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Experimental title:- Laplace Transform

Summary:- 1- Understand the application of Laplace transform.
2. Verify Laplace conversion pairs using the ACS-1000 Analog Control System.
Procedures:-

A. Verifying Algebraic Functions

The Laplace transform is essentially an integral transformation.
Perform the following steps using the ACS-13006 Integrator module.

1. Make the necessary connections according to the block and wiring diagrams shown in Figure 1-1.
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(a) Block diagram

1-110




Lab. Name: Control Lab./4th Level

Experiment no.:
University of Anbar Lab. Supervisor: Assist. Prof. Dr. Yousif
College of Engineering Ismail Al Mashhadany
Dept. of Electrical Mss. Yasameen Kamil
' 2020 - 2021

[ s

FLACTLR SR R

TG

(b) Wiring diagram
Figure I-1

2. On the ACS-13011, set the FUNCTION selector switch to Pulse position, adjust DC offset and AMP
control knobs to generate 1 Vpp pulse (low level = 0V) at the FG output terminal. Press the RESET push-
button switch to stop integrators ACS-13006 (1) and ACS-13006 (2).

3. Set ACS-13006 (1) and ACS-13006 (2) selector switches as follows:

' Salactor Swilch ACS-13006(1) | ACS-13006(2)

K1
0
OF
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4. Press the ACS-13011 PULSER push-button switch. Using an oscilloscope, measure and record the
signals at ACS-13006 (1) V, Output and ACS-13006 (2) V, Output terminals as shown in Figure 1-2 (a).
Measure and save as shown. These two outputs are t and t2 /2 signals respectively. View the integration
time from starting to saturation

(a) Ramp and parabolic signals (b) T1 =10, T2 =1

Figure 1-2

Since the ACS-13006 (1) and ACS-13006 (2) integrators are used to perform integral operation, the outputs
of the two integrators will saturate after a period of time, at this time the outputs are not t and t2 /2
waveforms any more. To view the waveforms t and t?/2,change SYNC switch from OP to INI C position
and set the initial value to 0 (set the IC control to 0). Press the ACS-13011 PULSER push button again. The
ACS-13006 integrators will integrate again.

5. At ACS-13006 (1), modify T selector switch to x10. First press ACS-13011 RESET push-button switch
and then push the PULSER push-button switch. Measure and record the signals at ACS-13006 (1) V, output
and ACS-13006 (2) V, output terminals as shown in Figure 1-2 (b).

6. On the ACS-13011, set FUNTION selector switch to Pulse position, adjust AMP and DC OFFSET
control knobs to generate a 2 Vpp (low level = 0V) at FG output terminal. Using oscilloscope, Measure the
signals at ACS-13006 (1) V, output and ACS-13006 (2) V, output terminals. These two output signals
should be 2t and t? waveforms, respectively.

B. Verifying Exponential Functions
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2. On ACS-13003, set the K; RANGE selector switch to x10. Adjust K; ontrol knob and set K; = 5. This
makes the transfer function of ACS-13003 control block as 50/ s.

3. On ACS-13010, adjust the REPEAT RATE and AMP control knobs to generate 0.5Hz, 1.8V square wave
at the STEP + output terminal.

4. Measure and record the signals at ACS-13001 V,; output terminal and ACS-13003 V, output terminal as

shown in Figure 1-4. These two outputs are e "% and 1-e ~%* signals, respectively.

Figure 1-4 e~% (CHI) and 1—e~% (CH2), a = 50

C. Verifing t e~ Function

1. Make the necessary connections according to the block and wiring diagrams shown in Figure 1-5.
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ACS- 13010 T ACEARDGY ¢ ACS-13008{2)

A

i
{5+ K}
AGS- 13007 ACS-13007A

T —————y

U
Risi

(b) Wiring diagram

Figure 1-5
2. 0On ACS-13007, set K;to 5 and on ACS-13007A set K,to 5.

3. On the ACS-13010, adjust REPEAT RATE and AMP control knobs to generate 0.05Hz, 5V square wave
at he STEP + output terminal.

4. Set ACS-13006 (1) and ACS-13006 (2) selector switches as follows:
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6. Using oscilloscope, measure and record the signals at ACS-13010 STEP + output and ACS-13001 (2) V,,
output terminals as shown in Figure 1-6

Figure 1-6 Figure 1-7

7. 0On ACS-13007, set K;to 10 and on ACS-13007A set K,to 10.

8. From the block diagram of Figure 1-5, the signal at ACS-13001 (2) V,,, output terminal is then :
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9. Using oscilloscope, measure and record the signals at ACS-13010 STEP + output terminal and ACS-
13001 (2) V,, output terminal as in Figure 1-7.

10. On ACS-13007, set K;to 1 and on ACS-13007A set K,to 1.

11. From the block diagram of Figure 1-5, the signal at ACS-13001 (2) V,, output terminal is then:

1

(= -:—ﬂ'}:- (541

12. Using oscilloscope, measure and record the signals at ACS-13010 STEP + output terminal and ACS-
13001 (2) V,, output terminal as in Figure 1-8.
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Figure 1-8
D. Verifying Sine Functions
o

SmMe & ———— ,
5 +{

=

cosot = ——

5%+

1. Make the necessary connections according to the block and wiring diagrams shown in Figure 1-9

AGCS-13001
ACS-13011

ﬁ Ly cosTl T

ACS-13006(1)

ACS-13006(2)

5inTl T

5

(a) Block diagram
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(b) Wiring diagram

Figure 1-9

2. On the ACS-13011, set FUNTION selector switch to Pulse position, adjust AMP and DC OFFSET
control knobs to generate a 1 Vpp (low level = 0V) at FG output terminal. Press RESET push-button switch

to stop integrators ACS-13006 (1) and ACS-13006 (2).

3. Set the ACS-13006 (1) and ACS-13006 (2) selector switches as follows:

,'ff:-";iﬁel_:_ac:!nr Switch | ACS-13006(1)

ACS-13008(2)

¥
. T x1

IC. 0

SYNC. OP

4. From the block diagram of Figures 1-9, the signal at the ACS-13001 V,; output terminal is:

10-110




Lab. Name: Control Lab./4th Level

Experiment no.:
University of Anbar Lab. Supervisor: Assist. Prof. Dr. Yousif
College of Engineering Ismail Al Mashhadany
Dept. of Electrical Mss. Yasameen Kamil
' 2020 - 2021

6. Press the ACS-13011 PULSER switch. Using the oscilloscope, measure and record the signals at ACS-

13001 V,; output and ACS-13006 (1) Measure the signals at the V, output terminals as shown in Figure 1-
10.

Figure 1-10

Figure 1-11

At the instant the PULSER switch is pressed, the output signal could be very large even saturated, and then
the amplitude will decay gradually, but the oscillatory frequency ® will remain unchanged. After a period
of time, the oscillation will stop. This is because the internal resistance of the integrator capacitor. The greater
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the resistance, the smaller the loss angle. The transfer function of an actual integrator is ﬁ , generally K is

quite small (due to large resistance) and negligible. The output amplitude of the second-order SIN /COS
oscillator will decay or the oscillator will stop due to the loss angle. This will be simulated later.

7. 0On ACS-13006 (1) and ACS-13006 (2), set the T selector switch to position x10.

8. From the block diagram shown in Figure 1-9, the output signal at ACS-13001 V,; output terminal is then

)

" =107

f :T cos 10
R o LT A

9. From the block diagram of Figure 1-9, the signal at ACS-13006 (1) V ol output terminal is then

10. Press the ACS-13011 PULSER switch. Using oscilloscope, measure and record the signals at ACS-
13001 V,; output and 13006 (1) V, output terminal, as shown in Figure 1-11.

E. Verifying e~ sinwt Sine Function

g - )
* U s o =

|5+ ‘”_- + :"?:

1. Make the necessary connections according to the block and wiring diagrams shown in Figure 1-12
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(b) Wiring diagram

Figure 1-12
2. 0On ACS-13007, set K;to 1 and on ACS — 130074, set K, to 1.
3. 0n ACS-13002, set K,to 81 ( w 2= 81).

4. On ACS-13005, set K to 1.

5. On the ACS-13010, tern REPEAT RATE and AMP control knobs to generate a 0.1 Hz, 5V square wave

at the STEP + output terminal.

6. Set the ACS-13006 (1) and ACS-13006 (2) selector switches as follows

13-110




Lab. Name: Control Lab./4th Level

Experiment no.:
University of Anbar Lab. Supervisor: Assist. Prof. Dr. Yousif
College of Engineering Ismail Al Mashhadany
Dept. of Electrical Mss. Yasameen Kamil
' 2020 - 2021

ATS-13006(2)
o
0
0P

8. Using the oscilloscope, measure and record the signals at ACS-13010 STEP + output and ACS-13001 V,;

output as shown in Figure 1-13

Figure 1-13 Figure 1-14

9. On ACS-13007, set K; to 0.5, on ACS-13007A, set K, to 0.5. On ACS-13002, place K;, RANGE selector
switch in x10 position and make K, = 10

10. From the block diagram of Figure 1-12, the signal at ACS-13001 V,; output terminal is:
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11. Using oscilloscope, measure and record the signals ACS-13010 STEP + output and ACS-13001 V,4
output as shown in Figure 1-14.

12. On ACS-13002, set K,to 49 (o = 7). Remain K; and K, unchanged.

13. From the block diagram of Figure 1-12, the signal ACS-13001 V,; output terminal is:

1
* (s+0.5) +7°

14. Using the oscilloscope, measure and record the signals at ACS-13010 STEP + output and ACS-13001
V,1 output as shown in Figure 1-15

Figure 1-15

Discussion:- Apply Laplace transform for each block diagram associated with the procedures and sketch your
answer with the obtained results.
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Experimental Title:- First-Order System

1- Summary:-1- To study the characteristics of first- order system

2- To measure the steady state gain and time constant of first- order system.
3- To study the transient response of first- order system.

2- Introduction and Theory:-

The time response of a system is divided into two parts:

1- Transient response 2- Stable-state response

First- order system can be expressed by first- order differential equation. Most simple first- order system can
be defined by the following equation.

de(r)
fdr

+ac(r) =br(r)

Where a and b are constant. First- order differential equation is similar to an RL electrical circuit. Transform
Equation (1) to Laplace domain, we have:

sC(5) =e(0)+aC(s) = bR(s)
b c(0)

C(s)= R(s)+

5+a S+l

where [b/ (s +a)] R (s) is called the zero-state component which is the system response at the initial value 0
(c (0)=0) of, whereas c (0) /(s + a) is the zero-input component which is the system response caused by the
initial value c¢(0) with no input. Therefore, the transfer function of equation (1) is given by:
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Its block diagram is shown in figure 2-1.

