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THEORETICAL MODEL OF THE EFFECT OF CRACK TIP BLUNTING ,
ON THE ULTIMATE TENSILE STRENGTH OF WELDS IN 2219-T87 ALUMINUM

By

Robert J. Beil

Associate Professor of Engineering Mechanics
Vanderbilt University

Nashville, Tennessee

ABSTRACT

A theoretical model representing blunting of a crack tip radius
through diffusion of vacancies is presented. The model serves as the
basis for a computer program which calculates changes, due to successive
weld heat passes, in the ultimate tensile strength of 2219-T87 aluminum.
In order for the model to yield changes of the same order in the ultimate
tensile strength as that observed experimentally, a crack tip radius of
the order of .001 microns is required. Such sharp cracks could arise
in the fusion zone of a weld from shrinkage cavities or decohered phase
boundaries between dendrites and the eutectic phase, or, possibly, from
plastic deformation due to thermal stresses encountered during the weld-
ing process.

Microstructural observations up to X2000 (resolution of about .1
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ed s1gn1f1cant1y under the influence of a heat pass, with the exception
of possible small changes in the configuration of the interdendritic
eutectic and in porosity build-up in the remelt zone.

VIII-3



INTRODUCTION

The ultimate strength for a variable polarity plasma arc butt weld
in 3/8-inch plate of 2219-T87 aluminum has been foundl, by experiment,
to increase when additional weld heat passes at lower power are made over
the weld. Weld heat passes follow the same path as the original weld,
but re-melt only a portion of the cast material in the fusion zone as
shown in Figure la, b, c, d. Yield stress has been found to decrease
during the same exper1menta1 procedure. The magn1tude of these changes,
obtained from tensile tests, is shown in Figure 2

This paper presents a theoretical model which indicates that, in the
critical region where fracture tends to propagate, coarsening of crack tip
radii by a diffusion process which takes place during weld heat passes is
feasible and can contribute to increase in ultimate tensile strength.

Characteristics of the physical process of fracture, especially in
aluminum, have been studied, using the k1net1c theory of materials, for
over twenty years. Two review articles 2>3 describe work at the A.F. Ioffe
Physico-Technical Institute USSR Academy of Sciences, Leningrad, where over
one hundred materials were tested, by 1970, for confirmation of the appli-
cability of kinetic theory to the failure process. Materials tested in-
cluded both metal and non-metallic materials, single and polycrystalline
materials, alloys, composites, and polymers. By 1980, there, the fracture
process during creep tensile tests for a1um1nnm had, through the use of
relative density measurements accurate to 10°° through the use of electron
microscopy, x-ray diffraction, et. al., been shown to 1nc§ude, at fracture,
large numbers of sub-microscopic discontinuities >10 /cm”) of length less
than_one-half micron and large numbers or microscop1c discontinuities
(>106/cm3) of length greater_than 1/2 micron in the lateral surface of the
test specimen®. Creep tests”, were performed on polycrystalline aluminum
(99.96%) in the temperature range 18-300°C and stress range 1-7 kg/mmz.
Specimens were loaded for different times and then unloaded to study the
build-up kinetics of microdiscontinuities. Researchers at AFIPTI report
that rupture during creep develops from "atomic" cracks which arise after
the application of the load, grow rapidly, become blunted, and may even
change into stable void-shaped discontinuities not larger than i mmby the
end of the first stage. The mechanism for crack blunting, the mechanism
for variations in microcrack concentration in the volume and in surface
layers®, and the mechanism for coalescence of cracks and voids is a
diffusion process most probably involving the emission of vacancies from
breaks in continuity to sinks’, This paper restricts discussion to the
role that diffusion of vacancies might hage in blunting of crack tip radii.
The reader is referred to related papers which discuss the role of
dislocations, the role of original microporosity, and the role of hydro-
static pressure in fracture kinetics which also contain materials which
supports the feasibility of the process considered in this paper.
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Figure la. Initial Weld Cross-
190 amps.,
Voltage= 31 volts, Weld Speed=7.3ipm
1/16 dia. 2319 wire feed= 60 ipm/,

Section. Current=

Plate Thickness=

3/8

in.

\

Figure 1b. First Weld Heat Pass
Cross-Section.

Current = 175 amps.

Voltage = 28 volts

Weld Pass Speed = 9 ipm.

No Wire Feed



Figure lc. Second Weld Heat Pass
Cross-Section.

Current= 175 amps.

Voltage= 28 volts

Weld Pass Speed= 9 ipm.

No Wire Feed

Figure 1d. Third Weld Heat Pass
Cross-Section.

Current= 175 amps.

Voltage= 28 volts

Weld Pass Speed= 9 ipm.

No Wire Feed
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Figure 2. Effect of Mutiple Heat Passes on the
Strength of a Variable Polarity Plasma
Arc Butt Weld in 3/8-inch 2219-T87

Aluminum Plate.
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THEORETICAL MODEL

If the local temperature is high enough at a crack tip where the
radius of curvature is small and the vacancy concentration is high,
vacancies with diffuse to volumes of lower vacancy concentration. They
may migrate through the bulk material to other voids or to flat surfaces.
It is assumed that the elliptical crack considered is fairly flat at the
ends of its minor axis so that vacancies will not need to travel further
than half the crack length. The diffusion process increases the radius
of the crack tip (blunting or coarsening). It is assumed that the
vacancy flow will have little effect on the relatively flat portion of
the crack, The diffusion concept is used in Appendix A to develop the
differential equation

(L
dtu - A(M-a)C(@*TR-) Dy 4
T 4 R* [ran(Z32) - (52
where g, is the local ultimate stress

is the coarsening angle firmed by tangents drawn
to the assumed circular crack tip

Co is the equilibrium concentration of vacancies at
the local temperature

T is the local temperature

R is the crack dip radius

Dg is the self diffusion coefficient of aluminum
t is the time
fL is the atomic volume of fcc aluminum

L is half the crack length

¥ is the surface energy of fcc aluminum.

The above formula, the following differential equation, also derived in

Appendix A,
dv. _ d R
. 2R ’

and a record of the history of the local temperature during the diffusion
process18 form a system of equations which through iterative calculations
determine the local ultimate strength and crack tip radius as a function
of time.
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CALCULATIONS

Estimate of /2

If a Tine is drawn tangent
11ipse shown in
to the ellips Xty

1 J——-—
F 3, th <
? \‘___/ x

— L

FIGURE 3
Assuming that b = y* and that L is much larger than the radius, R, of
curvature of the ellipse at the point (L,0), so that

= Xx* and R < b, then
TAN® /2 = R/L

Calculation of Atomic Volume

The lattice parameter fog fcc aluminum is 4.04(10'8)cm. Hence, the
cell volume is 65.94( 10-2 % wh1ch accommodates four atoms. Thus the
atomic volume is 16. 48(10- )cm Jatom.

The Self-Diffusion Coefficient, Surface Energy, and Equilibrium Vacancy
Concentration

Volin and BaHuffi16 determined, as a consequence of study of the an-
nealing kinetics of voids in aluminum, that the self diffusion coefficient
of aluminum was

Ds = .176 Exp (-1.31 ev/kT) cm? s-1
in the temperature range 85-209°C, which satisfactorily agreed with the
work of Lundy and Murdock, and which agrees satisfactorily with the work
by Bass describing the formation and motion energies of vacancies in
aluminuml?. The surface energy of aluminum is taken as 1500 ergs/cm2 as
in the paper by Volin and Balluffi even though calculations suggest that
the figure might be slightly Tower.

