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FOREWORD 

This report was "ronarert In the Enoinoorin" Pivision o' the Tost Track 
Directorate under Projects fP7G (Traci: Fácilitv Develoorcnt) and 5710 
(Iluclear Weapons Effects Research and Testinn)', 

The aut’ior is indebted to the 'oilowin'" "ersons: liars D, Pasrussen, 
Technical Director of the Test Track, ^or hi-- technical advice cono.crnino* 
sled aerodynarics and blast wave phenomena; to Paul !!. Sonnenburo ferncrl1' 
of the Traci Cnnineerinq Division who initiated the corputer pronrar, set 
up the initial approxirations used in the cor-uter solutions, and desioned 
the force transducer; to Peter Cool: and Diehard A. "aH of the Pirita! 
Computation Division of AFMDC (!'DD) \/ho sot m the nurcrical solution 
techniques and preorarred the equations of the CEC VV' corputer. 

PUBLICATION REVIEW 

This technical report has been reviewed and is approved. 
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ABSTRACT 

A technqiue was developed for predicting the aerodynamic forcing functions 
acting on an outrigger rocket sled as it traversed a blast environment. 
This technique was programmed on the CDC 3600 computer. In order to com¬ 
puterize the technique, the time histories of the blast parameters were 
approximated by first and third order polynomial equations. The sled 
trajectory was transformed into the scaled time and distance coordinates 
of the blast parameters. The steady state aerodynamic coefficients as a 
function of Lach number obtained from v/ind tunnel tests were approximated 
by third order polynomials. These steady state coefficients were used 
at discrete times to define the aerodynamic forces acting on the vehicle 
as it traversed the blast environment. 

The report also describes the load transducer used to measure the lateral 
forces acting on the front slipper of the outrigger rocket sled. The time 
history of these measured forces and lateral acceleration data is discussed. 
A maximum force on the front slipper of 76,000 pounds was recorded on one of 

ÍÍL^;«/',SLircludedJs,1ní°!:rat1on °" the structural vibration 
frequencies, which was obtained from reduction of test data in the form of 
power spectral density. u 
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SECTION I 

INTRODUCTION 

In 19G3 the Holloman High Speed Test Track initiated the development 
of a rocket sled capable of carryino an externally mounted payload of 
approximately 303 pounds through a blast environment generated by track- 
side HE detonation. The charge was to be detonated near the ground at 
a distance of approximately 160 feet to one side of the track. The 
external payload was rounted on the sled to experience free stream aero¬ 
dynamic conditions; i.e., the flow field around the payload was not to 
be influenced by flow disturbances or shock i/aves generated by the rocket 
sled or the ground. The sled was designed for a maximum free stream Mach 
number of 3.Ö. An outrigger vehicle was considered to be an acceptable 
configuration. This configuration allowed for the payload to be suspended 
sufficiently high above the ground to eliminate flow interference while 
minimizing sled frontal area. The height above the ground was selected 
to prevent the reflection of the shock wave generated by the external 
payload from impinging on this payload at speeds above Mach 2.0. A 
series of wind tunnel tests was conducted at Arnold Engineering Develop¬ 
ment Center, Tennessee, to determine the aerodynamic characteristics of 
the selected vehicle configuration. The results of these tests are re¬ 
ported in Reference 1, 2 and 3. 

In the blast test area the track configuration was modified to pro¬ 
vide a clean blast environment for the sled, i.e., an environment which 
is free of debris and blast shock front reflections. In order to achieve 
this, it was necessary to asphalt the ground in the irnediate area of the 
blast. In the test area the track rail was located approximate!'' 19 inches 
above ground level. Shock tube tests conducted at Massachusetts Institute 
of Technology (reference 4) showed that this would cause detrimental inter¬ 
ference with the blast environment. It was, therefore, decided to provide 
a ran from the ground to the level of the rail top surface as schematically 
shown in Figure ï. Also, the shock tube tests showed that the trough (i.e., 
the area between and below the rails) would cause additional interference. 
Therefore, the trough was filled to six inches below the top surface of the 
rail in tiie sled blast intercept area. A ramp of 200 foot length was in¬ 
stalled at both ends of this area in order to minimize the abrupt changes 
in sled aerodynamic loading and structural response which would have been 
caused by a sinole step up to the height of the filled trounh. 

A method was developed for predicting the forces which the sled, the 
rail and the track foundation would experience as the sled traversed the 
blast environment. The method used was a static force anlaysis at discreet 
tires durinn sled blast intercept. The location and size of the explosive 
charge, angle of sled-shock front intercept and sled velocity were specified. 
Cased on these initial conditions, the incremental tire history of the blast 
parameters (i.e., pressure, density and particle velocity) was determined 



through the use of References 5 and 6. After the sled-blast environment 
conditions were determined, the resultant aerodynamic forces were cal¬ 
culated from the aerodynamic coefficients obtained from the wind tunnel 
tests. This technique was programmed for the CDC 3600 computer. 

The sled aerodynamic forces predicted this way are a part of the 
sled forcing functions. Professor 1!. f. Cottrell of the University of 
New flexico developed a technique for predicting the sled structural 
response to these aerodynamic forcing functions. A technical report 
(Reference 7) has been prepared describing this technique. 

In order to validate the previously mentioned techniques, efforts 
were made to measure forces on the vehicle. As a first approach strain 
gages were layed on critical points of the vehicle. However, during 
the calibration and after a few low velocity runs, it became evident 
that the cross-talk was too severe and It did not allow determination 
of the direction of tht; loading. Another approach, which was finally 
adopted, employed the load unit described In Section III of this report. 
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SUCTION II 

BLAST HAVE PHENOMENA 

The detonation of an explosive charge in a gaseous nediur, such as 
air, is follov/ed by abrupt changes in the state of the nediur. The 
detonation wave In an explosive charge, such as TNT, travels at approx¬ 
imately 22,000 feet per second. Following the detonation of the charge 
an essentially spherical blast wave eninates from the center of the 
explosion. This blast 'wave initially travels at velocities above the 
speed of sound in the unaffected region of air but rapidly approaches 
the velocity of sound. The wave front velocity in air is nlven by the 
following equation (Reference 6): 

CAP. 
u = a0(l + 7TV 

1/2 
(1) 

Other changes in the medium effected by the detonation are characterized 
by a change in the velocity of the particles of the medium called particle 
velocity and a change in the density of the medium. The magnitudes of 
these chances immediately behind the shock front are niven by the following 
equations (Reference C): 

and 

SH 
SflQ^s n + 6¿PS rl/2 

71’ ' 7P 
"O 0 

PSH e0 
(7 + 

6APS 

■V 

(2) 

(3) 

If the charge is detonated near the ground, the magnitudes of the 
Quantities previously described are increased, This is due to the re¬ 
flection of the original blast «wave from the nround surface. The re¬ 
flected wave is traveling in an environment of increased pressure gen¬ 
erated by the explosion, and rapidly overtakes the orininal hemispherical 
blast wave front. '.Jhen this takes place, a Mach ster begins to form at 
ground level (Reference S). The stem increases in height as the com¬ 
bined front noves away from ground zero. The point above the ground at 
which the reflected blast wave, the initial blast wave front and the 
Mach stem intersect is termed the triple point. The location of this 
point at various distances from ground zero is reported in Reference 
lJ. Tills enhancement of the blast environment by the bias«, wave re¬ 
flection was a desirable effect in the rocket sled tests. It allowed 
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for liinher oressures, densities and particle velocities with less charne 
wcinht than free air blast conditions require. 

The tire history of the pressure fluctuation a ground fixed object 
experiences as a blast wave traverses its location is schematically 
shown in Figure 2. The object first experiences the impingement of the 
high pressure (side-on pressure, Ps) of the blast wave on its forward 
surface. This pressure rises almost Instantaneously to a pressure 
above the side-on pressure. This pressure is called the reflected 
pressure (P[>), and has a magnitude dependent on the shape of the object. 
As the side-on and reflected pressures are being developed, the object 
also experiences a dynamic pressure effect Cn(q) which is equal to 
*dO/2pqu¿). Here pr> is the density in the blast and u is the particle 
velocity. The object is now experiencing the pressure at point b on the 
pressure time history curve of Figure 2. The reflected pressure exists 
for the time it takes a shock wave, moving at the speed of sound in the 
blast environment, to traverse the distance h (see Figure 2a). The 
pressure on the object has now decayed to point c in Figure 2. As the 
blast front engulfs the object (see Figure 2c) and diffracts (see Fioure 
2d) around the back surface, the pressure differential between the for¬ 
ward and rear surfaces essentially becomes zero for relatively small 
objects, such as a rocket sled vehicle. The pressure on the object 
has now decayed to point e in Figure 2. As time proceeds, the object 
exnerienees a decay in pressure, air density (p5) and particle velocity 
(u). These quantities decay to ambient conditions with the decay in 
particle velocity slightly lagging that of the pressure. Followinn 
this, these three quantities decrease below ambient conditions and’ 
return tc ambient conditions when the blast wave has completely tra¬ 
versed the object (point f in Figure 2). 

