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Structure Design and Analysis of Composite Boarding Door
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(Key Laboratory of Fundamental Science for National Defense-advanced Design Technology of Flight

Vehicle, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The boarding door is an important moving part of aircraft and often made of metal, so it is of great
potential for weight saving. The purpose of this article is to analyze the feasibility of using composite material in
the structure design of boarding door. According to the CCAR and design criteria for composite structure, a re-
search on structure design and analysis of composite boarding door is carried out. The best one of three design
options is chosen based on stress and strain analysis using FEM, Then the structural strength is analyzed by u-
sing the method of global-local single-bolt mode. The research reveals that using the composite materials in

structure design of boarding door is feasible. The research results can provide a reference for the engineering de-

sign of composite board door structure.
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Table 1 Design requirements of pressure retaining door

B ER W o# PR 8% AT RERK R & B
BRBITES ZITH 0. 63 kgf/cm? 2.5 1. 58 kgf/cm? —
fEZE ANy —0.070 kgf/cm? 1.5 —0. 105 kgf/cm? —
, SATEEME _ _ 135. 9 kgf BT e R
FEALAE ] 27T BT 68. 0 kgf ERF EBRMA
E A s wITEH, ITHRE, _ _ 204. 0 kgf B
ERBRBFRAE FAsh 113, 4 kg!
5E e s . wITEH, ITHRE, _ 1134.0 ket BRI RES
ZaHRBHAFD s E% 181. 4 kgt A B P RRER T
BMELENEMKSHBRAT ZHH 0. 66 kgf/cm? L5 0. 99 kgf/cm? BASTHRHARITER
2 MIIBREHRAR
Qgﬁi:nnn

2.1 BIIMEEARTMERSHN

R IR 7 XA B I B = R TR T B B
ERIPLE B E T R0 SR A, L5 SR R R
1671 mm, MITHEARTWE 1R RITRE
1070 mm, B 1 900 mm, ZEHL & E B EIKE RN
69.29°, A TMRIIIFIE S5KMA, M7 THARA IR
R4 HRE—NEERN 3. SR BT
FAHLH X 56 3 B E R 13.79°, BE B IR &
29.5%; Bl [a] 2 B AL T A 1] o AR, 8 BE O 360 mm,
FRPBEC BRI AN E TR .ITE
HHE-TMEEAE HAENZELEFOKRDNR
160 mm (Bl [5)) X 140 mm (FR[) , F OB R K i#
%25 120 mm, EEE AR TTTHFY 570 mm,

1900

1070

(@) BITREERT
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Fig.1 Basic size of the door
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Fig. 2 Structure and layout schematic diagram of the door
2.2 RIIMAT R

AREINCIPTRESIE Aiapi e wr s A Uk il
B ULk R 56 TSR PR 3 SR A & R 58
BEy 35 mm, FRIREG R FEBEN 25 mm, AR
MARFEHE. BITARDEMARK TN
980 mm, BEH A4 “C” AL, AR B K 90 mm, %
AR 35 mm, PRELAHF SHAMBEME,
METTHER R FR AR E S LB R SR,

EERHEELZKP EHETRITEHNERR
TR AR E R Oy . AT ST AR A R A
B, EEEHRFERME 2 Fin. RITEEATW

B 3 .

K2 RITIBEREARFR

Table 2 Details of door mechanical connection

L B BrAE  EHEf/mm %k H
G &/
PRGE/FE
HST11-6 4.8 ik
PR %/ 5 K
BE OE/ZRE
SHAE/ PR FAR
HST10-6 4.8
YR/ R
I/ PR G ik
HST10-5 4.1
YR/ RIRGS
B3k /F R HST10-8 6.3

(@) QAESBLZRAT CRA R

BERR mmpe

(b) AR FHAESELERAT GRAB®
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EEHIR
A
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(o) RS mAEE AT R B

B3 RITHEZAS
Fig. 3 Details of door splices
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ST o A R R 4 3 R R TMS/ X850
B, HEAM RS RINE 3 PR, EARBR
BB R KPR 4 000 e, FE 45 1 A5 K 7
B 3 000 e, BYHIBH BEAE KI5 000 pe.

