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Introduction. The torsion suspensions are in wide use at contemporary automotive engineering.
Such suspension operating elements are torsions: elastic bars, loaded with torsion force. The torsion
bars are traditionally used as suspension structure of armored vehicles and cars. Moreover, torsion bars
in automobile suspensions can be used both as the elastic element, and as an auxiliary device, i.c. a
stabilizing bar, purposed to create the vehicle’s anti-roll resistance. Given that the torsion bar repre-
sents only an elastic element, the question of energy dissipation in suspensions including such bar is
quite relevant. Firstly the problem of improving the torsion bar suspensions’ energy dissipation has
been solved in the UK, when for the first time in parallel with the torsion bars the hydraulic piston
shock absorbers have been installed. Due to this the suspension’s tendency to body longitudinal vibra-
tions has been eliminated with greatly improved smoothness of suspension’s course. Currently, in ad-
dition to said hydraulic piston or gas shock absorbers, characterized by the movable member’s transla-
tional motion respectively to the housing in wide use at torsion suspension structure are lever shock
absorbers (piston and vane types), characterized by the movable member’s rotational movement re-
spectively to the housing. So on each side of the T-72 tank (USSR), the first, second and sixth suspen-
sions are equipped with three lever-blade dampers (lever rotation angle of 87°) [1].

The existing hydraulic shock absorbers are usually implementing a performance, consisting of
digression and regression areas, that is due to the throttle and the throttle-valve modes of operation.
However, increasing demands to the suspension of the vehicle require the implementation of other
performance characteristics not implementable when the existing shock absorbers’ passive construc-
tions using due to their functionality limitations. An alternative in the form of active damping systems’
application with respect to their high cost and additional energy consumed is selective being well-
justified only for original unique or cost-expensive equipment [2]. Therefore, the synthesis of passive
hydraulic shock absorbers with advanced features, making possible to realize the desired (target) per-
formance represents an actual applied scientific problem.

Recent researches and publications analysis. Studies analyzing the torsion suspension dissipa-
tive elements show that 70 % of them are piston hydraulic shock absorbers and 30% refer to the lever-
type absorbers [2, 3]. Such a distribution by type is due to the fact that the issues both in design and
manufacturing technology of the piston hydraulic shock absorbers are well addressed, and their per-
formance, for lack of a better, does satisfy customers to some extent. However, the several piston con-
structions use for torsion suspensions’ shock absorbers is impossible because of their size. In such cas-
es, the simple and compact lever-piston or lever-vane hydraulic dampers are applied (Fig. 1).

They are recommended for use at vehicles with a rigid suspension and a low rate of motion [2, 4].
They may be single- or double-acting, with a horizontally or vertically extended casing, which houses
the vanes or pistons movable by means of levers.

Despite their structural differences, these devices are similar by operation principle and from a
physical point of view. Thus, the lever-piston shock absorber operates as follows (Fig. 1, a). The
damper has a double piston 2, which houses the non-return valves. The lever 4 can move the piston 2
in one direction or another, thus fulfilling compression and rebound strokes of the suspension. During
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compression, the hydraulic fluid flows from the cavity 3 into the cavity 1 through throttle (calibrated)
groove in the valve stem 5 and the gap on valve seat 6, thus overcoming the weak resistance of the
internal spring (throttle operation mode). When a sudden pressure increase the working fluid in the
cavity 3 overcomes the resistance of valve’s rigid outer spring 6 and increases the orifice between the
valve and body (valve mode). While rebound the working fluid is flowing in reverse direction from
the cavity 1 into the cavity 3.
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Fig. 1. Lever-type shock absorbers: piston type (a); vane type (b); performance (c)

The lever-blade damper consists of housing 1 which cylindrical bore locates a partition 2 and the
shaft with vanes 3 (Fig. 1, b). The vanes bear throttle holes 4 and the forward stroke valves 5. The con-
tinuous passage (throttle) cross-section is formed by the throttle cross section together with radial and
end clearances between the blades and the housing. Lever 6 is shackle-connected to the suspension
arm (the roller’s rocker) when lifting and lowering thus driving the shaft and the blade 3. When for-
ward stroke, in the case of collision with a roughness the working fluid under a certain pressure flows
from the cavity I into the cavity II through constant throttle passage section (throttle operation mode).
When the pressure that determines the throttle mode increases, operated are the valves 5, thereby actu-
ating the throttle-valve operating mode. On the return stroke the working fluid flows in the opposite
direction from the cavity II into the cavity I, while the device operation is determined by the throttle
mode only. Comparing the described designs, the more preferred one is the vane absorber structure,
since it is more compact, has less parts number, and is well positioned in the tracked vehicles boards’
special recesses.

