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Application of railway vehicle
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Multi-functionalization of composite



Background

Railway vehicle air circulation Air conditioning system for railway vehicles



Cost effective molding method Heat function
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Filament winding

Vacuum Bag Molding

RTM
(Resin Transfer Molding)

SMC
(Sheet Molding Compound)

Composite manufacturing method Manufacturing method of composite for railway vehicles
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Reducing composite manufacturing cost 

Vacuum thermoforming

Resin infusion



Carbon fiber paper manufacturing process

Composite panel heating functionalization

(a) Pulper agitation (b) Water agitation

(d) Hot drying (e) Roll drying

(c) Carbon pulp

(f) Winding

Carbon fiber(CF) heating element image



Carbon fiber heating element applicability analysis
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C 91.69 95.11 4853.4 2.38 0.7115 0.7506 1.0338 1.0000

O 4.17 3.25 187.95 9.28 0.0197 0.7186 0.6559 1.0000

Na 1.01 0.55 58.88 8.21 0.0063 0.6574 0.9549 1.0019

CI 3.13 1.10 107.87 7.49 0.0203 0.6319 1.0111 1.0155
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Resin infusion method manufacturing process

(a) Release film lay up (b) Fiber lay up

(d) Vacuum bagging (e) Resin infusion

(c) Resin gate 
installation

(e) Curing and
demolding

Composite fiber lamination

#580

#823

CF

Self-heating composite specimen molding

Composite specimen



Experiment composition and progress Thermal performance test results
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Evaluation of heating performance of composite



Cab front Interior Panel Simplify the internal structure

Applicability of self-heating composite to actual railway vehicles



Heating flow analysis

0 20 40 60 80 100 120 140 160 180

10

20

30

40

50

60

T
em

pe
ra

tu
re

 [o C
]

Time [min.]

 v=0.5m/s, Twall=80oC

 v=0.5m/s, Twall=10oC

 Twall=80oC

 Twall=100oC

 Twall=120oC

Velocity Inlet

Pressure Outlet

Pressure Outlet

Velocity Inlet

Example of air flow inside the cab Flow analysis result



Deriving the optimal molding method

Melt Front Time & Air Trap Deformation



(a) Fiber lay up (b) Carbon Fiber lay up

(c) Vacuum pressure and injecting resin (d) 1:1 scale heating panel specimen production completed
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몰드 우측
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#3 몰드 좌측

1:1 real-scale exothermic composite specimen fabrication



Voltage

Temperature
(Thermocouple)

Laptop

DAQ

Thermal 
imaging
camera

DC Power Supply

Configuration of experiment

TC1 TC7

TC2 TC6

TC3 TC4 TC5

1:1 real-scale specimen exothermic performance evaluation

Application of heating element and thermocouple



Heating performance evaluation result Infrared thermal image of self-heating composite panel
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1:1 real scale composite panel performance evaluation result



Exothermic uniformity analysis
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Sk = 0 : Normal distribution

Ku= 0 : Normal distribution

Infrared thermal image statistical analysis results
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Conclusion


