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Example 2.12 Loudspeaker

= Law of motors
« A current of 1 amp in a conductor of | m,
arranged at right angles
In @ magnetic field of B teslas.

* There is a force F on the conductor
at right angles to the plane of i and B,
with magnitude

F = BI:N
= Model (Motion of loudspeaker cone)
Mz + bxr = F

& . the motion of the loudspeaker cone

b+ the friction coefficient
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Example 2.13 Loudspeaker with circuit

= Law of generators

« A conductor of length | m is moving
In a magnetic field of B teslas
at a velocity of Vv m/sec
at mutually right angles

 an electric voltage is established
across the conductor with magnitude

e = BlvoV

= Model (Motion of electric circuit)

p
4 Ri = v,

j i
dt

— €coil

[, theinductance

R : the effective circuit resistance
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Example 2.14 Motors

® The direct current (DC) motor

\__— Stator magnet

‘Brush
\

2 Rotor windings

_._— Stator magnet

)

Brush

Bearings \
? Commutator

= Model (Equations of Motion)

ezKe'gm

K4 : the torque constant

K¢ : the electric constant
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Motor equations

« Motor equations give the torque T
on the rotor in terms of the armature
current g

- Express the back emf voltage
in terms of the shaft's rotational
velocity 6,

The electric circuit of the armature
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= Model (DC motors)

T
Imbm +00m =T = Ky - 1q /
Jm, :the inertia of rotor \
b : the viscous friction coefficient b,

Free-body diagram of the rotor
= Model (Electric circuit)

dig :
L Rata = vg — Ke - 0
o ala a e Um

= Transfer function (Electric circuit)

The electric circuit of the armature

em(s) _ Kt
Va(s) s[(Jms + ) (Lgs + Ra) + KtKe}
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= Model (DC motors)
« Sometimes, the effect of inductance is negligible

0
di | |
Lyg_l_RaZa:Ua_Ke'Gm

« In this case, we have: by (Jmém + b0, = K - ia)

.. KiKe. . Ky Q(s Om(s) K
ImOm + (b + 6)¢9m — —Vq Va(s)) AT ERRTET
Ra RCL
= Transfer function (Electric circuit) oo K
% " bRq+ KiK'
em(S) _ R—; — K RaJm

Va(s)  J,s2 4+ s(b—l— Kﬁ{fe) T s(rs+ 1) " T bRa + KiKo

" Transfer function (input va to output 6 :=w)
Q(s) S@m(s) _ K
Va(s)  Va(s)  (rs+1)




Example: Gears

® [orces of gears T _
r1
Gear 1
Nl 0y, @y % —
1

wl_frl_Nl_
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re N

Wir1 — Woro =— v

n

ro  No

w9
0 w

(a) 1_*¥1_ .,
0o  wo

= Model (Equations of Motion)
J101 + b101 = Ty — T

(T : output torque of the servo motor)

J205 + boby = T
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= Model (Equations of Motion)

To 12 No

R r1 N

* Substitute 6, for 81 and replace T> with Ty

01 w1

(Jo + Jin?)bs + (bo + by1n?)bs = nTp, 0w

w2

= Transfer function (Electric circuit)

Oo(s) n (

= Jeg = Jo + Jin?
Tim(s)  Jeqs? + begs

beg = bo + Bin?



