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“ I SUMMARY
~1~4 method is described which gives a refined st ress analysis of a flexible lug loaded

by a rigid pin. Using the finite element approach the flexibility of the lug is assessed;
the contact pressure distribution is then determined by an iterative procedure which allows
for compatibility of displacement between pin and lug. Having found the contact pressure
the stress distribution throughout the lug is determined by a routine finite element analysis .
This method is applicable to cases of neat, clearance or interference fit pins. Numerical
results for neat fit pins show reasonable agreement with some test data.
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NOTATION

{SR} Vector of radial displacements at boundary nodes
Radial stra i n

Tangential strain
Radial stress

ar Tangential stress

“RD Shear stress

v Poisson’s ratio

0 Angular co-ordinate
[A] Matrix of Influence Coefficients relating radial loads to radial displacements

{PR} A vector of radial loads

{P} Initial load distribution

{PM} Modified load distribution

[X A J Matrix relating X displ acements of nodes to radial loads
YA] Matr ix relating Y displacements of nodes to radial loads

{XCOORD} Matrix of X Co-ordinates of node points
{ YCOORD) Matrix of Y Co-ordinates of node points

D1SPX~ Displacement in X direction at node i due to load distribution
DJSP Yj Displacement in Y direction at node i due to load distribution

E Young ’s modulus

F Fit of pin in lug

ICL Node number defining extent of contact arc

K Stress concentration factor

P Pin load

R Radius
RDIS,, Radial displacement of node i due to a unit radial load at nodej

RH Radial vector to displaced node on lug hole boun dary

RLUG Radius of Lug

RPIN Radius of pin

d Vertical translation of lug

Thickness of lug. 

~~~~~~~~~~~~~~ -- ~~ - -



I . IN TRODUCTION
• The pin-loaded lug shown in Figure l i s a common form of connectio n in aircraft structures.

Until  recentl y, the stress analysis of a lug was usually carried out i n a rather simp le fashion
consideration us ually being given only to its ultimate strength which was assessed by assuming
simp le stress distributions possibl y modified by empirical factors. However , when considering
the fatigue performance of a lug, or its strengt h in a cracked condition , an accurate knowled ge
of the stress distrib ution is required.

When the contact pressures applied by the pin to the lug are known then the stress analysis
of the lug can be carried out using the finite element method . It has been often assumed that
the contact pressure p . for a lug with the force app lied along the centre line , is given by

p = (2P/7rRt) cos 0 0 1  ~ 7t/2 (1)

p =  0

where P is the Pin load

R is the radius of the pin

is the thickness of the lug
(1 is the angular Co-ordinate shown in Fi gure 2.

Intuitivel y, it might be expected that the actual contact pressure would resemble that given
by equation (I ) .  However eq uation ( I )  has two important defects:

I ) It does not include the influence of flexibility of the pin and lug on the contact pressure .
2) The area of contact between pin and lug is assumed fixed , no allowance being made

for chang ing areas of contact between pin and lug as a result of the type of fit or size
of load app lied to the pin.

Also, experimental results , reference ( I ), have shown that the lug stresses and strains vary
non-linearly with pin load whilst equation ( I )  predicts a linear variation.

A method for determining the contact pressures for the case of flexible lug loaded by a
ri gid pin is described in references (2) and (3). A procedure in which the f lexibi l i ty  of both the lug
and the pin is considered is given in reference ( I ) .  Both of these methods use the finite element
approach. Reference (4) gives details of a photo-elastic investi gation and provides some data
which can be compared with theoretical results.

The present work arose out of the need to develop an accurate method for lug stress anal ysis
which could be used in conjunction with an existing general purpose finite element program
described in reference (5). The method is similar in princi ple to that described in references (2)
and (3) but differs in the details of the computer imp lementation. It is also restricted to the case
of a flexible lug loaded by a ri gid pin. This is considered a reasonable approximation for an
a lumin ium alloy lug loaded by a steel pin which is a common situation in aircraft structures .
Also , it is assumed that frictional forces between the pin and the lug can be ignored and that
the problem can be treated as a two-dimensional (plane stress) one. A particular lug is considered
here for the case of neat , clearance and interference fit pins. For the neat fit pin the theoretical
results are compared with some strain gauge results.

2. METHOD

2.1 Description of the lug

The method is described by its app lication to the particular l ug shown in Fi gure 3; this is
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of 7079—T6 aluminium alloy and formed part of a rudder actuator fitting of a large transport
aircraft. Relevant properties of the alloy l ug were taken to be

Young’s modulus E = 71 02 x l0~ MPa

Poisson ’s ratio v = 0~32

The line of action of the pin load is taken to lie along the centre line of the lug. The strai ght
end of the lug is constrained in a way that leads to a uniform stress being applied at that end.
Since the structure is symmetric about the centre line only half of it need be considered in the
analysis. The finite element idealization of the lug based on linear strain triang les is shown in
Figure 4; also shown is the cartesian co-ordinate system which has its ori gin set at the centre
of the lug hole. On the inside of the lug hole are a series of boundary nodes at which forces
and displacements between the pin and lug are to be considered . These nodes are numbered 1
to 17. The method , involves an iterative procedure, which determines the forces required at
these boundary nodes to produce prescribed displacements: this is achieved by setting up a
matrix of influe nce coefficients which defines the flexibility of the lug. In the following, as far as
possible , the notation is chosen to agree with that used in the computer program.

2.2 Matrix of Influence Coefficients

The radial force applied at boundary node j  is denoted by PRI (j = I , NPOIN T) ; this is
taken to be positive when app ly ing pressure on the lug. Also the x and y disp lacements at
boundary node i are denoted by DISP X1 and DISP Yj (i = 1, NPOJNT).  The following matrix
equation s relate these quantities:

{DJSP X }  = [XA]  {P~) (2)

(DISP Y) = [VA ] (PR) (3)

where [ X A J and [ Y A ]  are square matrices of order NPOINT x NPOINT. A typ ical element ,
XAj j ,  of the first matrix is simp ly the value of DJSPXj for PR; = I with all other values of PR
equal to zero ; an analogous interpretation holds for YAj 1. These matrices , [ X A]  and [VA],
can be determined from a finite element anal ysis for NPOJNT load cases, each case corresponding
to a unit radial load at one node.

It is more convenient to defi ne a single matrix [A] relating radial disp lacements &n~ (take n
positive when directed outwards from the ori gin) to the radial loads; this is given by

{8R} = [A]  (P R) (4)

Matrix [ A ]  can be obtained from [ X A ] and [VA]. Referring to Figure 5, the radial distance
to node i after its displacement due to a unit radial load at node j  is given by

RD!Sj ; = ,j { (XC OORDj + XA~1) 2 + ( YCOORDi + YAj ;) 2) (5)

where XCOORD1 and YCOORDj are X and Y co-ordinates of point i. The (/th element of
[A]  is simply the disp lacement of node i for this loading:

= RDJS~j — RLUG (6)

• where RLUG is the radius of the hole.
It is necessary to obtain the radial loads around the lug in terms of the radial displacements.

This requires inversio n of matrix [ A]  and leads to the equation

(P R) = [AJ - ’ {SR) (7)

2.3 Initial Load distribution

To begin , it is necessary to assu me an initial distribution of contact pressure . The distribution
given by equation ( I )  is assumed and is referred to as the ‘Sinusoidal distribution ’. Rep lacing
the distributed loads by discrete radial loads P~ at the appropriate boundary nodes the corres-
ponding cartesian disp lacements D lSPX ~ and DISP Y1 at al l boundar y nodes are found from
eq uations (2) and (3).

