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DEPARTMENT OF MECHATRONICS

MRT 281 INTRODUCTION TO SENSORS AND ACTUATORS

VISION OF THE INSTITUTION

To mould true citizens who are millennium leaders and catalysts of change through excellence in education.

MISSION OF THE INSTITUTION

NCERC is committed to transform itself into a center of excellence in Learning and Research in
Engineering and Frontier Technology and to impart quality education to mould technically competent
citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to imbibe
discipline, culture and spiritually, and to mould them in to technological giants, dedicated research scientists
and intellectual leaders of the country who can spread the beams of light and happiness among the poor and
the underprivileged.
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ABOUT DEPARTMENT
¢ Established in: 2013

¢ Course offered: B.Tech Mechatronics Engineering
¢ Approved by AICTE New Delhi and Accredited by NAAC

4 Affiliated to the University of A P J Abdul Kalam Technological University.

DEPARTMENT VISION
To develop professionally ethical and socially responsible Mechatronics engineers to serve the
humanity through quality professional education.

DEPARTMENT MISSION

1) The department is committed to impart the right blend of knowledge and quality
education to create professionally ethical and socially responsible graduates.

2) The department is committed to impart the awareness to meet the current challenges in
technology.

3) Establish state-of-the-art laboratories to promote practical knowledge of mechatronics to
meet the needs of the society

PROGRAMME EDUCATIONAL OBJECTIVES

l. Graduates shall have the ability to work in multidisciplinary environment with good
professional and commitment.

. Graduates shall have the ability to solve the complex engineering problems by applying
electrical, mechanical, electronics and computer knowledge and engage in lifelong learning in
their profession.

I1l.  Graduates shall have the ability to lead and contribute in a team with entrepreneur skills,
professional, social and ethical responsibilities.

IV.  Graduates shall have ability to acquire scientific and engineering fundamentals necessary
for higher studies and research.

PROGRAM OUTCOME (PO’S)

Engineering Graduates will be able to:

PO 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering

problems.
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PO 2. Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics,
natural sciences, and engineering sciences.

PO 3. Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental
considerations.

PO 4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and
synthesis of the information to provide valid conclusions.

PO 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex engineering
activities with an understanding of the limitations.

PO 6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities
relevant to the professional engineering practice.

PO 7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need
for sustainable development.

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

PO 9. Individual and team work: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

PO 10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give and receive
clear instructions.

PO 11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and

leader in a team, to manage projects and in multidisciplinary environments.
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PO 12. Life-long learning: Recognize the need for, and have the preparation and ability to

engage in independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOME (PSO’S)

PSO 1: Design and develop Mechatronics systems to solve the complex engineering problem by
integrating electronics, mechanical and control systems.
PSO 2: Apply the engineering knowledge to conduct investigations of complex engineering

problem related to instrumentation, control, automation, robotics and provide solutions.
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MRT 281

INTRODUCTION TO SENSORS AND
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Preamble:

Sensors and actuators play a vital role in manufacturing, machinery, aerospace, medicine and
robotics. Most of the advancements of present day would be not possible without sensors. The main
purpose of offering this course is to elaborate the theoretical and practical aspects of sensors and
actuators, their classifications, recent trends and their applications in day to day life.

Prerequisite: Nil

Course Outcomes: After the completion of the course the student will be able to

Co1 Get an exposure to sensors and actuators and its importance in the real world.

CoO2 Explain the working of magnetic sensors and its applications in real time scenario

CO3 Model linear actuators and differentiate various solenoids

CoO14 Explain the working principle of different types of rotary actuators

CO5 Understand the basic idea on the controls in NC machine and fluidic system.

Mapping of course outcomes with program outcomes

PO1 | PO2 [PO3 [PO4 | PO5 [ PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12
coi| 3 2 2 2
co2 | 3 2 2 2
co3 | 3 2 2 2
co4 | 3 2 2 2
cos | 3 2 2 2

Assessment Pattern

Continuous Assessment
Bloom’s Category Tests End Semester Examination
1 2

Remember 10 10 10
Understand 20 20 20
Apply 20 20 70
Analyse
Evaluate
Create
Mark distribution

Total CIE ESE ESE

Marks Duration

150 50 100 3 hours
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Continuous Internal Evaluation Pattern:

Attendance : 10 marks
Continuous Assessment Test (2 numbers) : 25 marks
Assignment/Quiz/Course project - 15 marks

End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10
questions with 2 questions from each module, having 3 marks for each question. Students should
answer all questions. Part B contains 2 questions from each module of which student should answer
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.



QUESTION BANK

MODULE I
Q:NO: QUESTIONS CO | KL | PAGE NO:

1 Define the term Actuators. Explain in CO1l | K2
details.

2 Elaborate on latching solenoid actuators. COl | K2

3 List out the types of stepper motor and COl | K1
write the working principle of a stepper
motor also explain the working of variable
reluctance SM.

4 State the difference between Rotary and COl | K3
linear Actuators with neat sketch.

5 | Write a short note about soft magnetic COl | K2
material.

6 | What are magnetic materials? Describe a COl | K1
brief note on magnetic materials and its
technology.

7 State Faraday’s law of electromagnetic COl | K3
induction. Also explain the various
challenges faced, while designing a
special magnetic device.

8 | What are the types of electrical Actuators? | CO1 | K2
Explain in details.

9 Explain the various challenges faced, COl | K2
while designing a special magnetic
device?

10 | Explain about hard magnetic materials COl | K2
with examples.

11 | State the difference between Rotary and COl | K3

linear Actuators with neat sketch.




MODULE II

1 Explain the role of magnetic sensors as a COz K2
position sensor

2 Analysis the various methods Co2 K4
implemented to reduce VR sensor noise.

3 Give a short note, about the applications Co2 K2
and requirement of magnetic sensors?

4 Explain the role of magnetic sensors as a Co2 K2
position sensor.

5 Explain magnetic speed sensor Co2 K2
application.

6 Describe different applications of VR Co2 K3
Sensor.

7 Explain magnetic sensor in detail and Co2 K2
identify some of its applications.

8 Explain about VR sensors with suitable Co2 K2
sketches.

9 Explain about various types of magnetic Co2 K2
Sensors.

10 | Write a short note about the drawbacks of | CO2 K2
each magnetic sensor types.

11 | Hlustrate the application of a magnetic Coz2 K2
sensor in speed sensing requirements

MODULE 111

1 [llustrate the difference between ball COo3 K2
solenoid and conical solenoid, with the
help of neat drawing.

2 Explain the basic working principle and COo3 K2




construction details of a solenoid valve
with a neat diagram.

3 Elaborate on plunger solenoid with the COos3 K2
help of neat diagram.

4 Explain the construction and working COos3 K2
details of conical solenoid with neat
drawing.

5 Illustrate the working of Disk solenoid? COo3 K2

6 [llustrate the working of Plunger COo3 K2
solenoid?

7 Analysis the various advantages of fuel COo3 K4
injection over conventional fuel pump.

8 | What is the difference between gasoline COos3 K3
injectors and natural gas injectors?

9 Illustrate the working principle of long COo3 K2
stock solenoid fuel pump.

10 | Write a short note about applications of COo3 K1
solenoid actuators.

11 | Write a short note on injector? Explain COo3 K1
about diesel fuel injectors.

12| Explain the working of solenoids also COo3 K2
explain the conventional hydraulic valve
body for a hydraulic transmission.

13 | What are the types of solenoid fuel COo3 K2
pumps? Explain any one in details.

14 | Define the term solenoids. Also explain COo3 K1
solenoid actuators.

15 | Write about long stroke solenoid fuel COo3 K1
pump.

16 | Explain the working of compressor COos3 K2




solenoid valves with the help of neat
diagram.

17 | Explain transmission solenoids with the COo3 K2

help of neat diagram
MODULE IV

1 Explain disk rotary actuators with position | CO4 K2
arrangement.

2 Write about disk rotary actuators design. CO4 K1

3 Explain the term rotary actuators. CO4 | K2

4 | Write about disk rotary actuator test and CO4 K1
explain the geometry of rotary actuator.

5 Explain Cylindrical Rotary Actuators with | CO4 K2
neat sketches.

6 Identify the various applications of CO4 K3
Cylindrical Rotary Actuator and Disk
Rotary Actuators in

7| Write about the application of disk rotary | €04 | K2
actuators.

8 | Draw and explain claw pole actuator Co4 | K2
toothed magnet.

9 | Explain about claw pole actuator PM CO4 | K2

10 | Explain the applications of cylindrical Co4 | K2
rotary actuators.

MODULE V

1 Write a short note, about the feedback CO5 K1
devices used in closed loop system.

2 Enumerate the role of hydraulic actuators CO5 K2
in the drives used for NC.

3 Discuss the difference between closed CO5 K3

loop and opened loop control system with
the help of neat sketch.




4 Explain the basic working principle of CO5 K2
fluidic logic control.
5 Explain the term Numerical Control. CO5 K2
6 Describe different between open and CO5 K3
closed loop control system.
7 Elaborate on drives for NC and Robotic CO5 K2
Systems.
APPENDIX 1
CONTENT BEYOND THE SYLLABUS
S:NO; TOPIC PAGE NO:
1 Automotive components.
2 Adaptive cruise control.
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MODULE 1

Department of Mechatronics Engineering, NCERC, Pampady.
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MRT 281

Rotary Actuators —Disk rotary Actuators-Disk Rotary Actuator Designs-
Disk Rotary Actuator Excitation Electromagnetic Circuit-Disk Rotary
Actuator Tooted Magnetic Part-Disk Rotary Actuator PM

* Three types of rotary actuators are described in this chapter:

« disk actuators with disk magnets having multipole trapezoidal-shaped
magnetized poles and axial main air gaps

* claw pole actuators with claw poles and radial air gaps

* cylindrical actuators with rectangular-shaped poles having radial air
gaps.

* All these rotary actuators were developed for the automotive
application as a major component of the Magnasteer system, which

adds an electromagnetic actuator to the conventional hydraulic
power steering to provide a variable steering effort function.

* This system consists of an electronic controller and an actuator
integrated with the hydraulic power rack and pinion gear in the form
of the Magnasteer valve.

Disk Rotary Actuators

* The disk rotary actuator consists of a stationary and a rotary section,
as presented in Figure 7.1, which shows rotary and stationary
components of the actuator.

* The rotary section consists of a multipole disk PM sandwiched
between two mechanically coupled toothed magnetic elements.

* The number of poles of the PM depends on the required angle of

limited-angular motion and has double the number of salient teeth of

the toothed magnetic-circuit parts.

* The stationary section comprises an external magnetic circuit
providing the return path for the magnetic flux produced by the
stationary excitation coil.

Rotary Actuators

* Rotary actuators are electromagnetic devices developing mechanical
torque with limited rotary motion.

* Because of their simplicity and low cost, they are finding more and
more industrial applications.

* The demand for rotary actuators is expanding rapidly, particularly in
the automotive industry, where they are being used in steering
assistance, EGR(exhaust gas recirculation), power door locks, and
other applications.

* Some applications are more demanding, requiring an exceptionally
high torque level, symmetry, and a stable equilibrium position. In
particular, for steering wheel assistance, these requirements would
ensure a neutral steering wheel position.

section
Permanent magnet

Toothed magnetic circuit }R otary

Excitation coil | Stationary
section

FIGURE 7.1
Disk rotary actuator configuration. (From Pawlak, AM., Proceedings of ICEM "90 International Conference on
Electrical Machines, Cambridge, MA, August 13-15, 1990. With permission.)



* The excitation coil is placed on a stationary part and the toothed
magnetic parts and PM are part of a rotary section that allows free

rotation of the toothed structure.

* In addition to the full rotary motion of the actuator rotary section,
this configuration allows for limited angular motion of the PM disk

with respect to the toothed magnetic parts.

* This motion is mechanically limited in both the left and right
directions of rotation.

* To satisfy the symmetrical torque requirement and provide the stable
equilibrium at the neutral PM position, a unique actuator magnetic-

circuit configuration was devised.

* A stable equilibrium for both the energized coil MMF and PM was
established with a half overlap arrangement, as presented in Figure

7.2, with the magnet located in the middle of this shift.

* The external magnetic circuit provides the same polarity, depending
on the direction of the excitation current, to all the teeth of the

toothed magnetic part regardless of its angular position.

* This homopolar actuator configuration enables the reversal of the
torque by simply reversing the direction of the excitation current.

* Unlike other electromagnetic devices, the disk rotary actuator utilizes
both the external and internal PM surfaces for torque development,

thus providing a high-torque density structure.

