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WARRANTY

The media on which you receive RIMS Technologies software/hardware are
warranted for defects in materials and workmanship, for a period of 90 days from date
of shipment, as evidenced by receipts or other documentation. RIMS Technologies
will, at its option, repair or replace software/hardware media that do not execute
programming instructions if RIMS Technologies receives notice of such defects
during the warranty period. RIMS Technologies does not warrant that the operation of
the software/hardware shall be uninterrupted or error free.

A Return Material Authorization (RMA) number must be obtained from the factory and
clearly marked on the outside of the package before any equipment will be accepted
for warranty work. RIMS Technologies will pay the shipping costs of returning to the
owner parts which are covered by warranty.

RIMS Technologies believes that the information in this document is accurate. The
document has been carefully reviewed for technical accuracy. In the event that
technical or typographical errors exist, RIMS Technologies reserves the right to make
changes to subsequent editions of this document without prior notice to holders of
this edition. The reader should consult RIMS Technologies if errors are suspected.

In no event shall RIMS Technologies be liable for any damages arising out of or
related to this document or the information contained in it. EXCEPT AS SPECIFIED
HEREIN, RIMS TECHNOLOGIES MAKES NO WARRANTIES, EXPRESS OR
IMPLIED, AND SPECIFICALLY DISCLAIMS ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

RIMS TECHNOLOGIES WILL NOT BE LIABLE FOR DAMAGES RESULTING FROM
LOSS OF DATA, PROFITS, USE OF PRODUCTS, OR INCIDENTAL OR
CONSEQUENTIAL DAMAGES, EVEN IF ADVISED OF THE POSSIBILITY
THEREOF. This limitation of the liability of RIMS Technologies will apply regardless
of the form of action, whether in contract or tort, including negligence. Any action
against RIMS Technologies must be brought within one year after the cause of action
accrues. RIMS Technologies shall not be liable for any delay in performance due to
causes beyond its reasonable control. The warranty provided herein does not cover
damages, defects, malfunctions, or service failures caused by owner’s failure to
follow the RIMS Technologies installation, operation, or maintenance instructions;
owner’s modification of the product; owner’s abuse, misuse, or negligent acts; and
power failure or surges, act of God, fire, flood, accident, actions of third parties, or
other events outside reasonable control.

COPYRIGHT

Under the copyright laws, this publication may not be reproduced or transmitted in
any form, electronic or mechanical, including photocopying, recording, storing in an
information retrieval system, or translating, in whole or in part, without the prior written
consent of RIMS Technologies.

TRADEMARKS

RIMS™, ThinPoint™, Power to Sense and Control™, INSPTEP™, LiveLabs™, RIMS
Technologies™, BOX™, RIMS-Scope™, StateView™, rims-tech.co.uk™, RIMS-
DAQ™, RIMS Students Zone™, and RIMS-Passport™ are trademarks of RIMS
Technologies.

Product and company names mentioned herein are trademarks or trade names of

rims technologies.

PATENTS

For patents covering RIMS Technologies products, refer to the RIMS Website
www.rims-tech.co.uk.
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WARNING REGARDING USE OF RIMS TECHNOLOGIES PRODUCTS

(1) RIMS Technologies products are not designed with components and testing for a
level of reliability suitable for use in or in connection with surgical implants or as
critical components in any life support systems whose failure to perform can
reasonably be expected to cause significant injury to a human and also for industrial
or specify critical application.

(2) In any application, including the above, reliability of operation of the
software/hardware products can be impaired by adverse factors, including but not
limited to fluctuations in electrical power supply, computer hardware malfunctions,
computer operating system software/hardware fitness, fitness of compilers and
development software/hardware used to develop an application, installation errors,
software and hardware compatibility problems, malfunctions or failures of electronic
monitoring or control devices, transient failures of electronic systems (hardware
and/or software), unanticipated uses or misuses, or errors on the part of the user or
applications designer (adverse factors such as these are hereafter collectively termed
“system failures”). Any application where a system failure would create a risk of harm
to property or persons (including the risk of bodily injury and death) should not be
reliant solely upon one form of electronic system due to the risk of system failure. To
avoid damage, injury, or death, the user or application designer must take reasonably
prudent steps to protect against system failures, including but not limited to back-up
or shut down mechanisms. Because each end-user system is customized and differs
from rims technologies' testing platforms and because a user or application designer
may use rims technologies products in combination with other products in a manner
not evaluated or contemplated by rims technologies, the user or application designer
is ultimately responsible for verifying and validating the suitability of rims technologies
products whenever rims technologies products are incorporated in a system or
application, including, without limitation, the appropriate design, process and safety
level of such system or application.

