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ABSTRACT

DC drive has number of applications in the industries for the different functions like
load transport, heavy material handling etc. There are many techniques are available for
speed control of dc series motor, but they suffer from several disadvantages viz, they are not
applicable for speed control, they require external contactors for speed reversal, they have a
slow speed response. In this project the novel technique pertaining to DC drive is simulated,
designed and successfully implemented to obtain the superior performance compared to
conventional techniques. In this report fundamentals of DC series motors are considered and
compatibility of DC series motor with crane type application is analyzed. Conventional
techniques for speed control of DC series motor are given and comparison of those
techniques is given according to the performance and economical consideration. The project
work presents the simulation results for proposed technique for different reference speed for
forward as well as in the reverse direction. From the simulation results the speed response of
the motor in the close-loop operation is observed. The novel technique with the independent
armature and field current control is done for hoist and bridge configuration. The novel
technique with controller is also implemented and tested with the prototype module using

DSP (TMS320F2811). The results confirm the approach presented in this work.
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CHAPTER: - 1
INTRODUCTION

1.1General: -

Applications of the transport machines in automated production systems require
specific control system, simultaneously development of the control systems of electrical
drives, based on DSP and applying power electronic converters, enables to obtain better
properties of the transport machines.

DC series motor has a characteristic, which is very suitable for the crane (hoist)
applications. In the hoist application it requires high starting torque at very low speed or at
zero speed in such application DC series motor is used because at low speed at rated field
current it gives higher starting torque. In the series motor field and armature windings are in
series so speed control of this motor is difficult. The speed reversal requires either of the field
or armature voltage reversal and this task is quite difficult in series motor. In the crane

application precise control is require to regulates the speed in the both the direction.

1.2 Project Definition: -

1.2.1 Goals: - Tt requires smooth speed variation from zero to rated speed in the both
direction, and it require individual converter for hoist, trolley and bridge.
1.2.2 Objectives: - To design a dc motor drive for crane application for smooth speed control.
The objectives are to design a converter with the following requirements:

= Cost efficient DC-DC converter.

= Smooth speed control in forward as well as in the reverse direction.
= Individual controller for Hoist, Crane and Bridge.
=

Hoist motor (Two motors) ratings are as follows:

o 265 HP
o 230V DC
o 955A DC

o 30Min rating

= Trolley motor (One motor) ratings are follows:
o 25HP
o 230V DC
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o 129A DC
o 60Min rating

= Bridge motor (Four Motors) ratings are as follows:

o 50HP
o 230V DC
o 248A DC

o 60Min rating
1.2.3 Constraints: - Drive should contain individual speed controller for all motors. All
controllers can control the speed in both the directions. It should contain dynamic as well as

mechanical brake for hoist lowering.

1.3 Basic Block Diagram: -

Solenoid
Coil

DC Bus

3-Phase
AC Supply X ©

+ DC-DC DC-DC DC-DC

Converter Converter Converter
Diode Bridge
Rectifier ]é

S - G

. Hoisting Motor Trolley Motor Bridge Motor
Dyna_mlc (Two Motors) (One Motor) (Four Motors)
Braking
Resi

esistor Mechanical

Brake

Figure 1.1: Basic Block Diagram of DC Drive for Crane Application

In this scheme the 3-phase uncontrolled diode rectifier converts AC voltage in to the
DC. In the crane drive three motors are used for three different tasks one is for hoist
mechanism second for trolley and third for bridge mechanism and for all of these motor
operation three different controllers is used. In this scheme each motor is controlled by input
voltage control using DC-DC converter (chopper). For the speed reversal either armature
voltage or the field reversal technique is used. For the braking purpose mechanical brake is
used which is inter-locked with the hoist position as well as speed position. This scheme has
a combine dynamic braking resistor connected in parallel with the common dc bus and

controlled with series connected solid-state switch.
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1.4 Literature Survey

Extensive data collection and current market development in the filed of DC drives
was studied. There are several books and publications dealing with the issues like basics of
DC drive, modeling of DC drive, control topologies, and various techniques to estimated
speed and position.
Important information was derived from the major references cited below: -
[1]. Kazimierz Gierlotka

In the paper titled as “Control of Overhead Crane Drive with Centered Motion
and Elimination of the Bevel” the control strategy for the carne drive is introduced with the
elimination bevel. The system described in this work controls the crane speed, compensates
its bevel and centers the crane bridge position. The paper contains also the results of
numerical experiments, in which the elasticity of the crane and runway slides of the wheels
and geometrical imperfections of the system were taken into account.

The work was undertaken as a preliminary stage of designing of the real control
system for overhead bridge crane.
[2]. F. Busschots

In the paper titled as “application of field oriented control in crane drives” an
overview of the crane drive and required characteristics of the motor for different load
conditions are described. Design of the crane drive is also described and application of
common dc bus is introduced.
[3]. Gerhard L. Fischer

In the paper titled as “Comparison of DC and AC Container Crane Drive
Systems” behavior of dc motor drive for the crane application is introduced and it is
compared with the ac drive. Also the advantages and disadvantages of the dc motor drive for
crane application are given.
[4]. Ronald Wayne Hughes

In the paper titled as “Method and System for DC crane control” control topology
for the speed control of DC series motor is described and also different possibilities for the
dissipation of regenerated energy is given. And also other possibility for the power circuit
connection is given.
[5]. Anthony J. Davis

In the paper titled as “Reversible dc motor drive including a dc/dc converter and

four quadrant dc/dc converter” power circuit for the dc motor control is explained and the
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controller for this circuit is given which controls the armature and field current independently
for the speed control from very low speed up to rated or above the base speed.
[6]. Gopal K. Dubey

In the book titled as ‘“Power Semiconductor Controlled Drives” explains the
different possible control techniques for the close loop speed control of the motors from this
book the inner current control close loop speed control of dc motor technique is used for
proposed novel technique.
1.5 Thesis Organization
Chapter-2: “An Overview of Crane Drive” describes basic characteristics of crane drive for
industrial applications. The four quadrant operation of hoist is discussed in brief as an
example of elevator. Torque and power requirement for crane application for all empty and
loaded conditions and with wind load and without wind load is described with help of torque
and power characteristics.
Chapter-3: “Conventional Techniques for speed control” describes different conventional
techniques those are applicable for speed control with the help of real simulation circuit, the
speed response for all technique is given and features and limitations for all techniques are
compared with proposed technique.
Chapter-4: “Proposed Novel Technique Description” describes the detail theoretical
description of proposed novel technique for speed control of dc series motor for both hoist
and bridge configuration. The close-loop controller for speed control is discussed with the
block diagram presentation.
Chapter-5: “Simulation of the Proposed Technique” shows the simulation circuit, which is
simulated in the Psim software tool for the close-loop speed control of dc series motor with
the help of analog controller. The analog controller circuit includes speed PI controller,
armature current controller and field current controller. The speed response for different
reference speed is given and the armature voltage at difference reference speed is observed.
Chapter-6:- “Flowchart for Programming” describes the algorithm of the flowchart for
programming for controller, includes main operation flowchart, PI controller flowchart and
flowchart foe PWM generation.
Chapter-7:- “Simulation of Proposed Technique with DLL Block” show the simulation
results for proposed technique with programming, for that the controller circuit logic is
programmed in the visual basic C++ and that is linked with the Psim tool. The speed response

for the different reference speed condition is observed.
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Chapter-8:- “Hardware Implementation of DC drive” this chapter shows the actual
experimental results of the proposed technique, the actual experiment was carried out with
the dc series motor and those experimental results are compared with the simulation results.
Chapter-9:- “Comparative Description of all techniques” this chapter describes the
comparison of all techniques according to the control and speed responses and discuss the
advantages and disadvantages of all techniques.

