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In recent years, the diminishing of operation and maintenance cost using advanced maintenance technology is attracting many

companies’ attention. Especially, the heavy machinery industry regards it as a crucial problem since a failure of heavy machinery

requires high cost and long downtime. To improve the current maintenance process, the heavy machinery industry tries to develop

a methodology to predict failure in advance and to find its causes using usage data. A better analysis of failure causes requires

more data so that various kinds of sensor are attached to machines and abundant amount of product usage data is collected
through the sensor network. However, the systemic analysis of the collected product usage data is still in its infant stage. Many
previous works have focused on failure occurrence as statistical data for reliability analysis. There have been less works to apply

product usage data into root cause analysis of product failure. The product usage data collected while failures occur should be

considered failure cause analysis. To do this, this study proposes a methodology to apply product usage data into failure cause

analysis. The proposed methodology in this study is composed of several steps to transform product usage into failure causes.

Various statistical analysis combined with product usage data such as multinomial logistic regression, T-test, and so on are used

for the root cause analysis. The proposed methodology is applied to field data coming from operated locomotive and the analysis

result shows its effectiveness.
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<Figure 4> System Architecture of Driving Part and Related
Sensors
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<Table 1> Sensor Data of Driving Part

Data type unit
X1 Speed km/h
X2 Input current A
X3 brake force N
X4 Ref. Torque ™S
X5 Istw. Torque ™S
X6 DC voltage 4
X7 DC power
Xg DC circuit power
X9 Temp. SR coolant C
X190 Coolant pressure SR bar
Xi1 Temp. Driving motor C
X12 Temp. Resistance C
X13 Drive ON ON/OFF
X4 Break ON ON/OFF
Xis Release control WR ON/OFF
X16 Freig. Torque WR ™S
X17 Overcharge protection ON/OFF
X8 Direction of travel 2 ON/OFF
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<Figure 5> Distribution of Failure Code Occurrence
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3.2.2 Part IT-Multinomial logistic regression
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<Table 2> Tested Failure Codes for Multinomial Logistic

Regression
Failure code Occurrence count Percentage
18180 262 7.67%
14084 248 7.26%
16378 165 4.83%
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<Table 3> Results of Multinomial Logistic Regression

Failure code 14084 16378 18180 | Accuracy
14084 5 0 5 50%
16378 0 7 3 70%
18180 1 0 9 90%

<Table 3>°l wWEw™ o] Ae] +& 18180’ ] A4 3H
S

A5 AA dHolHR o] % ‘181805 &Hk=
A7 75 257 9ol o AAE 3 14084
= A R o A7k 1, o) g (1637802
R ot e fle S & 5 stk ol A
& 18180° A Al 9] AlA dlolH | wE o] A
G T QSRS 90%E Helal flow, AAHoR 7}
AA dlolE o] o] AEH F3 7 AEEE 0% =
& HOFIL vk <Table 3>9] A5 Falf AlA dlo]H <]
A5 54 A o] dH FEE st 5
A4 o AS g1 Multmom1al loglstlc
regressions Ab8-3to] W FRHo o] A & ol A

A dHolHZ AHo] 74ed AL %%fﬂt}?i, =5
dA o] B4 gas A= ot £ s =9
ol B Ao E BF AL 90% 2 7Y e
o] A} A 3 18180’ thaiA o] F Ao AL A

323 Part [I-°]A Ale] $2 Q9 F&

oF %] Multinomial logistic regression 2 Z}ol] w274
o JHl @ <18180°c] WAL W 7]ZH A Hlo]
Bl &9 E’HO OE ol AH fdol 2 W v

= doly gtael 543 ElrE | ool &7k & 9

—

¥ dlolH
7F ZARJA ZHE ¢ gler, ook dyd FEs Ztow
A3 74 B £ ¢ vk Aotk 3.08¢lA
Aestild Az 2ol @A 5% A4 B Al2E
dlolgulo] 2ol = o] AJEl7F AT ARl A ] o]
Blant EA187] vl ol AElZE 2AskA o= A
T, 5 A AEe] EelE T EAlekA] et ol
B 9 1818070 A A[F ] AlAM dlo]E 9k walg
A dEelA AN dHolH gtaol EAsHA 7] W
o, o] g8 7@ ‘1818070] LA 42 AZE Fetel
THE dolHe] Hyt gat ol A (1818070 A
g Aol AlA HlolE grEe] Bits Hlalste] SolA
= e AME ZHES . Al AoE A8 o]



89

S DIEEE R

Failure Analysis to Derive the Causes of Abnormal Condition of Electric Locomotive Subsystem

el

High difference between normal state and abnormal state.
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<Table 7> Results of T-test
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