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Fig. 1.2 Example of twisted longitudinal stiffeners.
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Fig. 1.3 Example of knuckled longitudinal stiffeners.

Focused & transparent part

Longitudinal stiffener line

Fig. 1.4 Example of parallel discontinuity structure.
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Fig. 1.5 Investigation results of parallel discontinuity structures.
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Fig. 1.6 Discontinuity types.

(1)Axial load (ii)Lateral Pressure (iii)Both of them

Fig. 1.7 Loading modes for discontinuity models.
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Fig. 1.9 Investigation results of longitudinal stiffener’s knuckle structures.
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discontinuity Shell

Fig. 1.10 Mp1 model: Discontinuity base model

Table 1.1 Analyses used in this study.

Model name 0: Strength—of 1- Base model 2: Real structure
(Load case) —Materials ’ model
Parallel discontinuity MpO Mp1 Mp2
model (A (A B, C,D) (A, B)
Angle discontinuity _ Ma1 Ma2
model (A, B) (A B)
MkO Mk1 Mk2
Knuckle model A) (A B) (A B)
. Mt1
Twist model (A B)

UEXY, ABF7ECERT 25T % Table 1.1 (237, SFATREFMEEICSWTE, £
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Table 1.2 Limits of misalignment of cruciform joint.

Cruciform joint

Limit of misalignment

JSQS

t

t2

Strength member

CSR-B

13

Gyt

Strength member
and higher stress member

1
aS3—tl

Where t3 is less than t1, then
t3 should be substituted for t1.

IACS Rec.47

ts

— 13

ti< t2

t2

t/2

e

t/2

Strength member
and higher stress member

1
GS;tl

Where t3 is less than t1, then t3 should
be substituted for t1in the standard.

W

Fatigue Guidelines

Misalignment < 15 % of primary plate
thickness in cruciform joints

LR Ship Right
Construction Monitoring

ts

[ ] t2

ts

(MaxS mm)

Loin = Min [tl’t2’t3]

DNV
Offshore Standard

ti

Misalignment

t2

13

ti<tz

Tolerances for misalignment:
-Special: 0.15t1
-Primary: 0.30t1

t1 is the smaller thickness of t1, t2 and t3
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Table 1.3 Stress magnification factor due to misalignment.

Cruciform joint Stress magnification factor
(/]
(]
£ t e el
s | <« k=14 A
=z g — t(ll +12)
()
) I |2 A varies from A=3 (fully restrained) to A=6
E (unrestraint). For unrestrained remotely
i <12 loaded joints assume: 11 = 12 and A=6
- ts [
©
2 T t ) d 5 T d 1
o <— 3 —> Km =1+3— 3
3 | | o (1 /L,)e, /1) +1
E . |1 |
o} -V
= TP
" 3e
_§ < | | — Km =1+—
i 7 T,
=
] ( 6t*(e—e
~ S b t K=t £ t(3 t30) i
- ()
(&)
> 4 ty 1 2 3 4
o <| e0=0.3tis misalignment in the S-N data
| | for cruciform joints
2 1
|5 o
: t h
(2]
[0 —
o2 S I | Km=1+e % >
. e| t+h
>
.0
© 29
w
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Fig. 2.1 Results of Stress Magnification Factor by IIW Fatigue Guidelines.
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Fig. 2.4 Schematic explanation of the kvalues.
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Fig. 2.6 Strength-of-Materials model.
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OW 9% 97 5%FHEEHZ T Table 2.1 (2R ) ERFHEXDREIN TN D, LITER
FMOENEERT DO DFETH Y, EMEHO B EW D RIS TN RE T 2R
MTsDICHATHS. LinL, ZoOHERXEZHBEHTLEICHEY R L Z8HAT L2 &0
FREINTND 2 TTOBMBASLOLTHET 2 Did 5 LIFSWVEV. REICIx, 2 oHEER

DY FREZIT, BEREMEE L OBBREHLNCT S, £, BEOME, BETAX
RBFEREINT=DOTHEIT 5.

ZC, IIW fESHC BT 2R & S E2 215X, (2.16) L&

Table 2.1 The formula in ITW Fatigue Recommendations.

Cruciform joint Stress magnification factor
t e
e
] > h
£ k,=1+A
(]
s 3 1 |2 t(ll +12)
=0 St |
S
2 It <12
i
A varies from A=3 (fully restrained) to A=6 (unrestraint). For unrestrained remotely
loaded joints assume: 11 = 12 and A=6

14 Ael,

m m (2.15)

[, <1, (2.16)

241 SEXBFEE

W #EEXOHEIE & & X BLD Lk E LT, "Fatigue strength of misaligned
cruciform and butt joints 22 NZFEIF 55, FOHIZ, Fig. 2.8 & Fig. 2.9 Nt SN Tk
v, TNOOMERICHERADMILL TS EZEZHND. XEFITIE, Zhd 2 DD
PASMZ B 2 Gl S (T A,

Fig. 28 ICHIME S EWMEATL L7 bD L LT, Fig 2.10 Z2HE L1z, &M OLENT
b1 ~ bsl95. Fig.2.10 b) IR TES I EWE ¢ 2T Fig. 2.8 Bt 52 HiE L
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Fig. 2.10 Misalignment model.
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t,=t,=t,=t, (2.17)
L+, =1+, (2.18)

L, =1, (2.19)

242 #EXDEL (1=6)

2 TIEOW TR EHES TR SN TV AR OR KA L 70D 1 =6 DIGAEITHIET 5
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b {l | b point A Y :
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(a) Misalignment model (b) Divided models.

Fig. 2.11 Misalignment model (2 =6).
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=211 720
3EI, 3EL (2.21)
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I, =1, (2.22)
2202 E 22D, (2.22)2k v,
_ Pel, (2.93)
S, 2.23

ASIZBITZ by OMITE—AL NMIM;ZOHOTHLOT, MIFIENTR224)KED.
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Fig. 2.12 Misalignment model ( Z=3).
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1t 3el,
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[ +1, +ﬂ
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Table 3.1 Analyses carried out in this chapter.

Corresponding Model Mpl Mpla Mpl
Shell Solid
Element Type Element Element
Minmum Element Size ] mmx 1 mm I'mmx 1 mm
x 1 mm
Max Number of Nodes 90177 74855 546000
Max Number of Elements | 91244 74298 511488
—§ Axial Load (@) @) @)
=
%D Lateral Pressure (e x X
3
< .
3 Axial Load and o ” 9
Lateral Pressure

3.21 BHFETIL

Fig. 3.1 IZfRNTET V&R~ T . FEfHEEX—AE7T /L& LT(@Mpl €7 /L, Mpl €7
NS 2 VERYBEWEZSLDZbBMpla £F /L ET 5. BFADOERIIRERE d & b
T AR tr & L, fEiX Table 3.2 ([Z7R7. RHO gidn  URIBIZKT D b7 v ARIED
ThHv, 3.1)XTEFETH. Fig. 3.2 & Fig. 3.3 shell & solid HFHE(Z L 5 Mpl £
TN DERGENOMF &7

p=t1t, (3.1)
yA Longi 2 yA
’ ZY Trans &7 d12 (mm) Shell ‘ ZY Trans d
tr (mm — tr=12 (mm
0 x frem - ts=20(mm) 0 X mm) \ -
P /’ ’-/_/-’ 1 S ///
9 /// ’/ /// Q 9 '/ ///
Longi 1 S Juc > Longi -
tL =12 (mm) tL =12 (mm)
= Q 3 Q
D i A

800" | 800

(a)Mp1 model: Discontinuity base model (b) Mpla model: Non shell model

Fig. 3.1 Schematic illustration for analyzed model.
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Table 3.2 Geometrical conditions for Mpl model.

24
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(a)Entire model

SNV ANV

(b)Focused part

Fig. 3.2 Finite element subdivision of Mp1 model by shell element.

30



AANARAN
TNNNRRARN
AT

/, M —
L1 U M ™
= HTT M T
s ’,/’ ]
/// 4 \\\
= Il e
L
L1 L1 ML T —
] LT - frans s
T ////
1 L
= LT
// A1
1 /// m
= L1
L1 11
// /// L4
A | 41 |1
L 171
| L1
= | pEs
// //'/ | 11
L -1 T
// =~ 1
1 | . 11
| 1 Longi 1|
|1 // 1
~ | L
// // -1
~1 // |
1 L
//// L o
L1 ///‘ -
e
e
// S
//////
i
== Shell
= .
point O
(b)Focused part

Fig. 3.3 Finite element subdivision of Mp1 model by solid element.

3.2.2 EREH - MEEH

BES % Fig. 3.4 127 ¥, XYZ FEEEIIKPTIRTE Y T, RO AT RO O 51
LT 5. 0x=0 1 X FAEMZRE, 0x=0 1T X #illE 0 OEEEZHET D 0 BERTH
D, HLREEETHD. MEIT, MEGHITE— 2> Mok 28 & MEKTEIC K DT E
D 2 Sz fBETSH. Fig. 3.5 (IRTERAM AR R 2 FF o iz, s~ EM
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D (CE DT DOFENERD) L, TNFNDOfEE Load case A, B, C,D & L
Table 3.3 {2/~ 7. #il/)1Z NK BRI 29 THE S5 KA36 SlOFFRIC I HIRE LT, K
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Fig. 3.4 Boundary condition.
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Fig. 3.5 Midship section.

32



Table 3.3 Load cases.

Load case Axial Lo::d Lateral Pregsure
(N/mm°) (N/mm°)

A 243 0

B 0 0.06

C 243 0.18

D —-243 0.18

(1)Load case A (i1)Load case B (iii)Load case C (iv)Load case D

Fig. 3.6 Schematic explanations for load conditions.

3.3 FRIEGCEERDEE

ARECIIMELER R&ERT 5. Fig. 3.1(@Mpl 7 /MIB W T AREG D S (d=0)
DrrY 1nbrrY 2 MEETDMEICHT D, (LEOREGENPFIET HHG0R
T1ImbrrY 2 MoETOMEOHEMERERR LERL, BGARXTRT. 2k,
FREFREOEMN G, W/EHK T 5 Load case A DYH DLl Z1T 5 .

h
Iay(z)7L0)zgi 2 tLdZ
“I. (3.2)

J.ay(z)_Longi 2_d=0 tLdZ
0

3.4 FAITERBED S ALERB O

Mpl €T /M DG BARE k OB AR L, Bk S T U AREDORE A
FHlT 5. AED kORI HIZ->TE, v Y0 kTiE Fig. 3.1(@)D Mpl €5 /LD Y )i
M7, N7 AD kTREETAO X FHgsEAnCTh . ZombE, %2
BECTOMEIIHMNT 7a—F I L > TRD IS L EBRFT 2720 TH 5. 728, v
Y LT OBEERIS IETEEZ RN T, X, Y FIRR I OfaxiE & Mises i /10 7221300
SWNWIZEZERLTWND.
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3.41 EiH{EAK (Load case A) DIt HESEZ$h 0D 5L

Load case A, £=1.0 DRED ki pussider Ki-insider Krousider Krinsiae P EHER d 12 L H 2%,
0 VE SLEOERE 7 OB E LT Fig. 3.7 {07, d DR E L 72 D I2 o URE O ZA{E A
RKEL2D0,d=24mm b L <X d=50 mm CTEALDBJDNCEZT S Z LR ERTX 5. £/,
BRHNC b T v ADIETIBARIL by ODTALD T B0 v P OIS EBR I by L REWZ &
PR TE 2.

