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SECTION I

INTRODUCTION

Implementation of the Air Fforce structural integrity philosophy as
defined in MIL-STD-1530A requires efficient, accurate, and cost effective
prediction of crack growth behavior under complex combinations of mechanical
loading and chemical/thermal environments. Current Air Force airframe struc-
turail 1life preaictions are based on isothermal analyses because the times at
high temperatures are short and have Tlittle effect on 1life prediction. At
most, a "worst case" temperature is selected for limited testing and allow-
ables generation for high temperature areas of the structure.

In the aircraft engine industry, life analyses emphasize other factors.
The engine environment dictates that temperature, load frequency, and stress
ratio effects be modeled accurately, while the mechanical load interaction
effects are either ignored or simplified. Temperature variations are much
more accurately modeled in analyses and testing for engine environments than
for airframes.

The ever-increasing mission requirements for Air Force hypervelocity and
high Mach number aircraft accentuate the importance of the temperature environ-
ment to the structures engineer. Tests have shown that the thermal-mechanical
load profiles experienced by such vehicles can produce lives considerably
shorter than those predicted by "worst case" isothermal test data and
analyses.

A fracture mechanics based life prediction procedure for hypersonic
airframe structures subjected to combined mechanical loadings and thermal
profiles has been developed and programmed. Existing routines and element
test data helped to develop this procedure. The accuracy of the procedure was
determined by predicting the crack growth under thermomechanical load
histories typical of advanced fighters and advanced aerospace vehicles, and
comparing those predictions with test results.




SECTION 11

PROGRAM SUMMARY

1. Program Objective - A method has been developed for the fatigue 1life
prediction of metals subjected to combined mechanical and thermal loads. This

analysis has been incorporated into a computer program callied "Damage Analysis
of Metals subjected to AGgresive Environments" (DAMAGE). Volume I of this

report documents the analytical procedures as well as the model development

and verification test data for the contract (Reference 1). Volume II is the

software user's manual. DAMAGE is an extension of a computer program known as
CRKGRO which was developed by Rockwell International under an Air Force

contract (Reference 2) for room temperature spectrum fatigue analysis.

The baseline fatigue crack growth rate equations in DAMAGE are the
Modified Walker and Chang equations with a variable threshold stress intensity
factor range. Load interaction effects are accounted for through the use of
the Generalized Willenborg model for tensile overloads ana the Chang accelera-
tion scheme for compressive underloads.

The DAMAGE program includes the following capabilities for elevated
temperature analysis: 1) a temperature dependent Walker equation for fitting
crack growth data; 2) a Wei-Landes method for sustained load crack growth;
3) Larson-Miller data which will determine the effective yield strength based
on time at temperature; 4) a method which accounts for a reduction in yield
strength with temperature; 5) a method for predicting the effects of tempera-
ture on fracture toughness; and 6) a temperature dependent overioad shut-off
ratio for calculating retardation effects caused by overloads. DAMAGE will
analyze crack growth in specimens with part-through or through cracks emana-
ting from open holes or slots. Specimens may be subjected to axial loads
and/or out-of-plane bending moments.

DAMAGE was made extremely user-friendly for the interactive user. Error
traps were incorporated into the code to prevent premature termination of an
analysis session. The user is prompted for revised data whenever input data




is found to be erroneous. The code is fully commented and streamlined to make
the baseline code and the addition more easily deciphered.

In addition, an interactive plotting routine has been incorporated into
DAMAGE. This routine will generate a low resolution plot on any terminal,
such that a quick graphical reference can be made of the output data. This
data is also stored in output data files, so that it can be plotted on any
in-house high resolution plotting routine.

2. Technical Discussion - The purpose of this contract was to use relatively
simple methods to analyze elevated temperature crack growth. These methods
were programmed and added to the room temperature analysis routines in CRKGRO.
The resulting program is called DAMAGE.

The methods described in this section have been used by various investi-
gators to model specific characteristics of crack growth behavior. In this
contract, these methods were consolidated into one crack growth analysis
scheme. The flow chart for the analysis program is presented in Figure 1.

d. C(Crack Growth Rate Model - The baseline fatigue crack growth rate
equation in CRKGRO is the modified Walker equation for positive stress ratios,
and the Chang equation for negative stress ratios:

for R 2 0 and &K > AKgn
dc/dN = C [aK (l—R)M'ljh = C [(l-R)MKmax]N
for R < 0 and &K > &Kgp
de/aN = € [(1+4R%)%Kpqay IV
for aK < 4oKgp

dc/dN = 0
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where C and N are growth rate constants, and M and Q are stress ratio
empirical exponents. The values of C, N, M, and Q are determined within
DAMAGE. The user must supply the crack growth rate data. Data may be input
for any number of stress ratios and for up to three different temperatures
(including room temperature).

The constants C and N are determined from R=0 test data. When R=0, the
above equations reduce to:

dc/dN = € Kpay\
The equation for a line is found when the log of both sides is calculated:
Tog(dc/dN) = Tog(C) + N log(Kpax)
A least squares fit is then used to determine the values of C and N.
Data for positive stress ratios, R>0, is used to determine M. An expres-

sion for M is found by taking the ratio of the dc/dN equation for R>0 with the
dc/dN equation for R=0.

dc/dNpyg _C [(1.0-R)M KpaxIV

M N
= ¢ o= = (1.0-R
dc/dNgg = °© ¢ Knag (1.0-R)

The equation for M is determined by taking the log of both sides of the above
equation.

npt
M= I log(ti)/[N log(1.0-R)]
i=1




where npt = number of dc/dN vs. &K data points for R>0 curves.

A similar equation for Q is determined using the same procedure. In this
case, however, only data from negative stress ratio (R<O) tests are used. The
expression for Q is:

npt
Q= I 1log(t;)/[N log(l.0+R%)]
i=1

The Modified Walker and Chang equations only allow for linear curve fits
of crack growth rate data. However, if the dc/dN vs. AK data is partitioned,
it is possible to obtain a bi-linear curve fit. In this case, the user must
provide the approximate location of the transition point. The routine will
use this point to partition the crack growth rate data. Once the expressions
for the upper and lower crack growth curve have been calculated, the actual
transition point will be determined and used within the program.

To account for the effects of elevated temperatures, the routine requires
crack growth data at room temperature and at either one or two elevated
temperatures. Each set of data is fit using the Modified Walker and Chang
equations, such that values of C, M, N, and Q are determined for each tempera-
ture. Given a value of aK, the crack growth rate, dc/dN, is calculated for
each temperature. If data for only two temperatures is provided, then the
actual dc/dN for a specified temperature 1is calculated by interpolating
between the room and maximum temperature dc/dN values. If data for three
temperatures is provided, a quadratic curve is fit to the dc/dN data.

The threshold value of AK is determined by the following:
bKgp = (1 - A R) 8Kgno
where AKtpo 1S the threshold value obtained from R = 0 constant amplitude
tests. A is an empirical constant obtained from aKyn data for constant

amplitude tests with various stress ratios. The value of A is solved for by
rearranging the above equation and must be supplied by the user.




A = [(AKtho - AKth) + 1]/R

b. Load Interaction Model - The load interaction model in DAMAGE is the
Generalized Willenborg model for tensile overloads with a reduction in over-
load zone size proposed by Chang for compressive underloads.

The Willenborg model (Reference 3) 1is used to predict crack growth
retardation due to overload cycles in the load spectrum. Figure 2 presents a
drawing of a crack immediately following an overload. The crack length is cq)
and the plastic zone created by the overload is pg]. The crack length
associated with a load cycle following the overload is represented by cj.
Similarly, the instantaneous plastic zone associated with the same load cycle
is designated as pj.

Overload Affected
Plastic Zone

Instantaneous
Plastic Zone

GP83-0418-18-D

Figure 2. Plastic Zone at Crack Tip
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The underlying principle of the Willenborg model 1is that crack growth
retardation will occur after an overload as long as Cj + pj < Co} + pol-
These sums are defined as the instantaneous interaction zone, zj, and the
overload interaction zone, zy), respectively. To accommodate this idea, the
model calculates an effective stress intensity, AKeff, and an effective
stress ratio, Reff, t0 calculate the crack growth rate.

The Generalized Willenborg model (Reference 4) predicts that crack growth
is shut-off when Keff_max €quals the maximum threshold stress intensity of the
material, Kyp-max- The expressions for the effective stress intensities are:

)1/2 - Keomax]

Keff-max = Komax - ¢ [Kol-max (1 - &¢/po)
K 0 = Kamin - ¢ [K (1 - a¢/001)Y/2 - Kegax]
eff-min =min - ¢ LKol-max Pol wMax
where
¢ = (1 - Kth-max/Kemax)/(Rgg - 1)
and
Rso = Kol-max/Kemax
The overload shut-off ratio, Rgy, is obtained from test data. A good method
for obtaining Rgg is to fit crack growth data from baseline isothermal

spectrum load fatigue tests. This method was used in this contract and is
described in Yolume I, Section V-5c¢.

The effective stress intensity, aKeff, is calculated using the standard
fracture mechanics formula:

OKeff = Keff-max - Keff-min = Komax - Kemin = &K

The effective stress ratio is calculated as:
Reff = Keff-min/Keff-max

11




The Willenborg model reduces the stress ratio below the applied stress,
but does not change the stress intensity range. The model will retard crack
growth until the current load interaction zone extends to the end of the
overiload interaction zone.

The reduction of the overload retardation effect caused by a compressive
underload is accounted for through the "effective overload interaction zone"
concept proposed by Chang (Reference 2). In this model, the plastic zone size
is modified to be:

peff = (1 + Reff) o

where Reff is the negative effective stress ratio (Reff<0).

In DAMAGE, the plane strain plastic zone equation is used at the depth of
a part-through crack. The user has the option of using plane strain or plane
stress plastic zone size equations in the length direction to analyze through
cracks and part-through cracks. The plane stress and plane strain plastic
zone size equations for any load cycle are:

p = [Y/(Z")] (Kmmax/f:ty)z

where

y =1 - plane stress
y = 1/3 - plane strain

Fry 1s the material tensile yield strength and Kepay 1S the maximum applied
stress intensity factor.

c. Temperature Effects on Material Properties - Material properties
change with temperature. DAMAGE will account for changes in yield strength,
fracture toughness, and overload shut-off ratio. In each case, DAMAGE accepts
input files which contain temperature vs. percent reduction of the material
property data.

12




Yield Strength - The yield strength wiil be reduced due to temperature,
resulting in a larger plastic zone in front of the crack tip. The crack
growth rate is reduced as long as the crack length does not exceed the plastic
zone. Therefore, if the plastic zone size increases, the crack growth rate is
reduced for a longer period of time.

Fracture Toughness - The fracture toughness of a materiai will generally
improve with increased temperatures. The net effect is that the crack will
grow longer before failure because the critical crack length will increase.
However, when the crack is in the vicinity of the critical crack size, the
crack growth rate is rapid. As a result, it will not take many cycles for the
crack to grow to the point where the critical crack length and the fracture
toughness are exceeded. Therefore, the change in fracture toughness should
have a minimal effect on life predictions.

Overload Shut-Off Ratio - The generalized Willenborg model accounts for
the ability of high spectrum loads to retard the crack growth produced by
subsequent Tow loads. This retardation is accounted for by using the overload
shut-off ratio, Rgg, which is defined as:

Rso = Kot-max/Kemax

This ratio determines the magnitude of the overload required to shut-off crack
growth completely for subsequent load cycles. A high Rgy value would indicate
that the material is insensitive to overloads. Conversely, a low Rgo would
indicate that the predicted crack growth is retarded after an overload and
would result in a longer predicted life.

Values for the overload shut-off ratio, Rgg, are determined by correla-
tion with isothermal spectrum load fatigue test results. These tests must be
performed at room and elevated temperatures since Rgg Will change with temper-
ature.

d. Environmental Considerations - The Wei-Landes approach for environ-
menta) acceleration of crack growth was incorporated into DAMAGE (Reference
5). This method accounts for the effect of time at load upon crack growth.

13




It uses the crack growth rate data for R=0 tests at high and low frequencies
to determine dc/dt for a given temperature.

The Wei-Landes method of predicting elevated temperature crack growth,
separates the crack growth due to mechanical load cycling from that due to
sustained loads. It is assumed that the total crack growth is the sum of
these two terms.

dc/dN = dc/dNe + dc/dNg

Mechanical load crack growth is measured in terms of 1length per cycle,
dc/dN. Sustained load crack growth is measured in terms of length per time,
dc/dt. The cyclic crack growth rate is determined using the Modified Walker
equation as discussed in an eariier section.

Figure 3 demonstrates how the Wei-Landes mode) determines dc/dt from the
differences between high and low frequency crack growth rate data. In this
figure, 10 Hz is the high frequency and 0.10 Hz is the low frequency. It is
assumed that hold time has little or no effect on crack growth raie at the 10
Hz frequency. Thus the difference between the crack growth rates of cycles
having the 10 second hold times (0.10 Hz) and those having no hold times (10
Hz) is used to determine dc/dt for each test temperature. The dc/dt versus
Kmax curves for each temperature are integrated as a function of stress
intensity factor to determine the cracking due to sustained lcads during (1)
loading, (2) hold at maximum load, and (3) unloading.

To use the Wei-Landes method in DAMAGE, two crack growth curves must be
supplied: one obtained from a high frequency test and one from a low frequency
test. An optimum curve for the low frequency data would have the same loading
speed as the high frequency data, but with a hold time at peak 1load that
equals the maximum hold time expected in .service.

e. (C-oep Crack Growth - A major concern in elevated temperature crack
growth in metals is creep. Creep will blunt the crack tip, and therefore
reduce the crack growth rate.

14
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Figure 3. Wel - Landes Method

The crack growth model incorporated into DAMAGE accounts for creep by
modeling the plastic zone in front of the crack tip as shown in Figure 4. The
plastic zone size increases when yield strength is reduced at high temper-
atures. This zone is also affected by increased plasticity with hold time at
temperature (creep). The plastic zone size is calculated as follows:

o = [v/(2n)] (Kpax/Fty)?
where
y = 1 - plane stress
vy = 1/3 - plane strain
and

Fty = material yield strength.

The plastic zone size 1is 1inversely proportional to the material yield
strength.

15
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Creep is introduced into this mode?! through the effective yield strength,
Fef_ty. The effective yield strength is defined as the stress level required
to produce 0.2 percent strain in a material at a given temperature and hold
time. The effective yield strength is calculated at each load cycle, and is
used to determine the plastic zone size. As the temperature and hold time
increase, the effective yield strength decreases and the plastic zone size
increases. Crack growth is retarded as long as the current plastic zone is
smaller than the previous one.

DAMAGE allows the use of Larson-Miller data to determine the effective
yield strength of the material given a temperature and hold time. A typical
Larson-Miller plot is shown for 6A1-2Sn-4Zr-2Mo titanium in Figure 5. The
effective yield strength and the temperature and hold time parameter, P, must
be input.

P = (460 + T)(Pyp + log(tp)) 1073

where T is the temperature in degrees Fahrenheit, tp is the hold time in
hours, and Pyp is a material constant used to fit the data.
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Figure 5. Larson — Miller Plot for 6-2-4-2 Ti

f. Damage Accumulation Technique - Damage accumulation in DAMAGE is
based on the Vroman Linear approximation method. In this method, the crack
growth for a given stress step is assumed to be 1 percent of the curreni crack
length. The stress steps are input by the user and consist of a number of
constant amplitude cycles, N, in which the stress varies from the maximum
stress in the cycle, opax, to the minimum stress in the cycle, opin-

For a given stress step, the crack growth rate, dc/dN, is calculated
using the Walker equation. The crack growth for the step is assumed to be
ac = 0.01c, where "c" is the instantaneous crack length. The number of cycles
in the stress step, N, 1is then compared to the actual number of cycles
required to achieve the assumed crack growth:

Nact = 0.01 ¢ / (dc/dN)

If Nact > N, then

bCact = N dc/aN
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Cc=C+ ACact

The analysis then proceeds to the next stress step.

If Nact < N, then

ACact = aACc = 0.01 ¢

C + AC

(@]
H

One must then examine the remaining cycles in this stress step, Npem = N-Nact-
The procedure described above is repeated until all of the cycles in the step
have been examined. At that point, the analysis proceeds to the next stress
step.

g. Geometric Capabilities - An extensive library of stress intensity
factor solutions is available in DAMAGE (Figure 6). The crack library module
consists of ten subroutines, each containing one stress intensity solution.
For part-through cracks, shape change is predicted based on the assumption
that growth in the two directions can be characterized by the stress intensi-
ties at the extreme points. Compound solutions expressed in polynomial form
are typically used in these routines to summarize the effects of width,
thickness, crack depth, crack length, and crack aspect ratio on stress inten-
Sity.

CRKGRO contains stress intensity solutions for plates loaded axially in
tension. In DAMAGE, these sn2lutions were updated and new solutions were added
for plates subject to axial tension and/or out-of-plane bending moments.
Stress intensity solutions were obtained from three sources: 1) Newman and
Raju, 2) Tada, Paris and Irwin;, and 3) Rooke and Cartwright (References 6
through 9). In these solutions, stress intensity factors are determined
separately for tension and bending. The total stress intensity is then the
sum of the two solutions.

K = (Ut Bt + op BD) (ﬂC)l/z
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where “c" is the crack length, ot and op are the tension and bending stresses,
and By and Bp are the tension and bending geometry factors. The bending
stress, op, 1S determined from the out-of-plane bending moment, M, and 1is
calculated as:

Jp =M ao/I

where 1 is the moment of inertia. For a rectangular cross-section of width,
W, end thickness, t, I is equal to (W t3/12). dp is the distance between the
mid-plane of the plate and the location where the bending stress is calcu-
lated. At the specimen surface, ap = t/2 and the bending stress is

op = 6 M/ (Wt2)

Appendix A identifies each specimen geometry and the appropriate stress
intensity factor solutinns for plates subject to tension and/or bending. An
additional subroutine was added to DAMAGE which allows the user to supply
stress intensity factor data for specific cases not covered in the solution
Tibrary. This data file must contain crack length vs. geometry factor data,
g. Data may be provided for specimens loaded in tension and/or subject to
out-of-plane bending.
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Code No.

Description Geometry

1010 Center Surface Crack
\ 4
1020 One Corner Crack from
Center Open Hole
1030 Two Corner Cracks from
Center Open Hole
1040 One Corner Edge Crack é
2010 Center Crack I
2020 One Crack from
Center Open Hole
2030 Two Cracks from
Center Open Hole
2040 One Edge Crack é____:§
2050 Twc Edge Crack t‘ :
2060 ASTM Compact 2
Tension Specimen O

GP93-0418-122-D

Figure 6. Stress Intensity Factor Solutions
DAMAGE
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SECTION 111

DAMAGE DESCRIPTION

1. Input Data - DAMAGE 1is designed to be a quick and easy to use computer
program that can be run in interactive or batch mode. The program runs from
data that can either be input interactively or read from a specified file.
Once the data has been input, the user may review the data and edit it as
necessary. After successful execution, the program will write the input data
to a file if requested.

The echo/edit routine is used to modify an existing set of data. Once
the data has been read into the program or entered interactively, the user 1is
asked if editing 1is desired. If this option is selected, the user is
presented with a menu which lists the analysis modules for which data may be
edited. The editing process starts with an echoing of the input data for
that section of analysis. The user is asked if this data is correct. If it
is correct, the routine exits to the first menu. If the data is incorrect,
the user may modify any or all of the data listed. The editing routine also
allows addition of data sets for analysis modules not originally selected.
Similarly, the user may eliminate an analysis option, or add or delete
material systems.

a. Error Trapping - The routine has error traps to assist the user when
answering questions interactively. These error traps are designed to catch
simple typographical errors. Without these error traps, the program would
stop and would have to be re-run from the start. Another type of error trap
included in the routine checks a numeric response when choosing from a 1list
of numbered options. If your entry does not appear in the given list, then
the program will ask you to try again.

b. Data Description - In this section, a list of the input data and a
description of each input variable is provided. An input file may be created
from the following 1ist of data, however it is easier to enter the data
interactively and then store that data in a file prior to program execution.
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Problem Title

HONG - maximum of 70 characters

Material Properties

MATID - material title card, maximum of 60 characters
Room Temperature Crack Growth Rate Data

NBISL(1) - O single slope curve fit of dc/dN vs. AK
1 - bi-slope curve fit of dc/dN vs. AK

MATDAT(1) - name of file containing dc/dN vs. AK data
for high frequency tests with different R'sS

ATLEV(1) - approximate value of dc/dN where transition from lower
region curve fit to upper region fit occurs, (in/cycle)

TRANSL(1) - approximate value of AK where transition from lower
region curve fit to upper region fit occurs,
(ksi*sqrt(in))

CKC - plane stress fracture toughness, K¢ (ksi*sqrt(in)), used for
through crack instability criteria on half-crack length 'c¢* (room
temperature)

AKIC - plane strain fracture toughness, K¢ (ksi*sqrt(in)), used for
part-through crack instability criteria on crack depth 'a‘' (room
temperature)

SIGMAY - material yield strength (ksi)

VV - material poisson ratio

DELKTH - the threshold of AK (ksi*sqrt(in)), for R = 0 test below which

the growth rate is set to zero.

THA - threshold constant, used in definition of variable threshold =
AKtp (1 - THA ABS(R))

RCUT - the value of the positive stress ratio, R, above which the
material does not show accelerated growth rate.

KCUTN - the value of the negative stress ratio, R, below which the

material does not show retarded growth rate.

ATP - Are elevated temperature effects accounted for when calculating
crack growth? (y/n)
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if ATP = y
Elevated Temperature Crack Growth Rate Data
(nn = 1 - room temperature (data input above),
nn = 2 - intermediate temperature,
nn = 3 - maximum temperature)
for NN = 2, 3
NBISL(NN) - O - single slope curve fit of dc/dN vs. AK
1 - bi-slope curve fit of dc/dN vs. AK
MATDAT(NN) - name of file containing dc/dN vs. AK data for high
frequency tests with different R's
ATLEV(NN) - approximate value of dc/dN where transition from lower
region curve fit to upper region fit occurs (in/cycle)
TRANSL(NN) - approximate value of AK where transition from lower
region curve fit to upper region fit occurs
(ksi*sqrt(in))
AWL - Are sustained loads accounted for when calculating crack growth?
(y/n)
if AWL = y
Wei-Landes Data
FNS - name of file containing dc/dN vs. AK data from a low frequency
test
FNF - name of file containing dc/dN vs. &K data from a high frequency
test
RWL - stress ratio for input data
TWL - temperature for this data (degrees Fahrenheit)
ALM - Are elevated temperatures and sustained loads to be accounted for
when calculating yield strength? (y/n)
if ALM =y
Larson-Miller Data
FNT - name of file containing temperature vs. yield strength and
fracture toughness
FNC - name of file containing Larson-Miller parameters vs. yield
strength (accounts for load, hold time, and temp)
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Geometry Data

RETTYP - y - Willenborg retardation model used
n - no load interaction
b - analyses is given for both load interaction and no load

interaction

RETDA - load interaction shut-off ratio for crack arrest, or overload
shut-off ratio

if ATP = y or ALM = y .

FNR - name of file containing temperature vs. overload shut-off ratio

data

CODE - crack codes

part-through crack types

1010 - center surface crack
1020 - one corner crack from centered open hole
1030 - two corner cracks from centered open hole
1040 - one corner edge crack

through crack types
2010 - center crack
2020 - one crack from centered open hole
2030 - two cracks from centered open hole
2040 - one edge crack
2050 - two edge cracks
2060 - ASTM standard compact tension (ct) specimen
2070 - user defined stress intensity factor
if CODE = 2070
FILECB - stress intensity data file
WIDTH - width of specimen (in)
T - thickness of specimen (in)
RADIUS - radius of open hole (in)
if CODE = 1010, 1020, 1030, or 1040
NBRK - 0 - transition occurs when crack = thickness
1 - transition occurs before crack = thickness
AINIT - initial crack depth (in)
AFl1 - final crack depth (in)
0 - critical crack depth
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CINIT - initial crack length (in)

DF1 - final crack length (in)
0 - critical crack length

IPS - 0 - plane stress condition is used for crack length
1 - plane strain condition is used for crack length
(plane strain condition is used for crack depth)

Loading Data

NLIM - number of applied test stress levels and/or applied

out-of-plane bending moments

maximum # iS 6

if RETTYP = b (both retarded and unretarded crack growth 1is
computed), then maximum # is 3

SIGLIM(1-6) - applied 1imit stress (ksi)

MOMENT(1-6) - out-of-plane bending moment (kip-in) Bending stresses due
to out-of-plane bending moments will be calculated and
added to the peak and valley axial stresses. The analysis
assumes the following:

1) The moments are applied such that the bending stresses
are completely reversible (R=-1.0).
2) The loading and moment frequencies are the same.
TITLE - base spectrum title (maximum of 70 characters)
NRP - flag for range pairing each spectrum segment
(Note: A range paired load spectrum is one in which peak and
valley loads are re-paired such that the highest peak 1is paired
with the lowest valley, and so on. Typically, this results in a
more conservative life estimate.)
0 - no range pair
1 - range pair
(NRP = 0 when doing elevated temp analysis)
ANSP - do you want to use an input file for the spectrum data? (y/n)

if ANSP =y
FILEINS - spectrum input file name
if ANSP = n

for I =1, 20 (I - mission segment number)
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ISPEC(I) - flight spectrum segment type
1 - maximum stress - minimum stress
2 - stress ratio - delta stress
3 - mean stress - alternating stress

4 - end
if ISPEC(1) =1, 2 or 3
SEGTTL(I) - flight segment description (maximum of 70 characters)

if ATP = n and ALM = n
if ISPEC(I) =1
omax (ksi), opin (ksi), cycles

- maximum stress, minimum stress, # of cycles

(enter this data for each load step)
if ISEC(I) = 2
Ao (ksi), R, cycles

- delta stress, stress ratio, # of cycles

(enter this data for each load step)
if ISEC(I) = 3
omean (ksi), oait (ksi), cycles

- mean stress, alternating stress, # of cycles

(enter this data for each load step)
0 00 - signifies end of load step input for this
segment (I)
if ATP = y or ALM = ¥y
if ISPEC(I) =1
omax (ksi), omin (ksi), cycles, Temp (°F),
te (sec), thp (sec), thy (sec), th, (sec)

- maximum stress, minimum stress, # of cycles, temperature,
cycle time, hold time at maximum stress level, hold time at
minimum stress level, hold time at O stress
(enter this data for each load step)

if ISPEC(I) = 2
bo (ksi), R, cycles, Temp (°F), to (sec),
thp (sec), thy (sec), th; (sec)

- delta stress, stress ratio, # of cycles, temperature, cycle
time, hold time at maximum stress level, hold time at
minimum stress level, hold time at 0 stress
(enter this data for each load step)
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if ISPEC(I) = 3
omean (ksi), 031t (ksi), cycles, Temp (°F),
te (sec), thp (sec), thy (sec), th, (sec)

- mean stress, alternating stress, # of cycles, temperature,
cycle time, hold time at maximum stress level, hold time at
minimum stress level, hold time at O stress
(enter this data for each load step)

00000000 - signifies end of load step input
for this segment (I)

Mission Mix Data

NMIX

Example: Mission = NBLKS * E MISMIX(1,1)*MISMIX(2,1)

I =1

NBLKS = # of times the complete mission string is repeated
NMIX = # of mission segments to be summed
for I = 1, NMIX
MISMIX(1,I) = # of times individual mission is repeated
MISMIX(2,I) = mission segment number

Output Options

ICFH - 1 - print output in cycles
2 - print output in flights
3 - print output in hours
NFPB - number of cycles (or flights or hours) per block
ANE1l - Should spectrum be printed in the output? (y/n)
NB - print crack growth history data in increments of NB cycles (or
flights or hours)
ANEZ - 1s plotting required? (y/n)
if ANE2 = y
ANE3(1) - Do you want to plot cvs. N? (y/n)
ANE3(2) - Do you want to plot dc/dN vs. N? (y/n)
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ANE3(3) - Do you want to plot dc/dN vs. c? (y/n)

ANE3(4) - Do you want to plot dc/dN vs. Kpax? (y/n)

for 1 -1, 4

if ANE3(I) =

SCALE(1,1) linear or log grid for x axis
SCALE(2,1) - linear or log grid for y axis

- linear

- log

<

- O

c. Format for Material and Loading Data Files - There are several
material data files which must be included in the input file. These data
files describe: 1) crack growth at various temperatures, 2) sustained 1load
effects on crack growth, 3) the effects of temperature on yield strength,
fracture toughness, and overload shut-off ratio, 4) the effect of temperature
and hold time at load on the effective yield strength, and 5) a user defined
stress intensity field. The data file names must not be longer than 10
characters. The format for these files is described below.

MATDAT(1) - room temperature crack growth data
MATDAT(2) - intermediate crack growth data
MATDAT(3) - maximum temperature crack growth data

Three separate data files must be created, each with the following
format:

Tine 1) title (maximum of 70 characters)
1ine 2) number of points, stress ratio,
temperature (°F)
Tine 3) aKj (ksi*sqrt(in)), dc/dN; (in/cycle) - for i = 1, number
of points
This format is repeated in each temperature file for any additional data run
at different stress ratios. The first set of data in the file must be from
an R=0 (or at least no higher than R=0.1) test.

FNS - low frequency crack growth data (Wei-Landes method)
FNF - high frequency crack growth data (Wei-Landes method)
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Two separate data files are required with the following format:

line 1) title (maximum of 70 characters)
line 2) number of points, total cycle time (sec), hold time at
maximum load (sec)
Tine 3) aKj (ksi*sqrt(in)), dc/dNj (in/cycle) - for i = 1, number
of points
FNT - temperature effects on yield strength and fracture toughness data
file format:

line 1) title (maximum of 70 characters)

line 2) number of points

1ine 3) temperature (°F), % room temperature yield strength, ¥ room
temperature fracture toughness

line4) ., ., . - for i =1, number of points

FNC - temperature and hold time effects on the effective yield strength
(creep model - Larson-Miller data) format:

line 1) title (maximum of 70 characters)

line 2) number of points, Larson-Miller coefficient

line 3) Larson-Miller parameter, % room temperature yield strength,
line 4) . , ., . - for i =1, number of points

Note: Larson-Miller parameter, P = (460 + T)(Pyy + log(tp)) 1073

T is the temperature in degrees fFahrenheit, tp is the hold time in hours, and
Pym 1S the Larson-Miller coefficient which is a material property.

FNR - temperature effect on overload shut-off ratic data file format:

line 1) title (maximum of 70 characters)

line 2) number of points

line 3) temperature (°F), % room temperature overload shut-off
ratio

line 4) . , ., . - for i =1, number of points
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FILECB - user defined stress intensity factor data format:

line 1) title (maximum of 70 characters)

line 2) number of points

line 3) crack length (in), geometry factor (B)
line 4) . , . , . - for 1 = 1, number of points

Note: The stress intensity factor is defined as:
K = (o Bt + op Bp) (ﬂC)l/2

Two sets of data must be included in this file. The first set is for a plate
loaded 1in tension and the second set for a plate subject to out-of-plane
bending moments. If only one set of data is provided, then the number of
points for the other set must be set equal to zero.

The load (and temperature) spectrum can be placed directly in the main
input file as described in the previous section. However, this data may also
be kept in a separate file, FILEINS, if desired. The format for this file is
exactly the same as shown in the input data description when ANSP = n.

2. Output Results - The user has the option of running DAMAGE in interactive
or batch mode. Either way, during program execution the output is written to
a file called DAMAGE.DAT in the user's directory. The output is displayed on
the screen during an interactive session. The output is displayed in four
sections: 1) data echo, 2) critical crack length data, 3) crack growth data,
and 4) plots. The output displayed and the files created by each module are
described in this section.

a. Data Echo - A1l of the input data is echoed in the first part of the
output data file. This allows a visual check of the input data. The data is
listed along with a brief description of each variable. The user also has
the option of printing the equations used for calculating the stress
intensity factors in the output file. In addition, the load and temperature
data file will be displayed if desired. This is especially convenient when
the load spectrum has been ranged paired.
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b. Critical Crack Length - The critical crack length (and depth for
panels with part-through thickness flaws) is based on the peak stress in the
load spectrum ana the fracture toughness of the material. The program uses
an iterative procedure in which the fracture toughness is calculated based on
an initial guess for the critical crack length. This guess is then increased
or decreased depending on whether the calculated fracture toughness is
greater than or less than the actual material fracture toughness. The
iterative procedure is complete when the error in the calculated fracture
toughness 1is less than 1.0 percent.

Temperature affects the material fracture toughness, and therefore, the
critical crack 1length. The critical crack length 1is recalculated for each
temperature input in the fracture toughness data.

The output file (DAMAGE.DAT) identifies the maximum axial and bending
stress in the load spectrum. Then, at each temperature, the following items
are Tlisted: 1) the critical crack length, 2) the calculated fracture
toughness, and 3) the number of iterations required to achieve less than a
1.0 percent error. Panels with part-through thi~kness flaws also list the
same information for the critical crack length as well as similar information
for the critical crack depth.

C. Crack Growth Data - Crack 1length (and depth for panels with
part-through thickness flaws) is printed at intervals specified by the user.
Life can be expressed in terms of cycles, flights, or hours. The maximum
stress intensity factor and the crack growth rate are also supplied at each
interval. The crack growth rate is expressed in terms of inches/cycle.

d. Plotting Capabilities - DAMAGE also contains a subroutine for
producing low resolution plots on any terminal. Therefore a quick graphical
reference can be made for the output crack growth data. Four types of plots
can be made: 1) crack length vs. 1life, 2) crack growth rate vs. life, 3)
crack growth rate vs. crack length, and 4) crack growth rate vs. maximum
stress intensity. These plots are applicable for part-through and through
thickness flaws. Four additional plots describing the crack depth are also
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available for panels with part-through thickness flaws. The x and y axes can
be plotted on a linear or logrithmic scale as specified by the user.