Figure 2-1 Block diagram of first- order system.

A permanent magnet (PM) dc servo motor is a typical first- order system. If the armature voltage of PM dc
servo motor is Va, the relationship between motor speed ® and armature voltage Va can be expressed by:

When the input signal of the first- order system is a step, r(t)= Aug(t), then

17-110




Lab. Name: Control Lab./4th Level

Experiment no.:
University of Anbar Lab. Supervisor: Assist. Prof. Dr. Yousif
College of Engineering Ismail Al Mashhadany
Dept. of Electrical Mss. Yasameen Kamil
' 2020 - 2021

If the initial value is 0, the system output will be:

bA . bA/a " bA/a

s(s+a) S+a

C(s) = G(s)R(s) =

{1—: '”}HH]

If the characteristics root of the first-order system s=-a<0, this system is a stable system. When time t
approaches infinity, the exponential term of c(t) will become zero.

If the characteristic root s=-a>0, this system is an unstable system. When time t approaches zero, the
exponential term of c(t) will become infinity.

In case if initial value is not 0, the system output is:

() 9 i rl['[]'} E:',-i,.”ﬂ +r['[]l—b:l_.-"ﬂ

Cls)=G(s)R(s)+
5+a s{s*a} §+a § $4+0a

‘bA

='{f]'=|__ - +[E‘{ﬂ' E:'?]r—“]um

The following will discuss a very important term — Time Constant T

Time constant T is the required time that the exponential component of system output c(t) decreases from
ke~ to ke L. If ¢(o0)-c(0)=1 or c(t)-c(0)=1 and where c(0)=0, time constant T is defined as the time required
for the response c(t) from 0 to 1-1/e=0.632, as shown in figure 2-2.
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Figure 2-2 Time Constant of first- order system.

The system discussed above is the simplest first- order system. Now consider a complicated first- order
system,

In actual physical systems, infrequently the order of the numerator of transfer function is higher than that of
dominator since the amplification increases as the frequency of signal increases. The order of system is
determined by the order of the denominator. The following will discuss the steady- state gain and time constant
of the system whose order of denominator equals that of numerator.

19-110




University of Anbar
College of Engineering
Dept. of Electrical

Lab. Name: Control Lab./4th Level
Experiment no.:
Lab. Supervisor: Assist. Prof. Dr. Yousif
Ismail Al Mashhadany
Mss. Yasameen Kamil
2020 -2021

Consider the system:

de(#)

+ac{t) =b,

dr(t)
?i‘— + ! nr{f]

Sy c(0) + Iv‘r{ﬂj
: S+ a1

The block diagram is shown in figure 2-3.

Figure 2-3 Block diagram of first-order system.

For a known first-order system with undetermined coefficients, time constant and gain can be found from the

input and output waveforms by applying a step signal to the input of the first-order system, and the system
coefficients are thus obtained.

Suppose the input and output waveforms of the system as shown in figure 2-4.
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Figure 2-4 Step response of first-order system.

Let v,/v;= K, the steady-state gain K is then

Where K and T can be obtained from input and output waveforms shown in figure 2-4. Therefore, the values
of a and b are calculated using the determined K andTc. In other words, system parameters can be determined
from input and output waveforms.
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3- Procedures and Results:-

The following uses ACS-13008 Second order plant as a first- order system. The block diagram of ACS-

13008 is shown in figure 2-5.

Figure 2-5 Block diagram of ACS-13008

Complete the connection by refereeing to the block diagram and wiring diagram shown in figure 2-6.

ACS-13010 ACS5-13008

bT

s+al

— C(s)

(a) Wiring diagram
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(b) Wiring diagram
Figure 2-6.
A- Effects of aT on first- order system

1- On ACS-13010, generate a 1 Hz, 1 Vpp square wave at the step+ output terminal.

2- On ACS-13008, place T selector switch in x 10 position, set a=b=10. In this case, the transfer function of
ACS-13008 is expressed by

7,'(s) 100
Vis)  s+100

The steady-state gain K and Time constant Tcare expressed as:

G(s) = K bT

Tf.s+1=5+ni'"
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Where

3- Using oscilloscope, measure and record the signals at ACS-13010 step+ output and ACS- 13008 V, output

. . b .
terminals. Record the steady-state gain K=a—; and time constantT.

4- On ACS- 13008, modify a to 5. The transfer function of ACS-13008 is then

5- Using oscilloscope measure and record the signals at ACS- 13010 step+ output and ACS- 13008 V,; output
terminals. Compare the results of steps 4 and 5 for the speed of the response. Record the steady-state gain

bT A
KZE and time constantT.

6- On ACS-13008, modify a to 1(in order to increase system gain) and remain b unchanged. Using
oscilloscope measure and record the signals at ACS-13010 step+ output and ACS- 13008 V) output terminals.

Compare the results with steps 4 and 5 for the speed of the response. Record the steady-state gain K% and

time constantT.
B- Effects of bT on first- order system
1- On ACS-13010, generate a 1 Hz, 1 Vpp square wave at the step+ output terminal.

2- On ACS-13008, place T selector switch in x 10 position, set a= b= 10. Thus the transfer function of ACS-
13008 is expressed as:

V.(s) 100 _ BT

V.(s) ~ s+1000 s+aT
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3- On ACS- 13008, modify b to 5 and remain a unchanged, so the transfer function of ACS-13008 becomes

V,'(s) 50

V(s) s+100

4- Using oscilloscope measure and record the signals at ACS- 13010 step+ output and ACS-13008 V;
output terminals. Compare the results with step 4 from part A for the speed of the response. Record the

. bT .
steady-state gain KZE and time constantT.

5- On ACS- 13008, modify b to 1 and remain a unchanged. Using oscilloscope, measure and record the
signals at ACS-13010 step+ output and ACS- 13008 V;, output terminals. . Compare the results with (step 4

from part A and step Sfrom part B) for the speed of the response. Record the steady-state gain Kzz—z and

time constantT.

4- Discussion:-

1- What is the effect of time constant on the response of first-order system?
2- What is the response of first- order system in time domain? Derive it.

3- What is the effect of increasing and decreasing bT on the response of first-order system.
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Experimental Title:- Second- Order System

1- Summary:- 1- To understand the characteristics of the second order system.

.2- To observe the effect of damping rate on the second order system

3. To observe the effect of natural frequency on the second order system.

2- Introduction and Theory:-

A second-order system, with a second-order differential equation, in the general form

Can be expressed:

dr(t)

d? t“} s de(t)

r{r}+

——+ayc(f)=b, +b, +bgr(t)

dAr = ol

If we convert to Laplace
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C(s) = bs" +xbhs+by

g,

5 TS+ d,

The first term of C (s) is a zero-state component with a system response at zero initial value (c (0) = 0). The
second term is the zero-input component, with no input, the system response caused by the initial value of
c(0). K (s) is a polynomial associated with the initial value.

When the initial value is zero, the transfer function of equation (1) is:

In this experiment, a simple quadratic system will
be considered. The transfer function of the simple quadratic system is as follows

G{,5]=ﬁ”= 1 by
R(s) s +as+a,

Equation (2) defines the simplest quadratic system. From this equation, it is very difficult to understand the
effects of the coefficients b0, a0 and al on the system or system characteristics. For analytical convenience,
the quadratic system is usually written in the form below

C(s) @

I -
5+ 2008 +.00]

If the natural frequency and damping ratio are known, then the characteristics of the second order system are
obtained. The block diagram of the second order system is shown in Figure 3-1.
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Figure 3-1 Block diagram of second order system.

The transfer function of this system can be expressed as follows.

-

&

ris) sz +3eg)
1+G()H(s) |, m

s{s+2m.¢)

The dynamic behavior of the second order system can be defined using w,and ¢. In the following, the step
input response of the second order system will be discussed.

1- Under Damp State: 0 <¢ <1

C (s)/ R (s) if rewritten

-

',:-.{ 5) i &

R(s) B (s + L@ +_||r-f1?d1 }[.ﬁ + —_jm-aj.

Here ,it is called the damped natural frequency. For step input u(t),

28-110




Lab. Name: Control Lab./4th Level

Experiment no.:
University of Anbar Lab. Supervisor: Assist. Prof. Dr. Yousif
College of Engineering Ismail Al Mashhadany
Dept. of Electrical Mss. Yasameen Kamil
' 2020 - 2021

s (s+co, + f@E+en, — fa,)
$+-,‘mn oy )

(s +cw,) + o

(cico ) w3

If inverse Laplace transformation of C (s) is taken

c(f)=1—e"*(cose,t + f%ﬁiﬂﬂﬂ}
V18

=0 T
e L] : -
c(t) =1 ————=sin(w,r + tan~

‘h'] s

From the above equation, it is seen that the second order system will oscillate at w,frequency.
2. Critical Damped Status: ¢=1

C (s) / R (s) if rewritten

2}

< (=4 a2,

1 £

(s+e2 ) (5+e2)
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If inverse Laplace transformation of C (s) is taken

| c)=1-e""(1+aot)

3. Extremely Damped Conditions:

(Hec>1

For step input us (t),

M

| |
(s 450, + 0,5 =1)(s + 0, - 0,s" ~1)

(2)g>>1
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e Pt is negligible because e “P?t is too large for e Pt _ In other words, if p1 and p2 are distant from each
other and - p2 is very close to jo axis (figure 3-2), e "P1t can be omitted.

Figure 3-2 Polar diagram.

As a result, if the mathematical equation is rewritten

Cls) Py —a "'.-'I'.:: —1 s

R(s) sycm, —w,ci-1 S+

On the other hand, if the quadratic system pl and p2 are away from each other, this quadratic system may be
approximately represented by a first order system.

4-Undamped Condition: ¢ =0

C (s) / R (s) if rewritten

C(s) @?

) (s+ jods=jm,)
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Figure 3-3 Step-by-step response of the second order system.

The basic characteristics of a second order system are discussed above. Below are the other characteristics
of this system. For step input us (t),
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s+ 0

1-
sinf@ f + tan ™

)

Derivative of c(t)

Ic(t i i _
deth) = —"""—js:in{md! +tan>t

t'“' ,..llll — ',"-_
r‘L-E:'.T r _: I | 1 —
— 1 -2 cos(effan  ———
1 ol -
Y e

1_":'-"1-1‘ 1 I = 'l-:.
= sin@,1- ot

n=012,--
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sin{nr —tan™?

—l+ (=D, %05 ...

