Input Data

Moduli ...

Lengths ...

Preloaded Socket and Bolt Joint Under Applied External Loading

Top Socket

Lte
Lts .
sh |—|:IS
Bottom Socket Fy
Fsho

Ey, = 210-GPa ... for bolt
Egp, := 200-GPa ... for bottom socket
Eg := 190-GPa ... for top socket
Lp = 100-mm .. bottom socket length
Lpg = 97-mm .. bolt shank length
Lis = 103-mm .. length to start of thread
Lie:= 180-mm .. length to end of thread
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Rtr = 22.5-mm
R

= 53-mm

RSbl = 25.5-mm

Rst = 45-mm
RW = 40-mm
Rbr = 22.9-mm

Rstr = 24.5-mm

Moment ... Mapl = 11.50-kN-m
Load ... Papl = 0-kN
Ppl = 600-kN

Socket Inner Radius Profiling

.. bolt shank radius

.. bolt undercut radius

.. bottom socket outer radius

.. bottom socket inner radius

.. top socket outer radius

.. washer radius

.. bolt male thread root radius, note R, > R,

.. top socket female thread root radius

... applied BM at interface between top and bottom sockets

... applied axial load

... joint preload

Zgj1 = Lgp — (max(Rgyp. Rpi) — min(Rger. Rpi)) zg;1 = 99.00mm
Zgjp = 0.5(Lyg + Lye) zgjp = 141.50mm
z r (mm)
0-mm R
sbi 0 255
Zsi1  Rgbi 99 255 , . . .
Skt In := Skt In = mm ... interpolating socket inner radius
- sb Ry - 100 24.5
141.5 245
Zsip  Rgyr

(o

r(2) = tinterp(ske 10 sk 1 7)

... socket inner radius function
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Socket Outer Radius Profiling

zgo1 = Rgpo ~ Ry zgo1 = 13.00mm
Zg02 = Lgp — (Rsbo - Rst) Zgop = 92.00mm
Zgy3 1= 0.5~(LtS + Lte) zgo3 = 141.50 mm
z r (mm)
0-mm R
W 0 40
Zso1l Rgbo 13 53
Skt Out:=| Zgpp Rgpg Skt Qut=| 92 53 |mm ... interpolating socket outer radius
Ly Ry 100 45
141.5 45
Zgo3 Ryt

(o (n )

ryo(2) = linterp(SkLOut ,Skt Out ",z ... socket outer radius function

Bolt Radius Profiling

zpy = Lpg + (Rb - Rtr) Zy = 99.50 mm
Zpyp = Ly — (Rbr - Rtr) Zpyp = 102.6 mm
Zpy3 = O.5-(LtS + Lte) Zpy3 = 141.50 mm
z r (mm)
0-mm Rb
0 25
L R
bs b 97 25
Zp Ry 99.5 22.5 , , _
Blt Out := Blt Out = mm ... interpolating bolt outer radius
B Zy) Rtr - 102.6 22.5
103 229
Lis Ry
141.5 229
zp3 Ry

(0 (n )

To(2) = linterp(Blthut ,BIt Out ™,z ... bolt outer radius function
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Socket & Bolt Radius Profiles

60

-1
rSO(z- mm)-mm
40

-1
r;(z mm)-mm

—1
rbo(z~ mm)-mm 20

Socket Modulus

E((z) = | Eg, if z<Lg,

Est otherwise

Socket Spring Stiffness

20 40 60 80 100 120

... bottom and top socket modulus function

— 7 mm

. l.rso} .
"

0

Equivalent Socket Modulus

2303

2 2
ks‘n'(Rst ~ Ry )

Ese =

Bolt Spring Stiffness

503
1 1
kb = . dz

] Tho(2)”

