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1. MOTIVATION

= Shape memory alloys (SMA) have the ability to
remember a previous imprinted shape.

= SMA react sensitively to small variations in the
production process.

= The reproducibility of the SMA-characteristics is subject
to high demands.

= SMA-training is subsequent to the wire drawing
process.

= Characteristics like displacement or actuating force can
be adjusted by SMA-training.

Can variations or damages caused in the production
process be compensated by SMA-training?
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2. STANDARD MANUFACTURING PROCESS s
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NiTi-Ingot

= The process basically consist of 4 steps.

= Wire drawing is made in different
deformation
speed and rates.

— Wire drawing

= The degree of deformation is between

-]
1
X

— h Intermediate annealing
25% - 40%. E
W
= Intermediate annealing is necessary to avoid
material fatigue. Final heat treatment

= Afinal heat treatment is made after the last
drawing step.

SMA-training

= These steps are followed by the SMA-
training process (stress induced
martensite training, ...). Application
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SIMT = Stress Induced Martensitic Transformation

SMA-device (wire) is mechanically A N — () —

Ioaded permanently Mo o strain above A; o gtrriir:is:(ll\ﬁidsr:;rltligt

heating up above austenite finish A+

temperature A l

cooling down below martensite Ms | \

finish temperature M; |

tlholg opelration IS repeated up to N \@ tr:fp'wthp
cycles

t [min]

- SIMT-training for minimizing running-in effects of SMA-devices
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Test rig for SMA-training SMA-Wire

main requirements:

- wire diameter from 0,3 to 0,8 mm
- heating temperature up to 400°C
- design for stress up to 400
N/mm?z (0,8 mm wire diameter)

Test rig only for laboratory
applications

Machine for SMA SIMT training
was constructed according to
above mentioned requirements SMA training machine
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,Good”“ SMA-wire — A ,Poor“ SMA-wire - B

Alloy H Alloy H (coil)

Wire drawing parameters:

- max. degree of deformation ¢, = 0,3
- wire drawing speed = 10 m/min

- lubricant: soap powder

- drawing temperature = 20°C (rt)

n=15

Intermediate annealing parameters:
Production parameters: - temperature = 500°C
Unknown due to company know how - time =20 min
Memry GmbH / SAES Getters - protective gas (nitrogen)
- water quenched

Final heat treatment:

temperature = 500°C
time =20 min

protective gas (nitrogen)
water quenched

SIMT-training SIMT-training
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SIMT-training parameters:

annealing temperture = 180°C
annealing time = 10 sec

80 cycles

training stress = 175 N/mm?

- Same training parameters for both wire types (A and B) are applicated

Activation tests:

- Tests are proceeded in a climatic chamber
- 10 cycles
- Temperature range from 20 to 120°C
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5. RESULTS

Results for the ,good” wire — production parameters A

Displacement [mm]

Production parameters A

20 30 40

50

reference wire

M-10-80-175-180

of SAES Getters
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Similar characteristic to Smartflex 90 wire (high quality actuator wire)

10



%

3 i
‘A

|
FUR PRODUKTIONSSYSTEME

LEHRSTUHL

L[

5. RESULTS

Results for the ,poor” wire — production parameters B

Production parameters B
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Almost no SMA effect; wire is extending when heated up!
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5. RESULTS

Comparison of the SMA-characteristics

Comparison of results - Avs. B

----- reference wire

K-10-80-175-180

Displacement [mm]
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Variations of production process parameters cannot be
compensated by a subsequent SMA-training!
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SMA-training with same parameters was applied on
wires made with different parameters.

SMA-wires were tested to determine their SMA-
characteristics.

Despite the same training parameters, the SMA-
characteristics. are strongly deviating.

Variations of production process parameters
cannot be compensated by a subsequent
SMA-training!

In further studies, the effect of SMA-training on only slight
variations in the production process can be investigated.

Different training parameters can be tested.

Different training methods can be analyzed.
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