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,, ABSTRACT

The -static mass and buoyancy measurements of 11D7 balloon 201,
recently measured under simulated f l igh t  conditions reveal a
net trim situation which vitiates the use of a payload service
gondola for mooring . The mast/monorail mooring system is discussed
as a mooring system for the 11D7 balloon. Designs for monorail system.
at Cudjoe Key are described and cost/schedule estimates are given.
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PREFACE

A monorail mooring system is one of several methods of mooring an Inflated
aerodynamic-shaped balloon when it is not flying on its tether. The general
elements of this system are a mast with a masthead having rotational freedom
in azimuth, to which the balloon nose is attached, and a circular track upon
which rides a captive truck or trolley, to which, in turn, is attached a
confluence of the balloon’s mooring lines. The track radius is chosen so
that the mooring confluence point is approximately at the pitch-balance of
the balloon and little or rio static vertical force is imposed on the tower.
The swiveling masthead and circumvolving trolley permit the balloon to
always head upwind which is the desired, minimum-stress condition.

The frontispiece is a photograph of a BJ + 3 type of balloon (T/N 71) moored
on its monorail at Cudjoe Key AFS. -
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STATEMENT OF PROMULGATION

This report was prepared in direct response to the request
for same made by ENL/ENLT in a conference presentation on
the same subject held at RNL on 5 November 1971.
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I. Scope

This document is a preliminary design study on monorail mooring for the
11D7 type balloon. It is the response to a request from ENLT on 5 Nov.
71. Because of the very short preparation time, It will riot be possible
to describe all features of the system in ultimate detail. However, all
of the principal features wI].l be described and all of the more sensitive
determinants of operational feasibility, dimensions, arid safety will ‘be
given.

II. Purpose 
-

This paper is intended to present sufficient information as to permit
ENLT and TELTA to make committing decisions to use monorail moorings for
11D7 balloons at Cudjoe Key and/or CKAFS, specifically, and to decide
with confidence as to the suitability of this type of mooring system for
any other application of the 11D7.

III. Introduction

The first 11D7 balloon, designated 201, is the first 11D7 balloon to have
been manufactured. Technical difi’iculties involving tailoring arid adhe-
sives have delayed the performance of normal inflation tests until the
past week. The results of these tests have confirmed quantitatively and
accurately the earlier indications that V/N 201 when rigged for flight,
but less payload, will be pitch-balanced when tethered at BS (x) 25.56
feet with tether stress of about 3600 pounds , static. The gondola,
centered at about BS-55, and mass-trimmed for neutral buoyancy, results
in an unacceptibly high load on the tower. Even if this were of no con-
cern, this nose-up characteristic makes mating the balloon to the tewer
operationally impossible without using a weight of about 700 pounds Itear
the balloon nose.

To obviate the need for the nose weight, a relatively heavier gondo1~
(greater than 3000 pounds) may be attached to a point some 20 feet for-
ward of the presently proposed location (Cm ~ 55); but such a structure

- would be positioned well away from the payload area and could, hence , r~c’t
serve as a payload service vehicle.

A second generation gondola is planned for design coimnittment in the near
future. The burden of this paper is not to advocate the monorail in pre-
ference to the gondola, but rather to present the essential practical

I ‘ information on a monorail system to moor the 11D7 balloon.

~~; C -1-
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The first esse ntial is a descr ipt ion of the releva nt weight and bala nce
properties of the balloon which i’nplicitly define the mooring require-
ments.

NOTE: The discussion will be constructed from the measured character-
istics of hull 201 carrying serial 202 fins, as presently contemplated
for the first flight of the 11D7 series.

IV. Aerostatic Characteristics of HN2O1-F202

The simplest method of showing the mooring requirements is illustrated
in Figure 1. In this diagram, shown approximately to scale , the 11D7 is
rigged for flight with all hardware mounted except for payload , wi nd-
screen , and power-plant fuel load. The balloon exerts no force on the
tower and Its pitch trim angle is zero degrees and th is pitch att itude
is equilibrium. It is seen that its buoyant force is 9600 pounds at
body station 55, ten feet above the midline. Its mass center is about
73 feet aft of the nose and about 5 feet below the midline. The tether
tension is 3630 pounds, applied about 25.5 feet behind the nose. (All

~:easurements are from the fabric nose, not the structural accessories ,
although these are mounted.)

