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In the present work is proposed a methodology for parametric modeling of a bolted joint including four separate
components, each of which is described with tabular dimensions according to current standard. The parametric model
can automatically create a bolted assembly unit with a selected fastening size used for creating metal construction
and bigger assemblies. Solutions are performed for the bolted joints used mostly in the industry.
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HIGHLIGHTS

— The article presents a parametric CAD methodology in which key geometric and functional parameters
(fastener size, thread length, and fixing length) are linked, allowing rapid modification and use of bolted
assemblies across different industrial applications.

— By adding constraints and standardized fastener parameters, the proposed model preserves design intent
and ensures correct alignment and assembly behavior, reducing modeling errors and design iteration time.

— The parametric bolted assembly could provide efficient coupling with a future finite element analysis (FEA)
study for evaluating stress distribution, preload effects, and joint stiffness, making it suitable for early-stage
design validation and optimization.

— The approach demonstrates how parametric modeling enhances design automation, standardization, and
scalability, supporting faster product customization and collaboration between design and analysis, reducing
development costs.

1 Introduction

Bolted joints are fundamental in industrial assemblies and all kinds of mechanical constructions, offering reliability,
ease of maintenance, and cost-effectiveness. The advent of parametric modeling has revolutionized the design and
analysis of these joints, enabling engineers to systematically explore the effects of various design parameters on
joint performance. By integrating parametric modeling with finite element analysis (FEA) [1], [2], [3], [4], [5], designers
can simulate and optimize bolted connections under diverse loading conditions, enhancing structural integrity and
efficiency.

Parametric 3D modeling is a computer-aided design (CAD) technique that involves creating and modifying 3D models
using parameters, relationships, and constraints. It allows engineers to build, manipulate, and expand these objects
while maintaining control over various design parameters — main and secondary.

Usually, the parameters are used to represent dimensions, orientations, or other characteristics integral to the design
of the selected part (assembly). You can define the length, width, height, and various angles of an object as
parameters and assign values, formulas, or relationships to each other [6], [7].

Constraints establish relationships and enforce rules that control how certain parts of the model are connected.
Common constraints include geometric, dimensional, and assembly constraints. These constraints ensure that the
model maintains its shape and relationships as you make changes and improvements. While establishing
relationships and constraints can make design easier, it can also limit creativity and design freedom. A complex
model with numerous relationships can also become difficult to manage and work with.

Parametric modeling allows designers to create models that are highly flexible and modifiable. This can be useful in
design processes where designers make frequent changes that could have a significant impact on the final design
(8], [9].

This approach is conducive to iterative design, allowing designers to explore multiple design variations. Parametric
modeling can help designers refine and optimize a given 3D model over time [10], [11].

Parametric design can also streamline and automate many tasks, helping to improve the designer’s efficiency and
accuracy and to focus on creativity and problem solving. It is widely used in various industries due to its flexibility,
efficiency and ability to create complex and adaptive 3D models. Some of the more common applications are: Product
design and manufacturing, Architecture, Aeronautics, Automotive, Electrical, Industrial equipment design [12], [13], [14].

These are some of the most widely used applications of parametric modeling, but as creative designers are constantly
finding new ways to make the most of the technology, this list is sure to continue to grow.
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Some maijor limitations of parametric modeling include the high learning curve that comes with the process. To take
advantage of all the benefits that this process has to offer, a designer needs a good understanding of parametric
relationships and constraints and an understanding of how to use and change them effectively.

Finally, designers may consider accessibility as a limitation to consider. Ultimately, there are design tasks that may
not be suitable for the parametric modeling approach.

Parametric modeling may involve defining key variables—such as bolt diameter, preload force, material properties,
and geometric configurations—that influence the behavior of bolted joints. This approach allows for the creation of
adaptable models that can be easily modified to assess different design scenarios [15]. Finite element analysis serves
as a powerful tool in this context, providing detailed insights into stress distributions, deformation patterns, and
potential failure modes [16], [17], [18].

Some studies have demonstrated the efficacy of combining parametric modeling with FEA. For instance, [19]
developed a 3D finite element model to study the effects of design parameters on bolted joints, highlighting the
significance of factors like washer diameter and bolt-hole clearance on stress concentrations. Similarly, some
research emphasized the importance of accurate contact modeling between joint components to predict load transfer
ratios and surface strains effectively.

