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A surface, the ordinates of which are altitudes for
determining the stress at a control point

A surface, the ordinates of which are weights for
determining the stress at a control point

The
VGH

The

joint probability density function for the refined
histogram

number of control points on the aircraft structure

used in the derivation of the fatigue spectrum

The

cumulative probability for the stress at the ath

control point

The
ath

The
the

The
cth

probability density function for the stress at the
control point

stress for the ath load Tevel at the bth point in
sky and the cth control point

fatigue test stress for the ath load level and the
control point

Scaling coefficients for the ath Toad lTevel and the

bth

point in the sky

A surface (generated from the surface P.) from which

Pwa
The

can be determined for ath control point

stress surface for the ath control point

A set of ordinates of the graph 1 - Pwa

The

ith member of Sa

JOSIRPSTEPT S TS TV S

o N - T S

Y




SECTION 1
INTRODUCTION

In the application of the mission analysis required by MIL-A-
008866A (USAF) to fighter and attack aircraft a problem arises in
the selection of the point in the sky (velocity, altitude, and
weight) for the load factor spectrum for the combat segment of the
mission. It can be shown that in many cases important differences

in the spectrum can be obtained from two "reasonable" point selections.

The probiem has been particularly severe on some existing
aircraft in that a ten percent shift in the stress spectrum can
produce a factor of two change in life. Therefore, when it is
considered that essentially all of the fatigue damage for fighter
and attack aircraft is done in the combat segment, this part of
the mission deserves special attention.

From an examination of available VGH data, it is evident that
in both the air-to-air and air-to-ground operations a fairly wide
variation in velocity, altitude, and weight is observed. Therefore,
it would be surprising if a single point in the sky would provide
an accurate prediction of the stress spectrum for a control point.
This is even more evident for those aircraft which experience non-
linearities in the aerodynamic data (i.e., tip stall).

One possible solution is to use multiple points in the sky
for this calculation. This can be effectively accompiished by
taking the points in the sky and their relative frequency of occur-
rence that are obtained from that portion of the fleet that is
equipped with multichannel recorders (twenty percent of the fleet,
which is consistent with current policy, is believed to be an
adequate sample). This can be done by taking the VGH histogram
(the relative frequency of airspeed, normal load factor, altitude,
and weight) and dividing by the total number of load occurrences to
obtain the probability that a Toad will occur in a given interval
of airspeed, normal load factor, altitude, and weight. A stress
level is selected and a summation is made for each such probability
where the corresponding stress at the midpoint of the interval of
airspeed, etc, is greater than the selected stress level. This
computation produces the cumulative probability of exceeding a
stress level. Since the intervals used for the data collection
were not designed for this calculation, a provision is made to
subdivide the intervals to improve the accuracy of the calculation.
This technique is explained in Section III. From the cumulative
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probability, the number of stress exceedances per hour, the proba-
bility density function, and the stress spectrum can be obtained.

Having the functions referred to above for a number of control
points that is adequate to cover the aircraft structure (this
number may have to be obtained by trial and error), one may generate
the full scale aircraft spectrum by assuming that an arbitrary loading
at the control points of the structure can be derived from a linear
combination of the loading imposed by balanced load conditions. If
Np control points are used, then Np balanced load conditions are
used to represent the control point load. The use of "representative"
balanced 1oad conditions should provide a satisfactory interpolation
between control points. These intermediate points should be spot
checked against the true spectrum to see if the control point coverage
is adequate.

Of course, for a new design, the VGH data does not exist and
consequently direct application of this method is impossible. 1In
some cases it will be possible to overcome this difficulity by taking
existing VGH data from older aircraft and by use of judgement adapt it
to this procedure. In any event, the method should be applied when the
proper data becomes available so that by suitable tests and analysis
the appropriate changes may be made in the aircraft l1ife predictions.

One important application of this procedure is fighter/attack
tracking. The unusual technique is to use the fleet counting
accelerometer data and compute the stress for a single point in the sky
that is believed to be representative of the particular mission flown
(i.e., air-to-air or air-to-ground). In lieu of this approach, one
could compute from the VGH data the conditional probability of exceeding
a stress given the normal load factor. If this function were available,
it would be possible to track to any desired probability on even multiple
probability levels depending on what results are desired. This function
can be generated from this program by setting all occurrences equal to
zero except those that fall in the desired load factor interval. The
high positive and low negative load factors may require an extrapolation
from neighboring load factors because there may be too few data points
to adequately describe these functions.

The program that is discussed in this report is based on the load
occurrences in the VGH histogram being dependent on indicated airspeed,
normal load factor, altitude, and weight. The stress function is
based on the same quantities. An immediate alternate that is

i s et e n e e
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included is to use equivalent load factor instead of load factor.
This removes the weight dependency and considerably reduces the
magnitude of the input. This option is included in the computer
program described in the text. Other alternates that could be
obtained by a simple modification of the program are listed as
follows:

VGH data Stress function
based on based on
1. Indicated airspeed, Mach no., normal load
normal load factor, factor, altitude, and
altitude, and weight. weight.
2. Mach no., normal Mach no., normal load
load factor, factor, altitude, and

altitude, and weight. weight.

3. Equivalent airspeed, Equivalent airspeed, normal
normal load factor, load factor, and weight.
and weight

The extension of this program to include other degrees of freedom
for the aircraft is immediately evident. The major difficulty is
the management of the input data required for the load occurrences
and the stress function.

. -
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SECTION I1

ANALYTICAL DERIVATION OF THE SPECTRUM

The first step in the derivation of the fatigue spectrum is
to solve for the stress probability distribution function. This
requires that the histogram of occurrences inintervals of indi-
cated airspeed, load factor, altitude,and weight be defined. To
do this suppose that each of Nvi’ Nn , Nh’ and Nw is a positive

integer and z
(1) Vii is a simple graph such that the x-projection of Vi
is the set of integers in [1, Nvi + 1] and if i is an

integer in [1, Nvi + 1] and i + 1 §s in [1, Nvi + 1]
then the indicated airspeed Vii(i) is Tess than the in-
dicated airgpeed Vis (i +1)

(2) n, is a simple graph such that the x-projection of n,
i i

is the set of integers in [1, N, + 1] and if j is an

z
integer in [1, N + 1] and j + 1 149s in [, N + 1]
n, ",
then the normal load factor nz.(j), is less than the
i

normal load factor n, (g+1)

1

(3) h; is a simple graph such that the x-projection of hi
is the set of integers in [1, Ny +1] and if k is an in-
teger in [1, N+ 1] and k + 1 is in [1, N, + 1] then
the altitude hi(k), is less than the altitude hi(k +1)

(4) w; is a simple graph such that the x-projection of Wi is
the set of integers in [1, Nw + 1] and if m is an integer
in [1, Nw +1] and m + 1 is in [1, N, * 1] the weight

wi(m), is less than the weight wi(m + 1)




Further, suppose HJ is a simple surface such that

L (@) (),

[vi(1)s n (), b, 1

{0y wym), Ky (v (),

i
wi(m))] is a point of HJ only if

(1) iis in[1, Nvil’ Jj is in [1, an], k is in (71, Nh],

m is in [1, Nw] and

, (3)s hy(k), wi(m)) is the number of "load
j
occurrences" in the rectangular interval

Cvi Gy vy G 15 ny, (3) oy (G +1)5 hy(k),
1
hi(k +1); wi(m), wi(m +1)]

i
and these load occurrences are assumed to be uniformly
distributed within the rectangular interval,

(2) Hylvi;(i), n

., N

The surface HJ is called the VGH histogram for Vi

Z;

hi’ and Wi
The total number of load occurrences included in the VGH
histogram HJ is
N N
v,i n, Nh
N= 2 T X (1), n
i=1  3=1

k=1 m=1 n 24

(3)s hi(k)k w(m))

Therefore, by definition, the probability that the indicated
airspeed, normal load factor, altitude, and weight is in the
rectangular interval [Vii(i)’ vii(i +1); nz_(j), n_ (3 +1);

i 3
hi(k), hi(k +1); wi(m), wi(m +1)] is
PJ(i!J’k’m) = Nt




Now suppose that if i is in [1, N, -1] then the interval
Vi

R_ equal intervals, if j is in

R

Cvi;(3)s vy (i + 1)1 s covered by N

0, N, - 1] then [nz (i), n, (G + 1)] is covered by N equal

z ] Z;
1ntervals, if k is in (1, -1] then [h (k)s h (k + 1)] is cov-
ered by N equal 1ntervals. and if m is in [1, -1] then [wl(m).

w1(m + 1)] is covered by Ns equal intervals.

