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Finite Element Analysis for Contact Behavior Characteristics

of an Aircraft Fuel Hose

Jun - Young Jeon

Department of Mechanical Design Engineering
Graduate School

Pukyong National University

Abstract

The high pressure hose has been used widely in the automobile and
aircraft such' as for the hydraulic [systems, pneumatic brakes and oil
supply systems, etc. Though employed on different working conditions,
most of the' hoses  have the same features which ‘its structural
components have- a “nipple; socket or sleeve _and -rubber layers to
prevent them from chemical-damages ‘and corrosions, and braid layer to
improve tensile strength.

Due to its structural features, the high pressure hose has the
possibilities to cause leakages on metal fitting if the clamping force is
too small. The metal fitting can be classified into two categories,
namely, primary and secondary metal fitting. The former is made in the
hose manufacturing process, namely the crimping process, to clamp the
hose with metal components, whereas the latter is for the connection of

the hose to the hydraulic system. The crimping process leads to



various stress and strain configurations in the hose, which give critical
effect on the hose performance.

In this paper, the deformation characteristics of an aircraft fuel hose
during the crimping process were analyzed using the nonlinear finite
element method, to investigate the stress and strain distributions of an
aircraft fuel hose assembly at the maximum jaw stroke and at the end
of the crimping process. Also it has to follow the specification of
AS2078 for the thermal shock burst pressure test, using coupled
thermo-structure, to estimate--the—~whole- performance of hose and to
predict the burst .pressure of high pressure hose assembly. It is
supposed that the results can provide the useful data to determine the

optimal design parameters.of the hose.
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Fao FAL AARE FUAE Fa dhe] v FAMFA MIL-S-8879C
2 i 3Fr)e du ugsaA, Ho e 1500psi(103bar)
K

AElo] 9lom Al gL -54TT232T 9 WS AT FAE &
G =

iciany

Gl digk AHREL FuUrkel A9 SAE(Society of Automotive
Engineers) AS(Aerospace Standard)4207, MIL-S-8879C, AS854214 1
Fag AFs Fasglen, yE # B 9 AFE2SAE AS 85421,
AS4209, AS85720¢1A 1 Al+E Falspgion, &= W3 FJHES
AS604D, AS620F, AS1339F, AS1946B, AS2078°4 T+o3% AHES I
& 5 glon, E3] A3 A8 thiF BHE= AS20780] AAB] 71EH o

i

Fod AREe Aqsa A5 dFeed $4e Fo /AT e
et

12 4754

A7 4AH BHe F¥/E neEsd Tustl gdovl, TAL
Fnd AAF e A% Tz % e Adsad. @4

rf
e

AE e zhzbo] REER APy on A9} A zts FHaste] 4
T E3kgr) 78910 g3y 8 w9k A= A A (socket), Y Z(nipple), PTFE(p
ol

olytetrafluoro- ethylene)W ¥, Braid¢] H#o = FAEHo glow o]=



7tEE oz HE FEF(crimping) 59 F4E AXH AAHI, oF
o Aladol] 4 57 AAdH] VAA, €4 stes woew 1 Ve
FAsHA "Av. AAe =ZA 1A AAY 22 AdR yFol A= 13
NARAHL 93 FHoZHN YZ(nipple), 27 (socket), W& (inner tube)

of AAE onsta 2z AMARAHLE T2 YEY FUAbele] AAS

oujsity, F9 FAL 9F9 F¥H(clamping) & FHF Al %£(j

aw)? A (stroke)oll <J3te]l 2 AA HEHZE ZA FHS FHEZ o]

gAAG ] het HE3 ylelo] Hesit} 234 A AFAHAAM= YUZH
B2

Fubabel A gdel WE sjMomtE JE Bue 34 PR
Fert gor, e UF Bd9 A58 WAl NS BT Bas
0]
AR
et B odFode 299 A4AG8 9418 B NS
Bokel, A4 YA E e, 9 TE AR ok o

