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Abstract:

This paper describes the finite element modeling and analysis of torque transducer, which commonly uses force

sensor’ s strain gauge’s distribution, by using the ANSYS software. The main work in this article is to build the finite element

model of the sensor structure’s elastic body, analyze the boundary conditions when the elastic body is loaded by the driving

moment M, and displaying the result.
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Possessing the ability to test vehicle in a
completely virtual environment has been the dream of
China, for

automobile industry has been developing rigorously as

many engineers. In instance, the
the pillar of the country’s mechanical industry. Large
shifting  their
production focus with imported technologies. Analysis

automobile plants are gradually
and study of the performance of vehicles become more
and more important in developing new models. At
present, the research of vehicle’s performance is
mainly operated through real vehicle tests and computer
simulations. The torque transducer used here is
capable of acquiring several types of data such as
forces, torque, data for test procedures and information
on field usage of vehicles. The measurement of wheel
torque transducer can reflect the effects of the driving
system and braking system on the wheel while the
vehicle running. The measuring range can be very wide
(rotating speed 0 — 3700071/m, driving moment — 10 —
107kN + m)'".

1 The Strain Gauge of Elastic Body
with Simple Structure

The elastic body doesn’t need transitional flange
when connected to the wheel hub and wheel rim as
shown in Fig.1. Thus, the wheel installed with the
transducer is guaranteed basically of no deviation from
the original position. Meanwhile there will be slight
additional weight and the installation is simple as
shown in Fig.2"" .

The distribution of strain gauge is of great
significance in the transducer design. Reasonable
distribution not only can simplify the structure of the
body, but also
eliminate the errors and interference as well as increase

transducer’s  elastic effectively
the accuracy of the transducer’s measurement. The
strain gauge foils are located on both sides of the

deformation girder of the elastic body with a good
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Fig.1 Structure of elastic body

Fig.2 Installation of torque transducer on the vehicle’s wheel

adhesion as illustrated in Fig.3m .

The four-arm complete-bridge method can be
adopted to constitute the bridge of strain gauge foils as
shown in Fig.4(a) and simplify it to the bridge in Fig.
4(b) under the function of the driving moment. The
supplying and outputing voltage must be transmitted
contact-free to and from the bridge by configuration
such as that illustrated in Fig.Sm .
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Fig. 3

Rotary transformer
coupled torque bridge

Fig.4 Strain gauge
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Fig.5 The configuration of transmitted contact-free system

The standard method to evaluate the torque
transducer is using a static calibration. The torque
transducer is typically fixed to a frame or other fixtures
for the purpose of applying a calibrated load™’ .

In this the torque
transducer’s elastic body will be studied by using finite
element method with ANSYS software. This study
includes: build the geometric model, analyze the
elastic body’s strain girders in order to obtain the
results of deforming shape, DOF solutions, stresses,

article, structure  of

strains and then plot the results and graphics.
2 Description of ANSYS Software

There is always a contradiction between the elastic
body structure design and the strain gauge distribution
in the design of the force sensor. Direct output of the
force sensor is of great importance in solving this

the

developing a simple structure.

contradiction and decoupling as well as in

The design of the elastic body’s structure is
complicated with large numbers of strain gauges. It is
also difficult to analyze the effects of the force and
moment on the elastic girder. The ANSYS program has
a progressively high ability to solve these problems '’ .
The ANSYS software includes sets of manuals that

provide descriptions of the procedures, elements, and
theoretical details. It also gives a brief description to
build a finite element model, apply load to the model,
obtain the results,
sub-modeling,

solutions and review design

optimization and structure analysis
(e.g. a slatic analysis, harmonic, transient dynamic,

--+) and thermal analysis, etc.
3 Solid Model of Elastic Body

In creating the solid model of elastic body, the
CAD system is used, as it’s recommended. The solid
work software is used directly to create and build the
solid model of elastic body, and then imported the
model into ANSYS as shown in Fig.6.

Then, the model can be meshed just as one can do
for any model created in ANSYS. As illustrated in
Fig.7, repairing and enhancing the topological and
geometric models is a very interactive process in
ANSYS.

The ANSYS program provides a much more
intuitive method for importing and repairing solid
models. After meshing the model, it will appear
slightly different, because the small geometric features
contain tiny lines, which require small element sizes
discretization. However, these small

for proper
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Fig.7 Repairing and meshing solid model

geometric features are not usually significant when
determining the overall stress in the part when
subjected to loads. Thus, we can assume that the
features are not necessary for the analysis and defeuture
the model before meshing and solving.

