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ABSTRACT

The purpose of this thesis was to develop a user
friendly software package to speed the calculation of the
stress states of high pressure multiple walled vessels. A
residual stress pattern is created in these vessels using
autofrettage and the shrinkfitting processes. This residual
stress pattern improves the vessel’s ability to perform at
high pressures. The solution method considers the effects of
strain hardening and the Bauschinger effect. The software
was implemented to perform on a Macintosh platform. The
Macintosh was chosen for the software development because,
in the author's opinion, Macintosh’s intuitive user
interface will allow the widest use of the software. This
software package allows the criteria of the problem to be
quickly changed so that the user may produce a design for a
high pressure vessel in an efficient manner. The software
also generates stress graphs, and a complete report for each
design providing the user with complete documentation of the
design generated.
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Chapter I

Introduction And Purpose

Autofrettage and shrink fit processes are used to
produce a residual stress distribution in thick walled
cylindrical pressure vessels. In the autofrettage process a
large intermal pressure is applied to the vessel. This
pressure causes plastic deformation in part or all of the
cylinder. When the pressure is released, a residual stress
state remains in the cylinder. In the shrinkfitting process,
two cylinders are assembled together to form a multi-layered
vessel. The larger of the cylinders has an inside diameter
that is slightly smaller then the outside diameter of the
smaller cylinder. When assembled the interference fit causes
an interface pressure between the cylinders which produces a
beneficial residual stress state in the vessel. These
methods may be used alone or in combination. The desired
residual stress state, which consists of residual
compressive circumferential stresses at the bore of the
vessel, allows a greater operating pressure to be used in
these vessels. This residual stress state has the following
beneficial effects:.

1. The pressure at which yielding will occur in the
cylinder is increased.

2. The fatigue life is increased due to the reduction
of the effective cyclic bore stresses.

In order to design a vessel, which for the above
reasons has a residual stress pattern caused by autofrettage
or a shrink fit, the stresses for a given configuration must




be calculated and modified until an acceptable configuration
is found. Since these calculations are long and tedious,

autamation of the stress calculations will greatly reduce
the amount of time required to design such a vessel.



Chapter 1II

Mathematical Basis Of The Stress Analysis
Procedure

Autofrettage of Thick Walled Cylinders

One method of achieving the desired residual stress
pattern in a pressure vessel is by using an autofrettage
process. The autofrettage process involves pressurizing the
vessel internally until yielding occurs in some or all of
the material. When the autofrettage pressure is released, a
residual stress pattern remains in the material. Cylindrical
pressure vessels will be considered here.

As a cylinder is pressurized beyond a certain level,
the material begins to yield, starting at the bore and
continuing outward as the pressure is increased. In order to
determine the depth of the yielded zone, some theory of
failure must be selected. Two theories of failure will be
considered for the calculation of the stress state in the
yvielded zone, the Tresca theory and the Von Mises theory.

The Tresca theory states that a material will begin to
yvield when the maximum shear stress reaches some limiting
value. The von Mises theory states that the material will
begin to yield when the octahedral shear stress reaches some
limiting value. Using Mohr's Circle, and assuming that the
axial stress is equal to zero in the polar coordinate system
defined below, it may be shown that when yielding occurs,
the principal stress difference is given by (1).
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Gy — O, =kt (1)

For the Tresca theory k=2, T=maximum shear stress. For
the von Mises theory k=3/Y2, and 1T =octahedral shear stress.
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where:
h = typical length along the cylinder.
pDi = internal pressure.

The above drawing shows a differential element taken
from the vessel wall. From equilibrium of the above radial
force components it is seen that

do, +0,- - Op¢ =0
dr r . (2)




Substituting(l) into(2) yields (3).

do, k1

dr r (3)

Integrating (3) yields the following expression for
variation of the radial stress in the yielded zone of the
cylinder.

o, =kt iln (r)+c (4)

At the bore, r =ri and Or=-p (where p=autofrettage pressure).
Using these conditions and solving for ¢ yields (5).

¢c=-p-kthh(r,) (5)

Substituting (5) into (4) yields (6), the expression for the
radial stress as a function of r in the yielded zone of the
cylinder.

o, = ktin (—) -p
(6)

Putting this result back into (1) gives an expression for
the circumferential stress in the yielded zone of the
cylinder.

The equations (6) and (7) are valid for the region of the
material which has undergone plastic deformation.




Since in most cases the plastic deformation does not
proceed throughout the entire thickness of the cylinder, it
is necessary to determine the stress state in the region
where the material does not yield. If u represents the
radial displacement of a point, and since displacements
occur strictly in a radial direction for axisymetric
problems, the circumferential strain may be written as the
change in circumference divided by the original
circumference.

- 2n (r +u )-2nr
2nr

Eo

or

u
808_
r (8)

The radial strain of a differential line segment dr, that
changes its length by an amount du, may be written as
follows. (See drawing on page

. .
dr (9)

The stress-strain relationships for a planar state of stress
with uniform temperature for an isotropic, homogeneous
material are:

o, = le,+veg )

1-v2




{eg + VE,}

%= 1 (11)

Substituting (8) and (9) into (11) yields the following
expressions for radial and circumferential stresses in the
unyielded zone of the cylinder.

o, = E fe, + veg | = E E‘i+v.u_
T Iove R e

(12)
oo = E les + vE | = E lu oy du
0 1-v2 % 1-v2ir dr (13)
Substituting (12) and (13) into (2) yields the following
differential equation for the radial displacement.
du 1 du u
—t e = e = ()
dr? r dr r? (14)
Rewriting (14) yields the following expression.
dfll d
-—-[-— -(ur)] = 0
dr Lr dr (15)
By integrating (15) twice the following solution is
obtained:
u-Clr-f-g_z.
r (16)



Substituting (16) into (12) and (13) yields the following
expressions for the stresses in the unyielded part of the
cylinder.

E I-v
o,--l-_—v-z-[ll+vlcl— r202]

(17)

[uw}c, ; ""cz]
r2

Gy =

1-v? (18)

At the inner surface the magnitude of the radial stress must
be equal to the internal pressure.

At r=ri, Or=-pi. (19a)

At the outer surface of the cylinder the radial stress must
be equal to the external pressure.

At r=ros, Or=-po. (19b)

When these boundary conditions are applied to (17) and (18),
the following results are obtained for the constants of
integration in (17) and (18).

- 2 -p2
c, - L=V [n P rozpo]
8 "r‘

(20a)

c, = 1t [n’roz(P: - po)]

E r?-r?

(20Db)




Substituting Ci and C2 into (17) and (18) the following
equations for the stress state in the elastic region of the
cylinder are found.

o = 3\ 72 B 16 r2
To =i r o= (21)
2 2 2 2
r, r. r r
o = B(ie 2 ) - 2 1

In order to determine which regions of the cylinder
that the equations describing the radial and circumferential
stresses should be applied, it is necessary to calculate the
depth through which yielding occurs. If the depth of
vielding is a given parameter, then the pressure required to
cause this depth of yielding must be calculated. The
interface pressure that exists between the elastic and
plastic zones must also be found. This plastic-elastic
interface pressure may be found by substituting (21) and
(22) into the yield condition given in (1). This
substitution yields the following expression for the
interface pressure.

rt-r?
2r,2 (23)

Pe =kt

Where rp = depth of yielding.

There are two cases that must be examined in solving
autofrettage problems.
1. The depth of the plastic action is known and the
autofrettage pressure must be found.



The autofrettage pressure may be found by using
(6).

(6)

Where Or is equal to the interface pressure
between the plastic and elastic zones and r is set
equal to the depth of yielding. The interface
pressure is given by (23). Substituting (23) for
Or and rp for r into (6) yields.

r r2-r?
P k“r{(ln—-)(—— )}
s i 2"02 (24)

2. In the second case the autofrettage pressure is
known and the depth of yielding must be found.
For this case the following form of (24) must
be solved by a root finding procedure. The root
finding procedure will determine the value of 7p
by substituting various values of 7rp into (25)
until a value that causes (25) to be equal to zero
is found. The bisection method is used for this
calculation. FPor an outline of the bisection
method see appendix A.

i, 2 '_Z_QiJ e
o w2 ) (B opme 0

The designer must also know the pressure at which
yielding will begin, and the pressure at which yielding will
proceed completely through the cylinder. When yielding
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begins, rp=ri and the interface pressure is equal to the
autofrettage pressure. Substituting ri for rp and the
autofrettage pressure for the interface pressure into (23)
yields an expression for the pressure at which yielding
begins.

2,2
Pressure at which yielding begins = k1 (ET;L_)

(26)

When yielding is complete rp=ro and Or=0 at ro.
Substituting these values into the equation that describes
the stress state in the plastic region of the cylinder, (6),
yvields the following expression.

Pressure at which yielding is complete = kt {ln ’L}
i (27)

Using the equations given thus far, it is possible to
calculate the stresses in the cylinder that are caused by
the autofrettage pressure. The next step is to calculate the
residual stresses that are left after the autofrettage
pressure is released. These stresses may be found by
superimposing the stresses caused by the application of the
autofrettage pressure, and the stresses caused during the
unloading of the autofrettage pressure. The unloading
stresses may be calculated by using the elastic equations,
(21) and (22), and replacing the internal pressure with the
negative of the autofrettage pressure. It is necessary to
check and see if the cylinder reyields during the release of
the autofrettage pressure. It has been shown experimentally,
Kendall(l), that the reyielding pressure is significantly
less then that predicted from the Tresca yield condition and
elastic unloading. Thus when reyielding occurs, a correction
for the Bauschinger effect will be used to more properly

11



estimate the stress state of the vessel. This will be
explained in detail in a later section of this thesis.

Shrinkfit of Thick WwWalled Cylinders

Another method to produce the desired residual stress
at the bore of the cylinder is to shrinkfit a second
cylinder onto the original cylinder. The larger of the two
cylinders will have a slightly smaller inner radius then the
outer radius of the smaller cylinder. These cylinders are
assembled by heating the larger cylinder until it will fit
over the smaller cylinder, assembling them and allowing the
outer cylinder to cool. This will produce a contact pressure
between the two cylinders, and the desired type of stress
pattern (compressive circumferential stress at the bore of
the inner cylinder). Since it is possible for the cylinders
to have different material properties, the problem must be
solved for the case which occurs when the moduli of
elasticity of the cylinders are different. For elastic plane
stress (See Figure 1), in an isotropic material:

€ = 1(0 -V 0o,)
E° (28)

and

€ = u
r (29)

Where u is the radial displacement of a point at some radius
r.

From (29) the change in radius at the outer surface of the
inner cylinder is equal to the following.

12



W =1 & (30)

Where ro = the outer radius of the inner cylinder.
Using the elastic equations for stress, (21) and (22), and

substituting these into (30) yields the equation giving the
change in radius of the inner cylinder.

2 2
u.-=.£’. _Pine 7, (l+r‘_)+ Vi Dins
B\ rt-n? rot (31)

similarly, the change in the inner radius of the outer
cylinder is expressed by the following

U, =R, & (32)
o [ Pinet? J( Raz) ]
o = —\ |33l V¥ = |* Vo Pimt

Where:
ri = the inner radius of the inner cylinder.
ro =the outer radius of the inner cylinder.
Ri = the inner radius of the outer cylinder.
Ro = the outer radius of the outer cylinder.
Vi = Poisson’s ratio in the inner cylinder.
V o = Poisson’s ratio in the outer cylinder.
Ei = The modulus of elasticity of the inner cylinder.
Eos = The modulus of elasticity of the outer cylinder.

The known shrink fit, A, is equal to Ri-ro=u.-ui.

Substituting UWo (change in inner radius of the outer
cylinder) and ui (change in outer radius of the inner

13



cylinder) into (33) and solving for the interface pressure
yields the following expression for the interface pressure.

(34)

The stress state caused by the shrink fitting process
may be found by using the interface pressure and the elastic
equations (21) and (22). The interface pressure is
considered to be an external pressure on the inner cylinder,
and a internal pressure on the external cylinder. If the
autofrettage process has previously been performed on the
inner cylinder, the stresses caused by the shrink fit are
superimposed on the residual stresses caused by the
autofrettage process.

Bauschinger Effect

According to a study done by Kendall(l), the pressure
at which a thick cylinder will reyield after undergoing
plastic deformation caused by the autofrettage process is
significantly less then that predicted by the linear elastic
theory of unloading. Kendall attributes this difference to
the Bauschinger effect. The Bauschinger effect describes a
phenomenon in which a material that has been plastically
deformed in tension will have a reduced yield strength in
compression. The stresses between the bore and the radius
where 0:-0 r=0 are changed due to the Bauschinger effect and

14



must be recalculated. These stresses are recalculated using
equations which are derived by making the assumption that
the difference between the circumferential and radial
stresses is a linear function of the radius between the
inner surface and the point at which this difference is
equal to zero(as calculated from linear elastic unloading
theory) .Using the above assumption and considering the
boundary conditions given below, the following relationship
is obtained.

G (r=n)
I, =h (35)

Ok O = O —

Boundary conditions:

When r=r:, OwR - Or = 0.

|
|
\
|
|
When r=ri, OiR - Omr = Otc.
|
‘ where:
o, = Corrected hoop stress at the bore
r, = Radius whereo, -0, =0
O:x = Resiual hoop stress
| 0, = Residual radial stress

Combining (35) with (2) yields the following equation.

Ote Oie

rdr - rdr
.-hn r:=h (36)

| rda, = O, dr +

Integrating (36) yields the following equation.

rninr _ r s
Cie - o —n (37)

15



Where r =ri, Or =0. This may be used to find the constant of
integration.

r rrinr
l "'bzr‘ - 1 H

C = e ——————
I, =h . =h (38)

Substituting (38) into (37) yields the following
expression for the radial stress in the cylinder from the
inner surface to R:.

r -
g, I (;—)*r n-r

Oy rp-n (39)

By substituting (39) into (2) the expression for
circumferential stress for the same region is found to be
the following.

Cir r [ln (nL)+ I] +rn -2r

O;c r,-n (40)

The remaining residual stresses are calculated
according to elastic unloading theory and are modified by a
correction factor in order to assure continuity of the
stresses at r:. This correction factor is equal to the radial
stress at r: calculated using (39), divided by the radial
stress at r: calculated using elastic unlocading theory. In
order to make use of (39) and (40), a value for the
corrected circumferential stress at the bore ,0ic, nust be
found. Kendall(l) has proposed an empirically derived
equation for this purpose.

16



Gtc olA
— = - B +C[~—+B]
2t 4 "2r T (41la)
for
o4 < -087 (41b)

If the criteria in (41b) is met, then the stresses need
to be corrected for the Bauschinger effect. The constant Br
is the Bauschinger effect correction factor. The constant Gk
takes in to account the strain hardening that takes place
when the cylinder plastically deforms during unloading from
the autofrettage pressure.

Operating Pressure 8tress Calculation

The stresses caused by the pressure at which the vessel
will be operating may be calculated using the elastic
equations, (21) and (22). In the case of multiple cylinders
the cylinders are treated as one large cylinder. These
stresses are then superimposed on the residual stresses left
from the autofrettage and shrinkfit. Yielding begins at r =ri
when the following condition is met.

Oy — O, =21 (42)

The radial stress at the bore is equal in magnitude to
the operating pressure. The residual radial stress must be
equal to zero in order to satisfy the boundary conditions
before the operating pressure is applied. With the operating
pressure applied the equation for the radial elastic stress

17




state of a thick walled cylinder, (21), at r =ri becomes the
following.

Or = ~Pa (43)
Where pd is the operating pressure.

The circumferential stress at the bore will be a
superposition of the circumferential stress at the bore
caused by the operating pressure added to the residual
circumferential stress. The equation for the circumferential
elastic stress state of a thick walled cylinder, (22) plus
the residual circumferential stress, at r=ri becomes the

following.

’_z_rzpa + Oir
- (44)

Substituting (43) and (44) into (42) the yield criteria may
be expressed as follows.

2,52
1,2+,
4| ——— |t Pa =21 —Onr

(45)
At the bore r=ri. Substituting this condition into (45) yields
the operating pressure at which reyielding will occur in the
cylinder.

_ Q1 -or )rni-r?)

2r,2 (46)

Pa

18



If the cylinder reyields during the unloading of the
autofrettage pressure, then the residual circumferential
stress at the bore must be modified according to (41). The
vield strength is also modified and must be equal to the
absolute value of the corrected residual circumferential
stress at the bore. Putting these values into (46), the
pressure at which reyielding will occur may be expressed as
follows.

21 (r,2-1?)

Pi = i
o (47)

The factor of safety for the vessel, is based on the
operating pressure and the ultimate strength of the vessel.
The factor of safety is equal to the operating pressure
divided by the ultimate strength of the vessel. Assuming
that the material is perfectly plastic, the ultimate
strength of the vessel is equal to the pressure necessary to
cause complete yielding in the cylinder or cylinders. When
yielding has proceeded completely through the cylinder, the
residual stresses are relaxed and will not affect the
calculation of the pressure necessary for complete yielding.
Additionally it is known that Or=0 at the outer surface of
the cylinder. Since the cylinder is fully plastic the radial
stress equation for the plastic zone of a cylinder, (6), may
be used to calculate the pressure at which the cylinder will
become fully plastic. Using Or =0, r=ro in (6) yields the
pressure at which the cylinder will become fully plastic.

p =kt in (5-)

h (48)

For nested cylinders in the fully plastic condition the
interface pressure between the cylinders caused by the

19




shrinkfit will be relaxed along with the residual stresses
from autofrettage. Thus the pressure at which multiple or
nested cylinders will be fully plastic is simply the sum of
the pressures necessary to make each individual cylinder
fully plastic.

b= zk'r In (-’2’-)
i

(49)
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Chapter III

Definition of the Software’s Purpose

Solvable Problem Types

There are three types of problems that may be solved
using this software; single cylinder autofrettage process,
two cylinders with shrinkfit process only, and two cylinders
with autofrettage and shrinkfitting processes. All of these
problem types include the application of an internmal
operating pressure. The stresses are calculated by applying
the equations from part one of this thesis over a discrete
mesh. The number of nodes in the mesh may be defined by the
user.

For single cylinder autofrettage only, the user
supplies either the depth of yielding or the autofrettage
pressure and the software calculates the other one. The next
step is to calculate the stresses caused by the application
of the autofrettage pressure. The stress state in the
plastic zone, from the bore to the depth of yielding, is
calculated using (6) and (7). The stress state in the
elastic zone, from the depth of yielding to the outer
surface, is calculated using (12) and (13). Next the
stresses caused when the autofrettage pressure is released
are calculated using the elastic equations, (12) and (13).
The stresses caused by the application of the autofrettage
pressure are superimposed on the stresses caused by the
release of the autofrettage pressure in order to obtain the
residual stress state after the autofrettage process. This
stress state is then checked to see if a correction due to
the Bauschinger effect is required. If the criteria given in

21



(41a) for a correction is met, then the software
recalculates the stresses according the the method outlined
in the section titled, “The Bauschinger Effect”.

For a two cylinder problem with only the shrinkfitting
process, the user must supply the amount of the interference
in the fit of the two cylinders. The software then
calculates the interface pressure that is caused by this
shrink fit. The stress state is calculated using the elastic
equations, (12) and (13).

For a two cylinder problem with the autofrettage
process and the shrink fitting process, the residual stress
state for the inner cylinder is calculated in the same
manner as a one cylinder problem with autofrettage only. The
stresses caused by the shrinkfit are calculated in the same
manner as for a two cylinder, shrinkfit only problem. These
shrink fit stresses are superimposed on the residual
autofrettage stresses and this total residual stress state
is checked to see if a correction for the Bauschinger effect
is necessary. If the criteria for a correction is met, then
the software recalculates the stresses according the method
outlined in the section titled, “The Bauschinger Effect”.

For all of the above problem types the software then
calculates the stresses caused by the application of the
operating pressure and superimposes them on the residual
stress state. The factor of safety is calculated and the
stress state is checked to insure that the vessel does not
plastically deform upon the application of the operating
pressure. If the vessel does undergo plastic deformation
when the operating pressure is applied the software will
alert the user so that the appropriate redesign of the
pressure vessel may be implemented.
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Required Input and the Resulting Output

The following section lists the required input values for
each type of problem and the output that the software
generates.

Single cylinder, autofrettage process oaly:
Input:

1. Inner radius for inner cylinder.

2. Outer radius for inner cylinder.

3. Yield stress of vessel material.

4. Depth of plastic deformation,

or
the autofrettage pressure.
5. The operating pressure
Output:

1. Autofrettage pressure at which plastic
deformation will begin at the bore.

2. Autofrettage pressure at which the vessel will
undergo plastic deformation from the bore to
the outer surface.

3. Depth of plastic deformation,

or
the autofrettage pressure.
(Whichever is not given as input.)
4. Operating pressure at which revielding will
occur.
5. Factor of safety based on operating pressure.
6. The following stress graphs are drawn for
radial and circumferential stresses.
A. Residual stress state after the
autofrettage pressure is released.




B,

c.

Stress state caused by the application of
the operating pressure.

Total stress state caused by the
autofrettage process and the operating
pressure.

7. The tabular form of the following stress arrays
for radial and circumferential stresses may be

A.

Two cylinders,

Input:
1.
2.
3.
4.
5.

examined or printed.

Stresses caused by application of
autofrettage pressure.

Residual stresses after the autofrettage
pressure is released.

Stresses caused by the application of the
operating pressure.

Total stresses caused by the autofrettage
and the operating pressure.

shrinkfit process only:

Inner radius for inner cylinder.

Outer radius for inner cylinder.

Inner radius for outer cylinder.

Outer radius for outer cylinder.

Yield stress of vessel material for inmer
cylinder.

Yield stress of vessel material for outer

cylinder.

Amount of interference between the cylinders
for the shrinkfit process.

Poisson's ratio for inner and outer cylinder.
The operating pressure.
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Output:
1. Interface pressure caused by the shrinkfit.

2. Operating pressure at which yielding will
occur.
3. Factor of safety based on operating pressure.
4. The following stress graphs are drawn for
radial and circumferential stresses.
A. Stress state caused by the shrinkfit
between the two cylinders.
B. Stress state caused by the application of
the operating pressure.
C. Total stress state caused by the shrink
fit and the operating pressure.
5. The tabular form of the following stress arrays
for radial and circumferential stresses may be
examined or printed.
A. Stresses caused by shrinkfit.
B. Stresses caused by the application of the
operating pressure.
C. Total stresses caused by the shrinkfit
and the operating pressure.

Two cylinders, autofrettage and shrinkfit process:
Input:
1. Inner radius for inner cylinder.
2, Outer radius for inner cylinder.
3. Inner radius for outer cylinder.
4. Outer radius for outer cylinder.
5. Yield stress of vessel material for inner
cylinder.
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Output:

6. Yield stress of vessel material for outer
cylinder.
7. Depth of plastic deformation
or
the autofrettage pressure
8. Aamount of interference between the cylinders
for the shrinkfit process.
9. Poisson's ratio for inner and outer cylinder.
10.The operating pressure.

1. Autofrettage pressure at which plastic
deformation will begin at the bore.

2. Autofrettage pressure at which the vessel will
undergo plastic deformation from the bore to
the outer surface.

3. Depth of plastic deformation

or
the autofrettage pressure.
(Wwhichever is not given as input.)

4. Interface pressure caused by the shrinkfit.

5. Operating pressure at which reyielding will
occur.

6. Factor of safety based on operating pressure.

7. The following stress graphs are drawn for
radial and circumferential stresses.

A. Stress caused by application of
autofrettage pressure.

B. Residual stress after the autofrettage
pressure is released.

C. Stress state caused by the shrinkfit
between the two cylinders.

D. Total stress state caused by the shrink
fit and the autofrettage.
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E.

F.

Stress state caused by the application of
the operating pressure.

Total stress state caused by the
autofrettage, shrinkfit and the operating
pressure,

8. The tabular form of the following stress arrays
for radial and circumferential stresses may be

A.

B.

c.
D'

examined or printed.

Stresses caused by application of
autofrettage pressure.

Residual stresses after the autofrettage
pressure is released.

Stresses caused by shrinkfit.

Combined stresses caused by the shrinkfit
and the autofrettage.

Stresses caused by the application of the
operating pressure.

Total stresses caused by the autofrettage,
shrinkfit and the operating pressure.
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Chapter IV
Solution of an Example Problem

An example problem is solved and the appropriate output
windows for each step are shown in this section. Also the
report that is generated by selecting “Print Report” from
the “Report” menu shall be shown. In order to run the sample
problem, the following steps should be followed:

1. Turn on the Macintosh.

2. Insert the Under Pressure disk.

3. Double-click the Under Pressure folder.

4. Double-click the Under Pressure icon.

In a few seconds, the following window will appear:

AT Under Pressure

Prebdism Type:  Astafrettepa/ShriakPit
inner Radius of Inner Cylinder l inner Radius of Quter Cylinder
Outer Radius of Inner Cylinder] Outer Radius of Outer Cylinder
Yield Stress of Inner Cylinder Yield Stress of Outer Cylinder
Autofrettage Pressure Poisson's Ratio; Inner} | Buter]
Depth of Yielding Operating Pressure

Pressure That Beging Yielding in Inner Cylinder
Pressurs That Completes Yielding in inner Cylinder
interface Pressure Caused by Shrink Fit

Pressure at which Reyielding will Occur

Factor of Safety in Final Confiquration
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The problem information may be entered by clicking the mouse
in the rectangular fields. For example, the inner radius of
the inner cylinder is entered in the rectangular field
following the label, “Inner Radius of Inner Cylinder”.
Movement between the fields may be accomplished by clicking
the mouse in the appropriate fields, or by using the tab
key. Input information may also be loaded into the program
by selecting “Open 0ld Data” from the “File” menu. The data
for this problem is contained in the file called “A Sample
Problem” and is located in the folder named “Under
Pressure”. The default units are pounds per square inch for
pressures and stresses, and inches for radii, depth of
vielding, and shrinkfit amount. These may be changed to SI
units by using the “Units” menu. When the input information
is entered or loaded, the screen will appear as follows:

RN Under Pressure IR

Prabiom Tppe: __ Astefratiega/ShrinkFit
inner Radius of Inner Cylinder 3 Inner Redius of Quter Cylinder

Outer Radius of Inner Cylinde 9 Outer Radius of Outer Cylinder

Yield Stress of Inner Cylinder| 100000 | Yield Stress of Quter Cylinder|{ 150000

Autofrettage Praessure 97092.5 | Poisson's Retto; tnner] .3 | Outer] 35
Depth of Yielding 6 | Operating Pressure {10000

Pressure That Begins Yielding In tnner Cylinder
Pressure That Completes Yielding in Inner Cylinder
Intertace Pressure Caused by Shrink Fit

Pressure at which Reyislding witll Occur

Factor of Safety in Final Configuration
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The default problem type is autofrettage and shrinkfit of
two cylinders. The problem type may be changed under the
“AutoP” menu. For this example the problem type will not be
changed. First the stress state produced by the application
of the autofrettage pressure will be calculated. This is
done by selecting “Stress With Autofrettage Pressure’ from
the “Stress” menu. This will produce the following output
window.