The described designs allow implement the throttle-valve type performances, which can differ
only by regression and digressive areas’ inclination angle as well as their inflection point position.
These figures depend on the set size of the orifice section and valves’ setting. Therefore, speaking
about the “ideal” performance, it should be noted that in most cases it is ideal only according to the
shock absorber developer’s or manufacturer’s viewpoint. This is related to the known devices’ func-
tionality limits and often the device’s efficiency is determined by quantitative and not qualitative indi-
cators. For example, the shock absorber manufactured by BILSTEIN (Germany) is supplied with addi-
tional elements (spring washers for the valve), providing 52 settings for its throttle-valve operating
characteristic [4].

The problem of other than throttle-valve performances implementation remains still unsolved for
the known hydraulic shock absorbers (lever-vane in particular). In this regard of interest is implementa-
tion of absorber’s performances control not by the cavity inner pressure, but by its mobile part displace-
ment relative to the fixed part. This control method will make possible to determine the holonomic rela-
tionship between shock absorber‘s working diagram and its performance.

Aim of Research is to synthesize a principally new hydraulic lever-blade shock absorber with
advanced functionality delivering the desired performance.
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Main Body. For the proposed device synthe-
sis advised is to use the modified kinematic graph 0 p
(MKG) technique. Originally this technique was dos
developed for the analysis and synthesis of elastic \ﬁk \ %o i
systems [5]. Then it was successfully tested for the ® %o 0 |3wb
analysis and synthesis of dissipative systems, qos / @ |Sb| 0
namely hydraulic piston shock absorbers [6, 7]. Po

In quality of a the basic unit whose func-
tionality is expected to expand, we consider a
known lever-vane shock absorber (Fig. 1, b). Us- Fig. 2. .Mode.ling th.e lever—van.e shocl? abivorber with a
ing its kinematic scheme, we construct a model modified kinematic graph: kinematic diagram (a);
in the modified kinematic graph form with corre- graph model (b); assemblage matrix (c)
sponding assemblage matrix (Fig. 2)

Simulation is carried out under the condition that the synthesized mechanism is flat; p; — graph
vertex, determining the i™ element of the device with the appropriate numbering, gs — graph edge,
determining the functional interaction between the device contact elements and meeting the 5™ class
kinematic pairs. For more detailed model structuring the possible types of graph edges are assigned,
which correspond to the rotational or translational pair (gzs and grs, respectively). On the basis of the
2D-problem, the mechanism structure may include the g4 edges, determining the functional interaction
between the device contact elements and meeting the 4" class kinematic pairs.

According to the chosen methodology the considered device model represented with MKG
should form a multigraph [5]. Therefore, the model kinematic graph is modified by introducing an ad-
ditional “labeled” rib b, corresponding in this case to the dissipative coupling, which change is directly
related to the considered device kinematics, and sometimes defines it. Here, in terms of kinematics,
this link is specified with a virtual analogue of 4™ class kinematic pair [6].

Degree of the resulting model mobility, based on the planar 2D problem

W=3p-1)-2¢sen—qs—qL=32-1)-2x1-0-1=0. (D

Result obtained in accordance with (1) expression, reveals a close relationship between dissipa-
tive coupling properties and the considered device kinematics. This relationship may be illustrated by
the following example, taking as the lever-vane shock absorber’s working fluid the liquid glue, when
as it is drying the device mobility becomes zero.

The cyclomatic number of the resulting model, which determines the number of cycles at
flowchart with a common edge labeled b, corresponding dissipative coupling

c=q-p+t1=2-2+1=1. 2)

For the subsequent new structure synthesis necessary is to determine how exactly is supposed to
control the device’s dissipation. In authors’ view, the most common technique, as compared to the
options available for changing the working fluid properties, is the control by changing the throttle
openings’ area. This is implemented conventionally by using valves in conventional shock absorbers.
Given that the synthesized design supposes the performance’s relationship not to the pressure, but to
displacement, this design excludes use of valves as useless. However, the presence of an element
completely or partially overlapping throttle orifice following the kinematic law is a necessary and suf-
ficient precondition. Having substantiated the existence of an additional movable element (valve) we
approach to conclude about its contact interaction with the damper element, containing the throttle
orifice. This contact can be implemented in the form of a 5™ class kinematic pair, for example, transla-
tional one.