Advancements in computational techniques have further enhanced the capabilities of parametric modeling. A study
by [20] introduced a machine learning-based approach to predict load capacity and friction coefficients in bolted
joints, achieving high predictive accuracy and demonstrating the potential of integrating artificial intelligence into joint
design processes.

Moreover, the application of parametric modeling extends to specialized areas such as photovoltaic panel structures.
Research in this domain has shown that variations in bolt diameter and preload significantly affect the fatigue life of
bolted connections, underscoring the importance of precise parameter selection in design optimization.

As an important connection of components in complex machinery, bolted joints have many advantages, such as
simple manufacturing, convenient assembly, large bearing capacity and high reliability, and so on. Currently, bolted
joints have been widely applied in many engineering fields such as spacecraft, aircraft, ship, automobile, weapon,
and so forth. Under the external static/dynamic loads, the variation of bolted joint statuses (for instance, looseness,
slippage, and fracture) directly influences the security, reliability, and dynamic performance of structural or
mechanical system. Bolted joints are always used to connect components and transfer force and torque, which
largely affect vibration performance, reliability, and dynamic performance of integral structure in complex mechanical
systems [21], [22], [23].

2 Materials and methods

The study adopts a parametric and analytical design methodology to develop, evaluate, and validate a bolted
assembly model suitable for industrial applications. The approach combines computer-aided design (CAD) modeling,
standardized fastener data, and parametric techniques to ensure geometric flexibility and mechanical reliability.

The bolted assembly consists of standard mechanical components commonly used in industrial structures, including
bolts (UNI_5739), nuts (UNI_5588), washers (UNI_6592), and elastic washers (UNI_1751).

Initially, the individual components of the bolted joint—bolt, nut, flat washer, and elastic washer—were modeled as
separate parts using a parametric CAD environment (SolidWorks). For each component, the Design Table
functionality is used to define and control key dimensions, defined as geometric parameters, governing their shape
and compatibility. These parameters include thread diameter, overall bolt length and head thickness, nut thickness
and outer dimensions, washer inner and outer diameters, and washer thickness.

All relevant dimensions are parameterized, allowing the geometry of each component to update automatically when
parameter values are modified. Based on these parameter sets, multiple configurations are generated to represent
different standardized thread sizes and fastener variants. This approach enables rapid switching between fastener
types without the need for manual remodeling.

Following the creation of the individual parametric components, a bolted joint assembly is developed. The assembly
is controlled primarily by a global parameter representing the mounting distance between the connected components,
ensuring consistent alignment and proper engagement of all fastener elements. Assembly constraints are defined to
preserve concentricity and axial positioning during parameter changes.

All parameters were structured to allow easy modification while preserving assembly integrity. Standard fastener
dimensions were incorporated using reference tables, ensuring compliance with industrial norms.

Once established, the parametric bolted joint assembly could be efficiently reused and integrated into other structural
models and quickly adapted and implemented within new designs, significantly reducing modeling time and
enhancing design consistency across different applications.
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3 Results and discussion
3.1 Modeling each component of the bolted joint
3.1.1 Parametric bolt modelling

For the parametric bolt modeling the dimensions of the UNI_5739 standard are used as one of the most commonly
used in mechanical constructions. (Fig. 3). First it was created a 3D rendered image with the thread visible. (Fig. 1).
For the Generic model is is used screw M10x30 mm. All the Configurations are created in Design table, using
Solidworks‘abilities to create multiple configurations with an easy way to change, update, and modify.

In Table 1 are shown part of the all-bolt types created for the parametric model with their main parameters, highlighted
in Fig. 3 and Fig. 4. In Table 2 all the used bolts are shown with the specific thread and the length it is going to create
for the parametric modeling.

