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Application Sizing Equations

Calculating Power: the Real Story

Unit of electrical power where : Watts =(volts)(amps) or W=V*A
Watts are a unit consisting of time since amps are a measure of

electron flow per unit time.

For this reason, Torque cannot be directly equated with Watts
or Horsepower without consideration of RPM where revolutions
per minute contains time that would cancel out the time in watts
to give you torque. This is why Horsepower is a useless unit of
measure when sizing SmartMotor for motion control applications!

One horsepower equals 746 watts and has nothing to do

Formula for Power to Torque:

Power (HP)

Power (Watts) x746

Power (Watts)

N (RPM) x T(ft-Ibs)

7.04

Power (HP)

Torque required will be:

N (RPM) x T(ft-Ibs)

5252

T (ft-Ibs)

Power (Watts) x 7.04

N(RPM)

T (ft-Ibs)

Power (HP) x 5252

N(RPM)

All references on the right side of this page are usedin W

the formulas on page 205.

Typical Friction Coefficients (Fr = ©\W,.cosy)

Materials U

Steel on Steel ~0.58

Stl. on Stl. (greased) ~0.15
Aluminum on Steel ~0.45
Copper on Steel ~0.30
Brass on Steel ~0.35
Plastic on Steel ~0.15-0.25

Mechanism
Ball Bushings
Linear Bearings
Dove-Tail Slides
Gibb Ways

Symbol Definition SI English
Cs Circumference of Gear m (or cm) in (or ft)
C.,,; Circumference of Pulleys, 1, 2, or 3 “ “
D, ...(pitch dia.) of Gear “ “
D, ...(pitch dia.) of Pulleys on Motor “ *
D.,,; --(pitchdia.)of Pulleys 1,2, or 3 “ *
e efficiency of mechanism or reducer % %
F Forces due to N Ib
Fe ...friction (Ffr = mWL cos g) “ *
Fy ...gravity (Fg = WL sin g) “ *
F ...Push or Pull forces *
g gravity accel constant 9.80 m/s? 386 in/s?
J mass moment of inertia for kg-m? Ib-in?
Je ...Coupling g-cm? 0z-in?
Js ...Gear etc. or
Jo ...Load “in-lb-s2
o ...Load reflected to Motor “ or
Jy ...Motor “ in-oz-s?
Jo.123  --Pulley or sprocket 1, 2, or 3 “ “
Jrota ... Total of all inertias “ “
Jg ...lead Screw “ *
N, Number ratio of reducer none none
Ps Pitch of Gear, sprocket or pulley teeth/m teeth/inch
P Pitch of lead Screw revs/m revs/inch
T Torque...(for “required” Calculations) Nm in-lb
T, ...at Load (not yet reflected to motor) “
T,. ...due to Preload on screw nut, etc. “ “
A linear Velocity of Load m/s in/s
On angular/rotational velocity of Motor rad/s rps or rpm
W, Weight of Load kg Ib
W, Weight of Belt (or chain or cable) “ “
Weight of Table (or rack & moving “ “
parts)
0 rotation... revs revs
0. o¢  otation during accel, decel, etc. “ ¢
oL rotation of Load “
Ou rotation of Motor * ¢
Y7 coefficient of friction none none
Y load angle from horizontal degrees degrees
M
<0.01
<0.01
~0.2++
~0.5++
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Application Sizing Equations

Motion Mechanism and Motion Equations

Inertia, Torque Equations

Gearing oo Ny 6, 0, T,

Nr=% JTotal+JM+JGM+JGLam+JLaM

tM
2 2
9M=Nr><9L JGLQM—(ir) X% JLam—(Nir) X%
=N, Xw. 7 _ T
MTN X e

Rack & Pinion W & F

Jrotar = Ju+ Js+ Ji_u

om0

Fy = (W, + Ws) x siny

Fr = i X (W, + W;) X cosy

L-M = e

- (M) X (%)
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Belt Drive F

Jrotat = Iu + Jp1 + (%)ZJPZ + Jioad

P2

~ W+ Ws) [ Der?
Jow= VLt W) (Dn)

Fo= (W + We) xsiny Fr=ux(W, +W)xcosy

nan(BG05 ()

Leadscrew W F.,

\WT
Ou = PsxX X,

Wy =Ps XV,
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Jrotwr = Ju+ Je+ Js+ Ji.m

_(M/L+M/7')( 1 )2
Jow = gxe 2z xPs

F. =W + W) xsiny F,=pux(W +W)xcosy
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TL4M=(FP+FQ+Ff,

27z><Ps><e)+ T
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