Chapter-10:- “Conclusion & Future Task” finally the overall work is concluded in this
chapter with the comparison of proposed technique and the experimental and simulation

results are compared. The future task of the project is described in this chapter.



CHAPTER: - 2
AN OVERVIEW OF CRANE DRIVE

2.1 Four-Quadrant Operation of a Motor Driving a Hoist Load

In industry, a large amount of crane drives is found. The most evident application area
of cranes in undoubtedly the harbor where they are found for moving containers and bulk
material from ship to store and vice versa and to load and unload trucks and trains. These
cranes are mostly installed outdoor, and therefore the influence of the wind on the behavior of
the drive may be considerable. Further on, it will be indicated how the wind may influence
the layout of the drive.

However, far more cranes are installed in industry, especially in metallurgy. They are
used for transporting heavy loads, e.g. coils and slabs. Most applications are indoor.
Therefore, the influence of the wind does not exist. However, other considerations as the
influence of dust, smoke, water and heat, interfere with the drive design.

The electrical drives used in these cranes were until recently, dc motors with a
variable voltage supply. First the rotating Ward-Leonard combination was common, which
was then replaced in the sixties by a four-quadrant converter. The four-quadrant operation is
essential as braking capacity is required for lowering the load.

The wound rotor induction motor with rotor resistors offered an alternative for the dc
motor. First it was only possible in a discontinuous way; contactors were used to short-circuit
parts of the resistors. The main disadvantage is that the actual speed depends heavily on the
load. More recently, an electronic control system was added to continuously control the rotor
resistance value. Also stator voltage regulation may be added.

Speed control is an essential feature in crane drives. It is required for allowing soft
starting and stopping of the travel motions, for avoiding swinging of the load and for enabling
its correct positioning. The latter one may not be underestimated positioning a 12 m long, 30-
ton heavy container with accuracy of 5 cm or less, is a difficult task. For the hoist motion, the
speed control is essential in the low speed range avoiding damage to the load when putting it
down and minimizing the stress on the mechanical brakes. Furthermore, the speed control
limits the starting currents. This is particularly important for cranes as the electricity is
provided via a sliding contact on rails or a cable drum, both leading to relatively high
impedances of supply and therefore high voltage drops if no measures are taken for limiting

the starting current.
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Figure 2.1: Four-Quadrant Operation of a Motor Driving a Hoist Load

A hoist consists of a rope wound on a drum coupled to the motor shaft. One end of the
rope is tied to a cage, which is used to transport material from one level to the other level.
Other end of the rope has a counter weight.

Forward direction of the motor speed will be one, which gives upward motion of the
cage. Speed-torque characteristics of the hoist load are also shown in fig.2.1. Though the
positive load torque is opposite in sign to the positive motor torque, it is convenient to plot it
on the same axes. Load-torque curve drawn in this manner is in fact, negative of the actual.

Load torque has been shown to be constant and independent of speed. This is
nearly true with a low speed hoist where forces due to friction and windage can be considered
to be negligible compared to those due to gravity. Gravitational torque does not change its
sign even when the direction of the driving motor id\s reversed. Load torque line Tj; in
quadrant IV and I represents speed-torque characteristic for the loaded hoist. This torque is
the difference of the torques due to the loaded hoist and counter weight. The load-torque line
Ty, in quadrant IT and III is the speed torque characteristic for an empty hoist. This torque is
the difference of torques due to counter weight and the empty hoist. Its sign is negative

because the weight of the counter weight is always higher than that of an empty cage.
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The quadrant I operation of a hoist requires the movement of the cage upward, which
corresponding to the positive motor speed which is anticlockwise direction here. This motion
will be obtained if the motor produces positive torque in anticlockwise direction equal
magnitude of the load torque Tj;. since developed motor power is positive, this is forward
motoring operation.

Quadrant IV operation is obtained when a loaded cage is lowered. Since the
weight of the loaded cage is higher than that of counter weight, it is able to come down due to
the gravity itself. In order to limit the speed of the cage within a safe value, motor must
produce a positive torque T equal to Ty in anticlockwise direction. As both power and speed
are negative, drive is operating in reverse braking.

Operation in quadrant II is obtained when an empty cage is moved up. Since a
counter weight is heavier than an empty cage, it is able to pull it up. In order to limit the
speed within a safe value, motor must produce a braking torque equal to T, in clockwise
(negative) direction. Since speed is positive and developed power negative, it is forward
braking operation.

Operation in quadrant III is obtained when an empty cage is lowered. Since an empty
cage has a lesser weight than a counter weight, the motor should produce a torque in forward
direction. Since speed is negative and developed power positive, this is reverse motoring

operation.

2.2 Torque and Power Requirements

The torque and power that have to be delivered by the drive may be obtained from the
torque versus speed characteristic from the load. If no wind influence has to be taken into
account, the load characteristic is given in Fig.2.2. Apart from the zone around zero, the

torque is constant. The surplus of torque available is used for accelerating the system.

A torque 0
150

100 _

ecceleration

friction ]

[ TeFt speed

\ right

Figure 2.2: Torque Vs speed characteristic of travel motion without wind
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The crane drive supplies the speed reference signal. For a travel in a one direction,
braking and reversing to the full speed in the other direction, the speed reference signal is
given by top curve of fig.2.3. Integration yields the control signal of the inventor (dotted
line). The torque reference signal is generated (second curve), lading to the machine actual
speed. Multiplying the actual speed and the torque reference yields the actual power (third

curve). The peak power found at the end of the acceleration period.

tine

torque reference
speed reference

tine

\\ !f ’
Vf

\
\actual speed /
Figure 2.3: Time pattern of the different signals for a travel without wind.

actual power

If wind forces are taken into consideration, the torque Vs speed curve is shifted
vertically as shown in Fig.2.4. The torque and speed reference remain the same, as well as the

actual speed. However, the torque reference and the actual power differ, as shown on Fig.2.5

+tnrq1..ne (WA
N, required torque
wind torque
N
] friction s i
I left speed
N right

Figure 2.4: Torque speed characteristic of travel motion with wind
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Figure 2.5: Time pattern of the different signals for a travel with wind.

During acceleration, kinetic energy is stored in the system. To stop the crane, this
energy must be absorbed by the drive. In the indoor situation, this energy is well known and
only present for a short period of time. For outdoor applications, the wind forces may become
very important. When traveling in the same direction as the wind, the wind drives the crane
and a situation may occur, where a continuous electrical braking is required. The drive must
be capable of handling this inverse power direction either by consuming the power in a
resistor or preferably by feeding it back to the supply. The latter has consequences for the
rectifier layout as will be discussed further on. The shaded area on the power Vs time
characteristic indicates the amount of braking power required.

