Continued
To Handle multiple-node electrical networks, these are following steps:
1. Replace, Passive elements  values  > Their Admittance
2. Replace, All Sources & Time Variables > Their Laplace Transf.
3. Replace, Transformed voltage sources > Transformed Current sources.
4. Write, Kirchhoff’s current LAW at each node.
5. Solve, the Simultaneous equations for the output.
6. Form, the Transfer Function.
NODAL ANALYSIS -KCL – 2 LOOPs
[image: ]
MESH ANALYSIS - KVL - 3LOOPs
[image: ]
OPERATIONAL AMPLIFIERS (Active Circuits)
E-amplifier used as a BASIC building Block to Implement Transfer Function. SEE FIGURE 2.10(a)
It HAS CHARACTERISTICS:
1. Differential INPUT, v2(t)-v1(t)
2. HIGH Zin, Zi=Infinite(ideal)
3. LOW Zout, Zo=0(ideal)
4. HIGH constant A (Gain Amplification), A=Infinite(Ideal)
Output, v0(t)=A(v2(t)-v1(t))
INVERTING OPERATIONAL AMPLIFIER
v2(t)=Grounded=0, 		SEE FIGURE 2.10(b)
Output, v0(t)= -Av1(t)
SEE FIGURE 2.10(c)
Zin HIGH > KCL, Ia(s)=0 and I1(s)= - I2(s)
A LARGE > v1(t) ≈ 0. Thus, I1(s)=Vi(s)/Z1(s), and I2(s)= - V0(s)/Z2(s)
[image: ]
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NONINVERTING OPERATIONAL AMPLIFIER
[image: ]
2.5  TRANSLATIONAL MECHANICAL SYSTEM TRANSFER FUNCTION
There are ANALOGIES between ELECTRICAL SYSTEM and MECHANICAL SYSTEM COMPONENT and VARIABLES.
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2.6 ROTATIONAL MECHANICAL SYSTEM TRANSFER FUNCTION
Different thing between Translational System and Rotational Mechanical System are
FORCE > TORQUE (F(s) >T(s)), and 
Translational Displacement > Angular Displacement (X(s)>θ(s)), and 
The Component Undergo Rotational instead Translational

[image: ]
[image: ]
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2.7 TRANSFER FUNCTIONS for SYSTEMS with GEARS
+Allow you to MATCH the drive system and the LOAD – a TRADE-OFF speed-torque.
[image: ] 
r1θ1=r2θ2
[image: ][image: ][image: ][image: ]
GEAR TRAIN
[image: ][image: ]
2.8 ELECTROMECHANICAL SYSTEMS TRANSFER FUNCTION
+Hybrids of Electrical and Mechanical Variables.
+MECHANICAL OUTPUT generated by an ELECTRICAL INPUT
+Other Example, Robot Control, Sun and Star Tracker, Disk-Drive position Control.
+MOTOR (an Electromechanical Component) Yields a Displacement Output for a Voltage Input.
+Armatured-Controller DC Servomotor
[image: ]
Derivation
Step for FIND the TRANSFER FUNCTION, θL(s)/Ea(s),
1. FIND the MECHANICAL Constant, Jm and Dm…
[image: ]
2. FIND the ELECTRICAL Constant,
[image: ]
Set ωm=0, to FIND Tstall
[image: ]
Set Tm=0, to FIND ωno-load
[image: ]
Look Torque-Speed Curve, to FIND Ea
(Electrical Const) 	Kt/Ra=Tstall/Ea
			Kb=Ea/ωno-load
[image: ]
3. Subtituting ALL Values into the MOTOR Transfer Function,
[image: ]
4. θL(s)=(gear ratio,N1/N2)xθm(s)
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[image: D:\MECH\Comp\E-Mechanical.png]


2.9 ELECTRIC CIRCUIT ANALOG
+Electric Circuit Analog, is an ELECTRIC CIRCUIT that is ANALOGUES to a SYSTEM from ANOTHER DISCIPLINE.
+CONVERTING Mechanical System to Electrical Networks
SERIES ANALOG
+USING MESH Equation (KVL)
ELECTRIC Equations
[image: ]
MECHANICAL Equations
[image: ]
ANALOGUES between Electric Equation and Mechanical Equation
[image: ]


