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b=a for internal broaching

ps—t for external broaching (see Figure 12.9)
COS A

a, In mm broach width
b Inmm width of cut

/. In° tool cutting edge inclination (Figure 12.9)

(ulling adge Cutting tooth

Chip braker Chip space
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Thickness of cut /

h=f,

h  mmmm  thickness of cut
f, inmm feed per cutting edge

1S40 aslaso olaws

Number of teeth in contact

|
Ze number of teeth in contact
[ inmm broaching length in the workpiece (see Figure 212)
{ Inmm toothing pitch
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boin =331 1, C

f... Inmm minimal permissible tooth pitch
[ inmm broaching length in the workpiece
C chip space number

Table 12.1 Chip space number C

Chip space number C
‘ Internal broach External broach
Material -
with
Flat Round ——
Offset in depth | Lateral offset
Steel 5-8 B—16 4-10 1.8-6
Cast steel 6 12 7 4
Grey cast iron 6 12 7 -
Non-ferrous 3-7 6-14 3-7 -5
metals
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Slaso slad ses

: 3
‘br
C=0,35¢ = | .
Iy RNR=
. % NNRE
¢ Inmm tooth space depth R
{ Inmm pitch 2
e~03t

G165 St 3 Cslous

and rake face radius are to be selected in the ranges given below

e=1.1 —8mm
r=08-5mm

Both values can be calculated in good approximation

ex=~03 ¢
r<0,6 -c
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S el ey dwlors

H H
f,o=—+—
1:: i’r

- H(v,+v)
h = ) i
1LI.T ’ 1[’
f{, 1nmin machining time for one work cycle (cutting- and return stroke)
H mm required stroke
v, In m/min cutting speed
I"' v J L]
V. In m/min return speed
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H=12:l+a,+ta, +1,

H inmm stroke during internal broaching
[ mmm broaching length in the workpiece (see Figure 12.6, Chapter 12.5
a, Inmm length of the cutting portion
a, Inmm pilot length
[, Inmm rear support length
Shank Teeth Rear support
Shank neck Inserting cone l |
Shank head / l \ /lnsert x 7~ ™\ | Rear support neck
I ' |
: 8 U |
. R
Oriving area 'I Pilot segment | o] g
ly ay = a, "J @) feemiy =
L

Figure 12.7
Broach components
[, shank, a, pilot, a, cutting portion, a, pilot, /, rear support, L total length detail X
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H=12 L+ +w
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H mmm
L mmm
[, Inmm
W Inmm

stroke during external broaching
tool length

thickness of the closing plate
workpiece height

—_—— o ——

'
=
=
|
E
i, Figure 12.8

| External broaching — working principle

| closing plate, 2 workpiece, 3 broaching tool
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ad, =1 2+ :\Z +25)

In mm
In mm
In mm

$

Ny ™
alde 2 —_ '

o

S T B T O

s

Shank

length of the cutting portion

pitch of the roughing teeth

pitch of finishing- and calibrating teeth
number of roughing teeth

number of finishing teeth

number of calibrating teeth

Teeth Rearsuppon

Shank neck Inserting cone l l l

Shank head [ I \ /lnsert x 7~ \| Rear support neck
|
T =)
Rear rt
ving area -| L Pilot segment head g
[ Iy a, a, ‘J a, l2 st
— L
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X Detail Y

Without rake lace chamfer With rake face chamfer

Table 12.2 Rake angle and tool orthogonal clearance on broaches

Material ain® yin®
E 295-E 335

€ 22-C 35 : 182
E 360

C 60 4 15-20

Quenched and subsequently

tempered steel 1000 N/mm? 4 .
Tool steel 4 12-18
(Girey cast iron 3 B-15
Al alloy. -

9-13% Si 4 1823
Brass, bronze 4 5-20
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h=f f, inmm feed per cutting edge
% i Inmm thickness of cut

aslaso glas | iols8l
S : LB aslaso 4 cans

Figure 12.11
Tooth offset

Table 12.4 Depth- and lateral offsets during external broaching

Thickness of cut /4 per tooth in mm
Material Offset in depth .
: L Lateral offset
Roughing Finishing
S 275 JR-E 360 0,06-0,15 0,01-0,025 0,08-0,25
C22-C 60
Quenched and tempered 0,04-0,10 0,01-0,025 0,08-0,25
steel 1000 N/mm? tool
steel
Grey cast iron 0,08-0,2 0,02-0,04 0,29-0,6
Al alloy 0,1-0,2 0.02 not applied
9-13% Si
Brass, bronze 0.1-0.3 0.02 not applied
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a) Total tooth number

