MECHANICS
Vol. 25 No. 1 2006

Piotr CZUBAK

MASS OPTIMISATION OF THE VIBROINSULATING FRAME
OF A SHORT VIBRATORY CONVEYER™

SUMMARY

Short vibratory conveyers placed on vibroinsulating frames were analysed in the paper. It has been shown, on the
basis of the double-mass model, that conveyers can be placed on frames of masses smaller than the mass of
the trough and the significant reduction of forces transmitted to the foundation can be achieved. The equation
allowing to compare the force transmitted to the foundation by the conveyer without the frame placed directly on
the system of leaf springs with the force transmitted by the vibroinsulated conveyer was determined in the paper.
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OPTYMALIZACJA MASY RAMY KROTKIEGO PRZENOSNIKA WIBRACYJNEGO

W pracy przeanalizowano krotkie przenosniki wibracyjne posadowione na ramie wibroizolacyjnej. Wykazano na
podstawie modelu dwumasowego, ze przenosniki mozna sadowi¢ na ramach o mniejszej masie niz masa rynny,
uzyskujqc przy tym duzq redukcje sil przekazywanych na podloze. W pracy wyznaczono wzor pozwalajqcy porow-
na¢ sile przenoszonq na podioze przenosnika bez ramy posadowionego na ukladzie listew resorujqcych z silq prze-

kazywangq przez przenosnik wibroizolacyjny.

Stowa kluczowe. przenosniki wibroizolacyjne, ramy wibroizolacyjne

INTRODUCTION

Vibratory conveyers are applied in industry for a continu-
ous transport of materials at short distances, usually up to
20 m. The main disadvantage of such transport is a trans-
mission of significant dynamic forces to the foundation.
Due to this feature the conveyers are often supported on
expensive, heavy frames softly vibroinsulated from the
foundation. In the case of long conveyers, of several meters
length, the most difficult construction problem constitute
natural vibrations of the trough — occurring as bilateral
bending in the symmetry plane of the conveyer — disturbing
the transportation procedure. The detailed analysis of long
vibratory conveyers was given in papers [1, 2, 3].

The analysis of short conveyers, of the length of some
meters only, placed on the frame vibroinsulated from the
foundation — is presented hereby. It is generally assumed, at
the designing stage of vibroinsulating frames, that the
frames should be much heavier than the trough of the con-
veyer [4]. The fact that this assumption is not based on scientif-
ic grounds will be proved in the paper. Since the production
cost as well as the cost of soft suspension of the frame signifi-
cantly increases with the increase of its mass — optimisation of
this parameter seems reasonable and economically justified.

To verify whether the vibroinsulating frames are per-
forming properly the vibratory conveyer of typical parame-
ters was analysed.

1. FORCES TRANSMITTED TO THE FOUNDATION
BY THE VIBRATORY CONVEYER
— WITHOUT THE INSULATING FRAME

Forces transmitted to the foundation by short vibratory con-
veyers situated directly — via the system of leaf springs — on

the foundation are related to the deformation of elastic ele-
ments (Fig. 1). The total value of the foundation reaction, in
the direction of vibrations F; (¢) for the trough of mass m;
supported by uniformly distributed system of springs — of
the elasticity constant k; and damping constant b; — which
forms P angle with the horizontal line and is excited
for vibrations by the vibrator of a directed input force
P, (H)=P,,sin(wf), (causing the vibrations of the trough of
the amplitude A) equals in the steady state:

Fo(t) = AJk;> +b. 26" -sin(ot +7) 1)

Thus, the maximum value of the foundation reaction — in
the steady state — equals:

Fromax = Ayke” +b; 20" 2

In practice, in the steady state, when the system operates
outside the resonance zones, the damping of the system has
insignificant influence on the force transmitted to the foun-
dation. Thus,

Fimax =A-kq 3)

For the parameters of the analysed typical vibratory con-
veyer, where the trough mass m;=3700 kg, A = 0.00241 m,
ky= 1531750 N/m, the maximum force transmitted to the
foundation is:

Fpppay =3700 N ()

* AGH University of Science and Technology in Krakow; czubak@agh.edu.pl
** The presented hereby research was performed within the KBN Grant No 4T07C02428
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conveyer trough |

Fig. 1. Model of the vibratory conveyer situated directly on the foundation

2. VIBRATORY CONVEYER
— SUPPORTED
ON THE VIBROINSULATING FRAME

At the designing stage of the vibroinsulating frame the
following aspects should be taken into account:

— Direction of the exciting force should pass through the
centre of gravity of the trough and the frame as well as
through the centre of elastic forces of suspension.