An object moving relative to ground zero and thus to an expanding 
blast field will experience similar phenomena. However, if the velocity 
of the object is in the same order of magnitude as the blast wave part¬ 
icle velocity both must be added vcctorially. The resultant velocity 
determined this way is used to calculate the dynamic pressure forces* 
on the object. In this report, the aerodynamic forcing functions gen- 
eratedin a blast environment are determined by means of vector addition 
of the component velocities. The resultant velocity and angle of attack 
are used to determine the appropriate aerodynamic force and moment co¬ 
efficients from the steady state coefficients obtained from wind tunnel 
tests. 
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SECTION III 

EQUIPMENT AND PROCEDURES 

1. PROCEDURE FOR PREDICTING SLED AERODYNAMIC FORCING FUNCTIONS 

In order to calculate the aerodynamic forcing functions actino on the 
outrigner rocket sled (see Figure 3) as it traverses a blast environment, 
excluding the initial engulfnent ot the sled in the blast wave, the fol¬ 
lowing parameters must be specified (see Figure 4): 

a. The angle Uf) between a line drawn from ground zero perpendicular 
to the track and a line drai/n from ground zero and the point of blast wave 
and sled interception. 

b. Perpendicular distance (Rg) from ground zero to the track. 

c. Weight (W) of TNT charge. 

d. Velocity (V) of the sled as it traverses the blast environment 
relative to a ground fixed coordinate system. 

e. Sled aerodynamic force and moment coefficients as functions of 
time and angle of yaw U - rotation about a vertical axis through the 
sled). 

These parameters are not the only way of defininr a desired sled- 
blast wave environment. For example, the environment could be defined 
by specifying blast overpressure and duration. However, these can easily 
be converted to charge weight and intercept point. 

Before proceeding to the details of the procedure a comment concerning 
the sled velocity is necessary. It was previously stated that the time 
history of the sled velocity relative to the ground was required. For 
the test series for which this procedure was set up, the sled was 1n a 
zero thrust condition (i.e., deceleration) during blast interception 
and, therefore, the velocity depends on the air drag. The drag under 
this condition can be described by the following equation: 

D = CqA(1/2) pV^ = --j~- (4) 

The effects of friction between the sled si inner and the rail can 
be nenlected at the velocity under study without significant loss in 
accuracy. To use this equation, the drag coefficient (c)) as a function 
of Mach number (I! = V/a) must be available. If the sled'is decelerating 
or the speed of sound (a) in the blast environment has changed, Cj is not 
constant. However, since only small changes in Mach number occur during 
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blast intercept, c0 was assumed constant. Li hawise, the dran is affected 
by the chanpes in density which occur durino blast wave interception. 
However, since the tine interval over which’the density channes occurred 
i/as very short (less than 0.1 seconds) the effect of this on'the velocity 
of the sled relative to the ground was neglected. Therefore, with these^ 
assumptions, the velocity of the sled relative to the ground was assumed 
to be constant. 

In order to obtain a time history of the blast parameters (i.e., part¬ 
icle velocity (u), density (pj) and overpressure (P) and the resultino 
forcing functions the sled trajectory must first be mapped into the 
scaled tine and distance plane on which these parameters are described. 
These parameters on the scaled time distance plane are plotted in Ref¬ 
erence 5 or 6. Reference 6 was used in this report. 

Step 1 

Select a time interval (e.g., 4 milliseconds) to step the parameters. 
Using the initial parameters and the following equation, the location 
(radial distance) of the sled relative to around zero as a function of 
time tp. is determined (see Figure 4). 

Rm * Vs1n tan (5) l y tan* Vtm) 

The scaled time and distance can now be determined from the followino 
equation. 

o 

X (scaled distance) (6) 

V 
m * —I— (scaled tire) (7) 

where: 

W, 
Í 
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For Holloman conditions (at 6S°F) 

F = 12.7 
7T77 0,8639 

a = 112G 
THT 1.00806 

The quantity r is the ground reflection factor v.'hich must be included 
to convert the blast parameters obtained from frce-field data in Reference 
6 to the parameters which exist if a reflecting plane is present. This 
value is in the order of 1.8.1.9. This is the approximate value of 
the reflection factor obtained from a small number of pressure measure¬ 
ments made at the llollrran Track Facility. 

Step 2 

Usino the values of Z and Y just obtained in the curvos of Reference 
6, the time history of the blast parameters (P, u, pn) can be tabulated, 
Figure 5 shows a typical blast parameter time history curve of Reference 
6 with cwo sled trajectories mapped onto it. 

Step 3 

It is necessary to obtain the angle of yaw, i|i, and relative velocity, 
Vr, (see Figure 4). These parameters can be obtained from the following 
equations: 

«I'm 
umsin*m 

V + u^cos^ 
(angle of yaw) (2) 

V + uncos$n 

cosUy, 

where: 

ô yr 

(relative velocity) (9) 

Step 4 

In order to relate the previous parameters to I’ach number it is 
necessary to obtain the soeed of sound in the blast environment. 
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This is calculated fron the follov.'inq equations: 

aC [(1 + 4r3r./Pa)/(»Bm/p0)] 1/2 (Relative speed (10) 
of sound) 

(Relative flach Nurber) (11) 

For llollonan conditions (at 6R°F) 

pn = 2.017 X 10"3 J-b.~.s¿c. 

ft^ 

PQ » 12.7 lb/in2 

an s 112C ft/sec2 

Step 5 

For the previously deterrined relative llach nurrbers and angles of yaw 
at the selected instances of tine (tn) in the blast environnent, the aero- 
dynanic force and rorent coefficients are then obtained fron wind tunnel 
data. For the vehicle under consideration, the aerodyraric coefficients 
as function of Mach number and anole of yaw './ere taken for configuration 
n n as defined in Reference 3, riD,0o 0 

These coefficients are: 

cM = vertical force coefficient 
I« 

Cy = side force coefficient 

c3 = axial force coefficient 

c^ = rolling moment coefficient 

C|. * pitching moment coefficient 

cn * yaw moment coefficient 

a 



The force and rroncnt coefficients were referenced to a point between the 
forward and aft post slippers on the nain body (see Figure 4). The refer¬ 
ence area is Jjho cylindrical cross-sectional area at this point (i.e.# 
A s 3.141G ft*-). The reference length is the distance between the track 
rail centerlines (i.c, G » 7 ft). 

Step G 

Usine the previously deterrrined Information, the sled aerodynamic 
forcing functions can now be obtained fron the following tvpical force 
and moment equations for each tine: 

M 
"0 

oC Í1 0 - ^ J 
3C il - »j 

^'/2)»Cr,Vr, 

A/(l/2)pBll,Vrp,' 

02) 

(13) 

where: 

= The angle of yaw at which zero force or moment occurs. 

3c M 
= The slope of the force or moment coefficient versus 

dv angle of yaw. 

0 Indicates subscript of force or moment coefficient 
(i.e., H, Y, D, 1, f* and n) 

2. ADAPTATION OF THE PROCEDURE FOR PREDICTING SLED AERODYNAMIC FORCING 
FUNCTIONS TO A COMPUTER 

In order to program the calculations for obtaining the aerodynamic 
forcing functions of the sled on the CDC 3G00 computer, certain anproxi- 
nations were made. These approximations will be discussed in the order 
of the steps described in the previous section. 

Step 1 - Approximation 

The curve representing the shock front in Reference C (see Figure 5 
as typical example) is approximated by the followdno equation: 

ZCl1Y = C2i (14) 
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Introducirlo this approximation into the combined Z and Y equation (Equations 
C and 7 combined) results in: 

(15) 

where: i - is used to designate the intercept of the blast front by the 
sled at the preselected point on the track. 

* -1.390 

C2i = 0.2090 

The computer prooram is not.' made to step backward in tire a total of tj 
milliseconds and locate the track station (S^) at which the sled will be 
when the charge of TUT is detonated. In the computer prooram the time t = 0 
is the time of detonation designated by t^. The computer program now 
calculates values of Zin and Yp! by equations 9, 6, and 7, starting at the 
time tb. However, the values of Zr and Yp^ have no physical meaning up to 
tine ti (sled blast wave intercept). The program also computes the time 
when the sled leaves the blast front. This time is called tout* It is 
calculated by corrparinn each successive value of time tr with the values 
of ti calculated from equation 15 using Zr and Rp, at the time tr in place 
of Zi and R-j. In this case tout equals tm when tr equals t^ and is the 
arrival time of the blast front at the point on the track where the sled 
traverses the blast front anain. 

Step 2 - Approximations: 

In order to obtain the blast parameters (P, u, p^) the values of Zp. 
and Yn are determined. The parameters P, u, and p[¡ arc represented as 
J], J;>, and Jq respectively in the computer program. A given set Z., 
and Yn at a time tp* has only one value each of P, u, or pq. The following 
technique was used to obtain the appropriate value: first, the lines of 
contant p, u, ps were approximated by power curves of the form 

(16) 
2 

One power curve was developed for each constant value of J., J2 or J3 
represented in Reference 6. This resulted in one value of C] and one valí 
of C2 for each value J]. Similarly one value of C3, C4 for each constant 
value of Jo and Cr, Cq for J3, was obta^od. Second, C2 was expressed 
as a function of t] by approximating a straight line to the values of 
C2 and Ci (i.e., C2 = 0.44615 C] + 0.94153). Also, C] was expressed as 
a function of Ji by approximating several straight lines. In the case 
of J2 and Jg, the equations C4 3 6(03); = fCCg); and C3 * f(J2)» 
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c5 a ^(J3) ',cre expressed as third order no 1'/norials by least squares 
approximation. A typical polynomial is of the rorr 

Y ZC3 n n F4C3 + F3C3 + F2C3 + F1 (17) 

where: F]t F2, F3 and F4 are the coefficients of the nolvnor^al approxima¬ 
tion. The equation is now solved for the roots, C3. If the computer is 
pronrarmed to select the lamest root, then the appropriate value of C3 
is obtained. Third, using the following equation and the root C3, values 
of J2 can be obtained for each set of Zn and Yr. 

