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CHAPTER 1.0@ : 1

INTRODUCTION

Bangladesh Machine Toals Factory Ltd. is the largest
engineering manufacturing organization of its kind in
Bangladesh.This organization is engaged in production of
machine tools,pumps.textile machineries, railway
equipment,power supply fittings and many other engineering

products.

Ouality is a major problem far this organization.Same of
the products are manufactured in  handreds or thousand
pieces but without having a well defined production
process.Good are produced here as in a job shop. The result
is non-ipterchangibility,poor quality and huge machining
time. Most of the times customers are dissatisfied with the

products.

v

BMTF hae a gear manufacturing section consisting of gear
shaper.gear habbing ,shaving,ﬁear grinding,spiral bevel
generator and allied wmachineries.At present BMTF is
producing right angle spiral bevel gear box to be fitted

with desp well turhine pumps.

Production of guality gears cannct be achieved if all the
operations e.g. turning., broaching, gear cutting, heat
treatment.grinding lapping etc,for manufacturing the 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 guality with intreaszed life at
a lower cost and less manu{acfuring time.



1.81 EXISTING METHOD FOR FRODUCING SPIRAL BEVEL GEARS

BMTF, at present ,is producing Spiral bevel gears te be
fitted in right angle gear box to drive deep well turbhins

pLMES .

Froducing spiral bevel gear is a lengthy task.The existing
process of manufacturing spilral bevel gear is schemitically

given in fig

The problems of the existing method vt wmanuwfacturing are
discussed in details in chapter 3.80
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1.82 TYPES DF MANUFACTURING DEFECTS OF SFPIRAL BEVEL GEARS

Following are the common manufacturing defects found in

Spiral bevel gears produced in BMTF.

1. Less surface hardness.

This is due to insufficient carbon peanetration

during carburizing.
2. High distortion of teeth

This is due to improper positioning of gear during

quenching.
%y Burface crack during quenching.

This is caused by excessive rapid coolirg during

quenching.
4. High noise during operation,,

This iz a combined effect of machirning and
heat treatment faults.
S. Beneratiopn of excessive heat during operation of gears,.

This is also a combined effect of machining and heat

I freatment errors.

&. The teeih are not concentric with reference to the axis.

o This +fault arises due to impraoper method of bore

grinding.
7. Longitudinal ceontact is not at the middie of the testh.

Thie 1is due to insufficient development of Etaeth
contact pattern during teeth cutting.

H. Backlash ig not canstant.

This is caused by improper heat treatment and / or

: improger method of bore grinding.



1.@3 AIMS AND ORJECTIVEE OF THE STUDY

The existing process of spiral bevel gear manufacturing wWas
closely observed and found that probiems of less surface
hardness,high distortion of teeth and surface cracks are

generated during beat trsatment process.

The rest of the defects i.e. high noise.generation ™ of
EXCESSIve heat..eccentric teeth,unusuall teeth contact
pattern and non uniform backlash during operatian are
directly related to accurate location of the grr-ound bore of

gear.

The project work aims &t solving the second group of
defects.The objective of the study are as faollows t-

v

t. To study the existing process of bore grinding and
to observe the problems caused by the existing

procesis.

2. To modify the existing process of bure grinding and
develop 8 more scientific method for the Same.,

3. To design and develop the required bore grinding

fixture.

4. To make an economic analysis showinag the advantage

of using the new fixture.
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2.@3 THE EFFECT OF EXISTING BORE GRINDING PRACTICE
| GEAR PERFQRHANCE
) i
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Ginee there 1% an e valent opening of the proafiles on the
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7.3 BACKLASIE CAUSED EY PIVCH CIRCLE RUNDUT
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CHAPTER 3.08

el

FROFOSED HMETHOD FOR BORE GRIMDING

In the previous chapter it has been observed that most of
the coperational problems arise from inaccurate location of
bore with respect to the pitch circle. Toa avnid this error
a pew copcept of pitch come location has been developed.

