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The article presents constructions and descriptions of the principles of operation of single-stage pressure pulse
generators which are the main elements of the hydropulse drive used to generate vibrations of actuators in vibrating
and vibratory shock machines for various purposes. Namely the pressure pulse generator with a solid body the
pressure pulse generator with a floating seat and the pressure pulse generator with valve sealing degrees which
were developed on the basis of Vinnytsia National Technical University. In the considered devices have the slotted
spring as an elastic element which is executed as a separate detail or as a constructive element of other details
which are a part of the device is used. The use of such elastic elements allows to ensure the speed of the devices
and accordingly to increase the frequency characteristics of their operating modes. It is established that hydropulse
vibrators - hydraulic cylinders based on cut or ring springs have the smallest dimensions with significant vibration
force parameters.The text of the article highlights the main conditions for stable operation of these pressure pulse
generators indicates and analyzes the mathematical dependences between the operating parameters of devices
and the size of their structural elements offers the necessary correlation between structural dimensions of working
surfaces of actuators and features of their positional parameters. The offered mathematical dependences can be
used both for optimization of work of the designs of devices considered in article and at designing of new generators
of pressure pulses with the hydropulse drive of various function. The shortcomings of individual designs of pressure
pulse generators which may be related to the ways of sealing the working chambers of devices or options for
interaction of structural elements of the device are identified and considered.
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cylinder, open spring, rigidity, elasticity.

Problem statement

Vibration technology equipment with hydropulse drive (HPD) has proven advantages over vibration (VM)
and vibration shock (VSM) machines equipped with other types of drives [1-3]. HPD and devices VM and
VSM based on it are constantly evolving in particular through the efforts of the HPD Scientific School of
Vinnytsia National Technical University (VNTU).

Over the last decade VNTU has created a range of new hydropurlse devices and pressure pulse generators
(PPG) based on springy elements of high rigidity in particular such as slotted (SS) or annular (AS) springs [4-
6]. Using of SS or AS that are combined or part of HPD and PPG power resilience or distribution units allowed
to create small-sized high-performance devices for vibrocutting (vibro-sharpening, vibro-drilling, etc.) and
surface deformation hardening of parts, as well as single-stage PPG parametric type of increased throughput
[7-9].

In order to expand the technical and technological capabilities of devices VM and VSM based on HPD
principles of construction of hydropulse devices equipped or built into the distribution elements of their PPG
SS can be used to design small enough powerful hydropulse vibrators - hydraulic cylinders (HPV-HC) the
power elements of which plungers or pistons combined with the distribution elements of the parametric single-
stage PPG.

The field of application of HPV-HC can be varied from the main part of HPD VM and VSM to the use of
HPV-HC as a separate vibrating equipment, for example, in the construction industry.

Main part

Structurally the simplest HPV - HC is shown in Fig. 1. In the solid housing 1 there is a plunger 2, one end
of which (upper in Fig. 1) is designed as a rod in contact (affects) with the object of vibration processing
(impact in Fig. 1 is not shown) and at the other end (lower in Fig. 1) formed the distribution elements of the
sealing stages of parametric single-stage PPG the first with chamfer (valve) sealing with an average diameter
d1 chamfer and the second spool diameter d, and a positive overlap h.
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The second spool stage of sealing PPG with a diameter of d acts as a power element (piston of the hydraulic
cylinder) HPV-HC. Stage of sealing HPV-HC loaded SS 3 installed in the bore of the housing 1 concentrically
(coaxially) with the plunger rod 2. Pre-deformation yO1 SS 3 is regulated by a tubular screw 4 which is locked
with a nut 5. In order to accurately direct the tubular screw 4 the cylindrical surface of its shank on the running
landing is coupled with the surface of the direction SS 3 with a diameter of d,. The surface of the through axial
hole of the tubular screw 4 is in contact with the surface of the plunger rod 2. Sealing of the tubular screw 4
and the rod of the plunger 2 is carried out by rubber rings of round section (in Fig. 1 not conditionally marked
with positions). In order to reduce the requirements for the accuracy of the conjugation of the surfaces of the
plunger rod 2 and the axial hole of the tubular screw 4 sealing rings can be installed in the grooves together
with split fluoroplastic rings to protect rubber rings from destruction due to compression.
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Fig. 1. HPV - HC with a solid body

