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This paper defined design constraints for the compound CVTs (continuously variable trans-

missions) by combining power—circulation-mode CVTs and power-split-mode CVTs, which

were proposed for connecting 2K-H I-type differential gear to V-belt-type CVU (Continuously

Variable Unit). The design constraints are the necessary and sufficient conditions to avoid

geometrical interferences among elements in the compound CVTs, and to guarantee smooth

assembly between the power-circulation-mode CVT and power-split-mode CVT. Two com-

pound CVTs were designed and manufactured in accordance with the design constraints. With

these compound CVTs, theoretical analysis and performance experiments were conducted. The

results showed that the design constraints were valid and effective design method, and that the

designed compound CVTs had the improved performance.
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1. Introduction

The CVT, with its excellent power transmission
performance and reduced fuel consumption, can
change its speed ratio continuously and can con-
trol its engine speed and vehicle speed indepen-
dently at the automobile application. Although
many types of CVUs are available, almost all of
them do not have a geared neutral function, are
less efficient, and have shorter lifetimes compared

* Corresponding Author,
E-mail : yskim @krri.re.kr
TEL : +82-31-460-5730; FAX : +82-31-460-5749
Small Transit Research Team, Korea Railroad Research
Institute, #360-1 Woram-dong, Uiwang-si Gyeonggi-
do 437-757, Korea. (Manuscript Received September
28, 2005; Revised March 22, 2006)

to conventional gear transmissions (Beachley and
Frank, 1980).

To overcome the problems associated with the
use of CVUs, there are ongoing researches on new
types of CVTs employing a combination of con-
ventional CVUs and differential gears. CVTs with
combined CVUs and differential gears are classi-
fied into the power split mode and the power circu-
lation mode, which have opposite features. That
is, the power split mode has a compact design,
enhanced efficiency, a longer lifetime, and an ex-
tended transmission range. It cannot realize, how-
ever, the geared neutral and reverse motion func-
tions by itself. On the other hand, the power cir-
culation mode has geared neutral, reverse motion,
and forward motion functions, but has lower
efficiency. In addition, it does not have a compact
design, and it has a shorter lifetime due to the
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high power transmission ratio of its components
(Macmillan and Davis, 1965 ; White, 1967 ; Yu
and Beachley, 1985; Wohl et al., 1993 ; Mucino
and Smith, 1994 ; Morozumi and Kishi, 1997).
Kim and Choi (2000, 2002 and 2004) have pro-
posed some designs of power-circulation-mode
CVTs and power-split-mode CVTs, by connect-
ing the V-belt-type CVU with 2K-H I-, 2K-H II-,
and K-H-V-type differential gears. In addition,
the authors have developed theoretical formulas
to determine the efficiency, power flow, and power
transmission ratio of CVUs, the power transmiss-
ion ratio of differential gears, and the speed ratios
of power-circulation-mode CVTs and power-split-
mode CVTs (Kim and Choi, 2000, 2002 ; Choi
and Kim, 2000 ; Choi, 2003).

There are many ongoing studies of compound
CVTs that show how their performance can be
improved by combining power-circulation-mode
CVTs and power-split-mode CVTs. Almost all
compound CVTs, however, should be equipped
with an additional chain drive or should utilize
several CVUs at the same time (Roberts, 1984 ;
Macey, 1986 ; Hanachi, 1990 ; Morozumi et al.,
1992 ; Kishi et al., 1992). Kim and Choi recently
proposed some compound CVT mechanisms that
combine one V-belt-type CVU with one differen-
tial gear, on the basis of some research results
(Kim and Choi, 2000 ; Choi and Kim, 2000), but
without an additional chain drive or CVU (Kim
and Choi, 2002a, 2002b ; Choi, 2003 ; Park et al.,
2004) .

This paper defined design constraints for the
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compound CVTs (continuously variable trans-
missions) by combining power—circulation-mode
CVTs and power-split-mode CVTs, which were
proposed for connecting 2K-H I-type differential
gear to V-belt-type CVU (Continuously Vari-
able Unit). The design constraints are the neces-
sary and sufficient conditions to avoid geometric-
al interferences among elements in the compound
CVTs, and to guarantee smooth assembly between
the power-circulation-mode CVT and power-split-
mode CVT. Two compound CVTs were designed
and manufactured in accordance with the design
constraints. Meanwhile, the authors verified the
validity of the design constraints, and perform-
ance enhancement of the designed compound CVTs
through theoretical analysis and performance ex-
periments.

