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Abstract — In this paper, a micro/nano displacement sensor
for PZT actuator which could measure the minute displacement
in micron or nanometer level has been proposed. This paper
focus on the whole process of this novel sensor from the working
principle, parameter determination to the FEM simulation and
so forth. This sensor can enlarge the displacement of the PZT by
utilizing the lever principle and the strain gauges can perceive
the variation without amplifying the noise. About this sensor, we
also use the flexure hinges as the rotation joints to obtain the
expansion. In addition, we provide the accurate model for this
special kind of displacement sensor, and through that people
could design and set every parameter freely. Whatever the
simulation results in FEM or the experiment data, both of which
show that the sensor can perceive the displacement of the PZT
actuator in micro/nano scale. Also, the characteristic experiment
shows that the proposed sensor has a better performance such as
higher level linearity, resolution than its former two generations.

Index Terms — Micro/nano displacement sensor; Mathematic
model, Flexure hinges; Strain gauges; Displacement expansion

1. INTRODUCTION

Piezoelectric actuator (PZT hereafter) has some advantages
such as higher stiffness, faster response and smaller volume, all
of which make it widely used in many micro/nano driving and
location system, for instance, micro worktable, AFM (Atomic
Force Microscope) [1], fluid control value and acoustical
transducer. However, it still has several obvious disadvantages
of which the most are hysteresis and nonlinear [2], so that the
displacement measurement of PZT is required for PZT position
control.

Various displacement measurements have been already used
for acquiring the information of micro displacement [3][4][5].
Some of the measurement, for instance, laser interferometer
with the optical principle need large space to fix, and couples
of conventional measurements are not useful without an
electric amplifier.

In this research, we consider utilizing the PZT’s high
stiffness to develop a displacement sensor for PZT. This sensor
has multi-stage enlarger configuration in order to acquire a
larger expansion ratio, and transfer the expanded displacement
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into the elastic body in which the strain gauges could measure
the change of deformation. With the output of strain gauges we
could acquire the displacement information input by PZT. The
PZT displacement sensor will be used for PZT position control,
in order to solve the hysteresis and nonlinear which influence
the performance of micro/nano PZT actuator system.

In our research group, we have designed and fabricated two
generations of this displacement sensor. Our first generation
micro/nano-displacement sensor was unveiled in 2008 [6]
which offered a measurement range of +5 [um], with
resolution of 25 [nm] and its total size is only 38x38x38
[mm].The first prototype has already testified our theory of
mechanical extension through flexure hinges. The sensor can
measure the micro displacement linearly with low error. The
stiffness, distribution of the strains and the expansion ratio are
computed either by the theory or the FEM simulations. The
static displacement experiments were carried out from which
the performance of the sensor is almost uniform to simulation
result. The mechanical configuration of the displacement
sensor in this research is consist of some levers and hinges,
where the levers could offer high stiffness as well as the
function of displacement expansion [7] that is also the
essential point to this sensor.

This research considers using flexure hinges to solve these
above problems [8][9][10]. Using flexure hinge mechanisms
can meet the requirements of high precision [11]. Flexure
hinges gain their mobility from an elastic and plastic
deformation exclusively. To achieve a high life cycle the
deformation should be remained in the elastic strain. Fig. 1
shows a conventional flexure hinge, a cantilever beam with a
circular notch, where the deformations will take place nearly
only at the point of the smallest cross-section [12].

F,
Fig.1 Uniaxial flexure hinge
In the next generation, we optimized the total configuration
as well as added more powerful process circles. All of these
improvements help this third generation sensor to promote its
resolution.This third generation micro/nano displacement
sensor provides superior sensitivity and nano-level resolution
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S5[nm] with simple structure and a minute nonlinearity in the
working range.

