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Estimate of Machine Settings in Hypoid Gear Cutling

Hirokazu MICHIWAKI, Kazumasa KAWASAKI,
Hisashi TAMURA and Takehiro UMEKI

A method for estimating real machine settings in hypoid gear cutting is proposed. The coordi-
nates of many points on the gear tooth surface are measured using a coordinate measuring machine,
and a geometrical gear tooth surface which is strictly defined from the machine settings on a Gleason
hypoid generator is estimated by the method of least squares so that the surface can fit the data of
coordinate measurements. The real machine settings can be determined conversely from the esti-
mated tooth surface. The measured hypoid gears are in practical use and the tooth bearing of the
gears is acceptable. The path of contact is calculated using the estimated results and compared with
the actual tooth bearing. The validity of the proposed method is confirmed by this comparison. The
estimated real machine settings can be applied to the succeeding manufacturing, so that the trial-and
-error process which is carried out by the skilled workers will fall into disuse.

Key Words: WMachine Element, Measurement, Gear, Hypoid Gear, Coordinate Measuring Machine,
Machine Setting, Tooth Bearing, Gear Cutting, Summary, Tooth Contact Analysis,
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Fig.1 Measurement state of gear tooth surface

Fig.2 Measurement state of pinion tooth surface
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Table 1 Dimensions of hypoid gears(mm)

Gear Pinion
Number of teeth 45 7
Diameter 138 81 28 .06
Face width 24.00 26.89
Quter cone distance 83.82 92.04
Mean cone distance 71.84 79.55
Addendum 0.93 525
Dedendum 6.04 1.82
Pitch angle 797 48’ 9° 53/
Face angle 80° 38’ 147 28’
Mean spiral angle 337 08’ 477 37
Mounting distance 40.00 85.00
Module 3.667
Pinion offset 18.00
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Fig.3 Gleason face-mill cutter
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EHIRIZLTCWAE X5 Ths, LW T, AWFRT
Pl ge & Lk 1o E R 78 OiET T R
-0 2R, SR <) =0 o B8y
NFEETCEDLTPICEL S IRED b & TlRYID Sz
bOrEZRITNIRS R, T hbbY ) —ERE
FREED 2T LD TIELEDTH S, &
B, K, B8N D 2R3 IED M HE
W AHYID BT O b L THERY D Sl kR
LZETH->TC, ZORBEHNOBRYIDETIXED LD
WL THED N ZHLNICT DD TIHRWI &
P TEL.

31 FPoOETIYET FrEETHT WAL
Agr DRRIEHEEI D U720 AR HETH D, VD
% [1: H 3 (Spread-blade method) T 1y M7l & 181 &
FEFCEYID 35, A v Z BT 230k, K3 iR
FTEITh Y LR, KA ME W, A -4
HNDMEE A 729, 71, TH D, RI3WCHE, v 7 WHE
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Table 2 Cutter specifications and machine settings in
ring gear cutting (mm)

Cutter diameter 2R, 152.4

Point width W, 2.54
Inside blade angle Vg 17° 00
Outside blade angle Tig' 17° 00
Machine root angle Ay 75° 02’
Machine center to back L, 40.02
Cutter center DV, H, 7.) | (-63.94,29.93, 0)

Table 3 Cutter specifications and machine settings in

pinion cutting (mm)

Concave Convex
Point diameter 2R, 2R, 147.32 158.75
Blade angle Vip»Vap | 167 00 20° 00
Machine root angle 4,,1," | 356" 34/ 355° 01/
Machine center to back ‘ 83 36 86,49
Ly, L,
Sliding base Zy, 2y 2.74 6.60
Blank offset e e' 17.08 17.73
Eccentric angle @, ¢y | 537 40 56" 06’
Cradle angle G0, $' | 1437 59 139° 08’
Swivel angle &, &' | 228° 23 235° 33/
Cutter spindle rotation 61° 20/ 60° 42’
angle & B
Ratio of roll ii' 6.192 6327
Cradle
Eccentric
A i
Z(Gradle) Blank
2élank offset
Machine center
to back
Swivel-
Cuter
spindle
Sliding base

Machine root
angle

Iig. 4 Gleason hypoid generator

HWHT2 28K T 25D LT 5,

BB 2 EETE, @R H s vwbhbhTwd
AV & F il & O 79 Aer (Machine root angle),
WHER VElE Wbl TWw A EE» S X YERE TD
FEME L, (Machine center to back), # v & HulDE
HE(Vy, Hy, Zg) TH D, Zy OFREMIETH 5.

