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ABSTRACT: Micro-manufacturing is the manufacturing of micro scale devices using small manufacturing 

facilities. The manufacturing methods for micro-parts can be divided into two categories, namely, macro-

manufacturing (mm) and micro-manufacturing (µm). , the micro-forming is the new generation manufacturing 

process, provides a promising approach to producing metallic micro-parts, such as a miniature screw, micro-gear, 

micro-shaft, and IC-socket. Micro-forming is one of the most popular micro-manufacturing processes. In this part of 

the report, a brief description of micro-forming, early studies on it, its importance in manufacturing processes are 

given, and definition of micro-forming, new concepts in micro-forming will be discussed. 
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1. INTRODUCTION: 

Today in this modern world there has a big demand for compact and small products for industrial applications and 

for our daily uses. No doubt, that these days the consumer products are continuously getting smaller but also are 

modified with extra integrated multi-functionalities. Moreover, from last few decades, these devices have been 

getting smaller to macro (mm)/micro (µm) scales. Additionally, to achieve the most appropriate manufacturing 

process to produce micro parts is also the demand of modern day technology. Batteries, Fuel cells, micro-turbine, 

and sensors are the best example of the portable and small scale devices or components. However, the market 

demands of modern world about the micro parts are dramatically increasing and state-of-the-art micro 

manufacturing processes for fabrication of micro parts thus become critical. So, the micro-forming is the new 

generation manufacturing process, provides a promising approach to producing metallic micro-parts, such as a 

miniature screw, micro-gear, micro-shaft, and IC-socket. Micro-forming is one of the most popular micro-

manufacturing processes. 

1.1 HISTORICAL BACKGROUND: 

The term micro-manufacturing has received good worldwide attention for its relatively new era of the manufacturing 

system. Micro-manufacturing is the manufacturing of micro scale devices using small manufacturing facilities. The 

manufacturing methods for microparts can be divided into two categories, namely, macro-manufacturing (mm) and 

micro-manufacturing (µm). During few past years, various manufacturing methods/processes has been invented and 

they have been continuously used to manufacture smaller products such as (i) mechanical parts – connectors pins, 

micro screw and spring (ii) electronics parts – cell phones, MEMS (ii) medical micro-components – therapy devices 

(iv) micro-aerial vehicles – micro-robots (v) sensors and actuators. Micro-manufacturing processes can be 

categorized according to the type of subtractive processes (micro-mechanical cutting, micro-EDM, and laser beam), 

additive processes (Surface coating, micro-casting, and microinjection), deforming processes (micro-forming, hot-

embossing, and micro-imprinting), joining processes (micromechanical assembly, bonding) and hybrid processes 

(micro-laser-ECM, combined micro-machining and casting). In addition, all these methods also have been studied as 

an alternative of micro forming but in the last, the researcher determined it as a leading processing method due to its 

potential capabilities to produce a large volume of components cost-effectively. Both conventional and non-

conventional, methods are used in micro-manufacturing to produce micro-products (Razali and Qin 2013). Most of 

the previous study in the micro-forming process is done to reveal the nature of grain size effects and specimen size 

effects (Engel 2006, Deng, Fu et al. 2011).  
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In micro-forming process when the scale of the work piece is reduced, the mass of the work piece is also reduced 

dramatically, as a result, the tool speed and the production rate of manufacturing cycle are increase and improve 

respectively (Razali and Qin 2013). Additionally, some aspects such as micro-structure and surface topology 

remained unchanged in the micro-forming process. On the other hand, in the micro-forming process, the ratio 

between the dimension of the part and parameters of the micro structure is changed and this is commonly referred as 

the Size effect. Moreover, most of the researcher believed that the energy and control loops for the micro-size 

workpieces are significantly shorter. Study of thickness effects on material behavior in micro-forming is an effective 

approach to investigate the stress distribution and formation of the wrinkle in material surface (Yeh et al. 2008). 

Additionally, the study of friction and surface roughness in micro- forming is much important to concentrate on the 

fields of nanotribology (Engel 2006).  

The material deformation behavior in micro-forming is much different from the macro-forming. It is very difficult to 

control and predict the microscale material deformation behavior due to the small size of deformed parts (Engel 

2006, Yeh, Li et al. 2008, Deng, Fu et al. 2011). Various problems are appearing currently in micro-forming, the 

researcher divided all the problems into four groups for the better understanding (i) material (ii) process (iii) tools 

and (iv) machine/equipment (Geiger et al. 2011). Whereas all these factors have specific and individual effects on 

miniaturization. On the other side the material behavior, visioplasticity, and friction are the most important 

considerable effects of miniaturization. The tribological conditions play the greatest importance for process 

feasibility and quality in the micro-forming process, when the process is scaled from macro to micro dimensions 

(Engel 2006). The friction laws study is necessary to investigate all the factors characterizing on the micro-forming 

process and explained the characterizing of surface topography (Engel 2006, Deng, Fu et al. 2011). 

