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SUMMARY

First, Re-manufacture the second-hand product saves resources along with
preserving waste material. Since garbage is concern and need to recycle. So
re-manufacturing knowledge is important. Big companies are interested in
producing product from recyclable materials. Whereas re-manufactured
products are growing because it has an advantage as eco-friendly and
energy-economical product. One of big cause for that is, because those
materials are part of nature. That is why, re-manufacturing is defined as a
series of processes to re-commercialize end-of-life products and parts as new
products. Different re-manufacturing markets already exist throughout the
world. However, the size and types of re-manufacturing markets differ
according to as per demand and country. In this paper, roll forming machine
damage part was studied for restoration technology. likewise rolling motor,
gear and chain, feeder with alignment of the machine was studied. The cause
of the damage was calculated by the damage recovery process. Additionally
repaired the roll forming machine with leaser measurement was applied. The
parts of the roll forming machine was examined and replaced for better

performance.

Next, computer analysis of the rolling parts was studied in this paper. From
the roll forming machine, rolling parts are created and assembled in 3D Cad
software. All together roller male and female rolling parts are combined. After
that, the analysis of the roll-forming parts by applying rotational force. The
study involves forming a part, and then computer analysis. Where a material
part was fixed as a steel. To be exact, in this study material was stainless

steel AISI 304 which is a stronger material. Overall, the use of the maximum

- Vil -



force of 10000 newton force to minimum 1 newton is applied to check the
stability of the rollers. Altogether four combined rolling part was investigated
in two main steps. They are 3D modeling and Stability study. First 2D
drawing was converted into three dimensional and real view property was
applied. After onwards, that 3D part was computer simulated for stability as
following step ; material adjustment, fixing point, applied additional force,

mesh study and result evaluation accordingly.
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Nomenclature

Commonly used notations

L Length of sheet

h Flange height

t Sheet thickness

r Radius of bend after roll forming
Y Width of working sheet
Si Silicon

Fe Iron

Cu Copper

Mg Magnesium

Zn Zinc

Cr Chromium

Al Aluminum

Mn Manganese

Oe Engineering stress

P Applied load

Ao Initial cross-sectional area
€e Engineering strain

o Displacement

Ks Strength coefficient

_ix_



n Hardening coefficient

mm Millimeter

mm/s Millimeter per second

d Distance Between Passes
e Supporting Stand

AB Spring back angle

dB Distance of bow

Lo Base length

Abbreviations

FEA Finite Element Analysis

B.A.I Bend angle increment

AA5052 Aluminum alloy

CRF Cold roll forming

ICF Incremental counter forming

FEM Finite Element method

BLS Buckling strain limit

MPa Mega pascal
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2| & 2 (Production Management and Operation)
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26 AT 7| 7|& (Cutoff Machine Function)

Fig. 3 : Cutoff machine
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7|A &3} (Machine Effects on a Formed Section)
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Fig. 9 : "C", "Hat", "Center Tongue”
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: Large scale roll forming with multiple rolls

Fig. 11

=d 3 (Roll Form Tooling Orientation)
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Fig. 16 : Coil with Pre-Punching / Pre-Notching and Post-Cutting

c EtY 3 A ZH S™3 (Pre-Cut Blanks)
-HZE DZENA
A 2 MY ==> B Y 7|4 ==> & #H=H
- A FIF ZEMA ()
E+ 243 A=Y
2 22 s

a H
o ra2
X
-
m
o
R
u

CONYEYDR ROLL FORMER COMYEYOR

Fig. 17 : Pre-Cut Blanks
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Fig. 19 : Roll Forming Machine

Roll Male #4
* Roll Female #4
\ & Roll Male #3

e Roll Female #3

+« Roll Male #2

. Roll Female #2
__» Roll Male #1
__+ Roll Female #1

Female shaft .
male gear «

Chain sprocket ¢ 4 . Sheet guide

Female gear

male shaft

Fig. 20 : Roll Forming Machine Parts Lists
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Fig. 23 : Roll Forming sheet Alignment
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Gears After Alignment
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Fig. 25 : Sheet result after Roll Forming

Front of
sheet forming

Sheet after gear pitch #3 & #4 match

Sheet Roll Gap error

Fig. 26 : Sheet result after GAP adjust
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Distance 27mm Distance 30mm of
of Male Roll#4 Female Roll#4

Fig. 28 : Roll set #4 measurement
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Fig. 29 : 3D Design of Roll Forming Machine
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Fig. 35 : 3D modeling in cad-software for rollers
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Model Name

