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Abstract

A
Launch~induced vibration environment forecasts

have been nade for locztions in major Ground Sup-
pert Svstem (3SS) structures at the Vandenberg AFB

Sruttle launch facility (V23). These forecasts
were made by coupling 2 mcdel for the Shuttle rock-
et acoustics with observed vibrations of (SS struce-
tures due tc charge cetonations over the Launch
Mount. The forecasts indicate that launch environ-
pents a3t twe locesticns will exceed levels of con-
cern estatlisred for this study. First, the pcten-
tial exists for pourding betweer the Payload
Changeout Reo~ (PCF! ard the transfer tower of the
Pavload Prejarsa: Soon (PPR), Second, accelera-
tions exceec:ing are forecast for the floor of
the Orbiter Fun nal Sirulator Room (OFS) in the
Addministration Building (AB). At 8ll other loca-
ticns motion levels were found to be significantly
below the criteriaz estztlished for the respective
sites.

I. Introcduction

The Air Fcrce Spzze Division (SD) has estab-
lished a reguirerer: = forecast the vibro-acoustic
environ—ent for <the Space Transportation System
($7TS) laurches at VI®, the Vandenberg AFB Shuttle
launch facility. Trese forecasts would be used to
aid desizn, cperazticnal planning and lifetime pro-
jections for ¢ 2ility. Existing data were in-

[7. 2 4
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adequate to ce ite the phasing of pressure loads
cn the structures 2t V23, an essential property for
estimating the inZ.ced vitrations of structures,

This paper ccwe-s cre phase of a comprehensive
study undertzzern tc previde the required forecasts,
In particulzr, the mctior predictions for three of
the GES facilities located near the pad are dis-
cussed, Other elerments cf this study included the
deveicpnent of & mols. fcr the STS rocket acoustic
emissions ' and fcrecasts of the acoustic environ
nent at V23,

tal R

Lzuna* Facility

* shows @ ;lasn view of the Vandenberg
Feur major structures are lo-
cated within -I7 reters ol the Launch Mount; the
Payload Prepz-zticn Boc- (FPR), the Paylcad Change-
cuyt Pocm (PP, :ke Mebile Service Tower (MST), and
thec Shuttle fsse~tiyv E...72ing (SAB). This facility
is in shary cont- ast ith the launch pad area at
Kernedy Space Zerter (KSI' which is essentially 10w
cated in an oper, flat field. The nearest major
structure at ¥SC is located at a distance greater
than four kilc-eters froz the pad.

Figure
launchk rcomplex, Vei.

The buildings at VZ3 range from 55 to 25 meters
in neight and are primarily steel frame structures.
With the exception of the transfer tower, however,
the PPR is of concrete construction., The PCR, MST
and SAB are mobile allowing the buildings to move
up to the Launch Mount. As shown in Figure 1 they
are in launch configuration,
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Fig. 1 Major structures at V23.

The close proximity of these large structures
to the Launch Mcunt is anticipated to greatly alter
the acoustic pressure field over the pad area as
compared to that observed at KS{. This will result
from multipathing and backscattiering of the Shuttle
acoustics, It is apparent that pressure loading
models used for vibration forecasts at V23 can not
be based on unmodified acoustic data from simula-
tions of or actual Shuttle launches at KSC.

II1. Trne Si-ulation Procedure

The launch-induced vibration forecasts pre-
sented in this paper were obtained by ccupling an
acoustic emissions model for a typical Shuttle
launch at an open, flat earth site (KSI) with the
observed vibraticns in V2% facilities due tc a
series of small charge detonations aleng a typical
Shuttle trajectory. The explicit simulation algo-
rithn can be developed ty breaking the Shuttle tra-
Jezstary into 2 series of discrete source locations,
The theory of linear, time irvariant systems is
ther applied at each discrete source.

Under this development, otserved vibrations in
the structures due tc known pressure scurces, Such
as sma.l charge detonations collocated with the
discrete Shuttle scurces, can be viewed as systen
response functions, Trese respcnse furnctions ine-
ccrporate all site particular proyse tion effects,
such as multipathing and backscattering, that de-
fine the phasing of loads on the structure and the
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structural responses to the loading. The effective
driving force for this system is a wavelet that
mocifies the explosive acoustic source to match the
spectral and temporal characteristics of the STS
acoustic emissions, A short derivation of the sim-
ulation algorithm follows.

