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THE MANUFACTURING TECHNOLOGY AND ITS EFFECT
ON THE TRIBOLOGICAL PROPERTIES OF THE NEW PARTS
FOR PRINTING MACHINES

The article reveals the features of the development of ma-
nufacturing technology and its effect on the antifriction
properties of the new antifriction parts based on the EP975
nickel alloy composite materials with solid lubricant CaFs,
which is intended for high speed printing equipment.

The article summarizes the formation of new materials’
structure and antifriction properties after using a new ma-
nufacture technology. The results of industrial tests con-
firmed the efficiency of the developed manufacturing
technology for bearings. The results of the new composite
material’s tribotechnical properties have been presented
in a comparison with the already known nickel composite.
The industrial tests of the new composite antifriction parts
have been carried out in the friction units of the printing
machines. The visual inspection and measurement of surface
roughness showed that the contact surfaces of bearings
are not damaged, have high quality, and are usable. Industrial
tests of EP975—-CaF2 bearings showed an increase in wearing
resistance by a factor of 5-6, compared with the already
known antifriction parts.

Keywords: manufacture technology; antifriction parts;
composite materials; printing machines; bearings.

Introduction

The development of a modern
technical equipment in the machine-
building industry has a great impor-
tance for the problem of increasing
the machines and mechanisms’
durability. It is no more an impor-
tant problem among the tasks of
creation the new technical objects.
The extension of a useful service
period for machines, mechanisms
and equipment even in a small

© 2016 p.

measure is equivalent an introduced
new production capacities [1, 2].
Questions of the technical evo-
lution were continually connected
with the problems of materials’
science development. The ques-
tions of the new materials’ using
took a central place in the general
problem of machines and equip-
ment quality increase, including
materials of contact pairs such as
antifriction (bearing) materials.
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Among these bearing mate-
rials, which operate with a lubrica-
tion at easy operation conditions
(low loadings, speeds of sliding,
temperature up to 100° C), and
especially it is important for the
friction units, which operate in
extreme conditions — at the high
loadings, aggressive environment,
increased and high temperatures
200-800° C, high speeds of rota-
tion up to 10000 rpm. Well-known
fact — 80 % refuses of machines
and mechanisms took place
because of destruction friction
units’ [1, 2].

Such phenomens are inherent
for the equipment of metallurgical
industry, oxygen-converter equip-
ments, waste-smelting aggrega-
tes, heating equipment, aggrega-
tes and equipment of power engi-
neering industry and high-speed
printing equipment.

An action of high speeds, spe-
cific loadings and influence of oxi-
dizing atmosphere — here is an
incomplete list of aggressive fac-
tors, which accompany working of
the rotary printing machines’
parts, and cause the intensive
wear of friction units.

A large assortment of the cast
and powder antifriction materials,
based on of iron, cast iron, copper
and nickel are developed and ap-
plied for the listed high-heavy wor-
king conditions [1-3]. An intensi-
ve wearing and high friction coef-
ficient have connected with an
imperfection of manufacturing
technologies. Moreover, a high
cost unites these materials. And
yet cast materials that use in
extreme working conditions, such
as cast iron, bronze, the non-fer-
rous alloys are unable to combine
different additives in a composi-

tion, which would form a strongk

matrix and contain antiscoring ad-
ditives, such as sulfides, oxides,
chalcogenides and fluorides.

The main task in the develop-
ment of the new composite bea-
ring materials for printing machi-
nes is to increase the life of such
equipment by, for example, apply-
ing lubricants in order to operate
under conditions of high loads, tem-
peratures or the rotation speeds.

Among the antifrictional compo-
site materials intended for severe
operating conditions and incorpo-
rating solid lubricants, materials,
based on copper, iron, nickel, co-
balt, and ceramics (Al>O3/TiC/
CaF,, Al,O3/CaFo/AgO/CaFy) are
well known [1-4].

The composite materials, ba-
sed on iron or alloy powder steel
are known for using at the speeds
of V<400 rpm and loads up to 3.0
MPa. At higher speeds (V=600 rpm)
and loads up to 1.5-5.0 MPa,
materials, based on nickel, cobalt
and copper are used [3, 4]. This is
due to their original physical prop-
erties [1, 2].

The already known powder and
cast alloys, based on nickel (or
cobalt) demonstrate unsatisfacto-
ry tribotechnical properties —
high friction coefficient and wear-
ing at heavy-duty conditions of
printing machines [1, 2].

Therefore, as a basis for bea-
rings materials, a composite nickel
alloy there was selected — mar-
ked as EP975 for heavy-duty con-
ditions, such as increased load-
ings, air environment and rotation
speeds 8000-10000 rpm. This
choice was caused by the com-
plete absence of known alloys’
operability both cast and powder,
based on copper, iron, nickel at
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such operation conditions. The
big number of alloy elements in
the nickel matrix (more than 35
mas. %) gives an alloy EP975 high
physical and physical-mechanical
properties.

