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Abstract

Driveshaft used for transmitting torque and rotation, is one of the most im-
portant components in motor vehicles. It is required to connect the other compo-
nents of the drivetrain such as transmission and differential to each other. Basi-
cally, a driveshaft comprises of one or more universal joints, yoke parts, splined
parts, and sometime center support bearing. Each component on driveshaft is ex-
posed to torsion while they perform their functions such as angular and axial
movement. Therefore, each component should be strong enough against to torsion
in the design and analysis processes. In this study, numerical and analytical meth-
ods were used to design the weld yoke, investigated, and compared with each
other. In the numerical studies, finite element analysis (FEA) was implemented
by using two different loading conditions respectively force couple and moment.
And the strength formulas were used in the scope of analytical method. As a result
of the study, the stress on critical section obtained from FEA, supports the results
from analytical method. Thus, analytical method can be used for the weld yoke
design and the FEA can be implemented by using any of force couple or moment
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1. Introduction

In a motor vehicle, powertrain covers every component
that converts the power from engine into the movement, such
as transmission, driveshaft, differential and wheels as seen in
Fig. 1. Driveshaft, one of these components of powertrain, is
the most important component in motor vehicles, for trans-
mitting torque and rotation. It is used as an intermediate ele-
ment that provides connection between other components of
the drivetrain such as transmission and differential. In this
way, it allows for relative movement between them [1].
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Fig. 1. Powertrain of a motor vehicle.
Driveshaft basically comprises of one or more universal

joints, yoke parts, splined parts and center support bearing
depending on what the driving and driven components are
used. Fig. 2 shows an example of configurations of
driveshaft and its sub-components. Each component on the
driveshaft performs different functions such as angular and
axial movement. All these components, composing the
driveshaft, have various geometrical and structural features
to perform their basic functions.
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Fig. 2. An example of driveshaft configurations; one piece, two
and three pieces in descending order.

Driveshaft therefore its sub-components are subjected to
torsion between driving and driven components of the vehi-
cle. Thus, they must be strong enough to withstand the stress
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while having a suff-iciently low mass. Although the geome-
tries of driveshaft components are generally within a certain
frame, performance improvement and cost reduction studies
require some changes in part geometry and material. In this
kind of improvement projects, firstly new components are
designed or developed in accordance with the design require-
ment. For the next step, designed 3D models are analyzed
and checked by using finite element analysis software. The
design and analysis processes are carried out iteratively until
a sufficiently strong design is achieved under loading condi-
tions, in terms of Von Mises stress. Finally, the new design
is frozen after all these iterative works.

The studies about driveshaft components in literature,
mostly universal joint and its sub-parts are investigated in
terms of critical stress, failure and loading capacity. K. Ziv-
kovi¢, etal. (2011) observed how stress change of cross shaft
of cardan joint, depending on the changes in its geometry. In
the study, the critical stress on the joint cross is calculated
and compared with the results from finite element analysis.

Another study handling the universal joint, has been car-
ried out by Farzad Vesali, et al. (2012) in terms of dynamics,
especially failure.

A. A. Muley, et al. (2016) observed the failure of slip yoke
that is one of the components on the driveshaft. For the other
components of the driveshaft such as weld yoke, reverse
yoke, a new study is needed.

S. G. Solanke, et al., carried out a study on getting best
design of joint with considering the weight, cost, fatigue life,
stress distribution, stiffness, etc. FEM and photo elasticity
experiment are included in study.

E. Avrigean, et al., analyzed the fatigue characteristics of
a driveshaft. In this context, components on the driveshaft
including weld yoke are subjected to FEA before fatigue
analysis. But not any computational activity on the compo-
nent there is, for determining the stress.

In another study implemented by V. Kawale, et al., design
of driveshaft is investigated considering universal joint and
its sub-part, spline characteristic, and connection flange. The
study is conducted with only a series of calculations in scope
of analytical method. As in the other literature studies men-
tioned above, in this study too, the weld yoke is not investi-
gated in terms of analytical and numerical analysis.

In this study, numerical and analytical methods for design-
ing weld yoke were investigated and compared with each
other. The finite element analysis (FEA), the most widely
used method was implemented in the numerical studies,
while the strength formulas were used in the calculations per-
formed within the scope of analytical method. As the result
of the both methods, the maximum stress on the critical point
of the weld yoke, is determined and compared to each other.

2. Methodology

Principally, two methods, analytic and numerical were

used comparatively for the design of the weld yoke. Analyt-
ical method includes a series of calculations considering the
force couple on the weld yoke branches which occurs as the
result of the effect of moment from engine. Therefore, finite
element analysis in terms of loading was carried out in two
different ways, not only by applying moment, but also by ap-
plying a force couple. And so, it is possible to make a reliable
comparison of the analytical and numerical method results to
each other. Additionally, in response to the question "what
would happen if moment was applied instead of a force cou-
ple?", the analysis in which moment was applied as the load-
ing type, was carried out. As a result, the effect of both load-
ing types (moment and force couple) on the FEA results was
compared and discussed.

