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Modeling of pull parameters of crawler tractor with powershift transmission

Boyko GIGOV, Vatko DRAGANOV
Technical University, Sofia - 1756

Abstract: The paper presents a method for development of technical pull characteristic of crawler tractors with
powershift transmission and the PC software package based thereon for analytical presentation of soil parameters,
hydraulic machines transmission automatic control system, internal combustion engine parameters, etc.

The methodology allows preliminary assessment of indices of newly designed crawler machines with
powershift transmission and effect analysis of various structural and performance factors.

The theoretical construction of the pull
characteristic is essential for preliminary assessment
of the parameters of the newly designed tractors or
other traction machines. If there is a hydrostatic
continuously variable transmission the construction
of this characteristic will have some peculiarities that
complicate somewhat the methodology compared to
machines that use conventional mechanical step
transmission.

In crawler tractors mostly use two independent
hydrostatic circles, which is the more general case of
the arrangement of hydrostatic machines and allows
the proposed methodology to be valid also unto
wheel traction machines with such transmission. [4]

To build the pulling characteristic of crawler
tractor with hydrostatic transmission is required in
advance to specify the scheme of transmission and
size the hydrostatic machines, as well as their main
characteristics, taken by producer.[5] Besides the
maximum working pressure, maximum speed and
maximum working volume of the hydrostatic
machines are necessary and experiment data for
volumetric and  hydromechanical  efficiency,
respectively, for volumetric and hydro-mechanical
losses and regulatory characteristics of the automatic
control system (if any) that are expressed in
analytical form by approximation of the experimental
data. Are also needed the parameters of the road and
details of construction the designed tractor and chain-
drive.

The curve of acceleration skid on caterpillar
tracks is convenient also be presented in an analytical
form, based on test data for different soil conditions,
characterized by coefficients of resistance of

movement (f) and skid (3) (expressed as a function

of pulling force - F; or of the tractive factor — T = F+

/G). Are accounted also the influence onto the
acceleration skid on the movement speed (v), on the
average pressure of the chain drive onto the soil
(gep), on the length the supporting surface the chain
drive (Lop), on the average hardness the ground (s) to
a depth of 5 to 10 cm and its humidity (W). [1].

At hydraulic system for automatic control of the
transmission is determined dependence of the control
pressure from the speed of the internal combustion
engine — Py = f(n) and the equation of regulatory
curves which represent the dependence of the relative
displacement from the working pressure at parameter
the control pressure Ky = f(Ap). Depending on the

type of used hydraulic machines and working
conditions are classified following options, given in
Table 1 and Table 2.

The coefficients Ko. and K in the equations of the
control pressure taken depending on the setting items
(the corresponding adjustable throttle or valve) in the
block for automatic control, that form this pressure.

The efficiency of the hydraulic machines is
expressed in analytical form, depending from the

relative hydro-mechanical losses (AM) and the

relative volumetric losses (AQ ), and as a function of
the working volume (Kv), working pressure (Kp) and
speed (Kn), which are represented in the equations in
dimensionless form under the assumption for
constant temperature of the working fluid [2]. For
some hydraulic machines on two of the leading
manufacturing companies received various equations
and coefficients, given in Table 3
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Table 1: Soil conditions and slippage curve coefficients

