
Generative Design based Weldable 
Mount for a Dual-Pneumatic 

Forming Tool 
 

Author: Ibrahim Patel 

 

 

 

 

 

 

 

 



Contents 
Design Considerations: .......................................................................................................... 3 

Generative Models & Studies Setup: ...................................................................................... 3 

Preserve Geometry: ............................................................................................................ 3 

Obstacle Geometry: ............................................................................................................ 4 

Starting Shape: ................................................................................................................... 5 

Boundary Conditions:......................................................................................................... 5 

Study Objectives: ................................................................................................................ 6 

Manufacturing Method(s): ................................................................................................. 6 

Material(s): ......................................................................................................................... 6 

Generative Design (GD) Study Results: ................................................................................. 6 

Weldable Sheet Metal Design (SMD): ................................................................................... 9 

CAD: ................................................................................................................................... 9 

Static Stress Study Validation: ......................................................................................... 10 

Assembly Link: ..................................................................................................................... 13 

Design Link: ......................................................................................................................... 13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Design Considerations: 
The following are some parameters that are considered, for the given forming tool, in setting 

up generative design (GD) studies and validating the weldable design (reverse engineered 

from the design obtained from GD) from a simple static stress simulation on Autodesk Fusion 

360. 

 

Figure 1: Supplied Assembly of the Dual-Pneumatic Forming Tool 

• Each pneumatic cylinder is capable of producing 1000 lbf along its’ centreline which is 

about 1.5 inches off the mounting flange. 

Thus, the torque load boundary condition (worst case scenario) for the mount engaged at 

each cylinder would be: 

↺ 𝑀 = 𝐹 × 𝑑 = 1000 × 1.5 = 𝟏𝟓𝟎𝟎 𝐥𝐛𝐟. 𝐢𝐧 

• The given design is made up of aluminium and no restriction is placed on the material 
for the mount (except that it should be weldable), thus different aluminium grades will 

be considered for this study for its’ low density and malleability, however, with the final 

decision hinging upon meeting the criteria of minimal deflection  (< 𝟎. 𝟐 𝐦𝐦) and the 

factor of safety (FoS) of the overall design be ≥ 𝟐. 𝟎.  

Generative Models & Studies Setup: 

Preserve Geometry: 
Two models were setup to consider two variants for the preserve regions of the upper portion 

of the mount: 

1. Large custom-made sheet metal plates. 

Within this model, different studies having different objectives were set up after the 

results for the preceding study was reviewed for meeting all the required criteria.  

 



 

Figure 2: Preserve Bodies for Model 1 

2. Off-the shelf upper mounts available for the pneumatic cylinders. 

 

Figure 3: Preserve Bodies for Model 2 

For clear reference in the section for GD Study Results, the names of the studies defined in 

Fusion 360 and the respective objectives they were set for are summarised in Table 1. 

Table 1: Study nomenclature 

Model Name Objectives 
Off-the shelf upper mounts 
available for the pneumatic 
cylinders 

Study 2 Minimize mass for a FoS of 2.0 

Large custom-made sheet 
metal plates 

Study 3 Minimize mass for a FoS of 2.0 

Large custom-made sheet 
metal plates 

Study 4 Maximize Stiffness for a target 
mass of 2kg 

Large custom-made sheet 
metal plates 

Max Stiff. 3kg Maximize Stiffness for a target 
mass of 3kg 

 

Obstacle Geometry: 
An arbitrary bounding box was created to represent the forming tool volume, including the 

case of the upper forming die portion fully lifted. Further obstacles based upon the mounting 

hole sizes were made; catering for the bolt head, stud and accessibility. 



 

Figure 4: Obstacle Bodies 

Starting Shape: 
A bounding box was created to indicate to the solver the starting shape for the mount in order 

to avoid any failures in the solve due to the proximity of the preserves and line-of-sight issues, 

as indicated during the course. 

 

Figure 5: Starting Shape 

Boundary Conditions: 
As the end objective of this assignment was reverse engineering the obtained design, 

representative structural load cases were applied on the preserve regions of the mount. These 

are described in Table 2. 

The lower portion of the mount was considered fixed in all directions for all studies. 

 

 

 

 

 



Table 2: Load Cases 

S.# Case Description Load Description Direction Magnitude Units 
1 Both Cylinders 

engaged at full load. 
Moment; on each 
portion of the upper 
mount. 

+X 1500+1500 lbf.in 

2 Only the right-side 
cylinder engaged at 
full load. 

Moment; on the right 
side of each portion of 
the upper mount.  

+X 1500 lbf.in 

3 Only the left-side 
cylinder engaged at 
full load. 

Moment; on the left side 
of each portion of the 
upper mount. 

+X 1500 lbf.in 

4 Static Moment due 
to the weight of the 
upper forming die 
and air cylinders. 

Moment; on each 
portion of the upper 
mount. 

-X 40.80 lbf.in 

 

Study Objectives: 
Initially, a minimize mass objective was chosen with a required minimum FoS of 2.0. 

However, it was seen that the deflection criteria could not be met, thus the maximize stiffness 

objective was used afterwards, with the target mass set to 2 & then finally 3 kg to meet 

maximum deflection requirement. 