— The frame should be relatively massive in order not to
be significantly excited in the working direction since
that would disturb the transport of material.

— Amplitude of the dynamic force transmitted to the
foundation should be much smaller than the one of the
force transmitted by the conveyer situated directly on
the foundation.

— The system — in the steady state — should not operate in
the vicinity of resonance zones.

— Static bending due to the material weight should not
disturb the “technological procedure”.

2.1. Analysis of the system:

The presented system has four degrees of freedom re-
lated correspondingly to coordinates x, y, T and . At the
assumption that k, = k, and the direction of exciting force
passes through the centre of gravity as well as the centre of
the suspension system, the system of the conveyer can be
reduced to the one given in Figure 3.

Equations of motion for the scheme are as follows:

mx+by (x—y)+k (x—y)=F(1)

myy—by (x—y)+by—k(x—y)+ky =0

®)

Assuming monoharmonic excitement of the form Py(¢) =
= mweu)zsin(u)t) and limiting the calculations to the steady
state, the differential equations system can be reduced to the
formulae:

—m@* X +bio(X —Y )+ k(X —Y) = mew’
(6)
—my @Y +biio(Y — X ) +bioY +k (Y — X)+kY =0

where:
trough — vibroinsulating frame X — harmonic motion amplitude along coordinate x,
To estimate the effectiveness of the vibroinsulating fra- Y - harmonic motion amplitude along coordinate y,
me applied in short conveyers the model of the system pre- ® — frequency of exciting force F(7) [rad/s],
sented in Figure 2 was analysed. I — lmaginary unit,
Po*sin(wt)

=
)

]
DNANNR

/

on a stiff frame suspended elastically

S

Fig. 2. Schematic presentation of a vibratory conveyer placed

Fig. 3. Simplified scheme
of the vibroinsulated conveyer
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my — mass of the conveyer trough,
m, — mass of the conveyer frame,
m — total unbalanced mass of the vibrator,
e — eccentric of mass m,
k., by — total elasticity and damping of the leaf springs in the working direction T,
k =2k, =2k, — elasticity coefficient of the suspension system of the vibroinsulating frame,
b=2b,=2b, — damping coefficient of the suspension system of the vibroinsulating frame.

The solution of the above equation for unknowns X and Y provides the complex amplitude values:

—mew” (my” ~i(b; ~b) o~ (k; +k))

[P

I~

(rmmyo* —m@? (ke + k)= my7ke + ok = bibw? ) =i+ (@ (b +b) — kebw+ my’b; ~ beko)

mea?” (ibyo+ k. )

(memes* —mee? (kg + ) =y +keck = bebw” )i (m® (b +b) —kbo+ myw’b; ~biko)

Modules of the complex amplitude values give the actual amplitude value.

mew’ (m1m4n12 —m1m2k1 —m1m2k2 —chozkl + kky —blu)zbz)(mzu)Z -k —k2)

+
4 2 2 o2 3 3 2
nym,® ny oy (kl +k2) ny @ kl +k1k2 bl(D b2) +( ) (bl +b2 )+k1b2(D nyo bl +b1k20))

mea” (~m” (by +by ) +hybyo—my @by +bok, ) (0~ ~by )

4 2 2 2, \? 3 3 2
(im0 =m0 (ky +ky )= myoly +kiky —by0Phy ) +(=m@® (b +by )+ kiby0—my by +biky 0)

—mew” (<m@® (by +by )+ kibyo—my @by +bky0) (my” —ky —k, |

4 2 2 2, \ 3 3 2
(o —m? (k +hy )= myw ks + kiky by 0Pby | +(=m@® (b +by )+ kibyo—myw’hy + b ky0)

+

meu)2 (m10)4m2 —m10)2k1 —m10)2k2 —m20)2k1 +k1k2 —bl(DZbZ )((D(—bl —b2 ))

4 2 2 2, \ 3 3 2
(o =m0 (ky +hy )= mywky + kiky — 0y @Pby | +(=m@® (b +by )+ kiby 0= my’hy +hiky0)

meu)Zkl (m1m4m2 —mlu)Zkl —mlu)ZkZ —mzcoZkl + kky —blbzu)Z)

+
4 (4 ) —m 2k + Kk —bras2hs ) (e 0 3 2
nynip ny ( 1+ 2) nyW K| + KKy bl(D bz) +( ny (bl +b2)+k1b20) ny @ b1+b1k2(1))

mew’by (m@’ (by +by ) —kiby 0+ my’by ~biky0)

