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Agricultural engineering is an important symbol of agricultural modernization. It plays a
significant role in the development of agriculture and national economy. With the continuously in-
depth reform, particularly after China entered into WTO, our contacts with other countries are on

the increase. The scientific cooperations of international agricultural engineering are advancing with |

increasing frequency. English as an important international language for communication, shows | ! !

great importance day by day. Especially with the entry of WTO, the demand for qualified i

specialized English personnel is increasing. Although specialized English is a major part of college
English, the English for agricultural engineering is still a field which has been seldom mentioned.
Therefore our compilation is of both realistic significance and practical value.

We exert ourselves to adhere to the following 3 principles:

1. The teaching material is totally compiled according to the requirements of syllabus. It’s a
book for the students who major in agricultural machinery & automation and agricultural electricity
& automation in their senior year.

2.In the aspect of selecting materials, we focus on both specialized essential materials and
specialized literature. We make every effort for the extensive,scientific and advanced knowledge.

3. In the respect of the structure, the book consists of 18 units: the first 9 units is the
agricultural machinery & automation section, the left section is for the agricultural electricity &
autormation majors. Each unit can be divided into two parts — Part A (intensive reading) & Part B
(extensive reading). Part B is the extension of classroom instruction. Part A contains the
corresponding exercises & reference translations for students.

Acknowledgements should be made to the compilers Qiao Jinyou, Cui Tianshi,Hu Jiaying, Gao
Xiaohui, Dong Guiju, Wang Xiaoyan,Zhou Ling,Sun Jizhen,Li Hongmei.

However, as it is our first tentative endeavour to collect some of the representative speciments
from different aspects of engineering and render them into English, oversights and mistakes are
inevitable. We sincerely hope that our readers will give their comments and suggestions without any

reserve.

Jiaying Hu
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Unit 1
Gort A

/
Fundamentals of Mechanical Design

The Meaning of Design’

To design is to formulate a plan for the satisfaction of human need. In the beginning the
particular. need to be satisfied may be quite well-defined. Here are two examples of well-defined
needs. .

1. How can we obtain large quantities of power cleanly,safely,and economically without using
fossil fuels and without damaging the surface of the earth?

2. This gearshaft is giving trouble; there have been eight failures in the last six weeks. Do
something about it. -

On the other hand, the particular need to be satisfied may be so nebulous and ill-defined that
a considerable amount of thought and effort is necessary in order to state it clearly as a problem
requiring a solution’. Here are two examples.

1. Lots of people are killed in airplane accidents.

2. In big cities, there are too many automobiles on the streets and highways.

This second type of design situation is characterized by the fact that neither the need nor the
problem to be solved’ has been identified*. Note, too, that the situation may contain many

problems.
We can classify design too. For instance:
1. Clothing design 2. Interior design
3. Highway design 4. Landscape design
5. Building design 6. Ship design
7. Bridge design 8. Computer-aided design
9. Heating system design 10. Machine design
11. Engineering design 12. Process desing

In fact,there are an endless number since we can classify design according to the particular
article or product or according to the professional field®.

In contrast to scientific or mathematical problems, design problems have no unique answers it

is absured, for example, to request the ‘ correct answer’ to a design problem, because there is.

none. In fact,a ‘good’ answer today may well turn out to be a ‘ poor’ answer tomorrow, if there is
a growth of knowledge during the period or if there are other structural or societal changes®.
Almost everyone is involved with design in one way or another,even in daily living, because
problems are posed and situations arise which must be solved. Consider the design of a family
vacation. There may be seven different places to go,all at different distances from home. The costs
of transportation are different for each,and some of the options require overnight stops on the way.

4444 <444«
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The children would like to go to a lake or seashore resort. The wife would prefer to go to a large
city with department store shopping, theatres, and nightclubs. The husband prefers a resort with a
golf course. When these needs and desires are related to time and money , various solutions may be
found. Of these,there may or may not be one or more optimal solutions. But the solution chosen will
include the travel route, the stops, the mode of transportation, and the names and locations of
resorts, motels, camping sites, or other away-from-home facilities. It is hard to see that there is
really a rather large group of interrelated complex factors involved in arriving at one of the solutions
to the vacation design problem.

A design is always subject to certain problem-solving constraints. For example, two of the
constraints on the vacation design problem are the time and money available for the vacation. Note,
too, that there are also constraints on the solution, in the case above some of those constrains are
the desires and needs of each of the family members. Finally, the design solution found might well
be optimal. In this case,an optimal solution is obtained when each and every family member can
say that he or she had a good time. .