B (10’ - 1”)

dz kg = 1288 x 10

Eg, = 24536 GPa

7 mm

k, =3.637x 10

140
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Equivalent Bolt Modulus

2503
Eb = —— Ebe =244.61 GPa

c
2
k- Ry

Section Axial Strain and Stress

ga(x,gl,gz) =g+ l‘(gz _ gl)« 1+ = .. function for change in axial strain
2 Rst
Po1 .
Gab(x,a 1 ,82) = Ebe~sa(x,s 1 ,32) + if R, <x<R, - boltaxialstress
“'Rtr
0-MPa otherwise
Ppl .
Gas(x,al,gz) = |0, < Ese‘ga(x’gljgz) _ > ... socket axial stress

2
“'(Rst ~ Rty
G, < Oyt if Gt < 0-MPa
G, < 0-MPa otherwise
C, if _Rst <x< Rst

0-MPa otherwise

Cross Section Profiles

Yp(X) = Re( Rtr2 - xz) ... bolt y axis profile function
Yo(X) = Re( Rst2 - xz) ... socket outer y axis profile function

2 2 . . .
ysi(x,sl,az) = Re( Ry - x ) if Gas(x,sl,gz) >0.MPa ... socketinner y axis

profile function

2 2 .
Re( Rstr —x) otherwise
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Section Axial Forces

Ry Yb(X)
Pab(sl,gz) = QJ( J Gab(x’sl’gz)dydx ... bolt axial force
Ry 70
(Rst rySO(X)
Pas(gl,sz) =2 cas(x,gl,gz) dydx ... socket axial force
Ryt ysi(x"e'l"c'z)
Pa(s i ,82) = Pab(gl ,82) + Pas(s { ,gz) ... total axial force
Section Moments
(Rst Yp(%)
Mb(sl,az) = —Z‘J J Gab(x,sl,az)‘xdydx ... bolt moment
- Ry 0
rRst (yso(x)
Ms(al,sz) = -2 Gas(x,sl,gz)«xdydx ... socket moment

Ry ysi(x’gl’gz)

Ma(gl,sz) = Mb(sl,gz) + Ms(gl,gz) ... total moment

Solving for Unknown Strains

Given Pa(s i ’82) =Pyl ... equating to applied axial load
Ma(al,sz) = Mapl ... equating to applied BM
- -4 —4
Giving ... €1 =6.868x 10 ..and ... €y =—6.804 x 10
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Checks ... Pab(sl,82) =601253.7N

Pys(8182) = —601253.7N

Pa(sl,sz) =-0N

My(e.6) = 747.9N-m

M(e1.8) = 10752.1 N-m

M,(e1.85) = 11500.0N:

.. bolt axial load

.. socket axial load

.. total internal axial load, where ... 0N

Papl =

.. bolt moment

.. socket moment

.. total internal moment, where ...

m Mapl =11500N-m

Mb(S 1 ,82)
— = - 650% ... percentage of BM seen by bolt
Mapi
p
M,leq,¢€
M =100.00 % ... internal BM to applied
Mapl
Acting Bolt & Socket Half Sections
50T
-1 407
Yp(X-mm)-mm
Ygo (X mm)-mm ! 307
Yl Xrmm,eq,€
51( 1 2) >0
mm
107
-50  —40 30 20  -10 50
X
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Bolt and Socket Stress (MPa)
500T

200T
Gab(x~nnn,al,82) 1007
MPa
o, [xmm,e,,¢e I f f { i i
aS( ! 2) -50 10 20 30 40 50
MPa
—2007T
—300T
—400T
—500—
X
Bolt stresses ... (Sab(—Rtr,gl’gz) =461.6 MPa ... thread undercut, LHS
(jab(Rtr’gl,gz) =294.4MPa ... thread undercut, RHS
Socket stress ... Gas(_RSt’S | ,82) =0.0MPa ... top socket outer radius, LHS
GaS(RSt’s | ,82) =-301.0MPa ... top socket outer radius, RHS
Section Bending Page 8 of 8

With Bolt and Contacting Socket