J2m E WÎ G C2 
j 3 C2C3 

+ C, (10) 

\/here: G¿, G3, C2 and C] are the coefficients of the nolynorial approxima¬ 
tions. Similarly values of J3 can be obtained. For J. the approximations 
are straight lines; so thme is no problem with root selection. Therefore, 
with the four nol'-nom-als and the straight line approximations the blast 
parameters (P, j, pB; are described. These poNnnn^al and straight line 
approximations introduce errors greater than 10 percent as the followinn 
limits are exceeded: 20<7<6 and 19<Y<1.9. 

In case the sled leaves the blast environment throunh the tail of the 
shock (indicated by the second shock in Figure 5), the value of the time 
of exit must be obtained by hand computation. This can be done by referrino 
to the minimum value of Z obtained from the computer program, Takino 
the minimum value of Zr tabulated by the computer and referrino to the 
time history curves in Reference G the computer tabulated values of Yr 
can be compared tc the Yp of the curves. If the computer value of Yp, 
is larger than the value of Yr for which the sled arrives on the second 
shock line, then tue sled exited the blast environment. Computer 
solutions from the time of exit or the second shock to the re-entrance 
by way of the second shock are meaningless. 

Gten 3 and 4 - Approximations 

do approximations were required in these steps. Equations G throunh 
11 were solved in the computer. 

Step 5 - Approximations 

Tiio aerodynamic force and moment coefficients were put into the 
computer through the use of third order polynorr'al approximations. That 
is the derivative 3cn/3vr (called in the computer) as a function 
of ! lach number was ritted by the method of least squares to a third order 
polynomial. Likewise, for each polynomial of P3C ()r a polynomial 0* 
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(called THETA [)m in the computer) as a function Mach number was fitted 
by the method of least squares to another third ordt.* polynomial. The 
polynomials take the form of 

THETA . Aa/^ ♦ AAjM^ . AA^ . AA, (19) 

where: AAa, AA3, AA2 and AA-| are the coefficients of the polynomial 
approximation for the aerodynamic coefficients. 

P[)C1m ■ “A + B¥™ + BB2Mr« * BB1 (20) 

where: BB4, BB3, BB2 and BB^ are the coefficients of the polynomial 
approximation. The values of Mr are calculated from equation 11 using 
the appropriate values obtained from the solutions of equations 9 and 
10. The axial force was found to be very sensitive to changes in PDC 3. 
In order to improve the complete time history curve of the axial force 
a straight line approximation was made for values of POC 3 above Mach 
2.45. The curve for PDC 3 as a function of Mach number curved rather 
abruptly in the area of Mach 2.45 and as the Mach number Increased it 
approached a straight line. This approximation does not give completely 
satisfactory results in the computer computation of the axial force 
curve. However, time did not permit further improvement and the inaccuracy 
was not considered to be too severe. The previous approximations are 
valid in the Mach number range from 2.0 to 3.0. 

Step 6 - Approximations 

The final step required no approximations. Equations of the form 
of 12 and 13 were solved directly with the values obtained from steps 
1 through 5. 

3. FORCE TRANSDUCER 

Figure 6 shows the force transducer used to measure the side force 
applied to the rail by the vehicle. The transducer is located on the 
forward slipper of the outrigger sled. Figure 7 shows a schematic of 
the transducer installation on the slipper. Four strain gages of each 
boss were used to form two Wheatstone bridges. Each strain gage had a 
120 ohm resistance and thus each bridge resulted in a 240 ohm bridge. 
The two bridges were designed to measure the compressive load as applied 
from one side or the other by the sled on the respective boss. The 
strain gages used were eight BLH rosette, type FABX-12-12 S-6. The gages 
were bonded as close to the edge of the boss as possible. The gage loca¬ 
tions are schematically shown in Figure 6. 
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The transducer ns calibrated at the University of Neu "exico under 
the direction of Hr. '.Miliar C. Daker. The loading of the unit was done 
on a Tinius hlscn testinn rachine. The bridge output uas read with a 
Budd Nodel P-350 strain indicator. The calitrat.ion loads were applied 
for the following four load distributions: uniformly distributed over 
the total circular surface (sec Firure 6), uniformly distributed load 
over the outer periphery of the circular surface, and the two precedinr 
conditions with only 130 denrees of the circular surface loaded, Also, 
load was applied with the transducer in four different annular positions 
in the testinn nachine. 

It was found that there was no cross talk between the two bridnes 
under these test conditions. It was also noted that the output of'the 
bridnes was hirily dependent on the way the load was applied. Based on 
the bridne outout information obtained from these load tests, "calibrate 
resistors" were selected to electrically represent certain loads. It was 
found later, durinp calibration of the transducer on the sled, that the 
calibrate resistors did not represent the loads indicated durinn the 
laboratory calibrations. This discrepancy was attributed to the difference 
in load condition penerated by the actual sled surfaces and structure as 
compared to the way the loads were applied in the laboratory. 

The load unit was checked at the University of New Mexico for the 
temperature compensation effectiveness of the bridpe. This test consisted 
of heatinp the tanered calibration plup (the plur simulates the cone on 
the slipper - see Fipure 7) to 420°F, and then placing the transducer, 
which was at room temperature, on tfic olur. A one mceaohn calibrate 
resistor was used to determine the force equivalent to the outnut of the 
bridge due to temperature variation. The bridre outout caused bv tem¬ 
perature increase in the load unit was recorded for CC seconds. The 
largest increase in bridge output occurred in the first ten seconds. 
During this time, the bridge indicated an equivalent force increase of 
approximately 700 pounds which is approximately 13 of the anticipated 
loads to be measured. For the remaining 50 seconds the brine indicated 
an additional equivalent force increase of approximately ICO pounds. 
It should be noted that the previously described heatinr of the force 
transducer is considerably more severe than actual sledrun conditions 
will Produce. 

frior to a sled run, the load unit was installed in the sled and was 
not removed until the sled run had been completed. The bolt connecting 
the slipper and load unit to the sled ’./as torgued to approximately 200 
foot-pounds. The torquing produced a preconprcssed condition in the 
load unit. Tin’s was done to insure that the sled surfaces which contact 
the Loss of the force transducer were bcarinr on the boss circular sur¬ 
face^ Then the system was statically calibrated usinn the electrical 
circuitry in the sled that was to be used on the run to record the cal¬ 
ibrations. During calibration, the zero bridge output was sot up to be 
the precompressed value produced by the torquing. The calibration data 
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were recorded on the on-board Genesco tape recorder which was used on 
the run. The readings obtained fror a digital volt neter during the 
static calibration were corpared with those recorded and found to be 
the same. 

Statical loads were applied to the bolt head of the sled slipper 
support structure. The load was applied in the lateral direction by 
a 50 ton Blackhawk hydraulic jack. The force applied by the jack was 
reasured and indicated by a Revere load cell and indicator. The loads 
were first applied to the side that would be facing the blast (port 
side). Then the loads were applied to the starboard side. The load 
was applied in 10,000 pound increrents and an effort v.-as rade to relieve 
the load in 10,000 pound increrents. However, the hydraulic jack could 
not be regulated to drop exactly to the right load step. This necessitated 
going below the predetermined load step and jacking back up to it. After 
the 10,000 pound steps were applied and relieved, one step equal to the 
maximum calibration load ’./as applied and relieved. The fore^oinr« pro¬ 
cedure was then repeated on the port side. Prior to each of the four 
sled runs, the load unit calibration was redone as previously described. 
The results of one of these calibration tests are shown in Fioures 0 and 
9 and are representative of the other calibration tests. It should be 
noted that the cross talk on the starboard side bridge from a load applied 
on the port side was considerable. He effort was made to reduce this 
since this v/as not the critical load side and tine did not permit the 
effort involved in reducing this cross talk. Figure 9 shows that cross 
talk on the port side is not significant. Thesc'figures also indicate 
that the bridge output for the initial 10,003 pound step is non-linear. 
Tin's is attributed to the effects on the load unit due to torquing. The 
calibrate resistors used to represent an equivalent force were 14.7 K ohm 
and 59 K ohm on the port and starboard side, respectively. These resistors 
resulted in indicating equivalent forces of 00,033 and 25,000 pounds, 
respectively as shown in Figures 3 and 9. These values were set to 
represent approximately C0r; (e.g., 33,000 pounds equals 3 volts of a 
maximum output of 5 volts of full scale deviation durinn the runs). 
It ’./as previously mentioned that these calibrate resistors would not 
be indicative of these loads if the values obtained in the laboratory 
for the various load distributions were used. 

In the calibration chock before the first sled run a vertical un¬ 
load was statically applied to the sled to check cross talk on the boss. 
The load was applied by wrapping a nylon strap (10,003 pound tensile 
strength) around the cantilevered payload and pulling vertically up 
with a crane. A Hydroset was attached between the crane hook and the 
nylon strap to measure the magnitude of the applied load. The attitude 
of the crane boor- limited the maximum vertical upload to be applied 
for this cross talk check to 7,500 oounds. The results were similar 
to those observed in the lateral load calibration. Cross talk on the 
port side bridge ’./as not significant above a 2,5CC pound vertical upload. 
This 2,500 pound vertical upload resulted in a 2,030 pound load indication 
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in the lateral direction. The starboard l.ridne indicated cross talk 
up to a 7.5CO pound vertical upload. A 5,000 pound upload resulted 
in a 2,000 pound indication in the lateral direction. A loadino fixture 
\:as not availal.lc for a vertical dornload check. This \'as not considered 
critical since the sled prirarily experiences a nose un ritch attitude. 
Due to liritations in local structural strenoth, loads vcrc not applied 
at other points on the vehicle to deck for additional cross talk. 

