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INfRODUCTlON AND GENERAL THEORY

-,.1 INTRODUCTIOK

Jig ill •• work piece locding and holding devic" used with machine tools

and _pro..,ided\lith a tool guiding eleJl",er.t.

Generally a jig serves the following purp~8es:-

i) facilitates e,aay machining

.. til ensures high quality
.. --~-..•... -

iii) increa"es accuracy /
iT) enBur"" the use of leBs SKilled operators

v) increases tool-life

v~) ensures reproducibility.

For the"ll' reUlOnl5complU'atively che"per and less preci.,,:lion machinell

llIaybe used for reI.<tively accurate work••"hu>. a jie; or fixture is

added to them.At times ••ithout the use of proper jig and fixture the

machining proce"" hecomellalmost impossible. In rna"•• "ne! lot product,oll
•

the llI"chining process is unthinkable without tho; use of proper toolinf6.

Jig" &, fixtures en"ures high accur"c;f of the r"lati"" locations of the

different holes "hich are to be accurately machined on different

surfaces of a three dimensional work.Generally drilling of numerous

identical holell,sp"ci"ly ~hen they are small in dimension and ClOs~ly

located is a Ter1monotonuejob.It is alao harmfu: to the eyesight of the

• ,
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worker.In Buch caseS if th~ proce~s cannot be auto~ated,~t le~Bt 8

jig should be introduced to minimi,,' the "train ODthe labourer and

••

to rai~. the productivity of the ro~chining oper.tio~ by that particular•
machine or group of machine!!.

1.2 DESIG~ AND ITS CRITERIA.

Mechanical engineerin~ de8ign is the uSt of scientific principles,

technical informations ~nd ~IDa5ination~ in the definaticD of a

mechanical structure,machine or system to p~rform prespecified

functions .••Hh~t-he _;,;."rt-niii-c e.co~m:ra"iid..~:f;id;I1-CY[1] •

Accord~ng to Matousek ". designer Ull"Shie intellectual ability

to apply scientific knowledge to the drawings, which eDables an

engineering product to be IT,adeill a way that not only meets the

stipulated conditions but also permits manufacture the ,;ame by

the ",ost economical methodB'W .According to the same author

there are three kinde of designs,Vhich ar. explained below:

a. Adaptive design:-

In this type of design onl-y n minor change has to be made to

adopt the existing proq~ot.

b. Developm.ent desij';n:~,

Such kind of design includes major _clla.n,ge.s.lnthis c~se a f.ew..or

more extra. fac.:il:ities are added to fulfill &. satisfy ne" demand.

,
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but it does tiot ailr. at replacing th~ pr,,~uct ty Ol"e'.: 0;:<>.

c. Ne'O design:-'

or p~o~uct &t ~ll previoue]y in tne 5ame organiB~tion or un6~r

" ,
,'; '),

'" ',

,
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Before starting the GesiE~ 0: ~ ji~/fixture a lot 01 points ur~

cO be ta~en i~to consideration •

A[I,on[the:s following three are- <:lost irn:;ortallt~-

1. Proliuct consideratioIl,

2. Operation c1.;,,,sific,,tion 8<~riteria consiieration,

conllideration.

Above three are terllled "''' .:iig or fixtur~ predesign an"lysiiS, na""ly

1st phase. 2nd phase 8<3rd phase re6pectively~).

1st pha8e~product consideration

Befor~ deeigniD.!!'th" product should be checked and analysed

the.different poil'-ts end different ,,-ngle6.1n thiE phase the

fo1.1o"ing cQIlsideration a.re .,,,d,,'-

•

".) The type of manufacturing pI'OCe8Se" the !,roduct )"laoundergone

during the previouS lllachining operation •• i.e. Ca5ting,Starnping,

.••eldiut,ExtruBion, Turning ,.Ii1l_shape e~c.

b) Material used for the ;lob, i.e. •

-
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i) Ferrous

il) Non-1"rrouo!l

ii1) NOD~metali~

oj MechaIlical I;,llIetallurgical properties of tb'1 job material;

i) Toughnes6

ii) Elasticity

iiil Hardness

-iv) Ductility

v) Strength.

vi) Machinibility

vii) Wtiight
a) Amount of weight,

b} Load distribution, Momentof inertia, Center

of .gravity, etc.

viii) Conductivity - ( E1.ectrical '" Thermal)

Electrical conductivo_,.",'"terials may be clamped by

electrostatic method, whereas thermal con~~ctivity

for cutting concition.

i:x),'_Shock ( Absol'vi ty and bearing cape.city )

atc.

,
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•ano I!hape the jo.b to. be .••••chinec' Shape mostly

influences the ..type of jig \Ie need,e"y Bar type jig,Viee jig,

d) Geo.metrical lIize

•
Universal jig etc.

e} Specification' The Lumber of hole5,boBBes,BlotB,o.ther surface5 o.~

no.int5 and their p05ition5 o.n tne job,

i) Number,Size j, J.,oca.tion

i1) Linea~ relation(tolerance,,)

iii) Angular rela.tio.n(to.leranceB)

h) Finish (ma.ci:oined,gro.und)

v} Other if any. -.-~

The"e info.rmations are required fo.r "election of the datum surfaces,

characterist-ic5 and design "'''peete o.f a jig o.r filxture.

•



2nd ph~5e: Operation c,assi!icution & criteri~ consi6erati~n.

After the co~pletion of the product <,nalysis the job should be•
"n,,:C,'I>~"from the pcint of vi•.,.'of oper"tionnl clas ••ificatiotll;.

_der~tion (B) Number ~n6 order consider~tion.

A) Operation's type consider~tior.:

In this ph~se it is necessary to deter~ine for ~hich m~chjni~f,

operstion the jig or fixture is designed such as : Drilling,Bo-
- -~- -. - .- - ~_.-

_ving,R.!<ar.>ULg,Tu.:[&J--11e'"e.tc.Xbi-<".c--cm~~p!.r_ai;.'on deterrnine" thl:!jig

fixture ~ype.

B) NUlr.berand order consideration: In this step it is necess~ry

to determine the lot size,frequency of receiving ordere etc.,~h~

_ieh ~ill ultimately inf1~ence the design of jig & fixtures.

For u sin£le product(simple type),for instance there is ne ne~d

ef jig er fixture but fer the -case of mltltiple-preducts tber mal:

be a need for jig toofacilit5t~ higher r5t~ of preduction.

,
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tools cl_ssif,oation or selection t~pe.Maohine tools ure divided i~to

are to be uEed for the operation i.e. thiE ~nalyeie is of m~ohi~e

This an~lY8is is done ~~ the b~6i6 of Machine toole and equipment whi~h

two main groups:
A. Material removal type maohines

B. t\llterialnonremoval type.machines.

A. 1n material removal ~ype generally the following groupS of m~ohines

i) Mi1.lins-tHe ( ,.erticd,horiz-ontal etc.)

ii) Drilling type ( Pre.iBBion,SeneitivitY ~tc.)

T) Grinding type ( surfaCe,Cyllindricel,centerlees,ete.)

iii) Broaohing type ( Pull down,Single pall,~tc.)

i") Boringtype ( Horizontal,Jig boring,etc.)

vi) Turning type ( Automatic, Vertical,ete.)

rli) !lIb~liding tY!ic'( 'h_pping,Die c\lttill.rtC.)

,.iii) poliehing{ llonniDg,Burnishing,etc.

xl Modern preciBsion & ultra_precission metnl removal type
ii:J UltraBonic ",etal removal

( Leeer beam etc.)
xi) Metal remova~ b~ the ha~d toola ( ChisliDg,FilliDg,Pa ••kiDg,

Brushing, etc.)

x) Friction type ( RubbiDg with soft metal to obtain euper~

polillhiDg)

,

,
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xiii: Reciprocating type ( Planner, Sh"per )

1~) Electrical ~etal removal type

Th, type an" 5ize of mac.h),p" tools" ;;re~tly "ffeet .tne Belectic"

,of Jig_fixtures :eatllre,JOr in"t"nce the_eizc_.Dr the bed and

tho tooling area "il~ limit jig-:n::ture iiimen.e;ion.

B. l\atcri"l non removal type includes

~ A"".""bling

2 Inspection

3 Mi~oellaneou6

1. Assembling :

-----~- '- '~

i. 'oIe).di-ngtype ( Resistance, ..'verhead, Unaenlater, etc. )

ii. Hiveting.t:ype_(Fed~stal, etc. )

iii. stapling, Stiehing etc.

iv. Soldering, Bralling,

a) Electrical induction

b) Furnace

'V. Other type"

For 868embl,. operation Borne time f~"ture may qUiC1<~Dth" production

rate, 6ay riveting more thau one at a gingle operation naturally

,
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better than that of the single ri~et at a time.

2. l.nspectioIl:

i) 0Ftical (comparator, etc)

ii) Fixture indicating elements

a. Mechanical ( Geared indicator, screwed, etc.)

b. Pneumatic, Hydraulic ( Indicators, gages)

c. Electric, Slectronic, Sonic ( Pick_ups,

---~
For dimension checking optical instrumentE -may facilitate automatic

in"pection say overeb •••pI'oducts will go in ":"y , UIldersize products

will go aDother w"y and thoa ••~ith exact si~e will remain there.

3. t\isoellaneou5 equipment:

i) Painting ( Spraying, Brushing)

ii) Heat treating ( Elect-iic."l inductiOll., SaH bath)

iii) Plating

iv) Foundry operations.

v) Peening, etc.

,

-'
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There are lot of con5ider~ti:onB t(>,beDI"de.c":,il,, de5igning " ';jig/fixture.

These vary with types of jig/ii~tuI"e5, e.g. the desigc steps and

procedures of " milling fixture should not be similar "dth that of

_""drilling jig. Again" jib may serve more than one purpoce. So poi-

~••t of ceinBideration-.ldll also va:ry from one jig to "nother jib;

\\'hile designing e ,jig_.fi"ture .the iollowin.g.point:;; ars to be

-
kept' in :oind 4 •

1. The main -frame

,

of the jig or fixture m"-,,tbe strons enough

:l.n order to prevent the deflection to the maximl'-'"""tent uoe to

force exerted during cutting and/or clamping.

