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Abstract— Fabrication of hot stamping is a key issue Bowden 

cable for hologram. In this study we attempt to fabricate the 

Nylon with 2.6 % Nylon and master batch with grade as green 

color hot stamping process. The pattern of year “month 

week” traceability stamped on the Bowden cables. Different 

process parameters in the process have been Studied and the 

effect on the hot stamping process is analyzed and 

summarized. Materials that are subject of extreme conditions 

involving high temperatures and pressures of operation such 

in automobile vehicles and also be capable of withstanding 

exposure to corrosive environments. This upcoming 

dissertation will give us the better idea and process 

parameters to be applied so have to be minimum losses and 

can increases the production rate for the process of hot 

stamping. 
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I. INTRODUCTION 

Hot stamping is a dry printing method of lithography in which 

pre-dried ink or foils are transferred to a surface at high 

temperatures. The non-polluting method has diversified since 

its rise to prominence in the 19th century to include a variety 

of colors and processes. Widely used on plastic and paper 

(where it is a common technique in security printing), it is 

applicable to other sources as well. Hot stamping is used in 

nearly many options in the auto mobile sector. Hot stamping 

can be done on metals as well as non-metals. In this study we 

will see hot stamping of holograph on   the Bowden cable for 

the traceability on “month and year” of the production. 

Normally each and every product should have the stamp of 

their month and year production so that they can have the 

replacing data of the Bowden cable assembled in the 

automobile vehicle. Hot embossing has become a key 

technique in the replication of microstructures. 

In particular, the hot embossing of diffractive 

gratings into metalized foil has been widely used in the mass 

production of holograms. In many of these foil-based 

holograms, the microstructure has been based on a dot-matrix 

array which was generated by laser interference methods. 

Each dot-shaped diffractive element within the matrix 

comprised a grating pattern with a single frequency and 

orientation. In recent years, the introduction of optically 

variable devices (OVDs) has provided a range of kinematic 

and optical switching effects for the enhanced security of 

documents. These pixelated grating structures have been 

designed to give a variation in the diffractive image with 

change in the angle of viewing. The use of electron beam 

lithography in the fabrication of OVD grating structures has 

produced images with the sharpest definition of shapes and 

maximum brightness, together with a range of optical effects 

not able to be originated by traditional holographic 

techniques. Another advantage of an electron beam has been 

the ability to specify the diffractive colour within each pixel 

in the OVD However, the requirement of using metalized foil 

as a base for these diffractive microstructures has imposed 

significant additional cost in the fabrication process. 

II. LITERATURE REVIEW 

1) Sung-Hoon Hong, Jae-Yeon Hwang, Heon Lee, Hee-

Chul Lee, Kyung-Woo Choi (2008)"[1]UV nano imprint 

using flexible polymer template and substrate”Nano to 

micro-sized patterns were formed on a flexible polymer 

substrate using a flexible UV imprint stamp. A 6 in. 

diameter flexible UV nanoimprint template was 

fabricated using PVC hot stamping and DLC coating. 

Using the UV nanoimprint process with the DLC coated 

PVC template, nano to micro-sized patterns were clearly 

formed on the flexible PET substrate without a residual 

layer, due to the antistiction properties and high 

mechanical hardness of the DLC coating. By depositing 

a Cr layer on the imprinted resist pattern and lifting it off, 

Cr metal patterns were fabricated on the PET substrate. 

It was concluded that the sub-micron sized patterns of the 

6 in. master template were clearly transferred to the 6 in. 

PVC template by the hot embossing method. And A DLC 

layer was coated on the PVC template to improve its 

antistiction properties and the mechanical hardness of its 

surface. Through the UV-NIL process with the DLC 

coated PVC template, sub-micron sized patterns were 

fabricated on a 6 in. diameter flexible ITO coated PET 

substrate without a residual layer. Then, the Cr 

deposition and lift-off processes were performed to 

fabricate sub-micron sized Cr patterns on the flexible 

ITO coated PET substrate, which can be used as a WGP 

or electrode array for Nano-scale devices including 

flexible displays. 

2) Sung-Hoon Hong, Jong-Hwa Lee, Heon Lee,( 2007) 

[2]“Fabrication of 50 nm patterned nickel stamp with hot 

embossing and electroforming process”. This 

experiment consists of hot embossing process and 

electroforming process. Hot embossing system used in 

this study was a pressure vessel type system. Isotropic 

pressure was applied over substrate for uniform pressing. 

