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1. Introduction

Two-stream test hydrostatic-mechanical
transmission - OHMP, which is shown in Fig. 1 is used
for gearbox of transportation and special machines
with wheels or caterpillar tracks (in the latter it is
possible to perform the function of heave mechanism).

The purpose of the test is to determine the
suitability of this type of gear for use in the said use,
through real experimental data from laboratory testing
of the gear, when it is not mounted on a mobile
machine.

As a species transmission OHMP is a source of
losses of the transmitted power and energy. Their
determination represents the greatest interest because
they directly affect the owverall efficiency, which is
crucial for fitness of the gear in any power
transmission. In consideration OHMP arises following
types of losses:

Power - mechanical friction of gear - gear
pairs friction in sliding and roller bearing
assemblies, gaskets, splattering of the oil in the
crankcase and oil supply system for the
hydraulic part of OHMP, friction in the
pumping of the hydraulic branch supports the
plunger of hydrostatic machines;

Hydraulic - losses by passing the working
fluid in the hydraulic fittings - valves, piping,
coolers, filters.

Kinematic - typical for the hydraulic branch of
OHMP. Resulting in the loss of speed, due to
leakage in the pump elements of the
hydrostatic machines, so called volumetric
losses.
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2. Scheme of the test bench for

experimental research on OHMP.

The scheme of the stand, shown in Fig. 2. [2]
covers also other types of gears in order universality its
application. For each test in its method is envisaged
calculation of an approximation of the values, that can
not be directly measured. In this case the object of
research is OHMP, marked as two-stream module of
the scheme. The methodology consists of the
submission of constant power, constant torque - Fig. 3.
(M) and constant angular velocity at the input of
OHMP. This simulates the work of the internal
combustion engine with maximum power in one
working point of multiparameter characteristic with a
constant angular velocity and torque. The objective is
to determine the parameters of the output power of
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Fig. 2 - Kinematic scheme of the test bench

OHMP (Mour = f (n2) - Fig. 3.), to assess its
performance in terms of efficiency, as well as the
realized variation range of the force ratio and kinematic
ratio at minimum allowable value of the efficiency
(Fig. 4.). The essence of the method consists in the
construction of the traction characteristic of the output
shaft on the OHMP, when submitting the constant
power, with constant parameters at the input of the
OHMP. The variable gear ratio is provided by
changing the working volumes of the hydrostatic
machines, through the levers L, u Ls. In the case both
machines are adjustable with manual control of the
volumes.

3. The measured values (Table 1)

P, [W]- active power, consumed of the three
phases of the drive electric motor. It is assumed, that
the electric load in the windings is symmetrical and is
measured with wattmeter for active power; Kvi2zand 4,
[V] - angular position of the control levers of the
adjustable hydrostatic machines - L1234, measured by
potentiometer for rotation within a range of 0 to 270
degrees with a linear characteristic. The indices
signify: 1 - for the pump of the drive hydrostatic
transmission, 2 - for the hydrostatic machine from
OHMP, working in pumping mode, 3 - for the
hydrostatic machine from OHMP, working in motor
mode and 4 - for hydrostatic brake; ni, [min®] — the
rotational speed of the output shaft from the drive
hydrostatic transmission. The rotational speed of the
input shaft of the two-stream module is determined by
calculating, because is provided hard link in the
kinematic diagram of a hydromechanical conventional
automatic transmission (CAT) by blocking the torque
converter. The converters for speed are made of optron
elements, operating with infrared rays; nz, [min™] — the
rotational speed of the output shaft of the two-stream
module, which, according to the scheme of the stand,
coincides with that of the loading hydrostatic brake; T,
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[V] — the torque, acting on the stationary planetary
wheel from differential of the hydromechanical
transmission. The torque of the input shaft in two-
stream module is calculated by considering the friction
in the differential mechanism. The measurement is
through calibrated load cells, included in semi bridge;
Apz, [V] — the pressure of the working fluid in the
working hydraulic oil line of the investigated OHMP.
The working differential pressure is defined as the
difference between the pressure of the high-pressure
hydraulic oil line and the connecting hydraulic oil line.
The pressure in the high-pressure hydraulic oil line is
reported with electrical converter type PSPR with
accuracy class 0.5% and supply voltage of 10 to 30V
DC. The output voltage is proportional to the measured
pressure and it changes in the range of 0 to 10V; Ap1—
the pressure of the working fluid in the working
hydraulic oil lines of the drive hydrostatic
transmission. It is calculated as the difference between
the pressure of the high-pressure oil line and the
connecting oil line. It is measured by mechanical
gauges; Aps - the pressure of the working fluid in the
working oil lines of the loading brake. It is calculated
as the difference between the pressure of the high-
pressure hydraulic oil line and the connecting hydraulic
oil line the hydrostatic brake. It is measured by
mechanical pressure gauge. In the determination of
Ap1, Ap2 and Aps it is assumed that the pressure in the
connecting conduit with low pressure is equal to the
supply pressure of the respective circles; Q, [I/min] —
the flow of the working fluid in the working oil line of
the hydrostatic machines from OHMP; t, [C] —
temperature of the working fluid in OHMP — A note
should be of constancy in the value, since the presence
of a dynamic process is associated with an increase in
the force losses.

