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HOBS|

Hobs, with their ability to create gears with superior efficiency, are widely
used in automobiles, construction and industrial machinery, as well as
for processing power transmission gears for marine vessels and aircraft.
We can manufacture tools with the optimum combination of dimensions,
such as outer diameter, overall length, bore diameter, and number of
gashes, as well as tool materials and coatings. We can also provide

MightyShield =

(film hardness: Hv 4,000)

non-involute tooth profiles such as circular arcs, cycloids, and sprocket
tooth profiles. In addition, we can manufacture hobs with small-diameter
handles and small module hobs. Hobs using Our MightyShield I coating

on their cutting edges provide all-round performance in any cutting situa-

tion, wet or dry, in a wide range of processing areas (HSS hobs, carbide
heobs).

® Longer tool life with coating film that offers superior wear resistance 5000
# 4,000
5
§ 300
® Supports a wide range of processing areas (HSS hobs, carbide hobs). E 2000
§
® Wet or dry, maximum performance whatever the cutting environment. EahE B B
0

TIN TIAIN  AICrN  MightyShieldZ

Combined with GRANMET SF, a new material for hobs (cutting speed: 350 m/min)

Combining the new GRANMET SF material with MightyShield Z allows

® Cutting speeds in excess of 300 m/min.

® Wet and dry cutting.
(No cracks in the cutting edge during wet cutting)

Workpiece: m 2.7 PA20°

HA 30° NT B9 Material: Carburized steel

Cutter: 4 starts 16 Z Material: GRANMET SF Coating: Mighty Shield £
Cutting conditions: Cutting speed: 350 m/min Axial travel: 2.3 mm/rev
Processing No.: 50 (non-shift) Wet (water-lubricated) and dry cutting

Equivalent level of wear
in both wet and dry cutting.

Dimensions and Precision Standard

Product Features | 04

m Dimensions

Wet cutting Dry cutting

™
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Unit: mm
Module (m) d Reference
Category D L
1 2 | 3 Type A Type B N | d, b f,
1
195 50 50 34 12
1.5 12
: R 55 55 36 14
2 - 22 22225
275 60 &0 15
2.5 38
578 85 85 18 4
3
325 T0 70 10 42 18
35 75
3.75 &80 S 27 26.988 45 20
4 a5 80
45 a0 85 50
5 95 a0 2
55 100 a5 24
6 105 100 25
6.5 10 110 59 o8
7 115 115 32 3175 5
8 120 130 9 32
9 125 145 60 36
10 130 160 40
11 150 175 65 44
12 160 190 48
14 180 210 40 it 70 52
16 200 230 58 6
18 220 250 g 62
20 240 270 68
22 250 300 50 508 80 75
25 270 320 80
m Precision Standard Unit: um
X Tolerance
Standa
No. Item diameter (mm) | Type A 8 10 13 22 - 27 32 40 50 - 60 80
Grade Type B - - - 22225 | 2540 | 26988 31.75 381 - 50.8 63.5 76.2
£2.5 (H3) 13 (H3) 16 (H4) ' T (H4) [8 (H4) | 18 (H4) | 18 (H4)
0 0 0 0 0 0 0
i Bore AA +4 (H4) +5 (Hd)
diameter 0 0 +9 (H5) +11 (H5) +13 (H5) | +13 (H5) | +13 (H5)
A +6 (HS5) +8 (H5) 0 0 0 0 0
0 0
Module Margin or tolerance
No. Item 1ormore Morethan2 Morethan 3.5 More than 6.3 More than 10 More than 16
Grade 2 or less 3.5 or less 6.3 or less 10 or less 16 or less 25 or less
LY.V 2 3 3 4 5 -
2 Peripheral runout AA 3 3 4 5 5] 9
Boss A 5 5 B 8 10 14
AAA 2 2 2 3 4 -
3 Surface deflection LY.S 2 3 3 4 5 7
A 4 4 5 5] 8 11
. AAA 12 13 16 19 25 -
Ogts;de Gear cutting edge deflection AA 15 17 20 25 32 45
periphery A 24 26 32 40 50 71

siapnn Buineys

salyoeolg

SJoNpold JBWyO

sjoo] Joy sBuneos) pue sjeuiep

wisg

)Y

suoieoyioadsg ufiisag



05 | PRECISION CUTTING TOOLS HANDBOOK HOBS Product Features | 06

Hobs

Shaving Cutters

Broaches

Other Products

Materials and Coatings for Tools

Estimates / Design Specifications

Unit: pm Unit: pm
Module Permissible value or tolerance Module Tolerance or permissible tolerance
No. Ite No. Item y ]
o m — 1ormore  More than2 More than 3.5 More than 6.3 More than 10 More than 16 rade 1ormore Morethan2 Morethan3.5 Morethan83 More than 10 More than 16
2 orless 3.5 orless 6.3 orless 10 or less 16 or less 25 or less 2 or less 3.5 or less B.3 or less 10 or less 16 or less 25 or less
) AAA 3 4 4 [5 7 -
5 Vicinal division error AA } g } ? ;g ;g %g 45 SsltnangTe AA 4 5 6 7 9 12
A 24 26 32 40 50 71 A 7 8 9 " 14 20
AAA 22 25 30 38 48 - 15 Line of action Threefold A’r; g ? E 1 S
6 Cumulative division error AA 28 32 36 45 60 85 vicinal pitch error start A 10 1 12 15
A 45 50 60 70 a5 132 5 7
AAA 9 " 12 15 20 - Fivefold AA 8 8
7 Gash Radial alignment AA 12 13 15 19 25 36 start
as A 18 21 25 30 40 56 Tooth ridge A 1; 1 g - - 5
( . AR 1 -
Tolerance S't"'gr'te AA 10 1 12 15 20 28
L) 32mmor | More than st A 15 17 19 25 32 45
Line of action ALA
8 Lead error less 32 mm | i I Threefold " 12 14 17
16 cumulative AA 13 15 17 21
AAA 16 50 o start
AA 20 80 division error A 21 24 28 34
A 25 80 Fivefold AAA 13 15
AA 17 19
AAA 4 4 5 [ 8 - start
AA 5 5 6 8 10 14 A 26 30
single start A 8 8 10 12 16 22 ) _ Single AAA 5 5 6 8 10 -
B 15 17 19 25 32 45 17 Single pitch errar tart AA 5] 7 8 10 12 18
c 30 34 40 48 63 90 st A 10 1 12 15 20 28
AAA S 6 7 8 Threefold AN 5 6 7 8
g P Threefold AA 7 7 8 n start AA U i 8 " @2
rofile error A start Q ;} ;3 ;g :1‘,1 18 Vicinal pitch error A 11 12 14 17 D
c 2 48 56 67 Fivefold | " ; 1 g 3
tart =
AAA 7 8 . s A 13 15 5
Cuttin ™
Fivefold A 8 19 o 9 Single RAA 8 10 i 14 78 - )
start B 26 30 start AA 1 12 14 17 22 32
C 53 60 A 17 19 22 28 a6 50
‘ =z 2 £ £ £ meeod | Tn s s i 2
ingle start & 1 Axial pitch
Profile a A 3 3% 45 o I8 100 9 3 Axial pitch error start A 24 26 30 38
AbA i ] 42 50 60 ] AAA 15 17
10 Tooth thickness error (-) Threefold AR 48 53 60 75 Fiveiokd AA 19 21
A 48 53 60 75 start A 30 34 g
(=]
) AAS, 48 53 g
Fivefold AL B0 B7 Remarks: These precision standards are extracted from JIS B4355-1998. %
start A 80 67 »
AAR 38 42 50 60 80 -
Single start Ab 48 53 60 75 100 140
A 48 53 60 75 100 140
AAR 53 60 67 85
11 Cutter addendum error (+) Th;‘faerff"d AR 67 71 85 106 Profile
A 67 71 85 106
Fivefold A o I Q
start A 85 a5 ]
D+f. Whole depth o
AAA 3 4 4 6 7 - ’ 1 3
Single start AL 4 ] 5] 7 9 12 =
A 7 8 9 1 14 20 =
AAA 5 5 5] 8
12 Vicinal error Threefold AA 6 7 8 10 ) D+f
A 10 " 12 15 _
Fivefold | “Aa e i =
start T
A 12 13 v T
- - - o
AAA 6 7 8 10 13 - — — / 4
Single start Ap a 8 10 12 16 22 3
A 12 13 16 19 25 36 D+f S
Toppin - - Protuberance 8
1 1-axial pitch Threefold | A48 b 19 n 14 PRing 2
Tpoth Cumulative error A start A 17 19 22 28 ]
ridge g
) AAR 11 12 o
Fivefold Y I5)
Ad 13 15 'y - - A =1
start \ 1 o4 L/ N/ &
AAA 1 12 14 17 22 - 7
Single start AA 13 15 17 21 28 40 3
A 21 24 28 34 45 63 Standard B
N mreess | 48| @ TR
14 S3-axial p_|tch start A 28 32 38 a8 ﬁ
Cumulative error =
[}
- - - - e
Fivefold A i 2 ! L/ -1
start A 38 42 g
[+
Semi-topping Tip modification g
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Cutting by Hobbing Hobbing Problems and Causes

Hobs

Materials and Coatings for Tools Other Products Broaches Shaving Cutters

Estimates / Design Specifications

Achieve highly efficient and accurate gear cutting—just mount a hob on the hobbing machine, position the hob and the workpiece like
a rack and pinion, rotate them in sync, and feed the hob along the workpiece in the direction of the gear tooth width.

ll\\llll ‘\

J_:«,;,;-,- L)

gslsum

Rack cutter

Workpiece

Hob feeding

Ahob can be seen either as multiple teeth or as a single tooth. The hob is fed to a workpiece in the gear width direction.
One tooth of a workpiece is generated per rotation. Processing efficiency may improve if the number of starts for the hob is
increased, but the number of cutting teeth will decrease and cause an
increase in the polygonal error.

The machine must have sufficient rigidity and strength.

Gear Cutting Methods in Hobbing

Conventional hobbing Climb hobbing

The hob rotates from the top to the bottom face of a workpiece. The hob rotates from the bottom to the top face of a workpiece.

Hob cutting edge

Axis feeding direction

Workpiece -
1 Axis feeding direction orkplece

Hob cutting edge

Precautions for Sharpening

The cutting surfaces wear, so need to be ground off. This is called sharpening. If sharpening is not carried out properly, the hob will

become less precise, and the following issues will occur.

fwy,=Hobbing lateral face lip clearance (tandy,=tane-tana,-cosy)
e=extemal lip clearance, an=tooth pressure angle, y=hobbing feeding angle, rp=hobbing pitch circle diameter

Workpiece

Problem Symptom Cause

Hub runout
Poor lead precision

Large undulations Tooth profile with large undulations Poor cu.ttlng face _plteh
Excessive bore diameter
Poor profile
Inaccurate installation of the hob to the hob arbor
Hub runout

Large collapse

Pitch

Collapsed tooth form

Poor hob profile

Poor radial alignment

Runout of workpiece during workpiece measurement

Insufficient meshing length

Poor workpiece pitch

Insufficient profile depth

Excessive cutter tip point radius

Poor cutter protuberance profile

Cutter design error
Hub runout

Poor lead precision

Poor cutting face pitch

Inaccurate installation of the hob to the hob arbor

Runout of workpiece during workpiece measurement

Lead

Foor workpiece lead

Poor lead precision

Poor hobbing machine precision

Runout of workpiece during workpiece measurement

Chamfering

External diameter
Tooth thickness
Root diameter

Excessive or insufficient chamfering

Difference in chamfering amount on each
side

Difference in chamfering amount by tooth

Workpiece external diameter, tooth

thickness, or root diameter defect
(Topping profile hob)

Poor hob chamfering height

Poor workpiece outer diameter size

Cutting run-in size error

Poor hob radial alignment

Cutter design error

Hob mounting angle error

Poor hob chamfering height

Poor lead precision

Hub runout

Poor lead precision

Poor hob tooth thickness or depth dimensions
Cutting run-in size error

Poor hab radial alignment

Cutter design error

Hob mounting angle error

Tear

Tear in tooth face or periphery

Interference at the end of the hob tooth

. Flute spacing angle error Helix angle error Cutting face radial direction Cutting face becomes
Flute spacing
d by error uneven
:hrror ca':se 4 8rad 4 frad O deg
arpening (spacing error) (lead error) (cutting face angle error) (radial alignment)
] Ag A
|
| w8 {,_—\ P | 1 \ At
' . | j \ ~ 7L£ \
. ;N A4 N
o —_- /_J ! L -
\\ a }q 5 T
Cutting face (cross section) \ | (arbitrary radius)
* Expansion and contraction of
Efiect on hob = Uneven pitch in cutting teeth entire cutting edge pitch « Pressure angle error « Tooth profile error
and formula for (tooth profile deviation in (workpiece gear pressure angle (workpiece gear pressure (tooth profile deviation in
calculating this / machined gears) deviation) angle deviation) machined gears)
Error in Atf=r A8 tanhy, AtB=t,ABtandy, sinda=tand-cos’atandy, . A= A tand
normal hobs « Pitch error of approx. « For every 43=1° » For every 5=3°, error of Aa=10 q ﬁd" anays
6 um for every 0.1 mm expands/contracts at a rate of » For every 4,=0.1 mm,
At3=0.001t, tooth profile error or 6 pm
(t,=axial pitch)

Cutter

Fractures

Started from crack

Grinding cracks during sharpening

Grinding cracks during tooth profile grinding

Cracking near cutting edge crater due to cutting heat

Cracking in heat treatment process during fabrication

Major fractures

Hob base material defect, excessive hardness, brittleness

Run-in during rapid feeding

Workpiece rotates during machining due to loose workpiece clamp

bl ol A Bl P S B Bl Bl RSN Pl IS A Bl A Bl I Bl R U Il I B Bl B RN Pl B R I Il A el Bl Sl Wl Bl Il Rl R Pl B R R Pl Rl el

Chips stuck in gashes due to insufficient or inappropriate direction cutting
fluid discharge

Cutting hard materials such as jigs

Abnormal wear

Coating film stripping

. Poor PVD processing

» Poor preprocessing

» Treatment process abnormality

+ Other

Uneven crater wear 1. Uneven hob shift
1. Hardness of base material
Uniform wear 2. Poor material
3. Poor heat treatment
Wear in the joint tip radius connection . 1. Angularity in the joint tip radius connection
1. Narrow width of gash
Wear from chips clogging in gashes 2. Chips stuck in gashes due to insufficient or inappropriate direction cutting

fluid discharge
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Standard Size Variation: Troubleshooting Hob Setting Angle Error and Tooth Thickness

m Cause

A hob setting angle error may cause the tooth profile to
remain unchanged or the tooth thickness to decrease. The
method for discovering the amount of change is shown
below.