Thus, the initial data for the new device synthesis can be considered as the next MKG set (Fig. 3, a):

— pole p,, determining the additional component — gate, connected to the pole py, edge ¢ s, that
corresponds to the 5" class rectilinear kinematic pair as spoken above;

— given that the relative displacement between the gate and the housing partition with a throttle
orifice defines the dissipative characteristics, poles p, and p, are connected with a “labeled” edge b.

a b c
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Fig. 3. Synthesis of a lever-blade shock absorber: initial synthesis data (a); MKG-represented model (b);
assemblage matrix (c); kinematic diagram (d)

The synthesis problem is to determine the possible number and subsequent placement of MKG
poles and ribs (basic structure extension), at that the mobility degree of the model represented with
flowchart does not change, meanwhile the cycles’ number becoming one more. Increase in the cycles’
number as n+/ determines the additional mechanical control loop introducing [5]. Proceeding from
this, and respecting the minimum additional elements’ number condition, we get the following options
for the base structure extending (Fig. 3, b):

In this case, the degree of mobility patterns of the synthesized structures in the form of the MKG:

— Case A, when the basic structure can be extended by two poles (including one p, pole) and
three additional edges corresponding to 5™ class kinematic pairs (including ¢'7s edge);

— Case B, when the basic structure can be extended by one poles (p, pole) and two additional
edges: one represented with ¢ 75 edge and another corresponding to 4™ class kinematic pairs.

At that the synthesized structures’ mobility degrees expressed with MKG:

— Case A W=3p-1)-2qg-—gr—q.=3(4-1)-2x4-0-1=0;

3)
— Case B W=3p-1)-2g-gr—q.=3(3-1)-2x2-1-1=0.
Models’ cyclomatic numbers:
— Case A c=q-pt+tl1=5-4+1=2;

4)
— Case B c=q-pt+t1=4-3+1=2.

These calculations results indicate that the synthesis conditions are exactly satisfied.

Results. Subsequent work with assemblage matrices on the MKG basis (Fig. 3, ¢) allows passing to
the synthetic devices’ kinematics drawing (Fig. 3, d). The obtained kinematic charts’ structural design has
been implemented in the form of 3D models (devices’ elements designation corresponds to the legend as-
signed at MKG), with the auxiliary of CAD software package Autodesk Inventor Series (Fig. 4).

Checking the designed devices’ structural elements kinematics and strength with the said soft-
ware package we arrived to their performance efference fully confirmed. While kinematics simulation
we found that the change in throttle orifices area has a close relationship with the geometric parame-
ters of the additionally introduced structure, determining the mechanical control loop. The kinematic
modeling results obtained allow suggestion on the possibility of performances’ various non-linearity
types implemented with the synthesized designs.

At structures’ comparative analysis established is that for case A the relative twist angle of the
moving part respectively to the fixed one is some less than for case B, that is due to the lever system
presence in the working cavity. In addition, case A, the shock absorption rate will also vary according

MAIIMHOBY IYBAHHA. TEXHOJIOI'LA METAJIIB. MATEPIAJIO3BHABCTBO



ISSN 2076-2429 (print) 19

ISSN 2223-3814 (online)

[Mpani Opechkoro nosyiTexHivHOro yHiBepeurery, 2015. Bur. 1(45)

to the movable member rotation direction, due to the reduced space at lever system containing work-
ing chamber (some space taken by the lever system’s body). The case B has a large twist angle, as the
control system represented with a kinematically actuated cam mechanism is placed outside the work-
ing cavity. In this connection, the movable element rotation direction does not influence the shock ab-
sorption coefficient. From a technological point of view, manufacturing the case B is more complex,
but the functionality — to — production cost ratio demonstrates that both samples can be considered
as effective enough.

