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Abstract @ The 8200-unit electric locomotive, which is a high-efficiency multipurpose
electric locomotive, is a German model, namely BR152 series ES64F, and it is
manufactured to suit the operating conditions in Korea. Since 2003, 83 locomotives
have been introduced in Korea, and they have been operating in the general railway

sector for both passenger and freight transport. Although more than 15 years have
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passed since their first introduction, owing to the characteristics of vehicles introduced
overseas, responding promptly to failures has been difficult owing to problems related
to factors such as transfer of technology and procurement of parts for maintenance.

Furthermore, there have been difficulties in operating the locomotives on the basis of
the manufacturer-recommended time-between-overhaul (TBO) cycle. Therefore, a
new TBO should be determined. To support the development of a reliability-based
maintenance system, this study conducted a reliability and TBO analysis by using
failure data obtained from KQOVIS, and future management measures are presented.
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Table 1. Analysis of domestic railway accidents and delayed
operations in the last 10 years

Year 10 | 11 | ‘12 ‘13 | ‘14 | ‘15 | ‘16 | ‘17 | ‘18 | ‘19

Accidents | 317 | 277 | 250 | 232 | 209 | 138 | 124 | 105 | 98 | 72
Delayed | 313 | 349 | 339 | 321 | 279 | 253 | 245 | 253 | 231 | 347
Vehicle fault| 160 | 192 | 166 | 160 | 150 | 116 | 119 | 141 | 109 | 184

Others 74 1 65 | 110 99 | 86 | 98 | 67 | 51 | 67 | &7
Fault+other | 234 | 257 | 276 | 259 | 236 | 214 | 186 | 192 | 176 | 271
Ratio 74.8|73.6 1 81.480.7 84.6 84.6 759 759|762 78.1
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Table 2. Comparison with preceding studies and improvements

in this study
Arl:aﬂrl::;s Key content and problems Improvements
Criticality and reliability
Performing a TBO analysis using e\{aluation O.f high—'sp ced
JiHwan | failure data simply by evaluating rig:zginvelzﬁiez iinnﬁlly
Hwang | the criticality and reliability of p s P
. . . TBO period and suggest
high speed rail vehicles .
improvement plans for
setting the period
JinTae Proposal of the optimal TBO Analysis of the current
method for high speed vehicle .
Jung, . status and presentation of
components and a period .
ChulSu caleulation method usin solutions to problems for
Kim ; e RCM fulfillment
sampling method
Measurement of the content of
iron (Fc) and comparative Analysis and suggest of
Dae Sop | analysis of correlation with improvement plan
Sim distance traveled, resulting in through actual failure
insufficient analysis of actual data
analysis
JinTae | Simulation based on a theoretical | Analysis and suggest of
Jung, basis is carried out with optimal | improvement plan
ChulSu | TBO cycle analysis through FTA | through actual failure
Kim analysis of high speed vehicles. | data
Selection of replacement cycle . .
In-Sub | through reliability analysis results Fallur'e analysis and
. . . selection of replacement
Kim and comparative analysis of period for traction mofor
European standards for oil damper
Yon The proper service life of the | Analysis of the current
Kakg inverter device was presented, but | status and presentation of
Choi the current status analysis for solutions to problems for
performing RCM is insufficient | RCM fulfillment

2|, H|36H H|25, 20214

4719k o] dmabkat B REaeyar] 24
off thste] of2] M&E7tell o A&sol Y=L

v, Table 2% 2 A7-0) 72 ARAT Abete] v]5
sho] AAHARRRS BASte] ekl Asolch ofo] &
al

AT HEBAe A Teot Gl 13 dlole
2 o Alwy B4 U TBOXAS B3 et

) 9 eke ANSA
3. 0|24 Hid
3.1 2 20{ Hg|
B AFRo] S S0 gl elahu ol
of .
82005 ) : Sr=HE=FAIA -85 7|7
AzA 5U o= S 7|Hte R A%t
¥ G2 13 80005t AFEF ALSAEE OHFE
I A YA 2a4da e 1l Ads)
4 n&ESo)| mE A2 7|78 =9 H
ARU(Axle Reduction Unit) : 2} 7 %]
MRU(Motor Reduction Unit) : ®E <& ZH3
KOVIS(Korail Vision Innovation System) : &F=-&
Al A 285Q AARR AT A 2 F]
o MTTF(Mean Time To Failure) : 114 uff 712 2
= HaARE
MVB(Multifunction Vehicle Bus) : A=x1F Y] &5
Aoz AFEAil HEHIE 55kt 2
gk qlgHo]A AT
RCM(Reliability Centered Maintenance) : -3-A]

2 Sl glo] AEA BAWNS B8t A
4 fAus A

SNCF(Société Nationale des Chemins de fer Frangais)
P IS A RAERA IS Ao AunkE F
Lol A=gH

TBO(Time Between Overhaul) : F-E&2] &3] &
sfisto] HAF 5 wA 2 47} gt Bl of
8 et 2l

TM(Traction Motor) : Z7]|oUR|E 7| AoU A =
HpLo] = A

VVVEF(Variable Voltage Variable Frequency) : 7}
Ao} TS AojgAlow oluE Sof wE
Hele Zelsle dewargae] o ZEe
Helo] Alm Hokw Fag ol 7hy Aol
k= 7N

