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Joining of Polymer Materials with Ultrasonic Welding
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Abstract

This study was performed to find the best bonding conditions by comparing mechanical
properties in thermoplastic resin of polyethylene (PE) and polyamide (PA) adhesion. Following
results were obtained from the tests with varing welding time and welding pressure. Satisfactory
adhesion was executed in ultrasonic welding for the same materials of PE and PA. The best
welding conditions were found to be weldiing time of 1 second, welding pressure of 250kPa for
PE-PE welding, 2 second and 350kPa for PA-PA welding. Welding time and welding pressure
tend to increase with the increase of materials strength. Dissimilar materials were adhered when
adhesion and ultrasonic welding were performed simultaneously. The observation of the
structure of ultrasonic welding area with microscope showed differenticated structures between
well adhered region and badly adhered region.
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1. M B

iz, WE, A" £F S o]£HA g2
g (plastic) ©] °JAl= WAA, A= T& {73
=3, A5, 3 T, 24 F HS B F
Aoz 2 8571 71 Horke FAeld.
E3] 97144 44 (thermoplastic) = @3 713
of thF Aite] ot YA, ¥l £
& W ogkohd 229 AFL o83 FerH
27719 Ntz Hge T $& APerE 1
57} 7k & A ¢A HAvh

%29 87 (ultrasonic welding) & 1958'd vl=
2] J. B. Jonesol &3] /et sHdow, EeprE
A 253 AFo) A3 ¥d - A3} - &5 d
Aol wha} 2719 EelaE HEwo] DEEte 1
Foj &t ZHgo] Pojut o] o]FoA|E AL
2 97aA FA9 Zgd oM E A AgE
A L L I =

2o 2d 48 AH - A& 84
7o) & AT 9% A AG S Hol J
A oMY 2Eo o vpE BF qr 9
& Aol ik, tREe ArlaA FACGAM A
|Holv} A4 3] AP &t 440 o
53, ?

289 A9 5 Eal2g A o
A gt Hez "M THo] ol X
HAel 71d 2 wHdg slngA shsdA He
o, AR ZgtAE Alold] F4 el HE A
Aol Zelrelo} HAA & 7Y 25
S 71t AA ZgtaEHE 52 228 JEHA
2z 7Y £ Jot. ol EAE
9 ol% AR £ =go] @ Mk olrie}
o] BhsENd dAEE FAdAE ARAS
Weg A9 Hito] A’

B AgdMes driad #1399 Egd8d
(polyethylene, PE)# Z&)o}u| = (polyamide, PA)
£ 277 (glue gun) & )43t A E (hot-melt)
Qa3 H$-9, gdE Ha ¥ 289 £HS W
g3 AL, 229 SHD I A T FEE
o A ZAEE A sigey, A A& vw
3ttt 238 B8t 283 £ A PES} PAY
A A 20L& Yolum, 229 Hito] F H
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X g o]ZA (PE-PA) 7S] FE WE L AA o
a7 @k

2. A8 A R AY YUY

2.1 &g Fx

EAge 289 844 %, 282 289
EHolMe 7t 208 FFE AW T8 HE £43
71 1% APez, 289 §37i% 2F4& 9
43 &3 J&S SR

AY 2= EAE 98t I=9 Y2EFA
7t Az e A8 A871E AHsden, H
g AH 2z gEee F5 AvF S A8t
At

Table 12 A3 ]9k AHE 71710l thak Agolch

Table 1. Instrument and Specification

Instrument Specification

KDW-2400PW, KOREA
560 X 410x 510 (mm)

ultrasonic welding

machine

electronic hot melt
GR60, AC80~240V, 60Hz 40W
glue gun

8502 (INSTRON, ENGLAND)
maxinum capacity

- +/- 30 ton (static)

universal testing

machine
- +/- 25 ton (dynamic)

Union Versamet 3 (JAPAN)

image analyzer

metallographical

microscope

equipment of data
auipment © EXCEL

analyzer

2.2 4 4y

221 84 24 2 HERAY 9F

B2 Ay AlRE Al ZedEAPE) A} F
dolr|= (PA) o] HFAZE SFWEE AR5
3, JHEEZ =ol=d ZFAL AL Atk &
A A FF&AA 9 7)1 AH AHA-& Table 29 e}
A vle} e},
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Table 2. Mechanical Properties of Studied Materials

