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Method for Cutting Hypoid Gears
(Duplex Spread-Blade Method)

Kazumasa KAWASAKI and Hisashi TAMURA

In this paper, a duplex spread-blade method for cutting hypoid gears with modified tooth
surfaces is proposed. The duplex spread-blade method is a rapid and economical gear manufactur-
ing method because both the ring gear and pinion are cut by a widely spread-blade cutter, that is,
both sides of a tooth space are finished simultaneously by a cutter. In the proposed method, the
nongenerated ring gear is cut by a cutter in which each cutting edge is altered from the usual straight
line to a circular arc with a large radius of curvature and the pinion is generated by a cutter with
straight cutting edges. The circular arc cutting edges enable application of the duplex spread- blade
method theoretically and produce a tooth surface modification. The main procedure of this method
is the determination of cutter specifications and machine settings which satisfy the duplex spread-
blade conditions taking account of the position of tooth bearing. The validity of the proposed method
was confirmed by the actual gear cutting.
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Fig.1 Shape of cutting edges of face-mill cutter in ring
gear cutting
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Fig.2 Hypoid gears and its coordinate system
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Fig.3 Design point P
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Fig.4 Method of ring gear cutting
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Fig.5 Relation between cutter in pinion cutting and
ring gear

Gear teeth

Clearance
(b)

Fig.6 Duplex spread-blade pinion cutting
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Table 1 Basic data of hypoid gears

Gear ratio i 41/7
Offset distance e 18.0 mm
Gear diameter 2R, 138.0 mm
Pinion diameter 2R, 29.4 mm
Cone angle Ay 77" 04'
Radius Rgo, Reo’ 69.0 mm
Cone angle A g0, A g0’ 74° 02'
Module m 3 mm
Tooth height hi = 2.25m 6.75 mm
Top clearance b =0.25m 0.75 mm
Backlash Co 0.05 mm

Table 2 Cutter specifications(mm)

Xee, Xec' | Xpe, X'
Cutter diameter 2R 1524 152.4
Point width w 0.762 0.762
Shim thickness of 0. B. S, Sp 1.437 0.972
R.adlus of curvature of , 200.0 o
circular arc of I. B.
Radius of curvature of ,
circular arc of O. B. r 1000 oo
Incline angle of L. B. Tw 7w | 2000 18° 51
Incline angle of O.B. 7y, 7yp | 19° 0 17 05'
Center of curvature of .(yo, z0) (—113.793, 63.620)
circular arc (yo, 20) (174.090, 27.753)

Table 3 Calculated results of hypoid gear

design (mm)
Gear Pinion
Spiral angle 33°01' 25" 47 47 03"
Face cone angle 76 27 18" 14’
Root cone angle 70° 55' 12°31'

Design point P (in O-xyz)

Cutter center Dg (Vy, Hg, 0)
Cutter center D, (V,, Hp, Z,)
Direction of cutter axis a,

(17.162, 66.832, —14.676)

P (in Om-Xmymzn) (2.643, 70.343, —7.560)
Center of tooth bearing Qx (3.517, 71.580, —3.863)
Q' (9.096, 71.096, — 3.695)

Q" (—1.501, 71.649, —3.887)

(—61.346, 34.975, 0)
(69.670, 10.631, —5.100)
(0.05478, 0.21742, 0.97454)

Dedendum angle 0
Adjustment angle A

—6 08'
-0 33

Results of transformation of Gl

eason No. 116 hypoid generator

G1=51"41", $2=249"15, &3=36"59, d(=152 50"

é1~4 1X Gleason No. 116 hypoid generator iZxf 3

BHAYY Y YT 4

L IBET, ERERFLL,

AL~ THEEY, JUV—FAREBO THB,
noid Do arPoRELZLDTH S,

7. Duplex $t)¢) & D ¢) RERH

BEORZYEREIO DD, KIS KZE-T
NA XL FEYPREYO LI, 2LT, 8@(YID LI

Table 4 Total relative curvature K(x1077/mm?)

r, r'(mm) 100 200 400
Xoc(r)-Xpe 46.4 14.8 —03
X (r')yX,' | 281 20 -10.5

Table 5 Results for detection of errors in ring gear

cutting

Machine settings Error Ar( it m)
Ry —0.016 mm 18.2
Asg 42 143
Zs 0.043 mm 4.7
Agr =2 43

Ly (=v Ly*+L;Y) | —0.046 mm 5.0
Lxg _0-012 mm 18.3

Table 6 Results for detection of errors in pinion

cutting
Machine settings Error Ar( 1t m)

Ry 0.003 mm 16.2
Asp 4 13.0

Zy 0.016 mm 129

0 -1 13.2

A 1 13.0
Ly —0.038 mm 13.9
Ly, —0.041 mm 11.6
Ly —0.010 mm 12.1

L, TOREER»SEYID OO Y2y T 4~
FEEORNEERAAN. BEIZDuplex 5TH % b
S, Yy MEEEHORAE[BELXRAVTI YT 4
v7BRERREL.

XS5 FYORYIDBERHERETT. BBIOD
SR, B OREHIC L > TRIBLZEYID
HERRYIDFEIZ 74— T35 LilE-T
Bonl-bDThH3, PO M IEESHEE T,
DIEH/INE VIiE CRIEBERIC & < —BT 2 EREmE LS
WESNEIEEERT S, 22T, M D/NhBBR
Y Ry TAVIRBENDHDLEED,

2Ry T4 TDIE R, Asg RENE N
B BB CHYT LIS T ALY T4 VTR
LR (Argument) ICAHY 35 4 v ¥ FULBEEIA T,
Row=JVE+HE, Asw=tan "' (H,JV,) T %, Zo &
By L0 D BET, #FHIETH S, Lo,
Ly 3Fh®Eh 7 —7 OBfHIECB s 2~Y > 7 4
VIFAARAI L AERA D On-Tnynzn BT D In
HAaoM/ht 7y (EETHL, 5L, v
ey T4y EERNEL, FYRIELIEYID SO

HEEE b 0D % B8 O R = ROTERER THlE
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Gear tooth surface

(b)

Fig.7 Tooth bearing of mating gears
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AR TIE, EBC A KA F XY 235 - 8
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