Since it was supposed that the load occurrences are within the
rectangular interval [v . (1), vi;(i + )i n z (i),

(J +1); h, (k) h; (k +1); W (m). W; (m + 1)] then the probability
Zy
that the indicated airspeed, normal load factor, altitude, and
weight is in the rectangular interval

(1 +1) - Vs (1)
vy () vy (i) + R ;
V.
A
n, (3 +1)-n, (3) .
n, (3)s n, (3) +— e’
1 1
nZ
h,(k + 1) - h,(k
ny (00, () + T I,
Nh
wi(m +1) - wi(m)
wi(m), w,(m) + R
W

is
_Hylvi(3)s n ), h(k), w(m))

R’ R RR
N N N NN
Vi n, h'w

PJ(i: Js ky m

(1) Now suppose that V1 is a simple surface such that the

X-y projection of Vi is the set of integers in the rectangular

akeiN



interval [1, Nv +1; 1, Ns ] and if i and i + 1 are ingers
i i

in [, Nv +1] and iR is an integer in [1, Ns 1 then
i i

(i) + (15_:_9;§) (v..(i +1) - v..(i))

vi“’ 1R) ® Vi N iq ii

< X

i
(2) Nz is a simple surface such that the x-y projection of
NZ is the set of integers in the rectangular interval

[, N +131, NR ] and if j, and j+ 1 are integers in
n, ",

[, Nn + 1] and jr is an integer in 1, N: ] then

b4
. o, R 08 . Z .
N (35 dg) =, (3) + (=) (n, (5 +1) - n, (i)
i Nn i i
Z

(3) H is a simple surface such that the x, y projection of H is
the set of integers in the rectangular interval [1, Nh +1;

1, Nﬁ] and if k and k + 1 are integers in [1, Ny + 1] and

. . . R
ko is an integer in [, Nh] then

kR - 0.5
H(ka kR) = hi(k) + (—-____——_

Nk

(4) W is a simple surface such that the x, y projection of W
is the set of integers in the rectangular interval (1,

Nyt 15 15 Ns] and if m and m + 1 are integers in [1, N, * 1]
and Mo is an integer in [1, NS] then

m, - .
W(m, mR) = w;(m) + (—5—§————0 (W, (m + 1) - W, (m))
W

The assumption is made that the stress at a point in the structure
depends only on the indicated airspeed, normal load factor, altitude
and weight. Therefore, if it is supposed that each of a and N_ is a
positive integer such that a is in [1, Np] P
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and v2 is a simple surface such that (V (i, ‘R)’ N (J,JR). H(k,k ).
w(m mR), y (V (i, 1R), N (J,JR), H(k,k ) W(m, mR)) is a point of
vd only if i 1s in [1, N +1], ig is in (1, N ]. ceeom 15 in

[1.N, + 11, mg is in [V, NR] and YAV, (1,10, K, (3,300, H(kukg),
N(m,mR)) is the stress for the ath contro] po1nt corresponding to
the indicated airspeed Vi(i’iR>’ the normal load factor Nz(j,jR),
the altitude H(k,kR), and the weight w(m,mR).

The surfaces v? and BJ are used in the calculation of the

cumulative probability of exceeding a given stress as follows:
Suppose that Nr is a positive integer and FL is a uniformly in-
L

creasing sequence with x-projection [1,NF ] and 0 is a simple
L
surface such that
(1) o (1.3 KaMyig, Jpskgomp) = P)(123,k,m)
i vV (3,00), N (d0dg), H(k kg)s W(m,mg)) > 1 (b)

(2) o (1.J,k My ipsdgakpame) =
if v (V (i, 1R) N (J,JR) H(k kR) W(m, mR)) IL(b)

Therefore, the probability that the stress is greater than

IL(b) is
Ne. NN N N5 Nﬁ wR AR
3 z2 h W i Z h W
i=1 j=1 k=1 m=] iR=1 jR=1 kR=] mR=]

02 (1,3, KoMy g2 dps kg ame)
The probability density function PD a is the derivative of the
%

cumulative probability function P e This derivative is computed
as follows: Suppose a is an integer in [1,N ] and that ; is a

simple graph with x-projection the interval [1 N ] such that
L

e e e R R o




(1) if b is an integer in [1, Np ] then z3(b) = Pwa(b) and
L

(2) if ¢ is a number in [b, b + 2] there exists a Ups Uy,
a 2
and uy such that z"(c) + UICT + uyC +oug where Ups Uys

uy are determined from the equations

z3(b) = b2 b 1y

(b + 1) b+1)? (be1) 1,

(b + 2) (b+2)? (b+2) 1 u,
Therefore
(1) ifb =1

ina(]) =2y T (1) +y,

Ppal?) = 2y T+ uy
(2) ifbis in[2, N, - 3]

L

Pp,al® + 1) = 20y T 1) vy,

(3) ifb=N -2
L
P, (N. =1)=2u; I (N. -1)+4+uy
Dya T, IR 2

PoalNe ) = 24 FL(Nr|) tu,

The next step in the derivation of the fatigue loading spectrum
is to determine the stress and the frequency of that stress in the
spectrum. This is done by an indirect process as shown below.
Suppose that the fatique test spectrum is to be composed of N cycles
at M stress levels. Further, suppose that a is a pos;%i;e integer in

i) and

sa(j) are members of S° only if 0 < s3(i) «< s(j) <1 and i < j.

[1, N_] and $? is a sequence of M numbers such that s
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Therefore, each member of 2 corresponds to an ordinate of the

graph 1-P?a. The M abscissas corresponding to these M ordinates

are defined as the M stress levels of the spectrum for the ath
control point. The graph 1-Pwa is known at Nr points. Conse-

quently, an approximation to 1-P a must be found in order to com-
Suppose 8 1s a simple graph with

pute the spectrum stress 1evels.

x-projection the interval [rL(l). rL(N )] and if k is in [1, N ]

then 8 (r (k)) = 1- Pwa(rL(k))

[-5L, 5L] then

s(x + g (k)= 01 §= (%‘-L—)Z]

It follows then that if i ;s
(1) < Pya (1 (k) and a number x

ger k such that P a(rL(k -1)) <s
such that s(x + I (k)) = s2(i).

solution of a quadratwc equation and x + i (k) is the stress cor-

responding to s (1)

L

L

Further, suppose that if i-1, i,
and i + Y are in [1, N_1, 6 dis r(k + 1) -1, (k), and x is in
I L L L

- N s

8(r (k- 1))

8(1,(K)) ;
1, 11|

7 - 71 ,a(rL(km),

\_ /

in [1,M) there exists an inte-

The number x is obtained from a

The fraction of the N cycles, Ny that are associated with
the ith stress level is defined as follows:

n, = s(1) + s(2)

s(i+1) - s(i-1)
2

n1.-

=1 - {s(M) + s(M-1})
My =1 2

It follows then that if i is in [1,M] and if the sequence S$%is

1 <i<M

used for each of the control points then there will be an equal
number of loading cycles for the ith load level for each of the

control points.

10




The final step is to determine a set of coefficients which
when multiplied by the stresses corresponding to balanced load
conditions for the aircraft will produce the desired stress levels
at the aircraft control points. Suppose a is a positive integer
in [1,M], b is a positive integer in [1, Np], and ¢ is a positive

integer in [1,N ). Therefore, °f Agb is the stress for the ath

load level at the bth point in the sky and the cth control pecinc
{ and rg is the siross desires in the tatigue test for :the aih joad

level and the cth control puint then there exists a set of coef-
ficents adb such that 13 = A3, aab,

n
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SECTION III
DESCRIPTION OF THE COMPUTER PROGRAM ;
1 NOTATION
The right hand side of the following relations are defined in
Section II. ;
NT421 = Nvi ,
NT422 = an |
NT423 = N, 1
NT424 =Nw :
NT = Ny ;‘1
PJT = P, ?i
<
R !
NRVI = N i
v i
i ,
R "
NRNZ = N 4
n,
_.R
NRH = Nh
- nR
NRW Nw I
NZI =n,
i
HI = hi
Wl = W,
VI = Vi
NZ = Nz
H=H
W=W
NPS = N

p
PPSI = P.a (The a is not explicitly identified in the program)
PDPSI = PD a (The a is not explicitly identified in the program)
¥

PS = A

12
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PLD =7

ALPHA = a

FVI = v, (N +1)
LA

FNZ = n_ (N +1)
Zi N,

FH = hi(Nh +1)

FW = wi(Nw +1)
FACT@R - Stress scaling factor. FACTAR = 1 unless otherwise

specified. .
HPURS - The number of hours of data in the VGH histogram
PSIL = FL
AREAN = s?

Hon

DELTA L

s
8
APDPSI(I) = 1.0 - PPSI(I)
PSILL (1) - The stress level that is the abscissa of the
point of PPSI whose ordinate is AREAN(I)
FRAC(I) - The fraction of the total number of cycles in the
spectrum that correspond to PSILL

NPSIL = NP
L
NPSILL = M
EXCEED(I) - The number of exceedances per hour of the stress

PSIL(I)

NZERD - Control number to zero the input numbers at the start
of a run and then prevent them from being zeroed
between cases

NPSCT - Control number for counting the number of control
points for which a spectrum has been computed in a
single run

2 INTERPOLATION PROCEDURE

Since the stress is initially calculated for only a finite
set of points on the stress surface, an assumption must be made
to determine the stress for a given indicated airspeed, normal
load factor, altitude, and weight. Specifically, the problem may
be expressed as follows: Given that NT421, NT422, NT423, NT424,
NRVI, NRNZ, NRH, and NRW is a positive integer and I is in [1,NT421],
J is in [1,NT822], K is in [1,NT423], M is in [1,NT424], IR is in
[1,NRVI], JR is in [1,NRNZ], KR is in [1,NRH], MR is in [1,NRW] and
a is in [1,Np] it is required to create an approximation in the form
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£ (1,J,K,M, IR, JR,KR,MR) =
=3(VI(1,IR),NZ(J,JR) ,H(K,KR),W(M,MR))
for the stress as expressed by
o2 (1,0,K,M, IR, JR,KR,MR) =
¥ (VI(I,IR),NZ(J,IR),H(K,KR) ,H(M,MR))
where =2 is a ruled surface based on 24 = 16 points of ¥3. The

method of choosing these 16 points and the calculation of the
stress approximation is described below.

