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elude its chance of failure once it has been installed in the
vehicle. This approach is attractive not only because of
its technical soundness, but also because of the economically
responsible manner in which it can be accomplished.

With respect to the cost of testing, in the erection to launch
cycle of 19 vehicles taken in consecutive order from two
programs, there were 3693 airborne and ground system com-
ponents replaced that resulted in 17 successful flights and two
catastrophic failures.

Add to the 3693 component replacements the irrefutable
fact that they all occurred at the most expensive end of the
development to launch sequence, as illustrated in Fig. 2,1
and you have the premise for the basic conclusion which
resulted from this investigation.

Over the past several years, some form of a successful
Combined Systems Test or Simulated Flight has attained
the status of being almost synonymous with successful flight.
In fact, every vehicle that flew successfully was preceded
by a successful Combined Systems Test. It is also a fact
that every vehicle that failed was preceded by a successful
Combined Systems Test.

This type of test is effective for examining the status of
electrical components in a nonflight environment and for
determining the integrity of system interfaces, but it cannot
detect incipient, dynamic failure modes, and it has not proved
useful in detecting or preventing the basic cause of flight
failure.

An analysis of all of the flight failures included revealed
that 90% were mechanical, electro-mechanical, or structural.
Of these, some 48% occurred in components involving no
moving parts. The remaining 52% involved mechanical
or electro-mechanical components that utilized moving parts
to perform their function. This ratio points out that the
seemingly "simple" mechanical and structural components'
relevance to flight failure is equally as significant as the more
complicated components with moving parts.

From the flight data, it was determined that mechanical
failures usually occur on parts under stress or operating
conditions that take place only during the dynamics of flight,
and therefore cannot be tested on the assembled static vehicle.
Again, the same conclusion is supported. Adequate pre-
flight testing on most mechanical or electro-mechanical com-
ponents can only be conducted during design development,
qualification, and acceptance testing.

Throughout the research that went into the preparation
of this study, we were also frequently exposed to discussions
and reports dealing with circumstances that ostensibly pro-
hibit the conduct of adequate testing. There were indica-
tions that this impossible-to-test situation is sometimes
underwritten by economic restraints, by compression of
time, by design limitations, or by the very nature of the
devices to be tested.

We noted, however, that subsequent to flight failure, no
component or system, even those previously labeled "im-
possible-to-test," escaped exhaustive scrutiny. All systems
and all components were suddenly "testable." We found
that no impossible-to-test cases existed when: 1) all develop-
ment failures were treated as though they were flight failures
and received the same corrective action that would have
been afforded a flight failed component, or 2) testing was
done to the flight environment before the failure instead of
after, by applying the same foresight to the development
and acceptance tests before flights as was done after flight
failure.

The economic gains of designing for test are yet to be fully
recognized. In the large launch vehicle systems studies,
we found many very real limitations still exist in performing
checkout operations. Although electrical checkout, in more
cases, has been automated to a sophisticated level, there
are still mechanical operations which are reminiscent of the
white scarf and goggles era. Connectors must be mated
and demated; simulators and test tools must be installed

and removed; personnel access must be made to various
areas of the vehicle with no reasonable provision for such
access; facility requirements of a massive and complicated
nature result from a reluctance to accommodate vehicle
design with simple preparation and checkout provisions.
This study disclosed that, conservatively, 30% of launch
site test crew effort was expended exclusively on maintenance
of facility and ground equipment which had only a secondary
relationship to launch vehicle activity.

In our investigations, we found that the test sequence
which a component follows from its physical inception to
flight is essentially the same for all missile and space systems.

Moreover, elements of development, qualifications, accep-
tance, subsystem, and then flight simulation are in logical
order. The illogic of this scheme stems from a fundamental
lack of definition of what each of these basic elements is
expected to accomplish; in short, missile test and launch
organizations have no clearly defined philosophy behind
testing.

The cost of detecting and correcting defects rises sharply
as the point of detection moves closer to flight, with the
ultimate price being paid when detection occurs during flight
itself. On the other hand, there is little understanding, and
no clear policy, that launch operations testing can only be
economically useful when it is involved in determining system
interface integrity and not in weeding out defective com-
ponents that should have been eliminated prior to the vehicle's
arrival at the test range.