A d DS T RBARE T RIE T2 b A K0 EEICRGET T 2728, v o RIS
DT AMEDH T D FHIN I BARE k DR KM A TAIY , Z DEOZEL % Fig.
3.8 IR T, HAMEIEEE 2 = CRTARICREERIE T T A2 RO o IMTZ ATV, Z=400mm
TOMEFM L7z, OSSR, ISRk IXHRBIM L TR ST, MEx A T2 &M
R TED. £lo, NEREIZHL —TEEBRELTHI & TENPORT 2R bR T
L. MAT, BRESHNRFELTHDHDOT, Fig. 3.8 ITRTHFERND ky & ky O K/NEHEDH
WiCE, ZOMRkr BRENT &V U 7c. 15T BR I kb DOED AR & U d < 50mm
OFPHTIE, BBRKEFVEEITIEEERE & OBRAMZ b, FOEOEELRKEWN
CEWNHBALE. LER-T, FI U AREDOHE L R R A EYICHRET HZ LT,
BRI SR DG EREEMT 5 2 LN THD EEZDLND. d> 50mm OHiPH
TILADEDHEDNSIRD Z LR TED.
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Fig. 3.7 Variation of stress influence factor. (= 1.0/ Load case A)
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(a) Maximum stress influence factor in Longi outside: k;_ousside-max (Z=400mm/Load case A)
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(b) Maximum stress influence factor in Longi inside: k7 _iside-max (Z=400mm/Load case A)
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3.4.2 KE/EBK (Load case B) Dt 122 E{% ¥ 0 5L
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i -insider Krouside> Krinsize DI R d 12 X D2 0%, HighZz Z & LT Fig. 3.9 %. K»
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ENRFEIF NS, B A0E, Z=50 mm FHEICEERHL S D KD 7RI IR EMRE D 43 AR
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Fig. 3.9 Stress influence factor. (= 1.0/ Load case B)
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(b) Maximum stress influence factor in Longi inside: k7 _iside-max (Z=400mm/Load case B)
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3.4.3 #i5 - KIEEAK (Load case C, D) DIt &R EE(M

AHi Tl Load case C & DIZRI L TR AAT o . AT IIMIEARAT T db> % 728, Load case
C Lt Ditloadcase A & BOWROENEDLETRDLZENAEETHD. Z 2T, &
FRAENENZ L AR 578 Load case C TFE T2 =i L7, 7272 L, IS8 %
BDHAE L 72 IS TMEMEZR DT, Load case D IZHBWTH d=0 OIGH O A fiffr & Skt L
7o 72k, BEREDLEICBW IR CFHMEMEO b D ZEM T 5 0ERHH DT, KT
134 Load case (BT, FMEIZ L > TRD7= Z=400 mm TOJS I ELE k2 5.

%7, Load case C DR & Load case A & B DENRGOEDFE RO AT 5. Table
3.3 £ 1, Load case C O34 D/KJFE 1L Load case BDIGEDKIED 32 & 72> TS5 DT,
FRADEOEI Load case A DENTFE R DG HIV DM L, Load case B DENTHER D
BOoNDEE 3BLIEZLOOFE LTRD S, Fig. 3.11 12 £=1.0, d=24 mm DD Load
case C DEMTHERINOEDONTNTIERE k &, HREDOE TR ONTIS T REBRI k
DIESFERZ T LD \FITZERIC B L TND 2 EMRERTE S, 6> T, Load case
AL BOEREDEIZL VL RWES —AOMREZFHETE L Z LRSS,

WIZ, Z=400 mm (28T FE fi#8T T 54172 Load case A, B OfERZENQEHLED
Z & T, Load case C, DITEITDICTIFEARE A RO T-FEREZ Fig. 3.12 1T, 725,
Load case A, B OfEATHERICE T, kpinsidze DZALME DO H D LD KEWZ EDNHBHL T
WABDT, Z 2T kpinsize D Z 2 liRt G & L=, ZOfEE, Load case C I Load case A,
B LT D &, ISTIEBARE O EACRP D IRNZ EBHEGRTE D, AU, dih & KED
TEHT 2 ENRRD720, TNENOMED IS ERBOMEZ MR T 28R PEL D
ZENERTHLEEZBND. Loadcase D IZEBWTIL, Loadcase B D4 & LMD
IZREL 7> THY, Load case A &AL EE(EBMA LN TND Z EDRHERTES.
Load case D TI3#ih /) L AKENEHET DD T LWSRFTIZH 573, d=0 ORFDOEMEINTTH
R L LR TREVWD T, k DEBEITIZOREDOEICINE > TWD. ZOfERITE
VOE I MBI Lo THFRRZD, BERAEDENHILT 52 L2 b b, Load case A,
B #hZ N O8%E Tt IFEN 217 213X Load case C, D IZx14 2 i N BARE DO %8 2 HEE
FTHZENARETHDHDT, RELIETIX Load case C, D OFMiiZ T 720>,
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Fig. 3.11 Comparison of FE results and superposition results in Load case C.
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AOLNDHZENG, ZORWMITV=VERETDLMpl ETAREO LD LS.

kmembmne = (kinside + k()utxide )/ 2 (33)
kbending = (kinside - koutside)/ 2 (34)
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Fig. 3.13 Membrane and bending components of stress influence factor in Longi.
(Z=400mm/Load case A)
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[FERIZ, Load case B \Z3WCHT IS IRk y & IS Tk oy % 77 74k LT b O % Fig. 3.14
(R EORER, Load case A D& & [FERICIEIS SRy OMEXHEA D LT D, L
L, ZDJFAIX Load case A & 1Z¥:72 5. Load case B Tl /) = EH S & T e 7=, Fig.
3.1@ICBWTRr I ITHAET D X hE Y T IS K > TORBIS IR BAE T D . AE
EDNFAE L TWRWGAEIE, FZrAMllonr »r VimfiXBEEmE AT N TExH LS5
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Fig. 3.14 Membrane and bending components of stress influence factor in Longi.
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Fig. 3.15 (a)l%, Z =100, 200, 300 mm (233} % Mpla E7 /L@ FE fi#T#E 5 &, Mp0 €7
LDk DHEXTH 52.8) L QIYXDOFER DL A RT. Fig. 3.15 (b) (ZI1X, Mpl ET /L
O FE @it B & k oHEE RO # 279, Fig. 8.15 (a) TlE, FE s E & bk oHfEER
DOEARIZIITHIER TH 0 A —F LT\ 5. UKL Fig. 3.15 (b) TliX, k OH#EE
FHIER 2 A2 3 2 DIZ%E L, FE TR RII T — 7 24 SRR 26T k OfEIRINRT 5
BHEZRLTEY, Yo/ LOFERZOBHEOEDFKNTHD EEZLND.

(@IZFBVWTIE, Z=100 TIL FE fENTHRE R & k OHEEXDOELOARNZIE BT DHH DD,
0V S HAE Z D EZRIVUT AR S 2TV S, Mpla E7 /L2 T Z <400mm D
X-Y FEIME ) FET VLR CHEETIEH 523, Z>400 mm (2725 & T AT L
BT, IEHD Z FEGAAITE—TlEewn. 207, ZOEWIZE Y ZERHTND &5 2
HND. —HOIZBWTIE, ZIZED2EHE IO, d=0 1281 29Mlld FE fEATHE 5
DI DAL L k DHEE RO X 1T —F L TV, 2D, k 28B.5): D L 9 ITHKBT
EHEWEL, F—HOFREBLET L. BISIRSBN BT 25 L, d 23/ SWHEPH T
(3.5 1 HOBAZ L > THMIBAMUBLEN~ A T AGORICBEIT4. SHicv =L
DFEETDHZETZ FROMITERLRET L OT, v YoRNMITIEGEREGMANS, M
TIXEMEEMNS k DERT 7 b5 Z L1275, 2D d=0 [IZBWTHMAlDO AFEL A —E L
RWERIREEZEZ BND. d BPREWFHCTIXE.5)XDE 2 1H, >F v ISk DD o
HEPRELRY, kOWERPLORELRTHANREAET D, 2k, NEEEOHINIC X
S TEPIRT 2R EE 2 Hs.

k, =k

membrane —

Tk

bending

= kmembrane * f(kmembmne d) (35)
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Fig. 3.15 Comparison of the equation and Mpla or Mpl model FE results. (f= 1.0/ Load case A)
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Fig. 3.16 Load transmission rate in Mp1l model.
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TOEEHERT D.
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T, ZEHAEPLIZHDOTHD. Z=200mm D728, d=0 TE'#1.0 L7e>T\5b. £ T,
kaHEERICHET B bRz kx K2 EESNIZHEE R & MDY, Mpl &7 /WITHRH 5 I )52

51



REOHEERIT R VIG5 & B X, FEMTHERLIET 5.

k'=0.0001 d*-0.0195 d + 0.988 (3.6)
4 /
// — — equation (2.9), inside
3L // A FE analysis, inside
'5' / O FE analysis, outside
S N equation (2.8), outside
I E 2r A A
(O]
Sa | A
0 » 1K A
3 3L
2 2 o
£ o
o
g \
wn -1r \‘]3 o
o
_2 | 1 1 |\\‘ 1 1 1 1 1 1 |
0 20 40 60 80 100
Discontinuity: d [mm]
(a) kL-nutsidea kL—inside
/ J
5L // — — equation (2.14), inside
/ A FE analysis, inside
L / O FE analysis, outside
"8 4r // ------ equation (2.13), outside
£ 3 7N A
Q £ 5l I/
e & /
o= /
e 3 //A'"' A
s g 2r /i o o
gl A
S qp a0 o
n /tF
oA
| 1 1 1 1 1 1 1 1 1 |
0 20 40 60 80 100

Discontinuity: d [mm]
(b) kT-outside: kT—inside
Fig. 3.17 Comparison of the equations and Mp1 model FE result.
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4

/ — — equation (2.9), inside
// —-- equation (2.9) x k', inside
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Sr R —-- equation (2.14) x k', inside
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&) 0 3r o
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Discontinuity: d [mm]

(b) kT—uutside: kT—inside
Fig. 3.18 Comparison of the modified equations and Mp1 model FE result.

(f=1.0/Z =200mm / Load case A)
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Fig. 3.19 IZM#& D% k1 jnsiae (TR TR LT, EORER, mWiE OZAIX d=50 mm {13
TE—Z 252 N —EHLTEY, 2> Mpl T /MIHRT 2 HEER kx k' DMRNTRE R O
K& L EPNHEE LTV D 2 EBNHER SN, W5 T, 12 VIR DIEIE ISy O
ROPHEETEIUE, BIESHT k OHERZHWT, FEEEICHET 5 Mpl £7 L DIG )
MR BAHTE TE D RN S L.