The Simulation Algorithm

A pressure load, d(t,y), applied to a structure
a location defined by the coordinate vector y,
produce a motion, ”k(tvlvl) at some other lo-
ion specified by the vector x. The subscript k

tifies the component of motion. Assuming the
vcture tehaves as a linear, time invariant sys-
-, +here exists an impulse response wavelet,

r (t,x,y), ccnnecting the driving load and each
cc—ﬂoner’ ¢f the induced mctions such that

- er

~on £ oW
v
ot s
o

r o
T °

-

o
o
a

u (t,x,y = hk(t,l,l)'d(t.x) dA (1)
where MA is the area over which the load is ap-
flied ard ire asterisk represents convolution, The

i=c.lse recsponse function is unique in the sense
it is g preperty of the structure and inde-

rencent of tne losding function, d{t,y).

e

Using 2 scperscript S tc represent the Shuttle
ernvircnment and a superscript E for the explosion
corzitiors, eguation (1) can be written for the ex-
Flasiorn scurce as

y)‘d (t,y) &A (2)

v 1,
= " =

ar2 fcr a Snuttle source by
Sexyieh ftx, )4 (t,y) oA (3)
w it xyien t,x,y)tav(t,y) 3

vl it 1identical 1in both equations.
frequency domain representatiors are

f, X,X/D (f.l/ dA (L)

~

fer the fhittle launch., The impulse response func=-
ticn, H,’f.x,y] czn be evaluated from equation (&)
as *he spe tral ratic of the explecion motions to
tre explcsi.e 2riving force, both of which cet be
cttained empi-iczally. Substituting this quantity
into equaticr ‘T yields

< T

EERLES BT .x,x)[D f x;/D (f,y)] (€3
n2 relates the otcerved explosion-induced motions

to the STSeirguced mections.
ke spectral ratio of the driving
S, oTI. For a common atmosphere,
H ical accustiz propagation is jtself a linear,
time invar,ar. System, If the explosion and the

[e}

is2rete Zruttle acoustic signals can be repre-
se-ted as prcpagating from collocated point (mcno-
cle) sources, then extrapolation of the pressures

from any reference location, specified bty the vec-
tor z, to the point of load application can alsc be
shown to be represernted in the for~ of equaticr (1)
or in the spectral domain by

f,y.2):HP(f,y,20P(f,2 (7

where Hp(f.x.z) is the propagation response funce
tion and P(f,z) is the spectral representation of
the pressure wavelet at a2 location specified by the
coo¥dinate vector z. As before, Hp is independert
of the type of source driving the system anc the
spectral ratio of the driving functions is

s E s £
P(7,y,2)/D7(f,y,2)=P"(f,2)/P (f,y,2} (8)

and is sclely dependent on the source character-
istics, including location, and is incdependent cf
the point of load applicatior or the structure.

Substituting equation (8) into equaticn (€)
provides the fundamental relationship between the
STS- and explosion-induced motions, or

< E
U;(f,l,l,_)=U;(f,1,X 23 [P (f z)/? (f,231 &8 {9}
and with conversion into the time domain
So E’ ‘e 4 ]
“k(“'i'l'i)=“k~tvlvl 27%v(t,z) 44 01e

wrere v(t,z) is some wavelet, referred o as the
driving wavelet, defined by the inverse transfcrn
of the spectral ratio of the pressure functicrns fer
the STS and the explosion acoustics evaluzted at 2
ccmmon reference location,

So far this derivation has treated the rotions
at x due to the load aprlied at a single po.“t on
the surface of the Structure specified bty the vec-
tor y. In fact, the loads are distrituted cver tne
erntire surface of the structure and the roticns for
an ST3S source, uk(t,l,z‘. are given by ‘he integrel
of “k(tvl'l'i) over the surface of the structure,
or from equation (1C)

3 £ .
uk(t.l,g):‘/;k(t.l.i.gf'v(t.g)dﬁ. (1

ks v(%,2) is independent c¢f the load arplization
pcint, the integral reduces to

8 -
u (t,x.z):uE(t.x.z)'v(t.:) (vc)
L A =
where uE(t X, 2) is the total motion, chserved at ¥,
produced bv an explosion along the STS trajezior:,
Tris is the actual quantity measured by reccrdirng

~ctiors produced by a charge detonation.

