
Abstract—As the rapid progress of science and technology, the 

free-form surface optical component has played an important 

role in spaceflight, aviation, national defense, and other areas 

of the technology. While the technology of fast tool servo (FTS) 

is the most promising method for the machining of free-form 

surface optical component. However, the shortcomings of 

short-stroke of fast tool servo device have constrained the 

development of free-form surface optical component. To 

address this problem, a new large-stroke flexible FTS device is 

proposed in this paper. A series of mechanism modeling and 

optimal designs are carried out via compliance matrix theory, 

pseudo-rigid body theory, and Particle Swarm Optimization 

(PSO) algorithm, respectively. The mechanism performance of 

the large-stroke FTS device is verified by the Finite Element 

Analysis (FEA) method. For this study, a piezoelectric (PZT) 

actuator P-840.60 that can travel to 90 µm under open-loop 

control is employed, the results of experiment indicate that the 

maximum of output displacement can achieve 258.3μm, and 

the bandwidth can achieve around 316.84 Hz. Both theoretical 

analysis and the test results of prototype uniformly verify that 

the presented FTS device can meet the demand of the actual 

microstructure processing. 

Keywords—Fast tool servo, lever displacement amplifier, 

flexure, large-stroke, microstructure 

I. INTRODUCTION

 As a special kind of curved surface, the complex micro 

structured surface has been widely used in various fields 

because of its remarkable advantages such as improving the 

optical performance, optimizing the product structure and 

realizing the lightweight. However, such curved surface has 

a rather complex structure with no fixed rotary center shaft, 

which requires the accuracy of the sub-micron surface shape 

and the roughness of the nanoscale surface. Therefore, the 

nanofabrication of complex microstructure optical 

component has become a big worldwide problem. The 

traditional processing technology of manufacturing is 

difficult to meet the processing needs of complex 

microstructure optical element because of its low accuracy 

and low efficiency. And the technology of fast tool servo 

(FTS) is regarded as the most promising nanofabrication 

method of the free-form surface optical component due to its 

high speed, high precision and high efficiency [1-3]. 

A few of institutions have focused on the research on FTS 

since Lawrence national laboratory in the United States 

developed a FTS for the first time [4]. As we know, 

flexure-based compliant mechanism has no friction and 

small transmission clearance without assembly, abrasion and 

lubrication, which can realize ultra-high precision 

movement and store elastic energy. In addition, compared 

with other actuator, piezoelectric actuator is featured with 

large driving force and nanometer resolution, thus most of 

the commercialized FTS devices use it to drive the 

flexure-guided structure. Unfortunately, the traditional 

PZT-actuated FTS device can only realize high frequency 

reciprocating motion with small travel range, which leads to 

difficulties in the nanofabrication of the complex free-form 

surface optical component, as well as restricts the 

development of the complex microstructure optical 

component. A few of research teams have focused on the 

technology of long stroke FTS. However, these devices 

often can’t fulfill the task in the case of high speed and high 

precision [5]. To meet this requirement, a large-stroke 

flexure fast tool servo with a new displacement amplifier is 

presented in this paper. 

The common flexible displacement amplifier includes: (1) 

amplification mechanism based on the lever principle;(2) 

bridge-type displacement amplification mechanism;(3) 

Scott-Russell amplification mechanism, etc.. Among these 

amplifiers, lever displacement amplifier is the most 

extensively used in the compliant mechanisms since it has 

simple structure, good rigidity, and can keep a linear 

function between the input and output displacement [6]. 

Hence, a novel lever displacement amplifier has been 

designed and applied to drive the FTS device. A series of 

mechanism modeling and optimal designs are carried out via 

compliance matrix theory, pseudo-rigid body theory, and 

PSO algorithm, respectively. Finally, the mechanism 

performance of the large-stroke FTS device is verified 

through the ANSYS Workbench platform. 

What we have done is the design and analysis of a novel 

large-stroke FTS device with a new designed lever 
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displacement amplifier. The framework of this paper is 

described as follows: the mechanism design of FTS is 

presented in Section II; the mechanism modeling and 

dimension optimization are worked out in Section III; the 

FEA analysis and evaluation are implemented in Section IV; 

ultimately, the achievements are summed up with future 

work indicated in Section V. 

 
II.  DESIGN OF FTS DEVICE 

A. Design of the Whole Structure 

The objective of this work is to design a new 1-DOF fast 

tool servo mechanism with long-stroke. As shown in Fig.1, 

right-circular flexure hinge and corner-filleted flexure hinge 

are adopted in this design. The right-circular flexure hinge is 

of higher movement precision, but its rotational range is 

relatively smaller; the straight-beam flexible hinge is of 

larger rotation range, but its movement precision is poorer. 