4 2 2 2, \ 3 3 2
(im0 —m@? (ky + k)= my@ly +kky = by7by )+ (<m0 (b +by )+ by —my0’hy + by o)

me(D3b1 (m1m20)4 —m10)2 (kl +k2 )—m20)2k1 +k1k2 +b1b20)2)

4 2 2 2, \? 3 3 2"
(mlmz(x) — o (kl +k2)—m20) k1 +k1k2 —bl(,l) bz) +(—m10) (bl +b2)+k1b20)—m20) bl +b1k20))

—mew*k; (—m1m3 (b +by )+ kiby0—my &by + by Ky 00)

4 2 2 2, \? 3 3 2
(mlmz(l) —m (kl +k2)—m20) kl +k1k2 —bl(,l) b2) +(—m10) (bl +b2)+k1b20)—m20) bl +b1k20))

()

®)
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Analytical solution of the equation of motion allows
analysing the motion possibilities of the conveyer system in
dependence on the mass of the vibroinsulating frame at con-
stant frequency o of the exciting force.

Further calculations were performed for the parameters
of the typical vibratory conveyer where the mass of the
trough was 3700 kg, working frequency 16.7 Hz, amplitude
of the trough 2.4 mm and the amplitude of the exciting force
P,, =90 kN. Partial frequency of the system: trough — leaf
spring suspension system equalled

0, = /k—T =20.3 rad/s.
m

The damping of the system was given by the dependency

where:
y =0.06 — for the trough suspension on leaf springs,
y =0.13 — for the frame suspension on coil springs.

It should be mentioned here, that the obtained results can
be generalised on the bases of the analysed conveyer struc-
ture for various masses of the trough, however at the condi-
tion that the partial frequency, working frequency and the
working amplitude of vibrations remains the same as the
analysed ones.

2.2. Selection of the mass of the vibroinsulating frame

The ratio of the vibration amplitude of the trough, in direc-
tion 7, to the vibration amplitude of the vibroinsulating
mass as a function of the ratio of masses: the frame to the
trough (in the steady state) — is presented in Figure 4. It
should be noted that the elasticity coefficient k depended on
the mass of the vibroinsulating frame — according to the
formula

my +m1

k =k, ©9)

m

XY
40

304

207

07702 04 08 08 1 12 14 16 18 2
mo/ my
Fig. 4. Ratio of the vibration amplitude of the trough, in direc-
tion T, to the vibration amplitude of the vibroinsulating mass
as a function of the ratio of masses: the frame to the trough

As can be seen from Figure 4, the satisfactory ratio — be-
ing over ten — of the vibration amplitude of the trough to the
one of the vibroinsulating frame is obtained already for the
mass ratio equal 0.45, which means for the frame mass being
over 1665 kg — when the mass of the trough equals 3700 kg.

The amplitude of the vibration of the vibroinsulating
frame as a function of its mass drawn on the basis of equa-
tion (8), is presented in Figure 5. It can be seen that at small
masses of the frame the amplitude of its vibration is large,
due to the vicinity of the resonance zone. When that mass
increases its vibration amplitude in the working direction
reduces significantly, which in turn reduces the force
F, = k-X in N transmitted to the foundation via the suspen-
sion system of the vibroinsulating frame (Fig. 6).

As can be seen from the graph presented in Figure 6 the
amplitude of the force transmitted to the foundation for the
mass of the frame being 1665 kg equals 540 N, which con-
stitutes 14.4% of the amplitude of the force transmitted to
the foundation by the conveyer not placed on the vibroinsu-
lating frame. When the mass of the frame exceeds 2600 kg,
that being 70% of the mass of the trough, more than
10 times reduction of the force transmitted to the foundation
is achieved.

067
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Fig. 5. Amplitude of the vibration of the vibroinsulating frame
as a function of its mass
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Fig. 6. Amplitude of the force transmitted to the foundation
versus the mass of the frame
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2.3. Amplitude of the vibration of the conveyer trough

The amplitude of the vibration of the trough — in the work-
ing direction — should not differ significantly from the am-
plitude required by the proper performance of the techno-
logical process. This condition has to be taken into account
when designing the vibratory conveyer, supported on the
vibroinsulating frame. Figure 7 presents the amplitude of
vibration of the trough versus the ratio of the masses: frame
to trough, drawn on the basis of formula (8). This amplitude
is practically constant, regardless of the mass of the vibroin-
sulating frame, however, under the condition that the sys-
tem operates outside the resonance zones.