PARALLEL ANALOG
+USING NODAL Equation (KCL)
ELECTRIC Equation
[image: ]
ANALOGUES between Electric Equation and Mechanical Equation
[image: ]
2.10 NONLINEARITIES
+The SYSTEM that CAN be DESCRIBED approximately by (ONLY) LINEAR, Time-Invariant Differential Equation.
+A LINEAR Systems POSSESS 2 Properties : SUPERPOSITION and HOMOGENEITY
+Differences between Linear System and NonLinear System
[image: ]
+Some Example for PHYSICAL
[image: ]
2.11 LINEARIZATION
+We FIND NONLINEAR Components are PRESENT > We MUST LINEARIZE the SYSTEM before  we CAN FIND the TRANSFER FUNTION
+EQUILIBRIUM (Keseimbangan), Keadaan Istirahat atau Keseimbangan karena AKSI yang SAMA dengan Gaya Yang BERTENTANGAN.
+The Step LINEARIZATION
1. RECOGNIZE the NONLINEAR Component and WRITE the NONLINEAR Differential Equation.
2. We TAKE the LAPLACE TRANSFORM of the LINEARIZED Differential Equation
3. We SEPARATE the INPUT and OUPUT variables and FORM of TRANSFER FUNCTION
+The STEP FINISHING Linearization
1. WRITING NODAL/MESH Equation
2. SUBTITUTING satuan yang DIKETAHUI
3. LINEARIZE the NONLINEAR Equation
4. SUBTITUTING LINEARIZE to EQUATION (2)
5. SET nilai yang DIKETAHUI.
6. SUBTITUITING nilai yang telah diSET (5)
7. FIND the LAPLACE TRANSFORM


[image: ]

TAYLOR Series Expresses the VALUE of a FUNCTION in terms of the VALUE of that FUNCTION at a PARTICULAR POINT.
[image: ]

FOR SMALL EXCURSION, the TAYLOR Series can NEGLECT HIGHER-ORDER Terms
[image: ]
Or
[image: ]
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TABLE 2.4 - Force-velocity, force-displacement, and impedance translational relationships
d mass

for springs, viscous dampers,
Impedence
Component Force-velocity Force-displacement Zy(s) = F(s)/X(s)
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Note: The following symbols and units is used throughout this book:
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[F(s) = KX(s) | (2112)
for the Viscous damper,
7(s)7=fvsX (s; (2.113)
and for the mass,
F(s) = MPX(s) | @114)
If we define impedance for mechanical components as
Zu(s) =%§)) (2.115)

and apply the definition to Eqs. (2.112) through (2.114), we arrive at the impedances
of each component as summarized in Table 2.4 (Raven, 1995).”

Replacing each force in Figure 2.16(a) by its Laplace transform, which is in the
format

F(s) = Zy(s)X(s) | (2.116)
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Finally, notice that Eq. (2.110) is of the form
[Sum of impedances] X (s) = [Sum of applied forces| (2.117)

which is similar, but not analogous, to a mesh equation (see footnote 7).
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Notice again, in Eq. (2.118), that the form of the equations is similar to
electrical mesh equations:
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TABLE 2.5 * Torque-angular velocity, torque-angular displacement, and impedance rotational

relationships for springs, viscous dampers, and inertia
Torque-angular Torque-angular Impedence
Component velocity displacement Zy(s) = T(s)/0(s)
T(n 6
Spring
0000 T(1) = K fyo(z)dr T(r) = K8(r) K
K

Viscous 7() §(r)
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Notice that Eq. (2.127) have that now well-known form
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SOLUTION: The equations will take on the following form, similar to electrical
mesh equations
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FIGURE 2.27 A gear system
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Generalizing the results, we can make the following statement: Rotational
- caﬁe through gear trains by multiplying the