4. ACCCLCOriTCO 

A uniaxial accelerorreter '/as used to reasure lateral acceleration. 
The acceleroreter used ras a Stathar (strain nape Lridoe tyoc, oil 
darped) with ca ranne of + 50C n's flodel fio. AC9-TC-5C0-350. This 
accclcroneter was located in a corrartrent irrediately above the 
front slipper. The front slipper is the one on whicli the lateral 
forces were measured. The accelero, ^er output durim the run \as 
recorded \.,ith a system capable of respondino to 2100 cycles per second 
on the same Gencsco tape recorder as the strain pare data. However, 
the accelerometer is flat only out to approximately 15C0 cycles per 
second. A calibrate resistor eouivalent to approximately 477 r's \-as 
used to represent lOOf of full scale deviation. The calibrate resistor 
was selected on the basis of manufacturers data and not from information 
of calibration tests at the track facility. 

5. POHET SPECTRAL DENSITY COfTUTATIOflS 

The force and acceleration data were reduced to the form of Pov/er 
Spectral density plots. This reduction resulted in force spuared or 
acceleration snuared per cycle per second belnr plotted as a function 
of cycles per second (hzl. 

For completeness, an explanation of the reduction technique is 
included. This explanation was taken from one of the Commutation 
Division Data Processinp Branch's (fDPCP) vibration data reports and 
is as follows: 

The reduced data consist of mean spuare (Y^) versus tire plots 
and power spectral density versus frequency plots for selected functions 
and snecific tire intervals. To verify IIDRCP data procession, a com¬ 
parison is rade by dividinp the nower from the rean square versus tire 
(5) by the total power from the spectral density versus frequency (D). 
The lirits of this ratio are C.DC<S/D<_1.23. If the comparison does not 
core within the above limits, a statement to tint effect is included. 

The rean snuare versus tire Hots are usually tahen over the tire 
interval of h to X + 3C seconds. Data flow at i'DPXP for these ^lots 
is from an analon mannctic tape machine to a data discriminator to 
the Cal1antinc Pd'S meter to the Danborn Recorder. The Sanborn records 
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the Ballantine mean square vaiue output which is the continuous average 
of the squared signal over twice the tire constant of the reter. The 
retcr tine constant is approxirately 0.1 seconds. The lower freruency 
linit for these plots is 5 Hz. The full scale value of the roan square 
value (Y¿) for each plot is calculated as follows: 

S = Y2 (full scale) 

Sanborn recording factor 
Millivolts OMS of the calibration signal 
Transducer sensitivit-' in rillivolts per 
engineering unit. 

Data flow for the power spectral density versus frequency plots at 
ÍD0CP is fror an analog ragnetic tape nachine to a tape loop*. Data 
fror the loop are then discririnated and analyzed by the Honen,-el 1 9300 
Automatic '.lave Analyzer. The analyzer performs an estimate of the power 
spectral density by measuring the mean square value of the function over 
a bandwidth C (equal to 10 Hz for some runs), In other instances the 
bandwidth D was equal to 2 Hz. Dividing the mean square value u ) by 
the filter bandwidth D nrovides a singlepoint (displayed at the center 
of the bandwidth) on the X-Y plot for each bandwidth increment beinn 
analyzed. The lines connecting the individual points are not data but 
arc included as an aid in determining locations of the noints. The 
full scale mean square value Y¿ for the plot is calculated by the pre¬ 
vious equation without the Sanborn recording factor (S) included. 
Dividing Y* by the bandwidth provides Y-axis scaling in units of mean 
square value per Hz, which is plotted versus X-axis frequency in Hz. 
The X-Y plot is then a power spectral density display versus frequency 
or a power spectrum plct. 

P/TS 
T 

where: C 

rxrvs 
T 
I 
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SECTION IV 

DISCUSSION AND RESULTS 

1. COMPUTER CALCULATED AERODYNAMIC FORCING FUNCTIONS 

A paranetric study was made through the use of the computerized 
procedure for predicting aerodynamic forcing functions in the blast 
environment. The study was broken down into three groups. Each 
group contained five runs. Group I involved a variation in charge 
weight (U). Group II involved a variation in the sled intercept 
velocity (V). Group III involved a variation in angle of sled inter¬ 
cept (¢1). The initial conditions for each group are summarized in 

the following table: 

INITIAL CONDITIONS 

*i R1 st 
V X 

Group I 

7 0° 17C 

1 

).26 

' 

129 59 33 

1 

00 13.913 
17.777 
20.645 
23.357 

25.276 

Group II 

7 0° 17C ).26 129 

! 

59 

' 

3300 
3000 
2700 

2400 
2100 

20. 

' 

645 

f 

Group III 

90° 
30° 
70° 
60° 
50° 

— 

160 
162.47 
170.26 
184.75 
203.87 

13017 
13938.8 
12958.8 
12940.6 
12882.74 

33 

' 

00 

• 

20. 

1 

645 

1 

The equivalent weight W[; = \3/V was intended to be representative of 

a 5, 7.5, 10, 12.5 and 15 psi side-on pressure condition at intercept 
for Group I. The ground reflection factor used in this series of 

computer studies was 1.8. 

Figures 10 through 15 present the time history of the six forcing 

function components for Group I. Figures 1G through 21 present the six 
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forcing function components for Group II and Figures 22 through 27 
present those of Group III. Several of the resultant forcing functions 
calculated on the computer were compared with forcing functions calculated 
by hand. In the hand calculations the blast parameters were obtained 
directly from the curves in üeference 6. The aerodynamic coefficients 
were obtained directly from wind tunnel data. The comparison showed 
that the two techniques produced the same shape curves. In the inter¬ 
cept region, the curves were within 10?' of each other. As the curves 
approached ambient conditions the curves, in some cases, varied by 
approximately 25?». Since the time histories cf the blast parameters 
in Reference 6 are somewhat empirical and thus are approximations, 
the previous accuracies were considered satisfactory. 

2. FORCE ÎIASUREKEflTS 

Ground zero was 1G0 feet perpendicular to track station 13,017 
feet on the west side as shown in Figure 4. The sled intercepted 
the blast front at an angle ^ of approximately CO deorees. Sled 
travel was from south to north. 

Cn the four runs conducted, force measurements were taken. How¬ 
ever, due to instrumentation malfunction, complete data were not 
obtained on any one run. The following table shows the tires of 
data acquisition during each run: 

5D-F1 Run 5D-n Run 5D-C2 Run 6D-A1 Run 

Track 7 (70kc) 
Port Side 
Data Acquisi¬ 

tion tires 
(sec) 

9 to G 0 to 30 C to 7 
7.5 to 11.4 

0 to 3 

Track 9 (7Ckc) 
Starboard Side 
Data Acquisi¬ 

tion tires 
(see) 

0 to 3 0 to 3 0 to 7 
7.5 to 11.4 

0 to 12.5 

Only the time history of the lateral force on the forward slipper 
was measured. Tin's slipper and direction were selected since calcul¬ 
ations of slipper loadino showed it to be the most critical. The 
calculations were based on a static aerodynamic force analysis. Hind 
tunnel force data at various angles of yaw were incorporated with the 
blast parameters (density, particle velocity and pressure) to give a 
time history of the three aerodynamic force and moment components actino 
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on the sled while it traversed the blast environment. The components 
were then reacted at the slippers through the statical force and moment 
equations. The sled slipper restraint redundancy was removed by assuming 
that the yawing moment and side force were reacted by only the forward 
and aft most slippers on the main body. The center slipper on the main 
body and the outrigger tip slipper were designed to allow for 7/8" gap 
between the side surface of the slippers and the rail to insure the' 
validity of the previous assumptions. Efforts were made to have the 
major portion of this gap on the side of the slipper nearest the blast. 

The first run is not of interest for obtaining the magnitude of the 
sled front slipper lateral forces. Qn this run, the expected velocity 
was not achieved because two boosters did not ignite and thus blast 
intercept was not at the desired point. This resulted in no notice¬ 
able increase in force as the sled traversed the blast environment. 
However, the data from the first run were used to obtain the sled 
frequency information which is discussed under Power Spectral Density 
Plots. 3 

Figures 23, 29 and 30 present the force measurements taken on the 
last three runs. The figures mainly show the time history of the sled 
response in the blast environment. Intercept velocities on the runs 
were 3,050, 3010, and 3,200 feet per second, successively. From in¬ 
dications of free field trackside pressure measurements and photographic 
coverage, sled blast intercept on these three runs occurred within 
+ e feet of the predicted point of intercept. The force data in¬ 
dicated sled-blast intercept at approximately 8.21 seconds from 
first noticeable deviation in the data traces. However, analysis 
of time-distance data for the sled runs shows blast sled intercept 
to be at approximately 8.61 seconds. The letter "t" just above the 
IRIG-B time scale (scale at bottom of data traces) indicates the 
approximate location of blast intercept. Since the recorded force 
data constitute the sled response to the blast induced forcing functions, 
the exact location of blast intercept cannot be determined. It is assumed, 
however, that the intercept occurs within the two milliseconds prior to 
the sudden rise in the data. The force data prior to blast intercept 
are representative of the dynamic lateral forces which are exerted by 
the slipper on the rail under normal run conditions. Normal run con¬ 
ditions are defined as those which exist outside the blast environment. 

It should be noted that the fillec trough (the area below the out¬ 
rigger and between the rails) in the blast area did not cause any noticeable 
change in lateral force indication as the sled traversed this area. A 
change in lateral force was predicted from wind tunnel force reasurements 
However, since the deviation of the data was set to measure the large 
forces encountered in the blast environment, the smaller forces generated 
by a trough filled condition were not discernible. 