2. Basic Configurations

This study describes the design of two types of
compound CVTs using three basic-configuration
CVTs, by connecting V-belt-type CVU and 2K-
H I-type differential gear, as shown in Fig. 1.
Although the basic configurations of power-cir-
culation-mode CVT and power-split-mode CVTs
have the same structure, their power flows differ
depending on whether or not they have an idle
gear (f).

Tables 1 and 2 show the theoretical design
equations for determining the power flow mode,
speed ratio (7), efficiency (7), and power trans-
mission ratio (Pcyy/P;) of the CVU for the input
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(c) Power split mode 2

Fig. 1 Basic configurations for design of the compound CVTs
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Table 1 Theoretical design equations for the power-circulation-mode CVT
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Table 2 Theoretical design equations for the power-split-mode CVTs

. . . . power transmission
differential |equivalent . . power transmission .
. . . speed ratio overall efficiency . ratio of the
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. . () of the CVT (7) differential
(o) (teq) CVU (Peyu/Py)
gear (Pait/Py)
power split intie zae | w40 litie) Miea (ot 1) i1+ i)
mode 1 zr Dize22os (I+d0) zeo | (il midiomt (mtnhiet | {14 70i) domo + (o io) dea) | { (14 i) domp+ (ot 1) g}
power split Zs Dozerzar | iytiv zg| sl (Hmil liati) moin(14 mi) Tolea (0110
mode 2 leg (1) 22| (Iul{il il Him (v=i) | {1+ 70t0) Faeam (ot io)} | (o (14 i) Fteamt (mo-0))

power (P;), and the power transmission ratio
(Pait/P;) of the differential gear for the input power
(P1) of the basic configurations shown in Fig. 1.
In the equations, D; and D, are the effective
diameters of the two variable pulleys. zai, Zo1, Ze1,
Zg1, Zaz, Zv2, Ze2, Zg2 and z; are the numbers of teeth
of gears al, bl, el, gl, a2, b2, e2, g2 and f,
respectively. 7 is derived by multiplying the
efficiency of the CVU by the efficiency of various
gear trains. To calculate 7g, the authors used Eq.
(1) for the basic configuration that has an idle
gear (f), as shown in Fig. 1(a), and Eq. (2) for
the basic configurations that have no idle gear
(), as shown in Figs. 1(b) and (c), respectively.
In Eq. (1), 7cvu refers to the efficiency of the V-
belt-type CVU ; 7a1n1, to the efficiency between
gear al and gear bl; 71, to the efficiency be-
tween gear el and gear f; and 7g, to the effi-
ciency between gear f and gear gl. In Eq.(2),
Nazpz represents the efficiency between gear a2 and
gear b2 ; and 7eze2, the efficiency between gear e2
and gear g2 (Kim and Choi, 2000; Choi and
Kim, 2000).
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3. Design of Compound CVTs

3.1 V-belt-type CVU

In the V-belt-type CVU, two variable pulleys
were installed at two shafts that had fixed center
distances, and were operated by the rubber V-
belt, as shown in Fig. 2. If the radius of gyration
of one of the variable pulleys was changed through
the mechanical link connected to the speed ratio
controller, the radius of gyration of the other
pulley would have been automatically adjusted by
the coil spring and the speed ratio would have
changed continuously. The authors designed the
V-belt-type CVU to have an overall speed ratio

specd ratio

controller
. . . sl
mechanical 'L = = o1 E
linkage f B T
LY x
speed ratio e i variable pulley
indicator rubber V-belt ,.
ot i f
£ coil spring

Fig. 2 Drawing of the V-belt-type CVU
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range of 0.5 to 2.0, a center distance of 279 mm,
and two variable pulleys with a maximum diam-
eter of 216 mm. For the rubber V-belt, the au-
thors chose a US Standard (RMA/MPTA 2322V
421) product that had a tooth-shaped inner side
so that it could endure the axial force on the side
of the belt. The rubber V-belt had a width of
36.5 mm, a belt wedge angle of 22°, and a belt
pitch length of 1069.3 mm.

