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ABSTRACT

A continuously variable {ransmission{CVT) mechanism composcd of one differential gear unit and one

vontinuously variable unit{CVU) can be classified according 1o the coupling of CVU and the direetion of power

flows. This mechanism has many advantages which are the decreasc of CVT size, the increase of overall

efficiency, lhe exlension of speed ratio range and the genecation of gesred ncutial. The CVT mechanism

considered here 15 the input coupled type which combines the lunclions of a 2K-H I type differential gear unit
and a V-bell type CVU. One shaft of the CVU is connected directly to the nput shaft and another shaft of it

iz linked 1o the differcntial gear unit. It is shown that some fundamental refations(speed ratios, power flows and

efficiencies) for twelve mechanisms previously described are valid by various expetimental studics, sin of them

produce a power circulation and the others produce a power split. Some useful comparisons between theoretical

analysis and experimental results are presented. General properties also mc discussed, which connect following

power flow modes : (a) power circulation mode; (b) power sphit made.

Kevwords : Conlinuously variable transmission. Input coupled. power circulation mode, power split mode

Nomenclature
7 = number of gear teeth
fy = gear ralio belween an inrer ring gear and
a sun gear(z/z)
7 = basic efficiency of a differential gear unit

7 = cfficicney between a CVU and gear trains
cxcept a differential gear unit

7 = overall efficiency of a CVT

i = overall speed ratio of a CVT

Subseripts

r : mner ring gear, 5 : sun gear, ¢ : carrier,

p . planel gear, b : outer ring gear, h : gear h

f:idler gear. ¢ : pgear e, g : gear g, a : gear a

1. Introduction

A continuously variahle transmission mechanism

composed of one dilferential gear unit and one

continuously variable unit has many advanlages which
are the decrease of size and weight, the increase of
averafl efficiency, the extension of speed ratio range
and lhe generation of geared neulral. Especially the
composition of a 2K-H 1 type dilferential gear unit
and a V-belt type CVU with a variable-diameter
pulley makes it possible for varicus configurations.
Many previous contributions related to  this
mechanism composed of a differential gear wnit and a

CVU have been performed. A computational scheme

for estimating the overall cfficiency and an
investigalion on the overall efficiency in  this
mechanism have been execuled][!,2]. However these

are not in agreement with the experimental results
because of the assumptions that the efficiency of a
CVU unit is not affected by the transmission ratic
and that a differantial gear unit 15 perfectly etficient,
According 1o the coupling ol a CVU and the direction
of internal power flow, this mechanism have been
classified and relations associated wiili speed range,
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proportion of input power carried by a CVU and
mean value of power carried hy 2 CVU had been
derived[3]. However this contribution was on the
general characteristics and not verified by cxperiment.
Analytical methods for the efficiency analysis of the
mechanism have been suggested{4]. Two types of the
CVT composed of a hypocyclad type differential
gearing and a V-belt drrve have heen developed,
theoretical analysis and experimental studies have
been executed[5,6]. Three basic configurations similar
to the mechanism herein described, which do not
require clutches, have been proposed. Futhermors
parametric analysis and optimwum design have been
executed[7]. For the
output coupled type CVT composed of a 2K-H I type
unit and a V-bell type CVU,
theoretical efficiency, power flow and speed ratio

put coupled type and the

differential gear
have been derived[8,9]. More recenlly, authors have
developed 1welve basic configurations for the input
coupled type CVT composed of a 2K-H [ type
differcnitial gear unit and a V-bell type CVU with a
variable-diameter pulley. The theorctical relations
associated with efficiency, power flow and speed ratio
have derived, some of them were proven by
experimental studies[10].

Based on authors' previous work[10], theoretical
relations associated with efficiency and speed ralio [or
the twelve inpul coupled type CVT mechanisms, six
of them have a power ¢irculation mode and the others
have a power split mode, are mvestigated (hrough
expertmental siudies. From the comparisons belween
theoretical and experimental results, it 15 shown that
theoretical relations are valid. General properties also

are discussed as the power flow mode.
2. General definitions

2.1 V-belt type CYU with a variable pulley
A V-belt drive with pulleys whose diameters may
be varied is a continucusly vanable uml that can
transmit power in cither direction of rotation, which is
shown in Fig.l. Tn recent vears it has been the most
comumon type of practical use for aulomabiles, where
it may be applied to a small vehicle. The pulley
diamelers may be varied in various ways, depending
on the desired speed ratio and the needed Lype of
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control unit. A V-belt type CVU considercd here has
two variable-diameter pulleys with a fixed center
distance, one pulley having its effective diameter sct
by a mechanical linkage, and the other one spring-
loaded to provide automalic correspondence.