(3) All efforts have been done to ensure the correctness of the information or media
provided explicitly or implicitly for each training system. However RIMS technologies
do not take any responsibility for the losses or otherwise any issues arising from the
mistake in the media provided. RIMS would strive to ensure that the mistakes are
corrected and communicated to all its customers.
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1 MOTOR SPEED INPUT/TORQUE
CHARACTERISTICS

A diagram describing the motor dynamics is shown in
Figure. This will be used to develop the motor transfer
function.

To 546008 Oscilloscope
—=—}=0w~ Channel 2

Internal
Source

@]

3ISETOA

To Channel 1 of 546008

The parameters under consideration have the following
units: the pot. gain Ky is in volts/rad; the tach. gain
Kiach IS in volts-s/rad.; Armature resistance R, is The DC Motor.
measured in ohms; the back emf constant Ky is in volt-

s/rad.; the torque constant Ky is in N-m/amp; the total

inertia seen by the motor J = Jy + J_is in Kg-m?; the

viscous friction coefficient is b in

N-m-sec/rad.; the Coulomb friction coefficient is ¢ in N-

m; and the armature inductance L, is measured in

Henries.
V. [0] 3]
— 5| Motor » /s >
(rad /s) (rad)
Tach. Pot.| . 5 Volis
l Y tach l VP‘”
Motor Block Diagram.
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Motor Load

K‘c Ta borc Inertia
Torque  Friction

Inertia

Motor Schematic Diagram.

a. The dc motor, with the flywheel clamped (w = 0), is
described by the electrical schematic of Fig. 4. The
resistance Rs has been added to obtain voltage
measurements, so that the current’s time response can
be viewed on an oscilloscope. Find V, (s)/Vi(s) in terms
of Ra, Rs, and L, What is the electrical time constant,
7e, fOr the motor?

Note: The final model of the motor we will develop will
not have Rs. This is only used for identification.

Yy +

Motor Electrical Diagram: Flywheel clamped.

b. The electrical parameters R, and L, (assuming Rs
is known) can be determined from the step
response of the motor with clamped flywheel.
Describe how z can now be found from a best-fit
line of In (yss - y(t)) vs. t. This will give a reliable
estimate in spite of noise. Load the MATLAB
data in the file “f:\labs\Ee386\prelab4.mat.” The
variable “Elect” contains time points and voltage
points from a step response in columns 1 and 2,
respectively. Determine L, from these data, after
finding taue. Assume R = 2.5Q, R, = 3.3Q),
compare the value you find from the plots to the

www.rimsedu.com
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value used to generate them: 1 mH. (In the
Laboratory Exercises below you will collect your
own data points.)

c. Now consider the dc motor with the rotor free to
turn. The back emf constant, Ky, the torque
constant, K. (= Ky in Sl units), the viscous friction
coefficient, b, and the Coulomb friction
coefficient, ¢, can be obtained from steady-state
step response data, that is from measurements of
@(o0) and iz(e0), when a known constant input
voltage Vi is applied. Explain how (more than
one trial will be needed). If we perform two
experiments, with following results:

\Yj Steady state I, steady state @
0.249 A 77.0 rad/s

5 Volts

10 Volts 304 A 163 rad/s

what are the values for K, =Ky, b and ¢ (Rs is not use
measurement,
Ra and L, are as above)?

Measuring Motor Current

d. The mechanical time constant, and hence the total
moment of inertia, J, can be determined by
opening the motor circuit (I, = 0), when the motor
is rotating, and observing the time-constant of the
resulting decay of the motor speed. The situation
is shown in Fig. 5.

6 bw+c

Motor Mechanical Diagram: open electrical circuit.

