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1. Objectives

In this laboratory session, you will become familiar with the fundamentas of control system design
usng PID-types of compensators. The chdlenge of the present lab is to control the position of
your 1PO1 or 1PO2 linear motion servo plant.

At the end of the session, you should know the following:
m How to mathematicaly model the IPO1 and 1P02 servo plants from firg principles in order
to obtain the open-loop transfer function, in the Laplace domain.
M How to desgn and smulate a Proportiona-Velocity (PV) postion controller to meet the
required design specifications.
m How to tune your PV controller gains and thar effect on the closed-loop system dynamic

response.
@ How to implement your controller in red-time and evduate its actud performance.

2. Prerequisites

To successfully carry out this laboratory, the prerequisites are:

i) To be familiar with your IPO1 or P02 man components (eg. actuator, sensors), your
power amplifier (e.g. UPM), and your data acquisition card (eg. MultiQ), as described in
References[1], [2], [3], and [4].

ii) To have successfully completed the pre-laboratory described in Reference [1]. Students are
therefore expected to be familiar in usng WinCon to control and monitor the plant in red-
time and in designing their controller through Smulink.

lii) To be familiar with the complete wiring of your IPO1 or P02 servo plant, as per dictated in
Reference [2] and carried out in pre-laboratory [1].

3. References

[1] 1PO1 and IPO2 — Linear Experiment #0: Integration with WinCon — Student Handout.
[2] 1PO1 and 1PO2 User Manual.

[3] MultiQ User Manual.

[4] Universal Power Module User Manual

[5] WinCon User Manual.
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4. Experimental Setup

4.1. Main Components

To setup this experiment, the following hardware and software are required:
m Power Module: Quanser UPM 1503/ 2405, or equivalent.
m Data Acquisition Board: Quanser MultiQ PCI / MQ3, or equivaent.

@ Linear Motion Servo Plant:  Quanser IPO1 or P02, as shown below in Figures 1 and
2, respectively.

M Real-Time Control Software: The WinCon-Simulink-RTX configuration, as detailed in
Reference [5], or equivaent.

For a complete and detailed description of the man components comprising this setup, please
refer to the manuals corresponding to your configuration.

4.2. Wiring

To wire up the system, please follow the default wiring procedure for your 1PO1 or P02 as fully
described in Reference [2]. Whenyou are confident with your connections, you can power up the
UPM.
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Figure 1 IPO1 System

Figure 2 IPO2 System
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5. Controller Design Specifications

In the present laboratory (i.e. the pre-lab and in-lab sessions), you will design and implement a
control strategy based on the Proportional-Velocity (PV) control scheme, in order for your IPO1
or 1P02 closed-loop system to satisfy the following performance requirements (which are time-
domain specifications):

i) The Percent Overshoot (i.e. PO) should be less than 10%, i.e.:
PO# 10%

i) Thetimeto first peak should be 150 ms, i.e.:
t,=0.15s
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6. Pre-Lab Assignments

6.1. Assignment #1: Open-Loop Transfer Function

The open-loop transfer function is derived in Appendix B. If Appendix B has not been supplied
with this handout, derive the open-loop transfer function of your 1PO1 or P02 from mechanica
and eectricd fird principds. To name the system's parameters, you can hdp yoursdf of the
nomenclature listed in Appendix A: Nomendlature.

Hint:

As a reminder, your 1PO1 or 1P0O2 open-loop transfer function is defined by the selected plant
input and plant output. As illudrated in Figure 3, the plant input is the commanded voltage to the
DC motor. Since in this laboratory we want to control the cart's podtion, the plant output is
selected to be the cart linear position on the rack, as depicted in Figure 3.

Motor Voltage Cart Position
IPO1 or IPO2 |
V. Plant X

Figure 3 The IPO1 or 1PO2 Plant Input and Output

In other words, the open-loop transfer function for the 1PO1 or 1P02 system, whichis caled G(s),
can be written as:

G(S) =7 (3] [1]

6.2. Assignment #2: Open-Loop Model Block Diagram

1) Following the obtaining of the 1PO1 or 1PO2 open-loop trangfer function, G(s), in Assignment
#1, derive a block diagram to represent such a transfer function. In other words, represent as
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individua blocks the basic mechanical and dectrica equations that you use to determine G(s).
The resulting block diagram should have an overdl closed-loop transfer functionidenticd to the
onefound in Assgnment #1.