In recent developments the contral of speed ratio
is set by o precise hydraulic device as a function aof
demanded torque and speed, which is based on a sleel
V-belt and a variable pulley

S 1__?{
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i

Tig.l V-belt type CVU with two Variable pullcys

2.2 2K-H 1 type differential gear unil

A 2K-H T type differential gear unit is shown in
g2, which is composed of an mner ring gear, an
outer ring gear. a sun gear, a planet gear and a
carrier, The shalts of a ring pgear, a sun gear and a
carriel are called basic shafls which are concentric, A
2K-H T type dillerential gear unit considered here has
no basic shafl fixed and may provide a dilferential
action.

ouker rmg gear {b)

=
/—‘T—_T planzt gear (>

/

i T

carner (&)

.

(5 gear (5)

ST E ner rng gear (9

Fig.2 2K-H I 1ype differsntial gear unil
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In case ihat a carrier is [ixed the efficicncy of a

differential gear unit is defined as the basic

cfficiency, which is the meshing efficicncy between
an inner ring gear and a planet gear(n rp) times the
meshing efficiency between a sun gear and a planel

gear{n sp}. Therefore the basic efficiency of a
differential gear unit can be calculated as
??[J =7 rpyisp (])

2.2 lnput coupled type CVT

The two block diagrams of Fig.3 are distingushed
by the connections of CVU shafts. Tn both instances
the CVU is coupled directly 1o the differential pear
unit and with Fig.3(a) the remaining shaft of the
CVU is lmked Lo the input shaft, whereas wilk
Fig3(b) it is linked to the outpud shafl.

. . | Ouiput
——— Dilferential Gear Unit |———»

Inpui
—

{a) lnput-coupled Lype

Inpuk
-ﬁb Dillerential Gear Unil

{b) Output-coupled Lype

Pig.3 Two basic lypes of a CVT mechanism

Each block diagram is an nversion of the other,
bu: the block diagram relalions are defined only by a
digtinet charactenistics. Tn this paper the inpul coupled
type CVT is only considered{Fig.3(a)).

2.4 Classification of power flow in a CVT

A physical interpretation of power flow 1s useful
in the design of a CVT mechanism and these power
flows, a power circulation mode and a power splil
mode, are classified as shown in Fig.4.

Fig.4(a) shows how power can be back from a
dillerential
circulation

pnit and there are iwo

One

goar power

modes. defined as a positive

i
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circulation mode is noticed that power flow through
the CVU 13 in the forward direction to the output
shafi,
circulation mode is in the opposile direction to

the ather defined as a ncgative power
positive circulation mode.

In Fig.4{b) there is no power circulation but nput
power is divided and flows in a forward(posimve)

direction through a CVU and a differential gear unit.

—— pasitive circulaiion
- negative circulatlon
'
¥.

Outpul

— =

Input
¥ Differential Gear Unit

(a) Power circulation mode

Inpui . R  |Output
{Dlﬂc-rentml Gear Unit [——

(b) Power split mode

Fig.4 Power flow modes in a CVT mechanism
3. Proposed mechanisms and relations

Authors have proposed twelve basic configurations
for the mput coupled type CVT and fundamental
relations, where the CVT have been composed of a
2K-H 1 type differential gear unit and a V-belt type
CVL with & variable-diameter pulley[10]. The first
subsection is concerned with a review of twelve
conligurations. The Jast two subsections will describe
theoretical rclatons(efliciency and speed ratio) for a

power circulation mnode and a power split mode.

3.1 Mechanism description

There are six possible ways of connectmg a
Vebelt type CVU with two shafis and a ZE-H 1 type
dilfercntial gear unit wath thres shafis in order to
form the CVT mechanisms considered here, which are
Fig.5.
mechamsms it s known that the direction of rotation

schematically illustrated in From  these

between a ring gear and a sun gear can be varled by
means of an idler gear(f). In Fig.53 cach configuration
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has two configurations whether an idler gear(f) is
applied  or not, therefore, the proposed CVT
mechanisms are iwelve configurations.