With the motor spinning only in one direction, the
Coulomb friction will not change sign, and we can
consider it to be a constant. The dynamics are then
described by the differential equation:

Jo+bw+c=0

www.rimsedu.com
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Find «oft), in terms of J, b, ¢, and ®(0). Explain how to
adjust the method used in part (b) so that we can find J
if the other parameters are known. lllustrate your
method on the data in the variable “Iner” in the MATLAB
data file. Use the values for the friction coefficients from
part (c). Compare the value you find to the value used
to generate the plots, 4 x 10° Kg- m?.

(e) If we assume the motor has a strictly positive angular
velocity, we can get a linear model by disregarding the
Coulomb friction. (We’ll address this again in lab 5.)
Using the numerical values above, obtain the resulting
second order transfer function, £Xs)/V;(s) for the motor.
Compatre this transfer function to the first order transfer
function obtained in class with L, = 0. Use MATLAB to
produce step responses and Bode plots for both cases.

2 MOTOR TRANSIENT RESPONSE

I. Introduction

A second order system is studied in simulation and in
hardware. The transient characteristics of the step
response (i.e. Percent Overshoot, Rise Time, etc.) are
examined in both situations. The effect of feedback gain
on the transient characteristics is determined.

II. Simulation

A second order system can be obtained by cascading
an integrator with the single pole motor model used in
previous labs. Such a system is shown in Figure.

www.rimsedu.com
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(@) Determine the closed loop transfer function
Viach/Vrer. Find the steady-state response for a unit
step input. (Use the final value theorem.) What is
the steady state error? Using the values of Ky,
Ktach, and T, determined from hardware in the last
experiment, compute values for the damping ratio
O and the natural frequency of oscillation [, for the
amplifier gains: Ka=10.5, 1, 2, 4, 6, 8.

(b) Simulate the system shown in Figure for K, = 2.
Obtain plots for Viaen(t) and e(t) for a unit step input.
What is the relationship between the two signals?

(c) Calculate the value of K, to make the system
critically damped. Plot the output Visch fOr an over

damped, an under damped, and the critically
damped case on the same graph. Specify the
value of K, used for each case.

(d) Simulate the system using the values of gain Ka
specified in part (a). Write a MATLAB function to
determine the rise time, peak time, settling time,
and percent overshoot from the step response
vectors returned by the simulation. This MATLAB
function will allow key performance indicators to be
obtained very quickly from the simulation output.
INCLUDE this m-file in Appendix of your report.

lll. Hardware

Connect the hardware as shown in Figure. The
integrator can be constructed using the spare op-amps
on the control board. Wire one of the op-amps as an
inverting integrator, and wire the other as an inverting
unity gain follower. These op-amps can be switched in
and out of the circuit using the Ka/Compensated switch
on the control board. See the schematic of the control
board.

Adjustable
DC Voltage
Function
Generator

RIT Control Board LJE Motor Module

(@) Set up the function generator to provide a square
wave which oscillates between Ov and 1v at a low
frequency.

Yoo com LAB HANDBOOK

© 2007 advinteg asia pacific. all rights reserved



EDUCATION Research Ins ents &
Measurements System

(b) Adjust the gain of the control board such that K, =
2 (See NOTE!N!). Adjust the BIAS input to give an
initial speed of 500RPM. Capture the output Viach
and the error signal (output of the summing node)
on the scope screen. Make a plot.

(c) Capture and plot the step response for the values
of Ky used in part 1l (a) (0.5,1,2,4,6,8). After
adjusting the gain each time (see NOTE), be sure
to set the BIAS input to yield an initial speed of 500
RPM. For each response, determine rise time,
settling time, and percent overshoot. Use the
measurement features or the cursors to read these
values.

NOTE: When adjusting the controller gain K, be sure
to disconnect FB and STEP, and switch the integrator
out of the circuit (put switch in K, position). Doing so
makes K, = Vou/BIAS.

IV. Report

Include the following in the report:

e All derivations, calculations, and plots requested

throughout the lab experiment.

e Tabulate and compare the values of percent
overshoot, rise time, and settling time for the
theoretical, simulation, and hardware results for each
value of K. Discuss reasons for differences between
theoretical, simulation, and hardware.

