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ABS/polycarbonate
Cellulose acetate

ECTFE

LGP
Polysulfone

ABS

Acetal

Acrylic

Polyamide

PES

PPO

PC

PClpolyester

PBT

PET

PEEK

PEI

PE

PPS

PP

PVC

PTFE

PVDF
O|SAN

O Polystyrene

ABS
ABS/polycarbonate
Acetal

Acrylic o] (o]
Cellulose acetate
ECTFE

LcP

Polyamide

PES E [s]
FPO o

PC || o [lo
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Polystyrene [o] [s]
Palysulfone
PVC

FTFE
PVDF
SAN o 0 0 0

3 Compatible
QO Some compatible

(V9] gl b oy 4 o leSaadly 05 N4 IS

Colalad dnwiid A-Y_Y Saold Lien Jlail JSi A-Y-Y
SIS pold s w5 S0 e ml gy Jldl U5 50 Sty Syl 5)lSEs
Olaad Coolbus aol,8 pl 5550 10 &S Conl Slalad dwsin S Jol g9 0o Jlasl g (650 Seolan Jlasl o)l
yoS Oladad Cuolbrs juds o )b osge ply Lol i S B Jlasl maw g9y SIS dlte Ll Sl

bl jubo 3390 Lhgr el 39 il il Taw b 5 g ol s ogd el sl S 39

dapli

o b ol 8 GVl el culbis ) i a3k oy Jlail b paie Sl pie eles

ln.i']lg I:ls.lﬂu.ﬂ.ll:

9 e Oy g GBS G @l cul (o) Kigx 2 d9bse iyl sl gaw 5l Sele S
sl (5555 glade g b 5fS2 psn ol (551 Seadan b Jladl K505 S Y- IS
oKy (g g oigd gy Clakad s 4 cwolbrs S5 5p0 &l yudi oy OYLasl 5L [YO] canl o 03l

Db (Siww 2 Gl sdalie JB -V S5 45 S 24 oo odlitl
posadll 7o e 900 e gy oLl (slosy Jlto (ol oloi calple g 035 il Uhor Ges Jlail g5
BY/O solliws b g o ly yio duo ¥ U cuoles b Satwdge s > e bl 5 b ©gd (gl (g i
SynS Cundl | Culbus @ Coms &S Olaad dwiin

uis

3 6 jlouds / pebs Jlw /

& Cand &S So oS ol s 4 Ko o8 lalad > 3445

2 Iy el oS b 15 Jlis] @) zge Job

e iyisule pylgaay / 1182/

zse Jsb 4 okl g o b 4 S5 Gladad [¥8] o Jlast () 5 651 S glota b Jlasl (Call) Y IS

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIII



3 & jlodds / peba Jhu / Giles)l g Sgio oele aapis

weer iyisaule pylgaay / 1182/

[Y] Sl b ooy b )i o Sl (gl 36 Yy IS

plio » LS Feolyd Kb
Jlasl sboml sl ((Fgold )bge anl)d ) SNy
ove> 4 A (6)lse 1D ad e edlatil (s
(SesS 15lo 13 (hie HSn 9 5 M) DlS
Sl [V ] sl oo jlos i35 Sl § () Ko
Wyl &S gl wdid Saze > @ gy008 Slalad
ol o cen g By )lSe (5B bl
Swdly 30,5 Wl ey Alls Ojpod Olidad
JWge (Fgold HBIe b g Ngdoe ablo

[FV] b 0

dxbad Dlal yuss b aS o) dgng LS Jlein! (el )
calad O3S )| 0,8 e (sl olacaalS 5l oolitul 4,1
DALSS e St o) J i

ol ) Bber gy, ¥
laSwadly 5 ol (Seolp Hde lady)l
Wileg g @lio > ol 3l Ggei g Cusl 038

