ECE 3600 DC Motor Examples

A.Stolp
11/29/11

Ex.1 A 3-hp dc motor has the following nameplate information: 150 V, 1400 rpm, 18 A, R, =0.8Q, and R, =300 Q. "®V 1214
The field is shunt connected and the 18 A includes the field current. Assume rotational losses are constant.

a) Find the efficiency of the motor at nameplate operation. (Include the field in your calculations)  1-hp =745.7-W
V1 =150V n gL = 1400-rpm I =18A Rp=08Q R =300-Q
N 745.7-W B .
Pout = 3hp : P out = 2.237-KW
P, =V ol i P, =2.7'KW = ot o) g6
in”VT'FL in~ < = =82.86'%
Pin
b) Find the rotational losses at hameplate operation.
VT
field current: |p:=—— | e=05A
F F
RF
armature full-load current: | op =1 — I E I ApL =17.5°A
EarL "V larLRA EAFL =136V

Peonv “EAFLT AFL

P conv =2-38'kW

Prot =P -P P ot =142.9'W Prot =0.192'hp

conv out rot

either answer
c) Find the required current for a developed power of 1.5 hp with V. =150 V.

P cony = L5hp Poony = 1119 KW = Eala

Rearrange 0= RplaA™ Vla+Peony

[ 2
| o =7.78-A
/Z_R'\VT*JVT *4'RA'Pconv> ACTT8
, \ A> 179.72
Solving for Ia = = ‘A lg=la+tIE
! /v Jv 2 AR ,P ) 7.8
oo N \YTT T~ "Acony = .
2R ) | g=8.28'A
d) Find the output power if the developed power is 1.5 hp with V=150 V.
Pout =P conv— Prot P out = 975.7'W P out = 1.308hp
e) Find the shaft speed if the developed power is 1.5 hp with V. =150 V.
P E
Epic E o =143.773'V n-Ang n = 1480°rpm either answer
'A S AFRL 2-1erad rad
w=Nn——— w=155"—
f) A deranged Mouse chews through part of the field winding so that the field 60-XC .rev &

current drops and the field flux drops to 40% of its former value. Find the shaft min
speed if the developed power is still 1.5 hp with V=150 V.

Ea either
— e £ answer
@ Dori .0
Ep= Koo so. M= @ - \Tnew A Torg Mgy - 20% 0 gy =3700-pm
n FL U)orig EA EA (pnew EA 40-%
P orig . P out
g) Find the load torque if the developed power is still 1.5 hp with V=150 V. n | 2-merad 1 =2518'N-m
new sec
60-——-rev
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Ex.2 A dc motor has the following nameplate information: 5-hp, 1200 rpm, Armature: 200V, 22 A, 1 Q; Field: 200V, 1 A

a) Find the rotational losses at nameplate operation.

V 1 =200V n g = 1200-rpm l gL = 22A Rp=1Q
P outrL ‘= hp-“i;“’ P outeL = 3.728'kW
EarL "V IRLRA EAFL =178V
PonvFL “EAFLFL P convEL = 3.916'KW
ProtFL -~ P convFL ~ PoutFL ProtFL =187.5°W P rotFL =0-251'hp

b) The load torque is constant (not dependent on speed) and the rotational losses are proportional to speed, find
the shaft speed at half the rated armature voltage and full rated field voltage.

P = tw,, so,ifapoweris proportional to speed, then the torque is constant.

OR, conversely, if the torque is constant, the power is proportional to speed.

In this case, ALL the power converted is proportional _ n new
to speed and ALL the the induced torque is constant. conv neL conviL
Oneway: T,q= K@l so, iftyand the field current are constant, then |, is constant. 1 5 =1
. E
Vlew EA:VTilARA EA:78'V nnaN = A -nFL:525.8'rpm
2 E
AFL
. . N hew _—
Another solution: recognize that: E 5 = ‘Epp.  because the field is constant
n
FL N hew 5
p e "™ convFL = L
conv conv
VT —EAJrlARA —EAJr RA :EAJF—RA :EAJriRA
EA N new EAFL
EAFL
P "R E
. 200-V convFL — 7a. _ A _ )
Ea = 5 - = ‘R Ep=78V Npew = = ‘N =525.8rpm
AFL AFL
c) The torque is constant (like part b)) , find the shaft speed at half the rated voltage for both the ®200
armature and field. You may assume that the flux is proportional to the field current. ®100 =
2
Oneway: T;,q= K@l 5o, ift,is constant and the field current (and flux) is halved,
then 1, is constant at twice the value it used to be. Ip =21 I o =44"A
E
. A
V ;:@ Epn =V+-14R I
T A T "ATA
2 ) ) _ 19100 _ %Ea
EA—56'V - K(ploowm nnaN - Ei'ﬂ FL ~ E ‘n EL —755.1'rpm
AFL AFL
®200 E
Another solution: recognize that: E 5 = K-@w/, is halved because the flux is halved E, = 1 AR new
2 n
N hew 5 FL
p e "™ convFL = L
_ _ conv _ _ conv
A 1 " new AFL
o ‘EAFL
2 NEL
P 2-E
. 200-V convFL . _ A _ .
Ea= 5 -2 = ‘R Ep =56V Npew = = ‘N =755.1rpm
AFL AFL
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d) If the load torque and rotational loss torque are both proportional to speed (most like real life), find the shaft
speed when the motor armature is hooked to half the rated voltage. The field is at rated voltage.

