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Abstract

In this research, dissimilar metals of commercial grade 2 pure titanium and St12 steel
were welded by ultrasonic welding in the presence of the interlayer of brass 70B, pure
copper and pure zinc. The results of the light microscopy showed that the interface
connection in the presence of the interlayer of zinc has mechanical locks, and in the
middle layer of copper due to the softness of the metal, severe deformation occurred in it
and no mechanical locks were created. The middle layer of zinc has not been able to
penetrate the base metals and has not changed its shape due to its ability to deform less.
The tensile test results showed that the yield strength of the sample containing the middle
layer of brass alloy is equivalent to the force of about 42 kgf, which is much higher than
the yield strength of the sample containing the middle layer of copper about 22 kgf. This
behavior is due to better interfacial connections in the presence of brass interlayer than
copper interlayer. Also, the SEM examination of the fracture section showed a severe
deformation of copper compared to brass. The results are that the microhardness test
showed that the hardness of dissimilar metals welded in the presence of copper interlayer
is higher than the samples with zinc and brass middle layer. Because the energy from
welding is used to change the shape of copper, softening phenomena such as
recrystallization and stress relief are less in this sample than other samples, so it shows
more hardness.

Keywords:
steel, ultrasonic welding, interlayer, microhardness, titanium.
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1- Resistance Spot Welding
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1- Friction Stir Welding



ko o lo ydol
A2} cS‘m)QL?" l°9'L° 9 ‘3‘9"’ (5 S0

m Slaid 3 osleo pols g Olgo cwiige ouSLild
/Méw I ad J;;& & Ls;;l’) .J.*Q..':; ;,:Q‘ :)‘1;&*““3

~\Y\.';—v.r\a i . ST o
bsgi o5 j5b a4 S pitis sk 4,5 45 2iad Grlate o8 557 59, 9 @0 o SlY jpa>

Sl 0als ools lis 0SS (69, p diged (6,5 1,8 0gou ) S ;0 00 )5 o> 2 5l Sleo 40V

Ti

(Sl @Y jpax 50 050 69, 2 o9l 5 6oY58 b aiged (6558 i ) S
20,5 alosl (1Y) @lg Verr Glgs b V/BSEC loy o 4 g O bar jlad o sl B >l alds

NP QL.:I:..E‘) dgs .]a;‘).w oS ol C;)lS.».‘bj.? Lgl.ﬁ‘\.;?.a.; ﬁjl..aj Y J&w

Syl ey @ ezl wn g e Bg Sle SlawY b poili 4 ()5 Vg8 Blakd pgai Y SO

(M W u,.n)i -Y-y
A e Sl Y s sladigas S ol o Sisr lalad SLilSe olss oy olkaie 4
[A-5] ASTM E8 s Jlusbiwl b gllae YMM/MIN 25 L ' @s8 o (2eiS yge)] olKiws oy s g,

QS e s ilesl cou

B FPIle 9 (5295950 () —T-Y
Jad dgee Sy )0 baiged alS (59 il (65 ey See awgs lSlun ;o) p sk @
diwg 4 laiges &g, 2 e gjlwesle] Slles Wa0 5 Cile eod (5, Kigx slaaY S i

1- GOTECH



o e (ol

St 14 ol pole g Slgo cmwiigeo

F ‘_g‘w)glﬁ.o ,a,l.c 9 é‘,c (S O odSwinile
/ \ éb)wﬁgo%;omb
WISy o2 55 o VFe) olo 43T ¢yl o

AYYe-Yeran
o] Lawgs bdiges Lul.ef 90,5 sl B v B Ve Jlgte slasolow 1 eolaiwl b gieolaws axl
S5 il 9 5n Y

Sgaan ;0 0ol olo by Blhe Ghe 5wl Glaildl iz b Gillae badiged o5lo 55T s 13

e 1Y Ll Jslone 9Ysb 5 1S Jolome aalis (sl ssliiul 5,50 gl Jsbro 5,5 plxil [] a1

w9y (£9 5 G gSwg oo gl oy p —F-Y
995..»9)1“ )‘1 O 6)15-‘59-?' JLaJl ébLo.o 9 S c.‘al.o.o ‘)t:.&L..u P B gy )9.5;.4 "
< e \ o . .
..).:0)5 OOLQ.H..:‘ =9 LS’s)'“SJ‘