And the corner-filleted flexible hinge movement takes into 

account both motion precision and travel range. Therefore, 

in the design of the flexible displacement amplifier of the 

FTS device, the right-circular flexure hinge is chosen where 

high accuracy should be considered, and the corner-filleted 

flexible hinge is chosen where the movement precision and 

range of motion should be considered at the same time. In 

addition, in a drive to increase the dynamic performance of 

FTS system, a material with high elastic modulus E and low 

density ρ is required on account that the rigid and 

light-weight materials (high E and low ρ) can improve the 

stiffness and bandwidth of FTS [7]. In this study, Aluminum 

alloy 7075 with a relatively high value of E/ρ (see Table I) is 

chosen to fabricate the FTS device. 

 

 
 

 
 

Fig. 1. The designed FTS mechanism. 

 
 

 

Table I 
THE PARAMETERS OF AL7075-T6 MATERIAL 

Material parameters 

E σ ν ρ 

71.7 GPa 503 MPa 0.33 2.81 × 103𝐾𝑔/m3 

 

B. Design of Flexible Displacement Amplifier 

In order to ensure the vertical stiffness and horizontal 

stiffness of the FTS device, the output of the flexible 

displacement amplifier needs to be added with a compliant 

translational joint. The flexible moving mechanism formed 

by the flexible hinge mechanism mainly consists of a single 

parallel four-bar flexible hinge mechanism(See Fig.2) and a 

double parallel four-bar flexible hinge mechanism(See 

Fig.3). The former one will produce a cross coupling error in 

the vertical direction under the action of force [7]. 

  
Fig. 2. Single parallel four-bar flexible hinge mechanism. 

     
Fig. 3. Double parallel four-bar flexible hinge mechanism. 

 

The schematic diagram of a lever displacement 

amplification mechanism is depicted in Fig.4. Once the PZT 

actuator output a displacement, the device produces a larger 

displacement. Generally, this type of displacement amplifier 

based on the lever principle possesses the following merits: 

1) the simple structure and the small mechanism dimension; 

2) the symmetrical structure, and it can output high precision 

motion, because of the high rigidity of this amplification 

mechanism. Hence, the lateral coupling displacement error 

of this mechanism can be completely eliminated 

theoretically. Therefore, it is quite suitable for constructing a 

FTS device. 

According to practical requirements, two levers are 

employed to increase the stroke and achieve a compact 

structure [8]. In addition, the corner-filleted hinge is adopted 



because of its high movement precision and large rotational 

range. The models for predicting of displacement 

amplification ratio are established in next sections. 

 
Fig. 4. The designed flexible displacement amplifier. 

 

III.   MECHANISM MODELING AND OPTIMIZATION 

A. Modeling of Amplifier Output Lever 

   
Fig. 5. Corner-filleted hinge   Fig. 6. Right circular hinge 
 

For corner-filleted flexible hinge, β =
𝑡

2𝑟
 , γ =

𝑡

2𝑎
 

For right circular flexible hinge, α =
𝑡

2𝑟
 , ψ =

ℎ

2𝑟
 

 
Fig. 7. Double parallel four-bar flexible hinge mechanism. 

 

Then, the input stiffness of the double parallel four-bar 

flexible hinge mechanism (see Fig.7) can be derived as 

follows, 

𝐾𝑡 =
𝐹𝑜

𝐿𝑜
=

3𝑙2

2𝐸𝑏𝑟2(2𝛼+𝛼2)
{[

1+𝛼

ψ2 +
3+2𝛼+𝛼2

ψ(2𝛼+𝛼2)
] √1 − (1 + 𝛼 − ψ)2 +

6(1+𝛼)

(2𝛼+𝛼2)3/2 tan−1 [
ψ−𝛼

√1−(1+𝛼−ψ)2
√

2+𝛼

𝛼
]}       (3-1) 

 

where 𝑙 is the lever length of the double parallel four-bar 

flexible hinge mechanism, E is the elastic modulus of the 

material, 𝐹𝑜 is the output force of the lever and 𝐿𝑜 is the 

output displacement of the lever. 

