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Application of Carbon Fiber Composite Mate-
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Conditioning Shell
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Abstract To reach the technical target of reducing vehicle
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air conditioning unit weight, the traditional air conditioning
metal shell of rail transit vehicle is replaced by carbon fiber
composite materials, the performance characteristics of which
are analyzed to establish a finite element model for air condi-
tioning shell, and the relevant static strength is calculate.
Then, the air conditioning unit prototype that adopts carbon fi-
ber composite shell is verified by a vibration impact test. Theo-
retical calculation and experimental results show that the appli-
cation of carbon fiber composite materials to air conditioning
shell could meet the requirements of urban rail transit vehicles.
Key words rail transit vehicle; air conditioning shell; car-
bon fiber composite materials
First-author’ s address @ CRRC Qingdao Sifang Co. ,

Ltd. , 266111, Qingdao, China

BRCES O 7/ B E B L o R S 7N S IN
L H £ A%, R O H . R AT 4R R
U | PSR B R T e T T e el TR ok ) A

B 2 K1
LRI, U 5238 420 b 9 42 3k 518 AL TR

- 188 -

[B]EE 1 BT ARG 1R AR BT P 2 5 30 f5
%WWW*%T@HF%%%%%%E%MM,
S I A A DR 9 ) ] I, 920 T RE IR A
%ﬂ?ﬂﬁodxﬁm%&ﬂﬁ%%LIWﬁ%%
YR PR T U8 S A A AL e (R Y 5t
1, Ak A AT 2R G 3t 0T JR B e 25 A 0 L
REM AT AR UL, K M S R 2T A R T

PO W YL R R A E N A E

Bk

1 HETEERTANEESES

1.1 HEXEBERTENEEEHES
IS8 4 5 LG 45 R T X — i — 1

‘ﬁﬁﬁ%ﬁﬁfi iR A A K S R
o B HER A AL AR Aol 30 4F, BT,

ﬁLXLi%;ﬁﬂn%*%ﬁml~2mn§E

(R K 2 ~3 mm 5L 48 & AR, a4 4
TR 2 AT 2 Y, R e o
FraC LA I TR AR B 2s R HLSE A
1.2 PEXEERRARESHRSENSEN
th
T BB T 46 5 45 R 7 1 03
PEHLFE PR 5 T RS -
(1) BRI . BRLT 25 Ik AR X 7 B

SR

SR 174 ~ 175, T3 B2 I A/ 5 Lo B2 N 585 4
(9 2 4, W00 4 45, A7 S BE S R R 20K

(2) ARG, S BaE 52 m =5
AL B R AL TR Y A R

(3) TR BRGS0 A4
Ry

(4) Puwg LA T AN S SR

2 WRETHESE SMEIREE R R AR R

2.1 MAHE AP
T4 2 th A HLET 4E 2 i b S 8 Al b BT

SPRBLTC AR A5



FEEIR O A S8 8B, BIR AT 4 A9 O Z5 R S BLN
i A7 8 (RIS JZARHRS ) |, L f1 2B 254, 12
PEREIL S o HAHX A BN 174, BREF4EE &
MR R E — A 3.5 GPa LU I 24N 7 ~ 9
7 PURL PR O 230 ~ 430 GPa, JR T80, %
ARG AR G SR P B BEXS L 4n
1 PR,

F1 =FHRHYEEREIT L

o PR/ SR MK/ AR HE(20CH)/

MPa  #EEE/MPa % BEfH (kg/dm?)
REWN =520 =205 =40 <187 7.93
WmE4e =210 =110 =12 <70 2.66
WLFME =35000 =600 =1.5 <90 1.76

AREEA R I T T2, B — B 21 2 ] LA A
[FI UK BOBRETAE R KL, Hy T 25 HE ] i i Bl 22, nl X
FLHEATA E R A BT R -5 M R, ST Ak il el FL A A
SO AR I o e 2T A 2% i) S P A, G B2 94 Al )
AT AR 10550 5 M JBE , MR 3 281y A D) RE 8L 1922
SAH)Z A HRAYTERE Al e, 58 4Tl A AR BLE AL
LA 2 PR ALTEAA

2.2 NMAMREBR

BT IRET Yt A MRS AL AR AT BR JT 43 A
B AT BUE D EALHL B ) 2 AR 4k 2
B APREZS PEMLTEAARE A 2 2 B AR A5 42 4 25 0, I 3
TTOREF Y52 5 MRS 3 A2 0 23 PR AL 7S A4k Bl ik

