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Abstract

Welding of dissimilar materials is an area of growing importance in the automotive, aerospace,
electronics, medical and other domestic appliance industries.

This study investigated the ultrasonic welding of dissimilar polymers. Two amorphous and two
semicrystalline polymers were used, utilizing all possible welding combinations. For each
combination of dissimilar materials, the weldability of the joint was evaluated as a function of weld
time, amplitude of vibration and pressure. The joint was also examined microscopically to analyze the
melting and flow of the materials.

It was generally found that welding of amorphus polymers with semicrystalline polymers resulted

in very poor joints. Welding of the amorphous polymers together and welding of the semicrystalline
polymers together produced good joints.
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o*=0, exp(iwt) =0, cos(wt)+ igsin(wt) (1)

=& exp(iwt) =g, cos(wt)+igsin(wt) (2)
5% 2E2l~ (complex modulus, E*) =
E*=a*/e*=E'+i E” 3)

E’:= Storage modulus, E"= loss moduluse]t},
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Fig. 1 Lumped-parameter model
welder

for ultrasonic

1=2h/3

y=-3x/4

Fig. 2 A simplified geometry for the energy director
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7 ek,
ageg
2n/w

W= L E’& sin wt{gw cos wt)dt

2z/
+ _[ i wE”eo cos wt(gw coswt)dt (7)
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Quve= W 27/ w=we,2E" /2 (8)
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& . strain amplitude, E” ; loss modulus
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vehE 4 3ok
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o] A i
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3.1 AEER e

Aol AH2E AxE Photo,1 3 Zow 7 Zg
FEL ofefet ot

Oscilloscope(Hewlet Packard 1743A)

Pulse reciever(model #5052PR)
Transducers(0.5, 1.0, 2.25, 5.0MHz)

Ultrasonic welding machine(Branson 910M,
20kHz)

Boosters(1:0.6, 1:1, 1:1.5, 1:2)

Fotonic sensor(MT1 1000)

Tensile tester(Instron 4204)

AgAs2AE olfe] 47k Zelaglo] Ag=gl
o 21 7)AA AAL Table 1 of vehig]

Acrylonitrile-Butadiene-Styrene(ABS, Borg

Warner)
Polystyrene(PS, High Impact, Grade 6800-
Chevron)

Photo.1 Ultrasonic plastic welder

Table 1 Mechanical properties of welding materials

Tensile . .
Materials ~ Strength L longation  Density
(MPa) (%) (kg/m?)
ABS 35 39 1035
PS 33 15 1030
PE 8.4 350 962
PP 28 17 894

KEEESREE, Fo% F1MW, 1914 3H

51

Polyethylene(PE, High Density, Grade 6206-
Norchem)
Polypropylene(PP, Grade 8000GK-N orchem)

3.2 ¥ =AM

Azel fFLrol Jede F 2oz RE
(B9 24 REHA(EN)E do} B7] S48 24
2232 (oscilloscope) 9} &+&2} (transducer) & o]
£3te] mAlol ofdl Fube} 3lulo] 848 ZAFY
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At eAdgzazZo Jehd Zols V,=2d/to)ch
(Fig.3, d: A=, t;54). 2A4E sz ~z
=) A-F AlZ (signal) & A,, A A3 5 A5
H a=20 log(A,;/A,)ol 0|72 Z~ elAE (loss
tangent), tan 8,5 Al4ksh=u] o]-&=c},
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I AT o d ohfnly ES A2 sl

SAA I £AHYH, AL AFEHE o
E3 Ags 2= AFL 8 (booster) 2 u}
ToEA AhEElgid, AL ZrY 4K
(fotonic sensor) & ol-&3] 43 4 gloicl},

Fig 5ol Agdxl2e} Agme P4 Ho|xd] of
Yz o|HE (energy director)= 60°% gt &4
A7k 0,25, 0.5, 1.0, 2.0, 3,022 3lglon] &
AL 170, 240, 350, 420kPaz 3joic), ZEo
0.013, 0,026, 0,036, 0,048mme 3}giow =A=x)4
7k (hold time)& 3, 0%, E2A  (trigger force)