A desgin problem is not a hypothetical problem at all. Design has an authentic purpose—the
creation of an end result by taking definite action or the creation of something having physical
reality. In engineering, the word ‘design’ conveys different meanings to different persons. Some
think of a designer as one who employs the drawing board to draft the details of a gear, clutch, or
other machine member. Others think of design as the creation of a complex system, such as a
communications network. In some areas of engineering, the word design has been replaced by other
terms such as systems engineering or applied decision theory. But no matter what words are used to
describe the design function, in engineering, it is still the process in which scientific principles and
the tools of engineering—mathematics, computers, graphics, and English—are used to produce a
plan which,when carried out,will satisfy a human need’.

Mechanical Engineering Design

Mechanical design means the design of things and systems of a mechanical nature—
machine§,products, structures, devices, and instruments. For the most part, mechanical design
utilizes mathematics, the material sciences,and the engineéring mechanical sciences.

Mechanical engineering design includes all mechanical design, but it is a broader study
because it includes all the disciplines of mechanical engineering, such as the thermal-fluids
sciences, too. Aside from the fundamental sciences that are required, the first studies in mechanical

engineering design are in mechanical design.
The Phases of Design

The total design process is of interest to us,how does it begin? Does the engineer simply sit
down at his or her desk with a blank sheet of paper and jot down some ideas? What happens next?
What factors influence or control the decisions, which have to be made? Finally, how does this
design process end?
The complete process, from start to finish, is often outlined as in Figure 1 — 1 The process
2 begins with a recognition of a need and a decision to do something about it after many iterations,

the process ends with the presentation of the plans for satisfying the need.

dddd dddd
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Recognition of need

Definition of problem

Synthesis

Analysis and optimization

- Evaluation

Iteration

Presentation

Figure 1 -1 The phases of design
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Notes.

1. Design: To design is to formulate a plan for the satisfactions of human need.

BOT  RITRURE I B ABIRSRIE AR XRT B HE,

2. On the other hand, the particular need to be satisfied may be so nebulous and ill - defined that

a considerable amount of thought and effort is necessary in order to state it clearly as a problem
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requiring a solution.
B so---that B5H), RERBEMWHBSHTER to be satisfied 45 5 B E1E, 15 115 the
particular need; that A5 X3 H MR in order to, as---F| RET R EIEIERIE
3. Problem - solving: A basic kind of thinking that has received much study by psychologist and
other students of behaviour.
AR FEAOCHEEZMEMATAFZ LR IH RN —F AR B LT %, ERITEE
B ERTE X o B R % A B B P 9K i3 2 ( decision — making process)
4. This second type of design situation is characterized by the fact that neither the need nor the
problem to be solved has been identified.
B NWHES, That-- 3| FEBNABH the fact, REX to be solved /Ef5 B EE, &
#ffi the problem,
5. In fact, there are an endless number since we can classify design according to the particular
article or product or according to the professional field.
Since %'IE}EIZIﬁi%M’ﬂ, article or product & 3 %) 5% 43, Wi or according to -+ 5 §j —
according to ¥ IFF K5
6. In fact,a ‘good’ answer today may well turn out to be a “ poor’ answer tomorrow, if there is a
growth of knowledge during the period or if there are other structural or societal changes.
SEbr b, ISR B E] AR KA, R Eﬁ“*’f’]ﬂ’i%:ﬁﬁ‘i‘ﬂ{% A RH
AR B R AR 2 AR,
7. But no matter what words are used to describe the design function, in engineering, it is still the

process in which scientific principles and the tools of engineering—mathematics ---—are used

to produce a plan which, when carried out, will satisfy a human need.

214y FTR4Y , B no matter what 5|5 JRiEMA], T4 ¢ in engineering, it is-+-’ , ZEEA]
= =7 BIAFRSY, in which 5| FEE M AMEE process; JF—~ which ﬁl%’l%%
B MAMEM plan, {BZEXNEE MW H, BH B when 5|58 EDRIE M

I . Multiple choice.
1. The design problem usually has answers.
A. one B. two C. more than one D. three
2. A design can be defined as
A. to form or conceive in the mind
B. to contrive a plan
C. to plan the form of a system or structutre
D. to prepare the preliminary sketches and/or plans for a system that is to be produced
& 3. After the recognition of the need, what shall we do in the next step?
A. Do some engineering drawings.