To ensure the optimal mode of closing PPG HPV - HC at the end of the return stroke of the plunger 2 in
the blind central stepped axial hole of the plunger 2 from the first stage of sealing PPG placed inertial valve 6
fixed by a split spring ring 7. The valve 6 has a stepped cylindrical shape to a lesser extent which forms a
sealing conical chamfer and its larger cylindrical stage on the running landing mates with the surface of the
larger diameter of the central stepped axial hole in the plunger 2. The seat for the valve 6 is designed in the
transition from a larger diameter to a smaller (hole "b") central stepped axial hole in the plunger 2.

The working fluid (energy carrier) from the hydraulic pumping station (not shown in Fig. 1) is fed into the
pressure cavity A HPV — HC. For reaching the energy pressure in cavity A pa > pimax (PPG "opening" pressure),

P1max = (kss Yo t FTR +My g)' A&_lv (1)

(here kss — stiffness SS 3; Frr - the initial force of technological resistance of the object of influence HPV -
HC; mmax — maximum inertial mass of the executive link of the technological machine, which is driven into

vibration; g = 9.8 m/s2 — acceleration of free fall; A =0.25-7-d ~0.785-d; — cross-sectional area of the
locking element of the first stage of PPG sealing (see Fig. 1)), PPG tightness is brokes plunger 2 defeating the
initial effort F,, ., =Kg - Yo, + Frr + M., - 9 begins to move cavities A and B (intermediate cavity PPG)

Omax

are connected and the energy pressure ps = pa in these cavities due to the small volume of cavity B almost
instantly reaches the level of pimax and acts on the entire cross-sectional area A, =0.25-7-d’ ~0.785-d?

second degree PPG sealing. It should be noted that at the pressure level of the energy carrier pa <pimax inertial
valve 6 moves up (according to Fig.1) and is fixed on the saddle thus separating the intermediate B from the
drain C cavities which are interconnected through oblique holes "a", hole "b", radial hole "c", cavity D
placement of SS 3 and transverse grooves "d" in SS 3.

During the action of the energy carrier pimax On the area A, of the plunger 2 the latter moving passes a
positive overlap h, and opens the second stage of sealing PPG to the value of the negative overlap hn. In the
first approximation we can take h, < h,. Full stroke of the plunger 2 h = hp + hn is its working course and
essentially the amplitude of vibrations. For relatively small values Frz i mmax real workflow h, > h due to the
inertial movement of the plunger 2 in order to prevent delaying the process of closing the PPG HPV-HC it is
advisable to limit the stroke h, of the plunger 2 by performing on its surface an additional cylindrical stage
(Fig. 1 this stage is shown by a dashed line).
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After passing the plunger 2 negative overlap h, cavities A and C are connected (see Fig. 1) and the flow of
energy enters the tank T hydraulic pumping station of the drive HPV — HC. Energy pressure in cavities A and
B decreases to the level of "closing™ pressure PPG [3]

pA < p2rnax < plmax 'dlz d2_2 +(kSS 'h+FTmax +mmax 'g)'Az_lv (2)

where Frn.e — maximum strength of technological resistance of the object of influence HPV — HC. Under
the action of force F,, =k, -h+F . +M.., -9 plunger 2 starts reverse passes negative overlap h, and

T max
during its movement in the path of positive overlap h, small increase in energy pressure pz > pc (here
Pc = par = 0 — energy carrier pressure in the drain cavity C) in the intermediate cavity B causes the opening of
the inertial valve 6 which causes a clear fixation of the first degree of sealing PPG on the seat. Then the cycle
is repeated.

Usually mmax consists of masses of a moving vibrating table VM (or VSM), device with the object of
technological influence, moving link of HPV — HC (in this case the plunger 2) and others connected to the
vibrating table, moving links of VM (or VSM). The power of weight Gmax = mmaxg is advisable to take into
account the vertical location of the plunger 2 and the value of mnax mainly affects the level of its inertial
displacement.