%
FUNE A NP 224 e i FARGE st ATHA
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=
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(non-linearity)
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Fig. 2-1 Typical stress-train curve of the rubber



olg st 43 £3 F Ogden =4, Moonley-Rivlin =49, Neo-

2

oh Eilo] Wol ALgH I Utk o]EE FEHO

=
o

Hookean =4, 181
2 HEE JdUA dx T2 AR5 AsS Zdsta AR FEA Q]

E@ o EAY & EgHe] dx AFES 24 d=g

g,
rlo
N
g
ol
M
=,
=]
Q.
(S]
S,
“
N
=)
2
ftlo
=)
=

T
n
fr
=)
H

Moonley-Rivlin E &

Moonley-Rivlin A+S =938t tiat2l oz F3xE A, Ogden B4

rlo

T A& (principal stretch)S "i7l¥F=2 3t F /7Y Ogden
o E9ste] e om xddoh

Moonley-Rivlin E&¢] 7 f-ol=va2le] 247 A4l ¥, Ogden
BEdoAE Hoh x3HQ A HEolth dntd o R Ogden Xdo] xE
A AR ATLS 2ot AZs mdddm A g @9,
Moonley-Rivlin ¥ Neo-Hookean = 21& Ogden R @2 &3 Ao 3

BT Fig) 2-2¢ Al 7pA] Rdol| ek =4 = Ql Hla 7k vEfy it

F
<=+ = Neo-Hookean I
3 |-==—— Mooney-Riviii~ 8 .- -
w iy O d ."' ___--"
g g en f',‘— .-'.-‘1-
m n"l -l'-‘
(=} -

Y
oy
A
L
b

l A, Principal stretch ratio ’

Fig. 2-2 Schematical comparisons of Neo—Hookean, Mooney-Rivlin,

Ogden model



2.1.1 Neo-Hookean model

Neo-Hookean model& ZEHA A A5 AL ZTdHs= 34 nd=

A, AR SH-NHE AFS St AsELh ER o mue

Hooke's lawol A5 fAFsE o] w12 duk# ol @e Amor <
H2-HgE AAE AdE B uw, Jd¥E 0 NHFEH oust vdE AH

A= AEaAE 2o 23y o] Fo= HAEAE S BolH o= B2

Azl $8H-HPE A= yey rh. 2822 Neo-Hookean model<

by

AR AT v¢EF4 (incompressible) A5& WP ENUALET 2

st as wdolt oo SubA wdL e

W= C/(L —3) (2.1)

W

rr

W Bl

L B

Ag, G ABSaGE LE IAFoZA, FA -2 ¥
ol ol&] FAW AxEA(first invariant)©] ¥t} Neo-Hookean model
S 7|EH o g FetA|L 7t A $ - F (cross-linkedspolymer chains)ell 1
ZIHES: T 9low ¥ {FARA] &(rubber=like material)®] %7] A8 F
ol e Ass BAFSH] 9tsf ARSEth-TERE ojuwj o] Tt A $HA 5 ol A
L AgANtSs UetiiA doh v @A o] YEtde kA= S3A Y
AstalEo] -7t A (covalent cross link)e] SHAIZFA] Al w1 o] 2
sl A= @AAF7E wA4s S7kebAl @k o]y g o]fE Neo

-Hookean model2 ™™ & (large strain)©] <4 %= EA0 A= AFE 5 A

2.1.2 Mooney-Rivlin model



Mooney-Rivlin model 19401 ol Melvin Mooney®+ Ronald Rivlin®®
o3 et AY Ass B S8 ke mdolth #EA wd
HEE oyA dx g Well tiste] IA-2d o] o] dojxl

Ao Badel Ag =g Y= FEEAY AEE oux dE ¢

=

rlo

of W3k HtEA Mooney-RivliinA 8ol ek 42824 53L& o3 2

L

W= C,(I, - 3)+E{L=+3) (2.2)

