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FOREWORD 

Monorail sleds are being used for many different kinds of testing on 
the Holloman track. The weight efficiency and small drag area of these 
vehicles allows their application for missions with speed requirements 
up into the hypersonic Mach number regime. Unfortunately the same 
characteristics which are most essential for reaching high speeds, and 
detrimental to efficient braking during free-run after burnout, and 
effective low speed recovery methods are mandatory to keep the coast¬ 
ing distance in consonance with the length of the existing track. The 
braking method discussed in this report is one of several approaches 
to this problem used at AFMDC. The technique itself was first tried out 
at Holloman in 1958, and has been in operation since. The need for the 
tests, the results of which are covered in the following pages, arose from 
the requirements to provide numerical data for performance calculations 
of hypersonic sled runs with marginal recovery distance. 

PUBLICATION REVIEW 

This technical report has been reviewed and is approved. 

Colonel, USAF 
Director, Test Track 
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ABSTRACT 

Velocity versus coast distance measurements on two monorail rocket 
sleds were conducted on the Holloman track to obtain numerical infor¬ 
mation on the braking effectiveness of nylon drag straps. The data 
were obtained from ribbon frame camera readings and reduced to the 
form of drag area (cj^A) of the sleds and the drag straps. The straps 
as described are shown to increase the effective drag area of the 
monorail sleds used by approximately one square foot and to be an 
effective means for reducing recovery distance in the speed range 
below approximately 700 ft/sec. 
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SECTION I 

INTRODUCTION 

1. Nylon drag straps, picked up and dragged along during coasting, 
are being used on the Holloman track as a means to reduce recovery 
distance of monorail sleds. One attractive feature of this method is 
that relatively little structural weight is needed for sled components 
to pick up the straps. Another important feature of this braking 
technique is the capability to stop more than one sled simultaneously 
approaching on the same rail; for instance, several stages of a multi¬ 
stage system. This is accomplished by supporting a strap above the 
rail, so that the first sled passes under the strap but cuts a cord, 
vhich allows the strap to be dropped on the track for engagement by 
he second sled. The first sled continues on and engages another 

strap or straps further down track. This braking technique can be 
extended to more than two sleds by proper location of the support 
fixtures. 

2. It nas been determined by previous tests that this braking method 
is applicable up to safe maximum engagement velocities of 700 feet 
per second. Engagement speeds higher than this in many cases broke 
the straps. 

3. This report presents the results of sled tests which were con¬ 
ducted on the Holloman track to obtain numerical data on the braking 
effectiveness of such drag straps. 



SECTION II 

DISCUSSION OF METHOD 

4. The nylon drag straps used in the tests were free to trail behind the 
vehicle and were not restrained from traveling with the sled by any ground 
side fixtures. The braking effects produced by such straps are attributed 
to momentum exchange between sled and straps, and to the aerodynamic 
drag generated by the straps. In the speed range under consideration 
(i. e., 0 < V < 700 ft/sec) the aerodynamic braking is by far the more 
important portion of the braking effect of the straps. However, the struc¬ 
tural loads during pickup determine the layout of the sled components 
designed to accommodate the braking forces. 

5. The phenomena involved are briefly described as follows: 

a. Momentum exchange between sled and strap. When a sled of 
weight W traveling at a speed V, picks up a strap of weight Wstrap which 
is at rest with respect to the ground, its speed is decreased by momentum 
exjhange from the speed Vj to 

(1) 
W 

y = V — 
2 1 W + W 

strap 

and the force exerted by the strap on the sled structure is described by 

(2) F 
Pickup m 4. strap 

The strap pickup time At may be estimated by the following considetfatiojis: 
Assume the strap is laid out A feet forward of the initial engagcme.'.t point 
and the sled is traveling at the speed Vj. Then the total length of the strap 
is accelerated to the speed within the time increment: 

(3) 
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For example: 
For Vi = 500 ft/sec, W = 70 lbs, Wstrap = 7. 5 lbs, and ¿ = 25 ft, 

the sled is decelerated by momentum exchange to 

500 
70 

77. 5 
« 450 ft/sec 

within the time increment 

At 
50 

450 
0.111 sec 

b. Increase in aerodynamic drag due to the strap. While being 
carried along with the sled, the straps are fluttering violently in the 
air stream and produce a sizeable increase in aerodynamic drag of 
the sled-strap system. In the equation of motion 

