
that the questioned casting ~uality is mainly ~ffe­
cted by improper feeding and pouring as far ~s int­

ernal casting defects are concerned. Since H¥.: h~s 
introduced UT for internal casting defect detsctio~, 
what has been re~uired by the designers of the pro-

ducts manufactured in a cooperation between HMC and 
HFF and this according to co~mon internation~l pr~ctice, 



it. has teen essential to upd~t~ the c~sting tect,~clogy in 

order to meet the set requirements. 

To actieve this as a wut~al effort o~ the re~ort 

been exercised during all ttree split missions ~-

comprehensive instructicns fer the de~ign o~ 

steel casting technology. 

Training of HF:t counterpart sta.ff in ~cGuaL'iting 
the above me-_::.ioned manual fer practical use. 

Introduction of principles of the directional 
sclid~fication cf ste~~ castinE~ i~ c~sting 

tectnclogy desig~ ~::~ speci~l e~;tasis to 

t
. f - . . . 

~roper cas ing ee=~~E sna pc~~~ng. 

Introduction of standardised fe~~ing riser 

shapes and sizes. 

Introduction of completely new gating syste~s 
built up in refractory sleeves and based on 

technically justified pararneters as controlled 
inflow speed of steel into the mould cavity as 
well as controlled rise of metal level in tte 

mould cavity during the pour. 

Introdlction of out chills as means for the 
arrangement of condit~ons for directional soli­

dification of steel castings. Elimination of 

internal chills as defect causing elements i:: 

castings. 
Feasibility studies of castings inGuired and 

ordered by HFF customers. 

r 
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Preparation of technological desigr.s for new c~stings 
ordered with HFF. 

technolc~ical des:.gns for ne·..: c~stings ty the EFF 

staff. 

castings showing un s~tisf actory <: u:ili ty. 

Assessment of tbe ~uality of castings in all ph~ses 
of their m~nufacture i.e. as cas~,after fettling, 
after heat treatment,prior to and after their reprir 
by welding,duri~g non destru~tive testi~g ~.r.d durin~ 

ma ch in:. ng. 

A1viscry assista~ce in tte irr~le~ent~t:.c~ c~ adv~~~e~ 
c:;.. r--·· - . ' 

~r.:. r.-:elting s'!'".cp. 

Consultation on welding procedures in reg~rd of 
casting repairs. 

Introd~ction of new heat treatment cycles. 

Introduction of steel grades with high rr.anganese 
content as replacement of steel grades with higher 
carbo~ content in order tc improve the tect~ologic~l 
properties ~f c~~ting material,maiPly weldability. 

Elaboration of an:endments and expla~atory notes tc 
the previously prep~red instructio~s covered by the 
already mentioned manual. 

Meetings and discussion \o!ith design officers of HFF 
and HMC related to alterations in the casting design 

in order to improve their casting feasibility. 
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Advisory in tt.e introd~ctio!: c~ ne-... t":c.teri~ls for the 
gating systeffi a..~d in the design cf its refractory ele­
ments. 

Cl---.: ~ ,... ..... c: ~-\ n-. ---'-"'---'-·· ~atter s 

which has surfaced in dc.y-to-da:·· affairs. 

of feeding risers. 

Consultation on non-ferrous casti~gs tech~ology with 
special regard to melting pr act.ice and g~ting syste-r.=. 

All these act:vities res~lted in the iT.medi~te irr,ple-

:c a very la~ge exte~~ ttE utili:a::~~ t~s led to ~ignific~:.: 
. . . 

C.~::o,..··::.- ~,....: .... ---- ·-- _ ....... 

