Common sense view of the paper “A low-friction high-load thrust bearing and the human hip joint”  

by A.H.McIlraith

This paper was strongly condensed due to space considerations and thus became difficult for the non-specialist reader. The purpose of this note is to show, without formal proofs, the main aim of the paper. It is that “Bearings with soft linings, such as the Human hip joint, can form a frictionless pool of lubricant between opposing parts”. 

Two central points are: 

1. Friction occurs between two surfaces when there is rubbing contact between them. 

2. There is no friction when the surfaces are separated by a fluid e.g. oil. 
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Conventional  thrust bearing. 
1  Surface roughnesses (much exaggerated) of the upper and lower parts of the bearing collide with each other. This causes frictional resistance to rotation and lateral movement when a vertical load F is applied. 
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Bearing with soft material attached to the upper and lower parts. 

2.  Initially a lubricant such as oil separates the two parts. 
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3 When a vertical load F is applied the soft material is compressed except at the edges where the pressure is zero. The excess oil is expelled. 

 When the upper part is rotated relative to the lower part friction occurs only at  the edges where solid-to-solid contact takes place, so the effective friction of the bearing as a whole is much reduced. 
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Human hip joint
4. This is a thrust bearing capable of transmitting vertical loads of at least 100 kg with extremely low frictional resistance to moderate lateral motion as in walking, jumping, hopping etc. It consists of opposing bones lined with porous articular cartilage soaked in synovial fluid. This assembly is enclosed in a flexible sack of synovial membrane.
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5. With the application of a vertical load F the two layers of cartilage press against one another. Both cartilages shrink except at their edges where the pressure falls off to zero. Synovial fluid is exuded from both and is trapped to form a frictionless pool of lubricant. It leaks slowly through the boundary at the edges. The area of contact at the boundary is very small so the friction is correspondingly low. 

Synovial  fluid is quite special. With rapid motion its viscosity falls to that of water, but with no movement its viscosity rises over 100 fold-- a god send for the sentries at Buckingham Palace!

Note in added proof
The above model assumes that there is no lateral leakage of fluid through the articular cartilage. Experimental evidence, Lewis & McCutchen,1959, and Gwynn et al, 2000, shows that the cartilage is honeycombed with non-communicating pores which are oriented perpendicular to the bone. Therefore, contrary to the statement made in the paper, section 4.1,  lateral leakage through the cartilage does not occur. Thus, in effect, the action of the cartilage at the boundary is closely similar to that of the Mylar in the original experiment, so the above treatment is 

justified. 

I, AP Gwynn,  S, Wade,  M, J, Kaab,  G, RH, Owen,  &  R,G, Richards.  2000  J. Microscopy, 197,  159-172.  

Freeze-substitution of rabbit tibial articular cartilage reveals that radial zone collagen fibres are tubules. 

Lewis  P.R.  &  McCutchen  C.W.  1959  Nature  184,  1285.  

Experimental evidence for weeping lubrication in mammalian joints.

McIlraith  A.H.  2010  Bioinsp.Biomim 5  1748-1752

A low-friction high-load thrust bearing and the human hip joint. 