II. CONFIGURATION AND PRINCIPLE OF THIRD GENERATION
MICRO/NANO DISPLACEMENT SENSOR

A. Working principle

Normally, the destination of the mechanical expansion is to
enlarge the displacement of PZT with the principle of lever
mechanism. The ratio of magnification is essential to the
whole configuration. Though the expansion ratio would be the
larger the better, considering the size of the sensor body, we
cannot pick up a huge ratio for the reason that we should fix
the PZT actuator inside the sensor tightly, as well as make
sure the whole size is under control to be a smaller one which
could be fixed in micro worktable. Thus, we still choose
multi-steps expansion just like Fig.3 shows, where several
levers and hinges are utilized to construct a lever-hinge
displacement expansion mechanism.

The input displacement is imported at the hinge of B, and
rotates lever AB’ and B’C where two parts could be regarded
as a one-lever rigid AC (see Fig.3(B)) around hinge A, and the
output displacement of hinge C is enlarged through the lever
AC. This is the first enlarger stage. Simultaneously, relatives
to lever DE we used CE as a transition lever. Hinge C could
also be seemed as the input point of displacement which
makes lever CE to rotate around the hinge C. Finally hinge E
provides the input displacement to lever DE as well as the
expanded displacement provides the output displacement of
the upper end in elastic body FG which is a rather thin flake.
That is the second expansion stage. With limited DOF of
lower end of the elastic body G which could be bent and
acquire the topmost surface strain in the each end of elastic
body and with the help of strain gauge pasted in the surface,
we could finally gain the perception of elastic body’s
deformation which could reflect the input displacement by
compute the expansion ratio of the whole system.

B. The Configuration of the Sensor

As is shown in Fig.2, the figuration of the sensing element
for the displacement sensor is composed of a monolithic cube
shell in which we cave the hinges, members as well as the
elastic body through the wire cutting technology. Posing a
PZT inside the sensor, simultancously holding the upper
surface of the PZT connected firmly with roof of sensor, we
can acquire the displacement information by the roof which is
a solo axis displacement. By a series of members and flexure
hinges in the surface of the sensor the micro displacement can
be enlarged and transferred to the elastic body. Here, we use
the flexure hinges not only as the displacement amplified tool
but as energy storage cells by using which the deformation
could be resumed immediately when the displacement is given
by the PZT dismiss, and without which the sensor would not
operate in real time. Consequently, the measure sensitivity and
the real time response of the sensor are increased.

Displacement

Base / V

Fig.2 The third generation sensor

C. Expansion ratio
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Fig.3 Lever-hinge displacement expansion mechanism

In order to calculate total extension ratio of the sensor, we
set some parameters to the levers shown by Fig.3(A), Ixp=
2.14[mm], [gp-=2.63[mm)], Ilg:c=14.1[mm], Icg =1.90[mm],
lgp=8.30[mm]. We simplify this figuration as a traditional
four-bar linkage section (see Fig.3(B)) for obtaining
kinematics equation.

In F1g3(B)7 we set [xA’ yA]T7 [XC7 YC]T7 [)CE, yE]T and [ny yD]T
as the position vectors of joint A, C, E and D, /¢, Icg, Ipg as the
length of each lever, and 8,, 6 6 6p, 05 as the rotational
angle of hinge A, B, C, D and E. We have

{xc}:{xA+LAccos6’A}’ (1
Ve Yo+ L, sin@,

[xE} :[xc +L,, cos(6. +9A)} @)
Ve] [VetLesin@.+6,) |

{xD}:[xE +L,, cos(6, +€C+€E)}. 3)
Vb Yy + L, sin(@, +6.+6;)

Then we get the expression of xp and yp
[xD} B [xA +L,.cos8,+ L., cos(8.+6,)+L,, cos(6,+6.+ HE)} @)
Vp Yy +L,csin@, + L sin(6.+6,)+ L, sin(8,+6,+6;)
After the differential process, we get