/ Slaws
1
g .
_— oy sl ad

z, total tooth number of the broach

h,, inmm machining allowance (Figure 12.10)

f, inmm feed per cutting edge = thickness of cut /4
b) Tooth number z, for finishing - |

il

For finishing, S teeth are used on average. —

z, = 5 teeth

z, number of teeth for finishing

2

c) Number of teeth z, for roughing

24 __hgcﬁ_s../zl
- e R
-/zl
Zi tooth number for roughing
h, Inmm machining allowance
f,, Iinmm feed per cutting edge for roughing
f, Inmm feed per cutting edge for finishing

d) For calibration, one can also assume 5 teeth. However, since the calibration teeth
only smooth instead of removing any allowance, this tooth number is not inte-
grated into the calculation of z,.
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L=l+a+a,+a;+

L mnmm total length of the internal broach
[, inmm shank length
a, nmm pilot length
a, Inmm length of the cutting portion
a; inmm length of the rear pilot
[, inmm length of the rear support
Shank Teeth Rear support
— N i
Shank neck Inserting cone ]
Shank head [ I \ /Insert x /'\‘ Rear support neck
| .
R t
iving area J L Pilot segment | h:;“‘p‘”
B Iy 9y a, ’J Gy o—ly—
L
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Table 12.6 Length of round shanks /, and rear supports /, in mm as a function of the broach
diameter ¢ in mm (Figure 12.7)

d in mm Shank length /, in mm Rear support length /, in
mim
20-25 180 190
2840 200 125
100 360 200
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Table 12.8 Cutting speeds vin m/min for broaching [52]

Material Internal broaching External broaching
S 275 JR-E 335 4-6 8—10

E 360 and 2-3 68
slightly alloyed steels

Alloyed steels up to 1000 N/mm2 1,5-2 46

Cast steel 2-2.5 5=7

Gray cast iron 2-3 5-7

Brass, bronze 34 1012

Al alloys 4-6 12-15

Table 12.9 Reverse speed v, in m/min of the broaching machine

v.= 12 = 30 m/min
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The task is to simultaneously generate 2 opposite grooves in a pulley made of E 360, hub
length 100 mm (see sketch). An internal broach is to be used.

-6

‘ Figure 12.17
~el 30 e Pulley

Tooth pitch
Tooth number for roughing and finishing

Length of the cutting portion
Number of teeth being in contact

Machining time for one workpiece
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I.  Tooth pitch

Tooth pitch 1s calculated according to the required chip space.

chip space number C selected from Table 12.1: C=7
f,= h 1s selected from offset table 77
f,,=h,= 0,1 mm for roughing

f.,»=h,=0,02 mm for finishing

Roughing:

in, =3 \/ 100 mm -0, mm-7 = 25,09 mm — 25 mm selected
Finishing:

b osin, =3-\/ 100 mMm-0,02mm-7 =11,22 mm — 11 mm selected
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I.  Tooth pitch

Tooth pitch 1s calculated according to the required chip space.

tmin =3\/1/2C

chip space number C selected from Table 12.1: C=7

f,= h 1s selected from offset table 77

f,, = h,= 0,1 mm for roughing

S Z

f,»=h,=0,02 mm for finishing

Roughing:

b in, = 3-\/ 100 mm-0,1 mm-7 =25,09 mm — 25 mm selected
Finishing:

i =3-\/ 100 mMm-0,02mm-7 =11,22 mm — |1 mm selected
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3.  Length of the broach’s cutting portion a,

a.=t -z --[2 Z,+:3

a,=22mm-59+ 11 mm (5+5)= 1408 mm

4. Number of teeth 1n contact

[ 100
2, =-=——"" = 4 teeth
{  25mm

8.  Machining time

8.1. Working stroke for internal broaching

H=12"“I+a,+a,+L
[, =125 mm from Table 12.6
a,= 40 mm assumed

a, = 1408 mm calculated under 3.
[ =100 mm hub length given in this task
H=12 100 mm + 1408 mm + 40 mm + 125 mm = 1693 mm
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8.2. Machining time

~ H(v,+v,)

1.’C . ‘.‘r

VvV

C

v, =3 m/min selected from Table 12.8

v.= 20 m/min assumed (see Table12.9)

% = 1,693m- 3m/min+ 20m/min) 0.65
’ 3m/min - 20m/min ’

ol M ol Godgi I3l cmilo s ls 3Ll s o 23bus! o