EDEEENNEEERRNPEE Under Pressure SRS

Problom Tape:  Astefrotisge/Shriakfit
Inner Radius of Inner Cylinder 3 Inner Radius of Outer Cyulinder
Outer Radius of Inner Cylinder] g Outer Radius of Outer Cylinder
Yield Stress of inner Cylinder{ 100000 | Yield Stress of Outer Cylinder| 1506000
Autofrettage Pressure 970925 | Poisson's Ratio; inner| .3 | Outer] .35
Depth of Yielding 6 Operating Pressure | 10000
Pressure That Begins Yielding in Inner Cylinder 44444 .45
Pressure That Completaes Yislding in Inner Cylinder 109861.2

Interface Pressure Caussd by Shrink Fit
Pressure at which Reytelding will Occur
Fector of Safety in Final Configuration

Stress With Autofrettage Pressure(inner Cylinder)

97092 69595
19tress Stress
psi pst
RI RO Rt RO
n in
“97092 Radial Stress ~69555 Hoow Stress
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In order to calculate the residual stresses after the
autofrettage pressure is released select “Residual Stress
After Autofrettage (Inner Cylinder)” from the “Stress” memu.
The screen should now appear as follows:

SRS Under Pressure TR
Probiom Tppe: __ Antafreitape/ShrinkFit

Inner Radius of inner Cylinder 3 inner Redius of Outer Cylinder
Outer Radius of Inner Cylinder] g9 Quter Radius of Outer Cylinder 12
Yield Stress of inner Cylinder{ 100000 | Yield Stress of Outer Cylinder| 150000
Autofrettage Pressure 97092.5 | Poisson's Ratio; tnner| .3 | OQuter} .35
Depth of Yielding 6 Operating Pressure [ 10000 ]_I
Pressure That Begins Yielding In inner Cylinder 44444.45
Prassure That Completes Yislding in Inner Cylinder 109861.2

Interface Presesure Caused by Shrink Fit

Pressurs at which Reyielding will Occur

Factor of Safety in Final Confiquration

Linsar Equations Used For Calculating Unloading Stresses in (nner Cytindsr

Stress After Autofrettage Pressure is Relensed (inner Cylinder)

20056 110438
jStress Stress
psi pst
RI RO R T
h / "

-20036 Radial Stress -116458 Houp Stress r
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Next the stresses caused by the shrinkfitting process may be
calculated by selecting the “Stress due to Shrinkfit Only”
option from the “Stress” menu. This will calculate the
stresses caused by the shrinkfitting process only, as if the
autofrettage process had not taken place. The output window
should now appear as follows:

PR SRNRRS Under Pressure HEEEIE R
Probiom Tppe: ___Astsfrettepe/Shrinkiit 1
inner Redius of Inner Cylinder 3 inner Radius of Outer Cylinder | 8.5
Outer Radius of inner Cylinder] 9 Outer Radius of Outer Cylinder 12

Yield Stress of inner Cylinder] 100000 | Yield Stress of Quter Cylinder| 150000
Autofrettage Pressure 97092.5 | Poisson's Ratio; inner] .3 | Outer| .35
Depth of Yielding 6 | Operating Pressure 10000
Pressure Thet Bagins Yielding In inner Cylinder 44444.45
Pressurs That Completes Yieiding tn inner Cylinder 109861.2
Intertace Pressurs Caused by Shrink Fit 1558.673

Pressure at which Reyielding will Occur
Factor of Safety in Final Configuration
Linear Equattons Used For Calculating Unloading Stresses in inner Cylinder

Stress Caused ng_L Shrink Fit nnlg_;

1538 5566
L&m Stress \\\
pst pst
Rl ORO R ORD
n n
-1558 Radial Stress 3566 Heop Stress
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The stress state including the stresses caused by the
autofrettage and shrinkfitting processes is calculated by
selecting the “Total Stress After Shrinkfit” option from the
“Stress” menu. This will produce the following output
window:

RN Under Pressure RN R
Probiom TEpe: _ Autsfrotiego/BariskFit

Inner Redius of inner Cylinder 3 Inner Radius of Quter Cylinder

Outer Radius of inner Cylinder 9 Outer Redius of Outer Cylinder| 12

Yield Stress of innar Cylinder|{ 100000 | Yteld Stress of Outer Cylinder| 150000
Autofrettagse Pressure 97092.5 | Poigson's Retio; Inner| .3 | Outer| .35

Depth of Yielding 6 Operating Pressure 10000

Pressure That Begins Yielding In inner Cylinder 44444.45

Pressure That Completes Yielding in inner Cylinder 109861.2

Interface Pressure Caused by Shrink Fit 1558.673

Pressure st which Reyialding will Occur 7955595.95

Factor of Safety in Final Configurotion
Stresses Corrected for the Bauschinger Effect, Correction Factor=-.7
Depth Through Which the Bauschinger Correction is Applied= 4.57

Totel Stress After Shrinkfit

15639 70000
{8tress Stress
Rt ORO

RI 0RO
" / n

-15839 Radial Stress ~70000 Heep Stress
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Next the stress state caused by the application of the
operating pressure can be calculated by selecting the
“Stress From Operating Pressure Only” option from the
“Stress” menu. This will calculate the stress state caused
by the operating pressure only, as if the autofrettage and
shrinkfit had not been performed. The following output
window will result from this selection:

_ Under Pressure EEEEEEINENENENEE

Prakism Tyee:  Awtefratioge/ShriskFit
Inner Radius of |nner Cylinder 3 Inner Radius of Quter Cylinder
Outer Radius of inner Cytinder] 9 Outer Radius of Outer Cylinder
Yield Stress of inner Cylinder{ 100000 | Yield Stress of Outer Cylinder{ 150000
Autofrettage Pressure 97092.5 | Poisson's Ratto; Inner{ .3 | Outer| .35
Depth of Yielding 6 Operating Pressure | 10000
Pressure That Beqins Yielding In Inner Cylinder 44444.45
Pressure That Completes Yielding in Inner Cylinder 109861.2
Interface Pressure Caused by Shrink Fit 1558.673
Pressure at which Reyielding will Occur 75535.55
Factor of Safety in Final Confiqurstion 13.2

Stresses Corrected for the Bauschinger Effect, Correction Factor=-.7
Depth Through Which the Bauschinger Correction is Applied= 4.57

Stress Dua To Oneratlng Pressurs Only

10000 11333
19%ress Stress
psi psi
RI ORO RI ORO
] n
-10000 Radial Stress -11333 Hess Stress
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Now the stress state of the final configuration of the
pressure vessel with the operating pressure applied may be
calculated by selecting the “Total Stress With Operating
Pressure® option from the #Stress” menu. This will result in
the following output window:

IS Under Pressure SRR
Predism Typs: _ Astsfrottepe/ShrinkFit ]
inner Radius of Inner Cylinder 3 inner Radius of Outer Cylinder

Outer Radius of Inner Cylinder; 9 Quter Radius of Outsr Cylinder

Yield Stress of innsr Cylinder{ 100000 | Yield Strese of OQuter Cylinder| 150000
Autofrettage Pressure 97092.5 | Poisson's Ratio; inner] .3 | Outer| .35

Depth of Yielding 6 Operating Pressure 10000

Pressure That Baqins Yieiding In inner Cylinder 44444.45

Pressure That Completes Yielding in inner Cylinder 109861.2

Interface Pressure Coused by Shrink Fit 1558.673

Pressure at which Reyielding will Qccur 75555.55

Factor of Sefety in Final Configuration 13.2

Stresses Corrected for the Bauschinger Effect, Correction Factor=-.7
Depth Through Which the Bauschinger Correction is Applied= 4.57

Total Stress With Operating Pressure Applied
19949 58666

Stress Stress

psi pst //”-*~‘~
Rt 0RO Rl ———— e ]

" .n

-19949 Radial Stress -50666 Howe Stress

A complete report for the problem may be generated by
selecting the “Print Report” option from the “Report” menu.
This will produce the report which appears exactly as the
next five pages.
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Stress Analysis Report

Stress Analysis for Autotrettage, Shrinktit and Operating
Pressure of Two Cylinders
inner Radius of inner Cylinder = 3 in
Outer Radius of inner Cylinder = 9 in
inner Radius of Outer Cylinder = 8.5 in
Outer Radius of Outer Cylinder = 12 in
Yield Stress in Tension of Inner Cylinder = 100000 psl
Yield Stress in Tension of Quter Cylinder = 150000 psi
Poisson’s Ratio of Inner Cylinder = .3
Poisson's Ratio of Quter Cylinder = .35
Pressure at Which Yielding Begins at the Bore of Inner Cylinder= 44444 psi
Pressure at Which the Inner Cylinder is Completely Yielded = 109861 psi
Autofrettage Pressure= 97092 psi
Depth of Yielding Caused by the Autofreitage Pressure= 6 in
Operating Pressure= 10000 psi
Intertace Pressure Caused by the Shrinkfit=1558 psi
Pressure at Which Yielding Will Reoccur at the Bore = 75555 psi
Factor of Safety = 13.2

A correction due to the Bauschinger effect was used
in the calculation of the stresses caused by the
release of the autofrettage pressure.

Stresses in Inner Cylinder With the Autofrettage Pressure Applied
Radial stress at the bore = -97092 psi
Hoop stress at the bore = 2907 psi
Radial strass at the outer surface = 0 psi
Hoop stress at the outer surface = 44339 psi
Maximum radial stress = -97092 psi
Maximum hoop stress = 69555 psi

Residual Stresses in Inner Cylinder After Autofrettage Pressure
Radial stress at the bore = 0 psi
Hoop stress at the bore = -118458 psi
Radial stress at the outer surface = 0 psi
Hoop stress at the outer surface = 20065 psi
Maximum radial stress = -20056 psi
Maximum hoop stress = -118458 psi page t of 5
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Total Residual Stress After the Shrinkfit
Stresses in Inner Cylinder

Radial stress at the bore = 0 psi

Hoop stress at the bore = -70000 psi

Radial stress at the outer surface = -1172 psi
Hoop stress at the outer surface = 13628 psi
Maximum radial stress = -15839 psi
Maximum hoop stress = -70000 psi

Stresses in Outer Cylinder

Radial stress at the bore = -1172 psi

Hoop stress at the bore = 4187 psi

Radial stress at the outer surface = 0 psi
Hoop stress at the outer surface = 3014 psi
Maximum radial stress = -1172 psi
Maximum hoop stress = 4187 psi

Stresses Caused by Operating Pressure Only
Stresses in the inner Cylinder

Radial stress at the bore = -10000 psi

Hoop stress at the bore = 11333 psl

Radiat stress at the outer surface = -518 psi
Hoop stress at the outer surface = 1851 psi
Maximum radial stress = -10000 psi
Maximum hoop stress = 11333 psi

Streases in the Outer Cylinder

Radial stress at the bore = -518 psi

Hoop stress at the bore = 1851 psi

Radial stress at the outer surface = 0 psi

Hoop stress at the outer surface = 1333 psi

Maximum radial stress = -518 psi

Maximum hoop stress = 1851 psi page 2 of 5
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Total Stress State With Operating Pressure Applied
Stresses in the Inner Cylinder

Radial stress at the bore = -10000 psi

Hoop strass at the bore = -58666 psi

Radial stress at the outer surface = -1690 psi
Hoop stress at the outer surface = 15480 psi
Maximum radial stress = -19949 psi
Maximum hoop stress = -58666 psl

Stresses in the Outer Cylinder

Radial stress at the bore = -1690 psi

Hoop stress at the bore = 6039 psi

Radial stress at the outer surface = 0 psi
Hoop stress at the outer surface = 4348 psi
Maximum radial stress = -1690 psi
Maximum hoop stress = 6039 psi

page 30t 5
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Stress WIith Autofrettage Pressure(inner Cylinder)

970902 89655
Stres Stress
pei pei
2] R0 R RO
in in
-97092 Radial Streas -88655 Hoop Stress

Stress After Autoirettage Pressure Is Released (inner Cylinder)

20058 118458
Stress Sluul
poi pei
Rl RO 21] < RO
n in
-20058 Radial Stress -118458 Hoop Stresse

Stress Caused By Shrink Fit Only

1558 5568
Stres Stress \\
pei pei
Al ORQ Al ORC
in in
L~
-1558 Radial Stress -5566 Hoop Stress

page 4 of 5
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Total Stress After Shrinkfit

15838 70000
Stress Stres
pai pel L
Rt ORD Rt ——— 7]
in in
-1583¢8 Radial Stress -70000 Hoop Stress

Stress Due To Operating Pressure Only

10000 11333
Stress, Stress
psi psi
Ri ORO Rl QRO
in in
-10000 Radial Stress -11333 Hoop Stress

Total Stress With Operating Pressure Applied

19949 586060
Stress; Stres
RI ORO RI ———0R0
in in
-19949 Radial Stress -58666 Hoop Stress
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Chapter V

Discussion and Conclusion

Manufacture of high pressure vessels usually requires
prestressing the vessel to induce a state of compressive
residual stress. This prestressing takes one of two forms.
The autofrettage process induces a residual stress state by
means of an intermal pressure which causes partial yielding
of the vessel. Shrinkfitting two vessels with an
interference fit will also induce compressive residual
stresses at the inside of the smaller vessel.

The design of these types of vessels involves a large
number of calculations. The process of designing such
vessels is therefore lengthy and time consuming. There are
also many opportunities for the designer to make errors,
given the large number of calculations involved. For these
reasons a automated solution to this problem is desirable.

In order for the designer to test a design, the
following must be done. First the residual stresses from the
autofrettage process must be calculated. There are two steps
in the calculation of the residual stresses caused by the
autofrettage process. First the stresses caused by the
application of the autofrettage pressure must be calculated.
When the autofrettage pressure is applied, the cylinder will
vield forming a zone in which plastic flow has occured. The
stresses in this zone are calculated using the plastic
stress equations. The stresses in the remainder of the
cylinder may be calculated using the elastic equations. Next
the stresses that are caused by the release of the
autofrettage pressure are calculated. The cylinder may
reyield during the unloading of the autofrettage pressure.
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If this occurs, the stresses in the reyielded zone must be
recalculated. The reyielding pressure has been
experimentally shown to be much less than predicted by the
elastic stress equations. This is know as the Bauschinger
effect and must be considered in order to properly calculate
the stresses in the reyielded zone. These stresses are
superimposed on the stresses caused by the application of
the autofrettage pressure, yielding the residual stress
state of the cylinder. If the problem being solved is a
single cylinder autofrettage, then the stresses caused by
the application of the operating pressure are superimposed
on the residual stresses to give the final stress state of
the cylinder.

For the multilayered vessel the stresses caused by
shrink fitting the outer cylinder onto the inmner cylinder
are superimposed onto the residual stresses caused by the
autofrettage. The shrink fit stresses are calculated by
determining the interface pressure caused by the shrink fit,
and using this pressure in the elastic stress equations. The
final stress state is determined by superposition of the
stresses caused by the application of the operating
pressure.

As stated above, an automated solution to this problem
is desirable. That is the purpose of this thesis. The
advantages and requirements of a computer solution are many.
The speed and accuracy of the solution of many types of
engineering problems may be greatly enhanced by the use of
computers. Properly designed software should be easy to
learn and use, yet should also be flexible enough to meet
all of the engineer’s needs. These needs include the ability
to solve as many different types of problems as possible. If
the software is too limited in scope, it will not be widely
useful.In addition, the software should have the ability to
generate reports with minimal effort from the user.Since a
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standardized report will not always meet the user’s needs,
custom report generation is a feature that many users will
find useful. The Under Pressure software provides a wide
array of options for solving problems, along with very
thorough report generation capabilities. The Under Pressure
software will generate a standard report for each problem
solved. It will also produce text files of the standard
report, and of the stresses at each individual mesh point.
These text files may be edited using a word processing
program. This allows the user to generate custom reports
with a minimum of effort. The use of the Under Pressure
software should greatly reduce the amount of time an
engineer spends developing and documenting designs of
cylindrical high pressure vessels.

The process of developing this software has been very
challenging. The construction of a software package that
delivers a high degree of functionality while maintaining a
user friendly interface is an complex problem. It requires
the development of many programming skills. Among these are
ability to organize large sections of code, so that the
program execution is as efficient as possible. It also
requires a Macintosh programmer’s approach to using events,
edit fields, menus, and icons. Events allow the user to
communicate with the software in a much more intuitive
fashion than with a command line interface. Events consist
of, but are not limited to, selection of a menu option,
clicking the mouse in an edit field, or selecting a button.
The program waits for an event to occur, and then branches
to the appropriate section of code. This allows the user to
select options in an more efficient manner than with a
command line interface. Edit fields are rectangular areas in
the window where text or numeric data may be entered. Each
edit field is associated with a particular variable in the
program. The user may change a particular variable by using
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the mouse to locate the cursor in the edit field and typing
the new value. The next time the user selects a menu option,
the new value from the edit field is used in the
calculations. This is useful because it allows the user to
enter or change data without restarting the software or
editing a data file. Menus allow the user to select the
desired option without “visiting” a large number of screens.
The use of edit fields, menus and events, allow the user to
test many configurations of a problem in a much shorter
period of time than with a command line software package.
Using these items it is possible to construct software which
is much easier for the user to learn. Icons allow for
simplified manipulation of the data files that are created
by the program.

There were many problems that were overcome during the
development of this software. Learning to manipulate
graphics was the biggest challenge. The graphs produced by
the program had to be stored in array form, sent to the
printer, transfered to the clipboard, or manipulated on the
screen. The clipboard is a standard feature on Macintosh
computers and is used to transfer text or graphics between
various programs. The stress graphs or the current window
from Under Pressure may be copied to the clipboard. This
allows the user to generate custom reports that include
graphics. Preparing the Under Pressure program has greatly
improved the author’s ability to develop large, user
friendly software packages.
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Appendix A

The Bisection Routine.

The bisection routine is a method for finding real
roots of equations of the form f(rp)=0. In the autofrettage
problem it is necessary to determine the depth of yielding
in a thick walled cylinder caused by a given internal
pressure. The equation for which the roots are to be solved
has the form:

r, r2-r?
=k InLt (0 £ )] - o ™ 0
f(r) T[("r, )+ T Pou (25)

In this problem it is not necessary to guess an initial
interval in which to search for the root, since if the
cylinder yields, the depth of yielding must lie between the
inner and outer radii of the cylinder. Purther, the program
only branches to the bisection routine if the internal
pressure is greater then that which will cause yielding to
begin at the bore of the cylinder, thus it is known that the
root exists. Knowing the interval to be searched, and that
the root exists, all that is left to do is to find the root.
The bisection routine operates by dividing the interval to
be searched into two equal parts. In this case the intervals
would consist of; the inner radius to halfway through the
cylinder, and halfway through the cylinder to the outer
surface. The bisection routine then evaluates the function
at the endpoints of each interval. The first interval lies
between r=ri and r=(ro+ri)/2, the second interval lies between
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r=(ro+ri)/2 and r=ro. If the function values for an intervals
endpoints have different signs, that is, one is positive and
the other negative, this indicates that the root lies in
this interval. This new interval is then operated on in the
same method as the original interval, and this process is
continued until the function value is very close to zero.
The value of r at this location is the root, which in this
problem is the depth of yielding.
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Appendix B

The Users Guide

Under Pressure may be run on any Macintosh Plus or
later model. Under Pressure requires System and Finder
versions no earlier than System 4.1 and Finder 5.5. This
users guide describes the operation of the Under Pressure
software. It assumes that the reader has a basic
understanding of how to use menus, scrolling, text and a
mouse. For information on these subjects please consult your
Macintosh user manuals. Under pressure may be run from
either a hard drive or from floppy disk.

To use Under Pressure, use the following procedure:

l. Turn on your Macintosh.

2. Put the Under Pressure disk into your
Macintosh.

3. If you are going to run Under Pressure from
a hard drive, copy the Under Pressure
folder onto your hard drive.

4. Double-click the Under Pressure folder.

5. Double-click the Under Pressure icon.

This section will describe how to get started with a
sample problem.

l. Start Under Pressure.

2. Go to the File menu and select "Open 0ld Data".

3. Find the file "First Pressure Problem%, which
is located in the Data folder, which is inside
of the Under Pressure folder.
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4. Double-click on the file, or select it and
press the open button.This will load the sample
problem data into the program.

5. Select "Residual Stress after Autofrettage
(Inner Cylinder)" from the stress menu. This
will display the pressure at which yielding
begins, the pressure at which yielding is
complete, the autofrettage pressure require to
produce the given depth of yielding, and graphs
of the stress state in the cylinder.

6. You may now select other options from the menu
bar.

Solving Problems

The First step in solving problems is to enter the
problem data. If it is an autofrettage only problem, the
dimensions of the inner cylinder, the tensile yield strength
of the inner cylinder, and the operating pressure are
required as input. For shrinkfit problems and problems
including both autofrettage and shrinkfit, the dimensions of
both cylinders, yield strengths of both cylinders, Possion's
ratio for both cylinders, and the operating pressure are
required as input. This may be done in two ways. The first
is to enter the data in the fields of the main window of
Under Pressure. These fields are the small squares following
the description of the data to be entered. The first one is
“Inner Radius of Inner Cylinder”. The datum is entered by
clicking in the field, then entering the corresponding
value. Moving between fields is accomplished by using the
mouse or tab key. The length data is entered in inches for
the English mode or millimeters for the SI mode. The
pressure and yield strength data are entered in psi in the
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English mode or MPa in the SI mode. The Second method of
entering data is by using the “File” menu and selecting
“Input 01d Data”. This will bring up the standard Macintosh
file dialog box, in which the f£ile to be opened may be
selected. When the file is opened, Under Pressure will
automatically insert the data into the proper fields.

Next, the program must be informed which of the two
values the user supplies, autofrettage pressure or depth of
yvielding. This is done by going to the “AutoP” menu and
selecting either “User Supplies Autofrettage Pressure” or
#User Supplies Depth of Yielding”. The current choice is
indicated by a check mark in the menu.

Once the above steps are completed, the type of problem
being solved must be selected. This is done by going to the
*AutoP” menu and selecting one of the following:
*Autofrettage Only” for single cylinder autofrettage
process, *Shrinkfit Only*, for two cylinder shrinkfit
process with no autofrettage, or “Shrinkfit and
Autofrettage” for two cylinder problems involving shrinkfit
and autofrettage processes. Again the current selection is
indicated by a checkmark.

Next the yield criteria must be selected from the yield
criteria menu. There are two options, Tresca theory and von
Mises theory. The currently selected theory of failure is
indicated by a checkmark. The Tresca theory of failure
states that an isotropic material will begin to yield when
the maximum shear stress reaches a limiting value. The von
Mises theory of failure states that an isotropic material
will begin to yield when the effective stress reaches a
limiting value. The effective stress may be expressed as
follows.

o, = —I‘"[(ox = cy)z + (cy - o'z)z + (oz - ox)z + 6(T.t2y +T)?z +Tz?t )]“2
2 (50)
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There are two choices for units, the SI system and the
English system. In the SI system the pressures, stresses and
vield strengths are given in MPa and the lengths are given
in mm. In the English system the pressures, stresses and
yield strengths are given in psi and the lengths are give in
inches. The selection of units is made in the *Units” menu,
with the current choice indicated by a checkmark in the
menubaxr.

The number of discrete points that the stresses are
calculated at is set by selecting Number of Nodes from the
“Mesh” menu. When Number of nodes is selected, a window
appears with the current number of nodes in the inner and
outer cylinders. These may be changed by positioning the
cursor in the fields and changing the numbers. After the
number of nodes is changed, click the OK button.

The stress state of the problem you have entered may
now be calculated. For problems involving autofrettage, go
to the “Stress” menu and select either “Stress With
Autofrettage Pressure” or “Residual Stress After
Autofrettage”. This will calculate the pressure at which
plastic deformation begins in the cylinder, the pressure at
which the cylinder is completely plastic, and the depth of
yielding or the autofrettage pressure. Graphs of the radial
and circumferential stress states will also be displayed in
the window. 1If the problem involves a shrinkfit, go to the
stress menu and select one of the shrinkfit options. The
last step in the calculations is the stress state caused by
the operating pressure. This is calculated by selecting one
of the operating pressure options in the Stress menu. By
modifying the input data it is possible to f£ind the
configuration of the pressure vessels that will best meet
the design criteria. The stresses at the discrete points in
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the cylinders may be examined by selecting “Examine Tabular
Form of Stress Arrays” from the “Report” menu.

Reports

Now that the problem is solved a report may be
generated by selecting “Print Report” from the report menu.
This will print a standard report of the specifications of
the design and the stresses at various points. It will also
include all relevant stress graphs. For developing custam
reports there are several options. The current screen may be
printed by selecting “Print This Screen” from the “Report*
menu. The stresses at all of the discrete points may be sent
to the printer, or written to a text file for use in a word
processing program, by selecting “Print Tabular Form of
Stress Arrays” or “Write Text File of Stress Arrays” in the
Report menu. Also the report that is generated by the “Print
Report” option may be written to a file for use in a word
processing program, by selecting the option “Create Report
File” in the “Report’ menu. This file will not include the
stress graphs, as most word processors have different
methods for storing graphics. The graphs may be transferred
to most word processors through use of the clipboard. The
achieve this, simply select the “Copy Graph to Clipboard”
option in the edit menu, start the word processing program
and paste it in the proper location. The graph that is
copied to the clipboard, is the graph that appears on the
screen when the selection “Copy Graph To Clipboard” is made.
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Menus

File Menu

Save Current Data
Takes the current input data and saves it in a
text file.

Open 0l1l4d Data
Opens a previously created data file and loads
these values into the program.

Help
Displays on line help.

Quit
Stops execution of program.

Rait
S8ave Graph to Clipboard
Takes the current graph and pastes it onto the
clipboard, for use in custom report generation.

Report

Print This Screen
Sends the current screen to the printer.

Print Report
Sends a complete report including input data and
stress graphs to the printer.

Write Text Plle of Stress Arrays
Creates an ASCI text file of the stresses at each
individual mesh point, with headings, for use in
custam report generatiom.

Print Tabular Form of Stress Arrxays
Sends stresses at each individual mesh point with
headings to the printer.

Examine Tabular Form of Stress Arrays
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Allows user to examine the stresses calculated at
each individual mesh point in a scrollable window.

Create Report PFile
Writes report to a text file for use in custom
report generation.

Yield Criteria
Tresca
Selects the Tresca yield criteria for use in the
calculation of the stress state.
Von Mises
Selects the Von Mises yield criteria for use in
the calculation of the stress state.

AutoP
User 8Supplies Autofrettage Pressure
When this option is chosen the user must supply
the autofrettage pressure and the program will
calculate the depth of yielding.

User Supplies Depth of Yielding
When this option is chosen the user must supply
the depth of yielding and the program will
calculate the autofrettage pressure.

Calculate Autofrettage Pressure
With this option the program will calculate the
autofrettage pressure for a given depth of
yielding without calculating the entire stress
state in the pressure vessel.

Calculate Pressure at Which Yielding Begins and

Ends in the Cylinder
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This option calculates the pressure at which
plastic deformation will begin in the inner
cvlinder, and the pressure at which the inner
cylinder will be completely plastic.

Autofrettage Only
This option should be selected when the user is
interested in solving a single cylinder
autofrettage only problem.

Shrinkfit Only
This option should be chosen when the user is
interested in solving a two cylinder, shrinkfit
only problem.

Shrinkfit and Autofrettage
This option should be chosen when the user is
interested in solving a two cylinder autofrettage
and shrinkfit problem.The program first calculates
the stress state caused by the autofrettage of the
inner cylinder, and then superimposes the stresses
caused by the shrinkfit of the outer cylinder and
that caused by the operating pressure.

Stress

Stress With Autofrettage Pressure(Inner

Cylinder)
Calculates the stress state of the inner cylinder
with the autofrettage pressure applied.

Residual Stress After Autofrettage(Inner

Cylinder)
Calculates the residual stress state of the inner
cylinder after the autofrettage pressure is
released.

Stress Due To Shrink Fit Only
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Calculates the stresses in both cylinders caused
by the shrinkfitting process. Does not include the
residual stresses from the autofrettage process.

Total Stress After Shrink PFit
Calculates the total stress state in both
cylinders after the shrinkfitting process.
Includes the stresses from the autofrettage
process.

Stress With Operating Pressure Only
Calculates the stresses caused by the application
of the operating pressure. Does not include the
residual stresses from the autofrettage process or
the shrinkfitting process.

Total Stress With Operating Pressure
Calculates the total stress state in both
cylinders after the application of the operating
pressure. Includes stresses from the autofrettage
and shrinkfitting processes.

Mesh
Set Number of nodes

The stresses in the cylinders are calculated at
discrete points in the cylinders. This option
allows the user to determine the number of nodes
in the inner and outer cylinders. Note: The error
"Oout of memory" will occur if the number of nodes
in the mesh is set to a large number. TO correct
this the application memory size will need to be
increased. In order to do this, first quit the
Under Pressure application. Next select the Under
Pressure application by single clicking on its
icon. Next select “Get Info” from the file menu.
Now click the mouse in the box labeled application
memory size and increase the memory allotment.
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Experimentation will determine the appropriate
amount of memory when running large numbers of
nodes.
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Appendix C

List of Symbols

The radial stress.
The circumferential stress.

The stress in the z direction.
The yield criteria constant.
The shear stress.

The radius at which the stress is being
calculated.

The inner radius of the inner cylinder.

The outer radius of the outer cylinder.

The depth of yielding in the inner cylinder
that is caused by autofrettage pressure.

The interface pressure between the plastic and
elastic zones in the inner cylinder

during the autofrettage process.

The radial displacement of a point at radius r.

The radial strain.

The circumferential strain.

Poisson’s ratio in the inner cylinder.

Poisson’s ratio in the outer cylinder.

The intermal pressure.

The external pressure.

The pressure used in the autofrettage process.
The interface pressure between the two cylinders
that is caused by the shrinkfitting process.
Modulus of elasticity.

The outer radius of the outer cylinder.

The inner radius of the outer cylinder.
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Orr
Orr
Cca

Ote
rz

pd

The magnitude of the shrink fit.

The residual radial stress.
The residual circumferential stress.

The residual circumferential stress at r=ri as

calculated from elastic unloading.
The corrected circumferential stress at the bore.

