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ABSTRACT

Diffarcrnt btypes of broachss are used in Bangladesh Machine Tools
Factory (BMTF} for machining various typcs of materials. For this
purpose BMTF needs to design different types of broaches. A large
number of caltculaticns and table intarpolaticns ars needed for
degigning broaches. It iz monotonous and difficult to perform the
same calculations repeatedly. For this purpcse a software wag

developed 2 design bBroacshes with the help of computer.
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INTRODUCTION



INTRODUCTION i - '513\67 L

1.1 GENERAL THTRODUCTION

Broaching is a machining process used intensively for making
internal and external surfaces inciuding intricate profiles in
mass production. Basically broach 1is a multipoint tocol in
which thes gutting sdgas ars distributsd along the axis or
inclined to axis {(helicall or sometimes fnciined about the
axizs of rotation and finishes the operation in one ar a numbear
of passas. The broaching machina hove straight 1ine  ram
movemaent Lo pull or push the broach, while the comgonent s
held against the movement of the tool. Generally Lroaching is
dore con promacshincd component.In Bangladesh Machine Tools
Factory, they generalily prefar drilling kafocrs 2roaching.
Broaching machine is unigque as that 1t provides only ane
functicon that is broaching.

The broach 15 usually secured 1im the main slide of the
breaching machins and travels with the slide. & round bkrogch
travels along the axis of the helc beoing broached. Eince the
teeth gradually increass in size from the front to the rear
end of the broach, each successive tooth removes a laver of
matcrial, thaers by increasing the size of the hole. IT the
force is applied to the shank, the body of the broach is in
tension. IFf the foroe iz applisd to ths roar and of the broach
then it g in compression. Bangladesk Machinsg Tools Factory
uses former type of broaching.

1



A£lthough the cutting speeds used in bBroaching are relatively

low (2 to 158 m per min}, the producticn capagity is very high

-
3

simultanecusly in

continuous

T
L]

total length of the cutting edges that ars

cperation 15 wvery long. The output in

hing can be raised still higher if broaching machine with

-

working motion are usad, n oconjunction with

adtomatic workpiece 1cading and unlocading.

Swing to the high output and machining accuracy {(3rd and 5th

acouracy grades ), as well ac the fine surface finish produced

f 5th and 3th class 3,

Erocaching is fTinding wider and wider

applicaticn in the engineering and metal working industriss.

A complete broachas are shown in Figure 1.

ages of using hroaches in BMTF:

The possibility of making external as well as intarnal

-
3
ct
]
ad
3]

atz profiles in mass production without the need of

skillod technician.In BMTF  any techrnician whs s
available at that time can work on the broaching machine.
Foughing and finishing cuts are made in ong pass only.
Morooyver it san also incorporate burnishing surfaces to
cduces smooth surface finish.

The accuracy and the surface findish of the surfaces

2
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croduced ara hbigh.
Az feed i3 predetermined 1t is dindependent of workers
aptitude. Thus it avoids possibte human errcer which lgads
curtailing of labour costs and rojects

Broaches have long 1ife in terms of comporents produced.
Cost of manufacturing is laess for mass greoduction. The
Takic 1 shows the comparative rate of gproduction of holos
between different process and Table 2 shows comparative
cost of production between mi111ing and broaching. AT17 the
studics have been is mada in BMTF.
The chip Tlow in broaching iz unidircctisgnal which
reduces the clogging of chips and scoring of machine
surface.

In process less inspection is reguired.

The aperation can be repeated any time without muchkh Toss

3

vtained Lo

cf setting time a2nd the dimensicnz sre mat
original component dimanzicns as thoy depend purely an

tool.

The diszdvantages of using Broaches in BMTER:

1.

&

ot difficuley in manufaciuring, oven heavy industries

o

]

annct make their cwn tool.

Tha tos! cozst is high and time reguirad for manufacturing
tool is too long.

Noenuntform allowance for broashing encounters

difficulties.



TAELE 1

COMPARATIVE RATE CF PRCDUCTION OF HOLES BETWEEN IOIFFERENT PPRCCESS

IN BMTF
HMethad of Manufacturing fate of Lost of
Mroduction Praduction
Ercaching i 1 1 )
Orilling + Bering with gingle 0.8 1.3
Point Toolz
Brilling + Fing Boring with .25 2.75
Single Point Tools |
tDrilling + Reaming 0.3 1.4
t Drilling + Grinding 0.2 2.0




TABLE 2

COMPARATIVE COST AND TIME OF PRODUCTION SETWEEMN MILLIMG AMD
BROACHING IM BMTH

Thickrass aof Matsrial Time of Time of Production
Remaved . mm Productian for For Mi1ling
Broaching,Min i,
2 J.18 0,218
& g.35& 1.00
10 J.812 1.09

h




Impossikility of broaching a non-thraugh prafils.

Evan small chango in profile reguirss different costlier

Difficult to broach thin walled component as  the
ghrinkage is mot umiftarm.

It 18 impossible to broach tapered hole.

The disposal of chips, are guite different than in any
other process because the chips ars trapped in the gullet
space and they remain theore 1711 tho tocih comgs ocut of
the work.

Faszharpaning of broach is difficult.

L]

CLASSIFICATION CF BROACHES USED IN BMTF:

Broackes are classified depending upon

T,

A: Intermnal:- Internal bkroachos gore ussd to Sreoachk

B: Surface:- External surface broachos are used for
machining rulc surfaoces of open contour.

In BMTF beoth types of brogohass ars available.

Method of operation:

Ar FPush:- In the push-type broach the force is applied
from the rear cnd of the hrozach., Tha gush broach s in
campression. To aveoid buckling, a push broach should ba

shorter in length.

|



B: Pull:— In BEMTE the Broachking machine iz of this
type.In the pull-type broach force is given from the
clamping side of the broach. The pull-type broach again
may be pulled up ar pulled down., The pull-down broaches
arg more common than pull=up because the pull-down
simplifies the chip disposal as the chip falls directly
into the base of the machine. The down ward movemant also
tends to puli the cutting fluid into the hols Lo providse
better Tubrication. Work can be positioned easily kecause
tha cutting foroco hkaops the component against its
support. Tho advantage of puilied-up type machine ias that
the compenent falls at the tail end of the broach so
unhltoading of tha component 1s simplified., Selocition of
push or pull-type machine depands upon the ratic betweean
diameter of the shank and the diameter of the broach.
Lang stander broaching too! eithor pulled or puched can
be used as buckiing is no prablem becauss the ool dis

firmly attoched to the mashins ram.

Canstructiaon:

L+ EBglid:- =2o0ilid broach made of single piece of stock
materizl, Tt is rigid, but material cost is more.

B: Inscrtocd:— In inserted type of broacsh tooth inserts
are slamped mechanically to the main body which is made
of medium carbon steel.

g



C: Segmental:— In segmental breoach full length of the
broach is divided into a number of segmentz] gparts and
ro manufactured separataly. Finally they are assembled

togethar to from the ful?l tength of the hroagh., Thisz 13

done to aveid the difficulty in heat treatment of

BMTF s furnished with all those type of broaches.
Applicsticn of breachas in BMTF:
A Keyways:~ For mass production of koyways, howavear,

regular horizontal or wvertical broaching machinas ars
amployved. The harden guiding plug known as horn has a
ground slot te guide and suppeort the broach.

B: Spline:- For broaching of either straight-slided

splines or involute splines, regular spline broachos ars

{1
-
o
[
v
ct
-
ik

available. Straight-sided splines car bo broa
narmal keyway broaching procedure when the gquantity of
produstion is small. The broach used here will be similar
to the keyway broach, sxcapt that the top side will bo

reduced sorresponding te that of the outside diameter of

C: Folvgon:- PBroaching of pclygsnal is & common

O: Turret:— For work pigcs where several slotting
broaches are to be usad consecubtively, 2 horizontal

]
wf



bErcaching machine with a turret for carrying tho broaches
will bz found., The broachos are carrisd in a rotary
turret and consecutively pulled through tho work,

Broashes used in BMTF is mostly for cutting keyways, and

spline.

a. Types of tooth:
A: Helical:- When the teeth arc holical.

E: Btraight:— When the teeth are straight,

5. Dual-type broach:
It will have altarnate round and spline teeth at
finishing and.

7. S5ingle or set of broach:
IT the length of singte broach to complete the ocperaticn
hocomes too long i accommodats in the machine and to
heat treat, then the operation is completed by a sotr of

broaches.

THPORTANT PARAMETERS:

Few parametars are explained here and it has bzen shows in
Figure 2.

Clearance Angle:- It iz made by grinding at the top of the
tocth ot an anglise to the ling of culting. It is generally

represented by alpha.



—
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Pakc Angle:- The angle between the cutting edge of the tooth
ahd a line perpendicular to the axis of cutting. It 1is
ganerally repreasented by gamma.

Pitch:— Pitch 15 ths distance from one point of a toothk to the

game point of the next tooth,

ATMS AMD OBJECTIVES

[ )

w designing a bBroach it iz necessary ta go through o long
procedure of calculations., During this procgss a largs number
of tables readings, tables interpolations etc. are required.
It is wvery commorn Lo maks mistakss in doing tabla
intarpolation and iz monotenous also. But if a program can be
developed for designing breoachass than the bBroach dezign
hocamas very sasior. So the chicctives of this work igo:

o ztudy tho deosign paramcters of 2 hroach.

pta To develep a softwarc for brogch design so that tho

1

design work becomes easier in BMTF in near future,
2. Te reoduce time reguired for desdigning of a broach.

4, To save manmpowat and thus reduce the cost of productian.

