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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 impl^ented 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 prdblan 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 internal pressure is applied to the vessel. This

pressure causes plastic deformation in part or all of the

cylinder. When the pressure is released, a residxial 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 circxmiferential 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 residtial stress pattern caused by autofrettage

or a shrink fit, the stresses for a given configuration must
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be calculated and modified until an acceptable configuration

is found. Since these calculations are long cuid tedious,

automation of the stress calculations will greatly reduce

the amount of time required to design such a vessel.



Chapter II

Biathematical Basis Of The Stress Analysis
Procedure

Autofrettage of Thick Vfalled 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 imtil yielding occurs in some or all of

the material. When the autofrettage pressure is released, a

residxial stress pattern remains in the material. Cylindrical

pressiire 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

yielded zone, the Tresca theory amd the Von Mises theory.

The Tresca theory states that a material will begin to

yield when the meocimum shear stress reaches some limiting

value. The von Mises theory states that the material will

begin to yield when the octcQiedral 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 (l).



<T0 -Or (1)

For the Tresca theory k=2, T=maxixnum shear stress. For

the von Mises theory k=3/42, and t =octahedral shear stress.
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where:

h = typical length along the cylinder.

pi = internal pressure.

The above drawing shows a differential elefitent taken

from the vessel wall. From equilibrium of the above radial

force con^nents it is seen that

+ £lZ£l_ = 0
dr r (2)



Substituting(1) into(2) yields (3).

dCr _ kx
'dr'T (3)

Integrating (3) yields the following expression for

variation of the radial stress in the yielded zone of the

cylinder.

Or = A:t In (r ) + c (4)

At the bore, r =ri and (5r--p (where /7=autofrettage pressure) .

Using these conditions and solving for c yields (5).

c'-p-kxlniri) (5)

Substituting (5) into (4) yields (6), the expression for the

radial stress as a fvinction of r in the yielded zone of the

cylinder.

(f)-'Or - kxln
(6)

Putting this result back into (1) gives am expression for

the circumferential stress in the yielded zone of the

cylinder.

ae = Or + kx (7)

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 displacenent of a point, and since displacements

occur strictly in a radial direction for aucisymetric

problans, the circumferential strain may be written as the

change in circumference divided by the original

circumference.

2n (r + u )-Inr
ee = —

2nr

OT

u

Ee - —
r  (8)

The radial strain of a differential line segment dr, that

changes its length by an amoiint du, may be written as

follows.(See drawing on page

du
£r ——

dr (9)

The stress-strain relationships for a planar state of stress

with uniform temperature for an isotropic, homogeneous

material are:

E  I Idr" rler+VEo)
1-V2 (10)



^-T^lee.vM

Sxibstituting (8) and (9) into (11) yields the following

expressions for radial and circumferential stresses in the

unyielded zone of the cylinder.

^  1 t(Jr = -{tr + vee }1_V2 1-V2 dr rj (12)

E  , , E (u du
(Te = ■; rlee + ve, I = + V —l-v2 l-v^ r dr (13)

Substituting (12) and (13) into (2) yields the following
differential equation for the radial displacement.

d  ̂ \ du " = 0
</r 2 r dr r^ (14)

Rewriting (14) yields the following expression.

dr ir dr J (15)

By integrating (15) twice the following solution is
obtained:

« - C,r + 
r̂  (16)



Substituting (16) into (12) and (13) yields the following

expressions for the stresses in the unyielded part of the

cylinder.

^ r
1 - V

II + V ) C,
(17)

<7e 1-v 2
11 + V I C, +

(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 = ro, ar = -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).

C,
1-v Pi -

r 2 — r 2
(20a)

1 + V n V (pi - Po)
r.2 -r,2

(20b)
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Substituting Ci and C2 into (17) and (18) the following

equations for the stress state in the elastic region of the

cylinder are found.

rr = _MLfi - hl^ix - iL ]
ro^-r,A ) ro^-r.A r^J (21)

_ Pi rt
2 f r 2 ̂

»/

CTe = -^p-7 1+ ̂ Po ro^ fi+
r 2-r2I  \ ' J 'o 'i \ ' J (22)

In order to determine which regions of the cylinder

that the eqxxations describing the radial and circumferential

stresses should be applied, it is necessary to calculate the

depth through which yielding occurs. If the depth of

yielding 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) aind

(22) into the yield condition given in (1). This

substitution yields the following expression for the

interface pressure.

. 2-r 2
kx

r ̂  — r' O 'o

2^,2 (23)

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 Icnown and the

autofrettage pressure must be found.



The autofrettags pressure may be found by using

(6) .

(Tr " kxln
Uj } (6)

Where (Jr is equal to the interface pressure

between the plastic cmd elastic zones and r is set

equal to the depth of yielding. The interface

pressure is given by (23). Substituting (23) for

dr and rp for r into (6) yields.

Pmao
.  2r,2 ^ (24)

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 rp

by substituting various values of rp into (25)

until a value that causes (25) to be equal to zero

is found. The bisection method is used for this

calculation. For an outline of the bisection

method see appendix A.

f(rp) - kr " Pauto " 0
(25)

The designer must also know the pressure at which

yielding will begin, and the pressure at which yielding will

proceed can5>letely through the cylinder. When yielding

1 0



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.

(r'^-rPressure at which yielding b^ins = kx j

vrtien yielding is complete r/»=ro and ar=o at ro.

Substituting these values into the equation that describes

the stress state in the plastic region of the cylinder,(6),

yields the following expression.

Pressure at which yielding is con^l^ = kr ] /n — [
I  J (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

iinloading of the autofrettage pressure. The unloading

stresses may be calculated by using the elastic equations,

(21) cmd (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(1), that the reyielding pressure is significantly

less then that predicted from the Tresca yield condition and

elastic imloading. Thus when reyielding occurs, a correction

for the Bauschinger effect will be used to more properly

1 1



estimate the stress state of the vessel. This will be

explained in detail in a later section of this thesis.

Shrinkflt of Thick Walled Cylinders

Another method to produce the desired residual stress

at the bore of the cylinder is to shrinlcfit 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 \intil it will fit

over the smaller cylinder, assembling than and allowing the

outer cylinder to cool. This will produce a contact pressure

between the two cylinders, and the desired type of stress

pattern (con5)ressive 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 l), in an isotropic material;

Ee " —(<^6 ~ V Or)^  £ (28)

and

_ u

^ ~ 7 (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.

1 2



Ui =/•„ £e (30)

Where To = 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.

Pint r
2 >

L V ro
2 — r 2

'i y

1+
ro^J

+ V, Pi„,
(31)

similarly, the change in the inner radius of the outer

cylinder is expressed by the following

Uo =/?, ee (32)

ro

. v

Pint C 2 ̂
1 +

r2
'O

+ v„ Pi„,
(33)

Where;

n = the inner radius of the inner cylinder.

To =the outer radius of the inner cylinder.

Ri = the inner radius of the outer cylinder.

Ro = the outer radius of the outer cylinder.

V i = Poisson's ratio in the inner cylinder.

Vo = Poisson's ratio in the outer cylinder.

Ei = The modulus of elasticity of the inner cylinder.

Eo = The modulus of elasticity of the outer cylinder.

The known shrink fit. A, is equal to Ri-ro=Uo-Ui.
Substituting Uo (change in inner radius of the outer

cylinder) and Ui (chamge in outer radius of the inner

1 3



cylinder) into (33) and solving for the interface pressure

yields the following expression for the interface pressure.

Pint ~ A '•»' 1
V  rji J

+ v„ + A
(  r \

R  R ̂ El r2_r2
\  U J

1 +^1- V/

(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

superin^osed on the residual stresses caused by the

autofrettage process.

Bauschlnger Bffect

According to a study done by Kendall(1), 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 Bauschlnger 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 £uid the radius

where at-cSv^o are changed due to the Bauschinger effect and

1 4



must be recalculated. These stresses are recalculated using

equations which are derived by making the assumption that

the difference between the circximferential 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 assunption and considering the

boundary conditions given below, the following relationship

is obtained.

_  _ - Otcir-n )
dt* -drr = <y,e

fz -n (35)

Boundary conditions:

When r=ri, GtR - On- = etc.

When r=rz, otR • Oir = 0.

where:

Ote Coirected hoop stress at tfie boie
Tj = Radius where 0, -Or =0

= Resiual hoop stress

csrr = Residual radial stress

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

rdCrr " d,c dr + n dr - rdr
rz-n r,-r, og)

Integrating (36) yields the following equation.

(Jrr , n In r r , ̂JL. ':'lnr + — + C
ou h -n r, -n (37)

1 5



Where r—n, Grr =0. This may be used to find the constant of

integration.

-  'i . , n Inn- tnn ~
rz -n -n (38)

Substituting (38) into (37) yields the following

expression for the radial stress in the cylinder from the

inner surface to Rz.

-n (39)

By substituting (39) into (2) the expression for

circumferential stress for the same region is found to be

the following.

" 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 rz. This correction factor is equal to the radial

stress at rz calculated using (39), divided by the radial

stress at rz calculated using elastic unloading theozy. In

order to neke use of (39) and (40), a value for the

corrected circumferential stress at the bore ,Otc. must be

foxand. Kendall (l) has proposed cua empirically derived

equation for this purpose.

1 6



21£.
2t '"I2r } (4la)

for

a,A < -0.8t {41b)

If the criteria in (41b) is met, then the stresses need

to be corrected for the Bauschinger effect. The constant Bf

is the Bauschinger effect correction factor. The constant Ch

tcdces in to account the strain hardening that takes place

when the cylinder plastically deforms during \inloading from

the autofrettage pressure.

Operating Preasure Stress 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 superinposed on the residual stresses left

from the autofrettage and shrinkfit. Yielding begins at r=ri

when the following condition is met.

ae -Or "2t (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

1 7



state of a thick walled cylinder, (21), at r =r/ becomes the

following.

ffr = -Pd (43)

Where pa 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

circximferential stress. The equation for the circiimferential

elastic stress state of a thick walled cylinder,(22) plus

the residual circumferential stress, at r=r« becomes the

following.

CTe Pd +<ytR
(44)

Substituting (43) and (44) into (42) the yield criteria may

be expressed as follows.

Pd r 2-r 2
'0

+ p4 - 2t -
(45)

At the bore r=ri. substituting this condition into (45) yields

the operating pressure at which reyielding will occur in the

cylinder.

Pd
(2t -0,11

2r2 (46)

1 8



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

yield 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.

^  _2T(r„2-r,2)
Pd ' -j

'i* (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 ccnplete yielding in the cylinder or cylinders. When

yielding has proceeded completely through the cylinder, the

residual stresses are relcixed and will not affect the

calculation of the pressure necesscUT/- for complete yielding.

Additionally it is known that Or-O 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^o in (6) yields the

pressure at which the cylinder will become fully plastic.

p,
(48)

For nested cylinders in the fully plastic condition the

interface pressure between the cylinders caused by the

1 9



shrinkfit will be relaxed along with the residual stresses

frcxn autofrettage. Thus the pressure at which multiple or

nested cylinders will be fully plastic is siir?)ly the sum of

the pressures necessary to make each individxial cylinder

fully plastic.

Pi
(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 internal

operating pressure. The stresses are calculated by applying

the equations fran 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 amd 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) cind (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 superin^sed 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

2 1



(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 problan with only the shrinkf itting

process, the user must supply the amoimt 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 prdblan 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 problan with autofrettage only. The

stresses caused by the shrinkfit are calculated in the same

manner as for a two cylinder, shrinkfit only probl^. These

shrink fit stresses are superixiqposed on the residual

autofrettage stresses aind 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 eind 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 inplemented.

22



Required input and the Resulting Output

The following section lists the required input values for

each type of problem auid the output that the software

generates.

Single cylinder, autofrettage process onlyt

Input t

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

\indergo 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 reyielding 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.

23



B. Stress state caused by the application of

the operating pressure.

C. Total stress state caused by the

autofrettage process and the operating

pressure.

The tabular form of the following stress arrays

for radial eind circiimferential stresses may be

examined or printed.

A. Stresses caused by application of

autofrettage pressure.

B. Residual stresses after the autofrettage

pressure is released.

C. Stresses caused by the application of the

operating pressure.

D. Total stresses caused by the autofrettage

cuid the operating pressure.

Two cylinders, shrlnkfit process only:

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.

6. Yield stress of vessel material for outer

cylinder.

7. Amount of interference between the cylinders

for the shrinkfit process.

8. Poisson's ratio for inner and outer cylinder.

9. 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 cyllnderSt autofrettage and shrinkfit processt

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. Amoxmt 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.

(Whichever 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

pressiire 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. Stress state caused by the application of

the operating pressure.

F. Total stress state caused by the

autofrettage, shrinkfit and the operating

pressure.

The tabular fom of the following stress arrays

for radial and circumferential stresses may be

examined or printed.

A. Stresses caused by application of

autofrettage pressure.

B. Residual stresses after the autofrettage

pressure is released.

C. Stresses caused by shrinkfit.

D. Combined stresses caused by the shrinkfit

cuid the autofrettage.

E. Stresses caused by the application of the

operating pressure.

F. Total stresses caused by the autofrettage,

shrinkfit and the operating pressure.
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Chapter IV

Solution of an Example Problem

An exairple 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:

Under Pressure

Inner Radius of Inner Cylinder
Outer Radius of Inner Cylinder
Vield Stress of Inner Cylinder

Autofrettage Pressure
Depth of yielding

Inner Radius of Outer Cylinder
Outer Radius of Outer Cylinder
yield Stress of Outer Cylinder

Polsson's Ratio; Inner!
Operating Pressure

Outer

Pressure That Begins yielding In Inner Cylinder
Pressure That Completes yielding In inner Cylinder
Interface Pressure Caused by Shrink Fit
Pressure at which Reylelding will Occur
Factor of Safety in Final Configuration
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The problem information may be entered by clicking the mouse

in the rectangular fields. For exanple, 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 Old Data" from the "File" menu. The data

for this problem is contained in the file called "A Sanple

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

yielding, 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:

Under Pressure

Inner Radius of Inner Cylinder
Outer Radius of Inner Cylinder
VIeld Stress of Inner Cylinder

Autofrettage Pressure
Depth of Yielding

100000

97092.5

6

0.5

12

Inner Radius of Outer Cylinder
Outer Radius of Outer Cylinder
Yield Stress of Outer Cylinder
Poisson's Rotio; InnerL .3 | Outer! .35

150000

Operating Pressure 10000

Pressure That Begins Yielding In Inner Cylinder
Pressure That Completes Yielding in Inner Cylinder
Interfoce Pressure Caused by Shrink Fit
Pressure at which Reyleldlng will Occur
Factor of Safety in Final Configuration

m
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The default problem type is autofrettage and shrinkfit of

two cylinders. The problon 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.

E3 Under Pressure

Inner Radius of inner Cylinder
Outer Radius of inner Cylinder
yield Stress of Inner Cylinder

Autofrettage Pressure
Depth of yielding

100000

97092.5

8.5

12

inner Radius of Outer Cylinder
Outer Radius of Outer Cylinder

yield Stress of Outer Cylinder
Poisson's Ratio; innerj_ .3 | Outer 1 .35

150000

Operating Pressure 10000

Pressure That Begins yielding in inner Cylinder

Pressure That Completes Yielding in Inner Cylinder
interface Pressure Caused by Shrink Fit
Pressure at which Reyielding will Occur
Factor of Safety in Final Configuration

44444.45

109861.2

Stress With Autofruttage PressurediHiur Cylinder)
97092 S9S8S

cnrvflv

Ml P*t

eo RO

-97092 SIrvssItMltalStrMs

30



In order to calculate the residual stresses after the

autofrettage pressure is released select "Residual Stress

After Autofrettage(Inner Cylinder)" from the "Stress* menu.

The screen should now appear as follows;

oa Under Pressure

Inner Radius of Inner Cylinder
Outer Radius of Inner Cylinder
yield Stress of Inner Cylinder

Autofrettaye Pressure
Depth of yielding

100000

97092.5

Inner Radius of Outer Cylinder
Outer Radius of Outer Cylinder
yield Stress of Outer Cylinder
Poisson's Ratio; tnnerl .3

Operating Pressure
O

8.5

12

150000

uter ,35

10000

44444,45

109861,2

Pressure That Begins yielding In Inner Cylinder
Pressure That Completes yielding in inner Cylinder
Interface Pressure Caused by Shrink Fit
Pressure at which Reyielding will Occur
Factor of Safety in Final Configuration
Linear Equations Used For Calculating unloading Stresses in Inner Cylinder

Stress After Autofrettage Pressure Is Released (Inner Cylindr)
20056 1te49S

SIrts* Str***

P*1 P«

RO RO

-200S6 RaStel Strvss -1184SS MMeStms
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Next the stresses caused by the shrinkf itting 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 shrinkf itting process only, as if the

autofrettage process had not taken place. The output window

should now appear as follows:

Umler Pressure

Inner Radius of Inner Cylinder
Outer Radius of Inner Cylinder
Yield Stress of Inner Cylinder

Autofrettage Pressure
Depth of Yielding

100000

97092.5

6

Inner Radius of Outer Cylinder
Outer Radius of Outer Cylinder

Yield Stress of Outer Cylinder
Poisson's Ratio; Inner} .3

Operating Pressure

8.5

12

150000

Outer! .35"
toooo

44444.45

109861.2

1558.673

Pressure That Begins Yielding In Inner Cylinder
Pressure That Completes Yielding in inner Cylinder
Interface Pressure Caused by Shrink Fit
Pressure at which Reyieldlng will Occur
Factor of Safety in Final Configuration
Linear Eguattons Used For Calculating Unloading Stresses in Inner Cylinder

Stress Caused By Sfciink Fft Only

SirtM StTM*

psi

ORO -ato

h

RWtel Stress -9B66 Hm* 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:

Under Pressure

Inner Radius of Inner Cylinder
Outer Radius of Inner Cylinder
Yield Stress of Inner Cylinder

Autofrettage Pressure
Depth of Yielding

100000

97092.5

0.5

12

Inner Radius of Outer Cylinder
Outer Radius of Outer Cylinder
Yield Stress of Outer Cylinder

Polsson's Ratio; InnerL ,3 | Outer | .35
150000

Operating Pressure 1 10000
44444.45

109861.2

1558.673

Pressure That Begins Yielding In Inner Cylinder
Pressure That Completes Yielding In Inner Cylinder
Interface Pressure Caused by Shrink Fit
Pressure at which Reylelding will Occur
Factor of Safety In Final Configuration
Stresses Corrected for the Bauschlnger Effect, Correction Factor=-.7
Depth Through Which the Bauschlnger Correction is Applied: 4.57

75555.55

Total Stress After Shrfnkflt

1SS39 70000

Strtsz Sirtss

p*1 pel

ORO

-1SS39 lUeialSlrMs -70000
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Next the stress state caused by the application of the

operating pressure csui 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

Inner Radius of Inner Cylinder
Outer Radius of Inner Cylinder
yield Stress of Inner Cylinder

Autofrettage Pressure
Depth of yielding

liillFH

100000

97092.5

Inner Radius of Outer Cylinder
Outer Radius of Outer Cylinder
yield Stress of Outer Cylinder
Poisson's Ratio; Innerl .3

Operating Pressure

8.5

12

150000

Outer i 35

10000

44444.45

109861.2

1558.673

Pressure That Begins yielding In Inner Cylinder
Pressure That Completes yielding in inner Cylinder
Interface Pressure Caused Dy Shrink Fit
Pressure at which Reyieldlng will Occur
Factor of Safety in Final Configuration
Stresses Corrected for the Bauschlnger Effect, Correction Factor=-.7
Depth Through Which the Bauschlnger Correction is Applieds 4.57

75555.55

13.2

Stress Dub Td Operating Pressure Only
10000

etrMs Strtsf

psi P*i

ORO

ItSSJ

-ORO

In

-10000 RaUtalStms -11333 Hmp Strwss
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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 frcxn the "Stress" menu. This will result in

the following output window:

Unilar Pressure

Inner Radius of Inner Cylinder
Outer Radius of inner Cylinder
Yield Stress of inner Cylinder

Autofrettage Pressure
Depth of Yielding

9

100000

97092.5

Inner Radius of Outer Cylinder
Outer Radius of Outer Cylinder
Yield Stress of Outer Cyllndy
Poisson's Ratio; inneH .3

Operating Pressure
O

8.5

150000

uter I .35
10000

44444.45

109861.2

1558.673

Pressure That Begins Yielding In inner Cylinder
Pressure That Completes Yielding in Inner Cylinder
Interface Pressure Caused by Shrink Fit
Pressure at which Reyielding will Occur
Factor of Safety in Final Configuration
Stresses Corrected for the Bauschinger Effect. Correction Factor=-.7
Depth Through Which the Bauschinger Correction is App)1ed= 4.57

75555.55

13.2

Total Stress WUli Operating Pressure Applied
19949 asees

StrMS Str«*t

pd pd

ORO ORO

-S0666 StTMa-19949 IMf«l StTMS

A couplete 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 Autofrettage, Shrlnkfit 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 = 6.5 in
Outer Radius of Outer Cylinder = 12 in
Yield Stress in Tension of Inner Cylinder = 100000 psi
Yield Stress in Tension of Outer Cylinder = 150000 psI
Polsson's Ratio of inner Cylinder = .3
Polsson's Ratio of Outer Cylinder = .35
Pressure at Which Yielding Begins at the Bore of Inner Cyllnder= 44444 psI
Pressure at Which the Inner Cylinder Is Completely Yielded = 109861 psI
Autofrettage Pressure^ 97092 psi
Depth of Yielding Caused by the Autofrettage Pressure^ 6 in
Operating Pressure^ 10000 psI
Interface Pressure Caused by the Shrlnkflt=i558 psI
Pressure at Which Yielding Will Reoccur at the Bore = 75555 psi
Factor of Safety = 13.2

A correction due to the Bauschlnger 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 stress 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 1 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 psi
Radial 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

Stresses 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 = -lOOOO psi
Hoop stress 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 psi

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 3 of 5
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Stress With Autofrettage Pressure(lnner Cylinder)
6965597092

Str*»s Stress

P«»i

RO R RO

-97092 Radial Stress -69655 Hoop Stress

Stress After Autofrettage Pressure Is Released (Inner Cylinder)
20066 116468

Stress Stress

P«»

RO

-20056 Radial Stress -116458

-RO

in

Hoop Stress

1556

Stress Caused By Shrink Fit Only
5568

Stress Stress

Rl ono Ri ■ ORC

In

-1556 Radial Streaa -5566 Hoop Streaa

page 4 of 5
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15838

-15830

Total Stress After Shrlnkfit

70000

Stress Stress

psi psi

Rl ono R

Radial Stress -70000

lORO

in

Hoop Stress

10000

■10000

Stress Due To Operating Pressure Only

Radial Stress

11333

Stress Stress

psi

ORO

■11333

■ ORO

bi

Hoop Stress

10949

-10849

Total Stress With Operating Pressure Applied
58686

Stress Stress

psi

ORO Rl ORO

Radial Stress -58666 Hooo Stress

page 5 of 5
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Chapter V

Discussion and Conclusion

Manufacture of high pressure vessels usually requires

prestressing the vessel to induce a state of ccnqpressive

residual stress. This prestressing takes one of two forms.

The autofrettage process induces a residual stress state by

means of an internal pressure which causes peurtial yielding

of the vessel. Shrinkfitting two vessels with an

interference fit will also induce conpressive 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 niimber 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

yield 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 ranainder 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 shovm 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 superinposed

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 inner cylinder

are superin^osed onto the residual stresses caused by the

autofrettage. The shrink fit stresses are calculated by

determining the interface pressure caused by the shrink fit,

amd 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 problen

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 nany types of

engineering problems may be greatly enhcuiced by the use of

computers. Properly designed software should be easy to

leam 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 Ihider 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 fimctionality 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 ̂ )proach to using events,

edit fields, menus, and icons. Events allow the user to

communicate with the software in a much more intuitive

fashion thaui 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, auid then branches

to the appropriate section of code. This allows the user to

select options in an more efficient manner than with a

comnand 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 varicUDle by using

43



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 conmeuid line software package.

Using these items it is possible to construct software which

is much easier for the user to leam. Icons allow for

sinplified 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

con^uters cuid is used to transfer text or graphics between

various programs. The stress graphs or the current window

frcm 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

inqproved the author's sJaility 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)=^. 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:

f(rp) = k-c
(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. Further, 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=ir» and r=(ro+ri)/2y the second interval lies between
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r-(ro+ri)l2 and r=ro. if the ftinction 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:

1. Tum 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.

1. Start Under Pressure.

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

3. Find the file "First Pressure Problan", which

is located in the Data folder, which is inside

of the under Pressure folder.
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Double-click on the file, or select it and

press the open button.This will load the Scui?>le

problem data into the program.

Select "Residual Stress after Autofrettage

(Inner Cylinder)" frc»n the stress menu. This

will display the pressure at which yielding

begins,the pressure at which yielding is

con5>lete,the autofrettage pressure require to

produce the given depth of yielding, and graphs

of the stress state in the cylinder.

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 accooplished 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 "Pile" menu and selecting

"Input Old Data". This will bring up the stcindard Macintosh

file dialog box, in which the file 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

yielding. 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 am isotropic material

will begin to yield when the effective stress reaches a

limiting value. The effective stress may be expressed as

follows.

