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1

INTRODUCTION-~--------~-
Bangladesh Machine Tool •• Factory Ltd. lS the larg ••••t
••ngin••••ring manufacturing organi~ation of it.. kind in
BanglAdesh. This organization is engaged in production of
machine tools.pumps,t ••"tile maehir•."r •••". ...ail ••••••y
equipment,power supply fittings and many oth.....engine ••ring
product".

Quality is a major prohlem for this organization. Some of
the products are manufactured in handreds or thousand
pieces but without having a well defined production
pl'"o"I""•••Good are produced here as in a jeb shcp. The result
is non-interchangibility,poor quality and huge machining
time. Most of the times customers are dissatisfied with the
products.

•

gear manufacturing section consisting of gear
~obbing ,shaving,g~ar grinding.spiral bevel

and allied machineries.At present BMTF is
right angle spiral bevel gear box to be fitted

well turbine pumps.

BMTF has a
••haper,gear
generator
produci.ng
with deep

" i Production of quality gears cannot be achieved if all the
operations e.g. turning, broaching, ge••.r cutting, heat
treatment,grinding lapping etc,for manufacturing the gears
are not upto the mark.The present work aims at providing a
sugge••tion to the existing manufacturing process of spiral
bevel gears to improve their quality with incre",,,edlife at
a lower cost and Ie"" manufacturing time•

.Ii
I
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BMTF,
fi t tE'd

pumps.

2

EXISTING METHOD FOR PRODUCING SPIRAL BEVeL GEARS
-_.,,"----_ ..----_._------------------- ------_ ..-------

at present ,is producing Sp,ral Dev ••l qears to be
in right angle gear box to drivE' deep well turbine

P..-odw:in'lspir",l b••vel gear is a lengthy task. The e.x;stinq
process of manufacturing spiral bevel gear is schemitically
giv ••n in fiq

,

The problems of the existing method of
discussed in details in chapter 3.00

mamlfactcu-ing are

• •
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6
1.02 TYPES OF MANUFACTURING DEFECTS OF SPIRAL BEVEL GEARS

Followlng ••,.-••th••common manufacll(ring r.I••r",ctsfound in
Spiral b",v",lg••ars produced in BMTF.

This is due to insufficient carbon p••netration
during carburizing.

2. High disto,::.tionof teeth

This is du••to improp ••r positioning of g••ar during
qu",nching.

3. Buc~ace c~ack during quenching,

This .s caused by ••xcessive rapid coolin~ during
quenching.

4. High ",oi."••dur_lng o!,>er::atiqn.

•

Thi" is a combined ••ffect of
heat treatm",nt faults.

machining

This is also a combin ••d ••ff••ct of machining ••nd h••••t
treatm",nt errors.

This fault arises du••to improper method of oor••
grinding.

This is due to lnsuffici",nt developm",nt of
contact pattern dur.ng tEeth cutting.

t••••th

This is caused by improper heat treatment and I or
improper method of bor••grinding.

I

(\



The rest
""r:essive
pattern
directly
glOar.

1.03 AIMS ANO OBJECTIVES OF THE STUnV
--------------'---- --------,--- ---

Th~ existing p~o~e5s of sp,ral bevel gear manufacturing waS
c:!o"••ly ob••"rved and found that problems of le's5 surface
hardn",ss.hi~h distort,on of teeth and surface cracks are
generated durinc heat treatment process.

of the defects i .••. high noise.o;leneration"of
heat, eccentric: teeth, unusual 1 teeth contact

and non uniform backlash durln" operation are
related to accurate location of the ground bore of

7

The project work aims at solving the
defects. The objective of the study are as

" ••c:"nd group
follows 1-

o. -
,. To study the "xisting process of

to observe the problems caused
process.

bore qrinding and
by the existing

2. To modify the existing prc~ess of bore grinding and
develop a more s~ientific method for the same.

I
I, 3. To design and develop the required bore grinding

fixture.

