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Foreword

The bilingual teaching is becoming a trend for our higher education to interface with
the world and to face various challenges of the new century. The reform in bilingual
teaching is a strategic choice for our higher education in the twenty-first century. This
book provides a solid base for bilingual teaching and meets the immediate needs of our
higher education reform for interfacing with the world.

This book was written based on the cufrent practices and needs of education reform in
teaching machine design. It targets for fostering application-oriented talents for the
twenty-first century. The development of the book is focused on center learning activities
and aims at quality education. The contents of the book cover selected topics simplified
and extracted for a wide range of readers. The book has the following characteristics:

(1) The bilingual edition represents the ocutcomes of higher education reform in
teaching materials and curriculum development for the 21st century. It emphasizes on the
training of application-oriented talents with international views and quality education in
basic engineering subjects,

(2) This book is targeted for practical applications with a particular emphasis on the
applicability, It emphasizes on basic theory closely related to practical engineering
applications. At the end of each chapter, a typical example of design is given. It also
emphasizes on comprehensive training in the development of methodologies, bilingual
capability and quality education.

(3) The book adopts the newly published national standards,

The figures quoted by the Chinese part of this book are not drawn repeatedly. Please
refer to the corresponding English part.

The authors of this book are: PAN Chengyi (Chapter 1, Chapter 2, Chapter 3,
Chapter 5, Chapter 6, Chapter 7, Chapter 11, Chapter 12, Chapter 13, Chapter 14 and
Appendix), XIANG Jingzhong (Chapter 4 and Chapter 10) and SONG Xin (Chapter 8 and
Chapter 9).

Due to various limitations, this book may contain mistakes and all critics and

corrections from all experts and readers are welcome.



L 3§

T,

FEHFRRESSHFTESERER AEFHCHRRABETFUELZRNLRBYE B
RPERSHEE 2] HELAERRRBEE. ZABHMHEENIEHEWET —-TR
&G EMEHETHSFHTSERENARX —BAUEEARRAOTE.

AHREAEFER DB REHFAENR A RE MR . B REEFRE R 21
HENBRETBRMARAL, BRBESUE" A0, LRARTNVENONESER, S
REAMEG ERE . ZEMRAUNTHEL:

(D RAF FBEHER, EAERREBFERA 21 HLHFAXTNREBER
BHENRR, LETHSERBEINRRMABASERNRL ENEFSTEREHFT.

() UERAIER  RELAK . EARUTSIRNATUHERHESE R, §EX
RO T BT PR, B IE DGR RS ESRANKESE.

(3) £HRAT BH A K E KR

245 o SCER 3 R S R E R B AT, 318 S AR SO

ABREEA BRBGEBLIE B L2EBIESAIEHEFTEHINEFL
EXVBESRUEEIRD,.AREEE4EE L0 RKGESH.H I F).

HTmEKFAR, HHEREHRMAR, CFSC TR REEMIFHIE.



Contents(BR)

Chapter 1 Introduction ------------

.1

®
[w Y
ol e e i ol | S e onl S S
~N oY Y AW N

N oY AR W N =

Subjects of This Course
Features of This Course
Nature of This Course

The Process of Machine Design

Design Criteria Of Machine Elements TN T R R P T TN T Y TN P I T I T T I

Standardization of Machine Elements «+2eeeeesee
Machine Designer’s Responsibility
g-&...........................................
ARG IIXT L woevereenrnornnsens

AIBTRHGPEFR crevevrereencen
BRI BIFRIF «oevvrreerrerrminreeininninenennns

mmg{q:m&-ﬁ—&mu ee st aseveasesetsenonsen es nnase sraset enoneneateosnantanynnsran

ML BAEBIBRIEAL - e vevoemrervrnmmmmnren e
WL A R BGTEAL - oeeeveeene

Chapter 2 Threaded Joints

2.1

2.2

2.3

2.4

2.5
2.6

Overview

2.1.1 Thread Manufacturing

2.1.2 Thread Elements ----++ereereerneessersnnnreemunreemsrnraneenes
Principal Types of Screw Joints and Screw Fasteners

2.2.1 Principal Types of Screw Joints

2.2.2 SCrew Fasteners trreteeeersseesetorioeseistiroriomimessoitessnssiseaienannans

2.2.3 Materials and Capacity Grades of Screw Fasteners
Screw Tightening and Locking

2.3.1 Screw Tightening

2.3.2 Locking of Screw Joints

Strength Calculations for Screw Joints --:--

2.4.1 Strength Calculations for Tension-Loaded Bolted Joints «r-cocereeeeees
2.4.2 Strength Calculations for Bolted Joints Loaded in Shear «::eceveeeee.
- 24
- 29