Bass lists the formation energy of a'vacancy in aluminum as .76 +-0,02 eV
and the equilibrium vacancy in aluminum as

C = Cy EXP (.76 + .02 eV/kT)
where Co = 102% /16.48 cm~3 = 6.066 (1022) cm3
k = Boltzmann's constant = 8.611 (15-9) ev/Ok

and T is the temperature in degrees Kelvin.
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Temperature History

The Portion of the computer program which calculates the local tem-
perature as a function of time was developed by Dr. A, C. Nunes, Jr.
using a moving point source along with a moving 1ine source to model the
heat input. Non-conductive heat losses can be adjusted so that the width
of the remelt zone of the fusion zone can be matched.

Five points equally spaced along a line from the edge of the crown
to the edge of the root on the opposite side of the fusion zone, as shown
in Figure 4, were chosen as local points for calculation. Tensile test
specimens show that fracture tends to occur along that line, Point A
was taken to be just outside the remelt zone. The computer model for
calculating temperature predicted temperatures too high at Point B when
non-conductive losses were used to match the width of the remelt zones
shown in Figure 1, Hence, higher non-conductive losses were assumed so
that the calculated width of the remelt zone was reduced. For the newly
calculated remelt zone, the circular part of the remelt zone was slightly
larger, but still circular, and the shortest distance of the remelt zone
from Point B remained the same. Temperatures for Points B, C, D, and E
were calculated using the adjusted parameters. It is felt that this
correction gave realistic results for the temperature distribution.
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PERCENT INCREASE IN ULTIMATE

TENSILE STRENGTH

P~ Second Pass

First Pass \

WELD LOCATION 0
Crack Tip Radius= 20 A (.002 gm)

0
Crack Length= 1000 A ( .100 &« m)

Figure 4. Calculated Effect of Heat Pass on Local
Ultimate Tensile Strengths Within the
Primary Fusion Zone of a Variable Polarity
Plasma Arc Butt Weld in 3/8-inch 2219-T87
Aluminum Plate
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DISCUSSTION

The amount of coarsening of the crack tip radius and the resulting

change in ultimate strength during a weld heat pass is particularly sen-
sitive to

* the sharpness of the crack tip and,

* the shape and magnitude of the local temperature
versus time curve,

Significant coarsening occurs, due to short heating times, only above
tegperatures of approximately 650°K or 680°K for crack tip radii of 108 or

respectively, Hence, significant improvement in local ultimate tensile
strength takes place at only Points A, B, and possibly C of Figure 4.

The Tocal ultimate tensile strength of Points A, B, C, D and E are
not likely to be identical immediately after the initial weld since the
cooling rate is different for each of those points. This non-homogeneity
does not complicate calculations since the configuration of the system of
equations to be used and the iterative process used produce the relative
change in ultimate tensile strength. Figure 4 illustrates the percentage
relative change at the various points for a crack tip of 208, about four
times the lattice dimension of fcc aluminum, The relationship of these
changes to changes in ultimate strength observed experimentally is shown
in Figure 5, where only the increase in the ]local ultimate strength at
Point A matched the observed values, The 20A initial crack tip radius,
which provides significant increase in local ultimate tensile strength,
is of a size large enough to be observed by the transmission microscope.
Preliminary, but extensive, scanning electron microscopy was utilized at
powers up to 2000X with good resolution to observe the microstructure of
the weld cross section. Micrographs representing the general areas near
Points A, B, C, D and E are shown in Figures 6a, b, c, d, and e for a
cross section of the fusion zone on a specimen not subjected to weld heat
passes. Obviously, 2000X is not enough magnification to see the thin
sharp cracks pertinent to this discussion. Replication techniques will
permit use of the transmission microscope, which can yield the desired
magnification. The micrographs do reveal the dendritic structure in the
cast material and the interdentritic eutectic which is a mixture of CuAi;
and o -aluminum. Microprobe analysis also reveals that a copper depleted
zone occurs next to the eutectic similar to those mentioned by Doig and
Edington.19 One can realistically surmise that at the edge of the crown
of the weld, where Point A is taken, and where the interdendritic eutectic
appears normal to the surface of test speciman, see Figure 6a, cracks of
submicroscopic dimensions may initiate in the copper depleted zone after
welding. Coarsening of the crack tip radii of these types of cracks, large
numbers of which may form during plastic flow prior to fracture under
tensile loading, may contribute to the increase in ultimate tensile strength,
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It appears, however, that the increase in ultimate strength may be
due to more than one mechanism, Ultimate tensile strength increases
whether or not the remelt zone overlaps the crown "corner" of the weld or
previous weld pass. Hence, refinement of the dendritic structure in the
remelt zone, due to more rapid cooling because of Tower power, may also
contribute to increase in ultimate strength. Further, reconfiguration of
the interdendritic eutectic, possibly diffusing into the copper depleted
zone or reforming through self diffusion, a slight variation noted in the
micrograph study, may play a role in the process,

Coarsening of crack tap radii, then, represents a feasible, but still
not certain, or partial explanation, of multiple heat pass strengthening.
The process ttself ts of sufficient practical importance, in fracture
mechanics, to be worth investiagation in its own right, Although progress
has been made, further work is sti11 necessary to pin down the mechanism
of multiple heat pass strengthening,
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RECOMMENDATIONS

The following proposed theoretical and experimental research will
help in {dentifying those processes which characterize fracture and in-
crease ultimate strength in welded 2219-T87 aluminum.

*, ..to better understand the fracture process,
Proposed experimental research should include
microscopic examination, both Tow power, SEM,
and replication TEM, of cross sections of the
weld of tensile tested specimens. Test speci-
mens should be Toaded to a particular stress,
held at that stress for a period of time,
unloaded, and examined. This test procedure
may allow identtfication of critical areas
where cracks nucleate and characterize the
growth pattern to failure,

*,...establish a more accurate method to deter-
mine the local temperature history, Higher
order multipoles could improve the present
technique. Finite element methods, allowing
a variable thermal conductivity throughout
the material, have been formulated for solution
of boundary value and initial value problems
to determine local temperature history such as
needed in the paper, Since microstructural
processes are so sensitive to Tocal temperature
history, computer software should be obtained,
if it exists, or developed to determine local
temperatures more accurately. Some measure-
ments needed just to set up analyses such as
loss parameters are not known, However, checks
against the program could be verification by
thermocouple readings near the weld and the
pattern of the remelt zone after weld heat passes.

*...to understand the effect of a refined dendritic '
pattern in the remelt zone after weld heat passes.

A theorettcal and experimental study should be

made of the relationship of the size of the den-
dritic structure with respect to ultimate stress,
The size of the dendritic structure can be

varied by varying the weld parameters of weld

heat passes or by varying the quenching rate of
the material during welding or weld heat passes.

&
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*,..to better understand the role of the inter-
dendritic eutectic. The diffusion coefficient

of copper in aluminum 1s known as a function of
temperature. Hence, various, mechanisms,

possibly self-diffusion within the eutectic, or
diffusion of copper back into the copper depleted
zone as a function of time and temperature might
be checked experimentaly by heat treatment of cast
material from the weld fusion zone and subsequent
microscopic examination.
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APPENDIX A

EFFECT OF DEFECT EDGE RADIUS COARSENING ON ULTIMATE TENSILE STRENGTH

The preliminary version of the analysis was prepared by
Dr. A. C. Nunes, Jr.