Oe - 4=1(<Tx -Oyf+iOy- + (Oz-^xf + 6(T,y +r}z +
(50)
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There are two choices for iinits, the SI system and the

English system. In the SI system the pressures, stresses and

yield 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

menubar.

The nuxnber 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 nxiiriber 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

ntjiriber 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 conpletely 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. If the problem involves a shrinkfit, go to the

stress menu and select one of the shrinlcfit options. The

last step in the calculations is the stress state caused by

the operating pressxire. This is calculated by selecting one

of the operating pressure options in the Stress menu. By

modifying the input data it is possible to find 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" frcan the "Report" menu.

Reports

Now that the problem is solved a rqport may be

generated by selecting "Print Report" from the report menu.

This will print a standard r^ort of the specifications of

the design and the stresses at various points. It will also

include all relevant stress graphs. For developing custom

reports there are several options. The current screen may be

printed by selecting "Print This Screen" fran 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

prx)cessing 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 Old Data

Opens a previously created data file cuid loads

these values into the program.

Help

Displays on line help.

Quit

Stops execution of program.

Edit

Save Graph to Clipboard

Takes the current graph and pastes it onto the

clipboard, for use in custom report geneiration.

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 File of Stress Arrays

Creates an ASCI text file of the stresses at each

individual mesh point, with headings, for use in

custom report generation.

Print Tabular Form of Stress Arrays

Sends stresses at each individual mesh point with

headings to the printer.

Examine Ted>ular Form of Stress Arrays
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Allovirs user to examine the stresses calculated at

each individual mesh point in a scrollable window.

Create Report File

Writes report to a text file for use in custan

report generation.

Yield Criteria

Treaca

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

uaer Supplies 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 cind 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

Bnds In the cylinder
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This option calculates the pressure at which

plastic deformation will begin in the inner

cylinder, and the pressure at which the inner

cylinder will be conpletely 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, shrinJcfit

only problem.

Shrlnkfit 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 superinposes the stresses

caused by the shrinkfit of the outer cylinder and

that caused by the operating pressure.

Stress

Stress with Autofrettage Pressure(Zzuier

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 Slirlxilc Fit

Calculates the total stress state in both

cylinders after the shrinJcfitting 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 frcan 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 MUinber 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 auid outer cylinders. Note: The error

"Out 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 aad. 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 Syxnbols

CSr The radial stress.

(Je The circumferential stress.

Gz The stress in the z direction.

k  The yield criteria constant.

T  The shear stress.

r  The radius at which the stress is being

calculated.

n  The inner radius of the inner cylinder.

To The outer radius of the outer cylinder.

Fp The depth of yielding in the inner cylinder

that is caused by autofrettage pressure.

Pc The interface pressure betweoi the plastic cuad

elastic zones in the inner cylinder

during the autofrettage process.

u  The radial displacement of a point at radius r.

6r The radial strain.

Ed The circumferential strain.

V/ Poisson's ratio in the inner cylinder.

Vo Poisson's ratio in the outer cylinder.

Pf The internal pressure.

po The external pressure.

Pdato The pressure used in the autofrettage process.

pin The interface pressure between the two cylinders

that is caused by the shrinkfitting process.

E  Modulus of elasticity.

Xe The outer radius of the outer cylinder.
Ri The inner radius of the outer cylinder.
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A  The magnitude of the shrink fit.

Orr The residual radial stress.

GtR The residual circumferential stress.

CI/.4 The residual circumferential stress at r=ri as

calculated frcmi elastic unloading.

Gte The corrected circimiferential stress at the bore.

fz The radius where at-Or = 0.

Bf The Bauschinger factor.

pd The operating pressure.

6 1



Appendix D

Source Code

changecunor 4 '♦♦♦Change Cursor while program starts

'♦♦♦♦♦♦ find screen Limits and intiiize field locations and graph size
screenh=SYSTEM(6)
screenw=SYSTEM(5)
IF (8creeDW<640 OR screenh<480) THEN

GOSUB smallmac
macsizeS=''small'

ELSE
GOSUB bigmac

macsizeS=''big''
END IF

WINDOW I, "Under Pressure",(winlxl.winlyl)-(winlx2,winly2),5

'♦♦ Create Menu Selections ♦♦

MENU
MENU
MENU

MENU
MENU
MENU

MENU

MENU
MENU
MENU
MENU
MENU
MENU

MENU

MENU
MENU
MENU

MENU

MENU
MENU

MENU
MENU
MENU
MENU

File"
Save current Data":CmdKey 1,1,"S"
Open Old DaU":CmdKey 1.2,"0-
0," "
Help":CmdKey 1,4,"H*
Quit":CmdKey 1,5,"Q"
Edit"

Copy Graph to ClipbosLrd";CmdRey 2,1,"C"
Copy Current Screen to Clipboard"
Report"
•rint This Screen"
*rint Report"

Write Teat File of Stress Arrays"
hint Tabular Form of Stress Arrays"
Ixamine Tabular Form of Stress Arrays"

Create Report file"
Yield Criteria"
Tresca":CmdKey 4,1,'T'

Von Mi8e8":CmdKey 4,2,"V"
AutoP"

Jser Supplies Autofrettage pressure"
ser Sui^iiet Depth Of Yielding'
Calculate Autofrettage Pressure"
alculate Presure at Which Yielding Begins and Ends in Inner Cylinder"
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MENU 5.5,1,"

MENU 5,6,l,"AutoFrcUagc 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 pressurednner Cylinder)*
MENU 6,2,1,"Residual Stress After Autofrettage(Inner Cylinder)"
MENU 6,3,0," - - *

MENU 6,4,0,"Stre8s due to Shrink Fit Only"
MENU 6,5,0,'Total Stress After Shrink Fit"

MENU 6,6,0," "

MENU 6,7,0,"Strcss From Operating Pressure 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 Me8h":CmdKey 7,1,"M"
MENU 8,0,l,"Unit8"

MENU 8,1,2,'English"
MENU 8,2,1,"Sr

'** sets up for multiple tones at same time **

WAVE 0,S1N

WAVE l.SIN

WAVE 2,SIN

WAVE 3,SiN

initilizes varibles , flags ftelds ect **

lasttime=TIMER used in animated cursor

rc£rcshflag=0 '** screen refresh

Innermesh=19 '** mesh for inner cylindo*

inncTmeshplus=Innerme8h-i-l '** mesh for inner cylinder
Outerme3h=19 mesh for outo- cylinda

outermeshplussOutermesh+l '** mesh for outer cylinder
CH=,5 strain harding constant for
depthQrpres=2 flag for detCTnining if user
withPiesFlag=0 '**
errorflagsO '** after displaying error message

cunentyeildcritS^'Tresca" '♦* set yield criteria to Tresca
problemtype$s"Both" '** set problemtype to autofrettage
printscreenerrorflag=0 '**

cumum%eti28 set first cursor number for
IF macsize$:="small" THEN

y(mginlocations226 **** Set origin of gn^hs for on screen
ELSE

yotiginlocation=320
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END IF

QOSUB SetGraphLocation '*** set graph locations
cieargraphflag=0 dont overwrite report graphs
grai^titieflag^O move graph title up for report
LengthUnit$=" in" '**• units for reports and graphs
PresUnit$=" psi"
writenieflag=0

arraytextfile=0

firsttime^fO

'**Assign memory locations for scroll bars and pictures **

DIM scr%(3),bar%(3),s&,R%(3)

DIM top%,max%,linenum%,gap%

DIM Graphpict%(4500)

GOSUB Userlnterfacel '**• set up text fields for data entry
GOSUB dimension

'** sets up edit field cursor placement

n=0

EDIT FIELD n+l

Main Progrm Loop
•*« LOOKS FOR ACTION in Fields and Menus **

CALLINITCURSOR

ON MENU GOSUB Menucheck: MENU ON

ON TlMER(l/3) GOSUB cursor

control 1:

errorilag=0
LET acti<m=DIALOG(0)

IF actioa=5 THEN GOSUB refresh

IF actions? OR 2 THEN GOSUB fid

GOSUB boxinScicen

GOTO control 1

'** Draw Animated pressure cursor

cursor:

changecursor curnum%
CDrnum%=3Curnum%-»'l

IF cumum%=132 THEN cumum%=128

RETURN
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'** Controls cursor placement in FIELDS **

fid:

IF action=7 THEN n=n+l : EDIT HELD l+n MOD 11

IF action=2 THEN n=DIAL0G{2)-l

RETURN

'** define all arrays ♦*
'**««««*«»***««««««««««»*«***«*««*««»*«

dimension:
DIM sigmafS.innermeshplus)
DIM UnsigmafS.innermeshplus)
DIM Re88igma(3,innenneahplus)
DIM shrksigma(3,innenneshphi8)
DIM Resshrksigma(3,innenne8hplus)
DIM jshrk8igma(3,outermeshplus)
maxmesh=innerme8hplus
IF outerme8hplu8 > innerme8hplus THEN maxme8h=outenneshplu8

DIM x(maxme8h),y(maxmesh),Q(maxme8h),R(maxme8h)
DIM pla8ticCriteria(2,inaxmesh)
DIM pla8ticCriteria2i(2,maxmesh)
DIM pla8ticCriteria2j(2,maxmesh)
DIM de8ign8igma(3,innerme8hplu8)
DIM jdesign8igma(3,outerme8hplu8)
DIM Re8de8ign8igma(3,innermc8hplu8)
DIM jRe8de8ignsigma(3,outermeshplu8)

RETURN

'** Calculating loading stre88es for Autofrettage
'** sigma( location of r, value of radial stress, val of theta stress)

stresscalc:

IF currentyeildcrit$=*Tre8ca* THEN TwiceTau=Mat
IF currentyeildcrit$="von Mises" THEN TwiceTau=(2/(3*(l/2)»*Mat

deltars(RO-Ri)/Innerme8h '** calculate node size
R^
i^

' *** Calculate stiesses in Plastic zone
TIMER ON timer for animated cursor

WHILE R<= dtp
tai+1
sigma(l,i)=R

sigma(2,i)=TwiceTau'*LOG(R)-AutoP-(TwiceTau*LOG(Ri))

65



sigina(3,i)=((TwiceTau) +sigma(2,i))
R=R-*-deltar

WEND

PlasElaslntfPres=-l*(sigma(2,i)) •***• calculate plastic elastic interface pressure
RIP=R-deltar '»*»♦ RIP is the depth of plastic yielding to the closest interval

elastic8tait=i+l

'  Calculate stresses in ELASTIC ZONE for Autofiettage
PGR i=(elasticstart) TO (innermeshplus)

sigma(l,i)=R
sigma(2,i)=(((PlasEIasIntn>re8)»RlP*2)/(RO'*2-RIP'^2))»'(l-((RO*2)/(R'^2)))
sigma(3.i)=({(Pla8ElaaIntfPres)»RlP''2)/(RO*2-RIP*2))«(l+((RO'^2)/(R'^2)))

R=R+deltar

NEXTi
refreshflagsl

IF withPresFlagsl THEN GOSUB graphwithpres
TIMER OFF '****tum off animated cursor
IF withPresFlag=l THEN withPtesFlag=0 rRETURN

UNLOAD BY APPLYING NEGATIVE AUTO PRESSURE •
'** Calculate Stresses caused by negitive Autofrettage pressure

GOSUB flndmaxwitfaautop '*** Hnd max stress with presssure for report
TIMER ON

GOSUB enablestressmenus
IF problemtypeS = 'AiRofrettage only' THEN GOSUB enableatressmenus2

R::4U

FOR i=l TO innermeshplus
Unaigma(l,i)sR

Unsigma(2,i)= -l»(((AutoP)»Ri'^2)/(RO''2-Ri*2))«(l-((RO*2)/(R*2)))
Un8igma(3.i)= -l»({(AutoP)»Ri*2)/(RO'^2-Ri'*2))»(l+({RO'>2)/(R'^2)))

RsR-fdehar
NEJCTi

FIND RESIDUAL STRESS AFTER UNLOADING

i=0

FOR isi TO innnmeshplus
Ressigma< 1 ,i)-Unsigma( 1 ,i)
Ressigma(2,i)=Unsigiiia(2,i)+sigma(2,i)
Ressigma(3,i)=Unsigma(3,i)-*-sigraa(3,i)

NEXTi

'***««««««»»«***«*******««***«««««««*

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

BashCriteriasRessigmaO, 1)
goesplasticUnloadaO
IF ((BashCriteria)<((-l)*(.4)*TwiceTau))THEN goesplasticUnload=l
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IF (goesplasticUnload:=l AND problemtype$="Autofrettage only") THEN GOSUB
RecalcResStress

IF (goespiasticUnloadol AND problemtypeS = "Autofrettage only" OR (problemtypeS
<>"Autofrcttage only") THEN

EDIT FIELD 56,"Linear Equations Used For Calculating Unloading Stresses in Inner
Cylinder",(ef56x l,ef56y 1)- (ef56x2,cf56y2),3,l

nut$=""

EDIT FIELD 57,inrt$.(ef57xl,ef57yl)-(ef57x2.ef57y2),3,l
resbore=Res8igma( 3,1)

END IF

IF problemtypeS = "Autofrettage only" THEN
Pd=((TwiceTau-resbore)»(RO'^2-Ri*2))/(2*(RO'*2))

Reyieldlng$=STRS(Pd)
Reyielding$=LEFTS(Reyielding$,9)

EDIT FIELD 128,Reyielding$ ,(efl28xl,efl28yl)- (efl28x2,efl28y2),2,2
FactorS=" "

EDIT FIELD 129JPactor$,(efl29xl,efl29yl)- (efl29x2.efl29y2),3,2
END IF

refieshflag=2
GOSUB resautograph

TIMER OFF

RETURN

'** if bausinger criteria is met, then recalculate residual stress for auto frettage

RecalcResStress:

'************* Get corected tangential bore stress

sigmacorrectedi=(TwiceTau)»({- .4) + (CH*(((Ressigma(3,l))/(TwiceTau)) + .4)))
IF ((sigmacorrected/TwiceTau) < -.7) THEN sigmacorrected=K- .7*TwiceTau)

resboressigmacorrected
'******* Find RZ (RZ is the depth of reyielding)

RZ=4U

mindifference=Re8sigma(3,1 )-Ressigma(2,1)
i=l

R=Ri-«^deItar

WHILE R <= dep

i=4>l

difference=Ressigma(34)-Ressigma(2,i)
IF (ABS(difference))<(ABS(mindiffeivDoe)) THEN

mindifference=difference

R2^Ressigma( 1 ,i)

END IF

RsR-t-deltar

WEND

RZS«STR$(RZ)

RZ$=LEFT$(RZ$,5)

SPAC$="Depth Through Which the Bauschinger Correction is Applied=*
mit$=SPAC$-^RZS

EDIT FIELD 57,mrt$,(ef57xl,ef57yl)-{ef57x2,ef57y2),3,l
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bau8$ = "Stresses Corrected for the Bauschinger Effect, Correction Factor="

bausnuin$=STR$(sigmacorrectedyTwiceTau)

bau8num$=LEFTS(bau8nuin$,4) '**•* bausnum is the bausinger 'correction
factor

bau8nuin2$=bau8$-*-bausnum$

EDIT FIELD 56,bausnum2$,(cf56xl.ef56yl)-(ef56x2,ef56y2),3.1

i=0

R«Ri

WfflLE R <= RZ

i=i+l

PreCorrectionRadial=Ressigma(2,i)
Re88ign3a(l,i)=R

Re88igma(2,i)=8iginacorrected*((R2*LOG(R/Ri)+Ri-R)/(RZ-Ri))
Re88igma(3,i)=8igmacorrected*((RZ*(LOG(R/Ri)+l)+Ri- (2'*R))/(RZ-Ri))

RsR+deitar

WEND

correctionfactor=Re8sigma(2,i)/PreCorrectionRadial
correct radial And Tangential stresses

elascorrectstart^i 1

FOR i=ela8correct8taTt TO innermeshplus

Re8sigina(l,i)=R

Ressigma(2,i)=correctionfactor*Res8igma(2,i)
Re88igina(3,i)=coirectionfactor*Re88ignia(3,i)

R=R+deitar

NEXTi

RETURN

'** Loads arrays for no residual stress ♦*

nostress:

TIMER ON

refreshflag=0
GO SUB getDataO
IF errorflag=l THEN TIMER OFF;RETURN

GOSUB yiel<^>rop
GOSUB enablestressmenusO
GOSUB enablestressmenus

AutoP=0

dcp=0
AutoP$=STR$(AutoP)
AutoP$=LEFT$( AutoPS, 10)

dep$=STR$(dep)
d^$=LEFTS(dep$, 10)

EMT FIELD CLOSE 4
EDIT FIELD CLOSE 5

EDIT FIELD 4,AutoP$,(ef4xl,ef4yl)-(ef4*2,ef4y2),2,2
EDIT FIELD 5,dep$,(ef5xl.ef5yl)-(ef5x2,ef5y2),l,2

IF currentyeildcrit$a;"Tresca" THEN TwiceTau=Mat
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IF currcntyeildcritS="von Mises" THEN TwiceTau=(2/(3'*(l/2)))*Mat

deitar=(RO-Ri)/Innerniesh

i=0

FOR i=l TO innermeshplua
signia(l,i)%R
sigma(2,i)=^

8igma(3,i)=0
Reasigma( 1 ,i)=4igina( 1 ,i)

Ressigina(2,i)=0

Reasigma(3,i)30

R=R-)-deitar

NEXTi

GOSUB clearGraph
TIMER OFF

RETURN

'•* Clean arrays for new problem ♦♦
•**««««««««*««»»««««*«*«««*««*»««««*«

cleararrays:
FOR i=l TO innermeshidus

8igina(l,i)=0

8igma(2,i)=>0
8igma(3,i)=0

Reraigma(l,i)=0
Ressigma(2,i)=0
Re8sigma(3,i)=0
Un8igma(l,i)=0

Un8igma(24)=0

Un8igma(3,i)=0

RcMhikaigmal
Res8hHuigma(2,i)=0
Resshiksigma( 3,i)=0

8faik8igina(l,i)=0
8iiik8igina(2,i)=0

shik8igma(3,i)=0
deMgiuigma( 1 ,i)=0

deaignsigma(2,i)=0
deaigiisigma(3,i)=0
Readeaignsigma( 1 ,i)=0

Re*designsigma(2,i)=0
Re8de8ignsigma(3,i)=0

NEXT i

FOR i=l TO outermethplus
jshiksigma(l,i)=0

j8liriraigma(2,i)=0
jsiiriaigma(3,i)=0

jdeaign8igina(l,i)=^
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jdesignsigma( 2,i)=0

jde8ignsignia(3,i)=0
jResdesignsigmaC 1 ,i)=0

jResdesign8ignia(2,i) =0
jResdesignsignia(3,i)=0

NEXTi

RETURN

'** Draw lines for graphing and labels graph with fields **

coordinatesystem:

GOSUB clearGiaph

CALL TEXTSIZE(9)

CALL TEXTFACE(0)

EDIT FIELD 33,'Stres8",(ef33xl,ef33yl)-(ef33*2,ef33y2),3,2
EDIT FIELD 44,PresUnit$,(ef33xl,(ef33y2-3))- (ef33x2,(ef33y2+10)).3,2
EDIT FIELD 34,*Stres8",(ef34xl,ef34yl)-(ef34x2,ef34y2),3,2

EDIT FIELD 45,Prc8Umt$,(ef34xl,(ef34y2-3))- (ef34x2,(ef34y2+10)),3,2
EDIT FIELD 35,"Rl',(ef35xl,ef35yl)-(ef35x2,ef35y2),3,2
EDIT FIELD 36,'Rr,(ef36xl,ef36yl)-(ef36x2.ef36y2).3,2

EDIT FIELD 37,"RO".(ef37xl,ef37ylHef37x2,ef37y2),3,2
EDIT FIELD 46,LengthUnitS,((ef37xl-4),(ef37y2-2))- (ef37x2.(ef37y2+l 1)),3,2
EDIT FIELD 38,"RO",(ef38xl,ef38yl)-(cf38x2,ef38y2),3,2
EDIT FIELD 47,LcngthUnit$.((ef38xl-4),(ef38y2-2))- (ef38x2.(ef38y2 +11 )),3,2

CALL TEXTTACE(1)

EDIT FIELD 30,"Radial Stress",(ef39xl,ef30yl)- (ef30x2,ef30y2),3,2
EDIT HELD 31,"Hoop Stres8",(cf31xl,cf31yl)-(ef31x2,ef31y2),7,2
LINE(axes 1x1 ,axes 1 y 1 )-(axes 1 x2,axes 1 y2)
LINE(axe82x 1 ,axes2y 1 )-(axe82x2,axes2y2)
LlNE(axe33x 1 ,axes3y 1 )-(axes3x2,axes3y2)
LINE(axes4x 1 ,axes4y 1 )-(axe84x2,axes4y2)

CALL TEXTFACE(0)

CALL TEXTSIZE(12)

RETURN

coordinatesy8tem2:
GOSUB clearGra(di

CALL TEXTSIZE(9)

EDIT FIELD 44,PresUnit$.(ef33xl.(ef33y2-3))- (ef33x2.(ef33y2 +10)),3,2
EDIT FIELD 45,Pre8Unit$,(ef34xl,(ef34y2-3))- (ef34x2,(ef34y2+1Q)),3.2
EDIT FIELD 46,UngthUnit$,((ef37xl-l),(ef37y2-2))-
((ef37x2 + 3),{ef37y2 + ll)),3,2

EDIT FIELD 47,LengthUnit$.({ef38xl-l),(ef38y2-2))-
((ef38x2 + 3),(ef38y2 + ll)),3,2
EDIT FIELD 133,"Stress",(ef33xl,ef33yl)-(ef33x2,ef33y2),3,2
EDIT FIELD 134,"Stres8".(ef34xl,cf34yl)-(ef34x2,ef34y2),3,2
EDIT FIELD 135,"Rl",{ef35xl,ef35yl)-{ef35x2,ef35y2),3,2
EDIT FIELD 136,"RI",(e06xl,ef36yl)-(ef36x2,ef36y2),3,2
EDIT FIELD 137,"ORO",(efl37xl.efl37yl)-(efl37x2,efl37y2),3,2
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EDIT FIELD 138,*ORO",(cn38xl,efi38yl)-{cfl38x2,efl38y2),3,2

CALL TEXTFACE(1)

EDIT HELD 130."Radial Strc8»»,(ef39xl,ef30yl)- (ef30x2.ef30y2).3,2

EDIT FIELD 131,"Hoop Stre8s".(ef31xl.ef31yl)- (ef31 x2,ef3ly2),7,2
LINE(8xe81X1 ,axes 1 y 1 )-(axe81 x2,axes 1 y2)
LINE(axe82xl ,axe82y 1 )-(axcs2x2,axe82y2)
LINE(axe83x 1 .axes3y l)-(axes3x2,axe83y2)

LINE(axe84x 1 ,axes4y 1 )-(axe84x2,axes4y2)
CALL TEXTFACE(0)

CALL TEXTSIZE(12)

RETURN

'** Calculate interface presaure between ¤¤
'** cylindera caused by shrinkfit ♦*

interface;
GOSUB getdata2
IF eiiotflag=:l THEN RETURN
IF currcntycildcrit$="Tre8ca" THEN TwiceTau=sMat
IF cuiTcntyeildcritS="von Miaea" THEN TwiceTau=(2/(3''{l/2)))«Mat
IF currentyeildcrit$="Treaca" THEN TwiceTauO=OMat
IF cuiTentyeildcrit$="Yon Miaea" THEN TwiceTauO=(2/(3*(l/2)))'*OMat

'*• cq for interface prea with diff e'a
DELTASHRINK=(RO-ORI)
Iprl=(R0/(OMaf»DELTASHRINK))
ipr2=(R0/(Mat»DELTASHRINK))
ipr3=(RO'>2/(ORO'^2-RO'^2))*(l+(ORO*2/RO''2))+Opo8a
ipr4=(RO*2/(RO'^2-Ri*2))«(l+{Ri*2/RO*2))-po88
ipint=Iprl*ipr3+ipr2*ipr4
Ipreaasi/ipint

IpreaaS^STRSflprcaa)
Iprc«S=LEFTS(Ipre8sS, 10)

EDIT FIELD 205,Ipre8$.(ef205xl,ef205yl)-(ef205x2.cf205y2),2,2
RETURN

•*** FIND STRESS DUE TO SHRINK FIT ONLY ******
'*******m***m*m*mm*n*************************

ahrinkprea:
GOSUB interface '«•» to find interface preasure
IF errorflag=l THEN RETURN

deltars(RO-Ri)/Innenne8h
deltar23(ORO-RO)/Outenneah

Rl:;tRi

R2-RO

FOR i=l TO innenneahplus
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shrksigmaC l,i)=Rl
Ressigina(l,i)=Rl

shrksigina(2,i)=((Ipres8»RO*2)/(RO'^2-Ri*2))»(((Ri/Rl)''2)-l)

8hrk«igma(3.i)=(-l)«((Ipress«RO''2)/{RO'^2-Ri'^2))»{((Ri/Rl)'^2)+l)

