Defining Brushless DC Motors Blog #3 of 4:
Deriving Kt motor sensitivity & Kb back emf constants

By John Knott, President of JD Technologies, LLC

In my first two blogs I presented an overview of a simple six-step procedure
for defining a permanent magnet BDCM and showed how to establish the
relationship between motor sensitivity (Kt) and back emf (Kb). In this third
blog I will show how to define the relationships between the motor constants
and then derive the actual motor constants.

Recalling EQU (9)from our last blog in this series
Kt = 1.352 K, EQU (10)

In a DC current motor,
V, =E+ IR EQU (11)

which indicates that the excitation voltage (VL) is equal to the emf voltage
produced(E)plus the voltage in the armature (IR).

or E=V, —IR EQU (12)
The speed-torque relationship is defined as a straight line:
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The equation defining this straight line is:

N=N,; —mT EQU (13)

where
N = motor speed
N, ;= the motor no load speed
m= j—';= the algebraic slope of the line

T= torque

Substituting EQUS (12) and (13) into EQU (8) we get:

Kb = —2~R EQU (14)
mT+N, 1
from EQU (7):
=L
Kt
. _ —RT/K;
~ Kb = F— EQU (15)
rewriting:
V, = =T(Ny1 —mT)™t = K, EQU (16)
t

In EQU (16) VL,R, and N,; are known constants. What we need to know is
values of K, and m (slope of speed line) such that K, is constant for all values
of T.
NsP
Recall EQU (6) K = S @ constant,

and recall ¢, an air gap flux, is constant for a permanent magnet DC current
motor. Therefore, K, must be constant by definition. (K, = K®).



Values of K, and m such that K, is constant can be determined by
differentiating EQU (16) as follows:

i — i — -1 =i =
- (VL o T) Ny —mT) ==K, = 0 EQU (17)
—R -1 Rt -2 —
T WNag =m0+ (V, =) (CD(Npg —mD2(=m)= 0 EQU (18)
Rewriting
—R/K¢ m (V,—RT/Kt) _
Npi=mT = (Nypj—mT) 2 =0 EQU (19)
multiply by (N,; — mT) :
. (VL—RT/Ke) _
R/K; + m—(an_mT) 0 EQU (20)
. R _ V,-RT/K;
el ap— EQU (21)
substituting EQU (21) into EQU (15) we get:
K, = = EQU (22)
t— Kpm Q
recall EQU (15):
__ VL—RT/K;
K, = FoapE—— EQU (15)
fornoload, T = 0;
VL
K, = — EQU (23)

Npi

Therefore, by knowing the torque rate requirement (m) and the excitation
voltage (VL) and by knowing the motor envelope (which dictates the R value)
one can size a motor by making use of EQUS (10), (22), and (23):



MOTOR __ R in—-oz
SENSITIVITY

EQU (22)

o Kpm Amp

R= motor resistance

. An RPM
m= slope of speed-torque line = — -
AT in—oz

BACK EMF v, wvolts
CONSTANT, b ™ N,; 1000 rpm

V, = excitation voltage
N,;= no load speed of motor

EQU (23)

Electrical energy converted to mechanical energy.

K,= 1.352 K, EQU (10)

More to come

After outlining a simple 6 step procedure we defined the relationships
between the motor constants and then derived the actual motor constants.
In our 4th and final blog in this series we give a specific example.

Stay tuned!

Let’s Talk

I am confident that Composite Motors, Inc. with their Team and resources
would be an essential foundation for supporting your BDCM development. All
of Composite Motors, Inc.'s products are made on American soil. Let’s talk!
Email me at johnk@jdtechsales.com or call me at 781-864-2220 or visit
Composite Motors, Inc.'s website at www.compositemotors.com

About JD Technologies, LLC

JD Technologies LLC provides premium sales and marketing services to a
group of high quality, complementary manufacturers of engineered services
and products who serve the aerospace, military & defense, industrial, and
medical industries. They develop long term relationships with key customers
who value the consultative style of selling and who wish to interface with
sales professionals of high integrity. Their approach is to use proven
consultative selling techniques. Consultative selling is a collaborative process
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that leads customers/prospects through an analysis of their current situation
to a resulting improvement. For more information on JD Technologies, LLC,
their products, services and their consultative selling methodology, visit
www.jdtechsales.com.
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