(T (g o —B-F

T (FFmg S ol dliy (b (Blsn g ad Sile Sl G ladiged (gl cal 5o
L 5,505 og,9,8 5l sskate ol (sl 03,8 13 cwyp cos [VY-1 2] ASTM 384 s luslewl b 3ollas
Slo oy 5 aly Sl oo, p MM Jolgd o (T 31 gblie 5 03,5 eslizul Ve egr L Jles!
5 3 bl (5w sue cogSug e alwg 4 0nigg)8 Sl adlate (5590 slaskd avule b ok ol
ol sy (g Kigz 5l g

Sy g g b =Y

L Y S il Juad -)-Y

spa 53 Vg g peilis Glajl b She sl S ie Juabd g wled mhaw (wyp jslite o
ooy LY p dges ghaie I (Sl (hyy 4 end () 5hsx sladisel w9y g e @i Sle sloaY
JSb j0 a8 jshailes w8 5 18 ()2 9550 (65585 PSwg S by A 55 Il ) g 5 WAl 00
GSd g dinled dbml b S LT LS S i Juad ailaiiily Sl slaay o 5 oo cvnlice ¥
pas (55) Sloe Y (5ol diged 0 )l 292 [VFNT] oY o Sz 5 Jlasl e 5 050>
» Jlal gy S (Feolyd o) Bhgr aShl 4 az g bl sanlie LB (g5, 8 L Y8 o Jla!
5 005 15,55 2 Vb cenl 430 ) oY b VL g SlSe (sla a5 1) el o aaly cl>
3,00 1 Gher adlate S L) (55 2 peiitens 5k 4

1- Scannig Electron Microscpe



o o lod (vl

St Slaiid yoslao pole g lgo (it

laidyolee pale g dlgo (cwiigen ouSiils
/M;w o ‘5;2'4 # el e ::i::ﬁ;%b
OAYYeyeran . gl
Sl &Y Jol (Sl 8985 5l S mip Gl 4 jgax 50 Jlail ghais pgai () T JSS 5o
O 5 (Sl sloJid o pgad (pl ;o 0ad osls (las sl 008G 258 9 H> o 4l il
amd o ol gy 4 1y S0aSy o (Y] (S s Jab (slaayy
Jodo 4 g 005 Bas 05 Hlaws (o (SSG sla a8 (5,5 ISl sy oo HaS 4 () Y USS o
S 9213 Byo  INVVAL T 53 (lsls 33 slapianm 05 Jlsd 5 s 58 FCC s Lo
0035,5 al Sl L e Sy b 4o bl SOl sl a3 obml el [YF -YY] 53>
|
S35 A Gl Y jaax ;0 Y8 g paili 518 (o) Khgz ablie gy 5l Jol pgal () ¥ USS
loaY S i Juad ;o (SGlSe JiB 4gSomd Loy el Sgiin pgual j0 45 45Silon a0 oo (lis |,
Sealizdsa s ailsd 5 x50 (225 p3lSe 51 By Jlasl a1 Yiatal 5 Ces sl i3
ol oo Cons o] g oS [YV-YO

(A

169, (@) 3 e () o () Shoo Y L 0V gd a pailis 5LIT Jlas! Jows 5l 5,95 w95y S pgwai -F IS



o e (ol

St 14 ol pole g Slgo cmwiigeo

F ‘_g‘w)glﬁ.o ,a,l.c 9 é‘,c (S O odSwinile
h éb)wﬁgo%;omb

A7 o S b 1F+) olo 33T ¢yl pad
AYYe-Yeran i

b a4y ,bsloyn,-Y-¥

95 2 S bz S eolitul 990 (Shee Y o5 a5 3l LIS (6)95 Q9Swg S il Jol> s
s g [ o] alowds 5 (Sl olss Wl oo Ylaiol 5 axils 36 4l ol Jbslogy,
o3lail . awl oals ooly lid ziy Slee AY g 0V g8 (pguilig 318 LS lu oy peal (&) T USS ol
I el 0ayo,S ol Sheo aY g 4l l3l8 4y (65,31 JWSI b Seol 3 g, 4 sl cdl> (6, SKhg>
sl ools ) (6 ) Sigm a3 o 50 [¥1-YA,Y0] saze joks o [VA] wls w018 09, o Wit