Hot embossing process was taken at relatively low 

temperature (120C) and low pressure (10atm). A stack of 

silicon master and PVC film was heated to 120 and then 

10atm of pressure is applied for 15 min. After cooling, 

PVC film was detached From Si master. On hot 

embossed PVC film, 10 nm Au/Ti layer was deposited as 

a seed layer and electroforming process is taken in SA2 

MEM equipment’s, made by Digital Matrix Company. 

The plating bath contains nickel sulfamate at a 

concentration of 94 g/l, boric acid (40 g/l) and small 

amount of other additives. 

It was concluded that by hot embossing and 

electroforming process, duplicated nickel stamps have 
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identical surface protrusion patterns of silicon master and 

silicon master can be reused Many times. Using hot 

embossing, the 50 nm features of original silicon stamp 

were transferred to PVC film without defects, nickel 

stamp, which has patterns as same as silicon master 

Fabricated by nickel layer deposition on hot embossed 

PVC films. 

3) Kyeong-Jae Bueno, Eun-Ju Hong, Hyoungwon Park, 

Joong-Yeon Cho, Seong-Hwan Lee, Junggeun Jhin, Jong 

Hyeob Back, Heon Lee (2010)[3]“Full wafer scale 

nanoimprint lithography for GaN-based light-emitting 

diodes”.This paper presents A UV-imprinting process 

for a full wafer was developed to enhance the light 

extraction of GaN-based green light-emitting diodes 

(LEDs). A polyvinyl chloride flexible stamp was used in 

the imprinting process to compensate for the poor 

flatness of the LED wafer. Two-dimensional photonic 

crystal patterns with pitches ranging from 600 to 900 nm 

were formed on the p-GaN top cladding layer of a 2 inch 

diameter wafer using nanoimprint and reactive ion 

etching processes. As a result, the optical output power 

of the patterned LED device was increased by up to 44% 

at a driving current of 20mA by suppressing the total 

internal reflection and enhancing the irregular scattering 

of photons at the patterned p-GaN surface. 

 Conclusion 

A flexible and transparent polymer stamp was replicated from 

a Si master mold and used as a stamp for UV nanoimprint 

lithography, because it can make conformal contact over the 

entire surface. Using this stamp, sub-micrometer-sized 

photonic crystal patterns were formed over the entire surface 

of a2-inch diameter LED wafer by nanoimprint lithography. 

Four different photonic crystal patterns were formed on the 

LED wafer. The effect of the photonic crystal patterns on the 

p-GaN cladding layer on the photon extraction efficiency was 

examined by PL and EL measurements, which confirmed that 

the LED devices, patterned with photonic crystal structures 

on a p-GaN cladding layer, exhibited enhanced light 

extraction. 

4) Patrick W. Leech, Robert A. Lee, Tim J. Davis 9 March 

(2006)[4]“Printing via hot embossing of optically 

variable images\ in thermoplastic acrylic lacquer”.this 

paper presents The range of micro structures has 

included a dot-matrix hologram, grating-based optically 

variable devices (OVDs) and a micro-mirror based OVD. 

High quality replicas of each type of device have been 

fabricated using this process. Embossed replicas of 

grating-based OVDs have shown optical effects 

including image switching and colour movement. For 

devices based on micro-mirror arrays, the embossed 

replicas have shown an optically variable switch between 

a portrait and a non-portrait image. Printing via an 

embossing process offers the possibility of incorporating 

optically variable devices into documents without the use 

of hot stamping foil. This is particularly relevant for 

documents based on polymeric substrates such as credit 

cards and polymer banknotes. 

 Conclusion 

A novel process has been demonstrated for the hot embossing 

of security microstructures in thermoplastic acrylic lacquer. 

High quality images of both grating and Micro-mirror devices 

have been successfully embossed over areas up to 80 mm · 

80 mm. The optimum temperature for embossing was 120–

140 _C, corresponding to the thermal conditions for reflow of 

the acrylic lacquer. Grating-based OVDs which were 

embossed in acrylic layer have displayed a full range of 

optically variable effects in the diffractive images. Deeper 

structures (15 lm) comprised of micro mirror arrays have 

been embossed without defects provided that a thin lubricant 

layer was initially applied to the Ni shim. The embossed 

micro-mirror arrays have displayed an optical switch between 

a portrait and a non-portrait image. 

