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Mechanical Loss Model for a Metal Belt CV1

Wansik Ryu - Pilgu Kim - Hyunsoo Kim'
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(Received 15 September 2005 / Accepted 22 December 2005)

Abstract : In this paper, the belt-pulley mechanical loss is investigated. A bondgraph model for the mechanical loss is
developed from the viewpoint of the power flow by assuming that all power losses are attributed to the torque loss. The
mechanical loss model consists of transient and steady state part. The coefficients of the power loss model are obtained
from the experiments. It is found from the simulations and experiments that the steady state loss depends on the line
pressure, input torque and rotational speed while the transient loss depends on the rotational speed, shift speed and the

inertial torque.

Key words : CVT(F-w1<:7]), Efficiency( &), Mechanical loss(7] A} 4] £=41), Steady state loss( A4 el £=41),

Transient loss(3 =AV e £21)

LN

pr

7](continuously variable trainsission, CVT)
W WSl A% A Wao] Fhs

R8s

-

st N —d

SgfoR §A%
2 34 A2 5 glo] Aol

EEEERESER)
/;1'

ox by oo 8
2 2
RIS
tlo 1o

B

{1

o
2

B

i)

f

)

2

off
o

> £
e

-

o,

ol

g,

2

froax ooft Y o rr

B
1z,
i

ol gy £ E o
30
£

By
1
i
2 4
—
Ir

Tshel o 0.2 A

E o N o &
mofm 2 o
o g o
S e O
M o o S
t —}L m{n‘, 2;]-‘
wo o L o
to ry o F
iRy
o
ok
>
>,
o
:[o
o
B
©

i
o

o

*Corresponding author. E-mail: hskim@me.skku.ac kr

ol rfy
to nx e

~ O 1
oF2% 5 A 3}a1 #H A 9] F7 A CVTe)
297% o] olet% Bas it 9ir)”
oVl me-2e e Zo) Fgases) v et
Z2 AAA FEEAL IHELT G55 A
Hu} wpeld CVT AAEELS ASolde i
Ao] ggko] An g HE-F| &4 o

o] A vhehte}?

CVT WE-Z7] &4 B4 439 &5 &
o] A=), CVTe] 4 rido] A5 Ead
o] FHEAR Yehd vl B E E4 s
Eof ks, W] o] ghe g mdlle] &

B ATorae A4S Eate] CVTY
L FE AAE sk S E R A

=
] CVT &2 A S =53k



T -

2. OVT HE-Z2| HAME] 528

Fig. 1> & Ao AH29 CVT 28A18%
o]t} CVTE ACEE o] o|3te] 7%
SuEd o8] FEZol FEZoR A2
S T FEAGNA 2Rk golgE 2 WS
H] Aloj= ghlqtE Aol ¥ B line pressure control
valve : LCV)2} ¥ <1 | o] ¥ H(ratio control valve :
RCV)o) &Jzte] = m, o] & 98 TFL¢H2 1
Lo fFEFA oz Ry TFEY. 7 2

ﬂ‘ i

beo® ool fo

’

off

[e]
F5Eol 27 BAMA 9} SR AN E G eto]
2R EEE SHAACVTE -5 FHL A
Bsiet.

INVERTER

TORQUESSPEED
SENSOR

- ©-
1

HYDRAULIC]
LOAD
SIM ULATOR

1 TORQUE&SPEED
1 Secondary  SENSOR

INVERTER
o

HYDRAULIC POWER UNIT

Fig. 1 Efficiency vs. input torque

CVT A &ade] {f94EdE A3 CVT HE-Z

2 B8-S vaa 2ol AoE ek

Pout
== )
471X = CVT WE-Z2E 5§, P, P, & 2

82 smxiExiastsi=2F A4A M3S, 2006

SHA
IR

o thet B8] A9 Ato|rh ™M =
ol YHEAT} F7IEFF &0 Tt A
Bl =3 WMEH] =10 ol B0 /M &
WA 7E B Eefo] Hut T Eto] B2 7 A

#gol welzith

100 Experiment Fitted curve
® \
- \ L et
g ‘/f'/ ot *
2 el ot
] i
] - ® 1=0.428
E AT=1.0
i Ps=30bar & 24
Mo

0 20 40 60
Input torque, Nm

Fig. 2 Efficiency vs. input torque

ZHRlIgtE o] g3F ¢ Fig. 3w, =1000rpm,
i=0428,i=1.0, i =244 2}AFHl & & &
W3S LAY 1 = 04280l A = el ke o] W3t
of W 89 Walrti=2404 By} I3 Qe
Bt 55 g uE a& Wit o}
7t}

