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The paper considers hazards of production factors

and engineering solutions to labor protection
based on physical laws taking into account new
solutions of scientific and technical progress. This
study will allow implementing labor protection
measures in design and development, as well as
in industries. The development and implementa-
tion of safe equipment, safe methods and types of
work includes a wide range of solutions that can
ensure the safety of certain types of work, im-
prove working conditions. The paper considers
these issues on the example of the design and op-
eration of a mixer truck.
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C  yuerom Hay4yHO-
TEXHHUUYECKOTO IMpOrpecca M3ydaroTcsi OMAcHOCTH
NPOM3BOACTBEHHBIX (PAKTOPOB, Pa3padaTHIBAIOTCS
WH)KCHEPHBIE PEIICHUsS OXPaHbl TPyJa HAa OCHOBE
¢dusnueckux 3akoHOB. Hacrosimee mcciaenoBanue

HOBBIX  pEUICHUH

MMO3BOJIUT BHCIAPUTH MCPOIIPUATHUA II0 OXpPaHC
TpyJa B IPOEKTHO-KOHCTPYKTOPCKUX pa3padboT-
KaxX, a TaKke B YCIOBHSX Mpous3BojcTBa. Paspa-
00TKa U BHeApeHHe 0e30IacHOM TEXHUKH, Oe3-
ONaCHBIX IPHUEMOB M BUJOB pabOT BKIIOYAET B
ce0sl MMPOKUHA KPYr pelleHui, KOTopble M03BO-
JSI0T  o0ecneuuTh OE3BPEAHOCTh BBINOJIHEHUS
TeX WM MHBIX BUAOB Pa0OT, YIYYLIUTh YCIOBHS
Tpyna. B nanHoit paboTe 3TH BOIPOCHl paccMOT-
pEeHBl Ha IpUMEpe KOHCTPYKIUH M (PYHKIHMOHU-
pOBaHMsI aBTOOETOHOCMECUTES.

KuroueBbie c1oBa: onacHOCTH INPOU3BOJCTBEH-
HBIX (DaKTOPOB, MPOTHO3UPOBAHUE, UHKEHEPHbIE
peleHus, oOXpaHa TpyJa, pa3paboTKa M BHeIpe-
HUe O0e30MacHOW TEeXHUKH, aBTOOETOHOCMECH-
TENb.

Introduction. The development of science and technology has led to the fact that the person dur-

ing work is now practically freed from high physical activity, as the working bodies of machines do the

hardest physical part. On the other hand, the complexity of the process of controlling the equipment, in-

crease in the amount of simultaneously incoming information on the work of the machine increase the

neuropsychic load on the operator.

Analysis of potential hazards while working with truck mixer. Analyzing the operation of a

truck mixer, it is possible to distinguish a number of the following hazards for the operating personnel

health [1, 2]:
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* hazard from rotating elements, which, in addition to the parts that transmit motion, include a
mixing drum rotating during the concrete mixture preparation. The rotation of these elements and the op-
eration of the car engine lead to noise;

» vibration sources similar to noise sources. In case of uneven operation of the engine, the wear of
supporting members of rotating elements increases noise and vibration. In addition, roadway roughness
can cause a significant vibration, especially when driving at high speed;

* increased concentration of harmful substances in the air caused by the emission of exhaust fumes
during engine operation. This hazard is also possible when repairing a truck mixer in a closed room (gar-
age, hangar) with the running engine without ventilation. Increased dust concentration in the driver's cab
caused by roadway dust, especially without hard surface, as well as in the area of the mixing drum feed
inlet with dry fine concrete mixture components;

* hazard of an emergency on the road in case of failure of a unit or a part affecting traffic safety [3,
4];

* hazard of tipover (sliding) of a truck mixer when driving on soft grounds near pot holes, pits,
when driving on slopes with an angle exceeding the permissible level;

* hazard of accidental ingress and subsequent winding of the operator's clothing on rotating struc-
tural elements.

Technical and technological solutions to reduce hazards.

