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USE AND MAINTENANCE OF THE MACHINES

ANALYSIS OF HYDROMOTORWHEELS FOR CRAWLER TRACTORS

Boyko Gigov
Technical University, Sofia 1756

Abstract: The paper discusses relative indices for evaluation of combining different hydraulic motors and planet
reducing gears, taken as ready items and designed for crawler vehicles. Graphic presentation is provided and analysis of
the variation of those indices depending on gear ratio and maximum output torque of the reducer.

In the design of tracked machines with hydrostatic
drive are used most often axial-piston high-speed
hydraulic motors with low-torque in combination with
planetary reducer. Constructors have two options - to
develop planetary reducer specifically for the new
machine with parameters that correspond exactly of the
terms of reference or use the finished articles by making
compromises with their parameters, which generally will
not quite fit their requirements. What are the possibilities
for combining of the hydraulic and mechanical part in this
event and how to choose the individual finished articles
(hydraulic and gear reducer) to get full use of materials
and good relative mass and overall performance? These
issues are clarified via analyzing the performance of
combinations of hydraulic motors and mechanical gear
reducers of companies-producers.

Usually companies that manufacture hydraulic motors
offer them with bundled one-, two- or three-stage
planetary gears tailored with flange for mounting
hydraulic motor. One and the same planetary reducer
could be combined with different types by standard size
or by construction axial-piston hydraulic motors. Or vice
versa - one and the same hydraulic motor may be
combined with various reducers. Basic premise when
selecting of the reducer is the required gear ratio. At
tracked machines it turns out relatively large (60 to 140),
which requires application of the three-stage planetary
reducer with appropriate size and mass to embed on
caterpillar tracks.

Besides gear ratio (ip), size (D and L) and mass (Mp),
other important indicators of these reducers are allowable
radial load (Fz), the maximum permissible output speed
(Nu3x, max) and maximum output torque ( Mmu3x, max),
by which are classified and mean. At some of these are
integrated and multi-disc brakes on the input shaft, on
which is prescribed maximum braking torque (Mcp,max)-

On the other hand hydraulic motors are characterized
by a maximum working pressure (Apmax) » maximum
working volume (Vxy,max), by Which are classified, the
maximum rotational speed (Nxy,max), Masse (Mxy),
moment of inertia of the rotating parts (Jxum), the
geometric dimensions and others.

From the standpoint of necessary starting performance
of the machine (speed and driving force) it is evident that

the larger gear ratio of the gear unit requires a smaller
standard size of the hydraulic motor and vice versa. On
the one hand the working volume of the hydraulic motor
is connected with the working volume of the pump, with
the number of motors used in the composition of the
projected hydrostatic transmission and a certain sense
with its structure. In all cases, the minimum allowable
working volume of hydraulic motor is determined by its
ability to assume the maximum flow of the pump, at
maximum authorized rotational speed the hydraulic
motor. On the other hand the higher gear ratio suggests
more planetary rows, more complex design of the gear
reducer, higher price and lower efficiency.

Additional considerations in the selection of the
working volume the hydraulic motor can be: optimal
mode of operation; mass and gauge parameters; optimal
combination with existing mechanical reducer, the
geometric parameters of the patency of the crawler
machine and others. And in choosing the sizes of the gear
unit via the maximum output torque, must be respected
and the condition in grip on the crawler drive with soil.

To assess the degree of use of hydraulic motor
(respectively of the gear unit), combined with various
reducers, are offered the following relative indicators:

- utilization factor of hydraulic motor to working

pressure:

p= , MPa,
APmax

where Apmax IS maximum working pressure of the
respective type hydraulic motor by catalog, and Apyor is

allowable working pressure, determined on the basis the
maximum output torque of the gear unit:

27.M
@ APay =" MPa
77p-'p-V><M,max
np - efficiency of the gear unit;

- utilization factor of hydraulic motor to rotational
speed:

Naon
Mym, max
allowable rotational speed of the hydraulic motor,
consistent with maximum output rotational speed the gear
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unit, and Nxy max is the maximum rotational speed on
the hydraulic motor by catalog. (At the adjustable motors
is taken the maximum speed at minimum working
volume, which is greater than that at the maximum
working volume.)

When these coefficients are smaller than the unit does
not maximize the potential of hydraulic motor and when
are bigger than one does not maximize the potential of
gear unit.

To assess the mass and dimensions of a combination
of hydraulic motor and gear reducer in terms of the
transmitted power are used relative indicators specific
mass (my) and specific volume (V):

(4) :M, kg/kWw,
NM

where my,, is the mass of a fully equipped hydraulic
motor by catalog, which depends on its constriction,
motor size and the way to regulate; mp - is the mass of the
gear unit and brake, which depends on its maximum
output torque and Ny is the installation power of the
system hydraulic motor-planetary gear (reducer), which
differs generally from installation power of the hydraulic
motor, owing to possible limitations imposed by the gear
reducer:

1pVmax MIN(Nmax :N a7 ) MIN(APmax , AP 2017
G)N,, =

- 1

60000

My

kw

The specific volume is defined as the sum of the
volumes of cylinders with dimensions Dj and L of the set
hydraulic motor and reducer relative to the mounting
power. (Fig. 1)
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Fig. 1. Determining the volume of the set hydraulic
motor and reducer.

