Introduction

A practically important technological problem is detection of possible cracking on a surface of turbine blades coated with SDP-2 in the course of their repair with application of high-current pulsed electron beams (HCPEB) when HP turbine blades with punched holes (Fig. 1-3) are treated. The last are made for the purpose to decrease in permissible temperatures on blades due to forced cooling by convection streams inside parts. These blades are manufactured from single-crystal alloy ZHS32VI [1] with the subsequent application of a protective coating by a method of high-energy vacuum-plasma technology [1]. There are fears that in the course of serial blades surface modifying and removal of the coat damaged during maintenance by a beam, formation of microcracks near hole edges because of 
development of the residual tension stresses is possible. However such researches have not been performed yet. Thereupon the purpose of the present paper was conducting of test experiments on influence of HCPEB irradiation at different pulse energy densities on cracking process in the areas close to hole edges. 
Research materials and techniques
Targets of research were turbine blades of RD-33 engine and samples made from alloy ZHS32VI (Ni; 1,0 - Ti; 5,6 – Cr; 6,2-Al; 1,4-Mo; 10,0-Co; 1,2-V; 1,4-N; 12,5-W; 0,18-C; <0,1-O, N; <0,02-H; <0,015-B, heat treatment: annealing at 1250 0С in vacuum within 3 hours, cooling with rate 50-60 deg./ min., a stabilizing annealing at 1000 0С in vacuum within 2 hours) with 60 micron coating SDP-2 (base - Ni; 18-22-Cr, 11-13,5-Al, 0,3-0,6-Y) deposited with use of installation MAP-1 according to process developed in VIAM (All-Russian Research Institute of Aviation Materials) [2]. 

Before irradiation a part of blades was cut up on the electrical discharge machine and explored by following methods: Auger electron spectroscopy, scanning electron spectroscopy, X-ray crystal analysis, exoelectron emission mapping and optical microscopic metallography both near edges of punched holes, and on surface sections free from those holes. Besides, there were measured microhardness (H() and roughness (Ra). HCPEB treatment of blades was made on accelerators "Geza-1" and "Geza-MmP" (energy of electrons – 115-125 keV; pulse duration - 30-80 μs; energy density in a beam - 20-60 J/cm2; beam cross-sectional area - 30-80 sm2; inhomogeneity of density by beam cross-section - 5 %) [3]. 

After irradiation blades were also cut up and traversal metallographic specimens were made from the obtained witness samples; whereby influence of a beam on internal surfaces of holes was determined. At last comparative fatigue tests of serial blades, and also blades subjected to modifying by the high-current pulsed electron beams and finishing heat treatment have been implemented in vacuum at 1050 0С within 2 hours for stress relief.
Experimental data and their discussion

For control irradiation the samples containing at least on 5 punched holes were cut out from blades. HCPEB treatment of targets was made on accelerators "Geza-1" and "Geza-MMP" (energy of electrons - 115-150 keV; pulse duration - 30-40 μs; energy density in a beam - 20-60 J/cm2; beam cross-sectional area - 30-80 sm2; inhomogeneity of density on beam cross-section - 5 %; fig. 1). After irradiation samples were analyzed using the optical microscopic metallography method for surfaces of both targets, and traversal metallographic specimens made. Results of this research are partially presented in Fig. 2-6.
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Fig. 1. Installation "Geza-MMP".
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Fig. 2. Appearance of the HP turbine blade with punched holes.
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Fig. 3. Appearance of punched holes on a surface of the HP turbine blade made from alloy ZHS32VI with protection coat SDP-2.

From these data it is clear that cracking process in the case of treatment even with density of energy 55-60 J/cm2 at which blades are repaired [4], does not take place. 

After that serial blades were irradiated in installation "Geza-MmP" at density of energy 42-45 J/cm2 with four pulses in a mode of targets rotation when there is a modification of surfaces for both back and front part of the blade. After that targets were annealed in vacuum at 1050 0С within 2 hours for stress relief and cut up to specimens for examination of the physicochemical condition fixed near hole edges and on the surface free from the holes. These results are shown on fig. 7, 8 and in table 1. From these data it is clear that chemical composition, phase composition and the basic structural characteristics on various sections of the surface are practically the same.

