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GEOMETRY:  horizontal
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Force and Moment Balance: RICH 
frame only 
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𝑅𝑅𝑥𝑥 − 𝑇𝑇𝑥𝑥 = 0

𝑇𝑇𝑦𝑦 − 𝑚𝑚𝑚𝑚 − 𝑅𝑅𝑦𝑦 = 0

𝑇𝑇𝑥𝑥𝐿𝐿3 + 𝑇𝑇𝑦𝑦𝐿𝐿2 − 𝑚𝑚𝑚𝑚𝐿𝐿1 = 0

𝑇𝑇𝑇𝑇 = 𝑇𝑇 sin𝜃𝜃

𝑇𝑇y = 𝑇𝑇 cos𝜃𝜃

𝑇𝑇 sin𝜃𝜃 𝐿𝐿3 + 𝑇𝑇 cos𝜃𝜃 𝐿𝐿2 − 𝑚𝑚𝑚𝑚𝐿𝐿1 = 0

𝑇𝑇 =
𝑚𝑚𝑚𝑚𝐿𝐿1

𝐿𝐿3 sin𝜃𝜃 + 𝐿𝐿2 cos𝜃𝜃

𝑅𝑅𝑦𝑦 = 𝑇𝑇𝑦𝑦 −𝑚𝑚𝑚𝑚

𝑇𝑇𝑇𝑇 = 𝑇𝑇 sin𝜃𝜃
𝑇𝑇y = 𝑇𝑇 cos𝜃𝜃

𝑅𝑅𝑦𝑦 = 𝑇𝑇𝑦𝑦 −𝑚𝑚𝑚𝑚

𝑅𝑅𝑥𝑥 = 𝑇𝑇𝑥𝑥

𝑅𝑅𝑥𝑥 = 𝑇𝑇𝑥𝑥

𝑇𝑇 = 𝟔𝟔𝟔𝟔𝟔𝟔∗10∗2011
963 sin 57.66+3329 cos 57.66

=4650 N

𝑇𝑇𝑇𝑇 = 4650 sin 57.66 = 3928 𝑁𝑁
𝑇𝑇y = 4650 cos 57.66 = 2487 𝑁𝑁

𝑅𝑅𝑦𝑦 = 2487 − 6000 = −3513 N
𝑅𝑅𝑥𝑥 = 3928 N



Case 01: Loads acting on the Al Frame
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𝑇𝑇1𝑥𝑥 = 4650 sin 57.66 = 3928 𝑁𝑁
𝑇𝑇1y = 4650 cos 57.66 = 2487 𝑁𝑁

𝑇𝑇2𝑥𝑥 = 4650 sin 6.52 = 528 𝑁𝑁
𝑇𝑇2y = 4650 cos 6.52 = 4620 𝑁𝑁

𝑇𝑇3𝑥𝑥 = 4650 sin 6.52 = 528 𝑁𝑁
𝑇𝑇3y = 4650 cos 6.52 = 4620 𝑁𝑁

𝑀𝑀 = 𝑇𝑇𝑇𝑇𝑇 ∗ L4 = 4620 𝑁𝑁 ∗ 0.520 𝑚𝑚 = 2403 𝑁𝑁𝑁𝑁

𝑅𝑅𝑦𝑦 = 3513 N

𝑅𝑅𝑥𝑥 = −3928 N

Case 01: rotation of the RICH without any device installed inside (Assembly at 
Tecnavan or first assembly in the clean room EEL124)



Load on Pulley for load case 01
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𝑇𝑇𝑟𝑟𝑟𝑟 = 𝑇𝑇1𝑥𝑥 − 𝑇𝑇2𝑥𝑥 = 3928 − 528 = 3400𝑁𝑁

𝑇𝑇𝑟𝑟y = 𝑇𝑇2𝑦𝑦 + 𝑇𝑇1𝑦𝑦 = 4620 + 2487 = 7107𝑁𝑁

𝑇𝑇𝑟𝑟 = √(𝑇𝑇𝑟𝑟𝑟𝑟^2 + 𝑇𝑇𝑟𝑟𝑟𝑟^2) = 𝟕𝟕𝟕𝟕𝟕𝟕𝟕𝟕𝑵𝑵 < 10000 N Pulley Rate

Load on Pivot for load case 01

𝑅𝑅𝑦𝑦 = 3513 N

𝑅𝑅𝑥𝑥 = −3928 N

VERIFIED



FEM file location
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FEM ANALYSIS ANSYS: Supports and loads
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FEM Results: LIFT Force
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Note: the lift force and the reaction force at the cylindrical support were evaluated by 
means of the FEM Ansys code and it was a cross check of what was evaluated analytically 
and reported in the two previous slides.
Conclusions: the FEM results agree with the analytical solution.
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FEM Results: Reaction Force @ 
Cylindrical Support
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FEM Results: Total Deformation
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FEM Results: Stress Equivalent