B

C,GE AAH, AdHoz Ao A5 AF oy, [ LE 247 A -
W = (first invariant) 7 ©] 2} & #F(second

29 W WNEe

QHU
ke
of

invariant)S WEH 5k Mooney-Rivlin model®] &4 ¢, A
2o Ay v AdAF GPe UAHR A JoH, FAH R te
I} 2

2oz x3F

l:L:l

g

rlo

G=2(C+ ) (2.3)

Mooney-Rivlin model2 <7 % (quasi-static)Z}7g o ™3k o] Zoja] o
X model®=X, ol7]M o] FAAgoled shvhe]l =324 Ao g £
o7 AARE EAA Fou ol ke AALS duteA HdAE
AUTH= o] &d 1 ZAE T3 ATk @Yo A Al(system)e] e W3}
7b 2 dEE Aol &8s Tk AdEel A o] Foj A AL, ERE ZF =1h
BH7E A AA 2= BHE 9o oA AR de Hste 22 U

Fgol olel siFetH, AdAAQ dE 59 viES AE 87 £



NAE, =S ofF HHE Ao 45 == BZAIE F

2 99 A8 HAY F deorz FAAAAM MgA & 5 Utk ol
AL Ag el AE dFel sk
FuA AREEI lom, FE FEA BYPE 200%8 5] W] o4y
T AR 52 Fx8a0 AT RHAE I oFAHe] 2 o
degA o

Ao dFolA Mooney-Rivlin model®] #-&de+= vS23 2t
(22)9] A& (24)9] AolA APAE FH T

£

g A

3l Mooney-Rivlin model

rlo
[".8{.1
2
K
4u
g =

N

1‘
oftt
fuj
fr

@<= Mooney-Rivlin

model(Generalized Mooney-Rivlin modeD)&-2 12} Zdlo|g} HEt},

L=XN2E 024 )7
L= 0t W2 L ) 2 (2.5)
L = )\12)\22)‘32

A s A A =10

2Fol4H] (Poisson’s ratio) ¢F 059 < 7R += 1HFFAFAE S 7 $-o A
|

ARE HgsAolel 7Hdstd =10 H2= (22)9 A3 22 9

e o dvh @ @244 3A g dEls 3A Rl &=

o] 2 Ogden modelo] &} 3ht}.



2.1.3 Ogden model

Ogden model& 2844, & T34 2 1F FAAEY $H-¥dE 7

T T 2 HAEAS A=37] 98 Ogdendl 23te] 19720l wrEo] A
th 2 FehE 5388 oSy gt
N 1 i i i

W:’.Zj(A;*JFA;JFA;—?,) (2.5)

olwl, X, (=1,2,3) & T4l E(principal stretch ratio)s YERWN™ 9}
o APAoR Ao ARASFE YERAY o] 2o A A ] o3t

bl B2 M3 Lehel A 9

{0

¢l z}(Dilatational Behavior)& i#

O

N
W= 33y A0 0% + Mg 45K (7 VR ) (2.6)

n=1%

714 K e A9 344 (Bulk modulus)S-WEFH™ 7 9 A A\
= BAAe MY E BWHES UERHTE A8 3 =(commercial code)®] &

A2, 314 Al Mooney-Rivlin B3 AYUA] A& AFESHA WA AA S H]

rl

54 AR AsHoRE 7S Hrh sA TR QlojA T R
dlrfol o] Zpol & o 7|A Ziwdk K g ANl dom, (26)9 A& At
&3to] M ets A K #ol o8 Hd=Ade] ofFE ddsiA doh
Ogden model Aol 7} de] 2xolal flom, 53] FA4AEY Ly
24(0-ring &2 seal)e] d|A o W3] A&l 2lth. Ogden modeld}
=938 HolHLe B

tt 2 29 (Neo-Hookean, Mooney-Rivlin model)¥}2]
H = (invariants) o] ol ot Fdolgt=d drh. B©l&e Ogden model



o g 2 gHe AF dolHg ARHoE ST &

%0
ks

=

=
%9,
o

w, ool A A3 Ao diste] 700% HXE 7HA A
o} ded e o] Ogden modeld Mooney-Rivlin modeld] #]3&}e]

