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ABSTRACT: Welded assemblies are part of permanent joints most often used in practice. The exceptions are
where the material parts that will be joined have properties that do not allow their welding. An essential
element of these assemblies design is the strength computation of the weld. From design are known
mathematical relationships for dimensioning or verification calculations welds, but for complex structures,
their use is difficult. In this sense, this paper shows with Autodesk Inventor Professional how is computer-
aided design of welded joints in the corner, 3D modeling or verification calculation. Also for a good
knowledge of stresses and deformations distributions of the weld seam in the corner, was made an analysis
by FEM with Mechanical Autodesk Simulation program.
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1. INTRODUCTION

Welding is a process for the permanent joining of two or more metal bodies, achieved by cohesion

interatomic forces that arise under certain conditions, marginal between atoms belonging to those

bodies. Welding is used as a means of assembly, manufacturing process, combined with other

processes (forging, splintering, etc.), or as a means of enforcing repair and reconditioning of the

worn parts. Welds resistance calculation requires knowledge of the following sizes:

= Tensions allowable of welded seams, they are determined by the base components and the filler
material, the technological process of heat treatment and subsequent mechanical, being
generally lower than the resistance of the base material. Thus, allowable stresses of welds is
determined by the relation 1, [11]:

Gsa =0y (1)
where: 0z~ is the minimum allowable stress of welded pieces; ¢ - Reduction coefficient that depends

on the welding method and the nature of the stress, < 1;

Sectional dimensions of calculation As= a-1, for corner welding shall be determined so:
a represent the weld height, is calculated as the

al

height of the isosceles triangle that can be placed in K o
the section cordon, for convex and righteous welds 7 7
a = 0,7s, and for concave weld a = 0,5s (Figure 1), wr A ’ . &
s being the minimum thickness of welded parts, A Ww »\ \V 0
[11] a0 | a=h=05

~ lis the length of calculation, defined by the relation 2, . . . .
(Is - the actual length of the weld), [11]: Figure 1. Sectional dimensions for calculation

I1=1-2a 2)

The resistance calculation for fillet welds consists in determining an equivalent tension, according
to the relation 3, taking into account the stresses that may occur.
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normal stresses

Figure 2, [11].

Depending on the nature of the stress in
welded seams sections, can be appear
(stretching
compressive), which acts perpendicular

to the direction seam (o) and tangential
direction perpendicular to the seam (z,)
and parallel with it (7)) as shown in

or

Ss ech =\/Gi +k(r7/ +ri)

2. 3D MODELING AND WELDING ASSEMBLY CALCULATION

For the problem study is proposed
a welded structure consisting of
three elements, made by 4-seam
weld, the arrangement of their
size, loading and the constraints
being according to Figure 3. The
seam structure loading is carried
out by force F = 5000 N.

In order to achieve the resistance
calculation of welded structure,
computer assisted, with Autodesk
Inventor Professional, it requires
3D modeling of the assembly
itself. In this sense in first phase
are modeled components elements
of the assembly. After applying
assembly constraints will result
the final structure, shown in
Figure 4.

Welded seams are modeled with
Fillet weld tool, shown in Figure 5.
The options found in the dialog
box include: choosing the weld
contour which can be plane,

Figure 2. Tensions in the seam welding
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Figure 3. Welded assembly

Figure 4. Structure 3D model

Figure 5. Weld seam modelling

Figure 6. 3D welded structure

convex or concave; choosing the weld size, can be specified by the sides of the right triangle, or its
height. Also with the option Start/End Offset can be modeled a weld that does not start exactly at
the edges of welded pieces, and with the option Intermittency can model a weld intermittently by
specifying two of three parameters which can define: weld length, free space length or number of
welds, [4]. Welded structure in this way is modeled as shown in Figure 6.

Actual strength calculation was performed using the instrument Fillet weld computer, by choosing
the calculation as close to the situation studied. This calculation involves the insertion dimensions,
loads, respectively weld material choice, according to the interface from Figure 7. The calculation

was made for a single
weld, therefore the load

Table 1. The results obtained from
the calculation of strength

was distributed

properly, [4]. The results | Allowable Stress || oA ||160,714 MPa|
obtained  from = the ||Min. Weld Height|[am| 3,609 mm |
calculation of strength | Resulting Stress || o |[116,000 MPal
are shown in Table 1, | “Safety Factor | n,|[ 1400ul |
extracted  from  the |y Acting Force|[Fued 1731,835 N |
repo.rt g.e nerated by the | Check Calculation || Positive |
application.

