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Abstract. Details of the hammer during operation are subject to wear, which leads to a decrease in
their service life. In accordance with the literature data in the practice of engineering uses many
methods of hardening, which do not give a significant effect. Therefore, the application of new meth-
ods of surface hardening has become topical. These methods include ion-plasma chromium plating.
On the basis of experimental studies, the effect of ion-plasma chromium plating on the wear resistance
and mechanical properties of hydraulic hammer parts has been established, structural changes in the
material have been analyzed. lon-plasma chromizing of the parts promotes the increase of their wear
resistance in 1.75 times as compared to those which are not strengthened. The technology of ion-
plasma chromizing secures the running of the strengthened parts without breaking off and chipping.
The zones of structural changes are marked on the sections of parts damages, which are typical for the

effects of the second hardening.
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Problem statement

The development of modern equipment im-
poses ever increasing requirements for the per-
formance of the hydraulic hammer parts. Wear
resistance issue holds a specific place in the
range of problems as for the increase of their
reliability and service life. Insufficient wear re-
sistance limits the growth of hydraulic hammers
efficiency and their operating life, increases the
expenses for the repair and the spare parts.

More often the new methods of surface
strengthening, in particular ion-plasma methods
of coating, are implemented in order to increase
the operational characteristics of the materials.

Publication analysis

The publication states that numerous meth-
ods are used to increase the wear resistance of
equipment work surface, but they all do not pro-
vide significant increase of wear resistance
[1-3]. Therefore, it was viable to implement ion-
plasma technologies, which are directed to in-
crease wear resistance of the parts work surface
running in the conditions of cutting wear. The
parts of hydraulic hammer belong to such
objects.

Goals and objectives
To determine the effect of ion-plasma
chromizing on the wear-resistance of hydraulic

hammer parts on the basis of experimental
research.

Statement of the information

The test results of the parts, strengthened by
means of ion-plasma chromizing, showed that
before the coating damage, satisfactory wear
resistance of the strengthened parts is observed.
Therefore, the choice of modes of ion-plasma
chromizing allowing to increase wear resistance
of the critical hydraulic hammer parts is current-
ly important.

The strengthening treatment (ion-plasma
chromizing) under advanced technology which
excludes superheat of the parts in the coating pro-
cess and its chipping under the test is conducted.

The high quality coatings from fine metals
are obtained under the temperatures not less than
80—-100 °C. The initial process materials for
vacuum ion-plasma sputtering are cathodes from
sputtering materials, chrome (BX-1) in this case.

A unit for ion-plasma sputtering «Bulaty was
used (fig. 1). It consists of a chamber, a vacuum
pumping system, a vapor source, a rotator, a
water handling and a seat.

The thickness of chromium plate made
50-60 um. The roughness parameter of the
strengthened surfaces — R30,8-3,6. The rough-

ness of the work surfaces after finishing reached
within the limits R30,4-0,8.
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Wear of parts

The degree of damage to parts strengthened
by means of ion-plasma chromizing using ad-
vanced technology is shown on Fig. 2. The ini-
tial signs of the coating damage in the form of
scoring marks and tearings were detected at the
peak in the zones «M» and «F» after 300 load-
ing cycles, on the hammer head in the same
zones after 450 cycles.

The scratch marks in the channel cavity of
the bush appeared after 600 cycles, of the case
after 700 loading cycles. Flaws along the axis of
the parts were formed in the channels of the case
and the bush (zone «B») and their cut after 800
cycles. Due to the coating wear of the most
loaded sections of the parts the test was stopped
after 1730 cycles.

Fig. 1. General arrangement drawing of unit
«Bulat»: 1 — focusing coil; 2 — cathode; 3 —
ignitor electrode; 4 — anode chamber; 5 — sup-
porter; 6 — liquid nitrogen trap; 7 — water trap;
8 — high-vacuum device; 9 — heater; 10 —
backing pump; 11 — manometric lamp; 12 —
unit water cool system

Fig. 2. Wear of the peak and the bush stren-
gthened by means if ion-plasma chromizing
(using advanced technology) x5

The measurements of the worn parts show
that the equivalent diameter of the case and the
bush channels in the cut zone increased to 125.5
mm. The hammer head is worn in the zone «N»
to 0.2 mm, in the zone «M» to 0.5 mm. Corre-
spondingly the peak - to 0.3 mm and 0.85 mm.
The locations of the greatest wear zones and the
nature of the damage to the parts are similar to
those observed on the parts examined above.

Wear, wear hardening and metal plastic
working are observed in the zone «A» of the
hammer head channel (the case) and the bush
(fig. 3). These effects are more intensive on the
bush. The wear, surface coating plastic working
and the formation of valley-tearing are seen in
the zone «B». The valley tops are smoothed,
worn (to the base on some sections) on the bush,
the valleys are rough, without wear features on
the case. Even wear, wear hardening and surface
coating scaling are observed in the zone «B».
The scaling on the case is major, on the bus is in
the initial stage of the development. The small
sections of remained strengthened layer are rec-
ognized on the case. The surfaces of zone «D»
are characterized with artificial aging and scal-
ing of the material. Coating wear on the case
and the bush goes without signs of chipping or
peeling.