¥ CAD/CAE (MU B i/ 5 LA B
HeE) SRR S LA, 3 B S AL R B
RIS RS VERE IR BN vhif PE B SR s X Bk 4T i 7o K
Wl 22 07 X Ty 22 PERE , T R H ek i 4 4 il i
T Mz PHNLA B T2, il A7 A Sl 52 42
EER )25 PAHLAL

3 ZFEANEENSEHITERRGES

3.1 ZEWigitEE

K H] solidworks BFHEA TIEF 4E 5 6 b RHELE
A A A W ALFE R B BT A, s I e A 2%
R VB T BT A 2B, SR FH e R A % B
25 JHAILAL Y 1 ¥4 e 5% pht PR 4R AL A BE R L L T I Bk
i 7% i DU 1 ALV B 3 XUAIL 8 B KWL A 4
B, NE ST B R 43, B8 o A T A PR s R N
o AW = e R an & 1 R .

B Az ALK ET 4k S5 ARl e ik = e Ky A Js)

3.2 ZEHHESH

KR AL A BROT Ak ¥ 4% HYPERMESH i
A7 U B AR Rl 73 o >R ] RADIOSS 3K fift 45 it
F1RAf . R HYPERVIEW BEAT Ji5 Ak 21 A1 £ 35 73
Bro T IE A5 F7 2 1k B 23 A Xk 45 4 B 25 56 JEE N
55 9 L HEATITAN , DL IE 2S PR ML e (R 45 4 2 R AT
AR B SCBOR . IRET YRR B MR LIE 2C
M A A PR EARRL Ke f LA R AN 2 ~ 8 FIT7R .
LR TOL(S01 ~ S07) R BsiR EETHR LA 2.

R 20l LIE & 2 W R i e RS

B2 BRETHES G MR A P HLTE A5 1A B

Mises i 7, LA SCBRET 24 52 45 BB 4 5 KA 22 | g
AN REAR B R BV R % 4 2 R0 S IR BT
g;‘ko

- 189 -



Contour Plot

Displacement(Mag)

Analysis system

l 3.614E+00
2811E+00

= 2.008E+00

§ 1.205E+00

faoise-o1
No result

Max=3.614E+00

Grids 19737

Min=1.777E-17

Grids 135468

f s
K3 BREFYER SRR A LT R S M sl

Contour Plot
Element Stresses(2D & 3D)(vonMises,Max)
Analysis system
Simple Average
L 6.680E+01
5.195E+01
—371E+0L
[2227E+01

v

K4 BReFER A PR s PSR Mises 13 1 734 2 ]

Contour Plot
Composite Stratins(1E-6. Max)
Simple Average

L 9-387E+02
£ 7.288E+02
5.189E+02
= 3.090E+02
99106401

No result

Max=9.387E+02
Grids 23613
Min=-5.847E+00
Grids 114121

KIS BREF AR A MR s NS RS — JE AR A 4

g ~9-573E+02
%--7.428E+02
--5.284E+02
-3-139E+02

K6 BT AE SRR A TSRS = 0 A2 M = A

Contour Plot
Composite Maximum Shear Strains(1E-6. Max)
Simple Average

'S 7.197E+02
£ 5.598E+02
3.998E+02

K7 BREFHESE SR s PR BT A iR R B 1WA A 2 [

Contour Plot
Composite Safty Factor(Tai-Wu,Max)
Simple Average

0
I 480099970478080.00
No result

Max=489099970478080.00
7281

v

K8 BREFUER G PR s HLE R L 2 R B =

K2 BMALEAMBERZANZESHEST IR TRETEER

WooH  fekfufs/mm Mises i J)/MPa IR — A pe  S/NE S ERNA pe BORWYINA/pe  EAMEREREK
R Y 4 500 3200 5 000 =2.0
S01 3.61 66. 80 939 -957 720 2.3
S02 2.81 41.82 903 -907 836 3.0
S03 3.25 48.18 969 -1173 1071 2.5
S04 3.05 53.92 984 -873 802 2.7
S05 8.03 69.91 1638 -1709 1416 2.0
S06 8.03 69.91 1709 -1638 1416 2.0
S07 3.94 62.21 855 - 825 616 2.2

4 RIRIIE

A4 IEC 613732010 BRik i H 4o & il
PRSI ARl rp 1 26 A GRyRLE , XF R B £F
YL RPREE PR B B 58 A7 0 2 PR AL 2 A AL

- 190 -

F1 7R il IR IR A O TE 3% A
5 AU 75 A a5 | ool 3o 8 A D RE M BE AL IR 5
G Hor RBP4 A a6 A 2 RE 58 D B LR
ik .