Load Analyses of Bolt Groups
Methods for Increasing the Strength of Bolted Joints

W W o o0 00 00 & Oy W NN

—
S

< 13
- 13
- 13
- 13
- 15
.- 15

16

veeer 17
- 18
- 18
- 19
. 21

21
24



V- A E AR

B2E BOUER - e
- 31
« 31
- 32
- 32
- 32
- 33
- 33

+ess 33
- 34
- 35
- 35
e 37
- 37
- 40

2.1.2 BOWEE -

2.2 BEGEENEERRIMBLRE MG
2.2.1 WOUEHEMEELRA -
2.2.2 WREUEEH -

2.2.3 BOURBEHRMEMLERER -

2.3 E&%ﬁ?ﬂ%%

2.4 E&ﬁﬁ%ﬁﬁﬁﬁ
2.4.1 ZIMEHBREEABREITR -
2.4.2 ZEUIRFBRREENBREITSE -
2.5 BRAEBEMZHSHK--
2.6 REBREERENER------

Chapter 3 Key Joints

3.1 Paralle]l Key Joints
3.2 Woodruff Key Joints
3.3 Taper Key Joints «--reeereeee

3' 4 Joints Wlth Tangent DOUble—Taper Keys e sesssscrs ereseates sresrtase ben neP R RB O N L

3.5 Strength Calculations of Parallel Key Joints

3.1 FREE-
3.2 FHEE--
3.4 VIFgREH--
3.5 FREEBETE o

Chapter 4 Belt Drives

4.1 Overview
4.2 V-belts and V-belt Pulleys «--:ec-o-eet
4.2.1 Specification for Standard Series V-belts

4.3 Forces and Stresses in Belts
4.3.1 Forces in Belts
4.3.2 Stresses in Belts --cereereceeiecann.

- 31

31

- 41
- 41
ee 42
- 43
- 44

sressencnesnennerencaranaccersanses 44

47

cer 47
esee 47
- 48
e 48
- 48

«.er 51
- 51
- 52
- 52
4.2.2 V-belt Pulleys =+ teeeeeerererstestneutsoiansaesasiaeats st seee ceenene e e
- 55
«see 55
- 56
4.4 Creep and Speed Rate in Belt Drives «+«-e«esseseereesnstnnianserseeentenienmenieenne

53

57



Contents( B F)

4.5

4.4.1
4.4.2

V-belt Drive Design «««cceteesessenestiuinieiit it e sansas

4.5.1
4.5.2
4.5.3
4.5.4

Creep of Belt Drives
Speed Rate of Belt Drives «:-secceererseenens

Failure and Design Criteria of Belt Drives rirereereeeraeeen.

Strength Calculation of V-belt Drives s+eeeceeermreerrssaianiiniiiinnn

Design Procedure and Factor Choice for V-belt Drives

Tensioning Device of V-belt Drives -+

4.1
4.2

4.3

4.4

4,5

mﬁ.

4.2.1
4,2.2

4,3.1
4,3.2

HAEBNBIRE FIAHT <o overererecrenmnens

4.4.1
4.4,2

VAAER B oo eeeeonens

4.5.1
4.5.2
4.5.3
4.5.4

HAE IR BB RGBT HER - oo veeveemmemereeeeeee e e e cee e
N L 3T E Y AR
VR S BEBBEESE - vrvrrmreremererereinen

VA ES IR EEE R e

Chapter 5 Chain Drives

5.1 Overview

5.2
5.3

5.4

5.5

5.1.1
5.1.2
5.1.3

Features of Chain Drives

Principal Types of Chains -+t +e+seereseeserertertaneieniiermnnnrieaneens

Principal Types of Power Transmission Chains

Roller Chains

Kinematic Characteristics of Chain Drives

5.3.1
5.3.2
5.3.3

Average Chain Velocity and Speed Ratio

Instantaneous Chain Velocity and Speed Ratio «-resrereerececiiiananai.