2) Fndly, usng the IPO1 or IPO2 model parameter vaues lised in Reference [2], evauate the
IPO1 or P02 open-loop transfer function, G(s), that you previoudy found. Determine the
plant's pole(s), zero(s), and DC gain.

6.3. Assignment #3: PV Controller Design

You will need the PV controller gain values cdculated in this pre-lab assgnment for the in-lab redl-
time implementation of the PV postion controller for your 1PO1 or IPO2 system. The PV
controller's 2 parameters, i.e. K, and K, will alow the closed-loop system to mest the two time
requirements, as previoudy set by the user.

Hint:
If supplied with this handout, Appendix C offers a possible implementation of PV controllers. Oth-
erwise, refer to your in-class notes.

In order to determine and calculate K, and K, answer the following questions:

1) Perform block diagram reduction of the PV control scheme applied to G(s), as presented in if
Appendix C has been supplied with this handout. Obtain the overdl closed-loop transfer
function of your IPO1 or 1PO2 system by replace G(s) by its expresson, as found in
Assgnment #1.

2) Extract from the previoudy obtained closed-loop transfer function the system'’s characteristic
equation.

3) Ft the obtained characteridic equation to the standard form (seen in Equation [C.3], if
avaladle), by identifying the parameters T, and .. Thus, you should obtain 2 equations
expressng T, and . as functions of K, and K, as these are the only 2 variables (i.e. controller
parameters) in your system.

4) Usng your newly obtained formulae and referring to your in-class notes, what changes to your

IPO1 or 1PO2 response would you expect to see by varying the vadues of K, and K,? Keep
your answers ample (i.e. will T, and . increase or decrease?). How would this trandate in
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terms of changes int, and Percent Overshoot (PO)? Also relate these changes to the physica

behaviour of your closed-loop system. Hint: Y ou can use Equations [23] and [24], presented
in the next subsection.

Soecificaly:
i) Assuming K, constant, what happensto T, and . when you increase/decrease K,?
i) Assuming K, constant, what happensto T, and . when you increase/decrease K, ?

5) Udng the formulae previoudy obtained, determine the andyticd expressons and numerica
vauesfor K, and K, in order to meet the previoudy specified time requirements.
Thefollowing hint formulae are provided.

i) Hint formula#1:

e 2P

O

2z

F>o=100eE vites (23]
i) Hint formula#2:
t = D

P W o4/1- z° [24]
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7. In-Lab Procedure

7.1. Experimental Setup

Even if you don't configure the experimental setup entirdy yoursdlf, you should be at least com+
pletey familiar with it and understand it. If in doubt, refer to References [1], [2], [3], [4], and/or

[5].

7.1.1. Check Wiring and Connections

The firg task upon entering the lab is to ensure that the complete system is wired as fully described
in Reference [2]. You should have become familiar with the complete wiring and connections of
your 1PO1 or 1PO2 system during the preparatory session described in Reference [1]. If you are
dill unsure of the wiring, please ask for assistance from the Teaching Assstant assigned to the lab.
When you are confident withyour connections, you can power up the UPM. Y ou are now ready
to begin the lab.

7.1.2. IPO1 or IPO2 Configuration

In case you use the 1P0O2 for this laboratory, this experiment is designed for an P02 cart without
the extra weight on it. However, once a working controller has been tested, the additionad mass
can be mounted on top the cart in order to see its effect on the response of the sysem. As an
extension to the lab, the firg PV controller design could be modified in order to account for the
additiond weight.