O

box

_jTUNE| OSCILLOSCOPE

GENERATOR

TRANSDUCER
SAMPLE

Fig. 3 Measurement of sound velocity and
attenuation
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2 2Eas ot Folske Bs REE AT ad
o} ol BE Foliold elme ¥ATzel A
s — 5elo) Aok AL ojnlaiet,
\J o~ ] Fig. 6, 71{]/4% ABE PS= =% =77 (amorpho-
A A A
Table 2 Storage modulus(E’) as a function of
STEP EXPONENTIAL CATENOIDAL frequency
Fig. 4 Examples of horn geometries with the Frequency ABS PS PE PP
resulting Stress(S), and displacement (MHz) (GPa) (GPa) (GPa) (GPa)
amplitude(A) distributions 0. 02 2 85 2 35 40 3 87
0.5 3.06 2.7 4,23 4,05
1.0 3.12 2.9 4,3 4,06
2.0 3.15 2.98 4,39 4,08
3.5 3.26 3.09 4,45 4,16
PART-A
Table 3 Loss modulus(E”) as a function of frequency
Frequency ABS PS PE PP
(MHz) (GPa) (GPa) (GPa) (GPa)
PART- B 0.02 0.42 1.11 0,52 0.32
0.5 0.22 0. 46 0.24 0.14
.;: :;I 1.0 0.14 0.27 0.18 0.11
2.0 0, 08 0.17 0,15 0.09
\ \\ A ' 6005 005 o
N \I\sgg,g N N N 3.5 0.06 005  0.05 002

SENSOR QSIOI'QCQ Modulus (GPa)

Fig. 5 Schematic diagram of welding fixture and

test sample L %"f - —_—

110 N, 3l7+24-% (down speed)+= 20cm/secZ 313 o ? —-
ot

ol

Aze] AgHE ABS-PS, ABS-PE, ABS-PP,
PS-PE, PS-PP, PE-PPo g =3lsle] 7+ zAH=Z =
AL 5314 W sk,

sl Al H-& A x| (testing fixture) & A% ¢ es 1 2 28 3 a8 4

—=pp wh~pg N ppg -E-p3

Frequency (MHz)
) 0.5cm/minZ A A% A APREE Aol Fig. 6 Effect of frequency on the storage modulus
ke,

Loss Modulus (GPa)

12

4, 48 Zofet 1F '

4.1, 2g2| (Moduli) LYY
£Edo|x] vEA(E)$ 24 REHA(E)E= e
ARy Flausl WYe ddsh FL0 dex o
28915 olga 24} Y2l E SR} Agsge, 0 L
Table 2, 30 419 gke ofo] WEH oI Fabgs} Frequency (MHz) ‘

& oJA|Fha glon] Zuldrl Zrldlel wlel A€ o) Fig. 7 Effect of frequency on the loss modulus
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us) T-Zo]v vb7d A (semicrystalline) =29l PEY}
PPy}t E77} 24 vehde] oj EA17) ddze)e
Hio| Hof upito] Hoix)7] Wil Zoz walg),

4.2, 83 A4~

AL Fuale -5 (flow)ol] TAIEE] oz
| (energy director) & #8417 &A% HX
F5 A sledFEr}, E(horn)d} Eajrjele] HEg
F33H 5 ol Aol &8 4A G

44718l mele Fig, 1oll4 2i=upse} zbo] ~23)

# B (damper) 2 A& 4 glon] oz
of] o]gtado] Hutglc}
Fig, 8ollA] #¥ (collapse)& t&Ho] Z7bale] uha}
e B 4 o 2alo] wiAdA (ABS, PS)al
2 & W (collapse)-g 7}xm] Z2o] Wiz AAA
S g Bl

ol w74 (amorphous) Ea~¥ uch w4
(semicrystalline) 28-S o] WL oz & Fo]
of Aot £83tm & 4 ojrh, o] FaAlo)A
ofl ABER A wEHAI} 2
(collapse)-2 7+3l .

oJE_ﬂ]TO: 701,5_0” HEtzl o] odske. 1,}5}1,}])55” 1;}‘3_ Q]

hJ
o >y

rN
P
nd
e
B
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T HT Y ooe
He &7 SHEL A2 oAl AalE A Ag)
of SAAT oA Y efe] 485 7pAlerd,

2822 Fig, %llA 2= upel 74o] 170kPac]A]
350kPartal = 7wt o2k Fobesh v Be ot
= 257 AEeR 483 £500 SAEE ey
7] wlgoll Hxbe] o] efslEle] 7w} wWojx =
Ao viepdr},

26 Collapse (mm)

—ee_ ABS=PP.

=6~ Ans-rt

b _ABS=PE

0.8 |—=—pBpp.
= p3-P0

?oo 1;0 1!;0 25‘0 3;0 + 3580 400 l;ﬂ 500
Pressure (KPa)

Fig. 8 Effect of weld pressure on collapse(weld

time; 2sec, amplitude of vibration; 0.