T
_LACSA - LCESAC - LEDSACE lACCA +LCECAC +LEDCACE AgA
0 0 AG, A, (5)
LepSice LyCix Ag |= >
Ay,
0 0 A4,
'LCESAC - LwSACE LCECAC +La)CA(:E AHE

where S,, Sc, Sk, Suc, Siucp denote sinfy, sinfq, sindg,
sin(0,+6¢), sin(@,+0c+6r); C4 Cc Cr Cye, Cycp denote
cosl,, cosbc, cosby, cos(@,+6c), cos(0,+0-+0k) respectively
for simple. A8, A8y, Abc, A8p, AGg are the angle displacement
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of 8,4, 03, 6¢, Op, O;. In Fig.3(C), we use 6, 6,, 65, 6,, denote
A8, Ay, ABp and Ab;. Since Axp =0, Ayp =0, we have
T

'LACSA 'LCESAC - LEDSACE LACCA +lCEC4C +LEDC4C AHA
0 0 86| -0 (6)
LoSice LyCix Ag. |= ol
0 0 A8,
6

'ltESAc -LED'SA(E ltqu +LEDC:4(_E

We set the initial parameters as below,
L, =147mm], L. =19[mm], L., =8.3[mm],

0,=73.3[deg], 6.=0[deg], 6, =90[deg].
Accordingly, we obtain the expression from (6) as

>

A6,
A8,
-18.285 0 -2.385 0 -4.205 0
{ Jaoelola} o
-3.180 0 -7.950 0 -7.404 0
A6,
A6,
{AHC} { 7.736 }MA. (8)
A, || -8.736
Thereby, the output displacement in Fig. 3(C) is
0, =A6.L,. =8.136A0,L,,. )

A@, is a rather micro displacement angle that could be closely

equal to the value of tan A, , moreover
A8, ~tan AG, ~ (10)

'AB
Therefore, we have §, =A@, , and finally the total expansion

ratio K; of the lever-hinge expansion mechanism can be
expressed as

K —| %o (11)

1

=44.9.

Then, we regard the elastic body FQ as a thin flake. Based
the material mechanics of bending deformation, when we set
the input displacement as 5 [um], we could obtain the
maximum strain in the surface. For simple, we consider this
elastic body only has a tensile deformation and the total length
of FQ could be calculated as

Lipy =L’y + 8%, =5.53455 [mm], (12)
Then the strain of elastic body is
g=tretro g o810+ (13)

Fo

The above analysis is based on the assumption that all the
levers are rigid bodies which means there is no deformation
happened when they transmit force or torque.

III. ACCURATE MODEL ANALYSIS

A. The hinges

The previous computation is based on that the all the levers
are rigid and all the hinges are common ones. However,
normally, the lever would happen material deformation
whatever the material we used, and in addition, the hinges we
used here are flexure hinges which would preserve energy
when they have rotation. This is quite different from common

hinges. It is very essential to built up an accurate model that
put the material deformation and flexure hinges in thought and
based on which we could find out the precisely extension ratio.
Moreover, this model would help us to set every parameter
freely in designing configuration for new sensor.
Fig.1 shows the basic parameters of the uniaxial flexure
hinge. The moment M brings the deflection angle a; about Z
axis of the uniaxial flexure hinge, and the relationship [13]

between them is
1+8 3+28+8 B 2
{ % +7(2,B+,82J[ I-(1+5 7)}

where f=t/2R, y=t/2R, Eis the elastic modulus of the material
and b is the thickness of the hinge. This expression is so
complex that we seldom use. Instead, we simplify that
expression into a simple form [12] as

o4 3

7:_7{ } (14)
M, 2EbR| 2f+[F

d’y
dx® (15)

1
re 2%
W”
dx

where p is the curvature radius.

