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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 toraue transmission. With sufficient interference all the toraue 

' Y, 

Cu,isrriir r e c e i v e d h i s ~ , ~  degree in ~ ~ ~ h ~ ~ i ~ ~ l  ~ ~ ~ i ~ ~ ~ ~ i ~ ~  can be iransmitted by friction, and keys can be eliminated. 
a 

botn tltr University ofBucharest and holds 17patent.7. 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 
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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 

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 A'c.,y.v. 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 :  
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At spceds up to 3,600 rpnl the mounting interference should 
Ilr 0.00075, 

a1 \peecis between 3,600and 8,000rprn the mounting intcrfer- 
vnce hho~rld be 0.001, ancl 

at speeds above 8,000 rpm the coupling or machine manufac- 
turer sliould be consulted, as the amount of interference also 
hcco~nes  a function of the type and diameter of couplings. 

TORQUE TRANSMISSION THROUGH FRICTION 

Interference creates a contact pressure at the hub-to-shaft inter- 
face. and this pressure, combined with friction, helps in the 
transnlission of torque. The torque that can be transmitted by 
f'rictiori call be calculated using the formula: 

wllere: 
tl = sIi,~l't nominal di:ilnctt.~ 
L, = I~uh  r~utaidt. clianlclcr 
I.,  A Ihutl cl'fcctivc length 

K o ~ c :  It' all the dimensions are in inches (in), T is in in/lb, and k = 
2.8 Ib/in-' 

- I ' u  o assunlptions were rnade: that the hub arid shaft are made of 
sret.1. and that the frictioll coefficient is 0.12 (note: torque is 
clircctl> proportional lo  thc friction corfficierlt). For detail5 about 
I l l ] \  I O I I I I I I ~ ; I  \~,1' < : i ~ l i h l ~ . i l l  1 11. 

' 1 ' 1 1 ~  cl'l'cctivc Iluh I c~~g t l i  is tlic I cng tho fco~~ tac t  L~etwccn the Ilub 
ar~d shaft; i t  deternlines the area of contact between the two. The 
area lost through key\\aysor O-ring groovesshould be discounted, 
,I \  i t  15 i ~ ~ r r ~ p e n s a t e d  b!; a proportional increase in contact pressure. 

l j>il ig r l l C  d . ~ t i ~  I'ron~ Evritriplc 5, and assunllllp all et'f'ecti\c h11L) 
I e ~ ~ g t l ~  o t4 .O ill and a lluboutside diameter of 4.5 in, the following 
i h  obta~lied: 

I ~ ~ ~ c ~ e \ t i n g l y ,  this is about the rated torque of a general-purpose 
gear-~ypecoupling for a 3.0 in shaft. Although all tlle torque of the 
511'111 c o ~ ~ l d  be transniltted through friction, uo margin exists for 
torque tluctuations, and particularly for peak torques. The above 
example shows that, during normal operating conditions, a 0 001  
Interference relieves most of the stresses in keys used in general- 
pilrposc coupling\. 

I N I ~ 1 2 1 J I ~ N ( ~ E  OF SI'ELD O N  INTERFEIIENCL! 

M O I I I I I ~ I I ~  i l ~ t c ~ l ' c r c ~ ~ c c  is rctlucetl by 111s 11~11)s is cc~~tr i fugal  
gn)\\ 111 At speed, the actual interference is: 

' I ' I I I \  Iortliula slio~~,:, that the reductio~l in ~nounting interference 
i b  g~.cirl> influenced by the hub's outside diameter, and by the 
roralirlg b p t ~ t l .  For hubs with large flanges, sue11 a s  the one sllown 
i n  Fiyurc I,  he actual i~lterfere~lce is not unit'orm across the hub 
I r ~ l ~ r t ~ .  i t  ib 5nlallest just under the flange. 

Example D: 

A flanged coupling hub is installed on a 3.5 in shaft, rotating at 
6,000 rprn. The outside dianicter of the hub body is 5.5 in, and the 
tlange outside diameter is 8 .0  in. The mounting interference is 
0.00075 (intin). 

The actual interference, at operating speed, varies as follows: 

Under the flange 

is = 0.00075 - 0.055 x 60002 x 5.52 x 10-l2 = 0.00069 
or  92  percent of mounting 

Under the hub 

i, = 0.00075 - 0.055 x 6000' x 8l x 10." = 0.00062 
or  8 3  percent of mounting 

Average interference, to be used in the calculation of torque 
transniission ability: 

is = (0.00069 + 0.00062)/2 = 0.00065 
or  87 percent mounting 

INSTALLATION OF KEYLESS HUBS 

Without keys,aII the torque ( i~ lc ludi~ig  momentary peak torques) 
must be transnlitted through friction between the hub bore and 
sll;lft. Tlle frictio~l ge~lcratc*cl by a 0.00 1 intcrl'crcncc can Ira~isrl~it 
111ost ol'tllc gc~~cra l - l )u rpox  c o u p l i ~ ~ g  rorqucs. However, keyless 
hubs are mostly (but not exclusively) used with special-purpose 
couplings, which are made of alloy steels, operate at high speeds, 
and can transmit larger torques than general-purpose couplings. 

