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Optimization of High Speed Cutting for Hypoid Gears
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Summary

We studied on optimization of high speed cutting for Hypoid gears that is built into the differential
units of automobiles. The cutting process, Face Hobbing, is complicated and Taguchi Method can not
be used, and to assess the process conditions, we had to test every parameter and check the blade
chipping and machining accuracy on the gear flank after each test. To achieve a better process, we
designed parameters. Firstly we evaluated cutting energy and weight of chips generated in a cutting
process as basic functions, but as the Face Hobbing is a complicated mechanism, we suggested a
method that clearly expresses process features. Two features were reflected in the parameter, one is
that chip load changes in a cutting process, and the other is the Face Hobbing is an intermittent
cutting process. As a result, this new method was proved to be effective, which could be used not

only for the gear machining but also for various cutting methods.

1. (FU&IC
NAERAFEY (Figl) 3, HBHEOY Y F 722y
P RAWDHIBRENZE 2= » b (Power Take Off) 12N Ring Gear

Eha¥vry McHwbhZ, S0, ZOMEM oy Drive Pinion Gear
FOFERTH S 7 24 AR THWUMTIZNT 2 — 2 3%G5H %
WHIL, PEkOEHEE 7 70 —F 5 6 O 4K 5 72,

ZOMITED AN =X LG TOED TH 3., D v i
& — (Fig.2) & #HIkA Hoao i mldin (52 5 b Fig.1 Hypoid Gears Fig.2 Face Hob Cutter

&

f1~4 37— b LA VIEhER

Powertrain Production Engineering Dept.

— 80 —



No.28 (2010)

SV &%

Feed :constant

Al

Fig.4 Cutting Cross-
sectional Area

Feed:large
Feed:small

alie il

The initial stage The latter stage

Fig.3 Transition of Cutting
Cross-sectional Area

on Face Hobbing on Drilling
2 2
D e
8 3
E ( :‘ / The latter stage ‘§
[0} ©
The initial stage
time sec time sec
Fig.5 Cutting Energy of Fig.6 Cutting Energy
Face Hobbing of Drilling

EEB), @ v 2 —ZWHNENHNDOXRT THEK, 12D
7 IO O E YIS 2 28, 2D DX T 235 O i % [A
WREUIHI 2 BRI EAE, ®F v & — OREHIFHIZxHT 2 UlA
AP, R (IO K E SRH R L) DZEIC
Ko TEENREZA, 2 O et £ 1 S S P = T
RAW, @ v & —DOXMIZIT 7 EEROTL = F
(Fig.2) VT3 728, Uit e 7L — F
DPET B PR - RO ICE L. 2 OZEIZPEROR D
Ji % EXBERICIRAD e A EH D (BURIZSELRS) .
INGANZZTLh6, KREEOEEREIZLITA, B
DD Th B, A:UHIEFROZ . 5 v & —DUBAAIZ
ey, UIHIBR S X B Wi & 3% 0 WA Fh 2 hZELd 3
(Fig.3) 72%, UIMIGHIZHEIZZ(T 2 (Figh). Zhic
MU, FUmINcRESh 2 %O EWmT ik, vl
HlbR 2 < 3 W2 i T —& (Figd) TH b0, UIHIEA
fiid—ETh% (Fig6), B: Wrintlil, 7L — Fidikiig
MO LPHIM LT B (Fig?) ., ZOAE#ED K
L, fiEE-O< D EFTn< s F UL TIE N PH3
eI & 55 5 (Fig.8) il Td 5,

Cutter Rotation

Fig.7 Face Hobbing
(Intermittent Cutting)

Fig.8 Drilling
(Continuous Cutting)

PEk, 7 x4 2R THRUIMITIS BT, B8R X
HZXLDWIZ, TOMEGRIT KBB4 EMEICEET
BZLB3MDTHETD 572, 2D, v VREM
G, WKL) ORERR AN sflaeTcoT 2
FENIA &I ML, WERME (SRR :
BRHIM O, 7L — FEFRIRE - T L) TaHii§ 2
ZLEERLEB 588N 57, 65T, S0 RETIE
HHEOD, MTEM, <oy, HREEELE TREK X
NAMLY 2T ARKROREIZIERS T, ThEFERT
5 iR 7 5 £ 2 Oy & SERE T H - 7z

