
ADAPTATICN OF HOLE SIZES MID TjGCATf OX 

This gapes gives mothods and formulae for adapting the s i z e  
of holes and their oentro distance or positional tolexanoes 
for different asseaply conposltes w . ~ * t  different toleran- 
oing aysten8,The w e  of these methode w i l l  eneure free ass- 
enply of mating pzrts with fastening device such a8 ecsevm, 
bolts,rivets,pino and etude, 

There w e  two segwate oondi%Sons ruzdex which fasteners are 
assezbled, described hers as the floating fastener condition 
and the fixed fastener condftion.Ia some application L t  may 
be desirable t o  make further dJowaxzces,such as a small inc- 
rease i n  hole diameter or seduction dn the location tolera- 
nce , to provide enw& chearanoe, under %he leaat favourable 
oonditf ons of size -4 g@ti-x~&k& of theae condition will - -- 
be t r e a t 4  sepclratoXgr.lIn the f 0 r ~ ~ U b 8  zn this work the foU- 
owing oyrnbols a r e  used:- 

R = minimum dimetcr of hole 
F a maximum dimeter of fastener or stud 
T rn maximum dimemion across the tolerance 

eoaa for locatfon of holes 



Subacripto a r e  used t o  refor individual  pasts  i n  an aasenbly, 
for exmpl c : - 

Hl u min imum d i m e t e r  of holee I n  part  1 

m i n i m u m  diametm of holee in par t  2 

The f l oa t i n& fastener type of a e smb ly  uses a fastexxing device, 
such aa a bolt  with a nut,whioh i s  free t o  f l o a t (  not located 
i n  a f i x e d  posit ion ) due t o  clearance hole8 i n  both o f  the 
aasombled parts.Fig. l,shows such an assenbIy,usrtng one 
fas ten ing  device,wl~ere parts L and 2 a r e  intended t o  be held 
i n  contact  with one another along two of theb  sides.  

float in^; Ristener Condition-Coordinate Tolerances 

Pig. 2.and Fig. 3. show the  two sepajrate pa r t s  with cooxd- 
inute tolerancing,renultfnCr in square tolerance zones f o r  loc- 
a t i on  of holes,wLthSn n b c h  the a x l e  of *the holes muet l ie .  
The l e an t  favourable assembly con&-tion occms when the clear-  
ance holes i n  the  two pa r t s  are a t  t h e i r  minirmdm sizes,curd t h e i r  
axee a r e  f a r t hee t  apnrt.Thie occws  when they are a t  diagonally 
opposite corners b f  to lerance zones,as s h m  Fn Pig. 4. 
T h i s  condition is shown i n  tu3, enlarged v i e w  Sn Pig, 5, Prom 
this example we can aee that the  minimum a i m  of %he bolea is 
equal. t o  the maximum f a s t ene r  aFze,plus the  max;bmum diaenaioa 
across the tolerance zone for %ho kocat&on,o% h01es.Exp~essed 
algebraically -this is:- 

For r e c t ay i l a r  coordinate tolerances,-which are equal in both 





direction8,tho tolerance zone is sqtmro as  ahown,and i t o  max- 
imum dimenuion is 1.4 t h e 8  the coordinate tolerancea,If we.leL 
them to lc ranc~e  be ropreaentod by the l c t t o r  O the formulae 
fo r  hole oize could be w e s u e d  am - 

Z T  unequal coordinato toleranocs or po la r  coordinate tolerances 
a r e  ueed,their formulae ehould be used t o  determ;lne the rnaxtmun 
dimemion aoroeo the to2wance l;one.Ae an examplegfor the p a r t s  
ehown i n  figa. 2 and 3 the minimum hole diameter i a t -  