-
-
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CHAPTER 2

RROACHES
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DESIGN PRINCIPLES OF BROACHES

]

0 TOOTH GEOMETRIC ELEMENMNT

Liv]
ct

roach  tooth  geometry effects the tool  1ife, gutting

&+
1

—
-

I}

cisncy and curling of the chip. Theo main parameter of the

tooth gecmetry are clearanco anglaesz, land, rake angle.

Clzarance angle and Tand in broash toocth offacts mainly the
toel 1ife. The reducticn in the height of the tocth par
sharpening is directly proporticnal to the top clearance
angls. The number of times the breoach teeth can Lz sharponed
before the Jast finishing testh goss below the spaecified lowar
Timit dimansion depends on the amount of land provided in the

ast fFinishing testh.

-

Rough teeth have t° ta 2° clearance angle without straight

3

Tand., The fTinishing teeth will hawve 2. to 0.4 mm straight
land and clearance angle of 1% to 20" after the straight land
portichn. Even on straight portion slight clearance angle dis

provided with oil storne,

Back taper angle is provided along with the broach axis gveor

tho fi

-
]

utting paortion of the broach teeth toc provant tha

£

rubbing action of the teeth side cutting edges with the
machined surface. This bask tapor should confirm with the
tolerance on the component arnd the Tunotigna? aspoot of ths

13
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machined surface. The standard shapss and dimenzichns af gullst

are shown in Figure 2,

CUTTIMG YARIABLES IdM BROACHIMG

The determination of the cutiting wvariables in  broaching

CONsists in assigning the cutting spaed, since the feed per

tooth, 'L’ and  the width,'bR’ =f the uncut chip are
prodatermined by constructicnal elements of the broach

r

The fead per toocth L or, as 1t callsd in broaching, the cut,

or step pear tooth dis the difforencs in hoight botweoesn two

from the material to ke bBroached and the diametsr o ko
broachead. ‘

The width, b5 of the uncut cr undeformed chip is measured along
the cutting edge. In a keyway broacsh it is the width of tho
keyway; ihn a round or spline broach, it is equal to the active
Tength of the cutting edge. This =equals the length of the

circumference in a round broach and the total width of all the

far a koyway {single-spline) broach:
f = Lbn mrnE

14
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for mattiple-spline breoach:

f oz 3. 14LA mo

-
.y
m
3
1H]
-
1

cut per tocoth, mm

o
I
L
13
el
-
o
0
-1
L
t
T
2
2

= diameter of a round broach, mm.

=
1

The total eross-geocticonal araa of the undeformed chip is
F, = fu mrnE

whera U is the number of teeth simultanzously in cperaticns,

The machining time regquirad for ane pass in broaching is

Where L, = tength of the working stroks of the broach, mm

Coefficient taking intc consideraticn the ratio of

~
1

the working and return stroke speeds, usually from

.4 Lo 1.5,

...
1]

Cutting speed, m por minute

q = Mumbar of workpieces broached simultancously.

2.3 CHIP FORHATION IN PROACHING
AT1 tho phenomena of the cubtiting process oscur during chip

formation 1in broaching arc doformaticn, heat generaticn,

14



formation of o built-up chig, frict

=d.
L3

n and wear. Ths cutting
process 15 often accomplished in broaching with very thin
chips, eospeogcizltly in dintarnal broaching where L may ke as
small as £2.015 mm. & heavily deformed continuous wthip is
abtained in broaching steel, and a fracture chip in broaching

cast iran.

It is imporiant to know tho shape and size of chip that is ho

dapend ugpon thooe datzs. The chip spaces baztween the tocoth
ghauld be of such shape and size so that it can adequately
acoommodate the formad chip in ohs pass of the broach. If the
curled chip is LToo largz FTor the chip space it will be
comoactcd inte the space, Teading to rupture of tho bBroach.
Chipbreaker grooves or notches are frequently provided on the
cutting teath to produce narrowaer chips that fit easier in the
chip spaces (Figure 43.

A& built—up sdga {(stagnant zons! is formed in broaching stesl.
If the chip thickness is greater and the face angle is less
thon the built—up adgs will ba largar. Ths builtt up edas often
breaks off and gets between the works and the baock-off
surfaces. This may severely impair the finish of the bhrozched
surfacs.

Eince broaching is done with 2 small cut per tooth-L and at

tow outting sposzds, ths gpplication of a cutting fluid

-

-
r



Figqure 4_.Chip Breaker



dray cast iren and malleable iroch are commonly broached dry.
It is advisable tec broach aluminum with a spesial mixture of

il and kerosena (1:1).

CUTTIHG SPEED

Generally, broach testh are subjact to wear on the backoff
clearance surface (flank}, at the corners, ot tho oylindrical
tand (sizing teeth) and the tooth face.

Cwing to the use of a broach mainly as a finighing toel {with
the exception of external surface broackes), the processing
criterion of wear is applisd. This mcocancs o degras of waar
aftor which thz  finigh off ths broach iz no  longer
satisfactory or thc goometric fFeatures and the dimensions of

this gurface are not within the specified tocleorances.

Tha maximum pormissible wear on the back-off  c¢learance
zurtaces and at the corners of the chipbreaker grooves s
taken in the folliowing limits {din broaching stesl or cost

tronl: up to 9.2 mm for round broaches, and to 0.2 mm for

V’.‘ I

LY



The following average 1ifte periods are rocommsnded  Tor
broaches of high speed steel grades P9 and P18: {z} koyway
broaches (keyway width 10mm} - 120 min in broaching steael and
180 min in broaching cast iren; (L) spline broach from 32 to

E0 mm in diameter - 420 min in bhreaching stoeol and 229 min in

182 min in breaching steel and 270 min in broaching cast iron.

The average 1ife of a broach can alse be expressed as the
total tength of surfacesz in meters broached betwesn grinds

(before resharpaning).

The cutting speed 15 1imitad in broaching nat by the hardness
aof the tool, but by the conditicns that gnabls a surface
finish of high guality to be cbtaince., An incredsa in cutting
specd dose not have any significant in ocut put as the handting
time in a broacking aperation is very londg in comparisch Lo
the machinding tims. Ths Following formula can be used to

caloulate the cutting speed in broaching:

i
"’In'
1
V=-———— m g=r min
L
L]
Where C, = factor characterizing the machining zsonditions.

ra
o



T = broach 1ifa, min
m & y = gxponents of the 1ife and cut per tooth, dapending
upcn thz wark material, broach material and othar

conditions.

For example, irm broaching 2 cylindrical hole in a warkpiace of

stes], grads 285 {BHM 137-259) in order to abtain a fit of 2nd

Lr

lasz accuracy the cutting speed iz ¥V = € m per min for z

]

0

highspeed steel broach. Data can ke found in handbooks for

calsulating the cutting spoed for othor conditicns.

SELECTICON OF CHIP® THIGCKNESE

Tha zloments of g kroach is shawn in Figure 2. aAfter studying
the ccmponent thoroughly, the first i1s tc sslact the chip
thickhess which dis ths height por- tocth., The succasstul

working and toc! 1ifso depond upon the selected chip thicknass.

Following should bs consider iF chip thickness is mare:

a. gullet depth, conssgquently should bBs more,

5. the rubbing acticn botween face and chip will be more and
chic particulars may fate welded to the face.

c. the curling of chip is more difficult,

d. spacific cutting resistance will be Tess.

= tha spooific lzad, the load per unit width will be mora,

so tool 11fs wil1l be loos and sometimes, even the cutting



edge may chip off.

f. tha surface finish of the component will be poor.

= lags numbsor of fteoth will ke in contact with the Work and
vibration may appear dus ta fluctuation of ioad.

b, The longth of tha brozach will bs comparatively less.

i. Sharpening will be reguired freguently. Sz maintcnancs

will be costly.

The follawing will ceocur it chip thickness will be le=zs:

a. the specific cutting restistanse witl Lo more.

b. surface finish will be better.

. ths lgngth of the broach beacome too Tong.

d. it the chip thickness becomas less then the cutting cdgs

radius, tocth may not cut but will rub which reduces the

1ife of the tool sonsiderabkly.

Kooping in viow the advantages and disadvantages of more
and less chip thickness, it iz better first to make trial

ocn making @ shaping tecl sxactly as ohe tooth of the

6l

broaching teoel.

Tho suggested chip thickness far differont materials are

given in Tables 2.In thizs work tha chip thickness s

reprasanted by L.

22



ET AND THZIR SELECTIOM

i

called gullet. Gullet

is

the teeth

space between

for

provided

chips can not escape

This

broashing by each of the tgeth.

15

Chip spacs

componant,

diameter

in small

pitch of the tooth and

by the

Timited

the diameter

aof the broach.

wr
I

ad

broaches,

cooupic

the gullet zpace by the de

sl
1

.I‘

A
i

volums

Thea

(Bxbxl .

iz always more than its own volume

he Jo

LTl

= length aof %

There B

toecth

tha

a

i
T}

-

X

thickhass of the teeth

L

regicn of tha wvolums

Tho

This

iz called the volume Factor K,.

volume of the chips

b

Asouplss more

chip

-
-

continuou

bacauze

of chip:

Typas

-

vatlume than segmental chips.

hook should be as swmooth as

]

excassive keat generation due to

otherwise

possible

Frictiosn will

cause to sccupy more spaca,

it a number of compohents say

Type of production,

i.e.

d.

incraase as the curled chip from
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vatve of K, are given 1n tha Tahle 4.

THE GULLET

2.86.1 DIMENSION DF

curleod

of

valuc

gullet space can be given by the following relations:

i}
o)

o]

¥

a.7x0

R

is shown in the Figura-3,

the pitch. O,P,40 and R

THE LAND

2.7 WIDTH OF

-

suf

should be

tand

The width of the

g surface. This

it of th
(¥ et krl 1

=

t Igad {Load on unit wi

Wi

tha

depends uypon

the

ithstand

]
r

Tand to w

of the

Required minimum thickness

cutting Joad on the teeth can bs found ocut from the formula.

o

B#K L rH

£

3

+
¥

Minimum thiskness of the Tand £o with

whaore ©
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cutting Toad.