For a comprehensive assessment of the system are
used also the indicators [2]:
- generalized power

@) = M'N(Apmgg(’)“pﬁm)'c , KW/dm2, where

28

(8)

n
C= M|N(nU3x,maX1Wi+W)-

p
.3
( MIN(nXM ,maX!nébn)/ Nym ,maxy

is summarized coefficient of celerity on the motor-wheel;
Nxm,maxy maximum speed hydraulic motor at
maximum volume.

- relative alacrity, which is an important feature of the
dynamics of the system, taking into account the maximum
torque, adduced inertia, the maximum speed and its
relative mass:

© 77="L kWikg.s: , kerero

N

MIN( Muax,max ’ MU3X,XM )-30 , S'l/Z

’7p-ip-V><M ,max

)3 , cm/min

(10) 17= Nywm max
J.MIN(Nysx max— )
i
P is
alacrity, and
in.npV A
(11) Muyssor = p-7p-Vxm max pmax] Nm is

2w

theoretical maximum output torque, specified by the
parameters of the hydraulic motor;

(12) J=dyy.mpip? . kg.m2 - adduced inertia of the
hydraulic motor to the output shaft.

In  determining these indicators is accounted
mechanical efficiency of the reducer as a function of the
gear ratio in three-stage planetary gear [1].

To illustrate the calculations are shown graphically the
changing these indicators in some combinations of
finished products of the company Sauer Sundstrand [3],
namely relating to the fixed hydraulic motor, construction
of sloping disc type SMF90 and adjustable hydraulic
motor, construction with sloped block type VMV51, with
working volumes of 55 cm3/rev and 60 cm3/rev (Figure 2
to Figure 5).

According to the recommendations of the company,
they can be combined with four or five type sizes of
reducers for tracked vehicles with a maximum output
torque 18, 26, 35, 45 and 62 kNm, each of which is
available in versions with eight different gear ratios - 63,
69, 79, 85, 95, 110, 117 and 136 according to Table 1.

Table 1. Possibilities for combining hydraulic motor
and reducer

REDUCER
HYDR. MOTOR
030
042
055
055
075
075
060
080
110
160

CT
018

CT
026

CT
035

CT
045

CT
062

CT
085

CT
110

90

51
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If are accepted admissible values of the coefficients of
using of hydraulic motor to working pressure and to
rotational speed from 0.8 to 1.2, it satisfaction
simultaneously of two conditions at the selected hydraulic
motors and reducers is possible with adjustable motor and
gear ratios ranging from 60 to 83 for 26 kNm and in the
range of 76 to 84 for 35 kNm. (Figure 2b) At not
adjustable motor that would be partly possible only at
gear ratio about 62 for 26 kNm. (Figure 2a)
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Fig. 2. Coefficients of the utilization of hydraulic
motor to working pressure and to frequency of the
turning in depending on gear ratio and maximum
output torque of the reducer.

For other reducer sizes is possible satisfaction only
one of restrictive conditions (or for Kp or for Kn), as with
increasing of the reducer sizes (of the maximum output
torque) the favorable area of joint work is shifts towards
larger gear ratios. With increasing the gear ratio,
hydraulic motor is unloaded by operating pressure and
loaded by rotational speed, and with increase the
transmittable torque is observed the opposite, but
generally both factors are larger than one, which means
that the hydraulic motor is used the maximum, and the
reducer is not loaded enough. Equally, but insufficient
load (by torque and by rotation speed) of the reducer is
obtained at using not adjustable motor and gear ratio of
80 for 45 kNm and at gear ratio around the 109 for 62
kNm, as these coefficients are of the order of 1.65 and
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1.7. When using the adjustable motor those coefficients
are lower - 1.3 at ratio about 91 for 45 kNm and 1.33 at
gear ratio 123, which means that the gear unit is used
better.

The analysis of the relative volume indicates that the
most favorable values for not adjustable motor (0.36 to

0.44 dm3/ kW) are achieved at gear ratios in the range of
60 to 93 for 26 and 35 kNm. At the adjustable hydraulic
motor the indicator reaches the lower most favorable

values - 0.26 to 0.34 dm3/ kW at gear ratios, respectively,
from 60 to 90 for 26 kNm, from 60 to 101 for 35 kNm
and from 70 to 119 for 45 kNm. The increase of the gear
ratio over these values leads to an increase of the relative
volume, as much the smaller is the transmitted torque, so
under less gear ratio begins the increasing of the relative
volume. (Figure 3a and 3b) Exceptions has at smaller gear
ratios (under 70) for 26, 35 and 45 kNm and under 95 for
62 KNm. All this is due to the reduction of the mounting
power due to a reduction of the coefficient Kp under 1 for
large gear ratios and smaller transmitted torque and
reduce of the coefficient Kn under 1 for small ratios and

¥

large transmitted torque and ultimately insufficient
loading of the hydraulic motor.
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Fig. 3. Relative volume of the motorwheel in
depending on gear ratio and maximum output torque
of the reducer.
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The same applies to the relative mass whose curves
have similar character as those of the relative volume.
The minimum values for her are in the range 1.1 to 1.3
kg/kwW for not adjustable hydraulic motor and from 0.72
to 0.95 kg/kW - for adjustable hydraulic motor.

