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Abstract

Truck frames should be designed and fabricated with enough rigidity to avoid
excessive deflections. Finite element analysis (FEA) plays an important role in
all stages of frame designs. While being accurate, 3D solid element FEA mod-
els are built upon frame configuration details which are not feasible in the
preliminary design stage, partially because of limited available design data of
frames and heavy computation costs. This research develops 1D beam ele-
ment FEA models for simulating frame structures. In this paper, the CAD
model of a truck frame is first created. The solid element FEA analysis, which
is adopted as the baseline in this study, is subsequently conducted for the
stiffness of the frame, Next, beam element FEA analysis is performed for va-
lidating the feasibility of the beam element FEA model by comparing the re-
sults from the solid and beam element FEA models. It is found that the beam
element FEA model can predict the frame stiffness with acceptable accuracy
and reduce the computation cost significantly.
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1. Introduction

Most trucks use ladder-type frames with two side members and multiple cross
members. One main function of truck frames is to sustain both static and dy-
namic loads: the side members support vertical and side loads such as engine,
transmission, fuel tank, battery box, suspensions, body and cargo. The cross

members provide torsional rigidity and reduce the degree of side member twist-
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ing. All frames should be designed and fabricated with enough rigidity to avoid
excessive deflections.

FEA plays an important role in all stages of frame designs and drives the de-
sign path at a much faster pace by evaluating the behaviors of a frame under op-
erating conditions and identifying the potential failures early in the preliminary
design stages [1]. FEA static structural analysis was conducted for an idealized
ladder type chassis with two side members and a few cross members [2]. Con-
ventional structural steels and aluminum alloys were compared for lightweight
design of the chassis. It was concluded that material substitution reduced the
chassis weight by 68%. The effects of material replacement, member thickness
change and member cross section change on the responses of a chassis using
FEA analysis were studied [3]. It was concluded that the 8 mm thick Advanced
High Strength Steel (AHSS) chassis was better than the original 5 mm thick steel
chassis, and T section was preferred to box section from weight reduction point
of view. Shape and size optimization of side rails of a large hybrid truck chassis
were performed for weight reduction [4]. The front and rear suspensions and
relevant truck components were integrated in the chassis FEA models. Vibration
mode analysis and stress analysis for multiple load cases were performed on the
entire model to evaluate the constraints in the optimization problem. It was con-
cluded that a mass reduction of about 13.25% with respect to the baseline model
was achieved. A shell element FEA model was developed for analyzing a truck
chassis [5]. Static responses of the chassis under different loads were conducted
from stress and deflection analysis. Vibrational response was carried out as well
for natural frequencies and vibration modes. It was concluded that both defor-
mation and stresses were within the allowable limits of the chassis materials.
FEA analysis was performed to compare the three different materials (grey cast
iron, AISI 4130 steel and ASTM A710 steel) in their applications of a heavy ve-
hicle chassis [6]. It was concluded that AISI 4130 steel was superior to structure
steel based on stress and stiffness analysis. Different cross-sectional shapes were
compared as well in this study. Shell element FEA models were used for investi-
gating the potential lightweight design of a truck chassis [7]. Topological opti-
mization was used in this study under different loading cases. It was concluded
that a 20.97% weight reduction was achieved without compromising structural
strength.

Solid finite elements are frequently used by automatic mesh generators in FEA
software. While being accurate, solid element FEA models are built upon frame
configuration details which are not feasible in the preliminary design stage, par-
tially because of limited available design data of frames. In addition, solid ele-
ments have at least four or eight nodes for each tetrahedral or hexahedral ele-
ment, resulting in an extremely heavy computation cost. This research develops
beam element FEA models for simulating frame structures. Compared to solid
element FEA models, beam element FEA models are based on beam elements
which have two or three nodes for each element, leading to a significant reduc-

tion in the FEA model size and computation time. As a result, application of
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beam element FEA models will accelerate frame design process through opti-
mum iteration. In this paper, the CAD model of a truck frame is first created.
FEA analysis based on solid elements is subsequently conducted for the stiffness
of the frame, which is adopted as the baseline in this study. Next, beam element
FEA analysis is performed for validating the feasibility of the beam element FEA
model by comparing the results from the solid and beam element FEA models.

Finally, conclusions are drawn.

