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PART ONE Overview

Lesson 1 An Introduction to Measurement & Control Technology

“Measurement & Control Technology and Instruments?”

is the unique major of
instrument science and technology in China. Instrument and meter is an essential part of IT
industry. Instrument and meter technology is a comprehensive subject which is based on
mechanics, computer science and information technology. And it shows greater and greater
power in the development of national economy, national defense and everyday life.
Understanding is a powerful aid to prediction. Models lead to understanding, and
observations ground models. Instruments and measurement techniques extend direct
observation to the benefit of understanding and prediction. Develop skill in utilization of
instrumentation and learn to specify or invent new instrumentation and you will aid
observation, Better techniques of measurement lead to greater and more accurate
understanding of the natural system. The short term benefit of such understanding is the
ability to predict response. In the long term, understanding is a general guard against
blunders in our own behavior as a society. And understanding can lead to opportunities for

human use and individual appreciation to social benefit.
1. Trends in Measurement and Control System Equipment and Future Outlook

The wave of digitization has become widely disseminated in many fields since 1975,
encompassing power systems including nuclear and thermal power systems; industrial
systems including petrochemicals, steel, foods, and pharmaceuticals; and infrastructure
systems including water and sewage, road, and airport control systems. Substantial progress
has been made in open system technologies, information technologies, and integration
technologies, and methods of configuring control systems under total system optimization
including information systems are now attracting global attention.

2. Industrial Controliers—Advances in Development of High-Speed and High-Reliability
Controller Technologies

Technologies have been progressing for the standardization and realization of open
architectures for programmable logic controllers (PL.Cs) and distributed control systems
(DCS), both of which are representative industrial control equipment. Moreover, taking
technical trends and the social environment into consideration, we have studied hardware and

software technologies to improve management and applicability to factory automation (FA)

and process automation (PA) systems, and proposed the development of products to he

released in the future.
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3. New Developments for industrial Computers

The application of industrial computers has expanded to encompass not only factory
automation systems but various other fields, including social infrastructure systems such as
broadcasting and communication systems, transportation management systems, water supply
and sewerage monitoring systems, electric power generation and supply systems, and
building management systems; as well as automated equipment, inspection and analysis
equipment, and so on. In monitoring and control systems, and equipment with embedded
computers, there is an accelerating trend toward open systems and an increasing number of
systems using PCs and PC servers. As a result, the requirements for industrial computers
have expanded and diversified according to such factors as the purpose of use and the scale of

application.
4. Latest Field Measurement Technologies

Various types of field measurement devices such as flowmeters, pressure transmitters,
thermometers, and density meters are widely applied in manufacturing process systems.

5. Instrument and Control Products Contributing to Effective Operation of Water and
Sewage Plants

Water .and sewage systems are an important part of the social infrastructure and
indispensable in people’s daily lives. A water system must provide safe water at all times,
while a sewage system must purify sewage and rainwater collected by sewerage pipes and
transform them into clear water before discharge into a river or ocean. At the same time,
reduction of electricity cOnsumptic.m by water and sewage plants is important to reduce
greenhouse gas emissions, which lead to global warming. It is also necessary to prevent
overdosing of chemicals in treated water from the standpoint of environmental protection. In
addition, the reduction of chemical consumption is important from the viewpoint of reducing

the operating and maintenance costs of plants.
6. Monitoring and Control of Building Automation System

The architecture of building automation and control systems is evolving into the Building
Energy Management System (BEMS), including energy-saving control and energy
management. BEMS measures the status of the building facilities and space environment,

performs accurate control, and stores data for reporting and analysis.
7. Solutions for Measurement and Control Systems in Industrial Processing Fields

Thirty years have passed since digital technology was introduced in the field of
measurement and control systems. On the one hand, investment in plant and equipment has
been rising in raw material industries such as steel and petrochemicals due to the recent
growth of the Chinese economy, and this in turn has promoted the renewal. of instrument
systems. On the other hand, the operators who have supported the high-growth period of
the Japanese economy are now aging, and it is becoming increasingly difficult to maintain

safe and stable operations as well as the uniformly high quality realized by the experience and
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skill of these expert operators up to now. In particular, problems are expected to arise {rom

2007 onward with regard to the renewal of distributed control systems (DCS).

8. Current Project Areas

Below is a list of current research projects in the Systems, Measurement and Control