Therefore, in keyless couplings the effective interference must 
bc much larger. It is cmtornary to u.\c 0.002 to (1.U025 (intin) 
interference. All the formulae prei.iclusl!- given appl! 

Keyless hubs ;Ire irsed nlnlost exclusibcly on tapered shat'ls. 
Manufacturers seldom give recolnnle~ldations on how much 

interference should be used with their keyed-hub couplings; they 
always give detailed instructions in the case of keyless hubs. One 
particular reason to follow manufacturers instructions is the fact 
that interference causes high stresses in hubs. A 0.003 interference 
will create stresses a s  lligll a s  the yield strength of alloyed, heat 
treated steels. Therefore, sucll a high interference should not be 
used. However, even a lower interference could create problems in 
hubs with a thin shell, or hubs that have oil injection holes drilled 
in their bodies. In such cases stresses can be very high, and the 
coupling manufacturer instructions must be closely followed. 

The authors know of one case where a replacement hub was 
made by an independent machine shop, of incorrect material. The 
hub split open at installation, which was fortunate; i t  could have 
f;~iIcd after rile n l i~cl~inc  was stilrtc(l! 

'l'llerc are two ways to insrall keyless Ilubs: tllrougll heat expall- 
sion, or tllrougll Ilytlraulic exl)ansiori. 

Hrut-Assisted lnstallafion 

The biggest advantage of heat installation is that the resulting 
friction coefficient is larger than when oil dilation is used. Exper- 
inlcnts have show11 that thc tlry friction coefficient can be as high 
as0 .20,  ascornpared with 0.12 in thecase of hydraulic installation. 
'Tl~crefore, either a larger torque can be transmitted, or a smaller 
interference can be used. On the other I~and,  heat expansion 
precludes the use ofsealsat  thc hub-to-shaft interface,and requires 
an oven onsite. 
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Thermal expansion calcl~lations show that for every 0.001 
interference about 160°F difference between the hub and shaft is 
rcqt~irctl. Thcrcforc, For :I 0.0025 intcrferrncc, ant1 ;I sli;~l't at 80°F, 
tllc ~n in i rn t l l~~  Ilub telrlpcrilturc !nus1 be 500°F. I I '  a ~nargin I'ol. 
errors is provided, hubs must be heated close to steel tempering 
temperatures, which could cause degradation of material strength. 

The lack of seals can cause two problems at removal: first, 
sufficient pressure for dilation might rlot be achieved; second, 
scoring of the shaft and bore might occur. The deformation of a 
sealless hub under pressure is shown in Figure 3. I t  is evident that 
in order toseal the oil, a high contact pressure must exist at the bore 
edges. Rounded corners are used in order to minimize the possibil- 
ity of scoring. 

The following steps should be followed for the hub installation: 

U Clean contact.surfaces of shafts and couplings very careful- 
ly. If rubbing is required to remove preservatives, use a nonabra- 
sive njaterial, and do nclt use axial motions. Some coupling 
~nanufacturcrs use a dry prcscrvativc that can be renlovetl only 
rhrough lapping. It is very importar11 to  remove all prcservativcs. 
because if left on, they will significantly reduce the friction 
coefficient. 

O Measure the shaft and the bore and ensure that the dimen- 
sions are as specified by the manufacturer. Tapered surfaces 
should bechecked with tapered giluges; cylintlrical surfacesshoultl 
be ct~cckccl wirh ~nicroll ic~crs.  

il Check f i ~ r  proper c.ontac t (I'or tapered shafts only). After thc 
shaft and hub bore are thoroughly cleaned, spread a thin layer of 
mechanic's blue on the shaft and push the hub snugly. While 
applying a light axial pressure, rotate the coupling hub a small 
amount, and backup to the original position. Carefully remove the 
hub and check the bore for contact, by the amount of colored area. 
At least 8 0  percent, and preferably 90 percent of thc bore should 
show contact. 

i3 Find the prohlem. If less than 80 percent contact is  found, 
check the accuracy of the surfaces using tapered gauges. It is 
important to find the problem before corrective measures are 
taken. 

U Improve the contact. If problems are found, either the shaft, 
the bore, or both, must bc corrcctctl through lapping. The follow- 
ing rules should be followed: 

Figure 3. Hub Dilation with Hydraulic Pressure. Note: The barrel- 
type distortion is typical ofsealles.~ hubs. 

