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LIST OF SYMBOLS

Nvj The number of indicated airspeed intervals in the VGH
histogram

Nnz The number of normal load factor intervals in the VGH
histogram

Nh  The number of altitude intervals in the VGH histogram

Nw  The number of weight intervals in the VGH histogram

vii Indicated airspeed for the VGH histogram intervals

nzi Normal load factor for the VGH histogram intervals

hi Altitude for the VGH histogram intervals

wi Aircraft weight for the VGH histogram intervals

Hj The VGH histogram

Nt The total number of load occurrences in the VGH histogram

Pj The joint probability density function derived from the
VGH histogram

Nv1  The number of intervals in a refinement of an indicated
I airspeed interval in the VGH histogram

R
Nnz The number of intervals in a refinement of a normal load

factor interval in the VGH histogram

RNh The number of intervals in a refinement of an altitude
interval in the VGH histogramRr
The number of intervals in a refinement of a weight

interval in the VGH histogram

Vi A surface, the ordinates of which are indicated airspeeds
for determining the stress at a control point

Nz A surface, the ordinates of which are normal load factors
for determining the stress at a control point
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H A surface, the ordinates of which are altitudes for
determining the stress at a control point

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

P J The joint probability density function for the refined

VGH histogram

Np The number of control points on the aircraft structure
used in the derivation of the fatigue spectrum

P~a The cumulative probability for the stress at the ath
control point

PD a The probability density function for the stress at the
T ath control point

A ac The stress for the ath load level at the bth point in
cb the sky and the cth control point

r a  The fatigue test stress for the ath load level and the
c cth control point

,b Scaling coefficients for the ath load level and the
bth point in the sky

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

Pacan be determined for ath control p~int

T a The stress surface for the ath control point

Sa  A set of ordinates of the graph I P Pa

s a(i) The ith member of S
a
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SECTION I

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 problem 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 accomplished 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 load 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

6.L.-



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 load conditions should provide a satisfactory interpolation :

between control points. These intermediate points should be spot A

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. In
some cases it will be possible to overcome this difficulty 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 life 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
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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.

3
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SECTION II

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 N N n Nh, and Nw is a positive
integer and vi Z h

(1) vii is a simple graph such that the x-projection of vii

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

integer in [I, Nvi + 1] and i + 1 is in [1, Nvi + 1]

then the indicated airspeed v ii(i) is less than the in-

dicated airspeed vii (i + 1)

(2) nz is a simple graph such that the x-projection of nz

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

integer in [l, N + 1] and j + I is in [1, N + 1]
nz  n z

then the normal load factor n z(j), is less than the

normal load factor n z(j + 1)
1

(3) hi is a simple graph such that the x-projection of h.

is the set of integers in [1, Nh +1] and if k is an in-

teger in [1, Nh + 1] and k + 1 is in [1, Nh + 1] then

the altitude hi(k), is less than the altitude hi(k + 1)

(4) wi 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, N + 1] and m + 1 is in [1, N + 1] the weight

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

4



Further, suppose Hj is a simple surface such that

[vii(i), nz i(j), hi(k), wi(m), Hj(vii(i), nz (j), h i(k),
1l

wi(m))] is a point of Hj only if

(1) i is in [1, Nvi], j is in [1, N n ], k is in [1, Nh],

m is in [1, N w] and

(2) Hj(vii(i), nzi(j), hi(k), wi(m)) is the number of "load

occurrences" in the rectangular interval
[vii(i), vii(i + 1); nzi nzi(j + 1); hi(k),

i1
hi(k + 1); wi(m), wi(m + 1)]

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

The surface H is called the VGH histogram for vi, nzi

hi , and wi.

The total number of load occurrences included in the VGH
histogram Hj is

N N
i  n Nh Nw

Nt = Y ' 7 1 Hj(vii(i), n (j), hi(k)k wi(m))
i=1 j=1 k=l m=1 ' zi

Therefore, by definition, the probability that the indicated
airspeed, normal load factor, altitude, and weight is in the
rectangular interval [vii(i), v i(i + 1); nzjil), n(j + 1);

hi(k), hi(k + 1); wi(m), wi(rT + )] jis

Pj~i~~k~m) Hj(vii(i), nz i(J), hi(k), wi(m))

t
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Now suppose that if i is in [l, N -l] then the interval

[v ii(i). vii(i + 1)] is covered by NRvi equal intervals, if i is in

[1, N - 1) then [1)i)), ni0 + 1A is covered by NR  equal

intervals, if k is in [l, Nh -1] then hi(k), hi(k + 1)] is cov-

ered by NR equal intervals, and if m is in [1, N -1) then [wi(m),
R W 1

wi(m + 1)] is covered by Nw equal intervals.