The travel of this sensor is rather small, and when the
deformation happens, deflection is far more beyond the total
length of the hinge. For the reasons above, we get

dy

— <1, 16
e (16)
1 _dzy

;_ d (17)

In the condition of the small angle of rotation, we can use
O~tanf=dy/dx, and converse the rectangular coordinate to
polar coordinates, then the angle of rotation of flexure hinge
can be expressed as

o 12MRsin o
o EbQR+t-2Rsina)’

R and ¢ are the crucial parameters of the hinge. Giving a
great value of ¢ and a small value of R, the stiffness, dynamic
performance and anti-interference properties are superior. On
the contrary, the sensitivity and resolution are splendid when ¢
is bigger and R is smaller. It is a dilemma. Our sensor is
working for measuring the micro displacement and force not
for transmission. Consequently, it is vital to ensure the
sensitivity and resolution of the sensor, for which we choose
to increase R and decrease ¢, simultaneously considering the
response frequency which also restricts R, in addition the
thickness of the hinge should be more than 0.3[mm] because
of the wire cutting process, we choose 0.5[mm] as the value of
parameter ¢, 3[mm] as the value of parameter b.

(18)

B. Mathematic modelling

When we fabricated the former two generations of sensor,
we found that our theory model which is related in the last
chapter is not as accurate as it was. This is because the
deformation of material in every lever decreases the extension
ratio of the total system, and does not match the results of FEM
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simulation and experiment. In this chapter, we research on a
new and more accurate model which has already put the
material deformation in thought. Firstly, we decompose the
total configuration into six sections and then we analyze each
part’s force and moment condition, balance, deformation as
well as energy equations.

{1} Modelling analysis of lever PQ

In Fig.4, the lever PQ has suffered an input force Fp at point P
and from that we could build up force and moment equation as
following

Z F,=0, (19)
> M, =0, (20)
From eq. (19) we get
F 07— Fpy (2 1)
Here we use Fj,; to denote half of total input force Fp, so that
FQZ: 2Fn. (22)

Py o 1
__grD D
b TR '
| Ma]T e N |
BN
| N
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| N
@ / \
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" e ¥ |
| @ g, |
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Fig.4 The decomposition structure of the sensor’s configuration

As soon as the lever PQ transfers the Fp, to next lever, it has a
material deformation and according to the material mechanics,
we could compute this deformation (Spq) through expression
followed,
Spo=2F,

iniLoo/Ebpohpy. (23)
Spo 18 the material deformation of lever PQ along Z axis. Lpo,
bpp and hpp, are the length, width and height of lever PQ
respectively. E is the elastic modulus of material, and
E=200Gpa. Therefore, the output displacement at point Q is
Soth: Sinmtal'SPQA (24)
Simoiar 18 the input displacement of the sensor. Also the
deformation energy in of lever PQ could be computed as

En,=2F, S, /2=F, S

inl™~ PQ inl~ PQ*

(25)

{2} Modelling analysis of lever BQ

The lever BQ has suffered five force and two moments
simultaneously and from that we could build up force and
moment equation as following,

Z F‘z = 0 > (26)
> M,=0. 27
Then we get
Fg7=Fpp :FQZ: Fin, (28)
Fpx= Fay, 29)
MB: MB’, (30)
Mp=K(0,4+03), (31)

where 6,(in Fig.4) and 65 denote the rotation angles of lever
AV and lever BB’, K is the angle stuffiness of flexure hinge.
The lever BB’ has surfer both a force Fp; and two moments
Mz= Mp all of which form the material deformation of lever

BB’, in addition this total deformation of lever BB’ could be
decompose as two parts Wqopr and Wogr,

WQB = WQBF + WQBT (32)
Wy =F Ly /AEB 5 h0 s (33)
Wosr =M 3 Ly JABED sl (34)

where Wogr and Wyprdenote the material deformation caused
by force and moment. Since

7 B— WQ B/ LQ B>
we can obtain Mb and 6; from eqgs. (31) and (35)
_ 2('2EnIKLBBLPQ +4bPQ F;nIhPQLABLéBE + bPQhPQKLBB S, imumlE ) (3 6)

7 bPQhPQE (-ZKLAELBB +KL§IE +1 6bBQh;QLAEE ) '

4(2b F, hPQKLi?BLAB-‘l'bPQF;nIhPQKLi?B

PO inl

bPQ hPQ (_ZKLAB LBB +KLZBB +1 6bBQ hZ'QLAB E )

_SbBQF;nlthKLAB +4’bPQbBQhBQh1ZJQKS niotal &) (3 7)

bPQhPQ (_ZKLABLBB +KLZB +1 6bBQh;QLABE ) .

