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ABSTRACT 

 

 

The purpose of this research is to investigate the wear behaviour of amorphous 

hydrogenated carbon (a-C:H) coating deposited on the helical gears through wear debris 

analysis and oil analysis. The a-C:H coating were selected from various diamond-like 

carbon (DLC) coating variant using Pareto optimal analysis and weighted decision matrix, 

where it is deemed the most suitable for helical gear testing in this study. Helical gears 

were tested on a power recirculating test rig with constant loads of 100 Nm and speed of 

1000 rpm. The tests were conducted for 9×106 cycles or an initial pitting of 1% covering 

the surface of the teeth. Samplings were obtained for approximately 60 ml of the lubricant 

for every 3.6×105 cycles which were then analysed through oil analysis which includes 

wear debris analysis as well as particle counting. The results revealed that the a-C:H coated 

gear reduces the particle generation by a factor of 3.11 as compared to the baseline testing. 

However, a-C:H does not improves the condition of the lubricant where in the uncoated 

gear, the lubricant oxidation increases per cycles while the coated gear is at a lower value 

while the viscosity of uncoated gear lubricant decreases per cycle as compared to the 

coated gear. Gear tooth image analysis reveals that the test reaches a micro-pitting stage 

with no visible pitting yet observed due to carburization of the base gear. However, a-C:H 

gears had a reduction in micro-pitting formation as compared to the uncoated gear yet 

peeling of the coating occurs. This suggest an extension of the life of the gear through the 

application of a-C:H coating is achievable. 
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ABSTRAK 

 

 

Tujuan kajian ini adalah untuk menyiasat prestasi amorfus terhidrogen karbon (a-C:H) 

yang didepositkan di atas gear heliks dengan melalui analisis serpihan haus dan analisis 

minyak. Salutan a-C:H telah dipilih dari pelbagai variasi salutan karbon bersifat berlian 

(DLC) menggunakan analisis optimum Pareto dan matriks keputusan berat, di mana ia 

dianggap paling sesuai untuk ujian gear heliks dalam kajian ini. Gear heliks diuji pada rig 

ujian rim kuasa dengan beban berterusan sebanyak 100 Nm dan kelajuan 1000 rpm. Ujian 

ini dijalankan untuk 9×106 kitaran atau pengesanan lubang pada permukaan gear di skala 

mikro dengan 1% meliputi permukaan gigi. Pensampelan diperolehi untuk kira-kira 60 ml 

pelincir untuk setiap kitaran 3.6×105 yang kemudiannya dianalisis melalui analisis minyak 

yang termasuk analisis serpihan pakai serta pengiraan zarah. Hasilnya menunjukkan 

bahawa gear bersalut a-C:H mengurangkan penjanaan zarah dengan faktor 3.11 

berbanding dengan gear tanpa salutan. Walau bagaimanapun, a-C:H tidak mempengaruhi 

keadaan pelincir di mana hasil kajian gear tanpa salutan menunjukkan pengoksidaan 

meningkat setiap kitaran manakala gear bersalut menunjukkan hasil yang sebaliknya, 

manakala kelikatan pelincir gear yang tidak bersalut berkurangan setiap kitaran 

berbanding dengan gear bersalut. Analisa imej gear gigi mendedahkan bahawa ujian itu 

mencapai peringkat pembentukan lubang pada skala mikro kerana karburisasi gear asas. 

Walau bagaimanapun, gear a-C: H mempunyai pengurangan pembentukan lubang pada 

skala mikro berbanding dengan gear yang tidak bersalut tetapi pengelupasan salutan 

berlaku. Ini menunjukkan bahawa pemanjangan jangka hayat gear melalui penggunaan 

salutan a-C:H dapat dicapai. 
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CHAPTER 1  

 

INTRODUCTION 

 

1.1 Research background 

Gears are one of the main mechanisms for power transmissions in almost all 

machines. The primary purpose of gear system is to implement motion transmission as well 

as increasing or decreasing the speed of shafts carrying rollers or load. Recent development 

on design and manufacturing of gearboxes strives for a more compact yet yields a larger 

capacity.  Due to the nature of the power transmissions which involves variable speed of 

rotary mechanism and heavy load, gear tends to experience failures at various cycle of the 

machine operation.  

