
U.P.B. Sci. Bull., Series D, Vol. 79, Iss. 4, 2017                                                     ISSN 1454-2358 

EXPERIMENTAL RESEARCH ON STRUCTURAL 

HARDENING OF THE MAXIMUM STRESSED 

CRANKSHAFTS SURFACES OBTAINED BY THERMAL 

SPRAYING 

 Alina Elena BUȘARU1, Mariana GORAN2 , Roxana Alexandra GHEȚA3, 

Gabriel Marius DUMITRU4, Gabriel IACOBESCU 5 

This paper presents the analysis of the layers deposed by thermal spraying in 

order to identify the optimum material and thermal process used for crankshafts 

reconditioning. In the context of evaluating the layers’ properties, the aim of the 

experiment is to obtain a good wear resistance. One sample was made by S235 steel 

coated with 100 C6 (Rul1) powder and intermediate layer of Mo, for the second 

sample being used a non-alloyed quality steel DC01 covered with Stellite and 

subjected to a re-melting treatment in plasma jet. The results show that the stellite 

coat presents a significant wear resistance compared to Rul1through high hardness 

and decreased porosity resulting by plasma jet re-melting treatment. 
 

Keywords: metallographic examination, hardness test, electric arc metal spraying, 

plasma thermal spraying. 

1. Introduction 

Reconditioning technologies are a branch that keeps their economic 

interest under very low investment risk. From a reliability point of view, they aim 

to achieve a technical performance at least equivalent to the original performance 

of the original part and thus extending the life of the engine. In the case of 

crankshaft metallization, wear is transferred on a part already considered 

"consumable" - the roller bearing, which makes subsequent repairs easier. 

The properties of metal sprayed layers deposed by plasma spraying [7] 

[11] process are remarkable. The reconditioning of the parts by metal spraying 

process is a very frequently used method. The purpose of using this method is to 

obtain improved properties of the deposited layers thanks to the special materials 

which can be sprayed.[5][6] 

In order to establish the optimal process of engines reconditioning it was 

chosen as analysis element one of the most complex piece of the engine, the 

crankshaft. Therefore, there were proposed two alternatives for increasing wear 
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resistance of the areas maximum stressed of crankshafts, as following: deposition 

by electric arc metal spraying of 100 C6 (Rul 1) [4] layer (material for bearings) 

and deposition by thermal spraying [a] in plasma jet of a Stellite layer. Stellite 

alloy is a range of cobalt-chromium alloys designed for wear resistance. It may 

also contain tungsten or molybdenum and a small but important amount of 

carbon. 

 Metallographic [8] examination was chosen to analyses materials 

microstructure in order to identify both defects and degree of influence, which 

microstructure may have on the physical and mechanical characteristics of the 

piece [1]. 

2. Experimental data 

For the study of deposited layers by thermal spraying there were used two 

specimens, as presented in Fig. 1 and Fig. 2. 

 

 

 

 

 

 

 

Fig. 1. Specimen No.1 - base material S235 (structural steel) 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Specimen No. 2 – base material DC01 (double pickled metal sheet) 

 

Coating of Specimen No.1, as presented in Fig. 3, was made by using 

electric arc metal spraying, in two steps: 

In the first step it was deposited an intermediate layer of Mo powder with 

intensity of the current I=360 A, wire electrode diameter Ø 1.8, electric arc 

voltage Ua=60V, spraying distance L = 80mm, spraying gas pressure 0,55 MPa. In 
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the second step it was sprayed a layer of 100 C6 (Rul 1) [4] with an intensity of 

the current I=280 A, wire electrode diameter Ø1.8mm, electric arc voltage U = 

60V, spraying distance L=140-150 mm, spraying gas pressure de 0,45 MPa ; 
 

 

 

 

 

 

 

 

 

Fig. 3. Specimen No. 1 after deposition of 100 C6 (Rul 1) [4] layer, using electric arc metal 

spraying 

 

