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Abstract The development of lightweight vehicle components has been studied
for a long time due to strict exhaust emission regulations and fuel efficiency. The
purpose of this study is to improve the performance and weight reduction of the
differential gear case due to the change from the conventional type to the integrated
type. Through the 3D modeling and the finite element analysis, the static stress
analysis was performed for each load condition. Based on the results, the structural
safety analysis results confirmed that the collision criteria were satisfied and the
possibility of improving the performance and lighter weight of the products was
confirmed.

Keywords Differential case · Integrated diff.case · Structural analysis · FEM
analysis

1 Introduction

The vehicle differential gear is a device that distributes the number of revolutions of
different wheels properly when the car moves forward or turns on the uneven surface
of the road. It is a device that equally distributes the number of revolutions of the
left and right driving wheels or the front and rear drive axles for smooth driving
or transmits an equal torque to the rotating shafts during steering. The differential
gearcase is a device that protects the differential gear from impact and moves with
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the ring gear of the differential. Differential gears and differential gear cases have
many different shapes and sizes according to the shape of structure and type of the
vehicle, and there are various design variables to improve the driving stability and
ride comfort of the vehicle.

Many researchers have worked in the area of include differential gear in different
applications [1–14] i.e. vehicle [15–24], gear system [25–35], etc. A differential gear
for vehicles is a combination of four rotating bevel gears (two pinion gears, two side
gears), which are connected to the drive shaft of the car to control the rotation of
both wheels as the car progresses. Looking at the principle of the differential gear,
when driving straight, only the left and right two side gears rotate and the pinion gear
does not move. When the vehicle moves forward on the uneven surface or rotates
in a curved section, the pinion gear existing above and below rotates to adjust the
rotation speed and rotation speed of the side gear. The vehicle differential gearcase
is a device that protects the differential gear from impact and moves with the ring
gear of the differential. When power is transmitted from the power shaft to the ring
gear, the ring gear rotates and the vehicle moves while rotating the side gears on both
sides of the case [1, 2].

In the case of the separated differential gear case, the upper and lower parts are
manufactured by casting process of spheroidal cast iron, respectively, and thenmanu-
factured through surface assembly and assembly process. There are many parts and
the production process is complicated and heavy. There is a possibility of defects due
to manufacturing defects and human error that can occur during assembly. In order
to overcome the disadvantages of the separate differential gear case, the integrated
differential gear case was designed. In the case of the integral differential gear case,
there is a possibility of defects because it is difficult to accurately manufacture the
internal and external shapes through the casting process due to the characteristics of
the bending. However, since the integral differential gear is made of a single part,
the structure is simple and lightweight, and the mechanical properties are improved
[3].

In this study, the integrated differential case is designed to improve the struc-
tural properties and reducing weight for improving fuel efficiency. The integrated
differential case is analyzed with load cases which are simulated for impact cases.

2 Differential Gearcase Design and Modeling

Themanufacturing of the differential gear case for the vehicle is finalized through the
necessary machining process according to the internal and external positions such as
turning, grinding, and planar processing. In the case of the separate differential gear,
the tolerance of the upper and lower parts of the differential gear case manufactured
through the casting process is checked to determine whether there is a step, and the
inner and upper gears are assembled to complete the final differential gear. In the
case of the integral differential gear, it is not divided into upper and lower parts,
so the gear is inserted into the integral differential gear manufactured through the
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casting process and fixed by using laser welding together with the fixing part. The
material used for the integral differential gear is spheroidal cast iron, HB 170–241.
The material is mainly used for the power transmission system of the vehicle, and
the shape is manufactured through the casting process, and the connecting part is
processed by grinding.

In order to eliminate the unnecessary elements of existing differential gear case
models and tomanufacture an integrated differential gear case forminiaturization and
lightweight, miniaturization and lightening of differential gear proceed and through
structural design program before production of a prototype to examine its stability [4,
5]. The integrated differential gear case was 3D modeled. In addition, 3D modeling
was conducted to compare the stability of the separate and integrated differential gear
cases. The separate differential gear case model measures 138 mm and 162 mm in
weight and6.137kg inweight, respectively, andusesCATIAV5R20 for the structural
design program (Fig. 1). The all-in-one differential gear case model weighs 169 mm
and 156 mm, respectively, and weighs 4.4 kg. Although there was little change in
size, it satisfied the conditions when lightweight was advanced. At this time, the
weight could be reduced by 28% (Table 1).

)b()a(

Fig. 1 Differential gearcase modeling a separated differential case and b integrated differential
case

Table 1 Material properties of separated and integrated differential cases

Part name Material Young’s
Modulus
(GPa)

Poisson’
ratio

Density
(kg/m3)

Tensile
strength
(MPa)

Yield
strength
(MPa)

Cup cover FCD600 200 0.275 7.86 600 370

Integrated
diff case

GCD500 169 0.27 7.10 500 320
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Fig. 2 Separated differential gearcase structural analysis with respect to loadcase: a loading
information for loadcase, b loadcase#1analysis result, c loadcase#2analysis result and d load-
case#3analysis result

3 Differential Gearcase Structural Analysis

3.1 Separated Differential Gearcase Analysis

The maximum stress was calculated when the differential gear case and the ring gear
were connected with fixed boundary conditions and additional loads were applied
to the ring gear in three directions of 0, 45, and 90 degrees along with the boundary
conditions. The maximum stress locations and stress values occurring in the separate
differential gear case for each external force are shown in Fig. 2. The results of
the stress analysis showed that the maximum stress was the highest in the case of
Load case # 2, and the part that received the maximum stress in each case appeared
differently according to the shape of the product.

3.2 Integrated Differential Gearcase Analysis

Since the boundary condition is given by pressure, the pressure corresponding to the
external force is set based on the area of each region. After adding each boundary
condition, additional fixed boundary conditions for structural analysis are added. A
boundary condition was added to fix the displacement in the z-axis direction so that
rotation did not occur at the ring gear connection. In addition, considering the rotation
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Fig. 3 Integrated differential gearcase structural analysis with respect to loadcase: a loading
information for loadcase, b loadcase#1analysisresult, c loadcase#2analysis result and d load-
case#3analysis result

of the differential gear, an external force that gives torque to one of the rotating shafts
was set.

The maximum stress was calculated when the differential gear case and the
ring gear were connected with fixed boundary conditions and additional loads were
applied to the ring gear in three directions of 0, 45, and 90° along with the boundary
conditions. The maximum stress locations and stress values occurring in the integral
differential gear case for each external force are shown in Fig. 3. The results of the
stress analysis showed that the maximum stress was the highest in the case of Load
case # 3, and the part under the maximum stress appeared in each case according to
the shape of the product. Unlike the case of load case # 2 in the case of the separate
differential gear case, the maximum stress is the highest in load case # 3 90° in the
case of the integral differential gearcase. When compared with the model it can be
seen that a significantly lower maximum stress value appears.

4 Conclusions and Discussions

The design change from the existing one-piece differential gear case model to an
integrated differential gear case reduced the weight change by 28% while mini-
mizing the size change. Structural analysis was performed to analyze the effect of
structural safety due to the reduced weight, and as a result, the structural safety was
confirmed. In addition, further research is needed to enable optimal shape design
through structural optimization.
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