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Abstract 

In manipulating the assembly of micro-components, the symmetrical microgripper mechanism often causes destruction, 

damaging the micro-components during manipulation. The reason is due to the phenomenon of non-uniform clamping 

force output of the clamp. From this disadvantage, a new asymmetric microgripper structure is proposed with stable output 

clamping force. The asymmetric microgripper structure will have a smaller output displacement than the symmetric 

structure. Therefore, to increase the output displacement gain, a flexible hinge with a triple stair half bridge-style 

mechanism is adopted to design the amplifier of the asymmetrical microgripper. The finite element method is applied to 

analyze the displacement and stress. The optimization process is performed based on the geometric parametric properties 

of the structure. Using the technology for order preference by similarity to ideal solution (TOPSIS) based on the grey 

relationship analysis (GRA) obtained the maximal displacement output and minimal stress. The results show that the 

maximum output displacement is 5,818 mm, stress after analysis is 2,432MPa. The test is conducted to verify the optimal 

results and the effectiveness of the optimization method. Finally, experimental experiments were performed, with a 4.8% 

difference from the FEA results. The results from the experimental test verify that the microgripper's maximum 

displacement amplification ratio is approximately 58.2 times. 

Keywords: Microgripper mechanism, Triple-stair half bridge-type, Grey relational analysis, Entropy weight, TO PSIS 

method. 

 

1 Introduction 

In the microscopic world, when manipulating with 

microparticles, the dexterity, accuracy, and speed of the 

manipulation will be improved when one can feel the 

interaction with the micro-part and controlled in real-time. 

The development of such a sensing micromanipulator 

system is of interest in many areas. For example, cell 

surgery, laparoscopic surgery, microrobots, and micro-

assembly, etc[1-8]. The microgrippers developed based 

on the flexing properties of parts to create the desired 

movements include high precision motion, light, 

frictionless, and compactness, to name a few. These 

characteristics improved the effect of micro-manipulation 

operations. The micro-manipulation tasks can be realized 

with many kinds of actuation such as piezoelectric 

actuator, electrostatic, electromagnetic microgrippers, 

shape-memory alloy (SMA), electroactive polymers 

(EAPs) [9-15]. 

The piezoelectric actuator is normally used in the 

micro-grippers such as the operator because of its high 

force, high accuracy, high frequency operation, and small 

size[16-19]. Thus, it is widely applied in industrial fields 

such as robotics, micro-nano manufacturing. Long et al. 

2017 [20] With the microgripper design used in bonding 

IC and LED is controlled by flexible PZT ceramic stack; 

Zubir et al. 2009 [21] used PZT ceramics for design a 

micro-gripper for micro-manipulation. Piezoelectric 

gripper is remarkable when applying in precision 

manipulating (Rakotondrabe and Ivan 2011) [22]. The 

sliding-mode control methodology was applied for 

piezoelectric drive, which overcomes the problem of 

parameters including effects of hysteresis and disturbance 

in piezoelectric drive systems without compensation 

(Liaw et al. 2008) [19]. Multi-layer piezoelectric materials 

were proposed for a large displacement and high force to 

expand its application possibilities (Yang and Xu 2017 
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[23]; Wu and Xu 2018 [24]). Nachippan et al. (2018) [9] 

application model of piezoelectric microgripper for 

unmanned aircraft was also considered, analysis of the 

arbitrary variable structure of microgripper was 

performed and COMSOL MULTIPHYSICS 4.2 software 

was used for piezoelectric analysis. Research has shown 

that the material that creates piezoelectric microgripper 

also significantly affects the degree of movement of the 

mechanism, specifically compared to conventional 

materials such as silicon, polysilicon, and silicon dioxide. 

The result of Silicon dioxide is better than the other 

materials. The total displacement of the mechanism after 

structural modification showed a significant increase 

compared to the existing microgripper. Tilok Kumar Das 

et al. 2020 [25] The microgripper mechanism is based on 

a three levels of the displacement amplification 

mechanism used to expand the displacement of 

piezoelectric actuators, the ability to respond quickly to a 

frequency of 1044Hz. 

The symmetric and asymmetric structural are applied 

to design the mechanism of micro-grippers. With 

symmetrical construction, most clamping mechanisms use 

the form of symmetrical construction, which has an 

advance in application of double-displacement 

amplification, and they can adapt to enlarge range of work 

clamping and assembling (Bao, et al, 2014)[26]. A single-

stage microgripper with a symmetric structure based on 

the principle of lever amplification [27] was designed to 

fulfill the biggest displacement amplification but unable 

to achieve parallel clamping motion. Cui et al. [28], based 

on the rule to lever to design a symmetrical microgripper 

that could be complete the parallel clamping. However, 

the maximum actual output force between the both sides 

of the function are different, so it will lead to the destroy 

of the micro-component during the gripper clamping. Sun 

et al. [29] and Wang et al. [30] by using the principle of 

lever amplification and triangular gain, they designed a 

multiple-stage symmetrical microgripper, which could 

achieve parallel clamping of the grippers and bigger 

displacement amplification. However, the microgripper 

designed by them was unable to obtain a stable clamping 

motion. From above the review, it indicated that the 

movement of both of sides the microgripper cannot be 

achieve synchronized, so errors in the production and 

installation process cannot be avoided. Asynchronous 

motion is a mains limitation in symmetric structures. It 

affects the working quality as well as the precise position 

control. Thus, it requires motion binding to be able to 

control the movement of the two clamps simultaneously. 

To avoids the disadvantages of symmetric microgrippers, 

an asymmetrical structure is proposed to design with one 

side of the microgripper responsible for displacement 

while another side is unmoved. So there will be no non-

synchronization of the two gripper micro, and this is the 

most significant advantage of the types of asymmetric 

structure. On the other hand, there is also no 

asynchronous force during micro-component execution. 