The hoist torque Vs speed characteristic is shown in Fig.2.6 (a) for an unloaded hook.
The characteristic resembles the one for the travel motion. However, it is always asymmetric
with respect to the horizontal axis; due to the gravitation force loaded (Fig.2.6 (b)). For both
unloaded and loaded situation, this asymmetry becomes more pronounced when the hook is
for the travel motion. However, it is always asymmetric with speed, torque and power is
given in Figs.2.7 (a) and 2.7 (b). Again the amount of braking power is indicated. The worst
braking case with a hoist motion is when sinking a loaded hook.

It should be noted that the wait of the hook might be considerable. The hook may be
simple or have a several parts to handle the load. In ladle crane drive in foundries, hook, ladle

and cable together are a significant portion of the load. For bulk material handling, system
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components as e.g. the magnet and the grab, do contribute. In container application, the

spreader mass may be as high as 12 ton.
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Figure 2.6: Torque Vs speed characteristic of the hoist

f \ speed reference / \ Tpeed reference ime

time actusl speed
>

v

—

actual speed /

!

TF
:
E
v

.
artugl pover
tne
(a). Without Load (empty hook) (b). With load

Figure 2.7: Time pattern of the different signals for a hoist with load.



CHAPTER: -3
CONVENTIONAL TECHNIQUIES
FOR SPEED CONTROL

3.1:- 3-Phase controlled rectifier

m
5SS
T
-
@
g

oS
2
Figure 3.1: Three-phase controlled rectifier for speed control of dc series motor

Fig.3.1 shows the power schematic with control circuit of three-phase full controlled
rectifier for the close loop speed control of dc series motor. In this scheme for the speed
control the firing angle of the SCR is controlled. As shown in fig.3.2 for the different speed
position different reference signals are generated. The generated reference signal is then
compared with the actual signal and speed error is generated, this error signal is processed
with the PI controller and output of the PI is then given to the alpha controller the generate
the triggering pulse for SRCs.

The major advantage of this scheme is that in this scheme the speed control is
achieved directly using control rectifier means it does not required any uncontrolled rectifier
and then extra chopper for the speed control, so the system becomes economical

But the disadvantage of this system is that the time response for the controller is very
low in the rectifier circuit as it requires at least one cycle for the stabilization and in the crane

drive application the control must be as fast as possible because in such application the

12
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consecutive forward and reverse operation at different speed position is required so for this

crane application this scheme gives poor performance.

Time (3)

Figure 3.2: Actual and reference speed wave-forms For Scheme-1

Fig.3.2 shows the speed output wave-forms which is simulated in the Psim software
tool the fig shows that at starting the actual speed is not completely follows the reference

speed and time for the stable speed is round about 5sec which is very slow.
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3.2 Buck chopper
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Figure 3.3: Buck chopper for the speed control of DC series motor

Fig.3.3 shows the one of the possible schematic for the close loop speed control of the
DC series motor. In this scheme buck type chopper is used for voltage control. The generated
reference speed is compared with the actual speed and generated error is processed by the PI
controller and that PI out-put is given to the comparator as a reference which is compared
with the triangular carrier signal and with this comparison PWM signal is generated for the
switch of the chopper. In this type of speed control method for the speed reversal contactors
are used in the field (or in the armature) as shown in fig.3.3.

This scheme gives a very fast response for the speed control in the either direction and
due to the PWM modulation the controller gives very smooth speed control. But this scheme
has a major disadvantage as it is used only for the speed control up to base speed because of
buck chopper. Other disadvantage of the system is it requires additional contactors for the
speed reversal which reduces the reliability of the system and because of the series motor
armature and field winding caries same current so, it requires higher ratings of contactors

which increases the cost of the system.
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Figure 3.4: Actual and reference speed waveforms for scheme-2
Fig. 3.4 shows the speed waveforms for the different reference input command. It
shows that with this scheme we can get very fast response for the speed control. As shown in
fig with this scheme we can four speed steps only within 40 seconds and we can also reduce

it up to 30 sec.
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3.3:- H-Bridge type chopper

Gate

Figure 3.5: H-bridge type chopper for the speed control of DC series motor

Fig.3.5 shows the H-bridge chopper configuration for the speed control of the dc
series motor. In this scheme for the speed control four IGBTs are used for feeding the supply
to the armature of the motor and field is connected in series with the armature circuit. For the
speed control in the forward direction two switches (named as F in the fig) are modulated
with PWM control technique using close loop PI controller.

For any speed position required reference speed command is given to the controller
this reference speed is compared with the actual speed, which generates speed error
command, then this generated error is processed with the PI controller and that PI out-put is
given to the comparator as a reference which is compared with the triangular carrier signal
and with this comparison PWM signal is generated for the F switches of the chopper.

The major advantage of this scheme is that it does not require any external contactors
for the speed reversal, four switches used for the modulation can same uses for the speed
reversal.

This scheme also gives very fast speed control response but for the hoist application at
the starting the load torque is very high at low speed. In the dc series motor at starting if we
start motor with rated field current than we can get the higher torque with very low speed, but
for this application we required two different controllers for the field and armature current
control and we required switches in the field circuit also so for this application different

scheme is required.
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Figure 3.6: Actual and reference speed waveforms for scheme-3
Fig.3.6 shows the speed output waveforms for the different speed references, which is
simulated on the Psim software tool. Speed response of this scheme is same as in the

schemel.
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PROPOSED NOVEL TECHNIQUE DESCRIPTION

4.1 Power Circuit for Hoist
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Figure 4.1: Proposed novel technique power circuit for hoist

Fig.4.1 shows the power schematic for the reversible DC series motor drive, which
supplies the motor current through terminals T;, T, and T3 only. This allows some or the
entire armature current to pass directly to the field current winding when the torque is in the
usual direction for balancing the load on the hoist. This substantially reduces the heating in
the semiconductor device that controls T,. This scheme gives four-quadrant operation. This
means that it can produce either positive or negative torque irrespective of whether the motor
is running in the forward direction or the reverse. The controller is therefore able to absorb
energy from the motor when it is providing torque such a direction as to decelerate a high
inertia or when it is providing a braking torque during lowering of a heavy load. The
efficiency of the controller is sufficiently high to allow it to recover some energy from the
load and return it to the DC supply. For the speed control of motor Pulse Width Modulation
(PWM) is used to produce an output voltage on each terminal that is a proportion of the DC
supply voltage by controlling the duty cycle of the top and bottom IGBTs of each half bridge.
In fig.4.1, the voltage that appears across the motor winding is the difference between that of
two terminals and may be made positive or negative as desired. The pulse frequency,

typically 1 KHz, is high enough for the inductance of the motor windings to act as a very

18
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effective smoothing choke. The current that flow have a small amount of high frequency
ripple but are substantially the same as if they had been derived from a smooth DC source.