Generalized power at best combinations is moving in
the range of 52 to 64 kW/dm?2 at gear ratios from 60 to 80
for all reducers with not adjustable hydraulic motor. At
the adjustable hydraulic motor the smaller sizes of
reducers (18 and 26 kNm) give smaller generalized power
with increased gear ratio and in comparison with not
adjustable hydraulic motor it is an average of about 5 to
22% lower depending on gear ratio. This is due to the
reduction of the utilization coefficient of the hydraulic
motor to working pressure.

CN.
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increasing gear ratio, mainly due to an increase in the
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Fig. 4. Generalized power of the motorwheel in
depending on gear ratio and maximum output torque
of the reducer

The relative alacrity (Figure 5a and 5b) is best at
reducers with a maximum output torque of 26 and 35
kNm and gear ratios, respectively from 60 to 83 and from
60 to 100 for not adjustable hydraulic motor and
respectively from 60 to 75 and from 64 to 95 - for the
adjustable hydraulic motor. For small sizes of the
reducers the relative alacrity greatly decreases with
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Fig. 5. Relative alacrity of the motorwheel in
depending on gear ratio and maximum output torque
of the reducer

At larger sizes of reducers the relative alacrity less
dependent or almost not depends (at not adjustable
hydraulic motor) from the gear ratio, but is lower in
comparison with the highest values on average by about
22% at 45 kNm and about 38% at 62 kNm for not
adjustable hydraulic motor and respectively with about
19% and about 34% for the adjustable hydraulic motor.
For the smallest size of the reducer - 18 kNm the
generalized power and the relative alacrity are the lowest
at the large gear ratios, as for gear ratios from 60 to 80
these indicators at him are lower by around 25%
compared with the highest values. Compared with not
adjustable hydraulic motor, the average values of the
relative alacrity of the adjustable hydraulic motor are
higher by about 22% , which may be explained by the
lower relative masse and with possibility for regulation,
which provides faster work of the hydraulic motor.

P



3/2003

AGRICULTURAL ENGINEERING

In conclusion, it can be said, that for these hydraulic
motors are best suited planetary reducers for tracked
machines CT026 and CTO035 with maximum output
torque 26 KNm and 35 kNm and gear ratios from 63 to 85.
At gear ratios above 100 is suitable standard size CT045,
and standard size CTO018 is suitable only for ratio 63 or
less.
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© MALUMHOWS3MON3BAHE N PEMOHTOOBCIY>KBALLA JEAHOCT

AHanu3 Ha XUJIPOMOTOPKOJIETA

32 BEpUXKHU TPAKTOPU

boiixo I'uzoe
Texnuuecku ynugepcumem, Codusi 1756

ITpu npoekTHpaHeTo Ha BEPHKHN MalUMHU C XUJI-
pOOGCMHO 3a/IBUKBAHE Ce M3110J13BAT Hal-uecTo akK-
CHAJIHO-0YTalIHU BUCOKOODOPOTHH M HUCKOMOMEHT-
HH XHAPOMOTOPH B KOMOMHAIMS C IUIAHETEH pejlyK-
Top. KoHcTpykropure UMaT JiBe Bb3MOXKHOCTH — Jla
paBpa()OTSlT IUIAHETCH PEAYKTOP CIICUHAIHO 3a HOBa-
T@ MallliHa ¢ TlapaMeTpH, KOUTO ChOTBETCTBAT TOY-
HO Ha 3a/1aHMeTO UM J1a U3IOJI3BAT FOTOBU U3JICIINsI,
KaTO HalpaBsIT KOMIIPOMIC C TIapaMeTpuTe UM, Ko-
UTO B OOLIMSI ciyuaii HSIMa Jla OTroBapsT ChBCeM
TOUHO Ha TeXHUTE M3MCKBaHMs. KakBu ca Bb3MOX-
HOCTUTE 3a ChUETABAHE HA XM/paBIMYHATA M MeXa-
HMYHATA YacT B TO3M cllyvaii u Kak TpsiOBa 1a ce u3-
Oupar oTAeNHUTE TOTOBH U3Jeaus (XMAPOMOTOP M
PEAYKTOpP) 3a Jla ce TOJIYyUH ITBJIHOLEHHO U3IONI3Ba-
HE Ha MaTepHalInTe U 100pH OTHOCHTENIHM MACOBH
rabapurnun noxkasarenu? Te3u BbIpocH ce n3sicHs-
BAT Ype3 aHalW3 Ha IOKasaTelnTe Ha KoMOMHaIM-
UTE OT XUAPOMOTOPH M MEXaHMUHH PEyKTOpPH Ha
dupMuTEe TIPOU3BOAUTEIIKIH.

OOUKHOBEHO GUPMHUTE, KOUTO POU3BEKIAT XM
POMOTOPH HpejyiaraT B KOMIUIEKT W €JIHO-, JIBY- I
TPUCTBIIAJIHK [UIAHETHU PEAYKTOPH, NPUTOAEHH C
¢uanel 3a MOHTUpaHe Ha XujapomoTop. Ejnn u cbul
IJIaHeTeH peflyKTop OM MOrbil fa ce KoMOMHMpa ¢
PAa3JIMUHM 110 BUJ, 110 TUIIOPA3MEP WIIN 110 KOHCTPYK-
1M akeuajHo-0yranuu xujpomoropu. Vnn obpar-
HO — €JIMH ¥ CbLL XUIPOMOTOP MOXKE /ia ce KOMOUHHU-
pa ¢ pas3nuyuyu peaykropu. OCHOBHA NpejocTaBKa
nipu u3bopa Ha peaykTopa € HeoOXOAUMOTO Ipejia-
BaTeMHO uucio. Ilpu BeprkHUTE MallMHU TO ce
oKa3Ba cpapHHUTeNHO rossiMo (ot 60 no 140), koerto
HaJlara jla ce M3I0JI3Ba TPUCTBIIAJIEH IITaHeTeH pe-
AYKTOP C IOAXOMSIM pa3MepH U Maca 3a BrpaxjaHe
BbB BEPHIKHUSI JIBUXKHTEI.