The large complements of personnel necessary today to
operate and maintain launch operations can be substantially
reduced if the test engineer will bring his experience to bear
on the design concept. The fundamental responsibility for
the serious development of these solutions rests with the test
organization itself—and it has, literally, done little to solve
them. The course this nation's space effort follows over
the next several years may well be affected by the insight,
the energy and the shrewdness which launch operations
organizations apply to maturing their role in the aerospace
community.
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Nomenclature
Cp = surface pressure coefficient, 2(p — p^/ypnM*
CpA,Cp

B = values of Cp for 7 = 7/5 and 7 = 5/3
CP

R = value of Cp at a = 0 with 7 = 7/5 for the same M,
Bc combination for which CP

A — CP
B is being ex-

amined ; i.e., CP
R = (CP

A )a = 0
K = hypersonic similarity parameter, K = M sin0c
M = freestream Mach number
p}pa> = surf ace pressure and freestream pressure
7 = ratio of specific heats
Oc — cone half-angle
a. = angle of incidence
<£ = circumferential angle;

of symmetry
= 0 is the windward plane
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THE author has recently computed flowfields about yawed
conical bodies in supersonic streams. The method is

given in Ref. 1, and results for circular cones with half-angle
Be ranging from 5° to 40°, Mach numbers from 1.5 to 20, and
relative incidences a/0c up to ~ 1.0 are given in Ref. 2, all
for 7 = constant = 1.4. In the present Note it is illustrated
that over a large range of M, 6C, and a/0c the values for Cp
with 7 = 5/3 differ by only ~2% on the average from the
values obtained with 7 = 7/5.

Approximate Analytical Formulae for Cp

Two types of approximate solution are available: slender-
body theory applicable to small changes in quantities, and
the solution based on hypersonic conditions. Slender-body
theory3 is based on the assumption that quantities change by
only a small amount both across the shock wave and within
the flowfield, hence it is applicable to conditions of sufficiently
small K. Surface pressure predicted by slender body theory
shows excellent agreement with the exact solutions for small
K for all values of a/6c considered.2 Since Cp has no depen-
dence on 7 in this theory, it is to be expected that Cp is almost
Constant for values of K sufficiently small. This prediction
turns out to be true of the numerical solutions as will be seen
later.

Several approximate formulas are available for Cp under
hypersonic conditions. Cheng's4 formulas are accurate for
large M and to second order in a. Lees' fairly complicated
pressure formula5 is not accurate when K is small. Rasmus-
sen6 derived a simple approximate pressure formula for hyper-
sonic flow past an unyawed cone using hypersonic small
disturbance theory and showed that the formula, for 6c's of 5°
and 30°, is quite accurate when K > 1. In this Note Rasmus-
sen's pressure formula is considered so as to give some indica-
tion of the pressure variation with 7. Although this formula
is applicable only to zero incidence, this is sufficient for our
purpose, since incidence variation can be accounted for by
tangent cone approximations.7 The Cp formula given by
Rasmussen is

sin20c
= 1 + (7 + + 2

(7 - + 2 logi\ 2 + K2/^ a)
Using this formula it is found that (CP

A — CP
B)/CP

A is small,
increasing from 1.5% at K = 1 to 2.6% at 1^= oo (see Fig. 1).
With this evidence of little difference in Cp for the two values
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Fig. 1 Relative pressure differences at zero incidence vs K.

of 7 being considered, it appears to be worthwhile to examine
the differences for various M, 6C combinations, as follows.

Numerical Solutions

Numerical solutions are obtained by the method described
in Ref. 1. In this Note we examine (CP

B — CP
A) relative

to CP
R, which is taken to be CP

A at a = 0° for the same M,
Be combination. Table 1 lists, for all circumferential angles
0, some typical values of CP

A, CP
B and the relative differences

as just defined. It can be seen that the difference is practi-
cally zero for the results where slender-body theory would
apply and appears to be in agreement with what is expected
from Rasmussen's analytical formula (except for the 40° cone,
where the errors are a little higher than those predicted by
Rasmussen; see Fig. 1). On examining the relative differ-
ences for conditions between slender-body and hypersonic
it is observed that the maximum error appears to be about 4%
(see the last line in Table 1). It is also seen from Table 1
that, at incidence, the relative differences for a given M, Bc
combination are, in most cases, characterized by the dif-
ference at zero incidence for the same Mach number and cone
angle combination.
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Table 1 Cp values and relative differences; upper line CP
B, middle line Cp^, lower line 100 [(CP

B — CP
A)/CP

R]

M Bc K Oi/Be = 0 OL/Be 22.5 45 67.5 90 112.5 135 157.5 180
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5 0.26 0.0283
0.0282
0.3

