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Analytical and Experimental Study on the Quality Stability
of Multi Roll Forming Process
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Abstract 1t is faced with the necessity of multi roll forming process of the ball slide rail which is made by adding
the separate manufacturing processes, piercing, bending, trimming, to the roll forming process of a continuous plastic
deformation, to improve the quality. However, the vibration and noise of the press machine in this process leads
to the quality degradation of slide rail manufactured in this process. In this study, the roll was designed considering
the optimal strain rates by the roll forming program with finite element method. And to estimate the static stability
of the multi process the Von-Mises stress and deformation on the press was calculated with a structural analysis
program. Also, to avoid driving systems in the resonance region their natural frequencies in the Ist and 2nd mode
were calculated through the modal analysis. To verify its dynamic stability improvement the magnitudes of noise and
vibration in the existing and studied system were compared using a microphone and accelerometers. And the widths
and surface roughnesses of the rails which had been produced in the existing and studied process were measured.
Therefore, it is known that multi roll forming process is stable in the analytical and experimental study.
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Table 1. Physical Properties of material
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Fig. 3. Strain in the roll forming simulation
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Table 2. Physical Properties of Press Device

Y

Items SS41 SM45C
Young's modulus 200 GPa 210 GPa
Poisson‘s ratio 0.3 0.3
Density 7.85 g/cm3 7.85 g/cm3
Yield strength 235 MPa 490 MPa

Fig. 4. Press device in existing process

(a) Existing system (b) Studied system

Fig. 5. Modeling of press device
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(a) Existing system (b) Studied system

Fig. 6. Boundary Conditions of press device
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(a) Displacement (b) Von-Mises stress
Fig. 7. Static analysis of the existing system

(a) Displacement

(b) Von-Mises stress
Fig. 8. Static analysis of the studied system

Table 3. Results of static analysis

Analysis object Max. displacement Max. stress
Existing system 0.204 mm 64.1 MPa
Studied system 0.083 mm 61.2 MPa
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(a) 1st mode shape (b) 2nd mode shape
Fig. 9. Natural frequencies of press device in the
existing system

(a) 1st mode shape
Fig. 10. Natural frequencies of press device in the
studied system

(b) 2nd mode shape

Table 4. Results of natural frequency

Analysis object 1st mode 2nd mode
Existing system 115 Hz 141 Hz
Studied system 114 Hz 141 Hz
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(b) Vibration test

(a) Noise test

Fig. 11. Set-up for noise and vibration test
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Fig. 12. Noise test of existing & studied systems
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Fig. 13. Vibration test of existing & studied systems

RO

ot x o

AFo] 2~(Carl



A7) et El= A A16W A0, 2015

gl

k]

do oo ¥ P S B W W TE R T W G oo B R
_ TEETEE AN oy Hdm o o M
Eo _ A = ‘D| = = X Hrd .i O#U O#E
o oo Mo = T oor W R I - RT 4 op ol
< |3 - - BERA ST aw DT mpaed Jxe BowE o4
e 2 mwo Eo B B s o0 KO R oMo ,DrL o 3% mwu i = H_._ =) ~ ‘Ur
| |E 2 I I Y T T N S - o e
& |9 2 Wogogu B ol 4 o g BE N SO ST
° < n e <« F< 5 B o dlo o ool ol N o= o) - X 1) T Mo ™ X2
g . B E Ty RHSE® T T wgh T B
g 17 ! = o o~ N = o K Ho ©° zo = N
s ||g g 2 K — g oz P M o T ° Ey N~ M
Ml Py W oLpem deg . pdElr P TORE =g
B e a= te 2 % T R X Moo B E o R =W E) T oW 2
S LN Mo O Moo - X oo ol X | w = )
11 z = R o ~ N = &R Tl A W o
= & 5 i%%i.@ T OF W T O X K 1w W
2 < dxwt BI g T g oo T TR o g
- 2 o . do —+ T o o =0
5 moe < o o N G e o EL AT X o T LT [
m & o_uALo]ernww .nmwﬂkﬂeﬂﬂmxﬂoaﬂ oﬁaﬂﬂwmoio?dﬂ%%ﬂ%
i E LT LT o meuPys Ty g dETRR
> ]| Mo F = § o o w n| o T T oo o M o B " A =0
u om < - . . —~ g X m oo W= o X 4 Ho o
L] © S ®° Fo H LC = #n: P T ,zlL ™~ = ‘_lﬁ_Al Mx_l = ~ = = o
e — THHMT Ee Ve NNy BRLETHHBETR T
Teee 2 =2 g T g g o TN AW A PFTEARERT S SF BRI RT TR
B ~ —~ ~ ~ —~
[ur7]ey sssuyBnou soeung [TH H.t T T = I~ fomy fos @
o T
<N o ™o oA S S o) X { c
oE - — E w2 X T Ao B — Zo oY Hn = a El Le
TR o s E LN BTN e S
o K on X A= o~ = = - aidh 78 P Lo
= K — o N3 N — T X ™ Ny il w © m — +
B DL EHEE VEOU® T 9 e 5 3 E e &
dﬂ .mu H_l ol N m_/.__ P B- T jos (&) = = <me ) L
2 W o m oo TR o %%ﬂ 3 < e
SN I I E g o K ow 2 <+ = s| -
N & Ko B g <+ 3 Nr % o & oHo . o B
[ O ok {4 OT > Mo e oy = o P . = Fo 8
% TG wEgy ©Iwk s 5 gl ¢
w2 o KK S K N 7% S = N ° & " e g Fo 2
o F B g m TR W M= E : = g z
TE RN e Ry R go_u%? £ « _— <| L.F Z
) .o : o K Q
M Ex T g yroTduS s PR gw i :
N2 B S B - = = N- o A5 oy _ iy _ o) - o < - Lo -
R+ =~ % ° E —- o B K ~o BH 29 7] 7]
S ® — X g9 BER Y Sy b W £ ' &
p L.Al do ep O __ i~ = 2 o el 4 2K 23] 0 = < me L e o
h e <X E 4N o2 — oF 17r_| = T MU oNr op / ] o 3
sl pAmESwE TN T o B J&J = me - F
SE2N Y LA s HTMNT g ® @R 3| 2
OHoﬂ_.W_.m%ASN_.._ﬂHE}EHmEmEQ & < o w0
S KT LBy WK oo R RO % - LI UM N I P I TR -
5 5W ., XMWk = F B g R ® % 8 . S s S5ssss88888 8 :
I R G- R RO - S I Clc | o #8888 88888888 e
FEerw womiv® weH2 T®o == i Lol i i