X[mm]
4
351
34

251

-

2_

1.581

0 02 04 0B 08 1 12 14 18 18 2
mz/m1

Fig. 7. Amplitude of the vibration of the trough versus the ratio:
the mass of the frame to the mass of the trough

2.4. Static deflection of the vibroinsulated conveyer

When the vibratory conveyer is supported on the vibroinsu-
lating frame the static deflection of the conveyer increases.
It requires special consideration, when large amounts of
material are being transported, since there might be prob-
lems with the height difference at the ends of the conveyer.

The static deflection caused by the mass of the trans-
ported material, m, in the conveyer, in which leaf springs
are directly fixed to the foundation (Fig. 1) — equals respec-
tively:

m, g -SIno.- Cos

— inx direction: A, = (10)
k‘l?
. . m,g -sin® o
— iny direction: Ay = — (11)
T

This is caused by the fact that the force related to the
mass of the material can be projected in two directions — as
shown in Figure 8. The force acting in 1 direction, which is
the axial direction of leaf springs, does not cause any static
deflection, while the force acting in the direction of move-
ment T causes — in that direction — the static deflection,
A = my,g-sino/k,, which — after projecting on x and y di-

rections — gives values A, and A, ;.

In the case of the conveyer supported on the vibroinsu-
lating frame the static deflection in x direction remains un-
changed, while in y direction equals

. 2
_ my,g-sin” o
ystatw =
ky ke (ml +my )

m,§ -m

A (12)

The graph in Figure 9 presents the ratio of the static
bending in y direction — caused by the mass of the transport-
ed material — of the conveyer placed on the vibroinsulating
frame to the static bending of the conveyer without the sup-
porting frame versus the mass of the frame. Stiffness coeffi-
cient of the frame support is given by equation (9).

\?
Fig. 8. Distribution of forces related to the mass
of the material

As can be clearly seen from the graph the static bending
of the conveyer placed on the vibroinsulating frame might
cause problems at large loads of the transported material.
For the conveyer being analysed — of the mass of the frame
equal 1665 kg — the static bending in y direction is 3.7 times
higher than the static bending of the conveyer without the
vibroinsulation.

Aystatw5—
Aystat
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Fig. 9. Ratio of the static bending caused by the mass of the
material to the static bending of the conveyer without a frame
versus the mass of the frame
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2.5. Vibration frequency

The system presented in Figure 3 has two natural — not damped — frequencies

2
1(@#1] k.

1(kg+ky Kk
0)12 = _(gq._l]i (13)
’ 2 ny m 4 ny m ny -my
Taking into account equation (9) we obtain
+ my + ’
k= - k 1 k= - k k2(m +my) 14
W, ={= e . W Y A A ) (1)
’ ny m ny m mi -m,

BO00 7000
m,lkg]

1000 2000 3000 4000 S000

Fig. 10. The first natural frequency of the system as a function
of the mass of the vibroinsulating frame

Figures 10 and 11 present the dependence of the frequen-
cy of vibrations of the system on the mass of the vibroinsu-
lating frame based on the equation 14. It is seen — from the
graphs — that the first natural frequency is not hazardous for
the machine operation since it is much lower than the work-
ing frequency

®=16.7-2 -1t =105 rad/s.

The second natural frequency is high for small masses of
frames. In the case of the parameters of the analysed conveyer,
at the mass of the frame equal 1665 kg, the second natural
frequency of free vibrations ®, is 49.5 rad/s, which means
that it is sufficiently low to allow the system to pass both reso-
nance zones at the proper selection of the vibrator drives.

2501
Myrad/s]

200

1504

100+

a0

5000 BOD0 7000
m,lkg]

o 1000 2000 3000 4000

Fig. 11. The second natural frequency of the system
as a function of the mass of the vibroinsulating frame

When the mass of the frame is going to infinity, frequen-
cies ®; and ®, are going to the value of 20.3 rad/s, which is
the value of the frequency of natural — not damped — vibra-
tions of the system without the vibroinsulating frame.

2.6. Amplitude versus frequency graphs

Figures 12 and 13 present the amplitude frequency depen-
dencies determined by means of equation (8) for the pro-
posed mass of the vibroinsulating frame being 1665 kg
while the mass of the trough was 3700 kg. The graphs allow
noticing that the system of vibroinsulated conveyer — in the
steady state at @ = 105 rad/s — operates behind two reso-
nance zones — which are important at selecting the drive of
the forcing system.

