Thick-wall Cylinder Radial Interference Fit Analysis
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External pressure ... P, = 0-MPa
Internal pressure ... p; := 0-MPa
Working temperature ... T, =23C
Temperature difference ... AT =T, - 23-C AT=0C
Cylinder properties ... Inner Cylinder ... Outer Cylinder ...
Drg: 123456 Drg: ABCDEF
OD at room temperature ... OD; := 114-mm OD, := 120-mm
ID at room temperature ... ID{ = 0-mm IDy = 113.85-mm
Elastic modulus ... E{ = 210-GPa E, := 210-GPa
Poisson's ratio ... vy =030 v, =030
Thermal expansion coefficient ... oy = 12.3-10 6 _mm_ oy = 12.3-10 6 _mm_
mm-C mm-C
Authar: Date: Title: AT
Check: Date: Thick WWall Cylinder Radial Interference Fit T
Company:
Dwg Mo.: Fage:




Cylinder Element Stresses and Radial Force Equilibrium
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(Gr + icsr-6rj~(r + 6r)-69 -0, 160 — 2-ce~6r~sin(—j =0 ... force equilibrium in
dr 2 the radial direction

Expanding gives ... i"r + l.(cr - Ge) =0 ... force equilibrium equation
dr r
Strain displacement equations ... €= d_u ... radial strain, where u is the radial
dr displacement function to be derived

oz 2w -2mwr_u ... circumferential strain
2.1 r
Note, u is the radial displacement as a function of r, i.e. u = f(r)
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Stress-strain relationships ...

In matrix format ...

Solving for stresses ...

gives ...

and substituting ...
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g = — — ... radial strain
E E
S VO . . .
gg=— — ... circumferential strain
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... substituting for stresses in
force equilibrium equation

... expanding and simplifying

2
d_zu + l‘iu LI ... differential equation for radial displacement in cylinder wall
dr rdr 2
T
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Let... u=Ar+ B ... general solution (GS)

2
d—Z(A-r + E) + l-i(A-r + E) - l-(A.r + E) =0 ... substituting GS into differential equ'n
dr r r dr r 2 r
T
d _
du=A-=2
dr 2
r
E d u . .
Cg=7T—— | v—u+-— ... circumferential stress
(1 VZ) dr r

c.= L(iu + V-Ej ... radial stress
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Equations for Inner Cylinder

Radial stress ... frl(r,Al,Bl)::Lz« A1~(1+01)—B—21~(1—01) if ID; > 0-mm
(1-v7) '

Al-(l + Ul) otherwise

E; B
Hoop stress ... fel(r,Al,Bl) =
( ;

— Al‘(l ¥ 01) ¥ _21(1 —ol) if ID >0-mm
l—ul )

A1~(1 + Ul) otherwise

B
Inner cylinder radial displacement ... ul(r’Al ’Bl) = Apr+ _1
T
By
Rate of change in radial displacement ... dul(r’Al ’Bl) =A] - —
2
r

Equations for Outer Cylinder

E B
Radial stress ... frZ(r’A2>B2) = (1—22) Az'(l 4 02) _ _22(1 _ 02)
~v,

Hoop stress ... f92(r>A2’B2) = (—

Outer cylinder radial displacement ...

By
duz(r,Az,Bz) =Ay - —2

r

Rate of change in radial displacement ...
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Thermal expansion ... ID; := IDl-(l + AT-al) ID; = 0.000mm

OD; := OD| (1 + AT-a;) OD| = 114.000 mm

ID, = ID,-(1 + AT-0y,) ID, = 113.850 mm

OD, := ODy (1 + AT-ay) 0D, = 120.000 mm
Radial interference ... 8= O.5-(OD1 - IDz) 8, = 75.000 um

Radial distance to mating faces ...

|duy(0.5:1D5, A9, By )|
AulZ(Al By ,Az,Bz) = ...ratio of rate of change in
|du2(0.5-ID2,A2,B2)| + |du1(0'5‘OD1 A ,B1)| outer cylinder displacement
w.r.t total rate of cheange

fm(A1:B1.Ag.By) = 0.5 Dy + (0D} ~ID;)-Auyp(A1,By,Ag,By)| - radial distance to
mating surfaces

Given the following boundary conditions ...

By = |B; if ID; >0-mm ... setting variable B, based on geometry conditions

2 .
0-mm~ otherwise

frl(O.S-IDl A ,Bl) = |-p; if ID; >0-mm ... equating stress to internal pressure at inner

cylinder ID (including geometry conditions)
f1(0.51D|,A},By) otherwise

frz(O.S-ODZ,AZ,Bz) =P, ... equating stress to external pressure at outer cylinder OD

frl(rm(Al By ,AZ,BZ),Al ,Bl) = frz(rm(A1 By ’AZ’BZ)’AZ’B2> ... equating radial stress
at mating surfaces

uz(rm(Al B, ,AZ,BZ),AZ,BZ) - ul(rm(Al By ,Az,Bz),Al ,Bl) =8,  ..equating sum of radial
displacement to interference
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Stress results ...

ID radial stress ...

OD radial stress ...

ID hoop stress ...

OD hoop stress ...

Radial interference ...

where ...

Inner Cylinder ... Outer Cylinder ....

fy 1p 1 =~13-50MPa fy 1p 2 =-13.50MPa
frop 1 =~13-50MPa fy op 2 =0.00MPa

fo 1p 1 =-13.50MPa fo 1p 2 =262.85MPa
fo op 1 =~13.50MPa fo op 2 =249.34MPa

uy(r'msAg.By) (', A B ) =75.00um  where 5, =75.00um

up(rpsAp.By) =-257um  and  uy(r' Ay, By) = 7243 um

r' = 56.993 mm ... radial distance to mating faces

AulZ(Al B ,AZ,BZ) =90.76% ... outer cylinder proportion of
interference deflection

2.0 — 1D
Zm 2 5076% ... check
OD, - ID
1 2
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Radial Displacement
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