Modeling a DC Servo Motor

ECE 461/661 Controls Systems
Jake Glower - Lecture #17

Please visit Bison Academy for corresponding
lecture notes, homework sets, and solutions




Problem: Determine the model for a DC servo motor
. Clifton 000-053479-002

° j— l Kt )
0 (S) ((Js+D)(LaS+Ra)+Kz2 Va

Unfortunately, the dynamics are not printed on
the motor (common problem)




Finding the Dynamics (Option #1)
Find the data sheets:

« www.ServoSystems.com from 2002
« Missing some information.
« Often times you can't find the data sheets...

CLIFTON PRECISION SERYO MOTOR MODEL JDH-2250-HF-2C-E

Torgue Constant: 15.76 oz-in. / A

Back EMF: 11.65 VWDC / KRPM

Fealk Torque: 125 oz-in.

Cont. Torgue: 16.5 oz-in.

Encoder: 280 counts / rewv,

Channels &, B in quadrature, 5 YOO input {no index)
Body Dimensions: 2.25" dia. ® 4.35" L {includes encoder)
Shaft Dimensions: 2 mm ® 1.0" L w/flat

Stock Mo. DM-683
Special Price . . . . . .. ... %£59.00 ea.




Option #2: Take some measurements

You only need five parameters to define the DC servo motor

« Ra: Armature Resistance
- La: Armature Inductance
« Kt: Torque Constant

- J: Rotor Inertia

- D: Rotor friction
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Armature Construction

The armature 1s essentially an
electromagnet R
- Multiple windings of copper wire Raletiecel
around an iron core

« This makes a resistor B _
 This also makes an inductor - A

Commutator
Carbon Brush




Ra: Armature Resistance
« Ra=26.5 Ohms

Turn off the motor

- The back EMF will mess up the
resistance measurement

Disconnect from the power supply
« The power supply will mess up the
resistance measurement
Measure R

 Varies as you rotate the motor
- Each winding will have slightly
different resistance

NDSU #1: 24VDGC Servo Migor - PEETS
Liten Glifton JSH-22%d
11.85Vkrpm. 1576 oz-in/A,
TA i, BA peak, Ra = 240
Ebay {$32), #1508




La: Armature Inductance
e La=12.698mH
Turn off the motor

Disconnect from the power supply

¥4 Agilent U1732C

Measure L

- Requires an inductance meter
 Usually this is small and can be assumed | R

to be zero

(4P.0. Box 11
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-
Snml
=




Kt: Torque Constant

Option #1: Find the data sheets

« Old posting from ServoSystems c. 1998
« Torque Constant = 15.76 oz-in/ A

_ 0z-in 1b ) (445N \( 0.0254m | _ Nm
K= (157625 ) (1) (422 (s2si) 111332
« Torque Constant = 11.65V/krpm
. V-min 1krev 60 sec lrev
K= (1 1.65 krev ) (IOOOrev) (lmin) (2nrad>

K:=0.111249 ——

Note
« Both Kt's are the same if using mks units




Kt: Torque Constant (cont'd)
Option #2: r Las
Apply a constant voltage (5.00V)
Measure the resulting speed (32.00 rad/sec)
Measure the current draw (74.7mA) Vin
Va=1,R,+K:®
5.00V=74.7mA - 26.5Q + K - 32.0024
K, =0.094389 —~

rad/ sec

12.689mH

e w = 32.00 rad/sec

Close to the data sheets:
Kt =0.111249 V / rad/sec




D: Motor Friction
« No-Load Speed = 32.00 rad/sec @ 5.00V @ 74.7TmA

Energy must balance
Power In = Power Out
VI=To=(D0)® = D>

2
(5.00V)(74.7mA) =D - (32.00%1)

Assuming other losses are zero

D =0.000364 —"—




J: Rotor Inertia (calculations)
Flywheel: 91mm dia x Smm thick flywheel, solid iron

= (7 847@) (n . (4. 55cm)2) (0.5¢m) =255gm = 0.255kg

J = 3mr? = 3(0.255kg)(0.0455m)> = 0.000264 kg m*

Core: 20mm dia x 40mm long, solid iron
= (7.847@) (n : (1cm)2) (4em) = 98.6gm = 0.0986kg

J = 3mr? = 3(0.0986kg)(0.01m)* = 0.00000493 kg m?

Total:
J =0.000 268 9 kg m?>




Option #2tofind Dand J

- Experimental
Apply a step input (+10V step)
Measure the speed vs. time

From the step response, determine the transfer
function

« First order
« DC gain = 6.40 (10V input)
- Settling time = 4/6 second
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J: Rotor Inertia (cont'd)

« Blue = Actual Motor
« Red = 1st-order model

o~ (39.28) v,

s+6

Matching Terms

K;
= v
(Js+D)(Ls+R)+K;
Assuming L =0

K
W= ’ 2) Va
JRs+DR+K;

()

JR
DR+K?

s+ —x

Va
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Matching Terms

(39.28) . JR
5+6 (DRH(ZZJ
s+

JR

(5) =39.28

JR
J =0.00009068 kg m?

() =6

D =0.000207 —"—

Experimental results are slightly different

J MATLAB 7.12.0 [R2011a)
File Edit Debug Desktop Window Help

r‘j j & _w __“, )R u ﬁ ﬂ (7} E.C:'l,.lf)ocurmants ana ée:l;ti‘ngs'l;.ﬂu.t.:lministrator‘I VE] =
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>> R = Z26.5¢

>»> L = 0.0127;

>> Kt = 0.09438;
»>»> J = KE/R/39.28

I =
9.0670e-005

>> D = [ 6*J*R - Kt*2 ) / R

D =
2.0788e-004

»>> G = t£(Kt, [J*L, J*R+D*L,D*R+Kt*2])

Transfer function:
0.09438

1.152e-006 52 + 0.002405 5 + 0.01442
> zpk (G)

Zero/pole/gain:
81962.2047

(s+2083) (s+6.011)

f%\\ |
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Net Result:

« Ra=26.5 Ohms

La=12.7 mH

Kt =0.09438 V /rad/sec

J =0.000 090 68 kg m2

D =0.000 207 Nm / rad/sec

(I) — (: l(t 2:) ‘/;l
(Js+D)(Ls+R)+K;
_ 81962
W= ((s+6.01)(s+2083)> V“

o~ (39.28) V.

s+6

) MATLAB 7.12.0 [R2011a)

File Edit Debug Desktop Window Help
ﬁ o} & =2 f;': E2NY u Ef ﬂ L7 E._C:'I..Do.cumentsanc.l setti.ngs'l,At.:Iministrator.' VE] E=D
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>>» R = 26.5;

>»> L = 0.0127;

>> KL = 0.09438;
>»> J = Kt/R/3%.28

I =
9.0670e-005

>> D = [ 6*J*R - Kt*2 ) / R

D =
2.0788e-004

>> G = tf(Kt, [J*L, J*B+D*L,D*R+KL 2])

Transfer function:
0.09438

1.152e-006 =52 + 0.002405 5 + 0.01442
=» zpk(G)

Zero/pole/gain:
81%862.2047

(s+2083) (s+6.011)
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Significance:

1. The mathematical model
o~ (39.28) v,

s+6

1s a good approximation for the motor's actual dynamics.
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2. Controllers which work for this model should work on the actual motor

R Vv 39.28 w
S+6

Speed Control

R V 39.28 angle
s(s+6)

Position Control




3) With just a few tests, you can determine the dynamics of a DC servo motor