Also, the rotational stiffness of the corner-filleted flexible 

hinge can be derived as follows, 

𝐾 =
𝐸𝑏𝑡3𝑟2

12𝑙𝑟2+12𝑓𝑡3             (3-2) 
where r is the fillet radius; E is the elastic modulus of the 

material, 

𝑓 = ∫
cos 𝜃

(
𝑡
𝑟

+ 2 − 2 cos 𝜃)
3 𝑑𝜃

𝜋
2

−
𝜋
2

 

Afterwards, the displacement relationship of flexure hinge 

can be expressed as follows, 

[
𝜃

∆𝑦
∆𝑥

] = [

𝐶𝜃,𝑀𝑧

𝐶𝑦,𝑀𝑧

𝐶𝜃,𝐹𝑦

𝐶𝑦,𝐹𝑦

0
0

0 0 𝐶𝑥,𝐹𝑥

] [

𝑀𝑧

𝐹𝑦

𝐹𝑥

]    (3-3) 

where  𝐶𝜃,𝑀𝑧
=

12

𝐸𝑏
(𝑓1

′ + 𝑓1
′′)  

𝐶𝜃,𝐹𝑦
= 𝐶𝑦,𝑀𝑧

=
12

𝐸𝑏
(𝑎𝑓1

′ + 𝑎𝑓1
′′ − 𝑓2

′ − 𝑓2
′′) 

      𝐶𝑦,𝐹𝑦
=

12

𝐸𝑏
(𝑎2𝑓1

′ + 𝑎2𝑓1
′′ − 2𝑎𝑓2

′ − 2𝑎𝑓2
′′ + 𝑓3

′ + 𝑓3
′′) 

  𝐶𝑥,𝐹𝑥
=

1

𝐸𝑏
(𝑓4

′ + 𝑓4
′′) 

For corner-filleted flexible hinge, 

𝑓1
′ = 𝑓1

′′ =
1

4𝑡2 [
2

𝛾
−

2

𝛽
+

2𝛽2+4𝛽+3

(𝛽+1)(𝛽+2)2 +
6(𝛽+1)

√𝛽(𝛽+2)2.5
𝑡𝑎𝑛−1 √

2

𝛽
+ 1]  

 

𝑓2
′ = 𝑓2

′′ = −
1

8𝑡𝛽
{

𝛽−𝛾

(𝛽+2)2𝛾
[

2𝛽2+4𝛽+3

(𝛽+1)(𝛽+2)2
+

6(𝛽+1)

√𝛽(𝛽+2)
tan−1 √

2

𝛽
+ 1] +

1

𝛽+1
} −

(𝛽−𝛾)2

8𝑡𝛽2𝛾2  

 

𝑓3
′ = 𝑓3

′′ =

−
1

16𝛾2
[

2

𝛾
−

2

𝛽
+

2𝛽2+4𝛽+3

(𝛽+1)(𝛽+2)2
+

6(𝛽+1)

√𝛽(𝛽+2)2.5
𝑡𝑎𝑛−1 √

2

𝛽
+ 1] +

1

8
{

(𝛽−𝛾)(4𝛽2−2𝛽𝛾+𝛾2)

3𝛽3𝛾3 +
2𝛽2+4𝛽+3

(𝛽+1)(𝛽+2)2𝛾2 +
2𝛽3+6𝛽2+3𝛽−5+2𝛽(1−𝛽) 𝛾⁄

2[𝛽(𝛽+2)]2 +

(𝛽+1)(3+2𝛽−7𝛽2−8𝛽3−2𝛽4+6𝛽2 𝛾2−6𝛽 𝛾⁄⁄ )

[𝛽(𝛽+2)]2.5
tan−1 √

2

𝛽
+ 1 +

𝜋

2
}  

𝑓4
′ = 𝑓4

′′ =
𝛽−𝛾

2𝛽𝛾
+

𝛽+1

√𝛽(𝛽+2)
tan−1 √

2

𝛽
+ 1 −

𝜋

4
  

 

The parameters without superscript denotes the analyzed 

lever, while the parameters with superscript “ ’ ” denotes 

the first lever and the parameters with superscript “ ’’ ” 

denotes the second one. 

 
Fig. 8. The output lever model of flexible displacement amplifier. 

