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Design of Safety Factor for Slip of Half-toroidal Variator by Dynamic Behavior Analysis

Mo woOmE R T [E O NI I
Masahiro TANAKA Toshihiro SAITO Koji MIYAMOTO
= = ABSTRACT

IN—=T a4 2N T — & OBIRERME &R S
72912, WIMZEIFIICE > TZD NI 7Y a VEREE T
W 2 M AR L2 AFBRICENT, NV —-4DFE
FIAITIIEH T OZIBOWMULE T A HHTE 2 X5 I1CH
FREREARH L. P92y 3 VHilZBTI 552 3
VI — FOXAWRHEE KT 2 728, 4 & a5 %
IR A& A U C IR E 7L OB IS v 2. v
SAHIEIZIE b A ZoN ) T— & OZHFFLIZ DWW
T4 = FNy ZHIEET L 72, 208 AW ToN—7
FEA LN T —ZD Ty 3 VRBUZHTBE ) >
TROENZERNZTIT 5 Z LT, TOREREEFRE
FTHIENAREL BT,

In order to determine the power transmission
characteristics of half-toroidal variators, a dynamic
behavior analysis technique was developed to predict
the traction coefficient. The approach uses the finite
element method so that the elastic deformation of
the parts in actual operation can be reproduced in
variator modeling. As the technique reflects the shear
characteristics of the traction fluid on the traction
surface, frictional force was identified based on a
four-roller test and used for the contact surface in the
behavior analysis model. To control ratios, feedback
control was applied based on the shifting mechanism
of the toroidal variator. Using this technique to
quantitatively predict the change in slip rate for the
traction coefficient of the half-toroidal variator allows
for the corresponding safety factor to be established.
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Fig. 1 Cross section of half-toroidal IVT

3.5 T
o Reverse ! . Forward R
‘§ 30 F-g----2d--cco--- [ [P et
1 1 1
2 \ | | i
g 25 ___-‘___1 ________ | ey i’ S
3 1 GN point | :
g 20 p---- NAm Sy SRR
8 15 f------ ¥§ ------ S SRt EUTTEEEE
a 1 1
R S— N /. LR
= o P\l i_Mode change point
T 05 F------- -V A [,
g | Low mode & i High mode N
0 < [ | | rd
-0.5 0 0.5 1.0 15

IVT speed increasing ratio

Fig. 2 Relationship between variator and IVT speed
increasing ratio

Fig. 3 Double-cavity half-toroidal variator



EEFHBEMICLZN—T7 FOSEILNY) I —2DR ) vy TRERKET

Hxhs Ee—F4 v ¥R M VIck->THREINS
WHIZ&D, ST —a—=FBANT 4 22 EWNT 4 22
ICHEEh RS NlEdT 52 & T, Fig. 5IZRT &I & ML
o7 ua—"TCTHETIMeEEh 5.

FaA ZAISY T —ZDL P HIL, 28T — 1 — T EdlE
EHTCrnenOlEETT ST & TELEE 5 (Fig. 6).
FBATITF 4 22 LSy —a —F & OBMEEE, i
W4 22 Loy —a—5 L OEilbsEETH 5.

2.3. TREHE
Fig. 7i2 b a4 2N T— 2 OERFHERT. 22

Thrust bearing

Trunnion Output disk Power roller
! Loading piston
Input disk - N -
P ;; ;; Input disk
[_ﬂ . i I ‘

Input shaft

Clamping force

LiJUE

Output gear

Fig. 4 Cross section of double-cavity half-toroidal
variator

—(— Torque flow

Fig. 5 Torque flow of double-cavity half-toroidal
variator

Output disk Input disk

Power roller

(a) Reduction ratio (b) Increasing ratio

Fig. 6 Relationship between ratio and contact radius

TV EANT A 20, V,, 374220, V, 1337 —
O — 7 D&M 2 A FERE TH 5. Fig. 7(a) D
T —a =7 OHEEAA AT T 4 2 7 O g
A oFmbicdreE, v, LV, OmE L, 8
v —0— R HlEe L A IRERIREL & 5. Fig. 7(b)
D&Y —a—=F &k yliFANbTIIE Ty b
XHBE, V, LV, OFEIZENEL B, ZOEICEDIH
SESFRIOEBR I NAE L 5 Z & T8 —a — F A iz E S
LAY, ZHREICRS. A7y b2 EIZRT L,
fEEEENT 2 2 TIEF DEFE L A DREIZA S, WDk
FHZZ R S E 2 WA IR ISy —a -5 &4 7
Yy M XHD.

