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COMPLEMENTARY PRODUCTS AND DEVICES

INCREASE IN THE RELIABILITY AND DURABILITY 

OF METAL IMPULSE SEALS. PART 3*

V. B. Tarel’nik,1 V. S. Martsinkovskii,1 
and A. N. Zhukov2

A new method is proposed for preparing metal pulse end seals improving their reliability and durability due 

to increasing the wear resistance of ring working end surfaces and contact surfaces of the secondary seals.
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 Research results have been provided in the article (parts 1 and 2) aimed at improving the quality of end surfaces of 

pulsed end seals (PES) operating in normal and cryogenic media.

 We consider results of experimental research aimed at improving the wear resistance of the wear surface of the rings 

of end seals and also a secondary sealing surface.

 Results in [1, 2] described experimental studies for layer-by-layer electro-erosion alloying (EEA) of steels and alloys 

with electrodes of hard refractory metals and their carbides, and also electrodes made from soft readily melting metals. The 

EEA method proposed was checked for an all-welded compressor ring 4VU 0.63-1/58 manufactured from steel 07Kh16N6.

 A rapid method [3] was used for a qualitative evaluation of the wear resistance of combined electro-erosion coatings 

(CEC) operating under end friction conditions.

 As a result of determining the linear wear of rectangular specimens (operating in a pair with fl uoroplastic 4K-20) of 

steel 45, stainless steel 07Kh16N6, and high-speed steels R6M5 with CEC consisting of layer-by-layer application of soft 

antifriction and hard wear-resistant materials, it has been established that in the case of using these CEC there was an im-

provement in surface layer wear resistance. Readily melting metal In, Sn, Cd, and Pb are recommended for the fi rst coating 

material; the main coating may be formed from Ti, V, Nb, Cr, Mo, W, and their carbides.

 Copper has been used as a CEC underlayer in [5, 6]. The EEA regimes selected made it possible in CEC, formed in the 

sequence Cu + VK8 to obtain microhardness in a surface layer of 12300 MPa with a surface roughness parameter Ra = 0.48 μm. 

Evaluation of the wear resistance of coatings was performed with end friction for 320 min, sliding rate 1 m/sec, specifi c pres-

sure 1.0 MPa, and for dry friction. The load on a counterbody of 4K-20 fl uoroplastic was 100 N. Linear wear of CEC specimens 

formed in the sequence Cu + VK8 was 0.8 μm; wear of specimens with CEC with a production underlayer of indium and a main 

coating of titanium, chromium, hard alloy VK8, and tungsten was correspondingly 2.4, 2.3, 2.2, and 1.2 μm.

 The aim of this work is to provide reliability and durability for PES due to an increase in wear resistance of the 

working end surfaces of rings prepared from nickel alloy KhN58MBYuD and steel 12Kh18N10T, and also dense surfaces for 

the tongue and bush by treating then with EEA.
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 Research procedure. Wear resistance was studied in rectangular specimens with a size of 15 × 14 × 8 mm prepared 

from alloy KhN58MBYuD and steel 12Kh18N10T. CEC of compositions VK8 + VK8 + Cu and VK8 + VK8 + Ni were ap-

plied to specimens of alloy KhN58MBYuD and VK8 + Cu + VK8 was applied to steel 12Kh18N10T.

 A unit was prepared for rapid evaluation of the amount of linear wear of coated specimens based on a drilling mill 

model 2M-112 (Fig. 1). Specimens were fastened in an attachment (located on the mill table) for self adjustment. The coun-

terbody was a hollow cylinder (material 4K-20 and carbon-graphite, Dout = 12 mm, Din = 4 mm, l = 60 mm fastened to the 

mill spindle.

 Linear wear was determined by a method of artifi cial bases for the difference of depth of impressions applied in a 

Vickers instrument and measured before and after testing. Specimen test time for one kilometer of path with a spindle rotation 

frequency of 2500 rpm was 16 min. Testing was carried out for 320 min. Sliding rate was 1 m/sec, and specifi c pressure was 

4.0 MPa. Wear was recorded through each 64 min.

 Studies were performed in a special unit (Fig. 2) in order to determine the effect of coatings made of soft antifriction 

materials on fretting resistance of the surfaces of secondary seals. The drive used was an electric motor (power 0.55 kW, ro-

tation frequency 1500 rpm). Construction of the eccentric mechanism makes it possible to change the amplitude of vertical 

vibrations of fl exible elements smoothly within the limits of 0.01–5.0 mm. The value of amplitude (in this work 5.0 mm) was 

given an indicator type detector.

 The components tested were fl exible elements of steel 12Kh18N9 (GOST 4986–79) that were used in preparing dry 

couplings (Fig. 3). A bundle of fl exible elements of coupling MSK-470 cut in two was selected for testing.

 A coating was applied by the EEA method to the surface between the fastening openings with discharge energy of 

Wu = 0.01 J. The coating materials used were nickel, copper, silver, and indium.