V. Mooring System Desigr~

A. Balloon Subsystem; from the confluence point, up.

In the diagram of Fig. 1 it can be seen that movement of the tether
point fo~ -rard will cause the balloon to push down on the tower; and
a tether point farther aft will conversely cause the balloon to exert
an upward pull on the tower. A moderat e upward force is desirable
for operational reason3 ~o that a pract ical value for the tether
point will be chosen so that a force of about 300 pounds , upward, is
produced.

In Fig. 1, the tether was shown schematically as a single line located
at th e body station correspo nding to mooring equilibrium. The actual
attachment of the moori ng cable to the balloo n is made via an array
of cables so as to distribute the tether stress into a substantial
area of the hull fabric. Fig. 2 shows the arrangement proposed for
the mooring confluence lines.
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As seen In FIg. 2, eleven patches are used. Four patches are ~uxil-
iary patches and are not otherwise used during flight or mooring.
They are one-ton patches. Three of the remaining patches are from
the quad set intended for the middle closehaul bridle and are one-
ton patches. This closehaul set is not used otherwise, since the
fore and aft quad sets are more than sufficient for closehaul oper-
ations. The last four patches are the forward pair of the fore-end

- 
- closehaul set, one-ton each and the forward flying confluence line

set of two, two-ton patches. These latter four patches are used for
closehauling and flying, respect ively, but there is no operat ional

- - inconvenience in using them for mooring.

As remarked earlier, the tension on the mooring tether is 3630 pounds
at equilibrium. The tension at the mooring tether point at BS 31i~.5
will differ only slightly from this value since some of the “up”
force is Intentionally transferred to the tower. The patches to be
used have a rated load capability of 13 tons per side or 26 tons
total, static. This is 114.3 times the static load. The line recoin-
mended for rigging the mooring confluence is Samson “2 in 1 Stable
Braid” as used for the flying confluence lines. See Fig. 3 for
Samson published data. The 7/16” size has a 1~reak strength of5,100 pounds and weighs 5.1 pounds per 100 ft. The total weight of
the mooring confluence rigging is estimated at 314 pounds, exclusive
of the spreader plate at the C-?, arid the mooring tether which will
probably be a stainless wire rope painter with swaged eyes. It will
be about 6 ft. long and weigh about 8 pounds. The spreader plate
should be a smaller, lighter copy of its flying counterpart.

The choice of the confluence point is somewhat arbitrary and 314.5 ft.
was chosen as a reasonable value. It allows for 7.5 ft. between the
fabric nose (Bs o), and the tower centerline, using the present nose
latch. The resulting monorail radius is 142 feet. The “up” force on
the tower will be somewhat more than 300 pounds but well below the
1000 pound static limit. Although it is believed possible to meet

• all requirements with a more forward point, BS 314.5 is on the con-
servat ive side and we feel that it is the best choice for the f irst
installation , at least. The position of the confluence point may
be trimmed slightly, in either direction.

B. Monorail Subsystem; from the confluence point , down.

From the spreader plate, the tension is transmitted to a short stain-
less wire rope painter to the yoke which in turn is connected at
each end to a trolley. The trollies engage a six-inch monorail which
is fastened to the ground.

-3-
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APP ROX . M~ . A PPR OX . WGT .~ A PPR OX. WGT .
BR EA KIN G STAG . PER 100 Fl. PER 630 Fl. LIST PA CE tIST P RI C E A P P F O X . LIST

DIR,. CIRC. (in Po u .5 d s) (in Poun du) (in Po u nds ) PER LB. PER 1G3 rr. PRICE, 6~ 0 Ft.
1/4 3/4’ 1,700 - 

- 
1.7 10.2 $4.25 $ 7.23 $ 43.35

.t”~’ 5/16 1’ 2,600 2.6 15.6 4.00 10.40 62.40
3/8’ 1-1/8’ 3,500 3.5 21 3.95 13.83 82.95

