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Bangladesh IIClchine Tools Facto,-y (BIITF) Ltd. is a metal

has e Engineering Industry I, a v i n 9S 0 Ph .i s I:i cat e d

mClchineries and equipments. Bt1TF is engaged in'

man u f act u '"e of 1\ g ,- i cuI t u " aIm a chi n e " i e s , Text i 1 e

machinel-ies, t-Iachine Tools, "and Tools, Cutting Tools,

Jute & Textiles spare parts, Jigs Fixture, Vies etc"
~

I\s a mattCI" of fact that _the quality of BtlTF p"oducts

does not I'each the desired level. Some of the p,-oduc t"

ill' e man IJ I'act u '"e din hun d ,-e d SOl' tho usa n d pie c e s but

"Ii tho u t h iI V i IHl a 11e I I -de fin e d p I"Udue t ion P" 0 c e s s "

Complain ts f,"om the custome,"s regarding BUTF p,'odue ts

hilS become a ,-egula," feiltu,"e, If- the I"ejection

,'ercentage for differe'lt items produced by BtlJF is

conside,"ed, it will amply demonst,"ate that quaLity

control efforts need serious cOI,sidel'ation i.n B/l1F"

""0111 the dilf"','enl: types of p,'oducts in BUTF, attention

has been focused un the secto," -of Celtic'-l-1 lathe

iliach i ne <lnd fI-om tid s sec tor feed SC'" el1 gea '"box cas j n~l

has been cunsidered 1'01" the project "101'1'.. I\ccordingiy

the existing method, PI"oPosed method and 11(HI bC1,"jn~l

fixture of the said Part is described in diffEnenl:

cllapb~l" in this project thesi.s. Entire,-se'1uence of



•

o pe ,-a t ion i. s s h 0 ~Hl for e a c hop era q;ion a Ion 9 I"l.i t h

sketches. This would help tIle. technicians to visualize

the operation bette,-.

This wo,-k may be useful as an impol-tant document 1'01-

the factory for.futu,-e Ho,-k_ It is expected that if the

PI-oposed method is implemented it 1'/ol.lld yield bette,-

result to imp,-ove the <lunlity of B/1TF Celtic-I'! Lnthe

mndJine .
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• Chapter I

1.1 INTRODUCTION

1_2 AII1S AND OOJECTIVES
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"(::.:~:~.~Vi
nOOI(1odesh Mnch Inc Tool •• Fnctory in one of the lorgefl t

",,,nufnaturing [ndu ••try in Dllnglndesh. OMTt' wos. established with

the I(onl of monufocturlng Machine Tools like Lnthe machine, Drill,

mllchine, OrindinglllAchine and ali sorts of Cutting Tools, lIand'tIP q

tool •• etc. At present benldeB the manufncture of mnchine tools,

OI'1Tt' is engngod ill the upliftment progrnllme of tho

not ionnl economy by llIonufacturlng Agrlcul tUral Illochincrfcrl ond

equipment ••, TeKtite mAchineries, Dienel engines, Dies etc.

Bnnl(lndesh mnchine Tools Factory fnces 0 sCrious problcms

regArding its products. There is Q generai dearth of skiiied

personnel i~ DMTFand n lock of. specialized monpower to opernte

the sophisticAted mAchinery and equipment oVAilAble in OMTF. Mnny

technicians do. not understond the working drowings. As such orten

they can not maintAin the required tolerances. Lnek of

••tnn<!nrdh;at.ion of "peci fications liS per ,"arket demond is nnother

mnJor problem in DMTt'. Compllllnt" from the eu"tomers regordlillf

OMTFproducts hAS becomen regulAr feolure. If'ihc rcject.ion
,",

percentage by the customers for the dIfferent Items produced by

8111'F is considered, it will amply demonstrote thot quolity

control efforts need Reriou" consideration in OMTF. Products of

I



rand side workshops, indian smuggled goods and IRports ~tc. have

rodueed the mnrket s.b~e of DI1Tf products. Moreover, becolllleof

high overhead CaRt, it IIIdifflcllit for DMTf to complete with its

co~petetor9. As an example, the presont cost of a Celtlc-14 Lithe

produced nt DMTF is Taka Ono lac & seventy five thousand whercas

there are other Celtic-lot lotltcn of nenrly nal1leapecifications
avoilable in the morket at a much cheoper rate.

At tho early stAge DHTf got tile method at manufacturing process

of Celtie-14 from n eomprmy of Frnnce, but detailed del'lcrjpUon
of mothod WDB not ~iven In tllera ond os such it wos not holpfal
for th~ technician". It wos very difficult to eKtract proper

information required for aa accur~te performance. Moreover, these

wern not ndoptnble to nMTF machines nnd Tooling facilities. DHTF

manAgement then took declsion to manufacture it by conventional

wny. Rut it turn alit to be a contly process due to high rejection
And low output.

Tho rresent work nimn ot pro~,i.ding nome lIuggcstloD!I to the
oxintlng mnnofncturlng proced"rcn of feed Bcrew geor bOK enning

of ColtJc-14 lnthc ~nchlna to Improve quality. Howtiver, j~ io to
ho noted Ilt thlB polnt thn.t to en"ure qunlity prodUct, top
Monogomont mont evolVe nn Overall qoollty ."AUrOnCe progrnmmeln
tho organizntlon.

From tha different types of producto In DHTF, att~ntion hos been
focuRod on tho soctor of machine tools and from this sector

Celtlc-11 lAthe hos heen eonoidered for the project work. Decnune

2



of the time con9troints. this project concentrateR on the
JII'pl'oV,mJelll. of the boring operation of feed screw geflr box caning
of Cnltic-14 lathe only. It io expected that if the some

,"etho.lolo!!yrropooed in thll'lotudy i" appliod to manufncturing

opr-ratlonR of tho po,"b, of othor products. D~lTF may 1'.<> " IOlll'.

way to remove mnny of the manufncturing difficulties ond to
produce quolity products.

3



1'h" eniAting proce!l!lof feed !Icrew genrboK cnsing of Celt.i.c-11
lathe WRO cl08ely ob8orved nnd !Ievoral defects have beon found
during manufacturing proceR".

1'he proje~t work Rims nt 901ving tho"edefects. 1'heobjective of
the ntudy oro no folloW81

I. 1'0~tudy the olll~till~prOCOR" of foed ocrnw geRr box cunlng
of Caltle-14 lottIe n~d to ob"erya tho problems cauAe,1 by-"the eKisting prOCe"A.

2. 1'0ntudy the type!! of eo~plnin19 of tho customern for feed
Acrew gOAr bOll cnsing of Coltic-11 latho.

3. 1'0~odify tho elli"ling process ~f boring oporation for feed
ocrow gOAr bOll cRAing nnd develop a aore Rcicntific mothod
for lhe snme.

4. To denign n new boring fixture for the propoRed method.

4
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2.1 DESCRIPrlOH OF PROCESS LAYOUT

2.2 JHiS «. FIXHHlE : I>E51'-'''' PRHIGJ.I'LE



Proccss IRYOUt i8 the oY8to~Rtia doterminetion of the mcthode by
which e product io to be manufacturod economically and

competitively. It is,Rn intermediate stage between denigning and

manufacturing the product. It synthesizes into R plan of

manufacturing Buch faclors. nl'l the volullIeof output. ncedod- the

operntorB, tool",. nnd equipment neceoonr.y and ootimatcd
mnnufncturing cooto for producing the product. The procco" lnyout

\'I

provide ••peal fiantto"", for t.hc propooe<l monufncturing p'roc"",,on
proceno Rheet". which dcoil{nate in appropriate detftll•.the proper

Bcql.onco of operationA nnd the fncilities and to&ls roquired.

Process IRYOUt procedure mRY vary some what witheRch individuni
hut In general, il Includen the following nlcpe.

I Analynin.of part drawing nnd specification
2. J.ll!ltingof lllsicoperntionn
3. 8eioclion of prOCCAnes

1. Determination of sequence of opcrntions.
6. Relecllon 01 proper mnchlnnry with nlilnd tooling.
6. Rnlecllon of cult In" tool~ nnd autt.ing condit.ion.
7. Specifying th~ gouging

R. Hntimoting operation timeB
9. Docull1entoC1JteprOcOBIIlpIon.

G

,.



Actually various production clements are involved to produce
products and to render services. These clements include

1. Hon
2. M",tertni
3. Mnchine l!t too l!l
1. Hethod
6. ),nnd l!t building

"l

Any enterpril'le r1Iunt organizo its production activities by
integrnting the produotion elements effectively so as to produde

the products to meot the quality. quantity Rnd the delivery dote
required by the customers.

. . r-Fflln 1

li-inier:Ti11.J_____.. _--------[process

1••• ~'-.-bid.:.IZ~"'.~-~~d;.;-t-1

, Machfno-] Li~~ll

7



1. Standards of ports
2. Asseablying procedUre
3. Conditions ond environment undor which the product

Is used (hoovy duty rosistonco, wear resistance,corrosion r09i8tonce, etc.)
4. Durable lIfe
6. Conniderntions for designing.

1. Moterial properties

Is the material easily available?
Ie it technically feasible to obtain requiredhordnesl!I?
In the material workable ofter heat treatment ?
Are thore possibilities of strains ond cracksbe developed ?

2. Dimensions, Shope, Weight

In thero proper equipment available for therequired mnchining ?
10 tho shopo of a part oasily subject to strainsor cracks, during mochining ?
10 the ~nterinl eOAily avnilnble ?
(on't the mnchining allowance lnrge when usingpurchnse moleriol~ ,

Are the dimensions specified in the port drawings
given ih a W8, to provide for each of machining ?

3. Plnoes to be maohlned

How aro the datum plnnes and lines det~rmined.?
(s there proper equipmont available for tho requircdmachining?
IB Machining relief provided?
Is pnrts fixing method during machiningsatisfactory,

8



1. Machining Accuracy

Docsn't the required nccuracy produce on excessive
quail ty ?
Are the necessnry ~quipmcnt, Jigs & tools
available ?
now is the nccurocy inspoation method orranged ?
Are tho prcportloB nnd shope of moterial adequate to
obtnin noco89nrYOCCurocy ?

1. Dimcnsionn of n"1.yi'nrt of 0 product which allows for chnnge
to on extent shall be fionli~edaccording to the dimensions
of the material easily available.

2. Semi-fininhed materials (drawn material, pipes, etc.) in the
~nrket or stondnrd articles (key, etc.) shall be used os
much as possible in order to reduce processIng cost.

3. ('nrt of the work for which dimensionul occuracy is not exact
shall be shaped at the secondary processing of Material
(casting, forging, culling).

1. Rconomical cutting-out at material oholl be devicedto
provide for less mnchining cost 8S well 8S les9 muleriolscost.

..
6. Rent lrentment in the middle of procesDing oholl be ovoided

ns much 09 possible by providing retining on the material.
6. The number 01 proaCAAC~ nnd machining time sholl be reduced

by reexamining machining aocuracy.