If the OBD suddenly changes or fluctuates, check for the
effects of swarf clogging, workpiece rotation, or tears.

0.12 | / /
Hob : m3PA14°30°
@101
0.10 Workpiece: 230 // //
0.08 // //

Cutting edge X coordinate check

. No variation
Fluctuation 1

Measure cutting end with dial

m Measures

Finding the amount of change

® Reduction in tooth thickness AW (for spur gears)
AW=mnx{sin’yxAe’ ~(2tanan)}*(g/sin’y+Z)

Reduction in tooth thickness

/ Hab : m3PA20°
@101
)/ / Workpiece: Z30
I

Other Products Broaches Shaving Cutters

Materials and Coatings for Tools

Estimates / Design Specifications

m» : Hob normal module 0.06
. No variation a. : Hob pressure angle _
Check software for X-axis Z : Number of workpiece teeth (aw) / /
coordinate correction Processing without hob shift y : Hob feed angle 0.04

Ag : Hob mounting angle error

¥~ Hob : m1.5PA20°
/ / bk
Workpiece: 230

No variation g : Number of starts
Check feed shaft of X-axis // o
0.02 z
Hob axis and slide parallelism ) / S
® Helical gears / a
. . O
Heat deformation Oil contlroller check Use the virtual number of teeth Z' instead of Z. . £
Warm-up operation NG \ 3 . ]
Z'=2lcas’p Z : Number of helical gear teeth r T T | | v
B Gear he“x angle O ]5 30 ‘45’ -|° ‘|°.|5' ]9307 .|°45’ 20
OBD changes over time. i .
Restared when machine ‘ . . A — ® Chamfering hob Setting angle error (A )
stopped. Influence of cutter 0.5, 1 pitch shift processing | | Check hob axis slide Chamfering amount decreases
Check hob support radial runout. Decrease in chamfer amount AC AC=AW .~ 2tana,
Processing using hob shift w
causes periodic changes §
in OBD ?
2
Number of Starts and Polygonal Error
= How to find the polygonal error on the pitch circle
. : Number of starts
_ 12 xs ina0x g2 xmy 9 0
AS = ax 2 x7 I: Number of gashes 3
Effects of Cutting Load Fluctuations Z: Number of workpiece teeth 3
o
m Cause EXAMPLE a0=25" ms=45 [=12 Z=13 g=4 AS=0.040 ms %
@ Cutting force changes from 0 to Max to O, deflection also 3umlp 12|.|rr:F
changes. -& | -
@ In particular, load fluctuation at the end of the cut affects — ﬁ — )
machining accuracy. S | r
o~
® In addition, machine rigidity and clearance, mounting :‘ 2
N 9]
rigidity and holding rigidity, and the rigidity of the N ::C—— X o &
. . - [ ‘g.
workpiece itself also have effects. Distortion of tooth profile due to cutting load fluctuations ROCT RIOOT L‘i
Number of starts g=1 Number of starts g=2 g
g
u Verification Method ’
26um 40pm m
@ if machining accuracy is poor, start with double cutting. || E e g
« If it cleans up, the cause is flexing under load. ;i§, ‘ﬁS@ e ;-ﬁ
« If it does not, the cause is machine precision. 2* g‘
2\ = 2
™ =
- — S — w
™ N o
Tooth profile improvement after double cutting \QL -§:_ S
[~ =4
ROGT ) =T 2
Number of starts g=3 MNumber of starts g=4 @
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About SS Treatment

SS treatment is the special treatment of surface finish on cutters.

Shaper cutters are used to process tools for cutting teeth in shapes high-precision tooth forms from tip to base, as well as provide long

® Deals with flaking and adhesion on workpiece tooth surfaces.

that hobs cannot handle easily. They are manufactured with our unique effective tooth lengths. Cutters with the SuperDry series we developed

T-axis NC profile grinding machines for involute and non-involute can be used for both wet and dry cutting, offering high efficiency and

profiles such as circular arcs, cycloids, and sprocket tooth profiles. We long life. Moreover, combining these with SS treatment also improves

SgoH

Broaches Shaving Cutters

Other Products

Materials and Coatings for Tools

g ecifications

Design Sp

Estimates /

offer a lineup of high-quality, high-precision cutters that ensure smooth,

processing quality.

SuperDry Il

® Harder at high temperatures,
improved wear resistance.

@ Improved film structure for better
adhesiveness.

® Can be used on materials that are
hard to cut.

Workpiece: m4 SPUR  NT40 (inner teeth

) QD@170 Material: FCD

Cutter: NT26  OD¢113 Material: MX-1 Coating: SD Il (with rake face coating)
Cutling conditions: No. of strokes: 290/430/430 str/min

Circumferential feed: 3.0/1.5/1.0 mm/str

Radial feed: 0.01/0.01/0.01 mm/str

® Increases efficiency and productivity § 1.000
through high-speed processing. 2 Isoc:- Tool life

2
5 1.7x
* 600
2
g 4007 500
« 200
o
g
=z

Workpiece: m2 PA30° SPUR NT27 QD@52 Material: SCM420
Cutter: NTE2 OD@127 Material: MAC B Coating: SD Ill (SS-processed)
Cutting conditions: No. of strokes: 1100/1100/800 str/min Circumferential feed: 1.5/1.5/0.5mm/str

Tool wear (after 150 pieces):

Al-type coating from
another company

SuperDry il

Tool wear (after 3500 pieces):

Black dynamic (no cutting face coating)

SuperDry Il + S5 treatment (with cutting face coating)

® Deals with adhesion on tool tooth surfaces.
® Special treatment to minimize the roughness of cutter tooth surfaces.

Workpiece: m2 PA20° HA35°LH NT28 OD¢79 Tooth width 25 Material: SCM420H
Cutter: ODgp160 ¢160 Material: MAC B Black dynamic (no rake face coating)

Processing result by cutter without SS treatment

Cutter tooth surface condition

Processing result by cutter with SS treatment

Cutter tooth surface condition

Adhesion

Workpiece cut tooth surface

Flaking depth: Max value: 53 pm
Average value 186 pm

Flaking depth: Max value: 24 pm
Average value: 12.9 pm

Dimensions and Precision Standard

unit: mm
m Dimensions Nominal Module Pitch diameter d L . "
. L, d, a
size (m) (d0) (approx.)
0.75t0 1 75 31.742 16 8 50 3
- 125t0 2 75 31.742 18 8 50 3
2.25t0 35 75 31.742 20 8 50 3
Disc type 375t0 5 75 31.742 22 10 50 3
1 100 18 10 65 45
1.25t0 2 100 31,742 20 10 65 45
@d — = 100 225t0 35 100 or 22 10 65 45
L l 3.75t0 6 100 44450 | 24 10 65 | 45
L [ l L) 65 to 7 105 28 12 65 4.5
r 4 15 to 2 125 44.450 22 10 85 45
—\ Y 125 225t0 35 125 44.450 24 10 85 45
1 —7 375t0 6 125 44.450 26 12 85 45
od ' 65 to 8 135 44 450 30 12 85 | 45
175t0 2 150 44.450 24 12 95 45
= - Pitch diameter (¢d0) 225t0 35 150 44 450 26 12 95 45
Lo 3.75t0 6 150 44.450 28 14 95 45
65 to10 150 44 450 32 14 95 45
2 175 44.450 26 14 110 45
225t0 35 175 44 450 28 14 110 45
175 375t 6 175 44,450 30 14 110 45
6.5 to10 175 44.450 34 14 110 45
1 to12 175 44.450 36 16 110 45

+ Tolerance between L and L2 is per JIS B 0405 Coarse Class
« ltems with an asterisk can be customized as nseded.
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Unit: mm
Nominal | Module | Pitch diameter .
size (m) (d0) (approx.) = - L L. d* a
Bell type 0.751t0 1 50 19.050 | 30 12 8 28 | 3
sg | 125102 50 10.050 | 32 14 8 28 3
- gd 2.251t0 3.5 50 19.050 | 34 16 8 28 3
. 3.75t0 4 60 19.050 | 38 18 8 28 3
~ | K T 075t0 1 75 31742 | 24 16 8 50 3
: 1.25102 75 31.742 | 36 18 8 50 3
[ ™ 5951035 75 31.742 | 38 20 8 50 3
| ' l 3.75t05 80 31.742 | 42 22 10 50 3
. —— 1 100 38 18 10 65 45
®d 1 ' 125102 100 31.742 | 40 20 10 65 45
o 100 |2.25t035 100 or 42 22 10 65 45
Pitch diameter (¢d0) 3.75t0 6 105 44.450 | 44 24 10 65 45
6.5 to7 110 50 28 12 65 45
@ Tolerance between L, L1 and L2 is per JIS B 0405 Coarse Class
® [tems with asterisk can be customized as neaded.
Shank type Unit: mm
{ Nominal |\ il Pitch diameter Taper at shank | _,
dimen- R s IR section E
slons
o 07510 0.9 25 80| 10 | 40 | 18.0| 120020 0043951 | 2
25 1 15 25 80| 12 | 40 | 18.0| 120020 0049951 | 2 | Morse taper No.2
1751025 25 80| 15 | 40 | 18.0| 120020 0043851 | 2
v m 0.75t0 0.9 38 100| 12 | 50 [24.1| 119822 0.050196 2 | Morse taper No. 3
07510 0.9 38 100| 12 | 50 | 27.0| 1191850052125 | 2 | Felows taper
1 t01.75 38 100] 15 | 50 |24.1| 119922 005019 | 2 | Morse taper No. 3
. g |1 175 38 100| 15 | 50 | 27.0/| 119185 0052125 | 2 | Felows taper
- 2 103 38 100| 18 | 50 |24.1| 119922 005019 | 3 | Morse taper No.3
} 2 to3 38 100| 18 | 50 | 27.0| 1191850052125 | 3 | Fellows taper
I 325t04 38 125| 18 | 50 [24.1| 119254 005104 3 | Morse taper No. 4
R J 325104 45 125| 18 | 50 |27.0| 1191850052125 | 3 | Felows taper
(pdD)

m Precision Standard

® Tolerance between L and L1 is per JIS B 0405 Coarse Glass ltems with asterisk can be customized as needed.