(4) m dv r — + c_ 
dt L D 

A + c_A 1 ^ D strap J 2 
(V t V ) 

w 
cFW = 0 

the term cqA is applied to the drag area of the sled by itself. The term 
cD-A-strap designates the apparent increase in drag area caused by the 
air drag of che straps themselves and by the interference drag generated 
by the straps in the vicinity of the sled flow field. While the drag area 
of a given set of straps can be expected to be essentially independent 
of the sled on which the strap is used, the interference drag depends 
strongly on the local geometry of the sled flow field and may vary from 
sled to sled. 
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SECTION III 

TEST EQUIPMENT AND PROCEDURES 

6. Sleds. Two vehicles were used to obtain the data in this report. The 
reason for using two vehicles was to see if differences in the effectiveness 
of drag straps could be detected on sleds having different weights and drags. 
The selection of the vehicles was dependent on two factors: (1) the drag of 
the vehicles had to be small, so that the drag of the strap would be signifi¬ 
cant combined with the drag of the vehicle itself, (2) the vehicle and pro¬ 
pulsion cost had to be minimized. The selected vehicles are sled IMS 6303 
(Figure 1) and sled IMS 6414 (Figure 2). Their essential characteristics 
are as follows: 

ûl6^ Propulsion Frontal area Burnout weight 
ft2 lbs 

IMS 6303 1 124-C 0.195 70 

IMS 6303 1 HVAR 0.195 100 

IMS 6414 1 Sparrow 0.42 100 

Twelve runs were conducted in this series. Four of these runs (two with -1 
each vehicle) were control runs. The purpose of the control runs was to 
obtain accurate velocity versus distance profiles for the vehicles without 
straps. A pick up velocity of 500 feet per second was selected to stay 
within the structural limitations of the straps. 

Straps. The type of drag strap used in the test series is shown in 
Figure 3. The strap is a 1-3/4 inch wide nylon strap with a tensile strength 
of 8700 pounds. As indicated in Figure 3 the strap was doubled. Each 
single strap is 50 feet long. A felt pad was sewn to the strap at the point 
where the strap engages the pick up hook (see Figures 1 and 2). The felt 
pad aided in the prevention of strap tearing at the pick up point. Also, as 
shown in Figure 3, a short connecting piece was sewn four inches aft of the 
strap midpoint to keep the strap from slipping off the pick up hook. One j 
double strap weighs 7. 25 pounds. The straps were suspended across the 
track in a support fixture (Figure 4) to be located above the rail at the 
proper height necessary to engage the sled pick up hook. * 
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8. Data acquiiition. The velocity data were acquired by permanently 
located ribbon frame cameras. The cameras are positioned 500 feet 
apart along the total length of the track and 1, 040 feet east of the track. 
These cameras provide electro-optical position versus time data for pre¬ 
selected portions of the run. Sled velocities and accelerations are eval¬ 
uated by numerical differentiation using digital computer routines, and 
tabulated versus time and distance. 

9. Drag coefficient evaluation. A comparison of the aerodynamic drag 
force on the vehicle with and without straps is used to show the effective ¬ 
ness of the straps. Since a suitable reference area could not be defined 
for the straps, the quantity to be compared is presented in the form of 
drag area (cqA) rather than as drag coefficients. The following equation 
shows the comparison: 

(5) c A 
D strap 

D sled + strap 
- c_A , , 

D sled 

The drag coefficients of the sleds were determined during the free run 
phase, rewriting the equation of motion (4) in the form: 

m 
(6) cda 

dV 
dt 

c W 
F 

i p (V + vw)2 7 P (V + V )2 
2 W 

Since the wind velocity component (Vw) in the direction of sled motion 
was small during these tests, this term was neglected in the evaluation. 
It is further assumed that the friction force F ~ cpW is not affected by 
the drag straps in the velocity regime between pickup speed and approxi¬ 
mately 100 ft/sec. In this case the friction terms will cancel out in 
evaluating the differences in drag area by equation (5). The tabulated 
acceleration data were severely scattered. This scatter is attributed to 
difficulties in defining exact sled positions on the ribbon frame films, and 
to the numerical differentiation methods used in the reduction process. 
Therefore, it was assumed that in the Mach number range of interest the 
drag coefficient is a slow varying function of Mach number, so that the 
term V/can be replaced by constant average values within reasonable 
sized intervals (Vj > V > V2). This assumption allows expression of the 
equation (6) in the form: 
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V 
1 

ln 
V 

rn 2 

which is the equation used in the anal/sis. The foregoing drag 
coefficient evaluation is described more completely in reference 1. 