7. The _achining accurnay sholl b~ determined in occordnncc
with eXisting equipment, Jigs & toolo.

8. Productn nhape nhoII be determined by taking inlo
consideration of machining methods and tools to be employed.

9. Machining ntondnrda nnd shapes shall be reduced byintegrating parte.

10. Machining lime shall be reduced by separaling partD.

11. Machining standards and shapes sh.ll be determined so 08 tomake set-up work eRsier.

9



12. Cnrn ~hnll be taken in machining beforennd after heat
treatment which always cause~ deformation.

13. Special care shall be taken when machining sheet metal
structures which easily develop deformatiori-ot-chatt~r.

11. Detail inntructions shall be provided to the place where
exact accurncy iftrequired because mnchinin~ accurncy i~
influenced not only by machines but by tools to be ,used.

, ~.

10
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2.21 !~lroduplion

Jigs nnd fixtures may be defined as devices used in the
manufacture of Q number of ~imllar parts of machines to make

interchangeable work possible at n reduced cost, as compared witl,

the cost of producing each part iudividually. 'Jigs and Fixtures
aerve the p\lrptl!lOof holding nnd properly locating a piece of

work (ihile'it 1s baiug muchine, and nre provided wIth lIecesanry
nppliancea for g'indings 9uppo~ting, salting and gnging the tools
ill such a munner thut nIl the wrirk produced in the some jig or

fixture will bo alike in all. respects, even with the employment
of unskilled operator.

As a general rule, ojig is n special lool, which while it holds

the work or is held into the work, alao contains' guides for the

re"pective tools to be used, whereas a fixture is only "plding

tilework while the cutting tools are performing tho Operation on

the piece, wilhout cool/tining nny specinl arrangements for

grinding those tools. The fixture, therefore, must itself, be
securedly held or fixed to Lhe mochine on which the opernLion lR
performed, hence the noma.

In the present type of production system it is well aCcepted fnct

•

thot there is no necellElityof mnking the (:omponenls to the

11
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dimensions which nrc given by the designers. It is also a very

difficult Job to make the component perfectly as per design. By .0

determined variations in the basic dimension, the abovc
difficulty in manufacturing the component may be eliminated,

which increases the rate of production nnd reduce the unit cosl
of the product.

If lwo componenls (,f on nssembly picked uprondomly from th(!i.,.
re"pective lotl'l,lind oro o!'lRomhlodwithout any difficulty, then
till" kind of production is referred as intcrchnngcnble
!,roduct1011. lnlerchnllgeab1" product l.on menns the product ion of

pnrta to oUch n degrcc of accuracy that will ensure an assembly,
whIch will moet the functionnl requirements.

Jigs nnd fiKtures nre the main figures in produclngtl,c
interchnngonblo components.

The main object of Jig nnd fixture is to make the pr'oduction
procedure easier and quicker. This reduction of cost is obtained
in consequence of tholncreascd rapidity, with which the mnchine

mny be built, nnd the employment at c~enper' labour, which in

possible oulywhen using tools for interohangeable manufacturing.

Another object not le~n important is the accurno~. It is always

preferable to obJoot not 1~t10 important is the accuracy .. It In

alwoys preferable to toke into th$ consideration of time factor,
whenever the Jig dealgn is mnde.

12



The cost of 'jig' should be overcome by the,total cost of a piece

in mass production. Therefore, in designing of any jig,

experience technicians it is concluded that for jig design, it is
not necessary to consider all the forces and torques on tile job.

I

necnllse, it is n very difficult and lengthy job to annlyne nil

the forces and calcuiate the stresses on job ns well ns on tool.

This procedure is neither economical nor prncticnble. neenune n
fnetory cnn not bear SUCII a huge timo for designing n Jig.

nesides these dif'fil,ultles !lOrno (,ther abnormal data we can get

from dellillning\ishejig by the above mothod. Thereforo, it is not
wllfull that firat findinl': "ll the datu accurately hnd thell

assuming them. Bul ~ne thing shciuid be kept in mind, thnt in some
complicnted designs the calculations are n must.

2.21 Points of Considcrotion.

While designing n Jig, ..the following rules may be given ns Lhe
main points to ho considered for dellign.

1. Compare the cost of production of the wdrk with presenL
tools, with tho expected cost 6f produ~tion uaing the tool
to be used, and see that the cost of building should not be
in excess of expected goin.

2. Make all clnmping and locating devices as quick oct.j,,~ on
possible.

3. Make the JIg 'Fa0 I " r.C) 0 f ; i, o. 0 rron IIe it, II s the W0 r I,
cannot be lnscrted exoept in the correct way.

13



1. If possible, make 011 the clamps for internal ports of the
Jig or fixture.

6. Round all the corners.

6. Provide handles for ease of handling.

7. Provide feet in large drilling and boring Jigs.

O. Provide obundant clearance for chips etc. '

Jig Rnd fixtUre design is bosed upon a number of fundamental

principles which mUst be underslood properly and their funclion

appreciated before work is comllenced on actual designs. The aim

of any danign ahould be simplicil,. As tho designer g~t tho

experience in Job his design will become moro efficient and shull

be confering i"morc ond more lo these principles. Some of the
common principles ore discussed below:

L Rigidity.

ii. Claaranca between Jig nnd component.
iii. SWarf clearance.

iv. Postiionlng.

V. Locating points and supports.
vi. Fool proofing.

vli. ClAmping.

..

vHi. 'Reduction of idlo tima.
ix. Design of sofety.

14



x.
xi.

xli.
xiii.

Kix.

xv.

Component should be ejected.

Spring locations.

Jig base.

Accuracy.
Raey londing nnd unLoading.

Jfg b\IShcfl.

Ono of the moat Important quoationa to be decided before makin~ n
Jig is the amount of money that cnn be expended on a special to~i
for the operation required. In many caaen, it is poasible to R~t

~
a highly officient tool by .mnking it 1I0re complicated and more

expensivewhcrcos a less efficient tool moy be produced at n very

small oxpenee. To decide which of those two types of Jigs and

fixtures should be designed in each individual caee depends
entirely upon the circumstances.

Jigs and fixture ahould be rigid enough, particularly in
cRne of milling fixture, bceuane they hnve to bear

intermittent cute. Therefore, for fixture body cast iron is
used which absorbs shock.

ii) Clearance botween Jig and Fixture Components.

There should be plenty of el~nrance betweon the JIg nnd

component to toke care of variations in dimensions in mass

mUQufneture. Such a clnnrnnce is also Ilccessnry for clilps to

15
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pnss out enough through the opening between component nnd

jig plnte rnther than choke the jig bush while trying to

come out through it.

In smnll jig the importnnce of providing good sWArf

clenrance l.B pnrticularly importnnt in large drilling jill"

nnd pnl:'ticulnrly those mode from castings, adeqUAte swnr"f

clonrnnce ~an be pl"ovld"d by designing the Jig with cored

holes, at point" where DWArf is likely to aceu"mulate. These

holen also serve to let th6 minute particles go out with the

coolant.

iv) Positlonin4.

Positioning rotors to establishing the desired rclotionsllip

bctwc@o ~he Jig or fixture, and cutting lool. r

In cnse of single mnchine cut, where the jig or fixture is

strapPed to the toble," pOflitioning may occur only once, at

the bet-up of fixture. In cnse of drill jigs,. where number

of holes nre to be drilled positioning occures, ench time a

bushing is aligned to the drill.

16



The most important. requirements in the design of jigs are

that good facilities be provided for locating the work. The

locating of work in jig should be quickly and accurately.
The two component parts of the IlIschineshould bo located
from corresponding points and surfaces.

Wheo the work to be machined; varies io shape and size, as

in case of rOllftheastlnKs it is necessary to have at lenst
some of tile locating points adjustabie.

a. Locating and supporting surfnces should where ever
possible be removable. Generally surfaces shouid be of
hardened material.

b. Locnting points ••hould be clearly defined. The use of
large flat machined surface should be avoided;
othorwise it will collect unwanted chips.

'"e. For cosy removnl of work, locating or supporting pin".
should be fitted into through holes nnd not blind
holes.

A workpiece can be positively located by means of SiK pints,

80 positioned thnt collectively they restrict the workpiece
in nine of ils degrees of freedom. This is known as SIK
point location method.

WlliIe ellOl's!ngthe 10cnUnl{ pol nts following considcrntions
81'" to he made.

17



I. Points more thnn necennnry should not be provided.

2. Locating points ohould be choosen as apart as possible.

3. Host sntisfactory locating points are those in tl,e mutul,lly
perpendicular plnnen.

1. All locnting points which require replacement dll~ to "COl'
and tenr~ should be easily replaceable.

Locnting Dovicoo.

The following nre tile locating dovices, which nrc genernlly
used in practice:
1.

2.
3.
4.
6.

vi)

"lVnrious typos of jacks nnd supporting pins

Cylindricnl lOCAtors or lOCAting pins
Conical lOCAtors

Diamond pin locators

Vee-block locators

'ool-proofing.

•

If possible spocinl ArrAngoment should be mAde in the design

of the jig so that it is impossible to iAnert the piece i"
ony but the correct wny .. tHntokes are of ton mnde on thin

occount in ohopn where a great deal of unskilled labour in

usod, pieccn Arc plAced in jigs and upside down, or in some

way other than the correct one, nnd work that has been

previously machined in entirely spoiled. Therefore whenever
possible a Jig ohould be made "fool-proof".

18
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.The function of 0 clompillg device io Ihol of OI'l'lyillg on,1

maintning aufficient counteracting holding Corcp. to 0

workpiece 10 withstnnd nIl tooling forces.

The clnmping nrrnngmQent" "hould be ns simple as pos"ible,

wilhout oncrlflclng the strength. The mnin nlm of clnmps nrc

thnt Ihey. should be convenient for the operator. Therefore,

i tis a d vis 11b let 0 11V0 I d the com 1'1 i c n ted c In in pin /(
~

arrang"ment", clamps should be quickly operated to reduce

the idle time of machine.

Following poinls are to be noted for designing of any clnmp.

a. ClampIng should alwnYB be nrranged directly above thc
poinls supporting the work.

b. Fibre pads IIhould be riveted to clamp faccs whet.c
metallic contact with the work would ca~se damllRe.

c. Arronge all the clomp" nnd adjustment on the sIde
nenresl to the opcrntor.

,\. ClnmpIng nrrangcmcltt should be ensily rfJmovable from.
the work.

e. Use fixed stopsol(oinst the cul which will loIre the
direct thrust of the cutters.

19



Some !!ort of clnmpinll.device!! nre an essential pnrt of both

.Iigs and fixtures. Clamping may bve complex or simplp. but it

must fulfill the following design requirements:

1. The ciamping devices must hold the workpiece rigidly
agninst 'all disturbing forces.

2. It should also keep the workpiece firmly in contact
with locating pins or locating surfaces.

~

3. The time requirod to looaen the clamp on the workpiece
nnd tighten it again on next piece should be minimum.
Compression spring should be uaed to lift the clnmp
nway from the workpiece.

4. The clamping devices Ifhen subjected to vibrations, or
heavy pressure must be positive and should not distort.

5. The clamp, while holding the workpiece shouid lIO t
damage it. Thick section 9hould be choosen for beorinR
clnmplng forces.

6. Plneement of nut or hnnd wheel should be ""eh 0" to
control the amount of pr09sure to be exerted on th"
workpiece.

7. The movement of the screw, lever or cam of the clamping
devIce whether of the rotary or reciprocating type
should be strictly limited to make the device quick
acting.

20



Ihere nro so mnny typen of clmnps used in production work,
somo of thorn ore given below:

1. Strop-clnmpn.
2. Screw clomps.
3. Hinged clnmps.
4. •c' cLamps.
6. Wedge clamps.
6. Quick octiong but typo clamps.
7. Toggle clnmps.
8. Quick ncting-cum-operated clnmpn.
9. BII~onet lype quiclc ncling clomp'•.