Some of tte au~hor's r2ccCT.!jendat:ons and findings 

could not be irm:nediately utili~ed. This relates mainly 
to nea moulding materials as chromite sand and resin ~in­
ders because they are not available in Pakistan and must 

be imported. 
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IV CON~LUSION2 

Heavy st3el castings are being manufactured 

~ithin long production cy~les lasting in many c~ses 

For these reasons a full assessment of the 

res~l ts cf the authc:-' s servi'~es tc P.FF as well as 
co~plete u:ili:a~ic~ of his findi~gs could net te 
achieved within his three,rather short split !Ilissio~.s-

It is therefore highly advisable to extend 

techni~a). assistance of UNIDO to HFF within the field 
of heavy steel casting technology according to Project 
concept drafted by the author fer the consider~tion of 

1~E5 and s~trnitted to the institctio~s i~vclved. 
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Al~ ~:XlJ .:€ " A " 

Lim' OF CA.STING TECHNOLOGICAL D~SIGNS PI.Ph ED 

BY TIE AUTF.O~ IN COOPE:lATI ~ 'WITH HFF STAFF 

S!.de Fra:ne for Iron car Drg No. EOi-02-2 
?:.vot. bee.~- for I!'or. car Drg ~o. :20# -02-3 
Side Frame cap for Drg No. ED" -02-8 
iron car 

Stopper fer iron car Drg No. :01-02-4 

Axle housing cover Drg No. E01-02-1-7 
for iror: car 

.Axle housing for iron car Drg Ne. EOi-02- .. -6 

r _GJ:ge f c.r axle for iron c~ 0:-g r~c. - ""'"" r'".""\ ,,. -~ J -·.Jc:- - _ .. 

:Re .st ........ r-.1"':.." ... _""'"''""·· fo!' iror: car Drg r -' c • EO .. -a- -2 
;,.'he ::l f e;:- i::-cr: car D.,.-

- f; ~fo. :SJC-01 -'! 4-2 

Discharge pipe Drg. Ne. fr-80-040-: 

Discr.arge pipe Drg No. c"o-oe1 
Trunion Drg No. C50-073 

Kiln tyre Drg No. 759 
Kiln tyre customer's In~uiry 

Id::1 ~r sproc~:et. Drg No. D56~ -6-2 
Bearing seat Drg No. O~-B-3-2 
Steering arm Drg No. E~2.2 .0:>-10 
Roll hub Drg No. .A35'-018 
Sproc~:et Drg No. D4.24-3-i 
Sleeve for swinging coupling Drg !fo. 5'60-071 
Kiln support roller Drg No. c10-037 
Liner Drg No. N6222-03-0309 
Gear ring Drg.No. N5'73'?-0,?01 
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" ~ " .... 

LIST OF CA3TINGS M..!_~_!_CTF:B:' AL]EAD? 

ACCO.-DI~G TC TP.::- NE": T:::~EN:LC:x;~-

1. SUGA?. MILL CHEEK DR~ N8. 0-::>6C:'i -"'. 

"' : I .~:E _!*.{~~ IE ..... 
::~G. !~ c .• 72<:-72-:.-2::~ ~ c. 

-~ 

3. F.t:El) IBAD DJG NO. 729-8 3-4-2a ·:' ~ 

4. KILN .=tOLT:RR :JJG NO. 728-8)-0400 

5. KILN ROLLER D:lG NO. ?28-?l, -~ .n c:'~? 

6. D.:iI'JEN SP.=tOCKET D~G NC. 03-1-3-2-~80~-3-23 

7. l.' 7; ·-
...... -...,J .. ' 

~· r • : -:- ..:. ..v...1......._ ..... :._~ N-..... . M::::.20-~-70E 

8. ~ ;:::::tI!~G A-~~ D:iG NC. E~2. 2. o-:-~ C 

0 T .Z:.J!\ IO!~ !)~G NO. C50-073 ;I • 

1 o. SLE::.VE F0.1 s.'WINGI~ D.Tu NO. S60-071 
COUPLING 

.. 11 • u ISCH A.iG:2 PI?i D~G NO. N6480-0401 

12. LThSR D :iG NO. N6222-o,:-03Jo 

13. TH.-m~ ~OLLER D.lG NO. 728-83-3-oc:;o2 

14. :~ALL BELL D~ NO. 026-04-021-8A-001 
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