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ABSTRACT

This paper gives mothods and formulae for adapting the size
of holes and their centrc distance or positional tolerances
for different assgsemply composites w.r.t different toleran-

cing systems,The use of these methods will ensure free asg-
enply of mating parts with fastening device such as screws,
bolta,rivets,pins and studa,

INTRODUCTICH

There are two geparate conditions wunder which fasteners are
agsenbled,described here as the floating fastener condition
and the fixed fastener condition.In some application it may
be degirable to make further asllowances,such ag a small incw
rease in hole diameter or reduction in the location tolera~
nce ,to provide enough clearance under the least favourabdle
conditions of size gnd position.Bach of theme condition will
‘be troated separatoly.In the formuame in this mork the foll-
owing symbols are used:-

H = oinimum diemeter of hole

P = maximun diameter of fastener or stud
T = maximum dimension across the tolerance

zona for location of holes
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Subgeripte are used to refer individual parts in an assembly,
for example:-~

Hy = minimum diameter of holes in part 1l
Hy = minimum diameter of holes in part 2

FLOATING PASTENER COMDITION

The floating fastener type of assembly uses a fastening device,
such aa a bolt with a nut,which is free to float{ not located
in a fixed position )} due %o clearance holes in both of the
agsembled parts.Fig. l.shows such an assembly,using one
fastening device,where parts 1 and 2 are intended to be held
in contect with one another alonz two of thelr sides.

Floating Tactener Condition-Coordinate Tolerancesg

Fig. 2.and Pig. 3. show the two separate parts with coord-~
inate tolerancing,resulting in square tolerance zones for loc-
ation of holes,within which the axis of the holes muat lie.

The least favourable assembly condition occurs when the clear—
ance holes in the two parts are at their minimum sizes,und their
axes are farthest apart.This occurs when they are et diagonally
opposite corners of tolerance zoned, a8 shown in Fig. 4.

This condition 1s shown in an enlarged view in Fig. 5, From
this example we can see that the minimum size of the holes ig
equal to the meximum fastener size,plus the maximim dimension.
across the tolerance zone for the location of holes.Expressed
algebraically this ise- ) ’

HaPfP + 7 or T wl «F

For rectangular coordinate tolerances,which are equal in both
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_directiohs,the tolerance zone is sguare es shownyand its max-
imum dimension is 1.4 times the coordinate tolerances,If we let
thege tolerances be ropresented by the letter G the formulae
for hole slze could be expressed asz-

HaPF +1.4C or C = )
1.4

I unequal coordinste tolerances or polar coordinate tolerances
are uged,their formulae should be used to determine the maximum
dimension aorogs the tolerance zone.As an example,for the parts
shown in figs, 2 and 3 the minimum hole diameter ist~

H=F + 1,4 ¢C

s 12+(1.4 x 0.24)
= 12,34 mn

Floating Fastener Condition-Positional Tolerancing RFS

The use of positional tolerancing instead of coordinate toler-
ancing results in a zound tolerance zone,The maximum dimensions
- across the tolerance zone is therefore the value specified on
the drawing.If desired,the specified positional tolerance could
~be 40 % larger than the corresponding coordinate tolerances,
without increasing the hole sizes or affecting assembly cond-
itions . However,if the manufacturing process is such that the
-coordinate tolerances could easily be held in two directions,
4t is most likely that the same tolerance could just as easily
‘be held in all directions,This being the case, a positiomal tol-
erance identical to the coordinate tolerance could be specified,
resulting in smaller hole slzes and e better £it with less play
in assembly.For positionai tolexrancing the same genersl formulae
apply as for coordinate tolerancing,except that T represents

the positional tolerance

Hae P + 7 or Tw H~F
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Fig. 6. shows two parts,similar to thoge of Fig. 2,except
with positional tolerances on an RFS (regawdless feature size)
basis,The positional tolerance has been ralsed to 0,34 mm to
provide the same extreme asgsembly conditlon am in the exanple
with coordinate tolorances,Fig, 7. shows these parts with
holes in en extreme position.In this example the minimum hole
diameter for both parts ist-

H=F + 7T
= 12+ 0,34
312.34 mm

Flo ating Fagtener Condition - Positional Tolerancing MMC

——__.

If ¢ (maximum metal condition) is gpecified with the posit-
ional tolerances,as showm in Fig., 8,the calculations for the
minimum hole size are exactly the same as for the RFS condition,
The difference in the requirement is that,on a RFS bagis,as the
size of the hole approaches its maximum dlameter, more clearance

is provided all around the fastener without the position of the
hole changing.when LIiC 1s specified, this incrcase in clearance
may be utilized to permif a greater variation in the position
of holes,This isg illustrated in Fig. 9.

