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CHAPTER 1.00 1

INTRODUCTION

Bangladesh Machine Tools Factory Ltd. 1= the largest
enginegering manufacturing arganization af its kind in
Bangl adesh.This organization is engaged in production of
machine tools.pumps, textile machineries. ratlwav
equipment, power supply fittinas and many sther engineering

prndhcts.

Quality is a major problem for this oraoanization.Some of
thae products are manufactured in handreds or thousand
pieces but without baving a well defined prodection
process.Eood are praduced here as in a job shop. The result
js non—-interchangibility,poor quality and huge machining
time, Most aof the times customers are dissatisfied with the

products.

BMTF has a gear manufacturing section consisting of gear
shaper.gear hobbing ,shaving,gear grinding.spiral bevel
generator and allied machineries.fAt present BMTF is
productng right angle spiral bevel gear box toc he fitted

with desp well turbine pumps.

Froducticn of guality gears cannot be achieved if all the
operations e.g. turning, braaching, gear cutting, heat
treatment,grinding lapping etc,for manufacturing tha gears
are not upto the mark.The present work aims at providing a
suggestion to the existing manufacturing process of spiral
bevel gears to improve their quality with increased life at
a lower cost and less manufacturing time. i
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1.81 EXISTING METHOD FOR PRODUCING SFTRAL BV L GERRS

EMTF, at present ,1Ls producing Spiral Devel gears to be
fitted in right arngle gear box to drive deep well turbine

pumps .

Producing spiral bevel gear is a lengthy task.The existing
pracess of manufacturing spiral bevel gear is schamikbtically

given in fig

The problems af the existing method of manufacturing are

discussed in details in chapter 35.00
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1.@2 TYPES OF MANUFACTURING DEFECTS OF SFPIRAL EEVEL GEARS

P

Following are the commen mantufacturing defects found 1n

Spiral bevel gears prodoced in BHTF.

1.

Less surface hardness..

This is due to insufficient carbon penetration

during carburizing.
High distortion of teeth

Thizs ig due to improper positioning of gear ddring

guenching.
Burface rrack during guenching.

This 15 caused by axcessive rapid ecooling during

quenczhing.
High noise during ocperation.

This= is a combined effect of machining and

heat treatment faults.

Generation of excessive heat during operation of gears.

This is alsgo a combined effect of machining and hesat
treatment errors.

The teeth are not concentric with reference to the axis,

This fault arises due to improper method of bore

grinding.
Longitwdinal contact is not &t the middle of the teeth.

Thiz is dues to insufficient develupment of testh

contact pattern during teeth cutting.

Backlash is not constant. .

This is caused by improper heat treatment and / or

improper method of bore grinding.

(o))



1.83 AIMS AND OBJECTIVES OF THE STUDY

The existing process of spiral bevel gear manud{ acturing was
closaly observed and found that problems of lesz surface
hardness,.high distortion of teeth and surface cracks Aare

generated durina heat treatment process.

The rest of the defects i.e. high noise,aeneration ™ of
BXCESSLVE heat,eccentric teeth,unususll teeth contarct
pattern and non uniform backlash during coeration are
directly related to accurate location of the ground bore of

gear.

The project work aims at solving the sacond group of
defects. The cbiective of the study are as follows 1-—

1. To study the existing process of bore grinding and
tg obs=erve the problems caused by the existing

process,

2. To modify the existing precess of bore grinding and
develop a more scientific method for the same.

Z. To design and develop the required bore grinding

fixture.

4. To make an economic analysis showina the advantage
af using the new fixture.
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PROBLEMS  CAUSED BY THE EXISTING METHOD OF MANUEACTURING
SPIRAL BEYEL GEARS
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2.81 THE EFFECT PE EXIGTING BORE GRINDING PRACTICE
. DN GEAR PEREQRMANCE

The sffect of existing bora arindina practice are 1

il pitch circie runout &
{i{7 lateral runpout.

Thess two affocts are described b-lnuuhﬁ.t ,
-t - .- :: . . i N
. ) = -1
¥l
41 Piteh circle runout. &l . I=C
v M 7
\ E “At5 OF ROTATIO y i
- . - TATON ///
an "'b\ . LY | . - \ 'f -

X
N

Fig. 2 Pitch*circlie runout
1t is caused by eccantricity botwepn the mounting axis and
which tha tewth wars generated. Pitch

particularly harmful begcsuse oOf the
a direct messure of gEar

the cmntear about

circle runout s
resul tant non-1linear gutput and is

aquelity.

i1} Lateral runout.