3 X5

Fig. 3. Wear of the case and the hammer head,
strengthened by means of ion-plasma chro-
mizing (using advanced technology) x5

The damage nature of the hammer head and
the peak is identical to the observed one on the
parts tested earlier, strengthened by means of
ion-plasma chromizing using initial technology.
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Smoothed spot is detected in the central section
of the hammed head (zone «N»). The coating is
less worn on the hammer head, than on the peak.
There is a pattern of valley-tearing developed
more on the peak in the zone «M».

The pattern of valleys on the hammer head is
significantly smoothed in the result of the wear.
It is specified that the hammer head and the peak
differ less as for the extent of valleys develop-
ment than the hammer head and the peak of the
strengthening variants tested earlier. Zone «F» is
characterized with coating wear, wear hardening
and smooth surface. The damage in this zone is
even on the circle of the parts and practically
identical on the hammer head and the peak.

The marks of artificial aging and wear hard-
ening of the coating are observed in the zone
«E». Galling to the arris of cylindrical surface is
specified on the edges of the parts.

Flaws are observed on the tested parts of the
examined variant (fig. 4 and 5).

Fig. 4. Structural changes of the material of the
case and the hammer head strengthened by
means of ion-plasma chromizing (using ad-
vanced technology) x5

Flaws on the case and the bush are observed
in the zones «A» and «B». Their depth on the
case reaches 0.55 mm, on the bush 0.4 mm. There
are no flaws in the zones «C» and «D». Flaws on
the hammer head are found in the zone «N» of 0.3
mm depth and in the zone «M» — up to 0.6 mm.
There are flaws on the peak only in the zone
«M» of 0.6 depth.

Fig. 5. Structural changes of the material of the
peak and the bush strengthened by means of
ion-plasma chromizing (using advanced tech-
nology) x5

Appearance of the flaws in the fractures is
identical to the earlier observed on the other var-
iants of strengthening (outlined contour, burning
and smoothed surface).

On the case and the bush, the remains of the
coating are observed in the zones «A» and «C»,
the wear is insignificant in the zone «D».

The depth of the remained coating on the
bush in the zones «A» and «C» is 10 pm, in the
zone «D» — 40 pm, on the case (channel) in the
zone «C» up to 10 pm, in the zone «D» — 20-30
pm. The coating remained only in the zones
«N» and «E» on the hammer head and the peak.
The thickness of the layer on the hammer head
is 10 um, on the peak — up to 5 um.

The structural changes are observed in the
metal of the examined parts in the damage areas.
The structural changes for the depth 0.25-0.30
mm on the bush are indicated in the zones «A»
and «B». The hardness of material in the structur-
al changes zones is HV510-645.

The structural changes for the depth 0.25-—
0.30 mm are observed in the zones «N» and
«M» on the peak material. On the hammer head
in the same zones the depth of the structural
changes is 0.15-0.20 mm. The hardness of mate-
rial in the structural changes zones is —
HV510-585.



BicHuuk XHAAQY, sun. 88, 2020, 7. |

The hardness of the material of the examined
parts: the bush — HRC40-42; the peak —
HRC40-42; the case — HRC40-42; hammer
head — HRC40-42.

The material microstructure of the parts is of
sorbit type, with finely dispersed structure. The
test results of the mechanical characteristics of
the parts material for stretching is presented in
the table 1.

Table 1 — Mechanical characteristics of the parts material, strengthened by means of ion-plasma chromizing
(using advanced technology)

Direction of samples Mechanical characteristics
Part name t
o G, Pa 50.2:Pa 8,% w.%
Hammer axial 1,390,0-1,430,0 1,310,0-1,360,0 8.0 23.0
head tangental 1,490,0 1,400,0-1,430,0 15.0 56.0
axial 1,460,0 1,380,0 6.4-8.0 3.0-15.0
Peak
tangental 1,450,0-1,510,0 1,360,0-1,375,0 13.0 51.0-54.0
Conclusions HONy4eBOM  TexHojmoruu. MockBa: Mamm-

1. The tests results of the parts strengthened
by means of ion-plasma chromizing using ad-
vanced technology show that the increase of
their wear resistance in 1.75 times is guaranteed
comparing to the initial (which were not sub-
jected to special strengthening).

2. The damage of the work surfaces of the
tested parts is identical to the parts examined
earlier as for the nature and locations of the
zones.

3. The damage of the details is characterized
with the coating wear, metal wear hardening, for-
mation of valley-tearing and flaws. The strength-
ening coating was practically worn in the most
loaded sections of parts (in the zone «B» and «C»
on the hammer head case and the bush and «M»
and «F» on the hammer head and the peak.

4. The advanced technology of ion-plasma
chromizing provides the running of the strength-
ened parts without breaking off and chipping of
the coating.

5. The feature of the tests results of this
strengthening variant is lesser wear of the lower
parts (the bush, the peak) as compared with up-
per parts.

6. On the sections of parts damage there are
zones of material structural changes for the
depth to 0.3 mm, typical for secondary harden-
ing effects.