2

- —-~~~~=,-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ il~



2.4 Establishing compatibility in displacement of Pin and Lug

Generall y, the disp lacements calc ulated above will not be compatible , either beca use they
involve some parts of the lug l y ing inside the pin boundary or because they give a separation
between pin and lug at points ‘shere a non-zero contact pressure has been assumed . This in-
compatibility is demonstrated in Fi gure 6, where the position of the lug hole prior to loading
and its (exaggerated ) shape subsequent to an applied load are both shown. Here the pin is shown

• as a dotted outline and corresponds to the case of an interference fit. The f i t  is denoted by F
and is based on the difference in radii between pin and hole; it is positive for clearance . Hence
the pin radius is given by

RPIN = RLUG-F (8)

After loading, the elongated shape of the lug hole has undergone a maximu m V displacement
DISP Y1 at boundary node I which is at the vertex of the lug. This point is now at a radial
distance , d, from the corresponding point on the pin , where d is given by

d = F — D I S P Y1 ( 9)

The deflected shape of the lug is translated verticall y an amount d such that there is zero
relative displacement between the bottom of the pin and the bottom of the deflected lug shape.
Consider the disp lacement of boundary node i shown in Figure 7 whose co-ordinates are
XCOORD~, YCOORD~. Under an applied loading, node i is displaced an amount DJ SPX1,
DI SP V1 ; after a vertical translation d, the cartesian co-ordinates are given by :

XCOORD~ + DISPX~ (10)

YCOORD~ + DJSP Y~ + F —  DISPY1 ( I I )

Hence th ç radial distance from the centre of the pin to the boundary node i on the deflected
lug is given by

RH 1 = ~j{ (XCOORD 1 + DISPX 1)2 + ( YCOORD1 + DJSP Y1 + F — DISP Y1) 2 } (12)
Thus , to make boundary node i conform to the rigid shape of the pin a radial disp lacement

6R1 must be app lied ; this is given by:

8Rt RPIN -. RH1 ( 13)

For the purposes of determining the required radial corrections it is nece~sary to establish
the length over which the lug and pin ar e in contact. It is assumed that the pin and lug are in
contact from node I up to a node desi gnated I CL. For a neat fitting pin , ICL is the node which
has angular co-ordinates of ~t/ 2. In the case of clearance or interference fits , I CL is the next
hi gh est node to that at which the current pressure distribution is down to zero. Corrective dis-
placements given by equation ( 13) are app lied to all nodes up to ICL and any hi gher numbered
nodes for which hn~ is positive. Beyond ICL all nodes for which ~ R1 is negative and thus there
is a separation between pin and lug, no corrective displacements are applied and ~ Ri is set to
zero. Note however that negative values of 8ni may be applied within the conta~t length.

In Fi gure 6 the segment AB is the portion of the lug over which the corrective disp lacements
are app lied. Over segment BC there is no contact between pin and lug and hence no corrections
are applied.

2.5 Modification of load Distribution
The loads that result from the corrective d isp lacements are obtained fro m equation (7),

and are added to the ori ginall y assumed load distribution. No corrective loads are added at
points for which the corrective displacements are zero. Hence the modified load distribution
{P~,} is given by:

[A ] — ’  { 8n} + (P 1 ( 14)

(I n the program the inverse matrix has been overwritten on the ori ginal matrix.)
Gene rally this load distribution will give a different resultant pin force to that required.

Before proceeding, the load distribution as given by equation (14) is scaled to return the correct3



total pin force. For neat and clearance fit cases the {P ~si} are simp l y scaled linearl y by the ratio
of the required pin load to the pin load given by {P .111. This will not , however , work for inter-
ference fits. The corrective load distribution [ A ] ’ {~ i~

} for even small interference fits , can
produce a large resultant load in the opposite direction to the app lied sine load. If the magni tude
of the sine load is not sufficiently large then the resultant pin force will be in the opposite direction
to that  required . To obtain solutions in the required direction it is necessary to scale up the
initial  sine load unti l  the resultant pin load from equation (l4) is just greater than the required

• pin load. How close the resultant load is to the required load depends on the smallness of
• increments in which the sine load is scaled up. These increments are usuall y set at 0 I of the

initial  sine load.
This comp letes the first iterat ion.

2.6 Further Iterations

The load distribution just determined becomes the input for the second iteration. The
corresponding deflections are found from equations (2) and (3). The corrective disp lacements
required are found from equations ( 12) and (13). The modified load distribution is found from
equation (14). After scaling, the third iteration begins. Iterations are continued until  successi’.e
load distributions show neglig ible change .

3. PROGRAM

This program requires a data file INP UT. The form of INPUT is shown in A ppendix I .
In this data fil e it is necessary to specify the number of points around the lug, the number of
iterations to be carried out , the type of fit and the required pin load as well as geometrica l data.
In addition , an ini t ial  approximate load distribution is required. A sinusoidal load distr ibution
has been used for the results in this analysis ; hov .~ver a sing le concentrated load at the vertex
of the lug will give the same results (but requiring more iterations) and is more convenient to
set up in the data. Also required is a matrix of influence coefficients which , as already men-
tioned , is obtained from a standard finite element analysis of the lug.

For each iteration , the radial loads , the X and V components of the radial load , the A
and V disp lacements , the contact pressure and pin loads are printed in file OUTPUT. Another
output file is CHECK; this is simp l y an echo of the input data.

A listing of the program is given in App endix II .

4. RESULTS

Distributions of contact pressure around the particula r lug shown in Figure 3 have been
obtained for neat , clearance and interference fits for various pin loads. Tables I to 6 contain
the results for various fits for a pin load of 50,000 N. For comparison purposes these contact
pressures are shown in Figure 8. In Tables 7 to 9 are the results for a clearance fit of 0 0 5  mm
with varying pin loads from 25,000 N to 200,000 N;  these distributions of contact pressure are
plotted in Fi gure 9. Results for an interference fit of 0~04 mm for pin loads var~ing from

• 30,000 N to 200,000 N are shown in Tables 10— 12 and are plotted in Fi gure 10.
Returning to the standard finite element analysis , the stresses around the lug are obtained for

the cases corresponding to pin loads of 50,000 N. These results are contained in Tables 13 to I S
and are plotted in Fi gures I I  to 16. Here , the stresses are in the polar co-ordinate system sshere
a,?, ar and aRT denote respectivel y the radial and tangential direct stresses and the shear stress.

Experimental data in the form of strain gauge readings are available for this  lug and are
shown in Table 19; these are for the case of a neat f i t t ing pin wi th  a pin load of 50.000 N. The
location of the gauges is shown in Figure 17. These strain gauges hav e been placed to measure
radial strains e~~ and tangential strains r and correspond to radial lines throug h boundary
nodes I . 5 and 9 (ang les of 0 = 0 , 45 and 90- respectively ) . Theoretical stressc~ can he con-
verted to strains by the relations:

= ( a ,~ 
—

= (ar — v.a~ ) / E

4
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where E is Young ’s modulus and v is Poisson ’s ratio. These strains have been calculated and
are shown in Table 20. ln Figure 18 are shown the plots for these theoret ical strains , the experi-
mental strains have been superimposed on these p lots and show reasonabl y good agreement.

In reference (4) stress concentration factors obtained from photo-elastic methods are given
for sariou s lug geometrie s These stress concentratior. factors are for the tan gent ia l  stress at
the edge of the lug hole for an ang le of (1 = 90 .  In A ppendix I l l , theoretical stress concentration