Ductile fractures generally occur by ccalescence of voids within the
fracturing material. Voids often form around defects such as cracks or
weakly bonded second phase particles. The limitation on the ultimate ten-
sile stress, g, , is set by the critical stress for propagation of internal
voids. The maximum stress supportable by the defects within the metal
should be that for initiation of a void from the defect,

If the defect has a sharp edge of suitable orientation, the concentra-
tion of stress at the edge should be where the void starts. The stress
concentration for an ellipsoidal crack of length 2t and radius of curvature
p at the crack edge raises the nominal stress 6., to a higher local effec-
tive stress Gy according to the Inglis relation:

0 = 2 U;|1/%€

Assuming that the nominal stress becomes the ultimate tensile strength
at a critical value of g, , Go. then

cee fE
Ty = ’%5' c

If the radius of the sharp edge of the defect changes, the ultimate
tensile strength changes, then, according to the relation:
d0u | Tu
dp ap
If two faces of a defect come together at angle & to a radius » as

shown in Figure A-1, then a loss of defect volume at the edge would result
in a change of radius ap .

FIGURE A-1. EDGE OF A DEFECT SHOWING CHANGE OF RADIUS
OCCURRING WITH LOSS OF VOLUME Av
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The shaded area, AA can be shown to be
AA = {2 pag +(A,)"} ic’r (*72) - Cw-K) /2}

so that %% = 2,2” fco-r (d/,_)—(n—-d)/g}

disregarding second order terms.

The kind of volume reduction at the defect edge shown in Figure A-1
takes place because of a difference in chemical potential, 4 # , for solutes
(or vacancies) on surfaces of different curvature. When a solute atom or
vacancy moves from a cylindrical surface of radius A to one of radius
causing a volume loss .t to the first cylinder and a volume gain of /.
to the second, a net change AAin surface area results

!
aA = a(g-3)

If the surface energy of the cylinders is ¥ per unit area then the
chemical potential difference between the surfaces is:

A/«=Lm0t-ﬁ0

Assuming that the activity of the solute or vacancy is proportional
to its concentration, then the equilibrium concentration Cp, at the curved
surf%ce is related to the equilibrium concentration C 4at a flat surface
(p=90) according to the equation: N

- e k7P

Ce/Ceo =

It is further assumed here that the surface reaction rates are fast
enough so that equilibrium concentrations are maintained at the surfaces
and that the relatively lengthy time required for diffusion of solute atom
or vacancy from regions of high concentration to regions of low concentration
is what holds back the coarsening process,

Fick's first law relating mass flux j in atoms or vacancies per area

per unit time to the concentration gradient in the radial direction r is

assumed to hold: c__Dp 2%
3§=-> AT

where D is the solute or vacancy diffusivity.

A steady cylindrically symmetrical flow of m atoms or vacancies per
unit time yields a flux: mn
d Famwr e

Which, with Fick's first law, requires a concentration C¢ varying with the

i i . . r
radius according to the relation: ~ ibu(q:
cr= C'f -~ awAkD

Where Cp is the concentration at radius p .
Hence:
D (Ce—ch

j - r JL.({E)
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Assuming that there is so much more flat surface(p=e) than curved
edge that the bulk mean solute or vacancy concentrate C,is determined by
the flat surface, then:

Cpo-Cp = Co-Co

¥
for large r and
ooz G (R )

The loss of volume v from the sharp edge of a defect is given by:

Alr-ay 2oe, (e®70-))

L (510
Where Lis half the crack length and assumed an approximate maximum upper
bound distance to a flat surface.

or

-—
—

Q0
seele

The ultimate tensile strength then varies according to the relation:
d()-.,.,_ dcu. ::J_L dv

3

at  de¢ av 4t

so that
p (3
A€ o A(F-N0Ca(e*TP-1) D dt
Yo L = W EY
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APPENDIX B

FEM #4+ FAPID DIFFUSSION AHNEALIMG *%%
FEM $%& IHLCREASE IN ULTIMATE STREMSTH ¥4k
CLEAR

FRINT “INFUT t IF MAX PRINTED OUTFUT WAHTED, 8 GTHERWISE "
THEnT FU

FRINT "THIS PROGRAM CAHLCULATES IMCREASED ULTIMATE"

FRINT “STRENGTH DWE TO RAFID DIFFUSION ANNEAL ING

FRINT "« BLUNTIHNG ) OF MICROCRACKS, TEMPERRTURES ATY

FRINT “A MATERIRL PDINT AFE TO BE EMTERED FOR DISCRETE"

> FRINT “"TIMES OR CALCULATED FROM THE ATTACHED SUBROUTIME.®

FRINT

FRINT “IHPUT B TO SKIP all PRINTIHNG EXCEPT THE LAST
PRINT “INPUT 1 TO GET TEMP , POINT DATA, ET. AL "
IHPUT ZH

FEINT “EHTER @ IF THE SUBROUTINE 1S TO BE CALLED."
FRINT “EMTER 1 OTHERMICE"

THFUT B

PRIH; "INPUT THE HUMBER OF HEAT PASSES MOT INCLUDING THE WELD PASS
IHPUT WP

FRINT “INFUT HPTS-1 ACROSS THE DIAGONAL .“

THPUT LU

CELETE UP.RP,TU, TR

DIM LRCLP, LU, RPOUP, LISD

DIN TIWUP, LU TROWP, LU )
FOR 11=0 T0O WP

IF E=1 THEH 20320

FEM #44 HAZ TEMPERATURE HISTORY ¥¥Xx

KEM ¥t% DATH THPUT kx¥

FPINT “PLE#SE SELECT THE NHUMBER OF THE METAL TO BE WELDED"
PRPINT "FROM THE LIST BELOW."\PRINTPRINT“PRINT
PRINT "0, UHLISTED METAL"FRIMT

PREINT "1. 2213 ALUMIHUM"~PRINT

FPRINT 2. 202 STAINLESS STEEL"-PRINT

PRINT 2. 321 STHINLESS STEEL“PRINT

FRINT "“4. THCONEL 718"-FPRINT
IHFUT O

IF =1 THEH
IF =2 THEH
IF =2 THEN
IF =4 THEH
FRINT “HHAT
égﬁa¥ wéLCHQE WRITE IH THE LODUWER AHD UPPER LIMITS OF THE MELTING"
PRIMT "TEMFERPATURE RAHGE OF THE ALLOY TO BE WELDEU. USE UHITS OF"

=nann
LA e ad A
B

THE METAL TO BE WELDED?":PRINTPRIHNT-PRINT

' HT "DEGREES FRHPEMMEIT . SEPRRATE THE TWO UALUES BY A COMMAL“ W
3 ;2{d¥ “HOTE: A GOND SOURCE FEFEREMCE FOR THIS KIND OF DnTA 1S THE
R PRIMT “HERQSPACE STRUCTURAL MATERIALS HAHDEOOK . " “PRINTNPRINT .PRINT