LYA] Conl odnlie BB (S35 g Ladlan «Ssg sl

9 SIS (nimee WOIH (Feol 3 (5 e
g sbaher 55 Jold Il (o) 8bga (5S4
2SS Gy (blg (Sl ladie 5 (e
o 9 500 b e Jladl g s ysd sl iy 55,
2 IYXR] 2505 o)lil )bl cale > Jluoy 4
BB 2l g e g bl cals
e 5 sosedl] sl digd o g Sl gl g0l B
435 ey ol ol 98 oo o3liinl SoS0 4 IS5
Ospsstd Ssbl 09y gy Jlatl e b
)5 & Comd &S 2> 3959 (Slakad (g bl o 1y ol
dhold )> ( Fpol b HBBex gy ) g s (polus
A5 Bl 423 5+ 5l e (o adlate | (st 5l S
@ ol |y il Sl g b [¥] WS e ol
Aol g0 e S00Ss 4 Jgolp )dg b,
g a5 28 o)lKsr plge 1) il s
P g b (B g Sl ol 5 ol
GiPged VY S 10 0y 239 (6, Kbss JB cuolus
4 3 dge gyl ndiher Cubl oamplis gols

V] cwl (Sgald o)



cgd b boanld ol & cwl (S Al B9 Cujorels Clilad VL )3 Sgol b () Kige |l

oyl 5l oladises VY S )0 g oo 3L (ool ) S Y] dab e oolitul Ladles mlis ) S

cSul dlize sbaY Kby wwl pSeuds

SNy D g 53 Sl go 5 gl 3 () g 5,8 Sl g e ga VY JSCE

acodgioe opl g zuyd 4 bl Jb > clajingh ool ) Khgs cCydgamw g Ll .0
P aoMs Ojson icadgizme o Llje cpl 29800 ads 3 Syl 6 8be ()8l laanl oolod wSlen
ool 005 03,51 ¥ 9V Jou> b oS ol olacudgiome 538 4 yasio sblje s

[FY QAN YOl 5ol b (5 g (glacusgioes 5 blje ) Jgdm

Leydgase (7%
o 9y sl S 4 (Kb 4 39000 g0 ol g (h9ds 5 del> s > (o>

Cudgze Cpl Olaad i 4 dogi b aS Olibad Colbus o Codgizme b oS e dile 3L Syl colie b ol o) SGes (gl culio

ool gl g (6 )Sudgr BB gloglie (5)Kbgx aiile (2l b,

e )l askad ol (Y askad &y ()90 bawgs (6)Lid (g8 Jlesl L o wob il (6 K> ol
D9l oo JSU e Slalad 4y S5b labad g Sg ol

obgS Yo (5,809 o)

Sl @ladad pl Canl (e () Kdbge labad 9 Sy g Aold ()8 J S g mwlegs] cubls
S bl il olaid 039d3te )d dBg g Wig Sge,la Slils)| B yao dae 505 5 55 5 L8 4 b pae