Coating of Specimen No.2 was made by using plasma jet metal spraying 

(this method is used for reconditioning of parts with significant functional role - 

the case of crankshaft), presented in figure 4. In the first step it was sprayed a 

layer of Stellite in plasma jet (cold plasma) [1][5][9], plasma jet temperature 

8800° K, plasma gas formed by Alcohol and H2O, power 40 kW, I= 385 A. In the 

second step, was made a re-melting treatment post-metallization, in order to close 

the pores and cracks, which leads to increased hardness of deposited layer and 

increased chemical corrosion resistance (plasma jet speed was lower, time was 

increased, facts that converged to melt the base material from 10 up to 20 µm); 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Specimen No. 2 after deposition of Stellite layer, using metallization process by spray in 

plasma jet  
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3. Experimental part 

In order to make metallographic analysis of deposited layers on both 

specimens, it is necessary to obtain metallographic [8] samples with a good 

surface for analysis. 

 The samples were obtained with a die cutting machine for metallographic 

samples in LAMET Laboratory (IMST, UPB), presented in Figure 5. 

 

 

 
 

 

 

 

 

 

 

Fig. 5. Die cutting machine for metallographic sample - LAMET-UPB laboratory 

   

In order to obtain plane surfaces, they were grossly polished and fitted in 

the embedding resin. Finally, a gross polishing and finishing was applied using 

automatic polishing machine Alpha-Vector Buehler (LAMET Laboratory) – see 

Fig. 6. 

 

 

 

 

 

 

 

 

 
Fig. 6. Automatic polishing machine Alpha-Vector Buehler 

 

After obtaining metallographic samples, presented in Figure 7 (a, b), there 

were made microstructural analyses, using optical microscope type Euromex 

(LAMET Laboratory), presented in Fig. 8. 
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Fig. 7 

a. Metallographic sample 1 obtained 

from Specimen 1 
b. Metallographic sample 2 obtained 

from Specimen 2 
 

 

 

 

 

 
 

 

Fig. 8. Optical microscope type Euromex 

4. Experimental results 

4.1 Micrograph of deposited layers 

Micrograph of Specimen No. 1 is presented in Figure 9 (a, b, c, d). 

 

 

 

 
 

 

 

 

 

 

a. Micrograph of deposited layers on Specimen1 
 

Base material  

Intermediate layer  - 

Mo powder 

Top coat -  100 C6  
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b. Micrograph of intermediate layer (Mo powder) 

 

 

 

 

 

 

 

c. Micrograph of deposited layer 100 C6(Rul 1)[4] 

 

 

 

 

 

 

 

 

 

 

d. Micrograph of base material (S235 – structural steel) 

e.  
Fig. 9 Micrograph of Specimen No. 1 

 

Due to various advantages, metallization by thermal spray with electric arc 

is worldwide spread, as following: hardening the deposited layer, very high 

productivity, low costs, in comparison with other metallization processes; 

Deposited layer may be composed of alloys that can have very good 

characteristics regarding wear resistance and good mechanical characteristics;  

The disadvantages with high impact on the entire process are related to 

necessity of correlation between spraying electrical current intensity and wire feed 

Intermediate layer – Mo powder 
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rate because the incomplete wire melting phenomena may occur, which leads to 

low properties of deposited layer.  

 

Micrograph of  Specimen No 2 is presented in figure 10 (a,b,c). 

 
Figure 10 

 
a. Micrograph of deposited layers on Specimen No 2  

 

 

 

 

 

 

 

 

b. Micrograph of Stellite layer 

 

 

 

 

 

c. Micrograph of base material 

 

 Metallization [10] by spraying with plasma jet was used to obtain a very 

good quality of deposited layer and adhesion to base material (mechanic adhesion 

and micro welding bridges). Highly resistance to adhesion surface is another very 

important characteristic of deposited layer. 

