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10.1 Purpose and Methods of Balancing

10.1.1 Purpose
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The centrifugal & > /7
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However, some machines, e.g. vibrators (#Ez)48) ,
shock drillers (%857, 8tc. do work by vibration.




10.1.2 Methods
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Balancing(“F#)——The process of designing or modifying

machinery in

order to reduce unwanted

vibration to an acceptable level, and

possibly to el

iminate it entirely

(())Balancing of rotor ¥+ 4
Parts constrained to rotate about a fixed axis

(a) Rigid rotors(Nil 4 F)

(b) Flexible rotors(E#?
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(2) Balancing of mechanisms
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10.2 Balancing of Disk-like Rotors
10.2.1 Conditions for the Balancing of a Disk-like Rotor

Z >S5 EIERE S MER—RiEEA

Balance(~f-1i)
The vectorial(%< &) sum of centrifugal
(55.00ff]) forces is zero. _ —
> F =0
The mass centre of the system
coincides with the shaft centre.

Imbalance (4~ F-4):

ZE¢O

The mass centre of the system
doesn’t coincide with the shaft centre.
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The counterwetyH{EE* s added
to the system so that the velocity sum
of centrifugal forces is zero.

Fi

mr - +mr o +m3r3 w’ +mbrb v’ =0

me=m,r, +m,r, + myr, +m,r, =0 €=0 (5B e 1B e il 2k
Static Balance:

The condition for the balancing of disk-like rotor : The
vector sum of all inertia forces or the vector sum of all
mass-radius products must be zero.

BT &R BRGRAENRENNE R IF =0
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10.2.2 Calculation for the Balancing of a Disk-like Rotor
{mcrccosé’c + Zmirl. cosd, =0

m 1.s1no, + Zmirl. sind, =0

me re= (Smacoso} +(Emrsing}
—> [ Zmrsin@i]

O =

Zmrcos@i

where 4, represents the location angle of the mass i.

Note that the proper quadrant(% [R) for the angle - must be
determined by the signs of both the numerator(43<¥) and
denominator(43 £}) of the arctan function in Eq.

From the above, we can conclude that any number of masses
in a disk-like rotor can be balanced by adding a single mass or
removing a mass.ah.adyapprepriate position.
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10.2.3 Static Balancing Machines

The correction by the static balancing machine must be

made by trial and error, it will take much time to balance a rotor.

The static balancing machine shown in Fig. can indicate both
the magnitude and the location of imbalance at the same time.
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10.3 Balancing of non-disk Rigid Rotors

10.3.1 Conditions for the Balancing of a Non-disk
Rigid Rotor

d

<5 RESHRER—EHEN
S RRIBE AR — ZEAE

:  The conditions for the balancing of a non-disk rigid rotor are:
: Both the vector sum of all inertia forces and the vector sum of all
moments of inertia forces about any point must be zero.

A BTEOLORNS NG IEAEFTE
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10.3.2 Resolution(s;fi#) of Forces RS 1et

The resultant force of F', and F", must be equal to
and the resultant of the moments of F'y, and F", about any
point must be eaual to the moment of F about the same point.
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10.3.3 Calculation for the balancing of a Non-disk
Rigid Rotor L

7{
The three mass-

radius products
~ form a spatial force
“system.

1~\ 4€§yﬁfi:EEin1].,
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Static balancing is sufficient for disk-like rotors, while non-disk
rigid rotors must also be dynamically balanced.

A dynamically balanced rotor is also statically balanced, but, in

general, the converse is not true. 233141 B4 —e & FEHW, KZ,
BT R Bl R A — € R 3 PR .
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10.3.4 Dynamic Balancing Machines

The task of a dynamic balancing machine is to locate the
magnitude and the angular position of these two equivalent

masses on the two user-specified balancing planes.
Flexible pedestals

[ Universal joint
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Dyhé&aicebatancing machine
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10.4 Unbalancing Allowance (i A F =) of Rotor

We cannot expect absolutely perfect balancing, because the
resolution(73-¥#%) of any measurement instrument is limited. Some

imbalance will remain in the rotor after balancing.

The amount of residual(F| R K)) eccentricity that can be
tolerated(fCFH)) is called rolerable imbalance (VA FEH £).

Table 10-1

Recommended values of the allowable quality grade G=[ew]

G(mm/s)

Rotor types

1600

Crankshaft assembly of large two-cycle engine.

6.3

Fans, flywheels, machine tools

1

Tape recorder(f % 3% & #l) and photograph
drives, grinding machine(BX) driver

AT AR AR :
X EE&: . =
T FF AR =e-0=G
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Chapter 10

The End
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The centre of mass of some machine
elements, e.g. cams, may not coincide(E &)
with their rotating centres because of the
asymmetry(/AX}FK) of the structure.

Even for symmetrical (%} #X )) machine
elements, the centre of mass may still be

eccentric({f/C>f]) because of uneven distribution of materials,
errors in machining and also in casting(%i%&) and forging(8%i&).

Other errors may be caused by
improper boring(££¥L), by keys and
by assembly(Z£HL).
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Rigid rotors (Nil{4£# 1)
The rotating frequency of the rotor is less than (0.6~0.7)n¢;
(where: ng, is the first resonant(3t#g) frequency of the rotor.

No deformation(ZZ )
(1) Disk-like rigid rotor : (2) Non-disk rigid rotor

amddmwmmm53<02 E aﬁddmmemﬂ3>02
diameter D diameter D .

The masses of such rotors areé The masses of such rotors are
assumed practically to lie in a : assumed practically to lie in
common transverseplanert :many transverse plane. U
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Flexible rotors (&4 +)

The elastic deformation (Z£/£) makes the eccentricity (/i
L>FE) larger than the original one so that a new imbalance
factor is added.
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Balancing of mechanisms

The resultant(5 FLH7) inertia force of all moving parts is
equal to the net unbalanced force acting on the frame of a
machine, which is referred to as the shaking force(##3] /7).

A resultant unbalanced moment acting on the frame,
caused by the inertia forces and inertia moments of all
moving parts, is called the shaking moment(#z3/) /55).

Although there exist many
methods to make a linkage
mechanism fully shaking force and/or
fully shaking moment balanced, the
results are usually unreasonable(4~&

).

Optimization({i{t) methods can be
used to reach a reasonable result.
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