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Abstract:  The paper presents research on process optimization of metal spraying activated 

ultrasonic fields. In order to optimize process parameters are selected metal spraying flame and 

flame wire electrode with and without ultrasonic activation. It then makes an analysis of the 

chemical composition resulting filler material, line and base material for more couplers materials. 

It also presents the resulting the couple main functional properties for metal oxy-fuel flame 

spraying and wire electrode with and without activating ultrasonic wire electrode to highlight the 

advantages of metal spraying process in ultrasonic field. 
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1. INTRODUCTION  

 Choosing the method of reconditioning the metal spraying shall be by considering the 

following: the nature of the support material and filler material; the geometry and dimensions 

of the piece reconditioning; functional characteristics that must have resulted from the couple 

reconditioning; the number of pieces of production volume; productivity; existing 

technological equipment; deposited layer thickness; size wear and surface to be loaded; the 

environmental impact of the reconditioning process selected [1, 2, 3]. 

 These requirements may be met by metal spraying material deposited with the basic 

material (material support) are a couple of operational behavior better than a new parts 

manufactured only from the basic material (there is no question that it is made only new piece 

of material containing added to the cost price would be extremely high) [4, 5, 6]. 

There are several methods of reconditioning the metal spraying but to make a 

comparative analysis in this paper was done by analyzing the reconditioning process oxygas 

flame metal spraying and wire-electrode and electrode wire ultrasonic activation [7, 8, 9, 10]. 

 

2. CHOOSING REGIME PARAMETERS OXY-GAS FLAME METAL SPRAYING 

AND WIRE ELECTRODE  
 To determine the optimal reconditioning technological metal spraying flame by flame 

and wire electrode were performed several tests, made of a special alloy steel and cast iron 

X30NiMoVCr11 FxMop1Si2,4, which was submitted material added STELLITE 12 AWS 

type, W or wolfram carbide TP4000 without ultrasonic activation and filler material. 
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Values regime parameters of metal spraying and flame-flame electrode wire without 

ultrasonic activation is presented in Table 1 and Table 2 in ultrasonic activation. 
 

Table 1. Values regime parameters oxy-gas flame metal spraying and ultrasonic wire electrode without 

activation  

No. 

crt 

The 

sample 

standard 

Parameters metallization the regime 

pc2H2 

[bar] 

p02 

[bar] 
V02/Vc2H2 

pgp 

[bar] 

L 

[mm] 

α 

[0 ] 

d 

[mm] 

vas 

[mm/s] 

vdp 

[mm/s] 

Q02 

[m3/h] 

Qc2H2 

[m3/h] 

Qgp 

[m3/h] 

Number 

of layers 

deposited 

1. 

The 

sample 

1 

2,5 6,0 1,05 5,0 150 90 2,0 8,5 80,0 8,5 1,5 14,0 40 

3,5 8,0 1,05 5,5 150 90 2,0 9,5 90,0 10,5 2,0 16,0 50 

4,5 10,0 1,05 6,0 150 90 2,0 10,2 100,0 12,5 2,5 17,5 60 

2. 

The 

sample 

2 

2,0 5,0 1,08 4,5 120 75 2,0 5,5 65,0 8,0 1,0 12,0 40 

3,0 6,0 1,08 5,0 120 75 2,0 7,5 75,0 9,0 2,0 13,0 50 

4,0 8,0 1,08 6,0 120 75 2,0 9,3 85,0 10,0 2,8 14,0 60 

3 

The 

sample 

3 

2,8 5,5 1,01 3,5 200 90 2,0 8,8 60,0 10,2 1,7 13,0 40 

3,8 7,5 1,01 4,5 200 90 2,0 9,8 80,0 12,2 2,4 15,0 60 

4,8 9,5 1,01 5,2 200 90 2,0 108 100,0 14,2 2,6 17,0 80 

pc2H2 - fuel gas pressure; p02p - oxygen pressure; pgp - pressure compressed air; V02 / Vc2H2 - 

volume ratio O2 / C2H2; L - spraying distance; α- spray angle; dish - wire feed speed 

electrode; vdp - speed of the gun; QO2 - O2 flow; Qc2H2 - acetylene flow; Qgp - compressed air 

flow rate. 

