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Design and Manufacturing of Composites Coupling
for Cooling Tower
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Abstract : In order to address the disadvantages of a metal coupling used for cooling towers, a lightweight
tube made of carbon/epoxy composites was manufactured using the filament winding process. When
utilized as a rotating component, the composite tube should exhibit straightness in the axial direction since
even a slight deflection in the tube can lead to noise and vibration-induced structural failure. The
straightness of the composite tube relies on the deflection of the mandrel, thus the effect of mandrel size
was examined to minimize deflection. Structural analysis was conducted to determine the optimal fiber
direction and stacking sequence. To ensure accurate analysis, the basic material properties were obtained
by performing mechanical testing on specimens manufactured using the same process as the pipe
manufacturing.
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Fig. 1 Cooling tower
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Fig. 2 Schematic of a coupling
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Fig. 3 Basic pattern of filament winding: (a) hoop
(b) helical winding;

winding; (c) polar

winding
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Fig. 5 A mandrel for filament winding
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Table 1 Dimension of tube section mandrel Table 2 Deflection ratio of mandrels with different
OD (D), mm 64 80 100 diameters
ID (d), mm 50 65 80 D d t 5¢/6¢
Thickness (t), mm 7 7.5 10 04 50 7 1.61
Length (L), mm 3200, 4200, 5000 80 65 7.5 1.66
100 80 10 1.64
21 2)el A M=o FA= dHFo| vHg-s
DL 4 (32 BYstel B Brel U S
Y9 wol FRYY e AoHAE mge o E 2
_ c 2 1.86
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= 1
3, d a
S (22 4 0.5
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D64 D80 D100
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°of AelM, FEY dRs 7= MEde] Fig. 6 Maximum deflection of a tube-section mandrel
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& A v with various diameters (Length: 5,000 mm)
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Fig. 9 UD composite plate for test specimen
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Fig. 10 Tensile stress-strain of 0° specimen
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Fig. 11 Tensile stress-strain of 90° specimen
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Table 3 Standard test specification

Specification

Tensile Test ASTM D 3039/D 3039M-08

Compression Test | ASTM D 3410/D 3410M-03

In-plane Shear

ASTM D 5379/D 5379M-05
Test

Table 4 Mechanical properties of UD composites

. Elastic Strengt .

(GPa) (MPa)
0° 127 2474

. #1.0) | 125 | 031

Tensile o0e 6.8 29.6 (#0.01)
(£0.3) (£1.4)
0° 101 593
Compre (*1.0) (+76)
-ssion 90° 7.0 92.9
(0.3) (£1.2)
In-plain 447 63.0
Shear (#0.11) (#0.8)
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Table 5 Comparison of deflection and failure index

for three cases of stacking sequences.
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Table 6 Comparison of deflection results between

composites pipe and mandrel (Unit, mm)
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K
7.16
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mm by
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Measured data | 143 | 1.52 | 1.64 | 1.56 | 1.58

Average 1.546

Prediction 1.21

Fig. 13 Composites pipes.
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