6982



(1]

(2]

(3]

(4]

(5]

(6]

[7

—

(8]

(]

[10]

g E 29 339 4 g0 diEt a4 @ AdH A+
References
&t Eb 2(Chang-Woo Han) (A3

B. S. Kang, N. S. Kim, “A Study on Roll Wear in the
Roll Forming Process”, KSME, Vol. 27, No. 11,
pp.1881-1888, 2003.

H. S. Park and T. V. Anh, “Optimization of Process
Parameters for Minimizaing Spring Back Angle in Roll
Forming”, KSME Manufacturing and design engineering
division, pp.105-107, 2010.

Y. I Kim, J.H Kim, Y.C Jeoung, N.S Kim, “Buckling
Analysis of Roll Forming Process using Finite element
method”, KSME, Vol. 27, No. 9, pp.1451-1456, 2003.
DOL: http://dx.doi.org/10.3795/ksme-a.2003.27.9.1451

S. M. Hong, N. S Kim, “Study on Scratch Defect of
Roll Forming Process”, A of KSME, Vol. 25, No. 8,
pp.1213-1219, 2001.

D. K Kim, Y. S Kim, K. H Lee, M. Y Lee, “Analysis
of effects of the roll forming process parameters of
bumper rail”, KSME, pp.19-23, 2006.

H. W. Lee and C. W. Park, “Development of Reducer
for Generating Facility of Electric Power for Low
Nois/vibration”, Journal of the Korean for Precision
Engineering, Vol. 25, No. 11, pp.73-82, 2008.

S. S Kim, K. H Na, S. U Choi, H. J Park, S. J Lim, D.
J Yoon, “A Study on the Flow Forming Process to
Develop the Main Part of Auto Transmission of
Automobile”, Jounal of the Korea Academia-Industrial
cooperation Society, Vol. 1, No. 2, pp.21-26, 2000.

S. H. Jeong, S. H. Lee, “A Study on Simulation and of
Straightness Prediction of Roll Forming Process,”
Journal of the Korean for Precision Engineering, pp.
585-586, 2007.

C. W. Han, J. H. Son, K. J. Park, E. S. Jang, S. M.
Woo, “A Study on Stability Estimation of a Orchard
Vehicle using Multi-Body Dynamic and Finite Element
Analysis,” Journal of the Korean Academia-Industrial,
Vol. 14, No. 9, pp. 4142-4148, 2013.

DOI: http://dx.doi.org/10.5762/KAIS.2013.14.9.4142

J. H Jeong, C. I. Lim, H. J Kim, B. G Choi, “Snubber
Analyzation and Vibration Measurement Estimation of
Reciprocating Type Hydrogen Compressor”, KSME
Autumn Conference, pp.932-937, 2008.

k>

XH &hJae-Hwan Son)

©2009 2¢ :
A 71AZ3 (11‘;‘:&4)

2001 11€ ~
FATL FAI

74

112 r&

<BARop
ANARA AR B 4

WAL, SRR ENE

6983

©201091 8¢ :

A 71A&E} (%—i“#*})
020019 9¢Y ~ &Al : GolT
gt AEAAY e

<FABol
NNAEE, AFsar Alo] Azl obg A siAE W, A 2
28, solnesst R A7)

& 4 Zl(Kyung-Jin Ryu) [ ¢

020121 2¢¥ :
2 71735
*2015\d 3¢

EE——

98, RAGS, AR ANE 287 AEA, A5
A #7128, ABR A7) AA, A5 A

L 3| S(Hae-Dong Kang) [H3|§]
02014 2¢
3 (&3Ah
020061 9¥ ~ &A .
ZATY FA&

ddosta 71Ae s

s oTIA
7)4A PR A7

2314 9 AHEsHY



A7 &8 3= A Al6d A0, 2015
Z & E(Chul-Hong Kim) -
o 19941 29 : ALk A
3 (2o
02003 59 ~ &A] : FIFEFo]
Ha 7GR AT 2%

A7k, A

=S
FA), el

A

/
i

=

6984




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