2.1 Analytical Method

Yoke parts are subjected to shearing and bending under
torque when the driveshaft transmits the torque through the
wheel. Depending on the geometry and material of the yoke
part, stress values differ regionally. Therefore, the critical
area for each different yoke part is also different. Fig. 3
shows the critical areas in terms of stress, for the various
yoke parts.

Fig. 3. Critical areas on the yoke parts (respectively; flange yoke,
yoke shaft, weld yoke)

In design work, the critical area where the largest stresses
occur on the structure, should be taken into consideration.
Correspondingly, critical point is selected on the cross sec-
tion where the stresses reach the largest values. It is possible
to determine the critical area for weld yoke, by means of field
experiences, finite element analysis, basic strength theories
and torsional test simulating the relevant operating condi-
tions.

Furthermore, within those cross sections, the points should
be selected where either the normal stresses or the shear
stresses have their largest values. Weld yoke is usually bro-
ken from the critical cross section including the both areas
circled in the Fig. 3. While the critical cross section of the
weld yoke is shown in Fig. 4, the critical dimensions on the
Cross section are given in table 1.
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7
Section G-G

Fig. 4. Critical cross sections of the weld yoke

Table 1. Critical dimensions on the section G-G

R (mm) 46.10
Is (mm) 7

Ib (mm) 30.50
b (mm) 18.40
h (mm) 45.90

In addition to keeping the max. stress on the critical sec-
tion under control, the material selection for weld yoke is an-
other key factor. The properties belonging to steel of C45
grade that is selected for the weld yoke, is shown in Table 2
below.

Table 2. Properties of the weld yoke material - C45

Yield Strength — Re (MPa) 370
Ultimate Tensile Strength — Rm (MPa) 620
Modulus of Elasticity — E (GPa) 210
Poisson's Ratio — v 0.3

Density (gr/cm?3) 7.85

Maximum force on the branch of the weld yoke,

Considering the weld yoke on the driveshaft alone, force
couple produced by the torque acting on it, is shown in Fig. 5
below.

D (2R)

Section I-1

Fig. 5. Force couple on the branch of the weld yoke

For the maximum torque value of 4,600 which acts on the
weld yoke, the maximum force on the branch of the weld
yoke, shown in Fig. 5, can be calculated by fallowing equa-
tion.

T =F,.D=F,.2R @)
F,=49.89 N

where “T” is the maximum torque acting on the weld yoke,
“Fb* is the force on one branch of the weld yoke and D is the
distance of the force action points on the each branch of the
weld yoke, and “R” is the effective radius.

The force on the branch, calculated above causes bending
and shearing on the critical section. To calculate the bending
stress on the critical section, respectively bending moment,
and moment of inertia according to critical section, can be
determined in following form.

Mg = F,.1, (2
Mg=1,522
where “Mg” is the bending moment and “l;,” is the lever arm

for the bending,

b.n3

=2
12

@)

=148 1077 m*

where “I” is moment of inertia of a solid having rectangular
section, “b” and “h” is the dimension of the critical section
(G-G). The section is considered as rectangular shape having
“b” and “h” as in the Fig. 4.

As a result of the equation below, the bending stress is:

_ Mp.c
Op = _I

4)
o, = 235.52 MPa

where “ob” is bending stress and “c” is the distance from neutral
surface to outside edge (c=h/2).

To calculate the shear stress on the critical section, respec-
tively torsional moment, and polar moment of inertia accord-
ing to the critical section, can be determined in following
form.

My = F,.1 ®)
M,=349.24
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Where “M;” is the torsional moment and “l;” is the lever arm for
the shear,

__ b.h.(h?+b?)

| = 22D (6)
J=1.7211 1077 m*

where “J” is polar moment of inertia according to a solid hav-
ing rectangular section “b” and “h”, the dimension of the crit-
ical section (G-G). The section is considered as rectangular
shape having “b” and “h” as in the Fig. 4.

As aresult of the equation below, where “r” is the distance
from neutral surface to outside edge (r=b/2), the shear stress
is:

Mt .r
T=—" 7
; U]
T =18.67 MPa

Mostly used equivalent stress is based on Von Mises yield
criterion. The Von Mises stress is used to determine whether
yielding occurs on the component with isotropic and ductile
material when they are under complex loading conditions.
Equivalent stress depending on VVon Mises and considering
bending and torsion, can be calculated by using the following
equation [8].

0, =+ 0p% + 3. 72 (8)

0,=237.73 MPa

2.2 Finite Element Analysis

The analysis was carried out as linear static structural un-
der steady state conditions using FEM by applying the
boundary conditions. As a result of the FEA, distribution of
Von Mises stress was obtained.