Metal micro-forming, is the manufacturing by permanent deformation of the form a solid body by preserving both 

the mass and the cohesion. Metal-forming is considering as a good micro-manufacturing process due to it well-

known advantages high production rate, less material loss, superior material properties and close tolerances (Geiger 

et al. 2001, Deng et al. 2011). These advanced features make the micro-forming suitable for the high-volume-low-

cost production of micro-parts. Moreover, the metal forming process for macro-level cannot be applied in the micro-

levels process because the size effects on material behavior are totally different in these two processes. However, the 

micro-levels process is only characterized by the location of grains in deformed area. Instead, the nature of the 

material flow is totally controlled by its grains, that's mean by the size and orientation. Furthermore, with the 

variation of the grain size, the responses of material also vary. Surface area and friction force are the most prominent 

issues of the metal forming process. Other effects consider in the forming process are forming a force, friction, flow 

stress and surface roughness.  

So, in the micro-forming process, it is important to study out the impact of size effects (specimen, grain, and 

asperity) and thickness on the material surface of final fabricated micro parts. The other considerable issues in 

micro-forming are the selection of right design and accurate analysis for the proper modeling of material behavior at 

the micro-scale. To simulate the forming behavior of microparts the numerical mesoscopic model and geometrical 

model should be studied out (Geibdorfer et al. 2006, Yeh et al. 2006). Moreover, the practical mathematical 

modeling is also described the material behavior of any thickness and any grain size in micro-forming and in this 

modeling the finite element method is used to analysis (Yeh et al. 2006). 

So, the aim of this report is carrying out the review of micro-forming process, in size effect, thickness and surface 

roughness sections. Such a review will not only help to identifying the different benefits and problems of micro-

forming but it will also address the effects of size and thickness in micro-forming. The rest of the report is arranged 

as follows. Section 2 presents a critical evaluation of two sources that have been cited in this paper.  An analysis of 

benefits, problems, size effect, thickness and surface roughness of micro-forming is presented in Section 3. In 

section 4 and I conclude and mention the future work. 

 

2. CRITICAL EVALUATION: 

The most important reference for the literature survey on micro-forming process is the research article in which the 

experimentation study is done on the size effect on material characteristics (Deng et al. 2011). This paper is 

published in 2011 in well-known journal of Elsevier and till that time the paper has 32 citations. This article could 

be considered as the base paper to investigate the changes occur in material surface with respect to the variation of 
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size effects in micro-forming process. This paper is well written and totally 42 sources considered to write this 

paper. In this study, after introducing the needs of investigation of size effect in micro-metal formed parts, the 

researcher explained that every size (grain, specimen and asperity) has their individual effect on surface deformation 

behaviour. This experimental investigation is done extensively by the mechanical test (compression test). Moreover, 

before concluding the paper the researcher explained the reasons behind the different and same responses of 

different parameters or factors with the help of mathematical calculations. As my research objective to study of the 

size effect on friction and surface roughness in metal micro-forming and fabricate the most appropriate metal micro 

parts for the industrial uses. Therefore, this article is very relevant to my aim of my research and it provide lot of 

precious information regarding the size effects in micro forming and their method of analysis.   

Second, the most relevant reference to my research area is a research article on the surface roughness effects in 

micro deep drawing with consideration of size effects (Luo et al. 2016). This paper has been published in one of the 

Elsevier journal in 2016 and this research study is supported by Australian research council. The first author, Dr 

Liang Luo is a very renowned researcher in the field of micro-manufacturing process. There are totally 20 sources 

which were studied out to write this article. In this paper, the investigator revealed the information about the analysis 

and simulation methods to developed the model for studied out the effects of surface roughness and disclosed the 

impact of size effects on it in micro deep drawing process. Furthermore, in this paper four simulation methods were 

used to studied out basic model, surface roughness and springback effects. Before, the conclusive results and 

discussion the researcher done their experimentation study one more time to verifying the simulation results. To 

conclude this study the researcher found that the new FE model could be developed successfully to determine the 

size effects and surface roughness and their results are very like experimental results. So, this paper is also very 

relevant to my research topic, as it discloses the best way to develop a model to consider the roughness in micro 

formed parts. Therefore, this paper helped me a lot to understand the concept of analysis and simulation in micro-

forming process, which is also an important part of my research study.   

 

3. LITERATURE REVIEW: 

Various research articles and book chapters were reviewed for this research work. The main potential of micro-

forming by analysis its benefits, size and thickness effect and surface roughness effect. The review of literature of 

micro-forming is discussed in following sections. 