For protection from the rotating elements, there are protective covers to prevent the possibility of
winding of operator’s clothes. Noise insulation of the cabin with soundproof screens is used to protect a
driver against noise. The noise coming from the mechanical drive of the mixing drum is eliminated using
the design of the hydraulic drive.

The main element that protects the driver from vibration is his seat. A seat has special elements to
perform these functions, (springs, insulating material, shock absorbers) designed to absorb vibration. To
protect the car from vibrations caused by road surface irregularities, a suspension system including shock
absorbers and springs is used. Vibration reduction from the rotating elements is achieved through timely
maintenance services and repairs of the nodes, preventing them from excessive wear.

To protect against high concentrations of harmful substances (dust), the feed inlet has a protective
cover. For protection against poisoning by exhaust fumes of a car it is forbidden to start the engine in
closed rooms (hangars, garages) which are not equipped with ventilation. To improve air exchange there
are hatches, ventilators in the driver's cab. To maintain the optimum temperature in the cabin a heating
unit is used in winter and air conditioning in summer.

The reduction of driver fatigue is achieved by reducing levers and pedals force to regulatory lim-
its: the steering wheel force is 20 N, the force on the levers is 20-60 N, the force on the pedals is 80-120
N.

http://bps-journal.ru/ b 14




iyt _ N2
\g;/ Safety of Technogenlc and Natural Systems d 2019

| Ropgos

Firefighting equipment on truck mixers are extinguishers. Kits are used as a means of first aid, the
completeness of which is determined by regulatory documents.

To prevent an emergency on the road, truck mixers undergo technical inspection before leaving to
determine the serviceability of the main car systems. To prevent injuries during the inspection and repair
of concrete mixers with tipping cab, the latter is equipped with a locking mechanism to prevent its spon-
taneous lowering. Repair and maintenance of machines is carried out at specially equipped stations that
meet safety requirements. Repair and adjustment work is carried out at the switched-off engine (except
for separate types of adjustment works).

In order to prevent the truck mixer tipover, the driver is prohibited to move on the surface, the an-
gle of inclination of which exceeds the limit values.

Methods for calculating the truck mixer stability. Under the machine stability, we understand
its ability to move in various environments without tipping over and without lateral sliding of the wheels
of all axles of the chassis or one of them. The stability of the truck mixer is checked for the most unfavor-
able case when the maximum volume of concrete mixture is prepared in accordance with the technical
characteristics of the unit.

The preliminary analysis showed that the most dangerous is the machine transverse stability loss
with its subsequent tipover or sliding. Lateral stability checking is the determination of the limit angle of
the slopes a, at which the truck mixer can move without tipping over.

We assume that the concrete mixture is evenly distributed in the mixing drum, due to its rotation,
as well as the presence of blades. The stability condition is an inequality of overturning and restoring
moments, with respect to the tipping axis, this axis passes through the point A (Fig.1). The calculation

method is given in table 1.

Fig.1. Scheme for calculation of lateral overturning stability
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Table 1

Summary table of stability check of a truck mixer

Risk factor Moment inequality Tipping and sliding limit angles
o limit angle of transverse inclination:
Stability )
G,-h,-sina<G,-05B-cosa 0.5B 0.5-1.77 0
condition o = arctan =arctan——— =31
A 1.58
— for dry road surface:
¢c;'=(0.6..1)-0.75=0.6
Slippage G, sina <G, ¢, cosa
— for wet road surface:
¢c;'=(06..1)-05=04
— for dry road surface:
o =arctan ¢,,'= arctan 0.6 = 30°
Sliding G, sina <G, ¢, Cosa
— for wet road surface:
o =arctan ¢,,'= arctan 0.4 = 22°

*Ga — weight of a truck mixer, including concrete mix

Conclusion. The analysis is conducted of the main potential hazards during the operation of a
truck mixer, as well as the main technical and technological solutions to reduce hazards. The method for
calculating the truck mixer stability is formulated, in which the limiting angles of tipover and sliding in
the transverse plane for a stationary and moving machine are determined.

Implementation of the above-mentioned solutions and recommendations will improve the comfort
of the operator and prevent possible negative consequences from the impact of harmful and dangerous

production factors while working with the mixer truck.
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