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Quality of Surfaced Running Wheels
Kvaliteta navarjenih tekalnih koles

R. Kejzar*, ZRMK Ljubljana, Slovenia

L. Kosec, FNT - Montanistika (Metalurgija), Ljubljana, Slovenia

Results of tribologic testing of samples of running crane wheels as well as of crane rails
show that wear resistance of running wheels can be considerably improved by
surfacing. The wear of the wheels coated with higher-alloyed claddings is insignificant.
It Is only the wear of crane rails which becomes significant, and which increases with
the increase of hardness of the running wheel surface (it depends only on alloying of the
surfaced cladding). Hard running wheel surfaces are interesting mostly in the case of
greater stresses because they permit operation with lower friction moment, and
consequently lower heating of contact surfaces in sliding as well as in rolling friction.
Key words: wear of running crane wheels, submerged-arc surfacing, alloyed
agglomerated fluxes, tribologic testing of wear resistance of surfacings.

Rezultati triboloskega testiranja vzorcev tekalnih koles Zerjavov in tirice so pokazali, da
lahko z navarjanjem znatno izboljsamo obrabno ostojnost tekalnih koles. Obraba koles,
ki jih platiramo z mocneje legiranimi previekami, je neznatna. Pomembna postane samo
obraba tirnice, ki pa se s trdoto tekalne povrsine kolesa (odvisna je od legiranja
navarjene previeke) povecuje. Trde tekalne povrsine koles so zanimive predvsem pri
vecjih obremenitvah, ker zagotavijajo obratovanje z nizjim momentom trenja in s tem
manjse segrevanje sticnih povrsin tako pri drsnem kot tudi kotalnem trenju.

Kijuéne besede: Obraba tekalnih koles Zerjavov, navarjanje pod praskom, legirani
aglomerirani praski, triboloske preiskave obrabne odpornosti navarov.

1. Introduction

Wear mechanisms are simulated by tribologic testing, The
stite of stress of 4 material depends on the load applicd. number
of revolutions, and slip. Stresses generated m a material due 1o
the operation of a machine element exert a decisive influence on
its applicability' ",

Quality of the surfaces subject 10 wear is of extreme impor-
tance. Life of the machine element depends on the steel or alloy
applied. Its making of high-alloy steels or special alloys. which
would resultin its high weur resistance, however, would be very
expensive. Itis surfacing processes which make it possible that
solely the surfaces and edges subject to wear during operation
need to be made of special wear-resistant steels or alloys””, The
very submerged-are surfacing of wheels with alloyed wire “EPP
Cr 6" and with fused flux somewhat improves their wear resis-
tance with regard 1o that of unsurfaced wheels. An even more
distinct improvement of wear resistance of the wheels can be
achieved if running wheel surfaces are submerged-are surfaced
with alloyed agglomerated fluxes or high-efficiency alloyed
thick-coated electrodes to obtain higher-alloyed and  harder
claddings. These filler materials permit us to surface structural
unalloyed steels in one faver with high-alloved claddings™ '

2. Quality of samples for tribologic testing

Multi-fayer submerged-are surfacing of worn-out running
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wheels with wire “EPP Cr 6™ and fused flux provides guite an ac-
ceptable quality of the repaired running wheels. The running
wheels repaired in this way are even a little more wear-resistant
than the unsurfaced ones. This was proved also by tribologic test-
ing'"",

\

Surfucing of the worn-out running wheels with alloyed wire
“EPP Cr 6" can be replaced by submerged-arc surfacing with un-
alloyed wire “EPP 2" and alloyed agglomerated flux. The sur-
facing is alloyed with chromium and other selected elements
coming trom the alloyed agglomerated flux. The compositions
of one-layer and multi-layer surfacings, i.e. deposited metals, ob-
tained in submerged-arc surfucing with unalloyed wire “EPP 2
and with the new alloyed agglomerated flux “0-7 SM™ corre-
spond very well 10 those of the surfacings obtained in sub-
merged-arc surfacing with wire “EPP Cr 67 and fused flux (see
Table 1),

Testing of wear resistance of the surfacings has shown that
the alloyed agglomerated welding flux “0-7 SM™ in combination
with the unalloyed wire “EPP 27 is quite a suitable substitute to
be applicd for submerged-are surfacing of the running wheels
with alloyed wire “EPP Cr 6™ and fused flux.

For surfacing of higher-alloyed wear-resistant claddings.
high-alloyed agglomerated welding Muxes “U-Mo 1™ and “BM-
2" have been developed in addition to the alloved agglomerated
welding flux "0-7 SM"™.