Rl=Rl+deltar

NEXTi

FOR j=l TO outermeahplus

j8hik8igina( 1 ,j)=R2

j8hrk8ignia(2,j)=((Ipre8s«RO'^2)/(ORO'>2-RO'>2))*(l- ((ORO/R2)''2))
j8hrk8igina(3,j)=((lprc88»RO*2)/(ORO''2- RO'^2))«(l+((ORO/R2)''2))

R2=R2+deltaT2

NEXTj

<«**««««*«** check to see if the outer cylinder goea plaatic

from the ahrink fit

goetplasticshrink=^
shrinkplasdepthjsO
FOR i=l TO outeimeshplua

pla8ticCriteria2j(l,i)=j8hrk8igina(l,i)
pla8ticCritcria2j(2,i)=j8hrk8ignia(3,i)-jshrk8igma(2,i)

IF ABS(plasticCriteria2j(2,i))>(TwiccTauO) THEN

8hrinkpla8depthj=pla8ticCriteria2j(l,i):goespla8tic8hrink=l
NEXTi

IF goespla8ticshrink=l THEN
i=0

R=RO

'****••* recalculate the plastic zone stresses using ther plastic formulas

WHILE R <= shrinkplasdepthj
i=i+l

jshrkaigma(l,i)=R CHECK THESE EQUATIONS!!!!!!!!!
jshrkaigma(2,i)=(TwiceTauO*LOG(R))-Iprc88-

(TwiceTauO*LOG(Ri))

jshiksigma(3,i)=({TwiceTau) ■»-8hrksigma(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 645,2,2
SOUND 640,2,2
SOUND 635,2.2
SOUND 630,2,2
SOUND 625,2,2
SOUND 620,2,2

GOSUB plasticshrinkerror '♦♦♦♦•display warning window
END IF

refireshflag=3
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IF (Res8hrinkflag=l) THEN ResshrinkflagM): GOTO shrinkskip
GOSUB shrinkprnt

RETURN

'*•* FIND RESIDUAL STRESS AFTER SHRINK FIT ******

shrinkskip:
refreshflag=4
GOSUB enablestressnicnus2:

FOR 1=1 TO innenneshplus

Resshrksigina( 14)=Ressigma( 1 ,i)

Res8hrksignia(2,i)=R«ssigina(2,i)'*'shrk8igtna(2,i)
Resshrksigma(3,i)=Ressigma(3,i)-'-shrksigaia(3,i)

NEXTi

'** check to see if Bausinger criteria is met
•«***««*««««»*««»*«»««»*»««*««««*«*«««*«*

Ba8hCriteria=Re88hrksigma(3,1)
goesplasticU nload=0

IF ((Ba8hCriteria)<((-l)'*(.4)*TwiceTau))THEN gocsplasticUnload=l
IF (goespla8ticUnload=l) THEN GOSUB RecalcResShrkStress
IF (goesplasticUnIoad<>l)THEN

IF probIemtype$="Shrinkfit only" THEN
EDIT HELD 56,"",(ef56xl,ef56yl)-(ef56x2.ef56y2),3,l

ELSE

EDIT FIELD 56,"Linear Equations Used For Calculating Unloading
Stresses in Inner CyHnder",(ef56xl,efS6yl)- (ef56x2,ef56y2),3,1

END IF

mrt$=""

EDIT HELD 57,nm$,(ef57xl,ef57yl)-(ef57x2.ef57y2),3,l
resbore=Res8hrksigma(3,1)

END IF

'**** calculate reyielding pressure

Pd=((TwiceTau-re8bore)»(RO*2-Ri*2))/(2»(RO'^2))
Reyielding$=STRS(Pd)
ReyieldingS=LEFTS(Reyielding$,9)
EDIT FIELD 128,Reyielding$ ,(efl28xl,efl28yl)- (efl28x2,ef 128y2).2,2

Factor$=" "

EDIT FIELD 1294'actor$,(efl29xl,efl29yl)- (efl29x2,efl29y2),3,2

GOSUB resshrinkpmt

RETURN

Recalculate Residual Stress after the shrink ***

fit if the cylinder goes plastic on shrinkfit

RecalcResShrkStress:
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WINDOW 5, "Hey Now",(40,40)-( 100,100)

'PRINT ""

•INPUT aS

■WINDOW CLOSE 5
•»•*********•• Get corected tangential bore stresi
8igmacorrected=(TwiceTau)*((- .4) + (CH*(((Res8hrksigma(3,l))/(TwiceTau)) + .4)))

IF ((sigmacorrected/TwiceTau) < -.7) THEN sigmacoiTecteds<- .7*TwiceTau)
re8bore=siginacorrected
******* Find RZ

RZ=Ri
niindifference=:Resshrk8ignia(3,1 )-Re8shiIcsigma(2,1)

i=!l

RsRi+deltar
WHILE R <= dep

i=i+l

diffcrence=Resshrksignia(3,i)-Re88hrksignia(2,i)
IF (ABS(difference))<(ABS(mindiffeience)) THEN

mindiiFerence=difference
RZcReashrksigraal 1 ,i)

END IF

RsiR^deltar
WEND

RZ$=STR$(RZ)
RZ$=LEFT$(R2$.5)
SPACSc"Depth Through Which the Bauschinger Correction is Applied="
mrt$=SPAC$+RZ$

EDIT HELD 57,mrt$,(ef57xl,ef57yl)-(ef57x2,ef57y2),3,l
bausS = "Stiesaes Corrected for the Bauschinger Effect, Correction Factor^"

bau8nuai$=>STR$<signiacorrected/TwiceTau)
bau8numS=LEFT$(bausnum$,4)
bau8num2S=baus$>bau8num$

EDIT FIELD 56,bau8nuni2$,(ef56xl,ef56yl)-(ef56x2,ef56y2),3,l

i=0

R>=Ri

WHILE R <= RZ
i=d-»-l

PreCorrectionRadiaI=Re88hrksignia(24)
Resahikaigmaf 1 ,i)=R

Re88hrk8igma(2,i)^igniacorrcctcd*((RZ*LOG(R/Ri)-i-Ri*R)/(RZ- Ri»
Re8shik8ignia(3,i)=signiacorrected*((RZ*(LOG(R/Ri)-i-l)-t-Ri- (2*R))/(RZ-Ri))

R=R-t-dehar
WEND

correctionfactor=:RessbrkBigma(2,i)/PreCorrcctionRadial
correct radial And Tangential stressea

catait^i-t-l
FOR iscatait TO innermeahplus

Resshikaigmaf 1 ,i)=R
ResshHtsigma(2,i)=coTrectionfactor*Resshrksignia(2,i)
Reashrk8igma(3,i)scorrectionfactor*Re88hrk8igma(3,i)

R^-t-dehar
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NDCTi

R2=R0

FOR i=l TO outenneshplus
j8hiksigma( 1 ,i)=R2

jshiksignia(2,i)=corrcctioDfactor*jshrksigina(2,i)
jshrksignia(3,i)=correctionfactor*jshiksigma(3,i)

R2=R2-*-deltai2

NEXTi

'******* end of bans correction for shrink

RETURN

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

firstdesprescalc:
IF problenitype$<>''Autofrettage only" THEN GOSUB getdata2
IF errorflag=l THEN RETURN
GOSUB getdata3

deltar=:(RO-Ri)/InneiTnesh

deltar2=(ORO-RO)/Outermcsh
RlsRi

R2=RO

orotaORO

IF problemtype$="Autofrettage onlyTHEN orot^RO
FOR i = t TO innenneshplus

designsignia(l,i)=Rl
deaignsigma(2,i)=((de8igniH'es8*(Ri*2))/(orot'*2-Ri*2))*( 1 - ((orot 2)/(Rl*2)))
designsignia(3,i)=((designpres8*(Ri'^2))/(orot'^2- Ri*2))*'(l+((orot*2)/(Rl*2)))

RlsRl-t-deUar

NEXTi

IF problemtypeSo'Autofrettage onlyTHEN
FOR j=l TO outCTmeahplus

jdesignsigmaf 1 o)=R2

jde8ignsigma(2,j)=((designpre88»(Ri'*2))/(orot''2-Ri*2))«(l- ((orot*2)/(R2'*2)))
jde8igntigma(3,j)=({designpre8s»(Ri'*2))/(orot*2- Ri*2))»{l+((orot*2)/(R2''2)))

R2aR2-t-deltar2

NEXT j

END IF

IF problenit]rpeS=*Autofirettage only' THEN
IF dep<>0 THEN

totalyield=(- l*resbore*(LOG(dep/Ri)))+{TwiceTau*{LOG(RO/dep)))
Factoratotalyield/designpress

ELSE

Factor=yieldfui/designpress
END IF

FactoT$=STR$(Factor)
Factor$=LEFT$(Factor$,S)
EDIT FIELD 129JPactor$,(efl29xl,efl29yi)- (efl29x2,efl29y2).2,2
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END IF

IF problenitypeS<>''Autofrettage only" THEN
IF problemtype$=-Both" THEN

totalyiel<M-
l*rc»bore*(LOG{ dep/Ri)))+(TwiccTau*(LOG(RO/dep)))+(Twice
auO«(LOG(ORO/RO)))

END IF

IF problenitype$=:"Shrinkfit only" THEN
totalyicld=(TwiceTau*(LOG(RO/Ri)))+(TwiceTauO*(LOG(ORO/R )))

END IF

Factopstotalyield/designprest
FactoiSsSTRSlFactor)

Factor$=LEFT$(Factor$,5)

OJIT FIELD 129J'actor$,(efl29xl,efl29yl)- {efl29x2,efl29y2),2,2
END IF

refreihflags5
IF (resdesignflagsl) THEN resdesignflag^; GOTO DESIGNskip
IF problenitype$<>"Autofrettage only"THEN
GOSUB designPmt

ELSE

GOSUB designAutoPmt
END IF

RETURN

FIND total STRESS with DESIGN PRESSURE »♦

DESIGNskip;
refrcshflag=:6

IF problemtype$=*Autofrettage only'THEN
FOR i=l TO innenneshplus

Resdesigiiaigmal l,i)sRes8igma( 1 ,i)
Resde8ignsigma(24)=Ressigina(2,i)'i-design8ignia(2,i)
Re8designsigina(3,i)=Re8sigina(3,i)^designsigina(3,i)

NEXTi
ELSE

FOR 1=1 TO innermeshidus
Resdesignsigma(l,i)=Resshiksigma( l,i)

Readesignsigma(2,i)=Res8hiluigina(24)'*'designiigina(2,i)
Resde8igasigma(3,i)=Res8hrk8igina(3,i)-«-designsig]na(3,i)

NEXTi

FOR isl TO outenneshplu8
jResde8ign8igma( I,i)=j8luk8igma( 1 ,i)

jResdesign8igma(2,i)3j8liiksigina(2,i)-*-jdeaign8igina(2,i)
jRe8dc8ign8igma(3,i)=j8hik8igma(3,i)-^jde8ignsigma(3,i)

NEXTi
END IF

'** check to 8ee if it goes plastic with design pressure ***
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goesplasticdes=0

desplasdepthi=0
deiplasdepthjsO

FOR i=l TO innermeshplus
piaaticCritCTia2i(l,i)=Re8designsigina( 1 ,i)
pla8ticCriteria2i(2,i)=Resdesignsigma(3,i)-Resdesignsigma(2,i)

IF ABS(plasticCriteria2i(2,i))>(TwiceTau) THEN
de8pla8depthi=pIasticCriteria2i(l,i):goespla8ticdes=i
NEXTi

IF problemtypeS<>"Autofrettage only*THEN
FOR i=l TO outenneshplu8

pla8ticCriteria2j( 1 ,i)=jRe8de8ignsigina( 1 ,i)
plagticCriteria2j(2,i)=jRcsdcsignsigma(3,i)- jRe8de8ign8ig!na(2,i)

IF ABS(pla8ticCriteria2j(2,i))>(TwiceTauO) THEN
de8pla8depthj=plasticCriteria2j(l,i):goe8pia8ticde8=l

NEXTi

END IF

IF goespiastiGdes=l THEN GOSUB designwaming
IF probleintype$=:"Auto&ettage only'THEN
GOSUB Aresdesignl^iit

ELSE

GOSUB re8desigiiPmt
END IF

RETURN

•«*««**««««*««««*«*»«*«»«***«*»«*«*****«**««*«»«***«««

di8play8 nie88age for plactic action during operating preaaure**
<«*•*««««««««•*«*««*«««*««***•«*«**«*««««««****«******

designwaming:
WINDOW 6," •,(90,65H370.160),2

CALL TEXTFACE(1)
EDIT FIELD 103,"Warning! Plastic action occured during",(l,20)- (285,35),7,2
EDIT FIELD 104,"application of operating pre8sure",( 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,"OK",(190,55)-(240,75),1
TIMER OFF

CALLINITCURSOR

loop6:

LET rctkey=D!ALOG(0)
IF r<^ey=l OR retkey=6 THEN GOTO getonwithitO
GOTO Ioop6

getonwithitO:
WINDOW CLOSE 6

GOSUB boxinScreen

RETURN
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'♦* displays error message for inappropiate input *♦

errortrap:
dontdoit=TIMER-dontdotwice

IF dontdoiKlO THEN RETURN
erfl=l

errorflag=l
WINDOW 5." ",(90,65)-(370,160),2

CALL TEXTFACE(1)
EDIT FIELD 102,'lmproper Input Value",(20.20)-(250,35),7,2

CALL TEXTFACEfO)
SOUND 220.7.,0
SOUND 293.5,7,, 1
SOUND 440,7„2
SOUND 587,7,3

BUTTON 2 ,1,"OK",(190,55)-(240,75),1
TIMER OFF
CALLINTTCURSOR
Ioop2:
LET retkey=DIALOG(0)
IF retkey=l OR retkey=6 THEN GOTO getonwithit2
GOTO loop2
getonwithit2:

WINDOW CLOSE 5
GOSUB boxinScreen
doiitdotwice=TIMER

RETURN

'** displays error message for inappropiate filetype**

fileerror:
WINDOW 6," ",(90,65)-(370,160),2

CALL TEXTFACEfl)
EDIT FIELD 103,"Impioper File Typc",(20,20H250,35),7,2

CALL TEXTFACEfO)
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
CALLINITCURSOR
Ioop4:
LET retkeysDIALOG(O)
IF retkey=l OR retkey=6 THEN GOTO getonwithit4
GOTO Ioop4
getonwithit4:

WINDOW CLOSE 6
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GOSUB boxinScreen

RETURN
•*«**«*«•«*«««*********««****«««***««««««««*

'** displays message for plactic action during shrinkfit**

plasticshrinkerror:

WINDOW 6," ",(90,65)-(370,160),2

CALL TEXTFACE(1)

EDIT FIELD 103,'Waming! Plastic action occuied during shrinkiit'',(20,20)-
(250,35),7,2

EDIT FIELD 104,"during 8hrinkfit".(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 .l."OK*,(190,55)-(240,75),l

TIMER OFF

CALLINTTCURSOR

loop5:

LET retkcy=DIALOG(0)
IF retkey=l OR relkcy=6 THEN GOTO getonwithit5
GOTO loop5
getonwithit5;

W1NDOWCLOSE6

GOSUB boxinScreen

RETURN

'** displays message for using depth of yielding = 0 **
when problem type not set to autofrettage only

dq>iZeroError.
rcfrcshflag=0

WINDOW 6." •,(90,65)-{370,165),2

CALL TEXTFACE(1)

EDIT FIELD 103,*Ptoblem type must be set to",(20,20)- (250,35).7.2

QDIT 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,-OK',(190,80)-(240,95),I
TIMER OFF
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CALL INTTCURSOR

lop5;
LET retkey=DIALOG(0)
IF retkcy=l OR retkey=6 THEN GOTO geton5

GOTO lop5
getonS:

WINDOW CLOSE 6

RETURN

'** Check if input data has been changed **

datacheck:

datachangedredo=0

dataIsDifferent=0

01dRi=Ri

01dR0=R0

01dMat=Mat

Oiddq>=dep
OldautoPsAutoP

01d0RI=0RI

01dORO=ORO

OIdOMat=OMat

01dp08S=pO8S
01dOposs=Oposs
Olddesignpresssdesignpress

IF raenuitem=l THEN RETURN

IF incauitem=2 THEN RETURN

IF menuitem^S AND probIemtype$="Shrinkfit only* THEN RETURN
Ri$»EDrr$(l)

R0S=EDIT$(2)

MatS^EDITSO)

dq>$=EDITS(S)
AirtoP$=EDrr$(4)

0R1S:>=EDITS(6)

OROS=EDlTS(7)

0MatS=ED!T$(8)

poM$=EDITS(9)

OpO88$=EDlTS(10)
de8ignpre88SKEDlTS( 11)

Ri-:VAL(Ri$)

RO=VAL(RO$)

Mat=VAL(Mat$)

dq>=VAL(depS)
AutoP=VAL(AutoPS)

ORI=VAL(ORIS)

ORO»VAL(ORO$)

OMatsVAL(OMat$)

pos8=VAL<poss$)

OposssVAL(Opo88$)
de8ignpre88sVAL(designpre88$)
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IF inenuitetn3°4 OR menuitems^ THEN

IF RioQldRi THEN datalsDilTerentsl

IF RQoOIdRO THEN daUl8Different=l

IF MatoQldMat THEN datal8Different=l

IF FIX(dep)<>FIX(01d<lep) THEN datal8Diffcrent=l
IF FIX(AutoP)<>FIX(01dautoP) THEN datal8Diffcrent=l

ENDIF

IF ((nienuitetn=7 OR menuitemaiS) AND probleintypeS=''AutofTettage only" )THEN
IF RioOldRi THEN datalsDiHo-entsi

IF ROoOldRO THEN datal8Different=l

IF MatoOIdMat THEN dataIsDifferent=l

IF nX(dep)<>FIX{01ddep) THEN datalsDifferentsl
IF FIX(AutoP)<>FIX(01dautoP) THEN datal8Different=:l

ENDIF

IF ((menuitcms? OR nienuitein=8) AND problemtypeSo'Autofrettage only" )THEN
IF RioOldRi THEN datalaDifTcrent^l

IF ROoOldRO THEN datalsDifTcrentsl

IF MatoOIdMat THEN datalaDifferent^l

IF FIX(dep)oFIX(01ddep) THEN datalaDifferentccl
IF FIX(AutoP)<>FIX(01dautoP) THEN dataIsDifferent=l
IF ORloOldORI THEN daUl8DiHerent=l

IF OROoOldORO THEN datalaDifferent-l

IF OMatoOldOMat THEN datal8Different=l

IF po88o01<%x>88 THEN datalsDifferentsil
IF Opo88oOIdOp088 THEN datalaDifTerentsil

ENDIF

IF datalaDiffoentBl THEN

WINDOW 6," ",(90,65H370,165),2
refreshflag=0

CALL TEXTFACE(1)

EDIT FIELD 103,'Input data haa been changed
8ince",(10,20)-(260,35),7,2

EDIT FIELD 104,"la8t calculation. Please

re8elect",(10,38)-(260,53),7.2
EDIT FIELD lQ5,"calculation choice from gtress

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,"OK",(190,80)-(240,95),1
TIMER OFF

CAIi INITCURSOR

looop5:

LET ietkey3j)IALOG(0)
IF letkeysl OR ictkeya6 THEN GOTO gctoonS

GOTO looopS
getoonS:

8 1



WINDOW CLOSE 6

datachangedFedo=l
IF probleintype$="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

Draw box around fields and graphs **

boxinScreen:

forecolor 33

LINE (boxlxl,boxlylHboxlx2,boxly2)„bf '*«»linel
LINE(box2x 1 ,box2y 1 )-(box2x2,box2y2)„b '♦•*line2
LINE (box3xl,box3yl)-(box3x2,box3y2) '♦••lineS
LINE (box4xl,box4yl)-(box4x2,box4y2) '♦••line4
IF macsize$='big" THEN LINE(box5xl,box5yl)-(box5x2,box5y2)

RETURN

■******««**«*«*««««««««««««*

'*• Set up user interface fields**
'•*«***«««<***««««**««««««*«»

Userlnterfacel;
CALL TEXTFACE(8)
EDIT FIELD 55,"Problem Type: Autofirettage/ShrinkFit",(ef55xl,ef55yl)-
(ef55x2,ef55y2),7,2
GOSUB boxinScreen
CALL TEXTFACE(0)
EDIT FIELD 111,"Inner Radius of Inner Cylinder",(eflllxl,eflllylHeflllx2,efIIly2),3,2
EDIT FIELD 13,*Outer Radius of Inner Cylinder",(efl3xl,efl3ylHefl3x2,efl3y2),3,2
EDIT FIELD 14,"Yield Stress of Inner Cylinder",(efl4xl,efl4yl)-(efl4x2,efl4y2),3,2
EDIT FIELD 15,"Pres8ure That Begins Yielding In Inner Cylinder",(efl5xl,efl5yl)-
(cfl5x2,efl5y2),3,l
EDIT FIELD 16,"Pressute That Completes Yielding in Inner Cylinder",(efl6xl,efI6yl)-
(efl6x2,efl6y2),3,l
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EDIT FIELD 17,"Autofrettage Pressure",(efl7xl,efl7yl)-(efl7x2,cfl7y2),3,2
EDIT FIELD 18."Depth of Yiclding".(efl8xl,efl8yl)-{efl8x2,cfl8y2),3,2
EDIT FIELD 120,'Inner Radius of Outer Cylinder",(cfl20xl,efl20yl>-
(efl20x2,efl20y2),3,2
EDIT FIELD 121,'Outer Radius of Outer Cylinder",(efl21xl,efl21yl>-

(efl21x2,efl21y2),3,2
EDIT FIELD 122."YieId Stress of Outer CyHnder",(efl22xl,efI22yl)-

(efl22x2,efl22y2),3,2
EDIT FIELD 123,"Foissons Ratio;",(efl23xl,efl23yl)-{efl23x2,efl23y2),3,2
EDIT FIELD 124,"Operating Pressure",(efl24xl,cfl24yl)-(efl24x2,efl24y2),3,2
EDIT FIELD 125,*Interface Pressure Caused by Shrink Fit",(efl25xl,efl25yl)-
(efl25x2,efl25y2),3,l
EDIT FIELD 126,"Pressure at which Reyielding will Occur ",(efl26xl,efl26yl>-
(efl26x2,efl26y2),3.1
EDIT FIELD 127,"Factor of Safety in Final Configunition",(efl27xl,efl27yl)-
(efl27x2,efl27y2),3,l
EDIT FIELD 148,"Inner",(efl48xl,efl48yl)-(efl48x2,efl48y2),3,l
EDIT FIELD 149,"Outer",{efl49xl,efl49yl)-{efl49x2,efl49y2),3,l

EDIT FIELD l,Ri$.(eflxl,eflyl)-{eflx2,efly2),2,2
EDIT FIELD 2,ROS,(ef2xl,ef2yl)-(ef2x2,ef2y2),2.2

EDIT FIELD 3,Mat$,(ef3xl,ef3yl)-(ef3x2,ef3y2),2,2
EDIT FIELD 4,AutoP$,(ef4xl,ef4yl)-(ef4x2,ef4y2).2,2
EDIT FIELD 5,dcp$,(ef5xl,ef5yl)-(ef3x2,ef5y2),l,2
EDIT FIELD 6,ORI$,(ef6xl,ef6yl)-(ef6x2,ef6y2),2,2
EDIT FIELD 7,ORO$,(enxl,enyl)-(ef7x2,eny2),2,2
EDIT FIELD 8,OMat$,(ef8xl,ef8yl)-(ef8x2,ef8y2),2,2
EDIT FIELD 9,poBS$,(ef9xl,ef9yl)-(ei9x2,ef9y2),2.2
EDIT FIELD 10,0poss$.(efl0xl,efl0yl)-(efl0x2,efl0y2),2,2
EDIT FIELD 1 l,DepPress$,(efllxl.efnyl)-(efllx2,efl!y2),2,2
EDIT FIELD 227," •,{700,700)-(720.720),3,l

RETURN

Menu CoAol **

Menucheck: **** Branch to Menus

nienunumberaMENU(O)

menuitem=MENU( 1)
MENU '*** turn off menu hi^ilighting
MENU(»T

IF menunnmbcpsl THEN GOSUB fUeMenuBrancher

IF menunumber=2 THEN GOSUB editMenuBrancher

IF menunumber=3 THEN GOSUB reportMenuBrancher
IF menunumber=4 THEN GOSUB yldcritMenuBrancher
IF menuiiumbers6 THEN GOSUB StressMenuBranchcr

IF menunumber=S THEN GOSUB AutopMenuBrancher
IF menunumber=7 THEN GOSUB meshMenuBrancher
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IF nienunuinber=8 THEN GOSUB unitMenuBrancher

EDIT FIELD 227," ".(700,700)-(720,720),3,l
MENU ON

RETURN

>*««««««*«««•«««***«*«:«*«««««*««****«**

'*♦ Menu Coirtoi for file menu ♦♦

fileMenuBrancher;
IF mcnuitcm=l THEN

typel$=*PREZ*
file8ave$:^LES$<0)

