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NOTES
ON THE PROBLEM OF SUITING THE MATING
PARTS FOR A ONE-SHOT ASSEMBLY

By Y. R. RAU
SQO Division, Imlian Statistical Institute

SUMMARY. This noto altempts a wtatistical ovalwstion of somo of the atrategios
in vogue ing a hot assonbly problom involving two mating party.  This haa boen
discvaiad from tho point of view of (i) the probability of acceptablo fit during assombly, (ii) tho

interchangoability of parta.

1. INRTRODUCTION

In the manufacture of complox, custom.made cquipments, cach equipment
assombled may bo treated, for all practical purposes, as a uniquo or ono-shot item.
In such operations, it is vsusl to idontify in advanco the parts for a particular assem-
bly and machino and assemble them to achieve the desired fit. Thero is no scopo
for a random or cvon selective assembly, sinco only ono number of cach part is
available. If tho desired fit is not achieved during assembly, the parts may have
to bo discarded {and replaced) or repaired resulting in heavy losses and delays.
Therefore, the parts have to be ‘machined to suit’ wo that the probability of an
unaceoptable fit during assembly is small. The suiting problem reduces to one
of selecting tho best strategy for machining the parts which, whilo ensuring the
desirod probability of an accoptablo fit during assembly, does not unduly como in
tho way of interchangeability of partsa.

2. DISCUSSION OF THE PROBLEM

Wo shall confino the discussions to a onc-shot assembly involving two mating
parts—ealled hereafter as the bore and thoe shaft. Tho excess of tho bore diameter
over the shaft diamoter is called the clearance. The specified nominal diameters
for the bore and tho shaft aro a and a-¢ units respectively. Whon the two are
assembled, the fit i3 deomad aceeptablo if the clearanco lies within ¢4t units.

Tho shaft diameter, being an outsile dimension, is usually capable of being
machined within a small rango of varistion around its nominal value. But the
machining of the hore diameter may bo more difficult specially when an associated
characteristic such as tho surface finish is also critical.  In such cases, it may become
noceranry to finish-machine tho bore until tho desired surfaco finish is attained and
livo with tho resultant bore diamoter. Thus, the variation in tho boro dinmoter
is expeeted to bo quite Iarge, which may jeopardiso the chance of pn acceptable fit
during assembly. Honce tho need for selecting the right strategy for machining
the boro and the shaft diamotors,
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Somo of tho commonly used stratogics aro :

Strategy 1 : Machino tho boro and the shaft diameters independont of ono
another {6 their respective nominal dinneters of @ and a— wnitz,

Strategy IT: Machino the boro aliead of tho shaft. If the boro dinmeter is z,
redesignato the nominal ghaft diamoter as z—c.

Strategy 11T : Machino tho bore, ahead of the shaft. If the boro diameter
is z, redesignato tho nominal shaft dginmeter as

(i) a—c if Ja—x[ !
(ii) z—¢ il fa—z/>1

where { is & suitablo valuo.

Tho Stratogy I may not causo any difficulty in assembly if tho machining
variations of tho boro and tho shaft dinmeters aro relatively small. If @, and o,
aro tho standard doviations representing the machining vaiiation of the boro and
shaft diamotora respoctively, tho probability of an accoptablo fit with Strategy I
will be

> 00 if 2:584/07+03 < te. If o < 2-58 /0 +0},

thero will bo a corresponding reduction in tho probability of an acceptablo fit,
resulting in assembly difficultics.  With Strategy 11, tho probability of an nccopt-
ablo fit is high sinco the cntire tolerance of i in available for accommodating
machining variation of tho shaft diameter. Howover, rince the nominal shaft
diameter itself varies with the bore dinmoter, the standard deviation representing
the overall (unconditional) variation in &haft diameter will bo considerably larger
than o,. This has an adverso offoct on the interchangeability of tho parts therehy
cauging difficultios in tho manufacturo of spares. Strategy IIT strikes a balance—
it results in a larger probability of acceptablo fit compared to Strategy I, but also
results in & smaller overall variation of tho shaft diametor, compared to Strategy T,

It is advantageous to reword Strategy ITI as follows

Strategy 1TL: Machine tho boro ahoad of tho shaft. If tho bore diameter
in z, dosignato the nominal shaft diamoter as

(i) a—c il Ja—z] < ko,

(ii) z—c if Ja—z|> hoy,
whero 4 is a auitable constant.