Samples for tribologic testing (Fig.1) have been made of
steel C.4732. They have been automatically submerged-are sur-
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Table 1: Chemical analyses of one-layer and multi-layer
submerged-are surfacings (deposited metals) made with wires
EPP Cr 6 and fused flux and
= EPP 2 and alloyed agglomerated flux “0-7 SM™ respectively.
Tabela 11 Kemi¢ne analize enoslojnega in veéslojnega
navara (Cistega vara) z Zico
= EPP Cr 6 pod taljenim praskom in
— EPP 2 pod legiranim aglomeriranim praikom “0-7 SM™

Surfacing C Si Mo Cr Mo
(%) (%) (%) (%) (%)

EPP Cr 6/fused flux

-~ one-layer 020 024 065 453 -

— multi-layer 0,10 025 070 7,00

EPP 2/alloyed flux (-7 SM"

- one-layer 032 035 087 356 031
multi-layer 001 055 121 912 048

faced with wire "VAC 60" (712 mm (1= 140 A, U =21 V. and
‘weld. = 30em/min: g = 5 KJjem) and alloved agglomerated
fluxes “0-7 SM™, “U-Mo 1", and “BM-2" which, during surfac-
ing. heated up to the temperature of 350°C. Cooling rates of the
surfacing and of the heataffected zone correspond to those in sur-
facing of preheated running wheels carried out in practice' .

Chemical compositions and hardness values for the surfac-
ings and the heat-affected zones are given in Table 2.

Table 2: Chemical compositions and hardness values of the sam-
ples surfaced for tribologic testing (50 % overlapping of runs)

Tabela 2: Kemiéne sestave in trdote navarjenih vzorcev za tri-
boloske preiskave (50%-no prekrivanje varkov)

Surfucing C Cr Mo W V Hardness in HV
it S e o ¥ SRl Weld HAZ
(%) (%) (%) (%) (%) layer = centre
VACHN-7SM 031 53 03 - - 410 366 183
VACHU-Mol 0,55 98 23 - 09 687 S36 172

VACOIBM-2 085 51 42 50 19 707 58 163

><_ 4

® 35mm

e
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S

Figure 1: Scheme of surfacing and preparation of a hard running
surface by specimens for tribologic testing (1 - first surfacing,
2 - second surfacing ).
Slika 1z SKici navarganga in priprave trde tekalne povesine pri vzorcih
za tribolodke preiskave (1 - prvi navar, 2 - drugi navar)

Quality running surfaces of the surfaced rollers are obtained
if the surfacings are broached at an angle of 45 (Fig, 1). The sam-
ples of the rail not being broached, it is the surfaced samples
which determine the gap width in tribologic testing (5 mm). The
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running contact surfaces of the rollers surfaced and of the rail
samples have been ground and polished to Ra = about 0.3 mm
before being tested on a tribometer “Amsler”,

3. Results of tribologic testing of the surfacings
and of the rail

Parameters for tribologic testing of the running crane wheels
and of the rail have been chosen in such a manner that Hertz's
pressure in the case of our test carried out between two rollers
(Amsler) is the same as that in actual condition existing the run-
ning wheel and the crane rail'’,

Testing conditions in rolling friction are as follows:

P = 600 N/fcm, 1200 Nfem, and 2000 N/em
v =200 r.p.m. (0.42 m/s), and 400 r.p.m, (0.84 m/s)
1= 24 min

Diagrams of friction moment are given in Fig. 2.
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Figure 2: Diagrams of friction moment when testing wear resistance of
unsurtaced (1) and surfaced wheels with flux “U-Mo 1" (11.) and “BM
(LY v = 400 r.p.m. or 0.84 mys

Slika 2: Diagrami momenta trenja pri testiranju obrabne obstojnost
nenavarjenih (1) ter navarjenih Koles pod praskom “U-Mao 17 (111 in
“BM 27 (L) v = 400 obr /min. 0z, 084 m/s

Wear of the wheels surfaced with higher-alloyed claddings
is insignificant. It is only wear of the rail which becomes impor-
tant and which increases with the increased hardness of the run-
ning wheel surface (which itself depends on alloying of the
cladding surfaced). Hard running wheel surfaces are of interest
most of all with higher stresses because they make possible op-



Figure 3: Microstructure of
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Figure 4: Appearance of an unsurfaced running wheel section
and it microstructure

Shika 4: lzgled prescka nenavarjencga tekalnega kolesa
in njegova mikrostruktura

eration with a lower friction moment, and consequently result in
aweaker heating of the contact surfaces in shding friction as well
as i rolling friction.

Heating of the contact surfaces. which is particularly strong
with high friction moments, results, in the case of strong loads,
in a considerable deformation of the surface layers of the rail
(Fig.3) and of the running wheels (Fig.4) if they have not been
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Figure 3: Damaged running surtace

parts of oxudes. stickers
of metals |

funsurlaced running wheel

Slika §: Poskodovana tekalna povrding - delei oksidov, nalepr kovine
(nenavareno tekalno kolo)

Figure 6: Appearance of a surfaced (0-7 SM) running wheel section
and its microstructure
Slika 6: Izgled preseka navarjenega (0-7 SM) tekalnega kolesa in
njegova mikrostrukiura

surfaced, i.e. refined with a hard cladding. Plastic deformation is
accompanied also by crystalline modification of the surface lay
er if the latter heats above 555°C due to rolling friction'*. If heat-
ing dunng rolling, which strongly depends on friction moment,
1s very intensive, the crystalline modification zone can extend al-
s0 beyond the deformation zone (Fig.3). The deformation zone
in rails goes approximately 0.4 mm deep, while the crystalline
modification zone, in the case of high friction moments, goes
even 2 mm deep (Fig.3).
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Figure 7: Damaged running surface - parts of oxides, stickers of
metals.. (surfaced ranning wheel: (.7 SM)

Slika 7: Poskodovana tekalna poveina - deler oksidoy. nalepi kovine..
(navarpeno tekalno kolo; 0-7 SM)

A distinct deformation and oxidation of the surface due 1o in-
tensive heating of the contact surfaces dunng rolling results in
damages to the running wheel surface (Fig. 5).