7.2. Closed-Loop System Actual Requirements

As dready stated in the pre-lab session, this lab requires you to design a Proportiona-plus-
Veocity (PV) controller to control the position of your IPO1 or P02 cart with the following

performance specifications:
i) The Percent Overshoot should be equa to 10 %: PO=10%,i.e . =0.59.
i) Thetimeto firgt peak should be 150 ms. t,=0.15s

These specifications are the same as the ones you previoudy used in the pre-lab session to
calculate the corresponding PV controller gains K, and K.
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7.3. Simulation of the Servo Plant with PV Controller

7.3.1. Objectives

M To smulate witha Smulink diagram your P01 or 1PO2 modd and to close the servo loop
by implementing a Proportiona-plus-Veocity (PV) postion controller.

M To change, during the Smuldion, the two gains, K, and K,, of the PV controller and
observe the effect on the position response.

7.3.2. Experimental Procedure

If you have not done so yet, you can gart-up Matlab now and follow the steps described below:
Step 1. In Smulink, open amodd caled s position_pv_ip01_2.mdl. This diagram should be
gmilar to the one shown in Figure 4. It includes a subsystem containing your [PO1 or 1P02
moddled plant, as wel as the PV controller two feedback loops. In order to be conven
iently changed on-the-fly, the two controller gans K, and K, are both set by dider gains.
Check that the Sgnd generator block properties are properly set to output a square wave

signd, of amplitude 1 and of frequency 2/3 Hz.

[Z)s_pv_positior E;
Ble Edt Yiew Simulation Format Tooks Help WinCon

De@& i@ o wES @b = |om ~

IPO1 and IPO2: Position Control
PV Controller - Simulation
™ Pazition
Response (m)
Position Eror gm) o
wwwwwwwwwwwww
Position Setpoint (m)
007 Il i
o m—
I =
K Gt UFM Valtage
‘‘‘‘‘‘‘‘‘‘ Limit
o1 1P0Z Plant M
lace Represental
104 [ durdt
LT | |
[T
..........

Ready |100% [ [ Jode1 v

Figure 4 Simulink Diagram used for the Simulation of the PV Control System

Step 2. Before you begin, you mug run the Matlab script cdled setup lab ipOl 2 posi-
tion_pv.m. This file initidizes dl the 1PO1 or P02 system parameters and configuration
variables used by the Smulink diagrams.

Step 3. Enaure that the Smulink Smulation mode is set to Normal. Click on Smulation |
Sart from the Smulink menu bar, and bring up the Position Response (m) scope. Asyou
monitor the position response, adjust K, and K, usng the dider gains, as depicted in Figures
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5 and 6. Try a variety of combinations, and note the effects of varying each gain (one at a

time) on the system response.
<} Kp {(¥/m}: Slider Gain i <} K {(¥.s/m}: Slider Gain 2 ;|g|5|
1
High
| 0 L [ 7o | 0 [ 104 | a0
Help | Cloze | Help | Claze |

Figure 5 Slider Gain for K, Figure 6 Slider Gain for K,

Also bring up the Position Error (m) aswel asthe Vm (V): Control Sgnal scopes. Also
discuss the effect of varying K, and K, (one at atime) on the resulting position error and the
commanded voltage applied to your 1PO1 or |PO2 DC motor.

Step 4. To specificdly include in your 1ab report:

i) Make a short table to describe the changes in the system response characteristics t, and
PO with respect to changes in K, and K,. *Note: Hold one gain constant while
changing the other within the preset range.

ii) Doesthe system response react to how you had theorized in Assgnment #2-4)?

Step 5. Now that you are familiar with the effects of each one of the two controller gains, enter
in the designed K, and K, that you have calculated in Assgnment #3 to meet the systemre-
quirements. * Note: the values should fall within the dider limits.

Step 6. After running the smulation with the gains set to their calculated values, specify in your
lab report the following:

i) Doesthe system response ook like what you had expected?

i) What is its Percent Overshoot, PO? Measure itsrise time, t,. *Hint: To get a better
resolution when measuring t,, decrease the time range under the parameters op-
tion of the scope.

iii) Do they match the design requirements?

Step 7. If the amulated response is as expected, you can move on to the next Sectionin order
to implement a red-time controller. If your response is close to meeting the set require-
ments, try finetuning the controller gains to achieve the desired response. If the system re-
sponse is far from the specifications, then you have to re-iterate your design process and re-
caculate your controller gainsK, and K., as asked in Assgnment #3.
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7.4. Real-Time Implementation of the PV Controller

7.4.1. Objectives

M To implement with WinCon the previoudy designed PV postion controller in order to
command your P01 or P02 servo plant.

