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Characteristics on the Output Coupled Type CVT Combined
Differential Gear Unit

Sang-Hoon Choi*, Yeon-Su Kim**

ABSTRACT

Continuously variable transmission(CVT) mechanisms considered here combine the functions of a 2K-H 1
type differential gear unit and a V-belt continuously variable unit(CVU). One shaft of the V-belt CVU is
connected directly to the differential gear unit and remaining shaft of it is linked to the output shaft. These
mechanisms have many advantages which are the decrease of CVT size, the increase of overall efficiency, the

extension of speed ratio range, and the generation of geared neutral. In this paper six different mechanisms of

output coupled type CVT are proposed. Some useful theoretical formula related to speed ratio, power flow and

efficiency are derived and analyzed, and theoretical analysis are proven by various experiments.
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Table 1 Speed ratios and efficiencies of the pfoposed CVT

criteria of

config- equivalent relations . o
. gear f | power flow . speed ratios(i) overall efficiencies of CVT(7)
ration i (ieq) v
direction
o 1+i4y zp (g oieg— i0)(1 + 1)
leg 1] z ’ D Z,2 ieq_ iO Z, (7}0+ io)(iea_ lo)
Included —5 = Dl &
1 o Zs #ela _1+d zp (1+ 3)(ieg— 70 70%0)
feg = Io l0— %oy Za 0’ (1 + moig) iy — 2)
None ) zpz. _ Dizgzy | _ _1t3 2y 70(1 + i) do (g + 20) + 70" 1e(1 + 77p)}
szzs' DgZeZa i0+izq Za (1+ 7]0i0)(7]0+10)(lm+ Zo)
e > o gltiy) 2o (I'JE l'o)fr”f);’g il‘e_q _f°))
’ D leg— %  Zg o\ 29/ 2eg— 20
Included L DIZga
9 < Zs 2ZeZa o ieq(1+ 10) Ze 1+ iO)(igq_ 7]077012.0)
@y W= ly Zg 70 (14 020)ieg — %)
None _ Zer' _ DIZga _ ieq(l + lo) _Z_e_ 770(1 + Zo){ igq(l + 7]0i0) + ﬂolio( 7o + Zo)}
Zgzls' DzZeZa leq+ io Zg (7/0 + lo)(l + ﬂoio)( leq+ l.o)
Included _ Zr' — DZZeZa ieq Zy 770, + 7}0i0( 7/0' + qu)
Zs’ DIZga 1+i0+i0ieq Z, 1+i0+i0ieq
Vhin > i _ Z.gq Zy 7']07}0’(]."f‘?')()l'o)—l.()l.ﬂ
3 fo > ldleg "D 1+ ig—iole 2a 20CL+ do— Tpicg)
N ZB|Zr . 2Zela
one T =Dz : ”
e < | 1Zg%h i 2o | (gt o) = momy dgleg
0 ipteg—(1+74p) 2z, 70" (1 + g — dpiey)
Included i z, _ Diyzezq 1 Ze (1 + 7gfo) + Moo toleg
Zs’ Dlngb (1+io+i0ieq) Zg 1+i0+i0ieq
L _ 1 ze | 7% (1+ ngip) — byleg
4 PHio > inie . b (Ut i dgie) 2g| 29 (L + dg— igie)
N ZB1Zr _ 222y
one Zmzs  Dyzgz P
1+ip < igi e et 1 Ze (0t do) — 1070 dgieg
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Zr, DIZ Zh Z’g Zn (7/0+i0)+770770’l.e
neluded Zg Dyz.z, 1+4+i, za 142+,
o _ Qo zn | w0 mtip) — i
5 1+ip > leq , D (1+i0_ieq) Z, 7)0770'(1+l.0—l‘eq)
N Zp\Zy _ 1ZgZy
one Zpzs | Dozez . 2
l4ir < i B2%s 2eta 0 Zn (1 + 7970 — momg leg
o teq Z.eq_ (1 + ZO) Za 770(1 + io - ieq)
Included . 2z _ Dizgzy o loley  Ze 10" (o + 20) + 7ot
z Dyz.z, 1+4+i, zg4 1+d+ i,
. . iOie Ze 770770’(77O+ iU) - ieq
6 V+ip > e ——— ——
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Table 2 Power flows of the proposed CVT

config- criteria of transmission powers of
) gear f | power flow | transmission powers of CVU(Pew) . . . power flow
ration L differential gear unit(Pay)
direction
: : Toleg(1 + ip) io(1+4,) positive
g > P, =—"——=<P; Pyi=——""~—"—<P;
feg = 10 o (gt ig)ig—ip) W (gt ig)igg—dg) circulation
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1 Lo P = ig(1+ 7p) P 70701 + 4p) negative
a- v @ (L4 gighig— i) W (1+ 7920)(ig — 7ay) circulation
7]0ie (1 + 20) 7]0i0(1 + Zo) .
one Pe (7]0 + 10)(leq +i4) Pay (1+ 77020)(leq +ip) F power spi
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Included ( ) 0 ) —
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2 o < = A ER Puy= e
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mio(1+ iy) i) .
one P L+ mi0) i+ i) © Py ot )Gt i) = power spli
1 + 77 %ol .
nelude Pan=T% igtigie Par=T7 it dgle power spi
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3 V+ip > dgheg | Popy= """ pP,=———"2>4  _p
07 ot B T ol el /Y 9 W p(L+dy— 1, P circulation
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V+ip < ipieg | Popu™= — —~ P; Pu=—"""79——pP,;
0T i 7o(igieg— (14 4g)) ~° “ Gplgg— (1+4) *F circulation
77()1.01.20 1 + 7%y :
luded - = ;. F; =TT T split
Include Pew= T4+ igig 1 Par=T5 % igin power spi
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7 e o no(1+ dg— dpieg) ~ W 14— Ieg ' circulation
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. . Polple 79+ % : positive
+ip < N = 4— . = —————————— P
[io < duley | P foleg—(1+dp) *F Pay 9oCigle— (1 +14p)) °° circulation
Nole 70+ 7 ) .
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5 L+in > i P = o P. P.= nt 1 P. negative
’ “ o 7(1 +dp— iea) ! H 14 ty—lgq ' circulation
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< g = —F P = ———————————— P
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- =— " P == . - . t
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6 +ip > I, P, =——"—" P,= — P;
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Table 3 Specification of CVT

differential gear unit & other gears

number of teeth mating efficiencies

z=24, z5=24, z=72 7 5=0.992, 7 ,=0.982

z=18, z,=45, z,=90 7=0.982, 7 ¢=0.982

Zb:90, Ze=50, Zg=25 7 eg=0.982, 7 ﬂb=0.982
7 ah:0.982

continuously variable unit

speed ratio(D,/Da) efficiency of CVU

0.50 0.824
1.00 0.870
1.50 0.904
2.00 0.938
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