Maximum time, t,,,, occurs instantly

As a result, the maximum overshoot . The maximum overshoot is only
dependent on the value ¢ and is independent of w,,. In other words, a certain ¢ value corresponds to a
maximum exceeding.

Now, let's consider how to find the system parameters from the output signal. Consider a known second
order system with the following transfer function.
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Here, A and B are unknown coefficients. For step entry, if ¢ (t) has exceeded the output, the coefficients A
and B can be obtained from the output peak c (t). The following steps are followed:

First compare the two systems.

C(s) _ B
R(s) s +As+B

and

If A and B are resolved,

Figure 3-4 shows the step response of the second order system.
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Figure 3-4 Second order system response.

Cmax, T1 and T2 can be obtained from the c (t) outlet. The value { can be obtained from the following
equations.
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— = —In(C,, 1)

In(C o - D] - [M(C=D] ¢
[nc,. -Df |
7t +[n(C, - D |

A7 | in(Ce -0F |
|7+ I(Co - DF|

tmax and w,,, can be found from the following equations

Constants A and B may be obtained using the following equations.
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3- Procedures and Results:-

A- Effects of c on Second- Order System

1- Complete the connections by referring to the block diagram and wiring diagram shown in figure 3-5

(a) Block diagram

SW=W=W=
EIRELIE
Biialimm

S BT S RTA BT

(b) Wiring diagram
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Figure 3-6.
2- On ACS- 13010, generate a 0.1 Hz, 1Vpp square wave at the step+ output terminal.

3- Since bT= w? and aT= 2w,c, a fixed value of bT is equivalent to a fixed value of w,,. In case of fixed bT
value, a change in aT value is equivalent to a change in ¢ value. On ACS- 13008, set T selector switch in the
x10 position, set b to 10 (w,, =10), thus the transfer function of the system is given by

Cis) 100

GG) = 5
)= )~ T +aTs +100

4- Since w,= 10, T=10 and aT= 2¢ w,,, thus a= 2¢. Remain b and T unchanged. On ACS- 13008, set a=4(¢c=
2). Using oscilloscope, measure and record the signals at ACS- 13010 step+ output and ACS- 13008 V,
output terminals.

5- Repeat step 4 for a=2, 1, 0(c= 1, 0.5, 0) and record the results.
B- Effects of w,, on Second- Order System
I- On ACS- 13010, generate a 0.1 Hz, 1 Vpp square wave at the step+ output terminal.

2- Since bT= w2 and aT=2w,,¢, a and b will be varied by varying w,,. On ACS- 13008, place T selector switch
in x10 position, set b to 10 (w,, = 10), set a to 0.4(c= 0.2). Using oscilloscope, measure and record the signals
at ACS- 13010 step+ output and ACS- 13008 V,, output terminals.

3- Repeat step2 for a=0.32 and b= 6.4(c= 0.2, w,, = 8) and record the result.

4- Repeat step2 for a=0.2 and b= 2.5 (¢= 0.2, w,, = 5) and record the result.

5- Repeat step2 for a=0.16 and b= 1.6(¢c= 0.2, w,, = 4) and record the result.

C- On ACS-13008, set arbitrary values of a, b and T, and find the ¢, w,, from the measured output response.
4- Discussion:-

1- What is the effect of ¢ on the response of second -order system?

2- What is the response of second- order system in time domain? Derive it.

3- What is the effect of increasing and decreasing w,on the response of second-order system.
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ag—15 chlled satuwral regqueney of oscillations
wy=wogy L — &~ 15 called damping frequency oscallations

-..J —.rl‘-:l'-c.:!la I.Il'l.ll.l!"lll.'-.' nrel |_'.1.!|r_-‘|. -.|.1:|:|.||'-:||.g ralps

™

Jewrr— 15 called damping factor or actual damping or damping coeeficient
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Experimental Title:- Transient Response Specifications

1- Summary:-
1- To study the important specifications of transient response .

2- To measure the important specifications of transient response.
2- Introduction and Theory:-

Transient and steady-state responses of first- order and second- order systems have been discussed in the
previous experiments. The important specifications of transient response required for evaluating a system's
performance will be discussed in this experiment.

There are energy storage elements existing in actual physical systems so that the output cannot follow the
input signal immediately or simply transient state. In designing a control system designers always wish to
make the system response as quick as possible and with quite small error or without error. In order to evaluate
a system's performance, some system specifications must be defined and used as the standards to evaluate
system's performance.

In general, system specifications are defined by using the transient response to step input. Since the transient
response to step input is affected by the initial conditions, a standard initial value must be defined. The standard
initial value is that the system output and its derivative term are 0. Under the situations of standard initial value
and step input, the system specifications can be defined from the output response. Generally the most often
used specifications include:

1- Delay time t 2- Rise time t, 3- Peak time t,, 4- Maximum overshoot M, % 5- Settling

time ¢t
If the output of the system is c(t), the specifications above are defined as follows:
1- t4- Delay time

The delay time, t,, is defined as the time required for the system c(t) from the initial value c(0) to c(w0)/2, as
shown in figure 4-1.

2- t, — Rise time.

The rise time, t,., is defined as the time required for the system c(t) from 10% to 90% of final value c(x), as
shown in figure 4-2.
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Figure 4-1 Delay time ty Figure 4-2 Rise time t,

The peak time, t,,, is defined as the time required for the system c(t) from initial value c(0) to peak value Cy,, 4,

as shown in figure 4-3.

M, % is computed by subtracting the final value c(e0) from the peak value c(t,) of ¢(t) and dividing by the
final value c(e), and then multiplying the result by 100.

c(tp)—c(OO)

) x 100%

M,, %=

The maximum overshoot is illustrated in figure 4-4.

Figure 4-3 Peak time t Figure 4-4 Max. Overshoot M.
g P P
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The settling time, ¢, is defined as the time required for the system c(t) from zero initial value c(0) to satisfy
the following conditions. Ic(trc)(%

5.

< 2% or 5%, t>t;, The settlingtime is illustrated in figure 4-

(a) Settling time tg (2%) (b) Settling time t4(5%)
Figure 4-5 Settling time tg

The specifications of first- order and second- order systems are discussed as follows:
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As discussed above, we can find that the specifications of first —order system tg4, t,, t are related to only the
pole p=-a or time constant T.= 1/a. If the pole locations on the left- half s- plane and the locations is far from
the origion(that is, small time constant T,.), the values of tg, t,,t; will be small and the speed of system
response will be quick.

Consider the following transfer function of a second- order system.

For a step input, system response (output response) is
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If ¢ and w,, are known, t; can be solved from the above equation.

If ¢ and w,, are known, t; and t, can be solved and then

t?":tl_tz

_. From previous experiments, we have
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(@ Peree AN OVERHBOUTA. From previous expermens, we have

3- Procedures and Results:-

The following uses ACS- 13008 Second Order Plant as a first- order system. The block diagram is shown in
shown in figure 4-6.
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Figure 4-6 Block diagram of first- order system.

1- Complete the connections by referring to the block diagram and wiring diagram shown in figure 4-7

ACS-13010

A

ACS-13008

bT

5

s+al

(a) Block diagram

(b) Wiring diagram

Figure 4-7.

2- On ACS- 13010, generate a 0.1 Hz, 1Vpp square wave at the step+ output terminal.
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3- On ACS-13008, place T selector switch in x 10 position, set a=b=10. In this case, the transfer function of
ACS-13008 is expressed by

_C(s) _ 100 _ BT
" R(s) s+100 s+aT

G(s)

4- Using oscilloscope, measure and record the signals at ACS-13010 step+ output and ACS- 13008 V, output
terminals. Determine tg4, t,, ts from the recorded output signals.

In (0.5 —0.693 0.693
_In©5 _ = === 0.00693 , t,= 2= 0.022, t=

3
aT

— 0
ty = —> — 0.03 (5%)

100

5- On ACS- 13008, modify a to 5. Thus the transfer function of ACS-13008 becomes G(s) = 150

6- Using oscilloscope, measure and record the signals at ACS-13010 step+ output and ACS- 13008 V, output

terminals. Determine ty4, t,, ts from the recorded output signals.

50
7- On ACS- 13008, modify b to 5. The transfer function of ACS- 13008 is thus G(s) = T

8- Using oscilloscope, measure and record the signals at ACS-13010 step+ output and ACS- 13008 V| output
terminals. Determine tg, t,, ts from the recorded output signals.

B- Second Order- System

The following uses ACS- 13008 Second Order Plant as a second- order system. The block diagram is shown
in figure 4-8.

Figure 4-8 Block diagram of second- order system.

1- Complete the connections by referring to the block diagram and wiring diagram shown in figure 4-9.
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(a) Block diagram

Fow oW W

UELIEE]

D)
ot B Tl ol i o’

(b) Wiring diagram

Figure 4-9.

I- On ACS- 13010, generate a 0.1 Hz, 1Vpp square wave at the step+ output terminal.

2- Since bT= w? and aT= 2w,,c, a fixed value of bT is equivalent to a fixed value of w,,. In case of fixed bT
value, a change in aT value is equivalent to a change in ¢ value. On ACS- 13008, set T selector switch in the
x10 position, set b to 10 (w,, =10), thus the transfer function of the system is given by
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C(s) 100
R(s) s2+aTs+100

G(s)=

3- Since w,= 10, T=10 and aT= 2¢ w,, then a= 2¢. Remain b and T unchanged. On ACS- 13008, set a=4(c=
2). Using oscilloscope, measure and record the signals at ACS- 13010 step+ output and ACS- 13008 V, output
terminals. Determinety, t,, ts, t,, M), from the recorded output signals.

4- Repeat step 3 for a= 2, 1, 0.4 (¢= 1, 0.5, 0.2) and record the results. Determine tg, t,., ts, t,, M, from the
recorded output signals.

5- For w,= 10, ¢= 0.5 examples:

e—O.Sx 10ty 1/1 — 0.52
—————sin|104/1 = 0.52t; — tan ! ————| = Constant
V1= 0.52 —0.5

When constant= 0.5, compute t;= 0.13.

When constant= 0.1, compute t;= 0.05.When constant= 0.9, compute t,= 0.21 and t,= t,- t;= 0.16.

b~ ——— = 0.6, t,=——r

s 0sx10 iom 030 M s

x 100%= 16%.

\/_
B-2- Effects of w,, on Transient Response
I- On ACS- 13010, generate a 0.1 Hz, 1Vpp square wave at the step+ output terminal.

2- Since bT= w2 and aT=2w,,¢, a and b will be varied by varying w,,. On ACS- 13008, place T selector switch
in x10 position, set b to 10 (w,, = 10), set a to 0.4(c= 0.2). Using oscilloscope, measure and record the signals
at ACS- 13010 step+ output and ACS- 13008 V, output terminals. Determine tq, t,, ts, t,, M), from the
recorded output signals.