K. = Specific cutting rasistance of the material.

Ll

—+
1

ol

Allowed bending stress of the too?
material.
Tetal width aof the Tand

= Minimum thicknasss of land as found cut fram
the above equation + {(Sharpening zllowanco ¥
expacted number of sharpening betare scrapping
the brozachl,

Sharpening allowance 1is generally 0.2-0.4 mm per sharpeaning.

2.3 TEETH

A} CUYTTING TEETH

Cuttirg tocth arc thoso ftcoceth whick ramove most of  the
matoarial., Maximum porticn of the material is removed by taeth.
Ths numbsr and geometry of cutting teeth depends upon the

material and the diameter to be drilled.

FINISHING TEETH
Finigshing teeth givas the reguired dimensiocn to the jJeb. The
first finishing teeth ramoves the material about 70 percent

left atter cutting teeth, the next teetkh cut 65 percent and so

£y
ik

o, The numbsr of Finishing tseth pands on the material left
aftor cutting tooth and tha requirad Finishing., The last testh

nsion of the job.

y)
e
[
o
)
“h
o
R
iy}
-
i }
0y
ot
)
o
=+
-
oy
R
-
i
o
o
-
i
—
o
pa
[
-l
=
o
[
ol
3
o
3
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C} RESERVE TEETH

o}

Reserve toecth ars not romove any material. When cutting tseth
rooowornout then the number of cutting ftoeth worn—out can be

reglaced by the finishing teeth and the Finishing teath can be

replaced by reasarve tasth., Tho woern of the cutting tecth may
be dua to rasharpening also. The number of raserye tsoath may
boe Ffrom 4 to 5. The diametar of all rssarve tseth arc egual to

the diameter of last finishing toeth,

BURAMTIEHIMG TEETH
BEurrishing teeth ars provided nct to cut the work surface but
fa)l to amocthen {B) make the hole accurate, and {c) cold work
the zame to have better bearing surfacze iF reguired in the
componhent drawing.
4 to § numbers of burnishing testh arge provided in the broach
if regquirad, at the chd of Finiskhing teeth. Sometimes separate
burnishing teeth may be conformed Lo the reserve  testh
functional dimension. Gansrally the numbor of Burnishing toeth

i five. A complete Burnishing teeth is shown in Figure 5.

cut. For all internal broashes which cut on complete pariphery
chip broakers should be provided, as the psriphsry st the

20
[P



cutting edogs is greater than at the bottom of the tooth space
which makes chip to Lo crowded and unabls to curl properly
into the space. 50 chip breakers are to be provided to reduce
the perigharzi cutiting surface arnd also o prevent the
farmaticsh of ship intoe complete rings. Chip brozkers arc not
nacessary to provide an finishing tsath bacauss depth of cut
by this 95 small and the ripgs will break by their swn accord
4% Lo cut cast iron matarial. In surface broaching chip
Eroakars are uscd to Braak up sxtramaly wide chips that might
cause Jamming aor scoring. Chip breakers should be provided on
thesrgughing teeth to facilitate the chip in the space. When
tough materials are broashed theo widith of ths chip w111 be
maro than the width of the cut which may cause the scoring f
the machinzd surfaces and this can be reduced-providing chips
breakers. If the width of cui {is more than 10 mm, chip

breakors must bo providad.

This is provided on tha width of the cutting adgas in the form
of nick, of course, the position of them should bBe staggered.
It is seen practically that wear of the cutting sdge with chip
s more at the transit portion betwean Chip breaker
and cutting edgs. Extensive rescearch is going on to find the
best shape and size and number for round and loyway Qroach. We
can find out the No of chipbreakers from Tabkle 8. 4 chip

breaker is shown in Figure 4.

T
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2.10 PITCH

et
ot
-
=3
[13]
Jib]
(5
L]
Jib]
0l
b
ot

Mtch is the distance betwsen the two cu
dapends upon

(1) Ths chip thickness

{21 Longth of cut

(3} Type of wark material and

{4)] Number of componsnts

The genaral farmula for gitohk O.38xLength of job.

O O.35xB

rng tho other paramster

wd

This is the basic formula for calculal
oFf tho broach.
The Tactors that are to be checked beforc daciding on the

cxact pitch are as Tollows:

1. At least two teeth must act simultanecusly to YO
chatter.
2, The total cutting toad should not exgend the broach tood

capacity and machine capacity.
3. Guliet space should be sufficiant te azoommodate chéip.
4. Land should be adequate for sharpgening.

S0 in caleulating pitch it iz bhettsr te calzulates from

thickrnaess to be machined from the formula

-5
£l
3

Depending on the value of N the pitch can ke rcad f

the Takle A.

Goncrally the pitekh is constant through out the broach.
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when a tooth leaves the work, the resistance will be Tess

to

starts

citch

cut at khigh

ap=

I

shoclks.

speed and produces a

Fitch

—
L=

11 FULL EMD

a
L)

The pull end of a broach serves to engage the broach with the

aad of the machine. Thsa design and dimensians of pull

i

end have beoen standardized. One of the mo

the broach has a

slot on

Thsa

cnding sla

he two are locked

L=}

A+
il

2 pullar hsad an

th

in

+
LTl

-~
e

.

5

by dropping a key thraugh the

kay saricus

In the case where a sleot for a

Here the bBroackh end

g can bhe used.

tvoes puli-an

Pin typsa

hole,

end of

operatian.Pull

mads automatic in

-
LTS

1zo

p—
Wl

h the tapped hale

as keyway brocaches need not be disc

the puller,

Since there is a poasibility of inmjury

botween strokes.

while

operation

hgrip over the Lhreaded an

ic

This has threaded jaws wh

older

[ES
i

is

Tha breoach

broach.

the

whi

sleave

outer
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2.14

The followor-and dimensions depernd on the dasign of the
follower-rest with which the machine 15 eguipped. The

dimonsion also deepens ob whether the follower end s used,

FRONT PILOT

The front piiet of internal broaches, which altigns the Lroach
and work, is made to have a slide fit with tha praoviously
machined hole, A front lgad taper is provided for arae aasy
antry. As the pilot alse =socrves as a chack against improgar
allewanhce in tho hels, pilots should never be ground

undersize.

REAR ENRD

At the rear end of the cut, the rear pilat engages with a bush

rovidad in the fixture and protoccic the broach from sagging.

ray
Tl ¥

-d

3

-

_I

his also haelps in maintaining the 2lignment of the broach Tar
thse return travel. Othgrwisg o possibility of a damags to the
broach tseth by buckling may exist. Ths rzar pilot is made

glightly omaller in size than the finishing teeth.

SURFACE BROACTH CONSTRUCTIOHN

-

Even though a part of the foreogeing discussion on the design

¥

of cutting elements is commen to both internal and surfaco

caches. Surtace broaches differ in construction from

LY
=

internal broaches. Burface broaches are gensrally hoavy and

24



Figure 6. Automat i Hound Shank Puil End
(Refference: HManuni OF The Maching}
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holder.
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e
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Er
ni

manufactura signant and assembled to provide & complatas braoacg

wraparound

straddle and

with

Similar 1= caso

profile.

or

aither the brazod

inserts,

Carbide

ith ages.

r
T

Rty 4

canvani

1A
1L

hao

z

Can

throwaway tapes,

iz an gconomical method of obtainming high

Because broaching

Finish

any

remove

allowad,

irregularities

stook

the

in

aparation

previous

to

due



1.4321n 1t should be as small as possible to roducs tho

Tengath of the broach.

The tolerances on the roughing tecth 15 not so much important

r

as in the finishing teath., It iz always battar to make the
croach to the maximum size of the component and after taking

trial if necescary can ba reground to correct size. Tolorancs

fas

on tho broach depends upon the follawing:
(1) The materisg? of componant
{2} Wall! thicknass of the component

(2} PReduction in size of tha resharpening

{4} Impropsr satting of toocl and the compohnent

T
€
o
ot

Generally the tolerance on roughing teeth hedight s

£

0.01-4.C2 and the tolerance on the finishing teeth for stzel
componont arg shown in Table &.

EFFECT OF TOOTH DESIGN OM CHATTER

Chattar in broaching opcration causzs poor surfacos finish,
gxcassive wear aof tgeth, loss of accuracy, ang sometimes
czuscs oreakage of the broach., Inherent interrupted cutting inm

broaching cparation increases this chattar. Circular brozgchas

L]

are susceptik] o chatter becausc of zavare interruptod
cutting. To reducs chattsr the points to ke considared in

dazign are:

1. Testh can bz staggsred longitudinally to provide more

T
[T



2.17

uniform sutting for fiat surface and spline broachzs,
2. For the round hole bBroachas holical teeth instead oFf
round testh can be provided,
2. The pitch can be made small as far as possible so that

thz change in cutting lcad will ke ioss

In
yu
rr
iyl
=
11
fa

s warted {(1.e. can be made leosz than in

Tha Lol parameters to be checked iz the strength of the

broach core cross—-scciion, this should withstand the cutting

&)

load for the sgecific componont at

¢t

ha minimum cross-section.

fal Chip thickness,
(LY wWidth of chip,

{

%)
e

Material to he cut,

[
e

Maximum number of teeth in  contact with ot

component in aperation.

It is5 found cut from the sguation:

=

Prgy=F> a@and P, = LxBxlxVxl
j : z

»”
F

Where P = Cutting Tcad acting on gach tooth

U = Humber of teeth in action in operation
L = Thickness of the chip
B = Width of the chip

L¥S

Jy 1z the specific cutting resistance depends on the matarial
and chip thickrnsss, Table-7 shows the variocus values of Es.