3.1 BENEFITS OF MICRO-FORMING: 

Miniaturization is the trend to manufacture the ever-smaller products. Miniaturization is well famous in the field of 

electronics production besides the electronics equipment‘s, the miniaturization is also applied in micro system 

technology and medical sectors (Geiger et al. 2001). Micro-forming is an ideal process to manufacture the micro 

parts within the range of 0.1 to 10 µm (Razali and Qin 2013). Koc and Ozel (2011) introduced the micro-forming as 

a micro-scale deformation process to fabricate the submillimeter range metallic parts having some features such as 

micro-structure and surface topology, remained unchanged. It is possible to produce manufacture micro parts with 

multi facilitation by using micro-manufacturing processes but there are some problems could be arisen during 

processing due to small dimensions (Engel and Eckstein 2002). Metal forming is determined when high production 

numbers and high production rate are required. Micro-forming widely used to produce the micro parts within desired 

durability and strength due to its major advantages and potential capabilities (Koc and Ozel 2011). Geiger et al. 

(2001, p. 446) reported no wrinkling and crumpling in two micro processes (blanking and bending). The depletion in 

total energy consumption of a factory is reported with the size reduction of the production machine (Razali and Qin 

2013, p. 666). Koc and Ozel (2011, p. 4) revealed that near-net-shapes, minimized material waste, excellent 

mechanical properties and close tolerance are the major advantages of metal micro forming process.   

3.2 PROBLEMS IN MICRO-FORMING: 

There are also some problems, appearing currently in micro-forming which become complicated with further steps 

in miniaturization. The major problem of micro-forming is to read and observe the micro-parts with naked eye and 

studied out the microform view (Geiger et al. 2001). The other significant problems occur in micro-forming process 
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are split up in four groups such as material machine or equipment, process, and tool. It is investigated that the 

material and process problems are only highlighted with concerning the size effects (Engel et al. 2002, p. 36). The 

main problem with tool is to manufacture a very small contour, which are necessary. Moreover, the other difficulty 

regarding to tool in micro-forming is to make a special shapes micro extrusion dies, with close tolerance and better 

surface quality. The other problem related to machine or equipment is to handle of parts and material because it is 

very hard to make a grip on the micro scale parts (Engel et al. 2002). Sometimes to read the microfilm to studied out 

their results and effects is much harder and complicated (Razali and Qin 2013).       

 

3.3 REVIEW OF SIZE EFFECT IN MICRO-FORMING: 

In the micro-forming process, variation in the mechanical behavior of the material is changed due to the reduction of 

size to micro-scale and that is called as the size effects (Engel and Eckstein 2002). Mainly two types of size effects 

are existing in metallic materials, one is ―grain size‖ effect and ―specimen size‖ effect (Koc and Ozel 2011). The 

―grain size‖ effect purely depends on the average size of the material grains at the micro-levels however the 

specimen size reduces to the micro scales and their impact has been reported on the manufacturability and material 

response. To studied out the grain size effect on the flow stress the hall-petch equation has been widely conducted 

(chen and Tsai 2006).  Koc and Ozel (2011, p. 6) introduced two characteristics parameters N and M to studied out 

the interactive effects of grain, specimen and feature sizes where N and M is defined as the ratio of specimen to 

grain sizes and feature to specimen sizes respectively.  Chen and Tsai (2006) and Deng et al. (2011, p. 4799) 

analysed the variation of the material properties due to size effects. To distinct the feature size and specimen size 

effect, it is analysed that a tensile test could only to be applied to observes the effect of specimen size not in feature 

size on the material behaviour (Mahabunphachai and Koç 2008). The forming limit and other factors such as flow 

stress, the anisotropy, and the ductility are also influenced by size effects (Engel and Eckstein 2002). It is clear then 

that to observed the fundamentals of size effects the material properties test need to be performed. Deng et al. (2011) 

reported the effects of specimen size, grain size and asperity size on the material surface characteristics by 

developed a mechanical compression test on copper cylinder. Meng and Fu (2015) investigated the size effect on 

material flow behaviour and ductile fracture behaviour by studied the changes in volume fraction with the alteration 

in the ratio of thickness to average grain size. Engel (2006) tried to optimize the results of the size effects on the 

tribology in micro-forming. The surface topology is highlighted with the determination of open and close lubricant 

pockets. Engel and Eckstein (2002, p. 37) investigate the miniaturization influence on flow stress and determined the 

reduction in flow curves by applied the tensile and upsetting tests. For the numerical modelling of micro-scale 

deformation, the finite element analysis is play an important research tool to studied out and explain the results but 

in some cases the experimental results are obtained by traditional approach of theory (Koc and Ozel 2011, p. 9). In 

micro-forming the goal of simulation is to figure out and predict the micro scale phenomena to making up the 

system. Reduction in flow stress is analysed with the decreasing of specimen size and this model has been analysed 

and verified by FE-simulations (Geiger et al. 2001). To investigate the model applicable the three-dimensional (3D) 

anisotropic elastic finite element simulation has been studied out to concerning grain boundary behavior and grain 

orientation (Geibdorfer, Engel and Geiger 2006). The reduction in bending force in micro-bending process is noted 

with the increase of grain size . Justinger and Hirt (2009) and Ghassemali et al. (2013) both highlighted the 

reduction in geometrical accuracy and flow stress, with an increasing degree of miniaturization.  

