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ANSYS 2

• Important: This is an example 
hook, only, and untested. Do not 
copy blindly! 

• Remember, this is a hook! 
Therefore the loading pin must 
be able to slide in and out of the 
seat of the hook. 

• To model this in ANSYS, save 
the part file (or assembly file if 
you have multiple parts) then go 
to Add-Ins - Workbench.
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ANSYS 3

When ANSYS Workbench starts: 
• If there is no Geometry in the Project Schematic window, 

then add one. If you started Workbench from Inventor, there 
should be one already. 

• Add an Engineering Data toolbox, and a Static Structural 
toolbox. 

• Drag Geometry Row 2 into Static Structural Row 3. 
• Drag Engineering Data Row 2 in Static Structural Row 2. 
• Left-click Model to select it, then right-click to get the 

menu, then Edit to enter ANSYS Modeller.
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ANSYS 4

Menu: Units: 
• Choose suitable units.
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ANSYS 5

Under Mesh: 
• Select faces where stresses need to 

be solved most accurately, and add 
Sizing constraints. 

• Fill in the Element Size field.
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ANSYS 6

Mesh - Preview Surface Mesh 
• Make sure you add Sizing 

constraints wherever the stress 
gradients are high. 

• Remember, however: the more 
elements, the slower the solution!
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ANSYS 7

Under Static Structural: 
• Add a bearing load to simulate the 

load from the pin. The bearing load 
is largest in the centre of the region 
and tails off towards the edges. 

• Set the required force - change the 
field marked Vector to Components 
to get full control over the direction 
of the applied force.
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ANSYS 8

Under Solution: 
• Add Equivalent Stress (von Mises) - 

you can select particular faces if 
you want to focus on a particular 
area. 

• To get Safety Factor, add also the 
Stress Tool - Max Equivalent Stress.
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ANSYS 9

Also under Static Structural: 
• Add a frictionless support to one side, 

to stop the hook moving sideways in the 
z-direction. 

• Add a cylindrical support at the top, but 
allow the support to move tangentially. 
(Unfortunately, this allows tension 
across the interface!)
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ANSYS 10

Important: These are example hook heads only, 
and untested. Do not copy blindly! 

~~~ Break The Circle ~~~ 

Three methods shown here: 
• Left: Circular at top to match the pin; larger 

elsewhere. 
• Middle: Circular at top to match the pin; 

larger diameter circle below. 
• Right: Full circle to match the pin; use Split 

to create two separate surfaces.



U
ni

ve
rs

ity
 o

f N
ew

ca
st

le
 u

po
n 

Ty
ne

, S
ch

oo
l o

f M
ec

ha
ni

ca
l &

 S
ys

te
m

s E
ng

in
ee

ri
ng

St
re

ss
 A

na
ly

si
s

ANSYS 11

• Constraints: Cylindrical constraint 
(tangentially free - allows rotation) can now 
be applied only to top surface. 

• Forces: Force applied to necks; here 30kN 
vertically down (-ve y-axis) is applied to each.
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ANSYS 12

• Colour bar: Choose values and colours that let 
you see clearly the stress ranges you are interested 
in. Here RED indicates stress over UTS, and 
WHITE indicates stress over yield. 

• Mesh: Make sure the mesh is sufficiently detailed 
where stresses change rapidly. 

• Notice how the sharp edges in the middle design 
cause high stresses even at this low load (30kN).

Will my hook yield? 
• Just because the yield stress is exceeded does 

not mean the test machine will detect yield. 
• If the red/white regions are within 0.5mm of 

the surface, you can probably ignore them. 
• Let me repeat: probably.
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ANSYS 13

• Colour bar: Using the same colour bar makes 
comparison easy. 

• Note the region of low stress below the hole 
and the very high stresses at the inner sides 
where the bending moment is largest. 

• All designs have significant white/red regions, 
so yield by this point (50kN) is likely.

Will my hook fail? 
• Just because the UTS is exceeded does not mean the hook will fail. 
• Significant red/white regions indicate that there will be significant 

plasticity, but ANSYS does not model plasticity well. 
• My guess: If the red is not continuous across a section, failure is unlikely.
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ANSYS 14

• All designs are white/red through the entire 
neck, so yield by this point (70kN) is certain. 

• In the design on the left, the red is continuous 
from the inner surface to the outer surface, so 
failure is likely.
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ANSYS 15

It is also possible to import assemblies 
as the geometry for ANSYS models. 
In this example, special pins for loading 
the hook are created as separate parts in 
Inventor and the whole assembly 
imported in the Geometry component in 
the ANSYS Project Schematic.

• Fixed Supports are applied 
to the outer extrusion on 
the top pin. 

• A vertical Force is applied 
to the bottom pin. 

• Frictionless Supports are 
placed on the vertical 
surfaces of the outer 
extrusion on the bottom 
pin to constrain it to move 
vertically.
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ANSYS 16

Both pins and the hook have mesh 
Sizings of 1mm applied to primary 
contact faces.
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ANSYS 17

Solution components can be requested 
for the entire assembly, or for 
individual parts, or even for collections 
of surfaces, parts, edges, etc. 
Here, the Equivalent Stress for just the 
hook has been requested. 
Extremely high stresses arise at the 
points where the pins lose contact with 
the hook.

By default, different parts in the 
assembly are treated as if they are 
welded together (‘Bonded’). 
The interface between each pair of 
parts is controlled through the 
Connections branch of the tree on 
the left. 
To allow movement, change 
‘Bonded’ to ‘Frictionless’ or 
‘No Separation’.
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ANSYS 18

Normal Stress (Y-Axis) 
One advantage of this method is that 
the stresses around the top pin are 
much more realistic. (There is no 
tension across the interface.)
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ANSYS 19

Safety Factor 
Note the high safety factor beneath the 
top pin hole.
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ANSYS 20

Stress Test Assembly 
The stress test assembly can be used to test the hook, but 
comes with a uniaxial test piece. 
The assembly has many parts, and each adds complexity 
to the problem and increases solution time. It is possible 
to suppress parts, in the Geometry branch on the left, so 
that ANSYS ignores them completely.
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ANSYS 21

Make sure to check the mesh! 
The default mesh may be unnecessarily detailed in parts 
that do not carry large stresses or stress gradients.
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ANSYS 22

Check the Connections! 
Most connections can be left as ‘Bonded’, but 
the specimen should be allowed to move relative 
to the shackles.
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ANSYS 23

Hmm...
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