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REPORT

The session was initiated by Mr.G.Rajesh Kumar Asst Prof.,where she started
describing about the Ambient Intelligence

The Agenda includes the seminar oh

O Introduction

O Differences with ad hoc networks
O Applications

O Characteristics

O Challenges

O Future

O Motes

O Hardware Setup Overview

4 ¢
goni §

3 ~#401 ) . .
Then the session came to an end with the hand on programming with Wireless

Sensor Networks.
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¢ ¢ » |Comparison with ad hoc
networks

» Wireless sensor networks mainly use
broadcast communication while ad hoc
networks use point-to-point communication.

» Unlike ad hoc networks wireless sensor
networks are limited by sensors limited
power, energy and computational capabllity.

o Sensor nodes may not have global [D
because of the large amount of overhead
and large number of sensors.

Introduction

0 Wiredess Sensor Networks are networks
that consists of sensors which are
distrilzted 1n sn ad hoc manner,

0 These sensors work with each other to
sense some physical phenomenon and
then the Information gathered is
processed 1o gt relevant resulls,

© Wireless sensor networks consists of
protocols snd :I’ymmrm with self-
unrganizing capabilities.

oo o | Applications of Wireless o+« | Monitoring Area Saie Exapgglle. Precision
Sensor networks e g Agriculture
The applications can be divided In three o Environmental and Habitat Monitoring + Precislon agriculture aims
calegories: o Preclsion Agriculture :'pmr“‘f’"‘l""‘ﬂmmm_
i Monltoring of objects, o Indoor Climate Control while reducing
2 Monlioring of an area. o Military Surveillance ) :_r;velm:r\;r;ﬁ) :Tmi}&ud
s Monitoring of both area and objects. o Treaty Verification from sensors Is used to
o Intelligent Alarms zvnlu:.nn ﬂlzlllmllmlr sumng
o2 ensity, estimate fertllizers
» Classification due 1o Culler, Estrin, ) i and other inputs needs, and
Srivastava i 10 more accurately predict
BT et e e crop yields. e o b ot
' e ot 2
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o« « | Design Challenges

o Heterogensity
o The devices deployed maybe of various ypes
widd need 1o colldmrale with cach other,
@ Distributed Processing
o The wlgorithms need 10 be centralized s the
processing bs carrled oul on different nodes.
o low Bandwidihy Communication
o The data should e transterred etficiently
helween sensors
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The session was initiated by Mrs.S.Nandhini Devi Asst Prof,,where she started
describing about the Ambient Intelligence |

The Agenda includes the seminar on

e Sensing

¢ Human Computer lntctﬂclibn

e Technologies Used in AmI

* Radio Frequency Identification
e Microchip implant

e Security Risks .

e Applications i3

L]

Ifb ol . .
Then the session came to an end with the hand on programming with Wireless
R0 b L8

Sensor Networks.
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Ambient Intelligence-
Calming, Enriching and
Empowering our Ives

Ambiew Imellipence is 3 nework of hidden
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Draw

*Need high i’ i
mwmu,r'm :mnce 10 install and to maintain the
!

*Technology s 10 be i
{ incorporated into the dai
routines of different class of people -

*Makes people lazy

e L
S RIAL Wy,

éurlty Risks *

ac) TS

. Aml technologies can raise other secunily issues. Al
the sensor level, sensor reliability, handling errors,
and installation errors can create secunity risks.

Absolutely eritical for market acceptance.

Applications

o Health-related applications
o Public transportation sector
o Education scrvices
» Emcrgoncy scrvices
o Production-oneated sarvices
Biggest adopters of Aml:

o Healthcare

» Home sutomation

B R,

jons: Hospitals can
increase the efficiency of their services by
monitoring patients’ health and progress by
performing automatic analysis of activities in
their rooms. (Sensing and monitoring)

. Health-related applicat

. y services: Safety-related services
like fire brigades can improve the reaction 10 8

hazard by locating the place more efficiently
mdnlsobyp!cparingﬂwwuywreachuw
place in connection with strect services.

e

. Production-brihléd places: Companics can use
RFID sensors {0 1ag different products and track
hem  olong  the | production and
commcrcill:lulion processes.

., It helps imprévinu ‘the, process by providing

valuable information for the company on how to

react to favourable demand and unusual events

ike products that become unsuitable for sale.

| ey

TImagioe-n-thefu Tfiire.Intelligem
- Are Embedded

i PR
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. Perception is sccomplished using vanety of sensors

-

of the envuonment
Sonsors have been designed [ur position measurvuent

support bealth monitoring,

. Boftware algorithm porceines O environment wid
specifies the scuon that can be taken 10 change the stalg

for deiection of chemicals and humidity sensing, and
to  determine readiogs  for  light, radlation
tempersture, sound, straln, pressure, position,
velocity, and direction, and physiological sensing 1o

2/5/7019

o :__;_-—_ZT:;, - /{’ .
—Tluman (,‘nnmcrmcmfmr'
+ Explicit input must 1iow be replaced with mare
!.uumn-hfz communicalion capabilitis snd with
Implicit netions

Technologies mation  Vracking,  pestuie
recognition, faclal expression secognition  #nd
emation recopnltion, speech processing, and even
whistle processing facilitate natursl Imeractions
with intelligent environments

-
o it s gp o g B et S
n,--..-:—.-n,-—.—a--..upap- 1 —

e gt 04

S
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Technologies Used in Aml
o Radio Frequency Idenification
o Microchip implant (human)
® Scnsor
o Aflcctive Computing
o Nanotechnology
o Biometnics

= pnme s /:‘
xdio Frequency Tdentification

o Radio-frequency identification (RFID) s the use of 8
wircless - non-contact. ' system that uses radio-
frequency electronic fields to wansfer data from o Lg

attached 10 an object.

Lt is mn wiegusd ros
ey enceeed i sibcte Yass
{ 8 human beng 1t typrcally
pumber Gt can be bked

A human microcup 1my
device of RYID  Uaspon
and implanted in tie body o
comtains 8 unique 1D

T e .

called detector which is 8
s physical quantity and
ead by an

oA sensor is also

convecior thal measures
gnal which can be 1

converts il wto 8 5|
observer.

(T

; udy and development

+Aflective compuling is the s ¢
an recognize human

of systems and devices that ¢
aflects, ‘
« In Aflecting computing the machine should
interpret the emotional state of humans and adapt
its behavior to them, giving an appropriate response

for those emotions.
.

Nanotechnology« able 10
create many New. materials
and devices with a vast range
of medicine , electronics.

| el

S

- Tfiometrics refers to the identification of
humans by their charactenstcs. g o
scmiog
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Topic:

Utilization of Modern Automatic Methods for increasing the Productivity.

Venue:
Smart class
Date & Time:

21" September 2018 & 1.30 P.M to 2.30 P.M
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REPORT :
- The session was tnitiated by MeS Ravichandran ASPMECH, the topic for
the somivar is Utilization of Nodem Automatic Methods to Inerease the
Productivity and disouss about the following topics

e Introduction About the traditional automatics svstens

L

Drawbacks ot old automatic systems

Types of modert automatic wethod

L 2

Advantages over the old wethed

Limitation of modern methods

The session comes to an end with the explaining the overview of Automatic
System.
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Date: 18th September 20138

Speaker: Mrs K. Priya
Head of the Department, Mechatronics Department.

Staff attended:
1. Mrs. P. Sudha

Mr. M. Chandrasekar
Ms. K. Umarani
Ms.V. Durgadevi
Mr. K. Karthikeyan
Mr. Mahalingam

AN L o

Topic:
Simplification of 5 Variable Boolean Func

Technique.

tion using Karna‘ugli Map

Venue:

Smart class
Date & Time:

18" September 2018 & 1.30 P.M t0 2.30 P.M
*#*enclosure: Report
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REPORT
The session was initiated by Mrs K.Priya, HoD/MECHT, the topic for the

seminar is Karnaugh Map Stmplification and discuss about the following topics

» Introduction to Kamaugh Map Stmplification

e 2,3,4,5, 6 variable K-Map

« Simplification of SOP and POS Boolean equations using K-Map = -
» Example problems

e Limitation of K-Map

-

-~ -~ i .~ 0~ e a » v %
The session comes to an end with the explaining the overview of Karnaugh
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M.A.M SCHOOL OF ENGINEERING |

Siruganur, Tiruchirappalli — 621 105. : ,

| |

Department of Mechatronics Engineering | |
Academic year (2018-2019) even semester . I

| ]

Date: 14" Marcil 2019

Speaker: Mrs. J. DEEPIKA 'f i

Assistant Professor, Mechatronics Department.

Staff attended:
1. Mr. M. Chandrasekar

Mr. K.Karthikeyan Lo
Mr. Parthiban | i ‘
Mr. S. Ravichandran r

Mrs. K. Umarani

YR

Topie:

ADC (Analog to Digital converter) and its types
DAC(Digital to Analog converter) and its types .