Submerged-are surfacing itself with alloved agglomerated

fMux “0-7 SM™ highly improves wear resistance of the running
wheel. Deformation of the surface layer is considerably weaker,
I'he contact surface increases, due 1o wear and plastic deforma-
tion. only by 15 % (see Fig. 6). With the unsurfaced sample, the

contact surface has increased by even 30 % during testing. Also

1,

Figure 8: Appearance of a surfaced (BM-2) running wheel section and
s microstruciure.

Slika 8: 1zgled preseka navarjencga (BM-2) rekalnesa kolesi in

negova mikrostrukiura
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Figure 9: Damaged rolling surface
metalls... (surtaced rolling wheel: BM-2

parts of oxades. stickers of

Slika9: Poskodovana tekalna povisina - delei oksidov, nalepi kovine
(navarneno tekalno kolo: BM-2)

the deformation depth with the surfaced sample 15 only 80 w0 100
um (see Fig. 6). which is casy 10 understand since the surfaced
layer has martensitic-bainitic structure while with the unsurfaced
sample (Fig. 4, deformation depth 200-250 ym), the surface lay

¢r has ferntic structure

With the surfaced samples of the running wheels, deforma
tion and oxidation cause damages 1o the contact surtace. i.e. fold-
ed metal and stickers of metals and oxides (Fig. 7). These are,
however, essentially weaker than those to the unsurfaced sam
ples (¢f. Figs. Sand 7).

Even weaker deformation and lesser damages of the runnine

surface occurred with the samples which were submerged-arc

surfaced with high-alloyed welding fluxes “U-Mo | and “BM
27 (see Fig. 9). After tribologic testing. the surface layer has been
very little deformed (Fig. 8). Increase of the contact surface due
1o deformation and oxidation of the surface (Fig. 8115 insigniti

cant oo (around 5 %),

4. Conclusion
Wear resistance of running wheels can be improved by sur
facing. The very submerged-arc surfacing of the wheels with a

loyed wire “EPP Cr 6" and with fused flux somewhat improves

their wear resistance with regard o that of unsurfaced wheels
An even more distinct improvement of wear resistance of the

wheels can be achieved if running wheel surfaces are sub

merged-are surfaced with alloyed agglomerated fluxes or high

efticiency alloyed thick-coated electrodes to obtain high

loyed and harder claddings. These | rals permiat us 1
surtace structural unalloved steels in one laver with high-alloved

claddings.

Testing of wear resistance of the surfacings has shown that
the alloyed agglomerated welding flux *0-7 SM™ in combinatio
with the unalloyed wire "EPP 27 is quite a suttable substitute 1o
be applied for submerged-are surfacing of the running whee

with alloyved wire “EPP Cr 6" and fused flux
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Figure 10: Hardness of sections of unsurtaced and surfaced specimens
Slika 10: Trdote na prerezu nenavarjenega in navarjenih wekalnih Koles

High wear-resistance of the claddings which were sub-
merged-are surfaced on the running wheel with alloyed-agglom-
erated flux “0-7 SM™ is resulting from surfiace hardening (600
700 HV: Fig. 10) due 1o deformation of the surface layer. The
claddings which were submerged-are surfaced with high-alloyed
agglomerated fuxes “U-Mo 1™ and “BM-2", however, are hard
(around 700 HV: Table 2) nght after surfacing: thercfore, they
practically neither deform nor harden during tribologic testing.
In the case when the wear resistant cladding was made by sub-
merged-are surfacing  with high-alloyed agglomerated flux
“BM-27, stress and heating of the running surface resulted even
n stress relieving and insignificant decrease of hardness imme-
diately upon the surface (Fig. 10, upper curve).

Wear of the wheels surfaced with higher-alloyed claddings
1s insignificant. It is only the wear of the rail which becomes im-
portant and which increases with the increased hardness of the
running wheel surface (which itselt depends on alloving of the
cladding surfaced . Hard running wheel surfaces are of interest
most of all with higher stresses because they make possible op-
cration with a lower friction moment; and consequently result in
aweaker heating of the contact surfaces in sliding fmction as well
as inrolhing friction. Wear resistance of the running crane wheels
cun be considerably improved by surfacing and by appropriate
selection of filler matertals without essentially influencing the
wear of the rl.
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