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Abstract: Key words:

“Comeld” is a novel technology which can be applied in Composite.

connecting composites and metals by manufacture of an array of Meta!
metal pins on the metal part and layup the composite layers on the Hybrid Structure
pins to make an adhesive and mechanical Joint at the same time. Joint

Comeld

The aim of this paper is an experimental, numerical and analytical
investigation on strength of comeld joint system and also to
calculate the stiffness properties of composite after comeld
process. Experimental test were carried out with fabrication of 21
specimens of comeld and uncomeld joints with different geometry
and arrays of pins. Samples were tested under pure tensile
loading. For the numerical simulation and investigation, the
commerical software ABAQUS has been used and the tensile test
were carried out to model a 3D Simulation of the joints
considering adhesive behaviour. The analytical investigation was
focused on the calculation of laminate stiffness properties after
comeld process and the results were calculated using MATLAB
capabilities. The results of experimental tests showed a good
agreement with those of numerical results. The results show that
the comeld joint system has a high potential for effective joining
of metal and composite.

Tensile strength

1- Master of Engineering Student, Department of Mechanical Engineering, Imam Hossein University, Tehran, Iran.

2- Associate Professor, Department of Mechanical Engineering, Imam Hossein University, Tehran, Iran.

3- Master of Engineering, Faculty of Computer Science and Electrical Engineering, Shahid Beheshti University, Tehran, Iran.
4- Tutor, Department of Mechanical Engineering, Imam Hossein University, Tehran, Iran.



oV pam 03lod /n@ Jlil 1720 350/ Slelr e wige (895 (oole dolilas

)\I‘é\.w).}}lé)t.f)) Q)}:ﬁ\fd)ﬁ)l{d}ufﬁ(v)

s e 0L 1 Oles Job s (Koo glalagl g

[ T

(¥l a8 55 Cajsmels 5 6 Jlasl (V) U

D Carbon fibre composite
. Titanium

. Aluminium alloy

D Glass reinforced plastic

[Fllslsn cobstla b 55 Cu il 5 51 m 5 g 5o VLSl (V) S0

1987

20 17%

10
2%
0

Aluminum  Titenium  Composites  Other

3% 29%
2% 10%

A

Murinum Ttanium  Composites  Other
50

2
T T T T

[E/A-18E/F

ol 2%

v

o i . i
Present SR ﬂ
't [

Murinun  Tilarsum  Composles  Other

Glaleglsn Sl 53 CojpmalS HUS 3 65,8 5 28 (1) S

(6] K

(SR Il OVLAIT poaw o SO 95T

4 FselS sl Jlail Gl edes gy aw 058 T0n
(oo JLail 3503 5 sm s 58 alom 1 sl g0yl 5 Olis g
(oS 5 D sy 33 o) oS 5 5 Suile Jlas!
o3 JLail gy a3l (SGled siasilas (F) JSCa

2 Hybrid Joint

dodo -

YL s bl 4 St 3 25508 5150 5 5,8

Ao 51wl LBl 4y LOT O 4 Coeslas
Ladlps mlo 4 Ol5 o Ly )5l sdas (slas )8
4 by ol mle s plE s Cas (gl
sbul ol S Lol 51 (ol 3 38 oylal OT
B e oS Sl ediasle W o3l oK
Jlail 5855 (Kb slaojlul s ) shteas abeor |
W5 BB slaantin Tl b 5 pumen b sk s
Npe 5 CaiaelS op Jlail b sl D)o
ol bl Sy G sy B alenrl s
Gl il glyls CujanlS L5 Jlast ¢ e U Ll
ol SO (YU s Shes ol >1b 5 (6l
VLl Jols glaojlo b 4 Cd Oll b ol s
Sl b O g CajspelS 5 S
3 YL Ojs shls & dms o &l 1) lal, S abbblee

[\]C_«w‘ ‘:".’.J.}Z‘-"L{ )‘ oalainl 6".‘}“ g_al.w 4.?;:.23).3
\ - " .
5 o ) 85—

el ol Glapts 5l (Fir oS selS 5 6 Jlas
b 53 ol oSS e el (25 e
6|jl).\>|ngﬁ4§¢.~lam;&§xuu,;j\
e s @l SO Slekis 0Ad ol
slee S5 S wms e JSE YL gglsle
Y P R N Ll e LN K
‘j;.‘;)w”n%yuwf;duwag;%
ol s b 5 055 A (S Caglie
3G etmsolis (V) K [Y]owl O35 4 Cuslie
Coio 53 S SIS 3 CyjaelS 5 56 slas
35 CaalS 5 503 18 5 I8 ol ll 5 oL s

Sl akienls 0l () S8 s (S glaleyl s

! Hybrid System



"ol Olgis b o igmlT- 5 Wi LT i PRl (S 9 (S0 (258 (v p oyy

Jolo o Cabs ghuly s gl by, tumsls
BULRC g W I PRt ¥ LA U SR
Jhail Calied slaly 53 gladke &3 b Jlasl oy 4
s sl Sy 93 a3 Obel g ealizul L35 o e
b A 938 sl @Bl eSS ol s (SO s
s Y B 0I5 el Slles 1 85,8 a5