)5 Sy S 3l odal s 4y e Gloo Y 5 3Vgh pgilis 38 LSl 5 pgai (0) ¥ USE
O YYHM 4 VY V7 wls . Shoe 5l S She a0 g a0l ol3s als ojlasl Jdow a0 lis |,
ddlgo e 9 9V g8 gl 58 slp i 5

b 00ls S5 (55 oo aY 5 95 woslid 518 Lo 5y g 55 (@) T USS 9 (pripan
S99 9Y9d (pasli 18 (gl o 5 A AYHM g YV ¥V Jolas diges (pl sl Laasls ojlail Jawgie .ol
ASb o

55 518 s ool basio w55y 5 @ ST @t o 38 5 oo Y D8 CublE Gl
ools lid oals (o Khgx ablio 5l eNwg, S polar ¥ S 0 a5 jshailes .ol a8l iol3dl 5
8999 LS))-" 9 oolo JS...; S (6 i )LLEA 4 sl G yS S 6‘)“5 9 Sy LS’L».A Y A, Wb
S I ] wls w5 same jsls oasay 98 (Byb 5l 00,5 o Shoe AY S s G o bdises 4
5 Sl Y ol ol b aSheon 4 00y dild al; oduay pailis HB 0 LI sngy (28,5 asels
4389y She Y Hpax ;0 1 sl 0o S ails ) Bpo 38 4 (609,9 555 (o] JSB eds Ltals
S MY L sbaiges 5l i paslid 08 alo ojlail (o 5 iy 4 s 38l iy S5 o
LIs 1y ails o3l o aS o (Sl Y Glyls sladiges 1o poslis 58 Ko yuod 4 g 00 gup 5U]

sya> 50 (Jo il csalie BB )13 iz 58 6oy Sl Y LY 4l B pgas s
ody padi I (b Wilgs o LBy i (pl el osline BB LS, pis (Swil 59, 9 @in Slee Y
Sls @555l siP @ Gl AY jpam 0 ol izl (S)le aall (s0¥58 aly 1B 0 saze j5lS
L wlgs oo 457 90,5 00 63Y58 a1y 38 aloj s Bro ()T 5l (chdn g @in JKS et o digad 4 00
Gol> sladisged o oVs8 dils ojlail a5 Cwl 00y0,5 el LB yen bl el 1 duse el el

Aok e Sl Y (g9l loaiges I peS mp Sle Y

St12




oI o o2 (5 oL

AYYeYeras

o o sl
Slab ) olo pole g dlgo (cwiipeo

s‘w)gl*o ,99.1: 9 ol,» ‘s.wd*q.o odSwinile

L) Al 0 S 57 oGNS
VF+) olo 3T ¢yl

-

A R

’4--7—)‘ / __,..,_\

ww‘w \\,-\//a//ﬁ
N e oG
S 7 Ol

1‘,

=3 Dl

AT i e e,

e Q:‘W- Ny ——ah
O e e

9‘;:_‘2. 100 pym N
(«)

e L S o 4 e /‘IIV
[

.