• factors have been calculate d for clearance , neat and interference fits , the pin load being 50.000 N.
• For the georr ‘ry of the lug in Fi gure (3), the onl y direct comparison of results that  can be made

is that of a neat fit .  Here the experimental value is approximately 2 ’4 and the tr end is for hi gher
stress concentration factors for clearance fits and lower factors for interfer ence f i t s .

DISCUSSION
The procedure by which the contact load distribution is obtained in the program is an

iterative one. This is due to the non-linear nature of the contact problem. Solutions tend to
oscillate about the exact solution and slowl y converge to it. It was found necessary to perform
up to 1000 iterations unt i l  two consecutive iterations agreed closel y. There were some cases
for which the solution would not converge and these will be mentioned later.

To examine the influence of the type of fit on the load distribution the various load distri-
butions corresponding to clearance , neat and interference have been plotted on Fi gure 8. Firstl y.
considering the curve for the clearance fit , it is seen that this curve exhib i t s  a characteristic
peak at 0 = 0~ which then drops off at I 5~. This is followed by a steep increase of contact pressure
to a maximum at 60’ ; this then reduces rapidly and the pin is free from the lug beyond 85
In the case of a neat fit , the peaks in the curve have flattened out and the contact arc has in-
creased. This trend continues for the cases of interference fits. With the higher interf erence fits
the maximum contact pressure between the pin and lug increases as does the length of arc in
contact. For an interference fit of —0 07 mm the contact arc is 160

Consider now the effect of the magnitude of the pin load on the load d is t r ibu t ion .  As the
pin load is increased the area of pin and lug in contact will change , the lug tends to wrap itself
around the p in to a greater extent. This is demonstrated in Figure 9. However , in the case of
an interference fit , ( — 0~04 mm ) as shown in Fi gure 10, the contact length decreases with increase
in load.

For the case of a neat fit , use of the load distribution in our finite element model has g isen
results that compare reasonabl y with experimental values. Tangential strains are wi th in  70 ,,
of the experimental values;  however there are larger discrepancies in the radial s trains.  Stress
concentration factors obtained from photo-elasticity, reference (4), are in general agreement
for cases of clearance , neat and interference fits. Specific values of stress concentration factors
for clearance and interference fits for the geometry of the present lug are not given ; ho~ses er
the trend is toward hi gher stress concentrations with increase of clearance and lower stress
concentrations for interference fits . For the case of a neat fit the experimental value of stress
concentration is w i th in  10° ,, of the theoretical value

The effect of various fits on the stress distr ibution is now considered for a constant pin
load of 50.000 N. Consider firstl y the stress distr ibution shown in Fi gure I I  for the case of a
neat fit. The m a x i m u m  stresses are the tangential  stresses on the inside of the lug hole at boundary
node 9 ( ‘1  = 90 ). Comparison with  Fi gure 12 for the case of a clearance fit shows that  the
tangential  stresses at 90 - are greater for the clearance than for th~ neat fit while the tangential
stresses at 0 and 45 (are smaller for the clearance than for the neat fit).  Radial  stresses at
O = 45 and 6 = 0 are similar for the clearance and neat fit cases, thoug h not , of course , at
6 = 90

Comparing now the stresses for the neat fit (Fi g. I I )  with th e stresses result ing from an
interference of —0 04 mm (Fi g. 13), it is apparent that the tangential stresses at 0 = 90 ~ ith
the interfe rence fit are lower than those with  the neat fit , while  the tangential  stresses at 0 and
45 are sli ghtl y greater with the interference fit as were the radial stresses. Over al l ,  the effect
of — 0 ’04 mm interference is to reduce the max imum stresses. However for hi gher interference
fits , as shown in Figures 14 to 16 , progressivel y all stresses are increased including the tangent ia l
stresses at 90

From the point of view of minimis ing  the stresses in the lug for a given pin load it seems

5
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that the smaller interference fits are opt imum. A plot of maximum tangential  stress versus
interference is shown on Fi gure 19. However , in the case of fatigue it is the increm ent of stress
during a stress cycle that is important.  The increment in tangential stress ~~ay  has been calculated
in Appendix IV and also plotted in Figure 19, this corresponds to a stress cycle start in g from
zero pin I ,ad. As can be seen from Figure 19 the min imum value of this increment corresponds
to hi gher interference fits of — 0~07 mm;  for fatigue it seems that the higher interference fits
are optimum.

Factors determining the accuracy “f the theoretical load distr ibution are now considered .
In part , the accuracy is dependent on the number of points used in determining the load dis-
tribution. For clearance fits the small contact arc may result in onl y 7 or 8 points determining
the shape of the load distribution. Also the arc length between adjacent points is relativel y
large in comparison with the contact arc. This makes convergence of the solution more difficult
since jumps in contact length from one point to the next have a substantial  effect on the shape
of the load distribution. For neat and interference fits the !onger contact arc ensures that  more
points are used to determine the solution and this improves the accuracy.

The accuracy of the load distribution is also determined by the accuracy of the individual
terms AI J comprising the matrix of influence coefficients and subsequent inversion. In this anal ysis
the values of these terms were only taken to four significant figures. This was just acceptable;
however six significant figures is suggested. Fortunately, no difficulty was encountered in achieving
an accurate inversion of the matrix of influence coefficients. In this  anal ysis solutions would
not converge for levels of in erference above —0 07 mm for loads of 50,000 N or for loads
lower than 30.000 N with small amounts of interference.

Loss of accuracy may also occur in the program in equations (6) and (13) where the result
is the difference between two almost equal numbers. In this program satisfactory results were
obtained using sing le precision arithmetic. The program was run a PDP-l0 computer where
the word length is 36 Bits and gives at least eight significant figurec i~ r sing le precision. For
computers with wordlengths less than this , double precision is adv sah~~.

6. CONCLUSION

A method has been developed for the solution of the non-linear pin-lug contact problem.
This has allowed a finite element anal ysis of a pin loaded lug which has provided the stress
distribution around the lug. The method is , however , restricted to the concept of a flexible lug
loaded by a ri gid pin. The examp le used of an aluminium alloy lug loaded by a steel p in  appears
to fit within this concept , as a comparison between experimental and theoretical result sho’.ss
agrement within 7— I 0~~.

6
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APPENDIX I

The data file INPUT requires the following:

Variables Format

NPOJNT, NLL, NITER 315

RPJN, F, A NGLE, QS, THICK SF12 ’ 5

PLLU) E 12 ’S

PS(I)  E l 2 5

XA (!, J )  6E l2 ’S

YA(!, J )  6El2 5

where

NP QJNT is the number of points around half  the lug

NLL Set to I ;  this was left in to allow several load cases to be considered at
once ; however the e’.~~a programming has not yet been implemented.

NITER - is the number of iterations to be made

RPIN is the radius of the pin

F is the fit of the pin in the lug, negative for interference

A NGLE is the ang le in degrees between adjacent points

QS is the total pin load corresponding to the sine load distribution.

THICK is the thickness of the lug

PLL(l)  Set this to the required pin load for the complete lug.

P S ( I )  Radial force at point I due to sinusoidal loading

XA (I , J )  A’ disp lacement at point I due to a unit  radial load at point J .

YA (I, J) Y displacement at point I due to a uni t  radial load at point J .



