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Basic Theory on a Multi-Mode CVT

Chinwon Lee, Wook Jin Jang, Jin Ho Park, Yeong Il Park and Jang Moo Lee

Key Words :  Continuously Variable Transmission(CVT, 5% <:7]), Infinitely Variable Transmission(IVT),
Power Re-circulation/Split, Continuously Variable Unit(CVU, FH® & 7|7
Abstract
A planetary gear assembly is a key component to combine and/or split a power from the source. With a
planetary gear assembly, a continuously variable unit extends its capacity by means of power branching
mechanism. Power branching with one planetary gear assembly and one continuously variable unit is
categorized into 12 basic types. Each type represents peculiar power transmitting characteristics. Additionally,
a multi-mode (range) continuously variable transmission can be designed with accompanying clutches. A
multi-mode continuously variable transmission changes the path through which the source power is
transmitted. Each path has its own features, such as high efficiency. In this paper, some design principles are
examined such as, criteria to guarantee the minimum power efficiency, and constraints to guarantee the
smooth mode shift after discussing well-known features of multi-mode CVT mathematically.
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Table 1 Speed ratio and torque ratio of the transmission
Speed Ratio Inverse Torque Ratio Inverse Torque Ratio
T, T
Type (&) (Positive dir. ——) (Negative dir. —)
Wi o To
1, 1 1+R 1.1 1+R 1, 1 1+R
1 —(—=+—) —(—+—) —(-—+——n)
R p o R f «ap R f
1 1+R 1 1 1+R 1 1 1+R
2 —(m - —(m =) -1
R B i R B ap R f
1 .1 R 1 .1 R I /1 R
3 ——(+ ) —— () ——(+=0
I+R B 1+R f «ain I1+R f
1 R 1 1 R 1 1 R
4 ——(Zt ) () —— ()
1+R B I+R f an 1+R f «ai
s 1+R R I+R R 1+R Ry
B a g an i
R 1+R R 1+R R 1+R
6 —mt— -t -t
B a B__ain B o
, 11 11 11
B1+R-Rai B 1+R-Rain B1+R-Ra !
. 11 11 1 L
B (1+R)ai-R B (1+R)ain-R B(A+Ra ¥/ -R
. 1+R 1 1+R 1 I+R_ 1
B 1+Rai B 1+Rain B 1+Ra’
0 1+R 1 1+R 1 IR 1
B ai+R B ain+R B a%]+R
; R 1 R 1 R I
B (1+R)ati ~ 1 B (1+ R)ain -1 B(1+Ra ¥ -1
> R R 1 R__1
B1+R-ai B1+R—ain Bl+R-a
Table 2 K-factor
K1 K2 K3 K4 K5 Ké6
Gowl| LR | B 1| | p | __BR| LR
' ai 1+R i ai Rai 1+R i R a
K7 K8 K9 K10 Kl11 K12
Group 11 —Rai -R Roi R -1 -
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Table 4 Design example
MCVT 4 V4 R | Imin | Imax
7.2 | 4.68 140114025 0.65 | 1.95
4 Imin | Imax
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