Banl)d Koo b awslie )3 08 Hlaww (B yae (55l

dapli

3 & jlouis / peba Jlw / yisleiyl g

wigizale ylgaay / 11/



3 & jlods / peba Jlu / Giles)l g Sgio oaele aspis

weer iyisaule pylgaay / 1182/

[P Y] LSl g0 5 5 g0l b () g G s it 5 Ll Y Jgit

Lh&g}g.\#m

L3

bp YAl g ob g9y sl JS 4 (089 4 3giome i S 4cd 9 B0l SlacSiadlige s b bl

Oglate Cudgasme pl Glalad i 4 dogi b oS lalad Coolus )0 Cydgione

0bgS Hlo (6)Kdg> oyl

Cowl

IS e s asha (] (VL adkd 4 ()90 bwgs (g5l (g0 Jlest L e a4y Sib clabad (S0 ge B

Y Lol Ko b duslio )0 08 jluw (Bpas 555

olils)l Hb clbad oyl cuwl (Koo (o) Kbgs Olalad 3 S5 Gygo p

S slsol uLw)l ‘_5{‘5‘-“’ [RPRC IR 4534 9 Hgad ggsu}c)[h

Sl (35 U8 g Ggmmlegl kB
Bran dlge 1503 9 55 9 5kd 4 b pas

wle aie Slge Gl oy dlge (5Sbe-F
ol ) eslimal (S @bl LB s
sl aalgs JWs & 1) anly8

iy o ol Mol lojer (5SS sip-0
So 0 GBS iz plejer l2l Wl g oy
Lol ol 250 03y )8 4y askad G (g9, 2 dl> s
03 )i Lygody (5ilwgyde o )3 jogad 4 &S
Ll cabls (Saold (hor dnl)8 b g oo o3lil
SLUFSRTS PR TR

5 sils ol Jlal oy Seolp glgel ) eolisal=7
S Se S Slabad 5l gl Jle yoboay - (Sl
sl Jgons ysboas 48 (V& puil) (Szaodly labad 5
abd 55 QB o b ol )l Gl
g dbml b digd oo 0315 1,8 3255 5l B (Sdhy
9 Seiwdly adhad )3 (315 addad Jlad I res” jlad L
P ol dlgise (il b gy, olils)) Jlasl
25 Sl Jlasl gl o 9 35 b Szdly

ol (o o 2l golis > 2)5 ol ) dlizal Y
W Juate S0 4 Wb il uin b )b s

Dy Yol 2B 6 pd)liSS g co pu

oy 5 Ol ouy] g gaSal P

Frol 5,

My «labad Jlasl > Cgolyd (g50l8 5l edlaul o) el

by 5l cali g 0lge il b ol aidly ¢ pSouia

gl Jlasl sl g slasbyy 4 Sl e ol

rle QL] Mg e wgold B9y ede ol

dox sl Jud ol J 2l 4 (asSsely Sl

olie p> Julp cpl esnl (ly Glgie & oledyp)lS

5l A0 )ke 2 jouaie Sixiuo

B9 slacajaels ) Cudlser dse (5)Sbg-)
B &S WS S g0l plouinl by 4 &S S
ol b yaS Jb 53 ns 4 bl ) eolatl

rdiclasl g5 ol b Sgol b (659kd cu 5=
ol ) Bber lp & cale ol b @y
Jga> BB 2eaSd b ()92 A5 b o llas
Ll

2 Syl el ol eolitl rgolp s gpslé-T
SiAl @l Wil dlize slaanl b
045 sy ‘o)L.v).w JuLou.:laJLo J.Jy‘n..\LQrvfuj)Am
5 ke glaanlp Glysa bauld ol & el

