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Abstract

The present document describes the flexible five-bar mechanism and
the simulation chosen as a benchmark problem for sensitivity analysis of
flexible multibody systems.

1 Description of the five-bar mechanism

The case study chosen is the five-bar mechanism composed of 4 rigid bars (one
of them fixed) and a flexible bar (marked in green in figure 1).

Figure 1: The five-bar mechanism



The multibody model and the dynamics of the mechanism under the action
of gravity and spring forces are explained in the following benchmark link:

https://www.iftomm-multibody.org/benchmark/problem/Dynamics_of _
a_flexible_five-bar_mechanism/

2 Five-bar mechanism: sensitivity problem de-
scription and solution

For the sensitivity analysis, the following array of objective functions is consid-
ered:
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where rog = [0.5 -2.0 0.0] represents the initial position of point 2.
Three different sets of sensitivity parameters are considered:

1. Parameters affecting the forces: the natural lengths of the springs, p; =
T
[Loi  Lo2]

2. Parameters affecting the distribution of masses in rigid bodies: the mass
of bar 1 and the longitudinal local coordinate of its center of mass, ps =

1T
[mar 29,]
3. Parameters affecting kinematics of the rigid body: the length of bar Al,
p3 = [Lai].

4. Parameters affecting the flexible body geometry: the length of bar 12,
ps = [ng]. It should be pointed out that points 1 and 2 are considered
to be in the tip faces of the flexible bar.

Then, the vector of parameters for the sensitivity analysis is:

p' =[pl pI pP3 Pl (3)

The outcome of the sensitivity analysis is the gradient of the objective func-
tion (2), ¢’ = §£.


https://www.iftomm-multibody.org/benchmark/problem/Dynamics_of_a_flexible_five-bar_mechanism/
https://www.iftomm-multibody.org/benchmark/problem/Dynamics_of_a_flexible_five-bar_mechanism/

The initial sensitivities of the coordinates of points 1, 2 and 3 are the fol-
lowing:

e 0 0 0 00 —0.7071068 0

1y 0 0 0 0 0 —0.7071068 0

The| {0 0 0 0 0 —0.7071068 0.8320503 (4)
o, |0 0 0 0 0 —0.7071068 —0.5547002

rh 0 0 0 0 0 —-0.7071068 0.2773501

T3y t 0 0000 —0.7071068 0.2773501 to

The reference solutions provided for the dynamics and sensitivity analysis
have been obtained with a time step of 5x107° s with two different floating frame
of reference sensitivity formulations, with the flexibility of bar 12 parameterized
by means of 30 modes of deformation coming from a modal analysis. The modes
of deformation have been calculated from a modal analysis with the tip faces
behaving as rigid elements with Y translation and X and Z rotations blocked.

The objective functions and their sensitivities are shown in figures 2 and 3
and the results are also included in the data files Obj1Grad.csv, Obj2Grad.csv
and Obj8Grad.csv.

3 Benchmark error calculation

The final values of the sensitivities (¢ = 5 s) for the reference solution are
included in table 1 along with the maximum allowed error for each sensitivity.
The allowed error is 0.1% of the amplitude of each reference gradient com-
ponent along time. The amplitude is measured as the maximum value mi-
nus the minimum value of the reference results included in files Obj1Grad. csv,
Obj1Grad.csv and ObjlGrad.csv (first column is the time step). Therefore:
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Results are considered as acceptable if the summation of errors per gradient
component is lower than 0.6%, thus:
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Figure 2: Objective functions over time ftto g:dt with t € [0,tF], i =1,2,3.



Gradient of the objective function 1
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Figure 3: Gradients of the objective functions with respect to the design pa-
rameters.



Reference solution Amplitude
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Table 1: Reference solution for sensitivities at ¢ = 5 s. and maximum allowed
erTor.
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