Tarbiat Modares
University

Modares Mechanical Engineering

ISSN: 2476-6909; Modares. Mech. Eng. 2025;25(08):529-542. i)

DOI: 10.48311/mme.2025.27743

journal homepage: mme.modares.ac.ir

Numerical and Experimental Investigation on Strip Width in Cold Roll Forming
Process of Steel Pipes with High Thickness-to-Diameter Ratio

Mohammad Reza Khalil Arjmandi', Hassan Moslemi Naeini">*® , Mehdi Karimi Firouzjaei!, Behnam
Abbaszadeh', Mohammad Mehdi Kasaei**

! Faculty of Mechanical Engineering, Tarbiat Modares University, Tehran, IR Iran

2 Department of Mechanical Engineering, Faculty of Engineering, University of Science and Culture, Tehran, IR Iran
3 Department of Mechanical Engineering, Qazvin Branch, Islamic Azad University, Qazvin, IR Iran

4 Institute of Science and Innovation in Mechanical and Industrial Engineering (INEGI), Porto, Portugal

ARTICLE INFO

ABSTRACT

Article Type
Original Research

Article History

Received: July 21, 2025
Revised: September 08, 2025
Accepted: October 05, 2025
ePublished: October 24, 2025

Roll forming is the most prevalent method for producing steel pipes, in which a steel strip undergoes gradual
deformation through a series of forming stations. To ensure the production of high-quality pipes, precise determination
of the initial strip width considering the required deformations is necessary. This paper focuses on determining the
initial strip width for steel pipes with high thickness-to-diameter ratios, where the effect of thickness is significant. An
industrial roll forming line is simulated using the commercial finite element software ABAQUS. The circumference of
the deformed strip and the distance between its two edges are measured on the production line, and these measurements
are then compared with the simulation results to validate the accuracy of the finite element model. Subsequently, the
optimal initial strip width is determined for production of St37 steel pipes with an external diameter of 219.1 mm and
thicknesses of 6, 10, and 14mm. Determination of initial strip width is done considering criteria such as circumferential
length of pipe, longitudinal strain, relative curvature distribution, and thickness distribution of deformed strip. The
results showed that an increase in the thickness of the pipe from 6 mm to 14 mm leads to a higher optimal reduction
ratio in the fin-pass stations from 1.4 to 2 percent. Consequently, the appropriate on optimal initial strip width for thick-
walled pipes is smaller than for thin-walled sections.
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Table 1 Reduction amount considered for pipes of different thicknesses

Thickness (mm)

Test Reduction
No. amount 6 10 14
1 0.8% 683.4 671.3 659.2
- 2 1% 684.8 672.6 660.5
Initial
strip 3 1.2% 686.2 674 661.9
width 4 1.4% 687.5 675.4 663.2
(mm)
5 1.6% 688.9 676.7 664.6
6 1.8% 687.1 665.9
7 2% 679.5 667.3
8 2.2% 668.6
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Table 2: Mechanical properties of the sheet with the values of Swift's
parameters

Elastic  yield Ultimate . ,
Poisson's
modulus strength Strength K n £

Materiel ti
aterie! (GPa) (MPa) (MPa) ratio

St37 200 277 488.2 0.3 695.1 0.21 0.01
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Fig 5. Schematic of modeling the cold roll forming process of a pipe
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A) Measuring the horizontal distance between the two edges of the
strip B) Measuring the circumferential length of the strip
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Table 3: Experimental measurement of strip geometry

Forming Station SR3 FP1 FP2 FP3
Circumferential 716+4 704+2 709+3 71043
length (mm)
Horizontal distance 32+1 681 108+2

between two edges
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Fig 12. Comparison of simulation results and experimental tests for a
pipe with a diameter of 219.1 mm and a thickness of 6 mm. A)

Measurement of the outer perimeter of the strip B) Measurement of
the horizontal distance between the two edges of the strip
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Break Down Side-Roll Fin-Pass
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Fig 16. Circumferential length of strips with different widths in the cold
roll forming process
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Fig 17. a) Deformed strip cross-section for calculating relative
curvature distribution b) Central, middle and edge of the deformed
cross-section
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Fig 24. Average thickness distribution of deformed strip
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Table 4. Comparison of criteria for different strip widths for pipe of 6
mm thickness

Initial strip width (mm)
683.4 6848 6863 6875 6889

Criteria reviewed

Circumferential length x x v v v
Edge buckling v v v v .
Relative curvature x x x v x
Thickness distribution x x v v v