The first step is to define the fgnction TABLE which contains
the projections and ordinates of the ¥° surface.

Suppose each of NTAB1, NTAB2, NTAB3, and NTAB4 is a positive
integer and that

NN12 = NTAB1 + NTAB2
NN13 = NN12 + NTAB3
NNT14 = NN13 + NTAB4

NP = NTAB1 - NTABZ ° NTAB3 ~ NTAB4
NF = NN14 + NP

Further, suppose that TABLE is a simple graph such that the
x-projection of TABLE is the set of integers in the interval [1,NF]
and each of I1, I2, I3, and I4 is a positive integer.

Also,

(1) if 11 and I1 + 1 are in [1,NTAB1] then the indicated
airspeed TABLE (I1) is less than the indicated airspeed
TABLE (I1 + 1)

(2) if 12 and I2 + 1 are in [NTAB1 + 1, NN12] then the normal
load factor TABLE (I2) is less than the normal load factor
TABLE (12 + 1)

(3) if I3 and I3 + 1 are in [NN12 + 1, NN13] then the altitude
TABLE (I3), is less than the altitude TABLE (I3 + 1)

(4) if 14 and 14 + 1 are in [NN13 + 1, NN14] then the weight
TABLE (I4) is less than the weight TABLE (I4 + 1)

(5) 1f I1 is in [1,NTAB1], I2 is in [NTABY + 1, NN12],
I3 is in [NN12 + 1, NN13], 14 is in [NN13 + 1, NN14]
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and n is in [NN14 + 1, NF] and is equal to NN14 +

(14 - NN13 - 1) ° NTAB3 * NTAB2 ° NTAB1 + (I3 - NN12 - 1)

- NTAB2 ° NTAB1 + (I2 ~ NTAB! - 1) * NTABY + Il then the

stress TABLE (n) is the stress that corresponds to the
indicated airspeed TABLE (11), the normal load factor

{AB%E (I2), the altitude TABLE (I3) and the weight TABLE
14).

The positive integers I1, I2, I3, and 14 are determined as
follows: A search is made for the integer i that will determine
the smallest number TABLE (i) that equals or exceeds VI(I,IR). If
i =1 satisfies this requirement then I1 is set equal to 2. If j
is in (2, NTAB1] then I1 is set equal to i, If no i can be found
in [2, NTAB1] then I1 is set equal to NTAB1. A search is made for
the integer j that will determine the smallest number TABLE (j)
that equals or exceeds (NZ{(J,JR). If j = NTAB1 + 1 then I2 is set
equal to NTAB1 + 2, If j is in [NTAB1 + 2, NN12] then 12 is set
equal to j. If no j can be found to satisfy the requirement then
12 is set equal to NN12. Also, a search is made for the integer k
that will determine the smallest number TABLE (k) that equals or
exceeds H(K,KR). 1If k = NN12 + 1 then 13 is set equal to NN12 + 2,
If k is in [NN12 + 2, NN13] then I3 is set equal to k. If no k
can be found in [NN12 + 2, NN13] then I3 is set equal to NN13, A
final search is made for the integer m that will determine the
smallest number TABLE (m) that equals or exceeds W(M,MR). Ifm =
NNI3 + 1 then I4 is set equal to NN13 + 2., If m is in [NN13 + 2,
NN14] then 14 is set equal to m. If no m can be in [NN13 + 2,
NN14] then 14 is set equal to NN14.

The next step is to identify the integers required for the
final calculations.

With

NP12 = NTAB1 * NTAB2
NPT13 = NP12 ° NTAB3
these are:

N2222= NN14 +(I4 - NN13 - 1) * NP13 + (I3 - NN12 - 1) *
NP12 + (I2 - NTABI - 1) * NTABI + I

N1222 = N22 - 1
N2122 = N222 - NTABI
NTi22 = N2122 - 1
N2212 = N2222 - NP12
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N1212 = N2212 - 1
N2112 = N2212 - NTABI
N1112 = N2112 - 1
N2221 = N222 - NP13
N1221 = N2221 - 1
N2121 = N2221 - NTABI
N1121 = N2121 - 1
N2211 = N2221 - NP12
N1211 = N2211 - 1
N2111 = N2211 - NTAB1
NIT11 = N2111 - 1

Therefore, if
VI(I,IR) - TABLE (I1-1

X1RAT = - -
X2RAT = NZ(J,JR) - IABLE EIZ—;_
_ H{K,KR) - TABLE (13-1)
X3RAT = rRELE ABLE
_ W(M,MR) - TABLE (I4- 1%7
X4RAT = TA’[E'TTAﬁ"’TABEEiTTT
then
AMP111 = TABLE(N1111) + XTRAT(TABLE(N2111) - TABLE(N1111))
AMP211 = TABLE(N1211) + XTRAT(TABLE(N2211) - TABLE(N1211))
AMP121 = TABLE(N1121) + X]RATgTABLE (N2121) - TABLE(N1121))
AMP221 = TABLE(N1221) + XTRAT (TABLE (N2221) - TABLE(N1221))
AMP112 = TABLE N1112) + XIRAT(TABLE N2112% - TABLE(N1112))
AMP212 = TABLE N1212 XIRATéTARLE N2212) - TARLE(N1212 g
AMP122 = TABLE€N1122 XTRAT(TABLE(N2122) - TABLE(N1122
AMP2Z2 = TABLE(N1222) + X1RAT(TABLE(N2222) - TABLE(N1222)),
AMP11 = AMP111 + X2RAT(AMP211 - AMP111)
AMP12 = AMP112 + X2RAT(AMPZi2 - AMP112) ;
AMP22 = AMP122 + X2RAT(AMP222 - AMP122),
AMPT = AMP11 + X3RAT2AMP21 - AMPTI ]
AMP2 = AMP12 + X3RAT(AMP22 - AMP12),
f
a (K,J,K,M,IR,JR,KR,MR) = (AMP1 + X4RAT(AMP2 - AMP1)):FACT@R E
It is seen that theasixteen points on the ¥® surface are reduced h
to eight points on the =" surface by an interpulation on the indi-
cated airspeed. The eight points are reduced to four points on the =
surface by an interpolation on the normal load factor, Next, the
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four points are reduced to two points on the =2 surface by an in-
terpolation on the altitude, and finally these two points are re-
duced to the desired stress by an interpolation on the weignt.
Note that the number FACT@R is used to scale the calculation
made in the table look up routine. '
3 COMPUTER FLOW DIAGRAM AND PROGRAM {
The computer routine was coded in FORTRAN Extended Language j
with the main program and subroutines arranged as follows: *
SPECA Program (See Appenaix A) T ‘
— —+{ TABT | .
r__—__ ( (_ —— _1 E
MAIN l ‘ 1
_ ‘ 1 | ) 3
] ———— CALC f=———— TABQ :
—— - — !
GUIDE b
I J——fGAUSSZ
o —_
PAGEH INPUT ’ e DLVL |
; |
1 I
INAID '
PRINTR; :
i s
", N I (
r——-—'-—-v
DCPE f——————GAUS21
I ]

MAIN « Main Program - Sets NZER@ and NPSCT to zero and trans-
fers program control to GUIDE

17




GUIDE -

INPUT -

INAID -

N P
ONT. b wn —7

PAGCHD

CALC -
LOLVL -
LOCREY
TABG -

TAET -

Subroutine - Initially zeros 1nput and output numbers
and after first case zerus output numbers betore the
calculations are performed, GUIDE, tne main controi-
}ing subroutine, transfers comirol to INPUT, CALC,
LDLVL, PKINTR, and LDC@EF in turn,

Subroutine - Reads in all input data including the
VGH histoyram and tite stress table. There are two
formats for reading in floating point numbers and
three formats for reading in fixed point numbers,
Tne details of the data input are discussed later in
this section.

Subroutine - Called py INPUT and has the purpose of
writing out certain input data.

Stress table
V3H histogram table
FVI, FNZ, FH, W

} NRVI, NRNZ, NKH, NRW
g FACT@R
PSIL
) AREAN
) PS
)
)
)

Also, INAID sets NZERO=1 for control of data handiing
in GUIDE

- Subroutine - Writes out page heading inclucing run
igentification, date and page nuriber

S.broutine - Compuces PPSI and PDPSI
Subroutine - Computes PSIL and FRAC
- Subroutine - Computer ALPHA

Subroutinc - Called from CALC to perform the interpo-
lation discussed in Section Iv, B, that computes the
stiress correspending to a given indicatec airspeed,
norinal lcad factor, aiv:icude, ard weight,

Subroutine - called frow CALC as an alternate to TABQ

for tne interpolation to conpute the stress ccrrespon-
ding to a given indicated aivspecd, equivaient normal

load factor, and cltitude.
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GAUSS2 -

GAUSZI -

PRINTR -

(1)
(¢)
(3)
(4)
(%)

Subroutine - Called from CALC to solve the simu.tun-
edcus equations that are required to pacs second order
equations through the points of PrSI sc¢ that the cif-
fareatiation Yor PDPS1 can be performned. The sub-
routine uses the Gauss-Jorcan method for solving the
sets ov simultaneous equations,

Suproutine - Called from LUCWEF and 1s used to solve
the set of equations PLD(1) = PS(K,J) ° ALPHA(J).
lhis subroutine 1s 1dentical to GAUSSZ except for a
DIMENSIPN statement change.