From (3-2), we gain ∆y = 𝐹𝑖𝑌1 + 𝐹𝑜𝑌2 + 𝑀𝑧C𝑦,𝑀𝑧
    

(3-4) 

  θ = 𝐹𝑖𝑌3 + 𝐹𝑜𝑌4 + 𝑀𝑧𝐶𝜃,𝑀𝑧
           (3-5) 

where 𝑀𝑧 = 𝑀𝑖 + 𝑀𝑜, 𝑌1 = 𝐶𝑦,𝐹𝑦
+ 𝑟1𝐶𝑦,𝑀𝑧

, 𝑌2 = 𝐶𝑦,𝐹𝑦
+

𝑟2𝐶𝑦,𝑀𝑧
 

𝑌3 = 𝐶𝜃,𝐹𝑦
+ 𝑟1𝐶𝜃,𝑀𝑧

, 𝑌4 = 𝐶𝜃,𝐹𝑦
+ 𝑟2𝐶𝜃,𝑀𝑧

, 𝑟1 = 𝑅1 − 𝑎, 𝑟2 =

𝑅2 − 𝑎 



From geometrical relationship (see Fig.8), we get 

𝜃 =
𝐿𝑖−∆𝑦

𝑟1
                 (3-6) 

  𝐿𝑜 = ∆𝑦 + 𝑟2𝜃               (3-7) 

 𝑀𝑖 = −𝐾(𝜃 +
𝐿𝑖

𝑟2
′)             (3-8) 

𝑀𝑜 = −𝐾(𝜃 +
𝐿𝑜

𝑟1
′′)            (3-9) 

From (3-4) to (3-9), we get  

∆𝑦 =
𝑌5+𝑌6

𝑌5+𝑌7
𝐿𝑖 +

𝑌2𝑌3−𝑌1𝑌4

𝑌3(𝑌5+𝑌7)
𝐹𝑜          (3-10) 

𝜃 =
𝑌7−𝑌6

𝑟1(𝑌7+𝑌5)
𝐿𝑖 −

𝑌2𝑌3−𝑌1𝑌4

𝑟1𝑌3(𝑌5+𝑌7)
𝐹𝑜       (3-11) 

𝐿𝑜 = 𝑌8𝐿𝑖 + 𝑌9𝐹𝑜                   (3-12) 

𝐹𝑖 = 𝑌10𝐿𝑖 − 𝑌11𝐹𝑜                  (3-13) 
 

where    𝑌5 =
𝑌1+(𝑝

𝑖
+𝑝

𝑜
)(𝑌1−𝐶𝑦,𝑀𝑧

𝐾𝑌3)

𝑟1𝑌3

    

          𝑌6 = −
𝐶𝑦,𝑀𝑧𝐾𝑌3−𝑌1

𝑌3
(

1

𝑞𝑖𝑟2
′ +

𝑚

𝑞𝑜𝑟1
′′)   

𝑌7 = 1 +
𝐶𝑦,𝑀𝑧𝐾𝑌3−𝑌1

𝑞𝑜𝑟1
′′𝑌3

(1 − 𝑚)  

𝑌8 =
𝑌5+𝑌6+𝑚(𝑌7−𝑌6)

𝑌5+𝑌7
   

𝑌9 =
(1−𝑚)(𝑌2𝑌3−𝑌1𝑌4)

𝑌3(𝑌5+𝑌7)
  

𝑌10 =
(1+𝑝𝑖+𝑝𝑜)(𝑌7−𝑌6)

𝑟1𝑌3(𝑌5+𝑌7)
+

1

𝑌3
(

1

𝑞𝑖𝑟2
′ +

𝑌8

𝑞𝑜𝑟1
′′)    

𝑌11 =
(1+𝑝𝑖+𝑝𝑜)(𝑌2𝑌3−𝑌1𝑌4)

𝑟1𝑌3
2(𝑌5+𝑌7)

+
𝑌4

𝑌3
−

𝑌9

𝑞𝑜𝑟1
′′𝑌3

     

m =
𝑟2

𝑟1
  

 

When the lever relative to the flexure hinge rotating, 𝑝𝑖  

and 𝑝𝑜 are equal to 1. When the lever relative to the flexure 

hinge rotating in the opposite direction, 𝑞𝑖  and 𝑞𝑜  are equal 

to 1. 

From (3-12), the amplification ratio of the output lever 

𝐴2 is derived as follows, 

𝐴2 =
𝐿𝑜

𝐿𝑖
=

𝑌8

1 − 𝑌9𝐾𝑡
 

    
Fig. 9. The displacement amplification ratio with the variation of 

the dimension. 

 

As shown in Fig.9, the color of figure indicates the 

magnitude of the amplification ratio and the coordinate 

value indicates the dimension of the output lever. 