5L A FE analysis / z=300
= A FE analysis / z=200
= A FE analysis / z=100
~ 4
~e
i_'
i)
o 3t
Y
3
C -
S 2
=
= — equation k xk'/ z=300
o r 4 equation k xk'/z=200  \ T
3 —— equation k xk' / z=100 \
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Discontinuity: d [mm]
Fig. 3.19 Comparison of the modified equation and Mp1 model FE result. (8= 1.0 / Load case A)
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3.6 Shell/Solid xR Z AL -\ITHERLER
ATEE £ T, shell 23R % v 72 FE AT #E RICHE D & REREE OB 217> T&E 2. B
TIRATZERIZ, Mpl BT /VOHTHER MBI 787 7 e —F TR S iz k£ OHEERE
BIE LoD —ET 2 Z & 006, shell R TOMITHRERIZX Y THLEBZZHND.
L2 L, AN E AT OMEHI x5 shell B2 4 W T O 2250 % K0 BIfRIZ T 57290,
Z 2T Mpl BT UICEWT solid BFR Z W TMENT 21T\, WifE & g Lo R 2T,
Fig. 3.20 1%, shell-solid %235 2 FIWNTZfRATAE 2, kiowsider Ki-insider Ki-membranes Ki-bending
WZOWTHIER L D THY, Z HANEDERIZZ T 7L TWD. ZORE, WE O
MEFERICR W —EZ Y TEY, shell EHRZHWIITEROAENELNRRENT &

MR TE D, - T, shell BHE A2 A fET I I E
DEEMOFERE BT 5T Z LRI,

Stress influence factor:
kL —outside’ kL‘inside

Stress influence factor:
kL‘OMISidE’ kL —inside

Stress influence factor:
kL —outside kL —inside

4
3k A shell, inside
A solid, inside ,,/———*”"’IA.
2r — s
oA
1t K;ﬂ\
0 I S
—e
O shell, outside T =
-1 m solid, outside e
-2 1 L L L L L L
0 4 8 12 16 20 24
Discontinuity: d [mm]
(a) kLﬁuutsidey kLJ’nside (Z:3 00 mm)
4
3k A shell, inside
A solid, inside
of o ;:A,;r_:i:ﬁ
e
. \sii;\'“\—\, )
O shell, outside \S\"\'——:::::‘\*
I m solid, outside e
. I L L L L L L
) 4 8 12 16 20 24
Discontinuity: d [mm]
(C) kLﬁoutside’ kLﬁinside (Z:200 mm)
4
3 A shell, inside
A solid, inside
ol /Aﬂcgi‘
__
| /
0 .
—a_ ——
O shell, outside o =
-1r W solid, outside -
. I L L L L L L
0 4 8 12 16 20 24

Discontinuity: d [mm]

(e) kL_outside: kL_inside (Z=100 mm)

BEITORFHIBNWTHETHY, »

5
j@: w 4b A shell, membrane
8 s A solid, membrane
fy
@ < 3t O shell, bending
8 < W solid, bendin
© 4 2 : 9
2 5 - —
-
@ ai{/i// - —
Lo =
w
_1 1 L L L L L
0 4 8 12 16 20 24
Discontinuity: d [mm]
(b) kLﬁmembraney kLﬁbending (22300 mm)
5
é w 4 A shell, membrane
§ '§ A solid, membrane
g <3 O shell, bending
S | solid, bending
S L2
S b
= §
£ 3 1
S 4
6}
b ~ 0,
&=
_1 1 1 1 1 1 1 1
0 4 8 12 16 20 24

[$;]

Discontinuity: d [mm]

(d) kLﬁmembraner kLﬁbending (Z:200 mm)

o
T

A shell, membrane
A solid, membrane

8 3
8 < 3r O shell, bending
c 5 W solid, bending
R
e 5 J—
c 3 _ /;77/:i
= 5 1r ——
gl A e
250 B
w
_1 1 1 1 1 1 1 !
0 4 8 12 16 20 24

Discontinuity: d [mm]

(H kL_membraney kL_bending (Z=100 mm)

Fig. 3.20 Comparison of Shell and Solid elements. (8= 1.0 / Load case A)
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3.7 #®&

FREE BT D2 RNEE T A R T HX—RAET V& LTEHE L7 Mpl €7 VO FE fif
Pra®l, MEfkE T o AREDORERTL, ISTEEBRROMEF 21T o712, 5
b -immIZLA T D@y ThH%.

1)

2)

3)

4)

5)

6)

RiEfiEEH D EREU ERELTD2ET, REFHUC K - THRAET DMMN 720G

AR T D Z &g S iz, ZDIRKIT v & VIS DIEIE TRy D —F 2 > =
WZiiind 2 L ThbrZ &R LT

ARHFZE TRt G & Lo - AEAIcRT LT, s hosEire v Ly
H T URADERRENT LRI L.

il ) L AKENFRRHCAEM T 28 LWRIETYS, BESHEBERPREL 25720

JEIVECESR BN I ORTESAE T & RERW D & AWM

N7 v ZRIEOHE & A S O U1 705 E 2, A ISR RS 2 G ) & 1 2
ZEICAEMTHD Z VLT,

MEMIFET VOBEIE S k OHEENXZHWT, Mpl £7 VO s8R 5 % HE

ETEDATREMEZ /IR L7z,

Mpl EF/MZEBWT, shell EE, solid EHIZ L2 FE MATFERA KL, W#E (X

[FER 72 A2 FF> 2 L AR L, shell EROMHERIFLAMUE 70D L 2R LT
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F4E
AETERBEDIC ACERB AR
mE R E

41 #E

AR RREE TP Tl 2 > 2 L NEEEREFT & LT, AR E TICIRY o 72 AT AR
e T LW OZET B0 DA, EITHMEREOIR 7 o DITHFET D A A EEE T C o
% (Fig.1.1). Madfsak it CIk, MetE 2 o720 ) v 7 R U0 52 £+ 25 2 & 23
BEROEZFThHsD. Lhrl, BERITICE > UIAEREGEHEEZHRAT 256050,
Z ORERFFBIZ BN TGRS L REFFINHIALI N TS LH<.

AR C U3 A FE g 2 BidkE L 7= £ 5 LIC C FE T2 %0 L, s £ CTloEs Los

ROBRE k& A EARTESR RATKET D A B A E e O ff BRSO S B A Tl 95

7%, ARFTLETIX FE T T Mises G &R L, IREEBRE kK 2Rk 5. 5§ 3
BECEr ORI M (Fig.3.1 Y FW) o152 W23, Mises i1 & OFE
FEFENT L AR LTWS. £72, v DO RS & TS sy OB OB
BHROERNO R POR I FRMGIEN AW, WMEEEE RIZBNTH, rurY
DF & F ARG % VT,

4.2 BHETILEBHEH

Table 4.1 [ZATE TN L2 fifr OFfEH, R/ADA v v a¥ A X, EROFH%EZR~Y. FE
FEMT I IXILH AT = — K MSC Nastran 2011, Femap with NX Nastran # 4 L 7-.

421 BWETIL

Fig. 4.1 IZf#HTE 7 VA" T, AEREGMAEX—ZAET L E LT, Mal E7 /LT 5.
TTVOEENL F LA EKE 0 & L, L Table 4.2 1Z7RF. Fig. 4.2(2 Mal £7 /1D
HRENOBRA 2R
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Table 4.1 Analysis carried out in this chapter.

Corresponding Model Mal

Shell
El tT
ement 1ype Element
Minmum Element Size 2 mmx
2 mm

Max Number of Nodes 41560
Max Number of Elements | 42037

o el Load o Longi 1
kel xial Loa
tL=12 (mm
- ) “
%0 Lateral Pressure O
b=
E Axial Load and x | 800 | 800
Lateral Pressure

Fig. 4.1 Schematic illustration of analyzed model.

(Mal model: Angle discontinuity base model)

Table 4.2 Geometical conditions for Mal model.

B T) 0.7 (8) 1.0 (12) 1.3 (16) 1.7 (20)
Oldeg]| O 5 10 15 20 30 45

SRR
S
AN
N

W

(a)Entire model (b)Focused part

Fig. 4.2 Finite element subdivisions.
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4.2.2 IEREH - TEEH

BERSMtA Fig. 4.8, WESM % Fig. 4.4 177, BRKHCBWT, L8 vrd BT
H3FELAETHD. MESMEIE, Loadcase A & L Tl /1/EMAK:, Loadcase B & L Tk
JEVERREZ4E8E LT D,

Z
Y ”‘0" ”.‘“
"o “0 --------- ’ 0x, Oy, 6z=0 ‘
* “
0 X" * o “!’ ———’ 0x, 8z Oy, Bz=0 ‘
’0"‘ ‘0’.‘ —_—| 0x,0z=0 |
" "
L 4 *
2 o* | 0y,0x 62z=0 |

VraN\V%

277 oy
par.vasd '

(a) Load case A (b) Load case B

Fig. 4.4 Schematic explanations for load conditions.
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4.3 AETERBETOILAZTHDOER EIRE

AREITIE, AEREGAEE IS CRICIDIEAET HE T &I 1040 & fesd L, 2 & o &
RET D, Fig. 4.5 1%, AEAEGE 0 AMIFSIEE LIfiris R oo v 2 —H ot
BThD. KNIENTr P e FT 2O EWENIZHAEL TWDAS, FAEMMEITAE
DEACIZFENEL L TN D Z E DR TE D,

WIZ, 0=45 deg. DA DT DL kT 2 ADSSIFBIRE k D434 % Fig. 4.6 127,
X FAIEWEFT T — 27 2%, TORINKET 22 R S 5. Fig. 4.6(a),
IZFWWT Z=280 mm U TEA EFH LTV D DIFEER RS HETTH 5. 18- T,
VKB LARE CILRENT 7 — A BT, WG 72205 B2 38 2 BR N T fi P C OIS 1 S BMR B D e K
fili 2 G AT 5% .

<

()  =5(deg.) (b) 6 =10(deg.) (c)  =30(deg.)
Fig. 4.5 Variation of stress in Mal model.
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®© = 3 . .
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8 3
c
<
= < 2r
[
£ %
2
o= A SCTLEL LLY T o0
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(b) Load case B

Fig. 4.6 Variation of stress influence factor.

(0=45deg./ B=1.7)

F 72 6=45 deg. TiX, Fig. 4.6 DFEEITH D Z DEIZZE DONLETO v > PR d &%

<72% (Fig. 4.7 2M).
HEETHAH. DFV, ZDOF T 7 IXEIEE TIC

HHDEEZLIND. TOBENGT T 7 HMERT D &,

DN
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DIEAE L2 OBIUET DI, 5 8 5 TR L AT ORI L L LTV %

Fig. 4.7 Connection between Z distance and discontinuity d in 6 =45 deg.

Fig. 4.8 I% Load case A TOIEIG SISy & BT IS I O AR~ LTc b D Th D, &l

T3
70,
e

SO IT1E1FB.3), BAXITFRTIEY THDH. K OEIT AT RER OGS & R
NI DS Z=15mm Fir Cir Rk &> TR Y, iFIn ST Z=15mm BEN D

ICHEC TV D, 1o T, AEAERHEIEICT kA —7 2RO RIE, BRI H e

—JERFOILTHD EEZXLND. Z=300mm T CHIS IS 2 A LTW 228, i
IEER RISV RFEHTH 5.

N

A | ongi, membrane
A Longi, bending

W
T

N
T

RN
»>
>

A
Ap, A A

fﬁAA
L Y VYIN 454488284
A
A

o
T

0 100 200 300
Z [mm]

Membrane and bending component of
stress influence factor: &, _,....rane k1-pending
>

Fig. 4.8 Membrane and bending component of kz. (0 =45 deg. / Load case A)
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4.4 AETERBEDORNELERYLEFTEREROFM

AHITIX, Mal 7 /VOMRHTHRERD OISR kb LWERER R 23K, ZhbI
K9 D i AR MIE DB AT T 5. Fig. 4.6 [ITRTHERND, M T 2D kIZHHIE
SMUDEIXRE TH - 72D T, LIRITIRR O D Z 2 5l T % .