013mm)
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"Ibnsllo Strength (MPa)

= pEerr T
—— ABS-rX
—* ADS-PP
s B pgepp o
—e P3-PE
—0— ABS-PS

% 00 260 300 350 400 460 500 550
Pressure (XPq)
Fig. 9 Effect of weld bressure on strength(weld
time ; 2sec, amplitude of vibration; 0.
013mm)

Aoz 350kPacll4 420kPartAl: 757} A
3 He E 4 e e FEAas o7
Benatar®9] Z=te} -f-als)c},

aEE dubH o g o|FAfgelM fAgbL 350
kPag =7} AHedsleta & 4 9},

SHAEE 239p58 AT Azkolet, o]
&t 7ol mE ool Fellarlo] HztslEr] oloux]

5 £ odo] Feluelo] A
Aske A ®)€ ol e wasE G

L

Zz7He
1) AR U H2E g Ak oA ceie e
Arha ®gtew (Fig,2), 2) wals

ob A5 G4 mA] A% Acky Adeln, 3)

o gt ghr} obyetm spAsioich,

AAMA2Z Fig, 1004 ¥ ule} 7lo) TEEHA
8ol A7kl thdk oz wage A|7ko] Zrbakol)
a2t Aol AxHes Zrlslada, Fig 1lo4s &
ARl whe} Ax s F7158 waich, =3 Fig, 12
A4 olFFUAEAE LR Ate] Zvlelm g
(collapse)o] A o] ozl Zrlsicle 7L
Halet,

E3 412kl a4 245 fx]= 814 A (amor-
Phous) 2ol A= o] &3k & Ax|sh} Mz ke =
HollAlE Abol3hg R 9lw, 4k 4 (semicrystalline)
o] o]BAur of Be gaAlzle}l e} How
23ltt (Fig. 13~15).
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Energy (Joule)

1200

1000

800

400

400

200

[ 0.8 1 L5 2 25
Weld Time (Sec)

Fig. 10 Effect of weld time on energy(weld

pressure ; 350kPa, amplitude of vibration;

0.026mm)

28 Tensile Strength (MPa)

0r— e

18— e e

4= pp
—— pp
F s v
-~ Ans

1 15
Weld Time (Sec)

Fig. 11 Effect of weld time on strength(weld
pressure ; 350kPa, amplitude of vibration;
0.026mm)

2 Collapse (mm)

as

o . R . . . "
[} 05 1 L5 2 25 3 kY
Weid Time (Sec)

Fig. 12 Effect of weld time on collapse(weld
pressure ; 350kPa, amplitude of vibration;

0.013mm)

Energy (Joule)

1600

1400 — T
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ARS-PP
1000+ - - -

400

400 F— —— - - —— p S
—= Theeory

200 -~ T T T = axpeniment

) o:s ' x l:& z u .s s
Weid Time (Sec)

Fig. 13 Effect of weld time on energy(weld

pressure ; 350kPa, amplitude of vibration ;

0.013mm)

Fig, 149} Fig, 15014 olUxlHsh= alatxlet vz
A z wton ol yyz] o] As=lz} &A1)zt Z7}3ke]
el Zrds B 4 o}, oJRe 2~ uE %7}
FELzol 2A A5 Ha oviz] e &
olvt 5ol FEE X7 wEoleln B 4 %4

|AHAZY Frhes oluA e Aste 2AE F4
of $A7Ee Zvis slRect =3 oUx I}
AR 257} F7heka ol 24 U] HFEE 47
F&H, olv 5T} Z-go] FopAl M} ola} B
A7E BAks GolFHA| o] LA AT R A
el A AAsle] Ars Zolsle Aeg B 4 9
o}, e} Fig, 16004 $3 A74-8 F7hgicka &4
A% AAR=E7 FokskA 58 & 4 U

Energy (Jouie)

1400
1200 - 7
1000 -

800 F——— ——— - AlS-P!__._7 A

600 [N

400 F— e e e e e

200 & T Theary

=+ Rzperimest
o " L s L
0 as 1 LS 2 5 3 a5

Weld Time (Sec)

Fig. 14 Effect of weld time on energy(weld
pressure ; 350kPa, amplitude of vibration;
0.013mm)
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Energy (Joule)
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1000 - —— -~ -
s00F — - - - A U
= Theery
— izperiment
¢ : . L s
[ o8 1 LS 2 25 3 pE

Weld Time (Sec)

Fig. 15 Effect of weld time on energy(weld
pressure ; 350kPa, amplitude of vibration;
0.013mm)

m‘lbnsuo Strength (MPa)

== AdS-rP
g e
== pg-pP
-6~ ANS-r2
Of = pspr - C

o s 1 s 1 28 3 s
Weld Time (Sec)
Fig. 16 Effect of weld time on strength(weld

pressure ; 350kPa, amplitude of vibration;
0.013mm)