4. The calculated values (Table 1)
The relative working volume of the hydrostatic



machines:
Kv=Vc/Vmax,

where Vc is the current working volume , and Vmax -
the maximum working volume. For this purpose is
used the constant of the converter for angular
displacement - Ckv, [V?'] of the corresponding
hydrostatic machine (indices 1 to 4) — the graphic
dependences of Kvsand Kv, and the total efficiency as
a function of the rpm speed of the output shaft are
shown in Fig. 5. [1];

Differential pressure between the high-pressure oil
line and the connecting oil line of the corresponding
hydrostatic transmissions indexed with 1, 2, 3 and 4:

Ap=pz-p1, x10° [Pa]

Are used constants with dimensionality Pa/\VV or
PA/Int;

Minorme , [NM] — the input torque in OHMP -
from the measured magnitude T and the constant Cr,
[Nm/V;

Mi, [Nm] - the input torque in OHMP after the
intermediate gear drive

M1=T.Cr.iip. 7o [Nm],

where Cris the constant of the load cell amplifier, iip,-
gear ratio of the intermediate gear drive, 7 is the
efficiency of the intermediate gear drive;

Monwme, [NmM] — the value of the torque, which is
transmitted via the hydraulic branch of OHMP on the
output of the hydraulic motor (index 3):

Monme = M1.Kva. 771m /2Ky, £0,05.M1/ 2 [Nm]

num - hydromechanically efficiency of hydrostatic
machines from OHMP; “2” is the gear ratio of the
differential mechanism at the input of the OHMP, in
the present case symmetrical; the sign “+” takes into
account the direction of the friction torque in the
differential mechanism at the work of OHMP as
retardant or overdrive; “0.05” - blockage coefficient of
the differential mechanism;

The graphs of Aponme (in the present case Aporme
= Ap2=pa - ps) (from Fig. 2) and the total efficiency as
a function of the rpm speed of the output shaft are
shown in Fig. 6;

Mer, [Nm] — the output torque from OHMP -
coincides with the torque from the loading unit (brake)
- adjustable hydrostatic machine, that works as a pump,
unloaded with choke at constant pressure 5 MPa (Aps)

Mgr = Kv4.Vmax.Ap3/ 2 [Nm];

Ninorve [Min?] — the rpm speed of the input shaft of
the OHMP after the intermediate gear drive:

Ninorve = N1 / Upm.Ugs.Ua.Uip  [min™],

where upwm is gear ratio of the differential mechanism
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of the OHMP, ugg — the gear ratio of the gearbox from
hydromechanical conventional automatic transmission
(CAT); uap — the gear ratio of the axis drive from
hydromechanical CAT; up — the gear ratio of the
intermediate gear drive before the OHNP;

ir is the force gear ratio:
iF = Mgr/ My
ik is kinematics gear ratio:
ik = N2/ N,
n is efficiency of the test gear:
1= irik = Mgr.n2 / M1.nin

n characterizes all losses of the OHMP and is the
primary objective of the test.

Conclusions

Is investigated two-stream hydromechanical
transmission, which consists of differential mechanism
for separating of the streams and two identical
adjustable reversible axial piston hydrostatic machines
in the hydraulic branch. The survey was conducted in
laboratory conditions on a test bench, according to a
pre-developed methodology. The methodology allows
experiment with different modes of operation on
hydraulic machinery, specified by altering their
working volumes.

To evaluate the transforming properties of the
transmission are shown the results for a particular case
— curve from a family characteristics with the highest
value of My, defined by the installed capacity of the
test bench with a view to maximum use of the power
capacity of the installed hydrostatic machines and
mechanical assemblies and achieving real value of
efficiency. They were obtained at constant parameters
of the input and using the opportunity to regulate in
both hydrostatic machines. The drive unit also has the
ability to continuously change the input parameters of
the test transmission. So are simulated partial regimes
of the diesel engine and can be built outgoing family
characteristics.

At the chosen operating mode of the transmission
is obtained real stepless torque variation in range the
order of 5 at overall efficiency not lower than 0.75,
which not could only be achieved with the hydraulic
part. In this case for special tractive machine will need
additional range gearbox.

Can be assayed and the possibility of increasing the

continuously variable range by using the reversibility
of the hydrostatic machines.
The obtained results show the ratio between the
torques, respectively the power flows in the different
parts of the transmission, of which depends also the
change of the overall efficiency.



Table 1: The measured and calculated values

P1ph=3.33kKW; Mprive = 31.9Nm; t=70 C; Aps=5MPa; n;= 1300 min?; Kvysr= 0.85; p1=1,36MPa; p2 (oHme, 3T)
=1.5 MPa; pa(31)=1.7 Mpa; pS(BR):6-4 Mpa; Ap1=2.6 MPa; M1= 97.6 Nm; nunonme = 727 min; Pionve = 7.43KW;
NunoHve = 727 min't

measured values calculated values

Kvy | P2oHmp 1] Kvs P2 Kve | Kvs | Kvg Apz Mornve | Mgr | Per i|: iK n

vV mint| V [x10° Pa |- x10°% Pa |Nm Nm |kW |-

1 2 3 4 5 6 7 8 9 10 11 | 12 | 13 14 15

110 363 |0 1.25 |181 0 1.00 | 0.55 | 164 354 405 [1.66 |4.151 | 0.054 |0.223

111349 |33 124|175 0.05 |1.00 | 0.54 | 158 341 392 |2.63 [4.018 | 0.088 |0.354

112 1336 |67 [1.23 |168 0.1 |1.00]0.52 |151 328 379 |4.87 |3.884 | 0.169 | 0.656

113|323 |100 |1.22 |161 0.15|1.00 | 0.46 [ 144 282 333 |6.16 [3.417 | 0.243 | 0.830

114 13.09 |134 [1.21 |155 0.2 |1.00]0.36 |138 212 264 |6.24 12.700 | 0.311 |0.840