3.4 REVIEW OF THICKNESS EFFECT IN MICRO-FORMING: 

Most of the effects in micro-forming process are mostly occur due to the small number of grain in thickness of metal 

sheet. Ghassemali et al. (2013) gave their focus was paid on the size effects performed over the initial specimen 

thickness. Bin et al. (2009, p. 507) performed the micro bending process to observed the effects of thickness on 

material behaviour and they disclosed that with equal foil thickness, a small radius of punch leads to a large bending 

force. Wang et al. (2007) investigated the effects related to ratio of grain size to sheet thickness in detail. The results 

displayed a variation in yield strength with an alteration in ratio of grain number to thickness. Geiger et al. (2001, p. 
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257) clarified that to reveal the results in the form of grain size the ratio of material thickness (t) to average grain 

size (d) should be studied out and the ratio is usually between the range of d/t = 0.5 to 1.0. Luo et al. (2017) 

performed a micro deep drawing process and they observed that the plastic deformation is reduce with the reduction 

of the ratio of t/d. Shan et al. (2009) demonstrate that materials tend to fracture in ductile and brittle nature when t/d 

˃ 1 and t/d ˂ 1 respectively. Yeh, li and lu (2008) performed an experiment to observed the relation between grain 

size and blank thickness. They applied the uniaxial test when the grain size was same while thickness was different 

and the other bending test applied when the thickness was same and grain size different. They conclude that yield 

stress reduces when grain size less than thickness and when grain size larger than thickness the yield stress inclined. 

Yeh, Li and Lu (2008, p. 241) disclosed that Nelder-Mead method is best way to predict the material behaviour of 

any grain size and any thickness in micro-forming. 

3.5 REVIEW OF SURFACE ROUGHNESS IN MICRO-FORMING: 

Surface roughness is a non-intrinsic property of micro-forming process, the micro scale parts should be less rough 

for better product quality. The surface roughness of the work-piece was expressed in arithmetic average (Ra). Ra is 

the arithmetic average roughness of the deviations of the roughness profile from the central line of the measurement. 

Justinger and Hirt et al. (2009, p. 2118) observed an inflation in surface roughness with the increasing grain size and 

miniaturization. Surface roughness is a part of geometry and affects the micro-forming process (Luo et al. 2016). 

The heights of asperity increase the efficiency of lubrication during punch press, the excessive lubricant flows 

outward when the punch contact the end surface. Meanwhile the lubricant is trapped in two types of valley, close 

lubricant pockets and open lubricant pockets. In open lubricant pockets, due to the high deformation load the 

interfacial friction is increased and surface expands radially which increased the surface roughness of final micro 

parts. Whenever, the lubricant trapped in close lubricant pockets the friction forces reduce and provide the tool 

sliding easily (Deng, Fu and Chan 2011). Moreover, the friction coefficient is used to express the influence of 

surface roughness in the normal micro-forming FE models. To studied out the surface morphology in micro deep 

drawing the simulation is an effective approach to predict the outcomes (Luo, Jiang and Wei 2017). Surface 

topology is a main factor which affects the frictional condition and local lubricant condition in metal forming 

process. Luo et al. (2016, p. 46) revealed that the Voronoi finite element is the best model to consider the size effect 

on surface roughness. The result of their study discloses by simulation approach, demonstrate with surface 

roughness in which it found that the size effects has a significant effect on the overall springback. Meng and Fu 

(2015, P. 400) investigated that the surface roughness increases with the deformation and the reduction of grain 

number in thickness direction.  

 

4. CONCLUSION: 

Micro-forming has revolutionized the micro-manufacturing world. The main goal of micro-manufacturing process is 

to produce micro-scale parts in high volume rate.  Micro-forming is a process to produce the at least two dimensions 

parts in sub millimetre range. In this report, I have tried to uncover benefits and problems of micro-forming process. 

Then I comprehensively reviewed the size effect, thickness effect and surface roughness in micro-forming process. 

The main aim of this report is to observe and review all the previous research to investigate the effects of some most 

crucial factor of micro-forming. From this study, it concludes that friction and surface roughness are the two-

response parameter and the size effect and thickness have a significant effect on the two response. It is much 

important to develop new mathematical model to study out the material behaviour which considers with the 

variation of thickness and grain size effects in micro-forming. The other future research scope is to improvement of 

formability using preform design. 
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