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Abstract:

The dynamics model of the transmission system of the internal grinder is established on the bases of Riccati transfer

matrix. The dynamic characteristics of the internal grinder are obtained by analyzing the relationship between dynamic modal flexibility

and modal flexibility, which is used to find out the dangerous model of the transmission system and its weak areas. Then design

parameters of weak areas are modified, the new one from the old structure is put forward, and the dynamic characteristics of new

structure are forecast through the calculations of the modal flexibility and elasticity distribution rate. This method is applied

successfully in designing the transmission system of the internal grinder.
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When internal grinder works, the transmission
system of the grinder endures a dynamic torque and
creates dynamic response of rotation. If the perfor-
mance of anti-torsional oscillation is low for the
transmission system of internal grinder, the internal
grinder can not work steadily, which results in low
machining accuracy of work-piece machined and great
noise. Therefore, dynamic performance of transmission
system of an internal grinder will directly affect
dynamic performance of an internal grinder. Since
transmission system of an internal grinder is conven-
tionally designed according to practical experience,
analogy and static method, its anti-vibrancy can not be
enhanced and machining accuracy of work-piece
machined is often not obtained. For the purpose of
acquiring higher machining accuracy of work-piece
machined, it is useful that dynamic optimum design
method is used to improve dynamic performance of an
internal grinder and machining quality of work-piece
machined in the design of transmission system of an
internal grinder. Since the main reason for the
vibration of transmission system of an internal grinder

is torsional oscillation" ,

the paper deals with
characteristics of torsional oscillation of transmission
system of an internal grinder, so that the existing
design shortages of transmission system of original
internal grinder are found out, improved and dynamic
characteristics of transmission system of an internal

grinder are increased.
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1 Dynamic Optimum Design Principle for
Transmission System of an Internal Grinder

On torsional oscillation of transmission system of
an internal grinder, its dynamic characteristics, such
as the natural frequency and natural mode can be
obtained by Riccati transfer matrix method. For the
problem of torsional oscillation of transmission system
of internal grinder, it is solved by certain mathematical
methods > . The obtained characteristics can be set up
as an objective function, by some optimization
methods, to get an ideal value. This paper takes the
mode flexibility and elasticity distribution rate as cost
function to make optimization for present system’s

dynamic characteristics and its design modification.

1.1 Dynamic model of transmission system of
principal shaft in an internal grinder

Transmission system of principal shaft of an
internal grinder is shown in Fig.1(a). Dynamic model
is simplified in Fig. 1(b). In Fig.1(b), I, I,, 14,
I, and [ 5 are equivalent moments of inertia; k., ky,

ks and k are equivalent torsional stiffness.

1.2 Dynamic optimum design principle of trans-
mission system

In the transmission system of an internal grinder,

the transfer function of grinding point p is given as'®
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Fig.1 Dynamic model of torsional oscillation transmission
system in an internal grinder. (a) The principle of trans-
mission system; (b) Dynamic model of torsional oscillation
transmission system
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where ¢, is the phase angle at grinding point p; M, is

the torsional moment at grinding point p; & is the

model damping ratio; w, is the r-th order model circle
frequency; f, = goi,/k, is the r-th order modal
flexibility in initial point of grinding point; ¢, is the
phase angle of r-th order modal at grinding point p, &,
is the stiffness of r-th order model.

In Refs.[5,6],

vibration of transmission system, modal flexibility W,

T

during the r-th order modal

in initial point of grinding point, modal flexibility f,
and modal damping ratio & have the following

relationship,

Jr
= 5¢ (2)

According to dynamic optimum design principle,

WT

r

the reduction of modal flexibility W, is one of main

methods in improving dynamic characteristics of
transmission system. Furthermore, formula (2) is also
used to decrease modal flexibility W, from decreasing
modal flexibility f, and increasing modal damping ratio
&, . [, is not relevant to damping ratio, and depends on
the mass or moments of inertia, distributions and
magnitudes of torsional stiffness, layout and direction
in the transmission system® . Once the design of the

transmission system is finished, modal flexibilities of

every order can be determined exactly. But, modal
flexibility f, is sensitive to the modification of the
transmission system, therefore the optimum design of
the transmission system must be carried out.

According to mathematical model, orthogonal
formula of torsional stiffness matrix is specified as

k = (9,) Ko, (3)
where k, is the r-th order modal stiffness; K is stiffness
matrix of the transmission system.

Maximum potential energy of the r-th order mode

is given as
. 1
Vi = 7(‘/’,)”{‘/’, (4)
According to formulae (3) and (4), we obtain
k. =2V,
s02
.

In formula (1), if @ = 0, we obtain

Ho= =, ©)
(M) =1 (7)

where f, is static modal flexibility in initial point of

s

grinding point; f,/f. represents the r-th order mode
influencing on static modal flexibility. Since large ratio
of f./f. determines dynamic characteristics of the
transmission transmission

system, the system is

modified based on large ratio, and maximum ratio of
L1 s
characteristics of the transmission system.

If the d-th order mode is high mode and

normalization of mathematical model of mode on the

main factor influencing on dynamic

grinding point is made, let ¢, = 1, then according to

formula (5), we obtain

fi=1/@ve) = 1/2(2 V) (8)

where V, is elastic energy of the d-th order in
substructure ¢; f; lies on elastic energy of every

substructures in the system of torsional oscillation.