Floating Pastenor Condition-Positional Tolerancin~ RFS 

The uae of positional to l e ranc iq  instead of ooordinate toler- 
ancine r e su l t s  i n  ra round tolerance l;one,The maximum dimensions 
across the tolerance zone is therefore the value specified on 
the &avting.If desired,the specified posit ional tolerance could 
be 40 % larger thsn the oorreepondlng cro~rdiaate tolerances, 
wiehout increasing %he hole sisee or affecting assembly cond- 
i t i o n s  .However, if the manufacturing procoss 18 auch that the 
cooritinsta tolerances could easily be held tn two directions, 
it i f l  most l ike ly  that the s q e  t~ler~an~e~.couZd just as easily 
be held i n  a l l  dtrections,Thia being the case, a positional tol- 
erance ident icai  t o  the coordinate tolerance oould be apecifiod, 

resulting in nnallm hole s i z e s  and a be t te r  fit wlth l e s s  play 
i n  asserobJ.y.For positional tolcrancing the same general f o m l a e  
app ly  as for coordinate tolerencing,except that T represents 
the positional tolerance 



E1ig. 6 .  ahovi~~ two pLvts ,s imi lar  t o  thooo of Big. 2,exccpt 
with posi t ional  tolerances on an WS ( r e g a d l e s s  feature s i z e )  
baois,The posi t ional  tolerance hao been ra i sed  t o  0.34 mm t o  
provide tho o m c  extreme aaaembly condit ion a s  i n  the  extuple 
with coorilinata tolorance8,Pig. 7. shows thcso p a r t s  with 
holes i n  an extrctm position.1n this example the minimum hole 
diameter f o r  both pasta iar -  

F l o n t i w  Fastener Condition - Posi t ional  Tolertlncing ZIElC 

If BXC (maximum metal condition) i s  spec i f i ed  with the  posit- 
i ona l  tolerance3,as shovm i n  Fig. 8 , the  calculations f o r  the  
minimum hole s i z e  a r e  exactly t he  same a s  f o r  the  &S condition. 
The a f f e r e n o e  i n  the requirement is that ,on a RFS bssis ,as  the 
s i z e  of the  hole approaches its maximum diameter, more clearance 

is provided a l l  around the  fas tener  without the  pos i t ion  of the  
ho le  changing. Vihen MXC i s  specif ied,  this increas e i n  clearance 
may be u t i l i z e d  t o  permit a grea te r  v a r i a t i o n  i n  the  posi t ion 
of holes.This is illustrated i n  Fig. 9. 

The f DTrnZXlaet given have been ljasod on b-w Ghe minimum 
hole dismeter,or the maximurn permissible tolerance f o r  location,  
which would junt pe rn i t  the  pzr te  Lo assemble without any clear- 
ance under extreme conditions, 

Clearanoe is  usually expreesed i n  terms 09 the difference bet- 
ween diameters, i. e, the  diff ercnce between the diameter of a 
hole and the  dinmetor of the  mating p a r t  v~hlch crsoemble i n to  i t .  
The same forinulne can be uecd t o  determine the minimum cloasance 
f o r  any given d r an iw  specif icat ions.For example,in Pig. 6 .  we 
aaw horr,rdth a p o ~ i t i o n n l  tolerance of 0.34 nm, the  niini~nun hole 



Hole i n  p a r t  "7 ,- 
i n  p a r t  2 



dinmetcr had t o  be 12.34 m.If a poait ionel  tolerance of 0.2 
was subst i tu ted tho mirumurn  hole required would be H = F + T 
P 12.2 mm. Therefore a minimum 12.34 lam holo would provide 
0.14 rn minimu clemance on drlaineter,or an extra  0,07 mm a l l  
~ o ~ n d ~ T h ~  m u x i r ~ ~ n  cliametral clearance i s  If-l? , where, 
H o m n x i ~ u n  dinmeter of hole, P .i minimum diameter of fastener.  