The radius where Ot-Cr = 0.
The Bauschinger factor.
The operating pressure.
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Appendix D

Source Code

changecursor 4 '***Change Cursor while program starts

's#%skx find screen Limits and intilize field locations and graph size
screenh=SYSTEM(6)
screenw=SYSTEM(5)
IF (screcenw<640 OR screenh<480) THEN
GOSUB smallmac
macsize$="small”
ELSE
GOSUB bigmac
macsize$="big"
ENDIF

WINDOW 1, "Under Pressure”,(winlxl,winlyl)-(winlx2,winly2),5
TEEREXES XXX X EXEREXEEEREEEREEXRLE RN R E R R BN X K

"*% Create Menu Selections »

R EE L EEE R EEEEEEEEEEERREEE R EEE R EREEREE R B
MENU 1,0,1,"File”

MENU 1,1,1,"Save current Data”:CmdKey 1,1,"S"
MENU 1,2,1, "Open Old Data":CmdKey 1,2,"0"

MENU  1,3,0,"--ccevraecnnncenas "

MENU 1,4,1,"Help":CmdKey 1,4,"H"

MENU 1,5,1,"Quit":CmdKey 1,5,"Q"

MENU 2,0,1,"Hdit"

MENU 2,1,1,"Copy Graph to Clipboard”:CmdKey 2,1,"C"
MENU 2,2,1,"Copy Current Screen to Clipboard”

MENU 3,0,1,"Report”

MENU 3,1,1,"Print This Screen”

MENU 3,2,1,"Print Report”

MENU 3,3,1,"Write Text File of Stress Arrays”

MENU 3,4,1,"Print Tabular Form of Stress Arrays”
MENU 3,5,1,"Examine Tabular Form of Stress Arrays”
MENU 3,6,1,"Create Report file”

MENU 4,0,1,"Yield Criteria"

MENU 4,1,2,"Tresca”:CmdKey 4,1,"T"

MENU 4.2,1,"Von Mises":CmdKey 4,2,"V"

MENU 5,0,1,"AutoP”

MENU 5,1,1,"User Supplies Autofrettage pressurc”
MENU 5,2,2,"User Supplies Depth Of Yielding"

MENU §5,3,1,"Calculate Autofrettage Pressure”

MENU 5,4,1,"Calculate Presure at Which Yielding Begins and Ends in Inner Cylinder”
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MENU 5,6,1," AutoFrettage only"”

MENU 5,7,1,"Shrinkfit only”

MENU 5,8,2,"Shrinkfit and AutoFrettage”

MENU 6,0,1,"Stress”

MENU 6,1,1,"Stress With Autofrettage pressure(Inner Cylinder)”

MENU 6,2,1,"Residual Stress

After Autofrettage(Inner Cylinder)"

MENU 6,3,0," o e mmae e "
MENU 6,4,0,"Stress due to Shrink Fit Only"
MENU 6,5,0,"Total Stress After Shrink Fit”

MENU  6.6,0,"--==cmcmnn-

MENU 6,7,0,"Stress From Operating Pressurc Only”
MENU 6,8,0,"Total Stress With Operating Pressure”

MENU 7,0,1,"Mesh”

MENU 7,1,1,"Set Number Of Nodes In Cylinder Mesh”:CmdKey 7,1,"M"

MENU 8,0,1,"Units"
MENU 8,1,2,"English"
MENU 8,2,1,"SI"

AR EE SRR R R R R E R R R R R R R R ERE R

'"*% gets up for multiple tones at same time **
EEREEEEZ SR SRR RS RES RS E RS R R R ERE R

WAVE 0,SIN
WAVE 1,SIN
WAVE 2,SIN
WAVE 3,SIN

R EEEEEEEE RS EEEE RS RS E R E SR RS R R R R ]

"*% initilizes varibles , flags ficlds ect b
EEEEE R R R R EEZEEEESEEEEEREEEEEE SRR RS E

lasttime=TIMER
refreshflag=0
Innermesh=19
innermeshplus=Innermesh+1
Outermesh=19
outermeshplus=Outermesh+1
CH=5
depthorpres=2
withPresFlag=0 i
errorflag=0
currentyeildcrit$="Tresca"
problemtype$="Both"
printscrecnerrorflag=0
curnum%=128
IF macsize$="small" THEN
yoriginlocation=226
ELSE
yoriginlocation=320

"** uged in animated cursor
'*% screen refresh
'** mesh for inner cylinder
'** mesh for inner cylinder
'*% mesh for outer cylinder
's* mesh for outer cylinder
'*% gtrain harding constant for
'**  flag for determining if user

‘** after displaying error message
** get yield criteria to Tresca
%% set problemtype to autofrettage

'*% get first cursor number for

's%%  Set origin of graphs for on screen
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END IF

GOSUB SetGraphLocation ex% get graph locations
cleargraphflag=0 '*%%% dont overwrite report graphs
graphtitleflag=0 **% move graph title up for report
LengthUnit$=" in" "**% ynits for reports and graphs
PresUnit$=" psi”

writefileflag=0

arraytextfile=0

firsttime=0

EEEREEEEEZREERE R R SR R R R E R E R R R R RS R R R RS R R

'**Assign memory locations for scroll bars and pictures **
EEZEEEEREEREEERREE R REEREERERRE R R R R R R R R R R R R RS

DIM scr%(3),bar%(3),s&,R%(3)
DIM top%,max%,linenum%,gap%
DIM  Graphpict%(4500)

GOSUB Userlnterfacel '*** get up text fields for data entry
GOSUB dimension

R E R EEEEEEEZEREE AR E R REERERRR R R ER R R ERERRS]

‘*%* gets up edit field cursor placement e

'SR REEE R REEXREEREEETXESEERNRXEESEEREE T RN
n=0

EDIT FIELD n+1

S EEE R R SRR R R PR EREREERE R R R R RS R R R R R RRER R R R
“** Main Program Loop e
'** 1 OOKS FOR ACTION in Fields and Menus =
B EEEEEEEEEREREREESR RS R RS RS EREEE R R R R R R R R RS
CALL INITCURSOR
ON MENU GOSUB Menucheck: MENU ON
ON TIMER(1/3) GOSUB cursor
controll:
errorflag=0

LET action=DIALOG(0)

IF action=5 THEN GOSUB refresh

IF action=7 OR 2 THEN GOSUB {ld

GOSUB boxinScreen

GOTO controll
TERE A REEREREBAE A ERLE AR LS TR S ST BN E XX &

A E SRR EEERESEREEEEERESER R R R E R R R R A R R R

‘** Draw Animated pressure cursor had

B EEEEEE LR SRR R ERRREREER R SRR R ERE TR RRRRE R B
cursor:

changecursor curnum%

cornum%=curnum% +1

IF curnum%=132 THEN curnum%=128§

RETURN
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EZEESESEE R EEEEEE LSRR E R RS RS ERE R RS SRR

'#*  Controls cursor placement in FIELDS b
S 2 E R EEE R EE R ER R R R EREREE R R R R R RS R R RS N
fld:

IF action=7 THEN n=n+1 : EDIT FIELD 1+n MOD 11
IF action=2 THEN n=DIALOG(2)-1
RETURN

EEAEEE R EEEEESERE SR E RS R R RS R R R EE RS R R ]

'*2 define all arrays **
B2 E EE RS SR EEEESRERRE RS RS R R R R R R R RS R
dimension:

DIM sigma(3,innermeshplus)
DIM Unsigma(3,innermeshplus)
DIM Ressigma(3,innermeshplus)
DIM shrksigma(3,innermeshplus)
DIM Resshrksigma(3,innermeshplus)
DIM jshrksigma(3,outermeshplus)
maxmesh=innermeshplus
IF outermeshplus > innermeshplus THEN maxmesh=outermeshplus
DIM x(maxmesh),y(maxmesh),Q(maxmesh),R(maxmesh)
DIM plasticCriteria(2,maxmesh)
DIM plasticCriteria2i(2,maxmesh)
DIM plasticCriteria2j(2,maxmesh)
DIM designsigma(3,innermeshplus)
DIM jdesignsigma(3,outermeshplus)
DIM Resdesignsigma(3,innermeshplus)
DIM jResdesignsigma(3,outermeshplus)
RETURN

2 E R EEEER R R SRR R R R REERR R R R R EE R R R R R R E R RS R R R R R R R R
'"**  Calculating loading stresses for Autofrettage

sigma(location of r, value of radial stress, val of theta stress)
X E R EE R R EEE R R E R R E R R R R R R E R EEE RS R EEE R EERE R R R R R R EEEERRE RN

stresscalc:
IF currentyeildcrit$="Tresca” THEN TwiceTau=Mat
IF currentyeildcrit§="von Mises” THEN TwiceTau=(2/(34(1/2)))*Mat

‘&%

deltar=(RO-Ri)/Innermesh ‘** calculate node size

R=Ri
i=0
" #%% Calculate stresses in Plastic zone
TIMER ON "**% timer for animated cursor
WHILE R <= dep
=i+l

sigma(1,i)=R
sigma(2,i)=TwiceTau*LOG(R)-AutoP-(TwiceTau*LOG(Ri))
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sigma(3,i)=((TwiceTau) +sigma(2.i))

R=R+deltar
WEND
PlasElasintfPres=-1*(sigma(2,i)) '*#*% calculate plastic elastic interface pressure
RIP=R-deltar '#+2x RIP is the depth of plastic yielding to the closest interval
clasticstart=i+1

' #3% Cglculate stresses in ELASTIC ZONE for Autofrettage
FOR i=(elasticstart) TO (innermeshplus)
sigma(l,i)=R
sigma(2,i)=(((PlasElasint{Pres)*RIP*2)/(RO*2-RIP*2))*(1-((RO*2)/(R*2)))
sigma(3,i)=(((PlasElasIintfPres)*RIP*2)/(RO*2-RIP*2))*(1+((RO*2)/(R"2)))
R=R+deltar
NEXT i
refreshflag=1
IF withPresFlag=l THEN GOSUB graphwithpres
TIMER OFF 'sex*tyrn off animated cursor
IF withPresFlag=1 THEN withPresFlag=0 :RETURN

AR EEEEEEREEEE R SRR SRR R R E R R R R R R R RE R R R RE R R R R R R RN,

'** UNLOAD BY APPLYING NEGATIVE AUTO PRESSURE *

'#* Calculate Stresses caused by negitive Autofrettage pressure
EEEEEEREEE RS EEE AR RS R R R R R R 2R R 2 R R R R R R R R EER R DR RN

GOSUB findmaxwithautop  '*** find max stress with presssure for report

TIMER ON
GOSUB cnablestressmenus
IF problemtype$ = "Autofrettage only® THEN GOSUB cnablestressmenus2
R=Ri

FOR i=1 TO innermeshplus
Unsigma(l,i)=R
Unsigma(2,i)= -1*(((AutoP)*Ri*2)/(RO*2-Ri*2))*(1-((RO*2)/(R*2)))
Unsigma(3,i)= -1*(((AutoP)*Ri*2)/(RO*2-Ri*2))*(1+((RO*2)/(R*2)))
R=R+deltar
NEXT i

'EXB XSRS L LRSS XXX SR B AT ERNERR XX EEXEREETFREERES RS

'#*%  FIND RESIDUAL STRESS AFTER UNLOADING *%*s*%

2R E R R R R R R R E R E REE R R E RS R RS EEE SRR EEEEEER R XS
i=0
FOR i=]1 TO innermeshplus
Ressigma(1,i)=Unsigma(1,i)
Ressigma(2,i)=Unsigma(2,i)+sigma(2,i)
Ressigma(3,i)=Unsigma(3,i)+sigma(3,i)
NEXT i

223232222121 3231221822222 222 28

'*2 check to see bausinger criteria is met ***
TEEEEREEERETREREREEEEEREREERRRERNRANR

BashCriteria=Ressigma(3,1)
goesplasticUnload=0
IF  ((BashCriteria)<((-1)*(.4)*TwiceTau))THEN goesplasticUnload=1
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IF (goesplasticUnload=1 AND problemtype$="Autofrettage only") THEN GOSUB
RecalcResStress
IF (goesplasticUnload<>1 AND problemtype$ = "Autofrettage only" OR (problemtype$
<>"Autofrettage only”) THEN
EDIT FIELD 56,"Linear Equations Used For Calculating Unloading Stresses in Inner
Cylinder",(ef56x1,ef56y1)- (ef56x2,cf56y2),3,1
mns=lﬁ
EDIT FIELD 57,mrt$.(ef57x1,ef57y1)-(ef57x2,ef57y2),3,1
resbore=Ressigma(3,1)
END IF
IF problemtype$ = "Autofrettage only” THEN
Pd={(TwiceTau-resbore)*(RO*2-Ri*2))/(2*(RO"2))
Reyiclding$=STR$(Pd)
Reyielding$=LEFT$(Reyielding$,9)
EDIT FIELD 128,Reyielding$ ,(ef128x1,ef128y1)- (ef128x2,ef128y2),2,2
Factor$=" "
EDIT FIELD 129,Factor$,(ef129x1,ef129y1)- (ef129x2,ef129y2),3,2
END IF
refreshflag=2
GOSUB resautograph
TIMER OFF
RETURN

"EEEEEXLE XXX XA XX EENELEE XA XXX R ERXLSERERREKRREXE AR AKX XY

'**% if bausinger criteria is met, then rccalculate residual stress for auto frettage
A2 SR EEERE SRR R R R R RS RS R R R R R R R R R R R R R R ER R R R RRRRR R R B J

RecalcResStress:
'sEsEkERRRLREs  Get corected tangential bore stress
sigmacorrected=(TwiceTau)*((- .4)+(CH*(((Ressigma(3,1))/(TwiceTau))+.4)))
IF ((sigmacorrected/TwiceTau) < -.7) THEN sigmacorrected=(- .7*TwiceTau)
resbore=sigmacorrected
'ssxs23% Find RZ (RZ is the depth of reyielding)
RZ=Ri
mindifference=Ressigma(3,1)-Ressigma(2,1)
i=1
R=Ri+deltar
WHILE R <= dep
=i+l

difference=Ressigma(3,i)-Ressigma(2,i)
IF (ABS(difference))<(ABS(mindifference)) THEN
mindifference=difference
RZ=Ressigma(1,i)
END IF
R=R+deltar
WEND
RZ$=STRS(RZ)
RZS$=LEFT$(RZS,5)
SPACS="Depth Through Which the Bauschinger Correction is Applied="
mrt$=SPACS+RZS
EDIT FIELD 57,mrt$,(cf57x1,cf57y1)-(ef57x2,¢f57y2),3,1
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baus$ = "Stresses Corrected for the Bauschinger Effect, Correction Factor="

bausnum$=STR$(sigmacorrected/TwiceTau)
bausnum$=LEFTS$(bausnum$,4) "**%% bausnum is the bausinger ‘correction

factor
bausnum2$=baus$+bausnum$
EDIT FIELD 56,bausnum2$,(ef56x1.¢f56y1)-(ef56x2,6f56y2),3,1

i=0

R=Ri

WHILER <=RZ

i=i+1
PreCorrectionRadial=Ressigma(2,i)
Ressigma(1,i)=R

Ressigma(2,i)=sigmacorrected*((RZ*LOG(R/Ri)+Ri-R)/(RZ-Ri))
Ressigma(3,i)=sigmacorrected*((RZ*(LOG(R/Ri)+1)+Ri- (2*R))/(RZ-R1))

R=R+deltar

WEND
correctionfactor=Ressigmea(2,i)/PreCorrectionRadial

‘sREssertesxx correct radial And Tangential stresses
clascorrectstart=i+1
FOR i=elascorrectstart TO innermeshplus
Ressigma(1,i)=R
Ressigma(2,i)=correctionfactor*Ressigma(2,i)
Ressigma(3,i)=correctionfactor¥*Ressigma(3,i)
R=R+deltar
NEXT i
RETURN

2 EEEEE SRR R RS RS ES R R R R R R R 2

"%  Loads arrays for no residual stress had

IEE R R E R RS R R E R R RS REERER R R RE R E R BN EJ
nostress:
TIMER ON
refreshflag=0
GOSUB getData0
IF errorflag=1 THEN TIMER OFF:RETURN
GOSUB yieldprop
GOSUB enablestressmenusQ
GOSUB cnablestressmenus
AutoP=0
dep=0
AutoP$=STRS$(AutoP)
AutoPS$=LEFTS$(AutoP$,10)
dep$=STR$(dep)
dep$=LEFT$(dep$,10)
EDIT FIELD CLOSE 4

EDIT FIELD CLOSE 5
EDIT FIELD 4, AutoPS$,(efd4xl,efdyl)-(eféx2,¢cfdy2),2,2

EDIT FIELD 5,dep$,(ef5x1,ef5yl1)-(ef5x2,ef5y2),1,2

IF currentycilderit$="Tresca® THEN TwiceTau=Mat
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IF currentyeilderit$="von Mises” THEN TwiceTau=(2/(3%(1/2)))*Mat

deitar=(RO-Ri)/Innermesh

R=Ri
i=0
FOR i=1 TO innermeshplus
sigma(l,i)=R
sigina(2,i)=0
sigma(3,i)=0
Ressigma(1,i)=sigma(l,i)
Ressigma(2,i)=0
Ressigma(3,i)=0
R=R+decltar
NEXT i
GOSUB clearGraph
TIMER OFF
RETURN

B AR EE SRR R EE R EEEE RS E RS RRE R E R E R R R R RN N

X EEEEEEREEEEE R EEEEEEEE R R SRR R RS R ]

"%  Clears arrays for new problem **
'"FE XXX EX X XA XXX E XL XXX ERXEE XX EBEXE XXX X
cleararrays:

FOR i=1 TO innermeshplus
sigma(1,i)=0
sigma(2,i)=0
sigma(3,i)=0
Ressigma(1,i)=0
Ressigma(2,i)=0
Ressigma(3,i)=0
Unsigma(1,i)=0
Unsigma(2,i)=0
Unsigma(3,1)=0

Resshrksigma(1,i)=0
Resshrksigma(2,i)=0
Resshrksigma(3,i)=0
shrksigma(1,i)=0
shrksigma(2,i)=0
shrksigma(3,i)=0
designsigma(1,i)=0
designsigma(2,i)=0
designsigma(3,i)=0
Resdesignsigma(1,i)=0
Resdesignsigma(2,i)=0
Resdesignsigma(3,i)=0
NEXT i

FOR i=1 TO outermeshplus
jshrksigma(1,i)=0
jshrksigma(2,i)=0
jshrksigma(3,i)=0
jdesignsigma(1,i)=0
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Jjdesignsigma(2,i)=0
jdesignsigma(3,i)=0
jResdesignsigma(l,i)=0
jResdesignsigma(2,i)=0
jResdesignsigma(3,i)=0
NEXT i
RETURN

EAEREEEEER AR SRR E RS R E SRR RS R R R R R R R R R R R R R R R EE ]

‘**  Draw lines for graphing and labels graph with fields **
X2 EEEEEEE R R F R E SRR R EEE R EE R R R RS SRR RS R 2SR R ER R E R R R ERE]
coordinatesystem:
GOSUB clearGraph
CALL TEXTSIZE(9)
CALL TEXTFACE(0)
EDIT FIELD 33, Stress”,(ef33x1,ef33yl)-(ef33x2,ef33y2),3,2
EDIT FIELD 44,PresUnits,(ef33x1,(¢f33y2-3))- (ef33x2,(ef33y2+10)),3,2
EDIT FIELD 34,"Stress”(ef34x1,ef34y1)-(ef34x2,ef34y2),3,2
EDIT FIELD 45,PresUnit$,(ef34x1,(ef34y2-3))- (ef34x2,(ef34y2+10)),3,2
EDIT FIELD 35,"RI",(ef35x1,ef35y1)-(cf35x2,ef35y2),3,2
EDIT FIELD 36,"RI"(ef36x1,ef36y1)-(ef36x2,e{36y2),3,2
EDIT FIELD 37,"RO",(ef37x1,ef37y1)-(¢f37x2,¢137y2),3,2

EDIT FIELD 46,LengthUnit$,((ef37x1-4),(ef37y2-2))- (ef37x2,(ef37y2+11)),3,2
EDIT FIELD 38,"RO" (ef38x1,ef38y1)-(ef38x2,ef38y2),3,2
EDIT FIELD 47.LengthUnit$,((ef38x1-4),(cf38y2-2))- (ef38x2,(cf38y2+11)),3,2
CALL TEXTFACE(1)

EDIT FIELD 30,"Radial Stress”,(ef39x1,ef30y1)- (ef30x2,e¢f30y2),3,2
EDIT FIELD 31,"Hoop Stress”,(ef3ixl,ef31yl)-(ef31x2,ef31y2),7,2

LINE(axesixl,axeslyl)-(axesix2,axesly2)
LINE(axes2x1,axes2yl)-(axes2x2,axes2y2)
LINE(axes3x1,axes3y1)-(axes3x2,axes3y2)
LINE(axesd4x1,axesdyl)-(axesdx2,axesdy2)

CALL TEXTFACE(0)

CALL TEXTSIZE(12)

RETURN

coordinatesystem?2:
GOSUB clearGraph
CALL TEXTSIZE(9)
EDIT FIELD 44,PresUnit$,(ef33x1,(cf33y2-3))- (ef33x2,(ef33y2+10)),3,2
EDIT FIELD 45,PresUnit$,(ef34x1,(cf34y2-3))- (ef34x2,(ef34y2+10)),3,2
EDIT FIELD 46,LengthUnit$,((cf37x1-1),(ef37y2-2))-
((ef37x2+3),(ef37y2+11)),3,2
EDIT FIELD 47,LengthUnit$,((cf38x1-1),(ef38y2-2))-
((cf38x2+3),(ef38y2+11)),3,2
EDIT FIELD 133,"Stress”,(ef33x1,ef33y1)-(ef33x2,ef33y2),3,2
EDIT FIELD 134,"Stress",(ef34x1,ef34y1)-(ef34x2,ef34y2),3,2
EDIT FIELD 135,"RI",(ef35x1,ef35y1)-(cf35x2,ef35y2),3,2
EDIT FIELD 136,"RI" (ef36x1,ef36y1)-(ef36x2,ef36y2),3,2
EDIT FIELD 137,"0RO",(ef137x1,ef137y1)-(ef137x2,ef137y2),3,2
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EDIT FIELD 138,"0RO",(ef138x1,ef138y1)-(ef138x2,ef138y2),3,2
CALL TEXTFACE(1)
EDIT FIELD 130.,"Radial Stress”,(ef39x1,ef30y1)- (ef30x2,ef30y2),3,2
EDIT FIELD 131,"Hoop Stress™.(ef31x1,ef31yl)- (ef31x2,ef31y2),7,2
LINE(axeslx1,axeslyl)-(axesix2,axesly2)
LINE(axes2x1,axes2yl)-(axcs2x2,axe82y2)
LINB(axes3x1,axes3y1)-(axes3x2,axes3y2)
LINE(axesd4x1l,axesdyl)-(axesdx2,axesdy2)
CALL TEXTFACE(0)
CALL TEXTSIZE(12)

RETURN

B2 EEZEEEE RS EEREE RS ERER R R R R 2

i 2 J

Calculate interface pressurc between =

"*% cylinders caused by shrinkfit **

2R SRR E SRR R ESEEEEEEREEERRERERREE R R R N

interface:
GOSUB getdata2

IF
IF
IF
IF
IF

errorflag=l THEN RETURN

currentyeilderit$="Tresca” THEN TwiceTau=Mat
currentyeildcrit$="von Mises” THEN TwiceTau=(2/(3*(1/2)))*Mat
currentyeilderit$="Tresca® THEN TwiceTauO=0Mat
currentyeildcrit$="von Mises” THEN TwiceTau0=(2/(34(1/2)))*OMat

'** e¢q for interface pres with diff e's
DELTASHRINK=(RO-ORI)
Ipr1=(RO/(OMat*DELTASHRINK))
ipr2=(RO/(Mat*DELTASHRINK))
ipr3=(RO"2/(OR0O*2-R0O*2))*(1+(ORO*2/RO*2))+0Oposs
ipr4=(RO*2/(RO*2-Ri*2))*(1+(Ri*2/RO*2))-poss
ipint=Iprl*ipr3+ipr2*ipr4

Ipress=1/ipint

Ipress$=STRS$(Ipress)
Ipres$=LEFT$(Ipress$,10)

EDIT FIELD 208,Ipres$,(ef205x1,ef205y1)-(ef205x2,¢205y2),2,2
RETURN

EEEE R E R R AR R EEEEEEEE R R R R RS RS E R RS EEEER 2N

s FIND STRESS DUE TO SHRINK FIT ONLY  s*%s3%

A XA EEEZEREE R SRR R EE R R R R R RS ER S R AR 2 2R

shrinkpres:
GOSUB interface '#2% to find interface pressure

IF

crrorflag=l THEN RETURN
deltar=(RO-Ri)/Innermesh
deltar2=(ORO-RO)/Qutermesh

Ri=Ri

R2=RO

FOR i=! TO innermeshplus
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shrksigma(1,i)=R1
Ressigma(l,i)=R1
shrksigma(2,i)=((Ipress*RO*2)/(RO*2-Ri*2))*(((RI/R1)*2)-1)
shrksigma(3,i)=(-1)*((Ipress*R0O*2)/(RO*2-Ri*2))*({(Ri/R1)42)+1)
R1=R1+deltar
NEXT i
FOR j=1 TO outcrmeshplus
jshrksigma(l,j)=R2
jshrksigma(2,j)=((Ipress*RO*2)/(OR0*2-RO*2))*(1- ((ORO/R2)42))
jshrksigma(3,j)=((Ipress*RO*2)/(OR0O*2- ROA2))*(1+((ORQO/R2)*2))
R2=R2+decitar2
NEXT j

'sixsknsxrrx  check to see if the outer cylinder goes plastic
from the shrink fit
goesplasticshrink=0
shrinkplasdepthj=0
FOR i=1 TO outermeshplus
plasticCriteria2j(1,i)=jshrksigma(1,i)
plasticCriteria2j(2,i)=jshrksigma(3,i)-jshrksigma(2,i)
IF ABS(plasticCriteria2j(2,i))>(TwiceTauO) THEN
shrinkplasdepthj=plasticCriteria2j(1,i):goesplasticshrink=1
NEXT i
IF goesplasticshrink=1 THEN
i=0
R=RO

'sssx22x recalculate the plastic zone stresses using ther plastic formulas
WHILE R <= shrinkplasdepthj
i=i+1
Jjshrksigma(1,i)=R "wxxx CHECK THESE EQUATIONS!!1111!
jshrksigma(2,i)=(TwiceTauO*LOG(R))-Ipress-
(TwiceTauO*LOG(R1))
jshrksigma(3,i)=((TwiceTau) +shrksigma(2,i))
R=R+deltar2
WEND
SOUND 625,2,2
SOUND 630,2,2
SOUND 635,2,2
SOUND 640,2,2
SOUND 645,2,2
SOUND 650,2,2
SOUND 645,22
SOUND 640,2,2
SQUND 635,2,2
SOUND 630,2,2
SOUND 625,2,2
SOUND 620,2,2
GOSUB plasticshrinkerror  '**%**display warning window
ENDIF
refreshflag=3
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IF (Resshrinkflag=1) THEN Resshrinkflag=0: GOTO shrinkskip
GOSUB shrinkprnt
RETURN

EEZEE SR RS E R R RS SRR R R R R R R R R R R R R R R R R RS R R R R R R R R D B

EEEEEEEEEREEEEEE R R R R R R R R R R R R E R R R R R R R R EREE S,

'*s%  FIND RESIDUAL STRESS AFTER SHRINK FIT *#*s%**

B R EEEEEEEEEEE R R R EEEERREEE R SRR R R R R E RS EE R RN RS

shrinkskip:

refreshflag=4

GOSUB e¢nablestressmenus2:

FOR i=1 TO innermeshplus
Resshrksigma(1,i)=Ressigma(1,i)
Resshrksigma(2,i)=Ressigma(2,i)+shrksigma(2,i)
Resshrksigma(3,i)=Ressigma(3,i) +shrksigma(3.i)
NEXT i

Rt i22 22223 2222222332222 3223233222222 22 2 23

"** check to see if Bausinger criteria is met ***
'EEEEEREE R X EREREXXESEREEEXEEREREXEERREREXRE
BashCriteria=Resshrksigma(3,1)
goesplasticUnload=0
IF  ((BashCriteria)<((-1)*(.4)*TwiceTau))THEN goesplasticUnload=1
IF (goesplasticUnload=1) THEN GOSUB RecalcResShrkStress
IF (goesplasticUnload<>1)THEN
IF problemtype$="Shrinkfit only” THEN
EDIT FIELD 56,"",(ef56x1,ef56y1)-(ef56x2,ef56y2),3,1
ELSE
EDIT FIELD 56,"Lincar Equations Used For Calculating  Unloading
Streases in Inner Cylinder",(cf56x1,ef56yl)- (ef56x2,¢f56y2),3,1
END IF
mrt§=""
EDIT FIELD 57,mntS$,(cf57x1,ef57y1)-(ef57x2,¢157y2),3,1
resbore=Resshrksigma(3,1)
END IF
'**3%  calculate reyiclding pressure
Pd=((TwiceTau-resbore)*(RO*2-Ri*2))/(2*(RO"2))
Reyielding$=STRS$(Pd)
Reyielding$=LEFT$(Reyiclding$,9)
EDIT FIELD 128, Reyiclding$ ,(ef128x1,ef128y1)- (ef128x2,ef128y2),2,2
Factor$=" "
EDIT FIELD 129 Factor$, (ef129x1,ef129y1)- (ef129x2,ef129y2),3,2

GOSUB resshrinkpmt

RETURN

S22 AR EES RS R RS EE SRR ERRER R R RS R R R RRRRERS R R
'*% Recalculate Residual Stress after the shrink b

'*% fit if the cylinder goes plastic on shrinkfit %

'ZEX XXX AXBS IR EEREERNEIREREELERERRELEXERE R E R RX R
RecalcResShrkStress:
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'WINDOW 5, "Hey Now",(40,40)-(100,100)
'PRINT "
'INPUT a$
'WINDOW CLOSE 5
‘*Exeexeixesc: Get corected tangential bore stress
sigmacorrected=(TwiceTau)*({~ .4)+(CH*(((Resshrksigma(3,1))/(TwiceTau))+.4)))
IF ((sigmacorrected/TwiceTau) < -.7) THEN sigmacorrected=(- .7*TwiceTau)
resbore=sigmacorrected
'EEERERX Fmd Rz
RZ=Ri
nmindifference=Resshrksigma(3,1)-Resshrksigma(2,1)
1=1
R=Ri+deltar
WHILE R <= dep
=i+l
difference=Resshrksigma(3,i)-Resshrksigma(2,i)
IF (ABS(difference))<(ABS(mindifference)) THEN
mindifference=difference
RZ=Resshrksigma(1,i)
END IF
R=R +deltar
WEND
RZ$=STR$(RZ)
RZS=LEFT$(RZS,5)
SPACS$="Depth Through Which the Bauschinger Correction is Applied="
mnt$=SPACS$+RZS
EDIT FIELD 57,mrt$,(ef57x1,ef57y1)-(ef57x2,ef57y2),3,1
baus$ = "Stresses Corrected for the Bauschinger Effect, Correction Factor="
bausnum3$==STR$(sigmacorrected/TwiceTau)
bausnum$=LEFTS$(bavsnums$,4)
bausnum2$=baus$+bausnum$
EDIT FIELD 56,bausnum2$,(ef56x1,ef56y1)-(ef56x2,cf56y2),3,1

i=0
R=Ri
WHILER <=RZ
=i+l
PreCorrectionRadial=Resshrksigma(2,i)

Resshrksigma(l,i)=R
Resshrksigma(2,i)=sigmacorrected*((RZ*LOG(R/Ri)+Ri-R)/(RZ- Ri))
Resshrksigma(3,i)=sigmacorrected*((RZ*(LOG(R/Ri)+1)+Ri- (2*R))/(R2Z-Ri))

R=R+deltar
WEND
correctionfactor=Resshrksigma(2,i)/PreCorrectionRadial
'‘sEssxeRaxer®  correct radial And Tangential stresses
cstart=i+1
FOR i=cstart TO innermeshplus

Resshrksigma(l,i)=R
Resshrksigma(2,i)=correctionfactor*Resshrksigma(2,i)
Resshrksigma(3,i)=correctionfactor®*Resshrksigma(3,i)

R=R+deltar
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NEXT i
R2=RO
FOR i=1 TO outermeshplus
jshrksigma(1,i)=R2
jshrksigma(2,i)=correctionfactor*jshrksigma(2,i)
jshrksigma(3,i)=correctionfactor®jshrksigma(3,i)
R2=R2+deltar2
NEXT i

'*x233%% end of baus correction for shrink
RETURN

B AR EE R SRR X R EE SRR RS SR E R R REERE R RS ¥

'** calculate stress due to design pressure only **

'ERE XX XEABREEE SRR EEREE XXX EERX XXX XX e kb X
firstdesprescalc:

IF problemtype$<>"Autofrettage only” THEN GOSUB getdata2

IF errorflag=l THEN RETURN

GOSUB getdata3

deltar=(RO-Ri)/Innermesh
deltar2=(ORO-RO)/Outermesh
R1=Ri
R2=RO
orot=ORO
IF problemtype$="Autofrettage only"THEN orot=RO
FOR i = 1| TO innermeshplus

designsigma(1,i)=R1
designsigma(2,i)=((designpress*(Ri*2))/(orotA2-Ri*2))*(1- ((orot”*2)/(R1%2)))
designsigma(3,i)=((designpress*(Ri*2))/(orot*2- Ri*2))*(1+((orot*2)/(R142)))
Ri=R1+deltar
NEXT i

IF problemtype$<>"Autofrettage only"THEN
FOR j=1 TO outermeshplus
Jjdesignsigma(1,j)=R2
Jdesignsigma(2,j)=((designpress*(Ri*2))/(orot*2-Ri’r2))*(1- ((orot*2)/(R272)))

jdesignsigma(3,j)=((designpress*(Ri*2))/(orot2- Ri*2))*(1+((orot*2)/(R272)))

R2=R2+dehar2
NEXT j
END IF
IF problemtype$="Autofrettage only” THEN
IF dep<>0 THEN
totalyicld=(-  1*resborc*(LOG(dep/Ri)))+(TwiceTau*(LOG(RO/dep)))
Factor=totalyicld/designpress
ELSE
Factor=yicldfin/designpress
END IF
Factor$=STRS$(Factor)
Factor$=LEFT$(Factor$,5)
EDIT FIELD 129,Factor$,(ef129x1,ef129y1)- (ef129x2,ef129y2),2,2
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END IF
IF problemtype$<>"Autofrettage only” THEN
IF problemtype$="Both* THEN
totalyicld=(-
1*resbore*(L.OG(dep/Ri)))+(TwiceTau*(LOG(RO/dep)))+(Twice
auO*(LOG(ORO/RO)))
END IF
IF problemtype$="Shrinkfit only” THEN
totalyield=(TwiceTau*(LOG(RO/R1)))+(TwiceTauO*(LOG(ORO/R 13))
END IF
Factor=totalyield/designpress
Factor$=STRS$(Factor)
Factor$=LEFT$(Factor$,5)
EDIT FIELD 129Factor$,(ef129x1,ef129y1)- (ef129x2,ef129y2),2,2
END IF

refreshflag=
IF (resdesignflag=1) THEN resdesignflag=0: GOTO DESIGNskip
IF problemtype$<>"Autofrettage only"THEN
GOSUB designPrnt
ELSE
GOSUB designAutoPmt
END IF
RETURN

