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Course Logistics

e Assignment 3 due on Feb. 11
* Quiz 2 will take place on Feb. 13 = MQ/M& >t

* Midterm will take place either Feb. 24 or Feb. 26 (there is a poll on Piazza)
=



Fundamentals: Force & Torque B o

RS
Lorentz - A’>
Force  F = IBIa

Torque Te = 2RF COS(H) 7/@/ !

——

T, = 2RIBi, cos(0) LRI
T, = ABi, cos(8) =D i, cos(0)

Consider a conductor frame (single-coill)

NOTE: Maximum torque is when g —axis | B

and I:> Te ~CI)pia
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Fundamentals: Induced Voltage % - (e-é4 ~ & (4

Consider a conductor frame (single-coil)

w

@ = BAsin(6) = B2Rlsin(0)

Let us rotate the frame with speed w
O = ot + 6,
® =BAsin(0)=® sin(0)
Faraday's Law € = d%t

For coil with one turn
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/t . \‘, For coil with N turns
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‘@ | e= NC;—Ctpza)/l cos(0)
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Commutation of Elementary DC Machine %g




More Realistic DC Machine
2 G o vk (glko called avmstne )

Winding Connection

A
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More Realistic DC I\/Iachlne Lo Winding Connection (.
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I\/l ore Rea | |St|C DC I\/I ac h | ne €. Winding Connection
o + Lugh Geuehes
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More Realistic DC Machine ()

Conductor frame with several colls:

‘Conductor




DC Machine Construction

Permanent Ma C machine Gt DC machine with field winding 57"
— e TR
— Outer shell Armature winding ( NO e %{ﬁﬁjﬁ(&
| Ls o~ ot B
SN Field coil
Rotor S
core )
1 WA L
T == 1 Field axis
\ Sh‘IIt ,’l Pole core
Pole face
Field yoke

coil side

end
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Cutaway View of a Two-Pole DC Machine
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Induced Voltage & Torque

Recall a simple coil-frame — one turn

For armature winding we need to consider:
« Type of winding, rectification/averaging by the
commutator action, etc.

-~ BA
e ~ D =
) turn P
Tturn - (Dpla = W‘C“’Q M%
e
Ka - Is the machine armature constant — determined by construction / design

4 - Is the generated voltage or back emf

Power Balance Eala = Pe <J€ﬂ£ﬂa‘ﬂ ’[PQM) a)rTe — I:)e ( ‘ggz&d(aﬁ WW)
P=E]l,=P =0T [ loscess )

K0 ® 1, =0, K@ 1, = Te:@cpp|a
Eu T T T —
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Commonly-Used Equivalent Circuit

DC Machine Wlth Field Windin
Sd”é L“fS qgwm«a -A}“’&”ﬂ

/ (0% 7 (556
Y R 2 L. R, la
V¢ Lf e, W
e =
6 ' 5
h A
g{;&—bﬁ-f s
V
VJ‘— - Is the field voltage —
-a
I+~ -is the field current
e f R
FooT field winding resistance Ea
|_ - field winding inductance
—f e

CQ{M-& WS

PM DC Machine

Ly Ry ia
TN

O

- applied terminal voltage
- Is the armature current
q - armature winding + brush resistance

- armature winding inductance

- Induced back emf (voltage) 13



Governing Dynamics State Equations - popd| om
i Ry Ly Ry 1a = ety 97

—\/

V¥ /Q Lf ; Qea Vi

/YY\\/\FO
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Fleld Winding Equations
o dA,
-  — _at
e =N, @ =L,i,
- —
Mechanical Motion

dw
J dtr :Te _Tm _ITC

+J

dc_machine mech_load?