A maximum of six curves (one for each stress level) may be plotted per
graph. The plot legend identifies the stress level with the appropriate
curve symbol. Next to each stress 1level, an "R" or a "U" will appear,
indicating whether the solution included load retardation (R) effects due to
overloads or if the solution was unretarded (U).

The data generated by the plotting module are also written to data files
in a format which allows for plotting using higher resolution routines. All
of the output files are written to the user's directory during execution.
The data file names are PLOT*.DT, where the * will be 1 through 8 for the 8
different plots available.
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SECTION IV

EXAMPLE PROBLEMS

Data may be input into the program interactively or using input files.
If the data is input interactively, the program will store the data in an
input file, if the user desires.

Four different example problems are listed in this section to demonstrate
the input file format and to display some sample output. The data in the
input files must appear on the appropriate lines as shown, but the column
spacing in each row is arbitrary. If there is an error in the input file, the
program will terminate execution. Therefore, the simplest way to create an
input file is to enter the data interactively and let the program create and
save the input file for later use.

Material data and spectrum load data files specified in the input files
below are listed in Appendices B, C, and D.
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Example 1.

Room Temperature, Constant Amplitude Load

Material:

Inconel 718

Specimen Type: Center Cracked Tension - Through Thickness
Ltoad Profile: Constant Amplitude, R=0.02
Temperature Profile: Constart Temperature, 78°F

Input File

Model Development

IN-718

0

IN718RT2
0.0000000E+00
0.0000000E+00
120.00000
120.00000
164.0000

0.29

11.0000

3.000000
0.1870000
0.0000000E+00
0.410
0.0000000E+00
0

1

15.84

0.00

Constant Amp1
0

= 0.0?
.00 0.020
.00 0.020
.0

N
1
R
1
1
1.00 0.020

itude

100.0
100.0
100.0

(Appendix B)
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0.020
0.020
0.020
0.020
0.020
0.020
0.020

100.0
100.0
100.0
100.0
100.0
100.0
100.0
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Qutput file

DAMAGE
DAMAGE ANALYSIS OF MCTALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

Mode1 Development

CRACK CODE: 2010 --- THROUGH CRACK, CENTERED
LOAD INTERACTION: WILLENBORG-CHANG

DAMAGE ACCUMULATION: VROMAN (LINEAR APPRX.)
CRACK GROWTH RATE EQ.: MODIFIED WALKER

MATERIAL: [IN-718

ROOM TEMPERATURE CRACK GROWTH RATE DATA
DC/DN VS DELTA K MATERIAL FILE -  IN718RT2
TEMPERATURE = 78.000

WALKER EQUATION VARIABLES

GROWTH RATE EQ. CONST. C = 2.2556E-12

GROWTH RATE EQ. EXP. N = 4.280

GROWTH RATE EQ. EXP. M = 0.596

GROWTH RATE EX. EXP. Q = 1.009

ROOM TEMPERATURE FRACTURE TOUGHNESS - PLANE STRAIN = 120.000
ROOM TEMPERATURE FRACTURE TOUGHNESS - PLANE STRESS = 120.00

ROOM TEMPERATURE YIELD STRENGTH = 164.000 KSI

POISSON RATIO = 0.29
DELTA KTH = (1 - 0.3*ABS(R))* 11.000
+R CUT-OFF = 1.250
-R CUT-OFF = -0.200
HALF PLATE WIDTH (B) = 1.500 INCH
PLATE THICKNESS (T) = 0.187 INCH
INITIAL HALF CRACK LENGTH (C) = 0.410 INCH
FINAL HALF CRACK LENGTH (C) = 0.000 INCH
PLANE STRESS PROBLEM
MISSION MIX
MAXIMUM NUMBER OF LOAD BLOCKS = 1000
THE LOADING SPECTRUM HAS 1 MISSION(S)
DESIGN LIMIT STRESS

15.840 KSI
OUT-OF -PLANE BENDING MOMENT

0.000 KIP-IN

*hxkkkkkxd  END OF [NPUT  dddkaskkhk
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DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

Mcdc?! Develcpment

ESTIMATION OF THE CRITICAL CRACK LENGTH
BASED ON KLIMIT AND CONSTANT ASPECT RATIO

MAXIMUM STRESS = DESIGN LIMIT STRESS * MAXIMUM PEAK IN SPECTRUM
MAXIMUM AXTAL STRESS = 15.840 * 1.000 = 15.84 KSI
MAXIMUM BENDING STRESS = 0.00 KSI

TEMP CRACK STRESS ITERATION
LENGTH INTENSITY

78.0 1.425 120.00 14
CRITICAL CRACK SIZE ESTIMATE COMPLETED
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DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

Mode1 Development

ANALYSIS IS DONE WITH LOAD INTERACTION.

CRACK GROWTH SUMMARY TABLE FOR EVERY 10000 LOAD CYCLES
INITIAL CRACK LENGTH WAS C = 0.4100 IN

DESIGN LIMIT STRESS = 15.84 KSI

BENDING MOMENT = 0.00 KIP-IN
LOAD CYCLES LENGTH KMAX DC/DN
10000 0.4163 19.03 6.407E-07
20000 0.4228 19.21 6.670E-07
30000 0.4296 19.39  6.953E-07
40000 0.4367 19.59  7.257E-07
50000 0.4442 19.79  7.586E-07
€0000 0.4519 20.01  7.942t-07
70000 0.4601 20.23  8.329E-07
80000 0.4686 20.46  8.751E-07
90000 0.4776 20.71  9.214E-07
100000 0.4870 20.97 9.722t-07
110000 0.4970 21.25 1.028E-06
120000 0.5076 21.55 1.091E-06
130000 0.5189 21.86 1.160E-06
140000 0.5309 22.20 1.239E-06
150000 0.5437 22.56 1.328E-06
160000 0.5575 22.95 1.429E-06
170000 0.5724 23.38 1.546E-06
180000 0.5885 23.84 1.682E-06
190000 0.6061 24.36 1.843E-06
200000 0.6255 24.93 2.037E-06
210000 0.6470 25.58 2.275E-06
220000. 0.6712 26.33 2.573E-06
230000. 0.6988 27.21  2.959E-06
240000. 0.7309 28.26 3.482E-06
250000. 0.7692 29.59 4.232E-06
260000. 0.8170 31.34 5.410E-06
270000. 0.8808 33.90 7.568E-06 .
280000. 0.9789 38.56 1.308E-05
290000. 1.2831 67.02 1.226E-04
290491. 1.4385 132.76 1.643E-03

CRACK GROWTH ANALYSIS COMPLETE
CRITICAL STRESS INTENSITY EXCEEDED - KC = 120.00

MAXIMUM CRACK LENGTH EXCEEDED - CF = 1.4254
TOTAL TEST TIME = 0.0 HOURS
AVERAGE TEST TEMPERATURE = 78.0
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FINAL CRACK SIZE WAS REACHED

IN BLOCK 291 STEP 4
WITH C = 1.439

CRACK GROWTH HISTORY COMPLETED

**x P OT SUMMARY * * *
Model Development

PLOT 1 LINEAR CRACK LENGTH, IN VS
PLOT 2 LOG-LOG LENGTH/CYCLE VS
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DAMAGE

DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS
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Example 2. Room Temperature, Spectrum Load

Material: 6-2-4-2 Titanium

Specimen Type: Center Cracked Tension - Part-Through Thickness
Load Profile: Spectrum Load, Aerospace Vehicle

Temperature Profile: Constant Temperature, 789F

Input File

Model Development
Ti-6-2-4-2

1

TI6242RT2 (Appendix B)
2 .0000000E-06
15.00000
60.00000
60.00000

139.6000

0.32

9.000000
0.8800000
1.250000

-0.3000

<~ Z2Z Z

2.00

1010

.000000
.1870000
.0000000E+00

.1000
.0000000E+00
.3015
.0000000E+00

OO0 00O00O0O0OW

o w
D
o
(e N o]

o

Rerospace Vehicle Load Spectrum
0

Y

APTI (Appendix D)
1000

1

1
1
3
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50
N
100
N

Output File

DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

Model Development

CRACK CODE: 1010 --- SURFACE CRACK, CENTERED
LOAD INTERACTION: WILLENBORG-CHANG

DAMAGE ACCUMULATION: VROMAN (LINEAR APPRX.)
CRACK GROWTH RATE EQ.: MODIFIED WALKER

MATERIAL: Ti-6-2-4-2

ROOM TEMPERATURE CRACK GROWTH RATE DATA
DC/DN VS DELTA K MATERIAL FILE - ti6242RT2
TEMPERATURE = 78.000

WALKER EQUATION VARIABLES

REGION I

GROWTH RATE EQ. CONST. C = 1.1493t-12
GROWTH RATE EQ. EXP. N = 5.566
GROWTH RATE EQ. EXP. M = 0.529
GROWTH RATE EX. EXP. Q = 1.000
REGION I1I

GROWTH RATE EQ. CONST. C = 1.0593E-11
GROWTH RATE EQ. EXP. N = 4.689
GROWTH RATE EQ. EXP. M = 0.618
GROWTH RATE EX. EXP. Q = 1.982

REGION 1 - REGION IT TRANSITION AT DC/DN = 1.5334E-06

DELTA K = 12.605
ROOM TEMPERATURE FRACTURE TOUGHNESS - PLANE STRAIN = 60.000
ROOM TEMPERATURE FRACTURE TOUGHNESS - PLANE STRESS = 60.00

ROOM TEMPERATURE YIELD STRENGTH = 139.600 KSI

POISSON RATIO = 0.32
DELTA KTH = (1 - 0.9*ABS(R))*  9.000
+R CUT-OFF = 1.250
-R CUT-OFF = -0.300
HALF PLATE WIDTH (B) = 1.500 INCH
PLATE THICKNESS (T) = 0.187 INCH
INITIAL HALF CRACK LENGTH (C) = 0.301 INCH

INITIAL CRACK DEPTH (A) = 0.100 INCH

FINAL HALF CRACK LENGTH (C) = 0.000 INCH
FINAL CRACK DEPTH (A) = 0.000 INCH
42




A/C RATIO = 0.332
PLANE STRESS PROBLEM
MISSION MIX

MAXIMUM NUMBER OF LOAD BLOCKS = 1000
THE LOADING SPECTRUM HAS 1 MISSION(S)
DESIGN LIMIT STRESS

35.000 KSI
OUT-OF -PLANE BENDING MOMENT

0.000 KIP-IN

khkhkkhkkkk END OF INPUT kkkdkdkkdkdkk
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DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

Mode1 Development

ESTIMATION OF THE CRITICAL CRACK LENGTH
BASED ON KLIMIT AND CONSTANT ASPECT RATIO

MAXIMUM STRESS = DESIGN LIMIT STRESS * MAXIMUM PEAK IN SPECTRUM
MAXIMUM AXIAL STRESS = 35.000 * 1.000 = 35.00 KSI

MAXIMUM BENDING STRESS = 0.00 KSI
TEMP CRACK STRESS ITERATION CRACK STRESS ITERATION
DEPTH  INTENSITY LENGTH INTENSITY
/8.0 0.187 45.38 2 0.697 60.01 13

CRITICAL CRACK SIZE ESTIMATE COMPLETED
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DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

Model Development

ANALYSIS IS DONE WITH LOAD INTERACTION.
CRACK GROWTH SUMMARY TABLE FOR EVERY

INITIAL CRACK DEPTH WAS A = 0.1000 IN
INITIAL CRACK LENGTH WAS C = 0.3015 I

100 FLIGHT HOURS

N

DESIGN LIMIT STRESS =  35.00 KSI
BENDING MOMENT = 0.00 KIP-IN
FLIGHT HOURS LENGTH KMAX DC/DN
100. 0.3019 12.67 8.157E-07
200. 0.3023 13.11  9.652E-07
300. 0.3028 13.59 1.153E-06
400. 0.3035 14.10 1.390t-06
500. 0.3042 14.65 2.511E-06
600. 0.3053 15.25 3.098E-06
700. 0.3068 15.89  3.743E-06
800. 0.3086 16.58  4.565E-06
900. 0.3107 17.31 5.606E-06
1000. 0.3133 18.08 6.929t-06
1100. 0.3165 18.89 8.637£-06
1200. 0.3204 19.72 1.083E-05
1300. 0.3252 20.57 1.359E-05
1400. 0.3309 21.42 1.699E-05

TRANSISTION TO THRU CRACK

MAXIMUM CRACK DEPTH EXCEEDED - AF = 0.1868

1500. 0.3425 16.96 2.085E-06
1600. 0.3624 17.52 2.436E-06
1700. 0.3869 18.19  2.924E-06
1800. 0.4169 19.02 3.629E-06
1900. 0.4553 20.07 4.735E-06
2000. 0.5076 21.52 6.624E-06
2100. 0.5874 23.78 1.085E-05
2200. 0.7590 29.19 3.085E-05
2203. 0.7695 65.39 3.276E-05

CRACK GROWTH ANALYSIS COMPLETE

CRITICAL STRESS INTENSITY EXCEEDED - KC = 60.00

MAXIMUM CRACK LENGTH EXCEEDED - CF = 0.6972

TOTAL TEST TIME = 0.0 HOURS
AVERAGE TEST TEMPERATURE = 78.0

FINAL CRACK SIZE WAS REACHED

IN BLOCK 45 STEP 76
WITH C = 0.769

CRACK GROWTH HISTORY COMPLETED
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KMAX

18.
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.061E-05
.153E-05
.254E-05
.367E-05
.492E-05
.631E-05
.782E-05
.946E-05
.109E-05
.272E-05
.435E-05
.592E-05
.738E-05
.863E-05




Example 3. Elevated Temperature, Constant Amplitude Load

Material: Inconel 718

Specimen Type: Center Cracked Tension - Through-Thickness

Load Profile: Constant Amplitude, R=-0.20, 30 Second Hold
Times at Peak Load

Temperature Profile: Constant Temperature, 1200°F

Input File

Model Development

IN-718

0

IN718RT2 (Appendix B)
0.0000000E+00

0.0000000E+00

120.00000

120.00000

164.0000

0.29

12.20000

0.2620

1.250000

-0.200

Y

0

IN7187008 (Appendix B)
0.0

0.0

0

IN718TP (Appendix B)
0.0

0.0

N

Y

DAMINYDKC (Appendix B)
DAMINEFYD (Appendix B)

y

2.400
DAMINRSO (Appendix B)
2010

3.000000
0.1870000
0.0000000E+00
0.903
0.0000000E+00
0

1

19.443

0.00
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Constant Amplitude

0
N
1
R =-0.20
1.00 -0.20 10.0 1200.0 31.25 30.0
1.00 -0.20 10.0 1200.0 31.25 30.0
1.00 -0.20 10.0 1200.0 31.25 30.0
1.00 -0.20 10.0 1200.0 31.25 30.0
1.00 -0.20 10.0 1200.0 31.25 30.C
1.00 -0.20 10.0 1200.0 31.25 30.0
1.00 -0.20 10.0 1200.0 31.25 30.0
1.00 -0.20 10.0 1200.0 31.25 30.0
1.00 -0.20 10.0 1200.0 31.25 30.0
1.00 -0.20 10.0 1200.0 31.25 30.0
00000000
4
1000
1
1
1
1
100
Y
100
N

Output File

DAMAGE

DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS
Model Development

CRACK CODE: 2010 --- THROUGH CRACK, CENTERED
LOAD INTERACTION: WILLENBORG-CHANG
DAMAGE ACCUMULATION: VROMAN (LINEAR APPRX.)
CRACK GROWTH RATE £Q.: MODIFIED WALKER
TEMP EFFECTS ON YIELD STRENGTH: LARSON-MILLER DATA
TEMP EFFECTS ON FRACTURE TOUGHNESS: TEST DATA
NO RANGE PAIR COUNTING ALLOWED WHEN APPLYING ELEVATED TEMPERATURES

MATERIAL: 1IN-718

ROOM TEMPERATURE CRACK GROWTH RATE DATA

DC/DN VS DELTA K MATERIAL FILE -  IN718RTe
TEMPERATURE = 78.000

WALKER EQUATION VARIABLES
GROWTH RATE EQ. CONST. C = 2.2556E-12
GROWTH RATE EQ. EXP. N = 4.280
GROWTH RATE EQ. EXP. M = 0.596
GROWTH RATE EX. EXP. Q = 1.009
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ROOM TEMPERATURE FRACTURE TOUGHNESS - PLANE STRAIN
ROOM TEMPERATURE FRACTURE TOUGHNESS - PLANE STRESS

ROOM TEMPERATURE YIELD STRENGTH = 164.000 KSI

POISSON RATIO = 0.29
DELTA KTH = (1 - 0.3*ABS(R))* 12.200
+R CUT-OFF = 1.250
-R CUT-OFF = -0.200

MATERIAL: [IN-718

INTERMEDIATE TEMPERATURE CRACK GROWTH RATE DATA
DC/DN VS DELTA K MATERIAL FILE - in/187008B
TEMPERATURE = 700.000

WALKER EQUATION VARIABLES

GROWTH RATE EQ. CONST. C = 6.8572E-11
GROWTH RATE EQ. EXP. N = 3.269
GROWTH RATE EQ. EXP. M = 1.000
GROWTH RATE EX. EXP. Q = 1.000

MATERIAL: IN-718

MAXIMUM TEMPERATURE CRACK GROWTH RATE DATA
DC/DN VS DELTA K MATERIAL FILE - in718tp
TEMPERATURE = 1200.000

WALKER EQUATION VARIABLES

GROWTH RATE EQ. CONST. C = :.4059E-09
GROWTH RATE EQ. EXP. N = 2.855
GROWTH RATE EQ. EXP. M = 0.941
GROWTH RATE EX. EXP. Q = 1.000

120.000
120.000

TEMPERATURE VS YIELD STRENGTH AND KC DATA FILE - daminydkc
TEMPERATURE AND HOLD TIME VS EFF YIELD STR FILE - daminefyd

HALF PLATE WIDTH (B) = 1.500 INCH
PLATE THICKNESS (T) = 0.187 INCH
INITIAL HALF CRACK LENGTH (C) = 0.903 INCH
FINAL HALF CRACK LENGTH (C) = 0.000 INCH
PLANE STRESS PROBLEM
MISSION MI X
MAXIMUM NUMBER OF LOAD BLOCKS = 1000
THE LOADING SPECTRUM HAS 1 MISSION(S)
DESIGN LIMIT STRESS

19.443 KSI
CUT-OF -PLANE BENDING MOMENT

0.000 KIP-IN
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SPECTRUM FOR SEGMENT 1
R =-0.20
LOAD CY HOLD TM HOLD TM HOLD TM
STEP # MAX. STR MIN. STR CYCLES TEMP  TIME @ PEAK @ VALL @ ZERO

1 1.00 -0.20 16. 1200. 31.3 30.0 0.0 0.0
2 1.00 -0.20 10. 1200. 31.3 30.0 0.0 0.0
3 1.00 -0.20 10.  1200. 31.3 30.0 0.0 0.0
4 1.00 -0.20 10. 1200. 31.3 30.0 0.0 0.0
5 1.00 -0.20 10, 1200. 31.3 30.0 0.0 0.0
) 1.00 -0.20 10.  1200. 31.3 30.0 0.0 0.0
7 1.00 -0.20 10. 1200. 31.3 30.0 0.0 0.0
8 1.00 -0.20 10. 1200. 31.3 30.0 0.0 0.0
9 1.00 -0.20 10. 1200. 31.3 30.0 0.0 0.0
10 1.00 -0.20 10.  1200. 31.3 30.0 0.C 0.0

* Ak ko dededkk END OF INPUT Kk dkdr e dr ok ok
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DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

Model Development

ESTIMATION OF THE CRITICAL CRACK LENGTH
BASED ON KLIMIT AND CONSTANT ASPECT RATIO

MAXIMUM STRESS = DESIGN LIMIT STRESS * MAXIMUM PEAK IN SPECTRUM
MAXIMUM AXIAL STRESS = 19.443 * 1.000 = 19.44 KSI
MAXIMUM BENDING STRESS = 0.00 KSI

TEMP CRACK STRESS ITERATION
LENGTH INTENSITY

78.0 1.390 120.04 11
200.0 1.392 121.25 13
400.0 1.396 123.60 8
600.0 1.400 125.97 14
800.0 1.403 128.38 14
1000.0 1.408 132.01 14
1200.0 1.411 134.40 11
1400.0 1.414 136.79 12
1600.0 1.417 139.18 14

CRITICAL CRACK SIZE ESTIMATE COMPLETED
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DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

Model Development
ANALYSIS IS DONE WITH LOAD INTERACTION.

CRACK GROWTH SUMMARY TABLE FOR EVERY 100 LOAD CYCLES
INITIAL CRACK LENGTH WAS C = 0.9030 IN

DESIGN LIMIT STRESS = 19.44 KSI
BENDING MOMENT = 0.00 KIP-IN

LOAD CYCLES LENGTH KMAX DC/DN
100. 0.9102 43.21 7.335E-05
200. 0.9177 43.62 7.538E-05
300. 0.9253 44.06 7.754E-05
400. 0.9332 44 .52  7.985E£-05
500. 0.9413 44.99 8.231E-05
600. 0.9497 45.50 8.496E-05
700. 0.9584 46.03 8.780E-05
800. 0.9673 46.59 9.087E-05
900. 0.9766 47.18  9.419E-05
1000. 0.9862 47.81  9.780E-05
1100. 0.9962 48.48 1.017E-04
1200. 1.0066 49.19 1.061E-04
1300. 1.0175 49.96 1.108E-04
1400. 1.0288 50.79 1.161E-04
1500. 1.0408 51.69 1.221E-04
1600. 1.0533 52.67 1.288E-04
1700. 1.0666 53.75 1.364E-04
1800. 1.0807 54.95 1.452E-04
1900. 1.0958 56.29 1.554E-04
2000. 1.1120 57.81 1.675E-04
2100. 1.1295 59.55 1.822E-04
2200. 1.1487 61.59 2.003E-04
2300. 1.1700 64.04 2.235E-04
2400. 1.1940 67.09 2.546E-04
2500. 1.2217 71.06 2.989E-04
2600. 1.2551 76.67 3.688E-04
2700. 1.2985 85.80 5.010E-04
2800. 1.3657 107.58 8.990E-04
2839. 1.4139 136.53 1.563E-03

CRACK GROWTH ANALYSIS COMPLETE

CRITICAL STRESS INTENSITY EXCEEDED - KC = 134.40
MAXIMUM CRACK LENGTH EXCEEDED - CF = 1.4113
TOTAL TEST TIME = 24.7 HOURS
AVERAGE TEST TEMPERATURE = 1200.0
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FINAL CRACK SIZE WAS REACHED
IN BLOCK 29 STEP

WITH C = 1.414

CRACK GROWTH HISTORY COMPLETED

3
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Example 4.

Spectrum Temperature, Spectrum Load -

Material:

Input File

6-2-4-2 Titanium
Specimen Type: Open Hole Tension - Through-Thickness
Load Profile: Spectrum Load, Advanced Fighter,

Time Compression Factor
Temperature Profile: Spectrum Temperature,

= 100

Maximum Temperature = 1000°F

Verification Prediction

Ti-6-2-4-2
1
T16242RT2
2.0E-6
15.0
60.00000
60.00000
139.6000
0.32
9.000000
0.8800000
1.250000
-0.300

Y

1
116242700
1.0E-5
25.0

0

T16242TP
0.0000000E+00
0.0000000E+00
Y
DAMTISLOW
DAMTIFAST
2.0000000E-02
1000.000

Y
DAMTIYDKC
DAMTIEFYD
\

2.00
DAMTIRSO
2030
3.000000
0.1870000
0.1250000

(Appendix

(Appendix

(Appendix

(Appendix
(Appendix

(Appendix
(Appendix

(Appendix

B)

B)

B)
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0.350

0.0000000E+00

0

1

29.00000

0.00

Full Advanced Fighter Spectrum
0

y

AF100 (Appendix C)
1000

o022 Z <<

Qutpu. File

DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

verification Prediction

CRACK CODE: 2030 --- TWO THROUGH CRACKS FROM CENTERED OPEN HOLE
LOAD INTERACTION: WILLENBORG-CHANG
DAMAGE ACCUMULATION: VROMAN (LINEAR APPRX.)
CRACK GROWTH RATE EQ.: MODIFIED WALKER
SUSTAINED LOAD EFFECTS: WEI-LANDES
TEMP EFFECTS ON YIELD STRENGTH: LARSON-MILLER DATA
TEMP EFFECTS ON FRACTURE TOUGHNESS: TEST DATA
NO RANGE PAIR COUNTING ALLOWED WHEN APPLYING ELEVATED TEMPERATURES
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MATERIAL: Ti-6-2-4-2

ROOM TEMPERATURE CRACK GROWTH RATE DATA
DC/DN VS DELTA K MATERIAL FILE - ti6242RT2
TEMPERATURE = 78.000

WALKER EQUATION VARIABLES

REGION I

GROWTH RATE EQ. CONST. C = 1.1493E-12
GROWTH RATE EQ. EXP. N = 5.566
GROWTH RATE EQ. EXP. M = 0.529
GROWTH RATE EX. EXP. Q = 1.000
REGION 1II

GROWTH RATE EQ. CONST. C = 1.0593E-11
GROWTH RATE EQ. EXP. N = 4.689
GROWTH RATE EQ. EXP. M = 0.618
GROWTH RATE EX. EXP. Q = 1.982

REGION I - REGION II TRANSITION AT DC/DN = 1.5334E-06

DELTA K = 12.605
FRACTURE TOUGHNESS - PLANE STRAIN = 60.000
FRACTURE TOUGHNESS - PLANE STRESS = 60.000
ROOM TEMPERATURE YIELD STRENGTH = 139.600 KSI
POISSON RATIO = 0.32
DELTA KTH = (1 - 0.9*ABS(R))* 9.000
+R CUT-OFF = 1.250
~-R CUT-OFF = -0.300

MATERIAL: Ti-6-2-4-2

INTERMEDIATE TEMPERATURE CRACK GROWTH RATE DATA
OC/DN VS DELTA K MATERIAL FILE - ti6242700
TEMPERATURE = 700.000

WALKER EQUATION VARIABLES

REGION I

GROWTH RATE EQ. CONST. C = 8.7287E-12
GROWTH RATE EQ. EXP. N = 4.616
GROWTH RATE EQ. EXP. M = 1.000
GROWTH RATE EX. EXP. Q = 1.000
REGION II

GROWTH RATE EQ. CONST. C = 1.4939E-10
GROWTH RATE EQ. EXP. N = 3.641
GROWTH RATE EQ. EXP. M = 1.000
GROWTH RATE EX. EXP. Q = 1.000

REGION I - REGION I1 TRANSITION AT DC/DN = 6.0088E-06
DELTA K = 18.394
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MATERIAL: Ti-6-2-4-2

MAXIMUM TEMPERATURE CRACK GROWTH RATE DATA
DC/DN VS DELTA K MATERIAL FILE - ti6242TP
TEMPERATURE = 1000.000

WALKER EQUATION VARIABLES

GROWTH RATE EQ. CONST. C = 4.9739E-10
GROWTH RATE EQ. EXP. N = 3.409
GROWTH RATE EQ. EXP. M = 0.771
GROWTH RATE EX. EXP. Q = 1.000

HIGH FREQUENCY DC/DN VS DELTA K DATA FILE - damtifast

LOW FREQUENCY DC/DN VS DELTA K DATA FILE - damtislow
STRESS RATIO FOR THIS DATA = 0.020

TEMPERATURE FOR THIS DATA = 1000.

TEMPERATURE VS YIELD STRENGTH AND KC DATA FILE - damtiydk
TEMPERATURE AND HOLD TIME VS EFF YIELD STR FILE - damtiefyd

HALF PLATE WIDTH (B) = 1.500 INCH
PLATE THICKNESS (T) = 0.187 INCH
RADIUS OF HOLE (R) = 0.125 INCH
INITIAL HALF CRACK LENGTH (C) = 0.350 INCH
FINAL HALF CRACK LENGTH (C) = 0.000 INCH
PLANE STRESS PROBLEM
MISSION MIX
MAXIMUM NUMBER OF LOAD BLOCKS = 1000
THE LOADING SPECTRUM HAS 1 MISSION(S)
DESIGN LIMIT STRESS

29.000 KSI
OUT-OF -PLANE BENDING MOMENT

0.000 KIP-IN

*dr &k de ko ok ko END OF INPUT L 322222223
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DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

Verification Prediction

ESTIMATION OF THE CRITICAL CRACK LENGTH
BASED ON KLIMIT AND CONSTANT ASPECT RATIO

MAXIMUM STRESS = DESIGN LIMIT STRESS * MAXIMUM PEAK IN SPECTRUM
MAXIMUM AXIAL STRESS = 29.000 * 1.150 = 33.35 KS
MAXIMUM BENDING STRESS = 0.00 KSI

TEMP CRACK STRESS ITERATION
LENGTH INTENSITY

78.0 0.642 59.99 13
200.0 0.651 60.60 12
300.0 0.667 61.80 13
400.0 0.683 63.00 13
500.0 0.699 64.19 12
600.0 0.714 65.38 10
700.0 0.729 66.59 12
800.0 0.778 70.82 10
900.0 0.828 75.61 11

1000.0 0.867 79.81 13
1200.0 0.903 83.97 12
CRITICAL CRACK SIZE ESTIMATE COMPLETED
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DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

Yerification Prediction

ANALYSIS IS DONE WITH LOAD INTERACTION.

CRACK GROWTH SUMMARY TABLE FOR EVERY 100 FLIGHT HOURS
INITIAL CRACK LENGTH WAS C = 0.3500 IN

DESIGN LIMIT STRESS =  29.00 KSI

BENDING MOMENT = 0.00 KIP-IN
FLIGHT HOURS LENGTH KMAX DC/DN

100. 0.3750 20.63  2.493E-07
200. 0.4015 21.30 2.761E-07
300. 0.4319 22.08  3.120E-07
400. 0.4674 23.02 3.633e-07
500. 0.5101 24.19 4.431E-07
600. 0.5638 25.74  5.849E-07
700. 0.6359 28.01 9.085E-07
752. 0.6741 62.31 1.134E-03

CRACK GROWTH ANALYSIS COMPLETE

CRITICAL STRESS INTENSITY EXCEEDED - KC = 61.80

MAXIMUM CRACK LENGTH EXCEEDED - CF = 0.6673

TOTAL TEST TIME = 7.5 HOURS

AVERAGE TEST TEMPERATURE = 550.2

FINAL CRACK SIZE WAS REACHED

IN BLOCK 8 STEP 833
WITH C = 0.674

CRACK GROWTH HISTORY COMPLETED
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DAMAGE
DAMAGE ANALYSIS OF METALS SUBJECT TO AGGRESSIVE ENVIRONMENTS

* = 29.0R
C 1.00!
R '
A !
c !
K  0.80!
[}
L !
E !
N  0.60! *
G ] *
T ! *
H ' *
,  0.40! * *
! *
I %
N !
0.20!
B S N S R S toacmmcme e +
0.00 200.00 400.00 600.00 800.00

FLIGHT HOURS
«*% PLOT SUMMARY * **

Verification Prediction
PLOT 1 LINEAR. CRACK LENGTH, IN VS FLIGHT HOURS
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APPENDIX A
STRESS INTENSITY FACTOR LIBRARY
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Crack Code: 1010 - Center Surface Crack

=X

acsg
Shaliow Crack

GP83-0418-113-D

The angle, ¢, represents the point along the part-through crack
perimeter, P, at which the stress intensity, K, is computed.

To calculate K for the crack depth, a, ¢ = 90
To calculate K for the crack length, ¢, ¢ = 10

The point, P, is defined using the following procedure:

1) A circular arc is drawn which is within the crack perimeter and
which has a radius equal to "a" for a shallow crack (or "c" for a
deep crack); :

2) The point along the arc, P', is defined by ¢ which ‘s measured from
the X axis;

3) A line is drawn parallel to the X axis for a shallow crack (or

parallel to the Y axis for a deep crack) through P' to the crack
perimeter.
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Crack Code: 1010 - Center Surface Crack
Reference: Newman, J. C., and Raju, I. S., "Stress Intensity Factor
Equations for Cracks in Three Dimensional Finite Bodies Subjected to

Tension and Bending Loads," NASA Tech Memorandum 85793, April 1984.

K = Ke(9) + Kp(9)

t - tension, b - bending

Ka = K¢ (8=90°%) + Kyp(9=90°)

Ke = Ke(¢=10°) + Ky (4=10°)

' a ’ a
K (¢) = o — F K (¢) = o =~ F H
t t v Q b b Y Q

where
ay1.65 a
Q=14+ 1.464 |- for — 51
c c
cy1.65 a
Q=1+ 1.464 [—] for — > 1
a c

o
]

P
H + (H - Y ) sin ¢
1 2 1
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for

a/c S 1 (shallow crack)

m= (1.13-0.09 a/c) +

\

g =1+ [o.1+o.35

[[:]2 cosz¢ + sin2

f =
¢ c
a
H =1-20.34--0.11
1 t
aya
H =1 - [1.22+0.12 —]“
2 c’t
p=0.24+ a/c+ 0.6 a/t

0.89 a)2

t

-0.54 +
0.2+a/c

1 24
0.5 -~ + l4(1l-a/c)
0.65+a/c

4

[a
t
21 2

(1 - sin ¢)

11/4
¢J

a a

ct

a

+0.47

a 3/4
c] c

s

t

+ [0.55—1.05
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for a/c » 1 (deep surface crack)
c c cybhay2 cyh4ayh
ms= |— [1+0.04 - + 0.2 |~ l-] - 0.11 [-] [—]
a a a t a t
c (ay2 2
g =14+ [O.l + 0.35 — [— ] (1 - sin ¢)
a 't
cy2 2 2 71/4
f = [[—] sin ¢ + cos ¢
¢ a -
cya - c\3/4 cy3/2
H =1 - [0.04+0.41 —]— + L0'55—1'93[—] +1.38[—] ]
1 a't a a
cya - c\3/4 cy 1.5
H =1 - [2.11-0.77 —]— + 0.55—0.72[—] +0.14[—] ][
2 a’'t - a a
p=20.24+c/a+ 0.6a/t
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Crack Code: 1020 - One Corner Crack From Center Open Hole
1030 - Two Corner Cracks From Center Open Hole

ac<1 alc>1

Shallow Crack Deep Crack GP93-0418-114-D

The angle, ¢, represents the point along the part-through crack
perimeter, P, at which the stress intensity, K, is computed.