Subroutine - Called from GUIDE to write out computed
output data. In particular, PRINTR prints

PPSI

EXCEED
HPURS

PDPSI
PSILL, FRAC

4 EQUIVALENCE TABLES

The technique that has been used 1n coding this routine is to
place all input and output numbers in blank common. All input and
output floating point numbers are called parameters and are con-
tained in P (dimensioned 10,000). A1l input ana output fixea point

numbers are callea integers and are contained in NTEGER (dimensioned

10U). To make the program more easily interpreted, EQUIVALENCE
statements are used tc provide the ® and WTEGER numbers w:th more
recogrizable names. The SPETA preigram parameter and nieger laviles
are given below,

PARAMETER EQUIVALENCE TABLE

| _ P Dimension Term Dimension . Term |
Y1) TN, FVI lZJI (700) | APDPSI(T,
2 (1) FNZ L1300 | APDPSI(190,
3 (1) FH 1301 (10C; PSIL(1) :
s (1) | FW L1400 | | PSIL(100)
5 (1) ' FACT@R ! 1401 | (100) | FRAC(!} :
¢ (1) ' HOURS {1500 P FRAC(IOC!
. 1501, (100,25) ° PLLS(1,1)
| . 4000 | | PLDS{100,28)
| L4001 | (25) ALPHA(1) ‘

|
4025 | ALPHA(2S)
|




o miand

P [ Dimension Term p Dimension Term
100 1) NT
101 (100) PSIL(1)

200 PSIL(100) .
201 (100) AREAN(1) 5001 vII(1)
300 AREAN(100) 5025 VI1(25)
301 (25,25) { PS{1,1) 5026 NZI(1)
925 PS(25,25) 5050 NZI(25)
. 5051 HI(1)
5075 HI(25)

. 5076 WI(1)
100 {(100) PPSI(1) 5100 WI1(25)
1100 PPSI(100) .

110 (100) PDPSI(1) .
1200 PDPSI(100) 6001 EXCEED(1)
6100 EXCEED(100)
INTEGER EQUIVALENCE TABLE
NTEGER | Dimension Term NTEGER Dimension| Term

1 (1) IDENT

2 . NPF1

3 NPF2 .

4 NPF3 56 NTB41(1)

5 NPF4 57 NTB41({2)

6 NTI4 58 NTB42(1)

7 NTW4 59 NTB42(2)

8 MONTH 60 NTB42(1)

g9 DAY 61 NTB43(2)

10 YEAR 62 NTB44(1)

11 NPSIL 63 NTB44(2)

12 NPSILL 64 NTB21

13 NPS 65 NTB22

14 NMORE

15 NRMN

16 NRNZ

17 NRH

18 NRW

19

20

21 NTB

49 NPAGE




5 INPUT DATA

A1l of the input data described below 15 read into the pro-
gram by means of the subroutine INPUT. INPUT is a general purpose
subroutine for reading data from cards. For this program, the full
capabilities of INPUT are not required and consequently there will
be some zeros in the input that serve to bypass certain options.

The following deck arrangement is recommended:

1415 Format

IDENTNPF) oj}ol O NTI4; NTWA;MONTH| DAY | YEAR |NPSTUNPSILL |NPS | 21

715 Format
INRVI NRNZ NRH 3K { 0 NIB\
72H Format
Run Description
72H Format

Run Description

315
116 | 1
6E10.3 Format .
[__ VI FNZ [7 FH Fu FACTR \ HBURSS
315 Format
| 100+\
J0 e |1
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t 6£10.3 Format

PSIL(1) - PSIL(NPSIL)

R ——

315 Format
200 + ]
201 T npsiL | ! AJ

6£10.3 Format

AREAN(1) - AREAN(NPSILL)

If NPS > 1 go to (a)

If NPS = 0 go to (b)

Tan 1325 ‘
‘ 328‘NPS P;J

6£10.3 Format

(a) 315 Format
300+ |
L?O]lNPS
6E£10.3 Format

; -

|

I PS(1,1) ~ (PS(NPS,1)

!
f 315 Format

PS(1,2) - PS(NPS,2)

i 22




315 Format
S T

350 +
‘NPS i

! 351

6E10.3 Format

PS(1,3) -~ PS(NPS,3)

315 Format
{30T + \300 + l

o~

25 (NPS | (NPS=1)
1) ] 2u+Nps

6E10.3 Format

PS(1,NPS) - PS{NPS,NPS)

— . —

(b) 1If NTI4 > 0 go to (c) to read Nila table(s}. For the first
run in a computer input the stress table and the VGH histo-
gram table must be read. Subsequent runs may require no new
tables (NTI4 = 0), one new table (NTI4 = ), or two new tables

H (NTI& = 2),

1f NTI4 = 0 go to (g)

{c) 5110 Format
‘ | | NTAB1 NTABZXNTABQ‘NTAB;] (Stress table controi cards)
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6E10.3 Format

TABLE(1) - TABLE(NTABI)
(indicated airspeeds for the stress table)

6£10.3 Format _

TABLE (NTAB1+1) - TABLE(NN12)
{normal load factors for the stress table)

6E10.3 Format

: TABLE(NN12+1) - TABLE{NNI3)
i (altitudes for the stress table)

FRPTRIV - - N YESEIRPINPIG ST UG, 3. Y e UG W M YU _‘j

1f NTB = | go to {(d)
If NTB = 2 go to (e)

(d) 6E10.3 Format .
r . 4
| TABLE(NN13+1) - TABLE(NN14) {
l (weights for the stress table) ‘

6E10.3 Format
1
[ TABLE(NN14+1) - TABLE(NF) |
| (stress ampiitudes for the stress table) ! f
| {see Section 3.2 for ordering of these entries) l
go to (f)

(e) £10.3 Format
WITB3 k
(ref. weight) |

6£E10.3 Format

TABLE(NN13+1) - TABLE(NF) {
{stress amplitudes for tnhe stress table) .
(see Section 3.2 for ordering of these entries) i

(f) 5110 Format
[_? NT421} NT422|NT423 NT4£;ﬁl (VGH histogram control cards)
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6E£10.3 Format

VIi()l) - VII(NT421)
{1ndicated airspeeds for VGH histogram table)

NZI(1) - NZI(NT422) 1
(normal load factor for VGH histogram table) ‘

e

HI(1) - HI(NT423)
{altitudes tor VGH histogram table)

i -—

WL()) - WI(NT424)
{weights for VGH nistogram table)

ey

k ! VT ,NZLUE),HLCL) WD) -
(
\

v VIL(NTA2Y ) JNLL(NTGZ2Z) JHI(NT423,WL(NT424))
{load occurrences in VGh histogram table)
(see discussion below for ordering of these entries)

(g) END @F FILE

The first card contains 14 fixed point (integer)
numbers arranged n 15 fields. 1lhese 14 entries in
order on this card are

{1} 1DENT - run number
{2) NPF1 = 3 f Np =

3+ Np1f Np ]
(3)
(4)
(5)
(6)

ZooC

114 - the number of quadruple tables to be read (for
this count the stress table and the VGH histogram
table are each considered quadruple tabies.)

e Y




(/) NlWd = | for print of quadruple tables

0 otherwise

fin

(8) MUNTH - wonth n date for page heading
{9) DAY - day in date for page heading
(10) YEAR - year in date for page heading
(11) NPSIL = N
L
(12) NPSILL = ¥
(13) NPS - 1he number of control points it N - 1 . NPS = 0
iF N =] Y
p
(14) 21

The second card contains seven tixed point numbers arranged
in Ib fields. In order these entries are

(1) NRVI = N
R‘i
(2) NRNZ = Nn
z
(3) HRH = N}
_ R
(4) NRW = N
(5) O
(6) 0
(7) NTB = 1 if the load occurrences in the VGH histogram de-
pend on 1ndicated airspeed, normal load factor,
altitude, and weight,
NIB = 2 if the load occurrences 1n the VGH histogram de-

pend on indicated airspeca, equivelent norral lead
tactar, and altitude

The third and fourth cards coa*ain aZ72vficld each for the pur-
pose of run description, otc.

The fifth card contains 1, €, and 1 “n 15 ¥ields

The 51xth cara contains six floating noint numbers
arranged in E10.3 fie'ds. These six numbers are placed in
the foliowing order: :

(1) FVI = Vi(Nvi+])

26
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A

(20 FNZ = nz(an+1)
(3) FH = h(N +1)

(4) FW = w(Nw+1)

(5) FACT@R - stress scaling factor
(6) HAURS - rumber of hours of data in the VGH histogram

The seventh card contains the three fixed point numbers 101,
i0G + NPsiL, 1 in ourder in 15 Tields. NPSIL must not exceed
106,

The next cara{s) contain{s) the numbers PSIL(1) through PSIL(NPSIL)
in £10.5 rields, six numbers per card.

The wvexi entry contains ithe fixed point numbers 201, 200 +
NPSILL, 1 in order in 5 fields., NPSILL must not exceed
100.

Foilowing this card the floating puint numbers AKEAN(T)
througn AREAN{NPSIl }, arranged in E10.3 fields, six num-
bers per card, are entered.

It PSS = 0 then the PS matrix is omitted frum the 1nput deck.