Fig. q Lateral runout

This is & latoral movamant of qear i
rotdtion.1t <can be detected by dial indicator applving
face of a qoar.lt has the effact of causing tho pitch
rungut radially with & rasulting functional arror.
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2.2 SGENERAL SOLUTION DF pACKLASH CAUSED EY CENTER DISTANCE

CHANGE
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Simem there s an emnval ent ooening of the e les oo t he

ather side of tha tgoth. the total backlash is.

Bn =2 AG Bing ——=wwmeeos s o e (A
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-+ @5 BACKLASH CAUSED BY PITCH CIRCLE RUNOUT
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2.@% FRESSURE ANGL

E VARIATION CAUSED BY ETICH CIRCLE RUNDUT
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CHARTER 3.B8

L

T eApgnd |

W

FROPOSED METHOD FOR BCRE GRINDING

In the previous chapter it has been observed that most of
the operatianal problems arise from inaccurate locatien of
bore with respect to the pitch circle. Ta avoid this errar
a newn concept of pitch cone location has been developed.

The idea is to use a fixture so that the pitch circle falls
concentric automaticgliy with the axis of the internal
grinding machine.There will be three equal size ball headed
pins accurately located % egually spaced arround the
spindle. The flanks of the bevel gear teeth will seat on
these halls. As because pitch surface of a bevel gear is a
cone and there may be only ane piane through three peints
in space, the gear will seat concentrically and co—axially
on +the pins. The teeth will be distorted during the heat
treatment so the location will not be exact but it will
definiteiy be much more accurate than the existing method.

T I8
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ToIsFAT . X.@L.-DESIGNING OF AZFIXTURE :FOR "BORE BRINDING

. ————maa — e e — ———— — — ——

It has been mentiocned in the previous chapter that a
fixture is needed to accurately locate the gear for  bore
grinding.This Fixture is a Piich Line Chuck.because the
objective of the fixture is te' lacate the pitch circle and
piteh cone concentric mith the spindle axzis of the internal
grinding machine.In this chapter the complete design of a
pitch line chuck has been given as depicted in fig. 1lia-
d).The components of the chuck have heen described along
wlih the procedure of manufacture of its various parts.

Item no.l

[+ is a 30mm laong simple bholt,three in Aumber.They have
been used to clamp the Pitch Line Chuck wWwith the i1internel
grinding machine spindle.

Item no.2

o]
7]
i

washer @12
There are three flat washer and have been used with the
bolts, item no. 1, ta clamp the Pitech Line Chuck.

Item no., 5 Fixture Flate

This is the main part of the Pitch Line Chuck. It is a
thick, rigid, raund plate. At the 1left hand side tt has
been adapted to fit with interral grinding machine spindle.
In the right hand side three concentric and accurately
located holes have besn made to seat the ball reference
pins.

Item ne.d Locking Flate

This plate has been designed to hold the workpiece on the
Lhall reference pins.

There are three nuts . After placing the workpiece and the
locking plate., these-nuts have to be tightened to lock the
workpiece and the locking plate.



0. & Clamping Htud

Item

These studs H£11 remain-fixed with the finture plate, The=e
studs are complementary parts of the work locking system.

Item no.

7 Ball Reference Pins

These pins are maost vital elements of the Pitch Line Chuck.
These are hardened and accurately ground parts having ball
diameter and length from the centre of the ball to the

seating face are within 1 micrometer tolerance. These pins,

are praduced by gauge manufacturers and are &0 be imported.

Item no. B Grub

I

crew

These screws preventk the chuck from spining aboaut the
grinding machine spindle.
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P o= m 3 B2 TADVANTAGES OF ‘USING THE.PITCH LINE CHUCK

T -

-

The advantages of using pitch line chuck over the existing
method are given as follows -

1. The bevel gear can be easily clapmed in the chuck.
2. Proper location of the gear can easily be achisved.
EZ. Mo need of dial indicators.

4. Clamping & setting time is greatly reduced.

5. Reduce fatigue of the operatar.

X.63 MATERIAL TO BE UBED FOR THE FIXTURE

All the material except the ball reference pins are
availahle in BMIF. BMTF has rownd bar or plates of
ditferent composition. All these materials are imporked
from abrosd. Every country has his own national standard
arnd +For the same material every country has his own code.
To get rid of this problem BMTF has develeoped it’'s own
standard codes a= BHMTF standard. F|11r the steelis are
specified in this standard.Table 1 shows ‘the composition of
steel used for different parts of Pitch Line Chuck and in
Table 2 mechanical properties nf steel materials are given.
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X.B4 ~ METHOD. OF .MANUFACTURING ."DIFFERENT PARTS O0OF THE
PITCH LINE CHUCK .