(33)

B

Therefore, the output displacement of point B could be
expressed as
S

outB ™

Sath - WQB' (38)

Also the deformation energy of lever BQ could be computed

as
En,= Wostin + Ko, MO
>4 2 2

{3} Modelling analysis of lever DF
In order to deal with these two complex parts both of which
have suffered various forces and moments, we first analysis

(39)
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these two part as a whole structure and then decompose it. In
Fig.4(5)(a), the lever DG has suffered two force and two
moments simultaneously and from that we get

Fex-Fpy-Fex=0, (40)
FpytrFoy-Fgy=0, 41)
FexLpg-Mp-Mg-Mg-F gxLpc=0. (42)

Also, when we decompose this whole lever DG into lever DF
and lever FG, we can build couples of new equations. In
Fig.4(5)(c), the force and moment equations could be built as
FpytFex-Fey=0, (43)
FexLpg-Mp-Mp-Frx-Lp=0. (44)

Finally, in the last part of the sensor lever FG, we could get
another two equations, they are

Fry=Foex, (45)

FFX’ LFG+MF'MG =0. (46)

Though solving the equations from (55) to (61), we could get
the expression of

LM 47
MFZFEXLDE_MD_L _[}f iL > (47)
DF DG FG
M=Fpy Ly, =My, —M,; - LooM > (48)
LDF _LDG - LFG
M 49
Foy=Fpy =, ( )
LDF _LDG _LFG
- M, (50)
GX 5
LDF _LDG _LFG
F —_ ME (51)
FX >
LDF _LDG _LFG

The lever DF has surfer both a force F;; and a moments
both of which form the material deformation of lever DF, in
addition this total deformation of lever DF could be
decompose as two parts, Wprr and Wppr,

WDF :WDEF + WDET + WDFF + WDFT 4 (52)
W e =Fy L 3Ly = Ly Y(OEL ), (53)
Wi =F s Lo/ QE ), (54)
Wogr==M Ly (L — Ly /2)/EIDF’ (55)
WDFT:_MFL%F/ZEIDF’ (56)
GDFT:MFLDF/EIDF' (57)

Oprr 1s the rotation angle of hinge F by the moment My and
1,,=byu 1l /12, (59)
eD :SoutE/LDE : (59)

So, the total output displacement of lever DF is

Sour =Whi +% St (60)

'DE
Also the deformation energy of lever DF could be computed
as
En.= ngz) + FuiWoer + M6, + FexWoer + MOy ) (61)
) 2 2 2 2
{4} Modelling analysis of lever FG
The lever FG has suffered a force and a moments both of

which form the material deformation of lever FG , in addition

this total deformation of lever FG (Wys) could be decomposed
as two parts, Wrer and Wigr,

Wee=Weer + Wegr (62)

Wear=Frx L3FG IBEI ), (63)

Weor=—M pLio/2El ;. (64)

Orgr=M pLpG/El L, (65)

1o =bphy 112. (66)
Therefore, the total output displacement of lever FG is

Sour =Wrg- (67)

Also the deformation energy of lever FG could be computed
as

En,= FoxWeer + MFQQGT ) (68)
2 2

Now, we have various equations as well as many
parameters. We must select some useful parameters and their
equations. In order to construct enough equations to solve the
relationship between Fj,1, Siow and S, we must at least six
equations and other three variables to deal with these
embedded parameters.