Factors and coefficients
Equation Terrain dcp S Lon
A B C D f
[kPa] | [MPa] | [m]
fcieul'(;"’ated 29 0.2 134 | 00381 | 0.046/v | 1.657v | 8 |o0.11
8 = Af+BT+CTP Stubble 30 0.8 13 | 00194 | 0023V | 083NV g8 |o007
Meadow 30.5 1.9 1.28 0.0127 | 0.015/V 0.539/V 8 0.08
Land road 31 25 1.26 0.0111 | 0.013/V 0.47/V 8 0.06
Table 2: Automatic adjustment of working volume of hydraulic machines
Manu- Equation of | Equation of
facturer | control adjustment A B C
pressure characteristic
ap* a1.Py botb1.Py cotc1.Py
Rexroth |Py= Ko+ K.n KV:A+B.Ap+C.Ap2 ag a1 bg bq Co C1
0.43434 | 0.09315 -0.0841 | 0.01625 | -0.4587 | -0.0909
A B
ap+ ajPy+apPy2 bo+ b1Py+hoPy?2
Saue =k.n2 Ky=A+B.A
auer Py K.n Vv p a0 a1 a bO by by
6.27794 | -3.0958 11.2304 | -0.5762 | -0.3091 | -0.00271
Table 3: Relative volumetric and hydromechanical losses in hydraulic machines
fg/lcatl?:"le-r Loss types Coefficients x 10-2
Equation aj ap az a4 as ag az ag
A0 pumps ap . a as
Q | v a1.Ky"2.Kn"3.Kp 438 | -76 | 657 | 167
Rexroth motors
AGY apK 22K 23 Kp4 | 67 |11.6 | 80.6 | 118
. pumps alKn+aanKV2+
AM | A4V 1 1 1.25 | 252 | 366 | 0.33 | 3.65 | 3.51
+ + K
1.5 1 K P
a3 a4 a5 a6
motors
E pumps (ag+agKp+agKnp+
SPV +agKnKp+asKnKy+ 0.38 | 051 |2.87 |1.46 | 1.22 | 0.04
Sauer g&t\‘/’rs *agKnKvKp)-Kp 039 |05 |286 | 147 | 122 | 004
a, +a,K
17%% 3
_ —=—(@, +K)K +
AM g‘g{‘/ps ag+K, 4 VTP 1995 | 041 | 7.08 | 288 | 004 |065 |0.87 | 1.03
a5+a6K
=29 N ik )+
a, +K v
7 n
TOOrS | +ag+ Ky)Kn 0.13 | 046 |6.81 | 257 |0.03 |063 [0.92 | 1.03
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Table 4. Fuel consumption of internal combustion engine

Equation Fuel Coefficients
ag al az as aq ag ag ay

agtain+ayM+azn M+ 6.604 | 2557 | 3.047 | 1.129 | 0.542 | 0.454 | 0.146 | 0.412
+agn 2+agM 2+agn M 2+ Gh ag ag aio ail a2 ai3 a4
+a7 M n2+agn3+agM 3+ 0.237 | 0.171 | 0.084 | 0.089 | 0.287 | -0.17 | 0.018
+ajg nMm 3+a11 M n3+ ao ai az as as as ap az
+a1on2M 2+aj3n 4+ OnB 218.6 | 2.354 | -8.02 | -3.93 17.64 | 17.13 | -1.44 | 7.945
+agaM 4 ag ag aio ail a2 ai3 aq

4263 | -7.41 | 3.058 | -1.73 12.16 -8.9 5.151

The fuel consumption pro hour (Gh) and the
specific fuel consumption (gng) on the combustion

engine are presented in an analytical form by
surfaces of fourth degree in the field of external
speed characteristics, based on experimental data,
obtained via trials on the testbed and processed with
method of least. The type of the equation and the
values of the coefficients are given in Table 4. They
relate to encoded values of the factors a torque and

rotational speed in the range from -1to +1 (M u n).

For the construction of pull characteristics is used
a PC and a corresponding package applications.
Besides automatic control of transmission at which
collaboration between the engine and hydrostatic
transmission, is determined by the type of automation
and its assigned parameters, is provides also manual
control of the pumps displacement. At manual
control collaboration work with the motor is not
uniquely defined and therefore is considered a private
event, where the volume of the pump is amended so,
that at different load on the transmission, the engine
conserved constant power (nominal).

The package applications includes: program for
selection of hydro machines and assembly schemes
from database for hydrostatic machines; program for
approximation of the characteristics of the blocks for

automatic control; program for approximation of the
data for efficiency; program for approximation of the
characteristics of the internal combustion engine;
program to build a joint work between the engine and
hydrostatic transmission; program for approximation
of slipping data; program for the construction of the
pull characteristics. As a result of the work of the
various programs are receive the type of equations
and their coefficients and visualization in graphic
form. On fig. 1 to 7 are given the obtained results for
one possible variant. On the pull characteristic are
shown additional changing the flow (Q), work
pressure (Ap) and control pressure (Py) in
hydrostatic transmission with increasing traction
force and speed regime of the internal combustion
engine (n) at work on external characteristics,
determined by the setting of the system for
automatic.

