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Abstract

The involute profile error after rolling depend on number of teeth, profile
shift coefficient, loading force and other conditions. The formation of the
error becomes complicated and it is very difficult to estimate in advance.
The main object of this study is to make clear the Kinematics of rolling
and plastic deformation on tooth profiles.

(1)This paper proposes a new method to evaluate the following characteristics
of the tooth profile by rolling. They are maximum deformation on tooth
profiles, concave error, displacement at tooth tip and pressure angle error.
(2)Kinematics of rolling are discussed in the relation between the simultaneous
engaging number of teeth on line of action and profile shift coefficient.
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Table 1 Gear data

> ] 65 N AR B E N = . 3 Tool{rack) York picce
7210, B ORAREAI D AL BIC O AE — ' .
> Ao ] JFo S s RN My = 3
BL7%, WEOBRELEETRIZERIVALE oo oot | ek 0] 2
S TR N . . o pressure angle 20°
dmax, {i¥Adsca, BAMEOHALES B LU oot it o m
20 2 o - =1 £ o P. 3, coefficient 0 102 ;04 [052i07 |08
FENABRESa  LTRLICRT, BROEH, Gonteel ratio 152 | 152 | 180 | 1.5 | 138 | 184
T h ot Qutside diameter 120 122 124 125.4 | 121 128
; iti Root ooth tip Cutter P.P. Hob Cutter. Pinion Cutter
Mea?gréngfpost'téﬁn 10 5 20 25 3]0 Materials SK§ $45C (as thermal refining. as recieved)
on time of acti - * S max * Hardness HRCAD as thernal refining HRB9D, as recieved HRG80
mm B v
S a Single pitch error 1.Oum Tuw
Before rolling MW\V ¥ Total composite error | LO0zm Mur
= S, " [} REE Runout 10un
After rolling = § \5 . Profile tolerance Pressure angle E. 0~4
(a) Standard gear for JIS quality class Concave E. 0~2
Heat treatment 850" - 2h  35° FWater Q.
600" - 2h 35" Air Q.
Root Tooth tip

Heasuring position
on line of action
mn

2 25 30 3

(b) Profile shifted gear( X = 0.52 )

dmax : Maximum deformation

dca : Concave error

5+ : Displacement at tooth tip
6 a : Pressure angle error

Fig. 1 Plastic deformation on tooth profile
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Fig. 2 Geometrical condition between tool
and work
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Fig.3 Geometrical condition viewed from
line of action

[ A % o v B & SR AT R T U WO D B iR
MR ERMBEICL > CHESL, M2 ZnFEHEE
MR L AR DWW LR L 72, ERICH
W22 O M E DG A, A REA0. 40T T
HIUTEATHEZ 7 27 HTH S,

0.8 P

[ ) g8

e FnTar
i Double-flank contact area
1 on rack tooth

F——

Primary contact side :
! Driven side

|
|

Primary contact side :
Follower side
[

Profile-shift coefficient

©
P

T

8
10 20 30 40 50
Number of pinion teeth
Experiments O : 0,0.2,0.4,0.52,0.7,0.8
Tool : Rack, P.A. 20

Fig.4 Contacting side of pinion tooth with
Rack

o

BFETIEINSLNDZ & #HE L TlEDEA
EHAE0, 0.2, 0.4, 0.52, 0.7, 0.8lcDWTHE
BT 5, 707 LR RE0.88 ) k& Wl HIZEA
HRAZR2Z 3P EEZ, EBNELS
okl o7z,

5. HHEEDRERE

R 2 S MIA A J19.8kKN D & ICk ) R
L& L TELNEEN—H&2R 5 10RT, E
B, BRI F N F SR - RO MR 2 T,
WHALZHBEHRMETH S, 1 EDEETT
o VEEEOL  F SRR 10pem O T AHHE
T3, WAARIIEEISE > T—HTh <, HBD
ol & WIS e T12~16pum & 4 B,
FIA 7o, EEROMEIBICHT - T
VIE—ICERT 5, EiEd o D IR L 254,
AL ED L, ORI TH20em, KB
SUWTHI TL0um X 45, 20X & F T4 7l
HORESHBEN 0 ZIEE NS, 7 5 v 7l
ETRESENOKYIELICE L ZWE v FAMED
CIFAIEREA L 20pm & 70 % HiKE & U H Tl o)
MiAAR(E 1 @ H OB L T & A S
LTy,

