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Process Design of Conical Roll-Shaping for Fabrication of Variable Curvature Spiral

Blade
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A conical roll-shaping process was proposed for fabrication of a metallic spiral blade applied to a
small-scale wind turbine system. A spiral blade has continuously different curvatures, with a
range of 100 to 350 mm radius. To fabricate this complex shape, we developed a conical roll-
shaping process having two main conical rollers for feeding a blank sheet, and two cylindrical
side rollers for control of local bending. For clear understanding of the process parameters,
numerical analyses were conducted using a commercial code, Pam-Stamp. This study optimized
the effects of process parameters, such as gap and angle between the main rollers and side
rollers, and also the movement of side rollers. In order to increase the forming efficiency, a central
rotation point was also calculated by the analytical approach. This developed rolling process can
thus be utilized in a sheet metal forming process for obtaining spirally curved sheet metal shapes.
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Fig. 1 Shape of spiral blade and definition on angle of
attack and flow direction
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(b) Spiral blades with each sectional average curvature
Fig. 2 Modeling of wind turbine system having spiral
blades
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Table 1 Average value of curvature in each section
Ra 1 (mm) RaZ Ra3 Ra4 RaS Ra()
351.0 | 306.3 | 2544 | 1904 | 128.6 | 77.7

Ce(X4, Y4) Ca(X0y)
a\>0s)0

(b)
Fig.3 (a) Blank shape and the central points of
curvatures in each section (C, to C.), (b)
Representative central point (C,, C,) calculated

using five central points, (a=b=c=d=e)
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Fig. 4 Four steps of conical roll-shaping: (a) Bending
blank by moving up the right side roller, (b)
Rolling the couple conical rollers to feed and
shape the blank, (c) Angle change between two
side rollers for resetting their positions, (d)
Moving up again the right side roller for bending
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Fig. 5 Radius of curvature depending on movement of

side rollers in two cases
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Fig. 6 Effects of radius of curvature

(Front of Side Roller)S 7|02 ¢ ZtE7} wgle
net FEREgo R 88 mm - 9.0 mm¥® A
i

A FolA= YAE EdolE s
o XA Ars I/MNAFE S9
o] WolAlof k= HES ¢ =1 =
o] ool WolAA HH dAl tF mE =9
of zHgsh= wkHo] AAA wHa AU FELF
o] oA Hrt. ol g EAHE =
W Eo H4 25 mm, 4% 7°2 A we)
A HEHor SU F9 Folg WA di=
=ES A7) A &4

S50 BAS Fael Bugon Mstn 2
F3re] Pigol FEes W 2o ¥old A8
A7 Fig 714 W= AW PR ES F .



7}

o A 7 FEE

]

=

November 2016 / 916

Fig. 8(a)¢} 8(b)ell el

o] o
==

=3

Bottom Radius of Curvature of Shape: TR and BR)

911-918
|

<2 pp.

Front of the side roller

= USS5 X A 33 A 11

()

Back of the side roller

5|

5

A1
&

3l

+od

S

2 A

Hr

TR

af

3]

3t

o] 9

A

=
=

F=

o]

Axzelr), a8jEZ nkx
174 (BR)9] 2AHE 5 mm ©]

Ho
o

0

T
M

il
el

"

=

=

a4
] 3

] %

[e]

2

d Qe &3
Hhgo of

L

}_L

3 g8 aA

=

o]
S

=}
2l
9

AT EYo]Ql PAM-STAMPE o] &35}

A

=

]EE

[e]

&3t dd =

o},

jriy
o

“BR

Final shape

final shape

conical roll-shaping with single point rotation
(TR: Top radius of curvature, BR: Bottom radius

of curvature)

Z L’x

Fig. 7 Interim and final shape during deformation by

-100

60 110

-190

o))

0

-165

=
=
18

VS
5

2] ol

3]

o] (H)el w2
1ol

o]

=
=
o8

EEEED

=

i

k)
w

9 R)S 7]|sted oz AA
el o

final shape

x(mm)
(a) Top view of shapes with TR
xX(mm)

(b) Side view of shapes with BR

N

-55-15015 55

target shape

120]
90 [1errr

N
NE

Fig. 8 Curves compared between target and final shape



November 2016 / 917

z g
7l A8 g TS AL B A9H AT
4 2.5}t
% 7|

BoelTE AGERAANY Yo @l

UA 7] =E 7FA(KETEP)S] A& o} $=383
T FAF YT (Go31711211 & G031896311) ~LE] L
A EdA Ao S TIEEdY A9 Est
AdSAAd ez FdE dFEAY gyrh
(G02A01190063301)

REFERENCES

1. Bahaj, A., Myers, L., and James, P., “Urban Energy
Generation: Influence of Micro-Wind Turbine Output
on Electricity Consumption in Buildings,” Energy
and Buildings, Vol. 39, No. 2, pp. 154-165, 2007.