115]296 |167 |12 |148 0.25]1.00 |0.30 | 131 170 222 16.32 12.270 | 0.375 | 0.850

116 |282 |201 |1.19 |141 0.3 [1.00|0.26 |124 142 194 16.38 {1.983 | 0.433 | 0.859

1171269 |234 |1.18 |135 0.35]1.00 |0.24 | 118 122 174 16.44 |1.779 | 0.488 | 0.868

118 |256 |268 |1.17 |128 04 [1.00]0.22 |111 107 159 16.50 |1.625 | 0.539 | 0.875

119 1242 301 |1.16 |121 0.45|1.00 | 0.20 [ 104 96 147 16.56 [1.506 | 0.586 |0.883

1201229 335 |1.15 115 05 |1.00]0.19 |98 86 138 |6.61 [1.410 | 0.631 | 0.890
1211216 |368 |1.14 |108 0.55|1.00 |0.18 |91 79 130 |6.66 [1.332 | 0.673 | 0.896
122 12.02 410 |1.13 |101 0.6 |1.00]0.17 |84 72 124 16.79 |1.267 |0.722 | 0.914
1231189 (445 [1.12 |94 0.65(1.00 |0.16 | 77 67 118 16.83 |1.212 | 0.759 | 0.920
1241176 [479 |1.11 |88 0.7 [1.00]016 |71 62 114 16.87 [1.164 | 0.794 | 0.925
125]162 |513 |11 |81 0.75]1.00 | 0.15 |64 58 110 |6.90 |1.123 | 0.827 | 0.929
126 |149 [547 [1.09 |74 0.8 |[1.00 0.14 |57 55 106 [6.94 |1.088 | 0.859 | 0.934
127 1136 |581 |1.08 |68 0.85|1.00 |0.14 |51 52 103 |6.97 [1.056 | 0.889 |0.938
128 |1.22 615 |1.07 |61 09 |1.00]0.14 |44 49 100 |7.00 [1.028 | 0.917 |0.943
129 11.09 650 |1.06 |54 0.95|1.00 | 0.13 |37 47 98 |7.031.003 | 0.944 |0.946
130 1095 698 |1.05 |48 1 1.00 013 |31 44 93 ]6.95[0.955 | 0.980 |0.936
1301095 |747 |1.04 |48 1 0.930.11 |31 34 81 16.230.827 |1.014 | 0.838
130095 [804 [1.03 |48 1 0.8710.11 |31 34 80 |6.4210.823 | 1.051 | 0.865
130095 [870 [1.02 |48 1 0.80 10.11 |31 31 78 16.4410.795 | 1.090 | 0.866
130095 [948 [1.01 |48 1 0.74 10.10 |31 28 75 16.45]0.766 | 1.132 | 0.868
130 1095 [1042 |1 48 1 0.67 |0.10 |31 26 72 1646 ]0.738 |1.178 | 0.870
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Fig. 3 - Graphs of change of the force flows depending on rpm
speed of the output shaft (n2); Mourt - the torque of the output
shaft; Min - torque of the input shaft the OHMP, Monwmpe — the
torque at the output of the hydrostatic part of the OHMP (from
hydraulic motor)
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Fig. 5 - Graphs of change of the relative working volumes of the
hydrostatic machines from OHMP and of the overall efficiency
(n) of the transmission (index "p" pump for Kvz; index "m"
hydraulic motor for Kvs) depending on rpm speed of the output
shaft (n2).
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1. BbBenenue

WznurBanaTa AByoToYHA 00EMHA XUIPOMEXaAHN Y-
Ha mipeaaBka — OXMII, nmokazana Ha Purypa 1, ce
W3M0JI3Ba 32 TIpeAaBaTelNHa KyTHsl 3a TETJIUTENHH,
TPaHCIIOPTHH U CHELUAJIHU MalllMHA C KOJIECEH WITN
BEpIDKEH JIBIDKUATEN (TIPU TIOCIIETHHUTE € BE3MOXKHO J1a
M3MBIHABA (DYHKIHMATA HA MEXaHW3bM 32 3aBUBAHE).
IlenTa Ha W3MMTBAaHETO € Ja CE€  OMpenenn
MIPUTOJTHOCTTA HA TO3W THII MPEaBKa 3a M3IMOJI3BaHE B
CIIOMEHATOTO TIPUJIOXKEHWE, Ype3 pEeaHd OIUTHHU
JaHHA OT J1a0OpaTOpHO M3NMTBAaHE Ha MpeJaBKara,
KOraTo He € MOHTHpaHa Ha MOOWIIHATa MaIlTFHA.

Karo Bun mpemaBaremen mexanmzsm OXMII ce
sIBSIBA I3TOYHHMK Ha 3aryOu Ha TpejaBaHaTa MOIITHOCT U
EHEpIHsl, YUETO OTPEACIISHE MPEACTABISIBA HAW-TOJISIM
MHTEpEC, 3al0To BIUSAT mpsiko Ha oot KI1/] a
MMEHHO TO3H TIapaMeThp MMa PEIIaBalio 3HAuYCHUE 3a
NPUTOJHOCTTa HAa MpeJaBkara BbB BCSIKO CHIIOBO
npenaBane. B pasrnexxpanara OXMII npuckcTBar
CIICJTHUTE BUJIOBE 3aryOu:

* CUN06U — MEXAaHUYHHU OT TPHEHE B 3bOHUTE TIpe-
JIABKH - 350HU 3aIICTUICHNS], TPUEHE B TUTH3TalN 1
THPKALIIM JIATEPHA BB3IU, YILUTBTHEHHS, pa3-
TUTMCKBAaHE HA MAcJIOTO B KapTepHTe, KaKTO U 3a-
XpaHBalllaTa MacJeHa CUCTeMa 33 XUJIPaBIINuHATA
yact Ha OXMII, TpueHe B momreHara 4act Ha
XHUJPaBIMYHMS KJIOH, OTIOPUTE Ha TUTyH)KEpUTE Ha
00EMHHTE XUJAPOMAIINHH;

* XuopagiuuHy — OT TIPEMHHABaHE HA pPAOOTHHS
(hityn1 Ipe3 XuapaBiInvHaTa apMaTypa — KIarnaHH,

TpBHOOTIPOBO/IN, OXIIATUTENH (PHUITPH;

* KUHEMAMUYHU — XAPaKTEPHU 32 XHJPABIUYHHUS
kioH Ha OXMII, m3pazsBamy ce B 3aryba Ha
CKOPOCT, AbJDKAIIN CE€ HA YTCUKUTE B ITIOMIICHUTE
CNIEMEHTH Ha XWApOMAIMHHUTE (T.Hap. oOeMeH
KI1JT).

Xumpo - RIIK
oMIa 4+1

XUPOMOTOP e
= FloMiia 3a 3axpaHBake

Queypa 1. O6m m3rnen Ha OXMIL

2. CxeMa Ha cren/ia 3a m3nurBane Ha OXMII

Cxemara 3a crenna (Purypa 2), obxBaiia u apyru
BHUJIOBE TIPEIABKH C el YHUBEPCATHOCT Ha MPHIIOKE-
HHETO MY, KaTO 3a BCSKO M3MUTAHHUE B METOAMKATA MY
ce TPEABWK/IA W3YUCIICHUE C MPUOIIDKEHUE Ha BeJH-
YMHHM, KOUTO HE MOrar jJa ObJaT HEroCpeJCTBEHO
n3MepBaHu. B KOHKpeTHUs ciydaii 00eKT Ha U3MepBa-
Heto ¢ OXMII , o3HaveHa KaTo ABYIOTOYEH MO Ha
cxemara. MeToaKaTa ce CbCTOU B II0JIaBaHe Ha MOCTO-
sTHHA MOIIIHOCT Ha BXOJla Ha IpelaBKaTa IMOCTOSHEH
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3aaBwkBaw SaABIvKEALa

en. geuraten obemHa
perynupyema
npeaaeka

AeynoToyeH
Moayn

Haroeapsalya
cnupadka

Queypa 2. KnnematndHa cxema Ha cTeH 1 3a m3nuTBane Ha OXMIL

BBPTAI] MOMEHT (M, Ha ®urypa 3) u moCTOSIHHA
pri10Ba ckopocT Ha Bxoaa Ha OXMII. Taka ce cumymnu-
pa paboTa Ha ABUrartes ¢ BHTPELIHO TOpPeHe ¢ MaKCH-
MaJTHaTa Cl MOITHOCT B €1Ha paboTHA TOYKa OT MHOTO-
rapamMeTpoBaTa My XapaKTepUCTHUKAa C IIOCTOSHHU
BIJIOBA YECTOTA M BBPTAIL MoMeHT. llenta e ma ce
OTIPEAEIIAT TTapaMeTPUTE Ha MOIITHOCTTA Ha M3X0/a Ha
OXMII (Mysx = finz), @urypa 3), 3a 1a ce Harpasu
OLICHKa Ha HelHaTa ePEKTUBHOCT OT IJIEJIHA TOYKa Ha
KII/I, xakTo 1 peanu3upanus AMana3oH Ha H3MEHEHHe
Ha CWIOBOTO W KHHEMAaTWYHOTO TMpPEIaBaTeITHO
OTHOIIIEHHE TP OrpaHUYEHHWE 3a MHMHHMaJIHA
croriHoct Ha KI1/1 (Durypa 4). ChiiHOCTTa HA METOTH-
KaTa ce CbCTOHU B ITOCTPOSIBAHE Ha TEIVIUTEIHATA XapaK-
Tepuctika Ha wm3xomammst Badx Ha OXMII, npu
TI0/[aBaHE HA ITOCTOSTHHA MOITHOCT C IIOCTOSTHHU Tapa-
MeTtpu HaBxona Ha OXMII. TIpomeHnuBOTO MpeaaBa-
TEJTHO OTHOIIEHHE CE OCHTYpsBa upe3 MPOMsiHA Ha
paboTHUTE 00EMH Ha XUIPOMAIIMHUTE MOCPEICTBOM
J0cTOBETE Ly M L3 Karo B Clydas U JABETE MAIWHHU ca
PETyIHPYEMH C PBYHO yIPaBJICHHE 00EMH.

3. U3mepBanu Bestmunau (Tadmuma 1)

P, W — akTUBHA MOIIHOCT Ha €JIHa OT TpuTe (a3,
KOHCYMHpaHa OT 3a/IBIKBALLMS  €JIEKTPOABUIATEl,
KaTo ce MpreMa e elIeKTPHUECKUST TOBap B HAMOTKHUTE
e cuMmeTpudeH. 3mepBa ce ¢ BaTMEThp 3a aKTHUBHA
MOIIHOCT.