Therefore, the micro parts will not be destroyed by 

unilateral force because only one clamp-side of the 

microgripper can be moved. Koo et al. [31] also based on 

the principle of lever amplification designed an 

microgripper with an asymmetric structure to achieve a 

stable grasp of the grippers, but unfortunately which could 

not grasp in parallel. Xing et al. [32] designed an 

asymmetric microgripper that could complete parallel 

grips of jaws. However, the structure has a small 

amplification. In addition, during the process fabrication 

of microgripper, the optimization of design parameters is 

necessary to get more efficient performance by 

eliminating unnecessary steps, saving time, reducing 

errors numbers, and avoid duplication of work. For 

example, the finite element model was simulated for 

optimization microgripper structure with consideration of 

the properties of PSA, nonlinear geometry limit, 

established static limit as well as dynamic bonding[33]. A 

hybrid Taguchi-teaching learning-based optimization 

algorithm (HTLBO) was used to optimize compliant 

microgrippers, the advantages of the hybrid approach are 

simplicity and fast computation, achievable desired 

optimal results [34]. Shunli Xiao et al [35] Optimize 

design parameters in the microsystem before fabrication is 

essential. The RBFN based multi-objective GA 

optimization method was applied to optimize the design 

parameters of the microgripper. The calculation process 

of an algorithm will receive the best set of solution 

variables, finally providing the best-suggested results to 

choose the parameters microgripper. Genetic algorithms 

have also been applied to solve the parameter appreciation 

problem of MEMS technique based on microgripper [36]. 

The Fuzzy-TOPSIS and Grey relationship analysis 

method was applied to select the optimal cutting 

parameter values [37]. Fuzzy TOPSIS can apply for the 

pick of optimal process parameters in micro-

manufacturing technology [38]. A new optimal selection 

method created by combining fuzzy set theory, the AHP, 

and TOPSIS was applied to the mining method selection 

which was then used to choose the most appropriate 

mining method for panel 43101 in the Liang-shuijing coal 

mine in China [39]. The best choice for various non-

traditional machining processes using the integration of 

Fuzzy with AHP and QFD methods has been successfully 

made [40]. A new method combining NN - GA has been 

proposed and is applied to model and optimize the process 

parameters such as pulse width, pulse frequency, cutting 

speed, and gas pressure of Ti-Alloy plate cutting pulse 

laser [41]. Aside from this, multi-criteria decision-making 

(MCDM) is gaining popularity in renewable energy 

systems. The evaluation, selection, and ranking of 

renewable energy systems in Turkey will have many 

incompatible criteria causing difficulties in the research 
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process. The proposed Entropy weight, Fuzzy-TOPSIS 

methods are applied to support quick and efficient process 

decision-making [42]. 

In this paper, a detailed parametric study was 

conducted to analyze the influence of various geometrical 

parameters such as incline angle (α), thickness (t), length 
(l) of the flexure hinge for the output displacement 

amplification ratio, and the stress of the microgripper 

structure. Give selected to the optimal design variables to 

achieve maximum displacement, minimizing 

microgripper stress. So, multi-objective optimization was 

conducted using the TOPSIS method based on the GRA 

technique with entropy measurement method to optimize 

the output parameters of the compliance mechanism. 

Finally, verification experiments were conducted to 

confirm the optimal results obtained. 

 
2 Structural design and methodology 

2.1 Structural design of model 

The dimension of the specimen microgripper is 

110mm x 78mm x 10mm. The 2D and 3D factors used to 

model the microgripper mechanism has shown in Figure 

1. The asymmetric structure has proposed to develop a 

piezoelectric actuator microgripper based on a compact 

flexure hinge. The microgripper construction uses a 

corner-filleted flexure hinge, a fixed jaw, a moving 

function, and a piezoelectric actuator (PZT).  

Additionally, a two-stage amplifier included a triple-

bridge amplifier and a single lever amplifier was 

designed to improve the clamping stroke and obtain the 

highest output displacement. The triple-bridge-type 

amplifier and the lever amplifier were directly connected 

in series to obtain a bigger displacement amplification. 

The structure of the triple-stairs was choosing to develop 

a compact flexure hinge-based piezoelectric actuator 

microgripper. With a triple-stair structure the stiffness of 

the model will be increased, which can withstand a 

greater input force and adopted at a higher frequency 

than a single-stair and double-stair structure. Besides, it 

still ensures a large output amplifier displacement. 

  
(a) (b) 

Figure 1.  Model design 

 

 
Figure 2. The input setting 
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2.2 Finite element method simulation 

The characteristics of PLA is showed in Table 1. The 

density is 1.25 Mg/m
3
. The model was designed by using 

Autodesk Inventor software and was analyzed by FEA 

embedded in ANSYS. 

Table 1. Material mechanical properties. 

Material PLA 

Tensile strength 55 MPa 

Young's modulus 3.5 GPa 

Shear modulus 40 GPa 

The Fixed support is used for three holes outside and 

two holes inside. The displacement input controlled by 

the piezoelectric actuator is shown in Figure 2. 

 

3 Optimal method 

3.1 Design simulation 

The Taguchi experimental design involves three 

factors with three levels, L27 orthogonal arrays were 

used to conduct the simulation. The levels of each factor 

are shown as Table 2. The observed responses are 

displacement of the output of one side of the 

microgripper function in the x-axis, and stress within the 

model. Table 3 shows the experimental layout and 

results. 

Table 2. Material mechanical properties. 