38



X = Constant to safeguard for the wear of the toaol
and for hkard spots which can taken 1.4 to 2.
For a round broach ths strength of the breoach i3 found cut

from the sguation

P, = 3.14x Dxf,

= Lore diamet

m

r ot ths weakest point of brozch,
£, = Tansila strangth of the broach material after
hardening.

P. = Maximum Igad at tho zors,

2 tonsils strengths far the H.2.5. in calculations can ko

P.>P far safe working of broach.
Tha suitability of the broaching machine for = garticgular
oparation depends on

a: Maximum load capacity of the machinz

b: Stroke of tho machine
Pmax should be Tess tharn thz capacity in the machine, and the
stroks lzngth in machine also should be highor than ths
required langth of gass for tho particular broaching taol dn
cparation.
Length of the broach should be checked from the manufacturing

feasibility points. These arc as follows:



TABLE &

TOLERANCE OM EROACH

Taolerance aon the £ize of the Broach
finishing teeath T

4 o 0,018 Minimum size of hele + 10,88 £t 1.1) T-4.003
8,015 to D.0D3 Minimum size of hole + (0.8 ta 1}T7T-0.008
£.03 to 2.04 Minimum zize of hole + [(0.075 to 0.9)T-0.007
0.04 to Q.07 Minimum siza of hala + {(C.75)1T7-0.01

Abowe Q.07 Minimum size of hole + 0.075 T-0.015

A=
i



TABLE ¥

SPECTEIC CUTTING FORCE, X Kg/mm’

Materiatl 0,03 .04 o.05 0.05 0.08 0.1

Mild stees] 425 285 2Z5 ST 280 260

Allay sotee? 580 400 450 425 385 250

Grey cast iron B0 230 200 270 250 2725

Mallsakle CI 240 a0 o 280 £25 210
41
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may not able to accommodate.

OF BROACH

DESIGN

2.18 RECOMMEMDED SEQUENCE FQOR

dimensions

Shape of the component and functianal

.~

capacity and stroke

=

.i

detaitls

=}

suitability for the component to be broached.

Determining the mode of cutting d

¢)

THE TOQOTH

'nl=
wry

SPACE

ol

]

numbar of

life of the bBroach, i.8.,

Expocted

d]

ho made before seraping the broach

Pitekh and land

e)

[ 4

m numbs

i imu

f1 Maximum and

g} Preparation of s



3. LENGTH &F

al

c)

d)

4. LOAD

L
-_—

)
=

EROACH

Type of holder to suwit maching tool and  dits
standard Jongths availabklz.

Front and rear pilat length.

Number of roughing and semifiniahing tecth
required, this depends onn  ths allowance in
component to be bBroschod,

Number of fintshing teeth deponding on ths expected
Tife of breoach and burnishing teeth number i f
reguired.

Determining  whether single broackh or  gsct of

broaches arc raguired for ths component.

CALCULATION

Calculation of Toad per tocoth and finding aut the
Tecad of cutting for the componant depanding upon
the maximum number of teeth in action during
cperation.

Checking the capscity available in the machine tool,
choocking for the working stress in the weakest
peint in the kroach.

Tolerance to be appldied on fFinishing teeth.

.19 RESHARPEWNING OF BROACH

Ercachas are resharpengd mainly by grinding the tooth faces.

43



2.20

Infreguentty, the back off clzarance is ground. The grinding
is done by the tapered =ide of ths disk wheel. The faceo
surface of round and spline broaches is conical, To ghtain the
spacificd rakes angle on the breoach (1) the axos of the
grinding whael and the broach must bhe in one plane and (11}
the radius of grinding whoel in o plans saction perpendicular
to the wheel axis must be less than the radius of curvature of

the tooath fagco in the samse sscticon.

DETATLS OF CALCULATION
13 First to calculate the diameter tc be drilled. 1t can ba

calcsulated by tho sguatiocn.

J = A -0.005x4-0,15x(8Y . . ... ... 00l (1)
Where J = Diameter to bs driilled
& = Diamater to be broached
E = Length of the job
2) The dramgatar of the drill must be standardized from the

standard drill table,

21 Tha chip thickrezs L should be selected from Table 3
depending on the material toc bBe drilled and ths typs of
hroach.

41 The chip volume factor M shouwld be selected from Table 4
depending on the mateorial and chip thickness.,

] CaleuTate M, whors N iz the hodight of the teeth. This N

should be standardized fram Takle 5.



£Ir
——r

7)

8)

ED

10}

111}

13)

147

The tool geometry PB,&4,R can be calculated From the

equaticn
e 1 {3)
Q= 0.38%0 . e -
A 0 4 {&)}

Read the value of number of ckhip breakers, § from Table
& depending on the diameter to be broached.

Read the value of raks anglics, T from Takls 9.

IR R R
Pead the valug of spogcific cutting force, ¥ from Table 7
from the value of L and material.
Calculates the cutting load, W from the formuia

W o= UsxlxlAxVxd . 2x3.141000, .. oo van sl 7D
Check whether the value of cutting Tead is greater then
the capacity of the machine,E. If W:E theon roduco the
rnumber of teeth, calculate the cutting Torce and chegi
the Toad again.
Calaulate where the stress is maximum. It may be coccur at
the clamping portion of the too] or at the toal diameter.
This =tress must be less than the ultimate strength of
the tool material.

45
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£h
[

16}

173

I

-

13}

20}

Caltculate Tolerance. It should be depondod an the it
requirad,

CalcuTate the number of cutting tssth. It should be
caloulated by subtrasting from the wvalue of maximum
diameter to be broached and the diamstcr to ba drilled.
Then divids this by chip thickness L. Only inteder numbor
should be taken @3 the numbkar of cutiing taeth.

The number of finizhing teoath should bes calculated based
on, the material left by the cutting teeth. The maximum
amount of matorial to b raomoved by each of the cutting
teeth should bg Tgoss than .05 mn.

The number of burnishing teeth skeuld ko read from Table-
10, It depands on the length of the jcocb and gitch.
Differant parameters of the burnishing should  bhe
calculated from Table 9.

if AL is the pitech of the burnizhing teeth then

E e (&)
AN = D.BxAL . ..o e {2}
AD = O 1BxAL ... oo v a (T2}

n the Figure &

—

Where AM, AM and AD arg shown

Th umbier of burnishing teeth should be read from

4]

L
]

_|

abls 1

Lin ]

. It depends on the type of it reguired, shape
of tha broach zte.

The <otz length of the broach could be obtatned by
adding up the follawings: Clamping length of thaz tool,

48



Length of the job, Total ltength of the cutting teeth,

Total length of the Tinishing teeth, Total length of the

AP = G+B+{AR+AJ+S I xO+4xAL+8+T. .. .. (117

Wwhere AP is tho total langih of the b oh

i
]

o

-d

3 iz the length of the cliamping porticn of the tool
B is the length af the job

AR is the number of cutting teeth

AJ 15 the number of finishing testh

I iz the langth of rear end

O is the pttch of the cutting, finisking and reserve
teeth

And AL is the pitch of the burnishing teeth.

Baside this 8 mm is taken a olearance.
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Dia D in mm Mo. of chip
breakers n

-3 g
13-18 a
1E-28 10
20-258 12
25-30 14
3035 15
35-40 18
40-4 2

45=-50 22
sSU-55 24
5E=-50 28
§0-¢ =0
6570 22
TO0-7 24
7T5-80 35
go-85 z8
g5-390 40
o025 42
855-100 44

In
o



TABLE 8

Motorial Lo b broacheod in degrazss
Steal Laess than 60 ka/2mm2 16 to 18
50 to 100 kg/mm2 12 to 15
More than 102 kg/mm2 g tc 10
Cast iron lezss tham 150 BHN 1tz 10
More than 150 BHM 4+~ 8
Aluminum 12 to 15
Bronzo O ta 5
Babit 10 to 15
Lopper 18
Brazs {Hard) @
Brass (Soft) o
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TABLE 14

BURNISHING TEETH

Length of 10-12 13«22 22-36 36-52 &52-78 7g-112 1i2-180
Job

Pitch AL mm b 5 3 10 iz 15 18
mount of material removed by burnishing teeth = 0,002-0.0205 mm

Lower valugs for aluminum and higher values for stee].

For symmestrical shape AM = AlLx0.7

X
=
1

AMxCL5



CHAPTER 3

DEVELOPMENT OF SOFTWARE



3.

DEVELOFPMENT OF A COMPUTER

SOorTwWARE FOR DESIGHN OF BEROCACH

3.1 TINTRODUCTION

2 software haszs boon doveloped so that it can bg uwused for
desigring different types of broaches. The software program
has the three section such as, {i} input data ssction, {143
Computational work sestion and three cutput sectian. In the
input data section, the program will require the basic input
data of the broach in particular. Thus for any change in the
input data will change 2171 the parametors of the broagch,

The ifnput data section contains two types of data. Thesa are
the basic dnput data as mentioned above and the desdign
naramoter in tabular form, Thus pumerous tables are builtin
the program. In computational section the required empirical
farmula and basic equaticns are given. The output is obta+ined
in thg 1ine printer in usual form. The numerical values of
output design specificatichning could be used to draw the
protetype broack. In the following paragraphs the IMNPUT and

COMPUTATIONAL secticns are describod,

INFUT

In designing a bBroach the following data arc nccessary:

o

Diametar tc Se Gbroachad, A (mm)

Length of the job to be broachzd, 2 (mm}
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Material to be broached, (CI/CS/AS/BR/ALY Cf
Hoardnass of the material, D{EBHM)
Capacity of the machine, E {Ton)
Stroke length of tho machinz, F {mm}
Glamping length of the tool, G (mm}

iamater of the clamping portion, H (mm}

Length of the rear end, I (mm)

COMPUTATION:

mma will compute those in

£

After recciving the data the gprogr

the fFollowing way

al Stze of the halte,J to he drilled, J = A—.GGEKAKD.15K(BJE

o) This diameter should be standardized from the standard

d1 Chip wvolums factar, M and specific scutting forgo, v
shoulid be read from the tablc,

el Hetal o ke romoved is to ha calculated by the formula M

fl This N should be standardized frem the table.

g} The valug of pitch ¢ should be read fram the taklc. This
will depend on the value of N,

b Dapanding on the value of 0 the tool gecmetry P,2,8 13

are be calculated.

n
Fa



-d
——r

L
[

k3

—ud
e

o)

r

s)

Mo, of chip breakers, 85 15 to be read from the tabkla
depanding on the value of A.