I
I,

4. To make an economi~ analysis sho~ing the advantage
of using the n•••.••fixture.

•
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2.1111 It:js E:FFECTPF:. ~~Uf':lG eQRE(;Rl"'DJ~\!e!lAql£;e:

~ {H;BI3 P'ERf'ORI1f\~r;;

il pitch ci~cla runout, ~
ill late •.al "',lnout.

-

'.

••

~.- ......' - .:-•.. " .<~~~rISOf1I0WIO",

d•••c:rlb.d bela .••,~R,-...., ,.., "

j I Pitch cln:llt ,-unoul.

Th••• two effact. a•.e-

Fig_ 2 Pitch'circl~ runout
It i. caused by eccltntricity bat .•••~n th. mounting 8xi. Bnd
the cant.,. .bout .••hlch tha t •• th wltra Q.nlt•.atad. Pitch
circle runout is particulArly ha••mful bvcau••• of th •
•.•s•••ltant non-lin ••" output and i ••. direct m••• ur. of g••"
ouality.

•

'" , ..

Fig. S Lllter",} runout

Thi. I••• lollta•.•l movltmltnt of 9""" i ••.• I.tion to the planlt of
'-CltAtion,'tt Coin b. d.tltct.d by dial indicator applving on .ide
faclt 0"" Qoa•.. 1t has th" "ffact of eau.inq thO pitch clrcl. to
runout ••adially .••Ith ••rasulting functlon~l Brror.

.-----
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mBJ. b3C~lash range
whenmate held riJed
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~ Une 01 centers
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New line
olaction

,
Original rine olactlon
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T'

Q,
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Figure 5. Dncklash caused by eenter distance change: (0) mll.ted teeth
before and after increlllle of eenter distance, (b) enlarged view of profilCl1

and ,baekll1.l1h.
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PROPOSED METHOD FOR BORE GRINDING---------------------------------
In the previous chapter it has been observed that most of
the operational problems arise from inaccurate location of
bore with respect to the pitch circle. To avoid this error
a neW concept of pitch COne location has been developed.

The idea is to use a fi~ture so that the pitch circle falls
",oncentric automaticqlly w1th th••a~is of the internal
grinding machine.There w~ll be three equal size ball headed
pins accurately located ~ equally spa",ed arround the
spindle. The flanks of the bevel gear teeth ••ill seat on
these balls. As because pitch surface of a bevel gear is a
cone and there may be only one plane through three points
in spac", the gear will seat concentrically and co-a~ially
on the pins. The teeth ••ill be distorted during the heat
treatment so the location will not be exact but it will
defInitely be much more accurate than the e~isting method.
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__,3; 01 _DESIGNING" OF A~FI XTURE.£OR -BORE GRINDING-----------------------------~----------
It h~~ been mentionedin the previous chapter that a
fixtu~e is needed to accurately locate the gea~ for bore
grinding.This fixtu~e is a Pitch Line Chu~k.becau5e th~
objectivE! of th •• fil.ture is to' lClLate the pitch circ:l", and
pitch cone concentric Hith the spindle axi~ of th~ internal
grinding machine.In th1~ Lhapter the complete design of a
pitc:h line chuck h••.s be••" given a.s d••pict ••d i" fig. 11( ••--
d).The ~omponents of the chuck have b~~n described along
WIth the procedur~ ~f manufactur~ of it~ various pa~ts"

It to;; a 3111mmlong ",imple bolt,thr"", in
been used t~ Llamp th~ Pit~h L,ne Chu~k
grinding machine spindle.

number.They have
~ith the internel

There are three flat washer and hOlvebeen used with the
bolts, item no. 1, to ~lamp the Pit~h Llne Chu~>,.

This is th••main part of the Pit~h Line Chuck. It is a
thi~k. rigid. round plate. At the left hand side it has
been adapted to fit with internal grinding ma~h.ne spindle.
In th.. right hand side three concentric and accurately
lo~ated hol••s have b••••n made to seat the ball reference
p.ns.

Item "0.4 Locking Pl~t••.

This plate has been designed to hold the-workpiece on th~
ball reference pins.

Ther" are three nuts . After placing the workpiece and the
lo~king plate, these.nuts have to be tightened to lock the
~o•.kpiece and the locking plate.