With these programs is possible to choose different
variants of transmissions, operating conditions or
vary the design parameters of the crawler machine
and to assess their influence on its technical and
operational indicators. To confirm the reliability of
the theoretical results are used and experimental data
for pulling characteristics of viticulture crawler
tractor with such transmission [3].
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Fig. 2. Transmission regulatory characteristic
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Fig. 4. Relative hydromechanical losses
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ICE — D3900K; Pumps — 2 x A4VG40DA; Motors — 2 x AGVM55DA

a, . . .
v 1 Full weight of the machine — G = 32,6 kN; Soil background - stubble
min TIT, iy y
2300 T 230 T—— % MPa
~
2100 + 210 T 11— e i I 60 140
4 Nyl 17T T~
1900 + 190 — 50 135
s T L]
1700 + 170 e . — = Ll40 {30
N il et A n .—ﬁf —-r"
o 1T —1T"1-1- [ NSRS A Y RN R = e N
G, 150 : 30 25
h- y, . &pr,..r—-"‘""’
kg - 130 S — == 20 +2z20
121 110~ 10 15
.f '/ﬁ T @
111 90 ~3- 1 —1 0o ‘1o
n -
Py \\"————_E_ll -l [ A e,
10+ 70 E e +5
P, Vv, I ks R T
Ly km Yr,
] =TT |-+ 4+ ] 9 5.
20 \ P — = F — KWh o
18 ' = 900 {18
e
Py, 16 1>\ i+ 850 116
; : f
bar 4, y g00 |14
20 4\. Fl
12 - ¥ 750 112
18 : s
10 £ A ] T 700 <10
16 5 / \ —e | Py | . 650 | 8
14 y | 5k
6 < 600 T &
/ - |91 ] |V =k
I —— =T £+
4 ; — O o s = s s gy 650 + 4
2 o R e L — 500 + 2
I P Y O P B R - )
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 16 19 20 21 22 23 24 28 F,, kN

Fig. 7. Theoretical pull characteristic

Conclusions

The proposed methodology and created on its
base package applications represent an possible and
accessible tool for analyzing the performance of the
newly designed crawler tractors with hydrostatic
transmission.

Are used analytical dependencies, based on
experimental data regarding soil conditions, the
characteristics of hydro-transmission, the internal
combustion engine, etc., with which are simplified
calculations and is achieved universality and
flexibility of the programs.

The constructed theoretical pull characteristic of
a concrete variant of the crawler machine with
hydrostatic transmission shows good coincidence
with the results, obtained experimentally with pulling
test the same crawler machine.
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TeopeTUYHOTO IOCTPOSIBAHE Ha TErJIUTENHATa
XapaKTEePUCTHKA MMa BayKHO 3HAYEHHUE 32 NPE/IBAPH-
TeJIHA OLEHKA Ha NOKA3aTeIMTe Ha HOBOIIPOEKTHPa-
HUTE TPAKTOPH WM JIPYTM TErJIUTENHU MAIINHH.
Ipu Hanuuue Ha XupoobeMHa 6e3cTeneHHa TpaHc-
MUCHSI IOCTPOSIBAHETO Ha Ta3M XapaKTEPUCTHKA Ce
OTIMYaBa C HIKOM OCOOEHOCTH, KOUTO YCIOXKHSIBAT
B M3BECTHA CTENEH METOAMKATa B CPaBHEHHE C Ma-
IIMHATE, KOUTO M3MON3BAT KOHBEHIMOHAIHATA Me-
XaHMYHA CTENEHHA TPAaHCMUCHSI. :

