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Plastic forming law on multi-degree-of-freedom oscillating rolling for
thin-walled and high-rib frame

Chai Cong, Han Xinghui, Zhuang Wuhao
(Hubei Key Laboratory of Advanced Technology for Automotive Components, Wuhan University of Technology,
Wuhan 430070, China)

Abstract: In order to meet the high-performance and high-efficiency manufacturing requirements for thin-walled and high-rib frame, the
oscillating die was used to form the high-rib prafile, and a method of constraining metal flow by a multi-step flash structure was proposed.
Furthermore, the evolution laws of equivalent stress, equivalent strain, temperature and load during the oscillating rolling process of thin-
walled and high-rib frame were revealed by finite element simulation. The results show that the equivalent stress of metal in the contact ar-
ea is significantly greater than that in the non-contact area, and the equivalent stress in the high-rib and the corner area of bottom plate is
relatively large. The equivalent strain shows a stepped upward trend, and the equivalent strain in the high-rib area is significantly larger
than that in the bottom plate area, and gradually increases from the top to the bottom of high-rib. The temperature of thin plate billet de-
creases as a whole, and the temperature in the corner area between high-rib and bottom plate is significantly higher than that in the other
areas. The load fluctuates periodically, and the load is relatively large when the oscillating die rolls the corner area where the long edge
meets the short edge, while rolls the long edge area, the load is relatively small. The study result provides a theoretical basis for the pre-
cise control of plastic deformation process of the multi-degree-of-freedom oscillating forming for thin-walled and high-rib frame.
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Fig. 1 Schematic diagrams of thin-walled and high-rib frame

(a) Structure diagram
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(b) Sizes diagram
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Fig. 2 Multi-degree-of-freedom oscillating rolling plastic forming process schemes of thin-walled and high-rib frame

(a) Scheme of die forming high-rib
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(b) Scheme of oscillating die forming high-rib
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Fig. 3 Influences of horizontal flashing (a) and multi-step flashing (b) design methods on filling effect in high-rib area for multi-degree-of-freedom

oscillocting rolling plastic forming of thin-walled and high-rib frame
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Fig. 4 Influence of step flash length on filling effect in high-rib area for

multi-degree-of-freedom oscillating rolling plastic forming of

thin-walled and high-rib frame
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Fig. 5 Finite element simulation model of multi-degree-of-freedom

oscillating rolling for thin-walled and high-rib frame
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Fig. 6 Variable curves of metal volume for thin-walled blank with

different step increments
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Table 1 Finite element simulation process parameters of
multi-degree-of-freedom oscillating rolling for

thin-walled and high-rib frame

2R y¢IEd
AR R/ mm 6.70
RNJEE/mm 1
B/ (°) 0.50
BB/ (rad - s71) 25.13
AL/ (mm - 57 1
AR IR/ C 400
AR R IR L/ °C 450
JEE 45 PR KK 0.30

B 7 WEERATHERZ b B S PR R AT IROT I
5 (a) FISEREER (b)

Fig. 7 Finite element simulation result (a) and experiment result (b) of

multi-degree-of-freedom oscillating rolling for thin-walled and high-rib frame
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Fig. 8 Equivalent stress distribution and evolution cloud diagrams of
multi-degree-of-freedom oscillating rolling plastic forming for

thin-walled and high-rib frame
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Fig. 9 Equivalent stress evolution process of multi-degree-of-freedom

oscillating rolling plastic forming for thin-walled and high-rib frame
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Fig. 10  Equivalent strain distribution and evolution cloud diagrams of

multi-degree-of-freedom oscillating rolling plastic forming for

thin-walled and high-rib frame
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Fig. 11 Equivalent strain evolution process of multi-degree-of-freedom

oscillating rolling plastic forming for thin-walled and high-rib frame
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