BEER LSE" AR

Pl TR % 5 ih

English in
Mechatronic
Engineering

WAz L% g ey

HARB ISTITUTE OF TECHNOLOGY PRES:!



BEERKF=R"MRHH

PLE TS L RE

English in Mechatronic Engineering

VSR B PX-A ]t



nERE

AR EA R SGERE N N EE BR . 2B HS, TEHN
BRVBF AR, LKA L, S f A 7=, i v TR A shib, B
MERARRRRRE BF. A BRAERNKAERMAIRERTE, A5
YEo R A AL TR LRl & A shfe WL TR X A s e &l
FHENBM, WA HNE BTV TEERARYT SEZH.

BB S B (CIP) 8

Pl TR S8/ M7 4. —10 AR —Ia7R
B MR EE Tl K2 th ittt ,2017.7

ISBN 978-7-5603-6714-9

1.0 0.0 0. ObHEITR-EE-HS
#B-#p N.OTH

o B A B CIP B (2017) 55 147351 5

RiERE KEE
HE®RIT TR
HRREST  PRARER Tl K2 i ittt

A Hb PR/REETTRE R X Z A PDER 10 5 @4 150006

% EH 0451 - 86414749

g #F  http://hitpress. hit. edu. cn

Bl Bl RRREE T RFEIR

7 A 880mmx1230mm 1/32 EN3K 11.25 F#( 360 T
R 201747 A 10 L 2017 47 A5 1 KEDRI

i 5 ISBN 978-7-5603-6714-9

E 4 30.00 Jo

(A Ep e Jo A [l LR i ) 5% , AL 97 ST )



T

FEEAN-TIEZNERZRES , HIEHACHREEZE, K
TEPR E e T RA LML B E PR RSN [, 2 ) NS4 E S
FEHEBIAR M BRRK , %l B T8 1 1 FH BE 1 © BUR # 5 Be L2 AR
PR TAER ML R B RTZ —.

GEA B EEB R BPLE TR IS E X A 3h
A6 BUBE AR S B BhALSF % Ml i 27 A (7132 8 & Ml 88 B S B 10
AES o AHPIRRT 1996 4F 5 A , X UCRTE 2010 455 8 hit i) B il
b T 2B .

RGN NTS o B T, 5
AHUBRFIANCL , 35 =040 o o B A AR 7= 3R, 55 IO 0 kil i AR A
A3, BRI A HER AR RILR R, BN REE .

PRICHA HLBEHA, SCARRLNE , EREE . O THE R R L 3575
BEAREOR B WA BEX A S IR AT T B 5,
A ¥ FERENR , 75K B Bl H TR AR )3 B A 1) SR Fn &
JEaY, DR AT 4R B B SR BBk , RBMEE % T e RhATH .

A HiEF %, SNwE TERAES . HE . 519 2k,
HEBEZR BB K U , i ST £ . MEHHARZAL,
B REAMIFEIE,

w &
2014 £ 10 A



CONTENTS

1
| 1 - MACHINE COMPONENTS AND DESIGN

1. Couplings, Clutches ,and Springs -«-s-reecereereenenenncnnnns (1)
2. Belts, Chains ,and Brakes :+-::ceresrsssseeriesrmiiiansiennee (5)
3. Rolling Bearings  «+:ssesseeessessenarnnnnninniiniecieneiieainns (11)
4. Shafts and Splines  «resrreesrmeereesenmmeniiniisiararieas (16)
TR o e g R DL R S e PR (20)
7 D S R AR LS it et (25)
B T ataets .. roszrsnernr smpanmaraartall wrifiant)  huta’ (30)
8. Engineering Graphics  ssssesssssassnesssiineeneiinniniinienn (35)
R e e R T T oy (40)
10. Engineering Design  +s+++sessessssssnsnesssssinssnnsessssinns (47)
11. Engineering Design and Safety Factors «--«-:esoeeeeeeeenees (52)
12. Computer ‘Applications in Design and Graphics =~ «-e-v:--- (58)
13. Responsibility , Liability ,and Litigation «=---««sseseeeecerens (63)

| 2 MACHINE TOOLS AND MACHINING

14. Engine Lathes  osssseressressnsnasseteninnmmnmnnsinninrnnnn (68)
15. Milling Operations ==--«+=«sssssssessmsunmsuntsmmmminashonmnnons (73)
16. Drilling Operations ==++++++ssssssuassresninnaseesrunsisnsunmne (79)
17. Grinding Machines »+++««-ssxtsmrarmisismmetimmimniinan (85)
18. Machining - »++=++++sesersnnsansnestiuianie it o (91)