It NPS 1 then the FS matrix is placed next in the input

aeck. PS is5 aimensioned (25,25) and is equivalenced to

¢ such that P(301) - PS{1,1). Therefore, it follows that

P{300+1PS;  PS(WPS,T), P(326)z PS(1,2), and P(301+25(iPS-1))
PS(1,14PS). Cunsequently the NFS biocks of cata are read

i as toilows:

rirst block -

Tne tirst card contains the fixed point numbers 301,
300+NFPS, 1 arranged in I5 fieids.

The next entries are the floating point numbers F5{1,1)
through FS{NFS,1) in E10.3 fields, six numbers per
card.

Second block -

The first card contains the fixed point numbers 326,
325+NPS, 1 arranged in IS5 fields.
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The next entries are the floating point numbers PS(1,2)
through PS(NPS,2) in E10.3 fields, six numbers per card.

NeSth block -

The first cara contains the Tixed point numbers 301+
25(NPS-1), 300+(NPS-1)(z5) + NPS arrarged in 15 Ffields.

The next entries are the floaling point nuinbers
PS(1,NFS) through PS(NPS,NFS) in Ei0.3 fields, six
nimbers per cavrd.

The remaining entries are the stress table and the VGH
histogram table. These entries are prepared as follows:

If I = 1 then the eﬂtry i3 tne stress takle where there are
NP = NTA31 * NTA32 * NYA33 * NTAE4 poinis devined by NTABI
ind1gated airspeeds, NTABZ normal load factors, NTAB3 alti-
tudes, NTAB4 weights. These points are entered as ordinates
of the simple graph TABLE which was defined in paragraph 2 of
this section.

The first card for the stress table contains five (5) fixed
point rumbers in 5 Tields in the orde-

aYy 1

[2) NTAPS
(3)  NTRE2
(1) ITAER
(Y LTARA

The next cara &) contain(s) the indicated airspeeds (floating
point numbers) TABLE(1; through TABLE(iTABT) arranged in
£i0.6 7ields, six numpers per card.

Tne next entries are tne normal loaa factors TABLE(NTAB1 +1,
NH12) (see paragraph 2 for definition of argquments) ar-
ranged in £10.3 fieids six numbers per card.

Next, the card{s) that concain the altitudes TABLE(NNiZ*+1)
through TABLE(NN13) arranged in E10.3 fields, six numbers
per card are entered in order,
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The next entries depend on the number NTB.

If NTB = 1 the card(s) that contain(s) the weights TABLE(NN13+1)
through TABLE(NN14) arranged in E10.3 fields, are entered with
six numbers per card.

The next card(s) contain(s) the stresses TABLE{NN14+1) through
TABLE(NF) arranged in E10.3 fields, six numbers per card. The
ordering of the stresses in this entry is defined in paragraph
2 of this section.

If NTB = 2 a card is entered that contains the reference weight
WTTB3 in an E10.3 field.

The next card{(s) contain(s) the stresses TABLE(NN13+1) through
TABLE(NF) arranged in E10.3 fields, six numbers per card.

The number NF must not exceed 2000. The ordering of the stresses
in this entry is defined in paragraph 2 of this section.

{(Note that NTAB4 = 1 for this case.)

This completes the stress table

If 1 = 2 then the entry is the VGH histogram table where there
are NP24 = NT421 ° NT422 ° NT423 " NT424 regions defined by NT421
indicated airspeed intervals, NT422 normal load factor intervals,
NT423 altitude intervals, and NT424 weight intervals.

The first card for the VGH histogram table contains five fixed
point numbers in I5 fields in the order

(1) 2

(2) w1423
(3) NT422
(4) NT423
(5) NT424

Following this card are the card(s) with the indicated airspeeds
(floating point numbers) VII(1) through VII(NT421) arranged in
£10.3 fields, six numbers per card.

The next card(s) contain the normal load factors NZI(1) through
NZI(NT422) arranged in E10.3 fields, six numbers per card.
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Hext ara the car®(s) that cortai tne altitudes Hi(l)
throagh HI(MTA20) arrangec 1n LIC,: t1oiar, i< nurbers
per card,

The weiqht enfries WI{1) theough d1{T424) arranu-d in
E16.3 field, six aumbers per caid, are next.

The final cerd(s, in ihe YGii histogiu feck are tae load
occurrences in regiors defined “y te 1ai‘caied Airapzeds,
norma. load factcrs, altitu'es, and we'uhts, If 1 s in
C1,NP] then taese entries ave - C(VIT{1),NZI(Y), HI(T), NIQV):
through »@(VII(NT421), NZIL(NT422), “10nT473), WIINTA24M!
erranged ir EI1C.3 “ie'ds, si< nunber: per card. If 9 ds in
C1LHTA?1], & ods in L1,NT422], “ vs ir [ 1,47425), and wm is in
[1,1T424] tken the stress that covracponds to VII(i),
NZT(3), FI(%), WI(m) is the((m-=1) = NT421 * 4T422 © MNT473 +
(k-=1) ° NT421 * NT422 + (j-1) * HIA21+i)th entrv on these
cards. The number NT421 + NT422 + HTA22 + NT424 + NT421-
NT422 * NTA423 * NT424 must not exceed 2000,

G SAMPLE PROBLEM

A sample run is presented for the purnose of acquainting the *
user with the input data cards and the outout., The data used
does not represent any particular aircratt or usage. It is as- |

sumed that two control points are sufficient in this case to de-
fine the full scale aircraft fatigue spectrum. The inbut cards
are as follows:

ra
(W)

150 5 0 J 0 Z ] 33U 1973 12 2 21
2 2 2 2 0 0 1
CHECK OUT RUN FOR SPECA PROGRAM

V G H DATA IN TABLE  CONTROL POINT HUMBER 1 (REVISION 2) -

1 6 1
650.0 7.0 40000.0 36000,0 1.0 500.0
101 123 1

20000,0  22000.0  24000.0 26000,0  25000,0  30000.0
32000.0 34000.0 36000.0 38000.0 40000,0 42000.0
44000.0 46000.0 48000.0 50000.0  52000.0  54000.0
56000.0 58000.0 60000.0 62000.0  64000,0

201 212 1
0.05 0.10 0.20 0.25 0.30 .40
0.50 0.60 0.70 0.80 0.90 0,95
301 302 1

20000.0  35000.0




320
25000,

300.0
3.0
5000.0
25000,
20000,
55000,
32000.
15000,
41000,
46000.
21000.
55000.
30000.
27000,
62000.
35000.
22000,
43000.

350.0
4.0
10000.
30000.
500.0
700.0
1000.0
6000.0
700.0
1000.0
500.0
4000.0
1000.0
700.0
1000.0
500.0
600.0
1000.0
100
2

300.0

0

ODOODOODODODDDODDD

(& Nw]

327 1

3000n.13
]
500.0
6.0
20000.,0
30000.0
22000.9
§7000.0
34000.1(
17000.0
42000.0
47000,
22000C.
57000,
32000,
29000.
64000,
41000.
24000.
43000,

OO OOOOOC OO

450.0
5.0 6.0
20000.0
32000.0
1000.0
770.0Q
100.0
1000.0
1000.0
2000.0
4000.0
2000.0
600.0
4000.0
100.40
10100.0
6000.0
2n000.0
0 0
2 2

CHECK OUT FOR SPECA PROGRAM

V G H DATA IN TABLE

1
500.0

3
€00.0

3

K}

3

CONTROL POINT NUMBER 2
3

e
), |
3 3 3
600.0 ,
3.0
35000.0
35000 .0
S5n0n N 42000.0  43000.0  46000.0
sa000 0 17000.0  18000.0  20000.0
35000.0  51000.0  53000.0  54000.0
15000.0  26000.0 28000.0  29000.0 .
44000.0  24000.0  26000.0  29000.0 !
50000.0  59000.0  61000.0  62000.0 <
23000.0  36000.0  38000.0  39000.0 |
530000 19000.0  21000.0  22000.0 :
33000.0  45000.0 46000.0  48000.0 §
32000.0 49000.0 50000.0  53000.0 1
65000.0  24000.0  25000.0  27000.0 )
42000.0  58000.0 60000.0  61000.0 1
25000.0  33400.0  35000.0  36000.0
51000.0
3 3 3 {
550.0 1
30000.0
34000.,0
600,0 1000.0  1100.0  600.0
700.0  100.0 4000.0  600.0
1000.0  700.0 2000.0  600.0
4000.0  600.0 6000.0  1000.0
GN0.0  3000.0  600.0 700.0
50,0 4000.0  700.0 1000.0
6000.0  700.0 7000.0  7700.0
700.7 590.0 3000.0  500.0
3INON. 0 1000.0 500.0 5000.0
6000 3000.0  4000,0  400.0
500.0 5000.0  5500.0  4000.0
700.0 500.0 5000.0 3000.0 ,
3000.0  2000.0  4000.0  3000.0 ;
2000.0 !
0o 0 1 g 301973 23 12 2 2
> o0 0




3.0 6.0 8.0 ]
5000.0  20000.0  35000.0
25000.0  30000.0  35000.0

10000.0 20000.0 24000.0 36000.0 39000.0 40000.0
45000.0 50000.0 53000.0 17000.0 18000.0 20000.0
25000.0 27000.0 30000.0 51000.0 53000.0 54000.0 )
15000.0 17000.0 18000.0 26000.0  28000.0 29000.0 }
32000.0 34000.0 36000.0 25000.0 26000.0 27000.0
42000.0 43000.0 44000.0 55000.0 56000.0 57000.0
21000.0 22000.0 24000.0 36000.0 38000.0 39000.0
55000.0 57000.0 58000.0 19000.0 21000.0 22000.0
30000.0 32000.0 33000.0 45000.0 46C00.0 48000.0
27000.0  29000.0 32000.0 49000.0 50000.0 53000.0
62000.0 64000.0 65000.0 24000.0 25000.0 27000.0
39000.0 41000.0 42000.0 58000.0 60000.0 61000.0
22000.0 24000.0 25000.0 33000.0 35000.0 36000.0

48000.0 49000.0 51000.0

N

Based on this input the following output listing was obtained.