Root Tooth tip
Line of action 10 15 20 25 30
o
Before rolling & max
Driven side  TZ-zizigsmand "_'_!_-__ N

2 7’////57‘7‘%" EZEN

No. of cycles 5

3 1
Z 20un
z// £ P =22 I
Follower side N s _~:‘ Sl b

;o

1 /’il'
Before rolling & nax

Driven side

Follover side

Standard gear, loading force 9.8kN, S45C as recieved
Fig.5 Tooth profile
KIZ, SRR %0 . 520 B B % B e A A4 779 . 8KN

THDRELEEL THELNERO—E 2R 61
R, ZOEBRIZHGIHRBHITEIRM & FEH T



FiAs - &

b5, HRHEHCIZSHE,
T, 7 o+ v T o R geEIc ZO#m D
CIFADREET L, TAFEREOEDELIZ
4%wm~%ymi?#kTéoF07>M@ﬁf
I3, Wk L WIS O—EIC Ao EEEO#AT
L7 W“K’y}ﬁ HY, EIEBEVRETSL, 74

1 EOEET R )7

v 7 M T A A RIS OR R L BT
TS, BRE D TIEE S # YKL T
/J\f- Vg

—0, BEMOBE, B 7 BT HA A

WITEEA S MM D RL 72 & &
BRI TR b m, TR OumEL D, T3
o 7T OMIA AR T E L R O3
THI2~3pm &0 505 WP RETH10um &
), UXEDRET D, ZioDRERERIO

WM D5 & bl 4 5 &, R Rifio (i13a
NSy, AARIZ I TS ERW T

2 M G Tlop m,

TR EDRIZBWT, WIZIZMARNIZIEELE
Thbd,

Root Tooth tip
Line of action 15 20 25 30 35

am Before rolling

AN

pn e N W
i / /’777,(/;&
7 5 1
No. of cycles /L&/

</
. \/'/\(\(Q/z//’/ SIS % l//

/,u/_u

\Before rolling

(1) P.S. coefficient loading force 9. 8kN
S45C as recieued

Root Tooth tip
Line of action 195 20 2§ 3& 35
mm j ) i !

Driven side

Follower side

(2) P.S. coefficient Loading force 9. 8kN
No. of cycles 5,S45C thermal refining

Fig.6 Tooth profile

6 ¢ EEGED R & BRI O Tl 129

N N B AR iy N YA R el g
BLEOWARBGDGHEEDP L) B> Twd, K
WZHITZE RO R BT T AR & TEMHA A
J1, $RiE EE o BGR & BRAEIC T 3 2o iiERIR

F—iﬂﬁﬁ%%ﬁﬁ“’ﬂﬁ%ﬁﬁ“%

IR ENG A DN TEE L E BN
Q-ﬁxa@éikwx.iug@@;}ﬁ:%fﬁ’% TEMAAN
139.8kN, i FH L 72842 S45 CHHilid TH 5,
smaxii FY 7 iMem, 7+ 2 7@lMHEs Liclz
BEESEELASAETL E5ICHRT 2HIICH
b, ScakdridEiEEE 5 B Cli3—E i

LI ALES, TR wWBMBO IR
HEOREIcE T Y, EEOB )R L EE R
LT Edmaxh iz iiind 5, Lizd-» TR
DHEERITRIE S BTIT 9,

4m
40

.

©
g5
z° o
8 o & max
S 220
g© |
(] [e]
2 W 01 = e —
g EQ_L::——————‘—““‘—‘_
o ° ! 5|Ca

0 1 3 5
No. of cycles
(a) Driven side

.