Venue:
Room no :205
Date & Time:

14" March 2019 & 1.30 P.M to 2.30 P.M

**enclosure: Report
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DAC(Digital to Analog converter) and its types .

i
REPORT |l i |
The session was initiated by Mrs. J. DEEPIKA, Asmstﬂnt Professor,
Mechatronics Department,the topic for the seminar is to discuss about the |

ADC (Analog to Digital converter) and its types and

e Introduction to ADC and DAC |
e Analog to Digital converter types: '

e Successive Approximation technique
¢ Flash adc

e Digital to Analog converter types:
e Weighted resistor D/A Converter
e R-2R Ladder D/A Converter

, |
DIGITAL TO ANALOG CONVERTER(DAC). | |
The process of converting digital signal into equivalent analog silgnal is
called D/A conversion. The electronics circuit, which does this process, is called
D/A converter. The circuit has ,,n’ number of digital data inputs with on:ly one
output. Basically, there are two types of D/A converfer circuits: Weighted resistors
D/A converter circuit and Binary ladder or R-2R ladder D/A converter éircu?t.
1

1 Weighted resistors D/A converter

Here an OPAMP is used as summing amplifier. There are four resistors R, 2R, 4R
and 8R at the input terminals of the OPAMP with R as feedback resistor. The
network of resistors at the input terminal of OPAMP is called as variable resistor
network. The four inputs of the circuit are D, C, B & A. Input D islat MSBjand A
is at LSB. Here we shall connect 8V DC voltage as logic—1 level. So we shall
assume that 0 =0V and 1 =8V. -

Scanned by CamScanner
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Inputs CGoe—YWW—¢

0=0V B o___,)\?ﬁ\' b

i) 8R OPAM »—T/a .
A o—AAN — e P

LSB analog | ;
oulput vollage

v . !

e BRGNS T I R N

Figure: Weighted resistors D/A converter

TN EER T RS
|

| i ]

B e

|
Now the working of the circuit is as follows. Since the circuit 1 suilnmmg
! |

amplifier, its output is given by the following equation ,

4 - (D " c + B i A)
Yo = H\RT2R Tar T BR
; e
| |
i Working of the circuit !
| ‘
| When input DCBA = 0000, then putting these value in above equation (1) we get
[ —R(0+0+0 ' 0)—01'
?‘ = \RT2R 2R BR/
When digital input of the circuit DCBA = 0001, then putting these value in above
equation (1) we get o
—R(O+ 0.2, 0)—01/
= \RT2R 3R 8R/
When digital input of the circuit DCBA = 0010, then putting these value ini above
equation (1) we get . M ®
! -R(z+°+s—li+o)— R = 2y
: i 2R 4R ' 8R 4R
............... S0 on

In this way, when digital input changes from 0000 to 1111 (in BCD'style),
output voltage (Vo) changes proportionally. This is given in the conversion chart.
There are some main disadvantages of the circuit.

They are

1) Each resistor in the circuit has different value.
2)So error in value of each resistor adds up.

[ U—— RS S DR T e
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1=8V
8R OPAM Va
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LSB

analog
output voltage

e vy —

=

Figure: Weighted resistors D/A converter

Now the working of the circuit is as follows. Since the circuit is summing
amplifier, its output is given by the following equation

_R(D+C+B+A)
@ W RT2R TR TR

Working of the circuit

When input DCBA = 0000, then putting these value in above equation (1) we get

PYLINLINC I
T M\RT2R T 2R T B8R

When digital input of the circuit DCBA = 0001, then putting these value in above
i equation (1) we get

0 0 o0 0
vy = R(E+§+ﬁ+-8-§) =0V

) When digital input of the circuit DCBA = 0010, then putting these value in above
equation (1) we get

;’ _R(0+0+av+o)_ Rsv_ 5
! Yo =M\ RT3R TR " 8R 4R

In this way, when digital input changes from 0000 to 1111 (in BCD style),

output voltage (Vo) changes proportionally. This is given in the conversion chart.
; There are some main disadvantages of the circuit.

Eo They are

1)Each resistor in the circuit has different value.
2)8So error in value of each resistor adds up.

R NARBI 5X. Tren. e e
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3) The value of resistor at MSB is the lowest. Hence, it draws more current.

4) Also, its heat & power dissipation is very high. |

5)There is the problem of impedance matching due to different values of
resistors.

2 R—2R Ladder D/A Converter

It is modern type of resistor network. It has only two values of resistors the R and
2R. These values repeat throughout in the circuit. The OPAMP is used at output

- for scaling the output voltage. The working of the circuit can be understood as
follows. For simplicity, we ignore the OPAMP in the above circuit (this is because
its gain is unity). Now consider the circuit, without OPAMP. Suppose the digital
input is DCBA = 1000. Then the circuit is reduced to a small circuit.

2R v P
output = (ZR n ‘_)R) X (V)= 3 \
Its output is given by —

Reduced circuit of R-2R ladder, when we consider that all inputs=0

Now suppose digital input of the same circuit is changed to DCBA = 0100. Then
- the output voltage will be V/4, when DCBA = 0010, output voltage will be V/8, for
DCBA = 0001, output voltage will be V/16 and so on. The general formula for the
above circuit of R-2R ladder, including the OPAMP also, will be —
D € B A
Lol (EE*ZEJ’EE*EE)
You can take (R) common from the above formula and simplify it. With the help €
of this formula, we can calculate any combination of digital input into its
equivalent analog voltage at the output terminals. :

ANALOG TO DIGITAL CONVERSION

A comparator compares the unknown voltage with a known value of voltage and

~ then produces proportional output (i.e. it will produce either a 1 or a 0). This
principle is basically used in the above circuit. Here three comparators are used.
Each has two inputs. One input of each comparator is connected to analog input
voltage. The other input terminals are connected to fixed reference voltage like
+3/4V, +V/2 and +V/4. Now the circuit can convert analog voltage into equivalent
digital signal. Since the analog output voltage is connected in parallel to all the
comparators, the circuit is also called as parallel A/D converter.

T
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: . Figure: ADC Conversion

Working — Here each comparator is connected to a reference voltage of +3/4V,
+V/2 and +V/4 with their outputs as C,C.C, respectively. Now suppose the analog
input voltage change from 0 — 4V, then the actual values of reference voltages will
be +3/4V = 3V, +V/2 =2V and +V/4 =1V. Now there will be following conditions

of outputs of the circuit
1) When input voltage is between 0 and 1V, the output will be C,C,C, = 000.

2) When input voltage > 1V £ 2V, the output will be C,C,C, = 001.
3) When input voltage > 2V £ 3V, the output will be C,C,C, =011.
4) When input voltage > 3V £ 4V, the output will be C,C,C, = 111.

N In this way, the circuit can convert the analog input voltage into its
equivalent or proportional binary number in digital style.

1. Successive Approximation Technique

The basic drawback of counter method (given above) is that it has longer
conversion time. Because it always starts from 0000 at every measurement, until
the analog voltage is matched. This drawback is removed in successive
approximation method. In the adjacent figure, the method of successive
approximation technique is shown. When unknown voltage (V,) is applied, the
circuit starts up from 0000, as shown above. The output of SAR advances with
each MSB. The output of SAR does not increase step-by—step in BCD bus pattern,
but individual bit becomes high—starting from MSB. Then by comparison, the bit is
fixed or removed. Thus, it sets first MSB (1000), then the second MSB (0100) and
so on. Every time, the output of SAR is converted to equivalent analog voltage by

L R T
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binary ladder. It is then compared with applied unl;nown .voltage (Vu). The
comparison process goes on, in binary search style, until the bmar}'f equwalent' of
analog voltage is obtained. In this way following steps are carried out during

conversion.
SAR
: digital
comparator ﬂ:—: outputs
analog . i
input ———] binary ladder

Figure: Successive Approximation Technique

Figure: Successive Approximation Technique

Now refer the following figure and the given steps -

1) The unknown analog voltage (V,) is applied.
2) Starts up from 0000 and sets up first MSB 1000.
3)If V, >= 1000, the first MSB is fixed.
4) If V, <1000, the first MSB is removed and second MSB is set
5) The fixing and removing the MSBs continues up to last bit (LSB), until
equivalent binary output is obtained.

1110

/

1100

0000—» 1000
start

0110

7

0100

N\

oo10

—r ™
-
1101 = 101

1100

10112 101

¥ =010

/ N

1001
1001302 000

0111
0111\,‘_0"0

Y
0101=> 0101

0100

0011
0011=>
0010

T
000',*0001

0000

Figure 3.38 Equivalent Binary Qutput

Figure 3.38 Equivalent Binary Output
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2 Flash ADC

Also called the parallel A/D converter, this circuit is the simplest to understand. It
is formed of a series of comparators, each one comparing the input signal to a
unique reference voltage. The comparator outputs connect to the inputs of a
priority encoder circuit, which then produces a binary output.

ud
==

B-linato
3-line
pricaty |

ancader
»—]- B:nary ocutput

g

Figure: Flash ADC

Figure: Flash ADC
The following illustration shows a 3-bit flash ADC circuit:

V.. is a stable reference voltage provided by a precision voltage regulator as
part of the converter circuit, not shown in the schematic. As the analog input
voltage exceeds the reference voltage at each comparator, the comparator outputs
will sequentially saturate to a high state. The priority encoder generates a binary
number based on the highest-order active input, ignoring all other active inputs.

When operated, the flash ADC produces an output that looks something like
Analey
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Renewable Energy Sources

Hydro Energy

» Advantages
Cheap to operate

« Long life and lower operating costs than all other power plants
Renewable
High yield

« Lower energy cost than any other method
Pretty plentiful

« Some countries depend almost entirely on it
— Not intermittent (if reservoir is large enough)
— Reservoirs have multiple uses

- Flood control, drinking water, aquaculture, recreation

— Less air pollution than fossil fuel combustion

Wind Energy

« How it works
— Wind turbines directly generate electricity
— Quite efficient (not a heat engine)

Wind

«shading gives potential for in-
state electrical needs

] s tan 108 — ; 1

(7.3

10w 100% . «numbers give total potential

I 100 1007 for total US needs
Geesler than 1 )00%

Renewable Energy Sources

¢ Lecture Quostion
-~ Whal are the renewable energy sources? Make a list, as
comprehensive as possible
-~ What are the environmental impacts of these energy sources?