OcBeH IpelaBaTeIHOTO YUCIIO0 i,» pasmepure D
v L u macara My, IPYTH BAXHH 1I0KA3aTCIN 3a Te-
31 PEYKTOPH Ca AOIYCTUMOTO pajiialiio HaToBap-
BaHe F,, MAKCUMAJIHO JIOIyCTUMAaTa U3XO/IsIILA Yec-
TOTA HAa BbPTEHE M, . W MaKCUMAIHUSAT U3XO-
AL BBPTSILL MOMEHT M, . 110 KOITO ce KiacH-
¢unupar M o3HauasaT. llpm HAkom ot TaAX ce
BrpaxjaaT i MHOTOJMCKOBY CIIMPAYKU HA BXOASLLMSI
BaJl, 3a KOMTO C€ IPEAIIMCBA MaKCHMalleH CIHpa-

YeH MOMEHT Mcn,max'

Ot jipyra cTpana, XuApOMOTOPUTE Ce XapaKTepu-
3Upar ¢ MakKCHMaJlHO paboTHO Hajsarame Ap....
MakcuMalieH paboten obeM Vi .., 110 KOiiTO ce
KjiacupuumMpar, MakCumajiHa 4ecToTa Ha BbpTeHe
Ny maxe MACA My, MHEPUUOHEH MOMEHT Ha BBPTSI-
LIMTE Ce YacTH J,,,, FCOMETPUUHHN pa3sMepH M JIp.

Ot rnejHa Touka Ha HeOOXOJMMUTE U3XOJIHU T10-
Ka3aTe/ll Ha MalllMHaTa (CKOPOCT M JIBUXKEIlA Chila)
€ OUEBHJIHO, Y€ I1O-TOJISIMOTO IIpelaBaTe/IHO YHUCIIO
Ha pejlyKTopa M3MCKBA I10-MaJ’bK THIIOpasMep Ha
xuapoMoTopa i obparno. OT efiHa crpana, paboTHH-
AT 0o0eM Ha XUJIPOMOTOpa € CBbp3aH ¢ paboTHuUs
obeM Ha rnomMmiiara, 6p0ﬂ Ha XUJIpOMOTOpUTE, U3ITOJI3-
BaHM B CbCTaBa Ha IIPOEKTHpaHaTa XHH])OOGCMHa
TPAHCMHCHUS M B H3BECTEH CMHUCBJI C KOHCTPYKLMSITa
My. BLB BCHUKHM cllydan MHHUMAJIHO JIONYCTUMUSIT
paboren odeM Ha XHIPOMOTOpPA Ce Olpefesst OT Bb3-
MOKHOCTTA My 3a IoeMaHe Ha MaKCHUMaJlH1s 1eOuT
HA [oMIlaTa, 1pu JI0NycTUMa MakCMMallHa YecToTa
Ha BbpTeHe Ha xujpomoropa. OT apyra crpaHa, no-
rOJISIMOTO IPEIaBaTeIHO UMCII0, IIPEeiIloara nopeye
IIAHETHU PeJloBe, T0-CJI0KHA KOHCTPYKIMSl Ha pe-
JIYKTOpa, MO-BHCOKA LIEHA U MO-HUCHK KOepUIHUEHT
Ha T10JIE3HO JIeHCTBHE.

Jlonbinurenun chobpaxenust npu u3bopa Ha pa-
OoTHUs1 00EM Ha XUIPOMOTOpA MoraT Jia 6bjar: oil-
THMaJleH peXuM Ha pabora; MacoBu M rabapuTHH
1I0Ka3aTe/Il; 1leHa; ONITUMaJIHO ChYeTaBaHe ¢ Halluy-
HUsI MeXaHUYeH peJlyKTop, FeOMETPUUYHUTE T10Ka3a-
TeJIM Ha IPOXOJAMMOCTTAa Ha BepHKHATa MallliHa 1
ap. A npu u3bopa Ha TUIIOpa3Mepa Ha pefyKTopa 1o
MaKcuMalleH M3XOJsill 3a/IBUXKBAl, MOMEHT TpsiOBa
la ce cpOIIIOaBa M yCIOBHETO 110 CLEINIEHHE Ha Be-
PMIKHMST JIBUKUTEN C TIOYBaTa.