B. Definition of the problem.




C. Collect second ~ hand data.
D. Synthesis.
4. A need is usually

A. potential B. obvious C. nebulous D. unkown
5. The constrains on the vacation design problem are as follows, except , according to the
text.

A.money B. desires C.needs D.number of people
Il . Answer each of the following questions.
1. What is the definition of design according to the text?
2. Why is a design not a hypothetical problem?
3. What is the relation between mechanical engineering design and mechanical design?
4. Please describe the design process in your own words.
5. Try to describe another process in your own life in English
IIl. Decide whether the following statements are true or false.
1. To design is to formulate a plan for the satisfaction of human need and all the needs to be
satisfied can be quite well-defined.
. Any design problem has only one answer.
. Mechanical engineering design is to design mechanic members.

. Design process begins with finding problems and ends with giving optimal answers.

W A~ W N

. No matter what words are used to describe the design in engineering, to design is to formulate a

plan for the satisfaction of human need.

Pt B

Design Hints

Without any doubt, cost is virtually the single most important factor in determining the
ultimate success of failure of a product. No one (except, perhaps,the obstinate designer) will argue
the fact that ‘the best mousetrap in the world’ is unsalable when it is too expensive. There are,
however,a few exceptions to this viewpoint (for example, times of national emergency, the moon
shots,and so on) . Nevertheless, even in these instances, the cost factor is not wholly ignored. Thus,
without intending to be facetious, a good designer is one who practices the art of ‘ penny pinching’
as part of his overall design thinking.

Penny pinching must be tempered , naturally ,in accordance with the objectives of a particular 5
application. It does establish the basis upon which a designer may satisfy functional requirements

while being cognizant of tolerances, finishes, manufacturing methods, quantity required, material

<444 < 444«
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choice , availability ,and so on,and the effect of these factors upon costs' .

In this one section, it is not possible to discuss and detail an extensive number of design hints
and their effect on function and cost. However, the following suggestions are offered for the reader’s
consideration. It is the authors’ hope that they will be of assistance in establishing the proper
‘ design attitude *. These recommendations and suggestions are not presented in order of
importance , but are classified as general and specific. The general recommendations primarily deal
with factors that overtly affect cost. The specific recommendations are mainly concerned with
improving strength and/or rigidity.

General Recommendation

1. “If you can buy it, don’t make it!’ It seems obvious that, if one could purchase standard
components which could be assembled in ¢ erector set’ fashion and satisfied design objectives, a
device or machine of minimum cost would be achieved.?The reader will certainly agree that it
would not be sensible to design his own ball bearing or chain and sprocket when they are readily
available in a wide variety of sizes and capacities. Yet many designers will design a gear, clutch,
brake ,and so on,because they claim no supplier has exactly what they need. This is an expensive
attitude ; it would be a great deal more practical for the designer to consider design changes which
would allow him to use commercially available components. A thorough investigation on the part of
the designer inio the vast number of standard components, parts ,and so on, that are available would
often eliminate the necessity of his becoming his own supplier. In those situations where a standard
component of the required size or capacity is not available and design change is not possible, a
design modification or rework of the commercial component or part should be considered before
embarking on an individual design.

2. Always consider the ease with which the final product can be assembled , disassembled , and
maintained. For example ,items such as wrench clearance, bolt location, lubricatiori points, and so
on,can be the source of endless difficulty and criticism once the product *hits the market place. ’

As a further illustration of this point, consider the embarrassment of having designed and built a
sophisticated machine,which is ready for delivery to the customer,only to find that there are no
lifting lugs or openings in the base for rigging equipment. Thus, the machine must remain just
where it is—right on the shop assembly floor.

3. One should design parts that are simple in shape. Whether a component is to be made by a
primary or se¢ondary manufacturing process, the cost can rise rapidly with design complexity.
Often, it is possible to design a much less expensive and simpler part(s) (or redesign an existing
part) by making the more complicated part into an assembly of two or more parts.

4. The designer should carefully consider the method of manufacture to be used for the most
economical production. This requires careful consideration of shop facilities, the quantity to be
produced ,and the material to be used. Of course, with limited shop facilities and small production,

s | L1€ designer may not have too much choice. On the other hand, for quantity production but limited
shop facilities, it is worthwhile for the designer to consider having the part(s) made in outside

facilities. A serious consideration affecting choice of manufacturing method is how rapidly the

‘ dddd dddd
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tooling costs can be amortized over the quantity produced.