Equa*ion (12) provides the fundanmerte!
rith~ used in this paper tc sirulate tre
vitration environment at V23, This eguatisr
vides the predicted mctions at a given
whe~ the Shuttle source is located at the
iticr as the explcsicn., 7o simulate a mov
B

tle source, one need orl sum, with orpr
time deiays, the nctiorn con:ributions fro~ each
ciscrete source lccation.
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The Driving Wavelet

What remains, then, is to cefire the Zriving
wavelet, vit,2) used in equatior .'l'. Fro- equa-
tion (9), the spectrum of the <Zriving wavelet,
V(f,2), is defired as the spectrsl ratic of the s7s
pressure sigral to the explosicr wivelel at sorme
reference pcint It is noted that the derivation
given above assumes that both the exylcsiorn and the
STS acoustic signals can be descritec a:z equivalent
point sources, at least at each of the discretized
source locstions,

It is apparent that the accoustic cutput of a
sra2ll elevated charge, cbserved at Zistarc
times larger than the source & :
represented as emanating frem & p
trer, trhe accustic erissicns prof
r the laws g:;eﬂJ

the source unde

acoustics. Fer a 11
away frerm ots M
wavelet ras a spectral form giver ty

P (f,r):\rc/"G (f, o ) (32)

where f is freguency, r is the scuri#? tc cts
arge, rC ig 3 reference rarge, =2 7.0, !}
spectrezl representation of the pressire w
ro. The exz:t form cof GL(f.* P is ¢f nc ¢
quence in the derivaticn, howeve-, It was determine
ed empirically and is shown in Figure &
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Fig. ¢ PEZ ¢f charge and ITS scurces,

It rac been shown in previcus stiilies that the
acoustics of tre STS rocket motcr extaust cam also
be adeguately cescribec at a flz. earth site and
for limited £s i
ric sou-2e¢ traveling wi
beicw it 317 tre exhaust fplume. ', c
launch, sign:ficant acoustic loazs are otserverl at
the ground for approximately 20 sexcrds feollowing

‘o

— T

2in engine ignition. Once clear of the ground,
the spectral shape of the acoustic signal remains
relatively constant and is well descrited by a
theoretical form proposed by Powell for undeflect-
ed, plume generated acoustics, The most sigrifi-
cant divergence from this shape occurs early in the
launch when the exhaust plume interacts with the
ground and during Solid Rocket Booster (SRE) igni-
tion. At these times pressures of concern are low
compared with peak values and the change in spec-
tral shape is not expected to greatly affect the
forecasted results,

While the spectral shape remains reasonably
constant, the level of the spectrum, as ctserved at
a fixed point on the ground, changes thrcughcut the
launch, This varjation occurs in part as a result
of increasing range of the source but, more signif-
icantly, due to directivity of the rocke: source.
For a2 fixed observer, source directivity and range
effects can be equated tc 2 time dependert strength
variation.

Mathematically, the S7TS acoustic pressure
spectrum at a fixed point can be modeliel as

P8, r)eG (P INCEIE(E,r)] (14
<
where r is range frenm the source, G7{f,r) is the
best fit of the Powelil theoretical spect-ur tc ob-
served STS acoustic spectrun at the ti-e of peak
pressure loading, N{(f) is the spectrun of & zero
mean, unit variance rncrmal process and B(f,r) is
the spectrun of ar envelcpe furction which provides
the correct time depencence of the scurce strength,
For areas comparable to surface areas of

structures at V22, it hae been demornst-ated that
extrapclation of the Shuttle acoustic gressure
field from a relerence point pressure tire ristory
can Dbe_  adequately rade wusing sphericel acous-
tics,'' Over relatively large aress the STS
accustics can be viewed as having ar eguivsient
pcint source representation. Fowever, for gross
cranges in the range or &zimuth of in‘e-est the
functionzl terns of the pc.mt source mods. must be
adiusted, Then, the pressure fie.d =2bsut some
refererce point, ro, can bec given the freguercy
dorain represerntatior of

R <

P (f.r.ro\:(ro/rﬁc”af.ro)fu(f)'i(f.ro'j (15)
where r is the range ¢f the peint of intercst and
all other terms are as c0§;rihed atove. Tre Shute

~~ \

tie reference spectrur, 57 f,r Y, ac used for tre

PCF simulations, is also shown ir Figure .

