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A Method for Cutting Hypoid Gears
(Determination of Machine Settings)

Kazumasa KAWASAKI and Hisashi TAMURA

When hypoid gears are used in automobile rear axles, the gear axes are relatively displaced. The
relative displacement of gear axes causes gear noise. In order to reduce gear noise, it is necessary to
modify the tooth surfaces of the gears. In this paper, a method for cutting hypoid gears with modified
tooth surfaces is proposed. In this method, the nongenerated ring gear is cut by a cutter in which each
cutting edge is modified 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 as usual. Although an irregular
tooth surface which does not mesh with the mating surface is apt to appear on the pinion tooth flank
during manufacturing, with this method, the surface does not appear. The main procedure of this
method is the determination of the machine settings for the Gleason hypoid generator. In order to
confirm the validity of the method, a pair of hypoid gears was designed and manufactured using this
method. As a result, the tooth bearing was acceptable and the appearance of the irregular tooth

surface could be avoided.

Key Words: Gear, Design, Cutting, Hypoid Gear, Tooth Bearing, Gleason Hypoid Generator,
Undercut, Profile Modification, Crowning
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y%o=R—W/2—R tan 7./16

— /7% cos® r.—(R/16)* (1)

2=+7%sin’ z.—(R tan 7./16)*— R/16
¥72, GIRE2 () ERTEBDT,

tan 00=f<ro/(R—W/2—yo) ..................... (2)
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2%y Y HE Xoe, Xoe EHR(3)THREND,

ch( Ug, 6y)

— 7 cos @y sin ug—yo sin Uy
=| 7 cos Oy coS Ug+ Yo COS Uy
—7rsin O,+2
Xs’w (u&, @;)
7’ cos @ sin ug— y sin ug
=| — 7" cos @ cos ug+ ys cos uy
— 7’ sin @+ 2
Xoc(us, p)
— vp sin 71p sin up— (R + W/2+ Sp)sin up
=| vp sin y1p cos up+(R+ W/2+S,) cos up
Up COS 71p
Xpe (up, vb)
vhsin 74 sin up— (R — W/2)sin up
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Up COS Yip
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Xo cos Agi/Ry % On~Znymzn CEBEBR LD TH S, Z20OEH
No(Xo, Yo)=| Yo cos Agi/Rs DHEFIEF? LERTHEDTI I TIREKT 3,
Sin /{gi 7 g, Om'xmymzm b:i’o’bl T i] v 5 CP'[.‘ Oc b{ Dg=
W(XO, Y;),ZO)ZV[)— Vg ............ (6) (Vg, Hg,O)T &:b%ﬁ‘y yﬂﬁ ch, Xg'c Tq:'"\"wﬁ%
7 . [ A& (Spread Blade &) THEEHREID T2 80D T
_ ’0° vl % 5. ZOrE, FYOEEET UM ENRERT U
. g ° KAL) bEEESRTER, IE Xoc 3P T w

ile—Xo) 0

VIZREOEE~Z b TH2, R(4), (5)kD
Xo, Yo, Zo 3 s o b REHEEDOME Xo 255 F 2,

RETERAPOAE Xo R E 2 &, FYHEMT
WIHE Oy DRIE (0,0, 2,) HRE S, %72, ¥ =A >
WEMTVWHHRE S, Thbb ZDIEL 0, DAE (e,
Y, 0) EHEMT WA A PR T2, 3612, APECB
FBRUNA By, B BHRE D, ROT, W10 ke &
HF& b 252222k, E=FvHEMTVE
Aor, FYHWAEAT VAL BIVFYHENT VA
Aor BRET B LHTE 2 (K8 ERM).,

6. & Y

6-1 oyl FriaREwyIn Lz ks
DIEZLEHWELTZ, MTEFYORIAEERT.
On-Xnymzm ZRYIBIZRE L BERT, Onidwy
YUY, Xm ym 2n DREEEIZINEFNV, H, 7
V= FLBC L TW3, z8ixhy 8T, 7 v
—FAVENCHETTH D, Thbb, 4y FENdfET %
W, EZBTRT(a)DE Pr ORIBENRZ ML 2o ER
Z b wiERT7(b)D O-xyz TORFEHESP DAL
BEXZ M X EZDOETOENEER VW &

Zm
Gear (b)
Zc .
0 AWQ. Bni X, "
P e T A
{% Xe Cutter

(a)
7 FYomyln

CEETSE51KT 5,
Noc(uy, Og)  w=0 }
Xoo(to, Og)+ Dyg— 20=0
R(T)VEY, Vo, Hy & ug, Oy B3R E 2, $2bb, &
Y oYXy T 4T Dy BRE S,