Unequal Tolerances and Hole Sizes  

It i s  aomo t imes deaixablo t o  have di f fe ren t  tolerances f o r  loc- 
ation,or d i f ferent  hole sixee,in each of the  assembled parts.One 
reason f o r  this may be because one pa r t  already exis ta ,  and the  
other nust be desimed t o  mate with i t . I n  such caaes the  hole 
s izes  and the  posi t ional  tolerances must be sep&ated,and the 
previous formulae, H = F + T , becomes 

o r  
T 1 + T 2 = H L + % - 2 2  

Therefore i f  two pa r t s  having the f ollorring tolerances have t o  
be assembled with a minimum 12 mm diameter bolt,we have 

Part 1 Part 2 

H .I minimum hole diameter P 12.38 12.2 

T y positionaJ, toleranqe--a 9= 14 -% 

T h i s  is shom,vrfth tolerances exaggrated f o r  c l a r i t y  i n  Fig, 10. 

Note t ha t  vrith unequal tolerances the  fas tener  moves off centre . - 
i n  i t s  extrcme condition.lhe deviation of the  faotener  center 
from t rue  poaition is  H - F - T when based on the  l a rge r  hole, 
or  T - ( H-i ) when based on the  smaller  hole.Both formulae 
should give t h o  same resu l t .  





Where there e r e  three or more partu to ba amambled together 

the &enoral formulas abovo must be aatisfiod for any combination 
of two parts,This cannot nooeesarily be aconpliahcd by calculat- 
ing value0 for two of the past~l mid malting tho toleranoe 'for a 
third part identical to one or other of them. 
Using the vnluea shown i n  Fig. 10. If we tr ied to use a third 
part with a hole the same size as the one in part 2,the result- 
ant positional. tolerances for that part would bet- 

% + T 3 = %  + H 3 - 2 P  

=!3 0 12/20 + 12.20 - 24.00 - 0.44 
= - 0.04 rpm 

In other words,the positionad. tolerance for hole 3 would have 
to be less than zero,or would result in 0.04 nm interference 
d t h  a zero positional tolexance.BIthex the hole sizes would 
have to be increased,or the positional tolerance for hole 2 

decrea8ed.A suggested aolution dght be to reduce the positional 
tolerance for hole 2,making the tolerances for 2 and 3 equal. 
Thug if T2 and T m e  equal, each tolerance 5s:- 3 

p&t L would then always show a clearance around the f aetener. 

A11 of the formulae in this work are equa31y applicable to coor- 
dinate toleranoing,aa long as it is rememberd that tolerance T 

@m-=~-m* 

3!&ged fastener condition refers to the type of asoembly where 
fastners are fixed in position in one of the parte,such as parts 
assembled with screws,stuba... .... etc. Pig, U. shows two typi- 
cal assemblSes of thia type, 





In auch aesemblion the hole in one part i8 tapped $0 receive 
a Eccron or tlrrcsd part,or roamed or bored to obtain a preos fit 
for a atud.The aosembly cleurance ia provided by tho hole in the 
other part,Tha m i n i m  oize of thia clearance holc iar- 

or,if the same positional tolerance io specified for both parto:- 

These formulae apply oithor ta ~ i W . o n a l  tolerancin&,whero T 
is the specified valuo,or to coordinate tolerancing,where T is 
the length of the diagonal of the tolerance zone, Fig. 12. 
ohowa corzpariaon of tolcranae zonea for positional and coordin- 
ate tolerance.1t should be noted that these formulae do not com- 
penoato for lack of perpindidarity of fixed fasteners,when the 
holes for auch fasteners are no% made perpindicular to the mf- 
ace of the holos.To provide for m c h  conditions extra hole clea- 
rance may be required. 

T h i o  analysis Gives methode and formulae for calculating the 
size of holes and their centre distances,or positional toleran- 
cea.The use .of these method8 will emure free assembly of mating 
parts with fastening device such as bolts,riveta,.. .... etc. 
The formulae presented are designed to produce a metal-to-metal 
fit at the maximum mAterial s1zes.Therefore all parts manufact- 
ured using these formulas should assemble with no interference 
and no clearance when holes are at their minimum size and exter- 
nal f eature or fastening devices are at their maximum siz&. 
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