Agel AEd Fde Aol7t e o= AdddelH=E Adtd Ands

2
o]

A AyE Hl

7} Mooney-Rivlin model 4= YElY=d H]3}e] Ogden model> 2

T2 YEh=d 1 Aol 7k o

22 IFASAEYH A8

of st} FHFe Fo] wEW Fig. 2-3 3 o] w0, @S,
5

Sadn ARe Sd-wEE So yolHE B0 o

o ol g3t Seol A o] wel A3l Jepd

L

‘ =
A
=]
o

pure shear
}
{

compression

Nominal Stress(MPa)
1

4 — T - - Lk ra e dr L
05 04 03 -02 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
Nominal Strain

Fig. 2-3 example of combined stress-strain data set
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Ny =A=L/Ly, N\, =Xy = 1/VX

oy =0=P/Aj,00 =0;=0

A1 7% & (principal  stretch ratio)o]™, A9}

Aol Aols vEhdth w#

22225 9%F A4

2%

2,
>
ok

71¢] &4Fe] Fig. 2-591 e ot
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o

g
oftt
o
fuj

M =X=A=L/Ly, \y=1/N\ (2.9)

b. &3 7%H
o, =0y,=0, 03 =0 (2.10)
o= P/A,, A, = Wt, (2.11)

o714 =7 571 2% ¢ ¥ (nominal equibiaxial stress)< 2](2.11)o. 2 7|
AbEo] vk we ALY e Al W Hololw, pe AW

Wol 21gst BT FA ol g, E 27 Frolt

223 39 A A E

o,

\l?i;q

LIS

L
=

o] v Fig. 2-601 depat whe} 2uh w3 T ALk
o] (2.12),(2.13)° YEF} 1T},

Fig. 2-6 Planar shear tension test equipment and schematic diagram of specimen

a, 9373 H

M =1, =A=L/Lj,\;=1/\ (2.12)
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=
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=
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2-8%} Table 1] e} Atk

Fig. 2-7 Case of large strain problem- contact and friction problem

and | indentation problem with pressure distribution on  tool

Previous

t=n Current

t=n+1

Reference

t=0

Fig. 2-8 Rezoning example
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Table 1 Kinematics and Stress-Strain Measures in Large Deformation

Configuration
Reference(t=0 or n) Current(t = n+1)
Measures
Coordinates X X

(Right Cauchy-Green) | b (Left Cauchy—-Green)
(Green-Lagrange)

Deformation Tensor

Strain Measure e (Logarithmic)

(2nd Piola-Kirchhoff)

Stress Measure o (Cauchy)

C
E
F (Deformation Gradient)
S
P

(1st Piola—-Kirchhoff)

WA LA AP A AS gk WY =2 dugFY Aol=
Al & #H(Cauchy stress)¥} updated Lagrangian method?]" + 7I1A S &
T Atk EAY Fgo] HAxstA Wale =AY ATE A7 HEiA

H| A8 &4 (nonlinear analysis)S A&d|oF s, FAFPHHoz=

s

Newton-Raphson method®} #Z2 HFEAAF WHS F3lo] AwS ALtsH

T3 UIHA Ha=o), olelgt wrE ALk Qlo] FFel Hiy EAle A4S
AAst= w o= =ZA. total- Largrangian -method®} updated Lagrangian
o] & 7}A]7} 9t} total Largrangian method® W % 7] Ao %x7] 4
S 71Fo 7 & Wolal, uypdated Lagrangians 34 HEE FJAS 7
ToZ g3 dAdAM e AFiE At Wwolth total Largrangian

method= A WP E A9 F44 a8 st5, ZHE, HI &

) =
: , &9

o

S mF HMYEY) A 27 BEAY dFow WMIAAA EA AL A
st} 18] 2 2 updated Lagrangian methodol] ®]a] W 3le] E-zHlo] %]

