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The present thesis described the mechanical integrity of material and structure aspects of the layered metal
sheet bonded by the adhesives. It comprised six chapters. In Chapter 1, the imperative need for weight reduction
in transportation equipment, with a specific emphasis on multi-material structures in automobiles, was
elucidated. Adhesion was introduced as a significant joining method for diverse materials, crucial in the
design of multi—-material structures. A comparative analysis of two adhesive materials, epoxy, and acrylic,
was presented, encompassing their properties and applications. The co—design process of adhesive—bonded
structures, inclusive of testing methods for adhesive strength evaluation and the methodology for shape
optimization of bonded interfaces, was comprehensively reviewed. Additionally, the advantages of bonded metal
laminates and the significance of evaluating the plastic formability of such laminates were discussed. The
chapter delved into the limitations of conventional testing methods and outlines the requisites for
establishing proper testing methodologies. Finally, the chapter elucidated the objectives and purposes of
the study.

Chapter 2 introduced a method for evaluating the strength of adhesive materials under multi-axial stress states
and applied it to establish the failure criterion of epoxy adhesives based on mean stress and octahedral shear
stress. The results were meticulously discussed and compared with those of acrylic adhesives, considering
failure behavior and thickness dependencies.

In Chapter 3, the derived failure criterion of epoxy adhesive was applied to shape optimization methods. The
methodology, encompassing the theory of shape optimization and the construction of FEM models with boundary
conditions, was presented. Results from the optimization process were compared with those of acrylic adhesive,
exploring the influence of material properties and initial conditions on the shape optimization of bonded
structures.

Chapter 4 introduced the conical cup testing method for evaluating the plastic formability of bonded metal
laminates, covering the design of the testing machine and the manufacturing process of specimens. Testing
results for various specimen types were discussed based on load-displacement relations. Further exploration
involved post—testing and on—testing specimens through the conical cup value (C.C.V.) and observation from
the see—through aperture. A comprehensive comparison of different specimen types was conducted to verify the
adhesive’ s effect in enhancing the formability of metal laminates.

In Chapter 5, FEM simulation of conical cup testing using bonded metal laminates was performed to unveil features
unobservable in real testing. FEM models were constructed based on real testing parameters, including material
properties obtained from tensile testing using specimens identical to those used in real conical cup testing.
The results were discussed and compared with real testing outcomes. A specific focused discussion on the stress
states of the adhesive layer concerning mean stress and octahedral shear stress was conducted to identify
the adhesive’s effects established from testing.

Chapter 6 served as the concluding chapter, summarizing the results obtained in each preceding chapter and

providing a comprehensive conclusion to the paper.




A7
EHEOBROEE K NH Y E

< 4 ( XUE YANG )
(Hi%) K 4
T & Hn OB A
MOCEATEYE | Bl A& nOE AR =LA
Al A n OB R A
qll A wnE Uik Wiz

ML EEDORRDOEE

R SCIE, BEMICL Y B8 SRR MBI OBEBES N OIBINEE & BE#EE SV BRI T
IZOWTHRFTLTED, 6 mEODOEREINTND, | EETIE, BABFESEOMEHEROREOTD, B 20+ HE
THNANF~T U TADOLERE | ERCICET BN THEDBEEICONWTRISNTWDS, BEEEOES
W2 DFFIERSH DN, FOT CTEEBESITEEMBENRETH Y . DOIEAMENZIZ E A EHIRD 2 WA
HORmWNEAETTIETH D, L L, i TORIUCIS U T2IbT 2 858 OJL A0 IE A M B O SHEITRATF T D M54
EIRKE L CORTNZOBREIIRNESLSEBE 275, TORH, —KICIZZ OB & &0 ik 7- 2508 5 =
ENZT2 D, PERD O D HEAE TREE PN FER 7 1k O R E R 088 FUn IR O e i b O M EEHEEIZ RO & | ARG SCTIEA R
THRIE L PR AGEL TIEIC LV EIRY LR LY oS AT 2 Rk iRE#Eb & . bt & L ToBEERBIROM
P T OB EZ B E LTS,

2 B CIE, BB EREBCTH 2 2GS IRIE A T 2 A EERB T 2 OB R o | A 0T
sy (FKE) & IVERE WIS NZE B Le =R U EAM OMBRIZ ML L T D, RV TWE T 2
U VAR & OB O | AR A M TIPS /1A 8MPa FEEE(E L T 2 IR BB CH AWMREE 23 g K72 %
ZEERHLTWS

3ETIT, 2 ETROIETARF TV EEM ORI 2 R EEALTFIEICEN LT\ 5, B EE O HE & @) 7 5E 5t
FARICHES S ARERMBNT D, 77 VVEEM EOERE L HIz, 53R LAY OFEAARIIxT 2 E N Eo
W C& D e A mPIRE TRIL TV D,

4T T, BAES SNEEBROBIENTHEZFMT 2720 a =040y 7TRBRFIEZRE L, BIET CTORK TH
FHEDOERRIE LW Y TN Z A LBIEESND VAT D EHTITHEEL TV D, M7 LI =7 4 A1050, 7V =
U LG4 A5052, SPCC DOFAMRKIZ OWT, [AIFE, MMM EIOEEE S S OER TR & 3BT IEIZ OV TR T
Wh, £, BEALRWEUMEIORM, REOMEZ ZRE > &7 7 VVOBESM TEA LEERM, 74 =7 4
A4 A5052 & SPCC SllMR D BAEM B 2 586 LI 2 Wi a= v h v TEHBROEENRE LD LN TN D, 2D

DFER LD | BEAES SITRM OB TEIX IR UHRIE & R BRR L & [FIFRE O TS R S 4L, BAEA
BHZ-DUWTiE SPCC JlAR O AR BHZ H | HE(X 32. 8% 4% —J7, RS IZ 35%Im] L7z, Z O#RIL, #45
MBMEIORmHNEZ MG L, WEF OB ONEBIES 2 L2k b0 EELRLTWD,

5ETIX, AR TOISPRAE, FRCHATE OIS )43 AR A O B 8 5 10105 1345 A5 B U A5 ) R0 T %
EORFEDT=HOIZ, 4 BEOER EIFFE URIFD b & CTHBYEAR REFFFHT (FEW 23T T\ 5, FEM E7 /MIEER
Da=HNTry TR TR SN IR B0RER T LA CRAIR, £ U TR OB BHFEIR S [ IERBR 2 6153 5




TR ELOFENEE VT WD, BEHEIL, BRI TR BT &2 iR LT 2203, BB XM RO & 5
MR FEAET D, LovL, EEMD S 2RE MR CIXEOEHMMER RSN Z L E2H LML TN 5,
Fo, BEERBOVEYIE S ENIERE VKIS OZERIE U2 k2RO TR Y . Bl iz&k Frffir o &5 m R
SONDAERAE & MERETELWVISHDO LHEZH{GTWD, b0 b, HEEREOERR RPN Lo
BTHLIMMDT 7 74— MMz L, BHEMOOm EICHFS LT 2 LW LN LTV D,

6 HIIBRECTHONIBREZEN L, vV F T VT IADEDOEEERIANRFIETH Y, HIKME & F5S 0
FRYEIN LHEZHERE L oo B L 65D 2 & Zifm 2 T b,

LLED X512, ARFSE Co, HITHIC Bk 3 2 Mk s S O RE D12 D D~V TF <7 U 7 /ARIZEB W T, AR O
Kb OmE AL & BT, BEEREER OB LY EOEBA M Z 15TV 5,

Lo TARII LR E LTMiEH 20 LD 5,