The valug of Camma and Alpha is to be read from the table
depending on the material €% arnd the diamstsr B.

The No of the teeth inm contact U is to bBe calczulated by
the formula U = B/0O+1

The cutting 'oad, W is to bo calculatesd by the formula W
= (UxlxAxVul 2x2, 14771090

Check weathar WXE or rict. If it does than U should bo U-1

¥ atsl
i

e b a1 WA T
L1l LI | N b

- 1
ot Sl bl ] ] W n L]

Find out the root diamster of the broach by the formula
o= J-2xNM.

Find out the stress on the root diamster ¥ and alss on
the diameter of the clamping portion aa of the tosl by
the  formula Y = {Wx4x1000}/(2. 14xH! ) and
AAZ{WK4K1GGG}K{3.14XHH

Check which one aof ¥ and AA s greater. The ultimatc
stress of the Ltool material must be higher than that.
Calculate tolerance depending oh the fit reguircd.
Catculate the Me. of gutting tosth, AR.

Catculate the diameter of a11 cutting tooth, AS., It
sheuld ke different from crne to arcthar.

Calculate the No. of finishing teeth, Ad.

Calculats tha diamster of 211 finishing teeth.

il

th ., AL dopocnding on ths

{2
T
-
it
3]
Iy
—h
£l
%
ir
i
]
=3
-
{1
T
=3
LN}
ot
0
{1
ot
o

Foa



W Caloutate the toal?! geometry of the burnishing tosth, aM,

# Calzsutate the total length of thez broach AP,
y Chaeck whether tha result is to be printsd or nch.
z) Checlk whethsr mora sot of calculation s required or notb.

DETAILED DERCRIPTION OF THE PROGRAM
The first line of the program gives thz name of the programn.
When the program is called than through a batch fils ths

program will be lsoaded and run automatically. Moxt CLEAR

a3 st
Lir= L

=d.

5 given tz set numeric variables to zero and aill
string variable te null. KEY OFF erases the soft key display
from the 28tk ling, making that the linz availahlse for program

use. It does not disable the function key. CLS to clear the

After this two Ting will bg print on the screen showing the
rectriction of the program. This twoe lines are THIS PROGRAM
HAS BEEN DEYELOPED FOR DESIGH RB2OUND BROAZH  OHLY. The
information PRESS ENTER TC COMTINUE s given to clear the
screen and to take the next command. The grogram will give =

BECP in ecvery cases to take DATA.

The input systam of tha program will then open. The program

=, |
P



will! ask a1l the input data roguirced for bBroach design. First
"MATERIAL TO BE BROACHED" 4z ko be dinput. During this it s
hecassary to follow the material specificaticn given in ths
orogram. If materigl itnput s mis-matokh with the above stated
symbol then ths program will give Tong BEER and again ask the
MATERIAL TO BE BROACHED. The ling 224 i3 to chock whethaor the
input character i3 in matckh with the character or not. The
program then ask HARDMESS OF THE MATERIAL to be broachad. This
should Be in BHM. The next input is CAFACITY OF THE MACHINME,

This should bz in TON. ETROKE LEMGTH OF THE MACHINE, CLAMPING

L[]

C

LENGTH OF T

e TOool, CIAMETER OF THE CLAMPING PORTION AND

DIAMETER OF THE HCLD TQ BE BRCACHED should bo in mm, The

0

program then also check whethar the diameter of the hoele to b
bErocachad is5 lsss than tha digmetsr of the clomping porticn of
the tool or not. If the diamater of the clamping portion of
tool is lazs than the diamster of the kel o bo breozached then

this broach can not be ussd.

Now the preogram requires TCOLERANCE far its dnput. In most of
tha breoaching the tolerance 1s either HE,H7 or HE. Hzre theo
program witll also chachk whathasr ths input is HE,H7, or 42, Thg

last input 1z the LEWNGTH OF THE REAR EMD in mm.

The program will not start unless the diameter of the jobk to
be drilled has been calculated. The farmuta is given in Tina
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coLon 7.8, 11
"REXNAME OF THES PROGHAM 15 HROAUH*FE

CLRAR
REY Q¥
13

PRINT "THIS PROGRAM 1TAS BLEN DEVRELOPED FOR"
FRINT "THE DESTGN GF ROUNG BEDACH ONLY"

FRINT

PRINT "PRESS ENTIER TO CONTINUE™;: INPUT AVS:DLEP

LES

TeaF NPT DATAL®%
TLENGTH 0T O3HY JOR(med™ o IRPUT G LRED

FRINT
CL3

TRTAT
FRINT
PEINT
PEINLT
PRINLT

; PRINT

BRINT
PRTNT
FRINT

CLE
PRTAT
CL=
PRINT
LA
ERINT
15
IMELRT

e

[
PRTAT
CL3
PEIET
wL3

TE A<l

"PELEASE

"Ll
"Cs
"83
n BH,
AL

"HARDNEAS O

for
For
for
Tap
for

I'aLE,

oW THE TGLLOWING NOTATION )

Cast Tron®

Cust

Ahenl”

Allay Steel”

Bronge and Drass”

Aluminzum™

"MATERTAI 'I'D BY BROAZHED";: LNTFUT CFiBERP
IF C$="C5" R CH="
BEEE: BEEP: BEEF: COT0 110

COAPACELY Ol

CIYOooR CR=TASY QR CR=TREMY OR £5="al" THEN S0T0 240

THE MATERTAL{IINY ;0 TN D BEED

TUE MACUTAR Fon}": THPLT EBEED

VSIROKE LERGTI ©T TUFR MACHIMK{m2)™;: INPUT I.DELP

el aMDING LERGTIE 0T TR MOOLdmm) ™ FRPUT &) RERD

"MIAMETER OF 3IHF CLAMPING PORTION(mm)™;: 1iPUL 11 DEER

COIAMETER OF HOLYE ' PE BROACUEIN mot) ™ ¥WPULT 2 RBEEP

Tl

it

THLEY: ASTE: BERD:

sooorn 3rd

PRLAT "IOLARENCE (M/7/8R)" 0 IR AL DENP

CLs

TF DAS="HE" OF DAG="17" 0l DAS=TIRY MIEN OGore 430

Y

4

DRINT "LEWGTE OF THE REAL CRDymm}"p: (NIUT (C8ERP
TEERCALCULALLON FOR DLAMETER TO W DI LD
J=a-, 0054 4= 1553 (5]

L J5160 THER GOTO

IF T3 THIN GOT0 i
"#H¥TABLE FOR STANDRED CRILL(DTA d-1i)dk

DTM K

45)

FOE 7=1 T0 43

1199
240

PRTRA "NEAMEULR 3F THE CLAMPING PORTION 18 BIGE



510 READ K(Z)
520 IF K{2)r0 THLE J=h{Z-1::0010 66}
a0 HEXT I

510 DATA 3,3.2,53.5,0.8,4 4. 2,00, 8,5, 0, 2,00 00,6 6.2,6.5,6.8,7,7.2,7.5,7.
,B.2,8,5,8.8,0,%.2,9.45,9.8,10,10, 2,105 10,0 L, 00 2, 91.5,41.8,12,12.2,12, 5,
,13,13.2,13.5,13.8,14

5O0 PHkkPAZLL TOR STANMDRED DRILL(DTA 14—l bEd

BEQ EFOR kK= 14 1O 32
nT0 IE K»d) THEN J=k.
30 WEXT K

00 'EFLTARLE FOR STAHNDEED BHRILESDDA 32- 01 x4
GO0 RIE K=32 TO 51 S1EP® .0

10 1F ExJ Ty J=k-.5 . GOTO GHO

G20 YEXT K

GAQ '"#2#TARI L L0 STANDRED DRILLITA G1-100)k
G40 BOR =31 1O 100 STLE )