Dg 03 pb G j laes Hlatwgd



s labad _m Jlasl (el yy el p liles) ) ooliz
) o Rixie g liie oS cul a2g BB Llje

5 b hngen b amd o Ggw ol ) edlitul coows

il sly l3lh gl b 6, Kibgn a5 5 aolizl-A
Jb » cepw 4 & B al) slacyjeels

o Jgltie g Jgere s b 4 i 00l

a3 )5 AoMs ¥ Jgun dllie ol 3 0 ) clacoy A
ol 1y b slagzally g Llje JIS,8b (slap sl
..,\AJL;o
A3l a3 55 (5 gl DLal | dlael (sla eyl 5 bl clap 5518 clas 1S asd ¥ Ut
Slgo ol p3ul8/ 43 oy,
Sy (5,8
GF/PPS el 3 oMb S wlabd | SOl wilsle)) N95 5 S5 Swlo
CF/PAGG Sl aely U dacSmaMge s S VlySnss g5 e
Rl O T I A S5 oy
GF/Nylon 66 b ol Om 98 sk (95 5 g ol Sy Olies
CF/Epoxy UCH= Soys) oM 152 5 I b glo
CF/PEI oslo i O dals g dp 9 5000 ,d (6 peuh N A @l
CH/Al o Y 4 el L
GF/Al
ol ) Ssg> q
AllMg ol bogilye Feolp clils) Jlosl JE 5 o JLa] H
AlICERP - plsjads 5 o S8kl sl eoled gl (S Jliseyt 5 o J0 i
éL//C[:\:: obe 9y )lid ool al 35394 9 Loy sl gl e Syl Jow %
Al/Ni b ol ooled e B i sl 4y 8 padtns (gdygs iy & 09 Sl L] 5‘
Al/Ag wald s o igz iy bml s Jege (398 Skl (S ysl Jlasl k|
AGAU  ologin 5SS alaie s o e 4 ajpelS Ju 3
Cu/Mg S cod e b i
1
BLy
[1] Handbook, A. S. M. "Welding, brazing and soldering", 1993, pp.297-324. ;
[2] Gallego-Juarez, Juan A., and Karl F. Graff, eds. “Power ultrasonics: applications of high-intensity =
ultrasound ”, Elsevier, 2014. _%
[3] Fartashvand, Vahid, Amir Abdullah, and Seyed Ali Sadough Vanini, "Effects of high power ultrasonic -'I;|
vibration on the cold compaction of titanium™, Ultrasonics sonochemistry, 2017, VVol.36, pp.155-161. 4

[4] Abedini, Rezvan, Amir Abdullah, and Yunes Alizadeh, "Ultrasonic assisted hot metal powder
compaction”, Ultrasonics sonochemistry, 2017, VVol.38, pp.704-710.

[5] Abdullah, Amir, Mohammad Sotoodezadeh, Rezvan Abedini, and Vahid Fartashvand, "Experimental
study on ultrasonic wuse in dry creep-feed up-grinding of aluminum 7075 and Steel



X210Cr12", International Journal of Precision Engineering and Manufacturing, 2013, Vol.14, no.2,
pp.191-198.

[6] Abedini, Rezvan, Amir Abdullah, Yunes Alizadeh, and Vahid Fartashvand, "A Roadmap for application
of high power ultrasonic vibrations in metal forming", Modares Mechanical Engineering, 2017, Vol.16,
no.10, pp.323-334.

[7] Shakouri, Ehsan, Mohammad Hossein Sadeghi, Mehdi Maerefat, Mohammad Reza Karafi, and Mehdi
Memarpour, "Experimental and analytical investigation of thrust force in ultrasonic assisted drilling of
bone", Modares Mechanical Engineering, 2014, VVol.14, no.6, pp.194-200.

[8] Abdullah, Amir, Massoud Malaki, and Ahmad Eskandari, "Strength enhancement of the welded
structures by ultrasonic peening”, Materials & Design, 2012, VVol.38, pp.7-18.

[9] Ghaedi, M., S. Hajjati, Z. Mahmudi, I. Tyagi, Shilpi Agarwal, A. Maity, and V. K. Gupta, "Modeling of
competitive ultrasonic assisted removal of the dyes—Methylene blue and Safranin-O using Fe304
nanoparticles”, Chemical Engineering Journal, 2015, Vol.268, pp.28-37.

[10] Harthoorn, Johannes Leendert, "Ultrasonic metal welding", 1978.

[11] Frederick, J. R., "Ultrasonic Engineering, New York”, 1965, p.185.

[12] Abdullah, Amir, Mohsen Shahini, and Abbas Pak, "An approach to design a high power piezoelectric
ultrasonic transducer”, Journal of Electroceramics, 2009, Vol.22, no.4, pp.369-382.

[13] Abdullah, Amir, and Abbas Pak, "Correct prediction of the vibration behavior of a high power ultrasonic
transducer by FEM simulation™, the international journal of advanced manufacturing technology, 2008,
Vol.39, no.1-2, pp.21-28.