The idea is to use a fixture sa that the pitch circle falls
concentric automatically with the axis of +the internal
drinding machine.There will be three egual size ball headed
pins accurately located % equaily spaced arround the
spindle. The +lanks of the bevel gear teeth will seat on
these balls. As because pitch surface of a bevel gear is a
cone and there may be ecnly one plane through three points
in spare, 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
detinitely be much more accurate than the axisting method.
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"3.@1 DESIGNING OF & FIXTURE_FOR BORE GRINDING

——— —— v — e A e e

It has been mentioned in the previous chapter that a
tixture is needed to accurately locate the gear for bore
grinding.This Ffigture 1= a Fitch Line Chuck,because the
obiective of the fixture is to lacate the pitch circle and
pitch cone concentric with the spindle axis of the internal
grinding machine.In this chapter the complete design of a
pitch line chuck has been given as depicted in +ig. 1ita-
cd}. The components af the chuck have been described along
with the procedurs of manufacture of its wvarious parts.

item na.l Hexagonal balt

MiZ » 3@

It 1is a 3@mm long simple bolt,three in number. They have
been used to clamp the Fitch Linpe Chuck with the internel
grinding machine spindle,

Item no.2 Flat washer 12

There are three flat washer and have been wused wWith the
bolts, ittem mo. 1, to clamp the Fitch Line Chuck.

Item o, 5 Fixture Flate

This is the main part of the Fitch Line Chuck. it i= a
thick, rigid, round plate. At the left hand side ikt has
been adapted to fit with internal grinding machine spindle.
In the right hand side three concentric and accurately
located holes have been made to seat the ball refersnce
pins.

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

tem nR,

1 Knurled Hand HNut

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.
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Item ng.. & Clamping Stud

Theée studs will remain ¥iﬁed-hith the fixture plate. Theze

studs are complementary parts of the work locking system.

Item ns. 7 Ball Reference Rins
These pins are mgst vital elements of the Pitch Line Churck.
These are hardened and accurately ground parts having ball
diameter and 1l1ength from the centre of the ball +o the
seating face are within 1 micrometer tolerance. Thesa pins
are produced by gauge manufacturers and are to be imparted.

Item no. 8 Grub Screw

These strews prevent the chuck from spining about  the
grinding machine spindie.

20
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=53 @2 ADVANTABESR_OF_USING THE-PITCH LINE CHUCK

Y — ——

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 lacation of the gear can easily be achieved.
J. No need of dial indicators.
4. Clamping % setting time is greatly reduced.

5. Reduce fatigque of the cperator.

3.8% HMATERIAL TO BE USED FOR THE FIXTURE

all the material except the ball reference pins are
availahle in BMTF. BMTF has rowund bar or plates of
different compositian. All these materials are imported
from abroad. Every country has his own national standard
and +or the same material every country has his own code.
To get rid of this problem BMTF has developed it"s own
standard codes az BMTF =tandard. All( the steels are
specified in this standard.Table 1 shows ‘the composition of
steel used faor different parts of Pitch Line Chutk and in
Table 2 mechanical properties of steel materials are given.
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S 34 'HETHﬁD:"DE‘HﬁHUFﬁDTURINEi:DIFFERENT FARTS OF THE

FITCH LINE CHUCK.

The chuck has B different parts. Among these two parkts are
standard items.Thesse are nuts and' ball reference pins,
hence these two parts not needed to be manufactured.The
nonstandrad parts are to be manufactured. ffter
manufacturing, ali the parts are to be assembled to build
up the complete Ffixture.Far the making of the the
nonstandard partz different machines are needed such as
centre lathe,drilling machine,grinding machine and Jjig
boring machine.The detailed aperaticn procedure for these
nonstandard parts are schemetically given 1n fig. 122 +to
fig. 1o ~ The assembly drawing and its various parks are
shown in #ig 1l1.
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CHAETER 4.00

ECONOMICS OF THE FITCH LINE CHUCH

Thiszs chapter presenits qome Iiagkt on the (2 Tmf ml g Talty B B
justification Ffer the us=e of the pitch line chuck.For
tliis purpose the Ffoliowing two aspects have besezr

discusaed 3

1. Time saving in the proposed method by the use of the

pgitch line chuck.