2. TRIFXLEHICKSEHM

FUALITISRE S h 3 EGEUHINIC»W T, %
[Z8y &, vk TR LEEWwRT ZIN0E] itz
IO« RAREE ) TRHi§ % 7 7 v — F I3RS AR T
b0, HAIZBWTE L K OHEFI %M U 2 OF %5
AEL T & 72,

S, 7 2 A4 2R TR LD & 5 AW tIEI Iz v
Te, INSREERI A DBREIZHE A % Z & CTHifi
UHIEFfkD 7 Ta—FnEHATE S E 4L, DTO "D
DA LT 7= [VIRIAR A2 2 556, AR b
OB AT Z T, ARiCh»rbAfMERZ S
ZEMNRETH 5. ) T LHIAOUIHI R AN S WA
T, WEIALFIDENESITAL S, WA
B 720 TEZANFTELZLHEL T BIETTHD,
INDEBIAREE & 2 72, £ 72, Wkl 054, UIHIeE
IZERABRBICET T 3720, ZhaiHid+sZ & T
i ISR A B 2 e alBETdH 5. | BB
DHEETH>TE, ZORBNAZHOKE SIZELD S
Bity, UIHDRREIZR 2233 Thy, KiMbEX2 Z &
HRETH B L EZ T,

7277 L, MacBRTDHEMSEAR Y, TORBEEAMN
WAL RS 2K FEIZONT, ZThb DR
EIEMICHA S Z &, RO T7 7u—FTIEAIEETH
D, RBER A DOMEE MG X D LU OfdfidtE s 7 v 4
2 2N —FBRBENDH 5 7=,

A X G =X LO~OOMAEEDBHEEAHA TE

{3 % rh CUHLRL T IR 5 7= 0 O YT AT % IERE I HE
A % 12 O OE%E - W
B+ Wit U o 8FAlG 2 AN W] R 7 < U I B far oD I 5] 0 25
20 B ARy O RO $ES - 3w
3. NTA—AERET

3.1 HROEKVAH

9, Thadh (VHIEA & BB OGN « Gl
W) 26, DITo@Ey g (TFE, #HIM) &Ko 7%,

7 A AR THRUIMNTE, SR &b BT TR h
%, TIFEHRR? S RN LIS R TREE K> 72, Thid



N RA RF¥F Y@@ IREDRE(L

No.28 (2010)

PEFEEIZLD, SEIMLAMLY 257 2880 X LED
KB %L L T B Z & #MHIEIZTE 720 Th 5,

72, M AL FFYIZREFIATE=F ) Vo F
Y2350, FEMLIEME S HGED TRTH 5, LR
XD LOLEBMTH S FI4 T4 (DA Lhs
kL, HRS LD ED) 2RMMIGERTSZ &
TR D rE & X 5 7z,

3.2 EAWBEDRTE WA E (TERREA)

HAMBE ARG 5 ET, 9, FULNMLITARNL
HAMRE (Fig9/t) TEIESROMTY 27 L3RI TE
BNWZ & EWRDTHERL 72, MTYHOBHIEHE (7
L — FREIYHNCES) iR LThE <, HAKRED
Bt o 73k e 572 (Figlsk, R, 72, Z
DIFDORESEIFTIE, &7V —FIZFo BV oynidL
AP NEYTH 5 Z & BT 7=,

INhEEE Z, SRIOMTTY 27 L1283 5 HARE
ERET U 7z. BN RO Y| & ORA 23 Bl 5
728, INEFHEEE L BT, KINLTICEbLS/85
A — & Ol 2 25 8) & WAL UTHIT Rt b 7= D " CHE A, S
AHREA LT OMD PE L7z (Fig9%h) o