Hubs arc rnore often at fault for lack o f  cnnt:~ct than 5h;ilts 11' 
serious defects are found it is advisable to first send the prol>lt,rr~ 
Iiub to ;I grinding s l ~ o p  to hc "spi~rkctl ~ I I I . "  A I I I ~ I I ~ I I I I I I ~ I  ; I I I ~ I I I I I I I  0 1  

~natcrii~l shoultl be rclnovetl to rccstahlisll gootl C O I I I ; I ~ I  

Use a ring and plug lapping tool set; never lap a hub on 11s 
shaft. Lapping tools are made of soft materials, usually cast iron. 
Using hard tools (such as  gauges) will reduce the ef fect ive~i~~ss  01' 
lapping, and the tools might becon~e  damaged quickly. 

Lapping will change the hub axial position or) the shaft. As it 

general rule, hubs move axially 30 times more than the thick~iess 
removed through lapping. For example, if one mill (0.001 in) is 
removed, the hub standoff will be reduced by 0.030 in. Exccssivc 
lapping might require machine realignment, of use of shims i r ~  
metal flexible element couplings. 

T o  expedite the lapping process, start with a coarsc c o ~ n  
pound, and change to a progressively finer grit as  thc dcfccrs are 
correctctl. 

0 Clean the l a p p ~ d  surfaces. Rernovc ill1 traces of i i lppi~~g 
compound, using a solverlt and lint-free towels. Rechcck the huh- 
to-shaft contact. 

O Protect surfaces, by spreading thin oil on the shaft ant1 hub 
bore (to prevent rusting). 

Using ;I dcpl l~  ~nicronictcr, Iiicasurc I'l.oni tlic I'acc ol'tl~c* 11111) 

to the end of the shaft, and record the "start" reading. A s c c o ~ ~ t i  
readingshould betaken, ifpossible, either froma fixed point or1 rli(> 

machine, or from a split collar attached on the shaft, behind t l~c  
hub. Use parallel bars, snap gauges, or feeler gauges, as  required. 

Calculate the hub overhang after installation, by subtracting 
the intended draw from the "start" dimension. It is possiblc ~ h t r t  ;i 

negative value nlay be obtained, meaning that the sl~afl  w ~ l l  
protrude out of the hub. Although an undesirable contiition, i t  is 
often encountered in cases where many corrections were made For 
proper contact. If the shaft protrudes, a special retaining nut. 
incorporating a counterhore, must be made. 

0 Clean surfaces. Just before installation clean the shaft and 
the bore of all lubricants, using a solvcnt and, iSncccss;lry. ; I  l i r ~ t -  
free cloth. 

U Hear the huh to the recommended ternperaturc. Use :In air 
oven or induction heater. If the temperature to which the hub m11sl 
be heated is not specified, use the following rule: 160°F ( i i j j + e r ~ t ~ r ( ~  
between hub and shaft, for every 0.001 in/in interference, to uihich 
an additional number of degrees should be added as a \afety 
margin. 

O Remove the huh from the oven and place i t  quickly on the 
shaft. A positive stop must be provided in front of, or behind the 
hub, othcrwisc the advance could be wrong. 

U Measure ugain the hub draw (advi l~~cc) .  Ttic hub r i l o \ l  bc 
advanced on the shaft exactly the arnount specified. Too littlc 
advance could result in the hub spinning on the shaft; roo ~nucli 
advance could rcsult in the hub splitting at or shortly after I I I S I ; I ~ -  

lation. 

Hydraulic-Assisted Installation 

Hubs with tapered bores car1 also bc cxparlded hydraulically. 
The advance (draw) can beeither mechanical, using a special shaft 
nut, or hydraulic, using an annular cylindcr (hytlraulic nut). Th' 
arrangement is shown in Figure 4. 

Hydraulic advance has two advantages over the mechanical 
advance: it does nor require a tool to prevent the shaft from 
rotating, and the hydraulic nut can also be used at remov:~l. 



TUTORIAL ON HYDRAULIC REMOVAL OF COUPLING HUBS-KEYED AND KEYLESS 157 

t--~gut.r 4. It~.sttrlltr/io~t/Ro~i~o~~al Hyclraulic. 7'001. Note: This tool 
( i / / o ~ \  .\,/i~r / I ~ U / - / I ~ , Y . Y  ~ t ~ , s t t ~ / / c ~ ~ i o n ,  ( ~ n t l / ) ~ t -  .st!/(, r o t r ~ o ~ ~ t r / ,  

Tli' ~'equircd prcssure for expanding tlic bore is high, usually 
11r.luer.11 20,000 and 35,000 psi. 

Three special tools are needed for hydraulic advance: an in- 
htnllation tool (hydraulic nut), a high-pressure (50,000 psi) oil 
/ ) I I I I I I )  wit11 p r e s s ~ ~ r c  gauge, ; ~ n d  a low-l)rcssurc (10,000 psi) oil 
~ L I I I I I )  with prcbxtrre gauge. 

7'~)  enstrrc a successful installation, the following procedure is 
I c~wr~i~i len( led:  

J C'leut~ con~ucr  surfucrs of shaft and coupling very carefully. 
I t  rubbing is required to remove preservatives, use a nonabrasive 
material, and do not use axial motions. Some coupling manufac- 
turers use a dry preservative that can be removed only through 
lapping. Removing all preservatives is very important, because if 
c f t  on, they will significantly reduce the friction coefficient. 