Kvi23u4, V — BIJIOBO MOJIOKEHHE HA JIOCTOBETE 32
YIPaBJICHUE HA PETYIUPYEMUTE XUAPOMAIIUHU L1 23 4.
W3mepBa ce ¢ TIOTEHIIMOMETHP 3a 3aBbpTaHe ¢ 00XBAT
or 0 go 270 rpamyca ¢ JNMHEHWHA XapaKTEPUCTHUKA.
Unnekcure Ha L ca: 1 — 3a mommiaTa Ha 3aBIDKBaIaTa
XupooOeMHa MpeiaBKa, 2 — 3a XUAPOMAILMHATA OT
OXMII, paGotemia B MOMIICH PEXUM, 3 — 33 XHIPO-
Marmaata ot OXMII, paboteria B pekuM Ha XHJIPO-
MOTOp ¥ 4 — 32 XHIpooOeMHaTa CIIMPAYKa.

71, min” — CKOPOCT Ha BEpPTEHE HA M3XOMISITHS Bl
OT 33/IBMKBaINaTa Xuipoodoemna npenaska. C uzuucie-
HHE CE OTPEIENs CKOPOCTTa Ha BbPTEHE Ha BXOJISIINS
BaJl Ha JIBYNOTOYHHUS MOMYJ, Thid KaTO € OCHIypeHa
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TBBpZa Bpb3Ka HAa KMHEMAaTH4HATa CXeMa Ha XHUAPO-
MexXaHHYHaTa IpeiaBaTeliHa KyTHs, 9pe3 OJoKHpaHe Ha
xuaporpancdopmatopa. IIpeobpasyBarenure 3a Cko-
POCT Ha BBPTEHE Ca M3TPAZCHH OT OIITPOHHH E€IIEMEHTH,
paboreny ¢ HHppaYePBEHH JIBYH.

12, min™' — CKOPOCT Ha BbpTeHE Ha U3XOMAIIUS Bal
Ha JIBYNOTOYHHMSI MOJIYJI, KOSITO CHITIACHO CXeMaTa Ha
CTEH/Ia CHBM/a C Ta3W HA HATOBApBaIlaTa XHIPO-
o0eMHa criMpayka.

T, V — BBPTAL] MOMEHT, ACUCTBAIL] HA HEMOIBHK-
HOTO IDIaHETHO KOJIeNIo OT IudepeHImana Ha Xuapo-
MexaHW4HaTa mpefaBaresHa KyTus. C oTYMTaHe Ha
TPUEHETO B AU(EPEHITHAITHHS MEXaHU3bM CE M3UHCIIS-
Ba BBPTALIMA MOMEHT Ha BXOJILIMS Ball B IBYHOTOY-
HUA MoIyJl. M3MepBaHeTo cTaBa MOCPEACTBOM €Tao-
HUpaH TEH30METPUUEH ITOIyMOCT.

Ap>, V — HasArane Ha paboTHaTa TEYHOCT B HAIOp-
Hara MarucTpania Ha usciensanara OXMII. PaborHoTto
JuepeHIMaTHO HANSITaHe Ce ONpEeeNis KaTo pasiiu-
KaTa OT HASITAHETO HA HANOPHUS W CBBP3BAIUs
TpBOOIpOBO 1. Hassiranero B HanopHusi TpHOOMPOBO/]
Ce OTYHMTA C eJIeKTpHUecKH rnpeodpasysarein Tuin PSPR
¢ xiac Ha TogHocT 0.5%, 3axpaHBalo HaNpeKeHUE OT
10 o 30V DC. M3X0qHOTO HaNpeKeHHUe € MpaBonpo-
TOPIMOHAIIHO HAa U3MEPBAHOTO HAATAHE U CE IPOMEHS
B rpanuimre ot 0 10 10V.

Ap1— Hansrane Ha paboTHATa TEYHOCT B paOOTHUTE
MarucTpalii Ha 3ajIBIKBaIllaTa XUIpoodeMHa oOeMHa
rpeaBKka. M3umcisiBa ce Karto pasivkara OT Hajsra-
HETO Ha HANOpHUS W CBBP3BAIlUA TPHOOIPOBO/IL,
W3mepBa ce ¢ MEXaHMYHU MaHOMETPH.

Ap3— HarsiTaHe Ha pabOTHAaTa TEYHOCT B paOOTHHTE
MarucTpaiy Ha HaToBapBallaTa crupayka. M3uncissa
Ce Karo pasiMKara OT HaJIFAHETO Ha HAIOpPHUS U
CBBp3BaLIMs TPHOOMPoBod. M3MepBa ce ¢ MexaHH4IeH
maHoMeTwp. [Ipu onpenensHero Ha Api, Ap> 1 Aps ce
TpreMa, Y€ HAJSITAHETO B CBBP3BaIKs TPHOOIIPOBO. C
HHUCKO HaJIsiTaHe € PaBHO Ha 3aXPaHBAIlOTO HAJATraHe
Ha ChOTBETHHUTE KPBIOBE.

0, l/min — ne6but Ha paboTHaTa TEYHOCT B pabOTHATA
Marucrpaia Ha xuapomaiuaure or OXMIL.



t, °C — temmieparypa Ha pabotaust Giynn B OXMIL.
Crieiu ce 3a MOCTOSIHCTBO B CTOMHOCTTA, 32 HATUYHETO
Ha JMHAMHYCH MPOIEC, CBHP3aH C YBEIMYCHHC HA
CHJIOBUTE 3aryOu.