1% Nuimerical ‘Control -+~ - t90Borls & 40 kxes) - sikh msonemwaiat (94)



English in Mechatronic Engineering ii

St Bhiohins Toid Miain +++5v5inisirmbaniisraiiamnts dovtsciny (100)
21 Riniietioal CoRbnl | <o iss 10y itnss oMigsrsnnmlin s ssiisinoes (105)
22. Choice of Manual or CNC Machine Tools «:veseerceeeees (110)
23. Hard-Part Machining with Ceramic Inserts ««++-e-eceevee (114)
24. Nontraditional Manufacturing Process «++eseceesecercacenes (119)
25. Design Considerations for NC Machine Tools <-+--e-x-- (124)
26. Laser-Assisted Machining and Cryogenic Machining Technique
..................................................................... (129)
@ QUALITY AND PRODUCTIVITY
27. Quality in Manufacturing «««««««-+==sssssrsmsiunmaninenneeen. (133)
28. Quality in the Modern Business Environment «=««-««-=-+- (137)
29. Design and Manufacturing Tolerances «-«=-«r+seeeseeeecas (142)
30. Product Reliability Requirements — «+:-esseeserenenenannas (146)
31. Product Reliability ~+++veeeeessveeemsniiiminiiinininiin, (150)
32. Total Quality Management ................................. (154)
33. Employees Take Charge of Their Jobs «+=scxcsereseeiraes (158)
34. Accelerating Development with Acquired Technology ~++++++-:-
..................................................................... (165)
@ MANUFACTURING AND AUTOMATION
35. Careers in Manufacturing «+««««-=++-ssseeeessssunneoseennnn. (169)
36. Nimerical-Conttal Rofivird 1 Vids < 1OUT AV AN, (173)
37. Computers in Manufacturing  ««+«=+=+seseeeeessnnnneenins (177)
38. Automated Assembly Equipment Selection «=+sessecesesss (181)
39. Motion Control Advances Assembly -« «seececeecareiencanas (186)
40. Versatility of Modular Fixturing «««--s-seereesrsacacneceie. (191)
41. Product Design for Manufacture and Assembly —---+----- (195)
42. Makmg a Cost Estimate ++eseseecosesccscscccssconcssmesions (201)
43, Determining the Cost of a Product ««--ereroeeeceececencan. (204)



CONTENTS i

| 5 MODERN MANUFACTURING ENGINEERING

AND DEVELOPMENT

A4 IR it S v i v BN e b i i
e, o, o SO s RS SUBTE RN St A A i
46. Types of Robots ~ +++sesesses i b s LB oo ngsase
47. Coordinate Measuring Machines «-+-+-eeseereereenenannnnne
48. Computer Aided Process Planning eecescercerrecciieeeees
49. Computer Numerical Control  ««+«-seeeeeessersienininnnne.
50. Al Promises Start to Pay Off «eeeeeeeeerermmaiiniiiiniiins
51. Online Design «-+-++-sssssssrmmmmmrmminreerieieieinniiinnanns
52. Flexible Manufacturing Systems «=++++-eeesssesesseseesinn
53. Computer-Integrated Manufacturing «««=-=«sseeeeereesenenee
54. Mechanical Engineering in the Information Age «+«««:-
Lo e e e v S Rt e e e e

@ EDUCATION

56. Manufacturing Engineering Education ««-+-«ssseeeeeceeeee
57. Manufacturing Research Centers at U. S. Universities «++«+-
58. A New Engineering Course ««-+-sseeseveessuuesesnnen
59. Online Web-Based Learning «+-+++s+eeesueessuueeiiuiniu
60. Laboratory Handbook for Technical Reporting [ | |
Introduction  sssesessesssssssrsescasunsssssssssassnssssnnsass
61. Laboratory Handbook for Technical Reporting [ 1I ]
Effective Report Writing  +-ssseesereessieeeinsiniuiinn
62. Laboratory Handbook for Technical Reporting [ II |
Technical Repon Elements  ccccevecrcccnsensasantcencans

Glossary ............................................................
i;#%xﬁ ......................................................