#3 IMS/X850 By HERES K
Table 3 Mechanical properties of IMS/X850

2 /MPa /A %z K n
X, 2 678 E\./GPa 195
X, 1610 Ez/GPa 8.6
Y, 71.8 G12/GPa 4.57
Y, 223.8 e 0.331
Si 135.9

EHEA BN 2024 A6 &, BB 5 mm, IR
Fi DYB-3 A HL33, E=3 600 MPa,y=0. 4, fiiff
SRBEN 83 MPa, BJE 12 mm; A i RATek &4, %
BE 3 mm, BILAMBERRESHHEZEME 4
BR7R .

R4 RITTHEEHREEER
Table 4 Materials and stacking sequence of

components of the door

T # # ok #s B
R [45/—45/90/0/45/90/—45/0]s
= RE R [45/—45/90/0/45/—45/0/

45/90/—45/0]s
YEHME/R  IMS/X850 [45/—45/0/90/0/45/0/—45/90/0]s

I 1A S AE [45/—45/0/90/0/45/0/—45/90/0]s
5 1A AR [45/—45/0/90/0/45/—45/90]s
AR/ BETR &E&& -

#k 7050 FEEE -
HiE 2024 RS -
B DYB-3 -

2.3 mENGERE

BITREFTZEZEMAESHARMILSRE
e ZHL G, RRIKE RE LR ERTERZHE,
BITET&RETLEAS S ERNEZRTEK
feid. BYRIIENS ERARREERE T L
HMEEXA . SRIESITIN, BITET &
A S B INERRIEEE, 3 s — s
BB ESYE; SRTATERXAAER, k3]
EEHRHERITE3. ARTEEFTREEIE
FIECHEDL » B IER FA SR 33K B 07 ZORAE AR T

3 MIARBRITRSH

TR R RER BB =M A RKE R
B EAFRR AR RORE I 0458 X HE 5
ALY o Xt =R REFTH 08 BT EREHE
BRBITE AR % 2B ER (G A E LB
ZEE5TABRER ; RENERETHHFE
BRI TR .

BHRYRGERRSMENRS iR, RE
R X3 A B Oy KA R R AR M
FREFREFRMARFEEEINK , B M52 fEE X
BN .

R5 ARAARGRITR

Table 5 Different design options of beams

HE g, WEE® TH e 32
%% WE  REE  REE  EREE
FTE— 7 16 6.5°,8%,8° 6°X4 16.5°~27.4°
TR 6 14 6.5°,8°,8° 8.67°X3 16.5°~27.4°
FE= 5 12 13°,9.5° 8.67°X3  14.5°~27.4°

BHRATERIME 6 Fim.
R6 MRITREITHHER

Table 6 The results of different design options
BRBITES

e BRI RREEN BAHE BARR BABEAX
BiAE/107% A/107% /1078 fu#/mm R J3/kN
FE— 1753 1314 2 732 3.25 17.78
FRZ 2155 2 234 3 107 3.70 19.16
FR= 3309 3 165 3 827 4,65 23.18
BRELBEIHER
e BRI RREEN BAHE BARR BABEAX
BiAE/107% A/107% /1078 fu#/mm R J3/kN
FE— 1618 1214 1928 2.31 19.36
FRZ 2280 2 219 2170 3.07 24,15
FR= 3220 3 180 2 877 4,81 31.87

M 6 ATLLE W . R =EFE B KB TT R A8
PRV ER TR MK EEBHERITFA
B WERET R B R TR HYHRAMRITE
R EBEREWERBRR, FR-ARBERD, #ik
B R AN T RETH BRI o

4 EMWETATROAT N
TR TTARA R R AN R E R 1 op
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R BT BRI 1A R 7 R AT 4T BT 2
EREHEWNHINE: (D oHRITEHREETRHE
BB BRI T E G B R BOR () 4
e TR B LR B R R BRI B S M
BTSRRI