AT - AT

Table 3. Welding Condition

; _ Compre- | Forming
Mate- Tensile ) Elon Density | Mod-

, ssive |Temper-
Strength [ gation pe

(kg/m) | ulus Strength | ature

rials opa) | %) | (MPa) ®)

P.E.} 23.7 67 949 |71.5) 20.8 369

P.A | 64.2 [ 256 | 1130 | 188 | 66.3 496

Ry . Amplitude Trig-
Nate- Welding Condition Hold Down

f er
Weld Time(sec.)/Weld Presswe |Time| | Velogiy | ©
. Vibration Force
rials
(kPa) (sec) () (em/sec.) )
PE-PE

RV VARA AR

PA-PA 3 3 20 (10

Hot A7 286 235 32.9 45 207 o 15012504350115012501350115012501350.
melt
2.2.2 A1 A= 2241—!2}

£33 A8 F2he AHE, a2ln Jig 25
9 44L& HIYPF B¢ BF 52;};4 Ag A
123t Fig. 13 2o AZstdn, Aol 73 &
ol&tA HEZ 57 95l A ??}4.’5‘50“ Az
t] 2E] (energy director) & 428 0 2 7HEstach

kS _2.8 Energy Director

Q;

s>
7

10

25Lﬂ 10

(53)
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Fig. 1 The Shape of Test Piece

22388 20 443 2L 289 &3

289 99 71 F2F AL 2859 AUt
R 7HE 1sec, 2sec, 3sec® dtgony, &3 ¢tege
150kPa, 250kPa, 350kPaZ 3}, PE-PE, PA-PA,
PE-PA®] #2032 43 stglen, =¥ 59 24
A FHWEZ FYA3 & PE-PE, PA-PA, PE-
PAS o2 £HE AA A

2E 27494 A A7k (hold time) < 3sec, I

Zo 35pm, &£9) 37 £EE 20cn/sec, EEA
%) 2 (trigger force) & 110N2.E 3lQ o, o] X
77 AF" dFAE HH §£H 2@ 2
2 83 Zo|th. Table 39 &4 ZAL Ug
e =

93

FAE ol &3l SAERZ FHI F 150kPa
< %}Fﬂ,gi 3027 TAAZ B AL A 15Uk

78} skt

225 J&{F- =4

Ao 22s #2387 f3td 24 24H=2
HH 247 24 2o £HE AHEE 2
stod @& 3lgiTh Table 4o %2 BRF A|He
43 220¢ YRl

Table 4. Weld Condition of Micrographic Test Piece
(weld time (sec. ) /weld pressure (kPa))

Material Adhesive Maximum Minimum
aterials Methode Condition Condition
PE-PE U. W. 1.0 / 250 1.0 / 150

1.0 / 350 PA-PA 2.0/ 350

_ Adhesives + |

3.0 / 150 PE-PE U W. 1.0 / 250

1.0/ 150 PA-PA " 2.0 / 350

2.0 /150 2.0/ 250 PE-PA

2.2.6 AFA Y

(1) €198 249 AFAE

£HE 427 PESY PA9 APHS W5A=E
A7l A AEg A Sk AFAE
t]o]E]&= INSTRONALS] 2pa] 7l AEELofQ]
FLAPS TLUS®l 4] IGF File2 A& $ 1, EXCEL
2 WEsly doly XNEg sgth A& AF o
olg M4 £EE& 10HzolH, AF £ 0.05
mm/sec. ARG},
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2) &3 AlHe A A

5} %% PE-PE, PA-PAS SdE HX 3
7} 873 PE-PE, PA-PA, PE-PAS A1¥H
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nlo

) Fad AHe A A
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g ZAw7t olF A dehdou, HE 4ol
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A% A= AstEe 4L 2ok oHE
A2 Fig. 2(b) A9} 2ol &5 A7t A
2secE 3 ALE AN E ¥]5=3 A3ES Hol 9l
o}, =y Fig. 2(0) 9 2ol 283 A7t Al
3secZ A& A, 259 &3 %512}% %‘ e

Aol A At & Frkshy,
A A A 18 o= 250kPao1W w %
=7} AsHE 4L 59t 58 PE-PE A2
9l AL &5 A7t ATt 1sec F2A SER
FrEol o|FojAn] & QU7 AZte] AojAH
e g whet Y A=r EAS e A
e AL B & ek

PE-PE ¥ A% 259 £33 SUE HZ
F 283 841 A9y Y A== AR HE
A JeEldz e, o sdER A% F
289 £13% 23 289 SHW AANE =23
4 T"r%ﬂr BAzke] Aol v A o] FAM S
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g 20~ % 5 [  Ultrosonic Welding
?-g: 151 § +0H ; Ultrosonic Welding
8 after Adhesive
P10k
5 9
8 sf- ¢

] | l

0 150 250 350  Weld Pressure(kPa)

(a) weld time : 1 sec.