Since it was supposed that the load occurrences are within the
rectangular interval [v ii(i), vii(i + 1); nz i(j),

nz i(j + 1); hi(k), hi(k + 1); wi(m), wi(m + 1)] then the probability

that the indicated airspeed, normal load factor, altitude, and
weight is in the rectangular interval

vii(i + 1) - vii-i

[vii(i), vii(i) + 1R' 11
Nv
i

n~(j + 1) ( n j)nzi + )- n zi U
nziJ n J +

z nZi NR

n 
z

hi(k + 1) hi(k)

hi(k)' hi(k) +NR 
Nh

wi(m + 1) - wi(m)
wi(m), wi(m) + RN w

is

Hj(vi(i), nz(j), h(k), w(m))
Pj(i, is kN m) R R NRNR

NtviN nzN h w

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

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

6 J



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

in [1, N + 1] and i is an integer in [1, N ] then
v. R vi

Vi i '  iR = vi (i) + ( . ) (v i  (i + 1) - v i  (i))
i iN R  ii ii

v i

(2) Nz is a simple surface such that the x-y projection of

Nz is the set of integers in the rectangular interval

[I, N + 1; 1, NR I and if j, and j+ 1 are integers in
, nz ,nz

[1, N + 1] and jr is an integer in [1, N R  then
n z nz
Z '~' n ( J) R - 0.5

= (j) + ( R ) (nZ. (j + 1) - n z (j))
z

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

1, Nh] and if k and k + 1 are integers in [1, Nh + 1] and
k is an integer in [l, NR
R h] hthen

kR - 0.5

H(k, kR) = hi(k) + ( R ) (hi(k +  1) - hi(k))
Nh

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

Nw + 1; 1, NRI and if m and m + 1 are integers in [1, N + 1]w w w

and mR is an integer in [1, N] then-R 0.5 te

W(m, mR) wi(m) + ( R . ) (wi(m + 1) - wi(m))
R N R1

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 Np is a
positive integer such that a is in [1, N p

7



and Ya is a simple surface such that (Vi(i,iR), Nz(jjR), H(k,kR),

W(mnmR), Ya(Vi(i,iR), Nz(jijR), H(k,kR), W(m,mR)) is a point of

Ta only if i is in [l,N v + 1], iR is in [l,N1], ...,m is in

[1,N w + 1], mR is in [l,N w  and Ta(Vi(i,iR), Nz(jjR), H(k,kR),

W(m'mR)) is the stress for the ath control point corresponding to

the indicated airspeed Vi(ihiR), the normal load factor Nz(jjR),

the altitude H(k,kR), and the weight W(m,mR).

The surfaces Ta and Pj are used in the calculation of the

cumulative probability of exceeding a given stress as follows:

Suppose that NrL is a positive integer and rL is a uniformly in-

creasing sequence with x-projection [l,N L and ,a is a simple

surface such that

(1) ,a (i,j,k,m,iR, JR,kR,mR) = Pj(!,j,k,m)

if va(Vi(i,iR), Nz(iJR), H(k,kR), W(m,mR)) > rL(b)

(2) Da(ij,km,iJR,kR,mR)

if va(Vi(i,iR),N z(jjR),H(k,kR),W(m,mR)) " rL(b)

Therefore, the probability that the stress is greater than
rL(b) is

N~N N N NR NR iR NR
vi nz Nh Nw vi nz wh N

P4a(rL(b)) =: T T Z ' I

i=l j=l k=l m=l iR=l JR=1 kR=l mR=l

(Da(i ,j, k,m,i RJR, k RIm R )

The probability density function P a is the derivative of the

cumulative probability function P Va. This derivative is computed

as follows: Suppose a is an integer in [l,N p] and that a is a
simple graph with x-projection the interval [l,N FLI such that

8



(1) if b is an integer in [1, Nr ] then Ca(b) P a(b) and

(2) if c is a number in [b, b + 2] there exists a uV, u2 ,

and u3 such that a(c) + U1C2 + u2c + u3 where u1 u2 ,

u3 are determined from the equations

Ca(b) =b 2  b 1 uI

a(b + 1) (b + 1)2  (b + 1) 1 u2

a (b + 2) (b + 2)2 (b + 2) 1 u

Therefore

(1) ifb=1

P Da ( 1 )  2u 1 LM1 + u2

PDa (2) =2 uI L(l) + u2

(2) if b is in [2, NrL - 3]

P Da(b + l)= 2 u1 rL(b 1) + u2

(3) if b = NrL - 2

PDa(NrL -1) = 2 uI rL(NrL - 1) + u2

PDa(NrL) = 2 uI rL(Nr) + u2

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 fatigue test spectrum is to be composed of N cycles
at M stress levels. Further, suppose that a is a positive integer in
[1, NJI and Sa is a sequence of M numbers such that s (i) and

sa(j) pare members of Sa only if 0 < s a(i) < sa(j) < 1 and i < j.

