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1.1.2 HEZR#EEOBLR
LIRS, BUEABEICHER SN WD ER AEE g E ~ T
(1) AMT (Automated Manual Transmission)
FE)Z HH(MT, Manual Transmission)D 7 7 v FH#AE L ZHEBEL ZBEML L7 D TH D
7.

(2) DCT (Dual Clutch Transmission)
MT D2 2 T B L BB L 12 EIL, Hx DA e oD LOMIZy 7y T %
AT TABE IR o TN D DL BHERECIX AMT ERERICY 7 v THE & EBlEE L 2 A 8L
LTATH.

(3) AT (Automatic Transmission)
WERWHEZEEMER L, AT, 1), r— A2 GO ABEEMEBREEIL7 7 v F TORE,
75 FBERINRATH 2 LIC R D FEHBEZETND .

(4) CVT (Continuously Variable Transmission)

(H~Q)IFEHEEZHNENBEVEENC L AEFHETH Y, ITEREEIC L 2EFHETHD.
12 IZ2CVT BEOAT v 7 AT OFH A — v Zopmd . MBART L9, —fRIC AT BT,
(FIRENSINET DR 7 P F = PaTH L, UV UDOREEGDER LIV WD
LEEY a7 EMEHIN AR AET H I ENMBALTND O — I, BT g v 7 D%
AN L0 ABEORECITEEDNK T2 D2 Lnn, 2oL ) RS & K L2 #ig 0%
HENEEZFERL DDA L—RIZT H72018, MERICEEHEELTT) Z Ik EdY 3 v

EMEIZTE D CVT ORFEBRED Hi T2 (X 1-3).
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Fig.1-5 Schematic view of Toroidal type CVT system. 35
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Fig.1-6 Relationship between speed ratio and contact radius of toroidal type CVT. 4
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Fig. 1-7 Schematic view of V-belt type CVT system.

Fig. 1-8 Structure of chain belt.>?
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Fig. 1-9 Structure of metal V-belt. >"
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Table 2.1 Dimensions of pulleys and belt.

Pulley diameter [mm] 50
Pulley width [mm)] 150
Belt thickness [mm)] 1.5
Belt width [mm] 20
Belt length [mm] 650
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Laser displacement sensor

- L N e

{ & | Tension adjuster bolt

Fig. 2-1 Apparatus of testing system.

Locating Pin

Base plate of
driving pulley

Fig. 2-2 Locating Pin for rotating base plate of driving pulley.
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Battery

1118

Fig. 2-3  Acceleration sensor and battery mounted on the flat belt.

222 BEREM:

AR 2 R 2-2 1 ORT. BRE 7 — U OFEEEZ 10rpm T—E & L7z, 22 TR 24 (R T &
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AHENI AT 74 A Mo LER L. 7o, WE 7 — U Ofi23 K51 E Y O 7R3 50
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NIRRT I7A A Mo EEB A E2BE 7 — ) ZB# S E7-. 22T, ~L hOHFLHIRO Y

JEREDSX 2 OALEIR D E 2 DENLD Y FEFE L —F 2 X 512~V F OWIHINLE 23R E L.

Table 2-2  Test conditions.

Rotational speed of driving pulley [rpm] 10
Angular misalignment of driving pulley o (at f = 0[deg]) [deg] 0,1,2,3
Angular misalignment of driven pulley B (at a= 0[deg]) [deg] 0,1,2,3
Initial belt tension [N/mm] 15
Distance between axes of pulleys [mm] 250
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I 1

! Driving pulley Driven pulley

Fig. 2-4 Illustration of pulleys with angular misalignment o and f.
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Fig. 2-6 Magnified view of flat belt.
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Fig. 2-7 Relationship between displacement in width direction of belt and moving distance when
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driving pulley had angular misalignments £.