10. Multiple clompo.

As described earlier that our main aim is to roduce the

mnnufncturltl(( time of the job. Therefore, the method of

locotion and clnmping should be such ns to reduce the idle
time.

All Bharp edgeB should be removed from details forming the

Jig or fixture unit. Head of Allen bolts which Are

extenBivel, UBcd in. builtup JigB Bhould not protrude above

the surface of the dies. Those should go in the rece!!!!

provided for the purpose. lIenvy bore jig if required lo ,be

2i
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lurned should be provided with trunions to reduce lhe lobour
of operatol'.

Wherever possiblo orrnnge the Jib so thnt when uncloinped.
the component is oither pnrtially or completely ejected. no
snvlng the need for hnmmerlng or struggling with the piece-

"l
K 1) ~'r.inUJocn!"t~nll_.

TI.e numl,er of locotions 011 nny rough component should never
eKceod thl'el'lin any ono plnne. The component will sit on
three poinls wi thoul rock 1ng. Howover for furlhersupporl.s
to be Pt"ovidnd. should be spring londed, 110 thnt nfter the
coml'ollcnt ia on the three fillOd poai lions others wi 11
outolllntLeully rise to tough the cwmponollt throu"gh the 'medium
of the springs. These spring locutions cnn then be locked in
posltioll.

A Jig which Is not bolted to mnchine tnble must be provided
with four feet Ina tend of whole bottomsurfnce lying on the
mnchine tnble. In this Woy the jig wUl rock of it nnd is
not stonding square on the machine tnble,due to some chipn
under one of the feet and worn the operator.

22



All "pernt.ion" "••,,<luoo vnrinti"n" in thei"re"ult".Jig nnd
fixtures deAignor hns to determine whBt variations can be
permilled in nn operolion. The voriat,ions nriseA ,fl"Om lhe
following cnuAcs:

1. Vnriolioll" ill lhe dimellsions of the 'workpieceseomingby on operation.
2. Vnrintion in motorinl condition".
3. Vefect~ in t.ool" ond machincs.
4. lIenr.
5. Deflection.
6. Thermal expansion.
7. Virt, chips and burro.

B. Rrror of humon .ltid/f,ement,limits, tolol'onee" nnddeficiencies of skill.

..

The process of londing nnd unloading the component Slloule be
ns eBey os possible. On henvy eomponenls lhe operotor should
be Bble to siide hin componont Into fiKtnr ••••

The drills, counterbores, renmers, boring bBrs etc. Ahould
be guided te the desired point through steel bushes, fixed
in the .lig plnle. BusheA nre hardened and ground. In the
larger Jigs the full Jig plale enn not be hardened bceauAc
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that will be uneconomical nnd impracticable. Wherean tI,e
bushes when worn out duo to frictIon of coming out chips cnn
be replaced on requirements. Most of the wear Is due t~ tho
net ion of chip and tho rate of wonr, depends lorgel, on tho
material being drilled.

Drill busheB:~ny be classified as follows:

I. Fixed bushes (Plains or hended)
U. I.iner bushes
iii. Renownble bu •..•he••

iv. "l Slip bushes
v. Screw, or clomp b~sJles

vi. Special busIH:ls'.

Thore nro 90 mo»y typOS of fixtures usci in different, industrien
for different components. hut they lIIaybe clnt'lsified on t.hehnsi ••
of their working Operntlons suoh as:

1. Milling f i I{bJ1'cs

2. TUt.»ing fIxtures
3. Gdnding fixture"
" . DronchIng fixluren
5. Assembly fixt.ut"es
6. WeldIng fixtUres
7. Slot.ting fiKt.ures
B. Oaring fixtures
9. ffil'IC:C11nncous fixt.ures.

24
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Since it ill chenp nnd ensy to WO I:"II with, wood WOB probnbly the
first material to bo uaed in cOIlBtruating Jigs and fixtures. Dut
lIOW it is not considered good fOI:" moat precisian toolltig purposes
due to lock of it. strongth. Thol:"efore,modern Jigs nnd flxtureo
ore mode of metnle. The most frequently used metals ure ironund
ateel, although aluminium is nho proferred sometimes for 1ight
weight Harks.

\\}

Genernl, tooling metnls should hove the followin/! I'hyrdcnl
chriracteriatics.

1. Good formnhllity.
2. Good strength properties.
3. Ability to retain close dimensions.
4. Resistance to hnndlin« Impnot9.
6. SnlvngenbU tty.

..

A widely ovoilnblo f01:1II of Iro/l cnlled coat iI-on should nove,- h"
u"ed for fnhricotion of Jill!!n.nd fixture, becaune cont iron In
brittle, nnd RubJccted to hreoknge on handling. Wrought Iron 1"
on excellent matedal Cor the fabrIcation of Jig nndfixtureA,
hut in model:"npr~ctice mild ~teel is used, because it hos similar
pllyaicnl properties as the wrought iron ~nd even it is clleaper.
The type of steel used .in constructing", jig or fixtUre depends
primarily upon such considerations as cost, method to be uoed In
fobricating or n!lsembling t.he lool, nnd the land; Which the
finished structure will be requirod to support.
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Whenever 0 low'.weircht strllctul"e js required', oluminillm ond
mngnesiuflInlloy moy be ndvnntngeously used.

"
MeLhods of Construction.-...._._._--"_ .._---~----_._._------

Owi.l'f( to the roellllL dcveloplll(:nts with welding, 'bullt-up'
structures oro now widely used. A built-up structure co~ be
defined us nny phyaicnl unit, which is modo by assembling two or
more membel's. It connot be cons tructed wi th the uccurocy of n
CUAt Atreucturo. Duilt-up structureR normully' comprise stundurd

I!;

sections sUch oa, rounds, pi,pcs, squarcs etc. Further to
fubricate the sLeel structure, ure welding is preferrel\
economically.

In s wlde scnse mild steel cnn be usod for Jig und fixture body.
,-

Th(H'o orc two oommoll formA of constructIon for, both 'jig•.•nnd
fixtures: bullt up bodieR, und Cost iron bodiea. In the built III'

at.ructure the compOnent moy be Illudeof steel or catlt iron. If
cost iron then the pieces nre macllined and Joined with dowels nnd
a~rew9, because cast iron cnhnot be properly welded. And ifll.e
components are of steel then it cun elther be built up 1Jning
dowels and screws of fabricated by wdlding.
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When costings nre used the fcet nre cnst integrolwith the body.
if the feet ore to be oddcd of tel' worda then they are of ~teel
ond ore hardened and finisll ground on ossembly.

In terms of minimum diameter the materials for drill bushes mny
be Oil fo llo!1!l:

1.

2.

3.

Upto 16 mm Outside diometor
If; to 30 mm 0.0.
Over 30 mm O.IJ.

Silver steel
Cost SteeL
Case hurdend
Mild Stee L

~
-".'!~~tJ,..'!lL nn.!! CJ, Ol1l.tll.!1l.. D~!!£.Q.I!..

Most oflhe locoting ond clompln" devices are mode from steel but
thoBe 9=components which come in contact with other' componcntn,
ore hordened, ond working surfnees nre ground. Silver steel is
uocd for portR like dowol pins, bars for hondles etc. Threodo
sJlould be left soft.

Tllo designer muat UsO Ilis Judgement in regnrd to the amount of
metol pub Into tho Jig or fl~ture. It is desirable to make those
I.ool.sos liltht !IS pOSlliblcj in order thnt they moy he. cosily
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hnndled be of nmnller sil':eond eont less in regllrd to the omouul:
of materi"l used for their making.

Ordinnry drill jigs should always be provided wilh feet or legs
on all siden which ore opposIte the holes for the bushings, so

thot the jig cnn be ploced level on the toble of the mochine. On.

the sides of the Jig where no foct are required, if the body is

mnde from " aon~ing, it is of ndvnntnge to hove smoll projecting
lugn for b~Qring nurfocos' when laying out and planning.

Summaril':ingthe principiereferred to, the foilowing may be given

riA tl.e main points to be considered in the designiag of jigs ond
fixtures.

1. Defore plnnning the design compare the cont of production of
the wOl"k with prenent tools with the expected cost of
production using the tools to he mode, ond sec thot the cost
of buiiding is not ia exccss of the cxpected gain.

2. Defore laying out the jig or fixture, decide UPOII lhe
locating points and outline a clamping nrrangement.

3. Mako nIl clomp.ng do~ibos os quick octing os posniblc.

1. Make the Jig fool proof, that iA arrange .it so that the work
can not be inBcrted except in the correct way.
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5. Locale clamps' so lhat lhey will be in. lhe .best posilion In
resist the pressure of tl.ecutting tool when at work.

6. Make all clamps integrol porls of lhe jig or fixlure.

7. Avoid complicatod clnmping arrangements which arc lioble to
wenr or gel oul of order.

8. Plnce 011 cIampa 8S nearly os possible opposite some bearing
poinl of tl.ework. lo ovoid springing.

9. Core out all U"nOC~990ry metol, making the tool9 89 light 09
possible. cons islent with rigidity nnd stiffness.~

10. ROllud nIl cornors.

II. Provide abundnnt clearance and holes for sWnrf removal.
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Table - 1 Classification of machine fixture

HOLH MACHINING
Multiple point cutterSingle-point cutter------------------------------------------------------------

---~----_._---------------------~----------------------------
Boring Jigs UtilI JJ.gS

TOI'Plnl( Jigo
Reaming jigs
Honning & lopping Jig.

---------------------~--------------------------------------
MACIUNINGSURFACE--------------------------~-~----------~.~-------------------~

Strnight line motionRotery motion---------------------~--------------------------------------
--------------------------~--------------------~--_._---------

Lathe fixture •• Planning, shaping and
sloting fixtures

-------------------------------------------------~----------
Multiple poiut cutter------------------------------------------------------------

--------~-------------------------------------------------._-
Milling fixture for
.circular feed Mil Ung fixtures for

9traight line feed .-

rlxtureA for circular
grinding Surface grinding fixture

!'lowingfixtUre

-----------------~------------------------------------------.
The complete planning, design Bnd documentotlon process for n
fixtbre consists in the widest sense of three phascA dosign
preplanning, fixture design and design approval. The genernl
consideration in fixture design can be summerlzed os follows:
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1. Loading nnd unloading of p~rl

1.1 Mnnuol lifting or hoioting

1.2 Lowering or sliding parl Inlo position
1.3 Unlonding to floor

1.1 URO of mnftn~i"no, conveyors nnd chutes for receiving
ond returlling port

1.5 Speed of motions

1.6 ~nno of motions

1.7 Sofely in monipulntions

~
2 Locating parts in fixture for ready access of cutting tools.

2.1 Concentric to an axis

2.2 Verticnl and horizontal from established surfacco
2.3 Vertin~l and hori~onlal from discrele points

3 Clamping of port

3.1 Speed
r

3.2 Size of clamping forces

3.3 Directioa of clamping forces
3.4 Locution of clrimping forces

3.6 Monual or power actuation of clomping elemento.

4 Support of port

4.1 Against clamping preosure
4.2 Against tool forces

4.3 Stability of port and avoidance of elastic deformation
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5 pOAillonln" euttin« tool rclntive to londed fixturc.

