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Abstract. In response to the current challenge of design efficiency faced by companies, this study focuses on the design process
of the control arms in the five-link rear suspension. By summarizing the common structural types of control arms and their
corresponding key design parameters, Visual Basic and CATIA parametric modeling are applied for secondary development. This
approach enables the rapid structural design of control arms and facilitates quick model updates during the design iteration process,
significantly reducing modeling time, effectively improving design efficiency, and laying the foundation for intelligent design
development systems.
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1. Introduction

The primary function of a suspension system is to transmit the load between the wheels and the vehicle body, cushion or suppress
road-induced vibrations and impacts, and ensure ideal wheel motion characteristics under varying road conditions and loads,
thereby maintaining vehicle handling stability [1]. Suspensions are classified into independent and non-independent types based
on the independence of wheel movement during operation. The five-link rear suspension is a type of independent suspension that
employs five links working in coordination in space to constrain the rear wheel's movement trajectory. This design provides better
control over wheel motion characteristics during driving, thereby enhancing handling stability [2].

As illustrated in Figure 1, the five-link rear suspension primarily consists of a rear subframe, front upper control arm, rear
upper control arm, front lower control arm, rear lower control arm, toe link, steering knuckle, stabilizer bar, spring, shock absorber,
and corresponding fasteners at connection points. In most cases, the front upper control arm, rear upper control arm, front lower
control arm, and toe link function as load-bearing components, transmitting and absorbing loads from the steering knuckle to the
subframe during vehicle movement. These four links are collectively referred to as two-force members. The structure of these
links is relatively simple, consisting of a main body structure connected to the subframe and steering knuckle via bushings or ball
joints. The main body is typically manufactured using processes such as sheet metal stamping, welding, aluminum alloy forging,
or cast iron molding, as shown in Figure 2.

Figure 1. Schematic diagram of the five-link rear suspension
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(a) Sheet metal stamping

(b) Forging
Figure 2. Structural schematic of control arms

During the suspension system’s design and development process, the hard points and performance requirements vary according
to different vehicle models and subsystem requirements, necessitating the redevelopment of various components. The structural
design of control arm components is directly influenced by suspension hard points and performance requirements. Any change in
these requirements necessitates a complete redesign and remodeling of the structure. Moreover, within the same vehicle model
development, multiple design iterations are required to balance structural performance, weight, and other factors. Traditional
modeling methods are inefficient and fail to meet the demand for high efficiency, which has become a significant challenge for
companies.

This study focuses on the two-force control arms manufactured through sheet metal stamping and employs CATIA parametric
modeling to achieve rapid structural design. This approach addresses the efficiency challenges faced by companies during
development, enhances the design efficiency of five-link suspension components, shortens the design cycle, and establishes a
theoretical and practical foundation for future intelligent chassis component design and development.

2. Structural design process of control arms

As illustrated in Figure 3, the conventional design process begins with structural modeling based on the received design
requirements. Once the 3D model is completed, finite element analysis (FEA) is conducted to determine whether the design meets
performance requirements. Additionally, the model's weight is assessed to ensure it satisfies lightweight design criteria. If the
requirements are not met, the design is revised and iterated until both performance and lightweight standards are achieved. This
study primarily focuses on the iterative process of 3D structural modeling and redesign.
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Figure 3. Schematic diagram of the conventional design process
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Upon receiving the design input, a local coordinate system for the control arm is established based on the hardpoint coordinates
at both ends of the control arm—where it connects to the subframe and steering knuckle—as well as the corresponding bushing
axis directions. Typically, the hardpoints connected to the subframe are referred to as inner points, while those connected to the
steering knuckle are referred to as outer points. The inner point serves as the origin of the local coordinate system, the bushing
axis at the inner point defines the X-axis, and the line connecting the inner and outer points defines the Y-axis, as shown in Figure
4.

Tnner Bushing /
Reference Point [

Figure 4. Schematic diagram of the local coordinate system for control arm modeling

In the X-Y plane and Y-Z plane of the local coordinate system, structural sketches of the front view and top view of the control
arm are drawn. After extrusion and trimming, the basic sheet metal body of the control arm is obtained. Additional structural
features such as bushing press-fit holes, bolt connection holes, and flange edges along the main profile are then incorporated.
Finally, the thickness is added to the surfaces according to the control arm’s design specifications, forming the final structural
design of the control arm, as illustrated in Figure 5.