[image: image4.jpg]



Х50

Fig. 4. Appearance of punched holes on a surface of the HP turbine blade made from alloy ZHS32VI with protection coat SDP-2 after irradiation by 1 pulse at density of energy 20-22 J/cm2.
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Fig. 5. Appearance of punched holes on a surface of the HP turbine blade made from alloy ZHS32VI with protection coat SDP-2 after irradiation by 1 pulse at density of energy 20-22 J/cm2.
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Fig. 6. Appearance of punched holes on a surface of the HP turbine blade made from alloy ZHS32VI with protection coat SDP-2 after irradiation by 5 pulses at density of energy 55-60 J/cm2.

Table 1. Roughness, intensity of an exoelectron  emission, residual stresses and the microhardness determined for a surface of serial (1) and irradiated blades near holes (3) and far from them (2).

	No.

	Ra, μm, 
±0.05
	Ieee,

pulses/s
	σ, MPa
±50
	Hµ, HV units,
 p=2 Н

	1
	2.20
	300±60
	-170
	420-490

	2
	0.85
	650±30
	-100
	480-490

	3
	0.90
	620±20
	-50
	490-520
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Fig. 7. Fragments of the Auger spectrums registered from a surface of serial blades (a) and blades after electron treatment near a punched hole (b).

From these data it directly follows that treatment by a high-current electron beam, at least, does not reduce a fatigue resistance of blades. The obtained results are quite expected and match to the basic concept of an endurance failure of parts made from refractory nickel alloys with the temperature-resistant coat considered in the paper [6]: the site of breakdown is more often located in a fine-crystalline layer in a area of coat adhesion to a substrate layer, in volume of the part near casting defects or the mechanical defects originated on a surface of a blade before deposition of coating; the fatigue crack can arise directly on a coating surface, but it does not grow in a matrix material for a long time enough.


[image: image9.wmf]20

40

60

80

100

0

10

20

30

40

I

,

è

ì

ï

/

ñ

N

i

N

i

A

l

20

40

60

80

100

0

10

20

30

40

I

,

è

ì

ï

/

ñ

2

q

,

 

ã

ð

à

ä

.

N

i

N

i

3

A

l


Figure 8 - Diffractograms obtained from a neighborhood of a punched hole before irradiation by an electron beam in a mode of 42-45 J/cm2.
Results of the fatigue tests executed on blades at ambient temperature are shown in table 2. 

It follows therefrom that it is possible to expect increase of a fatigue limit of parts made from nickel alloys with protection coat SDP-2 treated by an electron beam only due to barrier capacities of the modified layer in which the residual compression stresses are formed. In the case of a last layer thickness of 20-25 μm the fatigue limit increasing will be insignificant or restricted to unities of percents. Especially insensibility of HCPEB treatment to fatigue properties is manifested in the course of tests of serial blades, complex parts during which manufacturing a major variety of defects is formed both on external, and on internal surfaces of blades, in matrix layers, near punched holes, etc. (tab. 2).

Table 2. Results of fatigue tests for blades with punched holes after irradiation by an electron beam with 42-45 J/cm2 and after vacuum annealing at 1050 0С within 2 hours.

	σ

kgf/mm2
	f

Hz
	N

Number of cycles to fracture
	Residual stresses, test data, site of breakdown

	22
	3804
	2,07•107
	-123 MPa, without fracture

	22
	3685
	2,10•107
	-113 MPa, without fracture

	22
	3350
	1,21•106
	-79 MPa, fracture on leading edge, on transition radius from a blade airfoil portion to a shroud, the site of breakdown near mechanical defects

	20
	3776
	4,75•106
	-147 MPa, fracture on a blade foot shroud

	20
	3842
	2,17•107
	-231 MPa, without fracture

	20
	3274
	2,08•107
	-127 MPa, without fracture

	20
	3311
	5,36•107
	-154 MPa, fracture on leading edge, on transition radius from a blade airfoil portion to a shroud

	18
	3502
	2,095•107
	-141 MPa, without fracture

	18
	3487
	2,109•107
	-96 MPa, without fracture

	18
	3473
	2,13•107
	-154 MPa, without fracture

	18
	3360
	2,16•107
	-67 MPa, without fracture

	18
	3517
	2,22•107
	-176 MPa, without fracture

	18
	3424
	2,07•107
	-165 MPa, without fracture

	18
	3426
	2,644•107
	-88 MPa, without fracture


Conclusions
It is shown that the high-current pulsed electron beam of microsecond duration is the highly effective tool for modifying and repair of turbine blades with punched holes. 

It is found that modifying and restoration of properties of turbine blades with punched holes using a high-current pulsed electron beam does not reduce a fatigue resistance of parts. 
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