Th••sa ••tuds will rf!llIainfixed with the fiKturf! pl",te. These
studs are LOlllplelllentaryparts of the work IOLking system.

Thes••pins are mOat vital elements of the PitLh Line ChuLk.
These are hardf!ned and aLLuratf!ly ground parts having ball
diameter and length from the Lentrf! of the ball to the
seating faLl!!arf! within t miLrometer tolf!ranLe. Thf!se pins.
are produLed by gauge manufaLturers and are to be imported.

The.... SLrew.. prevent th••LhuLk from spining about the
grinding maLhine spindle.

20
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-,"-- '."'-3. 02 ~ADVANTAGES OF -USING THE.I'"ITCHLINE CHUCK-------~-------------------------------

The advanta~es of using pitch line chuck over the e~isting
mathod are given as follow" ,-

1. The bevel gear can be easily clapmed in the chuck.

2. Proper location of the gear can easily be achieved.

3. No need of dial indicator".

4. Clamping & "etti~g time is greatly reduced.

5. Reduce fatigue of the operator.

3.03 MATERIAL TO BE USEO FOR THE FIXTURE-----------------------------------
All the material except the ball reference pin~ are
avai1able ;n BMTF. BMTF has round bar or pIat.,s of
different composition. All these materials are imported
from abroad. Every country has his own national standard
and for the same material every Lountry has his own code.
To get rid of this problem BMTF has developed it's own
standard codes a~ BMTF standard. All, the steels are
specified in this standard.Table 1 shows ~he Lomposition of
steel used for different parts of Pitch Line Chuck and in
Table 2 meLhanical properties of steel materials are given.
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3.04 -MEiHOD~ OF ,MANUFACTURING .:DIFFERENT-- -- ----
PITCH LINE CHUCK

PARTS OF 'HE
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~-------------------------------------------------
The chuck has 8 different parts. Among these two parts are
standard items.Th,,"" are nut •• and- ball refer'en"'"' pins,
hence these two parts not needed to be manufactured. The
not,••t"nd..-"d parts are to be manufactured. Aft •••.
manufacturing, all th" parts are to be assembled to build
up th" complete fiKtur••.For the making of th" th"
nonstandard parts different machines are needed such as
centre lathe,drilling machine,grinding machine and jig
boring machine.The detailed operation procedure for these
nonstandard parts ar ••••"hemetically given in fig. 12 to
fig. 15 The ass ••(t>bly drawing and its various part •• are
••hown in fig 11.
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CHAPTER '4.1i!10

ECONOMICS OF THE PITCH LINE CHUCI;,

,-- --- ------ -----""---."<" -- --_._- --- -- --- ----

38

Tht5 ,:h••pte.- presents ""me l,qht on the "'Lorlomi c:

jvsti'fic:O\tion for the elSe of th" pitch

th;" purpose the followlnq two OISp",c:t5 hia"e

di sC'Cls••••d ,

1, 1,me savinq in the propo!>ed ",,,,lhod by tl,,,, us,," of the

p,tch line "huck,

2. B,-.,,,k-even qw",ntitv of th" job to be produced to meet

the c:mot 0+ th" newly des;qned pitc:h 1,n", c:l1c«:k•

••.. 01 TIME SAVING IN THE PROI'OSED METHOD

------'--- - - -- ----_.- --- ---- ---- - ..•.... -
1he ",tandard prtldLtc:tion time La,., be r.:••lculat,ed by Cl5irlq

til", fol10,,"["1 expr"",,,"imn

r~Tm -. Th + T", ~ Tf

Tm ,~ maLhining tim" in m;n,-,t~'

Th ~ h,mdl,nq time ill minut<,

Ts '" time •..",q<.lin"d for "",-vi",,'" the WDr~'

Diece in minute

H '" time required fo'" n.st it< per-own",l

i •.•• fatigue 811c,,~arH:ein ffilnllt",



--<-.-- --~-- The mil,chinino,l_time is t.h••-,-~i'm~~~!ring ",!,id. tl"o•• c~1ip is

being cut. from the work piece without the direct
pa,-ticlP ••tlon of the worker.