Areas:
Modeling and System Identification
* Modeling and controling of fuel cell power systems;
* Modeling of machining chatter; ‘
* Autonomous modeling of complex manufacturing processes;
* Real-time predictive modeling and simulation for prognosis in smart ships;
* Real-time load and damage identification in filament wound rocket motor casings;
* Modeling and identification of seat head rest rattle in passenger bucket seat;
* Modeling and identification of morphing aircraft structure.
Measurements and Diagnostics
* Nonlinear observer design and neural networks for virtual sensing, modeling, fault
detection, diagnostics, and adaptive robust fault-tolerant control;
* Diesel engine diagnostics and prognostics using information-rich input signals;
* Estimating particulate load in a diesel particulate filter for regeneration control;
* Vehicle health management technologies;
* Integrated diagnostics and reliability forecasting for heterogeneous structures;
* A facility for theoretical and experimental environmental conditioning, modeling and
prognostics of advanced heterogeneous structures; .
¢ Sensing and diagnostics of electrical machines;
* Autonomous selection of sensors and sensor features for intelligent monitoring and
diagnostics for manufacturing processes;
* Integrated prognostics health management technologies for commercial and defense
systems;
* Integrated sensing and diagnostics for life cycle health management of gas turbine
engines:application to wire harnesses and connectors;
* Modeling and diagnostics of mechanically attached structural components;
» Diagnostics & prognostics for assessing vehicle products in real time with feedback for
manufacturing to reduce conservatism.
Control Theory
* Nonlinear adaptive robust control theory;
e Multi-level fuzzy control;
« Multivariable intelligent control;
* Neural network-based adaptive control;
* Observer-based adaptive control.
Control Applications

“¥ Engine controls;
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* Energy-saving nonlinear control of electro-hydraulic systems;

* Intelligent and precision control of high-speed linear motor drive systems, machine
tools, and piezo-electric actuators for precision manufacturing;

* Nonlinear control of high-density hard disk drives;

* Coordinated control of robot manipulators;

* Feedforward/feedback motion control for high-speed automation;

* High-speed motion control for flexible robotic manipulators;

* Precision control of piezo-electric actuators for scanning microscopes;

¢ Control of medical devicess

e Control of mechatronic devices.

Words and Expressions

pharmaceuticals [ [farma'sjuttikelz] n. EZ§ 5

infrastructure ['infro'straktfo] n. FEM1E, T AEL, UG, 5T
programmable logic controllers A] 44 78 #5 41 4%

factory automation(FA) T.J H3zhik

process automation(PA) 78 A 34k

flowmeter ['floumita] n. KBt

transmitter [treenz'mits] n. KIWHL; BHHL; KL 28,5 ;%R
sewage [ 'sju(1)idz] n. JEK, 15K

Building Energy Management System HRTEHEHREAL
distributed control systems (DCS) A #HiRXEBHI AL
piezo-electric JEHL K

energy-saving TRERY

Notes

1. The wave of digitization has become widely disseminated in many fields since 1975,
encompassing power systems including nuclear and thermal power systems; industrial
systems including petrochemicals, steel, foods, and pharmaceuticals; and infrastructure
systems including water and sewage, road, and airport control systems.

(1) HJ ¥ # encompassing R IIESMAERIE , BER FHE— DM EFERIE ., including £
BLAE ST R ME B 1R .

(2) &M EIER 1975 FLOK WFABRBMCEF ST HEE. Q8 THEMR S
KB R IRG; AL RN B RFZ A Tl RS LA Rtk 357K b B8 L 8 B8 A HL 35 15 41 B

2. Moreover, taking technical trends and the social environment into consideration, we
have studied hardware and software technologies to improve management and applicability to
factory automation (FA) and process automation ( PA) systems, and proposed the
development of products to be released in the future. »

(1) ]9 taking... into consideration & -« .
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(2) é‘-:’ﬁ.lﬂﬁl‘é%:l:lﬂiﬁl‘»%lﬁﬁ]ﬁ*ﬁﬁ%?‘:‘%ﬂﬁ%%iﬁ,ﬁ'fﬁﬁfﬁTﬁﬁi*ﬂﬁ(#&*
RABL AFUALR AL RN EBRN A BETREFAOFEF R,

3. It is also necessary to prevent overdosing of chemicals in treated water from the
standpoint of environmental preservation.

(1) AJH from the standpoint of ; “ M «+«--- FIEE”, overdosing 314 1, X B BiE R “4
(FDO®E”. #lgn:He's been overdosing himself. {1 fi2§ — B 1 & .

(2) &) AT BN - MARD IR 58 04 F B R » thL 06 40 7 11 3 B B 1 2% 2 b B K

Reading Material

A Workshop on Process Measurement and Control

In recognition of the recent growth and the perceived new opportunities in process
measurement and control, a workshop on this topic was held at the Sheraton New Orleans on
March 6-8, 1998. Sixteen invited speakers and discussants from academia, industry and
national laboratories presented their perspectives on the current state-of-the-art applications
in industry and future needs in various areas of process measurement and control. Thirty
additional participants, also representing academia, industry and national laboratories,
attended and participated in the workshop. Many of these individuals were invited; however,
some were unsolicited applicants who learned of the workshop through colleagues and
responded to a web-based call for participation located at the web site http://udel. edu/~
fdoyle/ V2020, html.

The goals of the workshop were five-fold;

* To identify the current state-of-the-art for process measurement and control,

including their current impact on academic and industrial research and development;

* Project where these methods can be in 25 years, and the expected impact of these
methods over that period;

* Identify the challenges and roadblocks that delay advancements in these technology
areas;

* Identify strategic research investments that might facilitate the achievement of these
latter capabilities and ensure their widespread utility to both academic and industrial
communities;

* Produce a report to the research community served by the NSF, NIST, and NIST
ATP concerning the findings of 1-4.

