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Abstract : The synchronizer slip mechanism in the slip ring and cone of the automated manual transmission(AMT) is
investigated with respect to relative velocity, fluid gap magnitude and lubricant supply flow rate in order to find better design
parameters for less drag torque and higher power transfer efficiency. Fluid spaces inside the gaps of the AMT synchronizer
module are modeled in detail for CFD(FLUENT) analysis. Fluid flow behaviors through the gap space of AMT synchronizer
module are calculated in terms of volume of fluid and dynamic pressure. This study focuses on the formation of fluid fraction
of fluid space inside the synchronizer module and drag torque on the synchronizer friction surfaces, which are investigated

according to the design and operational parameters of the synchronizer module. Computational results based on real design

and operational parameters are compared to yield useful design guides on the less drag torque of the synchronizer system.
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Fig. 1 Layout of the AMT
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Table 1 Design parameter of splitter part synchronizer

Cone angle (©) [] 6.5
Cone radius (Rc) [mm] 55
Fluid gap [mm] 4.03 / 4.53 / 5.03
Wear gap [mm] 2.5
Ring x width [mm] 11.05
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Ring Friction Surface Cone Friction Surface

Fig. 4 Splitter synchronizer ring and cone friction surface

Fig. 5 Mesh generation of splitter synchronizer

Table 2 Mesh information of splitter synchronizer

Splitter synchronizer mesh

Elements type Tetra mesh
Fluid gap [mm] 4.03 4.53 5.03
Number of total element | 1,893,002 | 1,472,132 | 1,164,980
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Table 3 Parameter of AMTF and air for CFD

Parameters Values
Density, pamrr [kg/m?®] 828.0
AMTF 9
ViSOOSity, HaMTF [kg/nIS] 9.536x10
A Density, Pair [kg/m3] 1.177
r
Viscosity, Hair [kg/ms] 1.85%107
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Fig. 6 AMTF supplying location and boundary condition at
outlet
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Table 4 Operational condition for base model

Rotational speed

Mainshaft part [RPM] 500.0

Disengage gear [RPM] 388.6
Inlet mass flow

Inlet No. Inlet LPM

Oin 1 0.340

Oin 2 0.351

O3 0.649

Oin 4 0.338

Oins 0.378

Total inlet 2.056
Pressure at outlet

Pressure outlet ATM

Table 5 Analysis conditions for parameter study

Rotation speed parameter study

Mainshaft part [RPM] 500.0 | 1,000.0 | 1,500.0

Disengage gear [RPM] 388.6 771.3 1,165.9

Mass flow inlet parameter study

Total inlet [LPM] | 2.056 | 1.028 | 0514

Fluid gap parameter study

Fluid gap [mm] | 503 | 453 | 403
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Fig. 7 VOF and dynamic pressure in synchronizer module
clearness according to rotational speeds in Table 5
(Total inlet 2.056 lpm, fluid gap 5.03 mm)
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Mainshaft Rotation Speed 1500 RPM

Fig. 8 Section view VOF in synchronizer module according
to rotational speed in Table 5 (Total inlet 2.056 1pm,
fluid gap 5.03 mm)
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Fig. 9 Cone and ring surface fraction of speed parameter
study(Total inlet 2.056 Ipm, fluid gap 5.03 mm)

Table 5ol 4] A5k &5 F7]0l] u}2 VOFS} Fete 4
Fgkolt. AAA 0w F59 31 H7F F7Hge] w
2t 2~FYEH EE R FAVE Folte AL g1
T St} o= AAlEel ot Jgor FH) o] F
R} Adst] £4817] flste] 23 B THAA &
S o] ol A= HEE F HolA ] Ao

S E2ste] vlwsSlth Fig. 9% Fig. 404 &<213t
3} & o] vpzk ¥ (Friction Surface)ol| A M&:7]7-2] &
(Surface Fraction, ¥ &)l tfst Azjgkolc). o
Figs. 73} 8ol ] Aapgta} w72 F52] 3%

4 Lo

S

Fig. 102 Fig. 99| &3} o] swol] x4
o] =] dlo]E{th Fig. 11 22} & 04 %
=2 &5 (Drag Torque)2] Fx]o|t). T 82
QoA vt wetd = didee] dFgow &
dEEE Btk 2y =df 1 Eae] A fA9] 3
W EEo] AAnt St el = 1 977 A4

=

N &3
o
M ox o r

o == o G S 1

324 AIZAEAZYE =27 A3oA A4Z, 2022

-2

1.0
W Cone HRin
0.8 0.826 &
0.8
507 0.653 0.625
06
[ 0.490 0.479
w05 :
E 04 0.385
go.
& 03
0.2
0.1
0.0
500 RPM 1000 RPM 1500 RPM

Mainshaft Rotation Speed [RPM]

Fig. 10 Surface fraction bar chart of speed parameter study
(Total inlet 2.056 lpm, fluid gap 5.03 mm)
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Fig. 11 Drag torque bar chart of speed parameter study
(Total inlet 2.056 1pm, fluid gap 5.03 mm)
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Fig. 12 VOF and dynamic pressure in synchronizer module Fig. 14 Cone and ring surface fraction of inlet LPM parameter
clearness according to inlet LPM in Table 5 study (Mainshaft part 500.0 RPM, disengage gear
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Fig. 13 Section view VOF in synchronizer module according Fig. 16 Drag torque bar chart of inlet LPM parameter study
to inlet LPM in Table 5 (Mainshaft part 500.0 RPM, (Mainshaft part 500.0 RPM, disengage gear 388.6
disengage gear 388.6 RPM, fluid gap 5.03 mm) RPM, fluid gap 5.03 mm)
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Fig. 17 VOF and dynamic pressure in synchronizer module
clearness according to fluid gap in Table 5
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Fig. 18 Section view VOF in synchronizer module according
to fluid gap in Table 5 (Mainshaft part 500.0 RPM,
disengage gear 388.6 RPM, total Inlet 2.056 Ipm)
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Fig. 19 Cone and ring surface fraction of fluid gap parameter
study (Mainshaft part 500.0 RPM, disengage gear
388.6 RPM, total inlet 2.056 Ipm)
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Fig. 21 Drag torque bar chart of fluid gap parameter study
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