GA0 BT w»J 1HEN J=KE-| ; GOTO OGAD

GED MEMY K

BT Fr=xpRal YALUE OF CUID THICKEYESS 1A+

BEQ 1F C5="08"aAND D<=3320 THEN L=.025

GOO TR CH="08" AKD Y0 AND D230 THEW =, 015
To0 1F cf="0C8" AND Nr=230 THEN 14,0250

710 [F Cf="AS" AN [4=203 TI&N I=,0260

A0 O1F CE=TASY AMD 200< AND AT VHBM Le A5
FAd [F DE="A8" AND NE=200 'HEN 1. DA

TAG [F CS="CE O AND De=200 1os L=l 00

T30 IF CH="C1" ARD D) THEN L=.0400

TRY IV Ci="BE" THEE L=.070

770 IF C&="Al" THEN [=,075

o OTERERTAD CHIP VOLUME Fafmoml HOAND SEW PETO i ridG BRSTRTANCE V+EE

0 TF C3="09" AND L=.023 THEN M=3.0H: V=d I

2068 IF 08="03" A0 L=.03% THEN M=2, 515:Y=219110

G100 IF £8=TAS" AND T=.025 THEN M=3.20:vatid

200 FF of="a8" AND L=, 33 TUEN M=3.925:Wellli

BAD IF C5="C1" AND L=.08 TIERN M=2,0:v¥=i40

Bal IF Ce="0l" ANT T=.040 THEN M=Z.00; Vel

AED I Ce="ml" TEFNY M=2.|B:V=L1%

BO0OTF 0852"Al" THEN M=1.00.v=220

ET0 VAL EALCULATE AVERASKE HETGHLT DF Gl Ly Bty

B20 N=SGK{(ATLYDEMEL ) 5014

90 "EFEEEAD THE VALUT OF STANDEED AVERALLE BELOIY OF SULTET & ANT PITCID Q#%*
a0 TF Be=t,l THEN ¥=i.7:0=3 @ GOTd L1146

G910 IF 1.1¢8% ARD H<=1.0 THTN Bzl 3:0=0, 30l el

Ge0 IF 1.3¢<K=1,45 THER M= 44:0=4:G0T0 ]1&0

930 L 1.45¢N AND M<=1,6 TLIA K=1.6G:0=1.0:G0T0 110

H
STEP .23
2% T REO

940 IF 1.6<8 AND N<=1.§5 THES W=1.B:0=3 @ GOGTO 1114

050 TF 1.8<H ARD H<=2.9% 7waEN K=2.2:0=6 ¢ GGTL 111H0

Q60 IF 2.08¢W AND MN<=2,5 TUIN N=Z.h:0=7 GIG 1110

70 IF 2.3¢% &ND H<=2.9 TiL¥ N=2.9:0=B : GOTO 1310

920 IF 2,9<N 48D N<¢=3.3 TOEK 8=3.3:0=% : GOTO 1110 v
950 [F 3.3<N 4ND ¥<=3.6 TUREW N=31.6:3=20 , G090 1110

1000 TF F.B<H AND We<=4! THEN N=11:0=11 USRI RL

5%



110110
1020
1030
TN
10450
160
LO70
1080
1090
11400
11i0
1120
11340
1140
1140
1180
1170
180
1150
1200
1210
12380
1230
1240
1250
1460
1270
12E0
1250
1230
iAd
1320
P2ED
|
Jaan
PALG
1770
HLe
L9

T

an
1

]

il S T T

IV
IF
L+
IF
IF
IF
IF
IF

IF

B=

1K AND N<=1.3 THEN N=41.3:0=12

.34 ARD N{=0.] THEN
fh. 14N AKD K{=DL.8 THEN
ANl 5<=5.5% THER

. 8¢k
B, ol
T.24N

AxD
AAD

a

Na=T.
N<=E1

T

H=3.8:0
d=B.0:f)

CH H=".2:0

TIEN K=B1:0=24 ;

BUCOM AN Bo=%! THEN N=9':0=25
QYK AND Ko=100 THEN K=101:0=28 .

10VCN AND Ne=11.5 THEY H=17.hH;0=0%
TEERCALCULATE DIFTERENT PARAMETEI UF LI TPRIH**=
P=. 70
(A EN

L3R

q=3.1:{=14

=1g :
=18 :
=0

daGrd 1110
GOTD L1140
GOTE E110
GOTS L1115
GOTG 3110

Govlry 111n

G0 LNnn

GUTO 1110

voGaTO 1114

TRAEQEAD CIRE VATHE OF HO, OF CHIP HERAKERS SHE4

Ir
¥
IrF
IF
IF
IF
IF
¥
17
Ir
T
In
IF
IF

A<l THEN
Ar=lD AND
Ax=13 AKL
Ar=1E AND
AX=I AND
A¥=dh AWD
AR=30 AND
Ar=lE AND
Azl AMD
Srodl AN
Ar=30 AND
AYSLD OAND
Ax=60 AND
AX=Hh AdD

8=0 :
A0
4<i4
A<20)
ACEN
RSN
ACAn
A<
Aadh
Ao
aLah
AR
RN
44nh

GAr
THEN
THEN
THiEN
THEN
THER
THEN
THEW
TREK
THER
THEN
THEN
THRN
TiTh

0 13630

S=6:G6010
5=3: 60T
5=10: G070
S=12:6070
5=14:G0T0
5=16:G0TO
H=EH G070
G=20:G070
S=22 00070
=240 G070
2=26:60T0
5=28:G60T0
B=28:60TN

1360
1360
1066
1HE(]
1. M
16a
160
160
1t
TG
1ied
1360
131640

Ib A»=G0 AND 4«7 THREK 522005070 1000
IF Arz=T0 AN 8470 THPEY S=32:50T0 160
TF A»=T3 AR f2R, PHRN H=24.G000 100
TE AcB0 ARG A<HD PHEN d=i6: Gavy i
L PR o I L W S o8 U P I3
P EmSO0 AR A D0 Ay B2 00 e
Paot LD TUE WAL (e GagRla Ao

IF Cai 07 Anp Tee=tid, TN Paly

T oE=Tan A0 MmE THER =y
TEOORSTO0T AATY 2g0il AND DGRl e
LE 0= Ash GED BH0CD AU DomE0r i
Te 082VOHT AN LhaPOY Taln T
Froma="an™ ANk Drsf0y e et
ITOCS=T0UT OAND Die AT CPHLN vt
FLOCEETCOTTOCIN o LT WHER r=

T DR TERT OTHEY M:4

TF Cgzab" mumy v=1

TR TALUUL LD W, OF OTTETH TN ONTAD st
13]840 ¢

s Ll

fe”

RN E

wlbar -y hicn s

N TR

[ T R

LG

FTELCALCULAUE Wrika THERE

- r 47 1
T funl.,
o
nore
FL

e

CUTTTNG LUy G

AN
NHe

V'

Tir

POTREN Maes iV ALY O oW



thi0
1E20
1530
1540
133540
1360
lavo
1580
1550
1600
1630
1620
1650
1640
1660
1660
1670
168D
1650
1700
1710
1720
TTE0
1740
1ral
176G
1770
1RO
1750
1850
LEMG
1820
1530
1540
1850
1RG0
1870
1880
THG]
1500
1914
19&d
1930
1540
145h0
1960
1970
15E0
15494
2000

1¥ WrE THEN UsU-1: ©On 1490

1V W=3 THEN GOTS 1218

YHELEFIRD OUT WHTRE TR ZTRESS 19 [P+
K=J-2&y

Wk 1A LK) T e L0
AASWEL/ .14 /4H) T ERT 000

IT Yrid 'IHEN AQ=y:G0TS 1590

AQ=AA

"REACATCUT ATE TOTLARENDEA e %k bk

T} A»=3 AND A<G PHES DE=SGH{ZFS)

IT Aa»=8 AND A<CLD THDNN DH=sgR G410

TF A»=10 AND ACLE THER Dit=&Sile 10+ 1)
IF AD=18 AND A¢3D THEN DE=SRIE(A )
[T A>=30 AND A<HD 'THEN DE=SRI (0400
T3 a»=50 AND A<B0 TURE DR=SOK{EQE5)
EF ad=gl AND A<LO0 THER Dhs=SQu (A0 |00
D= 435 (DB} {1/ +.001=LH

IF DaAg="1T6" TIEN DD=10G100

IF DAF="HE™ THLK DD=25%+00
=00 G0 A

TEERCATCULATE NOL AND DIMENSTON O S0 I TRET % ¥
A= =T

ATSOATY /[ 2%

8T=THT L AD ) =1

AR=[AB/2-AN%])

Alfm=3—1,%4

A=A E

TY A5 (ARG

FOR AT=] T AR

ASTAT I ZA+ATH 42

HEXT AT

TRRRCALDULATE NO. OF FINTOSHING TRELTINGA+
AH=D:AT=0:A1=10

FOR aT=.7 To O s1vP-_05

AG=AT4L

IF AG»AT THEN GOTY 19306

ﬂJ:4J+i

AE=AH+FAD

Al=AE-AH
NEXT AF

"¥EARFAD THE VALUR OF ALL DURAISHIRNG LGEETH#T:

LIN BA(AS ) BR{AJE UDR(AL)

B4{0)=.75:B0{0)=0

FO BU=1 IO AZ

BA{RCI=RA{RC-11=.05

BR{AC)= BA(BO4T

BD(BC1=RBD{DC-1)+EE{DC)

NECXT BC

"FAFCALCULATE DIFFERFNT PARAMETER OF BULNISHING TEETH**%
IF B>13 THEN Ai=H: GOi0 2080

i



24140
2020
20400
2040
2050
2050
2070
20
2040
2100
2310
2120
2130
2540
2130
2160
2170
2150
2150
2200
2210
2220
2230
22410
ZE50
2200
227
2280
2:80
2300
2314
2320
2330
2340
2350
2560
2370
2140
2750
2400
214
2420
2430
244l
2450
2460
2470
2480
2450
22t

[F 134=D AKD BLEIZ 1HEN Al=f:

GOy 2O

IF 2%20=8 AkD B<3B TIEN AT=8: GOrD U000

IF 3R<=B AND D52 TIHEN ATL=3:0: GQOFM4
LB 82¢=B AND DB<T6B THEN AL=Ta: {010 20
EF 764=D ANT DB<LO0 THEN Al=15: G0 28l
AM= . AT

