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What is ultrasonic welding?
1. The process of joining 2 parts together using ultrasonic energy at
high frequencies.

2. These mechanical vibrations generate heat at the joint surfaces,
resulting in melting of the materials while additional force is
applied.

3. The process stops resulting in a weld formation after cooling.
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m Ultrasonic Welding of CYROLITE® « January 2021 entanglement of polymer chains



Ultrasonic welding in medical industry

Ultrasonic welding is a very common joining technique in the medical device industry.

Pros: Cons:

Overall cycle time is very low (<2 seconds) — Limited size of joint interface

Energy efficient (low energy consumption) — Special design needed (energy director)
No additives and adhesives necessary

No ventilation required

Liquid and airtight welds

Cleanroom compatible

AN N N N

Can be easily automated and quality controlled
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Phases of Ultrasonic welding process

Phase 1: Beginning Phase 2: Coupling Phase 3: steady Phase 4: cooling phase
of melting between parts state melting

TN ke — S—

Important parameters: Important parameters: /
+ amplitude * amplitude
= + horn velocity * horn velocity
% * weld force + weld force
S
©
o
w
2
el
g / Important parameters: Important parameters:
- switch off criteria as: * holding time
+ energy * holding presssure
+ time * holding distance
I + distance
ty, welding time » t, «— holding time —»
< process time t >

m Ultrasonic Welding of CYROLITE® « January 2021



Joint Design

A) Butt Joint:

* Most simple design with
an energy director

B) Step Joint:

» Good optical appearance
(prevents flash from outside
the joint)

C) Tongue & Groove Joint:

* Welding area completely
hidden from the exterior

* No fixtures necessary

* Difficult to mold
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Welding Defects

Joint Design: Non-Conforming Welds: Conforming Weld:

Tongue and Groove

Mechanical Failure/ Frosting/ Sticking Homogeneous Mixture

Possible causes:
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Temperature at the joint too low

No sufficient contact between top and bottom part
Height differences in the joint area

Not enough melt compression at the end of the process
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Equipment

Ultrasonic welding machine Tensile testing machine Microscope

Herrmann Ultrasonics
Welder HiQ DIALOG 4800 Zwick Roll Z010 Keyence VHX 6000

Frequency 20 kHz
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Controls

Parameters® to be controlled / tested:

* Amplitude (20 um, 25 um, 30 pm)
» Welding Force (200 N, 300 N, 400 N)

« Welding Depth was kept consistent at 0.35mm due to test body design

*The parameter determination was based on the Herrmann Ultrasonics experience values
regarding the materials PMMA, SAN, PC and MABS provided with a corresponding trial frame.
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Objective

Determination and optimization of the ultrasonic welding
quality of different CYROLITE® grades to themselves and
competitive materials.

Procedure

Test specimens were molded, welded, then the quality of
the welds were examined by microscope and tensile pull
tested.
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Materials

Materials used in this study:

 CYROLITE® G-20 HIFLO
« CYROLITE® GS-90

« CYROLITE® Med 2

« MABS (medical grade)

« SAN (medical grade)
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CYROLITE®
G-20 HIFLO

CYROLITE®
GS-90

CYROLITE®
Med 2

MABS

SAN

Material combinations tested

CYROLITE®
G-20 HIFLO

X

CYROLITE®
GS-90

X

X X X

CYROLITE®
Med 2
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CYROLITE®

Characteristics of CYROLITE® Grades used for study

CYROLITE®

ADVANCED
MEDICAL ACRYLICS

PMMA-based copolymer

T

Transparent, impact modified
PMMA-based copolymer
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CYROLITE® Special Feature Tensile Modulus
GRADE ASTM D638 (psi)
CYROLITE® G-20 HIFLO High-FIoW
The high-ﬂow s_olut_ion for 7000
medical applications
CYROLITE® GS-90 Color stability after
Easy flow and excellent F ;
-stability gamma sterilization 6800
CYROLITE® Med 2 Extraordinary
Excellent chemical resistance chemical resistance 5320
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Test Specimen

Herrmann Ultrasonic test body "Hexagon 2.0" with a tongue and groove joint
design was used.