EEEEEE RS RS2 R R R R R RS R RS RE R R R R R R R R R R RS ]

'#*% FIND total STRESS with DESIGN PRESSURE *»
2L EEE SR E R R R R R R RS EEE RS EREEERERRR R RS R
DESIGNskip:
refreshflag=6
IF problemtype$="Autofrettage only"THEN
FOR i=1 TO innermeshplus
Resdesignsigma(1,i)=Ressigma(1,i)
Resdesignsigma(2,i)=Ressigma(2,i) +designsigma(2,i)
Resdesignsigma(3,i)=Ressigma(3,1)+designsigma(3,i)
NEXT i
ELSE
FOR i=1 TO innermeshplus
Resdesignsigma(1,i)=Resshrksigma(1,i)
Resdesignsigma(2,i)=Resshrksigma(2,i)+designsigma(2,i)
Resdesignsigma(3,i)=Resshrksigma(3,i)+designsigma(3,i)
NEXT i
FOR i=1 TO outermeshplus
jResdesignsigma(1,i)=jshrksigma(1,i)
jResdesignsigma(2,i)=jshrksigma(2,i) +jdesignsigma(2,i)
JjResdesignsigma(3,i)=jshrksigma(3,i) +jdesignsigma(3,i)
NEXT i
END IF

R 2222222323223 2222222232 222222222321 2222222 24

's® check to sce if it goes plastic with design pressure ***
'EEREBEEXEEERERRXEE S LRSS R LRSS X EEE LR EREEERS X
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goesplasticdes=0
desplasdepthi=0
desplasdepthj=0
FOR i=1 TO innermeshplus
plasticCriteria2i(1,i)=Resdesignsigma(l,i)
plasticCriteria2i(2,i)=Resdesignsigma(3,i)-Resdesignsigma(2,i)
IF ABS(plasticCriteria2i(2,i))>(TwiceTau) THEN
desplasdepthi=plasticCriteria2i(1,i):goesplasticdes=1
NEXT i
IF problemtype$<>"Autofrettage only"THEN
FOR i=1 TO outermeshplus
plasticCriteria2j(1,i)=jResdesignsigma(1,i)
plasticCriteria2j(2,i)=jResdesignsigma(3,i)- jResdesignsigma(2,i)
IF ABS(plasticCriteria2j(2,i))>(TwiceTauQ) THEN
desplasdepthj=plasticCriteria2j(1,i):goesplasticdes=1
NEXT i
END IF
IF goesplasticdes=1 THEN GOSUB designwamning
IF problemtype$="Autofrettage only"THEN
GOSUB AresdesignPrnt
ELSE
GOSUB resdesignPmt
END IF
RETURN

EEEEEEZEREEERPEEEESEEEEER SRR SRR R R S 2R RS R R E R S R RE SR

'*#  digplays message for plactic action during operating pressurc**
"SR S LA XXX ERRXLEE B L LY R XXREERAX TR EREEXERERERRE AR LXK KX X
designwarning:
WINDOW 6,” ",(90,65)-(370,160),2
CALL TEXTFACE(1)

EDIT FIELD 103,"Waming! Plastic action occured during”,(1,20)- (285,39),7,2
EDIT FIELD 104,"application of operating pressure™,(10,38)- (280,53),7,2

CALL TEXTFACE(0) -
SOUND 220,7,,0
SOUND 293.5,7,,1
SOUND 440,7,,2
SOUND 587,7,,3
BUTTON 4 ,1,"0K",(190,55)-(240,75),1
TIMER OFF
CALL INITCURSOR
loopé6:
LET retkey=DIALOG(0)
IF retkey=1 OR retkey=6 THEN GOTO getonwithit6
GOTO loopb
getonwithit6:
WINDOW CLOSE 6
GOSUB boxinScreen
RETURN
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TEZERXXXXELXREXEE XL R AN AL AR ERXRSEEEREREEXE L K E X
"#* displays error message for inappropiate input x%
B2 R R SRR R ERE R R R RERR SRR R R R R R R R R RS R
errortrap:
dontdoit=TIMER-dontdotwice
IF dontdoit<10 THEN RETURN
erfl=1
errorflag=1
WINDOW 5,” ",(90,65)-(370,160),2
CALL TEXTFACE(1)
EDIT FIELD 102,"Improper Input Value",(20,20)-(250,35),7,2
CALL TEXTFACE(0)
SOUND 220,7,,0
SOUND 293.5,7,,1
SOUND 440,7,,2
SOUND 587,7,,3
BUTTON 2 ,1,"0K",(190,55)-(240,75),1
TIMER OFF
CALL INITCURSOR
loop2:
LET retkey=DIALOG(0)
IF retkey=1 OR retkey=6 THEN GOTO getonwithit2
GOTO loop2
getonwithit2:
WINDOW CLOSE 5
GOSUB boxinScreen
domtdotwice=TIMER
RETURN

R EE RS E RS RS R R R EEEEREER R R R R R R R R R R R R SR

X EEEEREEEE R R R SRR R R R R R R R R R R ER R R R D

'** displays error message for inappropiate filetype**
R R EE S R EE R E RS RS ERE SRR EEEEEREE R R EERER R R
fileerror:
WINDOW 6, ",(90,65)-(370,160),2
CALL TEXTFACE(1)
EDIT FIELD 103,"Improper File Type”", (20,20)-(250,35),7,2
CALL TEXTFACE(0)
SOUND 220,7,,0
SOUND 293.5,7,,1
SOUND 440,7,,2
SOUND 587,7,,3
BUTTON 4 ,1,"0K",(190,55)-(240,75),1
TIMER OFF
CALL INITCURSOR
loop4:
LET retkey=DIALOG(0)
IF retkey=1 OR retkoy=6 THEN GOTO getonwithitd
GOTO loopd
getonwithit4:
WINDOW CLOSE 6




GOSUB boxinScreen
RETURN

EEEEE R EE R EREEE SRR SRS R R R R R R R R R R E R ER

XS EEEEEEREEEEE R R EERE R R RS R R R R R R R R R ERESE.

** displays message for plactic action during shrinkfit**
TERAXEAA R AR R R A A AN XTI RSN E TR AL XX EIXARNE S

plasticshrinkerror:
WINDOW 6," ",(90,65)-(370,160),2
CALL TEXTFACE(1)
EDIT FIELD 103,"Warning! Plastic action occured during shrinkfit",(20,20)

(250,35),7,2
EDIT FIELD 104, during shrinkfit",(20,38)-(250,53),7,2
CALL TEXTFACE(0)
SOUND 220,7,,0
SOUND 293.5,7,,1
SOUND 440,7,,2
SOUND 587,7,,3
BUTTON 4 ,1,"OK",(190,55)-(240,75),1
TIMER OFF
CALL INTTCURSOR
loops:
LET retkey=DIALOG(0)
IF retkey=1 OR retkey=6 THEN GOTO getonwithit$
GOTO loop$
getonwithits:
WINDOW CLOSE 6
GOSUB boxinScreen
RETURN

R EE 2SR EEREEEESEREERE RS RRERE R R RRERR R R

A EEEERE R EEEEEEE RS R ER RS R R R R R RS RS R ERES RN

"** displays message for using depth of yielding = 0 "
'** when problem ilype not set to autofrettage only *=*
XA EL IR R SR EE RS EREREE R R R R R SRR RS R RS R 2
depZeroError:
refreshflag=0
WINDOW 6," ",(90,65)-(370,165),2
CALL TEXTFACE(1)
EDIT FIELD 103,"Problem type must be set to”,(20,20)- (250,35),7,2

EDIT FIELD 104," Autofrettage Only before
Depth”,(20,38)-(250,53),7,2
EDIT FIELD 105,"of Yielding may be set to
zero.",(20,56)-(250,71),7,2
CALL TEXTFACE(0)
SOUND 220,7,.,0
SOUND 293.5,7,,1
SOUND 440,7,,2
SOUND 587,7,,3
BUTTON 4 ,1,"0K",(190,80)-(240,95),1
TIMER OFF
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CALL INITCURSOR
lop5:
LET retkey=DIALOG(0)
IF retkey=1 OR retkey=6 THEN GOTO getonS
GOTO lop5
getonS:
WINDOW CLOSE 6
RETURN

22 E 2R R R R R R R RS R R R R R R R R R R R R R RE RS
'"** Check if input data has been changed >
"EEE XXX EXXXRERBEEXXEEBXRRREEEEE XXX ERE RS E KX X
datacheck:
datachangedredo=0
datalsDifferent=0
OldRi=Ri
OldRO=RO
OldMat=Mat
Olddep=dep
OldautoP=AutoP
OldORI=0RI
OldORO=0ORO
OldOMat=OMat
Oldposs=poss
01ldOposs=0poss
Olddesignpress=designpress
IF menuitem=1 THEN RETURN
IF menuitem=2 THEN RETURN
IF menuitem=5 AND problemtype$="Shrinkfit only” THEN RETURN
Ri$=EDIT3(1)
ROS=EDIT$(2)
Mat$=EDIT$(3)
dep$=EDITS$(5)
AutoP$=EDITS$(4)
ORIS=EDITS(6)
OROS=EDIT$(7)
OMat$=EDITS$(8)
poss$=EDITS$(9)
Oposs$=EDITS$(10)
designpress$=EDITS(11)
Ri=VAL(Ri$)
RO=VAL(ROS)
Mat=VAL(Mat$)
dep=VAL(dep$)
AutoP=VAL(AutoP$)
ORI=VAL(ORIS)
ORO=VAL(OROS)
OMat=VAL(OMatS$)
poss=VAL(poss$)
Oposs=VAL(Oposs$)
designpress=V AL(designpress$)
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IF menuitem=4 OR menuitem=5 THEN
IF Ri<>OldRi THEN datalsDifferent=1
IF RO<>OIldRO THEN datalsDifferent=1
IF Mat<>OldMat THEN datalsDifferent=1
IF FIX(dep)<>FIX(Olddep) THEN datalsDifferent=1
IF FIX(AutoP)<>FIX(OldautoP) THEN datalsDifferent=1
ENDIF )
IF ((menuitem=7 OR menuvitem=8) AND problemtype$="Autofrettage only” )THEN
IP Ri<>OldRi THEN datalsDifferent=1
IF RO<>QIdRO THEN datalsDifferent=1
IF Mat<>OldMat THEN datalsDifferent=1
IF FIX(dep)<>FIX(Olddep) THEN datalsDifferent=1
IF FIX(AutoP)<>FIX(OldautoP) THEN datalsDifferent=1
ENDIF
IF ((menuitem=7 OR menuitem=8) AND problemtype$<>"Autofrettage only" )THEN
IF Ri<>OldRi THEN datalsDifferent=1
IF RO<>OIdRO THEN datalsDifferent=1
IF Mat<>OldMat THEN datalsDifferent=1
IF FIX(dep)<>FIX(Olddep) THEN datalsDifferent=1
IF FIX(AutoP)<>FIX(OldautoP) THEN datalsDifferent=1
IF ORI<>OIdORI THEN datalsDifferent=1
IF ORO<>OIdORO THEN datalsDifferent=1
IP OMat<>0OldOMat THEN datalsDifferent=1
IF poss<>Oldposs THEN datalsDifferent=1
IF Oposs<>0OldOposs THEN datalsDifferent=1
END IF
IF datalsDifferent=1 THEN
WINDOW 6," ,(90,65)-(370,165),2
refreshflag=0
CALL TEXTFACE(l)
EDIT FIELD 103,"Input data has been changed
since”,(10,20)-(260,35),7,2
EDIT FIELD 104,"last calculation. Please
reselect”,(10,38)-(260,53),7,2
EDIT FIELD 105, calculation choice from stress
menu.",(2,56)-(270,71),7,2
EDIT FIELD 106,”",(1000,1000)-(1020,1020),7,2
CALL TEXTFACE(0)
SOUND 220,7,,0
SOUND 293.5,7,,1
SOUND 880,7,,2
SOUND 1174,7,,3
BUTTON 4 ,1,"0K",(190,80)-(240,95),1
TIMER OFF
CALL INITCURSOR
looopS5:
LET retkey=DIALOG(0)
IF retkey=1 OR retkey=6 THEN GOTO getoon$
GOTO looop5
getoonS:
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WINDOW CLOSE 6
datachangedredo=1
IF problemtype$="Shrinkfit only” THEN

MENU 6,1,0
MENU 6,2,0
MENU 6,4,0
MENU 6,5,1
MENU 6,7,0
MENU 6,8,0

ELSE
MENU 6,1,1
MENU 6,2,1
MENU 6,4,0
MENU 6,5,0
MENU 6,7,0
MENU 6,8,0

END IF

END IF
RETURN

A EEEEEZEEEEREEEEE SRR RS SRS RS RE R R R N

'*%* Draw box around ficlds and graphs haad

EEEEEEE S EE SR EE RS EEEEE RS RE R R ERE R R R ]

boxinScreen:
forecolor 33
LINE (boxix1,boxlyl)-(box1x2,boxly2),bf ‘**5}linel
LINE(box2x1,box2y1)-(box2x2,box2y2),,b '*x%]ine2
LINE (box3x1,box3yl1)-(box3x2,box3y2) '*%%]ine3
LINE (boxd4x1,boxdyl)-(box4x2,boxdy2) "**%lincd
IF macsize$="big" THEN LINE(box5x1,box5yl)-(box5x2,box5y2)
RETURN

B2 EEEEE SR EE S SRR R RS REE RS R AR R E R R

EEREEEEE SRR EEEE R ERRER SRR SR R

'#%  Set up user interface fields**

RS EEES R EREE R E R RS RE R R RN

Userinterfacel:

CALL TEXTFACE(8)

EDIT FIELD 55,"Problem Type: Autofrettage/ShrinkFit",(cf55x1,ef55y1)-
(ef55x2,ef55y2),7,2

GOSUB boxinScreen

CALL TEXTFACE(0)

EDIT FIELD 111,"Inner Radius of Inner Cylinder",(ef111x1,ef111yl)-(efi11x2,ef111y2),3,2
EDIT FIELD 13,"Outer Radius of Inner Cylinder",(ef13x1,ef13yl1)-(ef13x2,ef13y2),3,2
EDIT FIELD 14,"Yield Stress of Inner Cylinder”,(efl4x1,efl4yl)-(ef14x2,cf14y2),3,2
EDIT FIELD 15,"Pressure That Begins Yielding In Inner Cylinder" (cf15x1,ef15y1)-
(ef15x2,ef15y2),3,1

EDIT FIELD 16,"Pressure That Completes Yielding in Inner Cylinder",(ef16x1,ef16y1)-
(ef16x2,ef16y2),3,1
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EDIT FIELD 17,"Autofrettage Pressure” (ef17x1,ef17y1)-(ef17x2,ef17y2),3,2
EDIT FIELD 18,"Depth of Yielding",(¢f18x1,ef18y1)-(ef18x2,cf18y2),3,2
EDIT FIELD 120,"Inner Radius of Outer Cylinder",(ef120x1,ef120y1)
(ef120x2,ef120y2),3,2

EDIT FIELD 121,"Outer Radius of Outer Cylinder™,(efl121x1,ef121y1)
(ef121x2,ef121y2),3,2

EDIT FIELD 122,"Yield Stress of Outer Cylinder”,(ef122x1,ef122y1)-
(ef122x2,ef122y2),3,2

EDIT FIELD 123,"Poisson's Ratio;",(ef123x1,ef123y1)-(ef123x2,ef123y2),3,2
EDIT FIELD 124,"Operating Pressure”,(ef124x1,ef124y1)-(ef124x2,ef124y2),3,2
EDIT FIELD 125,"Interface Pressure Caused by Shrink Fit",(ef125x1,ef125y1)
(ef125x2,ef125y2),3,1

EDIT FIELD 126,"Pressure at which Reyielding will Occur " (ef126x1,ef126y1)-
(ef126x2,ef126y2),3,1

EDIT FIELD 127,"Factor of Safety in Final Configuration”,(ef127x1,ef127y1)-
(ef127x2,ef127y2),3,1

EDIT FIELD 148,"Inner",(ef148x1,ef148y1)-(ef148x2,ef148y2),3,1

EDIT FIELD 149,"Quter",(ef149x1,ef149y1)-(ef149x2,ef149y2),3,1

EDIT FIELD 1,RiS,(efixl,eflyl)-(eflx2,ef1y2),2,2

EDIT FIELD 2,ROS,(ef2xl,ef2yl)-(ef2x2,ef2y2),2,2

EDIT FIELD 3,Mat$,(ef3x1,ef3yl)-(ef3x2,ef3y2),2,2

EDIT FIELD 4,AutoP$,(ef4xl,cfédyl)-(eféx2,efdy2),2,2

EDIT FIELD §5,dep$,(ef5x1,ef5y1)-(ef5x2,ef5y2),1,2

EDIT FIELD 6,0RIS$,(ef6x1,ef6yl)-(cf6x2,ef6y2),2,2

EDIT FIELD 7,0RO0S,(ef7x1,ef7y1)-(cf7x2,ef7y2),2,2

EDIT FIELD 8,0Mat$,(ef8x1,ef8y1)-(ef8x2,ef8y2),2,2

EDIT FIELD 9,poss$.(ef9x1,ef9y1)-(ef9x2,ef9y2),2,2

EDIT FIELD 10,0poss$,(¢f10x1,cf10y1)-(ef10x2,ef10y2),2,2
EDIT FIELD 11,DepPress$ (efllxl,efilyl)-(ef11x2,efl11y2),2,2
EDIT FIELD 227, *,(700,700)-(720,720),3,1

RETURN

AR EEE EEREERE SRR E R R R E R R R R R RS EE R R R R R RS S RS R RS

I EEE R EEEEE RS R R R R ERREERRES R SR ER R R R R

"% Mepu Contol b

X EE T E R E R E R E R EEE SRS LSS ENEEREEEEE RN
Menucheck: "*3* Branch to Menus
menunumber=MENU(0)

menuitem=MENU(1)

MENU "*2% turn off menu highlighting
MENU OFF

IF menunumber=1 THEN GOSUB fileMenuBrancher

IF menunumber=2 THEN GOSUB editMenuBrancher
IF menunumber=3 THEN GOSUB reportMenuBrancher
IF menunumber=4 THEN GOSUB yldcritMenuBrancher
IF menunumber=6 THEN GOSUB StressMenuBrancher
IF menunumber=5 THEN GOSUB AutopMenuBrancher
IF menunumber=7 THEN GOSUB meshMenuBrancher
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IF menunumber=8 THEN GOSUB unitMenuBrancher
EDIT FIELD 227, ",(700,700)-(720,720),3,1
MENU ON

RETURN

EEEEE SRR SRS E RS EERE R R R R R E R R R

'** Menu Contol for file menu hid
B E S SRS S S EREE R E R R SRR EREER R R R R R R R RR E
fileMenuBrancher:
IF menuitem=1 THEN
typel$="PREZ"
filesaveS=FILES$(0)
GOSUB writedata
SetCreate filesave$,"PRES”
NAME filesave$ AS filesaveS$.typel$
END IF
IF menuitem=2 THEN
refreshflag=0
fileopen$=FILESS(1,"PREZ")
GOSUB readdata
GOSUB clearGraph
GOSUB clearficlds
GOSUB cleararrays
GOSUB enableStressmenus3
END IF
"** Mcau Contol for Help Menu i
IF menuitem=4 THEN
GOSUB helpscreen
GOSUB boxinScreen
END IF
IF menuitem=5 THEN
sTOP
END IF
GOSUB boxinScreen
RETURN

IR R EER RS E R R R R A SRR R R R RS R EEERRE R R ¥
"** Mcau Contol for edit menu *»
TERBEEEREEE LA XL L EREBEE NS R E XS L LAETARERE R
editMenuBrancher:
IF menuitem=1 THEN
changecursor 4
yoriginlocation=100
GOSUB SetGraphlocation
PICTURE ON
WINDOW 2, "Under Pressurc",(winlxl,winlyl)-(winix2,winly2)
WINDOW OUTPUT 2
GOSUB refresh
PICTURE OFF
IF macsize$="small” THEN
yoriginlocation=226 "*3%  Set origin of graphs for on screen  viewing
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ELSE
yoriginlocation=320
ENDIF
GOSUB SetGraphLocation
OPEN “clip:picture” FOR OUTPUT AS #1
PRINT #1,PICTURES
CLOSE #1
PICTURE ON:PICTURE OFF
WINDOW CLOSE 2
CALL INITCURSOR
END IF
IF menuitem=2 THEN
changecursor 4
PICTURE ON
max&=1.3%(4+(SYSTEM(6)+1)*2*INT(SYSTEM(5)+16)/16)/4+1
IF max&>32767 OR max&*4+60 > FRE(Q) THEN
WINDOW 3,"",(10,106)-(509,338),3
PRINT "Not Enough Memory in Program Data Block”
mm’ n"
INPUT "Press Rctum To Continue";A$
WINDOW CLOSE 3
RETURN
END IF
DIM screen&(max&k)
GET (-2,-20)-(565,400),screen& "*** Get only under pressure window
PUT (0,0)-(400,283),screen&
ERASE screen&
PICTURE OFF
OPEN “clip:picture” FOR OUTPUT AS #1
PRINT #1,PICTURES
CLOSE #1
PICTURE ON:PICTURE OFF
CALL INITCURSOR
END IF

RETURN

A E SRS 2R EEREE SRR E R R SRR R R 2R

'*# Menu Contol for Report Menu **
X EEEEEEEE LR R R EREEESEERRRERRERRRERRER§
reportMenuBrancher:
IF menuitem=1 THEN '#**Print Current Screen
WINDOW 6," ",(90,65)-(370,160),2
BUTTON 1,1,"Print Entire Screen”,(60,15)-(200,40),1

BUTTON 2,1,"Print Under Pressure Window Only",(15,50)- (245,75),1

CALL INITCURSOR

lop4:
LET retkey=DIALOG(0)

LET pushit=DIALOG(1)
IR retkey=1 THEN GOTO buthand
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GOTO lopd

buthand:
IF pushit=i THEN wholescreen=1
IF pushit=2 THEN wholescreen=0
WINDOW CLOSE 6
GOSUB boxinScreen

GOSUB PrintScreen
forecolor 33
GOSUB boxinScreen
CALL INITCURSOR
END IF

IF menuitem=2 THEN '**¢Print Report
changecursor 4
GOSUB printreport
CALL INITCURSOR
END IF

IF menuitem=3 THEN
reportsave$=FILESS$(0)
IR reportsave$="" THEN GOTO reportsaveskip
GOSUB writetextreport
SetCreate reportsave$,"PRES”
NAME reportsave$ AS reportsave$,"TEXT"
reportsaveskip:
END IF
IF menuitem=4 THEN
GOSUB printstress
ON ERROR GOTO 0
END IF

IF menuitem=5 THEN
TIMER ON
GOSUB deactivateMenus
GOSUB examinestresses
GOSUB activateMenus
END IF

IF menuitem=6 THEN
report$=FILES$(0)
IF report$="" THEN GOTO textreportskip
GOSUB writereport
SetCreate report$,”PRES”
NAME report$ AS report$,"REPO"
textreportskip:
END IF

GOSUB boxinScreen
RETURN
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X R R EREEEERE RS R R R RS R R RS R R EE R R R ER R X

'** Menu Contol for yielderiteria menu **
IEEE SR EE LR EEEEEREEREE R EE R R R R R R R R R R R
ylderitMenuBrancher:
IF meauitem=1 THEN
currentyeilderit$="Tresca"
MENU 4,1,2,"Tresca”
MENU 4.2,1,"Von Mises"
ENDIF

IF menuitem=2 THEN
currentyeilderit$="Von Mises"
MENU 4,1,1,"Tresca"
MENU 4,2,2,"Von Mises”
END IF
RETURN

A EEEEEE R R R R R R R EEEEEERREEEREE R RS R ERE]

EEEEEE R SRR EEEEE RSN RS R R R R R R ER R R RS R

'** Menu Contol for stress menu hd
R L EEE R EE R R REREREE R RS EEERE R R R R R R R R R NN
StressMenuBrancher:
GOSUB boxinScreen
GOSUB datacheck
IP datachangedredo=1 THEN RETURN
erfl=0
GOSUB gctdatat
IF dep=0 AND problemtype$="Both” AND erfl=0 THEN GOSUB depZeroEmror
[F dep=0 AND problemtype$="Both~ AND erfl=0 THEN RETURN
erfl=0
IF menuitem=1 THEN
BEEP
withPresFlag=1
IF depthorpres=1 THEN GOSUB depcalc
IF depthorpres=2 THEN GOSUB aprscic
IP errorflag=1 THEN CALL INITCURSOR:RETURN
GOSUB FactorSafeClear
GOSUB stresscalc
CALL INITCURSOR
ENDIF
IF menuitem=2 THEN
withPresFlag=0
IF depthorpres=1 THEN GOSUB depealc
IF depthorpres=2 THEN GOSUB aprscic
IF errorflag=1 THEN CALL INITCURSOR: RETURN
GOSUB FactorSafeClear
GOSUB stresscalc
CALL INITCURSOR
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END IF
IF menuitem=4 THEN
TIMER ON
Resshrinkflag=0
GOSUB FactorSafeClear
GOSUB shrinkpres
IF errorflag=1 THEN TIMER OFF:CALL INITCURSOR-RETURN
TIMER OFF
CALL INITCURSOR
END IF
IF menvitem=5 THEN
Resshrinkflag=1
TIMER ON
GOSUB yieldprop
GOSUB FactorSafeClear
GOSUB shrinkpres
IF errorflag=! THEN TIMER OFF: CALL INITCURSOR:RETURN
TIMER OFF
CALL INITCURSOR
END IF
IF menuitem=7 THEN
TIMER ON
GOSUB FactorSafeClear
GOSUB firstdesprescalce
IF errorflag=1 THEN TIMER OFF: CALL INITCURSOR:RETURN
TIMER OFF
CALL INITCURSOR
END IF
IF menuitem=8 THEN
resdesignflag=1
TIMER ON
Factor§=""
EDIT FIELD 129,Factor$,(ef129x1,ef129y1)-(ef129x2,ef129y2),3,2
GOSUB firstdesprescalce
IF errorflag=1 THEN TIMER OFF :CALL INITCURSOR:RETURN
TIMER OFF
CALL INITCURSOR
END IF

RETURN

R EEEEEEEEEEEEEEEEEREEEEEEEER RS RRERE RS KR ]

A EEEZEE R RS EEE SRR EE RS RS EEEE SR EEERE S ¥

‘** Menu Contol for autoP Menu hid
AR EE S 2R I R E R EEEREE RS EEEREREEEEEEEEEEE ¥ ]
AutopMenuBrancher:
IP meauitem=t THEN
MENU 5,1,2,"User Supplics Autofrettage pressure”
MENU 5,2,1,"User Supplies Depth Of Yielding"
MENU §5,3,1,"Calculate Depth of Yielding"
EDIT FIELD 4,AutoPS$,(efd4x1,ef4yl)-(ef4x2,efdy2),2,2
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depthorpres=1
END IF

IF menuitem=2 THEN
MENU 35,1,1,"User Supplies Autofrettage pressure”
MENU 5,2,2,"User Supplies Depth Of Yielding"
MENU 5,3,1,"Calculate Autofrettage Pressure”
EDIT FIELD §5,dep$,(efSxl,ef5yl)-(ef5x2,ef5y2),1,2

depthorpres=2
END IF

IF menuitem=3 THEN
IF depthorpres=1 THEN
changecursor 4

GOSUB depcalce

CALL INITCURSOR
END IF
IF depthorpres=2 THEN GOSUB aprscic
END IF

IF menuitem=4 THEN
GOSUB yieldprop
END JF

IF menuitem=6 THEN
problemtype$="Autofrettage only”
MENU 5,6,2," AutoFrettage only”
MENU 5,7,1,"Shrinkfit only”
MENU 5,8,1,"Shrinkfit and AutoFrettage”
MENU 6,1,1,"Stress With Autofrettage pressurc(Inner  Cylinder)”
MENU 6,2,1,"Residual Stress After Autofrettage(Inner  Cylinder)”
MENU 6,4,0,"Stress due to Shrink Fit Only”
MENU 6,5,0,"Total Stress After Shrink Fit"
MENU 6,7,0,"Stress From Operating Pressure Only"
MENU 6,8,0,"Total Stress With Operating Pressure”
CALL TEXTFACE(S)
EDIT FIELD 55,"Problem Type: Autofrettage Only”,(ef55x1,ef55y1)-
(cf55x2,ef55y2),7,2
CALL TEXTFACE(0)
GOSUB FactorSafeClear
GOSUB clearGraph
GOSUB cleararrays
GOSUB clearfields
ENDIF

IF menuitem=7 THEN
problemtype$="Shrinkfit only"
changecursor 4
GOSUB nostress
MENU 5,6,1
MENU 5,7,2
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MENU 58,1
MENU 6,1,0
MENU 6,2,0
MENU 64,0
MENU 6,5,1
MENU 6.7,0
MENU 6,8,0
CALL TEXTFACE(8)
EDIT FIELD 55,"Problem Type: ShrinkFit Only",(ef55x1,ef55y1)-
(cf55x2,ef55y2),7,2
CALL TEXTFACE(0)
GOSUB FactorSafeClear
GOSUB clearGraph
GOSUB cleararrays
GOSUB clearfields
CALL INITCURSOR
ENDIF

IF menuitem=8 THEN
problemtype$="Both"
MENU 5,6,1," AutoFrettage only”
MENU $5,7,1,"Shrinkfit only”
MENU 5,8,2,"Shrinkfit and AutoFrettage"
MENU 6,1,1,"Stress With Autofrettage pressure(Inner Cylinder)”
MENU 6,2,1,"Residual Stress After Autofrettage(Inner Cylinder)"
MENU 6,4,0,"Stress due to Shrink Fit Only"
MENU 6,5,0,"Total Stress After Shrink Fit”
MENU 6,7,0,"Stress From Operating Pressure Only”
MENU 6,8,0,"Total Stress With Qperating Pressure”
CALL TEXTFACE(8)
EDIT FIELD 55,"Problem Type: Autofrettage/ShrinkFit",(ef55x1,ef55y1)-
(ef55x2,ef55y2),7,2
CALL TEXTFACE(0)
GOSUB FactorSafeClear
GOSUB clearGraph
GOSUB cleararrays
GOSUB clearficlds
END IF

