’i) Check for updates

Trans. Korean Soc. Noise Vib. Eng., 34(6) : 690~699, 2024
https://doi.org/10.5050/KSNVE.2024.34.6.690

=0
==

ABYF T2

RSt E3E =2 M 34H H 635, pp. 690~699, 2024
1598-2785(Print), ISSN 2287-5476(Online)

FE A A FE 71

Method to Improve Powertrain Reliability
through Vibration Durability Profile Implementation

AEA B
Hyosung Kim®, Gwangmin Park™ and Yongrae Roh'

(Received September 10, 2024 ; Revised October 14, 2024 ; Accepted October 17, 2024)

Key Words : Vibration Durability(X1 & W 7"), Power Spectral Density(3+$] ~#EZ W) Optimal Mounting
Position("F+% 2 $1A]), Powertrain(Z E | <l), Multi-Axial Simulation Table(t}5 Al &d|©]

A HolE)

ABSTRACT

This paper presents a method for generating an accelerated vibration driving profile to evaluate the

vibration durability of an automotive powertrain system. A key challenge in vibration durability testing

is developing a vibration profile in a laboratory environment that accurately reproduces the vibration

damage severity and characteristics observed under real-world conditions, taking into account the

harsh operating environment of the vehicle. The optimal mounting positions for accelerometers on the

target components are determined by analyzing the vibration transfer functions at candidate positions

for 3-axis vibration measurements, each corresponding to a different channel. The optimal combination

of road profiles was identified by comparing on-road data with special road data and analyzing

sensitivity, pattern similarity, and correlations for each vibration channel. Furthermore, an optimization

algorithm was applied to minimize errors in fatigue damage estimation and reduce the test duration,

leading to the derivation of an optimal accelerated durability test mode. Through a comparative analysis

of on-road data and special road data with iterative control to minimize errors, the vibration

durability severity error rate was maintained within acceptable limits.
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Table 1 Real road driving ratio

Highway Non-pavement
32.1% 1.4 %

City road National + country road
12.9% 53.6 %
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Table 2 Driving route

Road Route Mileage

Highway Jungbu, Yeongdong, Jungang | 450 km

Non-pavement Near Daegu 20 km

City road Daegu, Daejeon, Sejong 180 km
National + Gyeongsangbuk-do,

country road Gyeongsangnam-do, 750 km

Jeollanam-do, Jeollabuk-do
Total mileage 1400 km

(g) Long-wave road

(h) Washboard road

Fig. 6 Event road
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Table 3 Event road distance & driving time

Belgian | Chuckhole Noise Cobblestone
Distance | 200 200 100
[m]
TE;‘C 24.82 23.69 24.19 12.46
Repair Step Long-wave | washboard
Distance |, 100 100 200
[m]
TE:]E 12.10 11.93 12.59 12.43
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Table 4 Normalized conversion data(real road)

Real road
Accelerometer number Acc. #1 Acc. #2 Acc. #4
Direction X Y Z X Y Z X Y Z
Normalized data 0.248209 | 0.097558 | 0.421309 | 0.059265 | 0.027296 | 0.552066 | 0.097191 | 0.036031 | 0.656959
Table 5 Normalized conversion data(event road)
Belgian road
Accelerometer number Acc. #1 Acc. #2 Acc. #4
Direction X Y z X Y z X Y V4
Normalized data 0.063868 | 0.030829 | 0.116710 | 0.078607 | 0.081849 | 0.199607 | 0.117894 | 0.076030 | 0.172296
Chuckhole road
Accelerometer number Acc. #1 Acc. #2 Acc. #4
Direction X Y Z X Y Z X Y z
Normalized data 0.076944 | 0.034539 | 0.115473 | 0.040768 | 0.057633 | 0.206533 | 0.128705 | 0.095372 | 0.179023
Noise road
Accelerometer number Acc. #1 Acc. #2 Acc. #4
Direction X Y Z X Y Z X Y V4
Normalized data 0.079346 | 0.014247 | 0.085172 | 0.079369 | 0.045573 | 0.185329 | 0.110352 | 0.034786 | 0.286672
Cobblestone road
Accelerometer number Acc. #1 Acc. #2 Acc. #4
Direction X Y z X Y z X Y V4
Normalized data 0.108103 | 0.019249 | 0.408202 | 0.030269 | 0.028971 | 0.104759 | 0.035291 | 0.030229 | 0.124294
Repair road
Accelerometer number Acc. #1 Acc. #2 Acc. #4
Direction X Y Z X Y Z X Y z
Normalized data 0.064777 | 0.023964 | 0.139369 | 0.060189 | 0.045253 | 0.219475 | 0.135498 | 0.057429 | 0.184734
Step road
Accelerometer number Acc. #1 Acc. #2 Acc. #4
Direction X Y Z X Y Z X Y V4
Normalized data 0.059527 | 0.036010 | 0.104246 | 0.041869 | 0.069676 | 0.217863 | 0.101613 | 0.089345 | 0.211154
Long-Wave road
Accelerometer number Acc. #1 Acc. #2 Acc. #4
Direction X Y z X Y z X Y V4
Normalized data 0.064005 | 0.031249 | 0.108681 | 0.030202 | 0.037041 | 0.232635 | 0.092409 | 0.054999 | 0.267308
Washboard road
Accelerometer number Acc. #1 Acc. #2 Acc. #4
Direction X Y Z X Y Z X Y z
Normalized data 0.069658 | 0.022625 | 0.248232 | 0.040039 | 0.019198 | 0.142078 | 0.136203 | 0.029221 | 0.212653
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Table 6 Event road combination(1400 km)

Table 8 Event road damage for 1 cycle

Byl mogdl T Time [s]/ Total time Noise road Long-wave road
[cycle] 1 cycle
. Damage
Noise road 161 24.19 20979 s (1 cycle) 1.728832 0.537799
Long-wave 1356 12.59 (about 5.8 hour)
road
Table 9 Real road damage [unit : gz/Hz]
Table 7 Event road damage [unit : g%/Hz] Accelerometer number
Direction
Noise road Acc. #1 Acc. #2 Acc. #4
Accelerometer number X 117.241645 | 27.993730 | 45908281
Direction
Ace. #1 Acc. #2 Acc. #4 46.081508 12.893487 17.019044
X 0.148967 0.149010 0207179 Z 199.005479 260.768609 310.315267
Y 0.026747 0.085560 0.065309
. L2
7 0.159906 0347944 0538210 Table 10 Total damage comparison [unit : g”/Hz]
Event road Real road
Long-wave road Total damage 1008.135195 1037.227050
Accelerometer number
Direction
Acc. #1 Acc. #2 Acc. #4 _o/] ,—zH\étg 7]__:61:}]:_ .% Table 99]. Qo] Xéﬂ’é]—‘}ili]—,
X 0.037475 0.017683 0.054106 Table 69141 A% 777} Table 8] 1 cycleol] djat
Y 0.018296 0.021687 0.032202 EEFS 2 (6)0l H&Ete] oMIERE X JIEL
z 0.063633 0.136208 0.156509 s 7ok, Table 904 9] = AL &5 &
so] AmRe] F AR Fadch Uep) AEL
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