DL E B bR R R — R B ET BEEL 0 b7
Tk H SR A RO #HT B AR TR
B » B B ST AL 5 R )5 X & R R AT 4T 4R
TREE T

4.1 MRII&HMETIRTTWIE

HEFR-BITESHAERMBZTERTHE
ARG RNE 7w,

RT BRUHERTHIRIITRER

Table 7 Result of option two under all design conditions

© . BN
wEx  OPRE 0 ma

BRETER E il 1.58 kgf/cm? 2234 S

BB R

mER X —0.105 kgf/em? 197 FE4

68. 0 kgf 1482 #
- g i fi
135. 9 kgf 1217  fufd

FEHLAE T 8 AT

) 68. 0 kgf 1454  fufd
xm 135. 9 kgf 1216 fufd
= ) 204 kgf 347  hif#
ReRaLFas XM 113. 4 kgf 170 fefd
B £ R S A - 1134 kgf 1251 diufd
LFID 181. 4 kgf 1399  hifd

BIRELE xH 0. 66 kgf/cm? 2280 Jufh

MR T AT UE S BITERT , S AR
RETH R ZR EAERRKETEHMNEMBRE LR
TERTEM R K T/ T HMAEL, R Kz
7 IR MG R 2 2 BT BR A5 B R B Bt
BOR, BT E RS XX WA B S EAT

4.2 BINEZENSEARTREESH

RIS RATRERBEEEANARSD
B, B AR T RN, EEEBAES K.
YR EHEE. ETHRBRZEMURRESERE
MEZ FRER, HREREMNFRTEE. &
MAEPERNAGABRBIEREZRTE B
RSP R EME KT 10.15,

B A T R X R R PR R, X ]

BEG . SREERFHETRESN, HEHET
WRBIER., BAARITEE P RA ABAQUS
ARt Fastener B JLHL L 48 42, Fastener B
JUH AR KRB JAr R S B ST RE AT PR R 5
Grpptetsl . B4 Fastener BAJT B N8 2 14
ZERBEBERE, N THERFFEN—14
Fastener BAJLHE ], RS Fastener BLJG T
HBESH#EAT B , B A5 E AR TR U K
BWERFNZERFEN . XPoHrET 8 X TH T
R EAE AR RER T ER PR AMA.
4.2.1  MEITEEE X B R B AF5R B4 b

DL 2 B X R [ B 5 BE A B B 4 MR AR B L
SRR E. RS AEREF Fastener BT
FASB R BY U0 5 hr B 5T 2, #EAT BB 4R B A A
X BY ¥ 5 ) B (B 1 (e R B3 oK B BY U A3 HEAT A AT
REGRBESTSERNE S i, REGNEL2
WMERTFRITERNESME.

R8 EREHRESNER

Table 8 Strength analysis result of bolts

wie  FRRE/AN  BKETR/N REWE
BE  pw Wy R N R Wy

HST10-5  8.63 8.82 - 1.98 - +3.45
HST10-6 11.12 11.86 - 5.28 - +1.25
HST11-6 8.9 11.86  3.32 3.24 +1.68 +2.66
HST10-8 19.13  20.58 - 8.73 - +1.36

4.2.2 MIESBBEERFBREST
RITTEBEEREFETECGERAESMILET
REMEOE . KGSWERFR.AFNAE,
BAESEEEREREN 724 MPa, 5k & & H EJB IR
SR 1178 MPa, & JB 8% B /40 W BF K38 B 4
ZRMRI R AUEL . SBHEREFRNEZ S
WEHERKTFRITERNZEHRE.

R RINEBEERAFERELSFER

Table 9 Bearing strength analysis result of metal connectors

YN i E

ERER N oo BE/mm ZEWE
3k 8.73 6.3 5 +1.61

EEWR 1.98 4.1 3 +6.32
b 5.28 4.8 3 +2.21
e 0. 98 4.8 5 +16.73
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4.3 MBNEBEENATEREESHT

Sk R BLET 40 W B B X G54 o & 7 B X ST i
HATRESV RIEHEBHEER. BESHTE
B AUTE N PR B A B FBY IR 0R B A A, R4 A Mg
RgESH P ERERITRRER .

