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ABSTRACT The common defects in tube hydroforming are buckling, wrinkling, bursting and
folding. Wrinkling occuring as the axial force reaches a critical value is considered as one of defects
in the past. Theoretical analyses, numerical simulation and experiment were conducted to control and
use wrinkles in tube hydroforming. Effects of loading path and the ratio of length to diameter on
the number of wrinkles and forming result were discussed. It has been shown that not all wrinkles
are defects and tube can successfully be formed after wrinkling in some cases. The key issue is to
obtain useful wrinkles instead of dead wrinkles. However, the thickness distribution is not even in
the axial direction. Accumulation of material in the expanding area by formation of wrinkles is an
effective method for preform. By use of this method, the zone of process window can be enlarged for

hydroforming.
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Fig.1 Wrinkling process in tube hydroforming
(1-Tube, 2-Punch, 3—-Wrinkled tube, 4-Die)
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Table 1 Feeding length and average thinning rate

l/d Ideal Wrinkle Theoretical A’/A Average
feeding number feeding % thinning
length n length rate, %
A, mm A’ mm

1 39.0 2 23.2 59.4 9.4
3 28.7 73.8 6.1
4 41.0 105.2 -1.2
1.5 50.5 3 35.3 70.1 7.2
4 44.7 88.7 2.7
5 58.1 115.1 -3.6
2 62.0 3 43.4 70.1 7.3
4 49.9 80.6 4.7
5 61.2 98.7 0.3
6 75.2 121.3 -5.2
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Fig.2 Relationship of stress and strain and the changing

trend of thickness after wrinkling
(a) stress state of wrinkles (b) relationship of stress
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Table 2 Result of simulation
Loading Quality Max. Wrinkle Failure
path TR, % number mode
1 - 2 Fold
2 + 12.6 3
3 + 10.4 3
4 + 8.5 3
5 + 10.2 3
6 - 3 Dead wrinkle
7 - 0 Burst
Note: * +” successfully formed, “ — > failure

(TR~thinging rate)
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Fig.6 Aluminum tube forming experiment

(a) useful wrinkles (b) final forming part through wrinkles
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Fig.7 Process window of tube hydroforming
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