9
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ra
Therefore, each member of Sa corresponds to an ordinate of the
graph 1-Pva. 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 l-P~a is known at NrL points. Conse-

quently, an approximation to I-P~a must be found in order to com-
pute the spectrum stress levels. Suppose a is a simple graph with
x-projection the interval [rL(l). rL(NrL)] and if k is in (l,NrL

then a (rL(k)) = l-Pya(rL(k)). Further, suppose that if i-1, i,
and i + 1 are in [1, N rL] 6L is rL(k + 1) rL(k), and x is in

I'L5L then , ,i,
L th 0 l 0 a(rL(k-l))

B(x + rL(k))= [l 0 11a 2~)
- (rL(k+l))

It follows then that if i Is in [) there exists an inte-
ger k such that P a(rL(k-1)) Is (i) < Pa (rL(k)) and a number x
such that a(x + rL(k)) = sa(i). The number x is obtained from a
solution of a quadratic equation and x + rL(k) is the stress cor-
responding to sa(i).

The fraction of the N cycles, ni, that are associated with

the ith stress level is defined as follows:

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

n s(i+l) - s(i-l) 1 < i < M2

nM = 1 - (s(M) + s(M-lJ)2

It follows then that if i is in [l,M] and if the sequence Sais
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 [l, N p], and c is a positive

integer Ii) [1,N ). Therefore, *f A s the stress for the ath
p c

load level at the btt; point in the sky an6 the cth control point
and ra is the stress desirec in the tatigue Iest for zhe ath load
level and the ctn control point then there exists a set of coef-
ficents aab such that r = Aa tab.

11



SECTION III

DESCRIPTION OF THE COMPUTER PROGRAM

I NOTATION

The right hand side of the following relations are defined in
Section I.

fT421 = N
viNT422 = N n

NT422 = Nh
NT423 = N

hNT424 = Nw
NT = Nt

PJr P RINRVI NRv i ;

NRNZ NR
nz

RNRH N h

NRW = NR
w

NZI =ni

HI =h I
WI = 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 = PDa (The a is not explicitly identified in the program)

PS=A

12
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PLD = r
ALPHA : a
FVI = vii(Ni + 1)

FNZ= n (N + 1)z i nz Z

FH = hi(Nh + 1)

FW = wi (Nw + I)

FACTOR - Stress scaling factor. FACTOR I unless otherwise
specified.

HOURS - The number of hours of data in the VGH histogram
PSIL = L

AREAN s a

DELTA 6

APDPSI(1) = 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 :NrL

NPSILL = M
EXCEED() - The number of exceedances per hour of the stress

PSIL(I)
NZERO - 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 [l,NT421],
J is in [l,NT422], K is in [l,NT423], M is in [1,NT424], IR is in
[I,NRVII, JR is in [1,NRNZ], KR is in [I,NRH], MR is in [l,NRW] and
a is in [l,Np I it is required to create an approximation in the form

13



E (I,J,K,M,IR,JR,KR,MR) =

-a(vI(I,IR),NZ(J,JR),H(K,KR),W(M,MR))

for the stress as expressed by
,a(I,JK,M,IR,JR,KR,MR) 

=
a(VI(I,IR),NZ(J,JR),H(K,KR),W(M,MR))

a. ue 4 a
where = is a ruled surface based on 2 : 16 points of Ta. The
method of choosing these 16 points and the calculation of the
stress approximation is described below.

The first step is to define the function TABLE which contains
the projections and ordinates of the Ta surface.

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

NN12 = NTABI + NTAB2
NN13 = NN12 + NTAB3
NN14 = NN13 + NTAB4
NP = NTAB1 " NTAB2 ' 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 [I,NF]
and each of II, 12, 13, and 14 is a positive integer.

Also,

(1) if I and I + 1 are in [l,NTABl] then the indicated
airspeed TABLE (II) is less than the indicated airspeed
TABLE (I + 1)

(2) if 12 and 12 + 1 are in [NTAB1 + 1, NNl2] then the normal
load factor TABLE (12) is less than the normal load factor
TABLE (12 + 1)

(3) if 13 and 13 + 1 are in [NN12 + 1, NN13] then the altitude
TABLE (13), is less than the altitude TABLE (13 + 1)

(4) if 14 and 14 + 1 are in [NNl3 + 1, NN14] then the weight
TABLE (14) is less than the weight TABLE (14 + 1)

(5) if Il is in [I,NTABl], 12 is in [NTAB1 + 1, NNI2],
13 is in [NN12 + 1, NN13], 14 is in [NN13 + 1, NN143

14
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and n is in [NN14 + 1, NF] and is equal to NN14 +
(14 - NN13 - 1) - NTAB3 * NTAB2 * NTABI + (13 - NN12 - 1)
- NTAB2 * NTABI + (12 - NTABI - 1) * NTABI + Il then the
stress TABLE (n) is the stress that corresponds to the
indicated airspeed TABLE (11), the normal load factor
TABLE (12), the altitude TABLE (13) and the weight TABLE
(14).