4, M3uncnenn Besmanan ( Tadmmna 1)

OtHocuTeneH padoTeH 00eM Ha XUAPOMAIIHHHTE:

Kv,rex
Ky = ——
Kv,max’

KbJIeTo Kv,TeK € TeKyIIUAT paboTeH odeM, a Kv,max —
MaKCHUMAITHUAT paboTeH o0eM. 3a IienTa ce M3IMOo3Ba
KOHCTaHTaTa Ha IpeoOpa3yBateis 3a bIJIOBO IPEMECT-
Bane Cx,, V! Ha choTBeTHATA XHPOMAIIFHA (MHICKCH
ot 1 1o 4). I'paduunute 3aBucuMOcTH Ha Kv3, Kv4 v Ha
obuws KII/, xato ¢yHKLMS OT YyecToTaTa Ha BbPTEHE
Ha U3XOJIMs Baj ca noka3anu Ha durypa 5 [1].

JudepeHunanHo HamsiraHe MEXIy HAIOpHHUA U
CBBp3BAIMs TPHOOMPOBOJ, Ha CHOTBETHUTE XHJIPO-
00eMHU TIpe/IaBKH, ¢ uHuekeu 1,2, 3 u 4.

Ap =p2—pa, ><105, Pa.

W3nomssa ce koncranTa Pa/V wmn Pa/ner;

Mex oxmrt, Nm — Bxozisitn BT MomeHT B OXMIL
IIpecmsita ce oT wu3MepeHara BenmuuuHa 1 U
koHcTantata Cr, Nm/V.

Moxvn, Nm — Bxozst BepTs] MoMeHT B OXMIT
ClIeJT ChIIACYBAIHS PEJTYKTOP:

M, = T.CT-icp-ch; Nm,

kbeTo Cr € KOHCTaHTaTa Ha TEH30METPUYHHS Bb3-
npuemaren, i, — NPEeAaBaTeIHOTO YMCIO Ha ChIVa-
cyBalus penykrop, 7, — KIIJ] Ha cbriacyBamus
peIyKTOp.

Moxvm, Nm — CTOMHOCT Ha BBPTSAIIMSA MOMEHT, IIpe-
MHUHaBaI Tpe3 XxuapaBinuuyaus kioH Ha OXMII na
n3xona Ha XOIT npu xunpomoTopa (uHaekc 3):

M, .Kvyny, . 0,05.M;
= b 4
Mosin 2kvy T 2

, Nm,

kpero M1 = T.Crig.ep, N € BXOISIIMAT BBPTSIL]
momeHT B OXMII cnen ceriacyBamus pemxykrop, Cr—
KOHCTaHTaTa Ha TEH30METPUYHHUS Bb3IIpUEMaTed, iy —
TMIPe/IaBaTeTHOTO YHCIIO Ha CHIVIACYBAIUS PEIYKTOD,
Nep, — KITJI Ha chrmacyBammust peykTop, 77xm — XUIpPo-
mexannder KI1J] na xunpomammante ot OXMII, 2 e
TIPeIABaTEITHOTO YHUCIO Ha JU(EPESHINATHIS MEXaHH-
3pM Ha Bxozja Ha OXMII, B ciyuyas cHUMETpHUEH,
3HAKBT ,+ OTYNTA IMOCOKATAa HA TPUCIIUS MOMCHT B
JuepeHIIMaTHUS MEXaHU3bM TIPU PeXUM Ha paboTa
na OXMII karo penykrop/yckopsiBama npenaska, 0,05
— xoeunmeHT Ha OJOKHMpaHe Ha IH(EPCHIMATHUS
MEXaHU3bM. I'paduunure  3aBUCUMOCTH  Ha
Apoxvn = Ap>= ps— p3 (ot @urypa 2) u Ha oo KI1/]
KaTo (PyHKIMS OT YeCToTaTa Ha BbPTEHE Ha M3XO LN
BaJl ca IOKa3aHu Ha Qur. 6.

Mp, Nm — BppTSIII MOMEHT Ha u3xona o OXMIL
ChbBI1aJa ¢ BBPTALMSA MOMEHT, [10racsBaH OT HaTOBap-
BaIIIOTO YCTPOWCTBO — XUAPOMAIIINHA, PEryJIHpyeMa U

paboTera B IOMIIEH PEXUM, pa3roBapBaHa Mpe3 Ipo-
CeJI, HACTPOEH Ha MOCTOSIHHO Hatisirane 5 MPa (Aps):

— Kvy Vinax 'AP3
M, = =2t 20 N,

HexoXMT, Min — BITI0BA CKOPOCT Ha BXOMSIITHS Bajl

Ha OXMII crienn chriacyBaius peyKrop:
nBX = i > mjn_l’
u,]]M'”HK'uFl'I'uCp

KBJIETO U € MPEelaBaTelIHO YUCIIO0 Ha: audepeHImaneH
MexanmsbM (aM) Ha OXMIL; mpepaBatenHata KyTHs
(nk) wa XIIMK; raBHOTO mpenaBaHe (Im) Ha
npenaBarenHarta Kyt Ha XMIIK; cprmacysamms
peayxrop (cp) mpean OXMIL

ic — CUJIOBO IIPE/IaBaTeJIHO OTHOLIECHHUE:

M,

i, =~
c MI
Ortunra cuioBute 3aryon Ha m3nurBanata OXMIL
ix — KHHEMATHYHO NPE/IaBaTEeITHO OTHOLICHUE, OTYH-
Tallo KMHeMaTH4yHaTa 3ary0a Ha CKOpPOCT, BCIIEIICTBHE
XHUIPABIMYHUTE YTECUKH HA XUJIPOMAIIIHATE:

)