Unit: pm
Permissible value or Permissible value or tolerance
S [ e S Item '§ L L] Hoddle i
- tem Grade = = size 0.750r | Over1, |Over 1.6 | Over25| Overd4 | Over6 | Qver 10
Grage [Grade| Grade o higher 1.6 or 250r 4 or 6or 10 or 12 or
|l A = 1 or less less less less less less less
= 6 | +9 25, 38, 50 10 10 10 11 - - -
‘é E 19.050 0 0 AA| 75,100 1 11 12 13 14 17 -
'uEi § 31742 +4 125,150,175 - 12 13 14 15 18 23
TR o | +7 |+ 25, 38, 50 14 14 15 16 - - -
2B 44 450 0 0 9 Runout A 75,100 16 16 16 18 20 24 -
= ‘% 125,150,175 - 18 19 20 22 26 32
Shank deflection 3 4 5 29, 38, 50 28 28 30 33 - - -
2 | Peripheral runout 7 | 10| 15 B 75,100 il i 3 39 40 43 ~
125,150,175 - 35 37 40 45 52 B5
3 | Bottom surface deflection 3 4 (i} 25, 38, 50 3 3 4 4 - - -
4 | Mounting surface deflection 5 5 7 AR 75, 100 4 4 4 4 5 6 -
| 125,150,175 - 4 5 5 5] 7 9
i Cutting face deflection 10 16 25 Adjacent 25 38. 50 5 5 6 6 — — _
6 | Cutting angle (min.) 10 pitch A 75,100 6 6 6 7 8 9 -
- - error 125,150,175 - 7 7 8 8 10 13
l Side clearance angle (min.) +10 | =14 | x20 2538, 50 10 10 12 13 - — —
8 | Front clearance angle (min.) B 75,100 12 12 13 14 16 19 -
125,150,175 - 14 15 16 18 21 27
@ For No. 1. bore diameter applies to the disc || 25,38, 50 10 1 12 12 _ _ _
shape and bell shape, while shank deflection AAL 75,100 12 13 13 14 15 18 -
applies to the shank shape. 125,150,175 - 14 15 15 17 20 24
Cumulative 25, 38, 50 18 19 21 23 - - -
@ For No.s 3 and 4, only applies to the disc shape | 11 pitch A | 75,100 21 22 23 25 28 34 -
and bell shape. error 125,150,175 - 25 26 28 32 37 46
25, 38, 50 26 28 30 33 - = -
B 75,100 30 3 33 36 40 48 -
125,150,175 - 35 37 40 45 52 65
Profile error Ab = 4 4 5 6 8 1 16
12 . A - 8 9 10 13 16 22 32
© B - 168 18 21 25 32 43 B3
AR - 13 13 17 21 27 33 43
13| oon h = 21 21 27 33 43 53 67
thickness (-}
- 33 33 43 53 B7 80 a5

@ Errors in the (*) (=) sides must not exceed 1/3 of the tolerance.

Processing by Shaper Cutters

Product Features | 14

Attach the shaper cutter to the gear shaping machine and perform gear cutting vertically from the upper to the
lower section and then back to the upper section (non-cutting) in a reciprocal motion. As cutting cannot be performed during the

return, it is not as efficient as hobbing, which allows continuous processing. While a helical guide is reguired during helical gear

processing, which involves torsional motion, our lineup features the guideless ST series (NC gear shaper).

Processing spur gear with gear shaping machine

Peripheral relief

Cutter———

-

Workpiece

o

]
'+ Wirtual gear,

<
=

&
\
\

atting profile

m Gear shaping

Operate the cutter by reciprocal motion along tooth lead

(1) Synchronous rotation of cutter and workpiece
(2) Reciprocal motion of the cutter
(3) Relieving motion of the cutter at returning
(4) Feed of the cutter
(5) Position of the cutter and the workpiece, stroke width
(6) Other
« Cutter clamp
+ Workpiece clamp, replacement, etc.

= How to find the cutter and helical guide lead

The lead between the cutter and the guide must be equal.
Lead (L)=trxmnxZc/sinf
m. : Normal module
Zc : Cutter teeth number
B :Cutter helix angle

Processing helical gear with gear shaping machine

Workpiece

Helix anglef

Pitch circumference of the culter

mxgDe=mmemxZclcosp

Virtual gear

Lead (L)

Lead (Lj=mxm.xZc/sing

Helical gear

Helical guide lead

Cutter lead

Sq0H
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Gear Shaping Problems and Causes

Prablem Symptom

Cause

Workpiece profile error

. Poor cutter tooth profile
. Poor cutter face angle/sharpening angle
. Poor gear shaping machine precision

Workpiece profile Gap in one tooth

. Poor cutter runout precision
. Poor cutter cumulative pitch precision

Insufficient meshing length

. Insufficient tooth depth
. Excessive cutter tip point radius
. Poor cutter protuberance profile

. Poor cutter runout precision

Workpiece

i \Workpiece runout error : ) -
Workpiece piece . Poor cutter and workpiece mounting precision
Cutter runout - —

Pitch Poor workpiece pitch . Poor cutter pitch precision
. Poor gear shaping machine precision
. Poor gear shaping machine precision
. . Insufficient workpiece rigidi
Lead Workpiece lead error P gidity

. Poor workpiece mounting jig precision
. Insufficient workpiece mounting jig rigidity

Excessive or insufficient chamfering

Chamfering

. Poor cutter chamfering height

. Workpiece outer diameter size defect
. Cutting run-in size error

. Cutter sharpening angle error

Difference in chamfering amount by the sides

. Poor cutter chamfering height

Gap in chamfering section

=S =S Em WM =S RN =S R =N =W = N =W =

. Insufficient tooth depth due to excessive run-in at chamfering

section of helical shaper cutter

Tear ) .
Tear in workpiece

. Flaking at the root of helical shaper cutter

. Excessive run-in at sharpening face of helical shaper cutter
. Sticky work material

. Improper cutting conditions:

. Improper or deteriorated cutting oil

. Relieving interference

Major fractures

Fractures
Abnormal wear

Cutter

~N @O AW ] =1 @O s WK =

[+=]

. Cutter workpiece material defect

Excessive rigidity, fragile

. Improper cutting conditions

Excessive cutting speed, feeding

. Run-in during rapid feeding

. Insufficient clamping force for cutter and workpiece
. Excessive workpiece hardness

. Relieving interference

. Cutter contacting shoulder

or clogging from chips in the gap

. Fracture due to excessive incision of cutter during resharpening

Abnormal wear

. Cutter workpiece material defect

Insufficient hardness

. Poor PVD processing
. Angularity in the joint tip radius
. Items 2,4, 5, 6, 7 in the fracture causes above may trigger

abnormal wear

. Cutting oil ran out

Relationship Between Sharpening Face Roughness and Tool Life

® Cutter tooth roughness does not just shorten the life of the tool, but also causes fractures in the tooth due to

U

grinding burns or cracks.

o,/

r
~02 y
= o Cutter - m 1.75 NT 91
oy
£ S srdpenns HsS _
it ol .~ surface roughness Workpiece: NT22, Width &
- 2 SPUR
— P
o0l L 064 18CrMod4
5 /0 ‘J,/D—‘ HB 180
o o Conditions: 750/1124 str./min.
o ’,O/J;,,-—-'Es" (33/50./min.)
o] f = 1.02/0.38mm/str.
g U 1 1 1

200 400 600

Number of cutting workpiece (units)

"
-l

Grinding crack  Broken cutting edge caused by caused by grinding crack

Product Features | 16

Cut Level Irregularity

e Large deflections during cutter mounting will cause discontinuity in the processed work after one rotation.

Workpiece A
Workpiece deflection per rotation
Causes tooth profile irregularity.

Irregular OBD due to incision depth changing.

W L T Y Y T W O W ) E o. .°u-
AR Becomes non-continuous » | . N
\_ ] A _‘n._\ after one rotation o, e
||. L L e ® o N 0®
S iasoana
| P =Cut level difference Tooth thickness changes
1] Nl L] I 1171 according Itu cutter position
1711 T TN T] when continuously
I Eik' T : [ |r ] i_‘r MOTm processing workpiece B
/ /) !
PEETTTETTTT T Deflection per cutter one rotatian

Causes of Profile Errors

® Deflection of cutter tooth will lead to poor profile precision. (Reference) Diagram of gear cutting processing
® A lack of smoothness of cutter or workpiece rotation will cause W7
mismatches in the generation position and lead to deterioration of

profile precision.

Factors likely to change the cutting resistance of the biting:

» Unevenness cutter teeth balance (sharpening angle setting,uneven wear etc.)

« Error in the rotation precision of the master worm wheel

(mounting error, uneven wear etc.) Profiles near the left and right points in the pitch
! circle are not generated at the same time.

Conventional Method of Processing and High Circumferential Feed

Conventional processing High circumferential feed is effective for extending cutter life

(Reference)
Diagram showing the 2nd of incision after 3
rotations of a workpiece

oD - aD AN

PCD PCD

Load concentrated on the edge in the conventional High circumferential feed means chips are removed thickly,
method while in the opposite side thin and long chips so cutting teeth are distributed evenly, reducing wear.
are removed so that cutter becomes easily worn.

Profile Undulations in Gears with Few Teeth

® Gears with few teeth will decrease the contact ratio

and increase load changes.This will cause the ROOT TIP
Cutter workpiece excision
cutter and workpiece to shift, leading to tooth profile FF soos
e —
undulations. 11y O J— |

[ - \___J/
® Reduce the cutting load to reduce tooth profile ' -
undulation.

Undulations on profile Meshing of cutter and workpiece

Sq0H
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S HAV' N G C UTTE RS ’ Dimensions and Precision Standard

= Dimensions

Shaving cutters are used for shaving off tiny amounts of the gear tooth motorbike gears due to its efficiency and long life. Our lineup of Super
% surface after processing with hob or shaper cutters. Of the four types Coat Shaving Cutter, Hard MACH3 Shaving Cutter, and Fine Pitch F
+ of processing (1. Conventional, 2. Diagonal, 3. Underpass, 4. Plunge Shaving Cutter offer superior performance thanks to improvements to !71_ Key way width (F) @
cut), plunge cut is frequently used in production lines for automobile and tool life and workpiece teeth precision.

Bore diameter (d)
\ Key way height (E)