- s - —— - I TP v e =
. .- ' -
_ N 14-13126006'6 21 10-343000°6 13} 10-30uL0°Y o3 10-3€0200%2 t
e L R L LA o T to-dewewets T T T Tu-3ugui0®s ] 18- 3L detl 3 - T T
10-4406005"2 L] 10-Judedo*e £ 10-300000°% 2 20~3L0.00°4 1 Mﬂw
) SV4As1 iUl mi'addlas 802 )
- e - s T T T NOIIDNNa ALISNIT LiIT10VEQdd QY0 10 LW Ja¥ IRILIRIANGD T T
‘0 "2 n0e)C000n"Y % ngesu0ul2"Y 22 %04 301000 12
T T T - 23+ 52L0C8S pe T waesur0Buts T BIT T noedboLints [ wus shuo Dty i1 T
29+ 3000009 91 LI LL B 51 wpe3VOLITY "1 S0 sbL LNt (93
nge 30L082°" 2% 434300u00° |33 wgea000G°L 3 20¢ 300048 [3
- B ) 20+306004*€ 7 @ “hge30002°C T2 T T age3000c0°g "8 ) %ge340u408°C 5 T
%34+300009°2 L 50¢30000%°2 t 0e300002°2 2 70¢300203°2 X
(U — e e ___ NOILLIND ALISN3Q INIOT 40 NOILVSDIINT 204 $1IA3) 0901 Temaiind e
a000°*t = BOLSVYS NOEL9DEsINOVW GV
i e e e T - R - . e ———
b4 11
2 z  waN
b et e e T T T —_— T T - - - - - h : M £ N’U; S mmem s T
2 T JABN
e e e e —— - — - ~ SNULSTAIJBNS WystuislA

% 539NN IN10d B INOGD 3vL NI wivd W 9 A
W¥a20nd ¥)3dS ¥0s NNa L00 233K

12 NOLSIAIDD

H

N 39vd 126i/05/% 801 UN NNE




v
¥
*0001s *0006Y I TEL *0Rdur *dUDsT “PAUEE CaLuse IR ¥ 0t0e
o i LITER} ‘GlLuus *000%s  "0EICy *008i%  ‘000uE ‘oDdse *0UIe ouune taelny SPLLNY L)
0 s Lllts *OL0bY *000¢5 *uddue ‘pu0ee TTTL] *0034% *0005% LRTARYY *uCCet *0r00f
o fLewle ToLote TOLeLT *300wsy *00uls *D00Sy *000b€ T sguovE *3ui e el Lewve
fauldy tuLliy f0C0Es *0430s T *0DusM LT “0006¢ *0Ldge *000%¢ Caul um *Cudch ENEPRIT)
s Yy *30092 “Quavi * 0002t TTLY *000%s *J008 S *000%S L TIRYS (S A spooce
. ‘07302 *00Qwt *0604%__ "000WS_ ___ 003 *000S%  *0009% to008Y *9002Y *000se L T *0u0Ce
154
*1005¢  "00GOE  "€00S?2
L]
T T T T o T e o *Loast 00032 0008
L]
e e e - . 0C03*v  0u00°9  0000°Ff
) o N
0°039 0009 0°00€
O — . U . R L I,
- Tt oo LIRCIRY UIRS L NV RS W]
T *ON 3luvi 31d08JVNT

2

£46370asv 340

“08Y ON NN

34




. .
—_—
. -

e o e LI RO A = M4 3
g T T G g (BN T T kg TTTTTTTTT

TCe3L08 00" = 24

e e o N N ) £CV 155t Coa® R LY
T T - 2 FVavi w1l SYSITISCV ISV T -

“J02 *600¢ P A TG ‘900n *83d2 “asC¢ ] ‘33
] : yu g Y3506 thus” T Tt TTTTTrpaNT T —
*30s MR ] tdICT *309 TaCun ‘00« ‘308s *00s *€301 Q00 MDA *0igl
v faGLy *Jus ‘072 REIYS ‘n6uw ‘ultay elug ‘tay IR ISR L
‘I *30¢ PR TOUt0us T T rppde T T vorad TR0 T vpoy T Tejef T T UrenL, T ToteT TTTUUTRCL T
‘Suas ‘L0 *gos *00d7 *aoo0t ‘0209 ‘ge9 ‘o002 03¢ ‘ococ "ocT *0elt o
"0y NATEE okl ‘0022 *32¢ ‘892 *‘0g9 ‘o011 *§301 ‘009 LR 03y )
. - - TTTTTT T T TTT U RSl T T —————
o o ) ) i *Loung *Jobes *cgoor
L
TTUOGCE T g0 Toapgr
N
QLta"3 QLud*s CLog

) o [4,]

0°05% 0°0uy 0°Bst

————— 1A
TUTTTTTTTTTTUR ST Y TATBA PUS Tk

2 ‘0N 318v1 IWd4nBUVND

R - < Tt ON 39vg ti6t70¢C7@ 31v0 G0y CLELUT

35

R T BY s g gty

LA




e

a
(Yol
RS — e — - [ . I - e Lagd
‘e ‘0 "0 0030000059 ‘D %0e30CLD0C*Y
i “0 %043000000°Y B *0 20030000099 *0 S0 i307L0s" R
w0~ V2auw*Y %0 es00000%° S L0-31LuEng T "0+ 3J0ULL"S CU-3LU%CNL L AL edguiliu®s
2U~i0fLUVL L "0J0U000C*" 20-39859,¥° 4 20450000U9° T0-3230 081 °F *0+300000%°"Y
o 10-aTaeELT 043000007 10-32eE89%°2 %0+44300000°Y 10-369 1228 we3COV00d°E —_
10-3665222°% %0+5000099°% 10-32450%9°s 90300000%°¢ 10-3614098 %% S0 es0C00002°K
10-3t0c¢ITEY "003000000°F §0-309590£°6 %0¢370200¢°2 13-30b138w°b SUe5CILEDY° T
GGe3J0U00O°T %0¢300000%9°2 00+43000000°F %0¢3000002°2 _ __ _. GCeI0G0IU0° Y 00323068 P°c _

ovoY T

LYlad Wit) uvol
NOLLINAZ ALITVIIVE0Hd sALLVWINND OVOY T¥NsIAN]

— ————— e e

UN NS

wuod #ND T @08d WM 001

T Treev/0s e

£263/0679

) ON 39V Teoy




SencH 00°409% Ny Gisvd
‘0 *Q *0 2L es0UIUdNY *0 w0ea02C00002°Y
*0 0430000009 0 %0 4003004 ‘0 890430(000%°%s
T T TIITTTT T Fge3000 w5209 Y0 ,000600°S 20030005489 %0#3000002°s "7 7 7 €043004297°9 ®pe3300003°s —  —
9003905¢%€°T 2004000000°% 9003052£c2°2 H003900009° 0Ce3052990°% %0+35LI0007Y
“L+322d510°9 %0e3000002°Y 90030944%%%3 90+2000000° $0+3C06LVT Y 40+3000000°¢
6003049899°T RUeI0G0009°F  50¢3520Tvw0°'T hoes0000unf - 50¢ 3,267 28 %2 SGeNGOLUC2C T T T T
90e3942944°2 "8¢3000000°% 6043059212°€ 20430000042 9093542806 °C Yues000u09°2
$Ce 30092688 “0023000000°2 $00300%25%°€ %0¢3000002°2 $0e300%259°€ %0+3000000°2

SINVAINAITTVOYT — — SIONVEINT Tvol

TIINVIIINT TOVOY T T

SuH 000T ¥3d SIINVA33IGXI 20 B30aNN IATLVINNND

N on 39

vd §L6170¢57¢

3iva a8l Oon NNa

37




i oade i et AU S B R e

‘0

ce
40-3089650u9°Y
$0-315826°%
Su-Lulseslitg
9C-35¢b379°%S
§0-3209%14°9
_90=32323%¢L°Y
N1l 804d

‘0
40+3000000°9
LI EETTT 1L A
043000004
nbedoLLUIZ Y
%043000009°¢
%0+3000000°¢
%00300000%°2
avo?

