
























 v 

LIST OF FIGURES 
 

 

 

FIGURE   SUBJECT           PAGE 

 

 

Figure 2.1  :  Phase in Hemming Process       4 

Figure 2.2  :  Two geometric representations of flat surface-straight edge hemming 4 

Figure 2.3  :  Typical Hemming Issues       6 

Figure 2.4  :  Flanging          7 

Figure 2.5  :  Pre-Hemming         8 

Figure 2.6  :  Final Hemming         8 

Figure 2.7  :  Process Sequence starting from trimming to final hemming operation 9 

Figure 2.8  :  Design Flow-Chart proposed for the Hemming Process and Dies  10 

Figure 2.9  :  The forces exerted on the flanged part by the pre-hemmer   13 

Figure 2.10:  Car Door         16 

Figure 2.11:  Various hemming edge shapes used in an automotive door panel.  16 

Figure 2.12:  Example of part that been designed using CATIA    17 

Figure 2.13:  Rapid Prototyping information flow      19 

Figure 2.14:  3D Printer         21 

Figure 2.15:  Process cycle for 3d printing       22 

Figure 2.16:  Process sequence        22 

Figure 3.1  :  Flow Chart for Methodology Process      25 

 

 

 

 



 vi 

LIST OF TABLES 
 

 

 

TABLE   SUBJECT           PAGE 

 

 

Table 2.1 :  The primary input variables in the flat surface-straight  

edge hemming process      11 

Table 2.2:  Prototyping technologies and base materials    18 

 

 

 

  

 

 

 

 



 1 

 

 

 

 

CHAPTER 1 

INTRODUCTION 

 

 

1.1   Introduction 

 

The chapter 1 introduces about the general information with overall what a meaning this Final 

Year Project (Projek Sarjana Muda) subject.  The objectives of this project is to train student 

working independently to design, produce, analyze, collect data and solving the problems 

using available facilities such as library, laboratory equipments, internet and software.  

Students also can improve their knowledge about engineering by apply their knowledge in 

science, mathematics and engineering subjects to solve the problems. 

 

The title for this project is ―Design and Model Making of Hemming Jig for Car Door 

Assembly‖ where student need to design a hemming jig to combine outer car door and the 

inner car door.  This study will focus to design and develop a prototype of hemming jig that 

unavailable in market because this jig is built whenever car door assembly is needed.   

 

To design this hemming jig, student use more on Computer Added Design (CAD) software 

named CATIA.  Using this software, student also can make some analysis on hemming jig 

before transfer to Rapid Prototyping machine for mock up. The project will focus on 

designing the hemming jig included its force value that occur on the workpiece (inner and 

outer car door). Brief explanation of theory will be provided in the second chapter.  
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1.2       Problem Statements 

 

 Generally, this type of jig is only included in certain factory and strictly confidential to 

outsiders and this will bring a problem to imagine how the jig is look alike and how its 

functions. Therefore student need to contribute in visit to car manufacture company to take a 

look the hemming jig itself functioning. Although, within this limited of project period, 

student difficult to understand all the forces contributed, functions, visual and other 

properties. Some of them maybe had never been known by the student because it is very rare 

except for their own company employees. 

 

 Beside that, the force that occur on the hemming jig itself is difficult to calculate 

because of the angle of the force that changes when different process stage of hemming done. 

Some of the calculations are complicated and some of them must be valued as constant to 

make them simply to understand.  

 

 

1.3       Objectives 

 

The objectives of this project are: 

 

i. To design a hemming jig. 

ii. To calculate the forces that applies on the hemming jig. 

iii. To develop a hemming jig model (rapid prototyping). 

 

1.4       Scope of Project 

 

The scopes of this project are: 

 

i. Utilization of 3D modeling software in design and analysis. 

ii. Utilization of rapid prototyping technology as a tool for mockup (model). 

 

 

 



 3 

 

 

 

CHAPTER 2 

LITERATURE REVIEW 

 

 

2.1       Introduction 

 

 Chapter 2 is a literature review for the design and development of hemming jig for car 

door assembly. In this chapter will introduce about the hemming jig and its functions. 

Introduction of hemming jig includes its definition and hemming stages.  Besides, this chapter 

also describes detail about the hemming jig and the actual and prototype material used in 

manufacture industry.  Some of the hemming device is design as hemming jig and also 

hemming die. The die itself included all the stages needed to hem two plates to hem together. 

By this project (hemming jig), it only needed to describe the detail about the jig that hold the 

car door (lower die) and it easier to understand rather than the hemming die. 

