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Structural Optimization of Trough Condenser Based

on Uniform Design of Mixed Factors

WU Honghua', MI Huimin
(Key Laboratory of Building Safety and Energy Efficiency of the Ministry of Education, Hunan University, Changsha 410082, China)

Abstract: To control the cost of trough condenser, uniform design method was adopted to optimize its
structure. Displacement and stress were considered as constraints, triangular truss’s rod sizes and the
wing’s rod sizes were taken as quantitative parameters, and the initial tension of cable was set as qualita-
tive parameter. Then, according to the optimized parameters, the three-dimensional model of trough con-
denser including steel types, quantity, length, quality and other information was established by BIM tech-
nology to calculate the cost of steels. The result indicates that uniform design method can be used to opti-
mize the structure of condenser with qualitative and quantitative factors. Under the constraints, the cost of
the condenser is reduced by 11. 76 % and the amount of steel is saved by 11. 86% , which shows that the
optimization is effective. The proposed method has a certain reference value for the complex optimization
problems including quantitative parameters and qualitative parameters. The cost of steels according to the
3D BIM information model further proves the feasibility of the method.
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Fig. 1 The structure of the trough condenser
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Fig. 2 Sketch of angle of the trough condenser
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Tab.1 The material and mechanical properties of condenser
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Fig. 3 Finite element model of the trough condenser
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Fig.4 Nephogram of the entirety deformation
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Tab.2 The main parameters of condenser
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Tab.3 Table of factors and levels

533 P;/mm P,/mm P;/mm P,/kN
1 50 39 36 15
2 52 42 38 16
3 54 45 40 17
4 56 48 42 18
) 58 51 44 19
6 60 54 46 20
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Tab.4 Uniform design table U, (6*)
NO s=4 NO s=4 NO s=4
1 3 2 3 6 7 2 3 4 1 13 5 3 6 6
2 2 1 6 3 8 5 6 3 A 14 1 2 1 4
3 45 6 1 9 1 4 3 2 15 5 1 2 1
4 3 6 1 2 10 6 2 5 2 16 1 6 5 5
5 3 4 5 4 11 4 3 2 3 17 6 4 1 5
6 L1 15 12 6 5 4 3 18 2 5 2 6
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Tab.5 Experimental scheme and results
50 B A % JOK R hEREN
75 Py/mm P;/mm P3;/mm P,/kN  W,../mm G/Kkg gma../MPa

1 54(3) 42(2) 40(3) FZE(6) 16.94 847.24 151.66
2 52(2) 39(1) 46(6) ARFE(3) 12.04 867.04 157.35
3 56(4) 51(5) 46(6) AAE(1) 10.75 913.06 109. 30
4 54(3) 54(6) 36(1) ARE(2)10.99 861.22 108.38
5 54(3) 48(4) 44(5) HFE(4) 15.22 888.67 121.82
6 56(4) 39(1) 42(4) NF(5) 17.44 844.80 171.00
7 52(2) 45(3) 42(4) RAFE(1) 11.48 864.18 149.23
8  58(5) 54(6) 40(3) HFE(4) 14.46 888.27 114.41
9 50(1) 48(4) 40(3) ARFE(2) 11.34 866.63 111.06
10 60(6) 42(2) 44(5) RAE(2) 11.52 870.41 139.11
11 56(4) 45(3) 38(2) ARHNE(3) 11.57 842.04 148.95
12 60(6) 51(5) 42(4) AHZE(3) 10.79 890.92 108.97
13 58(5) 45(3) 46(6) HFE(6) 15.51 892.45 135.41
14 50(1) 42(2) 36(1) HFEM4) 17.70 815.20 151,87
15 58(5) 39(1) 38(2) ARBFE(1) 12.16 821.43 158.29
16 50(1) 54(6) 44(5) FZE(5) 14.33 908.06 114,86
17 60(6) 48(4) 36(1) HFE(5) 16.09 843.06 122.05
18 48(2) 51(5) 38(2) HZE(6) 15.57 858.98 114,53
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Tab. 6 Evaluation indexes of regression results
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W 0.9837 0.976 5 195.983 6
G 0.999 9 0.995 5 1028.0

K6 25t 7SS PR A W (G 1Y
[ U1 5 3K 36 {1 F) i R AR 0 R 22 23 A 4. 6304

B 22 1 X A 25 R AT BT A

W g (D RIRARICH A B W .G XN [ [1]
FF R R g (O FR, W ZFHZHB
B 7

e(D=g,()—g(D,i=1,2,n. (5)

g (D) eI TT 23 ST.ST R T

P NCAGESO
i=1

St = L3 e —ort, (6)
i=1
=23 = L3, %
n = ni=

S o 22 Hu e

_ S
C = S, (8)
AN RS E =
P = P{| e(i)—e|<0.647 5S,}. 9

20

18+

16 -
E
» 14+
&
X
i 12

10 -

00 2 4 6 % 10 1I2 14 16 18

56 P 5
(a)
950 ¥ m&“ﬁf%‘ﬁ
—e— [ 948
f

900} /\ K ]
%D 3 /¢ Py
B 9{ 3 e\%& 1 f {

850} %/ ) J X }/

800 L L N ) L L : :

0 2 4 6 8 10 12 14 16 18
Ry
b

B 6 XA L )2 A

Fig. 6 Comparison of experiment and regression values
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Tab.7 Evaluation criteria of regression accuracy

EEEpy s P1{H CH
e =0.95 <0.35
K =0. 80 <0.50
G >=0.70 <0. 45
NG <0.70 =0.65
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Tab.8 The analysis results of P and C
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Tab.9 Optimization results and inspection

HEFE 10 2 OB 1 KL Winax / mm

HME G/kg

SESNDPIL LAl g
Py/mm  P;/mm  Py/mm  Z ENEN Ko (8 ENE Y Y o/ MPa WA A/ T
52 39 36 1 12.078 12. 420 806. 939 805. 51 190. 556 3 976. 460
50 39 36 1 12.133 12.471 805. 960 804. 29 190. 527 3974.912
51 40 36 1 11. 952 12.329 810. 045 808. 47 182. 462 3997.133
55 39 36 1 11. 995 12. 349 808. 407 807.35 190. 569 3987.414
51 39 36 1 12.105 12. 445 806. 449 804. 90 190. 542 3977.581
53 39 36 1 12.050 12. 395 807.428 806. 12 190. 570 3982.513
50 40 36 1 11.979 12. 355 809. 555 807. 96 182. 448 3 994,337
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Tab. 10 Partial material statistics

KB [ Joig s
g ) T B
/mm /m? /kg
L40X 3 Q235A 3 562 0.1 1.0
140X 3 Q235A 12 1218 0.2 2.3
140X 3 Q235A 12 1264 0.2 2.3
L40X 3 Q235A 12 3 046 0.5 5.6
73 084 11.5 135.3
PIP45X2.5 Q235A 1 478 0.1 1.3
PIP45X2.5 Q235A 1 481 0.1 1.3
PIP45X2.5 Q235A 5 691 0.1 1.8
PIP45X 2.5 Q235A 6 540 0.1 1.4
PIP45X2.5 Q235A 13 410 0.1 1.1
PIP45X2.5 Q235A 26 460 0.1 1.2
PIP45X2.5 Q235A 2 6 180 0.9 16. 2
37 296 5.3 97.8
PIP54 X4 Q235A 1 6 180 1.0 30.5
6 180 1.0 30.5
At 263.6
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