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ABSTRACT 
In rotating machinery, torque is transmitted from shafts to 

coupling hubs (or vice versa) through keys, friction, or a combina- 
tion of the two. As a rule, coupling hubs must be installed on shafts 
with a certain amount of interference. This interference has two 
purposes: to prevent rocking of the hub on the shaft, and to help in 
the torque transmission. With sufficient interference all the torque 
can be transmitted by friction, and keys can be eliminated. 

Interference has two disadvantages: it makes installation diffi- 
cult, and hub removal even more difficult. Hydraulic methods of 
hub removal are discussed. These methods are sound, make for 
easy and quick hub removal, and are safe. 

Some engineers are reluctant to use hydraulic removal for two 
reasons: it requiresspecialized toolsand bettertraining of mechan- 
ics, and it was luiown to be potentially dangerous. As any new and 
sophisticated procedure, it also received a bad name from early 
failures, all caused by misuse. 

The following topics are discussed: 

Torque transmission through keys 

Installation of keyed hubs using interference - 
Mr. Morris attended Lamar University. Torque transmission through friction 

Installation of keyless hubs, heat-assisted installation, hy- 
draulic assisted installation 

Hydraulic removal of hubs, dismounting keyed hubs, dis- 
mounting keyless hubs 

Failure cases 
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Hydraulic methods for hub removal wcre disclrsscd in previous INSTALLATION O F  KEYED HUBS USING 
papers 11.21. The purpose hcrein is to cornpile and update prcvious INTERFERENCE 
information, and to describe good practices. 

All couplings resist being misaligned; misalignment ciltl>cs all 
TOROUE TRANSMISSION THROUGH KEYS types of couplings to tend to rock on their shafts. T l ~ c  hack-and- - 

forth n~otionsofsrnall amplitudci~ntl Iligl~ Ircql~cncy ci~us' I'rcl~ing 
Kcys arc such an old ~nnchinc  part th;~t the aulhors could not wear to occur on bore and shaft surfaces; fretting induces fatiguc 

trace their origin. There are many of and a'1 are in shafts, with catastrophic consequences, as shown i n  Figure 2 
standardized. Ultimately, all keys transmit torque through shear- 
ing o f  a rectangular cross section. Three completely different 
shapesof keysare shown in Figure I, all having the same shearing 
section: a rectangle of width, W, and a length, L,. 

S q u a r e  Key C y l  l n d r l c a l  Key 

Figure, I. 'l?irr,c~ 7:,7/1~.~ c~/'SItc~/i h'c.,~.~. Nolr: 7'11t~ htr.ric tlittrc~ti.v~or~.v 
(widfh und lengrh) remuin the strr~~c,$)r u11 rypes. 

Key dimensions were standardized about 150 years ago: the 
width to be 114 of shaft diameter, and the length to be 1.5 times 
shaft diameter. A simple shear stress calculation will demonstrate 
why these particular ditncnsiorls were chosen. 

The shear stress generatetl by lorque in a cylindrical shaft is: 

where 
d = shaft diameter 
T = lorquc 
Note: i f  (1 is i l l  ill, i 1 r 1 ~ 1  T 111 i11/10, T is Il)/i11~. 
The shear stress gcncratcd by torque i n  the rectangular cross 
section of the key is: 

Introtlucing the s~i~ntlartlizctl key tlin~cnsions (W = tl/J antl L =  1 .5 
cl) the followil~g is o b t a i ~ ~ c d :  

It can be seen that the shear stresses in the shaft and in the key 
are practically identical; it goes without saying that the strength of 
the two materials must also be the same. Amazingly, this simple 
rule was forgotten over the years, today, almost all engineering 
handbooks include table after table of  various key dimensions, 11ut 
not a word about key material. 

Theauthors have seen a number of costly machine failures that 
were caused by the use of low carbon steel keys in applications 
were both shafts and hubs were made of heat-trcated alloy steels. 
An i~ l lpo r~ ;~n t  rule to re~ncnlhcr is 111i1t {he kcy  ttrtrrc~t.itr1, undrlrt~ k r ~  
hurdness, should be similur ro /ha1 oftt~e s h u j  o r  hub. 

The only way to avoid fretting is to use interference at installa- 
tion. Interference is created when the bore dianleter is slightly 
smaller that the shaft diameter. How rnuch interference is required 
for preventing fretting occurrence? First define interference: 

Inr~r jerence  is /he d~flerence between the bore and shafi diorn- 
erers, divided by the shafi diameter. Therefore, interference is 
dimensionless: i t  is customary to refer lo i t  as in/in, or nlrllin~rn. 

Example A :  

A cylindrical shaft has a diameter of 4.000 in, and its huh bore 
has a diameter of 3.996 in. The resulting interfercncl: is. 

Example B: 

A tapered shaft has a nominal diameter of 3.000 in, and a taper 
of 314 in/ft. The hub bore large end has a diameter of 2.995 in. At 
insl;lllaliorl, thc 1l11h is ;ltlvancctl ( d r ; l w n ) o ~ ~  Il~csll;~l't 0.048 i n  ' ~ I I c  
resullirlg inrcrt'erence IS: 

i = taper x advance - - -  1 
0'75 x 0.048 x - = 0.001 

shaft diameter 12 3.000 

Note that the bore diameter does not enter in the calculations; 
however, i t  must be smaller than the shaft by at least: 

Going back to the question of how much interference is require~l 
to prevent fretting: experience has shown that a minimu111 of 
0.0005 (in per in) at operating conditions will prevent thc occur- 
rcncc of fretting. Rotating spccd crcatcs ccn l r i f~~g i~ l  ;~ccc~lcr.:~liol~, 
wllicll in 1ur.11 c ;~~rscs  Ihc hub bore to grow, '1'0 crls~rrc thc nlini I I I U I I I  

inlerfererlce at operating speed, the authors recornn~er~tl I l l i l l :  