3- Repeat step2 for a=0.32 and b= 6.4(c= 0.2, w, = 8) and record the result. Determine t4, t;., ts, t,, M), from
the recorded output signals.

4- Repeat step2 for a=0.2 and b= 2.5 (¢= 0.2, w, = 5) and record the result. Determine t4, t;., ts, t,, My, from
the recorded output signals.

5- Repeat step2 for a=0.16 and b= 1.6(c= 0.2, w, = 4) and record the result. Determine t4, t;., ts, t,, M), from
the recorded output signals.

4- Discussion:-
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Compare between theoretical results and the practical obtained results for transient specifications values'
including first- order and second- order systems.

Experimental Title:- Steady- State Error

1- Summary:- 1- Examine the steady-state error of the output tray.
2- Measure the steady-state error from the response to different test inputs for different system types.
2- Introduction and Theory:-

For a control system, the difference between the steady-state output and the desired target is called the steady-
state error, and the steady-state error is one of the criteria used to evaluate the performance of the control
system. Most textbooks use mathematical methods to analyze and analyze a steady-state error in different
system types.

1. We know from the control books that the system time response can be divided into two parts:

(1) Transient response (2) Steady-state response

If ¢ (t) represents the time response of a system, system response can be mathematically expressed as

c (t) = ¢ (t) + css¢(t). Here ¢, (t) represents the transient peak, css,(t) represents the steady-state response.
2. Definitions of transient response and steady-state response:

(1) Transient response: The transient response is part of the system response. After a certain time, the
temporary response disappears or decreases to 0. Thus ¢, (t) can be expressed as: tlim c (£)=0
—00

(2) Steady-state response: After the transient response disappears, the rest is called the steady-state response
css¢(t).

(3) Steady-state error: It is impossible for the output loop to be exactly the same as the input signal of the
physical system. In the output response of a physical system, the transient response c; (t) is present. The
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transient response is part of the system dynamic behavior and the system characteristics play an important role
in understanding. This experiment will focus on the issue of steady-state error.

When the transient response disappears, the system enters a steady-state operating state. A comparison
between the steady-state response and the input signal indicates the accuracy of the system. If the input signal
and the steady-state response are different, the difference between the two is called the steady-state error of
the system.

(4) Commonly used test signals to analyze time response:

(1) Step Signal: The mathematical expression of the step signal is as follows:

Or

R(s) =

Wl

If we convert it to the Laplace domain:

The step signal waveform is shown in Figure 5-1.

Arneprliteede

Figure 5-1 Step signal.

(2) Ramp signal: The mathematical expression of the ramp signal is as follows:
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If we convert it to the Laplace domain:

Ramp signal waveform is shown in Figure 5-2.

Awrrapsdetande Anreplifunde
$ 4

"4_ I'".ilr"]

Figure 5-2 Ramp signal Figure 5-3 Parabolic signal

(3) Parabolic signal: The mathematical expression of the parabolic signal is as follows:

r =2 1(t)

If we convert it to the Laplace domain:

The parabolic signal waveform is shown in Figure 5-3. The three signals mentioned above can be easily
analyzed using Laplace transform. The Laplace transform is a useful tool in assessing system performance.

5. Most of the actual physical systems have a steady-state error due to the inherent friction and other factors
inherent in real physical systems. When designing a control system, errors must be reduced or minimized
within acceptable limits.

6. Causes of steady-state error:

(1) Steady-state error due to non-linear factors: The steady-state error of most physical systems results from
non-linear characteristics of the system, such as friction, saturation, dead zone, and recoil. A detailed analysis
of the non-linear system error is highly complex and is beyond the scope of this experiment.
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(2) Steady-state error in linear systems: In a linear system, there is a close relationship between steady-state
error, system type and input signal. Different system types and different input signals will produce different
steady state errors. First, consider the system type definition. Consider the block diagram of the control system
shown in Figure 5-4.

Figure 5-4 Block diagram of the control system

G (s) H (s) can be expressed as:

K{l+as)l+a,5)--(1+a,s)

Gis)H(s) =
OHE = S b 90,51+ b,9)

The system type is determined by j without considering m, n and K. The relationship between system type
and j is listed in the following table

I
I

I I
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I N

G(s)H (s) =552 j=1

For example,

g(l+a¥ =5

type 1 system, Once we understand the system type definition, we will
now address the E (s) or e (t) error. From the block diagram in Figure 5-4,

| et)y=r(t)-b(t) |

If we convert to Laplace

E(s)= R(5)— B(s)
= R(s)—C(s)H(s)
= R(s) = E{(3)5)A(5)
nis)
1+ G{s)H(5)

cE(s)=

Steady-state error ess is defined as follows:

= limsE(s)
2= -

; sR(s)
lim
=0 1+ Cs)H(s)

The effects of the input signal and the system type on the steady-state will be discussed as follows:
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(1) Steady-state error due to step input. The step input signal is expressed as follows

The step error constant KP is defined as follows:

K, =1;i_'.1;.IGLHH“]

e —1m]ﬂ—1im a = ! ——
e |+ GINHS) =01+ GIH(5) 1+@i.1.1t'||ﬁ'|'s'|HH‘l 1+K

(a) Type 0 system

K(l+asil+a,s)--(1+a,s)

Giz)H(=) =
A {1+ D3]l +D.5)- {1+ _3)

K, = |51_I."EJ'IG'I:'F}H{:LJ =K

This shows that the type 0 system has a steady-state error resulting from the structure of the step input.

(b) Type 1 system

e —

E({l +a:s5¥l +a.5)--{1 +a_s)

G ALty 1 oo X il
A E(l + b, =)(1 + Db g)--- (1 + I =)

G j.r_l'_;}t'_'{{ﬂ:rf-ﬂﬂ = 2

il i
o

- 1+H,:l+'.-'
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This indicates that the step input loop of the type 1 system does not have a steady-state error.

(c) Type 2 system

Kl + ai@sil + a,s)---(1 +a_s)

C(s)H(s) = —
R sl sl s b,5)---(1 +b,_5)

K, =1mG(s)H(s) ==
=—ail

This shows that the step input of the type 2 system does not have a steady-state error.

(i1) Steady-state error due to ramp entry: The ramp input signal is expressed as follows.

r(t) = atu(t)

Ramp fault constant KV is defined as follows:

= lmsi{s}H(5)
&=+l

sR{=) : i i
= lim = =
st | L () H(s) =20 24 s (=)H(s) K

= lim

[+

(a) Type 0 system
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Kl +asHl +a,s5)-(1 +a,s5)
{1+ bsHl+b,s)--(1+b,s)
e~ Hnﬂu s(3(s)H(s) =0

Cris1His) =

This means that the output of the type 0 system cannot follow the ramp input.Therefore, the steady-state
error will increase over time.

(b) Type 1 system

Al 4w s + a,5)--(1 +a_5)
sOL &= bysp(labos)-- (1 &8 =)

Gis1Hi=s) =

K, = "’.’;‘.' sCrstHsi =K

b
i

This shows that the type-1 ramp input of the type 1 system has a steady-state error due to its structure.

(c) Type 2 system

K +a;s)(1+a,s)- (1 +a,s)
531 + b, s)1 + b,5)---(1 + b _5)

C=(z)YH(2) =

K= liunl s(={s1H(s) = o

This indicates that the ramp input response of the type 2 system does not have a steady-state error.

(111) Steady-state error due to parabolic input. The parabolic input signal is expressed as follows.
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it

Ris)=—= or rt)= r;

Parabolic error constant Ka is defined as
K =1ing s GO FET5)
==

s(s) i
= limn —g g -
CRE T R T i N W - )

=

s . = Hizm e
! w—dl ] 4 o))

(a) Type 0 system

K(l +a;s¥1 + a,s5)---(1 +a,s)
(1+Ds)1l+b,3)--(L+0,_8)
K. = lim s*GisiHi(s) =0

a

K

() H{s) =

a

This indicates that the output of the type 0 system cannot follow the parabolic input and that the steady-state
error will increase over time.

(b)Type 1 system

CisiH () = it O e a . 5)
s{1 + b, syl + Db.=)---A1 +b_5)

K, =lim s G(s)FH(=) =0

- H

This indicates that the output of the type 1 system cannot follow the parabolic input and that the steady-state
error will increase over time.
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(c) Type 2 system

Kl +a s)(1+n.8)--(1+i_s5)
(1 +D,2)(1 + b.a)- (1 +b_s)
K, =lims“G{s)H(s) = K

& —=dk

s H 5y =

i

This shows that the parabolic input response of the type 2 system has a natural steady-state error.

(d) Type 3 system

K{l +a,si1+a,s)--(1 +a,s)
s7(1 + Dys) L+ bysy--(1 + b_s)
K, =lims"G(s)H(s) = «

0

Gls)H(s) =

This shows that the parabolic input response of the type 3 system does not have a steady-state error.

The explanations above can be summarized as follows:

System Step Ramp || Parabolic
type €ss €ss €ss
-'nn - --
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3- Procedures and Results:-

(A) The block diagram of the type 0 system is shown in Figure 5-5.

Figure 5-5 Block diagram of Type 0 system
A-1. Step input

1. Make the necessary connections using the block and connection diagrams shown in Figure 5-6.

ACS-13001
MACCS-13008

{Es) | BT
s+@ar

(a) Block diagram
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(b) Wiring Diagram
Figure 5-6
2. Produce a 0.1Hz, 1Vpp square waveform at the ACS-13010 STEP + output terminal.

3. At ACS-13008, set the selector switch T to x10, set a=Db = 10. Thus the transfer function of the ACS-13008
is expressed as follows:

; i LT 100
¥, (5) s+al s+100

This system is a type 0 system with step input and the steady-state error is expressed by the following
equation:

2, :!hjl_}jf.'{s'}: mlls;ﬂiiﬂzﬁmx;I =45

=0 ] +G(s) 1=l T4 100 ;
5+100
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4. Using the oscilloscope, measure and record the signals on the ACS-13010 STEP + output and ACS-13001
Vol output terminals. Observe the steady-state error ess to see if it is stable.

5.In ACS-13008, seta =20 and b = 10. Repeat step 4 and obtain the result. Observe the steady-state error ess
to see if it matches the theoretical value.

A-2. Ramp input

1. Make the necessary connections using the block and connection diagrams shown in Figure 5-7.

ACS-13001
ACS-13008

LEGS) | bT

g4

(a) Block diagram
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| ST T acaraee AT A v
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(b) Wiring diagram.
Figure 5-7.
2. Produce a 0.1Hz, 1Vpp square waveform at the ACS-13010 output terminal.