5.1 ilolntlng

5.2 SJ:idin"

5.3 Til.tlnll

(; Coolnnd ",uPI'll.rond return

7 Chips

7.1 Removnl of accumulnled chips
7.2 Gilip dlspo",nL.

(



III

3.1 EXISTING HETI~OD FOR BORING OPERATION OF FEED
GEAR BOX CASING OF CELTIC-14 LATHE

3.2 NATURE OF DEFECTS FOR FEED GEAR BOX CASING

3.3 DEFLECTION OF BORING BAR WITHOUT USING OF
INTERHEDIATESUPPORT UNDER EXISTING METHOD

3.4 PROPOSED METHOD FOR BORING OPERATION OF
FEED GEAR BOX CASING .

3.5 .BORING FIXTURE DESIGN FOR FEED GEAR BOX CASING..'



S.ll

The! exlsUlI1l method of borilllloperation of the feed genr box of
Celtic Inthe Is described in the following:

Part name

~Interinl

01'.
No. Op"ru U on Nnme

Screw cutting and feed "ear
box <:aml,,"
Cnnt iron

Muchln"

1

2

3

5

60

rlill ronr nnd frollt side!'l
~Illl 1:01' !'Iide
Mill the two laternl !'Ilde!'l
Or illin"
Finish mill rear side
Dorlng

Horizontol milling
Horizontal ml.lilng
Horiz6niol mlll\ng
Drill machine
Verticol machine
Doring machine

b Counterbore a internal rone
to 2211'7 d l.a
COllnt"'rhor'ea interllol rose to
2011'1 .ll n

7 check Rcd.he fHld Centre punch oil
hole illspection

Un Drill ten 1.25 .m dia holes
On 10 mm depth Tap machine

b Tap ten 5 MA holes on 19 mm depth

-------------------------------------------------------~---~



Op.
No. Opero\.ion Nome ,Mllchinc==~=========================================================
c Coun\.erbore two II mm din I,oles

to 18.5 mm din on I mm depth
d Drill two 5 mm din holes (for 6MA)

to fnB ten bushes
D~ill oight 5 mm dio holes (for G MA)
to fnsten cover

e 'fnl' ell(hl.!J I1AIIol09 1.0fosl.en cover
f !l1'U) fOl .•r :1.25 mill ,HIl hole" for 1 Mft

Dril.1 n G.o rom ,!:inon !lmm deptll
Drill two 6 mm ,110 holes for 6 MA
to fnrod.enbun heR
Counl.crborc four 3.26 mm din holos
to 4.5 mm din on 3mm dcptl,

g Top four 4 MA holes Top mnchine
II TnI' tHO timo two G MA holes to

fosten bushes

i Dr.ill I;hrec 3.25 mm din holes on1.2mm depth
Drill two 6.75 mm din holes (8 MA)
Including one blind hole on 19 mmdepth

J Drill three 5 mm din holes (6 MA)on 19 mm
k TnI' 2 timeR three 4 HA holoR on

7 mm dopth Top mnchine

J TnI' tllree 6 HA holon on 12 mmdopth

m TnI' 0 n HA h"le 011 13 mm depth
TnI' " 8 MA through hole
TnI' tllroo 1/2" gliB holes.

----_._----~----~--------------------------------------------



n."".~.!,:ipJ,J.p,!!..2.f. ..!'.t.e1'1'...p.L .!1'p'-",t.!1 ..t J~!.!!
Prill a 20 mm dio Corchole on 30 mm depth (axis IV)
Prill a 20 mm din forellale on 30 mm depth (axis II)
Prill a 25 mm dio forehole on 33 mm depth
Prill a 26 mm din forehole on n mm depth (axis I)
Drill a 25 mm dis forahcle on 20 mm depth
Prill a 26 mm dio forahole on 30 mm depth (axis Ill)
Prill a 25 mm diaforah61e on 36 mm depth

-..,T"r-n the fixtllre Ill' Gide down
Drill n 20 mm din fOl."hoIe on 37 mm dopth (aleie tIlIIrUl a 20 mm din forehelc 011 37 mm depth (aleil'!1)Prill a 20 mm dla fo,'ehole 011 37 mm depth (axlx Ill)Pri 11 n I"t. 19 mm dio hole for 1/2" /(nslIr1ll n 2nd 1.9mm dio hola for 1/2" gasPrU I n 3rd 19mm din hole for 1/2" gos
Counter'bora a 29 mm dio chamber on 1 mm depth

'/'urllt.he fi"lllre "I' "ide down
Pl'ill n ht 11 mm dio hole
1)1'1]1. II 2nd 11 mm din 110.1e
Drill a 3nl II mm dio hola
111'1]] a 4th II mm dio hole
Priil a 1st 7.75 mm din for pin holaDrill n 2nd 7. '15 mm din fore pine hole

Reap the fixture ill tha orl.gillnlp081.tiollIleoming a 22/17 dia forehole on 30 mm depth (axil'!IV)Roaming a 20117 dia foreho.le on'37 mm dapth (axis I)Bore a 261W dio forehola on 33 mm dapthnarc n 20117 din fOl'ahole 011 8 mm depth (ox is I)1I0r'ea 26119 dio forahoia on 20 mm depthIlcom a 213117dlo foreholc on 30 mm depth (axls Ill)80re 0 2611!1diu forehoic on 36 mm depth
Turn the fixtura up lIide down

Ilaom 22117 din forchole on :n mm depth (Ilxi" IT)Ream 22117 din forchole on 37 mm depth (a I<il'I I)ReAm 22117 din forcholc on 37 mm depth (axis Ill)Countorborc 30Jl!ldio on 1 mm depth.
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The operator instruction shect should contnin nllncee9snry

informations regarding machining operntion. nut the existing

instruction sheet does not provide such informations, whiel.
CQusen a grent difficuity for an operator.

The cutting tools such ns drill bit, boring tool, counter boring
tool, reamer' etc. thllt hnvc heen USed in various operationo nre
not specificnlly mentioned in the instruction'Rheets.

In the cxlflU.ng inAlt'uction sheet. the sUPPort zone, iocntlon

where the boring ol'el'ntion nre to be done are not .clelu'l,

!!peclfied. Thel'e arc cleven hole!! to be dri iled nnd. b,ored

Bubse~uentl, but these nre not clenrly meationed in the said

sheet. It tins difficult to identify the operational se'luences

properly. Moreover, there nrc no sketches in the specified shcet
which cnuses serious problem for an operator.

Operation Inyout Aheet consists of machine list. But this list is

not well defined. For bol"il1goperation, it was mentionod'in the

abeet ns Doring machine, no other informations was liven. As
lhere W.9 no specific Jig-Fixture for 80ring operation, it would

I'cnlly be diffi(~ull; to \lnd<lr.stnndtbe methodical npprooch that

Ilnve been ShOWl1 in llie operator instruction sheet. On the other

hnnd the III'M, Fced, depth of cut for' respective (Iperntion wel'e



not mentioned. No informalion was niven regarding tool material,
Ri~e specification etc.

In the existinl! method. the borinl! Operation is carried out into
three phases: drilling, boring and reaming. nut how mucll martinI
wiil be removed from those operntions waf' not mentioned in the
Aheet.



In lhin chnpler, vnrioun type of complninln lnunchcd by tllc

""J"t.om~r for ncrow cutting food gonr hOI( of Coltic lotho have

heen deAcribed. Complaint" nrc being collected from the comploint

ru" or tho Ilnnglndesh Mnchinc Toole Fnctory Ltd. of which SOlllo

of t'le moln defect" hnvobeen Ahown here. Complnintn nrc

cnt,e!Jori:>:ednnd ont"ro.l in tho. tnbl.o unrler tho titL'! Uk<:llfnttlro

()f COMplnint, e()mplninl by, I'rob,.blo eIHlf!lOIl01:1:. From tho nnture

of complAint" it Hill bo oonler to study tho eKt.ent nnd

!'lerlou"nesA of th" !'lIlllllfnctllring defcct.rl in lhe producli()n of

feed ~enr hOI( enning of celtic Inthe.

It in nlso aPpnrent thnt the most of the cOlllplnints arc in the

fiel.' of monufacturing. Tho problemA relnied to design And

n"Rembling may nIno be c()nnidcrcd in the manufacturing problem
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/In. rTnt"r~ of (:(""",Inl"t", Co,",,) n:I,,1; by "t'ohn"le' en1J!,,~
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3.21 TYPES OF MANUfACTURING DEfECTSrOR GEAR BOX CASING

1. Dimension of the holes are not accurate

2. The axis of the holes do not lie.on the same line

3. The centre distance of holes is not properly.
maintained according to the requirement

4. The hey w~y of the gear Is inclined

O. The diameter of the bore is eccentric

6. The facing of the bore is not done properly

7. The grinding of inside and outside surface of bushis in aCCUl"I'lte

8. The parallelism between two surfaces are not
maintained with tolerances

9. The center distance between holes varies

10. During broaching operations the angles are notmaintained properly,

The defects mentioned under. points I, 2, 3, 5, 8, 9, 10 are
related to defective boring operation of the different holes. The
present wot'ltaims at minimized theOle defects by introducing an

•appropriate boring fixture for the~e operations,

r



3.3

The deflection of Boring bar Wi+"o~1 ~.•l"" ,,,W!v••edi.1e sUI'i'0vl Ni\ he

calculated as fallows:
PJ,3

lJeflection,

where, I ~

tS ~ -----
3Ill

64

p

~======t
I~ L ~l

.Ilel'e, P

L

Il

I

D

the cutting force Kg,
the length of the bar
modulus .of Elasticity
the moment of inertia
the diameter of the horing bar.

The moment .01 Inertia

I
7I'D4

-----
64

71")(304
= ---.------

64 ~ 39,998.59 mm4

DefleCtion, . PL3
-----
lllll

\,'Jheret P :::
L ."

75 kg, (source: Machine design by R.K.Jain)
225 min

E ~ 30300 k psi

i. e. 0=

= 21.35 x 103 klf/mm2

75 x 2253---------------3-------------3 x 21.35 x 10 x 39778.59 0.34 tUIII.

The value of deflection is not desirable to maintain proper
dimension of the part.

42
..;'



3_4 fBOPOSED HETHODOLOGY

I ,

qualities and accuracy requirement. These instruction sheets

",

i". ~. The ex,ist!ingoperation layout and instruction sheets w,ere studied
and a 'completely new set of instruction sheets for boring
operation was designed which will be discussed in this chapter.
'll;hismethod sheet is adaptable to 8MTF techni.calfacilities,

include all the tools. g,auges either manufactured or to be
manufactured. following were the reasons why the existing method
aheets Were not ad~pted.

i. Long reamers 'as proposed by the eKisting method for
reaming of holes we~o not found suitable fo~ nMTF
conditionlil.

ii. All other necessary informations like speeds, feeds
of the cutter were not mentioned in the sheet.

iii. For checking and control of the part, gauges were
not indicated in the existing method she~t.

iv. No operational. sketchs were provided in t~.e,sheet.

Therefore, , 'it walilrequired to solve all these discripencies and
make a process layout which would acceptable as well as workable.
In this chapter the special features ~f the proposed method have
been discussed snd the corresponding operation instruction sheets
(Fig. I to Fig. 13) .have been pr,epared for all the boring
operations, The part drawing of feed gearbox casing from
different views have also been shown fl;'om page no • .!l~ to ~B.



