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KioueBble coBa: npuinnanue, IPOMEXYTOYHbIH CIION, IPYHT, HAIIPsKEHUE CABUTA.

AnHoTanmsi. B naHHOH craTbe paccMOTPEHO BIHMSHUS JKHIAKOCTHOTO IPOMEXYTOYHOTO CJOSI Ha
NpWIKIIaHUEe TPYHTa C METALIMNYECKOW IIOBEPXHOCTBIO 3eMIlepoiHbIX MammH. K kauecTBe
NpoQUIAKTHYECKUX  JKUJAKOCTEH  MCHOJNB30BAJIMCH  ITPOTHBOOOJICACHUTENBHBIE  JKUAKOCTH
"MAXFLIGHT 04" u "OCTAFLO EG".Ilony4eHbl 3aBUCHMOCTH HAlpsDKEHHUS CIIBUTa TPYHTA OT
BIMSIOIMX (aKTOPOB TPH  BO3AECHCTBUM NMPOQHUIAKTHYECKUX KUaKocted. I[loarBepikneHa
11e1eCO00Pa3HOCTh IPUMEHEHUS JAHHOTO croco0a AJIst CHU)KSHUS aJire3UH TPYHTA.
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Abstract. This article discusses the effect of a liquid inediate layer on the adhesion of soil to the
metal surface of earth-moving machines. Anti-idilnids "MAXFLIGHT 04" and "OCTAFLO EG"
were used as prophylactic fluids. The dependentdtecsoil shear stress on the influencing factors
under the influence of preventive fluids have bebtained. The expediency of using this method to
reduce the adhesion of the soil has been confirmed.

Introduction. The main reason for the decrease in the produgtiuit
earthmoving machines is the increase in adhesioth faiction during the
development of moist cohesive soils in conditiorfs negative temperatures.
Adhesion phenomena cause a sharp increase irofrattforces, which amount to
30-60% of the tractive effort [1-6].

The existing methods for reducing friction and asibe can be divided into
four groups. The first method involves the creatbdran intermediate layer at the
contact boundary, which can serve as a protecthields for the molecular
interaction of phases and must have an adhesiemution [1,2]. The second group
includes methods that contribute to the weakenihgadhesive bonds due to
external influences [4,6]. The third method is laasa constructive, technological
and mechanical methods [1]. The fourth group isomlmnation of two or more
methods to reduce adhesion [3].
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The most used and promising prophylactic methoaémnbating adhesion is
the creation of an intermediate layer at the cdnbaundary of the "working
surface - soil" system. This layer plays the rofeaoscreen for the forces of
intermolecular interaction, i.e. provides freedomrelative movement of phase
surfaces and can be liquid, solid and gaseous.tflibkness of the layer must be
certain for its anti-adhesive properties to manifes

Formulation of the problem and method of solution.Consider the use of
anti-icing fluids - "MAXFLIGHT 04" and "OCTAFLO EGas a liquid intermediate
layer. They are propylene glycol based de-icingdfiand are intended for ground
de-icing of aircraft. They have very good anti-giperformance when used at
temperatures up to + 70°C without any operatingrict®ns. The holding time of
the FL on the wing (Holdvertime) from 3 minutesl® hours [1].

Experiments on the shear resistance of a wet oadesil relative to a metal
surface were carried out using MAXFLIGHT 04 and @QELO EG anti-icing
fluids at air temperatures ranging from -35 © +5 €. The experiments were
carried out on a special shear stand [5].

For the experiments, the soil was used - loam.elperiment was carried out
at humidity values from 7.5 to 17.5%; with a duvatiof contact between soil and
metal from 3 to 7 minutes, which corresponds to gheameters in which earth-
moving machines operate. The plan and results efettperiments are shown in
table 1.

Tabl. 1.Experiment design and results
Experiment plan in natural values  Results of meaments of shear force, N
Contact time

Ambient S_oil of the Soil- No With With
temperaturemoisture metal systemimpact "MAXFLIGHT "OCTAFLO
Tcp,C W,% . 04" EG"
t, min
1 2 3 4 5 6
7.5 3 92.73 30.4 32.1
7.5 7 174.2 62.74 65.3
-35 12.5 5 186.54 78.91 80.76
17.5 3 218.54 134.2 136.9
17.5 7 400 159.89 162.43
7.5 5 63.74 38.25 40.3
125 3 78.45 50.01 51.9
-15 125 5 144.2 56.88 58.12
12.5 7 240.3 58.84 61.4
17.5 5 228.5 94.14 96.6
7.5 3 11.6 4.2 5.8
7.5 7 15.2 51 6.57
+5 12.5 5 17.9 8.3 9.64
17.5 3 24.3 14.8 16.1
17.5 7 31.7 17.4 18.97
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Mathematical processing of the results obtained wasied out using the
MODEL program for multivariate dependences usirg ldast squares method. As a
result of processing the experimental data, regresgjuations were obtained without
the effect of a lubricant and using the "MAXFLIGH%#" and "OCTAFLO EG".