MACHINE COMPONENTS
AND DESIGN

1. Couplings, Clutches,and Springs

A coupling is a device for connecting the ends of adjacent shafts.
In machine construction, couplings are used to effect a semipermanent
connection between adjacent rotating shafts. The connection is
permanent in the sense that it is not meant to be broken during the
useful life of the machine, but it can be broken and restored in an
emergency or when worn parts are replaced.

There are several types of shaft couplings, their characteristics
depend on the purpose for which they are used. If an exceptionally
long shaft is required for a line shaft in a manufacturing plant or a
propeller shaft on a ship, it is made in sections that are coupled

together with rigid couplings(see Fig. 1.1).

Figure 1.1 A rigid coupling
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In connecting shafts belonging to separate devices (such as an
electric motor and a gearbox ) , precise aligning of the shafts is difficult
and a flexible coupling is used(see Fig. 1.2 ). This coupling connects
the shafts in such a way as to minimize the harmful effects of shaft
misalignment. Flexible couplings also permit the shafts to deflect under
their separate systems of loads and to move freely (float) in the axial
direction without interfering with one another. Flexible couplings can
also serve to reduce the intensity of shock loads and vibrations

transmitted from one shaft to another.

Figure 1.2 A flexible coupling
A clutch (see Fig. 1. 3) is a device for quickly and easily

connecting or disconnecting a rotatable shaft and a rotating coaxial
shaft. Clutches are usually placed between the input shaft to a machine
and the output shaft from the driving motor,and provide a convenient
means for starting and stopping the machine and permitting the driver

motor or engine to be started in an unloaded state.

Figure 1.3 A clutch

The rotor ( rotating member) in an electric motor has rotational
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inertia,and a torque is required to bring it up to speed when the motor
is started. If the motor shaft is rigidly connected to a load with a large
rotational inertia, and the motor is started suddenly by closing a
switch , the motor may not have sufficient torque capacity to bring the
motor shaft up to speed before the windings in the motor are burned
out by the excessive current demands. A clutch between the motor and
the load shafts will restrict the starting torque on the motor to that
required to accelerate the rotor and parts of the clutch only.

On some machine tools it is convenient to let the driving motor
run continuously and to start and stop the machine by operating a
clutch. Other machine tools receive their power from belts driven by
pulleys on intermediate shafts that are themselves driven by belts from
long lineshafts that serve a group of machines.

A spring is a load-sensitive, energy-storing device, the chief
characteristics of which are an ability to tolerate large deflections
without failure and to recover its initial size and shape when loads are
removed. The three major classifications of springs are compression,
extension, and torsion ( see Fig. 1. 4 ). Although most springs are
mechanical and derive their effectiveness from the flexibility inherent
in metallic elements, hydraulic springs and air springs are also

obtainable.

(a) Helical compression spring (b) Helical extension spring (c) Helical torsion spring
Figure 1.4 Three types of springs

Springs are used for a variety of purposes,such as supplying the
motive power in clocks and watches, cushioning transport vehicles,

measuring weights, restraining machine elements, mitigating the
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transmission of periodic disturbing forces from unbalanced rotating
machines to the supporting structure, and providing shock protection

for delicate instruments during shipment.
Words and Expressions

coupling [ 'kaplig ] n. 4, Bh4s, EH58

clutch [klatf] n. B4 ;v FEAHRES

shaft [ fa:ft] n. B, %

semipermanent [ ;semi’'po:manant | a. ik ALY, B
in the sense that. .. 7E---ZF Y |

shaft coupling Bt4hzs

exceptionally [ ik’sepfonli] ad. #sh, %553

line shaft zfi 774, 314 3h%h

propeller [ pra‘pelo | n. g Hit 25

couple [ 'kapl] v. {fl67E—i B8, 1148

rigid coupling WI¥4:BEhAE , W ¥ 1BcHE

aligning [ 2'laignin ] n. #RIE, L4

flexible coupling 3 ( Het: ) Beihag

misalignment [ ‘misalainmont | n. %, gk A E A, AR
deflect [ di'flekt] ». fi# 2, FiE