441 EiH{EAK (Load case A) DI NEERHMEGELEED

sl

Fig. 4.9 13§ /I ERRE DR KIS IBLREL k OB ERT. TR V0 kIco0 T,
EERICAMOENRE N AR TE S, TOHEBEE, WHITCIERE RS & s
TSN EET 2 E 0D, AT REEE TR LN TR TE 5. IWEOREL LT,
BRREW (FT7 U ARER R U IREIZHASTREW) ARMEN NS RoTEY, Z
W FATREROGEICAE L TWEm EFETH S, RIZ, NT U AD ke YV OfHEIC
HAREFIIRELS R>TEY, TRHPFTREROMFEREFAKE TH 72, KEIL, mrY
H FT7 A 0=30deg.HiAIZ/2 D LMENIKRT 5 Z L AR TE 5. 7238, Fig. 4.9@)D
A=1.7, 0=5 deg.Tix, ZEhGFmOa VIS0 B VTR Y — 7 2GR TX e
ST, 75 7~DFay NERIThR)IoT-.

- 5.0

e}

e O B8 =07

HG_.) 4.0+ O B =10

8 A =1.3

3§ X B =17

_E T 3.0F

» 3
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- | 20_
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s M
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Discontinuity angle: 6 [deg.]

(a) Maximum stress influence factor in Longi outside: k;_ouside-mex (Luoad case A)
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(b) Maximum stress influence factor in Longi inside: k7 .iusidemar (load case A)

10.0
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7.0
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o
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Maximum stress influence factor:
k T—inside—max
(@) ]
(e}

4.0+
3.0 O B8=07
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L A B =13
1.0 X B =17
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Discontinuity angle: 6 [deg.]

(¢) Maximum stress influence factor in Trans inside: kz.isize.mar (Load case A)
Fig. 4.9 Variation of maximum stress influence factor due to discontinuity angle.

(Load case A)
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Fig. 4.10 I3 B R IC KT T AERNEGE 0 OFEIZONWTELDLEFERTHS.
AEARNERE 0 ST ONT, RIS BRoTND. ABRREVGD, RBRENWZ L
METD OIZBN TR TE D, F=1.0 DE, 0=0 IZH~ 6=20 deg. T IS EZRITHI
DETHAD LTS, U EXY, AERNEGREEICBSWOTI O R KRELS 2D LI A%
L, MEEAEEMET TS, 202 & PREHRFICAE NG 2R T 5 XEXEHTH
HEEBEZOND.

1.0

0.8

0.6

0.4

0.2

Load transmission rate: R

f ] . 1 . 1 . 1 . 1 .
0.0 0 10 20 30 40 50

Discontinuity angle: 6 [deg.]

Fig. 4.10 Variation of load transmission rate due to discontinuity angle. (Load case A)
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4.4.2 KIE/EEBF (Load case B) Dt 122 E % ¥ 0) 5L

Fig. 4.11 I3KEMERR O R RIS BRE k OZE(LERT. v PiConTiE, @ik
RS & FERICAMIOMENR K E L, BBREVEREIR/NSV. h T RO TE, vy
CEDBREWVEER LS TEY, 0=30deg. itk TINK L TW5D. k DEOHEEIZ OV
T, EAERARFLD /SN ERHEGETE, ZHITEATREFROGA LA TH 5.

.. 3.0
S
o O B=07
"E 2.5¢ O B=10
8 A =13
o 2.0f X B =17
E
2 215}
S
]
=~ 1.0t
S
S
é 0.5f
=
0.0. | 1 1 1

0 10 20 30 40 50
Discontinuity angle: 6 [deg.]

(a) Stress influence factor in Longi outside: k;.gusiqe (Load case B)
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Maximum stress influence factor:
kL‘mSlde — max
(6]

| 1 1 1 1
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Discontinuity angle: 6 [deg.]

(b) Stress influence factor in Longi inside: k;_jnq (Load case B)
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00890 20 30 40 50

Discontinuity angle: 6 [deg.]

(c) Stress influence factor in Trans inside: k7,54 (Load case B)
Fig. 4.11 Variation of stress influence factor due to discontinuity angle. (Load case B)
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T 9 LEEOE SRR EHER
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51 #E

FXEIELRE CHE REGEE A BT A0 OXK E LT, v YD)y I AREENFET
% (Fig.1.3). AiE CHER S 7z £ 218, AERBRGHEE IO I RSN O A T~
THRISANFEAEL, MELERLBOT S, £2ME 0 bEGESRZRL TR & R
SNDHTEMND, MBEEICRENTIET y 7 MVBEZ RN T 5 2 & HEEIIThD.

L LD, v 7 iz AT 255 ORIRSCHRIESIZ OV TITAR S
FIIFE LR, £, BREMRENDARNRT v 7 VIR Z KRBT L2 ERCR
LREORERMER I N7, ZOL I RBURN D, EBEORG - BEBSHICHE VT,
Ty 7 M EEO R UELIFERB SRR E i, b LIZBGoM THIR%EE2SE L T
HEENTWDZERZNEEBZOND. 2B, & 1 TR L2 E G4 2 A
RBTIE, T2 VBROAEREGEIT 0<20 deg. T, B VE I ERIZEOHERENGT v
NLTWDEbONREHE ED TN Z ERHERI LTV,

ARETIEIr o YOF Y 7 WG U CRENREELIERT 22 2B/, Ty 7
JUAE I DMK AR R A S N IR E T B A R T 5, BARMICITATE £ T
EIRIERIZ, FEfEHTIC K 0 IR BMR AL & I ERR R 2 R D 2 & C, B2 BiRmLo
ERICER D B2 0D, F, Ty 7SI L TOMEINIEET VAL L TS

WERE A R, IEHEIZEL DA D =X NICONTERT 5.

52 fBITETILEBITEY

Table 5.1 [ZA T T L 7=t OFESH, H/hA v at A X, BROMESE %77 . FE
FENT IV XL ST = — K MSC Nastran 2011, Femap with NX Nastran Z#{#f L 7=.
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521 @BHETIL

Table 5.1 Analyses carried out in this chapter.

Corresponding Model MkO Mkl /) /) ) A/ .
Beam Shell ©
Element Type Element | Element ’
2 mm B/ \;"
Minmum Element Size 10 mm x Y, o
2 mm

Max Number of Nodes 141 53594 b2

Max Number of Elements 140 54085
_ t2 (mm)
3 Axial Load (0) (0) —
< Y N\
%" Lateral Pressure % (o) b1
g
3 Axial Load and t mm
_ V
Lateral Pressure X X 0 X )
(a) MkO model: Knuckle Strength-of-
Materials model
section
B—]
Longi 1 ™
tL= 12(mm)
C
800_| 800
(b)Mk1 model: Knuckle base model (c)Longi 1 part of Mk1 model

Fig. 5.1 Schematic illustration for analyzed models.

Fig. 5.1 IZf#fTET /L&~ d. MKO €7 /WET v 7 V& LT —RcET /L CTHE
FH)T T —F & beam EFE A MW FE BATICHEMT 5. MO o % “RICET MK
BTy Il T S Mkl T VIR Uy I G R LR — ATV L,
FE TN 3 5. LT v 7 MriEE RO DT A =2 THy 7 VERE, s i3y 7L
W, SWRIEETIVICBIT DTy 7 ET 5. MKO ET VX, Mkl €T /LOEED
mSHANE Z CXY FaAU VI LIZET NV EEZ D ENTE D, TOOWET IV
DF vy I N 't alXBIeDAEERT. BT NVOEHIE Table 5.2 IZ/77T1#Y, MkO €
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FZBWTTa’, Mkl ETUIZBWTIZOE L &1 5.

albslE, 0L L, hHBRENT

—FHICHEET DM THS. Fig. 5212 Mkl E5 1D FE BEEHEIOREF %7,
Table 5.2 Geometrical conditions.
(a) MkO model
t7 [mm] 1.0
t2 [mm] 1.0
L7 [mm] 1000
L2 [mm] 400
@’ [dee] | 110] 120] 130] 140] 150| 160] 170]
(b) Mk1 model
A [mm] 400
BT 07 [ 1002 [ 1336 [ 1.7 (20) |
Knuckle case 1 2 3 4 5 6 7 8 9 10
4 [deg.] 10 20| 30 45 10{ 20| 30| 45/ 10| 20
L [mm] 400 600 800
L/h 10 15 2.0
s [mm] 566 721 894
s/h 14 18 2.2
@ [deg] |166[153[141[125] 168156 145|130 169 158
Knuckle case | 11| 12| 13| 14| 15| 16| 17| 18] 19] 20
4 [deg.] 30| 45| 10| 20| 30| 45| 10[ 20[ 30| 45
L [mm] 800 1000 1200
L/h 20 25 3.0
s [mm] 894 1077 1265
s/h 22 2.7 3.2
@ [deg] |147]132 169 | 159 | 149 | 133

\\\§\\° ‘\
W

N
RN \\\\“
\

169 | 159 | 148 | 133

(a)Entire model

(b)Focused part

Fig. 5.2 Finite element subdivision of Mk1 model.
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52.2 HREH - EEH

BER Gk LA B4 Fig. 5.3, Fig. 5.4 Iz Ehurd. Mkl €7 /L O5EREMF, fifH
ML, HEEATREL T2 O AERERET L RS LE LTINS,
Al

Z I :
/\ +* g § +
B’ 0x0v,0z=0 Y R R
6x,60v,6z=0 R R
X “f “‘
*
dx,6z=0 © ,"” ,"“
/ 6x6v,6z=0 R R
* *
y +* +*
lC *
(a)MkO model (b)Mk1 model
--------- ‘ 6)(' ey, 92:0 ‘
———‘ 0x, 8z Oy, 6z=0 ‘
—— 1 6x06:-0 |
| O8y,0x 02=0 |

Fig. 5.3 Boundary conditions.

o

I.
(a)MkO model (b)Mk1 model/Load case A (0Mk1 model /Load case B

Fig. 5.4 Schematic explanations for load conditions.
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ERE L, (5.1)~(5.3)= iR L7=.
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2
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a=cos | — : (5.1)
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h
=tan” — 5.2
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7 . 4| hcos@
§=——sin | ——— (5.3)
(Vh2+L2
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Fig. 5.5 Knuckle angle variations. (/=400 mm)
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Fig. 5.6 Superposition of knuckle model (MkO model).
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Fig. 5.6(0)xF v 7 VET L TH Y, HERHDOEOFELN)S(1)br member & (2)bz member
W25 Z ERAEETH S . b member (BT 520 AVORIE, (5.4)~6.6)AXNTHXD
5. Fig. 5.6 1280 T, X, Y HMOFZERFIRTE@EY, B IISRFREY & 1F &

5.
-R,+R =0
-F+R,=0
M,+M, -RL =0

KIZ, bz member [ZHIF 520 AEVORIE, (5. N~(6.9XTHEZHND.
-R+R,=0
-R,+R, =0
-M,-M,-R,L,sing+R,L,cos¢=0

(5.4)
(5.5)
(5.6)

(5.7
(5.8)
(5.9)

Z 2 C, M member WS A, Wim —IRE—A2 NI, WIAREK ZZLLTFTO X928 WT

<.

A =4, =t

3

t
I =1,="

1 2 12
2

t

(5.10)

(5.11)

(5.12)

REFVIAREMBECTH L OT, 2 SOBMEHENBEL 5. £ 1OHE, BEOSA

FENBL LN W) ke 5.

b1 member @ B TOAEIL, (5.13)E 5.

_ ML, _ R1Lf
EI,  2EI,

0,5

b2 member @ BN TOAEIL, ((5.14)XE 715,

ML, (Rsing—R,cos¢)L;
EI, 2EI,

0,5 =
Fig. 5.7 Schematic
explanation for the first
condition.

