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The parts of a hydraulic hammer are subjected to wearing during the exploitation. This leads to the decrease of
their service life. Many methods of surface strengthening are used in accordance with the literature and the practice,
but they do not produce any significant effect. Therefore, it is currently important to develop the new methods of
surface strengthening. lon-plasma chromizing is one of such methods. To determine the influence of ion-plasma
chromizing on the wear resistance and the mechanical properties of the hydraulic hammer on the basis of
experimental researches and to analyze the structural changes in the material. 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.

INTRODUCTION

The development of modern equipment imposes
ever increasing requirements for the performance 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 resistance 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 methods are used to increase the wear
resistance of equipment work surface, but they all do
not provide significant increase of wear resistance [1-
3]. Therefore, it was viable to implement ion-plasma
technologies, which are directed to increase 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
currently important.

The strengthening treatment (ion-plasma
chromizing) under advanced technology which excludes
superheat of the parts in the coating process 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
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ion-plasma sputtering are cathodes from sputtering
materials, chrome (BX-1) in this case.

A unit for ion-plasma sputtering “Bulat” 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 —
Ra 0.8...3.6. The roughness of the work surfaces after
finishing reached within the limits R, 0.4...0.8.

Wear of parts. The degree of damage to parts
strengthened by means of ion-plasma chromizing using
advanced technology is shown on Fig. 2. The initial
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 loading 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.

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. Correspondingly the peak — to 0.3 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 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 recognized
on the case. The surfaces of zone “D” are characterized
with artificial aging and scaling of the material. Coating
wear on the case and the bush goes without signs of
chipping or peeling.

Fig. 1. General arrangement drawing of unit “Bulat”:
1 —focusing coil; 2 — cathode; 3 — ignitor electrode;
4 — anode chamber; 5 — supporter; 6 — liquid nitrogen

trap; 7 — water trap; 8 — high-vacuum device;

9 — heater; 10 — backing pump; 11 — manometric lamp;

12 — unit water cool system

x5

Fig. 2. Wear of the peak and the bush strengthened by
means of ion-plasma chromizing
(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. 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 development 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.

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

The marks of artificial aging and wear hardening 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 (Figs. 4 and 5).

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.

Appearance of the flaws in the fractures is identical
to the earlier observed on the other variants 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 pum,
on the case (channel) in the zone “C” up to 10 pum, in
the zone “D” — 20...30 um. 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 pm, on the peak —up to 5 pm.

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 structural changes zones is HV 510...645.
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Fig. 4. Structural changes of the material of the case
and the hammer head strengthened by means of ion-
plasma chromizing (using advanced technology), x5

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 material in the structural changes zones is
HV 510...585. The hardness of the material of the
examined parts: the bush — HRC 40...42; the peak —
HRC 40...42; the case — HRC 40...42; hammer head —
HRC 40...42.

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

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.

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

Mechanical characteristics
Part name |Direction of samples cut

op, Pa 6.2 Pa 3, % v, %

Hammer axial 1390.0...1430.0 1310.0...1360.0 8.0 23.0

head tangential 1490.0 1400.0...1430.0 15.0 56.0
Peak axial 1460.0 1380.0 6.4...8.0 3.0...15.0
tangential 1450.0...1510.0 1360.0...1375.0 13.0 51.0...54.0

CONCLUSIONS bush and “M” and “F” on the hammer head and the

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

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.

The damage of the details is characterized with the
coating wear. Metal wear hardening. formation of
valley-tearing and flaws. The strengthening coating was
practically worn in the most loaded sections of parts (in
the zone “B” and “C” on the hammer head case and the

peak.

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

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

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

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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HNOBBILNEHUE U3HOCOCTOMKOCTHU OTBETCTBEHHbBIX JETAJEN TMAPOMOJIOTA
HUOHHO-IIJIASMEHHOMW OBPABOTKOMN