[14] Rani, M. Roopa, K. Prakasan, and R. Rudramoorthy, "Studies on thermo-elastic heating of horns used
in ultrasonic plastic welding", Ultrasonics, 2015, VVol.55, pp.123-132.

[15] Rani, M. Roopa, and R. Rudramoorthy, "Computational modeling and experimental studies of the

g dynamic performance of ultrasonic horn profiles used in plastic welding", Ultrasonics, 2013, VVol.53, no.3,
@ Pp.763-772.

{n [16] Kumar, S., C. S. Wu, G. K. Padhy, and W. Ding, "Application of ultrasonic vibrations in welding and
%l metal processing: a status review", Journal of manufacturing processes, 2017, VVol.26, pp.295-322.

o [17] Bhudolia, Somen K., Goram Gohel, Kah Fai Leong, and Aminul Islam, "Advances in ultrasonic welding
j of thermoplastic composites: A review", Materials, 2020, VVol.13, no.6, p.1284.

"E' [18] De Vries, Edgar, “Mechanics and mechanisms of ultrasonic metal welding ”, The Ohio State University,
3 2004,

n [19] de Vries, E. "Development of ultrasonic welding process for stamped 6000 series Aluminum." PhD
E- diss., Diploma Thesis, University of Applied Science, Emden, 2000.

"j [20] Bakavos, D., and P. B. Prangnell, "Mechanisms of joint and microstructure formation in high power
5' ultrasonic spot welding 6111 aluminium automotive sheet", Materials Science and Engineering: A, 2010,
. Vol.527, no.23, pp.6320-6334.

< [21] Cheng, Xudong, and Xiaochun Li, "Investigation of heat generation in ultrasonic metal welding using
i micro sensor arrays", Journal of Micromechanics and Microengineering, 2007, Vol.17, no.2, p.273.

E‘ [22] Watanabe, Takehiko, Hajime Itoh, A. Yanagisawa, and Makoto Hiraishi, "Ultrasonic welding of heat-
< treatable aluminium alloy A6061 sheet", Welding International, 2009, Vol.23, no.9, pp.633-639.

3 [23] Dhara, Sisir, and Abhishek Das,"Impact of ultrasonic welding on multi-layered Al-Cu joint for electric
31 vehicle battery applications: A layer-wise microstructural analysis", Materials Science and Engineering:

A, 2020, Vol.791, pp.139795.



[24] Li, Chunjie, Sansan Ao, J. P. Oliveira, Mingpeng Cheng, Zhi Zeng, Huijie Cui, and Zhen Luo,
"Ultrasonic spot welded NiTi joints using an aluminum interlayer: microstructure and mechanical
behavior"”, Journal of Manufacturing Processes, 2020, Vol.56, pp.1201-1210.

[25] Troughton, Michael J., “Handbook of plastics joining: a practical guide ”, William Andrew, 2008.

[26] Villegas, Irene Fernandez, "Strength development versus process data in ultrasonic welding of
thermoplastic composites with flat energy directors and its application to the definition of optimum
processing parameters”, Composites Part A: Applied Science and Manufacturing, 2014, VVol.65, pp.27-37.

[27] Villegas, Irene Fernandez, and Harald EN Bersee, "Ultrasonic welding of advanced thermoplastic
composites: An investigation on energy-directing surfaces", Advances in Polymer Technology, 2010,
Vol.29, no.2, pp.112-121.

[28] Aliosio, C. J., D. G. Wahl, and E. E. Whetsel, "A simplified thermoviscoelastic analysis of ultrasonic
bonding", SPE Technical papers, 1972, VVol.18, no.5, pp.28-32.

[29] Benatar, Avraham, and Timothy G. Gutowski, "Ultrasonic welding of PEEK graphite APC-2
composites”, Polymer Engineering & Science, 1989, Vol.29, no.23, pp.1705-1721.