Calculating Clearance-

The formulae given have been based on determ¥wing the minimum
hole diameter,or the maximum permissible tolerance for location,
- which would just permit the parts to assemble without any clear-~
ance under extreme conditions.

Clearance is usually expressed in terms of the difference bet-
ween dlamcters,l.e,the difference between the diameter of a
hole and the dlameter of the mating part which assemble into 1t,
The same forimulae can be usged to determine the minimum clearance

for any given drawing specifications.For example,in Pig, 6. we
saw how,with a posit 1onal tolerance of 0,34 mm,the minimum hole
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diametcr had to be 12.34 mna.If a positional tolerance of 0,2

wag substituted the minimum hole required would be H = F + 7

= 12,2 mm, Therefore & minimum 12.34 mm hole would provide

0.14 wm minimun clearance on diameter,or an extra 0.07 mm all
around,The meximun dlemetral clearance is H-F , where

H = maximum diumeter'of'hole, P = minimum diameter of fastener.

Unequal Tolerances and Hole Sizeg

It is pome times desirable to have different tolerances for loc-
ation,or different hole sizes,in each of the assembled parts.Cne
reason for this may be bYecause one part already exists, and the
other must be designed to mate with i1t.In such casea the hole
sizeg and the positional tolerances must be sepsPated,and the
previous formulae, H = P + T , becomes

or ’
I, + T2 = Hl +H, - 2 g

Therefore if two parts_havihg the following tolerances have to
be assembled with a minimum 12 mm diameter bolt,we have

Part 1 Part 2
. H = minimum hole diocmeter =. ..12,38 12,2
T = positional tolerance = 0,14 Ly

= 12,38 + 12,20 - 24,00 - 0,14
= 0,44

This is shown,with tolerances exaggrated for clarity in Fig, 1lO.
- Note that with unequal tolerances the fastener moves off centre
in its extreme condition.The deviation of the fastener center
from true position is H - F - T when based on the larger hole,
or T - ( H-F ) when based on the smaller hole,Both formulae
should give the same result.
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Vhere there ere three or more partg to be ouseabled together

the genoral formulas above must be satisfied for any combination
of two parts,This cannot necessarily be acomplished by calculat-
ing valucg for two of the parts and making the tolerance for a
third part identical to ome or other of them,

Using the values shown iﬁ'Fig. 10. if we iried to use a third
part with a hole the same size as the ome in part 2,the result-
ant positional tolerancea for that part would bei-

TptIy=Hy +Hy-2F .
T3 = 12,20 + 12.20 < 24.00 - 0.44
s - 0,04 mm ‘ .

In other words,the positional tolerance for hole 3 would have

~.to be less than zero,or would result in 0,04 mm intexrference
with a zero positional tolerance.,Bither the hole gizes would
have to be increased,or the positional tolerance for hole 2
decreased.A suggested solution might dbe to reduce the positional
tolerance for hole 2,making the tolerances for 2 and 3 equal.
Thus if T2 and T3 are equal,each tolerance is:~-

tH. =2 P 12,20 + 12.20 = 24
“2 g = P = 0.2

" Part 1 would then always show & clearance aroﬁnd the fastener.

All of the formnlée in this work are equally applicable to coor-
-dinate tolerancing,as long as it 18 rememberd that tolerance T
- then represents the diagonal of the tolerance zone,

F¥xcd fastener condition refers to the type of assembly where
fagtners are f£ixed in position in one of the parts,such as parts
assembled with screws,studs.......etc, Fig, 11, shows two typi-
cal assemblies of this type. ’ :
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In guch assemblies the hole in one part is tapped Yo receive

a perow or thread part,or reamed or bored to obtein a press fit
for a stud.The essembly clearance ig provided by the hole in the
other part.The minimum size of thig clearance holc ips-~

HBF+T;+T2
or,if the same positionel tolerance is specified for both parts:-
HaP®P +2 7T

These formulae apply either te positional tolerancing,where T

is the specified valus,or to coordinate tolerancing,where T is
the length of the diagonal of the tolerance zone, Fig., 12.
shows comparizon of tolcrance zonea for positional and coordin-
ate tolerance.,It should be noted that these formulae do not com~
pensate for lack of perpindicularity of fixed fasteners,when the
holes for such fasteners are not madeé perpindicular to the surf-
ace of the holes,To provide for such conditions extra hole clea-
rance may be required, ’

CONCLUSTON

This enalysis gives methods and formulae for calculating the
size of holes and thelr centre distances,or positional toleran-
ceag,The use of these methods will ensure free assembly of mating
parts with fastening device such as bolts,rivets,......etc,

The formulae presented are deslgned to produce a metal-to-metal

 £it at the maximum material sizes,Therefore all parts manufact=-

ured using these formulas should assemble with ninnterferenceﬂ
and no clearance when holes are at their minimum size and exter-
nal feature or fastening devices are at their maximum sizes,
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