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Abstract

An algorithm for a family of self-starting high-order implicit time integration schemes with con-

trollable numerical dissipation is proposed for both linear and nonlinear transient problems. This

work builds on the previous works of the authors on elastodynamics by presenting a new algorithm

that eliminates the need for factorization of the mass matrix providing benefit for the solution of

nonlinear problems. The improved algorithm directly obtains the acceleration at the same order of

accuracy of the displacement and velocity using vector operations (without additional equation solu-

tions). The nonlinearity is handled by numerical integration within a time step to achieve the de-

sired order of accuracy. The new algorithm fully retains the desirable features of the previous works:

1. The order of accuracy is not affected by the presence of external forces and physical damping;

2. The amount of numerical dissipation in the algorithm is controlled by a user-specified parameter

ρ {∞}, leadingtoschemesrangingfromperfectlynondissipativeA−stabletoL−stable; 3.Theeffectivestiffnessmatrixisalinearcombinationofthemass, damping, andstiffnessmatricesasinthetrapezoidalrule, leadingtohighefficiencyforlarge−
scaleproblems.Theproposedalgorithm,withitseleganceandcomputationaladvantages, isshowntoreplicatethenumericalresultsdemonstratedonlinearproblemsinpreviousworks.Additionalnumericalexamplesoflinearandnonlinearvibrationandwavepropagationarepresentedherein.Notably, theproposedalgorithmsshowthesameconvergenceratesfornonlinearproblemsaslinearproblems, andveryhighaccuracy.Itwasfoundthatsecond−
ordertimeintegrationmethodscommonlyusedincommercialsoftwareproducesignificantlypollutedaccelerationresponsesforacommonclassofwavepropagationproblems.Thehigh−
ordertimeintegrationschemespresentedhereperformnoticablybetteratsuppressingspurioushigh−frequencyoscillationsandproducingreliableanduseableaccelerationresponses.
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