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Chapter 1 Machine Principles

Machine Principle is one of the required main courses for majors in automotive engineering, which
plays an important role for the students to learn the follow-on professional courses. The common
problems of all kinds of machines are studied in the course, including the composition principle of
organization, kinematic and dynamic principles, frequently-used analysis and design of the institutions,
and design of the mechanical transmission system scheme. The purpose of studying this course is to
make the students master the basic principles, knowledge and skills of the mechanical dynamics, and
have the preliminary ability to study out mechanical motion plan, analyze and design organization.

PEEREREELN - T4 ETREB NFA¥I L VREREE R LB THESRERM ARE
FEHFI A R OB A S [m) B8, R S5 O M &9 4 LR B L HLH G s 3 s % L AL R 00 58, B
BRI S REEH R HE B A REY B ARES REFE4E AR RBENES KBV ERMILRE
A F M BRI EARBEMEREE. HERAMENRES RSB aEES.

F—F Hir

Section 1 Introduction
* HlL#% machine * 44 component
* HLB machinery * ¥ member
* HLBE % mechanics HLAY mechanical
* #L#) mechanism YL BN /13 B mechanical power
* LB R  machine principle HH#AYL  internal-combustion engine
PLHE % E  mechanical device LZHE(EE®)  arrangement

KN Toyota said mechanisms in the gas pedal could become worn and make it harder to depress the
accelerator and, in the worst case, allow the pedal to get stuck in a partially depressed position.

F E AR, 304 P TE  ) B AR AL RO ML 3 B A T BB S B BB AR, AT A K T R M o 1] B0 ME B 7E SR AR
T ATRE BT BEARBR B — 2k B FRAMB A,

E3 The US carmaker announced that it would halt output from Monday at an assembly plant in Louisiana
due to a shortage of parts from Japan.

REXERFREREN - BTRAAENTHER, KU TREMEHMOER T HAE—
HEE™.

T NSNS
Section 2 Structure Analysis of Mechanisms

* ZZHE| joint / pair * JF#% open chain

W ERS abbreviation * iZZE|JTE element of kinematic pair
¥4 assemblage * B A| higher pair

A/ assemble * {EE| lower pair

H4E 1  assembly * EHEE| flat pair

¥7  analysis * BBl cylindric pair

* P&  frame BKMAEl globular pair

* Z5H3 4341 structure analysis * ¥ ZhE|  rotating pair

7R chain * BEhA| sliding pair

* (AR 4% closed chain BHER]  screw pair
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* #J3  constraint * H A multiple pin joint

* 4% formal constraint WA scheme

*» BE B f{reedom * HL#Esh @A kinematic scheme

* B HAEEH  degrees of freedom * EEWEPE kinematic determination

* FE B HEE  partial freedom

BE The test results show that the wear of the pump in a hydraulic system mainly depends on the relation
between the size of abrasive particles and the dynamic clearance dimension of the key moving parts.
HREW ERERZET RWERERZRETENSEAXREDRIFITEBZART KR,

E3 Information such as local degrees of freedom and spatial relationships among parts can be directly
derived from mating constraints in the assembly.
ESMERTHNESARMNERE BT HZEANESRIBXRMFANEHAGLE.

X Analysis and discussion were made upon the selection of most important graphic element in plotting
system of mechanisms motion diagram designed by the authors.
EEM e TR ESHELBRETRESHETREE.

EJ Based on the analysis of the kinematic diagram of mechanism concerning the eccentric piston pump,
the three-dimension model of the eccentric piston pump was established by CAXA solid design
software.

TE AT MR O A SE S AL 32 3 o] 18 A9 2 8 E 52 B CAXA SERHF QIR TR ML A =44,

=N N EZD5H
Section 3 Kinematic Analysis of Mechanisms

A velocity 43T N EE  absolute acceleration

* HEE velocity diagram fMBEE  angular acceleration

B S B AR EE  velocity of instant center B EMHEFE  Coriolis acceleration

* A velocity pole Y N#EE  normal acceleration

* #FE  velocity ratio B&.0» instantaneous center

“#5xt 3 AE absolute velocity * JEPEBEL>  instantaneous center of velocity
* AT angular velocity * IN#E FEMR.L  instantaneous center of accelera-
fA# It angular velocity ratio tion

- average velocity * 453 BEL>  absolute instantaneous center
[ B #BE  circular velocity HIXF B> relative instantaneous center