First, we build an energy equation. The external force work
of the whole sensor is

En,,=En,+En,+En,+En,+En,+En,, (69)
where Eny, =2Fi,1Simom.- Then we use force, moment and
energy to build simultaneous equations and set Fj,1, S,ur 04,
Oc, 6p, My as variables.

These equations are too large to give every one’s full
expression if we put all the equations together. So, the best
way for this difficulty is to solve couples ratter simpler
equations by means of valuation some of these parameters.
After careful thought, we set some initial parameters. When we
give the ;=5 102 [mm], E=200Gpa and K=3.18, where £
is the Elastic Modulus, K is the rotation stiffness of flexure
hinge, we get the S,,u,=4.283><10'2 [mm] F;,;=13.031 [N],
Fry=3.453x107 [N], M;=9.361x10" [Nm]. So the maximum
stress of elastic body FG is

out

M _ Mg (70)
O nax ~ T T 5 02 0
WZ bFGEFG
6

where W, is the section modulus in bending. Here, we consider
that the elastic body FG has a bending deformation due to a
moment Mg, and a force Fgyx together.

o, M M+ Fo XL,

gmax =—= - 2
E W,E  bghE
6

IV. FEM SIMULATION

=2.961x10* (7D

In order to select the appropriate position of each strain
gauge and to give a scientific evaluation on measure
sensitivity and of this sensor, it is very essential to realize the
structural behaviour of the sensing element. The sensing
element of the sensor is monolithic with a rather complicated
configuration, thus it is hard to provide a pure theory
accurately about the solid mechanics but to use the FEM
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simulations (see Fig.5 and this deformation has been amplified
200 times) which can determine the strain distribution of the
elastic body [14][15].

The finite element model is meshed with smart mesh
division then refines the parts which we are interested in, for
instance, the elastic body and flexure hinges. The material of
the sensor is 35CrMnSiA, and its elastic modulus £=200x10’
[Pa], Poisson's ratio u = 0.28, density is 8.23 x103 [kg/m’].
The FEM simulations are implemented in the condition of that
a displacement is applied to the roof of the sensor using which
simulated the displacement of PZT which should be inside the
sensor. The displacement applied in the analysis is Sz
=0.005[mm].

A )
Fig.5 The distribution of strain along Z-axis

Fig.5 shows the distribution of strain along Z-axis under the
displacement along Z-axis S;=5[um] of the elastic body in
which we paste the strain gauges. There are both negative and
positive strain parts in the same elastic body, which means the
deformation of the body seems like the symbol S. From the
positive part in the upper body to the negative part in the
lower body the strain gradient has a perfect distribution.
Furthermore in the back of the body the strain distribution is
just opposite which means when the strain in one face of the
body is positive, the other face of the elastic body do have the
negative strain, and vice versa. Maximal positive strains
(=2.82x10™*) and relative larger negative strains (= -2.52x10™)
of the sensor happen in the each endpoint of the elastic body.
These results are more superior compared to the former two
generations (=2.02x10™). Both of these results match the
accurate theoretical model. Also the places where happen
maximal positive and negative strains are the ones where the
strain gauges are pasted.

V. CHARACTERISTIC EXPERIMENTS AND DISCUSSION

B =2 |

Fig.6 The prototype displacement sensor and its test platform
The prototype of this generation micro/nano displacement
sensor (Fig.6) was manufactured according to the FEM
model. A series of experiments have been done in order to
evaluate the performance of the sensor. The displacement
sensor was fixed on a calibration table which is consisted of a

manual coarse adjustment table, an accurate nano-positioning
table and data processing module. The resistance strain
gauges which sensitivity coefficient is 2.0 we used here are
pasted on the surfaces of elastic body where the maximum
strain happened in our FEM simulation. DSP2812 system
with signal pre-processing is also designed and set as a read-
out device of the whole system (see Fig.7).

