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ABSTRACT

The key technology of the fourth industrial revolution is artificial intelligence and machine learning. In this
study, FMEA was performed on fuel pumps used as key items in most systems to identify major failure
components, and artificial neural networks were built using big data. The main failure mode of the fuel pump
identified by the test was coil damage due to overheating. Based on the artificial neural network built,
machine learning was conducted to predict the failure and the mean error rate was 4.9% when the number of
hidden nodes in the artificial neural network was three and the temperature increased to 140 °C rapidly.

Key Words : Failure Prognostic(11Z0{X|), Machine Learning(FH4I2{Y), Fuel Pump(21 =8 I), Artificial Neural
Network(lZA14 A, Sensor(MA])
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Table 1 FMEA results of fuel pump

(a) Before failure (b) After failure
Fig. 1 Photos of before and after fuel pump failure
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Table 2 Specification of fuel pump

Rated Power Maximum | Maximum
voltage | consumption | flow pressure

VSC63 | 200V 25VA 17.7Uh | 17.3kgtlen?
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Fig. 3 Graph of fuel pump failure temperature data
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Fig. 4 Graph of fuel pump failure vibration data

Table 3 Failure rate and temperature category

Failure rate(%) Temperature(°C)
0 less than 130
10 130
21 135
32 140
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54 150
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76 160
87 165
99 170

AL dl & AlFe T8 S dolye
A Z3 EFY(Sampling time)S ZA 3} 605 72
HolHE IR NE F4s9on, 299 257}
130 °C ©Jstd o 0%°] AE 5 170 °C °)&
d 9% AFES VIFLE AFEIAEES A
€3t Table 37 o] 2% WFE HA3AT
T3k 19 2set®] 1 © O] E{(Failure data)S
Fes olze ol FXE AAsA, 500712
38set2] &5 ©©]El(Training data)E Table 42} 2
o] ¥R (Labeling)3tA Th.

|ZANZHS ojajole A
Arke WAzl 1 R NlEE
M| Z(Neuron) & F/43} 3+ u]'(Network)olt':]
2 old Yool FrAE 2AT 4

AsHH 8g dae ot
o

w9

rO

2
Ql

o]
e

>
o

E)

¢

e =
9]
I,
e
o

of

AFANAHE Fig. 591 JeERA mlel o] QF
ABAE, AATE 8 FFFHY 37H4 24
Aol AFTAAYL TE3}r] 93 o7 T}

—54 —



B
ot
fany
Rul
o
q
o
e

. A, S

7| A 7158k 2] Al18HA, AT

Table 4 Training data labeling

Type No. 1 2 3 5 6 7 38
Labeling (%) 0 10 21 54 65 76 99
11105502 | 125554 | 135361 | 144479 | 149.749 | 149.977 | 157.919 169.138
2 1105504 | 125587 | 135366 | 144.504 | 149.753 | 149.972 | 157.932 169.259
3] 105511 | 125.615 | 135373 | 144531 | 149.759 | 149.965 | 157.936 169.383
Temp.(°
emp-(°C) T 05,516 | 125.645 | 135381 | 144.552 | 149.756 | 149.959 | 157.939 169.503
500| 105.139 | 13535 | 136430 | 149.121 | 149.688 | 157.744 | 169.029 174.459
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Fig. 5 Structure of artificial neural network
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Table 5 Test data labeling

Type No. Test 1 Test 2 Test 3 Test 4 Test 5
Labeling (%) 0 10 21 65 99

1 95.34428 131.9293 135.4094 154.2599 168.1846

2 95.36858 131.9241 135.4228 154.2759 168.2367

Temp. (°C) 3 95.36659 131.9382 135.433 154.2588 168.3037

4 95.36747 131.985 135.5029 154.2475 168.3543

500 96.37469 133.283 138.3227 156.1546 177.4101

Hidden layer Output layer

= :)ﬂﬁ:)ﬂ}

Fig. 6 Established artificial neural network

Table 6 Machine learming error rate with 2 nodes

Labeling(%) | Machine learning result(%) | Error(%)
0 0 0
10 3 70
21 14 333
65 53 18.4
99 92 7.1
Average error rate(%) 25.8

Table 7 Machine learning error rate with 3 nodes

Labeling(%) | Machine learning result(%) | Error(%)
0 0 0
10 10 0
21 23 9.5
65 58 10.8
99 95 4
Average error rate(%) 4.9

Table 8 Machine learning error rate with 4 nodes

Labeling(%) | Machine learning result(%) | Error(%)
0 0 0
10 16 60
21 26 23.8
65 57 12.3
99 94 5
Average error rate(%) 20.2
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Table 9 Machine learning results

Test data Temp.(°C) Failure rate(%)
1 95~96 0
2 132~133 10
3 135~138 23
4 154~156 58
5 168~177 95
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