THPUT LT.,UT . . , R
RINT "WHAT 15 THE THERMAL COMDUCTIVITY DF’THE AalLLDyY IN BTU'S PER
ERIHT "HOUR FEF FOOT PER OEGPEE FAHRENHEIT?“ - FRINT-PRINT\FRINT
THFUT ':11:’3 PP
1=K 152 Bt % b , W
lﬁg.lrf'l}Tl"i-le-iT 1% THE SPECIFIC HEAT OF THE @LLOY TH BTU'S PER LB
PRINT “PER DEGREE FAHREHHEITTPRINT\FPRINT-PRINT
bt 1 k 3 "
é’g?{l; “WHAT IS5 THE ODENSITY OF THE ALLOY IN LBS PER CUBIC INCH?
PRINTFRINT-FRINT
IHPUT PO
LET Al=K1-/PO/C1%¥56. 83
GOTO 539 - - -
LET UT=1130 LET LT=1016-LET K1=2 44E-03.LET A1=5 S
LET ME="2219 ALUMIHIIM"-COTO €320 _
LET UT=2650"LET LT=2SS0~LET 'il=4;Z7E'g4“—-LET Al= S
LET tM="3202 STUIHLESS STEEL"-GOTO 630 ) .
LET UT=2550 LET LT=250@ .LET K1=4 QZE-B4-LET Al= £
LET M$="321 STAINLESS STEEL"-GOTO 630
LET UT=2437-LET LT=2?69\LE:7K1=3.8&E-94HLET Al=.71
Me="IHCOMEL 718" GOTO €73 . . R

lF-’E}’NT "THE METAL TO BE MELDED I35 HOW CHARHCTERIZED. WE NOW
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€40 PRINT “TURN TO THE WELDING PROCESS PARAMETERS.““PRIMT-PRINT\PRINT
€50 PRINT "WHAT IS THE AMBIENT TEMPERATUPE OF THE METAL IN DEGREES"
€E PRINT “FRHPEHHEIT? IF THE METWL 1S PREHEATED, GIUE THE PREHEART"
6?3 ?RéN¥ ;TENPERQTURE AS THE AMBIENT TEMPERATURE. "~PRINT~PRINT“PRINT
€33 [HPUT TO

750 PRINT “PLEASE SPECIFY WELD POWER IH KILOWATTS.®

778 PRIMNTFRINT“FRINT

723 INPUT FB

72e FRINT "PLEARTE SPECIFY WELD SPEED IM INCHES PER MINUTE."

800 PRINT-PRINTPRINT

813 [HFUT U1
€33 PRIMT "WHAT PERCENT OF TOTAL BEAM POWER IS LOST FROM THE WELD™
€30 PRINT “"PUDDLE DQUE T PROCESSES OTHER THAM CONDUCTIOH BY THE PLATE?"
840 PRINT “THESE LOSSES I[NCLUDE RADIATION AND METAL EVAPDRATION FROMY
250 PRINT "THE WICIHITY OF THE PUDOLE."~PRINT-PRINT~PRINT
20 IHPUT F1
261 PRINT "INPUT THE NEW HONH-COMOUCTIVE PERCENT LOSSES FOR DEEP PTS.*
86z INPUT HNC
863 Cio=F1
378 PRINT "WHAT PERCENT OF THE REMAINIMG BEAM POHER IS ABSORBED CLOSE"
820 PRIMT "TO THE METAL SURFACE SO AS TO FORM THE EB WELD HAILHERD7?"
828 PRINT “THIS WOULD BE THE PERCENTAGE OF THE BEAM CURFEENT LACKING”
909 PRIMNT "SUFFICIENT POUER DENSITY TO UAPORIZE THE METAL."
919 PRINTFRIHNTPRINT

928 IHPUT F2

940 DIM KD 1595, TS(158)>,US( 1597, R(158)

SO IF 11<,8 THEM 1149

968 PRINT “PLEWSE SELECT LENGTH OB3EFVED: 8.5, 2.9, S, 10, 25 INCHES.“
970 PRIMT-FRIMT-PRIMT

980 [HPUT XB-LET ¥B=rBsS~LET XR=-4%/E

990 FRINT "PLEASE SELECT MaXIMUM TEMPERATURE: 1090, 2600, S600. 10008 DEG
F'tl

1809 PRINTPRINTPRINT

1810 INPUT TG

1820 PRINT “INPUT HALF THE CRACK LENGTH IN CENTIMETERS."

1a2a
1852
125
10£0
1078
19309
18543
1109
1162
1183
1104
1185
1105
1118
1112
1120
1125
1120
1148
1145
1146
11560
1169
1176
11286
1138
1208
1219
2nBzo
20839
2040
2058
2050
2078
2038

IHPUT L

FR;G¥ CANPUT THE LOWER MELTING TEMPERATURECDEG. KELUIN).™
INF 8]

FRINT "INPUT THE PADIUS OF THE TIP OF THE CPRACK(CM),. "
IHFUT FCOs

FEM R IS ASSUMED MUCH LESS THAM

PREINT “INPUT THE ULTIMATE STRESS.Y

ITHFUT USg)

FOR tM=0 TO LU

UP( 0, MM>=US 0>

FP(B, MM O=R{B »

HEXT MK

PRINT-PRINT

FRINT "IHPUT OHE HALF THE ROOT WIDTH,OHE HALF THE CROWN WIDTH,™
PRINT "AHD THE PLATE THICKMESS(DIMENSIONS IM IMCHES). "
IHPUT BH, TH, U1

DELETE ¥%,22,MUJ.MR,SU, SR

DIM vve L) 2, 220U 0, MUCLY 3, MROLY ), SUCLU D, SROLY)D

FOR Mi=0 T0 LY

IF II<>0 THEN USCEO=UPCIL, M)

IF 11<:8 THEH R(GI=FPCII.MM>

¢=—BH+( TH+EH »¥MM LY

Z=-UW1KCY-THI/CBH+TH)

YO MM =Y

220 MM =2

GOsUB 2909

HAIT 1560

PHGE

GOTO 21329

PRINT "IHPUT DHE LESS THAH THE HUMBEFR OF DISCRETE"
PRINT “TEMPERATURES TO BE COMSIDERED.™

INPUT 1

DIM rDot), TSOMS

DIM UM, RM)

FOR I=0 TO N

xt
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a2 PRINT "IHPUT TEMPERATUREYDEG. KELWIM), TIMECSECOMHDS )"
O IMEUT RDCI 0 TSI

HEST 1

+GOTO 22268

Ty FOF 1=0 TO 150

42 Tl T =S¥ TRl - 9+255 .37
S0 HEST 1
I

A OT=C2¢2B 001
7 M=19d
Z0 FOR 1=8 TO 150
PO L o=Twe 159-15
HEWT I
FATHCRL O 3L )
FATH L
3 (=15 . 43%10-(-24)
2748 PRGE
2241 IF FU=0 THEHN 2420
2350 PRINT "Z=",2;"Y=",,"L= ;L "R Q=" ;R(B)
S2E0 PRINT "AL=",AL;"US(O=";U5.8)
2370 PRPINT