2
n /n
_ hew _ . . _ new
Tind = T-deﬂ_ P= 1wy which leads to: Peonv = \T ‘P convFL
L

Oneway: Ti,q= K@l so, ift,is proportional to speed and the field current is constant,

then I, is also proportional to speed. NG new FL
NEL
n n N hew n
V1= EatlaRA = Eat TrLRA = Eat TRLRA = EAFL* 'FLRA
NEL NEL NEL NEL
= new I R = new ooy - 100V = 600"
= (EarLtlFRLRA) 7 (200-V) Nhew = ‘N gL =600 Tpm
n n 200-V
FL \ v / FL
— VTR —
. M new o
Another solution: Ep = ‘EAFL because the field is constant
NEL 2
M new P M hew P
" convFL "P convFL
V1= Epx+laRp = E LCO”VR = E " R, = _new. NFL R
T= BEAtIARA = EAT E ~A T EAT AT AFL T E A
A M hew NEL AFL
" ‘EAFRL
FL N new / E P convFL R
Tind . = AFL A
VoK . F'ermanent. Magnet ar Se?aratelv excited n FL \ EAFL
i ntire torque is proportional to spee
T Entire t t | t d
Fa \ \Y; /
— VTR —
_‘\ same as above
xlowerv.,. \\\
(const\am field) i
N N half
N A ® field
= : y ; ; flx ; | 8

Speed is proportional to V Ir
K

e) If the load torque is proportional to speed and rotational loss torque is constant, find the shaft speed when
the motor armature is hooked to half the rated voltage. The field is at rated voltage.

_ nnaN _ _ PrOtFL Perrnanent Magnet or Separately excited
Uload ~ "TloadFL Tloss = TlossFL ° I
mFL
n
_ hew _
Tind = TloadFL " TlossL = K@la
FL
n T T n
I - _new " loadFl + lossAL - _ New | AloadFL ™ ! AlossFL the current can be thought
N Ko K-@ =y of as composed of two parts
P P
T outFL _ ) " rotFL — .
' AloadFL =2 | AloadFL =20.947°A ' AlossFL = ¢ | AlossFL =1.053°A
AFL AFL
Note: | pjoadFL + ! AlossFL =22'A = | ppL » exactly as
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n /n
_ _ Mhew new
V1= EpatlaRA = ‘EAFLT ‘I AloadFL ! AlossFL| 'R A
R =t
n n
_ Mhew new
= ‘EAFLT ‘I AloadFL 'R A T ! AlossFL R A
n n
FL L
n Vool R
_ new _ T "AlossFL'™™ A _ .
V1-lalosrLRA = EAFL " ! AloadFLR A) Mnew = £ | o MFL =5%.8Tpm
= AFL 1T ! AloadFL N A

Ex.3 An unknown, permanent-magnet dc motor is tested at two different loads. In each case the armature voltage is: 24 V.

V=24V Load 1: | o1 = 10:A nq =163-rpm Load 2: | o5 = 30-A no = 127-rpm

a) Find the parameters of this motor.

Load 1: |54 :=10-A nq =163-rpm
wlzznl-/ﬂ wq =17.069- "%
\60-£-rev S
min
Load 2: | pp:=30-A no = 127-rpm
®, ;:nz./iz'”'rad w, =13209- "
sec sec
60-——rev
\ min
24V - K-gwy
Vo= 24V = 1 poRpA+Kpwy solve for R = o
A2
Solve:
V1= 24V = I p1RpA+KQwq substitute in for R 5
24V - K-pwy
A2
A1 A1 A1 / A1
= —24V- —Kowy+Kpwy; = ——24V+ K@ w1 —Wy
a2 a2 a2 |7 Ta2
|
24V - |7A1-24-v
K@ = A2 =1.266'V-sec
a1
W1 - Ii"*)z
A2
24V - K-gwy 24V - (1.266:V-sec)- w5
Ra= = =0.239'Q
a2 A2

b) The rotational loss torque is proportional to speed.
Find the parameters of this motor.

Notice that the induced torque is NOT part of the calculation above. Therefore it doesn't matter
how it is split between the loss and the load. The calculations are exactly the same.
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