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Abstract : This paper deals with the engagement analysis of the synchronizer and clutch body gear varying the gear tooth shape.
The clutch body gear consists of a conical surface clutch part and a gear part. The conical surface clutch part engages with the
synchronizer rings by creating a cone friction torque on its conical surface. In addition, the gear part meshes with the sleeve by
aligning the gear teeth with the sleeve inner splines at the end of the shifting process. First, the clutch body gear and main
components of the synchronizer are designed into 3D CAD models by disassembling and reverse engineering a conventional dual
clutch transmission. The friction parameters for engaging dynamic simulation are obtained from the test bench. Then, varying the
tooth shape of clutch body gear and multi-body dynamic analysis are performed by using ADAMS in order to investigate the
engagement characteristics during the shifting processes. The overall shifting performance and characteristics are discussed based
on the simulation results. It is therefore concluded that the shape of the clutch body gear tooth can affect the shifting shock rather
than the shifting force on the synchronizer sleeve.

Key words : Clutch body gear(Z 2] %] H}t] 7] ©]), Synchronizer(’y = 2 1}°] A]), Dual clutch transmission(F 2 2] x| H 7)),
Multi-body dynamic analysis(tH& A &< &+ 3] 4]), Shifting performance(*H 473 %)

1. A‘I / clutch body gear

synchronizer ring

/ / b / sleeve

8] A5 A 5 7] 9F DCT Ol = A &9
] $H(Constant mesh synchronization) ¥} o] o]-8-5
Row F= 95 Bt TSk e AT e F5
9 2Zepele] ofs A B 7]of Atolof] ¢ —7*3579/]
RS 7R A AR ol A 3 e B g H o] 9)

ot F A utr] 7] o= W] of of AA =A W&o
A Aol A B3t 2zt Ajtste] W&

=
Z8 9] £ 57| 3Ksynchronization) S o] Fi= §-

xl rIJ
:
H offl

B

=l
Fig. 1 Structure of a synchronizer
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Fig. 2 Reverse engineering of a 7-speed DCT
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Fig. 4 Design parameters and reference tooth shape of clutch body

gear
Table 1 Variations of tooth shape of clutch body gear
No. Parameter Vaule Tooth shape

1 A 125(ref.+20)

2 A 85(ref.-20)

3 B 21(ref.+1)

4 B 19(ref.-1)

5 C 8(ref.+8)
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Fig. 6 CAD model of triple-cone and single-cone synchronizer and
clutch body gears
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Table 2 Motor specification of test bench

Driving motor Load motor
Capacity 1.3 kW 1.2 kW
Max. torque 15 Nm 40 Nm
Max. speed 3000 rpm 1600 rpm
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Fig. 8 2nd and 4th gear shifting simulation result
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Analysis of Synchronizer Engagement Characteristics according to Variations of Clutch Body Gear Tooth Shape

2nd gear change 4th gear change
20.0 1500.0 20 3500.0
| i S PR | 00 |
14.51 11250 -3.5 r28750
o 5}
ut) (73 @
7 2 2
= 1 7 b4 = g F 3
g P = s =
H 1 2z H B
£ 904 I r 750.0 'g £ -904 r 2250.0 'g
8 K] 8 3
5 | — Sleeve force = S | L =
= — - Sleeve angular velocity 2 B — Sleeve force . £
= - - Sleeve angular velocity EU,
3.54 tazso < -14.51 r1625.0
00 L r | I
7
-20 L 0.0 -20.0 1000.0
0.25 0.375 0.5 0.625 0.75 175 1875 20 2125 225
Time (sec) Time (sec)
Fig. 10 Simulation result: case of reference tooth shape
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Fig. 12 Simulation result: case of No. 2
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Fig. 13 Simulation result: case of No. 3
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Fig. 15 Simulation result: case of No. 5
Table 3 Comparison of simualtion results
Ref. Case 1 Case 2 Case 3 Case 4 Case 5
2nd 4th 2nd 4th 2nd 4th 2nd 4th 2nd 4th 2nd 4th
Average sleeve force [N] - 3.5 - 3.5 - 3.5 - 3.7 - 3.2 - 33
Sleeve velocity change [rpm] 300 1730 310 1750 295 1730 295 1715 290 1730 290 1700
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