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Fatigue Strength Evaluation of Carbody and Bogie Frame for the Light Rail Transit

System
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In terms of saving costs, energy and materials, the weight of cars has been gradually reduced by
optimizing design of structure, which also gives us good performance. in compliance with this, it
should satisfy the lifetime of cars for 25 years under the operation. The purpose of this study is to
evaluate the strength of fatigue using date from strain gauges aftached carbody and bogie frame.
This dynamic stress can be evaluated using S-N curve based on stress amplitude. Modified S-N
curve by CORTON-DCLAN is used for more conservative and substantial evafuation. In addition,
the loadings itself of carbody and bogie frame are considered by calculating the rate of the
differences which are occurred between empty car and fully occupied car with passengers.
Rainflow cycle counting method is applied fo arrange the stress data for the modified S-N curve to
predict lifetime of the materials. Conclusively the cumulative damages are not only calculated by
Miner's Rule, but the safety factors are also determined by Goodman diagram.
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(a) Carbody structure

(b) Bogie frame

Fig. 1 Light rail transit system®

Table 1 S-N curve

Material S-N curve (kgf/mr)
A6005A 264.85N %7
$S400 794.71N 0263
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Table 2 Mechanical properties of materials® AstF ANBA 6 o 728 F 46 WA 2
Ultimate Yield Elastic HAE 22) AXE st
Material | Strength | Strength | Modulus
(kgfm) | (kgfmr) | (kgf/mr) =
A6005A 26.5 21.9 7.3E3
SM400B 41 25 2.1E4
STKR400 41 25 2.1E4
SS400 41 25 2.1E4
3. 1S Xd ¥ FHSHE neift 3 SH
31 515 = X SHS5E 74
455 2R 94 AAZ T L wAY
efoll thE 832 Table 3 3 Zo] ZAEAT o
o, Ao} FZFL 3ton, FHUA L IRii= o
Z}+z} 1.73ton, 1.44ton ©] T}, & pas % e
[ H ) ®
@ |1 @IHe  as 86 \ B
Table 3 Weight of car Pt Ve '
! VSN
MCl(kgf) MC2(kgf) A v . = .
e [
Tare 12,882 12,574 L e T
“}r. e Q~J—~/ .
Maximum 18,002 17,994 ] F’ 0@ £t eé@; e y e
- o ’
Passenger 5,120 5,420 5 ) o) .
3 Fig. 2 9 3 2 A % A& g (b) Guide frame(MC1)
2day BYE Ueld Aolw, FTxsf4 o Fig. 3 Stress measuring points of bogie frame

Fig. 2 Stress measuring points of carbody structure(MC1)
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Table 4 Workload at tare and maximum weight

Tare(kgf) Maximum(kgf)
Carbody 6,712 11,832
Bogie frame 4,702 7,412
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g. 4 Stress history of bogie frame gauge 58-2 at tare
and maximum weight
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I Data Acquisition |

i

Equivalent Stress Calculation
(Rosette Gauge)

I Data Filtering(Peak & valley) I

| Cycle Counting(Rainflow method) |
| Addition Static Load to Mean Stress I
Life Prediction
(Modified S-N diagram)
CUF Calculation Safe Factor Calculation
(Miner’s rule) {Goodman equation)

Fig. 5 Process of fatigue damage calculation
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Fig. 7 Result of a rainflow cycle histogram
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Fig. 8 Modified S-N curve
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Table 5 Stress-based fatigue life evaluation results
Component | Channel CUF CUF(25year)
57-456 | 1.099E-33 | 8.701E-28
57-13 | 1.316E-33 | 1.042E-27
Carbody 57-14 | 3.770E-33 | 2.985E-27
57-15 | 1.806E-33 | 1.430E-27
57-16 | 1.878E-33 | 1.487E-27
58-2 4.320E-8 0.0342
58-3 3.880E-8 0.0307
Bogie frame 58-4 3.247E-8 0.0257
59-123 | 1.491E-8 0.0118
59-456 | 1.035E-8 0.0082

Table 6 Results of Safety Factor calculation

Stress
Safety |Mean Stress K
Component{Channel Amplitude
Factor (kgf/mr)
(kgf/mi)
57-456 | 4.45 2.384 1.022
57-13 | 4.64 -1.796 1.568
Carbody | 57-14 | 12.02 | -1.052 0.330
57-15 | 4.55 -2.534 0.942
57-16 | 4.72 -2.459 0.904
58-2 5.20 -0.326 3.874
58-3 487 -0.671 3.973
Bogie
58-4 4.40 0.992 4.496
Frame
59-123 | 4.29 1.462 4.147
59-456 | 4.32 1.447 3.618
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Fig. 9 Plotting of safety factors
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