2. Hong, W. P., “Technical Trend of Small Wind Turbine
System for Smart Green Building,” Proc. of the Korean
Institute of Illuminating and Electrical Installation
Engineers, Vol. 27, No. 1, pp. 57-70, 2013.

3. Burton, T., Sharpe, D., Jenkins, N., and Bossanyi, E.,
“Wind Energy Handbook,” John Wiley & Sons, 2001.

4. Kim, J. H., Yang, H. D., Park, S. H., and Shin, J. H.,
“Application of New Paradigm for Effectivity of
Small-scaled Wind Power Generators,” Proc. of the

KSME Spring Annual Conference, pp. 113-118, 2012.

5. Lu, Q. Li, Q., Kim, Y.-K., and Kim, K.-C., “A Study on
Design and Aerodynamic Characteristics of a Spiral-
Type Wind Turbine Blade,” Journal of the Korean
Society of Visualization, Vol. 10, No. 1, pp. 27-33, 2012.

6. Dalley, S. and Oleson, J. P., “Sennacherib,
Archimedes, and the Water Screw: The Context of
Invention in the Ancient World,” Technology and
Culture, Vol. 44, No. 1, pp. 1-26, 2003.

7. Gipe, P., “Wind Energy Basics: A Guide to Home and
Community-Scale Wind-Energy Systems,” Chelsea
Green Publishing, 2009.

8. Park, Y. H,, Park, J. H., Park, J. C., and Rhee, E. K.,
“A Study on the Application of Small Wind Turbine
System in Super High-Rise Building,” Korean

10.

11.

12.

13.

14.

15

16.

17.

Journal of Air-Conditioning and Refrigeration
Engineering, Vol. 25, No. 4, pp. 187-193, 2013.

Feng, Z. and Champliaud, H., “Three-Stage Process
for Improving Roll Bending Quality,” Simulation
Modelling Practice and Theory, Vol. 19, No. 2, pp.
887-898, 2011.

and Champliaud, H.,

Simulation of Asymmetrical Three-Roll Bending

Feng, Z. “Modeling and
Process,” Simulation Modelling Practice and Theory,
Vol. 19, No. 9, pp. 1913-1917, 2011.

Hua, M., Sansome, D., and Baines, K., “Mathematical
Modeling of the Internal Bending Moment at the Top
Roll Contact in Multi-Pass Four-Roll Thin-Plate
Bending,” Journal of Materials Processing Technology,
Vol. 52, No. 2, pp. 425-459, 1995.

Hua, M., Baines, K., and Cole, 1., “Continuous Four-
Roll Plate Bending: A Production Process for the
Manufacture of Single Seamed Tubes of Large and
Medium Diameters,” International Journal of
Machine Tools and Manufacture, Vol. 39, No. 6, pp.
905-935, 1999.

Heislitz, F., Livatyali, H., Ahmetoglu, M. A., Kinzel,
G. L., and Altan, T., “Simulation of Roll Forming
Process with the 3-D FEM Code Pam-Stamp,”
Journal of Materials Processing Technology, Vol. 59,
No. 1, pp. 59-67, 1996.

Li, Q., Kim, H. D., Ji, H. S., and Kim, K. C., “Flow
Characteristics Around Archimedes Wind Turbine
according to the Change of Angle of Attack,” Journal
of the Korean Society of Visualization, Vol. 11, No. 1,
pp- 28-33,2013.

. Kim, B.-M,, Jo, Y.-J., Oh, K. H,, Park, S.-W., Lee, S-K.,

et al., “Process Development of Variable Curvature
Extrusion for
Transactions of the Korean Society of Mechanical
Engineers A, Vol. 32, No. 4, pp. 327-332, 2008.

Feng, Z. and Champliaud, H., “Investigation of Non-

Automotive Aluminum Bumper,”

Kinematic Conical Roll Bending Process with
Conical Rolls,” Simulation Modelling Practice and
Theory, Vol. 27, pp. 65-75, 2012.

Zeng, J., Liu, Z., and Champliaud, H., “FEM
Dynamic Simulation and Analysis of The Roll-
Bending Process for Forming a Conical Tube,”
Journal of Materials Processing Technology, Vol. 198,
No. 1, pp. 330-343, 2008.



5259255 x| & 33 A 113 pp. 911918

November 2016 / 918

18. Math Open Reference, “Radius of an Arc or
Segment,” http://www.mathopenref.com/arcradius.html
(Accessed 12 October 2016)

19. Paul Bourke, “Calculating the Area and Centroid of a
Polygon,” http://paulbourke.net/geometry/polygonmesh/
(Accessed 12 October 2016)