~~~~~~~~~~ 
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C PRO GRA M TO SOLVE CONTA CT PROBLEM BE I WEEN PIN ANO LU~
C
C

CO MMON/ BLOC K1f’JPflINT,NLL ,N ITER ,KKK ,P’LL (1~~),SCALE
COMM 1) N / P ~ ~ N I ~ / J SC A , J Sc ~ j  Sc c -

INTE (.;ER TA PNM 1 (2),TA~ NM2 (2),TAPN M3 (~~)DATA TAPNM1/6HINPUTS/,TAPNM 2/6HCkECKS/,TAPNM 3/7HOUTPUT$/
DATA ~,)SCA/1/,JSC0/2/,JSCC/3/
OP E N -C UN IT: JSCA , F ILE~ TA PNM1, ACCESSa SEUIN’ )
OPE C UNIT :,jSCB,FILE a ’rA pNM2,A CCESS~ ’SEQOUT’
DPEN ( UN IT: JS CC , F ILE : ‘TAPNM3 , ACCESS : ‘ S~ U OU T
OPEN (UNIT :4 ,FILE :’DISOA T$’)
SCALL ,1,~3

C
CALL R .A D

C
CALL S !NECNPf)I’4T)

- - C
CALL COOR [)

C
C-ALL MAT A

C
C

DO 1~ 0ø KKK:j,,~lITE R

C
500 CALL P1) I~4C
C

CALL RA D
C

CALL RLO AL )
C

CALL TLOA LUI )
IF (I .E O.i,)GOTO 50~

C
CALL OISP

C
CAL L W R ITL

C
1000 CONTIN U E

ENU
SU dRU UTIN ~ R EA J
CO MM0N / ~ L0C~ t/ ’  NT , NLL, NIT ER, I~KK,  PLL( , 5CALE
COMM d N/BLUCl~2/XA(2~~,20),YA (20,20),A (2k~,2’~)
COMMUN /BL. .OCl<4/XDISPS (27),YDISPS (20)~ PS(2~~

)
COMMuN /~ LuCK6/ RPIN ,r ,A 4GLE,QS,OT,R (~ 0) ,Ti41CKCOMMUN /PR INTR /JSCA JSC3 , JSCC

10 FORMA T(3 I~~)
20 FOR~1AT (7F1,2,5)
30 FORMAT (6E12.5 )
C
C REA D ~~ NUMBER OF POINTS, ~IN LOA D AN D NUMdLR OF ITERATI ONS
C

REA D ( JSCA . 1~ ) NPO INI, ‘ILL, NI TER
W R IT~.(JSC~ ,j3)NPOI”IT,N LL , N ITER

C
C RE A D IN RAD IUS ~F PIN ’ FIT ,PIN LOAD, OS AMU T~4ICKNLSS OF LUG
C FIT IS NEG AT IV E FOR INTERFERENC E ,
C

~CA D (JSCA ,22 )RPI~~,F,AN~LE,OS,THIClc



1~ SFAVA1~ TC~ T
~RI1E( JSCIL 2~) ) RPI N, F, ANGLE , OS. THICK

C
C RE AD IN PART ICULA R PI~J LOADS
C

R EA D ( J SC A , 3 0 )  (PLL( 1) , I’l,NLL)
WR ITE(JSC~I ,.30)(PLL(I),T.i,NLL)

~3 1~ 0 I:1,NPOINT
C
C RE AD IN RA DIAL LOADS FOR SINUSOIDAL LOADI NG ~S
C ( OR A NY OTHER AP PROX IMATE LOADING I.E . CO NCENTRATED

- . C LOAD AT VLRTEX OF LUG AILL WORK )
C

• READ (JSCA,30)PS (I)
100 ~4RITE (JSC~ ,3O)PS (I)
C
C REA D I N X AN D Y DISPLACEMENTS OF EACH POINT DUE TO UNIT LOADS
C

DO 2k~0 I:i,I4POINT
READ (J SCA,30)(XA(I,J),J :i,NPOINT)

- 

• 4RITE (JSC B,30)(XA (I,J),Js1,,NPOIN’T )
READ (JSCA ,30)CYA (I,J ),I .1,NPO INT )

200 v~RITE (JSC~ ,3~ )(Y A (I,J ) ,J:i,NPOINT)
RETURN
END
SUBRJUTI NE SINE (W PO INT)
CO MMUN/BLOCX2/XA (20,20),YA (20,20),AI2IO,2a)
COMMUN/BLOCK4/XDISPS(20),YDISPS (20),PS (2O)

C
C FORM DISPLACEMENTS CORRESPONDING TO RA DIA L SINE LOAD
C DR A -’IY OTHER A PPROX IMATE LOAD DISTRIBUT ION
C

DO 2~ 0 J :1,NPOINTSUMX :0.
SUMY :0,
DO j, k~Ø J:3,,NPOINT
SUMX :SL JMX +XA (I ,J )*PS (J)

i0~ SUMY :Slfl~iY+YA (I ,J ) *PS (J)
XDISPS (I):SUMX
YDISPS ( I):SUMY

200 CO NT INUE
R ETURN
END
SUESRO UTIN L COORD
CO MMON/BLOCK i/N POINT ,N L L , NITER ,KKK, PLL (i0),SCALE

• CO MMUN/BLOCK3/XC,00RD(20) ,YCOORD (20)
COMM ON/BLOCK 6/RPIN ,F,ANGLE ,QS,QT,R(~~0),THICK

C
C RLiJ G IS RAD IUS OF HOLE
C

RLUC :RPIN+F
T l.IETA:ø.