H<I"dling tim •• cClnsitutes the follOWlnq ,

i) rime requil~ed for settinq ~,O::l"mpi",.the bI",n>:

1';) Starting ~ stoping the machine

iv) Chang,ng tht> spindle speed & rat •• of F••••d

39

thi'! Lutting tool ~ ",dvanc.inq it te" the

,,,
m",chl"'ll"J t,rr""

of tM", ••",ric

inr.ludes thE!
piece ,n perfO,"ming t:he

following time elements t

'Ii ven job,It

i) Tim•• ne"d"d for making np.<:p.ss<3.r"V' ad,JU5':ment." in

tl, •• m",r.:hlrl" tOdl" in the course Clf oper ••.tlCm.

iil Tim•• fo,- <:h""91n':1 dulled tool,,"

iii) 'lime for cleaning & lubricating the ""'",chi,,e ••tc.

Usually the servl<:in~ time lS taken as 2~Y,of the total
mao:hlninq & h2lndling t,,"e.



The f~tiQue allowance referes to
p"'l"$ooal ".,eds of the oper ••.tor.Us~,",llv

total maLhinin\< ~ h",ndlln'1 time.

tim •• alloweo

it IS 1l'l /. of

fo,'

th ••

40

A<::t.ordinq

\lrind,ng

follows,

ex;stinq proLe",,,, time ,.-••q,-"red fur-

been observed. The obserev ••d lio,,,

bon.

is a'S

Av,,-'•..aqe "'<l.c:hi"in<;l tiflTe • To, '" 6.0 minut •••• per piece

AYf,raqe h"",d1 ing

f1\1nLlte per piece

m,,"c<te per piEh:'"

•• 22.5

It is focmd ,from d••.ily produ<:tion repQrt that an average

worle",,..pC'oaw.::",,, :'0 pieces per shift. 8t ••."d'''''<1 stllft tim ••

'5 t",k••" ,,," 7 hrs.So 7 " 60 122.5 '" 18 .66 p,eLe" i,. th",

""lc:ulat",d ShIlt production t ••rqet,w~"c:h fit,,; ",105",1'1

""th 2111p<:s p,~r' shi'ft.

In th" 'I'lropos"d ",,,,th,",, only the h.",dl''''l time ""II tH.'

redu<:ed.11"" ..h,nil1Q,servic:ing ~ 'f",tiqu", .••.ll<.,""''','''''' ""; 1.1,
rem",;" th., s<!me.H"rldl1r1Q time for r.h", V,"-]OOJ'., ,d.""t",,.,,

or similiar w<Jrks usinq f"",tuI"'"es have b",,,,,, <Jbs",rvsd "rid

fdu~,d th"t 4 minut",s ;$ " qQ"d "pp,'o"lm"t.ic,rI ,n t_hiB

c••.s~.



pr-ollos",d m"thed

.;<rindi"Ll wi n be ,

tim •• req'-11red

- --,~-

AveraQ'" ,""chininq tim •• ,

Ttl ~ '1.0 mi",.,tO'" p,e'- pi",.-;",

1.0 ITnn",t"

- -,--- - --- ----. -, """"_., - .,•...-- ---- - -- -.- ---- "'-_." ,----,. _.- --- --- ----. --,

wi 11 1.'1' ( 22.5 "- i.L.''; ~i

timl"

Operation Lost inLludE?S ",«•.hini"" <:Clst.labou, (;;Qst and

overhead. For th •• m",,,,!'ol,"'" "hop of. BMTF t.he fDllowin'l ~''''tu"ly
,.."t", •..•••,...'"obt"i""d f,,-oJm,,,:c(junts deptt. (,!:la,,,, Y""''- 1'f8'J)

Op",-"tion l:ost

LabClUC c;ost.

~ Tk.46.75 pow hour

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



- - - --------

Now, Cosot ;;.wing !" th" propO$li!d method, C$'" Time saving

'" Tk.ll/60*136.93 per pi "'1:"'.