Factor 
Levels 

1 2 3 

Incline angle of FXH (α, degree) 1 1.1 1.2 

Length of FXH (l, mm) 4 5 6 

Thickness of FXH (t, mm) 0.3 0.4 0.5 

3.2 Grey relational analysis method 

The Grey theory [43] is widely applied to the system 

whose model is uncertain or lack of information. It 

supplies an effective solution to the problem of 

uncertainty and multiple discrete inputs. GRA based on 

grey theory is well known for its suitability about solving 
multiple factors (Mora ́n, Granada, Mı ́guez, & Porteiro, 
2006) [44]. GRA was useful to analyze a variety of 

MADM problems (Olson & Wu, 2006) [45]. The initial 

problem is to reduce the issue into a single property 

decision making. Similar with the procedure applied in 

TOPSIS, integrating all properties values into a single 

value. In the first step of GRA process called grey 

rationalization, it normalizes the input value from 0 to 1 

for testing data. Then for the second step, based on the 

normalized experimental data, calculating the grey 

relation coefficients to represent the correlation between 

the desirable data and actual experimental data. At the 

final, calculate the average GRC of selected cases to 

determine the overall grey relation grade. The grey 

relation grade can indicate the impact performance and 

characteristic of parameters during the multi-response 

process. Then, based on the signal to noise (S/N) ratio of 

Taguchi method, the parameters configuration with the 

highest GRG can be considered as the optimal solution 

for the case and determine the quality characteristics.  

The equation about the S/N ratio is shown in the 

below formula: S/N = 10 log (1𝑛 ∑ 𝑦𝑖2𝑛
𝑖=1 ) (1) 

Table 3. Experimental layout and simulation results. 

No. α l t Displacement Stress 

1 1 4 0.3 0.5818 2.4316 

2 1 4 0.4 0.45164 2.4234 

3 1 4 0.5 0.35041 2.5329 

4 1 5 0.3 0.48125 2.4266 

5 1 5 0.4 0.45961 2.5419 

6 1 5 0.5 0.3606 2.5386 

7 1 6 0.3 0.57452 2.4723 

8 1 6 0.4 0.46087 2.5598 

9 1 6 0.5 0.36491 2.5642 

10 1.1 4 0.3 0.58232 2.5913 

11 1.1 4 0.4 0.45999 2.6012 

12 1.1 4 0.5 0.36083 2.5314 

13 1.1 5 0.3 0.58149 2.6577 

14 1.1 5 0.4 0.46765 2.6007 

15 1.1 5 0.5 0.37098 2.6134 

16 1.1 6 0.3 0.57465 2.6431 

17 1.1 6 0.4 0.46864 2.6253 

18 1.1 6 0.5 0.37521 2.6311 

19 1.2 4 0.3 0.57899 2.7676 

20 1.2 4 0.4 0.46495 2.6902 

21 1.2 4 0.5 0.3692 2.6247 

22 1.2 5 0.3 0.57787 2.7482 

23 1.2 5 0.4 0.47213 2.749 

24 1.2 5 0.5 0.37903 2.648 

25 1.2 6 0.3 0.57121 2.7339 

26 1.2 6 0.4 0.47286 2.6503 

27 1.2 6 0.5 0.3831 2.5987 

In this study, the GRA is used to analyze the multi-

response characteristics in the optimization procedure. 

The steps are shown as below: 

Step 1: Normalize data 

The smaller-the-better case is computed as: 
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𝑥𝑖∗(𝑘) = 𝑚𝑎𝑥 𝑥𝑖0(𝑘) − 𝑥𝑖0(𝑘)𝑚𝑎𝑥 𝑥𝑖0(𝑘) − 𝑚𝑖𝑛𝑥𝑖0(𝑘) (2) 

The larger-the-better case is computed as: 𝑥𝑖∗(𝑘) = 𝑥𝑖0(𝑘) − min 𝑥𝑖0(𝑘)max 𝑥𝑖0(𝑘) − 𝑚𝑖𝑛𝑥𝑖0(𝑘) (3) 

The normalized-the-better case is computed as: 𝑥𝑖∗(𝑘) = 1 −  𝑥𝑖0(𝑘) − 𝑥0max 𝑥𝑖0(𝑘) − 𝑥0 (4) 

Following the requirement in this study, the stress was 

chosen as “smaller-the- better”. The displacement was 

chosen as the “larger-the-better”. 

Where 𝑥𝑖∗(𝑘)  is the value after normalized 

value, max (𝑥𝑖0(𝑘)) and min (𝑥𝑖0(𝑘)) are the highest and 

lowest value of 𝑥𝑖0(𝑘)  for the 𝑘𝑡ℎresponse, respectively, 

k being 1 for displacement, 2 for stress. 

While the value has been normalized, they will range 

from 0 to 1, and the larger the result value is, the better 

the performance will be. 

Step 2: GRC calculation 

The connection with the ideal and the actual 

experiment results is shown as GRC ξ𝑖 (k) which is 

calculated by below equation: 𝜉𝑖 = ∆𝑚𝑖𝑛 + 𝜁∆𝑚𝑎𝑥∆𝑜𝑖(𝑘) + 𝜁∆𝑚𝑎𝑥 (0 < 𝜉𝑖(𝑘) ≤ 1) (5) 

Where ∆𝑜𝑖(𝑘) is the deviation array of reference array 𝑥𝑖0(𝑘) and comparability array 𝑥𝑖∗(𝑘): ∆𝑜𝑖= ‖𝑥0∗(𝑘) − 𝑥𝑖∗(𝑘)‖ (6) ∆𝑚𝑖𝑛= ‖𝑥0∗(𝑘) − 𝑥𝑖∗(𝑘)‖∀𝑗∈𝑖 ∀𝑘𝑚𝑖𝑛 𝑚𝑖𝑛  (7) ∆𝑚𝑎𝑥= ‖𝑥0∗(𝑘) − 𝑥𝑖∗(𝑘)‖∀𝑗∈𝑖 ∀𝑘𝑚𝑎𝑥𝑚𝑎𝑥  (8) 𝜁 is the distinguishing coefficient (𝜉 ∈ [0,1]) used to 

tune up the difference of the relational coefficient. Its 

value was chosen as 0.5 and the GRC is calculated using 

equation (3). 