PRBMAE LR 2 G IEVER AR L &



FHRFSEAR 1 B30 52 30 45 4 2 PR ML ZE T 2 7 P PR 8
TR A A EoRZ, B9 FTon iR sh il 56 Bl
/F!\g\)—]l‘o

Ko drshidsm i it

5 4iE

FHBRET 4L 52 6 b R 8 18 22 38 42 40 25 PR AL
e Rn] g E REAR A AL A B, A SGE S =
AeA5H It A RT3 A Ik 3 iR g6 Uk A5
2 R AT 4 52 5 A1 Rk e 1A BB 85 1 A2 BT 5238 4
2 R S SR

K PRt T 4 52 6 b R 3 (9 B3 2838 4 4 25
PAHLA FEARAE T 2 49032 IR BE 2R Y Ru e T, ]
LT A 4 2 R S S U, L [ TR o A b
BISTRARLE, BT 5 AT I 4% 2 65% 5 5 R AR G 4
PR FERAH B, B v e 2 30%

25 b R R ET 4 52 6 R 28 PR e AR ] DURE
RRALGE 4 Jm AR BILTE 288 2240 2 TR 7S A, T 2 B
STE R a1 A B N A N R £ 3 N = NS IS T VA I L= a1

A PR B 0] 75 29 BYRUZ AL D7 ) e AR B OR
R LI S E AT Ml K J A R 52T RE el HE Y
H ], HA T Z B L

S 3Lk

[1] T&& MBS, FER%E, % Sl SR 4 E SR
W LI]. LA S 4240, 2015 (35 7 1) <21,

(2] RGP, AR BREFLERE R A S AR ERLE W i B LT ]
HLIHLA S04 45,2015 (4) :89.

(3] Hok i, #MmF, sKansR, 45 AT A S AR E R sl 4 1Y
BT BRI 450,2014(5) :20.

(4] VD7, BEoCfl, Z230me. K& A RHE BUUHIUE % 9 & b
MR T]. T PUESSE DS, 2005(2) :74.

[5] HELMS H, LAMBRECHT U. The potential contribution of
light-weighting to reduce transport energy consumption [ J]. In-
ternational Journal of Life Cycle Assessment,2007(1) .58.

[6] WENNBERG D. Light-weighting methodology in rail vehicle
design through In troduction of Load Carrying Sandwich Panels
[D]. Stockholm:KTH Royal Institute of Technology,2011.

[7] KIMJS,LEE S J,SHIN K B. Manufacturing and structural safe-
ty evaluation of a composite train carbody[J]. Composite Struc-
tures, 2007 ,78 (4) :468.

[8] KIMJS,JEONG J C,LEE S J. Numerical and experimental
studies on the deformational behavior a composite train carbody
of the Korean tilting train[ J]. Composite Structures, 2007, 81
(2).168.

(ks F 9122017 08 — 1)

D

(#5184 T1)

Ere e . aa | g T =
BLFHRRME
248 (28 > wateyt [o1050677 (8fiz: PPCCDDDD)
Bt [ESE =] FaRdE [207/ 5/ 1 ~| s [20077 5730 -

[ =8 | men | R nE |
PEBHSIE: HoFiaR

8l [ BaEr = [ s

Kl 6 FAS ZGUIHERE Rl Im 14 LA T

4 5iE

FAS 7T 5E 12 17 % B8 52 18 0 B Rz B 22 4
EEZREZENMEM . IRIIE FAS 7R 52 00T

FE S I 00t 0 A G I i o At R s Pl 45 4
IS BIMERR PR S5t , FAS 5 B B8 4 1945 1 i
THRLIE % B B R GEAS B nl g 3% ) 1 45T 1 A9+
PP A EH Pk L E & B AT AT A RO i Tk
Trge T RRA PR, A SCOUR XA~ 30 HoA SRk
4 ST P B A 4t FAS 5 A 4 1 B elott oy
5, A BERERT AT 2 —E 1 25 RIS 4R

S 3Tk

(1] e R ILFN AR 55 3R £ g s, i A R L ) [ R
IR R SR BRI ALIE . GB 50157 — 2013 [S].
A6 o E A Tl R A, 2013:192-193.

(2] JE# P9k 2 S8R A RE KRG R ORI
PRI TATHLIESCHE , 2011(1) :37.

[3] FKIE, AT SCRI, RS 8k kR A Sh IR R gkt 5 A
[J]. uE s marsy, 2013 (11) :71.

(Wi F 41:2018 - 04 -20)

- 191 -