3a oleHKa Ha creleHTa Ha U3I0MI3BaHe Ha XU/po-
MoTOpa (pecreKTHBHO Ha pejlyKTopa), KoMOMHMpaH
C pasyiMuHK PEAYKTOPH ce fpejyiarar cjiejiIHuTe oT-
HOCHTEJIHHU JIOKa3aTeIHu:

— KoepHIMEHT Ha M3I0JI3BaHe HA XHIPOMOTOpa
no paboTHO HaArane:

(1)  Kp=Puon ypp,
Max

KbJIETO:
27
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AP \yax € MAKCUMAJTHO PabOTHO HaJlsiraHe Ha ChOT-
BETHHS THII XHAPOMOTOP 110 KaTajlor, a Ap, . € J10-
MyCTUMOTO pabOTHO HAJSITAHE, OLPEIEIEHO Bh3 OC-
HOBA Ha MaKCUMAJTHUSI U3XO/SILL{ BPTSIIL MOMEHT Ha
pefyKropa:

anHBX Max MPa

Myl VXM,Max

@ Wyen =

KbJICTO: g

1, — KOePULUHMEHT Ha 110J1€3HO JICHCTBUE Ha PejlyK-
TOpA.

— KoepHUMEeHT HA H3M0JI3Bale HA XMJPOMOTOpa
110 4ecToTa Ha BhbpTeHe:

 Es
”XM, Max
KbJIETO:

Mon = Miax,maxip € AONYCTHMATA YECTOTA HA Bbp-
TeHE Ha XMAPOMOTOpa, choOpa3eHa ¢ MakCHMaHaTa
U3XOJIILIA UECTOTa Ha BbpTeHe Ha pejlyKTopa, a
Nyymax © MaKCHMallHaTa 4ecToTa Ha BbpTeHe Ha
XHJIPOMOTOpPa 110 KaTaJor. (ITpu  perynupyemure
XHAPOMOTOpPHM Ce B3¥MMa MaKCHMallHaTa 4ecToTa Ha
BHPTEHE 1IPU MUHUMaJIeH paboTeH 06eM, KOsITO € 110-
FOJISIMa OT Ta3u NpU MakcuMasieH paboren obem.)

Koraro Tesn koeduumentn ca no-manku or ejiu-
HULA, HE ce M3T0MI3BAT MAKCUMAJIHO Bh3MOKHOCTH-
T€ Ha XHAPOMOTOPA, @ KOraTo ca 1Mo-rojeMu oT e/ii-
HHIIA, HE ce U3MOJI3BAT MAKCUMAIHO Bh3MOXKHOCTH-
T€ Ha pelyKTopa.

3a oueHka Ha MacaTa M pasMepHTe Ha BCSIKA e)l-
Ha KOMOMHALMS OT XMJPOMOTOP M PelyKTOp 110 OT-
HOUIEHHE Ha MpejlaBaHaTa MOILHOCT Ce H3IOA3BaT
OTHOCHTEIIHUTE TOKa3aTe/n cneunguuna Maca m,,
u cnenuduuen obem Vy:

my, +m,
—— L kg/kW
N g/

M

4) my =

KBJICTO:

mm € MacaTa Ha Hall'bJIHO KOMINIEKTOBaH XM}J,])O-
MOTOp [0 KaTajlor, KOSITO 3aBUCH OT HeroBara
KOHCTPYKIHsl, THIIOpAa3Mep U HauMH Ha peryiupane;

m, — MacaTa Ha peJlyKTopa M clipaykara, KosiTo
3aBUCH OT MaKCUMAJIHUSI My U3XOJISILl MOMEHT;

N ,, — MOHTa)XHaTa MOLIHOCT Ha CUCTEeMATa XUJI-
POMOTOP-ITAHETEH PEYKTOP, KOSATO Ce pa3jinyaBa B
o01Ms cyvail OT MOHTaXKHATa MOLIHOCT Ha XUIPO-
MOTOpA, Mopaju Bb3MOXHUTE HAJIOXKEHN orpaHmnye-
HHUSL OT pelyKTopa:

6) N, = ]_]gvmaxMIN (nmax"non)MlN (ApmaxApuon)
¢ 60 000

, kW

Crieuuduunnsr obem ce onpesesnst Kato cyma or
obemuTe Ha UMIMHAPH ¢ pasMepy D; v L; na xomii-
JICKTA XUIPOMOTOP U PEYKTOP, OTHECEHA K'bM MOH-
TaXHaTa MOIIHOCT. (dur. 1)
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®ur. 1. OnpegensHe Ha o6ema Ha XUAPOMOTOPKONENOTO
Fig. 1. Determination of hydromotorwheel volume

3a KOMIUIEKCHA OlleHKa Ha CHCTeMaTa ca U310 3-
BaHM ¥ 1oKasaresnure [2]:
— 0000ena MmougocT

M]N(A/’lllznxA[’u()ll)‘C
600

(7 Cy = , kW/dm?,

KBIETO

n
(8) C = MIN(”"'JX‘HHIX M)
P

V.

p'p Y xm,max

3
\/(M[N(”XM,HIHX’ ”Ll()" )/’IXM,IHZIXV)

¢ 0000uIEeHHST KOCPUIMEHT Ha OLP3OXOJHOCT Ha
MOTOPKOJIEJIOTO; »

Myvemax, ~ MAKCHMAaJTHATa YeCTOTa Ha BbpTeHe Ha
XMIPOMOTOpA NP MaKCUMaJleH 0OeM.

