A& TF
A164, Al3%. pp.238-244, 2016

A%} 3 AR A A 254 F3ANAE
AN Poll BT AT

A Study on Reliability Test of Super-Capacitor for
Electric Railway Regenerative Energy Storage System

Sang-Min Lee' -+ Nam Kim®'

'Battery Assessment Team, IT Convergence Center, Chungbuk Technopark

*Chungbuk University.

Purpose: Domestic electric railway Regenerative Energy Storage System seriously affects the
maintenance cost of the total operating expenses of nearly 60% of the total LCC (Life Cycle Cost)
due to high dependence on foreign Leading company. Therefore by developing the system, it is
important to lower the maintenance cost in the domestic supply. This study about the capacitor
Reliability test and the purpose of this study is development electric railway Regenerative Energy
Storage System.

Methods: In case of, having a close relation between the temperature and the reaction rate,
Accelerated Model was known that according to Arrhenius’ law of chemical activity. If you
apply this formula in using allowable temperature range of the capacitor can induce the
Arrhenius empirical formula used in much Manufacture Fields. We evaluate the capacitors
Leading company through the Arrhenius model. in order to providing a base for the localization
of Ultra Capacitor.

Conclusion: In this paper, we conducted a reliability test. And it was performed by the
accelerated life test and Cycle Test with temperature and C-rate. and then MTBF and B10 life are
estimated by analyzing the accelerated life test result. This is thought to need detailed study
applying complex stress than about whether it matches the actual behavior in electric railway.
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Table 1 Cycle Capacitance at 25C

. 1200F 3000F
éic(l:e Cap. | Variati-on | Cap. | Variati-on
() (%) F) (%)
Initial 1214 0 2967 0
1,000 1176 3.1 2862 3.5
2,000 1167 -3.9 2844 -4.1
3,000 1161 4.4 2831 -4.6
4,000 1156 -4.8 2821 -4.9
5,000 1149 -5.4 2812 -5.2
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Fig. 1 Selfdischarge test methode

Table 2 Low and high temperature storage test

result
-40C 65T
Capacitance(F) Capacitance(F)
Before After Before After
2903 2892 2892 2815
Variation: -0.4% Variation: -2.7%

Table 3 Capacitance according to the
temperature conditions(3000F)

Cap. (F) Ist 2nd 3rd 4th 5th

-35C 3003 | 2997 | 2994 | 2991 | 2990

25C 3026 | 3016 | 3010 | 3008 | 3004

85C 3034 | 3014 | 2996 | 2983 | 2970

3040
3020
3000

2980 —=-35C

257C
2960 85°C
2940

2920
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5

Fig. 2 Capacitance Variation according to the
temperature conditions(3000F)
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Table 4 60°C 10C 30A Cycle test result

Capacitance(F) Vari-ation
Cycle
#1 #2 #3 #4 (%)
1 2959 | 2984 | 2944 | 2973 0

10,000 | 2675 | 2700 | 2673 | 2680 -9.1

20,000 | 2610 | 2638 | 2611 | 2619 -10.9

30,000 | 2576 | 2601 | 2575 | 2583 -12.0

40,000 | 2550 | 2575 | 2548 | 2557 -12.8

50,000 | 2519 | 2552 | 2530 | 2529 -13.4

60,000 | 2496 | 2531 | 2510 | 2508 -14.1
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Table 5 60C 15C 45A Cycle test result

Capacitance(F) Vari-ation
Cycle
#1 #2 #3 #4 (%)
1 2972 | 2987 | 2971 | 2953 0
10,000 | 2690 | 2704 | 2707 | 2691 -9.5
20,000 | 2637 | 2652 | 2656 | 2638 -11.6

30,000 | 2604 | 2620 | 2624 | 2607 -12.8

40,000 | 2580 | 2595 | 2599 | 2584 -13.7

50,000 | 2562 | 2578 | 2581 | 2566 -14.6

60,000 | 2543 | 2556 | 2562 | 2545 -15.2

Table 6 70°C 15C 45A Cycle test result

Capacitance(F) Vari-ation

Cycle

#1 #2 #3 #4 (%)

1 2911 | 2942 | 2879 2914 0
10,000 | 2618 | 2649 | 2635 2614 -9.7
20,000 | 2566 | 2595 | 2580 2561 -11.5
30,000 | 2530 | 2558 | 2544 2527 -12.7
40,000 | 2502 | 2529 | 2516 2499 -13.7
50,000 | 2476 | 2526 | 2496 2474 -14.4
60,000 | 2455 | 2486 | 2443 2455 -15.5
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Fig. 3 Accelerated Degradation Model
Verification result (60C, 10C, #1)
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Fig. 4 Accelerated Degradation Model
Verification result(60°C, 15C, #1)
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Fig. 5 Accelerated Degradation Model
Verification result(70°C, 15C, #1)
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60°C 10C #2 1,944,452 Table 8 Estimation of MTBF, B10 life at 25T
#3 1,186,515
#4 1,095,095 25C MTBF(cycle) B10(cycle)
#1 637,786 10C 18,282,000 14,056,000
#2 658,881
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