*0
‘0
Y0-362Wuln®y
50-39viveb°t

204300400%°9
%0+400000¥°S
hees000VLE"S
10+5003004°%

*0
Y0-3cninl, w
Y0-325vveed’e
S0- 3% s ddy *?
50-319%939%°n
$0-10bcn¥i 2
$0-3009s L

$1-3vlideb *E-

N bJad

Sue Q000009
LUERT T ET AN
MWS0UCLED Y
"YeI00LOL"Y
S0 eILLIOCH S
N dlutolt
%06 3JCHLOY S
20304000 "¢
Uy

NOLlAJNNS AAISNIQ ALIVIUVEOGd QYUY Yunaiind

§0-395 £02°F %093000060°Y
§0-310¥2¥9°9 200300000%°F
$0-3t9712°C %04300000v°2
63-325929%°) 9043000002°2
N30 woud avol

9 oN 30vd

Cdot/087¢

ama

1 VN Wha




. Anﬁ o PR _ _ - —— = e e e -..x. = 1\-.. 'y
e - - e ey
k
|
i
o
— —_— — e e e e -~ [, ™ .
o oo T - = T TmTm T 7 . - Troae2et = 5 VAo avdY Twi0s -
20-30000065°4 %0439489€4°% 20-3000005%2 "0+349£26% % ) 10-36J0000°Y %0easzeui®™
10-3000000°7 %043T60950° ¢ T0-3000000°% T H0433ES6TN9° ¢~ T0-3C0006€° Y Hoe30bsw9ntt - T
10-3000000°% %043£9921E°F 20-30000065°2 %0¢30530W T g Cc0-1G0000U s el ili g
. 20-2000003°2 90439908%0°C 20-3000005°2 %0¢3264249°¢  _ _ _ 20-100000u°2 MOssvewcvet2
NOIAIJVaY ovey NOfidvay avol NOLLOVDS 0wl
SNULAIVBs INLUNCY 211340
: Tt T T T T T T Tonawve T T E201/0E/0  31wd T e0v  un Nna T
i
1
L s, .




e . _.%0~3000058°6 ___ gV _ 10-300000°6_ __ ¥V 10-3000u3°9 ot . 10-30L0J00°¢ ° -
ip-300000°9 9 10-39y0000*s 4 10-400060"n 9 13-300300°8 HY
f0-300306°2 ] 10-300090°2 £ Lo-s00cC0°T 2 «0-300100°9 1 o
e e . L f— e . SV3AIY UN3) Whneainy a0y . <t
NOLIINNS AJISNIO ASITIUVHOED UVGT U St oV ERF R R RUTIN]
R . . 0___ N _%0e3p000%%9_ _ te e ... N0esc0DD2°9 22 —_ YUe3(0J00°y 12 e e
"0+ J00V09°S 0e 70¢300009°s [ "0+30000%°% A %0¢3LLID2"S I8}
%0+ 300000°9 91 %0030000u°% 91 %0e300U03°% 1 “3esu000%° [}
e e . _ .. _%w0e300002°% 23 —_"0+400000°Y 1 40+300008°¢F (24 73420050898 6 o
%0+30000%°¢ [} 20+30000<°8 I'd %0+300000°¢€ o 343004082 s
2003080092 v %0+30000%°2 £ 20¢200002°2 *04300.00°¢ H
- . : I e NOILOINNJ ALISNIT ANIOF 40 zo_:aou.zu BU3 SV3IAIY UV0T TWhaJdand i o
0000°3 = WOLUYI NOLSAvIEAINIsW UL
4
2 = maN
- e _ —_— _ P — 2 = HON R
2 2 JNON
e = IAeN
e L — SNCISTAIIUNS AV¥aL0ySIn
2 d394NN INI0d WaiNnd 3N Vi NI ¥isu H 9 A N 1
e e e o— WVvad0de Vuids 803 A0u »J34) . ..

) oN 39v4 Le68/700/v 3w 001 U mna




PR PO, . . JORLAPS J—
.
.

6 ON 39vd

i o caibtnd s

ATTENANY TR AN
w0e3i0J0d5°2

Muesudatdets
$3+3350030°2

Xlad¥wet NCidTUNLD OVOY Ciatdvd

£2b1/057/9 31wl 09t

Ly NS

4




et e e err————— e Yo Mg

— e —— — e e —— ————— e . Em——— o ———— —— - — —— N — P - - - - t —_—
o4
o e B <
, . "0001S __ *0006% *000uN *000sg *3005f L PTTY fJ60t _tupiad LN A
*QL019 *ouue9 *000v¥s ' T'1'T4 ] ‘0001 M 1T TYY ‘00042 *Avb9ee M TR R P4 M ACY ) “00umY *uliey
*0L0x? T M 113 *‘go0e2c *00une *80042 ‘0u0vy MUITIRE L) ‘CuusY *dlva g b FrAY *o.ot
*0u0l¢ ‘ecLote “00063  *000vs __ °000s9 *0009s *¢0der ‘oooug *0u iyt *ull ™ *Illliee MRV I
¥ TR *u00Y9 *0005%S T LA *000xy ‘8002 00042 *Jud9e *00042 RN TATRCE § *J0 *Uurved —
*nta6e M 11T *00092 *ge o9t ‘o804t *80058 *000%% *Juigs T *300 0K X TR seovse L
*00002 *0008% *0004%. _ *0001S ___ *000uS *0005% *000uY ‘Ju0bE *0009¢ Y005 teeecy f00ICH L 4
183
‘L Bast *00d0a *0C0w2
L]
’ - - - LY PSS *ybudé  "GuDS
" ]
e e . I i 00CG°e  0CLO6°Y  0500°: -
N b
. 0°039 NTH 0°00¢ h
e o _ o . _ ~ 1A R g

4 "H CUN TR BA e
T *ON 3Wa¥i 30133 ¥ND

26370670

001 UN wNia

1] o 39vde




-~ 6L e 0009 = M3
T T T o ) T - o Tt T o - : ) - h Gy ¢30.(.0"* 2 hy h - -
TLedlLiL0e® EPRY ]
[ D IR A = JA¢
T/ - s/ T - 0 FAFRRTFE TN IS Sl BN A
- *002 *0aode *ag0al M EETY *0L0n *0doe NI (Y fulv ]

Il Tt00Cs T 'ows T Ttoue T “oodd Trous *ouun *ulas *Lius *dus Tty
LA C0LIY T ‘00 *0g0n L TP *000s oLy ‘tyul *dul fut
VK] “BOlt *Jos “004¢ ‘uuue *U00% MLXL *duud *Cud ‘Juby ‘0
LT *Gbe 7 T 000N B | T 1] P4 roooY Y til *eull g *0l
*GuLot *0LGY *009 ‘0008 ‘0004 ‘0009 *009 *ocae *00¢ *o0Ll ‘o
*IuY *0Lun M TL *002s ‘0ee Y TR MR A *Lugl ‘ouy ‘i

ML 1Y ¢

L0810 *adtae oo

PREN]

Lovi®a it

0°0,8 6° 0% 0°0st
. . 1A
- ’ . ) ’ ’ 4 m "24 SIA SA TaSIw o h v
2 *ON 318vyi 3Vauioasnl

T on 39¥d FLOV/0E/Y vy 001 uLN NS




gy —— - v

A

) °0 *0 ‘0 %0+30000u%°y
. ‘0 %0e30LIVLOD*Y "YU "UesI00000°S

%0-~348440R°Y %0¢300000%°S 20-308%2bu°2 ®05000002"%y $0-del 0% U dLlu®y

C0-306L24L*C Y 03700004°Y C0-342596%%3 n0+¢3004009°Y 10-41F29%J3° T Sueld 0Ol

o T0-3975893°F 03000002y _ _ 10-3196€LE°2 10¢4000000°% B0 44500000 9005 " PiLietE _ L m

" B0~3mT5Eu2*% %043000009°¢€ T0-319%F19°G %0+50u009%°§¢ T0-475r 6%y BJeal 0Ty ") ’

10-35¢%atL° %0¢3000000°% 10-30959Uf°6 20¢4)00008°2 10=-3tctdiep 0e50UduLY

L . 0043000000°7 “u+30L000%°2 QQe3u000L0°T %0¢-200002%¢ . G0e40L030CE Y %03000000°¢ . o
@0ad #ANJ gvol Uoad WNI ovol uwOsd A1) uvrol
NOULADNIS ARITVIuTREUVAY ALV VIRED UV0Y TWNCSING

2t N 39Vd 126870878 31wy 60T ON wus




| — e e e = _
. - —— R —
. SeNOH §0°30s  Nu 03IS¥E
°0 "0 "D 90+300400%°Y *0 "Ny ei000002°9
*0 %0+30000006°9 *0 %00500000¥°S ‘0 *YeI00OC00Y°S ) .
YE+I0000462°9 20430000044 TT2007000579%2 2043090002°6 T 7T T T E0H005200%Y M eDIO0GE0QS T T T T
£0030525¢9°6 %043000000°% "06369219%2%°2 %095700009°% H0+3646062°C SDes000(00%°y
70039£4813°S 003000002 % n0¢3005322°% %0+3000000°" 60036253017 %0+400000v°L
500308155 B0 i000003°T Z00Tu59%4u° Y H0e%00A009 L T 7 T T TTTG0e 1024800 *2 Suead0ut 0 T T T T
5003099%29°2 90¢300L0000°¢ $04306%9212°8 %0+320000w°2 $0039924%ba *C %0300C009°¢ . A
$0e300%29%°% 200300000%°2 ©093008%249°€ %0+4400002°2 o _60030a%25%°C 4G+i003090°2
TS35MYE3TILT T OVCY SIINVTIIXT Qvor~ ~ T T T S3INVJI3IIINI TOeOT T T
) . SaH 0001 o3d SIINVUIZUAI 30 830408 3ALivWNN) N
- R 1 on 39ve §261/0679 T 34V0 001 O wNia -
!