, ._.--~
OPEHI\TION INSTRUCTION SHEET

..:... _._-_._._ ..__ ._._--------- -----------------_._--_._-
PI\fH NI\ME Feed screw '4"a~ box OPEHATION NO. 7-i. "' _

TyrEOFM/C'-Horiw)lt~i-b;,ring . APPLICATION CPltic-14 lot2!'_. _

~.~~~ .F~~T~~~_N~_I~AUG~-N;-TOOL _NO_._1~~~E5~~~~EV~ __
.1 P[/00/07, - , . CT/00/07-1 160 0.2

:.=-==-----=--t~---~-. --I.-'-j- -. -r ==.=
Step-1. IJr1.1.1 3 h"les t/o 70 through ,<Ith

CT.03.01.0SAC1/OO/07-J
- Relnove tile too]

---. ~
-.---<--

Fig. "1. : DRILT"ING OPERATION Or" HOLE ~ 20

D"'_~_'~_"_G_Y ._:__ •.•_A_l<__'_•••__ A_•.•_ •.••_e._. __ =:J~__P_"'_A_W_••_ •••_y__ ,,_A_' -c'~_"'_"_Q=-~._._~..=~



-----------_.
OPERATION INsmUCTION SlfEET-' _._._-.- •.._._--------- ----

~!'~L_N_A_M_E__ Feed s~r_e_"'_3e.:."rbbX. OPERATION NO. --_7_-__'1- _

~~~~~_F-_M_I,~FI-~i~;~_:-~;;~l;__;~_-~_:_E-.N_O_._;;~!I_~_:_~I_O_NI~~~~~-I"~~"~;_'-v-.__-__-
==~-=~=~__Pi /O~/07 . __ -_ ' CT/OO/07-Z, :j _'-_2_2_4_- 0. :. _

--------

Step-2 Turn the fixture 1800

- F~x tool no CT:03.0!.05ACI/OO/7_2- ])1.1.11 three hole" 26 for spindle I,ll & III
- Remove the tool.

Q'LY~*l1'":L0~,]=-","01&_

~t~'<::~.

Fig. _2,.. 1)!ULLING Ol'Enl\1'10N OF !lOLB ~ 26

~'-------~_.._..,...---- .._--.



._------_._----

la the ---
FEED
In tn/ REV.

0;2

-~---- ----------
ear box OPERAilON NO. 7-3
loring APPLICATION Celtic-14-------
GAUGE NO. TOOL NO. SPEED

RPM
CT/00/07-3A 160
CT/00/07-3B

OrERI\T ION INSTnUCT ION SIIE ET.---_._--------. ---------_ ..._-
PllfH NIIME Fee.dsere" g
TYPE Or- M/C I!ori7.ontalI......_ .•~-_._._._--
STE P F1XTUHE NO.
._--_. . "--- .

3'. pr/00/07
.._----- .•_---.---.

.._----- ----_.
Step-3 :

Fixing tool no. CT.03.01.05AC1/OO/07-3A & removabld barrel CT.03.01.05ACi/l) 1/07.3D
- Drill 3 holes, I/J 25)spinc1leI, n & Ill) t
- Remove the tool, thet1move to spindle IV. ~ '.03.0:1 .051\C.I/.j~/O-'~~.~3~.

1, ..•../1 . ,/- .~/

/ I' .
/ /"-(.. ......-.

/

/'

Fi\l',,3" DIULLING OPERATION OF HOLE p5 25

----_._-_._.-
J:) E'5>I<:;;.....B V N ~ •. I ~ __ A ,,_•••_e..~ I D_.Ii!_"._"'__"_~_'r ~;A.'_._.•••_,,_ ••_ ••_~~. . ~._._



4 .
-- .._--_ .._-- -_ .._--_. -~.__._--

OPERATION INSTRUCTION SHEET
FA ii T- j,j "ME-Fe etl;'-';ew-g~;;-b-;;-;----OP Enllri-o-N-N--O--, ---7-4
........ - ---_._- ._.-._- .,-~-_.-.__ .._----_._------ .._-_ .._._-_.~------_._-_._-----_._----
TYPE OF M/C lIorizontal hod.ng APPLICATION Celtic-14 lathe--._---- .--------- ------------ ---~--- -SPEE-O- rEE5--'-
$1 F.P FIXTURE NO. GAUGE NO. TOOL NO. RPM rn rn/ n EY.
. - ..._._----~._---_ .._---~---_.~~--_. --_ •...------ .----_._----_. -----_. -------_.--

Pf/OO/07 GT/OO/07-I, 16U 0.2

Step-4 :
- Fixing tool no. CT.03.01,05I\C /00/07-4

Drill ~ 20 counter boring ~ ~6-7.5 depth (Bpindle IV)
- Remove the tool.

Fig .4 DRILLING v.\ 20 liND COUNl'ERBORING
f; 26 OPERI\TION



OPERATlor~ INSmUCTlON SHEET . _.... -- .-_ •._-----------_._._._-- •._- _._._-_._'~_ .._-_.__ ._-_._--_._----
f'ArH NAME Feed screw gear hox OPERATION NO. 7-5 _
1Y1-'EOr-t~;c---ii;;-~i7.o1~t;-lb-~~i~-ArpiICIi TlON Cel tic-lI, la the

----------.-- .- .. ------.. -.-. - ' __ e • •• --SPEEO-FEEU-----
SIr::P FIXIUIlE NO. GAUGE: NO. TOOL NO. RPM rnrn/REV .
..5.------ '-i;;:/o-o/Ol-- .-----~--- -cr7'{io!(J7-5A --~i2--0-:-2-----

..-------.----------------- -------~---.---.-i.ii7oo707--5J1 . -----. ---- .------------
-.---.-' -- ...---------- ------..- ------cT/Dlllli1=1I1-- -_. -- ------------.-

. Step-5 :

-- Surfacing spindle !l0. IVwith tool no. CT.03.01.05AC/OO/07-5A
to dimension 30~g:? '_

- Using removable barrel no.CT.03.01.0SACl/OO/07-SB and CT.03.01.05AC
1
/OO/07-7R

- Remove the tool.

I
1c.'~9~1}~::~5,,-':!loOhJ~F11-

. 1:~.77 ---.J ..--- -.:-~--.-~\>If.l.~.."',.../',~LT()3.DI.05I\C/, dOl >1\. . /' V .. /1"------------- ~'I
l,}\ Iun :1'{b).(l}/!'J/I'~O'l"'~--"'::--~~"; "'~-'~..-'~ ~I-::\~"-;;----

-"'-..-.-----------'~ "'"'"'" _ < '~~L_ /~ "'-,'" '"
'\. ',<:::" 1 1/::;:" .... ,

---// -< L..-< ./ .j __....--~=1I-1-~~',' 'M

1~""~,1,,-"':.1 ']--- ..-. I . .-~
--.•.••.~~.•.•. -,....~-...•..".....,.._~...-,

Fig .lS FACING OPERATION, 30 mm---
.D~IC;;'" By.. 114Ak:..l8

AM.....,.J:) . .bctAWl'i By.._-~_._._---------------_.__.--_._----~---
._---.-.- .._.~.-.._~---~-_.,~_.



OPERAflor~ INSTRUCTION SHEET _
- - - -_._,_._----_ •..._---~---- - -- - - - .._------------------

pAIlT NAME Feed screw fle~r box OPERATION NO.
.- - . -. ---- _ .... _---- ----_ ..,_._---- '--~-_._----'- --------_._----_. __._---------------_._._-_._~. __ ...
TYPE OF M/C Horizontal boring APPLICATION Ce1tic-l4 J"theSlE~~_~=~~~-~~~N~~~~~~E~~~.-_~-~~L-~~~-~-~~~ED--;.l~~ZnEV~~

5
- ---- -----~-----~~~.__ ._-- ._------- ----------- - ---------.--
- - ---- --- ----- -~.•.....•_---. --------- -_._--_.
l. Introduce the boring shaft no. C1'.03.0l.05I\C[/00/07-511 in the fixture

no. Pf.03.01.05I1Cl/00/07 then introduce the fac:lng tool and the lock
on tI,e boring sllaft as perfig.-below.

--;-;:,:..,'
'".>."/

_/
/

-Z. ,

2. When the slwft is in the fixture,pll1ce in $1de 1\ the removable
no. CT.03.0!.05I1Ct/OO/07-5Jl ~nd in a1.de Jl the removable h~rrel
C1'.03. Ol. 051\C1/OO/07-7B as per following figure. -

barrel
no.

Caution:

The barrel mURt be locked.hy \Is1ng the !lead screw.

,:,-,,'-_-r'
., /

Fig. "• TOOL CI,}\M,PING ARRANGEMENT



._--- ------.

OPEHATION INSmUCTION SHEET
. "-~~"- --------_ ..._--- ---~~_._-----.._------ ._-_._-- ---------------------

Pl\flT NAME Feed screw gear box OPEHATION NO. 7-6
•• __ .0 •• __ ._. __ • __ •• __ '_. ._. __ • ~ ._. •• • _

TYPE or M/C Horizontal boring APPLICATION Celtic-14 lathe

~~~_jF::~::~otUGENO ~~;7k7:;:~:r~;,~E~E~~~E~_
CT 00 07-7Il

"J:!'J'~
- Move to spindle no. II +0.0
- SurfacInp- t~"d!I,"ellsio~ 29.5_9 5 _\.Hh tool no. C'l',OJ.Ol.05AC

l
/00/07-5A

along wHh CLOJ.O] .(bACt/OO 07-711
- Remove. tIle toul

Fi\1 • .'1 : FACING Ol?E:lV\'l'lON. 29.5 r.UTI

---._---........•
NAc..l!b A'-'t--AEoJ) r .PfIl•••.'*'I"-I \3",---

-------_._---._----,-------_.- ~_._-



0.2

..~_~E!l AT'?~~II~~TJl_lL~lI?t!. _r;II_E_E~_____ ._. .__.. _. ..
f'/\llI I~/\ME Feed screw genr box OPEIl/\lION NO. 7-7

_ ••• - ••• _ •••••• -_ •• _-_ ••• _. ~ __ • ~~ .hh • • __ .~_. ~. • •• • •

TYrE 01' MIC Horizontal boring APPLICAtiON Celtic-!!, lnthe..--..-..~---.--.-...-'.--...-..-----.------..--------.-...-- ---.--- --sPEED-I' EEO-----
SIE!' FIXlURE NO. G/\UGE NO. rOOl NO. RPM _mrn/R~.: .

. . __ ..- _._. --."_ .._-_._ ....•._---- -_._---- --_ ~-_._-----_._-
7 PI/00/07 CT/00/07-6 72------------- -.------------ .-----..-----,..---.--.Ci:;oo 10 7- 713 ---

- --_ _ .._ .._-_.- .. --_._- .._- ..-.--_._ _."------.--- ---------

Step-7 :

- Counter boring ~ 35 - 26.7 + 0.1 deptlt with tool no. CT.OJ.OI.05AC[/00/0'-G
and removable barrel DO. CT-:-OJ.oi.05AC[/00/07-7B

- Remove tIletool altdmOVe to Apindle n~.II.