Mechanisms as shown in Fig.5 use only a 2K-H I
type differential pear unit and a V-belt {iype CVU
directly connecled to provide a continuously variable
transmission. The combined features of two main
components{a differential gear umit and a CVU) do
not require the use of clutches In the iwelve
mechanisms, six conligurations of them have a power
circudation mode and the others have a power split

mode,
In Dz

g ! g T
Al = 11
Bk
b b

a

] o}

{a) Configuration | (b Configuration 2

D2
‘ 5
P
|
: b
Tnpur ; ; a
n

{c) Configuration 3

{¢) Configuration 5
Fig.5 Proposed mechanism conligurations for an input

coupled type CVT

({) Conliguration 6

3.2 Power circulation modes
All arguments regarding the judgements of power
flows(a power circulalion mode and a power split

frteraatione! Jowrnal of the KSPE Val 2, No [

mode)} and the denivation of theoretical relations(speed
ratio and efficiency) were discussed in the earher
publication of authors[10]. In this paper, therefore,
theoretical procedures stated above is omitted.
Configmations | and 2 with an 1dler gear(f), and
configurations 3, 4, 5 and 6 without an idler gear(l
have a power circulation mode. For thesc config-
urations the theoretical relations associated with speed
ratio and efficicncy are shown in Table 1. The
resulting efliciencies between a CVU and gear trains
except a differential gear unit arc as follows :

- configuration 1 and 2 with an dler gear(f)

M =7 BT Iovy (2
- configuration 3 and 4 without an idler gear(f)
B =1 TtV &)

- configuration 5 and 6 without an idler gear(f)
T =1 amTeg IOV h
where
¥4 — mating cfficiency between a gear{a) and an
outel ting gear(b)
7 an = matmg elfciency between a gear(a) and {h)
7o = mating efficiency between a gear(e) and
an 1dler gear(f)
7y = mating elliciency between an idler gear(f)
and a gear(g)
g — mating cfficicney between a gear(e) and (g)

7ovy = efficiency of a CVU

3.3 Power split modes

Conligurations | and 2 withoul an idler gear([),
and configurations 3, 4, 5 and & with an 1dler gear(l
have a power split mode. For these configurations the
theoretical relations asscciated with speed ratic and
efficiency are shown in Table 2, The 1csulting
efliciencies hetween a CVU and gear frains except a

differential gear wnit are as follows

- configuration | and 2 without an idler gear(f)

M =7 anTelICv {3)
~ configuration 3 and 4 with an idler gear(l)
7y =1 w et Mighevu {6)

- configuration 5 and 6 with an idler gear()

7 =7 R ilicvy {7
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Table 1 Speed ratios and cfficiencies for six power circulation modes

conlig- |dler gear | criteria ol . speed ratios(i) | efficienc ) power flow
} . ! averall efficiencics( 7
ration (i power low “ ¢ > (o mode
P Lol 4 7 {1+ mgrp)i .~ do) positive
wg = In . N — A i
1 Included Dyz.zy 1+ = L+ 2= mom’ig) circulation
<, Dyz.z, Il a (gt i)l — 1, negative
e | N . - f . .
L+idy 2 {1+ ) —mm 3eq) circulation
> 1 fy— g Z, (14 mpiodlig— ) negaive
s ; - N . . .
" Included Dz z, il 1410) 2z, (L dg )iy — 70 29) circulation
2 nelude
log < I Dszez, I St TR 7y Lo+ ip)Uip — 2ey) positive
3 N g . ; e . .
# "e.','(]. =+ 19) Ze {1+ 10)(3(1 T iy circulation
s L+idg—2g7e 2, g7 {1+ 19— 1o i) positive
u > Lk - : R . .
5 Nore “ Doz.z, oy Zy {0+ 20) — mom fotog circulation
1y < i Dizgty fodeg— (1 + 20} 24 oL+ 5 igtay) negative
) e, 7 3 . .
“ {og Zy a9 {1+ pt) — 2gieg circulation
. . . - ol L 3y — dpda) negative
T+l = gk — {1+ iy—1yie) = ﬁ,m— )
4 N Dyz,z, Ze (a4 o) — mm Lyt g circulation
one
L 4in < i Dizgzy Lo e By gomy (1 +ig— iy posilive
o < dnleg {Zozcg (ITTU)} ] 7min) — inf .
Zg gy {1+ mdp) — ot circulation
s (L+dp— i) Za ol 1+ iy — ) negalive
oL - a - \ .
s None ! Dz .2y iy Zp 14 mgg— 7}3 0 beg circulation
Ji < Dyz.z, i— (1t 1) =z, gy (1429 — . positive
=G - i T L . .
eq 44 Zh Py (gt ig) — Ty circulation
P Uty —ig) 2, ot {1+ ig— i) positive
o > L - o — : T . .
6 None ! Diz.zy, ey Za Ltsmplg— o ta circulalion
14i, < 4 Dt o (1 hdy) oz O . negative
—y , - - . . .
! (il eq Ze 7yt (o + 2d — Im circulation
Table 2 Speed ratios and cfficiencies for six power split modes
config- | idler gear power flow

