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ABSTRACT

In general, the engine room is an area where environmental conditions are the harshest and there
is a high possibility of failure. In the case of engine electronic components installed here, demand
for verification is increasing as the degree of components’ integration increases according to the
trend of enhancing vehicle functions. In this study, the EGR valve, one of the representative parts of
engine electronic components, was targeted, but there is no case of experimental verification for this
part with respect to reliability. Therefore, a quantitative review of the impact of each axis was
conducted using a vibration with thermal cycling test with the highest fault detection capability.
Before conducting the durability test, a resonant frequency analysis was performed to confirm the
vibration characteristics of each axis, and an operating profile during the durability test was
developed based on the driving data. A configuration to embody the mounting environment of the
EGR valve was applied, and a temperature cycle in the range of -40 to 140 degrees was applied in
combination with the vibration in the form of a sine on random recommended by ISO 16750-3 for
the 21 EGR valves. As a result of failure analysis, it was concluded that the x-axis was the
mounting direction least susceptible to vibration. Likewise, it was confirmed that the x-axis mounting

direction had the longest lifetime in the results of the Weibull distribution-based reliability analysis.
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Fig. 1 Test set-up for resonant frequency analysis
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Fig.2 Graph for data measured on the motor side of
the component mounted on the x axis
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Table 1 Test results for resonant frequency analysis

Motor Sensor
Axis Response | Frequency | Response | Frequency

[C] [Hz] [G] [Hz]
7.63 733 9.48 731

* 164 977 37.1 974
12.0 722 42.6 974

Y 11.6 974 5.49 1758
34.0 971 63.7 974

- 5.64 1564 23.1 1560

Table 2 Jig resonant frequency analysis results

Axis Res[g)]nse Fre[q}tllz]ncy Axis Res[}z;)]nse Fre[q}tllz]ncy
3.64 715 3.24 351
* 234 974 1.68 459
4.85 728 “ 4.28 733
Y 232 974 6.78 974
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Fig.4 Graph for measured temperature and output
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Fig. 5 Operating profile of EGR valve for vibration
with thermal cycling tests
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Fig. 8 Mounting form of EGR valves according to vibration axis

Table 3 Information of time to failure and mounting direction for each test part

Test part No. #1 #2 #3 #4 #5 #6 #7
Time to failure [h] 3.65 3.87 12.6 4.34 3.50 19.9 3.50
Mounting direction y axis z axis X axis y axis Z axis X axis y axis

Test part No. #8 #9 #10 #11 #12 #13 #14
Time to failure [h] 3.58 4.67 3.50 3.50 44.6 3.50 3.50
Mounting direction Z axis X axis y axis Z axis X axis y axis Z axis

Test part No. #15 #16 #17 #18 #19 #20 #21
Time to failure [h] 4.94 3.50 3.64 24.4 3.50 4.24 13.9
Mounting direction X axis y axis Z axis y axis Z axis Z axis X axis
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Table 4 Comparison of failure modes identified in each test part by mounting direction

Test Valve assembly failure DC motor failure Remarks
Axis| part |sensor magnet| Gear tooth Brush Choke coil | Brush shunt (additional explanation or
No. | detachment fracture breakage detachment | detachment characteristic features)
#3 ° - - - A Electrical open circuit confirmed (A)
#6 - - ° - - -
#9 A ° ° ° ° Partially detached sensor magnet (A)
* #12 - - - - - Measured operating current : 0.33 A
#15 - - - - A Electrical open circuit confirmed (A)
#21 - - - - A Measured operating current : 0.13 A
#1 - - - - A Electrical open circuit confirmed (A)
#4 A - o ° o Wave spring washer fracture
#7 A - ° ° o Mounting bracket fracture
y | #10 - - - A o Choke coil fracture (A)
#13 - - - ° ° Wave spring washer fracture
#16 - - - ° ° Wave spring washer fracture
#18 - o - ° ° Wave spring washer fracture
#2 - - - - o -
#5 A ° o ° ° Wave spring washer fracture
#8 A ° ° o ° Partially detached sensor magnet (A)
#11 - - - A ° Choke coil fracture (A)
‘ #14 - - ° ° o -
#17 - [ ] [ ] [ ] [ ] -
#19 - ° ° ° [ Sensor detachment
#20 - ° ° ° ) -
O o AS & 4 otk e sk, ek oRE thedt 2 wAuAYE Fio 7
veNsh BE Srhtermina)® AASHE A A Faich doln Axw e FAom ArHow
E(brush shunt)®]"? 3} %3 FU(choke coil) T SHo] FAH L, Wy /I HA op7]H= =
AR olgo] APEA O WAL A% A % shsh 2EA A2lo] Ak o] et Fu TR
Ao WASEA EGR Mk EH B2 T o] FEo| mE F7 §Fo] 1z ALHEA 1
A3k Raglth =, DC BB 1Y %, 7 @Ash 4RA A £l FakEn neA HE
of A vhw i vhe, A oY ol Aol 4 b wEAQ 9 % Y WMES W fu. 4%,
x5 9LX(wave spring washer) ¥ 59| 1ol 3 MHE HERo| wWEo] HFEo yR whio] wAF
AT Table 4= FF F WU, 7 BB 1 YO Fo] ¥ &I =AU =7} ¥
A ElE R el st FEd A Bowth AEHWA, fYo] dAEI HFH o ojgo] WA
2.2 °] Table39] ol o]2+= ARtolA &1 SA "t Fig 12+ flo]B A2y 9pM9f DC &
T A xF, yF, 25 £o% T 98 g H dAS diste] $HAN AR 45wt
Fidow 9 e AL 4 F Ak 5AAoRE, o FRFE 4% 232, o3 F25& syl
BE & el s gl TS yHellA th yFolA o] EGR WEO| AlAF-6} dojH AxY
dlolB Ay oM7) s dhiad AL FT ¢ M| eE57 FAN-9] exFar AL, DC
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