Impact Loads in Chain Drives sceesseeriseniiiiniiie

Design of Chain Drives

5.4.1
5.4.2
5.4.3

Types of Failure and Rated Power of Chain Drives ----

Principal Parameters Selection of Chain Drives «-+----

Forces Acting on the Shafts of Chain Drives «-«+--ereeeremmeneiiananaae.

Lubrication of Chain Drives

- 57
- 58
58
- 58
58

- 60

- 64
e 67

- 67
- 67
67

- 68
.e 69
69
- 70
- 70
- 70
- 71
- 71
71
71
.. 73

- 76

- 78
- 78
- 78
79
- 79
- 79
- 81
- 81
81
- 82
... 83
.. 83
- 85
85
- 85



-Vl - PR E MR T

WS SBER

5.

5
5

D.

5.

5.1.1 %1’?@34’#‘@
5.1.2 EEMEEMAE -
5.1.3 fEEhEEMEEAER -

L2 BT
.3 BteHEI -

5.3.1 HHFHEE 'iilzi@f?zsbus
5.3.3 BAEFBIBHERE - orrerereeer
4 Byt

5.4.3 s FERTHLEMS -
5 HfEBMIEE--

Chapter 6 Toothed Gearing ----

6.
6.
6.

1 Overview
2 Principal Types of Toothed Gearing ----:---«-----
3 Types of Tooth Failure and Design Criteria
6.3.1 Types of Tooth Failure «:««:-++:
6.3.2 Design Criteria of Gearing
Gear Materials -
Force Analysis for Gearing -+ +-+s+-sessseeessersreennes
6.5.1 Force Analysis for Spur Gears -+--=rrererneeeee
6.5.2 Force Analysis for Helical Gears
6.5.3 Force Analysis for Bevel Gears -----

6.5.4 Design Load «--eeeereseereenenseruieamierenieneneenaannne

.6 Strength Calculations for Spur Gearing --+ceocoeereeeeenen

"6.6.1 Contact Strength Calculations for Spur Gears «-:-+:reereerenenieneanss
6.6.2 Bending Strength Calculations for Spur Gears *-+-+ -+ 222

.7 Strength Calculations for Helical Gearing «-:-teceeveerenes

6.7.2 Bending Strength Calculations for Helical Gears

.8 Strength Calculations for Bevel Gearing s+ sesereeereieaieiniiiiiiiiiiia,

6.8.1 Contact Strength Calculations for Bevel Gears
6.8.2 Bending Strength Calculations for Bevel Gears

6.9 Accuracy of Toothed Gearing

.10 Structure of Gears

. 88
- 88
- 88

- 88
-+ 88
- 89
e 89
«eee 89
- 90
, LR R L T TR T ¢ 14}

5.4.2 BEIEESBUGEEEE --ooovoerrererreere et e e

90

90
92

- 92
... 93

eere Qh
- 95
eese Q5
T
- 96
.- 08
- 98
ceeee 99
- 99
- 100
... 101
- 102
- 104
- 104
- 107
- 110
6.7.1 Contact Strength Calculations for Helical Gears -++--ceesereeecacnentnt

110

- 111
+ 112
- 112
- 112
- 113
+ 113



Contents( B &)

B G HERAET v rereeeerereenrrere e e e e e e e e

6.1
6.2
6.3

6.9
6.10

Chapter 7
7.1

7.2

7.3

7.4

KR

WA ERHKA -

BT R BTG G HER e eoevvemmereemene e
6.3.1 BEHIRBOER -0

6.3.2 WRMAEIHMBIHEL--

wRRHR -

RSB H AT -

6.5.1 BEHFABEIE FJAMHoerveeereserresmeeseimreeur e
6.5.2 BHEBZHRHF - eevrrerreemmmnens

6.5.3 [EHEEKRZSIDHT---e0eer

6.6.1 ELbT AR U0 O SR B e

6.8.1 [HIAE S EEARAR B e vveve e eesreemrne o e nrne e et e e aee e e

6.8.2 R E dHEEHR -
WRAAREE -

TR S L ) R T LRI TR PP R TPP PRI PPPRR

Worm Gearing --+-- -+
Characteristics and Types of Worm Gearing e+«tevee e
7.1.1 Characteristics of Worm Gearing
7.1.2 Types of Worm Gearing «---r-seceeeeee
Principal Parameters and Geometrical Calculations of Cylindrical Worm