This model replaces the movirg S70 ascustic
scurce with a zingie, statinnary Source represent a=
ticn, It sheuid be noted that potentiall, cignifi-
cart infermatizr on the termporal variat.or of the
Frecsure phasing on structures ig lost in this ap-
proximation., However, it will be shewr v N
section that this effect does not degralde !
casts beyond levels imposed bty other fattcrs in the
simulation process.

fore-
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facilities during an STS laurnch. This construction

is given by
us(t X z)-uE(t x,2)%w(t,r Y irn{t)e(t,r )] (18)
K 1o L/s k [ ’ o [N » o .

Simulations made with this aligoritm are basecd pri-
marily on a peak loa¢ regime and largely ignore
dynamic pressures and ground cloud attenuation., It
is reiterated that this construction ignores the
movement of the Shuttle acoustic source and substi-
tutes a single fixed source. In addition, simula-
tions were made for a typical Shuttle trajectcry
and for the standard Shuttle propulsion system
without thrust augmentaticn.

Verification of the Method

!
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Fig. 2 Spectrus of tre shaping wavelet, H(f.ro).

the spectral

E{f,r 2] (16}

under the ccmzitizsns that =
evaluated unge~ the sams tl
the same rele-erce rarnge. und
the range dere~dence of V.f,». is reduced to a de~
pendence cn Lhe reference rerge, r

'f.'CF and G'(f.ro) are
Je~y conditions and at
er this condition,

Defining tre ratio of the G functions to be
the shaping spectr (f, Y, and <the inverse
transform to be ¢ wzvelet, w(t.ro). then
the driving fur:ati

vif,r dawin, - Yeinttelt,r 22 Q7

o

The theoretical form usel for Gs(f.r ) in this
study does r:ct provicde the phase information
required to jerform the inve-se transformetion of
Wi, r ). Tr.s re;uire-er: is met by specifying
that the operetcr w{i,r ) be rezlizable and of min-
imum phase, me FPE0 ¢f the shaping wavelet,

H(f.ro). as ucez for the TIF predictionc is shown
in Figure 3 &-Z Figure & shows the envelope funce
tio n(t.ro‘ ssed ir tre si-~.lztiors,
|
- 0.06
1
-
v
000 X
2 - 2 i 4
0 10 20 30 40 50

LAUNCH TIME (sec)

Fig. 4 Z7% e::z.stic emvelzpe fu--~ticn, e(t.ro\.

The Si~ulati~-

Taine A
Taustion

Corbinirg eguations ('2° an? ''7) provides the
formulation uste: [~ ¢ris stuzy tC simulate the vibe
ration envircr-ert 3t selectel iccations in GS3S

A problem similar to the cne at hand is that
of forecasting motions induced in buildings by the

‘infrasonic emissions of a Hush House, a jet engine

ground run-up noise suppressor, Both the Shutile
and the Hush House acoustic erissions are fplume
generated. Figure § shows observed and simulated
vibrations in a structure appreximately 300 meters
from the Luke AFB Hush House during the run-up c¢f
an F=10C engine. The simulated ~>tions were generw
ated in a manner similar t¢ the method just Je=-
scribed. The motions produced ty a smalii explcsive
charge located near the Hush House were combined
with observed low frequency emissions of the hLush
House to produce the forecast motions., The sirmula-
tion @accurately reproduces the observed trace,
Discrepancies between the two signals can readily
be explained as resulting prirarily from differ-
ences in the explosion and Huskh Hcuse source loca-
tions. This test verifies the ccncept of simulate-
ing acoustic-induced motions bzsed on explosion
responses.
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IV. The Sounding Frogran

In January of 19Ff4, ar ex;lcsive Scunding Pro-
gran was conducted at VZ23. [uring this study, a

series of small charges were detorated over the V23
Launch Mount and the induced mnrtions recorded at
locaticns in several GSS facilities,

These otserva




ations provide the uE(t,l) term for use in the sim-
ulation algorithm., A total of eight three-compon-
ent senscr installations were used during the
Sounding Program.

The charges were suspended at elevations of
1€, 46 and 58 meters above the Launch Mount; eleva-
tions comparadle to the first 7 seconds of the
Shuttle trajectory. Physical limitations on charge
placement restricted the maximum elevation used in
the Sounding Progran, The maximum charge elevation
was limited by the height of a suspended line be-
tween the SAB and the MST, All structures were in

aunch configuration gt the time of the Sounding

Program, However, exterior sheathing had not been
installed on the SAF at that time and, it can be
expected that the corpletion of this structure
would alter the forecasted motions tc some degree.