3. In ACS-13008, set the T selector switch to x10, a = b = 10. Thus, the transfer function of ACS-13008 is
expressed as follows:

I_!'l g
G{s]=I S5} BT 100
F.(5) s+al s+100

This system is type 0 system with ramp input and steady-state error is expressed by the following equation:

e. =limsE(s)=lims
= = 5=}

65-110




Lab. Name: Control Lab./4th Level

Experiment no.:
University of Anbar Lab. Supervisor: Assist. Prof. Dr. Yousif
College of Engineering Ismail Al Mashhadany
Dept. of Electrical Mss. Yasameen Kamil
' 2020 - 2021

4. Using the oscilloscope, measure and record the signals on the ACS-13010 RAMP output and ACS-13001
Vol output terminals.

5. On ACS-13008, make a = 20 and b = 10. Repeat step 4 and get the result. Observe the steady-state error
ess to see if it matches the theoretical value.

A-3. Parabolic input
1. Make the necessary connections using the block and connection diagrams shown in Figure 5-8.

ACE- 13001
ACS-13008

E{s) |l bT
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(b) Wiring diagram
Figure 5-8.
2. Produce a 0.1Hz, 1Vpp square waveform at the ACS-13010 output terminal.

3. At ACS-13008, set the selector switch T to x10, set a = b = 10. Thus, the transfer function of the ACS-
13008 is expressed as follows:

G[sJ—F"fH— hT 100
F.(5) s+al s+100

This system is type 0 system with parabolic input and steady-state error is expressed by the following equation:

. , 1 i 1
., =limsE(s) = I:"-]:FH—MR”J =hims 1o 100§

£+100

4. Using the oscilloscope, measure and record the signals at the ACS-13010 PARABOLIC and ACS-13001
Vol output terminals. Observe the steady-state error ess to see if it increases over time.

5.In ACS-13008, seta =20 and b = 10. Repeat step 4 and obtain the result. Observe the steady-state error ess
to see if it matches the theoretical value.

B- Type 1 system

The block diagram of the type 1 system is shown in Figure 5-9.

4 100
s(s +100)

Figure 5-9 Block diagram of Type 1 system.
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B-1. Step input

1. Make the necessary connections by using the block and connection diagrams shown in Figure 5-10.

ACS-13001
ACS-13008

J bT
s(s+aT)

(a) Block diagram
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,
s

A FULATTN
FRrE Tl Acama s

(b) Wiring diagram.

Figure 5-10.

2. Produce a 0.1Hz, 1Vpp square waveform at the ACS-13010 output terminal.

3. On the ACS-13008, set the selector switch T to x10, a=b = 10. Thus the ACS-13008's transfer function:

Guo<lald_ T 1_ 100

V.(s) s+als s +100s

This system is a type 1 system with step input. Steady-state error is expressed by the following equation:
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e, =limsE(s)=lims
& g = ]

&

100
e
57 +100s

4. Using the oscilloscope, measure and record the signals on the ACS-13010 STEP + output and ACS-13001
Vol output terminals. Observe the steady-state error ess to see if it is equal to zero.

5. In ACS-13008, set a =20 and b = 10. Repeat step 4 and get the result. Observe the steady-state error ess to

see if it matches the theoretical value.

B-2. Ramp input

1. Make the necessary connections using the block and connection diagrams shown in Figure 5-11.

ACS-13001

E(s)

ACS-13008

bT
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(b) Wiring diagram
Figure 5-11.
2. Produce a 0.1Hz, 1Vpp square waveform at the ACS-13010 output terminal.

3. In ACS-13008, set the T selector switch to x10, a=b = 10. Thus, the transfer function of the ACS-13008
is expressed as follows:

V.G6) 6T 1_ 100

G(s) =

¥ (s) “s+als s +100s

This system is type 1 system with ramp input. The steady-state error is expressed by the following equation:
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e, =lhmsE(s)= limx—lrmsl = lims
= §-= t-=0 |4 G“} =0

4. Using the oscilloscope, measure and record the signals on the ACS-13010 RAMP output and ACS-13001
Vol output terminals. Observe the steady-state error ess to see if it is stable.

5.In ACS-13008, set a=20 and b = 10. Repeat step 4 and obtain the result. Observe the steady-state error ess
to see if it matches the theoretical value.

B-3. Parabolic input
1. Make the necessary connections using the block and connection diagrams shown in Figure 5-12.

ACS-T13001
ACS-13010 ACS-13008

Eis) BT
s({s-+aT)

(a) Block diagram
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(b) Wiring diagram

Figure 5-12.

2. Produce a 0.1Hz, 1Vpp square waveform at the ACS-13010 output terminal.

3. In ACS-13008, set the T selector switch to x10, a=b = 10. Thus, the transfer function of the ACS-13008
is expressed as follows:

G ) _ BT 1 100

Vis) s+al s s> +100s

This system is a type 1 system with parabolic input. The steady-state error is expressed by the following
equation:
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|
100
. —
¢ + 1003

e. =hmsE( 5'I=1ima;R{ t)=lms
R = 5«0 I+G[g} =g

4. Using the oscilloscope, measure and record the signals on the ACS-13010 PARABOLIC output and ACS-
13001 Vol output terminals. Observe the steady-state error ess to see if it increases over time.

5.In ACS-13008, set a =20 and b = 10. Repeat step 4 and obtain the result. Observe the steady-state error ess
to see if it matches the theoretical value.

C. Type 2 System

The block diagram of the type 2 system is shown in Figure 5-13.

Figure 5-13 Block diagram of Type 2 system
C-1. Step input

1. Make the necessary connections using the block and connection diagrams shown in Figure 5-14.

ACS-13001 ACS-13000

ACS-13010 menmsansy  ALE-13006(1) ACS-13006(2)
-]

+ | ElS) Tz |

(a) Block diagram

74-110




Lab. Name: Control Lab./4th Level

Experiment no.:
University of Anbar Lab. Supervisor: Assist. Prof. Dr. Yousif
College of Engineering Ismail Al Mashhadany
Dept. of Electrical Mss. Yasameen Kamil
' 2020 - 2021

|- 1|| ||| |-
- J.I III I
e i

(b) Wiring diagram
Figure 5-14.
2. Produce a 0.1Hz, 1Vpp square waveform at the ACS-13010 STEP + output terminal.
3. In the ACS 13009, set the T selector switch to x10, set z to 0.1 and set p to 1.

4. Set the selector switches on ACS-13006 (1) and ACS-13006 (2) to the positions shown in the following
table.
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Gf.ﬂ—y"{“—i £+ 1 ﬂzmﬂs+1uu

This system is type 2 system with step input. The steady-state error is expressed by the following equation:

: : 1 : 1 1
= = IR = I e O " SR 100 s

s7+10s’

0

5. Using the oscilloscope, measure and record the signals on the ACS-13010 STEP + output and ACS-13001
Vol output terminals. Observe the steady-state error ess to see if it is equal to zero.

C-2. Ramp input

1. Make the necessary connections using the block and connection diagrams shown in Figure 5-15.

ACS.1 3001 ACS-13009
ACS-13010 . . ACE-A3005[2)
! 5
i +1
A | Tz
] 5
1

ip

(a) Block diagram
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(b) Wiring diagram
Figure 5-15.
2. Produce a 0.1Hz, 1Vpp square waveform at the ACS-13010 STEP + output terminal.
3. In the ACS 130009, set the T selector switch to x10, set z to 0.1 and p to 1.

4. Set the selector switches on ACS-13006 (1) and ACS-13006 (2) to the positions shown in the following
table:

The transfer function of this system is as follows:
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V(s) 1 s+110 100s+100
G{j‘}: = e _=ﬁ
V,(s) 5i+1 5 s +10s"

10

This system is type 2 system with ramp input. Steady-state error is expressed by the following equation:

. N v S 1 I
€s "Hjﬂ“_?ﬂﬁhﬁmmﬂ-!-u-]i}FHI[lDHmD 57 3
s* +10s°

5. Using the oscilloscope, measure and record signals on the ACS-13010 RAMP output and ACS-13001 Vol
output terminals. Observe the steady-state error ess to see if it is equal to zero.

C-3. Parabolic input
1. Make the necessary connections using the block and connection diagrams shown in Figure 5-16.
ACS-13001 ACS-13009

ACS-13010 rmmmmmay  ACS-13006(1) ACS-13006(2)
#1

s ]

i E{s)

(a) Block diagram.
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(b) Wiring diagram

Figure 5-16.

2. Produce a 0.1Hz, 1Vpp square waveform at the ACS-13010 STEP + output terminal.

3. In the ACS 13009, set the T selector switch to x10, set zto 0.1 and set p to 1.

4. Set the selector switches on ACS-13006 (1) and ACS-13006 (2) to the positions shown in the following

table:

Selector Switch

ACS-13006(1)

The transfer function of this system is as follows
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V,(s) 1 s+110 100s+100
Gs)y=-222 =2 2 =l
is) 5.8 4.5 5 +108

10

This system is type 2 system with parabolic input. Steady-state error is expressed by the following equation:

1

]
e, IunsE{a} hmsl G[ R[i] Iun:sl H}EI T 0.09

¢* +10s*

5. Using the oscilloscope, measure and record the signals on the ACS-13010 PARABOLIC output and ACS-
13001 Vol output terminals. Observe the steady-state error ess to see if it is stable.

4- Discussion:-

Compare between theoretical steady — state error's results and the practical steady- state error's obtained
results for type (0,1 and 2) systems whenever applying step, ramp and parabolic signals for each
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Experimental Title:- System Simulation

1- Summary:- 1- To learn how to describe a physical system using differential equation.

2- To find the solutions of the differential equation in order to understand the characteristics of physical

systems.

3- To observe the output response of control system using ACS- 1000 Analog Control System.
2- Introduction and Theory:-

Figure 6-1 shows a typical spring- mass- damper system.

F Load
1 External Force

Wheslbarrow
Mass (M

T )
fs fd

Spring Force Ciamping Force

Hard Whasl

Figure 6-1 Typical spring- mass- damper system.