L7z oTC, 03=03 & 725D T, (5.15)X NN T 5.

ML RL ML, (R, sin ¢ — R, cos ¢)L?
EI, 2EI, EI, 2El,
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BT D L,
I,L*R, —I,L2(R, sin ¢ — R, cos ¢)=2M ,(I,L, + I,L,) (5.16)

(GHHAMRAL TEIET L L, KABGZHND.

oM (I,L, +1,L,)—I,L} cos ¢F

R =
1 L —1,I2sing

(5.17)

N 2OHOEMLE LT, [ member d B X FFIAI LAY
LWET %, bimember @ B TO X FaZENniL, (5.18)
K%,

RL ML

WX TSR 2EI

bz member ® B’ TOEANLIL Fig. 5.8 DX 9272 5D T,
X FIAZNIE G200 L 72 5.

(5.18)

Fig. 5.8 Schematic 5 (R;sing—R,cosgp)L; ML, 5.19)
explanation for bz 2 3EI, 2EI, ’
member deviation at .
. Osp x =0,p NG (5.20)
point B’ -
L7 oTC, 0ipx=0mx/2DT, BELTKRANREZLONS.
g =M, (1,22 = 1,12)+ 21, L cos g .21

21,2 + 1,1 sing)
(5.17), G2DXLY, BADHDE—A L b MiBRATESIND.

v - 21,13 cos¢[]2L13 +1,L,’ singp+ L, (Ilez —1I,L,’ sin @)] F (599
CALL + LI WL + 1L sing)-3(LL - 1L L -1 L, sing)

M 3REST-0T, 2D 5 Ry kO OEND. T2, RIFGHXNLVEKDENS.
2T, ASohiFE—2 2 b MyZEKD 5. Fig. 5.6(2)D b2 member ® B il BV TEE
HINAERT 5 fE L, OE—A L FOERGLEIZLY MR TE2 61D,

M, =-M,—(R,sing—R,cos¢)L, (5.23)
b2 member [Z/EHT 28 /1 IZRATEHE X 6N 5.
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F, =R cosg+R,sing (5.24)

L7235 T, AR TORAEGB.25), (.20 THExHND.

F, M,
o ..o=—4+—A 5.25
_outside A2 22 ( )
F, M,
O iide =~ 5.26
_inside A2 Z2 ( )
ISR BUIER KV, k= o (F/A)THDH DT,
F, A M A4
k outside — 2 + 41 (527)
- AF  Z,F
F, A M. A
= A (5.28)

k inside ~
- A,F  Z,F
(BG.1D)R LY, & member W —KE— A > MIZELWOT, (5.22), (5.21)RA A%,
UTFTo Loz,
M, =C,F (5.29)

R =C,F (5.30)

20 cos¢[Ll3 +L,singp+L, (L12 -L} siné)]
ML, + L)L +L, sing)-3(L,” - L,” L, — L, sino)

Cu= (5.31)

3¢, (1 - 12)+ 2L cos g
- Z(Lf + L) sin ¢)

(5.32)

k2

L7=n->7T, (6.5), (5.10), (5.23), (5.24), (5.29), (56.30)=%(5.27), (5.28)=iZfEAL T
PG5 &, IS BRENIRO X HITRkRES.

) 6 )
outside — (Ckz Cos ¢ +sin ¢)_t_{ckl + (Ckz sin¢g —cos ¢)L2 } (5.33)

L

k

) 6 )
kﬁinside = (Ckz cos¢g +sin ¢)+ t_ {Ckl + (Ckz sing — cos ¢)L2 } (5.34)

L

76



542 Ty U IIBEDRHEERBOEZESEZELHEETRXDZ LK
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. 2000
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R R I . Equation (5.33) / outside
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L 500f g
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s O A
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g -1000F T
=] _—XK
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E 1500 A FE analysis / inside
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Knuckle angle of MkO model: «'[deg.]
Fig. 5.9 Comparison of £z by equations and FE analyses in MkO model.
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Fig. 5.10 Schmatic
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= 16
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Knuckle angle of MkO model: « ’'[deg.]

Fig. 5.11 Variation of reaction force and moment of force due to knuckle angle.
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— = = Longi knuckle line

Longi-Shell connection line

e

BTN e
L

Fig. 5.12 Stress contour of knuckle case 3. (Load case B)
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oi=max(01,02,03,04)

o1

o3

o4

[P

o2

Fig. 5.13 Definition of o1 in knuckle model.
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WRIGINCIHIET 2 bk O FOEN K HEAbERT . AT 21224, kg HIMLT
W5, ZOBHEHERTLHEOIL, vl NIV AOEE R Fig. 5.15 12T, KiT XY
FPHZRLTEY, AT 27003 /VIERRICLTND. ZOKND, FKE
WIFIZIE, b7 U AOEANEED/ NS WD ERHERTE D, Lo T, vk b7
ZHD BEWVEBIZEBWNT, BT ARERRE WREOTT 8 X0 [HESRMFIIEWZ LIy,
FERE L Tr USRI OREICIBHEINT 5 E2x 65, LLEX U ARTETIE, 2o
MDSEG G, BAEENBREN F=1.T OFNFREROHEFAIT 5. 72720, WRETHE
AL & Ty 7 Ui, AL OEEDHETHWS 720, LA =1.0 (2B T £=1.0
DFFHT HAT 9 .
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Dimensionless Trans thickness: S

Fig. 5.14 Effect of B to &z value in knuckle case 1.

Maximum stress influence factor on
Longi—-Trans connection line : &, ..
N

So
»

(a)Mk1model without Shell (b)Deformation( 8 =0.8) (c)Deformation( 8 =1.7)

Fig. 5.15 Difference between deformations due to § in knuckle case 1.
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5.5.3 EiH{EMAF (Load case A) DG HEEFZHMETEEEED

A

ARETIE, WEHRE OIS BRI b & A EARER R 27+ 5. Mkl €7 /LTl
Ty I N BB SEDEFRRFICORL, s BELTLDOT, kRRICED/NT A—H R
ROEBELEHZDDERRTHLEND S, Fig. 5.16 121F, AENEGE 0, 7 v 7 LA
a, Ty vz VRS TERKRIUIE LT LA, Ty 7 VilEER v o UmE S TRERROTE
L7zsh D4 DD/NT A =2 Tk 3B U2 RT.

4 ODINTGA—=FDHRT, —FNTA—=ZDOEAN k ~RIFTHERRENE LT 50
X, a THDHLZLENMHERTED. a% sdeg MM EIUL, kA EOREE THA LT
W5, 0 TORPRIAM & e, BAREZRMEINITA SR Lh & shiZOWTE o2 ERHTR
BACITZR 0D, AT 5 Z & TEBNEDT LML 2> T D, HERFHIBWTITL
EEBHTLZENBENEZEZONDIDOT, ZNLORERNGT v 7 ViEBEE K& <HLD
CENIBNEREMZDZ EICAEBTHD EERD.
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5 50f
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2 T 40t
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=
2 o
£38 30 O/@//e\@
2 £
%< 20
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= 10 O LIh=15 + L/h=30
8~ A LIh=20
0.0— '
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Discontinuity angle: 6 [deg.]

(a) Function of discontinuity angle 0
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Maximum stress influence factor

Maximum stress influence factor

in knuckle model: &, _, ..

in knuckle model: k; ..
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Dimensionless knuckle distance: L/

Function of dimensionless knuckle distance L /A
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(d) Function of length of knuckle line s /A
Fig. 5.16 Variations of maximum stress influence factor in Longi of Mk1 model.
(£#=1.7/ Load case A)
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TN EL RIZREWVFERE 2> TS, LER-T, BIAOERRICBWTIE, F v 7 ViR
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Load transmissoin rate: R

Load transmission ratel: R
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Load trasnmission rate: R

Load transmission rate: R
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(d) Function of length of knuckle line s /A
Fig. 5.17 Variations of load transmission rate of Mk1 model.

(F=1.7/Load case A)
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(b) Load transmission rate
Fig. 5.18 Effect of /4 in Load case A.
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5.5.4 KE/EEE (Load case B) Dt 7122 &% %0 5L
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Maximum stress influence factor

Maximum stress influence factor

in knuckle model: %, ...

in knuckle model: k; ..
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Fig. 5.19  Variations of maximum stress influence factor in Longi of Mk1 model.
(#=1.7/ Load case B)
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Fig. 5.20 Effect of /4 in Load case B.
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6.1 #E

BT DT 7 G OMIC A ERNEGEEEZRTDH O —oDOREE LT, rYO
RLYHEENRZET b5 (Fig1.2). AL VG LI, bOREOHEHOMIZALscr Y
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Fig. 6.1 [ZfRHTET /LA /RT. Mtl T VTR LV IEEEZBEE L -ET L TH D, RIED
Ty I NAEEORTTOFERD G FBRKE VT RE WIS D BFAT HERBH LIS 7

92



DT, REVFEIZBWTE 7 v AREL =17 2T 5. 72720, R REfiikis
Ty VAL ORI, £=1.0 OEFTHERTSH. RV ILEE T v ART—
EOEETITY. B3IEMNOAEE TOET /ML N7 ARHRE 2800 (mm) D5y DET
JEEITSTWDH DT, Mtl E7 /LTI 02 (deg) B L, U3 B AREe i o 4 i
R R 0 LR T D, BT LDEEIE Table 6.2 (273950 TH 5. Fig. 6.212 Mtl €7
NV DOBEFEN DR % =T

Table 6.1 Analysis carried out in

this chapter.

Corresponding Model Mtl i
Shell _(_)_\Tra o tlziq 2(|m2m) Shell
Element Type tr (mm
Element

Longi 1

Minmum Element Size

Max Number of Nodes 90805
Max Number of Elements | 92206

Axial Load (@)

Lateral Pressure (@)

Loading Mode

Axial Load and
Lateral Pressure

| 800”] 800 |

Fig. 6.1 Schematic illustration for analyzed model.

(Mt1 model: Twist model)

Table 6.2 Geometrical condition for Mt1 model.

O[degl| O 10 20 30 45
B (tT) 1.0 (12) 1.7 (20)
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(a)Entire model

(b)Focused part

Fig. 6.2 Finite element subdivision of Mt1l model.

6.2.2 HEREH - MEEH

BE A LB S & Fig. 6.3, Fig. 6.4 IZZNZhurd. Mtl €7 L DOEERFM:, wH

/

KT, R Z RIS T D O AERNERET L, Ty 7 AVET AV EREE LTV,

z
Y
““
0 X,

Oanes
o
g |
o
.
| R
3
0 o
o
.

. D"' OBy, 6z=0 |
- = —[ 0x 02 6y, 620 |
Ox 6z=0 |
o s | §y,0x, 02=0 |

*

(a) Load case A
Fig. 6.4 Schematic explanations for load conditions.

Fig. 6.3 Boundary condition.
Z
TLY
0 X £

(b) Load case B
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6.3 RLYBEDHNEERYLAEREROFM

AREITIX, Mtl TV CTOILSIEBLRE k L FTEAGER R 23 M+ 5. k OFHliE, 7
VAEDOETY AW EOu Uk BRET S,

6.3.1 EhH1EARF (Load case A) DI NFEFZH & T EimE R

i IVERRED k D2 % Fig. 6.5 |27 0%, AE kiR 0 2L L THEEd £ v £k
LTWRWZ EDBHEGRRTE 5. P g 2 LAMUDER R E V. ZHITRTEISR LT
T I IVBT IO T 7 a —F OBICH S NI o720, SMUTIZEIEIE S
BCHIFIC L DBIERIEANEBE L TWDLZENFRNEEZOND. FOEBIZOVTIL,
T 7 A ERIRRIC FISKRE WIS TIECBLR BRI R E WRER L e > T 5. Fig. 6.6 12,
0=30 deg.DRFDOIEIGL SISy & BT IRy % 77 74k L. Z ORI G BT IS s i3E
EANEREL TRV ERHRTE 5.