Without impact:

Y,, =1343+ 1026[T,, - 430W - 46081 — 0.1[T,” + 0.10741W? + 3985[t? -

- 04[T,, (W - 08[T,, (+1L3[W . @
With "MAXFLIGHT 04";
Y g = 4122+ 066[T,, — 8140W + 440 - 033[T, * + 0430W2 - 02717 - o
~ 022[T,, W - 017[T,, (f - 0062(W L.
With "OCTAFLO EG"™;
Yosatiozs = 4503+ 064, — 84 W + 393~ 003(T,* + 044[W? ~ 02100* - )

— 0224[T,, (W - 0172(T,, - 007 W [{.

Since the equations are multifactorial (which cdnbe displayed on a
conventional planar graph), it is necessary todbgilasi-one-factor dependencies
on their basis with fixed values of two of the #afactors.

Results and discussionThe graphs of the dependence of the shear stress or
the ambient temperature are presented in figureTHe analysis of these
dependencies in the investigated range of changlabrs shows that with a
decrease in the ambient temperature, the sheas strereases both with the action
of the anti-icing fluid and without it. With the @f the MAXFLIGHT 04 anti-
icing fluid, the shear stress decreases: at sagtonre W = 17.5% and contact time
t= 7 min, the shear stress decreases by 55%;lahe@ture W = 12.5% and contact
time t =5 min, the shear stress decreases by 8% s0il moisture W = 7.5% and
contact time t = 3 min, the shear stress decrdas84%. With the use of anti-icing
fluid "OCTAFLO EG", the shear stress decreasespatmoisture W = 17.5% and
contact time t = 7 min, the shear stress decrebge$3%; at soil moisture
W=12.5% and contact time t = 5 min, the shear stoesreases by 57%; at soil
moisture W = 7.5% and contact time t = 3 min, theas stress decreases by 49%.

The graphs of the dependence of the shear stressoibrmoisture are
presented in figure 2. Analysis of these depen@snshows that with a change in
soil pressure, shear increases. With the use d¥ike¢FLIGHT 04 anti-icing fluid,
the shear stress decreases: at ambient tempeftpre 5°C and contact time
t=7min, the shear stress decreases by 43%; at afibraperature Tcp = -15°C and
time t = 5 min, the shear stress decreases by 48%ambient temperature
Tcp=-35°C and time t = 3 min, the shear stress dseeby 45%.

With the use of anti-icing fluid "OCTAFLO EG", thehear stress decreases:
at ambient temperature Tcp = 5°C and contact timee7t min, the shear stress
decreases by 41%; at ambient temperature Tcp =C-Hpd time t = 5 min, the
shear stress decreases by 46%; at ambient temgefaju= -35°C and time t = 3
min, the shear stress decreases by 43%.

45



Without impact With "MAXFLIGHT 04"

Shear stress, N
Shear strass,N

a) b)

i

o il
o o

-35 -30 -25 -20 -15 -10 -5

o

-35 -30 -25 20 -15 -10 -5
Ambient temerature, °C Ambient temerature, °C
e \W=17,5%; t=7 min  =l=W=12,5%; t=5 min W=7,5%; t=3 min = W=17,5%; t=7 min  ==lll==W=12,5%; t=5 min W=7,5%; t=3 min

With "OCTAFLO EG"

Shear stress,N

I/

c)

-35 -30 -25 -20 -15 -10 -5
Ambient temerature, "C
0 W=17,5%; t=7 min  ==\W=12,5%; t=5 min W=7,5%; t=3 min

Fig. 1. Dependences of the shear stress on thesatrtbmperature in natural
values: a) without affecting the contact area; g "MAXFLIGHT 04"; c) using
OCTAFLO EG
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The graphs of dependences of shear stress onasdat time are shown in
figure 3. Analysis of these dependences showswvilthtan increase in the time of
contact of the soil with a metal surface, the ststass increases. With the use of
the MAXFLIGHT 04 anti-icing fluid, the shear stress reduced: at ambient
temperature Tcp =5 ° C and soil moisture W = 17.6% shear stress decreases by
28%; at ambient temperature Tcp = -15 ° C andraoibture W = 12.5%, the shear
stress decreases by 36%; at ambient temperature T8p ° C and soil moisture
W = 7.5%, the shear stress decreases by 32%. Weathuse of anti-icing fluid
"OCTAFLO EG" the shear stress is reduced: at aniliEmperature Tcp = 5 °C
and soil moisture W = 17.5%, the shear stress dsiced by 26%; at ambient
temperature Tcp = -15 °C and soil moisture W = %2.fhe shear stress decreases
by 34%; at ambient temperature Tcp = -35 °C and moisture W = 7.5%, the
shear stress decreases by 30%.
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Fig. 3. Dependences of shear stress on soil cottaetn natural values: a) without
affecting the contact area; b) using "MAXFLIGHT 04} using "OCTAFLO EG"
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Conclusion. An experiment was carried out on the use of aimgidluid as a

preventive method for creating an intermediate nagtethe contact boundary to
reduce the adhesion of soil to the metal surfaéabheoworking bodies of earth-
moving machines. Mathematical processing of muliata dependencies was
carried out according to the results of experimendi@a to obtain regression
equations. Quasi-one-factor dependencies werercote. The implementation of
the identified methods and design solutions makepossible to improve the
efficiency of earth-moving machines that develop sl in conditions of negative
temperatures.
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