4 Analysis of the Finite Element Model

In this analysis, the “solid92” element type has
been used, which has a quadratic displacement
behavior and is well suited to model irregular meshes
(such as produced from various CAD/CAM systems) as
shown in Fig.7. The element is defined by ten nodes
having three degrees of freedom at each node:
translations in the nodal X, Y, and Z directions. the
“s0lid93” also has been used, to add three DOF
rotations about the nodes X, Y, and Z directions, but
will not be used in the solution. “Solid92” also has
plasticity, creep, swelling, stress stiffening, large
deflection and large strain capabilities. The geometry,
node locations, and the coordinate system for this
element are shown in Fig.8*" .

Fig.8 Solid92 tetrahedral structural

The output element stress directions are parallel to
the element coordinate system as illustrated in Fig.9.

The boundary terms of elastic body are the interior
and exterior holes that are dependent on elastic body’s
installation to the vehicle wheel. The exterior holes

J
X
Surface coordinate system

Fig.9 Solid92 stress output

have been chosen to apply the DOF constraints as an
area constraint for all degrees of freedom Uy, U,, U,,
ROT,, ROT, and ROT,, which is zero value for each
DOF, while the interior holes of the model apply the
forces and moments on nodes.

The analysis depends on applying the maximum
value of the driving moment on the model (My =
107kN +m) .

M}. = FxR
where R is the radius of the main circle of the interior
holes (R = 0.0677m); F is the perpendicular force.

Because the structure is completely symmetric,

M.
then each hole bears (1—2) ~ 8337N * m).
833
F = 0.067 = 1274337N

The components of the force when its applied to
the model are shown in Tab. 1
Tab.1 List nodal forces for selected nodes

Number Node Fy/N Fz/N  Number Node Fy/N Fy/N
57737 127340 17515 7 57804 — 127340 - 17515
57726 97929 77482 8 57793 - 97929 - 77482
57715 47857 117445 9 57782 — 47857 — 117445
57692 - 17515 127340 10 57765 17515 - 127340
57507 - 177482 97929 11 57759 7?7482 - 97929
57815 — 117445 47857 12 57748 117445 - 47857

AN B W N =

Fig.10 shows how the constraints and loads are

applied onto the symmetric model.

Exterior holes

Interior holes

Fig.10 Applied forces and constraints to symmetric model

The input summary of the element is described in

Tab.2, the material properties of which are related to
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the alloy steel “40CrNiMoA” %) |

Tab.2 Solid92 input summary
Solid92

Nodes I, J,K,L, M, N, O, P, Q, R

“Translations” Uy = Uy = Uy = 0
“Rotating” ROTy = ROTy = ROT, = 0

Element name

Degree of freedom

Real constants  None
“Young’s modulus” Ey = Ey = E; = 2107kN/mm’
Material properties “Poisson’s ratioc” NUyy = NUy, = NUy, = 0.3
“Density"DENS = 7.8 x 10~kg/mm’

5 Results

After analyzing the force transducer’s elastic
body, we can see the deformed and undeformed shape

of the model when it was loaded in Fig.11.

ANSYS 5.5.1
TSTITSET bEC 23 2000
SO VanC e gl 00:06:03
4“‘.1“"‘“&“»4“24 _ busesAcHawT
X :‘1’:1!_: i
ouerGraphics
‘ :!Acnz = f
AVRES=Mat
}0 l‘ DMX =.068726
R i
%g ':a g:ctiw .983
Y ' ‘H DPIST=159.527
E‘ =§ XF =.00627
pasy B | n e,
N ﬁ'ﬂ Z-BUFFER
< -VA"I
P A5
‘<7¢v
X Y
v
VaVawny aVAY
LEAPRIZS

Fig.11 Deformed and undeformed

The output from the solution consists of the nodal
solution (or the primary degree of freedom solution) .
The nodal solutions such as nodal displacements are
calculated for all active degrees of freedom in the
determined by union of all DOF labels

associated with all the active element type.

model,

The output listing of stress, and strain is given at
the Centerior (or near center) of the element. The out-
put quantities calculated as the average of the
integration point values are shown in Fig.12 and
Fig.13, respectively. In Fig.12, every color related to
individual average value of stress over all the elastic
body from minimum value up to maximum one with
“N/mm’” measurement unit.

From the stress distribution, it can be seen that
the range of the stress contours changes from 0.3427
917 - 906.3727N/mm’ .

From the strain distribution, it can also be seen
the range of the strain contours changes from 0.212 x
107 - 0.56171 x 107°.

Obviously, the most important and sensitive part
in the (torque) force transducer is the girder, because

the strain gauge foils are located on both sides of the
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Fig.13 Strain elastic solution
deformation girder. Therefore, the output results must
take deformation girder into consideration.

The transducer’s symmetric structure enables us
to take only one girder to get the results and solutions.
Thus, we can choose the girder “3” to get the results
through the six nodes attached to the girder. Every
node related to a different color.