WIZ R DAL % Fig. 6.7 1277, 0 DZAGICEEN R 2N L TWA R, T O 3R

REGAEECT v 7 MG L T 2 LIERITNS WD E R TE S, BRREWVWEN
PIEAERDRKE VA, ZNETORREREE RS> TND.

2.0

O B=1.7, outside
15 B /5=1.0, outside

Tp—t—§

105

A B=1.7,inside
A (=10, inside

| 1 1 1 1 1 1 1 1 1
0'CO 5 10 15 20 25 30 35 40 45 50
Discontinuity angle: 6 [deg.]

Maximum stress influence factor:
kL—outvzde—max kL—mvzde—max

Fig. 6.5 Variations of maximum stress influence factor in Longi of Mt1 model

due to discontinuity angle. (Load case A)
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Membrane and bending component of

w

A | ongi, membrane
A Longi, bending

A

—_

Caa
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

0ﬁAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

0

stress influence factor: &, _,...uvane ki—bending

100

200

300

400

Z [mm]
Fig. 6.6 Membrane & bending components of stress influence factor in Longi of Mt1

model.(6=30 [deg.] / £=1.7/Load case A)

& 11

.GJ-

©

(]

o s

g 09 o 3

e =

S

; O8I 1 1 1 1 1 1 1 1 1
s 0 5 10 15 20 25 30 35 40 45 50
-

Discontinuity angle: 6 [deg.]

Fig. 6.7 Variations of load transmission rate in Mk1 model due to discontinuity angle.

(Load case A)

96



6.3.1 KE/EREF (Load case B) DI & {ZR #EE (M

KIEAERIED k % Fig. 6.8 1273, WRNZ HA~IMUI DA K & 2 & (38l ) 1E IR & [FER
THHD, EOEFTKEERREO T RRKE . 0=45 deg. TIX 2.5 (FRE F CIG N2 EHT
L2 ENHERTE D, BOEEIIEF I/ SV, Fig. 6.9 12 6=30 deg. OB DIEIEL Ty &
SRy D53 AR 233, il VEFIE & Lhilge UK EVE A BRI 1l IS 0 R 55 oo sl il
MRENWZEBRHP LT, ZhBPIESMUDERREWRKTH L. ->T, KEFEH
FRIZBWTIZA LV EICBW TS 0 03T 5 L k3 BT 2 EDBHLMNIR T
25

2.0r
O B=1.7, outside
1.5+ B /5=1.0, outside
y A B=1.7, inside
' A 3=1.0, inside

o
3]
T

| | | | | | | | | |
0'GO 5 10 15 20 25 30 35 40 45 50
Discontinuity angle: 6 [deg.]

Fig. 6.8 Variations of maximum stress influence factor in Longi of Mt1 model

Maximum stress influence factor:
kLAOumMeAmaw kLAmSMbAmax

due to discontinuity agnle. (Load case B)

o
£ 15

| 1.9

3

| A
N
~= AAAA
N 1F e

Q AAA

s AAA

S AA

2 AA

< AA

g ass

IS AAA

g Al

| 0 5 B AAAA

AAAA
A N e

AAAAAA
Olaas AAAAAAAAAA
YN
Aaa

A
A |ongi, membrane ““AAAAAAAAAAA
A
-0.5r A Longi, bending ba,

200 300 400

Z [mm]
Fig. 6.9 Membrane & bending components of stress influence factor in Longi of Mt1
model. (0 =30 [deg.] / #=1.7/ Load case B)

0 100

Membrane and bending component of

stress influence factor: k,
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6.4 AETEEESE FTyIIEE RCVYEEHRE
£ JE R, Ty 7 Ui, U DGOSR BRI L ERER A KT S
6.4.1 EHH/EMAM (Load case A) MDHEL

W10\ I B o0 1 FE e, o 7 U, U iSO k£ &A% Fig. 6.10
R, 7T 7 ORENIAEREGRE 0 & LTWD. kDMEIXENRENOE T IV O KE
ZRHOWTND. BIZIZAERESE T VI, kiouside Ki-inside KTousider Krinside PRGN 5
%O DRKEZ 7 7 7S LT, NI U ARERBOMEROIZY, F=1.7, 1.0IZB T
W AAT S . Ty 7 MEETIXZRMOBLED D =17 DYE O HFHEMBRG 21T - 72D T,
£=1.0 D7 7 712 LIh=1.0 DFER OB A REfEE L CRi#i L=

ET =17 DHEDOHERENS, DU VE TIXhOBNTE A EENT LT L,
RS & Ty 7 Uk OB E T TR Y, F v 7 UL Lh O L - T
ZALDEIZE /2 OO, AERNEGHE L ITWEBZ R LTS I ERHRTED. K
IZ4=1.0 OHEEITIE, F=1.7 LR LVREEOMEITIZE A EELRENZ LT3 L,
iy B ASBLGERE I (TS BRI L, T 7 MR LTV D 2 E DR TE B,
ZDT, Lh=1.0 DF v 7 VA & A EEASEKE 1E O i 1 5B D R NBR A AT 2
fERE o7, T, vV E R T URADOEEASEHTIERY AVR B L TWDLE Ty I L
HEIEICBWTIE, ARSI RRBICGE A DR BES VI NENZ LITR L, #EEICE
W CARELE & 72 5 TV 2 4 B AREFAEIEICB W T FORBEA VR REINI &3, WE
DHEIZIBNT FORBENREVWZ EDORNEEZOND. o, £bEHLT v 7 UG

TIX AE/NS LT 2 LIRTIRBLREA N S < Zp DI L, 4 B AL e I m 2

Wl 72D Z LB RNBRMN R T 2EBERIFAKNTH D, 72720, APE{ELTHRALVHE
OIS IR e b /N SV ESFE R S 50 Th 5.

Wiz, EhOERRED 3 SOfEED R DAL % Fig. 6.11 12787, AL 0 X R DM
FEANEEL TR T L, AEAREESE L Ty 7 G R DD LTS, k
DL & AR, A EAEGE IS L )y 7 UEED R ORI LB &2 73 2 & Ak
RTED. SOBVELET DL, ISREBRROGED X O R RE BTN L3
ERTE 5. ZhUE, AEREGHEEE T v 7 4l RUVEEORETIZEBWT, AR
REWEBIIMELRERPRENE W B LZERRH 720 B2 ON5.

PLEXY, & RIBIMEN LITEWAERERWESZ 2 572061, #BERRICBONTIERAL
DHEEEZBRAT 2 2 N R VAR T, AERNEGHGELE T > 7 UEEDELIL N T v AR
JBIZE > TENT D EnPHLNTR -T2,
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9.0

§ @ Angle discontinuity structure <« Twist structure
& 80 Knuckestucwre
sol 10 L/h=10 X LIh=25]
' i O L/h=15 + L/h=3.0:
P A L/h=20 i
B.0F -

Maximum stress influence factor:

O'O(I) i‘L) 1I0 1I5 2IO 2I5 3I0 3I5 4IO 4I5 50
Discontinuity angle: 6 [deg.]
(a) p=1.7
. 9.0 : — :
g 4 Angle discontinuity structure <4 Twist structure
«ll 8.0r  Knuckle structure

.........................

-
T

Maximum stress influence factor:

5 10 1I5 2IO 2I5 3I0 3I5 4I0 4I5 50
Discontinuity angle: 6 [deg.]
b)) £=1.0
Fig. 6.10 Comparison of maximum stress influence factors of angle discontinuity,

knuckle and twist structures. (Load case A)
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15k @ Angle discontinuity structure 4 Twist structure
{al KnucKestructure
| 0 LIh=10 x Lih=25
o 13 1O LIn=15 + Lih=30 |
.. VAN = ;
g 12 1A L=20 ]
O 1.4}
=
o
]
L2
£
n
c
o
o
®©
o
—
03 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Discontinuity angle: 6 [deg.]
(a) #=1.7
15k @ Angle discontinuity structure <« Twist structure
144 - Knucke structure
O L/k=1.0
1.3F e
<
-:q__); 1.2r
T 14}
L
o
]
L2
£
n
c
o
©
®©
o
—

0'30 5 10 15 20 25 30 35 40 45 50

Discontinuity angle: 6 [deg.]
M) £=1.0

Fig. 6.11 Comparison of load transmission rates of angle discontinuity, knuckle and

twist structures. (Load case A)
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6.4.2 JKE{EFEF (Load case B) DLHL#ER

K EAE R BE D FE R, ) > 7 AR, AU 0 iEE D k O kL% Fig. 6.12 (27,
FAEEORERIT, AT & FRRMIEEZ O TS, ARSI TH #=1.7, 1.0 OFER%Z ik
L.

HIOIZ f=1.T OFERIZOWTIE, HIERRE L R0 F v 7 UG &L ) SO
ZENELL TS 2 ENERTE D, AERNEREELHEO LAITR 6D, et
Y 5 & ZOMEIT/NE V. WIZ F=1.0 OFERITOVTIE, A B AEEE & O i 1 28R 5K
O EFABEEICRY, 3OOWEDOERIINSRDIENHRTE L. LIEB-T, KE
TERRFIZIBWTIE, BB T DL 2EBETLHE 3 DOMEOELITOTLNRNT &
DY L 7.

LLEX Y, @i ERR L KIEMERRETIE 8 OISO IEICBET 2N RS 2 &
WAL, LnL, 8 1 BCRLEFEERE TR SN L)1, LB
EARENEET DHGNEZ . 207w, MEREGME, T v 76, Al s
HCEOHEELRA LT, RIFICKY HIBREOIST) EA 2B E UIfRE 21T 5 MER
HHLERD.
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4.0
4 Angle discontinuity structure <« Twist structure

kL —max

Knuckle structure

i O L/h=10 X L/h=25]
i O L/h=15 + L/h=30]
P A LIh=20 =

3.0

Maximum stress influence factor:

0.0I 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Discontinuity angle: 6 [deg.]
(a) p=1.7

4.0
§ 4 Angle discontinuity structure <« Twist structure
& _Knucke structure

O L/kh=10
3.0 T

Maximum stress influence factor:

1 1 1 1 1 1 1 1 1 1
0'OO 5 10 15 20 25 30 35 40 45 50
Discontinuity angle: 6 [deg.]

b)) £=1.0

Fig. 6.12 Comparison of maximum stress influence factors of angle discontinuity,

knuckle and twist structures. (Load case B)
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6.5 HE

ARETIE, v YO EEZFERE LT-E7 WIS T FE T2 5805 L, IS D85 L
MERERICST 2RV ROEEBELHR LT-. £72, BiEE TG LA E R
kL >y 7 MEEORER L, RUVEEOREEZ B L, BohnfmiTl T o®
Thb.

D AU VHEEICBWT, SERRCIEAE ARG RSN L Ty BRI <,

MERERITIZE A EBL LA,
2) NUVEEITBWT, AKEMEHRHC A ARG E O BN WS 22 s ) EH 235
D2 EAVHIBA LT,

3)  EWMERIRRICIE, JRJIEEMRE & W BARE RO RS, AUV EER R AR
T, AERNEGMEE S Ty 7 VEEOERIT T U AREIZ L > TELT 5 2 &2
L.