Fig. 160141 2 wis} ko] ABS-PSt 2240l
A% 7= 3irl glon 2:o]dol 4 gntdt WEE
Bale}, o7& Benatar® 5o} ®ql 1,5%7} H54
ojeka BelAel A& fAbsiet, e LA
SR S T 22 AFot A Zlee A
s3,

4.4 DE| HE

Mz & AL 71+ BAH (booster)F o
& 479 FaxEe A Bgkel, A ()& o] &
3 vz Mats oiAdgia ojule] AEL 101 A
Elo}j 4] strain amplitudes 0, 1& #c},

Fig. 17014 #¥ (collapse)ﬁ’- Az A Fo| Fr}
Bl e} F71Ee o 4 gla Fig, 18014 B wiet

KBEREEE, BOS B1 19914 3 A
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Collapse (mm)
28

4~ Asserr
& p3-Pp
Eanll 214
- Ans-Ps

0 10 50
Amplitude ol Vlbmuon (*0.001 mm)

Fig. 17 Effect of amplitude of vibration on
collapse(weld time; 2sec, weld pressure;
350k Pa)

.'Ibnmo Strongm (MPa)

,///

(=8 pm-pp ™
— ABS-PP
el 224

[ -8 Ans-rt
— ANS-PS
== perx

Ampumdo ol Vlbrmion (*0.001 mm)

Fig. 18 Effect of amplitude of vibration on
strength(weld time; 2sec, weld pressure;
350kPa)

7ro] Zrx ol Z51E A= o= AES Fote)
of & Zlor sgxich ubAdA EellAH (semicrys—
talline plastics, PE, PP)2 v]4d A Z2]~El (amor—
phous plastics, ABS, PS)®.c} #=Z9] of3ko] 74
FAG Wsrl Balck, ufebd] iy Zelaele] &
Holle o] B oAz} Aesicta & 4 9o,

4,5 =3 4

e
ol

Photo, 2014] Xole AL &4 7)o 1%, 2%, 3
ZollA zale] WA E Bal Fo|), FezA(§
Aste 350kPa, % 0,013mm)ol+ PS2 PE¢]

2HE §HA7 12 (@oIAE FAES §8o] Dol
FE dolof 22 (bel At A2 ATl
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vepdch, £4A7F 3= (c)olAdE o] F sz Photo, 3& A2 oh& A A-S A Aeile] ARzl
(interface)oll #¥Eol A EFET o5 Hal (a)+& %€ vw|ZA (amorphous) &4¢ 7}x ABSS}
ot PSE $AAIRF 22, &A%H 350kPa, AF 0,013
mme AT Fole}, o7]4 Bz upe} Fo] 2 2

(a) . 3 e AR Bl gmate] Aol FolshA o] FoiA AA
T * o s Zor ol &4s]e] ARz Malrl ol Fate] AAY

Fe U i ST e wh ol Rold lagE $RA] $4ue B 4

ek, A4l (b)= A& oh2 =2 (ABS; amorphous,
PP; semicrystalline) & 7}# &g A3 Abdlal

+ 2zl A7 S &4 & Uk ole (a)
o g 2Hoz LA3FAt =Ho} AR}

Hobre 2T 4 e,

. 200pn
Phote.3 Micrographs of weld intergace(ABS-PS,
ABS-PP)
5. & 2
v ? 285} $AL o83 olF Falew AT A
Photo.2 Mlcrographs of weld mterface(PS PE) o EHAS AL 4 JdE AYA o7z u|AA
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olF Feadle 23v A i A7

(amorphous) ¥} HF3A (semicrystalline) S| AE
o] A LA=AE doirh

1) AAe] e F2E 71 2AAA Ay Fo
£EL2 &xiido] 243e] PSe} PER dlAl®ez of
Zsich,

2) 4ol EelaEeld 2ESE olFd TEE
(modulus)& FA43ct, ole FdxEe Zx 4
of -F-&3tA o84 + glvh

3) EAskE e Frke SHAEE FRIIY UF-
el BAp7) AgEe] okstsl=az 350kPa =t A
33 Aee Aladrt,

4) SAAI Y] Foke AvxHae} FEE ST
7t A AL 22 Ao A3 eg Bl

& AR 2831% o 8F EAhsY
]

£l

[+
o8} Za|~¥ (engineering plastic) H¥oll A 7|
o

F 7
B ol 7= 199095 ofor Eshxiule] F9lo 7 njF
OhioFdthe, &AFdelA 84 Aoz 25t
Aol =28 F4 DG Howdenmfds A
Benatariu<rd, 2]w oot F3kAwt oz iolA 7
At
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