A1l vidratiorn measurements were made using an
element c¢f :re AFGL Geoprysical -Data Acquisition
System (GTAS). Individual channel responses were
determined ty arnzlyzing the transients excited by 2
step inpul, with sernsors in place, before and after
each shot sequence, R typical svstem response
function for seismic reasurements is shown in Fig-
ure 6, Fgorecasts were made for the frequency band
ol .4 tec 37 Az,

100 364
o magnitude
‘ 1
. 215
E f
o 10 ;
> 109 »
2 o
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-
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S I ©
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s -147 '
H
01 a1 11yl IO l'llA_J ~27%
o1t 10 10 100
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Fig. » A typ.ca. GLAZ system response for potion
mezsure~ents,
The repeatat.lity of the explosion-induced mo-
tieng 1s showr in Figure 7. This figure shows the

cer «nsity (PSD) functions for two

shots at the se-e clevation and observed at the

same locatiorn. Eelow 0 H2 the twe spectrs dupli-

cate the najc- featurez cf the building resporse.

S1gnificant variatlions exist above 30 Hz byt these

can be explaire? by slight shifts in the source
el b

loeatior ¢ wind fects Ir any case, *he vibra-
e

ticn forecasts a~¢ essertially band ;iﬂll“d to C.4

to 30 M=z,

Figure 8 shtrws the PEDN functions oblained for
the PF% at Leve. 73 ¢~ the rastewest compcnent of
matien for the 1 and 46 meter sholts reccrded at
this site. Wrile some ciffercnces are noted in the
spectra telcw 37 Hz, the major elements remain rea-
sonally consgtart, It a;pears that the structural

M A ML a0 el S oy

responses, a3t least aver the range of shot e.eva-
tions used, are insernsitive to source height,
Thie behavier was found to be consistent fcr all
components and at all locaticns studied during the
Scunding Progran. his fact justifies the use of 3
fixed source for the Shutile acoustics in the pre~
diztian procegyre,
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Fig. 7 PPR motion resporse for twe shets at t-e
same elevaticon,

V. LaunzhelIndyced Viorztion Forecasts

Following tre prccecure giver above, si:~.lae
tions of the Shuttle
V22 were made for eackr ¢f the eight locs
trumented during the ni.ng Progra-,
simulations were mace fcr each lccaticr :
distinct realizatiors cf ihe ncrmal process, =),
to drive the alporithm, In the following seciicns
the forecasts for eacl structure are discusser,

“2h=induced vitreztices

“E

The Paylnad Freparation Fcom

Five locztions we-e stulied in Checwout lell ¢
of tre FF?, Sersors we-e located at the ce.. 1
tc platform connection at Levels 10 and It :-: en

the fontings of the coll ra:ls at Level 6%
anticipated that fpeyloals fo- sulsequent
will be loccated in t%e FPP Checkout Ir¢ll

any given launch and, trerefore, specific
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have been established for the mo*tion environment in
the cells., These criteria are equivalient to & re-
quirement that PBMS accelerzticns in the banc .4 to
30 Hz noct exceed J.% g.
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Fig. B PFR motion respcnses for two shots at dif-
ferent elevations.

ks would be expected, the highest mnctions
cast in the PPP occurred at Level 1°¢ (Figure
nd peak acceleraticns were alwest an order of
tude less than the stated criteria for RMS
. The present results are typically ruch
ra~ the vibration forecasts made using Finite
Element rodeling of the launch conditions in the
FFR, Based or statisticel properties of the fore-
cacted mctions and given the restrictiorns cn the
.

forecsct methodology, an acceleration ¢f 0.7 g
will rct be exceeded at any measurement peirt in
the PFP with a confidence level of Q9%.

Howsever, it is likely that higher than frre-
casted motions will be cbserved in the PPr, A4s the
Swyttie rctates and moves tc the soutlh ¢f the
Launch “-ount it is anticipated that the pressure
loading on the PPR will increase. In ad-<:t.orn,
response characteristics of the PPP indicale that
it is rore responsive to iocading in a north-scuth
directior than along the east-west axis, Due to

physical restrictions on the plitement of tre ex-
plosive source this situation could not be i-vesti-
gated during the Sounding Pregram. It is not de-
lieved, however, that this effect will grea:ly

crease the acceleration levels in the strucicre.

