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Background & Motivation

• Complex ratchet-like mechanisms exist in 
many commercial and aerospace 
applications.

• Previous work has looked at FEA’s sensitivity 
to nonphysical parameters by analyzing a 
single component.

• This work seeks to quantify the effect that 
these parameters have on multiple 
components that interact with each other.
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Image Credit: https://www.watchfinder.co.uk/articles/getting-technical-swiss-lever-escapement
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Ratcheting Mechanism Overview4

https://en.wikipedia.org/wiki/Baseball_%28ball%29
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Ratcheting Mechanism Components5
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Finite Element Method6

https://fetchcfd.com/view-project/2453-thermal-simulation-millennium-falcon

Momentum Balance Iterations
• Calculate and apply contact force 

to minimize penetration distance

https://study.com/academy/lesson/what-is-momentum-definition-equation-units-principle.html

Mesh Density
• Typically, a finer mesh results 

in better solution but 
increases computation cost

https://www.comsol.com/blogs/meshing-considerations-linear-static-problems

Processor Count
• Analysis is split up between 

multiple parallel processors to 
speed up processing



Project Overview

• Conduct parameter studies on small submodels of the ratcheting mechanism

• Find out how changing parameters affect a ratcheting mechanism 
experiencing different excitation environments

7

Submodels
Momentum Balance Iterations: 1, 5, 10, 20, 50, 75, 100 
Mesh Density: Fine, Nominal, Coarse, Very Coarse
Processor Count: 50%, 100%, 150%, 200%, 250%

Environments:

Pin-spring-pawl                                          Pawl-gear

(Unit amplitude shown)

Pin-pawl Haversine Shock                 Sinusoidal Vibration



Idealized Model

• A simplified approximation of a system for quick and easy analysis 
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Submodel – Pin-Spring-Pawl

Pin-spring-pawl         Pin-pawl                 Pawl-gear
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Pin-Spring-Pawl Submodel10

Hold Pawl 
Spring

• Boundary Conditions
• Base of Pin is fixed in all degree’s of freedom

• Center of pawl is displaced in the axial direction of 
the spring

• Quantities of Interest

• Contact force on Hold Pawl and Spring Pin

Prescribed displacement to the Hold 
Pawl in the axial direction of the spring

𝑥

𝑦

Idealized Model:

Base of Pin is 
fixed in all DOF’s. 
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Spring Pin

Hold Pawl

Spring Pin Spring Pin



Pin-Spring-Pawl Environments11

Haversine Shock Sinusoidal Vibration



Momentum Balance Iteration – Pin-Spring-Pawl12

• Submodel is not sensitive to the number of momentum balance iterations used during analysis
• Ideal model needs adjustments to make accurate predictions of dynamics



Mesh Density – Pin-Spring-Pawl

Temp
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Fine Nominal Coarse Very Coarse

28827 Elements35655 Elements 27618 Elements 27410 Elements



Mesh Density – Pin-Spring-Pawl14

• Increasing or decreasing mesh density at the interface does not affect results 
• It could be possible to use larger elements to speed up simulation time



Number of Processors Used – Pin-Spring-Pawl15

• Submodel is insensitive to the number of cores used



Submodel – Pin-Pawl

Pin-spring-pawl         Pin-pawl                 Pawl-gear



Pin-Pawl Submodel17

Parts:

• Hold pawl
• Hold pawl pin

Quantities of interest:
• Contact force between pin and pawl
• Pawl rotation angle
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• Center of mass and 
inertia from FE model

Pressure (shock or vibration) 
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Pin-Pawl Environments18

Haversine Shock Sinusoidal Vibration



Momentum Balance Iteration – Pin-Pawl (Haversine Shock)19

• Rotations agree with idealized model
• Rotations diverge after shock as contact and friction dictate 

motion  
• Contact force is erratic



Momentum Balance Iteration – Pin-Pawl (Sinusoidal Vibration)20

• Larger amplitude compared to idealized model, but otherwise similar profile
• Rotation and contact force are erratic
• Sensitive to momentum balance iteration