AN= . HEAM
AD=.1hH%4L
"REROALCULATE TOTAL LENGTE OF HHAgiisss

AP=G+B+T+ (AR +AT FR I FOH I ALES

¥ AP:T THEN GOTO <220

CLS
BRIKT
PRINT
PRINT
PRINT
PFRTAT
PriNi
TRINT
BRINT
SRIAT
PRIET
FPrRibT
PRINT
PRINT
PRINT
PRINT
PEINT
MRINT
ELET
ERINT
PRINT
PETET
FELNT
EEINT
CLS
ERINT
IPHINT
FRIE
FRINT
ERINT
FRINT
PRINT
PRINT
PRIKT
GLE
PRLAYT
FRRTHT
PRTHT
PTRTNT

"regwrkaksdkod L] NPUT DATARSRR ] 8 Kk b ek

"RIAMETER OF JIGLE T0 BE BROACEER{m=)";A

"LENGTH OF THE JOR{mm) ™ ;B

"MATERTAL TO BE DROACHEDL ", U8

CTOLARERCE MDA

THARDNESS OF THE MATFRIAL (RN

"CATACLTY OF INE MACHTRE {Tan}";H

TSIRORE | ENGTI GF TUE MACHINL(me) ™ 7

CELAMPING LEMGTH OF CUEE OO Dem 0

TDIAMETES COF THE CLAMPING TROTION(wm}";H

"LENGTH OF THE REAR FRD(aum)" ;|

"PRESE ERIER 70O CORTINUE™, : THPUT AVE

BEEL

KRR ERE GLNERAL TNFORMATTGN % FRissd g

"THE YIELD STEFSS OF THE T MATTRIAL MUST BEX",AQ;

PTRT Craial, LENGTH OF THID HROACH="; AT " om™

"DIAMETER TO BE GRLLLED REFORE DEOACHING=";JT, " mm"

"PRESS ENTER TO CONTINUE™; : TNPUT AV§: BEEP

[LFW
i

£/9q-mn"

NEdbEFErRRRTNFOEMATICIE FOIR TEE CHOTTIRG TEETH® <% bddtd£3™

"KO. OF CUTTING TEETI="; Al

RO FOT [nmy

R TR T T PR T
frd



2310 PRIKT
2h20 THIKT
030 FRINWT

2540 FOR AT=l TO AH

930 PRIKT

“H{mm) =" USTIG ", 85T
”P{ﬂiﬂ} -1 USTHG “'.J'”-T.#!F”;P
"Q(mn) =" LSTNG "L ET 0
"DIAMELER 0&";47; K0, GUTTTNG THETIL (mm)="HSTNG "#h. 25" AS{AT)

25060 KEXT AT

270 DETAT
ERAN PRINT
20 PRINT
ZR00 BRTNT
2510 PRIK(
2020 PHINT
2630 PRIKT
26440 PRINT
2600 PATNT
ZB60 PRIXT
Z6T0 PRIKT
2EE0 PRINT
2630 PHINT
2700 PPRIKT
271 PRIKT
2720 CLA
IRINT

13_52?50
2740 PRINT

2750 PHINI
2760 TRINT
2770 PRINY
97
ph

=1 ]

70 PRINT
TO0 PRINT

"LEHGTIL OF ALl CUSTLIMG TEETH {mm)="; ARED
N0, 0T CHIP BREARKERS=";8

"RETAILS OF CIHIP BREAKER:"

L

"CHIP BREAKERS ARE HORMALLY MADR AROUND 1.
"OERP AND O.5-2.80 mm Wlle™

mm

CGAMYAT" ;T "deg"

“ALPUA = 3 deg”

"PRESS ERTER TO CORTIEUL™;:INPDY aAV§: BEED
“hErer X ek THRORMATION OF FINEBRING TEETH* ®&ksdksks"
PR OF FINTSHING TEETH=";1A04 1}

"MTCE "0 (mm) =" USING i hd"0

"Rimm} TOUSTNG "RELA0T N

"Plmm} TOUSLNG THELERT L
"Q{mm} TOUSTHG o q

28900 FoR AW=L TO AJ

2410 TRTAT
KEADC AN

"DTAWETER GF' - ab;"HWo, FIEPHIISG TEETE (mm) =" TSIAG "Ed, g4": AS{ARY+2

2820 KEX'T AN

aBdl ErIKT
2850 PRIKT
2850 PRIRT
860 PRINT
ZBTC FRINT
2840 €138

ZEA0 PFRIRT
2900 PRINT
2310 PRIKT
2920 PRINT
2930 PRINT
2310 PRINT
2954 PRIAT
2860 PEINT
2970 PHINT
2380 PRINT
2990 PRIWT
A000 PRIKT

UDLAMETER CF";{AJ41);"N0. FINTSHIKG TEEFH{mm)="0STNG"47.54" ;DL
“LENGTI OF ALL FINISHING TEREH [mmd ="UGSTNG "2a. 24" {AJ+ 1330

U GAMMA =" T Mdeg”

"ALBIA =1/2 deg"

"PRESS ENTTZ TO CORTINUE™; :THPUT AVH: BRAP

awxkakdfR% [NFORMATION TOR RESERVE TEETH #%hsiytsrs”

TR, OF BESERVE TERTH = 0"

"BITCH 07 (mm) =" USERG "#L 2450
TETS =" USTRG "k, d2" R
"o ) =" LSING Tis, EpYT
vl e =" GEING "#b.EET;Q

"DIAMBTER OF ALL: RESERVE TERTH {mn)="USTNG "&#. 44" ;0K
"LENGTH GF ALL RESERVE TEETI (mm) ="USING "E5.s5#";5%D

"AMMA =" T "deg”
"aLFiA =1 dcg"
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010 PRIET "LPRUSS RNITR 10 CONTIHUL"; UKL AVS: RERED

3020 CLS

3030 PRINT "##sddkadssd [NFORMATION [MIENTBUING TEETH ®tssoretbnt”
3040 PRINT

SOED PRENT "ND. OF BURNTSHING TEETI = 4"

3060 PRINT "PITCH 'AL (mnd =V OUSIRG TR EeYar -
AGT0 PRIAT TAM{nm) =" USTNG g dET A

308G PRIKE "AN{mm) =" USING "#4.33" ;A5

2090 PRIRT “AD{mm) =" USIHG "EE.xf"; a0

31006 BRINT "1 {mn? S

3110 PRING :

3120 PRINT "SEAMLITER OF ALL BUSKISIING TEEHI (mmdy=" USIKG gt " Dk
J130 PREKT "LERGTN OF ALL DUBNISHEENS TERPH (2" USTNG "k 27 4kl
31140 ERINT
2150 FRINT "EREESH ENTHEE TO CONTTRIG™: o MPOT AVS: RESL
360 LS
G174 PRINT DG YOU WA 7O PRINT TIE RESULT ON PREKTERL Y N)"; INPUYT AY$:BEEPR
FIBO IF AYS="Y" OF AvE="y" 0 AYE="K" o aYE="n" Ty OG0T 3200
3190 DREEP: BERLE: BEXP: GOTD 2170
J200 T AYE="n" (¢ AYS="W" TIEN GII0 4140
3210 LERETRT "sssmkodied £eas[NPOT DATAFER T4 0F Fhd k™
3220 [DRTNT
3230 LPRINT "DIAMETER OF HOUK T0 810 BROACHED (mp )™ 5 A
JE30 LERINT
A250 LPRINT TTOLARENCTE " DA
JILN LPRINT
3270 LPRINT O "LENGTI OF THE JOB(mml";
3280 LIWINT )
3290 LERIMD  "MATIIIAL T4 KL BROACHTR  "yey
3400 LPREINT
A310 LIMINT  "HaRDNESS OF PHT MATRRIAL {IIIN 0
d320 LPLRLRT
330G LPRINT  "CAPACITY O THE MACHLNE (l'on)" ik
3740 LURINT
FAE0 LPRINT  'STROET LEMGYI G5 PR MMM ma) "
360 LPRINT
G270 LPRINT "CLAMPING LENGTIC OF TIE "TOML {aan) ™
3580 LEELNT
FAG0 LERTAT "DIAMETLIL OF THE CLAMPTNG PROT Y i) " 1
3400 LPWiNT
A1 LPHLAT "LENGTH O CTHE AL EKO{mmy'" [
3420 LERINT
3440 LERINT “swksxalass GEKFRAL TWFOIMANTTON S5 kxdbxd”
440 LPRINT
1450 LPRTNT "THE ¥YIELD STRESS OF THE ool MATHELAL MUST BE>";ad; ke Bg-mm”
ddh0 LERINT
470 LPRIRT "THL TOTaLl LEFSNGTH OF 'THE HEOACH="; A0 "mm"
3430 LPRIRT
3430 LPRINT "LIAMETER TO bFE DRILLEDR BEFORE DROACEING=":0; "an"”
3500 LERIRT
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650
3640
3650
3660

DPRIGT "sRakar b 4 TNIORMATTOIN FOR VI CHITTNG TERTHA v kv

LIERINT

LPRIKT ™). OF CUTPING TENEH=": Al

LPRIBT "PITCH 'O (mm) SR [ I T I A
LERINT “R{mm) =UOULING MEE LR
LIEINT ”P{rﬂjll.j =R “|‘|'|!||.|f||||”',]’

LERIET "Qimn)
FOR AT=1 T AR .
TPRIKT "DEAMETRE QR AT MO, CUMTEN] TR fmunl="08TRG "E&. #4847 A5 AT}
MEET AT

LPRIRT "LENGTH OF ALL CHPETRS TP g de" | AR4O '

LIERT "M, O SHTE BlEAkERS=" 4

LIBEIMG MDETARLS Ol NP BREARLR "

LEWINT "CHIP DREAKERS ALY MORMALLY MAUE ABEDUNIT 1.5 mm"

LERTAT "NEEP A%D 0.5-2.0 oun WTDR"

LPRINT "GaMMa=":7:"doy"