WA BAS gt aud el vk @A ST A (e

I i A I i

’

stress)e] A& & @4 B AW FEY A4 &2

2

_16_



MARCe A= olgdgt iy EAdA Z=addsd FHS=  total
Largrangian method¥} updated Lagrangian method< A|&3stal Ao}t F
THA WS A A A 02 AAds] Hls=d o] BAIRE ShA Fig.2-8
7} Table 194 & 4 Ax°], updated Lagrangian method+ transient 3
Aol oA ApHe] +3 AAHE, I Al FE(increment)ol] tiste] t =
n+tle AEE AN A7l M= Ao AE = updated
Lagrangian method< 47§ 3t} updated Lagrangian method®] o] & t}
-7 2o

D 84 2d FA4e HoA
2) Rezoning

3) -4 A A (constitutiverequation) &) =g}

T3t Rezoning®l o g+ kst 7 %27F Fig. 2-99] YERL: 3L

[ r
£
S f 7
! | T |
(a) Original (b) Deformed Mesh
(Undeformed Mesh) Before Rezoning

| O T o

(e) Deformed Mesh
After Rezoning

Fig. 2-9 Rezoning example
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Tdst 1 HEEWA2 (equilibrium equation)< 7F4d o] ¥ (principle

of virtual work) 2 5-& Zwalc},

f S,0E,dV = f b on,dV + f t)on,dA (2.14)
Vy Vy A,

o] 714§, ™3 o] APiola-Kirchhoff-8- 2 €l A (symmetric second Piola -
Kirchhoff stress tensor)ol™, E;= Z1¥l-gt1wx|Qt Mg E(Green - Larg
rangian strain)©] i, b’ Fig. 2-89] reference FAoA12l AAH, p=
7123 9] (virtual -displacement), t)= reference /e A12l E2A ME(tra
ction vector)7} ¥ th A (244)°) HW S AH 43 3l(direct linearization)

AAM Hdae Fa

fs (0B;))dV'= f V0 V. Au,; dv (2.15)

Vll V n+1

71 Aut pE ZAZb AAF T (actual tinerement) ¥ 7Hd W91 E U E}

W™, o5 A8 A (Cauchy stress tensor)E UHEFAT

f dS,0E,dV = f V 0Ly V' (Auy) do (2.16)

Vll V n+1

21(2.16)% reference T4l A current 7+ACE 27 A5 etk v

= a2 AdE AA A} (gradient operator)E UEIUH, v o]o thA H =

BES etk =3 21(2.15)¢ (2.16)9= Al 7FA] &5 2] (identities) ©]
ALg-H T}
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1

O—IJ = 7E71LSI1L71Fj71
(SE’IJ = FnLZ vanLnFn,j (217)
Lijk:l J /nLFJan:pFZqunpq

{714 D, reference AN current +A (L)% 8= AR

Aol W@ WA e eItk o ZA f3 84 4

rlo

’

{K, + K, }ou=F—R (2.18)
W o]l e, K3 ke Ase FAREAS YEEE,

K,). = L ;
2, 3
( 1V/ij / van mnpq/quj
Vit

)y'e [ ouNuNav (2.19)

Vit

F2FRS 9] ¥ (external force)Z} W= (internalforce)s 2+HzF Yel™, 3.
< current 7AA FEE A ZHUAJE AR (symmetric gradient
operator) &, o, FASHS HERHT thA] 2R QF THE A o] e
ek A @214 = FZobbA AIZEe] Jids A8 Al A(rate of virtual work)

oAl 22

—

ov, 9o
f [5 SE,. +5,J8—Xf 8;*}611/ = /Vbén,dV+/ t,0n,dA (2.20)

0

_19_



A7el thgel W@e ALE 4 Qw, AYA Fe @E €A

(deformation tensor), di© ¥ 3% S(rate of deformation)o] ¥ 2=,

0 0
Fij = 0y 0By = ddy;, 0X,; = oz, Si; = 0y
o]% A g3,
/ o 5d+o vy, dv = / b,0 dv+/ t,0mda (2.21)
v ij i ij ox; 8IJ — 07l /a 07 .