~ 7/16’ 1-1/4’ 5, 100 5.1 30.6 - 3.75 19.13 114.75
- _ _ _

—~ 1/2~~ - l.1/2 ~~~~~~~~~~ b.~~ 
— 40.8 3.65 24.82 148.92

2’ 11,000 11 / 66 3.60 39.60 237 .60
/ - -.IC-~~~ 3/4’ 2-1/4’ 15,000 15 90 3.40 • 51.00 3C6.C0

.d9~~~~~ ’ 7/8’ 2-5/4’ 20 ,000 20 120 3.40 63.00 403.00
1 3’ - 28,000 28 

I 
163 . 3.63 95.20 571.20

1-1/8’ 3-1/2’ 35,000 35 210 3.20 112.00 672.00
1.114’ 3•3/4’ 40,000 40 240 3.00 120.00 720.03

• 1-5/16’ 4’ 
- 

45 ,000 45 270 2.80 126.00 756.00
1-1/2’ 4.1/2’ 60,000 - 60 360 2.80 168.00 1063.00
1.5/8’ 5 75,000 75 450 2.80 210.00 1260.00

- 1-314’ 
- 

5-1/2’ 90,000 90 
- 

- 
- —  

540 
- 

2.60 234.00 1404.00
. 2 6 100 ,000 100 

-- 
600 2.60 260.00 1560.00

2-1/8’ 6~1/2 - 120,000 120 720 
• 

2.60 312.00 1872.00
2-1/4’ 7’ 140,000 140 840 2.60 364.00 2164 .65

• 2-1/2~ 7-1/2’ 160 ,000 160 
- 

960 
- 

2.60 416.00 2496.03
2-5/8’ 8 180,000 180 1080 - 2.60 468.00 2303.03

- 2-7/8’ 8-1/2’ 200,000 200 1200 2.60 520.00 31~’0.C3
3 9 240 ,000 240 

- 
1440 2.60 624.00 3764.00

3•1/4’ . 10’ 275,000 280 1680 2.6) 728.00 4 65.C0
3-1/2’ 11’ 315,000 320 1925 2.50 832.00 4992.00

4 12’ 390,000 400 2400 2.~ 0 1040.00 6240.00
4-1/4’ - 13’ 465,000 480 2880 ~~~~ 124.8.00 7488.00

~~~~- 4-5~8 14’ 53~,.030 560 3360 2.~ O 1456.00 87. b.cIo
..

~~~~~~ 
5 19’ 610,000 640 3640 2.60 1664.Q0 9984.00

E~l~~~ 
. - I

) • All in.o~ ifi g wIll bq on S c—I t por pou nd bnin. r ’ —
~~

~~~~~~~ ~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p ~~~~~~~~~~~~~~~~~~~ (- O F O n I SPT,al 