¢ Include a graph of percent overshoot versus ¢ for
theoretical, simulation, and hardware.

e Explain qualitatively how the forward gain (Ka) affects
the transient performance of the system.

¢ How does the cascade integrator affect steady state

response?

e Properly labeled hardware plots

e M-file from Simulation part Il (d)

www.rimsedu.com LAB HANDBOOK
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BAsIC CLOSED LOoP CONTROL &
3 SIMPLE SPEED CONTROL WITH
INCREASED GAIN

[. Introduction

In this assignment, the step response of a DC motor will
be shaped using a cascade compensator. A
proportional plus integral (Pl) compensator will be
designed to yield given step response specifications.
Simulation and hardware experiments will be used to
verify the performance of the compensator in a velocity
control loop. An integral lag (I-Lag) compensator will
also be examined in simulation and will be shown to be
ineffective in meeting the desired step response
specifications.

Il. Design (Pre-Lab)
A. Pl Compensator
The proportional plus integral compensator has a
transfer function of the form,
Ki

GC(S) = Kp +T
Note that the Pl compensator consists of a proportional
gain plus a gain times an integrator. The transfer
function can be rearranged in a more useful form as
follows,

G, (s) = A(sS+ )
Figure shows the velocity control loop with a feed-
forward (cascade) Pl compensator Gc(s).

www.rimsedu.com LAB HANDBOOK
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Gc(s) G(s)
R(s) :. E(s) | As+2) ’ Km*Ktach Y(s
- S Tm.s+1
Sum
Pl Comensator  Amplifier Motor

(1) Derive the closed loop transfer function Y(s)/R(S)

(2) Use the Routh-Herwitz criterion to determine the
conditions on A and z such that the closed loop
system will be stable.

(3) Assuming the closed loop poles to be dominant,
determine the values of A and z such that the
system will have 15% overshoot and a settling time
of 1.25 seconds for a step input.

(4) Simulate the system given in Figure using the
values of A and z determined in (3). Determine the
overshoot and settling time from the simulated
response, and compare with the desired values.

Why might the simulation results differ from the
theoretical values?

B. I-Lag Compensator
The integral plus first order lag compensator has a
transfer function of the form,
Ap
Ge(s)= 5+ )
Figure shows the velocity control loop with a feed-
forward I-Lag compensator Gc¢(s).

Ge(s) G(s)
R(s) — E(s) Ap Km*Ktach Y(s,
s(s+p) Tm.s+1
I-Lag Amplifier Motor
Comensator

(1) Derive the closed loop transfer function Y(s)/R(s).

(2) Use the Routh-Herwitz criterion to determine the
conditions on A and p such that the closed loop
system will be stable.

(3) Plot the root locus of the compensated system for p
=5, 10, 100. Is there a value of A and p such that
the percent overshoot and settling time
specifications given in part A-(3) can be met?

www.rimsedu.com LAB HANDBOOK
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What happens if A becomes very large?

(4) Use p =5 and simulate the step response of the
system for A = 2, 4, 8, 16. How is the response
affected by the gain?

lll. Hardware
Figure shows an op-amp implementation of the PI
compensator.

Cy
R 10k
=) v - 10k
. |
E E |

V(s)

Which has a transfer function?

V(s) Rg S+}/Rfcf
Gc(s): E == 5

() R

(1) Obtain values for R;, R, and C; to meet the
specifications given in section Il A-(3).

(2) Use the spare op-amps on the control board to
implement the Pl compensator. Adjust the gain K,
to 1.0, and place the compensator in the velocity
control loop.

(3) Capture the step response of the system and
measure the overshoot and settling time.

(4) Attempt to meet the desired specifications by
adjusting the compensator gain. Capture the step
response for at least two additional values of gain.
What effect does the gain seem to have on the
overshoot and settling time? Is this expected by
theory?

IV. Report

This lab requires more of an in depth write up than the

past reports.