Super Coat Shaving Cutter

28a
® Surface hardness increased 1.5 times over high m =T .
- - . 8@ s E=67.5mm
speed steel, improving wear resistance. Workbiece: m2 7 PA20° HA28° RH NT68 OD116  Tooth width 36 || 2
® Hardened layer: 0.1 to 0.2 mm. Almost identical oripiece: m.r ¢ oot b 3 _
surface condition. Material SCr420H 8
" e o Minimizes size changes Cutter: NT79 OD@225 Material MACH3 With Super Coat -
ardness arier super Loa : .
t and prevents serration
g || depth variance g Hodue (m) Reference
o "*.'ea.sed.\- s P ' ok Nominal size Series Width b Standard diameter iz No. of teeth
© €2 2,000 ) d z
K Hardness before Super Coat El T?'g:' 1,800 ! 2 :
0 (hardness of high-speed steel) ‘5§ . 1 179.0 178 @
8 : gg 1000 1125 176.6 157 3
(_Z Depth from high-speed steel— 5 _é 125 1791 137 5
£ s O 1.375 176.7 127 o
= Cutters from other  MACH3 Super Coat =
5 companies 1.5 179.2 113 @
MACH3 Hard High Speed Steel 175 19.05 176.8 97
175 2 175 179.3 89
NN @ Increased V. Co which helps prevent wear and micro- m 225 254 176.9 79
granularized carbides dispersed throughout to improve 25 167.5 67
toughness (chipping resistance). Workpiece: m1.75 PA17.5° HA34° LH NT43 Tooth width 12.5 2.75 167.8 61
® Equalization and dispersal of carbides to give Material SCr420H 3 177.0 59
" hardness and ensure grindability is unchanged. Cutter: NT97 HA19° RH Material MACH3 Plunge 35 1645 47 .
z 4 172.0 43 g
(1] w [¥]
o 2 1 197.0 197 4
@ £ 5000 &
£ 4000 1.125 201.4 179
Z 3000 1.25 196.3 157
£ 2000 1.375 204.9 149
5 100 15 2055 137
z Cutters from MACH3 1.75 197.8 113
. ] . other companies 2 194.0 97
.| Fine Pitch Shaving Cutter 225 1008 2003 89 .
E 200 25 200 197.5 79 3
£ . L . . 275 254 200.8 73 -
% =-ll|:-- | ®Reducing serration pitch spacing to smaller than standard improves tooth face roughness. 3 501.0 67 g
g @ Optimized pitch size based on original design simulations to create high-precision tooth profiles. 35 206.5 59 g
4 188.0 47
| Example 2 e o
5 205.0 41
2 Extension of tool life and cost reduction with fine pitch + material change + Super Coat SVC 55 203.5 37 =
'% Workpiece: m1.7 PA17.5° HA36° NT45° Cutter; NT113 HA21° Improvement measures: High rigidity, fine pitch, super coating 6 186.0 31 g
o 9
b Cutting conditions: Rotational speed 220 rpm, feed amount 0.4 mm/min. T,:2 T,:4 T4 BM: 0.02 Plunge 1.25 2238 179 o
2 1.375 215.9 157 3
E Processed tooth surface with SVC of other manufacturer Processed tooth surface with Fine Pitch SVC 15 2235 149 )
3 . . . .
= (wear after processing 1500 units) (wear after processing 5500 units) 175 2223 127 %
) ' ) &
; . Pmﬁlel Tooth rldge Profile Tooth I’Idﬂ.e 2 226.0 113 f,
2 - ' ' 2.25 2117 97 g
g g
m 25 2225 89 2
= 3
2.75 19.05 217.3 79
g 225 3 225 219.0 73 @
ki 35 254 2135 61 &
3 . 4 212.0 53 3
a I e S
@ PR N e e — | 4.5 211.5 47 E
& . Ty, o o~ 5 215.0 43 a
o =
b 55 2255 41 2
D
= 5 222.0 37 3
Q =
£ 7 217.0 31 8
5 8 232.0 29 g
w w
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Unit mm Processing Using Shaving Cutters
Adjust the crossed axes angle of a workpiece after habbing or sharpening with a shaving cutter to between 5° to 15° and rotate
£ after engaging the gear. The resultant sliding motion of the tooth surface enables fine finishing with only a small amount of Z
cutting. As this is cheap and suited to mass production, it is used in the production of gears for automobiles or construction @
machinery. Shaving cutter processing is only possible prior to heat treatment. (Following heat treatment, use profile grinding.)
Movement of the cutter teeth on the gear teeth, Meshing of shaving cutter and gear
S Shaving cutter
\ } Rotation direction —
» Land Serration / ®
@ e Start of meshing =
E Contact point o
o L
o =
o ]
w Serration w
Edge
Workpiece gear
Serration edge i ﬁ
Workpiece gear Rotation direction
being cut
o
E
=
(&)
%: ® Module series are based on JIS B 1701-2. Shaving cutter serration edge expansion Shaving cutter cutting mechanism schematic
& @ The width “b” can be changed to suit the helix angle, shaving method, etc. E Cutter Schematic diagram
z N
o
/ "= Cutter
. Workpi
m Precision Standard N orkpiece surface
Unit: pm Oulter
cenlial axis™ Gear central axis
. § ) )/ | "‘-—-:Geazl Crossed axes angle .
‘g § ' ; _‘f_' g
a B Undercut .o / Q
@ Outer diameter D +400 E &
. <
Width b +200 Abrasion by tooth surface
Bore diameter d _g
Width F s
Key wa i i i i i
y way i +300 = Conventional processing m Underpass processing = Diagonal processing
0
@2 . Q
g Peripheral runout 15 i N . 5
=] - - Move cutter in parallel Move cutter at a right angle Move cutter diagonally 2
<] Side face deflection 5 . . . . . . -
a to workpiece axis to workpiece axis to workpiece axis =
5 Runout 225 mm or lower 14 14 14 15 — §
= Cutter and workpiece interfere with each other
o 300mm 18 18 19 19 20 in conventicnal processing as the tooth %
Single pitch 8 225 mm or lowsr 5 6 7 8 - Workpiece is adjacent to the workpiece and a sufficient
s errar 2 300mm 5 5 7 8 g p crossing angle is not possible.
o Cumulative pitch E 225 mm or lower 17 18 18 19 -
3 error Z | 300mm 23 23 24 24 25 5
lg Total profile error 225 mm or lower 2 > 4 > - = 5
2 300mm 3 4 4 5 6 - - S - .
£ 0 g
m Tooth thickness g
6 -25 o
o Tooth lead Total lead error 7 %
° (every 25 mm) Symmetricity 5 Cutter (left end) Cutter (right end) E.,
.m . N =
_§ @ Total profile error can be applied when modifying cutter tooth profiles as well. . —— ) Moving the cutter from the lower location in biue fo 5
2 @ Tooth thickness shows the tolerance for the tooth thickness corresponding to the outer diameter. Gutter motion (feeding) Each cylinder g upper location in red will move the contact paint Moving the cutter in the direction of the red arrow S
has point fram left ta right and allow procassing of the entire if fed in a diagonal direction will move the meshing
0 contact tooth width of a workpiece. point fram the right edge A o the left edge B of the workpiece, o
8 s 3 =
‘g? 1. Wider workpieces can be 1. Uses a cutter wider than the workpiece 1. The cutter moves less than the conventional 3
% processed with narrow tooth width. processing, allowing for shorter @'
g cutters. 2. Requires sharpening for underpass processing times. -
1] 2. Easy to share cutters processing 2. The entire width of the cutter can be used, &
E" among some different kinds of 3. Requires sharpening for hollow tocoth profile increasing its tool life. &
o workpieces. for crowing processing. .
o 3. The motion of the machinery enables B
E crowning and taper processing. g
m 4. The cutter moves a long way compared 8
£ to other methods. g
i 5. Only the center of the cutter is used, ?

wasting much of the tool.
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m Plunge processing Gear Shaving Problems and Causes

Does not move the cutter and workpiece during processing. Processing is only possible
with a cutter that uses special sharpening.

Further reduces processing time compared to other methods.

Hollow lead

(Reverse crowning lead)
Teeth require sharpening

Problem Symptom Cause

Different measuring machine used
Different measuring teeth
Different profile control point

Large tooth profile error of the workpiece in
the same trial processing

Hobs
SqQOH

wonN =

__ Cutter Workpiece Cutter

Plunge shaving processing

1. Cutter width is wider than workpiece
tooth width.

2. Specially designed to match the
number of teath of a workpiece.

Different trial machine

Different trial conditions

Different precision difference in previous process(es)
Measurement error of trial workpiece by manufacturer

Workpiece profile error

™~
Table feed . (with manufacturer trial)

4 direction

Passed trial processing by cutter
manufacturaer but

Workpiece

@0 kN =

: failed trial processing by user
Workpiece 3. Uses differential serration. P gby Vague manufacturer pass/fail judgment trial profile
4. Requires machine rigidity and motor Measurement error of trial workpiece by user
wer.
M po ) 1. Cutter testh profile measurement error
2. Wrong cutter teeth profile (previous profile, etc.) or copied
) Cutter teeth file d t t g . '
Setting processing conditions Cutting speed Incision feeding (per workpiece rotation) Cutter teeth profile error re:uzrstee proflle cioes not meet tsers incorrectly
Plunge, underpass: 145 m/min. Axis: 0.5 pm 3. Design instructions error
Diagonal, conventional: 120 m/min. Hole: 1.5 um 4. Order instructions error

Dwell Traverse feeding (per workpiece rotation) 1. Shallow serrations

225 . . Diagonal, Conventional 0.2mm « Difference between sides
The rotational speed of workpieces Underpass 0.1mm « Differences at tip or root

i h ) ) .
:;I::_a hole must be less than 2000 Plunge dwelling time [ Dfferencesattporront
For workpieces with a shaft, it is less Regard 35 rotations of a workpiece as the « Shallow overall
than 1000 rpm. benchmark

Low number of resharpenings

— .
“——_  Back movement Cutter life short

@
Basic sequence of plunge processing

Low cutter hardness
Complicated cutter teeth profile
Excessive shaving stock
Excessive workpiece hardness

Cutter

Workpiece teeth profile collapse

o=

w [17]
g 8
5 <

p=1
2 a
£ o
@ =
< o
w w

Sequence

Fracture due to grinding crack during tooth profile grinding
Cracking during heat treatment
Fracture during transportation and handling

The normal shaving process is cutter-driven and the workpiece is rotated by it. Start processing after meshing the cutter and workpiece.
Use the cutting teeth at both sides and switch the cutter rotation direction to ensure stable precision.
In order to remove the looseness generated at incision, use dwell to ensure stable precision.

Fracture before use

W=

Shoulder gear interference
Processing workpiece with the wrong specifications
Too many workpieces processed (wear)

Fractures

Cutter rotation start Cutter incision feed Cutter reverses rotation Fracture during processing workpiece

S S

@ Tooth meshing  [P»|  Workpiece pulled [ Dwelling at P> | Workpiece pulled opposite way | Dwell | 2 Insufficient strength at cutter root W
% around full-forward end Cutter in reverse motion Improper serration alignment g
o [¥]
s ]
,/ W Wy - ‘;!} a Tips: Sharpening Method
. @ . - - - @ - - @ - " When the precision requirements cannot be met during )

shaving, the cutter is often considered to have reached the end

of its life, and is resharpened.
£ "~ / Q
2
9 " . -
a Improvement of Profile Precision ; 3
2 - N g
o During resharpening, ensure that worn (abraded) parts are @

removed properly. Check also for burrs and ensure that they
are removed.

® Impact of cutter rotation speed

Leading ﬂ
Trailing N

Adjustment is likely to cause the

changes shown in the following

Leading
W Cutter rotation Xl
. speed

Trailing /

Our ZA30A shaving cutter tooth profile grinder can achieve
reproducibility and ease of rearrangement while maintaining

diagram.

® Impact of dwell timer precision through numerical control.

Changes the leading/trailing

Leading

Leading

Trailing

cutting surface depending on the It is important to control the number of workpieces

ZA30A shaving cutter grinder

cutter rotation direction. and resharpen the tooth profile and lead of each cutter.

Materials and Coatings for Tools
sjoo] Joy sBuneos) pue sjeuiey

. A
T1 ! Increase Cutter LHMork RH Cutter LHMWork spur Cutter RHMork spur Cutter RHAWork LH

2 T2(T3 . Decrease | Leading ===§==I Leading Leading ===—,=E_==I Leading I'
s 8
& Trailing %Qa! Trailing Trailing Trailing T
E %‘t:!] %‘td H o
@ -
(% T1 : Decrease Cutter LHWVark RH Cutter LHWork spur Cutter RHMWork spur Cutter RHMWork LH 71_T|
g T2T3 Increase | | aaging == 1 Leading Leading Leading &
o >
it} ss:s#! ===$==='J| ,===r_==J ======;J-I .
[s] ; ; . ;

Trailing Trailing Trailing Trailing 3
@ o,
92 =
£ 8
= =4
(1] = |
w w
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BROACHES| MAC D Long-Life Broach

Broaches are divided into two groups: internal broaches for making blade grooves and various industrial machinery. We design and Features
% spline holes used to process automobile reduction gears and machine produce a range of original broaches based on our long experience and ® Uses MAC D powder high-speed steel which contains high levels of VC carbides for superior wear resistance. §
+ tools, and surface broaches for processing the surfaces of specially- expertise. We have a long track record of supporting the shapes and o
shaped parts used to make power generator and jet engine turbine performance demanded by our customers.
Example °
10,000 .
@ Tool life:
Workpiece: ODg90 7 grooves (groove width 10 % depth 4 % tooth width 15} § 8.000 1 -3x
Material S55C a
Cutter: Pot Broach § 6,000
2
£ 4,000
(=]
E
s 2,000
3
£ 0—
2 Our powdered high-speed MAC D
steel broach (MAC B) broach
Eccentricity Preventing Broach
v . Features @
¢/ Nano Dynamic Il §
o ® Increased tooth fit by prioritizing burnish teeth. 3
2 , , o
= Previously: Spline teeth — Round teeth =
5 Features - : : , @
Eccentricity-preventing broach: Burnish teeth — Spline teeth — Round teeth
@ Uses AICrN coatings for superior heat resistance and anti-wear properties.
T I
e Effective for dealing with corner wear of the cutting tooth. @:ﬂ‘ 7 - I H —
e Effective even under conditions detrimental to tool life, such as difficult-to-cut material processing and Cutting direction Bumishblade  Spine testh Reund Teeth
broach cutting using water-soluble coolant.
w o
_;g High hardness film (AICrN-based film) m g
S 50 3
L iece: i . ial 4 ®
4000 L — Workpiece: Teoth width 19.5mm Material SCM420H > a0 _
@ L Cutter: Involute spline broach OD@33 NT32 Coating TiN *(:; Eccentricity
@ Cutting conditions: Cutting speed 5m/min. = 30 1
£ 3000 Film cross & 15
© section 9 20
P 2,000 .
o 2 wm 10—
@ Intermediate gl “
£ S film 0 . — 2
32 < 1,000 Conventional Preventing eccentricity 3
g @
s g
@ - =%
£ 0 2
o TIN Mano Dynamic  Nano Dynamic Il Flr Tree BI"OﬂCh %
Structure of Nano Dynamic Il
Super-hard film with excellent wear resistance and an
intermediate layer with excellent adhesion to the base
§ m material. ® L ong tool life achieved by adopting high-alloy powder high-speed steel for difficult-to-machine materials. g
- 2
k-] ® High reliability ensured by a dedicated line equipped with an advanced NC gear grinding machine and >
w = -
2 Workpiece: Material S50C (hardness HB260) Enlarged wear area sharpening machine é
g Processing conditions: Cutting speed 5m/min. Cutting length 50m Qil coolant Wear amount Wear amount g
2 0.11mm 0.06mm 5
o N| | %
] 0.20 =
g MNon-coated 2
£ g
] a— o
= S 015 — — _ w
3 . -
@ £ Nano Dynamic m
= ® 010 i g
S G Wesr raduced by 4 5% Reduction in 5
= o corner wear &
[ —_
& ifﬂ} 0.05 — g
UE-; Nano Dynamic Il %
i |
0 w
= 0 % @ § 2% ! 3
% Cutting length Nano Dynamic Nano Dynamic Il - ] - g
£ (our older coating) Fir tree broach layout Dovetail broach layout Groove machined with fir tree broach Groove machined with dovetail broach B
E and tooth profile size and tooth profile size 3
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Names of Broach Parts

First cutling teeth

Internal broach Shat Pk \ P

Pullend  —.