Treated As

Volumetric Properties

Roll Female # 1

Solid

Body

Mass:3.0953 kg
Volume:0.000386913 m~3
Density:8,000 kg/m*3
Weight:30.3339 N

Roll Male # 1

Solid

Body

Mass:4.75047 kg
Volume:0.000593808 m”3
Density:8,000 kg/m~3
Weight:46.5546 N

Roll Female # 2

Solid

Body

Mass:3.25816 kg
Volume:0.00040727 m~3
Density:8,000 kg/m~3
Weight:31.93 N

Roll Male # 2

Solid

Body

Mass:4.57932 kg
Volume:0.000572416 m~3
Density:8,000 kg/m~3
Weight:44.8774 N

Roll Female # 3

Solid

Body

Mass:4.57545 kg
Volume:0.000571931 mA3
Density:8,000 kg/m~3
Weight:44.8394 N

Roll Male # 3

Solid

Body

Mass:5.52201 kg
Volume:0.000690251 mA3
Density:8,000 kg/m~3
Weight:54.1157 N

Roll Female # 4

Solid

Body

Mass:5.33111 kg
Volume:0.000666389 m~3
Density:8,000 kg/m~3
Weight:52.2449 N

Roll Male # 4

Solid

Body

Mass:4.75255 kg
Volume:0.000594069 m~3
Density:8,000 kg/m~3
Weight:46.575 N

Female Roll Shaft

Solid

Body

Mass:2.65432 kg
Volume:0.00033179 mA3
Density:8,000 kg/m~3
Weight:26.0124 N

Male Roll Shaft

Solid

Body

Mass:1.91457 kg
Volume:0.000239322 m~3
Density:8,000 kg/m~3
Weight:18.7628 N

Table 1. : Model Information of solid body
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- WREY

Model Reference

Properties

Roll #1 Roll #2

Roll #3 Roll #4

Name : AISI 304

Model type : Linear Elastic Isotropic
Default Failure : Unknown
criterion :

Yield strength : 2.06807e+08 N/mA2
Tensile strength :  5.17017e+08 N/mA2
Elastic modulus :  1.9e+11 N/m~2

Poisson’s ratio : 0.29

Mass density : 8,000 kg/m~3

Shear modulus :  7.5e+10 N/m~2

Thermal expansion : 1.8e-05 /Kelvin
coefficient :

Table 2. : Material Properties of AISI 304

* ¢l & (Mesh Quality)

Mesh Quality of Roll #1

Mesh Quality of Roll #2

_45_




M
H
o0&

7t

Mesh Quality of Roll #3

Mesh Quality of Roll #4

Fig. 37 : Mesh Quality of four rollers

- AEQ A ZDb (Stress Result)

Results Name Type Min Max
2.026e+02N/m~*2 1.074e+06N/m~"2
Roll #1 Stress VON: von Mises Stress
Node: 49572 Node: 64956
2.053e+02N/m~2 1.201e+06N/mA2
Roll #2 Stress VON: von Mises Stress
Node: 49530 Node: 83005
9.449e+01N/m~"2 1.351e+06N/m~"2
Roll #3 Stress VON: von Mises Stress
Node: 26252 Node: 84244
9.393e+01N/mA2 1.624e+06N/mA2
Roll #4 Stress VON: von Mises Stress
Node: 56342 Node: 85478

Table 3. : Stress Result
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Stress of Roll #1

Stress of Roll #3

Fig. 38 : Stress result of four rollers

- HQ| Z1t (Displacement Result)

Stress of Roll #2

Stress of Roll #4

Results Name Type Min Max
Roll #1 URES : Resultant 0.000e+00mm 1.332e-03mm
Displacement Displacement Node: 53066 Node: 81543
Roll #2 URES : Resultant 0.000e+00mm 1.375e-03mm
Displacement Displacement Node: 53176 Node: 84323
Roll #3 URES : Resultant 0.000e+00mm 1.719e-03mm
Displacement Displacement Node: 57874 Node: 169
Roll #4 URES : Resultant 0.000e+00mm 1.915e-03mm
Displacement Displacement Node: 58982 Node: 271

Table 4. : Displacement result

_47_




Displacement of Roll #1

Displacement of Rell #3

Fig. 39 : Displacement results of four rollers

- AE Q1 ALt (Strain Result)

Displacement of Roll #2

Displacement of Roll #4

Results Name Type Min Max
ESTRN : Equivalent 2.069%e-09 4.408e-06
Roll #1 Strain
Strain Element: 32575 Element: 40892
ESTRN : Equivalent 1.383e-09 4.492e-06
Roll #2 Strain
Strain Element: 21401 Element: 53936
ESTRN : Equivalent 6.095e-10 5.420e-06
Roll #3 Strain
Strain Element: 36849 Element: 49956
ESTRN : Equivalent 4.076e-10 6.094e-06
Roll #4 Strain
Strain Element: 35518 Element: 50793

Table 5. : Strain result
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Strain of Roll #1

Strain of Roll #3

Fig. 40 :

Strain of Roll #2

Strain of Roll #4

Strain result of four rollers

Ot A= ZA1t (Safety Factor Result)

Results Name Type Min Max
Roll #1 2.072e+02 8.843e+05
Automatic
Safety Factor Node: 11812 Node: 8488
Roll #2 1.722e+02 1.007e+06
Automatic
Safety Factor Node: 83005 Node: 49530
Roll #3 1.531e+02 2.189e+06
Automatic
Safety Factor Node: 84244 Node: 26252
Roll #4 1.561e+02 1.405e+06
Automatic
Safety Factor Node: 14707 Node: 8565S

Table 6. : Safety Factor result
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Safety factor of Roll #2

Safety factor of Roll #1

Safety factor of Roll #4

Safety factor of Roll #3

. Safety Factor result of four rollers

Fig. 41
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