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g@-&éﬁ;pf hydraulic drives to mechanize technological operations in the meat industry
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The S€rted in its hydrosystem.

YOSKIN D.I., GENERALOV N.F., MOROZOV V.M., VASILEVSKY O.M., PISKARYOVA T.G.
The All-Union Meat Research Institute, Moscow, USSR

‘he authors studied design principles of the basic processing equipment used in the meat

\dUStry. Some advantages of the machines equipped with hydraulic drives are found, viz.,

. he maximum mechanization and automation of technological processes are made easier;

< the reliability and the durability of machines are increased;

. Bachine designs are simplified;

< ‘B¢ weight and the dimension of machines are diminished;

Ky 0Sts are greatly reduced. .
odrives ensure a smooth movement of the working elements of machines and their conti-

speed control within a broad range using simple devices, e.g., a regulating throttle

portant features of hydrodrives are simplicity of pressure control in a hydrosystem and
Working element stresses, of reversal and overlcad protection.
Case of a discrete mode of machine operation hydrodrives allow to accumulate energy, A
tonsmitted with a pump electric motor and unused with machine working elements between
ological operations, and to use it during the peak consumption periods. This is achie-
o accumulating an excess pressure fluid, forced into a hydrosystem during inter-
al periods, in special containers, hydraulic accumulators filled with an inert
under a certain pressure. . \ T .
thy Use of a hydroaccumulator makes it possible to increase effective utilization of a ma-
e drive throughout its working cycle up to about 100%. For many hydrodriven machines
ating without accumulators or with an electromechanical drive, the utilization effici-
a Y constitute only about 10-15%. This is confirmed with the analysis of the operation of
nhydraulic sausage stuffer GSRU-I without an accumulator. Fig.1 is a graph of the utiliza-
m?p of the stuffer drive during its operation cycle, where ABCD is the total pressure
AEEld pumped to the hydrosystem; EFQD is the capacity of the cavity of a working stroke;
K is the capacity of the cavity of an idle stroke of the power cylinder.
® effective utilization (£'ef) of the stuffer drive in relation to the pump efficiency
ABCDbe in this case calculated as the ratio of the summary area EFQD and ABJK to the area

. .8raph in Fig.2 characterizes the operation of the stuffer drive after an accumulator

total pressure fluid fed to the stuffer hydrosystem in this case corresponds to the

Ceq A'B'C*'D' and at the same time to the summary capacity of the cavities of working and
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Fi&.1 The utilization of stuffer drive during its operation cycle
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Fig.2 The operation of the drive of a stuffer with the accumulator included into
its hydrosystem

;dl? Strokes of the power cylinder. The effective utilization of the drive will be atBits
ot mum , ibe. &' ef = 1 since the required pump power in this case is equal to 110 cm”/s,

t 583 cm’/s as is observed in the first case, i.e. when an accumulator is included into

€ hydraulic system the required power of the pump equals the average pressure fluid con-
mdptlon during a working cycle of the stuffer, whereas in a hydrosystem without an accu-

1 ator it is maximal, this being determined with the technical specification of a stuffer.
eectromechanical drive replacement with a hydraulic one in some processing machines at
Du;t plants renders it possible to unite these machines in a hydrosystem with the central
N P Station (Fige3) .

Chines of such a hydrosystem have only a power component, the pump with a motor being ome
Wit the same for several machines. They are simpler in design as compared to the machines
mlh individual drives, their dimensions, weight and cost are much lower.

Ste use of hydraulically-driven machines united into a hydrosystem with the central pump
qiatlon increases the efficiency of capital investments in the equipment, whereas smaller
ThmenSions allow to raise the output of plants without enlarging production floors.
cee expediency for combining hydrodrives of several machines into ome hydrosystem with the
Qontral pump station is determined with plant output, the length of production lines, the
homPaCt location of the equipment - all tanese factors should be pre-analyzed. Most often,
iswever, centralized feeding of the pressure fluid to hydrodriven technological machines
D €conomically justified. The introduction of hydraulic dr@ves allowed to develop cattle
fe°c?ssing conveyors - quite simple in design and reliable in operatlon - with pulsating
ope ing of carcasses to the working stations. Carcasses are moving smoothly, processing
tierations such as bleeding, blood collection, partigl.pre—deh1Q1ng, evisceration, split-
Vitg’ trimming, are performed quietly, creating conditions for improving labour producti-
Puly and processive quality. : )

Sating movement of carcasses shortens the working stations along conveyors, due to this
mf output of the existing production rooms using the same floor area.increases.
Yo ‘Mplementation of pulsating feeding of carcasses to the working stations improves la-
Eeur conditions and allows to raise labour productivity by 50%.

thcaUSe of shortening the working stations and increasing their number on the dressing line
Th: Capacity of the latter can be improved by up to 25%. ' ) ) .