Rotating Base: geometry
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Loads and Constrains
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Total Deformations
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Stress equivalent: Von Mises
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Reaction Force 01
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Reaction Force 02
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Bolted connection: geometry



Bolted connection check

D. Orecchini, S. Tomassini 257



D. Orecchini, S. Tomassini 258

Al beam check: loads



Al beam check: total deformation
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Al beam check: equivalent stress
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GEOMETRY:  vertical
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𝑅𝑅𝑥𝑥 − 𝑇𝑇𝑥𝑥 = 0

𝑇𝑇𝑦𝑦 − 𝑚𝑚𝑚𝑚 − 𝑅𝑅𝑦𝑦 = 0

𝑇𝑇𝑥𝑥𝐿𝐿3 + 𝑇𝑇𝑦𝑦𝐿𝐿2 − 𝑚𝑚𝑚𝑚𝐿𝐿1 = 0

𝑇𝑇𝑇𝑇 = 𝑇𝑇 sin𝜃𝜃

𝑇𝑇y = 𝑇𝑇 cos𝜃𝜃

L1=548mm

L2=534mm

L3=1963mm



Force and Torque Equilibrium: RICH 
frame only 
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𝑅𝑅𝑥𝑥 − 𝑇𝑇𝑥𝑥 = 0

𝑇𝑇𝑦𝑦 − 𝑚𝑚𝑚𝑚 − 𝑅𝑅𝑦𝑦 = 0

𝑇𝑇𝑥𝑥𝐿𝐿3 + 𝑇𝑇𝑦𝑦𝐿𝐿2 − 𝑚𝑚𝑚𝑚𝐿𝐿1 = 0

𝑇𝑇𝑇𝑇 = 𝑇𝑇 sin𝜃𝜃

𝑇𝑇y = 𝑇𝑇 cos𝜃𝜃

𝑇𝑇 sin𝜃𝜃 𝐿𝐿3 + 𝑇𝑇 cos𝜃𝜃 𝐿𝐿2 − 𝑚𝑚𝑚𝑚𝐿𝐿1 = 0

𝑇𝑇 =
𝑚𝑚𝑚𝑚𝐿𝐿1

𝐿𝐿3 sin𝜃𝜃 + 𝐿𝐿2 cos𝜃𝜃

𝑅𝑅𝑦𝑦 = 𝑇𝑇𝑦𝑦 −𝑚𝑚𝑚𝑚

𝑇𝑇𝑇𝑇 = 𝑇𝑇 sin𝜃𝜃
𝑇𝑇y = 𝑇𝑇 cos𝜃𝜃

𝑅𝑅𝑦𝑦 = 𝑇𝑇𝑦𝑦 −𝑚𝑚𝑚𝑚

𝑅𝑅𝑥𝑥 = 𝑇𝑇𝑥𝑥

𝑅𝑅𝑥𝑥 = 𝑇𝑇𝑥𝑥

𝑇𝑇 = 𝟔𝟔𝟔𝟔𝟔𝟔∗10∗548
1963 sin 79+534 cos 79

=1620 N

𝑇𝑇𝑇𝑇 = 1620 sin 79 = 1590 𝑁𝑁
𝑇𝑇y = 1620 cos 79 = 309 𝑁𝑁

𝑅𝑅𝑦𝑦 = 309 − 6000 = −5691 N
𝑅𝑅𝑥𝑥 = 1590 N



FEM ANALYSIS ANSYS: Supports and loads
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FEM Results: LIFT Force
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Note: the lift force and the reaction force at the cylindrical support were evaluated by 
means of the FEM Ansys code and it was a cross check of what was evaluated analytically 
and reported in the two previous slides.
Conclusions: the FEM results agree with the analytical solution.
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FEM Results: Reaction Force @ 
Cylindrical Support
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FEM Results: Total Deformation
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FEM Results: Stress Equivalent



Loads and Constrains
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Total Deformations
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Stress equivalent: Von Mises
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Reaction Force 01
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Reaction Force 02
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RICH ROTATION
With equipments installed in the case
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GEOMETRY:  horizontal
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𝑅𝑅𝑥𝑥 − 𝑇𝑇𝑥𝑥 = 0

𝑇𝑇𝑦𝑦 − 𝑚𝑚𝑚𝑚 − 𝑅𝑅𝑦𝑦 = 0

𝑇𝑇𝑥𝑥𝐿𝐿3 + 𝑇𝑇𝑦𝑦𝐿𝐿2 − 𝑚𝑚𝑚𝑚𝐿𝐿1 = 0

𝑇𝑇𝑇𝑇 = 𝑇𝑇 sin𝜃𝜃

𝑇𝑇y = 𝑇𝑇 cos𝜃𝜃
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Force and Torque Equilibrium: RICH 
assembly completed + stiffening frame 
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𝑅𝑅𝑥𝑥 − 𝑇𝑇𝑥𝑥 = 0