 A bundle was selected in order that a coating applied to one specimen (half a fl exible element) was in contact with 

an uncoated surface of another specimen. In addition, coatings were not applied to two specimens. Tests were performed on 

a base of 1·106 cycles.

 Fretting resistance of fl exible elements with and without coatings was evaluated from the change in surface rough-

ness, which was measured with profi lograph-profi lometers model 252 and model DIAVITE DH-5 for three parameter (Ra, Rz, 

and Rmax). Measurements were made across the rolling direction. The measurement base was 4 mm.

 Research results and discussion. Increase in wear resistance of end working surfaces of PES rings. Results of 

studying specimen wear resistance are given in Fig. 4.

 For nickel alloy KhN58MBYuD, the wear resistance of CEC of composition VK8 + VK8 + Cu was better compared 

with the wear resistance of CEC of composition VK8 + VK8 + Ni: with indenters of fl uoroplastic 4K-20 and carbon-graphite, 

wear after 320 min of testing was correspondingly 1.5 and 3.5 μm, but for CEC of composition VK8 + VK8 + Ni it was cor-

respondingly 2.7 and 3.7 μm. Wear of uncoated specimens was correspondingly 4.8 and 5.9 μm. The most intensive wear 

occurred at the start of the process, then wear slowed down signifi cantly, and after 2 h of testing it became insignifi cant and 

stable with respect to magnitude.

 Wear of specimens of steel 12Kh18N10T with a CEC of VK8 + Cu + VK8 in a pair with indenters of fl uoroplastic 

4K-20 and carbon-graphite after 320 min of testing was correspondingly 1.2 and 2.1 μm, but for uncoated specimens it was 

correspondingly 3.7 and 4.6 μm. The nature of the wear process for steel specimens was similar to that for wear of specimen 

of nickel alloy: at the start there is more rapid wear, and then the process slows down and after 2 h of testing it becomes stable. 

In this case, both for alloy KhN58MBYuD and also for steel 12Kh18N10T the nature of specimen wear to a fi rst approxima-

tion is close to an exponentially increasing relationship.

 Increase in secondary seal surface wear resistance. Data are provided in Table 1 and Fig. 5 for the effect of fretting 

wear on the change in surface roughness of fl exible elements of cold-rolled steel 12Kh18N9 without hardening and with 

coatings of soft antifriction metals.

 As follows from Table 1 and Fig. 5, the greatest wear for specimens is without a coating and the least for specimens 

with an indium coating.

 Indium is a soft fl exible and ductile metal, and these properties are retained even at cryogenic temperatures. Being soft, 

indium deforms with fi lling of microroughness of two touching components during compression, even with a moderate pressure.
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Fig. 4. Specimen wear curves: a) nickel alloy KhN58MBYuD with CEC: VK8 + VK8 + Cu (1, 1ʹ); VK8 + VK8 + Cu (2, 2ʹ); 
uncoated (3, 3ʹ), in pair with indenter of fl uoroplastic 4K-20 (1, 2, and 3); carbon-graphite (1ʹ, 2ʹ, and 3ʹ); b) steel 12Kh18N10T 

with CEC: VK8 + Cu + VK8 (1, 1ʹ), correspondingly with indenters of fl uoroplastic 4K-20 and carbon-graphite.

Fig. 1. Device for determining specimen linear wear with end friction: 

1) hollow cylinder; 2) rectangular specimen; 3) attachment for specimen 

self-adjustment.

Fig. 2. Stand for determining fretting resis-

tance: 1) cycle counter; 2) stand with bear-

ing supports; 3) electric motor; 4) eccentric 

mechanism; 5) bundle of fl exible elements; 

6) fl exible element fastening mechanism.

Fig. 3. Elastic coupling (a) and 

fl exible element (b).
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 Thus, indium is the most preferred coating material in order to reduce the effect of fretting wear and improve joint 

sealing.

 Indium (melting temperature 157ºC) is recommended for application to a conical shaped tongue by dipping in a melt. 

Soft antifriction meals (copper, silver, and nickel) should be applied by any known method not to the surface of the conical 

shaped tongue, but the bush where subsequent surface plastic deformation, for example, abrasion-free fi nishing treatment, 

readily reduces surface roughness to Ra = 0.1 μm.

TABLE 1. Flexible Element Surface Roughness with Different Coatings

Contact surface 
material

Surface roughness parameters, μm

Before testing After testing

Ra Rz Rmax Ra Rz Rmax

Steel 12Kh18N9 0.16 1.40 1.70 0.76 3.30 3.80

Nickel 0.49 2.25 2.63 0.74 3.21 3.63

Copper 0.44 2.07 2.40 0.52 3.12 3.30

Silver 0.31 1.43 1.67 0.40 1.74 1.97

Indium 0.53 2.40 2.83 0.58 2.52 2.63

Fig. 5. Surface roughness diagrams for fl exible element test specimens prepared from steel 12Kh18N9 

before testing (a) and after testing (b).
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 Therefore, in order to reduce fretting wear at the contact surfaces of a secondary seal and improve connection sealing 

it is recommended to apply a coating of soft antifriction metals: nickel, copper, silver, and indium.
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