2. Hreak-gven quantity of the job Lo Le produced to meet

the cost of the newly designed oiteh lime chuck.

4,441 TIME SAVING IN THE FROFDREED METHOD

The standard prodoetion time can be calcwulated by using

-he Fallading axpreassions
I=Tm + Th + T= + T+

standeired aperation time in mnute

whereey, T

Tm = machininag Lime o minobes

T™h = handling ti1me in minwle

Te = time reguired +For soevicing the work
piere in minute

T+ = time regquired for rest & personal nesds.

iee. fartitaue allowance in minute



oimempe=e = oL JThE -machining -time-is-the time:during which the chip is

udheiﬁq cut frem the weork piece -without the direct

participation of the warker.

Handlaing time consitutes the following t

i
1} Time reguired for setting % clamping the blank

ii}) Remowing the finished work piece

il

ii1} Starting % staping the machine
iv) Changing the spindle speed & rate of feed
W) Setting the cutting tool % advancing it to the
work,etc.

L aeEner al tHe harndlipg time 15 aboot  Z2AG0XE ot

machiming Lime for 1ot produckhion.

Berwicing time i« the time regquired for the maintenance
ot bhe work piece in perdfaorming the given  job. It
includes the Jollowing time elements :

i} Tima nesded for making necessary © adiuztments  in

the machine tools in the course of opacation.
ii) Time for changing dulled ftools.

1i:) Time for cleaning & lubricating the machine etc.

'
[

Usually the servicing time is taben as 2Z0% of thes total

machining & handling time.



The Ffatigue allowance referes to time  allowsd for
personal needs of the operatorcUsually it ig 1@ W of the

total machininag &% handling time.
feeoeding to nigting process time required 4or bore
arinding  has  been observed. The absereved time is  as

follows &

Average machininmg time » Tm = 4.8 minules per piece

li

Avarage handling time ., Th 15.0 minuhes REr plLecs

Average 3ervicing time o Ts = 1.0 minute OEr Rilece
Sverange falioue allawance, TF = 8.5 minule per prece
Standard operatian time , T = 220,% minutes peie piliece

It 15 found from daily prodaction report that an average
worker produces 26 pieces per shift. Standard shifst time
15 Eakﬁn as F hrs.50 7 + 4B F22.5 = 18 .44 pieces is the
calculated shift prodouction targel,which fits closely

Wi bk ZPB opes e sl fh.

In  bLhe propoeed method only the bandling time will  be
reduced.Machinang.servicina & fatiaws allowanss will
remain bthe same.Mandling time {or the varioos, fdentical
o similiar works using fixtwres have been abserved and

ftound  that 4 minutes is a good approwimation 1n Lhis

A .
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ta .ot R .

e LT 4 ey

Sa. in  the proposed method +:i:me reduired Ffor bore

gr-inding will be ;

fAver age machining times, Tm = &8 minutes par pilece
Average handlimg time . Fh = 4.0 minutes per olece
Averoge servicing 1 ime, {5 =~ {.®8 mirnte por pisos

Average tatigua allowance, TF B.3 minute prar @i ace

Standard oparation time, T = 11.3 minufes por Ol eco.
I+ is =zmeen from above estimation that, qrrifcding time
wil] be Fremdiicerd Lw ( &2e® - 11,5 =34 1L haf ke [rer

PIFRCEA

AL WE UEET BavinG THROTHE FROFOSED HMETHOL

OUparatic oogt includes machining cost,isbower rost and

overhzad.For the machine shop of BMTF the following haurly

rate wers obtaaned from accounts deptti. { pase vear 1287)

Qopgiration cost

1

Thed44a. 75 per- hour

Labour cost = Th.Z20.00 per hoor

Owarheart cost

Th.78.18 per bour |

Mamufacturing cost = Tk, |T%2.98 ooe Mowr-



o NowW, Cost saving in the proposed method. Cs= Time saving

= = n the prupdsed-methud-#HHEHH¥EE%uring'cust

r

= Tk.11/60%13L. 93 per piecs. -

= Th,25.10 per piece.

