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Rack-and-Pinion 
Impulse Machine

Mari Zampa



Design

Legs
Angle minimized (vertical)
Double sided tape
Reduce bending
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Contact Points
Contact between the pinion–rack–diver
○ Reduce friction loss 
○ All contact points/motor are collinear

Motor at the top of the 
assembly 

Pinion directly attached to the 
rack, which is supported by 
rollers to ensure stability
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Motor Set Point Selection
Core Relationships

Characteristics

Summary
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Set Point Selection: Max Power

Want to optimize for maximum power:

• ½ no load speed = 499 rad/s
• ½ stall torque = 2.6 × 10⁻³ N·m
• Vappl = 2.5 V
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Transmission Ratio
Input velocity: 
● Set point: 

499 rad/sec

Velocity: 
● After gearbox: 

1.25 rad/sec

Output Velocity: 
● Match platen 

speed: 
5 mm/sec

400:1 Gearbox ???

Given: v = w*r

Pinion diameter of 8 mm
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We Expect Force to be
1.  Net Motor Torque

T_load = T_em  -  T_fric

T_load = 0.00367  -  0.000453  N·m

T_load = 0.003217 N·m

2.  Output Torque at the Pinion

t_out = T_load · Rg · n

t_out = 0.003217 N·m × 400 × 0.334

t_out = 0.42979 N·m

3.  Upward Force on the Platen

F_up = t_out / r_pinion

F_up = 0.42979 N·m / 0.0045 m

F_up = 95.5 N

4.  Total Downward Force on Platen

F_down = F_up  (equilibrium)

Total Downward Force = 95.5 N

Accounting for friction, the mechanism pushes up on the platen with 95.5 N of force.
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Overall FBD

L_base,1 = L1 sin(26.6°) = 0.054 m

L_base,2 = L2 sin(33.69°) = 0.073 m

F = 95.5 N (design load)

FR1 FR2
L_base2 L_base1

L_motor

FR1
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Motor FBD

ΣMo = −τ_m + Fscrew,2 = 0

ΣFx = Fscrew,2 + Fscrew,1 = 0

τM = 2.6 × 10⁻³ N·m

lmotor = 0.057 m (motor length)
Fscrew Fscrew

τ_m
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Rack FBD

Rack: 100 mm × 12 mm × 5 mm

wR = 5 mm,  L_sup2 and L_sup2 = distance between rollers

α = 20°

F_sup1

F_sup2
F_pinion

F_platen

L_platen
L_sup1

L_sup2
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Pinion FBD

R_pinion

F_rack

F_shaft

T_motor

Sum of Forces

Sum of Moments
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Inverse Analysis

R_outer 
= 1.56 mm

R_inner = .85 mm
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Material Selection: Legs

Minimize mass



Transmission Efficiency

Energy Losses:
- Main energy loss due to friction

- Planetary gearbox
- Between rack and pinion
- Between rack and backboard



Transmission Efficiency

Gearbox:
- η = 0.334

Rack and pinion:
- η = 0.96

- Assuming:
- μ = 0.2 (steel-steel)
- ɑ = 20 degrees
- N = 18 teeth



Transmission Efficiency - Energy Loss 

Rolling resistance force:

-                       Coefficient of rolling resistance (nylon on steel)

-                          Normal force on each roller
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Catalog Component Selection
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Catalog Component Selection
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Catalog Component Selection
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Catalog Component Selection



Operating Current/Heat Calculations



FEA - Static Stress



FEA - Displacement



FEA - Buckling
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Estimated Outcome



Summary
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- Estimated impulse of 964 N*s

- Carbon Fiber legs for mass efficiency

- Steel rack and pinion for strength

- Nylon bearings to reduce energy loss