Fig. 4. Structural design appearing as 3D models, on the basis of synthesized devices’ kinematic diagrams:

case A (a); case B (b)

Conclusions. At the issue of research series synthesized are two fundamentally new designs of
lever-vane shock absorber. Study running, it was found that:

— New shock absorbers structures are formed through adding to the basic damper structure the
additional mechanical structures in the form of toggle or cam mechanisms;

— Expanding the known lever-vane shock absorber structure with additional mechanical struc-
tures is appropriate, as it allows implementing a principally new way of its performance control.
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AHOTAIISA / AHHOTALIUSL / ABSTRACT

LI Cuoopenxo, Youcan Ixen. CHHTE3 Ba:KiTbHO-JIONMATEBUX aMOPTH3ATOPIB 3 PO3LINPEHOI0 MEXaHIYHOI CTPYKTY-
poro. Y cydaCHOMY TPaHCIOPTHOMY MAalIMHOOYAyBaHHI MIMPOKO MOIIUPEHI TOPCIOHHI migBICKH. OCKIIBKH TOPCIOH € TLBKH
MIPY>KHUM €JIEMEHTOM, TO IMUTAHHs AUCHUIIALI] eHepril B MiZBiCKax 3 Oro 3aCTOCYBaHHIM € aKTyalbHUM. B naHuii gac B siko-
CTI HMPHUCTPOIB AMCHNALI] B TOPCIOHHUX MiABICKaX 3aCTOCOBYIOTH TiAPABIiYHI ITOPIIHEBI aMOPTH3AaTOPU 3 MOCTYNAIBHUM
PYXOM PyXOMOTO elleMeHTa BiTHOCHO Kopiyca a0 BaKiIbHI TiIpaBIiuHi aMOPTH3aTOPH — MOPIIHEBI 1 JIoMaTeBi, 3 00epTa-
JIBHUM PYXOM PYXOMOTO €JIEMEeHTa BiIHOCHO Kopiyca. /laHi aMOpTH3aTOpHU peaizyroTh poboUi XapaKTepHUCTHKU TIBKU JIPO-
CEJIbHO-KJIAIIAHHOTO THUITY, IO OB’ 3aHO 3 (QyHKIIOHATHHIMH MOXIJIMBOCTSIMA IAaHUX IPHUCTPOIB, SIKi 3aJIeKaTh BiJ] KOHCTPY-
KTUBHHX 0OMExeHb. B poOoTi mpoBeZieHO CHHTE3 MPUHIMIIOBO HOBUX BaXKIIBHO-JIONATEBUX aMOPTU3aTOpiB, poboda xapax-
TEpPUCTHKA SKUX He TI0B’A3aHa 3 BEIMYMHOIO THCKY B po6odiii mopoxkHuHi. IX icTOTHOIO BiIMiHHICTIO € HASBHICTB Y CTPYKTY-
Pl MEXaHIYHOTO KOHTYPY YIPaBIiHHSI, SIKMH BU3HAYA€ TiICHUH B3a€MO3B’SI30K poOOUOi XapaKTEPUCTHKU 3 BEIMYHHOIO IIepe-
MIIIEHHSI PyXOMOTO eJIEMEHTa aMOpPTH3aTopa BITHOCHO KOpmyca. Y TpOLeECi CHHTEe3y MPOBEACHO ampoOariilo BigmoBiTHOL
METOJHMKH, OOy J0BaHOI Ha OCHOBI MOJICTIOBAaHHS TEXHIYHUX CHUCTEM MOJU(IKOBAaHMMH KiHEMAaTHYHUMH rpadamu. Pe3yib-
TaTU CHHTE3y NPEACTABIICH] Y BUIJISI IBOX KOHCTPYKTUBHO peai30BaHHX 3pa3KiB. [IpoBeneHO MOPIBHSIIBHUN aHATI3 OTPH-
MaHHX 3pa3KiB Ta BU3HAUCHO 1X OCHOBHI pPo00Ui XapaKTepUCTUKH.

Knouosi cnosa: BaxXibHO-IONATEBUIA aMOPTH3ATOP, MEXaHIYHHI KOHTYP YIIPaBIIiHHSI, poOOYa XapaKTepPUCTHUKA aMOPTH3aTOPA.