The positive integers II, 12, 13, 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 = I satisfies this requirement then Il is set equal to 2. If i
is in [2, NTABI] then 11 is set equal to i. If no i can be found
in [2, NTABI] then Il is set equal to NTABI. 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 = NTABI + I then 12 is set
equal to NTAB1 + 2. If j is in [NTAB1 + 2, NNI2] then 12 is set
equal to j. If no j can be found to satisfy the requirement then
12 is set equal to NNI2. Also, a search is made for the integer k
that will determine the smallest number TABLE (k) that equals or
exceeds H(K,KR). If k = NN12 + 1 then 13 is set equal to NN12 + 2.
If k is in [NNI2 + 2, NNI3] then 13 is set equal to k. If no k
can be found in [NNI2 + 2, NNI3] then 13 is set equal to NNI3. A
final search is made for the integer m that will determine the
smallest number TABLE (m) that equals or exceeds W(M,MR). If m =
NN13 + 1 then 14 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 = NTABI NTAB2
NP3 = NP12 NTAB3

these are:

N2222= NN14 +(14 - NN13 - 1) * NP13 + (13 - NN12 - 1)
NP12 + (12 - NTABI - 1) NTAB1 + 11

N1222 = N22 - I
N2122 - N222 - NTABI
N1122 = N2122 - 1
N2212 = N2222 - NP12

15



NI1212 = N221 2 - 1
N211 2 = N2212 - NTAB1
N1112 = N211 2 - 1
N2221 = N222 -NP13

Nl 221 = N2221 - I
N21 21 = N2221 - NTAB1
N1 121 = N21 21 - 1
N221 1 = N2221 - NPI 2
N1211 =N2211 - 1
N2111 = N2211 - NTABI
N111 = N2111 - 1

Therefore, if

MIAT =VI (IIR - TABLE (11-1)
TABLE (I]) - TABLE (I]-1)

M2AT =NZ(JIJR) - TABLE (12-1 1
TABLE (12) - TABLE (12-TT

X3RAT = H(K,KR) - TABLE (13-1)
TABLE (D3) - TABLE (13-1)

X4RAT = W(M,rlR) - TABLE (14-1
TABLE (14) - TABLE (14-T

then
AMP111 = TABLE(N1111) + X1RAT(TABLE(N2111) -TABLE(N1111))

AMP211 = TABLE(N1211) + X1RAT(TABLE(N2211) -TABLE(N1211))

AMP121 = TABLE(N1121) + X1RAT (TABLE(N2121) -TABLE(N1121))

AMP221 = TABLE(N1221) + X1RAT(TABLE(N2221) -TABLE(N1221))

AMP112 = TABLE (N1112) + X1RAT(TABLE (N2112) -TABLE (N1112)
AMP212 = TABLE (N1212) + X1RAT (TARLE (N2212) -TARLE (N1212)
AMP122 =TABLE N1122) + X1RAT (TBLE (N2122) -TABLE (N1122)
AMP222 = TABLE (N1222) + X1RAT(TABLE(N2222) -TABLE(N1222)),

AMPil = AMP111 + X2RAT(AMP211 - AMPiJJ)
AMP12 = AMP112 + X2RAT(AMP212 - AMP112)
AMP22 = AMP122 + X2RAT(AMP222 - AMPi 22),

AMPi AMP11 + X3RAT (AMP21 - AMPil)
AMP2 =AMP12 + X3RAT (AMP22 - AMP12),

a
S(K,J,K,M,IR,JR,KR,MR) = (AMPi + X4RAT(AMP2 - AMP1))-FACTOR

It is seen that the a sixteen points on the T a surface are reduced
to eight points on the =-surface by an interpulation on the indi- a
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 za 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 weight.

Note that the number FACTOR 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
with the main program and subroutines arranged as follows:

SPECA Program (See Appendix A)
- --- TABT

MAINf

CALC TABQ

GUIDE I

GAUSS2

PAGE ;INPUT LDLVL

,LDCEF - GAUS21

MAIN - Main Program - Sets NZER0 and NPSCT to zero and trans-
fers program control to GUIDE

17
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GUIDE -Subroutine - Initially zeros input and output numbers
and after first case zeros output numbers before the
calculations are performed. %GUiDE, tne na In control -
ling subroutine, transfers con,,crol to INPuTr, CALC,f
LOLVL, PRIrITR, and LDCOEF in turn.