M To run the smulaion Smultaneoudy, a every sampling period, in order to compare the
actual and smulated responses.

@ To change on-thefly the two controller gains, K, and K,, and observe the effect on the
actual position response of your physical 1PO1 or [PO2 system.

7.4.2. Experimental Procedure

After having designed your PV controller, caculated its two gans satisfying the desired time

requirements, and checked the pogition response of the obtained closed-loop system through

smulaion, you are now ready to implement your designed controller in red-time and observe its

effect on your actud |PO1 or IPO2 plant. To achieve this, please follow the steps described below:

Step 1. Open only one of the fallowing Smulink models: q_position_pv_mapci_ip01.mdl, or

g_position_pv_mgpci_ip02.mdl, or g_position_pv_mg3_ip0l.mdl, or

g_position pv_mg3_ip02.mdl depending on your model of MultiQ (i.e. MultiQ-3 or

MultiQ-PCl) and if your plant isan 1PO1 or 1P02. Ask the TA assigned to thislab if you are

unsure which Smulink model isto be used in the lab. Y ou should obtain a diagram smilar to

the one shown in Fgure 7. The modd has 2 pardld and independent control loops. one

runs a pure Smulation of the PV controller connected to the same plant mode as the one

developed in Assignment #2 of the pre-lab section. The other loop directly interfaces with

your hardware and runs your actual 1PO1 or 1PO2 servo plant. To familiarize yoursdlf with

the diagram, it is suggested that you open both subsystems to get a better idea of thar

composing blocks as wdl as take note of the 1/0 connections. Check that the model manua

switch for the position setpoint generation correctly selects the sgnd coming fromthe sgnd

generator block, caled Square Wave. Also check that the Sgnd generator block properties

are properly set to output a square wave d9gnd, of amplitude 1 and of frequency 2/3 Hz
Moreover, your modd sampling timeshouldbesetto 1 ms i.e T, =103 s.

Q CAUTION:
The velocity signal used in the control inner-loop of the actual 1PO1 or P02 plant is

obtained by first differentiating the position signal (e.g. encoder counts or
potentiometer voltage), and then by low-pass filtering the obtained signal in order
to diminate its high frequency content. As a matter of fact, high frequency noise,
which is moreover amplified during differentiation, causes long-term damage to the
motor. To protect your DC motor, the recommended cut-off frequency is50 Hz.
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Fie Edt View Smuation Format Tocks Help WinCon

DEHE 4BB|2 (RBL ©| > F e

IP02 - PV Position Control:
Experiment vs. Simulation

Position Setpaint (m)

Tnitializing [100% [ [T=0.00 |odes Y

Figure 7 Diagram used for the Real-Time Implementation of the PV Controller

Step 2. Before compiling the diagram and running it in redl-time with WinCon, you must enter
your previoudy designed vaues of K, and K, in the Matlab workspace. To asign K, and
K., type ther vaue in the Matlab command window. Y ou are now ready to build the red-
time code corresponding to your diagram, by usng the WinCon | Build option from the
Smulink menu bar. After successful compilation and download to the WinCon Client, you
should be able to use WinCon Server to runin red-time your actual sysem. Before doing
so, manually move your POl or P02 cart to the middle of the track (i.e. mid-stroke
position) and make sure that it is free to move on both sides. It should now be s&fe to
start your red-time controller. To do this, click on the START/STOP button of the WinCon
Server window. Your cart postion should now be tracking the desired setpoint (e.g. square
wave of **15mm).

Step 3. Open the ank Meas.(0) and Sm.(2) Resp. in a WinCon Scope. Y ou should now be
able to monitor on-line, as the cart moves, the actua cart pogtion as it tracks your pre-
defined reference input, and compare it to the smulation result produced by the 1PO1 or
IPO2 modd. To open a WinCon Scope, click on the Scope button of the WinCon Server
window and choose the display that you want to open (eg. Meas.(1) and Sm.(2) Resp.)
from the sdlection lig.