[Tpu BepHXKHUTE TPAKTOPH HAI-4eCcTo ce U3MOJ-
3BaT [jBa HE3aBUCHMH XUAPOOOEMHH KPbIa, KOETO ce
sIBsIBa 10-0011] CIyuail Ha KOMIIAHOBAHE HA MAlUMHU-
Te ¢ XHUAPOooOEeMHAa TPAHCMUCHs M IIO3BOJISIBA Ipe]-
jaraHaTa METOfIMKa Ja Obje BaluIHa U 32 KOJIECHU
TerJMTETHA MaIIMHU C TaKaBa TpaHcMucusl. [4]

3a nocTposiBaHe Ha TErJIUTEIHATa XapaK TePUCTH-
Ka Ha BEPHMXKEH TPAKTOpP C XMAPOOOEMHA TPaHCMU-
cusi € HeOOXOAMMO TIPEABApUTETHO fa C€ yTOYHU
cXeMaTa Ha TPAaHCMHCHATA M TUIOpa3MeEpUTE Ha
XUIPOMAILMHNATE,a CHIIO TaKa ¥ OCHOBHUTE UM Xa-
PaKTEpUCTHKH, B3eTH OT npoussoputens. [5] Ocsen
MaKCHMAIHOTO paGoTHO HalAraHe, MaKCHMaJHaTa
YyecToTa HA BBPTEHE M MAaKCHMAaTHHAT paboTeH
o6eM Ha XHAPOMAILNHUATE Ca HEOOXOIMMH M ONUTHU
NaHHU 332 OOEMHUSI M XUAPOMEXaHHUHMsA Koeduuu-
€HT Ha IOJIE3HO ACHCTBHE, PECIEKTUBHO 3a 00EMHH-
Te U XUAPOMEXaHUYHUTE 3aryOH U 3a peryjaaTopHaTa
XapaKTEepUCTHKA Ha CHCTeMaTa 3a aBTOMAaTHUYHO yII-
paBiieHue (aKo MMa TaKOBa), KOMTO Ce€ M3pa3saBaT B
aHAJIMTHYEH BUJ Ype3 alpoOKCHMAalus Ha ONUTHUTE
naHHU. HeoOxoauMu ca ChIllo NapaMETPUTE HA IIbTS
¥ TaHHM 32 KOHCTPYKIMATA HA NPOEKTHUPAHUs TPAK-
TOp ¥ BEPHIKHUA JBHKUTEL.

KpuBaTa Ha OyKCcyBaHE Ha BEPHIKHMsI IBUKUTEI €
yROOHO CBILO Jla ce MPEACTaBH B aHAJIMTUYEH BUJ
BB3 OCHOBA Ha ONUTHY JAHHU 3a PA3JIMYHU IOUBEHH

YCIOBHs1, XapaKTEPH3NPAlIM Ce ¢ KOePUUMEHTUTE Ha
CBIIPOTHBJIEHHE OT NPHABMXKBaHe f U Ha OykcyBaHe
§, (u3paseH KaTo QyHKIMs HA TEIIUTEIHATA CHJla—
F vy na Ternutennus gakrop — T = F 1/G). OTun-
Ta ce ¥ BIMSHUETO BBPXY OYKCYBaHETO Ha IOCTbHIIA-
TeJHaTa CKOPOCT V, Ha CPEHOTO HaJlsAraHe Ha [BH-
KHUTENsT BbXY N0YBATA ¢, HA ABIDKMHATA HA ONOP-
HAaTa MOBbPXHUHA Ha Bepurure L., Ha cpegHara
TBBPJIOCT HA TEPEHa O Ha AbAOOUMHA 5p0 10 cm u
Ha Biaxnocrra My, W. [1].

