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Chapter 11

Motion of Mechanical Systems and
Its Regulation(A7)
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11.1 Introductiw‘ﬁ%i@@ﬁ}ﬁétﬂfﬂﬂﬁﬂ

The actual motion of the input link depends on the
mass distribution(4317) of the mechanism and the
external forces acting on the mechanism.

Operating process of a machine:

Starting phase(¥Ek)

. =
Steady working phase

Stopping phase

JEE'E{ (1) periodic speed fluctuation J& HAME & ¥ 3]
) (2) aperiodic speed fluctuation JEJ& 135 & 3l
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11.2 Motion Equation of a Mechanical System

11.2.1 General Expression of the Equation of Motion

The mechanisms with one degree of freedom:
One independent parameter is enough.

BNVLES 2B ] i e FE M HIE B 1] R

dE —— the kinetic energy of the system

dt — the time interval([7]F&)

dw—— the elementary(Jt) work done by all
the external forces

ZHRIIBEZAIHIK R, WAUSIH: JF = dw = Ndt

N ——the sum of the instantaneous(#i})
power(Zh%) of all the external forces.
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For a planar mechanism consisting moving links,
kinetic energy(z/ifE) £ of the system :

L | 1
E =ZEZ. =Z(Emivé +5Jcia)l.2)
i=1 i=1

The sum of insta gus powers N : +: Mi5 o il
—: Mi50ixH

k
N = ZFJ.VJ. cosq, +
j=l1 :

dE = Ndt

2 ( 1 1 k n
Z(Emivé "'EJcia)izj ZFJ'VJ COSO!J- -I-ZMia)i dt
J=1 i=1

| =1

The general equation of motion of a planar mechanism
with the DOF =1 in differential(744-#]) form.
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11.2.2 Dynamically Equivalent Model(%#3h 1% 2) of a
Mechanical System

Suppose: Link 1 rotates about a fixed pivot and its
angle of rotation ¢,

B 1SR4 (Equivalent Link) ,
BN RGITNRER R T 5 Ak

d(% Jea)fj =M w,dt

BANRZLInNEINEYE, RASRITIEER R A5 K
Zk:FJv] cCoS +2Mw}dt

J.: the gquuvalen’r momenT of . M, : the equivalent moment

nertia( ,VM e ) ] . >_of%o cv;(\f“ %UJ?%?
j(zfl VC = B] e cog + Ej‘
kaoyanca E

s\ nei:7 J=l
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Similarly, a tfranslating(*F"3/J#]) member as an equivalent link

| I
T d(_me"lj:Fewdt

\B

2

-
k n
= v, Y Mo,
{ZFJVJ cosa; £ ) M,
i j=1 i=1

TR
the equivalent mass:

&S0l | :
the equivalent force: —‘]j cosa; + ZM{
' i=1
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Example 11-1
Given: Z1, Z2, J1, J2, ms, m4, [= 024, M1,
Find: Take the gear 2 as the equ1va1e/nia== 1d

; 02 "2
Calculate Je and Me. \.H_,’X 7% 3

Solution: -
(1) Kinematic analysis of the mechanism as
@, «— The angular velocity of link N i

0, ===, v, =lo, v, =lw, sing,

Zl dg V3 p

(2) Calculation of Je (F|FHEhEEHMF R NISKiHH)

2 2 2 2
\%
J, :[—] J1+J2+(i) +(ﬁ) m, :(%j J, +J,+m, +1’m, sin’ @,
0)2

(@pdﬂ?@%o§ j}ﬂﬁ%ﬂ%ﬁ%%ﬁM%ﬁﬁ)

Zjlz)M o, cosl 80 %Ml—ﬂ-l-sin¢2




ORISR ) WRHE, ERER S UTATIE.

VENE IR R 2%, KERT (GE) A
SARER1 GB) FBEIHAERRREE L.

5 = R S RS, 7 AR

AR ER GE) .

EE: FX GB) REEA (B , ¥
REF MG EANET B .
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11.3 Solution of the MOW
_Meechanical System

11.4 Periodic Speed Fluctuation and its
Regulation

11.4.1 Condition for a Periodic Steady working State
MBI E BT KA

|| Mde=["" M.dp

¢r ——the period of the system, & & 1
M, ——the driving moment, Izl /758
M, ——the resistant moment, B /7%
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11.4.2 Coefficient of Speed Fluctuation

Q —Q

g=—m —mn  ____Coefficients of Speed Fluctuation
©n PLAS B EEAL S RE
w, = ;w‘“ ----average anqgular speed P HIEE

FEMBHGIAE |

Table 11-
Allowable Coefficients of Speed Fluctua
(5]
Machines [8] Machines [8]
Rock crusher 1/5~1/20 Pump (3£), blower (X#l) 1/30~1/50
Punching machine 1/7~1/10 Paper machine 1/40~1/50
Rolling mill (%L 1/10~1/25 | Spinning(%9j%}) machine | 1/60~1/100
L)

Automobile 1/20~1/60 DC generator 1/100~1/200
Machine tools \w&éégﬁﬁéégnet AC generaa;s (AZIK B 1/200~1/300




ﬁﬁﬂ%@%ﬁﬁﬁﬂ@%ﬁiﬁ%%iJ : \
_ W S R
DURBAZIRE: v, =W+ Tiel | RAERERS

IFhes. 1, e i SHEAESEE
m%%%% J ﬂjﬁb 5 a)min :Wmin +5J0w0 L }E‘m{/ﬁﬂg%d\yj

~

The maximum
increment of work
s KEE, ZRE
T )

mﬁﬁ¢m%%@%$ﬂﬁ%ﬁ.@MM%%%@ﬁ§
Add a flywheel K38
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11.4.3 Calculate of moment of inertia of a Flywheel
AW

c:>ﬂ %A R
AR, AR
T RERBEB

D EAAHERBMIL6], S, et TS
2) Jr o 2R, AT I o B L.
3) Awmaxﬁj(’ —E%B{’Jﬁl@ﬁ
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Example 11-4
Mr is given as shown in Fig.11-4, @1 = 2mn . Md is

stant.
nm =1000 I‘/min. JC — Q@Nm

Bindode of the flywheel .
(1) Find Md 98. T5Nm

M, =" Mdp O TEEEEEE
0 7 T 1.375m
= 0.257x60+0.757x10£0.57 x (10 + 60)
¢oc=1.375m
(2) Find the position where ®max and ®nin appear
HAR1ARFR TN, BIFEAFERITIR T3 /IR, BRI ERSE RERIME;
AR A TN, BIREI A PFERIZHR TR, CRREEREE RFRAE.
W, =(28.75-60) x% — 7.81257 = —24.54(Nm)

AW, =W, = %x[(1.3757r —%) +(r —%)]x (28.75-10) =17.5787 = 55.22(Nm)

W, =—(55.22 - 24.54) = —30.68(Nm)
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60Nm

28. 75Nm

T 1.375m

(3) Find the maximum increment of work (B AXESIh)
AW =E —E =W, =5522Nm

(4) Calculate Jr of the flywheel.

Jo> AW 55.22 0. 1(kem?)

2 2
w>]5] W(;ooo ><27zj 0,05

60
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11.5 Introduction to Aperiodic(3E

;‘ézEl‘J)

Speed Fluctuation and its Regulation

The resistance to a machine may change irregularly(4#
FHL) or randomly (FEHLIE). This results in the so-called
aperiodic speed fluctuation. (3 & A 138 & % 20D

speed regulator (Vi #5) centrifugal governor(E.Crii77)

-
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28.75-10 60-10

X 27— T

18 0375%

@.=n+0.3757=1.375x
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