The spring force is —ky(t) and damping force is -cy. In view of force, the system of figure 6-1 can be expressed as

shown in figure 6-2.

|

mass{m)
T
[T vo

ky(t) cy(t)

Figure 6-2 Typical spring- mass- damper system in view of force
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According to Newton's second law, yields

> F (1) = mi(r)

f;(t) Includes spring force ky(t), damping force cy(t) and external force F(t). Thus

FH) = k(1) — () = mi(1)

Eq.(1) can be rewritten as

mv(r) + cv(r) + k() = Fr)

When F(t)# 0, Eq.(2) is called the nonhomogeneous differential equation. To find the solution of this
differential equation, follow these steps:

1- Find Homogeneous Solution

The differential equation of Eq.(2) is called the homogeneous differential equation when F(t)= 0; that is,

mir(r) £ ety + k() =0

The characteristic equation is

mA2+cd+k=0
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The roots of characteristic equation are:

[ =
_—ckyct —amk

2m

Thus homogeneous solution may be one of the following three cases:

(1) ¢ =dmk >0 or ¢* > dmk

The roots 4;, 4, € R and 4; # A4,, the homogeneous solution is:

At

v, (N =ae" +ae™

(2) & —dmk=0 or o =dmk

The roots 4;, 4, € R and 4; = A,= A, the homogeneous solution is:

v, (1) =(q, +n_,r}£='“

(3} ' =4mk <0 or ¢ < dmk

The rootsA;, A, € Cand A; # A,,if 4, ,, = p+ iq, the homogeneous solution is then:

vilfl=e” '(a, cosqt +a, singr)
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a,, a, in the homogeneous solutions above are the constant coefficients depending on the initial values y(0),
y(0).

2. Find particular Solution y,,(t)

The relationship between the specific solution  y,(t) and F(t) is shown in the table below.

at® A" a1 g g
] -1 I [

.m;"" rJ‘,L‘F|r

1 cos gt i, 0% gt + a, singt

i s gt i1, CO5 gt +a, sin gt

As can be seen from the table, the particular solution y,,(t) consists of F(t) and the differentiation term of F(t).
3. Complete Solution
Adding the homogeneous solution y,(t) to particular solution y,(t), yields: y(t)= yp(t) +y,(t)

Mathematical method was used to find the solutions of a non-homogeneous differential equation. In the
following section, control blocks of the ACS-1000 Analog Control System will be used to solve the second
order differential equation. In essential, the analog control system is an analog computer; therefore we transfer
differential equation to the state diagram. The state diagram of Eq.(2) is shown in figure 6-3.

y(0) y(0)

Figure 6-3 State diagram of typical spring- mass- damper system.

This state diagram can be expressed in block diagram form as shown in Figure 6-4.
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Figure 6-4 Block diagram of typical spring-mass-damping system

3- Procedures and Results:-

To use the ACS-1000 control blocks, the block diagram in figures 6-4 is redrawn as shown in Figure 6-5.

Figure 6-5 Block diagram.

Make the necessary connections according to the block and wiring diagrams shown in Figure 6-6.
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ACE-13010

i
i
A :+
= i :g } '
= :__I

R ——

(a) Block diagram.
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(b) Wiring diagram.
Figure 6-6.
A. Find Homogeneous Solution: F(t) =0

1. On the ACS-13010, set the AMP control knob to produce a square wave of OV at the STEP + output
terminal. That is, F(t)=0.

2. Set the ACS-13006 (1) and ACS-13006 (2) selector switches as follows:

3. 0On ACS-13005, set K to 1 (m = 1). Proceed to the following cases:

A-1. c’-4mk=0 or c*>4mk, F(t)=0

(1) In this case, the ACS-13006 (1) is used as the master block of the two integrators. To set these two
integrators to the initial mode, set the SYNC switch to INI.C and set the initial values of the two integrators
to OV (y (0)=0, y(0) = 0).

(2) In ACS-13007, set K to 3 (c = 3). In ACS-13007A, set the K to 1 (k = 1). Thus, the system satisfy c¢?>
4mk. Record the ¢ and k values (m =1).

(3) Find the values of a,, a;, A;1, by substituting the recorded values c, m, k, y(0) and y '(0) into the
characteristic equation and differential equation. Plot y,(t) waveform according to the equation:
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v, ()= ae" +a,e”

(4) In ACS-13006 (1), set the SYNC switch to OP. Using the oscilloscope, measure and record the signals on
the ACS-13010 STEP + output and ACS-13006 (2) Vo output terminals. Compare the result with the plotted
y (t) in Step (3). Do they agree with each other?

(5) Changing initial value

(a) Set the SYNC switch to INL.C at ACS-13006 (1). Set the initial value of ACS-13006 (2) to + 5V (y (0) =
5) and the initial value of ACS-13006 (1) to OV (y(0)= 0). Repeat steps (2) to (4) and record the result.

(b) Set y (0) =-5, y(0) = 0. Repeat steps 2 to 4 and record the results.

A-2. c*-4mk=0 or c’=4mk, F(t)=0

(1) In this case, the ACS-13006 (1) is used as the master block of the two integrators. To set these two
integrators to the initial mode, set the SYNC switch to INI.C and set the initial values of the two integrators
to OV (y (0) =0, y(0)= 0).

(2) In ACS-13007, set K to 2 (¢ = 2). In ACS-13007A, set K to 1 (k = 1). These make the system satisfy  c?
= 4mk. Record the values of ¢ and k (m = 1).

(3)Find the values of a;,a,,A by substituting the recorded values c, m, k, y(0) and y '(0) into the
characteristic equation and differential equation. Plot y,(t) waveform according to the equation:

v, () = (a, +a,t)e”

(4) In ACS-13006 (1), set the SYNC switch to OP. Using the oscilloscope, measure and record the signals on
the ACS-13010 STEP + output and ACS-13006 (2) Vo output terminals. Compare the result with the plotted
y (t) in step (3). Do they agree with each other?

(5) Changing initial value
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(a) Set the SYNC switch to INI.C at ACS-13006 (1). Set the initial value of ACS-13006 (2) to + 5V (y (0) =
5) and the initial value of ACS-13006 (1) to OV (y(0)= 0). Repeat steps 2 to 4 and record the result.

(b) Set y (0) =-5, y(0)= 0. Repeat steps 2 to 4 and record the result.

A-3. ci-4mk<0 or c’<4mk, F(t)=0

(1) In this case, the ACS-13006 (1) is used as the master block of the two integrators. To set these two
integrators to the initial mode, set the SYNC switch to INI.C and set the initial values of the two integrators
to OV (y (0) =0, ). y(0)=0).

(2) In ACS-13007, set Kto 1 (¢ = 1). In ACS-13007A, set K to 1 (k= 1). Thus, the system satisfy c? <4mk.
Record the ¢ and k values (m = 1).

(3)Find the values of ay,a;, 4, , = p % iq by substituting the recorded values ¢, m, k, y(0) and y '(0) into the
characteristic equation and differential equation. Plot y,(t) waveform according to the equation:

v, (1) =e""(a, cosgr +a, singt)

(4) In ACS-13006 (1), set the SYNC switch to OP. Using the oscilloscope, measure and record the signals on
the ACS-13010 STEP + output and ACS-13006 (2) Vo output terminals. Compare the result with the plotted
y (t) in Step (3). Do they agree with each other?

(5) Changing initial value

(a) Set the SYNC switch to INL.C at ACS-13006 (1). Set the initial value of ACS-13006 (2) to + 5V (y (0) =
5) and the initial value of ACS-13006 (1) to OV (y(0)= 0). Repeat steps 2 to 4 and record the result.

(b) Set y (0) =-5, y(0)= 0. Repeat steps 2 to 4 and record the result.
B. Find Complete Solution: F(t) #(0 (External force added)

1. Replace the ACS-13010 module in Figure 6-6 with the ACS-13011 and connect the ACS-13011 FG
OUTPUT terminal to the ACS-13005 V1 input terminal. While holding down the PULSER switch, generate
a pulse of 1V at the FG OUTPUT terminal by setting the AMP control knob, that is (F(t) = 1). This manually
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generates a step function. To synchronize the step input signal and the integrator; connect the SYNC terminal
of the ACS-13006 to the SYNC terminal of the ACS-13011.

2. Set ACS-13006 (1) and ACS-13006 (2) controls as follows:

3. On ACS-13005, set K to 1 (m = 1). According to the block diagram in Figure 6-7, proceed to the following
cases:

Figure 6-7.

B-1. c*-4mk=>0 or c’>4mk, F(t)=u.(t)
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(1) In this case, the ACS-13006 (1) is used as the master block of the two integrators. To set these two
integrators to the initial mode, set the SYNC switch to INI.C and set the initial values of the two integrators
to OV (y (0) =0, y(0) = 0).

(2) In ACS-13007, set K to 3 (c = 3). In ACS-13007A, set the K to 1 (k = 1). Thus, the system satisfy c¢?>
4mk. Record the ¢ and k values (m = 1).

(3) Find the values of a4, a;, A;1, by substituting the recorded values c, m, k, y(0) and y '(0) into the
characteristic equation and differential equation. Plot y,(t) waveform according to the equation:

*rae” +k

)= am,e

(4) In ACS-13006 (1), set the SYNC switch to OP. press the RESET button of ACS-13011 to synchronize the
integrator with function generator. Press PULSER pushbutton switch. Using the oscilloscope, measure and
record the signals at ACS- 13011 FG OUTPUT and ACS-13006 (2) Vo output terminals. Compare the result
with the plotted y(t) in Step (3). Do they agree with each other?

(5) Changing initial value

(a) Set the SYNC switch to INI.C at ACS-13006 (1). Set the initial value of ACS-13006 (2) to + 5V (y (0) =
5) and the initial value of ACS-13006 (1) to OV (y(0)= 0). Repeat steps (2) to (4) and record the result.

(b) Sety (0) =-5, y(0) = 0. Repeat steps 2 to 4 and record the result.

B-2. c’-4mk=0 or c’=4mk, F(t)= us(t)

(1) In this case, the ACS-13006 (1) is used as the master block of the two integrators. To set these two
integrators to the initial mode, set the SYNC switch to INI.C and set the initial values of the two integrators
to OV (y (0) =0, y(0)=0).

(2) In ACS-13007, set K to 2 (¢ = 2). In ACS-13007A, set K to 1 (k = 1). These make the system satisfy  c?
= 4mk. Record the values of ¢ and k (m = 1).

(3)Find the values of aq,a;, A by substituting the recorded values c, m, k, y(0) and y '(0) into the
characteristic equation and differential equation. Plot y,(t) waveform according to the equation:
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W) =(a, +a,t)e” +k

(4) In ACS-13006 (1), set the SYNC switch to OP. Press the RESET button of ACS-13011 to synchronize
the integrator with function generator. Press PULSER pushbutton switch. Using the oscilloscope, measure
and record the signals at ACS- 13011 FG OUTPUT and ACS-13006 (2) Vo output terminals. Compare the
result with the plotted y(t) in Step (3). Do they agree with each other?