2 Meu.sure the shaft a n d  the bore and ensure that the dimen- 
sions are as specified by the manufacturer. Tapered surfaces 
~ i iou ld  be checked with tapered gages. 

L) Check for burs on shaft ends, O-ring grooves and oil inlet 
Ixlssagcs. Sharp etlgcs can nick the seals and cause difficulties at 
rc~noval.  Check coupling bore for similar conditions. Burs and 
drag marks can be removed using a fine "Indian" grade hone. 
Never hone axially. 

LI Check for proprr  contuct. After the shaft and hub bore are 
~horoughly cleaned, spread a thin layer of ~nechanic ' s  blue on the 
\haft and push the l ~ u b  snugly. While applying a light axial 
I)rcssilrc, sliglitly rotate the coupling hub, and back up to the 
original positio~l. Carefully remove the hub and check the bore for 
contact, by ttic ariiount of colored area. At least 80 percent, and 
~pret'crably 90  percent, of the bore should show contact. 

J F i n d  the problem. If less than 80  percent contact is found, 
clieck the accuracy of the surfaces using tapered gauges. It is 
i111portanL to finti the problenr before corrective measures are 
taken. 

3 Itnprove the conracr. If probletns are found, either the shaft, 
the bore, or both, must be corrected through lapping. The  follow- 
)rig rules should be followed: 

Hubs are more often at fault for lack of contact than shafts. If 

, 21.rious del'ccts ;ire i 'o~~ncl i~ is advisable to first send ~ l i c  probletn 
' ii~rb to ;I  grititling sliop to be "sparkedout." A tirininlu~n arrlount of 
I r~i;~tcr-i;~l sl~oultl he rcn~ovcd to rccslablisl~ good contact. 

Use a ring and plug lapping tool set; never lap a hub on its 

I shaft. Lapping tools are made of soft materials, usually cast iron. 
CJsing hard tools (such as gauges) will reduce the effectiveness of , lapping. and the tools might become damaged quickly. 

I 
i T.ar)l)i~~g will change the hub axial p o s i ~ i o ~ i  011 the s l i a f~ .  As a 
I g c ~ ~ c ~ . a l  rule, lile I I ~ I I ~  riloves axially 30 l i n~es  Inore ~ l r i i t ~  111' 

: thickness retnoved through lapping. For example, if one mill 
(0.001 in) is removed, the hubstandoff will be reduced by 0.030in.  

Excessive lapping might require machine realignment, br use of 
shims in metal flexible element couplings. 

To  expedite the lapping process, start with a coarse com- 
pound, and cliatigc to a proprcssivcly finer grit a s  tlrc tlefccts arc 
corrected. 

U Clean  the luppecl surfuc,es. Remove all traces of lapping 
compound, using a solvent and lint-free towels. Recheck the hub- 
to-shaft contact. 

3 Protect the surfaces, by spreading thin oil on the shaft ant1 
hub bore (to prevent r u s t i ~ ~ g ) .  

Without any 0 - r i ~ i g s o r  backtrl)rings, install IIle huhsn~rgly U I I  

the shaft. This is the start position. 

Using a depth micrometer, measure from the face of the hub 
to the end of the shaft, and record the "start" reading. A second 
reading should be taken, if possible, either from a fixed point on the 
machine, or I'ror11 a s p l i ~  collar allachetl on ttic shaft, behind tlic 
huh. Use ~xirallcl bars, snap gauges, or feeler gauges, as required. 

Obtain the hub ovcrliung after itistallation, by subtrac~ing the 
intended draw frotn the "start" dimension. It is possiblc that a 
negative value will be obtained, meaning that the shaft will 
protrude out of the hub. Although an undesirable condition, it is 
often encountered in cases where many corrections were made for 
proper contact. If the shaft protrudes, a special retaining nut, 
incorporating a counterbore, must be made. 

3 Check ifproper 0 - r i n g s u t ~ t l  buckup rings u r e  uvuilable. The 
cotnbitlation should fit in the groove without too much effort. 0 -  
rings will protrude slightly out of the groove. Backup rings are 
available as either nolisplit hard rubber, or  split white nylon. The 
split rings must be individually adjusted to fit their grooves, by 
cutting off' some material. Neither overlapping, nor gaps arc 
acceptable. Back-up rings slioultl not protrude out of the grooves. 

3 In.s/cill O- r ings  a11d backup rings in shaft and hub grooves. 
Oil is pumped between the hubandshaft through ashallow circular 
groove machined either in the hub or in the shaft. Install the O-  
rings toward this groove, the backup rings away t'roni this groovr. 
After they are installed, look agairl! The O-rings musl be between 
tllc backupr i~igsant l t l~coi l  grooves! Sprcatla little bit ol'hytlraulic 
oil on all rubber surfaces. 