L2
,“?
5

@) 5 o () @ () (Sloo ¥ b 9Y58 & p5ils SLIT JLasl oo Ll 50, 51 (6555 98 Som g -F S

‘S9)

A ,«.wS W US")T -Y-Y



sho Galod (sl

St 14 ol pole g Slgo cmwiigeo

) laidyolee pale g dlgo (cwiigen ouSiils
e dw P ‘;,zif # G;l?) e ::Q\::i;&f‘b
OAYYeyeran = Ol
Cuaglie 5 LT (Sillo plSovinl a5 Sgzr Dlabad 18, (i )0 oo Sl slo el )y 5 (S
5l 2 9%wgSee Slagom) b Billas 3ot (pl )3 adlioe ogee b (G2 p Slag s plp yo Jlail Jors
3 Sl laad Sas s 4 g 5T Glee Y shils sladiges 09, 00 il (s Sig2 alaie
sdnlice (wlul et 5 aiil braigal plo 4 Cond (64 (Sl plSouiul glyls o 3,9 S v Joad
S i Juad Jlail 0l oo @iy g e 4 S (s b (o Sl (59, 1 Al o 4 ay0 8
asgas cnl lp 225 Gges! plsl Q] Dlos g 003,55 sloml SY58 5 poaile 518 5 ()] (e (obis
D9 Hgdde
ool ol ools lis O JSKS j0 e 5 g She Y Gl sladigel 1iS el ol bl
FYKGF 090> (59508 Jolae i ST (Gl Y (ool aigad oy plSominl 93,5 oo ovalive a5 jshailen
ol s jls il oo YYKOF g0 a5 e Slo Y (ol digad (i plSuin] blie jo a5 cul

Slye ole a4 abloo iS50 g p ST 4 Cand e 31 a8 ()55 (2L ggdge (nl
S0 pedad aladi 4y 9 00,5 S S s 4 g0 Yl Sl Y 5 by (5 Jles]
90y el w3 ol USS ek lp ot oy I IS oo ()5 4 g9yd g 005 s
Slr 65 G 9 008 &) S (Hw, 8 @)ls jphax Sl Y lyie 4 e B8 AS pladises

By dlg> o3V S i Jad Golas b cllSs ey B 16,8 ol

24 45

- i Brass interlayer 2
| Cu interlayer 2

35

30 -

25+

20 |

Load(Kgf)
Load(Kgf)

0 1 1 1
0 02 04 06 08 1.0 12 14 16 1.8 0.0 0.2 0.4 0.6 0.8

Deformation(mm) Deformation(mm)

(<) (&

5 asn () Gl Y joa> ;0 0Y9d 5 peilis 38 Seol ) by, 4 oad (6L diges (iS (yge)] jloges -0 S

o (&)



o o sl
Slad ol pole g dlgo (cwaigo

‘S!M)OL@ ,o,LC 9 019.0 @nw odSwinile

L) Al 0 S 57 oGNS

e ol VP23 olo 13T« o

AYYe—Yevas
Wgad H0 Al o0 G ,L cou sladigad slaly L, WS o ax gl > S aahis o c\.gﬂ

A4 e el sdaline BB g0 e slacdl by Jobite &g a0 L8, cpl mip 5UT g5l
oS el Joizmo 5l (g adl (28 (903T Sl gl ) U i gl jk8, Gal o0
S i had ialas cel odd 45 hp g 58S o coo [VE] Sl by i aSls
50 a5 aib oo ggo90 (pl dage (S eejl 5l e aiges 31 F S ol oo 4l Sl L Sl Y
5 b o 5 iS85 3 pglins S5 5 il oy B8 (ssl g
o2 50 g SWle sle a8 sldail 1) ol S0 s Jlao o¥ed 4 Cad (66T Jlade 4 Jgol )8
5395 30 (miyp Syge digel gd,m 40 45 0ayd S el ol e el sols ) o 0 (5568 Sisesl
A2 ) pgulid H8 Gl islas (riS