F2WCHENRIC L7z F Y OWEID Bt E =S,

32 EZACOWYIVEETT oA YR EE
FTOBRIKEY Y 3% v W B A k(Single-side
method) TI75. £ - ¢, MEkIE HDOFEIC & ik & A
DHEETENDHY, hv ¥ o KAV MEEFZ R TE
W, By BT AT, Iy VIR 2R, 2R, YL e
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WYITNA DEEE A 71p, 720" TH 2 (K 3 ).

Bl 2 R 4® R d, M4z Ve 7
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BRT52 H#EEEZ, ThoDORHOREEAET 5
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L0 H¥ =4 YHEI DO R T 8 A, A5
(Machine root angle), VE#is ¥ =4 o EFmF T
DEEEE Ly, Ly(Machine center to back), A 74 7
1 I _—=ZF|RUE Z,, Z;(Sliding base), © =%
VA 72y ME e, ¢ (Blank offset), v ¥ » v ¥
YRV T AT THD b, P, da, b5, bs, P5, Pa, Pi
BRUBIKIL ., 7 3H 5. ¢, p1iEA YT « A
FVEERATH vy SHIET A 2RO 5, ¢, ¢ 1T A
ARNVEThH y FEIAAERD 5. ¢, 65 EROA
THYIHFLEZV—F VI OFEBE2HRD 5, ¢
P FFEEIHPLAT I V- FVERED, T xbb Y=
A R TEAIEGEEN Y Z O R L TTbh s,

I CHEANRIZ LI € =4 > OEYI D 55705 7R
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ChHd, Ay ORN - MNINMNIIERTHZ (K32
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DIZHEBR L7 & & OB, T b bMHTWiEzE X v,
HEWEFE=A VHEYID HTEBENTE T 5. Oc
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Cutter

Fig.5 Method of ring gear cutting

— Wa/2) cos ug

—(— vy sin 729+ Ry
] — We/2) sin ug
Xoc(utg, vo)=| (—vgsin 724+ Ry
— Vg COS Y29

+ Wo/2) cos uj
— Vg COS Yig
_<7)p sin 71p+Rp) sin up

Xoc(up, vp)=| (vpsin 71p+ Rp) cos up

—(vgsin yig+ Ry
+ W,/2) sin u}
Xoclus, vo)=| (visinyig+ Ry
< — Up COS Y1p
—(—vpsin y3,+ Rp) sin up

Xic(up, vi)=| (—vhsin v4p+ Rb) cos up

— Up COS 73p

2, uBAydYNHAD zHEb ) OEHEA, v
BUINMHAKCHB I BRI T, wihd y I EE L  5,
u, v BHNEMERIT NI XA —F I3, £/, NAE
Xoe, X, Xoe, Xpe DBNMHEIERNRZ MV EZRT
U Nye, Nie, Npe, Nje TERT,

4+2 FYHREOXRR FYHEENZY Y 2 HHEO
HEETHS, 51, U0 FEZERT. On Tnynzn
FEYBICRELEERT, Onldvyri vy,
Imy, Ym, Zn DEEEZF TNV, H, 7 v — FIVEIIZ
SISLTW5, z.8ld 7 Vv — RVEHCSETTH 5,
F72, On—Znymzn B DA v & H0u0 Oc DOE 25
N7 MV D, TETE, =V —5bZhiX(V, Hy,
ZH)T i B,

EC MR T LI F YEZDEZER O
Lo¥o2e % On=Tulymzn WRET B, Z L T O Toyozs
TH Y Y HNE Xge, Xie BRI, TN ZFDE EF
YHREOR Xo, Xo1272 5,

Xo(ug, v9)= A Aor + 7/ 2){ Xoc(utg, v4) + Dy}
Xi(us, ve)=A7(Agr +7/2)
X{Xéc(ué, U.éz)"i‘Dg}

2, Az 8iE LD ORERICEE T % BRIEE AT
FIT, R(7T)TREND, UT, yn@h, z.HEDL O D
Fi#E 2 B3 % BEEA T 2 2 2N B, C TFET.
Xy, X DENTHPRRZ N VvE N,y Nj 2§ 5,
BT, Bl R o eiEESN-EEOHER X,
Xo% Orxwyeze TRL, X, X' 35k
X(tg, vo; ¥)=C(¥)Xo(us, vg)}
X' (ug, vg; )= C(P) X s vy)
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Iig. 6 Coordinate system O-VHZ attached to hvpoid
generator and coordinate system Op-Xpypzp
attached to pinion

1 0 0 \
AD=10 cosA —sinAd !
0 sind cosAd
/ cos B 0 sin ,8
B(B)= 0 1 0 ] e (7)
\ sinf 0 cos ,8/
cos ¥ —sin¥ 0
C(¥)=tsin¥ cos¥
R

