®

Check for
updates

Composite Frame Of The Electric Car Body With Inserts
MS8_5 BN 4575

Ladislav Sev¢ik '®

! Department of Machine Design, Mechanical Faculty, Technical University of Liberec, Stu-
dentska 2, 461 17 Liberec 1, Czech Republic

Abstract. The frame of the electric car is assembled from two parts. The lower part,
made of welded pipes, carrying all aggregates. It supports the upper part of the frame
made of composite profiles in 16 places. The rectangular system of composite beams fills
an area measuring 4x2m. The beams are interconnected by steel braces. These are mainly
placed in the crosses of the supporting structure. Furthermore, due to the variability and
simplicity of assembly, the beams are not glued. When the structure is approved, it will
be possible to glue the composite structure with steel reinforcements. The aim is to opti-
mize this structure in terms of stresses and strains in case of an extraordinary event - the
overturning of a loaded electric car while driving in a corner.
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1 Introduction

The aim of the work is to optimize the composite structure of the frame for a small
electric car with a payload of up to 800 kg. The total weight of the electric car, including
cargo, is 2400 kg. The frame of the car is composed of a welded thin-walled supporting
tubular structure. Individual aggregates, axles, motors, batteries, electrical boxes and
other equipment will be attached to this structure. In 16 places, this construction sup-
ports the upper composite frame. It is composed of fiberglass closed rectangular pro-
files with dimensions of 63x41mm with the trade name "PREFEN". The frame consists
of four longitudinal profiles as a whole, two transverse profiles as a whole, and twelve
partial transverse profiles. Profiles are not pasted. Due to previous experience, gluing
is unreliable in terms of strength, it is complicated to glue partial transverse profiles to
the already hardened matrix of profiles. A plate made of 10 mm plexiglass is attached
to the profiles from above.
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Fig. 1. Complete frame with load.
Plexiglas was chosen for the purpose of visual inspection of the aggregates under the
load plate. The load is placed on this plate, see Fig. 1.
The drawing of the frame with its dimensions is in Fig. 2. Unlike the upper composite
frame, the production of the frame from thin-walled tubes is quite complicated and de-
manding on fixtures. The tubular welded frame is not part of this post.
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Fig.2. Dimensions of the composite frame.

Fig. 3 shows a detail drawing of the assembly of the joint of the longitudinal and trans-
verse beams. Holes with a diameter of 11 mm are drilled into the transverse composite
beam 2. With the help of a special tool, a special nut M8 5 BN 4575 3, for composites
with glass trains of the RIVKLE® SFC type, Bollhoff, is riveted into those holes. They
are smart for composite materials without damaging. Due to the size of the supporting
surface of the head, it was necessary to laser burn oval holes with a diameter of 22 mm
into the sheet reinforcements 1. These holes will allow the reinforcement to fit directly
onto the composite profile. With four M8 screws 4, the reinforcements are pulled to the
longitudinal and transverse beams through the washer 5. The advantage of the solution
is in the size of the support surface and therefore the rigidity of the structure, when
using the resistance of the composite to impact. The aim of this study is the design of a
hybrid structure and strength calculation of the composite frame of a small electric
truck.
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Fig. 3. Profile connection design.

2 Materials and methods

The weight of the electric car is 1600 kg. The transported weight of the load is 800 kg,
i.e. the weight of the electric car with load G=2400 kg. The structure is affected by the
force of gravity, the centrifugal force created when passing through a curve and the
braking force. When designing the frame in the event of an emergency event - the
overturning of a loaded electric car while driving, it is calculated that in the direction
of travel and during the braking effect Fy. = 20*G*g, i.e. the magnitude of the force is
480000 N. In the direction of lateral stress Fsiqe = 15*G*g, i.e. 360000 N [1]. Reactions
in the connection points of the tubular frame were detected by the imaginary section
method. The loads of the individual
profiles were calculated from the
equations of the balance of forces
and moments. The most loaded joint
was selected, see Fig. 4. The picture
shows the basic load values of the
connection. The moments in the lon-
gitudinal and transverse plane of the
car are 1 Nm, the force in the vertical
direction on the continuous beam is
12000 N, on the broken beam
1200 N.

Fig. 4. Boundary conditions and loads.

All bolts were pre-tensioned with a force of 200 N. The material values of the compo-
site profile were selected according to the manufacturer: ultimate tensile strength
700 MPa, modulus of elasticity in tension 40 GPa, ultimate stress in compression
450 MPa, modulus of elasticity in compression 19 GPa, ultimate strength in bending
strength 1000 MPa, modulus of elasticity in bending 40.0 GPa, modulus of elasticity in
shear 2.9 GPa, shear stress 31.0 MPa, compression 240 MPa, Poisson's number 0.33
[2]. The strut was made of classic low-carbon steel S235JRG1 with a yield strength of
250 MPa and a strength of 370 MPa. A bilinear model with decimal reinforcement was
used for the calculation. Strength class 8.8 screws and low carbon steel washers with
strength limit of 420 MPa, RIVKLE® SFC — Steel rivet nuts with strength limit of
470 MPa were used. The static calculation using the finite element method was per-
formed in the Ansys 2002 program. The network was refined so that there were at least
3 nodes along the thickness of the material [3].

3 Results and discussion

The result of the static calculation was the deformation of the selected, most heavily
loaded node of the composite frame in the event of an emergency - the overturning of
a loaded electric car while driving [4]. The structural node of the frame bends by a
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maximum of 5 mm, see Fig. 5. Fig. 6 shows the equivalent stress calculated by the
HMH method. This reaches a value of 280 MPa.

Fig. 5. Deformation after loading. Fig. 6. Equivalent stress HMH.

Due to the fact that the yield point was
exceeded, plastic deformations occur
only in steel braces [5], see Fig. 7.

In conclusion, it can be said that the up-
per frame of the electric car is strong
when tipped over, it only deforms plas-
- tically.
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Fig. 7. Equivalent plastic deformation is 0,6%.
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