4.3.1 MRITERR TR REE 6

Johr 5 BE 43 A i 5 SR FR AR FR T 7 ¥k R EA4T
Pz B BT, i T B R O A T A B AT, AR
PR A =4 Hashin 28 504 WU ) 1 2 6 41 K
R . SR ERB)E ARG 3R
BAL  FRIE A IR 1) 5% 50RE =X %t 4 ) W BE 32 47 37 08k
% SCER14-16 ] E T BT RA -

(D) FLERMEL X En G 1 Gis 34T T
i 4 S 5B 7 U8 2R R 0. 07, FE 48 2% 3% i 37 U8k 2
B 0. 14;

(2) BEARRIET X Eup G F1 Gos AT HT L
Tz A S B IR R BUBR 0. 2, R4 Sk SO T IR R B
B 0. 4;

(3) P43 2 EE, Xt Eys G 1 Gy AT IR
P AREIM 0. 2;

(4) BI04 Bt Xt Gus 7 Gos HEAT 37 W8> T 08
BB 0.4,

T B 7 B R AT M, SR A OCHER I B B
U B AT I , B BESR BB ¥R A ASTM g
#E, IR 108 mm X108 mm B 75 TEAR , H B HP
H—MrRER 6 mm,SMLER 11 mm # 100°
PURAL BN S S CR17].

AT A, B4R A C3DSI T, B
B MR C3DSR ATl 4B o %o 8 i fn T
AMI B BRI AR EAR T HE 3 8 B B AN
R 1 1E T (] B L A1 B T A0 B8 3 24 3R 1Y 32 - 3l A
Bl 1k 22%%

XE[18]E iR BFP R e R BRENR
39.8 MPa, B KHrER Ml 3. 44 kN; FRILHE
BB 3R A 36. 2 MPa, & KHr R 85 4
3.13 kN, KA FHEHN L R LR BEKS
9.0% , 45 RBHER BARMRF, HEFAT,

M IS hr B 2R S R AL B Y A W AE S
S REERA, W AL G ST TR AT
PGB, FERARMERNEZ, BERN
3.04 mm,

TERE ] 5 H9 P 5% B2 BT 3% B0 B K L B AT
3.32 kN, BBk R R, R AR B9 LB & & 4 B Y
RF+0.15, /8 B B 48 A% 4 B 1) AT — A2 B8
R AN 4 B

BB S 6036 N

BN
— [§8) W N wn [} ~
T T T T T T 1

0 - 0‘.1 0‘.2 0‘.3 0‘.4 0‘.5 0‘.6 0?7
A1#%/mm
E4 BRREBMORA ML

Fig.4 Load-displacement curve of bolt was pulled off

B 4 AT DIE Y Y 5R PR 5 R B BE S A, 3]
MBI KRB ST RLR B 6. 04 kN, HEZ 2B E R
+0. 82, RUIG W RIRAE TR EEK.

AT BRI SR B R B AR B BE i, KRB AR
N BB, Tk LA 2 E B HE A IE 5 B
A DA RN ECCA R

SIS

B 5 BeUik AR #®RGER

Fig.5 Damage of the area around countersunk hole

4.3.2  MITEE R X Jui A Y A 5R B A A

R BT B IR B XHIR T P BT A R R T R
A BF B 58 B 2547 0 B s RIBE R A AR, KB 5
N BB AV AU AL . $R 42k A C3D8I IR
L EAHEEER KA SCSRT HTHil, R A
Hashin 25 20 U 4 B /2 & BB 2k 38 A PROGAR U
FE&%E ASTM D 596108

Xt F 2 S HOR AR B AR & T 3K IR A B
ERBE TR RERRERA 2006 AT
REARTEER KT REMR S E, BT B ER
BIvb g me T BB Bk BURE M, BP 40 Sk R B4
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IR . B BEK R MA R Dk B AR B
EZEMBER KT 10.15, L BRFELLME
B KF+0. 38,

BiRREFENARITERR B AREE P
Fastener UL KR M TR SA M E N &
J1.MITESE T R B R R E o & R sk 10
B .