GOSUB writedata
SetCreate nieaaveS,"nUES"
NAME filesaveS AS lilesaveS.typclS

END IF
IF menuitem=2 THEN

refreshflag=0
fikopen$=FILESS(l,"PREZ")

GOSUB readdata
GOSUB clearGraph
GOSUB clearfields
GOSUB deanuraya
GOSUB enableStrcssmenusS

END IF
'*• Menu Contoi far Help Menu ••

IF incauitem=4 THEN
GOSUB helpscrccn
GOSUB boxinScreen

ENDIF
IF roenuitemsS THEN

STOP
ENDIF

GOSUB boxinScteen
RETURN

Menu Contoi for edit menu

editMenuBrancher:
IF mcaudtemsl THEN

c hang ecu rsor 4
yoriginlocation^l 00

GOSUB SetGraphLocation
PKTUREON

WINDOW 2, "Under Pre8»ure",(winlxl,winlyl)-(winlx2,winly2)
WINDOW OUTPUT 2

GOSUB refresh
PICTURE OFF

IF macsize$a:*siiiall* THEN
yoriginlocation3226 '*** Set origin of gnqihs for on screen viewing

84



ELSE

yoriginlocation=:320
ENDEF

GOSUB SetGrapfaLocadon
OPEN "cUp:picture" FOR OUTPUT AS #1

PRINT (jfLKCTURES

CLOSE #\

PICTURE ON:P!CTURE OFF

WINDOW CLOSE 2

CALL INITCURSOR

END IF

IF menuitcni=2 THEN

changecursor 4

PICTURE ON

max&=:1.3»(4+(SYSTEM(6)+l)«2»INT(SYSTEM(5)+16)/16)/4+l

IF max&>32767 OR max&*4+60 > FRE(O) THEN

WINDOW 3,"",{10,106H509,338),3

HUNT "Not Enough Memory in Program Data Block"
PRINT""

INPUT "Preaa Retuni To Continue":AS

WINDOW CLOSE 3

RETURN

ENDEF

DIM scieen&(max&)

GET (-2,-20)-(S6S,400),screen& '•** Get only under pressure window
PUT (0,0)-(400^83),8creen&

ERASE screen&

HCTUREOFF

OPEN "clip:picture" FOR OUTPUT AS #1
PRINT #1,PICTURE$

CLOSE #1

HCTURE ONtPICTURE OFF

CALL INITCURSOR

END IF

RETURN

'•* Menu Contol for Report Menu

reportMenuBrancher:
IF maiuitenv=l THEN '***Print Current Screen

WINDOW 6," ",(90,65)-(370,160),2

BUTTON l,l,"Print Entire Screen".(60,15)-(200,40),1
BUTTON 2,1,"Print Undrn- Pressure Wndow Only",(15,50)- (245,75), 1

CALL INITCURSOR

Iop4:

LET retkeysDIALOG(O)
LET pushitsDIALOG(l)
IP rBtkey=l THEN GOTO buthand
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GOTO lop4

buthand:

IF pushit=l THEN wholescreen=l
IF pushit=2 THEN wholeacreen^O

WINDOW CLOSE 6

GOSUB boxinScreen

GOSUB PrintScreen

forecolor 33

GOSUB boxinScreen

CALL INTTCURSOR

END IF

IF menuitein3:2 THEN '•♦•Print Report
changecurscK' 4
GOSUB {nintrcport

CALL INITCURSOR
END IF

IF menuitcm=3 THEN

rq>oitsaveS=FILESS(0)
IF reportaaveSs"" THEN GOTO reportsaveakip

GOSUB writetextreport
SetCreate reportsave$,''PRES''
NAME reportsaveS AS reportsaveS.TEXT"

reportsaveakip:
END IF

IF menuitem^I THEN
GOSUB printatresa

ON ERROR GOTO 0
END IF

IF inenuitem=5 THEN

TIMER ON
GOSUB deactivatcMenua
GOSUB examineatreasca

GOSUB activateMenua
END IF

IF menuitems6 THEN
report$=FlL£SS<0)
IF reports®"" THEN GOTO textreportakip

GOSUB writcreport
SetCreate report$,"PRES"

NAME reports AS repoitS,"RE3'0"
textreportakip;

END IF

GOSUB boxinScreen
RETURN
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'** Menu Contol for yieldcriteria menu ♦*

yldcritMenuBrancher:
IF menuitem=l THEN

cuirentyei ldcrit$="T resca"
MENU 4,l,2."Tre8ca"

MENU 4,2,1/Von Misea"
END IF

IF menuitem=:2 THEN
cuiTentyeildcnt$="Von Mises"

MENU 4,l.l,"Tresca-
MENU 4,2^"Von Mises"

END IF
RETURN

'♦* Menu Contol for stress menu **

StressMenuBrancher:
GOSUB boxinSkreen

GOSUB datscheck
DP datachangcdredo=l THEN RETURN
crfl=0

GOSUB getdatal
IF dep=0 AND problemtype$="Both" AND erfl=0 THEN GOSUB depZeroEiror
IF dq)=0 AND problemtype$="Both" AND erfl=0 THEN RETURN
crfl=0

IF menuitem=l THEN
BEEP

withftesFlag=l
IF dq)thoipfe8=l THEN GOSUB depcalc
IF d^horpres=2 THEN GOSUB aprsclc

IF enT)rflag=l THEN CALL INITCURSOR.RErURN
GOSUB FactorSafeClear

GOSUB strcsscalc
CALL INTTCURSOR

END IF
IF menuitem=2 THEN

withPrcsFlag=0
IF dqAhorpieszl THEN GOSUB depcalc
OP dq)thoipress2 THEN GOSUB aprsclc

IF enorflag=l THEN CALL INTTCURSOR; RETURN
GOSUB FactorSafeClear
GOSUB stresscalc

CALL INTTCXmsOR
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END IF

IF menuitein=4 THEN

TIMER ON

Re8shrinkflag=0
GOSUB FactorSafeClear

GOSUB shrinkpres
IF eirorflag=l THEN TIMER OFF:CALL INITCURSOR:RETlIRN
TIMER OTF

CALL INTTCURSGR

END IF

IF menuitem^ THEN

Res8hrinkflag=l

TIMER ON

GOSUB yieldprop
GOSUB FactorSafeClear

GOSUB shrinkpres
IP enorflag=l THEN TIMER OFF: CALL INITCURSORrRETURN
TIMER OFF

CALL INTTCURSOR

END IF

IF menuitems? THEN

TIMER ON

GOSUB FactorSafeClear

GOSUB flrstdesprescalc
IFerrorflag=l THEN TIMER OFF: CALL INITCURSOR:RETURN
nXfEROFF

CALL INITCURSOR

END IF

IF menuitein=8 THEN

resdesignflag=l
TIMER ON

Factors®""

EDIT FIELD 129.Factor$,(efl29xl.efl29yl)-(efI29x2,efl29y2),3,2
GOSUB flrstdesprescalc

IF errorflag®! THEN TIMER OFF :CALL INITCURSOR:RETURN
TIMER OFF

CALL INTTCURSOR

END IF

RETURN

'** Mmu Contol for autoP Menu •*

AutopMenuBrancher:
IF menuitem®! THEN

MENU S,l<2,"User Supplies Autofiettage pressure"
MENU 5,2,l,"Usa' Suj^liea Dqkh Of Yielding"
MENU 5,3,1,"Calculate Dq>th of Yielding"

EDIT FIELD 4,AutoP$,(ef4xl,ef4yl)-(ef4x2,ef4y2),2,2
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dqAhoTpres=l
END IF

IF nienuitem=2 THEN

MENU 5,l,l>'User Supplies AutofretUge {Hessure"
MENU 5,2,2,'User Supplies Depth Of Yielding"
MENU 5,3,1,"Calculate Autofrettage Pressure"
EDIT FIELD 5,dqj$,(ef5xl,e£5yl)-{ef5x2,ef5y2),l,2

dq>thoipress2
END IF

IF menuitcra=3 THEN

IF depthorpressl THEN
changecursor 4

GOSUB dqjcalc
CALL INTTCURSGR

END IF

IF dq)thoiprcs=2 THEN GOSUB aprsclc
END IF

IF mcnuitcin=4 THEN

GOSUB yiel(^prop
END IF

IF menuitem=6 THEN

pTobIemtype$="Autofrettage only"
MENU 5,6,2,"AutoFrettage only*
MENU 5,7,1,'Sbrinkfit only"
MENU S,8,l,"Shrinkfit and AutoFrettage"
MENU 6,1,1,"Stress With Autofrettage pressure!Inner Cylinder)'
MENU 6,2,1,"Residual Stress Afta Autofiettage(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 Wth Operating Pressure"

CALL TEXTFACE(8)

EDIT HELD 55,"Problem Type: AutofietUge Only",(cf55xl,ef55yl)-
(ef55x2,ef55y2).7,2

CALL TEXTFACE(0)
GOSUB FactorSafeClear

GOSUB clearGraph
GOSUB cleararrays
GOSUB clearfields

END IF

IF menuitems7 THEN

problemtype$="$hrinkfit only"
changecursor 4

GOSUB nostress

MENU 5.6,1

MENU 5,7,2
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MENU 5,8,1

MENU 6,1,0

MENU 6,2,0

MENU 6,4,0

MENU 6,5,1

MENU 6,7,0

MENU 6,8,0

CALL TEXTFACE(8)

EDIT FIELD 55,"Probiera Type: ShrinkFit Only",(ef55xl,ef55yl)-
(ef55x2,ef55y2),7,2

CALL TEXrFACE(0)

GOSUB FactorSafeClear

GOSUB cleaiGraph
GOSUB clcararrays
GOSUB clearfields

CALL INTTCURSOR

END IF

IF inenuitem=8 THEN

problemtype$=' Both'

MENU 5,6,1,'AutoFrcttage only"
MENU 5,7.1,"ShrinkfU only"
MENU 5,8,2,"Shrinkfit and AutoFrettage"
MENU 6,1,1,"Stress With Autofrettagc pressure(Inner Cylinder)"
MENU 6,2,1,"Residual Stress Afta 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"

CAli TEXTFACE(8)

EDIT FIELD 55,"Problem Type: Autofrettage/ShrinkFit",(ef55xl,ef55yl)-
(cf55x2,ef55y2),7,2

CALL TEXTFACE(0)

GOSUB FactorSafeClear

GOSUB clearGn^>h
GOSUB cleararrays
GOSUB clearfields

END IF

RETURN

'** Menu Contol for Mesh Menu •*

meshMenuBrancher:

IF menuitem=l THEN

WINDOW 2,"Me8h",(50,40)-(435,150),l

BUTTON 30 ,1."OK",(300,85)-(340,105),1
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oldinnCT=lnnenne8h

oldouter^utomesh

IiinenncshS=STR$(Inncnnesh)

Outenne8hS=STRS(Outennesh)

EDIT FIELD 98,"Inner Cylinder Mesh",(10,10H170,25),7,2

EDIT FIELD 99,"Outer Cylinder Me8h",(10,40)-(170,55),7,2
EDIT FIELD 2,0utenne8h$,(180,40)-(220.55),l,2
EDIT FIELD l,Innenne8h$,(180,10)-(220,25),l,2

m=^

EDIT FIELD tn+1

loop30;

LET retkey=DIALOG(0)
LET pushed23j}IALOG(l)
IF retkey=»7 OR 2 THEN GOSUB fld2
IF retkey=l OR ietkey=6 THEN GOTO geton

GOTO loop30

fld2:

IF i«key=7 THEN m=fn+l : EDIT HELD 1+m MOD 2

IF retkey=2 THEN m=DIAL0G(2)-l
RETURN

geton;

changecursor 4

Innerme8h$=EDIT$( 1)

Outennesh$sEDITS(2)

Ianenne8h=VAL(Innernie8h$)
innermeahplusalnnennesh-*-1
Outenne8hWAL(OutenneshS)

outarmeshpliu^utarmesh-*-1
IF oldinneri=Innermesh AND oldouter=Outemiesh THEN GOTO Jumpover

GOSUB undimen8ion

GOSUB dimension

Jumpover:
WINDOW CLOSE 2

GOSUB boxinScreen

CALL INTFCURSOR

END IF

RETURN

Menu Contol for Units Menu

unitMenuBrancher:

IF menuiteiiisl THEN

LengthUnit$=" in"

PresUnit$=" pai"
MENU 8,1,2

MENU 8,2,1

WINDOW 2,"Uiiit«",(50,40)-(435,150),l

BUTTON 30 ,1.*OK*,(300,85H340,105),1
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CALLTEXTFACE(1)
PRINT ""

PRINT " English System"
PRINT

HUNT " Enter Lengths in Inches"
PRINT " Enter Pressure or Stress in psi"

CALL TEXTFACE(0)

ioopU:

LET ietkey=DIALOG(0)
IF retkey=l OR retkey=6 THEN GOTO getonwithitU

GOTO loopU

getonwithitU:

WINDOW CLOSE 2

GOSUB boxinScrem

END IF

IF menuitem=2 THEN

LengthUnit$=* mm"
PresUnitSa" MPa"

MENU 8,1,1

MENU 8,2,2

WINDOW 2,"Units".(50.40)-(435,150), 1
BUTTON 30 .1,-OK",(300,85)-(340,105),1

CALL TEXTFACE<1)
PRINT "

PRINT • SI Systen-
PRINT ""

HUNT " Enter Lengths in mm"
PRINT " Enter Pressure or Stress in MPa"

CALL TEXTFACE(0)
loopU2;

LET retkey=DIALOG(0)
IF retkey=l OR retkey^ THEN GOTO getonwithitU2

GOTO loopU2
getonwithitU2:

WINDOW CLOSE 2

GOSUB boxinScreen

END IF

RETURN

Calculate pressure at which ycilding begins
'** and when cylinder is fully plastic

yieldprop:
GOSUB getDataO
IF eiiDrflag=l THEN RETURN

IF currentycildcritS=*Tresca" THEN TwiceTau=rMat

92



IF ciUTcntyeildcritS="von Mises" THEN TwiceTau=(2/(3*(l/2)))*Mat
yieldbcg=TwiceTau*((RO''2-Ri'^2)/(2*RO*2))

yieldfin=TwiceTau*LOG(RO/Ri)

yieidbeg$=STRS(yieldbeg)
y ieidbeg$=LEFT$(y icldbegS, 10)

yieldfinS=STR$(yieldfin)
yieldfinS=LEFT$(yieldftn$, 10)

EDIT FIELD 2I,yieldbeg$,{ef21xI,ef21yl)-(ef21x2,ef21y2),2,2
EDIT FIELD 22,yieldfin$,(ef22xl,ef22yl)-(ef22x2,cf22y2),2,2

RETURN

'** subroutine to calculate autofrettage pressure***

aprscic:

GOSUB getDauO
IF errorflag=l THEN RETURN
GOSUB yieldprop
dep$=EDIT$(5)
dep=V A L( dep $)

firstinterval=Ri+((RO-Ri)/Innennesh)
IF dep > Ri AND dep < ilrstinterval THEN

dep=firstinterval
depS=STRS( dep)

EDIT FIELD 5,dep$,(ef5xl,ef5yl)-{ef5x2,ef5y2),l,2
END IF

•«««**«*»«*«»««*«»*«« errortrap

IF (dep>RO) THEN GOSUB errortrap
IF e!Torflag=l THEN RETURN

GOSUB enablestressmenusO

IF currentyeildcritSs'Tresca" THEN TwiceTau=Mat
IF currentyeildcrit$=''von Mises* THEN TwiceTaui=(2/(3'*(l/2)))*Mat
IF dq»=Ri THEN

AntoP=TwiceTau*(LOG(dep/Ri)+{(RO*2-dcp*2)/{2*RO*2)))
AutoPS=STR$(AutoP)

AutoP$=LEFT$( AutoPS, 10)

EDIT FIELD 4,AutoP$,(ef4xl,ef4yl)-(ef4x2,ef4y2),2,2
ELSE

AutoP$="0"

EDIT FIELD 4,AutoP$,(ef4xl,ef4yl)-(ef4x2,ef4y2),2,2
END IF

RETURN

•a**************************************

■*• bisection routine to find depth of yeilding •**

depcalc:
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GOSUB getOataO
IF eiTorflag=l THEN RETURN

GOSUB yieldprop
AutoP$=EDITS(4)

AutoP=VAL(AutoP$)

IF (AutoP ■< yieldbeg) THEN dcp=0 : GOTO solved
IF (AutoP > yieldfin) THEN

AutoPsTieldfin
depcRO

AutDP$=STRS(AutoP)
AutoP$=LEFTS( AutoPS, 10)

EDIT FIELD 4,AutoP$,(ef4xl,ef4yl)-(cf4*2,ef4y2),2,2
GOTO solved

END IF
GOSUB enablestressmenusO
IF cuiTentyeildcrit$="Tresca" THEN TwiceTau=Mat
IF currentyeildcritS="von Mises" THEN TwiceTau=(2/(3*(I/2)))'»Mat

1=0

XD=Ri
XR=RO

XM=Ri ♦ ((R0-Ri)/2)
ToIerence=(RO-Ri)/100

Functncalc:

FXL=TwiceTau*((LOG(XL/Ri)+((RO*2-XL*2)/(2«RO''2))))-AutoP
FXR=TwiceTau»((LOG(XRHli)+((RO'»2-XR*2)/(2*RO'^2))))-AutoP
FXM=TwiceTau'»((LOG(XM/Ri)+((RO*2-XM*2)/(2'»RO*2»»-AutoP

IF FXM=0 THEN dep=XM ; GOTO solved
T1:J^*FXM
T2=FXM*FXR

IF ABS(FXM)< Tolerence THEN dep = XM : GOTO solved
IF TKO THEN XL=XL;XR=XM:XM=XL+(XR-XL)/2
IF T2<0 THEN XL=XM;XR=XR:XM=XL+(XR-XL)/2

GOTO Functncalc
solved:

first interval=Ri+((RO- Ri)/I nnennesh)
IF dep > Ri AND dep < firstinterval THEN dep=firstintervBl
depl $=STRS(dep)
dep$=LEFT$(depl$,7)

EDIT FIELD 5.dep$,(ef3xl,ef3yl)-(ef5x2,ef3y2),l,2
RETURN

'** Enable menus according to problem type **

enablestressmenusO:
MENU 6,1.1
MENU 6,2,1
RETURN
enablestressmenus:

94



IF problemtypeS <> '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

enableStre8smenus3:

MENU 6,4,0

MENU 6,5,0

MENU 6,7,0

MENU 6,8,0

IF problenitypeS="ShTinkilt only" THEN
MENU 6,1,0

MENU 6,2,0

MENU 6,5,1

END IF

RETURN

'** Graphing for residual autofrettage

resautograph:

GOSUB coordinatesystem
CALL TEXTFACE(1)

EDIT FIELD 200,"Stre8S After Autofrettage Pressure Is Released (Inner
Cylinder)",((Tit l-25),Tit2)-(Tit3,Tit4).7,2

CALL TEXTFACE(0)

GOSUB maxstressRA

GOSUB printmaxi
rspansRO-Ri

IF RhuxkO then Rniax=l

FOR i=l TO innermeshplus
x(i)=(((Re8signia( 1 ,i)-Ri)/r8pan)*RxSpan)-»'rStartx
y(i)=(-l*((Ressigma(2,i)/Rmax)*RySpan))+rStarty

NEXTi

GOSUB drawlinel

IF Ttnax=0 THEN Traax=l

FOR i=l TO innermeshplus

x(i)=(((Ressigma(l,i)-Ri)/rspan)*HxSpan)-*-hStartx
y(i)=(-l*((Re8sigma(3,i)/Tmax)*HySpan))+hStarty

NEXTi

GOSUB drawlinel

CALL TEXTSIZE(12)

RETURN

'♦* Find Max Stresses for residual autofrettage *•»***•

95



maxstressRA:

Rmax=ABS(Ressigina(2, D)
Tmax=ABS(ReMigma(3,l)) 'find max stress
maxlocationRares= 1

maxlocationTares=l

FOR i = 2 TO innermeshplus
IF ABS(Ressigma(2,i))>Rmax THEN

Rniax=ABS(Ressigma(2.i))
inaxlocationRarcs=i

END IF

IF ABS(Ressigma(3,i))>Tniax THEN

Tmax=ABS(Ressigma(3,i))
maxIocationTarcs=i

END IF

NEXTi

RETURN

'** Graphing for with autofrettage pressure

graphwithpres:

GOSUB coordinatcsystem
CALL TEXTFACEfl)

EDIT FIELD 200,"Stress With Autofrettage Pressureflnner

Cylinder)",(Till,Tit2)-(Tit3,Tit4),7.2
CALL TEXTFACEfO)

GOSUB maxstressA;

GOSUB printmaxi
rspan=RO-Ri

IF Rmax=0 THEN Rmax=l

FOR i=l TO innermeshplus
<(>)=(((«>gnia(I,i)-Ri)/r8pan)*RxSpan)-t-rStartx
y(i)={-l*((8igma(2,i)/Rmax)*RySpan))+rStarty

NEXTi

GOSUB drawiinel

IF Tmax=0 THEN Tmaxsi

FOR i=l TO innermeshplus

x(i)»(((sigma(l.i)-Ri)/rspan)*HxSpan)-*-hStartx
y(i)=(-i"'((sigraa(3,i)n'max)*HySpan))+hStarty

NEXTi

GOSUB drawiinel

CALL TEXTS1ZE(12)
RETURN

Find Max Stresses with autofrettage *******

maxstressA:

Rmax=ABS(sigma(2,l»
Tfflax=ABS{8igma(3,l)) ' find max stress
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maxlocationR=l

inaxlocationT=l

FOR i = 2 TO innenncshplus

IF ABS(8igma(2,i))>Rniax THEN
Rniax=ABS<8igma(2,i))

maxlocationR=i

END IF

IF ABS(8igina(34))>Tinax THEN
Tmax=ABS(8igma(3,i))

maxlocationT:^

END IF

NEXTi

RETURN

print shrink only graph »•**»»«••»•»«
'•««««••«««**«»«««*«««««*•**•*««•««***

shrinkprnt;
GOSUB coordinate8y8ten)2

CALL TEXTFACE(1)

EDIT FIELD 200,"Stre88 Caused By Shrink Fit Only",(Titl.Tit2)- (Tit3,Tit4),7.2
CALL TEXTFACE(0)

GOSUB maxstressSO:

RmaxcSRmax

TmaxsSTniax

GOSUB printmaxi
rspan^ORO-Ri

Hnspan=((RO-Ri)/r8pan)*190
jacket8pan=((ORO-RO)/rspan)*190
FOR i=l TO innermeshplus

x(i)=(((8hrksignia( 1 ,i)-Ri)/r8pan)*RxSpan)+rStaitx
y(i)'=<-l*((8hrk8ignia(2,i)/SRmax)*RySpan))-*TStaity

NEXTi

FOR i=l TO outermeshplus
Q(i)=(((jsltfl^>igii»(I>i)-RiVr*P<'o)*RxSpan)-)-rStartx
R(i)=(-l*((j8hrksigtna(2,i)/SRniax)*RySpan))+rStarty

NEJCTi

GOSUB drawline2

FOR i=l TO innermeshplus

x(i)'=(((>IfItsignia(l,i)-Ri)/r8pan)*HxSpan)+hStartx
y(i>=(-l*«shrk8igma(3,i)/STmax)»HySpan))+hStarty

NEXTi

FOR i=l TO outermeshplus

Q(>)=(((jsbrksignia( 1 ,i)-Ri)/rspan)*HxSpan)-«-hStartx
R(i)=(-l*((j8hrk8igma(3,i)/STmax)*HySpan))-*'hStarty

NEXTi

GOSUB drawline2

CALL TEXTSIZE{12)
RETURN
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'** Find Max Stresses for shrinkflt only *******
*********************************************

maxstrcssSO:

SRniax=ABS(shrksignia<2,l))

STmax=ABS(shrksigma(3,l)) ' find max stress
FOR i = 2 TO innermeshplus

IF ABS(shrksignia(2,i))>SRmax THEN SRmax=ABS(shrksigma(2,i))
IF ABS(shrk8igma(3,i))>STmax THEN STmax=ABS(shrksigma(3,i))

NEXTi

maxIocationRjsre8=l
maxiocationTjsre8=:l
FOR i = 1 TO outermeshplus

IF ABS(jsbrksigma(2,i))>SRmax THEN

SRinax=ABS(jshrksignta(2,i))

maxlocationRjsressi
END IF

IF ABS(jshrksigma(3,i))>STmax THEN
ST max=AB S(j8hrksigma(3, i))
maxlocationTjsres^i

END IF

NEXTi

RETURN

print residual shrink graph *********
**************************************

resshrinkprnt:
GOSUB coordinatesysteni2

CALL TEXTFACEd)

EDIT FIELD 200,'Total Stress After Shrinkflt",(Titi.Tit2)- (Tit3.Tit4),7,2

CALL TEXTFACE(0)

GOSUB maxstressjshrk

GOSUB maxstressRS

Rmax=SRraax

TmaxsSTmax

GOSUB printmaxi
r8pan=ORO-Ri
Iinspan=((RO-Ri)/rspan)*190
jacketspan=((ORO-RO)/rspan)*190
FOR i=l TO innermeshplus

