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Fig. 1. The impact model of the flexible beam.
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Table 1. Computation time of numerical integration method considering impact (units: s).
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(a) e = 0, HHT-a V£ &; (b) e = 0.3, HHT-a L5 K;
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Abstract

Numerical characteristics of the Hilber-Hughes-Taylor-a (HHT-a)) method for the differential-algebraic equations
(DAEs) in impact dynamics of flexible multibody systems are investigated. The research is based on a dynamic process
of a flexible beam rotating about a fixed axis, whichis under the action of gravity and collides with a rigid plane.
Therefore, the dynamic transformation and solution of flexible multibody system are divided into two parts. The
Lagrange’s equations of the second kind are used to derive the dynamic equations before and after impact, whereas
the contact constraint method (CCM) is adopted to simulate the contact process. Compared with other methods, the
CCM can describe the contact process accurately and avoid choosing the additional parameters. A set of the differential
equations are transformed into a set of the DAEs due to the added constraint equations into impact process. Normally
the dynamic equations of the flexible multibody system are index-3 DAEs. Solving a system of the index-3 DAEs
directly by an integration algorithm would be subject to ill-conditioning and poor global convergence properties, so it
is reasonable to find the methods that avoid both drawbacks and dependence on the constraint information. In order
to solve this complex process, the HHT-a method is used in the impact dynamic simulation by introducing the Gear-
Gupta-Leimkuhler formulation. The coefficient a of the HHT-a method can be used to control the numerical dissipation,
and it also represents asymptotic annihilation of the high frequency response. The smaller the value of «, the more the
damping is induced in the numerical solution. The Baumgarte’s stabilization method is the most famous one for index-3
DAEs. Unfortunately, no general way can be adopted to determine the coefficients of the Baumgarte’s stabilization
method. It is the main reason for the numerical stability problems. It is necessary to study the influences of coefficients
of the former two methods. Simultaneously, the simulation results from the HHT-a method are compared with those
from the Baumgarte’s stabilization method to calculate the CCM model, and the Newmark method is used to solve the
ODEs by using the continuous contact force model. The influence of the modal truncation N on the numerical method
is also taken into account. Furthermore, the influences of N and the coefficient & of HHT-a method on the velocity and
acceleration constraints in the multibody system are analyzed. Results have shown that the choice of the stabilization
coefficients exerts a greater influence on the simulation results, such as the dynamic responses and the constraints, than
that of the coefficient . Meanwhile, the HHT-oo method has an influence on the choice of coefficient o and numerical
damping properties. This numerical damping property can reduce the effect of high order modes induced by impact.

Finally, the increase of N causes the sharpening default of both velocity and acceleration constraints.

Keywords: flexible multibody systems, impact, Hilber-Hughes-Taylor-ae method, Baumgarte’s stabiliza-

tion method

PACS: 45.10.-b, 05.45.—a, 02.70.— DOI: 10.7498/aps.66.164501

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11272155, 11302192) and the Funda-
mental Research Funds for Central Universities (Grant No. 30917011103).
t Corresponding author. E-mail: zhangdg419@njust.edu.cn

164501-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.164501

	1引    言
	2柔性多体系统动力学建模
	2.1 物理模型
	Fig 1

	2.2 无碰撞的柔性多体系统动力学建模
	2.3 含接触约束的柔性多体系统动力学建模
	2.3.1 接触约束法建模
	2.3.2 连续接触力法建模


	3两种数值求解方法
	3.1 Baumgarte违约修正法
	3.2 HHT-法

	4HHT-法数值特性分析
	4.1 自由参数和违约修正常数和对计算效率的影响
	Table 1

	4.2 自由参数和违约修正常数和对系统动力学响应的影响
	Fig 2

	4.3 自由参数和违约修正常数和对系统机械能的影响
	Fig 3

	4.4 数值积分方法对模态截断数N的敏感度
	4.5 HHT-法自由参数对高频振型响应的影响
	Fig 4
	Fig 5
	Fig 6
	Fig 7
	Fig 8

	4.6 HHT-法对速度约束和加速度约束的违约
	Fig 9


	5结    论
	References
	Abstract