7. There are flaws on all parts: on the case
and the bush in the zones «A» and «B» up to
0.55 mm, on the hammer head and the peak up
to 0.6 mm. No flaws are identified in the other
zones of parts damage.
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ITinBUIEeHHA 3HOCOCTIHKOCTI BifmoBigaILHUX
JeTaJjieil rigpoMoJi0Ta iOHHO-IIA3MOBUM
00po0JIeHHSIM

Anomauin. Jlemani ziopomonoma 6 npoyeci eKcniy-
amayii nidoaromvcst 3HOULYBAHHIO, WO NPU3EOOUMb
00 3MeHUleHHs1 cmpoKy ix pobomu. Bionogsiono 0o
HAYKOBUX OQHUX Y NPAKMUYL MAUWUHOOYOYEAHHS GU-
KOpucmogyemucsi 6azamo memoois 3MIYHeHH s, KL He
daroms cymmeeozo epexmy. Tomy axmyanvhum €
NUMAHHSL 3CMOCYBAHHSL HOBUX MemOoOi8 NOBEPXHEBO-
20 3MmiyHenHs. [[o maxkux memoois Hanexdcums iOHHO-
nnasmoge xpomysannsa. Ha ocnosi excnepumenmans-
HUX  O0CHiOJCeHb  6CMAHOGIEHO  GNIUG  [OHHO-
N1a3ZmM08020 XPOMYBAHHS HA 3HOCOCMIUKICY | Mexa-
HIUHI enacmusocmi demaieil 2i0pomMoaIoma ma npo-
aHanizoeami cMpyKmypHi sminu 6 mamepiani. lonno-
NIA3MO8e XPOMYBANHS Oemaell CNpuse NiOBULYEHHIO
ix snHococmivxocmi 6 1,75 paza, ax nopisuamu 3 mu-
MU, wo He nionseanu smiynenmio. Texnonocis ionHo-
NIA3MOB020 XpOMY6anHs 3abesneqye pobomy 3miy-
Henux Oemaneil 6e3 ckolie ma Oe3 GUKPOULYBAHHSL.
Ha oinsnkax  nowkooocennss  Odemaneil €  30HU
CMPYKMYPHUX NEpemeopens, XapakmepHi Ois s6uy
8MOPUHHO20 2aPmM) GAHHS.

Knrouosi cnoea: iouno-nnasmose
2I0POMOIOm, ONIP 3HOULYBAHHIO.
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IloBbIIeHNe H3HOCOCTOMKOCTH OTBETCTBEHHDLIX
JaeTajieil THAPOMOJIOTA MOHHO-TIA3MeHHON 00pa-
00TKOMI

Aunnomayusn. [emanu 2udpomonoma 6 npoyecce
IKCHAYamayuy noo8ep2aromcst UsHOCy, Ymo npueo-
oum K yMeHbUeHUIO CPOKA UxX Cydicowl. B coomseem-
Cmeuu ¢ OAHHBIMU HAYYHOU JUMEPAmypbl 8 Npax-
muke MAUUHOCMPOeHUs UCNONL3YEmCs
3HAYUMENbHOe KOIUYeCMBO Memoo08 YHPOUHEHUs,
Komopwle He oarom cywecmeeHnozo sgpgexma. Ilo-
IMOMY CMANO AKMYAIbHBIM NPUMEHEHUE HOBbIX Me-
Moo No8epxHOCmMHo20 ynpounenus. K maxum me-
moodam omHocumcs UOHHO-NIA3ZMEHHOE
xpomuposanue. Ha ocrnosanuu sxcnepumeHmanbHuix
UCCTe008AHULL  YCMAHOBIEHO  GNUsIHUE — UOHHO-
NIA3MEHHO20 XPOMUPOBAHUSL HA USHOCOCTOUKOCHb U
MexaHnuveckue ceoticmea Oemaieti 2uOpoOMoroma u
NPOAHAUSUPOBAHBL CIPYKIYPHblE USMEHEHUsL 8 M-
mepuane. BbisgieHbl 0COOEHHOCMU USHAWUBAHUSL
demaneil 2UOPOMOIOMA NO ONIUHE U 8 PASUHHBIX YUd-
cmkax cevenusi. Ha yuacmxax noepedsicoenuss dema-
Jletl omMedaiomcs. 30Hbl CMPYKMYPHBIX Npespauje-
HUll, XapakmepHuovie OJ15 SIGJIeHULl 6MOPULHOU 3aKATIKU.
Houno-nrazmennoe xpomuposanue demaneii cnocoo-
cmeyem NogblueHuIo ux usHococmotikocmu 6 1,75
pasa no cpagHenuio ¢ HeynpounenHviMu. Texnonocus
UOHHO-NJIA3MEHHO20 XPOMUPOBAHUs obecneyusaem
pabomy ynpouneHnvlx Oemanell Oe3 CKONO8 u 0e3
BLIKPAUUUBAHUSL.

Knwouesvle cnosa: uoHHO-NIA3MEHHOE XPOMUPOBA-
Hue, 2UOPOMONIOM, CONPOMUBIEHUE USHOCY.
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