10 1.21 0.0710
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1.6

20 2.39 0.2591
0.2531
2.4

30 4.0 0.5468
0.5313
2.9

40 4.5 0.9155
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3.9
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0.6

0.2
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0.0379
0.2
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-0.9

0.3907
0.3851
2.2
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Table 1 Symmetrical 33 weight digital high-pass
filter with transfer function given by Eq. (4); At = \ sec

Analysis of Jimsphere Wind Profiles
Viewed in the Flight Time Domain of

a Saturn Vehicle
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NINE hundred Jimsphere wind profiles obtained over
Cape Kennedy, Fla., between November 1964 and

May 1967 were used for an analysis of horizontal wind speeds
viewed by a Saturn vehicle in an AS-504 trajectory. Each
profile was evaluated at J-sec intervals of AS-504 vehicle
flight time and high-pass-filtered to remove low-frequency
fluctuations that would not involve significant control and
structural responses in the vehicle. This paper describes
the distribution of gusts, gust variance, and spectrum densi-
ties observed in these profiles.

Gust Profile Definition

Vehicle response characteristics are usually defined in
terms of temporal frequency / (cps) rather than spatial fre-
quency K (cpm). As a vehicle ascends with vertical ve-
locity v(f) through the atmosphere, wind fluctuations at
spatial frequency K are seen by the vehicle at frequency /
given by

Kv(t) (D

Thus, for example, the fluctuations in the wind profile at
K = 2.74.10 ~3 (cpm) as seen by a Saturn vehicle increase
from/ = 0.534 cps at 4 km (v = 195m/sec) to/ = 1.00 cps
at 12 km (v = 365m/sec). Since the first bending mode
frequency of a Saturn 5 vehicle is approximately 1 cps,
the fluctuations at K = 2.74.10 ~3 cpm are more important
at 12 km than at 4 km. Innumerable spatial frequencies
exist for a particular critical value of temporal vehicle re-
sponse frequency; therefore, it is necessary to transform
the spatial fluctuations of wind profiles to temporal fluctu-
ations as seen by the vehicle.

The general procedure suggested in Ref. 1 for deriving gust
profiles is used for this study. Jimsphere wind profiles are
transformed to vehicle time coordinates by evaluating them
at altitudes Z (km) corresponding to the time, t (sec), from
launch at intervals of time A£ (sec), according to the least-
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Time Numerical weights

t
AJ + AZ
2 A* + 2AJ
3A£, etc.

0.951844
-0.047848
-0.046936
-0.045453
-0.043457
-0.041013
-0.038222
-0.035162
-0.031935
-0.028634
-0.025346
-0.022151
-0.019110
-0.016288
-0.013689
-0.011364
-0.009314

squares quadratic fit to the Saturn AS-504 trajectory given
by Jacobs2:

Z = 2.98416 - 0.14889* + 0.00330*2 (2)
Z calculated from Eq. (2) deviates less than 1.7% from the
AS-504 trajectory for the time interval from 50 to 95 sec
(Z = 3.855 to 18.530 km). The time interval A* was chosen
small enough to include all Jimsphere data up to 17.2 km.
Assuming that a Jimsphere profile contains independent
estimates of wind over 75 m altitude intervals, the time
interval A* (sec) between independent wind estimates as
seen by a vehicle is 75/0(0; at 17.2 km, for Saturn AS-504,
v(i) = 450 m/sec, hence A* = -g- sec.

The transformed wind profile is an approximation of the
profile "seen" by the vehicle; the accuracy of the approxima-
tion for space vehicle studies is not yet known and may only
be determined when the statistics of vehicle responses derived
from simulated flights through Jimsphere wind profiles are
compared to the same statistics derived from wind profile
data obtained from sensors which traverse the atmosphere
in space-time coordinates that are similar to those of space
vehicles.

The fluctuations of interest, which will be referred to as
gusts, are characterized by their influence on space vehicle
control and structural excitation frequency modes. For a
Saturn vehicle significant response to wind fluctuations occur
at the control frequency (~0.2 cps) and at the first and
second bending mode frequencies (~1.2 cps). Wind profiles
which have fluctuations at frequencies >0.2 cps are defined
as gust profiles. Gust profiles were calculated by application
of a 33 weight digital high-pass filter which has a transfer
function of the form

H(f) = 1 - exp[-39.2///J2 (3)

0.0
001

f (CPS)

Fig. 1 Transfer functions of Alfriend exponential low-
pass and high-pass filters for a sampling frequency of

6 sec-1.


