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Error Optimization of Pitching Mechanism Motion in Wind Tunnel Test
Based on Improved Ant Colony Algorithm

Guo Zonghuan Xie Zhijiang Song Daiping Qi Kai
(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongging 400044 , China)

Abstract. In order to enhance the motion precision and reduce the initial error of the pitching mechanism
which is used in the wind tunnel experiment, a novel error optimizing method was proposed. This new
error optimizing approach is based on an improved ant colony algorithm. Firstly, three independent error
sources which have influences on the motion precision of pitching mechanism were found and the
mathematical models of three error sources including the radius of arc guide rail R, the length of
connecting rod L and the installation position of linear guide rail y,, were established, respectively. The
effect of each error source with the method of controlling variables was analyzed. Secondly, according to
mathematical models of each error source, the mathematical model of three combined errors in the
pitching mechanism was established. Based on the derived ant colony algorithm which is used in the error
analyzing, the error optimizing problem could be converted to an optimizing problem of multiplied
objectives. Finally, compared with results which utilize traditional Newton — Raphson iterative method,
the motion accuracy of improved ant colony algorithm was higher, and the accuracy can reach a level of
10 > mm. The compared results could also prove that the improved algorithm has a better global
optimizing ability and it could avoid undesired effects of initial error in the structures when adopting the
improved algorithm. The correctness and effectiveness of this method were confirmed by simulation with
Matlab. In conclusion, the proposed approach was certificated to be effective and applicable in the
engineering field.
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Fig.2 Motion diagram of pitching mechanism

cos¢p —sing
Hp =
[ sing ~ cos¢
A R AR 2 Oén Xt Xt AL bR & Oxy J5
T 2% 52 4 e

L, —xi 0 B A'H) R
Ly, —n 0 35 A R
L, —xi A B g AR
HI I 2 2 X A s 2R 5 R R AR AR R A b =

1 0 .
0° L T = [O 1] U ATE Oxy B45 4 (xoy + 5,10, +

Ay,.), B 7£ Oxy %5 5y ((R + AR) sing, (R +
AR)cos¢) U B' i AE Oxy H2HR A ((R + AR) sin (¢ +
a), (R +AR)cosd) , M4 B P K 3 4l ~r Ok i 5 A
4

L, +L,,=L,,
{ (2)
L, +L,, =L,
—EEP LAB \L4B \LUB o %’ 5 IETJ E/Jgii
AL

(L+AL)* =[ (R +AR)sing —x,,]” +
[(R+AR)cosd = (y,, +Ay,) ]’

(L+AL)* =[(R+AR)sin(¢ +a) - (x,, +S) 1> +
[(R+AR)cos(¢ +a) = (y,, +Ay,,) ]’

(3)
fEAFIIT A o SEHZEWIAHE S KRR
Yo, = (R+AR)sing ~ /(L +AL)* = [ (R +AR)cosd -, |°
(R+AR) + (v, +Ayy, )7 + (x,, +8)° = (L+AL)*

o =arcsin -

2R+AR) \/ (xg, +8)* + (1o, + Ay, )’

. You * %0,
aresin -¢

«/(x()u +S>2 +(You +AJ'UG)2

(4)

3 (4) AR LA a2 2l B 22 165 7, 3% W {fF A AL
s RS R Ly, 7= A B bR 22 P84 5%, Al >R
P A8 Bk o B 45 A 1R 22 PR A M o G JEE 9 52
Wi o o3 BOIOE S B A2 3R 22 AR = 0.5 mm, 3K 3y

BEFFR R ZE AL =0.5 mm, [ PR EH IR
Ay,, =0.5 mm AR5 FR AN HLAL 32 3 L5,
AR EMREAM AT o 2R 22

a3 Fros, 43 2 3 A 22 PR AT ALY 32 3)

W 7 AR AN TR B A 5 ), 7E S B TR I FH b 2k
FEILXT AU 553 ) A3k 13 S ML S SIS 2K
0.005
D or
g
—0.005}
& —0.010
&
&2 -0015
~0.020 : : : ‘ ‘ ‘ .
—600 —400 200 0 200 400 600 800
HE& MG A2S/mm
(a) AR=0.5 mm
0.001
c o
3
fm—o.om
o
4= —0.002
&
£-0.003
—0.004 : . ‘ s
%500 400 200 0 200 400 600 800
H &G A28/ mm
(b) AL=0.5 mm
0.001
3 0
3
fmfo.om
oK
ge —0.002
=
&= —0.003
—0.004
~600 —400 —200 0 200 400 600 800
HAE R HES/mm

(c) Ay, =0.5 mm
B3 Az 3 ik 2= A fh it 2

Fig.3  Error of movement of pitch angle
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