2. It ia " uau"l practice to build up the frames from simple sections

which may then be--either ,;or"",,,d or >lelded. Combination of both

"elding -& acrew.is " good pr"ctice.Tpose parts are to be changed

frolll
tillle to time lIlaybe fastened witb screws, and parts remain

for the life of the jig or fixture lOaybe welded. Complicated ",hape'"

may be cast from a g90d grade of cast iron

3. Location of the Job in the jig ia an illportant point so there

,



"lUstbe arrangement of l;j~",tiog work <-t the exact plsee.

~. -fiXture should be so designed that the 1oIorkloading & unlc.nding
•

"ill be ea"y.

5.-1l:.pid Eud "ar,y clamping "h,>l,ld be the ch,-;,,,cteris~ice of "

£;oodjig!~i"ture.

Cl!lll<'ingdevilles arrangement ahould be such that cl""'ping "no.

"nc1
am

pi
n
rroperations :onO'easil,' done,This shoul0 be Gone

.. ." -"--,,--:'"""'
When""erI'08s1b1e,Cla",ps should be supported ",itl"" springs 60 that

the ~lamps are held against the bolt head.

£. !ump••r pin, block or any other ol>aL~lIctionsbould be ~ad•• t()

swin~ the work only as far as necessary.

7. All elall'ps supports & 1.oc.ators should b•• c1.early visib1.•• to the

oP".rator anG e!LSi1.-yaccessible for cleaning, positioning or tighting.

8. If possible all elall'ps & supports ••hieh need to be adjusted "ith

a wrench or apanner _,,"out.d_bethe sa••e Bil'e and should be capable of

bei,,(/;ope.ated froll' thll front of the fixture.

9. There must be definite place or places to keep the _loose parts

(adjusting tQ,,),s,bushl-nE';Betc._) to preTent slip '7way.The5emey

be fastened .>lith n••:!<iblecord.or "hai•••

,
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10. L<>cl'.tionmust be unique ana c1."•..,ping should b", rigid

11. Support point!'.and other part!'.should be in such a way t~atit
eaEily be replaced i~ thOBe break or \leer.'

.12. For the c",,,e of jig6, provisioDs must be made for easy chip

re",o.•al

13. Tolerance of the workmust be in a reasonable limit but !lot close.

For the closer tolerance, the coat of manufacturing ,,;: ..I:.h"work
-- . .~~

nT -".•;;;y-so--t\1.at inter-changi 'oj it t;

a!feets.

14. Safety of oper ••torE; must be taken into considerations •

•

•



The exi6tin~ proceeure Sor the drillin[ of holes is inHccuT~te,

SlOW and it is moreover monotonus for the operator ane very

~uch harmoul to the eye sight of the machine operators.

Therefore the aim of the present work i6 to

1. illcrer,seproductivity,

.-

.2•.lower down the cost of production,

3 •.rai5e accuracy of production(machinin,J ,minimise

operators labour and hiB eye sight fatif':ue•

•
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lJJiSC~1FTlONOF EXlSTlllG ~UFACTllRING r"CllITIES

2.1 ANALYSIS JJ{D GROUPING OF THE JOB :

Ba.ngladeSh Machine To018 factory mcnufactures seven types of

1. Faller Bar Round head (second dra"ing): for Chittagong Jute

Manuf"cturing company Limited (Fig. - 1 )

2. Fa1.1er Bar Square head {second dra",ing h f(>r Platinum Jubilee

Jute Milll; Limited ( Fig. - 2 ) •

3. Faller Bar Square beae (second drawing)

Mills Limited-i fig •• '3 ) •

for Crescent Jute

It. Faller Bar Round head (finisher drawin,) : for Ale,,",Jute

Hills ( Fig. - It ) •

5. Fal].er Bsr Square beed (finisher drsvingl

lInls ( Fig. - 5 ) .'

for Alaem Jute

6. Faller Bar Square heed (first drawing) : for Crescent Jute

Mills Limited ( Fig. - 6 l . ,
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The ••eve~:t~. tj'P" of Faller be". il; 0:; cr"-n:'_type, wr.icl'. to;

conpletly di6sirnilar with the previous six. Thi ••is mece of,
round b~r wherea& Tc~t six are flat ~hat i6 why seventh type

of f&ller bar if; not included in thiec ct;J[,y.

Groupings of the Faller bars are r:i"de or: the basiB of center

distance bet"een the twosucces"ive holes in n rrill, since

the rC'1UireL6"t c,r ji;: deEl!;;; i" fOT<'rillill[ hole for in"el.t~oll

_oj 'rins at uniform distance_ -.-~

-"

Specifications of the faller bar •• of t"-1'ee-.grollpanre given in

tvble _ 1,2, & 3 respectively.

" Si"e ,1 co- . No:li"f No' 0 No of "8" "," "d"
~ .• ;;'l?

" faller bar Gril1 'R""•• i:q'grill inert inch inch

1 11 13
.

1 32zr::r: "1';"'1< "32 6 , 1}+14 , 0' 07 ".

3'"
11 "* 6 ~ 13+14 , I).O? "2 x-,,;x

32"
11 13 6 2 13+14 , 0.07 "3 ,. "Ib ~~,

0 - "', . "-e",h,, d,"-1-<-l\c," b"-\w •.~,,, Cwo "'u.ce e",,; V"- -Rok'!.

"cp" '0 "'- oJ. ,,,,,,,Qt.e,- 'le ,he- hole s ,
d ,0 ", 1n r•.,.,.,...1,,, Ie eli"\-,.,.,,,-,,, b•.twe,," Cwo '1,-.,1"\ '"
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TAD4 - 2.

51 Si:oeor th~ No of No of No of "a" "," "d"

"' faller b••r Grill il:OVIl l'i~ill iooh inch i"ch ,

I
I

, 263 11 13 , , 2h28 'i5 ilix"Tb"'-;r I
0'07 '.

\ ,\
, !

3 11 13 I
26,+::1: ibx X 4 , 21.•20 1/5 0'07 '"

TABLE '- 3.

'riO' 0' '" ___~~'~f.\.~~}~'NO,~~f~
"a" .-"," "d" !.-

• - -
Grill]Rowa--I pir;trill'

.0_-- . .
No faller b"r inch inch inch

6
3 13 4 , 12+13 • I

0'07 I '. I35 X 1'j" %."!7

The g,ouping-hlls been done to get m"ximum r,.eilitieE ~'rom minimum

n"",ber of Ji~>In the "bscenc~ of the" 6TOl.lpings,the number of jigs

needed for the -six faller-b&r", would have-been six,but in actl,lsl

Clllleit i6 much lower.

2.2 m:SC:klP'rION lit' TliE LAl5'rING VARIANT.

There ill '''" arrangement to f~cilit~t" th" drillinG operation

in the existing Jig. The n:i,;tinL jig is a plate type one,with

,
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the a:rangelllent of lonc;icudinal and cro"" movement ( Fig. - 7 )

The e>:i"tino:~l1riant eon:;istsof thl' follo"'ing parts:

3,

Part name

Guide :plate

HeX"Bonal ecrew

Eexagonal nut

Quanti ty

1 lIos.

,"
20"

8 "

.-- 5.,
?

8

9

'3

'5

"
'9

Round head 8c~ew,"

CrOBBslide "er~>I

Bush

Counter shank sere"

Guide pl"te

Tray

Clamping "crew

Pin

Socket bead Bcrew

Jexagonal bolt

Plate

Sliding rail

Orup 5or,,'"

"
6 "
2 "

, "
_, n

2 "

, ", "

3 "

, "

4 "
4 "

3 "
, "

2 "

,"

3 "

,



L'rs£;:lg Part l1arn~ Qu~.ntit:l',-
" Grup llCrew

,".•
'" ,.. , "

"
,. , "~:.r

,4 Fi:dng 'Plate
, "

" He"agon"l l>CreV
, "

" Counter shank 8crew
, "

21 Bu"h
, "

,8 >lheel
, "

, . '<9 Hanfl.l.~.
, " -~'-

30 Longitudinal sCrew
, "

" "j
, "

" EexagoJlal bolt
, "

}3 Lead
, "

,.. Socket head screw
, "

" Pin 4 "

" Coolant drain nozz;le
, "

" Clamping bolt angle 3 "

,!,vo channels are welded together ( leaving gap in the middle)

to form the ba8e of the :iig. Guide plate ( Iio- 2 ) is.:.a rectangular

bar 6crewed with the Plate ( No- 20 ) by hengon"l screw (No- 3 )

The uPFer side of the.base is used all Blide way and the lower side

-'-

i6 fastened to the bench by acrewJnot showlIin the figure)

,



For ",ark::.ngnperadan the jiE platel No!;S .0.0 in the fiGure} i6

fastened to the jig body .( No - 13 ) with the hexagonal bolt
• •

(Ho_16)

tb.ken o"t.

~hen drillin6 operation in done the jig plate is

-OPERATIONAL PROGEDUi!E

To descr-ibe the operational. ;;rocedure the index of figure - 7,

the fixture

by three clampio£ scre"(121,,with the sUl'l'or.t of jig body (131.

The two ends of the job rest on the \:"'0 clDmpingbolt angle ( 37).

There i6 a fixing plate(24)~fa6t~ned with th" Jig body (13) by

two hexagonal screw (25) for pccitioning the job. Plate {24)

-, ..
also limits the di-sp1.acementof the job whi1.ereeetted it after

any interruption of drilling in case of allYaccident.

Marking jig plate is fastened by countershank screws (4) to the

jig body over the job6 • Three jobs are clatllped together so that

loading and unloading are not frequ~nt.

MarkinI' operation is catTied out by using a "enter drill. After

marking the actual drilliI"og i6 done for the whole depth.

,

- .
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Generally for drilling the job~ are tran6f~rred to anothe~ drill

Illachu.e r ••the:" than C.iSa6l5ernb:ting the jig pIll te.<:>ne/tvo ,,"I>&1in"6

U6"~ !or marking oper~tiolO & ",hen it is ov"r,thesc 1f,~~hint6 "re re-

_",,,in iole,which ulti"",tely leads to higher coat of production.