BX
n — KII/] Ha n3cneaBaHara npenaBKa:
M., ny

=i, =—=.—=
7] k*tc 1\/[1 Mgy

7 Xapaktepuszupa Bcuuku 3aryom Ha OXMII u e
OCHOBHa 11€J1 Ha U3IIUTBAHETO.

W3Bomu

W3cneapana e 1BynoToYHa 00EMHA XUAPOMEXaHHY-
Ha TpeJIaBKa, ChCTOSIIA Ce OT pa3Aelsil qudepeHma-
JIH MEXaHWU3bM M JBE WACHTHYHH PEryIHpyeMH
00paTHMK aKCHATTHOOYTAITHU XUIPOMAIIIMHH B XHUJPaB-
nrvHMs KioH. M3cnenBaneTo € mpoBeneHo B nadopa-
TOPHM YCJIOBUSI Ha CTEHH CIIOpPEd IpeIBAPUTEIHO
pa3zpaboTeHa MeToarKa. MeTouKara 1mo3BoJsiBa Ja ce
eKCIIEpUMEHTHpa C Pa3IM4HU PeXHUMH Ha paboTa Ha
XHUAPABIMYHUTE MAlIWHH, 33]]aBaHU 4pe3 W3MECHEHHE
Ha TEXHUTE pabOTHUA 00EMH.

3a oreHKa Ha peoOpa3yBaIIrTe CBOKWCTBA HA TIpe-
JlaBKarta ca ITOKa3aH! Pe3yJITaTUTe 3a €IUH KOHKPETeH
CITy4aif — KpHBa OT CEMEHCTBO XapaKTEPHCTHKH, KaTO
KPHUTEPHSI € Ta3u C Hall-rosiMa CTOMHOCT Ha M, onipe-
JieJIleHa OT MHCTAJIMPaHaTa MOIIHOCT Ha CTEH/IA C OIJIe]
MaKCHUMAITHO M3MOJI3BAHE HA CUIIOBHTE BB3MOYKHOCTH
Ha MHCTAJIMPAHUTE XUIPOMAIINHN U MEXaHUYHU BB3/N
¢ oryieq mocturane Ha peana croinoct Ha KI1/1, cetn
IIPU TIOCTOSHHYU MapaMeTpH Ha BXOAa M M3IOJI3BaHE
BB3MOXHOCTTA 33 pPEryjupaHe U Ha JABETe XUApOMa-
[IMHA. 3aJIBUKBALIMSAT arperar ChIo MMa Bb3AMOKHOCT
0e3CTerneHHo Ja MPOMEHs MapaMeTpuTe Ha BXOJa Ha
W3MMTBaHATA MPEIaBKa. Taka ce MMHUTHPAT YaCTUYHU
PEeXMMHU Ha TU3€JI0B IBUIAaTeI U MOXKE Jla Ce TIOCTPOST
CEMEMCTBO N3XOIAIIHN XapaKTEPUCTUKH.
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Tabruya 1. IamMepBaHu U M3YHCIICHN BEJTMYMHU,

Py =333kW; Msus=31,9 Nm; =70 °C; Ap
P = 1,36 MPa; P2oxmn3r) = 1,5 MPa; P30 = 1,7 MPa
Migeoxmn = 727 min™; p1 oxvn = 7,

3 =5 MPa; n; = 1300 min™'; Kvxon = 0,85;
; pam) = 6,4 MPa; Apy = 2,6 MPa; M; = 97,6 Nm;
43 kW; Nigroxmm = 727 min~.

M3MCPBaHU BEJIMYUHU

HU34YUCJICHU BCJIMYMHHN

Kvi |p2oxvn| M2 Kvy )2 Kv, | K3 Kvy Apy | Moom | Moy P., i i n
\Y% V | mn!| V |10°Pa| - - - 10°,Pa| Nm | Nm kW - - -

