ECE 3510 Appendix: DC permanent-magnet motor & gears AStolp

12/3/04

For motor and gears taken together rev 3/23/06
Torque constant Voltage constant
Koe=0128™M gy =K Ky =012 Y
T A v RT \% 1
armature ra)
~ sec

R, =2.704-Q Armature resistance

L, =45'mH Armature inductance

Back EMF (voltage generated due to spinning) = Ky;-s-0(s)

B, =0.012*N-m-sec Viscous damping factor

i)

Moment of inertia: 9 = angle in radians

T=1.161°10 ° *N-m-sec’
s0 = angular speed in radians/sec

s?0 = angular acceleration in radians/sec?

V,(5) -~ Kys6(s)

Torque: T(s) = J-<sz-6(s)>+Bm-(s-6(s)) Krl(s)= K

R, +Lgs
V ,(s) — Ky-s-8(s)
1(s%6(5)) + B (s6(s) = Kp O
R, +Lgs
2
{J-(s -6(s)>+Bm-(s-6(s))]<Ra+La-s> = K (V) - Kys8(s))
J570(s)R 4+ I 0(s) Ly + B 58(s)R B s 0(s)L, = KpV,(s)— KpKy-s6(s)
J570(s)R 4+ J-0(5) Ly + B 50(s)'R g+ B 1570(5) Ly + KK y56(s) = KV ,(5)
<J-52~Ra+l~s3~La+Bm~s~Ra+Bm~sz~La+ KT-KV-S>-6(S) = KV ,(5)
[J~La-s3+ (FR o+ B pyLy)s™+ (B R o+ KT~KV>~s]e(s) = KV ,(5)

. 9 Kt
Motor transfer function: (s) =

Va9 JLys s (JRy+B Ly ) 8™+ (B Ry + KKy

K

S| FL 5"+ (FR 44 B Ly )5 (B Ryt KKy
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ECE 3510 DC permanent-magnet motor, p2

The system block diagram

Input position

Potentiometer Circuit Gain Motor and Gears
Oin Kt 8 out
—= K, G ;
S| FL 5"+ (FR 44 B Ly )5 (B p R, + KKy
Kp =0.717'l
rad Kp
Potentiometer constant
Motor Position Potentiometer
K
G 5 T
Overall Syste.m 0 oui(s) S.{].La.s + <J~R ! m'La>'S* <B mRat KT'KVﬂ
transfer function: = Kp~
8 in(s) K
1+ Kp-G~ 5
S| FLys"+ (FR 4+ B yLy)s (B R v KKy |
S| FL s+ (FR 4 B Ly )st (B p Ry + KpKy)
X
S| FL 5"+ (FR 44 B Ly )5 (B Ry + KKy
0 out(s) G'KT'Kp
. B 2
6 n(s) s-{J-La-s + <J~R 2t B m~La>-s+ <B mRa+ KT-Kvﬂ + K, GKy
0 oui(s) kKK,
. B 3 2
6 in(s) JL,s"+ <J~R atB m-La>~s + <B Rt KT~KV>-S+ K, GKr
k'KT'Kp
0 u(s) L,
Bin(s) 3 [JRg+Bplal , [BpRy+KpKy Ky GKp
s+ T+ ‘s
J~La J~La J~La
The characteristic equation: 0=s+ p~s2 +qs+r
JR,+B L, B R, +KpKy K, GKp
Where: p=F—— q- r=—— ——
J'La J~La J-La
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ECE 3510 DC permanent-magnet motor, p3
forGain= G:-17

K,-GK 2 3
T.= p T aj:q,pi bj:zp ,£+r B .=
J~La 3 27 3
s;=(A+B)- P 5| =—483sec ' s,- AtB _A-B f5 P 5 =-10.494+sec '
3 2 2 3
A+B A-B p -1
=- -3 - = =-55.091-
6, = 90-deg s3 5 + 5 ﬁ 3 s3 =755.091"sec
1
D ! ! ! 04 D| [3.19
E| = sl-sec 82'86C S3'S€C 0 E| =|1.655
F <s 1>2~sec2 <s 2>2-sec2 <s 3>2~sec2 0 F -0.036
st s ot s 3t
0(t) =65, +De  +Ee” +Fe
90 I I
a(t)
(deg)
72 _|
541 —
36| —
18- —
0 | | | | | | | | | .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 time (s)
for Gain= G-14
K -GK 2 3 2 3 2 3
rj:piT aj:q,pi bj:27p7£+r ,P+ (b;)+a7 B .= ,E, (b;)+a7
J~La 3 27 3 2 4 27 2 4 27
51 =(A+B)- P 51 =-61.962sec ' s,- ATB A-B [5 P 5 =—4.227 — 18.796j *sec '
3 2 2 3
04 55 - AtB A-B [, P 53 =—4.227 +18.796) *sec '
0 fi 1= 90-deg 2 2 3
1
D ! ! ! . D| [0.158
E | =| S18€¢ §p-sec § 375€C 0 E | =|-0.706 — 0.419j
F <s 1>2~sec2 <s 2>2-sec2 <s 3>2~sec2 0 F ~0.706 + 0.419j
st s ot s 3t
0(t) =65, +De  +Ee” +Fe

Plot on next page
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ECE 3510 DC permanent-magnet motor, p4

150
a(t) I I I I I

(deg)
120~

90—

30—

0 | | | | | | | | | time (s)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

G = 14, Decaying Oscillation (ringing)

for Gain = G =40

K. -GK 2 3
r]:piT a]:q,pi b]:27p77 B .=
JL, 3 27
s, =(A+B)- L 51 = 70.87"sec ' 55 =0.227 ~ 30.448 *sec '
3
— 1 . 71
0 - 90deg s 3 =0.227 +30.448] *sec
I I I T 3
D 0 fin D 0.243
E | =| S18€¢ §p-sec § 3-8eC 10 E | =-0.664 - 0.278j
F <s 1>2~sec2 <s 2> %sec? <s 3>2'8602 0 F| -0.664 + 0.278j
st s ot N 3~t
0(t) =65, +De  +Ee” +Fe
200 T T T T
180 —
6(t)
160 [— —
(deg)
140— |
120—
100 —
80—
60— —
401~ —
20— —
0 p—
N | | | | | | | | I time (s)
V] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

G =40, Growing Oscillation
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