2320 PPINT "bD(I) D= RA PR Usilo RCID™
2393 FRINT "A e 5 D LG

2400 FRINT

2413 PRINT

2420 FOR I=1 TO M

2429 IF vD.1 3/ =LL0 THEM 2479

2440 UzCIy=Pla,

2459 PO I =PP O, M1

2452 IF Z2a=0 THEHN 24£3

2455 PRIMHT T1L1:MMKD0 IO, RCI~1),USCL-8)
2458 GOTO 25168

2470 IF B=9 THEHW LET DS=0T

2423 IF B=1 THEH LET D03=TS(I)-TZ(1-1)
2499 A= OM& FI-AL s¥05 10 4K STH(CPI-AL Y 22 7C0SCCPI-AL 372 ) )= L PI-AL 5/2))
2583 CO=6 OLCK18-(2208EXPr 24730012

=

AL O el e R R R R Rk )

& ol
QDA T D ATD

NI NI TO PO PO TN FD PO 0 £ P IO £ P P Y1 T3
)

PAMTUEOTTUTRY I R0 LTS DY

2658
2652
2654
26595
2656
26658
265
2789
2719
2728
2724
2725
27328
2740

IF Za=0 THEH 2518
FEINT T1:D.(H KO0 T 0o Fe
S=ERPCITOOIOM 01 321k
[t= 17edBEPL~1S213. V00 1
LG=LOG L RO I=-12)

Fr=mt DO 4D LGYROT-1 5720
FR=24FA

FCOTa=Fo I=1 +PPAPC =10

Uz [ =S [-1 s+PRsSCI-1 )
IF PUU=@ THEN 2530

FFINT

FRINT RODCL 2,05 Fa:RPUSC]
PRINT HiCB:5,0;1L0G

FRINT

IF PU=8 THEM 2638

PRINT YOOI, L6, 1

HEXT 1

IF II=WP THEH 2£44
UPCTI+L, MM o=1%0 158 )
RPCITI+L. 1M =R 158 )

MUY =0 S0 158 5-UP 8,111 ) 4

I-1
gt

J?

LSCI-10
=180 ROI=1 /KD T ) -1

2iRCDD

P8, M

MR 5= R 105 3-RPCG, 10O/ RECE. MM

SUCHM =M

SR )=MRCIM )

TUC LT, M o=to 1M s
TRCTL, MM =R 1M

HEZT 1M

WAIT 1569

SU=CSU— MINCSU ) ) 370 Ak
SR=CSR=CMINC SR ) 0 IR
PRGE

IF II=uP THEM 27728

IF Zr=9 THEH 2260

£ S
P

I-MINCSU )
I=HIHC SR 0D

PRINT "Mt DUTS/UTS= ", MeiCMY)
PRINT “MIH DUTS-AUTS= ",MINCMYD
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2750 WINDOM ~BH, TH.@.1 )
27E UIEHPORT 259,759,109,600
2772 SETGR _TICS 5.5,GPAT 5.9
2720 RIPLOT 'Y, SU
2790 PRINT “AC~b~LAL"
2280 HEXT II
2503 PAGE
2319 PPINT "DTS/UTS FOR WP=0,3"
2512 PRINT “E',D","C", "B", "4
10=6 N
2 PR T T0C 00, B0, TUCOm, 15, TUCOR, 2>, TIKO, 30, TUCOR, 4>
2515 PRINT
2520 HEXT 00 \
2343 PRINT “DR<P FOR WP=,3"
2o42 FRINT "E", Dr,"C". 8", "A
23 OF =
B R TR0, 0>, TRCGD, 17, TR(QR, 2), TRCAG, 3), TRCOR, 4)
2348 PRINT
2256 HEXT 09
2855 WA1T 1500
2860 PRINT "~C W LoL"
2865 WAIT 1500
2980 STOP
2919 EEM xry COMPUTATION OF HAZ TEMPERATURE HISTORY Xk¥
3095 IF 11=0 THEH 2003
006 IF tM=L1) THEN 3099
007 F1=HC
8e8 GOTO 3910
3609 F1=CC .
3919 P1=FBX(1-F1/1080)
3915 PRINT I1.MM,LU.F1
3020 P2=P1¥(1-F2/108)
3030 P1=P1-P2
394@ LET H=150

3659
08
2973
3320
2053
3110
3124
2128
3149
2145
3159
2129
3170
3175
3130
2190
3269
3219
3229
3220
22409
3259

OIM KLCHY, TRHCHD L TECN DY
LET TE=LT
FOR I=0 TO N
LET RHCI i=iled VB-HRI/NE]
HEXRT T
FOR 1I=0 TO M
LET X=RK(I
GOSUE 2299
LET TRCID=M2
AE“;QEI)>LT THEM LET TalID=LT+19
PEM ¥kt PRIMTOUT OF PESULTS %%
PAGE
IF Zhr=8 THEW 32220
PRINT "WELD TEMPERATURE PPOFILE:".Y,"IHCHES FROM CEHMTERLINE . “
PRINT “PPOFILES TAKEH AT “,2Z2-/M14108;" ° FLATE CEPTH."
FOR I=0 TO 19 PRINT HEVT I
PRINT " TEMP"<PRINT-PRINT
PRINMT "COEG F)*
Eg?4%=9 TO 16 PRINT-HEXT 1
2 " OISTAHMCE FROM HEGT SOURCE ¢ S
WINHDOW XA,%B.9,TG . E CINCHES)
SETGR WINDOW,TICS S5.10,5,5,GRAT €.6,3,3
ACPLOT #V,TA
PRINT "L W-LCL"
FETURH
EE? z**ZSUBPDUTIHE TGO COMPUTE TEMPERATURE OF HEAT SOURCE wPF&YT X3k
zZ=

LET 02=0

LET Dz=zx41
GOSUB 2658
GOSUB 3519

LET M2=M1+T@+72
LET M2=M2
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LET 02=D3+D2
SUOTUE 3430
¢ IF (ME-M3 < . B14M2 THEM GOTO 32428
SOTIY 3379
FETURN
FPEM #%¢ SUBROUTIHE TO ADD MEAT THO HEAT SOURCES #xk
3 LET Z2=D32+2
GRZUE 2556
3 LET M2=M2+M1
LET pD3-2
SOSUBR 3650
LET M2Z=112+111
3 PETURH :
FEI ¥4 SUEBROUTIHE TO COMPUTE LIME HEAT SOURCE TEMPERATURE
FEM DISTRIBUTION *4%
3 LET k0=0
9 LET T2=9
2 LET AR=UL1/2-01%%
3 LET Z3=U1/2-ALESORL AEX+YYXY )
s}
i<}

fich nn

IF AP>22 THEH 2549

GOSUB 2720

35980 IF AR<{A THEH 3629

3500 LET T2=P2/U1/6 2332V EXP AR Y4KG

€10 COTO 2E40

JE620 LET HP=-KR

2629 LET T2=P2-U1/6.2832 K1XE P( AR )¥K0Q

3640 RPETURN

2656 REN ¥x¥ SUBROUTINE TO LOMPUTE TEMPEPATURE XtX
3668 LET CS1=SORC AR+ 0K (+22522)

3678 IF S1=5 THEN LET M1=UT+1699°IF S1=0 THEN 2720
3688 LET ARSUL/2/A1XCS14K )

3639 IF AP>532 THEM LET M1=0

3708 IF #R>33 THEM GOTO 3729

3710 LET M1=P1,2/3 1416-K1/S1/EAPLAR )

3720 RETURN

3720 REM #¢% MODIFIED EBEZZEL FUNCTIOH, SECOMD KIHOD,ZEROTH ORODER XXX

340 REM #4¢ POLYHIMIAL WFPROSIMATION #44
2rSa IF 23:2 THEN 3229

S GOSUR 3270

3=234234

. ‘?{?.ZE-961G2+1.9?5E—04)*GZ*Z.GZG?BE-BZ)*GZ
CKB+ 343353402+ 2205576 1462 ]
CED+ 4227842 04G2- 5772157 »- . S¥LO0G(GZ /4]0
3310 GOTO 3360
3220 LET Gz=2/2 o
BéBB LET E 'ngZESE—@4KG2—2.5154E-63)*;2+§.8?8?2E—93kaZ
3349 LET KO=((KB-. 01062445 HG2+ B2189562 M52
3250 LET k=((KO- 07832358 »¥62+1 253214 1 SOP( 235 EXP(Z3)
3261 PETURH