𝑇𝑇𝑦𝑦 − 𝑚𝑚𝑚𝑚 − 𝑅𝑅𝑦𝑦 = 0

𝑇𝑇𝑥𝑥𝐿𝐿3 + 𝑇𝑇𝑦𝑦𝐿𝐿2 − 𝑚𝑚𝑚𝑚𝐿𝐿1 = 0

𝑇𝑇𝑇𝑇 = 𝑇𝑇 sin𝜃𝜃

𝑇𝑇y = 𝑇𝑇 cos𝜃𝜃

𝑇𝑇 sin𝜃𝜃 𝐿𝐿3 + 𝑇𝑇 cos𝜃𝜃 𝐿𝐿2 − 𝑚𝑚𝑚𝑚𝐿𝐿1 = 0

𝑇𝑇 =
𝑚𝑚𝑚𝑚𝐿𝐿1

𝐿𝐿3 sin𝜃𝜃 + 𝐿𝐿2 cos𝜃𝜃

𝑅𝑅𝑦𝑦 = 𝑇𝑇𝑦𝑦 −𝑚𝑚𝑚𝑚

𝑇𝑇𝑇𝑇 = 𝑇𝑇 sin𝜃𝜃
𝑇𝑇y = 𝑇𝑇 cos𝜃𝜃

𝑅𝑅𝑦𝑦 = 𝑇𝑇𝑦𝑦 −𝑚𝑚𝑚𝑚

𝑅𝑅𝑥𝑥 = 𝑇𝑇𝑥𝑥

𝑅𝑅𝑥𝑥 = 𝑇𝑇𝑥𝑥

𝑇𝑇 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏∗10∗2011
963 sin 57.66+3329 cos 57.66

=7751 N

𝑇𝑇𝑇𝑇 = 7751 sin 57.66 = 6549 𝑁𝑁
𝑇𝑇y = 7751 cos 57.66 = 4146 𝑁𝑁

𝑅𝑅𝑦𝑦 = 4146 − 10000 = −5854 N
𝑅𝑅𝑥𝑥 = 6549 N



Case 02: Loads acting on the Al Frame
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𝑇𝑇1𝑥𝑥 = 7751 sin 57.66 = 6549 𝑁𝑁
𝑇𝑇1y = 7751 cos 57.66 = 4146 𝑁𝑁

𝑇𝑇2𝑥𝑥 = 7751 sin 6.52 = 880 𝑁𝑁
𝑇𝑇2y = 7751 cos 6.52 = 7700 𝑁𝑁

𝑇𝑇3𝑥𝑥 = 7751 sin 6.52 = 880 𝑁𝑁
𝑇𝑇3y = 7751 cos 6.52 = 7700 𝑁𝑁

𝑀𝑀 = 𝑇𝑇𝑇𝑇𝑇 ∗ L4 = 7700 𝑁𝑁 ∗ 0.520 𝑚𝑚 = 4004 𝑁𝑁𝑁𝑁

𝑅𝑅𝑦𝑦 = 5854 N

𝑅𝑅𝑥𝑥 = −6549 N

In order to take into account the fact that at the end of the assembly the module weight is 
1000 kg instead of 600 kg, then all the loads acting on the Al frame have been updated: 

In this case it is necessary to use two additional stiffening elements between the winch 
and the pulley. Moreover a link at half height of the two columns is necessary.

Case 02: rotation of the RICH in the EEL124 clean room after RICH assembly is completed



Load on Pulley for load case 02
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𝑇𝑇𝑟𝑟𝑟𝑟 = 𝑇𝑇1𝑥𝑥 − 𝑇𝑇2𝑥𝑥 = 6549 − 880 = 5669𝑁𝑁

𝑇𝑇𝑟𝑟y = 𝑇𝑇2𝑦𝑦 + 𝑇𝑇1𝑦𝑦 = 7700 + 4146 = 11846𝑁𝑁

𝑇𝑇𝑟𝑟 = √(𝑇𝑇𝑟𝑟𝑟𝑟^2 + 𝑇𝑇𝑟𝑟𝑟𝑟^2) = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝑁𝑁 > 10000 N pulley rate

Load on Pivot for load case 02

𝑅𝑅𝑦𝑦 = 5854 N

𝑅𝑅𝑥𝑥 = −6549 N

VERIFIED



FEM ANALYSIS ANSYS: Supports and loads
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FEM Results: LIFT Force
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Note: the lift force and the reaction force at the cylindrical support were evaluated by 
means of the FEM Ansys code and it was a cross check of what was evaluated analytically 
and reported in the two previous slides.
Conclusions: the FEM results agree with the analytical solution.
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FEM Results: Reaction Force @ 
Cylindrical Support
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FEM Results: Total Deformation
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FEM Results: Stress Equivalent



Rotating Base: geometry
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Loads and Constrains
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Total Deformations
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Stress equivalent: Von Mises
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Reaction Force 01
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Reaction Force 02
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Bolted connection: geometry



Bolted connection check
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Calculation of the Al Frame (Prosap)
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Calculation of the Al Frame (Prosap)
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