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Friction Factor Prediction and Surface Technology Optimization of
Wind Power Flange
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( Engineering Research Center Heavy Machinery Ministry of Education,
Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: The flange of wind turbine bears large tangential load, and the static friction factor of flange joint surface directly affects the
flange connection performance. At present, there are few studies on the prediction theory of flange static friction factor and surface
process optimization. In order to establish the prediction model of static friction factor of wind power flange joint surface, the influence
of surface process parameters on flange static friction coefficient is explored. The fractal prediction model of static friction factor of
flange joint surface is constructed based on fractal theory, and the accuracy of the prediction model is verified by friction experiment.
Orthogonal experiments are designed to explore the effects of surface roughness, surface treatment process and surface coating on the
static friction factor. The mapping mathematical model between surface process parameters and static friction factor is established.
Based on the mathematical model, the process combination scheme with the maximum static friction factor is obtained. The results show
that the static friction prediction model has high accuracy, which provides a theoretical basis for the accurate design of flange. The
range and variance analysis of the orthogonal test results show that the surface roughness has the least influence on the static friction
factor, the surface treatment process takes the second place, and the surface coating has the greatest influence. The surface processes
that produce the maximum static friction factor are roughness Ra 6.3, surface shot peening, coating Paint B. The mapping
mathematical model between surface process parameters and static friction factor can accurately obtain the optimal surface process
parameters and shorten the flange surface process design cycle.
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Table 1 Fractal coefficient
Number
Roughness Average
1 2 3
D 1. 66 1. 67 1.71 1. 68
Ra 1.6
G 0. 093 0. 120 0. 087 0. 100
D 1. 65 1. 68 1. 65 1. 66
Ra 3.2
G 0. 560 0. 580 0. 630 0. 590
D 1.62 1.63 1.61 1.62
Ra 6.3
G 0. 075 0.071 0.073 0.073
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Table 2 Specimen parameters

Parameters Values
Hardness H/HV 240
Shear strength 7, /MPa 346
Yield strength o, /MPa 355
Tensile modulu E /GPa 206
Poisson’ s ratio v 0.27
Contact area A,/mm* 800
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Table 3 Static friction coefficient predictive value

Roughness
Load/kPa
Ra 1.6 Ra 3.2 Ra 6.3
9 0.256 0.287 0. 357
15 0.236 0. 268 0.312
25 0.218 0.238 0.275
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Fig. 4 Static friction coefficient predictive value

Motion direction

Load

|}

5 RETTm

Fig.5 Experimental direction

PEREMERR I &, X004 AR ME GB10006 1T,
IRIG TR 42 s, 3 E 100 mm/min,

R A& 6 P, N 25 R K 7 Frs,
TRIG LR BT A Y BAH XS T8 Bl IS 458 PR B i 4
AN T bt 2103 B 42 DR B3 e s B 34 e BAF X
W8l BEEE DN BOT G e A T B, B Pl R sy 44
OPARANY BIY) T RS BRI R E 2 R
PB4 1R 5 A A Bt A T
T Bl ) R B

Data receiving Load module
and analysis system [ ower and

/ Force specimen Upper specimen
(4 sensor

| Load module and Slide
Force Sensor | Upper specimen rail
Y, Traction
platform

Lower  Traction
specimen platform

Ko il &

Fig. 6 Experimental schematic

Xt U B F8 DR KT i 6 T A e EE 45
DRI RSt {422 2 X8 (L, AR X IR 22 (AR 10% 2
Xf o3 A A DR 156, T2 B 458 A Bl i L AT
B TR . PEE S A E 8 R R B e 2 A A ]
8 7, TN {5 S (L ol 28 A2 A B S R B A
W 1) AT M B A PR R S BT s e, i e



%63 TR | 46 XL T 22 B R T 5 3R i T 244k 201
05k —Ra 63 04 Ra 6.3
: Curve 3 _ Ra32 04 + Curve 3 Ra 32
Ra 16 Ra1s5
g 04r I g 031
;: 2 o0ar 2
< 03t >
5 O = T 02t
‘g 0 2 02 §
% | % 1:u=02 % ‘
8 ol Curve 1 :u=0.265 O o1k Curve 1 gurve2 :u:0.2gg 3 01 Curve 1 : 2=0241
’ Curve 1 Curve 2 :4=0.289 Curve 3 :u:0l3l9 Curve 2 :u=0.259
Curve 3 :u=0.364 urve o =, / Curve 3 :u=0.294
00 1 1 1 1 00 Il 1 1 00 1 1 1 1
0 10 20 30 40 0 10 30 40 0 10 20 30 40
Time /s Time/s Time /s
(a) Load=9kPaFriction coefficient curve (b) Load=15 kPaFriction coefficient curve (¢) Load=25 kPaFriction coefficient curve
B 7 BN B g 2 &
Fig. 7  Friction coefficient experimental graph
x4 HEiLESZNETL
Table 4 Comparison of theoretical value and measured value
Load/kPa
Roughness 9 15 25
Predictive value  Test value  Error/% Predictive value  Test value  Error/% Predictive value  Test value  Error/%
Ral.6 0. 256 0. 265 3.40 0. 236 0. 255 7.45 0.218 0.241 9.54
Ra 3.2 0. 287 0.289 0. 69 0. 268 0. 280 4.29 0.238 0. 259 8. 11
Ra 6.3 0.357 0. 364 1.92 0.312 0.319 2.19 0.275 0.294 6. 46
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Table 5 Orthogonal test table

Serial number Roughness Surface treatment Coating
1 Ra 6.3 Shot peening Paint A
2 Ra 6.3 Spraying zinc No coating
3 Ra 6.3 No coating Paint B
4 Ra 3.2 Shot peening No coating
5 Ra 3.2 Spraying zinc Paint B
6 Ra 3.2 No coating Paint A
7 Ra 1.6 Shot peening Paint B
8 Ral.6 Spraying zinc Paint A
9 Ra 1.6 No coating No coating

FefEER 5 o Tk, b Bl R SE 2R 20 mmx
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Table 6 Table of orthogonal test results

Serial A B (Surface C Coefficient of
number  ( Roughness) treatment) ( Coating) static friction
(a) Roughness (b) Spraying zinc ! ! ! ! 0.351
2 1 2 3 0. 649
3 1 3 2 0.354
4 2 1 3 0. 280
5 2 2 2 0.505
6 2 3 1 0.355
(c) Shot peening (d) Paint 7 3 1 2 0.769
8 3 2 1 0. 227
B9 oohnids 9 3 3 3 0.255
Fig. 9 Machined specimen
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Table 7 Table of orthogonal test results

Factor K1 K2 K3 k1 k2 k3 Range Optimal solution
A 1. 364 1. 140 1.251 0. 455 0. 380 0.417 0.075 Al
B 1.410 1.381 0. 964 0. 470 0. 460 0.321 0. 149 B1
C 0.943 1.628 0.923 0.314 0.543 0.308 0.235 Cc2
R8 AEDW

Table 8 Analysis of variance

Source S Degrees of freedom

S/f F Significance

A 8.36x107° 2
B 4.15x1072
C 8.05%x1072
Error 4.11x107°
T 1.34x107"!

[ B \S RN (ST S}
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