[30] Benatar, Avraham, and Timothy G. Gutowski, "Method for fusion bonding thermoplastic
composites”, SAMPE Q, ; (United States), 1986, Vol.18, no.1.

[31] Miodrag Prokic, “Piezoelectric Converters Modelling and Characterization”, MPI ultrasonics, 2004.

[32] B. U. Corporation, Ed., “Amplitude Regulation.” U.S.A., 2011, https://fliphtml5.com/xpbg/jghn/basic

[33] B. U. Corporation, Ed., “Amplitude ProfilingTM and Weld Strength.” U.S.A., 2012,
https://studylib.net/doc/18252668/amplitude-profiling---emerson-industrial-automation .

[34] https://sonic-innoventor.com/wp-content/uploads/2016/05/Studies-in-Ultrasonic-welding-og-
thermoplastic.pdf

[43] Wu, Chung-Yuan, Avraham Benatar, and Abbass Mokhtarzadeh, "Comparison of ultrasonic welding
and vibration welding of thermoplastic polyolefin”, welding in the World, 2012, VVol.56, no.1, pp.69-75.

[35] Stokes, Vijay K., "Joining methods for plastics and plastic composites: an overview", Polymer a.
Engineering & Science, 1989, Vol.29, no.19, pp.1310-1324. _1
[36] Andrew, William, "Handbook of Plastics Joining", Plastics Design Library, 1997. q
[37] Mariam, Hasetetsion G., J. Rick Baer, David J. Scholl, Ronald P. Cooper, Daniel E. Wilkosz, Anthony g
J. Grima, and Larry V. Reatherford, "Ultrasonic Welding of Aluminum 6111: Reliability and 2
Maintainability Study of Robot Mounted C-Gun Welding System", In ASME International Mechanical 3
Engineering Congress and Exposition, 2007, VVol.42975, pp.689-697. \a_,
[38] Hetrick, E. T., J. R. Baer, W. Zhu, L. V. Reatherford, A. J. Grima, D. J. Scholl, D. E. Wilkosz, S. %
Fatima, and S. M. Ward, "Ultrasonic metal welding process robustness in aluminum automotive body i
construction applications”, Weld. J., 2009, Vol.88, no.7, pp.149-158. Ry
[39] “Branson ultrasonics.” https://www.emerson.com/en-ca/automation/welding-assembly- j;
cleaning/metal-welding. %
[40] Matheny, M., "Ultrasonic metal welding foils to tabs for lithium-ion battery cells", Cooperative
Research Program, Summary Report SR-1301, August 2012. N
[41] Wu, Chung-Yuan, Avraham Benatar, and Abbass Mokhtarzadeh, "Comparison of ultrasonic welding é
and vibration welding of thermoplastic polyolefin”, welding in the World, 2012, VVol.56, no.1, pp.69-75. E
[42] Mdrschner, Rolf, and Udo Wagenbach, "Device for the ultrasonic sealing and separation of a pipe =
section”, U.S. Patent 7,128,807, issued October 31, 2006. "i


https://fliphtml5.com/xpbg/jghn/basic
https://studylib.net/doc/18252668/amplitude-profiling---emerson-industrial-automation
https://sonic-innoventor.com/wp-content/uploads/2016/05/Studies-in-Ultrasonic-welding-og-thermoplastic.pdf
https://sonic-innoventor.com/wp-content/uploads/2016/05/Studies-in-Ultrasonic-welding-og-thermoplastic.pdf
https://www.emerson.com/en-ca/automation/welding-assembly-cleaning/metal-welding
https://www.emerson.com/en-ca/automation/welding-assembly-cleaning/metal-welding

.

. Brazing

. Transducer

. Booster

Horn

. Magnetostrictive
. Catedoinal

. Exponential

. Polyetherimide

. Ball screw

0. Insert

B O©ONOUAWN R

wyole fupisi

uguo

illmil | @ma Jlw / ui.'ll.n.i'jlg

w iyisaule pylgaay / 118/