C
C NOW CA LCULA T E COO R DS OF UNDEFLECT ED LUG
C

DO 1~ 0 I:1,i4POINT
XCOO HD ( I): RLUG .SIND (T’~ETA )
YCUO ’lI) (I):_RLUGeCOSO (THEIA )

100 THETA :THEIA .ANGLE
RET U H N
END
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SUBR OUTIN E MATA
COMMON/BLOCKI/NPOINT ,NLL,NITER .KKK,PLL (i0),SCALC
COMMON/BLOCK2/XA (20,20),YA (20,20),A (20,20)
COMM ON/BLOCK3/XCOORD (221 ) ,YCOORD (20)

C
C MA TR IX  A IS A SET OF RADIAL DISPLACL .IILNTS FOR UNIT
C RA D I AL LOADS.
C

DO 2~0 I:i,NPOINT
JO 260 Jai,NPOINT

C
C WE M US T  NOW DETERMINE WHIC H RAD IAL DISPLACEMENTS
C ARE POSIT iVE AND NEGATIV E

I C RAD IA L COMPRESSION IS TAKEN TO BE POSITIVE .
I • 

C R IS RA DIA L VECTOR TO POINT
C ROIS I S RA DIAL VECTO R TO DISPLACED POINT
C

R:SURT C (XCOORD (I))..2,(YCQORDCI))..~ )
RDIS’SQRT ((XC03R0 (I).XA (I,J))..2.(YCOQRQ(i).YA (I,J)).*2)
AC I, J)’RDIS—R

200 CONTI NUE
CALL GEN INV CA ,NPOINT ,20.O ,IRROR ,CON U)
RETU RN
END
SUbROUTINE GEN INV (A,N ,M ,D ,IRROR ,CON U)

C
C THIS INVER SION ROUTINE WAS WRITTEN ~Y D , vJ ,G, MOORE
C COMP UT ING CENTRE, UNIVERSITY OF WESTERN AUST RA L IA
C

DI ME N SION A (M ,M ), IPIV (i00), INOC 100,~~
)

IF (N,LE .0.OR .N,GT .M .OR ,M .GT .100) GOlD 80
CALL OVER ILC JJJ )
ASSIGN 7777 TO GOBAC I<
GOlD 7779

7777
IRROR :r
DO 16 I:i,N

10 IPIVC I ): 0
DO 220 I:i,N
A M A X : 0 ,0

C
C SEARCH SU~3—M A TRIX FOR LARGE ST ELEMENT AS PIVOT
C

DO 7~ J 1.N
IN I~’I V (J) )102,321.70

- . 

30 DO 6.6 ‘(:j,,N
IN ~~~~~~~~~~~~~~~~~~

C
C THiS ROW HAS BEEN A ‘IVOT
C
40 IF (A ~ S (A (J,K)),LE .AMAX)GOT O 60
50 IROW~ J

ICOL :K
AMA X :A B 5(A C J ,K)- )

60 CONTINIJ E
70 CONTINU E
C
C P IV O T FOJND -

C
IP IV (I COL ):IPIV (TCOL )+i

La - - ---- , - rn -~~~~~~ - !  - - ( -
~~~



90 I F C I R O W . E Q . I C O L ) G O T O  130
C
C MAKE PIVO1 A DIAGONA L ELEMENT 8Y ROW INTERCHANG E
C
95 D:-O

DO t~0 K:3,,NA MA X~ A C IROW ,K)
A (IR OW ,X)2A( ICOL, K)

100 A (ICOL ,K ):AMAX
• 130 IND (I,i).IROW

IND(I,2):ICOL
AMAX ’A ( ICOL , ICOL)
IF (D.LT .0.1E~15)D~ e,
IF (A MAX ,LT .0.3.E—15)AMAX aO.
D’D*AM A X
A (IC UL,ICOL)~ 1,0

C
C D IVIDE RO W BY PIVOT
C

00 140 X;1,N
140 A (ICOL ,K )aA (ICOL,K)/AM &X

DO 2~0 J:1,N
IFCJ .EQ .I COL)GOTO 22~180 AMAX :A (J ,ICOL )
A (J, ICOL):0.
00 190 Ks1~ N

190 A (J,K):A (J,K )—A( !CQL,K ).AMAX
220 CONTINUE
C
C FOR INVERSE OF A, INTERCHANGE COLUMNS
C
230 00 260 I:1,N

J: N • i. — I
240 IROW:IMD (J,1)

I FC I :NDCJ ,i ) .EQ . IWD (J,2) )GOTO 260
IC UL : I NOCJ ,2 )
DO 2~ 0 K:1, N
A PIAX ZA (K , IROW )
A(K ,IROW) :A (K ,ICOL )

250 A (K ,IC OL) AM A X
260 CONT INUE
270 CALL OVERFL (JJ,.J )

~~~~~~~~~~~~~~~~~~AS SIGN 80~0 TO GOBACK
CO A V CONO
GO lD 7779

8000 CO NO :CO N SAV .CO NO
RETU RN

80 IRi~0R:2
R ETURN

102 IRROH :3
RETURN

103 CONTINUE
IRHOH:4
RETURN

7779 CO NO SO.
00 7180 ~~~~~~~
DO 77 8c ~ j :j , s~

7780 CONOXCONO+ACI,J).*2
CO NO SOR T C C ONO )



~iiAVAI~ BLE COPY
SU~ R OUTINL POINC
COMMU~N/BLOCKi./ NPO I NT , NLL, MITER, KICK , ~LL C 1~ ) , SCALE
COMMUN/BLOCK4/XDISPS (20),YDISPS (2ø),PSC2~

)
CQ MMON/BLOCK5/DISPX C 20 ) , D IS PYC 20) , PC 20)

C
C THIS ROUTINE UPDATES LOADS AND DISPLACEMENTS
C

IF (K KK,GT ,1)GOTO 200
- 

- DO 1~0 I:1,NPOIMTDISP XC I )~ SCALE~ XDISPS C !)
DISPY CI):SCALE*YDISPS (I)

100 P (I):SCALE,PSCI)
200 RETURN

E N D
SUBR OUTINE RAD
CO MMON /BLOCK1/NPOIN T , NLL. , NI’rER , KICK ,PLL ( 10) , SCALE
CO MMON/BLOCK3 /XCOORDC2O ),YCOORD (20)
COMMUN/BLOCK5/OISPX (20).015pYC20),PC20 )
COMMUN/BLOCK6 /RP IN,F , ANG LE , OS, QT. RC , TRICK
I F(F .GT.0.)GOTO t40
IF CF,LT .0.)GOTO 350

C
C NEAT FI T — CON TACT LENGTH OVER 90 DEGREES
C

ICL :i0 -

GOl D 550
C
C FI ND CONTACT LENGTH FOR CLEA RAN CE
C
140
150 1:1+1

IF CPC I) .EQ.0. )COTO 250
I F C I .EO.;4POINT)GOTO 20:~GO T O 150

200 ICL:~ POINT
GO TO 300

250 ICL:I+1
C
C SHOULD BE ICL I , HOW EVER ICL~~I.1 ALL OWS SOLUTION TO CONVERGE
C ~‘JO ERRO R IN THIS ASSJMPT ION PROVIDE D SOLUTION DOES CONVERGE
C
300 CO NTINUE

• SO lO 550
C
C F IND C ONTA C T LENG TH FOR INT ERFER ENC E
C
350 1:
4Ø~ 1:1.1

I F ( P (  I) .EQ .0. )GOTO 530
IFC I .EQ .N PO IN T )GO TO 451’
5010 400

450 ICL :N PO INT
5010 550

500 ICL :I+1
550 CONTINUE
C
C FORM RAD IAL DISPLA CLME~ TS THA T AR E JO BE A PP LIE D TO LUG
C

-~~~~~~~~ — ••._
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BFST AVAiIABIE COPY
DR P 1 N: R PIN
00 100 1 1,NPOINT
THETA$ THETA+jj.,25

— RH :SURT ((XCOORO (I),DISPXCI))..2,CYCOQHD (I)4UISPYCI)
1 ~DISPY C1)+F).*2)