5) Liang WANG, Bin ZHU and Yisheng 

ZHANG(2015)[5]“Research on equipment’s and 

production line of hot stamping”.This paper presents 2 

types of hot stamping lines independently developed, 

2000kN test line and6000kN production line. The 

2000kN test line is composed of a chamber furnace for 

heating blanks, a2000kN electric servo mechanical press 

for forming heated blanks and a joint robot for 

transporting. The production line has multi-chamber 

furnaces, high-speed multi-axis Cartesian robots and 

electric servo mechanical press. Hot stamping process is 

carried out by heating equipment’s, transposing 

equipment’s and forming equipment’s operatively. 

Mechanical link servo press (MLSP) carries out hot 

stamping process by fast downward, slowly mould 

closing and holding pressure at bottom. Robots 

operatively transport hot blanks as fast as possible for the 

sake of reducing exposure at air and temperature drop. 

 Conclusion 

This paper presents a hot stamping test line and a production 

line locally developed. Both lines adopt electrical mechanical 

linkage servo press and low-heat-capacity box furnace. Blank 

or part Transporting tasks are performed by a joint robot in 

the test line and 7 high-speed multi-axis Cartesian robots in 

the production line. The lines are high energy efficiency and 

environment friendly. The control system of hot stamping 

production line is designed based on improved RCS reference 

model. The entire control architecture is reformed from 

traditional centralized control to distributed control, 

decoupled and layered. Mechanical link servo press (MLSP) 

carries out hot stamping process by fast downward, slowly 

mold closing and holding pressure at bottom. Robots 

cooperatively transport hot blanks as fast as possible for the 

sake of reducing exposure at air and temperature drop. 

6) Naganathan, P. Sartkulvanich, D. Ravindran, N. 

Pierschel and T. Alta (2011)[6]“Progress on the Finite 

Element Simulation of the Hot Stamping Process”. In 

this study, DEFORM, a commercial code widely used for 

the analysis of hot, cold and warm forging operations and 

die design, has been used. This code can consider elastic 

and plastic deformations of the sheet material, friction, 

heat transfer and elastic deflections of the dies. Several 

part geometries have been analyzed, using information 

provided in the literature as well as that obtained from 

various companies that produce hot stamped parts. It 

appears that the approach, used in this study, is quite 
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promising for use in industrial environment to optimize 

die and process design for hot stamping. 

 Conclusion 

a) Using a commercial FE code “DEFORM, hot stamping 

of simple part geometry can be simulated. This code is 

currently suitable for simulating simple laboratory 

experiments for hot stamping. It is useful for validating 

the material, interface condition and process parameters 

for hot stamping simulation. 

b) For industrial complex geometries, forming simulation 

can be conducted faster and more robust using other 

commercial FE codes, specially developed for sheet 

metal forming. However, almost all FE codes for sheet 

metal forming model the blank using shell element and 

the dies as surface objects (not solid). As a result, 

calculation of through-thickness heat transfer, both in the 

blank and dies, may not be accurate. 

7) J. Bao1a, H. Liu1b – Z. Xing1c –B. Song1d –Y. Yang 

(2013)[7]“SPRINGBACK OF HOT STAMPING AND 

DIE QUENCHINGWITH ULTRA-HIGH-STRENGTH 

BORON STEEL”. In this study, hot bending and die 

quenching for U-shaped parts with ultra-high-strength 

boron steel were experimented and simulated to study the 

effect of die geometric parameters on spring back and its 

mechanism. The results indicate that through hot contact 

bending and die quenching, bending parts with higher 

strength than that of cold stamping can be achieved, the 

tensile strength of which can reach 1500MPa. The spring 

back angle of hot bending part increases by increasing 

the die radius, by increasing the gap between the punch 

and the die. Spring back is mainly negative caused 

by/due to different cooling rate and the impact of thermal 

restoring moments. 

 Conclusion 

The effective quenching of hot formed parts of high 

strength steel can be realized in the designed die, which 

mainly forms the martens tic microstructure, with tensile 

strength up to 1500MPa or above, exceeding the tensile 

strength of original sheet material by more than 2.5 times. 

2) The spring back of a hot bending part is generally 

negative caused by different cooling rates and the impact 

of the thermal restoring moments. 

3) The spring back angle of a hot bending part is increased 

by increasing the die radius, and the gap between the 

punch and the die. The numerical simulation results of 

the spring back in hot contact bending are well consistent 

with the experimental results, which verify the reliability 

of the simulation model. As a result a novel hot stamping 

process for ultra-high-strength boron steel was proposed. 