= OTHOCHTeJIHA NbPraBuHa, KosTO € BaXKHA Xa-
PAaKTEpHUCTHKA 3a IMHAMUKATA Ha CHCTEMATa, OTUH-
Tallla MaKCUMaJHUsl BPTSIL MOMEHT, IIPUBEICHUS
MHEPIHOHEH MOMEHT, MaKCHUMaJlHaTa uYecToTa Ha
BLPTEHE M OTHOCUTENIHATA I Maca:

, cm/min

11
(%) I =— kWkgs™,
HlN
KBJIETO
(1()) Il = /MIN(Muax,max’ Mnax,xm)'30 g
n
J.MIN(nmx,max, it el 17

l[)
€ I'bpraBuHara, a
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_ by XM,I]IZ\XAI)HHU( Nm
” P ) b
H3X,XM : G

(1) M

€ TEOPETHUHHUSIT MaKCHMaJIeH U3XOJIsiIL BhPTSIIL MO-
MEHT, OfpeJie]ieH OT ITapaMeTpUTe Ha XHAPOMOTOPa;

(12)  J =Jxmm,i 2, kg.m? 4

P’
— NPUBEJICHUSIT MHEPIMOHEH MOMEHT KbM H3XO/s-
1IMST BaJl.

[Ipu onpejeistHETO Ha TE3U HOKa3aTelln € OTue-
TeH MEXaHHUHUSIT KOoepUIMEHT Ha  I0JIE3HO
neiicTBE Ha pejlyKTopa KaTo QyHKIMS Ha IpejlaBa-
TEJTHOTO UKCIIO NP TPUCTBIIANHA IIaHeTHA 1TPejiaB-
Ka [1].

3a wiocTpalys Ha U3UMCIEHUATA € TOKA3aHo B
rpapuueH BUJ M3MEHCHMETO Ha Te3M IoKasaTesn
NpH HSKOM KOMOMHAUMM OT TOTOBUTE M3JIC/Us Ha
¢upmara Sauer Sundstrand [3], a uMenno oTHacsIIM
Ce 3a HEPEryJupyeM XWJIPOMOTOP, KOHCTPYKUMSI €
HakJioHeH auck it SME90 u perynupyem xuapomo-
TOp, KOHCTPYKIMS ¢ HakJIoHeH Onok Tunn VMV51, ¢
paboTHn obemu cboTBeTHO 55 cmY/ob u 60 cm’/ob
(¢ur. 2 no ¢ur. 5).

Criopen npenopbkute Ha ¢pupMara Te Morar jia
ce KOMOMHMpAT ¢ ueTHpU WM HET TUIIopasMepa Ha
PEAYKTOPH 3a BEPUKHKM MAUIMHU ¢ MaKCHUMaJleH W3-
xopsu MoMeHT 18, 26, 35, 45 u 62 kNm, Bceku oT KO-

XUAPOMOTON BMF 90 086

BAE=RAREEEER
Kn > K

£n i A B

®n
Kp 62KNm|
A5KNm 1

3
F{_|82kNm

Kp -
| |35KNm . o [ I EEA S
= 1= |

60 70 80 90 100 110 120 130 Iy

XWAPOMOTOP VMVE1.060

—{Xe
62 kNm Kn

[
71T
i
1
i

6

Gur. 2. KoedpuumeHtn Ha nanon3eaHe Ha xuapomotopa fno pa-
aboTHO Hansrade u No YecTota Ha BbpTeHe BbB GpyHKUUSA OT npe-
AaBaTenHoTO YACNO U MaKCUManHWs U3XoasLy MOMEHT Ha peaykK-
Topa d

Fig. 2. Koefficients of the utilization of hidromotor to working pres-
sure and to frequency of the turning in depending on gear ratio
and maximum output torque of the reducer
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160 44V, > e ®ur. 3. OtHocUTeneH o6em Haa MOTOPKO/ENOTO BbB (yHKUNS OT

AKO ce npueMar JIonycTuMHI CTORHOCTH Ha Koe-
QUUMEHTHTE Ha U3TION3BAHE HA XUJAPOMOTOpA I10 pa-
OOTHO HalsiraHe ¥ 1o uectrora Ha BupreHe ot 0,8 1o
1,2, To ynoBieTBOpsiBaHE €IHOBPEMEHHO M Ha JIBETe
YCIIOBUSI TIPH U30paHUTE XUPOMOTOPH U PEyKTOPU
€ Bb3MOXKHO IIPU peryJiupyemM MOTOp U IpejaBarei-
HM uKcna B uanasona ot 60 o 83 3a 26 kNm u B au-
anasona ot 76 o 84 3a 35 kNm. (¢pur. 26) Ilpu He-
peryiupyemMusi MOTOp TOBa OM GHIIO OTUACTH Bb3-

npeaaBaTesHoOTO YNCIIO M MaKCUManNHUA U3XOASILL MOMEHT Ha pe-
nykTopa

Fig. 3. Relative capacity of the motorwheel in depending on gear
ratio and maximum output torque of the reducer

