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SUMMARY

Reverse design is a design technique that can identify design intentions
from products that exist differently from the order of conceptual design,
development, and commercialization, and reproduce the process before

commercialization from the information.

Recently, renewable power generation facilities have a significant proportion
of parts imported from major leading countries, and if there is a problem
with the facilities, it takes a long time to maintain them, or they have no

choice but to manufacture products that meet the existing facility standards.

Therefore, after 3D scanning of the wind generator blade through the
reverse design process, a model available for CAD/CAM/CAE was designed,
and the aerodynamic performance was analyzed to verify the performance of

the model.

As a result, it was confirmed that the performance of the reverse designed
blade was 6.01%6 different from that of the original product, but when the
wind speed is 5 m/s or higher, the difference in performance is 2.28%, which
1s very accurate and similar. In addition, drawings necessary for blade
manufacturing could be prepared, and 10 airfoil were obtained. Through this
process, reverse design and application can be applied in all fields that can be
designed and manufactured in automobiles, agricultural machinery, aircraft,
and military industries, and it can be the basis for localization to secure

domestic technology.
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Table 1. Specifications of A-3kW wind turbine generator

Contents Value
Start wind speed 2.5 [m/s]
Cut-in wind speed 3.0 [m/s]
TURBINE
Cut-out wind speed 25 [m/s]
Survival wind speed 45 [m/s]
Rotor diameter 5.0 [m]
ROTOR
Rotor speed 280 [RPM]
Free standing tower 9 [m]
TOWERS
Guyed tower 12 [m]

Table 2. Generator power of A-3kW wind turbine

Wind speed [m/s]

Generator Power [W]

3 60
4 165
) 345
6 620
7 1020
3 1560
9 2260
10 3050
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Table 3. Solutionix C500 scan scan parameters[11,12]

Level
Contents
1 2 3 4

Scan area FOV90 FOV175 FOV350 FOV500
Area size(mm) 68 x56 x30 | 136x111x60 | 264x218x120 | 385x312x210
Point-to-point

distance 0.028 0.056 0.11 0.157

(mm)

Table 4. Specifications of Solutionix C500[11,12]

Contents

Value

Cameras

2.0, 5,0MP Twin Camera

Light Sourse

Blue LED 30,000 hours

3D Scanning principle

Phase shifting optical triangulation

3D Scanning area

90,175,350,500mm Diagonal select

Size (W x H x D)

315 x 270 x 80 [mml]

3D point accuracy up to 0.01 [mm)]
Weight 2.3Kg
Interface USB 3.0 B type
Power AC 100 ~ 240V / 47/63 [Hz]

Output data format

STL
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Fig. 13 Blade measurement setup used Solutionix C500

Fig. 14 3D scan results of wind turbine blade
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Fig. 15 Opaque polygon mesh of wind turbine blade

Fig. 16 Solid CAD data after post-processing
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Fig. 17 The projected airfoil of cross—section of blade

Fig. 18 Acquire airfoil coordinates
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Fig. 19 Point coordinate selection using AutoCAD
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Table 5. The RPM according to the wind speed at
A-3kW wind turbine

Wind speed [m/s] Roter speed [RPM]
3 20.0
4 50.0
5 100.0
6 165.0
7 193.11
8 220.69
9 248.28
10 275.87
11 303.46
12 331.04

35



% =)

V. 23

TH

= Fig. 233 #

fsi3
=

F7)

H

E9lo]

Hr

ilin

Fol Fig. 243 7o) #

o

&

} 4] (Deviation analysis)”] &< ©|

7 2

ASHA B =, T

7 +0.005 [mm]

2

tol =
A ool E

d 3t 3

Qw4

o A
- =2

A FA 001 [mm] o8t w7k 10709]

71 35 Fig. 259 YER At

al,

—

Nfo

o

dol=8 AHddA B

X
=

7|EO R 50% o]%

el
=

v, Edleol=2e] w7

717} g2
o] 7]1&7]

[e)
=

=39 7]

}-

sto] 20750%9] = =r

o) ==} W

A = A

we 71

s

ANSFE B4

S|
=

of i Fig. 263 7o)

Table 7. 1}

I=
*=

ol #

EE Table 6.9, x4

o] adjRe] 3

o
T

ER ATt

™

b o,

fi%e)
T
i

J

o
=

—

&l

[e]

1071 9] ol o &

&

ECERE R

0

B

o

ool elolEl 3

ol

el

36



A7 Edel=e AAWMTE A3 HolES HFA SR Table 8.9 HER
Red, A4 5 [m] AFFe Edel=% w4 03 [mI7hA] 2HE-ol™ o] % 053
[m]7}A] 2A1248 @i} oo xd oW Alele] &4, 053 [mlF-E 2.5 [m]7hA]
AT oz SHol=d FHFoR oFojA o dojxde] Wzt o

74 065 [mlolA 105174 AXG7F Eeol= o2

s
=)
i
juic)

N

X
ki
s
r]I.