©
= -

[}
= S
=
s
]
=
o ©
=]
(o]
o
o
own
<)
—
[2 99

No. of cycles
(b) Follower side
Standard gear, loading force 9. 8kN, S45C as recieved

Fig.7 No.
deformation on tooth profile

of rolling cycles and plastic

6. FMEEICR

8/
=

X 8 iZHiA A& 6 max, & ca,

FIEafrfRl, TEMAKDOD

I TSR



130 Wk E (T5) $B22% HF25% FHSHELHA

—

BB LR, LEAANIZ9.8kNTH B,
HAA R N 7o fEE S 7 4 o 7l T3
W) Bl o 2R ERT, P77 MiEE TR
BEARE0.4 5 D/ E WRE TlES max> dcaTh
b, EEAREH0.4L 10 KEVEHE TIE max=
dcake V), Smax»BL T, Scaldii k¥ 5,
ZHEESTIFANEE ANV 5, 71 2 7l
W TlEdmax> dcaTh ), St AL LU\,
IR, WAL RS max, dca, &% WIEKIE
DD b FHE T 556101, AR wEL P
)7 RIETH O 8 max, Sca, & rICEHEICH b

Z)o
4m
40
. |
«w o (3
530 7N
S Peo
><- o °
éggo Sca —
s .
IS oA
=l T
S0 \m a
E
=y Ay

0 0.2 0.4 06 08
P.S. coefficient
(a) Driven side

anm
40 o
- | T
“«©
< 30 ° o T
i °
© / ° \6 max
o .
g :; - :
“©

oo
=
x\}.
3
e
.
g’
(=)
[¢]
I

Plastic deformation

]
O— _2 & 4 701
0 I N N B
0 0.2 04 06 0.3

P.S. coefficient
(b) Follower side

Loading force 9. 8kN,No. of cycles 5,845C as recieved

Fig.8 P.S. coefficient and plastic deforma-
tion on tooth profile

1. 3¢9

f EEETHLN L EIRICIE, abHwE Y F
FAHED CITAELIENAREVGH L, TRHLDH
EOREBBIIEETHY, BREOREFERIZ S
CHFRELIZ L » THRET SN TV 0545 12 1F
HI Ty,

AHFFE Tl E IR & BRI FHE§ 5 7212,

EEMROFMELREL, BRENRMFEL LT,
E RS R B W S AR R TR
LTRRETL, #BRED SRS 2RIz
T HMED DDV ER G AR HEEL 2,

(1) #2EH o FEf kN IRSR

BEMZICH LN S HRN T EREE» L, 4
DFHliE E M UEBRERE &2, 2OFEHE
B3 B KIAA &S max, {ITASca, WEMED
AL RS, BHEESaTH D,

(2) oMMy LT, BARKR mHeE
2 I2BAEDED A H W S BDELDEIZ D
THRET L 72, FoodESR, #hn T8 oW Ar
RIS L » THRICHA S D HEDPEDL ), KDL
b, TEIET 72 B THEED W

220548,
LI ITAEEe Feio b ) Wi
X <0.4 7 4 a7y
X> 0.4 B 7
(3) EEMEOFTME T EARERIC L - TES
ZEERERBRICL - THLIIZL I,
LIRS A 2 &
X <0.4 BT e
dmax> dca, or> 0
74 a7
d max> dca, 6r> 0
X> 0.4 B 7 e
dmax=dca, dr> 0
7 & v 7
dmax> dca, 81> 0
b4

1) FNERIIH» . st BITESICET 567
78, HAEHRFamCE, 43, 375, (1977)
4327

2) RIGSEHRIIA | = Lo SR, A
BemiseeamordE, 43, 365(1977) 359

3) RIS SEgE oM RiEEc BT 5 diEs
EOFLEEE (B1H) —wEN(ITADNE
R, RSB43, 54, 1(1988) 139

4) MIRVERZ, EIES | PHEOM FEEIC B
T AWIEBENSERE (B28) —ENA
TSR, BB %44, 55, 10(1989)
1839.



5)

6)

7)

REAR - wd e RO R L s R i 131

RS =, IEIES © sl B AR L 5
WEOL RS (F 2/ —INTHE, 5%
TE4E, 56, 11(1990) 2105.

AGMA 109.19(1968), Roll Forming of
Gears at Ford Motor Company.
FEANEC =, URIES | s&fl e ARIc & 5 F

WEOE FITEE (B 18 —INIIEE, B
WL ¥4, 56, 3(1990) 563.

8 ) REMAMEZ= @ SEEEE T O M OLE) T

FAZEIC BT TR, R AR, 54, 7(1978)
1334.