(5) Changing initial value

(a) Set the SYNC switch to INL.C at ACS-13006 (1). Set the initial value of ACS-13006 (2) to + 5V (y (0) =
5) and the initial value of ACS-13006 (1) to OV (y(0)= 0). Repeat steps 2 to 4 and record the result.

(b) Sety (0) =-5, y(0)= 0. Repeat steps 2 to 4 and record the result.

B-3. c¢’-4mk<0 or c’<dmk, F(t)= u.(t)

(1) In this case, the ACS-13006 (1) is used as the master block of the two integrators. To set these two
integrators to the initial mode, set the SYNC switch to INI.C and set the initial values of the two integrators
to OV (y (0) =0, ). y(0)=0).

(2) In ACS-13007, set K to 1 (c=1). In ACS-13007A, set K to 1 (k= 1). Thus, the system satisfy ¢? <4mk.
Record the ¢ and k values (m = 1).

(3)Find the values of ay,a;, A4, , = p % iq by substituting the recorded values ¢, m, k, y(0) and y '(0) into the
characteristic equation and differential equation. Plot y,(t) waveform according to the equation:

¥(1) = e¥ (a,cosqr +a, singt) + k,

(4) In ACS-13006 (1), set the SYNC switch to OP. press the RESET button of ACS-13011 to synchronize the
integrator with function generator. Press PULSER pushbutton switch. Using the oscilloscope, measure and
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record the signals at ACS- 13011 FG OUTPUT and ACS-13006 (2) Vo output terminals. Compare the result
with the plotted y(t) in Step (3). Do they agree with each other?

(5) Changing initial value

(a) Set the SYNC switch to INL.C at ACS-13006 (1). Set the initial value of ACS-13006 (2) to + 5V (y (0) =
5) and the initial value of ACS-13006 (1) to OV (y(0)= 0). Repeat steps 2 to 4 and record the result.

(b) Set y (0) =-5, y(0)= 0. Repeat steps 2 to 4 and record the result.
4- Discussion:-

Show in steps how to express the differential equation of typical spring- mass — damper system to block
diagram form? What are the effect of m, k, ¢, F(t), y(0) and y(0) at your results?
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Experimental Title: - Dominant Pole of Second- Order System
1- Summary: -

i, To understand the dominant pole of a sesthd-Order systam.

Z. To warily thal a second-order system can be approximaled by a first-order systam.

2- Introduction and Theory: -
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Efﬁﬁ-ruﬁéﬁhﬁ"’Md—wﬂe{ system are real and distinct and the two roots are far apart
fromi pach, ‘olhar, the second-ordor system can be approximated by a first-order system
whnw r|::|::d I8 clos® to the ongin,

The transfer function of a second-order system can be {actored ass

o

() ab o X, -rn :-L”..Li__

R(s) (s+a)a+h) s+a s+b & D50
Mo

Solving for X and ¥, wa have
h—a i, —a
PN T
Applying partig ﬁbmmmﬂqqha to thie transfer function above, it is expandod as
CER BRSNS ab 1

R3F “b=arxs+a b-as+d

For a step inpul, then - _.__ ,-3#
] il 6 r
- 1 5 --'I_'l.. '
Cls)=- j"ﬁ e _r"f.. Lh-| A “i-""' >
5| =g} F+i T ] E u'?_;"." i
ek

in ordar to return to tme domain, take inverse Laplace ransform of Cia)

—all 11 B 5
1 II |

iy =1 . e
g £ " T h—

2 ~-_._m

Considar the following lrmafar Eﬂdn u'f g_ﬂrs:l-l::rder sy siam
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_{1-] i 3
Rz} s+a b :‘.- 1
1'.- -\..il;_ . 'H.-'.
. o i
For a step input, then o e g
1é .-._1-_';.1. T h
J.-.-':"_:I:[__l:i_ r -
F A+ 0

In ardar 1u rqim‘n [n ume domain, apply inverse Laplaca transform o C.(s)

ﬂ‘ﬂ]Tl“"L

-'1""" . ‘--'.r 'x

hﬁnﬂ:mdar the differance between first- and second-ordar systems.

() = () —c() ==~ —[l -2 4 & [ G
b—a b=
|
- e (™ g WY : =
-1 . ‘ t

The magnitude of a{l) indicates the closenoss betwaad o ﬁratunm IT &) is very
small, these two sysiems are very close lo each olhed: (t'l.* lh! lw of second-ordar
Syslem is vory close o that of first-order system. In such & case, the seconc-order syslom

can be replaced by a first-order System. Figure 9-1 shows the [ete}| curves. In this figure,
ik ek
X axis is scaled h:.' lhd*rﬂlg -n-ﬁfu curves 1 to 5 indicate b=1.1a, b=2a, b=5a. b=10a and
-!

b=20a, I’mpﬂﬂ[‘ﬁ*y 'Itiﬂf'.’hﬂﬂ curves, the greator the b value or the smaller the fe(r)

value, the laspdhau'-'ql @ second-order system is much close to that of a flirst-order system
Whan b approaches infinity, the e(l) approaches zem.
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Figure El-.f '.-r'ra|' CLIres

3- Procedures and Results:-
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1. Complels the connoctions by rabarring qwm hfpgram and wiring disgram
shown in Figure 8-2 e

. "R} ] |- BT — C{s}
o 'T s L

: [ SN |
il '
HE {a} Block diagram
— -
(@ | (&) (&= [@z )| (&=
—— T s @0z,
_\_\‘\Ih '|I-|-r =l
(ﬂ =t -ﬁ{?f e gi) : L ]
m»;ﬂ | e N 4 _:-.J' , I—ﬂ J *I-
' 1‘:&:' i ) - 1 uﬂ, o
=25 19| o8
e ? o 9P| -2
e | cusmsoem oo | ommswen

& S
b} Wiring diagram Corm, F AN
i i .E “fll" L o)

L. OnACS-13010, genarate a 0.05Hz, 1Vpesguare wave al the STEP+ output lermdnal
|I 4wy

3. Sel ACS-13006 ﬂnﬂﬂfwaﬁg
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! s-l"h.l!.'.[l:‘f_.ﬁ'llﬂ'iﬂ"l | -...ﬁ.E.S-f_E.ID-E )
T . 1l & ._I.E'
‘ LC LN i

| sYne T

4. On ACS-13008, place T selecior switch' in x1 position, set a=b=1. In this casa, i

ranster function. of this system s
L |

. 'lhf._J-J-'-f*':-::-J= ;

B IR (eI +1)

=

Using oscilloscope, measure and record the signals at ACS- 13006 Vo output (C1 (s)) and ACS-13008 Vo'
output (C(s)) terminals.

Ln ALS-13008. place T salecior switch in x10 position, set a=badaln this casa, the
trangber funclion of this aystem |s expresssd by %o e
G LAY 161 . T -
Bix)  (n+1Ms=10) i e L

Using oscilloscope, measure and record the signals at ACS- 13006 Vo output (C1 (s)) and ACS-13008 Vo'
output (C(s)) terminals.

i On AGS-13008, plece T selector wavitch in x10 pasalion, et a=b=10 Thus the transfoer

function of this system = 2 2 -._-
kL . g I
Gy CE 100 i3
R(sY (5 +=+100) S8 e o,
L] -

Using oscilloscope, measure and record the signals at ACS- 13006 Vo output (C1 (s)) and ACS-13008 Vo'
output (C(s)) terminals.

4- Discussion: -
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According to your results, discuss whether or not second-order system can by approximated by first- order
system.

Experimental Title: - Proportional Controller

1- Summary: -

1. To study the effects of P controller on variots systems.

2- Introduction and Theory: -

F"ll'.'r F‘mpurﬂnnaﬂ Intagral-Darivative) controfler is one of the most widely used controllers
in {nﬂustr'_..r In this experimant, wa will use step response lo sludy the effects of P
contralier an the systems.

:H

1. First-Crder Planis - A fi'
po i - . o SN _.. H"-
First-order piants can be divided info two types: it 5 - (¥
(1) Type O Systam oAtk
G(s) =—L—
3+ FI'

When a P mnlr:@@:m ﬂdueﬂ to the systemn, the block diagram is shown in Figure

1.
A
R(s) K, Sf'::”; - C(s)
2 o
o, Shots (N /.
) £ 4?‘1 ’ .

ai | oo
Figure 11-1 Block diagram of firat-order type 0 system mth‘ﬁﬁﬁnbnlhér
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The open-lcop transfer function is then_.,

s K . .
G(s)=—t5 L i
4 i g :\.;I:;i il ﬂ _:l

]

and the closad- Impﬂw;rwi’&m s

Mis) = hepy
s+ (14 K. p, 5 1.-.1#

For a step input uglt), we first ::-nrup:ﬁ-r I:hu ﬁ:am:n.u H:!:mn:uu efror by of tha type 0
system with P conirollar. By ueﬂnmm'hl' sfhndyeﬂatu emor, wa have
|
il Y

i#

|[_IE'QL'IIM:FI’IE an incraass N Kp value reduces the steady-siate enor. Next et us
.mn-:hfw frhinsient response. From the closed-loop transfer funciion, the pole p
_; ' ‘of Ihl::rldﬂm.f.
. . p=={1+K,)p

From the equation above, ncreasing Ky makes the pole far from the srigin (sas tha
root locus shown in Figure 11-2), 2o the response becomes fae T

2 :I . >F*H~UTE 11-2 Root locus plot

L 'l.
&

l:ll -'_'-'f-

s mnﬁmd'ﬁhwb ma greatar tha K., the faster the systom resporme, and the
smadler tha steady-stale error. However, this system atways exists stoady-state
e uniass K== y
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: 1 =¥ '1.._ ¥ E"._ ¥
Cr{w)= LT e P TR ]
. ¥ E N
o
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&
r h .r : ".
R{s) * l —n— Y > ([s)

A
i Yy W

o nmn
Figure 11-3 Block diagram of first~order type 1 system with P controliar

The open-logp transfer function is then

'._ﬂ ﬁ’ '\."l'-l-wllﬁ
o :'I;ll_' 4
4 ,. '1n&'fr!&ﬂnﬁad-lmp transfer function is

=

Mix)=

& 4 a

For a systermn withoul P controller, ey = 0 according to ﬂ'rﬂ-!'mﬁﬂ% of steady-state

ermor With P confrofler, the type of plant s not changed. #ad o Stéady-state ermor
b1 By Ry

iy gererated \

o
From the closad-loop transfer function, tha pole of system is
= ‘_""-."'
An |nuﬂﬂﬁ:§-l’ﬁﬁ_n'l'_nll_-c he pole far from the origin (see Figure 11-4) s thatl the
responas bacomos Tase,
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&
0 Y