"0 *0 0 %0+300000%°
e _ . 0 %0+3000000°9 . @ %0+35000u00%°
(0-3E71dbd T 10440000375 90-429¥biT*1 200500000 ¢°
60-34. 2306°1 N0 300003V " G8-3291310°2 20¢30030L9°
e 6C-3142242°E %0¢3000002°% §D-3tnlibytf N0v3300000°
- $0-3213¢19°9 40v30u0B0s S 50-3u03vs"Y N0+300BLLN°
LU=3292745°9 9042000000 K 60-324¢652°% N0¢3000000°
_90-32525%4°% %0+309000%°2 __61+3259¢45°9 %0+3000002°

N30 HOGd ovo) N3Q bOed ovod

" ON 39Ve

.e
¥0-3cbebls Y
90-3e1s92°9
93+ 31 bdbis°d
[¥ BN PN TP
HO- 2L sied L
A LR UPETIW Ad )

NArPTIV N

NiU Wb

[ ACEITIVE LRt

wpe30LLODe”
4g+2000009°

Sy e3J0LVLE"
43e300000%°
sy gurton”
wyejulbiue”
%g+34300004°
5p+300C000°
Uyl

L TR R I N

NOILINNS AJISNIU AJ1INIGVHV bd Jv0Y ks danl

VZ61/06/% 3av0

“90%  UN wne

e ———




o g T T A ST T T e
" " . Dt ighia ——

I — S — S . - ~ 1t||l‘l|cill(||
- —— - hd —_—— — ——— _— —_
SRS
<
|

T ) T T TTTRLRZY = 3371JA3 Cva1 ViDL

CU-JUJ000%°4 SU+IVWBTILY Y 20-3030006°2 H0e3L9L4E%°N ISR IR RN PENRASE ] R R
T T 16-2303000°F SUesfwsavu’k™ 10-300u0b0°t Mipss0Caarety - T3-30a0ab L T dge du,nanty T T T
Yu~-20000LDB T “0esvIbLTIA"E 20-Ju0UILY* L 0T 9adel") c0-300LA0L Y Y0 it LOT e
o N 2u-3u20006°2 Y0edvabINO‘L 28-34000UG 2 M0 039utE29"2 20-30N0UBBs L M0+3%bCndte S 4

T NOTLOvE 4 0v0d TTooTT TONOI v de Y o f

T nolaived [L1/2 R
SNCIadvad INIOVOY 31134

T3 16140548 3EVO 801 T ON NDa

A oM 39¥4




e— - L . [, ——— e e e e — - R . _LIC) NI AW ¥239S mIidy J3Tv2 .
2100 INITY ae 3l mUas wiltivy
1900 N LW INuNE wJag JITV1%0
ol Ll e _0M43000_Ss53030V LV =0dNL A 44213130 9900 alddin wladF
1nanNg - dnVi3lls *JI0 NN CUN: 31 a-30- N,
’ . ’ T T T T rT/ .l. i 0Ue 3572686~ Jredlilsag
. at "ON TIAAT AINITINS S U SINIIC s el
i -t T T ; I - - . 0 4089 T"E~ OCoai%ER0%n o
. i 1t CON YIAIY AN D443 CUS oLl sasul
T o - T T T - i ’ T DU 3¢u,9¥b" - L GeIECERL S
01 “ON J4ASY ACNIUsds 203 SINITT) 93400
- T o o ST T T - T T - ST ’ i Uue 4¢u00¢ 2~ Quesrbecon®t o
b CON IIAIY AN MO 20 SINGIZL 3300
- o - o T m T s e N T A4 1 +1499°3~ D+ wYDE"S T
. “ON T3A3IY ADNIID 354 O >in31503300
: T T T T o Tm e e - L34 318361 5°C-  Gledio3bNIcy -
I “ON VIALY Al ldds 204 SENSLal a0
o o - - T - ’ [EIEPEAY ] EASURNER PG { BN T
9 CON N3ASY ADNH TI9s UM BTl 33300
o T T ) 8303001872~ JIv3reani@ sl o
o SON VIAIY ANFILI333 08 SANILGISI0Y
T o T - T T T - 000 3EEFTY2°2~ DJe3+49a2§°2 -0
» SON V3A3N ADIc 030 BV I LUL 49000
o7 i o - ) -t - T ’ 00¢3120200°¢~ Uusitlongge? .
[y “ON VIARY ADNINIIds 204 SINILLE$130)
. i s s s /e e T ’ 00 3569,6¥0°2~ 00¢3036119°2
< COM VIAIY ANILDI33 TU DANILIE S0
- T o s = 7 T 0043Juld%b° I~  Q0¢330uE0Y N
1 CON IIAIT ANF0Ddd4 208 >UINILII 30D
- T ) - - T/ -y s T T »llm-‘ Y Jdivd o ) uw@u\eny\.c iwnqa .on.: ON hliB o o -

[ TR LT

R




SECTION 1V

EXAMPLE PROBLEM - F-4 STRESS SPECTRUM
FOR POSITIVE LOAD FACTORS

The data base for this problem is four quarters of VGH data
starting with the second quarter of 1972 and finishing with the
first quarter of 1973. The VGH histogram intervals for these
data are the following:

Indicated airspeed (knots)
150, 200, 250, 300, 350, 400, 450, 500, 550, 625, and
700

Normal load factor (equivalent)
1.4, 1.8, 2.2, 2.6, 3.0, 3.8, 4.6, 5.4, 6.6, 7.8, and 9.0

Altitude (feet)
0. 1000, 2000, 5000, 10,000, 15,000, 20,000, 30,000,
40,000, and 50,000

Weight (pounds)
37,500 (reference weight)

The stress table was set up with the following indicated airspeed,
normal load factor, altitude, and weight combinations:

Indicated airspeed (knots)
175, 225, 275, 325, 375, 425, 475, 525, 575, and 625

Normal load factor
2.4, 2.8, 3.4, 4.2, 5.0, 6.0, 7.2, and 8.9

Altitude (feet)
500, 1500, 3500, 7500, 12500, 17500, 25000, and 35000

Weight (pounds)
37,500

The VGH histogram table was made up using all of the available
data for the air-to-air and air-to-ground operations for the four
quarters without distinguishing the various F-4 models except that
only the unslatted configurations were considered. The numbers of
hours of data in each category and their corresponding numbers of
positive and negative load occurrences are shown in Table 1.
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The number of stress exceedances per 1000 hours for load
reference station (LRS) 180, defined in Figure 1 is shown in
Figure 2 through Figure 7. Figure 2 through Figure 5 shows the
variation from quarter to quarter of the VGH data. The stress
exceedance graphs appear to show a small degree of scatter
except for the SEA air-to-air first guarter where there was
an overt change in the mission although it was still categorized
as air-to-air. The four quarters of data are combined in Figures
6 and 7 to show the differences between the CONUS and SEA in
the air-to-air operation and the air-to-ground operation.
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SECTION V
CONCLUSIONS

The procedure described in this report can eliminate much
of the uncertainty that can occur in the derivation of the maneuver
load stress spectrum. For new aircraft an estimate must be made
of the VGH histogram to obtain the spectrum. This estimate can
be updated during Task V of ASIP to derive a better estimate for
the operational life of the fleet. This procedure can be
immediately applied to fleet tracking by computing the conditional
probability of exceeding a stress level given the normal load
factor.

The application to full scale aircraft testing makes use of
the assumption that the stress is matched at a specified number of
control points by a linear combination of the same number of
balanced loading conditions. This technique is believed to be more
accurate than the usual process of a damage match at the specified
control points in that the troublesome damage calculation is
eliminated. The stress spectra at points other than control points
are presumed to be matched satisfactorily by using representative
loading conditions. It is, of course, theoretically better to use
all points of the sky that occur in the VGH histogram. This,
however, may be impractical due to test equipment limitations.

The procedure as applied to the F-4 fleet indicates that
in general the stress spectra do not show significant changes
from quarter to quarter. Also, when an operational change is made
the method will reflect that change. When CONUS and SEA data are
compared there appears to be a reasonably good correlation between
the spectra generated in training and the spectra generated in
combat.
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TABLE 1. F-4 VGH DATA SUMMARY

PERION TYPE HOURS + COUNTS | - counss | ‘OTA ‘
R LR NS counts

2Q 72 CONUS AA | 196.87 13981 4541 18527 g

2C 72 SEA AA | 65.8% 4047 562 4709

2G 72 CONUS AG | 251.79 30723 9432 40155

2Q 72 SEA  AG | 1248.94 93027 13258 106285

3Q 72 CONUS AA | 290.22 17470 5259 22729

3Q 72 SEA AA | 393.26 30842 6366 37208

3Q 72 CONUS AG | 469.64 38968 9934 48902 .

3Q 72 SEA AG | 802.74 66446 12485 78931 i

4Q 72 CONUS AA | 184.92 9404 3138 12542 1

4q 72 SEA AA | 164.35 7862 1933 9795 2

4Q 72 CONUS AG | 89.16 5959 1265 7224

4q 72 SEA AA | 502.09 28254 4819 33073

1Q 73 CONUS AA | 123.18 7983 2231 10214

1Q 73 SEA  AA | 133.96 6100 1358 7458

19 73 CONUS AG | 194.38 17828 4001 21829

1073 | SEA AG | 933.87 42342 8229 50571
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Figure 1,

F-4 Wing Load Reference Station Locations
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STRESS EXCEEDANCES PER 1000 HOURS
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Stress Exceedances per 1000 hours
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Stress Exceedances per 1000 Hours
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APrENDIX - SPECA PROGRAM LISTING

The 1isting given below is a FORTRAN extended language
routine. This listing contains all of the statements for
the version described in the Introduction of this report.
Section 3.3 gives a brief description of each of the sub-
routines in this listing.

—
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