* Proper balance of both magnetic flux levels (flux densities) — one due
to internal PM and the second due to stationary external coil — is the
most important task during the actuator’s design optimization

Disk Rotary Actuator Excitation Electromagnetic Circuit

(a) (b) (©

FIGURE 7.9

Disk rotary actuator excitation circuit parts: (a) magnetic housing, (b) coil, (c) magnetic housing. (Courtesy

Total torque
MME torque /

A Y
. / \\

{ / ; i PM torque
, N m
-6\ -3/48 ;d& -ga-7)R 64 62 30/4 6 Angular
\ Left ,| Rotatiol | Right position
N !
Toothed magnetic \ \~ / N
dircuit T

Stable equilibrium

Permanent magnet

E7.2
wuilibrium position arrangement. (From Pawlak, AM., Proceed
! Machines, Cambridge, MA, August 13-15, 1990. With per

f ICEM 90 Internationr

Disk Rotary Actuator Design

* With the introduced 2D FE mathematical model, one can design the

disk actuator. The design optimization can be pursued by using a
parametric study technique.

* If the goal of the actuator design is to maximize its torque (force FT)

level for the nominal current excitation, each optimization process
should be followed by an iteration of the three-step parametric
variations for the excitation coil (wire size, number of turns,

resistance), the PM (magnetic material properties, geometry), and

the magnetic circuit (geometry of the toothed structure, magnetic-

circuit path, and the selected magnetic material properties).

* This ring-shaped coil is placed in the stationary side of the actuator for

ease of excitation without sliding contacts.

* Further, the external location of this electromagnetic circuit is
preferable from the heat dissipation point of view, providing an

increased cooling surface through the contact with the other assembly

parts.

* The magnetic circuit consists of two pressed C-shaped rings, which fit
tightly and surround the coil. The lead wires are introduced through a

special cut in its external wall.

* The inside walls are not connected to prevent a magnetic-circuit short,
and they are adjusted to match the tooth magnetic part thickness to
minimize the reluctance of the parasitic air gap between the stationary

core and the toothed parts



* The reluctance variation introduced by the toothed magnetic parts, as
shown in Figure 7.10, plays an important role in the development of
the actuator torque.

* Disk Rotary Actuator Toothed Magnetic Part

* The number of teeth (10 in this case) is determined by the
maximum angular position required. The period of torque waveform
is inversely proportional to the number of teeth.

* To achieve a maximum torque with an angular displacement of 4.5°,
the desirable period between torque peaks is 9°. This corresponds to
36° pole pitch or 10 teeth, as shown in Figure 7.1.

* The number of teeth also affects the torque developed by the
actuator.

FIGURE 7.10
Disk rotary actuator toothed structure. (Courtesy of Delphi Corp.)

* The electromagnet magnetic-circuit geometry was determined based i
on flux saturation levels of the different parts for the selected Disk Rota ry Actuator PM

magnetic material.
* The toothed structure is similar to the VR machines where the ratio « As illustrated in Figure 7.12, the PM has a disk shape with multipole
of tooth height to its width has to be optimized. axial magnetization, which shows magnet geometry, magnetization
pattern, and magnet hardware model.

* The number of poles was established by the required angle of
rotation, and the actuator geometry was determined by the magnet
geometry.

* Both magnet thickness and material properties determine the
magnet strength

FIGURE 7.12

Disk magnet geometry and magnetization pattern. (a) Magnet geometry, (b) magnetization pattern, (c) magnet
model. ([a] From Pawlak, AM., Proceedings of the Permanent Magnet Systems Conference, Atlanta, GA, September
25-27, 2000. With permission; [b] courtesy of Delphi Corp.; [c] from Pawlak, AM., Proceedings of IEEE/IAS 95
Conference, Orlando, FL, October 9-13, 1995. With permission.)




Excitation coil
Toothed magnetic
circuit

Permanent magnet

SN

: Disk Rotary _l _____ -
| Actuator Test oA =

Torque (Nm)

Results 1 S S o | |

I

' 7
= i)
S—
l $405 I
I L =
T 2 61.5
Magnet thickness (mm) L 62.5
|
FIGURE 7.14 It 850 {
Torque vs. magnet thickness. (From Pawlak, AM., Proceedings of ICEM '90 International Conference on Electrical .f 89.0
Machines, Cambridge, MA, August 13-15, 1990. With permission.) l

"URE 7.15
~otary actuator geometry. (Courtesy of Delphi Corp.)

Stationary
section
Rotary
section
: Toothed Permanent
External Coil magnetic magnet magnetic
magnetic circuit circuit
circuit
FIGURE 7.16

Disk rotary actuator components. (From Pawlak, A M., Proceedings of ICEM "90 International Conference on Electrical
Machines, Cambridge, MA, August 13-15, 1990. With permission.)

Disk rotary actuator assembly. (From Pawlak, A.M., Proceedings of ICEM "90 International Conference on Electrical
achines, Cambridge, MA, August 13-15, 1990. With permission.)




MRT 281 SENSORS
AND ACTUATORS

CLAW POLE ROTARY ACTUATOR-CLAW POLE ROTARY ACTUATOR
ANALYSIS-CLAW POLE ROTARY ACTUATOR DESIGN-CLAW POLE ROTARY
ACTUATOR EXCITATION ELECTROMAGNETIC CIRCUIT-CLAW POLE
ACTUATOR TOOTED MAGNETIC PART- CLAW POLE ACTUATOR PM

Claw poles

Permanent
‘magnet

S Pinion
Torsion bar

FIGURE 7.20
Claw pole rotary actuator. (From Pawlak, A.M., Proceer
Vol. 1, University of Manchester Press, 1992. With p

dings ICEM ‘92 International Conference on Electrical Machines,

* The rotary section: comprises a multipole PM ring and a claw pole
magnetic core. Both the claw pole structure and the ring magnet have
unlimited freedom of movement in the left and right directions of
rotation..

In addition to the full rotary motion of the actuator center parts, this
configuration allows for a limited-angular motion of the PM ring with
respect to the claw poles as required for the automotive speed-
sensitive steering application.

For this application, two degrees of mechanical freedom are needed:
one for rotation of a steering wheel without driver effort, and the
second for a limited-angular motion steering assist when the driver
applies effort to the steering wheel.

CLAW POLE ROTARY ACTUATOR

* Claw pole rotary actuators with a multipole ring PM that develop
symmetrical limited angular movement electromagnetic torques in
both the left and right directions of rotation.

* The complicated 3D geometry of the actuators has a configuration
similar to that of claw pole stepper motors.

* These actuators can be used in any application that requires both
repulsive and attractive torques over a limited angle of rotary motion.

* Because of their homopolarity, the unlimited rotation of the rotary
elements does not affect the rotary actuator capabilities of
developing electromagnetic torque.

* The claw pole actuator consists of two sections — a rotary and a

stationary section — as presented in Figure 7.20

* The stationary section: is composed of an electromagnet that

consists of a coil and two L-shaped magnetic core parts.

* The stationary location of the excitation coil allows contactless

current connections. The external magnetic circuit always provides
the same polarity to each claw pole section, regardless of its angular
position.

* The specific polarity of the claw pole sections depends on the

direction of the excitation current and determines whether the
actuator develops attractive or repulsive magnetic spring forces.

* Because of this, such an electromagnetic device has

inherent homopolar features, which enable the reversal of torque by
simply reversing the excitation current.

* This motion is mechanically limited for both directions of rotation.
Unfortunately, such a mechanical separation, which is necessary to
provide unlimited mechanical freedom, introduces additional
parasitic air gaps in the magnetic circuit, which adversely affect the
magnetic flux level.

* Figure 7.21 shows the distributed view of the claw poles and the
corresponding torque profile. The number of poles indicates the
period of the actuator torque waveform with respect to the angular
position



CLAW POLE ROTARY ACTUATOR APPLICATION

* The claw pole actuator basic geometry for the improved speed-
sensitive steering application is shown in Figure 7.60.

* In this arrangement, however, both working areas of the PM and
claw poles are limited, because only 79% of the active magnet and
claw poles are utilized.

* An improved actuator configuration can be obtained by a special
rearrangement wherein the magnet is attached to different assembly
components, as shown in Figure 7.61

FCURE 7 91
Claw

* This arrangement fully utilizes the working space under the claw pole
structure. The axial length of the PM was increased from 14.0 x 10-3
m to 20.0 x 10-3 m and the effective claw pole length was enlarged
from 9.8 x 10-3 m to 20.0 x 10-3 m.

* Because certain measures were taken to decrease the MMF drop at
the parasitic air gaps, it was necessary to increase the actuator
package by a small volume, as represented by the dotted line in
Figure 7.61.

* The thickness of the magnetic circuit is designed to avoid local
saturations and, therefore, to enhance the magnetic flux
performance.

* The improved torque performance is 60% higher in comparison with
the base actuator at the nominal current of 3.0 A and with an angular
displacement of 4.5°

FGURE 7.61
Improved dve

pole actutor ssembly. (Courtsy of Delphi Corp)

* The improved configuration offers higher torque, but requires some CLAW POLE ROTARY ACTUATOR DESIGN

additional space which, in this particular application, was not

acceptable for the conventional steering gear design for which this

actuator was adopted. Side elements are two-component housing for * The final claw pole actuator design was optimized based on the

the center claw pole rotary actuator assembly. required actuator envelope, temperature, and the nominal current
level for the selected magnetic materials

Electromagnet
‘magnetic part

FIGURE 7.
Distributed

w of the claw pole actuator. (From Pawlak, AM., Procerdiings ICEM ‘92 Iuternatiomal Conference o
1es, Vol. 1, University of Manchester Press, 1992, With permission.)



CLAW POLE ROTARY ACTUATOR EXCITATION * The magnetic circuit consists of two L-shaped rings that fit tightly and
ELECTROMAGNETIC CIRCUIT surround the coil, both having a special cut in the external walls to

allow for lead passage, as presented in Figure 7.24.
* The excitation electromagnetic circuit consists of a coil and a
magnetic-circuit core.
* The coil has 200 turns with wire size 21 AWG. The nominal current of
claw pole design is restricted to 3.0 A.
* The ring-shaped electromagnetic excitation circuit is stationary and,
therefore, is excited through two leads without slip rings.

* The external location of this electromagnet is preferred for heat Faiiromepnit T
transfer reasons because such a location increases the area of heat Coil -
dissipation through its attachment to the stationary housing e

FIGURE 7.24
Claw actuator electromagnet parts. (From Pawlak, A M., Proceedings ICEM '92 International Conference

hines, Vol. 1, University of Manchester Press, 1992. With permission.)

* The outside walls are adjacent to provide a large cross section for the
magnetic circuit. Their height is matched to the claw pole magnetic

Leads

part thickness to allow for maximum area of the parasitic air gap, — o
thereby minimizing the MMF drop along this gap. i

* The claw pole’s shape and dimensions play an important role in the :::mgm‘ hotder
development of the electromagnetic torque, and they are related to ‘ = PR

the magnet pole dimensions. These dimensions were optimized to
maximize the torque at the nominal current.

20

—_. ¢75 —\->-\Ring magnet

["IEEN]

FIGURE 7.25
Claw pole rotary actuator cross section. (Courtesy of Delphi Corp.)

* Figure 7.25 shows a cross section of the actuator parts. CLAW POLE ACTUATOR TOOTED MAGNETIC

* The magnetic circuit consists of two pressed L-shaped rings that fit PART
tightly and surround the coil with an opening for the leads passage.

* The outside walls are adjacent to provide a bigger cross section for * Both the geometry (claw pole surface area and mean radius) and the
the magnetic circuit and their height is related to the claw pole number of teeth affect the total torque level, which is a superposition
magnetic part thickness to maximize the flux crossing the parasitic air of the torque developed by each pole-pair section of the actuator.
gap. The distributed view of the final claw pole design is shown in Figure

* Both sides of the L-shaped parts are enlarged to increase the flux 7.26.

crossing area to the claw pole magnetic parts and to minimize the
MMF drop along the parasitic air gap.




* The shape and dimensions play an important role in the development
of the electromagnetic torque and are related to the magnet pole
dimensions.

* These dimensions should be optimized to maximize the torque at a
given MMF level.

* The number of poles (40) indicates the period of the actuator torque
waveform with respect to its angular position.

* Both geometry (claw pole surface area and mean radius) and the
number of teeth affect the torque developed by the actuator.