- Renewable Energy Sourcas
+ Radiant solar energy
- Sollu heating (passive and aclive), solar pawer plarts, phiaovoltaic
cells
* Biomass energy
- Direct combustion of biomass
- Indirect chemical conversion 10 biofuel
+ Wind energy
+ Hydro energy
« Geothermal energy
~ Power plants, direct use, heat pumps
+ Ocean energy
- Tidal, salinity-driven

Hydro Energy

* Disadvantages:
~ Human population displacement
— More significant breeding ground for disease
~ Reduces availability of water downstream
- Ecosystem impacts
« Barriers to migrating fish
= Lossof both and
» Coastal erosion
- Reduces nutrient flow (dissolved and particuiate)
—~ Water pollution problems
+ Low dissolved oxygen (DO)
+ Increased H,S toxicity; other DO-related problems
« Silation a big pruusn(alwshodamdamﬂa)
— Air pollution
« Actually may be a significant source of GHGs (CH,, N,0,CO,)
— Decommissioning is a big problem
« The Size Issue
~ Many (most) of the above problems are significantly worse for larger dams
~ However, small dams have shorter lifetimes, less capacity, and are more
intermittent

Wind Energy

» Advantages
- High net energy yield
— Renewable and free
— Very clean source of energy
+ No pollution (air or water) during operation
- Long operating life
— Low operating/maintenance costs
~ Can be quickly built; not too expensive
— Now almost competitive with hydro and fossil fuels
— Land can be used for other purposes
« Can combine wind and agricultural farms
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The Hydrogen Economy

Lecture Questions

E. Components of the Hydrogen Econom
- Explai{: :::ao h.f,dr ogen economy? Pumary Energy Hydrogan ‘ !
W the hydrogen econo i P .
- i rodudhion Trang 5
arenewable energy system lhn{emlts little S}I:I‘I)yaie %?I&?olr,um - ) J o o
* Definition .:’:- gg n <
= The Hydro, " S
elemm I yegri]cgl?oﬂry Is a hypothetical large-scale system in which % ot
 Fosl v bo(!hls) Isllhe primary form of energy storage o ‘
electical snerey Primary method of conversion of hydrogen to ;- ‘ ‘.' %
s e e | M
* Potential Advanllagye:gen (usually) plays a central role in transportation. ol V-'*J-.'W ot =
- glean.\renewable . - :
. BUT:::‘ean:;Ilr); :dobrr orce'llatfle (using distributed generation) - -
S including potential sh
— Poses great tech i qwsroppers -
sl o) lranggloorglcal challenges for efficient hydrogen production, s = e

- Production
- Storage
~ Delivery
- Enduse

Hydrogen as a Transportation Fuel

Hydrogen Production
* Fossil Fuels
~ Steam Reforming of Natural Gas

« Combination of methane and steam produces hydrogen gas
~ Carbon monoxide is also produced

~ The "water gas shift” reaction can produce further hydrogen from the
carbon monoxide. Carbon dioxide is produced too.

» Most economical; main current method
- Carbon sequestration one method to reduce CO, emission
- Partial Oxidation (POX) of Hydrocarbons

« HC partially oxidized to produce hydrogen and carbon monoxide
- Coal Gasification

+ Gasified at high temps, then processed
« Can also be used to get hydrogen from biomass

Hydrogen Production Renewable Solar Paths to Hydrogen
* Electrolysis

- Efficiencies 70-85%
.~ Produces highest purity of hydrogen

— Currently, the electricity consumed is usually worth more than ) Heat Biomjm
the hydrogen produced

» Experimental methods

Solar Energy }

i Ene
- Biological hydrogen production )
- Direct photolysis
— Thermolysis

Edricny
]
[‘rnemiolysis l [ Elschysis J Pho!o@
l Hydrogen J
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Hydrogen Fuel Cells: Scalable
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Alkaline Fuel Cell (AFC)
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Power (or) Load Flow Analysis

Importance of load flow analysis
Bus classification

Load flow equation i
' n complex & polar
variable form : PO

Load flow methods (or) solution for load
flow problems

Contd...

Purpose of LFA

< Compute steady-state voltage & voltage
angle b/w all buses in n/w.

#Real & Reactive power flow in every Tr.
line and transformers under the assumption
of known values of generation & load.

Whatls
Power Factor?

Rawst Factor is the percontage of sppamt
e tha does ol work, Usiderstand Power
Factor sing Beer Mug Analogy. kVA

v

¥ «—— "Usabie” Eleclricily

A%
;
s

(e

+— “Viasted" Electricity .

Importance of load flow analysis

> Load flow analysis is the backbone of PSA.

> It is required for Planning, Operation,
Economic Scheduling & Exchange of power
b/w utilities . Expansion of system & also in
design stage.

> Steady-state analysis, of an interconnected PS
during normal operating conditions.

Bus Classification

¢ A bus is a node at which many Transmission lines, Loads
Generators are connected.

« It is not necessary that all of them be connected to every
bus.

« Bus is indicated by vertical line at which no. of
components are connected.

* In load flow study two out of four quantities specified
and other two quantities are to be determined by load
flow equation.

e Depending upon that bus are classified.

Static method

o The following variables are associated with each bus:
. Magnitude of voltage(V)

« Phase angle of voltage(d)

» Active power(P)

» Reactive power(Q)

¢ The load flow problem can solved with the help of
load flow equation(Static load flow equation).
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Contq..,
Check for Q limit violation,
o < < Qi hen Qe = Qo
If Qmay < & then Qi(spec) = Qi(min) - Qu
' then Quspee) = Qumay) - Qu

IfQ .. is violated | th i p
convergence iSnoblained » Then treat this bus as P-Q bus til

8. Compute Vj using the equation,

j-1 n
Vieew =
L | Puseer-Qitspey - 5 Yi Vi o2 Yy yieu
Yij| Vs i=1 i=j+1

9.If ‘I’ is less than number of buse

s, increment i
Step 6. entiby 1 and goto

Lot
I A I

C5 ¥ Ciimay ek & 05 ¢ O gy
W
Se *Qmaa 85 * Qe
Qitseacs » Qumac = O, Cimcec® O O;iwac) * Qjirn; - O,
I | |
-

P itees; = Cotanery o "
y"-.._'_['*.-';'nv,"- T yov™
i i 1

Tve Vv a1
o
Constars i wa t5an, zx Inw E1tes. tesctne v ey ™ ivzen
e perw-ind 2 PY bt 530 Uit Joae’ T
fer ot

Newton-Raphson Algorithm
1. Form Y-bus matrix
2. Assume flat start for starting voltage solution
§i® =0, fori=1,2,...N for all buses except slack bus
-[vi°l = 1.0, for =M+1,M+2,....N (for all PQ bus.
|Vi| = |Vi|(Spec), for all PV buses and Slack bus.
3. For load bus, calculate Pi < and Qi <
4. For PV buses, check Q-limit violation .
If Qi(min) < Qi < Qi(max), the bus acts as P-V bus.
IfQi= > Qi(max),  Qi(spec)=Qi(min)

IfQi® <Qimin), Qi(spec) = Qi(min), the P-V bus will act as P-Q

bus.
5. Compute mismatch vector using,
APi=Ppey— P,

' AQ; =Q.(w)’ Q«

Contd..,
10. Compare two successive iteration values for Vi
IfVimw - Ve < tolerance, gotostep 12

11. Update new voltages as
Virew = yiold 4 g (Virew _ yjold)
Viod = Vinew

12. Compute relevant quantities

N
Slack bus power, Si= Pj -jQi = V¥ = yj* [Z Yjj VjJ
J=1
Line flow, Sij= Pjj + Qjj
= Vi[ Vi* - Vj*] Yijsria® + |Vi Yij*
Pw = Pij + Pji

Quow= Qij + Qi

13. Stop the execution,

** Advantage of Gauss Seidel Method

i. Calculation are simple.
ii. Programming task is lesser.
iii. Used for small size system.

**Disadvantage of Gauss Seidel Method
i. Not suitable for larger systems

ii. Required more no.of. iterations to reach convergence.
iii. Convergence time increases with size of the system.

Contd....
6. Compute A Pi(max) = max |APi], i=1,2,...N(except Slack bus)
AQ; (max) = max |AQ|, i=M+1...N
7. Compute Jacgbian matrix using,
i V] . P

fil)] av|
J=

i IVl 2Qi
25 av]

8. Obtain staticorrection vector using
Ad AP

=

AV AQ
I\l
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Contnd....
9. Update state vector using,

Vonew = \old 4 AV
VUL [AV/|VeN])
Vel [1+ {AV/|VoM|}]

I

S =3M4A5
10. This procedure is continued until,

|APi|<e and |AQ;| <&, otherwise go to step 3.

% Advantage of Newton — Raphson Method

i. suitable for large size system.

ii. It is faster, reliable &the results are accurate.

iii. No.of, Iteration are less to reach convergence & also
iterations are independent of the no.of.buses.

+ Disadvantage of Newton — Raphson Method

i. Programming logic is complex than GS Method
ii. Required more memory.

iii. No.of.calculation per iteration are higher than GS
method :
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Quality and Inspection of Machining
Operations: CMM Integrationtothe Machine

Tool

1 Introduction

Dimensional measurement as a feedback method to the manu-
facturing enterprise has traditionally lain in the realm of the long
term, as metrology activities on thermally stabilized parts are car-
ried out in a controlled temperature environment away from the
manufacturing activity. Incorporating true dimensional feedback
to the manufacturing process has necessitated a transition of the
metrology aclivity {rom a highly controlled remote function to an
environmentally robust measurement function tightly integrated to
the manufacturing activity itself.

Since measurement systems and their integration with machin-
ing systems have evolved dramatically in recent years, the pri-
mary focus of this paper is on the use of coordinate measuring
machines (CMMs) in conjunction with machining. The primary
research barriers to enabling this integration are highlighted in
Fig. 1.

These activities establish a framework of research progress that
allows the identification of needs for the near future that will
enable a transition of the metrology function to a more tightly
integrated feedback solution for reducing manufacturing variation
and improving process control. Recent work in these areas is cov-
ered in this paper, leading to commentary and recommendations
for future research needs.

The remaining sections of this paper are subdivided into the
following:

+ offline CMM use

« integration of the CMM with the machine tool

+ advances in sensing technology

« inspection planning and efficiency

« advanced controller feedback schemes

= machine efror compensation

= on-line calibration

+ the use of simulation in measurement system planning

Finally, conclusions are made with recommendations regarding

immediate and long-term rescarch needs with respect to address-
ing issues of integration of the disparate measurement and ma-
chining functions.

2 Measurement Assessments for the Quality Control
of Machining Systems

In their comprehensive review paper on machining process
monitoring and control, Liang et al. address a number of part
measurement systems for monitoring and process feedback. To
that end, it is noted that vision systems and advanced image pro-
cessing techniques, enabled by improved software capability, have
become viable options for surface measurement metrology [1]. In
addition, specialized types of in-process gauging allow for dimen-
sional measurement at the micron level. However, generalized di-
mensional metrology, integrated to the machine tool, still needs to
be addressed.