R C I )~ RP IN— RH
C

- • C REM OVE TENSILE RAD IAL DISPLACEMENT CORRECTIO NS
C OUTSIDE CONTACT LENGTH
C

• IF (I,LT.I CL )GOTO 100
IF (R PIN .LT ,RH)R C I ):Ø •

100 CONTIN UE
RETURN
END
SUBR OU T I N E  RLO A D
COMM ON/BLOCK1/NPOINT ,NLL,NITER,K KK, PLLC1O ) ,SCALE
CO MMO N/ B L O C P (2 / XA C 20 , 20 ) , Y A C  20, 20) , A C  20, 20)

- • CO MMON/BLOCK5 /OISPXC2O ),DISPY (20),PC20)
COMMON/BLOCK6/RPIN,F, ANGLE , QS . OT ,R C ~0 ) , T H ICK

C
C NO W FORM RA DIAL LOADS
C

IS W:0
00 200 I:3.,NPO INI
SUM:lô . -

DO iMO J :1,NPOINT
100 SUM :SIJM+A (I,J )eR(J )
C
C REMOVE LOADS FOR W H ICH
C RAD I AL DISPLACEMENTS A~ E ~E R O
C

I F (RC I) . EQ . 0 ,  ) SU M Z O ,
C
C ADD IN ITIAL LOAD TO DBTAI N TOTAL LOAD
C

P C I ) : PC  I ) ‘S UM
C
C RE M OV E TENSI L E LOA DS
C

‘ IF (P ( I) .LT .0, )P C I ):0.
I F ( P C I) .EQ.0 .  ) IS~~ 1
I F ( ! S W , EQ , 1) P( I ) =0 .

200 CONTI NU E
RETURN
E N D
SU~3 RU UT INL T L O A D C K )
CO MMf ) N/ B L O C Ki / ’ J POIN T ,NL L, N ITE R, KK K ,P LLC i~~) , S CA L E
CO M M ON/ BLOCK5/ D I S P X C 2 O )  , D I S PY C 2 O )  , PC 2 0 )
COMMUN/BLUCK6/RPIN,F,A ’4GLE,QS,OT,R C~~0) ,THICK

C
C THIS RO IJT INE A~)JU STS THE LOAD
C D I S T R I B U T I O N  TO G IVE  THE REQUIRED TOTAL LOA D
C

ICO UNT ~ Z
50 IC UUNT : ICOU NT . 1

TH ET A : C .
OT~ P(1)



THE~~A 3 ’
THE4A NG

QT :QT . P ( I) . (C 0~ D ( T H E T A ) )
1.00 CONT INU E

I FC KK K ,G T . 1 . ) S O T O  250
9, C

C THE THEORY MERE IS 1-fAT WE A RE CLO SE ENOU Gp4 T TO THE LOAD
C TO MAKE AN ASSUMPT ION OF LINEA R LOAD WITH LOAD DISTH IdUT ION
C RELA TIONSHIP
C

IFC F ,LT . 0,)GOT3 350
C
C USE A FACTOR X FOR NEAT OR CLEARANC E FITS
C
250 X :A B S ( P L L ( j ) / C D T * 2 .  )

JO 2 .60 I:1,NPOINT
200 P C I ) : P ( I ) * X

I F ( I C O U N T . G T . 100 ) GO T3 300
IF C X ,  LI .0.99 , OR- . x . CT • 1. • 01) GO T O 50

300 RETURN
C
C USE FACT O R S CALE FOR INT ERF ERENCE F iTS
C
350 CONT INUE

• *QT
I F ( Q T T ,LT ,PLL(i. ) ) G 3 T D  400

C -

C TA K E F I R S T  VALUE GR EATER TH AN PLLC1.~C
SOlO 300

C
C SCA L€ . IS NOW SET FOR A LL OT HE R ITERAT ION S
C
400 I F C K K K , G T . 1 ) G O T O  .300

SCA LE :S CALE+ Si.
I F ( S CA L E. GT . 10 ; 1 . ) G J T 1  300
(:1.
RETIJ RN
END
SU~ RUUT INL O ISP
CO MM O 4 / B LO C Kt / ~ Pf l INT ,NLL, N IT E R , K KK ,~’LLCi 1~) , S C A L E
COMI iON /BLOCK2/XAC2Z ,20 ),YA (20,2O ),A C20 ,2�~)COMMDN /BLOCK5/JISPXC 2O ),DISPY (20 ),P (20)

C
• C F0k9 SET OF JISPLA CEME ’JTS CORRESPONDING TO LOA D DISTRIBUTION

C
00 2i60 I :1 ,N POIJT
S U N X :0,
SUI9Y:0 ,
DO 1.60 J:~].,~4 P O f N T
SUMX S I JM X +XAC I ,J)*~~(J)

100 S U MY : S U M Y 4 Y A C I,J) P C J )
0I~~PX (  I ) S UMX

200 JISPYC I ):SUM Y
RET U RN
END
SUBRUU T I J L  H-dIE
CO MM J N/ BL O C K 1/ NPO I ~T • N I L  • M ITER , KKK ,~ LL ( 13), SCALE
cOMMu N/ BL oCK 5/JIc P-~C20),DISpYC2o ),P (2o )C OMMUN /A L UC /~~Pf  J ,F , ANGLE , Q S ,  OT ,  NC ~0)  , TH I CK



CO M M O N/ P R I i T R/ J S IA , JSC~~, JSCC
DIME N SIO N A PC2~

) ,A PX (20) ,APY (20 ),A PMESSC2O ) ,FX (40) ,FY (40)
KHI: 1000
IF (KKK .LT .KM I )GOTO 230

10 FORMAT (’ IT E RAT IO N ‘,I4,i.2X ,’FORCE N, ’,12X,
1 ‘DISPL AC EM ENT MM . ’,12x, ’CONTA CT PRESSURE MPA, ’//)

20 F O R M A T C ’  PI N LOA D ‘ ,2 X , F 1B.2,20X , ’ F IT ‘ , Z X , F 1 .0 . 6, 2 0X ,
• 1 • RPIN ‘ ,2X ,Fi.~~,6/ / )

4 0 F O R M A T C ’  P O I N T ’ ,5X , ’RL O A D ’ ,9X , ’X L O A U  ‘ ,BX ,’ YLOAD ‘ ,8X ,
1 ‘ X D I S P L ’ 8X ,’ Y D ISP L ’ ,4 X , ’ C Q N T A C T  P R E S S J R E’/ / )

50 F O R M A T C 2 X , 1 4 , F13 .2 ,2 C 2 x , F i . 3 ,2 ) ,2 C 2 X , E i .3 .6 ) , 2x ,r13.2 )
60 F O R M A T C 1 R  /1/)
C
C FI. A N D F2 ARE CON V ERS ION FACTOR S FOR UNITS
C

F1:4,44822
F2:2~ .4
Apc1,:r1e(2.3*~~c1 ;
00 9.6 I:2,NPOI ~T

H 90
~TT : F 1 * (2 . 0 . -JT )
T : F2 * (T H I C K)
RL:F~~* C R P IN+F )