3.2 2K-H I-type Differential Gear

The 2K-H I-type differential gear consists of
the sun gear (s), the ring gear (internal gear, r),
and three planet gears (p) connected by a carrier
(c) that guides the smooth revolution of the planet
gears, as shown in Fig. 3. All the constituent gears
used were standard spur gears to provide a
pressure angle of 20°, a module of 2.0, and a teeth
width of 30 mm. The number of teeth of the sun
gear, the ring gear and the planet gears were zs=
24, z,=72, and z,=24, respectively. Assuming
that the carrier was fixed, the basic efficiency (7)
of the 2K-H I-type differential gear was calcu-
lated by multiplying the efficiency (7sp) between
the sun gear (s) and the planet gears (p), and the
efficiency (7:p) between the ring gear (r) and the
planet gears (p) (Kim et al., 2000; Morozumi,
1989) .

0= Nsplrp (3)

3.3 Design requirements

Because compound CVTs are designed as com-
binations of power-circulation-mode CVTs and
power-split-mode CVTs, they should have re-
verse motion, geared neutral, underdrive, and over-
drive functions. In addition, they should perform
with improved efficiency and a reduced power trans-
mission ratio compared to power-circulation-mode
CVTs. Fig. 4 shows the concept for the design
requirements of compound CVTs (Choi, 2003 ;
Kim and Choi, 2002a ; Kim and Choi, 2002b). In
this paper, the authors designed the two com-
pound CVTs in such a manner as to comply with
the following design requirements :

(1) The power—circulation-mode and the power-
split-mode CVTs should have opposite speed

sun gear(s) planet gear(p)

e

carrier(c)

H_\_ X =4

» ring gear(r)

Fig. 3 Drawing of the 2K-H I-type differential gear
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Fig. 4 Power flow modes and speed ratio range of
the compound CVTs

ratio gradients based on their transition point.

(2) The power—circulation-mode and the power-
split-mode should have the same speed ratio at
the transition point of the power flow. The au-
thors designated the speed ratio at the transition
point as 0.5, corresponding to the first gear of the
automobile gear transmission.

(3) The power-circulation-mode CVT should
have reverse motion and geared neutral functions,
and the power-split-mode CVT should have speed
ratios above 1.0 so that the compound CVTs can
have reverse motion, geared neutral, underdrive,
and overdrive functions within the overall speed
ratio range.

3.4 Design constraints

This paper has defined design constraints for
compound CVTs which were proposed by con-
necting 2K-H-I-type differential gear to V-belt-
type CVU. The design constraints are the neces-
sary and sufficient conditions to avoid geometric-
al interferences among elements in the compound
CVTs, and to guarantee smooth assembly between
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Fig. 5 Design constraints of the compound CVTs

the power-circulation-mode CVT and power-split-
mode CVT. Fig. 5 shows the concept of the design
constraints for the compound CVTs. In this pa-
per, the authors designed the two compound
CVTs in such a manner as to comply with the
following design constraints :

(1) The differential gear should have no inter-
ference with the shaft of the variable pulley (D;).
In other word, the center distance (C,) between
shaft B and C should be larger than the radius
(Cs) of the differential gear. Therefore, Eq. (4)
should be sufficient in the design of the com-
pound CVTs.

C:>GCs (4)

(2) The center distance between gear el and
gear gl should be identical with the center dis-
tance between gear e2 and gear g2. In the case of
gears al, bl, a2 and b2, the same design constraint
should be applied. Therefore, Eqs. (5) and (6)
should be sufficient in the design of the com-
pound CVTs

C1:Zg1+2e1+22f:2’gz+2e2 (5>

Co=2p1+2a1= 221+ 252 (6>

(3) The center distance of the V-belt-type CVU
should be identical with the sum of the center
distance between gear el (or e2) and gear gl (or
g2) and the center distance between al (or a2)
and bl (or b2).

Cov=0C+C (7>

3.5 Designed compound CVTs

Figure 6(a) shows the structure of the com-
pound CVT A-11, designed by combining the
power—circulation-mode-1 CVT in the basic con-
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v
) oulpul gear
gl g2 P ’

E I 22
input shaft el €2 |1 Il
\
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al a2

= AW lutch B
(8]

Fig. 6(a) Compound CVT A-11 composed of po-
wer circulation mode 1 and power split
mode 1
clutch C
cluch B | L /
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T =a,
inpul shafl Bl £ s
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/ .:I\] ]\.’:
al a2
clutch A oy = 3 ..ululch D
= D1
Fig. 6(b) Compound CVT A-12 composed of po-

wer circulation mode 1 and power split
mode 2

figurations (Fig. 1(a)) and the power-split-mode-
1 CVT (Fig. 1(b)). Fig. 6(b) shows the structure
of the compound CVT A-12, designed by com-
bining the power-circulation-mode-1 CVT (Fig.
1(a)) and the power-split-mode-2 CVT (Fig. 1
(c)). In the compound CVT A-11, the power
circulation mode was achieved when both the A
and B clutches were moved to the left, and the
power split mode was achieved when both the A
and B clutches were moved to the right. In the
compound CVT A-12, the power circulation mode
was achieved when the A, C and B clutches were
moved to the left and the B clutch was moved to
the right, and the power split mode was achieved
when all the clutches were moved to the directions
opposite that of the power circulation mode (Kim
and Choi, 2002a) .