4.@F COSET ESTIMATE DF THE FROFPOSED FIXTURE

Te calculate the production cost,the fellowing factors

Fave besn considered:s

&) Design tost
h! Material fozt
! Manuftacturinag cost

The appraximates breakup of different costs are  qiven

il oms

#) Lesign cost .

The deaian took about S working days to be completed.
Hence the desian cost is taken as about one fourth ofF amn

engineers monthly salary,i.et

Design cost = Th, 1000, 00

42



T T —— i — - —— . =

»
i} Firture plate: M1 = ffDmL*?EEEfiﬂﬁlﬂﬁﬂ}.
whetre D ig the dia in mm
] l. is the lengath 1n mm
7000 is the mpecific wt. ofsteel.in Ka/ms
T 5
=aMx2IMKASX7REA/ (A% 1000 =14.73F kg,
i
ii) Locating plate M2 c =L kD ATRER /S [12A0)
where L is the lengtb in mm
1 is the breadth in mm
b is the Lhickosess i oo

3
=24 A40%ZRx7EEN /1008 =0%.80 Kg,

P 3
114} Epwrled hard rut HZ =TIDXL¥7E00% %/ (4 1@3A0)

i+
4

where D is the dia in mm
L is the lenaoth in mm

i 3
=MEZA¥IEOX700043/ (451 0Q@Q1=8. 43 +g.



—— s —e . —_—

"~ 3
ivw} Clampipng stud. M4 =MAD¥Lx70BQ%3/ (4% 12ARA)

= = rLT T = !'-_ -

R

where D igs the dia in mh

L is the lerngth in mm
3
=H!E£¥&5*?EEE*3K<4*1EBE} =@.38 ka.

Total steel material]l reqguireds=HM1+HME+HHEME
14,7349, BE+D. 43+0. 5G= 24.82 La.

Cost of medium and hiéH-Earbun steonl]l iz about Tk, 29,00
ozt Ko.{cost gbitained from accounts degtt).

Cost of stes]l matetrlal=24.82FQ¥Tk.20.800/Lba= Tr&ZA. DA,

Ball refarence pins are not avallaple i1mn the laocal
mariet. The cost of a set of 7 pins ics about USETs 20.00

The exchange rate of US% iz about Th. 535,00 per US$ 1n
1965, '

Thies rost of standard commercial park  (ball  referance

Al

it

=0N. AQFE% Tk, 2970.00.

Total material cast = Stesl mat . C?Et + Standard

&

Cormmereial parts cost g
=Tk, &2B.5@ + Tk. Z970.00

=Tk, IEPE.Z@ ™ TL.3600.04



{

The time estimation has been made with consultaticn with
the incharge of Centiral Toeoling Department (CTC})and
comparing  mimilar components which has previgusly  been
made  in the CTD shop. The followicg machining time has

breen estimsted for difierent compornent of the pitch lime

chuck .

l. Fixture olate ' - IO hr=

2. Locking plate " 4 hrs

I, Fnuwrled hand nut (3 nosy - I Mrs

4, Clamping stud (3 nos? - - hrs

Tatal machining tima regd. = 4 ht=

The following information have been ohtained from
accaunts department ot BMTFE an difierent costs of CTh.
Opwration coost = Tlo F5.87 wer hr

Labouwr coast ¥ Th, WZ2.d48 per e

Over head cost = Ti, Z7.2% per hr
Hanufacturing cost = Tk, BZ.84 per he

Bo, the construction cost of the oitch line chuclk is

I

BZ.BS % 48 = Tk, Z314.40
Thk. I315,. @ aparax)

Ir
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The production cost of the pitch line chuck is,

al

b?

- Lo == oy T
T Se-a PR —_—r ——

Design cast ‘= Tk. 1000.&&

il

il

Material cost Tk. ZT&BED.06

) Manufacturing cast = Tk. 3315.00
Froduction cost of the
pitch line chuck = Th, 7715.00

4.@4 FEASIBILITY OF THE PITCH LINE CHUGCK

Before

the proposed method it i regured o

quantity o

the fisnture.