Step 3: GRG is computed by averaging the 

corresponding grey relational coefficients. γ𝑖 = ∑ 𝑤𝑘𝜉𝑖(𝑘)𝑘=1𝑛∑ 𝑤𝑘𝑘=1𝑛  (9) 

Where w_k is normalized weight of element k 

according to the real situation of various factor. 

3.3 Entropy method 

Using the probability theory can formulate and 

determine uncertain information (Wen et al. [46]). And 

entropy method can be used to derive the weights and the 

entropy (𝐸𝑗) that are calculated by follow equations: 

Step 1: Calculate the summation of each attribute’s 

value for all array, 𝐷𝑘  (Sum of the GRC in all 

sequences) 

𝐷𝑘 = ∑ 𝑥𝑖 (𝑘)𝑚
𝑖=1  (10) 

Step 2: Figure out the entropy of the specific attribute, 𝑒𝑘 𝑒𝑘 = 𝐾 ∑ 𝑊𝑒(𝑃𝑖)𝑚
𝑖=1  (11) 

Where We (𝑃𝑖)  =  𝑝𝑖 ∗ 𝑒(1−𝑝𝑖) + (1 − 𝑝𝑖) ∗ 𝑒𝑝𝑖− 1 ; (𝑝𝑖 = 𝑥𝑖 (𝑘)𝐷𝑘 )  (12) 

𝐾 = 1(𝑒0.5 − 1) ∗ 𝑚 (13) 

Step 3: Calculate the total entropy value E 𝐸 = ∑ 𝑒𝑘𝑛
𝑘=1  (14) 

Step 4: Determine the relative weighting factor, 𝛽𝑘 𝛽𝑘 = 1𝑛 − 𝐸 (1 − 𝑒𝑘) (15) 

Step 5: The normalized weight of each attribute can 

be calculated by 𝑤𝑘 = 𝛽𝑘∑ 𝛽𝑘𝑛𝑘=1  (16) 

3.4. TOPSIS method 

The TOPSIS (Lai, Liu, & Hwang, 1994) [47] is one of 

the classical Multi-Criteria Decision Matrix (DMs) 

methods, it was developed the first time by Hwang and 

Yoon [48]. TOPSIS, be advantage of its capacity to 

define the best alternative rapidly, is an attractive ranking 

technique that only requires limited thematic input. In 

order to appreciate the distance between data series, the 

decision matrix in the TOPSIS process is formed by the 

grey coefficients in this study. The TOPSIS method is 

shown as below [48] 

Step 1: The DMs is presented as below matrix A = (𝑎𝑖𝑗)𝑚𝑥𝑛 = [ 𝑎11 𝑎12𝑎21 𝑎21…   …   𝑎𝑚1 𝑎𝑚2
…   𝑎1𝑛…   𝑎2𝑛…      …… 𝑎𝑚𝑛 ] (17) 

Where n is the quantity of variables and 𝑎𝑖𝑗  is the 

value of GRC. 

The equation is used to normalize each attribute value 𝑎𝑖𝑗  in DMs A= (𝑎𝑖𝑗)𝑚𝑥𝑛 into a correlate factor 𝑔𝑖𝑗  in a 

normalized DMs as 

G = (𝑔𝑖𝑗)𝑚𝑥𝑛 = [ 𝑔11 𝑔12 ⋯ 𝑔1𝑛𝑔21 𝑔22 … 𝑔2𝑛⋮𝑔𝑚1 ⋮𝑔𝑚2 ⋮… ⋮𝑔𝑚𝑛] (18) 

Where  
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𝑔𝑖𝑗 = 𝑎𝑖𝑗√∑ (𝑎𝑖𝑗)2𝑚1 , 𝑖 ∈ {1,2, … , 𝑚}, 𝑗 ∈ {1,2, … , 𝑛} 
(19) 

Step 2: Calculate the weighted standardized DMs Z =  (𝑤𝑗𝑔𝑖𝑗)𝑚𝑥𝑛  (20) 

Where, the weights (𝑤𝑗) are calulated by the Entropy 
Method [46]. 

Step 3: Calculate the positive ideal solution (PIS, 𝐷+) 

and negative ideal solution (NIS, 𝐷−). 𝐷+ = {𝑧1+, 𝑧2+, … , 𝑧𝑖+}, 𝑧𝑗+ = max1≤𝑖≤𝑚{𝑧𝑖𝑗} , j ∈ 𝑁 (21) 𝐷− = {𝑧1−, 𝑧2−, … , 𝑧𝑖−}, 𝑧𝑗− = max1≤𝑖≤𝑚{𝑧𝑖𝑗} , j ∈ 𝑁 (22) 

Step 4: Calculate the root-mean square error (RMSE) 

of target position with positive ideal (PI) position and 

negative ideal (NI) position by using the Euclidean 

distance. 