 
B. Modeling of Amplification Ratio Based on Pseudo-Rigid 
Body Method 

1) Modeling of amplification ratio based on the geometric 

relationship 

  
 

Fig 10. The schematic diagram of kinematics of the FTS.  

 

To ensure that the FTS device is able to output a large 

displacement, a series of dimension optimizations have been 

conducted, which aims to improve the displacement 

amplification ratio of the flexible displacement amplifier. Its 

working principle is shown in Fig.10. On the basis of the 

principle of lever amplifier, the output displacement of the 

FTS device is derived as follows, 

𝛿𝑜 =
(𝑙1 + 𝑙2)(𝑙3 + 𝑙4)

𝑙1𝑙3
𝛿𝑖  

where 𝛿𝑖 and 𝛿𝑜 are the input displacement and the output 

displacement, respectively. Thus, the displacement 

magnification ratio of the flexible displacement amplifier A 

can be expressed as follows, 

𝐴 =
𝛿𝑜

𝛿𝑖
=

(𝑙1 + 𝑙2)(𝑙3 + 𝑙4)

𝑙1𝑙3
 

Also, the size optimization work is executed, which aims 

to increase the magnification ratio of the flexible 

displacement amplifier. However, due to the deformation of 

the flexible hinges, the established amplification ratio model 

based on the geometric relationship is different from the 

actual one. Therefore, in the following part, the 

deformations of the flexure hinges will be considered in our 

modeling work. 

 

2) Modeling of amplification ratio with consideration of 

flexure deformations 

Combining with (3-12) and (3-13), we get 
 𝐿𝑜

′ = 𝑌8
′𝐿𝑖

′ + 𝑌9
′𝐹𝑜

′            (3-14) 

𝐹𝑖
′ = 𝑌10

′ 𝐿𝑖
′ − 𝑌11

′ 𝐹𝑜
′             (3-15) 

𝐿𝑜
′′ = 𝑌8

′′𝐿𝑖
′′ + 𝑌9

′′𝐹𝑜
′′            (3-16) 

𝐹𝑖
′′ = 𝑌10

′′ 𝐿𝑖
′′ − 𝑌11

′′ 𝐹𝑜
′′           (3-17) 

Also, there exist the following relationships between the 

first lever and the second one, 

𝐹𝑖
′′ = −𝐹𝑜

′                  (3-18) 

𝐿𝑖
′′ = 𝐿𝑜

′                     (3-19) 
From (3-14) to (3-19), we get 

𝐴 =
L𝑜

′′

L𝑖
′ = (𝑌8 −

𝑌8𝑌11𝑌10
′′

1+𝑌9𝑌10
′′ +

𝑌9𝑌11
′′

1+𝑌9𝑌10
′′

𝐹𝑜
′′

L𝑖
′ ) (𝑌8

′′ +
𝑌9

′′(1+𝑌9𝑌10
′′ )

𝑌9𝑌11
′′ +𝑌8L𝑖

′/𝐹𝑜
′′)  

As for the FTS device, the output force  𝐹𝑜
′′  will be 

measured in the actual situation, while 𝐿𝑖
′  is equal to the 

input displacement of the PZT actuator, thus the 

displacement amplification ratio of the FTS device can be 



obtained [8]. 

 
C. Dimension Optimization with PSO 

According to previous research, we can find out that the 

theoretical displacement amplification ratio of the flexible 

displacement amplifier based on the lever principle is 

always smaller than the actual one, the main reason of which 

is the deformation of the lever and the abnormal stretching 

or extrusion of the flexure hinges. Thus, the size of the 

flexible displacement amplifier of the FTS will be optimized 

via MATLAB PSOT toolbox. Details of the optimization are 

as follows, 

1) Objection: Maximum value of displacement 

amplification ratio A; 
2) Relevant parameters: h, b, t, r, 𝑙1, 𝑙2, 𝑙3, 𝑙4; 
3) Ranges: 4.00mm≤ h≤ 10.00mm, 0.30mm≤ R≤

1.20mm, 6.25mm≤ l1≤ 12.00mm, 4.00mm≤ l2≤

6.25mm, 0.60mm≤ t≤ 1.00mm, 6.10mm≤ l3≤
10.00mm, 6.25mm ≤ 𝑙4 ≤ 14.60mm. 

Parameter b is the thickness of the FTS device (15mm). 

Furthermore, in consideration of that the FTS device is 

fabricated by wire electro-discharge machining, the 

thickness of the flexible hinge t is no less than 0.6mm. And 

parameter 𝑙1~𝑙4  is the lever arm length of the flexible 

displacement amplifier. As shown in Fig.11, the 

amplification ratio of the flexible displacement amplifier can 

reach to 3.33. The structural dimensions of the FTS device 

are shown in Table II. 