A= 0 A7171EA] AN E 717} 4 AR = o]



olz7 - 0/514

glom, RUE 71Z 0= stof ALNT7] 4

S 191~49] 744 HA

3.2 82005LH M7|7|2hkp A|AE]

3.2.1 82005 X7|7| 2k}

82005t A7]7)¢at= 80005t & A 7|7|At
S WA fiste] 5 AdAbelA FEAZRE
(Eurosprinter) 24|t 3H23 <1 ESG4F(Lo]ARE 1524)
£ d3or YUt &8 2ol 5ol AAte
7|Atole. VVVFE QI Aojh4]Ql SIBAS32 Al¥
o WAEe AREsHlen, 1,300 kWa w757
4Set2 FF 5200 kW 529 & o] 7Is5th

2003 @5-E] 2006 A7HA] & 555F0] =Y E e, o
T 20087HA] 28%Fo] F7tR E=fEo] A= HA|
83Fo g AHARA, A, SEA 9 Ao FUH
o] &Y=l ik 82005t A7|7|HAFe] URtE=
Fig. 13} Zcp.

Fig. 1. 8200 electric locomotive general diagram,
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Fig. 2. 8200 electric locomotive traction motor,
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Table 3. Maintenance points for traction motor

Operating
Main. cycle dist(km) Maintenance criteria
(Time)
Light 40,000 o Check external damage and bolt

maintenance 3 | (4Month) tightening after cleaning traction motor

o Check the hemispheric (N-end)
polewheel and speed sensor for damage
and security

Light 240,000 |o Check for loosening of the drive side
maintenance 8 | (22Month) pinion fixing bolt

o Inspect power cable terminal tightening
conditions and damage in terminal box

o hemispherical bearing re-smoothing

o Demolition maintenance of traction
motor

- Replace drive side (D-end) and
hemispherical (N-end) bearings
(replace bearing shields if necessary)

- Cleaning and insulation reinforcement
of traction motor exterior, fixings,
rotators

- Insulation resistance measurement and
end-voltage test

- No-load rotational test and vibration,
noise measurement

Light 960,000
maintenance 6 (7Year)
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Fig. 3. Display screen traction motor,

Table 4. Maintenance points for display screen

Operating
Main. cycle dist(km) Maintenance criteria
(Time)
Bisic 5000 o Check the status of the display (MMI)
maintenance (5Day) (Functional Test)
Light 480,000 |o Decomposition and cleaning of the
maintenance 3 | (42Month) display and replacing the backlight
Light 960,000 |0 Central Control Unit Screen
maintenance 6 (7Year) Indicators(MMI) disassembly

J. Korean Soc. Saf., Vol. 36, No. 2, 2021
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Fig. 4, TBO Calculation procedure,
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Table 5. General vehicle failure data status

Equipment | Numberof Initial . .
name data installation data e Wi (5759
Traction 8200 Series
motor 210 2008-09-19 1,234 (8256~8283)
Display 8200 Series
e 520 2003-12-26 12 (§201-8283)
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Table 6. Reason code for disassembly of traction motor

Code Contents
1 Change interval
2 Functional defect
3 Parts breakdown
4 Abrasion
5 Lost
6 Maintenance
7 Test
8 Change type
9 Other matters
10 Improvement
11 Oil leak
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Fig. 5. Reliability Analysis Process,
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Fig. 6. Distribution fitting result for traction motor,
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Table 7. Parameter estimation result for traction motor

Fitting Distri. Classify Parameter Estimator
1-Group Shape Para. 0.9370
2-Group (0.7070) Scale Para.(km) 1,775,800
Weibull
Distribution 2-Group Shape Para. 6.3771
(0.2930) Scale Para.(km) 876,960

Table 8. Percentile for Traction Motor(km, year)
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Correlation Coefficient

L= NA

Chi-Squared Test

P(Z;RIT<Z2) = 0%

Weibull++ 7

Close Help

Fig. 7. Distribution fitting result for display screen,
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Table 9. Parameter estimation result for traction motor

Fitting Distri. Classify Parameter Estimator
1-Group Shape Para. 0.7968
2-Group (0.4132) Scale Para.(km) 216,390
Weibull
Distribution 2-Group Shape Para. 2.2086
(0.5868) Scale Para.(km) 1,558,500
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Table 10. Percentile for traction motor(km, year)

B1 hfe BS hfe B10 hfe BZO hfe B30 llfe B] hfe B5 hfe B10 hfe B20 hfe B30 hfe
19,003 109,250 238,420 515,090 695,350 2,059 16,543 43,092 126,290 270,120
0.1 (0.8) (1.8) (4.0) (53) (0.02) 0.1) 03) (1.0) @1
B4o life B5() life Bso life B67 life B7(] life B40 life B50 life B60 life B67 life B70 life
808,180 906,770 1,041,800 1,328,500 1,506,600 499,730 774,860 1,046,200 1,235,500 1,318,700
62) (7.0) (8.0) (10.2) (11.6) (3.8) (6.0) (8.0) ©.5) (10.1)
7
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