R10 RITERX THAREFERESFER

Table 10 Bearing strength analysis result of components

g $FFEH1/KN RLEWE
REER BAE HAE BHER RME
HIEBR B 9.88 13.06 +0.15 +0.32

e F% % BARY 1.76 4.45 +0.15 +1.53

HET %% BARY 3.24 5.12 +0.15 +0.58
PR B 8.35 10.99 +0.15 +0.32

PR EEL BARY 1.98 4.45 +0.15 +1.25
PR AR BB AR B 2.16 9.57 +0.15 +3.43

Btk E% % BARY 0.78 4.55 +0.15 +4.83

38 :-N-1) 3.24 5.12  +0.38 +0.58

MEIOAUEN A RIS ERETES
BRI A5 59 08 BF IR IR, = B BOTE 38 B B R 3T
i, 7E 5 4R A 0 B R TET b Y B B Ok T AR B 4 2R
s BT A i B LA B BY IR 5B B T e BE R RERE R B
THEER , Hob 2 a4 B B A ) 5 8 X3 20 HE AR
AR, 20 BT i 78 B R WAMEX T &8
WEEM, ZEHHNELRERRBME, BHA
TRV R,

5 MINEESH

MESHERIIGHEREGT T FESS
B &M T E & HEIT

S & BMRITISWE, BRI TR E
EHEIUTRA  FRESBMRTITHESRITER. It
NEeEBRITEEEE 2.5 mm, hEHHEE
3.5 mm, Y EBH K S IR. &EINBFEWHERA
448 &4 2090-T83,

AEREHEESRBELN . ZEWERITNG
WERN 31. 44 kg, £ BRI B E H42. 03 kg,
EAMERITHLLEBRITRESY 25.2%.,

6 % it

(D FERARBITENMPERZ WA RITE

RTHRITHHERI R K B R TTS BT
R IRTTE K.

() EEHBI TS BT R KR8 R Y
SRR BB, R B — RIS R i Ty
EXREBOTER T SHERAETF, A &R
EHESHHEERARNLeMERT SR E
BlF, R Z2m ER KK A B v HE R R RE
B, 55 T BE H B AR IR T 300 BF R R, IR L e 45
M5B B R R E R REX A KR E &+ 8
Y BF 58

(3 RSB E & HH e W R R it &
RHHBAEMERSHER.

B % 3k

[1] Jon Ostrower. Taking stock: a 787 update, illustrated edi-
tion[ EB/OL]. (2007-11-15)[2013-10-26]. http: // www.
flightglobal. com/blogs/{lightblogger/2007/11/taking _ sto-
ck_a_787_update_illu/.

[2] Asd News. First Boeing doors ready for barrel test[ EB/
OL]. (2006-05-31)[2013-10-26]. http: // www. airshow.
com. cn/en/article/yjxx/2006-05-31/9607. html.

[3] Jeff Sloan. Integrated, optimized aircraft door[ EB/OL].
(2012-05-01) [2013-10-26 ]. http: / www. composites-
world. com/articles/integrated-optimized-aircraft-door.

(4] 1Tk, REH, BRE, F. Z60RTERTITHR

[Cl/ENZHEANE ETEPENDFESIBXE
(=). XM, 2008; 1703-1709.
Men Kunfa, Yuan Shengtao, Ma Xiaochen, et al. Compos-
ite material luggage port design study[ C] // China Associa-
tion for Science and Technology. Proceedings of the 10th
annual meeting of China association for science and technol-
0gy(3). Zhengzhou, 2008; 1703-1709. (in Chinese)