~~~
( ~~ ,,~~~~

-• 

~~~~~~~~~~ -~~ O•$~T~~K M  ~ HU$JTjj~~ 2 2 J O  ~~~~~~~~~~~~~~~~~~~~~~~~ —-—- -
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The circular “I”-section rail is made of 148 sections , rolled to the
142’ radius arc and joined by bolted plates. The plates will be
anchored at Cudjoe Key by “Red-Head ” fasteners , driven into the
existing concrete pad , and bolts. The monorail at CKAFS will be
bolted by its baseplates to fabricated anchors which will be in-
stalled in augered holes and set with concrete.

NOTE: No concrete will be necessary in the tactical case; earth-
screw anchors will be used. In the special case of Pad 3A , the
original intent was to make a semi permanent site and therefore
poured piers are used for tower and sheave anchors and the pad area
is faced with compacted marl. So in the interest of speed and per-
manence , the Pad 3A monorail anchors will use concrete fill in the
holes,

VI. Detailed Monorail Design

A. Cudjoe Key Site

As stated above , a 142 foot-radius monorail will be installed in the
existing concrete pad. For reference purposes the plat of the Cadjoe
Key site is included in Fig. 14. A larger scale drawing of the octag-
onal pad is shown in Fig. 5. The maximum circular radius of the pad
is seen to be 145 feet; this will comfortably accomodate the 142 foot
radius monorail. If future experience should justify a shorter
radius , this pad will be satisfactory down to a minimum of about
33 feet.

The drawing of Fig. 6 shows the details of the mounting of the rail
sections. The drawing is self explanatory . Appendix “A ” gives the
load/strength analysis calculations for the rail , the rail fastening
plates and the “Red-Head ” concrete anchors . The 6 inch “I” is a
very conservative choice and the plates and hardware are well over-
designed.

1. Rail Details

The rail selected is a 6 inch steel “I” section rolled to the
desired arc radius. The sections are 5’5-l5/l6 ” in length and
148 are required. Each rail is assembled to a 6” X 10” baseplate
at each end . A half-size baseplate , 3” X 10” is fastened at the
center of each rail section. These plates are 3/14” thick mild
steel , and punchs~d to pick up the bolts which secure the rail to
the pad. Additionally, two 2”X 13”Xl/2” tie bars per joint will

-‘ join the rail sections. TELTA drawing C SK .09 1 as Fig.  o
shows these detai ls .

- , -14-
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2. Trolley Details

The design uses two , double-axle , Dresser “Budgi t” trolleys
as shown in Fig. 7. These units tv.t11 be connected wi th a yoke
bar , which , in turn , attaches at its center to the steel rope
mooring painter . The tro lleys are rated for 4000 pounds ,
each , working . Their working safety factor is 5. As a check ,
TELTA load- tested a 2000 pound tro lley to 18,000 pounds with-
out failure . The proposed arrangement would , by extrapolation ,
hold a 72 ,000 pound load.

B. Pad 3A Design

The design of the monorail for Pad 3A is the same as for Cudjoe
Key except that the rail baseplates are bolted to the upper
ends of anchor8 designed for this app lication. As noted above ,
these anchors will be imbedded in the compacted surface of the
site by means of concrete , poured into the augered hole after
setting the anchor . This is not a requirement for a quickly
redeployable system where cou~ on ~1ounda tion anchors” will  be