Step 4. Specificaly discussin your lab report the following points:

i) How doesyour IPO1 or 1PO2 cart actual position compare to the smulated response?
ii) Isthere adiscrepancy in the results? If so, find some of the possible reasons.
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iii) From the plot of the actual cart podition, measure your system t, and PO. Are the values
in agreement with the design specifications? * Hint: You can accurately measure these
parameters by saving the position traces of interest to a M-File (using the WinCon
Scope feature) and making the necessary calculations through Matlab. As a
remark, you could also make these measures directly from the WinCon Scope by
zooming in on the signals, but that would be less convenient to take accurate

measures.

Step 5. Once your results are in agreement with the desired design requirements and your
response looks smilar to the one displayed in Figure 8, below, you can move on and begin
your report for this lab. Remember that there is no such thing as a perfect modd, and that
your calculated controller gains, K, and K,, were based on a theoretical and ided plant

modd.

I!Scnpe - q_position_p¥_mqpci_ip02'Meas.{0) and 5im.{2) Resp.[0]
File Edt Update Axis Window

=181 x|

Badkground Colourl Tex‘tgoloulllext Fontl

20

L Rl EELELERt ] ----------------------
N r ____________ \ o_positio...Meas. (0) and Sim.(2) Resp.[0]
| — q_positio. Meas [0) and Sim. (21 Resp.[1]

—— qg_positio..\Weas. (01 and Sim. (2) Resp[2]

0 05 1 15 2

Tirre

25 3

Figure 8 Actual and Simulated Position Responses to a Square Wave Setpoint

Step 6. However, in order to perfectly meet the chosen design requirements (i.e. t, and PO) of
the closed-loop system, any controller design will usudly involve some form of finetuning,
which will more than likdy be an iterdtive process. At this point, you should be manudly
finetuning your K, and K, based on your findings above, i.e. from Assgnment #3, question
5, and the previous table based on experimental observations in order to ensure your
response matches perfectly the system requirements.
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8. Post-Lab Questions

1) During the course of this lab, were there any problems or limitations encountered? If so, what
were they and how were you able to overcome them?

2) After completion of this lab, you should be confident in tuning this type of controller to achieve
a desired response. Do you fed this controller can meet any arbitrary system requirement?
Explan.

3) Most controllers of this form aso introduce an integrd action into the system (PID). Do you
see any bendfitsto introducing an integrd gain in this experiment?
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Appendix A. Nomenclature

Table A.1, below, provides a complete liding of the symbols and notations used in the 1PO1 and
IPO2 mathematical moddling and controller design presented in this laboratory. The numerica
values of the system parameters can be found in Reference [2].

Description Matlab / Simulink
Notation
Vi Motor Armature Voltage vm
Im Motor Armature Current Im
R Motor Armature Resistance Rm
L Motor Armature Inductance Lm
K Motor Torque Constant Kt
Om Motor Efficiency Eff m
Km Back-ElectroMotive-Force (EMF) Constant Km
Ea Back-EMF Voltage Eemf
Jn Rotor Moment of Inertia Jm
Ky Panetary Gearbox Gear Ratio Kg
0q Planetary Gearbox Efficiency Eff g
M IPO1 Cart Mass (Cart Alone) Mcl
\Y/ 1 IPO2 Cart Mass (Cart Alone) Mc2
M., IPO2 Cart Weight Mass Mw
M Tota Mass of the Cart System (i.e. moving parts) M
P, Rack Pitch Pr
Mo Motor Pinion Radius r_.mp
N Motor Pinion Number of Teeth N_mp
Fop Pogtion Pinion Radius r_pp
Npp Position Finion Number of Teeth N_pp
Beg Equivaent Viscous Damping Coefficient Beq
as seen at the Motor Pinion

Document Number: 504 ¢ Revision: 02 ¢ Page: 15



PV Position Control Laboratory — Student Handout

Description Matlab / Simulink
Notation

T Torque Generated by the Motor
Top Torque Applied by the Motor on the Motor Pinion