. \\ Seemi-inighing Firishing
Quter diarmeter of frant pilot Y, L teeth i

Roughing teeth
le————Frant shank length

Cutting teeth langth——————=—=— Rear shank length

Outer diameter

of finishing teeth Rear pilot

real pilol

Cwerall langth |
Cwerall lergth |
Keyway broach | Stroke length .Cu:!ing teeth length Samidruhing Frsteg
Frant pilot Roughing teeth leeth _ eeth Finishing teeth height
Pull end First teeth Tooth width
First teeth height Shaoulder
f |. ,1 N Shoulder height
i . Battom face
Front pilot height "\ Bottom face
\J L. 9 \,_Body Front pilet /2~

Approaching width

Types of Broaches with Round Teeth

Product Features | 26

Type Cutting method

Features

Spline broach with
front round teeth N ._I'}— —

===
Roun: —
Teeth | Spline teeth

G/

Machining with | If the pilot hole is precise enough, the pilot hole
involute spline | and spline groove concentricity improves. Simple
broach with broach structure

front round
teeth

Spline broach with
round rear teeth

1o

Spline teeth _ | Teeth,
a 2

— } 7
Alternatin,
Spline testh round teet
SR 3

Spline broach with
alternating round
feeth

Lt

Machining Standard broach with round teeth
with involute
spline broach
with round rear

teeth

Machining with | Used when high concentricity of spline tooth
spline broach | grooves and a small diameter is required.
with alternating
round teeth

1 \ - 1 .
smcotronch ORI WM WD
[ # Nick A ! [
—_— -Q Shear angle .
Owerall length footn v
Bumper teeth Roughing teeth Sg"'r:;”g Fr;::-w
_'_.'\.".'\.'\.Ill . Q.\.\.’\I_‘ _E‘E’ i : E
! \\ ' W s
| ) |I \ ) | JE§4 ,ﬁ)

\\BOG\:' ' Side ,—j,—-)’

w
[
E

Pitch

Spline broach with
front round teeth and
alternating round

- - -

-
teeth Round  Spline teeth Alternating

Machining with
spline broach
with alternating
round teeth

-

Used when high concentricity of spline tooth
grooves and a small diameter is required, and
decentering from the pilot hole is not desired.
However, if the pilot hole precision is low,

-
Land width

Gullet width
Straight land widih

Heel
Flank face Back face

Teeth

Tooth depth

Stralght land

Cutting edge
Cutting face

Radius of gullet

4

Gullet

Roundness of gullet

leeth 2 round testh
1 3

decentering may become larger than using a spline
broach with alternating round teath.

« Numbers such as (1) and (2) indicate the order of the machining process.

Workpiece Hardness

Cutting Speed

The hardness of a workpiece suitable for broaching is generally
HB200 to 230 (HRC14 to 21)., although up to HB300 (HRC32)
is often used. Excessively soft steel may cause adhesion on the
side of the tooth or the land resulting in a low finished surface

Cutting speed has an impact on both broaching accuracy and
tool life. Use the recommended values for each material shown
below as the guide to determine the cutting speed.

Radius of back fece

Roundness of back face

\\ ottom of gulle:

Side relief Tooth profile
)
Nick Flat nick | .r | Relief
| angle |
| =
Nick and relief \ Form reliet [
, _J\ T‘\Ft‘}
/
Tooth
Pitch of nick_/ Nick depth / 7
Nick width
_ )
\\ Side of tooth
Cutting Methods
Cutting method Features Usage
Extending outward radially Leaves a constant form land, so is easy to weld, but there is no change in tooth thick- | General broaches

or upward

rw

ness due to resharpening. Also, tooth profile deformation can be reduced because
the teeth fit the workpiece well.

Extending outward and sizing

radially or upward %

Has a small cutting force for finishing tooth profile so processing distortions are
reduced. Particularly effective for thin workpieces.

Fir Tree Broach
Broaches for high-precision use

Back taper

{double-cut)

The thickness of the teeth at the rear end of broach is slightly smaller and there is a
tiny relief on the side of the broach tooth profile that improves cutting performance
and prevents adhesion.

Broaches for long cutting lengths
Broaches for workpieces prone to
adhesion

Increasing tooth thickness

o

or form

Broach tooth profile can be accurately transferred to workpiece, allowing high tooth
profile precision and improved finished surface roughness.

Broach for gears
Broach for high-precision use

@ The concentric circle stripes indicate the order of the machining process.

quality, with tears or flaking. Workpieces harder than HB300 Unit: m/min.
may shorten the life of the broach. Workpiece material Cutting speed
Steel Jio8
. Tough-cutting (Martensite
gtfgr'ess 9 ¢ (and austenite) 2.5
Free-cutting (Ferrite) 6to 8
Cast iron 10
Brass 10
Bronze 10
Aluminum 10
Magnesium 10

Calculation of Drawing Force F

F=fxnxQ (kgf)

f = Cutting resistance per unit (kgf/mm®)
n = Number of teeth simultaneously used for cutting (pieces)

Q = Total cut area per tooth (mm?)

(1) Calculating cutting resistance perunit f  (2) Calculation of number of teeth

S hRe unit :’;gm’ simultaneously used for cutting n
w
8 pto n = UP (pieces)

| HRC30 to HRC35 350
Stee B ° All values are rounded up to the

T HRC35 to HRC40 400 )
- nearest integer.

Malleable cast iron 200
Cast iron, bronze, aluminum 100 = Workpiece thickness (mm)

P = Broach tooth pitch (mm)

(3) Calculation of total cut area per tooth Q

Round hole Spline hole
af
Q=mxdxa Q=axtxm

d = Broach external diameter (mm})
t = Cutting width per tooth (mm})
m = Number of spline grooves (grocoves)

a = Machining allowance per breach tooth  (mm)
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Dimensions and Precision Standard
(1) The bearing number shows the tooth width, minimum diameter of workpiece, and maximum cutting length, in that order.
m Keyway broach shape and dimensions "-2" at the end of the bearing number means that it draws twice.
. L Workpieoe Example1.31 0016 Example2.1 240112 -2
g 11 I2 | L Maximum cutting length L Number of drawing times %
+ Minimum diameter Maximum cutting length &
Tooth width Minimum diameter
Tooth width
(2) The estimated load is generally calculated with the following formula.
Estimated load = (Cutting width) x (Cutting amount per tooth) x (Cutting resistance per unit) x (Number of teeth simultaneously used for cutting)
Next is an example of when the work cutting resistance per unit is 294 kPa.
Example: If the bearing number is 1240045, the estimated load is 12 x 0.08 x 2.94 x 5 =14 kN Unik mm
2 @
£ ®
3
g o
o 310016 +0.012 -0.008 +0.060 g 7.97 425 165 280 [ 173 6 16 1 330 1 =
& 310028 3 ~0.002 ~0.020 +0.046 3 530 185 345 05 i 8 6 35 3 14 10 28 1 440 2 @
310045-2 0 8 713 475 220 235 5 0.08 087 10 0.08 45 2 180 2
410028 5 -0012 9 6.68 600 185 415 55 o 532 a o 8 T 510 3
410045-2 ‘ +0.015 -0.012 +0.078 [] 6.84 500 220 230 45 a5 0.16 116 0 6 3.5 0.16 10 s 5 00 3
412045 -0.003 -0.030 +0.060 6 10 7.76 710 225 485 6 S2a m 4 18 w5 . o0 5
412083-2 9 7.88 500 285 335 5 o P ] 45 12 5 5 500 .
513028 . 11 8.10 630 190 440 6.5 o 5 > . 530
513063-2 5 +0.015 -0012 +0.078 10 855 670 285 405 5.5 08 1'45 2 8 45 13 & 2 570 ;
¢ 575045 -0.003 -0.030 +0.060 6 o 13 1017 &00 230 570 8 : 5 23 @
2 57500-2 0015 7 10.58 750 320 430 7 2383 10 10 55 15 45 ! 690 5 3
3 516045 ' 850 230 520 142 14 90 2 640 6 =
> 578053 6 jg;g :g.g; g :gg;g 9 18 12,59 7600 70 730 10 1 016 a1 10 016 45 1 740 6 C(":‘)
= 6781122 ‘ ) ) 14 12,29 900 365 535 8 ~ 12 10 6 6 28 ~ 18 53 1 890 7 =4
5 824045 o1 1681 950 240 710 19 025 171 16 0.25 12 2 790 9 o
ur
824063 8 +0.018 -0015 +0.098 12 ) 1,120 280 840 12 419 10 45 1 830 8
824000-2 -0.004 -0.037 +0.076 " 16.90 850 330 520 1 ) i 12 83 1 1,000 10
8247402 ' 1120 430 90 1 1 8 8 8.3 24 %0 2 730 2
1030045 900 240 850 21
18 140 2 1,000 13
1030090 0 +0.018 -0.015 +0.008 15 0 - 24 1,250 330 920 i 15 0 T 7 =50 T
1030112-2 -0.004 -0.037 +0.076 -0018 " 20,80 950 375 575 14 ) 436
1030180-2 i 1,250 510 740 14 18 1 10 33 30 %0 ! 1130 16
1240045 " 7788 950 250 700 % 218 16 112 2 830 18
1240090 12 +0.021 -0.018 +0.120 17 ) 1,250 340 910 15 20 180 2 1,130 23
1240112-2 -0.006 -0.045 +0.093 2 26.79 1,000 385 815 20 ) 442 10 45 1 820 14
1240180-2 : 1250 520 730 } 14 | , i B 90 1 1,120 19
1445045 - . 1000 750 |, 1% ¢ K 3 0 M2 2 870 7
1445090 u +0.021 -0018 +0.120 19 : 1320 340 980 ) 025 221 20 0.25 180 2 1,180 27
1445112-2 -0.006 -0.045 +0.093 1,000 385 615 -~ ~
: 10 45 1 870 18
14451802 0 i %4 1250 520 730 21 04 512 - 0.4 % ; T2 -
1650045 -0021 1,060 250 810 20 15 14 38 45 :
1650090 +0.02 00 % .13 7 i % 16 12 2 990 25
1% 1021 -0.018 +0.120 19 A00 340 050 2 236 20 180 2 1,370 32
1650112-2 -0.006 -0.045 +0.093 3 30,00 1,060 385 675 22 :
1650180-2 ' 1400 520 880 51 10 45 1 930 2
) 30 270 29
® The pull and retriever ends are per the screw types specified in JIS B 4237. ® Tolerances of L, 11 and 12 are £5mm. :; 20 15 16 43 50 2 ; 1I9;D %
P ® Tolerances of H and H1 are _g gz Mmand _g g3 MM respectively.. ® Tolerance of N is the medium class specified in JIS B 0405. 291 20 180 2 1270 41 o
5 : : e
=1 p=2
2 @ is per 12 of the keyway dimensions in JIS B 1301. =
< 3
8 3
S . . Unit: mm =
m Shape and dimensions of pull end of broach (round type)
Round type (PR)
w q = .
= Atype (PR-A - i 6.5 i 20 90 . 1 z . 1 =
2 type ), (@) 9 Bt 6.8 =3 o 74 Conay 12 20 90 60 88 1 i 04 1 351 2
5 45° A % 10 10 5] 75 —o9%a | 825 | —9853% 14 22 100 65 98 1 3 0.4 1 42.9 )
@ A% & /‘{fz» (11) 11 8.2 —55% | 91 —obaz 14 22 100 65 108 1 3 0.4 1 515 w
2 77&7 - - 12 12 9 —a%a | 10 Toear 14 22 100 65 11.8 1 3 04 1 62.2 3
k- SRl I |1 NP ) I S I L (14) 14 105 | —828s [ 1175 | —2222 16 25 110 75 137 2 4 06 1 85.1 5
3 I8 18 16 12 5232 | 135 982z | 16 25 110 75 15.7 2 4 06 1 1 o
pt = i (18) 18 o4 135 “o%0s | 15.25 555 16 25 110 75 7.7 2 4 0.6 ] 141 2
2 C— [~ fL.! 20 20 525 | 15 “5%5s |17 “oess 18 28 125 85 19.7 2 5 0.6 1 175 eé'
@ (22) 22 S29 | 165 “oeas [ 1875 £ 18 28 125 85 217 2 5 06 1 212 -
K ~ b B — 25 25 | =% 19 -8218 [ 215 -88%% 18 28 125 85 24.7 2 5 0.6 1 281 g
2 t (28) 28 i 21 Co2an | 24 3 20 32 140 95 276 3 6 i 1.6 344 g
= 32 32 s | 24 S | 275 —o 073 20 32 140 95 316 3 6 i 16 450 2
B type (PR-B) (35) 36 o 27 “oqe 3 —ouEs 20 32 140 95 355 3 6 i 15 570
@ 40 40 - 30 ~5 218 [ 345 “5 888 25 40 160 110 395 3 & i 25 704 m
=] (45) 45 34 “oiao | 39 CORES 25 40 160 110 445 3 [ 1 25 905 =
@ 50 50 38 ~oia0 | 435 —ooms | 25 40 160 110 495 3 8 1 25 1130 8
= (58) 56 42 o I29 [ 4BA “o95s 32 50 180 130 554 3 10 16 4 1380 ]
o 1kl o 63 63 48 —o123 [ 55 —2.958 32 50 180 130 62.4 3 10 6 4 1810 -
& ) (70) 70 5 | 53 “oi3n | 61 “o e 32 50 180 130 69.4 3 10 6 4 2200 =
= 80 80 o7e | 60 “haan | 69.5 —o o8 40 63 200 150 79.2 3 12 1.6 5 2820 &
o ! (90) 90 | =& 68 ~5338 [ 785 —55ea 40 63 200 15 802 3 12 16 & 3630 E]
& BeB 100 100 ga3s | 75 —9i58 | &7 S5%Ze | 40 63 200 15 99.2 3 12 16 5 4410 %
% @ The value of § is the B-B cross-sectional area of B type and calculated with the standard sizes of d, d1 and e. E_:
Eﬂ @ Values in parentheses should be avoided as much as possible. S_
E @ Tolerances of 11 and {2 are the rough class specified in JIS B 0405. %