(b) ()

FIGURE 7.28

Ring PM with magnetization pattern. (a) Magnet geometry, (b) magnetization pattern, (c) magnet model. ([a]
From Pawlak, AM., Praceedings of IEEE/IAS "95 Conference, Orlando, FL, October 9-13, 1995. With permission;
[b] from Pawlak, AM., Proceedings ICEM "92 International Conference on Electrical Machines, Vol. 1, University of
Manchester Press, 1992. With permission; [c] courtesy of Delphi Corp.)

* Twenty pole pairs (P = 40 poles) were selected for the multipole
magnet magnetization to best utilize the relatively small mechanical
angle rotation of 4.5°.

* The relation between mechanical and electrical angles of rotation is:

*a =P6/2

* where 0 is a mechanical angle, ais an electrical angle, and P is the
number of poles.

* The thickness and material of the PM were selected to provide the
field strength necessary to develop the required torque in interaction
with the electromagnet.

CLAW

POLE ACTUATOR PM

* The magnet has multipole arc magnetization with the number of
poles equal to the number of claw poles.

* The size and geometry of the ring corresponds to the claw poles.

* The PM is made as one piece and magnetized in a custom-made
magnetizing fixture. Figure 7.28 shows the magnet geometry, the
magnetic field pattern of the magnetized magnet ring, which is
indicated by a magnetic film, and the magnet hardware model.

* The multipole ring PM is located under the claw poles and the
number of magnet poles corresponds to the combined number of
claws from both claw pole parts. The magnetized ring magnet has a
sinusoidal distribution of flux density along its active surface, as

shown in Figure 7.29.
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FIGURE 7.29

Position a (el)

PM flux-density distribution. (From Pawlak, A M., Proceedings ICEM 92 International Conference an Electrical
Machines, Vol. 1, University of Manchester Press, 1592 With permission.)

* Several magnet materials were investigated — Ferrite Ceramic 8, Neo
bond 50, and Magnequench MQl
* For the original design the Ferrite Ceramic 8 magnet material was

used. Analysis indicated that this design is capable of developing a
0.88 Nm torque at the nominal MMF of 600.0 At and displacement of

4.5°,

* Upgrading the magnet material to Neo bond 50 improved the torque
level to 1.38 Nm, which still did not satisfy the requirements.

* By changing the magnet material to MQ|, the torque further
improved to 1.67 Nm, as shown in Figure 7.30, which satisfied the

torque requirements.



FIGURE 7.30

Torque (Nm)

Neobond 50

Ferrite-ceramic 8
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forque vs. current analysis. (From Pawlak, AM., Proceedings ICEM '92 International Conference on Electrical
Machines, Vol. 1, University of Manchester Press, 1992. With permission.)
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Cylindrical Rotary Actuator-Cylindrical Rotary Actuator PM-Cylindrical
Rotary Actuator Excitation Electromagnetic Circuit-Cylindrical Rotary
Actuator Toothed Magnetic Structure

Toothed
magnetic circuit

Torsion bar

FIGURE 7.34
Cylindrical rotary actuator. (From Pawlak, AM. et al., Magnetic Power Steering Assist System — MAGNASTEER,
Publ. No. 940867, Society of Automotive Engineers, Detroit, MI, 1994. With permission.)

multipolar PM ring

* The high-energy neodymium PM ring with energy density of 32
MGOe and multipolar radially oriented magnetization was developed
for the purpose of this actuator.

* The PM is located inside the toothed structure with the number of
pole pairs corresponding to the number of teeth.

(@)

FIGURE 7.35
Cylindrical rotary actuator parts: () coil, (b) toothed structure, (c) magnet and magnetization pattern. (Courtesy
of Delphi Corp.)

Cylindrical Rotary Actuator

* This section describes a modern homopolar rotary actuator with a ring
radially magnetized multipolar PM featuring a high-force density,
transverse flux configuration, which performs a spring action by developing
electromagnetic torques with limited-angular movement.

* The rotary actuator investigated features high-performance torque output
because the actuator’s topology provides a magnetic torque gearing affect

* The torque level is proportional to the number of independent magnetic
sections, which are equal to the number of stator teeth or magnet pole
pairs. Therefore, the total force developed by the actuator is the sum of the
forces developed by each tooth-pitch section .

* The homopolar rotary actuator consists of three basic components:
* a stationary electromagnet

* arotary toothed pole structure

* and a rotary multipolar PM ring.

The stationary electromagnet

* is composed of an external magnetic circuit and a precision wound coil
fully encapsulated in a plastic molding.

* The stationary coil location enables brushless current connections,
essential for reliability.

rotary toothed pole structure

* The toothed pole structure is manufactured as a single piece using
advanced powder-metal technology, which allows the two concentric VR

ferromagnetic toothed structures to be attached together by a
nonmagnetic disk.

Cylindrical Rotary Actuator Design

* Validation of the 3D FE model, based on both test and analytical
results, proved the model to be useful for engineering design
purposes. Using this mathematical model, parametric studies were
performed to optimize the geometry of the rotary actuator.

* The goal of the actuator design optimization was to maximize the
torque developed for nominal coil excitation current.

* The optimization follows an iterative process, with each iteration
consisting of a three-step parametric study for the excitation coil
(wire size, number of turns,resistance)

* the PM (material magnetic properties, geometry), and the magnetic
circuit (geometry of the toothed structure, magnetic-circuit path).



* For the excitation coil, the nominal voltage and the coil size
were predetermined by the electronic controller and envelope
size specifications.

* the coil MMF was determined from the selected coil parameters,
based on the thermal dissipation capacity at a given operating
temperature.

* Validation of the 3D FE model based on both test and analytical
results proved this model to be useful for engineering design
purposes.

Cylindrical Rotary Actuator PM

* The novel technology of ring neodymium magnets with radial
orientation was developed by Hitachi and Daido of Japan in the early
1990s for the cylindrical rotary actuators for the Magnasteer system.

* Hitachi mastered the sintered method while Daido utilized the plastic
flow of the neodymium magnets for the back extrusion method.

* Figure 7.48 shows radially oriented ring magnet geometry, multipole
magnetization pattern, and magnet final model structure.

* This magnet is the world’s first successful development of high-energy
radially oriented ring magnet applied for mass production.

* PM parameters were established based on actuator requirements and
constraints.

* The number of poles (30), equal to the number of teeth and slots,
was determined by the required angle of rotation, and the actuator
geometry was determined by the specified envelope size.

* The ring PM with multipole radial magnetization is inserted between
two magnetic pole pieces and, similar to disk configuration, the
number of magnetic poles is equal to double the number of magnetic
poles and the magnetic poles are shifted by half of the pole pitch to
provide an additional stable equilibrium position of the magnet.

« Similar to the disk actuator with the coil excitation, all poles on one

side of the cylindrical actuator assume the same polarization, which is
different for each side acting as a homopolar structure.

Spool shaft

Valve housing

Pole piece

Magnet

Valve body

FIGURE 7.42 (Color Figure 7.42 follows p. 294.)
A 3D actuator geometry for the full model. (From Pawlak, AM. et al., Proceedings of the IEEE/IAS "94 Conference,
Vol. 1, Denver, CO, October 2-6, 1994. With permission.)

* The PM is made as one piece and magnetized in a custom-made
magnetizing fixture to secure both the required magnetic field shape
and required neutral zone to secure a stable equilibrium position of
the rotor.

* The thickness of the PM is an additional air gap added to the main air
gaps for the magnetic flux developed by the excitation coil. Such a
large total air gap adversely affects the magnetic flux level in the main
air gaps, thus affecting the force developed.

* Based on the magnet thickness parametric study conducted for the
three different MMF levels, the thickness of 2.5 x 10-3 m was
selected, as shown in Figure 7.49
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FIGURE 7.49
Magnet thickness study. (From Pawlak, A.M. et al., Proceedings of the IEEE/IAS '94 Conference, Vol. 1, Denver, CO,
October 2-6, 1994. With permission.)

Cylindrical Rotary Actuator Toothed Magnetic
Structure

* The reluctance variation introduced by the toothed magnetic structure,
shown in Figure 7.55, plays an important role in the development of the
actuator torque.

* Tooth and slot dimensions are related to the magnet pole dimensions.

* These dimensions were optimized to maximize torque at a given MMF
level. The number of teeth (15) indicates the number of independent
magnetic sections that develop electromagnetic torque.

« . Both the geometry and the number of teeth affect the torque developed
by the actuator, which is a superposition of the torque developed by each
pole pair for the actuator with cylindrical symmetry.

* They also indicate the period of the actuator torque waveform with respect
to the angular position

* Low-cost, high-density powder-metal technology was used in the
manufacturing of the magnetic toothed structure.

* Both the external and internal teeth are made out of magnetic
powder, and the connecting plate is made of nonmagnetic stainless
steel powder.

* All three parts are made in one pressing process, thus reducing the
number of parts and improving manufacturing precision. This is the
world’s first part made as a solid piece out of both magnetic and
nonmagnetic powder metal. Figure 7.55 shows the final magnetic
tooth shape and elements.

Cylindrical Rotary Actuator Excitation

Electromagnetic Circuit

* The coil is also manufactured using advanced precision winding

technology and is overmolded with plastic.

* For the overmolding process, a golf ball technique was utilized to

secure perfect sealability of the plastic around the coil.

* This is important to prevent a potential leak problem because the coil

is submerged in the steering fluid all the time.

Inner poles

Nonmagnetic disk

Outer poles

FIGURE 7.55

Pole piece toothed structure: (a) toothed structure geometry, (b) toothed magnetic structure. ([a] Courtesy of
Delphi Corp.; [b] from Pawlak, AM. et al,, Magnetic Power Steering Assist System — MAGNASTEER, Publ. No.
940867, Society of Automotive Engineers, Detroit, M1, 1994. With permission.)
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CONTROL OF NC MACHINES AND FLUDIC CONTROL-STEPPING MOTORS-
FEEDACK DEVICE-ENCODERS-RESOLVERS-INDUCTOSYNC-
THACHOGENARATORS

FUNDAMENTALSOF NUMERICAL CONTROL

* Controlling a machine tool by means of a prepared program is known
as numerical control, or NC

* NC equipment has been defined as “A system in which actions are
controlled by the direct insertion of numerical data at some point.
The system must automatically interpret at least some portion of this
data.”

* atypical NC system the numerical data which is required for
producing a part is maintained on a punched tape and is called the
part program.

* The part program is ranged in the form of blocks of information,
where each block contains the numerical data required to produce
one segment of the workpiece.

* The punched tape is moved forward by one block each time the
cutting of a segment is completed.

* The block contains, the coded form, all the information needed for
processing a segment of the workpiece: the segment length, its
cutting speed, feed, etc

* Compared with a conventional machine tool, the NC system replaces
the manual actions of the operator.

* In conventional machining a part is produced by moving a cutting
tool along a workpiece by means of hand wheels, which are guided by
an operator.

« Contour cuttings are performed by an expert operator by sight.

* On the other hand, operators of NC machine tools need not be skilled
machinists.

* They only have to monitor the operation of the machine, operate the
tape reader, and usually replace the workpiece.

+y

Figure 1-1 A night-hand coordinate system.




Open-Loop and Closed-Loop Systems

« Every control system, including NC systems, may be designed as an
open- or a closed-loop control.

* The term open-loop control means that there is no feedback, and the
action of the controller has no information about the effect of the
signals that it produces .

* The open-loop NC systems are of digital type and use stepping motors
for driving the slides (A stepping motor is a device whose output shaft
rotates through a fixed angle in response to an input pulse)

* The stepping motors are the simplest way for converting electrical
pulses into proportional movement, and they provide a relatively
cheap solution to the control problem

DRIVES

* Drives for NC and robot systems are either hydraulic actuators, dc
motors, or stepping motors. The type selected is determined by the
power requirements of the machine tool, the power sources
available, and the desired dynamic characteristics.

« Stepping motors are limited in power and available torque, and thus
suitable only for small machine tools.

P"I:f;:‘i‘"! - Tabie |
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Figure 1-8 Open-loop (a) and closed-loop (b) digital control

DC motors

* DC motors provide excellent speed regulation, high torque, and high
efficiency, and therefore they are ideally suited for control
applications.

* DC motors can be designed to meet a wide range of power

requirements and are utilized in most small- to medium-sized robots
and NC machines.

« Since there is no feedback from the slide position, the system
accuracy is solely a function of the motor's ability to step through the
exact number of steps which is provided at its input.

* The closed-loop control measures the actual position and velocity of
the axis and compares them with the desired references.