In the FEA studies firstly, weld yoke designed in 3D CAD
software was imported to HyperWorks CAE software. In
pre-processing, the geometry of the weld yoke was modified
and prepared for meshing process. Meshing process has been
started by using R-tria elements with size of 0.8 mm. The
result of 2D meshing, shell elements has been checked and
modified to achieve a good quality of mesh. After this phase,
3D mesh structure was created with first-order tetra 3D ele-
ments. After 3D meshing, totally 1,068,883 elements and
231,534 nodes were generated.

As mentioned in the introduction, two different analysis
were carried out in terms of load condition, respectively force
couple and pure moment.

Boundary conditions for the analysis with loading by force
couple:

1D rigid element has been created inside of each yoke
holes as shown in Fig. 6. The force of 49,758 N correspond-
ing to the moment acting on the yoke, has been defined on
the nodes of the rigid structures on each yoke’s hole and in

the opposite direction as shown in Fig. 6. The definition of
constraint has been applied to the nodes of rigid structures in
the direction of force and rotation axis, which gives freedom
in rotation and translation. For the lower side of the weld
yoke where the welding operation is performed, as shown in
Fig. 6, the constraint has been defined in a way that does not
allow rotation and translation in all axes by using rigid ele-
ments. Elasticity modulus of 210 GPa and Poisson’s ratio of
0.3 have been used as input data for the material of weld yoke.

Fig. 6. Boundary conditions for the analysis with loading by force
couple

Boundary conditions for the analysis with loading by mo-
ment:

Rigid elements have been created on each yoke branches.
And so the moment acting on the weld yoke is distributed
equally as shown in Fig. 7.

The torque of 4,600 is defined in the middle node of the
rigid structure. At the same time, constraint which gives free-
dom of rotation and translation in the axis of rotation, has
been applied on the node of rigid structure. For the lower side
of the weld yoke where the welding operation is preformed,
as shown in Fig. 7, the constraint has been defined in a way
that does not allow rotation and translation in all axes by us-
ing rigid elements. Elasticity modulus of 210 GPa and Pois-
son’s ratio of 0.3 have been used as input data for the material
of weld yoke.

[ Axis of Rotation |

Fig. 7. Boundary conditions for the analysis with loading by
moment

After the defining load and constraints, the solution pro-

cess has been implemented by linear static structural method.
In solution process OptiStruct has been used as solver.
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3. Results of FEA

Von Mises stress value on the critical area (Fig. 3 and
Fig. 4) which is taken into consideration for the theoretical
calculations, has been obtained as 241 MPa for the loading
type of force couple, while 240 MPa has been obtained for
the loading type of moment as shown Fig. 8. The stress on
the lower side of the weld yoke where the welding operation
is performed, has been ignored because they occur due to
lack of freedom.

b) Loading type of moment

a) Loading type of force couple
Fig. 8. Von Mises stress on the critical section, respectively for
the loading type of force couple and for the loading type of
moment

Equivalent stress via Von Mises was calculated to include
bending and shear stresses on the critical area. By this way,
equivalent stress obtained as 237.73 MPa.

4. Conclusions

In this study, for the design of weld yoke, finite element
analysis and analytical method are carried out. The result of
241 MPa from the finite element analysis including loading
type of force couple, is highly closed to the result of 240 MPa
from the finite element analysis including loading type of
moment. When considering the analytical studies, the results
from finite element analysis and the results from analytical
method, are similar to each other with a deviation approxi-
mately equal to 3 MPa. These results reveal that,

- Stress values of critical section obtained from FEA, sup-
ports the results from analytical method. Thus, analytical
method can be used for the weld yoke design.

- Inthe FEA, any of force couple or moment can be used as
loading type. Because, the results from the studies where
the both loading types are used are as close to each other as
acceptable level.

- Maximum stress on the critical area of the weld yoke is de-
termined lower than the yield strength of the material. In
other words, there is no plastic deformation on the weld
yoke. Thus, design of the weld yoke was frozen.

- Similar studies can be implemented for the design of the
rest components on drive shaft; due to each component on
the driveshaft have different geometry and material.
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Nomenclature

T : max. torque acting on the weld yoke
(Nm)

F, : the force on one branch of the weld yoke
(N)

D : the distance of the force action points on
the each branch of the weld yoke (mm)

R effective radius (mm)

Mg : bending moment (Nm)

[, : the lever arm for the bending (mm)

[ : moment of inertia of a solid having
rectangular section (m®)

b : the dimension of the critical section G-G
(mm)

h  : the dimension of the critical section G-G
(mm)

o, : bending stress (MPa)

c : the distance from neutral surface to outside
edge (mm)

My torsional moment (Nm)
Iy : the lever arm for the shear (mm)

J : polar moment of inertia according to solid
having rectangular section (m?*)

r : the distance from neutral surface to outside
edge (mm)

0,  equivalent stress (MPa)
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