axial [ 'seksiol | a. #fifg, %5 a9

interfere [ inta'fia ] . T, TR, 5] HE ik, p2€ (with)
shock [ fok] n. wpi;, fiidE y

shock load it 477 , JE AR

vibration [ vai'breifon] n. #gzh

coaxial [ kou'sksiol | a. [k, 2ehHy

means [ 'mi:nz] n. FB, k. Ek AAE

driver motor FIK i F#L

rotor [ 'routa: | n. ¥, HHK, HEhik
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rotational inertia #5316 &

torque [to:k] n. ¥ H%E 0. 5
winding [ 'waindin | n. 2841,

burn out B&if, Beds

machine tool K

current HLJi

pulley [ ‘puli] n. ¥, s

intermediate shaft o [a]#

deflection [ di'flek fon ]| n. %, ik, 25, B pr
derive [ di'raiv] ». M\---183),3K75, 3]/
inherent in J---FF A , FEAH

metallic [ mi'telic] a. £EK

hydraulic [ hai'dra:lik | a. WEM

motive power 17, Jfizh 1

cushion [ 'kufon] n. ZEshg§;v. ZErh, Wik
restrain [ ris’trein | ». M, 25, BRI
mitigate [ 'mitigeit | . {SZEH0, W4, By ik
disturbing force +4f /1

delicate [ 'delikit] a. ¥5&a, EI500, R

2. Belts, Chains,,and Brakes

Belts are used to transmit power from one shaft to another
smoothly , quietly , and inexpensively. Belts are frequently necessary to
reduce the higher rotative speeds of electric motors to the lower values
required by mechanical equipment. Chains provide a convenient and
effective means for transferring power between parallel shafis. The
function of the brake is to turn mechanical energy into heat.

There are four main belt types:flat,round , V ,and synchronous. A
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widely used type of belt, particularly in industrial drives and vehicular
applications ,is the V-belt drive. The V shape causes the belt to wedge
tichtly into the groove of the sheave,increasing friction and allowing
high torques to be transmitted before slipping occurs. Since the cost of
V-belts is relatively low,the power output of a V-belt system may be
increased by operating several belts side by side (see Fig. 2. 1).
Another type of V-belt drive is the poly V-belt drive ( see Fig.2.2).
V-belt dive helps protect the machinery from overload, and it damps

and isolates vibration.

Figure 2.1 V-belts and multiple V-belt drive

Figure 2.2 Poly V-belt drive

Other belts, such as flat belts, are used for long center distances
and high speed applications. A flat belt drive has an efficiency of
around 98% , which is nearly the same as for a gear drive. A V-belt
drive can transmit more power than a flat belt drive. However, the
efficiency of a V-belt drive varies between 70 and 96% .

Synchronous belts ( also known as timing belts ) have evenly
spaced teeth on the inside circumference (see Fig.2.3). Synchronous

belts do not slip and hence transmits power at a constant angular
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velocity ratio.

Figure 2.3 ‘Synchronous belt drive

However, if very large ratios of speed reduction are required in
the drive, gear reducers are desirable because they can typically
accomplish large reductions in a rather small package. The output shaft
of the gear-type speed reducer is generally at low speed and high
torque. If both speed and torque are satisfactory for the application, it
could be directly coupled to"the driven machine.

Chain drives combine some of the more advantageous features of
belt and gear drives. Chain drives provide almost any speed ratio.
Their chief advantage over gear drives is that chain drives can be used
with arbitrary center distances. Compared with belt drives,chain drives
offer the advantage of positive (no slip) drive and therefore greater
power capacity. An additional advantage is that not only two but also
many shafts can be driven by a single chain at different speeds, yet all
have synchronized motions. Primary applications are in conveyor
systems , farm machinery ,textile machinery,and motorcycles.