TE G ANE 9 0 |11 2 |13 |14 |15

1,10 13,63 |0 1,25 |181 0 1,00 10,55 164 354 1405 1,66 4,151 (0,054 10,223

1,11 {349 |33 1,24 175 0,05 (1,00 0,54

158 341 392 2,63 4,018 10,088 (0,354

1,12 3,36 |67 1,23 168 0,1 11,00 10,52

151 328 379 4,87 3,884 10,169 (0,656

1,13 3,23 |100 1,22 |16l 0,15 11,00 10,46

144 282|333 6,16 3,417 10,243 10,830

1,14 3,09 [134 1,21 |155 0,2 11,00 10,36

138 212 264 6,24 2,700 10,311 0,840

1,15 2,96 |167 1,2 148 0,25 11,00 10,30

131 170 222 6,32 2,270 10,375 10,850

1,16 2,82 |201 1,19 141 03 1,00 10,26

124 142|194 6,38 1,983 10,433 10,859

1,17 2,69 |234 1,18 |135 0,35 [1,00 0,24

118 122|174 6,44 1,779 10,488 10,868

1,18 2,56 |268 1,17 128 04 ]1,00 ]0,22

111 107 159 6,50 1,625 10,539 0,875

1,19 242 [301 1,16 121 045 ]1,00 10,20

104 96 147 6,56 1,506 10,586 0,883

1,20 2,29 335 1,15 |115 0,5 [1,00 10,19

98 86 138 6,61 1,410 10,631 10,890

1,21 |2,16  |368 1,14 |108 0,55 (1,00 0,18

91 79 130 6,66 1,332 10,673 10,896

1,22 2,02 410 1,13 ]101 0,6 [1,00 0,17

84 72 124 6,79 1,267 10,722 10,914

1,23 1,89 |445 1,12 194 0,65 (1,00 (0,16

77 67 118 6,83 1,212 10,759 10,920

1,24 1,76 |479 1,11 |88 0,7 11,00 10,16

71 62 114 6,87 1,164 10,794 10,925

1,25 |1,62  |513 1,1 |81 0,75 11,00 10,15

64 58 110 6,90 1,123 10,827 10,929

1,26 1,49  |547 1,09 |74 0,8 [1,00 10,14

57 55 106 6,94 1,088 10,859 10,934

1,27 |1,36 |58l 1,08 |68 0,85 (1,00 10,14

51 52 103 6,97 1,056 10,889 10,938

1,28 1,22 |615 1,07 |61 0,9 1,00 10,14

44 49 100 7,00 1,028 10,917 0,943

1,29 1,09 |650 1,06 |54 0,95 [1,00 10,13

37 47 98 7,03 1,003 10,944 10,946

1,30 0,95 |698 1,05 |48 1 1,00 10,13

31 44 93 6,95 0,955 10,980 10,936

1,30 10,95 |747 1,04 |48 1 0,93 10,11 31 34 81 6,23 0,827 1,014 10,838
1,30 10,95 [804 1,03 |48 1 0,87 10,11 31 34 80 6,42 0,823 |1,051 10,865
1,30 10,95 [870 1,02 |48 1 0,80 10,11 31 31 78 6,44 0,795 1,090 10,866
1,30 0,95 (948 1,01 |48 1 0,74 10,10 31 28 75 6,45 0,766 |1,132 10,868
1,30 10,95 1042 |1 48 1 0,67 10,10 31 26 72 6,46 0,738 |1,178 10,870
Mu3x9 MOXMH’ Mex :.f(nZ) ika ica n zf(”z)
400 \ 4 \\
350 \\ 3,5 \
200 \\ 2 \
100 \- ~—— 1 —
—\
T oSN— ’ -1
0 T T T T Lol {Illn_l 0 / T T T 2 mln.
0 200 400 600 800 1000 0 200 400 600 800 1000
M u3x M oxmn M Bx —ik ic eta

QDuzypa 3. VI3MeHeHNe Ha CUJIOBUTE TIOTOLH B 3aBHCH-
MOCT OT 4€CTOTaTa Ha BBPTCHE HA U3XOIAIINS Basl.
M, 5x — BBPTSIL MOMEHT Ha U3XOJIAIMAT BaJ;

M — BBPTAI MOMEHT Ha BXopsiwmst Bt Ha OXMIT;
Moxum — BBPTSIIL MOMEHT Ha M3X0Zla Ha XMAPOCTaTUYHATA
yact o OXMII (0T XunpomMoTopa).
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Quzypa 4. VI3MeHeHne Ha CHIOBOTO IIPEIAaBaTETHO
YUCIIO I, KAHEMATUYHOTO IIPEAABATEIIHO OTHOLIEHUE Ik
n oomust KIT/ Ha OXMIT B 3aBUCHMOCT OT YecToTaTa

Ha BbPTEHE Ha M3XO/ISIINS BaJl.
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Queypa 5. VI3MeHeHne Ha OTHOCUTETHUTE PAaOOTHU
o6emu Ha xuapomanmauTe oT OXMIT 1 Ha o0
KIIJI na npenaBkara (MHACKCH p — roMIa 3a Kvs;
m —XuapoMoTop 3a Kv3), B 3aBUCUMOCT OT YecToTara

Ha BbPTCHC Ha U3XOIAIIUA BaJl.
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Queypa 6. I'padyku Ha U3MEHEHUE Ha

JThepeHIIMaTHUTE HATATaHUSI MeXKY: paOOTHHTE
Maructpainy Ha xunpomaimmanTe ot OXMIT — poxwr;
HaTOBapBalliaTa Cliupayka —Apey, B 3aBUCUMOCT OT

YeCToTaTa Ha BbPTCHE Ha U3XOASAIINA BaJl.

113

[pu n30panust pexxuM Ha padoTa Ha MpeaBKaTa ce
MOJTydaBa peajieH OC3CTeNCHEH CHJIOB JWAara3oH OT
nopsirbka Ha S nipu o6uy KIT/1 He mo-aucokk ot 0,75,
KOETO He O MOIJIO Jia C€ TIOCTUTHE CaMO C XHIPABINY-
HaTa 4yacT. B To3M ciydail 3a crienuaiHa TerjuTeHa
MallIFHa II¢ € He0OXO0/IMMa IOIIBJIHUTEIIHA AUaa30HHA
npeiaBaTeliHa Ky THS.

Moske J1a ce 3ciieNiBa ¥ Bb3MOXKHOCTTA 32 YBeIuda-
BaHC Ha OE3CTENCHHMS IHANa30H upe3 W3IION3BaHEe
00paTIMOCTTa Ha XUIPOMAIINHHUTE.

[Monmy4enuTe pe3ysTaTy MoKa3BaT H ChOTHOLICHUC-
TO MEXKIY BBPTAIIMTE MOMEHTH, PECIIEKTUBHO MOIII-
HOCTHHTE MOTOIM B OTICIHHUTE YacTH Ha TpeAaBKara,
OT KOHTO 3aBUCH 1 H3MeHeHueTo Ha oormmst KIT/1.
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TESTING OF TWO-STREAM
VOLUMETRIC HYDROMECHANICAL GEAR
IN LABORATORY
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Abstract: The paper presents a methodology for
tests and experimental data collected from the test bench
in the laboratory of two-stream volumetric hydromecha-
nical gear with purpose use in powertrain traction,
transport or specialized mobile machine.
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hydrostatic transmission, efficiency, power, kinematic
range of gear ratio.
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