4.03 COST ESTIMATE OF THE PROPOSED FIXTURE

To c"lcul"te the prod""tion "ost,the folle.wing f""tor,.

h.we be"n consid",""d,

01) D••sign "ost

b) Material "ost

,,) M"nuf""turinQ """t

The ",pproxim,,,t.,, br~,al:l.'p of diff",n,nt costs a,-e giv"n

i

Th" d",qiqn took About".::, worl:inQ d.\y", to be completed.

H",nce the d",siQn cost i", t"ken "s about Of''' ,fourth of an

enqin ••••r" monthly ",alary,i."H

O""ign cost ~ Tk.1000.0~

42



h) M",terial eo••t

---------",,,.- '""'--'- ._-

Materi",l estimate

43

ij Fi~tur •• platEn Ml • ••. "D L~788~/{4*100l!l).

where 0 1$ the d1a in mm

• L is th •• le"'lth in mm

7880 is the specific •.•t. o'fsteel.i" I'Ll lin!. ,
",rlt23011:45t7881iJ/(4tll11l'lllJ) "'14.73 fe,q •

,,) Locating plate M2 •"'Ul lib *7880/ ( 11111110)

wher •• L i,,; th •• lenQth in mm

1 1'0 th •• br"ad'lh 'n mm

i1,) Knurled Mend nut M3

where D ;s t~,,~dia ;11 mm

L ;$ th •• hmqth in mOl. ,
"'''*34*20*7880*3/(4*1000)=0.43 kg.



iv) Clampinq ~tud, M4
44

where D is the dia in mm

L 15 th •• length in mm

~m2:1*-65 *-7881'1*-31 (4 * 1"100') "'121.58 1<"1'

Total st.,,,,l m",t",..-iai r",q"i.r ••d~M'l+M2+M3+M4

"'14.73+9.1218+I'l.43H'J.58'" 24.82 h~.

Cost "f medium •.•.nd Mlgh c"r'bnn ••t ••",] 15 ",bout Tk.

per k9. (COOlSI: obtained from "",,,,ount,, deott).

25.0121

Cost of ste.,l

Ball ""ef"'''ncp. pins "Ire not, available in th •• 1m:••]

m"rket. The co"t of a ••••t of 3 P"'" is "btl!,.,t US$ 90.eJl'I

I.98'7.

TM ••

pin)

Total mat,..-i,,1 mat. C~Jst + St",ndard

Commercial parts cost,

"'Tk. 35"1'1.51'1 '" n'.36I1HII.0121
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the ((;1'0) i1I"d

t.,m",
b",,,,,, "o;jim",t,,,d fel"- diffp.r<",t, i:".'Olr'd",>nl uf l'~"" ",1:<;h

<:-hue k.,. PLd:ur '" 0 , <,t<,
-, Le'" , 'ro'l pl",t",..
;. !.:""..-1<'d h",,,d nut (3 rlu,,!

<. Cl","picoq _,tl.\d \:; "os.'

~~0h..- "

< hn;

:~h"'5

~ hr s

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

folldwinQ

[lWler-",t 1 on r.: c' 0; t' 0 r '-. ~,'. ,~';" "' Ce'- h,-

L."d:JO'.<r c;e.,,'t Tk ,::".00 ",~,111-

Ov'~r 1'0""" <:,,,;1: • n .- " P"'" 0,-. ., ' .
------_ .•...._--------- ._--------- -,-_ .... -~-----



The prodc<c:tion <:o,;;t of the pitch line chuck is,
- - _....-...-

46

a,) Design" cost

b) Meterial cost

Product,on cost of the
pit<:h line t:hu"~

= Tko 1000.00

= Tk. 3600.00

= Tk. 3315.00

~ Tko 7915.00

4.04 FEASIBILITY OF 'H1E PITCH LINE CHUCK

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

Before fi"<llly recomending for the use of the c:hu<:k i.,
the prcp"'5ed met.hod it is requir- •.•d to know ttl" ur",,,k1,,vetl

qua.ntlty of the gea.rs to be produced to meet the cost of
ttl", fi"to."..-",.

