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a. Consider a piezoelectric material with a piezoelectric strain coefficient of

550 x 1072 m/V and a mechanical compliance of 23 x107'2 m%/N. The
material has a rectangular shape with a length of 6.5 mm and a width of

6 mm.

i. With the absence of electric field, determine the strain produced when
150 N force is applied to the face of the material.
[4 marks]

ii. Determine the electric field required to produce an equivalent amount
of strain as determined in part (a) under zero-stress condition.
[3 marks]

Piezoelectric materials commonly utilized as a sensor or an actuator. As a
materials engineer, you are tasked to design a new piezoelectric material

for a high-sensitivity pressure sensor.

i. Propose the TWO (2) key characteristics and the significance for high-
sensitivity pressure sensor application and suggest ONE (1) suitable

material.
[10 marks]

ii. Sketch and explain the process of producing the piezoelectric

materials mentioned in part (a).
[8 marks]
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2. A shape memory alloy (SMA) can be used directly in many applications without
additional mechanisms and power circuitry needed for actuation is comparatively

simple.

a. Compare TWO (2) key advantages of SMA actuators with conventional

actuators.
[5 marks]

b. Propose and explain ONE (1) appropriate method to fabricate the SMA with
high specific actuation energy and damping capacity.
[8 marks]

d. The SMA has been used as a wire in replacement of a conventional wire by
Raychem Corporation. The SMA wire is required to be tested prior to use it
in any devices. Propose THREE (3) methods to test the performance of
SMA wire.

[12 marks]
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3. Aferromagnetic material placed in a magnetic field generally undergoes a change
in shape. The internal structure of a ferromagnetic material consists of randomly

oriented magnetic domains.

a. Analyze the mechanism of magnetostriction that occurs on ferromagnetic
materials under application of stress.
[10 marks]

b. Using schematic diagrams, analyze the effects of THREE (3) significant
parameters on the magnetostriction.
[15 marks]
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FIGURE Q4 depicts one commercialized smart material which has been
developed extensively due to the uniqueness in the sense that their properties
such as viscosity, elasticity, and plasticity can be altered within the order of

milliseconds in response to external stimuli.

FIGURE Q4

a. Based on FIGURE Q4, recommend THREE (3) methods to measure the

viscosity of the smart material.
[6 marks]

b. Propose ONE (1) suitable device that uses the material shown in FIGURE

Q4 and possible working mode(s).
[12 marks]

c. The material shown in FIGURE Q4 encounters issues for long term
performance. Discuss these issues and suggest TWO (2) methods to

improve the material’s long term performance.
[7 marks]

- END OF PAPER-
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Appendix
Strain: § — %T =T,
S=dE

Electric displacement: D = dT,

D =¢E
Actuator: € = sflol + d3 Es
Sensor: Py = dy101 + eg3]E

magnetic field intensity, H Hj = ni

magnetic flux density, B B3 = uf; Hs
inductance Ly = MgsNzA/l

capacitance V.= q/C,