Proper selection of a production method will usually result in less scrap and fewer rejects. It is
also wise for the designer to consider a fabricating operation in which several operations can be -
performed by one machine or setup,thereby reducing step and production time ( for example , turret
lathes , screw machines,and so on). | '

5. The observation that the cost of different materials varies is a trivial one but, from' the
viewpoint of machinability or formability , material selection becomes important. Although the lighter
alloys are more expensive than the ferrous metals, the obvious savings in machining time( that is,
labor saving) can be of such significance as to offset the higher material cost.

When one has little choice in material selection ( for example, with high temperature
problems ) , cost reductions must be sought in the area of manufacturing methods.

6. Try to design simple parts. Obviously, simple parts will require fewer manufacturing
operations which,in turn,will result in lower costs. In addition , savings will be realized as result of
simpler and fewer production tools being needed.

7. Do not overlook the manner in which a part to be processed is to be held in order that it
may be ‘ worked on’ by some machine or cutting tool. The designer should consider providing
shoulders, centers for turning, bosses, flats, holes, lugs, and so on, which may be needed for
properly holding a work piece in a jig, fixture, clamp, or machine. Magnetic chucks and holding
devices should be considered for magnetic materials that are awkwardly shaped or otherwise
difficult to hold in place.

8. Do not specify tolerances and/or surface qualities more restrictive than those minimally
required for the part to perform functionally. Indeed , the attitude of the designer should be one of

constant questioning of the need for narrow tolerances or superfine finishes.
Specific Recommendation

Correct design procedure requires constat awareness on the part of the designer of the
fabricating methods associated with making a part or component. This awareness contributes greatly
to the ease with which a part can be fabricated as well as aiding in the reduction of the fabricating
costs and avoiding factors that may contribute to a reduction of strength or stiffness.

1. Casting design is as much an art as a science and is so specialized that the average designer
cannot be expected to be an expert. In many cases, it would be wise to consult with a foundry man
or patternmaker before proceeding with a particularly complex design. However, if the designer
observes a few simple guidelines, he will usually produce a sound casting.

For greater detail, the reader is directed to the Steel Castings hand book published by the
Steel Founders’ Society of America,to the publications of the Gray Iron Founders’ Society,and to
other reference books.

2. Forging design, as in the case of castings, requires specialized knowledge ,and expert advice
should be sought before releasing the design to the die shop. However, by adhering to some
fundamental requirements, the designer can contribute much toward the production of a sound

forging. Some of the important conditions he must consider are (1) the draft angle, (2) the location
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of the parting line and forging plane, (3) the fillet and comet radii, (4) the rib heights and rib
section thicknesses,and(5) the metal grain flow.

The normal draft angle for ferrous metals is 7 deg. for outside surfaces and 10 deg. for inside
surfaces. Aluminum and magnesium can be forged with draft angles of 5 deg. or less, depending
upon the shape of the part to be forged.

If possible, a straight parting line should 'be used to that one-half of the die has all the
impressions of the part to be shaped. On the other hand, if other than a straight parting line is
required , the forging should be inclined with respect to the forging plane.

Fillets and radii should be as large as possible, whereas rib heights should be as small as
possible. However, rib widths should be generous. Recommended sizes for fillets, radii, rib heights,
and widths can be found in reference,or in the Tool Engineers’ Handbook of the American Society

of Tool Engineers.
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obstinate [ 'sbstinit] adj. {EIEH; NG B

R R foundry ['fundri] n. B985, %5
mousetrap [ 'maustrep] n. Rk forge [fordz] ot $63;8%; n BT
wholly [ 'houli] adv. 524 Hb J VBRI B
facetious [fo'sizfos] adj. BEH ol RIRETHE B
cognizant [ 'kognizont] adi. AIRZEIHY, minimally [ 'minimoli] adv. H/NHb

B superfine [ 'sju:pa'fain] aodj. £ b 54,
overtly ['ouveli] adv. A8R3h BB
sprocket ['sprokit] n. &EI5% radius [ 'reidjos] n. KB VEERH
rig [rig] o ZBHT, 3240 KE ,ﬁﬁﬂﬁ( pl. radiuses , radii )
setup ['setap] n. BB rib [rib] n ff

ferrous [ 'feros] adj. k09, 54874 %,

Notes

1. It does establish the basis upon which a designer may satisfy functional requirements while being
cognizant of tolerances, finishes, manufacturing methods, quantity required, material choice,
availability, and so on, and the effect of these factors up costs.
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