C
C NOW FORM CONTACT PRESSURE
C

3:57,296/C RL*ANG LE*T )
DO 9~’ I:1,NP3INT

95 A PRE~ S ( J ) : A P C I ) * S
WR ITE C JSCC, 1 0)  ~~~
F IT : F2 * ( F)
RP:F2* CPP IN)
W R ITE ( .JSCC , 22i) :~TT, F IT , RP
WR ITE CJ $CC ,40 )

- T HE.TA :~~.
00 1.60 I:1,NPOI~JT
A PX ( I): AP ( I )DS INU (T IETA )
APY (I):—A~’( I )*COS !i(THETA )
THETA :THE I A + ANGL E
DX:F~ e COIS PX ( I))
DY:F~ *CO ISPY (I))

100 v4R ITECJSC C ,50 )I ,4~~(I),4 PXC I ),APY (I ),0X ,UY ,AP RE SSC I )
W R I T E C J S C C ~ 6 0 )

• 200 RETU RN
EN U 
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4 APPENDIX III

Stress concentration factors

Referring to Figure 4 with 4 being the tangential stress at point 9, then the stress con-
centration factor is given by:

where P/A is the nominal stress
Referring to the dimensions given in Figure 3, the minimum cross sectional area of the lug

is given by:

A = 2 x (29 - 591 — 16 866) x 12 700 x 10’m2

3 232 x 104 m’

For a pin load of 50,000 N, the nominal stress is P/A = 1 547 x 10’ Pa.
For the pin Joad of 50,000 N the following stress concentration factors are given for

various fits.

Fit (mm) 4(MPa) K

0•05 395- 9 2 559
0 00(Neat) 333 4 2155

—0 04 230 8 1 492
—0 05 236 7 1 530
—0-06 252-6 1-632
—0.07 279-4 1 806

The experimental value of K for a neat fit given in reference (4) is approximately 24.

ii 
~~~~~~~~~~~———--- - - - - ~- -- - 



APPENDIX IV

Tangentia l Stresses due to Interference only, zero pin load

From reference (6) the tangential stress at the pin-lug interface due to an interference pin
with zero pin load is given by:

ar q [ (d”~2

Ee EeL \~‘1
and 

= 

2 + [E( l
; 

v~ ) 
— — — (d)2]

where E1, ~‘1 are Youngs modulus and Poisson’s ratio for pin

E, v are Youngs modulus and Poisson’s ratio for lug

d is diameter of lug hole

w is width of lug

e = 2F/ d.

Here we take E~ = 206 8 x l0~ MPa and v1 = 0-30, while E and v have the same values as
previously given.

Substituting
CT = 32-75 x 102 x F MPa

Interference (mm) CT (MPa)

—0 04 131-0
—0 05 163-7
—0 06 196 7
—0-07 229-3

The following maximum values of a~ have been extracted from tables 13—20; from these
values L~ CT is calculated. ~~CT is given by:

~ .C T = CTm,x — ar (zero pin load)

Fit (mm) armax(MPa) L~ a7’ (MPa)

0•05 395-9 395.9
000 333-4 333 4

— 0 -04 230~8 99-8
—0 .05 236~7 7 3 0
—0 06 263 3 66-8
—0 07 294~9 65~6
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TABLE 13

Stresses in Lug with Neat Fit Pin ; Pin Load of 50,000 N

Radial line through Radial line through Radial line through
Radial Point I Point S Point 9

Distance
(mm) 0R ~~T C5-RT 0R 0T 0RT (YR ‘7T ~‘RT

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

16-86 — 107-2 1 5 1 - 3  — 3 - 8  — 125 - 1 l59~6 — 1 - 2  — 42 - 8  333-4 — 4-8
17-62 — 94-3 147-2 —0-7 — 110-1 157-9 — 3 - 5  —34-6 294-2 — 8- 0
18-38 — 86~0 142-9 — 1 3  —1 0 1-0 154-3 — 5 - 8  —22 - 0 257-8 —1 6 - 0
19-65 — 70-3 1 4 1 - 5  —0-9 — 80-4 l 5 1 - 8  —8 -3  — 1 3 - 6  2 18-7 —16-2
20-92 — 59-0 139-8 — 1 - 1  — 67-0 146 3 — 9 - 8  — 5- 2  183-5 —17-4
22-70 — 42 -8 141-4 —1-0 — 46-5 144-0 —9-6 — 4 -3 149-9 — 12 - 8
24-48 — 30-3 142-4 —1 - 0  — 31-6  139-6 — 8 - 8  — 0- 8 121-4 — 10 3
27-05 — 13-9 146-5 — 0 - 5  — 13-9 140-1 —4- 9 — 1-4 84-2 — 4-7
29~59 0-5 151-4 — 0 -7 0-0 142~6 — 1 - 5  1-4 48-3 — 0-8

TABLE 14

Stresses in Lug with 0.05 mm Clearance Fit Pin; Pin Load of 50,000 N

Radial line throug h Radial line through Radial line through
Radial Point I Point 5 Point 9

Distance
(mm) r 0RT 0R ~ D 0RT ‘JR ‘YT ‘YRT

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

16~86 — 11 8 -1 98-9 —1-8 — 133-9 137-7 — 0- 7 9 -O 395•9 4 .7
17-62 — 103-3 106-7 — I~ 7 —Ill-I 140•9 — 5-0 —0-7 341-0 — 1 4
18-38 — 96-5 1 11 -9 —1~6 —~09-0 140-9 — 8-2 13~8 289-7 — 7 - 4
19-65 — 78-7 120-4 — 1 - 6  — 86~6 143-0 — 13-0 14-4 235~5 — 52
20 - 92 — 66-8 l26-S — I-S — 73-0 l40~3 —15 -8  19-5 190-0 —7-5
22~70 — 48-2 135-8 — l~4 — 49-9 140-5 — 16-0 11- 6 l46-8 — 3-7
24-48 — 34-2 143-8 —1-2 — 33-7 137-6 —1 4 - 8 9-7 110-3 — 3 - I
27-05 — 15-7 156•6 —0-7 — 14-6 140-8 — 8~ 1 2-6 60-6 — 1-2
29~59 0- 5 170-0 —0-7  0~l 146 6 — 1-8 1-4 l O T —0-8 

~~~~~~~~~~ —“-~~~~‘— 
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- TABLE 15

Stresses in Lug with —0.04 mm Interference Fit Pin ; Phi Load of 50,000 N

Radial line through Radial line through Radial line throug h
I

: Radial Point 1 Point 5 Point 9
Distance
(mm) ‘JR t~T “RT ‘Jfl ‘Jr ‘YRT ‘JR ‘YT “RT

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

16 -86 —1 28 - 6 21 1- 1 —4 - 6 —125 - 2 2 18-9 — 1 - 7  — 1 14 - 4 230-8 — 1 4
• 17-62 — 110-1 202-1 — 1 -4 —108-7 208-9 — 1 - 2  —95-9 2 19-9 — 1 - 5