While not initially integrated to the machine tool, the coordi-
nate measuring machine has been in use for decades as a versatile
high-precision offline measurement device. As such, the CMM
has the capability of generating multiple types of measures using
a single sensor head. Moreover, a multitude of measures can be
made on a single program without manual intervention, making
the CMM highly efficient and allowing for the evaluation of a
greater percentage, or even 100%, of manufactured parts. Though
“inspecting in” of quality is not condoned in this paper, rescarch
into approaches for maximum inspection ability is important.
However, as stated by DeStefani [2], the benefits of measurement
and machining integration must be well understood before w=
“invade the process.”

The CMM’s versatility and efficiency has led to its more recent
use as an on-line measurement device, particularly as an advanced
feedback sensor for machining processes and their tooling. Con-
sidering the number of advances that have recently been made in
this area, this section will only present a brief review of some
notable accomplishments.

Coordinate Measuring Machines. In general, the coor-
dinate measuring machine is used to digitize a measured part
for the purpose of inspection or model creation (as in the
reverse engineering process). A CMM has the capability of
measuring in three dimensions, but is also widely used for
two-dimensional  (planar) or one-dimensional (linear)
evaluations. The classical configuration of the machine is
the Cartesian movable bridge de-

5
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System Integration
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Fig. 1 Framework of research i
System integration issues betw

functional and communication interoperability,
for obtaining measurement data and its use in e

sign, but some CMMs have been developed that utilize a cylin-
drical coordinate System for polar-specific artifact evaluation [3].
Additionally, recent developments have resulted in the design of a
multijointed passive measurement device that, while requiring
manual probe placement, allows greater freedom of motion and

ciency, CMM operation has seen a recent evolution from a
quality-based activity (driven by (he organizational metrology
function) to a manufacturing-based activity (driven by the opera-
tions function). This movement is beneficial in that the lag from
production to evaluation is reduced and the overhead related to
logistics and thermal stabilization is eliminated, This capability
was enabled by recent advancements in automatic calibration and
error compensation, allowing CMMs 1o operate in more harsh
and/or temperature-variant environments.

Considering this, the next logical step is to integrate the CMM
directly to the machine tool. Not only does this integration result
in a further reduction in the processing-measurement lag, it also
produces several other obvious advantages, including a known
fixture state (the part does not need to be identified in space if the
measurement device-fixture relationship is known) and the oppor-
tunity for immediate feedback to the machine controller. However,
some issues emerge wilh the integration of inspection (or mea-
surement) with value-added processing that should be adf:l:esse.d
before such integration can become widespread. The ﬁ;st Issue is
the obvious loss of machine availability during the inspection,
leading to a tradeofT between accuracy and inSpectjon efﬁcieuq_r.
This leads to the consideration that, if the part remains fixtured, if
there is an opportunity to perform ali_g_ncd machining activities

during the inspection, or if this perceived d:sadvamagc_:s out-
weighed by the previously stated benefits. T]lg second issue is
related to the reference plane for on-machine inspection. If the
measurement platform is integral (o the mnchinc., the method for
removing or compensating the machine geometric error from the
measurement signal must be considered. Aside from the issues
associated with the dislocation of the CMM from the controlled
metrology lab atmosphere (e.g., temperature compcqsalion): these
are the major hurdles to overcome for successful integration of

machining and inspection.
CMM Introduction to Machine Tool. As previously

mentioned, the CMM can evaluate surfaces in one, two, or
three dimensions using different coordinate systems,
depending on the application and quality requirements. In
addition, CMMs can gen- erate single point data or scanned
point clouds with fitting routines

n measurement integration to machining.
een measurement and machining include

as well as efficient planning
nhancing machine control.

for characterizing part surfaces, and can measure any surface that
can be reached by the probe [5]. The off-line CMM, as a quality
evaluation tool, has been a manufacturing mainstay for decades.
Originally designed as a modified machine tool, the CMM has
been able to improve Mmeasurement accuracy and automation to a
great degree [6]. However, the time lag between manufacture and
off-line evaluation of a part leaves no room for direct process
control. In fact, a number of defective parts can potentially be
made during the wait for inspection.

In-line inspection using a CMM directly integrated with the
machine tool allows for immediate inspection. Pancerella and Ha-
zelton [7] asserted that on-machine inspection of components can
reduce capital cost and reduce cycle time in a production environ-
ment because only one machine and process capability model is
needed. On-machine acceptance further benefits the production
cycle by promoting a design-for—inspcclibility and concurrent en-
g!'neen'ng_ Before switching to in-line inspection, however, it is
vital to evaluate the integrated design on the basis of measurement
time, quality objectives, design configuration, and Integration with

process control (SPC) process evaluation [9, 10].

Kuang-Chao and Kuang-Py [) 1] integrated a laser measurement
pmbe directly with a computer-numerical control (CNC) machine
1n order to characterize freeform surfaces after machining. In this
\\'grk,_algorilhrns are developed for edge detection and the deter-
munation of shape error for on-machine mold manufacturing. In a
similar work, Qiu et al. developed a spindle-referenced measure-
ment device incorporated into a machining center for measuring
3D freeform contours with automatic following. The device i
mnovative in that it uses a combination of laser detector and linear
encoder feedback to rapidly characterize surfaces and identify er-
rors [12]. An additional integration development is a microma-
chining center adapted to be a measurement device by force foed-
back to the positioning senomotors [13]. The deviee is
constructed from off-the-shelf parts and the achievable resolution
is down to 5 nm. Shiou and Chen developed a process-intermitrent
measurement system for a milling center. The hybrid measure-
ment system integrates a touch trigger probe with a mangulation
laser probe system to measure regular geometric fcal}us ar_\d free-
form surface profiles. Shiou and Chen used quadratic Bezier sur-
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:““].'-‘ .ln approximate ()ye measuremeny
surlface normals for mspection plannin
verified with o CMM [14] ¢

's?lrlz!cc and 1o penerare
Ihe inspection system is

tion, component movey
bt inherent ability 10 separa
lhcrn.l:;r::m:v lﬁ]Ml':‘l‘ r:flh ideal for this de
il cum':acd -ll ‘ M the primary error sources can be identified
. ACU.Inspection strategy is also critical for on-machine
probing. For example, Mou and Liu [16] used on-machine mea-
';:;:‘t-:_":l:: ul(l(}imx;gu;)lk?n-m!”‘u-u»w“h known dimensions to com-
of both on-machine imm.-sn‘un;‘ ertor model to improve accuracy
- Inspection and machining. Mou and Donmez
[17] proposed an inspection system that integrates on-machine
and postprocess measurements to relate pant errors to machine
tool crrors, Methods for improving the resulting  peometric-
thermal model are presented. Mou and Liu [18] employed state
nb.‘wrvalmn techniques to improve estimates of time varying ma-
chine lpu] crrors. Mou and Liu funthered their work by developing
a predictive scarch algorithm that increases the effectiveness and
robustness of the error modeling method. The search algorithm is
designed to determine the minimum number of points to measure
for a given geometry [19).

However, machine reconfigurability becomes an important as-
peat of this process-inspection integration, The machining center
must act as a material removal device in one instant (utilizing high
force and controlled feed) then act as a measurement device the
next instant (utilizing rapid traverse speeds and positioning accu-
racy). To address this new reconfigurability need, Wei et al. pro-
posed a new programming framework designed to replace the
traditional M- and G-code programming of CNCs. The software
utilizes dynamic link librarics (DILLs) for rapid reconfiguration
and is demonstrated on a three-axis milling machine [20].

ent, tool path variation, and fixture devia-

10-its multiple deprees of
le coordinate systems, an
composition analysis, Fur-

Sensing Technology. The traditional CMM s fitted with a
contacting touch probe that senses deflection magnitude and
di- rection through orthogonal linear variable differcntial
transform- ers (LVIYTs), Integrating such a sensor into a
machining system introduces issues such as probe wear and
dynamic limitations, A number of approaches have recently
been proposed to improve CMM sensing for efficiency and
accuracy, cnabling their use in production machining
equipment.

Speed of measurements is one of the main potential benefits of
on-machine measurement and significant cfforts are placed on in-
creasing this speed. Classical solutions include OMM of the work-
piece using semsing probe [21] and replacing the on-machine
touch trigger probe with a scanning probe to increase measure-
ment speed as sugpested in Ref. [22). Though the precision of this
system is lower than the precision of the existing CMMs, im-
proved securacy of the machine ol and a variely of precise non-
umtact wensors, have made the system practical, In addition, nu-
merous lawr-haved measuring devices recently became more and
maore availzble in OMM systems due to their high accuracy and
increaed speed compared with touch probes. Lee et al. [23] de-
veloped the OMM system with a laser displacement sensor for
measuning form awuracy and surface roughness of the machined
workpicee on the machine ol lee and Park [24) proposed an
automitic laser scanner-based inspection planning algorithm for a
pat that has a Computer-Aided Design (CAD) model. Yoon et al.
[25) combined the touch probe measuring devices and laser dis-
placcment senwr measuring devices into a 31 OMM system,
which vnild predict the machining errors of cach process much
faster snd accurately,

Cort i another consideration in sensor development for on-
machine measurement. Liu et al, [26] developed an on-machine
measurement system that enables the cutting ool itself 1o act as
the amtact probe. Sctup time and machining accuracy improve-
miesits are redized @t a fraction of the cost of traditional on-

Linear incremental
_encoder

Jointto  ————2——2

milling head

Sphere of
artelact

Fig. 2 Self-centering probe for rapld machine tool character-
Ization 3%

machine probing. Del Guerra and Coelho [27] developed a probe
based on simple clectrical contact to address the cost implemen-
tation barrier of OMM systems. The probe has 3 ym repeatability
and addresses another traditional probe shortcoming, namely, the
fact that a different foree is required to actuate the probe in dif-
ferent directions, causing error due to pretravel distance. Probe
pretravel and asymmetry crror has also been addressed by Estler
et al. [28] through compensation and demonstration in on-
machine measurement applications [29).