* EMHHEE constant angular velocity B0 {7 location of instantaneous center

* BEBTHEBE  instantaneous velocity * %12 image construction

L E linear velocity * HEFR velocity image

* FIXTHEAE  relative velocity * MME#EEEE IR acceleration image

Boh#F  sliding velocity * Kt ERX  vector equation

JNEEEE  acceleration * REEZNE vector polygon

* MM#EFEE  acceleration diagram * EEEZHF velocity polygon

* IN#BERE & acceleration pole * INEFELZHF acceleration polygon

BN Virtual restraint in planar mechanism brings about many problems to machining and mechanism
movement analysis.
ST P o R 2 A R AE %ﬁﬂrﬁfmlfﬂﬂlﬂax_lﬂﬁﬁ’%*—fﬁgﬁ"ﬁ

EA The definition of an instantaneous center of velocity is a point, commonly connected to two bodies in
plane motion, and the point has the same instantaneous velocity in each body.
EERORENIMAEEETEAMNZN, BANRESE — SHEXSE . EEXSHRGN
B B FEE A () DU 3 — S5 PR O FEE B
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Section 4 Dynamics Analysis of Mechanisms

ZH H1 447 dynamic analysis EE#ET)  friction power

F## 4  driving member FEEH#E dry friction

MENHIE  driven member * MFEW AL equivalent friction factor
F1#1%38 force transmission * M EEESM  equivalent {riction angle
* BE¥ES  (riction angle A EEH#E  inner friction

* BEHEM [riction circle FHEEHE A kinetic friction factor
BEE#E S  [riction couple T EEE A% static friction factor
BESE{E 3 [riction drive WE  inertia

BEE % friction factor * Wi S1{8 inertia couple

EE#E S friction force * tE S inertia [orce

BEEHIFE  (riction loss * HitE 4 inertia torque

BB The force analysis and simulation of kinematics of the geared linkage mechanism are investigated

using the general type transformation.

o ) SCRY B AL 35 3 7 58 S5 R OLA ) 047 5552 3 0 AT B 5

EA The definition of friction is the rubbing of one thing against another, in which the energy loss is

produced.
EHEREE A TS —WH0Z 3G E, R HREmg.

EX On the principle of linear superposition of forces, a model for force analysis concerned with planar

mechanism involving friction is proposed.

RS 0 A 2R 4 22 n JRFR L RS T 9 R B AR A P T LA B4 0 A A MOE AR

AP NWMEERS B
Section 5 Efficiency and Self Locking of Mechanism

* PLBLR#E mechanical effliciency * Pl I mechanical power

* HL4H mechanical system HEPFM S  detrimental resistance
71%8  moment of force ARBPFA S elfective resistance
J1% moment arm P  medium resistance
F1{B%  moment of couple I{EF A1 production resistance
* FEEHEFETNE  power loss due to [riction * R{TFE reverse drive

* B INFE  active power * B8 self locking

* FEINFE  consumed power

EN The functions of temperature index and the mechanical efficiency in the formula must be taken into

consideration.

Il R IEA X P A% B E SRR E WA,

EX The {riction of moving parts in a machine is harmful because it reduces the mechanical efficiency of

the device.

LR Z B A - R ER N RAEN . BAE SR REROIBREE.

ER What’s more, when a vibration test was performed in this condition, no loosening occurred,

indicating that a self-locking effect is present even if the nut is not {ully tightened.

FEHEME EXHERTHTR UK BGEAHANBEALR. XXRVNERGRATLHE,
HASBRMRTFE.
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Section 6 Mechanical Balance

* - balance F#iX% balancing test

J-@5¥E B accuracy of balance @ ER balancing weight

* BCE  counter balance ZF#H. dynamic balancing machine
* Zh -7 dynamic balance Pl static balance machine

* A off balance * [fi#2#  mass-distance product

* §F-@ static balance
B The requirement for static balance is simply that the sum of all forces on the moving system must be
zero.

AmaZ . BFERERZHREPHFERENZMLAAF.

B3 The crankshaft checked in dynamic equilibrium ensures the engine running smoothly.
Zitimsh FaEN iR, ERmILET R,

EA First check the dynamic balance of the wheel assembly is correct, and whether the tires wear evenly;
then check if the balance block is assembled correctly.

EAEEFRNDFERMELETER EERRERETHS:EE FHIERREETIER.

FHEEH MWW FE
Section 7 Mechanical Operation

* ¥ adjustment H¥ A elfective force
"W FE  adjustability S generalized force
fEft  energy H¥HzE A generalized equation of motion
HX¥HEM available energy WM generalized link
fEft<F{H conservation of cnergy W Fft  generalized mass
* 2573 fluctuation of energy S S1%8  generalized torque
* ZhfHE  kinetic energy W  generalized moment of inertia
PLEE s BE 7 B R kinetic energy equation of * W # 2§ governor
machinery * B FESE  centrifugal governor

Bl The generalized force and generalized inertia coefficient may also be calculated by finite difference
method, and so the actual motion of mechanisms subjected to known active forces may be analyzed.