RETURN

AL ELEE R R EZE R AR R RS REEEEREE SR ERERERE R R

22 EEE R R R EEEEERRRRREEERERRERERRERR B

‘=% Menu Contol for Mesh Menu had
TBERBEIXLXLEEREXEEEE RN E SRR RLEXEEESEREEE TR RE X
meshMenuBrancher:

IF menuitem=1 THEN

WINDOW 2,"Mesh“,(50,40)-(435,150),1
BUTTON 30 ,1,"0K",(300,85)-(340,105),1
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oldinner=Innermesh
oldouter=Outermesh
Innermesh$=STR$(Inncrmesh)
Outermesh$=STR$(Outermesh)
EDIT FIELD 98,"Inner Cylinder Mesh",(10,10)-170,25),7,2
EDIT FIELD 99,"Outer Cylinder Mesh",(10,40)-(170,55),7,2
EDIT FIELD 2,0Qutermesh$,(180,40)-(220,55),1,2
EDIT FIELD {,Innermesh$,(180,10)-(220,25),1,2
m=0
EDIT FIELD m+1

loop30:
LET retkey=DIALOG(0)
LET pushed2=DIALOG(1)
IF retkey=7 OR 2 THEN GOSUB fld2
IF retkey=1 OR retkey=6 THEN GOTO geton
GOTO loop30
fld2:
IF retkey=7 THEN m=m+1 . EDIT FIELD 1+m MOD 2
IF retkey=2 THEN m=DIALOG(2)-1
RETURN

geton:
changecursor 4
Innermesh$=EDIT$(1)
Outermesh$=EDITS$(2)
Innermesh=VAL(Innermesh$)
innermeshplus=Innermesh+1
Outermesh=VAL(Outermesh$)
outermeshplus=Outermesh+1
IF oldinner=Innermesh AND oldouter=Outermesh THEN GOTO Jumpover
GOSUB undimension
GOSUB dimension
Jumpover:
WINDOW CLOSE 2
GOSUB boxinScreen
CALL INITCURSOR
ENDIF

RETURN
XL E R R R R E R E R EE E R E E P E EE N PR EEEEREEREE ¥ B
** Menu Contol for Units Menu hid
'EREXERETRX LR EBASBALERERNEERNELLELE R RS SR
unitMenuBrancher:
IF menuitem=1 THEN
LengthUnit$=" in"
PresUnit$=" psi"
MENU 8,1,2
MENU 82,1
WINDOW 2,*Units",(50,40)-(435,150),1
BUTTON 30 ,1,"0K",(300,85)-(340,105),1
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CALL TEXTFACE(1)
PRINT "
PRINT " English System”
PRINT **
PRINT " Enter Lengths in Inches”
PRINT * Enter Pressure or Stress in psi®
CALL TEXTFACE(0)
loopU:
LET retkey=DIALOG(0)
IF retkey=1 OR retkey=6 THEN GOTO getonwithitU
GOTO loopU
getonwithitU:
WINDOW CLOSE 2
GOSUB boxinScreen

END IF
IF menuitem=2 THEN
LengthUnit$=" mm"
PresUnit$=" MPa"
MENU 8,1,1
MENU 8,2,2
WINDOW 2,”Units",(50,40)-(435,150),1
BUTTON 30 ,1,"0K",(300,85)-(340,105),1
CALL TEXTFACE(1)
PRINT "
PRINT " SI System”
mm "0
PRINT * Eater Lengths in mm"
PRINT * Enter Pressure or Stress in MPa"
CALL TEXTFACE(0)
loopU2:
LET retkey=DIALOG(0)
IF retkey=1 OR retkey=6 THEN GOTO getonwithitU2
GOTO loopU2
getonwithitU?2:
WINDOW CLOSE 2
GOSUB boxinScreen

ENDIF

RETURN

'"EEREERXEXLLRLEEREEXLEBFTRXLBELEXR AL ERRXEES
‘** Calculate pressure at which yeilding begins **

'** and when cylinder is fully plastic A
"EXE XL XX LXK A XL EXERXA TR EXL AN RE R XK EE R R KK X
yieldprop:

GOSUB getData0
IF errorflag=1 THEN RETURN
IF currentyeilderit$="Tresca” THEN TwiceTau=Mat

92




IF . currentyeildcrit$="von Mises” THEN TwiceTau=(2/(3*(1/2)))*Mat
yieldbeg=TwiceTau*((RO*2-Ri*2)/(2*¥RO*2))
yieldfin=TwiceTau*LOG(RO/Ri)
yieldbeg$=STRS$(yieldbeg)
yicldbeg$=LEFT$(yicldbeg$,10)
yieldfin$=STR$(yieldfin)
yieldfin$=LEFT$(yicldfin$,10)
EDIT FIELD 21,yieldbeg$,(ef21xl,ef21yl)-(ef21x2,ef21y2),2,2
EDIT FIELD 22,yieldfin$,(ef22x1,ef22y1)-(ef22x2,e122y2),2,2
RETURN

EEEEEEEEEEEE SRR R R RE R R R R R R R R R R R R R R R R R R R R R R RE]

R EEEREEEEEEEE R ERE R R R R R R R R R R R R R R R R R R ]

'*%#  subroutine to calculate autofrettage pressure***
R EE SR E AR RS R R R E R R R R R R E R R R R R R E R R E ]
aprsclc:
GOSUB getData0
IF errorflag=l THEN RETURN
GOSUB yieldprop
dep$=EDITS(5)
dep=V AL(dep$)
firstintervail=Ri+((RO-Ri)/Innermesh)
IF dep > Ri AND dep < firstinterval THEN
dep=firstinterval
dep$=STR3(dep)
EDIT FIELD 5,dep$,(efSx1,efSyl)-(efSx2,ef5y2),1,2
END IF

errortrap
IF (dep>RO) THEN GOSUB errortrap
IF errorflag=t THEN RETURN
GOSUB enablestressmenus0
IF currentyeilderit$="Tresca” THEN TwiceTau=Mat
IP currentyeildcrit$="von Mises” THEN TwiceTau=(2/(3*(1/2)))*Mat
IF dep>=Ri THEN
AutoP=TwiceTau*(LOG(dep/Ri)+{(RO*2-dep*2)/(2*RO*2)))
AutoP$=STRS$(AutoP)
AutoPS=LEFTS$(AutoP$,10)
EDIT FIELD 4,AutoP$ (efd4xl,efdyl)-(efdx2,efdy2),2,2
ELSE
AutoPs$="0"
EDIT FIELD 4,AutoP$,(ef4xl,cfdyl)-(efdx2,efdy2),2,2
END IF

RETURN

AR RS R R R AR RS R R R R R R R R R I E RS RS EE RS R RS RER R

R 2 2 2 R E R R E R R A R E R R R R R R EE R EEEE R EEEEEE R R

'*®  bisection routine to find depth of yeilding ***
AR EE RS EEREEERE SRR RS R R R R R R R R R R E B

depealc:
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GOSUB getData0
IF errorflag=1 THEN RETURN
GOSUB yieldprop
AutoP$=EDITS$(4)
AutoP=VAL(AutoP$)
IF (AutoP < yieldbeg) THEN dep=0 : GOTO solved
IF (AutoP > yieldfin) THEN
AutoP=yieldfin
dep=RO
AutoP$=STRS$(AutoP)
AutoP$=LEFTS$(AutoP$,10)
EDIT FIELD 4,AutoPS$,(ef4xl,efdyl)-(cfax2,ef4y2),2,2
GOTO solved
END IF
GOSUB enablestressmenusQ
IF currentyeildcrit$="Tresca” THEN TwiceTau=Mat
IF currentyeildcrit$="von Mises” THEN TwiceTau=(2/(3*(1/2)))*Mat
i=0
XL=Ri
XR=RO
XM=Ri + ((RO-Ri)/2)
Tolerence=(RO-Ri)/100
Functncalc:
FXL=TwiceTau*((LOG(XL/Ri)+((RO*2-XL*2)/(2*R0*2))))-AutoP
FXR=TwiceTau*((LOG(XR/Ri)+((RO*2-XRA2)/(2*R0O*2))))- AutoP
FXM=TwiceTau*((LOG(XM/Ri)+((RO*2-XM*2)/(2*R0*2))))-AutoP
IF FXM=0 THEN dep=XM : GOTO solved
T1=FXL*FXM
T2=FXM*FXR
IF ABS(FXM)< Tolerence THEN dep = XM : GOTO solved
IF T1<0 THEN XL=XL:XR=XM:XM=XL+(XR-XL)/2
IF T2<0 THEN XL=XM:XR=XR:XM=XL+(XR-XL)/2
GOTO Functnealc
solved:
firstinterval=Ri+((RO-Ri)/Innermesh)
IF dep > Ri AND dep < firstinterval THEN dep=firstinterval
dep1$=STRS$(dep)
dep$=LEFTS$(dep1$,7)
EDIT FIELD $,dep$,(efSx1,cf5y1)-(cf5x2,ef5y2),1,2
RETURN

B EEEE R SRR R R R SRR EEE SR RS EREE SRR REER SRR EER SR

AR R RS E R R R AR R R E R RS SR EEREEEERRE

‘**  Enable menus according to problem type **
TREEXEEFRE LR ERE R RS REREXERRRNEERER RS
enablestressmenus0:

MENU 6,1,1

MENU 6,2,1

RETURN

cnablestressmenus:
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IF problemtype$ <> "Autofrettage only” THEN
MENU 6,4,1
MENU 6,5,1
MENU 6,7,0
MENU 6,8,0
END IF
RETURN
enablestressmenus2:
MENU 6,7,1
MENU 6,8,1
RETURN
enableStressmenus3:
MENU 6,4,0
MENU 6,5,0
MENU 6,7,0
MENU 6,8,0
IF problemtype$="Shrinkfit only" THEN
MENU 6,1,0
MENU 6,2,0
MENU 65,1
END IF
RETURN

B EEEEREERESEEEEEREEEEEEE SRR SRR R SR N

'"*%  Graphing for residual autofrettage Rt
X R RS R EEEEREEEERERRRRERRE R R EERERRRR R R
resautograph:
GOSUB coordinatesystem
CALL TEXTFACE(1)
EDIT FIELD 200,"Stress After Autofrettage Pressure Is Released (Inner
Cylinder)",((Tit1-25),Tit2)-(Tit3,Tit4),7,2
CALL TEXTFACE(0)
GOSUB maxstressRA
GOSUB printmaxi
rspan=RO-Ri
IF Rmax=0 THEN Rmax=1
FOR i=1 TO innermeshplus
x(i)=(((Ressigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
y(i)=(-1*((Ressigma(2,i)/Rmax)*RySpan))+rStarty
NEXT i
GOSUB drawlinetl
IF Tmax=0 THEN Tmax=1I
FOR i=1 TO innermeshplus
x(i)=(((Ressigma(1,i)-Ri)/rspan)*HxSpan)+hStartx
y(i)=(-1*((Ressigma(3,i)/Tmax)*HySpan)) +hStarty
NEXT i
GOSUB drawlinel
CALL TEXTSIZE(12)
RETURN

A EE AR R AR R AR R R EEEEEE RS R ERER SRS RRREEER R RS
** Find Max Stresscs for residual autofrettage bbbl
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R X EEEEEEEEEE SR E SRR E R R R R R R R R E R R R R R R RS ]

maxstressRA:
Rmax=ABS(Ressigma(2,1))
Tmax=ABS(Ressigma(3,1)) ‘find max stress
maxlocationRares=1
maxlocationTares=1
FOR i = 2 TO innermeshplus
IF ABS(Ressigma(2,i))>Rmax THEN
Rmax=ABS(Ressigma(2,i))
maxlocationRares=i
END IF
IF ABS(Ressigma(3,1))>Tmax THEN
Tmax=ABS(Ressigma(3,i))
maxlocationTares=i
END IF
NEXT i
RETURN

A EE SRS EEEE R R EE SRR EEE S REEE SRS R EREERER R

"**  Graphing for with autofrettage pressure b
2R R EEERE RS EREEEEE R RS E R R R R R R R R K]
graphwithpres:

GOSUB coordinatesystem

CALL TEXTFACE(1)
EDIT FIELD 200,"Stress With Autofrettage Pressure(Inner
Cylinder)",(Tit1,Tit2)-(Tit3,Tit4),7,2
CALL TEXTFACE(0)
GOSUB maxstressA:

GOSUB printmaxi

rspan=RO-Ri

IF Rmax=0 THEN Rmax=}

FOR i=1 TO innermeshplus
x(i)=(((sigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
y(i)=(-1*((sigma(2,i)/Rmax)*RySpan))+rStarty

NEXT i

GOSUB drawlinel

IF Tmaz=0 THEN Tmax=1

FOR i=1 TO innermeshplus
x(i)=(((sigma(1,i)-Ri)/rspan)*HxSpan) +hStartx
y(i)=(-1*((sigma(3,i)/Tmax)*HySpan))+hStarty

NEXT i

GOSUB drawlinel

CALL TEXTSIZE(12)

RETURN

A A2 2R R R R R 2 R R R R R R R R R R E R R R R R R RS R R R R R L

'"** Find Max Stresses with autofrettage bt add il
XL EE S EEE R A R R R R R R SRR E R RS SRR SRS EE RS R RS R R

maxstressA:
Rmax=ABS(sigma(2,1))
Tmax=ABS(sigma(3,1)) * find max stress
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maxiocationR=1
maxiocationT=1
FOR i = 2 TO innermeshplus
IF ABS(sigma(2,i))>Rmax THEN
Rmax=ABS(sigma(2,i))
maxiocationR=i
ENDIF
IF ABS(sigma(3,i))>Tmax THEN
Tmax=ABS(sigma(3,i))
maxlocationT=i
END IF
NEXT i
RETURN

A EEEEE R R E R RS R R E R R R R R EE R AR R R

‘e print Shrink On.ly graph XPEEREERREBER

AR R EEEEREERES RS R E R R R ERERERERERERRERE SRS

shrinkprnt:

GOSUB coordinatesystem?2

CALL TEXTFACE(1)
EDIT FIELD 200,"Stress Caused By Shrink Fit Only"(Tit1,Tit2)- (Tit3,Tit4),7,2
CALL TEXTFACE(0)

GOSUB maxstressSO:

Rmax=SRmax

Tmax=STmax

GOSUB printmaxi

rspan=0RO-Ri

linspan=((RO-Ri)/rspan)*190

jacketspan=((ORO-RO)/rspan)*190

FOR i=1 TO innermeshplus
x(i)=(((shrksigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
y(i)=(-1*((shrksigma(2,i)/SRmax)*RySpan))+rStarty

NEXT i

FOR i=1 TQO outermeshplus
Q(i)=(((jshrksigma(1,i)-Ri)/rspan)*RxSpan) +rStartx
R(i)=(-1*((jshrksigma(2,i)/SRmax)*RySpan))+rStarty

NEXT i

GOSUB drawline2

FOR i=1 TO innermeshplus
x(i)=(((shrksigma(l,i)-Ri)/rspan)*HxSpan)+hStartx
y(i)=(-1*((shrksigma¢3,i)/STmax)*HySpan))+hStarty

NEXT i

FOR i=1 TO outermeshplus
Q(i)=(((jshrksigma(1,i)-Ri)/rspan)*HxSpan)+hStartx
R(1)=(-1*({(jshrksigma(3,i)/STmax)*HySpan))+hStarty

NEXT i

GOSUB drawline2

CALL TEXTSIZE(12)

RETURN
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B EEEEE RS EESEE L ER SRR E RS R R R R R EE R E R R EREEREEESESE)

'** Find Max Stresses for shrinkfit only Riradd
R R A SRR RS R SRR R R R EREEREERE R R RS R R R R R R R R R R R R
maxstressSO:
SRmax=ABS(shrksigma(2,1))
STmax=ABS(shrksigma(3,1)) ' find max stress
FOR i = 2 TO innermeshplius

IF ABS(shrksigma(2,i))>SRmax THEN SRmax=ABS(shrksigma(2.i))

IF ABS(shrksigma(3,i))>STmax THEN STmax=ABS(shrksigma(3,i))
NEXT i
maxlocationRjsres=1
maxliocationTjsres=1
FOR i = 1 TO outermeshplus

IF ABS(jshrksigma(2,i))>SRmax THEN
SRmax=ABS(jshrksigma(2,i))
maxlocationRjsres=i
END IF
IF ABS(jshrksigma(3,i))>STmax THEN
STmax=ABS(jshrksigma(3,i))
maxlocationTjsres=i
END IF

NEXT i
RETURN

EEREEEEEEEE SRS E R RS RS R R R R R R R R AR RS B X

'*%*  print residual shrink graph bt
X EEEEZRE SRR R ESEEEREERRRRRERRE R RN R R
resshrinkprnt:
GOSUB coordinatesystem2
CALL TEXTFACE(1)
EDIT FIELD 200, Total Stress After Shrinkfit",(Tit1,Tit2)- (Tit3,Tit4),7,2
CALL TEXTFACE(0)
GOSUB maxstressjshrk
GOSUB maxstressRS

Rmax=SRmax

Tmax=STmax

GOSUB printmaxi

rspan=ORO-Ri

linspan=((RO-Ri)/rspan)*190

jacketspan=((ORO-RO)/rspan)*190

FOR i=1 TO innermeshplus
x(i)=(((Resshrksigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
y(i)=(-1*((Resshrksigma(2,i)/SRmax)*RySpan))+rStarty

NEXT i

FOR i=1 TO outermeshplus
Q(i)=(((jshrksigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
R(i)=(-1*((jshrksigma(2,i)/SRmax)*RySpan))+rStarty

NEXT i

GOSUB drawline2

FOR i=1 TO innermeshplus
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x(i)=(({Resshrksigma(1,i)-Ri)/rspan)*HxSpan)+hStartx
y(i)=(-1*((Resshrksigma(3,i)/STmax)*HySpan))+hStarty

NEXT i

FOR i=1 TO outermeshplus
Q(i)=(((jshrksigma(l,i)-Ri)/rspan)*HxSpan)+hStartx
R(i)=(-1*((jshrksigma(3,i)/STmax)*HySpan))+hStarty

NEXT i

GOSUB drawline2

CALL TEXTSIZE(12)

RETURN

S EEEEEREEEEEEEE RS R SRR R R R R R R R R R R R TR

'** Find Max Stresses for residual shrinkfit rEEEEER
'EEXEEXEBER I RARXEXBXAXRXEXAXREEXEEEEERXRREXEET RN T kR X X
maxstressRS:
SRmax=ABS(Resshrksigma(2,1))
STmax=ABS(Resshrksigma(3,1)) ' find max stress
maxlocationRsres=1
maxlocationTsres=1
FOR i = 2 TO innermeshplus
IF ABS(Resshrksigma(2,i))>SRmax THEN
SRmax=ABS(Resshrksigma(2,i))
maxlocationRsres=i
END IF
IF ABS(Resshrksigma(3,i))>STmax THEN
STmax=ABS(Resshrksigma(3,i))
maxlocationTsres=i
END IF

NEXT i
FOR i = 1 TO outermeshplus
IF ABS(jshrksigma(2,i))>SRmax THEN SRmax=ABS(jshrksigma(2,i))
IF ABS(jshrksigma(3,i))>STmax THEN STmax=ABS(jshrksigma(3,i))
NEXT i

‘s*sxe22x find max stress location in outer cylinder for report
Routmax=ABS(jshrksigma(2,1))
Toutmax=ABS(jshrksigma(3,1))
OmaxlocationRsres=1
OmaxlocationTsres=1
FOR i = 2 TO outermeshplus
IP ABS(jshrksigma(2,i))>Routmax THEN
OmaxlocationRsres=i
Routmax=A BS(jshrksigma(2,i))
END IF
IF ABS(jshrksigma(3,i))>Toutmax THEN
OmaxlocationTsres=i
Toutmax=ABS(jshrksigma(3,i))
END IF
NEXT i
RETURN
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EEEEEEEEEEEEEREEE SRR R AR RS R R RS ERES KR

'** print design pressure only graph i
B EAEEEEEEREE R E R R R R R R R R R R ERER RS RS S
designPrat:
GOSUB coordinatesystem2
CALL TEXTFACE(1)
EDIT FIELD 200,"Stress Due To Operating Pressure Only”,(Tit1,Tit2)-(Tit3,Tit4),7,2

CALL TEXTFACE(0)

GOSUB maxstressOPO:

Rmax=SRmax

Tmax=STmax

GOSUB printmaxi

rspan=0RO-Ri

linspan=((RO-Ri)/rspan)*190

jacketspan=((ORO-RO)/rspan)*190

FOR i=1 TO innermeshplus
x(i)=(((designsigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
y(i)=(-1*((designsigma(2,i)/SRmax)*RySpan)) +rStarty

NEXT i

FOR i=1 TO outermeshplus
Q(i)=(((jdesignsigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
R(i)=(-1*((jdesignsigma(2,i)/SRmax)*RySpan)) +rStarty

NEXT i

GOSUB drawline2

FOR i=1 TO innermeshplus
x(i)=(((designsigma(1,i)-Ri)/rspan)*HxSpan)+hStartx
y(i)=(-1*((designsigma(3,i)/STmax)*HySpan))+hStarty

NEXT i

FOR i=1 TO outermeshplus
Q(i)=(((jdesignsigma(1,i)-Ri)/rspan)*HxSpan)+hStartx
R(i)=(-1*((jdesignsigma(3,i)/STmax)*HySpan))+hStarty

NEXT i

GOSUB drawline2

CALL TEXTSIZE(12)

RETURN

R EEE SRR R R R R E R RE RS R R R R ERRR R R R R R R AR 2]

'"** Find Max Stresses for operating pressure only FRREERN
'"REEEEREXEREEFSXELEESREELEEXEEREBEREETEERERERNNERNRNEELERES

maxstressOPO:
ImaxRdoLoc=1
ImaxTdoLoc=1
OmaxRdoLoc=1
OmaxTdoLoc=1
SRmax=ABS(designsigma(2,1))
STmax=ABS(designsigma(3,1)) ' find max stress
FOR i = 2 TO innermeshplus
IF ABS(designsigma(2,i))>SRmax THEN
SRmax=ABS(designsigma(2,i))
ImaxRdoLoc=i
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END IF
IF ABS(designsigma(3,i))>STmax THEN
STmax=ABS(designsigma(3,i))
ImaxTdoLoc=i
END IF
NEXT i
FOR i = 1 TO outermeshplus
IF ABS(jdesignsigma(2,i))>SRmax THEN
SRmax=ABS(jdesignsigma(2,i))
OmaxRdoLoc=i
END IF
IF ABS(jdesignsigma(3,i))>STmax THEN
STmax=ABS(jdesignsigma(3,i))
OmaxTdoLoc=i
ENDIF
NEXT i
FOR i = 1 TO outermeshplus
IF ABS(jdesignsigma(2,i))>SRmax THEN SRmax=ABS(jdesignsigma(2,i))
IF ABS(jdesignsigma(3,i)}>STmax THEN STmax=ABS(jdesignsigma(3,i))
NEXT i

'#sxx222*  find max stress location in outer cylinder for report
Routmax=ABS(jdesignsigma(2,1))
Toutmax=ABS(jdesignsigma(3,1))
OmaxRdoLoc=1
OmaxTdoLoc=1
FOR i = 2 TO outermeshplus
IF ABS(jdesignsigma(2,i))>Routmax THEN
OmaxRdoLoc=i
Routmax=ABS(jshrksigma(2,i))
END IF
IF ABS(jdesignsigma(3,i))>Toutmax THEN
OmaxTdoLoc=i
Toutmax=ABS(jshrksigma(3,i))
END IF
NEXT i
RETURN

EEEE LR EEEEEEEEEEE R R EREERSE R SRR R RS B ]

‘*%  print residual design graph FERERTELS
2R EEE SRS R EREEER SRR R REE R E R R R RS
resdesignPrat:
GOSUB coordinatesystem?2
CALL TEXTFACE(1)
EDIT FIELD 200,"Total Stress With Operating Pressure Applied” (Titl,Tit2)-
(Tit3,Tit4),7,2
CALL TEXTFACE(0)
GOSUB maxstressROP:
Rmax=SRmax
Tmax=STmax
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GOSUB printmaxi

rspan=0RO-Ri

linspan=((RO-Ri)/rspan)*190

jacketspan=((ORO-RO)/rspan)*190

FOR i=1 TO innermeshplus
x(i)=(((Resdesignsigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
y(i)=(-1*((Resdesignsigma(2,i)/SRmax)*RySpan))+rStarty

NEXT i

FOR i=1 TO outermeshplus
Q(i)=(({(jResdesignsigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
R(@i)=(-1*((jResdesignsigma(2,i)/SRmax)*RySpan)) +rStarty

NEXT i

GOSUB drawline2

FOR i=1 TO innermeshplus
x(i)=(((Resdesignsigma(1,i)-Ri)/rspan)*HxSpan)+hStartx
y(i)=(-1*({Resdesignsigma(3,i)/STmax)*HySpan)) +hStarty

NEXT i

FOR i=1 TO outermeshplus
Q(i)=(((jResdesignsigma(1,i)-Ri)/rspan)*HxSpan)+hStartx
R(i)=(-1*((jResdesignsigma(3,i)/STmax)*HySpan))+hStarty

NEXT i

GOSUB drawline2

CALL TEXTSIZE(12)

RETURN

XX EE R R R E RS R R R R EEEREEE SRR ER R R EEEEEERRRREEE RS

'** Find Max Stresses for residual after operating pressure**
M EEZEEEEEERE R EE S E SRR R R R R R R E R R R R EE R R E R R R R R R RN ¥
maxstressROP:
ImaxRL=1
ImaxTL=1
OmaxRL=1
OmexTL=1
SRmax=ABS(Resdesignsigma(2,1))
STmax=ABS(Resdesignsigma(3,1)) ' find max stress
FOR i = 2 TO innermeshplus
IF ABS(Resdesignsigma(2,i))>SRmax THEN
SRmax=ABS(Resdesignsigma(2.i))
ImaxRL=i
END IF
IF ABS(Rcsdesignsigma(3,i))>$Tmax THEN
STmax=ABS(Resdesignsigma(3,i))
ImaxTL=i
END IF
NEXT i
FOR i = 1 TO outermeshplus
IF ABS(jResdesignsigma(2,i))>SRmax THEN
SRmax=ABS(jResdesignsigma(2,i))
OmaxRL=i
END IF
IF ABS(jResdesignsigma(3,i))>STmax THEN
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STmax=ABS(jResdesignsigma(3,i))
OmaxTL=i
END IF
NEXT i
RETURN

AR EEEREERE SR RRE SRR R R R R R R R R R R R R RS R R R R R R R R R R RS R

'#%  print maximum and minimum stresses on graph *RExERER
XS T E S SRR E R TR E R R ER R R R R R RRE R R R R RE R R R R ERRRER R R R
printmaxi:
Rmax=FIX(Rmax)
Tmax=FIX(Tmax)
NegRmax=-1*Rmax
NegTmax=-1*Tmax
negmaxrad$=STR$(NegRmax)
negmaxrad$=LEFT$(negmaxrad$,10)
neghoopmax$=STR$(NegTmax)
neghoopmax$=LEFT$(neghoopmax$,10)
maxrad$=STR$(Rmax)
maxrad$=LEFT$(maxrad$,10)
hoopmax$=STR$(Tmax)
hoopmax$=LEFT$(hoopmax$,10)
CALL TEXTSIZE(9)
EDIT FIELD 32,negmaxrad$,(ef32x1,ef32y1)-(ef32x2,ef32y2),3,2
EDIT FIELD 39,maxrad$,(ef39x1,ef39y1)-(ef39x2,ef39y2),3,2
EDIT FIELD 40,hoopmax$,(ef40x1,ef40yl)-(ef40x2,ef40y2),3,2
EDIT FIELD 41,neghoopmax$,(efdlxl,efdlyl)- (ef4é1x2,ef41y2),3,2
CALL TEXTSIZE(12)
RETURN

R EEEE S SRR RS RE R R R R R R R R R RERERRER R

'#* draw lines for inner cylinder Riuhiihhduhe
R AEEEEEEEEE R R E RS SRR ERE R RS R R R R
drawlinel:
FOR i=1 TO Innermesh
X1=x(i)
Yi=y(i)
X2=x(i+1)
Y2=y(i+1)
GOSUB ChangeColorRed
LINE(X1,Y1)-(X2,Y2)
forecolor 33
NEXT i
‘ RETURN

'"EEEBERREEXXEXXAXEEESEELEEIRESRS XX RS EEE S S

‘¥ draw lines for both cylinders FRERERRE
B2 XSRS R EEREEE R ESRE RS RE R EERRER R R R R

drawline2:
FOR i=1 TO Innermesh
X1=x(i)

l
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Yi=y(i)
X2=x(i+1)
Y2=y(i+1)

GOSUB ChangeColorRed
LINE(X1,Y1)-(X2,Y2)
forecolor 33

NEXT i
FOR i=1 TO Outermesh
Q1=Q()
R1=R(1)
Q2=Q(i+1)
R2=R(i+1)
GOSUB ChangeColorGreen
LINE(Q1,R1)-(Q2,R2)

forecolor 33

NEXT i
RETURN
'EEXXEXXEXAER XL XL AR LE LRI XL XL IR E LXK EE R E X X
"*x%x  oraph for autofrettage only, stress caused by *xn
‘*¥%%  design pressure only s
B EEE RS R R EEESERERE RS R EERER SR EE R R R R R R R R EEERER R RN
designAutoPrat:
GOSUB coordinatesystem

CALL TEXTFACE(1)

EDIT FIELD 200,"Stress Due to Operating Pressure Only”,(Titl,Tit2)-(Tit3,Tit4),7,2
CALL TEXTFACE(0)
maxlocationAdesR=1

maxlocationAdesT=1
SRmax=ABS(designsigma(2,1))
STmax=ABS(designsigma(3,1)) ' find max stress
FOR i = 2 TO innermeshplus
IF ABS(designsigma(2,i))>SRmax THEN
SRmax=ABS(designsigma(2,i))
maxlocationAdesR=i
END IF
IF ABS(designsigma(3,i))>STmax THEN
STmax=ABS(designsigma(3,i))
maxlocationAdesT=i
END IF
NEXT i
Rmax=SRmax
Tmax=STmax
GOSUB printmaxi
rspan=RO-Ri
IF Rmax=0 THEN Rmax=1
FOR i=1 TO innermeshplus
x(i)=(((designsigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
y(i)=(-1*((designsigma(2,i)/Rmax)*RySpan))+rStarty
NEXT i
GOSUB drawlinel
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IF Tmax=0 THEN Tmax=1