W&n) o] 43} Fig. 4 w, = 1000rpm, P,=20bar
X 55 YHES 7,=20Nm, 40Nm ¥ uf ¥
Hlo| m& &9 FAZA Aotk AN &5 ¢
o] M| i=1.004 &o| /M A Vet
t}. o] o] frE T o] B &4 maz My

Prss = Tyw,— Tw )

— 0, (Ty~ T,)(1- 1) AR

(ﬂ7]}\—1 ]_219’]— Tsl —8_ ]:‘]EEO ?—IXC]’%E} O] 1—% Xo]—
#, AR Y= 9] 23] A X|(rocking edge)Alo] <] A
glojt} 2 )l A & = o] THEH ] 00] H
7l gkl T, = Tyol A i=10]ojof girh. &
3, B2qtdda =g A" net i<19)

T, —T,<00] drh M o] gHos=w

L A EAEIEZ AAZE (=1 2 o)A
7 =& F8o] Vet



S&WE CVT
100 -
P ExpenmentA Fitted curve
- NG /
5 \ ’rrle”.W“' -
5 R
& - A Ps=10bar
b o M Ps=E20bar
1 Li=0:428 ¢ Ps=30bar
20 40 60 80
Input torque, Nm
100
= Experiment leed curve
> N
o e
<
2
;.% P A Ps=10bar
hTi oo D M-Ps=20bar
1=1.0 4 Ps=30bar
Mo 40 20 30 40
Input torque, Nm
100
ES Experiment Fitted curve
2 \ e e e
2 DSt
Q9 kA
& A A Ps=10bar
bl Y i Ps=20bar
o i=2.4 4 Ps=30bar
0 20 40 60
Input torque, Nm
Fig. 3 Efficiency vs. line pressure
100
e T, =40N
= \ m‘,‘
g NS
5 % N
©
& - T,=20Nm
w
n
0 05 1.0 1.5 2.0 2.5 3.0
Speed ratio
Fig. 4 Efficiency vs. speed ratio
FE5E545E0 4%k Fig. 55 P, =30barol| A
B2 & ute agel AP Aot 7t v
ol diste] 55 £ SIS BEo T
she AEE BRIk o)Al AR e EAE 0]
o vl g3t Srkshs AAvrkE 54 S 2EY
£ 2% ojml g
olyhel M%7] ¢ ¢l o] Lol nhE A4 vl 2 %
o] Mg CVT &) J3Fg vA= Qi £
Ao e o] Lol We ee e
% 3ttt

100

i=0.6
T Fitted curve

7z

Experiment

A ©,=800rpm
8w =1000rpm
4 0,=1500rpm

Efficiency, %

Mo
100

fle 20 40 60 80

Input torque, Nm

0

Fig. 5 Efficiency vs. primary speed

3. CVT HE-Z2| niz=AE &4

&= 2] CVT ekl flste 7
Hab ol A A W] i =2457 4 L Wig
H] i = 0.428 2 J g AHA 7| 75530 TE59 &
4 P, P, Z48k1rk Fig. 6~72 w, =1000
rpm, 22198l P, =10bar, 20bar, 30barell A & A ¥
4] 4= 24579 A 3 WEN) i =0428 2 F3F A
£ag g W, CVT 9587 ey L Ea, &
o] A7kl vigh A LR
T3] el £y,
BdojE o] ot u)

O T 1
Pin‘C'TL%EE [<3K)

A~ [
SARE S

&
=1

A

of

N

ob

5 5

)

o o Sl
£ oox M ¥ (&

ol
0%
0%

H1 off

B ol

Transactions of the Korean Society of Automotive Engineers, Vol. 14, No. 3, 2006 83



Wansik Ryu - Pilgu Kim - Hyunsoo Kim

3000
g Ps=10bar T, 30 £
g 2000 : z
s [
2 ool :
= (o]
g ° a

S 5-1000
2
] =
3 o
o <Y
o a

0 10 20 30 40
Time, sec

Fig. 6 Measured power during shifting

Ps=10bar 3.0

N W A

Power, kW
N w PO

N w O =
Speedratio

0 10 20 30 40
Time, sec

Fig. 7 Measured power during shifting

i & RS PR

4~i=04289 A ZA3 grolth 7| F
%@agaﬁwlﬂ@atlwa”ﬂﬂﬂp~ﬂ
e FEE LAF %maﬂaﬂ@ﬂ%

L

= Z\—% % gj‘tl}ﬂ Pln J’}_ Pss in J’]"’] Z}-O]
~%%%%%%ﬂﬂﬁﬁ%@ﬂﬂ@ﬂ£@ﬂ%
20) )3 Aol EE, BhAAY o) ZAAFE W