The derived PIS 𝑆𝑖+  is shown as follows 𝑆𝑖+ = √∑ (𝑧𝑖𝑗 − 𝑧𝑗+)2𝑛𝑖=1 , 𝑖 ∈ {1,2, … , 𝑚} (23) 

The derived NIS 𝑆𝑖− is shown as follows 𝑆𝑖− = √∑ (𝑧𝑖𝑗 − 𝑧𝑗−)2𝑛𝑖=1 , 𝑖 ∈ {1,2, … , 𝑚} (24) 

Where 𝑆𝑖+  and 𝑆𝑖−  can be also considered as the 
distances of the 𝑖𝑡ℎ alternative with PI and NI solution. 

Step 5: Calculate the coefficient closest to the ideal 

solutions. 

The nearness coefficient of the 𝑖𝑡ℎ alternative 𝐷𝑖  with 

correlation to the ideal solution is shown as 𝐶𝑖 = 𝑆𝑖−𝑆𝑖+ + 𝑆𝑖− , 𝑖 ∈ {1,2, … , 𝑚} (25) 

Step 6: The ranking order and valuation. 
The priority of alternatives can be sorted in a 

descending order according to 𝐶𝑖 , and the higher 𝐶𝑖 
implies better choice. 

3.5. Hybrid GTs-TOPSIS method 

The hybrid optimization method can simplify data 

processing procedure, time reduction, and provide the 

user to determine a more efficient method to select the 

most appropriate criteria. For example: Kai Zhang et al., 

(2019) [49] came out with a DMs problem in a fuzzy-

covered approximation space and solved it by the 

TOPSIS method. First of all, integrating a fuzzy 

proximity operator with a fuzzy coarse set model, two 

pairs of fuzzy coarse set models based on overlapping 

and studying basic characteristics together with the 

classification of these two pairs of models. Then, a new 

method to specify the target weights using a pair of fuzzy 

coarse models based on the first overlay. In order to 

solve the material selection problem, take advantage of 

the fuzzy rough set in processing uncertain data and the 

method of determining objective criteria weights with 

TOPSIS, integrating the both methods to propose a new 

multi-criteria decision-making method. Behnam Vahdani 

et al. (2011) [50] The combination of fuzzy and TOPSIS 

method has been studied and used as the right decision 

tool for choosing the optimal solution to the problems of 

selecting robots and rapid prototyping in production. 

TOPSIS, an attractive ranking technique, whose 

advantage is the ability to identify the best alternative 

faster with just limited subject input. In this study, the 

grey coefficients are used to build up the decisions 

making matrix in the TOPSIS procedure to evaluate the 

range between the data chain. The calculation process is 

shown in Figure 3. 

 
Figure 3. The flow chart of combining GTs-TOPSIS. 

 

4 Result and discussion 

4.1 Grey relational grade-Taguchi (GTs) 

The first normalize the initial data values to the range 

of values [0-1], the feedback value of the chosen 

displacement amplifier is as large as possible, the stress 
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value is the smaller-the better. Data normalized results 

using formulas (1) and (2). The second, the deviation 

sequences ∆oi are calculated by equation (5-7). The 

results calculations are presented in Table 4 as follows. 
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Table 4. The data normalize and deviation sequences of each individual quality characteristic. 

No. 
 𝒙𝒊∗(𝒌) ∆oi  

Displacement  Stress Displacement Stress 

1 0.9978 0.9762 0.0022 0.0238 

2 0.4365 1.0000 0.5635 0.0000 

3 0.0000 0.6819 1.0000 0.3181 

4 0.5642 0.9907 0.4358 0.0093 

5 0.4709 0.6557 0.5291 0.3443 

6 0.0439 0.6653 0.9561 0.3347 

7 0.9664 0.8579 0.0336 0.1421 

8 0.4763 0.6037 0.5237 0.3963 

9 0.0625 0.5909 0.9375 0.4091 

10 1.0000 0.5122 0.0000 0.4878 

11 0.4725 0.4834 0.5275 0.5166 

12 0.0449 0.6862 0.9551 0.3138 

13 0.9964 0.3193 0.0036 0.6807 

14 0.5055 0.4849 0.4945 0.5151 

15 0.0887 0.4480 0.9113 0.5520 

16 0.9669 0.3617 0.0331 0.6383 

17 0.5098 0.4134 0.4902 0.5866 

18 0.1069 0.3966 0.8931 0.6034 

19 0.9856 0.0000 0.0144 1.0000 

20 0.4939 0.2249 0.5061 0.7751 

21 0.0810 0.4152 0.9190 0.5848 

22 0.9808 0.0564 0.0192 0.9436 

23 0.5249 0.0540 0.4751 0.9460 

24 0.1234 0.3475 0.8766 0.6525 

25 0.9521 0.0979 0.0479 0.9021 

26 0.5280 0.3408 0.4720 0.6592 

27 0.1410 0.4907 0.8590 0.5093 

Then, the distinguishing coefficient ζ is used to adjust 
the range of the comparison environment, which can be 

substituted for the grey relational coefficient in equation 

(4), in this study ζ was taken as 0.5. The last step is 

determining the grey relational grade coefficient, based 

on formula (8), the grey relational grade coefficient has 

been determined and the results are presented in Table 5. 

In this study, the weight of each factor after applying the 

formula in the entropy method [46] is 0.5002 and 

0.4998, respectively. 

The larger the GRG is the performance characteristics 

possible. From Table 5 and Figure 4, it shows that 

experiment 1 had the highest GRG of 0.726 among 

experiments. Thus, experiment 1 was the best 

performance among the 27 experiments. At experiment 

number one with flexure hinge geometry parameters: 

thickness is 0.3 mm, length is 4 mm, and incline angle is 

1 degree. The large output amplifier displacement ratio 

is 58 time, and the stress is 2.4316MPa. 
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Table 5. Calculated for GRC, GRG and rank of displacement and stress. 