ITpu xuapaBInyHA CUCTEMA 3a AaBTOMATHYHO YII-
paBlieHHEe Ha TPAHCMMCHATA CE€ ONpefeNs 3aBUCH-
MOCTTA Ha yIPaBISBALOTO HAJAraHe OT YecToTaTa
Ha BbpPTEHE Ha JIBUTATENs] C BBHTPEUIHO IOPEHE —
by = f(n) u ypaBHEHHETO HaA PEryIaTOPHUTE KPHUBH,
TpeICTABIISIBALIN 3aBUCMMOCT Ha OTHOCUTEJIHUS pa-
6oren 06eM OT pabOTHOTO HajsAraHe NP Mapame-
THp ynpapisiBawo Hansrane K, = f(Ap). B 3aBucu-
MOCT OT THIIa Ha U3TOJI3BAaHUTE XUAPOMAIINHA U yC-
noBHUsATa Ha paboTa ca CUCTeMaTH3UPaHH CIEIHUTE
BapMaHTH, JajeHu B Tabnuna 1 u Tabnuna 2

Koepunuentnre K u K B ypaBHeHusATa Ha yn-
pAaBISBALIOTO HAJSITAHE Ce NpPUEMAT B 3aBUCHMOCT
OT HACTpoiikaTa Ha elIeMeHTHTE (ChbOTBETHHUs PEry-
JIMPYEM JIpOCeJT MM KJIamaH) B 6J10Ka 32 aBTOMaTHY-
HO ynpasiieHue, opMHUpald TOBA HaJIsTaHE.

KoeduuuenTsT Ha NOJE3HO NEACTBUE HA XUJIPO-
MaIlIMHATE Ce U3Pa3sBa B AHAIMTHYEH BHl Ype3 OT-
HOCHTEJIHUTE XHIPOMEXaHHYHU AM U OTHOCHTENIHHU-
Te obemuu AQ 3aryou, KaTo QyHKIMA Ha PabOTHMs
obem K, paboTHOTO HajArane K, W 4ectoraTa Ha
BbpTeHe K, Mpe/ICTaBeH! B ypaBHEHUsITA B Oe3pas-
MepeH BH, pH JONyCKaHE 3a MOCTOSTHHA TeMIlepa-
Typa Ha pabotHus Gayun [2]. 3a HIKOM XMAPOMALIK-
HU Ha JIB€ OT BOACLUTE GUPMU NPOU3BOAUTENIKH Ca
NOJIyYeHN Pa3InYHHU YpaBHEHUsI M KOCPUIMEHTH /1a-
neHu B Tabauna 3.

Ta6nuua 1. MNouBeHn ycnosua n koepuUMeHTV Ha KpuBaTa Ha bykcyBaHe

Table 1. Soil conditions and slippage curve coefficients

(Makropu 1 koeduuuentn/Factors and coefficients
YpasHenue/Equation | TepeH/Terrain
Gep [KPa] , o [MPa] , Ly, [m] l A , B , c , D ’ f
Kyntusupano none/Cultivated field 29 0.2 1.34 0.0381 0.046/V 1.657V 8 0.11
5=Af+BT+CT° CrbpHuie/Stubble 30 0.8 1.3 0.0194  0.023V  0.83V 8 0.07
Jinsapa/Meadow 30.5 1.9 1.28 0.0127  0.015/V  0.539V 8 0.08
3emeH nb1/Land road 31 2.5 1.26 0.0111 0.013V 047N 8 0.06
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: YacoBusT Gh U creuuPUuUHUAT 8, Pa3X0Ol Ha
FOPMBO Ha J[BHUraTels C BBTPEIIHO TOpEeHe ca
[PEeJCTaBEeHU B AHAIUTHUYEH BUJl Ype3 INOBBHPXHU-
HU OT YETBBpPTA CTENEH B IOJETO Ha BbHIIHATA
CKOpPOCTHA XapaKTEpPUCTUKA Bb3 OCHOBA HA OIMT-
HU [IaHHHU, NOJYYEHH NPU CTEHIOBU U3NUTAHUS U
0oOpaboTeHn MO METO[a Ha Hali-MalKUTe KBajpa-

Ti. BuabT Ha u3paza ¥ CTOMHOCTHTE Ha KoepHIH-
eHTuTe ca gajeHu B tabnuna 4. Te ce oTHacaT 3a
KOAMUPAHU CTONHOCTH Ha PAKTOPUTE BBPTSIIL MO-
MEHT U UECTOTa Ha BbPTEHE B Juamna3oHa ot —1 1o
+1 (M u n).

