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TEEND. 22T, rXHIENER, a, EH LA THE. HEAO—FiGEHIZY DY — KL,
I, BT EARED D
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W, MIFRICES>CTPENEELCND. ZONEF, L35 EHNF, 1T

T,/(r, tan(a,,, )) < F, O & &

F,=F, (2.7)
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T,/ (r(, tan(aca,,, )) >F D&
F, =T,/(. tan(e,,, ))= 24T, /L, 2.8)
Tho.
3T —nm—F CVT OERmMEF W OM LT Fad, &8s L TEssid e L
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F

Ezzﬁg (2.9)
TERIND.
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T,=T,/6 (2.10)
LD, Ik, —HEHhE CEESEHSNEEMST) F, T

F.=T/[n=T/6n (2.11)
ErD. Fim, FEHELIZBWTHKREE SNHM LT N F, 0T
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T, FYETARDIEFYET AT ALY bk ZHWTRTEROLIIZERTD.
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TR, ZEEbx
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" 1+ k,—cos(26, - @)
Thod. NT—a—TFOEA ) SEIEA g DNELVESLEIT L THY, ¢>0, DEEE
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I ERQIRATDE, A FRY v 7T Fl
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LRIND.
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ZZT
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EETENTE, ZICLY 48— NFAEESEORBIE x, 1%

X, =X T Xsp

2.34
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D ZOX D ICARLEGIEEEL, SV —n—FD4 Ty bExy MM g, ET 4 — N
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I THELERG LI b x, RRE X, & 0 ICEEILRODIINT —a—FDF Ty MEx &
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Xy =K, (4 -6,) (2.35)
IOLEDONRY—a—T OMRA 4 1 TERETHY, Tk BEHEEEA ¢, EBITHDOT

b,="5 16, (2.36)
Kf

ERTIEMTED. 6T 4 FR— FHRHHIFRORA Y —TEN xg AT DD, /T —
0—Z 0 BEEIEA ¢, Z AT DHIE EEMERY, TS KD B — RN D L.
TOEEY— RIS —n—F 1 OF Ty My SHEEEH g, OBDT 4 — Ry 7
WTH D7D RT —a—FZ (RN B2, WE, 6 DORT —a—Z [ XEEEOTIR
L TCWD I DBERER), /-EMAER 7y MER) BTFH L RDZEELILNHDT
TARTONT —1—F 2% L CRBEOES 2K,

{HESESR) : I+ Bd=K x (2.37)
EARES) © M i+ Bi+F,=4,(p,-p,) (2.38)

MALY ST TWD ERETE,
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(2.39)
EBLIENTE S,

LML, RERIZIZE ATV —o—J [ 3&%~x OEBH TR > TR Y, HER SRR L. £,
1 EEEBAEET D L RS2 R 2 L3NS TH Y, BERZEE R DN D TN 5.
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NU—a—F 52 FZRTHHET D &% 4 R— Ml CHIET 2 2 & TT—n—F OfflxR
A % 19 2 ZR B ISR DR ER S & sk 8O, BB EMEIZ DWW TR TH L. ST OFEE
RS, MEOELEIT TR TSNS LT, B ZERD.
WE, SLT ORERIEN,
0, = kqxv ~k.p,

(2.40)
7LCE\LQL :(Q1 +Qz)/za Pr=pP,—P
&) o B EOBEE ORI,
dx V, dp - R
QI——C,I)(pl—pz):APE-k;(l-'?t'- (VU FEL) (2.41)
V., d L
C,p(pl—pz)+Ap£]—{=Q2+—2‘dp2 (LU FE2) (2.42)
dt K
F7-v ) oA OER R,
d*x dx
A,(p - p,)=M, B F (2.43)

ZZRERQAND C,(p, — p, ) IEE A N DR OWWILVIKEZ, (V,/K)dp, [de FIEREEC £ 5
TEENH ORI b 2R T, £, K HOEBEMMESRE, 1, 1,
S < TEPEE & & MBS TR D

VU UENRRMITICH D E X BVEVEV, 2 VI3 X ORKE) LERITH0T, ik
ORIZ

VU UK ERE, MBI v

—C{E‘}—C Vl dpL

=4 +— 2.44
QL » dl //JpL 4K dt ( )