A7IA bok t,= AAFY H FH E M (surface traction)©] ‘¥ 3 current

)(20)

olo
%
o
|m
el
>«

TAHoR HgHA @k o,E 2A (Truesdell rate

o
A&
o] =u, 2] W (Lie derivative)®& o] &8 =A] 2 oy o] &

o 1},

(JFnk O—lemZ )F j (222)

mj

of EFad o oz yed A WA ved 2

i At (2.23)
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ok Fig. 2-12¢ A8 Za7b Zobd A5-( -a <a<a ks

smooth smooth )
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o] &3l HAst= WHolth F o WkE H (iteration process)ol A solver
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)
2
lo
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e
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o
T
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D 71AA JEFEAAT ALEE
2) A7 slidinge]l & 4%

3) whEo] WA =t

o},

&

i&

rlr
>
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£
iy

HMPAe] AHFelle 7SR 7 A7t A e e, b=

G(u,6u) = 0 (2.27)

Glu,6u)+ f (8g, N\, + GuoX;, )dT = 0 (2.28)
by

o714 wE Y H(displacement field) S sus 3 WY FoA 38E A
3} % (kinematically admissible variation)< UEFITE wpzto] EAjstx] ¢
= 714 HEASES 7HAsE 7AW A (virtual work equation)= TF
Al 7148, n & H =7 Al(contact boundary)oll Aol 7 WS e

). g,< gap functionelg} E2|™, A o T 3 H} 1 Ao
71 7hkE Al 1A A Abol o] Ao 3R yEhdth mEeF g o
ORTh Atk 7 H2 HEAAY Fel EAstA A =3 0 ¢ A5
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A Aol EASHA v, 0B} 2S A ZAEAA ol EAEIA e
o EgAoez uE Fojwdr gta1wA FF(Largrange multiplier)
A2 HZE= 42 L¥(contact normal stress)S WERTH AAbd = 7P Al

SagAere] Qlske, o, = 02 AR, 1A S5, Gt 2

AH = p” + En,gn (2-29)

21229014, p, & BagAFFN A EE A73E HE(penalty
regularization factor)E, ol sl ZAFETh HEF AL 7 28] 9oty =
ol gap function g, =0 ©| =™, p, =, @k #H2E E(penalty
factor)= A FH= HIAL =4 w& Fdr

W3t gap function g, normal vector®] 9J8l Aeolxr =2 HEA| A
I 1Y H yoll 7]e13kth normal vector®] W3S FA|sHH, 21(2.28)2 T

&3 ol 2 # gk

8 .
[0, +-Brggrar = f Zbip ¥ Eg,)dr (2.30)
r rou

(2 wE £54 84 0

ol frmste, 4% Al WE WAL thedt 2o

i
2.
o]
[}
5
Q)
=
o
=
=
5
7
@,
=5
¢}
w0
t+
Q)
+
e
(o)
S
=2
R

8 n
f (b, + E,9,)dl” = 0 (2.31)
r ou
wak 2ol A WA & 3 WE(force vector)E, F HA & FAPA
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Fig. 2-13 Updating normal contact stress according to the updated

Lagrange procedure

) AARAAS £wAt Fold 4e
2) AARAA ] DB~ (heat flux)7h Fol 7 F5

ol
3) AAWAMS B2 GADAFE FA fA LSRR Folx

RIS

%

_28_



AAWN &7} Fo A

FA Al

o AAFA A (conrol

¢
=l

2-14¢] ER}

volume)ol] Z2 ] m| &4t

(AK) 1

Fig. 2-14 Half of control volume on-~the boundary
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Ha7b —kdT/de e mEehd g e A8 dert
= ¢t (507L SpTp)Ax =0 (2.33)