Let V,/V%. = u4, we have Z/xd, = 1, where

=1

sa 1s elastic energy distributing rate of substructure ¢

under the d-th order mode in the system of torsional
oscillation.

In a torsional oscillation system, to a substruc-

stiffness is

ture, its lower, its elastic energy

then its f; will be

influenced greatly. Therefore , is used to estimate

distribution rate is higher,
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substructures of low stiffness in high modes and
determine weakness area of the transmission system.
The structure parameters are modified for aiming at
weakness area of the transmission system, so that the
eyeless modification of the structure parameters is
avoided and dynamic characteristics of torsional

oscillation system is improved effectively.

2 Dynamic Characteristics of Torsional
Oscillation of Transmission System for
the Internal Grinder

To a certain internal grinder (as shown in Fig.
1(b)), moments of inertia and torsional stiffness
(dimensions of machined work-piece are 0.247m in
external diameter, 0.20?m in inner diameter and O.

207m in length) are listed in Tab.1 and Tab.2.

Tab.1 Moments of inertia kg« m’
Io 14 Iy Is
0.00074 0.00072 0.00879 0.02176
Tab.2 Torsional stiffness kN - m/rad
ke ko ks ke
28.782 8.748 2.099 96.920

2.1 Influence of work-piece dimensions on

natural frequencies of torsional oscillation

Relationship between inner diameters of machined
work-piece and natural frequencies is shown in Tab.3
for dimensions of a certain work-piece given 0.247m in
external diameter, 0.20 — 0.047m in inner diameter
and 0.207m in length. From Tab.3, dimensions of
machined affect  natural

work-piece  obviously

frequencies of torsional oscillation, and natural
frequency is reduced with the decrease of inner
diameter.

Tab.3 Relationship between inner diameters of machined

work-piece and natural frequency

Inner First order natural ~ Second order natural
diameter/m frequency/Hz frequency/Hz

0.20 36.45 627.39

0.16 30.24 592.22

0.12 26.58 575.82

0.08 23.87 566.27

0.04 21.96 560.06

2.2 Dynamic characteristics and modification of
transmission system for the original internal
grinder

Dynamic characteristics of torsional oscillation
system is discussed for dimensions of a certain work-
piece given 0.247m in external diameter, 0.207m in

inner diameter and 0.207m in length. Riccati transfer

function method is used to calculate the static modal
flexibility f, of original design, and the calculation

results of original design are shown in Tab.4.
Tab.4 Calculation results of original design

Order  Mode frequency/Hz  f./(rad+ (N-m)™")  f - f7'/%
1 36.45 6.252 x 107 98.32
2 627.39 8.522 x 1077 0.134

Note: f. = 6.339 x 10~ rad/(N - m).

Obviously, the first mode is high mode in the
torsional oscillation system, modal flexibility accounts
for 98.32% in the static flexibility, and calculation
results of elastic energy distributing rate of every
substructures under the first order mode are listed in
Tab.5. As shown in Tab.5, weak substructures are
transmission belts 6 and 4, and two transmission belts
are weak in the whole transmission system and
transmission belt 6 is the weakest. Therefore to
enhance the stiffness of transmission belt, the stiffness
of transmission belt 6 increases to 6 times that of the
original value, the stiffness of transmission belt 4
increases to 2 times that of the original value, the
stiffness of transmission shaft 2 will be 50% of the
original one and the stiffness of transmission shaft 8
will be 50% of the original one. The static modal
flexibility and modal flexibility is reduced by more than
60% , the first order modal frequency is increased by
more than 30%, and

transmission system with original transmission system

comparison data of new

are shown in Tab.6.
Tab.5 Elastic energy distributing rate of every substructures

under the first order mode

Transmission Elastic energy

shaft or belt Notes

distributing rate s;

2 0.05573
4 0.18176 Transmission belt
6 0.75479 Transmission belt
8 0.00873

Total 1.00

Tab.6 Comparison data of new transmission system with

original transmission system

First order modal Static flexibility ~ First modal flexibility

[tems

frequency/Hz /(rad + (N-m)™") /(rad» (N-m)")
Original trans- 36.45 6.359 x 107 6.252 x 107
mission system
New trans- 61.91 2.267 x 107 2.244 x 107

mission system

Variance ratio  Increased 69.8% Decreased 64.3%  Decreased 64.1%

As shown in Fig.2(a) and Fig.2(b), Riccati
transfer matrix method is used to obtain dynamic flexi-
bilities of original point in new transmission system and
original transmission system. From Fig.2(a) and Fig.

2(b), maximum dynamic flexibility of original point of



Dynamic Characteristics of Transmission System for the Internal Grinder 305

new transmission system is obviously less than that of
original point of original transmission system, and the
first order natural frequency is increased in evidence.
The calculation results show that dynamic stiffness of
the transmission system is obviously enhanced in the

new transmission system.
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3 Conclusion

Relationship between dynamic modal flexibility
and modal flexibility is used to find out the high mode
of the transmission system and its weak areas, then
design parameters of weak areas are modified, modal
flexibility is reduced, thus dynamic modal flexibility is
decreased and dynamic characteristics of the whole
transmission system are enhanced. The method of
finding out high modal flexibility and modifying design
parameters avoids parameter modifications blindly and
enhances the quickness of optimum modifications. It is
feasible and effective that the method is applied to the

design of the transmission system in internal grinder.
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