MOKHO €[IMHCTBEHO IIPH [IPElaBaTEeIHO YUCIO OKO-
1o 62 3a 26 kNm. (¢ur. 2a) Ilpu npyrure Tunopas-
MepH Ha pelyKTOPUTE € Bb3MOXKHO YIOBIETBOpSIBa-
HE CaMo Ha eJJHO OT OrpaHUYHUTENHUTE YCIOBUSI (Miin
3a Kp win 3a K), KaTo ¢ HapacTBaHe Ha TUIIOpa3Me-
pa Ha pefykropa (Ha MakCHUMaJlHUsl M3XOJsill MO-
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®ur. 4. O606u1eHa MOWHOCT HA MOTOPKONENOTO BbB GyHKLINS OT
npefaBaTefiHoTo YACNIO U MaKCUManHNs U3XOASILL MOMEHT Ha pe-
faykTopa
Fig. 4. Generalized power of the motorwheel in depending on
gear ratio and maximum output torque of the reducer
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dur. 5. OTHocUTeNHa NbpraBuHa Ha MOTOPKOMNENOTO BbB pyHK-
uvs OT NpefaBaTesiHoOToO YUC/IO U MaKCUMaHUA U3XOAALL, MOMEHT
Ha peaykTopa

Fig. 5. Relative prompt of the motorwheel in depending on gear
ratio and maximum output torque of the reducer

MeHT) OniaronpusitHaTa 061acT Ha ChBMecTHa pabo-
Ta Ce M3MECTBAa KbM IIO-TOJIEMUTE HpejlaBaTeHu
uncna. C HapacTBaHe Ha IPeaBaTENHOTO UHCIIO ce
pa3roBapBa XuPOMOTOpaA 10 pabOTHO HasIraHe M
Ce HAaTOBAapBa 110 YECTOTA Ha BbPTEHE, a C HApaCTBa-
He Ha TpeflaBaHMsl BBPTAL] MOMEHT ce HabJiojiaBa
00paTHOTO, HO 0010 B3€TO U 1BaTa KoeduimenTa ca

30

HO-TOJIEMH OT €/IMHUIA, KOETO 03HauaBa, ye XHjpo-
MOTOPBT Ce M3I0J3Ba MaKCUMAJIHO, @ PeJlyKTOPBT
ce HejloHaToBapBa. EJHAKBO CHIIOBO M KMHEMaTHU-
HO HEJIOHATOBApBaHE Ha PejlyKTopa 1P U3110J3BaHe
Ha HeperyJmpyemMusi MOTOp ce 1oJjiydana 1pH rnpeja-
Baresino uncno 80 3a 45 kNm u npu npejaBaTtesiHo
unciio okoso 109 3a 62 kNm, kaTo BbIIpOoCHHTE KO€-
¢uumenTH ca or nopsiibKa choTBeTHO Ha 1,65 u 1,7.
[Tpu n3nonspane Ha peryiupyeMusi MOTOp Te3n KO-
edunpenT ca no-uuckn — 1,3 nipu npejaBaTesnno
uuciio okoso 91 3a 45 kNm u 1,33 nipu nipejraarein-
HO umcno 123, koeto o3HauaBa, ue pefyKTOpbT ce
M3110J13Ba 110-J100pe.

AHaIM3LT Ha OTHOCHTENHHs o0eM IOKa3Ba, ue
Haii-0J1aronpusaTHNTE CTOMHOCTH TIPH HeperyJupye-
must mortop (ot 0,36 o 0,44 dm/kW) ce nocrurar
HPH pejlaBaTe/iny uncia B auanasona ot 60 o 93
3a 26 n 35 kKNm. Ilpn perynupyemus xuppomorop
TO3M TI0Ka3aTesl JIOCTHra NO-HUCKHW Haii-Oraronpu-
sitHn croiinoctn — 0,26 j1o 0,34 dm'/kW npu npeja-
BaTeJHN ynciaa ¢boTBeTHO OT 60 10 90 3a 26 KNm,
or 60 jo 101 3a 35 kNm u ot 70 no 119 3a 45 kNm.
Hapacranero na npejaBareiHoTo UnC/IO Hajl TE3n
CTOHHOCTH BOJIM JIO HAPACTBAHE HA OTHOCHTEIHMSI
00eM, KaTo KOJKOTO 110-MallbK € IipejlaBaHis Mo-
MEHT, TOJIKOBA 1IPH 110-MaJIKO 1pejiaBaTeiHo UuCIIo
3allouBa  HApacTBAHETO HA OTHOCHTEJIHHSI OOeM.
(¢pur. 3a n 36) Mskimouennst uMa 1pu MaJIkuTe Ipe-
nasaresiny uncina (nog 70) 3a 26, 35 u 45 kNm u nojt
95 3a 62 kNm. Beuuko ToBa ce JIbJKHM Ha HaMasnsiBa-
HETO Ha MOHTaXHATa MOLHOCT 110paJIi HaMaJIsIBaHe
Ha KoepuumeHTa Kp HOJ1 €JINHKULA TIPH TOJIEeMUTE
1pejlaBaTesIng YHC/IA U MAJIKUTE TpejlaBaHi MOMEH-
TH 1 HamajisBaHe Ha Koeduumenta K noa eannnia
1IPU MAJIKUTE HpejlaBaTe/IHA uhcia i roJieMuTe 1pe-
JaBaHH MOMEHTH M B KpaiiHa cMeTKa HeJloHaTOBap-
BaHe Ha XUJPOMOTOpA.

ChIIoTo BakHM M 3a OTHOCHTENIHATA Maca, YHIiTO
KPHUBH MMaT aHaJIOrMYeH XapakrTep, KaKTO Te3H Ha
OTHOCUTEJIHUSI 00eM. MUHUMATHUTE CTOWHOCTH 3a
Hest ca B inarnasona 1.1 o 1,3 kg/kW 1ipu Heperynu-
pyemutst motop u ot 0,72 no 0,95 kg/kW - npu pery-
JIpyeMHUsl.