* The difference between the actual and the desired values is the error.

* The control is designed in such a way as to eliminate, or reduce, to a
minimum, the error, namely the system is of a negative-feedback
type.

* CNC MACHINE- computer numerical control -CNC

machines are machine tools that cut or move material as
programmed on the controller

* ROBOT SYSTEM

Rotation

Up and down

Forward v
TN g Swivel

and backward

Bend




Hydraulic systems

* Hydraulic systems can range in size up to hundreds of horse powers.

* They are well suited for large robots and NCC machine tools where
power requirements are high.

* The cost of a hydraulic drive is not proportional to the power
required, and, thus, they are expensive for small- to medium- Sized
robots and NC machines.

Stepper Motor

you! Tube  learnchannel

Stepping motors

* Stepping motors are limited in power and available torque, and thus
suitable only for small machine tools.

* The stepping motor (SM) is an incremental digital drive.

* It translates an input pulse sequence into a proportional angular
movement and rotates one angular increment, or a step, for each
input pulse.

* The shaft position is determined by the number of pulses, and its
speed is proportional to the pulse frequency. The shaft speed in steps
per second Is cqual to the input frequency in pulses per second (pps)

* incoming pulses into the correct witching sequence required to step
the motor.

* The steered pulses are converted to power pulses, with appropriate
rise time, duration, and amplitude for driving the motor windings To
reverse the motion, an additional input is provided.

* A0 logic level at the latter causes a clockwise rotation and a 1 logic
level-a counterclockwise rotation.

Start & stop
region

Stepping rate

* Stepping Motors can be used as the drive devices in Open-loop NC
systems) Since au feedback element is required, the system is cheaper
than its closed-loop counterpart.

* However, the accuracy of the system depends upon the motor's
ability to step through the exact Number of pulses sent to its input.

* In addition, stepping motors are Limited in torque and tend to be
noisy and, therefore, are seldom used in practice.

* To obtain optimal stepping motor performance, an electronic switch,
or translator, is required as part of the drive unit.

* The drive unit contains a steering circuit and power amplifier. The
steering unit translates the incoming pulses into the correct witching
sequence required to step the motor.

* The torque always decreases with an increase in the stepping rate.

* The exact shape of the curves depends on the driving unit and the
stepping motor itself.

* The characteristic comprises two curves: the lower L and he upper U,
sometimes denoted as the pull-in and pull-out curves, respectively.

* The upper curve shows the maximum running speed and the lower
curve shows the maximum allowable starting speed pf the motor




FEEDBACK DEVICES

« in a closed-loop system, information about the output is feedback for
comparison with the input.

* Thus, feedback is required to close the loop.

* Feedback elements in the robot systems are usually rotary devices
which are directly coupled to the machine leadscrews, and the robot
axes, and provide position and velocity signals.

* Encoders

* Resolvers

* The inductosyn
* Tachometer.

* When the disk rotates, light is periodically permitted to fall on the
photocell, which consequently produces a sinusoidal output Signal in
the millivolt range.

* This signal is amplified and fed to a Schmitt-trigger Circuit, which
converts it to a square wave with suitable rise and fall times .

* The direction of rotation may be sensed by using an encoder with two
photocells Reading the same disk.

* The photocells are arranged so that their outputs have a 90° shift o
each other, as shown in Fig. 4-7.

* The direction of rotation can be determined by external logic circuitry,
fed by these two sequences of pulses

Encoders

* An incremental rotary encoder is one of the most commonly used
feedback devices in robot and NC systems.

* The rotary encoder is a shaft-driven device delivering electrical pulse
at its output terminals.

* The pulse frequency is directly proportional to the shaft speed. The
encoder contains a glass disk mounted on the shaft and marked with
a precise circular pattern of alternating clear and opaque segments
on its periphery, as is shown in Fig. 4-6.

* A fixed source of light is provided on one side of the disk, and a
photocell is placed on its other side.

= b 90° electrical phusing

SN

m Figure 4-7 (a) Phase shifted output produced by a two-channel en
W coder; (b) square-wave outputs are achieved by applying a Schmitt-
trigger shaper

« An additional index pulse can be available when a separate zone containing only a
single clear section is provided in the disk.
« The index pulse can serve as a zero reference position, and is very useful

Figure 4-6 Incremental encoder with two-channel output

* The main disadvantage of increment type encoders are the possibility
of incorrect data resulting from false counts being generated by noise
transients or other outside disturbances.

* It can be reduced by using absolute encoders.
Absolute encoders.

 Those errors are eliminated by using absolute encoders. Absolute rotary encoders
are using a multiple-track disk which defines the shaft position by means of a
binary word or another code. such as the Gray code.

* The reading system employs a lamp and photocells to detect the light which
passes through the transparent portions of the disk.

* A photocell is provided for each track on the disk. The output from all cells gives
the actual shaft position in coded form.




Figure 4.8 Binary code disk of absolute encoder

vi(t) =V cos wr (4-19a)
valt) =V sin (4-19b)
The rotor outputs consist of two components
Vo = vy sin @ + vy co8 ¢ (4-20a)
vy = v cos @ — vy sin & (4-206)
Substituting Eqs. (4-19) into Egs. (4-20) yields

vy =V sin (ot + @) (4-21a)

vy = V cos (ot + ¢) (4-21b)

Resolvers

* Resolvers have the same general construction of a features as small
ac motors The rotor and a stator, both having two windings at 90 to
one another, as illustrated on in Fig
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* In NC applications only one of the rotor windings is used, and it
produces the feedback signal Va .

* The phase angle, which is contained in the feedback signal, depends
on the angular position of the rotor shaft.

* Note that if the rotor is rotated 90°, for example, the phase shift of
the rotor winding output voltage is 90° from the reference.

« If an ac voltage is applied to one of the stator coils, a maximum
voltage will appear at a rotor coil when those two coils are in line, and
the voltage will be zero for at 90 degree.

* As the shaft is turned, the voltage induced in one rotor coil follows a
sine wave and the voltage induced in the other follows a cosine wave.

« Similarly, the ac voltage Can be applied to one of the rotor coils,
resulting in a sine and cosine of the angular position of the rotor at
the two stator winding outputs.

* In NC systems the resolver is used as a shaft position measuring
device and is directly coupled to the leadscrew of the machine tool.

* The two windings of the stator are excited by sinusoidal signals equal
in frequency and amplitude, but displaced by 90° from each other.

The Inductosyn

* The Inductosyn is a precision measuring device developed by the
Farrand Controls.

* |ts Principle of operation is similar to that of a resolver with a very
large number of stator poles P (e.g., P = 144), rather than two, and
with only one rotor coil.

* When a single-phase ac voltage is applied to the rotor windings of a
resolver, the voltage output from the two-phase stator windings is
proportional to the sine and cosine of the angular position of the
rotor relative to the stator as shown in Fig. 4-10a.




Tachometers

* In order to obtain a precise control of the servomotor speed, the
actual speed must be measured and compared with the required one.

* The actual speed may be measured in terms of voltage by a small PM
dc generator, or tachometer, coupled to the motor shaft.

* The difference between a command voltage proportional to the
desired speed and the tachometer voltage may be used to actuate
the motor in such a way as to tend t eliminate the error. Negative-
feedback closed-loop control is thereby achieved.

K prostuce 1o sinusodal waves in 1
KOO (Shider) of inear inductosyn (ot

T'hc 0\-n-p\;(. ‘\Vroltag:\", of the dc tachometer is given by Eq. (4-4)

V, = Kyw

where K, is the tachometer constant, which is mainly dependent on the magpe,
strength of the permanent magnet. In practice the tachometer voltage is fed by,
through an operational amplifier, which enables the adjuslmcm of K,

A simple control loop containing a dc servomotor, amplifier, and tachomere:
shown in Fig. 4-11. This loop is referred to as the machine drive unit and is contarr

* When the stator windings of an inductosyn transducer are excited by
constant amplitude carriers in 90° phase shift, the resulting output signal is
a constant amplitude signal that undergoes a continuous phase shift of
360" for each displacement of one cycle length.

* The constant amplitude signal is easily converted to square wave form use
in NC applications.

* In the rotary inductosyn the rotor is directly mounted on the leadscrew.

* In the linear form the stator is fixed to the bed of the machine tool, and the
rotor to the table; thus the rotor moves parallel to the stator.

* The output from the rotor is fed into an input of a phase detector and
compared with one of the stator voltages. T

* he resulting error signal from the phase detector is applied to the machine
drive and provides the required movement of the machine table.

* simple control loop containing a dc servomotor, amplifier, and
tachometer shown in Fig. 4-11. This loop is referred to as the machine
drive unit and is contained

> e o e
= Amy ri *-1 motor =

L Figure 4-11 Typical machine drive

in the position control of each axis of contouring systems. The difference betweer
command voltage V. and the tachometer voltage is the error signal e:
e Wy 22
This error signal is fed to the power amplifier, which produces a voltage |
V = Kee
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Fluidic Sensors-Back pressure Sensor-Cone jet Proximity
Sensor —Interruptible Jet Sensor

* Disadvantage

* |ts main disadvantage is that atmospheric air is entrained in the
receiver and if contaminated, can interfere with the performance.

* The limitation can be overcome by lightly pressurising the receiver in
the opposite direction (Figure 2).

* The main jet then impinges on the secondary jet, applying back
pressure which increases the receiver pressure.

* An object interfering with the main jet cuts off this back pressure and
the receiver pressure falls back to its normal level.

* Under both conditions there is always outflow from the receiver
which cannot therefore entrain

Interruptible Jet Sensor

* The most common form of pneumatic sensor is the interruptible jet

Sensor.
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* Supply and receiver pipes are aligned axially, separated by a gap.
* The intrusion of any solid object into the gap, interrupting the jet,
causes the pressure in the receiver to fall to atmospheric.

* This change in pressure is used to operate a switching element
controlling an appropriate circuit, for example a counting circuit.

* The switching element is normally a transducer giving an electric
signal output.

Advantage

* This type of sensor has the advantage that it is not critical on gap
dimensions, can change its state rapidly for counting purposes and is
not sensitive to shape or texture.

* Both of these types require small nozzle sizes in the supply to achieve
laminar flow. The effective gap length is the distance over which the
laminar flow can be maintained.

* An alternative shown in Figure 3 uses a third jet placed at right angles
to the main supply jet.

* The receiver may or may not be pressurized. This works on the
principle of a turbulence amplifier, with the main jet flow, normally
laminar, being rendered turbulent by the impingement of the side jet,
reverting to laminar flow when the side jet is interrupted.

* The practical measuring gap, which is between the side jet and the
main jet can be made much larger for the same pressure difference in
the receiver.




* A more practical form of interrupted sensor with back flow from the
receiver is shown in Figure 4, back flow being obtained from the same
supply but with pressure reduced by a restrictor.

« Sensors of this type can be expected to have a maximum gap of about
20 mm working off a supply pressure of about 0.1 bar.

Back pressure sensors

* Back pressure sensors are effective when the object to be sensed can
pass close to the jet.

* Asingle jet is used in this case, the presence of an object modulating
the flow and causing a pressure change at the output (Figure 6).

* It can be used to measure objects moving towards or away from it as
well as across it, with suitable signal amplification.
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* The system shown in Figure 5 is capable of working with larger gaps at
the same pressure levels.

* Here a collector is incorporated to supply a second external gap (the
sensing gap), with output signal derived from the same position as
before. This device is known as an airstream detector.

Cone-Jet Proximity Sensor




* The cone jet proximity sensor is a non moving-part device which
permits sensing the presence of object with out physical contact.

* It allows as much as 10 times the sensing gap provide by a normal
back pressure sensor with far less flow consumption.

* Operation is based on the increases in pressure with in a converging
conical flow pattern when resistance to that flow is created by
presence of an object or a opposing stream.

* The resulting pressure rise is recovered through the center tube and
output port .

* It is operate able on all gases.

* Operating characteristics are compatible with fluids and conventional
pneumatic logic and interface devices.

* Applications

« the cone jet can sense with out contact, the presence or absence of a
physical body or liquid surface regardless of the material composition

* This Unique makes its an ideal device for sensing.

1) Non magnetic bodies such as chrome, paper boxes, and wood
2) Optically transparent bodies such as glass and clear plastic

3) non- rigid materials such as cloth and mesh

4) Liquid level surfaces

5) Surface that cannot be touched
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Principle of Fluidic Logic Control- Coanda effect-Basic Fluidic Devices-
Fluidic Logic Gates- Bistableflipflops -OR and NOR Gates- Exclusive OR
gate
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ASSISTANT PROFESSOR

MECHATRONICS

* Fluidic devices are used in industrial automatic control systems to perfo
rm various logic functions and in systems that include digital counters, s
hift registers, and units for the bit-by bit comparison of numbers.