During the process, stamping and quenching take place 

simultaneously, with tensile strength up to 1500MPa or 

above. 

8) Zijian Wang, Peixing Liu, Ya Xu, Yilin Wang, Yisheng 

Zhang (2014)[8]“Hot stamping of high strength steel 

with tailored properties by two methods”.This 

experiment consists of Hot stamped components with 

full marten site exhibit ultrahigh tensile strength and 

hardness, whereas the poor ductility restricts their 

application on certain components, such as B pillar, 

which needs multi strength indifferent regions. It is 

essential to partly achieve softer structure with high 

ductility, to enhance the crashworthiness and energy 

absorption of the whole component and thus improving 

the safety performance. This work described the hot 

stamping of high strength steel with tailored properties 

by two methods, namely applying different die 

temperatures and annealing processes. 

 Conclusion: 

1) When the die temperature is lower than 300°C,the 

hardness reaches its minimum value in the transition 

zone, while when the die temperature exceeds 400°C, the 

hardness exhibits gradient transition from the cooling 

zone to the heating zone. 

2) By the method of annealing, the hardness gradient 

changes from high strength zone to annealing zone and 

the annealing temperature shows little influence on the 

hardness distribution. 

3) Regardless of the decrease of tensile strength, the total 

elongation of annealed zone can reach 20.6% while the 

part in the heating zone can only obtain 10.8%. The 

results show that the method of annealing hardened part 

to get tailored properties achieves better performance. In 

the future, corresponding experiments and numerical 

research will be carried out to investigate the complex 

hardness distribution and find solution to get better 

performance with tailored properties. 

9) M. Dolores Riera, Miguel G. Coussirat, Alfredo J. 

Guardo, Isaac Valls, and Daniel 

Casellas(2008)[9]“Simulation of hot stamping 

processes”.Hot stamping is a thermo-mechanical 

technique that enables to give to a metallic blank the 

desired geometry and properties in a single step, where 

deformation at high temperature, phase transformations 

and heat transfer are occurring simultaneously and affect 

mutually. They are several variables controlling the 

quality of the final component and their relationships are, 

in some cases, complex. Therefore, a methodology able 

to take into account all the phenomena involved is 

necessary in order to understand the influence of the 

parameters characterising the deformation system. In this 

work, numerical simulation techniques are implemented 

as a tool to evaluate the effect of different process 

parameters in the hot stamping of Boron steel, with 

special emphasis on the thermal conductivity of the 

material of the dies, the cooling system of the tooling and 

the main features of the contact between metallic blank 

and tools 

 Conclusion 

The hot sheet stamping is a complex process with two types 

of phenomena, thermal and mechanical one. Heat transfer and 

deformation at high temperature occur simultaneously, a part 

from the structural transformations. Several variables affect 

deeply the quality of the final piece and, also, the life of the 

tools; the contact between dies and metallic sheet, the thermal 

conductivity of the tools, the cooling system and the nature of 

the material to be plastically deformed, have to be analysed 

carefully in order to design correctly the process. The study 

and control of this forming technique may be carried out by 

means of numerical simulation. 
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10) Ye Li, Liang Ying, Ping Hu, Dongyong Shi, Xi Zhao, 

and Minghua Dai (2013)[10]“Coupled numerical 

simulation of hot stamping process and experimental 

verification”.This experiment consists of Hot stamping 

process is a high non-linear process showing the effect 

on thermal, mechanical and metallurgical phenomena as 

they relate to each other. In order to carry out this 

coupled numerical simulation, fundamental thermal 

properties such as interfacial heat transfer coefficient and 

convection heat transfer coefficient as well as crucial 

mechanics properties were first investigated. Hot 

stamping tools with cooling system which has been 

optimized by genetic algorithm were employed in the 

simulation. The coupled numerical simulation to the 

whole hot stamping process was built with the 

ABAQUS/Explicit and FLUENT. Experiment was setup 

and the results of blank temperature and spring-back 

were compared with the results of coupled numerical 

simulation. 

 Conclusion 

In the stamping step, the blank deformed, but the middle of 

the blank where thermocouple collected data did not contact 

neither punch nor die. So the temperature just decreased 

slightly. When the blank contacted with the punch and the die 

and temperature dropped significantly. In order to analyze the 

influence of processing parameters of hot stamping and to 

provide a numerical tool for design the hot stamping dies with 

cooling system, a new systematic numerical method has been 

developed to simulate the coupled hot stamping process. 