The chuck ha=z B different parts. Amonsg these two parks are
standard items.These are nuts and: ball reference pins,
hence these two parts not needed ko be manufactured.The
nonstandrad parts are to be manufactured, After
manufacturing, all the part=z are to be assembled to build
up the compiete Fixture.Far the making of the the
nonstandard parts different machines are needed such  as
centre lathe,drillina machine,grinding machine and iJig
boring machine.The detailed ogperatisn procedure far these
nonstandard parts are schemetically given in fia. 12 to
fig. 15 . The assembly drawing and its various parts are
shown in fig 11.
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Figure 12.
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CHAPTER ‘4. B0 L

ECONOMICS OF THE PITCH LINE CHUCE

_______________________ T L G —— s s e

This chapter presents some light o the ecoromi c
justitication For the use of the piteh line chuck. For
this purpose the +Followina two aspects have bean

dizcusased @

l. Time saving im the propossed methaod by the use af  the

prich line chutk.

Z. Break-even oguantity cf the job to be produced to meet

the cost of the newly desiagrned gitch line chuach.

a.p1  TIME BAVING IN THE PROPUSED METHOD

The =tandard production Lime can be calculabed by Ll rg

{Lhe following expressiont -

T=Tm + Th + Ts + T#

Whesre, T stardered gperation time in oinute

Tm = machining time in minute’

ThH = handlinag time in minuteo

Ts = ftime reguired for servicinag the  wor b
piece in minute

Tf = time required for rest & perzonal needs,

L., fatigue allowsneoe in mioote

38



is

beirg cut from the work piece without the direct

participation af the worker.
Hzandling time consitutes the Fnllnwlﬁq t
iy Time reguired for setting % clamping the blank
i1y Removing the finished work prece
11i) Starting Y stoping the machine
iv) Lhangimg the spindle speed & rats of Feed
vi  Bettipg  the cutting tool % advancing 1t to
work,eho.

In OEMEr sl tHe handling time is  about  Z200%

macHimloe rme for lobt productiaon.

the

ot

Seerwiging time 1 the time reqguired forr the maintsnances

of the work piece 1 peErfoarsing bthe qiven  Jqb. It

includes the +following time elements ¢

.

i) Time nesded for making necessary © adijustmants

the machine Lonls in the cowrse of operatilich.

ii) Time +or changing dulled tools.

in

iii) Time for eleaning &% lubricating the machine sic.

Usually the servicing time 15 taken ag 20% of the ftatal

machining % handling time.



worEer o

= srmmmmm Al T TT—

The fatiquae allowance referes ta time allowed For
personal reeds of the operator.Usuelly 1t is 10 % of the

total machining % handling time.

fecording to existing process time requaired for Dore
grinding has been observed,The obssreved Ltime i3 as

follows 1

Average machining time . Tm

i

d.0 minutes per piece

Averaase handling tims , Th

It

15.@ minutes per piecs

Average mervicing time . Ts = (.@ minate per piece
Avearage faliguse allowance, TF = 8.3 minute pes piece
Stanvard aperation time , T = 22.5% minubes pee plece

It is dound From daily proaduction report that an average
worker produces DA pieces per shift. Stamdaed shift tims
is talen as 7 hrs.Se 7 » &0 FR2.9 = 108 .55 preces is the
talculated sihtfl production tarqget,which fits closely

wWwith Z0 pes poer shift.

In the proposed method omly the handling Lime will  bBe
Feduced. Machining, servicing % fatique alliwance Wil
remain the same.Handling time for Lhe wvorions, i1dentarocal
ar similiar warks using Tixtures have been gbserved and
fourid  that 4 minputes i a qooad approximaticon in this

CREE,

40



Bo, in the dprnnused method time required Fur‘ bhore
grinding will be 3

fverage machining time, Tm = é.ﬂ minmutes per gieco
Average handlinag time . Th = 4.@ minutes per piece
Averane cervicing time, lss =  F.0@ mrnpute per glecs

Averane fativgue allowance, TF = A8 minule por piacs

Standard operation Lime, T = 1l.93 mingtes por- ol

It is secn from above esstimation that., aringinn
will be redased by ( 22.5 « 11.% =7 11 mincckes

Blece.

