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INVESTIGATION AND OPTIMIZATION OF WEAR BEHAVIORS 

OF PISTON RINGS COATED WITH MOLYBDENUM POWDER 

 

SUMMARY 

 

 

Key Words: Piston ring, molybdenum powder, Wear test, Taguchi Method. 

 

In this study, wear behaviors of piston rings coated with molybdenum powder have 

been investigated and wear parameters optimized. Wear process parameters are 

optimized for minimum weight loss and friction based on L27Taguchi method with 

three wear parameters, load, temperature and revolution.It is determined that the load 

have the most significant factor influence on minimum weight loss of both the piston 

rings and the cylinder liner. Mathematical models of weight loss have been obtained 

using Regression analyzes.The predicted weight loss in confirmation test has been 

found to lie close to that of the experimentally observed ones. Wear maps have been 

created for piston ring and cylinder liner. Analysis results of worn surfaces shows 

that abrasive wear mechanism is more effective.                                                                                                                              
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MATERYAL VE METOD  

 

 

Silindir-
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4.1. Materyal 

 

A nde GG-

 

 

Tablo 4.1. GG 20-30 d segman leri 

 

 

Tablo 4.2. GG 20-30 d  i 

Element C Cu S Mn Si P Fe 

% 3,51 0,20 0,03 0,47 2,20 0,24 93,35 

 

 

 

Element C Cu S Mn Si P Ni Fe 

% 3,47 0,121 0,044 0,421 2,30 0,22 0,62 92,80 
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Tablo 4.3. HVOF kaplama parametreleri 

Parametreler                 

                NiCrBSi  

 10,8  

 7,5  

 7,1  

Toz disk devri (d/d) 200  
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Tablo 4.4.  Ortogonal L27  

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 

10 

 

11 

 

12 

 

13 

1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 2 2 2 2 2 2 2 2 2 

1 1 1 1 3 3 3 3 3 3 3 3 3 

1 2 2 2 1 1 1 2 2 2 3 3 3 

1 2 2 2 2 2 2 3 3 3 1 1 1 

1 2 2 2 3 3 3 1 1 1 2 2 2 

1 3 3 3 1 1 1 3 3 3 2 2 2 

1 3 3 3 2 2 2 1 1 1 3 3 3 

1 3 3 3 3 3 3 2 2 2 1 1 1 

2 1 2 3 1 2 3 1 2 3 1 2 3 

2 1 2 3 2 3 1 2 3 1 2 3 1 

2 1 2 3 3 1 2 3 1 2 3 1 2 

2 2 3 1 1 2 3 2 3 1 3 1 2 

2 2 3 1 2 3 1 3 1 2 1 2 3 

2 2 3 1 3 1 2 1 2 3 2 3 1 

2 3 1 2 1 2 3 3 1 2 2 3 1 

2 3 1 2 2 3 1 1 2 3 3 1 2 

2 3 1 2 3 1 2 2 3 1 1 2 3 

3 1 3 2 1 3 2 1 3 2 1 3 2 

3 1 3 2 2 1 3 2 1 3 2 1 3 

3 1 3 2 3 2 1 3 2 1 3 2 1 

3 2 1 3 1 3 2 2 1 3 3 2 1 

3 2 1 3 2 1 3 3 2 1 1 3 2 

3 2 1 3 3 2 1 1 3 2 2 1 3 

3 3 2 1 1 3 2 3 2 1 2 1 3 

3 3 2 1 2 1 3 1 3 2 3 2 1 

3 3 2 1 3 2 1 2 1 3 1 3 2 
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4.7.4. Varyans analizi (ANOVA) 
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2004-Kuram-Dal, 2009). 
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SDQ -

nAi N
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E T A B AXBSDQ SDQ SDQ SDQ SDQ              (4.8) 
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4.7.4.2. Serbestlik derecesi 
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1A ADOF k
                   

 

 

 

( )( )AXB A BDOF DOF DOF
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4.7.4.3. Varyans 
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FTest 
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kalite karakteristik 

 

 

 

belirlenerek d - . 

 

4.7.6. Regresyon analizi 

 

Regresyon analizi, - kisi bulunan iki veya daha fazla 

tahminler (estimation) ya da kestirimler (prediction) yapabilen istatistik analiz 

 

 

regresyon modeli  

 

Bir regresyon modeli olu turulurken genelde en-

olabilirlik teknikleri olarak bilinen iki yakla er hata 

teriminin normal da

hata teriminin da ilse en-

kareler tekni edilir. 

 

 denklemler 

kombinasyonu oldu a

 

 

1 2 3aW  b b N b T b S
        

 

Bu denklemlerde c0, b1, b2 ve b3 

 

 (4.17)
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Denklemlerde ,  N T  ve ifade 

2
 (R-  den 
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ncesi METTLER TOLEDO hassas terazide (10-4 g 

 

 

2000 m yol 

  

 

Temizleme 
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Tablo 4.5.  