4)  KEEMERICIE, ISR ORERE R D, A ARG & > 7 S, 1
UOREEDOELIZ N T v ARBIZ L > TELT 5 2 L AVHIB L7,

5) EMETNTITH) LAKENEET D5 H L0, AMERNEGESE, Ty 7 UEIE,
R REED T TRANREMEZRTZ LIZTEP, PoEzALTLb b
EORN EAEZBELERFIBLELEZOND.
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ETE
EEBEETILDOETTIESGEE AF
FEGFEEE Ty IILEEDOSEM

71 #E

BRI DIFEIZ L 0 FFE S 2 N e i ) 02 b2 8h & 2 o JRIKFA#E S & H I,
B2 WD 6 WET, REOER TR A RAEGEIE & XM RUICHE T 7 e —F %
FE & i L7z, ZO/RR, Rlff L i) ER-oBRSZ U3 2 fif B GO mRE
FORERRALNI T, IO OB AZEMNARILE LT, FEEROMIERF T
REZREVESICYE L LIAD Z E WIS NG, 2 TR E LT viE, Fulifts
WAR—2ET L E U TRER A EICHER T 2 M ICRE L2 b D TH L. REfiEiEo
s ) R LT R R BRSO AR — A E T L OB THR TE 5 L Z X 550,
FRETIZRBNTIE, BIAIRY = A AFOHIEEDORELBEATE RN ETHRIND.
L7eRo T, BERFF~OHEHICHT - THELEZ LN BIRGZ 2 5E T 5L, 1 58
TEIERE OFBERFICTH Y, 2 MBIXET MR OEERFTH 5.

1 AEICE LT, EEEFORERBEEICIIERD 7 oA R LI 0 DR N T R
DD DORFEM L, 7T 7y FEMENLZr U E T AT A WERICERE T 5 5 %
PIFET 5. RETT7 oA AT 747 v b £ O L 7= b & 8 F ki3 2.

2 RBICE LT, NEFEEN— AT T VI RERE &R U CTET UALEPH 50 A0 &
EE AT, BARAFHOEELBREIND. LEN-T, XR—=RXET )L L+SIZET
I Z YT 72T T WS TRRIT 2 BT 5. F7z, FEERO My T ClIs sk & i
BEUSNT 5B b L0DT, TOREBLHRTD. 2k, AT AER LV A ERER )
WHNT BEI DT NE N, 2 Z Tl EAREGE S SR TR 21T 9 .

LL BTl 7= 2 T E BT 2B IRet & S0 U 7= 1%, JE0Ms % & i AfiH £ THEE L
BT ST, AT, AR, Ty 7 UG OIS 1R A R
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NUDEEIZHOWTIE, & 6 mOMELVEIEHRI B IS EAMEEALEAT
T, KEERFFZBWTIE T v 7 vkl SR OB 2R L7-D T, EfEET VRO F
v I NAEEORERZMER L CTHREHd 5.

7.2 BTETIVEBITEN

Table 7.1 |ZAF THEfi L 7 fiftr OFESE, FE i TOR/NA v oA X, BROFIEFE
AR ENTE T VS OWTUE, 7.2.1 i TEIY 5. FE AT ICIZPLAAENT = — R Femap with
NX Nastran ZfEH L7z, /A vy a4 AR 28 EDH N, fHMSIITE2ETEAL
TAMRIEIZ LV RO D T2, KREIZTTRTMITRER L 6 BE TR LR ROBEAMED
RN TNWDHEEZD.

Table 7.1 Analyses carried out in this chapter.

Corresponding Model Mplb Mplc Mp2 Mp2a Mp2b Ma2 Ma2a Ma2b Mk2

Element Type Shell Element
Minmum Element Size I mmx 115 mmx 55 mmx 3 |1 mmx I 5 mmx 5 mm 1 mmx 1 mm 5 mmx 3
mm mm mm mm mm
Max Number of Nodes | 215951 | 193625 | 732403 | 708388 | 730725 | 733367 | 1573599 | 1573628 | 737102
Max Number of Elements | 218166 | 190870 | 732646 | 710783 | 730950 | 733774 | 1581916 | 1581916 | 737429
Q
é Axial Load (@) (@) O O (@] O O O (0]
on
.8
el
§ Lateral Pressure x x 0] x (@] O O o o
Model range Small Large
o Discontinuity - Single Multiple | Single
o
z
Bracket, Face O O O X O (o] x X O
Shape of Bracket toe | Normal | Normal | Normal - Soft toe | Soft toe - - Normal

7.21 BHFETIL

Fig. 7.1 ITMTET V2T . REfEEEX—2E7 /L Mpl £7/V) IZJEAEE L
TT7x2ARET Ty Me@E LeET /L E L T@Mplb 7 /L, Mplb 7 /L & B3 Hk
DI HIEF LT-[H(a)Mplc 7 /L, Mpl DEF /IMbHHZ 0 %k BAR, hT 2% 3L
S E TIE L b 02 0)Mp2a 7L LT 5. Mal EF /L AIEE L2 6 D % (c)Ma2a
ET IV, Ma2a €7 /A0S REETTEZ 3 DICHEC L72ET L& (dMa2b €70 &7 5.
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(e)Mp2 7 /W%, Mp2a E7 /W IIMEEZRE LIZET AV Th Y, FAT R0 E
BiEET L EHT 5. OMp2b £F V1%, Mp2 75/ CARERED T T 47 v b DYtz 7
T APNSL D Lo LY 7 MBIREFRT D) IS ETZbDTH L.

(@ Ma2 &7 /U3 E s O £EEE TV, WMK2 £7/UWTT v 7 Utk o £
ETNTHDH. Ty 7 VEICIE, fifse LTHIRT L9 Riliid A=y 7SE AT o
ZOXY A=y TINLENE L=ttt 2 €7 b L.

TFERETDHIENZVDT,

(b)Mp2a~(h)Mk2 €7 /WVEE~—27 THATZ R Y « b T 2 ABEETE O B Fdtfe & T &

o TWD., ZTTND/NT A—X % Table 7.2 IZ/R7.

z

Lﬁj
0 X
t=12

Longi Face
t=16

Longi

tu=12 (mm)

Bracket f

S d

Trans Face

t=20

-

K

N

AN

\

\

1000 T

7

o=
N\

d4/2

N

800

800

W)

Shell

Trans

tr (mm)

ts =20 (mm)

50

&

Q)
Q§6

550

450

Longi /9

(0]

SECTION (X==d/2)

150

S
= “77(

35 A
Longi Face

SECTION (7=400)

(a) Mplb and Mplc models: Base model + Face, Bracket

1000

4800

80

0

(b) Mp2a model: Large area parallel discontinuity model
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(c) Ma2a model: Large area single angle discontinuity model

Y
0 X
o s
8 /// ,
~ //
-
v Ryl
s~ s s s,
s s s,
s v s,
e e -,
o 7 7 % e
(@]
F
800
4800
z
Y
0 X
o
o
o
—
s s
VAR
0 o
7
e 5
o il % ,
o
Dy
4800

(d) Ma2b model: Large area multiple angle discontinuities model
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ZA

ZL /2 /8 /4

4800

(e) Mp2 model: Parallel discontinuity real structure model

z
L
2

L) N

24 24 4.

SECTION (X==d/2)

800

4800

(f) Mp2b model: Soft toe Bracket model of Mp2 model
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4.

24

24

24

4800

(g) Ma2 model: Angle discontinuity real structure model

KNUCKLE PART

800

)
Pl
\
NN
AN
NE )
\ 2
w/ N
N
N
AN / N
QILV/V N N/ N
\ N //
N YN\
JW‘« N\
OO
o~ vv.//v N
JWV \ \
NN \
'O BN
N A ANNRN
AN N vv// AN
\, N\
N N\, \
/// //
\ ~ VV)/ N
N |
\ N
N
/00, \
N X Y\
/ 4\
¥ N
0001 SN
YN\
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> > AN
\
zAZo

4800

(h) Mk2 model: Knuckle real structure model

Fig. 7.1 Schematic illustration of analyzed models.
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Table 7.2 Geometrical conditions for Mp1b model to Mk2 model

Mpib & Mplc | B (T) 1.0 (12)
model d[mm]| O | 100
Bam) | 1.7 (20)
Mp2a model P /5 5T70 1 50 | 200
M2 model B (tT) 1.0 (12) 1.3 (16) 1.7 (20)
pe model Iy Tmml| 0o [ 20 | 50 [ 100 | 200 [ 400 [ 600 | 800 1000
RGT) | 1.0 (12) 1.3 (16) 1.7 (20)
Mp2b model I7F 97700 | 200 [1000]
B (T) 1.0 (12) 1.7 (20)
Ma2 model 0 [deg] 20
Ma2a & Ma2b | B (T) 1.7 (20)
model 0 [deg.] 20
B | 1.7 (20)
Mk2 model 0 [deg.] 20
L/ h 10

722 HREHK - HESEH

BERSARIE Fig. 7.2 11080 T, 633D Mpl 7 VORI L WSS L Bd.
BERMLHE 3IELF% L L, Fig 7.3 1277

......... [ 6x 6y, 62=0 |

- — —| Ox, 8z Oy, 0z=0 ‘

— | 0Ox, 0z=0 |

(a) Mplb and Mplc model
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*
Z ’Q‘ G *
b I,’ ; lo‘
0’ "
* *
X > .
hd *
(6] * o g *
N ZZ < 7 *
L 4 . *
1 1 .
* 0‘
* +*
1. )
» |’
o 0. o*
+* +*
* * A AT «*
* *
. ¢
* / ot
»* VY ." dy=0
* : ¢
* L 3
* g

(b) Mp2, Mp2a, Mp2b, Ma2, Ma2a, Ma2b and Mk2 models
Fig. 7.2 Boundary condition.

(a)Load case A for Mp1b and Mplc model (b)Load case B for Mplb and Mplc model

(c) Load case A for Mp2, Mp2a, Mp2b, Ma2, Ma2a, Ma2b and Mk2 models. (left figure)
(d) Load case B for Mp2, Mp2a, Mp2b, Ma2, Ma2a, Ma2b and Mk2 models. (right figure)

Fig. 7.3 Schematic explanations for load conditions.
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7.3 WHEEFRHIATIETILEE

RETIL, MDD EREIC 52 2 B8 L, 7 VRIS MR 5 3 5
W, OO RGNS BT 5 IS SV TR T 5.