INPUT - Subroutine - Reads, in all input data including the
VGH histogram and tuie stress table. Trhere are two
forats for reading in floating point numbers and
three formrats for reading ir, f ixed point numbers.
Tie details of the data input are discussed later in
this section.

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

()NRVi, NRNZ, NRH, NRW
(2) FACTOR
(3) PSIL
(4) AREAN
(5) PS
(6) Stress table
(7), V3H hiLtogram table
(8) FyI, FNZ, FH, FMW

Also, INAID sets NZERO=l for control of data handling
in GUIDE

PAG-HJ - '-'ubrOL~tlne - Writes out page heading indlucing run
ic-e;nt-ification, date and page nurmber

CALC - S:.broutine -Cor,pu-ces PPSI and POPSI

LOLVL -Subroutine - ompjtes PSIL and FIAC

-OOE Subrotine - Computer ALP-A

TABQ - Subroutinc - Called fro.-I CALC to perform the inter-po-
lation discussed 'in Section IV, 13, that computes the
str'ess corresponding to a gwen -indicatec airspeed,
normal %ad factor, aliJ-ude, arid weight.

TABT - Subroutine - called froir. CALC as an alternate to TABQ
for the interpolation to coirpute the stress ccrrespon-
ding to a given indicated aispecd, eciuiva~ent normal
load factor, and altitude.

18



GAUSS2 - Subroutine - Called irom CALC to solve the simu,tdn-
eous equations that are required to pass second order
equations through the point- of PFSI so that the dif-
f..rentiation for PDPSI can be perfor!ried. The sub-
routine uses the Gauss-Jor;an method for solving the

sets o,: simultaneous equations.

GAUSZI - Subroutine - Called from LUCOEF and is used to solve
the set of equations PLD(l) = PS(K,J) * ALPHA(J).
]his subroutine is identical to GAUSS except for a
DIMENSION statement change.

PRINTR - Subroutine - Called from GUIDE to write out computed

output data. In particular, PRINTK prints

(1) PPSI

(2) EXCEED
(3) HOURS
(4) POPSI
(b) PSILL, FRAC

4 EQUIVALENCE TABLES

The technique that has been used in 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 IO,UO0). All input ano output fixec point
numbers are called integers and are contained in NTEGER (dimensioned
10U). To make the program more easily interpreted, EQUIVALENCE
statements are usec tc provide the P and NTEGER rjnibers w-th more
recognizatlf names. ThE 5PLCA prc rim parameter and; ineger aiblcs
are given below.

PARAMETER EQUIVALENCE TABLE
I P Dimension Term P Dimension Term

(1) FMN,FVI I' 12JI (i00) APDPSlki,
2 (1) FNZ 13Cn APDPSI(10 ,
3 (1) FH 1301 (IOC) PSIL(l)
4 (1) FW "100 PSIL('00)
5 (1) FACTOR I,01 (100) FRAC(11,
t3 (1) HOURS 1500 FRAC(10U

Ib{l (100,25) PL'JS( ,1)
4000 PLDSui09,2t;)
4001 ( 5) ALPHA(l)

1 4025 ALPH (25)

19



P Dimension Term P Dimensi on1  Term

100 (1) NT
101 (100) jPSIL(1)
200 PSIL(100)
201 (100) AREAN(1) 5001 (25) VI~i)
300 A.'EAN(100) 5025 VII(25)
301 (25,25) PS(l,l) 5026 (25) NZI(1)
925 P5(25,25) 5050 NZI(25)

5051 (25) HI(1)
5075 HI(25)
5076 (25) WI(l)

1001 (100) PPSI(1 5100 WI(25)
1100 PPSI(100)
1101 (100) PDPSI(1)
1200 PDPSI(100) 6001 (100) EXCEED(1)

6100 EXCEED(100)

INTEGER EQUIVALENCE TABLE

NTEGER FDimension -Term NTEGER Dimension Term

1 (1) IDENT
2 NPF1
3 NPF2
4 NPF3 56 (2) NTB41(1)
5 NPF4 57 NTB41 (2)
6 NT14 58 (2) NTB42(1)
7 NTW4 59 NTB42(2)
8 MONTH 60 (2) NTB42(1)
9 DAY 61 NTB43(2)

10 YEAR 62 (2) NTB44(1)
11 NPSIL 63 NTB44(2)
12 NPSILL 64 (1) NTB21
13 NPS 65 (1) NTB22
14 WMORE
15 NRMN
16 NRNZ
17 NRH
18 NRW
19
20
21 NTB