3a MOCTPOSIBAHETO HA TErJWTENHATa XapakTe-
PHCTHKA Ce U3TI0JI3BA IIEPCOHAJIEH KOMITIOTBP U Cb-

Ta6nuua 2. ABTOMaTUYHO perynupaHe Ha paboTHua o6em Ha XxuapomaluvHuTe
Table 2. Automatic adjustment of working volume of hydraulic machines

Mpoussoputen/ | YpasHexue Ha YpaBHeHue Ha perynaropHara
Manufacturer ynpasn. Hansraxe/ XapaKkTepucTuka/ A B C
Equation of control | Equation of adjustment
pressure characteristic
ag+a,Py by +by.Py Co+Cq.Py
Rexroth Py =Ky +Kn K, = A+ B.Ap+C.Ap? 3 a ) by ) Gy
0.43434 0.09315 -0.0841 0.01625 | -0.4587 | -0.0909
ag +ayPy + Py’ by + byPy + byPy*
Sauer Py = k.n? K, =A+B.Ap EN a, a by by b,
6.27794 -3.0958 11.2304 | -0.5762 | -0.3091 |-0.00271
Ta6nuua 3. OTHOCUTENHY O6EMHM U XUAPOMEXaHWUYHU 3ary6u B XuapoMaluuHuTe
Table 3. Relative volumetric and hydromechanical losses in hydraulic machines
npou3so- | Bupose 3ary6y Koedmumentn x 10-%/Coefficients x 10~
auren Loss types YpasHenue/Equation a a, ay 3y ag 3 ay ag
AQ nomnu A4V/pumps A4V ;KK Ko 23.38 -7.6 65.7 | 167
Rexroth motopu A6V/motors A6V a,.Kv".Kn".Kp“ 6.7 11.6 80.6 | 118
a,Kn+a, K K* +
- 1 1
AM nomnu A4V/pumps A4V ks T + Feia kp | 1.25 | 2.52 366 |0.33 |3.65 3.51
e SR S
ag 3, a; ag
motopu A6V/motors ABV | a;.K, K=K 9.96 | 106 | 44.4 |42.2
AQ nomnu SPV/pumps SPV | (ay + agK, + aK, +
+ KKy + agK K, + 0.38 | 0.51 2.87 | 146 | 1.22 0.04
Sauer motopu SMV/motors SMV | + agK KK)).K, 039 | 05 2.86 |1.47 |1.22 | 0.04
ay + a5k
= e A TR Ky +
AM nomnu SPV/pumps SPV ag+k, 0.12 0.41 7.08 | 288 0.04 0.65 | 087 |1.03
dg +4a
+5—ik"—.(1 +k)+
a;+k,
motopu SMV/motors SMV | + ag.(1 + kK], 0.13 | 0.46 | 6.81 | 257 0.03 0.63 |092 |[1.03
Ta6nuua 4. Pa3xon Ha ropuso Ha [1Bl
Table 4. Fuel consumption of internal combustion engines
Ypasrenue/Equation Paaxop/Fuel Koeduumentu/Coefficients
ay ay a, ag a, ag ag a;
ag +a,n+2,M + agn.V + 6.604 2.557 3.047 1.129 0.542 0.454 0.146 0.412
+a, "+ ag W+ a6 M? + Gy ag 3y 3y agq 3y 33 34
+a,.Mn? + ag n* + ag M* + 0.237 0.171 0.084 0.089 0.287 -0.17 0.018
+aggn W +ag M7+ ay a a, ay ay ag ag a;
+ag,n? M2+ a5 04 + %o 218.6 2.354 -8.02 -3.93 17.64 17.13 -1.44 7.945
+agy M a a9 a1 a4 ayp a3 44
4.263 -7.41 3.058 -1.73 12.16 -8.9 5.151
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OTBETEH MaKeT NPUWIOXKHU nporpamu. OcseH aBTo-
MaTHUHO YIpaBJICHHE Ha TPAHCMHCHATA, IPH KOE-
TO chBMeECTHaTa paboTa MEXJy ABUraTelst ¥ Xuj-
poobeMHaTa TPAHCMHCHsI €€ ONpe/ess OT BUa Ha
aBTOMaTHKaTa W 3aJaJeHHTE M IlapamMeTpH, ce
npeBMXAA M PBUYHO yNpaBlieHHE HA PabOTHMS
obem Ha nommara. [Ipu ppUHOTO yNpaBICHUE ChB-
MecTHaTa paboTa ¢ [BUraTelisi HE € eHO3HAUHO
OmpeiesieHa ¥ 3aTOBa Ce PUEMa YaCTHHMAT Ciyvaii,
gorato o6eMbT Ha IOMIIaTa Ce M3MEHs Taka, 4ue
npu pasinyHO HATOBApBaHE HA TPAHCMUCHATA
JBMraTeN ST A 3ana3Ba MNOCTOSIHHA MOIIHOCT (HO-
MUHAJIHATA).