Figure 23 presents the port side lateral force versus time data gen¬ 
erated by a J,.)j2 pound Tf.T charge. As was previously mentioned, the 
starboard side data channel did not function during blast intercept for 
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this run. Tiro history traces of the forces on all runs rere recorded 
on channels vith a 2,100 cycle per second freouency response. ï,he 
ij-v^ormost ‘‘-ire history trace in Figure 30 vas played tack through 
a filter which clinina'ted frequencies above 790 cycles per second. 
This trace was compared with a playback rade with a 2,100 cycle per 
second filter and no significant change in amplitude vas observed. 
The riddle trace vas played Lack vith freouencics above 100 cycles 
per second filtered out. A reduction in the naonitude of the forces 
is indicated. The bottor trace vas played bad: vith frequencies 
above 45 cycles per second filtered out. It is aoparent frorr these 
traces that approxinately 50?; of the structural response is due tc 
the lover frequencies (bclnv 45 cycles) while the reraininn portion 
of the respense is oeneratod by freruencies between 45 and 790 cycles 
per second. 

The characteristic shape of the traces is desentable as follows: 
The bottor trace has four sionificant rises after the Initial raior 
increase in force. The initial increase in force which will be called 
the first rise, is attributed to the response of the sled to the dif¬ 
fraction period of sled blast wave intercentirn. The diffraction period 
is considered to be the tire fror the first "oint contact of the sled 
with the blast front to the tire when the sled is corbietely enoulfcd 
in the increased pressure environrent renerated by the blast. This 
is in essence a sled response ooncrated by the initial nressurc dif¬ 
ferential cxistino on opposite si les of the sled vertical surfaces. 
For exarple, a 5 nsi Hast environrent action side-on to a sled which 
has approxiratcly 5,000 seuare inches of side area will produce a 
25,000 pound side loadinp. If it is assured that the sled experiences 
a reflected overpressure in the order of two tires the side-rn blast 
pressure, tin's will rise to a 50,009 round load. Assure a blast front 
novino at approximately 1.2 feet ^er nilliseconds intercepts the vehicle, 
which is two feet vide, directly side-on. The tire to envelop the sled 
will be dust under two nilliseconds. It is assured that this is the 
characteristic of the forcinp functions causing the initial rise in 
the force data. 

The second rise is attributed to the sled response due to the density 
change and particle velocity generated bv the blast. The aorodynaric 
forces action on a vehicle are functions of density, velocity, anrle cf 
attacl. (e.n., yaw) and confmiration. The oarticle velrcit’' effects a 
change ir, the an^le of yaw. The density in the blast environrent is 
increased and the velocity bccorcs the resultant sled velocity corpnsed 
of the two corponents sled velocity and particle velocity (see Finure 
4). These effects are assured to lae the diffraction oerind effects and 
^vc rise to the second increase in force observed. 

The third rise is considered to be the bennninn of the second cycle 
of the response to the earlier rises. At the tire of the third rise, the 
blast density «and "article velocity are near the arbient conditions and 
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do not result in any significant increase in force. Each boss of the 
load transducer can measure only compressive loads as the sled oscillates 
in the lateral direction. Therefore, slipper loading will be measured 
first on one boss then on the other boss which means that the second 
half of the first cycle is recorded on the starboard side channel. 
This can be seen in the data obtained on the followinr run (Finure 29), 
which shows information from both channels. 

The fourth rise in force in Figure 2C is attributed to the rise in 
the blast environment parameters as the sled proceeds to exit the blast 
front. The sled will leave the blast environment since it is traveling 
considerably faster than the blast front. During the transit of the sled 
through the blast environment on the last three runs, the sled did not 
leave the end of the blast wave. On these runs, the sled remained in the 
blast environment entering the blast front and exiting via the blast front. 

The fifth oscillation is again attributed to the beginning of the 
second cycle of response to the one immediately precedinr it/ As would 
be expected, due to damning, the second cycle in both cases is notice¬ 
ably lower in amplitude. 

Figure 29 presents the port and starboard side lateral force versus 
time data ocnerated by a 2,672 pound TNT charge. The upper traces are 
the port side force traces plaved back with frequencies above 790 and 
ICO cycles per second filtered out. The characteristic shape is very 
similar to one obtaine- on Che previous run (l,bb2 pounds of TNT) and 
descri bable in the sane way. The only significant difference is the 
increase in amplitude of the second rise. The first rise was of less 
amplitude but this nay bo due to a slight phase shift in the frcgiencies 
contributing to the structural response. The lower set of traces are 
the starboard side data. They arc played Lad; at the filter frequencies 
previously^described. The cross talk is very distinct, and the resnonse 
to the oscillation of the sled from one side of the rail to the other is 
observed. 

Figure 30 presents the starboard side lateral force measurements 
versus tire data generated by a 1,000 pound TNT chare (Pun Nr 6b-Al). 
As was previously rentionod, the port sido channel did not function 
Jurinn the blast intercept. These traces were filtered at the same 
frequencies as previously described. The characteristic shape of this 
curve is similar to the rne obtained on the starboard side channel re¬ 
cording t.ic 2,672 pound TNT environment, however, a noticeable in¬ 
crease in the amplitude o* the cross talk portion of the trace is 
observed. This indicates that the loadinn due to the blast was more 
severe but the magnitudes of the load cannot be accurately determined. 
\ raxirur: load it, Lhe order of 1CC,0CD pounds was anticipated on this 
last run. However, verification of this is not possible*from the 
existin'^ data. 

21 



It is interesting to compare the track deflections shown in 
Figure 31 with the sled lateral force data. The deflection measure¬ 
ments were taken by the Technical Measurements branch of the Track, 
using the standard track surveying techniques. The measurements are 
those of the master rail which is the one nearest the blast and the 
one on which the main body of the outrigger sled rides. West is to¬ 
wards ground zero. The abscissa gives track tie down fixture numbers 
specifically selected for these measurements. Track stations are 
easily located by noting that tie down fixture 12 Is at 13,000 feet 
and the fixtures are equally spaced 52 Inches apart. The sled travels 
from the lowest numbered tie down fixture to the highest. The deflec¬ 
tion measurements were taken at the fixtures shown and not at Inter¬ 
mediate points. The uppermost graph represents the measurements 
taken on the first run (5B-F1), The run did not experience severe 
loading since the velocity was low as described previously and hence 
permanent track deflection was not expected. The graphs 5B-G1, 5B-G2 
and 6B-A1 represent the 1552, 2672 and 4000 pound TNT environment, 
respectively. On 6B-A1 a deflection of approximately 0.060 inches 
was measured at track stations 13,000 and 12,977 feet. If, for ex¬ 
ample, the sled 1s traveling at approximately 3.2 feet per milli¬ 
second, 1t would travel 16 feet in five milliseconds. Checking the 
force measurement In Figures 28 and 29, one finds that the sled exper¬ 
iences the maximum of the first force rise approximately five milli¬ 
seconds after blast intercept. This corresponds approximately to track 
station 12,977 where the maximum rail deflection occurs. Reasonsing 
In the same way the rail deflection at track station 13,000 corresponds 
to the maximum of the second force Increase shown In Figures 28 and 29. 

3. PREDICTED FORCING FUNCTIONS AND MEASURED RESPONSE 

The respective charge weights on each of the last three sled runs 
were selected to approximate a 5, 7.5 and 10 ps1 side-on pressure con¬ 
dition at sled-blast intercept. As determined from free field pressure 
measurements, these pressure conditions were reached within + 0.5 ps1, 
A direct comparison between the related computer calculated forcing 
functions at 5, 7.5 and 10 psi cannot be made since It was the sled 
response which was measured. A relationship between the sled forcing 
function and its response does exist but cannot be completely described 
with the available information. However, the maximum response does 
lag behind the maximum applied forcing function. Also, consider the 
period (t) of the above-ambient phase,forcing function in relation to 
the period (T) of the estimated lowest mode of vibration of the sled. 
In reference 11 for a single degree of freedom system with this same 
relationship of periods (i.e., 0.5<t/T<1.0) amplification of the forcing 
function occurs. The following tables present the estimated forcing 
function and the measured response. 
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PRESSURE ENVELOPMENT PHASE 

Charge Wt (Ibs) Estimated Lateral Forcing 
_Function (lbs) 

Measured Lateral 

Response (lbs) 

1,552 

2,672 

4,000 

50,000 

75,000 

100,000 

75,000 

70,000 

No Data 

DYNAMIC PRESSURE PHASE 

1,552 

2,672 

4,000 

47,900 

60,700 

92,000 

52,000 

64,000 

No Data 

The pressure envelopment phase was estimated by assuming a sled side 
area of 5,000 square Inches acted on by a reflected pressure which is 
twice the side-on pressure. The dynamic pressure phase 1s based on 
the particle velocity and density predicted by the computer program. 

4. ACCELERATION MEASUREMENTS 

Figure 32 shows the lateral acceleration measurements taken for 
the major portion of the sled trajectory. It can be seen that the 
acceleration levels build up to 500 g's during the high velocity por¬ 
tion of the run. It should be kept In mind that the accelerometer was 
hard mounted in the area of the forward slipper. 

Figure 33 shows the expanded acceleration data during the sled- 
blast intercept. 

23 



5. POWER SPECTRAL DENSITY PLOTS 

The following table shows the times for which the power spectral 
density plots included in this report were made. 