62 EZA>nEYY) oA ri3hHAEc X
S>TEZAEEYID T3, XoT, =4 >0y
MR & RERIZ CEZ B LBESDHE, TR
X9, MEEOBYID IZDWT#Z 3,

B8 T, FYhlE LOKRQn 2R0LICHYD 2
‘{2720, C=F WIS v ¥ HNEH Xpe 55 Qn T
FYREE L EMT 2L CFOMNE - BBEED 2,
ZOLE, Ay I NEBETELEELODODE=F >
WELXHIZ X5 h v Sz % z2n 8IS L T zn 8l
FbOORABSZIET LY, 2.8y 8z b iz
LEHET D LN TEEHS, AFE SHEIT -0 BEUN
BE AT yn@izbY KEELTHETFS 2 L 238 T
bOET D, ThZE>TENADRE»H2BET
ED, dBVEDEIARMTH S, BB, 8 Qm DAL
BARZ PV o 12 OnQn 2RHR L T2 LOEE
Aok, HQn POFYHIICBALIERE R0 & %
BETAILTRETE S, IH Xpc L ¥ YHE LD
BAKGE, Ay 2 hL0 8 D=(V,H, 2)" 2%
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B(4) A(8)Npe(up)— Nope=0

B(A)A(&)ch(u,, Vp)+ D — Xm=0

vp €08 71p=lg0 sin (Agy — Ago+ b/lg0)

lgo=Rgo/sin Ago
W, ABRENEN Zm yn Bl E b D OEIEE 2R
TOEREBRITITH S, R(8)kbD V,H,Z &
Up, Up, ADSRE D, &7z, vy FBARETRTRZ b
Voald

a=B(d)A(6)(O, 0’ _1)7‘ ..................... (9)
Dta%ebhsrbERRCKRL, 2k Dy a5 &
T35, AvfeesrvyvT 47 Dy apillo>TE
= MIEE * EEAIKETID ¥ 5.

ZDEDE, Ay HABTHSHETWHE Xpe LM
TOH Xoe 2 RBEME L2 2L TEYD QLMY
BOSHEETES, %72, Xoc L Xoc DT & 22N E T
NITENDIE D FEREE L ILRWE & QBRI
5, ZOT & FIIEEATERE L EHBERT 5,

=4 ilmbERkC L CElRYID T35, Thbb
FPrUEEECH Qn 2ED, ZOHTHEMT 3 &
WAy ZHNE Xoc BB T3, ZL T, ThTE=
Z v IhERE R ERAIREYID ¥ 5,

F 1 EAFHT (mm)

Gear ratio i 41/7
Offset distance e 18
Gear diameter 2R, 138
Pinion diameter 2R, 29. 4
Cone angle A 77°04"
Pedal Reo 69
Cone angle A co 74°02°
Kodule m 3
Tooth height h,=2.25m 6.75
Top clearance b =0.25m 0.7

£ 2 HyFET(mm)

. REMOTH

ot vlEIR ERO T L FYHELOH QR T
BROFREEHET S, ¥YRYAY v ZYIRAD
MMM R ERDOKRE XL > TR TFEBRE 2H/EH
b3, COFBOFRER, ¥YRYBAY» Y I NETH
AT VE Xpe EE=F VWYIAY v HETH
2T OE Xpe £ DE Qn 2B 2 EARES TN
b s, Xic& Xope LOBBREOVTHEFETD
3,

R L T 2HEMO TFHBOERICDOWTR, B
HORL AN 2HE K02 OE-&THITE 3, K
DIED L EWETHIZ R\, K HBED L 2 WETSH?
b5, THBH2HE, ¥YWYIAH v I DH
SR ERE /NS TEI LRI TENRERB L
BTED,

8. KEDE IR

TEFTCOEZFCESHTNA KA FF P 28Et
Lz, BI1CERET, £2 . chy F#T, I TH
VIRGHRER 2R, X@YIETRE, ®1, £2RL
THTEEZ B ERIDERMBKRDONE, Zhed
HERETFHE#L2AVLTERGIME & - T1T5,

K2OX¥YRYIAA v 7Y A O R EE =
=200 (mm) iX, & v ¥ IH Xoc & Xoe, Xic & Xie
ZNZNDE Qm A Qn THEAL TV 2 REBTOHE