-Tn cnBe o~ 10n[; bre~k.£,_ofd:r.ill bitE .the broken ;m!"t muy be removed

,fro;' t,he job ",ith (hfficulty .•ln the. case._cf "hort 1:l1'£"ksit CQnnot be

lield_•.t the top for. taking out & then the jig has to d.eaBsembled from
,-

'-' .-_.
'- -th~ ji-~:b-Ot'.yfor removirog th" broken drill bit.

The llori:l'o;'tal moveillent is done by Longitudinal scr~w C~O)

and Cros" slide sCrew (7), the 6crews are rot"ted by mean••

of two hand ~'heel(28). which are furnished with handledZ9).

The revolving Illotion comes fro," the whee1 :rotation,& it is cQr.verted

into the 1ongitudina1 -moUn of the table by meane o~ a 6 TPI

ACME thread ~cr';'oI(30) ~nd nut(19). This revolving motion is

sU'Pplied, to the ",heel llIe.nnual'f,".

After the dri1Hng operation the job ie un<::1ampedand the fill;<01

o'Peration i.e. the pin insertion is done.

,



VIIll.IA1IT! 5.

g 2.3 DE'I'£CnoJ{ OF PROBLEMS AND DIFfICULTIES OF ~m:EXISTIN(J

,

From discussion ~ith the factory m~nagement.technical pereonnels

and machine operator •• it ~"6 clear the.!: follo~'ing problems and

-difficulties encountered in drilliug holea using the existinG

facilities.:

1. No of pin5:'It is found that in a sinble Faller bar--tbere-a~

100 lios to 164 Nos of pins. In the first dra_wing100 Nos of pins

in tho second dra"ing 162 Noa of pine and for the Finisher'

dr""ing there are 164 Noa of pins in a Faller Bar. So aach and

a..••ery faller har requir •.s the corresponding numners of hol ••s to he

drilled. This varition in

_uuique- technique for the

hole number Causes problem in setting

operation.
•

2. Hole sille and depth: The hole to be drilled is very narre.!&,in

the order ef O.07inch;Moreover ,-it has -to be drilled to a depth of 3/4

inch.Gverh&ngiog length of the drill-bit is approximately 2inches.

'3. Drnl bit and sille: Since hole sille is 0.07 inch naturally

shank dia Il.iidbody db .• of the drillbit is...less than thi6 ;: c,

•



hole i5 narro'o' and deel',!f drill

That i8 .••.hy the ratio ""t .••.e••!' i;le leDbt~ .no3.th~ _di"'llleter ia too

hie,I. (29,1) and exceeds its critical value:Do.e fo its slenderne" ••

drill break8 frequently .Moreover it iB an in.cce"sible regiol' ~or the

coolant,.S a result of this h~t remeval fro~ this cutting ~one is

very slo .••.,i<.'C;l.Ullell the temperat',re rise.A" lS\lchtool(drill-bit)

bl\lnt" rapidly and cutting ferce increases due tb th •. bll-'ntnellll

(increa"eo3. friction) of the tool.

4. Witb_dr,,-wd of brok:u. bits;from the job &, the jig., : Si".:e the

breaks it cannot_~e_rem,2vedquickly
-- -~- -- .--'-- '--

"-I'de."ily.Sollletimes the job and the Jig lU'''to be r ••••oved from the

fixture •.••hich is di:rficult due to the "ddition.l Oper!ltion" of

clalDl'i"g,unclampins.The resetting of the job ia ,;: difficult locating

problelll.

5. Chip removal: Since the hoI•• is narro .•••de.p and the flute

apace inside the drill. meUlt for the chill remo,.••l is extremely

sm••.ll • it i ••very_muchdi:l:!icult fer chill to comeout freely.

Alao chip can easily get "tuck: in_the mid.••ay ultimately ca\lsi_!:

bre ••.kage of the tool(drill-bit).

6.Indexing , For indexing exiating arrangement is scre'o'_thread.

There is nO lIleasnring or controlling device to locate exact

l'osition of the hole to he drilled on the faller 'bar for the

---,

,

- "
-



7. 'l'l<e",,,,,kiD!; oper<>tion

•

In the exi"ting variant "Marldng"

.-

,,=~ "" c,ntI''' I'.rill u~<n~,.<~...1_', ,~ ~_n - -- •. ~L ~~" _ ,,~C ~e r-~" ill U.,~~p".a.~Gn \oar:~

, 'the I<ctu,,1 drilling.. in a ul.fferer.t ";er,,,Uol:!, w;,.ich ultirnnte"ly

inCT1!"'-BeEproduct~cD time ""y_ n corwiceratle "",ouni, if not

dOllUec..

8. Operator's "-ye :fatigue: Operator hal> to o.rill "t the "reoer

po_tnt_previOuBly ".ark",,- otherwise inaccuracy come" and !',,-dinl

-
force acting Qn the drill til' tend" to h~na the drill from its

"xi6 re6ulting in for"e vibrat~on and ultilll"te ..~reakage of the

drill. Moreover the marked points are 60 small in dimen"ion

that it i ••e;<tremelydifficult 1I'0rthe operator to continuc_£or

honr~ together to carry out <iril:1,ingoperation;lookirlg these points

acCllrately •

•9. Double clamping: Each "no every '"'ark is clamped t .••ice, once

for ",arking at the surface by using a mnrking jig aLd second

time for drilling holeEl.SOthe indexing problem comes for the

secOn"-time.

10. Costs' the tot"l expenditure rises_up due to the abscence

of proper lllatching m"thods in the existing variant. Cost ,:rises•



due ~o if'creased macr.ine hour, labour ~QUr,'P0"er consUIDptionetc.

11. ltisscheduling , No 'bot} can SBYe:xactlil

,
wh~n th~ drill will" ,.~res•.

to C1<IISe-accident.H. han. 'oeH. fo'One.thet in o.rillin" a "in;;le

faller bar five drill bi,t had been broken. Although this is an

uncoom
oc
event it affects the production tim~,as a result of wbich

<iellivery i" delayed !me nat"ral1y goodwill i6 ri-ffectec.

12. Rigidity

,10'0/ rigidity of ':he jig.\.ongitu<'.inal or cr066 movementof fixture

during drilling operation du'- ti the fact thct the b_ble is not

positioned positively durin)'; the drillil>g opernion oauses the

drill bit to break frequently.

Fr01llthe above consio.erations the follewing conclusion Co.nbe dr"~'n.

Sil>cedrill breakage is " m"jo:r problem .If pOBsible it should be

Btoppe_"if !lot f:requency of drill-bit breaking should_be minimized

to a rea,;on"ble extent.

The production delay is a ma':lor_eco!!olllicalproblem.

needs" ,;olution.

The techl'lical problem i6 indexing EOlUlindexing facility should



,

be added t~ facilititate easy innexin~.

The operators face eye fatil;ue anll that i5 "h)- they get
,

tired

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

r"pidly and the !,!"oduction h=pered. This dlOUld betaken into

eOll6idefatioD in the new variant.

C06t of production Bhould be lowered nnd scheduling should be

improved ao !'LSto raise profit rates aDdptoductivity of the

The ri;o;idity of the jig may cause inaccuracy, tool breakage

that i5 whyrigidity of the jig should be raised.

,
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F'ROBABLE SOLUTION OF TilE :PROBLEKS

3.1 PliI-LOSQPHY OF MODIFICATION

Modern manufacturers are ,conscious about the cost of production.

'Sometimes the technical appraisul for the manutllcturing may stand

with less priority.For the production of special partB,coGt

ie th" first co",ing element.

-;;'oran s.daptille design change i8 mlnor which cannot give the

solution for_ 0UI' problem and for new deBign as it i" the complete

ne" creation ve have to move towards a- development d~",ign.where

an appriciable modific ••ton is encount ••red,steploliae,1o'ith ch[mging

the parts \'Ie 'o'ant to have the optimum utility .••.hich is. ti.".,

deeigner6 lIlottO.

To have the maximumutility frolll th~ minor ch"Jlge cf the existing

facilities. the parts maybe r~placed for neWone but the fixture ~

.ill remain there.

In the drilling operdion the drilling is not only the problem

but drilling in positon is also a problem.Here " numberof -hollOs,
are to be drilled with 1l1llo••t :,,_needle like "dr.ill.



.. -..., ~

The proble",", lie_ therein ••re'-

Tool hrUX" fre"uentl,. in thia particul"r caee due to eXCe!5SiTe",'•

force ,..inly.

Tool breakage can be lllini",ized if the influence of the "bove

lDentiol\edfactorr; "re individualy reduced to the reasonable

e"tent.

~ ",h.iJli:z.eex~e~sJve cuttin[ force cutting fluid of a FOO}gra~:,._

is to b. u6ad.Moreover the drill bits are to be sharpened after

a certaill. number of operations .~'hich should be found out

exp~rime~tally.

To milliei •.e excessive heat,coolant of a good grade maybe used

'l'his heat is cl'Lusedby the f:riction du:ring cutting.If he"t can be

ca:rried a",ay from this cutting zone to any otmrplace,the rise

O.f"temperature maybe minimized.But the' best practice is to 10'<ler

the heat generaticn due to friction.

Rigidit:r of the drill bit is 1011"since the length to diallleter retio

i6 higher than ,it",_ cri tical' value.Rue j:o the job limitation, the dia

or length of. drill cannot he chaIlp;edI<t.berefore drill breaking cannot

be prevented by changing the ratio.lf it is possible to rei .••e the

toughne"'" of the drill Illaterial,then the tool.beeakage. l''''-Ybel"o'<lered•

•
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The di:ierentiill c"Uttin5 :force i" """'cloVe(! due to a number

of causes: ,
i) Po"itioning at offcentr" ••-hiIe drilliIlg th" hole "iter _the

completion of lL"rting oper"tion •

ii) }':ree ",o,;elllent of the table "hile drilling the hole.

iii) HeteregelleoUS grain structure in the job rnderiaL

i,v) Di!ferentiial hardening by heat treatment.

Heterogeneous brains i~
.-

~Bhn):' dj;j.i.ic-ulty

~hich i[] beyond the scope or the YrflHDt york and that is why

differential heat-tre •.tllll!nt 18 Dot included in thi ••discussion.

o\1,tlmughthis phenomellon i6 lIot verr Common in th" job "'Atllrilil

and 1t8 influence on the tOGl breakage i5 also ne~ligible,hence

th~ point differential hut_trllat_eDt i ••••heterogeuity il' the

grains maybe neglected.