AL LT SAVLMG TR THE RRUOPOSED  METHID

Dperation o=t includes machining cost,labour cost

==
fime

120217

arnd

overhegad.Far the machine shop of, BMTF the Following Bourly

rate were obtained from accounts deptt. ( base year 19097

Operation cost Thedb. 73 per houwe

LL.abour cost

TH.-8. 88 per hour

Overhead cosk

TL.7E.18 pear how- |

Mamufacturing eost = T, 134,98 pe- [youws



Now, Cost saving in the proposed method, Cs= Time saving

in the prigosed method ¥ MaRGfacturing cost

r

Tk 11/80%154&,. 73 per piecs.

Th.25.18 per piece.

4.0F COST ESTIMATE OF THE FPROFOSED FIXTURL

To csltulate the production cost,the following factor=

have been considered:
a) Desigmn cost

b Material cost

c} Manufacturing cost

The aspproximate breabup of differsnt costs are given

belows

a1 Degsiagn cost

Ther deqign took about S working days to bhe completed.

Hence the desian cast is talen as about one fourth of an

enginegars moanthly salarv.i.es

Design cost = Tk. I000.0@



b} Material cost

o
i’ Fiwture plate: M D LA7OEB/ {4%1000) ,
where O is the dia in mm
. L is the lernath in mm
JEEQ is the gpecific wh., olfstegl.in
4 3
=MRZTAXASK7EEH/ (42 100D =t4.73 kg,
a
11} Locating plate M2 = %1 ¥b47880/ ( LODEG;
where L is the leanaoth in om
1 15 the pbraadth 10 mm

B iw the thlohrens Lo aum

E
wALB¥ZIORED47HEE/ 18680 ~d7.08 kg.

-3 3
ii1) Knurled mend oot M3 =F¥DELAVBEEAXS/ {43 13A0}

r

)

where D is fhe dia in mm
L is the length in mm

] )
= TET4RZGX7HOARZ (4% 1E00@) =@, 4% kq.

43
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iv) Clamping stud, H4 =D ATEEA%Z/ (AXI1EPA)

where D is the dia in mm -

L »= the lenath in mm
B L
=MERTRASK7HRONS/ (4K10DD)  =D.58 Kao.

Total stesl material regquired=sH1I-+HZHHM3HM4
=4, 7I+7, A8+, 43+0,.58= 24, 85 kao.

Cost of mediuom and hiagh carbon steel 1s aboot Tk, 25,00
pawr Ka. (cost obtained from accounts deptt).

Cost of steel wmaterial=24.082Faqa¥Th.25.00/ha= ThLHZ20.50.

Hzall reference ping are not available in *he l1ocal
market., The cost of a set of 5 pins is sbout LUSE 6.0
Tha esuchange rate of USE: ig about Tk, TE5.00 per US5s:  10
128w,

The cost of standard commerecial part ibmall et er anon e

[FLrEd

=PA.QA%3F = Tk, Z970.08.

Trtal malterial cost = GBteel mat . cost + Stanmdard

Commercial paris cost oz
=Tk, 420,90 + Tk, Z22706.00

=Tk, 339Q.50 ™~ Th. Zo00. @8



el Manufactuwrinag cost

ar

The time esbimstion has been made with comsultation with

the 1ncharge of Central Toslinag Department

TOImrar 1 nyg

made  in the CTD shop. The faollowing maching g

CLTEY 2md

@imilar camponenls which has orevigusly

been

tame haws

been grtimated foar ditferent comnonent of the piitch 1ine

Thuck.

Fo Fisbture plate - -8 hre

2. Locking plate - 4 his

S tnurled Rand ot (3 noss - Iohrs

4. Clamping stod Lo FIOS: - 3 hrs

Total machining time regd, = 4 =

The Aollowing information hase  Deen obtar ned

accounts degartment af GHEE e do fier ent oosbs oFf

tutration cost = M-, 235007 per b
[Labower co=t + Tk, Z2.90 per -

Over head cost = Ty, 27,27 per hi-
Mamufactursng cost = T, 870848 per lae

Moo Tthe construction cosl: of the pilch 11ine chucp

= —.FE 2 AR = T, ZELAL 4

= Tk, 3018, 00 aporo:sd

T rCim

(I



—

The production cost
a) Design” cost

b Material cost

=) Manufacturing cost

Production cost af the

pitch line choek

of the pitch line chuck is,
.= Tk. 1000.00 “

= Tk. T420.00

= Tk. 3315.00

= Tk. 7%1%5.00

4.@4 FEASIBILITY OF THE PITCH LIME CHLUCK

P e e e

Eeforea

the proposed method it

finally recomending for the use af the chucsk

i1

is reguired to know the breaskeven

quarntity of the gears to be produced to meet the cost of

the finture.

