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SEcrIoN I
GENERAL

B 1. GeneraL.—The barrage balloon is a fragile mechanism
requiring careful handling and maintenance of rigging and
fabric to keep it in satisfactory operating sondition. Since
using personnel must spend much of their time in the upkeep
of balloon matériel, it is essential that they have a thorough
knowledge of rigging and fabric repair.

# 9. ScopE~—This manual deals with the construction, han-
dling, and repairing of barrage balloon rigging and fabric.

# 3. REFERENCES.—

FM 4-187, Service of the Balloon and Balloon Equip-
ment, LA.

FM 4-188, Service of the Balloon and Balloon Equip-
ment, VLA.

FM 5-35, Reference Data (Corps of Engineers) .

TM 1-440, Parachutes, Aircraft Fabrics, and Clothing.

TM 5-225, Rigging and Engineer Hand Tools.
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SecTION II
CORDAGE MATERIALS

B 4. Preer Rores.—Fiber ropes used in rigging and securing
barrage balloons are generally made of magila or sisal hemp.
For general information on these materials, see TM 5-225,

¥ 5. Corps.—a. General—Cords are small ropes made of a
number of thin threads twisted together. Those used in bal-
loon rigging are generally made of cotton or linen. Cords
may be waXed with beeswax or paraffin or both. Cords are
classified by the weight of a 60-foot length or by the number
of threads in the cord. Thus an 8-ounce cord welghs 8 ounces
per 60 feet, and a No. 9 cord has nine threads.

b. Types-—Several types of cords are used in balloon rig-
ging: serving cords, blocking cords, breakable cords, and the
gas-valve operating line.

(1) Serving cords.—Serving cords are made of waxed linen
or cotton, and are used for serving rope splices and ends,
for covering ends of cable splices, and for seizing rope. The
proper size of cord for serving rope in common use is shown
below,

Size of serving cord Size of rope
(number of threads) i

served (inches)

(2) Blocking cords.-—No, 16 cord or larger is blocking cord.
Blocking cord is ususlly made of hemp and has a starch finish.
The most satisfactory size of cord for cable work is No. 18.
A larger cord than No. 183 does not hold firmly because its
diameter is too great in relation to the diameter of the cable
ordinarily used for rigeing. A smaller size cord requires more
time to apply. Cord smaller than No. 9 should never he
used.

(3) Breakable cords.—Breakable cords, which are cords
having a low tensile strength, are used to secure the rip cord
to the halloon envelope and to lace the parachute bag.

2

BARRAGE BALLOON RIGGING AND FABRlu habald

(4) Gasvalve operating line—The ga.svalvfi.operazllr;g \:;11?33
i i thetic silk or linen cor
4 in balloons is made of syn 5 rd
:isfovering of synthetic silk. The linen cord has a minimum

; nt of stretch.
gt Srorion 111

CARE AND USE OF FIBER ROFE
: t ‘ f a TM
® 6. CarE—For information on the care of rope, see
5225,

B 7. TENsILE StRENGTH—Tensile strength is tthe 10121 ;m:{a:;;
4 1n 1 8 to produce rupture 1
ed in pounds) necessary . ; e
3;116d in the divection of its length, Table I gives the fensile

strength of rope commonly used.

TapLE I-—Marimum tensile strength of rope (in pounds) .

Commer-| T 1* iy ;
Size (diameter in - Manila | otion | cial | Sisal [Wartime® Juie
inches) | yacht | | manila ‘ | E
L L e
R
250 | 450 | 273
450 | 800 358 |
675 1, 000 608 |
G0 | 1,350 | 820 | ‘
s {7s0 1,188 | 1,400 | 1,800