Seds ddlaie 10 00,5 oo odaliv (o Sl Y (g9l ladiges [2iS yge;l Jlogel 4 axgi b
Jad o YU Sosns ploul 1 L6 Wil po olas, cplcnl samlice LB (g ol glal LS,
PSS 50 £aos @ g9dge onl Bl (S g3l e po aly S (SOl a0 5 Y S i
@ 50 ol S oass I del (e yog o Jdo 4 Sl aY IS o ke 4wl coslin B
ool il B 1, sl SlS yo 5 35 105 Bblin ol cal 5 )T S ekl gias ndse Oy
9 000,58 15 mdge e,lS el JSb s cpl ol 65V alSoinl paslins 38 aS bl ol
] oabé)é” L;)b ‘wﬁ)bm

ol el Casds VIE 5 VO 350 S5 A j o 5 g Sl Y Gl sladiges CenSll 13,5

IRV PRI W1 B Ut I SIUIP VLIV WO S R U WY L OWJUUET N CEL SV RS U R v 3

om0 5 Sl AY jpa 10 0V5h g pgili I8 Saol )8 by, 4 ead (5, She> ladiges pglas —F JSL



o ol el
) Sl ) sleo pole g Slgo (cwaipeo

‘5‘44...:)0[*0 .a}LC 9 Q‘,.o ;;“"-\-*Q-“ P L W] K
Sy S Juad S i OLLGID

Al Ol p9% J’"":” a/__L VYF+Y oo oT A S )
AYYeY.Tas i

) (95N g5y Ko (o - F-Y

Tog 4 o oo oLt |y (1uaST g5l 5l e 385 i ST (oo Y 4 Logyye sl ¥V IS
9 Sloads ey UM.:JS ﬁf)o ).,.45 3y @Luo Y PYV-L N W Ls)my GLZMLQ.?Q oo)fse oo live
o Bry rra> 5 (o Sl (2 Gy e p ooges layeele 5 4 Sige 4 Gl Sl
Y S, a5 aoled oo 05U bl Cpl sl 00 )5 bows IS s 4 ) L8iS 69, i )
GeiS a3l jo Seredly S8 ks e 50 slaly Sl At 0 g oo mip Yl iy e S
gy &5 9lo o ol 5 00903 W3y (1AST gail @l s> 4 slal ul 1V 05 walys 3l 5,50
G 5 Jlasl oo g el 00385 s JSKb s L po pidn (idS yg0;] 10 lddiges 4 0ad o)l
Wb oodlin iS yge3l 0 a5 AeSilen .l odd aBnS 55 S 65 e 5l g pgelis al 8
Sl 0991 595 Sl Y Glilo sladiga pln ¥ 050> 55 e Sheo Y Gl sladiged CanSls 15,5
Alad oo 0l 1y oSl 51 LB e Y IS 1o ol (e S

oo Sl &Y Sy e 4

DET: SE Delector
DATE: 01/31/22 Ve STescan

etec

Device: TS5136MM
.

DE
DATE: 02/01/22 100 um Vega ©Tescan
Device: TS6136MM Digital Microscopy Imaging

DE —
HV: 20.0 kV DATE: 01/31/22 100 um Vega @Tescan
VAC: HiVae Device: TS5136MM Digital Microscopy Imaging

Sl B Ghg) 4 oad () Kdgx sladiges (Sl aY oud widenS mhaw I oy, (9 SI OeSuy S prglai -V S
S el 3l am e 5 @in Sloe Y L SY5ds il 518 slaaisad

AR



o e (ol

SoAiii 1A yo5leo pale g dlgo (owiigeo

] ‘514:.:;)&,,» p,LC 9 é"o (S O odSilo
h g;;l’.)W)ﬁQQﬁ):°mb

A7 o S b VP olo 43T ooyl yod
AYYeoveran il o

(g e ~B-Y

IS Gy 5 o mn She oY g VP pals I e (P S Sl ol bt
L ails oyt [Yv=¥al OV alal)) ' —Jlo alal, 4 azgi b ool oas ools lis V Jgam o (5, Siex
3,18 pogSae alasl ) 5T LSl

Ky

0, = 0y +—= (V) akayl
y 0 \/a J

el ails o3lasl d g bl o yo i Ky o SBasl 55 0g s (iS5 0y ]y oS

Seld ey 4 ) hs> Caz oslitul 3550 Slge Sy e bawgie -V Jgor

(g e plie Lawgia

oslo £43
HV
Ay poels
\Y- Vg
vy T
AY -
al S9)

