System Control

modeling in the frequency domain

u—?@ G(s) >y

H(s) la——

G

- J,N'Y 2t
UNICON LAB, Unmanned & |nte"|gent SyStemS Control Laboratory INCHEON NATIONAL UNIVERSITY

J



Mechanical system (1)

* Translational mechanical system

Impedence
Component Force-velocity Force-displacement Zy(s) =F(s)/X(s)
Spring
—‘—* x(1) —— x(1)
%@W\« o £(6) =K [} v(r)de £(t) = Kx(1) K K N
X S

(= M f)

Viscous damper

0 dx(t) L
%_E_’ ) f@t) =f,v() fO)=f.— fs 1,
5y

Mass
—— x(1) dv(t)

fy=M fl)=M Ms? (MSE + fus + K)X(s) = F(s)

Note: The following set of symbols and units is used throughout this book: f(f) =N (newtons),
x(f) = m (meters), v(t) = m/s (meters/second), K = N/m (newtons/meter), f, = N-s/m(newton-seconds/
meter), M = kg (kilograms = newton-seconds’/meter).
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Mechanical system (2)

el

fy,=1N-s/m |

f) 4-

fy,=1N-s/m |

e M\, move M, hold e M; hold M, move

e M\, move M; hold ® M, hold M; move
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Mechanical system (3)

Example Find the transfer function, X (s)/F(s)

Xo(1)
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e M\, move M, hold

® M\, move M; hold
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e M; hold M, move

® M, hold M; move
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Mechanical system (4)

 Rotational mechanical system

I(r) 6,(n)

Torque-angular Torque-angular Impedence
Component velocity displacement Zy(s) = T(s)/6(s)

T(t) 6(1)

Spring
WUF@ =K fjomds T =Kt ¢
K
Viscous 71) 0(r)

damper
i T(1) = Doo(t) 7() =D Ds (

— DISQI{S)
Kgl(.‘?)

T(1) 6(r)
Inertia d

%‘ T(1) = J% T(6) = 72 — Js?

J

Note: The following set of symbols and units is used throughout this book: 7'(f) — N-m (newton-meters),

6(t) — rad(radians), o(t) — rad/s(radians/second), K — N-m/rad(newton- meters/radian), D — N-m-s/rad (Jlsz + Dl s + K)91 (S) — T(S)

(newton- meters-seconds/radian). J — kg-m?(kilograms-meters? — newton-meters-seconds’/radian).
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Mechanical system (5)

Example

T(1) 6'1(r)
rZ4

.}

i

A
Bearing

D, Torsion

J1

J:») »

Bc—‘:arm':nr
D,

Find G(s) = 6,(s)/T(s)

0,(s) Direction

T6) =~ 711526,(5)

'@y
~» Ds6(s)
KH](S)

J; move J, hold

( 1(s) Direction
KQQ(S)

J1 hold ], move

0,(s) Direction
T(s)

( - J;526,(s)
@ o
K91(S)
.~
KQQ(S)
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Mechanical system (6)

Example

T(1) 6'1(r) 5

4

i

J:») »

A
Bearing
D

Bc—‘:arm':nr
Torsion D,

Find G(s) = 6,(s)/T(s)

(1) 91(T)

»(s) Direction

( J’)SZQG(S)
]2 <@/4 D5565(5)

KQQ(S)

J> move J; hold

6> (s) Direction

KHI(S)
X

(%)

J> hold  J; move

6, (s) Direction
KHI(S)
J’)S 92(5)

@fDosaa(s)

KQQ(S)
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Mechanical system (7)

Find G(s) = 6,(s)/T(s) i\ﬂ” ST %_ (3"” | Nomrad g

1 N-m-s/rad
L_j 1 N-m-s/rad
S ———
® /[, move J, hold ® /, hold J, move
e/, move J; hold e /5 hold J; move
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Mechanical system (8)

e Speed e Work
= N2 oy o)
rb1 =, () 61(1) y, 20 T 7.6, = T-0,
< ( # ) ) cf.) W= Fx
Input
drive gear,
Gear 1  Output
92 r N 1 driven gear, TZ 91 N 5
_— = Gear 2 — —
61 &) N> T ) Ny
6, j'ﬂ &, T, & Ip)
—— ] N2 e _— Nl e
(a) (b)
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Mechanical system (9)

(1) 64

( ' ( ' N
a,(1) D

Ny
K
(a)
<
Complex Simple
N, N1\ N1\ N1\’
IS + Ds + K)als) = T1 () 3 [J (E) 24D ( Nz) ; K(Nz) 01(s) = T1(s)
N N> Number of teeth of :
(].S + Ds + K) N_ 91 ( ) T (.S) N_ gear on destination shaft

2 1 Number of teeth of

gear on source shaft
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Mechanical system (10)

Find G(s) =6,(s)/T(s)

N>\ ? N>\ 2
J, =T, (N—z) +Jy; D, =D (—2> Dy K, =K,
1

B 92(5‘) _ Nz/Nl
Ti(s) Jes?+D.s+ K,
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Electrical vs Mechanical

Same principle !

Sum of Sum of [ Sum of Sum of
impedances impedances Sum of impedances impedances Sum of
connected | 6;(s) — bp i 62(s) = | applied torques (2.129a) connected | Xy(s) — P Xo(s) = [applied forces] (2.120a)
to the motion 0 ea\zzf;n at oy to the motion between at x;
at 91 1 2 at x, X1 and X2 ]
Sum of ) Sum of " Sum of Sum of
impedances impedances Sum of impedances impedances Sum of
| between 61(s) + connecte.d 62(s) = | applied torques (2.129b) — bpt Xi(s) +| connected | Xz(s) = |:applied forces] (2.120b)
¢ and 6, to the motion ato; ctween to the motion at x»
at o, | xjandx; .

T

f
Sumof 7] _ Sum o Sum of applied
impedances
Ii(s) - Ix(s) =

impedances voltages around | (2.83a)

to th
| around Mesh 1 | commontothe Mesh 1
two meshes
I t
. SuIcIll © Sum of Sum of applied
_| mpe aIthEt:lSl I(s) + |: impedances |I,(s) = [ voltages around | (2.83b)
comMOnTothe around Mesh 2 Mesh 2

two meshes
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Electromechanical system (1)

O(s)

G(s) ——»

(@) (b)

Electrical
Ra1,(s)+ Lysl,(s) + Viy(s) = E,(s)

db,, (1)
dt

vp(t) = K

Tin(s) = K y(s)

K,

+ KpsOn(s) = Eq(s)
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Qm(S) _ Kr/(RaJm)
Eals) [S — ﬁ (Dm + K;gb)]
Mechanical

Tn(s) = (J;us* + Dpns)6pm(s)




Electromechanical system (2)

| f n |0 Ki(Rw K,
e How to evaluate constants of motor” Eu(s) S[S+i(Dm+Kgﬂ<b)} ‘ ]m» Dm, R—a, Kb
- Mechanical
Motor N, 2 2
T :Ja+JL(i,i) . D, =D, +DL(%)
Jo Dy Ny i 2 2
SERSE=
- Electrical
Tm
L, =0, R Tin(s) + KpsOm(s) = E,(s) t
K,
KK, K,
Tm—_ Ra wm+R_aea %
s
K
Tstall = R_;ea % — Tes:ln
w — e_a €
no-load = K b Kb - Wno-load
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