Besides advances in sensing technology, one should note accu-
racy improvements achieved through software. One such work is
reported by Choi et al. [30], who used OMMs to define a com-
pensation method for reduction in the machining errors of a three-
axis machine tool. High levels of OMM accuracy were achieved
by including both probing errors of a touch probe and positioning
errors of a machine tool that are being compensated to obtain the
true machining errors for the repeated machining process. An ac-
tual simple cutting test was used to prove the eflicacy of the
compensation method. Yin and Lee [31] presented a software
method in the frequency domain for evaluating workpiece
straightness using on-machine probing, It reconstructs straightness
profile for smooth, nensmooth, periodic, and nonperiodic high
frequency deviations, and has been applied to on-machine error
correction [32]. More recently, Cedilnik et al. [33] generated a
theoretical model of touch probe stylus ball error due to contact
surface slope. Such representation lends itself well to
compensation.

. Advances in dala processing and signal analysis capability have
cnabled the use of new sensing technologics for measurement.

Noncontact laser sensors and analog scanning probes, which re-

quire highly accurate positioning performance, are now achiev-

able in modern systems. To demonstrate this, Chang et al. [34]
retrofitted a standalone CMM with improved motion control hard-
ware, enabling the use of alternative sensors. Such technology
could be readily incorporated into the integrated manufacturing-
inspection system, improving measurement performance. To this
end, Kuang-Chao and Kuang-Pu [11] demonstrated this novel sen-
sor incorporation using an on-machine laser measurement probe.

Another improvement in sensing technology is presented in the

work by Trapet et al. [35] where the authors have introduced a
new design of self-centering probe specifically for machine tool
use that gives an cflicient and rapid technique to verify machine

tool performance (shown in Fig. 2). .

Higher machining degree of freedom exponentially complicates
crror analysis and compensation. For example, traditional error
modeling approaches for three-axis CNC machine tools cannot be
practically applied to five-axis machines. Lei and Hsu [36] ad-
dressed this deficiency through the development of a probe-ball
device, which is used to directly measure position errors in five
axes. The device is used in development of a least-squares error
cstimation algorithm in five axes [37]. The algorithm has been
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i i ensati ma-
successfully applied to five-axis error compensation on the 1
chine tool [38]. ‘ N .
Iterferometry has also been succcssiu}ly applicd to nmghmmig,
ith respect to manufactunng a concave mirror by

hile stable and compact enough 10

be applicd to in-process measurement, the .imcrﬁ:romclcr has lim-
ited application to the generalized machining process due to pro-
hibitively high cost and limitations on traverse speed.

An additional advancement in sensing technology was pre-
sented in the previously described hybrid optomechanical mea-
surement machine (OMMM) of Sitnik. As discussed in this work,
the OMMM takes advantage of the accuracy afforded a contact
probe with the efliciency of an optical system [40]. Moreover, the
OMMM is developed for the manufacture of large parts for the
automotive industry and provides for automatic process control.
Suzuki et al. [41] developed a new contact-based on-machine sys-
tem for measuring small aspherical optic parts. The system incor-
porates a SIALON slider with low thermal expansion with a high-
precision glass scale for feedback. Ultraprecision on-machine
measurement is also addressed by Ohmori et al. [42] in their
atomic-force microscope probe integration design; a repeatability
of 5.6 nm is achieved. Additional recent work in on-machine sen-
sor development is given by Jywe et al. [43] in the development
of a new measuring system aimed specifically at error compensa-
tion. In this approach, position-sensitive detectors (PSDs) are de-
veloped with 1 pm repeatability, which have a small working
range but high dynamic performance for improved characteriza-
tion for fast machining. The sensors are demonstrated and used for
compensation of 3D high-speed cutting, and shown to signifi-
cantly decrease contouring error. Kobayashi et al. [44] developed
a noncontact sensing system for profile measurement using a laser
probe; the system achieves equivalent performance to current
state-of-the-art high-performance measurement techniques.

in this case, W
Kohno et al. [39]. However, W

Inspection Planning and Efficiency. Besides improve-
ments in sensing technology, the speed and accuracy of
OMMs are improved through a careful inspection planning
process. In terms of inspection planning, one can discern two
main directions in the recent advances.

advances in individual feature-based methods for inspection
planning
advances in system-based methods for inspection planning

Individual Feature Based Methods. The key to strategic
inspection planning at the feature-level are methods for
evaluating errors in estimation of feature parameters dueto a
given inspec- tion plan. Lee et al. [45] analyzed the
measurement error sources existing in the OMM system. Cho
and Seo [46] proposed the error modeling scheme using a
closed-loop system of the OMM for the integration of
CAD/computer aided manufacturing (CAM)/ computer aided
inspection (CAI). This strategy addressed inspec- tion
planning for the OMM process of sculptured surfaces
through two significant factors: prediction of cutting error
and consider- ation of cutter contact points in the
measurement planning process to avoid error associated with
cusps [46]. Davis et al. [47] pro- posed a direct memory
access controller (DMAC), which closely related the CAD
model, CAM system, and CMM system, and thus made it
possible to utilize the measurement results from in- process
inspection. Based on measurcment error considerations,
Yoon et al. [48] established an efTective inspection system by
using  OMM system-based PC-NC, which optimally
determined the number of measuring points, their location,
and path using fuzzy logic and traveling salesman problem
(TSP) algorithm. Xiong et al. [49] proposed a near-optimal
probing strategy includ- ing two sequential optimization
algorithms to incrementally in- crease the localization
accuracy and a reliability analysis method to find a sample
size that is sufficient to reduce the uncertainty of the
localization error to a limited bound.

System Based Methods. Measurement selection for mul-
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Fig. 3 CMM predicted dynamic error used in compensation
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tistage machining systems (where the geometric relation between
part and machine is broken at one or more points in the process
flow) is addressed by Djurdjanovic and Ni [50,51]. In multistage
systems, a large number of machining operations are performed
across several stations, greatly increasing the complexity of in-
spection planning. To handle this complexity, heuristic or expert
systems are frequently employed. However, in many cases these
approaches result in a loss in inspection efficiency since redundant
quality information is contained in the measurements. Through the
stream-of-variation (SOV) analysis technique, a quantitative char-
acterization of the generalized measurement scheme for multista-
tion operations is employed for machining. Using SOV, the
amount of quality information generated by a measurement set
can be kept while minimizing the required inspection time. In a
similar work, Gruget and Djurdjanovic [52] employed the method
using a genetic algorithm (GA) approach to identify strongly cor-
related measurements and to create a scheme reduction plan to
improve inspection efficiency.

Efficiency and Calibration. An immediate benefit of lo-
ca_ting the CMM directly in the machining operation is the
elimi- nation of part transfer time and tracking logistics, and
a subse- quent capability to inspect a greater percentage of
parts. However, some new issues also arise due to this
situation, primarily: cali- bration of the measurement
instrument, thermal influences on the measurement, arid the
inherent tradeoff between accuracy and measurement
efficiency.

A _principal disadvantage of machining and inspection integra-
tion is the logistic issues it introduces with respect to material
Ilo.w through the machining process, most notably the loss of ma-
chme.uplime duning the part inspection. Therefore, the inspection
planning process is critical for the successful integration of the
CMM and the machine tool. Of most importance is the tradeoft’
analysis of measurement lime versus accuracy (i.e., inspection
efficiency). To address this issue, Vafacesefat gave a compre-
hensive inspection planning process for the CMM that produces
an eflicient inspection result for both simple and complex parts.
Furthermore, to improve computational efliciency, Mu-Chen [54]
presented planning approaches based in GAs for ideal surface
fitting to the point cloud, and successfully demonstrated the ap-
proaches for sphericity evaluation. With a similar goal, Jiang and
Chiu [55] presents a method for determining the ideal number of
measurement points to evaluate part features for rapidly closing
the CAI control loop. This methodology is automated for on-line
applications.

Dong et al. [56] also addressed efficiency in their treatment of
probe dynamic error modeling. In this work, a neural network
approach is used to predict pitch and yaw ermror due to CMM
acceleration. The results of one predictor are shown in Fig. 3. The
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Fig. 4 Inspection _path planning. The number of points, their
locatnpn. qnd the inspection path are planned to minimize in-
spection time while maintaining acceptable accuracy 4g&.

Fig. 5 Measurement error caused by machining cusp 1463

resultant compensation im
measurement.

i Uzmg a dlngrcm approach, Yoon et al. [48] described a PC-

ased on-machine measurement system efficient enough to per-
form 100% part inspection. Using part geometry information, the
system determines an optimal number of measurement poinL; us-

E‘F a fuzzy logic algorithm. The point locations are then identified
4 n.n'mdlﬁc.d Il::mmcr:slcy‘s approach to sclection on geometric
primitives. Finally, the inspection path plan is minimized through
off-line solution to the TSP. Minimized-path point distribution on
a sump]q part is shown in Fig. 4.

“In a different approach to implementing the TSP, Cho and Seo
[46] integrated CAD data to both machining and measurement
planning and minimized probe travel distance through a revised
implementation of the traveling salesman problem. The result is
applied to a generalized sculptured surface characterization ap-
proach, which also explicitly addresses probe error due to the
machining cusp, as shown in Fig. 5.

In another recent work that integrated CAD data, Jiancheng et
al. [57] developed an autonomous coordinate measuring planning
(ACMP) system based on the part’s CAD model to enable true
interactive operation between measurement and CNC machining
(see Fig. 6).

The ACMP system not only links part geometry, machining
programming, and measurement, but also autonomously optimizes
the probe path plan and eases the measurement programming re-
quirement, improving overall inspection efficiency. Ng and Hung
[58] also presented a measurement planning system that derives
the probe path directly from the CNC machining code. However,
the plan presented by Ng and Hung does not require CAD model
information as an input.