The main disadvantage of this design HPV - HC is the possible shock interaction of the first stage of sealing
PPG at the end of the return stroke of the plunger 2 when landing its sealing element on the saddle with a
medium diameter chamfer d; which can reduce the life of the vibrator and cause a high level of noise during
its operation.
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Fig. 2. HPV - HC with floating PPG saddle

These shortcomings are less in HPV - HC the structural scheme of which is shown in Fig. 2. The housing
of the vibrator consists of two parts - cylinder 1 and sleeve 2, connected by cutting on the outer surface of the
sleeve 2 and the inner surface of the shaft of the cylinder 1, which is essentially the housing of PPG HPV -
HC. Plunger 3 is structurally similar to plunger 2 (see Fig. 1) on the left end of which (Fig. 2) formed PPG
sealing elements: of the first degree - chamfered with a medium diameter di; the second is a spool with a
diameter of d> which simultaneously acts as a power piston of the vibrator.

Spool stage of sealing PPG with step bore of cylinder 1 with diameter "c" in the initial position forms a
positive overlap h,. At the end of the spool stage of sealing PPG made 8 radial grooves "a" with depth
hy = hp and outer diameter dg < d, (for sample dy = d> — 3 mm). The end part of the plunger 3 in its initial
position rests on the bottom of the bore of the cylinder 1 with a diameter d..
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The chamfered part of the first stage of PPG sealing is in contact with the floating saddle 4 of the cylindrical
shape. Saddle 4 is mated to the running landing with a through bore with a diameter d. in cylinder 1. The
contact surface of the saddle 4 with the bore of the cylinder 1, in order to increase the tightness, additionally
sealed with a rubber ring of circular cross-section with two split fluoroplastic rings (in Fig. 2 not marked
positions). The seat 4 to the chamfer of the first stage of PPG sealing is pressed by a twisted spring 5 located
in the inner bores of the seat 4 and the cover 6 of the energy supply to the pressure cavity 4 HPV — HC. At the
left end (Fig. 2) of the saddle 4 made a cylindrical protrusion (collar) with a diameter d, > d.. Between the
inner end of which and the bottom of the bore in the cylinder 1 in the initial position of the saddle 4 formed a
gap h. = (0,1...0,2) h, (see Fig. 2) which is slightly smaller than the gap (0,25...0,3)h, between the left
(according to Fig. 2) end of the saddle 4 and the end of the second spool stage of PPG sealing in the initial
position.

SS 7 is placed in the through central bore of the sleeve 2 coaxially with the rod of the plunger 3. Preliminary
deformation x01 SS 7 adjusted through the sleeve 8 by a cap nut 9, which is counted by a nut 10. The bushing
8 is sealed in the sleeve 2 and on the rod of the plunger 3 rubber rings of round cross section (in Fig. 2 are not
marked with positions). The threaded connection of the cylinder 1 and the sleeve 2 is counted with a nut 11.
The rod of the plunger 3 from external contamination is protected by dirt-than 12 located in the bore of the cap
nut 9.

The principle of operation of this HPV - HC is similar to the principle of operation of the vibrator presented
on Fig. 1, but there are some features. During the increase of the energy pressure in the pressure cavity A to
the level

pA:ploZ(kss'X01+FTR+mmax'g_kss'on)'i%_l, 3

(here kss- rigidity SS 7; Fiz - the initial strength of the technological resistance of the object of influence
HPV-HC; mmax- maximum inertial mass of the executive link of VM (or VSM); g = 9.8 m/s2 (power

Gmax = Mmax'g should be considered for the vertical position of the vibrator); A, =0.25-7 - d? ~0.785- df

- the cross-sectional area of the saddle 4 in diameter d., Kss,xo2 - respectively the rigidity and pre-deformation
of the twisted spring 5) the saddle 4 together with the plunger 3 moves in the path of the gap h. o the stop of
the saddle 4 with its collar at the end of the bore in the cylinder 1 (see Fig. 2) and short-term (almost
instantaneous) stop the movement of the plunger 3. The opening of the first stage of sealing PPG (leakage)
will occur with the next increase in energy pressure in cavity A to the level

Pimax Z[kss (X01+hc)+FTO+mmax'g]'A{l’ (4)

where A =0.25-7-d? ~0.785-d, - the cross-sectional area of the locking element of the first stage of

PPG sealing (see Fig. 2). Next the operating cycle of the considered HPV-HC is carried out similarly to the
cycle of the previously described vibrator (see Fig. 1).