S. No 
GRC 

GRG Rank 
Displacement Stress 

1 0.9955 0.9545 0.9750 1 

2 0.4701 1.0000 0.7351 5 

3 0.3333 0.6112 0.4722 18 

4 0.5343 0.9817 0.7580 4 

5 0.4858 0.5922 0.5390 11 

6 0.3434 0.5990 0.4712 19 

7 0.9370 0.7787 0.8579 2 

8 0.4884 0.5579 0.5231 12 

9 0.3478 0.5500 0.4489 20 

10 1.0000 0.5062 0.7531 3 

11 0.4866 0.4919 0.4892 14 

12 0.3436 0.6144 0.4790 16 

13 0.9929 0.4235 0.7082 6 

14 0.5028 0.4926 0.4977 13 

15 0.3543 0.4753 0.4148 24 

16 0.9380 0.4393 0.6886 7 

17 0.5050 0.4602 0.4826 15 

18 0.3589 0.4531 0.4060 26 

19 0.9721 0.3333 0.6527 9 

20 0.4970 0.3921 0.4445 21 

21 0.3524 0.4609 0.4066 25 

22 0.9630 0.3463 0.6547 8 

23 0.5127 0.3458 0.4293 23 

24 0.3632 0.4338 0.3985 27 

25 0.9126 0.3566 0.6346 10 

26 0.5144 0.4313 0.4729 17 

27 0.3679 0.4954 0.4140 22 

 

 
Figure 4. The results of grey relational grade (GRG) of the experiments. 
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Calculating the S/N ratio to analyze the optimal level 

for each parameter t, l, and α, respectively. The optimal 
configuration of the flexure hinge dimension parameters 

was observed as l1t1α1. The results were shown in the 

Table 6. And the main effects and interaction plot for 

mean for GRG are shown in Figure 5. 

Table 6. Signal to Noise Ratios (S/N) 

Level 
Parameter 

Incline angle Length Thickness 

1 -4.182 -4.782 -2.666 

2 -5.463 -5.559 -5.907 

3 -6.188 -5.492 -7.26 

Hence, the best combination values for maximizing 

the multiple performance characteristics were thickness 

of 0.3 mm, the length of 4 mm and incline angle of 1 

degree. The response table for the means of GRG is 

shown in Table 7. 

Analysis of variance (ANOVA) output of the multiple 

performance characteristics are given in Table 8. The 

referred confidence and significance level were 0.95 and 

0.05, respectively. 

As shown in Table 8, the thickness and incline angle 

of the flexure hinge were remarkable factors, and the 

interaction of the thickness with the incline angle also 

had significant value. The thickness had the largest 

contribution ratio as 72.73% to the flexure hinge. 

Furthermore, the contribution of incline angle and length 

was 14.78% and 3.04%, respectively. Thus, the variation 

of thickness of flexure hinge will affect significantly on 

the displacement amplifier based on the preferred criteria 

output. R squared was calculated as 97.12%, which can 

be considered as the suitability of this linear regression 

model. 

 
(a) 

 
(b) 

Figure 5. Main effects plot for means and interaction 

plot for mean. 

Table 7. Response Table for Mean for GRG 

Level 
Parameter 

Incline angle Length Thickness 

1 0.6423 0.6008 0.7425 

2 0.5466 0.5413 0.5126 

3 0.5009 0.5476 0.4346 

Table 8. Analysis of variance (ANOVA) result. 

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value 

  α 2 0.0937 14.78% 0.0937 0.0469 20.53 0.001 

  l 2 0.0193 3.04% 0.0193 0.0096 4.22 0.056 

  t 2 0.4613 72.73% 0.4613 0.2307 101.04 0.000 

  α*l 4 0.0179 2.82% 0.0179 0.0045 1.96 0.194 

  α*t 4 0.0206 3.25% 0.0206 0.0052 2.26 0.152 

  l*t 4 0.0032 0.50% 0.0032 0.0008 0.35 0.837 

Error 8 0.0183 2.88% 0.0183 0.0023   

Total 26 0.6343 100.00% 
 

R-sq 97.12%  

4.2 Combine GTs-TOPSIS 

The first step was to classify the attributes and 

alternatives as the parameter inputs and response outputs 

of the experiment. Its values are substituted into the 

GRC, placed to the decision matrix A. 

The decision matrix A and matrix G were normalized 

by equation (17) and (18). Besides, the equation (19) can 

be used to compute the benefit attribute. The value of 

two attributes are inversely proportional that meant when 

one of the attributes decreased, the other will increase. 
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Additionally, the value of change is the same. In this 

paper, the benefit attribute was used for analysis and the 

entropy method was applied to specify the attribute 

weight by using equations (10) - (16) sequentially. The 

results are shown in Table 9. Matrix Z was calculated by 

Equation (20) with attribute weight 𝑤𝑗 = [0.5002 0.4998]𝑇. 

Table 9. Decision matrix 

No. 