U Mount "other " coniponents. Read the coupling installation 
procedure again. Must other components (such as a sleeve) be 
mounled on the shaft before the hub? If so, now is the time to do 
it. 

Ll Apply u thin layer ofhydmulic o i l  on the shujf. This oil will 
prevent the rollingor twisting of the seals. The high pressures used 
during removal will not be contained by defective seals. 

O Mounr the hub on the shaft. Avoid pining the O-rings during 
mounting. The o-rings, being taller than the grooves in which they 
are installed, will prevent the hub from advancing to the "start" 
position. Tliis is ~lornial. 

!i Mou111 the i~i.s~ulltrrion /oo l .  W ~ I  the tlireatls with thin oil, alltl 
rotate the tool until i t  butts against the shaft slloulder. 'l'lie last l'cw 
turns will require the use of a spanner wrench. 

O Connect [he hydraulic lines. Connect the collapsed installa- 
tion tool to the low-pressure oil pump (5,000 psi minimum). 
Connect the high-pressure oil pump (40,000 psi minimum) to the 
holc provided cilher in tlic ccntcr of the shaft or or1 the outside 
tlianic[er of tlic Iiub, tlcperidinp 011 tlcsigri. Loose11 l l ~ c  vcnf plug ol' 
the installation 1001 and putrip all the air out; retighten the pl~rg. 
Both putnps must be equipped with pressure gauges. 
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Note: Oseonly hydraulic oil ir, tI\c high-~)rcssul-e purnl). The use 
of lubricating oils could cause the installed hub to slide off the 
shaft. 

0 Advance the hub to the stan position by pumping the low- 
pressureoil pump. Continue pumpinguntil the hubadvances0.005 
to 0.010 in beyond the start position. 

Ll Expand the huh. Pump the high-pressure pump u n t i l  the 
gauge reads between 15.000 and 17,000 psi. As the pressure 
increases, the hub will tend to move off the shaft. Correct this 
movement by occasionally increasing the pressure at the installa- 
tion tool. 

O Chrckfor oil leaks. The pressure at the high-pressure oil 
pump will droprapidly at first because the air i n  thesysteni escapes 
I);ISI the 0-rings. Corltilluc p~~rnping 1111ti l  thc prcssrlrc stirbilizcs. 
The hub should not be advanccd on the shaft it '  leaks are observed! 
A rna~irnum pressure loss of 1,000 psi/n~inute isacceptable. If the 
pressure drops faster than that, remove the hub and replace the 0- 
rings. However, before removing the hub, make sure that the leaks 
do not occur at the hydraulic connections. 

U Advancethehub. Increase the pressureat the installation tool 
and the hub will advance on tile shaft. If a l l  the previous steps were 
observed, the pressure at the high-pressure gauge will gradually 
increase (by itself!) as the hub advances. If the pressure does not 
increase, then stop! Remove the hub ant1 check the o-rings. If thc 
pressure increases, keepadvancing the hub until i t  touches the split 
collar or until the specified advance is reached. Do not allow the 
pressure to exceed 30,000 psi. If i t  does, open the pump's valve 
slowly and release some oil. If in doing this, the pressure drops 
below 25,000 psi, pump the high pressure pump to 25,000 psi, and 
continue the hub advance. 

U Sear the hub. After ensuring that the hub is in the desired 
position, slowly release all the pressure at the high-pressure pump 
only. The oil present in the space between hub and shaft must be 
given time to return to the pump, less the hub slides off. Therefore, 
do not workon that hub for ahoutone-half hour,orone hour in cold 
weather. f t e r  this waiting period, release all the pressure at the 
installation tool and remove it from the shaft. 

U Verify the advance. Measure and then record the new over- 
hang of the hub over the shaft. Subtract from the overhang 
measured i n  the "start" position, and the result must be the same as 
the specified advance, within the given tolerances. Record the 
actual advance for future reference. 

3 Secure the hub. Remove the split collar from the shaft and 
install the retaining nut, but do not overtighten. Secure the nut with 
the setscrews provided. Note: set screws should have a "cup" 
point, and the point shouldimbedin theshaft surface,not in the hub 
face. If the nut is secured to the hub, and the hub spins on the shaft, 
the n u t  could becomc loose and ac t~ i~ l l y  fall off the shaft. 

HYDRAULIC REMOVAL O F  HUBS 

Dismounting Keyed Hubs 

Hubs that have been installed for a long time have a tendency to 
stick to theirshafts. This sticking, in addition to the friction forces 
generated by interference, makes for difficult removal. 

