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EVALUATION OF WEAR OF MACHINE PARTS MADE OF ARMOX 6 00, RAMOR 500 AND
S355 STEEL WITH THE USE OF THE ROTATING BOWL UNIT

Summary

Application of materials of adequate hardness ahrhsion resistance is important from the point igfw of the exploita-
tion of agricultural and heavy-duty machinery, espy the components of those machines that wotke ground. There-
fore, the main goal of the studies is to deterntiriemass loss of 7 and 8 mm thick samples maderafix*600, Ramor 500
and S355 steel. The study was carried out in abesssuch as quartz sand in a rotating bowl unig #re distance after
which the specimens were examined was 33.3, 66.4.@0 km. Samples were made in the shape of al.chise largest
loss of material over a distance of 100 km was mded for a Ramor 500 steel sample, while the srsiaite the Armox 600

steel sample.
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BADANIE ZU ZYCIA ELEMENTOW MASZYN

WYKONANYCH ZE STALI ARMOX 600

RAMOR 500 ORAZ S355 Z WYKORZYSTANIEM METODY WIRUJ ACEJ MISY

Streszczenie

Zastosowanie materialéw o odpowiedniej twaid®raz odpornéci nascieranie jest istotne z punktu widzenia eksploatacj
maszyn rolniczych i do rob6t ziemnych, a w szcregrlelementéw tych maszyn, ktére pracwj gruncie. Dlatego celem

badai, przedstawionych w niniejszym artykule, jest dkrde

ubytku masowego probek o grihid/ i 8 mm, wykonanych

ze blach Armox 600, Ramor 500 i S355. Badanie pdaasao wsrodowiskusciernym (piasek kwarcowy), na stanowisku
typu ,wirujgca misa”, a dystans po ktérym badano ubytek magoalyek wynosit 33,3, 66,6 oraz 100 km. Prébki wgkon
ne byly w ksztalcie diuta do ptuga. Najiszy ubytek materiatu na dystansie 100 km zanotowinprobki ze stali Ramor
500, natomiast najmniejszymzgaiem podczas baddaboratoryjnych cechowatagsprébka ze stali Armox 600.

Stowa kluczowemaszyny rolnicze, stanowisko wigof misa,

1. Introduction

Agricultural machines and heavy-duty machinery ar

exposed to intensive abrasive wear, which occurenwh
very hard abrasive particles in the soil interaithwhe sur-
face of the machine elements. In abrasive wearrdhgh-
ness of the surface of the materials, their hasindse
moisture and acidity of the medium in which the wee-
curs is significant, as a result of micro-cuttinglaorrosion
wear. The consequence of this process is minor @jom
mass loss of the part. In the test case of metal wethe
abrasive mass, the action of the abrasive graiperdks
mainly on their hardness and grain size. Also tinection
of movement relative to the material and the fatgrav-
ity that the grain exerts is important.

The granulometric composition of the soil so theirgsize
is also an important factor which affects the istgnof abra-
sive wear. As indicated by the studies [1], graih8.25-1.00
mm are the most harmful. The size of the abragiffests the
type of wear (for example micro-cutting or ridginghe inten-
sity of wear also results from the compactneskesbil, but it
is closely related with hardness of soil. Detertimaof soil
compactness refers to the force that should be tosedt the
soil. Moisture is also significant for wear as fireaness of
soil. If the smaller percentage of water is ingb#, the friction
is much smaller, and the friction differences car?k3 times
higher for more moist soils [1].

Abrasive wear of machine parts is carried out athb
field and laboratory conditions. The abrasive wesst re-
sults are different when the test item will oftémange the
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ztycie czsci maszyn, blacha pancerna

environment in which it works. Each element thdt work
in environment temperature from low to high or ampact

o loose soil will have different abrasion propesti This

confirms the assumption that the field test will signifi-

cantly different from laboratory tests where theaperature
is constant and the humidity as well as concisenéske
soil is also at a controlled level.

Abrasive wear tests in laboratory conditions ao@-c
ducted applying a variety of methods. One of themststs
in a continuous abrasion test. It involves contusi@and
steady supply of sand or abrasive material throfegd
hopper with a suitable outlet diameter on a rublakeel.
The sand adheres to the material being testedglopera-
tion. The study that is also included in the cambins test
methods is CIAT testing. The stand in its constaichas a
slowly rotating outer drum that moves at a faidwlspeed,
while a rotor inside is contained. The rotor rotatd a
much higher speed in the range of 60-650 rpm [2le T
view of CIAT machine is shown in Fig. 1.