Matrix A Matrix G Matrix Z= (𝒘𝒋𝒑𝒊𝒋)𝒎𝒙𝒏 

GRC Attribute Attribute 

Displacement Stress Displacement Stress Displacement Stress 

1 0.9955 0.9545 0.2994 0.3222 0.4979 0.4771 

2 0.4701 1.0000 0.1414 0.3376 0.2352 0.4998 

3 0.3333 0.6112 0.1003 0.2063 0.1667 0.3055 

4 0.5343 0.9817 0.1607 0.3314 0.2672 0.4907 

5 0.4858 0.5922 0.1461 0.1999 0.2430 0.2960 

6 0.3434 0.5990 0.1033 0.2022 0.1718 0.2994 

7 0.9370 0.7787 0.2818 0.2629 0.4687 0.3892 

8 0.4884 0.5579 0.1469 0.1883 0.2443 0.2788 

9 0.3478 0.5500 0.1046 0.1857 0.1740 0.2749 

10 1.0000 0.5062 0.3008 0.1709 0.5002 0.2530 

11 0.4866 0.4919 0.1464 0.1660 0.2434 0.2458 

12 0.3436 0.6144 0.1034 0.2074 0.1719 0.3071 

13 0.9929 0.4235 0.2986 0.1430 0.4966 0.2117 

14 0.5028 0.4926 0.1512 0.1663 0.2515 0.2462 

15 0.3543 0.4753 0.1066 0.1604 0.1772 0.2376 

16 0.9380 0.4393 0.2821 0.1483 0.4691 0.2196 

17 0.5050 0.4602 0.1519 0.1553 0.2526 0.2300 

18 0.3589 0.4531 0.1080 0.1530 0.1795 0.2265 

19 0.9721 0.3333 0.2924 0.1125 0.4862 0.1666 

20 0.4970 0.3921 0.1495 0.1324 0.2486 0.1960 

21 0.3524 0.4609 0.1060 0.1556 0.1762 0.2304 

22 0.9630 0.3463 0.2897 0.1169 0.4817 0.1731 

23 0.5127 0.3458 0.1542 0.1167 0.2565 0.1728 

24 0.3632 0.4338 0.1092 0.1464 0.1817 0.2168 

25 0.9126 0.3566 0.2745 0.1204 0.4564 0.1782 

26 0.5144 0.4313 0.1547 0.1456 0.2573 0.2156 

27 0.3679 0.4954 0.1107 0.1672 0.1840 0.2476 

In the next step, Equations (21) and (22) are used to 

determine the positive and negative ideal solutions. Then 

the nearest alternative ranges from PIS and the farthest 

alternative range from NIS were computed by equations 

(23) and (24). The nearest coefficient is calculated by 

using equation (24). Finally, alternatives according to the 

value of 𝐶𝑖  was selected. The largest 𝐶𝑖  was the best 

choice. The resulting values are shown in Table 10. 

According to the below result, the highest closeness 

coefficient was observed at the experiment number 1, 

meaning that it was nearest to the ideal value. 

 

Table 10. Nearness coefficient value and alternative ranking. 
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S. No 𝑺𝒊+ 𝑺𝒊− 𝑪𝒊 Rank 

1 0.0228 0.4540 0.9521 1 

2 0.2650 0.3402 0.5621 5 

3 0.3860 0.1389 0.2646 14 

4 0.2331 0.3393 0.5928 3 

5 0.3281 0.1502 0.3140 11 

6 0.3847 0.1329 0.2567 15 

7 0.1150 0.3751 0.7654 2 

8 0.3381 0.1364 0.2875 12 

9 0.3962 0.1085 0.2150 20 

10 0.2468 0.3445 0.5826 4 

11 0.3612 0.1103 0.2339 17 

12 0.3807 0.1406 0.2697 13 

13 0.2882 0.3330 0.5360 6 

14 0.3552 0.1163 0.2466 16 

15 0.4160 0.0717 0.1470 24 

16 0.2820 0.3070 0.5212 7 

17 0.3662 0.1067 0.2256 18 

18 0.4213 0.0612 0.1269 26 

19 0.3335 0.3195 0.4893 9 

20 0.3945 0.0870 0.1806 22 

21 0.4214 0.0645 0.1327 25 

22 0.3272 0.3150 0.4905 8 

23 0.4078 0.0900 0.1807 21 

24 0.4261 0.0524 0.1095 27 

25 0.3245 0.2900 0.4719 10 

26 0.3739 0.1030 0.2159 19 

27 0.4044 0.0828 0.1700 23 

The optimal parameter was verified at 𝑙1, 𝑡1, 𝛼1. The 

Taguchi technique was proposed to find the great value. 

The result is shown in Table 11. 

Table 11. The s/n ratio of GTS-TOPSIS 

Level 
Parameter 

Incline angle Length Thickness 

1 -4.182 -4.782 -2.666 

2 -5.463 -5.559 -5.907 

3 -6.188 -5.492 -7.26 

The S/N ratio data and raw data provided the same 

optimal level by drawing the main effects plot. The 

result is shown in Figure 6 

 
Figure 6. The main effect plot for mean and S/N ratios 

The main effects and interaction plot for mean for 

GTs-TOPSIS are shown in Figure 7.
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(a) (b) 

Figure 7. Main effects and interaction plot for mean for GTs-TOPSIS 

Table 12. Analysis of variance (ANOVA) result. 

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value 

α 2 0.18796 15.66% 0.187959 0.093979 18.07 0.001 

l 2 0.04044 3.37% 0.040437 0.020218 3.89 0.066 

t 2 0.85409 71.18% 0.854093 0.427047 82.1 0 

α*l 4 0.04096 3.41% 0.040961 0.01024 1.97 0.192 

α*t 4 0.02885 2.40% 0.028846 0.007212 1.39 0.321 

l*t 4 0.00601 0.50% 0.006005 0.001501 0.29 0.877 

Error 8 0.04161 3.47% 0.041615 0.005202 
 

Total 26 1.19992 100.00% 
 

 

S R-sq R-sq(adj) PRESS R-sq(pred) 

0.072124 96.53% 88.73% 0.474017 60.50% 

Analysis of Variance (ANOVA) output of the 

multiple performance characteristics was given in Table 

12. As shown in Table 12, the thickness and incline 

angle of the flexure hinge were remarkable factors. The 

thickness of the flexure hinge had the biggest 

contribution is 71.18%. Hence, the length of flexure 

hinge had the most significant impact on the 

displacement amplifier based on the preferred 

configuration output. The contribution of the length and 

incline angle was 3.37% and 15.66%, respectively. R 

squared figured out as 96.53% indicated that this linear 

regression model was suitable for 96.53% of data set. 