49 NPAGE

20



5 INPUT DATA

All of the input data described below is 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
IDN PIJO 00NT4t4W MONTH DAY YEAR NP'SI NPSILLI'NPSij2

715 Format

NRVI NRNZ 'NRH INRW oTTI]3N
72H Format

Run Description

72H Format

Run Description

315

6E1U.3 Format

FVI FNZ FH FW FACTOR HOURS

315 Format
100 +I o1 NPSIL 1

21



6E10.3 Format

PSIL(1) - PSIL(NPSIL)

315 Format

2011 200 +
JNPSILL

6E]O.J Format

AREAN(1) - AREAN(NPSILL)

If NPS > 1 go to (a)

If NPS = 0 go to (b)

(a) 315 Format
3- ' N, 301

6E0.3 Format

PS(I,I) - (PS(NPS,I)

315 Format
32. 5 + '

6E10.3 Format

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

22



315 Format

351, 1
:NPS

6E10.3 Format

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

315 Format
[01 + 300 +
25(NP S (NP S-l1) 1

1- 2b+NPS

6E10.3 Format

PS(1.,NPS) - PStNPS,NPS)

(b) If NT14 > 0 go to (c) to read N114 table(s). For the first
run in a computer input the stress table ana the VGH histo-
gram table must be read. Subsequent runs may require no new
tables (NT14 =0), one new table (NT14 1), or two new tables
(NTI4 =2).

If NT14 = 0 go to (g)

(c) 5110 Format

7jjVTB1NTAB2jNTAB3 NTAB4 I (Stress table control cards)
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6E10.3 Format

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

6E10.3 Format

TABLE(NTABI+I) - TABLE(NN12)
(normal load factors for the stress table)

6E10.3 Format

TABLE(NN12+l) - TABLE(NNI3)
(altitudes for the stress table)

If NTB = I go to (d)

If NTB = 2 go to (e)

(d) 6E10.3 Format

TABLE(NNl3+I) - IABLL(NNl4)
(weights for the stress table)

6E10.3 Format

TABLE(NN14+I) - TABLE(NF)
(stress amplitudes for the stress table)

(see Section 3.2 for ordering of these entries)

go to (f)

(e) L10.3 Format
WTIB3

(ref. weight)J

6EI0.3 Format

IABLE(NN13+1) - TABLE(NF)
(stress amplitudes for the stress table)

(see Section 3.2 for ordering of the .i entries)

(f) 5110 Format

21 T NT4231 ](VGH histogram control cards)
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6EI0.3 Format

VII(l) - VII(NT421) -

(indicated airspeeds for VGH histogram table)

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

111(1) - HI(NT423)
(altitudes ior VGH histogram table)

WI(J) - WI(NT424)
(weights for VGH histogram table)

a VI1(NT4dl).NLI(NT4ZZ),HI(NT423,WI(NT424))

(load occurrences in VGh histogram table)
(see discussion below for ordering of these entries)

(g) END OF FILE

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

(1) IENT run number
(2) NPF1 = i if N 1

J + N if N .
p p

(3) 0
(4) 0
(5) 0
(6) N114 - the number of quadruple tables to be read (for

this count the stress table and the VGH histogram
table are each considered quadruple tables.)
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(/) NI,44 =  I for pri nt of quad~ru pi- tLil1.d s
= 0 otherwise

(8) MONTFH - month in date for paUl c h ading
(9) DAY - day in date for page hoadin i

(10) YLAR - year in date for page heading
il) NPSIL N

(12) NPSILL t.
(13) NPS - Ifhe number of control poinLf; i0 N I NPS 0

if N I
p

(14) 21

The second card contains seven fixed ,lnt numhers arran(jed
in 15 fields. In order these entries are

(I) NRVI = NR
V.

(2) NRNZ = Nn

(3) NRH = N z

(4) NRW = NR

w

(5) 
0

(6) 0
(7) NTB = I if the load occurrences in the VGHi histogram de-

pend on indicated airspeed, normal load factor,
altitude, and weight.

NIB = 2 if the load occurrences in tne VUH histogram de-
pend on indicated airspeca, equiv&lent normal load
tactor, a:nd altitude

The third and fou.^th cards cO:i.a in a72Hfic.ld each fcr" the pur-

pose of ru-.. description, etc.

The fifthi carJ contains 1, 6, and 1 4y, 15 field,.

The sixth care coi'ains six floating point numbers
arranged in ElO.3 fie'.ds. These six numbers are placed in
the follmoing order:

(1) FVI = vi N V +1)

26
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(2 FNZ = nz (mnz +1)

(3) FH = h(Nh+l)

(4) FW = w(Nw+l)

(5) FACTOR - stress scaling factor
(6) HOURS - number of hours of data in the VGH histogram

The seventh card contains the three fixed point numbers 101,
i00 + NPSiL, 1 in order in 15 fields. NPSIL ,nust not exceed
lUG,

The nexL Cdru(s) contain(s) the numbers PSIL(1) through PSIL(NPSIL)
in LIG.3 fields, six numuers per card.