Starczak and Jakubiec [59] built a classification system for dif-
ferent measurement tasks and classified each task through a set of
potential measurement strategies. The results are applied to a soft-
ware system supporting optimal measurement strategy choice. In
an alternative approach, Lin and Chen [60] presented an approach
to optimal CMM path planning using a cut face method to avoid
probe collision. The algorithm also addresses minimization of
measuring points and the desire for normality of the probe to the
surface being inspected.

Cho [61] proposed a feature-based inspection plan for targeting
inspection efficiency. The plan occurs in two stages: a global stage
to generate an optimum inspection path for all primitive features,
then a local stage to decompose each feature and determine an

proves both accuracy and cfficiency of
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optimal number of sampling points based on the desired accuracy.
More recently, Sitnik [40] presented 2 hybrid on-machine in-
spection system utilizing both high-accuracy contact CMM and
high-measurement-speed noncontact optical techniques. The ap-
proach is in four steps: an optical measurement inspection of the
entire working surface, analysis of model parts noting critical ar-
eas, remeasurement of those critical areas using CMM techniques,
and a final hybrid data analysis. The system also provides for
automated feedback correction.

Advanced Controller Feedback. The CMM can be used
not only as a device for tracking of part quality, but on a
more fundamental level as feedback directly to the process
for improv- ing process control. Utilizing measurement
information in real time to dynamically update
manufacturing process has the poten- tial of making parts
with better dimensional accuracy. Two ap- proaches have
been reported. Sazedur Rahman et al. [62] devel- oped an on-
machine profile measurement system, the working principle
of which was based on CMM and used a touch probe to
measure the coordinates on the newly ground aspheric
surface. The measured surface profile was used to guide
wheel wear com- pensation. Davis et al. [47] took a separale
approach: Instead of adding measurement equipment, they
used the machine tool as a CMM. The machine tool could
switch between a machining pro- cess and a measuring
process. Machining error was generaled by the CMM
software and fed back to the CAD/CAM software for

manufacturing process be stopped poses a major challenge for
real production application in terms of dynamically updated
~ manufacturing pro- cess for error compensation.

One benefit of direct three-dimensional coordinate feedback is
the ability to provide control actuation not to individual axis ac-
tuators, but directly to the cutting tool position itself. Along this
line, Liu [63] developed a diametral on-machine measurement and
cqmpensalion system for multipass lathe operations as shown in
Fig. 7. In this work, measurement and compensation in situ are
?ble }[10 achieve less than 2 pm error over 100 mm machined
ength.

On-machine probing information can also be employed with
advanced controllers to improve systems performance. For ex-
ample, Cho et al. [64] proposed a strategy for inspecting a sculpted
surface using on-machine probing. The research inte- grates a CNC
milling machine and inspection of 3D sculpted sur- faces. The
proposed methodology reduces inspection errors by moving the
inspection points to reduce the error caused by the cusp shape. Cho
and Seo [46] also recommended locating more inspection points in
the region where the largest errors are more likely to occur and use
{he traveling salesperson problem algo- rithm (the TSP is a
common problem in combinatorial optimiza-

Scanned by CamScanner



ion) to reduce inspection time. Choi et al. developed an on-
nachine measurement and error compensation system for a
hree- axis ml‘llmg machine. A. cube array artifact is proposed and
neasured using an on-machine probe in order to generate a
nodel of |_nacln!1e positioning error. A test workpicce composed
of two- dimensional curves was machined, measured using on-
machine inspection, and then re-machined [30]. Choi et al. were
able to reduce machining errors to less than 10 gm on the second
cutting pass. Choi et al. employed a strategy for compensation
similar to the strategy used by Lo and Hsiao [65], which is to
apply the measured errors in the opposite direction to generate
the compen- sation trajectory.

More recently, Kwon et al. [66] characterized closed-loop
mea- surement error in CNC milling through a design of
experiment (DOE) comparison between on-machine and off-line
parts mea- surement. The results were demonstrated by a
correcting feedback signal, with decreased measurement
variation for more free- cutting material. Probe feedback is also
applied to fixturing error by Wang et al. [15], whereby the
influence of fixturing on the deviation between machined surface
and defined tool path is quantified.

The movement of the CMM directly to the manufacturing
floor has enabled its use for multidimensional statistical process
control (SPC). SPC software specific to the CMM is surveyed by
Franck and co-worker [9,67]. This technique is able to provide

real-time multivariable monitoring and detection of process
trends; applica- tion to limited process control is also addressed.
SPC is cnabled to evolve from a fixed-gauge single-variable
activity to a fully- automated and flexible software-driven
cvaluation tool for process characterization.

The next logical step is to integrate the feeding of part measure-
ment information to the machine for direct process control. This
capability is enabled as the CMM and machine tool are integrated
and the time lag between processing and evaluation is minimized.
The work by Kwon et al. [66] investigates closed-loop error as it
relates to integrated inspection; the authors demonstrated the effi-
ciency and quality benelits of this information availability. How-
ever, a factor that needs to be addressed is the relative error be-
tween the machine base and the global base. Real-time feedback
has been used successfully for position and dimensional control in
a variety of processes such as grinding and is widespread in the
industry [68-72]. However, more advanced control techniques
have enabled capabilitics such as force control, power control, and
the direct control of subsurface damage [73,74].

Machine Error Compensation. Another inherent short-
coming of on-line inspection, besides Qotential]y reduced
process efficiency, is a reference error of the measurement.
The fact that the machine reference frame is used as an
input to the calibration
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procedure introduces an inherent error (i.e., inclusion of the ma-
chine error in the measurement). This leads to a need to under-
stand the error deviations in the machine as a result of the depar-
ture from the ideal kinematic model, and also the error behavior
with absolute or processing time. The typical machine error
sources, as described by Liu, are shown in Fig. 8. Therefore, any
error compensation between the on-machine measurement system
and the machined part must account for these sources: geometry
deviations from ideal, system deflections due to force, thermal
deformations, and longer-term dimensional deviations due to
wear.

Recognizing this, Choi et al. [30] approached on-machine prob-
ing through a decoupling scheme whereby probe error compo-
nents are modeled as. polynomial functions, which include the
machine error model with backlash. The workflow and compen-
sation algorithms are given in Fig. 9. Here, model parameters are
derived through the periodic measurement of a calibrated cube
array artifact. In testing, this method achieved a reduction in the
general machine error to less than 10 pym.

Error components, based on the machine rigid body kinematic
model, are approximated using polynomial functions by Jung et
al. [75]. The application improves the absolute error of in-machine
touch probe measurement, which was reduced to 5 um for a
hemispherical test part. Moreover, Huang et al. [76] improved
machine accuracy for a general 3D shape by 60% using similar

techniques (eight-point interpolation melhod). ) )

Smith et al. [77] described a calibration system using ﬁdl._lmal
points for improving the accuracy of large monolithic machined
structures. The described fiducial calibration system (FCS) ne-
gates the need for machine thermal analysis and geometric cha;-
acterization by interferometric measurement. The method flow is
given in Fig, 10. In another work employing the fiducial cahb;a-
tion system, Woody et al. applied the method to a large machine
tool and characterized the uncertainty, enabling CMM-level accu-
racy on a shop floor machine tool without the need for individual
error source determination [78].

An approach for calibrating thermally induced machining error
using on-machine probing was proposed by Chen [79]. In this
work, thermal errors were quantified and calibrated through arti-
fact analysis by on-machine probing during cutting and exposed a
shortcoming of thermal calibration by a simple air cutting experi-
ment. Chen and Chiou [80] also correlated thermal error with
temperature field during the actual cutting. Weck and Herbst [81]
addressed thermal error through thermoelastic displacement cal-
culation rather than cooling control; this approach uses a neural
net to identify significant temperature probe locations for accurate
thermal deflection characterization. A generalized thermal com-
pensation model is proposed by Attia and Fraser [82], which seeks
to resolve differences between direct measurement and indirect
thermal modeling compensation methods. Yang and Lee [83] ad-

e
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dressed measurement and prediction of thermal error using on-
machine probing with two spherical artifacts. The method is in-
corporated with a neural network approach for compensation.
Thermal error models and compensation are addressed through
artifact methods by Kim and Chung [84], where thermal transients
are effectively modeled. Kim and Chung [85] also addressed pure
design of a 3D reference artifact for thermal error identification.
In this approach, the thermal errors of cutting tool edge, axis
expansion, and machine structural C-member distortion are ad-
dressed in a single calibration step; positioning error was reduced
up to 75%. Yang et al. presented a thermal compensation method
dynamic thermal error modeling (DTEM), which improves both
accuracy and robustness of machine tool thermal deflection mod-
els [86]. Hysteresis effects are identified as the major factor of
poor robustness of the current static modeling approach [87].
Direct thermal compensation is addressed by Wang et al. [87]
using 17 different thermal error components. The system was
implemented on a precision five-axis machining center, improving
accuracy by 50%. Lei et al. [88] presented recent developments in
efficient machine path representation through an enhancement to
the nonuniform rational B-spline (NURBS) method. NURBS path
length calculations are undertaken through subdivision of the path
10 avoid the necessity of iterative derivative laking posed by point-
to-point path representation. The NURBS model has been most
recently applied to fast error geometric compensation [89]. Model-
free approaches have also been applied to error compen- sation.
Tan et al. [90] addressed geometric error modeling and
compensation using a different technique involving the applica-
tion of a neural network (NN) approach. A machine error map is
created using interferometric measurements, and the model is then
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Fig. 11 Simulation of CMM integration to flexible machining
line 11021

applied to compensation through a learning algorithm. This form of
error map is also readily applicable to the integrated inspection
process [91]. Ziegert and Kalle [92] also used the NN approach to
compute error mapping using on-machine probing. Shen and Moon
[93] employed the NN approach to error correction of on- machine
coordinate measurement. More recently, Cho et al. [64] extended
the work of inspection planning for OMM to incorporate the
obtained data in an error compensation algorithm. This ap- proach
addressed compensation of two machining error param- eters
through a polynomial neural network (PNN) approach, and
effectively reduced machining error in end milling. Additional re-
cent work is that of Fines and Agah [94] in positioning error
compensation using a neural network approach. Three different
artificial neural network (ANN) architectures were studied and
demonstrated, and final compensation results were shown to be
comparable to current state-of-the-art systems.