used .

The use of hard , aluminum-alloy rails for the “portable” system
is being studied prior to design release. The aluminum rail is
feasible and will save about 507, in weight. The details awaiting
resolution are the choices of alloy and of section-design to achieve
the maximum strength-we ight ratio.

VII. Mast Requirements

A most desirable feature of the monorail system is its independence
of tower heigh t, which may take any value of operational convenience
and balloon geometry.

In the monorail systems contemp la ted for near term use in the TELTh
program, the mast height presently in use, which permits the use
of the mooring gondola and/or extant service vehicles , is the
obvious choice.
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‘-.‘ TROLLEY S

:4 
5 FOR USE ONLY WITH HOOK TYPE HOISTS 0

7425 B A s

- 
D -

. 

147A ~~~~~~~~~~~~~~~~~~~~~~~
500, 1,000 and 2,000 POU ND TROLLEYS H

H 

_ __

_ _—

TROLLEY _CAPACITI ES /
- ______________________________________________________ 500 1000 2000 (~~~~ooo

— Catal og Number 
—__________________________________ 

80 I 81 82 83~ -L
Nil W eigh t (lbs.) - — ___________________ 

13 13 23 36
- Beam Sites (Am .fl can Std. Section) 4” to iO” 1 4” to 10” 5”:12” .1

Minimum Radius Curv e - 2’-6~~~ 1 2~-6” 3’~0” 4’-0’- OUTLINE DIMENSIONS (Ins.) 
-________

- A 
________________________________ 

4% 4 ’ -’. 6’,’, 6’,’.
B 

________________________________ 
2% 2/, 2% 4~,

- 
C 

_______________________________________________ 
4 ’/, 5%

D - 1’4 1% 1% 1%
E -__________________________ 

3i/~ 
3i/ 4 4%

F Matl mum ” 
____________________________________ ‘K. % ‘K. ‘4

0 
_______________________________________ I’4 1% 2/ . , 2” .

H - - 
___________________ 2~. J~4__  _

~ ‘4Iii~ L __!~’_- -_________________________ 
3K, 3% 4% 6

5 
5 ‘ . K Minimum ” % 1% ~ ______

— I. ‘)ç, ‘K. 1’)~, 
1J~ 1’,’. /

- Equipped with Bumpers.
• 

- “ DImens ion ‘ ‘ F ’  is based on hook of standard BUDG I T Hois t , and smal lest  size beam on which
w i l l operate. Dimension decreases sl ight ly for each of the larger size beams.

“ Thi s Dimension (K) occurs on smallest size beam only. On larger sizes of beams it is increased by
- the di f ference in f lange width. -

BUDGIT MOTOR DRIVEN TROLLEY OPTIONS
Longer Than Standard Control Hoists for mounting on BUDG I T Motor Driven

S - Cable Lengths Trol leys.
0. - T rol ley s ar e equ ipp ed as standard w ith 7’.4’ Catalog No. Electrical Current

of P.B. Cable for standard 10’ l i f t  hoistS. 9 21 5 I 1 h 60 I A CX ~ll fl 1 h 6 A C
40 U~ - . GIS Wi UP 0 1 - 901823 All  olta es 3 hase 6O c c l e A C- For greater lengths apply to factory. ° 1 ~ -

-
~~ S 

Ballast Resistors Current  Collectors
• Ballast resistors may be ordered on trolley Wh en curr ent co l le ctor s are to be used to

- With thr ee phase currents when cushioned supply power to trolley the following two

starting is desired, types may be ordered with trolley at extra
S cost : Figure K, Spring Wheel Type for use

Electrical Adaptor Kits with bare copper wire or bare figure “8’ •.1
The following are field conversion kits which bar . Spring Slide Type for use with Insulated
are required when it is desired to modify figure 8” bar. Specify on order type and
exlstingCoilChaln Pusfl Button Model BUDGIT number of collectors required.

5 - - - - - - - - 5 - 5 - - -.  

- ---