In the conditions of the high
rotation speeds any liquid lubri-
cantis disabled because the liquid
lubricant was throwed out from
the friction zone by the centrifugal
forces. It is especially important to
protect the friction surfaces from
the increased wearing and fric-
tional seizure. The numerous stu-
dies show that using solid lubri-
cants as an component of materi-
als improves the tribotechnical
characteristics of the plain bea-
rings [3-6]. For example, calcium
fluoride CaFo as a thermal and
chemical stable substance is wi-
dely used as a solid lubricant to
improve frictional contact, especi-
ally in heavy-duty conditions [1, 2,
5, 6].

These arguments were a rea-
son for complex researches,
which are directed for creation of
the new bearings materials for the
wide range of loadings (3.0-5.0
MPa) and rotation speeds by
8000-10000 rpm on the basis of
the scientifically grounded material
science approach with the pur-
pose to obtain the possibility of
prognostics and control of materi-
als functional properties.

Moreover, it is of the theoretical
and practical importance to es-
tablish an effect of making tech-
nology on structure and proper-
ties, distribution of CaFs over the
metal matrix, and its effect on the
friction behavior of nickel alloy
EP975-based materials in extre-
me operating conditions of prin-
ting machines.

The objective of the present
paper is to research the bearing
nickel alloy EP975-based com-
posite materials with a CaF» addi-
tions for heavy-duty conditions
(high rotation speeds and high
pressures), to study the formation
of the new materials’ structure
and properties.

Experimental results

and discussion

Examination Techniques. The
structure was studied with a using
of a metallographic microscopy;
calcium fluoride in the matrix was
identified by using a scanning
electron microscopy (SEM). Mo-
reover, the SEM images were used
for the quantitative description of
CaFs in the composite. The physic
mechanical properties of the sam-
ples were determined as well.
Tribological tests were performed
on a VMT-1 friction testing machi-
ne (rotation speeds V=8000-10000
rom and pressure P = 3.5 MPa),
the counterface is made of R18
tool steel (HRC = 53-55); shaft-
pin friction pair.

The chemical composition of
EP975 has presented in tab. 1 [7].

In our experiments we researched
such compositions as EP975+
(4.0-8.0)%CaFo>.

The powders of the high-al-
loyed nickel alloy EP975 have
been produced by the powder
spraying method of metal melted
by argon stream. Dispersed metal
drops were crystallized as spheri-
cal particles with the dimensions
from 10 to 750 um. Usually, opti-
mum dimensions of fractions are
in the range of 37-250 um. In our
case powders of alloy EP975 there
were of 50-250 pum. Spherical
particles of alloy have been repre-
sented on fig. 1.
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Chemical composition of EP975

Chemical elements, mas. %

c w Cr Mo Al Nb Co Ni
0.038- | 8.65- 2.28- | 1.71- | 4.75- | 1.71- | 9.5- ,
0.076 | 9.31 |76795| 304 | 200 | 5.13 | 259 | 11.4 | Pasis

The hard spherical powder
particles of the high-alloyed nickel
alloy EP975 are a real microingot
that excludes the problem of
liquation at once. This problem is
typical for the cast nickel alloys,
obtained by traditional technology.

The traditional technology of
the powder metallurgy — pressing
and sintering of initial mixture
(EP975+CaF») — is unacceptable
in our case, because the minimum
porosity is already impermissible.

That is why the method of hot
isostatic-pressing (HIP) was used
for creation of new materials. The
hot isostatic pressing (or gas-
static pressing) is executed on the
special presses — gasostat. Hot
isostatic pressing is carried out in
a liquid (hydrostatical) or gas (ga-
sostatical) environment. A working
environment is forced to hermetic
chamber by compressors and
creates pressure of few thousand
atmospheres. The isostatic press-

-

ing can combine high pressure
with a high temperature that allows
combining the process of forming
and sintering.

Thus, first of all — initial com-
ponents of the sprayed powders
of nickel alloy EP975 and solid
lubricant (calcium fluoride) are
mixed up during 4-6 hours. And
then mixed powders are loaded to
the special steel containers. The
filed containers are pressurized
for getting of a vacuum density.
The process of hot isostatic press-
ing was carried out at 1210+10° C,
during 4 hours, under pressure of
argon up to 140 MPa.

The equipment for HIP allows
obtaining enough dense materi-
als, almost without pores.

The blanks had a relative den-
sity 99.9 %.

After the hot isostatic pressing
a heat treatment was carried out
for optimization of dispersible pha-
ses’ morphology in the structure

Fig. 1. Spherical particles of EP975 alloy produced
by powder spraying in argon, x100
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of materials and for obtaining a
necessary level of physics-mecha-
nical and antifriction properties.