Modares Mechanical Engineering

Ay S s 39 ceolind gajes -F-F
3 Cwlks gajgi Do odnline YV JSG 43 oS jeblan
bl 03)S Ty 31381 «Brg o LIS L B9 4 4
lon oSl )3 éye (53L88 (RS plise @9 LEre LRI
Sob waz 53 oslo gliyz wge GRS ol &S Lbise RIS
3 el wde e gl |y ad 5 Gl (g55pe 42l
4ol ool ceolds (@9 4l cwnd g9y Ghume (s)las GiiyS
a4l juiz je adbe Soke basl G @ cows
Olyz 4ol il ddls (2lg8 dudly 4 cand (it cwlius
30 oaaliie (18 sl b Gilhe 5gd0 sl wlio
Bas 53 cwlrd giisi (s Gl Jlasl pae Juds 4 a5
el @ sl yole TVE o TYYITCAVVY (oye dw (gly

sroshe TYAN adgl )9 poye (sl ol wilpus§ ()5 o

L TP3
Center Middl Edge
108 ol e

—671.3mm
—_—572.6 mm

— 674 mm
! e 6754 MM
D=219.1 m 076.7 mm
=10 mm 8137 ——678.1 mm

0 50 100 150 200 250 300 350 400 450

Distance from the center of the strip (mm)

(A)Third Fin-pass station

Edge

104 ——671.3 mm
T 106 ——672.6 mm
£ =674 mm
; 104 |=—675.4mm
g 676.7 mm
< 102 76781 mm
=

10 -

300 310 320 330 340 330
Distance from the center of the strip (mm)

(B) Edge strip part of the third Fin-pass station

oy pow o] 359 4 ceowd (B Slogs pom oKwa! (A
Fig 23. Thickness distribution of the deformed strip A) Third fin-pass
station B) Edge strip part of the third fin-pass station

WY WY (sl Bg 0o 5 4 sl cuolins o5 Gialid!
33 (e bl s aid Jleel oy lis yio e TYE g
@ lagsse ol 53 @ 4 GlsS o adlie (sl slaoli
&si slame Blad 4y g5 ol 51 sl oaiid el e wiyg0
dpogi Yok TVE I gk slogis Lo «Eay wuld

(YE JSi) 33,5 50

Volume 25, Issue 08, August 2025



g 4 Glog dope 51 U8 B Gy 2> bume o
wde 4y gloyy dl>po ay 3959 b g 4y Loli3] dtwgey
bime oy Gals il U Gl jLlas (ol
U @rg welbud cazu 53 3900 AwlS 335 251>
Gilao 9 5530 cond 13 (Slopy bl 51 S
sloyy dloyo a5 3959 b Lol ol ol Loy @9
2 obe plyz wde 4 4 4zl )5 gy wwlrs

iy ol 3950 b Slels 5 b sl
290 g o Mol @9 ad Slob dlez jl (i9ae
cualid G5 Sly 23500 38 Lhs ks il
oleGhe Y dags @y w2 9 Floikee Vo
V1) 3932 (535550 9 ileo a3 caalins (Sl
Al ylahie VoI ad ciowd 53 g siohe

duglio )3 padd Jla gblio (gl U sado slpidiy o
2053 9 FiSeeS adsl Gy ose «S3Ulaz gblie b
ool 30 29 48, )i 55 iS5 sloy dloye Lhals
Brs U el £ ewls b dgd gl (ol
gl sl g ZVF LalS 1oy b ieslae SAVIO 4
ke FEVIY sl 359 (pe ptalie IF wolis Ly
O Ay gl lgie 4 1Y JlalS wops b yie
VI

gl Jols dlio ol ale whgime 851 aganli
oxitd yditio (il g9 Gl 0yt e 53 g ol o Buiungs

3145 3929 5lebl gl 28lie (2lal :@dlie (5)las

&bio

[1] G. T. Halmos, Roll forming handbook. Crc Press,
2005. http://doi.org/10.1201/9781420030693

[2] H. Talebi-Ghadikolaee, M. Elyasi, Y. Dadgar Asl, A.
Zeinolabedin Beygi, and M. Davoudi, "Feasibility of
forming U-shaped microchannels by flexible-die
forming process," Karafan Journal, vol. 19, No. 3, pp.
53-70,2022.

[3] M.M. Kasaei, H. Moslemi Naeini, B. Abbaszadeh, A.H.
Roohi, M.B. Silva, and P.A.F. Martins, "On the prediction
of wrinkling in flexible roll forming," The International
Journal of Advanced Manufacturing Technology, vol.
113, no. 7, pp- 2257-2275, 2021.
http://doi.org/10.1007/s00170-021-06790-4

[4] S. Hajiahmadi, H. Moslemi Naeini, H. Talebi-
Ghadikolaee, R. Safdarian, and A. Zeinolabedin-Beygi,
"Insights into spring-back prediction: a comparative
analysis of constitutive models for perforated U-
shaped roll-formed steel profiles,” The International
Journal of Advanced Manufacturing Technology, vol.

1808 2l3pa coh oylaid Y0 0593

OhlSen g (aiezy s Lojsaxe  QF

b dg) sl alize slo §y9 Lo sl ylime dunlic 0 J5u2

Jialee 1F cuolius

Table 5. Comparison of criteria for different strip widths for pipe of 14
mm thickness

Criteria Initial strip width (mm)
reviewed 659.2 660.5 6619 6632 664.6 6659 | 667.3
Circumferential x x x v v v
length
Edge buckling v v v v v v
" Relative « « x x
curvature
Thickness x x x x v v v
distribution
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