2
[kg -M ] - Is the combined moment of inertia of the motor and load
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Steady-State Equivalent Circuit = « L %@

Field-Wound Machine

/ |
Field Winding Equations C—”{- /\/Rf | ]\3;\ 4..{‘2 Armature E@E@S\
@ @E Al e
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(for large machlnes
often can be neglected)
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Torque & Voltage Constantf r PM Machines

Back emf: e K

———

: f : : . : :
Define Laf — - Is the mutual inductance between field and rotating armature coils

N
“E {:c,&{ ED Gor-tmi €

We can use alternative expression for back
EMF and Torque for Field-Wound Machine

e =Laf|fa)r‘—“7>&p\/0( @;_@fﬁe

_— = — = : . -
— J— o t ‘2,.,.
I.-Q :,I__ﬁ.f,!__flf‘ . @fg Lo / Torque / voltage

)T = L, sttt P machine constant




DC Machine: Example 1

Consider a small PM DC Motor with the following parameters:
Virateda =6V, | =0.15A, R, =7 Q, and torque constant K, = 0.014 [Vs/rad].
Find no-load speed n,, [rpm], back emf E,, and friction torque Tg;. at V, =6V

-x_-______,__. ] I /Qf't(,

(\/‘,{: /ngqntEa ‘:/Qal;_i- Ky -w }
- V ‘Ran,q - /005 —

Wne == Ke -~ 60,70/4/»6 2 353.57 red/se,

T
30

Nne S5 Wae = 3,376.‘/ Fpm

no_load

Racuk Em g EQ:./Q W =0 0/4-353.57=%95 |/

/E €e CFrOmeeg hred'c TG’Vi “e
/

Ne)= K¢ L= @017-018 =0 002/ f-m

o pe’ _TQ‘E« 0.15,%35‘
T — = =~ —— -0 .
‘e, o L - 353057 OOZ/A/M
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Basic Types of DC Machines — & w4y fosese £ ot

» Shunt or Series field windings are possible

Shunt

winding

Separately Excited
DC Machine

DC Machine

A Tt

Shunt
winding

Shunt
DC Machine

Field winding is
designed for up to
rated armature voltage
Field winding has
large number of turns
Field current is small-
compared to armature

current _

N

Series
winding

Series
DC Machine

* Field winding is

designed for up to
rated armature current

* Field winding has

small number of turns

 Field currentis-the-

same as-the-armature
current.
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Basic Types of DC Machines — n# o~ 740

Compound DC Machines

Both Shunt and Series field windings are present
Various connections are possible

Field windings are designed/connected to achieve a desirable torque/speed characteristics

> E’E{ e
; ‘Seriesz
windi
O

Short shunt

Short-Shunt
Compound
DC Machine

;{?d\ - jé@-@;@r & @f,sk

Series
winding

Shunt
winding

Long shunt

Long-Shunt
Compound
DC Machine
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Parameters of PM DC Machine ( (ot 2) e

* Blocked-Rotor Test (DC Measurements) f

Slowly ramp up DC voltage and measure DCcurrent up to\nominal value
Determine resistance of armature winding:

Variable
N DC Source

(armature + brush combined
resistance at no speed!)

Use similar measurement for field winding to estimate its resistance for field-wound DC machines

— O U
1[3 U.g QQ ?3[ - é
ng L
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Parameters ot PM DC I\/Iachin& T e o i

* No Load Test (Friction vs. Speed)=>"" R, .@3 Variable
‘, e Uoched cobac GBL _ \/\ (A DC Source

Assume you know (A -

M’e_?JS—u_re_ I a ’V , Z)-:r ?f ¢ I Eﬂ @) Vdc Cl)

, Obtain Friction Torque-Speed
Torque / voltage k =k - Ve — % A Characteristic
t v

machine constant W
Eﬂ Jkp},{}ﬁ’
Ea_nom ,r

S
=

(DI’IDHI



Parameters of DC Machine

 Stopping Transient (for Determmlng Inertla)

— 7 dt

rl St

YLV\J [

J

red

Assume you know Tfric (C()r )

Measure & Record | a ,Vt y Wy




Looking ahead...

e Continue Module 4