It :i.~pos[)ible 1;0ILinimize the offc.nterll ..pO[9itiolling;df the drill

bit during drilling ••iter the marking operation ha6 been carried

out,if the operation of the drillil1j; and marking is po,,"sible at a

time.The free movementof the ~able along with the fixture may

Ca.U6e6fatigue failure of the drill bit.Natura.lly this 6hould be

,,"voidedby preventing the movement'If the table during drilling.,
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To avoid marking a jig bush is pro?o6~d fer all th~ new variants•
to enide th~ too1.The jig bush shoul" satisfy th~ f0110>'io[';

:req.uirement", ;

i) continuous gU1dance of the tool,

ii~ replacibility,

i-iil reusability,

iv) lOll cost,
_•.._ vF - nO ~ccu:nul"tie,l) of eh1p & prO\'iBion for coolant flow,

The Jig bush iE 1'1aced on a stand .'hieh is :i>,"1'. or. ",,,chine b,_Ee i.e.

with tho bench.Th~ "tBnd i5 k'ddec; ,lith th~ bench SO that riridity

increases.FrOID fib it is c]e~r that tb~r~ i~ a p13ce on ~he 3ig body

to 6~t the jig bush(fi,,-7).I, keJ' i,; ther~ to incre6E3ethe rigidity

of the jig bunh with the jig bu"h holiier.Jig body is ricin ~'hen it

J.S fa"t"ned with -the stomd bJ" means of the key.,"'hen the bush :requires

--replacement or machiIling it [l]ay~w5ily b~ tak~n out by withc.rawine;

th~ key.

For ind~xing,~xi6tin~ v"riants ha5 a 5cr~,"'0: 6 TPI ACI;Ethread,it

only con,,~:rts r~.•ol"int Ir.otion to the lin~ar motion.To measure th~

distflnce 60I1l~ auxiliary p"rt~ an [0 b" added•

,

•

I',",
I,
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variant-;"13 iutroau.:ec in H.is at .th"e,place 'of-

pr"vio:lS one ,'rIhere "","i•• the center,diat",nce between th~ two adjacent

A sere'" h,,,,in[, pitch I',,"

holeE U ? Lrill.,},herefo,,~ ,,'.ch "n~ every rot"tion of til" scre",

oulc. "ve i' lin.",r displacement eq~ivalent to "••".

To rn~~s;r~on~revolution ~x&ctly a point i~ set on the ~h~el{fig-7)

80 that 1t c,.'.n l',ivc un indicRtion of one revolution(starting & enc'.ingJ.

Op~ratitln",l feature - _' __ c.:: ..••• -

,;ach rnclu~ion of the "h~~l gives. a line"r distunce ",," of th~ table.

SFr~Il[ .ctuc,ted.There i6 an ind~xing point on the "heel(28,fig-'jl

The rot~tion is cotltrolled to a single rev",}ution by " pin ..-hich is

"t the left sid.e.Thi6 pin Jacko auto:naticaDy when one re.'olution

of tlJlo
~heel is completed.It rC(jl'i're,; only II. few force to overcome the

lock B<\0 rotate the wheel for ne"t r"t~tlon.'j'he end fOlnt of the .'. -

This f",cilitntes cas;,' in(exinE:.

Since clallpinE.<:cce5Sories ar,' not ch2nged in the new 'fariant the

clalllpi
u
l': aud uucl<ullpiug i6 ea••e a6 iu the exbtiu~ ou••

,,

•

,
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THE SEIJlIlD VARIANT

variant~ e~oh and every revalution [,ives a • •l~near_

movemec equivalent..:.to the threacl'o ritch

center "istaD"e between two adjacent holes in a grill

the di&tance between the successive grill D\C,ybe an integer multiple

of-"9." ~r a fraction multiple of "",".Ii it is fraction multipl. of

"a" th~ it is difficult to UB" the jig described in variant-1,since it

only contro16 the mO"l'ementof the "heel by One rel:tolntion.F or "-u

i!'teg~:_ ",-••.~tip!"_o;~,"2s.~:tP..;_,,!h~l ~f'J:.~uld'pe rotated more thaT. once,

end thl number of rotatien requ:!-red_~s "pto 9, (nine) for the given

feller bars.

To ••linnate Ulis,secand variant is designed-Rere .foUl' -pairs of

gears are added to give the linear movement equal to the distance

between the gril16 by one and only One revolution.For Ilaking this

versatile instead of a screw three sorews are used.This three

sorew .•••.11 give .three 6ets of indexing'

The mecbani5llldeeigned in first v.ariant has been uaed in the aecond

variant for measuring tbe exact'revolution of the wheel.ln this 'l'ariant

a little lan,er wheel i6 added to get more lIechanical ad'l'antage(fie-10l

From the three .pairs of gears,one pair iG uGeoi-'ror inlieDld.n«the
. , ,-

revolving motio.n'Il.lldtbe rest- two',pairs of gears are used to index

the intermediate distance_between the two sucoeG"ive grUl~., - c.•..

..
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(<lne pair of gearll aTe used fOT "In" _group of h.ller bar)

.lccordiog to .tlle UIBembl.,. one r"volutiCD of the "bellI iA of th"•
"erew dieplaee the table longitudinally by" ••" distance sinee tl>"

pitch of the scre" is "••",1,10for "d" distance the "he"l should

rotste4 by an amount '''d/a''.

'libere "ii." is the center dillltaIlCe b.baen two "ueee"ein pin6 in ••

grill and also the p.itch'o! _tW"•• r'''. "ll" is the interllCdi&$e

diataIlce betw"en the two sueceBsin grills.

OperatillIlSl feature

In this vBriant there ill prtoTiaion fOT oe" scre .•.•A,pair of gear

,is. used to obtain the line"r lIlovelllent "quivalellt tg the intermediate

distance between two Buoces,d .•e grills as mentioned "arlieI'.

Wklilecenter diatance beheen he pinll in a grill ill to be indexed

the procedure 1.&"illilar to the firat variant,But the motion should

go through some ge••ring ••••hi1e indexing the .intermediate distance between

the t .••o gri.11s"d"- the -",otion will be transferred to the sCre._,-throug.h

a gear trainCFig-10) SO that onl)' one revolution of the wheel "ill be

sufficient to provide -the disl'laceiLent of .table :equals to "d".

'!he gears are c:hallgedto~lAtP tbe inbrlllediate distance by lIell!l"

of a lever.and after completion of the one revol1,tioll tbe lever

is again turned to its original po"itiCIlI t;~.1Ilf.1';f:ready tbe

,,
assembl,- for indexiDg center distance.Actualy thi" laver lIhange

doe" not require an,- ti.e bellause thie lIhenginl';<csnbe "lIo-.pl"t-d,



duriIlE: drilliIlg a hole.

There i6 an extra pin in one of the t~o ro~s of e grill,and"it is

identical for all the faller bare,Bo the interrneciiate riistance is

lo~cr by "n amount ",,".Thet is ~hy the int.,rnediate distance of_th_

-is rO~ requires one extra revolution of the ~heel,keeping lever

Ilt the nor01,,-1position efter the one revolution of the .'heel.Ther _

_fore the table rnoveean additional amount of "a" with the previo-

-us intermediate distaDce.

,

To ",ngage the gears the lever "C" should turn to the right by the

handle "D2",EOthat gear "01" should ""ISh~ith "06".Due to the

gearing effect the linear movementincrease to the distanne equal

to the distance bet .••een t .••o successive grille.

,
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In the second v""iaDt one ,;cre,," thread Eet would gi,'e only ,,--.!iingle

~.~th difier"nt .t'.,tche5 are required.It i'} •• cumb"rsolllejob to. change

the screws frequently for drilling dlfferent types of ra:tler bars.'

'['0 avoio this a:r:rangementshould .be'mll,de-to get _8 number of indexing

usin£: only one scre",.That is why "- ge"r bOl<is added to obtain the

differeut sets of inde"in parameter_" by chang~ng the gears only.- <-- -•..~. ~. _._-~,---:- - . -=, -- ..
o~,tt.ree Eh;cfts,two f,ears for inde>:i!l[-the c;,nter

dista~Q~ between th~ t.e ~uccesEive pins in a S,ill,other two ge~:rs

gea~s are used for reversinG the direction of revolvinG motion.

A collar ,s usee to keep the ge~,s in [osition,'" lever urrangement

Gears of "8" P
d
are usod for the gear bo" and a "scre" of 1 thread

pe, inch has been used.

The inde"ing ratios are.1'Z,1:4,1'5,3'2,5,4,to get corresponding

distances of y.,inch'1"'''-inch, ., 1/5 inch 1}i>inches,1J/i inches.

90 nUl::bersof t6etharere'luired to s"tiEfy the above :r"tios(from

the L.G.N. of the above ratios)

'0'" inch diEtance to. gear ..,to '0 b. used 3°,60 ,
" > " " •• •• •• •• •• •• " 18,72

" 1/5 " •• --" •• •• •• " " " 15,15,

-, •
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For 3/2 inch distanc~ the gear eet is to be used

" 5/4 " " " " " " " " "

operational-feature
The clamping and unclamping procedure for the job aTe same aa in~

the Tariant" described "bove.In this varisr:t(Fig-11) th", gear at

the -position "G
5
" needs no change,it is used for reversing the

revolving motion.By changing "G1", "G2". "G " and3 -

different center and intermediate distances oso be indexed.

Wher. "G ", and "G "2
gear" are in me"h the center di"tance between

the two 'Pins in a grill oan be indexed by only one revolution

of the wheel ,"e". The meshing of gears may be chonged by the

lever "1".

For different center and.,int"r-ediati::diat."uces the gear setting

po"HionB "ill be as mentioned .in the'table-4 giv.en-in the

next page.

For the holes of second rO" of the faller ber the intermediate

distance is higher by one center distance as mentioned earlier.

50 it needs all additional movellentof one center distance then

thet of the fil:.st roW.It is to be done in the same we,.as the

second variant.

,
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TAilU: - -4

INDEXED
~

POSrnOfi OF TBE GEhES
N.P.AMLT£R, " " ',.