(a) Structural sketches of the front view and top view of the control arm

(b) Extrusion and trimming of sketches
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AN)

(c) Addition of structural features
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(d) Surface thickening
Figure 5. Schematic diagram of the control arm structural design

The above structure represents the most common two-force member control arm design. However, in practical applications,
modifications are necessary to accommodate surrounding components, particularly in the case of the front upper control arm and
rear upper control arm, which must be designed with downward-bent clearance structures to avoid interference with the underbody
crossbeam during the vertical motion of the wheel, as shown in Figure 6. If the distance between the upper surface of the
downward-bent structure and the control arm’s hardpoint axis is too small or even falls below the axis, stamping becomes infeasible.
In such cases, the control arm must be designed as a two-piece stamped and welded structure, as shown in Figure 7. Additionally,
certain control arms require designs where bushings are press-fitted on both sides, or where the opening direction is upward, as
shown in Figures 8 and 9, respectively. Based on these considerations, a classification of control arm design types is summarized
in Table 1.

Figure 6. Schematic diagram of the front upper control arm avoiding the underbody crossbeam
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Figure 7. Schematic diagram of the two-piece welded front upper control arm

Figure 8. Schematic diagram of the control arm with bushings press-fitted on both sides

Figure 9. Schematic diagram of the control arm with an upward-opening structure

Table 1. Classification of Control Arm Designs

Avoidance of Underbody

Single-Side Bushing Press-Fit Double-Side Bushing Press-Fit
Crossbeam
N (No) Downward Opening Upward Opening N (No) Downward Opening
Y (Yes) Single-Piece Two-Piece Welding Y (Yes) Single-Piece

Stamping Stamping

3. Secondary development of visual basic and CATIA parametric modeling for design

The secondary development of software is an effective means of professionalizing the user experience, allowing the software to
better and more precisely address user needs, thereby improving work efficiency and quality. CATIA provides secondary
development interfaces and an internal command set, including V5 Automation for object-oriented programming and Component
Application Architecture (CAA) for component-based application programming [3]. Visual Basic is an object-oriented visual
programming language widely used in the Windows environment [4]. This study leverages Visual Basic and CATIA for secondary
development to enable rapid design and model updates for control arm structures.
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As discussed in the previous section, the key design processes of a control arm involve sketching in the X-Y and Y-Z planes
within the local coordinate system, as well as defining various structural features. Several parameters influence sketch design and
structural characteristics, including:

Outer diameter of the press-fit bushing

Bolt hole diameter

Upper surface height

Lower surface height

Inner point opening distance

Outer point opening distance

For control arms requiring a downward-bent structure, the axial distance between the lowest point of the upper surface and the
hardpoint is also a critical design parameter, as it is influenced by the surrounding component envelope and the Y-position of the
underbody crossbeam. Additionally, the flange chamfer at the bushing press-fit region and the chamfer between two perpendicular
planes are both affected by the thickness of the control arm plate, as illustrated in Figure 10. Other structural design parameters
can be constrained using formulas based on these key parameters. Therefore, the parameters listed above, along with the control
arm’s inner and outer hardpoint coordinates and bushing axis reference points, are defined as key parameters, as summarized in
Table 2.

Fillet(Related to Thickness)

|

Fillet (Related to Thickness)

Quter Point Separation Distance

Inner Point Separation Distance

Figure 10. Schematic diagram of key control arm parameters

Table 2. Key Parameters for Control Arm Design

Parameter Description

Inner point coordinate of the control arm
Inner point bushing axis reference point
Outer point coordinate of the control arm
Outer point bushing axis reference point
Outer diameter of press-fit bushing
Bolt hole diameter / Press-fit bushing hole diameter
Upper surface height
Lower surface height
Inner point opening distance
Outer point opening distance
Axial distance of the lowest point on the upper surface
Plate thickness of the control arm
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For non-critical structural features, feature parameter control can be achieved by establishing formula-based relationships using
empirical design parameters. For example, as shown in Figure 11, based on stamping experience, the inner fillet radius of the
bushing press-fit hole is typically 1.5mm, which means the outer fillet radius should be equal to the plate thickness + 1.5mm.
Additionally, the outer diameter of the plane edge in the bushing press-fit region is controlled by the outer diameter of the bushing.
Based on stamping experience, the flat section width of the stamped area should be at least three times the plate thickness. Thus,
the edge outer diameter can be calculated using the formula: Outer diameter of edge = Press-fit bushing outer diameter + Outer
fillet radius + 3 x Plate thickness = Press-fit bushing outer diameter + 4 x Plate thickness + 1.5mm By using formulas to define

these relationships, all derived dimensions can be controlled by key parameters. This logic is implemented in CATIA’s formula
module, as shown in Figure 12.
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‘Outer Fillet