Gearing

7.2.1 The Proper Meshing Conditicn of Cylindrical Worm Gearing --

7.2.2 Principal Parameters of Cylindrical Worm Gearing ++++-++

7.2.3 Geometrical Calculations of Cylindrical Worm Gearing --:----«--

Types of Failure, Design Criteria and Materials of Ordinary Cylindrical
Worm Gearing

7.3.1 Types of Failure

7.3.2 Design Criteria «=-=ereeeeeserssereesaremmemmennoniins
7.3.3 Materials

Strength Calculations of Worm Gearing R R A LR TR R T R

veee 118

- 118
--- 118

.-~ 118

- 118
- 119
- 120
- 121
--- 121
- 121

.. cererneinees 122
6.5.4 i—l—ﬁﬁﬁ
6.6.2 HGEAIGHREMHEREIFE

- 122
123

126
- 127
- 127

ceee 127

- 128
128
-+ 128
-+ 129
129

- 133
-+ 133
- 133
- 133

-- 135

.eee 135

- 136
-+ 138

- 139
- 139

cenees 139

- 140
140



X - M iRt

7.4.1 TForce Analysis of Worm Gearing «+--essseesseerssrmsssninrmmeiinnnaneens 140
7.4.2 Strength Calculations of Worm Gearing --cscoserrereeeenreesnieneeeees 141

7.5 Efficiency, Lubrication and Calculation of Heat Balance ------s-seoeeveeeeeeee 144
7.5.1 Efficiency of Worm Gearing «:---++e+ssresesessnsermsnennnien. 144
7.5.2 Lubrication of Worm Gearing  =-+r+-+sssereesresenersmseeinmnnienae. 146
7.5.3 Heat Balance of Worm Gearing r+++++rrsssersrrrrsersmnninrnnssmninns 146

7.6 Structure of Worms and WOITD Gears +r--r+srrsseesssrrseressarersarsrasssesssnses 147
7.2 BHSRFENNEABSEIG JLAITFE oo sseeses 152
7.2.1 BA SRS BI EBEME A 2Rl oo eeevee e renmmneeremeoiisnnennennsensesseses 152
7.2.3 [BIAEBRFFAE S B S TF B e vvererrrenreneerernrmnresisiioiieessensesaenneenes 154

7.3 %;ﬁlﬁ]ﬂz!&%ﬁﬁ%dmﬁﬁeﬁk%iﬁ BT b A ees e vreeee s veeses s nessssnee 155
7.4 WRKFAEBHBUIREEFFEL «ooreereerrervrrinio i e s s ssssnssneseeseenes 155
7.4.2 SAFFAEBHBIBRIE B - vorrerrereeereenmeniianee it se et s sesenses 156

7.5 SRFFAEHHORCR A T BTG H T oo vvsevseessesssssssensess s isssseceseneerens 158

Chapter 8 Shafts ««-coeescreeremmnont ettt et et et et et see e tan s es seearneas ses e enn eeeeee 164
8.1 OVEIVIEW ++eorevrsresmncsremmuetmmnsteornonseserenssseessesrnsesscnssesensassrcseseneenses 164
8.1.1 Types of Shafts seceeererrrerrareumnettereiri e ven e e een 164

8.1.2 Shaft Materials -+-ceseeecerereereraerrarenereniireenenssaecsenreceesareenceses 166

8.2 Structural Design of Shafts «w-sessssrereesremscsrermsimeaiiiieinieeansresneseeseeees 166
8.2.1 Functional Requirements -+« =+ «tcssssesseesseervnsarsrennnnserinnsneeenesns 167

8.2.2 Technological Requirements «+c-e:ss-reesseereeresieeeunearenienneenaeess 168

8.2.3 Improving the Strength of Shafts «c+-e--eseeerreermersiaeseeriecnnnnaeens 170

8.3 Strength Calculations of Shafts «e+eresseeerressseeesiaersriemmieaenitineiernnineenns 171
8.3.1 Calculation of Shafts for Only Shear Stress s+=rreerrerresrincniiniiinn 171