OUNMIHD TR LR

3670 LPRINT “ALPIA = 3 deg”

3680 LPRINT

3630 LPRLAT

3708 LPRINT

ITIC LORTNT

4720 LPRING

ATAD TPRINT "4 sxad < PNEONAATTON G ITHINI A0 PEETIRk Rk ki sext
4740 TERINVT

ATS0 LPRLINT "NO. OF FINISHIKNG TERTIH="jiAdil)

3760 LPRLINT "LENGTH OF ALL FIHTSHING TLETH {om) ="USING "fi.787;(AJ+1)%0
3770 LPRINT "GAMMA = el

STA0 LPRINT “ALPHA =177 deg"

3790 TERINT

2800 LPRINT "PITCH "0 (mm) =" USENG "#i. #4470

3830 LURENT "MK{mm) ='"TOUSTRG CspEod0TR

35320 LERIWT "Fimm!} =" ousRn TR AL R

A850 LPRINT "&(mm} =" USING Mt e

4540 FOR AwW=]1 ''0 4J

SE5G TPRINT "DLIAMETER OF7 AR "NG, FINISHING TERTH (mm) =" USING "4f.rg";AS(AR}+
ZABD AN

SEG0 NELT AW

3G70 LERINT "RIAMETER O1";{Ai+1);"R3. TINIHIUTNG TEETH (mm)="USTNG" 3% . 25" ,DE
3883 LPRINT

890 LPRINT Messkssswas [ NFORMATION POR BEIERVE TEETH sdkkiksssa”
3900 LERINT

3210 LPRINT T'NC. F BERSRERVE TEETI = "

3920 LPRINT “"PITCH "0 ({mm) k'OUSING HE EF" 0
3930 LERINT “E(mm} =" USING "&&.4£";R
2940 LPRINT "Plmm) =" IRTHG “EE EE" R
5950 LERIKT "Q(mm) =" USTNG "¢, 8470
3960 LPRINT "DIAMETTR OF ALL RESERVYE PRIV (mm)="USING "¢, #8";DF
3970 LPEINT "LEEGTH OF ALL RESERYR TEETI {mm) ="USIKG "##.28",5%0
3980 LPHIAT "GavMa =T "dep"

3950 LPHIKT "ALEHA =3 deg"

4000 LERINT

(e o
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40711
1020
EYERT
1040
4050
AB50
4070
4380
4039
4100
1810
4120
4130
414l
4150
J1E0
4170
180
4180
A2
4210
Aah
1220
1240
1250

[LFRINT

LS

LERINT “#¥Fdxdtbt [NFOUATION JHVHEIEH TSETIE A #44 &3F 4 k&
LFRIKT

LERINT "No. O RUARISKELSE TR e "

LERINT "PITCH "AL'{mm) =" USTAG "s#.447 ;AL
LPRINE "AM{mm} al' USING Mag. 88" AN
LEEINT "AN(mm) o' UFING Maw, 25" AN
LERINT "aAl{mm) o' USING MEs L &E" a0
LERINT " f(mm} =1, p"

LPRINT "DTAMETER OF ALT BURNISITHO TERYT {wmy=" USERG “#5. 4" ;DE
LEETHE "LENGTH OF AL TRENESIETRI TEL e be "USING &, #7140
LLs

PRINT "DO YOU WANT TO DALUULATE AUYMUGEE (VAR [NPUT ANS:RREFP
IF AKE="Y" OR ARS="v" O ANB="N™ DU AYE="u" THEN GOTO 4170
BFEP:REER:DEEP: GOTO 1140

TF AX5="v" OR AXE="x"  TUEN GOTO i

GUTD 1230

PRINT "THY BIAMETIER 15 100 BIG", D ENPUl AXS: GOTO 4230

FRINT ":HE DIAMECER 18 TOO SMALL" ;0 LNVUT AX$:GOTD 4230

PRINT "THE CUITIHG TDAD TS TOO HIGH"; « INPUT Akg: GOTO 4530

PRLNT "THF LENGTH O UHE BHOACH 18 00 G7; tINPUT AN$: GOTO 4230
oLg

SYSTEY

END
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440. The gpreodram 1z developed for designinsg broachss with

0l

diameter in the range batwoen 32 to 100 mm,

The calculated valus of the drill size should change with the
standard dril1l size. This has been dons from linz 470 to B5O.
In line 530 the standard size of the drills are given which

are in botwoon 2 to 14 mm. The standard dril] size should be

o

just less than the saloculated value. Far tha diamzster in
woon 14 o 32 mm the standard drill size increases by D.25
mT. From 22 to 51 mm the standard drill sizes increases by 4.5
i

mm and far ths range 51 to 190 mm the standard drill

il B pa

LA}

increases by 1 mm.

From Tine 880 to 782 the table iz given to select the value of

hip thickness. It depends on tha material and the diameter to

{1

iy

g broached.

From %tine 770 to EB5E2 tho table is given to read ths chip
volume factor and specific cutiing cspecd, A1l those depend on

the material and chipg thickress.

The avorage height of the gullst iz next fto be calculated fm
the formula in line 870, HNow this value should be standardizad
and dapending on this the valus of pitch should be selacted.

The table of pitch gselection is given from Tline 82802 Lo 10280,

3

67



Depending on the valuc of pitch different paramstars of the
gullet iz calculated in lines 1100 to 1120.

Thg number of chip breaksrzs are tc be read from the itabie
givaen from Tinoa 1130 to 1320. This wvalue depands on the
diametar of thc breach.

The tabkle to get the value of rake angle is given from line

conds on the matorial to he

1230 to 14320. This walus d

)

braachad and the hardnoss of the materfat.

The numbsr of tsath in contact with job at a time is to be

caloulated from the formula given itn li1ne 1480,

Tho cutting Tgad is caloculated in Ying 1470, This cutting 1oad
should ba lgss than load capasity of the machine, IF not then

number of testh in contact is reduced vy ona., Again the
cutting Joad is lass than maching load capacity. If the number
of testh is zero then the program will show CUTTING L0AD IS TO

HIGH. Line 1490, 1800 and 4190 perfarm this function.

The tolerance is calculated by tha lines 1570 to 16829, Thi

1]

ot

=

a0

depends an the diamstaer of thae job and the f1% reguirad. Th

numbsr and dimensicn of the cutting and finishing teeth is

aleulated from line 1700 to 1890. And that of burnishing

[y ]
i

rt+

iz from Tine 19300 to 2070.

o

oot

g8



Total lengtih of the broach 1z calculated by the line 2090, If
tha Tongth i3 greater than the length of the machine than tho
program will go to line 4200 and show THE LEMGTH OF THE BROACH
IS TOD BIO,

ines 2120 to 2589 show alil the input dimensions on the

Lines 23680 to 2450 shows all the goncrzl informaticocn on the

'l'h-i‘:h 'E

J

wwlude THE YIELD STHESS OF THE TOOL MATERIAL,

SLroeh

THE TOTAL LEMGTH ©OF THE BRQALH and THE DIAMETER TO EE DRILLEDR
EEFCORE EROACHING.

From lines 2460 +to 21692 gives all informaticon about tha
cutting teeth, finishing teeth, burnishing teeth and reserve

teeth are obtained.

The program then ask whothor the result will be printed on the
printer or nat in line 3170. If ¥ or v is prasssd in cass of
yvas then all the calculated wvalues will be printed on the

printer.

2.3 The calculated paramctcrs of the Broach.

« Lthe suittabki]

-1

ty and accuracy of the program a test
samples of a krocacsh was taken,
To calculate the paramaters of the breach, d=stzs hazs beoeon

83



cntearad and the following reeults has been chtained:
Example:

Desighn a broach Tor a hole of diamaeter 428HG6; tengbkh of

Jobs T2mm: material iz Cost Irgn: Strength of matcrial 230
BHMN: Capazity 2f the machine is 26 ton and the machine can
accommodatec &2 length of 1.9 M. The ciamping length of the tcal
iz 185 mm. The diameter of the clamping portion is 22 mm and

the langth of the rear end is Z5mm.

70
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Information of Cutting Teetlh

Infermation cf Resurye Taeth
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v

Figure 7. Details of a Designed Broach
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CHAPTER 4

CONCLUSION AND SCOPE FOR FUTURE WORK



-1
1

FEY
L

CONCLLUDSIOND aAMD SOOFPE FOR FUTURE WSREK

SOMS USTONS:
From the prassnt study the following conclusish can be drawn:
A7 A software for designing broaches kas been developad for

BMTF. Which made the job easier.

Lo

Thz dosighn of broach will taks §0% l=zss time thus reduces

cost of production by 32% {According to the study in

BMTF ).

SCOPE OF FUTURE WORK:
The bBroach dosigh has a humber of timitations. Depending on
those Timitations futurs work can be dons. Thess limitations

arg az Tollows:

aj tnly round broaches can bs design by this pragram
=} Broackh diametor shodld be within 2 mm to 100 mm
ol Only thres types of tolsrance has bsen used depending an

the type of fit. Those are H&, HY and HE

L]
=

dl Hers the length of the brgach has been considered less

t

-y
£
o

the stroke length of the mackine.

The future wark can be done to eliminate the first limitatian.

Te do this spline or any other type of broach can be

conziderod,

Broach diameter rangs can boe insreased more than 100 mm. This

wt
Ln



can bs dong by adding faw more tables of the diameter of the

standard drill, tabie of pitch atc.

To increase the tvpa of fit only the tolerance table should bo
added.

Now in this gazse 1T the length of the brooach bocomces more than
tha stroke Tongth of the machine then the program will show a
Timitaticrn. Practically this zase may arrive when a humber of
broaches will ba raguircd to perform a single cperation. This

Timitation can be elimimated by developing thes progranm,

TG
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