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Abstract: The aim of this study was to conduct basic research on the development of a dual-clutch
transmission(DCT) and automatic transmission for agricultural tractors. The DCT layout and the DCT simulation
model were developed using commercial software. Power transmission efficiency of the DCT and component power
loss were analyzed to verify the developed simulation model. Power loss analysis of the components was conducted
according to previous studies and I1SO(International Organization for Standardization) standards. The power
transmission efficiency of the DCT simulation model was 68.4 - 91.5% according to the gear range. The power
loss in the gear, bearing, and clutch DCT system components was 0.75 - 1.49 kW, 0.77 -2.99 kW, and 5.24 -
10.52 kW, respectively. The developed simulation model not include the rear axle, differential gear, final reduction
gear. Therefore actual power transmission efficiency of DCT will be decreased. In a future study, an actual DCT
can be developed through the simulation model in this study, and optimization design of DCT can be possible by
comparing simulation results and actual vehicle test.

Jlz MY n  : Power transmission efficiency, %
P, : Output power, KW
P, : Total transmission power, kW P, Input power, KW

P, . Total mechanical power loss of gear pairs, kW P,; : Mesh power loss of gear, KW

P, : Total spin power loss of gear wheels, kW f.n : Mesh coefficient of friction, Nm
P, : Total power loss of bearings, KW 7, : Pinion torque, Nm
P, : Power loss of clutches and brakes, kW n, : Pinion rotational speed, rpm

B, . Operating helix angle, rad

* Corresponding author: scki_m@kimm.re.kr ' M : Mesh mechanical advantage
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Py o Losses associated with the tooth surfaces, kW
f,  Gear dip factor
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v . Kinematic viscosity of the oil at operating
temperature, cSt
n . Rotational shaft speed, rpm
D : Outside diameter of the element, mm
L : Length of element for gearing windage and
churning, mm
A, Arrangement constant
F: Total face width of gear or pinion, mm
R, : Roughness factor for gear teeth
B . Generated helix angle, rad
Ppg : Power loss for individual bearing, kW
M, : Bearing load dependent torque, Nm
M, : Cylindrical roller bearing axial load dependent
moment, Nm
Py Oil churning losses of bearing, kW
M, : No-load torque moment of bearings
M, Frictional moment of seals, N-m
7. : Clutch torque loss (Nm)
ag : Percentage value of the groove area to the
friction material area
Ty, - Torque loss due to ATF oil film in continuous
section, Nm
7., : Torque loss due to ATF oil film in ruptured
section, Nm
7., : Torque loss due to the mist film in ruptured
section, Nm
w4 - Absolute viscosities of ATF oil film, cP
Aw : Difference of clutch rotation speed, rad/s
N Number of friction surfaces of the discs
h  : Clutch plat clearance, m
r, : Critical radius, m
r; . Inner radius of the disk, m
@ : Critical radius square, m?
r, : Outer radius of the disk, m
tmist - Absolute viscosities of mist, cP
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Fig. 1 Schematic diagram of dual clutch transmission

Fig. 2 Simulation model of dual clutch transmission

oy

Table 1 Simulation input power condition each

gear range
Rear axle power Engine speed
Gear range
(kw) (rpm)

L1 16.91

L2 20.13

L3 25.17

L4 29.95

L5 34.29

L6 40.80

L7 53.20

L8 63.31

M1 48.30

M2 57.50

M3 71.88

M4

M5 2,200
M6 80.24

M7

M8

H1

H2

H3

H4

5 83.55

H6

H7

H8
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Fig. 3 Lubrication level of simulation model

Table 2 Specification of lubrication oil in transmission
system

Specification |
ISO VG 46

46

108
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=220

Item
Name
Kinematic Viscosity at
40C (cSt)
Viscosity index
Pour point (C)
Flash point (C)
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Table 3 Power transmission efficiency each gear
stage of DCT simulation model