Swt .
= O~ : Ultrasonic Welding
g 15 -§ g +H : Ultrasonic Welding
& after Adhesive
210+
I
3 51

| | J

0 150 250 350
(b) weld time : 2 sec .

Weld Pressure{kPa)

T2 - -
= +o- < Ultrasonic Welding
= ¢ e
g ? 3 +CH ¢ Ultrosonic Welding
= ok 5 i ofter Adhesive
8 5-

| | |

0 150 250 350  Weld Pressure(kPa)
(c) weld time : 3 sec .

Fig. 2 Relation between Welding Condition and
Bonding Strength (PE-PE)
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o SH A4 BT Y 4= g ¢
A gstony, H¥ AT A B Jdehch
Fig. 3(b)9] A% Zo] 257 s} AIHE
2secZ 3t F3 o] To4Eel ueld i
=% @A Fste RS B £ Quoh olg#
#4& PA-PA 239 A$ PE 23 Bux £§

Tl —
= +O+ : Ulirasonic Welding
'qé,* 15 - HOH 2 Ultrasonic Welding
= after Adhesive
o 10 - g ?
g st 8

| | 1

0 150 250 350  Weld Pressure(kPa)
(a) weld time : 1 sec.
e
= 25 | HO- I Ultrasonic Welding
g 2oL +OH 2 Ultrasonic Welding
& $ after Adhesive
g 15 ? 3
S0 3§
5 -
| | |

0 150 250 350  Weld Pressure(kPa)

(b) weld time : 2 sec .

N
o
—

FO- [ Ullrosonic Welding

HH : Ultrosonic Welding
after Adhesive

o
I

§ g 8
§

I 1 I
0 150 250 350  Weld Pressure(kPa)

(c) weld time : 3 sec .

Bonding Strength(MPa) »
o
l

w
I

Fig. 3 Relation of Welding Condition and Bonding
Strength (PA-PA)

95

SIEESEE

257b E7] B 283 A7l Al7ke) o ZAojof
2329 5] FEEA )RR, FE ¢Fol
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2=y Fig. 300 ¢ 2ol &3 Q7 AE
3secZ 3H PE-PES] 799} Zro] A2 A 7
Z7b A e gl
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SHE J2 ¥ 230 8413 Ao HIY A=t
ot © EA JE 3 QlEE, o ddE Hi
5 289 £33 3 A0 249 F55 EA
o] Aol o FZsHA ol FAH S HAET
PA-PA ¥ &35 A7) A2 2sec, HE
48 350kPacll A A A=71 A= Jehdd
g, 22 285 A7 AelgdE FE o4F
o] W& A4 (150kPa o|3h M= HE A=t &

= o} 8
= 2 o4 I PE-PE
= ; HOH 1 PA-PA
RIS
g :
£ 0k
R
5 L
L ! L
0 1 2 3 Weld Time(sec.)
(a) Uitrasonic Welding
- Bk 5
%/ 0k O < tlrosonic ¥ekding offer
= Adhesive(PE-PE)
& B HOH - lrosonic Weidng ofler
£ ph Adhesive(PA-PA)
8 ¢
15 g
10 ? 5
5 b
| | |
0 1 2 3 Weld Time(sec.)