The intermediate cavity B of this vibrator includes the volume of the grooves "a", and the drain cavity C is
connected through the fitting 13 to the tank T of hydraulic pumping station (conditionally not shown in Fig.
2). Cavity D placement SS 7 through the grooves "d", "c" and the blind hole "b" in the plunger 3 is freely
connected to the drain cavity C.

The reverse mode of the plunger 3 begins with a decrease in the cavities A and B of the energy pressure to
the level pzmax "closing” of PPG [3] which is calculated by formula (2). At the end of the return stroke of the
plunger 3 due to the springy installation of the seat 4 is soft braking of the plunger 3, which significantly
reduces its impact interaction with the end (bottom) of the step bore with a diameter d in the cylinder 1. The
optimal mode of completion of the return stroke of the plunger 3 is regulated by a throttle hole "e" with a
diameter di. Instead of the hole "e" the throttle of "landing" of the plunger 3 can be formed due to the gap in
the conjugate cylinder 1 and the plunger 3 in diameter d, or coot on the spool surface of the plunger 3.

Preliminary deformation of the twisted spring 5 Xo2 = const is installed during installation (assembly) of the
vibrator. Since Ao > A: then it follows from the comparison of dependences (3) and (4) that

Purax = Pio - A - A and p,.. > Py, This confirms the instantaneous stop of the plunger 3 at the end of its
movement during a straight distance h..

Spool second stage PPG sealing (see Fig. 1 and Fig. 2) due to the presence of a positive overlap hp reduces
the frequency of vibrations due to the time spent on the passage of this overlap, and for the same reason does
not allow to obtain the amplitudes ha of vibrations less than the stroke h = h, + h, of actuators (plungers 2 and
3) vibrators. For some vibration technologies for example vibropressing of products from ultra-dispersed
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powder materials [10] high frequency v (HC) and small amplitude h, = (0,1...0,4)-10°m of vibrations are
crucial.

To some extent, this problem can be solved with HPV-HC, the structural diagram of which is shown in Fig.
3. The first and second stages of PPG sealing in this vibrator are valve (chamfered) which allows to limit the
working stroke of the actuator of the vibrator h, = 2, (h» - negative overlap of sealing stages PPG) and increase
the frequency of vibrations.

HPV-HC consists of a saddle housing 1 PPG connected to the sleeve 2 placement SS 3 by means of flanges
4 and 5, half rings 6, coupling bolts (runners) 7, nuts 8 and spring washers 9. On the left end of the plunger 10
(according to Fig. 3) made a valve type (chamfer) locking element of the first stage of sealing PPG vibrator
which is ground to a wide chamfer of medium diameter d; is in contact with the first chamfer of the saddle
body 1. The second stage of sealing PPG is formed by means of a bushing-valve 11 which is directed to the
exact running fit for example @ d, H7/g6 in diameter d; of the cylindrical part of the locking element of the
sleeve-valve 11 of the vibrator. At the left end of the bushing-valve 11 is made of a wide chamfer which on
the average diameter d; is in contact with the second chamfer of the seat body 1. Contact pressure pc which is
required for sealing in the initial position of the bushing-valve 11 on the second facet of the seat housing 1 is
created by a twisted spring 12 which presses the bushing-valve 11 to the seat through the stepped sleeve 13
and the split spring ring 14:

P, = 4k, * Xo2 /”'dz2 ~1.274k,, - Xop * dgz , (5)

where Kkio, Xo2 - rigidity and preliminary deformation of the twisted spring 12 (Xo. = const - because this
deformation is created during the assembly of the vibrator).
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Fig. 3. HPV-HC with valves of PPG sealing

The opening of PPG of this HPV-HC as in those considered in Fig. 1 and fig. 2 vibrators begins when the
pressure level "opening" is reached in the pressure cavity A pimax calculated by the formula identical to (1) all
values in which have the same meaning as in dependences (1) and (4). During the connection of cavities A and
B and almost instantaneous equalization of the energy pressure in them (due to the small volume of cavity B)
at the level pimax the bushing-valve 11 overcoming the resistance of the twisted spring 12 moves rapidly in the
path of the gap h.=(0,2...0,5)h, and its right (Fig. 3) flat end rests on the end of the intermediate protrusion
(see Fig. 3) of the plunger 10 and then moves with it to the full opening on the working stroke h, > 4, PPG of
vibrator. Due to the opening of the PPG the pressure head A and the drain cavity C are connected. The drain
cavity C through the hole "b" and the angular drain nipple 15 is connected to the tank B of the hydraulic
pumping station (Fig. 3 is not shown).