1,&%“ 2,650 | 1,722
,,,,,,,,, | s4s0) 228]
2,028 | 4,400 2,860 |

3,100 | 5400 | 8510
_____ I
3,900 | o-s| 3,003

| .o} 5, 428
4,020 5100 | 9000 | 5850

l sl e ) bl A

* A type of sisal rope.
é 8. WoORKING STRENGTH.—L. Deﬁniiion.-—Workinghs.tit‘iax;g_tilr;
is tirle maximum load (measured in pounas) to W 1(;ewice
considered a rope may be safely subjected when in e

b. Factor of safety—5a factor of safety, expresse

- | G
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a ratio of the tensile strength to the working strength, is
used in determining the working strength of a rope. Allow
a factor of safety of § to 1 in computing the working
strength of a new rope. For example, to handle 200 pounds,
use 2 rope having a tensile streagth of 600 pounds. From
table I it will be seen thatl the following sizes of rope will
be needed for this load: ¥i-inch manila yacht, or ¥g-inch
cotton, or Yi-inch commercial manila, or %g-inch sisal, or
Yg~inch wartime, or #g-inch jute. When old rope is used,
malke actual fests to determine ifs strength. Always bear
in mind fthat rope detericrates with age, and be guided
accordingly. Never overestimate the strength of a rope.

H 9. STRENGTH OF ATTACHMENT.—The strength of 2 rope is
only as great as the strength of its attachment to another
rope or to an object, When a rope is bent sharply around
a small pipe, bar, or ring, or even around itself, the indi-
vidual fbers are strained and the tensile strength of the
rope at such a bend is reduced somefimes as much as 40
percent.

8 10. Currinc.—Before a rope is cut, a serving always should
be placed on each side of the spot where the rope is to be
cut. The serving will prevent the rope from unlaying or
unraveling. For information on serving, see paragraphs 28
and 27. :

B 11, Comuivg—a. Genergl—Certain established techniques
must be followed in coiling and uncoiling fiber rope. (See
TM 5-225.)

b. Coiling handling lines—Coiling the handling lines on
low altitude barrage balloons offers special problems. To
coil these lines, proceed as follows:

(1) Grasp the rope in the left hand, thumb toward the
free end, and hold the line with the left hand as shown in
Step A4, figure 1,

(2) Take the free end of the line in the right hand approx-
imately opposite the right hip. (See step 4, fig. 1.

(3) With the right hand, loop the line into a series of coils
of the same size and hold the coils in the left hand. Be sure

4
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that the coils and the lay of the rope arein the same direction.

(4) When the full length of the rope has been coiled, pass
the right hand through the center of the coil, reach up behing
the coil, grasp the standing part of the line above the coil
and pull it through the coil, forming a loop. (8ee step B,
figl 1.5

(5} Bring the loop up scress the front of the coll, around
behind the standing part of the line, and tie it off with an
overhand knot. (Zee step €, 8g. 1)

SRR

N
e
2

i

s

STER B STEP

(4]

1 —Coiling handling lines.

Secrron 1V

ROPE ANT CORD KNOTIE

enieral ‘treatment of kunots and
The rope knots and
ther manuals, or which

this secticm.

=

12, BowriNE—The howline is used e attach the rip cord
either to the flying cable when ine low altitude palloon is
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fiying or to a peoint on the bed when the halloon is moored.
Becsuse the knot often must be tied by a crewman reaching
ahove his head, the following special methed of tying should
be learned by all balloon operators:

4. Place the forefinger of the right hand along and near the
end of the running end of the line. Hold the standing part
of the line with the left hand, palm up. ;

B, Place the running end over and at right angles to the
standing part beyond the left hand, Grasp the running end
and the standing part between the thumb and forefinger of
the right hand, thumb against standing part. (See step A,
fig. 2.

c. Form a loop in the kight around the running end by
turning the right hand. (See step B, fig, 2.) Hold the loop
with the left hand.

Fzure 2.-—--Bowline, *

4. Pass the running end back and around the standing
part, down through the lecop. Then pull the two parallel
parts of the running end against the standing part uniil
the knot is tight. (See step C, fig. 2.

¥ 14, Swas Hrrom—A swab hitch is a quick-release hitch used
in balloon work for tying handling lines to the eyes of the
wire spider. To make the swab hitch, proceed as foliows:

¢. Stand facing the spider on the right side of the handling
line,

BARRAGE BALLOONN RIGGING AND FABRIC REPAIR Ta=T17

b. Pass the running end of the handling line up through
the spider eye about § inches past the marking on the
handling line.