29



B2 HEHNAEIRAT IA AL BT 57— VX0 ERE SN BB~V kO R F 2 —Z8H)

2.0
1.8 || A Driving pulley a

1.6 & Driven pulley

1.4
1.2
1.0
0.8
0.6
0.4

Skew ratio Sr[%]

0 1 2 3

Angular misalignment o and B [deg]

Fig. 2-9 Change of skew ratio with respect to angular misalignment.
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Fig. 3-5 Schematic view of testing system.

Table 3-1 Test conditions for measurement of strain of element in clamping direction.

Rotational speed of driving pulley ~ Npg[rpm] 5.0
Speed ratio i [-] 1.0
Clamping force of driving pulley  Fpgr [kN] 7.4
Clamping force of driven pulley ~ Fpy[kN] 6.3
Limit torque ratio 7 [-] =0,0.2,04,0.6,0.8
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Driving torque meter
and tachometer

Hydraulic
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Hydraulic
pressure

Driving Electromagnetic

Metal Driven torque meter
brakes

pulley V-belt and tachometer

Fig. 4-1 Schematic view of testing system.

Table 4-1 Test conditions for measurement of strain of element in clamping direction.

Rotational speed of driving pulley Npg[rpm] 5.0
Speed ratio i [—] 1.0
Clamping force of driving pulley Fpg[kN] 7.3
Clamping force of driven pulley Fpy[kN] 6.3
Torque Tpy[Nm] =0

ZZC, B i I3ACEh R R ANy kT 2 BREN R RIER RN p DA R L, KU LD EE

L7z,

=22 (4.1)
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Fig. 4-2 Locations of strain gages on (a) front face and (b) back face.
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Fig. 4-3 Element with attached strain gauges.
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Fig. 4-4 Data logger mounted on test belt.
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Fig. 4-5 Test belt set on testing machine.
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Fig. 4-6 Schematic view for measuring displacement of sheave.
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Table.4-2 Test conditions for measurement of displacement of diving pulley in axial direction.

Number of pressure condition

Clamping force of

driving pulley Fpg[kN]

Clamping force of

driven pulley Fpy[kN]

Torque applied to

driven pulley

Tpy[Nm]
1 5.45
2 9.08
3 12.7 30.2 =0
4 16.3
5 20.0

Table.4-3 Test conditions for measurement of displacement of driven pulley in axial direction.

Torque applied to
Clamping force of Clamping force of
Number of pressure condition driven pulley
driving pulley Fpg[kN]|driven pulley Fpy[kN]
Tpy [Nm]
1 7.26 7.13
2 11.3 11.2
3 15.3 15.2 =0
4 23.6 22.7
5 30.3 30.3
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Fig. 4-7 Change of strain of element in clamping direction.
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Fig. 4-8 Radial displacement due to deformation of element.
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Fig. 4-9 Radial displacement due to element deformation at winding (a) Driving and (b) Driven pulley.

BRE) " — U 1 H 0 0-50deg, 150-180deg TIET L A > M DIEF AT LD ~UL F& & & 4%
XA U, ER AT 2N R oz, 72, /B — U @ 0-50deg, 160-180deg T
TV B E A E BRI L, LTI 2R Aoz, =LAy FOERIZK
VUL b OB X fF BT U COER A AN IIERE) L O 7' — Y o A QAL Tidvh &

K0, FHUSNOHEHFHTIIRELS RDZ LRGN oT-.

65



H4TE &RV b AR EEOE S & LTS = VA D ORI AT O 8

432 7=V OWEDOZACITHE 5 ~v R AERTT M ZERL DAL

T— VN FZEL LT, £7— U O ~Ub MEASABNLE(0deg), ~UL b & A& i
AL (90deg) 3 & UL b It A BN [ (180deg) IC 31T 2 AT B o — 7 8B L OEE > — 7 Ot )7 1)
EiraEnNFhEHLEZ. K410 (ZFNETNO—T Ol REMNMEZ R LEbESZ LITLD
JRPTE 72RO B DB 2 FH L7k R 2 <3, X DR OFLEIEBRE) 7 — U OIEN, DN O
FLAIIEE) 7 — U DN ERT. 7235, 431 Hi & AR — VI ET 2H IR ON Th 5 & &
DFEfLZ Omm & L TR L., BEAMEAET ThHho THE Y — 7 OUERH RN SHEH LI2&AL
BEICBT DRI —ETIERNWZ X ootz T7bb, W7 —U O 0deg (L& Tl —VU D

TR X T L, 90deg 35 X OV 180deg (& CIIIHIRE XI5 = L BN h-o 7.