~

" "
, •"

,
0 •., , 50 "', , " -
, '5 75 , X .,
E .
E . 54 36, X X

H 3' 60 , ,
~., X 5' ~ 36 "

"'t.ilz &. ~ are th~ center distance of tho faller bars of Gr"up_..A,

Gro'llP-B. Group- C resp.ctively.

~. ~" ') (Ire the intermediate distance bet",.en the bon [rille for

the Group- A,Group-B & Group-C respectively •

•The gear s••t at,the position ~ll1ay bo use~ for the future mod.ification •

•

,
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THE FOURTH V1I.RIANT

ASS';lllb1.ydrawing of the ,four,th .\,E.ri1l-••tialoDgwitb.~p"rt""liBt"ill! given,
in Fig_12.Petail drawiD66 of the parts are given in th" Fig_12A,B & ~

The procedure of clamping end unclamping is ~~milar to the Variants

described e,,-,,"lier.Berore indey.ing;the pin "N," is to be set into ..oorrespo

-- .-_. -.~'-

I'din.!!bole. of the: pin.holder"P" .,"hile arilling 4lit row of holes the pin'~'

comeSin contaot "itb th" ~••t aide of the wheel'Ii.After c<>mpleti~nof ~ling

one row of holes pillN2' is rea1.ea••ed to come.in contact ",itb tb •• other sid"

of the >lb.""1.&, at the SfLIlIetome piIIN11 is taken out of contact.

The wheel "Lit 15 to be rotated mannualy by means of handle -~2"

Figure-12.The conical grooveo; On the bothe-side'S of the "heel are

the iudexiu£; poiDts.The pin "N" lo'cks the ",heel_!'L" by the spriDg

force of the--"pring "O".After completi'>n nt.,drilling " hole the

"heel "L" requires e. little force to overcome the spriDg force On;',

the piD "N" f~r unlocking.

The ",heel. "L"-.:1s .,to be_rotated .for N.illing ilIe. uext ohole.The revol,dng

motion is transferred to...the gear ••train by meanllof e shaft "H3".'l'he

gears transfer ..the revolving motion to a pinion "G6" .••hich transfers

the motion to a rack "A".The rack converts the revolvinp: motion into

linear motion for the table.

The "heel autometica17 controls the distanoe to be covered.As in the

second and third varia-Dts it dOlesn"t need au extra work for indexing

•



ro".Clock>Jis' rot~tio" 0: :he.wheo!'L'cans"". thc mcvcmentof .table. toli"rds

tho l.ft ani ,his mov~rnentof the table is req~ir~o for drilling

tht hol~5 of "tconi: rO'.' and ~." thi,,' conditicn thc.l''' ia nO nalld of extr ••.

Tot•.tion of "he "neol.The pi" "N" "ill r,eleet the index point for thft

distanct requirftd.

operatio"nl
- .-.,...-

v••M.~t.,-
,

Inde:dng ",echanisllIus"d .in this variant is diff"r""t frolll.the previou~

three v~riants.lt is mainly e~u,p r~ck and ••.pinion.One nell

pa.ir 01 g"ars is required j or thiB ",echanism.Drill bush used -t.n tbis

assBmbly is saID,!"'" in tha earlier variants.

The ",ne.el i6 the "p"ci ••lity of tr.is variants. There are many indexing

points on the "h"el.trm",el'oints give lhe indi",ation of cent_"r distance

between the-.two !"ins in "- grill llr interrneC:iate distance bet""""

two grill as per requirement.th" "heel i" !"".deof Mis plate,the.

ind"x holes arc machined with a center drill to i"'par~D l'eguired_

conical shape.

The gap b••t'vleelJtwo holes on the wheel ar" calcula1:ei."-s follo'vll'l'-

•

'" ",
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For indUcing the distance bet-.een two succes5i Va ho16s"a", the table &

the rack are to be displaced by the same distance.Since the pinion G6,
Fig-12 ia in the mesh with the rack,it has to be rotated by an amount
, ,a/4q, •."here D6 is the piter. diameter of the pinion.This rotational motion

has to be transllli t ted froll' hand wheel, through shaft_F., gears (;8••••6 !!< (;7.

Transmission ratio between E"ar G8 &< pinion G(, may be ealculated- as

So, corresponding to
"ill have

revolutionS

, where, D,- i. ", pitoh diameter 0; ", gear G7

D6- " ", Fitch diemeter oi ",.gearll(
- D,- is" the pitch diameter oi ", gear '8,

i •, ,
n "'- •8 •• D

fo110w5:-

.•-

From :fig-12A it can be seen that,

D6 - ,
D, - 4

D, - 5
a X 2 •

so~n8" - - , revolutions.

<x 4 X 5 w"-
Since gear G

8
and hand wheel L seet rigidly on shaft H, sO the rotation

~"
of the hand'."heel alsO be equal to na/1UlI •

Assuming that the indexing hole" are machined on a circle of diameter

D
."e hand "heel L,the circular ilistance between V•.o adja.cent holes

.9n -"

•••ill be1-
ince"_

•

-r , c
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COMPARATIVE STUDY OF THE EXISTING $. MODIFIED VARIANTS

4.1 ECONOMICAL ANALYSIS

,

The project covered only the design of a ji~ but not t~e manufacturi~g

or. the "ame,that i6 ;l1"_y it is not possible to anll.1:y"e it "u~ntitati,'ly

N,ther than. qu"lit~ti'_'ly.O:llY a :tough estimatioll is done to

£valuete the propo6e~ jig f.o~ the point of cost,nrnufacturing

Modification start6 from the jog bushing introtuction.T~iB jig bushing

redUCC6 problcr.s but only a few problems got 601ution~.~he mcdific~tio~

cor_tinues further at different stages which gives different return

apd these are bought"in -di5cussion as follo,;s

The!irst variant:-

"If only an :fde.ntic,,-l group of raIler bar is to he produced. on "-

_.particular drill.machine then it i., very good,:rro'tnbl)" the unique

eol.ltion is thitS,liut the intermediate distance "hould be multi:rle

,
of l;he center di"t,,-nce between'two holes "a".

In this variants it only requires the following details:

r

(0) Jig bunhing assembly

, (0 ) Pin

- ,, (0) Pin holder

,(d) SFring
,



.•_ .~~~~.,•.~""~""N'"_~_
•

Tor a pp-rtioular type of faller bar

i) reauceB drill breakir.s coat

i~)~edu:ealdlc ti~e ~U~ to th~ ahBcsnce~f

,) doubl ~ cl~<;tFin~ ...

o ) ooublB inacxine;

" m"rkin;;

iii) r<duceto drill br~al>in,; cost,~o "e,,(wal of broKen drill" b~t'B

COi'Ot al.so re,Jl\~e6..

~aI'kinE; ;-

-r) Cl"mpiug 8<unc1u"'pin['; time

_II) Indexing time for center dist'mce

III) Indexing time for intermediate di5tanc~ ,-

IV) '!'ime required for machining

••• Time re~uired for machine c~anGc

Actual o.I'i11in5'-

.
'"' G"cjr_oleC

4 00 ,.

.1" 01 "
2"00 "
0"542 ••

1) Clampin[ & unclampinG

II) Inde>:ing ti",e for center di~tance

III) Indexing time foI' inter",edinte di"tance

IV) Time required for I:",c~.ininE

Total
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Cost i,l".'olved if' ti",e oper",ion

Operato:r'" CODt

~lo.chine cost

" Tk 10/hr

= Tk 18/1'..

Total

56/hr

'1'1, 84/1'.0"

i.e. Tk O'02)33/s~C

Aproximate time r~tc for the modifiec variant of f~r5t type:-

,)
I-t)

ClaT'pinr, f., uncl,u;r,)iT.[, time ,_ O.Z83scc/hole

:5.50 se ~/h(>:l:'"

IV) Ti~e requiredcor ~~c~ining(~hvle~epth) 9"00 sec/hole

13' ?63secjhole

Due to the modification the time _saved is

Equiv"-leni; cost 8avin~ in 1k ~ TkO'02333/holc X 7'365sec/hol.

" Tk O'~718/hole.

Cost in .•olved ,,"nmc,ific"~i,,n'-

Jig bush, holder ,ecs5embly 0 " 200£-:

Welding COJ3t 0 " 40/-

Pin,Pin helder (. "pring 0 '!'k 60/-

Total " 300/-

For the sack of Tk ;'00/- the machining time reduced bJ' ar. amount

7"365sec/hole 60 the cost san:nS-per hole is 0'1718 Tk/hole •

•



There:",e the nm::be, 'Of l,,,,l~ l-' :li".,d to rc~over t'1.e cust

" >,k}OO/TkO.17",8c'U'hole

•
The !ll"difi"d \'o.riant of fir",t type win ~t;.st e,,:rninr, ;,rDht aft"r

d~~llin[, 1747no~. of hole.~be recomm~r.QGGvalue 0: d,illed ho)e~ i~

a day is 1500nos.Gonsiderinc that" "orkin;; days ir. "- year lire 300,

the recom~endedvalue of drilled hele in u year is 1500X300~h5X~04

"~'. on" particular machine.

After the provi"ion pe.ri')~ ~f 1747 no~ of hole the machine >:ill

. e"L••....t~r__~1i-~-W~"'lpi'ont-;"~.0EX1.0~iO'-1718)-. Tk 77:;;10fyr.

The liemerits of the first vuriant

1. It may drill' "nly "ingle type of faller b",r.

2. The intermediate distance between two lluccessive grillB Bhauld

be multiple of the center distance between two.successive pin.

Due to thase shortcomings the varial\t designed is uDab~~tc serve all.

the purpoBes.

-,

The second variant

'To elimina~ the Bhortcomings of .the first vari,,-nt in the secer.d v"ria"t a

.etc.of t1Jro~.--.Clre"e"introduced so .that all the tbree group" of fal'ler;:

1l\,"-y'.btodrilled, for inBertion of the pins.

,

"



•

Coct inv~lved IIIrnodification;-

Jig bush aBse~bly

Gears (8 nOB.)

'.hesl(1 nos.)