4 00l () SSs> 3V 5 (sesaills sladised (59, 2 (P See hlsn o Sl Jol mlS

odalive . Cunl o oolo (Lad A JS& 50 (59, 9 e iip Dyl (Sl SladY jpa 50 (Seeld )
2l ) s Feel B 6, 0ex 5l e (Sle AY jga> 10 0¥ g palis b 58 S 00,5 e
0 it K s s 4 b o013 bt 558 oS K skt 53 o5 €ipSilos il o i
2l e 45 205 oo ol 5wl SllE o JSG s ¢ geld ) Sher anl e o Gl
S8 et 00,5 Sl cnl o Si )5l slas 5 bl JBs Gl 4 e Wl
LY Shld bl sl min e 38 0 Lo 155,88 B,k sl il saso 5 Slld S5 ioli8l cels solus

1 - Hall-Petch

\Y



o e (ol

St 14 ol pole g Slgo cmwiigeo

F ‘5‘45.:&)OL¢» ,591.: 9 é‘,c (S O odSwinile
h g;;l’.)Wﬁ-?Q‘;f)s°K-‘Ub

W o N 1F+) olo 33T ¢yl pad
AYYe—Veras siiclin

29 ol S B g ome )0 e Hold Cepu ul S 0 WilgS e el el &S AL e Sl
sl il b aly Sl ity S am

300
®  Brass interlayer
®  Cuinterlayer
250 | ‘4 Zoiowslayer: |
2o 0220 0222 P
Z. 200 - AL o
= A|88 ul’4 3
p 176 : ol3
6
(=1 55
’E 15()— ::"3
£ 213
=}
—
9
= 100 4
=
504 D > -
S o
: Ti ; Steel ¢
0 . . . . . . . . T .
=300 =200 =100 0 100 200 300

Distance(pm)
@Sl WY b (Feol ) g, 4 0ad (o) Slsx slaaigel Sho ¥ g arly SIS I s Sy S ald A JSS

(S99

Lol samlice BB sogulis als jo S8 (p S G mp Sl Y Glils sladiges peaz o

Gk g 00l pailin sladils 0l Bro (o) s Sy s 4 00l 3)lg (65,3 o)l Jlatzl (ke &
dew‘@fsoypjﬁm&aﬂ)dé)b)‘W‘OMMM@M@—JLQM‘)
Jad Jlail pac JJo 45 00,5 o camlice (59, Sbe 4Y (sol> dige ;0 59, L oVed S s Jad 4
daasly plin oy o 4 g 0al o)lg olge opl A SGe (6550 G yeS (59, 9 SV o (S e

Sl ools lid |y (6 Saiis rals oYed i

S5 A -F
Sl g i Sl AY o S i Jad o ol lid eal () Slsx sbhaY S i Juad o)y
b oo oo Y aBlige Syt b (SSe sloiS ol loaY (Faseer Jolse I (S il
i o Calied o g ools JSE i (5 Ksx e 50 483y 9 @ ST A G (39 ey Jelo
Lol YEUM Jolro o Slo Y L diges (gl pouilis ails o3l oy iaS .l canlice LB (o, K0s>
Pl Jilie ;o a5 Cowl FYKGF 0g0> (59,0 Joleo zip 5LIT Slo 4 (g5l diged pudud plSoeiul
Aol i Sle laJad o 4y a5 0g YYKOF 0g0 a5 e Sle a0 (gol> diged ol

\Y



&

JV,:..}_‘. :/ __’.%/“:%.’)

m&
oI o o2 (5 oL
. A .
RYTHRXTIN

o o sl
o leo pale g Slgo (cwiigo

‘_g‘w)glﬁ.o ,a,l.c 9 é‘,c ‘s.w..b.q.o odSwinile

L) Al 0 S 57 oGNS
VF+) oo )ST O s

laiged 5l (ctugy S90Sy Sun bawgl oy p @l ol Glis ) 6 SKedn ildl 55 aiS
e s ailosls o xd h9> (SodeS S (o She Y 0 a5 v e lis jiiS Qg.oﬂ 3o