 

5 Experiment and confirmation test 

5.1 Confirmation simulation test 

A demonstration was conducted to verify the quality 

of the output response. The forecast optimized value was 

calculated by below equation (26). 

𝜂𝑝𝑟𝑒𝑑𝑖𝑐𝑡 = 𝜂𝑡𝑚 + ∑(𝜂𝑖 − 𝜂𝑡𝑚)𝑡
𝑖=1  (26) 

 

Where ηtm is the average value of whole response, ηi is 

the average value of the response at the best level, and t is 

the quantity of input parameters. The result of the 

confirmatory experiment shown as Table 13. 

In Table 13, the initial parameters from the design 

requirements are the incline angle of the flexing hinge 1.2 

degrees, the length of the flexing hinge 5 mm, and the 

thickness of the flexing hinge 0.4 mm. The optimum 

parameters figure out by GRA and Grey-TOPSIS have the 

same values as the angle of inclination of the flexing hinge 

1 degree, the length of the flexing hinge 4 mm, and the 

thickness of the flexing hinge of 0.3 mm. However, the 

analytical results show that the estimated coefficient 

followed the Grey-TOPSIS method is much more robust 

compared with using the GRA method. The feedback on the 

improved displacement amplifier using this recommended 

method. 
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Table 13. Initial, predicted, and compared evaluation test. 

  

Initial Optimal Parameter 

GRA Grey-TOPSIS 

 Prediction Test Prediction Test 

Level α3l2t2 α1l1t1 α1l1t1 α1l1t1 α1l1t1 

α 1.2 

 

1 

 

1 

l 5 4 4 

t 0.4 0.3 0.3 

C 0.1807 
 

0.7695 0.9521 

GRG 0.4293 0.859 0.975 
  

Improvement 
 

0.4297 0.5457 0.588 0.771 

5.2 The prototype of the micro gripper 

The parameter of the sample is taken from the optimal 

result in the Table 5. The optimal geometry parameter of 

the model is incline angle of 1 degree, the length of 

4mm, and the thickness of 0.3mm, respectively. To 

simplify the fabrication manufacturing process and 

reduce costs, the sample was fabricated by 3D printer. 

The material is PLA. The prototyping model is shown in 

Figure 8. 

 
Figure 8. Asymmetric micro-gripper mechanism. 

5.3 Experiment and measuring process 

To verify the performance of the asymmetric micro-

gripper mechanism, it is necessary to perform tests on the 

micro-clamp device. The devices applied to the 

experiment are listed as below Table 14. The experiment 

system consists mainly of a controlled power source, 

PZT servo controller, analog amplifier, a piezoelectric 

actuator, a laser measuring device, and an asymmetric 

micro-gripper mechanism. It is illustrated in Figure 9. 

Table 14. Experiment devices list 

A DPO 2014B digital Oscilloscope 

B Analog amplifier SVR 150/3 

C PST controller PI 

D DC power supply GP C-60300 

E Laser head LB12(W) 

F Laser amplifier reader LB-72(W) 

G Probe sensor 

H PST 150 

 

 
(a) Principle diagram connection 
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(b) Experiment setup 

Figure 9. Experimental layout diagram of the microgripper mechanism. 

The value of measuring comparison is taken from the 

mean of the three measurements. The input displacement 

of the structure is changed from 0 to 40μm 
corresponding to 0V to 150V of the output amplifier 

controller. The input voltage control of the amplifier is 

from 0V to 5V. In this case, we observed 10 points with 

the input displacement from 4μm to 40μm with the pitch 
is 4. The resolution of the laser sensor is 0.4V/mm. 

Therefore, we can calculate the displacement output of 

the micro gripper. The measure result is shown in Table 

15. 

In this Table 14, based on the resolution of equipment, 

we can obtain the displacement output corresponding to 

the displacement input. The value of the output 

displacement base on the experiment was compared with 

the simulation value. The result shown in the ratio 

amplifier of the structure of micro gripper is 

approximately 58.4 times. The initial instability of the 

measurement signal is 0-6μV. The maximum error of the 
signal measurement is 101μm/2000μm compared to 
simulation result. The error is 4.8%. This result is 

acceptable. The comparison of results is shown in Figure 

10. 

Table 15. The result of measurement and analysis 
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Figure 10. The comparison of the simulation value and 

experiment value of displacement output. 

 

6 Conclusions 

The purpose of this study is to achieve a maximum 

output displacement amplifier ratio by optimizing the 

dimension of model. Design parameters of a triple-stair 

bridge-type amplifier structure. The FEA values are 

integrated with the Grey-TOPSIS method to figure out 

the best dimension configuration to achieve the 

maximum output displacement ratio. The results 

obtained the highest output displacement ratio with the 

following design parameters: incline angle (α) is 1 
degree, length (l) is 4mm, thickness (t) is 0.3mm. The 

input displacement ratio is 0.01mm, the largest output 

displacement result is 0.5818mm, the amplification ratio 

is 58 times, and the stress after the analysis is 2.432MPa. 

In future work, the kinetic analysis can be used to 

describe and analyze in-depth the performance of the of 

the flexure hinge with different geometrical parameters 

on the microgripper mechanism. Further investigation of 

stiffness and natural frequency analysis of the 

microgripper mechanism can be conducted. Apply the 

model to the assembly process of micro components. 

 

Data availability 

All data that support the findings of this study are 

available from the corresponding author upon reasonable 

request. 
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