To calculate K for the crack depth, a, ¢ = 90
To calculate K for the crack length, ¢, ¢ = 10

The point, P, is defined using the following procedure:

1) A circular arc is drawn which is within the crack perimeter and
which has a radius equal to "a" for a shallow crack (or "c¢" for a
deep crack);

2) The point along the arc, P', is defined by ¢ which is measured from
the X axis;

3) A line is drawn parallel to the X axis for a shallow crack (or

parallel to the Y axis for a deep crack) through P' to the crack
perimeter.
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Crack Code: 1020 - One Corner Crack from Center Open Hole
1030 - Two Corner Cracks from Center Open Hole
Reference: Newman, J. C. and Raju, I. S., "Stress Intensity Factor

Equations for Cracks in Three Dimensional Finite Bodies Subjected to
Tension and Bending Loads," NASA Tech Memorandum 85793, April 1984,

K = Ke(9) + Kp(o)
t - tension, b - bending

Ky = Ke(¢=90°%) + Kp(¢=90°)

Ko = Ke(9=10°%) + Kp(9=10°)

l a a
K (¢) =0 n— F K (¢) = 0 =— F H
t t V' Q b b Y Q

where '
ayl1.65 a
Q=1+ 1.464 [—] for — <1
c c
ayl.65 a
Q=14+ 1.46% [—] for — > 1
c c

F=mgggegf(ffH¢€
1234 9¢w

P
H=H + (H - H ) sin ¢
1 2 1
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and
2 3 4
1 + 0.358N + 1.4252 -~ 1.578\ + 2.1562
g =
2 2
1 + 0.13)
where
1
A =
1 + ¢/R cos(ug¢)
u = 0.85 - tension
1/4
u=0.85 - 0.25 (a/t) - bending
R x(2R+nc) al/2
f = [sec["—] sec[ - ] n = # of cracks
w 2b 4(b-c)+2nc ¢t (1 or 2)
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for a/c s 1

0.89 a2
m= (1.13-0.09 a/c) + [-0,54 + ——————_] _]
0.2+a/c’ 't
1 24y (a4
+ [0.5 - + 14(1-a/c) ][_
0.65+a/c t
a2 2
g =1+ [0.1 + 0.35 [— ](1 -~ sin ¢)
1 t

33 = (140.04 E [1+o.1(1—cos¢)2][0-85+°-15[E]1/h]
g, - 1 - o.7[1 - E][z - o.z][l - E]
(- [ e s

a ay2ja
H =1 + [—0.43—0.74 - -0.84 —] ]— +
1 c ‘¢ t

a ay2y(a,2 a ay2q(ay3
[1.25—1.19 - +4.39[—] ][— - [1.94—4.22 - +5.51[—] ][—]
c c t’ c c t

a (ay21a
H =1 + [-1.50—0.04 - ~1.73 —] ]_ +
2

c ‘C t

a ay27ray2 a ay2j¢ay3
[1.71—3.17 - +6.84[-] ][— - [1.28—2.71 - +5.22[—] ][—] .
c c t/ c c t
a a a a
p=0.1+1.3-+1.1—-—-0,7—-
t c c t
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for a/c > 1

c c
m= |- [1+0.04 -
a a

1l + [0.1 + 0.35 E [EJZ] (1 - sin ¢)

p

c

2
1.13-0.09 —][1+0.1(1—cos $) ][0.85+0.15

a

1 - [2.07-0.06

1 - [3.64-0.37

0.2 + ¢c/a + 0.6

2

[[5)7 win®s + cos’s

a’t

a’'t

a/t

c
+ 0.2 [—
a
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]1/4

4.35+0.16

2.93+0.30

5.87-0.49

4.32-0.53

2

a

t

1/4]




Crack Code: 1040 - One Corner Edge Crack

ac<1
Shallow Crack GP93-0418-115-D

The angle, ¢, represents the point along the part-through crack
perimeter, P, at which the stress intensity, K, is computed.

To calculate K for the crack depth, a, ¢ = 90
To calculate K for the crack length, ¢, ¢ = 10

The point, P, is defined using the following procedure:

1) A circular arc is drawn which is within the crack perimeter and
which has a radius equal to "a" for a shallow crack (or "c" for a
deep crack);

2) The point along the arc, P', is defined by ¢ which is measured from
the X axis;

3) A line is drawn parallel to the X axis for a shallow crack (or

parallel to the Y axis for a deep crack) through P' to the crack
perimeter.
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Crack Code: 1040 - One Corner Edge Crack

Reference: Newman, J. C. and Raju, I. S., "Stress Intensity Factor
Equations for Cracks in Three Dimensional Finite Bodies Subjected to
Tension and Bending Loads,”" NASA Tech Memorandum 85793, April 1984.

K = Ke(9) + Kp(9)

t - tension, b - bending

(]

Ky = Ke(9=90°) + Ky(¢=90°)

Ke = Ke(9=10%) + Ky, (9=10°)

l a . a
K (¢) = ¢ ~—~ F K (¢) = 0o a~— F H
t t Q b b Q

where
ay1.65 a
Q=1+ 1.464 [—] for — s 1
c c
cy1.65 a
Q =1+ 1.464 [—] for = > 1
a c
F=mgegtf (£
12 ¢w
P
H=H + (H - H ) sin ¢
1 2 1
2 3 4
£ =1 - 0.2Xx + 9.47 - 19.4X + 27.1X
w
c |a
A= |-
b Yt
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for afc s 1

m= (1.08-0.03 a/c)

g = 1+ 10.08 + 0.
1 L
[
g = 1 + ]0.08 + 0.
2 L
f =
¢ c
a
H =1-0.34 - -0.
1 t
H =1 - [1.22+O.12
2

p=0.24+ a/c + 0.6

1.06

+ |-0.44 +

[

a a 15y a4
+ [-0.5 + 0.25 — + 14.8(1- —) ][’]
c c t

0.3+a/c

ay 21 3
40 l—] (1 - sin ¢)
t -

15 [E]z:(l - cos ¢)3

[[:]2 cosz¢ + sin2¢]1/4

aa
11 — -

c t
E]E + [0.64-1.05[5]3/A+O.47[§]3/2][S
a/t
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for a/c > 1 (deep surface crack)

c c cy2.ay2 c
ms= |— l1.08—0.03 —] + 0.375 [—] [—] - 0.25 [—
a a a t

a

2la 4
t

c) 27 3
g =1+ [0.08 + 0.40 [— (1 - sin ¢)
1 t’ -
cy 29 3
g =1+ [0.08 + 0.15 [" (1l - cos ¢)
2 t’ -
cy2 2 2 71/4
f = [l—] sin ¢ + cos ¢
] a )
cya - cv\3/4 cy3/27(ay2
H =1 - [0.0440.41 —]— + 0.55—1.93[—] +1.38 —] ][—
1 a't - a a t
cya - (o4 3/4 cyl.5 a) 2
H =1~ 12.11-0.77 -]— + L0.64—0.72[—] +0.14[—] ][—]
2 a’'t a a t

p=0.2+c/a+ 0.6 a/t
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Crack Code: 2010 - Center Crack
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Crack Code: 2010 - Center Crack

References:

Tension - ASTM E647-78T, "Tentative Test Method for
Constant-Load-Amplitude Fatigue Crack Growth Rat: Above 10_8 m/cyc,"
1978 Annual Book of Standard, Vol. !9.

Bending - Rooke, D. P. and Cartwright, D. J., "Compendium of
Stress Intensity Factors," 1976.

K=Kt+Kb
t - tension, b - bending

r——~ L{
K =o¢ nc sec[——]
t

t 2b

I——* (l+v)
K =0 wc B where f is defined by the following table
b b (3+v)

c/b B
0.000 1.000
0.050 1.002
0.105 1.006
0.125 1.008
0.150 1.012
0.195 1.022
0.240 1.036
0.300 1.058
0.350 1.080
0.395 1.102
0.425 1.118
0.450 1.132
0.485 1.152

fC
Note: f = isecl——]
2b
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Crack Code: 2020 - One Crack From Center Open Hole
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Crack Code: 2020 - One Crack from Center Open Hole

References:

Tension - Newman, J. C., "Predicting Failure of Specimens With
Either Surface Cracks or Corner Cracks at Holes," NASA TN D-8244,
June 1976.

Bending - Rooke, D. P. and Cartwright, D. J., "Compendium of
Stress Intensity Factors," 1976.

K=Kt+Kb
t - tension, b - bending

[ — 2 3 4
K =o0 nc £ (0.707 - 0.18\ + 6.55X - 10.54X + 6.85\ )

t t W
] secC

A bending solution was provided in the reference for an infinitely
wide plate. This solution was multiplied by the finite width
factor, f,, for tension loads.

2R+c 7R

2b

1 »
where A\ = —— and £ = sec[—
1 + ¢/R W 2

2b-c

[—— (l+v)
K =o¢ 7(c+R) g £
b

b (3+v) w

where £ 1is defined above and f is listed in the following table.
W
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Crack Code: 2030 - Two Cracks From Center Open Hole
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Crack Code: 2030 - Two Cracks from Center Open Hole

References:

Tension - Newman, J. C., "Predicting Failure of Specimens With
Either Surface Cracks or Corner Cracks at Holes," NASA TN D-8244,
June 1976.

Bending - Rooke, D. P. and Cartwright, D. J., "Compendium of
Stress Intensity Factors,"” 1976.

K:Kt+Kb
t - tension, b - bending

| 2 3 4
K = o0 nc £ (1.00 - 0.15N + 3.46N - 4.47XN + 3.527 )
t t w

] ool

1 7 (R+cC
where A\ = ——— and f = sec[— _—
2b

1 + ¢/R w 2' b

A bending solution was provided in the reference for an infinitely
wide plate. This solution was multiplied by the finite width
factor, f,, for tension loads.

r——————~ (l+v)
K =o n(c+R) g £
b

b (3+v) w

where f is defined above and f is listed in the following table.
w
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Crack Code: 2040 - One Edge Crack

GP93-0418-119-D
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Crack Code: 2040 - One Edge Crack

References: Tada, H., Paris, P., and Irwin, T., The Stress Analysis
of Cracks Handbook, Del Research Corp, 1973.

K=Kt+Kb

t - tension, b - bending

- c wcy13
0.752 + 2.02 - + 0.37 [l - sin[——]] '
r-* b 2b 2b mC
K =90 fic J—— tan|—
t t nc TC 2b
cos ——]
- 2b .

A finite width bending solution was determined by multiplying the
infinite width bending solution by the finite width factor for a
center cracked panel.

,— (1+v) |
K =o0 nec [1. b sec wc ]
b b (3+v)
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Crack Code: 2050-Two Edge Cracks

GP93-0418-120-D
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Crack Code: 2050 - Two Edge Cracks

References: Tada, H., Paris, P., and Irwin, T., The Stress Analysis
of Cracks Handbook, Del Research Corp, 1973.

K = K¢ + Kp

t - tension, b - bending

4
K =o¢ l1rc [1 + 0.122 cos

fC 2b nc
—|] | =t
t t 2b ne 2b

A finite width bending solution was determined by multiplying the
finite width tension solution by the ratio of the bending to tension
solutions for a single edge crack (Crack Code 2040).

r—“ (1+v)
K =o¢ TC 8

b b (3+v)

B
t72040

4 e 2b nc
g = [1 + 0.122 cos ——]] _— tan[——]
t 2b e 2b -

xC .
B (2040) = 1.12 sec[——]

b b
r c Tcyq 3
0.752 + 2.02 - + 0.37 [l-sin[——]] '
b 2b 2b ' £
g (2040) = J——tan[——
t nCc mC 2b
cos[——
. 2b .]
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Note: The variable "b" represents the plate width for the one edge
crack solutions and the plate half width for the two edge cracks

solutions.
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Crack Code: 2060-ASTM Compact Tension Specimen

]
—~
I
|
1 -
D r
|
i - ~
- w :
& GP93-0418-121-D
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Crack Code: 2060 - ASTM Compact Tension Specimen

References: ASTM E647-78T, "Tentative Test Method for
Constant-Load-Amplitude Fatigue Crack Growth Rate Above lO_8 m/cyc,"
1978 Annual Book of Standard, Vol. 10.

P 2 3 4 1.5
K = (2+a)(0.886 + 4.64a - 13.32a + 1l4.72a - 5.6a )/(l-a)
elw
where ' = otw and o = ¢/w
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Crack Code: 2070 -~ Usa2r Defined Stress Intensity Solution

K=Kt+Kb

K =90 l1rc [
t t

~
]

o ch B
b

b b

where B, and By, are defined by the user in an input data file.

The file must consist of a title, number of points, and c vs. B data
for both the tension and bending solutions. The cxact format is
listed below.

Title for tension data
# of points - np

i  Bri

Ci+l Bt(i+1)

np Ptnp

Title for bending data
# of points - np

i Ppi

Ci+l Po(is+l)

Cnp 3bnp
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APPENDIX B

MATERIAL DATA FILES
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6A1-25n-4Zr-2Mo Titanium

1) TI6242RT2.DAT - Room Temperature Crack Growth Rate Data

T1-6-2-4-2 ROOM TEMPERATURE R=0.02
22 0.02 78.00
9.30 3.07813tE-7

10.38 5.26316E-7
10.90 6.90000E-7
11.07 7.14815¢t-7
11.24 7.17857E-7
11.58 8.41667E-7
11.75 9.95000€-7
12.60 1.66667E-6
12.76 1.84906E-6
13.45 2.20000E-6
14.33 3.48077t-6
15.41 4.29545E-6
16.75 6.25000E-6
17.99 8.08000E-6
18.88 9.70000E-6
20.05 1.28333E-5
21.61 1.69167E-5
23.71 2.87143E-5
25.08 3.88000E-5
26.58 4.85000€-5
28.77 7.60714E-5
30.29 1.04706E-4
T1-6-2-4-2 ROOM TEMPERATURE R=0.10
5 0.10

11.61 1.81E-6

13.00 2.52t-6

16.00 4.82E-6

20.00 10.3E-6

24.68 22.0E-6

TI-6-2-4-2 ROOM TEMPERATURE R=0.50
7 0.50

7.050 O0.52E-6

8.000 0.919E-6

9.000 1.50t-6

10.00 2.27t-6

13.00 5.70t-6

16.00 10.5t-6

19.52 17.1t-6

T1-6-2-4-2 ROOM TEMPERATURE R=0.50

54 0.50
11.98320 2.8164297€-06
12.04811 3.1324630E-06

100




12.11879 3.3833046E-06
12.17333 3.6212468E-06
12.28454 4.0549276E-06
12.36720 3.9440069E-06
12.44780 3.8894468E-06
12.48791 4.2945362€-06
12.54067 4.7090498E-06
12.57504 4.8018751E-06
12.66501 5.8475948E-06
12.72880 6.3776329E-06
12.80059 5.9811596E-06
12.85642 6.4148053E-06
12.90194 6.6544440E-06
12.99314 7.0302417€-06
13.07€69 7.3894516E-06
13.21272 8.1730259E-06
13.29805 8.2586066E-06
13.39075 8.3101295E-06
13.46981 8.3922550E-06
13.51792 8.4707926E-06
13.66700 8.2171482E-06
13.72843 7.5792177E-06
13.79089 7.7188570E-06
13.81223 7.5430526E-06
13.93681 9.3804574E-06
13.99659 9.7616230E-06
14.11848 1.0908473E-05
14.26966 1.2121943€-05
14.34134 1.1686649E-05
14.51358 1.1355761E-05
14.60792 1.1158489E-05
14.71465 1.1651543E-05
14.78842 1.1146747E-05
15.00462 1.2409668E-05
15.19287 1.3376794E-05
15.30642 1.4070672E-05
15.48597 1.4556725E-05
15.65467 1.4021382E-05
15.76318 1.4138620E-05
15.82262 1.5209803E-05
16.01170 1.5989304E-05
16.28555 1.9204103E-05
16.56050 2.1336795E-05
16.77507 2.2243912€E-05
17.04708 2.2701510E-05
17.30437 2.2069786E-05
17.57232 2.3255678E-05
17.89989 2.5606403E-05
18.24158 2.8371218E-05
18.55007 3.1142401E-05
19.23823 3.7649676E-05
20.16906 4.7966798E -05

T1-6-2-4-2 ROOM TEMPERATURE R=-0.30
108 -0.30
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.82337
. 97266
.09086
. 16851
.26294
.41803
.49929
.53793
.76488
.93729
.97129
.05782
.22992
.28748
.32428
.33768
.42274
.44691
.50067
.57167
.61493
.66046
.69509
.74601
.78539
.82199
.86633
.00185
.04350
.13538
.19723
.22690
.26538
.29154
.37548
.43989
.54496
.64868
.70166
.72434
.78756
.80926
.86076
.93224
. 95824
.99744
.04755
.15843
. 24445
.29879
.36464
.46422
.54106
.59485

.—a»—-.-..»-.—-»-.—a.—.-.-u-u—‘m\;m»-._-.—.-u-.-a.-.--»-.—-.-u-agp\pgpgoo—-.—u-n»-o—‘goc:aw\:cﬁoocncom\lc\c\mmmwmm

.2009959E-06
.6151684E-06
.8142800E-06
.8059709E-06
.9353806€E-06
.1870969E-06
.4058645E-06
.4418364£-06
.5926609E-06
.4674484E-06
.2388697E-06
.5791498E-06
.6272548E-06
.9762627E-06
.1095915E-06
.1251729E-06
.6874461E-06
.8769269E-06
.2479446E-05
.3728237E-05
.2968489E-05
.1947954E-05
.1999944¢ -05
.6366502E-06
.0765370E-06
.2224373E-06
.7961156E-06
.1414328E-05
.1483757E-05
.1476663E-05
.0407384€-05
.1109881E-05
.0121292€-05
.1398432£-05
.3606118E-05
.4733459E-05
.5234850E-05
.2797284E-05
.1275174E-05
.3691657E-06
.7297618E-06
.5869297E-06
.0030038E-05
.0987487E-05
.0908690E -05
.1149641E-05
.1239395E-05
.2542925E-05
.2560793E-05
.2340795E-05
.2845288E-05
.2502209E-05
.3152179€-05
.4316377€-05
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.68795
.75615
.78927
.86914
.94968
.04775
.10599
.20381
.32992
.41803
153664
.75014
.82653
.91034
.05436
117182
.30613
.44029
.50782
.57791
.74128
.83856
. 90606
.95753
.08171
.19134
.31847
.41556
.49946
.63835
.68287
.88767
.96734
.02521
.07030
.14116
.22377
.50712
.58362
81771
.05214
.37333
.51024
.56993
.66741
.88215
17611
.33858
.57344
.88409
.18898
.68212
.99647
.21318

Pt bt et et et ped et i et

W W WM WRN NN NN NN RN N RN N = s et b s (N bt bt (N = N b b ek b bt et ok ok b it s

.5063582E-05
.5057115E-05
.4292285E-05
.4082717€E-05
.4702307E-05
.4100667E-05
.4670114E-05
.5170020E-05
.5539656E-05
.5061084E-05
.7711438E-05
.8013920€-05
.7890037E-05
.8523291E-05
.7960070€E-~05
.7136503E-05
.7411818E-05
.6765325E-05
.6932035E-05
.7327224E-05
.9000336E-05
.8765028E-05
.9271847E-05
.0664320E-05
.9507541E-05
.0310723E~05
.9567175E-05
.9975116E-05
.0071600E-05
.9934578E-05
.9071687E-05
.9036064E-05
.7519975E-05
.8806437E-05
.8965216£-05
.0865726E~05
.3731989E-05
.3250712E-05
.3674520E-05
.3812305E-05
.4260897E-05
.5420326E-05
.3881536E-05
.4602281E-05
.4229699E-05
.9365623E-05
. 9424 355E-05
.9658011E-05
.0073223E-05
.8046670E-05
.8611159E-05
.2006315E-05
.5426925E-05
.6321631E-05
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2) 716242700.DAT - 700°F Crack Growth Rate Data

TI-6-2-4-2 700F R = 0.02
68 0.02 700.0

12.95973 1.0056033E-06
12.99192 7.8809262E-07
13.04954 7.9894102t-07
13.14170 8.8513031E-07
13.25886 9.1989870E-07
13.29782 9.4468209E-07
13.49434 1.1046782E-06
13.56874 1.0778213E-06
13.66747 1.1563257E-06
13.81178 1.2927418E-06
13.96857 1.2801155E-06
14.11185 1.5064323E-06
14.20719 1.6682834E-06
14.40443 2.2051595E-06
14.67244 2.7822230E-06
14.76923 2.7287454E-06
14.89188 3.0283622E-06
15.22182 3.72340999E-06
15.48823 3.3238514E-06
15.65521 3.3845729E-06
15.84199 3.5130602E-06
16.08624 3.8739713E-06
16.28523 5.1996740E-06
16.45148 4.8149209E-06
16.57772 5.2593923E-06
16.79273 5.9072008E-06
17.30968 5.8649211E-06
17.58196 6.4218902E-06
17.61520 6.6399616E-06
18.00100 7.5614935E-06
18.14235 7.3509746E-06
18.22273 7.2517732E-06
18.32751 7.0786923E-06
18.52680 7.2474968E-06
18.63632 7.1891154E-06
19.29768 8.6871423E-06
19.49935 8.2399511E-06
19.61622 8.2545212E-06
19.69949 8.7507233E-06
19.98705 9.0179137€-06
20.22674 1.0655602£-05
20.40662 1.1452321E-05
20.59579 1.1874525E-05
20.78944 1.2107944E-05
20.96605 1.2032046E-05
21.18143 1.1868566E-05
21.49658 1.1556473E-05
21.86902 1.1779997E-05
22.35209 1.2713339E-05
22.48677 1.3376775E-05
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22.
22.
23.
3.

23
24

74924
95592
36759
64969

.87181
24.

21987

. 38649
24.
24.
25.
25.
.80326
26.
27.
.76544
28.
28.
29.

48992
77601
29716
59401

22368
34283

22918
70186
09566

W W N NN NN N = b i ot ot ot et ot et ot

.3510255E-05
.4401023E-05
.4886061E-05
.5333888E-05
.6005335E-05
.6798056E-05
.7594552E-05
.7285762E-05
.8463743E-05
.8871462E-05
.0063921E-05
.0755206E -05
.1449376E-05
.6425871E-05
.7218475E-05
.8682938E-05
.0037942E-05
.1351978E-05
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3) TI6242TP.DAT - 1000°F Crack Growth Rate Data

TI-6-2-4-2 1000F R=0.02
59 0.02 1000.0

12.24114 2.3771713E-06
12.55290 2.5807217E-06
12.70512 2.5472250E-06
12.89219 2.7193116E-06
12.93233 2.9396856E-06
13.10742 3.3338774E-06
13.12374 3.1883694E-06
13.26810 3.4697464E-06
13.49421 3.9242336E-06
13.67379 3.8123430E-06
13.89904 3.8387457E-06
14.23550 3.9562055E-06
14.26045 3.9894949E-06
14.51546 4.2375746E-06
14.60703 4.3809814E-06
14.77401 4.6619680E-06
14.86581 4.8394736E-06
15.09969 5.5440028E-06
15.36435 6.1301789E-06
15.96983 7.0947394E-06
16.25931 7.3051692E-06
16.67159 7.5013659E-06
16.81885 7.5170583E-06
17.04979 7.8877423E-06
17.10549 7.8029761E-06
17.30001 8.1802400E-06
17.78446 9.4044799E-06
17.82433 9.4943625E-06
17.93093 9.4268817E-06
18.01577 9.8757710€E-06
18.33754 9.7455841€-06
18.72154 1.0282461E-05
18.84918 1.0867386E-05
19.45422 1.2636085E-05
19.47469 1.2955852E-05
19.76695 1.3927078E-05
20.21700 1.5436977E-05
20.79997 1.7068791E-05
21.13082 1.8892322E-05
21.18698 1.7649640E-05
21.31914 1.7553257E-05
21.37223 1.8657376E-05
21.99438 1.9491576E-05
22.63980 2.0636136E-05
23.62510 2.2672484E-05
23.93072 2.3686584E-05
24.15357 2.4279503E-05
24.48113 2.5801064E-05
24.83452 2.7034856E-05
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25.14293
25.56205
25.74034
26.32083
27.42282
29.17190
29.63471
33.25778
33.61279
34.78603
TI-6-2-4-2
43 0.50
14.44246
14.60479
14.72137
14.84515
14.95541
15.13469
15.20060
15.36571
15.53156
15.70399
15.82073
15.93539
16.05022
16.17923
16.32849
16.46310
16.58619
16.70918
16.83228
16.94442
17.06814
17.28940
17.63342
17.74346
18.06975
18.94416
19.66923
20.21969
20.42749
20.68716
20.85464
21.72616
22.04916
23.01842
23.58749
23.95889
24.34722
25.08644
25.76475
26.16533
26.58566
27.28802
27.73828

.8575590E-05
.9076406E-05
.9335804E-05
.2541524E-05
.8681563E-05
.8827787E-05
.1419171E-05
.5345404E-05
.1460370E-05
.7299111E-05

.1119521E-06
.3203460E-06
.1384785E-06
.5119503E-06
.1815758E-06
.4583735E-06
.9393125€-06
.7434058E-06
.0546978E-05
.4962988E-06
.4164352E-06
.1228067E-06
.4642746E-06
.0148793E-05
. 9226090E -06
. 7856928t -06
.5931282E-06
.0219855E -05
.1440466E-05
.1458976€E-05
.3540745E-05
.5614583E-05
.7232231E-05
.7853015E-05
.9777443E-05
.6631968E-05
.2454376E-05
.6327063E-05
.1053340E-05
.3165510E-05
.7457145E-05
.1471718E-05
.3489541€-05
.9205228E -05
.2939602E-05
.4810065E -05
. 7800204E-05
.2967844E-05
.0594055E-05
.3363295E-05
.5835957€-05
.2837502E-05
.0407954€-05
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4) DAMTISLOW.DAT - Low Frequency Crack Growth Rate Data (Wei-Landes)

TI-6-2-4-2 R=0.02 30 SEC HOLD 1000F CCT
31 30.1 30

13.93651 4.1299941£-06
14.19901 5.9843810E-06
19.32822 1.0949999E-05
19.69200 1.2687482E-05
20.04570 1.9900024E-05
20.40559 1.0199994E-05
31.39969 5.0249993E-05
32.08582 6.5875050E-05
32.75226 6.4374952E-05
33.56441 7.8874975E-05
34.17585 5.9625356E-05
34.96577 7.7250006E-05
35.68145 1.4024944E-04
36.51009 8.1249920E-05
37.51283 9.8250064E-05
38.08798 1.1249990E-04
38.72849 1.2500018E-04
39.27319 1.0600001E-04
39.97333 1.3574987E-04
40.71850 1.4375031E-04
41.39631 1.2999952E-04
42.05339 1.2525023E-04
43.18528 2.1375000E-04
44.09497 1.6974985E-04
45.19314 2.0224988E-04
46.62813 2.5950014E-04
48.26014 2.8800010€-04
50.07355 3.1050027E-04
52.19106 3.4924984E-04
55.41023 5.0249993E-04
61.08631 8.0200017E-04
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%) DAMTIFAST.DAT - High Frequency Crack Growth Rate Data (Wei-Landes)
TI-6-2-4-2 R=0.02 6HZ 1000F CCT

59 .1667 0.0

12.24114 2.3771713E-06
12.55290 2.5807217€-06
12.70512 2.5472250€E-06
12.89219 2.7193116E-06
12.93233 2.9396856E£-06
13.10742 3.3338774E-06
13.12374 3.1883694E-06
13.26810 3.4697464E-06
13.49421 3.9242336E-06
13.67379 3.8123430E-06
13.89904 3.8387457€-06
14.23550 3.9562055€-06
14.26045 3.9894949E-06
14.51546 4.2375746E£-06
14.60703 4.3809814E-06
14.77401 4.6619680E-06
14.86581 4.8394736E-06
15.09969 5.5440028E-06
15.36435 6.1301789E-06
15.96983 7.0947394E-06
16.25931 7.3051692€-06
16.67159 7.5013659€-06
16.81885 7.5170583E-06
17.04979 7.8877429E-06
17.10549 7.8029761E-06
17.30001 8.1802400E-06
17.78446 9.4044799E-06
17.82433 9.4943625E-06
17.93093 9.4268817E-06
18.01577 9.8757710E-06
18.33754 9.7455841E-06
18.72154 1.0282461E-05
18.84918 1.0867386E-05
19.45422 1.2636085E-05
19.47469 1.2955852E-05
19.76695 1.3927078E-05
20.21700 1.5436977E-05
20.79997 1.7068791E-05
21.13082 1.88G2322E-05
21.18698 1.7649640E-05
21.31914 1.7553257E-05
21.37223 1.8657376E-05
21.99438 1.9491576E-05
22.63980 2.0636136E-05
23.62510 2.2672484E-05
23.93072 2.3686584E-05
24.15357 2.4279503E-05
24.48113 2.5801064E-05
24.83452 2.7034856E-05
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25.

25

14293

.56205
25.
26.
27.
29.
29.
33.
33.
34.

74034
32083
42282
17190
63471
25778
61279
78603
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.8575590E-05
.9076406E-05
.9335804E-05
.2541524€-05
.8681563E-05
.8827787£-05
.1413171E-05
.5345404E£-05
.1460370E-05
.7299111E-05
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6) DAMTIYDKC.DAT - Yield Strength and Fracture Toughness Dita

TI-6-2-4-2 Temperature vs. % Room Temperature Fty and Kc
11
78 1.00 1.00

200 0.90 1.01
300 0.83 1.03
400 0.76 1.05
500 0.70 1.07
600 0.65 1.09
700 0.63 1.11
800 0.60 !.18
900 0.58 1.26

1000 0.56 1.33
1200 0.39 1.40

7) DAMTIEFYD.DAT - Effective Yield Strength Data

TI-6-2-4-2 Larson-Miller Data

19 20

18.0 1.0

19.0 1.0

20.0 0.98
21.0 0.96
22.0 0.92
23.0 0.88
24.0 0.79
25.0 0.70
26.0 0.61
27.0 0.52
28.0 0.43
29.0 0.34
30.0 0.25
31.0 0.19
32.0 0.14
33.0 0.09
34.0 0.06
35.0 0.04

.0 0.