2279 RPEM ¥%x MODIFIED BESIEL FUNCTIOM, FIRST KIMD, ZEROTH OFDER Xx¥¥

2320 REM #3% POLVHOMIAL APPROGIMATION 43%

3390 IF 2353.75 THEH 2550

3333 LET G1=22%Z3 ) .
3319 LET f8=£(5 92337IE-1084G1+6 S6D17E-02 /5146 . 80123E~-05 »4G1
3920 LET I9=C((10+4. 32333E-04)4G1+ 8156252 1161

3930 LET 10=(16+.25:4G1+1

3940 GOTO 3954

3950 LET 19=((153.445/22-171.822)/23473 2913>/23

39¢09 LET lo=0(19-15.2%35,/23+1 31192),23

3979 LET 1B=(/( 18- 8220993 ,,23+ 82163555232 .
3950 LET 10=0((18+.0432222/23+ 3383423 »¥EAPCZI)/S0RC 23
3938 FETURH

READY
b



19 REM k¥¥ RAPID DIFFUSSION AHNEALING XXk
%g EEgnzx* INCRERSE IN ULTIMATE STRENGTH XXX
35 PRINT "INPUT 1 IF MAX PRINTED OUTPUT WANTED. @ OTHERWISE."

35

INPUT PU

48 FRINT "THIS PROGRAM CALCULATES IMCREASED ULTIMATE"

59 PRINT "STRENGTH DUE TO RAPID DIFFUSION ANNEALING"

52 PRINT “(BLUNTING) OF MICROCRACKS. TEMPERATURES AT

54 PRINT "A MATERIAL FOINT ARE TO BE EMTERED FOR DISCRETE"®
Zg gg%s; "TIMES OR CALCULATED FROM THE ATTACHED SUBROUTINE."
62 PRINT "INPUT 9 TO SKIP ALL PRINTING EXCEPT THE LAST."

62 PRINT "INFUT 1 TO GET TEMP , POINT DATA, ET. AL."

64

INPUT ZA

78 PRINT “ENTER @ IF THE SUBROUTINE IS TO BE CALLED."
72 PRINT “"ENTER 1 OTHERWISE"

80

INPUT B

81 PRINT "INPUT THE NUMBER OF HEAT PASSES NOT INCLUDING THE WELD PRSS."

82

IHPUT WP

83 PRINT "INFUT NPTS-1 ACROSS THE DIAGOMAL ."

84
35

IMPUT LY
BELETE UP.,RPP,TU,TR

86 DIM UPCUP,LUD, RPLUWP.,LY)

87

89

96

209
210
230
243
250
269
278
289

DIM TUCUWP,LU D, TR(UWP, LY
FOR II=8 TO WP
IF B=1 THEH 2030

REM *%¥ HAZ TEMPERATURE HISTORY XXX

REM £¥¥ DATA INPUT XXX

PRIMT "PLEASE SELECT THE NUMBER OF THE METAL TO BE WELDED"
PRINT “"FROM THE LIST BELOW."\PRINT“PRINT“PRINT

PRINT "@. UHLISTED METAL"PRINT

PRINT "1. 2219 ALUMINUM" PRINT

PRIMT "2. 382 STAINLESS STEEL"“PRINT

PRINT “3. 321 STAINLESS STEEL"~PRINT
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258
3
210
320
33a
340
358
368
378
380
390
409
418
420
430
44
450
459
470
420
499

518
220
930
949
550
o606
579
239
9909
680
614
620
639

PRINT "4, INCOHEL 718"SPRINT
IHPUT Q
IF @=1 THEHW 559
IF o=2 THEN 3¢
IF Q=2 THEN 338
IF Q=4 THEN 610
?RIH} "WHAT IS THE METAL TO BE MWELDED?"-PRINT-PRINT\PRINT
NPUT M¥
PRINT "PLEASE WRITE IN THE LOWER AND UPPER LIMITS OF THE MELTING"
PRINT "TEMPERATURE RAMGE OF THE ALLOY T0O BE WELDED. USE UMITS OF"
PRINT "DEGREES FAHREMHEIT. SEPARATE THE TWO URLUES BY A COMMA."
PRIMT "HOTE: A GOOD SOURCE FEFERENCE FOR THIS KIND OF DATA IS THE"
?ﬁls; C?ESQSPQCE STRUCTURAL MATERIALS HANDBOOK . "~PRINT\PRINT-PRINT
P ’
FRINT "WHAT IS THE THERMAL CONDUCTIVITY OF THE ALLOY IN BTU'S PER"
?Féﬁ; "HOUR PER FOOT PER DEGREE FAHRENHEIT?"“PRINT“PRINT“PRINT
PUT K1
LET K1=K1%2. 441E-05
PRINT "WHAT IS THE SPECIFIC HEAT OF THE ALLOY IN BTU'S PER LB"
?Rég} ;PER DEGREE FAHRENHEIT?"“PRINTN\PRINTNPRINT
H -1
PRIMT "WHAT IS THE DENSITY OF THE ALLOY IN LBS PER CUBIC INCH?"
PRINTPRINT~PRINT
IHPUT RO
LET Al=K1-RO/C1%56.83
GITO 630
LET UT=1190~LET LT=1010-LET K1=2.44E-83LET A1=5.56
LET M%2="2219 ALUMIMNUM"-LOTO 630
LET UT=2659-LET LT=2550LET K1=4.27E-B4°LET A1=.5
LET M$="302 STAIMLESS STEEL"-GOTO 630
LET UT=2559-LET LT=2500-LET K1=4 .03ZE-B4~LET Al=.66
LET M$="321 STAINLESS STEEL"-GOTO 630
LET UT=2437-LET LT=2200~LET K1=3 83E-04-LET Al=.71
LET M$="INCOMEL 718"-GOTO £38
PRIMT "THE METAL TO BE WELOED I3 NOW CHARACTERIZED. WE NOW"
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640 PRINT "TURN TO THE WELDINMG PROCESS PARAMETERS."SPRIMT-PRINTPRINT
658 PRINT "WHAT IS5 THE AMBIEWT TEMPERATURE OF THE METAL IN DEGREES”
668 PRINT “"FAHRENHEIT? IF THE METAL IS PREHEATED, GIVE THE PREHEAT"
678 PRINT “TEMPERATURE AS THE AMBIENT TEMPERPATURE. "“PRINT-PRINT\PRINT
688 INPUT TO