TIME (seconds) 

Run 4-5 5-6 6-7 6.5-7.5 7.5-8.5 8.5-9.5 9-10 

5B-F1A 

7 

9 

12 

7 

9 

12 12 12 

5B-G1 

7 

9 

12 

7 

9 

7 

12 

6B-A1 12 12 12 

Where: 

7 - Port side strain gage recorder track 

9 - Starboard side strain gage recorder track 

12 - Accelerometer recorder track 

Figure 34 shows the velocity and longitudinal acceleration versus 
time for the time interval from which the power spectral density plots 
are taken. These velocities and accelerations are representative of 
runs 5B-G1, 5B-G2, and 6B-A1. Run 5B-F1 is a lower velocity run as 
previously described. However, the first 6.5 seconds of Figure 34 is 
representative of run 5B-F1. This time interval is not affected by 
the booster malfunction on the final stage. 

Figures 35, 36 and 37 are the mean square function versus time 
traces of the related data (see Section III, 5). These traces are re¬ 
presentative of pounds squared or acceleration (g's) squared as a 
function of time. In Figures 35 and 36 there are no data after approx¬ 
imately eight seconds although the trace is continued. These two 
tracks of information did not operate after eight seconds of the run. 
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The PSD's (power spectral density) in Figures 38 through 41 show 
the frequency content of the force data as obtained using a band pass 
filter of 2 Hz. PSD's of the same time Increment of data using a 
10 Hz band pass filter showed that with this scaling of the ordinate 
no significant frequency contribution existed beyond 600 cycles per 
second. Only a very small amount was noticed between 400 and 600 
cycles per second. Therefore, In an effort to better define the 
frequency content below 400 cycles per second the data were reduced 
using the 2 Hz band pass filter. In using the 2 Hz band pass filter 
the number of sample points must be reduced to keep the reduction pro¬ 
cess within reasonable time limits. This is done by limiting the 
range of frequency of analysis. In these cases the range was from 
0 to 400 Hz. 

Figures 42 through 47 are the PSD's obtained from the accelero¬ 
meter data. Only Figures 42 and 43 were obtained using a 2 Hz band 
pass filter. It should be noted that the large Increase around 2 
KHz on the other four figures is attributed to local frequencies 
arising from the bracket arrangement to which the accelerometer 
was attached. On later tests (5B-G2 and 6B-A1) the accelerometer 
mounting arrangement was made more rigid, and the 2 Kit frequency 
was considerably reduced. It was noticed that on the runs where 
the rigidity was increased all the levels of frequency contributions 
were reduced, as Indicated by the accelerometer data shown 1n Flaures 
60 through 63. 

Figures 48 through 63 present the Sanborn traces and resultant 
PSD's for runs 5B-G1 and 6B-A1. The PSD's from run 5B-G2 are not 
included since they are very similar to 5B-G1. 

Generally the PSD's taken from force transducers data show 
that the lowest significant natural frequency of the sled system to 
be approximately 25 Hz. 
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s:cTio:: v 

co:¡CLi'Sio;¡s 

1. Corputer calculate.*'.! forcinr functinnc as compared to hand calculated 
values are i/it’iin IX of the initial intercept repion and rithin 2rJ,‘> as 
ambient conditions are approached. 

2. The force transducer will rxîasure loads on the sled to within +5030 
pounds according to static calibrations. 

3. The maximum sled response measured on the forward slipper attributable 
to the dynamic pressure phase is approximately lO", nreater than the maximum 
predicted forcinp function for the forward slipper. 

4. The lateral acceleration levels in the vicinity of the sled forward 
slipper build up to + 530 p's in the frequency ranre from 3 to 1500 Hz. 

5. Locations of permanent track rail deflections were found to bo coin¬ 
cident with those at which tho maximum sled forces were observed. 

0. Power Spectral Density plots of force transducer data showed that no 
significant amplitude contribution was made beyond a freouency of approx¬ 
imately GOO Hz. 

7. The first predominate sled frequency noted was approximately 25 Hz. 
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APPEI.DIX 

The following computer program has been introduced for complete¬ 
ness. The inputs are those of Group I, \ equals 13.913, The coeffi¬ 
cients used for the polynominals which approximate the blast para¬ 
meters and aerodynamic coefficients are indicated. These polynominals, 
however, are not considered input parameters. 
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tíLAST ►OKCfct» PHÛ&HAM 
PHOGRaM PRAWOS 
project.snno 
PROGRAMMER..R RaRL 
DATE.?20 567 

input parameters por œoup i in this report 

A 
dl 
C21 
K 
L 
J 
RI 
SI 
DT 
VB 
LAMBDA 
PHI I 
equation 

Dl 
D2 
D3 
D4 
FI 
F 2 
F 3 
F 4 
Gl 
G2 
G3 
G4 
G5 
66 
Hl 
H2 
H3 
H4 
Ol 
02 
03 
04 
05 
06 

SPl 
SP2 
SP3 

3. lAl60ü00üfJ*00D 
-1.39000000ü0*0nü 

2.09QOCOOOQÛ.O3* 
0, o o o o o 0 o 0 0 û ♦ 0 0 ü 
7, OOOOCGOOOQ*OQU 

20ü 
1.7C2eOnüOOO*ÜO¿ 
1.29590OOPOO*O0h 
1, OúÓOQGQCOC + OiH¡ 
3,3000000000+003 
1,3913000000+001 
7.0000000000*001 

COEFFICIENTS. 
9,4152999998-n0i> 
A,4615000000-001 
o.oooooooooo+ooo 
o.Gcoooooono+oou, 
1.4169072800+000' 
6.4676794700-001 ' 

-7.25160489C0-U01 
-5.1111800499-001. 
-4.37971 70899-001^ 
-4.4O414O03OO + OOU J 
-5.5714343900-000 - 
-1.6323707200+000 

0 , C 0 0 0 0 0 0 0 0 0 + 0 0 0 
0.0 00 00 00û0l•♦•iût•■ 
1.74l35723c0+000] 
1.5648683400 + 000 | 
3.0792788999-00i\ 

-8,.2790 775299-0 02/ 
1-,Í9?3466200 + O0ún 

-1.9668616800+000 
-2.3619368500+000 - 
-5.9149204900-Col 

n f oooooooooo+ooo 
0 ! 0000000000 + 000^ 
3 . 0 0 0 0 0 0 0 0 0 0 + 0 0!! 
3,OOGOOOOOO^+OOO 
3.0000000000+000 

C6 = f (c5) 

POLONOMIAL CONSTANTS FOR BLAST PARAMETERS 
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fTN 5.2 
23/05/67 

C 

C 

c 

c 

PKObWAM ptfAwOo 
«ICHARD A WARu 
ROOM 116A PHÜNF “235 

2R?55 ) S 55U? T?s^'PüC4(r0,,PDP<550 >'PDC6(5t,0)‘PHIDÉG<550 >' 
3 THPri^^Oi ¿Uí55 )¿V(550 )ÍVR(550 )'THETa1{550 )'ThET*2(550) 
4PHl(55nS?pSi(55ü! 5 ,,THETA5(55 ,,THETA6(55Í))'RHO(550 )' 

lrúUT?7¡36)Cl<S>5U),C'Í< 550 >'C5<550 >,TEXT<100>' IDll4>'LA0ÉL< 7>’ 

if M !Gil?fcI*1>*<^THETA2>,<Xjl,THETA3),(Xj3,THETA4>, 
? dÍi ’íLt'THETa6,‘(C5,PDC1)*(R'pDC2),(S.PDC3)»(V,PDC4), 
2(PHI,PDC5),iPHlutG,PDC6).(Y,XMR) 
DATA (LABfcl-sóHYlMfc ,6Hr0l ,6HF02 .6HP03 .6HFO4 ,6^05 , 

A6Hr üo ) 

SET PROGRAM CUNb i aNTS 

1 í'íl *7 ( ^ ' <A0sl125, ^ (pBl2'(RADiANs57.2957795), 
1(P1=3.1415926536),(TB8Ü.G),(RHOO«0.002018), 
?!AAj:s43,9^24J4;;'(AA2s-37. 1235671 ),(AA3«10.1142973), 
í ííí8’'?^6'!!6?0’^081^ 0798312804 ^^828 ^87065066), \ 
í ^84^ 0212806959 ^ <CCls*-Ú9e942l312>» 
5 CC?*-1.961¿1¿94),(003=1.81792423),(CC4«-,375370495), 
* ?SÍ!"òP?o^‘?585)’(n02sl- 08891493,'^D3t--384747l34), 
fl FF3 = 2llo ;<;8:'í)'!tEls3425*8743>»<EE2 = -4691.6022). 

rr o’ ' lEE4s‘300 • 456895 ) ' 0.0341326288), 
? 0?íL1fí>;íF^=* 0809705442 ,'(rF4s’« 0134834234)* 
í rr; ío,0o 31 '(GG2s'445*915420 ^^^3 = 166.241063), 
. GSí= ,7^^08667 ^ {WHls-3422973l3)' <HH2 = -. 360412 704 ), 
SnnP*iJoAf5^8¡,!HH4S",00855234317,'<001a“5.49730610), 
P «2f"l2;95?Í3:>8' (003s 8455938 ^ í004*1-^859250), 
rpp¡S’'K^0tí^)’(PP2slt07l5l903,'(PP3s-^28265930), 
r 0)'(GOl57-5l049323 ,'(r3Q2í*8.850696l4>, 
S J2o"3’E5Ü^ 6l6,,<Qü4s’.326529993),(RR1«1.04864168), / 
H|^RPf'i,969369o80), (RP3s.44o13466>, (RR4 = -. 069435772) 

CALL DATE(MJY) 

pcíí fnonUI I,APt LAtíEL aNü set uP ID RECORD pEAD 1000 , I L)l 1 ), j u( 2 j 4 

10(3) = 10( 7)3Iu(ö)sIi;(9)=6h 
I D ( 5 ) = M L Y 
I D(6)=6mPRAr0 ¿ 
IDd1)!’} 
10 ( 12 ) = 7 
1D(13)=36 
!D(*4)=6h)IlH 0 
REAL ill-l.TtXT 
PROCESS N StTS Üf 
Dü lOO 1JK=1,NSe1 
ICMTsNPRNTsSUMVsTüU'i = n . 0 
REAL IN AND PRINT Oi.T OUF SET OF PARAMETERS 

naïl <'rÍI.'Í;2I,XK*XL* J'PI'S1*DT'VP'^1'AMBDa.PhII,D‘ ,02,03, 
íuÍ'np'nT'na'A 1,G‘ 'G3*r,4'r,5,G6'H1'H2*H3'HA' 

#Q?#Q3,U4,#üb#SP! .SP? SP3 
PRINT lü01#fiUy 

IDA1?! Î22r5ArS1iJîC^!'XÎ,XL,J'R,'SI'DTlVB'xLAMBDA,PHli,Dl,D2,D3, 
lD4,U,>2,M,F4,bi,G2,G3,G4.G5.G6,Hl,H2,H3,H4. 