Based on the proposed compound CVT me-
chanisms, design equations, design requirements
and design constraints, the authors designed two
compound CVTs. All the numbers of teeth of the
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Table 3 Numbers of teeth of gear trains

Designed compound CVTs

Numbers of teeth

Power circulation mode 1

Ze1:41, Zg1:82, Zf:18, Z51:60, Zb1:60

Power split mode 1

Ze2:53, Zg2:106, Z32:30, sz:90

Power circulation mode 1

Ze1:41, Zg1:82, Zf:18, Z51:60, Zb1:60

Power split mode 2

Ze2:77, Zg2:77, 232:50, Zb2:75

gears in the power circulation mode were de-
signed to be identical in A-11 and A-12. Table 3
shows the numbers of teeth of the gears in the A-
11 and A-12 designed compound CVTs.

4. Performance Verification
of Compound CVTs

4.1 Theoretical analysis

To analyze the efficiency of the gear trains in
the designed compound CVTs, the authors con-
sidered only the friction loss (the friction coeffi-
cient 0.1) at the gear’s teeth surface (flank), with-
out applying the bearing loss and the lubricant
churning loss (Kim et al., 2000 ; Morozumi, 1989).
The authors used the efficiency of all standard
spur gear trains, 0.982, based on the studies. Then
they measured the efficiency of the V-belt-type
CVU at various speed ratios by changing the
CVU’s input shaft revolution speed using an ex-
perimental rig, and calculated the efficiency of
the V-belt-type CVU using linear interpolation,
based on the experimental results. Fig. 7 shows
the measured efficiencies of the manufactured V-
belt-type CVU needed for the performance an-
alysis of the designed compound CVTs.

The authors analyzed the efficiencies, speed
ratios, and power transmission ratios (Pa/P;) of
the differential gear to the input power (P;), and
the power transmission ratios (Pcyy/P;) of the
CVU to the input power (P;) for the compound
CVT A-11, as shown in Fig. 6(a), and for the
compound CVT A-12, as shown in Fig. 6(b),
using Tables 1-3.

4.2 Performance experiment

4.2.1 Manufacture of the compound CVTs
The V-belt-type CVU and the 2K-H I-type

1.00
. & icm0.5 - icvul6
§ == ievu 0.8 —e=icvull
096
g Tieml2 ——iewls
5
el 2 jou 18 ~O-ievul 0
< g0z
50
=
o
2
Z 088
s
‘g
2 084
i3]

080
400 500 600 700 £00 900 1000 1100 1200 1300 1400 1500 1600

Input shaft revolution speed [rpm]
Fig. 7 Experimental results for efficiencies of the V-
belt-type CVU as changing speed ratios and

input shaft revolution speed

gear

differential gear designed as shown in Figs. 2 and
3 were manufactured as shown in Figs. 8 and 9,
to be installed in both the A-11 and A-12 com-
pound CVTs.

4.2.2 Experimental rig

The experiments to determine the performance
of the compound CVTs were carried out with an
experiment rig that consisted of an 11-kW AC
motor, the V-belt-type CVU, the 2K-H I-type
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Fig. 9 Photograph of the V-belt-type CVU

differential gear, torque sensors, speed sensors, a
load device, and various gear trains, as shown in
Fig. 10. The speed of the AC motor was control-
led so that it could keep the preset speed constant
regardless of the load application. The authors
installed two torque sensors and two speed sen-
sors at both the input shaft and the output shaft of
the experimental rig to measure the torques and
speeds. A strain-gauge-type sensor was used as
the torque sensor, with a measuring range of 0-
100 Nm. An optical fiber sensor with a red LED
light source was used as the speed sensor, with
a measuring range of 60-2,400 rpm. An electro-
magnetic particle brake with a capacity of 0-100
Nm was used as the load device, and it was able
to continuously control the load magnitude. Idle
operations were undertaken for 20 minutes under
all conditions for the performance experiment to
stabilize the tension on the rubber V-belt, to
stabilize the friction on the teeth surfaces of the
gear trains, and to cool down the load device.