Mesh Density – Pin-Pawl 21
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Mesh Density – Pin-Pawl (Haversine Shock)22

• Rotations roughly agree with idealized model
• Rotation lock-up for very coarse mesh density
• Rotations diverge after shock
• Contact force is erratic



Mesh Density – Pin-Pawl (Sinusoidal Vibration)23

• Similar to momentum balance, overall rotation trend is similar but different in damping 
and amplitude to idealized model

• Less rotation allowed for very coarse mesh density (potentially a lock-up)
• More rotation allowed as element becomes finer
• Contact force does not converge



Number of Processors Used – Pin-Pawl (Haversine Shock)24

• Very small difference in rotation and larger difference in contact force after less than 1 ms
• Less sensitive to processor count



Number of Processors Used – Pin-Pawl (Sinusoidal Vibration)25

• Similar to haversine, results diverge after less than 1 ms
• Difference is much larger than that of haversine shock
• Sensitive to processor count



Submodel – Pawl-gear

Pin-spring-pawl         Pin-pawl                 Pawl-gear



Pawl-Gear Submodel

• Boundary Conditions

• Ratchet wheel is pushed and contacts hold pawl

• Pseudo spring force rotates pawl into ratchet wheel 

• Quantity of Interest

• Part rotation of the hold pawl over time
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Prescribed displacement in Z 
direction (shock or vibration)

“Pseudo spring force“ along 
pawl spring direction

Pawl is fixed in radial 
and axial direction

Ratchet Wheel

Hold Pawl

Hold Pawl

Ratchet Wheel



Pawl-Gear Submodel28

SINE_MOM_10000freq_-
_0.5f_0.5ms_100%_10mbi_

compute005-128

Haversine Shock
10 mbi, Nominal Mesh, 128 cores

Sinusoidal Vibration
10 mbi, Nominal Mesh, 128 cores



Momentum Balance Iteration – Pawl-Gear (Haversine Shock)29

Haversine shock settings: 0.025 inch amplitude, 0.5 lbf pseudo force, 100% mesh density, 128 cores 



Momentum Balance Iteration – Pawl-Gear (Sinusoidal Vibration)30

Sinusoidal vibration settings: 10 kHz, 0.005 inch amplitude, 13 lbf pseudo force, 100% mesh density, 128 cores 



Mesh Density – Pawl-Gear 31
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Mesh Density – Pawl-Gear (Haversine Shock)32

Haversine shock settings: 0.025 inch amplitude, 0.5 lbf pseudo force, 10 mbi, 128 cores 



Mesh Density – Pawl-Gear (Sinusoidal Vibration)33

Sinusoidal vibration settings: 10 kHz, 0.005 inch amplitude, 13 lbf pseudo force, 10 mbi, 128 cores 



Processor Count – Pawl-Gear (Haversine Shock)34

Haversine shock settings: 0.025 inch amplitude, 0.5 lbf pseudo force, 100% mesh density, 10 mbi



Processor Count – Pawl-Gear (Sinusoidal Vibration)35

Sinusoidal vibration settings: 10 kHz, 0.005 inch amplitude, 13 lbf pseudo force, 100% mesh density, 10 mbi



Summary of Results

• Sensitivity of submodels to each parameter in each environment
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Pin-Spring-Pawl Pin-Pawl Pawl-Gear
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Conclusion
• The parametric study of the non-physical parameters including momentum balance 

iteration, mesh density and number of processors used has revealed sensitive 
nature of the FE model even at the sub-model level of a ratcheting mechanism

• Results further affirms the complexity of a ratcheting mechanism and the 
consideration required to model such mechanism with accuracy
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• Combine the sub-models and study 
how the effects of the non-physical 
parameters change

• Study other non-physical 
parameters

• Perform similar study on the drive 
pawl model and extend study to 
assembly level.

Future Work
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