\
% ration 0 Teg speed ratios(s) overall elficiencies{ 7 ) mode
% Dlz Zn i[,+l, Z ;@0’(7]0-{— ?')(l‘i‘?} i.')(l +T‘ )
| None £ - £ 4 : 92 T VO T e power split
; Dyzez, L4 (L4 (L gadadépm + Cagt 220, : P
D]Zqzh T “r;"@ Zo TJU’(TJDJ.‘?:(\)(]_‘F ?}gl'-u)(l + ln)
2 None - —_ £ L T & - - split
; Dyz,2, (1 +ig) z (U i)+ mytg) + tegmy’ (i i) pawel spi
3 Included Dyz.2, 1+ ZO.JF fle Zg %y (.1 ot z'.]‘zm) power splil
Dz 2y log Zy 7+ 3(1(1 + g ieq)
Doz .z Z momy (1= tg+ dyee,)
4 Included R 1k dgF gyt ) —2 B = power split
Dz zy oty Ze (ot dp) + iy, J i
Dizez + iy =ty Za (144, .
5 Included Zgtn | _ 1 0ty Ea, Lﬂ(l——to—jz—ﬂ) power split
: Dyz.z, £ Zn 2oyt 79 (14 7 29)
6 Included Dyzezy - lT.JU.Jr b Zie M power split
Dﬂzeza Eplayg Zg L-- oty -+ o fey
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4. Simulation and experiment

4.1 Theoretical analysis

As in Fig.5 the CVT mechanisms are composed
of three main components which are a differential
gear unit, a CVU and other gears(gear(e), (g), {h) and
an idler gear (f}). The specifications of three main
componenis are shown in Table 3.

Table 3 Specifications of CVT manufactured

a diffcrential gear unit & pgear trans

number of teeth matiing efliciencies

7 =0.992, 7 .,,=0.982

7 =0.982, 7,=0982

70982, 7 4=0.982
7 a=0.982

7224, Tp=24, 2712
Ze=18, Z,=30. Z=90
F=90, 2727, 2,=27

a confinuously variable unit

speed ralios efficiency of a CVIJ

0.50 0.938
0.66 0.904
1.00 0.870
2.00 0.824

For the theoretical analysis several assumptions
must be defined. In case of a differential gear unit
and gear trams, the friction coefficient of tooth flank
ts assumed to 0.1 for the simplicity of calculation. All
gears composed of the CVT mechanism are designed
for a standard spur gear. Since backiash hardly affects
efficiency, it 18 ignored. In a differential gear unit the
distributions ol transmitted power between planet
gears are assumed uniformly, Based on these assum-
plions the mating efficiency of gear frains was
calculated 1 previous publications[11,12].

The speed ratio of a V-belt type CVU is taken as
a major parameter for the effictency of it, so it must
be capable of being adjusted arbsrarily. The V-belt
type CVU considered here, therefore, is 1o have both
variable pulleys with a fixed center distance, one
pulley having its effeclive diameter set by a
mechanical linkage, and the other one spring-loaded
to provide automatic correspondence. The speed ratio
range is capable of 0.5-~2.0. Many experimental
studies are performed in the speed rabo 0.5, 0.66, 1.0
and 2.0 so as to determine the efficiency of a CVU,

which may be used as the input data of sunulation
program. For a CVU the efficencies between
measured  data  are  determined  as  linear
imerpolation[ 10].

Based on Table 1, 2 and 3, the efficiency and the
speed ratio characteristics ol the CVT mechanisms as
shown in Fig.5 are caloulated as changing the speed
ratio of a CVU. The simulation resulls are shown in
Figt and 7.

