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Abstract : This study proposed a machine learning-based methodology for predicting flow characteristics and detecting

anomalies in pressure relief valves applied in automotive engine timing chain systems. Analysis was conducted using

Random Forest, XGBoost, and LightGBM algorithms on comprehensive inspection data from 1.36 million products

produced in 2023. The Random Forest test demonstrated superior performance in low and high-pressure regions, with

particularly stable predictions in low-pressure conditions. Oil pressure and production timing were identified as key

influencing factors. The anomaly detection algorithm effectively classified defect types across different specifications,

specifically in detecting low-pressure flow anomalies caused by vent cap defects. This methodology is expected to

significantly contribute to ensuring quality control efficiency and reducing defect rate in production processes.
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Fig. 1 Structure of PRV and hydraulic Tensioner
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Fig. 2 PRV flow measurement by oil pressure”
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Table 1 Flow equations for low- and high-pressure conditions®

P,<P, P,>P,

_ mXd'}XAP
Q= 128 X X L
AP: pressure difference

p : fluid viscosity Q=C,x 4% [2X AP

L :channel length p

d :hydraulic diameter Cq : discharge coefficient

A :effective flow area

d= 4XwXh p :fluid density

~ (2w+2h)

w : channel width

h : channel depth
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Table 2 PRV design specification and data characteristics

PRVA | PRVB | PRV.C | PRVD
224 MPa | 4.0+2.4 | 1.0£0.5 | 2.6x1.6 | 2.6£1.6

Flow rate
[ce/s] | 3.5MPa

Min. 15 | Min. 40 | Min. 40 | Min. 40

Supplier of vent cap | C J C C
Filter Not applied| Applied |Not applied| Applied
Sample | Raw data | 34,755 |513,722| 607,912 |205,586
size RMD 33,100 |489,259 | 562,881 | 188,611

[pes] ROH 33,049 | 484,489 | 560,789 | 188,125
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Table 3 Selected feature for flow rate prediction by machine

learning

Feature Unit

Production date | Month/Week/Date/Hour/Weekend -

PRV type Product specification category -

Jig No. Test Jig identification

Oil pressure - MPa

Oil temperature - °C
Flow rate Output variable cc/s

HAH Y-S S8l FHS dSsh=d AR Hee
Table 3¢ YEFATE W5 T A 1(Jigl= AL 5 2
QoA f-2 SA4317] 218 PRVIAGA E oJn]sh] &
g70e] A7t s A AT AA HolH = 70 %
t]o|E] 2 sh5 o] Bl & AFREFS 3 Y =] 30 %<] H] o]
B T Adke HAFHolH 2, A= HAE HoJE R
ARESFA AL WA T S H|olE] THo R Xl o
w Hlo]B] e A AR A5 Y e R EE

[e)
A
ool B9 F 5 B BP) g

=

M
[
m

i
ko
Jo I
QL
32
&

e
ot

T

i)

|\

N

iy

2

ol

O
i &

rin
o9
ox T %

N
~

o

37

=

Jz

el

9 %
1

o

L

to

Y

o

I

—_>d‘4

N o
o

9

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No. 5, 2025 345





















	머신러닝 기반 엔진 타이밍 체인 시스템용 압력제어밸브의 유량특성 예측 및 이상감지