8)  DAMTIRSO.DAT - Overload Shut-Off Ratio Data
T1-6-2-4-2 RSO

2
78.0 1.000
1000.0 2.250
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Inconel 718
1) IN718RT2.DAT - Room Temperature Crack Growth Rate Data
IN 718 ROOM TEMPERATURE R=0.02

30 0.02 78.0

11.38 8.43478Et-8

12.23 1.12921E-7

13.07 1.41429€-7

13.90 1.58984E-7

14.71 2.20000€-7

15.52 3.37931€-7

16.37 5.02778E-7

17.20 5.18750E-7

18.50 7.71154E-7

19.41 8.11538E-7

20.84 1.04737t-6

21.86 1.40714E-6

22.39 1.65833E-6

24.68 1.96667E-6

25.97 2.10000E-6

27.36 2.46250E-6

28.88 3.16667E-6

30.56 4.08000E-6

32.48 5.42857E-6

34.59 5.60526E-6

37.08 7.66071E-6

39.94 1.08125E-5

42.41 1.11471E-5

45.38 1.50403t-5

47.59 1.74167E-5

51.56 4.08000E-5

53.03 4.72500E-5

54.65 6.02857E-5

56.70 1.59375E-4

58.64 8.38889E-4

IN 718 ROOM TEMPERATURE R=0.50
54 0.50

16.25136 1.6275364E-06
16.44015 1.7795087E-06
16.53609 1.8552017€-06
16.64884 1.8795572E-06
16.79462 2.0098173E-06
16.98907 2.0663529E-06
17.17624 1.9156946E-06
17.32963 1.7270282E-06
17.51097 1.5056642E-06
17.67110 1.5405578E-06
17.71065 1.6809461E-06
17.91430 2.1540250€-06
18.15896 2.4569392E€-06
18.34789 2.6162290€-06
18.53702 2.3319635E-06
18.63837 2.3249570€-06
18.71841 2.0526631E-06
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.89123 2.1769420E-06
.22356 2.7833601E-06
.29049 2.9979069E-06
.57374 3.3648914E-06
.71315 3.3135536E-06
.78158 3.2780431E-06
. 94974 3.3198291E-06
.09968 3.1771008E-06
.24878 3.1383513E-06
.48940 3.3908229€-06
.54119 3.4295783E-06
.71444 3.2127452E-06
.83747 3.3177710€-06
. 94025 3.0699000€E-06
.19345 3.4177790€E-06
.32380 3.6142649E-06
.42630 3.8228759E-06
.59353 4.2945671E-06
.89157 3.9082020E-06
.03443 3.5135135E-06
. 15425 3.2137145E-06
.37004 3.1865518E-06
.44794 2.9533048E-06
.54100 3.2109131€E-06
77532 3.9370757E-06
.04969 3.8533612E-06
.17474 3.8185931E-06
.31198 3.9191955E-06
.63893 4.2104830E-06
.82086 4.0935297E-06
.07446 4.4407834E-06
.57635 5.3063136E-06
.51971 6.2362551E-06
.58320 7.1760537E-06
.15391 7.7447903E-06
.66426 8.8431007E-06
.07442 9.1236525E-06

718 ROOM TEMPERATURE R=-0.20
-0.20

.96211 5.7082656E-07
.09812 5.9458318E-07
.22239 6.2099514E-07
.29070 6.4558122E-07
.35146 6.5401531E-07
.43128 7.3393875€-07
.50709 8.3472145E-07
.68952 8.3978955E-07
.80545 8.3000043E-07
.86920 8.5723735E-07
. 15540 7.8042211€-07
. 24465 7.5850500£-07
.36798 8.0988752E-07
.65040 7.9482186E-07
.68066 8.1558926E-07
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. 78465
. 94964
.01956
.16407
.34078
.45079
.69200
.76071
.88074
.09379
.26375
.37832
.49874
.62340
.69107
.82284
.97324
.12183
.27421
.41383
.53343
.72499
.82639
.97925
.12841
.27156
.40462
.53986
.67035
.82644
. 96623
.10998
.21643
.38120
.52663
.63980
.77898
.92197
.05252
.19016
.33021
.45722
.60534
.72463
.87170
.01307
.15751
.62402
.08323
.52161
.97822
.35728
.82157
. 30603
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.7192376E-07
.6726637t-07
.7899124€E-07
.7059853E-07
.0584970E-06
.9093472E-07
.7222858E-07
.0031370E-06
.0821591E-06
.2572548E-06
.1801241E-06
.1437410E-06
.1365985E-06
.1141369E-06
.0931640E-06
.1964648t-06
.3480349E-06
.4592297t-06
.4812446E-06
.5652270E-06
.5911983E-06
.5973550E-06
.5943237E-06
.6084346E-06
.6706368E-06
.6891837E-06
.6816300E-06
.6615038E-06
.6402956E-06
.6096674E-06
.6129335E-06
.6402879E-06
.7405264E-06
.8755454E-06
. 9808472E-06
.0210293E-06
.0960199€E-06
.1130675E-06
.0944294€-06
.1108922E-06
.1781673E-06
.1837923£-06
.2188401E-06
.2611196E-06
.3646439E-06
.4679812E-06
.5713639E-06
.8148095E-06
.9282864E-06
.0145832E-06
.0868034£-06
.3274132E-06
.6635099E-06
.8668850E-06
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.66247
.07344
.49522
.95177
. 39682
.85667
.24861
.87323
.71487

WO hbbbbhbd

.0927353E-06
.2579627E-06
.5068632E-06
.4132671E-06
.6478508E-06
.8376205E-06
.0775301E-06
.5826022E-06
.4699713E-07
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2) IN718700B.DAT - 700°F Crack Growth Rate data

IN 718 700F R=0.02
33 0.02 700.0

27.46840 3.1375612E-06
27.70918 3.4762645E-06
28.02901 3.8188964E-06
28.30748 4.0669856E-06
28.97405 4.8732700E-06
29.43915 5.1457832E-06
29.96050 5.3598751€-06
30.52848 5.4845955€-06
31.12998 5.3362101E-06
31.70527 5.3967665E-06
32.00620 5.9852932E-06
32.56040 6.8180575E-06
33.06298 6.7589644£-06
33.31664 7.3134797€E-06
34.00009 7.3022984E-06
34.47981 6.6005427€-06
34.78731 5.8486080E-06
35.21016 5.9527342E-06
35.45134 7.4586583€-06
35.76089 6.7246829E-06
36.00711 8.1682847E-06
36.42505 8.7191420E-06
37.48728 9.0446229€-06
38.07090 9.4606548E-06
38.16132 9.4802745E-06
39.18535 1.0984112E-05
40.10015 1.1914944€-05
44.29990 1.5661002€ -05
47.78953 1.8910829E-05
50.26295 2.3641600E-05
53.21253 3.0518837€-05
57.67523 4.1244828E-05
61.73172 6.5965738E-05
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3)  IN718TP.DAT - 1200°F Crack Growth Rate Data
IN 718 1200F R=0.02

90 0.02 1200

17.75409 3.5016701€-06
17.95358 4.4837548E-06
18.18551 6.1404025E-06
18.53298 6.9778021E-06
18.64746 6.6931048E-06
18.96277 7.6664301E-06
19.18041 7.2141752E-06
19.5944] 7.7685745E-06
19.83464 8.3370787E-06
19.96242 9.0006397E-06
20.50938 9.9298422E-06
20.72428 9.7922002E-06
21.08781 9.6374806E-06
21.44746 9.6261329E-06
21.75083 8.8670586E-06
22.07874 8.2637589E-06
22.49829 8.6504006E-06
22.81671 9.8082337E-06
23.01792 1.1730738E-05
23.31193 1.2283533E-05
23.60192 1.3392486E-05
24.02059 1.3846837E-05
24.52474 1.4327838E-05
24.92234 1.4229492E-05
25.22016 1.4998999E-05
25.55428 1.4458820E-05
25.72306 1.4690945E-05
26.10249 1.5047422€-05
26.43709 1.4557961E-05
26.93902 1.4616276E-05
27.51068 1.6764296E-05
27.95146 1.8707427E-05
28.38058 2.2555969E-05
28.94663 2.3579963E-05
29.16707 2.0680274€E-05
29.22589 2.3614130E-05
29.39758 1.9770696E-05
29.52399 1.8744957E-05
29.66627 1.6331083E-05
29.81800 1.7407390E-05
29.91182 1.5943802E-05
30.00336 1.5024363E-05
30.12525 1.9755280E-05
30.37688 2.1682617E-05
30.60363 2.2993747E-05
30.79341 2.4128996€E-05
30.97461 2.5648102E-05
31.13073 2.5891148E-05
31.26193 2.4573364E-05
31.50844 2.6205269E-05
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.84469
.97589
.18346
. 30235
.42525
.58421
.18179
.95143
.17928
.37284
.61947
. 94834
.27724
.58897
.72400
.95217
.25562
.45329
.88576
.16578
.32878
.66291
.78308
.11049
.48493
.68554
.25081
.00181
.86115
.27755
.83318
.25254
.76591
.27051
.54718
.88615
.29356
.68134
.40952
.68718

718 1200F
0.50

.26015
.45657
.67182
.07905
.32133
.49597
.77078
. 10201
.57576
.79165
.93759
.98514
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.4136521E-05
.3836332E-05
.8564800E-05
.1321109E-05
.2180378E-05
.4748748E-05
.3323355E-05
.1843145E-05
.7691329E-05
.9219942E-05
.0070956E-05
.2175740E-05
.4600806E-05
.2752450E-05
.4276742E-05
.3871394E-05
.6749359E-05
.7873971E-05
.8089474E-05
.8849699E-05
.6721161€-05
.4476801E-05
.6208905E-05
.7871134E-05
.1473268E-05
.2633859E-05
.8099340E-05
.0345730E-05
.3954114E-05
.4952889E-05
.7649497E-05
.9801278E-05
.7207584€-05
.0853028E-05
.8713023E-05
.3297815E-05
.5601696E-05
.9602592E-05
.0290872E-05
.1660739E-04
R=0.50

.9262127E-06
.2621477E-06
.5767711E-06
.1115021E-06
.5799042E-06
.6787153E-ub
.1254827E-06
.1552960E-06
. 9843828E-06
.9780950E-06
.6652938E-06
.5151958E-06
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.04827
.81951
.17444
.45852
.66438
.62990
.30280
.76352
.88280
.11331
.27290
.60443
.76226
.86716
.11894
.32392
.52926
.73556
.96220
.17138
.34521
.48926
.75911
.94229
.14355
.40446
.61538
.78034
.11017
.24848
.51501
.70332
.90279
.18563
. 30258
.58441
.74544
. 90702
.16782
. 33065
.54719
.76915
.90303
.16090
.36324
.54615
.73815
.90283
.19908
.59660
.85490
.41652
.84043
.11146
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.6352386€E-06
. 3688890E-05
.0990672E-05
.4551682E-06
.71373277E-06
.9800168E-06
.0556074£-06
.8122652E-06
.6325290E-06
.1667798E-06
.6620761E-06
.8418068£-06
.8523797E-06
.7010125E-06
.0144651€-05
.8284918t-06
.0068749E-05
.0899630E-05
.1892004E-05
.1901209E-05
.2062170E-05
.2362027E-05
. 1824555E-05
.1952456E -05
.2892498E-05
.3017670E-05
.3468428E-05
.3789941£-05
.5408845E-05
.6852166E-05
.7076798E-05
.8120727€-05
.7599441F-05
.7330274E-05
.7511404€-05
.9039158E-05
.0154203E-05
.0589405E-05
.1546995E-05
.1655400E -05
.1291464E-05
.1643531E-05
.1966855€-05 -
.3776205E-05
.5533331E-05
.4830057E-05
.6296919E-05
.6824237E-05
.7241680E-05
.8782286E-05
.1074058E-05
.6263686E-05
.6103982E-05
.5522295E-05
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31
31
31

33

.28746
.63894
.81690
32.
.61694
32.
.29748
33.
34.
34.
34.
35.
35.
36.
36.

16970
98472

64482
07959
51037
78811
36721
44781
51294
85562

DDA DB DD WWWWWWW

.7009948E-05
.5406239E-05
.2854681E-05
. 3236400E-05
.5551227E-05
.7506132E-05
.9616210E-05
.3420769E-05
.2647232E-05
.5260549E -05
.8167698E-05
.1327450E-05
.2038456E-05
.0314305E-05
.5650020E-05
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4)  DAMINYDKC.DAT - Yield Strength and Fracture Toughness Data

IN 718 Temperature vs. % Room Temperature Fty and Kc
9

78 1.00 1.00
200 0.97 1.01
400 0.95 1.03
600 0.93 1.05
800 0.91 1.07
1000 0.89 1.10
1200 0.81 1.12
1400 0.5¢ 1.14
1600 0.30 1.16

5)  DAMINEFYD.DAT - Effective Yield Sirength Data

IN 718 Larson-Miller Data

24 25

14.0 1.0
16.0 1.0
18.0 0.99
20.0 0.96
22.0 0.92
24.0 0.90
26.0 0.83
28.0 0.78
30.0 0.72
32.0 0.67
3.0 0.60
36.0 0.53
38.0 0.48
40.0 0.42
42.0 0.38
44 0 0.32
46.0 0.29
48.0 0.25
50.0 0.22
52.0 0.19
54.0 0.16
56.0 0.12
58.0 0.10
60.0 0.08

6)  DAMINRSO.DAT - Overload Shut-Off Ratio Data

IN 718 RSO
2
78.0 1.00

1200.0 0.7083
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APPENDIX C

ADVANCED FIGHTER iOAD AND TEMPERATURE SPECTRUM
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There are 1000 missions in the advanced fighter spectrum. Each mission
contains 16 load cycles and lasts for 1 hour. The temperature profile for
each mission 1S the same. However, the peak and valiey loads change from
mission to mission.

Peak and valley loads were distributed to resemble the exceedance curve
of a current Air Force fighter. The exceedance curve has 16,000 load cycles
per 1000 flight hours, and a mission length of one hour. Therefore, each
mission should have 16 load cycles. These 16 cycles were divided among seven
mission segments. Ranges for both peak and valley loads were then assigned to
these segments. One thousand missions which identify actual peak and valley
loads, were defined by randomly assigning loads within each defined range.
The number of loads 1i1n each mission segment were counted to tailor the
load-time profile to meet the exceedance curve. This method results in a
slightly sequenced load history in which all of the loads above 100 percent
Tmmit load occur in the first 400 missions.

On the following pages, the full spectrum 1is Tlisted for the first
mission. Peak and valley loads are then 1listed for each cycle in ail 1000
missions in terms of percent test load.
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1 mission - 60 minutes (16 load cycles)

Peak Valley # of Temperature Cycle Time  Total Time
Step # (%) (%) cycles (F) (sec) (sec)

1 54.1 2.8 1 78.0 300.00 300.00
2 36.5 13.5 1 610.0 400.00 700.00
3 4G.3 14.3 i 600.0 400.00 1100.00
4 48.3 3.4 1 590.0 400.00 1500.00
5 58.3 13.7 1 650.0 67.50 1567.50
6 56.3 16.1 1 700.0 67.50 1635.00
7 68.9 7.2 1 750.0 67.50 1702.50
8 72.1 11.0 1 800.0 67.50 1770.00
9 84.8 -21.0 1 300.0 60.00 1830.00
10 65.2 4.0 1 780.0 67.50 1897.50
11 59.6 7.9 1 750.0 67.50 1965.00
12 79.7 3.2 1 780.0 67.50 2032.50
13 51.8 14.8 1 750.0 67.50 2100.00
14 34.1 7.1 1 590.0 600.00 2700.00
15 38.7 19.7 1 610.0 600.00 3300.00
16 76.6 0.4 1 78.0 300.00 3600.00

Figure C-1. Table of Peak and valley Loads for
First Advanced Fighter Mission
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Figure C-2. Table of Peak Loads for Advanced Fighter Spectrum
peak ;oads tor cycle #
8

mission 1 2 3 4 5 8 9 10 11 12 13 14 15
1 S4.1 36.5 40.3 48.3 58.3 56.3 68.9 72.1 84.8 65.2 59.6 79.7 51.8 34.1 38.7
2 8.8 25.0 49.1 45.5 069.0 S55.5 77.9 60.8 188.1 65.¢ 77.5 52.7 60.8 38.5 33.8
3 64.4 27.1 38.2 49.5 75.5 83.5 58.6 58.6 89.8 65.9 59.7 70.7 55.0 33.1 34.5
4 61.9 41.5 28.7 41.4 73.4 57.3 63.8 52.3 84.4 75.7 56.8 63.2 59.9 30.5 36.2
S 63.9 44.9 29.8 32.6 63.7 66.2 83.4 62.5 84.1 60.9 79.3 64.5 72.4 43.8 31.2
8 79.7 43.1 45.0 28.6 ©80.3 73.2 56.0 58.7 82.1 69.2 76.8 50.4 55.1 38.4 41.1
7 72.6 47.6 32.7 43.1 79.0 62.5 S54.0 83.5 101.2 50.9 67.8 74.8 50.6 33.5 49.9
8 76.7 27.1 38.3 37.3 70.9 71.9 5.2 62.9 82.0 71.4 58.7 77.2 56.3 28.7 36.8
9 77.8 34.3 43.5 33.7 80.5 74.6 68.4 70.4 86.5 72.2 53.2 78.9 78.3 30.2 33.3

10 61.2 32.3 43.6 3.3 89.7 54.7 54.6 67.1 81.6 53.5 61.8 50.5 65.8 28.1 32.6
11 60.6 48.2 35.6 36.6 70.6 79.1 62.5 61.2 187.4 75.7 51.4 78.2 56.0 47.3 45.6
12 76.7 39.5 35.8 27.8 74.4 54.9 S54.9 57.7 95.86 51.7 74.0 51.1 77.7 4.2 35.0
13 65.5 41.1 35.6 28.5 59.7 61.6 54.4 78.1 108.1 78.1 66.9 67.9 56.4 33.6 47.5
14 $2.7 46.3 34.3 32.3 55.9 68.1 84.4 75.2 85.4 77.6 71.3 63.7 78.1 39.9 46.6
15 53.1 43.8 47.4 25.4 66.7 50.2 75.1 S57.4 85.0 70.8 62.3 €7.2 54.2 48.7 45.9
18 73.9 41.9 38.5 28.9 63.3 52.4 84.2 74.1 99.6 57.8 78.0 67.1 75.4 33.7 4l.4
17 79.3 45.8 27.9 37.7 83.4 55.4 63.1 50.6 86.1 50.4 78.6 59.2 76.3 37.7 44.8
18 74.7 32.86 25.2 34.9 B84.0 87.9 77.7 63.2 98.6 70.4 63.3 61.9 61.3 41.5 4.}
19 57.5 29.7 25.5 44.6 8.6 78.9 59.1 58.8 99.2 69.1 59.7 69.1 75.8 34.8 28.9
20 66.5 34.0 26.0 40.0 60.9 81.2 81.0 57.6 93.7 52.8 57.9 76.8 73.0 26.9 42.8
21 60.2 27.0 49.80 40.9 65.6 88.7 59.4 67.9 87.1 88.0 75.2 76.3 52.6 47.90 25.2
22 73.5 47.6 40.9 44.2 54.8 60.0 83.9 59.3 107.9 74.2 74.8 77.1 76.5 49.3 48.8
23 71.7 25.1 44.4 45.6 8.7 73.2 53.7 57.9 100.8 51.4 59.5 77.4 56.5 30.9 26.6
24 71.2 25.6 45.0 48.3 83.0 54.1 62.3 72.8 92.1 77.5 65.7 64.9 64.2 45.6 34.2
25 59.4 41.2 41.6 29.3 55.3 70.6 75.7 64.5 98.3 74.8 67.8 79.5 69.9 42.9 27.8
28 63.6 28.9 41.7 26.4 75.7 69.7 65.7 50.5 99.9 66.8 62.8 64.8 72.6 32.1 41.¢
27 70.4 49.4 31.5 34.3 62.7 56.9 73.6 73.6 87.9 75.3 64.5 79.9 78.8 48.86 29.4
28 65.3 31.8 46.7 32.2 54.4 80.8 63.7 63.8 110.1 77.2 68.0 61.6 51.6 32.8 41.2
29 72.1 37.1 42.2 35.8 79.2 78.5 56.6 50.5 106.8 51.4 73.9 66.0 71.6 38.4 37.6
30 71.9 47.5 37.9 48.4 61.9 69.3 52.3 59.5 06.6 55.6 S2.7 60.5 74.5 28.2 37.8
n 73.6 38.4 38.7 37.6 79.8 76.2 59.3 80.4 82.7 63.1 59.4 75.5 71.3 46.6 239.7
R 59.8 27.6 30.1 37.0 57.5 80.0 52.6 668.8 98.5 69.9 77.7 56.5 67.6 32.3 39.7
33 62.4 44.2 48.3 47.6 60.0 64.4 72.2 53.3 113.4 51.5 74.3 76.0 73.1 32.3 28.7
K’} 75.9 37.7 25.5 39.5 56.7 88.5 76.7 67.9 114.6 69.8 53.5 65.1 50.7 41.0 36.7
35 76.1 32.1 35.2 28.2 72.9 51.5 76.5 84.1 81.8 79.4 51.3 55.5 76.1 39.0 28.7
36 58.3 J1.9¢ 38.8 26.5 61.2 66.4 57.4 82.8 184.1 65.7 70.0 61.6 76.90 32.5 49.5
37 77.1 368.2 26.0 45.9 51.9 84.7 79.0 57.1 110.6 69.7 75.0 70.8 67.4 48.3 39.9
38 77.2 30.8 35.5 36.8 67.2 75.4 83.0 51.1107.2 7.8 51.4 58.9 69.6 30.3 28.5
39 70.2 31.9 37.1 39.0 79.7 76.3 58.1 59.7 96.0 56.6 66.3 54.4 56.2 31.9 48.5
40 70.3 39.0 44.4 32.¢ 81.8 73.1 66.5 55.6 100.3 70.2 76.6 68.4 51.8 25.1 25.2
41 66.8 44.4 44.8 44.5 76.3 80.0 B0.1 64.6 99.0 64.6 79.3 69.5 55.6 46.4 49.9
42 67.5 26.6 41.0 32.3 65.3 82.0 71.6 65.3 106.0 56.6 66.3 62.7 79.6 26.0 27.2
43 77.2 42.0 26.8 41.7 82.0 74.9 61.4 75.0 90.4 77.4 76.8 71.2 53.2 46.6 36.3
4 61.3 41.4 33.9 43.7 51.2 80.7 73.3 71.1 184.5 76.4 52.7 76.7 56.0 49.9 42.2
45 64.4 20.5 44.7 36.5 60.1 58.0 63.9 76.3 107.9 64.7 70.4 66.3 51.7 48.5 42.¢
48 65.5 45.0 40.4 37.9 73.1 61.0 64.0 81.1 93.0 68.2 56.9 61.1 89.4 29.1 49.4
47 58.5 48.8 39.9 33.2 53.2 50.5 51.6 77.8 95.7 63.3 77.3 61.1 64.1 41.1 35.6
48 60.4 48.4 25.9 39.7 77.6 85.7 77.6 65.9 95.7 78.86 72.0 54.0 77.7 27.9 47.9
49 $7.8 38.6 40.0 47.9 70.6 78.1 65.3 5.2 81.6 62.1 51.4 50.8 77.1 29.0 34.8
50 70.6 47.3 41.2 36.2 55.2 72.6 70.8 55.5 108.2 66.7 63.9 69.2 67.7 35.0 33.9
51 54.6 43.8 42.4 39.6 51.8 65.6 52.0 50.3 108.7 67.1 54.3 53.5 71.6 28.5 39.6
52 66.8 31.6 49.1 48.3 64.0 61.6 56.8 72.7 184.2 69.3 54.0 79.8 78.7 36.6 27.2
53 §7.1 35.0 39.8 35.7 82.3 72.0 71.5 61.4 99.1 54.3 57.5 72.4 63.¢ 38.5 38.8
54 76.1 31.z2 31.8 49.5 70.8 79.3 61.0 69.5 104.6 66.6 75.8 65.4 75.6 31.9 37.3
55 75.4 43.6 32.4 26.7 61.9 52.1 73.0 82.5 111.1 68.4 59.4 63.5 72.4 25.6 47.6
56 68.3 39.2 26.1 45.6 55.0 82.1 73.5 63.9 114.0 66.9 55.9 77.5 65.1 29.4 43.3
57 71.9 47.1 34.8 28.3 81.7 52.7 63.9 84.9 105.5 64.7 63.3 67.2 79.8 48.3 47.5
58 75.3 47.0 47.4 48.2 681.7 B83.0 61.8 67.2 80.7 55.9 66.6 68.1 52.6 28.4 31.1
59 §7.9 31.7 35.1 36.7 66.5 68.2 58.5 73.1 99.5 59.0 70.7 58.6 55.7 47.6 26.1
60 71.4 41.0 47.8 49.1 71.¢ 76.8 63.7 63.5 106.3 71.3 59.4 65.1 54.4 31.5 39.6
61 69.0 42.0 34.0 33.9 68.1 S54.7 83.7 71.7 185.3 75.1 72.8 S52.5 52.3 33.0 46.7
62 66.3 35.6 26.1 43.5 67.9 88.2 52.0 69.3 89.2 63.5 50.7 52.5 70.5 37.8 47.4
63 70.4 32.2 46.8 49.3 62.6 6.8 61.8 55.6 68.0 51.9 68.4 65.4 63.7 25.4 29.2
84 65.9 28.4 25.8 43.9 51.2 51.4 53.8 70.9 110.1 78.4 74.4 54.0 60.3 38.0 32.8
85 64.9 31.9 41.3 25.8 54.1 77.2 73.1 76.8 96.2 70.6 75.9 63.8 79.5 36.1 30.5
66 78.2 44.1 31.6 48.3 83.3 51.4 62.0 67.0 112.9 70.9 78.8 72.7 75.9 37.4 38.8
87 56.6 47.5 25.4 48.4 68.7 53.7 77.1 57.2 93.2 56.7 76.86 60.5 68.7 46.5 48.9
68 6.7 20.3 28.4 29.2 08.3 62.8 78.7 72.3 82.3 61.6 75.1 51.9 78.9 35.1 32.4
69 61.3 30.9 32.1 35.7 80.5 60.3 76.1 51.5 94.9 69.7 69.1 59.1 69.9 48.5 29.8
70 61.1 28.4 47.4 S50.0 78.5 65.7 65.2 B84.4 99.7 77.6 73.2 61.5 58.9 34.1 28.2
71 $5.1 34.5 36.5 46.7 81.2 69.5 77.4 75.7 87.9 67.1 61.2 52.7 68.¢ 42.2 43.3
72 54.2 490.9 45.8 31.6 76.9 60.8 84.9 79.3 101.5 66.4 67.9 57.3 69.3 28.4 28.0
73 50.5 48.4 38.0 31.0 S51.7 69.0 82.3 73.2 88.7 62.7 77.7 57.9 64.6 29.8 30.0
74 70.9 37.7 26.8 30.5 53.0 81.3 62.3 84.2 97.4 52.7 64.4 88.2 68.1 36.7 28.5
75 72.6 48.9 47.3 44.1 63.1 83.2 67.7 64.3 102.6 61.3 64.1 65.7 54.0 33.3 39.6
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peak loads for cycle #
mission 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16
76 71.2 35.9 36.5 25.8 79.3 65.9 53.7 56.8 95.6 71.9 70.6 72.4 55.5 48.9 28.0 69.5
77 60.2 49.4 31.1 37.8 64.3 82.4 81.2 52.5113.9 69.6 61.3 71.9 73.8 39.5 42.4 71.4
78 70.8 28.2 41.4 40.3 68.2 79.3 71.3 53.7 83.9 7.8 79.3 54.2 71.1 45.5 38.6 65.7
79 67.0 35.1 30.1 44.8 55.1 68.¢ 72.80 77.0 96.6 62.4 75.7 88.7 72.2 40.7 43.9 62.6
80 75.3 31.1 36.86 25.1 7.6 59.0 61.0 64.9 89.7 77.3 76.¢ 68.2 65.5 39.5 38.1 78.3
81 55.6 32.5 32.5 43.1 56.8 56.6 73.2 53.3 105.8 79.2 51.9 79.¢ 68.9 32.7 39.¢ 78.6
82 67.1 41.4 37.1 25.2 64.7 60.1 53.5 64.1 85.9 66.4 68.8 71.7 75.8 39.0 49.6 52.8
83 67.0 42.0 48.3 40.1 00.4 78.5 58.4 67.¢ 98.3 69.1 76.2 59.6 56.3 49.1 45.80 67.2
84 58.7 32.3 35.9 45.8 56.8 70.3 64.3 74.1 81.0 75.8 60.8 74.8 70.9 49.0 34.2 69.4
85 55.9 47.4 28.1 31.5 82.0 80.8 53.6 73.9 106.9 66.6 65.5 67.0 79.9 26.5 34.8 77.6
86 53.4 25.4 38.0 45.5 53.8 52.2 63.7 79.5 112.9 61.5 70.6 68.2 58.9 29.0 41.5 64.0
87 58.7 44.1 37.4 48.0 75.8 56.3 66.3 67.5 108.7 77.8 62.9 63.5 67.3 37.4 26.8 54.3
88 68.7 27.4 47.8 26.4 57.2 81.8 72.3 100.7 79.¢ 57.9 64.8 79.1 31.9 43.2 63.3
89 54.5 47.3 38.1 26.6 61.2 73.6 55.5 81.4 57.6 57.8 57.8 62.3 45.5 30.7 52.1
2¢ 55.0 25.9 32.3 36.5 53.8 66.8 65.7 82.8 67.0 60.8 58.4 64.0 490.0 37.1 58.9

91 65.5 46.6 26.2 45.2 77.2 .8 83.3 59.9 97.3 76.2 53.8 77.8 63.5 47.0 46.1 74.1
92 78.1 33.4 28.9 28.6 51.4 .5 53.4 50.5 104.1 58.4 69.3 74.3 56.5 235.7 45.5 S51.5
93 67.9 48.6 44.8 27.5 56.9 .4 84.9 83.3 84.2 56.2 61.2 62.0 B80.0 49.7 39.4 79.5
9% 50.8 29.0 32.1 40.8 62.9 .2 75.4 55.7 60.3 60.7 66.5 64.5 52.1 34.5 29.7 55.9
95 74.7 25.7 39.4 35.5 72.5 .9 82.5 78.8 107.5 56.3 50.7 59.6 78.8 36.2 26.6 74.2
96 69.7 29.4 44.2 32.5 55.9 4 71.8 74.8 89.5 79.0 56.2 68.8 72.8 .9 28.4 56.4
97 00.5 41.2 45.4 42.8 56.7 .1 80.2 69.1 82.8 74.6 78.7 51.8 74.4 .9 29.0 57.5
98 79.7 44.8 28.6 34.6 57.9 .6 76.7 61.1 167.0 57.4 58.3 71.5 61.5 .4 25.8 58.3
9% 50.6 33.1 32.2 47.0 51.9 .0 64.7 52.7 101.9 64.1 63.2 72.9 63.8 .5 38.4 78.1
100 55.2 48.3 27.3 49.8 84 63.8 79.0 92.6 67.6 78.4 64.4 60.1 .7 29.5 53.8
101 57.6 44.7 33.3 35.1 51.¢ 79.6 63.0 106.2 53.6 55.6 67.7 66.5 .2 37.9 74.8
102 59.9 42.4 41.4 43.3 73.3 . .2 51.2 92.4 70.2 55.4 71.8 79.2 .1 37.1 52.2
103 70.2 43.0 27.9 34.1 51.4 . .3 57.9 95.4 58.9 75.4 77.5 64.0 .5 48.8 54.9

104 54.2 49.5 36.3 28.2 81.7
105 62.9 34.8 41.4 41.5 78.7
186 73.1 28.7 47.4 40.4 53.0
107 73.0 28.8 30.0 39.2 50.3
108 66.9 37.7 45.8 28.5 61.8
109 63.9 37.2 46.3 35.1 52.4
110 71.4 44.4 39.8 38.7 60.6
111 56.5 47.0 35.5 45.4 55.2
112 79.4 31.86 30.5 47.5 S52.7

57.4 110.9 77.3 78.8 54.7 78.5
60.8 114.5 56.0 70.4 51.1 69.6
115.0 50.3 55.8 75.0 64.2
54.3 95.3 69.5 57.1 56.5 64.0
84.5 96.1 70.7 72.4 70.4 57.0
«2 56.2 105.5 50.1 53.0 54.2 57.4
51.0 79.4 106.0 74.7 62.3 67.7 50.9

52.3

53.0

57.3
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113 55.1 25.9 33.3 49.0 78.3 .9 84.4 .3 105.6 71.5 79.7 66.2 57.1 . .1 69.7
114 57.1 47.0 34.3 38.8 83.4 59.6 83.5 75.7 80.4 74.6 52.3 70.2 51.8 . .9 64.6
115 67.8 39.2 34.9 30.1 84.7 61.8 59.6 53.5 95.8 78.6 55.8 76.4 52.7 .4 31.0 68.6
118 64.3 46.9 35.5 34.7 65.9, 67.3 69.2 73.7 109.1 64.2 65.7 70.2 58.5 .8 46.0 68.4
117 78.7 30.7 42.3 36.7 81.8 60.4 75.6 77.6 188.2 75.8 69.8 52.7 58.9 .0 33.8 568.5
118 62.8 44.5 45.4 41.1 65.0 51.9 61.3 59.3 83.1 72.8 68.8 50.9 65.3 .5 28.3 58.4
119 78.9 42.5 34.7 38.6 60.5 50.7 52.0 71.7 88.8 73.2 79.7 68.7 57.8 .8 41.3 67.1
120 66.8 26.6 42.8 38.9 64.1 84.7 B84.7 88.5 98.5 58.5 58.4 52.5 65.0 26.0 27.5 72.9
121 75.6 47.8 30.2 39.6 56.1 67.3 65.6 54.7 88.9 64.6 76.3 60.9 50.3 37.2 37.0 54.3
122 78.7 49.9 39.8 37.2 84.5 63.6 76.4 72.3 186.1 72.2 61.1 60.7 78.0 25.2 27.2 61.6
123 €9.9 38.2 36.0 48.8 56.7 84.1 76.4 64.7 83.4 52.9 52.8 54.7 53.2 45.9 32.2 79.6
124 67.0 49.7 20.3 48.0 59.2 78.6 73.9 77.0 188.1 70.2 72.9 73.3 66.8 28.2 27.1 58.7
128 51.7 38.0 42.1 45.1 58.1 64.8 71.2 83.5 85.9 70.0 60.6 62.8 60.4 48.0 39.4 71.0
126 74.5 45.1 38.1 30.6 52.1 54.7 68.1 72.4 83.5 61.8 61.1 77.5 78.80 25.0 41.3 70.8
127 71.7 43.8 49.5 28.5 79.2 60.2 67.6 83.7 108.7 78.4 52.8 62.4 61.7 48.9 41.6 53.8
128 53.6 45.1 33.4 49.6 59.6 51.7 7.8 75.7 92.7 58.5 70.4 66.1 78.2 32.3 34.3 59.1
128 68.7 31.6 28.3 35.3 56.4 56.8 59.3 75.6 94.1 S51.7 73.7 61.4 67.9 41.1 36.8 79.7
13¢ 56.1 45.1 32.2 48.4 60.0 70.6 56.2 62.0 98.8 65.2 62.3 70.9 78.7 33.8 42.8 63.9
1 62.7 34.4 40.1 30.0 62.3 56.1 51.4 53.1 101.7 56.3 63.3 70.3 67.6 40.5 49.1 68.7
132 52.1 48.3 42.2 28.4 67.4 51.3 79.7 71.5 91.9 77.9 75.8 66.1 65.6 42.1 39.6 65.3
133 53.7 48.2 31.8 48.5 71.5 58.2 83.2 77.6 95.0 73.3 58.0 60.7 66.4 48.7 44.5 61.1
134 78.7 46.3 37.6 26.6 72.3 52.6 68.8 68.2 98.4 60.5 54.0 63.2 63.8 32.0 26.6 65.0
) 135 59.2 36.8 41.6 47.2 66.7 62.3 53.3 65.2 97.5 53.0 77.2 88.0 69.3 35.7 48.7 67.3
136 70.5 31.4 49.1 30.5 58.8 72.6 51.3 64.3 105.6 76.4 62.8 78.7 69.2 38.7 30.7 52.7
137 $3.9 31.7 44.9 45.1 77.3 74.9 68.3 54.0 107.0 52.9 68.9 64.7 62.8 49.5 43.4 67.8
138 60.0 42.3 43.1 27.2 72.7 71.9 56.5 56.1 93.4 68.5 71.4 73.5 53.1 26.4 49.2 58.1
. 139 66.7 45.7 34.0 35.5 64.2 80.2 74.7 50.6 101.8 61.1 61.8 54.8 66.0 46.5 38.1 60.9
148 56.5 47.2 34.5 27.8 81.7 82.5 56.7 60.5104.8 73.9 55.5 74.0 74.2 28.1 25.1 54.8
141 51.5 48.9 42.7 25.3 71.6 67.3 64.2 83.3 80.2 71.8 65.8 74.3 77.2 20.7 41.3 75.3
142 55.2 45.0 37.0 31.7 79.9 63.1 71.1 73.1 8.6 76.0 52.4 56.7 54.5 43.2 42.9 €0.8
143 61.2 26.0 39.6 20.6 58.7 82.7 73.7 63.4 98.7 73.86 50.8 62.9 50.8 31.7 47.¢ 77.7
144 75.5 25.8 40.1 26.5 58.9 82.6 58.7 78.4 82.3 55.4 77.0 67.3 65.2 35.5 40.7 76.7
145 63.4 35.5 38.7 34.7 e8.6 73.7 57.8 63.5 80.7 79.9 58.3 69.4 79.1 29.2 47.5 73.2
146 55.4 44.7 25.9 36.5 76.3 72.9 63.9 85.0 93.2 65.0 55.3 65.3 57.8 25.1 47.6 58.4
147 58.8 45.4 31.8 4.5 59.8 61.4 52,8 53.6 81.7 S54.4 51.2 77.6 57.1 40.8 45.8 72.4
148 55.8 48.9 45.1 41.9 79.9 72.6 84.1 52.3 89.2 78.7 65.7 50.7 57.5 32.8 29.6 59.4
149 59.8 48.86 25.8 35.0 75.1 69.6 67.5 51.3 93.9 67.5 61.2 77.3 50.7 41.1 48.7 55.2
150 56.6 43.1 42.8 39.2 57.7 61.8 83.¢ 81.5 103.1 59.1 79.0 79.2 58.3 25,0 48.7 50.7




peak loads for cycle #
7 9

mission 1 2 3 4 5 8 19 n 12 13 14 15 18
151 76.2 39.2 27.2 42.3 68.4 71.1 57.4 75.4 03.7 54.1 77.5 58.1 78.9 47.5 30.6 79.1
152 70.6 45.3 39.2 38.9 66.2 83.8 50.2 55.2 98.9 73.9 70.6 51.0 75.1 43.2 34.8 79.9
153 68.7 48.7 37.7 45.6 72.7 54.3 62.6 64.6 99.8 53.5 71.2 69.3 54.6 28.8 32.9 71.4
154 66.2 36.9 28.5 30.2 58.1 55.9 79.1 64.3 92.9 77.1 51.8 77.9 76.9 31.4 42.5 64.6
155 58.9 48.6 45.5 36.8 62.1 67.5 67.2 84.5 84.8 76.0 6l.1 65.6 62.5 43.5 34.2 67.0
158 67.4 28.1 38.7 29.4 66.¢ 68.6 72.3 58.5 01.0 58.1 62.6 71.3 60.4 32.4 27.6 56.2
157 70.9 28.2 32.1 40.0 52.1 65.6 63.3 54.7 92.1 .9 76.3 76.5 67.2 27.1 4.1 72.1
158 $5.1 32.2 26.3 48.5 59.8 58.7 54.7 56.0 98.9 .4 76.6 71.2 61.8 46.8 42.4 70.1
159 61.0 31.3 26.8 36.1 57.5 55.3 55.5 71.7 99.5 .1 59.9 77.0 69.6 43.2 28.8 63.4
160 60.8 35.7 44.7 47.0 81.6 60.5 63.8 84.8 B82.1 .9 62,2 52.1 58.8 28.1 37.8 65.2
161 63.2 30.86 25.6 39.8 63.8 81.0 59.4 84.8 88.9 .4 68.5 71.2 52.0 48.2 43.4 59.4
162 57.5 31.1 35.0 31.8 53.1 72.2 66.8 74.3 89.3 .3 67.6 64.8 60.6 49.0 42.7 54.8
163 62.1 34.6 43.3 3e0.3 81.0 71.5 71.7 83.3 103.6 76.8 76.8 73.0 25.3 37.¢ 57.¢