(b) Ultrasonic Welding ofter Hot Melt Adhesive

Fig. 4 Effect of Welding Time on Stren-gth

Strength (Weld Pressure : 350kPa)
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on £3, 2&3 AU} Al " 4 2F
e Aol 4L nx 1 ¢SS ¢ 5 Uk o
2% 232 PE-PEAA Y B¢ 2 A&a 2839
43& By FSos v Fgge vEhvn
=

3, AF ¢S 350kPaz e AS 2L
I 17} Alztel] @2 H3 FEE B, Fig. 4(@a
9} Zro] =83} 27} A7t 2secoll A PE-PE9] % &
3 g3o] HE Ax7 M @A Jelytow,
PA-PAZHY] &9 S0 A7 €& By
Fi ook ey 2&5 Q7 Algbe] lsecot
3secq! 7%l PE-PEZRY] AHF ZAE7l PA-PA
o 4% A=t 9 4334 veElyz Q. o
e FAS 289 3N & BS99 Fig. 4()
o}, SYE HAF 259 £HE 3 459 Fig.
4(b) 27 $Ug A%%E Yegz g, g 2
o] 4% ¢=o] YAt : &4 Ao mely
HA HE Alzte]l d2A el S & 5 Qi

=

sOF i PO PE-PE
S5 |- § HOH : PA-PA
3
wf :
g b
©
35F
1 | |
0 1 2 3 Weld Time(sec.)

(a) Ultrasonic Welding

o0l O : Wrosoric Weldng allr
R 3 Adhesive{PE-PE)
S5 |- 0 - Uhesonic Yeldng ofler
= 3 3 Adnesive(PA-PA)
g\ 10 T

LR :

1 1 t
0 1- 2 3 Weld Time(sec.)

(b) Ultrasonic Welding after Hot Melt Adhesive

Fig. 5 Effect of Welding Time on Stren-gth (Weld
Pressure : 250kPa)
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HE o+ & 250kPaZ @ F$-oll= Fig. 5@ 9
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ZE7t AetE v, PA-PAS HE BEE 228 7]
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(b) Ultrasonic Welding after Hot Melt Adhesive

Fig. 6 Effect of Welding Time on Stren-gth (Weld
Pressure : 150kPa)
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ol ol 28 ¥ ¢¥E ¢ AL YehdT

PA9} PE®] £4F A3 Algs HE A=+ 32
5MPa3} 21MPaZ A ¢] 64MPa¥} 24MPacll H] 3}
o] 51% %} 87.5% 2 JEFETE,

3.1.3 PE-PA Y

°|F AA<Q PE-PAZHY] HEL 29 £34
e BE 2ZA el ol FoAAA e,
ol F A8 BAN 7% £ EHL £ F
He 275 A2 EY7] fiEolth

g, ddE HiL HYste 239 3 &
AAF A FAES fFo] FEt Ffol &
oozt &Y, Fig. 73 o] ¥ Ax:
obF @A vehttt.

€ 5k
= O 1 sec.
= X
e 4 - % HOH D 2 sec.
@
) l P 3 sec.
cr-3_
£ o Z ]
g2
- 4L
| ] |
0

350 Weld Pressure
(kPa)

PFig. 7 Adhesive Strength of Dissimilar Materials
which is Ultrasonic Welded after Adhesion
(PE-PA)

150 250

3.1.4 SHE ¥z

& 289 £-HdAMY AF AP AH}E
Fig. 8o JeEhQEd, Hater & 3 $-= PE-PE,
PA-PA, PE-PA 25 H¥ #%=7} o} @) Ve
@S 2RdF 3 9ot

o] Az AL Fig. 87 o] SHE H
ok AAS 44 (1. 6MPa) .ok, Fig. 73 2]
AEF 259 A7} A 3sec, £ ¢H 150kPa
2 257 83 4% F$ A 3MPa) 9 Hi
ZZE7F F 2.7 2 JEgd ol 283 £
A e A A4 HEg sle A BoE
AT 259 24 HYsE Aol 0 45T 4
o] F& vepdth e} o] Wy e 583 7
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=
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S Welding
m .
10 Il Adhesive
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Fig. 8 Bonding Strength of Adhesive and Ultrasonic
Welding
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(a) Weld Time : 1 sec, Weld Pressure : 150 kPa (b) Weld Time : 1 sec, Weld Pressure : 250 kPa
Photo. 1 Micrographs of Weld Interface (PE-PE)

(a) Weld Time : 2 sec, Weld Pressure : 350 kPa (b) Weld Time : 2 sec, Weld Pressure : 250 kPa
Photo. 2 Micrographs of Weld Interface (PA-PA)
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Photo. 3 Micrographs of Weld Interface (PE-PA) EoD Red G Az (e )5 84
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