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Abstract

A design method to improve design preci-
sion and efficiency of the bus body by using
CAD was established. The key outlines of bus
body are gotten from the bus body mechanical
drawing. Blocking design of the bus body sur-
face based on the key outlines of bus body by
curve reconstruction and surface smoothness
analysis was presented and the bus body sur-
face model was built. The improved designed
of the bus body based on the static intensity
analysis of crankle and torsion of the bus body
framework. was obtained.

1. Introduction

Bus body modeling design is the key tech-
nique of modern bus body design method. Pre-
cise digital bus body model can shorten the
design period and evaluate the quality of the
curve and surface of the model. This also can
analyze the structure and techniques per-
formance of the model, remodel and change
the model and concurrent engineering of the
model all become easy.

The paper mainly studies the numeral mod-
eling of the bus body and analysis of the static
intensity of bus body framework.

First, the information of bus body are gotten
from the bus body mechanical drawing and
the key outlines are constructed using UG. the
key outlines of the bus body are modified
based on the surface smoothness analysis

*Corresponding author. Email: meesuliu@nuaa.edu.cn
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Second, Blocking design and modifying of
the bus body surface based on the surface
smoothing analysis are progressed.

Finally, design of the virtual assembly of
the bus body is presented. The improved de-
signed of the bus body based on the static in-
tensity analysis of crankle and torsion of the
bus body framework was obtained.

2. Design and smoothness of bus
body key outlines

Table 1. The key outlines of the bus body

serial name
number

curve 1 The main view outline of side surface

curve 2 The plan view outline of side surface

curve 4 The outline of the joint between the
back surface and the side surface

curve 5 The side view outline of back surface

curve 6 The outline of the joint between the
back surface top cover surface

curve 3 The main view outline of the top
cover surface

curve 7 The outline of the top cover surface

gurve 8 The outline of the joint between the
top cover surface and the front sur-
face

curve 9 The outline of the joint between the
front surface and the humper
The outline of the front surface

curve 10

145

The bus body curve is analyzed and classi-
fied based on the bus body framework assem-



bly drawing. Six views of the bus body frame-
work assembly drawing are exported to six
named drawing layers of UG , respectively, by
using data conversion technique between
AutoCAD and UG and file format conversion
between*.dxf and *.dwg. The ten outlines of
the bus body are obtained by moving and ro-
tating the station of the views, Figure
2.1.Table 1 is the corresponding describing of
the curve.

8 6 1 2 3

3 910
Figure 2.1. The key outlines of the bus body

i 7

The information of nodal points of all curves
are lost when data are converted, between
AutoCAD and UG. Nodal points need to filter
when the curves are reconstructed.

Curve 1,2,3,4,5,7 have the lesser curvature
among the ten curve the paper put forward ,so
the nodal points are selected lesser. The curve
is divided into five segments by adopting
“point on curve” and selecting “equal arc
length” and six nodal points are obtained. The
curves are reconstructed by selecting the nod-
al points using “through points”.

Curve 6,8,9,10 have the larger curvature so
the nodal points are selected more in order to
express the real characteristic of the curve.
The curve is divided into several segments by
adopting “Point on curve” and selecting “Equal
arc length” .The nodal points are obtained by
adopting “Point on curve” and selecting “Equal
parameters” to divide the circular arc. Then,
the curves are reconstructed by selecting the
nodal points using “Through points”.

The smoothness of key outlines curve has
direct influence on the quality of the bus body
surface. The curvature of the key outlines
curve obtained by reconstructing is analyzed
(Figure 2.2). It can find that the reconstructed
curves all have bad smoothness except the
curve 2 and the curve 3. The relative curva-
ture of the curve 7, curve 9, curve 5 and curve
6 have obvious sequential changing mark so
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the nodal points of these curves need to adjust.
The nodal points are modified by Circle ratio
method. The curve curvature are dynamically
modified by selecting the “Edit Curve Parame-
ters” of the “Edit Curve” (Figure 2.3, Figure
2.4).

S 5 4 2 3 1 1 8 9 10
Figure 2.2 Curvature analysis of the bus
body key outlines

&, kit Prunt

Figure 2.3 The curve curvature graph
before modifying

Figure 2.4 The curve curvature graph after
modifying



3. Blocking design and smoothing of
the bus body surface

The bus body is constituted by space free
form surface. The bus body is regarded as a
convex hull constituted by several pieces se-
quential surfaces. The bus body is divided into
five surfaces based on the curvature, tending
towards and extending direction. The five sur-
faces are front surface, left surface, right sur-
face, back surface and top cover surface.

Automotive engine cover and front window
are both on the front surface. Left window and
right window is on the left surface and the
right surface, respectively. Back window is on
the back surface. The Figure 3.1 is the surface
division.

Froni surface Top cover surface

Back surface

Lieit and nght surtace

Figure 3.1 Blocking of the bus body surface

The bus body side view is parameterized
and the characteristic curve of the section out-
lines is designed. The bus body surface block
is constructed based on the characteristic
curve of the boundary conditions, design
ridgeline and control line. The bus body sur-
face consists of the surface blocks based on the
parameter value and the boundary conditions.

The bus body surface can be constructed
from swept surface, mesh surfaces, fitting sur-
face, blending surface, connecting surface and
pruning surface. The top cover surface is
scanned along the curve 3 and curve 7 being
the section curve.