To help in  thc renloval of kcyctl hubs, i t  is rcco~iimcndctl to 
smear the shalt, at installation, with an antiseizing conlpound. 
Many such compounds are commercially available. The authors 
recommend the use of compounds blended with chromium oxides, 
which are easy to recognize by their silvery-gray color. An eco- 
nomical alternative is the use of greases containing zinc oxides, 
which are white-gray in color. The use of antiseizing compounds 
~ ( ~ ( I I I c ~ s  I)y ir srllall cxlcn~ tlic I ' r i c~ io~~ cocl'ficien~, i ~ r ~ t l  sliglltly Icss 

torqire can be trans~nittcd through Friction. Ar,tiscizing cr)iil- 
pounds are a mixture of solids (such as chrorniu~n oxide powtlcr) 
and greases. At the moment a hot hub is installed on a shaft. a l l   lie 
oil from the compound is eliminated, and only the solids remain. 
Therefore, the friction coefficient is reduced, but only by a small 
amount. 

Thcreare many mechanical methodsavailable for huh rcniir\.;11: 
however, only Iiub renioval methods that use hydraulic pri~i~l lrr  
for the dilation of the hub are discussed here. The advantagt>b of  
hydraulic removal arc: on one hand, dilation r ed~~ces  the n ~ o u n ~ r ~ i ~  
interference, and on the olher hand the grease (or hydral~lic oili 
lubricates the mating surfaces. Use ol' the hydraulic rcliio\!al 
method greatly simplifies hub removal,:lrld conlplelcly cl i r l~ir~i~~c\  
the use of open flames on coupling cornponrrits. 

Hyclrir~~lic rcn\ov;~l r(xl~~ires ;i sligll~ ~~io(liI'ici~tii)r~ tllc ~ S ~ ~ I I I I ~  

hubs, but the cost ol'sucli modifications arc proh;lbl> rccovcr~ tl hy 
the downtime saved at the first use. 

Two methods are available, one which uses a plain greasc ~ I ~ I I  

[3], and another that uses two oil pumps 121. 
Two hubs are shown in Figure 5 modified for removal using a 

grease gun. Automotive-type guns can deliver a pressure of ahout 
10,000 psi. Considering that 0.001 interfercrlcc crc;\tcs ;I ~ O I I I ; I C I  

pressure of 8,300 psi (for D/d = IS) ,  grease guns can c;i.;ily 
overcome the contact pressure generated hy interference. 

Figure 5. Hyc/rtrulic (Grc,a.ve) Rrmovtrl Mr,/lroc/.v,f21r K r w c /  HII / I \ .  

No/(,: Meihod A o/)plios to geurrcl hubs: ~t~oihoil R tr/)pl~c,.\ 111 

flanged hubsfor (111 rypcAs of couplings. 

The groove that distributes grease around the bore rnust hc 
machined so that i t  does not break into the keyway. There are two 
ways to machine such a groove: either through milling, or hy offqct 
installation of thc hub in a lathe's chuck. Either way, a lnirlirn11111 
ol' t/4 iri  shoultl ('xist hctwccn lllc end ol' tl,c> grtrovc i l ~ i c l  1 1 1 ~ -  

keyway. Two independent grooves Inust be nlachirlcd tor h11l7x 

with two keyways. 
Connecting the grooves to the outside of a gear-coupling huh 

requires more skill than in the case of flanged hubs. In either case. 
a small grease fitting is installed at the outside of the hub. This 
grease fitting can he left in place during coupling opcratio~l. I I ~ I L - \ \  
it in1crfcrt.s will1 olllcr couplillg conlponcrlls. ]:or 11c1l)s will1 I W O  
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kcy ways hubs  nus st either have two grease fittings (and two grease 
gulls inust be used at removal), or the two grooves can be connect- 
ctl I)y ; I  .sniall (118 in) hole tlrilled through the shah, perpendicular 
to thc plane of thc keyways (Figure 5). 

To remove a hub so  equipped, simply p u ~ n p  grease in the hub 
while: a p u l l i ~ ~ g  force isapplicd. For tapered hubs, i t  is possible that 
no pulling force is needed; actually, it is safe to keep the shaft nut 
in place (but slightly loose) during removal. For cylindrical bores, 
the hest tool to use is one similar to the automotive steering-wheel 
pul ler ,  attached with high-strength bolts to  the puller holes of the  
l i ~ ~ b .  Ari air in~pacr wrench will ensurecontinuous movement ofthe 
I~ut) wliilc hytlraulic pressure is maintained. 

1 ' 1 1 ~ .  ,111  i~~j t%ct  iori ~ncrlioil isdiscussed by Mu11 y o n  and  Zilhcrnian 
12 1 .  ; I I I C I  i h  I I I I I ~ I I . ; I ~ ~ ( I  i l l  I:igirrv 6. 11 is bi~sic;~lly t l ~ c  salllc 21s lhc 
p r c ; ~ . s c ~ g u ~ ~  r~~c t l~c~c l ,  except i l  uses two oil p u ~ ~ ~ p s ,  one for dilating 
~ h c  hub, the other for all oil ram. The authors believe that the use 
of a steering wheel puller is as efficient, but simpler. 

