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Series Brush DC Motor Modeling

1 Introduction

This report will demonstrate the process of modeling a Brush DC Motor 14207S007-SP.
And replicating the plots provided in the datasheets for its speed, current, power, and the
efficiency all vs torque. All model and the plots units will be converted to SI units.

1.1 Units Conversions

Though not all units need conversion some did; like oz-in to Nm, RPM to rad/s, Regarding
the Motor Torque Constant (/) and the Motor Voltage Constant (K.) should be "identical"
they are rather close 0.0706155 and 0.0705693 respectively, rounding them would have made
them the same but was chosen not to, seeing as they should be close enough to not cause
substantial change in the data.

INm = 141.612 Ounce — forceinch 1rad/s = 9.54929 RPM

Table 1: Table of the values in SI units used in the modeling for the simulation

units SI units SI
Supply Voltage 24V Peak Current A 41 A
V)
Inductance (mH) 0.87 mH Terminal 0.59 Q
Resistance({2)
Motor Torque 0.0706155 (Nm/A) Motor Voltage  0.0705693 (V/rad/s)
Constant(oz- Constant
in/A) (V /krpm)
viscous damping 5.40917723 €6 Output speed @ 294.2625 (rad/s)
factor(oz- Nm/rad/s cont.
in/krpm) torque(RPM)
Continuous 0.353078 Nm no load ouput 330.914 (rad/s)
Ouput speed (RPM)
Torque(oz-in)
cont. ouput 200 W rotor 4.7312 e-5 Nm-s2
powewr W inertia(oz-in-s2)
Peak ouptput 2.82462 Nm

Torque (o0z-in)




INm  30s

iscous damping factor: 0.25 (02 in/k =2
viscous damping factor: 0.25 (ozin/krpm) — 141.6120zin =«

= ———  x 1000 = 5.40917723e6 N d 2
1.8487090662 c6Nm/radfs @)
1
. . . 2 o -5 2
rotor inertia: 0.00670zin s 60— 4.731237 x 107°Nms (3)
for t 6. 1002 in/A——" 00706155 Nm,/A (4)
motor torque const. 100z in/A ——ro—— =0. m
30s 1
motor voltage const. 7.39V/krpm—sm = 0.0705693V /rad/s (5)
T
1INm
k 2 4 n = ———— = 2.82462N
peak output torque: 4000z in T 61002 i 82462Nm (6)
no load output speed: 3160rpm = % = 330.914rad/s (7)
s
output speed at cont. torque load : 2810rpm = % = 294.2625rad/s (8)
s
1N
cont. ouput torque: 500s in———" _ —(.3530878Nm 9)

141.6120zin

2 Motor Modeling

The modeling of the motor have been split in 3 parts. The first part is the electrical model of
the motor, the second part is the Mechanical model side of the motor; while the third part is
the simulation waveform part this is discussed more in the Simulation section.

ELECTRICAL
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i 5 \B/ 0.87e-3 059 o :
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rotorinertia  ViSCous damping factor potor speed
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tcurrent generated torqus == 5.40917723e6 w load torque
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I=1I(ia) *{kt Nms/rad &

50 0z-in = 0.353078 Nm |
400 oz-in = 2.82462 Nm :

Figure 1: Electrical and Mechanical model



3 Simulation

The simulation was simplified which did not affect the overall plotting and data output. This
can be seen in fig 2. The equation used for the plotting are shown bellow from eq. (10) to
(13). The simulation units where adjusted accordingly as speed in volts, efficiency as unitless,
power in watts, and current in ampeere. The units for speed are regarded for radian per
second, and torque in A are corresponding for Nm.

Current = I(ia) (10)

Power = V(w) * I(tL) (11)

Speed = V (w) (12)

Ef ficiency = V(w) =« I(tL) /(I(ia) *  V(n001) ) (13)

V(Power) supply voltage24V/
Current Power
Current u“ﬂ'ﬂ‘ﬂf
i R e : ::.ilﬁe-:!ﬂa

L < 2.225¢-308 TvEv(w)I(L) |

Speed Efficiency
[ B3 B4 .
- ~ R3 - — R4
- -~ 2,225e-308 ' ~ 2.225e-308
[ v=v(w) _

v=v.{Puwerjf[I{ia}'\r‘.{nW 1))

Figure 2: Simplified model



4 Final Plots
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5 Conclusion

Overall the simulation was succesful in replicating the plots from the datasheets. Possible
differences compared to desired plots, most likley from not including thermal variables or
reactions from temperature and how resistance could react to outside sources. Also the
difference in the efficiency can be due to thermal reistance, the thermal time constant,
especially the electrical and mechanical time constant which where left out of the final
simulation.



sjord 108IR], :§ oan3rg

1G18-6ZE-E09 » WOD S}UBUOAWODOAIBS MMM « SWBISAS B SjusuOdWOoD OAIBS
*A|UO 8OUBIBEI J0) UMOYS 818 SBAIND "SeNn|eA |e0i}eI08y} 8. Jualind yead pue enbio) yead 0,6 Je [eulUOU 8ie sanjeA ||y

osv

(ur-zo) anbioj

[8]0)74 0S¢ 00¢ 0S¢ 00¢ 0sT 00T 0s 0
[
{
{
///
/ N
[
N | i
[
{
{
N\ \ -
{
{
h {
// _ -
|
/ \
— 3wy anbio] snonunuo) N\
— poads
— juaun)
— Jamod inding
— housnpyy3 OdA ¥2 e dduewloudsd d4S-200S.02vL

000€ 00s¢ 000¢ 00ST 000t 00S

00s¢

(wdi) paadsg

0T

ST

0¢

S¢

0€

S€

oy

14

() yuaingy

- o )
N
o
v
=)
)
o
-
L o | W
3 o
.V_._._
v [ o
o o,
= S )
- v =]
o = o
_ <
S )
S L8
£
N
. o )}
S o
~
=)
N
Lo;
o
[
=)
w
L o L ©
S =}

..n&%maeu__.n_\.



Vo

syord wirg :g @anSrg

v&e wi vl'E ve'l dm._. d.wq_. V60 v9'0 VED Y00

YF %
ve 4
vel-

IEL T T WL A PR A R A e - T R R R R N A N N AR e ey

VIl

voz4

L'l {4
VaE -

L'
VoF

|||||||||||||||||||||||||||||||||||||||||||||||||||||

||||||||||||||||||||||||||||||||||||||||||||||||||

.........................

||||||||||||||||||||||

ALI00L.(Rduaya)p

Wi 1amod)p




ao1ds)[ :9 2an31q

D JREE 0T

“1- BT e e

IVIIHL1o313