 
Table 2. Values regime parameters oxyfuel flame metal spraying and wire electrode with ultrasonic activation 

No 

 

The 

sample 

standard 

Parameters metallization the regime 

pc2H2 

[bar] 
P02 

pgp 

[bar] 

L 

[mm] 

α 

[0 ] 

d 

[mm] 

Vas 

[mm/s] 

vdp 

[mm/s] 

Iu 

[w/cm3] 

f 

[kHz] 

A 

[µm] 

pu 

[bar] 

Q02 

[m3/h] 

Qc2H2 

[m3/h] 

Qgp 

[m3/h] 

Number 

of layers 

deposited 

1. 

The 

sample 

1u 

2,5 6,0 5,0 150 90 2,0 8,5 50,0 5,6 22,0 41,5 1,2 8,5 1,5 14,5 40 

3,5 8,0 5,5 150 90 2,0 7,5 60,0 6,8 22,0 43,7 1,6 10,5 2,0 16,0 50 

4,5 10,0 6,0 150 90 2,0 10,2 70,0 7,5 22,0 59,6 1,9 12,5 2,5 17,5 60 

2. 

The 

sample 

2u 

2,0 5,0 4,5 120 75 2,0 5,5 40,0 8,9 24,0 38,9 0,9 8,0 1,0 12,0 40 

3,0 6,0 5,0 120 75 2,0 7,5 45,0 9,2 24,0 47,2 1,7 9,0 2,0 13,0 50 

4,0 8,0 6,0 120 75 2,0 9,3 50,0 10,7 24,0 57,6 1,8 10,0 2,8 14,0 60 

3 

The 

sample 

3u 

2,8 5,5 3,5 200 90 2,0 8,8 55,0 10,5 25,0 56,9 1,9 10,2 1,7 13,0 40 

3,8 7,5 4,5 200 90 2,0 9,8 60,0 11,3 25,0 72,7 2,1 12,2 2,4 15,0 60 

4,8 9,5 5,2 200 90 2,0 10,8 65,0 11,9 25,0 81,6 2,5 14,2 2,6 17,0 80 

pc2H2 - acetylene pressure; p02 - the pressure of oxygen; pgp - the gas pressure of the spray; L  

- the spraying distance; α- he spraying angle; vas - wire feed speed electrode; vdp - the velocity 

of the gun; QO2 - Oxygen the flow rate; Qc2H2 - acetylene the flow rate; Qgp - the spraying gas 

flow rate ; Iu - ultrasonic intensity; f - frequency ultrasound; A- Ultrasonic oscillation 

amplitude longitudinal;  pu  - ultrasonic pressure. 
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3. DETERMINING THE CHEMICAL COMPOSITION OF ANY CHANGES IN THE 

FUNCTIONAL PROPERTIES OF THE MATERIAL AND WELD THE BASE 

MATERIAL AND THE LINE. 

 Following the heat cycle in which the filler material is subject (heating - melting - 

cooling - solidification) which is designed on the base material that solidifies, slight changes 

occur chemical composition due to the phenomenon of diffusion and modifications of 

functional and technological change in the structure due. 

 The analyzes performed on the deposited layer by metal spraying revealed that 

elements W, Co, Fe and Cr not broadcast interface layer deposited base material for 

metallization without ultrasonic activation and ultrasonic broadcasts in case of activation due 

accelerate diffusion as a result of ultrasonic vibration of the atoms in their position of stable 

equilibrium which becomes unstable. The samples were collected, processed and 

appropriately labeled and then were subjected to spectrophotometric chemical analysis by 

fluorescence X-ray (ISO 9556/2002), and the measurements were made from the outer surface 

of the layer deposited on the inside of the base material, the point of "zero-"the line. 

From the results follows: 

  - elements W, Fe, Cr, Co vary little depth for metal without ultrasonic 

activation because the link between the base material layer is deposited and mechanically, the 

diffusion process is imperceptible; 

  - varying the concentration of W, where ultrasound activation implies a 

decrease by 7 .... 9% and an increase in the deposited material in the base material because the 

diffusion process is accelerated by ultrasonic waves around a series appeared line W carbides, 

which will increase the hardness of the base material; 

 The change in the concentration of Fe in the case of ultrasonic activation involves an 

increase of 5 .... 10 % filler material, with the emergence of diffusion and speed up the action 

of ultrasonic waves, leading to a decrease in the hardness around the line of demarcation; 

- In a analogously to the change in the content of W behaves and changes the content 

of Cr and Co, which diffuses from the filler material, into the base material;                              

                      Determination of functional properties was made in accordance with 

ASME and ISO 15612-4 WS-001 716, yielding results in Table 3. 
Table 3. The main functional characteristics of reconditioned units depending on the process used for 

metal spraying and how to apply filler material 

No.crt. 