Contents( B &) <« X -
8.3.2 Calculation of Shafts for Combined Bending and
Torsional Stress - 172
8.3.3 Fatigue Strength Calculation of Shafts --+-evreerreeneeeane - 173
8.1.1 H#hpy4rds---- o . . B V£
8.2 BEEHET - 179
8.2.1 fHAER---reererennnnn - 179
8.2.2 THHER - . 180
8.2.3 REHKIEE - 181
8.3 HHMMBREIH - - 181
8.3.1 RAZWYINNEHITE--- - 181
8.3.2 BRARE M S XA IR F7 d i 8- - 182
8.3.3 ®hAyEHBEHTE - . 183
Chapter 9 Rolling Bearings - 186
0.1  (OVEIVIEW ++ttenrrevrssemmmsrrtersanstoessanessneeas . 186
9.1.1 Configuration of Rolling Bearings ------+-sccoereeeeiieicicnenenianiaas 186
9.1.2 Materials for Rolling Bearings - 187
9.1.3 Advantages and Shortcomings of Rolling Bearings --- -+ 187
9.2 Types of Rolling Bearings - 187
9.3 Codes of Rolling Bearings (by Chinese Standard) ««eseeseveeee - 190
9.4 Load Distribution, Failure and Design Criteria of Rolling Bearings --------- 191
9.4.1 Load Distribution Among the Rolling Elements ---+-c-ccecoeeveeenenes 191
9.4.2 Failure Modes of the Rolling Elements - 192
9.4.3 Design Criteria of the Rolling Elements - 192
9.5 Rolling Bearings Life Calculations - 193
9.5.1 Fatigue Life of the Rolling Bearings ++«esverereens - 193
9.5.2 Basic Rating Life, Basic Dynamic Load Rating and Basic Static
Load Rating -+ - 193
9.5.3 Equivalent Dynamic Load and Equivalent Static Load - 194
9.5.4 Rolling Bearings Life Calculations -+« =+ s+ sssserussarsirensisennaenccens 195
9.5.5 Analysis of Forces Exerted on Angular-Contact Rolling
Bearings «++ e eererererninenini i s s ee e e 196
9.6 Design Arrangements, Lubrication and Sealing Devices for
Rolling Bearings «-c-c-x=e: - 200
9.6.1 Design Arrangements for Rolling Bearings - 200
9.6.2 Preloading for Rolling Bearings «:c-ececveeeee - 203



AR R

9.6.3 Rolling Bearings Lubrication and Sealing Devices

9.6.4 Mounting and Dismounting Bearings

FIOE XKhmx-

9.1

9.5

9.6

R e
9.1.1 EFMWEMFFL-
9.1.2 FEENBHARIA I oo eeeerenes

@ﬁjm%m%ﬂ [

9.4.2 WM KBTLR -

9.5.1 EBhERE ST HFar

0.5.2 HAMTH M EAMEDRASHATEBRERA oo
9.5.3 MIEBFHIREFHI B BRIRTG oo oo rerrrreenrresieennenans

9.5.4 VEANRHAEEATIHE rereren

9.5.5 FHEERMTEFNITREY F1AMHF-revvenrerrenrenrs s st s e

B SRR A B I S R

9.6.3 TRANEAAMIGIEHBEEEE R oo e

9.6.4 VEBBHTRIGEETR o vvrrrrrreerereerererianenneneaeen,

Chapter 10 Sliding Bearings Y

10.1

10.2

10.
10.
10.
10.
10.

~N > 1o W

Introduction -« er-enes

10.1.1 Types of Sliding Bearings

10.1.2 Field of Application «-+«++

Constructions of Radial Sliding Bearings ««+«secceceeevens
10.2.1 Solid Bearings

10.2.2 Split Bearings

10.2.3 Automatic Center Regulating Bearings =« texrerererrariiiiiininiinn

10. 2.4 Construction of Bushings

Bearing Materials tereesersesestssteetscretiacrastnerassiossssassesaraseerssessssasassesne
L UDTICANTS et et rrserecesraorareraraararsnrensssortnssnsestnsseesesssasensassesssatnsnasers

Calculations of Boundary-Lubricated Bearings «-«++++seeeseraceceens

Principle of Hydrodynamic Lubrication

Calculations of Hydrodynamic-Lubricated Bearings

- 204
- 205
- 207
- 207
- 207
- 207
< 207

aee savese 208
m%%%%ﬁﬁﬁﬁ\%;&%ﬁi—f;ﬁmu
9.4.1 rﬁﬁ]wl‘ﬂ%ﬁﬁﬁjﬁ
VRENIM AR R AT HE L cvevveeererrmmeeen et et e et e e e e e
- 212
. 212
- 213
. 214
- 215
9.6.1 VEFNRUFRMILA G AE T overrerermmmmrmr e ree et e

210
211
211

212
212

217

- 218
- 218
- 219

- 220
- 220
- 220
- 221
- 221
< 221
- 222

222

- 223

224
225

- 226
- 227
- 229



Contents( B )

10.7.1 Geometrical Relations --

10.7.2 Supporting Capacity and Load Factor
10. 7.3 Determine the Minimum Thickness of the Oil Film

10. 7.4 Calculation of Heat Balance

1001 BE eerverrernennnonnes

10.