« Such devices are used to perform not only discrete operations, such as
summing of signals and bit-by
bit comparison of codes, but also analog operations, such as conversion
, amplification, and frequency modulation of signals.

Principle of Fluidic Logic Control-

* Fluidics,a branch of pneumatic automation that deals with the study,
development, and use of devices (elements) that operate on the basis
of aerohydrodynamic effects, such as

* momentum interaction

« wall attachment (or wall reattachment)

« creation of turbulence of the stream in a laminar jet
* throttling of flows

* vortex generation.

Sequencing Operation

* Process control pneumatics is also concerned with sequencing ie,
performing simple actions which follow each other in a simple order
or with an order determined by sensors.

* Electrical equivalent circuits are formed with relays, solid state logic
or programmable controllers.

* Logic devices (AND, OR gates and memories) are part of the electrical
tool kit for sequencing applications.

* The pneumatic equivalent uses the wall attachment or Coanda effect
A fluid stream exiting from a jet with a Reynolds number in excess of
1500 (giving very turbulent flow) tends to attach itself to a wall and
remain there until disturbed.

* In discrete momentum-
Interaction elements, the jets flowing out of the input channels deflect
other jets coming from the supply channel or from other input channels.

* in this case the pressure and delivery of air at the output of the element vary a

ccording to the relay characteristic.

* In wall-attachment elements, the properties of boundary
layer flows are used to produce and signal storage.

« In turbulence elements a relay characteristic is produced by the transition fro
m laminar to turbulent flow. Various aerohydrodynamic effects are used in cont

inuous operation fluidic elements .

Coanda Effect

 Coanda Effect is the phenomena in which a jet flow attaches itself to
a near by surface and remains attached even when the surface curves
away from the initial jet direction.

« In free surroundings, a jet of fluid entrains and mixes with its
surroundings as it flows away from a nozzle.

* Coanda Effect:

* A moving stream of fluid in contact with a curved surface will tend to
follow the curvature of the surface rather than continue traveling in a
straight line.




(a) The Coanda effect

* Flip- flop is a different kind of logic circuit is an element capable of
storing or memorizing information.

* In memory circuits, the output depends not only on the present level
of inputs, but also on the past, or prior, sequence of inputs.

* The logic state of these circuits is changed by pulses, rather than by
logic levels as in gates.

* A pulse is characterized by a temporary change in the logic level for a
short period of time.

* The basic memory circuit is the flip-flop (FF), which is a binary storage
device that has two distinct stable states, and it remains in one of
them until it is directed to change it.

Coanda FFfact

Air Flow

This diagram shows that increasing the
angle of attack increases how much the air
is deflected downwards. If the angle of
attack is too high, the air flow will no
longer follow the curve of the wing
(Coanda effect is losing the power). As
shown in the bottom of the diagram. this
creates a small vacuum just behind the
wing. We can say that wing is stalled. As
the air rushes m to fill this space, called
cavitation’, it causes heavy vibrations on
the wing and greatly decreases the
efficiency of the wing,

* The change between the two states is done by means of two inputs,
termed set and reset.

* Whenever a bit of 1 logic level is stored, the device is said to be set.
The operation which stores a 0 bit in a flip-flop is called the reset, or
clear, operation, and the flip-flop is said to be in the reset state.

* For sensing the state, the flip-flop is provided with two outputs Q
and Q'. When Q is at 1 logic level, 0' is at 0, and vice versa.

« This principle is used to give a pneumatic set/reset (S-R) flip-flop
memory in If the set input is pulsed, the flow attaches itself to the
right-hand wall, exiting via output Q.

« It the set input is then removed the Coanda effect keeps the flow on
this route until the reset input is pulsed.

Bistable flip-flops

Output
_ pons
Ovo
Set *z L‘ Reset
input input
yo?
Supply port b

L (b) Set/reset flip-flop

\C

* Flip-flops are the basic elements of registers and counters which are
used in NC systems.

* Registers consist of groups of identical flip-flops and are used to store
binary information. For example, the binary number 1001 can be
represented by a setup of 4 flip-flops, which is termed a 4-bit register.

* A 4-bit register can store a maximum different binary words in NC




fluidic devices

* In a fluidic device a jet of fluid can be deflected by a weaker jet
striking it at the side. This provides non-linear amplification, similar to
the transistor used in electronic digital logic.

* Itis used mostly in environments where electronic digital logic would
be unreliable .

Fluidic Triode

* The fluidic triode is an amplification device that uses a fluid to convey
the signal.

Fluidic Amplifier

* The basic concept of the fluidic amplifier is described through a
patented device as in Fig.- 1. A fluid supply, which may be air, water,
or hydraulic fluid, enters at the bottom.

* Pressure applied to the control ports C1 or C2 deflects the stream, so
that it exits via either port 01 or 02.

* The stream entering the control ports may be much weaker than the
stream being deflected, so the device has gain

Logic Elements

* Fluidic logic (fluidics) uses specially designed fluid paths to perform
logic operations, such as AND, OR, and NOT gates.

* In electronics logical operations underpin all the digital devices that
depend on CPUs for their brains. Using Computational Fluid Dynamics
(CFD) we can quickly explore potential fluidic components.

Fig.- | Fluidic amplifier, showing flow in both states. Ref: U.S. Patent #4.000,757.

Aflidic NOT gate consiss of one input, 2 Source, a snk, and an output, simiar to the AND gate

Source

>
1

| Sink
s - L

Output = 1

Fluidic NOT Gate: Velocity Maanitude Fluidic NOT Gate: Velocity Vectors




_ * A small bias pressure Keeps the signal on the right-hand wall, which
causes it to exit via the right-hand port. If signal A or B is applied (at
higher pressure than the bias) the flow switches over to the (A+ B)
output.
aet * When both A and B signals are removed, the bias pressure switches
the flow back again.
t A4
Output = 1 4
Lx Sink l—*
Aflidic OR gate consists of two inputs, a sink, and an output
B=0
A=1
R Output = 1
I_x Sink
OR/NOR gate
R
A+B A+B
25&//@
Bias—* Inputs

g |
Supply
(c) OR/NOR gate
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Figure 7.26 Pressure to current (P-I) converter

differential transformer). The clectrical signal corresponding to the
deflection is amplificd and applicd as current through a coil to
broducc a torque which brings the beam back to the null position.
At balance, the coil force (proportional to output current) matches
the force from the bellows (proportional to input signal pressure).

The zero offset (4 mA) in the clectrical signal is sufficient to drive
the amplifier in Figure 7.26, allowing the two signal wires to also act
as the supply lines. This is known as two-wire operation. Most P—]
converters operate over a wide voltage range (eg, 15 to 30 V).
Often, the current signal of 4 to 20 mA is converted to a voltage
signal (commonly in the range 1 to 5 V) with a simple series resistor.

Sequencing applications

Process control pneumatics is also concerned with sequencing ie,
performing simple actions which follow cach other in a simple order
or with an order determined by sensors. Electrical equivalent
circuits are formed with relays, solid state logic or programmable
controllers.

~ Asimple example of a pneumatic sequencing system is illustrated
in Flgurc 7.27, where a piston oscillates continuously between two
striker-operated limit switches LS, and LS,. These shift the main
valyc Vi with pilot pressure lincs. The main valve spool has no
Spring return and remains in position until the opposite signal is
applgcd. §huttlc valves 'V, and V; allow external signals to be
applied via ports Y and 7. ‘

| R T Y
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Y
! 2
Vi|alB
Y 9
V2 f—----- \‘ V- V3
! P :
@::: T._.»/\/\/ \fT:@
LSt \% v LS2

lp
Figure 7.27 A sequencing example; the cylinder oscillates between
LS1 and LS2

constructed as illustrated in Figure 7.28a. Input signal X is a pilot
signal moving the spool in main valve V,, but it is delayed by the
restriction valve and the small reservoir volume V. When X is
applied, pilot pressure Y rises exponentially giving a delay T before
the pilot operating pressure is reached. When X is removed, the
non-return valve quickly vents the reservoir giving a negligible off-
delay. Figure 7.28b shows the response. As shown, the valve is a
delay-on valve. If the non-return valve is reversed delay-off action is
achieved.

Sequencing valves are used to tie pressure-controlled operations
together. These act somewhat like a pilot-operated valve, but the

Volume V

- (b) Response



196 Mydraulics and Pneumatics

l

’ L

]

N
—_—
e

T —>

<

—_———e— e ————————

[ LA\ @[]\l

P 2

Figure 7.29 Sequencing valve application

designer can control the pressure at which the valve operates. A
typical application is shown in Figure 7.29 where a cylinder is
required to give a certain force to an object. Valve V, is the
sequence valve and operates at a pressure set by the spring. The
sequence Is started by pushbutton PB,, which shifts the pilot spool
in the main valve V, causing the cylinder to extend. When the
cylinder reaches full extension, limit switch LS, operates and
pressure Py starts to rise. When the preset pressure is reached
sequence valve V, operates, moving the spool in main valve V, and
retracting the cylinder.

The two applications given so far have used limit switch operated
valves 1o control sequences. Pneumatic promixity sensors can also
be used. The reflex sensor of Figure 7.30 uses an annular nozzle jet
(?' air the action of which removes air from the centre bore to give @
light vacuum at the sipnal output X, If ‘
the sensor, flow is restricted and
X Another example is th

an object is placed in front of
ndiassignificant pressure rise is seen at
S , ¢omterruptible jet sensor (Figure 7.31)
whichis simple in operation but USES more air. A typical application
could ‘be sensing the presence of drill ihi( i(l) i;ul(ul';:u' “dnll

u_njlplclc in pnvnm;lln“;lllv CONtrolled machina sandl With NnO
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Annulus
\
§
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Supply *
Air drawn in Supply-/‘ *

Air out

Figure 7.30  Reflex promixity switch

Supply

x
NN

Figure 7.31 Interruptible jet limit Switch

An object blocking this flow, causes X to fall to atmospheric .
pressure.

With both types of sensor, air consumption can be a problem. To
reduce air usage, low pressure and low flow rates are used. Both of
these results in a low pressure signal at X which requires pressure
amplification or low pressure pilot valves before it can be used to
control full pressure lines.

Logic devices (AND, OR gates and memories) are part of thc
clectrical tool kit for s¢quencing applications. Th‘e pneumatic
equivalent (Figure 7.32) uses the wall attachment or € oum'lnvct.tcct.
A fluid stream exiting from a jet with a Reynolds nux_nhcl: IN CXCEsS
of 1500 (giving very turbulent flow) tends to attach itself to a wall
and remain there until disturbed (Figure "7.33:1)- o

This principle is used to give a pneumatic set/reset (S-R) ﬂlp-?]up
memory in Figure 7.32b. If the setinputs pulsed, tliw ﬂoy ;\.lt;uhaf
itself to the right-hand wall, exiting via output Q. 1 lh‘c set input 1s
then removed the Coanda effect keeps the flow on this route until
the reset input is pulsed. / o

Figure 7.32¢ shows a fluidic OR/NOR gate. A small bias pressure

1 2 Lol sl wnmbhiiAl Aattenc 1t ty avit via
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(a) The Coanda effect
) Outputs (b) Set/reset flip-flop

A+B A+B
‘ﬁy A

Supply
(c) OR/NOR gate

Inputs

Figure 7.32 Fluidic logic

the right-hand port. If signal A or B is applied (at higher pressure
than the bias) the flow switches over to the (A+B) output. When
both A and B signals are removed, the bias pressure switches the
flow back again.

Logic functions can also be performed by series connectio
valves (1o give the AND operation) shuttle valves (10 give the
operation) and pilot-operated spools (to give flip-flop memaori
Valve V, in Figure 7.27, for example, acts as an §.R fliptlop
memory .

ns of
OR

2y )
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Example 4-4 The mowor 1p Example 4.1 . dniven by

gainof K, = 10. The Joop is closed . \h”w‘” ":,;l 'y 4 power amplifier with a
i 17.25 V1000 rpm 2 4-11 The tachometer gain
(a) Calculate the time constan of the
(h) Denve the stcadywlalv cquation of

() Calculate the input voltage V. wh;
‘ ch causes the motor 1o rotz
at the no-load condition %10 (e e 190 e

machine drive unyt

(d) Calculate the change in speed for a full-load (120 Ib-in) condition.