Number of teeth of
gear on destination shaft

Number of teeth of
gear on source shaft
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FIGURE 2.31  Gear train
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If a dc voltage, e,, is applied, the motor will turn at a constant angular velocity,
wm, With a constant torque, 7,,. Hence, dropping the functional relationship based
on time from Eq. (2.157), the following relationship exists when the motor is
operating at steady state with a dc voltage input:

et 4 Kyom = a (2.158)
K,
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[l skill-Assessment Exercise 2.11

PROBLEM: Find the transfer function, G(s) = 6 (s)/ Ex(s), for the motor and load
shown in Figure 2.40. The torque-speed curve is given by T,y = ~8w, + 200 when
the input voltage is 100 volts.

| Moor
(gt M= 10 M2
Nemsirad o Dy 800 Norad =
Mo 100 | [\
§omnm)
1/20
ANSWER: ot
66 = 57 1572

The complete solution is at www.wiley.com/college/nise.
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Now find the electrical constants. From the torque-speed equation, set wm = 0 to find
torque and set Ty, = 0 to find no-load speed. Hence,

which,

Substituting all values into the motor transfer function,
Kr
Ons) _ Rdw I

E® ([, L Kikp) (15
xs+l'. D..+Ra sx+2
where ,,(s) is the angular displacement of the armature.
1
Now 04(s) = 556m(s). Thus.
as) _ 1/20

o )
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Kirchhoff’'s mesh equation for the simple series RLC network shown in
Figure 2.41(b) is

(Ls +R+ )I(s) E(s) (2.174)
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a direct analogy by operating on Eq. (2.1/3) to convert displacement to velocity by
dividing and multiplying the left-hand side by s, yielding

M:1+fV:+KxX

2 ()= (Ms f+ g) V(s) = F(s) (2.175)
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is given by Eq. (2.175). Kirchhoff’s nodal equation for the simple parallel RLC
network shown in Figure 2.43(b) is

R Ls

(Cs it i) E(s) =1(s) (2.177)
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FIGURE 2.45  a. Linear system; b. nonlinear system
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FIGURE 2.46 Some physical
nonlinearities

Figure 2.46 shows some examples of physical nonlinearities. An electronic
amplifier is linear over a specific range but exhibits the nonlinearity called saturation
at high input voltages. A motor that does not respond at very low input voltages due
to frictional forces exhibits a nonlinearity called dead zone. Gears that do not fit
tightly exhibit a nonlinearity called backlash: The input moves over a small range

Amplifier saturation Motor dead zone Backlash in gears

Ax) Ax) fx)
)

Output

Output
Output

=

- x - x
Input Input Input
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If we assume a nonlinear system operating at point A, [xo, f(xo)] in
Figure 2.47, small changes in the input can be related to changes in the
output about the point by way of the slope of the curve at the point A.
Thus, if the slope of the curve at point A is m,, then small excursions of
the input about point A, &, yield small changes in the output, §f(x),

related by the slope at point A. Thus,
[£(x) = f(x0)) = ma(x — x0) (2178)
from which
5f (x) ~ mgdx (2.179)
and
f(x) 2 f(x0) + ma(x — x0) = f(x0) + mabx (2.180)

Ax)

Output

Tnput
FIGURE 2.47 Linearization about
point A
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8f(x) = ml,_,0x (2.183)
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which is a linear relationship between §f (x) and éx for small excursions away from xp.
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Zy(s) function. We see that

my AWV Vols) = A(Vi(s) - Vi(s)) (2.101)
1 /
Vi 1 1Y) But, using voltage division,
—_— Tt
_Zi(s)

§ Z(s) Vils) = 70+ Z20) Vo(s) (2.102)

il Substituting Eq. (2.102) into Eq. (2.101), rearranging, and simplifying, we obtain
FIGURE 2.12 General Vols) A
noninverting operational Vi) 1747 O Z) 260 (2.103)

amplifier circuit

For large A, we disregard unity in the denominator and Eq. (2.103) becomes

Vols) _ Zi(s) + Za(s)

Vi)~ Zb) i