758 PRINT "PLEASE SPECIFY WELD POWER IH KILOWATTS."

778 PRINT~PRINTWFRINT

788 INPUT PO

798 FRINT "PLEARSE SPECIFY WELD SPEED IM INCHES PER MINUTE."

898 PRINT-PRINTNPRINT

818 INPUT U1

829 PRINT "WHAT PERCENT OF TOTAL BEAM POWER IS LOST FROM THE WELD"

238 PRINT "PUDDLE DUE TD PROCESSES OTHER THAM CONDUCTIOM BY THE PLATE?"
848 PRINT “THESE LOSSES IHCLUDE RADIATION AND METAL EVAPORATION FROM"
258 PRINT “THE VICIMITY OF THE PUDOLE."~PRINT-PRIMT-PRIMT

260 INPUT F1

861 PRINT "INPUT THE HEW HON-CONDUCTIVE PERCENT LOSSES FOR DEEP PTS."
852 INPUT MC

863 CC=F1

878 PRINT "WHAT PERCENT OF THE REMAINING BEAM POWER IS ABSORBED CLOSE"
880 PRINT "T0 THE METRL SURFACE SO AS TO FORM THE EB WELD NAILHEARD?"
899 PRINT “THIS WOULD BE THE PERCEMTAGE OF THE BEAM CURRENT LACKING"
999 PRIMNT "SUFFICIENT POWER DEMSITY TO UAPORIZE THE METAL."

918 PRINTPRINT-PRINT

928 IHPUT F2

940 DIM KD 1595, TS( 158>, 1507, R( 158>

959 IF I1<>8 THEM 1140

960 PRINT “PLEASE SELECT LEMGTH OBSERVED: 8.5, 2.5, 5, 18, 25 INCHES."
978 PRINT-PRIHT-PRIMT

980 IHPUT “B-LET “B=VB/5-LET XR=-4%/B

299 PRINT "PLEASE SELECT Ma&XIMUM TEMPERATURE: 1080, 2000, S600, 10008 DEG
1009 PRINTPRINT-PRIMNT

1819 INPUT TG

1020 PRINT "INPUT HALF THE CRACK LENGTH IN CENTIMETERS."
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163@ INPUT L

1840 FRINT "INPUT THE LOMWER MELTING TEMPERATURECDEG. KELUIN)."
1053 INPUT LD

1860 PRINT "INPUT THE RADIUS OF THE TIP OF THE CRACK(CM)>."
1878 INPUT R(BJ

18686 REM R IS ASSUMED MUCH LESS THAN L

1823 PRINT "IWPUT THE ULTIMATE STRESS."

1168 INPUT US{(B)

1162 FOF MM=6 TO LY

1183 UPCB,MMH>=US(B)

1164 RP(8,MM)=R(0)

1185 HEXT MM

1186 PRINTNPRINT

1119 PRINT “IHPUT OHE HALF THE ROOT WIDTH,OME HALF THE CROMWN WIDTH,"
1112 PRINT "AND THE PLATE THICKNESSC(DIMEMSIONS IN INCHES).“
1120 IHPUT BH, TH, M1

1125 DELETE Yv.,2ZZ,MJ.MR,SU,SK

1128 DIM WOl ), ZZCLU D MUCLY 3, MRCLY D, SUCLU D, SRCLY D

1148 FOR MH1=D TO LV

1145 IF II<>8 THEH US(OO)=UPCII,.MM>

1146 IF 11<>6 THEN R(OO=FF(CII.MM)

1150 Y=-BH+{ TH+BH kMM LU

1160 Z=-W1KCY=THI/CBH+TH)

1178 7/ M=y

1186 ZZ2(MMo=2

1159 GOSUB 3900

1208 UAIT 15809

1216 PAGE

2020 GOTO0 21306

20308 PRIMT "IHPUT DOHE LESS THAN THE NUMBER OF DISCRETE"
2049 PRINT "TEMPERATURES TO BE COMSIDERED.™

2059 INPUT M

2068 DIM KOM), TS(MI

2070 DIM USim),RLM>

2038 FOF I=0 TO M



2833 PRINT "INPUT TEMPERATURE:DEG. KELUIM>, TIME(SECONDS "
2108 INFUT KDCT . TSSO 1)

2118 MEXST 1

2128 GOTO 2226

2178 FOR I=0 T0 159

2146 Tal I 2=S¥TAC I )~9+255. 37

2158 MNEXT I

218 DT=C2¥KB U1

2178 M=1%a

2120 FOR 1=8 T0 150

2190 KDCI »=TA(150-1)

2208 HEXT 1

22989 AL=2Z¥ATH(RC B - L)

2388 PI=4¥ATH( 1)

2318 OM=15.48%16~(-24)

2345 PAGE

2341 IF PU=0 THEH 2429

2358 PRINMT “2=";Z;"Y=";%;"L=";L;"R(BI)=";R(B)
2360 PRINT "AL=",AL; "US(B=",U5(a)

2370 PRINT

2388 PRINT "KD(I)D 0s PA PP UsC1o RCID"
2398 PFINT "A ca 5 D LG*
2490 PRINT

2410 PRINT

2420 FOF 1I=1 TO M

2420 IF KDCI »=L0 THEH 2479

24498 USC ] =UPco,MM >

24589 RC1=RP7.B,MM1)

2452 1IF Z2A=9 THEM 24€2

2455 PRIMT I1L;1,MMKEDCT 5,RCI-10,USCTI-1)

2468 GOTO 2619

24790 IF B=0 THEH LET D5=DT

2429 IF B=1 THEH LET D5=TS(I1,-T=(1-1>

24990 A=COMA(PI-AL »¥05 »/C dX SIHC(FPI-AL /2 )/COSCCFI-@L 372))~C(PI-AL >»2>)
2500 CB=6 . G66¥10( 22 Y¥EAP( -2478/KD 1 55



IF 2a=8 THEM 2518

PRINT TL:I:MMGKOC I 3. RCI-10,05(1-1)
S=ENPC1508R0M < 1 381%19-(~163 3R I~1 2/KDCT )1
0= 17Pe¥ENPC~135313-KDC L o)

1 LG=LOGCL-RCI-13D

RA=ACOESED " LGYXRC T-1 -2
FEE=2¥RA

FCI 3=ROI-1 4RRER: -1

USC T o=U5C I-1 s+RAKUSE I-1 5
IF PUU=0 THEN 2638

3 FRINT

PRIHT KOCL ), DS:PARRR:USCY 7;RC 1)
PRIHT R;CA:S,D051LG

PRINT

IF PU=8B THEHW 2630

PRIWMT ¥FD(ID. L3, 1

NEZT I

IF I1I=lP THEN 2649
UFCII+L,. MM )=135C 1585
RPCII+1,11=R( 150 )

MU MM >=C 1S 158 5-UPC B, MM ) /P @ ,114
MR MM O=(RC 105 »-RPPCa, MM 5 >/RPLA, MM )
SUCM =M M >

SR MM )=MR(MM )