Gear range Power efficiency (%)
L1 68.44
L2 71.26
L3 75.61
L4 76.99
L5 79.56
L6 79.65
L7 82.36
L8 80.84
M1 85.98
M2 87.28
M3 89.29
M4 89.39
M5 89.52
M6 88.18
M7 87.41
M8 84.28
H1 91.50
H2 91.16
H3 91.07
H4 90.29
H5 90.27
H6 88.85
H7 87.77
H8 84.51
42 HE AA” BE &4 3 24
DCT W7 AlEH ol RdoA o] o B
FE &4 582 Fig. 59F #Zo] Uetgth 7]oY &
e A4yt ARG 27 vk LigelA b
Ebtom, T g2 Z47F 0.75 kW, 1.49 kwolS{tt. vl
g Fe&d Aopts Augte 247t L1vs e
oA vEbgtom, 1 gk 22 0.77 kW, 2.99 kwo]

I Hedell A uEhow, 1 ke 77 524 kw,

10.52 kwel it
71019] FEEA

Al wrom slFo

MBEH 4] 7]0] 9] FE o]

MEtoll A 7hg 2 FHEdo] BT A2 ML) A

2Elo| A He] F8& BfdZoA wElZo

A5 ALY, Mee 53 RS

& 7]olE Bl WS E A o

5]
Hls) o @2 7loPde AAZ] W

Lo o
<
b
>
°
N
s
o=
X
"
o=
ol
ol

48 Journal of Drive and Control 2022. 3

212 W7

=
[e)

I
ol
o
M
it
=2
)
ok
re
-1

.-/...-
e s e g = == o = SR s
EHT [AMNgE
Fig. 5 Power loss by component in transmission
system

bt
N

fo o\ ™

7101e] &£xd o
(6-8h) oA =LA oA
o vl 7]o] A

rbr
1
flo

2

o
o it R
o P

o=
ol

}

o>
= 2 )

LS
of
oot

¢

pate
o

2 T
_O‘L

of
il

»
i

a=

N

2
o

i av
Sy OR
—_ Ogrl‘

oS
=2

L)

N
N
ol
rlu [

okt
of
2

HE o £

o =
om&:rlogﬂﬁ

o
B

>

W

1p

b

2

(o

o rlo

X,

> oA
_1_401_,[.1‘)'_4

<

k. ol 2%
AP om, Lo
Hetoll A 78 & &4
2 FYeao]
ol olg &4 nls] =7

A9 59 Fele
DCT AlE#o]d mdoA
A yehgt ZeA 5
287t gRoz A0 &
o] Y, sjA® F7} ER kS
3l W2 3 dste] FeA vpEH Alole] 37
= 2} 3A Bys] qEoR AdEt. geba
Fex9 IAEEI} 152 Bl 2 E4 FY
o] WA o] E MM YellAE S &
g 271 WA, W& A2Ee] T2 WA Fol ey
Aoz AohEt}

rpr

o
o oy

>

52 rlo

bt
N
-
N
-

1'm

O
-

ox P

=
%
av)
2

o

T

=
N

i

o
flo
Ip
b
=2
o
e
rbr
>
(o]

()
o
ol
o
pacs
N
=2
Shl
O
ﬂl —

B
b
-3
o
o
rh
>
o
a:)

r

L
o= |
rot

i
)
rpr
1
o
N

>

hy
(DA

(0]

° 4

¢
ol
my

2
o
do

foe pok
)

S
2
Al
of n
e
oo
Il

NE] DCT e 3
DCTY] #ojol-& /MastH o, 7Est ool



H"T

x
=3
Sl

>
rH
oy
2
oy

e AZEJOE Tl AEHold Rds et
Aok A HIEZE HlwA 2 L, M, HEe tis)] ¥
&7 el FEAY 89 BEd FEsds B
A5k o] W FEEAL Yo, woH, FYAE
oo g BAsch

>

sgAY &
S 68.44-91.50%2] W= 71¢], Hlof

g, X &4

7)
0.77-2.99 kW, 5.24-10.52 KW= UtE}ETE

A5HA, AETEF70] ol
gtom, ol5¢ 1Y A% A 59

o 9 yehd Aoz Add.