Thus, surface technology is a feasible solution towards improving the service life 

and is extensively developed which includes various methods such as surface hardening, 

shot penning and nitriding. Surface coating are a promising method to improve the surface 

performance where the current generations of hard coatings are the “diamond like carbon” 

(DLC). Various researches (Krantz et al., 2004; Fujii et al., 2010) are conducted on the 

influence of DLC coatings towards the improvement of the common failure mode resistance 

mainly the contact fatigue and scuffing resistance. Krantz et al. (2004) demonstrated an 

extension of the life of the tungsten DLC coated gear by a factor of 6 through accelerated 

fatigue testing. However, it is discovered that the performance of DLC coated gear changes 

with the load condition applied, under low load condition the gear exhibits a longer fatigue 

life while in a high load condition the fatigue life is comparatively shorter or equal to the 

non-coated gear (Fujii et al., 2010). Although DLC coating provides an advantage towards 
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maximizing resistance towards gear failures, the complex interactions towards various 

parameters such as the elastohydrodynamic lubrication (EHL), temperature and contact 

pressures leads to a varied result of enhancements as well as deterioration.  

 

1.2 Problem statement 

Helical gears are employed for high speed and high load applications which subjects 

the gears to a high wear condition. This high wear conditions includes the two types of wear 

mainly but not specifically exclusive to gears which are scuffing and contact fatigue failure. 

Additionally, meshing gears results in various surface complications with every 

advancement in the material and design of the gear thus different demands deems a 

distinctive problems and solution. In order to alleviate the problems, a universal 

development is advocated through improvements on lubrications, gear material and surface 

to enhance the life of the gear or reducing the friction and wear. Application of coating 

proves to be sufficient in this matter compared to the method of altering the substrate or 

base material via case hardening or shot peening. This is due to a distinction between the 

mechanical properties of the coating and the substrate causing the tribological behaviour 

and subsurface stress field deviation as compared to the uncoated surface, which would 

either result in an enhancement or detrimental.  

Diamond like carbon coatings are yet to be fully utilized in any industry that involves 

power transmission, thus an understanding to its wear behaviour in a specific condition are 

not yet well established. The primary purpose of this research intends to give an insight into 

the wear behaviour primarily involving scuffing and contact fatigue performance of the 

DLC coated helical gear under dynamic loading similar to those used in automotive 

applications with condition monitoring approach. This work focuses on the influence of the 
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DLC coating on the wear debris generation of the helical gear which is a part of the condition 

monitoring technique.  

 

1.3 Research objectives 

The primary objectives of the research are: 

a. To select the most suitable DLC coating for helical gear mechanism usage. 

b. To quantify and characterise the wear behaviour of DLC coated helical gear tested 

under dynamic loading with uncoated gear as a baseline. 

 

1.4 Research scopes 

The research investigates the correlation the wear behaviour of DLC coating under 

different dynamic loading characterisation. This research scopes are limited towards the 

following as well as covers: 

a. Power recirculating gear test rig which is generally a four-square principle of load 

application for dynamic testing were set up to perform the experimentations.  

b. The dynamic loadings are varied through varying the face width of the gear mesh 

which results in a varied Hertzian contact stress.  

c. The wear behaviour of the DLC coating are limited towards a casehardened gear 

under spraying and reservoir lubrication condition. Other operating conditions may 

result in a profound variation with the data discussed in this research. 

d. DLC coatings are limited to one variant which undergoes material selection to 

determine the most suitable variant for the experiment. This is due to time and 

resource constraint on the research.  