As shown in fig.4.1, IGBTs Q2P and Q2N are employed to control the voltage at
second output terminal by switching it to either the positive or negative side of the DC supply
voltage. IGBT Q3N controls the voltage at a third output terminal. A diode that across the

Q3N provides a free wheel path for current entering terminal when Q3N is not conducting.

T1
Voltage

T2
Voltage

T1-T2
Voltage

T3
Voltage

T2-T3 L
Voltage ... _1_____ — - —--

Figure 4.2: Pulse Width Modulation waveforms for hoist

Referring to the fig.4.2, node N1, nodeN2 and node N3 are at the junction of IGBTs
pair QI1P/QIN, Q2P/Q2N and Q3P/Q3N, respectively of the DC/DC converter. When a
hoisting operation is about to commence, with the load resting on the floor, the DC/DC
controller modulates these three nodes at 50%in order that they are all at the same average
DC voltage level, namely 50% of the DC supply voltage. Consequently, there is no current in

either the armature or the field of the DC series hoist motor.

To initiate hoisting, the operator moves a master switch of the operator’s control panel
away from the “OFF” potion to the “RAISE” direction. In response, the DC/DC controller
modulates the DC/DC converter to initiate current flow in the direction from node N1, to
terminal T1, to point Al, to the armature, and to the point A2 by increasing the voltage at
node N1 above 50%V. With node N2 remaining at 50% V and node N3 at less than 50%V,
current will then flow in two paths (1) in to terminal T2 to node N2 and (2) into point S1, to
field winding, to point S2 and in to terminal T3 to node N3.

The operator than moves a master switch of the operator’s control panel to desired
speed reference position. In response, the DC/DC converter to cause the DC voltages at all

three nodes vary in order to maintain the appropriate armature and field currents
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corresponding to “series motor” mode operation during which such armature and field
currents are equal or by alternate setup to a customized speed-torque profile. At the
maximum hoist speed and load, typical node voltages are 100%V, 5%V, and 0%V at nodes
N1, N2, and N3, respectively, corresponding to 95% input voltage across the armature and

5% input voltage across the field winding, with the armature and field currents being equal.
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Figure 4.3: Mode of operation for the hoisting motion
Fig.4.3 shows one of the mode for the operation of DC/DC converter of fig. 4.2. This
mode allows speed under light load to be limited. In this mode the field current Ig is
controlled independently and may be maintain at a higher value or a lower value than the
armature current I, when the need arises. When forward motion is requests IGBT Q1P is ON.
IGBT devices Q2P and Q2N are driven by Q2P and Q2N signals respectively of fig.13. IGBT
device Q3N is modulated with a suitable duty cycle on Q3N signal of fig.5.1. Node N1 is set

to 100%V during this operating mode, thereby, in effect, connecting output terminal T1 to
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positive DC supply voltage. IGBTs Q2P and Q2N are electronically interlocked through the
microprocessor in order that when Q2P is ON Q2N is OFF and vice versa.

This sequence of states permits the mean voltage across the armature to be controlled
independently of the mean voltage across the field with the restriction that the sum of the two
voltages cannot exceed the positive DC supply voltage. The voltage across the field is not
more than a few percent of the positive DC supply voltage. Using this mode of operation, it
is possible to achieve hoisting speeds that are less dependent on the load being lifted.

Continuing to refer to fig.4.3, the field current may also be held constant if necessary.
This is most advantageous for light load where the difficulty of controlling the speed of a
simple series field motor is most pronounced. By maintaining the minimum level of field
current, a natural speed limit is reached when the armature voltage VA approaches to positive
DC supply voltage. In other words, the motor cannot over-speed since there always exists a
finite and significant field flux even when armature current is very low [4]. When maximum
hoisting effort is required, the field current is increased in line with the armature current, but
may still be independent controlled so as to modify the torque/speed characteristic of the
motor if desire.

Referring to fig.4.4, when a request for the movement in the lowering direction, IGBT
QIN is ON. Terminal T1 is set to 0%V, thereby effectively connecting point Al to the
negative terminal. During power lowering, current flows from output terminalT2 and divides
to become partly field current into point S1 and partly armature current in to point A2. IGBT
Q2P and diode of that IGBT supply the sum of these two currents. The overall torque
capability in this mode is, hence limited by the rating of this two devises, but fortunately, the
torque requirement for power lowering is merely that necessary to overcome friction losses
which are relatively small. It is, therefore, readily possible to provide sufficient torque for this

mode without excessive current in to two devises.
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Figure 4.4: Mode of operation for the lowering motion
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4.2 Power Circuit for Bridge and Trolley
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gure 4.5: Proposed novel technique power circuit for bridge and trolley

Fig.4.5 shows the power topology for the speed control of dc shunt motor for bridge and
trolley configuration. By comparing the fig.4.1 with the fig.4.5, in the topology for the hoist
configuration the motor shunt field winding is supplied by the T3 and T4 terminal. The motor
armature voltage is the difference between the T1 and T2 terminal voltage and motor shunt
field voltage is the difference between the T4 and T3 terminal voltage. The close-loop speed

controller is same as for the hoist configuration.

T
Voltage

T2
Voltage

T1-T2
Voltage

T3
Voltage

T1-T3
Voltage

Figure 4.6: Pulse Width Modulation waveforms for bridge and trolley
Fig.4.6 shows the required voltage pattern for the bridge configuration, as shown in

fig the voltage across the motor armature is the difference between the T1 terminal voltage
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and T2 terminal voltage (Va = T1 — T2), and voltage across the motor shunt field winding is

the difference between the T4 terminal voltage and T3 terminal voltage (V¢ = T4 —T3).
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4.3 Close-Loop Controller for the Speed Control
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This controller includes a nested loop structure including an outer controlling loop for
the speed of the dc series motor and two separately controllable inner control loops for the
armature and field current of the dc series motor. The operator, through the A/D converter
from the continuously variable analog speed response, inputs a suitable speed response.
Alternatively, any suitable signal may be input such as, for example, a current signal, a 5-step
voltage signal corresponding to 5-steps on the operator’s master switch on the operator’s
control panel. A speed reference signal is input by an acceleration/deceleration control block,
the output of which is applied to the positive input of the summing junction. The negative
input of summing junction receives an actual speed feedback signal coming from the speed
sensor. The output of the summing junction is input by the speed loop (P+I) regulator, which
produces the armature current reference la*. The current reference signal is applied to the
positive input of the summing junction. The negative input of the summing junction receives
the armature current value Ia sensed by the current sensor. The output of the summing
junction is input by the armature current (P+I) regulator.

For the field current regulation external field current reference current is input to the
positive input of the summing junction. The negative input of the summing junction receives
the field current value sensed by the current sensor. In turn, the output of the summing
junction is input by the field current (P+I) regulator.

The output of armature current (P+I) regulator is applied to the PWM generator and
IGBT logic block, which, in turn, drives the IGBT driver block in order to continuously,
adjust the appropriate IGBTs to provide suitable armature current to satisfy the required
operating conditions.

Similarly, the output of the field current (P+I) regulator is applied to the PWM
generator and IGBT logic block, which, in turn drives the IGBT driver block in order to
continuously, adjust the appropriate IGBTs to provide suitable field current to satisfy the
required operating conditions.