The left surface is scanned along the curve 2
and curve 1 being the section curve. The right
surface can mirror from the left one. The back
surface is scanned along the curve 6 and the
back below curve and curve 4 and curve 5 be-
ing the leading curve.

The front surface is the most complicated
surface among the bus body. If is obtained by
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fitting surface and connecting surface regard-
ing the boundary curve of the left and right
surface as ridgeline, shoulder line, swept
curve and section curve..

The smooth continuity of the surfaces can be
gained by boundary-matching and surface fit-
ting among the surface block. Figure 3.2 is the
bus body surface.

Figure 3.2 The surface of the bus body

Figure 3.3 is the analysis result of the
Gaussian curvature of the bus body. The re-
sult shows that the bus body smoothing is
good. Figure 3.4 is the analysis result of the
average curvature and Figure 3.5 is the
analysis result of absolute curvature.

Figure 3.3 The analysis of the Gaussian
curvature



Figure 3.4 The analysis of the average
curvature

Figure 3.5 The analysis of absolute curvature

It is considered that the surface has good
smoothing feature if the deviant value be-
tween average curvature and absolute curva-
ture is within 0.01. The deviant value of the
following Figure is within 0.01 so the bus body
surface has good smoothing feature.

4. Virtual assembly and perform-
ance verify of the bus

The bus body surface will be the main model
when the bus is virtual assembled. The as-
sembling space is disassembled to five seg-
ments including the bus body surface, the bus
body framework, inside decoration and the
wheel.

The bus assembling body is divided into four
layers. The first layer includes the assemblage
of the bus body surface, bus body framework,
inside decoration, outside decoration and the
wheel. The second layer is the sub-assemblage
or the parts belonging to the first layer. The
third layer is the sub-assemblage or the parts
of the second layer. The fourth layer is pro-
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filed bar of the bus body framework. The lay-
ers relation among the assemblage, parts fea-

ture, number and name are expressed by
founding the table BOM.

Figure 4.1 is the assemblage of the bus body
framework. Figure 4.2 is model of the bus
body assemblage. The rigidity and intensity
are the two importance technical parameter
that reflects the mechanics performance of the
bus body. It will bring to distort of the bus
body and resonate of the structure if the rigid-
ity is inadequate. It will bring to crack and
fatigue rupture of the bus body framework if
the intensity is inadequate. So it is important
to analyze the rigidity and intensity of the bus
body framework.

Figure 4.2 The model of the bus body
’ assemblage

The mechanics performance of the bus body
framework model is analyzed using the soft-
ware ANSYS. The model diversion from the
UG is directly expressed as the surface. The
profiled bar of the bus body framework surface
is draw out and sewed. The surface model
then is imported to ANSYS as the Parasolid
file format. Figure 4.3 is the framework model.

The load of the bus body framework in-
cludes the weight of the bus body framework,



baggage load, passenger weight, seat weight,
wind weight, glass weight, air condition
weight, engine weight, gear box weight. Fig-
ure 4.4 is the stress distributing Figure.

12e9 2334 3420 4508 $590
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Figure 4.4 The stress distributing Figure

Bending and crankling are the type work
conditions of static intensity of the bus body
framework.

Figure 4.5 and 4.6 is the bending stress
nephogram and crankling stress nephogram,
respectively.

Figure 4.5 The bending stress nephogram

Figure 4.6 The crankling stress nephogram

The figures show that stress concentration
is comparative evidence in the joint between
the column of the bottom frame section A-A
and the carling, joint between the section A-A
and the bus body frame, the joint between the
back seat and the side surface, the joint be-
tween the boot and the carling and stress of
the joint between the column of the bottom
frame section A-A and the carling is maximal.

The maximal bending stress reaches
263Mpa and the maximal crankling stress
reaches 319Mpa.

It can obtain from the Figure 3.7 and Figure
3.8 that the maximal bending distortion is
5.92mm locating in the frame beam of the
back seat while the maximal crankling distor-
tion is 5.778 mm, locating in the front part of
the hanging wheel. The paper improves the
structures that have stress concentration
based on the analysis result.

Figure 4.7 The bending distortion nephogram
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Figure 4.8 The crankling distortion
nephogram

Two carlings are added to the joint between
the back boot bottom beam and the top beam
in order to minimize the distortion of the bot-
tom beam. The square tube is welded to the
back seat in order to enhance the intensity of
the beam.

It can obtain from the fig of the improved
structure that the stress of the joint between
the bottom frame section A-A and the carling
has obviously reduced. The maximal bending
stress reaches 208Mpa and the maximal cran-
kling stress reaches 288Mpa.

It can also obtain from the Figure of the im-
proved structure that he maximal bending
distortion of the frame beam of the back seat
is 4.47mm and the maximal crankling distor-
tion of the front part of the hanging wheel is

5.655 mm, both less than the unimproved ones.

5. The imperfectness and the pros-
pect

The paper reconstructs the bus body curve
and surface based on the planar drawing. The
structure static intensity of two typical work
conditions are analyzed while the modal
analysis and the road spectrum analysis have
not analyzed. The analysis of the paper with-
out considering the bus body cover and the
predigested of the load both have the influence
on the result.
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