4o3 EZAVEEORT RIWERTLIS
Ve AT e = MR & ek IE 2 Al 2 i B
ToTaee, mYJVETEZNTNELS 551G
DD, YTV T 2 FE L FIEe{HALTHL, &
ITRE=A Y HETIOETID I DOWTHEZL L I LI
T3, 9, ©=A4 EEOEER Op-xpypze %X 6
AT ED KT T 5, FKEOp i 3 wIHA,
%%ﬁt:ﬁ/%f@%nuﬁﬁfzﬁymﬁ%%
PEOEX VBT TCHE LT 5

BIRL YR I 3R E L7 AR O- VHZ (K 4 218) 1«2
BB Ay ¥ F0 0 DAEZF]IN7 bV Dy TEL,
FNE AV, Hp, - Zp)T &5 3. Z, DEIZV <Y —T

Wb oNTWDE, Ve, He &, 2 BT &2 789 AL
7 NV ap DERGY ape, apy, Gpa 1 b1, P2, B3, s B
s &,
0= da—(r— ) /2
05 =po+ s+ pa— /2
+tan™' {cos y{1—cos ¢1)/sin ¢}
O=0/(0{<2rm), =20 ’—27r(¢91’>27r)
Oo=05(05<21), Oo=05—27(05>27)

LT
Apz=c0s ¢ sin® y+cos® y
apy=+(1—db:) cos® O
Apx= Qpy tan O» }
(Ge<7/2 or 3m/2< (h)

apy=—(1—a%) cos? (6— )
Apr=Qpy tan (O,— 1) }
(7/2< 6,<37/2) ~(9)
Hy=FE.V2(1—cos ¢3) cos® O
Vyp=FHptan 6 }
(0, <n/2 or 3n/2<0)
Hy=—E/2(1—cos ¢3) cos® (6, — 77)}

Ve=Hptan (O —n)
(n/2< 6, <37/2)

22T, Eo i 7 Hie o e vl O BEEE R 3 R
ER y A4 RNV OEE AT, E.=76.2mm,
y=15°00" TH 5.

BC, Ay IHPLO DMBEN Dy b, v s
WA ap TH DD ¥ AN Xpe DS ZHHE D DI
a3 § TREMEL DD yp ik b D T AMEEE i (01X
BT, 23D 7 L 1FH25) THEEL TWwWa =
WM 2 BT 5. ¢ ZRIKA L VD

S, BIERAR ¢ OBEEIC S v ¥ HE X
FWCEN D BRI L3, © = Y HSAE i 72 0 IR
LB oe =4 v HE EOBTbh 2 0s, LEY
= VN DB Cp-zpypze (6 Z2H) TEL, 2
R IHHFM%/T/\7 X =& L BewE Fhiir =4
SO R X, & %, BIECAED ¢ OO A v
7ﬂﬁiOLW/f

}»\1)&/<Zlb Up </J)

e STy

= ' </J {E(ﬁ) ( )ch(%p, UD)“JHUp}
------------ (10)
zzi,
a=—sin"" (apy)
.............................. 11
B=tan™" (@pz/apz)) a

Koo ORIHRESREN 2 DL &
M ED R Xps 0BT S
OHE V, OREHE W ik

V,=1(0, 7 cos Ap, 7 sin Ap)" X

Npy &35,
HHORE Ve b8 =F >~

{wa(e, 0, O)T}

Ve=(0,0,1)" X Xpy
W=v,— V.
------------ (12)
el E S ES
WNoge W =0 coeeermeee (13)
KA £V vp=vp(up; ¢) %KD, T 2K A0

ALTDDBLTHY, W L5 E=F VRE
DX X, BWEIILS,
L= Xpplwp, vs(up ; ¢) ; ¢}
Xo(up; $)=B7 i) A(A) L
—(e, = Y5, 0)7}
RO N N G e T

AT wismkgt e L, &
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BE2CRLTHDIH, & v ydul 0. DFEE V,, H,
ESGVTN AT B Ry=+v Vi+H: LR As
=tan"' (Hy/ Vo) CEBL THB L, o T, w0
TGV Rsg, Asg, Zo (3% EAE X ), Ro, Wo, Aor, 710,
Yog, Lo DIEIZ RS, ZHoDEEHET 2720
F X - MG E (X, X)) £ om0 BEEZ =R

Table 4 Estimated results of machine settings in ring
gear cutting (Rs;="70.544 mm, ¥ =330° 53")