@ Com) o

Figure 7. Corner weld calculation

According to the results shown in Table 1, the weld stress is less than the admissible (ox < o4), or
the maximum height of the weld is lower than that used (amin < 5 mm), so the strength calculation
is satisfactory. Given that the sizes used in calculating the stress are not exact, and calculation
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variant chosen is not identical to the charging scheme, for higher accuracy of results required an
analysis by finite element method for welded structure.
3. WELDING ASSEMBLY FINITE ELEMENT ANALYSIS
FEM appeared as a necessity to study stress state and deformation for stress structures of high
geometric complexity where the calculation is made easier if the whole is divided into easier areas.
FEM is a mathematical method of numerical integration for equations with partial derivatives as a
variational form. I mean, all the problems of calculation for elastic structures will be reduced to a
system of partial derivatives equations, which, often cannot be solved analytically. This deficiency
has been eliminated by using digital computers, which ensures rapid means of making a large
volume of calculations involved in finite element analysis and made practical the method to be
applicable. Together with the development high-speed digital computers, application of finite
element method has progressed with impressive speed high [15].
To determine the stress state was chosen Static Stress with linear material model variant, that is
used when you want to calculate displacements and stresses due to static loads, size or direction of
loading will not change over time, mass model can be used to determine loads such as gravity,
respectively when the edge conditions does not modify [18].
Analysis was performed with Autodesk Simulation Mechanical software using the following steps:
~ Importing 3D geometric model obtained under paragraph 2
~ choosing the analysis type ~ Static Stress with linear material model
Static Stress with Linear Material Models may have multiple load cases. This allows a model to be
analyzed with multiple loads while solving the equations a single time. The following is a list of
load case multipliers that were analyzed with this model (table 2).
Table 2. The list of load case multipliers
Load Pressure/Surface Gravity/ Angular Angular

g . . . Displacement | Thermal | Electrical
Case Forces Acceleration ~ Velocity | Acceleration F

~ geometric model meshing (figure 8)
Meshing is fundamental
demarche required by MEF
and is to switch from
continuous structure (with
an infinite number of
points) to a discrete model,
with a finite number of
points (nodes). Brick type
element is used, which are
elements of four, five, six
or eight nodes made in
three-dimensional space.
Brick-type items, by definition, can’t have rotational degrees of freedom so they will be used when
the model have been applied forces, not moments [18].
~ choosing materials for component parts, including welds
~ Defining edge conditions, it opted for surfaces restraint for the 4 holes from the vertical pieces
with General Surface Constraint option, as specified in Table 3 - those surfaces, respectively
constrained degrees of freedom.

Figure 8. Model meshing Figure 9. Defining boundary conditions
and loadings

Table 3. General Surface Constraint options Table 4. Surface Force options
Part Surface : : Part Surface = Magnitude
Number | Number ) Number | Number N)
7 9,10 Yes | Yes | Yes | Yes | Yes | Yes 1 5 9,10 -56000 0 1
6 9,10 Yes | Yes | Yes | Yes | Yes | Yes

~ Defining uploads, was chosen the force distributed on the holes surface from the horizontal
piece, with Surface Force option, as specified in Table 4 these areas, respectively direction of the
applied force.

In defining loads was taken into account the own weight of the structure. The acceleration/gravity
direction multiplier is multiplied by the acceleration Due To Body Force, which is then multiplied
by the acceleration/gravity load case multiplier (table 5). Acceleration Due To Body Force =
9814.56 mm/s%.
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Acceleration/Gravity — Acceleration/Gravity — Acceleration/Gravity
X Multiplier Y Multiplier Z Multiplier

Figure 9 shows the structure that will be analyzed, with
margin conditions and loads defined.

~ Defining the contact type between the parts, it opted for a
contact surface between the structure elements and welded
contact between the welds and structure elements

~ Realize the analysis and interpretation the results
Following the results of the analysis can be visualized such as
von Mises stress status (Figure 10), or the deformations status
(Figure 11). It is noted that maximum stress has the value
152,43 N/mm?2, less than that allowable, 160,7 N/mm?
(Table 1) for the used material. In Figure 11 we can see a
detail of a weld zone, together with the contact zone between
elements. -
4. CONCLUSION
The results obtained with Autodesk Inventor Professional are
satisfying, but for better accuracy thereof, it has opted for a
finite element analysis, accomplished with Autodesk
Simulation Mechanical. In this case, maximum stress
obtained is higher than in the previous case, 116N/mm 2
(Table 1) but below the allowable limit for the used materials.
In conclusion, computer aided design of welded structures
made by welding corner is an easier, interactive and effective
method.
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