.. 0.06

= B Dbr O

2 = 0.04

z & @ DN ¢
= 2 0.02 0

£ ]
S5 0

%J gjmz.

C 0 30 60 90 120 150 180

Location angle of element 6 [deg]

Fig. 4-10 Change of width of pulley groove.
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Fig. 4-12 Radial displacement due to width change of pulley groove at winding (a) Diving and (b) Driven

pulley.
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Fig. 4-13 Radial displacement at winding (a) Driving and (b) Driven pulley.
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LWL G, FEHELRMDIRY =LA b OZEEBHPEITR O~V - OEBHT KIET BT
ISR TV, 22 TAETOMIEAEMNEZ, ~L hOBERORETH L E Y FAX 5-1)O
B V7 OIS b ZH 6N 8 & L.

ARETIE, ~L b EIO#EEE 2RO T oo A MEER V -~V MOHARIAR, &
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IMZEEH> =L A DYy FAHOELE AT

Fig.5-1 Inclination of element.
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KRBT VT2 B TR O 2 (X 5-2 ([T~ T. ALEE CIE, ACE—F TRAESELE)
ZEREN NS CVT 2= &/ L Tt ~MmiZ S8, B J 2 BT L—FIC L RIS E 7.
v A —2 L [RlEEO % 2 BREh i, 1EEhfih = 2 ERE L, BREdEL, fEEhih b v B L
EREhh, TCEhEhRE AR L7z, RS AR 5-1 IR AR TITIEL WREL T 5729
(ZERE G O [l 2 AR D Srpm & L7z, @REEARIC L 5~ M XV — U OESFEA B
L7, =y FROJ/EMEIC CVT WMIC K @2 To72. Ez, WEZ AV THRE)EIHE )
o L OEENIHE ) 2 EH U7e. Bl OB 2 ZE S 572018, E1T3RER 2 BRE) 7 — Vi

# T =R B FHF TR CHT > 2.

Driving torque meter
and tachometer

| Driving
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Hydraulic

Hydraulic psesre

pressure

Metal Driven torque meter Electromagnetic

pulley V-belt and tachometer brakes

Fig. 5-2 Schematic view of testing system.

75



FHE &RV L NRERZEHORE MV OEINIES =L A v ey FADEL

Table 5-1 Test conditions for measurement of acceleration of element.

Rotational speed of driving pulley ~ Npg[rpm] 5.0
Speed ratio i [-] 1.0
Clamping force of driving pulley  Fpr [kN] 7.4
Clamping force of driven pulley ~ Fpy[kN] 6.3
Driven torque Tpy [Nm] =0, 10, 20, 30, 40, 50

Z 2T, BEELE i I XCENEEREY NDN (X9 A BREhEh RS S NDR oz FR L, KkXRITE Y E

=2 (5.1)

522CVT = L A > h OIEE OHIE

AV R EET AL AL M T FUIINMT U235 L, IEEREHT L A > & /ER
L7z, Zox LAy SO#R EEIZ 3D 77V & 2 W TRYE L 72 r — AT S L7 ind B =
DHEREL, AVIEDTLHI LR, UL b RICEE L. B 5-3 IO O R D E
Y. =LAV NOEITHIM % x IR, BFmE y FEEE, BT HME z JEE L EE L. K 5-
41 W Lz 2R d . RBFZE T, 1K/ A XD 3 il & > 3 (Analog Devices
ADXL355)3 L OVt o H(CdS cell)D 2 FEHE D& >3 2 -, JIBEE & o3 TUL b E RO
T LA FOMEEZREL, Jet TV NI bR tEN SO L—Pt e L.
Yo7 T EMEE 100Hz & LT, Fiz, K 5-518 o TR D L— I E R o8