On-Line Calibration. A number of theoretical calibration
tools and techniques have resulted from application of the
CMM directly o the machining process. Moving the
measurement pro- cess from the controlled metrology lab
cnvironment to the shop floor or even to the more
environmentally harsh machining pro- cess introduces
numerous environmental error sources. Contami- nation,
temperature fluctuations, and the potential for physical
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contact all result in a need for increased and, therefore, more
efficient calibration methods. The telescoping ball bar used for
cylindrical machine tool error mapping is adapted to the inspec-
tion process by both Curran and Phelan [95] and Jiang and C!nu
[55]. This “quick check™ technique replaces artifact evaluation
and allows for more frequent inspection.

Calibration of probe error is undertaken by Xiong and co-
workers [96,97] through a new radius mlnpensalioqmelhod.
Through this method, a dual optimization of compensation accu-
racy and computational time 1s achicved. The method is imple-
mented in an automated machine tool setup system [98]. Srini-
vasan et al. [99] also addressed probe radius compensation

immediate validation and collision prediction for
measurement path planning.

Simulation is also addressed, as it relates to shop floor flow
planning by Siemiatkowski and Przybylski [102]. The simulated
system is shown in Fig. 11. As a part of this work, two specific
issucs arc noted with respect to the integration of a CMM to a
flexible machining cell: job sequencing and inspection planning.
Through the use of their simulation, the authors demonstrated
that these issues have a major effect on the overall cell
performance. Considering this, altemative flow strategies are
presented to mini- mize sequencing and planning issues.

The virtual machining and measurement cell (VMMC) of Yao
et al. [103] also simulates the machining and measuring process
(on-line or off-line) and estimates the potential machining errors
of a given part form. The traditional machining process develop-
ment approach is contrasted with VMMC in Fig. 12. An example
of the virtual measuring simulation is shown in Fig, 13.

The output of this model provides a basis fqr.the optimization
of both the machining process and integrated measurement plan-
ning. The ability of the authors to achieve this result “virtually”
allows for improved part accuracy from the first cut as well as
increased development agility with respect to varying market
con- ditions. Kurfess [104] also presented additional
advancements by Ondine evaluation of measurement performance
degradation due to harsh environmental factors is treated by
Franceschini et al. [100]. This work proposes a rapid on-line diagnostic
procedure integrated to the nonnal measurement cycle that identifies
mea- surement error and monitors machine performance. The method
does not require additional internal or external instrumentation.
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Fig. 12 Virtual machining and measurement cell
architecture $103f. ,,a... Tra- ditional development is
time-consuming and expensive due to physical pro-
totype iterations; b VMMC addresses optimization
analytically to save time and cost.

the automotive manufacturing industry in inspection
planning simulation, including solutions related to
throughput and software control. :

Trends and Impacts of Measurement System
Integration. Fundamental issues relating to the
integration of the CMM to a machining cell were treated
by Wilson and Lenger [8]. The major considerations
noted at the time were the following:

_ identifying the truc quality objectives of the
inspection

quantifying the part’s configuration and critical
attributes

coupled integration of fixture design approaches

process ownership by the implementation team

In order to successfully integrate measurement within
the ma- chining environment, these considerations
should all be addressed through intense preplanning,
prior to attempting any integration activities.

@
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As noted, bringing together these two

crations, machining and CMM measure R o mnigled op-

S X ment, has revealed a pum- ¢ bility to feed back meas ] y
ber of additional issues that are dircctly related to the inte :1111:1(;: control. These issues are i';’:l:b,urrcxr}[%nt data for direct machining
nto a common platform or manufacturing system. In thi sl rescarch are o ront today, recognized ag vitg
> a : muf : . In this paper, reas that must be understood it
several of these issues were highlighted, includin i surement integrati i ' order Lo allow for mea.
the inspection planni e B f:i‘ﬁc!cncy of ° L integration _on-muchlnc tools. However, the n
p planning, error compensation and calibration, and  LOF true integration will be at the machine design phase €t hurdic
(6] noted in 1990 that developments in-nm-clﬁl:u.!)l]odzlt‘tz’h]u“on
should be coupled with corresponding technologies in ét::[]:/llogy
search. However, so far, these technologies have not been sysle:;-
atically developed, leading to some of the noted shortcomings. )
On_e area later noted by Shelton and Ulbrich [ 105] that also
remains to bf: adequately addressed relates to CMM data density
anq the diminishing accuracy returns on the time investment as-
sociated with inspection. To begin to address this, in their work,
the “hyperactive woodpecker” CMM design approach is es-
chewed in favor of a more efficient and pragmatic approach to
data analysis. This concept is also addressed by Weckenmann et
al. [106] through the focus on the effect of measurement strategy
planning on resultant measurement uncertainty, resulting in more
efficient planning. Lin and Chen [60] addressed effective integra-
tion planning through an open architecture model using IDEFO
and STEP data models. The IDEF0 model is used to analyze mea-
surement function requirements, while the STEP model is used to
communicate measurement system commands.
i - ez Pahk et al. [107] proposed an interactive and integrated on-
Fig. 13 Virtual measuring process of VMMC. Part measure- machine inspection planning system developed for machining and

e ai h L .~ inspection planning of freeform mold geometry. The system out-
?:en‘:t;:ns;%lgﬁsg:nd the resulfs sre used fo optimize the In puts code for both CNC cutting and OMM commands for critical

mold features. Limaiem and El-Maraghy [108] addressed devel-
opment of robust inspection planning systems for optimum se-
quencing and resource allocation. This work accounts for physical
probe size and attitude, and introduces the concept of principal
clusters, groups of measurement points accessible by the given
probe geometry. More recently, Oakham [109] highlighted on-
machine geometric verification for process control strategies, in-
corporating on-machine measurement commands directly to the
NC program. Quinn et al. [110] and Schuyler et al. [111] ad-
dressed communication issues between machining center and
measurement system, developing a method to effectively pass in-
formation from measurement to controller for real-time error com-
pensation. Kim and Chung [84] approached OMM integration
through measurement error prediction and validation routines
implemented directly in the CNC program, including the develop-
ment of a set of G-code commands specific to measurement con-
trol as shown in Table 1.
However, to integrate these systems, it is also important to ad-
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Table 1 Measuring G-codes 1841

i sasuring G-codes with arguments
Measuring features Measuring

Gl00A. DO NHOTO
G100 A2.

Glo1powQd
Gel02ED10JOKAOTO
Gl103A1L. BODOEOTO
Glo3A2. BOEONOTO

I. Probe start

2, Probe end

3. Coordinate setting
4. Environment setup
5. Probe offsct

6. Probe length

7. Machine tool calibration
8. Bore

9. Boss

10. Pocket

11, Web

12. Internal corner

13. External corner

14 Plane (X,Y,2)

15. Bore-bore

16. Bore-Ex. Cor.
17. Pocket-pocket
18 Web-plane

19. Ex. Cor.-Ex. Cor.
20. Plane-plane

Glo4 DO O TO WO XO YO 20

G105 ALDO EO RO sO U0 vO wO X0 yO zO
G105 A2. DO EO RO SO UD vO wd XO YO 20
Glo6Al EONOQORDSOUOVOWOXOYOZO
G106, A2EONOQORO SO VO VOWOXO YO 20O
G0 Al ED 100 QO RO SO WO XD YO 20O
Gl07A2.E0IOJOQUROSOwWOXO YD 2O
G108 E0 QO RO sO wO xO YO 20

G109Al.CODOECKOUOVOXOYO
G109A2.CODOEOKOUO VO XOYO
G109 A3. CO DO ED KO UDOVDO
Gl09A4.CODOEOKOUDO VO
G109A5.CODOECKOUOVOXOYO
G109 A6.CO DO EO KO O VO

dress error separation between the process and the measurement
system. Along those lines, Knapp [112] stressed the need to com-
prehend error sources, especially the realization that both mea-
surement uncertainty and measuring system setup and calibration
are independent sources of error, but are not considered indepen-
dently by measurement standards. This analysis is especially ger-
mane in the application of measurement in a harsh environment,
outside of the near-perfect domain of traditional measurement sys-
tem characterization.

Total system cost is another consideration for integration. Re-
cent research on scale reduction in-machine tools (meso- and mi-
cromachining process development) introduces additional com-
plexity to the integration process. As noted by Lee and Yang
[113], installation of traditional interferometric equipment com-
monly used for machine tool characterization is difficult due to
system size; miniaturized measurement components are also very
expensive. To address this, they proposed a simultaneous charac-
terizalion selup using capacitance sensing to reduce system cost.
Domfeld et al. [114] also cited development of more precise me-
trology methods as a “grand challen ge” to further micromachining
realization.

Future CMM Development Needs. There are current
efforts underway to integrate CMM inspection directly with
ma- chining processes. The immediate benefits are reduced
lag time between processing and inspection, and the
application of on- machine inspection 10 muludimensm_nal
SPC and direct process feedback control (which are limited
in availability when using traditional off-line CMM
inspection).

However, a number of issues arise when integrating the CMM
directly with the machine tool. Of particular importance are effi-
ciency and throughput of the machining process afier integration,
and issues related to measurement error and calibration due to the
inspection reference to the machine itself (machine errors also
become integrated to the inspection). Additionally, environmental
errors in the machine pose challenges for this development. These
challenges are being addressed through siml_xlation, error compen-
sation, rapid calibration techniques, and incorporation of new
sensing technologies.

3 Conclusions

This paper presents a review of the use of coordinate meas‘uring
machines in conjunction with machining. lnc»luded alrc ad‘v.mufs
in separate CMM designs, as well as integration of the measure-

ment systems with machine tools and particular issues arising as a
result of this integration. With the advent of more powerful pro-
cessing capabilities, measurement technologies are becoming not
only more efficient and accurate, but more accessible to the ma-
chine tool user as well. .