UNI-5739-M10-30 (code assign)

UNI - 5739 - Standard
M10 — Type thread
30 — Working length

Fig. 1. Rendered image of Bolt 5739 Fig. 2. Working image of Bolt 5739
Types of thread used for the parametric model - M3, M4, M5, M6, M8, M10, M12, M14, M16, M18, M20, M22, M24.
Table 1. Bolt UNI_5739

Thread Pitch k S L Code
M3 0.5 2 55 6 UNI-5739-M3-6
M3 0.5 2 55 8 UNI-5739-M3-8
M3 0.5 2 55 10 UNI-5739-M3-10
M3 0.5 2 5.5 12 UNI-5739-M3-12
M3 0.5 2 5.5 16 UNI-5739-M3-16
M3 0.5 2 5.5 20 UNI-5739-M3-20
M3 0.5 2 55 25 UNI-5739-M3-25
M3 0.5 2 55 30 UNI-5739-M3-30
M4 0.7 2.8 7 6 UNI-5739-M4-6
M4 0.7 2.8 7 8 UNI-5739-M4-8
M4 0.7 2.8 7 10 UNI-5739-M4-10
M4 0.7 2.8 7 12 UNI-5739-M4-12
M4 0.7 2.8 7 16 UNI-5739-M4-16
M4 0.7 2.8 7 20 UNI-5739-M4-20
M4 0.7 2.8 7 25 UNI-5739-M4-25
M4 0.7 2.8 7 30 UNI-5739-M4-30
M4 0.7 2.8 7 35 UNI-5739-M4-35
M4 0.7 2.8 7 40 UNI-5739-M4-40
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Thread Pitch k s L Code
M4 0.7 2.8 7 45 UNI-5739-M4-45
M4 0.7 2.8 7 50 UNI-5739-M4-50
M4 0.7 2.8 7 55 UNI-5739-M4-55
M4 0.7 2.8 7 60 UNI-5739-M4-60
M4 0.7 2.8 7 65 UNI-5739-M4-65
M4 0.7 2.8 7 70 UNI-5739-M4-70
J0e
VA
{ .
?
\ I B - o
/
[\_,
k L s

Fig. 3. Drawing of the working parameters of Bolt 5739
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i

Fig. 4. 3D image of the working parameters of Bolt 5739

Table 2. UNI_5739 with different length range

Thread Pitch k S L Code
M5 0.8 35 8 (6-80) -
M6 1 4 10 (6-80) -
M8 1.25 5.5 13 (8-110) -
M10 1.5 7 17 (8-150) -
M12 1.75 19 (10-150) -
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Thread Pitch k s L Code
M14 2 9 22 (10-150) -
M16 2 10 24 (12-150) -
M18 2.5 12 27 (16-200) -
M20 2.5 13 30 (16-200) -
M22 2.5 14 32 (20-200) -
M24 3 15 36 (20-200) -
S Features Tree
$ BR¢@> Design table
@) UNI_5739 (Generic< <Default>_Displa: & B c D E F G H | ~
v [ History 1 Design Table for: UNI_5739
m Sensors
¢ m Annctations E 3 “e
» ) Solid Bodies(1) § 5—‘; 3
fj;] Equations o h‘.l: ﬁ e E 3;
£33 Material <not specified> g g 8 t L E 3
|_ Front Plane = 2 =
|'. Top Plane % g;) ?:) g) g) g} L@
|' Right Plane < kﬁl e - —
1 Origin 3 Generic 17 6.4 0.6 10 30 0.83 0.4
» ) Boss-Extrude 4 M3-6 5.5 1.8 0.2 3 ] 0.28 0.1
v ) Boss-Extrude? 5 M3-8 5.5 1.8 0.2 3 8 0.28 0.1
» @) Boss-Extrude3 6 M3-10 5.5 1.8 0.2 3 10 0.28 0.1
D Fite 7 M3-12 5.5 1.8 0.2 3 12 0.28 0.1
Qi:‘?““* s M3-16 5.5 1.8 0.2 3 16 028 0.1
r "
» () Cut-Revolve! s M3-20 5.5 1.8 0.2 3 20 0.28 0.1
10 M3-25 5.5 1.8 0.2 3 25 0.28 0.1
1 M3-30 5.5 1.8 0.2 3 30 0.28 0.1
12 M4-6 7 2.4 0.4 4 6 0.39 0.2
13 M4-8 7 2.4 0.4 4 8 0.39 0.2
14 M4-10 7 24 0.4 4 10 0.39 0.2
15 M4.]2 7 24 0.4 4 12 0.39 0.2
16 M4-16 7 24 0.4 4 16 0.39 0.2
17 M4-20 7 24 0.4 4 20 0.39 0.2
18 M4-25 7 2.4 0.4 4 25 0.39 0.2
19 M4-30 7 24 0.4 4 30 0.39 0.2 =
Sheetl + 1 ’

Fig. 5. Feature Tree and Design table

In Fig. 5 is displayed the feature tree of the creation of the parametric bolt with the design table with all the free
parameters. From here it can create an infinite number of different designs.