HEXAGON 2.0:

+ Tongue & groove

+ Joint Width 0.9 mm
* Diameter 27.3 mm

Bottom Part (Fixture) Top Part (Sonotrode) Assembled
with Energy Director
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Trial Setup

Optimized Test Matrix:

200N |300N |[400N
20 um X X X
25 um X X X
30 um X X X
Analysis:

« The DoE-Experiment results were statistically analyzed
» Parameter groups with best average pull forces were

10 Samples were tested from each matrix group (90 Parts)
6 Overall material combinations (540 Parts Total)

Non-Optimized additional testing for competitive materials to
themselves (30 Parts)
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Results:
Andrew Sneeringer




RESULTS:
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Top-part:
CYROLITE® G-20 HIFLO

Bottom-part:
CYROLITE® G-20 HIFLO
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Results welding CYROLITE® G-20 HIFLO with CYROLITE® G-20 HIFLO

Cross section test body

DoE Results:
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Amplitude [pum]

30

—0—200N —e—300 N —e—400N

Recommendation for welding:
Amplitude: 25 pm
Welding Force: 200-400 N

Unwelded Welded
Homogeneous
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RESULTS:
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Top-part:
CYROLITE® GS-90

Bottom-part:
CYROLITE® GS-90
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Results welding CYROLITE® GS-90 with CYROLITE® GS-90

Cross section test body

DoE Results:
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1200

1000

20 25 30
Amplitude [ptm]

—0—200N —e—300 N —e—400N

. Recommendation for welding:
Unwelded Welded Break Point Amplitude:  20-25 um
Homogeneous

Welding Force: 300-400 N
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RESULTS:
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Top-part:
CYROLITE® MED 2

Bottom-part:
CYROLITE® MED 2
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Results welding CYROLITE® Med 2 with CYROLITE® Med 2

Cross-section test body DoE Results:
180 — —
1700 :% =
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u=:', 1300
. 1200
1100
1000
20 25 30
Amplitude [ptm]

——200N —e—300 N —e—400N

Recommendation for welding:
Amplitude:  20-30 um
Welding Force: 200-400 N
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RESULTS:
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Bottom-part:
CYROLITE® GS-90
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Results welding MABS with CYROLITE® GS-90

Cross section test body DoE Results:

20 25 30
Amplitude [ptm]

—0—200N —e—300 N —e—400N

Recommendation for welding:
Unwelded Welded Break Point Amplitude: 20
Homogeneous MPHHICE: Hm

Welding Force: 200-400 N
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RESULTS:
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Bottom-part:
CYROLITE® GS-90
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Results welding SAN with CYROLITE® GS-90

Cross section test body

Primary Break Point

Secondary Break Point

Unwelded Welded
Homogeneous
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Recommendation for welding:
Amplitude: 20 ym
Welding Force: 200-400 N

30
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RESULTS:
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Bottom-part:
CYROLITE® GS-90
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Results Welding PC with CYROLITE® GS-90

Cross-section test body

DoE results:
4000
3500 ;i —— — ?‘.J
Z 3000 y
g 2500
n=3_ 2000
1500
1000
20 25 30
Amplitude [pm]
—e—200N —e—300 N —e—400N
Unwelded Welded Break Point Recommendation for welding:
Homogeneous Amplitude:  20-30 pm

Welding Force: 200-300 N
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Summary of Ultrasonic Welding of CYROLITE® with MABS, SAN and

4500
4000 Weld strength under optimized, Weld strength under
10 sample x 9 matrix trials 10 sample single
3500 matrix trial
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Tensile Strength (MPa) Comparison
G-20 HIFLO GS-90 Med 2 MABS SAN PC
48.3 43.4 36.7 48 74.5 75
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Recommendations for Ultrasonic Welding of CYROLITE®

Material combinations (top part / bottom part)

G-20 HIFLO GS-90 Med 2 SAN
G-20 HIFLO GS-90 Med 2 GS-90 GS-90
Amplitude 25 20-25 20-30 20 20
[um]
We'd"[‘,g]FOrce 200-400 300-400 200-400 200-400 200-400
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GS-90
20-30

200-300
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Overview of Ultrasonic Welding Study: Weldability Matrix

Weldability matrix

CYROLITE®
G-20 HIFLO

CYROLITE®
GS-90

CYROLITE® CYROLITE®
G-20 HIFLO GS-90

CYROLITE®
Med 2

CYROLITE®
Med 2

MABS

SAN

PC

- GOOD Welding Combination / Strength

Not tested
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CYROLITE® Acrylic Copolymer
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CYROLITE®

Introducing the world’s most
advanced medical acrylics

Contact:

Dirk Heyl — Technical Marketing Manager
Europe Medical - dirk.heyl@roehm.com

Andrew Sneeringer - Technical Marketing Specialist
Americas Medical - Andrew.Sneeringer@roehm.com

Maurice Biagini - Business Director
Medical - maurice.biagini@roehm.com

Roehm America LLC
299 Jefferson Road
Parsippany, NJ 07834

www.roehm.com
www.cyrolite.com
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