) + (Se+ SpTy)Az =0 (2.34)

gpol olmlel tisiA AZbSEH, ¢p7F oW AAWeA e A
ZqpAA7E AL A g AAZE FAROE, 7o) B8F wANe o

w3 2o

aple— o NN (2.35)

b= S, Az + qp (2.36)

ag = h(T;— Tg) (2.37)
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ofm, Tyel WE Au} ole] AfE Theu) 2

apTp = a;T;+b (2.38)
M )i
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Fig. 3-1 Geometry of high pressure hose
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Fig. 3-3 Photograph and shape of high pressure hose
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F F

Fig. 3-5 Molecular structure of PTFE

Table 2 Material properties of PTFE

Mechanical properties

Modulus of elasticity (GPa) 0.58
Poisson’s ratio 0.46

Yield strength, tensile (IMPa) 15

Thermal properties
Mass "density (Kg/m®) 2200
Coefficient of. thermal expansion
. e ald
(K™

Thermal conductivity (W/m K) 0.3

Specific heat (J/Kg K) 1500

PTFEA &2 71A4 szl dist AsS Fds=d 9o, Table 29l
el 71AA AAS dEstE Ao Byl A A7E pg L) o
of v = AFE Edto] A& Fig. 3-69 HAEE a4 =2

Hato] A=A AEeS UEblT o= o]&4 w74 T Ogden model

2,
)
ot
)
oo
i)
o
%
[&l
fr
N
=
=2,
inSs
1
i,
3@
[o
=
re
2
o

A Table 33 %
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@
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w o i
(] e
/
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f
0 (| 1 1 I
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PTFE_Experiment_data

Fig. 3=6 "Strain-stress curve of PTFE

Table 3 Material properties of PTFE for computational input

Ogden type

# of terms

3

Bulk modulus

502494 [kg / mm? ]

Density 2.2 <1076 [kg/mm:;]
Moduli 2816.11 3203.8 4572.47
Exponents 0.01936 0.01703 0.02001
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Aol ARER A= A 37FA =M, SUS630, SUS304L, SUS316_wire
ot} SUS304LE SUS3029] 7MEFd 24, aAdads &9 2HJd =%
oW, W24, &4480] Fokx LuzEHlUaFder HEd 39 ¥4
Aanl, ASAE, A" o el AREEI ok ERE SUS630> A

o]
I 2 8l A}o] E(martensite) ZA ol Cu®l ZF53 35S AEA A

SENE

AEE %9 FA WA £ SUSIMLA AR A 4% A3
g sedsgeltt nE GrEd TFFY Sl AgH AR 4§
& SUS630 YZoff, SUS304L2 A7 F->¢, SUS316_wireo] w3k F&
e ugA Prd AeHUrh o] F UBel YsHE SUSE309] ohstol

A ES AAlerion, & 437t Fig. 3-79 ek Qlth E=3F Table
4, 5, 62 AL ZIAAEH =8AE HEHT.
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a i E = 188.55GPa
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['r]
8
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0 L 1 1 1
0 2 4 B 8 10

Strain 0.001 (mm/mm)

Fig. 3 -7 Strain-stress curve of SUS630
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Table 4 Material properties of SUS630_1150H_Carpenter

Mechanical properties

Modulus of elasticity (GPa) 192
Poisson’s ratio 0.272
Yield strength, tensile (MPa) 869
Thermal properties

Mass density (Kg/m®) 7820

Coefficient of thermal expansion

1.28e-7
(K
Thermal conductivity (W/m K) 17.9
Specific heat (J/Kg K) 419
Table 5 Material properties of SUS304L
Mechanical properties
Modulus of elasticity (GPa) 193
Poisson’s ratio 0.29
Yield strength, tensile (MPa) 240
Thermal properties