FRENL x AIKET DV U HENL x & OBRRE G 2 A EEEEIEE(2.40),(2.43),244) 8 T T A

ML CTEHT D L,

k ~ Kk 74 n
LX,-—%|1+——s|F,
N 4, A 4Kk, 1
X = : e (2.45)
VIMz 2 kceM/ B1M1 Blkce §
58T+ =+ s+ I+——=%
4KAI, AI; 4KAP A;,

I, XX EENENxx, DT T T REREIRL, k, =k +C, EFT. RIS
BB L VT OEINRERE ke 130 S<, LIRS TBA, /A K1EBTFHDT, S Fpidiz
WIS, BN x, &V U TR x OBERIIRD L 512725,



X=—". . (2.46)

w, =, |—*= 2.47
h VM ( )
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k., |[KM B v
Sl (KM, B L 2.48
é’h A[) I/I + 4 AI) KMI ( )
BB, EAABEE o, EBEL, ORE SOREITIE, F—NEEOISEN & ZEERZE AT

AT,
ZITC, AIE LD AEE x 1

Xy =Xy, — Xgp = Xgp — {K\,x +K, (¢ -0, )} (2.49)

£z, NU—o—T OBHEREE O GO HEANT

I$+Bp=K x (2.50)
TRTENTED., 2D LY, VI EEM (7Y &) x &RV —u—JHiliEf gD
Bk, AN x, & NT—a— TGS ¢ ORI

o 1+BY (2.51)
KX
K (I1¢+Bd)+K K, (p—0
X, =xg — (19 +89) T KK, (4-6) (2.52)
K.S'
Tho. X251, XQ52)%E T 7T ALEHLRQ46)~AT B L
> ok Xy 1K (I8 +Bs+K K, /K, )D-K K0} /K
]S]:Bsq):j“ SL { ( : : _// ) s 0}/ (2.53)
: r s[sﬁ + 2 s +1}
60,: a)h

ZORAEHES B L

k K 1 kKB kKK,|.
]7 s+ ___2g,,1+_§i_ st ]+—————2g”B S+ B+ P s+ L 2D
(!)/; wh a)h a)h A P A 12 A P
(2.54)
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ZIT, MEOREONNY -0 — T ORI T AENE R T, BEEBEOY A FRY v

HATHANEWDOTB/I~0 L L, EIZHIfinbx, =K, (4. -6,) LBTHOT
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=LV P 2.55
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& o T ER A D E RS

/&KqA kKK,

A kKK, /B A
d= e d, (2.56)
(4,/a;)s* +(26,4, o, )s + A"+ kK s+k KK, |B
ZIZT, K /BIE
55_ —03 o, (l + k, — cos ¢) 2.57)
B ¥,

THY, [EEEEO LR (ANEEERK o, oY — a0 — T OEEA ¢) & &bz RkE <
7%, ZOOEEGRED ERICE b RWL—T A VL KK/BIIREL TR, P RRPRE
EIIe D ENTREND. T, NU—a—T OHEBEAEN ¢ BN x W ERT D7 40— K
Ny I TA 2 KBRS N L ETCH D L OIERETHLERHS. LnL, EBROEHIT
M EFR 2T Trdin < FRIC lﬁ%%Wﬁﬂ(T7&/:/b)®AU o — 7 Moo EL b

WL DS — R BA~DRENTRIND., b AwE R RS ZaE s LT0nA
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Table2.1 3 /\U—wm—7 CVT D

B K AR [rpm] 6000
e RAGEE Vo [N-m] 430
IR R R 0.427~2.344
Xy T o ro [mm] 36.5
XX ET 4T AT b ky 0.644
b— T AEEE D [mm] 120
N —m— 5T 0, [deg.] 62.5
e/ IME S .., [deg.] 27.5
PN LT .. [deg.] 97.5
HHY—F L, [mm/2zrad.] 32.913
Table 2.2 HREIARDFEIC
ME Cr-Mo 4]
T P, [kg/m’] 7800
ERER C, [J/(kg-K)] 456
BRiER k, [W/(m*K)] 42.4
YR E [GPa] 207.5
TV v 0.3