F I , ~ U I . O  6. H!.druulic, (011)  Kcmovul  method.^ for  Keved Hubs. Note: 
I71r l r \ d r u u l l ~ .  rcltn cut7 be replaced with a s~rering-\r,heel-rype 
~ ~ t c ~ ~ ~ l i i r ~ r ! c ~ u l  puller. 

1 1  i4 ifnporta~~t I U  rccog~lize that hydraulically removing a hub 
invo lv r~  some danger, and safety p recau t io~~s  must be carefully 
observed. Because hubs are expanded at installation, they store a 
substa~itial aniount of potential energy, just like a stretchedspring. 
When a hub is removed, this potential energy is abruptly released 
and transformed into kinetic energy, i.e., the hub is accelerated 
ax i a l l y .  Pumping oil between the hub and shaft provides the 
lubricant on which the hub slides. 

Another force that helps in removing hubs is the diametral 
differe~lce between the twoendsof the  bore (o 9etween the t w o 0 -  
rrings), ~ h i c h  creates an annular hydraulic piston. 

$4 1.0 in shaft with 314 i~i/ft taper and a three-ill axial distance 
1ir1uc:~.1i r>  -rings l,eco~ncrs an annular piston wit11 till  area o f  1 .2 in'. 
II'rhe l~ydraulic pressure is 25,000 psi, the resultant axial force is 
15 tons. 

11 is obvious that hubs must be stopped, or they will fly off the 
hal ' t  a t ~ d  damage themselves and anything they encounter. One 
inetilr~d for stopping a hub is illustrated in Figure 7. The retaining 
iiul i h  I>i~ckecl off sufficiently to allow the huh to tnove slightly 
I I I O ~ C  I I I ~ I I  tllc distance i l  was advanced at installation. Two steps 
sl~oultl be taken ro safely dissipate the kinetic energy: 

washer 

/.'tgurr 7. M~~cl rc~r~rc t r l  S ~ o j ~ j o r  Hydruulrc. H u h  Retnoval. Nulc, T l ~ e  
dlsrorr~on oJa lead ring absorbs the kinetic energy of hubs. 

First, a lead washer (minimum 118 in thick) should be  installed 
between the hub and the nut. 

Second, the gap should be made only 0.010 in to 0.020 in wider 
tl1i111 the originill ; I ( I V ; I I I C ~ .  A larger gap will i~llow 111~: h i ~ b  1 0  i ~ l l i ~ i t )  

a loo-high velocity. The lead washer will absorb (he  energy 
through deformation. The authors know of one case where, with- 
out a lead washer and with a wide gap, the threaded portion of the 
shaft was snapped off! 

Even with all these precautions, personnel should never stand in 
line with the shaft when hubs are being removed. 

After a stop is provided, hydraulic pressure should be applied 
slowly. A too-quick increase in pressure will not give time for the 
oil to wet the i~tterface completely, ant1 localized scoring could 
occur. It is even possible that i t  will take the hub a few minutes to 
pop out.  

If the machine is very cold, chances are the oil (which becomes 
more viscous at low temperatures) will not completely penetrate 
between the hub and theshaft, and the hubcannot be removed. One 
solution to  this problem is to apply some heat to the hub. However, 
heating the hub above 250°Fcan bedetri~r~ental .  First, because oils 
will lose much of their lubricating properties, and second, because 
O-rings can be scorched and will no longer seal. Therefore, heat is 
best used in moderation, and as a last resort. 

In order to eliminate all risks related to hydraulic hub removal, 
a procedure which requires the use of the installation tool (Figure 
4 )  during disassembly was tlevelopcd many years ago by Calistral. 
T l ~ i s  procedure consists of  thc I'ollowil~g steps: 

Remove the shaft nut. 
2 Mounr the collapsed in.stullation tool. Wet the shaft threads 

with thin oil and rotate the tool until i t  butts against the shaft 
shoulder. Verify that a gap exists between the tool and the hub, 
equal to or larger than the amount of advance used when the hub 
was installed (check the records). If the gap is less than required, 
the wrong installation tool was probably selected for removal. 

O Connect the hydraulic lines. Connect the installation tool to 
the low-pressureoil pump(5,OOOpsi minimum). Connect the high- 
pressure oil pump (40,000 psi ~ninimum) to the hole provided 
either in the center of the shtift or OII the outside diameter of the 
hub, depending on the design. Both purnps must be equipped with 
pressure gauges. Loosen the vent plug of the ins!allation tool and 
pump all air out; retighten rhc plug. 

Ll Pump oi l  into the installarion 1001. The piston will advance 
until it contacts the hub. Continue pumping until the pressure is 
between I00 to 200 psi. Check for leaks. 

J Expand the hub. Pu~i ip  oil between the hub and the shaft by 
using the high-pressure pump. While pumping, watch hoth pres- 
stlre gauges. When the high-pressure gauge reaches i i b o ~ ~ t  20,000 
psi, the pressure at the low-pressure gauge should stan increasing 
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rapidly. This pressure increase is caused by the force that the huh 
exerts on the installation tool, and is an indication that the hub is 
free to move. Note: depending on the interference used and on 
other conditions, the dilation pressure could reach 35,000 psi, 
before the hub will start moving. 