Cavity D of placement SS 3 is freely connected through oblique holes "a" with the drain cavity C.
Developed length and high accuracy of the guide surface (& d; H7/g6) of the bushing-valve 11 virtually
eliminate energy losses due to the gap in the coupling of the bushing-valve 11 and the cylindrical part of the
locking element of the first stage of sealing PPG HPV-HC during the direct stroke of the plunger 10.
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Energy pressure level plmax is adjusted through the sleeve 16 by the cap nut 17 which is counted by a nut
18. The rod of the plunger 10 from external contamination is protected by a dirt remover 19.

The return stroke of the plunger 10 begins with a decrease of the energy pressure in the cavity A to the level
(pressure "closing"” PPG)

Pa = Pomax = Prmax 'dl2 'dz_2 +[kss 'hp + P T My - 9 +k12(X02 +hc):|' Az_lv (6)

where A, =0.25--d? ~0.785-d? . Other values in formula (6) have the same values as in (2).

After reversing h, the locking elements of the first and second stages of sealing the PPG vibrator are fixed
in the initial position and the operating cycle is repeated.

According to the known dependence [3] growth time t; of energy carrier pressure in the pressure cavities of
the considered HPV - HC (see Fig. 1 - Fig. 3):

t~Ap-W, - (Q, k)™, (")

where Ap = pimax — P2max; Wo - the initial volume of the pressure cavity 4; Qp, — supply of the hydraulic
pump of the hydraulic pumping station; k — isothermal modulus of elasticity of the energy carrier. Time t; is
one of the main components that determines the frequency of the pressure pulses in the cavity A which is equal

to the vibration frequency vr = v [1-4]:
T, =V =Kt , (8)

where T» - period of oscillations of pressure pulses; Kcp - cyclic pressure pulse coefficient which is determined
by the time components of the pulse including the duration of the front ti and back tq pulse fronts are decisive
(ti > tg) [7]. Time ty depends on the level of conditional passage of PPG and the switching speed of the
generator, which is virtually unadjustable and time t; (see (8)) can be changed by affecting 4p (due to regulation
Pimax) and Q, for example by diverting part of this energy carrier flow through the flow regulator into the tank
[1-3]. Changing of 4p mainly affects the level of vibration amplitude and useful force on the rod HPV-HC.

Execution in the last of the considered designs of HPV-HC of the first and second stages of sealing of PPG
as valve (chamfered see fig. 3) besides the noted advantages allows to increase cross section PPG of this
vibrator due to boundary increase in rigidity SS 3 (short spring) provided ensuring its strength.

Conclusions

According to the results of the study on the development of small hydropulse vibrators based on open-air
springs, the following conclusions can be drawn:

1. Based on the analysis of basic and structural schemes of vibrators with different types of drives, namely:
mechanical, electrical, pneumatic and hydraulic, it is established that hydropulse vibrators - hydraulic cylinders
(HPV-HC) based on SS or AS have the smallest dimensions with significant vibration power parameters.

2. HPV-HC can be used as the main part of GPD VM and VSM, in which the functions of PPG and
hydraulic motor (hydraulic cylinder) are combined in one design, and as independent hydraulic devices.

3. Minimization of the dimensions of HPV-HC is achieved by using short SS (or AS), the stiffness of which
is determined by the allowable stresses in the elements of the springs occurring in the cross sections of SS (or
AS) at their maximum possible loads, and reducing the stroke of the GPP HPV-HC power unit, by eliminating
spool sealing (positive overlap h,) at both stages of PPG sealing (changes in the area of shut-off elements) by
applying bevel (valve) sealing of these stages, allows you to build HPV-HC with a wide range of amplitude
and vibration frequency.
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IigpoiMmnyabcHi MaoradapurtHi BiOpaTopu Ha 0a3i NPOPI3HUX NPYKUH

'Binnunpkuii HaIiOHATBLHUM TEXHIYHUY YHIBEpCHTET
?HawionanbHuii TexHiuHuii yHiBepcuteT Yipainu « KuiBchkuil nostitexniunuii inctutyT iMeni Irops Cikopchkoro»