[OMHIRERE| X THEAEIHIEmESH - Y OREEE]

Signal Factor M
:weight of chip removal
Output Y
:cumulative electric energy per unit
cutting cross - sectional area

Signal Factor M

:weight of chip removal
Output Y

:cumulative electric energy

=
-8:8
=
O = @©
03 ¢33
> © © Y=R
2 5 | JY=B/M %= g Y=g/M
& < Qco
S O = 2%
€ Q T o @
= S o »
[SINs) g o
~ o 323
O O
Lcg
[0]

© ["weight of chip removal
Face Hobbing

J weight of chip removal
Drilling

Fig.9 Generic Function

(DContact Length

Contact Length L

Depth of Cut Z

Top Width T
Contact Length L=T + Z -1/cosa + Z -1/cosf

@Feed Amount Feed Direction

Feed f

Cutting Cross-
sectional Area S

(@Cutting Cross-sectional Area

Cutting Cross-sectional Area S = L x f

Fig.10 Calculation of Cutting Cross-sectional Area

a: EVE

b : BIHIR (& F 5 W)

c: B (M K7 M)
aXb : GIHIEEAE (% H = F 1)
aXc : YT fE (5 5 1)
bXc : GIHIEE (& F 5 W)
AL IEEN o

axXbXc:

Fig.11 Changable Three Factors on Cutting Process

z
=
3]
°

time sec

Fig.12 Cutting Energy on Roughing

=
w E
S 8
O <
2
25
© %

@ time sec

Fig.13 Transition of Cutting Cross-sectional Area

(Simulation)

HARIIZEH, - b kAR RS,

(1) AMLOBIMELSFigs5DED & 5 ik & 75 5 EK
EHELE, v VR T VIR TIREL, e
BEHIM OO H 7 R (Fig.11) I2EH L TE AN
3410 F 2t L, ORFHORREHROS K, @
ST, @M T1Y 4 2 LB OZBOF B> WTEE
fliL7z, 320,85 X =% (a, b, ¢) ZHVHL, ZD
MEEEEDETODINT A — X EPE LT,

(2) WIZ, 14 I LBDEIST 2 — 2 EOWIE &, FH
OB O—HEEFHG L 72, A5 &/8T 4 — 2 ED
YIialb—YvavyrurssagpR - wmHEL, vIa
L= g VESREFERO®E I & i - B L 72, 2
DGR, axce (UJHIWmE (KE 5 m)) ORE
(Fig.13) A ENEE (Figl2) LHEARDH 5720, Z
NEBIMTHRDINT A =2 EPE LT, &, ThUUst
DI8T A = SEDFIGTE I & &< ik -7 7-0%¢
L L7,
ZDaXcOWEOET T Y v o % H & & 5 Fal 48



No.28 (2010)

SV &%

Before Transformation

B e A Part Ak e ke Ak S e e

Cutting Energy

elctricity w

time sec ‘

e | |—N1 After Transformation
E e [ —

3 N2

3

k= ‘jf‘

©

<@

[0]

time sec
Fig.14 Transformation of Electric Energy

After
Transformatio

Before

Transformati%

—— N1
—m— N2

<

—o— N1
—m— N2

J cumulative electric energy
w
tive electric energy
w/mnt

J cumulati

J weight of chip
removal g

J weight of chip
removal g

Fig.15 Generic Function

L7z, ZOKAT [UIHIE] & [HARES 200 h v
A2 —DXDE]| O TER I NS, HALUTHI i R
(Imm®) & 7= 0 OEINEEHE T % Z O“Ft” (Fig.100@
WLEEHEAE) CTBRUTEH L~ (Figld) ., ZOREE, M
THHHTCEMEE T I L ER DRV E bR Tz, HAT
YIHIlrE A 72 0 Tk, LB E RSO 3L X '8N E
REINTEHY, WHERAETE -, Z LT, HEAKEDOK
%5 73 E 557 (Figl5H).

