Transactions of KSAE, Vol. 31, No. 2, pp.135-141 (February, 2023)

'i) Check for updates

Copyright © 2023 KSAE / 207-07
PISSN 1225-6382 / e[SSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2023.31.2.135

A T8t cvT AF9| Uit 2 4o st A4
SHO EE YL AP

MESRLE|S0E L AS2AES) - MUTHELR AOIERSAY - MSfSP7|STHEtR 7| ARISAE st

=1

A Study on the Durability Mode Composition of CVT Vehicle based on
Vehicle Test

Changdae Hwang" - Doyoung Hong" - Sungcheon Park? + Wonsik Lim™

UDepartment of Automotive Engineering, Seoul National University of Science and Technology, Seoul 01811, Korea
2 Department of Smart Automobiles, Seoil University, Seoul 02192, Korea
IDepartment of Mechanical and Automotive Engineering, Seoul National University of Science and Technology, Seoul 01811, Korea
(Received 13 October 2022 / Revised 6 January 2023 / Accepted 10 January 2023)

Abstract : Durability evaluation tests take a considerable amount of time and money during the development stage of
automobile parts. Recently, as the demand for shared vehicles and special-purpose vehicles increases, the need for an
endurance mode that is different from the conventional endurance test is required. In this study, the relative damage of a
CVT-equipped shared vehicle and damage incurred when using a vehicle simulator are compared. The number of repetitions
of the endurance test mode, which inflicts the same relative damage in the transmission input shaft and wheel driving shaft,
were calculated. Finally, we present an effective method of validating the endurance mode of a shared vehicle.
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Fig. 1 Engine performance curve

Table 1 Specification of target vehicle

Max. Torque 179 Nm
SI Engine
Max. Power 142 hp
Max. gear ratio 2.68
CVT - -
Min. gear ratio 0.385
FGR 4.892
Vehicle weight 1256 kg
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Relative Relative
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Fig. 2 Performance modeling of powertrain
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Fig. 4 Test results of CVT vehicle (a) engine speed, (b) turbine speed, (c) turbine torque, (d) vehicle velocity
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Fig. 5 Revolutions number of input shaft with torque variation
(vehicle test) (a) low speed, (b) medium speed, (c)
high speed

Fig. 5] HlolE 5L W] 2% 290 54
Aol 45 B2 gho] Al 22 9¢] el @l
o 4 Stk Fig. 69 Hlolehae WM47)% A 2
:  EERLERSEENE

o2 off fo ot

Zo A 23 Aol %

e o} 17 £21 9] 1) ¢t w32 2 5 e,
Fig. 5%} Fig.

69 st Ay YA 8 E
oS4

¥2, A

Fig. 4] E/\l AT o 2FEe] AAAH -2
1462.7 km2] 637%31011 ok Alojt &2

2} AR E 37 cycle WHE e gitial 7Yl
200,000 km =3 A] 2] At EAEE o 5313 T Table 2
= Fig. 59} Fig. 62] A=A = 718 Cycle WHE 3104k
T SAA, dE ST 8 FEF] S A S E
EE4E 3 p; E= A2 g sl

138 =25 2383| =2 Al31A A2sE, 2023

Drive Shaft Numberof Revolution

108 (@)

Revolution[rey]

0 500 1000 1500 2000 2500
Torque[Nm]

Drive Shaft Numberof Revolution

(b)

Revolution[rey]

0 500 1000 1500 2000 2500
Torque[Nm]

Drive Shaft Numberof Revolution

()

104

102

Revolution[rey]

102

TH?FHD"]UE[NI:SUU 2000 2500

Fig. 6 Revolutions number of drive shaft with torque variation
(vehicle test) (a) low speed, (b) medium speed, (c)
high speed

Table 2 Relative damage (QP) matrix, D,; of vehicle test
data (unit of QP : 10" rev + Nm3~33)

Speed level
o Pl Low | Medium | High
Input shaft 6.77 75.03 3.52
Wheel drive shaft 1083.50 1662.30 15.20
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(driving simulation of endurance mode) (a) low speed,
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Table 3 Relative damage(QP) of driving simulation results
under endurance mode

Mode
EMI | EM2 | EM3 | EM4 | EMS5
Low | 0.10 | 844 | 1.687 | 7.17 | 18.65
Medium | 2.34 | 154.50 | 58.44 | 44.04 | 66.65
High | 0.00 | 82.97 | 0.00 | 5591 | 0.08
Wheel | Low | 51.59 | 1192.00 | 129.00 | 789.90 |2228.00
drive | Medium | 204.82 | 2415.00 | 249.90 | 749.20 | 2173.00
shaft | High | 0.00 | 15630 | 0.00 |46520| 0.06

% Unit of QP : 10%rev - Nim®33

Shaft & speed

Input
shaft
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Table 4 Repetitions number of typical endurance mode

Mode No. of cycles, N, (10° rev)
EMI1 | Low speed kickdown 319
EM2 | High speed kickdown 3
EM3 | Medium speed cruising 65
EM4 High speed cruising 2
EMS5 Wide open throttle 35

Table 5 Absolute error (| AD|, unit : 10®rev - Nm>3%)
and percentage error (|AD|/DL-]-) between the

actual damage and the calculated damage

Speed level . .
Shaft Low Medium High
Input shaft 1.7(25%) | 0.2(0.3%) | 0.1 (2.8%)
Wheel drive shaft | 3.8(0.4%) | 1.5(0.1%) | 1.2(7.9%)
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