3.1.2 Parametric washer modeling

For the plain washer modelling, the UNI_6592 standard is used as one of the most commonly used in mechanical
constructions. (Fig. 8). First, a 3D image is created. (Fig. 6). For the Generic model washer M10 is used. All the
Configurations are created in Design table, using Solidworks’ abilities to create multiple configurations with easy
change, update, and modification. In Fig. 8 are displayed the working parameters used to create the washer.

In Table 3 are shown all different types of washers created for the parametric model with their main parameters,
highlighted in Fig. 7 and Fig. 8.
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Fig. 6. Image of Washer 6592 Fig. 7. Working image and parameters of Washer 6592

The feature tree is created in a similar manner as the bolt component, with the number of features depending on the
complexity of the design. The Design table feature is also used, for which a simplified version is shown in Table 3.
All the parameters used for the creating of the model are shown.

The code is generated as followed:

UNI-6592-10 (code assign)

UNI - 6592 - Standard

10 — For type thread

Table 3. Washer UNI_6592

Size d dc h Code
2 22 5 0.3 UNI-6592-2
3 3.2 7 0.5 UNI-6592-3
4 43 9 0.8 UNI-6592-4
5 5.3 10 1 UNI-6592-5
6 6.4 12 1.6 UNI-6592-6
8 8.4 16 1.6 UNI-6592-8
10 10.5 20 2 UNI-6592-10
12 13 24 25 UNI-6592-12
14 15 28 25 UNI-6592-14
16 17 30 3 UNI-6592-16
18 19 34 3 UNI-6592-18
20 21 37 3 UNI-6592-20
22 23 39 3 UNI-6592-22
24 25 44 4 UNI-6592-24
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Fig. 8. Drawing of the working parameters of Washer 6592
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3.1.3 Parametric elastic washer modeling

For the parametric modeling of the elastic washer, the dimensions for the UNI_1751 standard are used, for the same
reasons listed above. (Fig. 11). First, a 3D rendered image is created with open before mounting design (Fig. 9). For
the Generic model an elastic washer 10 is used. Fig.10 shows the closed working design when mounted with the
parameters of the model. All the Configurations are created in Design table, using Solidworks’ abilities to create
multiple configurations with easy change, update, and modification.

Fig. 9. Rendered image of Elastic washer 1751  Fig. 10. Working image and parameters of Elastic washer 1751

Table 4. Elastic Washer UNI_1751

Size d b S h Code
2 22 0.9 0.5 1 UNI-1751-2
3 3.2 1.3 0.8 1.6 UNI-1751-3
4 43 1.5 0.9 1.8 UNI-1751-4
5 5.3 1.8 1.2 24 UNI-1751-5
6 6.4 25 1.6 3.2 UNI-1751-6
8 8.4 3 21 4 UNI-1751-8
10 10.5 35 22 44 UNI-1751-10
12 13 4 25 5 UNI-1751-12
14 15 45 3 6 UNI-1751-14
16 17 5 35 7 UNI-1751-16
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Size d b S h Code
18 19 5 3.5 7 UNI-1751-18
20 21 6 8 UNI-1751-20
22 23 6 8 UNI-1751-22
24 25 7 10 UNI-1751-24
d e —
0O

Fig. 11. Drawing of the working parameters of Elastic washer 1751

In Table 4 are shown all different types of washer parameters, created for the parametric model with their main

parameters, highlighted in Fig. 10 and Fig. 11.

3.1.4 Parametric nut modelling

For the parametric modeling of the nut, the measure for the UNI_5588 standard is used for the same reasons
previously stated. (Fig. 14). Again, a 3D rendered image is created with the thread visible. (Fig. 12). For the Generic

model, nut M10 is used. All the Configurations are created with the same logic in Design table.