A.B. I'nywikosa, 10.B. Pvuickos, JI.JI. Kocmuna, C.B. [lemuenxo

Jletanmun THApPOMOIIOTA TMOJBEPralOTCS B IPOLECCe AKCINIyaTallud H3HOCY. OJTO NPHUBOAUT K YMEHBIICHHUIO
MPOJODKUTENFHOCTH UX padOTHl. B COOTBETCTBUM ¢ IUTEPATYPHBIMH JaHHBIMH M IPAKTUKOW HCIIOJIB3YETCSI MHOTO
METOJIOB YIIPOYHEHUs], KOTOpPhIE HE AAIOT cymiecTBEHHOTo 3¢d¢dekra. I1o3ToMy akTyaabHBIM CTaJIO0 NMPHUBICUCHHE
HOBBIX METOJOB IMOBEPXHOCTHOIO ynpouHeHHA. K TakuM MeToJaM OTHOCHTCS HOHHO-IUIA3MEHHOE XPOMHPOBAHUE.
Ha ocHOBaHMM SKCHEPHMEHTAJIBHBIX HCCIECIOBAaHMH HEOOXOIUMO YCTAaHOBHTH BIMSHHE HOHHO-IUIA3MEHHOTO
XpOMHPOBaHUS Ha U3HOCOCTOMKOCTh M MEXaHUYECKUE CBOIMCTBA JAeTalel TMAPOMOIOTa, a TAKKE IMPOAHAIN3HPOBATh
CTPYKTYpHBIE U3MEHEHHUS B MaTepuaie. MIoHHO-Tu1a3MeHHOe XpOMHUPOBAaHHUE JIeTalieil clocoOCTBYET MOBBIICHUIO UX
u3HococToikoct B 1,75 pasa 1O CpaBHEHMIO C HEYNPOYHEHHBIMH. TEXHOIOTHUS HOHHO-IIJIa3MEHHOIO
XpOMHpOBaHUsl obecrieunBaeT pabOTy YNPOYHEHHBIX JeTaneil 0e3 ckoioB M Oe3 BhIKpammBaHui. Ha ydactkax
MOBPEKACHUS JAETajeil OTMEUalOTCs 30Hbl CTPYKTYPHBIX IIPEBPAIllCHUI, XapaKTEpHbIC UIL SIBICHUW BTOPUYHOMI
3aKaJIKH.

MIJBUILEHHS 3HOCOCTIMKOCTI BUIIMOBIIAJIBHUX JETAJIEN
I JJPOMO.JIOTA IOHHO-IJIA3MOBOIO OBPOBKOIO

JL.b. I'nywixoea, 10.B. Pusxckos, /1.JI. Kocmina, C.B. /lemuenko

Jertaii rigpomMosoTa miagaroThes B MpoIieci eKcIuTyaTallii 3Hocy. 1le mpu3BoAUTh 10 3MCHIIICHHS TPUBAJIOCTI iX
pob6oTu. BiamnoBifHO 10 JiTEpaTypHUX AaHHUX 1 MPAKTHKOK BHKOPUCTOBYETHCSI Oarato METOJIB 3MIlIHEHHS, SIKI HE
JTAIOTh 1cTOTHOTO ehekTy. TOMy aKTyaJbHHM CTaJIO 3aJIyYCHHS HOBHX METOJIIB MOBEPXHEBOTO 3MilHEHHsI. [l0 Takux
METOMIB BiHOCHUTHCS 10HHO-TIa3MOBE XpOMYBaHHA. Ha MiIcTaBi eKCIIEpUMEHTaIbHHUX IOCIIKEHb HEOOXiTHO
BCTAHOBUTH BIUIUB 10HHO-TIA3MOBOTO XPOMYBAHHS Ha 3HOCOCTIMKICTh 1 MeEXaHIYHI BJIACTHBOCTI JeTaieit
ripomMoIioTa, a TAaKOX MPOAHANI3yBaTH CTPYKTYPHI 3MiHM B MaTepiani. [OHHO-TUIA3MOBE XPOMYBaHHS JeTaieit
CIpUSIE TMiIBUIIEHHIO X 3HOCOCTIKOCTI B 1,75 pa3u B MOPiBHAHHI 3 HE3MIITHEHUMU. TEXHOJIOTiS 10HHO-TIIIa3MOBOTO
XpOMYyBaHHSA 3a0e3meuye poOoTy 3MIITHEHUX JleTalieil Oe3 ckoumiB i 0e3 BUKpuIIyBaHHA. Ha MiNsSHKAX MOIITKOIKCHHS
Jietaieil BiJ[3HaYal0ThCsl 30HU CTPYKTYPHHX MEPETBOPEHb, SIKi XapaKTEePHi /sl ABUIL BTOPUHHOTO TapTyBaHHS.