10. An alternate method of evaluating the drag effectiveness of the straps 
is used to compare with the previous one. This method uses the equation 
of motion in the following form: 

dV 
ds 
V (8) 

For numerical evaluation the slope (dV/ds) is measured for selected 
velocities (V). The remaining terms in equation (3) are known with the 
exception of the friction coefficient, which is assumed as cp = 0, 15 in this 
velocity range in accordance with Figure 5-14 of reference 2. 
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SECTION IV 

RESULTS AND DISCUSSION 

11. Figure 5 presents sled velocity versus position for the sled IMS-6303 
and shows the effect of the drag strap on the coast distance. The curves 
representing runs 104-2C, 104-2D and 104-2F before strap engagement 
have different slopes from those of run 104-2A and 104-2B. The variation 
in slope is due to the difference in burnout weight. The burnout weight 
for runs 104-2A and 104-2B was 70 pounds. The burnout weight of runs 
104-2C, 104-2D and 104-2Fwas 100 pounds. A check of run 104-2Fwith 
runs 104-2C and 2D indicates that the engagement of two double straps 
does not greatly reduce the coast distance as compared to one double strap. 

12. Figure 6 presents sled velocity versus position for sled IMS 6414 
and shows the effect of drag straps on the coast distance. The data 
indicated in this figure are similar to those seen in Figure 5. The sled 
IMS 6414 which has a smaller ratio of weight to frontal area than the 
IMS 6303 has a shorter coast distance. This is indicated by the slight 
difference in the slopes. 

13. Application of the alternate method of calculating cqA previously 
described was made with values obtained from Figures 5 and 6. The 
values used and the resultant cqA are shown in Table 1, columns 6 
through 10. 

14. Figure 7 and 8 present the drag area cj^A versus Mach number for 
the vehicles with and without drag straps. In the speed range in which the 
momentum exchange between sled and strap occurs, the data curve is 
interrupted, however, individual data points are indicated. In the speed 
range between approximately 500 ft/sec and 100 ft/sec the assumption 
is made that the drag area cj^A and the friction coefficient cp are both 
constant. With this assumption the drag area and the term F/q can be 
separated by an iteration process, which yields the drag areas indicated 
in columns 13, 14, and 15 in Table 1. The cj)A values obtained on the 
IMS 6303 from Figures 5 and 6 compared to the cDA values obtained from 
figures 7 and 8 indicate that the actual cqA of one double nylon drag 
strap is in the order of one square foot. This value may be superimposed 
on monorail vehicles to approximate the effect of one double nylon drag 
strap as described on the vehicle under investigation. Both evaluation 
methods indicate that the cj)A of the strap is higher on the IMS 6414 than 
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on the IMS 6303. An explanation for this apparent increase in drag strap 
cqA cannot be made from the available information. 

15. Figure 9 shows the drag coefficient at higher Mach numbers for the 
vehicles tested. The general characteristics of these curves are typical 
of bodies of this type traveling in this Mach number range on the Holloman 
track. 

SECTION V 

CONCLUSIONS 

16. The engagement of one double strap at 500 feet per second by a 
sled weighing 70 pounds and having a frontal area of . 195 ft reduces 
the coast distance by 7 5%. The engagement of one double strap at 500 
feet per^econd by a sled weighing 100 pounds and having a frontal area 
of .41 ft reduces the coast distance by 70%. 

17. The engagement of two double straps does not significantly reduce 
the coast distance as compared to the engagement of one double strap. 

18. The drag area c A of a monorail sled is increased in the order 
of one square foot by the engagement of one double drag strap. 

■ i n i I h 
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FIGURE 7 C Q A VERSUS MACH NUMBER FOR THE 

IMS 6303 WITH AND WITHOUT STRAP PICKUP 

□ — I 0 4 - 2A (CONTROL RUN, NO STRAP) 

D — ! 04-2B (CONTROL RUN, NO STRAP) 

0 — I 04-2C (ONE DOUBLE STRAP) 

4 — I 0 4 - 2 D (ON E DOUBLE STRAP) 

O-7XB8(0NE DOUBLE STRAP) 

0-7XB9 (ONE DOUBLE STRAP) 
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FIQUftE 8 C Q A VERSUS MACH NUMBER FOR THE IMS 8414 

WITH AND WITHOUT STRAP PICKUP 

A- 7 X CI (CONTROL RUN, NO STRAP) 

O — *7 X C2A (CONTROL RUN, NO STRAP) 

□ - 7X C3A (ONE DOUBLE STRAP) 
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FIGURE 9 DRAG COEFFICIENT OF THE IMS 0303 AND 

IMS 6414 VERSUS MACH NUMBER 

0 —SLED IMS 0303 (REF. AREA - .195 FT2 ) 

QBQ—SLED IMS 6414 
(REF. AREA - . 42 FT2 ) 

VIM •> **“' . 1 
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