The nexL entry contains the fixed point numbers 201, 200 +
NPSILL, 1 in order in 15 fields. NPSILL must not exceed
100.

Foilowing this card the floating puint numbers AkEAN(1)
through AREAN(NPSPh), arranged in E1O.3 fieids, six num-
bers per- card, are eltered.

It PS = 0 then the PS matrix is omitted fruin The input deck.

i1 tPs i then Lhe PS natrix is placed next in the input
aeck. PS i oiimensioned (25,25) and is equivalenced to
t such that Pk301) - PS(I,l). lherefore, it follows that
P(JOO+flFS) PS(,PS,i), P(326)-- PS(I,2), and P(301+25(APS-1))

}'S(lNPS). Consequently the NPS biocks of oata are read
it is roilows:

Hirst block -

Ine first card contains the fixed point numbers 301,
300+NPS, I arranged in 15 fields.

The next entries are the floating point numher's FS(l,l)
through FS(NFS,I) in ElO.3 fields, six numbers per
card.

Second block -

The first card contains the fixed point numbers 326,
325+NPS, 1 arranged in 15 fields.
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The next entries are the floating point numbers PS(l,2)
through PS(NPS,2) in ElO.3 fields, six numbers per card.

fWSth block -

The first card contains the fixed point numbers 301+
25(14PS-l), 300+(NPS-l)(25) + NPS arrarged in 15 Fields.

The next entries are the floating poinL numbers
PS(I,NPS) through PS(NPS,N*S', in EiO.3 fields, six
nimbers per card.

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

If I = I then the entr , is te streis table where there are
NP = NTA31 " NTA32 "N A33 - NTA4 points de.:ined by NTABI
indicated airspeeds, NTAB2 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 n ii5 fields ir, tie orde'

(1' 1

(2) 'TtK
(3) NTAB.2
(1) F:P'E3
"r,) NTAB4

The next card s)contain(s) the indicated airspeeds (floating
puiot numbers) TABLE(l) thruugh ,ABLE(ITAB1) arranged in
EiO.6 .:ields, six numoers per card.

Tne next entries are tne normal loaa factors TABLE(NTABI +1,
Nh12) (see paragraph 2 for definition of arguments) ar-
ranged in E1O.3 fieids six numbers per card.

Next, the card(s) that cuntain the altitudes TABLE(JNi2II)
through TABLE(NNl3) 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(NNl3+l)
through TABLE(NN14) arranged in ElO.3 fields, are entered with
six numbers per card.

The next card(s) contain(s) the stresses TABLE(NNl4+) through
TABLE(NF) arranged in ElO.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 ElO.3 field.

The next card(s) contain(s) the stresses TABLE(NNI3+l) through
TABLE(NF) arranged in ElO.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 I = 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 15 fields in the order

(1) 2
(2) NT421
(3) NT422
(4) NT423
(5) NT424

Following this card are the card(s) with the indicated airspeeds
(floating point numbers) VII(l) through VII(NT421) arranged in
E1O.3 fields, six numbers per card.

The next card(s) contain the normal load factors NZI(l) through
NZI(NT422) arranged in ElO.3 fields, six numbers per card.
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Next are the card(s) that corto 1 , tiw ilti (uI)
thro gh HI (I'12J) arranged 1 r L(.- 1 ., h urur-
per cird.

The weight entries i, ) though :iI 'i K4) a' rvu-d in
E10.3 field, six iumbers par car(;, ace next.

The final cari(s 2 in the ','Gi i:0 :, 1i i e (_ c'. ar( t ., loadi
oczurrences in regiors defined -y te i icaed .ir-pd;,
nor-ma. load factors, altitu'es, ant. w iiY ,tS. If -I s i n
[1 ,NP] then t1ese ert'ies are : (VI I 1 ) ,Z (I I ) , 'A(i), I1(1
through ya(vII(NT4?I), NZI(0T4?2), :4'T?3, W1 NT,124,'
arranged in ElC.3 Lie'ds, si nunibe [e. o ::?yd. If i is in
rlL ,[T4,'l], j is in Li,NiT422j, '. is i L aniJ - is in
[1,N'IT424] then the stress that cr -2-.j i.ds to VII(i),
NZ(j), FI(k), WI(m) is the((m-l) 'T4 '21 !T429 ' NT423 +
(k-i) NT421 * NT422 + (j-l.) ' T421 i) L entrv on these
cards. The number NT421 + NT422 + %T123 f T 424 4 NT421'
NT422 NT423 * NT424 must riot exceed 2000.