Heat treatment includes hard-
ening — heat to 1240° C during 4
hours, cooling with speed a 40 de-
grees/hour with a furnace to 1200°
C, and then cooling on air.

The HIP with a next aging is
promoted to formation of phases
in a structure, which increase the
physical mechanical properties of
material (combination of the strength
and plasticity), and improve oper-
ating reliability of a friction part.

A microstructure of composition

jy After a hardening an agein material EP975+8%CaF, after heat
<t g geing
w0 was carried out at 910° C during treatment is presented on fig. 3.
:: 16 hours on air. The structure of material is het-
Z A general scheme of the tech- erogeneous. There is a metallic
| nological operations for manufac- matrix with inclusions of solid
© ture of nickel alloy EP975-based lubricant CaFy. The solid lubricant
S bearing materials is presented on CaF, particles were uniformly
Al the fig. 2. arranged.

©

s}

|_

8 Starting poweders of

o alloy EP975

< |

>

o Additional operations off

g preparation of starting

S povs:ders
= I 1

§ Drying of CaF, Dispersion for

() powders fractions

|_ I | T
=

[ Mixtureing

o

= T

o [

I

é Fire of plasticizer
|_

| I
< HIP
©
N |
N~
,i Blank
5 I
o
N Aftertreatment
zZ
% I
[ 1
- Heat treatment Mechar_ncal
operations
[ | |
Finished part

Fig. 2. Technological manufacturing scheme of the composite
bearing materials EP975+6%CaF»
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Fig. 3. The microstructure of material EP975+8%CaF,
after heat treatment, etched specimen

The metallic matrix in the al-
loyed y-solid solution on the nickel
basis with particles of alloy metal
carbides and intermetallic com-
pounds.

The presence of alloy elements
big number in a nickel matrix gives
the new materials a high physical-
mechanical and tribotechnical
properties. Aluminum and titani-
um, and also tungsten in less
degree, molybdenum and niobi-
um make for strengthening of Ni-
alloy [7, 8] due to strengthening
compounds formation.

These elements provide the
increase of strength and besides

Nb grinds down grains strongly. A
presence of Co in an alloy positi-
vely influences for plasticity of
material especially in a presence
of Ti, W, Mo, Al, Cr [1, 2].
Tribotechnical and physical-
mechanical properties of new
materials have been presented at
tab. 2 in a comparison with known
Ni-powder material [1, 2], which is
applied in analogue conditions.
Analyzing on information of
tab. 2 evidently new high-speed
bearings materials on the basis of
EP975 alloy with the addition of
CaF> have higher properties in a
comparison with the known mate-

Table 2
Antifriction properties of materials based on alloy EP975
e Wear, u/km L L .
# Composition, mas. % FI’IC.tI(.)n (V = 8000 Limit load, |Limit rotation
coefficient MPa speed, rpm
rpm)
1 EP975+4%CaF, 0.274 65 3.5 10000
2 EP975+6%CaF», 0.267 62 3.5 10000
3 EP975+8%CaF» 0.271 67 3.5 10000
Ni+(18-45%)MoB,+
4 | +ZrB5)+5%(CaF, or 0.352 380 1.5 1000-1200
BaF,) sintered alloy [1]
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rial [1, 2, 8], and they are able to
operate at higher rotation speeds
and loads.

Conclusions

We have obtained a new effec-
tive material in the Ni alloy EP975-
CaF» system with high antifriction-
al properties performing well in
more severe conditions than the
already known sintered alloy.

The new material owes its high
tribotechnical characteristics to
the tribofilms formed on the con-
tact surfaces by dragging of calci-
um fluoride to cover the entire
friction area.