® {4 and 15 show the values when d and e safisfy their tolerable ranges respectively.
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m Shape and dimensions of retriever end of broach Processing Using Broaches
m Processing using internal broaches
Round type (FR) Trapezoid type (FT) 9 9 . . . ,
S S, An internal broach can create the specific shape required z
. & - . . . =3
Oj’ g 0 Intemal broach for the internal surface of a workpiece efficiently and with n
r . .. . L
R - { r1 l 4, 45° ,—:’QQ\ (- 45° -20° | high precision. Normally, the internal broach is inserted
/ I / ~_ .1 ) . . L .
S S — | HstH _Ezf‘ 5 S 1 _E(GE' - of into a pilot hole which is made on the workpiece before
\ 1 Y 1 - .. .
[ : . o - machining. Various hole shapes can be created by
i|rz i|rz Z
" L _‘:" selecting the optimum cutting edge shape and cutting
b 2 i [ e b B
f | o Unit: mm S method (for example, round, square, or polygonal, or
; Neck diameter or flat face | Head length various kinds of spline or tapered holes).
_ Shank diameter width Lenghto | Necklength Effect R p P )
Nominal d chere i Mounting shank lenath
Si7 I Standard Standard Toove. | Soovelength | O ‘
size Tolerance sizo Tolerance I3 & L] r r2 a Examples
12 12 —Beas 9 —85es 16 16 60 8 04 1 10° .
16 16 -98i¢g 12 -995¢8 16 16 60 a8 04 1 20° Examples of machining results
20 20 -8920 15 -9g9gs 20 20 | 70 | 10 | 06 16 20° (1) Round broach (2) Spline broach
25 25 -8-82% 18 —8.982 20 20 70 10 0.6 16 20°
32 32 8083 24 8248 25 25 80 12 0.8 25 20°
40 40 -S.02% 30 =8:219 25 25 30 12 0.3 25 30° o
50 50 -9.82% 38 5138 28 32 90 16 1 4 30° 2
83 683 :8:8‘3,3 49 :8;_}38 28 12 90 16 1 4 30° (3) Serration broach (4) Polygonal broach :;i
80 80 9920 66 -8-149 32 40 110 20 1.6 6 30° 5
100 100 “8ese 86 —gaLe 32 40 110 20 16 6 30° #
@ Tolerances of I and £ are the rough class specified in JIS B 0405
m Shape and dimensions of pull end of broach (6) Special shape broach
Cotter type (PC) . ‘ . .
5 e
s % B type (PC-B) @
& <r { B+ g
& e % H
——————— 4 o T — |- - e - w
(8] F 3 [
el Bl J
BE s b m Processing using surface broaches
I
b An surface broach can create the specific shape of the
Unit: mm . _ . .
AETTRETTTET Cotter hole width Effecive S outer surface of a workpiece efficiently and with high
Nominal d b O'fu’g"r‘);f; Cﬁ:ﬁ&hﬁ’e ;":fgt": precision. Roughing and finishing can be conducted at the R
size | Standard | oo rance | StNdard | poerance | & & & 2 t B C r s (mm°) same time, which means significantly higher productivit 5
size size g y g y 2
(minimum) - . . . -
10 10 S 3 g4 16 20 70 50 g 3 0.4 1 486 than milling, plaining and grinding. It can machine many 3
an o —g.o18 3 g4 16 20 70 50 10 3 0.4 1 61.9 different shapes (for example, plane surfaces, contoured 5
- n
12 12 | T8 3 "8 16 25 70 50 11 3 04 1 76.9 surfaces, grooves, concave-convex surfaces, gears, turbine
14 14 -§.018 . o5 1 2 12 4 A 1 102 . . . .
(14) oo 35 o 8 ° 80 60 0 o - blade roots, or turbine disc grooves) and their outline can
16 18 —aais 4 o 18 25 80 80 14 4 0.4 1 135 prace ) )
(18) 18 -9.o18 25 95 18 25 80 60 16 2 0.4 1 171 be either as simple as a keyway or as complex such as a fir -
20 20 —p-ozo 5 *0.5 18 25 80 60 18 4 0.4 1 212 tree. 2
(22) 22 | 25:828 5.5 +0.5 20 32 90 70 20 5 0.6 1.6 258 . §T
25 25 | -8-929 6 +B8.5 20 32 90 70 22 5 0.6 1.6 335 Examples 3
(28) | 28 | 29929 | 7 +06 20 a2 90 70 25 5 06 | 16 415 Exambles of machining results Q 5
32 32 | 29.92% 8 06 20 32 90 70 28 5 0.6 16 538 P 9 d ' p g
(36) 36 T 9 e 22 40 100 80 32 6 1 25 685 é
40 40 -g-023 10 o6 22 40 100 80 36 6 1 2.5 850 \ : g
(45) 45 | 28925 14 0.7 22 40 100 80 40 6 1 25 1080 R S )
50 50 | -88323 | 12 8.7 22 40 100 80 45 6 1 25 1350 @
(56) 56 | 29932 14 0.7 25 50 120 100 50 8 16 4 1660 r 1 m
63 63 9929 18 o 25 50 120 100 56 8 1.6 4 2080 5
o
(70) 70 “99%2 | 18 o7 32 56 140 120 63 10 16 4 2570 B
80 80 8832 20 8e 32 56 140 120 70 10 1.6 4 3360 S
(€0) | 90 —8-828 22 +o-8 40 63 160 140 80 12 | 25 | 6 4320 g
100 100 —9038 | 25 o8 40 63 160 140 90 12 2.5 6 5310 e
@ The value of S is the B-B cross-sectional area of B type and calculated with the standard sizes of d and b.However, this assumes no chamfering C:. 3
@ Values in parentheses should be avoided as much as possible. 2—
@ Tolerances of b and £ are the rough class specifiad in JIS B 0405, g
@ £ shows the value when d satisfies its tolerable range. §]'
w
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How to Resharpen Broach Teeth

= Resharpening timing

Normally, resharpen the teeth when the symptoms below
show in the broach, workpiece, or broaching machine. In

actuality, using the number of machined workpieces as a guide

for when symptoms appear is more common.

Broaches

* Whitish land due to wearing appears on the culting edge.

» Abnormal wear, chipping or cracking occurs on the cutting
edge.

« Chips start to get stuck in the gullet

Workpiece

« Machined size is smaller than normal (thickness gauge cannot
fit in)

« Machined surface is rougher than normal

+ Excessive heat is generated after machining.

Broaching
machine

» Cutting force is abnormally high.

m Precautions for resharpening

Tool

Grinding
wheel

» Remove anything adhering to the cutting face.

» Fix any serious warping of the tool.

« Securely fix the tool to the sharpening machine.

« (If there are cracks on the cutting edge that cannot be removed
by resharpening, contact us.)

« Use a sharp CBN grinding wheel.

» To increase grinding efficiency, use a grinding wheel with as
large a diameter as possible.

» Regularly dress the grinding wheel.

Grinding
condition

Other

+ Grinding amount: Grind the same amount on each tooth to
remove the worn parts.

» Grinding rate: 1,800 to 2,000 m/mi

« (For internal broaches, use a workpiece rotation of about 30 m/min.)

« For internal broaches, be careful to prevent interference
between the tool and the grinding wheel (see how to determine
the grinding wheel angle for resharpening internal broach teeth
shown to the right).

« Use a well-maintained sharpening machine.

» Make sure that the grinding fluid has not deteriorated, and
supply the appropriate amount.

m What to check after resharpening

Have you completely removed all wear and cracks in the
cutting edge?

Is it free from grinding burns?

Is the finished surface roughness no more than 3.27

Is there no significant unevenness in the gullet that would
prevent chip expulsion?

(See figure below)

Have you degaussed the broach?

Example of unevenness in gullet

AN

J ~

m Grinding wheel angle for resharpening internal
broach teeth

Unlike surface broaches, internal broaches cannot be
resharpened correctly if the diameter and setting angle of the
grinding wheel are not appropriate, as the grinding wheel and
the tool will interfere with each other. See the relationship
between broach shape (outer diameter and rake angle) below
for reference.

/
9 Setting angle of grinding wheel

Diamater of broach
+—gd

If you resharpen a broach of diameter d=30 with a grinding
wheel of diameter D=50 and the cutting edge hook angle is
a=15", the appropriate setting angle of the grinding wheel is
p=41°.

" Rake engle a® o o 15 17 1505 w0 03 12 g
A o - A A’
45 — . i i =
— = o 1 i 3
o —-"?"-’_ Vs
s -
‘3, = — = /;ﬂ — . o = P JII L
|- = -
E - . L)
S = — — e = ——1"*
? — ==
E 0 = —
o I,J._E —— S
w — —
5 — — — —
0. 0.5 e 07 04 o4 i LI | 35 4
Giining whee clamester Broach diameler raio id  D/'d
1] ——
|
— | ™~ y |
E ] S \_\\\ - -
a ™ _
3 3 3
£ \ £
= o
3 \\ — 0 ‘E
2 i .
& -
el
‘? ‘_\\ \-‘ﬂ\\ ~ \(:‘\ ::"\ . 'E
£ ~ m::"‘ 0 E
8 S —
_\*\&\:\ < S ———p
o SN \
=
e 200 15 00 0 s ™ B

Grinding wheel sefting angles for resharpening intemal broach teeth

Broaching Problems and Causes

Product Features | 32

m Internal broach

Broach

Broken teeth

Broken teeth

Gulet unevenness

Problem Symptom Cause
1. Broach dimensions exceed tolerance 3. Flaking
. Major or minor diameter exceeds tolerance
Major diameter 2. Affected by burrs
Minor diameter 1. Broach dimensions below tolerance 3. Shrinking due to springback
Major or minor diameter below tolerance o o )
2. Shrinking due to poor sharpness 4. Shrinking due to cutting heat
1. Broach over-pin diameter exceeds tolerance 4. Caused by flaking
Inner pin diameter exceeds tolerance 2. Affected by burrs 5. Caused by decentering
o 3. Poor tooth profile
Inner pin diameter — — -
g 1. Broach over-pin diameter below tolerance 4. Shrinking due to springback
a Inner pin diameter below tolerance 2. Poor toath profile 5. Shrinking due to cutting heat
go 3. Shrinking due to poor sharpness
Elaki 1. Interference from parts other than testh 6. Shear drop
aking
S 2. Excessive cutting allowance 7. Improper cutting conditions
craping
Machined surface o 3. Inappropriate face angle 8. Improper or deteriorated cutting oil
Edge chipping . . E ) - . .
c ) 4. Cutting edge is worn, cracked or chipped 9. Insufficient rigidity of broaching machine
hatterin.
9 5. Adhesion on side of teeth 10. Difficult-to-machine workpiece
b The drawing hole is displaced with reference | 1. Uneven circumference due to worn teeth 3. Surface contacting teeth is deflected
ecenterin
9 to the outer circumference. 2. Broach is warped 4. Unbalanced cutting
1. Chips stuck due to faulty gullet shape
+ Excessive land width
« Insufficient gullet depth
i + Gullet depth unevenness
Unevenne
Cracked teeth Cracked teeth 2. Chips stuck dus to poor cutting edge

3. Excessive cutting allowance per tooth

5. Workpiece chipping or being displaced during processing

. Machined workpiece is longer than specified in design standard

+ Incorrect design dimensions

+ Faulty processing of adjacent pitch

m Surface broach

Problem

Symptom

Cause

Workpiece

Broach

Key size

Key width error of a workpiecs

. Broach teeth width outside specifications 2. Shrinking due to poor sharpness

Faulty workpiece key height

. Broach height outside specifications 2. Jig size not correct

Machined surface

Cracked teeth
Broken teeth

Flaking
Scraping
Edge chipping
Chattering

Cracked teeth
Broken teeth

3. Excessive cutting allowance per tooth

4. Machined workpiece is longer than specified in design standard
5. Workpiece chipping or being displaced during processing

. Interference from parts other thanteeth 7. Interference from chips
. Excessive cutting allowance 8. Improper cutting conditions
. Inappropriate face angle 9. Improper or deteriorated cutting oil

. Adhesion on side of teeth 11. Diffieult-to-machine workpiece

alo o B WP o

. Chips stuck due to poor cutting edge

Cutting edge is worn, cracked or chipped 10. Insufficient rigidity of broaching machine

Shear drop

Chips stuck due to faulty gullet shape
« Excessive land width
+ Insufficient gullet depth

+ Gullet depth unevenness

« Incorrect design dimensions
« Faulty processing of adjacent pitch
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OTHER PRODUCTS|

Chamfering Cutter (Deburring Cutter)

The chamfering cutter is used for chamfering gear edge of automobile and motorcycle reducers. After processing with hobs and shaper cutters,
both edges of the gear are rolled (formed) and chamfered. Burrs that occurred in the previous processes are removed during chamfering.