e ZONERREZ T, BV RREE) 7 — U OADIIAE U7 R n TR 2 B As L7z,
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Optical sensor 3-axis accelerations
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Fig. 5-5 Acceleration sensor mounted on belt.
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5.2.3 JNEHEEDOHE T — & O AL
T LAY P OINEET — Z IR BN 72 E DRk & 72 ) A ARG END. AFRETIZZD
A X% R 5 72 9IC FIR(Finite Impulse Response) & F\\ 7z m—/X 27 ¢ L Z(LLF, FIR 7 4 /b

YW VT FIR 7 4 V2 IZEBBEKEHONIZBEFETH Y LLTOXGO)IC LD EREND.

N-1

y) = ) x(n = OR() (52)
=0
T, x(n), ym)E IO hE)IXENENAT) OBERRERIE S, ) OBERREFGE S, B X OE
HBAEAERT . FIR 7 4 LV Z DREIZH N DBREBOETH D F v 78 & HWTFIR 7 4 V2 ZAF
T DBRIEHH OB R CREREADAELD Z ENMOBNTND. £ 2T, AR TITZEDOE
PN L DB LRBT DO DEBDIT DT A—=FFERET HIoOICEBBEEE Az, &

BB I LRI A Y FRBE BN TV DN 7 B ZEA LU T OX(S.3) & Hv e 2.

n)= 0. 4’ 0.46COS

(0<n<sN-1)

5.2.4 ODANEREE RSy DR

LAY MRF— VP TEEA I, =LAy MIEEEES S 720 MR SMU T
WONEZTH, TSI =L A2 FOYERF AT OINEERE T D70, =LA D
P72 2B X D IEE 2 BUS3 2 7o i DI Ry 2 BRET A MER S H. 2T, 7

— VIR CoOm ODNILEE 2 F T 5 =Dl OINiEEa,, L FTOXGS.4H)TER L.

=rw?=r (%)2 (5.4)

acen
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ZIZC o o BEONEZEENEFNTZ LA FOBREFEERE, =1L A0 bolEzAEER X

BT = ~DBEEAEREOT LA MR ZF£T.

5.3 WBRAE Rdo L OB LR
5.3.1 ~UL h O% X fF X EUHR

[ 5-6 (ZHEEEE I K 0 HIE S e~L METT MO L A > FONGEEZ 7. ’Po
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ENFeT LAY FOIEEIZITL FOEFEREO = L A 2 M2 H B ANEER S N E Eh
5. 22T, TR TRGS) 2 MO CGREMED D RIZBREETOT L AL FOE Y FH0,,

R L.

—Acc,

g — (5.5)
’gz - Accy2

Opg = sin™!

ZIZT, EBENCE A VA RARELNERELTEMEEORE IIFENMEEOREITHD
g=9.81[m/s2] L FHE LW ERp LTz, F£T2, Ace, B X DAce,iTT L A 2~ D 2 W51 ONNEE % %
R

B 712G EHWTEE LI~V M 1ESTOZ VAL FDOE Y FH0,, DELEZ RS, XIR
FiEEEK 6 LREE Liz. 22T, KH o DR OFEIEEEE 7 — U OIEN, DN Ot S I36EE) 7
— UV DOENZRT. E72, DR XU DN OHEPAUSDONLEITL b OEEICHY T 5. X7 23R

FTEoIZ, v MABFROERNRYE Y FH0,, DOEACITART 0 22 LI HE 5 B 28 5,
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Fig. 5-6 Acceleration in travel direction of element.
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Fig. 5-7 Change of pitch angle of element in global coordinates.
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Fig. 5-8 Orbital change of belt with respect to transmitting torque.
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0=—06, (Driven pulley) (5.12)

6. + 180 (Driving pulley) (5.13)
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Fig. 5-9 Change of pitch angle of element in local coordinates.
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