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CAM

VALVE SPRING RETAINER

SPRING COLLET

VALVE SPRING

VALVE GUIDE

VALVE STEM

VALVE HEAD

VALVE SEAT INSERT

CAMSHAFT

CAM FOLLOWER

ROCKER ARM

PUSH ROD
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MICROTRIBOSYSTEMS 



6 
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 
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 

 

 

 

 

Parameter Example 1 Example 2 

 

 
 

Motion Reciprocating sliding Unidirectional sliding (smaller 

member separates for return 

stroke) 

Geometry Flat against flat Cylinder on flat (cylinder is smaller 

member) 

Loading Nominally constant Smaller member spring loaded 

against flat; nominally constant 

Materials Soft metal (larger flat) contacting 

harder metal (smaller flat) 

Both are case-hardened steel 

Lubrication Thin oil film None 

Wear (a) Morphology typical of mild (a) Intermittent wear track on 

W

Lube film

W
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Features sliding wear; (b) non-uniform wear 

track, suggestive of misalignment 

larger surface, suggestive of 

separation and impact during 

sliding; (b) morphological features 

typical of impact and sliding 

motions 

Roughness Ground finish on both, 0.25-1m Polished finish on both, 0.2-0.5m 

Environment Room Room 

Wear and 

usage 

Wear track on larger flat, 250-

1000m deep after 6 months of 

operation; no observable wear on 

harder part; device operates at 

10rpm, 16 hr/day 

200m float on cylindrical surface 

after approximately 104 cycles of 

operation 
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MEASURE OF VALVE
AND SEAT RECESSION

RECESSED VALVE VALVE AND SEAT
NORMAL

VALVE
GUIDE

VALVE

VALVE
SEAT
INSERT
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Cam 

Cam follower 

Valve spring 

Valve stem 

Valve guide 

Valve head 

Valve seat 
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Parameter Mechanism 1 Mechanism 2 

   

Motion Impact (contacting faces are 

parallel, but at an angle to the 

direction of motion) 

Bidirectional sliding (valve head 

slides against seat) 

Geometry Flat against flat Flat against flat 

Loading Shock loading through impact 

reducing to a constant contact load 

thereafter (forces generated by in-

cylinder combustion not 

considered) 

Load varies as in-cylinder 

pressures change during engine 

combustion stroke. Sliding 

direction is at an angle to the load 

applied. 

Lubrication Solid lubricant in valve seat 

Wear 

Features 

Circumferential ridges and valleys Radial scratches on the seat insert 

seating faces 

Environment High temperature due to in-cylinder combustion 

Wear and 

usage 

0.3mm of recession in 100 hours of engine testing 
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CYCLIC "COMBUSTION"

LOAD APPLIED USING

HYDRAULIC ACTUATOR

BRONZE BUSHES

VALVE COLLET

SPRING (OPENS VALVE)

SEAT INSERT HOLDER

PULLEY

THRUST BEARING

VALVE

SEAT INSERT

(a) (b) 

(c) (d) 
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Level Aims of Test/Experiment Types of Test/Experiment 

1 – Material Level Investigation of primary 

material properties 

Impact wear testing of ‘thick shim’ 

test specimens of modified cylinder 

head and valve seat insert materials 

2 – Component Level Investigation of interactions 

between geometry and 

materials 

Hydraulic cylinder head rig to 

investigate the wear due to valve 

sliding due to combustion pressure 

3 – System Level Investigation of individual 

wear mechanisms and/or 

the effect of system 

dynamics 

Motorised cylinder head rig to 

investigate wear due to impact 

from valve train dynamics, 

Modular test rig to investigate the 

wear due to different valve and 

valve seat material combinations 

and the effect of contact geometry 

4 – Integrated Level Investigation of interaction 

between wear mechanisms 

at realistic operating 

conditions 

Firing single cylinder test engine to 

recreate actual pressures, 

temperatures, environment etc. 

5 – Actual Level Investigation at ‘real world’ 

level 

Engine durability dynamometer test 

 

 

(a) (b) (c) (d) 
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Engine Component Reference Focus of Work 

Piston pins Morgenstern et al. (2008) Reducing wear (coatings) 

Piston ring and cylinder 

wall 

Papadopoulos et al. (2007) Wear testing 

Identifying wear 

mechanisms 

Piston ring and cylinder 

liner 

Skopp et al. (2007) Reducing wear (coatings) 

Piston ring and cylinder 

liner 

Truhan et al. (2005) Wear testing method 

Cylinder liners Tomanik (2008) Reducing wear (surface 

finish) 

Piston rings Etsion & Sher (2009) Reducing wear and friction 

(laser texturing) 

Piston rings Kawai (2006) Reducing wear (coatings) 

Valve lifters Lindolm & Svahn (2006) Reducing wear (coatings) 

Cam Flocker (2008) Reducing wear (design) 

Cam followers Lawes et al. (2007) Reducing wear (coatings) 

Valves/seat inserts Lewis & Dwyer-Joyce (2002a & 

2002b) 

Identifying wear 

mechanisms 

Reducing wear 

(design/materials) 

Valve Guides Blau et al. (1999) Wear testing of new 

material 

General Borghi et al. (2008) (surface texturing) 

Whole engine Becker (2004) (materials) 
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http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V57-4BNVWG8-1&_user=128590&_coverDate=07%2F31%2F2004&_alid=993891708&_rdoc=106&_fmt=high&_orig=search&_cdi=5779&_st=13&_docanchor=&view=c&_ct=904&_acct=C000010619&_version=1&_urlVersion=0&_userid=128590&md5=4a892bde8859114a334e2e47901871d5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V5B-4S6GRJP-4&_user=128590&_coverDate=09%2F20%2F2008&_alid=993891708&_rdoc=53&_fmt=high&_orig=search&_cdi=5782&_sort=d&_docanchor=&view=c&_ct=904&_acct=C000010619&_version=1&_urlVersion=0&_userid=128590&md5=1d853305559360ec86aeff96d631a3e9
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V5B-4S6GRJP-4&_user=128590&_coverDate=09%2F20%2F2008&_alid=993891708&_rdoc=53&_fmt=high&_orig=search&_cdi=5782&_sort=d&_docanchor=&view=c&_ct=904&_acct=C000010619&_version=1&_urlVersion=0&_userid=128590&md5=1d853305559360ec86aeff96d631a3e9
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