K(>)=(((Ec8shrksigma(l,i)-Ri)/rspan)*RxSpan)+rStartx
y(i)K-I*((Ee88hrk8igma(2,i)/SRmax)*RySpan))-*-rStarty

NEXTi

FOR i=l TO outermeshplus
Q(>)=(((j'>fu'itsigma( 1 ,i)-Ri)/r8pan)*RxSpan)-i-rStartx
R(i)"=(-l*((j8hrksigma(2,i)/SRmax)*RySpan))+rStarty

NEXTi

GOSUB drawiine2

FOR i=l TO innermeshplus
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x(i)=(((Resshrk8ignia(l,i)-Ri)/rspan)*HxSpan)-)^hStartx
y(i)=(.l*((Reashrksigma(3,i)/STmax)»HySpan))+hStarty

NEXTi

FOR i=l TO outermeshplus
Q(i)=(((jsbrksignia(l,i)-Ri)/rspan)*HxSpan)^hSt8rtx
R(i)=(-l*((jshrksigma(3,i)/STmax)*HySpan))+hStarty

NEXTi

GOSUB drawline2

CALL TEXTSIZE(12)

RETURN

•*«•««»««««*«**«««««»««««*««**«**»*««««««««««

'*• Find Max Stresses for residual shrinkAt «*«•««*

maxstressRS:

SRmax=>ABS(Resshrksignia(2,1))
STinax=ABS(Resshrksigma(3,l)) ' find max stress
maxlocationRsres=l

maxlocationT8res=:l

FOR i = 2 TO innermeshplus
IF ABS(Re8shrksigma(2,i))>SRmax THEN

SRmax=ABS(Re8shrksigma(2,i))
inaxiocationRsres=i

END IF

IF ABS(Re8shrksigma(3,i))>STinax THEN

STmax=ABS(Resshrksigma(3,i))
maxlocationTsressd

END IF

NEXTi

FOR i = 1 TO outermeshplus

IF ABS(jshrk8igma(2,i))>SRmax THEN SRmaX3:ABS(jshiksigma(2,i))
IF ABS(jshiItsigma(3,i))>STmax THEN STmax=ABS(jshrksigma(3,i))

NEXTi

'•♦**•*** find max stress location in outer cylinder for report
Routmax=ABS(jshrksigraa(2,l))
Toutmax=ABS(jsbrksigma(3,l))
OmaxlocationRsress 1
OmaxIocationTsres=:l
FOR i = 2 TO outermeshplus

IF ABS(jshiiuigina(2a))>Routmax THEN
OmaxlocationRsresad

Routniax=ABS(jshiksigma(2,i))
END IF

IF ABS(j*hrksigma(3,i))>Toutmax THEN
OmaxIocationTsressi

ToutmaxsAfiS(jshxksigma<3,i))
END IF

NEXTi
RETURN
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'♦* print design pressure only graph *****
'****m********************************

designPrnt:
GOSUB coordinatesysteml

CALL TEXTFACE(1)
EDIT FIELD 200,"Stress Due To Operating Pressure Only",(Titl,Tit2)-(Tit3,Tit4),7,2

CALL TEXTFACE(0)
GOSUB maxstressOPO;

Rmax=SRmax
Tniax=STmax
GOSUB printmaxi
rspan=ORO-Ri
linipan=((RO-Ri)/rspan)*190
jacketspan=( (ORO-RO)/rspan)*190
FOR i=l TO innermeshplus

x(i)=«(designsigma(l,i)-Ri)/rspan)*RxSpan)+rStartx
y(i)=(-l*((designsigma(2,i)/SRmax)*RySpan))+rStarty

NEXTi
FOR i=I TO outenneshplus

I •>)-Ri)/rspan)*RxSpan)-*-rStartx
R(i)=(-l*((jde8ign8igtna(2,i)/SRmax)*RySpan))-*-rStarty

NEXTi
GOSUB drawline2
FOR i=l TO innermeshplus

x(i)K((de8ignsigma(l,i)-Ri)/rspan)*HxSp8n)+hStartx
y(i)s(-l*((designsigma(3,i)/STmax)*HySpan))-(-hStarty

NEXTi
FOR isi TO outermeshplus

Q(i)=(((j<'®«»gn«jgro*(l.i)-Ri)/rsp«n)*HxSpan)+hStartx
R{i)=(-l»((jdesignsigma(3,i)/STmax)»HySpan))+hStarty

NEXTi
GOSUB drawline2
CALL TEXTSIZE(12)
RETURN

'** Find Max Stresses for operating pressure only *******

maxstressOPO:
ImaxRdo Local

ImaxTdo Local
OmaxRdoLocal
OmaxTdoLocai

SRmaxaABS(de8ignsigma(2,l))
STmaxaABS(design8igma(3,l)) ' Bnd max stress
FOR i a 2 TO innermesiq>lus

IF ABS<designsigma(2,i))>SRmax THEN
SRmaxaABS(designsigma(2,i))

ImaxRdoLocai
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END IF

IF ABS(de8ignsigina(3,i))>STinax THEN
ST max=ABS(designsigma( 3 ,i))

ItnaxTdoLoc=i

END IF

NEXTi

FOR i = 1 TO outermeshplus
IF ABS(jde8ignsigraa(2,i))>SRtnax THEN

SRinax=ABS(jde8ignsigma(2,i))
OtnaxRdoLoc=i

END IF

IF ABS(jde8ign8igiiia(3,i))>STinax THEN
STmax=ABS(jdesign8igma(3,i))

OinaxTdoLoc=i

END IF

NEXTi

FOR i = 1 TO outenne8hpIus
IF ABS(jdesignsigina(2,i))>SRmax THEN SRniax=:ABS(jde8ignsigma(2,i))
IF ABS(jdesignsigina(3,i))>STinax THEN STniax=ABS(jdeBign8igma(3,i))

NEXTi

find max stresa location in outer cylinder for report
Routmax=ABS(jde8ign8igma(2,l))

Toutmax=ABS(j dcsignsigma(3,l))
OmaxRdoLocsl

OmaxTdoLoc=l

FOR i = 2 TO outermeshplus

IF ABS(jdesignsigma(2,i))>Routniax THEN
OmaxRdoLoc=i

Routmax=A BS(j8hrksigma( 2,i))
END IF

IF ABS(jdesignsigma(3,i))>Toutmax THEN
OmaxTdoLoc=i

Toutmax=ABS(j8hiluigma(3,i))
END IF

NEXTi

RETURN

'** print residual design graph »»♦«»»•••

resdesignPrnt:
GOSUB coordinatesystem2

CALLTEXTFACEd)
EDIT FIELD 200,"Total Stress With Operating Pressure Applied",{Titl,Tit2>-

(Tit3,Tit4),7,2
CALL TEJrrFACE(0)

GOSUB maxstressROP;
Rmax=SRmax

TmaxsSTmax
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GOSUB printmaxi

rspan=ORO-Ri

Hnipan=((RO-Ri)/rspan)*190
jacket8pan=((ORO-RO)/rspan)*190
FOR i=l TO innenneshplus

x(i)s(((Re8designsigma(l,i)-Ri)/rspan)*RxSpan)-^rStartz
y(i)=(-T*((Resdesign8igma(2,i)/SRinax)»RySpan))+rStarty

NEXTi

FOR i=l TO outerroeshplus

Q(j)"({0R®*de8ign8igma(l,i)-Ri)/r8pan)*RxSpan)+rStartx
R(i)=(-l*((jRe8de8ignsigma(2,i)/SRmax)*RySpan))+rStarty

NEXTi

GOSUB drawline2

FOR 1=1 TO innenneshplus
x{i)=(((Resde8ignsigma(l,i)-Ri)/rspan)*HxSpan>+hStartx
y(i)=(-l*((Re8de8ignaigma(3,i)/STn)ax)*HySpan))-t-hStarty

NEXTi

FOR i=l TO outenneshplus

1 >i)'RiVrspan)*HxSpan)-»-bStaTtx
R(i)=(-l*((jRe8design8igma(3,i)/STniax)*HySpan))+hStarty

NEXTi

GOSUB drawline2

CALL TEXTSIZE(12)
RETURN

'** Find Max Stresses for residual after operating pressure**

maxstressROP:

IniaxRL=l

IniaxTL=l

OmaxRL=l

OmaxTL=l

SRmax=ABS(Resde8ignsigma(2,l))
STniax=ABS(Resdesign8ignia(3,l)) ' End max stress
FOR i = 2 TO innermeshpius

IF ABS(Reide8ignsigma(2,i))>SRmax THEN

SRnux=ABS(Resdesignsigma(24))
IniaxRL=i

END IF

IF ABS(Resdesignsignia(3,i))>STmax THEN

STmax=ABS(Resdesignsigma(3,i))
ImaxTL=i

END IF

NEXTi

FOR i = 1 TO outermeshplus
BP ABS(jRe8designaigma(2,i))>SRniax THEN

SRmax=AfiS(jRe8designsigma(24))
OniaxRL=i

END IF

IF ABS(jResdeaignBigma(3,i))>STmax THEN
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STinax=ABS(jResdesignsigina(3,i))
OmaxTL=i

END IF

NEXTi

RETURN

'** print maximum and minimum stresses on graph ♦«*»*♦»•

printmaxi:
Rmax3|'IX(Rmax)
Tmax=FIX(Tmax)
NegRmax=-1 *Rmax
NegTmaxs-1 *Tmax

negmaxrad$=STRS<NegRmax)
negmaxiadS=LEFTS(negmaxrad$, 10)

neghoopmax$=STR$(NegT max)
neghoopmax$=LEFT$(neghoopmaxS, 10)

maxnid$=STR$(Rmax)
maxradS=LEFr$(maxrad$, 10)

hoopmaxS=STR$(Tmax)
hoopmaxS=LEFT$(hoopmax$, 10)

CALL TEXTSIZE(9)
EDIT FIELD 32,negmaxrad$,(ef32xl,ef32yl)-(ef32x2,ef32y2),3,2
EDIT FIELD 39,maxrad$,(ef39xl,ef39yl)-{ef39x2,ef39y2),3,2
EDIT FIELD 40,hoopmax$,(ef40xl,ef40yl)-(ef40x2,ef40y2),3,2

EDIT FIELD 41,neghoopmax$,(ef41xl,ef41yl)- (ef41x2,ef41y2),3,2
CALL TEXTSIZE(12)

RETURN

'*« draw lines for inner cylinder *********
**************************************

drawlinel:
FOR i=l TO Innermesh

Xl=x(i)
Yl=y(i)
X2=x(i-t-l)
Y2=y(i+1)
GOSUB ChangeColorRed
LINE(X1,Y1)-(X2,Y2)
forecolor 33

NEXTi

RETURN

'««««*««***«**«**«««««»«««*««**««****«

'*• draw lines for both cylinders *********
'»************************************

drawline2:
FOR i=l TO Innermesh

Xlsx(i)
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Yl=y(i)

X2=x(i+1)

Y2=y(i+1)

GOSUB ChangeColorRed
UNE(X1,Y1HX2,Y2)

forecolor 33

NEXTi

FOR i=l TO Outermesh

Ql=Q(i)
RlaR(i)

Q2«Q(i+l)

R2=R(i+l)

GOSUB ChangeColorOreen
LINE(Q1,R1)-(Q2,R2)

f<n«color 33

NEXTi

RETURN

'**** graph for autofrettage only, stress caused by
•**»* design pressure only **•

■«*»*«««**«*«***«««*««**«**«*««*••««»*«*««««**•

designAutoPrnt:
GOSUB coordinatesystem

CALL TEXTFACE(1)
EDIT FIELD 200,"Stress Due to Operating Presstire Only",(Titl,Tit2)-(Tit3,Tit4),7,2

CALL TEXTFACE(0)
maxlocationAdesRs l

maxlocation AdesT=1
SRmax=ABS(designsigina(2,l))
STniax=ABS(designsigma(3,l)) ' find max stress
FOR i = 2 TO innermeslqilus

IF ABS(designsigma(2,i))>SRmax THEN
SRmax33ABS(designsigma(2,i))

maxlocrUionAdesRai

END IF

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

maxlocationAdesT^
END IF

NEXTi

Rmax=SRmax
Tmax=STmax
GOSUB printmaxi
rspan^sRO-Ri
IF Rmax=0 THEN Rmax=l
FOR isl TO innerraeshplus

>t(i)-«(design8igma(l,i)-Ri)/rspan)*RxSpan)-*-rStartx
y(i)=(-l*((de8ignsigma(2,i)/Rmax)*RySpan))+rSt8rty

NEXTi
GOSUB drawlinel
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IF Tmax<=0 THEN Tmax=l

FOR i=l TO innermeshplus

x(i)^((designsigma(l,i)-Ri)/rspan)*HxSpan)-(-hStartx
y(i)=(-l*((designsigma(3,i)/Tmax)*HySpan))+hStarty

NEXTi

GOSUB drawtinei

CALL TEXTSIZE(12)

RETURN

'*•** graph for autofrettage only, stress caused by
'**** design pressure and autofr^tage

AresdesignPrnt:

GOSUB coordinatesystem

CALL TEXTFACE(l)

EDIT FIELD 200,"Total Stress With Operating Pressure Applied ",(Titl,Tit2)-
(Tit3.Tit4),7,2

CALL TEXTFACEfO)

maxlocationAAresT=l

maxlocationAAresR^i

SRmax=ABS(Resdesign8igma(2,1))
STmax=ABS<Resdesign8ignia(3,l)) ' find max stress
FOR i = 2 TO irniermeshplus

IF ABS(Resdesignsigma(2,i))>SRmax THEN
SRmax=ABS(Re8design8igma(2,i))

niaxlocationAAjre8R=i

©ID IF

IF ABS(Resdesign8igma(3,i))>STmax THEN
STmax=ABS(Re8de8ignsigma(3,i))

maxlocationAAresT=i

END IF

NEXTi

RmaxsSRmax

Tmax=STmax

GOSUB printmaxi
rspansRO-Ri

IF Rmax=0 THEN Rmax=l

FOR i=l TO innermeshplus
x(>)=(((R«sdesign8igma(l,i)-Ri)/rspan)*RxSpan)-i-rStartx
y(i)3=(-I*((Resde8ignsigma(2,i)/Rmax)*RySpan))-^rStarty

NEXTi

GOSUB drawlinel

BP Tmax=0 THEN Tmax=l

FOR i=l TO innermeshplus

x(i)«(((Resdesignsigina( I ,i)-Ri)/rspan)*HxSpan)-i-hStartx
y(i)=(-l'''((Rcsde8ignsigma(3,i)/Tmax)*HySpan))+hStarty

NEXTi

GOSUB drawlinel

CALL TEXTSIZE(12)
RETURN
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'** clear fields **

clearfields:

Reyieiding$='"'
Factor$=""

inrt$="'

Iia-es$=""

yiel<ft>egS=""
yicldfin$=-"
EDIT FIELD 128,Reyielding$ ,(efl28xl,efl28yl)- (efl28x2,efl28y2),3,2
EDIT FIELD 129,Factor$,(cfl29xl,efl29yl)- (efl29x2,efl29y2).3,2
EDIT FIELD 56,"",(ef56xl,ef56yl)-(ef56x2.ef56y2),3,l
EDIT FIELD 57,mrt$,(cf57xl,ef57yl)-(cf57x2,ef57y2),3.1
EDIT FIELD 205,Ipres$,{ef205xl.ef205yl)-(ef205x2,ef205y2),3,2
EDIT FIELD 21,yieidbcg$,(ef21xl,ef21yl)-(ef21x2,ef21y2),3,2
EDIT FIELD 22,yieidfin$,(ef22xl,ef22yl)-(ef22x2,ef22y2),3,2
rectangle%<0)=104

rectangie%< 1 ):=332

rBctangle%(2)=188

i«ctangl6% (3)=4S3

CALL ERASERECT(VARPTR(rectangle%(0)))

RETURN

'** clear old graphs ¤¤

clearGraph:
IF cleargraphflag^O THEN

IF macsize$="small" THEN

iectanglc%(0)=16S
rectangle%(l)=0

rectangle% (2)=289
rectangle% (3 )=489

ELSE

rectangle% (0)=259

rectangle%(l)=0
recungie% (2)=394

rectangle% (3 )=489
END IF

EDIT FIELD CLOSE 200

CALL ERASERECT{VARPTR(rectangle%(0)))
END IF

RETURN

'*** Read data from the user input fields «**»

getDataO:
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Ri$=EDlT$(l)

R0$=EDIT$(2)

Mat$=EDIT$(3)

Ri=VAL(Ri$)

RO=VAL(ROS)

M«t=VAL(Mat$)

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

gctdatal:

RiS=EDIT$(l)

RO$=EDrr$(2)

Mat$=:EDIT$(3)

dq>$=EDIT$(5)
AutoP$=EDrr$(4)

Ri=VAL(Ri$)

RO=VAL(ROS)

Mat=:VAL(Mat$)

dq)=VAL(dep$)
AutoP=rVAL(AutoP$)

***** Set min depth of yielding

fiTstinterval=Ri-«^<(R0-Ri)/Innenne8h)
IF dep > Ri AND dq) < fostinterval THEN dep^fintinteival

trap

IF (R0<=0) OR (Ri<=fl) OR (Mnt<=0) THEN GOSUB errortrap
IF (RO<=0) OR (Ri<=0) OR (Mat<=0) THEN RETURN

RETURN

getdata2:

ORI$=EDTT$(6)

ORO$=EDTT$(7)

0Mat$=EDTT$(8)

po««S=EDIT$(9)

Opo8s$=EDTT$(10)

ORI=VAL(ORIS)
ORO=VAL(ORO$)

OMat=:VAL(OMat$)
poss=VAL(po8s$)

Oposs=VAL(Op088S)

'••♦***********************eTror trap
IF (ORI>RO) OR (ORI<=0) TOEN GOSUB errortrap

IF (ORI>RO) OR (ORI<=0) THEN RETURN
IF (ORO<RO) THEN GOSUB errortrap

IF (ORO<RO) THEN RETURN
IF OMat<=0 THEN GOSUB errortrap

IF OMat<=0 THEN RETURN
IF poss<=0 THEN GOSUB ermtrap

IF pos8<=0 THEN RETURN
IF Opos8<=4 THEN GOSUB errortrap
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IF Opos8<=0 THEN RETURN
RETURN

getdata3;

dcsignpress$=EDIT$( 11)
dcsignpress=V AL{ dcsignpres sS)

RETURN

getdata4:

yieldbcg$=EDrT$(21)
yieldfin$=EDrT$(22)

RETURN

****** write user input data to a file ••»»•«•»»»»«

writcdata;

presfilcSs'correct file type"
IF filesave$="- THEN RETURN

OPEN filesaveS FOR OUTPUT AS #1

WRITE #1 .preafileS
GOSUB getdatal

GOSUB getdata2
GOSUB getdata3
WRTTE iCl.RiS.ROS.MatS.depS.AutoPS.ORIS.OROS.OMatS.possS^OpossS,

deaignpressS
CLOSE #1

RETURN

****** Read user input data from a file **«»»»*•««♦»

readdata:

presfile$="correct file type"
IF fileof)cn$=*" *rHEN RETURN
OPEN fileopenS FOR INPUT AS /«
INPUT #1 .presfileS
IF presfile$=:"correct file type" "THEN
INPUT #l,Ri$,RO$,Mat$,dep$,AutoP$,ORI$,OROS,OMat$,pois$,Opo8s$,

DepPressS
EDIT FIELD l,Ri$,{eflxLeflyl)-(eflx2,cfly2).2,2
EDIT FIELD 2,ROS,(ef2xl,ef2yl)-(ef2x2,ef2y2),2,2
EDIT FIELD 3,Mat$,(ef3xl,ef3yl)-(eOx2,cf3y2),2,2
EDIT FIELD 4,AutoP$,(ef4xl,ef4yl)-(ef4x2,ef4y2),2,2
EDIT HELD 3,dep$,(ef5xl,ef5yl)-(ef5x2,ef5y2).1.2
EDIT FIELD 6,ORI$,(ef6xl,ef6yl)-(ef6x2,ef6y2),2,2
EDIT FIELD 7,ORO$,(ef7xLcf7yl)-(ef7x2,ef7y2),2,2
EDIT FIELD 8,OMat$,(ef8xl,ef8yl)-(ef8x2,ef8y2),2,2
EDIT FIELD 9,poss$,{ef9xl,ef9yl)-(ef9x2,ef9y2),2.2
EDIT FIELD 10.0poss$.(efl0xl,efl0yl)-(efl0x2,efl0y2),2,2
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EDIT FIELD ll,DepPress$,(efllxl,efllyl)-(efUx2,eflly2),2,2
ELSE

GOSUB flleerror

END IF

CLOSE #1

RETURN

'•**** make text file of stress arrays

writetextreport:

IF reportsave$="" THEN RETURN

changecursor 4

OPEN repoitsaveS FOR OUTPUT AS IfS
arraytextEIesi
GOSUB printstress
arraytextfile=0

RETURN

'•••**Print stress arrays »*»♦»**»*««*

printerrortrap:
CALLINITCURSOR
RESUME errorleap

errorleap:
RETURN

printstress:
ON ERROR GOTO printenoitrap

IF arraytextfile=0 THEN
OWEN "LPTLprompt" FOR OUTPUT AS M5
diangecursor 4

WINDOW OUTPUT #5
END IF

CALL TEXTFACE(l)
CALL TEXTSIZE(14)

PRINT #5,*Stress State Of Inner Cylinder Mth Autofrettage Pressure
Applied"
CALL TEXTFACEfO)
CALL TEXTSIZE(12)
WUNT#S,' Node Value of R Radial Stress

Hoop Stress"
ON ERROR GOTO 0

FOR i=l TO innaineshplus
PRINT #5, USING i, sigina(l,i),

sigma(2,i),sigma(3,i)
NEXTi

PRINT #5," "
CALL TEXTFACEfl)

109



CALL TEXTSIZE(14)

PRINT 'Residual Stress State Of lnn«' Cylinder Alter Autofrettage
Pressure"

CALL TEXITACE(O)

CALL TEXTSIZE(12)

nUNT #3," Node Value of R Radial Stress

Hoop Stress"
FOR i=l TO innernieshplus

PRINT its, USING 'mmit.it •;i, Ressigmatl.i),
Res8igma(2,i),Res8igtna(3,i)
NEXTi

PRINT as," •

CALL TEXTFACE(l)

CALL TEXTS1ZE(14)

PRINT as," Stress State Of Inner Cylinder Due To Shrinkfit
Only"

CALL TEXTFACE(O)

CALL TEXTSIZE(12)

ITONT #5," Node Value of R Radial Stress

Hoop Stress"
FOR i=l TO innernieshplus

PRINT as, USING "aaaaaaa.a i,

shrksigma( i,i), shrksigma(2,i).shrksignia(3,i)
NEXTi

PRINT as," •

CALL TEXTFACE(l)

CALL TEXTSI2E(14)
PRINT as," Stress State Of Outer Cylinder Due To Shrinkfit

PRINT as," Also Residual Stress State Of OutCT Cylinder After
Shrinkfit"

CALL TEXTFACE(0)

CALL TEXTSIZE(12)

PRINT #5," Node Value of R Radial Stress

Hoop Stress"

FOR i=l TO outermeshplus

PRINT as, USING "aaaaaaa.a i.

jshrksignia(l,i), jshrksigma(2,i),jshrksignia(3,i)
NEXTi

PRINT as,"'

CALL TEXTFACEd)
CALL TEXTSIZE(14)

PRINT as," Residual Stress State Of Inner Cylinder After Shrinkfit'
CALL TEXTFACE(0)
CALL TEXTSIZE(12)
PRINT Node Value of R Radial Stress

Hoop Stress"

FOR i=l TO innenneshplus
PRINT as, USING "aaaaaaa.a ";i,

Resshrksigma(l,i)> Res8hrksignia(2,i)>Resshrksigma(3,i)
NEXTi
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PRINT #5," *

CALL TEXTFACE(1)

CALL TEXTSIZE(14)

PRINT ̂ fS.'Stress State Of Inner Cylinder Due To Operating
Only"

CALL TEXTFACE(0)

CALL TEXTSIZE(12)

PRINT #5," Node Value of R Radial

Hoop Stress"
FOR i=l TO innermeshplus

PRINT #5, USING 'mmitM ";i,

designsigmafl.i). designsigma(2,i)>designsigma(3,i)
NEXTi

PRINT Its:'

CALL TEXTFACE(l)

CALL TEXTSIZE(14)
PRINT it's,'Stress State Of Outer Cylinder Due To Operating

Only"
CALL TEXTFACE(O)

CALL TEXTSI2E(12)

PRINT #5," Node Value of R Radial

Hoop Stress"
FOR i=l TO outemieshplus

PRINT #5, USING 'ltmm.lt ";i,

jdetignsignia(l,i), jdesign8ignia(2,i),jdesignsigma(3,i)
NEXTi

PRINT tfS: '

CALL TEXTFACE(1)

CALL TEXTSIZE(14)

PRINT #5, Total Stress State Of Inner Cylinder Wth
Pressure Applied"
CALL TEXTFACE(0)
CALL TEXTSIZE{12)
HUNT tts: Node Value of R Radial

Hoop Stress"