Cooling ducts were introduced in this study. Crucial 

temperature-dependent mechanical and thermal properties 

were investigated. The software of ABAQUS and FLUENT 

were used in the coupled simulation. Internal condition and 

boundary condition transferred through each round of 

simulation to realize the coupled simulation. 

11) Michael Abspoel∗, Bas M. Neelis, Peter van Liempt May 

(2015)[11]“Constitutive behavior under hot stamping 

conditions”. The goal for this testing program is to have 

accurate measurements, which requires tensile tests with 

a homogeneous temperature along the deformation area 

of the sample, including the shoulders, for which special 

sample shape and set-up have been designed. Another 

goal is to cover a wide range of temperatures and strain 

rates with a limited amount of tests. Therefore the tests 

are parameterized with a model based on physical 

parameters. The use of a physical model increases the 

understanding of the test itself and relations between 

parameters are investigated and can be combined to a 

predictive model. 

 Conclusion 

The heat distribution in the tensile bar for tensile tests under 

hot conditions is very important. It is possible to create a 

homogeneous temperature distribution in the tensile bar 

busing shunts. These shunts allow for an equal current density 

in the complete sample. Samples without these shunts have 

the risk of an inhomogeneous temperature distribution 

resulting in non-austenized areas of that sample. Considering 

that for high temperatures ferrite behaves softer than 

austenite, necking can occur in this softer area. An in 

homogeneously heated sample may also result in invalid 

measurements. Furthermore, from the tensile test curve a 

Kocks–Mecking plot can be derived, which provides the 

parameters needed for hardening description. By correlating 

these parameters with strain rate and temperature, a 

parametric model was made to describe hardening curves 

within the hot stamping domain for austenitic forming 

conditions. The measurements and the calculated curves are 

in good agreement. The proposed approach for determining 

the strain rate and temperature model can be used for different 

geometries of the tensile sample. 

12) Xianhong Hana, Kun Yanga, Yanan Dinga, Shulin Tana, 

Jun Chena March (2016)[12]“Numerical and 

experimental investigations on mechanical trimming 

process for hot stamped ultra-high strength parts”. In this 

paper, the mechanical trimming process for hot stamped 

ultra-high strength parts was studied, in which the 

properties of fracture profile were analyzed and the 

effects of process parameters were evaluated. The 

research was carried out by FEM simulation with 

comparison and chosen of damage models, where the 

critical damage values were obtained through an iterative 

“predictor-corrector approach”. In addition, an 

experimental trimming tool was designed to study the 

effects of variable process parameters and verify the 

simulation results. By comparison, it was found that the 

Oyane damage model agreed with the experimental 

results better than others. 

 Conclusion 

1) Six damage models introduced and compared in the 

trimming process simulation for hot stamped parts, in 

which MMC model and Oyane model agree with the 

experimental results better than others. 

2) According to Oyane model, tensile stress accelerates the 

damage value while compress stress inhibits it. Since the 

stress state near the upper die is mainly composed by 

shear stress and tensile stress while compress stress 

dominates the area near the lower die, the main crack 

initiates near the upper die, then propagates down and 

penetrates the whole sheet. 

3) The profile quality of trimmed hot stamped part is poor, 

as the burnish zone for hot stamped part is small and the 

trimmed profile is not straight but presents an ‘S’ like 

shape. The pro-file quality can be improved by 

increasing the trimming angle and blade radius properly, 

but hard to be achieved by changing trimming clearance. 

13) H. Karbasian, A.E. Tekkaya uly (2010)[13]“A review on 

hot stamping”.In this paper the production of high 

strength steel components with desired properties by hot 

stamping (also called press hardening) requires a 

profound knowledge and control of the forming 

procedures. In this way, the final part properties become 

predictable and adjustable on the basis of the different 

process parameters and their interaction. In addition to 

parameters of conventional cold forming, thermal and 

microstructure parameters complicate the description of 

mechanical phenomena during hot stamping, which are 

essential for the explanation of all physical phenomena 

of this forming method. In this article, the state of the art 

in the thermal, mechanical, micro structural and 

technological fields of hot stamping are reviewed. The 

investigations of all process sequences, from heating of 
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the blank to hot stamping and subsequent further 

processes, are described. 