For determining micro hardness of deposited layers on both Specimens, it 

was used Vickers method. This method consists in pressing with a force F, of a 

penetrating diamond on the sample surface, followed by measuring the length of 

the remaining fingerprint after the removal of the test force. [1][2] 

 For determining the lowest and the highest hardness level [1][2][3] of 

deposited layers by thermal spraying of base material and intermediate layer, there 

were made 10 determinations of each Specimen, with 0,2 N force (HV 0,2) and 10 

seconds pressing time. The results are results obtained with micro hardness tester 

Shimadzu HMV 2T (Fig. 13), in LAMET Laboratory and shown in table 3,              

Fig. 11 and Fig. 12. 

Stellite layer deposited by 

plasma thermal spraying   
Layer obtained 

after re-melting 

treatment  

Stellite layer deposited by 

spraying in plasma jet after 

thermic treatment 

Base material layer after 

melting treatment of deposited 

layer  

Base material DC01  
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Table 3. 

Micro hardness values HV 0,2 for Specimen 1and Specimen 2 

 

 

 

Determination 

no. 

Test 1-Specimen 1 Test 2-Specimen 2 

Top coat 

of 100  C6 

by plasma 

thermal 

spraying 

Intermediate 

Mo layer by 

electric arc 

thermal 

spraying 

(increased 

parameters 

of spraying 

and smaller 

spraying 

distance) 

Base 

material 

S235 

Post 

metallization 

layer obtain 

by re-

melting 

treatment 

 

Stellite 

layer 

deposited 

by plasma 

thermal 

spraying 

 

Base 

material  

DC01 

1. 186 152 132 357 95 88 

2. 166 158 121 378 94 90 

3. 183 128 132 320 94 89 

4. 150 158 138 346 96 96 

5. 169 151 143 327 93 102 

6. 162 137 118 350 96 92 

7. 139 132 130 384 87 96 

8. 153 141 128 406 93 98 

9. 168 134 131 381 96 102 

10. 173 148 129 356 95 97 

 Average 

164,9 

Average 

143,9 

Average 

130,2 

Average 

360,5 

Average 

93,9 

Average 

95 

 

 
Fig. 11. Micro hardness of deposited layers by electric arc thermal spraying - Specimen no. 1 
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Fig. 12. Micro hardness layers deposited by plasma thermal spraying – Specimen no. 2 

 
 Based on results obtained, comparative analysis was made, in order to 

establish the optimal reconditioning method of crankshafts.  

Micro hardness comparison of base material is presented in Fig.e 13: 
 

 
Fig. 13. Comparison of base material micro hardness   

 

Base material of Specimen no.1 is much harder than base material of 

Specimen no. 2.  

Comparison of micro hardness of intermediate Mo layer of Specimen no.1 

with Stellite layer before re-melting treatment of Specimen No. 2 is presented in 

Fig. 14. 
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Fig. 14. Comparison between Mo intermediate layer and Stellite 

 

Intermediate Mo layer is much harder than the Stellite layer. 

Comparison of micro hardness of the top coat of Specimen no.1 (100 

C6(Rul 1)[4]) and Stellite layer obtained after re-melting treatment of Specimen 

no. 2 is presented in Figure 15. 

 
Fig. 15. Comparison between 100 C6 top coat and stellite layer obtained after re-melting treatment 

 

 Hardness of re-melted Stellite layer is higher than hardness of deposited 

layer on Specimen no.2 (100 C6) (Rul 1) [4]. 

5. Conclusions 

After comparative analysis it is proved that Stellite layer obtained after re-

melting treatment offers higher hardness and bigger wear resistance than 100 

C6(Rul 1) [4] layer deposited on Specimen no.1.  
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Corrosion resistance of Stellite layer is superior as it is observed in Figure 

4 in comparison with 100 C6 (Rul 1) [4] layer (Fig. 3.), the specimens being 

preserved in same conditions. 

In terms of economic aspects, the costs of plasma spraying [12] process 

are higher than electric arc thermal spraying. In this case, the choice of the 

optimal method to be used is based on the operating conditions of the engine. 

Even though the costs of plasma thermal spraying are higher, the 

advantage is that are excluded transport costs, because the device is portable and 

allows method to be used on site conditions, with all economic advantages 

deriving from it. 
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