LAUNCH TIME (sec)
Fig. 9 Sinulated acceleraticns for Level
the PPh,

One question that has bteen raised *
the VZ3 project has bdeen the irmport cf
coupiecd seimic vitrations du-ing launch
tures such as the PPR and the Laurch lontre
{LCC). Although the Sourding Progranm Zi¢
late the conditions likely tc gererate
seismic signai during a laur:zh,
exhaust is being vented th-cu=~= "8 fln-s “u-tey
dces provide scre indication of the seismic exzitea-
ticn level that coulid be antitipsted. A
charge elevation, seismic precurscrs were reccorled
prior to the direct acousiic excitsticn c!f
structure, In all cases, the seisrmic arrivals were
no more than 17% of the acousticeinducec rctie
This suggestes that construction cf the FPR Undev=-
ground, as originally plarned, wculd have result
in a significantly lower launch~induced vibrzticrns
environment in the FPR,

The Administraticn Building

One three~-cmponent seis—c-e
located on the floor 4
Simulator (OFS) Room of .
ing. This room will contair computer
used to simulate orbiter operations in
launch situatien, It is cu- urderstand
ever, that this equipment will not bte
u-ing the launch,

Vertical accelerations at this locatisn will
approach, and might easiiy exceed, 1 g. o
peak acceleraticns are sigrnificantly lower,
cally about 0,'5-g, hActual forecast a-plitules 12
the vertical moticnms exzeed .7 g (Figure 7', A
with the PPP, however, as thre Shuttle cli-ts a-
rotates to the south, pressure lcading cn *re A
will increase and, as a conseguence, acce.eraticrs
at this location can also be antictipated T exceel
tre forecasted values,

i

re

It {s known that the computer equiprent to be




-

installed in the OFS Room has been testez only to a
1.0 g level., The capabilities of the equipment to
withstand higher accelerations has arparently not
been demonstrated., Further, building responses in-
volving vertical acceleraticns apprcaching 1 g are
typically considered unacceptable, chever. with
only one study location in the AB it is not possi-
ble to determine if this behavior is a localized
evert or symtomatic of a structural prcblem.
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Fig. ' Simulatez Motiors ir ire CFS Feor.

The Pavioe? Changeocut Focrm

The PCR is a mnobile structure in which the
Shuttle payloads are transferred fron the PPR to
the Sruttle at the Lavunch Mount, Ir launch config-
uraticn, the PCP will be parked within incres of
the PPF, Durirg the Sounding Program, two sites
manlitored in <t-=ie facility.

were L Tne sensors were
loczted ¢r the upper and lower Payloasd Ground Hands
lirg Mechanism (PGHM) rails at Platforms 6 arc N
ir, tne PCH,

Figure 11 displiays the simulsted meotions for
trc upper PGHM rail locatior, For a source located
over the Llaunch Mount, the PCR exribits ligntly
camped sway in the east-west directicn, Extrazpola=-
tion of the westward sway displacerents forecasted
for rFiatferm 12 to the top of the building indicate
that pounding of the PCR and PPR is a distinct pos=~
sitility. Pounding between the twc st-uctures
could result in unpredictably high accelerstions in
toth the PPR and PCR and, potentially, s*ructu=al
damape to either or both buildings.

The prebability of pounding depends cr the ac-
tual sepsration of the structures a% launck, Fig-
ure 12 shows the probability distritution for peak
westward (towards the PPR) displace~ent of the PCR
in terms of duration of steady state mctinns, FRee
peated measurements of the separatisr between the
PPR an2 PCP in park position have shcwn the separa-~
tion o be no more than 4 centimeters, indizating
that, cn average, pounding will occur once irn every
20 tc 27 launches., It should be noted that sway in
the PPR transfer tower has not been consicere? in
this forecast. Motion in this structure will orly
increase the probability of pounding. For exa=r.e,
if the transfer tower of the PPR an? the PCF have
equal but out of phase displacements, the probatile
ity of pounding increases %to almcs: 4(%. It has

LA A A A Wl AL sl A g e

been suggested that the PPR~-PCR separaticr can be
increased to over 7 centimeters in which case the
likelihood of pounding becomes negligible.
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Fig. 11 Simulated Motions for the upper FZEV Fgzil
of the PCR,
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Fig. 12 Probatility distribution of the n=
westward displacement of the PCFR.
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