Mass density (Kg/m®) 8000

Coefficient of thermal expansion

1.62e-7
(K'hH

Thermal conductivity (W/m K) 16.3
Specific heat (J/Kg K) 500
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Table 6 Material properties of SUS316_wire

Mechanical properties

Modulus of elasticity (GPa) 96.5
Poisson’s ratio 0.18
Yield strength, tensile (MPa) 70

Thermal properties

Mass density (Kg/m®) 8000
Coefficient of thermal expansion
1.62e-5
(K1)
Thermal conductivity (W/m K) 16.3
Specific heat (J/Kg K) 500

3.3 A IrE e A

3.3.1 AA < XA (mesh generation)
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Fig. 3-8 Boundary conditions for fixed displacement
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Fig. 3 -9 Contact positions for Jaw and screw
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ZRE W7z A(219.15K), 7FE A(B05.15K) .2 A A= o, 27 A7
S A AA FHQT A5 AP g AlZbete] Wz o & 7

ds A3 H HgdgE s Vkeke AF S E Table 79 e vheF 2ok

-

-

| Internal_Pressura

Cooling_and_heat

Convertible_fixed_y

o LX

Fig. 3 - 10 Boundary conditions of thermal conditions and pressure

Table 7 Loadcase of thermal shock-and burst pressure test

Loadcase Applied time
Crimping 1 sec
Fitting between screw and nipple 1 sec
Cooling to 219.15K 3600 sec
Heating to 505.15K 3600 sec

Initial pressure

Burst pressure test Working pressure 180 sec

Burst pressure
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Fig. 3-11 Boundary conditions of pressure
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Fig. 4-1 Photographs of socket and nipple, schematic diagram of

crimping process
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Fig. 4-3 Effect of crimping stroke
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Table 8 Specification-of hose by size

size socket diameter(mm) inner-diameter(mm)
04 12.548 3.354
06 20.88 6.208
08 27.956 8.632
12 39.918 12.934
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Fig. 4-4 Finite element model of hose assembly

Swaging

Equivadenl of Cauchy Shress 1

Fig. 4-5 Residual Cauchy stress of size 04 at stroke 2.2mm
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Table 9 Contact characteristics by optimal strokes

size 04 06 08 12
optimal stroke(mm) 2.23 4.01 5.25 756
contact normal
7251 198.01 343.87 709.02
force(kN)
Deflection of
0.22 0.3 0.61 1.16

nipple(mm)
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Fig. 4-28 Stress  distribution of the beam seal at maximum stroke

Table 10 Variation. of ‘contact properties according to-beam thickness

(Thickness:mm)

Thickness
. 0.468 0.508 0.548 0.588 0.628
characteristics

Contact normal force
) 5801 6079 6314 6479 6580
Contact length(mm) 0.586 0.594 0.602 0.602 0.61
Contact reaction 6914 7236 7521 7719 7856

force(N)

Maximum stress(MPa) 927 940 934 930 931
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Table 11 Variation of contact properties according to fillet radius

(R'mm)
R
— R2 R3 R4 R5 R8.8
characteristics
Contact normal force
o 6082 6113 6127 6241 11202
1
Contact Ighatl 0,602 0610 0.626 0.65 0.936
(mm)
Contact rf;‘;uon force. I 207 7951 7259 7365 12558
Maximpuglrgss 928 934 933 934 924
(MPa)
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Fig. 4-29 Stress distribution of the beam seal with maximum fillet

radius
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Table 12 Variation of contact characteristics

Properties 1st locking 2nd locking
Maximum stress(MPa) 1033 1032
Residual stress(MPa) 1003 1024

Contact length(mm) 1.088 1.152
Contact force(N) 27619.5 27590.7
Torque(Nm) 18.3 18.2

Ioaset feazel
Ecuivalant Von Mices Syess 1 Ecuvalent Von Misss Sres

Fig. 4-30 Stress distribution of beam seal at maximum stroke and

moving end
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Fig. 4-33 Burst shape of the hose
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