 

2.2       Hemming Jig 

 

2.2.1 Definition of Hemming Jig 

 

 Hemming is described as a process to fold down and stitch together between two 

materials (parts) and for the jig, it can be described as a device to hold workpiece. From these 

2 definitions the hemming jig can be described as a device that hold workpiece when folding 

and stitching processes 2 materials is done. [9] 
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2.2.2 Introduction of Hemming  

 

 Hemming is used to connect two sheet metal components by folding the edge of an 

outer panel around an inner panel to create a smooth edge. Since hemming is the final stage of 

automotive forming operations, the defects introduced cannot be eliminated in the subsequent 

operations. Therefore, the hemming quality on the closure panels such as doors, hoods and 

deck lids has a great influence on the overall quality of a vehicle. Hemming represents the 

most severe case of 180bending. It consists of three phases: flanging, pre-hemming and final 

hemming. According to the panel geometry, hemming can be classified into four categories: 

flat surface-straight edge hemming, flat surface-curved edge hemming, curved sur face-

straight edge hemming and curved surface-curved edge hemming. In this project, only flat 

surface-straight edge hemming process is addressed. [2] 

 

 

Figure 2.1: Phase in Hemming Process [2] 

 

Figure 2.2: Two geometric representations of flat surface-straight edge hemming. [2] 
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2.2.3 Typical Hemming Quality 

 

 In the flat surface-straight edge hemming process, there are three typical hemming 

quality issues, creepage/growing, recoil/warp and springback.  [2] 

 

i. Creepage/growing  

 

 Creepage/growing is a kind of dimensional inaccuracy, which could cause problems in 

 the assembly stage and influence the fitting quality. For example, the non-uniform 

 clearance between a front door and a rear door is mostly caused by creepage/growing 

 of the hemmed edge of the door panels.  

 

ii. Recoil and warp  

 

 Recoil and warp are surface defects, which appear after final hemming springback.  It 

 was obtained to represent both recoil and warp.  Final equivalent warp is the combined 

 effect of recoil and warp. 

 

iii. Springback 

 

 Sheet metal springback can influence the clamping force between the inner and outer 

 panels. Springback occurring after pre-hemming and final hemming is illustrated in 

 figure below. [2] 
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Figure 2.3: Typical Hemming Issues [2] 

 

 

2.2.4 Hemming Geometry Controls and Factors 

 

Geometry control of the sheet during pre-hemming and hemming operations is complicated, 

because the sheet is not supported by any other tool while being formed by the 

pre-hem and hem steels (upper dies). Thus, it is indirectly controlled by the following factors: 

 

i. Sheet material properties and thickness. 

ii. Hem edge geometry (straight, contoured etc.) and flange (hem) length. 

iii. Previous deformation transferred from the stamping and flanging phases. 

iv. Flange angle (after flanging and springback). 

v. Pre-hem steel path and displacement (stroke). 
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vi. Pre-hem steel geometry (profile, face angle etc.). 

vii. Frictional conditions. 

viii. Influence of the additional support by the inner panel. 

ix. Hem steel path (usually vertical or circular). 

x. Maximum hem steel pressure (force) or final position. [4] 

 

 

 

2.2.5 Phases of Hemming 

 

2.2.5.1  Flanging 

 

In this phase, each specimen is bent to approximately 90º using flanging die. 

 

 

Figure 2.4: Flanging [1] 
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2.2.5.2  Pre-Hemming 

 

The specimen that previously flanged to approximately 90º is pre-hemmed to approximately 

45º (total rotation of 135º). 

 

Figure 2.5: Pre-Hemming [1] 

2.2.5.3  Final Hemming 

 

The specimen then is hemmed by a hemmer that has parallel to the inner part until it bends 

180º. 

 

Figure 2.6: Final Hemming [1] 
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2.2.6 Hemming Process Sequence 

 

 

 

 

Figure 2.7: Process Sequence starting from trimming to final hemming operation. [3] 

 

 

The figure above shows the IDEF-0 (Integration definition-Zero) model for automotive 

hemming. IDEF-0 model considers systems in terms of inputs, outputs, tools and constraints 

(parameters). 
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2.2.7 The Design Flow-chart proposed for the Hemming Process and Dies 

 

 

 

 

 

Figure 2.8: Design Flow-Chart proposed for the Hemming Process and Dies [3] 

 

 

A design flow-chart for the current and optimized flanging as well as hemming process and 

tool design process have been summarized in figure above. The trends shown in 

the figure were compiled from the literature, from previous research and by discussing the 

topic with people from the industry. Such a flow-chart is useful in trouble-shooting during die 
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