18 -38 — 99-4 191-4 —2 -1  — 97-7 197-8 —2-2 — 85 - 9  207 6 — 3-4
19-65 — 78-8 181 -1 — 1-4 — 76-9 185-6 —2-3  —65-0 193-0 —3-9
20 - 92 — 64-4 170-0 —1- 8 — 62-6 172-5 —2-9 — 5 1 - 1  176-9 —4 - 4
22 - 70 — 45-2 161-4 —1 -2 — 43-6 161-9 — 2 - 6 — 33-8  162-0 — 2-7
24-48 — 30-5 152-3 — 1-4 — 29-6 150-9 — 2-6 —20-4 147-2 — 1- 8
27-05 — 13-7 146-0 —0 - 7 — 13 -1 142-6 — 1 - 5  — 8-6  135-8 1-7
29- 59 0-5 142-2 0-6 0-0 135-6 — 1- 3 0-8 128-7 3-8

TABLE 16

Stresses in Lug with —0.05 mm Interference Fit Pin; Pin Load of 50,000 N

Radial line through Radial line through Radial line through
Radial Point I Point 5 Point 9
Distance ~~~

— -_____ _______ ______ ______

(mm) ‘JR ar ‘YRT ‘JR ‘Jr ‘~RT ‘JR ‘YT ‘JRT

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

16-86 — 134-8 232-6 — 5 - 2  —132 - 5 236-9 — 1 - 8  —11 6-3  236 -7 — 1 - 6
17-62 — 1 1 5 - 2  22 1-3 — 1 - 4  —114-7  225-7 — I - I  — 99-0 224-7 0-0
18-38 — 103 - 6 208-I — 2 - 3  — 103 - 0 2 13-I  — 2 - 1  — 8 8 - I  2 12-0 — 0 - 4
19-65 — 82-0 195-4 — 1 - 4  — 80-7 199-1 — 2-2 —67 -5 197-4 0-5
20-92 — 66-9 181- 9 —1- 9 — 65-5 184-2 — 2-7 — 53-3 182-2 0-7
22-70 — 46-8 171- I — 1 - 3  — 45-4 171-7 —2-3 —35-8 169-I 2-5
24 - 48 — 31-4 159-8 —1-5 — 30-7 158-9 —2-4 — 21-7 155-8 3-0
27-05 — 14-I 151-4 — 0 - 7  — 13 - 5 148-6 — 1- 4 — 9-2 147-9 5-0
29- 59 0-5 145-6 0- 7 0-0 139-8 — 1-4 0-7 144- 7 5 - 2

-_  - - -—-~~-—-.. - .



TABLE 17
— 5’ Stresses in Lug with — 0,06 mm Interference Fit Pin ; Pin Load of 50,000 N

Radial line through Radial line through Radial line through
Radial Point 1 Point 5 Point 9
Distance

(mm) ‘JR ‘Jr aRT ‘JR ‘JT ‘YRT ‘JR ‘Jr ‘JRT

- - (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

16-86 — 141-8 263-3 —6-0 —143-1 260-0 — 2 - 1  — 121 - 9 252-6 — 1 - 7
17-62 — 121-4 248-1 — 1- 3 — 123-9 247-2 —1-1 —104 -2 239 - ‘ 1-0
18-38 — 108-5 23 1-5 — 2 - 4  — 1 1 1 - 1  233-0 — 2-2  — 92-1 225 -3 1-2
19-65 — 85-8 215-3 — 1-3 — 87-0 216-9 — 2-0 —71 -0 209-7 3 - 1
20-92 — 69-7 198-8 — 1-9 —70-5 200-2 — 2 - 5  — 55 - 8  194- 1 3- 9
22-70 — 48-9 185-3 — 1 - 2  — 48-8 185-8 — 2 - 1  —37-8 181-2 6 - 0
24-48 — 32-8 171-5 —1- 5 — 32-9 171-3 — 2-3 —22-9 168-5 6-5
27-05 — 14-7 160-3 — 7 - 5  — 14-5 159-3 —1-4 — 9-7  162 - I 7 -5
29- 59 0-6 152-0 0-7 0-0 148-9 — 1 - 5  0-7  160-9 6-4

TABLE 18

Stresses in Lug with —0.07 mm Interference Fit Pin; Pin Load of 50,000 N

Radial line through Radial line through Radial line through
Radial Point I Point 5 Point 9
Distance ——

(mm) ‘JR ‘JT ‘JRT ‘Jr ~r ‘JRr ‘JR ‘Jr ‘JR T

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

16-86 —156-0 294-9 —6-8 — 158 -1 290-4 —2-3 —132 -7 “79-4 — 1 - 9
17-62 — 133 -6  277 -2 —1- 4 —1 36-8 275-7 —1- 2 — 113-6 264-2 I -S
18-38 —1 19-2 258-2 —2-6 — 122-5 259-5 —2-4 —100 -I  248-5 2-0
19-65 — 94-2 239-5 — 1 - 4  — 95-9 241-2 —2-2 —77-2 230-9 4-6
20-92 — 76-5 220-5 — 2-I — 77-5 222-0 —2-8 — 60 - 5 2 13-6 5-8
22-70 — 53-5 204-9 — 1 - 3  — 53-7 205-6 — 2 - 3  — 41 -0 199 -6 8 - 3
24- 48 — 35-9 189-0 — 1- 7 — 36-1 188-9 —2 -5 —24-7 185-8 8-9
27-05 — 16 - I 175-8 — 0 - 8  — 15-9 174-9 —1- 5 — 10-5 179-5 9-4
29- 59 0-6 166-0 0-8 0-0 162-8 —1 - 7 0-8 178-9 7-4
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TABLE 19

Experimental Strains in Lug for Neat Fit Pm; Pin Load of 50,000 N

Gauge Location
Gauge Type of Value
Number Distance from Angular strain of strain

centre of Lug coordinates measured 10~ rn/rn
hole (mm) degrees

1 18-14 90 Tangential 4-12
2 18-42 45 ,, 2-25
3 18-24 0 ., 2 -25
4 28-38 90 0-67
5 27-95 45 ,. 2-14
6 27 - 88 0 -, 1-86
7 17-63 90 Radial --2-48
8 17-77 45 •, — 1-80
9 17-64 0 ,, — 1-20

TABLE 20

Theoretical strains in lug for neat Fit Pin ; Pin load of 50,000 N

- Radial line Radial line Radial lineRadial - - -

distance 
through point I through point 5 throug h point 9

(mm)
ER Er ER ~ T ~ R Er

I0~ rn/rn 10~ rn/rn l0~ m/m l0~ rn/rn I0~~ rn/rn l0~~ rn/rn

16-86 —2-192 2-614 —2-481 2-811 —2 - 106 4-888
17-62 —1- 992 2-499 —2-262 2-720 —1-8 13 4-299
18-38 — 1-855  2-400 —2- 117 2-627 —1-473 3-730
19-65 — 1-628 2-310 — 1-817  2-500 — 1-1 78 3-142
20-92 — 1-463 2-235 — 1- 604 2-363 —0-900 2-607
22 - 70 — 1-240 2-185 — 1-304 2-237 —0-737 2 -1 3 1
24-48 — 1- 069  2 -142 — 1 - 0 7 5  2- 108 —0 -558 1- 7 13
27-05 —0 - 856 2 - 125 —0-827 2-036 —0 -399 1- 192
29 - 59 —0 -674 2 - 130 —0 -6 4 2 2-008 —0-197 0-674

I
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