[6] .sls r‘}u‘ CojamalS S b
Glwly 53 edsgiluls aiS ey U ©) S

e oo 0L 68 55 el 53 1y geelS sl

[V]&.:;:%—:)' AT 3 55 OISl ediS o 55 (gl gy (O)J&i

3500 st IS s ¢ 55 SV (b e
95 ool Sl Lol Ll o b Sy alS- L Jlas!
g S35 etiabul Gla ST, 55 odes sbe
i T 5 e 6yn5 )58 3 o el b Il
3o bT eSS sl b AlelS” Jlasl s bl ayls 54
Sl Glly )5 Co o8 Jos (G518 ankid (655 5 by
2 S Y 5l ol () S [Flasde pll

s o OLES ) o l)ls (6 asked (695

3 Z-pinning
4 Stitching
® Tufting

dlail fay 50 S5 Bl S5 del ol
&.ﬁbu@jajyk\ubjbsw\m}&&a
Jols baes b iy ol el w8 515 0 Kings s

;w‘wd:ﬁ)wjécﬁlf'@{)‘ajw‘

Bolted joint |

Adhesively bonded
joint

Combined bonded-
bolted joint

=y
- Composite 7 Metal 7
)

(V]38 & (2550087 150 sl (sl 2, ¢ 51 (F) S

Py Jlit S 95 colro 1)

il 5 ' S s & Cxio 1 5 sl
b6 ,)l8 Cambge 53 e Sy opl 693 8 Colre (o
BX) g.,.ibu (fl‘ el 49.-)3‘}.3\5 Nl{ B L u.ll.hcﬁ)'#lf
AP e 05 Do GRIF P s o L)
Jlail 3550 3 ol A5 S 03 5 ujapelS b
5 CaiS b 3 Sll Jels olre ) (o
el ST S e s sl ol g
sl sl Ll ia) K drms g culas
5 oo B30 35 bl oS S L Lyl
Gi o b 035 3,8 ppgie LS s SGK

[F]aS oo Iy

Aels” et B pr0 —£-1
"l (bl y 38 (SECUT — )£

SLeSSS 5l ol s 228 gl 4 i
Cals slwly 3 eSS Olse b Jlasl oyl

! Mechanical Fasteners
2 Through Thickness Techniques



ovy Pow 0ol g Jlol 1720 35b/ Ol CilKo  qwign (893 (ol dolidad

c‘“é‘i’wuLubuﬂm\wgli»_;m,u(mx

Sy
=

=
«.* "

Ut

P o "
AUEEEEEEEEE L
11 i i it

:I. oy

.“!'
|

#
Skl Bl ;.5 &
“x-ﬂim

dﬂwé&:—w})bs-\wwu ‘SL%U» (/\)J\g.w

CEiiad

b b

S9SN B g oid G5 SN oy s ol 5
D5 B e 4 Sy Ol e J ST L
Sy 3 e 35S
osle S o s3Iy O 3 edeie glasb 5 038
S e Hloy 2287 5 b 228 daul gy e g
dazmie (ol 3 (Gl poms S o 3ol 1) SaT
ST ol (G S o Sl
5o JAS L Ol 1y n) g0 Gla ST 558 oo
JKa [V Lo S sl OT (551 5 o canlin Ol

s gn Ol 1y o S 0T 3 51 (Solass 5 (4)

Istpass 2nd pass 3rd pass

N5 o b o (S8 1T 5 51 (Sslas () S

ﬁcdbw@);.&{@

‘j‘-\a{}a-\.ﬁ:

=B gi gy -Y-0-)

S5 Jols
ot} 3 S sl ) (g ¥ e 6 o el g T 5

N VR AP RPN

S 5,8 o 5l eslinalsygn S35l lanT b i,
B GaalS IS L esle I s 0T b s

NS 55 e 55 518 515 oy el (535 2 U o &Y ol e (9) S

ol g bl sy gy -0-)

ol S5 Uyl (S8 i) a2l
ol a5 s ety bl 555 1 o Sl
33 &S .A.:ajf D18 eslaialsyge 5 oddionls axwy Hsbis
wtls Al il slowl ol gy ¥ e 55 4 aalsl
25

Soslimwl b g5 s 555 2 1) oo 5 (T 015
Sl g s SN S b e SE- s)
35 ST (3l B g b s 5l Sl
I gy b g JSI> gy-1-0-)

s gr Lo S9SN 5 L e S G555
sl sshien 5 S 5 5l eslil L7 Sl
" 53N 5 JAS Gk S e a3 S ol
Olas (V) Ko 53 il cpl 51 (S el o b e
a8 4 b g5 Jlast (6 6 o (A) J.§.2 [7].Llodkiosls

.H\AJUJ olis ‘J

! Surfi-sculpt with electron beam
2 Additional Manufacturing

% Cold Metal Transfer

* Percussion Welding

® The Welding Institution

® Electron Beam
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