Chamfering mechanism

| _

| Workpiece |
T
| \‘

_ A A

Burrs at the end faces are removed with tool bit.

IR Chamfered
by forming

Tool bite

Workpiece _- Chamfering cutter

(Deburring cutter)

Finishing teeth

Product Features | 34

Super Skiving Cutter

The technology developed with the ZI20A internal gear grinding machine has been applied to the super skiving cutter, allowing the
fastest, high-precision cutting of internal gears. It solves the issue of tool life that was a problem with previous shaper cutters, allow-
ing stable tool life.

Skiving processing Processing using super skiving

Tool axis

— My .

ey
”‘-lhh |] |}|,|] I,'i Ill ull'l 1"|'m

PR

h
h

Removing the pin to disassemble it allows re-grinding in the same
way as for a shaper cutter.

Rough teeth (2)

Master Gear Burnishing Cutter

The master gear is used as a master for engagement testers or The burnishing cutter is used for tapering along the teeth

for comparative measurements of tooth thickness.Our master lead of the spline after broaching.

gears can provide the high precision of the JIS MO class. (This is to prevent the gear from coming off.)

Rough teeth (1)

Tool shape Rough teeth (1

Finishing teeth

Rough teeth (2

Workpiece: Internal gear m1.5 HA20° NT70 ODg@110 Tooth length 3.65 Tooth width 40 Material SCM415 (HB180)
Cutter: NT46 (total tooth number: 138 = 3 x 46 each of finishing teeth / rough teeth (2) / rough teeth (1)) SPUR material MX-1
Coating: MightyShield %

Cutting conditions: No. of rotations: 1,250/1,600 min-1 Ax feed 0.45/0.15mm/t.rev. C/T 80 secs. Double-cut

Processing machine: MSS300 Super Skiving Machine

Processing precision

| i i s s
e T
e e |

Wear status (after processing 1,200 pieces): 0.24mm

Initial processing: 1SO6 class

|

After processing 1,200 pieces: ISO7 class
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Grinding Wheel, Dressing Gear and Disc Dresser for ZI Series Hirth Couplings
These are used for the high-precision angular division of cutter holders and index tables, and can go down
to just 1°. g
w
m Shaped grinding wheel .
pec grincing = Double Hirth
These are used for our ZI series gear grinding machines. Formula breakdown
The grinding wheel is roughly shaped, and will be reshaped to its final shape and 320 225 72T
accuracy on the grinding machine. ——No. of testh (N1)
) ) Internal diameter (Da)
The dressing gear is made by electrocoating diamond abrasives onto the same External diamete (D1)
shaped base metal as the workpiece and engages with the grinding wheel when
Shaping and IOOIhing it. ;nuck lower hole dz, 2 each
The disc dresser has the same cross-sectional shape as the workpiece and N LETT LA/ \ A ooy
moves along the teeth lead of the grinding wheel when shaping and toothing it. N holes divided equally - \‘—
Sok hole dy {1F jm—— —E.
HEE 2
. [} ]
Dressing gear 5
m Dressing gear / v | % f
2-forcing screw
M penetration o
H+0.2
a|(Addendum)
Cross section AA —/&F'T
Formula breakdown @
355 - 300 — 215 — 72T g
m Triple Hirth L No. of teeth (N1) ’
Internal diameter (De)
External diameter (D3)
External diameter (D1)

Grinding
wheel Knock lower hole d;, 2 each
M i Q
ountain A \ Al =
VS :
Bolt borehole dy 7/ j \;_'_ :30
N: holes divided equally " ;}f— s Q =3
— . - o
Balt hole d: = ] — e w
" I 2
m Disc dresser Grinding 3 25l 4l al al sl
wheel & g S 8 5 8 5 8 |
Ti -
=
1 T E’-‘
L | - @
S et = s
- - -3 =
2-forcing screw .l_f‘ _( ;31
M penetration — — o
M penetaben / [ g
HZ 2
—] o a
| Hi02 | e aj(Addendum) =
Cross section AA —ﬁ\j/l(_’: =
g
=X
w

| S3jRWNST

Disc dresser

suoneoaynadg ubisag
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Dimensions Tables Tool Materials and Coating
Double Hirth coupling dimensions table m Materials
1]
4 g
T @
60- 30- 24T ) ] . 19,600 2680-105- 4T 4.0 175 127,400 ) )
B0-30- 307 | 00 | 48| 45| 30|55 M| 4”9 30 1.2 19,600 280-195- 60T | o | oo ong | 105 | 11 | 50 | 18° | 21 35 1.4 127,400 Shaving Tool life measures
a0-a0-2a1 |l o s | e | a0 | 9 |35 1.5 19,600 280-195- 72T 30 17 127,400 L1
80- 40- 30T 30 12 19,600 280-195- GET 35 15 215,600
100- 55- 24T 35 1.5 24,500 320-225- 48T 35 15 107,800 Standard material for wet use
1 e |
100 55 gor | 00| 8% | 70| 8866126 30" 11045 12 2u500| | 320225 72T 25 10 107,800
120- 70- 24T 35 15 33,300 320225 06T |320 | 288 260 225 | 14 | 58 | 18° | 25 | 35 15 215,600 T
120- 70- 307 | 120|100 | 85 | 70 |66 | 26 | 30* | 10| 30 12 33,300 320-225-120T 30 12 215,600 ,
120- 70- 36T 25 10 33.300 320-226-360T 10 0.3 196,00 Standard material for dry use
Y 150- 85- 24T 35 15 33,300 360-245- 46T 35 15 137,200 N Hob .
@ 150- 85- 307 | 150|130 10|85 | ¢ | 34 | 30° |13 [ 30 12 33,300 350-245- 721 25 10 137,200 2
= 150- 85- 36T 25 10 33,300 350-245- OET | 350 | 310 | 280 | 245 | 14 | 58 | 18° | 25 | 35 15 274,400 MACH11 IS T For wet and dry use g
- Tool life measures =
o 160-100- 24T 35 1.5 33,300 350-245-120T 30 12 274,400( o Ll o -
=3 160-100- 30T 30 12 33,300 350-245-360T 10 0.35 235,200| s
< 160-100- 36T | 160 | 140 | 118|100 | 9 | 40 |225°| 16 | 25 10 33.300 400-25- 48T 35 15 137.200| For wet and dry use o
o | I v
160-100- 48T 35 15 68,600 | 400295 72T 25 10 137,200 MACH13 — Chipping meargures ’
160-100- 72T 25 1.0 68,600 400-295- 9ET | 400 | 360 330|295 | 14 | 60 | 15° | 26 35 1.5 274,400| [ | [ | [ |
170- 90- 30T 35 15 65,700 400-205-120T 30 12 274,400 Chiooi
170- 90- 36T . 30 1.25 55,700 400-265-360T 10 0.35 235,200| MAC A | . | Shapin IPPINg Measures
T70- 50- 4T | 0 |'9B| 18| 90| § | 40| 307 |16 7 15 105,800 420-300- 48T 35 15 78,400 9 (Not recoated)
170- 90- 72T 25 10 105,800 430-300- 72T 25 10 78,400] R e R
180-120- 30T 35 15 43,100 420-300- 96T | 420 [ 398 360|300 | 14 | 60 | 15° | 26 35 15 156,800 Shaping Standard material
180-120- 367 | e bobo o | o | aase| 16 |30 25 43.100) | 420300-120T 30 12 156,800 MAC B | | | : —
2 —80.120- 48T 35 5 58800 T5DI00360T 10 33E 137.200] L L L Hob / Broach Standard material for chipping measures 0
z 180-120- 72T 25 1.0 68,600 450-340- 46T 35 1.5 1or.aoq| 2
Q 200-115- 30T 35 15 66,600 450-340- 72T 25 10 107,800 MAC C | | | Hob For hard-to-cut / high hardness materials a
2 200-115- 36T | ool s 115 | o | 40 |225¢| 16 |20 25 66,600 450-340- OET | 450|418 | 387 340 | 14 | 60 | 15° | 26 | 35 15 225,400 o
= 200-115- 48T : 35 15 107.000| | 4s0340-tz0T 30 12 225,400| T e B - - =
5 200-115- 72T 25 10 107.600| [ 450-340-360T 10 035 196,000] Material for hard-to-cut / high hardness g
220-143- 36T 35 15 76400 | 520405 48T 35 15 137,200| MAG D N N Broach materials
220-143- 48T 220 |100| 170 142| o | 40| 30° | 18 3.0 1.2 81,300 520-405- 72T 25 1.0 13?,20{]' | I | [ | | T I I | Tool life measures
220-143- 60T 35 15 127,400 520-405- 96T | 520 | 460 | 440 (405 | 14 |60 | 15° | 26 | 35 15 274,400| _ ]
220-14% 72T 30 1.25 127,400 520-405-120T 30 12 274,400 MAC L I | I Shaping Hard-to-cut (high hardness) material
240-155- 48T 40 175 127,400 520-405-360T 1.0 0.35 245,000 measures
240155 60T | 00 | 508 | 185 | 155 | 11 | 40 | 225¢| 16 |23 K 127400 | 600-490- 48T 45 20 1ss.2ml e - -
240-155- 72T i 30 147 127,400 600-490- 72T 40 175 245,000] ) Material for hard-to-cut / high hardness
240-155- 96T 35 15 215,600 | 600-490- 96T | 600 |60 530|480 | 14 [ 70 | 15° | 26 [ 35 15 274 400 MX-1 I NN Shaping / Hob materials
" 250-160- 48T 40 175 98,000 600-490-120T i5 15 352,800 [ R Ll Ll Tool life measures .
8 250-160- 60T . 35 14 8,000 500-400-360T 20 075 529,200 ) ] T
3 zso-ion. vr | 20| 20| 199 100 11 401|227 8 e T %000 R AN Hob For high-speed cutting g
<] 250-160- 96T 35 15 166,600 GRANMET SF For recoating %
@ TR TR 5 T 127400 [ [ | [ &
270-185- 60T 35 14 127,400' GRANMET
270 | 238 | 215|185 | 11 | 40 | 18° | 16
270-185 72T 30 T 127,400 GRANMET BR | | | Broach Corner wear measures
270-185- 06T a5 15 215,600 L1 [ R L1
Ggmﬂgf EK Skiving tool For hard-to-cut / high hardness materials
[ R N L
£ Triple Hirth coupling dimensions table = Coating Q
2 2
g g
8 )
S g
£ 210-170-100- 48T y ¥ 178 7,600 Wet General-purpose wet coatin o’ o’ o &
= 210-170-100- 72T | 54 | 400 | 470 | 156 | 155 | 140 | 120 | 100 | 14 | & | o |40 | O |ies| & [ 4| ° | me 15 147,000 L puP o @
210-170-100-120T 22.5° 8 12 196,000 -
210-170-100-360T 0.25 117,600 Coating for broach
240-200-130- 48T . . 175 117.600 H L Wet For hard-to-cut/wear measures “
240-200-130- 72T 225° 8 15 147,000
240 | 220 | 200 | 186 185 | 170 | 150 | 130 | 14 | & | 9 | 40 65| 8 | 14 ma - )
-3 240-200-130-120T 18° 10 1.0 166,600 _ Wet Ccanng for broach -
i 240-200-130-360T 025 127,400 For roughness/wear measures
5 320-270-190- 48T . . 175 117,600 b bl Soate Tor ohavi
w 320-270-190- 72T 18 10 15 147,000 oating for shaving
& 17. 1 :
_::gn 300-270-190-730T 320 | 295 | 270 | 256 | 255 | 240 | 215 | 180 | 175 | 12 1 | 40 15 165 10 | 14 i M10 10 186,600 ] Wet " For v:laar mela?ures o
g 320-270-190-360T 035 176,400 T (sharp edge maintenance)
O 355-300-215- 48T 175 117,600 .
T 355-300215 72T , , 5 , . , , : , i , o 15 155800 — Wit General-purpose wet coating 0 o
70 | 245 | 21 1 14 1 1|1 1 1 1 :
o 355-300-215-120T 355 | 325 | 300 (286 | 285 [ 270 | 245 | 215 | 20 50 s ° 10 166,600 T
T 355-300-215-360T 0.35 176,400
= L] .
2 390-335-250- 48T 175 17,600 | — Dry General-purpose dry coating o o
= 390-335-250- 72T . 1.5 156.800 | 11111
90335 250 T30T 390 | 360 | 335 | 321 320 | 305 | 280 | 250 20 | 12 | 14 | 50 15 21 | 12 | 19 | 12 | Mz o 186.600 k
2 390-335-250-360T 035 176.400 1 Dry Dry coating for wear measures o o m
-% 480-425-340- 48T 175 117,600 [ R 5
S 480-425-340- 72T 15 156,600 8
& 480 | 450 | 425 | 411 | 41 7 20 | 12 | 14 150 | 21 | 12 | o 12 | M2 : For wear (crater wear) measures ot
E 480-425-340-120T B0 | 450 | 425 0| 305 370 | 340 | 20 50 s o 10 176,400 | Dry (Dry waﬁng) o © @
& 480-425-340-360T 05 264,600 [ o
g 595-540-455- 48T 1.7% 117,600 Wet & D I(:Jt:ating for v;qag meas;::s 2
= 505-540-455- 72T , 15 156,800 - | t & Dry rom wet to high-speed dry o o =
3 oo5 2404551207 | 595 | 565 | 540 | 526 | 525 | 510 | 485 | 455 | 20 | 12 | 14 | 55 [ 15 21 | 12 [205 ] 12 | m12 = 75400 S For all processing areas %’
“* 595-540-455-360T 0.5 264.600 Coating for small modules
w) L) (=]
g . L P Wet & Dry Coating for wear measures o o =
- «ltems with asterisks show the outer one at the top and the inner one at the bottom. L {thin film, even coating) 8
- o
i - Please contact us in advance to place an order for items marked with an asterisk. @
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Estimates / Design Specifications