Let,

Cost

proposed method

Shealoht

Annual production ghy.

of

saving of bore grinding per

laime depreciation of the

Qe ars

piece

chuct

in

the



L

The fellowing criteria may be foliowed for the economic

_caﬁsidEhatimqféiétHé?EHuck. e s

i' @ ¥ Cs < I . the chuck should not be adopted

i1 O % Ce =0 4 the adoptian of the chuck depends upaon

the poalicy of the manager

JiiY 4 ¥ Ce > D , the chuck can bBe adopted

Let,

Lm = manuwfacturing cost of the picth line chuck (T
n = life of the chuck {yvears)

Since the chusk has heen desigred for  long term

production  the life of the chocl is considered as 1@

Ve S,
i.2 fA=l0 years

From previous section 4.083

Cm = production cost of the pitch lime chuck
K
= Tk. 7915.80
20, mtraiaht lime depreciation. D = Cm/n0

= Tk. 7215.¥8/1@

"

2 Tk, TwilGEY per year

47



—— T oNow=Zifs-the chuck’ is to be used in _the bore grinding

operation then the third criteria of this article must

have to be satisfied.

From the third criteries it iz shown. thet,

G ¥ Cs > D

=7 R » b/Cs

from the previous data D/C=

fi

Th. 7P1.5@Q/Tk. 25,18

- = X1.53% = ITF {approx?

From the above disrussion it cean be concluded that, Lf
the number of gears to be produesd per year is more than

SZy.then the use of the chuck is justidfied.

It may be mention=d here that the avarege demand af

spiral bevel geears s about 1280 nuambers per vear.

Tharafora,

-

] 4 ]
Cost msawving per vear = cost saving per  piece ¥ gtv.

praduced per year

It

Th. 25. 10 % 1208

Th. Z@0120.04

It is seen from the above that the inveastment or  the
pitch line chutk wWill save aboub . SEL2E.WE per- woas
and significsnt in productivity by reducing production
times.This will help BMTF to maintain delivery scheduls

at Jower production cost.



CONCLUSION AaNMD RECOMENDATIONS

The existing process far bore grinding of gears was studied
throughly and the problems arise werg identified.It was
found that mast of the operatianal problems arise {from
faulty location of bore with respect to the pitch cone ot
gear. To eliminate the operational as well as manufacturing
proublem a Fixture called +he pitch lime cChuck was
developed. Though the Ffixture was not built,vet the
feliowing conclusions could be drawn from the project work.

i) Many operational grablems of gears can be eliminated
by using pitch l}ine chuck such as excessive heat
gensration, non uniform bBacklash, improper caontact
pattern etc.

ii? Manufacturing problems. such as disturbances by key
slot and clamping the workpiece in right position is
gasily achieved.

iii}y A pitch line chuck can save a considersble  amcunt  of
gfforts,labour hour, machinig time.operators fatigue
and ultimatey reduce the production cost significantly.

ivy Use of pitch line chuck will imprave the guality of
bevel gears.This will help BMTF to satisfy its
customers and effectively compete in the market.

w) Introduction of pitch line chuck in manefacturing
process will save an amount of takas 3B1Z2.08 per year
for anly one tvpe of gear.

It was not possiblie to manufacture the pitch Tins chuck
within the shert period of Lis=sothe Dol L TR L T
pins.whice are standard cammercial items are not  awvailable
in the local market.But step have aliready taken to procure
ball reference pins for pith line chuct.
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——=-Fha .“pitch line chuck deaigﬁga—fnr the project work is

useful not-only for bore grinding of Bpiral Bevel gears but
alse for Straight Bevel and Hypoid gears. This type of
chuck is also useful for any other conical machine element
whose bore is to be ground concentric with the cone.

The fixture plate, on which the pins mill seat. is also a
very precision component. The holes on which the pins will
seat are to be accurately located. This accuracy is
pnossible only by jig boring or 3ig grinding machines. In
Bangladesh BMTF and BITAC can perform this iob.

o
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