107
X[mm]

Fig. 12. Amplitude of the trough vibrations of the vibroinsulated
vibratory conveyer versus the forced frequency

107
Y[mm]

o 20 40 B0 a0 100
(Q))

Fig. 13. Amplitude of the frame vibrations of the vibroinsulated
vibratory conveyer versus the forced frequency
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3. ESTIMATION OF THE COEFFICIENT
OF THE FORCES TRANSMITTED
TO THE FOUNDATION

In order to estimate the dimensionless ratio of forces trans-
mitted to the foundation by the system with and without
vibroinsulating frame the comparison of forces presented in
Figures 1 and 3 was performed.

Determination and solution of the set of equations of
motion of those systems — disregarding the damping phe-
nomena — for the amplitudes of vibration allows to estimate
the forces transmitted to the foundation. This — in turn —
allows to determine the ratio of forces transmitted by the
system in dependence of the ratio of the trough mass to the
frame mass and the ratio of partial frequency of the trough
supported by the leaf spring suspension to the frequency of
the exciting force.

Formulating the equations of motion for systems pre-
sented in Figures 1 and 3 in the form:

— for the conveyer without a frame
{ml;f"'kTT =R ()
— for the conveyer with a frame

(15)
{mﬂ'”kr(x—}’) =FR(@)

myy—k (x—y)+ky=0

assuming that:

kl = m1032 )
k=k (& +1J —in accordance with equation (9),
m

and assuming also the monoharmonic forcing of the form:
Py(t) = mweo)zsin(o)t), while limiting the considerations to
the steady state. The differential equations system (15) can
be written in the following form:

{—m1m2T+ ml(l)iT = PO

—m > X +moy, (X -Y) =P, (16)

m
—mz(DZY +m10)%]k1 (X —Y)+m1 (—2+1)0)py =0
my

Solution of equations (16) versus the amplitudes pro-
vides formulae (17) and (18).

L) (17)

- 2
ml(,l)2 (pJ -1
®

T=

4 2 2 4
® m ® O | m O | m

On their basis forces transmitted to the foundation can be
determined:

— for the conveyer without a frame F,; =k, - T

(19)

— for the conveyer with a frame F,, =k-Y

When these values are known their quotient can be cal-
culated, which after several rearrangements takes the form

F,, — force transmitted to the foundation by the con-
veyer without the vibroinsulating frame,
F,, — force transmitted to the foundation by the con-
veyer with the vibroinsulating frame,
— ratio of the frame mass to the trough mass,

— ratio of the partial frequency of the trough sup-
ported by leaf spring suspension to the
frequency of the exciting force P,

Equation (20) provides the possibility of estimating the
effectiveness of the vibroinsulation regardless of the exci-
ting force value and regardless of the frame mass, however
at the assumption that equation (9) is satisfied.

Figure 14 presents the ratio of forces transmitted to the
foundation by the system with and without the vibroinsula-
tion versus the ratio of the frame mass to the trough mass for
the analysed example where

A

(O]

P _N/"M _g19
()] ()]

eay)

The graph from Figure 12 indicates that when the frame
mass equals 70% of the trough mass the tenfold reduction of
the forces transmitted to the foundation occurs, which veri-
fies the conformity of the equation with the prior calcula-
tions.
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Fig. 14. Ratio of forces transmitted to the foundation by the
system with and without the vibroinsulation versus the ratio
of the frame mass to the trough mass

CONCLUSIONS

Taking into account the calculations performed for the ty-
pical vibratory conveyer of the mass of the trough being
3700 kg the practical possibilities of vibroinsulation by an
application of a massive vibroinsulating frame, can be as-
sessed as follows:

— The satisfactory ratio — being over 10 — of the vibration

amplitude of the trough to the vibration amplitude of
the vibroinsulating frame is achieved when the ratio of
masses: frame to trough — equals 0.45, which means the
mass of the frame being above 1665 kg.

In practical cases, when the vibroinsulating frame was
applied (even of a very small mass) the amplitude of the
trough vibrations in the working direction did not differ

no

significantly from the amplitude required by the tech-
nological process.

Serious problem of vibroinsulating conveyers constitu-
tes their stiffness bending caused by the mass of the
transported material.

Natural frequencies of the system, when the vibroinsu-
lating frame of a very small mass is applied, appear
dangerously close to the forced frequency. At the incre-
asing mass of the frame the frequency of natural vibra-
tions of the system decreases thus, moving away from
the resonance zone. For the proposed frame of a mass
of 1665 kg the second frequency of natural vibrations
constitutes less than 50% of the forced frequency.
When equation (9) is satisfied, the effectiveness of the
two-mass system versus the single-mass system can be
estimated from equation (20).

Thus, the hereby-presented research proves that there is
evident reason for applying extremely massive frames

for the vibroinsulation of the vibratory conveyers.
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