164 66.8 32.9 32.6 43.8 67.7 75.4 59.0 60.6 99.4
165 69.5 26.0 40.5 34.4 61.9 57.0 76.¢ 52.1 103.7

78.4 55.5 57.8 42.0 35.4 59.8
51.3 54.2 53.0 34.2 45.7 77.3

NNANQOONNNBONS
)
WNNOWU WO ~D

166 62.6 37.9 31.5 30.8 66.1 64.3 57.6 50.3 102.9 .9 72.0 53.5 65.8 25.2 27.9 71.8
167 76.3 35.3 36.7 34.9 73.6 73.1 66.7 52.8 103.9 .2 62.4 71.1 54.1 32.8 29.0 68.8
168 79.7 34.4 36.2 31.8 54.5 71.7 72.7 B84.7 90.9 .7 76.7 76.7 53.5 46.8 26.7 53.1
169 71.8 290.7 38.8 28.2 80.5 67.9 70.1 63.0 99.2 .3 60.2 78.7 50.6 48.7 27.5 56.9
17¢ 8.2 37.2 34.1 44.7 82.1 57.1 75.1 63.1 89.9 .0 71.3 79.5 681.1 47.6 33.4 76.4
171 73.8 47.0 34.4 36.5 83.6 76.4 64.9 75.3 83.2 .6 73.9 73.0 71.8 45.4 32.8 53.9
172 60.5 35.8 31.0 34.1 65.6 76.1 77.1 67.5 90.8 54.0 69.6 64.0 61.8 33.2 47.2 51.2
173 68.6 28.5 46.0 26.4 76.6 55.4 54.7 51.8 96.1 79.6 79.6 67.7 74.9 27.7 37.1 53.7
174 78.4 41.0 33.7 37.7 60.4 62.2 73.5 69.3 87.0 76.3 64.1 79.0 55.6 34.5 43.3 52.4
175 52.9 20.¢ 40.0 28.0 78.3 73.8 74.3 73.6 82.9 75.6 50.2 67.7 68.2 43.5 46.2 79.9
178 668.1 36.3 48.2 39.7 70.8 57.3 76.2 88.1 100.0 51.7 51.0 63.9 74.4 26.5 31.9 51.8
177 64.8 35.0 234.1 39.3 79.5 77.6 58.8 69.4 82.1 59.1 71.9 66.5 51.6 38.8 37.9 75.9
178 58.8 25.6 32.6 49.9 54.2 55.9 84.4 79.0 80.6 5.6 70.8 50.4 56.2 40.6 36.9 54.0
179 55.9 26.5 46.8 26.9 70.8 77.6 62.1 68.6 101.6 79.4 78.2 57.6 68.9 28.4 45.8 64.7
180 57.3 34.9 33.1 46.90 75.1 .8 72.1 64.2 99.8 63.3 65.8 73.0 63.9 39.4 30.5 57.5
181 72.4 28.6 32.4 49.0 76.4 56.3 74.4 67.7 92.6 56.1 70.¢ 71.8 54.6 31.6 31.4 69.5
182 76.6 30.8 37.5 29.9 50.3 74.3 63.4 75.7 82.7 55.3 58.3 62.7 69.9 39.4 30.1 69.4
183 51.1 30.6 44.0 47.3 53.4 75.5 51.1 68.1 92.8 59.9 55.1 61.7 53.2 26.2 42.6 78.8
184 61.3 39.1 32.3 30.5 80.5 52.9 75.1 71.4 97.9 79.9 57.6 60.1 58.5 30.8 33.7 58.7
185 66.0 26.1 28.2 32.8 61.3 68.5 74.1 73.4 83.0 78.8 72.2 75.9 50.4 39.2 45.1 61.5
188 50.7 27.1 40.1 39.3 76.0 80.0 51.7 58.3 99.4 54.4 79.8 71.0 51.1 39.5 49.0 64.5
187 75.6 45.6 31.5 40.0 54.7 65.6 57.9 69.6 108.0 52.2 58.0 72.0 50.3 29.8 44.8 71.9
188 61.7 48.4 45.0 26.6 64.0 60.5 68.7 51.4 92.7 79.5 61.6 50.5 56.9 36.4 38.4 65.8
189 63.0 31.8 46.7 34.3 72.9 68.7 71.8 74.8 85.7 56.4 69.1 60.9 67.3 48.7 48.6 63.3
198 66.5 43.9 37.8 44.8 68.8 67.4 67.6 81.2-104.4 72.2 62.1 78.5 55.2 48.4 31.5 63.4
191 64.9 28.7 27.5 33.6 64.9 73.9 74.1 57.9 98.8 70.7 53.9 70.8 75.9 36.2 29.8 69.5
192 68.2 46.1 40.6 20.0 77.8 58.2 75.2 65.2 62.0 59.2 54.7 57.3 67.1 45.9 46.6 79.1
193 57.4 33.7 32.8 30.5 67.80 67.4 74.2 76.8 B85.8 56.8 50.6 64.2 62.8 32.7 28.6 77.2
194 73.3 45.6 36.1 39.3 80.9 61.8 82.3 67.8 104.8 64.6 62.9 79.5 71.8 45.3 48.5 58.3
195 55.2 368.2 J2.1 45.5 72.2 77.7 64.9 73.6 83.5 69.6 62.2 70.9 67.4 32.8 33.3 55.8
106 58.9 37.5 43.6 33.7 51.1 68.0 51.9 66.6 87.8 72.6 52.5 55.5 62.9 45.3 42.2 65.2
197 54.8 41.2 31.7 38.1 73.4 81.5 54.0 74.8 103.9 61.4 €9.5 65.5 53.8 34.6 33.4 62.0
198 63.0 42.9 48.0 25.4 66.3 75.9 59.6 62.8 104.4 70.8 61.1 54.0 78.9 30.9 44.4 77.3
199 78.7 32.6 37.86 45.9 60.9 75.1 75.5 60.0 93.9 72.9 57.0 78.0 53.9 27.6 490.9 64.6
200 57.3 44.7 34.0 25.3 73.3 57.4 66.4 62.) 84.3 57.3 57.8 72.7 52.8 43.8 42.4 61.2
201 52.1 25.2 48.9 33.3 66.1 83.1 58.8 72.3 91.1 67.5 50.2 S54.2 59.1 31.9 45.4 72.4
202 52.6 40.9 47.5 34.0 82.2 71.4 69.3 62.1 104.1 78.1 74.4 54.2 70.2 47.7 36.2 58.8
203 75.6 29.1 48.3 26.7 63.9 84.0 84.7 62.8 95.1 64.8 56.4 65.7 76.9 41.0 26.7 51.0
204 60.9 45.3 45.4 39.2 76.8 74.4 69.8 75.5 94.9 70.8 53.2 56.9 71.3 40.5 29.0 69.2
205 53.9 42.4 42.5 33.5 78.8 71.6 74.2 67.2 96.1 55.6 66.0 73.0 56.5 25.7 33.6 79.2
208 56.4 44.6 49.5 46.4 66.1 81.4 56.5 67.2 100.7 73.1 59.4 57.1 56.5 34.3 43.9 57.¢
207 51.1 49.0 43.3 30.4 8l1.1 59.5 55.3 61.8 684.8 78.8 62.9 61.2 68.2 35.3 49.9 75.9
208 72.6 31.5 28.7 3.5 73.1 77.6 51.8 71.1 89.4 58.6 70.0 61.7 58.7 45.8 28.2 50.9
209 76.8 45.5 44.9 31.3 66.4 77.9 75.0 65.8 93.1 67.4 74.7 53.0 78.3 49.8 29.5 67.7
210 64.1 25.2 33.7 26.7 61.1 71.5 79.2 71.2 81.6 56.1 71.6 51.4 60.0 36.1 36.8 54.2
211 73.6 33.3 40.8 31.1 62.5 71.6 83.9 54.1 87.3 79.0 53.4 54.5 75.0 25.9 47.8 72.¢
212 00.9 43.2 49.1 26.4 84.1 70.1 60.1 72.8 97.6 64.0 53.4 71.4 64.3 25.2 43.4 75.8
213 77.8 231.0 25.8 38.5 52.4 52.6 52.4 78.3 82.4 069.4 59.8 71.6 79.7 49.7 49.1 59.5
214 60.7 27.4 44.5 35.5 71.3 64.8 64.8 58.1 104.5 72.0 55.2 73.0 58.5 27.4 35.6 67.8
215 69.8 29.5 35.1 29.1 72.2 83.2 74.8 68.5 104.9 55.1 70.0 56.1 68.8 28.1 39.5 63.8
218 51.8 31.3 32.0 20.8 61.6 70.7 62.5 69.5 93.9 58.2 50.86 75.1 65.2 35.1 29.0 52.4
217 $5.5 38.6 28.3 35.2 S5.2 78.7 62.4 B2.9 82.8 50.2 78.9 77.4 60.6 35.9 38.6 S8.9
218 69.8 36.3 42.0 25.8 54.3 63.3 52.9 72.4 91.1 65.5 74.1 77.1 60.4 48.2 48.5 55.6
219 64.2 49.3 40.9 35.7 51.0 84.8 54.9 52.9 81.0 68.0 76.90 71.5 57.2 27.3 43.4 69.1
220 60.4 25.9 43.6 26.3 79.6 60.6 56.4 72.0 B84.0 61.2 79.0 79.3 67.8 35.3 31.3 58.7
221 54.3 20.2 33.2 35.9 50.6 71.7 66.1 76.6 87.1 59.8 60.8 54.3 79.0 45.1 38.0 54.7
22 64.0 33.3 48.3 48.3 €4.3 60.0 80.8 58.6 03.0 78.6 69.8 64.5 79.1 46.3 34.1 71.0
223 75.8 47.7 48.5 31.9 72.1 78.8 84.5 57.0 192.3 71.7 60.5 50.3 60.3 25.9 34.2 62.9
224 60.0 47.4 44.3 49.8 68.7 08.9 50.6 64.0 89.7 78.8 55.2 51.5 62.4 45.2 39.5 74.2
228 71.9 48.4 49.8 38.6 71.8 61.0 60.4 66.4 81.8 68.0 50.8 79.7 63.1 25.9 31.2 64.1

128




mission
226
227
228
229
230
231
232
233
234
235
238
237
238
239
240
241
242
243
W4
245
248
247
248
249
250
251
252
253
254
255
258
257
258
259
200
201
262
203
204
265
2066
267
208
269
27¢
271
272
273
274
275
2768
277
278
279
280
281
282
283
284
285
286
287
288
289
200
201
202
293
294
205
296
207
208
209
300

1

55.3

»

~»

. e e
SANOOOIOANWO

33dgasee

20.4

WWnAR N ERE R
hwobwauNNOBNDIN BN

onme
IR

e o e 5 5 ® 8 o o

ERSREEEROLTRRENERNELELEYS

o
82 :
58
ONOBVAAMNONOVNNNWNOONONUMONNW

sEgLENENY
=NNOOUVW - O

.2
26.4

A NE]

SESIISRNEIT RIS

.

no
-
..

we

51.3
55.2
77 .4
51.4

——_OONRDWONROWRNNG

6
59.7
71.8
64.3
68.0
68.8
77 .4
6e.0
51.0
$8.2
78.8

.

S2SNESSER8EIS
BWOONWNOWLAIWLD

gouom
=N
« o s 0 @
nweoe

67.4

* s o o s 0 o+

SRANOANNIIVE [ N [- X-.3 (-4
ﬂuﬂn»ﬂu@b’go.mguagb
WOROLONOANSNEALRNLIWOWNWD

62.5
71.4
50.5
78.1
79.6
79.5
63.0
75.9
51.2
63.3
58.6
77.1
77.5
67.2
61.6
77.3
82.7

LRI

OrREEEURWNNRN
bbbyl .

QUBNERIBBRRRIBNANNED
P RON R DR DO S D ® NN N W

- X -2 SR
.

-

7.7

50.9
74.6
66.3
50.4
59.5
74.2
82.9
80.0
50.1
57.9
77.9
77.7
72.4
52.9
63.6
81.8
78.0
67.1

. MR
DW= AOOM

. ®

SSSPIIERIS

¢« & o o o

SR DND=O~OONND®

2BELASEENNRINE

"
N e
.

75.1

peak loads for cycle #
7 8

92.6
68.6
92.0
90.5
82.7
102.7
92.6
81.7
82.9
81.3
88.1
97.9
80.7
105.¢
84.2
101.6
81.7

103.9
99.1
94.8

108.1
90.6

104.3
82.1
98.8
92.7
84.9
91.8
89.
97.9
88.5

103.
91.7
97.2
98.9
085.8
9.6

10
51.7

IENEIE

SNNNON
[ X" X- 1 ¢
. .
OCO®-~NANWONOW!M

54.8

e o o o o o 8 e & o @

SEISEIISERSSIATINZ2INERRY
;
WG WNNOIWORIOPRANNOUAONO®-

[

» NN
2838y gNeN
.
WBONNOODOLOR -

51.

PRI

* o s o o
NWOANAANOWNNS

PNENSEIZBUSY

.

[-.]
(L]
.

o

69.5

D~
D -
« e .

Py

NRWLILRE
Oha=AWORNO D

71.9

.

o 6 5 o s s & s 8 s »

ONNNOD ONONNAOANARNOONN
.
GWONNWNNALAONSGELONVNOODUNWODOON

72.4

66.1
79.0
62.0
05.2

ND s A

47.9
27.1
31.7
39.2
41.5
40.3
47.2
43.4
44.7
33.6
30.4
37.3
42.2
4.0
31.7
30.3
43.9
43.9
46.4
38.5
30.9
37.2
26.0
R.41
39.7
27.8
25.8
33.5
39.3
39.9
36.9
33.¢
37.4
20.0
35.5
28.0
38.4
46.0
30.8
32.6
30.3
4.4
32.5%
26.3
49.3
33.8
43.5
42.8
38.4
45.4
37.0
4.7
33.¢9
45.9
.8
25.

4.6
48.6
4.1
45.8
48.2
29.5

32.4

33.6

16
72.4
73.5
52.4
60.4
62.9
71.4
75.9
61.1
73.4
66.4
77.5
s1.1
56.9
55.4
77.3
79.5
55.6
75.4
52.¢
75.7
66.0
50.9
63.8
79.2
78.7
63.1
77.2
62.3
60.5
53.3
56.5
63.0
58.9
68.7
65.90
58.1
65.2
56.3
77 .4
79.7
66.6
56.9
71.7
50.7
$3.9
71.2
77.9
62.0
65.5
55.8
52.9
55.0
$8.2
53.9
53.8
57.3
71.8
64.5
72.8
52.5
61.7
62.4
73.0
66.6
55.6
50.8
78.4
74.8
60.1
57.0
66.1
67.7
57.¢
64.3
69.4




mission

301
302
303
304
365
308
367
3e8
309
31
k)31
312
313
314
315
316
37
318
18
320
321
322

Ongga

OUIONO&OOO

UONNNO!HOO&M

SNNNONN

o 6 o o o s o 8 o @
@OANNNNNNG

.
.

SE2IJREITREE
h
vordNVONHBHDOIOOW
PNLOIRNBRNDNG

SN2INEL2SIBIE

~
GONWWHDRPOWILOINGLOO-OPRELUOREANNNNOOVADWROO

SELCEREEEREREARRELEERONEREREBEENBAERES

. .

.
NOODDONWWONDS

331 P it i3 34333 344 -3 4

WWWNWEWWWW
-

28
)
(- X

26.4

25
wa

30.3

~n
©
.

[ -]

28.1
26.4
25.7
47.5
26.9
48.3
28.0
25.8
41.9
42.3
38.6
39.

48.1
48.7
2.7
2.7

¢ s e % 0 o 0 e e
NOOUWesANUTONUT

GR2G3ESXISE

25
Ve

NANOWLRLWWONWLWANORENDO®D =

R REREEEEEER R
NANN

SNOBARIBIINBIIZIT2RIBICR

[
~
»

[ J

L
~
P

® e 6 e 8 8 6 6 9 6 0 % b e 6 e 6 0 € & 9
NSV WAELARI DA NIONDOGNWEO®

peak loads for cycle #
[ ] 8

60.3
82.5
63.7
77.3
84.0
65.5
51.6
67.3
58.6
51.6
67.3
75.3
78.5
68.0
74.9
78.0
63.8
56.5
$8.5
82.3
76.2
71.0
65.1

e ¢ 6 o ® & 8 6 6 8 8 & ® 6 O & w & ®

.

IR I RN IR A h
NN OOWORWRONWNOWONNSNUVOIADUSONAINDODNI OO WONSOW

S IR RO EINRERNAABITNINIANNIZERRERISRER

58.4 75.7
84.2 53.5
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peak loads for cycle #
7 8 9

mission 1 2 3 4 5 6 10 1 12 13 14 15
451 58.0 42.7 46.2 35.6 57.0 81.7 62.6 58.3 96.7 55.3 67.6 70.8 58.1 37.8 49.5
452 63.5 29.8 41.3 42.9 74.6 B81.7 55.4 84.0 92.9 52.4 72.4 62.9 60.6 38.1 32.5
453 65.7 42.5 25.2 40.8 73.7 59.7 80.5 63.1 85.0 54.1 57.0 55.3 62.0 41.9 36.4
454 68.9 25.6 35.0 43.2 58.0 50.9 59.8 74.9 95.4 74.8 57.5 74.4 56.7 5.0 47.5
45% 73.2 27.1 42.2 40.1 51.7 53.0 50.4 60.7 87.8 65.3 74.7 52.4 57.9 45.4 34.5
458 66.5 29.3 38.3 46.0 67.¢ 63.9 67.6 67.1 88.3 73.4 54.9 51.1 63.8 32.3 36.¢
457 76.3 27.7 44.4 49.6 84.0 73.2 53.1 61.1 B80.3 B64.3 59.4 53.5 71.7 49.5 35.4
458 75.7 38.6 468.2 42.0 82.1 55.8 82.5 54.5 88.0 72.2 64.5 74.8 68.2 36.8 36.0
459 7¢.¢ 39.2 41.9 28.3 63.0 68.2 56.7 71.7 92.5 71.1 51.3 72.2 58.9 43.8 39.¢
460 54.1 43.2 26.9 29.6 83.7 57.1 65.4 52.3 85.6 53.2 52.9 65.8 72.4 34.5 43.3
461 59.8 30.3 46.6 47.1 83.8 82.6 59.2 53.6 90.2 51.5 52.9 60.6 59.6 25.6 232.9
482 62.1 43.1 39.2 32.7 50.5 63.1 66.8 84.3 B85.9 50.5 59.7 79.8 61.8 28.6 36.3
463 $4.2 28.1 43.1 48.5 63.0 57.4 63.3 B82.6 97.3 71.9 60.9 61.0 74.6 29.7 44.7
464 63.1 35.8 40.9 48.5 73.2 55.2 72.8 64.1 91.3 73.8 71.5 61.7 59.5 26.2 47.3
465 78.0 20.1 38.9 26.4 54.5 60.2 52.4 69.9 84.6 74.3 53.8 61.1 61.8 49.3 43.9
466 63.6 40.7 40.4 40.9 73.0 53.1 74.9 58.8 96.8 58.0 54.3 74.3 53.9 47.3 45.9
467 62.1 32.3 42.9 39.1 66.4 81.5 68.2 72.1 69.7 72.9 61.9 63.7 63.5 38.4 39.3
468 54.2 42.1 39.5 45.3 73.2 62.1 72.1 54.1 99.8 52.4 70.5 72.5 70.0 28.4 38.1
489 55.9 36.8 31.4 31.9 60.9 83.2 74.0 68.2 87.3 79.2 70.0 59.1 68.2 45.9 47.5
470 62.6 41.8 43.2 25.1 63.6 50.1 55.0 74.7 82.1 71.3 71.0 63.8 63.1 27.4 49.0
471 65.1 26.5 39.1 26.0 S59.5 52.3 57.7 63.0 96.9 65.9 62.5 67.3 57.2 45.2 37.5
472 71.6 45.7 40.0 38.8 68.9 61.2 53.6 52.9 91.86 52.4 65.4 60.8 68.2 33.3 26.4
473 65.1 39.2 47.9 49.5 59.7 82.9 67.9 83.5 92.1 65.0 57.9 52.5 64.8 41.9 30.8
474 66.6 39.3 44.6 43.9 67.5 83.5 61.3 73.2 82.6 50.8 51.6 68.0 56.6 41.1 30.8
475 78.0 34.2 34.0 27.2 67.8¢ 55.4 81.8 71.6 86.4 69.8 55.7 59.5 53.4 36.7 35.¢
476 74.6 25.8 47.5 44.1 66.4 63.8 70.3 56.3 80.1 67.8 58.7 62.7 51.8 45.3 44.1
477 72.6 42.8 40.8 49.¢ 50.4 81.8 58.5 65.3 87.2 62.6 51.5 51.4 73.4 35.8 42.4
478 53.6 27.9 27.0 41.5 74.8 59.8 66.7 59.6 96.1 74.3 66.4 64.7 72.6 48.0 35.6
479 61.1 26.4 48.5 46.3 83.0 70.0 B81.0 56.8 99.5 66.0 53.3 69.9 58.6 38.9 44.2
480 75.1 49.0 42.4 47.5 83.6 55.1 53.3 68.7 80.8 66.8 56.¢ 68.6 61.7 44.6 26.6
481 77.3 47.5 30.6 42.9 ¢€0.1 68.4 83.4 51.7 82.5 67.4 74.7 65.5 62.9 43.2 35.0
482 71.1 32.0 28.7 39.1 54.0 58.3 80.4 68.2 96.0 52.2 55.3 65.5 58.2 48.2 30.9
483 76.2 32.1 45.3 29.6 52.5 81.7 66.5 65.9 97.6 50.9 51.0 56.0 50.4 49.7 232.9
484 74.0 47.8 42.4 31.3 64.5 83.2 59.0 52.5 89.1 65.7 59.8 55.¢ 74.8 38.6 39.1
485 64.3 25.5 47.7 38.1 72.8 60.9 80.2 61.6 83.8 59.8 50.6 71.9 54.4 41.8 47.5
486 67.7 44.0 45.9 40.0 63.9 51.5 53.9 69.9 98.3 50.4 51.6 68.7 51.9 41.6 41.4
487 57.5 28.3 45.6 39.2 66.1 84.8 65.9 82.1 97.8 57.5 54.1 70.9 54.6 37.4 49.7
488 72.3 41.8 36.5 49.2 684.6 50.6 680.2 68.0 84.1 51.8 58.1 68.6 51.2 32.6 39.3
489 51.6 30.3 38.7 41.5 68.2 65.8 62.5 65.2 87.2 €0.80 63.2 64.7 74.8 48.8 43.9
490 60.2 28.4 31.7 33.9 58.6 52.0 81.9 65.4 86.5 67.7 61.7 55.6 55.2 34.4 34.2
491 51.86 46.4 41.1 43.2 52.7 67.2 59.1 61.2 87.7 55.8 50.3 67.5 74.2 47.0 32.7
492 67.1 20.1 37.0 30.2 63.4 55.7 58.1 82.7 8l1.7 74.9 57.1 590.9 50.1 33.9 47.9
493 70.8 49.8 40.8 39.0 53.4 73.8 50.0 61.7 88.4 60.6 51.8 66.9 63.4 36.5 37.4
494 61.2 25.4 47.8 26.7 83.3 62.8 53.6 70.5 96.5 56.7 56.3 59.0 68.2 33.9 34.2
495 61.6 41.6 46.9 35.5 70.4 83.2 65.7 73.8 96.2 55.8 71.7 67.4 64.0 41.9 27.4
496 72.2 37.1 28.0 27.4 57.7 66.0 53.1 69.5 88.9 51.3 52.6 53.5 63.1 39.1 44.4
497 53.3 36.5 44.0 32.9 64.1 81.3 B81.2 50.7 86.¢ 68.3 67.8 S51.4 70.8 34.3 26.3
498 65.2 39.9 36.0 33.7 52.5 58.6 51.4 61.2 09.4 71.0 63.6 69.6 71.5 25.4 44.8
499 62.8 35.3 35.5 35.5 57.9 62.2 67.9 58.6 95.6 70.1 58.1 68.3 68.7 48.3 33.5
500 79.8 25.5 44.0 34.1 56.2 70.7 55.6 69.1 85.1 74.9 71.7 74.0 86.2 25.0 39.5
501 69.8 39.9 39.8 48.0 52.4 72.1 72.7 73.5 89.2 54.7 67.8 50.1 53.9 28.9 47.4
502 62.9 40.5 44.4 43.0 65.2 72.0 64.8 55.5 81.9 66.7 64.3 56.0 70.8 42.5 50.0
503 66.2 46.5 40.80 44.8 71.1 52.1 57.8 51.5 88.8 66.6 65.9 67.2 61.3 25.5 38.1
504 €0.5 31.3 49.7 48.0 84.5 74.4 73.4 61.3 93.8 63.3 50.5 52.8 68.6 26.4 30.1
505 73.9 48.86 38.3 35.5 55.4 71.6 57.9 83.4 84.8 70.6 68.5 66.1 58.1 25.5 36.5
506 60.5 31.4 33.5 28.3 61.2 67.0 61.6 84.3 86.1 53.5 73.5 70.6 71.5 38.3 48.6
507 57.5 33.3 42.4 46.7 55.3 68.1 66.4 55.3 97.7 67.1 87.3 54.1 58.6 26.6 38.8
508 67.6 36.5 41.0 44.6 069.4 68.9 56.2 73.7 83.8 62.0 55.5 50.7 61.9 36.2 43.2
509 72.7 35.2 38.9 47.4 55.2 73.1 60.1 51.4 99.6 69.6 75.0 63.8 63.5 37.8 34.0
510 62.6 25.6 39.6 37.4 60.8 08.1 73.3 58.0 99.2 73.1 65.9 66.8 64.8 49.5 46.0
511 §7.7 31.4 27.1 26.0 63.2 52.5 68.4 69.4 83.5 72.6 65.9 68.7 71.7 41.3 34.2
512 50.1 38.2 43.2 40.8 64.1 B4.0 64.6 52.8 83.8 51.4 55.3 72.7 71.5 47.1 26.7
513 76.4 49.4 27.7 38.2 50.6 82.0 69.4 54.4 97.6 74.6 74.2 54.1 75.0 49.4 32.0
514 €3.1 34.7 37.9 45.5 58.0 08.0 63.9 61.1 B87.0 59.5 66.0 62.7 67.4 35.3 40.3
518 65.1 49.4 31.2 48.4 S59.1 61.4 68.0 B0.1 90.3 51.6 64.9 50.9 53.0 26.2 29.5
516 50.9 42.7 49.9 37.7 81.8 73.3 57.9 57.4 93.4 72.9 74.8 52.3 58.3 28.5 48.5
517 73.2 25.0 20.9 35.2 66.2 58.9 B81.2 50.1 96.1 53.0 61.5 86.6 59.7 48.1 42.5
518 71.8 45.2 31.8 26.8 80.3 57.2 61.6 68.1 B80.4 67.8 56.7 72.4 51.9 35.8 38.7
519 62.3 28.3 28.5 48.3 55.4 83.5 52.8 57.9 92.6 54.7 71.6 68.3 76.4 49.7 27.8
520 73.5 25.0 48.8 33.5 57.1 65.2 53.6 63.8 98.1 69.7 74.1 60.¢ 51.8 41.2 43.7
521 76.8 41.7 36.9 29.4 56.4 €6.6 62.4 56.4 90.5 55.8 57.5 61.7 72.7 33.3 49.2
522 50.9 37.9 45.0 28.3 €9.2 51.0 54.5 S55.86 95.6 67.4 66.8 57.9 60.1 49.6 35.7
523 56.4 43.8 48.4 48.3 66.0 063.5 60.6 67.9 86.8 59.¢ 58.5 64.7 66.0 27.1 35.6
524 58.3 49.2 25.3 49.5 69.5 04.4 53.5 55.2 83.6 60.2 61.7 65.9 70.8 48.8 35.5
525 53.7 47.5 32.4 48.3 €8.7 02.6 66.6 65.9 88.1 63.7 56.4 52.3 67.3 44.1 47.1
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peak loads for cycle #
7 8

misstion 1 2 3 4 5 6 9 10 1 12 13 14 15 16
520 64.3 40.0 34.4 45.4 74.2 59.2 60.1 53.6 87.2 71.8 73.9 59.8 62.5 45.3 37.7 66.0
527 55.9 36.4 29.8 46.4 61.3 74.8 72.2 68.6 3.9 62.9 72.6 64.1 68.6 32.1 47.7 58.5
528 65.3 34.7 27.7 38.6 55.2 52.3 54.4 59.3 92.0 56.2 66.5 72.3 51.8 32.1 28.5 59.7
529 71.6 32.7 38.2 30.2 64.8 57.5 54.4 73.1 86.9 68.4 52.6 65.1 74.2 31.6 25.8 69.6
53¢ 60.3 41.1 26.6 29.7 64.9 71.0 63.8 55.0 91.0 66.8 56.0 67.8 62.8 40.0 40.6 73.9
531 77.9 33.4 26.2 46.3 55.9 73.3 70.8 56.4 90.5 56.3 .4 67.2 73.8 26.9 30.2 53.7

532 70.3 31.1 35.0 29.8 59.4 69.4 63.5 73.8 85.2
833 72.3 49.7 46.3 43.6 52.8 56.1 68.9 62.3 97.5
$34 63.2 26.9 37.0 44.6 71.8 53.5 55.8 62.5 99.7