4. FF AA APE T8 sHAE 585 AST
° =M AEd ol Ao} wlwste] A9 ¥ Y
Ed HALSE ST 2 HA AP 2a sloE
e aisy

= 7

o] A7 20219 AMEdAAE B Ar)E

BRI AKEIT) AT Aol ok AT

(20011428")

OIsHZAI(CONFLICT OF INTEREST)

AR o] = dHste] olsjdA F=o] A
7F e WAEUH.

References

1) Y. S. Nam, “Simulation of Hydraulic Control of
Powershift Transmission for Agricultural Tractors,"
A Thesis for a Doctorate, Seoul National
University, Republic of Korea, 2002.

2) K. J. Park et al., “Prediction of Mechanical and
Spin Power Losses of a Parallel-Axis Geartrain in
an Automobile Transmission,” Transactions of
KSAE, Vol.26, No.1, pp.120-130

3) C. H. Choi et al, “Development of Electric
Actuator Position Control System for Automatic
Shuttle Shifting of Tractor,” Journal of Biosystems
Engineering, Vol.35, No.4, pp.224-230, 2010.

b
ofy
e
oy
ofo
N
oy
-+
e

4) E. Galvagno, M. Velardocchia and A. Vigliani,
“Dynamic and Kinematic Model of a Dual Clutch
Transmission,” Mechanism and Machine Theory
Vol.46, No.6, pp.794-805, 2011.

5) J. C. Cho et al., “Characteristic Dynamics Torque
Vibration of Behavior in Wet Clutch Engagement
for Dual Clutch Transmissions,” Transacetions of
KSAE, Vol.24, No.2 pp.183-190, 2016.

6) J. J. Oh, S. B. Choi and J. S. Kim, “Driveline

Modeling and Estimation of Individual Clutch
Torque during Gear Shifts for Dual Clutch
Transmission,” Mechatronics ~ Vol.24, No.5,

pp.449-463, 2014.

7) W. J. Kim, S. H. Lee and S. Y. Jang, “Study on
the Lubricant Flow Behaviors in the Wet Clutch
Pack System of Dual Clutch Transmission,” Journal
of the Korean Society of Tribologists & Lubrication
Engineers Vol.33, No.3, pp.85-91, 2017.

8) J. H. Cho et al, “A Study on the Wet Clutch
Pattern Design for the Drag Torque Reduction in
Wet DCT System,” Journal of the Korean Society
of Tribology & Lubrication Engineers Vol.33, No.2,
pp.71-78, 2017.

99 S U Pak, M. H Bae and S. K. Choi,

“Development of Hydro-Mechanical Continuously

variable Transmission for Forklift,” Journal of Drive

and Control, Vol. 15, No. 1, pp.61-69, 2018.

S. C. Kim et al., “Macro Geometry Optimization of

a Helical Gear Pair for Mass, Efficiency, and

Transmission Error,” Mechanism and Machine

Theory 144, 103634, 2020. Control of

Electromagnetic Actuators for Variable Train," SAE

Paper 2000-01-1225, pp. 325-423, 2000.

ISO 14179, “Part 1. Rating Gear Drives with

Thermal Equilibrium at 95C Sump Temperature”,

2001

T. A. Harris and M. N. Kotzalas, “Rolling Bearing

Analysis-Essential Concepts of Bearing

Technology,” 5th Edm., Taylor & Francis, Boca

Raton, 2007.

S. C. Kim, “Drag Torque and Heat Transfer

Models of Multi-plate Wet Clutch,” Journal of

Drive and Control, Vol. 17, No. 1, pp.76-80, 2020.

14) S. Igbal, F. Al-Bender, B. Pluymers and W.

10)

11)

12)

13)

49

CEglojle - HEE 2022. 3



l

594 298 7Y

i

212 W7o sHAY 58

L)
I

Mol Bg AT

M
y

Desmet, “Mathematical Model and Experimental  15) K. J. Park et. al., “Development of an Analysis

Evaluation of Drag Torque in Disengaged Wet Program to Predict Efficiency of Automotive Power
Clutches,” ISRN Tribology, Vol.2013, Article ID Transmission and Its Application,” SAE Technical
206539, 2013. Paper, 2018-01-0398, 2018.

50 Journal of Drive and Control 2022. 3