[TakeThT NPHIOXKHU TPOrpaMu BKIIOUYBA:
nporpama 3a u360p Ha XMAPOMALIMHUTE U KOMIIa-
HOBKaTa OT 6a3a JaHHU 32 00EMHU XUIPOMALINHM;
nporpama 3a anpokCHMalusi Ha XapaKTepUCTHKU-
Te Ha 6J0Ka 32 aBTOMATHYHO YIpaBlIeHUE; MpPOr-
pama 3a anpoKCHMMaIis Ha JAHHATE 32 Koeduuu-
eHTa Ha IOJIE3HO AEHCTBHE; Nporpama 3a anpok-
cUManusl Ha XapaKTEePUCTHKMUTE HA JBUraTessd C
BBTPELIHO FOPEHE; NPOrpaMa 3a MOCTPOsBaHE Ha
chBMECTHATa pab0oTa MEXAY ABUTATENsI U XUIPOO-
GeMHaTa TPAHCMMHCHs; NpOrpaMa 3a anpoKcHMa-
musl Ha JaHHATE OT OyKCcyBaHETO;, IporpamMa 3a
NOCTPOsIBaHE Ha TETJIMTENHATa XapaKTEepUCTHKA.
Karo pesynrar oT paboTaTa Ha OTACIHUTE TPOT-
pamMu ce IOJy4aBaT BUABT M KOCPUUMEHTHTE Ha
ypaBHeHUsITA ¥ OHarje[sBane B rpadpuucH B Ha
¢ur. 1 go 7 ca paaeHu MONYYCHUTE PE3yATaTH 32

Lon=1.3 m , W=12:18%

enMH Bb3MOXKeH BapuaHT. Ha TernurenHara xa-
PAKTEPUCTHKA Ca MOKA3aH! [(OMbIHUTEIHO H3ME-
HenueTo Ha faedbura Q, pabOTHOTO Ap M ynpasis-
BaloTo Py Hansiraue B XUIpoOGEMHATa TPAHCMU-
cHs NpU HAPACTBaHE HA TEMVIUTEIHOTO HaTOBapBa-
HE M CKOPOCTHHSI PEKMM Ha [ABUraTeNs C BbTpPEll-
HO ropeHe n npu pabora 1o BBHIIHATA XapakTe-
PUCTHKA, OTPEJIC/IEH OT HACTPOHKATa Ha CHCTEMA-
Ta 32 aBTOMAaTUYHO yIpaBlIEHHE.