O6obuienaTa MOLIHOCT HpHU Haii-100pHTE KOM-
OuHaIMM ce IBIKHU B rpaHuiuTe ot 52 o 64 kW/dm?
1pu npejlaBatennu uncna or 60 no 80 3a BcHuku pe-
AYKTOpH ¢ Heperyaupyemus Mortop. [pu perynupye-
M5l MOTOP HO-MaJIKUTE TUIIOpa3MepH Ha pejlyKTo-
pure (18 m 26 kNm) paBar no-manka o6o6iieHa
MOLIHOCT € HapacTBaHe Ha MpelaBaTeIHOTO YUCIIO U
B CpaBHEHHE C HEPETYJIMPYEMUsI MOTOP TSl € CPeJIHO
€ OKOJIO 5 10 22 % 1NO-HUCKA B 3aBUCHMOCT OT Tpe-
AaBaTesiHoTo uMcno. ToBa ce OBIKM HA HamasisiBa-
HETO Ha KOepULMEHTa Ha U3MOJI3BaHe Ha XUJPOMO-
Topa 110 paboTHO HaJsIraHe.

Ornocurennara nbpraBuna (¢gur. Sa u 56) e Haii-
n00pa 1py peflyKTOpH ¢ MaKCHMaJleH M3XOJSLL MO-
MenT 26 1 35 KNm 1 npeaBaTesinm uncia cChOTBETHO
or 60 10 83 1 or 60 no 100 3a Heperyanpyemust MOTOp
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1 cboTBeTHO OT 60 10 75 1 oT 64 j10 95 — 3a perynnpy-
emust Motop. [Ipu mMankuTe THIIOpa3MEpH Ha PejlyK-
TOpa TSI CUITHO HamaJlsiBa ¢ HapacTBaHe Ha IpejlaBa-
TEJIHOTO UKCIIO TJIABHO MOpajil HapacTBaHe Ha OTHO-
curenHara Maca. [1pu no-rojiemure THMiiopasMepu Ha
PelyKTOPHTE OTHOCHTEIIHATA IbPraByuHa 1o-cinado 3a-
BUCH WIH IOUTH He 3aBUCH (11IPH HEPETYJIMPYEMMUsT MO-
TOp) OT MpEJABaTENHOTO YMCIIO; HO € MO-HHCKa B
CpaBHEHHE C Haif-BUCOKUTE CTOMHOCTH CPEJIHO C OKO-
710 22 % upu 45 KNm u ¢ okono 38% npu 62 kNm 3a
HEPEryJIMpYeMUsi MOTOP M ChOTBETHO ¢ 0KOJO 19 % n
¢ 0Kk0J0 34 % 3a perynupyemMust MOTOp. 3a Haii-Mall-
Kusl TUTIOpa3Mep Ha peiykropa — 18 KNm kakTo 0606-
1ieHaTa MOLIHOCT TaKa il OTHOCHTE/IHATA IIbpraBuHa
ca Haii-HUCKM TIPU TOJIEMUTE TIpe/laBaTe/IHi uKclia,
KaTo IpH npegasatesin uncia or 60 10 80 Tesu 1noka-
3aTeJIN [PU HEro ca Mo-HUCKU CPEJIHO ¢ OKouo 25 % B
CpaBHEHME ¢ Haii-BUCOKUTE UM cToiiHocTH. B cpanne-
HUE C HEPEryIMUpyeMusl MOTOp, CPEJIHNTE CTOIHNOCTH
32 OTHOCHTCJIHATA 1IHPIaBHHA Ha PEryJIMpyeMust Mo-
O €a I0-BHCOKHM € OKONO 22 %, KOETO MOXE Jla ce
00sICHU KAKTO € 110-MajIKaTa OTHOCUTE/IHA Maca, TaKa
1 ¢ Bb3MOXHOCTTA 3a peryjmpane, KOosTo OCHrypsiBa
HO-TrojsiMa ObP30XOAHOCT Ha XMPOMOTOPA.

B 3akitoueHne Moxe a ce Kaxe, ue 3a pasriex-
JIAHUTE XMIPOMOTOPY Ca Haii— MOJAXO/SIIN TIaHeT-

HU PeJ/IyKTOPH 32 BEPHKHHM MAlUMHKU OT THIOpa3me-
pu CT026 u CTO35 ¢ MakcHMaJIeH U3XO/IsiI, MOMEHT
26 kNm u 35 kNm u npejlaBatesuu uucia ot 63 jgo
85. Ilpu npepaBartennu uncia najg 100 mo-nojxozsiiy
e tunopasmep CT045, a tunopasmep CT018 e noj-
XOJIsIILL €IMHCTBEHO TIPU NIPEABATEIHO YHCIIO 63 Wih
N0-MalKo.
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Analysis of hydromotorwheels for crawler tractors

B. Gigov
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ABSTRACT

The paper discusses relative indices for evaluation of combining different hydromotors and planet reducing
gears, taken as ready items and designed for crawler vehicles. Graphic presentation is provided and analysis of
the variation of those indices depending on gear ratio and maximum output torque of the reducer.
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