34 AIXEX e =27 H4A X3S, 2006

&= x)7ko] gelrith. o] AL o] 3ja} Vo] Ao A
By vpeh o] W& Srvt g oEs)
7] W E-olch

P& AgAdel A B 4 dRo] HA WsH
i =24579| 4 AT ZHS Bojn A&H| 7} L=
ol B2 a8 F E7hste] AAHA T
94 #Fe FAIYE oL TES Fu
w, =1000rpm ©. 2 JA3}7] wjiZoff Wk 247} A
W 252 £5= 1/ WE Zvlsta oldwet
P, =13k Z71817] |t ek 24
o) £A& H ol walsh A4 mhel o7 £
xst WAQE AL o7 a2 74

l

i

e

1: Jp I:J
i | l
Teo—=~1 b MTF =1 T
. R
I
R:R1(Pp, p, To) R:Rx(Ps, s, Ts)
Fig. 8 CVT bond graph model

gz 2EoA CVT &8 B3 HY >
ohg 43 2o vhehdl 4 glek,



Mechanical Loss Model for a Metal Belt CVT

R=ali)(R,++R,) 5)

A71M ali) &= W&uld WE B £
a7k gl

o

are

© SIS o ?:}'Ejijq’

FHEI 2 E87] Wiel &4 Ry, R, E A7F
Hop a9 12432 7Heta A whe] 9%
AR 1A F2 M 75 4T85 A4
B B A R, RS T o] RS
UL
Ri=a; + (Pi+b; » o))t s wtd, o T, (6)

=1L TS

=2 FE5

4714 a;, by, ¢, diE AFEA LS T3] 4
AEW, T3 BEA b« o YA o3 B
AEHolth & AFolM e AHFHelA ol
ojFol A A el o FFL FAIF A

o] 5 & AP ATANN = B 5 5] 4, 3
A&k, JHEe) Z47be] Q1A wslel giste] &
&0 A< HetE Bl v Wdnlo tlsty
© W& i=100A 7 §80) ¥ =249}
i=04280 4 F&o] sk 2243 HHo

& W3S YR o= 4 (2)01]
o] CVTY] &7 AA] G5k ] ¥
o} B Aol A= ol e W

>
(A
o
o %%
ot
R
B0 M ol

_a oﬁL
il 2
b
>

£ Uetd7] 98t oga 22 7R g4 ali)
£ o] &-3tH
15
‘§ 1.0 \_/
§ 0.5
3

0
0 05 10 15 2.0 25 3.0
Speed ratio
Fig. 9 Weight factor cx ()

3k A

A A (4)ol| 4] R e B vkt 2ol v
ghdl 5= glek
S ST B 1
hp+ Ths— qu)p+ f‘tfsws ( )

di Wy
(J+ J)a;+ JS( Ew_)

21 (Mol Al MEae o] B2 CVTY 314

43} FE W FEE AAEE WEEE difdte]
£ & 5 vk e TESA A B EAE
o B2 AAE SR 3 A AB o 3

¥o bomx ool
~

O

AR (7)) FO.5 thewt o] hehd 4

SHNA =5 Ards A
F317] 9l8te] SA RS o] 83 Al B ol A
o} A A5 n st

51 CVT HE-Z2| Hatae] &4nd A4S

Fig. 102 CVT M E-Z2] A4 A=A 2]
BAN} AR EE o] &3 A EH ol AFHE H
gk Aloluh 2ol A & 4 gl5o] AP A el Al
Eiold 237t Y B4, A& E, glE, 3

0] 7} Qo] Mstel hatel & AX ek

284 98 2 L A 4l £
o Easdo] Frkeke A B 4
It e] Z7h2 dlsted FES = Lﬁ
B B sEe] B/ Qstel 2% vha
4 w3 Z7)eh7) Wl

F1
\‘:-'.,
A
olxﬁﬂ?‘i
N 2
)

s
o ow s

o
2

52 CVT HE-Z2| DM &AM A

Fig. 11 ~Fig. 2= =&9 CVT <424 S
g AlEdold Aot ARAnE Hlae Ao
Fig. 11%% aholl A i=2.457 o A i= 0428&“65}33

o
£ oo O

.