Fig.6 shows the cfficiency sunulation results as a
power flow mode,

In case of a power circulation mode geared
neutral, the outpul power and the speed ralic of the
CVT is zero, is generated. However configurations 1,
2, 5 and 6 generate geared neutral, configurations 3
and 4 are capable of geared neutral as changing the
gear ratios of a differential gear unil and gear irains.

03

o
o

Y
e
™,
N,

=)
<}

Overall efficency of dus CVT mechanisms
N

LUV Y

05 o t5 0
Speed talin ol & CVU

(a) Power circulation mode

— Config 1
05 —— Clondy 2

'-=—Condg 3

’%Cn:\_ﬁgt
" \

——Cozfig 5
g Conlfig 6

Overall efficiency of the CVT mechanisms

oo L
05 1c 15 20

Speed ratio of a CVIT

{b) power split mode
Fig.6 Theorelical efficicneies of the CVT proposed
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In the event of a power split mode each efficiency
15 tugher than the case of a pawer circulation mode
because circulating power in the CVT mechanism can
nol be found. I the gear ratios of a differential gear
unit and gear trains are adjusted the officiency and
the speed ratio of the CVT may be changed.

Fig.7 shows the speed ralio sumulation results as a
power flow mode.

In case of a power circulalion mode
configurations I, 2, 3 and 6 have a neutral point and
a forward/backward motion as the speed ratio of a
CVU. Configurations 3 and 4 have a bhackward
motion, If the gear ratios of a differential gear unit
and gear trmns, however, configurations 3 and 4 may
have a bi-directional motion,

In the evenl ol a power splil mode all config-

urations have an only one-dirzctional motion.
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Fig.7 Theoretical speed ratios of the CVT proposed
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4.2 Experiment

The test rig is a fixed center compound drive
connected to a driving molor and a load device, and
instrumented to measure the specds and the torques of
the input and the output shaft. A driving motor used
15 an induction molor(! 1kW) linked to the input shaft.
A load device is an clectro-magnelic particle brakc
connected to the output shaft. The speeds and the
torgques of the input and ihe output shafi are measured
by two tlorque melers and two speed meters installed
al cach shafi. Therefore Lhe overall elficiency( 7 } and
the overall speed ratio() of the CVT can be
calculated by relations {8) and (2) :

T wt Puut
— e 8
g 1 o ( )
- Wt
L= - &)]

where T, and T, are the measured torques of
lhe input and the output shaft, w, and w,. are the
measured speeds of the nput and the ocurput shaft,

Fig.% is the schematic drawing of the test rig. and
Fig.% shiows the pholograph of it installed in the
laboratory. The dillerential gear unit manufactured is
a stondard gear, whose addendum modification
coeflicient is zero and  addendum 1 equal to
module{2.5nm). I is designed for spur gears wilh
z.=24, z=24, 2,=72 and z~=90 whose cutter pressure
angles arc 207 . Other gears(gear(e), {g), (a) and an
idler gear(l)) have the same specifications excepl the
number af tecth. The V-belt type CVU 13 basically a
symmetrical compound drive with variable-diameter
pulieys. The center distance of the CVU 13 279%un and
the maximum diameter of a V-belt pulley 15 216mm,
which contains a toothed cog rubber V-bell. The
torque meter is a line of shaft-to-shafl rolary torgue
sensor having messuring range 0~ 100Nm. The speed
meter is an optical fiber speed sensor having
measuring  range 00~2400rpm. “vhe load device
(brake} linked (o 1he output shafi may be controlled
lo 100Nm  awwnatically, which peneraies braking
force for the torques of the inpul shaft and the oulput
shafi.

The test rig lixture is a rigid framework contained
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all components stated above, which is able to realize
all configurations in Fig.3 and to change the speed
ratio of it. When the load at the output shaft is
increased the speed of a driving motor will be
decrcased irregularly. Therefore the speed of a driving
motor must be controlled to preserve an ordered value
regardless of the applied load at the output shaft. The
warming up of the test rig is performed during 30

minites before experiment.

0 dnwng motor
==
HV.:J':. oYU defferenbial gear vt
speed melkr LS

larque meler
RS

L] L]

Fig. 9 Photograph of the test rig
5. Results and discussions

5.1 Overall efficiency

Each configuration of the CVT mechanism as
shown in Fig.5 was individually experimented on a
power circulation mode and a power split mode. The
efficiency data for each of the twelve configurations
(six power circulation modes and six power spht

50

mades) were compared with the theoretical analysis
results of them.