5
D4E 323744 Aob: A FAT F Ak

olxd #Ag HFE CAD =W& Fig. 277Fig. 299 Yerdiddet. 9448 &
glol=9] 32k |4S Fig. 273 2ol &ld 4 2o, Fig. 2804+, & 0]
=k sBe] =9 o, dPEERG 2y dgo] ofd Ao R Ho] =,
ol AWM uAb 774 MI8 BEE 42 xyes UAYdS & 5 k. Fig.
7 ek 27kl AglE 530, 580,

650, 750, 800, 950, 1250, 1600, 2100, 2500 [mm]o]™ wHo|A ojwgh o]

= A A cdojxd def Ao 4EE #AD 5 Ak

37



Fig. 23 Create a blade surface

Deviation Analysis. (Airfoil Section 10EA)
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Fig. 24 Deviation analysis of the generated surface
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Unit : mm

Reverse Engineering Airfoil
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Fig. 25 Radial length of reverse engineered airfoil section
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Table 6. REA coordinates(Radius 650mm)

X 3% (mm) Y (mm)
upper surface under surface
0 0 0
1.581632 5.88940819 =7.10017198
5.688802 11.63156617 -14.84116068
10.46288 16.32594271 -21.47807214
20.92571 23.31115471 -30.50769899
31.38859 21.59732166 -35.13339886
41.85144 30.76468706 -37.39948947
52.31427 33.22095518 -38.12879173
62.77713 34.91201323 -37.91311302
68.87921 3552811158 -37.50582441
73.24012 35.8115164 -37.12261334
83.70282 36.05664071 -35.93088654
94.16569 35.86309479 -34.38991933
104.6285 35.3626333 -32.49324788
115.0914 34.63410345 -30.23250735
125.5543 33.71136579 -27.63184925
136.0171 32.62303736 -24.74078965
146.4799 31.39897439 -21.63429145
156.9428 30.06094004 -18.4023057
167.4057 28.57807893 -15.12512882
177.8685 26.90919867 -11.90236089
188.3314 25.02751936 -8.86520533
198.7942 22.92962906 -6.1340262
209.2571 20.61849735 -3.7888949
219.7199 18.10438236 -1.89257408
230.1828 15.4261914 -0.47416983
240.6456 12.63569946 0.43152712
251.1085 9.78549505 0.7989315
261.5713 6.88224091 0.69357064
272.0342 3.76696011 0.27058601
282.497 0 0
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Table 7. Dimensionless number REA coordinates

. Y
X 3
Upper srface Under surface

0.000000 0.000000 0.000000

0.005599 0.020848 -0.025134
0.020138 0.041174 -0.052536
0.037037 0.057792 -0.076029
0.074074 0.082518 -0.107993
0.111111 0.097691 -0.124367
0.148148 0.108903 -0.132389
0.185185 0.117598 -0.134971
0.222222 0.123584 -0.134207
0.243823 0.125765 -0.132765
0.259259 0.126768 -0.131409
0.296296 0.127635 -0.127190
0.333333 0.126950 -0.121735
0.370370 0.125179 -0.115022
0.407407 0.122600 -0.107019
0.444444 0.119334 -0.097813
0.481481 0.115481 -0.087579
0.518518 0.111148 -0.076582
0.555556 0.106412 -0.065142
0.592593 0.101162 -0.053541
0.629630 0.095255 -0.042133
0.666667 0.088594 -0.031382
0.703704 0.081168 -0.021714
0.740741 0.072987 -0.013412
0.777778 0.064087 -0.006699
0.814815 0.054607 -0.001678
0.851852 0.044729 0.001528

0.888889 0.034639 0.002828

0.925926 0.024362 0.002455

0.962963 0.013335 0.000958

1.000000 0.000000 0.000000
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Table 8. REA blade design data

Twist
Radius Chard Twist |X Offset|Z Offset
Section Canter
(mm) (mm) (") (mm) (mm)
(%)

100 148.809 0 0 -3.491 | 50.00%

Rectangle
300 148.809 0 0 -3.491 | 50.00%%
330 150.253 0 0 -3.741 | 49.27%
Between 370 164.954 0 0 -8.183 | 44.39%
Rectangle| 410 197.137 0 0 -10.948 | 40.27%
and REA| 440 | 217.417 0 0 ~4913 | 39.35%
480 240.747 0 0 -1.348 | 38.37%
REAO1 530 263.176 9.37 0.000 -1.531 | 37.35%
REA02 580 276.932 10.43 0.000 -2.949 | 36.71%
REAO3 650 282.497 10.51 0.000 -4513 | 36.30%
REA04 750 272.958 9.18 0.000 -7.113 | 36.19%
REAOS 800 264.214 8.60 0.000 -8.408 | 36.35%
REAO6 950 233.414 7.37 0.000 | -11.305 | 37.40%
REAQ7 1250 186.708 5.66 0.000 | -14.467 | 40.35%
REAOS 1600 156.885 4.29 0.000 | -17.451 | 44.45%
REA09 2100 122.694 2.92 0.000 | -19.790 | 52.37%
REA10 2500 104.407 3.23 0.000 | -19.426 | 57.81%
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Fig. 31 Boundary-layer at 9° angle of attack around a REA 03