33 EERATFELRERTF

ESRTRUNHKREREL, 4y 2 —DURAAREE/ -
e KT B O ER E Uz, BREHERIII A%
DT A ME—AEBTFTEHHIL, ZOENSEL 2,

WITERER T, MIIC&k->THELS [T — FERED
Bl &, 7L — FHNTEICRET 2 [T E o
5o%| &L, WMIAENL, HHKRMZEN2E LTHA
L7- (Table 1), &5, 7L — FEERESIE, FEEIZEYN
T UBRSAEERES, 2 Ul U 720 ARFEBRISE S, T
Hy 4 — TR EORIRE 7L — FEFEE OBIRR % fifE
R B0, ThifFhid FhL 72,

ZOMR, TV — FPEHIM &35 2123210 S BRI
BARMEHOKRE ENTL — FEROBITEZIEL TS
AREVEA S <, BT O iR A e SRR & 2 B
ZEenoghroiz,

Table 1 Noise Factors
Blade Wear Blade Hight Step
N1 no wear small
N2 wear large
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Table 2 Control Factors and Levels

levels

Control Factors 1 2 3 units
A. Blade Relief Angle small large deg
B. Feed Position small | medium | large | deg
C. Feed Angle small | medium large deg
D. Cutter RPM low medium high rpm
E. Feed End chip 1 small | medium | large mm
F. Feed End chip 2 small | medium large mm
G. Feed End chip 3 small | medium | large mm
H. Feed End chip 4 small | medium | large mm
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Table 3 Weight of Chip Removal and Consumption
Electric Energy per Unit Area (Data No.1) .
1 2 3 P
No.1|v Weight of chip N1| 4.64 8.63 | 11.55 &
removal g N2| 4.65 8.67 11.63 &
J Consumption electric| N1| 257.47 | 391.75 | 475.89
energy w/mm? N2| 281.58 | 422.97 | 513.35

Table 4 Variance of Electric Energy in Each Section
(Data No.1)

-3 -
4 Py optimum O
present O

5 © e |

-6 ‘

7 - \. .

-8

>

-9 T N R I T T R R R g T T Y T T R SO N R R |
1‘2‘ 1‘2‘3‘ 1‘2‘3‘ 1‘2‘3‘ 1‘2‘3‘ 1‘2‘3‘ 1‘2‘3‘ 1‘2‘3
A B C D E F G H

Fig.17 Graphs of Factorial Effects SN Ratio

1 2 3 36 -
5 35 optimum O
o w N1 3449.1 | 5192.6 | 6102.3 present <

N2 | 45735 | 6633.1 | 83252 3 2:
S ,@@,.@M *e Q O.. O, O
3
HEhe 1 =4.64 +8.63% +11.55° = 229.33 (1 E= 2?
=4
r, = 4.65% +8.67% +11.63 = 232.11 (2) Bogg b
e e et e 1ol [lzla] if2le] [ifelal Jalelal [1lela] [1l2la] [i[2]s
207 f0 S, =257.47% +391.75% + 475.89% +281.58
N N A B c D E F G H
+422.97% +513.35% =967952.65 (3) . . o
Fig.18 Graphs of Factorial Effects Sensitivity
I L, = 4.64x257.47+8.63x391.75
+11.55x475.89 =10070.15 (4) Table 5 Results of Confirmation Experiments
L, = 4.65x281.58 +8.67x 422.97 SN Ratio and Sensitivity
+11.63%x513.35 =10948.37 (5) SN Ratio db Sensitivity db
(L1+L2)2 6) estimation | confirmation| estimation | confirmation
FeEOLEE) S, :ﬁ:957390-60 Present -5.19 -7.86 32.55 32.76
o Optimum -0.92 -3.34 34.2 34.74
L> L .
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Table 6 Results of Confirmation Experiments
Conventional Methods and Standard SN Ratio

by Conventional Methods by Standard SN Ratio
SN Ratio db SN Ratio db
estimation | confirmation| estimation | confirmation
Present -15.16 -18.06 11.57 8.73
Optimum -13.55 -17.32 13.08 9.46
Gain 1.61 0.74 1.51 0.73
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