Flgulu 11-4 Hool locus plat

As discussed abova, the step respan 5E ‘of this system has no steady-stale error o
that the steady-state arror s rqul, nﬁp?g:l by Ke, For transient response, tho groater

the Ky, the fastar tha ﬂjWﬂﬁﬁﬂ
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Mherofore P controller affects a first-order plant on:

(@) Transiont response -:I"" ’;:-5-
The graster the K-, the fastar (ha waﬁ%rﬁh&sﬁ"
(b} The steady-state aror of step ne :

If the original system has .:ua-d-,r p—.wi"::r |hu greater the K, the smaller the
stoady-state emor is. However, it always has steady-state error unless K. = = |f
the arigingl system has no steady-state emror, the amount of K. does not affect
| totis
‘?I :;- -‘nc% 5 orror

;Eﬁi'i:i'qrfFla nis
:Eﬂn;u}u-n-da planis can be divided into tha following three types:

(1) Typa 0 Systam

el

Figure 11-5 shows the block diagram of a type 0 system with PEBntroller

s
i, g SRR

Kz}

AT
i (5]

Figure 11-5 Block qliﬂhfam of sacond-order type 0 system with P controlier

"J’
The up?r%c-p”tmnahr ffrnntlnn s
{,fﬁ = h_ﬁ

'l-' "'H"l'-JJ-

and the closed-loop transfer function is expressed by pe—
. r‘-\l.....-:"\. ‘
T — PR gl
87 b S+l + Ky ) adty TN A
'F‘t'-l'_ .,.--'.- < b Rl

Furthermare typo O plant can ba divided into lhree ypos.
ta) Two roots are real and disting ¢ :

The root locus plot I.s_ ’hjnfh'ﬁ_'hmu- 11-5.

FA Y
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_ﬂrgurﬂ 11-0 Root locus (Iwo rools ane real and distinet)

M NN

:.J:n'_! Twu,ruuta ara real and aqual
s L L

"y WRioot locus is shown in Figure 11-7.

o

o

far

E
wl
| . {_
* ‘___l.'\-
J‘* E’._'u E:
K - 1.'
e L =

{c} Twor ma]'iru:l edqlial
.._-."l'.'
Rootlocus nhmlm-ln Figure 118,
I R
'"F."'.- ) rl“'ll 5 =
=k, 3
- -
. 5
Ke 1] rii~
- - —= P " '}_,, ; =
K, T o RF N A
1 T - _
. S

Figure 11-8 Root locus (wo rects are real and eguatl)

Mow lol us discuss tha 5@5—3&3& r a,, from the apan-loop transfer functicn
S rﬁ:m 5
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= 200, and a;.+H,.;g,¢vm Sincea ?" ﬁ‘ l;aji?%c mamtmrq; of plant, they are

'I'H-- ﬂ..' ._’:,_
constant. Ke is the aduslable gaﬂn"ut P, Toritrolier, thus the greater tha Kg, the

greater the natural freguency w,; in addition, 20w, s constant, therofore the
preater e i, the smaller the £ From the propertias of a second-order syalem,
lhe QIHE*HI' iy, the faster the system response: whareas the magnitude of £ not
,;:-'qﬁﬁl N % ‘The response speed, bul also causes an overshool on system
: f ;e;ﬁonda The smaller the £, the faster the system responso, and the graater the
-Hh"ﬂflhv:'n': As discussed above. the greater the K., the faster the system responss,
the greatar the overshast, and the amaller the sloady-stale emror,

(2} Type 1 System Ef :
f;[,f_r _F' - :. :.-.-

s{zs+p) 4 B L .' -

fiam T ‘B i

= L)

=5 L
The block diagram of type 1 plant with P controller Is 2Rawr Figure 11-8

K, Fi - O
i |—~ 5{5+I".:| = f |:_'|-l

"*ﬂmu' _ﬂﬁ Ehﬂhﬂh&n ram of second-ordar type 1 system pius P contrallsr

Figura 11-10 shows s root locus plol.

bk
Fﬂlmﬂhﬂﬂ Réot locus st
Al GomT
“: e U= "
-:e-!--l' x o .]
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The apan-leop trensfer funclion is &
; .
)= _"‘Ef"l_ ﬁ'ﬂ-‘_'-‘ =
Fla+ p) B e .1'H;ji e
N AN
and the closed-loop transfer !m-nﬁﬁi.., IO
J} - -
K e\
M(5) = by o

P f.l,-c-!-ﬂ.,.p

Fnrmﬂhn withoul P controller, ess =0 according o the formula of the staady-
le HEE "The type of system is nol changed when P controller is added to the
i "niqr this system still has no steady-state error.

= Nm we discusg the rensient response fram the dosed.-loop treansfer funclion by

&

letting o =2om, and K_p =, ' Since py i the m%ienl&%ﬁ plant. 5o i is

constant. Ks is an adjustable gain of P controller, Hﬂﬂw&'ﬂp the greater tha
natural frequency w,; in addition, 2w, is constagt) ll'h: 0 greater the w,, the
smaliar the £, In other words, the greater the Ka, m qu and the smallar
thia L. According bo the propediies of a mrﬂi*mﬁﬁﬁhﬂm. the groater the w,, the
fastar tha system responss; wharsas the magnilude of C nol only affects b
responss spaad, bubalsd causas an overshool on system responss. The smaller
the £, the Imﬂ'hm response, and the graatar the overshoct. As discissesd
abovea, m‘grﬁﬁ*ﬂ'ﬁn F... tha faster tha systen responsa, and the greater the
uuaru.h:ul, ﬁi&kn&ér aystem has no steady-slate ammor,
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(3} Typa 2 Syatem
1 <l A
LI JII: ok lb E— ré : g %": i
" i o N
a0

e

a0

The block diagram of tho iypa 2 system with P controller is sh-:ml:n k0 Famlrn 1 1-11

Ke

5

"""-:I'.'

k

T T,
Figure 11-11 Block disgram ql’*nu-:c-n::—crrd-nr typa 2 system with P controller
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Root locus plot is shown in Figure 11-12 )
=
ail *:"r_-':‘.,'-._'-:.'- - Figure 11-12 Rool locus piot
TN N
W The open-loop transfer function is given by
[7{x) = “"__’
&
and the closad-loop transfer funclion is given by oY ik
Af(5) iy S - %
i Fl=—- = : - . 1}
& 3 i ""A.r-.I}lE:';;..'E Y
L] Iri F T ) N 1

For the step input ws(t), the system will oscillate and the frequency of ascillation is
determinad by K Th.,!i{rulntmmhlp between the frequency of oscillation w and K.
can be duﬁqhd Er 'ltm _equation w'=K,. The greater the Kp, the higher the
['““Wm & > %

Thersfors P controller alfects a sacond-order plant on:
(a) Transienl response
The greater the Ke. the faster the systom response. When the Ks

a certain value, an overshoot is generated. 11;__;::-54‘. = '.;"'.f
Y N R
(b) Steady-state emor of step response _'_q\ i .“-t;._.: s

If the original system has steady-state error, increasing Ke rﬁmathﬂ sleady-
slate armor, but the system ahays exists steady-state aemor unkess Ke== If the
onginal system has no steady-state error, then the sleady-state emor is nol
ﬂ"m‘t’&d hf I{p_ ) _..'m. &;:1."

_.::-_f—rl._.q;.

T %<
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3- Procedures and Results:-

Tiver following uses AGE-13008 Socond Order l-'-'JunLln Bimulate a de sorve motor:
= L 5 -aﬂ' -
& O

ki

A, P Controller Used in Cloasd-Loop DG Elnlu Hutnr Spead Control
1. Compiate the connactiona by nuhrnng o the block diagram and wirdng diagram

shiown in Figure 11-13

. #'-hl;;'
HE T ADE- 13
o :‘f& ACE-13010 r y AGE-13002 ACHS- 13008
4 Py I .
[ 7T b o R i | i 1
N e |
. - | A ; :’_j__,__ K BT A
L= . E L : “‘"\.. ! L ™ ‘-RT
¥ i =
{a) Block diagram T
AT e paivd | AETicwnes | A s AT v rmae

L R TEET SN SOMTRATE | i e e

TEETR

o
?

o

() Wiring diagram
Figura 11-13

2. On ACS-13010D, genaralo a..ﬂa{}!lﬁ,' AVpp square wave at the STEP+ output

termanal. . o

By e '.' w
Al PR,
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4. On ACS-13008, place T salactor switch in =10 pus:h.l:m, sal a=b=5, |n this caso,

the transfer function of ACS-13008 is e W ""h
TE e S
(7, (%) = “] e e T Y
=+ 50 i Mg LT
R T T

The closad-loop transfer function is e ) 3

M) =— Ky

: 5 +(50 = 50K _)

4- On ACS- 13002, set Kp= 1. Using oscilloscope, measure and record the signals at ACS- 13010 step+
output and ACS- 13008 Vo' output terminals.

5- Repeat step 4 for Kp= 5, 10 and record the results.

6- Compare the recorded steady- state errors and transient responses for different Kp values.

111-110

B. P Enr'luﬂlliﬁ.lnd in Closged-Loop DC Servo Motor Posltion Contrel

.*:._-h-

ik l:qmpinla :h:r connections by referring to the biock diagram and wiring diagram

k%] a.ﬂq'-m in Figure 11-156

ACE-13001
ACS- 13000 p— L ACE-13002 ACE- 3008
| ' .! BT |
K # Cis
a I sz +aT) ' =

() Block diagram
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o]

Thh 5

ST Ly
£ = (b) W¥iring diagram
i J .‘[{:: Figuce 1115

e

<. On ACS-13010, generate a 0.05HE. 1Vpp squRne Wwave af the STEP+ culput
IEfminal o =
N e
t_ e ".'\u e
3. On ACES-13008, place T swilch lﬁ'ql{l' poSition ast asb=5 This iw ransfer
function of ACS-13008 is = = b

a«
Ly, {x)

slw =5
Tz EE“HEAEUB transfor functicn s then
y W '_Zl' - 5 W
C M T Y— E
i ;1..""‘ A # +Sr4-3K,

4- On ACS- 13002, set Kp= 1. Using oscilloscope, measure and record the signals at ACS- 13010 step+
output and ACS- 13008 Vo output terminals.

5- Repeat step 4 for Kp= 2, 5 and 10 and record the results.
6- Compare the recorded steady- state errors and transient responses for different Kp values.
4- Discussion:-

Compare between theoretical effect of Kp at first order and second order systems regarding steady- state
errors and transient responses with the practical obtained results whenever applying step input signal.
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