Pin,pin holder.eprin~
Lever arranbBrn"l:t

,- __.~•..t"llai--- -. .-
Others

" Tk

Tk

Tk

" T"

~ Tk

cooj_

:;0/-

750/-

801_

60/-

-:~0/_

100/_

50/-

•

_Total 'Il-" 3070/-

For the ",,-luGad~_itiDn the additional advantage rna:, got ie that

all the three groups may be drilled.

AprOXllllate tiroe rates ,," ", given variant:_

Time "" (:1amjJing & unclatr.pinS' .- 0'283 sec/hole

Time ,," .iRQ.exing center ~istance
.

Bee/hole.- 3 5

Tillie. for indexing in tcrmedi[, te dichoTIC"" .- 0.083 sec/hole
"Time t," dr.illing of the hole .- 9'00 sec/h,,:te

Ti"''' ,," ch<-.u<;in!; B,crew ,," different set .- O.~lt ",ec/hole

Total 13'806 sec/hole

Time required in the existino; variant = 21.128 sec/hole.

,



Time "ave" cl.ueto, proposed modi fiel'ltion

•

,
::'heI'e;'ore equivalen;; cost 5av,"-nG~ 7.;;22see/r.olc X O'023:3U:/~ec

~ 3070Tk I 0.171 Tk per hole;

= 17953"21 hale"

holes

,;;;,:18DOOhole"

After the provision """,iod the assembly will 6"""

= 76950 Tk/yr.

Ilemerits of this "ariunt:-

Frequent screw changinG is ~ curnber"Ollle, job.

'The third variant

I~_thiG variant rather than chanEins the '01'&#_". ~,,-r set or !leta are

changed to reduce the idle ti",e ,bec"u~e chan~in5 c>' sere,! requires

more tim" and effo,tD than that or a ge"r.set &,"that is .why"- gear set

i5 intro~uced here. ,



•

vari.,.t.

Cost 1;."••l..-"J i~,I:lodi:ficiltior.:-

Go-- '" "00 " Th 2500/---
Ke!

, l'" S " '~'k foo/-

Shaft
, 000 " " 100/-

Whed
, ,0 " T} eo/-

Jig arY "11[;"'" en t " '1'" "j00/-

Pin ""r,m~,eJ:lent ." " 60/-
'- -- ..•.. - -

.,-- ,~., - = "-Tl'.~- ?QOi- ..--.
CoU••rs 000

Oth~rs
e " 150/-

T"tal " 3450/-

Aprop.lllate time rate", for tte rnoditied vari"nt-3.

Time re(J.uired Lor cl,,",ping ,unclamping e ,., sec/hole
"

, " indexing center Clr-le " 0'083 "

" " " lever changing " 0.003 "

" " " indexing intermediate distance " 0'083 "

" " " Drilling " <eo hole(whcle depth) " 9'00 "

" " " ch"nging ,••= "e tt in g( "nee " cia:r) " 0"015 "

Total

Time """eel rOT the CCBt of Tk 3450/-.

'" 12'884

(21"128 _ 12"884) sees/hole; 8-244 ~e~s/hole.,
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5.244see lI.o. Q2333::k/"ec = 0"1923325 Tk/hole
= 0.192 Tk/hole.

• o' 192Tk/h"le

= 17968"75 hc1es

18000 holes

Tillie required to machine these boles =(18000/1500)" 12

= 12 days.

= 86400 Tk/yr at a rate of Tk O:'92/hole.

The fourth variant

In this vuriant the n~mber of p~rte ~re s~e~t:y re6uced alsc> thG

ev~~_ts of operation. To cCln,'ert the revolving lll"tion into the lineo.r

pinion.- Here ':.t.be• r.eed of l"v"r

and I!:ear ChaD.ginS"

greatly reo.uc"d.

are avoJded_so .tt,e chance or errors are

Approximate cost involved in modific~ti"n'-

,Ih"el " "', 0 Tk 500/-

Gear
, '" ~ " ','r.0/_

Rack " "' ~ " 5°0/-
,

" 3°0/-Jig arrange:nent ~

Total 0 Tk2000j_
~ ,
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•
B.F. 0 Tk 2000/_

Pin arrangement 0 '" 1601_
•

Shaft 3 "" 0 Tk 250/-

kG)'
, ""' 0 T,o 20/.

Others 0 Tt 100/_

Tetal 0 '" 2530/-

Appr,,:>::imateti::le r"te fer the ";~riant-4•

.,.,..• ~me :requirpr; •''''"_ clampin;; ,uncl":'1ping 0 0'283 sec/hole
-

" " " Inc.exin£ center j-,01" 1• r "0 .

" " " " Interl'l'.e<':.iate distance" 0'020 "

" " " " drilling hole~ 9-00 ""

" " " chan;;;ing pin "t
.
" "0 0

T"t"l 0 11-143 "

Time saved =(21"128 - 11'143~ sec/hela = 9'985 sec/h ••le

-Tk e.r<ved,,-Tk ,o'OZ333/aec. x- 9"985sec/hcle = O"Z3?95 Tk/hcle

0"233 I"kih••1e.

Tbere!"re the number of h"lell requireo t •• b<" clrilled to get back

the incurred expenses = Tk 2530';- 0'233 Tk/h3~~ ~

•• 10,859 n••s.

After (10859h"le -;--1500h"les/day) 00 7"2 w ••rking days ~'insave Tk

Tk 104,850/yr(O'233Tk/~ole X 45X10
4
bles/yr) at the rate of

.,

Tk O' 233~~/h~le. •
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I::t 'the abo,'e calcul"tior.. t~.e cc"t i,,,'olvec c,,~ t<i the break".-:e

of drill bits -is not taken Jilnto confliueration,"'" the actual r__t.,
0: profit may be highe~.

Tbe iClportant points of coneide:C"'"Liol' of the ",,,,<hfied va:ri:c.r,ts

aT" Siven belo..- in ti-,~.t",ble - '7 fOT co,"p:<riso<l.

TABLE - '5

Pr""ent First -" _1>~.co.tld TJ:.~rd Fo~h ~~

Feature ~'. ~ -.-- ,-~_:':~' .-' -- -~ ~~~ -variant v,,-riant varia:;,.t variant variant

Co"t incurred during , '00 3,C70 3,/'50 2.570

modification (Tk)

Average time saved with 0 7'365 -7°322 8"244 9"985

respect " co, existing

variant (sec/bole'

"reak "'len point{nl>6o:f 0 ',' "1,747 18,000 18,000 10,858
&01••6)

lncre""''' i" '" yearly ~ -_',0 77.310 76,950' 86.400 104,850

profit(~k) •

,

~.



g.4_2 TEClilnCA.L EVALUATION0,' 1'HJ; MGDlFIED VAHlANTS

•,
From the operational point of-vie ..•.the hest index_jig is the Fourth

variant.lts ,adv"~t"g,,s Over the other variants are as follo ..•.s:

1. rD~this vari"Dt,to set for another group of faller bars

it only requires to change" fe ..•.parts, ..•.hich ..•.ill require

a very short time.

2. In this vaI'iant,there'is nO chance of mistake because _jig.-
:rne-.:ldi'>ar:;o! !.j..nishing i.e •..•.heel does not

rotate ..•.tile it reaches at the final point of indexing.

~. There is no need of skilled labour ••r,s new llIan can eosily

'". ,~_.
operate this jig.

4. :Provision for drilling ne..•.gra1lps of faller barB.

The disadvantages are:

1. Rajar ohange in the parts.

2. Accuracy mainl::r depends con.the-_"ccurac::rof-J.ocatian of the

..•.he"l hol" •••

Considering .its wide range oLusefulDess;this :index jig :maysafely

be r:tamedas .universal':jig-. '_..'(

:from the operational point of view the second or third variant llIay

be placed ju",t after th" fourth varjant.

,
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TABLE-fi

"i Feature
Second , Third

No.! variant ""riallt

,
Number 0' revolution required '0 I, 0"' 00-

, Iind"", ", center holes.
,

" '
,

I2 Th, nUlllher 0' rotation required to ~,-=-.llue 0",
index ", intermediate distance

- , - Force -reguired to rotah ", "heel :lO\i '0'- ,

-- - ,

" Mechar.ielll li""d to change ", setti I cheonging of changing of

0' from ", center hole indexing • gear ,,' h • gear ••• b,
'0 ", intermediate distance • 1",.,,1' • 1".•.,,1' • I

, 5 Effortn required to change th, H i, r ••quired .:< i. required

""tting '0. different variant to change , " to change t..1oIC

I5crew which t, pair
,

0' gears

a cumberaum ",hieh Can b,

job , ""sill' done
,

"
,"

From the table it i ••clear that the ""eond variant must leeve the

secondo'poai tiol'- for the third vnriant.

The only positioll T--"mains'there .i.5 the fourth posi tiel! and it is :for .-

the first variant, the re"aoIlS are a6 follow,,:

,

-,i
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1. Since the "or" •• "Beo is of 6(si:,,)threadjinch 'f:, hence the distonce

travelled hr the table is 1/6 i~h for ,one revolution of the•
2. For the Same re"fllln the intermediate diet,'nce bet~'"en the t ••o

succcs"ive grille mUBt be a multiple of the 1/6 inch.

Practically there is nO existence of such kind of faller bar which

requireS an indexing Iii center distance of 1/6 ,inch.

___,---r--, '_'

,
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4.3 KANUFACTUHIBILITY OF TH£ VARIANT(MODlflED)

-To'manufacture -the fir~t variant the parte requ~red are

••.) Pill.

b) pin holder

c) spring.

For the second variant the following part" are nece65ary':

a) gears 4 nos.

b) "han 2 nOB.

e) keys &. 6prin6~

d) II. rew supports

etc.

Nnturally Fir"t veriatlt je better -then-the.-secondvariallt.

_";!-he -.third -.vaT.iant ,require"

,"

~Il.)~ge"rB

~b)::BhaU

-,4-no".

'3;noa,

"'c) :;p.in,.pin ,h"lder

od) clever ;Jr;.ey,& 'llpring •

. ,,~) ",ther ,anpports

-etc •

.oso"the .••eeond -variant :ia ,bet tar -than -the -third -v"riant.~No".the

.:::poriti.on ~of -_the:a"" ".vlU'.iarrt-s -are ;;P-iret .varian t -is --t at ,'second_

-.v.aciant.stand """cond.&.the .third .posi tion .is .for .the .Third

~var.iant. •
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Tb. fourth vari&nt requires

-.J sears 4 no~.
<

hI rack
•

I nos.