10.
10,
10.
10,
10.

Chapter 11
11.
11.

11.

- e

~N Oy U

1
2

3

BT TR LERG v veemeeeereereeenenes
10.2.1 BEPRIRBH R wevveeeenesereoerovenvennes

10.2.4 BHECHIZER -oeveevmrrreoenens

VAR SN S TR R TR A T - o eeeverreronemreveneeeneemneans e
10.7.1 IL{EJ‘%/% .
10.7.2 FRERBE ST S ERATFZR B e v eerrererrrnerernsee it aee et en it e inn e

Couplings and Clutches ------
IntrodUction -r---ressecereeeacaseas
Couplings
11.2.1 Rigid Couplings
11.2.2 Flexible Couplings
Clutches ressemresenveanes

11.3.1 Mechanically Controlled Clutches -:--ssresereresiesieniinninininiinnns
11.3.2  Safety Clutches «««-eerseeesraeereresmnereteein ettt aertee s easree snens

118 BHESEAE e

11.
11.

1
2

.3

11.2.1 FUPEBERHZE ceveermrvee e e

11.2.2 PSMEREAREE oo eeeeenes
BA e

11.3. 1 ALAREEAEE A58 e e rereee i it e e e
11.3.2 4B OB e e e

- 229
- 230
«« 231
s 232
- 235

se b erenmeete seN susene nen sBNELL Cen Rt ana as sas Nas asasas ass teaassane nae 235
10.1.2 W BHRH AR DL AT e veemeeeevee e

235

235
- 236
10.2.2 FIAFINBHAR oo cveroreernees ettt ettt e st s s s e e

236

- 236
- 236
... 237
- 238
- 238
- 239
- 241

241

e 241

242
242

- 245

- 245

- 246
vee 246
- 247
ceer 250
- 250

252

- 254
BB ettt ettt e et e e e e e et e e re eetee e e st s san e e e e

254

- 254
- 254
- 255
ceees 256
- 257

- 258



« XV -

P E AR

Chapter 12
12.1

12.2

12.3
12. 4
12.5

Springé Y T E T T R L TR PP

Functions and Types of Springs

12.1.1 Functions of Springs

12.1.2 Types of Springs «ceteorereerereesens

Stresses and Deflection of Helical Compression and
Extension Springs

12.2.1 Stresses in Springs

12.2.2 Deflection of Springs

Characteristic Curves of Helical Springs «ceeereeecreceniiniciaiiiinnen ..
Spring Materials and Allowable Stresses «+-ss+s-ssseerserssessessrsressrsnsesreess

Geometric Dimensions of Helical Springs =+« -+=s-ssssererseeseriasciiinianennnnn

SE 12T BUPE -orveenvenroeenieieiee e e e e

12.1

12.2

12.3
12. 4
12.5

Chapter 13
13.1
13.2
13.3
13.4

13.5

13.6

WIBTE HMHEEIE ----oooooervememenrrereere e e e eee e et an e .
TR v evrweneeeeeerre e e e e e et e eee e e aan s
LTI BR A TR e vrevrroreeeeressresressst e e seeee sretan s

13.1
13.2
13.3

BB T AT o eeme s e et e e

12.1.1 #EWIA--

12. 1.2 BEHAKR ...

