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Abstract —The drag torque in the wet clutch system of a dual clutch transmission system is investigated because it is
relatively high, up to 10 of the total output torque of the engine, even when the clutch is in the disengagement state with
zero torque transfer. Drag torque results from the shear resistance of the DCTF between the friction pad and separator
plate. To reduce the drag torque for ensuring fuel economy, the groove pattern of the wet clutch friction pad is designed
to have a high flow rate through the pattern groove. In this study, four types of groove patterns on the friction pad are
designed. The volume fraction of the DCTF (VOF) and hydrodynamic pressure developments in the gap between the
friction pad and separator plate are computed to correlate with the computation of the drag torque. From the com-
putational results, it is found that a high VOF and hydrodynamics increase the drag torque resulting from the shear resis-
tance of the DCTF. Therefore, a patterned groove design should be used for increasing the flow rate to have more air
parts in the gap to reduce the drag torque. In this study, ANSYS FLUENT is used to solve the flow analysis.

Keywords —DCT(F¥ &8 % E&A2=0|A), clutch pack(F 2 X ), friction material("}2#), drag torque
(22 EA), flow path(FZ), engagement(H| Z2), disengagement(E H)

Nomenclature Vs : Flow velocity in circumferential direction [m/s]
V. : Flow velocity in axial direction [m/s]

h : Oil film thickness [m] o : Rotational speed [rpm]
ryn : Inner radius of friction plate [m] o, : Rotational speed of friction plate [rpm]
7ou - outer radius of friction plate [m] @, : Rotational speed of separate plate [rpm]
7 : Mean radius of friction plate [m] 4 Viscosity [kg/m:s]
N : Number of plate p : Density [kg/m’]
P, : Atmospheric pressure [N/m’] T : Drag torque [N'm]
V, : Flow velocity in radial direction [m/s]
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Fig. 2. Wet type multiple disk clutch.
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Fig. 5. Detailed friction pad of Y model.
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Fig. 6. Detailed groove pattern of friction pad.
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Table 1. Frictional area percentage of four types
Waffle type 68.25%
Y type, AY type, RY type 65.03%
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Fig. 7. Fluid Modeling in ANSYS FLUENT.
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Table 2. Properties of analysis condition
Density (kg/m’ 846.67
DCTF (40°C) ty (ke/m)
Viscosity (kg/ms) 0.0264
Density (kg/m’ 1.177
Air (40°C) ty (ke/m)
Viscosity (kg/ms) 1.85e-005

Outlet pressure atm. pressure

Volumetric flow rate (L/min) 1.0
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(2) 1000rpm (b) 1500rpm

Fig. 9. Volume fractions of W type at 1000 rpm and
1500 rpm.
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Fig. 10. Volume fractions of Y type at 1000 rpm and
1500 rpm.
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Fig. 11. Volume fractions of AY type at 1000 rpm and
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Fig. 12. Volume fractions of RY type at 1000 rpm and
1500 rpm.
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Fig. 13. Volume fractions of four type friction pads.
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Fig. 15. Dynamic pressure of Y type at 1000 rpm.
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Fig. 17. Dynamic pressure of RY type at 1000 rpm.

A FAEE AL AT 24 ¥lwst VOF 34
Aol 59 A7} vl9- vsgt FEE BT
AT} 9=ZElQle] A9 DCTFO] &8 mpzdo] wrt
& HAHo= Foo] FAHL e AL BAF I
t}. o]A& DCTF7} o Bl S vls] L&siA w
A WA Eal @Asks el oo waly] vy,
AY, RYEFIS 9FZ Qo) 712 AAE S2ox=
ool WA FAEE A B 4 Utk 23y {2
FHE AFeR EAUE F7] i Tl =4
PAdEo] 5ol BA A= 28 F8| DCTF7t
21438 AW e @S 8 4 9ok

3-3. Drag torque H|1

7} El) W A& E wet =g E3E vk
AAE Fig 189 Ueplt}. =i 371 7P E=7)
FAE B 9ZER]el, Y, AY, RYS 712

E AAI BjlelM = o EEY] B} =8 E=vh
S @A AL RIS gk iAE Y

77

Drag Torque
0.1 T T T

-o-W Flat

~*-Y Flat
AY Flat

-#-RY Flat| |

0.08

o
o
>

Drag Torque [Nm]
g

0.02

1000 1500 2000 2500 3000 3500 4000
RPM

0 500

Fig. 18. Drag torque comparison of four types.

2 Hoe 1S s v AYER]] FEVE =
2 BEaE Ateted o 2 3948 Hole Ae
g1kt

=2 EF= DCTFY A& ofa] dlse
B2 npaya 23] 52 EAlol DCTFRe 23
wAysith Wl VOF7F 2 DCTFE] zeddfo] 713
B2 e =g B3t A F8EE S
gol & ¢ ) =g EIE A S8 F #@
Afel€] DCTFE WrEA wiEAIZd + Jd= A7 2

23S & 5 vk
4.4 E

B ATE 524 DCTY % ol F8# ¢
ZFeolx mpEe]l ORH dHe] mE oo B
HalE Msisith 718 deEe dukdoz wol A}
L3l o1 Ello]al, DCTFE 2143 viEsle] =g
I EAE AR F Ue K25 AAS Y, AY, RY
Ele] mid SE S AT

1. FAFHA A diH oz Wol 2ol 9ZEL
A3} B Apoll A e Y, AY, RY EFYS HlwE)]
S 4 FIE {F2E AT B oEER
T Bt Hashe AdE d]lsiiinh

2. oA wizba HEjd EAelA W& Rt Al
3] HiZEA dhogx DCTFo9)3 At A3ke 7+

A7l Ae & 3k

B

Vol. 33, No. 2, April, 2017



78

Acknowledgements

B d7e 2017d% FAth A g3t =T
o] X9 (No.2015005154)S o} =3¢ 19,

References

[1] Kim, H. Y., Jang, S. Y., Kim, W. J., Shin, S. C., “Analy-
sis of Dynamic Behaviors of Transmission Fluid Flim in
Wet Clutch Pad according to Patterned Grooves”, J.
Korean Soc. Tribol. Lubr. Eng., Vol. 30, No. 2,
pp- 92-98, 2014.

[2] Lee, S. H., Jang, S. Y., Kim, W. J., Cho, S., “Study of
Flow Behaviors in the Groove Patterns of Wet Clutch

J. Korean Soc. Tribol. Lubr. Eng., 33(2) 2017

=4

o

ot

A - A9 - NG

Pad”, J. Korean Soc. Tribol. Lubr. Eng., Vol. 2013,
No. 10, pp. 108-109, 2013.

[3] Ivanovi¢, V., Herold, Z., Deur, J., Hancock, M. et
al., “Experimental Characterization of Wet Clutch
Friction Behaviors Including Thermal Dynamics”,
SAE Int. J. Engines, Vol. 2, No. 1, pp. 1211-1220,
2009, doi: 10.4271/2009-01-1360.

[4] Igbal, S., Al-Bender, F., Pluymers, B., Desmet, W.,
“Mathmatical Model and Experimental Evaluation
of Drag Torque in Disengaged Wet Clutches”, ISRN
Tribol., Vol. 2013, doi:10/5402/2013/206539.

[5] Kitabayashi, H., Li, C., Hiraki, H., “Analysis of the
Various Factors Affecting Drag Torque in Multiple-
Plate Wet Clutches”, SAE Int. J. Engines 2003-01-
1973, 2003.