TUC LT, M4 =t MM

TRC LI, MM y=11RC 1111 >

MEZAT MM

WAIT 1500

SU=CSU~C MINCSU 3 ) 3 /7C QK S )»—-MINCSY ) )
SR=(SR~CMIMC SR ) 2/ C MAAL SR )-MIMCER 5 )
PAGE

IF 1I=UP THEM 27328

IF 26=6 THEHW 25990

PRIMT "MAZX DUTS/UTS= ", MAMOMY)
PRIMT “MIM OUTS/UTS= " .MINCMU)D

VIII-33



2790
276
2778
27eA
2798
28680
2883
28109
2312
2814
2816
2818
2828
2340
2842
2344
2346
2243
2854
2855
2860
2865
25808
2910
30608
38935
3096
(%% g
3068
3003
3919
3015
38z9
30830
3040

WINDOK -BH,TH, 8.1
WIEWPORT 256,759, 109,580
SETGR TICS S5.5,GRAT 3.3
AYPLOT W, SU

PRINT “AC~H~LAL"Y

NERT II

PAGE

PRINT "DTS/UTS FOR WP=8,3"
PRIr‘T llEll’ﬂD"‘ IIC", IIBII' IIQII
FOR Q=6 TO WP

PRINT TUCQR, 87, TUCGG, 175, TUCGR,2), TUCOG,3), TUL0R, 4D
PRINT

NEXT GG

PRIMT "DR/R_FOR WP=9,3"
PRI"T llEll ) IIDII ) llC" » llB” ’ "g“
FOR 00=@ TO WP

PRINT TR(GQ, 0>, TR(CAA, 17, TR(OR, 27, TR(AG, 35, TR(GR, 4
PRINT

NEAT 20

WaIT 1500

PRIMT "AC-W~E~L"

WAIT 15080

STOP

END

REM X% COMPUTATIOM OF HAZ TEMPERATURE HISTORY XXX
IF 11=p THEN 720829

IF mMM=LY THEN 3993

Fi=HC

GOTO 3819

Fi=CC

P1=PB%: 1-F1-/189)

PRINT IL.MM.LU.F1

P2=P1¥( 1-F2/100)

P1=P1-P2

LET N=130

VIiii-3o6



3658 DIM XAC(NI, TR(MI, TECHD

6@ LET TE=LT

2378 FOR I=8 TO N

3828 LET H¥c @ r=xA+l KB—rA ) /NK]

3a3a MEART 1

3118 FOR I=8 TO N

3122 LET X=HKHC(I)D

3138 GJSUB 3299

3148 LET TRCI)=M2

3145 IF TACIDAT THEN LET TACID=LT+10

3159 NEXT I

3160 REM k% PRINTOUT OF RESULTS %¥X

3178 PAGE

3175 IF Z2r=8 THEH 3289

3186 PRINT "WELD TEMPERATURE PROFILE:",Y;"INCHES FROM CENTERLINE.*
3196 PRINT “PROFILES TAKEM AT ";Z/W1%100;" % PLATE OEPTH."
3208 FOR I=0 TO 19-PRIMT-HEXT I

3216 PRINT " TEMP"-PRINT-PRINT

3229 PRIHT "(DEG FO"

3230 FOR I=0 TO 16-PRIHT-MHEXT I

3249 PRINT " DISTANCE FROM HEAT SOURCE { INCHES)>";
3250 WINDOW XA, %xB.0.,TL

3260 SETGR WIHDOW.TICS 5,16,5,5,G6GRAT €.6,3,3

3278 AYPLOT %7, ThA

3275 PRINT “~L-WAL~L"

3238 FETUFM

3299 PEM ¥¥% SUBROUTIHE TO COMPUTE TEMPERATURE OF HEAT SOURCE ARRAY XXX
33208 LET Z22=2

3218 LET M2=9

3329 LET 03=

33220 LET D2=zxl1

3348 GOSUB 32650

3359 GOSUB 3510

3360 LET M2=M1+TO+TZ

33790 LET M3=12
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323385
3338
3459
3410
3420
24320
3440
3450
34609
3479
3439
3499
3500
3510
3520
353

3546
35509
3569
3570
2580
35909
3609
3619
3629
3629
3640
3650
3660
3e79
3689
369509
37998
37106
3728

LET D3=D3+D2

GOSUB 3439

IF (M2-M3:<.0814M2 THEN GOTO 3420

GATO 33270

RETURH

REM ¥x# SUBROUTIME TO ADD MEXT THO HEAT SOURCES XXX
LET Z2=D3+2

GOSUB 3550

LET M2=M2+M1

LET 22=D3-Z

GOSUB 3650

LET M2=M2+11

RETURH

REM ¥¥k SUERDUTINE TO COMPUTE LINE HERT SOURCE TEMPERATURE
REM DISTRIBUTION X¥x*

LET ko=0

LET T2=8

LET AR=U1/2/A1%X

LET Z3=U1/2/A1XSORCAXA+(XY )

IF AR>E8 THEM 3640

GOsSUB 3730

IF AR<B THEH 3620

LET T2=P2/U1/€ 28327k 1/EXP(AR XKD

GOTO 3640

LET AR=-fR

LET T2=Pz/U1/6.2832/K1XEAP. AR )XKD

RETURN

REM *¥¥ SUBROUTIMNE TO COMPUTE TEMPERATURE X%
LET S1=50RY ¥ +(X'(+22%22)

IF S1=0 THEN LET Mi=UT+1090"IF S1=0 THEN 32720
LET ar=)1,2/A1¥(51+%)

IF AR83 THEM LET M1=0

IF AR>383 THEH GOTO 3729

LET M1=P1,2/32.1416/K1/S1/ERPCAR)

RETURN
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7328 REM #¥x¥ MODIFIED BESSEL FUNCTION, SECOND KIND,ZEROTH ORDER XXxx
3r4a REM_kE POLYHNOMIGL APPROMIMATION ¥4k

37E3 IF 23>2 THEH 33z

Iren GDSUR 32279

3770 LET G2=23%23-4

3788 LET KO=((7 . 4E-D6kG2+1 .B75E-04 3¥G2+2 . €269BE-93 H%G2

3798 LET KB=((KB+. 0343252 kG2+ 2206976 1362

32308 LET Ka=C({KO+ 42278424062~ .5772157 »-.5¥L0OG( G2 )X]10

3218 GOTO 33266

3328 LET G2=2-23

3238 LET KA=((5.3208°E-04XG2-2.5154E-03 »%G2+5 . 8787 2E-03 )¥G2
3849 LET KB=( (KO- 081062446 1%¥G2+. 02189568 13562

3858 LET KA=(C(KO-.072832353 »*L2+1 253314 )/S0RL 23 »/7EXPCZ3)
32€3 FETURH

3879 REM ¥%x%x MODIFIED BESSEL FUNMCTIOM, FIRST KIND, ZEROTH ORDER XXX
3320 REM *xk POLYMOMIAL APPROZIMATION XXk

33980 IF Z3>3.75 THEHN 3950

33006 LET G1=22¥23

3210 LET 106=({5.923979E-10%G1+6.56017E-98 »¥G1+6 . 88123E-86 >%G1
3920 LET I9=(( 10+4. 3I3334E-04)XG1+. 0156252 131

3920 LET I0=(16+.255¥G1+1

2946 GOTO 3994

3350 LET 19=((153.445,23-171.822)/23+73.2519)/23

3969 LET 19=((10-15.2595)/23+1 .811935,23

3970 LET 19=(/( 18- . 062309089 )/23+.9316855)/23

3929 LET 19=(C 18+ 04332225/23+ 3983427 »kELP(Z3)/S0R(Z3)

3938 RETURH

READY
X



