Piezoelectric coefficients

Because of the anisotropic nature of piezoelectric ceramics, piezeelect(rllc egfects are de
on direction. To identify directions, the axes 1, 2, and' 3 are introduced, C,O rrespo.
X, Yand Z of the classical right-handed orthogonal axis set. The axes 4, 5 and §
ro'tations (shear)—23, 31, 12. Figure 5.14 illustrates them.
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Fig. 5.14 Orthogonal system describing the properties of a poled piezoelectric ceramic. Axis 3 is the
poling direction.

The direction of polarisation (axis 3) is established during manufacturing process by a
strong dc field applied between two electrodes. For linear actuators!'® which involve translation,

the piezo properties along the poling axis, along which the largest deflection generally takes
Place, are the most important,

Piezoelectric materials are characterised by d, g,
parameter k. We will discuss them after we talk about
Apart from the piezoelectric coefficients, piezoelectr

h, e coefficients as wel] as a coupling
the notations used in defining them.
icity is also affected by

1. Electric properties like permittivity and pyroelectricity20

2. Elastic property like the Young’s modulus
3. Thermal property like the Curie temperature

Notations. Piezoelectric constants are

generally expressed with double
subscripts link electrical and mechanj

subscripts. The
cal quantities.

The first subscript indicates the
f the reaction of the system.

For example, d33 applies when the electri i g the polarisation axis (direction 3)
and the strain (deflection) i lies if the electric field is in the same
direction as before, but t along axis 1 (perpendicular to the
polarisation axis).

In addition, piezocel:amic material constants may be written with g superscript which
specifies either a mechafiica] or el
and S are explained in Table 5.8.

ectrical boundary condition. The superscripts are T, B, D




Table 5.8 Significance of superscripts used to specify piezoelectric material constants

Superscript — Implication Meaning
T Stress = constant Mechanically free
D) Electric field = 0 Short circuited
D Charge displacement (i.e. current) =0 Open circuit
S Strain = constant Mechanically clamped

Note: 1. We use here § for strain and T for stress rather than the conventional symbols €

and o only to avoid confusion with the permittivity symbol €.

9. Tn a diclectric material the presence of an electric field E causes the bound charges
in the material (atomic nuclei and their electrons) to slightly separate, inducing a
local electric dipole moment. The electric displacement field D is defined as

D=¢E+P
where &g is the vacuum permittivity (also called permittivity of free space), and P

is the (nacroscopic) density of the permanent and induced electric dipole moments

i1 the material, called the polarisation density.
3. In a lincar, homogeneous, isotropic dielectric with instantan
in the electric field, P depends linearly on the electric field, g

P = X€0E
ality x is called the clectric susceptibility of the

eous response to changes
iving rise to the relation

where the constant of proportion

material. Thus
D=¢o(l+x)E=c¢cE

where € (= €o€r) is the permittivity and e, (= 1+ x) is the relative permittivity of

the material.
4. In linear, homogeneous, isotropic media € is a constant.

anisotropic media it is a matrix.

However, in linear

s define the different coefficients we have talked about.

Now, let u
soelectric charge coefficient (aka charge cbnstant), d;j, is defined as

d coefficient. The pie
follows:

Direct effect

~_ Charge density developed in i-direction /N [from c/ m> 55
v Applied stress in j-direction B=0 N /m2 20)
Inverse effect
Developed strain in j-direction [ m /m]
di; = —— m/V from —7— 5.21
" Applied electric field in i-direction |p_const. / V/m (5.21)

Note: The directions ¢ and j are inverted in the inverse effect—the j-direction is in the

numerator in this case.
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Equations (5.20) and (5.21) may be written in the following for

T
aD:\" _ Q&)
dij = oT; ~ \9F;
Because for the inverse piezoelectric effect, the strain indquBd fiml ; plzzsﬁie‘(j;ﬁl(:fr;?t(?‘a% b_y
an applied electric field is the product of the value for the .electrlc 53 ta? tustor) applic :ta' 1t is
an important indicator of a material’s suitability for strain-dependent (ac PpliCations,

The larger the value of d;j, the larger the mechanical displacement which is usually sought i
motional transducer devices.

g coefficient. The piezoelectric voltage coefficient (aka woltage constant or voltage sensitivity),
gij, 1s defined as

Direct effect

Developed electric field in i-direction
Applied stress in j-direction

9i5 = —

D=0

V/m ]
Vm/N from 95.22
m/ [ T N /m? (5.22)
Inverse effect

i Strain developed in j-direction
~ Applied charge density in i-direction

9ij

m2/C [from é“//m”;J (5.23)

T=constant

Combining Egs. (5.22) and (5.23), we can write

OEN\"  185,\T
5=-(5z) - (52:) e
Because the strength of the induced electric fi

response to an applied physical stress is the produ

value for g;;, high 9ij constants favour large volt
for sensor applications.

eld produced by a piezoelectric material in
ct of the value for the applied stress and the
age output, and therefore, are sought after

h coefficient. The third coefficient hij is defined as

ol : » Or negative of the str
the strain is constant for the inverse effect.

The fourth coefficient €ij is defined as