JRA PR 22 73 2558 W1 R W HLH 69 5240 D An o % B it (6 sh R & 30, I 7T SR A% HL# 76 B S 4b
HERT R EEES.

ANV EATAAY
Section 8 Linkages

* (TRHEEEIFEE coelficient of travel speed * JE 5 dead point

variation S guide bar
* MHRTEESRM  conditions of crank existence M S HLH  crank-and-guide-bar mechanism
* E# coupler/linkage 123 FFFHLH  crank-and-oscillating guide-
HFMEZ coupler curve bar mechanism
* Mi#§ crank A sh S FF P crank-and-rotating guidebar
* MARIEFFPLH  crank-and-rocker mechanism mechanism
* i #EHE L crank-swing block mechanism W BE FHHILHE  crank-and-translation guide-
* WET4EHLHE  double-crank mechanism bar mechanism
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F—=

W SFFHLH#  double rotating guidebar mech-

anism

R¥-47 X il 4% UL #  antiparallel double crank
linkage

[ 8E s R EFF P dwell linkage

* EEEUFFPLHE four-bar linkage

SEATA L parallelogram linkage

& RE I W PLH  isosceles double crank linkage
- ECEE PO FF AL planar four-bar linkage

* SP-TEF VLA planar linkage

* 725 A FFHLH spatial linkage

* 2[4 quick-return characteristic

S EHFENLA quick-return mechanism

* B [ELEZ)  quick-return motion

# rocker

* DEHHLH  double-rocker mechanism

B
I HLH  sine mechanism
#i slider

* [ AR R AL
W5 B

rocking-block mechanism

slider-crank mechanism

slider guide

0 f 45 M HLH radial slider-crank mecha-
nism
+FEH RV crossed-slider mechanism

I H LA double-slider mechanism

WE MR PLH  eccentric slider-crank mech-
anism
ZS @47 return stroke

TYEFTH  working stroke
* 5 A
* Lt

transmission angle

transmission characteristic

EN Reciprocating compressors is using the piston, the crank, linkage mechanism or the piston, the

crank., sliding tube institutions, while rotary compressor rotor is the use of crankshaft institutions.

5 X B 40 DL A RO 2 05 2B A (EEFTOLA SRS 2 Ll B LA O X A LG R Y R A it

HipL .

EA The transmission angle is defined as the angle between the output link and the coupler, It is usually

taken as the absolute value of the acute angle of the pair of angles at the intersection of the two links

and varies continuously from some minimum to some maximum value as the linkage goes through its

range of motion.

1% 2l f J2 455 i L FF 0 T (8] B9 A, RO (55 T 4 U T 5 1 BT St B8 A BRAE T T e R A 1 A0 A

{8 . & B AL H ) 32 3h 1E e K 5 /M2 18] 22 4k

FIIH LENR
Section 9 Cams

M base circle
Z3 [a] & 5
* (Y4 EH  cam shape

* [ #: M4  barrel cam/cylindrical cam
Y % bell cam

SERONE  box cam

spatial cam

[B 4 F 4% conical cam
{4 disk cam /radial cam
BRE ™M%  spherical cam

* 3 M translating cam

* iZ#4% B distortion of motion
* WEh{F follower member
M & F follower roller

RE M4 offset  follower
* BN  pivoted follower
FIEMN B plain-faced follower

Xt B radial follower

HahM {4 rectilinear translating follower
BTN roller follower

R¥mMEI  tip follower

* BN B translating follower

* QItErpds  rigid impulse

* e soft impulse

* S5 N B — 55 o 0B Bh AL
celeration and deceleration motion
* 4% 5% 0 B OZ Bh A

tion motion

law of constant ac-

law of cosine accelera-

* L ZEEH A law of cycloidal motion

* TZEh M2 law of simple harmonic motion

* IEZINEFEZF M A law of sine acceleration
motion

* FHIEH AR

law of uniform motion
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* (WA ER  cam profile * A FHIBEEL  theoretical cam profile
AL ET 942 & sharp point at the cam pro- * F+# advanced travel
file

¥ The definition of cam is the projection on a wheel or shaft, designed to change circular motion into
up-and-down or back-and-forth motion.
AR R T B Y EWARER R s AR E TRENEIES.

B3 Improve the work reliability and accuracy of the mechanism by optimizing the design of cam
mechanism’s motion law.
3 3 R AR AL S B A A A PR R R R UL B TAE R SR TR R .