Deney No   Devir  (Dev/Dak) 

1 60 40 60 

2 60 40 90 

3 60 40 120 

4 60 60 60 

5 60 60 90 

6 60 60 120 

7 60 80 60 

8 60 80 90 

9 60 80 120 

10 80 40 60 

11 80 40 90 

12 80 40 120 

13 80 60 60 

14 80 60 90 

15 80 60 120 

16 80 80 60 

17 80 80 90 

18 80 80 120 

19 100 40 60 

20 100 40 90 

21 100 40 120 

22 100 60 60 

23 100 60 90 

24 100 60 120 

25 100 80 60 

26 100 80 90 

27 100 80 120 
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I II III Birimler 

 60 80 100 N 

B:  40 60 80 oC 

C: Devir 60 90 120 dev/dak 
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Tablo 5.2. L27  

(N) (oC) 

Devir 

(dev/dak) (segman) 

Segman 

   

60 40 60 0,00187410 54,54 0,010700 39,41 

60 40 90 0,00112444 58,98 0,005500 45,19 

60 40 120 0,00092453 60,68 0,001300 57,72 

60 60 60 0,00200146 53,97 0,000400 67,96 

60 60 90 0,00143261 56,88 0,005700 44,88 

60 60 120 0,00123651 58,16 0,000900 60,92 

60 80 60 0,00039254 68,12 0,001800 54,89 

60 80 90 0,00031255 70,10 0,003000 50,46 

60 80 120 0,00020888 73,60 0,000800 61,94 

80 40 60 0,00156983 56,08 0,027500 31,21 

80 40 90 0,00153142 56,30 0,000700 63,10 

80 40 120 0,00151542 56,39 0,005100 45,85 

80 60 60 0,00157996 56,03 0,005400 45,35 

80 60 90 0,00155789 56,15 0,002700 51,37 

80 60 120 0,00154126 56,24 0,000600 64,44 

80 80 60 0,00152147 56,35 0,001800 54,89 

80 80 90 0,00150666 56,44 0,001300 57,72 

80 80 120 0,00148221 56,58 0,000700 63,10 

100 40 60 0,00331471 49,59 0,010700 39,41 

100 40 90 0,00312563 50,10 0,002800 51,06 

100 40 120 0,00300458 50,44 0,005400 45,35 

100 60 60 0,00362145 48,82 0,002200 53,15 

100 60 90 0,00334152 49,52 0,014700 36,65 

100 60 120 0,00323651 49,80 0,008000 41,94 

100 80 60 0,00286541 50,86 0,000500 66,02 

100 80 90 0,00263554 51,58 0,039400 28,09 

100 80 120 0,00245897 52,18 0,029200 30,69 
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5.2. Metalografik Analizler 
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Tablo 5.  

 

3) Sertlik (HB) 

Segman 7,14 363,55 

 7,18 205,00 

 

5.4. Kontrol in Etkisi 

 

 

 

 

 

Tablo 5.4. Segman tablosu 

Seviye  oC) Devir (dev/dak) 

1 61,67 54,79 54,93 

2 56,29 53,95 56,23 

3 50,32 59,54 57,12 

Delta 11,35 5,58 2,19 

Rank 1 2 3 

 

Tablo 5.5.  tablosu 

Seviye  oC) Devir (dev/dak) 

1 53,71 46,48 50,26 

2 53 51,85 47,61 

3 43,6 51,98 52,44 

Delta 10,11 5,5 4,82 

Rank 1 2 3 

 

enir.  
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Tablo 5.6. Segman  

Kaynak 
 Serbestlik 

Derecesi (DOF)  

Kareler 

(SDQT) 

Varyans 

(V) 
FTest FTablo5. (%P) 

 2 580,054 290,027 1358,70 8,65a 58,12 

 2 163,230 81,615 382,34 8,65a 16,35 

Devir 2 21,823 10,912 51,12 8,65a 2,19 

 4 208,245 52,061 243,89 7,00b 20,86 

 4 22,018 5,505 25,79 7,00b 2,21 

 4 0,982 0,246 1,15 

 

0,10 

Hata 8 1,708 0,214 

   Toplam 26 998,059         
a
  

 

Tablo 5.7.   

Kaynak 

Serbestlik 

Derecesi 

(DOF) 

Kareler 

(SDQT) 

Varyans 

(V) 
FTest FTablo5. (%P) 

 2 573,730 286,865 4,91 4,45a 17,10 

 2 177,390 88,695 1,52 - 5,29 

Devir 2 105,040 52,520 0,90 - 3,13 

 4 239,940 59,985 1,03 - 7,15 

 4 929,710 232,428 3,98 - 27,71 

 4 862,310 215,578 3,69 - 25,70 

Hata 8 467,090 58,386 

   Toplam 26 3355,210         
a
  

 

Tablo 5.6 

 

-

 

 

etkili 

tir. 
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5.6. Regresyon Analizi  
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1 3 3( ) ( ) ( )Segman T A T B T C T                 (5.3)
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Burada; .T . 

1 3 3, ,A B C   

 

 

 

1 3 3 2segman A B C T                    (5.5)

        

1 3 3 2gömlek A B C T                   (5.6)

            

  

  

 

Tablo 5.8  

 

Optimum kontrol parametreleri 

  Tahmini   Deneysel 

Level A1B3C3 

 

A1B3C3 

 (dB) 65,85   73,60 

 57,93  61,94 
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