Fig. 12. Rendered image of Nut 5588

Table 5. Nut UNI_5588

Fig. 13. Working image and parameters of Nut 5588

Thread Pitch m s Code
M3 0.5 24 55 UNI-5588-M3
M4 0.7 3.2 7 UNI-5588-M4
M5 0.8 4 8 UNI-5588-M5
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Thread Pitch m s Code
M6 1 5 10 UNI-5588-M6
M8 1.25 6.5 13 UNI-5588-M8
M10 1.5 8 17 UNI-5588-M10
M12 1.75 10 19 UNI-5588-M12
M14 2 11 22 UNI-5588-M14
M16 2 13 24 UNI-5588-M16
M18 25 15 27 UNI-5588-M18
M20 25 16 30 UNI-5588-M20
M22 2.5 18 32 UNI-5588-M22
M24 3 19 36 UNI-5588-M24
— d —
A
___/ \—//
m S

Fig. 14. Drawing of the working parameters of Elastic washer 1751

In Table 5 are shown all different types of nuts created for the parametric model with their main parameters,
highlighted in Fig. 13 and Fig. 14.

UNI-5588-M10 (code assign)

UNI-5588 - Standard

M10 — For type thread

3.2 Modeling the bolted joint

For the parametric bolted joint an assembly is created (Fig. 15 — render, Fig. 16 — working image) with all the
components. For the Generic model a M10 bolted joint is used with the following elements:

UNI - 5739 - M10 - 30 — 1 pcs;

UNI - 6592 - 10 — 2 pcs;

UNI-1751-10 -1 pcs;

UNI - 5588 - M10 — 1 pcs.

These elements are creating a bolted assembly with L=12 mm (mounting size).

ASM-M10-12 (code assign)

ASM - Assembly

M10 — For type thread

12 — L — mounting distance

In Table 6 are shown the parametric values, based on the type of thread and the length. This is creating multiple
variants for each thread. The important thing here is to be sure that the mounting distance — L - is correct and the
threads after the nut are minimum three.
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Fig. 15. Rendered image of Bolt assemblly Fig. 16. Working image and parameters of Bolt assemblly

Table 6. Bolt Assembly

Thread L Code
M3 (5-20) ASM-M3-L
M4 (5-20) ASM-M4-L
M5 (10-40) ASM-M5-L
M6 (10-40) ASM-M6-L
M8 (10-40) ASM-M8-L

M10 (10-40) ASM-M10-L
M12 (10-40) ASM-M12-L
M14 (10-40) ASM-M14-L
M16 (15-50) ASM-M16-L
M18 (15-50) ASM-M18-L
M20 (15-50) ASM-M20-L
M22 (15-50) ASM-M22-L
M24 (15-50) ASM-M24-L
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1 23 4 5 6 7

Design Table for: Generic_Boll_assembly

A A A A A
vy ¥§o§ ¢
c 8 2 g 38
~ L v b -] =]
AHE-AR-AE
S§ § 5 5
> 2 2 2 2
EE E & &
< R|R| & | B | &
tg3 &8 & O
= — by ] by —~
B2z 2|8 |2
3§§ § § ¢
N v w “ “ “
Default 12 10 M10 Generic Generic Generic
Generic 12 10 M10 Generic Generic Generic
ASM M3 5 5§ 3 M3 M3-12 3 3
ASM M3 6 6 3 M3 M3-12 3 3 M3x12
ASM M3 7 7 3 M3 M3-12 3 3
ASM M3 8 8 3 M3 M316 3 3
ASM M3 9 9 3 M3 M3-16 3 3 M3x16
ASM M3 10 10 3 M3 Ms3-16 3 3
ASM_M3_12 12| 3 M3 M3-20 3 3
ASM M3 14 14 | 3 M3 M3-20 3 3 M3x20
ASM M3 15 15 3 M3 M3-20 3 3
ASM_M3_18 18 3 M3 M3-25 3 3 M3x25
ASM M3 20 20 3 M3 M3-25 3 3
ASM M4 5 5 4 M4 M4-16 4 4
ASM_M4_6 6 4 M4 M4-16 4 4 M4x16
a)
ASM M8 10 10 8 M8 MBS8-25 8 8
ASM M8 15 15 8§ M8 MS8-30 8 8
ASM_MS8 20 20 8 M8 MS8-35 8 8
ASM M8 25 25 8§ M8 MBS8-40 8 8
ASM M8 30 30 8 M8 MB8-45 8 8
ASM _MS8 35 35 8 M8 MS8-50 8 8
ASM M8 40 40 8 M8 MB8-55 8 8
ASM Mi0 10 10 10 M10 M10-30 10 10
ASM MI10 15 15 10 MI10 M10-35 10 10
ASM MI10 20 20 10 M10 M10-40 10 10
ASM_M10_25 25 10 MI10 M10-45 10 10
ASM _Mi10 30 30 10 M10 M10-50 10 10
ASM MI10 35 35 10 MI10 M10-55 10 10
ASM MI0 40 40 10 MI10 M10-60 10 10
b)