4.2.3 Analysis of the experimental results

The authors operated the compound CVTs
using the experimental rig, as shown in Fig. 10,
and applied the load to their output shaft. Then
they measured the revolution speeds and the
torques at both the input shaft and the output
shaft. They experimented on the efficiencies and
speed ratios of the power-circulation-mode CVT
and the power-split-mode CVTs as changing re-
volution speed of the input shaft, and used Eq.
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- i
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Fig. 10(a)

Schematic drawing of the experimental
rig for compound CVTs

F £ : R |
Photograph of the experimental rig for

Fig. 10(b)
compound CVTs

(8) to calculate the efficiencies and speed ratios of
the compound CVTs. In the formula, 7 refers to
the efficiency of the compound CVTs ; 7, to their
speed ratio ; T;, to the torque occurring at the in-
put shaft; Ty, to the torque occurring at the out-
put shaft ; wi, to the revolution speed of the input
shaft ; and wo, to the revolution speed of the out-

put shaft (SAE Recommended Practice, 1994).

T =T ®

5. Results and Discussions

5.1 Compound CVT A-11

Figure 11(a) shows the results of the perform-
ance experiment carried out with a 0.5 speed ratio
for the V-belt-type CVU and with the power split
mode 1 of the compound CVT A-11. When the
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Fig. 11(b) Experimental efficiencies and speed ra-
tios for the power split mode 1 of the
compound CVT A-11 at iCVU=0.5,

900 rpm of input shaft

load was increased, the torques at the input shaft
and the output shaft increased but the revolution
speed of each shaft remained constant. Fig. 11(b)
shows the efficiency and speed ratios calculated
by substituting the experiment results in Eq. (8),
as shown in Fig. 11(a). The efficiency increased
up to the maximum value and the speed ratio
remained constant as the torque increased (as the
load increased).

Figures 12(a) and (b) show the comparison of
the results of the theoretical analysis and the per-
formance experiment for the efficiencies and speed
ratios of the compound CVT A-11, respectively,
at 1,200 rpm of the input shaft. The efficiencies
that resulted from the theoretical analysis and the
performance experiment were similar-i.e., below
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Fig. 12(a) Experimental and theoretical efficiencies
of the compound CVT A-11 at 1,200
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Fig. 12(b) Experimental and theoretical speed ra-
tios of the compound CVT A-11 at 1,200

rpm of input shaft

the 5% P difference range. This difference might
have come from the inertial effects of the com-
pound CVT and the experiment rig, which were
not considered in the theoretical analysis, and
from the losses in the connection parts and bear-
ings. The theoretical analysis and the performance
experiment, however, had almost the same results
for the speed ratios, the occurrence of the geared
neutral function, and the transition point between
the power circulation mode 1 and the power split
mode 1.

Figures 13(a) and (b) show the results of the
performance experiment for the efficiencies and
speed ratios of the compound CVT A-11 at var-
ious input shaft revolution speeds. In the power
circulation mode 1 and the power split mode 1,
the efficiencies and speed ratios were almost con-



778 Yeon-Su Kim, Jae- Min Park and Sang-Hoon Choi

*— efficiency

=== speed ratio :

Lo

08 - S-S s R ¥
A
& z
E o8 19 5
] ¥
=2 R ¥
. s :
£ o4 11 g
] &
—=p e—a—"
02 o — 0.3
F—
0.0 05
400 SO0 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Tisput shaft revolution speed [rpm]
Fig. 13(a) Experimental efficiencies and speed ra-

tios for power circulation mode 1 of the
compound CVT A-11 at various input
shaft revolution speed

& - cfficiency : ic :
=0 speed Fatio @ kv 0.5 —0— speed ratio
2 == spoed

=O= speed Fatio v

24

Overall speed ratio

[k

0.60 0.0
400 300 600 700 800 000 1000 1100 1200 1300 1400 1500 1600

Input shaft revolution speed [rpm]
Fig. 13(b) Experimental efficiencies and speed ra-
tios for power split mode 1 of the com-
pound CVT A-11 at various input shaft

revolution speed

stantly maintained regardless of the variations in
the input shaft revolution speed (from 400 rpm to
1,400 rpm) . They were similar to the results of the
theoretical analysis.