The locations X, Y, and Z of these nodes are
shown in Tab.3.

Tab.3 List all selected nodes

Node X/mm Y/mm Z//mm Color
87258 99.819 9.999 6.000 Blue
97150 103.863 7.899 6.000  Magenta
97097 105.108 16.999 6.000 M-Red
97149 107.832 9.999 6.000 M-Red
97151 111.838 7.900 6.000 Red
87573 115.845 17.000 6.000 Yellow

The output nodal solution per nodal (DOF) of
girder (nodal displacement results) is illustrated in
Tab.4.

Tab.4 Nodal DOF listing

Node Uy /mm Uy/mm U, /mm

Usyy /mm

87258 0.262798 x 1072 0.234799 x 10~2 0.391?715 x 10" 0.392774 x 10~
97150 0.729706 x 107> 0.194733 x 107> 0.316707 x 10~' 0.324795 x 10~
97097 0.113720 x 107> 0.133783 x 107> 0.296779 x 10~" 0.297736 x 10~
97149 0.934757 x 107> 0.103787 x 1072 0.229788 x 10~" 0.248737 x 10~
97151 0.827396 x 1072 0.403712 x 10 0.141765 x 10" 0.163792 x 10"
87573 0.386798 x 1072 0.152781 x 10-2 0.493793 x 1072 0.645781 x 1072

Fig.14 presents the average of distribution output
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results of the displacements on the girder, the location
of nodes, and node values, which are illustrated in

Tab.4.
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Fig.14 DOF results

From the displacement distribution, it can be seen
that the range of the displacement contours changes
from 0 — 0.6877267mm over all the transducer.

The output nodal solution per nodes (Stress &
Strain-Elastic) of girder for selected nodes is illustrated

in Tab.5 and Tab.6, respectively.

Tab.5 Nodal stress listing N - mm™
Node S, S, S3 Sinr Skov
87258  438.22 121.51 107.89 330.32 323.73
97150  191.90 16.650 0.149744 191.75 184.05
97097 114.85 - 3.85670 - 130.45 245.29 212.47

97149  22.621
97151 9.17575
87573 - 3.26673 - 42.278

0.102763 - 0.942713 23.563 23.095
- 8.86270 - 106.85 116.03 108.14
- 119.82 116.55 102.76

Fig.15 and Fig. 16 present the locations of the selected
nodes on the girder and the values of stress and elastic

strain respectively.
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Fig.15 Nodal stress result for selected node
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Fig.16 Nodal strain result for selected node

Tab.6 Nodal elastic strain listing

Node EPEL, EPEL, EPEL, EPELjy; EPELggy
87258 0.175790 x 1072 —0.201755 x 1073 —0.285783 x 1073 0.204749 x 1072 0.200741 x 1072
97150 0.889779 x 1073 —0.195706 x 1073 - 0.297721 x 1073 0.118770 x 1072 0.113794 x 1072
97097 0.738774 x 1073 0.392772 x 1073 —0.779774 x 1073 0.151785 x 1072 0.131753 x 1072
97149 0.108792 x 1073 —0.304781 x 107* - 0.369749 x 107 0.145787 x 1073 0.142774 x 1073
97151 0.209700 x 1073 0.973739 x 1073 —0.509727 x 1073 0.718727 x 1073 0.669746 x 1073
87573 0.216701 x 1073 —0.254792 x 107* - 0.505749 x 103 0.721750 x 1073 0.636712 x 1073

6 Conclusion

From the above analysis, it can be seen that the
use of finite element ANSYS software in modeling and
analyzing is very useful and convenient in analyzing the
force transducer’s elastic body under boundary
conditions. The results given here will provide a basis
for further analysis of the system.

From Tab.5 and Tab.6, it can be found out the

minimum values of stress and elastic strain are 23.0597
N/mm”, 0.142?74 x 107, respectively, in node 97

149, which is the position near to the neutral layer of
the symmetric girder. This allows to install the foil
strain gauges around the node.

From Fig.15 and Fig.16, it can be seen that
under the function of torque M, , the load on every
girder is M /8, so that the transformation of each
girder is the same. Furthermore, according to every
deforming girder, the position of the deforming sheet is
symmetry, the transformation is the same or on the
contrary. Thus, the deforming value of all sheets must

be equal, suppose it to be ¢}, .
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The static performance of force sensor’s strain
gauge’s distribution can be a feedback for the dynamic
analysis, because the output stress results from the
static performance will be the prestress condition in the
dynamic transient analysis.

Furthermore, we can analyze the elastic strain
body when subjected to load (force and moment) F,,
F,, F., M., M,and M, respectively. This case will
gives the ability to perform the six-degree-of-freedom

b . b . . . .
force sensor’ s strain gauge s distribution analysis.
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