# 3 WYIEEHER (mm)

xac.xac' XDC|XBO,

Cutter diameter 2R 152. 4 152. 4
Point width W 0.762 R
Shim thickness(0.B) Se', Sp 1.0 i.1
Radius of curvature of r, r' 200.0 oo

circular arc
Incline angle of 0.B
Incline angle of 1.B

Tie's Tte 16°55° 14°25°
Yoo, Yoo | 18°30 20°00°

Gear Pinion
Spiral angle Bs Bo 33°01' 25° 47°47 03"
Cone apex Zgy Yo 1.17 0.66 *
Face cone angle Ror, Aot 76°27 18°14'
Root cone angle Aor, Aor 70°55' 12°31'
Design point P (in 0-xyz) (17. 162, 66.832, -14.676)
Pa(in On-xaysza) | (-1.680, 70,371, -7.570)
Center of tooth bearing Qa (-1.024, 71.658, -3.890)
(in On-XaYazn)
Q' ( 3.901, 71.561, -3.856)

(in On-Xnynza)

Cutter center Dy (Vg Ho, 0) (-63.316, 30.643, 0)

Cutter center D, (Vo, Ho, Z,)
Direction of cutter axis a,
Cutter center Dy (V, Hp, Z,)
Direction of cutter axis a;

{ 69. 801, 10. 537, -5. 326)
(0. 058186, 0. 21648, 0. 97455)
( 66. 860, 19. 234, -6. 947)
(0. 05524, 0. 21716, 0. 97457)

Dedendum angle [
Ad justment angle A, N

-6°08’
0°27, 0°17

(-115. 379, 58.678)
( 270.314, 53.423)

Center of curvature of (y, ,z, )
circular arc (y,', z,")

Results of transformation to Gleason No.116 hypoid generator

¢1251°40", ¢2=250°02',

$3=37°02", ¢4=152°54'

®71=51°39", ¢3:=257°01', ¢5=36°29', ¢%:=145°43"
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4 BEHTVELHTOECENSHE K
(x1077/mm?)

r, r 200 400 800

Xoo, Xoo 13.8 1.1 -5.1

Xot, Xoo 3.1 | -5.5 |-10.0

Gear rotation angle (deg)

-20 -10 0 10
0 T T T 1

1 pitch
_10l pitc

-15]-

-20L

Transmission error (sec)

9 EEMREOEEARERE

NEMEK RHEL, TOERFE V25T BE
CROWEIREELTZOMEERAL. , v B/NEL
THEFBIREC BV, NI LT D LIEHBENE
DBEENKELIRY, BEAGRERENKE R 3,
19X, BEHHITRLRENOF Y WHE L £ =4
> MIRTE 3 7% b b B BHEEE O B AERERED O
HEERTH 2., REAGERZRZRAR 13(sec) T
K&V, 7 % 400 (mm) 27 % & BEEAGEREZK
1(sec) T/h&L 23, k-oT, ERRERE T »,» D
BREEACERELOFECBLWTRD S Z LTk
%9,

Ay« TVv—FRBFOSV—FRFBTZIL
Wliz, Z0WZEF Y R2LANETHRYID TS L8
TERLRY, FLUINHDOEEH rio, 7o B URE
B2tz o1z, £ 3D ¢, &2, ¢35, b4 12 No. 116 Gleason
hypoid Generator CX{ g B A v F o7 4~
THET, ThHENLFLL, A4, 25k, 71—
RNLVEREMETH D, I did Dy, ap, Dy, ap o8 %
55DTh53,

8T, B1~30FEHHITRLBERNOWEYID *
Tot. K10 CHBYIEREELLDDOF KL VR
7. ()Y VER, (b)BSFYrMEEmLETOHR
LD AT v FRERTH S, IhiIBEBAHHERD
WY/ THB, EBLLDREBTID L TR,
WEPRIBICED 2 H Qn 2HFLICH L D 3B O N
TED, EMRERIECTHREW, ¥/, YD TIFb 4
CTukw, BELD, ZETIEOEMMESEL D &
nizdborE23,

Gear tooth surface

(b)
B 10 4D LklENOELT D

9. #& ]

BHEIEA N R4 F ¥ Y388 SEEEeEd.
7Y =Y YARN BA B F Y ORYIEIEETHO
3 FEAREE CHEBEERETELACETVT
w3, Lo T, HEBEOHFELBEEROKRE
BRODEE, WETHERBCERVBOBELERL
RiIFhERo T, ERCHEEEL TS 3. 207D, B
—HBRESREY T, BRITEBOEECES &
2EEBLOOBERTH 5.

Ay REE CHREEEEHEL (RS TS WE
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