Figure 14 shows the results of the theoretical
analysis of the power transmission ratio (Pcyy/
P;) of the V-belt-type CVU to the input power
(P1), and of the power transmission ratio (Pas/
P;) of the differential gear to the input power (P;)
for the compound CVT A-11. In the case of the
power split mode 1, the power transmission ratios
of the V-belt-type CVU and the differential gear
were lower than 1.0, because they split up to
transmit the overall input power at an assigned
ratio with respect to each other. In the case of the
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Fig. 14 Power transmission ratios of constituents in
the compound CVT A-11

power circulation mode 1, however, the power
transmission ratios of the V-belt-type CVU and
the differential gear were higher because part of
the output power was re-circulated back to the
inside of the CVT. In particular, because all the
output power was re—circulated back to the inside
of the CVT at the geared neutral, each power
transmission ratio was at its maximum value.

5.2 Compound CVT A-12

Figures 15(a) and (b) compare the results of
the theoretical analysis and the performance ex-
periment for the efficiencies and speed ratios of
the compound CVT A-12, respectively, at 1,200
rpm of the input shaft. As the compound CVT
A-11, the resulting efficiencies in the theoretical
analysis and the performance experiment were
similar, at an difference range of below 5% P.
Moreover, the theoretical analysis and the per-
formance experiment have almost the same results
in terms of the speed ratios, the occurrence of
geared neutral, and the transition point between
the power circulation mode | and the power split
mode 2.

Figure 16 shows the results of the performance
experiment for the power split mode 2 of the
compound CVT A-12 at various input shaft rev-
olution speeds. As the compound CVT A-11, the
efficiencies and speed ratios were almost con-
stantly maintained regardless of the variations in
the input shaft revolution speed (from 400 rpm to
1,400 rpm) . They were also similar to the results
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Fig. 16 Experimental efficiencies and speed ratios
for power split mode 2 of the compound
CVT A-12 at various input shaft speed

of the theoretical analysis. The results with re-
spect to the power circulation mode 1 were iden-
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Fig. 17 Power transmission ratios of constituents in
the compound CVT A-12

tical with those in Fig. 13(a).

Figure 17 shows the results of the theoretical
analysis with respect to the power transmission
ratio (Pcyy/P;) of the V-belt-type CVT to the
input power (Pi), as well as the power transmiss-
ion ratio (Pgy/P;) of the differential gear to the
input power (P;) in the compound CVT A-12.
As the compound CVT A-11, the compound
CVT A-12 reduced the power transmission ratio
of the components compared with the use of the
power circulation mode alone.

5.3 Discussions

There were no any geometrical interferences
among elements in the designed compound CVTs
which had stable performances as changing re-
volution speed of the input shaft. It was also
verified that the power-circulation-mode CVT
and power-split-mode CVTs could be assembl-
ed smoothly. In the designed compound CVTs,
which have no additional chain drive or CVU,
the power circulation mode realized reverse mo-
tion, the geared neutral, and part of the under-
drive functions; whereas the power split mode,
which has a high efficiency and the components
of which have low power transmission ratios,
almost fully realized the underdrive and overdrive
functions. Accordingly, the compound CVTs were
more efficient, had components with lower power
transmission ratios, and had a more compact design
than the power-circulation-mode CVT alone. In
addition, the compound CVTs had the geared
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neutral and reverse motion functions compared to
the power-split-mode CVT alone.

6. Conclusions

The authors defined design constraints for the
compound CVTs by combining power-circula-
tion-mode CVTs and power-split-mode CVTs,
which were proposed for connecting 2K-H I-type
differential gear to V-belt-type CVU. The autho-
rs also designed two compound CVTs in accord-
ance with the design constraints. The authors de-
duced the following conclusions by carrying out
theoretical analysis and performance experiments
to derive the efficiencies, speed ratios, power flows,
and power transmission ratios of the V-belt-type
CVU and the 2K-H I-type differential gear for
the designed compound CVTs.

(1) The design constraints were valid and
effective design method for the compound CVTs,
which have been proposed by connecting 2K-H
I-type differential gear to V-belt-type CVU.

(2) The compound CVTs could realize stable
performances as changing revolution speed of the
input shaft, and improved performance compared
to either the power-circulation-mode CVT or the
power-split-mode CVT alone.

(3) The authors verified the validity of the
design equations for the compound CVTs through
various performance experiments.
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