F Cart Driving Force Produced by the Motor

Fai Armature Rotational Inertid Force, acting on the Cart

Ta Armature Inertial Torque, as seen at the Motor Shaft

hn, Motor Shaft Rotation Angle

Tn Motor Shaft Angular Ve ocity

X Cart Linear Pogition X
PO Percent Overshoot PO

t, Pesk Time tp

t Continuous Time

S L aplace Operator

T, Undamped Natura Frequency wn

Damping Ratio zeta

K, Proportional Gain Kp
K, Veocity Gan Kv

Table A.11P01 and P02 Model Nomenclature
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Appendix B. IPO1 and IP02 Open-Loop
Transfer Function

This Appendix derives the mathematica moddling of your 1PO1 or IPO2. The reaulting linear
mode will provide us with the open-loop transfer function of your IPO1 or 1P02, whichin turnwill
be used to design an appropriate controller.

Equation [1] defines G(s), the open-loop transfer function of your 1PO1 or 1P02 system. G(S) is
derived in the following two sub-sections.

B.1. A Simplified Dynamic Model
In afirg approach, asmplified dynamic modd is used to derive G(s).

We shdl begin by applying Newton's second law of motion to the 1PO1 or P02 system:

od® O o ool 6
|v|gjtzx(t)3 F (t) Bqugtx(t)a (B.1]

Here, the inertid force due to the motor's armature in rotation is neglected. The cart's Coulomb
friction is aso neglected.

The driving force, F., generated by the DC motor and acting on the cart through the motor pinion
can be expressed as.
hg K@j T
Fe=—F — [B.2]

mp

We now shift over to the dectrical components of the DC motor first. Figure B.1 represents the
dassc dectrica schematic of the armature circuit of a standard DC motor.
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o
Figure B.1 DC Motor Electric Circuit

Using Kirchhoff’ s voltage law, we obtain the following equation:

1,9 -
Vi Ryl - ngﬁlmﬁ- E..=0 [B.3]

However, since L, << R,, we can disregard the motor inductance leaving us with:
| = Vm ) Eemf

m
m

Since we know that the back-emf voltage created by the motor, Ey, is proportional to the motor
shaft velocity T, we have:
V - K w
. m m 'm
m R

m

| [B.5]

Moreover, in order to account for the DC motor dectrical losses, the motor efficiency is
introduced to caculate the torque generated by the DC motor:

T.=h, K1, [B.6]

Subdtituting Equations [B.5] and [B.6] into Equation [B.2] leads to:
h Kh K(V.-K w)

_ g g mt m m m

c R r [B.7]
m  mp

F

By consdering the rack and pinion and the gearbox mechaniams, the motor angular velocity can
be written as a function of the cart linear velocity, as expressed by:
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g 0]

m r
mp

Therefore, subgtituting Equation [B.8] into Equation [B.7] and rearranging leads to:

h Kh K r-KK?xtQQ
= g g m t?lm mp g mdt()gg [B.9]
R

c 2
r
m  mp

Hndly, subdituting Equation [B.9] into Equation [B.1], goplying the Laplace transform, and
rearranging yields the desired open-loop transfer function for the |PO1 or 1P0O2 system, such that:

r h Kh K

G(S) — mp g g m t

2) S [B.10]

(RMr “s+h K°h KK +B R r

B.2. A More Complete Dynamic Model

However, as a second andyss, a more accurate but also dightly more complex dynamic model
can be used to derive G(9).

In the previous andydss, the inetid force due to the motor's armature in rotation has been
neglected. Therefore our dynamic model will be more accurate if it consders it. Taking into
account such an inertid force, as seen at the cart, and applying Newton's second law of motion
together with the D'Alembert's principle, Equation [B.1] becomes:

2 O e
M g;%x(t)%; 0 =F(0) - B, Fxn)g (B.11]

As seen at the motor pinion, the armature inertid force due to the motor rotation and acting on the
cart can be expressed as afunction of the armature inertial torque:

h K T,
Fo=—292
al

[B.12]

mp

Applying Newton's second law of motion to the motor shaft:
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gjt q. ()2 -Tw.(t) (B.13]