0] highest effect of steady feeding of carcasses vo tne working stations is achieved when
to Sating cinveyors operate at a variable schedule acqordlng to a pre-se? programme related
Hy the fluctuating working ability of an operator during a production shift. ) ;
Y Codriven pulsating conveyors can be divided into two types, Viz., w1?h the working chain
o ing reciprocally or cyclically in one direction. A conveyor of the first type (Fig.4)
whnslSts of a working chain, pull ropes, snatch blocks tension ScCrews gnd a power cylinder.
®0 the working chain moves idly (backwards), knuckle-throw pushing pins move over the
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‘ Fig-B A schematic view of a centralized hydrodrive system:

1~ a normal vave pump; 2 - stand-by vave pump; 3 - a tank for pressure fluid (oil); 4 -
3 water cooling coil; 5 - a delivery pipeline, @ 40 mm; 6 - a safety valve; 7 - check
alves; 8 - a discharge pipeline, @ 50mm; 9 - a filtering block; 10 - a pneumatic hydro-

\ aCcumplator; 11 - a rubber diaphragm; 12 - power hydrocylinders of the machines; 13 - a
tand—operated control valve of the reversing gear; 14 - a hydro-operated control valve of
he reversing gear; 15 - a pilot control valve; 16 - a valve to charge the accumulator

¥ith compressed air.
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1l§-4 A hydrodriven pulsating conveyor with a reciprocating working chain:
5 _ & working chain; 2 and 2' - pull ropes; 3 - a snatch block; 4 - a tension screw;

& power hydrocylinder; 6 - a knuckle-throw pushing finger; 7 - a load-carrying roller.
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clamps of load-carrying rollers which are in the state of rest. During the working stroke
th % g

nf pushing pins move the rollers for the distance of one chain stroke which is equal to
€ distance between the pins.

a result of periodic reciprocal movements of the chain, the carcass-carrying rollers
f“e rhythmically, at certain intervals, in one direction and are fed to workers' stations
& rhythm being set relative to the operation time. The working chain of such a conveyor
c§§ no idle branch. . T . ' _ ’
' veyors of the second type (Fig.5) are closed-circuit working chains which travels perio

mf%ily in one direction, moving at a certain rate, load-carrying rollers with carcasses
em. <

igch a conveyor consists of a working chain with pushing pins, which are thrown pairwise
s the opposite directions and function as a carcass spreader, and a driving station. The
totter consists of a power cylinder, a pull rope, a rope-driving pulley which is attached
o the driving shaft of the conveyor by means of an overrunning clutch.

Versing of the power cylinder piston is effected with a control valve of the reversing
oar connected to the control console with an electric circuit.
meeyor chain movement rate is controlled with a throttle regulator.
Dne‘choice of a conveyor t{pe depends on its destination, i.e. on the operations performed
(b it. E.g., for the operations, which do not require spreading the carcass hind legs
0 leeding, pre-skinning, trimming), and for handling only, it is advisable to use convey-
rs,of the first type(without an idle branch of the working chain), whereas for such ope-
(a?lOns as evisceration, splitting, etc. conveyors of the second type are recommended
ppith a closed-circuit working chain).
Ste introduction of hydrodriven conveyors with pulsating carcass feeding to the working
t ations facilitates conveyorization of overhead rails at small meat packing plants due
Tg a wide range of carcass movement rate and holding time at operating stations.

& work carried out at VNIIMP indicated that the application of conveyors with a conti-
YWusly travelling working chain was economically justified only for plants having the ca-
8a91ty of at least 150 heads of beef cattle and 200 heads of small cattle per shift. Stu-
Ying” the optimum location of workers at technological operations showed that the use of
egdl‘odriven pulsating conveyors with a centralized supply of the working fluid is effici-
h t only for the plant with the shift capacity of at least 25 heads of beef cattle and 50
fads of small cattle and up to 800 heads of any livestocke

gﬁ Tesult of research and designing work, a number of hydrodriven technological machines
h d devices was built which operate from the central pumping station, e.g., CONVeyors,

Sad-splitters, hoof-pullers, horn-removing machines, carcass locks for dehiding machines,
&vating platforms, etc.
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1
ong‘sirA gydrodriven pulsating conveyor with the working chain travelling periodically in
ection:

Qlut& working chain; 2 - a driving sprocket; 3 - a rope-driving pulley; 4 - an overrunning
hlocih: 5 - a driving sprocket shaft; 6 - a tension sprocket; 7 - a pull rope; 8 - a snatch
Swit 3 9 - pulling blocks; 10 - a power hydrocylinder; 11 - a stop for switching the limit
Vmwgh; 12 - 1limit switches; 1% - a control console; 14 - electromagnets of the control

acre of the reversing gear; 15 - a control valve of the reversing gear; 16 - tensinon
Din.ws; 17 - compensating springs; 18 - a rate-controlling throttle valve; 19 - a pushing
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EgstQStimation of the hydrosystem consists in calculating pump capacity, motor power, pipe

dey~10BS, accumulator capacities. On the basis of the calculated data the necessary hydro-
PevlCGS are selected which are batch-manufactured.

ﬁ?% Capacity (Qp) is determined as the total working fluid consumption of all the machines
€ system:

W Anpni, :
here q is working fluigTEo umption of each machine (cm3/s):
= T?QO v
W : 5
Rere V is the working capacity of the power cylinder; n, is the volume efficiency of the

.Eower cylinder, its value depending on the piston seal type (in case of rubber seals n. =1,

In Case of metallic seals No = 0.98); T is the operating cycle time of a machine (s).°
mlthe cavity of idle strokes of the power cylinder functions as an independent line (when
eere is an accumulator of idle strokes in a hydrosystem), the working capacity V, will be
igual to the cavity volume of working strokes (Ve = V)i if the power cylinder is brought
the0 Circuit as usual, VC = Vw + Vi; where Vi is the capacity of the idle stroke cavity of

ower (N of the pump is derived from the equation:
Nps= PyeQ , kKW,
1031042+ N e

0 is the operating pressure in the hydrosystem (kg/cmz); | ¢ 1s the net efficiency
Ty the Bump, n e = 0.8-0+85. 5
EﬁL&Rgggting pressure (Py) in the hydrosystem is established with account for the develop-

ét of the necessary force (G,kg) on the power cylinder rod during working strokes and for
QQSSufzhlosses in pipes ( A.I;) in installed hydrodevices (control valves, throttle valves,

¥ Pd):

O ? + A.Pp B Byonrs kg/cn® -
Where . i YE ! 4 3 X 2
)l F is the piston area of the power cylinder on the working stroke cavity end (cm“);
HQE 1S the mechanical efficiency of the power cylinder, n . = 0.95

r‘~§5£9 losses via friction in piping and pipe 1D can be datermined from the equation ( in
*SPective units): - e
a = 3 1y ]
T *d

Wh
nﬁ?g g is 0il consumption;lis pipe length; d is pipe ID; D is kinematic viscosity; JD is
ensity.

2 -

&e Calculation of the parametres of a gas-hydraulic accumulator consists in determining
theV°1umes of the fluid (Versr ) and the gas. (Vggg) under optimum conditions, i.e. under

B3 €ast pressure difference s P between the beginning and the end of accumulator char-

The® With the fluid. . : : =
. Permissible pressure change in the accumulator is characterized with the coefficient

1

Q\ -2 y its value being usually taken as 0.1-0.12. Accumulator net capacity can be cal-

%égtg as the total working capacities of power cylinders in case of their simultaneous
atj .

Wy lon: v iy Zvef ‘K,

%gre K is theeggéfiicien of operation simultaneity of the power cylinders.
(v as ) is calculated on the basis of a polytropic change in the gas state du-
cmf accumulaf8én charging and discharging with fluid. If Vger and P are known, Veas
€ found from the ratio: v P g
eff - (—_mex ya - 1y

W Noas . o
ﬁﬁre N is polytropic index ang ranges, practically, within 1.2-1.3.
8pproximate calculations one can use the ratio:

Veas = (9-11) * Vepp i Vigy = (10 =12)° Vopp ,

Why

%ege.vtot is the total volume of an accumulator. ; :

Sgp 2414 gas-hydraulic accumulators, oxygen or other gas cy;lnders.are used. Gas apd oil are

h@ ated with a rubber diaphragm. The gas compartment is filled with compressed air or

dy °% gas, e.g., carbon dioxide or, still better, nitrogen. . )

‘%§ Tesult of our investigations, advantages of hydrodplven technologlca} equipment, ope-

d%ing from the centralized pumping station, have been found. Recommendations are gimen on
ns

ing and calculating hydrodriven pulsating conveyors and other pieces of equipment.
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