SOLUTION
(a) The motor gain K, is

K, = —_9_0“_ - /
0.824 x 27 _ 1.6 MV

From Eq. (4-29) the attenuation factor is

1
K,

B 1
“TTH (10X 11.6 x 17.251000)

1
3

The motor time constantis 1,, = 13 ms; the drive system time constant is a7, .
or 4.33 ms.

(b) At steady state the time constant Tm does not affect the system performance.
and consequently it can be eliminated from Eq. (4-28):

w = aK,K,V, — aRII?'T' (4-30)
The variables w, V., and T, in Eq. (4-30) can be either Laplace or time
variables.
(c) At no-load, T, = 0, and the voltage is
w
= =255V
V. KK, 2

(d) For a loaded motor the change in speed is

i
which is one-third of the speed change in the open-loop case (see Example
4-1).

4-3 COUNTING DEVICES

. . ! sial CLre which are called
The transfer of information in digital form requires special ““:“; a:d\ iy : :;1\
) p . " ala ¢ Insirucions,
digita) circuits or logic circuits. The logic circuils are able lq _smrrc : :“ {‘hm \:w”w
« 5
IECEive new dara nerfarm arithmetic operations, and transfer the res e i
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: 0 and 1 values of the boole;
. rresponding to the i ¢an a)
s g T o i b, .
vanabples.

iti Jtage. . |
zero or less positive VO . o groups:
" The basic logic circuits may be divided 1nto group

ra
I()W)

ut depends only on the present input

: resulting outp
which the put depends on both the pag anq

1. Gates, In n which the resulting out

9. Storage elements, 1
present input signals

ices which perform the arithmetic operations of booleay

tion has its corresponding gate: AND, .OR, NAND, Nog

tes are not discussed here, and it is assumed that thé

5. Note that gates have a common characterig,.

te of their inputs.

The logic gates arc dev
algebra. Every boolean opera
and EXCLUSIVE-OR. The gates
reader is familiar with their principle
their output is a function of the present sta

4-3.1 Flip-Flops

A different kind of logic circuit is an element capable of storing or memorizing

information. In memory circuits, the output depends not only on the present leve] of
inputs, but also on the past, or prior, sequence of inputs. The logic state of these circuits
is changed by pulses, rather than by logic levels as in gates. A pulse is characterized

by a temporary change in the logic level for a short period of time.
(FF), which is a binary storage device that

The basic memory circuit is the flip-flop
has two distinct stable states, and it remains in one of them until it is directed to change
it. The change between the two states is done by means of two inputs, termed set and
reset. Whenever a bit of 1 logic level is stored, the device is said to be set. The
operation which stores a 0 bit in a flip-flop is called the reset, or clear, operation, and
the flip-flop is said to be in the reset state. For sensing the state, the flip-flop is provided
with two outputs Q and Q'. When Q is at 1 logic level, Q' is at 0, and vice versa.

The most commonly used types of binary storage are the RS, JK, and T flip-flops.
The T, or qigger, flip-flop (TFF), has only one input, denoted by T or CP (clock pulse).
It chaqgcs its state each time that the input is triggered by a pulse or by the falling edge
of th;ll_npm signal. Falling edge means the transient change between 1 to 0 logic level.
systcmlsp-g:p:s:e the b.as1c elements of registers and counters which are used in NC
infommiion.g Forr:x‘:::;llit (:lf)eg rboiups of idenfical fli-flops andare ised 1o siots VIS

, nary number 1001 can be represented by a setup of 4

flip-flops, which is te Wit rew: L
different binary word::.m:d a 4-bit register. A 4-bit register can store a maximum of |

4-3.2 Counters

The logic circuit of Fj
1g. 4-12 '
connected to the CP ip e ne

is used as the trigger p

sts of three TFFs, where the output of each oné s

put of the next sta ;
ge. The fallin ach
ulse to the rerr o+ 1he falling edge at the output of 2™



CP FF,

8 10
Input
a‘llfll L] 1
Q
e g |

Figure 412 A 3-bit binary counter. (a) Logic diagram, (b) waveforms.
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changes its state to Q, = 1. The next pulse changes back the output to Q. = 0, thus
providing a falling edge to FF, and changing its state to Q, = 1. Similarly, FF. will
be triggered only when FF, returns to the O state, and this will occur after four incoming
pulses at the input terminal. The generated waveforms are shown in Fig. 4-12, and the
FFs’ operational states are summarized in Table 4-1.

Table 4-1 Binary counter states (Fig. 4-12)

E

Q. i Qs Qs
[

| & Pulse no.
0

e ¥ 0 0 Clear
0 1

L0 | o ! !
o | I 0 2

——

92 ] 1 | I 3 N
! o | 0 :
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11 i | 0 6
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Advantages of Coating

* This coating process, therefore, allows for reducing magnet
manufacturing costs by eliminating expensive compounding and
blending costs

* increasing production throughput
* reducing rejects
* and eliminating the need for secondary coatings in some applications.

Coating Technologies

« Corrosion continues to represent a challenging issue for magnet
manufacturers because of the wide range of applications in severe
environments .

* Coatings for sintered and bonded magnets include:
* nickel plating
« organic electrocoating
* spray coatings
« multiple layers of combination coatings for tough performance requirements.

(8 sintersd-bused. (From Hitachi Metals Lid, Hitachi Rare-Esrth

* Some companies developed an improved coating process where
magnetic particles are encapsulated with organic coatings.

* Some companies developed an even more advanced coating process
with precise functional characteristics by applying thin multiple
coatings over individual powder particles

« Corrosion protection before, during, and after magnet manufacturing

« Extremely uniform metal distribution with reduced geometric or dimensional
scattering

« Higher magnetic properties of the manufactured magnet
* Minimized magnetic temperature degradation

Magnetic Materials Market and Applications

* Magnets serve as essential components in almost all domestic and
industrial applications in the automotive, instrumentation, production
machinery, aviation, marine, and space markets.

* Magnets are used in computers, electric motors, loudspeakers,
smartcards, cell phones, tape recorders, cameras, camcorders,
compact disk players, microwave ovens, kitchen robots, refrigerators,
and washers and dryers, to name a few consumer products.

* Their contribution is often ignored because they are built into
devices and are usually out of sight




* Magnets function as transducers and energy conversion devices,
transforming energy from one form to another without any
permanent loss of their energy.

* Energy conversion devices utilize PMs to convert mechanical-to-
mechanical energy as attraction and repulsion motion
* mechanical-to-electrical energy as generators and microphones
« electrical-to mechanical energy as motors
* Loudspeakers
* mechanical energy to heat as eddy current

* Cost, temperature, and manufacturing are the major barriers to the
expanded use of neodymium magnets in automobiles

* Cost barriers — neodymium not yet considered a ceramic replacement
because of cost, system integration has potential in savings to offset system
cost

e Thermal barriers — under-hood temperatures affected by

engine compartment complexity, effect of operation and location of other
heat-generating subsystems, component self-heating, and difficulties with
predicting operating temperatures accurately

* Manufacturing barriers — feasibility of high volume production, fragile
aspect of neodymium material, magnetizing and calibrating assembly, and
difficulty of repair or rework

1)ferrite ceramic magnets
2)alnico alloys

3)rare-earth samarium-cobalt
4)neodymium magnets
5)others

* Magnet manufacturers maintain that the following current trends in
automotive system design should affect rare-earth magnet growth
opportunities by increasing the penetration of electric motors in
automobiles:

* Electronic control of motors

* Power-generation technologies

* Motor technologies

* Minimizing parasitic engine losses
* Worldwide supply considerations
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TYPE OF ELECTRICAL ACTUATORS
1.ELECTRICAL MOTOR

* DC SERVO MOTOR
* ACMOTOR
* STEPPER MOTOR

2.SOLENOIDS

Ac motor is divided into three types they are:

¢ Three phase motors
« induction motor
* synchronous motor

* Single phase motors
* Special motors

AC MOTOR

* A machine which converts electrical energy into mechanical energy is
called as motor

* Motor is divided into two types depend upon the supply
« AC MOTOR
« DC MOTOR

Housing and Stator Electrical Connections
\ —

=
J Rotor
—
o
— End Bell
s
=
——
o
Mounting Base

/
Shaft

Fig.1: Motor Stator and Rotor

= Arotor is a rotating part of the AC motor
= The stator is the fixed or stationary part of the motor




Faraday’s law of electromagnetic induction

* Faraday’s law states that a current will be induced in a conductor
which is exposed to a changing magnetic field

itROS

Faraday’s law of electromagnetic induction

* The flux from the stator cuts the short-circuited coil in the rotor

* As the rotor coils are short-circuited, according to Faraday’s law
of electromagnetic induction, the current will start flowing through
the coil of the rotor

* When the current through the rotor coils flows, another flux
gets generated in the rotor.

* Now there are two fluxes, one is stator flux, and another is rotor flux.

* The rotor flux will be lagging in respect of the stator flux. Because of
that, the rotor will feel a torque which will make the rotor to rotate

* A stepper motor is a special electrical machine which rotates in
discrete angular steps in response to a programmed sequence of
input electrical pulses.

Working Principle

* A magnetic interaction takes place between the rotor and the stator,
which make rotor move.

Construction
* The stator has windings
eThe rotor is of salient structure without any windings

STEPPER MOTOR

Used in Dot Matrix Printer

Used in CD-ROM Drive

Types of Stepper Motor

1. Variable Reluctance SM

Reluctance:the resistance to magnetic flux ,offered by a magnetic circuit
2. Permanent Magnet SM

3. Hybrid SM

Application

Application of stepper motor in diverse areas ranging from a small wrist
watch to artificial satellites.

* Power range 1W to 2.5KW
eTorque range 1uN to 40 Nm




Variable reluctance motor

* Variable reluctance stepper motor works on the principle that a
magnetic material placed in magnetic field experience a force to align
minimum reluctance path

Rotor position for phase excitation

assume any position until
energised.For a four
gle stack VR steeper
iven below and

Permanent Magnet
Stepper motor

* Permanent magnet (PM) stepper motor
is another version of stepper motor

* Its construction is similar to that of a VR
stepper motor.

 Stator consist of a salient poles wound
with concentric coils.

* The rotor carries no winding but has
permanent magnets.

Switching sequence

* Due to the difficulty in manufacturing small PMs, the number of poles
in the rotor is limited and the step size is relatively large in the range
300 to 900

Working.....ccccevveeunees




* To study the principle of operation of PM stepper motor, a two phase
motor is considered.

* It has four stator poles and two rotor poles.
* The stator has winding on its poles.

*When a phase is energized, it sets up a magnetic flux and rotor will
position to lock its N pole and S pole to stator S pole and N pole
respectively.

« «Coils wound on poles A and A’ are connected in series to form phase
A same as for phase B.

* oThe step angle is 360/(2x2x15)=60
* oThe tooth pitch is 360/15=240

Hybrid stepper motor

e Its operation based on the combined principle of both PM and VR
stepper motor.

*HSM is the best choice for the application where small step angles
and high starting torque are essential.

Working......

Consider a four pole, two phase HSM with 15 rotor teeth on each rotor
section,as shown in figure.

References......

* https://www.linearmotiontips.com/how-does-the-number-of-stator-
phases-affect-stepper-motor-performance/




CONTENT BEYOND SYLLABUS
1. AUTOMOTIVE COMPONENTS

Automotive electronics are electronic systems used in road vehicles, such as: engine
management, ignition, radio, carputers, telematics, in-car entertainment systems and others.
Electronic systems have become an increasingly large component of the cost of an automobile,

from only around 1% of its value in 1950 to around 30% in 2010.

The earliest electronics systems available as factory installations were vacuum tube car radios,
starting in the early 1930s. The development of semiconductors after WWII greatly expanded the
use of electronics in automobiles, with solid-state diodes making the automotive alternator the

standard after about 1960, and the first transistorized ignition systems appearing about 1955.

The availability of microprocessors after about 1974 made another range of automotive
applications economically feasible. In 1978 the Cadillac Seville introduced a "trip computer”
based on a 6802 microprocessor. Electronically-controlled ignition and fuel injection systems
allowed automotive designers to achieve vehicles meeting requirements for fuel economy and
lower emissions, while still maintaining high levels of performance and convenience for drivers.
Today's automobiles contain a dozen or more processors, in functions such as engine
management, transmission control, climate control, antilock braking, passive safety systems,

navigation, and other functions.