BAE FE 45 B R B R h 58
12.2.1 BEEEFRIF]evereeeee

12.2.2 BREEIASTG v veorsoreorearisisesiassesiasiaisaniastsesaeeaes seseesen see
TR A M B B B A E LR -+ ovv ovveereer semsrereei e e seteet e e e e e e e s e e
BB AL FL AR FL FJ vvvvverereerernrnrnarnereeessensnnnnssinsesesssensensnssnnsnsees
T Ak W B0 S ) JLAA] R e ovvmeormonsmnn sumranns snsnnanas

Other Kinds of Joints Sheersess et nen s seu st anasassnins
Pin Joints

Interference Fit Joints R L Ry N T R T TR Y TR TR Ry

Shaped Joints
Riveted Joints

13.4.1 Characteristics and Applications of Riveted Joints «---=rreceens

13.4.2 Rivets and Types of Riveted Joints

13. 4.3 Failure Types of Riveted Joints and Strength Calculations

Welded Joints

13.5.1 Types, Characteristics and Applications of Welded Joints

13.5.2 Styles of Welds --+-=veneeeeceenees

13.5.3 Strength Calculations of Welds «=c-creerrmemerieieianiiciiann..

Adhesive Bonding «+«+- -+

- 259
- 259
- 259
.-+ 259

- 259
- 259
- 261

261
262
264

- 266
- 266
- 266
- 266
--- 267
- 267
- 267
---- 268

268

- 269

- 271
- 27

273

- 275
e 276
- 276
- 277

278

- 280

280

- 282
- 283
- 284
- 287
veee 287

- 288

- 289



Contents( B &) XV -

13.4.3 ST HEBMBIRTE R BIREE B e ovrrererrerrerereienanicenenenee 290 -
13.5.1 E&;sﬂ BE UL R ovvvveerersermimniic i e 202

Chapter 14 RedUCEES «+--:-=wsresrerermrsosesetnaniietteetimiietiir et cneceeeasseseeses 206
14.1 Main Types and Characteristics of Reducers «esseseererereiienceneicianianen. 206
14.1.1 Cylindrical Gear Reducers «+:sesesereireemimiiniiniiiiiiii i 296

14. 1.2 Bevel Gear RedUcers t--csteteracresesraseiotesassersioierseresensenens 207
14.1.3 Worm ReducCers toeeeececerrrcttosettcieisssisinnseressrsssssnssesssosasase 297
14.1.4 Planetary Gear Reducers «++--«+seeeesseereeeenneeneentuneannieeaerannenns 298

14.2 Distribution of Speed Ratio  +++++sereeerrrntmtiiiiiiii i 200
14. 3 Structure of Gear Reducer --:e+ereeretesrearmieietientiaitieiearsveessensnsioseenes 302
14.4 Lubrication of Gear Reducer se-eresressereeateescotaisrssencnsictssasvaneescanecnes 303
14.1 mggmigﬂﬁ&ﬁﬁ 305
" 14. L1 PR ES oooeve e e e 305
14.1.2 B ITRIRBESE - croerrrrennnrrerenrereneiienirne ses s ese ceeseeee seennnnee 305

Appendix A(mi A) B L LT T - 14

References(#%Iﬂ) e I L



Chapter 1 Introduction

1.1 Subjects of This Course

Machines consist of parts, Machine parts are components of machines that are manu-
factured without resorting to assembly operations, such as gears, band pulleys, bolts,
nuts, shafts, keys and springs. There may be dozens of parts in a complex machine and
even hundreds of thousands. For example, automobiles have over 15 000 parts.

Some parts are united insofar as they usually serve a single purpose. These parts op-
erate together and structurally make up a unit, and are called units or assemblies. Typical
examples of such units are couplings, clutches and bearings in their own housings.

Most types of parts are common to all machinery, and called common elements. Few
parts considered as specifically designed for the machines of various purposes in which they
are found, are called specific parts.

The subjects of the course “Design of Machine Elements” are the basic or more com-
mon elements. This book deals with the design and necessary calculations of components

of machinery for general engineering application, as well as with certain general problems

of machine design.

1.2 Features of This Course

The main features of this course are the following:

(1) Cross nature This course is a cross disciplinary subject that integrates engineer-
ing drawing, mathematics, engineering-mechanics science, materials science, machine the-
ory, fits and tolerances, manufacturing technology, etc.

(2) Engineering nature It is an engineering subject which has a close connection with
mechanical engineering, and requires continuous integration with engineering regulations
and methodologies. Through the learning of the knowledge of this course, one is trained
with serious working attitude, meticulous working style and their persistence in complying
with related national standards.

(3> Practice nature It is a widely used practical subject integrating both theory and
engineering practices. The study enables students to develop their spirit of exploration and
innovation, and abilities in design with creativity.

(4) Design nature Machine design is an iterative process. Because of the many af-

fecting factors and the complex calculations, the design cannot be solved directly. Thus it