[1]
[2]

(3]
[4]

(5]

(6]
[7]
(8]
[9]
[10]
[11]
[12]
[13]
[14]

[15]

[16]

[17]

&0
Berger, L., et al. SuperLIGHT-CAR-the multi-material car body. LS-DYNA Conf. in 7th Eur,
(2009).
Prangnell, P., Haddadi, F. & Chen, Y. C. Ultrasonic spot welding of aluminium to steel for
automotive applications-microstructure and optimisation. Mater. Sci. Technol. 27, 617-624
(2011).
Watanabe, T., Itoh, H., Yanagisawa, A. & Hiraishi, M. Ultrasonic welding of heat-treatable
aluminium alloy A6061 sheet. Weld. Int. 23, 633-639 (2009).
Bakavos, D. & Prangnell, P. B. Effect of reduced or zero pin length and anvil insulation on
friction stir spot welding thin gauge 6111 automotive sheet. Sci. Technol. Weld. Join. 14, 443—
456 (2009).
Chowdhury, S. H., Chen, D. L., Bhole, S. D., Cao, X. & Wanjara, P. Lap shear strength and
fatigue life of friction stir spot welded AZ31 magnesium and 5754 aluminum alloys. Mater. Sci.
Eng. A 556, 500-509 (2012).

Masete, M. S., Muchavi, N. S. & Chikosha, S. The effect of specimen geometry on tensile
properties of titanium alloy metal sheet. IOP Conf. Ser. Mater. Sci. Eng. 430, (2018).

Na, J. K., Middendorf, J., Lander, M., Waller, J. M. & Rauser, R. W. Nondestructive
evaluation of programmed defects in Ti-6Al-4V L-PBF ASTM E8-compliant dog-bone samples.
ASTM Spec. Tech. Publ. STP 1620, 206-233 (2020).

“Standard Test Methods for Tension Testing of Metallic Materials,” ASTM, 1999.

Vander VVoort, G.F., et al. ASM handbook.Metallography and microstructures. 9, 4474-0002
(2004).

Hetzner, D. W. Microindentation hardness testing of materials using ASTM E384. Microsc.
Microanal. 9, 708-709 (2003).

Herrmann, K. Hardness testing: principles and applications.

Vander Voort, G. Avoid microindentation hardness testing at low loads!, in 100 Years of E04
Development of Metallography Standards. ASTM Intrnational (2019).

Wang, C., Xing, Y., Hu, J., Luo, J. & Zeng, S. Investigation on mechanism of ultrasonic
welding AZ31B/5052 joint with laser texturing on mental surface. Int. J. Adv. Manuf. Technol.
0-14 (2022).

Liu, J. and B. C. Microstructure characteristics and mechanical properties of the Cu/Al
dissimilar joints by electric current assisted ultrasonic welding. Journal of Materials
Processing Technology. (2021).

Harman, G. G. & Albers, J. The Ultrasonic Welding Mechanism as Applied to Aluminum- and
Gold-Wire Bonding in Microelectronics. IEEE Trans. Parts, Hybrids, Packag. 13, 406412
(1977).

Shakil, M. Effect of ultrasonic welding parameters on microstructure and mechanical
properties of dissimilar joints. Mater. Des. 55, 263-273 (2014).

Samanta, A., Xiao, S., Shen, N., Li, J. & Ding, H. Atomistic simulation of diffusion bonding of
dissimilar materials undergoing ultrasonic welding. Int. J. Adv. Manuf. Technol. 103, 879-890
(2019).

VY



Pl _:;w o S oL
. A .
RYTHRXTIN

(18]

[19]

[20]
[21]
[22]

[23]

[24]
[25]

[26]

[27]

[28]
[29]
[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

o o sl
o leo pale g Slgo (cwiigo

‘_g‘w)glﬁ.o ,a,l.c 9 é‘,c ‘s.w..b.q.o odSwinile

L) Al 0 S 57 oGNS
VF+) oo )ST O s

Groves, G. W. & Kelly, A. Independent slip systems in crystals. Philos. Mag. 8, 877-887
(1963).