2. Frame CAD Model

Figure 1 shows the frame used in this study, which includes mounting brackets,
welds, attached nuts, etc. Unlike stress analysis, which is a function of local geo-
metry, stiffness analysis has neglected relevance to these detailed small parts.
Removal of these small parts will simplify the CAD modelling without sacrific-
ing the accuracy of the following stiffness analysis. In addition, a continuous
domain is decomposed into discreated elements and nodes in the FEA analysis.
Even though the decomposition process is performed by the computer automat-
ically, manual intervention is needed to generate a good mesh. The small parts in
the frame shown in Figure 1 are features related to manufacturing and assembly,
but extraneous in the FEA simulation. These insignificant features affect the
FEA model complexity adversely in terms of model sizes, the efficiency of mod-
eling processes, and the accuracy of simulation results. For example, a fillet can
increase the number of elements and nodes greatly. Therefore, it is desirable to
examine the small features in the frame model to see if the model should be sim-
plified before it can be adopted as the computational domain in the simulation.
In this study, the above-mentioned features have been suppressed and cleaned
up for creation of a mesh solvable within a reasonable time. The cleanup frame

CAD model is shown in Figure 2.

3. 3D Solid Element FEA Analysis for Frame Stiffness

The frame CAD model shown in Figure 2 is imported in ANSYS for stiffness
analysis. The side members and cross members are meshed with solid elements
(either hexahedral or tetrahedral elements) as shown in Figure 3. Each hexahe-
dral solid element has eight nodes, and each tetrahedral solid element has four
nodes. In the stiffness analysis, the frame is sufficiently constrained at the four
locations where the suspensions are mounted. Two concentrated forces with the
same magnitude of 1700 N are applied downward at the middle points of the
two side members. The frame stiffness is defined to be the quotient of the ap-
plied net force and the corresponding average deflection at the acting points,
which is 1328 kN/m from the FEA analysis. Figure 4 shows the deformation of
the frame under the applied forces.

4. 1D Beam Element FEA Analysis for Frame Stiffness

FEA beam elements are suitable for simulating structures composed of slender

members, such as the frame structure in this study. Beam elements can resist
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both forces (lateral and axial) and moments (twisting and bending) which is also
in line with the loading conditions in this study. In addition, compared to solid
elements which have at least four or eight nodes for each tetrahedral or hexahe-
dral element, a beam element has two or three nodes, resulting in a significant

reduction in model size and computation cost.

Figure 1. Original truck frame configurations.

Figure 2. Frame CAD model after cleanup of insignificant features.

Figure 3. Solid element FEA model for stiffness analysis.

Figure 4. Frame deflection from the solid element FEA analysis.
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The beam element FEA model of the frame is built in the ANSYS APDL mod-
ule. Keypoints are first specified for all frame members according to their confi-
gurations, followed by creation of lines connecting each pair of adjacent key-
points. The side members and cross members have different cross-sectional
shapes and dimensions which can be obtained from its CAD model. As an ex-
ample, some cross-sectional properties are defined in Figure 5: each side mem-
ber has a C-shaped cross section with the dimensions shown in Figure 5(a), the
cross-sectional properties of the two X-shaped cross members are shown in Fig-
ure 5(b), and so forth. The material properties in this study are as following:
Young’s modulus E = 200 GPa, Poisson’s ratio v = 0.3, yielding stress o, = 250
MPa, density p= 7850 kg/m? and ultimate stress o, = 450 MPa.

Figure 6 shows the FEA model of the frame meshed with quadratic three-node
beam elements, BEAM189, in ANSYS. Again, two concentrated forces with the
same magnitude of 1700 N are applied downward at the middle points of the
two side members. The frame stiffness is calculated to be 1141 kN/m. Figure 7
shows the deformation of the frame under the applied forces.
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Figure 5. Cross-sectional shapes and dimensions of (a) the side member, (b)

X-shaped member, and (c) member next to the X-shaped member.

Figure 6. Beam element FEA model for stiffness analysis.
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Figure 7. Frame deflection from beam element FEA analysis.

5. Discussion and Conclusion

Although FEA can cope with an object with an arbitrary geometric shape tech-
nically, it is a strategy in the FEA modelling to suppress the insignificant features
over the object that affect the FEA model complexity adversely in terms of mod-
el size and computation cost. A comparative study has been conducted for the
stiffness of a truck frame using 3D solid and 1D beam element FEA models. The
insignificant features (mounting brackets, welds and nuts for manufacturing and
assembly, for example) of the frame have been cleaned up in the CAD model
and subsequent solid element FEA analysis. For comparative study, a beam ele-
ment FEA model is created based upon the frame architecture for validating its
feasibility of predicting the frame stiffness. It is concluded that the beam element
FEA model can predict the frame stiffness with acceptable accuracy while re-

ducing the computation cost significantly.
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