C noMoliTa Ha Te€34 IporpamMu € Bb3MOKHO J1a
ce n30upaT pa3nUYHU BapUAaHTH HA TPAHCMMUCHSI-
Ta, yCIOBHATA HA €KCIUIOATALMS MM J1a CE BapH-
pa ¢ KOHCTPYKTMBHHTE IapaMeTH Ha BEpUXKHATA
MallliHa ¥ J1a Ce€ OIEHsIBA TAXHOTO BJIMSIHHE BbP-
Xy TEXHHKO-EKCIUIOATALMOHHUTE M IOKa3aTeNu.
3a moOTBBpXKAABAHE JOCTOBEPHOCTTA Ha IMOJIyYe-
HUTE TEOPETHUYHO PE3yNTaTH, Ca M3MOJA3BaAHH H
ONWTHHU JIaHHM 32 TErJIATEJHATa XapaKTepUCTUKA
Ha BEPUKEH J03apCKM TPAKTOp C TaKaBa TpaHC-
mucust [3].

n3BOJM

an)IJIO)KCHaTa METOJAMKA U CB3Aa[CHUAT HaA
HElHa OCHOBA NAKET NPUJIIOKHU NIpOrpamMu npenc-
TaBISBAT €IUH BH3MOXKEH U NOCTHIICH UHCTPYMCHT
3a aHaJIM3 Ha I10Ka3aTeJIUTEe HAa HOBOMPOCKTUPAHUTE
BEPUKHU TPAKTOPH C xympoo6eMHa TpaHCMHUCHSI.

V3non3BaHy ca aHaJIUTHYHU 3aBUCUMOCTH 0a3u-
paHu Ha ONUTHHU JIaHHH, Kacaely InoYBeHUTE yCl1o-
BUsI, XapAKTECPUCTHUKHUTC Ha XUAPOTPAHCMUCHSITA,

Gep=30 kPa , G =08MPa .~ h :
e N :
etk o 4 [ :
035" ‘
LT
0.25 t " " :
e SAALT . '
0.2 '”%"""’,’," 0.8
g B =
0.15 ”",’” ""‘," 0.6
LGP AL AL T 7 0
0.1 #‘W 0.4
o e
0.05 o = ’4'”"4"' 0.3

ur. 1. BykcyBaHe Ha BEPWKHUA ABWKATEN
Fig. 1. Crawler engine slippage
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®wur. 2. PerynatopHa xapakTtepuctvka Ha TpaHcMucusTa
Fig. 2. Transmission regulatory characteristic
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®ur. 3. OTHOCUTENHW 0GEMHM 3ary6u
Fig. 3. Relative volumetric losses
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®ur. 4. OTHOCUTENHW XMAPOMEXaHWUYHY 3ary6u
Fig. 4. Relative hydromechanical losses
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®ur. 5. KoedpnuMeHT Ha Nosnie3Ho AeNCTBME Ha XMAPOMALLMHUTE
Fig. 5. Hydraulic machine efficiency
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®ur. 6. Pasxoa Ha ropuso Ha [1Bl
Fig. 6. Fuel consumption of internal combustion engine
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®ur. 7. TeopeTuuHa TernuTenHa xapakTepuctuka
Fig. 7. Theoretical pull characteristic
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ABUIaTEJIsl C BbTPELIHO TOPEHE H JP., C KOETO C€ OIl-
POCTABAT NpPECMsITAaHUATA U CE IIOCTUTa YHUBEpCall-
HOCT ¥ I'bBKaBOCT Ha NPOrPAMUTE.

ITocTpoenaTa TEOPEeTHYHO TErIMTENIHA XapaKTe-
pPHUCTHKA HA €[MH KOHKPETEH BapHMaHT Ha BepuIKHA
MallliHa ¢ XuApooOEeMHa TPAaHCMUCHST MOKa3Ba 100-
PO CBBIIAJICHUE C PE3YITATUTE, OIYUESHH T10 OIUTEH
IIBT IPYU TETIAUTETHO U3IUTBAHE HA CHIIATA BEPHIK-
Ha MaliuHa.
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Modeling Of Pull Parameters of Crawler Tractor

with Powershift Transmission

B. Gigov, V. Draganov
Technical University — Sofia — 1756

ABSTRACT

The paper presents a method for development of technical pull characteristic of crawler tractors with pow-
ershift transmission and the PC software package based thereon for analytical presentation of soil parameters,
hydraulic machines and transmission automatic control system, internal combustion engine parameters, etc.

The methodology allows preliminary assessment of indices of newly designed crawler machines with pow-
ershift transmission and effect analysis of various structural and performance factors.
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