Table 2.3 ~T7 7 v a A I/VDiEit
Daphne-7074
T p,[keg/m’] 888
EREA C (kg K)] 1928
ErEsR k, [W/(m+K)] 0.2
HEEE R % 7 [Pa-s) 1.89 X 10 exp {406/(T+40)}
IESWARSS IR EY " a, [1/Pa] (4—231X10°7)x 10"
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M ,%, + ByXy + Kpxy + Fpy = 4, (pu2 - pbz) (531
M X+ Byx; + Kyx, + Fpy = Ap (pa3 - pb3) (5.32)
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Feed back gain of piston displacement: 0.1
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Piston: Viscos friction ON at 10mm/s; Coulomb fiction 40N

Power roller: Viscous torque 3.5Nm at 1rad/s; Coulomb torque 1Nm

—102—

(K=0.1)



64

"on
(2} ~ p
=
T 63 —
2
< - /\ﬁ)“\)&?"— i
Q
< 62 T | —
= )
L —]
el
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
2000
z
8 N f’% - =]
g (VAR
21000 —
‘g =~ Traction force Fr,
s n Traction force Ft, |
= Traction force Fi3
O 1 ‘ 1 l 1 l ] I ] ‘ [}
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
I ]
— 05F -
= C ]
£ E 3
= 0p s =
Q L -
£ C X1 2
©-0.5 X 1
o ATl
1K ] | 1 | i | 1 | 1 | L .
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
Ft, raises 1.1 times between time=0.50 and 0.52 Input: 3000rpm
Pipe diameter: 8mm Output: 3000rpm
Pipe length: 0.5m / 0.5m e=1.0
Torque=190Nm/cavity

Feed back gain of piston displacement: 0.1

Feed back gain ofattitude angle: 1.0mm/rad

Piston: Viscos fiiction ON at 10mm/s; Coulomb friction 40N

Power roller: Viscous torque 3.5Nm at lrad/s; Coulomb torque 1Nm

Fig. 518 74— Ry 754 LY L 2 b— g ViR (K~1.0mm/rad, K,=0.1)

—103—



64

&0
[ = -
o
T 63k -
2
N ‘
< 62 et VR P
g ¢
= o b3 A
61 1 | ) I 1 I 1 I 1 I ]
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
2000
z
I} - E% N =
O
53
g1000 — -
5 - T'raction force Fi,
& u =T raction force F, |
= — Traction force F;
N I U R R E Y R
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
1
0.5

Illilllil

offset [mm]
o
% T l LI

- —x | 3
-0.5 x|
o I
-1 . ! l 1 ] ! ] 1 | ! | ! -
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
Ft, raises 1.1 times between time=0.50 and 0.52 Input: 3000rpm
Pipe diameter: 8mm Output: 3000rpm
Pipe length: 0.5m / 0.5m e~1.0
Choke length: 40mm / diameter: 3.0mm Torque=190Nm/cavity

Feed back gain of piston displacement: 0.1

Feed back gain ofattitude angle: 1.0mm/rad

Piston: Viscos fiiction ON at 10mm/s; Coulomb fiiction 40N

Power roller: Viscous torque 3.5Nm at Irad/s; Coulomb torque INm

Fig. 5.19 NU—u—J7Q@MEEIZKRY ZIMLIcy I = b—3 3 UFER

—104—



[@)
N

o8
15}
s
T 630 -
2
< - /)cyg:f =
Q
o 62 |
E — ¢,
CI —3 ]+
el 1
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
2000
z
T r < = .
8 m@q
£
g 1000 p— -
s Traction force Ft,
s L ~= Traction force Ft, | -
= - Traction force Fty
O 1 I ] [ 1 l ] l ] l ]
0.4 0.5 0.6 0.7 0.8 0.9 1
Time(s]
I ]
— 0.5 =
g » -
g C ]
= Op S _
Q ud =
£ F PR
e "‘05 :— xZ —:
o NI
-1 C 1 | 1 | 1 | ! | | | ! -
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
Ft, raises 1.10 times between time=0.50 and 0.52 Input: 3000rpm
Pipe diameter: 8mm Output: 3000rpm
Pipe length: 0.5m / 0.5m e=~1.0
Choke length: 40mm / diameter: 3.5mm Torque=190Nm/cavity
on Power Roller #2

Feed back gain of piston displacement: 0.1

Feed back gain of attitude angle: 1.0mm/rad

Piston: Viscos fiiction ON at 10mm/s; Coulomb friction 40N

Power roller: Viscous torque 3.5Nm at 1rad/s;” Coulomb torque INm

Fig.520 NU—nm—J7QMEEDOHRKY 2Ly I a2 b—a VR

—105—



64

)
(5]
=
T 63 —
2
<
< N2
g 62k = |—
2 3
o0 03] 7
61 1 | ] I ] I 1 I ] I ]
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
2000

z,
[ B p
2
T e Ve
g1000 — —
B Traction force Ft,
IS L Traction force Ft, |
B~ Traction force £ty