In response to the applied sped reference signal provided by the operator, the
controller responds by continuously adjusting the duty cycles of the IGBTs Q2P, Q2N, Q3P,
Q3N in order to operate the motor at the speed desired within the constrains of the maximum

capability of the system. A nested loop structure is employed including the outer speed loop.
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5.1 Simulation for Hoist Configuration
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Fig.5.1 shows the power schematic for the close-loop speed control of the dc series
motor with the PWM generation logic and the PI controller. This power schematic is
simulated on the Psim software tool with DC series motor with the rated voltage of 500Vdc,
current of 10Adc, and speed of 1200rpm. The value of the armature resistance Ra = 0.5, Rf
= 1Q, La = 2mH, and Lf = 2mH. For the power topology IGBTs are used as switching
devices with the switching frequency of 1KHz. PWM technique is used for the switching of
IGBTs. The control circuit for the power topology, this includes the speed loop PI controller,
armature current control PI controller and field current PI controller to regulate the speed at
the reference speed.

Speed
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e T a1 B e e O RRaae
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Figure 5.2: Speed of the motor with 1200-rpm reference
Scale: X-axis 1block = 1Sec.
Y-axis 1block = 200rpm
Fig. 5.2 shows the speed of the motor in rpm at the no load when the reference speed
is set to 1200rpm, as shown in fig. 8 motor speed sets at the reference speed very fast which

proves the fast dynamic response of the motor during the hoisting motion.
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Fig.5.3 shows the voltage pattern for the maximum speed and it also shows the
voltage across the armature (c) is the difference between the (a) T1 terminal voltage and (b)
T2 terminal voltage. And at the maximum speed, maximum voltage is available across the

armature of the series motor. Because during this reference speed maximum modulation of
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Figure 5.3: Armature voltage waveform for 1200rpm
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Figure 5.4: Armature and Field current waveforms for 1200RPM

Fig.5.4 shows the armature (a) and field (b) current at the maximum speed and it
shows that both the currents are independent with each other, so both the current can control
independently. In the fig armature current shows very low because motor operates on no-load
and as load increases armature current will increases.
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Figure 5.5: Armature voltage waveform for 600rpm

Fig. 5.5 shows the voltage pattern for the half speed reference, it shows that as
reference speed decreases width of the T2 terminal voltage (a) waveform increases and the
difference between the T1 and T2 terminal voltage decreases and as a result voltage across
the armature (c) decreases, this shows that this follows the same pattern as discussed in the
fig.4.2. At this speed also the field current is same as the maximum range and armature
current is reduced.
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Figure 5.6: Armature voltage waveform for 50rpm
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Fig.5.6 shows the armature voltage waveforms for the 50rpm speed condition and it
shows that at this speed very low voltage is available across the armature (b) and maximum

modulation is there for the T2 terminal voltage (a).
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Figure 5.7: Motor Response at 15N-m load with different Reference Speed
Fig. 5.7 shows the motor response for the different reference speed condition with the
constant 15 N-m load torque and it shows in fig.5.7 (c) that motor can generate the same
motor torque at any speed position and is also shows that motor armature current increases as
the load torque increases and field current remains constant for the entire speed range. Fig.
5.7 (a) shows the actual speed of the motor which follows the reference speed signal as in fig.
5.7 (b); it shows the dynamic response of the motor which is very fast for the minimum to the

maximum speed.
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Figure 5.8: Speed of the motor with -600RPM reference
(For the Reverse Direction)

Fig.5.8 shows the speed of the motor in the reverse direction for that -600rpm is given
as a reference speed here in the fig.14 shows the speed as -0.5 means the gain of the speed
sensor is set the [1/1200] so the actual speed of the motor is [-0.52*%1200]. Fig shows that,
proposed topology also works with the same response in the reverse direction. This speed

response is shown for the no-load condition.
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Figure 5.9: Armature voltage waveform for -600rpm

Fig. 5.9 shows the voltage pattern for the -600rpm reference speed and it also shows
the voltage across the armature (c) is the difference between the (a) T1 terminal voltage and
(b) T2 terminal voltage. In this mode of operation the switch QIN is turn on so -500V is

available at the terminal T1 as in the fig.5.9 (a).
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5.2 Simulation for Bridge & Trolley Configuration
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Figure 5.10: Simulation circuit for bridge and trolley configuration
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Figure 5.11: (a) Actual motor speed (b) 1200RPM reference speed
Fig. 5.11 shows the speed of the motor in rpm at the no load when the reference speed is

set to 1200rpm.
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Figure 5.12: (a) T1 Terminal voltage (b) T2 Terminal voltage (c) Armature across voltage

Fig. 5.12 shows the voltage pattern generated using the given power topology for the
1200rpm reference speed. As discussed in the basic concept of the topology the Voltage
across the armature (c) is the difference between the T1 terminal voltage and the T2 terminal

voltage.
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Figure 5.13: (a) Armature voltage (b) Field voltage
Fig. 5.13 shows the armature and field voltage waveforms for the 1200rpm reference
speed as in stated in the concept of the topology for the fixed field current reference only 2 to
4 % of the armature current and as in the fig. the average value of the armature current is

480V and the field voltage is 10V, which is the 2.08% of the armature voltage.
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Figure 5.14: (a) Armature current (b) Field current (c) Generated motor torque
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Figure 5.15: (a) Actual motor speed (b) 600RPM reference speed
Fig. 5.15 shows the speed of the motor in rpm at the no load when the reference speed is

set to 600rpm.
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Figure 5.16: (a) T1 Terminal voltage (b) T2 Terminal voltage (c) Armature across voltage
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Figure 5.17: (a) Actual motor speed (b) I00RPM reference speed
Fig. 5.17 shows the speed of the motor in rpm at the no load when the reference speed is

set to 100rpm.
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Figure 5.18: (a) T1 Terminal voltage (b) T2 Terminal voltage (c) Armature across voltage
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Figure 5.19: (a) Actual motor speed (b) -1200RPM reference speed

Fig. 5.19 shows the speed of the motor in rpm at the no load when the reference speed is

set to -1200rpm.
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Figure 5.20: (a) T1 Terminal voltage (b) T2 Terminal voltage (c) Armature across voltage

In this mode of operation for the speed reversal voltage across the armature must be
reverse so for that the T1 terminal voltage is made at —-500V and the T2 terminal voltage in

modulated as same in the forward direction, so the difference between the T1 terminal
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voltage and T2 terminal voltage becomes —ve, that voltage is applied across the motor
armature for the reverse speed. As shown in fig. 5.20 for the 1200rpm reference speed the

voltage across the armature in the maximum in the reverse direction.
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Figure 5.21: (a) Armature current (b) Field current (c) Generated motor torque
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Figure 5.22: (a) Actual motor speed (b) -600RPM reference speed
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Figure 5.23: (a) T1 Terminal voltage (b) T2 Terminal voltage (c) Armature across voltage
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FLOW CHART FOR PROGRAMMING

6.1 Flow Chart for the main program

v

Main DC-Bus Voltage ON

Initializations of peripherals,
variables, get data from EEPROM
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Is EEPROM data
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Is timer O
interrupt?