Lu, Q., You, Z., Huang, X., Hansen, N. & Lu, L. Dependence of dislocation structure on
orientation and slip systems in highly oriented nanotwinned Cu. Acta Mater. 127, 85-97
(2017).

Cuniberti, A. & Romero, R. Slip systems in Cu-Zn-Al martensitic phases. Mater. Sci. Eng. A
273-275, 362-365 (1999).

Kuncicka, L. and R. K. Effect of activated slip systems on dynamic recrystallization during
rotary swaging of electro-conductive Al-Cu composites. Mater. Lett. (2022).

Lu, L., You, Z. S. & Lu, K. Work hardening of polycrystalline Cu with nanoscale twins. Scr.
Mater. 66, 837-842 (2012).

Rohatgi, A., Vecchio, K. S. & Gray, G. T. The influence of stacking fault energy on the
mechanical behavior of Cu and Cu-al alloys: Deformation twinning, work hardening, and
dynamic recovery. Metall. Mater. Trans. A Phys. Metall. Mater. Sci. 32, 135-145 (2001).
Chen, X. H. & Lu, L. Work hardening of ultrafine-grained copper with nanoscale twins. Scr.
Mater. 57, 133-136 (2007).

Su, Z., Zhu, Z., Zhang, Y., Zhang, H. & Xiao, Q. Recrystallization behavior of a pure cu
connection interface with ultrasonic welding. Metals (Basel). 11, 1-17 (2021).

Zach, T., Lew, J., North, T. H. & Woodhams, R. T. Joining of high strength oriented
polypropylene using electromagnetic induction bonding and ultrasonic welding. Mater. Sci.
Technol. (United Kingdom) 5, 281-287 (1989).

Santhanakrishnan Balakrishnan, V., Obrosov, A., Kuke, F., Seidlitz, H. & WeiR, S. Influence of
metal surface preparation on the flexural strength and impact damage behaviour of
thermoplastic FRP reinforced metal laminate made by press forming. Compos. Part B Eng.
173, (2019).

Yang, J., Cao, B. & Lu, Q. The effect of welding energy on the microstructural and mechanical
properties of ultrasonic-welded copper joints. Materials (Basel). 10, (2017).

Shen, N., Samanta, A., Ding, H. & Cai, W. W. Simulating Microstructure Evolution of
Ultrasonic Welding of Battery Tabs. Procedia Manuf. 5, 399-416 (2016).

Yang, C., C. Wu, and L. S. Effect of ultrasonic vibration on dynamic recrystallization in
friction stir welding. Journal of Manufacturing Processes. 87-95 (2020).

Haddadi, F. and D. T. Grain structure, texture and mechanical property evolution of
automotive aluminium sheet during high power ultrasonic welding. Mater. Charact. 340-351
(2016).

Magin, J. & Balle, F. Solid state joining of aluminum, titanium and their hybrids by ultrasonic
torsion welding. Materwiss. Werksttech. 45, 1072-1083 (2014).

Chu, Q., et al. Experimental and numerical investigation of microstructure and mechanical
behavior of titanium/steel interfaces prepared by explosive welding. Mater. Sci. Eng. 323-331
(2017).

Becker, M. and F. B. Multi-spot ultrasonic welding of aluminum to steel sheets: process and
fracture analysis. 779 (2021).

Sato, Y. S., Urata, M., Kokawa, H. & lkeda, K. Hall-Petch relationship in friction stir welds of
equal channel angular-pressed aluminium alloys. Mater. Sci. Eng. A 354, 298-305 (2003).
Zhu, Y. Z. Grain growth and microstructure evolution based mechanical property predicted by
a modified Hall-Petch equation in hot worked Ni76Cr19AITiCo alloy. Mater. Des. 55, 456462
(2014).

Weertman, J. R. Hall-Petch strengthening in nanocrystalline metals. Mater. Sci. Eng. A 166,
161-167 (1993).

VO