1t may be ecasily obsorved that Stratogy I is a particular caso of Stratogy II1
whon the valuo of k is choson as co. Similarly, Strategy 11 is & particular caso of

Stratogy III when h is mado equal Lo zero. It is theroforo sufficient to evnlnato
Stracogy 111 for differont valuos of A,
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3. PROBABILITY OF ACCEPTABLYE FIT DURINOG ASSEMBLY

Wo shall now ovaluate tho probability of accoptable fit during asscmbly for
Stratogy I for various valuos of 4. Let X and Y bo tho random variables ropresent.
ing tho bore and the shaft diameters respectivoly. Lot f(z, y), fx(2) and fy, x(y/z)
rospectivoly represent tho joiut probability dopsity of X and Y, tho marginal pro-
bability donsity of X and tho condivional probability density of Y givev X =z,
Vo shall assume that the marginal probability density of X is Normal with mean
a and standard doviation oy. We furthor assumo that the couditional probability
density of ¥ given X = z is again Normal with standard doviation ¢, 8nd & mean

which is oithor a—e¢ or z—¢ depending upon tho valuo of z.
The following notavions aro usod
(1) = (2n)-V exp (~17[2)

o) = { g

bz, 9. p) = (2nyI=pt)toxp| —E BN |

L ko) =T [ b(ry. piddy

oy = agy; 1 = fo,
Thon ' v :

1 z—a
Jrlz) =7 —¢ (T,)
1 -
ra ) ( %) when ja—zf ko,
Jyxlylx) =
T'IT -3 ((y—‘7++c)) whon fa—z[ > hoy

Probability of ar accoptable fit during assembly (P)

= [ [ [z ydedy
lz-y—=c/ <t

o =0tk
=TT setoiay)es

T—ett,
= 4 fx@|_§fvictylndy)az
jz~a]<hao, x—o0—t.

x—o0+1
oo L ety

= P,+P, soy.

@1

(3.2)
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From result (1) of Appondix, wo obtain
P = 2L(h, k, p)+2L(h, k, —p)+2D (k) —4D(—h)D(—B)—1 . {3.3)

whoro p = afy/I+at ond k= /I ¥ar
Values of P can bo computed for any «, f# and A using the Bivariato Normal

Probability Tables [1 and 2). It may bo scon that for given @ and £, tho probability
of accoptablo fit P docroases as b incroascs in the rango (0, co).

4. OVEBALL VARIATION IN THE SHAET DIAMETER

In this section, wo shall evaluate tho ovorall variation in the shaft diameter
for Stratogy III for difforent values of . Let V(Y) and oy respectivoly ropresent
the ovorall variance and standard doviation of the shaft dismetor. From result (2)
of Appondix, we have

V(Y) = o1 +222{hd(h)+S(—h)}]

or

= VTG (=)

h$(h)+@(—h) is & docreasing function with & in tho rango (0, ). oyfo, decreases
from 4/1+4af wher. h =0 to ) whon h = co and its value can be computed for any
«,f ond kb using tho univariate Normal Probability tables.

5. Uses or P aNp opfoy

Dosignating a valuo for & dotermines the machining strategy. In any given
situation, valuos of @ and £ aro known. Choico of a larger valuo for A decrcascs
P wtilo choice of & smaller b incrosses op. Thus a tradecff is called for. If £ is
sufficiontly largo and a is sufliciently small, & can be made Jargo say 3-0. However,
if « is large and # is small, ono may have to select & smaller value for b such as 2-0
or evon 1-6 and put up with the inconvenionce of larger oyp.
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Appendix
L2y =] N0t +h)—oa—p)d: where 5 = £
= 1

Using tho well-known rosult
Lok = Toeio(-H=2 ok )u~

aml other propecties of L(h, k, p), it can bo ostablished that
= 2L(h, k, p)+2L(A, k, —p)+28(k) +20(h)—3

whoro p = ajy/I+a® and k = fly/IFat.
Similarly, it can bo shown that
P, = 2—20(h)—4&(—h)&(—p).
It therofore follows that
P = 2L(h, k, p)+2L(h, k, —p) +2®(k)—4&(—h)D(—f)~1.
2. Ve know

a—c¢ if [z—af < hoy
E(Y|X=2)=
{z—c il Jz—af > hoy

V(Y[X =z) =0}
Therofore. )
BT = ={u§+(a—c)= if [z—af & oy
of+(z—c)® if [z—al> ho,.

It can bo cstablished that EY = a—c and
EY* = 0§ +(a—c)+20}(I(h) +@(—h)
V(Y)jo} = L-42a2{hg(h) +(—h).
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