Fig. 10{a)-{f) are the plots of the overall efficiency
versus the speed ratioc of a CVU, which show
comparisons between the expenmental data and the
each ol the
Configurations 1,

theoretical results for six  power

2, 5 and 6
generate peared neuiral that the output power of them

circulation modes.

is zero and the efficiency of them is zere. Although
therc is somewhal scalter in the experimental data for
each of them, the experimental resuits in the cach
speed ratio of a CVU have the trends similar to the
The
experimental resulls and the theoretical results are

theoretical resulis, differences between the

caused by the nertia and clearances of the test rig
shafis, cte.),
between the actual conditions and the conditions used

components{gears, bearings, disparity

in simulation,

s ~ i — Thsoretical
\ )/" + Expermenlal

Orverall etficlency of condfiguration 1

oo 03 10 ls 20 23
Speed ratin of a CVU

Fig.10(a) Experimental and theoretical efficiency for a
power circulation mode{conliguration 1)

% i -—
R —— | - — Theursheal
\ /l + Expenmental

Owerall efficiency of condlguraiion 2

co [ [} 13 2y 25

Specdrailo of @ CVU

Fig. [0(b) Expcnimental and theoretical efficiency lor a

power cuwculation mode{configuration 2)
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power circulation mode{configwation 3)
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Fig, 10{1) Eaperimental and theorelical efficiency for a

power circulation mode(configuration 6)

Fig.11(a)~({) are the plols of the overall efficiency
ratie of a CVU,
comparisons between the experimenial data and the

versus Lhe speed which show

theoretical results for cach of the siy power split
modes. Although there is somewhatl scatler in the
experimental data for each of them, the experimental
results in the each speed ratio of a CVU have the
tiends similar to the theoretical results. There is no
geared neutral, but the overall efficiency of a power
split mode is higher than that of a powar circulation
CYT

mechanism can nol be found. Therefore input power

mode  because circulating  power in the
is divided and flows through a CVU and a differential
gear unit. If the gear ratos of the CVT mechanisin

are changed, the overall efficiency will he wvaried.
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5.2 Overall speed ratio

For overall speed ratio the cxperimental data [or
each of ihe twelve configurations(six power circulation
modes and six power split modes) were compared
with the theoretical analysis resulis of them.

Fig.12(a)-(f) are the plots of the overall speed
ratio of the CVT versus the speed ralio of a CVU,
Configurations |, 2, 5 and ¢ penerate a neutral point
and a forward/backward motion as the change of
CVU speed ratio, where the overall speed ratio of the
CVT s zero. It is shown that the neutral point is
consistent with gearcd neutral in Fig.10. In spite of
somewhal scatter n  the experimenlal data the
experimental results n the cach speed raiio ol a CVU

have the trends sumilar to the theorctical results.
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Fig. 13(a)-(f) are the plots ol the overall speed
ratio of the CVT versus the specd ratio of a CVU, |
which show comparisons between the expenmental . w0

B0

data and the theoretical results for each of the six
To

power split modes. There is no a neutral point and all

60

H - — "Thearencal
s5a - —F

N g + Expenmenlal

. -

40 I - '

configuralions have an only one-directional motion. [t

is shown that the experimental results in the each

1

speed ratio of a CVU have the trends similar to the !

Spreed rado of conflgurailon 3
.

theoretical results. The overall speed ratio of the CVT

mechanism having a power split mode may be varied

as pear ratios are changed, but it may not generate a 00 oc ir 13 20 235

neutral peint. The CVT mechanism having a power Spredratio of a CVT

split mode must be equipped with a special Fig.13(c) Experimental and theoretical speed ratio for

a2

component which may gencrate a neutral point to be ; .
P Y 8 P a power split mode(configuration 3)

of practical use for automobiles.
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6. Conclusions

The wput coupled type CVT considered here is
composed of a 2K-H I type dillerential gear unit and
a V-belt lype CVU with a variable-diameter puiley.
with  the
efficiency and the speed ratio for twelve

Theoretical rtelations  associated overall

input
coupled type CVT mechanisms, six of them produce a
power circulation mode and the others produce a
power splil miode, have been investigated through
experimental studies. From the comparisons between
the theorctical resulis and the experimenlal results, it

has been shown that theoretical relations are valid.
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