Let,

O = Annusl production gty. of gears

b= = Cost saving PF bare qrindinag per p}ece
proposed methaod

oD =

Straioht 11n& depreciatian of the chuck

in

finally recomending far the use af the chuck

the

i

ktnow the breakeven

f the aears to be produced to meet the cost of



The following criteria may be followed for the economic

consideration of the chudk =

i) @ ¥ C=

s

D 4 the chuck should mot bhe adopted

iii B ¥ Cs D . the adoption of the chuck depends upos

the policy of the manager

i1i) @ ¥ Ca > D . the chuck can be adopted

Let.,

Cm = manufacturing cost of the pieth  line chuck (T}
i = life of the chuck {vears:

Since the chuek has been desiansd {or  lonn term

proaduction the life of the chuck 1s considered as 1@

vears,
1.8 n=l0 vears
From previous section 4,83

Cm

H

production cost of the pitch line chuck

4

= Tk, 7915.00
50, straight line depreciation, D = Cm/n
= Tk. 7715.08/1&

"

= Th. Fr1.58 per yvear

47 .



“Mow -1f jthe;cﬁﬂgﬁ_rsTgufpa‘ugéd in the bore grinding

operation then the third criteria of this article must

"have to be satisfied.

From the third criteria it 1s shown that,

g ¥ Cz= >D

=g O » D/Cs

from the previous dats DACs = Th., 791.5@0/Tk. 2%. 18

b
i

1.5% = 32 (approx)

Fraom +the above discussion it canm be concluded that, i+
the number of gears to be produced per vear is more than

TZ.then the use of the chuck is justified.

.1t may be mentioned here that the avarage demand o+

spiral bevel gears is about 1208 numhers per vear.

Theretore,

-

Cost =sSaving per year = cost saving pPer épiEtE ¥ oty.

proaduced per year

Tk. 3@1:70.00

It is seen from the above that the investment for  the
gitch line chuck will save about Th. IJ8LZQ.Q0 per  year
sand significamt in productivity by redocing production
times.Thie will help BMTF to maintain delivery schedule

at lower production cost.



CHAFPTER 5.p@

CONCLUSION AND RECOMEWDAT IONS

The

existing process far bore grinding of gears was studiad

throughly and the problems arise wWwere identified.It was
found that mest of the operational problems arise  from
faulty itwacation af bore with respect ta the pitch cone of
gear. Ta eliminate the operational as well as manutacturing
problem a +ixture called the pitch line tchuck Was
developed. Though the Ffixture was not built,vet the
following conclusions couid be drawn from the project work.

il

ii?

1iid

W)

It

Many operaktional problems of gears can be eliminated
by wusing pitch line chuck suth as ercessive bheat
generation, non urRiform backlash, improper contact
pattern ete.

Manufacturing problems. such as distwbances by key
slot and clamping the workpiece in right position is
easily achieved.

& pitch tine chuck can save a considerable  amount  of
affarts,labour hour. machinig time,operators {fatique
and uitimatey reduce the praduction cast significantly.
Use of pitech line chuck will improve the guality of
bevel gears.This will help BMTF to satisfy its
customers and effectivaly compete in the market,

Intraoduction of piteh lipe chuck in manoafacturing

process will save an amount of taka 3012A.4880 per vyear
for only one type of gear.

was nat possible to manufacture the piteh lime chuck

within the =short period of time.The bail referente
pins.whice are standard commercial items are not  available
in the local market.But step have slready taken to procure
ball reference pins far pith line chuck.

4G



_,_éznéﬁiﬁfJ.J:Ihp _pitch- line chuck designad=fnr the project work is
T useful.nat anly for bore grinding of Gpiral-Bevel gears but
.alsa +far Btraight Bevel and Hypoid gears. This type of
chuck is alsp useful for any other conical machine &lement

whose bore is to be ground concentric with the cone.

The +fixture plate, on which the pins will seat, is also a
very precisian component. The hales an which the pins will
seat are to hbe accurately located. This accurary is
possible anly by jig boring ar jig grinding machines. in
Bangladesh BMTF and BITAC can perfarm this jcb.

-
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