 
Fig.11. PSO dimension optimization results. 

 
TABLE II 

THE DIMENSION PARAMETERS OF THE OPTIMIZED FTS DEVICE 
(mm) 

h b t R 𝑙1 𝑙2 𝑙3 𝑙4 

6 15 0.6 0.5 6.25 6.25 6.10 14.6 

 
IV.  FEA ANALYSIS AND EVALUATION 

As shown in Fig.12(a), the 3D finite element mesh of FTS 

is constructed by the ANSYS Workbench, and then the 

model in terms of the maximum output displacement 

analysis, strength checking, displacement amplification ratio 

calculation and modal analysis are conducted in details. 

For the purpose of testing the maximum output 

displacement of the FTS device, a series of forces 0~1000N 

are applied to the input of the FTS device. As shown in 

Fig.12(b), when the input loads 1000N, the output 

displacement of the FTS device can reach to 123.47μm. It 

can be demonstrated that the flexible displacement amplifier 

can effectively increase the stroke of the FTS device even 

though the maximum output displacement of the 

piezoelectric actuator P-840.6 is 90μm. 

With the purpose of checking the strength of the FTS 

device, the input force is 0 to 1000N at the input of the FTS 

device. As the Fig.12(c) shows, the maximum equivalent 

stress is 260.65MPa while the yield strength of Aluminum 

Alloy7075 is 503MPa, which indicates that the FTS device 

can withstand more than 1500N of the input load and meet 

the strength requirements. 

To calculate the displacement magnification ratio of the 

flexible displacement amplification mechanism in the FTS 

device, when the input displacement of the FTS device is 

40μm, as shown in Fig.12(d) and Fig.13, the output 

displacement is 114.9μm, and the displacement 

amplification ratio A can be expressed as follows, 

𝐴 =
𝛿𝑜

𝛿𝑖

=
114.9𝜇𝑚

40𝜇𝑚
= 2.8725 

 

  
(a) 3D FEA model           (b) Output displacement: input 1000N 

  
(c) Stress analysis           (d) Output displacement: input 40μm 

 

Fig.12. The structural static analysis results. 

 
(a)                          (b) 

 

Fig. 13. FEA and theory evaluation results. 

 

Furthermore, to verify the dynamic performance of the 

FTS device, the modal analysis of the FTS device was 

carried out. As the Fig.14 (a-f) shows, the red region and the 



blue region represent large deformation areas and small 

deformation areas, respectively. The resonance frequency of 

the first order denotes the natural work frequency of the FTS 

device is 316.84Hz, the other modal resonances occur in the 

mode 2~6 (much higher than 316.84Hz), which verifies that 

the FTS device can work in a high-rate manner without 

resonance. 

 

  
(a) Mode 1: 316.84Hz               (b) Mode 2: 1017.5Hz 

 

  
(c) Mode 3: 1957.1Hz              (d) Mode 4: 2740.2Hz 

 

  
(e) Mode 5: 3947.1Hz              (f) Mode 6: 4362.5Hz 

 

Fig. 14. The modal analysis results. 

 

All of the simulation results uniformly verify that the 

presented FTS device has excellent performance that it can 

fulfill the work of high speed and high precision cutting. 
 

V. CONCLUSIONS 

To cater for the requirements of large-travel 

nanofabrication of the free-form surface optical component, 

a new long-stroke fast tool servo device is presented in this 

paper. The achievements are listed as follows: 1) design of a 

1-DOF FTS device with new flexible displacement 

amplifier; 2) modeling of the lever displacement amplifier, 

evaluating displacement amplification ratio, and optimizing 

its performance via compliance matrix theory, pseudo-rigid 

body theory, and Particle Swarm Optimization algorithm, 

respectively; 3) the verification and evaluation of the FTS 

device were carried out via ANSYS Workbench. Theoretical 

deduction and simulation results congruously confirm that 

the actual amplification ratio of the FTS device can reach to 

2.8725; in the case of the input stroke of 90μm, the stroke of 

the FTS can reach to 258.3μm and its work frequency can 

achieve 316.84Hz. All the results powerfully verify that the 

presented FTS device has excellent performance for 

practical microstructure processing. 

Even so, we will consider the fabrication of the 

experimental prototype, and further verify the performance 

of this FTS device through a series of micro/nano machining 

experiments. 
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