FOR i=l TO innermeshplus
PRINT #5, USING "mttm.lf ";i,

Resdesignsigma( 1 ,i),

Re8de8ignsigma(2,i),Resdesignsigma(3,i)
NEXTi

PRINT Its: "

CALL TEXTFACE(l)
CALL TEXTSIZE(14)

PRINT #5,Total Stress State Of Inner Cylinder Wth
Pressure Applied"
CALL TEXTFACE(0)

CALL TEXTSIZE(12)
PRINT #5," Node Value of R Radial

Hoop Stress"
FOR i=l TO outermeshplus

Pressure

Stress

Pressure

Stress

Operating

Stress

Operating

Stress
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PRINT/SfS, USING ";i, jResdesignsigmad.i),
jRe8(lesign8igina(2,i),jResdesign8igma(3,i)

NEXTi

PRINT »S" "

CLOSE #5

CALL INITCURSOR

RETURN

<««*»**«««*««*«»*«*«»*»*«*«**«»««*««««»»«««

Writes text file of report ¤¤

writereport;

IF ieport$="" THEN RETURN

changecursor 4
OPEN reports FOR OUTPUT AS 05
GOSUB getdatal

GOSUB getdata2
GOSUB getdataS

GOSUB getdata4

writefiieflag=l

GOSUB printreport
writefileflag^O

CLOSE «5

PICTURE ON:PICTURE OFF

CALL INITCURSOR

RETURN

'*• Clears array memory when mesh is changed **

undimension:

ERASE sigma

ERASE Unsigtru
ERASE Ressigma

ERASE shricsigma
ERASE Resshrksigma
ERASE jshrksigma
ERASE x,y,Q,R
ERASE plasticCriteria
ERASE plasticCriteria2i
ERASE plaaticCriteria2j
ERASE designsignu

ERASE jdesignsigma
ERASE Resdesignsigma
ERASE jResdesignsigma

RETURN

112



'*•*** examine stress airays ************
*********************************************

examines tresses;

TIMER ON

ssize%=maxmesh*10+15

DIM s$(ssize%)

MENU OFF

top%=0

linenum%=0

s%=0

IF macsize$="small" THEN

WINDOW 2,"Stress Values",(l,20)-(509.305),5
ELSE

WINDOW 2,"Stress Values",(31,80)-(539,385),5

END IF

w%=WINDOW(2):h%=WINDOW(3)
SetRect scr%(0),0,-l,w%-15,h% 'scroll area

SetRect bar%(0),w%-15,-l,w5t,h%+l 'scroll bar

NewScroll s&,bar%(0), 1,1,1000,1 'create scroll bar

retkey=0

GOSUB loadSarray
TIMER OFF

CALL INITCURSOR

WHILE (retkeyol)
ScroUText 8&,scr% (0),s$(0),top% ,ssize% ,Iinenum %

LET retkcy=MOUSE(0)
WEND

DisposeScroU s&
WINDOW CLOSE 2

GOSUB boxinScieen

MENU ON

ERASE 8$

RETURN

screenerrortrap;

RESUME screenerrorleap
'**************************************

'********************************************

'***** jjgjp screen ************

<********************************************

helpscreen:
DIM s2$(200)

MENU OFF

top%'=0

linenum%=0

s%=0

IF macsize$="small" THEN

WINDOW 2,"Help",(l,20)-(509,305),5
ELSE

WINDOW 2,"Help",(31,80)-(539,385),5
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END IF

w%=WINDOW(2):h%=WlNDOW(3)
SetRect scr%(0),0,-l,w%-15,h% 'scroll area

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

NewScroll s&,bar%(0),1.1.1000,1 'create scroll bar

retkey=0
GOSUB loadSarrayhelp
WHILE (retkeyol)

ScroUText s&,scr%(0),s2$(0),top%,130,linenuin%
LET retkey=MOUSE(0)

WEND

DisposeScroll 8&
WINDOW CLOSE 2

GOSUB boxinScreen

ERASE s2$

MENU ON

RETURN

'♦* load hel^ screen ♦*

loadSarrayhelp:
sloc=l

s2$(bIoc)=''
sloC=8loC+l
82${s1oc)='' This Section of the Help Describes the Avalible
8loc=<8loc+l

82$(s1oc)=- **• Menu Selections • • "
slocssloc-t-l

s2S(s1oc)s''
»loe=^loc+l
s2S(s1oc)='' "
sloc=sloc-(-l
s2$(sloc)s''Menus''

sloccsloc-t-l

s2$(sloc)s''Fi]e Menu"
8loc=sloc-t-l
s2S(sloc)=:' Save Current Data"
sloc=8loc+l
s2S(s1oc)=" Takes the current input data and saves it in a text flle."
slocssloc-t-l

s2S(sloc>=" Open Old Data"
slocssloc*-1

s2S(s1oc)-" Opens a previously created data file and loads these"
sioc=aloc-»-l

s2$<sloc)=* values into the program."
sloc=sloc-i-l

s2$(s1oc)=" Help"
slocssloc-t-l

s2S(sloc)s" Displays on line help."
sloessloc*-!
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Stops execution of program.'

s2S(sloc)=" Quit"

sloc=sloc+l

s2$(sloc)="

sloc^loc-)-!

s2$(8loc)="Edit"

sloc=sloc+l

82$(s1oc)=" Save gn^h to clipboard"
8loc=8loc+l

s2$(sloc)=" Takes the current graph and pastes it onto the
clipboard,"

sloc=sloc+i

s2$(8loc)=" for use in custom report generation."
sloc=sloc-)-l

s2$(sloc)="Report"
slocaslocv 1

s2$(sloc)=' Print This Screen"

sloc^loc+1

s2$(sloc)="

sloc=sloc+l

s2S(8loc)="

sloc=sloc+l

s2$(sloc)="

slocssloc-^ 1

s2$(sloc)="

sloc=sloc+l

a2$(sloc)="

sloc=sloc-t-1

s2S(sloc)="

each"

8loc=sloc-i-l

s2S(sloc)="

custom"

sloc^^sloc-*-!

s2$(sloc)="

slocs^loc-f-l

s2S<s1oc)b"

sloc=sloc+l

s2S(sloc)="

with "

Bloc=sloc-^l

82S(sl0C):>r"

sloC=8loC-(-l

s2$(sloc)="

sloc=sloc-*-l

s2$(sloc>="

at each"

slocssloc-»'l

s2$(8loc)=*

sloc=sloc-t-l

82S{b1oc)="

8l0C34l0C-(-l

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

rqwrt generation."

Print Tabular Form of Stress Arrays"

Sends stresses at each individual mesh point

headings to the printer."

Examine Tabular Form of Stress Arrays"

Allows user to examine the stresses calculated

individual mesh point in a scrollable window."

Create Rqwrt File*
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g2$(sloc)='' Writes report to a text file for use in custom
report"

sioc=8ioc-t-l

82$(sIoc)=" generation."
sioc=sk)c+l

s2S(8loc)=" "

sloc«sloc-*-l

s2$(sloc)="Yield Criteria"

slocssloc-l

82$(s1oc)=" Tresca"

sloc=8loc-i-l

s2$(sloc)=:" Selects the Tresca yield criteria for use
in the "

slocx^loc-i-l

82$(s1oc)=" calculation of the stress state."

sloc=«loc-)-l

s2$(sloc)=" Von Mises"

sloc=sloc-)-l

s2$(sIoc)=" Selects the Von Mises yield criteria for
use in the "

sloc=sloc-*-l

s2S(sloc)c" calculation of the stress state."

slocassloct-i

s2S(sloc)=" "

slocssloc-)-!

82$(sloc)="AutoP"

slocsaloc-n

s2$(sloc)=" User Supplies Autofirettage Pressure"
sloc=sloc-i-l

s2$<8loc)=' When this option is chosen the usct
must supply the"

sloc^ssloo-l

s2$(sloc)=" autofrettage pressure and the program
wUl

sloc=«loc-»^l

s2S(sloc)=" calculate the depth of yielding. "
sloc=sloc-tl

s2$(sloc)=" UsCT Supplies Depth of Yielding "
slocssioc-rl

s2S<sloc)3t" When this option is chosen the user
must supply the "

sloc=sloc-i-l

s2$(sioc>B' depth of yiel(fing and the program will
calculate "

sloc=sloc>l

s2S(sloc)s" the autofrettage pressure. "
slocs^loc-*-!

s2$(sIoc)k" Calculate Autofrettage Pressure "
sloessloc-i-1

s2$(sIoc)=" Wfrth this option the program will
calculate the "
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sioc=8loc-)-l

s2$(sloc)="
depth of yielding

8loc=«loc-i-l

s2$(8loc)="

state in the

sloc=4loc-i-l

s2$(8loc)="

sloc=sloc+l

s2$(8loc)="

sloc=8loc+l

82S(s1oc)="

8l0C=8l0C+l

82$(s1oc)="

which plastic
sloc=sk>c-«-l

82$(s1oc)="

cylinder, and
8loc=8loc-)-l

82S(s1oc)="

cylinder will be
sloc=sloc-)-l

s2$(8loc)="

8l0C=8l0C-)-l

s2${8loc)="

8l0C=8loC-l-l

82$<s1oc)="

the user is

sloc=8loc-)-l

s2$(sloc>=''

autofrettage
slocssIoc-i-1

s2$(sioc)="

slocssloc-t-l

s2$(sloc)=" Shrinkfit Only "
sloc=8loc+l

s2S(8loc)="

user is

siocssloc-t-l

s2$(sloc)='

shrinkfit

sloc=sloc-(-l

s2$<sloc)="

sloc=sloc+l

i2$(sloc)x:''

sloc=sloc-t-l

s2$(sloc)="

user is

sloc=sloc+l

s2$(sloc)="

autofrettage

autofr^tage pressure for a given
M

without calculating the entire stress

pressure vessel. *

Calculate Pressure at Which Yielding Begins and

Ends in the Cylinder "

This option calculates the pressure

deformation will begin in the inner
M

the pressure at which the inner
w

completely i^stic. '

Autofrettage Only"

This option should be selected when
M

intmested in solving a single

only problem. "

This option should be chosen when
m

interested in solving a two cylinder,

only problem. "

Shrinkfit and Autofrettage '

This option should be chosen when
<1

interested in solving a two cylinder
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sl0C=8loC+l

s2$(sloc)='' and shrinkfit inoblem.The program
first calculates "

sloc=sloc+l

s2S(sloc)=" the stress state caused by the
autofrettage of the "

sloc=sloc+l

s2S(sloc)=:" inner cylinder, and then the
stresses "

sloc=sloc+l

s2S(sloc)='' caused by the shrinkHt of the outer
cylinder and "

sloc=«loc-i-l

s2$(sloc)=:" that caused by the operating .
•»

slocssloc+l

s2$(sloc)=''Stress "

sloc=sloc-)-l

s2$(8loc)x=" Stress With Autofrettage Pressureflnner
Cylinder) "

slocssloc+l

s2$(sloc)=" Calculates the stress state of the

inner cylinder "
sloc=sloc-)-l

s2$(s1oc)3" with the autofrettage pressure
applied. "

sloc=sloc-t-l

s2$(s1oc)3c' Residual Stress After Autofrettageflnner
Cylinder) "

sloc=sloc+I

s2S(sloc)=' Calculates the residual stress state

of the inner

sloc=8loc+l

s2$(sloc)='' cylinder after the autofrettage pressure is
m

8l0C=sl0C-*^l

s2S(sloc)=" released. "

slocasloc+1

s2$(sloc)=" Stress Due To Shrink Fit Only '
8loc=sloc+l

s2$(sloc)=" Calculates the stresses in both

cylinders caused by "
sloc=sloc-*-l

s2$(8loc)=:'' the sfarinkfitting process. Does not
include the "

sloc=sloc-*-l

s2S(sloc>=" residual stresses from the

autofrettage process. "
slocssloc-t-l

s2$(sloc)=" Total Stress After Shrink Fit *
sloc=sloc-«-l
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Calculates the total stress state in

after the shrinkfitting process,

stresses from the autoirettage

82$(8loc)="

both cylinders
sloc=sloc-*-l

s2S(sloc>=''

Includes the

slocssloc-t-l

82$(s1oc)="

process. "

8loc=sloc-*-l

s2$(sloc)=" Stress With Operating Pressure Only "
sloc=sloc-«-l

s2$(sloc>=' Calculates the stresses caused by
application of '

slocssloc-t-l

s2$(tloc)=" the operating pressure. Does not
include the "

slocssloc-i-l

s2$(8loc)="

autofrettage process or
sloc=8loc-*-l

s2$(sloc)="

slocssloc+l

s2S(sloc)='

sloc=sloc+l

s2$(sloc>s"

both cylinders
sloc=«loc-*-l

s2$(sloc)="

pressure.

slocssloc-t-l

s2$(sloc)s"

autofrettage and
Sl0C3«l0C+l

s2$(sloc)='

sloc=sloc-»-l

s2$(sloc>=c*Mesh "

slocssIoc-t-1

s2$(sloc)='' Set Number of nodes

slocssloc-*-l

residual stresses from the
H

the shrinkfitting process. "

Total Stress With Operating Pressure '

Calculates the total stress state in

after the application of the op

shrinkfitting processes.

the

erating
m

Includes stresses from the

s2$(sloc)="

calculated at

sloc=sloc+l

s2$(sloc)s'

option allows
sloc=sloc-*-l

s2$(sloc)="

nodes in the

slocask>c-t-l

s2$<s1oc>e*
error 'Out of

slocssloc-i'l

The stresses in the cylinders are

discrete points in the cylinders. This

the user to determine the number of

inner and outo- cylinders. Note: The
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s2$(»loc)="

nodes in the "

sioc=sloc>l

s2$(sIoc)="
this the

sloC3«sloc+l

$2S(8loc)='

increased,

slocsaloc-t-l

s2S(sloc>="

Pressure

sloc=sloc+l

s2$(sloc)=:"

Pressure

sloc=sloc-t-l

s2$(8loc)="

icon. Now

sk)c=sloc+l

s2$<sloc)=''

application
slocssloc+1

s2$(sloc)=''

allotment.

slocs^loc+l

s2$(tloc)«''

appropriate
sloc=8k>c+l

82${8loc)="

large numbers of
8loc=sioc-i-l

82$(8loc)=" nodes

memory' will occur IF the number of

mesh is set to a large number. To correct
M

^plication memory size will need to be
M

In order to do this, first quit the Under

application. Next select the Under

application by single clicking on its

click the mouse in the box labeled
M

memory size and increase the memory
t*

Experimentation will determine the

amount of memory when tunning

RETURN

ftint current screen

PrintScreen:

changecursor 4
scale%=0

x%=0

y%=0

max&=1.3*{4+(SYSTEM(6)+l)»2»lNT(SYSTEM(5) + 16)/16)/4 + l
IF max&>32767 OR max&M+eO > FRE(0) THEN

WINDOW 3,-,(10.106)-(509,338)3

PRINT "Not Enough Memory in Program Data Block"
PRINT ""

INPUT "Press Return To Continue";A$

WINDOW CLOSE 3

RETURN

END IF
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DIM PT%(l),screen&(max&)

LocalToGlobal PT%(0)
IF wholescreensl THEN

GET (-PT%{1 ),-PT%(0))-(SYSTEM(5)-PT% (1 ),SYSTEM{6)-PT%(0)),8creen&
ELSE

GET (-2,-20)-(S6S,400),8creen& G«t only under prc88ure window
END IF

ON ERROR GOTO scieenetrottrap
CALLINTTCURSOR

OPEN "LFTLprompt" FOR OUTPUT AS #10

changecursor 4

WINDOW OUTPUT #10

ON ERROR GOTO 0

IF 8cale% THEN

PUT(0,0)-( X %, y %), screenA
ELSE

PUT (0,0),8creen&

END IF

CLOSE #10

acrecnerrorleap:
ERASE PT%,scrcen&

CALLINTTCURSOR

RETURN

Load Text array for on screen exaqmination ••

loadSarray;
8loc=l

spacer$=* "

SpBCClOS=*
8pacerl$=*

8$(8loc)=" Stresa State In Inner Cylinder W^th Autofrettage Preaaure Applied'
aloc=8loc-t-l

aS(aloc)s' Node Value of R Radial Stiesa Hoop Streaa"
FOR i=l TO innermeahplus

IF i= 10 THEN apacerO$=" "
IF i= 100 THEN apaceiOSs"
aloc=aloc+l

aigniaT$=LEFT$((STRS(aigma(l,i))),S)
LengthS2=LEN(STR$(aigma( 1 ,i)))
GOSUB apacennak02

LeogthS3=LEN(STR$(8igma(2,i)))
GOSUB apacermakoS
a$<aloc)= spacerO$-»-STR$(i)'*'apacerl$+aigmaT$-(-spacer2S-*-STR$(aigma(2
,i )) + spacer3$-*-STR$(aigma(3,i))

NEXTi

spftcerO$="

ak>c=sloc-(-l

a${8ioc)="

8locssIoc-*-l
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s$(sloc)=" Residual Stress State In The Inner Cylinder Afta The Autofrettage"
sloc=8loc+l

s$(sloc)=" Pressure Is Released'

sloc=8loc-t-l

s$(sloc)=" Node Value of R Radial Stress Hoop Stress"
FOR i=l TO innermeshplus

EF i= 10 THEN 8pacer0$=- "
IF i= 100 THEN spac«OS="
sloc^loc-i-1

siginaTS=LEFT$((SnrRS(Rcssigma(l,i))).5)
LengthS2=LEN( STR$(Ressigma( 1 ,i)))

GOSUB spacermalcei^

LengthS3=:LEN(STR$(Re8sigina(2,i)))
GOSUB spacennaka3

sS(sloe)=:

spacerOS-(-STRSli)-)-spacer l$ + sigmaT$'*-spacer2S+STRS(Ressigm a
(2, i)) +spacers S-i-STRS(Ressigma(3,i))

NEXTi

spacerOS=" "

sloc=sloc-«-l

s$(sloc)="

slocssloc-t-l

s$(sIoc)s" Stress State In The Inner Cylinder Caused By The Shrink Fit"

sloessloc-t^l

s$<sloc)s" Node Value of R Radial Stress Hoop Stress"
FOR 1=1 TO innermeshplus

IF i» 10 THEN spacerOS=" "
IF i= 100 THEN spacerOS=""

sigmaTS=LEFT$((STRS(8hrksigma(l.i)))>S)
LengthS2::dJEN(STR$(shrk8igma( 1,1)))

GOSUB spacermaker2
Length S3=LEN(STR$(shrksigma(2,i)))

GOSUB spacermakoS
sIoc=sloc-(-l

s$(sloc)= spacerOS-t-STR$(i)-''Spacerl$ + sigmaTS-'-spacer2$>STRS(shrksig
m  a( 2,1))-*^ spacers $-*-STR$(shrk8igma(3,i))

NEXTi

spacerOSs" "

sIoc=sloc-(-l

s$(sloc)=*

sIooEsloc-)-!

s$(sloc)=" Total Residual Stress State In The Outer Cylinder After The Shrink Fit"
slocssloc-t-l

s$<sIoc)=" Node Value of R Radial Stress Hoop Stress'
FOR i=l TO outermeshplus

IF i* 10 THEN spacerOSs" *
IP iss 100 THEN spacerOS®'*

signuT$=LEFrS((STRS(jshiksigma( 1 ,i))),S)
LengthS2=L£N(STR$()8hrksigma( 1,1)))

GOSUB spacermaker2

LengthS3=LEN(STRS(ishrksigma(2,i)))
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GOSUB spacennako'S

sIoc=«k)c+l

s$(sloc)= spacerO$+STR$(i)+spacerl$ + siginaT$+spacer2$+STR$(j»hrksig

ma(2,i)) + spacer3$ + STR$(jshrksigma(3,i))
NEXTi

spacerO$="

slocxsloc-*-!

s$(sloc)=" "

8loc=8loc-i-l

s$(sloc)=" Total Residual Stress State In The Inner Cylinder After The Shrink Fit'
sloc=8loc+l

gS(sloc)=''Node Value of R Radial Stress Hoop Stress"
FOR i=l TO innermeshplus

BP i= 10 THEN spaceiOS=" "
IF i= 100 THEN spacetO$=""

signiaTS=LEFT$((STR$(Resshiksignia( 1 ,i)))>S)

LcngthS2=LEN(STR$(Resshrksigma(l,i)))
GOSUB 8pacerniaka2

LengtbS3=LEN(STR$(Resshiksignia(2,i)))
GOSUB spacoinaker3

8loc==sloc+1

8$(8lOC)=

spacerO$ + STR$(i)-t-spacerl$-i-sigmaT$'«'spacer2$-*-STRS(Resshrk s
igma(2,i))-)-spacer3$-«-STR$(Resshrksigma(3,i))

NEXTi

spaccri)S="
sloc3«Ioc-*-l

sSfslocK
8l0Cssl0C-)-I

s$(sloc>='

Only"

slocssloc-l-i

s$(sloc)='

sl0C=8l0C-<-l

sSfslochc' Node Value of R

FOR i=l TO innermeshplus
BP i= 10 THEN spacerO$=" "
IF i= 100 THEN spaceiO$=""

siginaTS=LEPT$(( STR$(designsigma( 14)))>S)
LengthS2=LEN(STR$(designsigma(l ,i)))

GOSUB spacenn8kei2

LengthS3sLEN(STR$(designsigma(2,i)))
GOSUB spaceniiakct3
slocssloc-t-l

s$(sloc)=: 8pacerOS>STR$(i)-«'spacerl$+8igmaT$-*-spacer2$-i-STR$(designsi
g  ma(2,i))-«-8pacer3S-*-STR$(de8ignsigma(3,i))

NEXTi

spaceiO$=" "

slocssloc+l

sS(sloc)="

sloc=aloc-*-l

Stress State Caused By The Application Of The Operating Pressure

In The Inner Cylinder"

Radial Stress Hoop Stress*
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sS(sloc)='' Stress State Caused By The Application Of The Operating Pressure
Only"

sl0C3=sl0C-t^l

s$(sioc)=" In The Onto- Cylindw"
sioc=4loc+1

sS<b1oc)=" Node Value of R Radial Stress Hoop Stress"
FOR 1=1 TO outermeshplus

IF i= 10 THEN spaGerO$=" "
IF i= 100 THEN spaceiO$=""

sigmaT$=LEFT$((STR$(jdesignsigma( 1 ,i))),S)
LengthS2=LEN(STR$(jdesignsigma(l ,i)))

GOSUB spacennaker2

LengthS3=LEN(STR$(jde8ignsignia(2,i)))
GOSUB spacermakeid
sloc=sloc-<-l

s$(sloc)= spacerO$-*-STR$(i)> spacer l$')-8igmaT$-*-spacer2$ + STRS(j design
si gma(2,i))-*-spacer3S-*-STR$(jdesignsigina(3,i))

NEXT i

spaceiO$=" "
sloc=sloc-»-l

8$(sk)C)="

sloc=«ioc+l

s$<sloc)s " Total Stress State In Inner Cylinder V^th The Operating Pressure
Applied"

slocssloc-*-l

sS<8loc)=" Node Value of R Radial Stress Hoop Stress"
FOR i=l TO innermeshplus

IF i= 10 THEN spacesO$=" "
IF i= 100 THEN sp8ca0$=""

sigmaTSsLEFT$((STRS(Resdesignsignia{ 1 ,i))),5)
LengthS2=LEN(STR$(Resde8ign8igma( 1 ,i)))

GOSUB spacennak<i2
LengthS3=LEN(STRS(Re8designsignia(2,i)))

GOSUB spacennakeid
slocssloc-i-l

sS<8loc)=: spacerOS+STR$(i)-«'spacerlS-i-signiaT$'t'spacer2$+STR$(Resdesi
g  n8igma(2,i))-*-spacer3$-i-STRS(Resdesign8igma(3,i))

NEJCTi

spaceiOS="
sIocssloc+1

sS(sloc)="

Sl0C=8l0C-«-l

s$(sIoc)= " Total Stress State In The Outer Cylinder With Operating Pressure
Applied"

slocssloc-t-l

t$(sIoc)3" Node Value of R Radial Stress Hoop Stress"
FOR i=l TO outermeshplus

IF i= 10 THEN spnceiOS=" "
IF is. 100 THEN spacciO$=""

sigmaT$=LEFT$((STRS(iResdesignsigma( 1 ,i))),5)
LengthS23.LEN(STR$(jResde8ignsigma( 1 ,i)))
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GOSU6 spacennaker2

LengthS3-LEN(STR$(jR£s<lesign8igiiia(2,i)))
QOSUB spacennaker3
slocssloc-*-1

s$<sloc)= spacerO$ + STRS(i) + 8paccrlS-*'signiaTS-'-8pacer2$ + STR$(jResdes

i  gniigina(2,i))-t-8paccr3$-)-STRS(jResde8ign8igina(3,i))
NEXTi

TIMER OFF

CALL INITCURSGR

RETURN

'** Makes spacers for aligned stress array text

8pacerinaker2:

SpacerLength=0S-LengthS2
8p«cct2S=""
FOR k=l TO SpacerLength

^cer2$=8pacer2S + " "
NEXTk

RETURN

spacennaker3:
SpacerLength=35-LengthS3

spacer3$=""
FOR k=l TO SpacoL^ngth

spacer3$^pacei3$ -f " "
NEXTk

RETURN

Refresh graphs when overwritten *•

refresh: 'refresh graph
forecolor 33

staitsHMER

IF (stait-lasttiffle)<4 THEN RETURN
action=0

IF refreshflagsO THEN

GOSUB boxinScreen

END IF

IF iefreshflag=l "THEN
GOSUB graphwithpres

END IF

IF refireshf!ags2 THEN
GOSUB resautograph

END IF

DP iefreshflag=3 THEN
GOSUB shrinkpmt
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END IF

IF refreshflag=4 THEN

GOSUB resshiinkprnt
END IF

IF refreshflag=S THEN

IF problemtype$<>"Autofrettage onlyTHEN

GOSUB designPmt
ELSE

GOSUB desigaAutoPmt
END IF

Q4DIF

IF refreshflags^ THEN

IF problemtype$=''Autoirettage only"THEN
GOSUB AresdetignFmt

ELSE

GOSUB resdesignPmt
END IF

END IF

lasttimesTIMER

EDIT FIELD 227/ ',(700,700)-{720,720).3.1
RETURN

deactivateMenus:

MENU 1,0,0

MENU 2,0,0

MENU 3,0,0

MENU 4,0,0

MENU 5,0,0

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 INTTCURSOR

RESUME enorIeap2
errorleap2:

ON ERROR GOTO 0
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RETURN

'** send report to printer

printreport:
IF writeiileflag=0 THEN

ON ERROR GOTO printREParortrap

CALL INITCURSOR

OPEN "LPTLprompt" FOR OUTPUT AS #5
changecursor 4
cleargraphflag=l
graphtitieflag=l

END IF

IF probIemtypeS="Autofrettage only" THEN
GOSUB desmaxloc

IF (goesplasticUnIoad=l)THEN
bschStr$=° A coirection due to the Baushinger effect

was used"

bschSti2S=" in the calculation of the stresses caused

by the"

bschSti3$=' release of the autofrettage pressure."