U SAMPLE PROBLEM

A sample run is presented for the purpose of acquaintinq the
user with the input data cards and the output. Vhe ,irta used
does not represent any particular aircralt or usaqe. It is as-
sumed that two control points are sufficient in this case to de-
fine the full scale aircraft fatigue spectrum. The input cards
are as follows:

10 5 0 0 0 2 3 2)U 19713 2 3 12 2 21
2 2 2 2 0 0 1

CHECK OUT RUN FOR SPECA PROGRAM
V G H DATA IN TABLE CONTROL POINT NULIMBER 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 281000.0 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

2nl 212 1
0.05 0.10 0.20 0.25 0.30 0.4q
0.50 0.60 0.70 0.80 0.90 0.95

301 302 1
20000.0 35000.0
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'iv'

320 327 1
25000.0 30000.11 3 3 33

300.0 500.0 600.0

3.0 6.0 3.0
5000.0 20000.0 35000.0
2500.0 30000.0 35000.0
20000.0 22000.0 25000.0 42000.0 43000.0 46000.0

55000.0 57000.0 58000.0 17000.0 18000.0 20000.0

32000.0 34000.0 35n0.0 51000.0 53000.0 54000.0

15000.0 17000.,, 13000.0 26000.0 28000.0 29000.0

41000.0 42000.0 44000.0 24000.0 26000.0 29000.0

46000.0 47000.0 50000.0 59000.0 61000.0 62000.0

21000.0 22000.0 2400C.0 36000.0 38000.0 39000.0

55000.0 57000.0 5800C.5 19000.n 21000.0 22000.0

30000.0 32000.0 33000.0 45000.0 46000.0 48000.0

27000.0 29000.0 32000.0 49000.0 50000.0 53000.0

62000.0 64000.0 650/0.0 24000.0 25000.0 27000.0

39000.0 41000.0 42000.0 58000.0 60000.0 61000.0

22000.0 24000.0 25000,0 3300.0 35000.0 36000.0

48000.0 49000.J 51000.0
2 3333

350.0 450.0 550.0
4.0 5.0 6.0
10000.0 2000000 30000.0
30000.0 32000.0 34000.0
500.0 1000.0 600.0 1000.0 1100.0 600.0
700.0 770.0 7700.0 100.0 4000.0 600.0

1000.0 100.0 1000.0 700.0 2000.0 600.0

6000.0 1000.0 4000.0 600.0 6000.0 1000.0

700.0 1000.0 6000.0 3000.0 600.0 700.0

1000.0 200t).0 50 I .0 4000.0 700.0 1000.0

500.0 4000.0 60,009.0 700.0 7000.0 7700.0

4000.0 2000.0 700.0 500.0 3000.0 500.0

1000.0 600.0 3000.0 1000.0 500.0 5000.0

700.0 4000.0 600.0 3000.0 4000.0 400.0

1000.0 100.0 500.0 5000.0 5500.0 4000.0

500.0 1000.0 70.0 500.0 5000.0 3000.0

600.0 6000.0 3000.0 2000.0 4000.0 3000.0

1000.0 2000.0 20", -0
100 0 0 0 0 1 1 8 30 1973 23 12 2 21

2 2 2 2 0 0 1
CHECK OUT FOR SPECA PROGRAM
V G H DATA iN TABLE CONTROL POINT NUMBER 2

1 3 3 3 3

300.0 500.0 600.0
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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 46000.0 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

Based on this input the following output listing was obtained.
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SECTION IV

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 I 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 quarter 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

PER IOD TYPE HOURS + COUNTS - COUNTS TOTAL
COUITS

2Q 72 CONUS - 196.87 13981 4541 18522
2Q 72 SEA AA 65.84 4047 662 47092Q 72 CONUS AG 251.70 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

4Q 72 CONUS AA 184.92 9404 3138 12542
4Q 72 SEA AA 164.35 7862 1933 9795
4Q 72 CONUS AG 89.16 5959 1265 7224
4Q 72 SEA AA 502.09 28254 4819 33073

IQ 73 CONUS AA 123.18 7983 2231 10214
IQ 73 SEA AA 133.96 6100 1358 7458
IQ 73 CONUS AG 194.38 17828 4001 21829
IQ 73 SEA AG 933.87 42342 8229 50571
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APtFENDIX - SPECA PROGRAM LISTING

The listing given below is a FOR'kAN extended language
rc~utie. This listing contains all of the statemlents for
the version described in the Introduction of this report.
Section, 3.3 gives a brief descript~on of eac'i of the sub-
routines in this listing.
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