Q ~ Anno•••.) produ<;:tion qty. of gears

C,. "Cost ""ving of bore gri"ding p.,r Pjec •• in the



,----, ~~-------

Th~ following criteri~ m~y be followed for the economic
consi der.ati oQf"6fc~tl''-'''7chuC:K._~- - . -~-~

i) Q * Cs { D • the chuck should not be adopted

i. i) Q * Cs '" D • ttl", "deptic" of the ch'.<ck depends upon

the POllCY of the manager

iii) Q * Cs > D • the chuc:k "<In b" adopted

L.,t.

47

em '" manl,f"c:turinq cost of th •• r:lieth

n = life of th" "huck (years;

lin", c:huc:k (Tk)

lonq term
produc:tion the lif •• of the chuc:k i.s <:on$ider-••d as 10

years.

From previous section 4.03 •

em"" pr-odc<ction C05t of the pitch line <:h~'cl,:.~
= Tk. 7915.00'1

';0. straiqht l,n<! deprE'ciat,iorl. D'" em!n

'" Tk. 7915.00110



~ __.__ ~..=:No•.•_-.:H;~~the_",-huck'i" ••-to be 'Lla~ in th~_ bOre gr-ind,ng

operation then the third "riteri •• of t.his ",..-ticl'", must

have to be satisfied,

From the third criteria it is shown. that,

Q*Cs)D

~> Q -' DICs

frelm the pr",viou5 date. DICs '" Tk. 791.50/TI;. :'5.10

'" 31.53 = 32 (appro")

i.e. Q >

From the above discussion it can bE>conc:lud",d that, if

the number elf Qear"s to b•• proch'<<:"'dpe'- year is mOre th.\[,

32,thl'm t.h., <.os",0,1 the chuck is je,stified.

It m••y be ,"",ntl01"led here", that the ""va..-ag'" dp.m••nd of

spiral bev~l qe~r$ .5 about 1200 number~ per vP.~r.

48

Cost savin.;! per yea,.. = cost saVlng per
,-
piece • qty •

pr<Jduced per y"'" •.•.
"Tk. 25.10 * 1200

It is s",,,,n from tht> above that th~ inve'5tm",nt

pitch line <:hlJ"k "'111 save about ".

and signific:"'nt. in prodw:tiyity by reducinq ",-odwc:t;on

times. This will help BMTFto m",int",in deli •••"",,.••• "ehedule

",t lower prodw:tion cost.

,



CONCLUSION AND RECOMENDATIONS------------------------------
The eNisling process fer bore grinding of gears was studied
throughly and the problems arise were identified. It was
found that most of the operat.onal problems arise from
faulty location of bore with respect to the pitch cone of
gear. To eliminate the operational as well as manufacturing
pn:,blem a fi",ture called the pitch line "huck was
developed. Though the fi",ture was not built,yet the
following conclusions could be drawn from the project work.

49
I

,) Many operational
by using pitch
g••n••ration. non
pattern "b:.

problems of gears can be eliminated
line chuck such as exceSSlVe heat
uniform backlash, improper contact

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

iiil A pitch line d,u"k "an save a t:onsiderable "mount of
efforts, labour hour, machinig time.oper"tors fatigue
and ultimatey reduce the produc::tioncost signific"ntly.

Iv) Use of pitch line chuck will improve the quality of
bevel gears. This will help SMTF to satisfy its
customers and effectively compete in the market.

" Introdurctl0n of pitch lino chuck
process will save an amount of taka
for only one tvpe of gear.

in m"nufacturing
30120.00 per year

It was not possible to manufacture the pit"h line chuc~
within the short period of l,."~.,',",L.,..,, (";"'--?'"
pins.whice are standard commer,,;aI items are not available
in the local market. But st",p !,ave already taken t.o procure
ball reference pins for pith I1ne <:h",,:k.

•



'__,_;-,::;:_~_.-".~-~l;he.;pitc::hline ChU<:Kdesig,,".;a-for the project work is
useful not-only for bore grinding of Spiral Bevel gears but
also for Straight Bevs1 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 will seat, is also a
very precision component. The holes On which the pins will
seat are to be accurately located. This accuracy is
possible only by jig boring or jig grinding machines. In
Bangladesh BMTF and SITAe can perform this job .

•
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