Moreover, the mechanicd configuration of the cart's rack-pinion system gives the fallowing
relationship:
-_9
4= [B.14]

mp

Subgtituting Equations [B.13] and [B.14] into Equation [B.12] provides the following expression
for the armature inertid force:

2 ..
h K’ ngd—zxmg
F = at” 5 [B.15]
ai 2
mp

Hndly, subgtituting Equations [B.9] and [B.15] into Equation[B.11], and rearranging resultsin the
following dynamic equation for the system:
y V(1)
O— g g m I<[
ﬁ X(t); [B.16]

h K2J & h K’h KIK
M+ mi%x(t) +6B _+—247 =
r ; t [7] ™ Rr Rmrmp

mp m mp a
Equation [B.16] expresses the system motion with a Sngle second-order differentia equation in
the cart pogtion.

|11 O

Fndly, goplying the Laplace transform and rearranging yields the desired open-loop transfer
function for the IPO1 or IPO2 system, such that:
r h Kh K

G(S)= mp g ¢ mt B.1
(R Mr 2+R h K2J)s+h K2h KK +B R r 2)s LB
m mp m g g “m g g mt m eq m mp
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Appendix C. Position Controller Design

This section dedls with the design of a closed-loop controller in order to control the position of
your 1PO1 or 1P02, on a quick and accurate manne.

C.1. Standard Closed-Loop System

Figure C.1, below, depicts a standard closed-loop position control system with a unity feedback
loop:

V., X
) > G.(s) > G(s) >

Controller Plant

H(s)

Figure C.1 Standard Closed-Loop Position Control System

For such a closed-loop system, as represented in Figure C.1, the closed-loop transfer function,
T(s), isgiven by the fallowing well-established equation:

x(s) _ G (s) G(s)
x(s) ~ 1+G(s) G(s) H(s)

[C.1]

Equation [B.17] expresses a plant modd that has no zero and 2 poles (i.e. second order
denominator in s). Moreover, in order to desgn controllers stidfying given performance
requirements, the control theory provides gpproximate design formulas, which are based, for
quadratic lag systems with no zero, on the following standard equation:

KW2

dc 'n

T(s) = [C.2]

S+2zZwW s+w 2
n n
where K. iIsthe sygem's DC gain.

The characterigtic equation of the closed-loop transfer function expressed in its standard form by
Equation [C.2] isasfollows:

s“+2zw s+ an [C.3]
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C.2. Proportional-plus-Derivative (PD) Control Scheme

In the classcd sense, a Proportiond-Derivative (i.e. PD) controller has the fallowing transfer
function:

G(s) =K +K;s [C.4]

As expressed by Equation [C.4], placing such a controller into the forward path would result in
introducing a zero in the closed-loop transfer function. As a result of introducing this zero, the
closed-loop transfer function would no longer match the standard form of Equation [C.2].
Therefore, the design formulae derived from Equation [C.2] would also no longer exactly apply to
the thus obtained closed-loop transfer function, and it would become more chdlenging to
andyticdly design a controller that can exactly meet the user-defined time specifications.

In our case, adding an integrd gain (i.e. 1) to the forward path does not have to be considered
snce the open-loop transfer function, as seenin Equation[B.17], isdready of type 1, i.e. it has a
pole located at the origin of the s-plane (i.e. s=0).

C.3. Proportional-Velocity (PV) Control Scheme

To work around the "undesired” zero introduced by a PD controller, this laboratory involves
desgning a Proportiona-Veocity (i.e. PV) postion controller for the IPO1 or P02 servo plant.
Such a controller introduces two corrective terms: one is proportiona (by K ) to the position error
and the other is proportiona (by K,) to the velocity (or the derivative of the actua postion) of the
plant. Coincidentaly, the characterigtic equations of the PV and PD controller closed loop transfer
functions are equd.

Equation [C.5], below, expresses the PV control law, where X, is the reference Sgnd (i.e. the
desired position to track):

V(0= K, (x40 - X(0) - K, Ex(g c5

Figure C.2, below, depictsthe block diagram of the PV control scheme, as it will be implemented
inthislab:
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V X

m

+ +
>© » K, G(s) >

K, s «-——

Figure C.2 Block Diagram of the PV Control Scheme
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