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A Study on Crashworthy Characteristics of EMU Carbody for Overhead Line
Structure Types
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Abstract

In this paper, crashworthiness of the EMU carbody of Incheon Metro is numerically evaluated against two types
of overhead line structures (headspan and portal-type). The material of the EMU carbody is stainless steel (SUS301L),
and that of the overhead line structures is the structural steel (SS400). The EMU carbody is analyzed under collision
conditions, such as upright side-on impact, side-on roof impact and angled roof impact scenarios, to be collided against
the headspan type or the portal type at the speed of 64.4kmv/h, respectively. It is concluded from the numerical results
that the overhead line structures will not do so much harm to the EMU carbody of Incheon Metro for various collisions
caused by derailment. Furthermore, the overhead line structure of the portal type is superior to that of the headspan

type in the crashworthy point of view.
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Table 1. The basic specifications of EMU
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Fig. 2. Energy changes at the

(a) headspan type

(b) portal type
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Fig. 3. Energy changes at the side-on roof impact
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Items Dimensions Items Weight
Couplers distance | 18,000 mm Carbody 7 ton
Carbody length | 17,500 mm Passenger 23 ton
Carbody width | 2,750 mm | Full payload car 52.8 ton
Bogies distance | 12,400 mm Empty car 36 ton
Roof height 3,600 mm Acceleration 12 G

(a) headspan type

(b) portal type

Fig. 4. Energy changes at the angled roof impact
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Fig. 6. Stress-strain curve of the stainless-steel material

Table 2. Mechanical properties of SUS301L

Tensile Yield | Young’s
strength | strength | modulus
(MPa) (MPa) (GPa)
55 | 215 | 221.8 | 029 | 8000 | 70 %

Poisson’s | Density | Elongatio
ratio (kg/rn3) n at Break
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Fig. 7. FEM models of overhead line structures
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Fig. 8. Stress-strain curve of the SS400 material

Table 3. Specifications of overhead line structures

Description Type & Size QTY | Material

Headspan H300x300%10tx15tx8000 1 SS400
Angle L75%x75x9tx8000 4

Portal | Flat Bar FB 50x9tx456 66 SS400
Flat Bar FB 50x9tx386 66

Table 4. Mechanical properties of SS400

Tensile Yield | Young’s
strength | strength | modulus
(MPa) (MPa) (GPa)

495 230 200 0.25 7850 20 %

Poisson’s | Density | Elongatio
ratio (kg/m”) |n at Break
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Table 5. Comments on each collision scenario

Collision .. ..
. Collision positions
scenarios
. upright . . . .
Scenario . collision against the center window which
side-on .
I . is the most weak structural part

impact

Scenario | side-on roof | collision against the center part of the
I impact roof in the tipping case

Scenario | angled roof | collision against the center part of the
m impact roof at the inclined position of 15°

Upright side-on impact Angled roof impact
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Fig. 9. Schematics of collision scenarios

Severe damage Serious damage

Intrusion into the
coach of greater
than 67% of the
height width of the
coach to the impact

Intrusion into the
coach of between
67% and 33% of
the height width of | .
the coach to the
impact direction

direction B

Moderate damage Minor damage

Intrusion into the Intrusion into the
coach of between coach of less than
33% and 10% of | | - | 10% of the height |
the height width of | | | width of the coach |
the coach to the | | || to the impact direc- |
impact direction m———— | tion

Fig. 10. Damage level classifications of RSSB
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Fig. 11. Position of the acceleration data point (node 41025)
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(a) headspan type (b) portal type

Fig. 12. Deformations by the upright side-on impact
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Fig. 13. Forces by the upright side-on impact
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Fig. 14. Accelerations by the upright side-on impact
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Fig. 15. Deformations by the side-on roof impact
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Fig. 16. Forces by the side-on roof impact
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Fig. 17. Accelerations by the side-on roof impact
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Fig. 18. Deformations by the angled roof impact
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Fig. 19. Forces by the angled roof impact
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Fig. 20. Accelerations by the angled roof impact
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Table 6. Numerical results for the 3-collision scenarios

Intrusion Max. impact |Max. acceleration

Collision (mm) force (kN) (&)

scenarios |headspan| portal |headspan| portal |headspan| portal
type | type | type | type | fype | type

Scenario I 80.7 28.2 | 1,602.7 | 633.3 8.5 24

Scenarioll | 5449 | 192.5 737 199.8 4.7 23

Scenariolll | 3559 | 186.1 | 838.0 | 167.7 5.7 2.0

Table 7. Damage level classifications for the 3-collision scenarios

Collision scenarios Headspan type Portal type

Scenario | minor damage minor damage
Scenario I moderate damage minor damage
Scenariolll moderate damage minor damage
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