(5] EF%, AZR. RAELEGHREME TR AL

VLR P= & FF &5 A%, 2010 (2): 14-15.
Wang Chunjing, Dai Yunfei. Application of carbon fiber
composite in aerospace[J]. Development & Innovation of
Machinery & Electrical Products, 2010(2); 14-15. (in Chi-
nese)

[6] HERANER. PERAMSIES 25 H BRE M

BAARELS]. dbx: PRERAMER, 2011 80-83.
Civil Aviation Administration of China. CCAR-25 Airwor-
thiness standard for transportation category airplane[ S].
Beijing: Civil Aviation Administration of China, 2011; 80-
83. (in Chinese)

(7] #F49. ZRAWEHITREIML LR fiE Tl bR
i, 2008 482-495,

Niu Chunyun. Airframe structural design[M]. Beijing: A-
viation Industry Press, 2008 482-495. (in Chinese)



376 Bl TR R B5%
(8] HPEHRAMER. PERAMEAES 25 B WA [15] BEX. EEMRIREREREMTERERHERTA
BEARELS]. bR PERANER, 2011 37-38. [D]. #%: FdL Tl k%, 2006,
Civil Aviation Administration of China. CCAR-25 Airwor- Zhao Meiying. Failure analysis of composite mechanically
thiness standard for transportation category airplane[ S]. fastened joints and study of effects on failure strength[ D].
Beijing: Civil Aviation Administration of China, 2011. 37- Xi” an: Northwestern Polytechnical University, 2006. (in
38. (in Chinese) Chinese)
[9] EHERAMZR. PTERAMESHES 253 2HL M [16] Xiao Y, Ishikawa T. Bearing strength and failure behavior
HWARHELS]. b PERBANSE, 2011 61, of bolted composite joints(Part | : experimental investiga-
Civil Aviation Administration of China. CCAR-25 Airwor- tion) [J]. Composites Science and Technology, 2005, 65
thiness standard for transportation category airplane[ S]. (7): 1022-1031.
Beijing: Civil Aviation Administration of China, 2011; 61. [17] American Society of Testing Materials. D7332/D7332M-07
(in Chinese) Standard test method for measuring the fastener pull-
[10] &—#, s/ F, B4, &. EE5HRNEERB EE through resistance of a fiber-reinforced polymer matrix
BRI S5ERBSHI]. PR, 2012, 33(8): 1427- composite[ S]. USA: ASTM, 2007.
1433. [18] American Society of Testing Materials. D5961/D5961M-13
Qian Yibin, Zhong Xiaodan, Chen Puhui, et al. Longitudi- Standard test method for bearing response of polymer ma-
nal panel splice design of composite fuselage structure and trix composite laminates[S]. USA: ASTM, 2007.
failure analysis[J]. Acta Aeronautica et Astronautica Sini- [19] #mf. E4#EREIM]. tiE: FESEREHRE.

[11]

[12]

[13]

[14]

ca, 2012, 33(8): 1427-1433. (in Chinese)

E#, /I, BeE, . T ABAQUS WA R4
R LML db5t. EWEKREF ARG, 2008.

Zhuang Zhuo, You Xiaochuan, Liao Jianhui, et al. FEM a-
nalysis and application based on ABAQUS[ M]. Beijing:
Tsinghua University Press, 2008. (in Chinese)

Hibbit, Karlsson and Sorensen Inc. ABAQUS analysis us-
er’s manual[M]. Version 6. 10. USA: 2010.

Hashin Z. Failure criteria for unidirectional fiber composites
[J]. Journal of Applied Mechanics, 1980, 47(2): 329-335.
Okutan B, Karakuzu R. The strength of pinned joints in
laminated composites[J]. Composites Science and Technol-

ogy, 2003, 63(6): 893-905.

2011,
Xie Mingjiu. Joints for composites material[M]. Shanghai:

Shanghai Jiao Tong University Press, 2011. (in Chinese)

fEE®IT:
ERFL989—), B, Mok, TRMFAFTM: WILA

RSBS54,
BRES964—), B, 8L . #B. BR. FEHAITW. A&
RSB,

(%D F)