« V) 
Êë 
COÏÏ 
£h 

8 ° 

< ï; 

a ä 

2¾ 

D.*.Ta 
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2Q1.Q2,QJ,U4,Q;>,u6,SP1,SP2,SP3 
U)(14)siD(l4)4.10000p 

C WRITt and PHINT OJT ID RECORD 
call ident(luü#iu,label,idfiag) 
PRIM mi,T6XT 

C COMPUTE RU,SO,Zi» T I OF TABLE 1 
APHIIsPHII*.0174532925 
RO*RI*SINF(aPHI I) 

SO=SI*Rl*CUSF(APHII) 
z i=ri/xlambua 
TJ*(RI*e2l >/(AB*H*Z-i1**a+crH ) > 

C DETERMINE total NUMBER OF POINTS IN TIME (N) 
ITIT*XINTF< U > 
N«I T I T*J 
IF(N.GT.550¿2,6 

2 PRINT 1030 ,n 
Ns550 

C COMPUTE TI Mt SEKIfcS AND V, N TIMES EACH 
6 DO 1° M=1,N 

T(M)sM*üT 
10 V(M)sVB*XK*l(M) 

c compute sh uF table i 
DO 12 I ■1 » I H T 

12 SUMV = SlMV*V( I ) 
SB=S1-<SUMV*((Ti-ITjT)*V(ITIT)))*,001 

C COMPUTE REM^lNDtR 0> TABLE 2, N TIMES 
DELT sQ T*.0 01 
R02sR0*R0 
DO 30 M«1,N 
IF(M•GT.1)GO TO 20 
S(1)sSB*V(1)*UELI 
GO TO 22 

20 S(M)sS(M-l)*V(M)*DELT 
22 R(M) = SQRTFUS(M)-S0)**2*P0?) 

if(so.eä.s<MnGo to ?5 
PHI(M)SATAW(HO/(SO-S(M))) 
IF(SO.LT.S(M))23,27 

23 PH I(M)sPH1(M)*P1 
GÜ TO 27 

25 PHI (M)sl,57U7y63268 
27 PRI UESiM ) *PM I t M ) ♦RAI11 AN 

Z{M)=R(M)/XLAMBUA 
30 Y(M)t(ABAR»f(M)J/XLAMBDA 

C COMPUTE TOUT aNU PR¡NT TABLE 1 
DU 32 m«1,N 
IF(T(M).Lt, i'l)GU TO 32 

EPSIL0Nsc2l»Z(M)**ABSF(C1I)-Y(M) 
IFCEPSILON.LT.O .0 )G(I TO 32 
0LDEPS!=C2I*ZlM-l)**ABSF(ClI)-Y(M-l) 
TOUTsT(M-l)-ÜLDtPSI/(EPSlLON-OLDEPSI) 
GO TO 33 

32 CONTINUE 
33 PRINT 1041,KG,SU,ZI,TI,SB,TOUT 

C PRINT TABLE 2, N LINES 
PRINT 1051,IT(M),V(M>.S(M).R<M),PHIDEG(M),Z<M),Y(M),M«1,N) 

C BY NEKtUNS METHUU, FIND RQ^TS Cl,C3,C5, N TIMES EACH 
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CALL UhWT0NlD4,u3,D2,ül.Cl.SPl) 
CALI. NP**TUN(f«^3,F?,Fl,C3.SP2) 
CALL Nf;»(TÜNiHA>H3,H2#HliC5»SP3) 

C COMPUTE HèMmINDfcW OF Ta&LE 3 AND PRINT O^T tAüH LINE, N TIMeS 
DO 60 M=1,N 
IF(CKM) .E0.9V9V. )Gü TO 33 
IF(Cl(M).LT.-1.228)00 To 3GI 
IF(Cl(M).LT.-1.179)00 TO 302 
IF(Cl(M).LT.-1.153)00 XQ 303 
IF(Cl<M) .LT.-1.131)(,0 TO 304 
IFfCltM) .LT.-1.1)25)305,306 

301 Xjl(M)=ü.l096‘t9*Cl(M)*0.134649 ^ 
GO TO 34 / 

302 Xjl(M) = 1.0204|i8163*i:l(M)4l.253061224164 / 
GO TO 34 i 

303 XJl(M)=1.92oü76y/3*Ll(M)*2.317307692217 l J1=f(Cl) 
GO TO 34 > 

30 4 XJl(M) =6.81öl8lol6*i.l(M)4.7.961363636154 
GO TO 34 

305 XJK M)s2.60tj9*Ci(M)-3.2ü06 
GO TO 34 

306 XJl(M)=4.8522y*Ll(M)+5I5002 
34 DELTaP=P*XJ1(M) 

GO TO 40 
35 XJl(M)=DELTAPs9yV9. 
40 IF(C3(M).t0.999y.)GC TO 46 

Xj2=G6*C3(M)**5-ü5*c3<M)**44.g4*c3(M)**3+g3*C3(M)**2*g2*c3(M)*g1 
U(M)sAO«XJ2 
GO TO 5Ü 

45 XJ2sJ(M)s9999. 
5O IF(C5(M) ,t0.999y. )Gcj TO 55 

Xj3(M)sL6*C5(M)**5-m.i5*C5(m)**4*Q4*C5(M)**3*Q3*C5(M)**2^Q2*C3(M) *01 
Rh0(M)=Kh00»Xj3(M) 
ÜÜ TO 57 

55 Xj3(M)skH0(M)=9V99. 
57 NPRNTsNPRNT*! 

IF(NPRNT.fcü.l)PKiNT 106Û 
DRINT 1Ü61,i(M),Cl(^),XJ1(M),DELTAP,C3(M),XJ2,UCM),C5(M) ,XJ3(M), 

íRHO(M) 
IFtNPRNÎ.tÜ.SOjiyPRNTxO 

ftO CONTINUE 
NPRNTsO 

C COMPUTE and PRINT OLT TaPLR 4, N TIMES 
DO 7O Msl,N 
IF(U(M).EU.9999.)GO TU 62 
VR(M) = SURTFl VCH)*V(r)«-U(M)*U(M)*(V(M)*V(M) )*U(M)*cGSF(PHI (M) ) > 
PSI(M)=aS1N)(U(M)#SINF(PHI(M))/VR(M))*RaDIAN 
GO TO 63 

6? V R(M)* P SI(M)sy9yy, 
63 X3s(l*XJl(M))/Xj3(M) 

IF(XJI)M).EU.yyyy.,nR.Xj3(M).EQ.9999..OP.X3.Lfc.O .0 )ÜO TO 66 
aR«aO*SQRTFiX3) 
GO TO 6/ 

Ó6 ARs 9999, 

67 IF(VR(M) .tQ.9V9y . .O).’. aP.E0.9999. )GO TQ 68 
XMR(M)sVR(M)/aR 

STRAIGHT LINE APPROXIMATIONS 

FOR BLAST PARAMETERS 
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GO TO 69 
68 XM«(M)=9999. 
69 nprntsnprnt+i 

IF(NPRNT.EQ.1)PRINT 1070 
PRINT 1071, I (H)»VR<M),Afi,XMR(H>,PSI<M) 
IF(NPRNr.6Q.50)NPRNTs0 

70 CONTINUE 
NPRNTsO 

C COMPUTE and PKlixT Out Table 5, N TIMES 
DO «0 Msl,N 
IFQMRíM) .EU.99VV. >GO TO 75 
XMR1sXMR(M) 
XMR2=XMR1*XMR1 
XMR3»XMRP*XMRl 
THéTA1(M)sAa4*XMR34.aa3*XMRÍ’*AA2*XMR1^AA1 
PDC1(M)= Bri4*XMR3^HR3*XMR?*BB2*XMRl^0Bl 
THETA2(M)«CU4*XMH3*t:C3»XMR2^CC2»XMRl*CCl 
PDC2(M)* DU4*XMH3*dP3*XMR2*DD2*XMR1*DD1 
THETA3(M)sEb4*XMR3*EE3*XMR2*EE2*XMRl4.EEl 
PDC3(M)s Ft-4*XMR3^FF3*XMR2*FF2*XMR1*FF1 
IFIXMRl .GE. 2.45 >P[)C3(M)«0 .0 0 498l*XMRl-0.0 2144 
THETA4(M)s(ii,4*XMR34.GG3*XMR2*GG2*XMRl*GGl 
PDC4(M)« HH4*XHR3*HH3*XMR2*MW2*XMR1*HH1 
THETA5(M)sOU4*xmR3*u03*XMR2*002*XMR1*001 
PDC5<M>= PP4*XMR3*hP3*XMR2*PP2#XMR1*PP1 
TRET A6(M)sQU4*XMR3*003*XMR2*QQ2*XMR1^QQ1 
PDC6(M)s RH4*XMR3*RR3*XMR2*RR2*XMR1*RR1 
GO TO 77 

75 TRETAl(M)sTHfcfA2«M)*TKfTA3(M7*TM6TA4(M)»THETA5<M)»TReTA6<M)«999. 
PDCl(M)sPDC2(M)sPDC3(M)«PDf':4(M)iPDC5(M)«PDC6(M)*999. 