3 Wait a whi le.  In case the low pressure at the installation tool 
does not increase even if the high pressure reaches 30,000 psi, wait 
ahout one-half hour while maintaining the pressure. It takes time 
for the oil to penetrate in the very narrow space between the huh 
and theshaft. Usually, there should he no need toexceed30,OOO psi 
unless a very high interference was used at installation. 

II3 Al low iho huh 10 move. After tlrc presstrrc at 1hC installatio~i 
tool increases, slowly open the valve at the low-pressure pump 
(note: this valve could become hot, as  the energy stored in the huh 
is dissipated there; wear protective gloves). The oil from the 
installation tool will flow back into the pump and allow the hub to 
move. The pressure at the high-presslrre gauge will drop. Do not 
allow it to fall below 5,000 psi. If i t  does, close the low-pressure 
valve and pump more oil at the high-pressure pump. Continue the 
process until the valve at the low-pressure pump is cornplctely 
open and the pressure at the installation tool becomes zero. 

3 Remove the huh. Release the high pressure and back off the 
installation tool until only two or three threads are still engaged. 
Pump the high-pressure pump, and the Iiub will slide off the shaft. 
When the huh contacts the installation tool, release all the pressure 
and remove the tool. The hub should now come off thc shaft hy 
hand. Do not remove the installation tool unless thc pressure is 
zero! 

3 Inspect the O-r ings.  Reusing even slightly damaged rings 
invites trouble. Thesafest procedure is toalways use new seals and 
discard the old ones. 

FAILURES CASES 

As with any new deviceor nietliod, failures are bound to happen 
in the beginning, either due to poor training, or to negligence. 
Although the risk of sudden release of stored energy can be 
dangerous, the authors know of no injuries related to hydraulic hub 
removal. 

In a chemical plant, a giis cor~~prcssor  w;rs rctrofittcd with new 
keyless shafts. New couplings were purchased and iristallcd. A few 
days after startup, one of the couplings spun on the shaft, which 
became severely damaged. A new shaft was made and a new hub 
was purchased. It was noticed during the installation that the force 
necessary for hub advance was much larger thanexpected. The hub 
was immediately removed, and a sheet of rubber was found on the 
shaft. What happened? Thc person who purchased the O-ring 
seals. unaware of the need for backup rings, ordered O-rings that 
were as wideas thegrooves. Evidently, the seals were too large and 
exceeded the cross sectional area of the grooves. They became 
extruded between the bore and the shaft. Installation of correct 
seals solved the problem. 

Sand was trapped between the hore and the shaft. Sand 
granules prevented a good contact, but providetl sufficient friction 
for torque transmittal. 

The backup rings were installed at the face (rather than hack) 
of the O-rings. Combined with the gap at the interface created by 
the sand, the O-rings were blown off the grooves, and pressure 
could no longer be built. 

Case 3 

Seven out of eight coupling hubs in two compressor tr;llli\ 

slipped on their shafts during operation. The Iiuhs heci~rnc wrltlctl 
onto the shafts, ant1 ~ l i c  trains operatctl succcssl'r~lly until ~lrc I'i~.sl 
scheduled maintenance shutdown. The coupling h~rbs  had to he cut 
off for removal. Observation of the bores revealed that the co~r-  
pling manufacturer applied a dry coating on all coupling huh 
surfaces, including the bores, as protection against rust or corro- 
sion. This coating acted as a dry lubricant at the hore, practic;llly 
eliminating any friction. The problem would not have occurrt.tl i t '  
either the bores wcre not coated. or if the huhs had hccr~ lapprtl 
(they wcre not). T o  elirninirre such occurrences, ~ l i c  mar i r r f '~rc t~~~~c~.  
discontinued the dry coating method, ant1 the user made lopl,i~ig 
mandatory at installation. As a point of interest, the coated cou- 
pling hubs were installed by the compressor nlanufacturer, not Ii! 

the user. 

CONCLUSIONS 
Hydraulic removal of cciuplings can he useil either wit11 kc!c~l 

or keyless hubs. 
The method has (apparent) disadvantages: 

Couplings cost more (but the additional costs arc quichly 
recovered by shortening the removal time) 

Mechanics require hetter training. 

Spccializctl ~ o o l s  irrc required. 

The method has many advantages: 

- It is faster than brute force, and consistently successful 

It eliminates the need of open flames 

It eliminates the possibility of shaft and hore damage 

* In kcyli%s h~rlis, i f  c l i ~ i ~ i ~ i i ~ l c s l ~ ~ c ~ l r c , ~ , i  concvr~rrirrio~~h CI.<,:IILYI 
hy keyways. 
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A keyless hub could not be renioved, because riot enough 
pressure could he created to dilate i t .  The huh had to be cut for 
removal. Observation of the hore revealed that: 