59.4 51.9 45.2 47.6 55.5
62.6 60.7 41.1 31.3 50.4

9
4
.7 50.1 57.3 39.1 44.6 57.4
3
6
1

SN
NOw

535 53.3 31.6 28.2 42.8 69.¢ 51.2 71.7 58.4 81.9 .1 .1 55.7 68.8 39.9 26.8 55.0
536 66.1 47.0 43.2 49.8 74.0 51.8 65.3 59.1 87.9 51.1 53.2 74.6 68.6 35.7 27.5 50.2
537 56.6 26.6 31.2 46.3 67.0 65.2 69.8 57.0 96.2 61.4 50.1 74.5 70.8 41.1 42.7 70.3
538 67.6 27.3 46.8 44.5 74.9 60.6 50.2 70.8 88.4 71.0 55.0 72.0 74.1 49.5 28.2 58.8
539 63.3 33.6 39.1 48.8 74.0 53.4 58.3 68.7 86.4 57.5 69.5 51.¢ 56.3 43.3 32.2 56.7
548 67.2 42.4 36.4 39.3 S51.0 60.4 71.2 70.7 80.9 50.6 68.3 59.9 68.9 27.0 36.6 67.1
541 55.4 48.0 40.8 28.4 60.2 70.8 72.2 73.8 82.4 63.5 63.7 51.9 55.7 38.1 46.5 75.4
542 78.4 38.2 30.3 37.3 53.3 65.5 68.6 68.4 92.3 74.5 70.0 61.7 59.8 45.2 28.0 54.5
543 77.8 48.5 29.5 44.4 58.1 56.3 55.2 56.5 88.1 73.2 73.3 50.8 52.1 44.1 28.8 71.7
S44 78.8 25.6 48.9 34.9 50.8 69.0 54.8 62.4 88.8 53.5 61.3 60.0 59.9 28.9 43.7 52.3
545 5.6 37.5 50.0 26.8 51.0 61.3 70.6 53.6 86.0 50.3 62.5 55.2 56.2 26.6 35.4 74.7
548 68.6 49.8 40.0 49.0 74.7 63.2 56.8 51.5 80.4 71.2 55.4 63.4 70.0 48.¢ 33.3 75.4
547 52.9 29.3 31.9 49.2 74.0 54.3 6.8 58.3 91.6 73.2 71.5 69.8 72.7 37.9 41.2 76.¢
548 78.3 46.9 28.6 32.5 52.5 63.7 68.5 63.6 89.8 53.6 52.8 54.5 50.6 44.2 31.1 60.3
549 72.5 40.8 48.6 30.7 64.2 66.4 71.0 67.6 86.5 51.1 64.2 60.5 58.7 49.6 39.4 76.9
550 57.9 37.5 32.2 44.8 74.0 66.8 73.2 65.6 81.7 52.9 54.0 56.6 59.9 47.0 33.9 55.2
551 76.7 38.5 30.3 45.9 74.5 70.0 55.9 72.7 84.1 65.3 74.4 £4.9 65.8 30.5 46.0 71.2
552 56.7 33.8 40.5 25.3 60.9 53.6 58.5 73.5 84.8 59.2 54.7 70.7 68.0 34.4 34.4 74.0
553 58.7 38.7 28.86 32.7 60.7 65.3 70.9 52.7 87.1 57.3 59.3 73.5 68.8 49.1 46.5 54.5
554 76.5 48.6 34.6 44.6 068.8 62.5 66.8 64.4 92.5 70.4 67.1 50.6 74.5 42.7 41.1 70.9
555 62.0 45.0 36.1 25.9 65.3 56.3 53.6 54.0 83.8 70.6 57.5 71.0 64.2 43.9 28.9 70.5
556 79.6 40.3 36.7 34.5 75.0 61.6 59.5 70.3 81.6 67.6 68.3 55.9 71.7 25.7 34.0 72.3
557 78.1 47.5 20.6 48.8 680.9 73.3 72.0 71.9 85.1 66.3 63.5 57.8 65.3 48.3 32.9 50.6
558 67.¢ 31.1 38.5 47.8 52.1 65.0 56.2 56.4 86.3 74.3 62.4 64.6 64.7 43.4 40.1 56.3
559 65.5 35.6 41.5 48.8 73.7 65.1 70.4 61.0 9.4 73.80 68.1 74.0 64.1 28.7 47.8 65.4
560 55.2 37.8 38.2 45.9 71.0 58.7 63.3 74.3 92.4 51.1 56.3 70.4 60.9 39.2 27.7 63.1
561 61.0 30.8 43.8 32.5 58.4 52.1 70.2 69.9 86.2 73.6 57.3 52.1 54.1 29.¢ 48.2 63.3
562 58.0 44.2 27.1 32.2 66.5 66.3 60.4 68.3 81.8 64.7 71.9 5.3 53.5 25.2 26.3 59.6
563 54.4 33.5 44.0 34.4 52,2 63.9 51.2 71.4 91.7 66.6 69.6 56.1 76.6 34.0 31.9 76.4
504 78.2 47.3 40.8 45.3 53.1 71.1 65.3 54.5 60.7 55.9 73.2 54.1 74.5 48.6 41.6 60.8
565 52.2 27.4 33.4 47.2 58.3 68.8 74.9 72.5 90.7 57.4 58.8 63.2 59.9 47.9 38.1 54.1
566 64.86 46.4 49.5 37.5 51.6 62.0 62.6 71.4 85.3 50.5 67.6 66.5 59.5 37.5 33.7 76.3
567 67.2 34.3 42.3 27.5 58.1 72.7 65.3 71.9 B8.8 61.3 66.8 58.9 56.9 34.6 34.0 75.6
568 65.1 31.5 25.0 49.8 71.5 62.8 58.4 56.9 85.2 74.1 58.2 73.3 59.5 20.8 46.9 55.7
568 66.3 39.6 30.3 48.6 51.2 63.2 52.4 66.7 82.1 73.7 52.2 58.6 52.0 32.1 36.7 68.5
570 59.6 40.9 35.9 40.4 73.0 63.2 67.3 52.2 87.9 67.1 50.7 69.0 56.4 48.5 49.2 55.2
571 57.3 36.1 35.0 30.9 62.5 57.5 51.8 62.4 86.4 69.5 71.3 71.9 53.6 48.5 27.9 52.4
572 61.1 20.1 26.0 26.3 72.5 57.4 £0.9 68.7 81.8 59.1 62.0 54.0 58.6 36.4 47.2 51.6
573 73.1 48.1 48.4 40.3 S54.8 65.2 50.3 50.0 92.0 55.0 66.1 57.6 61.3 48.0 36.4 72.6
574 $9.1 32.3 32.9 31.8 €3.2 67.2 685.8 51.3 93.4 50.8 58.5 51.7 60.7 49.9 37.7 79.8
575 61.4 32.5 36.3 35.8 52.1 72.0 52.4 61.8 90.5 61.3 62.2 50.4 56.2 44.9 33.1 62.6
576 72.8 39.7 33.2 31.3 56.4 68.6 67.8 53.8 93.3 66.4 70.7 51.5 61.3 45.2 28.2 50.4
577 78.4 31.3 28.8 29.8 59.1 60.6 68.3 59.4 93.9 72.7 69.4 72.2 75.0 45.8 29.4 71.8
578 62.6 46.4 34.5 28.1 54.1 52.4 61.8 72.1 901.7 66.9 69.1 70.3 74.1 37.9 41.3 71.1
579 71.8 27.6 26.7 31.7 73.6 57.5 72.3 73.7 83.7 60.7 56.4 67.3 57.6 40.1 49.3 78.9
580 51.6 37.1 48.3 42.3 73.2 73.3 73.¢ 65.1 90.3 65.6 82.6 53.1 73.1 28.2 47.2 72.5
581 55.8 28.7 35.7 30.0 51.0 83.8 62.4 68.8 82.8 69.6 60.6 50.2 65.2 38.3 39.3 66.1
582 76.9 45.4 33.2 35.4 70.8 54.0 64.3 61.3 91.8 64.8 73.9 72.4 59.2 36.8 31.4 69.7
583 64.9 37.7 34.3 47.7 71.1 60.0 69.9 74.6 87.1 66.5 66.1 51.2 54.8 31.8 28.8 78.2
564 54.7 49.0 30.9 43.4 54.5 61.4 74.3 56.0 68.4 71.4 62.9 68.0 66.9 31.7 35.6 51.7
585 76.9 30.5 26.2 45.0 67.6 54.0 70.9 55.0 60.3 58.2 64.3 60.7 57.8 33.5 28.2 57.6
580 52.5 34.2 46.8 30.4 70.7 73.6 52.5 65.5 B85.2 62.5 52.0 68.9 58.7 46.6 47.9 56.2
587 73.9 29.0 49.6 35.8 61.9 60.8 50.3 57.3 ©0.7 70.4 58.0 74.1 53.6 38.2 35.9 64.4
568 73.2 30.6 36.7 33.0 62.9 68.0 67.9 70.0 85.1 51.0 68.0 65.4 66.6 33.8 45.4 57.1
569 73.8 36.5 25.0 30.0 52.7 50.7 58.7 74.2 B85.0 69.9 64.4 74.8 72.8 30.6 44.9 53.0
500 52.2 34.8 48.4 32.2 50.7 73.6 74.0 50.8 81.3 53.0 71.4 62.6 71.7 26.6 39.7 52.8
501 71.5 32.2 35.2 38.0 71.9 69.9 55.9 72.6 B85.0 62.9 53.5 64.5 50.0 34.8 38.9 52.1
502 59.1 46.9 43.6 20.5 73.3 S1.5 64.7 50.0 99.4 70.2 53.9 50.4 74.7 47.9 48.3 66.1
593 73.5 43.5 39.0 48.7 66.1 63.6 73.7 62.8 94.6 S55.1 61.8 72.7 51.8 47.9 33.8 61.0
504 58.1 25.2 43.1 0.2 59.7 60.0 73.5 65.0 62.9 54.5 67.9 68.5 70.0 45.8 47.5 7¢.2
595 71.8 41.5 43.7 38.5 72.9 53.2 58.4 58.1 93.9 52.9 63.6 74.7 62.0 30.4 36.7 67.8
508 75.1 48.8 48.7 42.9 58.3 69.3 67.2 68.6 089.8 66.4 50.5 74.8 71.9 47.3 35.7 72.4
507 63.6 39.6 40.0 37.0 71.4 52.3 65.1 64.2 87.0 68.2 69.7 59.9 70.5 42.1 30.7 63.7
596 64.4 29.5 38.1 36.4 63.1 74.4 74.8 59.2 84.1 70.7 54.9 54.7 50.8 29.4 25.8 59.4
599 63.¢ 31.0 39.7 30.4 56.6 74.4 57.0 62.9 90.9 53.8 56.2 56.3 63.6 32.7 31.3 62.3
000 09.3 39.2 32.1 26.6 63.8 69.5 55.5 68.6 88.2 63.6 72.3 55.8 74.3 35.6 39.8 69.1




mission

601
602
603
604
(3]
6668
607
668
609
810
611
612
613
614
815
616
617
618
619
620
821
622
623
624
625
626
627
628
829
630
831
632
633
634
835
636
637
638
439
040
641
642
643
644
645
646
847
848
049
650
651
852
653
654
655
658
657
658
659
600
661
662
663
664
865

[

-

. .
NAROVNNWHRODOHONIONNWNDWNWONNDNNYNG

(L N
.

.

[1.4

ON &KW Nogua.bﬂ\lw
e o e o o ¢ o @

=ON@WNN
.

52.%5

® o 8 5 4 & 8 o ° o

NSSESIRNELsS

RN ADNWNM

49.9

3.5

49.3
32.5
35.5
35.5
48.2
.1
33.9

28.1
30.7
4.8

49.2
4.4
42.4

4
48.8
4.7
45.7
38.9
41.0
42.2
31.3
39.¢
34.3
39.1
36.¢
31.0
3.3
41.5
28.1
25.8
33.9
48.4
50.0
31.1
27.2
43.6
40.5
28.6
33.5
31.8
41.8
4.1
32.8
43.4
49.9
7.2
31.¢
28.7
35.3
42.9
9.4
45.7
36.8
41.7
32.7
27.5
268.7
35.7
42.7
49.6
35.5
3.7
44.3
49.
3.0
7.4
41.3
35.3
29.9
49.0
28.3
41.9
31.6
45.0
40.2
27.9
36.3
29.7
34.0
48.8
48.7
41.8
3.0
49.4

26.7
1.8
49.5
27.1

65.8
87.3

60.8
59.7
55.8
53.8
61.6
56.6
72.4
62.9
67.4
53.5
65.8
68.4
70.8

56.0
60.7

. .

oo~
e o o 8 8 & s o @ .
NN

b
DNOWAINNONREDD = ww

SRS IENEIRENEY

[-
»e
M)

o~

61.3

57.0

51.7
51.5
50.6
72.8
74.9
64.2
60.7
57.6
57.4
52.5
66.2
73.4
63.7
52.9
0.6
63.8

57.6
72.3
53.7
58.2
52.9
68.8
57.8
67.1
54.7
70.3
71.8
87.7
67.8
69.8
68.1
73.9
61.7

61.2

NENOELERS
SN OREONGD =

s

NE
N

.

73.7
82.7
73.8
63.8
66.6
66.8
53.5
64.9
55.3
85.5
68.8
83.2
72.5
70.9
53.¢
59.7
72.2
$2.4

50.2
59.5
71.3
63.6
62.1
66.3
61.¢
67.3
60.6
0.4
69.9
50.1
50.5
52.8
62.1
§7.2
63.9
68.1
66.6
66.8
59.4
53.8
73.1

70.7
72.9

134

peak loads for cycie #
7

94.8
92.8
93.0
90.3
82.7
83.5
87.6
93.6
94.5
85.1
81.4
82.6

93.6

e o o o o & 0 8 o o

RR23B22RERTIS2BREBPRBBIRE
ONONENNOONOWANOOI~WNOAWHS®

o o o o o

22BRIRRRBBR=R
SNONWENSOYT=BINN

10
74.4
74.9
55.8
57.8
70.5
74.4
74.1
78.7
70.7
64.9
70.4
51.5
52.5
70.1
72.9
65.1
83.9
61.0
70.3
58.9
59.6
55.4
73.8
68.9
61.0
61.2
59.1
62.2
80.0
52.5
84.7
73.8
51.3
57.6
§3.6
70.4
53.3
56.0
81.5
53.1
59.6
62.0
70.0
56.4
55.6
83.1
80.5
63.6
88.1
67.8

' 53.3

71.0
59.2
52.8
72.7
52.3
72.0
72.8
82.2
66.5
71.7
51.4
66.7
74.3
55.5
61.8
57.0
73.7
67.4
73.9
68.2
56.0
69.1
67.8
54.1

57.5
52.6
67.2
65.5
52.8
60.9
58.0
69.2
60.4
70.0
52.6
69.9
69.6
60.8
66.1
63.1
74.1
67.1
58.7
54.1
65.0
70.8
73.9
65.8
70.9
57.0
55.2
71.8

57.7

-

(]
WWWNIRWNOOONWHARDDOWN

(- PDANAUBN,
SITIEIIERERSHEX
e e 8 8 6 % 8 5 ® 8 8 6 ® 6 8 8 8 8 & 6 8 e S & & o 6 8 B & & 8 0 s s & 8 O 0
NWNWORWRARRORWOEONIONNWND W

JRSIIRIEIEBITSRIISINSESS

w
.
[ _J

e o o s 6 8 e v e .
Pt @ = NNNONW=-W

SHGTRINGERIR

51.8

C2EANINBLIEUISNENSES
PO WHUSMWININNGONAIOOINO W,

52.8
70.7
73.7
69.5
65.0
71.¢
85.1
71.4
65.9
50.8
6i.8
61.7
53.8
61.4
69.9
69.7
71.0
66.8
64.8
09.0
52.6
69.9
$8.3
74.0
59.6

61.8
64.3
68.9
51.

8s.0

w NEaWNeW
.«
WNOVMNWROEANRANO®

35.4

45.9
39.0
42.5
30.5
28.9
28.1
27.1
37.4
39.1
33.4
39.2
2.8
37.2
25.6
42.9
4.1
42.3
48.0
35.9
47.2
37.9
45.9
42.3
41.7

-

« o o o & o @

SANIREILERIDIESNE
OO~ BN WODOOVODOND

[-
w
.

~

56.8

o s e

P LT L RET
NAODDOID N




peak loads for cycle #
6 7 8 9

mission 1 2 3 4 5 10 11 12 13 14 15 18
676 69.8 41.9 36.9 27.5 58.8 70.2 65.6 70.6 94.5 56.6 58.1 52.1 66.2 34.7 48.4 50.1
877 66.9 26.8 32.8 42.9 62.5 59.9 69.8 67.2 85.6 50.6 54.8 65.8 56.6 45.0 30.9 73.7
678 51.6 45.0 48.2 43.0 71.8 54.¢ 74.0 71.1 94.1 58.5 54.8 62.8 51.4 26.9 37.2 58.8
679 75.5 33.2 26.9 44.8 57.8 50.7 50.8 57.4 82.4 62.7 65.5 65.3 69.5 34.7 35.7 76.9
680 74.7 46.1 45.1 33.2 56.6 70.3 68.7 53.5 92.1 69.1 67.1 61.2 55.3 47.2 31.5 75.1
681 72.9 37.8 27.¢ 36.4 57.8 51.7 56.4 52.6 86.3 61.8 52.5 68.0 61.7 48.2 27.5 53.4
682 54.4 45.5 35.9 42.5 69.3 5.5 52.1 63.6 87.4 65.7 63.1 50.3 51.6 36.2 25.2 66.7
683 76.1 36.6 32.9 25.5 56.8 61.5 56.9 66.5 92.7 55.0 66.5 51.1 53.8 32.9 48.0 62.4
684 52.7 38.2 48.2 34.5 51.0 60.2 5.7 62.8 93.2 63.9 S52.2 61.5 56.5 34.4 43.4 78.4
685 58.5 37.9 46.1 25.5 58.4 69.4 62.6 57.2 80.5 64.4 55.5 65.7 58.5 41.7 47.7 51.1
686 54.8 47.3 36.9 29.6 73.2 61.4 64.6 74.3 B80.8 60.9 56.9 62.4 55.1 48.7 37.5 64.5
687 64.2 26.6 49.¢ 26.0 69.7 64.7 51.7 S51.1 91.2 52.6 66.1 56.7 69.4 26.¢ 28.5 71.7
688 68.1 35.4 44.4 37.7 65.5 S55.4 71.8 50.4 89.2 62.9 61.4 68.3 62.9 37.0 32.3 74.4
689 66.7 26.4 25.7 35.0 S54.9 69.1 65.6 65.0 84.7 56.2 56.9 53.4 69.7 36.3 25.8 79.9
690 57.9 42.8 33.1 45.4 62.1 67.1 S52.2 57.9 86.2 57.3 68.9 53.4 67.4 49.7 42.7 58.3
91 78.7 42.2 48.4 40.2 63.7 73.6 58.6 60.3 88.0 52.2 58.4 69.1 63.2 35.1 33.0 64.5
892 §5.7 32.4 46.1 36.2 57.2 S51.4 67.8 68.1 94.9 56.3 68.7 57.8 53.6 46.0 43.5 58.4
693 66.9 48.0 28.1 38.4 73.7 53.4 71.7 69.2 86.4 52.3 52.86 58.7 52.8 47.2 45.6 68.3
094 65.5 44.5 36.7 44.7 53.8 71.6 56.9 62.6 82.0 58.3 590.2 54.6 65.9 33.6 42.9 76.8
695 68.7 37.9 36.9 41.8 53.8 67.0 52.6 57.0 87.7 69.6 61.3 51.7 56.5 47.9 40.9 65.6
096 76.2 35.5 47.0 41.4 58.7 67.1 60.0 55.8 92.2 60.8 52.0 57.5 62.8 27.9 38.7 55.0
697 74.7 28.8 49.0 48.5 68.0 682.7 74.2 70.6 90.6 64.0 67.1 61.6 53.0 45.0 37.3 73.8
698 65.8 32.1 48.6 29.5 69.0 72.7 73.2 67.9 88.9 52.6 67.7 64.8 52.5 38.3 27.3 74.4
699 57.8 33.2 40.3 32.0 57.2 65.7 56.5 73.0 83.5 55.3 50.8 54.5 52.3 37.1 44.7 65.3
706 66.9 35.5 28.2 46.3 65.7 57.2 61.1 53.8 91.2 67.2 58.7 62.2 56.9 41.9 43.0 67.2
701 72.5 45.5 41.3 25.2 74.8 55.5 53.9 65.2 90.8 53.8 54.7 55.5 54.8 37.7 36.8 63.8
702 50.7 29.4 40.86 42.2 57.3 71.2 73.9 63.5 86.6 51.9 61.3 52.2 62.0 41.6 39.7 76.7
703 $0.2 39.0 36.4 44.2 61.3 52.9 50.4 55.3 84.3 61.3 63.1 64.4 63.0 6.4 29.8 56.1
704 77.4 44.9 41.5 33.7 68.6 71.6 58.9 65.4 94.9 63.0 59.8 54.7 53.9 49.8 49.9 54.1
705 58.4 39.4 28.5 25.6 51.2 68.6 52.4 69.6 81.8 60.5 65.8 66.8 59.6 43.0 47.9 60.5
708 53.4 39.6 45.0 353 73.8 72.1 71.2 64.5 B84.1 68.1 69.8 57.4 63.9 47.4 30.3 79.0
707 74.7 25.4 40.5 35.7 58.3 63.8 56.6 57.5 82.0 61.9 06.0 66.3 60.3 28.3 27.9 67.4
708 53.3 48.6 26.2 33.9 72.6 08.0 59.6 72.1 85.5 50.6 68.3 63.4 63.4 47.5 34.2 53.3
709 77.2 41.3 41.9 35.1 66.5 69.4 52.5 56.7 89.7 53.7 63.5 64.1 60.5 26.9 49.8 53.8
710 78.6 32.5 41.2 42.4 65.0 5.2 71.9 67.3 90.3 57.9 65.7 58.4 57.7 31.7 44.7 57.8
71 63.0 27.5 39.6 42.9 58.3 S51.4 52.2 60.6 B80.3 54.2 53.4 55.6 58.2 31.4 35.7 59.3
712 52.9 37.1 37.8 49.0 65.4 67.9 72.¢ 64.0 04,1 50.5 53.7 67.9 64.5 33.3 45.6 63.9
713 62.0 37.1 28.1 28.4 57.3 55.2 &85.¢ 71.1 86.3 58.5 53.4 51.5 57.3 38.8 49.8 78.6
714 59.6 36.2 44.3 26.2 68.8 67.3 66.1 64.8 91.6 53.3 67.9 57.6 80.0 47.1 42.5 59.8
715 74.0 26.2 44.3 39.4 58.9 86.3 68.9 52.2 94.5 67.7 61.5 59.6 64.0 38.3 40.0 58.4
7168 70.7 25.4 30.1 45.8 64.5 57.6 63.3 68.1 88.8 57.4 67.5 62.8 63.9 46.3 41.6 67.8
717 ¢6.8 26.1 47.8 36.9 65.5 69.3 65.4 64.6 87.9 67.5 54.3 50.9 64.6 32.8 36.7 74.7
718 55.6 27.5 32.2 31.7 59.0 €6.0 65.1 68.5 85.3 57.2 57.4 53.6 61.6 41.6 31.8 57.0
719 60.8 40.2 40.7 41.5 58.8 67.6 56.2 64.3 93.9 65.4 55.5 56.3 66.4 28.0 49.2 77.8
720 70.8 32.1 28.9 25.8 50.5 66.0 51.7 51.4 94.9 69.3 66.8 65.3 53.0 35.5 48.2 57.4
721 62.5 25.4 42.1 37.1 5.1 63.8 60.9 61.8 901.1 70.0 64.1 56.9 69.8 27.3 32.5 67.7
722 53.0 44.9 34.9 27.8 50.4 61.5 67.2 58.8 87.2 52.7 53.1 S52.9 65.1 39.5 39.1 52.3
723 63.0 28.3 28.0 27.5 66.2 55.1 52.0 64.4 92.8 67.0 S52.2 53.6 68.0 43.4 45.6 73.5
724 56.2 27.5 29.1 28.7 55.6 57.9 58.0 61.2 91.0 55.4 57.8 64.4 S0.2 31.7 37.8 76.8
725 54.6 28.0 45.1 44.3 61.5 55.2 50.5 S57.1 81.0 68.1 57.5 50.4 66.8 41.4 38.9 79.9
726 65.5 36.5 27.2 30.7 59.2 62.7 60.5 50.1 04.0 69.3 58.8 52.5 59.8 36.2 33.1 58.3
727 55.8 34.5 39.4 32.2 57.3 54.2 51.8 59.6 91.0 50.6 54.9 54.1 63.4 46.3 48.5 74.8
728 73.4 42.4 37.4 37.8 63.0 56.0 50.5 67.3 81.5 54.3 55.3 55.7 55.0 36.1 48.6 72.2
729 54.2 27.8 38.5 48.0 50.2 60.4 68.6 57.1 90.3 69.6 59.9 68.5 52.8 46.8 28.7 51.1
738 77.1 49.4 47.8 35.5 67.1 68.2 81.2 62.1 94.4 52.7 64.7 68.2 56.5 25.1 33.8 55.6
731 51.2 31.8 25.4 29.7 €3.3 67.7 60.7 52.7 90.7 67.7 64.6 65.7 52.1 34.9 32.9 51.8
732 50.3 30.9 32.4 47.3 67.4 54.4 58,8 58.5 84.5 52.6 66.2 63.4 56.0 39.3 28.2 78.0
733 58.2 39.8 41.6 27.2 59.8 50.2 €0.0 52.3 ©4.5 65.4 65.8 59.6 61.2 30.2 36.8 71.0
734 67.7 28.60 41.7 38.1 55.1 S51.2 S55.6 63.0 92.0 68.1 52.0 51.6 68.5 31.5 34.2 78.3
735 77.9 29.2 47.9 35.3 6.3 66.3 56.3 57.0 88.7 56.0 64.1 64.5 68.8 32.8 45.0 71.3
736 65.8 31.86 33.0 48.0 60.5 65.9 63.0 51.6 84.6 54.3 52.8 57.9 63.1 40.3 29.6 50.7
737 54.2 31.6 33.1 38.5 53.0 61.1 51.1 57.3 89.4 59.2 61.3 50.4 68.6 27.4 45.0 62.4
738 79.7 43.8 47.2 38.5 62.0 61.9 62.3 54.7 B80.7 63.4 58.2 57.7 54.1 44.7 44.2 79.5
739 51.6 48.1 49.6 35.2 50.4 64.4 60.1 55.9 91.1 51.4 53.8 53.2 51.5 25.5 41.80 69.5
740 56.1 25.1 47.9 30.0 S52.7 63.1 62.7 57.5 89.8 66.2 58.3 58.9 60.1 35.4 45.1 74.0
741 59.3 46.5 33.5 42.9 57.5 67.0 62.5 60.8 93.3 68.9 59.1 60.2 59.4 27.6 46.2 63.0
742 09.3 35.6 27.3 48.3 09.86 00.6 56.8 64.4 86.86 89.3 586.8 52.3 S4.0 32.8 46.7 56.1
743 55.2 45.3 49.]1 48.9 63.8 67.0 068.5 61.5 93.7 50.5 57.8 63.2 56.9 35.3 30.8 76.0
744 74.0 41.0 35.0 37.0 52.3 57.3 64.8 54.6 92.8 54.0 57.5 57.5 55.7 29.1 35.9 5¢.1
745 70.1 28.5 41.1 28.2 6.5 68.2 55.9 59.7 B82.0 60.2 50.5 52.0 65.8 35.7 40.6 51.8
748 65.3 25.0 48.7 38.0 S54.7 63.2 57.8 63.1 91.8 52.6 50.2 54.9 56.2 48.9 45.7 56.9
747 74.0 32.8 49.3 42.5 55.5 67.8 64.5 62.9 B84.6 55.2 55.2 50.5 53.4 34.5 48.4 55.1
748 77.3 45.5 41.0 38.3 68.7 53.6 50.4 53.2 84.9 69.6 50.1 69.8 51.8 36.8 46.1 59.0
740 58.8 39.7 45.7 48.3 52.2 55.3 58.9 66.4 85.5 55.3 50.0 70.0 68.1 49.4 37.7 74.2
758 53.5 32.9 38.8 40.0 63.8 55.3 54.0 64.8 24.8 69.5 60.9 68.7 66.2 26.0 49.7 51.5




peak toads for cycle #
7

mission 1 2 3 4 S 9 10 11 12 13 14 15
751 50.8 49.7 25.6 44.2 64.4 685.0 60.5 58.2 02.1 54.3 67.4 51.0 686.4 36.9 34.2
752 8.5 43.8 28.5 39.4 53.8 64.7 68.6 60.2 93.5 53.1 55.0 66.9 68.3 44.1 41.6
753 70.5 45.5 45.7 31.3 54.2 57.7 S51.0 67.9 89.4 62.1 55.0 67.0 53.6 38.4 4.0
754 66.2 41.0 26.8 37.2 62.8 69.4 69.9 51.3 88.8 54.2 58.6 62.0 54.7 47.4 4l1.5
755 51.9 44.0 38.9 37.5 51.6 60.3 S51.6 50.6 94.8 67.7 69.6 50.3 50.7 36.5 36.7
756 54.0 26.0 26.5 34.7 59.8 67.4 59.4 66.7 90.7 64.1 53.1 68.4 68.7 47.2 30.6
757 54.3 45.9 47.0 41.2 64.2 54.6 68.1 52.0 92.5 55.5 53.8 55.2 69.9 44.4 36.9
758 79.1 37.5 35.¢ 3.5 68.8 68.7 59.2 68.9 84.7 62.3 63.6 60.3 60.5 28.4 44.0
759 78.5 35.8 39.1 44.86 64.0 69.7 59.8 57.3 85.5 66.6 63.4 59.0 66.1 32.3 31.3
760 74.1 45.2 27.7 45.6 54.6 56.9 51.2 51.1 983.7 66.6 59.7 51.0 5¢.3 35.8 28.3
761 61.5 37.7 39.3 26.4 63.6 51.3 61.2 69.0 81.6 52.7 S50.1 58.0 59.5 49.9 25.8
7682 62.2 42.6 44.5 46.6 66.7 58.7 69.7 51.9 94.6 56.9 S54.0 60.9 61.1 44.0 32.7
763 72.8 48.7 26.7 45.8 55.3 68.1 55.3 50.8 80.7 56.7 57.8 62.1 60.3 38.1 30.9
764 67.3 48.1 43.6 37.7 62.0 68.9 55.6 60.8 B80.9 63.6 61.9 68.7 63.8 32.1 29.4
7685 78.1 33.¢ 26.2 29.6 63.6 67.2 61.1 51.5 92.8 64.3 61.3 56.1 53.3 35.4 34.2
766 76.7 49.8 45.7 27.5 65.3 66.8 52.5 51.6 84.7 55.5 55.4 64.3 54.7 20.5 40.7
7687 61.2 47.7 42.5 43.7 55.% 64.3 57.7 67.9 83.7 69.7 58.2 69.8 66.0 46.9 30.8
768 50.9 48.8 31.3 41.3 53.4 66.9 58.6 55.3 87.2 66.1 51.5 50.8 68.0 41.7 38.3
769 64.4 47.1 48.9 45.8 €62.0 69.3 60.3 63.7 83.5 58.1 54.1 58.9 64.4 42.6 35.8
778 62.4 49.9 31.8 45.3 60.5 67.5 66.8 63.5 93.3 68.6 56.8 52.1 52.3 40.4 36.2
771 79.1 31.9 33.6 34.2 61.2 65.6 50.4 68.2 87.6 59.9 69.3 52.3 65.7 28.0 43.4
772 69.7 43.5 40.5 45.1 67.2 63.0 68.7 52.9 689.6 63.7 56.1 57.2 63.9 31.80 35.8
773 59.1 29.7 36.7 37.2 59.8 60.8 6.2 57.9 92.5 59.7 S52.1 51.1 59.8 28.3 35.7
774 73.1 34.4 47.6 26.9 61.0 63.0 56.2 59.7 B88.4 55.1 66.2 65.3 56.0 32.6 47.8
775 69.4 25.7 47.3 25.5 62.4 58.5 67.3 52.8 91.8 63.2 690.9 67.8 51.¢ 35.7 4.3
776 60.6 43.5 39.8 40.8 59.6 56.5 51.6 50.3 B87.7 65.6 53.0 67.4 50.6 44.4 45.7
777 52.0 32.3 26.8 32.8 62.2 55.8 53.1 65.0 682.3 60.2 66.6 61.3 68.6 49.6 25.7
778 75.8 31.2 42.1 48.5 54.1 67.4 59.4 65.8 86.1 54.2 53.3 61.5 52.2 45.5 36.7
779 52.6 47.3 31.9 27.1 70.0 69.0 54.3 64.4 88.0 62.4 52.2 81.¢ 56.0 38.5 26.7
780 55.2 44.8 26.6 37.1 68.9 8.6 58.3 64.6 83.86 54.0 61.6 67.1 58.8 44.9 29.2
781 52.9 43.2 45.1 30.2 52.0 50.1 64.8 57.7 82.1 66.5 69.8 54.9 61.8 33.8 35.6
782 72.7 27.4 34.7 43.0 60.5 54.7 63.3 66.1 88.2 51.2 55.5 57.7 66.7 29.1 32.5
783 50.6 37.5 49.9 41.5 51.4 63.9 67.9 62.9 88.9 62.3 52.6 60.5 58.7 38.5 42.7
784 79.9 25.7 48.7 33.5 60.4 54.4 57.8 57.7 80.1 61.8 53.7 62.5 51.5 45.8 33.¢
785 58.4 42.5 40.9 42.3 55.9 €61.4 63.4 53.7 85.8 63.9 55.0 67.5 65.4 41.4 32.4
788 52.6 30.8 26.4 34.9 66.4 66.4 59.4 63.6 88.6 53.1 63.7 57.8 67.9 38.0 25.¢
787 52.6 42.6 35.4 49.0 64.1 63.3 66.0 55.8 86.0 68.7 66.7 60.5 63.2 49.9 38.6
788 63.3 30.5 37.2 44.0 55.7 51.86 68.1 52.1 87.5 68.1 68.4 55.3 69.9 47.2 35.8
789 54.5 25.0 46.6 41.6 50.8 57.2 59.6 57.6 84.1 59.5 58.2 62.5 65.1 37.5 40.6
790 63.9 32.2 35.8 40.3 65.8 55.2 66.0 61.5 89.2 53.8 50.7 66.0 61.3 42.5 28.2
791 66.3 28.0 47.6 49.5 62.8 60.7 57.2 61.7 90.0 58.7 58.0 63.3 68.5 25.7 48.6
792 51.5 48.8 36.3 31.9 54.9 57.3 65.5 61.0 82.3 58.7 54.9 51.9 58.6 28.6 49.0
793 75.0 49.6 28.4 44.7 57.2 60.9 S59.5 59.0 81.8 51.1 52.8 S51.1 65.2 27.4 47.8
794 74.2 33.0 40.1 4.6 69.7 61.2 69.9 59.4 B86.4 56.2 64.0 65.2 59.5 30.5 26.4
795 70.2 29.7 290.6 31.9 60.1 64.2 50.6 66.8 88.2 65.4 55.0 67.7 61.3 32.7 27.3
798 79.8 41.8 36.6 46.6 68.6 55.4 57.8 64.2 87.0 68.9 61.6 53.1 62.0 36.7 36.4
797 63.6 27.1 32.6 39.7 64.4 67.8 08.8 52.9 83.6 €66.1 55.5 59.1 64.4 34.8 25.8
798 73.3 42.8 36.5 26.0 68.8 66.0 59.5 50.8 B7.9 61.7 64.90 62.5 50.2 40.2 34.3
769 62.5 36.3 41.1 4.6 69.2 63.4 59.5 63.0 88.9 53.2 58.0 61.6 64.6 26.5 34.8
800 75.1 33.6 25.2 49.9 68.7 64.5 58.4 65.2 ©60.2 61.6 67.3 67.1 58.1 41.7 31.¢
881 69.6 35.5 45.1 47.3 62.1 65.5 69.5 63.3 85.0 64.2 62.3 54.7 68.2 43.2 49.2
882 67.0 25.9 34.4 48.3 64.1 60.9 67.7 51.2 B87.0 57.3 65.4 66.6 69.6 36.1 48.0
883 66.2 49.1 32.4 30.6 62.0 52.6 68.4 52.1 85.0 59.2 57.6 52.1 66.3 45.9 31.7
804 67.3 26.6 48.3 43.4 01.9 62.9 67.2 65.3 85.3 59.2 57.6 50.2 69.9 42.6 44.4
805 54.8 25.3 356.6 33.4 62.8 53.8 53.7 53.3 61.3 62.8 63.2 63.7 52.1 34.5 49.5
888 50.5 .34.0 45.0 30.5 58.8 52.7 57.3 55.8 85.8 51.5 61.1 58.0 64.5 25.3 39.3
807 57.0 36.5 38.2 26.5 53.5 58.1 52.5 58.1 80.2 64.6 63.4 65.3 56.8 26.¢ 25.1
848 53.2 41.5 37.8 45.9 €0.2 58.3 53.7 50.4 89.5 52.8 54.6 55.9 61.4 38.9 48.4
809 70.5 38.4 47.9 25.1 51.6 50.7 64.2 52.0 B85.9 60.4 59.7 60.6 63.3 42.2 41.3
(1 ] 57.2 39.2 34.6 30.7 50.6 53.0 63.0 54.8 88.1 52.7 62.1 52.0 55.3 46.8 29.1
811 58.1 33.8 39.6 45.4 56.3 58.9 62.9 53.3 80.3 50.4 65.6 68.8 57.2 38.9 44.3
812 59.4 35.9 41.9 30.1 61.2 54.9 63.6 50.9 84.0 68.3 50.2 61.7 86.6 48.6 42.3
813 62.6 33.2 35.1 38.8 53.9 53.7 51.6 50.2 87.4 63.5 62.3 57.2 61.9 45.7 27.8
814 68.7 45.1 44.5 42.8 55.0 58.6 58.86 51.9 84.7 50.7 53.9 56.3 51.4 47.5 42.8
015 590.5 40.7 34.8 33.7 51.7 59.86 50.6 51.8 80.9 53.7 56.5 60.2 58.4 44.0 26.2
816 62.3 30.9 43.7 47.6 57.3 59.80 56.5 4.6 84.1 56.9 54.0 55.4 61.8 38.3 31.5
817 74.1 45.7 39.6 30.2 54.6 55.9 51.0 60.7 82.7 55.5 60.4 62.9 61.6 31.6 40.5
818 64.9 -1 44.7 45.8 61.1 60.1 51.7 55.5 67.9 63.5 58.7 59.1 51.8 28.1 27.9
81¢ 79.3 43.8 33.6 46.2 54.0 62.5 59.9 58.9 81.2 50.86 51.3 61.8 52.0 31.3 37.¢0
820 57.9 40.3 40.0 20.6 60.7 54.3 64.4 51.0 87.6 59.9 59.6 62.4 63.3 29.6 28.9
821 53.0 47.9 44.7 42.8 64.2 55.7 55.8 63.9 83.0 62.2 63.2 57.8 58.4 39.0 29.9
822 62.6 44.3 28.6 45.8 50.4 56.7 53.3 61.0 89.0 53.3 60.6 53.0 62.9 43.8 27.8
823 54.9 28.6 47.5 26.1 64.2 52.5 58.7 50.1 88.2 60.4 55.0 54.5 64.5 26.9 37.9
824 64.9 39.9 32.8 49.3 64.8 58.8 52.7 63.1 80.5 55.0 58.8 60.0 63.7 48.9 43.7
825 58.8 32.3 46.3 28.6 53.4 58.3 52.1 57.4 ©80.8 58.9 56.9 51.2 62.4 46.9 48.8
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peak loads for cycle #
8