Fig. 17. Samples of bolted joints configuration in the Design table

Fig. 17 shows the Design table, created specifically for the bolted assembly. All the parameters used (components)
are shown in the columns: 1 — Code of the bolted assembly; 2 — L — Mounting distance; 3 — Type of Elastic Washer
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UNI_1751; 4 — Type of Nut UNI_5588; 5 — Type of Bolt UNI_5739; 6 — Type of Washer (Bolt side) UNI_6592; 7 —
Type of Washer (Nut side) UNI_6592.

S E R & &

Configurations

hd @ Generic_Bolt_assembly Configuration(s) (Generic)
7 Tables
ASM_M10_10
ASM_M10_15
ASM_M10_20
ASM_M10_25
ASM_M10_30
ASM_M10_35
ASM_M10_40
ASM_M12_10
ASM_M12_15
ASM_M12_20
ASM_M12_25
ASM_M12_30
ASM_M12_35
ASM_M12_40
ASM_M14_10
ASM_M14_15
ASM_M14_20
ASM_M14_25
ASM_M14_30
ASM_M14_35
ASM_M14_40

ASM_M16_15
Fig. 18. Working configurations of the bolted joint

Fig. 18 shows (part) of the multiple variants with easy access from the program menu. From here the designer could
choose the needed variant of the bolted assembly.

3.3 Samples for using in practice
In Fig. 19 is suggested a sample of metal construction support with several elements. Here the bolted assembly is
used to easily apply the needed variant according the mounting length.

In this particular case, two different types of bolted joint are present — ASM-M16-30 and ASM-M20-35. They can be
easily chosen and applied from the multiple configurations in Fig. 20. In this sample only two different types of bolted
joints are present, but in other cases there can be ten, twenty or more different mounting lengths. With this parametric
model the bolted joints can be easily applied, using also the Copy mate’s feature.
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ASM-M16-30

ASM-M16-30

ASM-M20-35

Fig. 19. Metal construction using the bolt assembly model

@:3| Generic_Bolt_assembly

% Structure2
Configuration:
Configuration:
Generic
Generic e "5 W16 50 "
ASM_M12_40 A ASM_M18_15
ASM_M14_10 | ASM_M18_20 |
| ASM_M14_15 ASM_M18_25 ,
ASM_M14_20 | ASM_M18_30 |
ASM_M14_25 ASM_M18_35 |
| ASM_M14_30 ASM_M18_40
_M14_ ASM_M18_45
ASM_M14_35 ASM MAS 50
ASM_M14_40 ASM_M20_15
ASM_M16_15 ASM M20 20
ASM_M16_20 ASM_M20_25
ASM_MI16 25 ASM_MZ0_30

ASM_M16_35 ASM_M20_40

Fig. 20. Different configurations
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4 Conclusions

This study demonstrates the effectiveness of parametric modeling in enhancing the design, analysis, and optimization
of bolted assemblies within industrial applications. By leveraging CAD-based parametric techniques, engineers can
efficiently model complex assemblies, modify geometries dynamically, and analyze various configurations. This
significantly reduces the design and needed time for update.

Future work may focus on integrating parametric models for complex metal construction, with easy-to-update and
design features, and also focus on integrating parametric models with machine learning algorithms to automate
design optimization, as well as incorporating real-time feedback from manufacturing and assembly processes to
further refine model accuracy and applicability.
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