 Conclusion 

This general survey has revealed the existing gaps in the 

knowledge by describing specific phenomena of hot 

stamping. Furthermore, some innovative procedures for 

further developments in the field of hot stamping are 

identified. The application and subsequent processing of the 

hot stamped part depend on an efficient cutting system as well 

as the part weldability and surface texture. In order to avoid 

the oxide scale formation during austenitization, most sheet 

metals used for hot stamping are pre-coated. The objective of 

current developments is to obtain a universal coating material 

for the direct and indirect hot stamping process with 

additional cathodic protection. The cycle time for press-

hardened parts is mainly dependent on the die closing time 

and the furnace residence time required to austenite the 

material and, as to the coating, to achieve the required 

through-alloying. 

14) Huiping Li1, a, BingtaoTang, a, Lianfang He1 and 

ChengWang (2016)[14] “Research on hot stamping for a 

typical part of B1500HS boron steel using experiment 

and numerical simulation methods”.In the paper, a 

typical part ofB1500HS boron steel was formed using the 

hot stamping tools, and the effect of austenitization 

temperature on the microstructure and mechanical 

properties of 1500HS steel was studied by the 

experiment and finite element methods. The results show 

that, the temperature of steel plate has a significant effect 

on the temperature of hot stamping tools, the thermo-

mechanical coupled simulation of hot stamping process 

by means of experimentally calculated material data and 

described a number of procedures for the simulation of 

hot stamping, aiming at a notable decrease in 

computation time. Studied the warm blanking and cold 

blanking of 22MnB5 steel, and compared the results of 

experiment and finite element simulation. Some 

recommendations for the manufacturer of 22MnB5 steel 

products were presented. 

 Conclusion 

The temperature of steel plate has a significant effect on the 

temperature of hot stamping tools, and the temperature of 

punch rises at a faster speed than that of die in the hot 

stamping process. The austenitization temperature and time 

both have significant effects on the size of martensite, but 

have not obvious effects on the hardness. The cooling rate of 

steel plate has a significant effect on the tensile strength when 

the austenitization temperature is 870. The fracture of sample 

austenitized at 870 or900 is the dimple, the fracture of sample 

austenitized at 930 or 960is the mixture of quasi cleavage and 

dimple. 

15) Hyunwoo Soa, Dennis Fasmannb, Hartmut Hoffmanna, 

Roland Gollea, Mirko Schaperb (2011)[15]“An 

investigation of the blanking process of the quenchable 

boron alloyed steel22MnB5 before and after hot 

stamping process”.This paper shows the result of the 

cold blanking first. Subsequently, some problems by 

cold blanking of the hardened22MnB5 steel will be 

mentioned. Finally, the latest result of the warm blanking 

with various process conditions and some 

recommendations for the manufacturer of the 22MnB5 

steel products is presented. The main focus of this paper 

is the experimental observation of the warm blanking 

of22MnB5 steel and the comparison of the experimental 

results with the FE simulation. the aim of this work is to 

develop economical shearing methods for use on the 

press hardened ultra-high strength steels which will 

enhance the tool life and meanwhile to achieve good 

product quality. 

 Conclusion 

The shear zone characteristics, the sheared surface quality 

using SEM-images, hardness distribution near the shear zone, 

maximum blanking force and dimensional accuracy were 

examined depending on the process parameters and sheet 

temperatures. When evaluating the cold cut part edge 

qualities, all the different zones (rollover, burnish, fracture 

and burr) were taken into consideration. The results of the 

part quality investigations show that the punch–die clearances 

should not exceed 20% versus the sheet thickness to minimize 

the burr formation. Meanwhile, too small blanking clearances 

cause a high stress concentration on the blanking tool cutting 

edge, which can accelerate the tool wear. 

16) StampJoohan Kim January (2007)[16]"Replication of 

micro channel structures in polymers using laser 

fabricated glass–ceramic”.In this paper A new micro 

replication process with photo-etch able glass–ceramic 

stamps and polymers is presented. This process has two 

main advantages: a rapid master fabrication with a laser 

process and a flexible replication process compared with 

conventional nano- or micro replication technique on 

polymers. Photo- etch able glass–ceramics are used for 

the master stamp.   Micro patterns can be rapidly 

transferred with a laser direct writing process and the 

removal of the glass–ceramics can be efficiently 

achieved with a wet etching process. Therefore, 

microstructures with flat bottom surfaces and straight 

sidewall structures can be obtained. 