A unique feature of this workshop was that chemists andchemical engineers were
brought together in a common forum to address the common interests in process
measurements for control. Individual breakout groups were comprised of a mixed group from
academia, industry, and the government labs. Furthermore, each group was split between
measurement scientists and control engineers, and the groups each addressed one control
topic and one measurement topic. In this manner, a “ single track” was achieved. In the
remainder of this preliminary report, the summary findings of the workshop will be

discussed. Several speakers were asked to provide overviews of, and assess the state-of-the-
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art in, process measurement and control. Others were asked to describe successes of current
methods in industry and academia, and to assess needs into the future. This was done around
eight topical areas, and the balance of this report is organized around those areas:

« Nonlinear model predictive control;

¢ Performance monitoring;

¢ Estimation and inferential control;

« Identification and adaptive control;

e Molecular characterizations and separations;

¢ Process sensors;

e Micro-fabricated instrumentation;

 Information and data handling.



PART TWO Machinery

Lesson 1 Mechanism

A mechanism has been defined as “a combination of rigid or resistant bodies so formed
and connected that they move upon each other with definite relative motion”. That is the
component of machinery. Activity connections between two members that have the relative
motion are to be called the motion pairs. All motion pairs contacting with planes are called
lower pairs and all motion pairs contacting with points or lines are called higher pairs. Lower
pairs include revolute or pin connections, for example, a shaft in a bearing or the wrist pin
Joining a piston and connecting rod. Both elements joined by the pin may be considered to
have the same motion at the pin center if clearance is neglected. Other basic lower pairs
include the sphere, cylinder, prism, helix, and plane. The Hook-type universal joint is a
combination of two lower pairs. Examples of higher pairs include a pair of gears or a disk cam
and follower,

The motion specific property of mechanism chiefly depends on the relative size between
the members, and the character of motion pairs, as well as the mutual disposition method
etc. The member is used to support the member of motion in the mechanism to be called the
machine frame and used as the reference coordinate to study the motion system. The member
that possesses the independence motion is called motivity member. The members except
machine frame and motivity member being compelled to move in the mechanism are called
driven members. The independently parameter which is essential for description or definite
mechanism motion is called the free degree of mechanism. For gaining the definite relative
motion between the members of mechanism, it must make the number of driving parts of
mechanism equal to the number of free degrees. An unconstrained rigid body has six degrees
of freedom: translation in three coordinate directions and rotation about three coordinate
axes. If the body is restricted to motion in a plane, there are three degrees of freedom;
translation in two coordinate directions and rotation within the plane.

Mechanisms may be categorized in several different ways to emphasize their similarities
and diffe»rences. One such grouping divides mechanisms into planar, spherical, and spatial
categoriés. All three groups have many things'in common; the criterion which distinguishes
the groups, however, is to be found in the ,ché’racteristics of the motions of the links.

A planar mechanism is one in which all particles describe plane curves in space and all
these curves lie in parallel places, i, e., the loci of all points are plane curves parallel to a
single common plane. This characteristic makes it possible to represent the locus of any

chosen point of a planar mechanism in its true size and shape on a single drawing or figure.
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The motion transformation of any such mechanism is called coplanar. The plane four-bar
linkage, the plate cam and follower, and the slider-crank mechanism are familiar examples of
planar mechanism. The vast majority of mechanisms in use today are planar.

1. Four-Bar Mechanisms

When one of the members of a constrained linkage is fixed, the linkage becomes a
mechanism capable of performing a useful mechanical function in a machine. On pin-
connected linkages the input (driver) and output (follower) links are usually pivotally
connected to the fixed link; the connecting links (couplers) are usually neither inputs nor
outpﬁts. Since any of the links can be fixed, if the links are of different lengths, four
mechanisms, each with a different input-output relationship, can be obtained with a four-bar
linkage. These four mechanisms are said to be inversions of the basic linkage, as shown in

Figure 2. 1.

ptqks+l s+l p+q
(a) Drag-link (b) Crank-rocker

s+>ptq sHikptq
(c) Double-rocker (d) Parallelogram linkage

Figure 2.1 The inversions of the four-bar mechanisms

2. Slider-Crank Mechanism

When one of the pinconnections in a four-bar linkage is replaced by a sliding joint, a
number of useful mechanisms can be obtained from the resulting linkage. In Figure 2. 2, the
connection between links 1 and 4 is a sliding joint that permits block 4 to slide in the slot in
link 1. If link 1 is fixed, the resulting slider-crank mechanism is a reciprocating engine. The
block 4 represents the piston; link 1 is the block that contains the crankshaft bearing at A
and the cylinder; link 2 is the crankshaft and link 3 the connecting rod. The crankpin bearing

is at B, the wrist pin bearing at C. The stroke of the piston is twice AB, the stroke of the
crank,