ELSE

bschSti$=" Linear unloading was assumed in the
calculation"

bscfaStr2S=" of the stresses caused by the release of the"
bscfaStr3S=" autofiettage pressure."

END IF

pmt=VAL(ReyieIding$)
piiitO-riX(pmt)
pmtsVALfyieldbegS)

pTntI=FIX(pmt)
pnit=VAL(yieIdfinS)
prnt2=FIX(ptnt)
pnit=VAL(AutoP$)

pmt3=j'IX(pnit)
pmb=VAL(DepPre8s$)
pmt4=FIX(pmt)
pnitS3FIX(sigma(2,1))
pmt6=FIX(8igina(3,1))
pmt7=FIX(sigma(2,innenneshplus))
pmt8^X(sigma(3,innennes>i{dus))
pmt9=fIX(sigma(2,nuixlocationR))
pnitlO=FlX(sigma(3,maxlocationT))
pmt 11 sFIX(Ressignia(2,1))
pmtl2=FIX(RessigmB(3,1))
iniitl3sFIX(Ressignia(2,innenneshplus))

pnitl4:4'IX(Re8signia(3,innermeshplus))
pntf 1534PIX(Ressigma(2,maxlocationRare8))
{snt 16^IX(Ressigma(3 ,maxlocationTares))
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pnitl7=FIX(detignsigina(2,l))

I>mtl8=^X(desigiuigina(3,l))

{>mtl9=FIX(designsignia(2,innenneshpliu))
prnt20=j'IX(designsigma(3,inncnneshplus))

pnit21 =FIX( designsigina(2^axloGationAdeiR))
prnt22=FIX(designsigina(3,inaxlocationAdesT))

pmt23=FIX(Resdesignsigina(2,1))
pnit24=FIX(Re8design8igina(3,1))

pnit25^IX(Resdcsignsigina(24nnenneshpiiM))
prnt26=FIX(Resde8ignsigina(3,innenncshplus))
pnit27sFlX(Resdesignsigma(2,maxlocationAAresR))
pmt28=FIX (Re8de8ign8igina( 3, maxlocation AAresT))

FOR i=l TO 3

HUNT #5," "

NEXTi

IF writefileflag=0 THEN WINDOW OUTPUT #5

CALL TEXTFACE(1)

CALL TEXTSIZE(14)

PRINT #5," Stress Analysis Repoit"
PRINT dfS," "

CALL TEXTSI2E(12)

PRINT ̂ ."Stress Analysis For Autofrettage and Operating Pressure of a
Single Cylinder"

ON ERROR GOTO 0

CALL TEXTFACEfO)

PRINT #5," "

PRINT 95' Inner Radius of Inner Cylinder =
';RiS;LengthUnit$

PRINT #5," Outer Radius of Inner Cylinder =
';RO$;LcngthUnitS

PRINT 95' Yield Stress in Tension of Inner Cylinder =
';MatS;PresUnit$

PRINT 95,' Poisson's Ratio of Inner Cylinder = ";poss$
PRINT 95,' Pressure at Which i^elding Begins at the Bore of Inner
Cylinder = '';pmtl;PresUnit$

PRINT 95,' Pressure at Which the InnCT Cylinder is Completely
Yielded = ";pmt2;PresUnitS
PRINT 95,' Autofrettage Pressure >= ';pnit3;PresUnit$

PRINT 95,' Depth of Yielding Caused by the Autofrettage Pressure =
*;dep$;LengthUnit$
PRINT 95,' Operating Pressure = ";pnat4;Pre8UnitS

PRINT 95,' Pressure at Which Reyielding Will Occur at the Bore =
";prntO;PresUnit$

PRINT 95,' Factor of Safety = "^JactorS
PRINT "

PRINT #S,b8ch&iS

PRINT #S,bschStr2$

PRINT #5,bschStr3$
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PRINT #5," "

CALL TEXTFACE(1)

PRINT #5,"Stresses With the Autofrettagc Pressure
Applied "

CALL TEXTFACE(0)

PRINT i»5," "

PRINT #5," Radial stress at the bore = ";pmtS;PresUnit$
PRINT #5," Hoop stress at the bore = ";pmt6;Pre8Unit$
PRINT #5," Radial stress at the outer surface =

";prnt7;Prc8UnitS
PRINT MS' Hoop stress at the outer surface =

";prnt8;Pre8Unit$

PRINT MS' Maximum radial stress = ";prat9;PresUmtS;"

Rs";(sigma(l,maxlocationR));LengthUnit$
PRINT MS,' Maximum hoop stress = ";pmtlO-,PresUnit$;"
R=*;(sigma(l,maxlocationT));LengthUnit$

PRINT #5," -

WUNT MS,' '

CALL TEXTFACEfl)

PRINT #S,"Residual Stresses After the Auto&ettage
Released "

CALL TEXTFACE(0)

PRINT 1*5," "

PRINT MS,' Radial stress at the bore =

*;prntIl;PresUnitS

PRINT MS,' Hoop stress at the bore = ";pmtl2;nresUnit$
PRINT MS,' Radial stress at the outer surface =

";prnt 13 ;Pres Units

PRINT MS,' Hoop stress at the outer surface =

";prntl4;PresUnit$
nUNT MS,' Maximum radial stress =

";pmtl5;PresUnit$;" at

R»";(Ressigma(l,maxlocationRares));LengthUnitS
PRINT MS,' Maximum hoop stress = ";pmtl6;PresUnit$;*

Ra*;(Ressigma(l,maxlocationTares));LengthUnitS
HUNT MS,' '

PRINT #5," "

PRINT MS,'

page 1 of 3"
FOR i=l TO 3

PRINT #5," "

NEXT i

CALL TEXTFACE(1)

PRINT #5,*Stresses Caused by Operating Pressure on
Configuration"

CALL TEXTFACE(0)
PRINT MS,' '

PRINT MS,' Radial stress at the bore 3:

*;prntl7;PresUnit$
PRINT MS,' Hoop stress at the bore = ";pmtl8;nresUnit$

at

at

Pressure is

at

Original
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PRINT §5' Radial stress at the outer sinface =

";prntl9;PresUnit$

PRINT (fS," Hoop stress at the outer surface =
";prnt20;PresUnit$

PRINT #S," Maximum radial stress =

";pmt21;PrcsUnit$;" at
Rs';(designsigma(l,maxlocationAdesR));LengthUnit$

PRINT #5," Maximum hoop stress = ";pmt22;PresUnit$;" at
Rs";(designsigma(l,maxlocationAdesT));LengthUnitS

PRINT #5," "

PRINT #5," "

CALL TEXTFACE(1)

PRINT #S,'Total Stress State With Operating I^essure Applied "
CALL TEXTFACE(0)

PRINT ifV "

nUNT #5,' Radial stress at the bore =

";prnt23;PresUnit$

PRINT #5' Hoop stress at the bore = ';prat24;PresUnit$
PRINT Its," Radial stress at the outer surface =

";prnt25;PresUnit$

PRINT K' Hoop stress at the outer surface =
';prnt 26; Pres Units

PRINT 95' Maximum radial stress ̂  *;prnt27:PresUnit$' at

Rs";(Re8designsigma(2.maxlocationAAresR));LengthUnitS
PRINT 95' Maximum ho<^ stress = ';prnt28;PietUnitS' at

R=";(Resdesign8igma(3,maxlocationAAresT));LengthUnitS
PRINT #5,"

PRINT 95;

FOR ial TO 21

PRINT 95; '

NEXTi

PRINT 95;

page 2 of 3"

FOR i=l TO 29

PRINT #5," •

NEXTi

DP wiiteflagftle=0 THEN
WINDOW 4,"prinUng window',(0,0)-<630,740),l

WINDOW OUTPUT 4

CALL TEXTFACEd)
EDIT FIELD 222.'Now I^inting Report, Please

Wait",(50,200)-(430,220).7,2
CALLTEXTFACE(0)

PICTURE ON

yQriginlocationsl30
GOSUB SetGraphLocation

GOSUB resautograph
PICTURE OFF

.. .

: n ••
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gnq>hpicl S=^ICTURES
HCTURE ON:PICTURE OFF

yorigiiiloc8tion=360
GOSUB SetGraphLocation

PICTURE ON

GOSUB designAutoPmt

PICTURE OFF

graphpic2$=PICrURES
PICTURE ON:PICTURE OFF

yorigiiilocation=S90

GOSUB SetGraphLocation
PICTURE ON

GOSUB AiesdesignPrnt
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$=4»ICTURE$
PICTURE ON:HCTURE OFF

WINDOW OUTPUT #5

PICTURE, graj^i^iS

PICTURE, grai4ipic2$
PICTURE, graphpic3$

END IF

END IF

IF probleintypeS="Shimkfit only" THEN
GOSUB maxstiessOPO

GOSUB nuaitressROP

pmt=VAL(Reyieiding$)
prnt50=FIX(pmt)
pmt=VAL(yieldbeg$)

pnit51=4TX(pTnt)
pmt=VAL<yieldfin$)
prntS2=^FIX(prnt)
pnit=VAL(AutoP$)

pnitS3::4TX(pnit)
prnt=VAL(D^Pres8$)
pnitS4aFIX(pmt)
pint=VAL(Ipres$)
pmt55=FIX(pmt)

FOR i=i TO 3

PRINT •

NEJCFi

IF writefilefla|=0 THEN WINDOW OUTPUT ifS
CALL TEXTFACE(1)

CALL TEXTSIZE(14)

PRINT K' Stress Analysis Repoit"
HUNT #5," "

CALL TEXTSIZE(12)
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PRINT #S,"Stress Analysis for Shrinkfit and Operating
Two Cylinders"

ON ERROR GOTO 0

CALL TEXTFACE(0)
raiNT #5," "

Inner Radius of Inner Cylinder =PRINT #5,"

Pressure of

";Ri$;LengthUnitS
PRINT /C5,"

';RO$;LengthUnit$
RUNT #5,"

';ORI$;LengthUnit$
PRINT #5,"

";OROS;LengthUnit$

MMNT MS,"

";MatS;PresUnitS

RUNT #5,"

*;OMat$;PresUnitS

RUNT #5,"

PRINT #5,"

PRINT its,'

Cylinders

RUNT #5,"

Yielded =

PRINT #5,"

PRINT #5,"

Outer Radius of Inner Cylindor =

Inner Radius of Outer Cylinder =

Outer Radius of Outer Cylinder =

Yield Stress in Tension of Inner Cylinder =

Yield Stress in Tension of Outer Cylinder =

Poisson's Ratio of Inner Cylinder = ";possS
Poisson's Ratio of Outer Cylinder = ";Oposs$

Pressure at Which Yielding Begins at the
" ;pmtS 1 ;PresUnit$
Pressure at Which the Inner Cylinder is

";pmtS2;PresUnit$

Autofrettage Pressures ";pmt53;nresUnitS
Oqnh of Yielding Caused by the

Autofrettage Pressures ";dep$;LengthUnitS
PRINT #5," Operating Pressures ";pmt54;Pie8UnitS
PRINT M5' Interface Pressure Between the Cylinders
Shrinkfits ";pmt55;PresUnit$

Bore of Inner

Completely

Ressure at Which Yielding V^ll Occur at
;pmt50;PresUnit$

Factor of Safety s ";FaGtor5

RUNT ffS,'

Bore s

PRINT #5."

RUNT #5," "

PRINT #5," •

CALL TEXTFACEd)

RUNT #5,"Residual Stress State After Shrinkfit "

RUNT #5," "

PRINT K,' Stresses in the InoCT Cylinder "
PRINT #5," "
CALL TEX1FACE(0)

PRINT tfS,' Radial stress at the bore s

";FIX(Resshrksigma(2,l));PresUnit$
PRINT MS," Hoop stress at the bore =

";FIX(Resshrksigma(3,l));Pre8UnitS
PRINT Its,' Radial stress at the outer surface s

";FIX(Resshrksigma(2,innermeshplus));PresUnit$
PRINT US' Hoop stress at the outer surface =

";FIX(Resshrksigma(3,innenneshplus));PresUnit$
RUNT ffS' Maximum radial stress =

";FlX(Resshrksigma(2,maxlocationRsres));PresUnit$;"
Rs":(Res8hrksigma(l,maxlocationRsres));LengthUnit$

Caused by the

the

at
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PRINT #5' Maximum hoop stress =
";FIX(Resshrksigma(3,maxlocatioiiT8res));PresUnit$;" at
R='';(Resshrksigma(l,maxlocationTsres));LengthUnit$

PRINT #5," "

CALL TEXTFACE(1)

PRINT #5," Stresses in Outer Cylindo' "

CALL TEXTFACE(0)

PRINT #5," "

PRINT If5' Radial stress at the Ikhc =

" ;FIX(jshrkaigma(2,1 ));PresUnit$
PRINT #3," Hoop stress at the bore =

";FIX(j8hrksigma(3,l));PresUnit$
PRINT ft5" Radial stress at the outer surface =

";FIX(jshrksigma(2,outermeshplus));PresUnit$
FKINT ffS,' Hoop stress at the outer surface =

";FIX(jshrksigma(3,outermeshplus));Pres Units
PRINT #3," Maximum radial stress =

";FIX(j8hrksigma(2,OmaxlocationRsre8));PresUnit$;" at

R=";(jshrk8igma(l,OmaxlocationRsres));LengthUnitS
PRINT #3," Maximum hoop stress =

';FIX(jshrksigma(3,OmaxiocationTsres));PresUnit$;* at

Rs";(jshrk8igma(l,OmaxlocationTsre8));LengthUnit$
PRINT ifS,"

page 1 of 3"

FOR i=l TO 2

PRINT 1^5," "

NEXTi

CALL TEXTFACE(1)

PRINT ii'3,'Stresses Caused by Operating Pressure Only"
PRINT #3," "

HUNT if3,' Stresses in the Inner Cylinder "
CALL TEXTFACE(0)

PRINT #3," "

PRINT tfS' Radial stress at the bore =

';FIX(designsigma(2,l));PresUnit$
PRINT 1(5' Hoop stress at the bore =

";FIX(designsigma(3,l));PresUnitS
PRINT KS,' Radial stress at the outer surface =

";FIX(designsigma(2,innermeshplus));PresUnitS
PRINT U5' Hoop stress at the outCT surface =

";FlX(design8igma(3,innermeshplus));Pre8Unit$
PRINT 95' Maximum radial stress s

";FIX(designsigma(2,ImaxRdoLoc));PresUnitS;" at
Rs';(designsigma(l,ImaxRdoLoc));LengthUnit$

PRINT U5' Maximum hoop stress =>
';FIX(designsigma(3,ImaxTdoLoc));PresUnit$;" at
Rs";(designsigma(l,ImaxTdoLoc));LengthUnit$

PRINT #5," "

PRINT #5," "

CALL TEXTFACE(1)

PRINT 95' Stresses in the Outer Cylindo- '
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CALL TEXTFACE(0)

PRINT #5," "

PRINT #5," Radial stress at the bore =

'';FIX(jdesignsignia(2. l));PresUnitS
PRINT #5" Hoqp stress at the bore =

'';FIX(jdesignsigina(3,l));Pre8Unit$
PRINT ̂ 5' Radial stress at the outer surface ==

'';FIX(jdesignsigma(2,outerme8hplus));PresUnit$

PRINT #5' Hoop stress at the outs' surface =
";FIX(jde8ignsigma(3,outermeshplus));PresUnit$

PRINT #5," Maximum radial stress =

';FIX(jdesignsigma(2,OmaxRdoLoc));PresUnit$;'' at

RB*;(jdesignsigma(l,OmaxRdoLoc));LengthUnit$

PRINT US' Maximum hoop stress =

'';FIX(jdesignsigma(3,OmaxTdoLoc));PresUnitS;* at
R=*;(jdesignsigma(l,OmaxTdoLoc));LengthUnit$

PRINT #5," "

PRINT #5," "

CALL TEXTFACE(1)

PRINT ffS,"Total Stress State VTith Operating Pressure Applied

PRINT #5," -

PRINT US' Stresses in the Inns Cylinds "
CALL TEXTFACE(0)

PRINT/XS," *

PRINT US' Radial stress at the bore =

";FIX(Re8designsigma(2,l)):PresHnitS
WRINT US' Hoop stress at the bore =

";FIX<Resdesignsigma(3,l));PresUnitS
PRINT US' Radial stress at the outs surface =

";FIX(Resdesign8igma(2,innerme8bplus));PresUnit$

PRINT US' Hoop stress at the outs surface =
";FIX(Resdesignsigraa(3,innermeshplus));Pre8Unit$

PRINT ̂ 5," Maximum radial stress »

" ;FIX(Resde8ignsigma(2,ImaxRL)) ;PresUnitS;" at
R=";(Resdesignsigma(l,ImaxRL));LengthUnitS

PRINT US,' Maximum hoop stress s:
";PIX(Resdesignsigma(3,ImaxTL));PresUait$;" at
Rs";(Resdesignsigma(l,ImaxTL));LengthUnit$

PRINTS," "

PRINT #5," "

CALL TEXTFACE(1)

PRINT US,' Stresses in the Outs Cylinds "

CALL TEXTFACE(0)
PRINT #5," •

PRINT US,' Radial stress at the bore =>

';FIX(jResdesignsigma(2,l));Pi'esHnit$

PRINT US,' Hoop stress at the bse =
';FIX(jResde8ignsigma(3,l)):PresHnit$

PRINT US,' Radial stress at the outer surface =

";FIX(jResdeaignsigma(2,outermeshplus));Pre8Unit$

134



PRINT US' Hoop stress at the outer surface =
';FIX(jResde8ignsigma(3,outenne8hplu8));PresUnit$

PRINT US' Maxinium radial stress =

";FIX(jRe8designsigma(2,OniaxRL));Pre8Unit$;" at
R=*;(jResdesignsigina(l,OmaxRL));LengthUnit$

nUNT US' Maximum hoop stress =
";FIX(jResde8ign8igma(3,OmaxTL));PresUnitS;" at
R=";(jResdesignsigma<l,OmaxTL));LengthUnit$

PRINT US,'

page 2 of 3"

FOR i=l TO 10

PRINT "

NEXTi

IF writefileflag=0 THEN
WINDOW 4,"Printing Window",(0,0)-(630,740),l

WINDOW OUTPUT 4

CALL TEXTFACE(l)

EDIT FIELD 222,'Now Printing Report, Please
Wait",(50,200)-(450,220),7,2

CALL TEXTFACEIO)

PICTURE ON

yonginlocation=130
GOSUB SetGraphLocation
GOSUB shrinkprnt

PICTURE OFF

graphincl $sPlCTURE$
nCTURE ON:PICTURE OFF

yoriginlocation=G60
GOSUB SetGraphLocation

PICTURE ON

GOSUB designPmt

PICTURE OFF

graphpic2S=PICTURE$
PICTURE ONrWCTURE OFF

yoriginlocation=590
GOSUB SetGraphLocation

HCTUREON

GOSUB resdesignPtnt

EDIT FIELD 53,-page 3 of 3".(460,690)-(540,706),3,2
EDIT FIELD 247,* •,(2000,2000)-(2020,2020),3,2

PICTURE OFF

gia{rfipic3$sFICTURE$
PICTURE ON:PICTURE OFF

WINDOW OUTPUT US

PICTURE, graphpiclS
PICTURE, graphpic2S

nCTURE, graphpic3$

ENDEF
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END IF

IF problemtype$="Both" THEN

GOSUB maxstrcssjshrii:
GOSUB tnaxstressRS

GOSUB maxstressOPO

GOSUB maxstressROP

IF (goesplaaticUnload=l)TH£N
bschStr$=' A correction due to the Baushinger

effect was used"

bschSti2S=" in the calculation of the stresses

caused by the"
b8chSti3S=" release of the autofrettage pressure."

ELSE

b8chStrS=* Linear unloading was assumed in the
calculation"

bschStr2S=" of the stresses caused by the release of the"
b8chSti3$=" autofrettage pressure."