731 FEGEEICESITIEALEETE

INAREEIC RV TIE, BT ARB U DITIET = A A LRI 5 B OEEM AR E S h
%5 (Mplb £7VEM). 7= A RE, MITISNETOLEDICHEINDLIHLDOTHD. OF
0, BFISIICKIT 537 A =2 Th HWEREOBINICH LT, FTrAalrrvo
WEIDV L 7oA ARENEBL THEN THLZ L EENRT D, £z, v VmB TR
RIS ERERT D120, 7oA A% N T U AICERE L WVEEN R TH D20
Wi R OMfisR E LCOMH T 77 » BRREIND. 20X, T4 AT Ty
VIAMAREE 2B WD TIER DR WA Th 5.
Fg74@$@ﬁ%g&~2%%»me%%wd&K@ﬁ%ﬁN~x%%wK7m4x
L7 Iy Mz Mplb £5 /L, Mplb EFNAMNbLER/NA v a2V A X% 5 fFHIZLT
Mplc BT VDI BARBDOLEHE R TH D, Mpl EFT V&l L7255 3 = CTlX, B
B 7 IR (B 21E, Fig. 7.4(a), Z=400mm {131) 138E4E U TR B8R 0 %8 %
Hm L7, TOMMBE LT, § 3 BT RERE CHENARIS I OFMEZIT T2 & &,
JEI 7RG HERIE T 7y MREICEVHRESND LB XN ETHDH. £ CTFig. 74
BHERT D L, WD kiqinside #7153 Fig. 7.4(70>5, Z=400mm FUT D TR AL L
TS ZENHEGRTE D28, R VT Z=950mm (AUTICISHEFEABE L T\ 5. A
DZ VL, krisice THAELT TS Z &3 Fig. 7.40) (D BB TE 5. F7o, In1ET
DEFILT 77 v NOEEHNG T 7> b BROKRIELL FEEN =TI % (Fig. 7.4(c) Tl
Z=900 mm SIS N AEIC EH L Tn5) . Fig. 7.4(e) & (D1 Mplc &7 /LD B %
AT BERHENRAL D OB EITRZR DM, IBOEFRET TV DX Mplb €7
NOFERCEEDERETHD. LEaRN->T, ZORNEFNELDZ LT FE BEHEOVA
AREDEL T TIE e, TET VOB TEET LI ENTERNWEZ X BN,

112



Stress influence factor: &; ;4.

Stress influence factor: &; ;4.

Stress influence factor: &;_;, e

[e )

®

7r o ‘% 7+
0
6r ~‘£ 6F
S
5 o 5r
Y
4t 8 ap i
C o o
[} a o
3, 5 2 3 .
° £ °
2ta 2 2 270M Du
: f 2 ,
r ) 5 r M
O 1 L L L L O 1 L L L L T
0 200 400 600 800 1000 0 200 400 600 800 1000
Z [mm] Z [mm]
(@) ki-inside of Mp1 model (b) krinside of Mp1 model
8 8
7t § 71
0
6F o | % 6
S
5 o o 5r
e 5
4l 8 4f .
= o
.| 8 é
i 2
o o E § o
2*% EE % %
1F ‘LM% ) »n
1 ° 0 1

800

600

0 200 400 600 800 1000 0 200 400 1000
Z [mm] Z [mm]
(¢) kr-inside of Mp1b model (d) krinside of Mp1b model
8 8
7+ T 7
&
6f < er
g
5r o 5
&
4t 3
a c
[}
3 2
. E
2 7
o
1t o »
&
O 1 L L L L O 1 L L L L
0 200 400 600 800 1000 0 200 400 600 800 1000
Z [mm] Z [mm]

(€) kz-inside of Mplc model

() krinsidge of Mplc model

Fig. 7.4 Effect of face and bracket by comparing Mp1l, Mplb and Mplc models.
(4£=1.0/Load case A/ &=100 [mm])

113



2T, Fig. 7.5 - LT RERHEE IS 73 4i % Z J5107C 3 DD/3— Moy
7, “Upper part”, "Middle part”, % L C’Lower part’t 9 2%. KRETIXT 747~ b bl
DOIEER S TTEFEBIFAET 5 Upper part” &, 72 ¥ FatOREERI IS A E R BFET
%"Lower part’%, EHEET /L THD Mp2 €7/, Mp2a 7 /VCiliidT 5. sHMiT 5
JSTMELE, HEERIS I T A S A TEEIFEN HAME L TRk 5. "Middle part”iZidm v
DLW E T Ty N TEROBERSNETEHBEET 205, 777 v b EEICHAER
INE W T ORI SN LZevy. F£72, "Middle part”® s 1E, AIE £ T A EGFIE—
ZETNVTERLIEMERESRT S, £, AERNERMEL T v 7 U EEICBN TS,
ZNENERHEIEET VB O TR 21TV, SRERIS R T E ORI 21T 5 .

kr-inside in Mp1b model
8 (d=100 [mm] / f=1.0 / Load case A)
7 L
|
6F  LOWERPART UPPER PART
5l MIDDLE PART
>|€
(Refer to Base model results) L3

Stress influence factor: k; 4.

0 200 400 600 800 1000
Z [mm]

Fig. 7.5 Definition of “upper, middle and lower part.”

114



7.3.2 ETIGEHEHEE

Mpl &7 /L Cldfe K 200mm DA F THET 21T > 722y, A5 LE 7 /L L
PHDS IR L IEE 720, Gl SR E@E AT & BRI 2581218, BERAED 1%

AT 2 M T AlRENENN H D . £ 2 TAHITIE, Ak fERTIC R L TERASKMF DR E
EHERT DT, Mpl TV EET ML O RN R D Mpa T /VIC TRIT 21T\,
Mpl ET /KT DEMTHRE R & DB AT o 7o, Rl BN G DR B RIT TR
ZMERT D72, d=50,200mm THE DB AT o7, ZILE TOMRRE RN, oYX
D NT U ADIGTEBRBD T RRENZ EPHEF L TNDLDT, krDHDOFEREZRT.
Fig. 7.6 /R T HESE RS, Mpl ET NVOFERNKEL 2D Z EAVHA L., Lizhio
T, Mpl ET NV COMNFERIIZR2MOFTME 7225 Z E2RENTZ. Mpl TV ERIUE
TVHEIPHO Mal, Mk1, Mtl &7V OMNTHRER b RERICZ SO R Z bl bd B bR
5.

.
*g . 3 A Mp1 model, inside RS
o E A Mp2a model, inside AAAAiiAﬁ:ff'
Q {‘: ot AAﬁAiiiAA;:I:EE.
§"i AAAAAAﬁﬁﬁﬁﬁﬁAﬁAﬁﬁ“;;;;::-EE.EDE"
= %é AA‘ ““annnnnnnnwwwﬂ
‘@ S 1-A: ut O Mp1 model, outside
gL e B Mp2a model, outside
(‘75 OJ. 1 1 1 1 1 1 1 1
0 100 200 300 400
Z (mm)
(a) d=50 [mm]
§ 3l /A Mp1 model, inside
§ 2 A Mp2a model, inside
[0} § a
e I 2t O Mp1 model, outside Ay
o= . Ap A
S » B Mp2a model, outside ahgat
E g 1 AAA AAAAAAL §!=.
2 B AAAAAAAAAAAAAAAL ganm
o 5| (eHEERHEY sssiiisstinitent
S-S 4
5 O& 1 1 1 1 1 1 1 1
0 100 200 300 400
Z (mm)
(b) @=200 [mm)]
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Fig. 7.8 Basic value of & for Mp2, Mp2a, Ma2, Mk2 model. (¢=0 / Load case A)
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Fig. 7.9 Basic value of & for Mp2, Mp2a, Ma2, Mk2 model. (¢=0 / Load case B)
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Fig. 7.15 Connection of stress variation and distance between longitudinal stiffeners.
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Fig. B.5 Moment of force and concentrated load in Trans.

N7 U AET L Fig. B.1Q)D A RIZB T AT — A MERDLH7DIZ, Fig. B5 I
A2 OOFPHMICAE G T 5.

FFOOHEMHICHBNT, HIFE—A 2 MIEEZRITTOIT A SIZBITS210E—2
b My EEPRRE -F, BAIERAT 5200 —A 2~ My, £HHEF O 4 2720 T, (B27)

RIRT Lol E— A MI 4 DOENLRAET 5.
i:_MTx_(ZT+d) x_MTx+(T—d)Fx 27,

I 21, I 21,
ARODEREE LT x=Ur-d)/2 ZRALTEHRT L L, ARIIBIT D N7 2 AD>0)DOFFHD
T E— A2 b Myr ousiae (XB2)RTH 2 HND.
M, =My s = - ;- d)(gd ~2M,) (B.28)
T

WIZ, (OFHHIZBNTHRERIZEHITE— 2 MEB22YXTHEZ LS.

M, :MT[l_ij_ (—d)ty —x),, Myx (L -d)F

M

(B.29)
[, 21, [, 21,
ARDOEIELE LTx=(Ur-d) /2 RALTEHET L L, ARICBIT S N7 U ZAD3G)DOHIPH
@lﬁﬂﬁ%“‘% Ve ]‘ MbT_inside 5:]2(B30)it“6’§°%\_ ’5“5 .

2dM . —dl.F + Fd’

M, = MbTiinside = 2] (B.30)
T

LEXY, FToR2BITD AEOHITE—AL FRREST-.
wIZ, T AEINEBINRE D,
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MbT

o, =% B.31
r Z, (B.31)
ISTEBRRBODER LY, kr= o1/ (FIA)THHDT,
A M
k =i L bT
Ty (B.32)

M7 12(B.28), B3OXAEMAT DL, T ADITI BRI (B.33)~(B.34)DERIZK
£5.

3tLd{(1—Cp )zd_1+ cp}

(B.33)
kT_outside =+ t2 -
T
3,d{(1-C, )ld—1
. (B.34)
kT_inside =% 2
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(a)Mk1 model: Knuckle base model (b)Longi 1 part of Mk1 model
Fig. C.1 Mk1 model: Knuckle model.
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2D 5 —>OF % Fig. C.2 1277

FHAEHoOWNE, #IDIZ Fig. C.2~@1»bFLOE S k7%, Fig. C.2b)I
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(a)Focused knuckle part (b)AED plane
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Fig. C.2 Knuckle part of Mk1 model.

A11 AEDEX

AE 0 RS %k 5. Fig. C.2I2TC, siny ZKATEZ BN,

) hcos@
siny = (C.1)
S
Fig. C.2(d) X v OB 0 =13,
S = h2+L2 (CZ)
Lo T, Angzo6h5.
. 4 hcos@
y=sm ——— (C.3)
h"+L
wIZ/ZBOG 1%, wkATRENBDT,
T
o=—-— (C.4)
5 V4
(C.AXEMALT,
T  hcosé
o=—- IT (C.5)
h+L
L7z »>C, AEDESIInRATEZ LN,
AE = hsinS (C.8)
F7-, OE OE X%
OE = hcosS (C.7)
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A.1.2 DEDEZ
w2, DEDES%ZKk®5H. Fig. C2@ICT, tan 1Tk THEZ BN S.

tand =— (C.8)
L7 > T,
DE =OFEtané (C.9

C.DXEZMRALT, DEDOEEINRRATHEZ LS.

DE = hcosStané& (C.10)
*72, OD DRI,
on-2E (C.11)
cosé
(C.DXAERALT,
0D =105 €12
cos&
£72, ZBOF Ik TRINS.
h
=tan” — (C.13)
d L

A13 ADDEZX
%2, AD DR &%ZKk® 5. Fig. C.2(e)i2 T,

D= +0D’ (€19

(CAXERALTEHT L L, ADOEIIIKRATEZOND.

. 2
AD=h[1+°5 0 (C.15)
cos &
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PLEX Y, Fig. C20)DKNDOEINRD HNT-DT, REXTHLY,

A_D2 :EZ +E?2 —2AEDEcosa

FLNOESERALTCERTAE, Ty rfalZ(C1TATHEZONS.

2
1+ 0032 o_ sin® & —cos’ Stan” &
o =cos™| —— 08¢
2sindcosotané
(C.13)HX&(CHXLDY,

h

=tan" —
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151

(C.16)

(C.17)

(C.18)

(C.19)



	00.タイトル
	01.目次
	02.第1章
	03.第2章
	04.第3章
	05.第4章
	06.第5章
	07.第6章
	08.第7章
	09.第8章
	10.謝辞
	11.参考文献
	12.付録A
	13.付録B
	14.付録C