)~>~.-:<~~~01~J! I;0-:.~1~0;~;~:';~tin"0<"",/01107"'- ""-'-'--'--~"-_.:>.-" I ,~-, ..,_.-'\.._~--'-.,.~~ . ('
1,vt;I()(-'rc:)(.!lYtEt1 ~.~OPIN6 7'-'01-5'(1...., .._._ ..__ .. . ....._---_._---_ ...-._----

-:::.:.~c::.:-:; _ hZ). ~:r.O?>;Ol'O';;/I~I/~(')f'?i'- (; .

I

Fig. S FlICING liND COUN'l'E!H30RING OPEM'l'ION----; .,.;.; ••••-~~---;;~ .•.;-a, __~_~~';~.I\-'-T---;~"..,.. B'r - Po. oS"A"' •.••"'-
-:-----_._-- -~-----_.----_.- --- ---------_. ------ ._~_.---_.-. - ..., ._-".._-.

5"1



8

OPEflATlor~ ItISIHUCTION SHE ET
." - ,- _. _. ,- 0••. _ • __ • __ • __ .~ • •••••••• _~_,_ ••••• ~. __ ' M._ ••• _._ ••••• _, ••••

f'AnT. __II", t:'1..E__E,,:.~_~s=_r.,,~_'i:n~._1'.,::.. .. .?r~_E_rl~!_,~rL!~o_.____7- 8 . . _
lYFE or M/C 1I0rizontnl boring APPLICATION Celtic-14 lathe----..---- .. -...-.--------..-.~--------.--.-' .------~-- --Sr'EE-D-- F-EEO---.-.
SfEP rlXlUrlE tw. GAUGE NO. TOOL NO. RPM mm/nEY .
. ,".- '._-'-'~"-'---'.. ----_ .._._._~--..._-----~.--_. -_._--_.- ._--. __ .__ ._------

1'£/00/07 C'l'/OO/07-10 160 0.2...-------..-- - .. 00.-.--.-------- CT!(j[j/6]=7B-- --
.. _... _--"----'-.'-"'-' __ ~__ . •__ ,_~._~w__ . .._." . •__ • .... . .~_._. ._

- Bore one ,j, 21.8 through and counter bore 9128119depth 7.5 with the help of
tool no. CT.03.0L05/1C/OO/07--10 and removllble barrel no. CT.03.01.05!1C[/OO II7-1n

- Remove tile t601.
'0..'-'. () ~.OJ, c>_~J:IC:11(lO/o.I/.-:_! 0._

- •• ---- -00- - __ .00 -... • "", "', ' ej-i{p' ", "" ,,"
'-, ' ," , ..., -::--1 " \" '\
,,-~- -\..- _.\,_ J_ _ '___ "..:.:", ~

'\
I,) ,

\ \ \ \
l"-\\~/'L~\'

,'-

I,';g •. <9. : BOilING OPERl\TION, pi 28-_._--_._----



._ _~ _-..•__ . -------_.-----....... ---....-._-----, ...•. , ~.••..•~.~.-....,.. .~~~-_.._----_.- _._ __ _._----~-
.9 I'f/OO/07 (:T/(l()/1l7~Jl Ir.O O'OS-...--~.•.~.~~~=_=':~.~~~~===::=.~=-~-'~_:=-'-'::,!~'/iHi!:~~~:'ii\-=.:===~==~_~==:::~~~-=~

.-------.--- •• __ w' __ ._.~ • ••• __ ._~_._._~ ••••••• ~'~'O _

OPtllAIiON INSHWCTIUf~ SilEO
i;MIT fil\t4E--I;~-~d-~-;;;~;-.g-;.;-r-I~~.x . 6i';-EiiATI 0 rl'--IIO-'---7:~;
•. - .•..•••• _-.. -_._.- ,. '-------_._-_ ••_--~ •• _._--_._._-_ ..•• ,," •.• '---'---'---'."-- --- •••.. - •• _---_._---_ ••. _+---- ---_ ••. _---

lYrE OF l,lIC 1101:17.0111:11.1.hOl.lllg IIPPlICAllUfl C,d.llr-I', 11I11t".'. '...-....--.. _- .....---..--..----.--- .. ---.-- .., '-_."._- .-.---...-... -..-•.-_ ....--. S"j-;[EO--'- f' EUj---.-.-.--
$11,1' r-IXIUrlE NO. Gi\UGE NO. 'fOOL flo. n PH 1Il11l/HEV .

- BOI'e olle <f, 22 H_7throl .•"h. WI.I h
lool no. CI.03.01.05AC1/OO/07_11 nlld removahle ba~rel no. CI.OJ.Ol.05ACl/uu/r)7_71~

- Remove the tool~

. ~.'.!_t.?~:\).LQ;;t:>r:.I/~(lt:rl::.£!.._

- - - --. -.- -'''-\-. . " " ,.L ;._, -- . "\ '\
\. ,7:J \"?r.:.'\ \., ~ \ "~_r,~~ \

- .~.-~"--- ---'-- -- . . - - _:'\. \.

. ,



OPER/IT IOt~ INSTRUClION SflE ET
-_.. ".-._ •• - - - -. --.------- •• ---.-.--.------.--- ••• --.-__ _ ". __ ••• --_ •• _ ••• _0 ._. •• ••••

!'/\fH NAME Feed "crew gear hox OPERATION NO. 7-10
....... ,- .' --_ ....•.... __ .. -.. ---,_ .. _._------.-._-_.,---_. __ .._-- -.-.". -_._- -_.__ ._.._-._---_. __ _--_ __ .._ ..•._-_ .

TY_~E_~..!:~~C_I~?_~.:!__zonta ~~r ing ~!'~~~.(\TI0N Ce 1t ic -14 1" t he=:] SPEED-- r-EEO-,------;':~~~•.F~i~¥;~;~AU;;;,~~::;~~;,M~:~rE~=
~~e-10:

)lodng In spIndle T, II ,,1.1.1 3 din ~ 27.8, 26.8, 21.8 In Une usinp,
tool no. CT.OJ.OI.O'ii\C1/OO/07-711 and removable b"rrel no.CT.OJ.OJ.05I1C/OO/1 i-7'"

- Remove tile tool.



,.

._-- --------_._------_.~-----
OI'CHAIIOH IllSlllUCTIOtl ~;"EtT

'"" .. _--------~._..••.~~_._--~._--..'._._--- ...., '-- ._,..~-- .._------_._ .._._ ..
('I\HI 1'111;,1 E Feed At: rew gco c hox UP E HA"()/~ ,./U. 1-1 t

....... "'._. - - "-'--'"",,,--_._,---,,- """-'~------:..__ '•.., "--------'-._-_ .._---_._~._-~.._._----.
IYI'[ or r-1lc lIorJ.zolltal hor:l.llg ;\I'I'LICAllor~ Celtic"II, I"the

.~'~~~~~~~I;o~~;:~"~~~~~:i~6~~~i}:'~~~
1\01':1.111' 111 "1'111<1.!.e :r. II & III dt'" ~ U .II'{ 9.7'I?Z " '7 111.1 :1.110 ",;Jill'
tllol 00. C'f,03.01.0:"\G)/OO/07-,Si\ ollli ro,,,ov,,!>.!." burrel no.CT.OJ,lJl.05AGJOO/1 l-i3

11- HCllIove the tool.

55



"

OI'E/li\TIOt,1 INsflWelluN SIIEETr;/\ nr -11Ai,lE--lc.;~-,i-;;;;-;:-~-;"-~~~;-;:-i;-~-;;. 'ojiEfl-Xfi"o;,nlO:'--7 =[2------ ..-_.
.. . - ..,--- .... - .._---._-_._----'-- ....__ .~_._.._-----~-"..'-" ..•.".~_.-.._--_._- ..•._--- ------_._- ..._------_.
TYrE or M/C i1od7.0"c,,1 bod"" i\PI'l.ICi\110tJ Coll:.lr.-l/, lnthe

~!~,~~~='.~~~~i.~~;~~/~7N~~I.G~~,;~-.t~~~-~~~~~)~~~9 .'-tit~T.P~=~:~}ii;~~;[~~~.
....- -.. "---'--, --_. '-----, -cii?uulifr-=-iii-.---- --- ..,_._.-.._.

, ...._.__ .._-_ .•__ . -- _ .._--- - . -._-_._._-----
.s~.c1'- I 2 :

.. llor:l.nl) in "1'lndIe I, ll. Ill. Ohe dI" . 9l 2.\'l 1\7 In Hne udlll)
tool no. ct.03.0l.05ACI/OO/07-.,> nnd removable barrel no.c'r.03.0L05I1Cl/OO/' 1-71l

. - Hemove the tool.

J._-~J~.'\'f.'. '\ \ .

'-.~""-~~--"':'-'-/ .

FiY•. !3:

.". - -'-"~
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Part Name

Application

Type of machine

Operation No.

Feed screw Gear box

Celtic-14 lathe

Horizontal boring machine
7

Description of the steps Tools &
gauges Feed

RPM mm/ l'<'~V,

1

2

3

IJrilling three holes of
diamet.er 20 mm for spindle
I, II & III (From left
side of the fixt.ure)
Fig.4

IJrilling t.hree holes of
diameter 26 mm for spIndle
I, II & III (From right
side of the fixture)
Fig.5

Drilling t.hree holes of
diameter 25 mm for spindle
I, II, III 8, IV (from
mi.ddle of the fixture)
Fig.6

Standllrd IlSS drIll 224
of dill 20 mm,
Gauge: Vernier

St.andard IlSS drill 160
of dia 26 mm
Gauge: VernIer

Stondard IISS drill 160
of dia 25 mm
Gauge : Vernier

0.2

0.2

0,2

4

5

6

IJr'ilJing hol c of din 20 mm
& counterbor'e of dia 26 mm with
7.5, 10m depth for spIndle TV
(from right side of the fixture)
F:ig.7

F'acing :for spindle IV with
I, , f' 30+0•0 I h(lJnenSlon 0 _.. -0 '1mrn(Cpt

.(from right side of the
fixture) •
Fig,O

Facing for spindle II with
I, . f 20 5+0•0 ( .<. l_m, ens1On 0 .;1. "-0 ~ ./rom
ri.ght.side of the ri~tUl:e)
Fig.lO

57

Compis:itc HSS
drill of 20 &
26 mm din
Gauge: Vernier

End mill cutter,
Gauge : Vet-nil'll'

End & Face mi II
Cut tel' '1 •Gauge: Vern].cr

160

72

72

0.2

0.2

0.2



Feed
HPM inm/l'ev.

Tools &.
gaugesDescription of the steps

===~=========================================================================
7 Counter bodng of dia :~5mm End & Face mill 72 0.2with dimenGioll of 2(). '7 + 0.1 cutterdepth (from dght side of the.fixture) .

F'i.g.II
8 Boring of 21.8 mm through Boring Tools 160 0.2and counter boring of 28119with Gauge: Inside7.5 inmdepth for spind.!e IV micrometer(from right side of the fi.xture) (25 - 30 mm)Fig.12
9 Final Boring 22H7 for spindle Boring Tools 160 O.Or,IV (tt-omright side of the Gauge: Go, No gofixture)

F'i.g.13
10 Boring of 27.8, 26,B, 21.8 mm Boring too.!for 160 0.2through for spindle I, II, III 27.8, 26.8, 21.B mmrespective (from rillht side of Gauge: Insidethe fixture) mic['ometerFig.W (20-25 &

25-30 mm)
11 Fianl Boring of 2711'7,22H7 Boring 1'001 .160 0.05for spindle I, 11 & III(from right side of the Gauge: Go, No gofixture)

Fig.15
12 Final Boring for spindle Boring tool 160 0.05I, II, III (from dght side Gauge: Go, No goof the fixture)

Fig.16

-------~--_._----------------- ••••• --.------~- -----------~._----- ---------- ------- --- - ---- ._ - - .0

.(



The defects identified in the existing instruction sheets hove

been corrected in the proposed method. The main features of the
proposed method nre described below.