FOR i=1 TO innermeshplus
x(i)=(((designsigma(1,i)-Ri)/rspan)*HxSpan)+hStartx
y(i)=(-1*({designsigma(3,i)/Tmax)*HySpan)) +hStarty

NEXT i

GOSUB drawlinel

CALL TEXTSIZE(12)

RETURN
'ERESTRBXEBXEXEERAREXXELSERE LA EEERE XX XARX KRR EEEEE
‘a#xx graph for autofrettage only, stress caused by i
"¥%%  design pressurc and autofrettage b
A X E R R R R R E S EE R RS S E R R E R R E R R R R AR E R R R R EEERE 2]
AresdesignPrnt:
GOSUB coordinatesystem

CALL TEXTFACE(1)

EDIT FIELD 200,"Total Stress With Operating Pressure Applied " (Tit1,Tit2)
(Tit3,Tit4),7,2
CALL TEXTFACE(0)
maxlocationAAresT=1
maxlocationAAresR=1
SRmax=ABS(Resdesignsigma(2,1))
STmax=ABS(Resdesignsigma(3,1)) ' find max stress
FOR i = 2 TO innermeshplus
IF ABS(Resdesignsigma(2,i))>SRmax THEN
SRmax=ABS(Resdesignsigma(2,i))
maxjocationAAresR=i
END IF
IF ABS(Resdesignsigma(3,i))>STmax THEN
STmax=ABS(Resdesignsigma(3,i))
maxlocationAAresT=i
END IF
NEXT i
Rmax=SRmax
Tmax=STmax
GOSUB printmaxi
rspan=RO-Ri
IF Rmax=0 THEN Rmax=1
FOR i=l TO innermeshplus
x(i)=(((Resdesignsigma(1,i)-Ri)/rspan)*RxSpan)+rStartx
y(i)=(-1*((Resdesignsigma(2,i)/Rmax)*RySpan)) +rStarty
NEXT i
GOSUB drawlinel
IF Tmax=0 THEN Tmax=1
FOR i=1 TO innermeshplus
x(i)=(((Resdesignsigma(1,i)-Ri)/rspan)*HxSpan)+hStartx
y(1)=(-1*((Resdesignsigma(3,i)/Tmax)*HySpan)) +hStarty
NEXT i
GOSUB drawlinel
CALL TEXTSIZE(12)
RETURN
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EEEEEEEEESEEEEE R E R R R EREE R R

"** clear ficlds ok
XX AKX ENE XX RERXRREEL RS XXX
clearfields:
Reyielding$=""
Factor$=""
mns=ll
Ipres$=""
yicldbeg$=""
yieldfin$=""
EDIT FIELD 128,Reyiclding$ ,(ef128x1,ef128y1)- (ef128x2,ef128y2),3,2
EDIT FIELD 129,Factor$,(ef129x1,ef129y1)- (ef129x2,ef129y2),3,2
EDIT FIELD 56,"",(ef56x1,cf56y1)-(ef56x2,¢{56y2),3,1
EDIT FIELD 57,mrt$,(efS7x1,ef57y1)-(ef57x2,ef57y2),3,1
EDIT FIELD 205,Ipres$,(ef205x1,ef205y1)-(¢f205x2,¢{205y2),3,2
EDIT FIELD 21,yicldbeg$,(ef21x1,ef21yl)-(cf21x2,ef21y2),3,2
EDIT FIELD 22,yieldfin$,(ef22x1,ef22y1)-(ef22x2,ef22y2),3,2
rectangle%(0)=104
rectangle%(1)=332
rectangle%(2)=188
rectangle% (3)=453
CALL ERASERECT(VARPTR(rectangle%(0)))

RETURN

EEXEEEEEEEEREEEEREEEEER R RS S

"*%  clear old graphs b
S 2 EEEEEFEE RS EEEEE RS ERERE R ER ]
clearGraph:

IF cleargraphflag=0 THEN
IF macsize$="small* THEN
rectangle%(0)=165
rectangle%(1)=0
rectangle % (2)=289
rectangle%(3)=489
ELSE
rectangle % (0)=259
rectangle%(1)=0
rectangle%(2)=394
rectangle%(3)=489
END IF
EDIT FIELD CLOSE 200
CALL ERASERECT(VARPTR(rectangle%(0)))
ENDIF
RETURN

TEREEXREXEZXXEREERLREREREEIX XXX SR AKX EE X

'‘#*%  Read data from the user input fields e
B EESEEEEEEE SRR R 2R RE SRS R REE RS RSN

getDataO:
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Ri$=EDIT$(1)
ROS$=EDIT$(2)
Mat$=EDITS$(3)
Ri=VAL(Ri$)
RO=VAL(ROS)
Mat=VAL(Mat$)

'REE L L3

error trap
IF (RO<=0) OR (Ri<=0) OR (Mat<=0) THEN GOSUB errortrap
IF (RO<=0) OR (Ri<=0) OR (Mat<=0) THEN RETURN
RETURN

getdatal:

RiS=EDITS(1)

ROS$=EDIT$(2)

Mat$=EDIT$(3)

=EDIT$(5)

AutoP$=EDITS(4)

Ri=VAL(Ri$)
RO=VAL(ROS)

Mat=VAL(Mat$)

dep=V AL(dep$)

AutoP=VAL(AutoP$)

"#*%% Set min depth of yielding
firstinterval=Ri+((RO-Ri)/Innermesh)
IF dep > Ri AND dep <« firstinterval THEN dep=firstinterval
e b b *%error trap
IF (RO<=0) OR (Ri<=0) OR (Mat<=0) THEN GOSUB errortrap
IF (RO<=0) OR (Ri<=0) OR (Mat<=0) THEN RETURN

RETURN

getdata2:
ORIS=EDITS$(6)
OROS$=EDITS(7)
OMat$=EDIT$(8)
possS=EDITS(9)
Oposs$=EDIT$(10)
ORI=VAL(ORIS)
ORO=VAL(OROS)
OMat=V AL(OMat$)
poss=VAL(poss$)
Oposs=VAL(Oposs$)
d error trap
IF (ORI>RO) OR (ORI<=0) THEN GOSUB errortrap
IF (ORI>RO) OR (ORI<=0) THEN RETURN
IF (ORO<RO) THEN GOSUB etrortrap
IF (ORO<RO) THEN RETURN
IF OMat<=0 THEN GOSUB errortrap
IF OMat<=0 THEN RETURN
IF poss<=0 THEN GOSUB ermrortrap
IF poss<=0 THEN RETURN
IF Oposs<=0 THEN GOSUB errortrap
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IF Oposs<=0 THEN RETURN
RETURN

getdata3:
designpress$=EDITS$(11)
designpress=V AL(designpress$)
RETURN

getdatad:
yieldbeg$=EDITS$(21)
vieldfin$=EDIT$(22)
RETURN

R AR I EEE R SR R E R R E R EEEEEERERE SR RERERR RS R ]

R EE RS EE R EE E S EE B EE R R R R R E R R R R R R R RS SRR R EEE N
'"#*E¥EE  write user input data to a file Rl
'ARKERXXE XL LR E R T X E R R RS R KRR EEX X R KRR EXR XX RS K R %
writedata;:
presfile$="correct file type"
IF filesave$="" THEN RETURN
OPEN filesave$ FOR OUTPUT AS #1
WRITE #1 ,presfile$
GOSUB getdatal
GOSUB getdata2
GOSUB getdata3
WRITE #1,Ri$,ROS,MatS,dep$, AutoPS,ORI$,OR08,0Mat$,poss$,Oposs$,
designpress$
CLOSE #1
RETURN

E R EESE RS I E R EE R E N R EE R E R E R FEE T FEF EEE R EE SN R R F N
"*¥***  Read user input data from a file BREBRIER TR
B AR E R E R R E 2 R R R R R R R R E E  F E R E R F R E R R F R R EE R EY R Y |
readdata:
presfile$="correct file type"
IF fileopen$="" THEN RETURN
OPEN fileopen$ FOR INPUT AS #1
INPUT #1 ,presfile$
IF presfile$="correct file type” THEN
INPUT #1,Ri$,ROS5,Mat$,dep$,AutoP$,ORI$,OROS,0Mat$,poss$,0Oposs$,
DepPress$
EDIT FIELD 1,Ri$,(eflxl,eflyl)-(efix2,ef1y2),2,2
EDIT FIELD 2,ROS,(ef2x1,ef2yl1)-(ef2x2,ef2y2),2,2
EDIT FIELD 3,Mat$,(ef3x1,ef3y1)-(ef3x2,ef3y2),2,2
EDIT FIELD 4,AutoP$,(ef4x1,efdyl)-(ef4x2,efd4y2),2,2
EDIT FIELD 5,dep$,(efS5x1,efSyl1)-(efSx2,ef5y2),1,2
EDIT FIELD 6,0RIS,(ef6x1,ef6y1)-(ef6x2,6f6y2),2,2
EDIT FIELD 7,0RO0$,(ef7x1,ef7y1)-(ef7x2,ef7y2),2,2
EDIT FIELD 8,0Mat$,(ef8x1,ef8y1)-(ef8x2,ef8y2),2,2
EDIT FIELD 9,poss$,(ef9x1,ef9y1)-(ef9x2,ef9y2),2,2
EDIT FIELD 10,0poss$,(ef10x1,ef10y1)-(ef10x2,ef10y2),2,2
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EDIT FIELD 11,DepPress$, (efllxl,efllyl)-(efl1x2,efl11y2),2,2
ELSE
GOSUB fileerror
END IF
CLOSE #1
RETURN

B EEEE R R RS S R E R E R EE R E R R R E R R E SRS RS EEEEEE RN F ¥R Y

waxx*  make text file of stress arrays  *dFEEEREXRERR
AR E R E R E 2 2 R R E E R EE R R R R R R R EE R R E R EF R RN ERY ]
writetextreport:
IF reportsave$="" THEN RETURN
changecursor 4
OPEN reportsave$ FOR OUTPUT AS #5
arraytextfile=1
GOSUB printstress
arraytextfile=0
RETURN

AR EEE E RS SRS R R E R R S R EEE R R R FE R EEE SRR FE R R R EE T
'EXXXEDrint stress arrays XEBXXERXXEES
'EEXEEXRLEALL LR XX E R B AR XXX AKX X EREXRSE LR ERE SR LR

printerrortrap:
CALL INITCURSOR
RESUME errorleap
errorleap:
RETURN

printstress:
ON ERROR GOTO printerrortrap
IF arraytextfile<0 THEN
OPEN "LPT1:prompt* FOR OUTPUT AS #5
changecursor 4
WINDOW OUTPUT #5
END IF
CALL TEXTFACE(1)
CALL TEXTSIZE(14)
PRINT #5,"Stress State Of Inner Cylinder With Autofrettage Pressure
Applied”
CALL TEXTFACE(0)
CALL TEXTSIZE(12)
PRINT #5," Node Value of R Radial Stress
Hoop Stress”
ON ERROR GOTO 0
FOR i=1 TO innermeshplus
PRINT #5, USING "##¥i#n#.# " 1, sigma(l,),
sigma(2,i),sigma(3,i)
NEXT i
PRINT #5," "
CALL TEXTFACE(1)
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CALL TEXTSIZE(14)

PRINT #5,"Residual Stress State Of Inner Cylinder After Autofrettage
Pressure"
CALL TEXTFACE(0)
CALL TEXTSIZE(12)
PRINT #5,” Node Value of R Radial Stress

Hoop Stress”

FOR i=1 TO innermeshplus

PRINT #5, USING "####RKHH *;i, Ressigma(l,i),

Ressigma(2,i),Ressigma(3,i)
NEXT i

PRINT #5,)
CALL TEXTFACE(1)
CALL TEXTSIZE(14)

PRINT #5," Stress State Of Inner Cylinder Due To Shrinkfit

Only"
CALL TEXTFACE(0)
CALL TEXTSIZE(12)
PRINT #58,” Node Value of R Radial Stress
Hoop Stress” '

FOR i=1 TO innermeshplus

PRINT #5, USING "#¥ANKRAH i,

shrksigma(1,i), shrksigma(2,i),shrksigma(3,i)
NEXT i

PRINT #5," "
CALL TEXTFACE(1)
CALL TEXTSIZE(14)

PRINT #5," Stress State Of Outer Cylinder Due To Shrinkfit

PRINT #5," Also Residual Stress State Of Quter Cylinder After

Shrinkfit”

CALL TEXTFACE(0)

CALL TEXTSIZE(12)

PRINT #8," Node Value of R Radial Stress
Hoop Stress”

FOR i=1 TO outermeshplus
PRINT #5, USING "##R¥RIHH "5 i

jshrksigma(l,i), jshrksigma(2,i),jshrksigma(3,i)
NEXT i

PRINT #5,” "

CALL TEXTFACE(1)

CALL TEXTSIZE(14)

PRINT #5," Residual Stress State Of Inner Cylinder After Shrinkfit”
CALL TEXTFACE(0) '
CALL TEXTSIZE(12)

PRINT #5,” Node Value of R Radial Stress
Hoop Stress” ‘
FOR i=1 TO innermeshplus

PRINT #5, USING "#s#iris s i,
Resshrksigma(1,i), Resshrksigma(2,i),Resshrksigma(3,i)
NEXT i
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PRINT #5,7 "
CALL TEXTFACE(])
CALL TEXTSIZE(14)

PRINT #5,"Stress State Of Inner Cylinder Due To Operating
Only"

CALL TEXTFACE(0)
CALL TEXTSIZE(12)
PRINT #5," Node
Hoop Stress”
FOR i=1 TO innermeshplus
PRINT #5, USING “H#¥RUHARH ",
designsigma(1,i), designsigma(2,i),designsigma(3,i)
NEXT i
PRINT #5," "
CALL TEXTFACE(1)
CALL TEXTSIZE(14)

Value of R Radial

PRINT #5,"Stress State Of Outer Cylinder Due To Operating
Only"

CALL TEXTFACE(0)
CALL TEXTSIZE(12)
PRINT #5,” Node
Hoop Stress”
FOR i=1 TO outermeshplus

PRINT #5, USING T#UH#A#REH "
jdesignsigma(1,i), jdesignsigma(2,i),jdesignsigma(3,i)
NEXT i

PRINT #5," *
CALL TEXTFACE(1)
CALL TEXTSIZE(14)

Value of R Radial

PRINT #5,"Total Stress State Of Inner Cylinder With
Pressure Applied”

CALL TEXTFACE(0)
CALL TEXTSIZE(12)
PRINT #5," Node
Hoop Stress”
FOR i=1 TO inncrmeshplus
PRINT #5, USING "#4454RK.# i,
Resdesignsigma(l,i),

Resdesignsigma(2,i),Resdesignsigma(3,i)
NEXT i

PRINT #s," "
CALL TEXTFACE(1)
CALL TEXTSIZE(14)

Value of R Radial

PRINT #5,"Total Stress State Of Inner Cylinder With
Pressure Applied”

CALL TEXTFACE(0)
CALL TEXTSIZE(12)
PRINT #5," Node
Hoop Stress”
FOR i=1 TO outermeshplus

Value of R Radial
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PRINT #5, USING “###$501.4 ", jResdesignsigma(1,i),
jResdesignsigma(2,i),jResdesignsigma(3,i)
NEXT i
PRINT #5,” "
CLOSE #5
CALL INITCURSOR
RETURN

B2 LR EE RS R R E R R R EE R E R R EEEE R R R ER R R R R ERR R R RE R
"** Writes text file of report b
RS R 2R R E R R E R R EERESREER SR REEE R R R R R RRERE R B
writereport;
IF report$="" THEN RETURN
changecursor 4
OPEN report$ FOR OUTPUT AS #5
GOSUB getdatal
GOSUB getdata2
GOSUB getdata3
GOSUB getdatad
writefileflag=1
GOSUB printreport
writefileflag=0
CLOSE #5
PICTURE ON:PICTURE OFF

CALL INITCURSOR
RETURN

EEREEEEE AR RS E R R R R R R SRR SR REEEREREERERRER R
'*%  Clears array memory when mesh is changed %
AR ERE EE EEE R R R E R R E E RS EEEFE RSN EEEEEEEE R ¥
undimension:
ERASE sigma
ERASE Unsigma
ERASE Ressigma
ERASE shrksigma
ERASE Resshrksigma
ERASE jshrksigma
ERASE 1x,y,Q,R
ERASE plasticCriteria
ERASE plasticCriteria2i
ERASE plasticCriteria2j
ERASE designsigma
ERASE jdesignsigma
ERASE Resdesignsigma
ERASE jResdesignsigma
RETURN

'FEXXEEXESXXE LB ELER A EERSERELERERRXXETRERNS XS
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TREREX examine stress arrays FXERRERER RS
R EEEEEEE R IR AR R RS SRS REEE R R R R R R R R R E RS RS R

examinestresses:
TIMER ON

ssize% =maxmesh*10+15

DIM s3(ssize%) .

MENU OFF
top%=0
linenum% =0
$%=0
IF macsize$="small" THEN

WINDOW 2,"Stress Values",(1,20)-(509,305),5

ELSE
WINDOW 2,"Stress Values”,(31,80)-(539,385),5
ENDIF
w%=WINDOW(2):h%=WINDOW(3)
SetRect scr%(0),0,-1,w%-15,h% 'scroll area
SetRect bar%(0),w%-15,-1,w% h%+1 'scroll bar
NewScroll s&,bar%(0),1,1,1000,1 ‘create scroll bar
retkey=0
GOSUB loadSarray
TIMER OFF
CALL INITCURSOR

WHILE (retkey<>1)
ScroliText s&,scr%(0),88(0),top%,ssize%,linenum%
LET retkey=MOUSE(0)
WEND
DisposeScroll s&
WINDOW CLOSE 2
GOSUB boxinScreen
MENU ON
ERASE s$
RETURN
screenerrortrap:
RESUME screenerrorieap

X2 R R R R R E X R E X EEEEREEEREEEREE R R

"EXX XXX XX RN EE X R L ELE R XS XER AL ERXREXERE R KR
tRRRER Hclp screen RPB YRR RRkEN
'"REREXEEXEEREREEXL L XA B RETERELEF R ERE R ERB AKX K K%
helpscreen:
DIM 52$(200)
MENU OFF
top% =0
linenum%=0
s%=0
IF macsize$="small" THEN
WINDOW 2,"Help”,(1,20)-(509,305),5
ELSE
WINDOW 2,"Help",(31,80)-(539,385),5
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ENDIF
w%=WINDOW(2):h%=WINDOW(3)

SetRect scr%(0),0,-1,w%-15,h% 'scroll area

SetRect bar%(0),w%-15,-1,w% . h%+1 'scroll bar

NewScroll s&,bar%(0),1,1,1000,1 ‘create scroll bar
retkey=0

GOSUB loadSarrayhelp
WHILE (retkey<>1)
ScroliText s&,scr%(0),523(0),top%,130,linenum%
LET retkey=MOUSE(0)

WEND

DisposeScroll s&
WINDOW CLOSE 2

GOSUB boxinScreen

ERASE 528
MENU ON

RETURN

R SRR EREEE R RS ES R R EREREE R R R

"** load help screen **
IR EEEREREEERREEE RS R R SRR ERERE RS RS R RS B FJ
loadSarrayhelp:
sloc=1
32S(s]oc)=" EEXSRE R REBEEEXEEEERREXE LS R REX XX XX EX L EER LSRR T RN
sloc=sloc+1
$28(sloc)=" *3*  This Section of the Help Describes the Avalible =%
sloc=sloc+1
828(sloc)=" hadad Menu Selections
sloc=sloc+1
828(sloc)="
sloc=sloc+1
$28(sloc)=" "
sloc=sloc+1
828(sloc)="Menus"
sloc=sloc+1
$28(sloc)="File Menu”
sloc=sloc+1
828(sloc)=" Save Current Data”
sloc=sloc+1
$2%(sloc)=" Takes the current input data and saves it in a text file.”
sloc=sloc+1
528(sloc)=" Open Old Data”
sloc=sloc+1
828(sloc)=" Opens a previously created data file and loads these”
sloc=sloc+1
s28(sloc)=" values into the program.”
sloc=sloc+1
828(sloc)=" Help”
sloc=sloc+1
828(sloc)=" Displays on line help.”
sloc=sloc+1

FAEXREEBEZERE XXX ESARERERE X ELBESXER X ALK RER"
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528(sloc)="
sloc=sloc+1
$28(sloc)="
sloc=sloc+1

Quit"

Stops execution of program.”

$23(sloc)="Edit"

sloc=sloc+1
828(sloc)="
sloc=sloc+1
$28(sloc)="

Save graph to clipboard”

Takes the current graph and pastes it onto the

clipboard,”

sloc=sloc+1
328(sloc)="
sloc=sloc+1

for use in custom report generation.”

s2$(sloc)="Report"

sloc=sloc+1
$2%(sloc)="
sloc=sloc+1
s28(sloc)="
sloc=sloc+1
328 (sloc)="
sloc=sloc+1
s28(sloc)="
sloc=sloc+1
828(sloc)="
sloc=sloc+1
328(sloc)="
sloc=sloc+1
328(sloc)="
cach”
sloc=sloc+1
828(sloc)="
custom
sloc=sloc+1
$28(sloc)="
sloc=sloc+1
328(sloc)="
sloc=sloc+1
s28(sloc)="
with
sloc=sloc+1
828(sloc)="
sloc=sloc+1
828(sloc)="
sloc=sloc+1
s28(sloc)="
at each”
sloc=sloc+1
828(sloc)="
sloc=sloc+1
82$(sloc)="
sloc=sloc+1

Print This Screen”
Sends the current screen to the printer.”
Print report”
Sends a complete report including Input data
graphs to the printer.”
Write Text File of Stress Arrays”

Creates an ASCI text file of the stresses at

individual mesh point, with headings, for use in

report generation.”
Print Tabular Form of Stress Arrays”

Sends stresses at cach individual mesh point

beadings to the printer.”
Examine Tabular Form of Stress Arrays”

Allows user to examine the stresses calculated

individual mesh point in a scrollable window.”

Create Report File"
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828(sloc)=" Writes report to a text file for use in custom
report”

sloc=sloc+1

828(sloc)=" generation.

sloc=sloc+1

828(sloc)="

sloc=sloc+1

$28(sloc)="Yield Criteria"

sloc=sloc+1

828(sloc)=" Tresca”

sloc=sloc+1

s28(sloc)=" Sclects the Tresca yield criteria for use
in the *

sloc=sloc+1

82$8(sloc)=" calculation of the stress state.”

sloc=sloc+1

82%(sloc)=" Von Mises”

sloc=sloc+1

s28(sloc)=" Selects the Von Mises yield criteria for
use in the °

sloc=sloc+1

s28(sloc)=" calculation of the stress state.”

sloc=sloc+1

s28(sloc)=" "

sloc=sloc+1

$28(sloc)="AutoP"

sloc=sloc+1

328(sloc)=" User Supplies Autofrettage Pressure”

sloc=sloc+1

328(sloc)=" When this option is chosen the user
must supply the"

sloc=sloc+1

$28(sloc)=" autofrettage pressurc and the program
will "

sloc=sloc+1

828(sloc)=" calculate the depth of yielding. "

sloc=sloc+1

$2$(sloc)=" User Supplies Depth of Yielding *

sloc=sloc+1

828(sloc)=" When this option is chosen thc user
must supply the -

sloc=sloc+1

828(sloc)=" depth of yielding and the program will
calculate "

sloc=sloc+1

828(sloc)=" the autofrettage pressure. "

sloc=sloc+1

$28(sloc)=" Calculate Autofrettage Pressure ”

sloc=sloc+1

828(sloc)=" With this option the program will
calculate the *
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sloc=sloc+1

82$(sloc)=" autofrettage pressure for a given
depth of yielding "

sloc=sloc+1

$28(sloc)=" without calculating the entire stress
state in the "

sloc=sloc+1

828(sloc)=" pressure vessel. "

sloc=sloc+1

828(sloc)=" Calculate Pressure at Which Yielding Begins and

sloc=sloc+1

328(sloc)=" Ends in the Cylinder "

sloc=sloc+1

s28(sloc)=" This option calculates the pressure
which plastic "

sloc=sloc+1

828(sloc)=" deformation will begin in the inner

cylinder, and

sloc=sloc+1

828(sloc)=" the pressure at which the inner
cylinder will be "

sloc=sloc+1

$28(sloc)=" completely plastic. "

sloc=sloc+1

328(sloc)=" Autofrettage Only"

sloc=sloc+1

828(sloc)=" This option should be selected when
the user is b

sloc=sloc+1

528(sloc)=" interested in solving a single
autofrettage

sloc=sloc+1

828(sloc)=" oaly problem, "

sloc=sloc+1

828(sloc)=" Shrinkfit Only "

sloc=sloc+1

828(sloc)=" This option should be chosen when
user is "

sloc=sloc+1

828(sloc)=" interested in solving & two cylinder,
shrinkfit "

sloc=sloc+1

523(sloc)=" only problem. "

sloc=sloc+1

328(sloc)=" Shrinkfit and Autofrettage "

sloc=sloc+1

828(sloc)=" This option should be chosen when
user is ”

sloc=sloc+1

$28(sloc)=" interested in solving a two cylinder
autofrettage "

117



sloc=sloc+1
328(sloc)="
first calculates
sloc=sloc+1
s28(sloc)="
autofrettage of the
sloc=sloc+1
328(sloc)="
stresses
sloc=sloc+1
$28(sloc)="
cylinder and
sloc=sloc+1

328(sloc)="

sloc=sloc+1
828(sloc)="Stress "
sloc=sloc+1
s2%(sloc)="

Cylinder) "
sloc=sloc+1
s28(sloc)="

inner cylinder
sloc=sloc+1
§28(sloc)="

applied.
sloc=sloc+1
828(sloc)="

Cylinder) "
sloc=sloc+1
s28(sloc)="

of the inner
sloc=sloc+1
328(sloc)="

-

sloc=sloc+1
s28(sloc)="
sloc=sloc+1
s23(sloc)="
sloc=sloc+1
828(sloc)="

cylinders caused by

sloc=sloc+1

828(sloc)="
include the

sloc=sloc+1

828 (sloc)="

and shrinkfit problem.The program

the stress state caused by the

"

imner cylinder, and then the

caused by the shrinkfit of the outer

that caused by the operating .