Another method of material testing for wear invasv
using of the "rotating bowl" unit. In this methdaetround
tank is filled with a soil mass. The tank is rotawmhile the
tested elements are stationary. Elements are gubjéac-
tion from the soil mass for monotonous wear. Beliesied
element the soil is flattened by the shaft, andntaehine
also has an irrigation system. Such a construatibthe
unit causes closer laboratory conditions to fiebthditions
[4]. The "rotating bowl" unit that was used duriting study
is shown in Fig. 2.
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Fig. 1. CIAT machine for continuous abrasive tes{i8]
Rys. 1. Maszyna typu CIAT dagiego badaniasciernego

3]

a)

Fig. 2. The ,rotating bowl!” unit: a) scheme [5]:-ltrans-
mission, 2 - engine, 3 - running rail, 4 - bowl; Bolder of
the sample, 6 - supporting frame, 7 - roller; 8anfe of the

The main goal of the studies presented in thislarts
to determine the mass loss of samples made of ABHOOX
Ramor 500 and S355 steel. Samples are made irhépe s
of a chisel, due to the fact that this elementxigosed to
intensive abrasive wear during exploitation. Sasmé 7
and 8 mm thickness were tested to determine thetedf
material thickness on wear rate. The results ofrésearch
should provide an answer to question whether tlee ais
very hard materials in the construction of agrietdt ma-
chinery as well as heavy machinery may be justii€dich
kind of material are commonly used in construction
military purposes.

2. Experimental study

The element used during the experiment was designe
using AutoCAD and has the shape of a chisel (FigTBe
samples were made of Armox 600, Ramor 500 and S355
steel. The first two plates are used for the stmadtrein-
forcements of machines and vehicles (armored stSadgl
Armox 600 has a hardness of 590HBV, Ramor 500 has a
hardness of about 500HBV, while the hardness af tthid
tested materials is higher than hardness of S3&8 €187
HBV). The chemical composition of steel used durihg
experiment is shown in Tab. 1.

a)

60x45°

b)

Fig. 3. Sample tested in the abrasive test [7]sceme,
b) view

Rys. 3. Prébka poddana badaniciernemu [7]; a) sche-
mat, b) widok

Tab. 1. Chemical composition of steel used durhmg éx-
periment [7]

Tab. 1. Sktad chemiczny stali wykorzystywanych zasic
eksperymentu [7]

bowl, 9 - main frame, b) view [6]
Rys. 2. Stanowisko badawcze ,wirc@ misa”: a) schemat

Chemical composition [%]

Steel Mn] P | S | Cr| Ni

C Si Mo

[5]: 1 - przektadniaslimakowa, 2 - silnik, 3 - szyna jezdnal

Armox 600/0.47| 0.7 | 1| 0.01] 0.0081.5| 3 | 0.7/0.005

4 - misa, 5 - uchwyt prébki, 6 - rama pomocniczawalec

Ramor 500 0.35| 0.7 | 1.5{0.015{ 0.01 | 1| 2| 0.70.005

ugniatapcy, 8 - rama misy, 9 - rama gtéwna, b) widok [6]

S355 0.2] 0.5%1.6] 04 | 0.4 ] 0.30.3
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During the test, each sample was equally prepfed 4. Conclusion
measurements. Samples were weighed after washiag in
SB5200 DTD ultrasonic washing machine. Washing time On the basis of the tests the following statemeatsbe

was 10 minutes, and frequency was 40kHz. Then #ie-m formulated:

rial was dried at about 100°C in a WAMED dryer. exft
washing and drying, the components were weighetgusi
laboratory scale of 1/1000 [g] accuracy. The redeavas
carried out using the "rotating bowl" unit in th@zZhan
University of Technology Heavy Machinery Laboraési
Research method consists in a continuous and stesaly
tion of the ring-shaped tank. The advantage of tiegshod
is that the conditions are constant during the tEsé tank
also has an irrigation system so the operatingitiond are
as close as possible to the field ones. The alwrasas ex-
tracted directly from the soil, thus the similarnddions
occurring to those that are during field work wezflected.
The bowl turned at a constant speed of 6.2 km per.h
Elements mounted on the unit had a change in fisag
guence every 33.33km, thus each one was drivetndo
same path. Thanks to this treatment each of thmesits

was subject to the same force that was exertedton

throughout the experiment.
3. Results of research

The results of abrasive wear of designed and rfrade
three types of steel elements are set out in Tab. 2

Tab. 2. Mass decrement of the sample dependingeon t
distance traveled in the soil [7]

Tab. 2. Zmniejszenie masy probki w zadgci od odlegto-
sci pokonanej w glebie [7]

Steel Distance [km] Mass decre-
0 3332 | 66.66] 100| ment[g]
Armox
600 | 486.683 486.654 486.597 486.572  0.111
R;‘ggor 516.521 516.374 515.976 515.671  0.850
S355 | 447.254447.132 447.118 447.100  0.154

The biggest loss of mass after thorough washing wa
measured for samples with a thickness of 7 mm, nudde

- Armox 600 steel is the best material for workhia soil,
which also has a high ballistic resistance andress, so it
is suitable for difficult conditions.

- A sample of 7 mm thick Ramor 500 showed the ktrge
weight loss of 0.850 g after overcoming distanc&0ff km.

- Samples of Armox 600 and S355 steel are singitaboth
materials are suitable for machine parts that wotke soil.

Mass decrement|g]

1l

33,32 66,66
Distance [km]

=
)

0,6
E B AImox 60!
= 04
t = mRamor 50(
0.2 5355

, —i

Fig. 4. Mass decrement of the sample depending®lis-
tance traveled in the soil during the experimeht [7
Rys. 4. Zmniejszenie masy probki w zadéci od odlegto-
sci pokonanej w glebie podczas eksperymentu [7]
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