VDC scanning — DC bus voltage
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motor speed

On reset load default value

Is reset button
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Give EEPROM fault;
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If motor
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GI1P flag 1

Is motor speed
=< rated speed

Yes

Reference Field

Field Current

Current = Rated

A

y

Iterror = Ifreference - Ifactual

y

PI controller processes Iferror

A\ 4

Output of (Field Current) PI
Controller

A\ 4

Generation of PWM pulses for
switches 5 and 6

Reference Field Current as per
standard table
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Nerror = Nreference — Nactual

A4

PI controller processes Nerror

A 4

Output of (Speed) PI Controller

= Ia reference

A 4

L; error = Ia reference — la actual

A 4

PI controller processes I error

A 4

Output of (Armature Current) PI

Controller = I reference

Generation of PWM pulses for
switches 3 and 4

()

Figure 6.1:

A 4

End

Algorithm of the control circuit operation
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6.2 Generation of PWM Pulses

For generation event manager-A of the DSP is used. In event manager-A maximum
six PWM can be generated. Timerl is used to generate saw-tooth reference. PWM for leg one
is generated automatically. One compare register is loaded with half count. It will generate
the pulses with dead time automatically at PWMS5 and PWMS6 pins of DSP. For generation of
PWM for second leg interrupt is used. Here output of PI controller is compared to saw-tooth
count. When PI count crosses the value of saw-tooth count, value of PI count is loaded into
timer4. When timer4 count is zero, it generates an interrupt, which will generate a fix value
pulse including dead time. This pulse is available at PWM4 pin of DSP. Similarly other pulse
of second leg is also generated in same manner but here timer 2 is used for the same and
reference is taken from the starting of saw-tooth waveform count. These PWM pulses are
available at PWM4 and PWM23 pins of event manager A.

6.2.1 Flowchart for generation of PWM pulses

Initialize event manager A, Set timer
1,2 and 4.

\ 4

Load cmpr4 register with Speed PI
output count.

Is saw tooth
count > cmprl
register value?

Make PWM2 high for timerl
count after dead time and make
PWM1 pin low

Make PWMI pin high after dead time
and make PWM?2 pin low for
timer1count
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Load cmpr?2 register with Field
Current PI output count.

Is saw tooth
count > cmpr2
register value?

lYes

47

Make PWM4 high for timer2
count after dead time and make
PWM3 pin low

and make PWM4 pin low for
Timer2 count

Make PWM3 pin high after dead time

Figure 6.2: Algorithm for the PWM generation
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USING DLL BLOCK
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Figure 7.1: Simulation circuit using DLL block
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Fig.7.1 shows the power schematic for the close-loop speed control of the dc series
motor with using DLL block. This power schematic is simulated on the Psim software tool
with DC series motor with the rated voltage of 500Vdc, current of 10Adc, and speed of
1200rpm. The value of the armature resistance Ra = 0.5Q, Rf = 1Q, La = 2mH, and Lf =
2mH. For the power topology IGBTs are used as switching devices with the switching
frequency of 1KHz. PWM technique is used for the switching of IGBTs. The program does
the control circuit for the power topology and PWM logic. This program is written in the *.C’
file and the file is link with the DLL block in the circuit The PI parameters are given from the
external source.

In the fig.7.1 the ‘skp’ and the ‘sTi’ are the gain and the time constant for the speed
control PI simultaneously. The ‘akp’ and the ‘aTi’ are the gain and the time constant for the
armature current control PI simultaneously. And the ‘fkp’ and the ‘fTi’ are the gain and the

time constant for the field control PI simultaneously.
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Figure 7.2: (a) Actual motor speed (b) 1200RPM reference speed
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Fig. 7.2 shows the speed of the motor in rpm at the no load when the reference speed
is set to 1200rpm, as shown in fig. 7.2 the motor speed sets at the reference speed same as
using the analog circuit and the response of the controller is very fast which proves the fast

dynamic response of the motor during the hoisting motion.
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Figure 7.3: (a) T1 Terminal voltage (b) T2 Terminal voltage (c) Armature across voltage

Fig.7.3 shows the voltage pattern generated using the given power topology for the
1200rpm reference speed. As discussed in the basic concept of the topology the Voltage
across the armature (c) is the difference between the T1 terminal voltage and the T2 terminal
voltage. At this reference speed the maximum voltage is required at the armature voltage and
as the voltage across the armature is the difference between the T1 terminal voltage and the
T2 terminal voltage, for the fixed T1 terminal voltage the minimum modulation of the T2

terminal is occurred that can be seen in the fig.7.3
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Figure 7.4: (a) Armature current (b) Field current (c) Generated motor torque
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Figure 7.5: (a) Actual motor speed (b) 600RPM reference speed

Fig. 7.5 shows the speed of the motor in rpm at the no load when the reference speed

is set to 600rpm.
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Figure 7.6: (a) T1 Terminal voltage (b) T2 Terminal voltage (c) Armature across voltage
Fig. 7.6 shows the voltage pattern generated using the given power topology for the
1200rpm reference speed. As discussed in the basic concept of the topology the Voltage
across the armature (c) is the difference between the T1 terminal voltage and the T2 terminal

voltage.
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Figure 7.7: (a) Actual motor speed (b) 100RPM reference speed
Fig. 7.7 shows the speed of the motor in rpm at the no load when the reference speed

is set to 100rpm.
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Figure 7.8: (a) T1 Terminal voltage (b) T2 Terminal voltage (c) Armature across voltage

Fig. 7.8 shows the voltage pattern generated using the given power topology for the
100rpm reference speed. As discussed in the basic concept of the topology the Voltage across
the armature (c) is the difference between the T1 terminal voltage and the T2 terminal
voltage. At this reference speed the lower voltage is required at the armature voltage and as
the voltage across the armature is the difference between the T1 terminal voltage and the T2
terminal voltage, for the fixed T1 terminal voltage the maximum modulation of the T2
terminal is occurred that can be seen in the fig.7.8
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Figure 7.9: Actual speed of the motor at -1200RPM reference speed
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Figure 7.10: Voltage across the armature for -1200RPM reference speed

Fig. 7.10 shows the voltage across the armature for 1200RPM reference in the reverse

direction. As shown in (a) T1 terminal voltage in the reverse direction —ve Vdc voltage will

appear at this terminal and the voltage across the armature is the difference between the T1

terminal voltage and T2 terminal voltage. As the reference speed increases the voltage across

the armature increases in the reverse direction and the T2 terminal voltage decreases in the

reverse direction. But in the reverse operation only the armature current direction is reverse to

get the reverse flux.
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Figure 7.11 Armature and Field current waveform for -1200RPM reference
Fig. 7.11 shows the armature and field current waveform for -1200RPM reference
speed. As in the case of dc motors for speed reversal it is required to change the direction of
the current either the armature current or the field current. That is shown in fig the armature
current is in the reverse direction and the field current is flows in the same direction.
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Figure 7.12: Actual speed of the motor at -600RPM reference speed

Fig. 7.12 shows the actual speed of the motor for -600RPM reference speed for the
half reference speed in the half modulation is occurred for t2 terminal voltage and half the

Vdc voltage will appear across the armature.
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Fig.: - 8.1 shows the overall block diagram for the DC drive, which including DSP

control card TMS320F2811, IGBT driver card, SMPS, sensors, Display, Keypad. This block

diagram can be divided in some parts like,

1.