Stress With Autofrettage Pressure(Inner

Calculates the stress state of the

with the autofrettage pressurc

Residual Stress After Autofrettage(Inner

Calculates the residual stress state

cylinder after the autofrettage pressure is

released. "

Stress Due To Shrink Fit Only "

Calculates the stresses in both

the shrinkfitting process. Does not

residual stresses from the

autofrettage process. "

sloc=sloc+1
s28(sloc)="

sloc=sioc+1

Total Stress After Shrink Fit "
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828(sloc)=" Calculates the total stress state in
both cylinders
sloc=sloc+1
s28(sloc)="
Includes the "
sloc=sloc+1
82$(sloc)="
process.
sloc=sloc+1
s28(sloc)="
sloc=sloc+1
328(sloc)="
application of
sloc=sloc+1
828(sloc)="
include the
sloc=sloc+1
s28(sloc)="
autofrettage process or
sloc=sloc+1
s28(sloc)="
sloc=sloc+1
828(sloc)="
sloc=sloc+1
828(sloc)="
both cylinders -
sloc=sloc+1
$28(sloc)="
pressure.
sloc=sloc+1
$28(sloc)="
autofrettage and
sloc=sloc+1
328(sloc)="
sloc=sloc+1
328(sloc)="Mesh "
sloc=sloc+1
328(sloc)="
sloc=sloc+1
s28(sloc)="
calculated at -
sloc=sloc+1

after the shrinkfitting process.

stresses from the autofrettage

Stress With Operating Pressure Only

Calculates the stresses caused by

»

the operating pressure. Does not
residual stresses from the

"

the shrinkfitting process. "
Total Stress With Operating Pressure "

Calculates the total stress state in
after thf application of the
Includes stmssc: from the
shrinkfitting processes. "

Set Number of nodes "

The stresses in the cylinders are

828(sloc)="

option allows
sloc=sloc+1
828(sloc)="

nodes in the
sloc=sloc+1
82%(sloc)="

error 'Out of
sloc=sloc+1

discrete points in the cylinders. This

the user to determine the number of

inner and outer cylinders. Note: The
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828(sloc)=" memory' will occur IF the number of

nodes in the

sloc=sloc+1

$28(sloc)=" mesh is set to a large number. To correct
this the "

sloc=sioc+1

328(sloc)=" application memory size will need to be
increased. "

sloc=sloc+1

$28(sloc)=" In order to do this, first quit the Under
Pressure "

sloc=sloc+1

828(sloc)=" application. Next select the Under
Pressure -

sloc=sloc+1

$23(sloc)=" application by single clicking on its
icon. Now

sloc=sloc+1

828(sloc)=" click the mouse in the box labeled
application .

sloc=sloc+1

828(sloc)=" memory gize and increase the memory

allotment. "
sloc=sloc+1
$28(sloc)=" Experimentation will determine the
appropriate "
sloc=sloc+1

328(sloc)=" amount of memory when running

large numbers of "
sloc=sloc+1
828(sloc)=" nodes. "

RETURN

'EEEEIBEX XX ES TS ERERE AL XXX ELEEREE S

"** Print current screen *e
2 EEEE R EEE EE R EE RS EEESER R RS R R R ¥
PrintScreen:
changecursor 4
scale%=0
x%=0
y%=0
max&=1.3*%(4+(SYSTEM(6)+1)*2*INT(SYSTEM(5)+16)/16)/4+1
IF max&>32767 OR max&*4+60 > FRE(0) THEN
WINDOW 3,°",(10,106)-(509,338),3
PRINT "Not Enough Memory in Program Data Block”
mm LL]
INPUT "Press Return To Continuc”;A$
WINDOW CLOSE 3
RETURN
ENDIF
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DIM PT%(1),screen&(max&)
LocalToGlobal PT%(0)
IF wholescreen=1 THEN
GET (-PT%(1),-PT%(0))-(SYSTEM(5)-PT%(1),SYSTEM(6)-PT%(0)),screen&

ELSE

GET (-2,-20)-(565,400),screen& ‘'*** Get only under pressure window
END [F

ON ERROR GOTO screenerrortrap

CALL INITCURSOR
OPEN "LPT!l:prompt” FOR OUTPUT AS #10
changecursor 4
WINDOW OUTPUT #10
ON ERROR GOTO 0
IF scale% THEN

PUT(0,0)-(x%,y%),screen&
ELSE

PUT (0,0),screen&
ENDIF
CLOSE #10

screenerrorieap:

ERASE PT%,screen&
CALL INITCURSOR
RETURN

B AL EEE RS EREERE R R RS S E R R R R R R RN EREEE S RRER SR E S

"**  Load Text array for on screen exagmination b
R AR R R S R R RS B E R R R R FE R E R R R RN B R EEE R R EE SRR B
loadSarray:
sloc=1
spacer$=" "
spacer0$=" "
spacer1§=" "
s$(sloc)=" Stress State in Inner Cylinder With Autofrettage Pressure Applied”
sloc=sloc+1

s$(sloc)=" Node  Value of R Radial Stress Hoop Stress”

FOR i=1 TO innermeshplus

IF i= 10 THEN spacer0$=""

IF i= 100 THEN spacer0$=""

sloc=sloc+1
sigmaT$=LEFT$((STRS(sigma(1,1))),5)
LengthS2=LEN(STRS$(sigma(1,i}))

GOSUB spacermaker2
LengthS3=LEN(STRS(sigma(2,i)))

GOSUB spacermaker3

83(sloc)= spacer0$+STRS(i)+spacer1$S+sigmaTS+aspacer2$+STRS(sigma(2
W1 ))+spacer3$+STRS(sigma(3,i))
NEXT i
spacer0$=" "
sloc=sloc+1
s§(sloc)=" "
sloc=sloc+1
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s$(sloc)=" Residual Stress State In The Inner Cylinder After The Autofrettage”

sloc=sloc+1
s$(sloc)=" Pressure Is Released”
sloc=sloc+1
s$(sloc)=" Node  Value of R Radial Stress Hoop Stress”

FOR i=! TO innermeshplus

IP i= 10 THEN spacer0$=" "

IF i= 100 THEN spacer0$=""

sloc=sloc+1

sigmaT$=LEFT$((STR$(Rcssigma(1,i))),5)

LengthS2=LEN(STR$(Ressigma(l,1)))

GOSUB spacermaker2
LengthS3=LEN(STRS$(Ressigma(2,i)))

GOSUB spacermaker3

8$(sloc)=
spacerO$+STRS(i)+spacer1$+sigmaT$+spacer2$+STRS(Ressigm a
(2,i))+spacer3$+STRS(Ressigma(3,i))
NEXT i
spacer03=" "
sloc=sloc+1
s$(sloc)=" -
sloc=sloc+1
s$(sloc)=" Stress State In The Inner Cylinder Caused By The Shrink Fit”
sloc=sloc+1
s$(sloc)=" Node Value of R Radial Stress Hoop Stress”

POR i=1 TO innermeshplus
IF i= 10 THEN spacer0$=" "
IF i= 100 THEN spacer0$=""
sigmaTS=LEFT$((STR$(shrksigma(1,i))),5)

LengthS2=LEN(STRS$(shrksigma(1,i)))

GOSUB spacermaker2
LengthS3=LEN(STRS(shrksigma(2,i)))

GOSUB spacermaker3

sloc=sloc+1
s$(sloc)= spacer0$+STRS(i)+spaceri$+sigmaT$+spacer2$+STRE(shrksig
m a(2,i))+spacer3$+STRS(shrksigma(3,i))
NEXT i
spacer0$=" "
sloc=sloc+1
s$(sloc)=" "
‘ sloc=sioc+1
8$(sloc)=" Total Residual Stress State In The Outer Cylinder After The Shrink Fit"
sloc=sloc+1
s$(sloc)=" Node  Value of R Radial Stress Hoop Stress”

FOR i=1 TO outermeshplus
IF i= 10 THEN spacer0$=" "
IF i= 100 THEN spacer0$=""
sigmaT$S=LEFT$((STRS$(jshrksigma(1,i))),5)
LengthS2=L EN(STR$(jshrksigma(1,i)))
GOSUB spacermaker?
LengthS3=LEN(STRS(jshrksigma(2,i)))
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GOSUB spacermaker3

sloc=sloc+1
s$(sloc)= spacerO$+STRS(i)+spacer]1$+sigmaTS+spacer2$+STRS(jshrksig

ma(2,i))+spacer3$+STRS$(jshrksigma(3,i))

NEXT i
spacer0$=" "
sloc=sloc+1

8$(sloc)=" "

sloc=sloc+1
s$(sloc)=" Total Residual Stress State In The Imner Cylinder After The Shrink Fit"
sloc=sloc+1

88(sloc)=" Node  Value of R Radial Stress Hoop Stress”

FOR i=1 TO innermeshplus
IF i= 10 THEN spacer0$=" "
IF i= 100 THEN spacer0$=""
sigmaTS=LEFT$((STR$(Resshrksigma(1,i))),5)
LengthS2=LEN(STRS$(Resshrksigma(1,i)))
GOSUB spacermaker?
LengthS3=LEN(STR$(Resshrksigma(2,i)))
GOSUB spacermaker3
sloc=sloc+1
s$(sloc)=
spacer0$+STR3(i)+spacer1$+sigmaT$+spacer2§+STRS(Resshrk 8
igma(2,i))+spacer33+STRS(Resshrksigma(3,i))
NEXT i
spacer0$=" "
sloc=sloc+1
s$(sloc)=" "
sloc=sloc+1
s$(sloc)=" Stress State Caused By The Application Of The Operating Pressure
Only"
sloc=sloc+1
s$(sloc)=" In The Inner Cylinder”
sloc=sloc+1
s$(sloc)=" Node Value of R Radisal Stress Hoop Stress”
FOR i=1 TO innermeshplus
IF i= 10 THEN spacer0$=" "
IF i= 100 THEN spacer0$=""
sigmaTS=LEFT$((STR$(designsigma(1,i))),5)
LengthS2=LEN(STRS(designsigma(1,i)))
GOSUB spacermaker2
LengthS3=LEN(STRS(designsigma(2,i)))
GOSUB spacermaker3
sloc=sloc+1
s$(sloc)= spacer0S+STRS$(i)+spaceri$+sigmaTS+spacer28+STRS$(designsi
g ma(2,i))+spacer3$+STRE(designsigma(3,i))
NEXT i
spacer0$=" "
sloc=sloc+1
s$(sloc)=" "
sloc=sloc+1
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88(sloc)=" Stress State Caused By The Application Of The Operating Pressure

Only"
sloc=sloc+1
8$(sloc)=" In The Outer Cylinder”
sioc=sloc+1
s$(sloc)=" Node  Value of R Radial Stress Hoop Stress”

FOR i=1 TO outermeshplus
IF i= 10 THEN spacer0$=" "
IF i= 100 THEN spacer0$=""
sigmaT$=LEFTS$((STRS$(jdesignsigma(1,i))),5)

LengthS2=LEN(STR$(jdesignsigma(1,i)))

GOSUB spacermaker2
LengthS3=LLEN(STRS(jdesignsigma(2,i)))

GOSUB spacermaker3

sloc=sloc+1
s$(sloc)= spacer0$+STRS(i)+spacerl$+sigmaT$+spacer2$+STRS(jdesign
si gma(2,i))+spacer3$+STRS(jdesignsigma(3,i))
NEXT i
Sweﬂossw L]
sloc=sloc+1
s$(sloc)=" -
sloc=sioc+1
s$(sloc)= " Total Stress State In Inner Cylinder With The Opecrating Pressure
Applied”
sloc=sloc+1
s$(sloc)=" Node  Value of R Radial Stress Hoop Stress”

FOR i=1 TO innermeshplus
IF i= 10 THEN spacer0$=""
IF i= 100 THEN spacer0$=""
sigmaTS$=LEFT$((STRS(Resdesignsigma(1,i))),5)

LengthS2=LEN(STRS(Resdesignsigma(1,i)))

GOSUB specermaker2
LengthS3=LEN(STRS$(Resdesignsigma(2,i)))

GOSUB spacermaker3

sloc=sloc+1
s$(sloc)= spacer0$+STRS(i)+spacerl$+sigmaTS+spacer2$+STRE(Resdesi
g nsigma(2,i))+spacer3$+STRS(Resdesignsigma(3,i))
NEXT i
spacer08=" "
sloc=sloc+1
s$(sloc)=" "
sloc=sloc+1
s$(sloc)= " Total Stress State In The Outer Cylinder With Operating Pressure
Applied”
sloc=sloc+1
s$(sloc)=" Node  Valuc of R Radial Stress Hoop Stress”

FOR i=1 TO outermeshplus
IF i= 10 THEN spacer0$=" "
IF i= 100 THEN spacer0$=""
sigmaTS=LEFTS((STRS(jResdesignsigma(l,i))),5)
LengthS2=LEN(STRS(jResdesignsigma(i,i)))
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GOSUB spacermaker2
LengthS3=LEN(STRS$(jResdesignsigma(2,i)))
GOSUB spacermaker3

sloc=sloc+1
8$(sloc)= spacer0$+STRS(i)+spaceri$+sigmaTS+spacer2§+STRS(jResdes
i gnsigma(2,i)) +spacer3$+STRS(jResdesignsigma(3,i))
NEXT i
TIMER OFF
CALL INITCURSOR
RETURN
R R E AR R R E R R R EEE R R EEERES SRR R ERERE R R R R X
'#% Makes spacers for aligned stress array text b
IR EEEEEEEEEE SRR EREEREEREE RS R R R R R AR RS S
spacermaker2:
SpacerLength=35-LengthS2
spacer2$=""

FOR k=1 TO SpacerlLength
spacer2$=spacer2§ + * "
NEXT k
RETURN

spacermaker3:
SpacerLength=35-LengthS3
spacer3$=""
FOR k=1 TO SpacerLength
spacer3$=spacer3$ + " "
NEXT k
RETURN

EEEESESE RS SRR SRS AR R R R R R R EE RS S RS

'#%  Refresh graphs when overwritten **
B EEEE RS R R R RS SRS EEE SRR R R R R R
refresh: ‘refresh graph
forecolor 33
start=TIMER
IF (start-lasttime)<4 THEN RETURN
action=0
IF refreshflag=0 THEN
GOSUB boxinScreen
ENDIF
IF refreshflag=1 THEN
GOSUB graphwithpres
END IF
IF refreshflag=2 THEN
GOSUB resautograph
END IF
IF refreshflag=3 THEN
GOSUB shrinkprnt
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END IF
IF refreshflag=4 THEN
GOSUB resshrinkprnt
END IF
IF refreshflag=5 THEN
IF problemtype§<>"Autofrettage only"THEN
GOSUB designPmt
ELSE
GOSUB designAutoPrat
END IF
END IF
IF refreshflag=6 THEN
IF problemtype3="Autofrettage only"THEN
GOSUB AresdesignPrnt
ELSE
GOSUB resdesignPrnt
END IF
END IF
lasttime=TIMER
EDIT FIELD 227, *,(700,700)-(720,720),3,1
RETURN

deactivateMenus:
MENU 1,0,0
MENU 2,0,0
MENU 3,0,0
MENU 4,00
MENU 5,00
MENU 6,0,0
MENU 7,0,0
MENU 8,0,0

RETURN

activateMenus:
MENU 1,0,1
MENU 2,0,1
MENU 3,0,1
MENU 4,0,1
MENU 5,0,1
MENU 6,0,1
MENU 7,0,1
MENU 8,0,1

RETURN

printREPerrortrap:
CALL INITCURSOR
RESUME cerroricap2
errorleap2:
ON ERROR GOTO 0
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RETURN

R A EEEE R E AR 2 SRR R R R RS R R R R SR R R R RS

'** send report to printer *%
EEEEREE SIS SRR R S EEEE SRR EEERE AR E R R R R R R R
printreport:
IF writefileflag=0 THEN
ON ERROR GOTO printREPerrortrap
CALL INITCURSOR
OPEN "LPT!:prompt” FOR OUTPUT AS #5
changecursor 4
cleargraphflag=1
graphtitieflag=1
END IF
IP problemtype$="Autofrettage only" THEN
GOSUB desmaxloc
IF (goesplasticUnload=1)THEN
bschStr§=" A correction due to the Baushinger
was used”
bschStr2$=" in the calculation of the stresses
by the”
bschStr3$=" release of the autofrettage pressure.”
ELSE
bschStr$=" Linear unloading was assumed in the
calculation”
bschStr2$=" of the stresses caused by the release of
bachStr3$=" autofrettage pressure.”
END IF

pmt=VAL(Reyielding$)
pmitO=FIX(prnt)
prat=VAL(yicldbegS)
prt1=FIX(prnt)
pmt=VAL(yieldfin$)
pmt2=FIX(prnt)
prt=VAL(AutoP$)
pmt3=FIX(prut)
pmt=VAL(DepPress$)
prt4=FIX(pmt)
pmt5=FIX(sigma(2,1))
prot6=FIX(sigma(3,1))
prnt7=FIX(sigma(2,innermeshplus))
prt8=FIX(sigma(3,inncrmeshplus))
prot9=FIX(sigma(2,maxlocationR))
prat 10=FIX(sigma(3,maxlocationT))
prat11=FIX(Ressigma(2,1})
pmt12=FIX(Ressigma(3,1))
prot13=FIX(Ressigma(2,innermeshplus))
prt14=FIX(Ressigma(3,innermeshplus))
prot15=FIX(Ressigma(2,maxlocationRares))
prot16=FIX(Ressigma(3,maxlocationTares))
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pmt17=FIX(designsigma(2,1))
pmt18=FIX(designsigma(3,1))
prnt19=FIX(designsigma(2,innermeshplus))
prnt20=FIX(designsigma(3,innermeshplus))
pmt21=FIX(designsigma(2,maxliocationAdesR))
prnt22=FIX(designsigma(3.maxlocationAdesT))
pmt23=FIX(Resdesignsigma(2,1))
pmit24=FIX(Resdesignsigma(3,1))
pmt25=FIX(Resdesignsigma(2,innermeshpius))
pm26=FIX(Resdesignsigma(3,innermeshplus))
pmt27=FIX(Resdesignsigma(2,maxlocationA AresR))
prnt28=FIX (Resdesignsigma(3,maxlocationAAresT))

FOR i=1 TO 3
PRINT #5," "
NEXT i
IF writefileflag=0 THEN WINDOW OUTPUT #5
CALL TEXTFACE(1)
CALL TEXTSIZE(14)
PRINT #5,” Stress Analysis Report”
PRINT #5," -
CALL TEXTSIZE(12)
PRINT #5,"Stress Analysis For Autofrettage and Operating
Singie Cylinder"
ON ERROR GOTO 0
CALL TEXTFACE(0)
PRINT #5," "
PRINT #5," Inner Radius of Inner Cylinder =
";Ri$;LengthUnit$
PRINT #5," Outer Radius of Inner Cylinder =
"+ROS$;LengthUnit$
PRINT #5,” Yicld Stress in Tension of Inner Cylinder =
*;MatS$;PresUnit$
PRINT #5," Poisson's Ratio of Inner Cylinder = ";poss$
PRINT #5," Pressure at Which Yielding Begins at the
Cylinder = ";prntl;PresUnit$
PRINT #5," Pressurc at Which the Inner Cylinder is

Pressure of a

Bore of Inner

Completely

Yielded = ";prant2;PresUnit$
PRINT #5,” Autofrettage Pressure = ";pmt3;PresUnit$

PRINT #5,” Depth of Yielding Caused by the Autofrettage Pressure =
",dep$;LengthUnit$
PRINT #5,” Operating Pressure = ";pmt4;PresUnit$

PRINT #5," Pressure at Which Reyielding Will Oceur at the Bore =
";prot0;PresUnit$

PRINT #5," Factor of Safety = ";Factor$

PRINT #5," -

PRINT #5,bschStr$
PRINT #5,bschStr2$
PRINT #5,bschStr3$
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PRINT #5," *
CALL TEXTFACE(1)
PRINT #5,"Stresses With the Autofrettage Pressure
Applied "
CALL TEXTFACE(0)
PRINT #5," "
PRINT #5," Radial stress at the bore = ";prnt5;PresUnit$
PRINT #5," Hoop stress at the bore = ";pmt6;PresUnit$
PRINT #5, Radial stress at the outer surface =
";prat7;PresUnit$
PRINT #5," Hoop stress at the outer surface =
";prnt8;:PresUnit$
PRINT #5," Maximum radial stress = ";pmt9;PresUnit$;"
R=";(sigma(1,maxlocationR));LengthUnit$
PRINT #5,"  Maximum hoop stress = ";pmt10;PresUnit$;”
R=";(sigma(l,maxlocationT));LengthUnit$
PRINT #5," "
PRINT #5," "
CALL TEXTFACE(1)
PRINT #5,"Residual Stresses After the Autofrettage
Released
CALL TEXTFACE(0)
PRINT #5," "
PRINT #5," Radial stress at the bore =
";pratl1;PresUnit$
PRINT #5," Hoop stress at the bore = ";pmt12;PresUnit$
PRINT #5,”  Radial stress at the outer surface =
":prnt13;PresUnit$
PRINT #5," Hoop stress at the outer surface =
";prat14;PresUnit$
PRINT #5," Maximum radial stress =
";prot15;PresUnit$;" at
R=";(Ressigma(1,maxlocationRares));LengthUnit$
PRINT #5," Maximum hoop stress = ";prnt16;PresUnit$;"
R=";(Ressigma(1,maxlocationTares));LengthUnit$
PRINT #5, *
PRINT #5," "
PRINT #5,"
page | of 3"
FOR i=]1 TO 3
PRINT #5,"
NEXT i
CALL TEXTFACE(1)
PRINT #5,"Stresses Caused by Operating Pressure on
Configuration”
CALL TEXTFACE(0)
PRINT #5," *
PRINT #5," Radial stress at the bore =
";prat17;PresUnit$
PRINT #5,"  Hoop stress at the bore = ";pmt18;PresUnit$
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PRINT #5,” Radial stress at the outer surface =

";prnt19;PresUnit$
PRINT #5," Hoop stress at the outer surface =

",prnt20;PresUnit$ |
PRINT #5," Maximum radial stress = |

*;prot21;PresUnit$;" at
R=";(designsigma(1,maxlocationAdesR));LengthUnit$
PRINT #5," Maximum hoop stress = ";prnt22;PresUnit$;" at
R=";(designsigma(l,maxiocationAdesT));LengthUnit$
PRINT #5,”
PRINT #5," -
CALL TEXTFACE(l)
PRINT #5,"Total Stress State With Operating Pressure Applied "
CALL TEXTFACE(0)
PRINT #5," "
PRINT #5,"  Radial stress at the bore =
";prnt23;PresUnit$

PRINT #5," Hoop stress at the bore = ";pmit24;PresUnit$
PRINT #5," Radial stress at the outer surface =
";prot25;PresUnit$
PRINT #5," Hoop siress at the outer surface =
";prnt26;PresUnit$
PRINT #5," Maximum radial stress = ";pmt27;PresUnit$" at

R=";(Resdesignsigma(2,maxlocationAAresR));LengthUnit$
PRINT #5," Maximum hoop stress = ";prnt28;PresUnit$” at

R=";(Resdesignsigma(3,maxlocationAAresT));LengthUnit$
PRINT #5,
PRINT #5,"
FOR i=1 TO 21
PRINT #5,”
NEXT i
PRINT #5,"
page 2 of 3"
FOR i=1 TO 29
PRINT #5,
NEXT i
IF writeflagfile=0 THEN
WINDOW 4,"printing window",(0,0)~(630,740),1
WINDOW OUTPUT 4
CALL TEXTFACE(1)
EDIT FIELD 222,"Now Printing Report, Please
Wait",(50,200)-(450,220),7,2
CALL TEXTFACE(0)

PICTURE ON
yoriginlocation=130
GOSUB SetGraphLocation
GOSUB resautograph
PICTURE OFF
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graphpic1$=PICTURES
PICTURE ON:PICTURE OFF

yoriginlocation=360
GOSUB SetGraphLocation
PICTURE ON
GOSUB designAutoPmt
PICTURE OFF
graphpic2$=PICTURES
PICTURE ON:PICTURE OFF

yoriginlocation=590
GOSUB SetGraphLocation
PICTURE ON
GOSUB AresdesignPrt
EDIT FIELD 53,"page 3 of 3",(460,690)-(540,706),3,2
EDIT FIELD 247," ",(2000,2000)-(2020,2020),3,2
PICTURE OFF
graphpic3$=PICTURES
PICTURE ON:PICTURE OFF
WINDOW OUTPUT #5
PICTURE, graphpicl$
PICTURE, graphpic2$
PICTURE, graphpic3$
END IF
END IF
IF problemtype$="Shrinkfit only" THEN
GOSUB maxstressOPO
GOSUB maxstressROP
pmt=VAL(Reyielding$)
protSO=FIX(pmt)
pmt=V AL(yieldbeg$)
pmtS 1=FIX(prnt)
pmt=VAL(yieldfin$)
pmt52=FIX(prat)
pmt=VAL(AutoP$)
prt53=FIX(pent)
prat=VAL(DepPress$)
prat54=FIX(pmt)
pmt=VAL(Ipres$)
pmtS5=FIX(prat)

POR i=1 TO 3
PRINT #5, °
NEXT i
IF writefileflag=0 THEN WINDOW OUTPUT #5
CALL TEXTFACE(1)
CALL TEXTSIZE(14)
PRINT #5,” Stress Analysis Report”
PRINT #5," "
CALL TEXTSIZE(12)
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PRINT #5,"Stress Analysis for Shrinkfit and Operating
Two Cylinders”
ON ERROR GOTO 0
CALL TEXTFACE(0)
PRINT #5," *
PRINT #5," Inner Radius of Inner Cylinder =
";Ri$;LengthUnit$
PRINT #5," Outer Radius of Inner Cylinder =
";ROS$;LengthUnit$
PRINT #5," Inner Radius of Outer Cylinder =
";ORIS;LengthUnit$
PRINT #5," Outer Radius of Outer Cylinder =
";ORO0S$;LengthUnit$
PRINT #5," Yield Stress in Tension of Inner Cylinder =
*;Mat$;PresUnit$
PRINT #45," Yield Stress in Tension of Outer Cylinder =
";OMat$;PresUnit$
PRINT #5,” Poisson's Ratio of Inner Cylinder = ";poss$
PRINT #5," Poisson's Ratio of Outer Cylinder = ";Oposs$
PRINT #5,” Pressure at Which Yielding Begins at the
Cylinder= ";prnt51;PresUnit$
PRINT #5,” Pressure at Which the Inner Cylinder is
Yielded = ";prat52;PresUnit$
PRINT #5,” Autofrettage Pressure= ";prnt53;PresUnit$
PRINT #5," Depth of Yielding Caused by the
Autofrettage Pressure= ";dep$;LengthUnit$
PRINT #5," Operating Pressure= ";prnt54;PresUnit$
PRINT #5,” Interface Pressure Between the Cylinders
Shrinkfit= “;prnt55;PresUnit$
PRINT #s," Pressure at Which Yiclding Will Occur  at
Bore = ";prnt50;PresUnit$
PRINT #5," Factor of Safety = ";Factor§
PRINT #5," *
PRINT #5," *
CALL TEXTFACE(1)
PRINT #5,"Residual Stress Statc After Shrinkfit "
PRINT #5," ~
PRINT #5," Stresses in the Inner Cylinder "
PRINT #5," "
CALL TEXTFACE(0)
PRINT #5,"  Radial stress at the bore =
";FIX(Resshrksigma(2,1));PresUnit$
PRINT #5," Hoop stress at the bore =
";FIX(Resshrksigma(3,1));PresUnit$
PRINT #5,  Radial stress at the outer surface =
";FIX(Resshrksigma(2,innermeshplus));PresUnit$
PRINT #5,”  Hoop stress at the outer surface =
";FIX(Resshrksigma(3,innermeshplus));PresUnit$
PRINT #5," Maximum radial stress =
".FIX(Resshrksigma(2,maxlocationRsres));PresUnit$;” at
R=";(Resshrksigma(l,maxlocationRsres));LengthUnit$
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PRINT #5,” Maximum hoop stress =
";FIX(Resshrksigma(3,maxlocationTsres));PresUnit$;" at
R=";(Resshrksigma(1l,maxlocationTsres));LengthUnit$

PRINT #5,"
CALL TEXTFACE(1)
PRINT #5," Stresses in Outer Cylinder
CALL TEXTFACE(0)
PRINT #5," -

PRINT #5,”  Radial stress at the bore =
",FIX(jshrkaigma(2,1));PresUnit$

PRINT #5," Hoop stress at the bore =
";FIX(jshrksigma(3,1));PresUnit$

PRINT #5, Radial stress at the outer surface =
" FIX(jshrksigma(2,outermeshplus));PresUnit$

PRINT #5," Hoop stress at the outer surface =
*;PIX(jshrksigma(3,outermeshplus));PresUnit$

PRINT #5," Maximum radial stress =
" FIX(jshrksigma(2,0maxlocationRsres));PresUnit$;" at
R=";(jshrksigma(1,0OmaxlocationRsres));LengthUnit$

PRINT #5," Maximum hoop stress =
*;FIX(jshrksigma(3,0maxiocationTsres));PresUnit$;" at
R=";(jshrksigma(1,0maxlocationTsres));LengthUnit$

PRINT #5,”
page 1 of 3"
FOR i=1 TO 2
PRINT #5,"
NEXT i
CALL TEXTFACE(1)
PRINT #5,"Stresses Caused by Operating Pressure Only”
PRINT #5," *
PRINT #5," Stresses in the Inner Cylinder "
CALL TEXTFACE(0)
PRINT #5," "
PRINT #5," Radial stress at the bore =
*FIX(designsigma(2,1));PresUnit$
PRINT #5," Hoop stress at the bore =
";FIX(designsigma(3,1));PresUnit$
PRINT #5,"  Radial stress at the outer surface =
";FIX(designsigma(2,innermeshplus));PresUnit$
PRINT #5," Hoop stress at the outer surface =
*;FIX(designsigma(3,innermeshplus));PresUnit$
PRINT #5," Maximum radial stress =
";FIX(designsigma(2,ImaxRdoLoc));PresUnit$;" at
R=";(designsigma(l,ImaxRdoLoc));LengthUnit$

PRINT #5," Maximum hoop stress =
*;FIX(designsigma(3,ImaxTdoLoc));PresUnit$;"  at
R=";(designsigma(1l,ImaxTdoLoc));LengthUnit$

PRINT #5," "
PRINT #5,"
CALL TEXTFACE(1)
PRINT #5," Stresses in the Outer Cylinder "
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CALL TEXTFACE(0)
PRINT #5," *
PRINT #5,"  Radial stress at the bore =
";F1X(jdesignsigma(2,1));PresUnit$
PRINT #5," Hoop stress at the bore =
"FI1X(jdesignsigma(3,1));PresUnit$
PRINT #5,"  Radial stress at the outer surface =
";F1X(jdesignsigma(2,outermeshplus));PresUnit$
PRINT #5,"  Hoop stress at the outer surface =
";FIX(jdesignsigma(3,outermeshplus)); PresUnit$
PRINT #5," Maximum radial stress =
";F1X(jdesignsigma(2,0maxRdoLoc));PresUnit$;"  at
R=";(jdesignsigma(1,0maxRdoLoc));LengthUnit$
PRINT #5," Maximum hoop stress =
";FIX(jdesignsigma(3,0maxTdoLoc));PresUnit$;"  at
R=";(jdesignsigma(l,0maxTdoLoc));LengthUnit$
PRINT #5," ©
PRINT #5," *

CALL TEXTFACE(1)
PRINT #5,"Total Stress State With Operating Pressure
PRINT #5," "
PRINT #5," Stresses in the Inner Cylinder "
CALL TEXTFACE(0)
PRINT #5," "
PRINT #5," Radial stress at the bore =
";FIX(Resdesignsigma(2,1));PresUnit$
PRINT #3," Hoop stress at the bore =
";PIX(Resdesignsigma(3,1));PresUnit§
PRINT #5,”  Radia] stress at the outer surface =
";FIX(Resdesignsigma(2,innermeshplus));PresUnit§
PRINT #S5," Hoop stress at the outer surface =
";FIX(Resdesignsigma(3,innermeshpius));PresUnit$
PRINT #5," Maximum radial stress =
";F1X(Resdesignsigma(2,ImaxRL)); PresUnit$;" at
R=";(Resdesignsigma(1,ImaxRL));LengthUnit$
PRINT #5," Maximum hoop stress =
";FIX(Resdesignsigma(3,ImaxTL));PresUnit$;”  at
R=";(Resdesignsigma(1,ImaxTL));LengthUnit$
PRINT #5," "
PRINT #5," "
CALL TEXTFACE(1)
PRINT #5,” Stresses in the Outer Cylinder *
CALL TEXTFACE(0)
PRINT #5," *
PRINT #5," Radial stress at the bore =
";FIX(jResdesignsigma(2,1));PresUnit$
PRINT #5,” Hoop stress at the bore =
";FIX(jResdesignsigma(3,1));PresUnit$
PRINT #5,"  Radial stress at the outer surface =
";FIX(jResdesignsigma(2,outermeshplus));PresUnit$
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PRINT #5,” Hoop stress at the outer surface =
";FIX(jResdesignsigma(3,outermeshplus));PresUnit$
PRINT #5," Maximum radial stress =
*;FIX(jResdesignsigma(2,0maxRL));PresUnit$;" at
R=";(jResdesignsigma(]l,OmaxRL));LengthUnit$
PRINT #5," Maximum hoop stress =
":FIX(jResdesignsigma(3,0maxTL));PresUnit$;" at
R=";(jResdesignsigma(1,0maxTL));LengthUnit$
PRINT #5,”
page 2 of 3"
FOR i=1 TO 10
PRINT #5," "
NEXT i
IF writcfileflag=0 THEN
WINDOW 4,"Printing Window",(0,0)-(630,740),1
WINDOW OUTPUT 4
CALL TEXTFACE(1)
EDIT FIELD 222,"Now Printing Report, Please
Wait",(50,200)-(450,220),7,2
CALL TEXTFACE(0)

PICTURE ON
yoriginlocation=130
GOSUB SetGraphLocation
GOSUB shrinkprnt
PICTURE OFF
graphpic1$=PICTURES
PICTURE ON:PICTURE OFF

yoriginlocation=360
GOSUB SetGraphLocation
PICTURE ON
GOSUB designPrnt
PICTURE OFF
graphpic28$=PICTURES
PICTURE ON:PICTURE OFF

yoriginlocation=590
| GOSUB SetGraphLocation
PICTURE ON
GOSUB resdesignPrnt
EDIT FIELD 53,"page 3 of 3".(460,690)-(540,706),3,2
EDIT FIELD 247," *,(2000,2000)-(2020,2020),3,2
PICTURE OFF
graphpic3$=PICTURES
PICTURE ON:PICTURE OFF
WINDOW OUTPUT #5
PICTURE, graphpicl$
PICTURE, graphpic2$
PICTURE, graphpic3$

END IF




ENDIF
IF problemtype$="Both” THEN
GOSUB maxstressjshrk
GOSUB maxstressRS
GOSUB maxstressOPO
GOSUB maxstressROP
IF (goesplasticUnload=1)THEN

bschStr$="
effect
bschStr2$="