END IF

PRINT #5," "

IF writefileflagsO THEN WINDOW OUTPUT §5
CALL TEXTFACE(1)

CALL TEXTSIZE(14)

PRINT ffS' Stress Analysis Report'

PRINT #5," "

CALL TEXTSIZE(12)
PRINT ilf5,"Stress Analysis for Autofrettage, Shrinkilt and Operating

Pressure"

PRINT «5," of Two Cylinders"
ON ERROR GOTO 0

CALL TEXTFACEfO)

pmtsVAL(ReyieldingS)

pmtSIM'IXIpmt)
pmtsVALfyieldbegS)

pmt5 l^FDCfpmt)
pmtsVALIyieldiinS)
pmtS2=FIX(pmt)
prntaVALfAutoPS)
pratSSsFIXIpnit)
pmt=VAL<DepPrei8$)

prtit54=FIX(prn{)

pnttKVALflpresS)
pmt53=FIX(pnU)

PRINT/fV "

PRINT tn,' Inner Radius of Inner Cylinder =
";Ri$;LengthUnit$

PRINT #5," Outer Radius of Inner Cylinder =

";RO$;LengthUnitS
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 =

" ;MatS;PrcsUnit$

PRINT #5' Yield Stress in Tension of Outer Cylinder =
'';OMat$;PresUnit$

PRINT tn,' Poisson's Ratio of Inner Cylinder = ";poss$

PRINT #5," Poisson's Ratio of Outer Cylinder = ";Opo8S$
PRINT #5' Pressure at Which Yielding Begins at the Bore
of Inner Cylinder^ '';pmt51;PresUnitS

PRINT /fS," Pressure at Which the Inner Cylinder is

Completely Yielded - '';pmtS2;Pre8Unit$

PRINT #5,' Aitfofiettage Pressure^ ";prnt53;RrcsUnit$

HUNT #5," Depth of Yielding Caused by the
Autofrettage Pressure= ';dep$;LengthUnit$

PRINT #5," Operating Pressure^ ";pnit54:Pre8Unit$
PRINT jfS," Interface Pressure Between the Cylinders Caused by the
Shrinkfit= '';pmt55;PresUnit$

PRINT jfS," Pressure at Which Yielding Will Reoccur at the Bore =
'';prnt50:PresUnit$

PRINT #5," Factor of Safety = "^'actorS
PRINT #5," -

PRINT #5,bschStiS

PRINT #S,bschStr2S

nUNT #S,bschStr3$

PRINT #5," "

CALL TEXTFACEfl)

PRINT #S,"Stresses in Inner Cylinder With the

Autofrettage Pressure Applied "
PRINT #5," "

CALL TEXTFACEfO)
PRINT §5* Radial stress at the bore =

";FIX(sigma(2,l));Pre8Unit$

nUNT #S," Hoop stress at the bore

";FIX(sigma(3,l));PresUnitS
PRINT #S," Radial stress at the outer surface =

';FlX(sigma(2,innermeshplus));PresUnit$
nUNT #5," Hoop stress at the outer surface =

';FIX(sigma(3,innermeshplus));PresUnitS
PRINT 95,' Maximum radial stress =

";FIX(sigma<2,maxlocationR));PresUnit$;" at

R=";(sigma(l,maxlocationR));LengthUnitS
PRINT 95,' Maximum hoop stress =

';FIX(sigma(3,maxlocationT));PresUnit$;" at
Rs";(8igma(l,maxlocationT));LengthUnit$

WUNTiKS," •

CALLTEXTFACE(1)
PRINT #S,"Residual Stresses in Inner Cylinder Afto' Autofrettage
Pressure is Released "

CALL TEXTFACE(0)
HUNT 95,' '
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PRINT ttS' Radial stress at the bore 3:

'';PIX(Ressignia(2,l));PresUnit$

PRINT #5," Hoop stress at the bore =
";FIX(Re8sigma(3,l));Pre8Unit$

PRINT tfi' Radial stress at the outer surface »

'';FIX(Ressigma(2,innermeshplus));PresUnitS

PRINT #5," Hoop stress at the outo' surface =
PRINT #5' Maximum radial stress =

'';FIX(Ressigma(2,m8xlocationRares));PresUnit$;' at
Rs";(Res8igma(l,maxlocationRares));LengthUait$

PRINT #5," Maximum hoop stress =
";FIX(Re88igma(3,maxlocationTarea));Pre8Unit$;" at
R='';(Ressigma(l,maxlocationTares));LengthUnit$

PRINT #5."

page 1 of 5"

CALL TEXTFACE(1)

niINT#5," -

PRINT #5, Total Residual Stress After the Shrinkfit "

PRINT "

PRINT tfS," Stresses in Inner Cylinder '
PRINT #5," "

CALL TEXTFACE(0)

nUNT fS,* Radial stress at the bore =

PRINT K," Hoop stress at the bore =

';FIX(Resshrlcsigma(3,l));PresUnitS
PRINT #5' Radial stress at the outer surface x:

*;FIX(Resshrk8igma(2,innermeshplus));PresUnitS
PRINT #5," Hoop stress at the outo' surface =

'';FIX(Res8hrksigma(3,innermeshplus));PresUnitS
PRINT Maximum radial stress =>

";FIX(Resshrksigma(2,maxlocationRsre8));PresUnit$;'' at
R='';(Re8shrksigma(l,maxlocationRsres));LengthUnit$

PRINT #5," Maximum hoop stress =
';FIX(Resshrksigma(3,maxlocationTsres));PresUnit$;' at
Rs";(Resshrksigma(l,maxlocationTsres));LcngthUnit$

PRINT #5." •

CALL TEXTFACE(1)

HUNT US' Stresses in Outer Cylinder "

CALL TEXTFACEfO)

PRINTS" "
PRINT t(5' Radial stress at the bore =

'';FIX(jshrksigma(2,l));PresUnit$

HUNT K5' Hoop stress at the bore =
'';FIX(jshrksigma(3,l));PresUnitS

PRINT ifS," Radial stress at the outer surface =

";FIX(jshrksigma(2,outermeshplus));PresUnit$
HUNT US," Hoop stress at the outer ivdaec =

'';FIX(jshrksigma(3,outermeshplus));PresUnit$
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PRINT #5,' Maximum radial stress =

";FIX(jshrksigma(2,OmaxlocationRsre8));PrcsUnit$;" at
R='';(jshrksigma( l,OmaxiocationRsres));LengthUnitS

PRINT US' Maximum hoop stress =
";FIX(jshrksigma(3,0maxlocationTsres));PresUnitS;" at
Ra:";(jshrk8igma(l,OmaxlocationT8res));LengthUnit$

PRINT #5," "

PRINT #5," "

CALL TEXTFACE(1)

PRINT #S,"Stresses Caused by Operating Pressure Only"
HUNT #5," "

PRINT US' Stresses in the Inner Cylinder "

CALL TEXTFACE(0)

PRINT #5," "

PRINT US' Radial stress at the bore =

";FIX(designsigma(2,l));PresUnit$

PRINT US' Hoop stress at the bcwe -
';FIX(design8igma(3,l));Pre8Unit$

PRINT US' Radial stress at the outer surface ==

";FIX(de8ignsigma(2,innermeshplus));PresUnit$

HUNT US' Hoop stress at the outer surface =

";FIX(de8ignsigmB(3,innermeshplus));Pre8UnitS
PRINT US' Maximum radial stress =

";FIX(designsigma(2,ImaxRdoLoc));PresUnitS;" at
R=";(designsigma(l,ImaxRdoLoc));LengthUnit$

PRINT US' Maximum hoop stress =
";FIX(designsigma(3,ImaxTdoLoc));PresUnit$;" at
R=";(designsigma(l,lmaxTdoLoc));LengthUnit$

HUNTiW," "

CALL TEXTFACE(1)

PRINT US' Stresses in the Outer Cylinder "
CALL TEXTFACE(0)

HUNT #5," "

PRINT US' Ratfial stress at the bore =

";FIX(jdesignsigma(2,l));PresUnit$

PRINT US' Hoop stress at the bore »
";FIX(jdesignsigma(3,l));PresUnit$

PRINT US' Radial stress at the outer surface =

";FIX(jde8ignsigma(2,outerme8hplus));PresUnit$
PRINT US," Hoop stress at the outer surfime =

";FIX(jde8ignsigma(3,outermeshplua));Pre8UnitS
PRINT US,' Maximum radial stress =

";FIX(jdesign8igma(2,OmaxRdoLoc));PresUnit$;' at

R=";(jdesigo8igma(l,OmaxRdoLoc));LengthUnit$
HUNT US,' Maximum ho<^ stress =

";FIX(jdesignsigma(3,OmaxTdoLoc));PresUnit$;" at
R^';(j<'c*>St'"'Si>ta(i,OmaxTdoLoc));LengthUnit$

PRINT #5," "

PRINT #5," "

PRINT #5," "
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WONT #5-

page 2 of 3"

CALL TEXTFACEd)
PRINT #5,"Total Stress State With Operating Pressure Applied

HUNT/!'5," -

PRINT #5," Stresses in the Inner Cylinder "
CALL TEXTFACE(0)

PRINT/fS," "

HUNT #5,' Radial stress at the bore =

';FIX(Resde8ignsigma(2, l));PresUnitS
PRINT #5," Hoop stress at the bore =

";FIX(Resde8ignsigma(3,l));PresUnitS
PRINT §5' Radial stress at the outer surface ̂

";FIX(Resde8ignsigma(2,innermeshp]us));PresUnit$
nUNT MS' Hoop stress at the outer surface =

";FIX(Resdesignsigma(3,innermeshplus));PresUnitS
PRINT MS,' Maxiinum radial stress

" ;FIX(Resdesignsigma(2,IniaxRL)) ;PresUnit$; * at
R=";(Re8designsigma(l,ImaxRL));LengthUnit$

PRINT MS,' Maximum hoop stress =

";FIX(Resdesignsigma(3,ImaxTL));PresUnitS;* at
R=';(Resde8ign8igma(l,ImaxTL));LengthUnitS

PRINT #5," "

PRINT #5," "

CALL TEXTFACEd)

PRINT MS,' Stresses in the Outer Cylinder "
CALL TEXTFACE(0)

PRINT iKS," •

PRINT MS,' Radial stress at the bore =

";FIX(jRe8designsigma(2,l));Pre8Unit$
reiNT MS,' Hoop stress at the bore =

';FIX0'Resdesignsigma(3,l));PresUnitS
PRINT MS,' Radial stress at the outer surface =

";PIX(jResdesignsigm8(2,outermeshplus));Pre8Unit$
PRINT MS,' Hoop stress at the outer surface ̂

';FIX<jResdesignsigma(3,outerme8hplus));PresUnitS
PRINT MS,' Maximum radial stress «

";FIX(jResdesign8igma(2,OmaxRL));PresUnitS;" at
R«';(jResdesignsigma(l,OmaxRL»;LengthUnit$

PRINT MS,' Maximum hoop stress =

";FIX(jResdesignsigma(3,OmaxTL));Pre8UnitS;' at
Ra";(jResdesignsigma(l,OmaxTL));LengthUnit$

FOR i=l TO 23

PRINT )W." •

NEXTi

PRINT MS,'

page 3 of S"

PRINT #5." "

IF writefileflagsO THEN
WINDOW 4,'printing window" ,(0,0)-{630,740),l
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WINDOW OUTPUT 4

CALL TEXTFACEd)

EDIT FIELD 222,"Now Printing Report, Please

Wait",(50,200)-{450,220).7.2

CALL TEXTFACE(O)

PICTURE ON

yoriginlocation=130
GOSUB SetGiaphLocation

GOSUB graphwithpres
PICTURE OFF

graphpiclS=PICTURE$
PICTURE ON:PICTURE OFF

yoriginlocationsSdO
GOSUB SetGraphLocation

PICTURE ON

GOSUB resautograph
PICTURE OFF

gnphpic2$=^ICTURE$
PICTURE ONrPlCTURE OFF

yoriginlocation=590

GOSUB SetGraphLocation
PICTURE ON

GOSUB shrinkpmt
EDIT HELD 53,"page 4 of 5",(4«0,»0)-(540,706),3.2
roiT FIELD 247," ",(2000,2000)-(2020,2020),3,2

PICTURE OFF

gn^pic3$=PICTURES
PICTURE ON.HCTURE OFF

HCTUREON

yoriginiocation=130
GOSUB SetGiaphLocation
GOSUB resshrinkpntt

PICTURE CST

£nphpic4$=:PICTURE$

HCTURE ON:PICTURE OFF

yoriginlocations360

GOSUB SetGiaphLocation
PICTURE ON

GOSUB designPmt
PICTURE OFF

grairfji»c5$=4>ICTURE$

PICTURE ON:PICTURE OFF

yoiiginlocation=s590
GOSUB SetGiaphLocatioD

PICTURE ON
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GOSUB resdesignPmt

EDIT FIELD 54."page 5 of 5*,(460,690)-(540.706),3,2
EDIT FIELD 247," ".(2000,2000)-(2020,2020),3,2

PICTUREOFF

graphpic6$=4*ICTURE$

WCTURE ON:PICTURE OFF

FOR i=l TO 30

PRINT #5," "

NEXTi

WINDOW OUTPUT #5

PICTURE, graphpiclS
PICTURE, gntphpic2$
PICTURE, graphpic3S

FOR i=l TO 50

PRINT *5," "

NEJCTi

PICTURE, graphpic4S

PICTURE, graphpicSS
PICTURE, graphpic6$

END IF

END IF

CLOSE #5

WINDOW CLOSE 4

cleargraph flag=0
graphtitleflag=0
IF inacsizeSB"8mair THEN

yoriginlocation=226 '*** Set origin of graphs for on screen viewing
ELSE

yoriginlocation=320
END IF

GOSUB SetGraphLocation

RETURN

Clear factor of safety and rcyielding pressure *•
'** when input data u changed **

FactorSafeClear:

ReyieldingS=:""
FactorSa:""

EDIT FIELD 128,Reyielding$ ,(efl28xl,efl28yl)-(efl28x2,efl28y2),3,2
EDIT FIELD 129,Factor$,(cfl29xl,efl29yl)-(efl29x2,efl29y2),3,2
RETURN
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'** Find the maximum stresaes with autop applied **

findmaxwithautop;
Rmax=ABS(8igma(2,l))

Tmax=ABS(sigma(3,l)) ' find max stress
maxlocationR::!

maxlocationT=l

FOR i = 2 TO innenneshplus
IF ABS(8igma(2.i))>Rinax THEN

RniaxsABS(sigma(2,i))
maxlocationR=i

END IF

IF ABS(sigma(3,i))>Tmax THEN

Tmax=ABS(8igma(3,i))
maxlocationT=i

END IF

NEXTi

RETURN

'*• Find the muimum stresses in jacket for shrinkfit ••
'** For use during repoit *•

maxstressjshrk:
maxIocationRj8res=l
maxIocationTjsres=l

FOR i = 1 TO outermeshplus
IF ABS(jshik8igma(2,i))>SRmax THEN

SRinax=ABS(jshrk8igma(2, i))
maxlocationRjsres=i

END IF

IF ABS(jshrksigma(3,i))>STmax THEN
STmax=ABS(ishrksigma(3,i))
maxlocationTjsres=i

END IF

NEXTi

RETURN

'** Find the locations of maximum stresses from **

'** operating pressure only. For use during report **

desmaxloc:

maxlocationAdesR=l

maxlocationAdesT = 1

SRmax=ABS(designsigma(2.1))
STmax=ABS(designsigma(3,l)) ' find max stress
FOR i = 2 TO innenneshplus

IF ABS(design8ignui(2,i))>SRniax THEN
SRmax=ABS(de8ign8igma<2,i))
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(naxlocationAdesR=i

END IF

IF ABS(design8ignia(3,i))>STmax THEN
ST inax=ABS( designsigma(3,i))

maxlocationAdesT=i

END IF

NEXTi

RETURN

'*♦ Find the location* of maximum strea*es from
'** operating pressure only, For use during report **

findshrinkmaxloc:
RETURN

change drawing color ♦*

ChangeCoIorGreen:
forecolor 341

RETURN
ChangeColorBlack:

forecolor 33
RETURN
ChangeColorRed:

forecolor 205
RETURN

'** set edit Held locations for small mac screens

amallmac:
Main Window

winlxl=S

winly1=40
winlx2=513
winl y2=340
'••• Reyielding

efl28xl=295

efl28yl=118
efl28x2=380
efl28y2=134
'****Factor of safety

cfl29xl=439
efl29yl=118
ef129x2=470
efl29y2=134

<««»*«« Baosinger Factor

efS6xl=310
ef56yl=l
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ef56ii2=480

ef56y2=16

Autofrettage pressure
ef4xl=125

ef4yl=105

ef4x2=220

ef4y2=l 19

Depth of yielding
ef5xl=125

cf5yl=121
ef5x2«220

ef5y2=135
'♦••♦♦♦•Ipress
ef205xl=355
ef205yl=100
ef205x2=470
ef205y2=114
'*******Bau8chinger depth
ef57xl=200
ef57yl=l
ef57x2=310
ef57y2=16
<«««« j„ jjjg gcreen

boxlxl=0
boxlyi=17
box1x2=490
boxly2=18
box2xl=0
box2yl=0
box2x2=490
box2y2=296
box3xl=0

box3yl=161
box3x2=490
box3y2=161
box4xl=0
box4yl=141
box4x2=490

box4y2=141
•mm*** Problem Type Label
ef55xl = 10
ef35y 1 = 1
ef55x2=200
ef55y2=17
'♦***Inner radius inner cylinder label
eflllxl=2
eflllyl=19
eflllx2=90

cfllly2=34
'»*««Outer Radius Inner cylinder label
efl3xl=2

145



efl3yl=36

efl3x2=90

efl3y2=50

Stress (material property of inner cylinder) label
efl4xl=2

efl4yl=52
efl4x2=90

efl4y2=66
'♦♦•♦"♦yielding begins label
efl5xl=2
efl5yl=70
efl5x2=120
efl5y2=85
'♦♦♦♦♦yielding complete label
efl6xl=2
efl6yl=87
efl6x2=120
efl6y2=101
'♦♦♦♦♦Autofrettage prea label
efl7xl=2
efl7yl=103
efl7x2=120
efl7y25=118
'♦♦♦•♦Depth of yielding label
cfl8xl=2
efl8yl=120
efl8x2=120
efl8y2=135
'♦♦♦♦Inner Radius Outer Cylinder label
efl20xl=225
efl20yl=20
efl20x2=350
efl20y2=34
'♦♦♦♦Outer Radius Outer Cylinder label
efl21xl=225
efl21yl=36
efl21x2=350
cfl21y2=50
'♦♦♦♦Yield Stress label
efl22xl=225

efl22yl=52
efl22x2=350
efl22y2=66
'♦♦♦♦Poisson's Ratio label
efl23xl=225
efl23yl»:68
efl23x2=350
efl23y2=82
'♦•♦♦Design Pressure label
efl24xl=223
efl24yl=84

146



efl24x2=350

efl24y2=98

'****Interface Pressure label

efl25xl=225

efl25yl=100
efl25x2=350

efl25y2=114
'••♦♦ReYielding label
efl26xl=225
efl26yl=118
efl26x2=294
efl26y2=134
'»«*»Safety label
efl27xl=390
efl27yl=118
efl27x2=435
efl27y2=134

eflxl=100
efiyl=20
eflx2=170
efly2=34

cf2xl=100
ef2yl=36
ef2x2=170
ef2y2-50
•♦•»*Mat$
ef3xl = 100
ef3yl=52
cf3x2=170
ef3y2=66
'•••♦autoPS
ef4xl=125
ef4y1=105
ef4x2=220
ef4y2=l19
•••»»Dep$
ef5xl = 125
ef5yl=121
ef5x2=220
ef5y2=135
•♦••♦ORI$
ef6xl=355
ef6yl=20
ef6x2=470
ef6y2=34
•»»*»ORO$
ef7xl=355
ef7yl=36
ef7x2=470
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ef7y2=50

ef8xl=355

ef8yl=52
ef8x2=470

cf8y2=66
'♦•**P0S9$
ef9xl=355
ef9yl=68
ef9x2=470
ef9y2=82
'••♦•DepPrcssS
cfllxl=355
efllyl=84
efl1x2=470
cflly2=98
•♦♦•••yieldbegS
cf21xl=125
ef21yl=70
ef21x2=220
cf21y2=85
•*»*«yieldfin$
cf22xi=125
ef22yl=87
ef22x2=220
ef22y2=101
'*****Autofrettagc pres label
ef27xl=355
ef27yl=100
cf27x2=470
ef27y2=114

RETURN

set edit field locations for big mac screens **

bigmac:
'*♦* Main Window
winlxl=5
winlyl=40
winlx2=570
winly2=440

Reyielding
efl28xl=335
efl28yl=153
ef128x2=450
efl28y2=167
'••••Factor of safety

efl29xl=335
efl29yl=169
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efl29x2=450

efl29y2=183

'**•*•* Bausinger Factor
efS6xl=2

cf56yl=186

ef56x2=490

ef56y2=200

****** Autofrettage pressure
ef4xl=125

ef4y1=105
ef4x2=220

ef4y2=119

******** Depth of yielding
ef5xl=125

ef5yl=121
ef5x2=220

ef5y2=135

********Ipres8
cf205xl=335

ef205yl=137

ef205x2=450

ef205y2=151

'*******Bau8chinger depth
ef57xl=2

ef57yl=202
ef57x2=490

ef57y2=216
>*«»» {jjg screen

boxlxl=0

boxlyl=17

box1x2=349

boxly2=17

box2xl=0

box2yl=0

box2x2=549

box2y2=399

box3xl=0

box3yl=235

box3x2=549

box3y2=235
box4xl=0

box4y1=255

box4x2=549

box4y2=255
box5xl=0

box5yl=102
boxSx2=549

box5y2=102

****** Problem Type Label
ef55xl=70

ef55y 1 = 1
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ef55x2=400

ef55y2=17

'♦•••Inner radius inner cylinder label
eflllxl=2
eflllyl=19
eflllx2=193
efllly2=34
'••♦•Outer Radius Inner cylinder label
cfl3xl=2
efl3yl=36
efl3x2=193

cfl3y2=50
'♦•••••••Yield Stress (material property of inner cylinder) label
efl4xl=2
efl4yl=52
efl4x2=193
efl4y2=66
'♦••••Autofrettage pres label
efl7xl=2
efl7yl=68
efl7x2=193
efl?y2=82
'♦•♦••Depth of yielding label
efl8xl=2
cfl8yl=84
efl8x2=193
efl8y2=98
'♦••••♦yielding begins label
efl5x1=2
cfl5yl=105
efl5x2=340
cfl5y2=119
'•••♦•yielding complete label
cfl6xl=2
efl6yl=122
efl6x2=340
efl6y2=136
'••••Inner Radius Outer Cylinder label
efl20xl=270
efl20yl=20
efl20x2=466
efl20y2=34
•••••Outer Radius Outer Cylinder label
efl21xl=270
efl21yl=36
efl21x2=466
efl21y2=50
•••••Yield Stress label

efl22xl=270
efi22yl=52
efl22x2=466
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efl22y2=66
'****Poisson's Ratio label

efl23xl=268

efl23yl=68
efl23x2=378

efl23y2=82
'«««« Inner Poissons label

efl48xl=375

efl48yl=68
efl48x2=410

efl48y2=82
'♦«»* Outer Poisaons label

efl49xl=463
efl49yl=68
efl49x2=503
efl49y2=82
'•"♦•Operating Preasure label
efl24xl=270
efl24yl=84
efl24x2=466

efl24y2=98
'•♦•♦Interface Preaaure label
efl23xl=2
efl25yl=138
efl25x2=340
efl25y2=152
••♦••ReYielding label
efl26xl=2
efl26yl=l54
efl26x2=340
efl26y2=i68
••••♦Safety label
efl27xl=2
efl27yl=170
efl27x2=340
efl27y2=184
•♦♦♦••RI$
eflxl=195
eflyl=20
eflx2=265

efly2=34
••♦♦•♦ROS
ef2xl=195
ef2yl=36
ef2x2=265
ef2y2=50
'•♦♦•Mats
ef3xl=I95

ef3yl=52
ef3x2=265
ef3y2=66
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■♦••♦autoPS
ef4xl=195
ef4yl=68
cf4x2=265
ef4y2=82
■♦•♦•DepS
ef5xl=195
cf5yl=84
ef5x2=265
ef5y2=98
•****ORl$
ef6xl==468

ef6yl=20
ef6x2=545
cf6y2=34
•♦♦♦•OROS
cf7xl=468

ef7yl=36
ef7x2=545
ef7y2=50
•♦♦♦•♦OMatS
ef8xl=468

ef8yl=52
ef8x2=545
ef8y2=66
'♦♦••posaS
ef9xl=412
ef9yl=68
ef9x2=452

ef9y2=82
•♦♦»»Opo88$
efl0xl=S05
efl0yi=>68
efl0x2=545
eflOy2:!=82
'»*«»DepPres8$
efllxl=:468
efllyl=84
efllx2=545
eflly2=98
'*****yieldbeg$
ef21xl=335
ef21yl=105
ef21x2=450
ef21y2=119
'****yieldfin$
ef22xl=335
ef22yl=121
ef22x2s450
ef22y2«135
'•••**Autofrettage prca label
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ef27xl=355

ef27yl=100
ef27x2=470

ef27y2=l14

RETURN

'** set up graph locations for report

SetGraphLocation:
•««*« field locations for coordinate systems

'«• "stress"

ef33xl=l

ef33y l3yoriginlocation-40
ef33x2=34

ef33y2=yoriginlocation-22
"stress"

ef34xl=246

ef34yl=yoriginlocation-40
ef34x2=279

ef34y23yoriginlocation-22
"RI"

ef35xl=l8

ef35yl=yoriginlocation-7
ef35x2=34

ef35y2=yoriginlocation + 7
"RI"

ef36xl = 263

ef36yl=yoriginlocation-7
ef36x2=279

ef36y2=yoriginlocation'4-7
'** "Ro"

ef37xl=226

ef37yl=yoriginlocation-7
ef37x2=242

ef37y2=yoriginIocation-«-7
"Ro"

ef38xi=471

ef38yl=yoriginlocation-7
ef38x2=487

ef38y2syoriginlocation-*^7
•»« "ORo"

efl37xl=226

efl37y l3yoriginlocation-7
efl37x2=248

efi37y2=yoriginlocation+7
"ORo"

efl38xl=471

efl38yl=yoriginlocation-7

153



efl38x2=492

cfl38y2=yoriginlocation+7
'** "Radial Stress"

ef30xl=145

ef30yl=:yoriginIocation+52
ef30x2=245

ef30y2=yortginIocation'*-63
'** "Hoop Stress"

ef31xl=350

ef31yl=yoriginlocation+52
ef31x2=450

ef31y2<=y origin location >-63
'** "Axes locations"

axe8lxl=35

axeslylsyoriginlocation-Sl
axe8lx2=3S

axes 1 y2=yoriginlocation+51

axes2xl=3S

axes2y 1 =yoriginlocation
axe82x2=225

axes2y2=yoriginlocation
axes3xl=280

axes3yl=yoriginlocation-Sl
axe83x2=:280

axes3y2=:yoriginlocation-*'51
axes4xl=280

axes4yl=yoriginlocation
axes4x2=470

axes4y2>=yoriginlocation

max and min stresses

'** negitive maximum radial stress
ef32xl=l

ef32y 1 =yoriginlocation +52
ef32x2=70

ef32y2=yoriginlocation +63
'** negitive maximum radial stress

ef39xl=l

ef39y 1 =yoriginlocation-63
eO9x2=70

ef39y2=yoriginlocation-52
'** maximum hoop stress

ef40xl=250

ef40y l=yoriginlocation-63
ef40x2=:310

ef40y2=yoriginlocation-S2
negitive maximum hoop stress
ef41xl=.250

ef41 y 1 =yoriginlocation+52
ef41x2=310

ef41y2=yoriginlocation+63
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graph titles

IF graphtitleflag=l THEN

Titl=30

Tit2=yoriginlocation-92

Tit3=500

Tit4syonginlocation-74

ELSE

Titl=30

Tit2syorigijiIocation-82
Tit3=500

Tit4=yoriginlocation-64

END IF

***** graph stress lines
RySpan=51
RxSpand90
rStaity=yoriginlocation
rStaitx=3S

RoStartx=280

HySpan=Sl
HxSpan=190

hStaity=yoriginlocatio n
hStartx=280

RETURN
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