77 NPRNTsNPRNT*! 
IF(NPRNT.é0.1)PHINT 1080 
PRINT 1081, T(M), THETAl(M) ,pDCKM)iTHETa2(M),PDC2(M) ,THETa3(M) , 

1PDC3(M),THEïA4(M},PLjc4{M),THETa5(M)#PDC5(M),THETA6(M),PDC6(4) 
lF(NPRNT.E0-.5tnivPRNTsr 

80 CONTINUE 
NPRNTsO 

C COMPUTE AND PRINT OUT TABLE 6, N TIMES 
Al2sA* . 5 
A12X=A12*XL 
DO VO «»l-iN 
ICNT»ICNT*1 
FOUT(l,lCNT)sT(M) 
IF(XMR(M).EU.99V9.)nO TO 85 
RHOVR2=RhO(M)*VRIM)*VR(M) 
Fül = F0UT(2, 1 CNT ) s Ali: *PDC1 ( M ) *RH0VR2* ( PS I < M ) - THET Al ( M ) ) 
F02sF0ut < 3,iCNT)»A1P *PDC?fH)*RH0VP2*( PS I (M)-THETa2(M)> 
F03»F0UT(4,ICNTJsaI? *PDC3(M)*RHOVR2*(PSI(M)-THETa3(M)i 
F04sF0UT(5,iCNT)sAl2X*PDC4(M)*RH0VR2*(PSI(M)-THETa4(M)) 
FOSsFOlJT(6#ÍCNT)«A12X*PDC5(M)*RH0VR2*<PSI(M)-TMETa5(M)) 
F06sF0uT(7,1CNT)sa12X*PDC6(M)*RH0VR2*(PSI(M)-THETa6(M)) 
GO TO 87 

85 FQlst-02«F03*Fu4«f05 = F06s9999. 
DO 86 I«2,7 

86 FQUT(I ,lCNT)e99VV. 
87 NPRnTsNPRNT*! 
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38 

39 
90 

100 

IF(NPRNT.tû.l)PKlNT 1090 
PRIrjT 109l, f(M) »P01,F02,ro3#r04,r05,r06 
IF(NPRNT.6Q.50)NPHNTsO 
!F BUFFfcR FULu. WRITE ONE RECORD ON TAPE 
1FUCNT.£0.46)83,90 
WRITE TAPE LUIM-UUT 
ICNTsO 
00 89 I s 1,2?2 
fOUT( I )=0.0 
CONTINUE 
WRITE FINAL WfcCÜHt (if FILg ON TaPE 
iFtjCNr.GT.U)WHITE TaPE LUO,FOüT 
END FILE lUU 
Read next set o^ parameters 
CONTINUE 

C END PROGRAM If ALL SETS OF DaTa PROCESSED 
Call unlOadiluO) 

c**#**füRmats***** 
1000 F0RMAT(2a6,4X,Il6) 
nO! FORMATflHUbLASI FORCES PROÛRAM*/*PROQRAM PRaW03*/*PROJECT.57 

110 0*/*PROGRAMMER. . R WaPD*/*DaTE.*A6) 
1011 roRMAT(5Elo.O/Il6,4çij)iQ>/j5gj^jQjj 

102^0^1(///.,^01 PARAMETERS*//*A*E25.10/*C11*E23.10/*C2I*E23.10/ 
2F24C*10/îi ÍM¡:l!fcfu;Í0/!J*125/*RI*E24,10/*SI*E24*10/*DT*624.10/.VB. 
\*2 m!p??Ai!5A i*E22,10/#EQUaTION COEFFICIENTS.. 
l* U2*P2¿.10/* D3.E22.10/. D-*E22.10/. F1.E22.10 
¿I rlllll'in/ n^E2?,1U/* F4#E22-10/* G1.E22,10 /* G2*E22.10 
5/, G4*E22.10 /* G5*E22.10/* 
6/. H2*fc22. i.0/* H3«E?2,10/. H4*E22.iO/* 
1,*r. üZ*t22.1Q/* O4.E22.10/* O5*E22.10/* 
6/*SP2»E23.10/*SH3*E23.10,10(/)) 

lOSO^FORMATi/.NUMöfcR OF POINTS IN TIME <«*I4*> EXCEEDS DIMENSION LIMIT. 

l,l51iv/"SIi5j*6ri8?6?/r4X*T*17X*''*l7X’s*l7x"’*12x*PH“16G*17x*2*17**v 

1060u^.‘Is;^:i;^3.3;i:j:;:;/l!x*cl*10x*jl*8x*iitL7x',*iox*':3*1"*--'2-' 
1061 FORMAT(F 5.ü,9f12.6) 

im æîî:^5:^^)4"/4x*t*im*x,'-i’x*‘"*i’x*""*»x*p8'^> 
1080 FORMAT(iHl,* TAbLfc 5.//4X*T*3X*THETAl*5X*PDCl*3x*TH6TA2.5X.3nr2.3* 

20^6^//)*5X*PDC3#3X*rHETA4*5X#PDC4#3X*THETA5#5X*PDc5*3X*THET‘6*5xíp 
1081 FORMAT(F5.0,12FV.3) 

^^IOwJx^F^W/I*01-6 6*//4X'*T*l5X*FOl*15X.F02.15x*F03.15x.F04.15X.r 
1091 FORMAT(F5.0,6Flö.3) 
1101 FQRMAT(10A8) 
1111 FüRMAT(lHl////(clx,íOaB)) 

END 

G6*E22,10/. Hl*=22.10 
Ol.fc22.10/. 02*E22.10 
Q6*fc22.10/.SP1*E23.10 
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SUBROUT¡Nfc NEWTUN(PaR1,Par2,PAR3,PaR4,PaR5,SP) 
COMMON Y < 550 ) * Z(SSO ),N 
DIMENSION PAR5O50) 
EPSILONsO .OÜfli 
DO HO M*1 #N 
111=1 
varc*sp 

10Q fOEC*Y(M)*ZCM)**VARr-PARl*VARC**3-PAR2*VARC**2-PAR3*VARC-RAR4 
IF(ABSF(FOFO),Lt.EPSILON)GO TO IO9 
IF( 11 I .fcQ.DGO 10 105 
DIFFsFOFCLAST»Ft>FÇ 

IF(FOFCLAST.LT.U.O)1C2,103 
102 D¡FF«-DIFt- 
103 IF(OIFF,LE.0,0)bO TQ IO7 
IOS FOFCLASTsFOhC 

111 = 2 

VARC*VA«C-FOfi;/< YfM)*Z(MiTr*VARC*LOQF(Z(M) )-3.»PaR1*VaRC**2-2.*PaR2 
1*VaRC-PaR3) 

GO TO 100 
IO? PaRî>(M)*999V. 

GO TO HO 
109 PaR5(M)s V ARC 
110 CONTINUE 

RETURN 
END 
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C* 

too 

102 
103 
105 

SUBROUT INt uhWTUN<PaRI,Par2,PaR3,PaR4,PARS,SP) 
COMMON V ( 550 ), Z1550 ), fn ' 
dimension pars(puo) 
EPSIlONsO.OuOl 
FINIj ROOTS USINU NEWTQNS METHOD 
DO 210 Ms1,n 
111*1 
vaRc*sp 

IMARSF(poro).Lb.EPSlLON)GO TO 109 
IF( I I I . EO.DGU i 0 1^5 
DIFFsFOFCLAST-F UFC 
IF(FOFCLaST.LT.0,0)102,103 
DIFFs-DiFF 
lF(DlFF,Lfc.O .0 )iiC) TO IO7 
FOFCLAST«FOfc 
111*2 

l*VARC-PAR3)UrC/U<M)*Z(M,**VARC#LClGF<Z<M>,'á,*PAR1*VARC**2*2-#PA«2 
GQ TO 100 

C* IF NO ROOT UAN at FOUND,ThEN 
in? pars(M)59999• 

GO TO 110 
IO9 PaH5(M)svaRU 

110 ¿r<PA^(M).NE.9999.AND.PAR5<M).GT.-1.5)G0 TO 210 
C ELSb^FlND ROOT WITH D1 * 0.46288 AMD D2 a 0.127046 

VaRCs-1.0 

200 ÍF(ABSF(,rõrrÍ,>r!VÍBf;ÍO,127O46*VARC'0t46288 IF(aBSF(FOFC),Lb.EPSlLON)GO TO 209 
IF< 111 .fcO.DGU IU 2O5 
DIFF«F0FCLA5T-F'JFC 
IFIFOFClAST.UT.0,0)202,203 

202 DIFFs-DIFF 
203 IF(DIFF.Lfc.ü.)GO TO 2O7 
2O5 F()FCLASTsFOFC 

II 1*2 

GORT0V20o"R,Ft'/lY<M)*Z(MU#VAPC*LOGF<Z<M,>’OAl27°46) 
2O7 PARSf M) *9999, 

QO TO 210 
209 PaR5(M)*vaRU 

210 CONTINUt 
RETURN 
END 

» 
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