In the proposed Instruction sheet" along with the necessary

informntions like cutting t60)". gouges, cutting "peed, feed etc.

are specifically mentioned. Cutting tools Bueh as drill bit,

borin" toolo, counter boring t:e,ols,reamer etc. used or'e "hol~n

(from Fig.s to Flg.\S) with specifications. The relotive position

of the tools, jill-fixtures arc nl90 mentioned in the sheet.. FOI:

reoming and counter boring operotion, no special machine is

required. With the help ofn multi edged cutting tool i1: is

UBuolly done on the same machine that is employed for boring

ol'"rotion••. Thot menns nIl the drilling, horin", counter bori"I(,
reoming operotionB ore performed bya horizontal boring machino.

Cou"ter boring operniton moy be dono by the usc of 0 tool will,
pilot or without pilot.

~ri:J.- -. --_._ ..._-'" .

_lS.:S:S:S:SSS33Y\\ \ \~TI .

. I
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'1'001. without pilot hua heen recommended for counterhorinll
operation. In thoae cusoa the Jig would guide the tools. The
drillinll is to he performed hy the drill with the I,elp of D

romovable barrol fixed in tho Jig (Fig. I~). Tho inside diameter
of tho removahle burrel is Ru~e Us tIle diumeter of drill ond tIle
outside diameter of the removablo burrol in sarno os the diameter'
of the cOllnterhoring tool Us shown below:

III the followinl step the drill ia to I). POBRed tllrough the
workpiece. After moking tI,e hol~. the barrel io rcmo~ed from the
jig and the counterboring tool is nsed os shown below.:

GO



Tile ',lock portion of lhe workpiace shown in the ohove fi~j~is the

:>:olle of counter"boring. In thi" case, no pilot is necessory since

the bush of the jig guides the tools. 1I01~ever, for: doing tlti",

considerable amount of time would then be saved and olso qu.nlity

would improve. In order lo get lhe quality product the criticnl

dimension must be controlled by different precision measur'ing

instruments such 111'1 micromeler, ~nugell, vernierll elc. In lhe

existing instruction sheot there is no information regArding ony

'''I<:h instrumenlf1 • .1n the l'ropo"ed tllnlruction shect the nome of

the illstrumnnt" to be used for mennuring the criticnl dlmcnnions

hnve been mentiollnd will. lheir proper specification.

Core must be laken Bothat tho SUrface of theCeed geot box

cnsing is perpendicular to the spindle oXif.l, otherwif.le accurate

dl"illing operation will riot be performed. Considering 011 these

fnctonlin the propoRed melhod, 0 boring fixttrre hosheen

delligned to hold the fec,. geor box cosing properly for <lr1llil18

nnd horin~ t:l.e holos from left nnd righl hond end surfoce

. In this proeesn tile holen can he drilled quieklynn Nell A3

. nccllr;ololy. Cllllnplnl( t.ime nnd !lott.illlt t.ime cnn be reduced lo 0

Krent eKtcnt hy Uoing the boring fixture.



'.

3_5 DESIGN OF A BORING FIXTURE

Boring fixture may have the characteristics of a drill jig or n

milling fixture, depending upon the type of boring operat; on.

Boring is usually accomplishod with a single point tool and. tile

size of the hole depends upon the adjustmeht of the tool within

In the oaae of incot'rect hole 10(>8tion. and btlt of roundnesR of

boring tool it remoVIlI!' morC mateJ:'ial from one side of the hole

than h'om other and does npt follow theax1s of the original

hole. 30 care must be taken to avoid inaccuracies arising out uf

these factore.

Boring fixtures are divided into two general classes. In one. the

fixture guideI' the boring bar, as in drill jigs, in the oth"r.

the fixture holes the work in the proper relation to the bar. aB

in. m111 £ixtuxes. The particular class of boring fixture to I",
used depends upon tho type of boring bar, the type of bar' j nr.

machine, or both. lloring bars ere generally classed as a stub

bar, a single-piloted bar, and the double or multiple-piloted

b~r. The boring fintureB are generally used for Rm811~Jnl
production or relatively large workpleces.

The propoeed 1I0dng F'i,l(ture and the eKletillg' flaring Fix!;,,"" "i

Feed Gearbox w~re encl~eed in ~ envelope attached with the 111~irtA

back cover of the theel-I;!" All the llecessary part drawing of the!

Fixture have been shown ill Fig. 17 to Fig. 37. Few part dt'flNinll

were takell fro$ th.,~l(istlng Fixture with modification of

appropriate dimensions.



PART LIST FOR DORING flXTunR or FRHD SCRRW GnAUnOX
OF cnLTlC-14 tATRH

Moleriol
Qt, ty.
req.Pnl-l NnmnPIll't No.

=~=====~===========~~=======================~===========~========
I Clnmping !1crClt 2 nMS-(;
2 Support hor 1 DMS-3
3 Bush 1 BMS-3
1\ Screw I IlMS-(j
(; StoPOl' pin 1 n/.ls_.1)
6 Sockel hcnd ~ef'e", 15 lI~fS-5
7 Doring column 1 MfS-:}
0 IInse plnie I IIMS.-:1
9 Support 11iooo 1\ BMS-3
III EXtOIlBi.I!rl "lece 2 lIIfS-:1
11 I.ocnling pin 2 IlMS-(;
12 Reor guide holdIng 1 1It.IS-5

~

13 I.ocnting pin 2 nMS-(j
14 Itork rellt 2 mfs ..1)

~ lG BONel pin 6 fl~fS-1
Hi !Jor-Jnl!col.umn 1 BHf;--3
17 Fixed bush 3 ll~lS--7
III Fi>led bunh 1 BMS-7
19 Clomp pin 2 nMS-!)
211 Stud .2 !JMS-5
21 Work res t 2 n~fS-G
22 Cloml' 2 lIMS-5
23 Conicnl !loot " IlNS-(j,.
24 Sl'hedcnl Nflllhcr 2 n~IH-5

Go3



PART LIST FOR nORING FIXTURR OF FRRD SCRBW GHARDOX
OF CRLTIC-11 LATHR (Cootd.)

Matet'lol
Qnly.
roq.Port NomePat.t No.

==~=================~====================================='======~
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SUPPORT BhR (Part No.2) & BUSH (Part No.3), '

----,-_ ..-_._-~-----._...- ..---_.,-_._._--------- ----,-_._~.- •.,._"._.•.•,••••, •• * .•..•__ ._-----

Fig.18 , 'SCREW (Pa~t No.4)'
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Fig ••,9 : ' ~:-STOPPER PIN (Part No.5) v("77)
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Fig.20. - LOCATING PIN (Part No.11)
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FIXED BUSH (Part No.IS)
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Fig.2S .. CLAMP PIN (Part No.19)
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Fig. U~-, .. FIXED BUSH (Part No. 17)
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REMOVABLE BARREL (Part No.32)
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I. Position of the loeoti~g-pins nrc ensures the stotie
stability of the part.

2. The surfocos of the loenting pins nre moehined ofter
o9se~bllng tho pins 90 that uniform reference plane con be
obtAined.

3. The lncolin. ~"rrnce areo nrc kept os smnll as poosible to
ovoid burr from previous mQchining.

1. The locatin. pins con easily be replnced if neeesBory.

6. The number of clamping elements nre leGS than the loenting
pointB.

IL The clomps nrc in 0 position to Op(H"atc On a wide ronge with
Bufficicnt strength nnd stobility.

7. The clompi". mechn"ism become very simple.

8. The weight of the fIxture is such thatlt con be turned
cllsily by 1800•

9. There is 8 ~rovision to usb a number of removable harrels of
different diameters if necessary.

10. An intermediate SUPPort zone is introduced at the mid
Bcetion of the fixture. te provent diatorsion of the long
bering bnr.

11. AU the bOl"lng operation" will be done on a'single machine
nod by single olnmping.

75



3.42 ADVANTAGBS OF TUB PHOPOSBD FIXTUHB

The advantages for usini the said fixture can besummerized
as follows:

1. The part can be located quickly Bnd held rigidly.

2. The fixtu~e CBn reduce working time in various phases
of operQtion in the set up Bnd clamping of the part.

3. The boring operation can be done more accurately a8
BS well as quickly.

4. Setting time can be reduced to a great extent .

.'5. Skilled operator will not be required.

6. JOb rejection will be minimized - since the various
types of manufacturlng defects will be minimized due
to the introduotion of the new fixture.

7. It can contribute to B considerable reduction in the
cost of macbining. aasembly. maintenance, inspection
etc.

B. It lower the tool cost since costly reamers are
replaced by relatively gheaper bOring tools.



Tool~ Foctory Steel. The followinK table shows the compD~ition of
row materials of slructnral ond constructional sleel.

Tnble-2 Stnndo~d composition of row mntc~inl0

D1'my An!llysisof Ch_lcnl cOIIIpOsitl.onI.npercentoge1'!oteriol Rcf. ~----- . _
No. C Mn 81 r~ ~===~=~=~=~====~~======~~c~r.n~~=====~~==~~===~~~======~==~========~===========

rlUd steel nr1S-1 0.06
0.14

0.:1
0.6

0.05
0.3

0.01 0.01

0.060.050.360.6
0.9

0.09
0.16

Dr"S-.2
-~~---,._------~------------_._-------------------------------

0.010.040.1
0.4

0.1
0.7

0.15
0.26

D1'IS-3
----------------_ ..•..•..._-- •..•_ ...._------_._----------------

-----~._---------------------------------------------------------------
0.0:15

0.0350.04

0.040.1
0.4
0.1
0.4

0.6
0.9

0.6
0.8

0.:12
0.36

0.12
0.40

-------_ .••._---------------_ .•.•-----_ •...•_---~-_._-----------
II"S-1rlodiulll

c"rhon
ot(,cl

-----'------'----_._---- ..••_------------------------~-'------_ •.•._ ..._---- ...--_ ...•._--
)lill" corbon IIMS-6
ateel

(l.r.
0.6

0.5
0.8

0.1
0.4

0.01 0.0:15

0.0350.40.010.5
0.0

0.9
1.0

D~t'3.-7
--_ ..__ ...~-.•.._----------------------------~--------~----------

---------_ ..•._-----_._-------_ ..•..•._ ..._------_ ..._----_ ..•__ ..•._-----------..;.,--------------

These reference number i.o. OMS-I, RMS-2, BMS-3 etc. ore not
internationally rocollnhed. But the BMTF authority follows itil
own mnterinl code for simplification of material handlinK. To
procure the desired raw material from abroad, it is necessary to
convert the 111'ISno. into Internotion standard. The equivalent
inlln-nntionnl standard correiJponding to the IIMTF standnrd are
~ho"n in the following table:

7'7



mifF rrm m'1l;~dol (t.h"lr corrct!lponding
inter.notiollal "tnndnnl,,)

DIN

1.0301
CIO

JISAIS I

CIOOg

AYNOR

Xc-IO
Ad"

Roloted Intornationol Standard

D.S.
•...."".~-_...._ ..._-_ ...••_----------_--:._----------------:-

IlMtF
Ref.