The full-scale industrial tests of
the new composite bearing mate-
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Y cTaTtTi npeacTaBneHo 0COGJIMBOCTI TEXHOJONi BAFrOTOBJIEHHS
Ta il BNAvB Ha aHTUDPUKLUIAHI BMacTUBOCTI HOBUX AeTanen TepTs
Ha OCHOBi KOMMNO3ULINHUX MaTepianiB 3 HikeneBoro crJiasy
EN975 i3 pomilukamu TBepAol 3maLlyBasibHOI pe4oBuHu CaFs,
SKi NPU3HaAYeHO A1 BUCOKOLUBUAKICHOrO ApPyKapCcbKoro o6-
NnagHaHHS. Y3aranbHeHo (popMyBaHHS CTPYKTYPMU i BlacTUBOCTEN
HOBMX aHTUDPUKLIAHNX MaTepianiB Nnicng 3aCToCyBaHHSA HOBOT
TeXHOJorii BUroTOBJMIeHHNA. Pe3ynbTatamMu NnpoMucnoBux
BUNpoOyBaHb NiaTBEepAXEeHO ePeKTUBHICTb PO3po0eHor
TEeXHOJI0rii BUrOTOBJIEHHS NiALWUNHUKIB KOB3aHHA. Pe3dynbTaTtn
TPUOOTEXHIYHNX BNTAaCTUBOCTEN HOBUX KOMMO3ULLIMHUX
MartepianiB npeacTaB/ieHOo NOPIBHAHO 3 BiJOMUM HikesleBUM
KOMNo3uuiiHum cnnaesom. MpomMmuncnosi BUNpo6yBaHHA HOBUX
KOMMNO3ULinHNX aHTUPPUKLINHNX aeTaneil NnpoBeaAeHo y By3nax
TepTa APYyKapCbKUX MalwuH. BisyanbHuia orngag i BUMipioBaHHS
LUOPCTKOCTi NOKa3anu, W0 KOHTAKTHI NOBEepPXHi NigLUNHUKIB He
MOLUKOKEHi, MalOTb BUCOKY SIKiCTb i MOXYTb BUKOPUCTOBYBa-
TUcA y BUpoo6Huurei. Mpomucnosi Bunpo6yeaHHsa EM975-CaFs,
NigLWNNHUKIB KOB3aHHSA NOKa3anum 36iNbLIeHHs 3HOCOCTINKOCTI
y 5-6 pa3siB nOpiBHAHO 3 BXXe BiAOMMUMMU aHTUPPUKLITHUMN
aetansaMmu.

KniouyoBi cnoBa: TexXHONOriss BAroTOBJIEHHS; aHTUPPUKLLiViHI
AeTtani; KoMNo3uuiliHi MaTtepiann; ApykKapcbki MalLUHK;
NiAWNNHUKU KOB3aHHS.

B ctaTbe npeacTaBneHbl 0CO6GEHHOCTU TEXHOIOMMU U3ro-
TOBJIEHMS U ee BIUSHUEe Ha aHTU(PPUKLMUOHHbIE CBOMCTBA HOBbIX
AeTaneil TPeHUs Ha OCHOBE KOMMNO3MLMOHHbIX MaTepuasnosB nu3
Hukenesoro cnnaea EMN975 ¢ BknoyeHnammu TBeppoi cMmasku
CaF3, npegHa3Ha4yeHHble A5 BbICOKOCKOPOCTHOro ne4yaTHoro
o6opypoBaHua. 0606wWeH0 PopMMUPOBaHUE CTPYKTYPbI
N CBOMCTB HOBbIX aHTUPPUKLMOHHbIX MaTepuasioB noclse
NPUMeHeHUsa HOBOW TeXHOJI0rMn.
MoaTeepxaeHa pe3ybTaTamMyv NPOMBbILLIEHHbIX UCMbITAHUN
3¢ PeKTUBHOCTb pa3paboTaHHOW TEXHONIOrMN U3rOTOBJIEHUS
MOALUMNMHUKOB CKoJibXXeHud. lNpeactaeneHbl pe3ynbraThl
TPUOOTEXHUYECKUX CBOMCTB HOBbIX KOMMNO3NLMOHHbIX
MaTepunasnoB Nno CPaBHEHUIO C YXKe USBECTHbIM HUKEJIEBbIM
KOMMO3ULMUOHHbLIM cniaBoM. MpomMbiLLIeHHble UcnbiTaHNS
HOBbIX KOMMO3ULMOHHbIX aHTUPPUKLIMOHHBbIX AeTanen
npoBeAeHbl B y3/1aX TPEHNS NevYaTHbIX MaluuH. BusyanbHbii
aHanu3 n U3MepPEeHUs LLepoxXoBaTOCTU NOKa3anu, 4to
KOHTaKTHbl€ NOBEPXHOCTU NOALUUIMHNKOB He NOBPEXAEeHbl,
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MMEIOT BbICOKOE Ka4eCTBO U MOryT NPUMEHSTbCS
B npoun3soacTtiee. NpombiluneHHble ncnoitaHnsa EN975-CaF,
MOALMMNHUKOB CKOJIb)XX€HUS NOoKa3anu yBesim4eHue
N3HOCOCTONKOCTU B 5—6 pas no cpaBHEHUIO C U3BECT-
HbIMU aHTUPPUKLNOHHBLIMU AETaNIAMM.

KnioueBble cnoBa: TEXHONOMMSA NU3roTOBJIEHUS;
aHTI/I(pr/IKI.I,VIOHHbIe AetTann; KOMNo3nNUuNoOHHbIe MaTepualbl;
rnevyaTHbie MaLlUHbI; NOALUUMHUKUN CKOJIb)XXEHUS.
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