~~~~~~~~~ - - - ---S ---~~~~~~~ - - -~~— -

~~~~~~~~ ~~~~~~ G~IEE~~ ~ ~~~~~~ i~~~~~~J~j  ~~
)

~~ ~~~~~~~~~~~I - -  ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~ -- .-~~~~- _ _ _
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TELTA TR No. 71-016

VIII. Test Procedure for Monornil Mooring Checkout

The followi ng list of events is a “first-cut” at ident ification of the
actions required to operationally checkout a monorail mooring system.

Assumptions :

1. The balloon is inflated, rigged for flight, less only the windscreen ,
payload and ftel.

2. The mooring confluence lines are rigged as designed , for the BS 3~.5C-P, and the spreader plate and mooring painter are attached.

3. The balloon is closehauled and the noserope is attached , routed
and ready for mating the tower to the balloon.

Docking and Mooring Balloon:

1. Attach an 8” combination sheave to the trolley yoke-bar with a
shackle.

2. Run a 1 inch line from the confluence point eye , (same eye as used
for painter) through the sheave, to a tow vehicle.

3. Pull the balloon into the tower, pull down on the C-P, and relax
the closehaul lines.

ii .  When the balloon latches , continue to pull down the C-P until the
painter can be connected.

5. With painter connected , relax tow on C-P line and remove. Balloon
is moored.

Checking Forces :

1. Using the C-P handling line in prior operation, install tension
scale between trolley-yoke and C-P. Measure tension.

i i
2. Measure balloon “up” force by pulling down on nose probe with line

:1 an d scale. It should be oossible to see ( from the “hi gh-ranger”)
when the downward pull just takes up the “play” in the latch mech-
ar.tsrn. The value of teii~T&i on the scale at this point is the
balloon “up” force.

-6-S
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If the tower height and tail clearance are acceptable, and the mooring
angle is as desired , the confluence lines should be trimmed so as to
produce the desired nose force on the tower. The achievment of satis-
factory values for these parameters signifies a correctly moored balloon.

tX. Cost and Schedule Information

A. cudjoe Key Site

Rail 16 - 20 ft. lengths, 6” “I” (12.5) 1~,OOO lbs .
6 - 20 ft. lengths , 1/2 ” X 2” ~4.o8

1~8 rng.ft. 3/14.” X 3” 367
96 rrig.ft. 3/14.” X 6” 1,1469

Trolley Yoke 2ft2 X 1/2” plate 141
6,285 lbs. -

steel @$0J.0/# $628.50
2 j~83, 14jç# trolleys @ $65.50 131.00
148o Red Heads @ $70.30/c 337.1414
148o CRES lockwashers @ $l214.lO/m 59.57
3814 3/ 14” - 10 X 23-” CRES bolts 1402. 143
96 3/14. - 10 X 2” CRES bo1t~ 95.6k

Total Material : $1,6514..58

Rolling rail @ $0.15/ lb . X 14QQQ $600.00
Shear & punch rail bars 336.60
Fab trolley yoke 100.00
Sink Red Heads; fasten rail (200 H) 960.00
Welding; 214 hr. @$io.oO 2140.00

Total Labor: $2,236.00

Total Labor and Material: $3,891.18

Schedule : 21 days after total commitment

-7-( )
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TELTA TR No. 71-016

B. Pad 3A Site

Rail 16 - 20 ft, 6” “I” (12.5) 14,ooo lbs.
6 - 20 ft. 1/2 ” X 2”

148 rng.ft . 3/14” X 3” 367
96 rng.ft. 3/14” X 6” 1,1469

Trolley Yoke 2ft 2 X 1/2” 141
6 ,285 lbs.

steel @ $0. io/# $628.50

96 Anchors (ss) i~” dia. 6’o”, 14c~ea; 38140#96 Plate (SS) 12” X 12” X 1/2 192~~
192 Plate (ss) 12” x 6” X 1/2 1920#

7,680 lbs.

Stainless Steel @ $l.00/# $7,680.00
2 ~83 I4K# trolleys ® $65.50 131.00
Bolts & Nuts (ss) 3/14” 56~ .00

Total Material: $8,999.50

Roll rail, shear & punch plates, fab plate $1,000.00
Fab anchors 1,500.00
Anchor Setting 1,000.00

• Total Labor : $3,500.00

Total Labor & Material: $12,1499. 50

Schedule: 25 days after total commitment

C. Comment s on Cost and Schedule

The installation labor at Cudjoe Key may be performed by PA~’t/T~~ TA.
If so , the cost of this work is indirect.

All major material including trolleys is available , ex-stock from
nearby suppliers (0RL & Am).

Stainless steel was used for Pad 3A anchors because of the salt
environment and the proposed permanence of the site.

-8- 
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APP~~~DD( ‘A ’

Sunt~ary of Stress Calculations on Mo norail

3600 lbs . nominal lift of balloon

~/ I
Cudj oe Key Anchor Bolts

3/14” - 10 NC threaded rod - Root area 0.3091 in.
yield strength = 35,000 psi

Yield load per anchor bolt:
= 35,000 X 0.3091 = 10,819 lbs.

Each rail section held by four bolts
total lc..d = 14 )~ 10.819 = 143,276 lbs.

F.S. = 143,276 = 12.02 based on nominal lift.
3,600

Monorail Sections

For worst case bending, assume load concentrated at center of 51” span.

Bending stress (rb) =
S

~b 
= 36,000 psi, yield

S 7.3ir~ for 6”I 
12.5

M = x S = 36,000x 7.3 = 262,800 in - lbs.

Load = 14 .:~ ~ 14 x 262,E-C0 = 20,612 lbs.
Span 51

F.S. = 20,612 = 5.73 based on nominal lift
3,600

A-~1

C
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“.u dgit” ~roil~ y, 4,000 jOS. ca-~acity

For 2 trol1~y.. capacity = 8,000 1~~ .

F.S. 5 on u~~ti~W.~~

Failure io.id S x 8,000 ~ 40,000 lbs

P.S. ~~~~~~ 11.11 based on nominal lift
i ,o3u

For CKAFS Anchors with 1~” dia. 303 CRES Bar

S Yield streng th = 35,000 psi

S Area ...L_ (1.5)
2 1.7672 in2

Yield load on anchor 1.7672 x 35,000 = 61,852 lbs

F.S. = 61 ,852 = 17.18 based on nominal lift
—3-;-

~
-0
~

Anchor should develop not less than 20,000 lb. pull out strength.

F .S.  20,000 = 5.56 based on nominal lift.
3 ,6O~

~:
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