Summary (mm) | Result (mm) At (um)
Ay, 154° 55 154° 55 1.9
Z, 0.0 0.0 1.9
R, 76.2 762 1.9
W, 2.54 2.54 1.9
Agr 75° 02/ 75° 02/ 1.9
Vig' 17° 00 17° 00 1.9
Y2g 17° 00’ 17° 00 1.9
L 40.02 40.02 1.9
Table 5 Estimated results of machine settings in pin-
ion cutting of concave side(e=17.270 mm, ¥
=323° 36)
Summary (mm) | Result (mm) At (um)
R, 68.793 68.793 7.0
Agp 9° 11 o° 117 7.0
Z, 2.740 2.742 7.0
R, 73.660 73.660 7.0
L, 83.360 83.360 7.0
Yip 16° 00’ 16° 00 7.0
@ -15° 05 -15° 05’ 7.0
Vea 1° 35 1° 35 7.0
A, 356° 34 356° 34 7.0
i 6.192 6.192 7.0
Table 6 Estimated results of machine settings in pin-
ion cutting of convex side (R:»="71.501 mm, ¥
=250° 48")
Summary (mm) | Result (mm) At (pum)
A, 12° 49 12° 49’ 33
Z, 6.600 6.600 33
R, 79.375 79.375 3.3
e' 17.730 17.730 3.3
L) 86.490 86.490 33
Y2p' 20° 00’ 20° 00 3.3
@' 14° 47 -14° 47 3.3
s 2° 45 2° 45 3.3
lp' 355° o1’ 355° 01 33
i' 6.327 6.327 33

ERTCHIE L7, HIE A OB FETE 23 &, G546
HThsb, 2LC, HEEEMED S (R, ¥) L
GRE AL, (Ase, U) & At (Lg, U) & At % *F 10
FNRDIAER, At BHED L VHETE (Ry, ¥) T
(70.544 mm, 330° 53) LR ol FDEED AT
1.9pm Thol, ¥ =V —Z LT Re=70.60 mm
THDB5, $0.06 mm /NS % Ry THEYID 41T
Wi Z kb, #IT, Re=70.544 mm, ¥=330°
53 LEZ T, RO DHEILEMEL ThIe. ZOBR
BRAWCTT, BHOCET L AT Rg DFNEIE

LAEEDLLRY, Thibb, BODETEED LS
WEREL C O BRI EEFHC LD LHEET 5
ZERRY, hEVEYOETEY Y —LBYT
HBLLTIw,

5:2 E-ACOWUIVETEE Y=4Y0OK
PIVFEILIERI R L THEV, 7 vy OAHE - EF
WERT 5 ¢~ Z3(9) E AN X > T Vo, Hp,
@, BIZEBLTEBL,

Y= M LD 25 SO R R =X THIER T
HIE LTz, 2 OFER, @ERBE 4t R/ OHEE I,
(e, ¥) ©(17.270 mm, 323° 36N &z o7z, TDE X
DAt T.0pm ThH -7z, MEIE I DV T (R,
) T(71.501 mm, 250° 48) & ko lz, FDEED
A 3.3pum THo Tz,

YU -k nE, MEmOwYIY 07T 7 -
Xy MEe=17.08mm TH 3555, $0.19 mm K
XA 7y bTHEIDENL T LWk D, &
7o, MBI D W T, <)V —DIF7I TNV AT 4
FEF71.66mm TH205, £0.16 mm /N7 X
SARBTHTID AN TWeZ Licksd, 22T, M
WIETld e=17.270 mm, T=323° 36", "MEEE T X
Ri=71.501mm, ¥=250° 48 LE 2T, BY OHET

Path of contact

Gear tooth surface

Fig. 7 Path of contact on gear tooth surface of concave
side (Rsy=70.544 mm, R5="71.501 mm)

Path of contact

Gear tooth surface

Fig.8 Path of contact on gear tooth surface of convex
side (Rsg=70.544 mm, e=17.270 mm)
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Fig.9 Real tooth bearing on gear tooth surface of
concave side

Fig. 10 Real tooth bearing on gear tooth surface of

convex side

Path of contact

Gear tooth su rfac

Fig. 11 Path of contact on gear tooth surface of con-

cave side{as summary)

Path of contact .

L//?ear tooth surface
Path of contact on gear tooth surface of convex
side(as summary)

Fig. 12

EHEE L ChT, ZOREERS & 610RT, KT
W 2 4tk e RoDZENS EIFZEAERLTH
3, ko7, E=A VMEBEORYY TET T
A7y b ek EEORYID TR TV AT
4 NE Ry 2T NZNHROIED O CIE I NTH
TV —EBOTHDLEFEZTIn, B4 CHIEED
At MIMETE O # IR TR E WD, Y7z Dk
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