B cmammi HagedeHi KOoHCMpyKuii ma onucu npuHyunie pobomu oOHOKackaOHUX 2eHepamopig iMryrbcie mucky, wo €
OCHOBHUMU efieMeHmamu 2i0poimnyibCHO20 rpueody KUl 8UKOPUCMOBYEMbLCS Ot 2eHepy8aHHs 8ibpauili BUKOHa84UX opaaHie
y 8ibpauitiHux ma 8ibpoydapHux MawuHax pPi3HO20 MPU3Ha4YeHHs. A camMe 2eHepamopa iMryibCcie MUCKY i3 CyUirlbHUM KOPIyCOM,
2eHepamopa iMrynbcie MUCKy i3 rnasaroyum ciOrioM ma eeHepamopa iMIynbCie MmUCKy i3 KraarnaHHUMU CmyneHsmu
2epmemu3sauii, wo 6ynu po3pobnieHi Ha 6a3i BiHHUUBbKO20 HauioOHalbHO20 MEXHIYHOo20 yHigepcumemy. B po3sansHymux
pucmMposix 8 IKOCMI NPYXHO20 eneMeHma 8UKOPUCMOBYEMbCS MPOpPI3Ha NMpyXXuHa, W0 BUKOHaHa sik okpema demarb abo siK
KOHCmpyKkmueHuUl enemeHm iHwux demarned, ski 6xo0smb 00 ckiady npucmporo. BukopucmaHHs makux npy>HUx eiemMeHmie
do3eorise 3abe3neyumu weudkoOiro npucmpoie ma, 8idNOsIOHO, Nid8ULUMU HYaCMOMHI Xxapakmepucmuku ix poboYux pexumis.
BcmaHoeneHo, wo eidpoimnynbcHi 8ibpamopu — 2idpoyuniHopu Ha 6a3i MPopIi3HUX YU Kinbyesux MPYXUH Matomb HalMeHWi|
2abapumu 3a 3Ha4HUX eibpayiliHux cunosux napamempis. B mekcmi crmammi auceimiieHo 0CHO8HI ymosu cmabinbHoi pobomu
HaseOeHUX eeHepamopie IMryrbcie MUCKY, 6Ka3aHO ma [poaHasi308aHO MameMamuyHi 3anexHOCmi M pobodumu
napamempamu npucmpoie ma po3amipamu ix KOHCMPYKMUBHUX esleMeHmi8, 3arnporoHo8aHo HEOOXiOHI Crie8iOHOWEHHST MiX
KOHCMPYKMUBHUMU po3mipamu poboy4ux rnoeepxoHb 8UKOHaBYUX efleMeHmie ma ocobriueocmi HanawmyeaHHs iX no3uuyitiHux
napamempie. 3arnporoHogaHi MameMamud4Hi 3anexHocmi MoXymb 6ymu eukopucmaHi sk Ona onmumidayii pobomu
po32nsHymux 8 cmammi KOHCMpPYKUit npucmpoig, mak | ri0 4ac rpoeKkmysaHHsI HO8UX 2eHepamopie iMmynbcie mucky 3
2i0poimMnynbCHUM Mpu8oOOM PI3HO20 MpuU3Ha4YeHHs. BusieneHi ma posensaHymi HedosliKu OKpeMux KOHCMPYKYil eeHepamopie
iMybcie MUckKy, wo Moxyms Bymu noe’sa3aHi i3 wsxamu eepMemu3sayii poboyux kamep rnpucmpoie abo sapiaHmamu 83aemo0ii
KOHCMPYKMUBHUX e/1eMeHMI8 npucmpor ma 3anporoHo8aHO KOHCMPYKMUBHI pilueHHs1 s ycyHeHHs1 abo MiHimizauii ix ennusy
Ha siKicmb pobomu 2eHepamopis iMIyribCie MUCKy.

KnrouoBi cnoBa: Tuck, rigpoimnynbCHWIN NpyBoA, rigpaenika, Bibpadii, poboya piguHa, eHeproHoci, knanax, rigpounniHap,
Npopi3Ha NPYXUHA, XXOPCTKICTb, NPY>HICTb.
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