Include the following in the report:

e All derivations and proofs required throughout the lab
exercise.

e Tables of theoretical, simulation, and hardware

www.rimsedu.com
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results with comparisons. Also, note differences
between the three.
e Compare the PI compensator and the I-Lag
compensator in terms of meeting the given
overshoot and settling time specifications
e What general effects does the I-lag compensator
have on the system?
e Compare the simulation and hardware results for the
Pl compensator.
What adjustments were needed to obtain
performance closer to the desired specifications with
the Pl compensator?

Reversible motor speed control bcoor Contr Triner
The set-point allows the user to control the direction of sveren oo,
the motor. The other mechanism remains the same. '
Please remember the speed control setup is not
intended for position control and do not expect the
system to have fine speed control from the hysterisis
based dc motor drive.

3 SET POI
SELECTION u(s)

4 PosITION CONTROL SYSTEM

[. Introduction

Root locus techniques are used to design a
compensator for a DC motor position control loop such
that given step response specifications are met. The
resulting compensator is evaluated through simulation.
Root locus methods are also used to examine the
robustness of the control scheme with respect to
variations in the motor’'s mechanical time constant.

Il. Design Specifications

Design a compensator Gc¢(s) to be placed in the position
control loop shown in Figure such that the following
specifications are met:

www.rimsedu.com LAB HANDBOOK
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Percent Overshoot: 12 < P.0O. <15 for a unit step input
Settling Time: .7<TS < .9 for a unit step input
Steady-State Error: ess. < 15 % for a unit ramp input

Ge(s) G(s)
R(s) :
- Tl Km Vpot Y
Bt po—— —
- T2sH Tmes
Sum »
Compensatokmplifier Motor Potentiometer

I11. Design
Recall that the position model of the motor is given by,
a(s) _ Kn ’ and
Vi, (s) s(T,s+1)
% K, K
G(S) U pot (S) _ m " pot

SV, (s)  s(T,s+1)

Where Kyot = 0.09 V/rad.

Assume the compensator transfer function to be of the
form,

7,5+1

7,5+1

G.(s) =K,

(a) Find the requirement on the gain K, to satisfy the
steady state error specification.

(b) Determine the location of the dominant complex
poles of the closed loop system to satisfy the overshoot
and settling time specifications.

(c) Check to see whether the uncompensated system
(with G¢(s) = Kj) will satisfy the specifications by
choosing a suitable value of K,. If not, continue.

(d) Using the root locus method, design a lead
compensator that will satisfy all the given specifications
and have a pole-zero cancellation. Specifically, place
the compensator zero to cancel the motor pole. This
implies the determination of ty, 12, and K.

Normally, there is not one specific solution to meet the
specifications. You would have freedom in choosing
one of these parameters. Once it was chosen, the other

www.rimsedu.com
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two parameters would be determined to satisfy the
desired closed loop pole locations. Fortunately, we
helped you choose one of the parameters!

IV. Design Evaluation

(a) Draw the root locus.

(b) Determine the closed loop poles and zeros of the

compensated system.

(c) Simulated the step response and ramp response
of the compensated system and verify the
specifications.

(d) Test the system for robustness to variations in
the motor's mechanical time constant. In a real
application, different motors may have different
time constants, and we must ensure that your
compensator design provides reasonable
performance despite such differences.

In order to estimate robustness, draw the root locus of
the compensated system as the parameter Ty, is varied.
This can be done by rewriting the characteristic
equation in the form,

1+Ti F(s) =0, where F(s) is a rational

m

function of s.
Note, F(s) is not a function of Th,.

In MATLAB, the rlocus command uses the characteristic
equation form, 1+K*F(s). The rlocus command will vary
the parameter K, which in our case will be 1/T,.
Therefore, we can evaluate the sensitivity of our system
to changes in the motor time constant.

Using rlocus, draw the root locus and also determine the
closed loop poles and zeros for several different values
of T, in the range of +/- 50% of its nominal value. From
these pole and zero locations, you will be able to
estimate, qualitatively, the sensitivity of the closed loop
response to variations in T, . You may verify your
analysis by simulating the system for various T, values
within the +/- 50% range.

LAB HANDBOOK
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V. Report
Include the following in your report:

. Show all design steps, details, and evaluation of

your work.

. Discuss the robustness of your compensator,
illustrate by showing and comparing variations
in the specs.
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