HU.U. Cudopenxo, Yocan Hxen. CHHTE3 PBIYAKHO-TONACTHBIX AMOPTH3aTOPOB ¢ PACHIMPEHHO MeXaHHYeCKOoi
CTPYKTYPOii. B COBpeMEHHOM TPaHCIIOPTHOM MAIIMHOCTPOEHHH IIMPOKO PACHPOCTPaHEHBI TOPCHOHHBIE moaBecku. Ilo-
CKOJIbKY TOPCHUOH SABJISAACTCS TOJIBKO YIPYI'UM 3JIEMECHTOM, TO BOIIPOC AUCCUIIALIMU SHEPIUU B MOJABECKaX C €0 NIPUMEHEHUEM
SIBIIICTCS aKTyallbHBIM. B HacTosIee BpeMs B Ka4eCTBE YCTPOUCTB AUCCHUIIAIMY B TOPCUOHHBIX MOJBECKAX IPUMEHSIOT TU-
paBIMYECKUE TTOPIITHEBBIE aMOPTU3ATOPHI C IMOCTYMATEIbHBIM ABI)KCHUEM ITOABIKHOTO 3JIEMEHTa OTHOCHTEIBHO KOpITyca
WX phIYaXKHbIE THAPABINYECKUE aMOPTU3aTOpPbl — IOPIIHEBBIC U JIONACTHBIC, C BPAIIATEeIbHBIM JABUKEHHEM MOJBHKHOIO
9JIEMEHTa OTHOCHTENIFHO KopIryca. [laHHBIE aMOpTH3aTOpBl peann3yloT paboume XapaKTePHCTHKU TOJIBKO JPOCCEIBHO-
KJIAITaHHOTO THIIA, YTO CBA3aHO C (DYHKIIMOHAIBHBIMH BO3MOKHOCTSIMU JIQHHBIX yCTPOHCTB, 3aBUCSIINX OT KOHCTPYKTUBHBIX
orpanuueHuil. B pabore npoBeeH CHHTE3 NPUHIMITMAIEHO HOBBIX PHIYa)KHO-JIONACTHBIX aMOPTH3aTOPOB, paboyas XapakTe-
pHCTHKA KOTOPBIX HE CBS3aHA C BEJIMYMHON NaBJIeHHs B pabodell moaocTu. VX CymecTBeHHBIM OTINYUEM SIBIISICTCS HAJTMIHE
B CTPYKTYpE MEXaHHUECKOTO KOHTYpa YIIPABICHUS, KOTOPBIH OMpeeseT TECHYIO B3aUMOCBA3b pabouell XapaKTepHUCTHKU C
BEJINYMHOHN IEepeMEIeHHsl TOJIBI)KHOIO 3JIEMEHTa aMOpTU3aTOpa OTHOCUTENBHO Kopiyca. B mponecce cuHTes3a mpoBejeHa
arpodanys COOTBETCTBYIOIIECH METOJUKH, IIOCTPOCHHON HAa OCHOBE MOJICTHPOBAHHS TEXHUUECKAX CHCTEM MOANDHUIIPOBaH-
HBIMH KHHEMAaTHIECKUMHU rpadamu. Pe3ynbpTaTel cHHTE3a NMPEACTAaBIEHBI B BUJE JBYX KOHCTPYKTHBHO PEAIM30BAHHBIX 00-
pasuos. [IpoBeneH cpaBHUTEIBHBII aHAIN3 ITOJIYYEHHBIX 00Pa3LOB U OIPE/IeNICHbl X OCHOBHBIE pabo4He XapaKTepPHCTHKY.

Kniouesvie cnosa: peraaxHO-JIOMACTHON aMOPTH3aTOP, MEXaHHMYECKUH KOHTYp yIIpaBlIeHUs, pabodast XapaKTepHCTHKA
aMopTH3aTopAa.

LI Sydorenko, Zhang Yi Heng. Synthesis of lever-blade dampers with enhanced mechanical structure. The torsion
suspension is a widespread structure in today's transport machine engineering. Since the torsion bar represents just an elastic
element, the energy dissipation in suspensions problem is highly relevant for its application. Currently in quality of a dissipa-
tion device in torsion suspension are used the hydraulic dampers with movable member’s reciprocating translational motion
respectively to the housing or lever-type hydraulic shock absorbers of piston and vane types, with the movable member’s
rotational movement respectively to the housing. These dampers are implementing only throttle-valve performance type,
associated with these devices’ functional capacities and depending on design constraints. The paper presents a synthesis of
innovative lever-blade dampers, whose performance is not related to the value of working chamber’s inner pressure. Their
essential peculiarity relates to the mechanical control loop presence in the structure that determines a close relationship be-
tween the performance and the value of the shock absorber movable element displacement relatively to the body. In the pro-
cess of synthesis carried out tested are the appropriate methods, built on the basis of technical systems’ modeling with modi-
fied kinematic graphs. The synthesis results are shown in the form of two structurally implemented samples. Performed is a
comparative analysis of the samples with their basic performance determining.

Keywords: lever-blade damper, mechanical control loop, shock absorber performance.
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