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Design

Motor at the top of the
assembly

Pinion directly attached to the
rack, which is supported by
rollers to ensure stability

Contact Points

Contact between the pinion—rack—diver
o Reduce friction loss

o All contact points/motor are collinear

Legs
Angle minimized (vertical)
Double sided tape
Reduce bending



Motor Set Point Selection

Core Relationships
Impulse: J = F' x t
Force (from Power): F' = P /v

Substituted Impulse: J = (P /v) X t

Characteristics
Peak Operating Speed: Wpear = wo/2
Motor Torque: 7 = K; X [

PowerOutput: P =7 X w = K; X I X w

Summary

Net Mechanical Power: P,,.c, =V x I — I’R

Total Impulse Delivered: J = [ F'dt = [(P/v)dt



Set Point Selection: Max Power

Want to optimize for maximum power: Tload = Tem — Tfric

e Y noload speed =499 rad/s
e Ystall torque=2.6x103 N-m .

DC Motor Characteristics
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Transmission Ratio

Input velocity:
e Set point:
499 rad/sec

400:1 Gearbox

Velocity:

e After gearbox:

1.25 rad/sec

Output Velocity:
e Match platen
speed:
5 mmlsec

??77?

Given: v = w*r

Pinion diameter of 8 mm




We Expect Force to be

1. Net Motor Torque 3. Upward Force on the Platen

T_load =T_em - T_fric F_up =t_out / r_pinion

T_load = 0.00367 - 0.000453 N-m F_up =0.42979 N-m / 0.0045 m
T_load = 0.003217 N-m F_up=955N

4. Total Downward Force on Platen
2. Output Torque at the Pinion
t out=T_load-Rg-n F_down = F_up (equilibrium)

tout=0.003217 N-m x 400 x 0.334 Total Downward Force = 95.5 N

t_out =0.42979 N'm

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



Overall FBD

FR1| L._base2 L_baselI -

Y F,=2Fp +2Fp— Fyy —F =0
Z MO = 2FR2(Lbasel) - 2E"Rl (Lbase2) + FM(Lmotor) - F(lR) =0
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)



Motor FBD

T_m

N

Fscrew I I Fscrew

23]\4'0 = —Tm T FscreW,Z =0

EFQZ = Fscrew,2 i Fscrew,l =0



Rack FBD

F_platen

> F, = Fppsin(a) — Fyp — Fapp =0

XF, = Fgpcos(a) — Fygien =0

SMp = —Fyupi () + F (%) + Fppsin(a)(lgp) — Frp cos(a)(wg) = 0
Rack: 100 mm x 12 mm x 5 mm

wR =5 mm, L_sup2 and L_sup?2 = distance between rollers

a=20°




Pinion FBD

Sum of Forces

ZF:I: = Fshaft,z - Frack sina =0

> By = Bty — Boptosa =0

Sum of Moments

Z MO — Tmotor — B rack COS (¢ (Rpinion) =0
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Inverse Analysis

F=095N ©=3360° L=01321m [ = (@, -r") r=r -t

c=4 E = 70GPa Sy = 1000MPa t = 0.75mm FoS = 1.5 R outer
bending analysis =1.56 mm
o = ero A 6cFoS M = (F/4)sin(®@)! = 1.958Nm

v R_inner =.85mm
6= ——F => r, = 1.595mm

1 4
G

)
buckling analysis

P = F/4cos® = 32.11N P = FoS * P = 48.17N

design

I = ;7 => 1= 0.789mm

Pdes(gnl

0.789mm < 1.595mm => D0= 3.19mm Di = 1.69mm




Material Selection: Legs
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Transmission Efficiency

Energy Losses:
- Main energy loss due to friction
- Planetary gearbox
- Between rack and pinion
- Between rack and backboard




Transmission Efficiency

Gearbox:
- n=0.334
_ 1= p(a)
Rack and pinion: n= 1— pla— )
- n=0.96 o Ny
- Assuming:

- U =0.2 (steel-steel)

- a =20 degrees
- N =18 teeth Noverall = 0.334 x 0.96 = 0.321 (32.1%)




Transmission Efficiency - Energy LosSS

Rolling resistance force: Fo = G,y - F,

- C,, =~ 0.003 Coefficient of rolling resistance (nylon on steel)

- F, = 16.33 N Normal force on each roller

Frr, total — 0.049N x 2 =0.098 N

Work Loss = 0.098 N x 0.1 m = 0.0098 J




Catalog Component Selection

Nylon on Steel

Dry-Running Nylon Sleeve Bearing For 5 Mm Shaft Diameter And 8

M pusing Id-5 M Long O©  Kinetic (ux): 015 - 0.30 (Dry)

6389K702
O Static (u,): 0.30 - 0.40 (Dry)

Dowel Pin, 52100 Alloy Steel, 5 Mm Diameter, 30 Mm Long
91595A372

Steel on Steel
41estainlessSreel Dowel Fip o Kinetic (uk): 0.42 - 0.60 (Dry) | 0.05 - 016 (Lubricated)

3/4" Diameter, 5" Long

98380A750 O  Static (us): 0.74 - 0.80 (Dry) | 010 - 0.20 (Lubricated)
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Catalog Component Selection

g

Known: v = 5 mm/s velocity
Calculated: w,,; = 111rad/s (derived from 5/4.5)

To change rotary to linear motion: dpim-on =9 mm

Using FOS = 1.5, T=100N * 0.0045 m, and N = 20:

S Mgiee] = 3.05 g
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Catalog Component Selection

/ Applied Bending Stress (Metric Lewis Formula)
Fi
g =
nom w-m - Y
95.51 N = 132.65 MPa

N e T

132.65 MPa > 50 MPa — GEAR FAILS
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Catalog Component Selection

Column Buckling Analysis

F. - Egea - 0.005-0.0123

F Suc ing — =
O buckling Fapplied 48 -0.052 - Fapplied

7w x (206 x 10%) x 0.005 x 0.012* .
N 48 x 0.05% x 100 ‘

Axial Yield Analysis

o Sy o Sy A Esteal
FOSaxml—;— F.L
(530 x 10°%) x (0.012 x 0.005) x (206 x 107) 530

100 x 0.05 "~ 4.05 x 106
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Operating Current/Heat Calculations

Calculated Thermal Limit: 7.47 A 9 e > heny

’I,maa: — R . _Rt ] (1 . e—t/’l’th)

Calculated Operating Current: 0.912 A . Vipp — (Wopt - k)
Lopt —
R

Zopt S tmax

0912 A <747 A



FEA - Static Stress

£+  Von Mises Stress (MPa)

D. Llox

41.388
31.041

20.695

Ml ~+ PN =



FEA - Displacement

-ﬁ- Displacement (mm)

D. Max

0.217
0.163
0.108

0.054




FEA - Buckling

e
{ w
Mewy | )
Qg
<
1.00 Max.
Displacement ™
Total Displacement ™ 0.80
fo Y
0.60
Buckling Mode 1: 2141 x |... ™
0.40
Min: 0.00 0.20

0.00 Min.



Estimated OQutcome

Operating Torque = % - Tstanl

Tstall
Fpeak = Fsteady : <

Toperating

3.66 x 103 N -
Foear = 95.5 N - < 8 m>

1.83x 103N -m
Fpear = 95.5 N - (2)

Fpear = 191N
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Summary

Estimated impulse of 964 N*s
Carbon Fiber legs for mass efficiency
Steel rack and pinion for strength

Nylon bearings to reduce energy loss
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