%4 gFEE] WSS vehd Rolch 1ol
4 Rel TEF ST TEEE W A
Qo) Qe QEEE L SAhe Fig. 12

Transactions of the Korean Society of Automotive Engineers, Vol. 14, No. 3, 2006 85



®,=1000rpm
16
_Psz10bar... B — 1=0.428
+ —i=1.0
A =TEZY
8 et
wr B2

,./‘/,‘:""‘

e Simulation |
£ 0 o & o Experiment
Z 16

- -Ps=20bar-
»
7]
L)
%’ 8| - rf’”r.
a i
= x“/r T
© [
g o
» 16
Ps=30bar .. PRI
.
! J,.l/
8 i
e
fjxyr,)”(
0
0 20 40 60 80

Input torque, Nm
Fig. 10 Steady state loss

w, =1000rpm L 241U P =10bar, 20bar, 30bar

oA g WAl YHFH ) WakE e Ro)

B 1ol 2 4 g5
o=

o,
hin)
1
2

o &
ot
R
WX

o
oz
Bu)
oo 22

off I®
o fix 8

N gz G
5 E
2 o
_l

i)
I
(&
B o
L)
f
o
L
2
X
e

o
G o

o o o v lo

g M 0 o
o o
2

v

rr

S

il

e

&

39,

v

N o
—_ -
R xR
BUR
o
AL
ro

,d
o
Ru)

Fig. 113} Fig. 120 A] ®i<=0)
7} 2 di7bA] FHol AE sk
o] Fig. 130] 4] &<l 3 &= 9
o 23 diolrh. 539

e
flo
A
2
o2l

e
e
30 o>

1A%
& o
=

=
=<©

=)

=

o o
0
o 4
&S
o
offt |

it

i
ooy
o

3

= A
o2 Mooz M X

O

0%

ful

N

oo

rlr

W

filo

R~ = L

4 W &
I 32 P on

=)

‘g‘ [«

£ ———

4
off
©
&
2

86 simxsAZets|=27 HM4A H3B5, 2006

7 3.0
©,=800rpm

Simulation

Power, kW
Speedratio

0 1 2 3 4 5 6
Time, sec

Fig. 11 Comparison of input power at Ps=20bar

o)Ee7| wjtoltt
Fig. 10~Fig. 1204 Al g&o] A A= Ad4
e} 2 A=) gt

Ps=10bar
Simulation

N W A

Experiment

Ps=20bar

- N wWw

Power, kW

Ps=30bar

o =2 N W b

0 1 2 3 4 5 &6
Time, sec

Fig. 12 Comparison of input power at w,=1000rpm



Pressure, bar
- N W g
o o

o
o
o

Now
o (=]
Speedratio

-
(=]

Power, kW
o =2 N w »O

: 0
0 1 2 3 4 5 6

Time, sec

Fig. 13 Input power at w,=1000rpm and P, = 30 bar

ik
hu

CVT ME-Z¥) 9
I 2edg o]
< 73t
Aol e Ao 7}
e} 7} AAkE A st

o]
W2 gt
A

b
it
td
=

iz fo
M o
i o
52
5

ol
2
@
<
A

an
o

ki
I
o I_n
>
il
tlo
b
o
ro
=
<
;—]
b
(4
Lo iy

o,
PL
o8
Q<

—~

1=

i

it
4 & N
r
y 1

=
e
il
|
9,

i
]
bt {1
(R (Ve o

oo e

x 1

o

2 ¢
)
o

>
<
o3

o

@)
<

)—i

o

o

oL

oz

£
B

{1t

rlo

jin
o
T

j

k)

2

o

s}

I
i
Lzl
oy Ay B
& A i -

o
N

o
oK
Lo

4t

N

oy
o
o

Ju
L
o
e
®
o
Hr
o
-
fo o Lo

2

Y

IS

z,

f

2o e}

e
Y
f
e
flo ro

> T2

i)
)
u)
o1
<
H
i)
l 1
s
m
(P
>
td
iz
e
i
i
i)

vl gk Ay zZ dxjeg o CVT E&7idl A
= Ao 7t
E
H =2092005W % Fi 5221 Al o X go g
o] 012l 2 0.5 A, olef] ZA= R
References

1) H. Sattler, “Efficiency of Metal Chain and
V-Belt CVT,” Proc. of the International
Congress on Continuously Variable Power
Transmission, pp.99-104, 1999.

2) T. Ide, “Effect of Power Losses of Metal
V-Belt CVT Components on the Fuel Eco-
nomy,” Proc. of the International Congress on
Continuously Variable Power Transmission,
pp.93-98, 1999.

3) B. G. Vreomen, “Component Control for the
Zero Inertia Powertrain,” Ph. D. Dissertation,
Eindhoven University, 2001.

4) H. Song, H. Lee, H. Kim, “CVT Power
Transmitting Characteristics and Control Logics
for Negative Torque,” Transactions of KSAE,
Vol.10, No.1, pp.225-264, 2002.

5) H. Lee, H. Kim, “Shift Speed Improvement of a
Metal Belt CVT,” KSME International Journal,
Vol.15,No.12, pp.1623-1629, 2001.

Transactions of the Korean Society of Automotive Engineers, Vol. 14, No. 3, 2006 87