0) ",h"el < nOS.,

dl pin,Fi!! holder, spTin~,•

• 1 "haft 3 noB.

fl key!!

etc.

Fourth variant require,; a- ,,,ck but thethirc. v"riant requires

14 nOSof .gears,previously .it ",al! shown th"t the llanu.f"ctJ,,:i~-~

DOBtof the fourth variant ill 1.""15than that 'Of the thi,.,i ""ri"nt.

So from th. manufacturing point of view the fourth variant can

be placed thi;'d haying the fourth place for the third v"riant.

For a call1p,,rative study -the values.of different pa:t"am"t"•••~of the, '

fOUTvaria:nts."r". given in-the table-7.And froll-the tabh-? the

Tariants can b" placed ••cearding to the order of their ""rita

aa follo"'"

I. FOllrth "Briant

,. 1'hird variant

,. Second variant

4. First ..."rill.nt.

,



CONCLUSION

The p~rpoae of the present work was to do aome ~seful work for our
industrial seetor~After proper analysis of concrltl problem of dri-
lling faller barS ,a. performed in Bangladesh Klehine Tools Factory,
G.~ipar,it vas decided that an index jig can sa~e a tre.endo~s amo-
unt of Ifforts,machining timl,operators f~tigu. and ultiaately lower
down to a great extent the coat of production.

An analysis of the vario~s types of faller bars, that are aaehined in
BKTF,it haa been found that nu#b.r of jigs necessary to drill thea
are much lower than their gro~p member.Four different variants of
index jigs have been designed for conparativp analysis.Amongst them
three ~arianta are cap.ble of maohining all the thr.e groups of faller
bars (into whicb the six faller bars have bean groupsd) with ~ittl.
or no change in the arrangem.nts of th. variants.This has been

olearly shown in chapter-}.

In the present work some recommendations bas be.n made to change
the existing technology of drilling holes.Be proposes to o~bine
twO separete operations, namely marking & drilling into aingle
operation.This should be possible due to the fact that,thlre is



I • • •

prol'iai.8n in all the nev .•.arian •• for c:olllpletd:r f1:1[1n8tb ••• achine

table during the actuo.l drilling operation.

dCBigned 113.raplacable t1p., .•• thai; it CaDbe ea.ily repillcd aftu

by ••cOD.ld~.ble amount due t. batter tuiding of tb. tool and i.pra-
yed chip re.o.•.••l faciliti••, which ~y. been d1&cu•••d in chapter 114

of the present 1oI0rk.

Tuiante with r.t •••8nee to the clI:ai&tingfactory .•.arianta n.,6,,
ohOlolnthatdt 1n >,caBihie to redlle. the COllt of produc:tioll in this

be u••d.

The jig decigned viII aa.••not only mon01 but alao.vi11 definitely

naTa the eye eight of the o~r ••tora,.inc' nOW operators vonld not

have to locate each markedpoillt for drilling,inderlng" 1IIill dOlllt

rather ••"ehanically in the proposed Tariant.

Teclll101ogical,.conollical IlDdother compari60ne ha.•.• pro.•.ed the

ratioaality of propoaing th. Fonrth .•.ari.nt t.r tactory ua•• !t •• 1

b. I•• ntioll..d that with the tourth .•.•rt.at iJldell'iJlgia oon•..u.inc .n
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iuo.sin! ~heel.Analyele ha~. shovn tbat,tl!.ie yarte.t CaB b. very ••aily

operated by tb. operatol'B.

Tho author of the present work h~ tried t•• ak•• qualitati •• a.alyai.
ot tho dift.rent variant by eoo•••io oaloulatioue.fho quant.tiv' ••~ct.

of tile onalysb ••ay lIlufter froID".rtain ••hortcallins •• "b14lh 'Sail!. ua

duo t. li.1tod .c.p' of tile project work.

PROVISIOIl FOR FUTUIiJ> IMPROVEtiliblT.

Tho Jig_Fixture ••••••11.17"1 ••oily be adapted to a Dev vati~t or
rallar baro. For tho DeW variant of fallar bar aither littlo'or,no

chango bas'ta' ••ad. in tbo exiating variant.

Tho prapo.ad .ariant may •••11y bo ant.aat.d. Thia call. b. dODO it all.

eleotrio aotor'b. introduced hal" to gi.a tb' rovolTing a.tion to t~

.wh•• l tor indexing ~d if this •• tion be in oorralatioB with the down

word motioBof the drill .pindle throull;hl.ver. and c•• arrang •• ent••

Sinc. the .calll ~f productiun i •.•not too J.arp , nd the p..ut.ho"Md_

not ai/ll at raducing job fa<::iliti.e,,pt the humanshe did Dot think of

automating the whole operation.

Newgroup of faller bar. can ••• i1y be .aehined by the d.eigned vari-

ante ot jige. For differ.nt center dietanc. betw•• n two .ncc.edye pip

I/<diet.nc. between two grill only 2 pain of geu i. r.quir.d on. pair -
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"t••" i.ndu:ing ,the.,cedar ..<l.i.d:.a.r:>c.e-b.t1f&*ll .ho pin. I<-.net.her pair rOT

illd,zing tha diatanci betweent••••",lI.c"I""ivo lJril~.in the cane of'

}rd variant.

In the 4tll. v.llria:Dt it.iL .till ,,&.ai.1'h aceellod.ate a new l'Iet of

fall.r bars. In th1. variant ,ttl. indexing i. rel.t.d t. til.. indexing

holen on til.. whe.l it will b. b. po.aibil to drill. nl'" troup of

f ••.ller 11."1'••

••

•



•.. 'I?".-""'.f .•,,"". ".""".'"

1. Fioldee Report; Department of EngineerinG Production,

2. MIlto\UlekR.Enginllflring Del'ign; A aYl'tlllllet1e aproach,Blackie.

London(1')63).

}. An unpubliohed colloction,A~irn M.Anwarul.BUET,Dhaka.

4. Donaldson Cyrill,Lileain George H.: Tool Deoign.2nd odn

1957,MeGrnwHill Book Ce. Inc.

•

•

• • •



'l
~

"

M•.,••
I'

"
'6'S mUM b~Ir:ent#ll""d

----------------- --- ..- -- - ~ -~-

•
"

1

.-,
"

~

1},' 5 c/'7neTlSNf'" ~
bep

f6"PlN HB200- J.IO /'INC, 60- &4., - \
/111.111111i'11 1IIlIIl III lilt 111111 II1II1

,

t., ., -.
. l: ~ ;l~ ~ ~I:~"I---~I -H

--_. -

••

R4

i

S3t".1

I,~.;t?d
I

•

f,O"" ]

3.•.". i.3 ."'45

•

-
'.
~

92- 55"

,
•

,
at. Sj,

,
•

. (jZ. 55al.8

,3(.8"
.::.-•••

31.8,

.501' 40.-

,. ,,,
• •,

,
~3'oS

3" 8

-
278.70

". 35'

!{;4- '30

82- 35

,•

.,•

--- ':'...~

, ..-- .. -
',"1#1 "; •.• '-,

TECHNICAL REQUIRMENT _
:0be C~.(I,

•"n ~••>-l

• __ ,

I S~nd of t~ m.dd!l! por:'lln & iW1!1.tof \h~ head I
~':~Ihl'al Tff ;alm.nl

-- - ---.
1 ih, pin!> ':,1>0,~ bt' ' '1M p'.!4 fited ~ :h~ 1 .f

I- ... - ...-, All sharp P:~"; 0\Il' to Ot' rl!'mo••.•d, - -, r: " •.•It"l
.- .

~"

I

! 5IZE~-.~oof grHI :NOOf row' 'Noofpln/grill : I
1---' -- ...•......•..- -- _. ._-- -~ .._--.-- - .~~.- --- ----I,



.•r

,

""'C
~

,
,.- •c.

'0 ,
:f!
~ ,
0
~-, 0 ,
0
Z _i

• --.-~
0>- ,
0
0z ,

• M-
W

,
N •--(/) .'-•••"

•

..
1J• ~u n• •6 u•• 0
n •
2 •• n
• !J 0

~• .
< 0

~
.• .

•
.•

<, • ...• < .•.• .• .•
0
, 0

.•.• 0 ~.• f .' •0 •• .. •; .•• .• >
',~

.•
.• • .• 0 0

• f '0
~," • 0 0• , "
0 • • •
0 • ~ 0• "< n < .•
Ii. • 0 n

< • .•• ~• " 0,

" = ~ c• •" • • .. .•
• n • 0, 0

0
,

f " • • f, • 0m .•
• 0 • <
£ < • f~ • g
.• 0 •
,~ 0 2 \!c •~ If: ..• .•
0 < .•
• • ,= 0 •
~ (i • u ; ~

I ", N ~ •• ~

•
~,
<
" "

-
,

"-'
• b~- , "

•

-
,

~

• •

pili
• ! ~

I" ,
~ ,

0 •
" 0,,: , ,<

• '"
m

~
",r-- -.,

•0
•

0«
"

•• •
J

~:
,

"
-I

I • •
"

•

• • '"';l, .•.. ~~.•• o .'
, "• '.-.-~

-
,

.' ..:.-: I.
•

• ~I

•• , ~
•

• • 0

- ~, •..

" •, -• ""~ •

, •, I
1

0~. ,
•

'.
I

~.' • •, , ,,, ,
I ~ " S

, , •

8;1~ I l I •.0
, • •

• I I
,, •, I • ••- ,

, , ,

.. ., ,

-m .. •
I I

• , I
-~.,

, m

, •
•- " •

,ro

.. ' ""ui'
---

,- -I< ~u 0,<
~ "~ • I• ,,
f of ",~

I.
,

0

•
" ~o o.':"-WlI c ••

0 •
.• •

• •
'., ,

, .•
0

~ ~ • "" .- •
• .;.
~ •>- ~

/'elf-S' ',,~ 't..,~Po9
,,

--
,

- ..-~~.

~
~- ~I
,- ~I--

•

~
-"

,

- I-,

" " r j .•"-- •• ", I

, - ~.
I ~,

, , ~ f'
•

• t..