T —ua—=5DF 7ty MK, T =KV NEBIZERY
FHEYZ b Ik ->THTAS (Fig. 8). 2 LYo |
¥ KONERIS Z NS IIMIE Py P & 52, BOEANC
HREHED LB Py &, WHIZER 2 L 2P,
AN E5ZLTIENEEASZ, PI=F v E LTI
.

Disk rotation axis

—
Rotation

Power roller offset]

(a) Steady state (b) Shifting state

Fig. 7 Shifting mechanism

Trunnion

Fig. 8 Shifting piston



Honda R&D Technical Review

Vol.29 No.2 (October 2017)

2.4. B H=EE

Fig. 912/ =7 b a4 XA\ T — &% QB SEER
P (M-Slip F#E) O EX 2R3, =7 ba g 2N
I-2Dr5 v vavFEMEL, R (1)DXI T
®75.

TL‘ av
M= (1)

_n'rl'FC

ZZCT W B3F vy T4 H720DEENLY, nidF ¥
Y54 b0 —a—F0Off, F i3/ sv—ua—3¢&
ANTF 4 22O ch 5. X (1) OBRKD, B
FILZIZH U T IR REL £ 51FE MO/ <
%5, O FOIARES 2 i TRl e -7 1 v

Maximum M

Micro slip range
1

Ml N
K >

1 Gross slip range
1

Variator traction coefficient M
c
@
=}
«
<

Slip rate

Fig. 9 Traction characteristic of variator

2K BN & o THIBHT 5. {23E b L 21Tk LT
BHIHARET B EN) T =237 a X2 vy FIRREE &«
DML IEENTERL KD, — B AN %25 % 5
ZEREEDROM T 2L ZeBHENTNE YW, | 3
2 aY K4 TERLER, POEEDERL LT S8R
Wik, HERIRREICA DY OERAE & < il & 32k X
BEBERH B, Thbb MORAMEE H 55 CoilliEL
7o BT, 2 OREREEYNHER L ZRETN) 2 -4 %
ML L 2 AU S e,

3. 5 VWEHE

IN—=T baA ZNNY) T — X OB SHEER A PHIL,
TaAZN y TIIHT 2 REREEY IV —Ya Vitko
THET B0, UTOEBEZHEICHRE B I k7.
(1) b9 27v 3 v Ih—FORAWHMAZKBL 723

I — & W2 W AT OO R
(2) b5 2 v a MR M SARENEOBEFROE R
(3) 32y a3 VIRID A Y VIRRED WAL

4. \—7 hOA 2N I — 42 OENEENRRAT AT

41. 573> 70— REEORTE

NI oY a YT h— ROBAMREEY I 2 —va Y
I 3 7=, FEHIME A RIS EE & k5 Z & > /2. Fig. 10
729370 — FORREANEE ¢, [MPal & T

T {HPa)
20'0 1 T T T T T T T T T T
10% 76
4 & pointe 7 polnts N
ar it
L _ L
16.0 L 5o 0-H 3 0091 |
[o1e4 0,987 =~ 0,982
int
12.0 L potnte |
= 0,059
o 0.943 T
8.0 L 4
4.0 L 4
& Ax x X e
0.4 6.8 1.2 1.8 2.0 2.4 p (GPa)

Fig. 10  Limiting shear strength for lubricant No. 9, traction fluid, as a function of pressure and temperature
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Table 1 Operating conditions
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Input torque 300 Nm
Variator speed ratio i, 0.430
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