EXR Roller radius sizes of slave mechanism of cam machine affect the touch-stress of touch region and the
thickness of lube film directly.

R B A Bh A TR A AR 1 /N L B v o B 45 ik Ak % 45 Ak R o 0 R E

F+W 5
Section 10  Gear Mechanism

* W4  angle of action BT crest
* MG A A FEH  fundamental law of gear- &  crest width
tooth action $iHRE  dedendum thickness
* Wi A4 line of action AR A¥  coefficient of dedendum
& #hik  path of action E#H2WE full depth
Wi 3F1 plane of action * FRMEN B standard depth
* 5 B4 diameter of addendum EWEEH  system of {ull depth
24  radius of addendum 2% total depth
* FRE T  standard addendum TGt ] [8] BE G & 7 #23  equation of engagement
EHE#  system of normal with zero backlash
H:[H]  base circle * ff% envelope
* 3MEHF base diameter * LW cycloidal gear
* INELACE  base tangent length ‘ * ANF15% double helical gear
FMH#5E  base thickness * Wi FF&L 5%  involute gear
i circular thickness * A% modified gear
i [E B bottom clearance ERHES$#  nonstandard gear
* TP ARE  coellicient of top clearance * WBIEYT 4L spiral gear
TiBE top clearance PRUEYT ¥ standard gear
i cone angle * HiEY$  straight bevel gear
HERE  cone distance * WK virtual gear
H4HE  back cone * JEl¥E  generating method
M contact of teeth flank WG] gear-form generating cutter
KAEWiA /S final contact point * BV ALRTE  principle of gear generating
H W4 &5 initial contact point W %4 7] rack-form generating cutter
th PR M54 & limiting contact point YRAERT]  worm gear hob
AL &4k line of contact BYi¥l  hobbing machine
HUE A4 theoretical contact line * %  idle gear
R BE T/EB  active tooth contour * Wi P E$  involute function(Inv)
T e BE working tooth contour * W& 4 meshing line
* {6 copying method A meshing path
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HLAK R EE

;4 & meshing point

JFHam A & beginning meshing point

& F0iE 2 end meshing point

PR M4 & limiting meshing point

* LR 4L working length of meshing
line

T /1 /8 pressure angle at tip circle

* ¥ worm/ worm screw

WAF 5%  worm-and -wheel

* $3% worm gear/ worm wheel

* 835 H] worm gear pair
* PR R FF  archimedes worm
[l #:#8#F cylindrical worm

PL 8 #F  double-threaded worm

* ARk LK 7 £ BT

BN The mathematic relationships shown in the equation group and {lowchart suggest that even if the

standard pressure angle single-threaded worm
input torque of the involute gearing keeps constant, its output torque surely fluctuates to some
extent.
R B R P BT R BB R R B AT T ARt AR AL Y A L AR R A E AR, U
HELWLRERE—ENED.

E3 The main components that make up an automatic transmission are planetary gear sets, which are the
mechanical systems that provide the various, forward gear ratios as well as reverse.

B EER ETEARBrRITER RN REZ I ATHEIEEOIRRL.

Ft+—F EER
Section 11  Gear Trains

* ZzZh$ & differential gear train * {TE %% planetary gear

* ¥ A  epicyclic gear train * TR & planctary gearing / planetary gear
* fEA % %A compound epicyclic gear train train

* SESMA 7R ordinary gear train HBITE AR single planetary gear train

* 3 & train of gears ZRITERFE compound planetary gear train

* {7 B W W K143 harmonic gear transmission

BN The epicyclic train is composed of a sun gear and a planet gear. The latter revolves around the former
and is held in orbit by the arm.

REAREPLEMITERSEA ML, BT ERBHEE R,

N This paper gives the reasons of the inactivation of water pump’s deceleration system, and puts
forword some countermeasures to solve the problem.
ASCAAT T MR R R B IR L R W TR R ¥ .

EXN The closed planetary gear train, owing to its compactness in structure and separation in power flow,
has been widely applied in many machines, especially in flyer.
HTFHAXTERRRASHER WRSASHA EERIE. SR KTEP.BATIZ0
M A .

planet cage

F = HNiy
Section 12 Miscellaneous Mechanisms

* [B 8KHLH  dwell mechanism ShEE A HLH external ratchet drive

* EAPYLH  escapement M YL  internal ratchet drive
iYL geared linkage mechanism %  ratchet wheel

* M PLH  geneva drive * JI I EHEST  universal joint

SMESPLH  external geneva drive BB  single universal joint

A HLH  internal geneva drive T [ EEH AT double universal joint

% geneva gear ST M B A YT constant velocity universal
* WA PLH  ratcher drive joint