The 

process 

for metal 

spraying 

Way of 

submission 

of filler 

material 

Test 

surface 

area 

Rp0,2 

[MPa] 

Rm 

[MPa] 

A 

[%] 

Z 

[%] 

KV- 46 

longitudinaly 

KV46 

transversely 
HB 

1. 

With 

oxy-gas 

flame 

and wire 

without 

ultrasonic 

activation 

The 

base 

material 

840 950 18 30 176,4 188,2 430 

The 

addition 

material 

660 770 23 55 166 176 460 

With 

ultrasonic 

activation 

wire 

electrode 

The 

base 

material 

860 995 22 35 189,3 196,4 458 

The 

addition 

material 

690 702 25 58 175,4 183,2  
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3.1. Optimizing the reconditioning process by metal spraying ultrasonic field. 

 Optimization of the technological process of reconditioning the field ultrasonic metal 

spraying is an extremely complicated because there are many process parameters to be 

monitored, controlled and optimized. 

 This can not be done only after a large number of experimental results, which 

processed and interpreted may lead to the determination of an optimal objective function in 

relation to a particular factor or factors, depending on the functional role and needs. In this 

paper we analyzed all the parameters involved in the process of metal spraying and reached 

the following conclusions: 

 - Fuel gas pressure influences the formation of flame and flame stability regardless of 

the speed jet of compressed air used for spraying. Choose depending on the nature of the base 

material and filler material, being different and depending on the nature of the fuel gas 

(acetylene, propane, propylene, methane etc); 

   - Oxygen pressure influences the nature flame (fuel, reducing oxidative) formation of 

flame and its stability. It provides a relatively high burn rate and influence the flame power. 

Choose depending on the nature of the fuel gas and the nature of the base material and filler; 

 - the volumetric ratio 
222

/ HCO VV  nature provides oxyfuel flame (fuel, oxidizing or 

reducing) which allows a temperature of 3550 K and 3000 .... a speed of 80 .... 100 m / s. 

Choose depending on the nature of the base material and filler material nature; 

 - gas pressure drops projector provides filler metal design on the base material 

(material support) and influences on material adhesion to the base material and layers of filler 

material between them, the solidification of layers of filler and impact filler material on the 

base. Choose depending on the nature of the base material; 

 - determines the strength flame fuel gas flow and achieve the required temperature 

melting filler material (3000 .... 3600 K). Choose depending on the nature of the two materials 

that form must follow and the torque depending on what was planned deposited layer 

thickness, and depending on productivity; - debitul de oxigen influențează puterea flăcării 

și stabilitatea arderii precum și temperatura rezultată în nucleul luminos. Se alege în funcţie de 

materialul de adaos și de temperatura de topire a acestuia; 

 - gas flow projector provides successive deposition of layers of filler on the base and 

influences the thickness of the deposited layer, the first layer adhesion to the base material 

and adhesion layers of material that are deposited sequentially between them. Choose 

according to the nature and geometry on material surfaces that are to be deposited filler 

material; 

 - distance spray droplets ensure uniform deposition of material upon the support 

material and the possibility of submission of layers of a certain thickness. Choose according 

to the speed of the torch metallizing surface geometry charged, the nature and form droplets 

of filler material, the velocity of the piece metallic particle impact velocity of liquid filler; 

 - spray angle ensures a uniform deposition layer of filler, irrespective of the geometry 

of the surface and loaded directly influence bond with filler, the base material and the material 

layers deposited successively added together; 

 - speed ensures uniformity reconditioned piece filler layer deposited and the deposited 

layer thickness. Is correlated with the speed of advance of the wire electrode and the flow rate 
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of the plating powder so that the passage to achieve a deposited layer the thickness of which is 

appropriate to the nature of the two materials forming the torque resulting from the 

metallization; 

 - depositing step ensures uniformity and thickness of the layers deposited layer 

deposited successively. Is correlated with the speed of the workpiece, torch travel speed and 

the metallization taken into account the geometry of the surface (cylindrical, flat, complex, 

etc.); 

 - intensity ultrasound directly influence ultrasonic energy introduced into the liquid 

filler material leading to a very fine spray drops its nearly spherical and uniform in size. 