Modern electric cars rely on power electronics for the main propulsion motor control, as well as
managing the battery system. Future autonomous cars will rely on powerful computer systems,

an array of sensors, networking, and satellite navigation, all of which will require electronics.

WHAT IS ENGINE? WHAT ARE MAIN TYPES OF ENGINE?

Today we will discuss about engine and types of engine used in automobile. Any device which
can convert heat energy of fuel into mechanical energy is known as engine or heat engine.
Engine is widely used in automobile industries or we can say that engine is the heart of an

automobile. Basically engine may be classified into two types.

Department Of Mechatronics, NCERC Pampady
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Types of Engine:

EXTERNAL COMBUSTION (E.C.) ENGINE

An engine in which combustion of fuel take place outside of the cylinder is known as EC engine.
In this type of engine heat, which is generated by burning of fuel is used to convert the water or
other low boiling temperature fluid into steam. This high pressure steam used to rotate a turbine.
In this engine we can use all solid, liquid and gases fuel. These engines are generally used in

driving locomotive, ships, generation of electric power etc.

_ e
S

Coal =

Crankshaft

Advantages of E.C. engine-
= In these engines starting torque is generally high.
= Because of external combustion we can use cheaper fuels as well as solid fuel.

Department Of Mechatronics, NCERC Pampady
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= They are more flexible compare to internal combustion engines.

INTERNAL COMBUSTION (1.C.) ENGINE

It is an engine in which combustion of fuel take place inside the engine. When the fuel burns
inside the engine cylinder, it generates a high temperature and pressure. This high pressure force
is exerted on the piston (A device which free to moves inside the cylinder and transmit the
pressure force to crank by use of connecting rod), which used to rotate the wheels of vehicle. In
these engines we can use only gases and high volatile fuel like petrol, diesel. These engines are

generally used in automobile industries, generation of electric power etc.

Advantages of 1.C. engine-
= It has overall high efficiency over E.C. engine.
= These engines are compact and required less space.
= Initial cost of I.C. engine is lower than E.C. engine.
= This engine easily starts in cold because of it uses high volatile fuel.

TYPES OF I.C. ENGINE

I.C. engine is widely used in automobile industries so it is also known as automobile engine. An
automobile engine may be classified in many manners. Today | am going to tell you some
important classification of an automobile engine.

According to number of stroke:

1. Two stroke engine

In a two stroke engine a piston moves one time up and down inside the cylinder and complete
one crankshaft revolution during single time of fuel injection. This type of engine has high

torque compare to four stroke engine. These are generally used in scooters, pumping sets etc.

2. Four stroke engine
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In a four stroke engine piston moves two times up and down inside the cylinder and complete
two crankshaft revolutions during single time of fuel burn. This type of engines has high average

compare to two stroke engine. These are generally used in bikes, cars, truck etc.

According to design of engine:

1. Reciprocating engine (piston engine)

In reciprocating engine the pressure force generate by combustion of fuel exerted on a piston (A
device which free to move in reciprocation inside the cylinder). The piston starts reciprocating
motion (too and fro motion). This reciprocating motion converts into rotary motion by use of
crank shaft. So the crank shaft starts to rotate and make rotate the wheels of the vehicle. These
are generally used in all automobile.

2. Rotary engine (Wankel engine)
In rotary engine there is a rotor which frees to rotate. The pressure force generated by burning of
fuel is exerted on this rotor so the rotor rotate and starts to rotate the wheels of vehicle. This

engine is developed by Wankel in 1957. This engine is not used in automobile in present days.

According to fuel used:

1. Diesel engine

These engines use diesel as the fuel. These are used in trucks, buses, cars etc.

2. Petrol engine

These engines use petrol as the fuel. These are used in bikes, sport cars, luxury cars etc.

3. Gas engine
These engines use CNG and LPG as the fuel. These are used in some light motor vehicles.

4. Electric engine

It is eco-friendly engine. It doesn’t use any fuel to burn. It uses electric energy to rotate wheel.
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According to method of ignition:

1. Compression ignition engine

In these types of engines, there is no extra equipment to ignite the fuel. In these engines burning
of fuel starts due to temperature rise during compression of air. So it is known as compression
ignition engine.

2. Spark ignition engine

In these types of engines, ignition of fuel start by a spark, generated inside the cylinder by some
extra equipment (Spark Plug). So it is known as spark ignition engine.

According to number of cylinder:

1. Single cylinder engine

In this type of engines have only one cylinder and one piston connected to the crank shaft.

Single Cylinder Engine
2. Multi-cylinder engine

In this type of engines have more than one cylinder and piston connected to the crank shaft.

Double Cylinder Engine

Multi Cylinder Engine
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According to arrangement of cylinder:
1. In-line engine
In this type of engines, cylinders are positioned in a straight line one behind the other along the

length of the crankshaft.

Inline engine

2. V-type engine
An engine with two cylinder banks inclined at an angle to each other and with one crankshaft

known as V-type engine.

ot e \\\
&y Vé S
) | Gl
e =
-y 15D
el ~ - L~
//’ Q\\«) // 3o 5
e e gl =
N -

V type engine
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3. Opposed cylinder engine
An engine with two cylinders banks opposite to each other on a single crankshaft (V-type engine
with 1800 angle between banks).

(JI~I0

Opposite cylinder engine

4. W-type engine
An engine same as V-type engine except with three banks of cylinders on the same crankshaft

known as W-type engine.

5. Opposite piston engine
In this type of engine there are two pistons in each cylinder with the combustion chamber in the

center between the pistons. In this engine, a single combustion process causes two power strokes,
/\\ e
/ :

Opposite piston engine

at the same time.

6. Radial engine

It is an engine with pistons positioned in circular plane around the central crankshaft. The
connecting rods of pistons are connected to a master rod which, in turn, connected to the
crankshatft.
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According to air intake process:

1. Naturally aspirated

In this types of engine intake of air into cylinder occur by the atmospheric pressure.

2. Supercharged engine

In this type of engine air intake pressure is increased by the compressor driven by the engine
crankshatft.

3. Turbocharged engine

In this type of engine intake air pressure is increase by use of a turbine compressor driven by the

exhaust gases of burning fuel.

COMPONENTS OF IC ENGINES

The burning heart of our fast cars, yeah you are right, I am talking about engine. It’s the power
unit we have to spin our car wheels. The entire thrill we have got while driving depends on the
capacity of this power unit, and the limits up-to which we can push its components to operate
safely. It is the combination of all parts of an engine that makes a car to move faster and faster.
So let’s just dig out what it’s components are, and how precisely they must be engineered to get
the maximum power out of an engine.

Main Parts of an Engine are;
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1) Camshaft:

Camshaft is a type of rotating device or apparatus used in piston engines for propelling or
operating poppet valves. Camshaft comprises of series of cams that regulates the opening and
closing of valves in the piston engines. The camshaft works with the help of a belt, chain and

gears.

2) Crankshaft:

Crankshaft is a device, which converts the up and down movement of the piston into rotatory
motion. This shaft is presented at the bottom of an engine and its main function is to rotate the
pistons in a circular motion. Crankshaft is further connected to flywheel, clutch, main shaft of the
transmission, torque converter and belt pulley.

To convert Reciprocating motion of the Piston into Rotary motion, the Crankshaft
and Connecting Rod combination is used. The Crankshaft which is made by Steel Forging or
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Casting is held on the Axis around which it rotates, by the Main Bearings, which is fit round the
main Journals provided.

There are always at least two such bearings, one at the rare end and other at front end. the
increase in number of Main Bearings for a given size of the Crankshaft means less possibility of
Vibration and Distortion.

But it will also increase the difficulty of correct alignment in addition to increased production
cost. The Main Bearings are mounted on the Crankcase of the Engine. The Balance weight or
Counter weight keep the system in perfect balance.

The Crank Webs are extended and enlarged on the side of Journal opposite the Crank Throw so
as to from balance weights. The Crankshaft may be made from Carbon Steel, Nickel Chrome or
other Alloy Steel.

3) Connecting Rod:

Connecting rods are made of metals, which are used, for joining a rotating wheel to a
reciprocating shaft. More precisely, connecting rods also referred to as con rod are used for
conjoining the piston to the crankshaft.

The load on the piston due to combustion of fuel in the combustion chamber is transmitted to
crankshaft through the connecting rod. One end of connecting rod known as small end and is
connected to the piston through gudgeon pin while the other end known as big end and is

connected to crankshaft through crank pin.
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Connecting rods are usually made up of drop forged I section. In large size internal combustion
engine, the connecting rods of rectangular section have been employed. In such cases, the larger
dimensions are kept in the plane of rotation.

In petrol engine, the connecting rod's big end is generally split to enable its clamping around the
crankshaft. Suitable diameter holes are provided to accommodate connecting rod bolts for
clamping. The big end of connecting rod is clamped with crankshaft with the help of connecting
rod bolt, nut and split pin or cotter pin.

Generally, plain carbon steel is used as material to manufacture connecting rod but where low
weight is most important factor, aluminum alloys are most suitable. Nickel alloy steel are also
used for heavy duty engine's connecting rod.

Connecting rods can be made of steel, aluminum, titanium, iron and other types of metals.

crown
Piston /

Q-A—«—-—— =) __— top ring

77| bottom ring

gudgeon pin —7 '
skirt

\ little end

- . 1 N &
Connecting rod , big end

Crankshaft

4) Crank Case:

A crankcase is a metallic cover that holds together the crankshaft and its attachments. It is the
largest cavity within an engine that protects the crankshaft, connecting rods and other
components from foreign objects. Automotive crankcases are filled with air and oil, while
Magnesium, Cast Iron, Aluminum and alloys are some common materials used to make

crankcases.
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5) Cylinder Heads:

Cylinder heads refers to a detachable plate, which is used for covering the closed end of a
cylinder assembled in an automotive engine. It comprises of combustion chamber valve train and
spark plugs. Different types of automobiles have different engine configurations such as Straight

engine has only one cylinder head while a engine has two cylinder heads.

Rocker arm pivots
to open valve - Stud hole

Valve clearance adjuster.

Rocker shaft
Valve retainer

Springs close valve
Threaded hole for

bolting rocker cover
to cylinder head

Intake ports

Housing for thermostat

Pushrod moves up and
down to pivot rocker arm

6) Engine Belts:

Engine belts are the bands made of flexible material used for connecting or joining two rotating
shafts or pulleys together. These belts work in coordination with wheels and axles for
transferring energy. When the wheels or shafts are positioned at extremely different angles, then
the engine belts have the ability to change the direction of a force. Engine pulley is a type of
machine or a wheel having either a broad rim or groomed rim attached to a rope or chain for
lifting heavy objects.
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7) Engine Oil System:

Oil is one of the necessities of an automobile engine. Oil is distributed under strong pressure to
all other moving parts of an engine with the help of an oil pump. This oil pump is placed at the
bottom of an engine in the oil pan and is joined by a gear to either the crankshaft or the camshaft.
Near the oil pump, there is an oil pressure sensor, which sends information about the status of oil
to a warning light or meter gauge.

The different parts of engine oil systems include:

a) Engine Oil

b)  Engine Oil Cooler

c) Engine Oil Filter

d) Engine Oil Gaskets

e) Engine Oil Pan

f)  Engine Oil Pipe

8) Engine Valve:

Automobile engine valves are devices that regulate the flow of air and fuel mixture into the
cylinder and assist in expelling exhaust gases after fuel combustion. They are indispensable to
the system of coordinated opening and closing of valves, known as valve train. Engine valves are
made from varied materials such as Structural Ceramics, Steels, Superalloys and Titanium
alloys. Valve materials are selected based on the temperatures and pressures the valves are to

endure.
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The primary components of engine valve are:
a) Inlet Valve

b) Exhaust Valve

c) Combination Valve
d) Check Valve

e) EGR Valve

f) Thermostat Valve

g) Overhead Valve

h) Valve Guide

i) Schrader Valve

j) Vaccum Delay Parts

Inlet Valve & Exhaust Valve-
Function-Inlet valve allow the fresh charge of air-fuel mixture to enter the cylinder bore.Exhaust
valve permits the burnt gases to escape from the cylinder bore at proper timing.

9) Engine Block:

An engine block is a metal casting that serves as a basic structure on which other engine parts are
installed. A typical block contains bores for pistons, pumps or other devices to be attached to it.
Even engines are sometimes classified as small-block or big-block based on the distance between
cylinder bores of engine blocks. Engine blocks are made from different materials including
Aluminum alloys, gray cast iron, ferrous alloys, white iron, gray iron, ductile iron, malleable

iron, etc.
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10) Engine Pulley:

An engine pulley is a wheel with a groove around its circumference, upon which engine belts run
and transmit mechanical power, torque and speed across different shafts of an engine. An engine
houses pulley units of different sizes for cam shaft drive, accessory drive and timing belts.