It should be noted that generative study 2 was abandoned after it was apparent that the 

deflections were higher than generative study 1; for the same initial objective of minimising 

mass for a FoS of 2.0. 

Manufacturing Method(s): 
As the study was aimed towards reverse engineering the obtained design, no manufacturing 

method was specifically focused upon, except that 5-axis milling was chosen for curiosity sake 

initially but later abandoned to save time due to little differences with the unrestricted mode 

of solve.  

Material(s): 
Initially the following Aluminium grades were considered; with the list refined after a couple 

of studies for greater rigidity. 

• 6061-O 

• 6061-Welded 

• 7075 

• 7175 T73 0 Hot Formed 

• AlSi10Mg 

Generative Design (GD) Study Results: 
Initial studies aimed at minimizing mass for a FoS of 2.0 for both models were solved. 

However, not all of them reached completion; they reached a converged status on account of 

unsuitable parameters used for certain manufacturing methods or some drastic differences in 

the mechanical material properties of the chosen material that caused the number of iterations 

to cap perhaps. 

Anyways, it was apparent that none could meet the deflection criteria, as indicated in the 

screenshots for Studies 2 & 3. 



The study for model 2 (Study 2) indicated that it was not a potentially better candidate in terms 

of the deflection criteria (almost 50% more than model 1), thus it was abandoned for further 

consideration.  

 

Figure 6: GD Study Outcomes for Model 1: Study 2 

 

Figure 7: GD Study Outcomes for Model 2: Study 3 

Next up, the objective for maximizing stiffness for a target mass of 2kg was setup, however 

it too did not meet the allowable deflection criteria, thus the target mass was finally 

increased to 3kg which yielded satisfactory results.  



 

Figure 8: GD Study Outcomes for Model 2: Study 4 

 

Figure 9: GD Study Outcome  for Model 2: Max Stiff 3kg 

 

Figure 10: Assembly view of the as-exported GD 



Weldable Sheet Metal Design (SMD): 
Based upon visual inspection of the GD exported, a sheet metal design was created. The layout 

of the GD was not strictly followed, but most of the prominent structural features were 

incorporated in the weldable SMD.  

CAD: 
The upper and lower sheets were bent to roughly follow the shape of the GD, polygon shaped 

cuts made were also to mimic the GD void spaces.  

The upper plate was split into three spokes at the top, on each side of the assembly facing 

mounting plates (preserve regions), where the middle one is intended to get welded at the top 

of the mounting plates and the adjacent 2 were bent for resisting any twisting. 

The front of the centre middle plate was connected to the 2 initial upper and lower sheets 

created as well as reinforced with 2 plates, connected to the preserve region plates on each 

side, to provide further structural rigidity.  

 

Figure 11: Spokes (left) and center reinforcement plates from a top view of the SMD 

In between these upper and lower sheets, 3 plates were inserted to reinforce the structural 

integrity as well as to mimic the internal structure of the GD.  They were later thickened to 

give even more structural support after some simulations were done on the initial design. 

 

Figure 12: Side of the SMD with the 3 thick centre plates visible 

 



 

Static Stress Study Validation: 
The initial design could not meet all the required criteria and thus the SMD was modified, 

about which some has already been mentioned above.  

Then when the design still failed to meet the criteria, it was decided to try other materials 

available from the default material library of Fusion 360. High Strength Tungsten Alloy 

impressively superseded the FoS requirements, however could not meet the displacement 

restriction. 

Finally, Carbon Steel, that which is used for pressure vessels, was tried and met all criteria, 

although its’ FoS did not supersede like the Tungsten Alloy.  

The simulation snips for all load cases and criteria are shown in the next couple of pages.  

 

 

 

 

 

 

Figure 13: Final SMD mounted on to the Forming Tool 



 

Figure 14: Static Stress Study for the SMD for the FoS from all load cases: from the right panel anti-clockwise: 
load case# 2, 1, 3, 4  



 

Figure 15: Static Stress Study for the SMD for the Max Displacement from all load cases: from the right panel 
anti-clockwise: load case# 2, 1, 3, 4 



The simulation results for the Maximum Displacement (Max Disp.) and the Minimum FoS 

(Min FoS) for the GD & SMD were compared and are summarised in Table 3. 

 

Table 3: Simulation Comparison summary for the  SMD & GD 

S.# Load Case 
GD (AlSi10Mg) SMD (Carbon Steel) 

Min FoS Max Disp. 
(mm) 

Min FoS Max Disp. 
(mm) 

1 
Both Cylinders 

Engaged 
4.8 0.08 5.1 0.09 

2 
Right Cylinder 
Engaged only 

5.1 0.11 2.3 0.14 

3 
Left Cylinder Engaged 

only 
3.8 0.11 2.6 0.14 

4 Idle Assembly Weight 15 0.003 15 0.003 

 

Assembly Link: 
Please visit this link to see the fully assembled design. 

Design Link: 
Please visit this link to see the unassembled Generative & Weldable designs, along with static 

study validations. 

 

 

 

 

https://a360.co/3fF9fAS
https://a360.co/313dnql
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