Fig. 32 Pressure distribution at 9° angle of attack around a REA 03
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Table 9. Design variable data that can be input into Q-blade

Twist
Radius | Chard | Twist |X Offset|Z Offset
Section Canter
(mm) (mm) (") (mm) (mm)
(%)

100 148.809 0 0 -3.491 | 50.00%
300 148.809 0 0 -3.491 | 50.00%%
330 150.253 0 0 -3.741 | 49.27%

Circular
370 164.954 0 0 -8.183 | 44.39%

Foil

410 197.137 0 0 -10.948 | 40.27%
440 217.417 0 0 -4.913 | 39.35%
480 240.747 0 0 -1.348 | 38.37%
REAO1 530 263.176 9.37 0.000 -1.531 | 37.35%
REAQ02 580 276932 | 1043 0.000 -2.949 | 36.71%
REAO03 650 282.497 | 10.51 0.000 -4513 | 36.30%
REA04 750 272.958 9.18 0.000 -7.113 | 36.19%%
REAOS 800 264.214 8.60 0.000 -8.408 | 36.35%
REAO6 950 233.414 7.37 0.000 | -11.305 | 37.40%
REAQO7 | 1250 | 186.708 5.66 0.000 | -14.467 | 40.35%
REAO8 | 1600 | 156.885 4.29 0.000 | -17.451 | 44.45%
REAQ9 | 2100 | 122.694 2.92 0.000 | -19.790 | 52.37%
REA10 | 2500 | 104.407 3.23 0.000 | -19.426 | 57.81%
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Fig. 36 Airfoil comparison

#

Fig. 37 HAWT REA blades In Q-Blade
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Fig. 38 Reverse engineered blade model in Catia v5

Fig. 39 Create a reverse engineered blade model for analysis in Q-Blade
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Table 10. Blade with S822 input on reverse design data base

Twist

Radius | Chard Twist | X Offset|Z Offset
Section Canter

(mm) (mm) (") (mm) (mm)
(%)
100 148.809 0 0 -3.491 | 50.00%
300 148.809 0 0 -3.491 | 50.00%
330 150.253 0 0 -3.741 | 49.27%
Circular Foil| 370 164.954 0 0 -8.183 | 44.39%
410 197.137 0 0 -10.948 | 40.27%
440 217.417 0 0 -4.913 | 39.35%
480 240.747 0 0 -1.348 | 38.37%
530 263.176 9.37 0.000 -1.531 | 37.35%
580 276.932 10.43 0.000 -2.949 | 36.71%
650 282.497 10.51 0.000 -4513 | 36.30%
750 272.958 9.18 0.000 -7.113 | 36.19%
800 264.214 8.60 0.000 -8.408 | 36.35%
S822 Airfoil

950 233.414 7.37 0.000 -11.305 | 37.40%
1250 186.708 5.66 0.000 -14.467 | 40.35%
1600 156.885 4.29 0.000 -17.451 | 44.45%
2100 122.694 2.92 0.000 -19.790 | 52.37%
2500 104.407 3.23 0.000 -19.426 | 57.81%
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Table 11. Blade with S822, S823 input on reverse design data base

Twist
Radius Chard Twist | X Offset|Z Offset
Section Canter
(mm) (mm) (") (mm) (mm)
(%)
100 148.809 0 0 -3.491 | 50.00%%
300 148.809 0 0 -3.491 | 50.00%
330 150.253 0 0 -3.741 | 49.27%
Circular Foil| 370 164.954 0 0 -8.183 | 44.39%
410 197.137 0 0 -10.948 | 40.27%
440 217.417 0 0 -4.913 | 39.35%
480 240.747 0 0 -1.348 | 38.37%
530 263.176 9.37 0.000 -1.531 | 37.35%
580 276.932 10.43 0.000 -2.949 | 36.71%
650 282.497 10.51 0.000 -4513 | 36.30%
S&22 Airfoil 750 272.958 9.18 0.000 -7.113 | 36.19%
800 264.214 8.60 0.000 -8.408 | 36.35%
950 233.414 7.37 0.000 -11.305 | 37.40%
1250 186.708 5.66 0.000 -14.467 | 40.35%
1600 156.885 4.29 0.000 -17.451 | 44.45%
S822 Airfoil| 2100 122.694 2.92 0.000 -19.790 | 52.37%
2500 104.407 3.23 0.000 -19.426 | 57.81%
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