 Conclusion 

The minimum size of the structure depends on not the 

replication process but the Stamp fabrications. First of all, the 

laser beam spot which can be used for photosensitization is 

around 500nm–1 mm in diameter. Furthermore, the etched 

crystallites are around 1–3 mm in diameter. Thus, the 

minimum structure size in this process is above 1–3 mm 

which is sufficient for micro fluidic applications. The surface 

quality of the glass–ceramic stamp is an important point in 

replication because it decides not only the quality of the 

replicated polymer structures but also the success of de-

stamping. The roughness of the sidewall of a glass–ceramic 

stamp. Many crater-shaped structures form on the glass–

ceramic surface and they are from 100 nm to a few 

micrometres in diameter. The top surfaces can be polished to 

remove these structures, however, it is difficult to re-process 

the bottom and the side surfaces of the structures. The rough 

stamp surface affects the formation of polymer 

microstructures because the large friction force hinders the 

polymer flow on the sidewall. 

17) M. Kumar1 and N. G. Ross (2017)[17]“Investigations on 

the Hot Stamping of AW-7921-T4 Alloy Sheet”.This 

paper investigates one such forming process called hot 
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stamping. The investigation started by carrying out hot 

tensile testing of an AW-7xxx alloy, that is, AW-7921 at 

temperatures between 350∘C and 475∘C, to measure the 

strength and formability. Formability was found to 

improve with increasing temperature and was sensitive 

to the strain rate. Dynamic recovery is considered as 

usual reason for the formability improvement. However, 

examining the precipitation states of the as-received 

condition and after hot stamping using differential 

scanning calorimetric (DSC), the dissolution of 

precipitates was also believed to contribute to this 

increase in formability. 

 Conclusion 

1) The cooling rate during hot forming and die quenching 

should be at least between 5 and 10Ks−1. 

2) Tensile test results show that the AW-7921 alloy is 

sensitive to temperature and strain rate. The YS and UTS 

decrease with increasing temperature and decreasing 

strain rate. Strain rate sensitivity, m, and elongation at 

fracture increase with increasing temperature and 

decreasing strain rate. This is due to dynamic recovery 

and dissolution of hardening precipitates, for instance, 

GP Zones. 

3) The yield strength of AW-7921 samples increases in the 

order of 1-SPB, 3-SPB, and T6-temper. This is related to 

the increasing stability of the precipitates present in the 

samples. 

4) Forming speeds of 10 and 20mms−1 produced almost 

identical yield strengths in the hot stamped parts. 

18) Dennis Fasmannb, Hartmut Hoffmanna, and Roland 

Gollea (2013)”[18]Deep Drawing by Indirect Hot 

Stamping”.In this paper process to make sheet metal 

parts with yield-tensile strength up to 1150Mpa-

1550Mpa. Due to the high specific ratio of quenched 

Boron steels, which is higher than those of aluminum 

alloys and magnesium alloys, the components with low 

mass can be made from hot stamped Boron steels. In 

current industrial practice, direct hot stamping process, 

which forms a part directly from a flat sheet blank, is 

normally used to make geometries with relatively mild 

deformation, such as B-pillars, A-pillars etc. In this 

study, indirect hot stamping is introduced to develop 

geometries with a deep cavity and complex form 

features. Since the indirect hot stamping develops the 

part cavity depth in cold drawing and then forms detail 

features in hot stamping, part with complex geometry 

can thus be formed. A rocker component is chosen to 

demonstrate the technology. The rocker component, 

which can't be made by HSLA350 without design 

changes, can now be formed by indirect hot stamping. 

Due to the dramatic increase of strength, a potential mass 

reduction up to 20% can also be achieved. 

 Conclusion 

In order to further explore the advantages of hot stamping 

process, indirect hot stamping is introduced and demonstrated 

by forming a rocker part with complex form features, which 

can't be formed by either conventional cold forming or direct 

hot stamping without design changes. Performance analysis 

shows that with a tradeoff of rigidity, the thinner gauge hot 

stamped design, which can provide more than enough 

resistance force in side impact test, can also achieve about 

20% mass reduction. Another benefit of the process in this 

study is that the part geometry after cold pre forming can be 

trimmed to a shape close to final geometry and thus the length 

of laser cutting can be largely reduced to an only cut off to 

separate the parts. 
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