No.
Mnleriol

MlId steei

1. 0101
CI5

.01051
S200

C1l26Xe 12
1137.M?

Nn 2R--~----~-----------------------------------~--------------------1l~1S-2

1.0102
(:22

01091
. SIOC

CI0201120c
1m"2

fln 30\
-.•._-_._----_._--_ •.•._---_.~_._-------~------_.•.._---~~-~----,_..•.•_--

_._-------------_ ..•.•_--- ..•.._-----------------------------------------_._----------

1.1101
ck-35
1. HOI
CM5

01051
.G'36C

01051
MOO

01035

Cl015Xc15f

fln 3/\

fln UD.llt-f;'Hi
-~.__ :..._------_ •....•.._-----------------------,_:.._--_ ...•_-----.:...._--

------------------~-----------------------------------------------------------

Mcd .i.• "" mfS-1/
cm.bon steel

1.]210
CK-53

1.17(;0
CHOWa

01(-5

(l105i
S55C

Cl050

Cl09G

Iln 430 Xc-66f

~-.•..~~--~_.••.__ ..••_-'"--------.-_._-----_ ..~..._------_._-------------------
Dr1S-7

DMS-6

------~-----------------.••..•.•_ .•.•..•..•_-------------------------_. __ ._------------_.------

High corhon
!ltecl

In the (>rev.t01l9 tohin D.S., IIFNOIl, IIISI, JIS nnd IJIN nrc thc

Atnndords of Dritnln, France, Amcricn, Jnpnn nnd Germany

r.e"l'cctively. The mechonicol proportloA of tho. nb'ove mentioned

row "oterinl hnve beon nhown in tho following tobie.



~able-4 : Mechanical properlies of steel materials

lIardrieA8
110ft onnee.
aiod liD

Elongation
(L " 6 d)

%

Tonllile
fltrcngth
N/mm

Yield
point
N/l1l1!!

DMTF
Ref,
No.

Material
----------------------------------------------~--------------~~--

-------------------------------~---------~-----------------------
Hild steel DHS-l

IlMS-2
DMS-3

29(1

296

490-610
690-7!l0
490-640

16

14
22

131

146

156

----------------~--~---------------------------------------------
"""II. II'"corbon
!'Iteel

OMS-Ii
J1~IS-5

366

110
500-730
(l60-UOO

19

16

193

2011

-------------------------------~----------------------~----------
/Ill'lh
c"rbon
Alecl

lI~4S-6 lOtiO

DMS-7
1200'-14tiO 7 210

217
- ..•.•-----_ ..•------_ ..•...•.--_ •.••----------- ....--.••.-_ ..•----_ •...-----.- ------,-"" ----

. ,
From the tAble-II, it AN'enrn thnt 8MS-l, nMS-2, n~IS-3 hove good
formabllit, and Holdnb!lit" but the, do not hnve enough
hnrdcnnbility. Fn,,'Il the '1'01>Ie-4U. Ie oIso lIho\.mthnt the yield
rol~t nnd tenello otrcngth of thOBe mntorlnle oro low. for thio
renflon these mnterinl~ nre not bhogen for the purpoAe, Similnrly,
for th" tlatorials of 1J~IS-6 alld IHlS-7. have low formability. Out
tho hardneoB nnd wonr roslntance oro relatively high. Considering
the desIgn aspect, not onl, the hardness but also other
propcrtiell finch os formnbility, strength, ridig!t, etc; arc
b"portnnt oqunll)", That illlwhy the90 mnterinlB nre 1I0t Rolocted
for' filcture.



Considering nil possible factors, the selected materials for

boring fixture and DMS-4 and DMS-5. Tho characteristics of theso
motorinl nre:

i. nigh fntigue strength ond toughness

ii. Higher strength and reosonable hardness
iii. Higher rigidity nnd shockproof.

TheAe nre the lower cont steol materials nnd may be considered
for olh~r nppllcnlion nlso.
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4.0 ECONOMIC ANALYSIS

The aim of all industrial activity is to serve cheaper Roods, so
that they are within the reach of all men. Jigs and fixtures are
utilized to increase production, and reduce costs. The money
spent to increase the production, On the manufacturing of
aidignequipment is justified only, if the final flccount:shows a
profit. Therefore, before starting the design and construction of
jig .or fixture, its (H:onomical analysis must be worllcd out, If

the item to bo produced Bl'e few, then R large investment on the
ji~ or fixture will. not be jUltified.

DI'oak'even qUllntity of the feed gear box to be prodtlced to meet
the cost of the fixture.

Let, N A '" Ann\1al product ion quant ity i. e. No. of the VeedGen~box produced in a year
= Cost difference of machining per piece

The cost difference machining is determined by
Uc = "Ao - I~AT

where,

RAo = machining cost per piece without fixture
E A~= fflBChiuins cost: per piece with fixture (estimnted)
JA = de~reciBtion of fixture (Tk./~ear)

The following some criteria may be f~llowed for the
economic conditions for the use of the fixture.
i) NA, Dc < JA

Ii) NA• Dc = JA
iii) NA, Dc > JA

The fixture is not to be adopted
The adaptation of the fixture depends
upon the policy of the manager
The fixture can be adopted,

/1. 9,2



The manufacturing cost of the fixture 31 is the sum of the
design cost, manufacturing cost and inspectiun cost.

Manufacturing cost includes cast of moterial, operntiol,ul
cost such as machining, assembling, adjustment etc.

To compute the unnual east for the fixtUre the followil,g
procedure may be applied:

Manufacturing cost in fixture
Depreciation of the fixture
Life of the fixture

Hate of average annual maintenance cost

Tax rate for aUnllal fixed ussets imposed on toolsof assets value nnd insurance rate.

Average interest rate imposed or harrowings of theCotnlH!uy.

Let,

31 =

.J A =

n =

"'- =

(3 "

i. =

to the following formula:
Then Bnnual cost of the fixture ann be computed according

=
1(1 + i)n

J 1{----.-- ..---,..- ...- + 0/. + () }
(l + nn - I

The approximate break up of the manufncturingeost of the
Bori.ng Fixture is gi.ven below. It may be menti6ned here
that t.he data of the cOst.ing has been tallen from t.he
production, planning & control department of "MTF.



Cost analysis of the Boring Fixture

i) Total mater{al required = 230 kg.
Material cost (Tk.35.00 K 230)

ii) Total approx. labour hours = 80 hr.
Total labour cost (Tk.22.00 K 80)

iii) Mnchining DO$t • 1'k.93.57 x 80

iv) Administrative overhead = Tk.27.29 x 80

v) Profit murlin = 1'k.15,478.80 x 0.1
(10%)

vi) Des:ign cost

= 1'1(,8050.00

= TI<.2560.00

= Tk.26B5.GO

- Tit.218:3.20

= 'I'1,.1547._S0

= TI<.20()O.OO
After annlY!ling all these it has been estimated that the

manufflcturlnl{ cost of the said fixture would be
approximately Tk.19,026.68.

Hence, Jl = 19,026.68

SInce the bor:inll fixtu."" has b",en designed for lonl( ter-I!!

production, the life of the :fiKlure is considered as 10
,years.

Le. tl " 10

Genen"lly, '" = _ 10%

From the Account department of BMT~' the following lnfor-"

mation have bean obtained for the current financial year.



Aver-age interest rate (i) -- ID%
Annual tax rate = 4%
Annual insurance rate = 5%
Annual allowance for repair - 10%
Overhead cost = '£k.27.29/1abollr hour
Machining cost in ero shop = '£k.33.57/machine hr.
Labour rate '" Tk.22.00/1ahour hour

Hence us defitlod earlier

0.04 + U.05 + D.l = 0.19

19.026.68

J A

=

i (1 + i)n
.J 1{--------------- + ot. + (.l }

(1+i)n-1

0.1(1 + 0.1)10
{----------------- + 0.1 + O:19}

0+0.1)10_1

= 19,026.68 x 0.453

= TI<.8619.08

Hence, the depreciation per year is '£1<-8619.08

'£0 find tllS valUe of D

Now,
= EA -,.

EAo - machining aast/piecs without fixture

(Inbnurrnte • machining co~t + overhend rate)
K No. of hours required in machining in tbciexi.ting mcth6d.

=

(34.00 + 39.32 + 32.6B) x 10
I'll. :I oon. GO
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DlR.chin,ing cost per J:d.t~ce with fixture

(34.00 + 39.32 + 32.64) x 2

= '1'1<.211. 92

E A.,..
= Tk. (1059.60 - 211.92)

= '1'k.847.68

Now, if the fixture is to be used in the boringoJ>c,"oUon

then the third criteria of this article must be satisfied.
From the third criteria it is shown thot

JA
)

Dc
8619.00

> ------_._.' .. _'-
847.6B

) lO.l

.~ .. ):From

~the
than

veloUa
the nbove"U: can be concluded that if. the number of

feed gearbox to be manufactured in a year is more
11 then the use of fixture is justified.

The procedure for the net cost reduction hy using the
fixture is given below:

From the earlier analysis it is found tllat

=>
=)

=>

.HC.NA > JA
RAo .NA EA,..NA

(IlA .NAl'

>
+

> o

- E:,
'A



If the values are put in the above equation, then it: is
found that

= l.Ofj£I.GO

.1A+ _._--)
NA

(211.92 +
8GHl.OH
.._-._---. )

1B
'!'I!. :lG8.!J4jpc.
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The eR1sUng m~t:hod of feed RC'"eW genr box cnslng of ce1t:ic-11

IAtho wns studied throughiy nnd the problems that arise were
identified. it wall foull(lthat most of the operational problems
come from faulty location of boreo with respect to ench other. To

eliminate the operntional os well 8S manufacturing problem a

Doring rlxture woo developed.

The following conclusion cnn bn drown from the project work
p",rforP'lod:

i. DurIng the boring operation of feed Rcrew gcnrbox
casing of Oeltic-l1 lathe, 00 performed in Donglndesh
"nchine Tools Fnctoryttd., the boring fixture con snve
a tro~endous nmount of efforts, machining time,
operator's fatigue ond ultinately lower down the cost
of production to 0 greoter extent.

ii. Rectlficolion work con be nvoided by odopting the
propoRed method since nil the operntions are performed
perfectly. Tilere is n provision to ncasure tbe crllical
dimonsion" by gouges. With the ollminotion of
rect:ification work mon hour cnn be saved to a «reat
extent.

iii. Detter utilization of the machine can b~ possible with
this prece~o. In this cnse the type of machines of caeh
operation nrc defined. For this reanon there is no
problem of selecting machines and the appropriate
machine is selected for the nppropriate Job.



iv. Since the rote of reJ~ction is expected to be low ond
at the saNe time quality of production is expected to
be improved, interruption of production torget schedule
con be ovoided by implementing tho proposed method.

Till" proJect work wi 11 nerve I'll An Iml'ortont document for future

Hork And CAn bo l~plem~nted aecordlng to tho procedure given. In

thin project only the method of horlng operations for feed ncrew

gC'lr box cool.n« hove been con"ldored but in general, for 011

other porto of the Celtic-14 lathe, the some procedure con he
fo 1lowed.
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