In chain drive applications, toothed wheels called sprockets mate
with a chain to transmit power from one shaft to another ( see
Fig.2.4). The most common type of chain is the roller chain ( see
Fig.2.5) ,in which the roller on each bushing provides exceptionally
low friction between the chain and the sprockets. Of its diverse
applications, the most familiar one is the roller chain drive on a
bicycle. A roller chain is generally made of hardened steel. Sprockets

are generally made of steel or cast iron, but some applications use
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aluminum alloy or plastic. Nevertheless, stainless steel and bronze

chains are obtainable where corrosion resistance is needed.

Figure 2.5 Portion of a roller chain

A brake is similar to a clutch except that one of the shafts is
replaced by a fixed member. A brake is a mechanical device which
inhibits motion (see Fig. 2. 6). The basic function, of a brake is. to
absorb energy (i. e.,to convert kinetic and potential energy into
friction heat) and to dissipate the resulting heat without developing
destructively - high temperatures. Clutches also absorb energy and
dissipate heat,but usually at a lower rate. Where brakes are used more
or less continuously for extended periods of time, provision must be
made for rapid transfer of heat to the surrounding atmosphere. For
intermittent operation, the thermal capacity of the parts may permit
much of the heat to be stored ,and then dissipated over a longer period
of time. Brake and clutch parts must be designed to avoid
objectionable thermal stresses and thermal distortion.

The rate at which heat is generated on a unit area of friction
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(a) Band brake (b) Disk brake

Figure 2.6 Brakes

interface is equal to the product of the normal pressure,coefficient of
friction, and rubbing velocity. Manufacturers of brakes and of brake
lining materials have conducted tests and accumulated experience
enabling them to arrive at empirical values of pV ( normal pressure
times rubbing velocity) and of power per unit area of friction surface
that are appropriate for specific types of brake design, brake lining

material , and service conditions.
Words and Expressions

belt drive # &2 ( i P AT 56 41 A% 33 32 3h F 3l 1 PR A% 3h, 40 BE
AL ShFING & 15 3))

chain drive &% 8h (F| FEE 5 8 50 56 1 1 k6 ok 1% 33 35 ) Fiz sh B BL b

f&h)
rotative | ‘routativ | a. [EFEf, HEBh K
brake [ breik | n. #i3ha§ (A 5SS FBOARE A5 1 KA 1R 2 )
AR E )

vehicular [ vi'hikjulo] a. ¥, ZH T AW

flat belt Py (BEEE R T SGE R RETE f & 3hr , K AR o 58 - 1)

round belt [#HF (BE#L I FIE S0 8 B TE /9 1% 3h7H )

V-belt v #F (BE#RTE A SRS Y 8L (00 S5 R T 0 £ 3t , B T T > 79

)
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synchronous [ 'sipkranas | a. [EEH#, [724
synchronous belt [a]25 4 (8 # i Jo 86 T2 5iGE L R 6 E , 8 & s & 79 4
K EA FER 5 AL i)

wedge| wedz | n. #2;v. BA

sheave [ [i:v]|n. V##5 G345, B grooved pulley

multiple V-belt £4 V ##, £ V #F

poly V-belt Z iy (LA AEEM, 1R w4 SR B A F I AL b )

damp [ deemp | v. BLJE , 6500, 90 11

timing belt [FE¥E4H

conveyor [ kan'veia] n. #iEHL( LA BEINREOPLK)

roller chain &k (AMEMH P EA EEERT, BR T REAEW AN HE
SRR MAEER)

positive (no slip) drive 3&%|( ¥ 3h) f53h

sprocket [ "sprokit] n. #%

bushing [ 'bufin] n. &%

hardened steel JH4N , Bk 40

dissipate [ 'disipeit] v. i

thermal distorsion #AFTE

band brake 2% 3 2% (F il 37 A P9 000 45 Ay e 498 81 3 fok v 9 1 3 2% )

disk brake #=X il 312§ ( FH 150 28 A4 i VT 14E kP 488 81 3 ok 1 ) 1 3 28 )

brake lining fl3h#t K, BEEE A, il had

brake pad EE#4THR, Hilshit b

brake disk {3 ( A% i 4 BE 8 1 18 09 B S8 53 3hk 1)

product A

normal pressure IFJE Jj

rubbing velocity JiE#53 i

service condition i Fj &4, TAES&M:, RS