-,.• -!---
.. 'I"

.,
.. .,- I "- •-

"



\
\

J
•,~

,, ..'';,' ',.
_i'

.' .",

•

••.
••

c
0,

"

•,

"

,

,.
"j,
'.

. ,
•,,.,

,

."

,
"

,,~,,:t,'.. ' ,',', r,' .
J.;. .-..'..

,
:{.,-:.:' ~.~ ',.

','

..' ..•
I' ,'.,'

, ,
, 'f'

(I 1, {;" ,
I , ~'

" . I."

;>,

I
I (I'; i
, '--0 1!~..I
• 1 ~ I

"

J:',

•,
--'~-'-~"~I-

!, ~~e-..'
I , ,~
~(,..!

., .... , .1 : .•• ~,

~,

r

~r
I

!

,
I
I

~I-,

•••, m, ,

.,.,
;' '.',

,,
,

" ",

,
:,,
,"

,.

,

,
!

'N""
I.',

I
I
I

", ,. Ii"
" :~:.••.\ ..1i'~...

t., .f'
,

~.,
",, ,
'I'\"> ' '-..~ !

I

",

••

,
I

I
I

.,

.."

.. ' .

•,.
<,
,,

"I ~Ir ~,
I,
",

,,
I,,

~.- ~.-

-~~.'
- -......
~.~.

--- --'

.._'

,.
---

... ,

-,.--_.

I

!
I, I , .,';

1''':\\' .,

'-t i

'.....
',J.

"-.-.a-'.

,
>,0_.1 __
"

,.,•....kr
N

, 0','--" .

o
o

. '

..'

",,•J
•.

.-1 ,;,
i \)..•..;
I .;;"
~ ;, -!. !__ , -i,.•..'.~' '- ~,,.,
'7 ..•,,

,

,.'~,
, ,
~'

I
I

I
I
I, '
I

,,!,,,

,
!

'.

"

. '---1'

.. ~'. "

, . ., ,.
'~'.'.:>..'~

I

.-

•



,.

•

,
1,-

~-
~

~, •••[I'•. I,
~;0z.~,-,•. '"I' ~
I): u., .,
G}!
;fj'

r

1
\

<•.' ,I
"

.: I
••

,,
•

• ~~I.•
• .'..

- .

•
o
N

-----

o
oz

',-- -.---...

~~l
w .'N::r-''" ..Mf-<

~
N

."
o
z

••••,
••••,•<••
,~

?
••
•,

0••• •• ,
• •,

•~-c
~

."oz

0'.-

•

•

"

••••••

•,
••

•,
•
1

,
o

•w
le•

...

.'

,,

•

•

•.,•

,
•

• •..,

~~
•• •

I I

..
"•N
•

'...
•

•?••

••

I

•••N••

•

•

. '

,- ".. .

•••

.",'

• •-.', '..-'
•

•

.' '-r-
.\ ~
•

•

•

.

,.

•.,

.

•

l

.'

•

•.

.,

•

. I
~ ~

'. .,
~ ~ 1

••

•o

•••,
••

••,

••••,
•

..

'.,

.,,; '>.L I

-~-'-'--,.-- .•..
• d- 'r
,. ":".!(,.

,".~..
•

,,< I

•

•

"

."••

.-'- ----"'-".

j



• l'i.' ::.
, -+-- • • • •,

~ 'L~I I
•

~
, l ~".",.~

•, ,l-,. •-, c~ •,
. ,--+ -+, ••• I 0

• I I ~ •
" z "

w. ,- ,- .cj I ~
•'- j' ij •

~ , '"
•- -4 •- ::)

- ~ "- '"
,- , w cr •, •- •- Jf <t •

" •-- u • •, - •- •
~

z • -- -, •- I- ~ ,- u ,- f '"' ••• •~

- ,- ••- , .•.'"-- ~i~ --,-- -- ~

- ft£----- .1-- -- - ,;t- -- •



-
1

is. ~

>

.4-

-"t
r .~ -<:

• • •

- /"

-r .-
--+ •• ~

~f"~~'-•
•

I I,

•

•-- ;

-l

Z ,

I

oJ. •

,

~
,

-~
1

'"
,

- -
-

~
•

,

a

-
u..

,

'" • •
,

-
, ~

• ••

-
- •

-
« • •

-
< • •

-
'-'

-
- "- ,
z ",

I

:t: - • -u - •
~

,-- -

------~----------- ..;;-

••

,

,

,

•••• •,.,t:
.,-

,A I
--

'~~

••!?
c c::a, ,~0
.~.

•••••
0

,

-j ..p.~
?

•"
","Of••••
~. •

-~ .,--- ••~
~-----~~-- -"

•

~\~

"" •••
••••• ::I:
" ••<>"I-

.D, N

•

--'r1

••••••

I

--

.,,
\}»'

•~..m-~. -<<:<.4
•. _'I

• ~

~ ~

• ~
•

I

•-'
-

•

-----
.----
-



\

L

•

"

W-
I ':

L,
,

l..

+,
m-

,
'.

j

, '

~,.-

,,,'
,.. ,,

•

,

.-

••

-

,
•

'0
o
%

•N,.
'"

- Na
o
'%

",
"l

,,,

.•'~
'"

,

;
•

••
!,
•

':I~_
~I~-c
n

,
•,

I,

,-

,
"

•
•
~,
•

•!,
•..

'"

•

n
\

••

,-
~,

•

••, • •if. ,
"i l
I

..

•

•••"
•,

o,,
•
<•!

••

•,
•
1•

'"•u
~w•

,

•,

,
"

•

, ,

•

"

,

.'

•

,,,

,,

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

•

"
".,.

..

••

•

"

•,

•
, .

,

.~..,,

•

••

,.~
• 1,••o •.<

! , "

,,,.,

.,- -,~.

,
"", ,

.,

, ,,"
.', ." .
, \,', 'I,'~'""
' .•

,..•
". 1 '.,
,

"

••,

,

,

"

"

•

,

--,

,
"

,
""

.~.'-
~;,,'."

o

,

,
.;....

,..

,"

.< ••" , ".>,

,, '--. .•

.'
...;..••.w •" ,...... : ,.~..

~-,'V, '-, :" .,
'.~ l"_ ••• 1"' . , . - ,

• ". c" -/'1 ','.,
• j' -~""''', '.. .• ",',"1.. , ,'. ,'. ,. ,~. ,

\

,'

,

,

,

f.
1.~~,
~..'.,
'-'-
;'\

,',""
", "

"
"

'.

,
"I ' (,

~:'~
•'~

•

••~,.,~,

1••~•
1

.--~,

..

"

.~

a,
",
~

•>

•

~'.o•
~

,

,

"

'.,

",
,

"•,

,,

I

": ,
1

\

,,

,
"

,
,

,

"

I

\

•

,

-. ,.
"."
"

, -
"

em
".,
~~ ....

o _ 'I.' COto ••• •r;,
.. ~,

•,

"

,
,{
1
,' ,

"
•
1.'

"

•
,

•



•

•

..

•

•

•

.,

I

•!

•

,.

,

..

•

••.•.~...-
•

•

•

•

,,

•

,

,
'J _. , .
L_-I ..J

•

,

o

•

, .
• "1 ,.. ----.•••-',~.,.,

• •

• •

• ,
•'..
j

_
__•._ ..•...~t.-.-->- _

, I .
I

-(

••• • •

•

..,,

~-•

•

•

•

•

•

• I • ,
• r

" _,...L

I
..

• r~.
"

,- ", • .r o • r.
N " r<" t. 0 , ,

~~.
,. • , ~ .... .,~ ~~,~', o'

.,_. - , - ~ .•.•..~ ..• - . L •. • ,•.....•"' •....• ~ • • ,, , 1 '.. ..- ,
• ;,.l',,", •" . ,, ' '.. •

r
r

" 1.. " ..,.
• ••.1 I r

1 • ,., ,
" • • •• h•,
, •, ~--'

~-. ••

I I ,

I
I', ,

• I, I
I

;. ,,
I r• ,

•• I•
•
•

•
• • <0

• , • '"• '"~ -.. '.• •• •

@------.. •

•. •- ,

- .- - , •• , -----
.,

- ----"""' ...._ .
•

-..- -



"

•.. -_.

•

,
•

,

.•'" -

--r----

,..

~."'--r-,

-
I

.-.<

... "-
> ~cr,@
• , I,' ",0 r II ,

\ .,..

I
• /. '

•

•.. ", •~
, ,

" ",.~} ••., , ' '," -, " "
• ~ ,

•, ' •.. ,
" ,, ,, ,

,

• "., , ':r •• .",
"

I>

,

•

".

-,' .

•

"

, , I,
I:

,I
I

• 'I

•
,
!

,
.>
,',;; .
. '_I.-~:-. ..",.-,

, ',
._~--
•

•

,.,
•

.
•

•

, ,

,

•

, .
• • -.
• , •, , ..

, ,
~- "~"".,,"-~.. ~r"'- . ,

,

i@
I,

I,
•

I .. , I,
,

"• ..
,..- --_ •...._--..,, L '~-•.. _------'

"

,

, I•



1_I I I I ••

/

I.-----------,,,,,

>-~ ~ ~
<;< z

~

q

~
q
>

'" "z "a: ~
w "

1 \ .
I- w I,

- \
z

\.LI '"
,

!
z ,.

::::> w
~

r,
m (L- z

'" CD Wz i u- (j)

, a: 0

I
, Z (j)

(L ~

I
V1 "- ~ (L «

• a: CD
<{ 0 W(L --'[---

[---

0



•......
&=:s

e><: <
;£ ,

Ig0

'" IJ Cl UJ 1
0

I >"1 r-' I', I- !
.."I t5 <f).,

ITj!'I •. ... I-'.' • \W -'. '. • ...J11" I.LI Q.:. v)'
t

" . v)' :::>
=> •••••• '"'" ' Lw

~

I .
• • •m ••

W W

~

'-' -'h
~

••••••a
~ ,

-,

I

,
, ,_,,,

,,,
I
I

I

I
I
I
I,

1 _1_ l...,

.,

-

, ,

I

I I
I

I r I
I
I
I

., I
I
I

I
I
I,, '

",I
I
I
I

"

. .


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079