mission 1 2 3 4 5 ) 7 9 10 11 12 13 14 15 16
976 75.3 34.3 40.8 26.9 52.3 59.2 57.1 59.4 85.5 57.5 51.1 53.4 55.5 44.1 44.9 79.8
977 71.3 28.4 25.3 37.7 55.3 57.9 55.9 57.2 85.7 50.9 52.5 55.3 55.¢ 33.3 35.3 71.8
978 70.1 35.7 36.8 28.1 55.4 57.8 58.3 57.2 87.4 56.1 53.3 59.3 59.4 31.7 43.1 76.7
979 76.3 35.4 38.9 28.1 50.8 55.1 55.4 58.9 87.3 S4.0 59.7 51.9 52.5 48.1 28.5 78.3
960 79.1 35,7 35.5 28.3 52.8 54.3 55.6 54.8 88.6 56.0 53.0 52.8 53.5 36.7 31.3 64.5
981 76.6 42.8 32.7 26.9 53.5 56.3 50.¢ S51.1 86.2 57.4 53.7 5.2 S57.8 36.3 45.86 63.7
982 77.1 36.2 36.8 37.2 8.8 51.2 54.8 5.1 87.1 58.4 58.7 53.8 53.4 25.6 38.1 63.7
983 78.8 38.1 26.2 29.8 S51.4 54.1 56.6 55.3 85.2 50.7 50.5 S51.9 53.9 42.2 25.4 72.4
984 77.4 42.8 30.2 25.86 50.8 53.5 52.1 53.3 88.0 51.6 53.8 53.3 55.5 44.1 26.3 64.1
985 76.4 41.5 40.6 40.2 52.6 54.9 54.8 54.4 88.6 50.9 52.3 51.5 59.2 38.5 43.5 63.5
986 75.1 44.5 36.5 35.4 54.5 54.4 54.4 50.3 85.2 55.4 54.3 54.3 50.9 33.7 38.7 61.0
987 77.7 37.7 33.5 41.5 S51.4 51.4 53.6 50.4 89.3 58.2 55.7 55.1 55.2 28.8 33.7 72.7
988 77.1 26.3 33.3 34.1 52.1 51.6 53.3 52.8 86.2 54.8 52.3 50.2 51.9 44.¢ 30.5 65.9
989 77.7 3e.7 38.1 37.5 53.8 53.5 53.6 51.3 85.3 52.0 53.5 54.8 55.7 38.7 44.6 63.3
990 76.6 25.4 42.2 36.6 53.4 54.0 50.3 54.6 88.9 50.9 53.4 54.2 52.1 44.2 29.7 61.1
991 78.3 41.0 33.8 33.9 59.7 51.¢ 53.2 53.9 85.4 53.6 51.6 51.8 54.4 37.2 27.2 63.2
992 78.8 34.8 33.5 34.7 51.8 53.4 54.7 54.2 99.0 53.9 54.4 54.2 53.9 43.3 43.1 60.9
993 79.4 31.3 41.1 41.7 52.5 53.7 50.3 54.7 88.4 53.3 50.3 54.8 50.1 41.4 26.3 72.7
994 75.2 42.7 44.9 42.3 52.3 S51.4 52.6 54.¢ 87.4 58.2 51.5 53.2 51.8 26.8 42.3 77.1
995 77.6 44.6 48.1 43.2 54.6 54.4 50.7 53.2 88.5 51.8 51.2 52.6 52.4 43.9 43.2 71.5
996 75.2 44.5 44.8 45.8 53.4 52.5 50.6 50.1 86.6 53.6 51.0 52.7 50.0 44.5 29.8 79.9
997 78.2 43.3 42,6 43.8 54.7 52.5 52.2 50.7 89.1 54.5 5.4 51.0 52.5 40.2 42.4 71.2
998 78.2 41.0 48.4 42.5 52.4 50.8 52.5 54.2 689.9 54.9 53.0 50.6 51.4 41.8 44.2 73.1
999 75.2 42.1 43.6 43.1 51.7 51.0 50.6 52.5 88.9 52.0 53.9 52.9 53.0 40.5 40.3 73.1

1000 76.6 42.9 43.4 44.2 52.7 52.6 51.9 52.8 89.7 50.8 53.9 52.9 53.7 4.8 40.1 72.3
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Table of valley Loads for Advanced Fighter Spectrum

Figure C-3.
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valley toads for cycle #
7 8 9 10

misston 1 2 3 4 5 6 11 12 13 14 15
228 4.5 58 1.3 11.7 2.6 16.8 1.2 16.4 -1.3 10.5 9.5 17.9 5.7 16.1 5.4
227 1.1 3.8 22.3 10.8 4.1 2.4 20.1 11.2 -10.2 19.3 21.8 20.9 18.2 24.5 11.4
228 -7.9 4.2 4.8 18.3 15.2 15.3 18.0 2.1 -11.2 12.¢ 1.8 15.1 17.6 6.7 6.0
229 0.4 2.9 19.5 22.6 9.4 23.9 3.7 22.5 -4.5 21.8 4.1 1.9 1.¢ 6.5 7.6
30 -3.8 14.2 16.7 7.0 2.5 8.5 6.5 6.5 -2.8 0.1 20.1 5.9 18.9 7.4 18.1
231 -8.1 21.3 13.0 14.5 13.¢ 12.0 18.6 11.6 -7.9 22.86 20.3 2.8 1.6 0.9 13.2
232 -5.9 7.1 8.9 17.4 16.5 17.2 16.0 18.7 -14.5 14.0 16.6 11.1 22.0 12.7 22.9
233 -4.3 5.3 25.0 16.3 13.5 22.4 9.7 18.6 -14.3 7.0 153 9.4 14.2 13.8 24.7
234 -4.9 16.7 4.8 13.6 2.7 12.3 6.0 20.3 -6.3 5.3 24.5 2.5 17.1 12.0 11.¢
235 -8.3 17.5 9.4 11.2 23.1 18.8 13.5 2.8 -6.2 9.3 2.1 8.0 23.2 1.4.0 21.4
236 1.6 8.1 18.1 2.3 18.2 11.1 3.2 6.4 -7.3 1.2 16.8 13.8 2.2 17.5 8.4
237 -1.9 22.3 13.6 23.1 17.7 .6 17.7 15.0 -6.4 14.5 10.3 8.2 21.6 23.7 8.8
238 3.0 2.9 18.0 9.2 11,8 3.8 14.0 5.6 -10.6 4.8 10.6 17.0 20.1 10.0 6.4
239 -0.5 24.0 7.8 10.2 23.4 12.7 16.7 16.3 -6.1 22.5 13.6 14.6 20.0 11.4 9.0
240 -7.7 0.3 12.6 0.8 10.3 3.8 20.3 17.3 -5.2 3.2 145 1.5 4.6 14.3 138
241 4.3 146 9.8 3.6 9.9 12.2 6.7 10.5-14.4 7.5 2.1 6.6 17.8 10.8 10.3
242 -0.3 4.9 16.5 23.3 5.7 19.5 6.6 17.8 -7.2 21.3 22.4 20.7 24.7 8.6 16.3
243 3.3 5.3 20.4 11.1 18.2 16.1 9.6 3.4 -3.3 198.2 22.5 8.3 12.7 6.4 13.2
244 -7.5 0.0 13.1 17.0 11.3 11.5 19.9 10.6 -9.2 14.1 12.9 6.3 6.7 14.4 24.4
245 -2.7 11.7 22.2 1.3 10.7 13.5 6.4 20.7 -3.0 23.0 23.7 18.6 15.86 8.6 21.3
248 -5.6 5.4 8.9 20.4 12.7 11.6 6.9 6.5-11.3 19.8 20.1 24.6 11.0 20.2 5.8
47 -4.2 1.6 21.86 19.9 6.1 13.3 3.0 0.6 -6.9 2.7 3.6 6.4 5.0 21.5 12.¢0
248 -3.4 13.2 20.2 13.4 9.4 22.0 7.0 3.8 -7.6 16.7 20.0 1.6 15.3 24.4 11.7
249 2.0 3.7 22.0 4.1 20.7 3.5 24.7 4.1 -0.9 7.8 18.8 2.4 13.9 20.9 16.2
250 0.7 18.8 15.4 23.9 0.9 14.6 4.0 17.3 -2.8 9.5 23.7 9.6 18.80 16.2 10.3
251 -3.0 15.6 11.1 16.4 12.3 1.2 19.8 11.9 -11.6 21.9 ¢.1 4.0 15.2 7.2 23.2
252 -6.1 5.0 18.1 22.1 8.6 7.5 18.2 18.8 -4.9 3.3 22.1 15.8 8.6 10.8 12.6
253 -8.1 10.8 6.0 23.2 10.9 18.2 17.0 16.6 -6.2 20.6 19.2 8.5 12.86 8.9 12.3
254 -5.8 24.1 16.5 14.0 19.3 15.2 11.1 22.8 -4.2 8.0 22.1 2.6 20.1 19.8 18.0
255 1.0 4.3 20.1 16.6 1.5 22.5 2.4 24.1 -13.0 12.9 17.4 5.3 22.8 20.6 14.4
58 -7.7 9.6 15,7 23.5 22.1 6.¢ 5.3 6.3 -8.1 5.0 1.0 23.2 24.1 12.5 7.6
257 -4.6 19.4 2.9 0.9 0.7 19.3 17.2 0.3 -13.8 6.4 6.4 8.9 13.8 9.3 14.3
258 -1.5 10.6 1.8 1.0 16.2 7.7 10.5 21.7 -0.8 17.8 15.8 18.7 13.4 18.2 23.7
259 -5.5 12.1 6.5 7.6 6.8 0.7 159 23.9 -12.7 15.6 18.3 5.4 10.3 9.7 18.2
200 -6.¢ 5.2 23.¢ 7.9 3.5 18.6 9.9 18.2 -6.8 23.4 22.6 21.8 6.8 17.5 20.0
281 -6.1 2.3 4.4 4.0 2.0 158 0.5 9.0 -7.4 6.8 20.¢ 3.2 15.4 22.¢ 10.5
262 5.0 0.7 5.7 15.7 21.0 6.4 16.2 12.5 -2.7 24.7 3.6 3.8 22.9 24.4 2.
283 -7.3 10.7 14.0 10.7 24.8 17.1 18.7 23.1 -4.5 10.2 8.8 5.4 12.1 8.8 5.3
2064 3.8 23.1 18.9 1.7 7.9 20.4 8.4 1.4 -12.2 16.0 15.0 18.0 21.5 6.9 10.¢
2085 -2.7 24.0 24.9 24.6 1.4 23.4 13.6 7.3 -2.6 19.1 13.0 5.4 24.8 23.1 23.¢0
208 3.6 16.6 6.9 11.0 3.5 14.9 5.1 23.5 -9.5 24.6 19.3 6.9 17.8 11.5 13.5
207 0.1 11.8 10.9 22.3 14.9 4.8 13.4 1.2 -7.1 5.9 13.9 7.4 20.3 16.3 7.4
268 -1.8 22.3 12.5 2.0 6.1 12.4 15.8 10.5 -3.1 4.1 3.4 12.2 7.7 13.1 1.9
209 -8.3 21.3 5.1 8.3 22.7 9.4 6.0 8.8-11.3 16.0 13.5 21.1 17.6 10.9 7.0
270 -4.6 8.9 9.6 11.8 13.6 4.2 6.6 21.4 -2.8 17.0 15.0 22.3 6.5 19.7 24.1
271 1.5 12.6 11.3 1.4 8.1 15.0 22.1 13.4 -0.8 19.5 11.5 0.9 20.1 15.7 18.9
272 2.8 3.6 13.8 15.¢ 5.6 13.6 8.5 13.9 -3.0 16.5 21.1 12.0 18.9 13.1 7.9
273 -4.5 0.2 10.5 12.7 3.2 24.2 21.8 20.4 -6.4 4.5 18,8 1.2 21.6 12.9 22.8
274 4.8 13.5 18.9 7.0 17.1 24.3 2.2 2.2 -0.6 11.4 24.1 9.4 0.5 13.9 9.1
278 2.4 23.3 2.2 24.6 14.6 19.4 18.3 14.7 -6.2 20.2 7.5 5.2 15.8 12.4 7.3
276 -3.8 21.6 3.1 14.4 22.1 4.4 22.2 15.9 -4.9 24.1 4.4 23.4 7.2 16.8 14.¢
277 -0.0 8.5 4.0 13.5 2.5 12.2 17.2 5.7 -5.7 17.2 23.5 14.5 8.7 19.7 23.9
278 -5.9 11.1 20.9 15.6 3.2 19.2 12.1 0.4 -1.3 21.0 6.3 10.3 19.86 17.3 7.9
279 -1.8 23.5 14.0 0.5 5.9 3.8 21.5 24.2 -9.9 10.8 17.6 24.5 19.2 7.3 10.5
200 -1.2 22.2 10.6 1.5 21.3 16.5 13.2 2.3 -14.3 18.3 13.0 10.4 3.4 17.1 7.4
281 0.4 18.5 8.6 9.5 2.2 15.3 22.8 2.1 -6.9 22.7 5.0 10.9 15.3 12.3 20.5
282 -2.8 15.1 14.2 0.0 11.3 168.1 12.7 23.7 -6.9 0.3 10.1 6.4 17.2 11.3 18.4
283 -3.7 21.8 8.9 9.8 24.0 17.3 1.8 4.5 -1.8 20.4 18.5 17. 8.9 5.9 10.6
284 1.1 6.5 8.9 12.3 12.7 8.0 21.8 8.5-13.2 6.7 1.7 9.9 11.5 21.8 21.6
285 -5.4 10.0 19.3 13.0 13.3 16.7 4.2 7.8 -11.9 0.2 188 3.0 17.7 153 9.8
208 -4.9 17.9 19.9 7.4 11.8 0.5 3.5 17.5 -6.0 18.8 10.6 55 4.3 6.5 19.4
2687 0.3 24.0 8.1 21.3 19.1 6.1 1.6 10.2 -11.1 21.7 22.2 4.9 9.6 6.3 14.9
208 -8.9 15.4 5.4 23.1 20.6 11.4 14.2 6.2 -8.6 14.1 10.8 18.8 18.9 9.8 19.2
209 -0.9 24.4 3.9 5.3 11.2 3.2 23.7 19.7 -5.0 19.2 3.4 18.0 18.86 9.0 5.9
200 2.7 14.8 23.0 15.9 21.9 1.0 21.6 21.1 -11.0 11.4 15.0 11.9 9.1 24.9 7.9
291 3.9 18.9 24.9 24.6 24.6 18.8 24.3 0.3 -12.4 24.1 13.2 22.3 2.5 10.2 9.7
292 -2.3 13.8 7.5 21.8 11.1 11.0 15.0 2.4 -6.5 20.9 16.0 20.4 19.8 7.7 17.
293 -2.9 2.1 2.2 22.8 0.3 10.5 16.2 20.8 -3.2 5.2 12.7 19.0 3.9 13.3 19.2
294 -3.2 8.9 0.9 5.1 19.7 4.4 17.8 20.4 -12.6 21.0 19.6 17.8 17.7 17.9 16.¢
205 -0.3 22.9 24.6 13.1 18.2 21.3 18.9 3.4 -1.0 6.8 17.4 8.7 18.0 8.2 11.9
296 -0.2 16.6 3.0 24.4 9.5 17.0 11.2 10.8 -2.9 4.7 5.4 10.5 15.4 19.2 23.4
297 0.3 21.9 18.5 11.9 12.1 16.7 6.2 17.7 -2.0 0.5 6.5 0.9 2.8 22.6 7.7
298 2.9 21.6 18.6 20.5 9.5 4.3 19.2 2.1 -8.6 1.7 16.7 6.9 15.3 5.9 16.9
299 -4.3 12.3 10.9 22.1 6.4 4.2 22.0 6.0 -7.8 24.9 18.4 14.1 24.7 21.2 23.4
300 44 7.0 8.8 2.2 22.8 17.9 24.1 0.7 -3.1 17.3 1.1 18.7 18.8 7.3 21.7

143

~
.

GSUNWONRWODOW

L
HNNOOOWAWEWN
¢ o .

4 1) L)
® % & o s s e o @

PRANDODOIRWOIRWEOSD®

WOWRNNWONN=N




valley loads for cycle #
) 7 8

mission 1 2 3 4 5 10 11 12 13 14 15 16
3n -5.2 22.¢ 15.5 14.7 16.8 20.4 18.8 7.7 -8.2 3.1 16.6 18.8 17.1 5.4 10.9 -1.0
3 -8.1 2.7 6.0 18.9 21.3 4.4 15.0 3.3 -2.3 9.3 24.2 1.1.9 8.2 5.7 11.5 e.6
303 4.5 1.3 23.1 17.7 1.0 14.86 18.9 15.4 -8.6 23.9 22.4 15.4 2.6 5.9 6.1 .3
304 -2.5 20.9 11.7 3.6 20.0 23.6 14.0 10.8 -2.7 5.3 22.5 2.6 9.9 16.7 2e.2 3.4
305 -2.4 23.2 4.7 10.3 1.4 19.8 7.0 13.8 -4.2 11.9 5.4 10.9 6.0 15.1 10.9 -1.6
308 -3.1 11.4 5.5 2.0 2.2 9.9 2.0 20.1 -4.5 14.2 5.2 16.9 14.2 6.2 17.3 -4.8
307 -2.2 5.2 16.9 18.2 17.¢ 13.7 8.1 6.2 -11.9 10.2 3.8 5.8 13.3 9.5 21,86 1.1
308 -3.8 20.0 17.3 23.8 8.5 4.4 14.3 8.2 -12.9 17.0 20.7 9.7 2.3 8.1 9.8 2.5
309 -1.7 24.3 15.9 12.4 3.8 4.6 9.0 156 -10.86 4.2 23.6 6.2 14.1 9.7 16.9 -0.4
e -4.9 4.9 18.7 0.3 18.9 13.1 14.4 13.0 -5.5 9.6 8.8 5.4 3.1 22.8 22.8 0.5
31 -8.0 14.2 8.9 16.9 17.¢ 23.5 1.4 1.1 -9.3 3.2 1.6 4.6 3.2 24.3 8.8 -1.8
312 -3.2 0.8 14.6 11.1 21.4 19.8 16.9 ¢6.6 -3.0 17.8 21.6 16.9 15.9 13.4 9.3 2.¢
13 1.7 8.7 o6 3.6 4.4 4.4 17.5 7.2 -9.8 0.8 5.0 5.4 16.¢ 11.1 8.3 -1.8
314 4.2 9.8 23.9 12.0 9.1 21.8 14.5 11,6 -4.9 5.8 3.5 20.5 5.7 19.1 6.3 .8
315 -2.0 0.9 3.1 18.86 21.5 9.3 8.0 22.3 -10.0 6.4 13.4 19.0 0.5 16.8 20.0 2.7
318 -4.0 23.5 0.2 11.8 1.7 2.¢ 9.5 18.0 -4.4 3.4 7.5 1.1 10.3 14.3 21.80 0.1
317 0.8 5.8 12.0 21.1 12.4 13.3 12.0 14.7 -3.1 19.3 19.8 1.8 20.2 24.7 5.1 0.0
318 -1.0 4.8 13.1 19.8 0.4 21.5 2.5 23.3 -8.4 3.4 24.5 15.7 13.8 8.6 6.7 2.4
319 6.8 16.4 4.2 2.4 11.0 9.9 7.1 1.4 -2.7 0.3 6.8 15.6 11.2 16.6 11.7 .8
32e 0.8 5.2 20.5 6.4 3.0 9.2 6.8 13.4 -1.9 13.4 8.3 10.¢ 13.4 15.5 13.0 -0.5
21 3.5 6.8 17.9 3.4 13.5 14.0 18.9 24.3 -9.6 3.7 17.4 2.4 12.5 20.8 0.7 3.8
322 4.4 12.4 0.6 17.8 12.7 5.9 15.5 15.¢ -8.6 22.5 18.1 6.7 3.4 22.3 11.3 -2.7
323 1.5 17.3 4.2 1.4 24.9 23.2 8.1 22.6 -5.9 4.4 20.8 10.8 14.1 8.6 10.8 -3.1
324 1.3 21.4 15.5 15.0 18.4 9.0 15.4 23.4 -5.2 9.1 14.9 25.0 17.0 17.% 14.1 -1.5
325 1.2 23.8 10.4 22.4 18.9 6.8 9.3 1.3 -7.3 3.2 9.2 22.7 13.3 23.2 6.8 -0.5
3268 2.7 4.6 7.4 21.2 0.2 15.2 19.¢ 17.4 6.4 5.8 3.2 6.8 2.8 11.6 7.4 -2.9
327 -4.6 6.3 1.4 14.0 1.9 14.4 22.5 11.1 -7.5 7.2 23.0 23.3 5.0 11.8 22.3 -0.9
328 -1.7 14.8 21.5 18.1 6.3 6.0 5.4 3.2 -1.4 16.5 14.9 19.5 3.4 15.¢6 1g.6 2.7
329 -4.8 . 1.2 10.7 21.6 24.0 11.7 18.9 -1.1 5.4 10.3 3.0 3.8 14.1 23.0 -2.4
kX! ] 1.9 16.0 4.3 19.5 9.1 15.4 23.7 24.3 -4.,1 8.4 2.7 13.2 20.2 13.1 7.7 e.9
kx) -0.7 10.0 23.3 13.0 18.3 1.3 4.1 18.2 -2.2 16.7 13.8 20.2 16.9 10.9 24.3 -1.8
332 3.8 19.7 15.0 16.0 19.8 19.5 5.5 14.0 -12.7 3.0 4.2 18.8 6.8 19.2 17.0 -2.7
333 -3.0 18.9 12.0 13.5 4.1 22.5 17.4 14.2 -11.0 6.4 6.2 23.8 19.0 6.8 6.2 -3.1
334 -4.7 19.1 23.6 17.5 S.1 12.1 8.6 19.7 -5.7 10.3 19.7 5.1 6.7 9.5 7.5 -1.5
335 4.0 2.4 16.5 15.5 2.2 12,3 24.2 14.2 -4.9 7.8 0.0 2.6 14.8 13.4 18.5 0.2
336 -2.5 5.9 4.5 17.8 9.9 5.8 12.7 23.8 -6.4 0.3 17.1 11.6 25.¢ 9.2 8.8 -1.9
337 -4.4 6.6 12.4 18.4 3.2 20.8 4.6 24.8 -0.2 13.0 0.1 10.2 5.9 13.3 23.5 1.5
338 2.9 7.3 4.9 18.0 0.9 24.7 6.7 3.1 -11.0 2.6 12.5 18.5 2.3 18.8 21.3 2.5
339 2.0 2.1 6.0 13.6 10.5 21.1 15.8 4.7 -0.9 6.5 18.1 3.8 20.0 22.0 19.8 -1.4
340 2.6 23.3 14.1 6.4 8.3 15.2 3.9 19.8 -9.6 11.2 24.0 190.5 11.1 19.8 18.1 -3.7
41 -~4.1 22.7 1.7 21.3 24.3 0.9 11.2 23.8 -11.3 5.2 16.9 11.7 16.8 21.9 9.9 -3.7
342 -0.1 1.5 22.4 7.2 14.7 5.6 16.1 20.6 -1.0 23.5 20.1 11.7 13.2 24.1 8.3 -2.1
33 2.3 14.1 22.0 21.0 1.1 3.5 16.4 13.4 -4.2 3.7 23.3 17.9 8.0 5.9 13.4 -l.4
u -1.5 6.3 23.1 10.8 1.4 14.7 13.7 21.1 -12.3 19.7 13.2 14.4 19.7 23.0 17.9 4.8
345 1.5 16.6 23.8 9.7 18.5 5.9 2.2 3.5-11.1 18.8 4.9 13.8 8.9 10.5 22.3 -4.8
348 -3.1 23.1 10.8 16.6 11.6 18.5 18.0 23.5 -12.¢ 6.9 9.2 4.4 18.7 21.1 22.6 ¢.8
kY] -3.4 15.7 22.6 4.4 2.0 3.2 23.5 2.7 -10.4 15.3 13.9 21.7 9.4 14.3 8.0 0.3
348 -2.2 4.1 18.¢ 16.5 23.9 6.9 13.5 22.8 -2.9 8.7 14.1 18.8 3.9 22.8 20.3 -4.5
340 -2.0 7.1 7.3 13.5 8.9 24.6 0.5 13.4 -3.6 4.5 2.1 20.3 22.1 22.3 15.0 -2.3
350 2.2 2.9 2.2 11.6 15.1 18.6 9.4 2.2 -8.8 16.5 9.9 9.3 18.7 21.1 9.4 -0.7
351 3.7 23.1 17.0 14.3 7.1 21.9 1.8 21.5 -2.0 3.3 14.2 11.8 9.2 6.0 20.0 -3.6
352 4.8 6.5 4.8 15.6 16.8 10.9 3.6 19.5 -6.6 11.0 23.7 6.6 1.2 22.2 20.4 3.8
353 0.8 24.7 9.8 20.7 9.6 9.6 9.2 17.5-14.2 2.5 14,6 3.0 7.5 18.8 5.7 -1.7
354 3.3 11.5 9.4 9.1 11.4 14.4 11.5 9.6 -6.0 11.3 8.8 2.3 11.8 11.1 18.5 1.6
355 1.4 15.2 4.6 13.9 17.8 19.6 11.8 24.0 -1.9 14.0 11.5 22.0 8.0 20.1 14.4 -4.4
358 -2.4 6.7 3.8 17.4 22.4 18.2 4.7 6.4 -11.5 24.8 6.2 17.5 18.7 17.7 5.7 4.5
357 4.4 3.5 0.7 17.2 1.5 0.1 21.8 14.8 -10.0 14.8 7.4 21.1 20.4 20.7 8.3 -0.3
358 -4.3 1.2 14.7 5.2 15.5 22.8 11.3 4.8 -11.1 6.7 9.6 11.4 4.2 18,9 5.5 -2.3
359 1.9 12.7 23.3 2.7 3.2 16.1 21.8 12.7 -3.5 24.6 17.1 6.2 4.4 19.2 1.3 4.0
300 -3.0 11.6 7.5 20.0 2.0 18.8 24.7 12.3 -2.7 5.2 11.5 19.9 13.8 20.2 18.7 1.7
381 2.4 18.9 12.5 3.0 20.5 0.0 146 5.0 -2.8 4.4 21,8 25.0 8.2 6.2 23.2 1.¢
382 -1.0 11.1 20.9 18.6 9.0 11.3 23.9 17.6 -11.2 1.5 8.8 3.8 14.8 24.4 22.5 -0.5
63 -3.8 6.5 21.4 9.8 4.3 54 17.0 4.2 -8.2 14.4 3.9 1.8 24.8 10.3 15.2 2.5
364 -3.4 19.4 18.5 9.9 10,5 17.6 17.5 0.2 -3.9 4.1 12,0 17.9 24.5 13.6 11.9 2.1
365 3.6 10.2 17.1 6.3 19.5 13.5 21.6 18.7 -6.8 4.1 9.2 13.5 10.0 14.4 24.3 0.7
368 1.9 23.6 15.7 18.1 6.8 6.0 17.5 21.9 -7.7 1.6 0.3 2.9 17.2 10.8 13.5 -3.9
367 -4.3 5.0 15.7 13.5 20.3 4.5 10.2 168.0 -12.2 13.5 16.0 15.9 15.4 6.3 7.7 0.6
kL] -2.9 17.7 7.2 24.1 2.2 11.6 5.4 156 -1.7 19.7 23.0 6.1 23.0 22.0 10.0 1.2
k) -2.6 7.8 24.1 22.6 7.5 11.8 13.9 0.9 -9.6 6.8 8.4 12.5 8.7 18.1 4.6 -2.9
370 2.0 21.4 20.6 11.3 16.0 5.3 18.1 23.8 -8.5 12.8 12.6 15.1 8.7 10.8 23.8 -3.3
371 -2.7 19.9 9.0 11.0 2.4 6.2 10.8 18.8 -14.9 2.4 16.9 10.5 8.1 7.8 17.4 -2.8
372 1.0 24.1 9.2 15.1 15.5 20.3 5.3 1.0 -5.2 22.8 18.8 4.6 14.8 22.9 20.5 -0.1
373 1.2 6.9 24.4 20.1 9.4 0.8 13.2 23.7 0.0 0.3 10.9 22.3 13.4 7.6 24.7 4.4
374 -4.0 8.5 6.5 24.3 9.2 22.2 4.6 8.6 -7.1 155 5.1 20.8 9.4 5.3 11.0 3.4
7s 0.3 6.2 11.4 9.5 0.3 3.3 10.3 17.5 -3.8 13.0 190.5 10.0 4.3 16.4 5.5 9.8