10.

Supply unit: - This block supplies the ac supply voltage to the drive, has a rating of
3-phase, 440V, 50Hz.

Rectifier unit: - This unit is used for ac-dc conversion, this is the full wave
uncontrolled rectifier.

Filter unit: - This unit is used for filter the pulsation at the DC side to get the better
motor operation it is necessary to make the smooth DC power.

Main power circuit: - This power circuit is used to feed the controlled DC supply to
the DC series motor. To control the voltage at the motor armature voltage the
modulation of the switches are done at required level.

Speed sensor: - Speed sensor is used to sense the present motor rpm, which is given
to the DSP control card as a feedback for the close loop control.

Current and Voltage sensors: - To sense the motor armature and field current and
armature and field voltage these sensors are used, for this application hall sensors are
used.

Driver card: - This card is used to feed the gate pulse to the IGBTs. The required
PWM signals that are generated from the control card are given to this driver card.
Keypad & Display: - Keypad is used for set the different parameters of the controller
like PI parameters, over/under voltage limit, over/under current limit, etc. and display
is used to display the current parameters of the motor.

SMPS: - This is the switch mode power supply is used to feed the supply to the
control card, this control card needs different dc voltage level, those are generated
using this smps.

Control card: - This control card includes the DSP chip(TMS320F2811), sensing
circuit, buffer circuit for the PWM, serial communication circuit, analog and digital

output circuits etc. the over all circuit diagram of the control card.
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8.2 Hardware Parameters
To verify the proposed technique the actual experimental test is carried out on DC
series, motor. The experiment is carried out with the help of 45KW rating prototype module.
IGBT have a voltage rating of 1200V and current rating of 200A. For the close loop control
the speed feedback is taken with the help of encoder, which gives 2500 counts per RPM.
Dual current sensors having a current rating of 50A take armature and field current
feedbacks. DSP (TMS320F2811) based control card is used as a controller.
DC series motor specifications:
Rated voltage = 230V dc
Rated speed = 1500rpm
Rated current = 11.8A
Armature winding resistance = 2.3ohm
Field winding resistance = 2.9ohm
Obtained PI parameters are as following:
Speed PI:
Speed gain kp =2
Speed time Ti = 9.2msec
Armature current PI:
Armature current gain kp = 1.5
Armature current time Ti = 16.5msec
Field current PI:
Field current gain kp = 1.975

Field current time Ti = 10.18msec
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8.3 Gate pulses at the output of the gate driver card using DSP
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Figure 8.2: Gate pulses for the IGBTs Q1P & QIN
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Figure 8.3: Gate pulses for the IGBT Q2P & Q2N for 1200 rpm reference
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Figure 8.4: Gate pulses for the IGBT Q2P & Q2N for 600 rpm reference
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Figure 8.7: Dead time between IGBTs on same leg
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8.4 Experimental Results for Different Reference Speed
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[1]. Experimental results for the 2S0RPM reference speed
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Figure 8.8: T1 Terminal voltage
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Figure 8.9: T2 Terminal voltage
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Figure 8.10: Voltage across armature
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[2]. Experimental results for SOORPM reference speed
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Figure 8.11: T2 Terminal voltage
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Figure 8.12: Voltage across armature

[3]. Experimental results for 7SORPM reference speed
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Figure 8.13: T2 Terminal voltage
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Figure 8.14: Voltage across armature

[4]. Experimental results for 1000RPM reference speed
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Figure 8.15: T2 Terminal voltage
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Figure 8.16: Voltage across armature
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[5]. Experimental results for 12S0RPM reference speed
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Figure 8.17: T2 Terminal voltage
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Figure 8.18: Voltage across armature

[6]. Experimental results for 1500RPM reference speed
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Figure 8.19: T2 Terminal voltage
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Figure 8.20: Voltage across armature

[7]. Experimental results for 17S0RPM reference speed
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Figure 8.21: T2 Terminal voltage
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Figure 8.22: Voltage across armature
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8.5 Result Table for different reference speed
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Reference T1 T2 Armature
Speed (RPM) Voltage (V) Voltage (V) Voltage (V)
250 190 167 23
500 190 136 54
750 190 110 80
1000 190 84 106
1250 190 50 140
1500 190 30 160
1750 190 30 160

Table 8.1 Armature voltages for different reference speed
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Figure 8.23: Graph of T2 terminal voltage and Armature voltage for diff. Ref. Speed

Table.8.1 shows the armature voltage for different reference speed and it shows that

as the reference speed increases the voltage across the armature increases and the voltage at

the T2 Terminal decreases and the difference between the T1 terminal voltage and T2

terminal voltage is appeared across the armature.

Reference Speed Actual Speed Actual Speed Actual Speed
(50% Load) (75% Load) (100% Load)
100 100 100 97
200 200 100 197
300 300 299 298
400 400 400 398
500 500 499 500
600 600 600 600
700 700 700 700
800 800 800 800
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900 900 900 900
1000 1000 1000 1000
1100 1101 1100 1099
1200 1201 1199 1200
1300 1301 1300 1300
1400 1401 1400 1397
1500 1501 1500 1500
1600 1601 1598 1600
1700 1701 1700 1700
1800 1801 1800 1800

Table. 8.2 Comparision of actual and reference speed
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Figure 8.24: Graph for the actual and reference speed relation




CHAPTER: -9
COMPARATIVE DESCRIPTION OF ALL
TECHNIQUES

As all above discussions are shows that with the application of the three-phase
controlled rectifier, the time response of the system reduces because of the controlled rectifier
as it uses SRCs, and the other disadvantage of such topology is that it requires contactors for
the speed reversal across it which reduces the reliability of the system and increases the
maintenance of the overall system.

With buck-chopper it shows that it gives fast response for the speed control but it also
need contactors for the speed reversal across the armature or field winding, further the rating
of such converter is limited due to the buck configuration.

Now, in the H-bridge type chopper; it uses same semiconductor devices for the speed
control as well as for the speed reversal so it is consider as the most reliable system for the
speed control of the dc motor but for the particular crane application as discussed above it

requires independent current control which is not possible in this technique.

COMPARISION OF DIFFERENT TECHNIQUES

3-Phase .
;r' Controlled | Buck-Chopper H—](Sjrﬁgge;ryp © ,ll,);gﬁ:l)isefe
o Rectifier PP q
1. |Switching Loss Low Low Medium Medium
2. Response Fast Low Fast Very Fast
3. | 4-Q Operation |Not - Possible | Not - Possible Possible Possible
4. Maintenance Low High Low Very Low
Independent . . . .
S. Not - Possible | Not - Possible | Not - Possible |  Possible
Current Control

Table 1: Comparison of different technique
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CONCLUSION AND FUTURE SCOPE

10.1 Conclusion

After discussing all the basic required features of the crane drive it shows that for the
particular crane application it requires fast dynamic response in the forward as well as in the
reverse direction, for dc motor it gives good dynamic response when it is control with
independent speed and torque control. So it requires independent armature and field current
controller.