0 1 | 1 | 1 I 1 I | I 1

0.4 0.5 0.6 0.7 0.8 0.9 1

Time[s]

I ]
05K 3
gk .
] N/ == .
2 - 3
s F =
©-0.5 Xy | T

- = 1
-1 o | | l | | | 1 ] 1 | 1 .
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
Ft, raises 1.10 times between time=0.50 and 0.52 Input: 1500rpm
Pipe diameter: 8mm Output: 1500rpm
Pipe length: 0.5m / 0.5m e~1.0
Torque=160Nm/cavity

Feed back gain of piston displacement: 0.4

Feed back gain ofattitude angle: 6.875mm/rad

Piston: Viscos friction ON at 10mm/s; Coulomb friction 40N

Power roller: Viscous torque 3.5Nm at 1rad/s; Coulomb torque INm

Fig. 521 3 m—7 CVT OIERMZEM (N=1500rpm, 7;,=320Nm, 10%{f7)

—106—



64
"o
o N -
=
B 63 -
2
< = VAR
QO
o 62 o, |
ER —
ot —o-
61 ] I 1 I ] I 1 l ] I ]
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
2000
z.
= n
8
g1000 = —
g - Traction force Fr,
s L ~ Traction force Fi, | -
= Traction force F13
O 1 l I I ] I 1 ’ i I I
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
1
0.5

IIII|I||I

offset [mm]
)
]
?

.:. X E
0.5 X2 |4
- X3 |
Rp= ! | | | ! | ! | ! 1 ! -
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
Ft, raises 1.10 times between time=0.50 and 0.52 Input: 3000rpm
Pipe diameter: 8mm Output: 3000rpm
Pipe length: 0.5m / 0.5m es=1.0
Torque=190Nm/cavity

Feed back gain of piston displacement: 0.4

Feed back gain ofattitude angle: 6.875mm/rad

Piston: Viscos fiction ON at 10mm/s; Coulomb fiiction 40N

Power roller: Viscous torque 3.5Nm at Irad/s; Coulomb torque 1Nm

Fig.5.22 3 v—7 CVT OFEFEBZEM.E (V=3000rpm, 7;,~380Nm, 10%f %)

—107—



64

"en
& L -
<
T 63 —
2
[}
o 621 | —
= e
: ot — 3]
61 1 l 1 I 1 l 1 I ] ’ ]
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
2000
z |
= .
£ —-—————hg 4 N e
&
g1000 — —
B =~ Traction force Ft,
s - - - Traction force Ft,| -
B~ —— Traction force Ft;
0 ! l ! | 1 I 1 | 1 ] 1
0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]
1
0.5

Illt'llll

offset [mm]
[en)

E Xy E

-0.5 — XZ. -

- i

-1 C | | 1 | 1 | 1 | 1 I | 7

0.4 0.5 0.6 0.7 0.8 0.9 1
Time[s]

Ft, raises 1.10 times between time=0.50 and 0.52 Input: 3000rpm

Pipe diameter: 8mm Output: 3000rpm

Pipe length: 0.5m / 0.5m e~1.0
Torque=190Nm/cavity

Feed back gain of piston displacement: 0.4

Feed back gain of attitude angle: 8.0mm/rad
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Pipe diameter: 8mm
Pipe length: 0.5m / 0.5m

Input: 3000rpm
Output: 3000rpm
e=1.0
Torque=190Nnv/cavity

Feed back gain of piston displacement: 0.4
Feed back gain of attitude angle: 1.0mm/rad

Piston: Viscos friction ON at 10mm/s; Coulomb fiction 40N
Power roller: Viscous torque 3.5Nm at lrad/s;

Coulomb torque INm
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Fig. 6.5 Measurement of CVT efficiencies at e;=0.4 and N;=1500rpm, where 7;:
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Fig.6.6 Measurement of CVT efficiencies at e;,=0.75 and N,;=1500rpm
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Photo 6.1 Assembled power-rollers in one cavity
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Photo 6.2 CVT performance test by hydrostatic drive units
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