valley loads for cycle #
7

mission 1 2 3 4 5 10 11 12 13 14 15
378 -1.0 9.5 14.8 22.3 3.9 8.2 12.9 7.2 -5.3 249 2.1 2.8 3.3 5.8 7.3
77 4.6 22.8 18.7 18.9 5.8 13.7 15.5 3.8 -11.1 9.7 5.4 0.9 1.9 10.0 14.0
378 2.0 10.4 10.5 14.6 3.8 20.0 14.4 16,7 -5.2 1.1 24.8 22.2 156 7.1 7.2
379 -85 9.3 21.6 7.6 2.9 8.7 16.2 19.9 -3.8 9.3 15.1 9.5 9.6 20.4 22.8
380 1.4 15.2 12.9 6.3 9.8 17.4 24.4 7.5-10.5 19.6 8.5 12.3 1.8 6.3 9.6
381 -0.1 25.¢ 7.2 11.8 155 13.2 7.4 7.9 -11.8 17.7 11.7 6.4 7.1 24.4 13.¢
382 ~-3.0 19.1 25.8 14.1 24.5 4.0 20.1 21.3 -7.7 4.2 18, 5.1 24.6 11.1 17.0
383 1.0 5.1 20.2 6.4 17.6 6.3 5.2 7.6 -9.6 4.6 6.9 6.1 22.3 20.4 17.9
384 ~-4.2 17.2 23.3 7.3 9.9 19.2 18.5 15.9 -8.8 21.1 0.9 14.1 9.9 13.2 24.3
385 ~1.2 17.3 24.6 8.1 21.7 4.0 17.2 1.9 -7.6 1.1 19.0 18.5 20.4 7.8 9.7
3808 0.0 17.4 15.3 15.6 2.0 24.3 18.9 8.5 -3.5 9.0 17,6 2.2 1.1 8.4 21.6
387 ~1.7 23.0 13.2 7.7 5.1 12.¢ 15.¢ 0.9 -13.7 17.7 1.1 16.6 2.7 10.8 134
kL] 3.0 21.5 10.8 11.2 4.0 16.1 13.7 17.5 -1.5 1.2 1.8 8.2 18.7 8.3 19.9
389 4.7 7.% 7.3 8.7 4.6 5.0 5.9 19.9 -6.1 8.2 20.8 14.3 18.3 21.2 5.9
390 0.2 18.2 12.1 9.8 12.3 14.0 17.0 13.6 -9.1 21.6 7.0 14.1 18.2 21.1 10.8
391 -4.3 19.3 20.0 17.3 8.8 12.9 8.7 14.7 -10.2 21.5 16.0 16.8 19.9 190.1 18.4
mn 2.5 10.9 22.7 21.4 13.8 16.4 0.7 3.1 -8.86 2.3 7.8 1.8 18.5 22.3 11.3
393 -0.6 6.7 7.3 7.6 1.0 24.9 24.9 4.7 -10.4 10.86 17.90 2.2 22.1 12.8 22.2
k1) -4.9 24.1 12.1 15.5 &.2 190.1 11.1 6.2 -12.8 19.2 14.80 15.6 2.2 7.9 14.8
395 -9.2 19.5 6.7 23.6 17.2 18.7 21.8 21.1 -4.7 6.6 5.0 11.8 11.3 13.0 10.9
398 6.6 19.%5 24.8 23.2 7.5 6.6 18.9 1.5 -8.8 19.6 6.5 10.9 17.5 18.3 9.9
397 4.8 23.9 22.5 23.4 4.5 12.4 9.1 24.8 -12.3 1.6 15.3 21.6 16.3 10.4 23.1
398 4.9 13.3 12.5 5.2 22.8 12.9 9.3 160.3 -10.5 23.8 0.5 15.1 13.4 14.2 15.2
399 0.0 7.4 13.8 6.2 14.1 12.1 3.7 23.1 -14.9 11.2 14.2 20.7 6.6 18.1 22.3
480 0.0 24.7 16.7 1¢.9 22.3 5.4 3.4 19.7 -5.2 3.8 15.86 15.9 17.1 21.2 18.8
401 -4.1 7.8 20.4 9.5 17.4 6.2 21.7 9.6 -4.6 6.1 10.3 24.5 15.8 10.2 24.8
402 3.2 17.7 11.4 7.3 2.8 17.¢ 20.2 6.4 -1.9 22.2 3.7 13.7 14.7 18.3 15.0
493 -1.8 15.4 21.2 6.2 3.3 2.7 15.¢ 19.8 -5.7 6.1 8.8 10.4 5.9 23.9 13.2
404 0.0 25.0 7.2 10.2 11.3 15.4 16.2 5.5 -13.¢ 13.9 9.2 1.8 6.1 22.3 22.5
45 3.0 16.6 22.6 17.7 12.4 23.7 6.1 20.2 -10.8 8.4 9.7 3.7 1.3 20.8 11.9
408 -1.3 17.6 18.3 7.3 21.7 18.7 13.4 6.7 -4.0 5.8 13.9 2¢.86 3.3 16.5 17.9
497 2.4 12.1 11.4 14.9 17.7 21.6 17.8 22.7 -1.6 11.5 6.1 23.1 2.4 18.0 12.1
408 -2.86 17.2 24.3 13.2 7.4 0.5 23.0 17.9 -1.1 12.5 1.5 5.3 2.3 18.5 9.7
409 -1.6 21.7 17.8 22.9 7.1 22.7 8.5 0.3 -9.9 23.5 5.8 5.7 13.6 7.0 24.8
410 -4.9 17.4 12.5 13.5 21.7 22.8 2.3 23.2 -11.6 0.4 3.6 22.8 17.9 22.2 11.8
411 1.2 7.9 6.4 12.8 4.8 18.9 11.7 14.1 -12.1 14.2 10.5 24.1 14.0 22.9 18.8
412 -1.7 20.86 21.4 19.0 3.4 18.8 13.1 13.6 -1.6 13.4 2.2 23.4 168.9 15.2 5.9
413 1.5 14,2 16.4 21.3 10.7 16.2 6.9 8.5 -4.6 12.6 3.1 20.0 14.7 18.0 17.
414 4.5 15.9 17.1 10.9 10.3 1.1 12.7 7.9 -8.3 20.9 0.8 16.5 4.2 19.% 13.7
415 -2.8 10.0 22.5 5.3 3.2 4.7 23.7 23.7 -6.6 6.3 13.7 22.5 13.8 18.0 7.8
416 -4.8 22.4 9.9 24.4 2.2 5.6 11.6 5.2 -8.6 22.9 0.9 10.1 1.9 9.2 28.9
417 -3.4 18.3 23.0 20.9 2.2 19.3 14.3 22.2 -4.3 18.3 5.4 10.9 24.86 23.3 19.7
418 0.7 5.0 19.9 11.4 15.3 9.0 8.6 20.9 -7.1 18.4 6.4 14.3 18.1 18.1 14.8
419 -1.8 19.3 9.4 21.5 19.7 21.4 9.7 8,5 -2.1 13.6 1.7 7.0 7.1 11.3 9.4
420 2.4 23.5 14.5 5.2 18.2 19.4 22.4 0.7 -14.1 12.1 20.3 3.8 12.8 6.7 15.1
421 4.8 8.5 8.4 14,80 24,1 23.7 0.3 14.8 -11.3 17.3 22.6 4.9 13.2 18.8 12.7
422 -3.8 15.4 9.4 16.9 15.¢ 23.0 20.2 2.6 -1.1 24.4 12.4 13.4 8.8 13.4 17.8
423 -4.2 11.8 7.8 20.1 23.1 8.9 18.9 9.1 -0.5 23.9 18.8 2.9 1.6 8.3 9.3
424 2.4 5.4 17.5 12.9 12.0 21.1 1.3 21.0 -2.8 24.8 14.2 19.4 3.6 11.8 17.4
425 -3.7 6.2 9.8 0.4 209 4.9 6.3 12.8 -2.3 19.8 1.8 5.6 16.7 14.86 6.5
4268 1.9 25.0 18.1 13.7 13.9 16.6 3.7 19.5 -4.5 22.0 12.1 10.4 1.2 23.8 2.1
427 -1.9 20.2 14.8 14.3 13.0 10.2 3.2 12.2 -14.7 20.9 4.5 21.6 4.9 9.2 7.8
428 -4.8 15.8 13.2 12.5 4.0 190.0 0.5 15.5 -9.4 14.2 15.5 5.8 13.7 16.0 18.8
429 3.0 17.2 14.0 19. 15.7 21.2 15.1 7.9 -0.4 21.¢ 23.¢ 9.8 21.5 18.7 16.3
430 2.8 17.9 10.9 15.1 6.1 0.1 13.3 12.9¢ -9.4 3.7 24.8 5.1 22.8 10.3 19.0
431 1.9 8.6 22.5 18.5 11.5 1.1 0.9 2.7 -4.4 24.2 5.3 12.2 6.7 7.8 22.%
432 -2.8 9.0 12.2 2¢.7 8.4 1.6 4.6 21.9 -6.3 3.} 17.1 17.0 12.9 22.2 6.0
433 1.7 9.2 15.5 17.4 12.4 18.1 13.2 5.2 -8.2 8.1 22.¢ 1.2 23.5 9.8 21.1
434 -4.5 8.3 24.9 6.5 10.1 13.9 16.6 10.2 -6.5 6.9 8.7 24.1 8.3 24.9 5.7
435 -1.0 23.6 17.5 14.7 15.0 10.3 13.5 12.0 -1.4 13.5 2.5 18.8 8.3 20.2 19.7
430 -2.5 8.0 8.5 7.7 18.6 24.7 19.9 17.1 -10.8 5.1 13.6 4.1 8.0 7.3 2.7
437 3.6 13.4 22.7 18. 16.9 9.3 18.8 18.9 -5.8 21.1 18.¢ 9.7 11.0¢ 6.5 8.4
438 -8.7 13.7 13.0 15.3 8.6 18.3 6.4 2.8 -6.0 18.1 10.6 14.7 4.9 8.6 5.5
439 0.7 14.0 23.2 8.7 14.3 22.1 1.7 6.5 -11.8 23.1 24.7 15.8 17.2 13.4 14.5
449 9.2 14.1 21.3 8.7 21.1 13.8 15.7 2.8 -9.8 22.2 20.9 1.1 11.2 7.1 10.3
441 -2.6 21.7 13.5 11.¢ 6.1 22.6 2.0 7.3 -12.6 13.5 14.0 7.4 22.3 15.0 14.8
442 -4.7 7.0 14.1 16.1 15.3 17.4 9.5 23.8 -8.86 20.8 5.6 20.6 8.8 15.5 16.3
443 2.3 11.0 8.8 16.2 22.3 4.4 14.4 19.9 -8.6 0.3 24.4 11.2 11.8 12.3 1.1
444 -1.5 21.6 10.3 5.5 21.1 1.9 1.9 10.0 -A.4 1.1 8.7 14.9 2.3 8.4 10.2
445 -4.1 19.7 10.7 6.7 6.3 5.6 4.8 23.0 -2.9 17.0 20.1 18.6 14.0 8.1 22.1
448 -3.7 6.2 11.2 10.1 9.4 10.5 14.4 13.8 -14.1 21.4 3.3 21.1 7.8 9.2 15.0
447 2.7 5.2 15.7 19.9 2.9 0.1 3.4 6.7 -9.9 3.3 22.6 15.6 14.2 10.0 17.2
448 0.1 8.4 7.0 15.7 2.0 24.9 20.6 6.0 -11.7 6.1 19.2 13.0¢ 5.1 23.9 18.7
449 -3.1 12.1 24.0 15.6¢ 8.6 2.8 17.1 8.3 -0.6 21.5 8.0 12,6 8.0 16.1 19.7
450 -3.9 15.7 21.% 13.2 18.3 2.1 10.8 2.3 -3.3 7.7 7.2 21.3 7.¢ 22.9 1.1
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valley loads for cycle #
8

6 0
5.7 18.4 5.7 -2.5 7.1
13.1 17.5 20.5 -9.2 24.6
20.3 19.4 6.4 -9.9 10.8
14.1 11.1 12.2 -13.4 9.2
15.¢ 22.6 .2.6 -3.1 12.3
22.1 22.6 23.9 -1i.5 24.¢
19.8 22.3 23.8 -14.4 13.2
21.3 20.¢ 8.6 -1.4 15.5
24.6 7.6 9.7 -3.4 6.5
13.7 10.2 5.2 -13.6 8.4
8.9 16.5 19.5 -13.6 18.5
19.6 20.5 23.4 -9.4 10.4
9.4 8.0 22.9 -2.1 18.1
23.6 12.9 11.8 -12.9 8.0
16.6 22.9 16.3 -10.2 18.0
9.4 23.0 8.9 -11.8 12.4
18.4 24.6 1l1.1 -5.4 8.3
10.6 18.3 18.5 -11.2 23.¢
23.7 15.6 190.7 -9.9 15.¢
12.2 13.7 11.1 -4.6 20.8
12.6 10.8 13.2 -8.3 7.2
18.9 24.6 9.8 -0.4 12.3
14.6 22.5 17.7 -8.5 12.4
10.8 14.3 13.4 -10.5 15.7
13.7 2.8 7.4 -5.1 18.8
6.3 10.86 15.3 -10.5 13.9
5.8 12.6 22.9 -7.5 24.8
7.4 15.6 7.9 -10.3 18.0
13.6 9.2 15.8 -4.9 21.2
11.2 24.8 18.1 -2.7 20.5
18.0 7.7 16.9 -5.6 8.2
17.¢ 12.7 15.7 -3.9 6.8
24.7 22.6 11.5 -12.4 14.2
23.8 21.2 20.2 -5.2 12.¢0
14.4 19.2 18.4 -12.8 19.8
11.7 5.1 21.¢ -5.1 7.8
6.6 14.4 24.7 -11.2 11.0
11.9 14.2 20.9 -22.9 8.7
18.8 8.1 9.3 -5.3 12.9
4.3 16.5 7.1-11.7 5.5
15.7 5.2 20.8 -4.6 5.8
8.1 12.5 8.1 -12.0 12.7
16.1 17.8 6.4 -0.5 8.8
11.0 15.4 2.0 -3.3 1.4.0
7.3 22.5 10.2 -0.5 21.6
13.2 6.3 103 -6.3 9.0
18.5 10.7 18.1 -6.8 22.7
7.1 18.1 13.6 -5.0 9.7
22.3 12.5 24.0 -1.6 21.0
17.¢ 17.5 11.1 -2.4 12.8
21.7 11.7 11.7 -5.8 21.¢
7.7 8.7 7.1 -8.4 11.9
20.3 9.6 14.8 -5.1 21.9
19.4 21.1 16.1 -3.2 6.9
15.0 25.¢ 11.2 -5.0 12.7
7.7 186.5 6.9 -8.6 17.1
8.8 18.1 14.8 -5.8 24.5
8.4 23.2 7.8 -6.3 18.0
16.6 13.8 18.2 -5.9 12.2
15.0 21.9 8.9 -4.8 11.0
24.9 6.3 22.1 -6.3 15.5
21.0 15.8 9.6 -3.2 8.3
1.3 23.5 9.4 -8.2 6.4
19.1 12.6 16.3 -1.3 8.6
17.7 19.9 5.1 0.0 21.7
7.6 15.9 10.0 -3.7 13.9
13.1 12.6 8.7 -9.9 16.6
7.7 16.6 23.3 -1.5 21.8
4.0 19.7 14.4 -2.0 20.8
7.6 23.1 6.8 -8.2 1.8
22.2 104 7.8 -5.2 13.4
21.3 6.2 10.7 -5.3 7.3
16.7 9.9 18.5 -7.0 11.¢
23.1 21.7 8.8 -5.3 8.9
17.0 13.9 18.7 -0.2 20.8
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valley loads for cycle #
(] 7 9
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6.0
23.2

6.5
18.6

9.2
12.0

9.7
21.9
14.5
18.7
20.0
20.3

7.3
16.%
11.4
14.7
21.9
17.8
24.6

8.9

8.4
12.9
15.¢
22.5
21.8

5.5
16.5

14.2
18.0
18.4
10.3
12.6
16.3
13.9
17.7
18.6
11.2
23.9
18.5
17.1
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23.9
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9.0
4.0
23.1
24.8
20.7

13.3
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8 10
15.1 -5.9 22.1
8.8 -5.6 15.¢0
9.4 -8.2 16.2
19.6 -2.9 19.4
8.0 -0.4 2.6
15.8 -0.5 24.4
18.9 -5.1 11.5
21.9 -3.0 17.5
8.8 -2.5 18.4
22.0 -1.8 11.7
22.7 -5.3 14.8
14.5 -7.9 14.¢
16.8 -6.3 20.3
20.0 -7.3 13.6
13.9 -1.5 23.4
13.4 -9.7 24.6
19.3 -3.0 20.7
21.86 -7.4 10.5
2.7 -6.1 7.8
11.7 -9.7 5.1
11.2 -1.2 6.8
24,2 -5.5 14.5
19.3 -1.2 13.9
19.3 -4.1 18.5
8.3 -0.1 14.8
19.1 -1.6 7.4
13.6 -7.4 9.7
7.4 -0.3 16.0
9.0 -0.3 11.0
11.1 -7.0 20.1
5.6 -5.6 22.2
23.4 -4.7 24.5
23.3 -9.4 1.0
5.6 -8.8 20.8
11.6 -6.8 23.6
21.9 -3.9 23.7
186.7 -2.7 5.6
2.1 -8.1 24.7
15.8 -9.9 22.1
19.1 -3.1 21.¢
18.0 -0.0 24.3
14.0 -2.0 14.3
17.4 -3.9 18.8
11.8 -7.8 7.2
13.1 -8.7 16.3
13.6 -1.7 15.2
10.86 -3.6 17.5
23.2 -8.3 12.9
18.3 -8.8 22.9
10.5 -2.6 8.8
11.8 -9.7 1.7
11.8 -7.0 7.7
16.3 -1.3 20.4
16.6 -2.6 15.3
18.6 -2.8 22.4
21.7 -3.1 24.8
23.3 -2.9 7.5
17.4 -4.1 11.1
18.8 -5.1 6.1
24.5 -2.9 6.1
10.9 -0.6 8.9
11.7 -3.9 18.2
23.8 -7.1 21.2
16.9 -7.2 6.8
18.7 -%.7 9.7
8.9 -9.1 19.4
16.4 -1.7 6.0
14.5 -4.1 7.0
12.0 -9.8 18.6
12.8 -4.7 7.5
14.5 -4.1 15.7
20.3 -5.2 11.1
18.4 -0.1 17.1
23.0 -9.5 8.2
1.0 -3.6 23.7
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826
827

$3833222323FRAFRRBA2E

1
-1.%
-1.5
-3.4
-0.5
-1.3
-4.2
-3.5
-1.0
-4.5
-4.7
-3.8
-2.3
-2.8
-2.4
-2.0
-2.4
-3.9
-2.8
-3.0
-2.7
-2.9
-4.3
-2.8
-2.%
-3.7
-9.8
-3.5
-8.7
-1.1
-5.0
-3.7
-0.8
-2.5
-2.9
-4.9
-0.1
-1.8
-0.2

-3.2
-4.8
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15.6

13.8
7.8
12.
17.8
7.6
23.2
18.7
18.0
17.4
5.7
17.5
10.8
7.3

14.6
7.1
11.6
10.3
5.9
8.1
18.
11.8
18.3
19.2
11.8
.4

23.3
10.2

15.8
18.8
17.2
24.7

5.7
10.8
11.3
18.5

valley loads for cycle #
[

10

17.3 21.1 23.5 -8.0 18.0
9.7 5.7 16.8 -2.1 5.2

17.9 23.4 12.7 -2.0 17.0
15.06 6.3 10.5 -9.2 17.2
14.9 12.6 23.4 -2.3 10.3
18.6 14.3 8.9 -2.7 17.2
17.9 10.8 8.7 -7.0 5.5
17.3 9.1 7.3 -1.7 8.5
5.2 16.1 26.¢ -7.0 17.8

5.6 9.0 9.7 -8.5 16.4

15.2 16.9 14.7 -7.8 14.7
16.9 18.2 19.7 -7.3 17.1
23.8 23.3 18.4 -1.0 11.4
15.3 18.4 23.7 -3.6 6.8
23.2 6.4 23.1 -6.9 24.8
19.1 9.9 14.7 -2.7 16.2
12.9 6.3 19.5 -3.4 13.¢
8.3 17.4 23.6 -2.8 22.8

17.8 23.2 14.9 -6.1 12.4
19.0 14.4 15.5 -4.2 9.6
7.5 19.3 8.9 -7.9 24.9

7.5 13.8 18.86 -8.6 13.8

16.9 11.7 6.9 -9.2 22.5
13.9 24.7 12.6 -0.8 10.7
5.4 14.3 18.6 -8.5 21.6

15.7 14.1 18.2 -4.5 5.2
7.8 19.9 6.3 -2.7 20.2

5.3 24.5 16.3 -3.0 14.8

2.5 18.6 15.8 -7.3 5.5
11.3 5.9 7.5 -5.1 24.6
22.2 24.5 19.4 -0.5 21.7
19.7 14.4 11.9 -9.8 18.8
17.1 18.7 15.9 -6.3 28.9
14.7 8.5 21.4 -9.6 11.¢
7.2 18.2 9.8 -1.0 7.3

14.5 16.6 12.6 -5.2 8.1
15.8 20.8 12.4 -0.7 23.8
5.5 7.8 24.3 -8.3 2.2

21.7 22.0 24.7 -9.8 6.9
15.8 17.4 22.7 -4.8 8.9
24.2 12.8 16.5 -5.4 24.8
23.0 10.9 15.0 -1.6 8.9
17.3 8.4 14.4 -8.4 7.7
7.2 18.2 16.0 -4.8 12.8

10.0 15.6 19.4 -8.1 5.7
6.4 6.2 10.2 -5.2 18.9

16.0 12.2 16.2 -1.1 11.5
6.9 85 7.8 -8.4 1.3

6.6 6.6 21.6 -9.4 16.8

23.2 15.9 10.5 -3.4 18.8
11.7 21.9 18.0 -1.7 8.4
16.9 19.0 24.0 -0.3 18.5
9.3 15.4 18.4 -4.7 1.4

17.1 17.4 16.7 -9.5 18.8
4.4 22.9 14.8 -4.1 22.8
15.5 6.4 24.9 -4.7 18.4
11.7 17.0 18.8 -3.1 24.%
24.5 23.1 8.0 -3.8 1.1
6.5 12.9 19.3 -4.2 125

13.6 2i.7 22.6 -9.5 24.9
5.7 7.4 16.0 -5.5 21.8

5.1 8.7 18.7 -9.0 12.4

17.1 2.9 5.5 -2.9 1.1
16.7 15.6 21.7 -8.4 17.¢
11.6 13.0 13.8 -3.9 13.7
17.1 22.8 7.6 -4.2 5.5
206 7.5 S5.9 -7.6 14.2
18.0 24.4 5.7 -3.4 13.1
12.8 13.3 18.9 -3.3 14.5
16.7 23.6 22.3 -0.86 18.3
22.0 12.3 12.1 -5.6 1.1
9.7 8.6 18.9 -2.3 11.9

13.6 10.5 14.7 -2.3 11.¢
11.2 19.4 19.2 -2.9 22.8
6.8 11.0 14.3 -1.5 22.%
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-1.3
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-2.9
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-2.8
-$.9
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mission 1 2
901 -4.8 13.0
902 -2.86 15.8
903 -2.7 14.%
904 -4.1 23.4

905 -4.9 15.7
900 -0.1 21.7
907 -3.4 15.7
908 -4.3 13.6
900 -3.8 23.9
910 -4.86 17.6
811 -3.2 13.7
912 -3.9 16.¢
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915 -3.8 17.5

918 -1.4 0.8
917 -1.0 10.6
918 -1.3 17.4
919 -3.1 19.6
920 -1.4 7.8
921 -4.8 13.1
922 -0.9 11.5
923 -3.9 5.4
924 -4.8 6.8
928 -2.4 22.0
928 -1.4 10.5
927 -4.% 17.3
928 -2.9 7.4
929 -1.8 20.4
930 -2.7 5.3
931 -3.3 11.8
932 -3.8 21.2
933 -5.0 12.7

936 -0.7 20.7

938 -4.0 5.6
939 -1.7 8.7
940 -2.6 5.7
941 -0.5 11.8
942 -3.2 21.7
84) -1.6 13.0
944 -3.3 17.6
945 -2.6 5.1
948 -0.5 14.8
847 -3.8 10.5
948 -1.4 22.4

957 -0.2 168.3
959 -1.2 24.3
961 -4.5 13.7

963 -3.1 0.5
064 -0.2 18.5
965 -3.0 13.6
e -3.8 22.3
907 -3.1 7.9
908 -3.8 8.4
989 -4.0 17.4

974 -3.9 18.4
978 -2.4 21.9
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vall‘y loads for cycle #
7

mission 1 2 3 4 10 11 12 13 14 15 18
976 -4.3 16.2 7.9 15.2 23.7 22.5 13.2 20.9 0.0 18.3 16.5 23.7 9.7 9.8 20.8 -0.9
977 -4.0 13.8 5.3 13.6 23.8 11.5 14.6 109 -4.5 10.2 8.0 19.7 7.8 13.6 19.9 -4.7
978 -1.5 6.3 18.8 12.7 11.8 11.1 24.1 24.2 -6.0 24.5 24.8 22.2 20.6 19.5 20.9 -3.5
979 -4.7 9.6 12.6 9.7 11.4 21.2 22.7 12.0 -0.7 7.3 8.5 19.4 23.1 10.0¢ 15.7 -e.2
il -3.1 9.4 19.4 8.1 10.5 20.5 12.7 21.1 -8.7 24.4 9.8 20.9 17.6 22.8 22.1 -1.9
g8l -2.6 12.3 18.7 17.4 21.9 22.4 12.3 23.0 -6.6 23.3 21.9 15.1 20.0 15.2 5.9 -1.6
962 -3.7 16.8 8.0 5.9 11.5 10.5 14.3 21.9 -9.5 9.5 190.7 19.4 7.1 15.8 20.5 -0.8
983 -0.9 13.7 17.9 9.8 21.6 11.8 21.5 24.7 -7.3 20.9 9.8 5.8 8.6 7.7 8.3 -0.7
964 -1.2 5.5 6.3 7.6 12.5 20.0 12.4 1.2 -7.8 25.0 6.3 6.8 16.3 8.4 12.4 -1.8
985 -1.2 11.3 5.6 16.5 23.5 22.9 22.2 20.7 -7.5 21.9 23.3 23.¢ 7.2 21.86 17.8 -3.2
988 -2.5 20.0 12.7 11.¢ 21.0 23.5 21.9 20.4 -3.1 24.4 9.4 23.6 20.7 23.1 15.7 -3.¢
987 0.0 19.5 10.3 10.2 23.3 24.7 22.1 20.6 -5.2 22.9 19.7 22.5 23.3 9.1 6.9 -1.2
988 -3.7 17.3 15.3 15.5 21.1 25.0 21.8 22.8 -0.1 21.6 20.8 17.7 5.7 155 23.9 -0.9

e 069 -2.2 13.7 16.1 10.9 24.7 20.5 23.1 23.1 -9.4 15.6 17.6 9.8 17.8 20.2 9.2 -3.8
908 -8.6 10.4 14.3 16.9 23.2 22.4 24.2 21.9 -1.7 5.0 20.9 20.1 8.1 24.7 21.3 -3.9
901 -3.3 10.6 12.4 19.5 24.4 20.4 22.9 21.8 -7.9 17.86 8.8 21.9 21.6 15.3 24.3 -4.2
s 992 -3.1 18.4 18.6 12.0 22.4 23.9 20.7 21.0 -9.7 9.5 20.2 17.8 22.0 6.2 19.5 -2.¢
993 -4.6 10.0 13.3 13.5 21.3 24.3 22.1 24.2 -9.3 23.4 18.4 6.7 7.5 20.8 6.5 -4.1
994 -2.1 11.0 10.9 17.6 22.9 20.8 23.7 23.6 -2.7 24.8 6.5 16.1 23.9 8.4 21.6 -90.3
995 -1.2 13.3 18.6 18.3 23.2 24.0 20.86 22.3 -4.7 9.2 23.0 21.8 22.1 16.5 18.2 -4.4
996 -2.6 11.4 14.¢ 18.1 21.6 24.5 24.0 24.3 -4.8 19.3 17.2 6.3 7.6 23.2 23.5 -4.5
997 -0.6 11.6 18.3 19.3 23.5 24.0 22.¢ 20.9 -2.7 20.5 23.3 24.7 15.9 22.0 20.8 -4.3
9908 -0.6 15.8 17.2 15.0 22.3 22.1 21.2 21.1 -5.0 23.9 17.5 8.7 9.7 23.1 5.1 -4.8
%9 -0.4 10.4 15.3 17.5 24.6 21.7 24.2 21.0 -4.1 15.4 18.9 23.7 6.2 21.4 24,7 -4.8
1000 -3.8 15.3 19.6 18.3 21.5 22.1 23.0 22.0 -2.1 19.9 1B.7 5.6 7.5 24.5 22.5 -2.9
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APPENDIX D

AEROSPACE VEHICLE LOAD AND TEMPERATURE SPECTRUM

155




The aerospace vehicle spectrum contains 100 missions. The missions are
grouped in pairs containing a total of 315 load cycles and lasting 1 hour.
The temperature profile for each mission pair remains the same. The maximum
peak load in each mission is the only value that changes. These peak loads
occur at cycle numbers 106 and 216 (load steps 8 and 19) in each mission
pair.

The load spectrum was designed such that its exceedance curve matches
the exceedance curve of a transport vehicle. The load-time history presented
below is for 1 flight hour. The test spectrum block consists of 50 flight
hours (100 missions). Each hour is identical to the one shown, except the
maximum loads in each mission vary between 72.0 percent and 100.0 percent of
1imit load.

The full spectrum is listed for the first mission pair. Maximum peak loads
are then listed for all 100 missions in terms of percent test load.

156




2 missions - 60 minutes (319 load cycles)

Mission 1
6-2-4-2
IN 718 Ti
Peak Valley # of Temp. Temp. Cycle Time Total Time
Step # (%) (%) cycles (F) (F) (sec) (sec)
1 71.8 -20.0 1 360.0 300.0 120.00 120.00
2 74.1 50.0 1 960.0 800.0 120.00 240.00
3 45.2 40.0 50 1080.0 900.0 3.60 420.00
4 0.0 0.0 1 300.0 250.0 180.00 600.00
5 45.2 40.0 50 1080.0 900.0 3.60 780.00
6 72.3 46.0 1 1200.0 1000.0 120.00 900.00
7 74.1 50.0 1 1200.0 1000.0 36.00 936.00
8 92.0 50.0 1 1200.0 1000.0 36.00 972.00
9 74.1 50.0 1 1200.0 1000.0 36.00 1008.00
10 72.3 46.0 1 1200.0 1000.0 60.00 1068.00
11 45.2 40.0 50 1080.0 900.0 3.84 1260.00
12 0.0 0.0 1 300.0 250.0 180.00 1440.00
13 45.2 40.0 50 1080.0 900.0 3.84 1632.00
14 72.3 -20.0 1 840.0 700.0 240.00 1872.00
Mission 2
Step #
15 71.8 -20.0 1 360.0 300.0 120.00 1992.00
16 74.1 50.0 2 960.0 800.0 150.00 2292.00
17 72.3 46.0 1 840.0 700.0 480.00 2772.00
18 74.1 50.0 1 1200.0 1000.0 36.00 2808.00
19 78.9 50.0 1 1200.0 1000.0 36.00 2844.00
20 74.1 50.0 1 1200.0 1000.0 36.00 2880.00
21 72.3 46.0 1 1200.0 1000.0 120.00 3000.00
22 45.2 40.0 100 1080.0 900.0 3.60 3360.00
23 72.3 -20.0 1 840.0 700.0 240.00 3600.00

Figure D-1. Table of Peak and Valley Loads for the
First and Second Aerospace Vehicle Missions
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mission peak mission peak mission

1 92.0
2 78.9
3 78.9
4 78.9
5 78.9
6 78.9
7 100.0
8 83.0
9 85.0
10 82.0
11 81.0
12 78.9
13 84.0
14 87.0
15 78.9
16 89.0
17 96.0
18 78.9
19 78.9
20 89.0
21 78.9
22 88.0
23 78.9
24 86.0
25 78.9
Figure D-2.

oU.S.Government Printing Oftice: 1990—748-056/24314

26 78.9
27 78.9
28 89.0
29 78.9
30 78.9
31 78.9
32 90.0
33 81.0
34 78.9
35 78.9
36 87.0
37 87.0
38 78.9
39 95.0
40 86.0
41 78.9
42 78.9
43 78.9
44 83.0
45 88.0
46 78.9
47 78.9
48 78.9
49 78.9
50 93.0

peak mission peak

82.0
82.0
78.9
89.0
91.0
97.0
78.9
78.9
78.9
81.0
94.0
78.9
78.9
78.9
78.9
98.0
88.0
86.0
78.9
78.9
78.9
78.9
86.0
78.9
86.0

Table of Mission Peak Loads for

Aerospace Vehicle Spectrum
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87.0
78.9
78.9
78.9
85.0
85.0
88.0
78.9
78.9
89.0
83.0
84.0
78.9
81.0
83.0
78.9
78.9
78.9
78.9
88.0
84.0
78.9
85.0
78.9
78.9