A correction due to the Baushinger
was used”
in the calculation of the stresses

caused by the”
bschStr3§=" release of the autofrettage pressure.”
ELSE
bschStr$=" Linear unloading was assumed in the
calculation”
bschStr2$=" of the stresses caused by the release of
bschStr3$=" autofrettage pressure.”
END JF

PRINT #5," *
IF writefileflag=0 THEN WINDOW OUTPUT #5
CALL TEXTFACE(1)
CALL TEXTSIZE(14)
PRINT #5, Stress Analysis Report”™
PRINT #5," *
CALL TEXTSIZE(12)
PRINT #5,"Stress Analysis for Autofrettage, Shrinkfit and
Pressure”
PRINT #5,” of Two Cylinders”
ON ERROR GQTO 0
CALL TEXTFACE(0)
pmt=VAL(Reyiclding$)
pmtS0=FIX(pmt)
pmt=VAL(yieldbeg$)
pratS1=FIX(prnt)
pmt=VAL(yieldfin$)
pmt52=FIX(pmt)
prnt=VAL(AutoPS$)
prot53=FIX(prnt)
pmit=VAL(DepPress$)
prat54=FIX(pmt)
prt=VAL(Ipres$)
pmtSS=FIX(prnt)
PRINT #5," *
PRINT #5," Inner Radius of Inner Cylinder =
";Ri$;LengthUnit$
PRINT #5,” Outer Radius of Inner Cylinder =
";ROS;LengthUnit$
PRINT #5," Inner Radius of Outer Cylinder =
";ORI$;LengthUnit$
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PRINT #5," Outer Radius of Outer Cylinder =
";OROS;LengthUnit$
PRINT #5," Yield Stress in Tension of Inner Cylinder =
";Mat$§;PresUnit$
PRINT #5," Yield Stress in Tension of Outer Cylinder =
";OMat$;PresUnit$
PRINT #5," Poisson's Ratio of Inner Cylinder = ";poss$
PRINT #5," Poisson's Ratio of Outer Cylinder = *;Oposs$
PRINT #5," Pressure at Which Yielding Begins at the Bore
of Inner Cylinder= ";prnt51;PresUnit$
PRINT #5,” Pressure at Which the Inner Cylinder is
Completely Yielded = ";prnt52;PresUnit$
PRINT #5," Autofrettage Pressure= ";prnt53;PresUnit$
PRINT #5,"  Depth of Yielding Caused by the

Autofrettage Pressure= ";dep$;LengthUnit$
PRINT #5," Operating Pressure= ";pmt54;PresUnit$
PRINT #5," Interface Pressure Between the Cylinders Caused by the
Shrinkfit= ";prnt55;PresUnit$
PRINT #5," Pressurc at Which Yiclding Will Reoccur at the Bore =

";praot50;PresUnit$
PRINT #5," Factor of Safety = ";Factor$
PRINT #5," *
PRINT #5,bschStr$
PRINT #5,bschStr2$
PRINT #5,bschStr3$
PRINT #5,°
CALL TEXTFACE(1)
PRINT #5,"Stresses in Inner Cylinder With the
Autofrettage Pressure Applied "
PRINT #5," "
CALL TEXTFACE(0)
PRINT #5," Radial streas at the bore =
",FIX(sigma(2,1));PresUnit$
PRINT #5," Hoop stress at the bore =
";FIX(sigma(3,1));PresUnit$
PRINT #5," Radial stress at the outer surface =
";FIX(sigma(2,innermeshplus));PresUnit$
PRINT #5,"  Hoop stress at the outer surface =
";FIX(sigma(3,innermeshplus));PresUnit$
PRINT #5, Maximum radial stress =
";FIX(sigma(2,maxlocationR));PresUnit$;" at
R=";(sigma(1,maxlocationR));LengthUnit$
PRINT #5," Maximum hoop stress =
";FIX(sigma(3,maxiocationT));PresUnit$;" at
R=";(sigma(l,maxlocationT));LengthUnit$
PRINT #5," "
CALL TEXTFACE(1)
PRINT #5,"Residual Stresses in Inner Cylinder After Autofrettage
Pressure is Released "
CALL TEXTFACE(0)
PRINT #5," "
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PRINT #5,"  Radial stress at the bore =
";FIX(Ressigma(2,1));PresUnit$

PRINT #5," Hoop stress at the bore =
*;PIX(Ressigma(3,1));PresUnit$

PRINT #5," Radial stress at the outer surface =
";FIX(Ressigma(2,innermeshplus));PresUnit$

PRINT #5,°  Hoop stress at the outer surface =

PRINT #5," Maximum radial stress =
";FIX(Ressigma(2,maxlocationRares));PresUnit$;" at
R=";(Ressigma(1,maxlocationRares));LengthUnit$

PRINT #5," Maximum hoop stress =
";FIX(Ressigma(3,maxlocationTares));PresUnit$;” at
R=";(Ressigma(l,maxlocationTares));LengthUnit$

PRINT #5,"
page 1 of §”

CALL TEXTFACE(})
PRINT #5," "
PRINT #5,"Total Residual Stress After the Shrinkfit "
PRINT #5,” *
PRINT #5," Stresses in Inner Cylinder "
PRINT #5," *
CALL TEXTFACE(0)
PRINT #5,” Radial stress at the bore =
PRINT #5," Hoop stress at the bore =
";FIX(Resshrksigma(3,1));PresUnit$
PRINT #5," Radial stress at the outer surface =
*;PIX(Resshrksigma(2,innermeshplus));PresUnit$
PRINT #5," Hoop stress at the outer surface =
*;FIX(Resshrksigma(3,innermeshplus));PresUnit$
PRINT #5," Maximum radial stress =
";FIX(Resshrksigma(2,maxlocationRsres)); PresUnit$;" at
R=";(Resshrksigma(l,maxlocationRsres));LengthUnit$
PRINT #5," Maximum hoop stress =
";FIX(Resshrksigma(3,maxlocationTsres)); PresUnit$;" at
R=";(Resshrksigma(l,maxlocationTsres});LengthUnit§
PRINT #5, -
CALL TEXTFACE(1)
PRINT #S5," Stresses in Outer Cylinder "
CALL TEXTFACE(0)
PRINT #5," "
PRINT #5,"  Radial stress at the bore =
";FIX(jshrksigma(2,1)};PresUnit$
PRINT #5, Hoop stress at the bore =
".FIX(jshrksigma(3,1));PresUnit$
PRINT #5,” Radial stress at the outer surface =
";FIX(jshrksigma(2,outermeshplus));PresUnit$
PRINT #5," Hoop stress at the outer surface =
“;PIX(jshrksigma(3,cutermeshplus));PresUnit$
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PRINT #5," Maximum radial stress =
*;FIX(jshrksigma(2,0maxlocationRsres));PresUnit$;" at
R=";(jshrksigma(1,0maxlocationRsres));LengthUnit$

PRINT #5, Maximum hoop stress =
*;FIX(jshrksigma(3,0maxlocationTsres)); PresUnit$;" at
R=";(jshrksigma(1,0OmaxlocationTsres));LengthUnit$§

PRINT #5," *~
PRINT #5," *
CALL TEXTFACE(1)
PRINT #5,"Stresscs Caused by Operating Pressure Only”
PRINT #5,"
PRINT #5," Stresses in the Inner Cylinder "
CALL TEXTFACE(0)
PRINT #5," "

PRINT #5,  Radial stress at the bore =
";FIX(designsigma(2,1));PresUnit$

PRINT #5," Hoop stress at the bore =
";FIX(designsigma(3,1));PresUnit$

PRINT #5," Radial stress at the outer surface =
";FIX(designsigma(2,innermeshplus));PresUnit$

PRINT #5,"  Hoop stress at the outer surface =
*.FIX(designsigma(3,innermeshplus));PresUnit$

PRINT #5," Maximum radial stress =
*;FIX(designsigma(2,ImaxRdoLoc));PresUnit$;” at
R=";(designsigma(1,ImaxRdoLoc));LengthUnit$

PRINT #5," Maximum hoop stress =
";FIX(designsigma(3,ImaxTdoLoc));PresUnit$;”  at
R=";(designsigma(l,ImaxTdoLoc));LengthUnit$

PRINT #5," "
CALL TEXTFACE(1)
PRINT #8," Stresses in the Outer Cylinder
CALL TEXTFACE(0)
PRINT #5," "

PRINT #5," Radial stress at the bore =
";FIX(jdesignsigma(2,1));PresUnit$

PRINT #5," Hoop stress at the bore =
";FIX(jdesignsigma(3,1));PresUnit$

PRINT #5," Radial stress at the outer surface =
";FIX(jdesignsigma(2,outermeshplus));PresUnit$

PRINT #5, Hoop stress at the outer surface =
",FiIX(jdesignsigma(3,outermeshplus));PresUnit$

PRINT #5,” Maximum radial stress =
";FIX(jdesignsigma(2,0maxRdoLoc));PresUnit$;”  at
R=";(jdesignsigma(l,OmaxRdoLoc));LengthUnit$

PRINT #5," Maximum hoop stress =
*;FIX(jdesignsigma(3,0maxTdoLoc));PresUnit$;" at
R=";(jdesignsigma(1,0maxTdoLoc));LengthUnit$

PRINT #5," "
PRINT #5," *
PRINT #5," "
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PRINT #5,"
page 2 of 5"

CALL TEXTFACE(1)

PRINT #5,"Total Stress Statc With Operating Pressurc

PRINT #5, *
PRINT #5," Stresses in the Inper Cylinder "
CALL TEXTFACE(0)
PRINT #5," ~
PRINT #5,7 Radial stress at the bore =
";FIX(Resdesignsigma(2,1));PresUnit$
PRINT #5," Hoop stress at the bore =
";FIX(Resdesignsigma(3,1));PresUnit$
PRINT #45," Radial stress at the outer surface =
";FIX(Resdesignsigma(2,innermeshplus));PresUnit$
PRINT #5," Hoop stress at the outer surface =
";FIX(Resdesignsigma(3,innermeshplus));PresUnit$
PRINT #5,” Maximum radial stress =
";FIX(Resdesignsigma(2,ImaxRL));PresUnit$;" at
R=";(Resdesignsigma(1,ImaxRL));LengthUnit$
PRINT #5, Maximum hoop stress =
";FIX(Resdesignsigma(3,ImaxTL));PresUnit$;”  at
R=";(Resdesignsigma(1,ImaxTL));LengthUnit$
PRINT #5," "
PRINT #5," "
CALL TEXTFACE(}1)
PRINT #5," Stresses in the Outer Cylinder *
CALL TEXTFACE(0)
PRINT #5,» *
PRINT #5," Radial stress at the bore =
"PIX(jResdesignsigma(2,1));PresUnit$
PRINT #5, Hoop stress at the bore =
";FIX(jResdesignsigma(3,1));PresUnit$
PRINT #5," Radial stress at the outer surface =
";FIX(jResdesignsigma(2,outermeshplus));PresUnit$
PRINT #5," Hoop stress at the outer surface =
";FIX{(jResdesignsigma(3,outermeshplus));PresUnit$
PRINT #5," Maximum radial stress =
";FIX(jResdesignsigma(2,0maxRL));PresUnit$;"  at
R=";(jResdesignsigma(1,0maxRL));LengthUnit$
PRINT #5," Maximum hoop stress =
*;FIX(jResdesignsigma(3,0maxTL));PresUnit$;”  at
R=";(jResdesignsigma(1,0maxTL));LengthUnit$
FOR i=1 TO 23
PRINT #5, *
NEXT i
PRINT #5,”
page 3 of 5
PRINT #5, *
IF writefileflag=0 THEN
WINDOW 4,"printing window",(0,0)-(630,740),1
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WINDOW OUTPUT 4
CALL TEXTFACE(1)
EDIT FIELD 222,"Now Printing Report, Please
Wait",(50,200)-(450,220),7,2
CALL TEXTFACE(0)

PICTURE ON
yoriginlocation=130
GOSUB SetGraphLocation
GOSUB graphwithpres
PICTURE OFF
graphpic1$=PICTURES
PICTURE ON:PICTURE OFF

yoriginlocation=360
GOSUB SetGraphLocation
PICTURE ON
GOSUB resautograph
PICTURE OFF
graphpic23=PICTURES
PICTURE ON:PICTURE OFF

yoriginlocation=590
GOSUB SetGraphlocation
PICTURE ON
GOSUB shrinkprnt
EDIT FIELD 53,"page 4 of 5",(460,690)-(540,706),3,2
EDIT FIELD 247, *,(2000,2000)-(2020,2020),3,2
PICTURE OFF
graphpic3$=PICTURES
PICTURE ON:PICTURE OFF

PICTURE ON
yoriginlocation=130
GOSUB SetGraphLocation
GOSUB resshrinkprnt
PICTURE OFF
graphpic4$=PICTURES
PICTURE ON:PICTURE OFF

yoriginlocation=360
GOSUB SctGraphLocation
PICTURE ON
GOSUB designPmt
PICTURE OFF
graphpic5$=PICTURES
PICTURE ON:PICTURE OFF

yoriginlocation=590
GOSUB SetGraphlocation
PICTURE ON




GOSUB resdesignPrnt
EDIT FIELD 54,"page 5 of 5",(460,690)-(540,706),3,2
EDIT FIELD 247, ",(2000,2000)-(2020,2020),3,2
PICTURE OFF
graphpic6$=PICTURES
PICTURE ON:PICTURE OFF

FOR i=1 TO 30
PRINT #s," *
NEXT i

WINDOW OUTPUT #5
PICTURE, graphpicl$
PICTURE, graphpic2$
PICTURE, graphpic3$

FOR i=1 TO 50
PRINT #5,"
NEXT i

PICTURE, graphpic4$
PICTURE, graphpic5$
PICTURE, graphpic6$
END IF
END IF
CLOSE #5
WINDOW CLOSE 4
cleargraphflag=0
graphtitleflag=0
IF macsize$="small” THEN
yoriginlocation=226 ‘*** Set origin of graphs for on screen viewing
ELSE
yoriginlocation=320
END IF
GOSUB SetGraphLocation

RETURN

R EEEEEEEE R E R R R R R RS R EE AR IR R EEEEREER R R K]

'**  Clear factor of safety and reyielding pressure had

'#* when input data is changed =

I E RS EEEEEREREREEE SRR ERRRERERRRRRE R R R R R R R RS
FactorSafeClear:

Reyielding$=""

Factor§=""

EDIT FIELD 128,Reyielding$ ,(ef128x1,ef128y1)-(ef128x2,ef128y2),3,2
EDIT FIELD 129,Factor$,(ef129x1,ef129y1)-(ef129x2,ef129y2),3,2
RETURN




R R EE SRR E RS EREE RS 2R R AR R SRR R R R R RERESE R

'**  Find the maximum stresses with autop applied **
"EERXBEREXEXBEXEESRXERERREE A R KRR EXE B R KAk E XK BES
findmaxwithautop:
Rmax=ABS(sigma(2,1))
Tmax=ABS(sigma(3,1)) ' find max streas
maxjocationR=1
maxlocationT=1
FOR i = 2 TO innermeshplus
IF ABS(sigma(2,i))>Rmax THEN
Rmax=ABS(sigma(2,i))
maxlocationR=i
END IF
IF ABS(sigma(3,i))>Tmax THEN
Tmax=ABS(sigma(3,i))
maxlocationT=i
END IF
NEXT i
RETURN

XS EEE R R EEREEE R RS AR R R R R R R R R R R LR R R R

'**  Find the maximum stresses in jacket for shrinkfit ==
‘**  For use during repont i
B E I EEEEEEEREEEEEEESEEREEERRE RS R R R R R R R R R R R R R R E X
maxstressjshrk:
maxlocationRjsres=1
maxlocationTjsres=1
FOR i = 1 TO outermeshplus
IF ABS(jshrksigma(2,i))>SRmax THEN
SRmax=ABS(jshrksigma(2,i))
maxlocationRjsres=i
ENDIF
IF ABS(jshrksigma(3,i))>STmax THEN
STmax=ABS(jshrksigma(3,i))
maxlocationTjsres=i
ENDIF
NEXT i
RETURN

'EEREREXERREEBREEEEERRELEEEBERRERREERERREER XS
‘**  Find the locations of maximum stresses from *>*
'*2  operating pressurc only, For use during report =

IR EEEEEEEE R R R R RS RS RRRER R R R R R R R E R R R R R

desmaxloc:

maxlocationAdesR=1

mazxlocationAdesT=1
SRmax=ABS(designsigma(2,1))
STmax=ABS(designsigma(3,1)) ' find max stress
FOR i = 2 TO innermeshplus

IF ABS(designsigma(2,i))>SRmax THEN
SRmax=ABS(designsigma(2,i))




maxlocationAdesR=i
END IF
IF ABS(designsigma(3,i))>STmax THEN
STmax=ABS(designsigma(3,i))

maxlocationAdesT=1

END IF
NEXT i
RETURN
R EEEEE RS R E SRR R EREEEERE R R R RER R R R R R R R R R RN
‘**  Find the locations of maximum stresses from hd
"*%*  operating pressure only, For use during report hdd
T1ZX XXX X XXX REEXARXREELERXREIRXRERREL R XN XXX XL KERREL X R L X
findshrinkmaxloc:
RETURN

AR R R E R R EE E E R R R X R RS EE R EE R RS R EEE SRS R SRR SRR S ]

'**%  change drawing color  **
A X E X R R R R R R R EE R E R SRR S R R R E R R EEEE RS E SRR E SRR E
ChangeColorGreen:
forecolor 341
RETURN
ChangeColorBlack:
forecolor 33
RETURN
ChangeColorRed:
forecolor 205
RETURN

A E R R R R R R R R E RS R S 2R 2R R R E R EEEREREEER R R S B

'#%* st edit field locations for small mac screens R
R R R R R R R R R R R R R R P R R R R R R R R R R E R R R R R E R RN R PR
smallmac:
'*3% Main Window
winlx1l=5
winlyl=40
winlx2=513
winly2=340
‘**%  Reyielding
ef128x1=295
ef128y1=118
ef128x2=380
ef128y2=134
's*%3Factor of safety
cf129x1=439
¢f129y1=118
cf129x2=470
ef129y2=134
‘#sssss  Bausinger Factor
¢f56x1=310
ef56yl=1




ef56x2=480

ef56y2=16
"kks%%  Autofrettage pressure
efdx1=125
efdyl1=105
efd4x2=220
efdy2=119
"*axxxxx  Depth of yielding
ef5x1=125
ef5yl1=121
cfS5x2=220
ef5y2=135
'k*2x%+22[pregs
ef205x1=355
ef205y1=100
ef205x2=470
ef205y2=114
‘#**¥*x*xxBauschinger depth
cfS7x1=200
ef57yl=1
ef57x2=310
ef57y2=16
's*%% Box in the screen

boxix1=0

boxlyl=17

box1x2=490

box1y2=18

box2x1=0

box2yl1=0

box2x2=490

box2y2=296

box3x1=0

box3yi=161

box3x2=490

box3y2=161

box4x1=0

boxdyl=141

box4x2=490

box4y2=141
‘saxx* Problem Type Label
cf55x1=10
ef55yl=1
ef55x2=200
cf55y2=17
‘***%Inner radius inner cylinder label
eflilxl=2
eflilyl=19
cf111x2=90
efllly2=34
'#2220uter Radius Inner cylinder label
cfi3x1=2
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efl3y1=36
ef13x2=90
ef13y2=50

"saxsrxrsYield Stress (material property of inner cylinder) label

eft4x1=2

efld4yl=52
efl4x2=90
efl4y2=66
‘*sxxavyiclding begins
ef15x1=2

ef1S5y1=70
ef15x2=120
ef15y2=8S§
'sx¥%xyiclding complete
ef16x1=2

ef16y1=87
ef16x2=120
efl6y2=101
sarxAutofrettage pres
eflTx1=2
efl7y1=103
ef17x2=120
ef17y2=118
'ssxe2Depth of yielding
ef18x1=2
efi8yl=120
cf18x2=120
ef18y2=135

'***%[nner Radius Outer
ef120x1=225
ef120y1=20
ef120x2=350
cf120y2=34
's*53Quter Radius Outer
ef121x1=225
efl21y1=36
efl21x2=350
cf121y2=50
'****Yijecld Stress label
ef122x1=225
ef122y1=52
ef122x2=350
efl122y2=66

label

iabel

label

label

Cylinder label

Cylinder label

‘**¢2Poigson's Ratio label

ef123x1=225
ef123y1=68
ef123x2=350
ef123y2=82

'**3*Design  Pressurc  label

ef124x1=225§
efl124y1=84
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ef124x2=350
efl124y2=98
"**%x|nterface
ef125x1=225
ef125y1=100
ef125x2=350
ef125y2=114
‘**x*xReYielding
ef126x1=225
efl26y1=118
cf126x2=294
efl126y2=134

Pressure

iabel

'**¥%xSafety label

ef127x1=390
ef127y1=118
cf127x2=435
efl127y2=134
'*t*t*Rls
eflxt=100
eflyl=20
ef1x2=170
efly2=34
'tt*#tnos
ef2x1=100
ef2y1=36
cf2x2=170
cf2y2=50
EEEEMat$
ef3x1=100
eflyl=52
¢f3x2=170
ef3y2=66
'*sc*gutoPS
cf4x1=125
cfdyl=105
ef4x2=220
cfdy2=119
‘s2%3Dep$
efSx1=125
efSyl=121
ef5x2=220
ef5y2=135
't#t*ok!s
ef6x1=355
ef6yl1=20
cf6x2=470
ef6y2=34
'*x2*QROS
efTx1=355
ef7yl1=36
ef7x2=470

label
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ef7y2=50
'*#l**oMats
ef8x1=355
ef8y1=52
ef8x2=470
cf8y2=66
"#85%2pogs$
ef9x1=355
cf9y1=68
ef9x2=470
ef9y2=82
‘'s*%%DepPress$
efilx1=355
efllyl1=84
efl1x2=470
efl1y2=98
'*sx2syicldbeg$
ef21x1=125
ef21yl=70
ef21x2=220
cf21y2=85
‘#x2xyjeldfin$
ef22x1=128
ef22y1=87
cf22x2=220
ef22y2=101

‘saxxsAutofrettage pres

ef27x1=355
ef27y1=100
ef27x2=470
ef27y2=114

RETURN

label

Rl E R R R R R R R S T RS R R R RN ¥

& gset edit ficld locations for big mac screens b
'EXB XXX TR RD XX EREEEN RSP XS LR AR R LR AR R EE RN XK R

bigmac:
'*%¢ Main Window
winlx1=$§
winly1=40
winlx2=570
winly2=440
'**%*  Reyielding
ef128x1=335
ef128y1=153
cf128x2=450
cf128y2=167

'#3*2Ractor of safety

ef129x1=335
ef129y1=169
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ef129x2=450
ef129y2=183
'*s%x** Bausinger Factor
ef56x1=2
ef56y1=186
cf56x2=490
efS6y2=200
‘®*ex%  Autofrettage pressure
efdx1=125
efdyl1=105
cfd4x2=220
efdy2=119
'exmkxt®  Depth of yielding
ef5x1=128
efSyt=121
ef5x2=220
cf5y2=135
‘#Esss3%[pregs
¢f205x1=335
ef205y1=137
ef205x2=450
ef205y2=151
‘*exxxxxBauschinger depth
ef57x1=2
cf57y1=202
¢f57x2=490
cf57y2=216
‘#xs* Box in the screen
boxix1=0
boxlyl=17
box1x2=549
box1y2=17
box2x1=0
box2y1=0
box2x2=549
box2y2=399
box3x1=0
box3y1=235
box3x2=549
box3y2=235
box4x1=0
box4y1=255
box4x2=549
box4y2=255
box5x1=0
box5y1=102
box5x2=549
box5y2=102
'**¥%%% Problem Type Label
ef55x1=70
cf55yl=1
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ef55x2=400

ef55y2=17

"**%*Inner radius inner cylinder label
eflllxl=2

eflllyl=19

efl111x2=193

efll11ly2=34

'**2%Quter Radius Inner cylinder Ilabel
efl13x1i=2

ef13yl=36

ef13x2=193

cf13y2=50

‘#skxtx®rYicld Stress (material property of inner cylinder) Ilabel
efldxi=2

efldy1=52

cfl4x2=193

cfl4y2=66
"eserwAutofrettage pres label
ef17x1=2

ef17y1=68

ef17x2=193

ef17y2=82

ss%*sDepth of yielding label
cf18x1=2

ef18y1=84

ef18x2=193

efl18y2=98

‘**x**¢*xyielding begins label
ef1Sx1=2

efi15yl1=105

ef15x2=340

cf1Sy2=119

‘s*x2yielding complete label
efl6x1=2

efl6yl1=122

ef16x2=340

cfl6y2=136

"#*%¥Inner Radius Outer Cylinder label
ef120x1=270

ef120y1=20

ef120x2=466

ef120y2=34

'**%%Quter Radius Outer Cylinder label
ef121x1=270

efl21y1=36

ef121x2=466

efl21y2=50

'#2x*Yicld Stress label
ef122x1=270

cf122y1=52

ef122x2=466
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ef122y2=66
‘*xx*Poisson’s Ratio label
efl23x1=268
ef123y1=68
ef123x2=378
¢f123y2=82

‘*%%% Inner Poissons label
eftld48x1=375
cfl148y1=68
ef148x2=410
ef148y2=82

'*%%* Quter Poissons label
ef149x1=463
ef149y1=68
ef149x2=503
ef149y2=82
‘**#*xQperating Pressure label
ef124x1=270
ef124y1=84
ef124x2=466
ef124y2=98
‘*#**Interface Pressure label
efl25x1=2
ef125y1=138
ef125x2=340
ef125y2=152
‘#*x*2ReYielding label
ef126x1=2
cfl26y1=154
ef126x2=340
ef126y2=168
'*xs*Safety label
ef127x1=2
ef127y1=170
ef127x2=340
ef127y2=184
ETTERT 3T
ceflx1=195§
eflyt=20
efl1x2=265
efly2=34

AEE 8 23 Ro s
ef2x1=195
ef2yl1=36
cf2x2=265

cf2y2=50

'REXE Mat s
ef3x1=195
ef3yl1=52
¢f3x2=265
ef3y2=66
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"*¥**¥*autoP$
efdx1=195
ef4y1=68
efdx2=265
cfdy2=82
‘*s%*Dep§
ef5x1=195§
efS5y1=84
ef5x2=265
cf5y2=98
'**ttokls
ef6x1=468
ef6yl1=20
ef6x2=545
ef6y2=34
'##t*ORos
ef7x1=468
ef7yl=36
ef7x2=545
ef7y2=50
'tt#**oMats
ef8x1=468
cf8y1=52
cf8x2=545
ef8y2=66
'*¥%%p058§
ef9x1=412

- ef9y1=68
ef9x2=452
ef9y2=82
'****0poss$
ef10x1=505
¢f10y1=68
ef10x2=545
ef10y2=82
‘**2xDepPresss
efi1x1=468
efllyl=84
efl1x2=545
cfll1y2=98
‘s*xx2yieldbeg$
ef21x1=33S5
ef21y1i=105
cf21x2=450
ef21y2=119
'*¥x%yicldfin$
cf22x1=335
ef22y1=121
ef22x2=450
ef22y2=135
'eseEs Autofrettage

pres

label
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ef27x1=355
ef27y1=100
cf27x2=470
ef27y2=114

RETURN

BEAEEERE E R R EE SRR E RS RS R SRR EESE R

'** set up graph locations for report **
'TEBEREREBLET XA EXERB L LB EERERREE R X K
SetGraphLocation:

'##s8% edit field locations for coordinate systems
'A% "stress”

ef33x1=1
c¢fl3yl=yoriginlocation-40
ef33x2=34
ef33y2=yoriginlocation-22
'*%*  "stress”

ef34x1=246
ef34yl=yoriginlocation-40
ef34x2=279
ef34y2=yoriginlocation-22
e "R]®

ef35x1=18
ef3Syl=yoriginlocation-7
ef35x2=34
cf35y2=yoriginlocation+?7
13 % 3 'R]I

ef36x1=263
cf36yl=yoriginlocation-7
cf36x2=279
ef36y2=yoriginlocation+7
x *Ro"

ef37x1=226
ef37yl=yoriginloeation-7
ef37x2=242
ef37y2=yoriginlocation+7
" "Ro"

cf38x1=471
ef38yl=yoriginlocation-7
cf38x2=487
cf38y2=yoriginlocation+7
'** "ORo"

ef137x1=226
e¢f137yl=yoriginlocation-7
ef137x2=248
ef137y2=yoriginlocation+?
'** "ORo"

ef138x1=471
ef138yl=yoriginlocation-7
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cf138x2=492
e¢f138y2=yoriginlocation+7
‘*%  “Radial Stress"
ef3Ox1=145
ef30yl=yoriginlocation+52
ef30x2=245
ef30y2=yoriginlocation+63
'*%x "Hoop Stress”
ef31x1=350
efllyl=yoriginlocation+$2
ef31x2=450
ef3ly2=yoriginlocation+63
*% "Axes locations”
axeslxi=35§
axeslyl=yoriginlocation-51
axeslx2=35
axesly2=yoriginlocation+51
axes2x1=35
axes2yl=yoriginlocation
axes2x2=225
axes2y2=yoriginlocation
axes3x1=280
axes3yl=yoriginlocation-51
axes3x2=280
axes3y2=yoriginlocation+51
axesd4x1=280
axes4yl=yoriginlocation
axesd4x2=470
axes4y2=yoriginlocation

AEEEE max and min stresses

'** negitive maximum radial stress
ef32x1=1
ef32yl=yoriginlocation+52
cf32x2=70
¢f32y2=yoriginlocation+63

'** negitive maximum radial stress
ef39x1=1
ef39yl=yoriginlocation-63
ef39x2=70
cf39y2=yoriginlocation-52

'**  maximum hoop stress
cf40x1=250
¢f40y I=yoriginlocation-63
cf40x2=310
ef40y2=yoriginlocation-52

** negitive maximum hoop stress
ef41x1=250
ef41yl=yoriginlocation+52
ef41x2=310
efd4ly2=yoriginlocation+63
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'xax®®  oraph titles

IF graphtitleflag=l THEN
Tit1=30
Tit2=yoriginlocation-92
Tit3=500
Titd=yoriginlocation-74

ELSE
Titi=30
Tit2=yoriginiocation-82
Tit3=500
Tit4=yoriginlocation-64

END IF

‘*s%%  oraph stress lines
RySpan=Sl
RxSpan=190
rStarty=yoriginlocation
rStartx=35
RoStartx=280
HySpan=51
HxSpan=190
hStarty=yoriginlocation
hStartx=280

RETURN
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