Hob / Shaving Cutter Design Specifications Shaping Cutter /| Shaving Cutter Design Specifications
o X
= Customer name: JOrder no.: -H ‘Order no.: -H Customer name: ‘Order no.: -H ‘Order no.: -H %
I
Workpiece specifications Chamfering Hob processing conditions Workpiece specifications Chamfering Shaping processing conditions
Part name Amount Cutting speed m/min. ( r.p.m) Part name Amount (after gear cutting / No. of strokes Strokes/minute
(after gear cutting/after SV) after SV)
Part no. Diameter created Radial ey Part no. Diameter created (after Circumference mmirew
(after gear cutting/after SV) Feed : gear cutting/after SV) feed
Module / DP Chamfering profile Axial mm/frev. Module / DP Chamfering profile Stroke length mm
Pressure angle No. of cuts
Pressure angle Proiessmg Climb / Conventional g g
method No. of teeth No. of parts B
No, of teeth No. of parts Helix angle RHILH, Spur managed 2
Helix angle RHI/LH, Spur managed Outer diameter Profile management diameter Gear shaping :
Outer diameter Profile management diameter Hob shift mm/item machine
Root diameter / TIF diameter Hobbi hi Base diameter TIF diameter
Tooth depth Obbing machine {minor diameter) f Helical guide
- - Tooth depth
Amount of profile Length of meshing normal SV processing conditions
i Al f profil h of hi |
shift / Factor sr:]::‘:taztoim e Length of meshing norma SV processing conditions
g Tooth thickness at hobbing Rotation angle (scope) Processing Caonventional / Diagonal @
= Tooth thick hobbi Rotati | 1 tional / Di | 2
3 Tooth thickness Rotation angle (start) method Underpass / Plunge ©° ickness at hobbing otation angle (scope) F'rDGheSdSIrlg Conventional / Diagona B
Tooth thick Rotati [ rt metho a
g Over-pin diameter | (g ) or target workpiece specifications MNo. of rotations rp.m ooth thickness otation angle (start) Underpass / Plunge 9
@ Qver-pin diameter or target workpiece specifications Mo. of rotations r.p.m g
5 Base tangent length |T = No. of teeth Feed mm/min. ( umirev.) P (@ ) 9 i P ! P 2
Base tangent length | T = No. of teeth Feed mm/min. frev.
Tooth thickness at shaving Outer diameter o Normal / ngent leng mimin. ( umirev.)
Reverse Tooth thickness at shaving Outer diameter T1 Naormal /
- - No. of cuts times Reverse
Tooth thickness Distance between centers T2 Normal / Mo. of cuts times
Reverse Tooth thickness Distance between centers T2 Normal /
Reverse
Over-pin diameter | (@ ) Workpiece shape (has / does not have steps) T3 MNarmal /
ldling limes Reverse Over-pin diameter | (p ) Workpiece shape (has [ does not have steps) T3 Normal /
_“cu; Base tangent length |T = B M mm Idling times Reverse g
[} o
Base tangent length | T = BM mm
8 Shaving stock Shaving machine g g %
o Shaving stock Shaving machine ®
Per tooth thickness Tooth width Maximum cutter g 9
diameter For tooth thickness Tooth width Maximum cutter
diameter
For over-pin Matenal / Hardness Minimum axis
diameter distance For over-pin Material / Hardness Minimum axis
§ diameter distance
For base tangent Accuracy Maximum cutter
length width For base tangent Accuracy Maximum cutter
” length width
‘g Hob Cutter Specifications Shaving Cutter Specifications %
B Shaper Cutter Specifications Shaving Cutter Specifications =
2 Customer tool no. Customer tool no. T
o Customer tool no. Customer tool no. 5]
g Outer diameter Specified / Discretionary Semi-grand =
5 Grinding method Outer diameter Specified / Discretionary Semi-grand Q
Overall length Specified / Discretionary Grand (with/without trial) Grinding method w
No. of teeth Specified / Discretionary Grand (with/without trial)
Bore diameter JIS Standard Specified / Discretionary No. of teeth Specified / Discretionary
QOverall length Specified / Discretionary |No. of teeth Specified / Discretionary
Bore / Edge surface key |JIS Standard Nominal diameter shape ( inches)
w - - Bore diameter JIS Standard Specified / Discretionary |Nominal diameter shape ( inches)
e} No. of starts Specified / Discretionary| Bore diameter - - - 5
) Bore [ Edge surface key | With / Without Bore diameter =
5 Rake angle None / Specified| Tooth width Specified / Discretionary - - =
- Cutter type Disc / Bell / Shank Tooth width Specified / Discretionary @
28 No. of gashes Specified / Discretionary| Material SKHS1 / MACH3 Specified / Discretionary »
£ Usage Finishing / Pre-shaving / Pre-grinding Material SKHS1/ MACH3 Specified / Discretionary 2
3 N ) — Mone / Homo treatment o
(&) Usage Finishing / Pre-shaving / Pre-grinding Surface treatment i X . . . . None / Homo treatment S_
o Super Coat / MightyShield € Cutter tooth profile With chamfering / With cob / topping Surface treatment ) _ =
s Super Coat / MightyShield £ @
s Cutter tooth profile With chamfering / With cob [ topping Cutter curve Tool / Specified / Assumed — - - - @
«© Shank shape Specified / Discretionary |Cutter curve Tool f Specified | Assumed =]
s Cutter accuracy JISA JISAA  JIS AAA Other ( } Cutter lead Tool / With hollow / Specified - 5
T Cutter accuracy JISA JISAA  Other( ) Cutter lead Tool / With helloew / Specified =3
= Cutter material Specified / Discretionary | Workpiece curve Tool / Specified separately w
Cutter material Specified / Discretionary |\Workpiece curve Tool / Specified separately
» TiN / Black Dynamic / SuperDry 1, 11, 1ll Workpiece lead Tool / Specified separately - - - - m
= Coating ) TiM / Black Dynamic / SuperDry 1, 11, 1l Workpiece lead Tool / Specified separately 0
= ) ) . , Processing/measuring » . . Coating - - =l
k] (required / not required) MightyShield Z / Other Specified / Discretionary . _ ) ) Processing/measuring ) ) . o
5 stance (required f not required) MightyShield I / Other ; Specified / Discretionary 2
@ stance 2
o Special notes - o
= Special notes o
=] (=}
% =)
a 2
: 8
@ =
E =
b s
w n




41 | PRECISION CUTTING TOOLS HANDBOOK OTHER PRODUCTS Quotation - Specifications | 42

Estimates / Design Specifications

Involute Spline Broach Design Specifications Key Broach Design Specifications
@ Customer name: Order no.: Customer name: Order no.: T
el Q
< Note: Even if you provide a workpiece drawing or broach supply drawing, make sure it is transcribed if it is difficult to read. Note: Even if you provide a workpiece drawing or broach supply drawing, make sure it is transcribed if it is difficult to read. &
Make surethe| | sections are filled in. (Anything left blank will be treated as being left to our discretion.) Make sure the ] sections are filled in. (Anything left blank will be treated as being left to our discretion.)
MNo No
/ » Goto2 —»Goto2
1 |Broach supply drawing < _ = Reference shank only 1 |Broach supply drawing __w Reference shank only ——
( ) A YES%F Has problems/Requires design change —mEnter the details of the problem or reason for the change in 12. ( ) A Yes < » Has problems/Requires design change — Enter the details of the problem or reason for the change in 10.
T Design according to supply drawing———m=Enter any comments in 12. A Design according to supply drawing ——m Enter any comments in 10.
. . _ __—w No——»Golo3 i i . ___—w» No ———®»Gotod
Workpiece drawing after broach processin
2 { p }g p g-—=—_ - Ve Golob 9 |Workpiece drawing after broach processing ——_ - Yes SomE
( }
. i . Workpiece dimensions after broach processing (include tolerances) *If chamfered, make sure is filled in. ®
3 |Nominal dimensions ——————m=m, DP x PA x NT ’
Key width
Workpiece dimensions after broach processing (include tolerances) *If chamfered, make sure I:I is filled in.
. R
%] Pins x 2 -
i ©
o w
@ e \ g
5 o« <
[ 3 o >
g W e Q) = C 3
3 4 o = 5
5l Major 7 @ o L 3
diameter @ D . .
2 When C chamfering is requested,
" %] C o " 5 this will be the horizontal
Inor TR Yl pY4 H
diameter T BPD A width at an angle of 45 v/N
%] %) !
| I T
w ol
_“S-‘ Yes Yes Q
g 5 |Cutting length Ne. of simultanecus cuts Clamp <: Product Material Hardness when cut 4 |Cutting length No. of simultaneous cuts Clamp<: Product Material Hardness when cut =
@ No No &
Required (Front, Back, Both)
6 |Lower hole dimensions | () —» Comparisen with workpiece miner diameter after processing —#» Round teeth < 5 |Broach appearance shape > Finishing teeth height Shank width
] Not required
_g | Di i fi h Nominal di i Standard Refi drawi b
7 |Broach target dimensions » Major diameter |@ Minor diameter | BPD 2 % imensions to first toot ominal dimensions andar: eference drawing number
& Required
% g é HHH‘-‘"" Nominal di i Standard Ref d i b 2
k4
3 S |Dimensions to first tooth Nominal dimensions Standard Reference drawing number [ i ominal dimensions andar eference drawing number g;
E < Not reguired )
= . . 5]
5 5 __w Required Mountain-centered _wYes Yes wes s
g g | = |Position determination ("/“w\ \falleylcentg_eﬂg___,__f' Enter the details in 12 7 |Overall length specified < \‘l Tool material specified <' \ Surface treatment specified < \‘« a
& Not required Other — ™ Ng Mo A No
Required - [ [
w2 — . . ) . .
c 8 |B h hi del: M lling fi Strok
E o & Nominal dmensions Standard Reference drawing number foacning machinemocet axmurm pufling foree roKe
§ “ | Not required _— =
= o . . o
= Yes Yes Yes 9 |Customer’s information to be marked on cutters: =
8 9 AN ) » ~a ) AT »
@ Overall length specified \ Tool material specified Surface treatment specified /\& »
£ No No No Remarks (order history, customer requests, etc.) 3
38 :\ Q
gl 10 |Broaching machine model: Maximum pulling force Stroke %
- w
P ’
3 o
s 11 |Customer's information to be marked on cutters: s
k]
s &
Remarks (order history, customer requests, etc.) 10
W m
kS 2
= o
3 12 =
& 2
c w
=] &
% =)
a 2
== o
£ g
i ?




Nidle=a

—All for dreams
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