Atomisation filler material increases as the intensity ultrasound increases, with a maximum 

above which damage occurs when switching on material quality. Choose depending on the 

speed of the wire-electrode feed The addition nature of the material or basic nature of the 

material (when activating piece reconditioned ultrasound) and particle diameter of the filler 

material sprayed in liquid form; 

 - frequency ultrasound is the most imporant parameter that is used for calculation of 

ultrasonic system ultrasonic activation Same-electrode or reconditioned piece, which directly 

influences the degree of spray filler particles and liquid deposited layer structure or the grains 

size in the vicinity of the boundary. It has a great influence on the adhesion layer by basic 

material and adhesion between layers and on the formation of oxides on the surface of the 

droplets of liquid filler material; 

 - ultrasonic oscillation amplitude is the most important parameter characterizing 

ultrasonic system because depending on its size and how its variation along the ultrasonic 

system depends ultrasonic system efficiency and effectiveness of ultrasonic activation dee 

metallization process.  

 It has a direct influence on the particle size of the filler in the liquid, the particle size 

of the filler in the liquid, the size of the the grains structure of the deposited material and 

around the boundary and in the development of ultrasonic cavitation and avoid the occurrence 

of oxides and inclusions. Also favorably influence adhesion layer deposited on the support 

material and accelerates the cooling and solidification of the deposited material; 

 - ultrasonic pressure directly affects the design capacity of fine particles of atomized 

liquid filler support material surface. It is the intensity of ultrasonic oscillations, the amplitude 

of oscillation of ultrasonic vibrations or radial and longitudinal dimensions of the wire 

electrode with the final at the start of its melting; 

 - wire feed speed of the electrode is determined by the nature of the filler material, 

energy power flame or arc, electrode wire diameter and metallization process used, the 

amount of filler to be filed and productivity. Directly influences the thickness of the deposited 

layer, the cinematic deposit for bond filed kinetic solidification process deposited material and 

process productivity;   - the initial roughness of the surface is essential for the 

mechanical anchoring of the filler layer to the base material and achieve the best possible 

adhesion. Choose according to the nature of the material filler material nature basic geometric 

configuration loaded surfaces, thickness and requests filed that confronts the reconditioned 

during operation; 

 - the nature of the base material by chemical composition, structure and history 

technological influences on material adhesive strength, functional and technological 
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properties of the resulting torque, the occurrence of inclusions, pores and oxides. Alegre's first 

take account of filler material compatibility and performance characteristics required for the 

couple resulting from the metallization;  

 - the nature of the filler material provides functional and technological properties of 

the product refurbished by metallization and functional characteristics and geometric required 

functional role. Choosing the filler is made taking into account the compatibility with the 

parent material and the possibility of a tensile strength adhesion, shear and exploitation as 

high; 

 - nature of the gas projector directly influences the appearance of the surface oxide 

filler particles in the liquid and its adhesion to the base material. Gas and spraying particles on 

the substrate design is chosen taking into account the nature of the material filler, nature and 

characteristics of the base material deposited layer. This gas must be well filtered for 

impurities contaminating deposited layer to be completely dry, free from grease and free of oil 

vapors and to enable the best possible grip.  

  

4. CONCLUSIONS 

- The metal spraying ultrasonic field there was a more accentuated variation of the 

content of W and Fe around the boundary, in comparison with metallization without 

ultrasonic activation. In the same manner vary the concentration of Cr and Co;  

-  In all cases of metal spraying ultrasonic field was found: an increase hardnes 7 ... 12 

% in the immediate vicinity of the boundary demarcation and 5 ... 15 %, the layer deposited in 

a fragmentation structure depending on the size of the frequency and amplitude of ultrasound; 

an increase in the adhesion of 7 ... 15%, as well as a controlled distribution of the pores.  

- In order to optimize the technological process of metal spraying ultrasonic field were 

analyzed following parameters of the process: the pressure of the fuel gas, the oxygen 

pressure; volume ratio. 
222

/ HCO VV ; projector gas pressure; spraying distance; spray angle; 

speed of play and / or metallization torch; step presentation; intensity ultrasound; frequency 

ultrasound; the amplitude of the ultrasonic oscillations; ultrasonic pressure; wire feed speed of 

the electrode; The initial roughness of the surface; Basic material nature; nature and nature of 

the gas filler material projector. 
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