The use of coordinate measuring machines in machining pro-
cesses was reviewed; particularly the issue of integration of this
technology as applied directly to the machine tool itself. The ma-
jor points and recommendations are as follows:

+ Coordinate measuring systems are accurate, highly flexible
and widely used as off-line post-process evaluation tools.
Recently, integration of such systems directly to the ma-
chine tool has been explored.

« There is a growing evolution of the CMM from a quality-
based to a manufacturing-based activity, reducing
production-measurement lag. This movement is enabled by
new automatic calibration and temperature compensation
routines.

+ Integration of measurement directly to the machine tool is
enabled by known geometric relationships to fixturing and
allows for direct process feedback.

+ Barriers to this integration include loss of machine availabil-
ity during measurement and the inability to separale ma-
chine and part geometric errors.

» Measurement device calibration and the relation of measure-
ment error to machine tool geometric crror are primary con-
cerns. Error compensation schemes and rapid on-line cali-
bration routines are evaluated. :

+ Machine reconfigurability becomes an important aspect of
process-inspection integration. The machining center must
operate with high force and controlled feed for material re-
moval, and rapid traverse speeds and accurate positioning
for measurement. Control architectures have been proposed
for this duality.

_ Overall, the fundamental issue with these measurement and
monitoring technologies is proper integration of the measurement
and material removal functions to result in an effective production
system. As an cxample, Schuyler et al. [111) described the concept
of a smart machine tool system that seamlessly integrates current
process information with inexpensive and noninvasive sensors,
and used models to automatically and continuously control the
process; however, such an integrated system has yet to be realized.
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Flywheel

A flywheel is an inertial energy-storage device. It absorbs mechanical
energy and serves as a reservoir, storing energy  during the period
when the supply of energy is more than the requirement and releases
it during the period when the requirement of energy is more than the

supply.

Flywheels-Function need and Operation

The main function of a fly wheel is to smoothen out variations in the
speed of a shaft caused by torque fluctuations. If the source of the
driving torque or load torque is fluctuating jn nature, then a flywheel s
usually called for. Many machines have load patterns that cause the
torque time function to vary over the cycle. Internal combustion

engines with one or two cylinders are a typical example. Piston

compressors, punch presses, rock crushers etc. are the other systems

that have fly wheel.
Flywheel absorbs  mechanical energy by increasing its angular

velocity and delivers the stored energy by decreasing its velocity

TORQUE

ANGULAR SPEED

Figure 3.3.1

%)
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Design Approach

There are two stages to the design of a flywheel. 2
for the desired degree ©

First, the amount of energy required
of inertia needed

smoothening must be found and the (mass) moment

to absorb that energy determined.

Then fiywheel geometry must be defined that caters the requirec

moment of inertia in a reasonably sized package and is safe against

failure at the designed speeds of operation.

Design Paramelte‘rsk R S

Flywheel ine"{tia;- J(size) needed directly depends ‘upon the acceptable
changes in the‘zspé'ed. &

Speed fluctuation

The change |nthe shaft speed during a cycle is 'clalled.: the speed

fluctuation and Is equal to Wmayx- Wmin

Fl=w .—_m

max min

We can norma_l‘ize_ this to a dimension‘less ratio by divid_ing it by - the

average or nominal shaft speed (waye) -

Where wavg is nominal angular velocity

Co-efficient of speed fluctuation

The above ratio is termed as coefficient of speed fluctuation Cs and it is defined as
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Where i i
W IS nominal angular velocity, and waye

the average or mean
shaft speed desired. This

coefficient is a design parameter to be

chosen by the designer.

The smaller this chosen value, the larger the flywheel have to be and

more the cost and weight to be added to the system. However the
smaller this value more smoother the operation of the device
It is typically set to a value between 0.01 to 0.05 for precision

machinery and as high as 0.20 for applications like crusher

hammering machinery.

Design Equation

The kinetic energy E, in a rotating system

- 4

Hence the change in kinetic energy of a system can be given as,

1 o2 2 0O
E =1 [0 -
K 5 m0U" max @ in0
] 0
EK=E2—E|

{0}

_ (mmax * Ohin )
avg )

1 A
EK = IS (Q(Davg)(Cf(Davg)
2
E
L= &

] 2
f avg

Thus the mass moment of inertia |, needed in the entire rotating

system in order to obtain selected coefficient of speed fluctuation is

determined using the relation
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1
Eg =" (mavg)(cfwa"g)
I.= %
s~ 2
f avg

The above equation can be used to obtain appropriate flywheel inertia

In corresponding to the known energy change Ex for a specific value
coefficient of speed fluctuation Ct,

Torque Variation and Energy

The required change in kinetic energy: Ex is obtained from the known

i
\®

torque time relation or curve by integrating it for one cycle.

0@ @/ hax
| (T -T )de =E
I~ tavg K
9@mmin

Computing the kinetic energy Ex needed is illustrated in the following example

Torque Time Relation without Flywheel

A typical torque time relation for example of a mechanical punching

press without a fly wheel in shown in the figure.

In the absence of fly wheel surplus  or positive enregy is avalible
initially and intermedialty  and enery  absorbtion or negative energy
during punching and stripping operations. A large magitidue of speed
fluctuation can be noted. To smoothen out the speed fluctuation fly

wheel is to be added and the fly wheel energy needed js computed as

illustrated below
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Area Area
+20 073 +15 388

«4/'/ Average

0 f \ /\ : »
/ : \ ? Shaft angle

mmin mmax tlmet g

o
-34 200 ‘ Area Area _
: -26 105 -9 202
0 360
Figure 3.3.2

Accumulation of Energy pulses under a Torque- Time curve

- From AArea=AE Accumulated sum =E Min & max

AtoB +20073 +20 073 Om@B
BtoC -26 105 -6032 Orm@C
CtoD +15388 +9356
DtoA 9202 $354

Total Energy= E@®m~ E@®mn
=(-6 032)-(+20 073)= 26 105 Nmm?

Figure 3.3.3
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Torque Time Relation with Flywheel

Torque
4 C£=0.05
8730 |-

7] : Average
7020 - . i \_7_4/

|
I
2,

1 Time t
0 ,»

0 Shaft angleg

Figure 3.3.4

Geometry of Flywheel

The geometry of a flywheel may be as simple as a cylindrical disc of
solid material, or may be of spoked  construction  like conventional
wheels with a hub and rim connected by spokes or arms Small fly
wheels are solid discs of hollow circular cross section. As the energy
requirements and  size of the flywheel increases the  geometry

changes to disc of central hub and peripheral rim connected by webs

and to hollow wheels with multiple arms.

Scanned by CamScanner




b—y,

{— ]

\

Figure 3.3.5

e— D —y

YA/ ASHIHY,

(LD

bod

N

Arm Type Flywheel

Figure 3.3.6

The latter arrangement is a more efficient of material especially for
large flywheels, as it concentrates the bulk of its mass in the rm which

is at the largest radius. Mass at largest radius contributes much more

since the mass moment of inertia is proportional to mr2
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N

and out side radius T,

For a solid disc geometry with inside radius Ti

the mass moment of inertia | is
lm = mk2 - (l‘2 .i r? )
2 0.1

The mass of a hollow circular disc of constant thickness t is
ms= W = nI(r?' —rz)t
g g © i

Combing the two equations we can write

Y (4
m~ 5 g(ro 2 )t
«
Where yis mateﬁal's.weight density
The equation s better solved by geometric  proportions i.e by
assuming inside to out side radius ratio and radius to thickness ratio. -
Stresses in Flywheel
Flywheel "be‘i'ng _a rotfating disc, cehtrifugal_ ‘stresses  acts upon its
distributed mass and attempts  to pull,’,’it’ apart. "'Its effect is similar to
those caused by an internally pressuf:iié'd cylinder
Y 203 +v00 2 2 - I+3v 20
== Ir— r
togad e L EEg
03 +vgl O
0r=1032[1 Hf2+02 _a‘o r2n
g 08 0f i

Y = material weight density, w= angular velocity in rad/sec. v= Poisson’s ratio, is the

radius to a point of interest, r; and r, are inside and outside radii of the solid disc

flywheel.

Analogous to a thick cylinder under internal pressure the tangential

and radial stress in a solid disc flywheel as a function of its radius r is

given by:
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Radius

Gt

Tang. stress

- Radial stress

Radius

The point of most interest is the inside radius where the stress is a
maximum. What causes failure in a flywheel is typically the tangential
stress at that point from where fracture originated and upon fracture
fragments can explode resulting extremely dangerous  consequences,
Since the forces causing the stresses are a function of the rotational
speed also, instead of checking for stresses, the maximum speed at
which the stresses reach the critical value can be determined and safe
operating speed can be calculated or specified based on a safety
factor. Generally some means to preclude its operation beyond this
speed is desirable, for example like a governor.

Consequently

0

F.O.S (N) = Ny =
yield
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Since the time the « i
e “elec ion” hi

el tronic revolut_lon hit the telecommunics
L T ; ® He d has exponentially increased leading to !
: novation, helping to give rise to the digital economy. The digi
upported the develppmenl of many electronic appliances such as si
w:atches, TVs_, refrigerators, security systems, and of course, environm
friendly electric vehicles.

According to the latest report Electrical and Electronic Manufacturing MIMU
Briefing 2017 from The Business Research Company (TBRC), the global electrical
and electronics manufacturing market is expected to reach $3 trillion by 2020, with
Asia Pacific as the largest market by geographic region and China the biggest
market by country. India is expected to grow at a heady 16.8% growth rate. Apart
from providing market segmentation and growth by region and by country, the
report also covers the top five trends in the electronics industry in the coming five-

year forecast period.

1. Product Design Outsourcing |

Original Equipment Manufacturers (OEMs) are incrcz{singl‘y mov'm'g product
design and development processes to Electronic Ma.muiactu.rmg Service (E.MS)
partners. Product design, a part of the spccilei:'/.cd dC,S}gn services market which is
expected to reach $157 billion in 2020 according to I'BRC, is being outsourced to N
reduce overall costs and shift from fixed costs to variable costs. o

EMS companies are offering more design services for suh-ussc.mbl'ics and finished
products. OEMS are collaborating with EMS partners and moving into new models
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