Memory

f|.111 ; Signal igna. — )
bridge iy 1ancing [ amplific = (e DsPastz (=) Rszsz
converter it i |

converter i
Liquid /
crystal 4

display
Signal process,

Signal pre-process
display,

Fig.7 Schematic diagram of experimental
A. Static Performance

The whole process of calibration takes part in the overall
measurement system based on the Nano-Positioning and
Scanning System (P517) developed by PI Company in
Germany and it is showed in Fig.6. The P517 provides a scan
scale of 0.03[mm], the closed-loop resolution is 0.1[nm] and
full-range repeatability is 5%. We use the P517 to provide the
nano-scale displacement and read the value of voltage output
of the sensor. Also, a fitting curve simultaneously is added in
order to form a set of control, from which we can know that
whether the linearity of the sensor is superior or not.

At the beginning of the static performance experiment (see
Fig.8, for example), we set the sensor into an initial condition
which already has a contact between the sensor and the P517,
and then we load the displacement 50[nm] by 50[nm], finally
up to the 1000[nm] which is a rather safe displacement to this
sensor. Contemporarily, the output voltage value of sensor
would show on the computer screen.

The nonlinear error is 3.48%, 3.03%, 10.97%, 17.53% and
27.77% from the interval scale of 100[nm], 50[nm], 25[nm],
10[nm] and 5[nm] with the total range of each process is
0~2000[nm], 0~1000[nm], 0~500[nm], 0~200[nm] and
0~100[nm] (see Fig.8). Here we also use the Product-moment
correlation coefficient (R?) to depict the degree of correlation.
The test points would match the fitting curve perfectly if R? is
getting close to the value of one. The resolution of the whole
sensor could be reach as high as 5[nm]. Also we did the
experiments to test the repeatability of our sensor (Fig.8).
Through that we can find several times testing points
distributed along the fitting curve with the error of 5.76%.

B. Sensor Performance Analysis

The calibration experiment is in the foundation of
displacement input and the voltage output, and from which we
could see that the nonlinearity usually happens in the initial
steps of the measurement scale. Consequently, we could use
the relative superior segment to measure the displacement.
Taking the experiment with 5[nm] interval (see Fig.8(e)) as an
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example, after remove the fifth and sixth points the nonlinear
error could be decreased as low as 18.75%. Also this nonlinear
phenomenon probably due to that the machining accuracy of
the sensor and the location of strain gauge are not easy to
achieve the design parameters accurately.

C. Analysis of Nonlinear Error and Noise

The calibration experiment was carried on under the
condition of constant temperature (24C ) and atmospheric
pressure. In addition there was no vibration happened in our
base of test platform, all of which mean that temperature and
vibration are not the reason for nonlinear errors.
Consequently, two main reasons caused nonlinear in this
experiment are the output error of P517, and signal process
circle noise. For an instance, P517 Nano-Positioning and
Scanning System has an output error within + 0.5 nm. Also,
data processing circle has a static error of +0.03% (full scale).
Besides, another reason for the nonlinear error happening is
the noise interference. How to promote the ability of noise
reduction needs to be further considered. In addition, some
details such as the configuration of elastic body and position
of gauges still need to revise to obtain superior performance.

VI. CONCLUSIONS

A novel generation micro/nano displacement sensor using
levers and flexure hinges and based on strain gauges is
presented in this paper. Also the accurate mathematic model is
built up and this model quite matches the results from the
FEM simulation. In the elastic body of this generation sensor,
both the maximal positive and negative strains are far more
superior than the former two generation. The static
displacement experiments were carried out from which the
performance of the sensor is almost uniform to simulation
result. This nano/micro displacement sensor provides superior
sensitivity and nano-level resolution with simple structure and
a minute nonlinearity in the working range. In addition, from
the mathematic model, we could optimize the parameters of
configuration to obtain more superior characteristic as well as
promote the linearity, and that is our future work.
Fitting curve: f(x)=11.6x, R>=0.992
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Fitting curve: f(x)=8.1x, R?=0.989
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