Molded plastics, iron and steel are normally used to make engine pulleys.

11) Engine Brackets:

An engine bracket is a metallic part used to join an engine mount to the power unit or the body of
a vehicle. These auto parts are installed between a vehicle's body and power unit to dampen the
vibrations generated by the engine, thus preventing a vehicle's body from shaking due to the
vibrations. Engine brackets are made from Ductile Iron Cast, Aluminum, Polypropylene,

Fiberglass and alloys.
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12) Engine Mounting Bolts:

Automotive mounting bolts secure different automobile components viz. air bags, brake fittings,
etc. on to a supporting structure. Likewise, engine mounting bolts help secure an automobile's
engine in place. Based on usage, a number of materials such as alloys, silicon bronze, bronze,
ceramic, carbon, aluminum, nylon, phosphor bronze, nickel silver, plastic, titanium, zirconium
and stainless steel are utilized to produce these bolts.

13) Piston:

Piston is a cylindrical plug which is used for moving up and down the cylinder according to the
position of the crankshaft in its rotation. Piston has multiple uses and functions. In the case of
four-stroke engine the piston is pulled or pushed with the help of crankshaft while in the case of
compression stroke, piston is pushed with the powerful explosion of mixture of air and fuel.
Piston comprises of several components namely:

a)  Piston Pins

b)  Piston Floor Mat

c) Piston Rings

d) Piston Valve
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14) Piston rings:

Piston rings provide a sliding seal between the outer edge of the piston and the inner edge of the
cylinder. The rings serve two purposes:

They prevent the fuel/air mixture and exhaust in the combustion chamber from leaking
into the sump during compression and combustion.

They keep oil in the sump from leaking into the combustion area, where it would be
burned and lost.

PISTON

COMMPRESSION
RINGS

PISTON PIN
QIL RINGS

CONMECTING ROD

15) Push Rods:

Push rods are thin metallic tubes with rounded ends that move through the holes within a
cylinder block and head, to actuate the rocker arms. Pushrods are found in valve-in-head type
engines and are essential for the motion of engine valves. Some commonly used materials for

manufacturing pushrods are Titanium, Aluminum, Chrome Moly and Tempered Chrome Moly.

Pushrods
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16) Valve train:

Valve train consists of various components and parts, which enables valves to operate and
function smoothly. Valve train comprises of three main components: camshafts, several
components which are used for turning the camshaft’s rotating movement into reciprocating
movement, and lastly valves and its various parts.

The primary components of valve train are:

a) Tappet

b)  Rocker Arms

c) Valve Timing System

17) Governor
It controls the speed of engine at a different load by regulating fuel supply in diesel engine.
In petrol engine, supplying the mixture of air-petrol and controlling the speed at various load

condition.
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18) Carburettor
It converts petrol in fine spray and mixes with air in proper ratio as per requirement of the

engine.

19) Fuel Pump

This device supplies the petrol to the carburettor sucking from the fuel tank.

20)  Spark Plug

This device is used in petrol engine only and ignite the charge of fuel for combustion.

21) Fuel Injector
This device is used in diesel engine only and delivers fuel in fine spray under pressure.

22) Gudgeon Pin

Connects the piston with small end of connecting rod.

This pin connects the piston with small end of the connecting rod, and also known as piston pin.
It is made up of case hardened steel and accurately ground to the required diameters. Gudgeon
pins are made hollow to reduce its weight, B resulting low inertia effect of reciprocating parts.
This pin is also known as "Fully Floating™ as this is free to turn or oscillate both in the piston
bosses as well as the small end of the connecting rod. There are very less chances of seizure in
this case but the end movement of the pin must be restricted to score the cylinder walls. This can
be achieved by using any one of the following three methods,

A) One spring circlip at each end is fitted into the groove in the piston bosses.

B) On spring circlip is provided in the middle.

C) Bronze or Aluminium pads are fitted at both ends of the pin, which prevents the cylinder
walls from being damaged.

The gudgeon pin may also be semi-floating type, in which either the pin is free to turn or
oscillate in the small end bearing but secured in the piston bosses or it may secured in the small
end bearing and allowed a free oscillating movement in the piston bosses. This method provides

more bearing area at the bosses and hence no need for providing bushes there in, is preferred.
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23) Crank Pin

Hand over the power and motion to the crank shaft which come from piston through connecting

rod.

24) Sump
The sump surrounds the crankshaft. It contains some amount of oil, which collects in the bottom

of the sump (the oil pan).

‘WET’ SUMP SYSTEM
Engine Block

Pump |y Filter

Common for most vehicles

25) Distributor —
It operates the ignition coil making it spark at exactly the right moment. It also distributes the
spark to the right cylinder and at the right time. If the timing is off by a fraction then the engine

won't run properly.
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26) Gasket

A wide variety of materials are used in making gaskets like Teflon, glass-fiber, silicon etc. It is
generally a paper like sheet which is placed between engine block and engine head. As we have
already discussed that we have both water and oil vents in engine block, so gasket gives
insulation from water or oil leaking into engine cylinder or air-fuel mixture from engine cylinder
leaking out from joint of engine block and engine head. Aluminum engine blocks are preferred
over cast iron because it expends more on heating thus compressing the gasket more, increases

the workability of gasket, thus reducing the chances of leakage.
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2. ADAPTIVE CRUISE CONTROL

Two companies are developing a more advanced cruise control that can automatically adjust a
car's speed to maintain a safe following distance. This new technology, called adaptive cruise
control, uses forward-looking radar, installed behind the grill of a vehicle, to detect the speed
and distance of the vehicle ahead of it.

Adaptive cruise control is similar to conventional cruise control in that it maintains the vehicle's
pre-set speed. However, unlike conventional cruise control, this new system can automatically
adjust speed in order to maintain a proper distance between vehicles in the same lane. This is
achieved through aradar headway sensor, digital signal processor and longitudinal
controller. If the lead vehicle slows down, or if another object is detected, the system sends a
signal to the engine or braking system to decelerate. Then, when the road is clear, the system will

re-accelerate the vehicle back to the set speed.

What is adaptive cruise control, and how does it work?

o,

-

Here at Extreme Tech we see automobiles as much more than just four wheels, an engine, and a
few seats. We view automobiles as being the ultimate mobile technology platform and something
as worthy of our attention as the latest CPU or smartphone. With that in mind, we’ll be releasing
a series of introductory auto tech articles, providing readers with in-depth explanations of today’s
important technologies. First up for the series: adaptive cruise control.

Adaptive cruise control basics

Adaptive cruise control (ACC) is an intelligent form of cruise control that slows down and
speeds up automatically to keep pace with the car in front of you. The driver sets the maximum

speed — just as with cruise control — then a radar sensor watches for traffic ahead, locks on to
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the car in a lane, and instructs the car to stay 2, 3, or 4 seconds behind the person car ahead of it
(the driver sets the follow distance, within reason). ACC is now almost always paired with a pre-
crash system that alerts you and often begins braking.

ACC is ideal for stop-and-go traffic and rush hour commuting that swings from 60 mph to a
standstill. Adaptive cruise control as of 2013 ranges from $2,500 at the high end to as little as
$500. Less costly “partial ACC” only works at speeds of 20 or 25 mph and up, but it’s markedly
cheaper.

Expect to pay $2,000-$2,500 for full-range adaptive cruse control, but the price is coming down.
The first ACC systems were about $2,800 five years ago.
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Adaptive cruise control is also called active cruise control, autonomous cruise control, intelligent
cruise control, or radar cruise control. This is the case because distance is measured by a small
radar unit behind the front grille or under the bumper. Some units employ a laser, while Subaru
uses an optical system based on stereoscopic cameras. Regardless of the technology, ACC
works day and night, but its abilities are hampered by heavy rain, fog, or snow.

ACC is a crucial part of the self-driving cars of the near future. On an autonomous driving car,

ACC needs to track the car in front but also cars in adjacent lens in case a lane change becomes
necessary.
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Adaptive cruise control is typically paired with forward collision warning that functions even if
you don’t have ACC engaged. When ACC is engaged, the car will typically slow under ACC
braking at up to half its maximum braking potential. (Beyond that, driver and passenger
discomfort with automated braking sets in.) Red lights flash at the driver (as with
the Ford Taurus pictured above), the words “Brake!” or “Brake Now!” show on the instrument
panel or head-up display, and a loud chime sounds. When ACC isn’t engaged, it’s still tracking
traffic in front and intervenes with the warnings if it senses a potential accident.

Using ACC
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To use adaptive cruise control, you start the same as you would with standard cruise control. The
driver turns ACC on, accelerates to the desired speed, then presses the “Set” button. It’s then
possible to tweak the “+” and “-” buttons to raise or lower the speed, typically by in 1 or 5 mph
increments. Lastly, the driver can set the desired gap behind the next car, most commonly by
pressing a button to cycle among short, medium, and long following distances. Some automakers
show icons with 1, 2 or 3 distance bars between two vehicle icons. Others, such as Merecedes-
Benz, show the following distance in feet, though it’s really in seconds of following gap
translated to feet — for example, 200 feet of following distance at 60 mph (88 feet per second) is
about 3 seconds.

An indicator in the instrument panel or head-up display shows a car icon and often what looks
like converging-at-infinity lines, indicating the roadway. When radar detects a car ahead, a
second car icon appears or the lone car icon changes color.

When you’re just starting out in a newly acquired car with ACC, start with the longest following

distance. If you set the closest following distance, you’ll get nervous if the following distance
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seems to get dangerously close and you’re not sure if ACC is actually working. Most likely it is
working and the driver may have lightly brushed the brake pedal, didn’t realize it, and now ACC
is available but not engaged.

THE TECHNOLOGY BEHIND ACC

Adaptive cruise control typically uses radar in a frequency band that doesn’t compete with police
radar and doesn’t trigger radar detectors. For full-range ACC, some automakers use two radars
— one for close range out to about 100 feet and a second that sees out to about 600 feet, or about
6-7 seconds at highway speeds. Partial ACC is usually a single unit, while some full-range ACC
implementations are now able to use a single radar as well.

Early ACC units were a competing mix of laser on some cars and radar on the others. Radar won
out because it works better in bad weather and costs came down to be competitive with laser.
Even so, some ACC is optical. Subaru uses two cameras flanking the rear view mirror for its
EyeSight system. It also provides unassisted automatic braking at low speeds if a pedestrian or

stopped car gets in your path.

Short-range radar Mid-range scan Long-range radar Camera
Rangeof 0.Z2mto30m Range of 60 m Range of 200 m ..~ Visual range of up to 500 m

I 60m
- -200 m - -

-

The effectiveness of even radar-based ACC is compromised in bad weather. In heavy rain or
snow, it will shut off (you get a warning) or if the sensor in the grille or under the bumper is
caked with snow or dirt.

So far, adaptive cruise control doesn’t adjust to changing speed limits. Technology exists to do
that: speed limit info is in navigation system map data, and lane departure warning cameras have
the ability to read speed limit signs. In theory, you could tell ACC that at highway speeds you
want your top speed to be the posted limit plus 5 mph. Then when you hit a construction zone
posted for 45 mph, you’ll stay reasonably close to the limit.

Is adaptive cruise control worth it?
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Adaptive cruise control makes sense as the price comes down and as you drive more highway

miles, especially long trips where your reflexes are dulled from driving five to 10 hours. For that,
even partial ACC is helpful, and at $500-$1,000 on a $30,000 car (the typical selling price now),
it could be worthwhile. If your commute involves freeways that are clogged every day, then you
want full-range ACC for convenience.

The same holds if your long vacation or weekend trips involve leaving and returning big urban
areas. Anyone who’s driven Boston to Cape Cod on Friday night knows the pain. Returning to
metro New York, Los Angeles, or Chicago, traffic starts slowing down 100 miles away on a
Sunday night. Here, adaptive cruise control is a quality of life feature — just hit the “Set Speed”
button and don’t worry about cars stopping suddenly or creeping along.

While ACC is a great feature, | advise buyers to get lane departure warning and blind spot
detection before you spend money on adaptive cruise control. These two features cost less and do
more for you on most trips.

And keep in mind, vecause it’s so complex, you have to order a car with ACC. You can’t go to

the parts department and order it added later on.
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