For that all requirements the proposed novel technique is suitable and it also proves
the simulation of the proposed technique can work for the independent armature current and
field current control. And this control we can see in the simulation output waveforms. And it
proves that such technique can be used for the required crane application.

The proposed novel technique is also verified with the programming and simulated in
the Psim using DLL block, which gives the same response as in the analog control circuit.

For the proposed technique the control algorithm is also programmed in the DSP
TMS320F2811 and successfully implemented and tested with the dc series motor and
experimental results also shows it matches with the simulation results and the comparison of
the actual and reference speed also shows that the actual speed matches with the reference
speed for all load conditions.

The other major advantage of the proposed technique is that the future application. If
one wants to replace the dc motor with 3-phase induction motor same power topology can be
use for speed control of 3-AC motor, only need to change in the program in the processor for

the controller.

10.2 Future Scope

» The same technique can implement for the regenerative mode of operation in which
during the lowering operation of the hoist motor the generated energy from the hoist
motor can feed back to the bridge and trolley motor.

» This project work can extend for the AC as well as DC motor speed control by
implementing the program for the both motor controller in the DSP, as the chopper circuit

for the DC motor is same as the inverter circuit for the AC motor.
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APPENDIX -

A

OVERVIEW OF DSP TMS320F2811

DSP TMS320F

2811 PIN ASSIGNMENT

The TMS320F2810, TMS320F2811, TMS320C2810, and TMS320C2811 128-pin PBK low-profile quad flat-pack (LQFP) pin
assignments are shown in figure.

97
TESISEL —r—]
TRST C—I—
TCK —T—]
——

—LENL0
XF_XPLLDIS ———
Vop ——]
Vgg —1T—
Vpplo ———
EMU1 —T
XINT1_XBlo —T—
HKNMI_XINT13 ———
XINTZ2 ADCSOC C—T—
Vgg —I—]
Vpp ———
SCITXDA /3
SCIRXDA —I—]
PR m— m—

— TDI

91 |—1— TITRIP
90 —1T— TZTRIF
89 T TITRIF
84 F—1T— TICTRIF/EVASGC

81 —T—1 TICTRIF_PDFINTA

(=1
o=
—

95 —1— Vss
94 |—x1—3 VDD
93 —1— TDO
92 —1T 1 TMs
88 —I— Vss
85 —T ) TDIRA
83 —1T— VDDIO
a2 —T— VDD
75 —1 1 PWMG
74 |—1— VDD
73 —I— Vss
72 —1— PwWM5s
71— PWM4
70 /T PWM3
69 I—T—3J PWM2
68 —T—1 PWM1

@

2]

77 ——3 T2PWM_T2CMP
76 —I— T1PWM_T1CMP

87 /T3 xcLKouT
86 —T—3 TCLKINA
80 —T— CAP3_QEPH
79 —T—3 CAPZ QEP2
78 —/—1— cAP1 QEP1

Vop1 =
\' —Tr—

S51
ADCBGREFIN T—1T—
Vggar —I—]

VDDA2
ADCINAT
ADCINAG
ADCINAS
ADCINA4
ADCINAZ
ADCINA2
ADCINA1
ADCINAO

ADCLO

Vssalo

67 —1— SCIRXDB
66 —T 1 SCITXDBE
—T 1 CANRXA

CANTXA
Voo

Vss
T4CTRIPIEVBSOC
J3CTRIP_PDPINTB

SS
X1XCLKIN
X2

Vop
TCLKINB
TDIRB
Vss
VDD3vFL
TEST1
TEST2
Vp
CEIR
CHIRIP
CATRIP
CAP6_QEPI2
CAP5_QEP4
CAP4_QEP3

DD
T4PWM_T4CMP
T3IPWM_T3CMP
Vg

PWM12

PWM11

PWM10

PWM9

PWME

PWM7

=]

The C28x. DSP generation is the newest member of the TMS320C2000. DSP

platform. The C28x is source code compatible to the 24x/240x DSP devices, hence existing

240x users can leverage their significant software investment. Additionally, the C28x is a

very efficient C/C++ engine, hence enabling users to develop not only their system control

software in a high-level language, but also enables math algorithms to be developed using

C/C++. The C28x is as efficient in DSP math tasks as it is in system control tasks that

typically are handled by micro-controller devices. This efficiency removes the need for a
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second processor in many systems. The 32 x 32-bit MAC capabilities of the C28x and its 64-
bit processing capabilities, enable the C28x to efficiently handle higher numerical resolution
problems that would otherwise demand a more expensive floating-point processor solution.
Add to this the fast interrupt response with automatic context save of critical registers,
resulting in a device that is capable of servicing many asynchronous events with minimal
latency. The C28x has an 8-level-deep protected pipeline with pipelined memory accesses.
This pipelining enables the C28x to execute at high speeds without resorting to expensive
high-speed memories. Special branch-look-ahead hardware minimizes the latency for

conditional discontinuities. Special store conditional operations further improve performance.

FEATURES INCLUDING IN DSP TMS320F2811
1. High-Performance Static CMOS Technology
» 150 MHz (6.67-ns Cycle Time)
» Low-Power (1.8-V Core @135 MHz, 1.9-V
» Core @150 MHz, 3.3-V I/O) Design
2. JTAG Boundary Scan Support
3. High-Performance 32-Bit CPU (TMS320C28x)
16 x 16 and 32 x 32 MAC Operations
16 x 16 Dual MAC
Harvard Bus Architecture

Atomic Operations

Unified Memory Programming Model
4M Linear Program/Data Address Reach
Code-Efficient (in C/C++ and Assembly)
TMS320F24x/LLF240x Processor Source Code Compatible
4. On-Chip Memory
Flash Devices: Up to 128K x 16 Flash (Four 8K x 16 and Six 16K x 16 Sectors)
ROM Devices: Up to 128K x 16 ROM
1K x 16 OTP ROM
L0 and L1: 2 Blocks of 4K x 16 Each Single-Access RAM (SARAM)
HO: 1 Block of 8K x 16 SARAM
MO and M1: 2 Blocks of 1K x 16 Each SARAM
5. Boot ROM (4K x 16)

>
>
>
>
» Fast Interrupt Response and Processing
>
>
>
>

>
>
>
>
>
>
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» With Software Boot Modes
» Standard Math Tables
6. External Interface (2812)
» Up to IM Total Memory
» Programmable Wait States
» Programmable Read/Write Strobe Timing
» Three Individual Chip Selects
7. Clock and System Control
» Dynamic PLL Ratio Changes Supported
» On-Chip Oscillator
» Watchdog Timer Module
8. Three External Interrupts
9. Peripheral Interrupt Expansion (PIE) Block. That Supports 45 Peripheral Interrupts
10. Three 32-Bit CPU-Timers
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HARDWARE PHOTOS

Display and Keypad (Axpert Communicator)

DSP based control card
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Soft charge resistors Gate driver card
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Series motor connections

Power Module

Measuring Instruments

Speed sensor DC series motor
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