Radius of Bushing
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Figure 11. Schematic diagram of bushing press-fit hole dimensioning
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Circle type : Center and radius v i@ rﬁ
Center: | Inner Point =

Support: | Axis System.1\YZ Plane | Geometrical Set.2\Circle.4\Radius =

Radius: | 34.5m 5’, M | 'Radius of Outer Bushing™ +Thickness *4+0.0015

Figure 12. Formula function interface in CATIA

In the parametric design secondary development, the program design principle is illustrated in Figure 13. The user selects the
control arm structure type to be modeled and inputs the corresponding design parameter values. The system then:

Connects Visual Basic to CATIA

Retrieves the CATIA Application object code to open the CATIA model [5]

Generates or updates the sketches and structural features corresponding to the selected model

Updates the overall structure of the model

Extracts the weight information of the part and displays it in the user interface output results [6][7][8]

The selection logic for control arm structural types is depicted in Figure 14.
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Figure 13. Flowchart of secondary development program design
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Figure 14. Decision logic for control arm structural type selection

Based on the above program design principles, the user interface was developed, and the corresponding code was implemented,
as shown in Figure 15.
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Figure 15. Schematic diagram of the program operation interface
4. Case study

To demonstrate the practical application of this secondary development, a case study was conducted on the front lower control
arm of the rear suspension of a specific vehicle model. The key input parameters for this control arm design are shown in Table 3.

Table 3. Key Parameters for Control Arm Design

No. Parameter Description Design Input

1 Inner point coordinate of the control arm (3428, -280, 15)

2 Inner point bushing axis reference point (3454.132, 266.288, 21.722)
3 Outer point coordinate of the control arm (3569, -560, 13)

4 Outer point bushing axis reference point (3595.132, -546.888, 19.722)
5 Outer diameter of press-fit bushing (mm) 25

6 Bolt hole diameter (mm) 7

7 Upper surface height (mm) 20

8 Lower surface height (mm) 14

9 Inner point opening distance (mm) 26
10 Outer point opening distance (mm) 56
11 Plate thickness (mm) 2
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By using the parametric design secondary development program introduced in the previous section, users can enter each key
parameter in the user interface and click "Create Model" to complete the structural design of the control arm. The software then
outputs the weight information of the generated structure, as illustrated in Figure 16. After opening the generated model and

conducting verification, both the geometric dimensions and weight information were confirmed to be accurate, as shown in Figure
17.
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Figure 16. Case study operation interface
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Figure 17. Verification results of the generated model
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Following CAE analysis, the model required updates. By adjusting the key parameters in the user interface, the control arm
model was quickly updated. The updated weight information was then evaluated to determine whether the lightweight
requirements were met. Throughout the design and optimization process, the time required to create or update the model was
extremely short. From inputting parameters to completing or updating the model, the total time was less than 5 minutes, with the
majority of time spent entering parameters in the software interface. In comparison, a conventional initial model design takes over
30 minutes, while updating an existing model takes more than 10 minutes. This secondary development program significantly
enhances design efficiency, achieving the research objective of improving modeling speed.

5. Conclusion

This study investigated the modeling and design process of sheet metal two-force member control arms, defining key design steps
and parameters. A secondary development program was implemented using Visual Basic to enable parametric modeling in CATIA.
The program was validated through a case study, demonstrating its effectiveness in improving design efficiency. The modeling
process, which originally took 30 minutes, was reduced to under 5 minutes, resulting in a significant efficiency boost and
addressing the design efficiency challenges faced by companies.

In future secondary development, integrating finite element simulation into the program, along with multi-objective
optimization for performance validation, could establish a closed-loop control arm design workflow. This would further reduce
the overall development cycle.

Additionally, by applying the same development approach and methodology to other chassis components, the concept of
intelligent design could be extended to all structural components, ultimately building a comprehensive intelligent design and
development system.
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