¢. Double the line back along the standing part with the
running end to the right. (See step 4, fig. 3.)

d. Grasp the bight thus formed in the left hand at the -
spider eye to hold the line in vlace,

e. Then, with palm down, pass the right hand under the
running end of the line (see step B, Bg, 3} over the spider leg,
and grasp the running end of the line, (See step C, fig. 3.

f. Withdraw the right arm and with it the bight in th
line, turning the palm of the hand upward and placing ©
running end of the bight of the line on the side toward th
throat of the eyve, (See step D, fig. 8.)

¢. Release the left hand and allow the line to pull tight,
as shown in step E, figure 3.

@ 15. Lar’s Heap—A lark’s head is used to fasten a grommet
to & line or an eye, and to fasten & soft eye to a larger soff
sye or to & hard eye. In balloon rigging it is used at various
places, particularly to fasten grommets to.the cctagon. A
lark’s head is illustrated in figure 4.

H 16. SmeLE BowrnoT.—A single bowknot is used as a
quick-release knot, for example to join the sandbag lines
to the rigging lines. To make this knot, pass the running
end of the line in which the knot is to be tied around the
object to which the line is to be attached. Then tie an over-
hand knot, leaving the loop in the running end. (See fig. 4.)

® 17. Reer Benbd—A reef bend is used to join two soft eyes
of approximately the same size or tc join a bight in one rope
to a soft eye in ancther. For example, a reef bend is used
to join the mooring-line extensions to the mcoring lines.
To make a reef bend, pass one eye gver the second eye. Then
pull the free end of the line in which the first eye is made
through the second eye. The completed reef bend looks
like a square knct and the puill of each eye is against the
walls of the other. (See fig. 5.)
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HANDLING-LINE
MARKING

Frgure 3.-—Swab hitch.

8
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B 18, Picxering Hitcx.—A picketing hitch is used to fasten
handling lines to eyes or to screw piekets and to fasten
the tail-line strop to the bungee assembly. The standing

LARKS HEAD ,"

; SINGLE BOWKNGT

Freure 4 —Larks head and single bowknot.

Freure 5.—Reef bend.

part of the repe can easily be lengthened or shortened. To
make a picketing hitch, proceed as follows:

a. Pass the bight in the running end of the iine through
the eye or screw picket, Pull the slack out of the line and
make a half hitch around the standing part of the line,
using the tensioned side of the bight.

8
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#. Continue using the tensioned side of the bight and lay
another half hitch over and above the first half hiteh (away
rom the eve or picket) and within the loop fermed with
he original standing part. (Sec step 4, fig. 6.)

o, Outside the loop in the original standing part, make
4 third half hitch, still using the tensioned side of the bight,
and pull the three half hitches firmly together. Whegn tying
s hiteh, it is not necessary to pull the running end through
the loop formed with the original standing art. (See step
2, fiz. ) 'The knot can be speedily untied by looscning
the third half hitch and pulling on the free end of the rope.

i
@
E

Freurr §.—Ficketing hitch.

# 19, Harwemss Hrrem-—A harness hiteh is used to make a
non-slipping loop in a rope. In barrage balloon work, the
hiteh freguently must be made with one hand, as follows:

a. Keep the rope somewhat taut. This may ke done hy
putting the right foot on the rope on the ground. (See step
A Hg. 70

b. Lay the back of the right wrist against the rope and
rescn around and grasp the rope with the Sngers of the
right hand. (See step 4, fig. 7.)

¢. Raise and turn the right hand inward forming a loose
loop in front of the standing part of the rope. (See step B,
Ao 1)

d. Beaech around to the right of the standing part of the
rope and grasp the left side of the loop. (See step C, fig, T

e. Now pull the right hand bhack through the opening

¢
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between the standing part of the rope and the other side of
the loop. (See step D, fig. 7.) Step E, figure 7, shows the
completed knot.

¥ 20. Corp Kwors.—There are a few knots used in joining
cords and small twine. The most common ones used in bal-
loon work are the square knot, silk line tie, and surgeon’s
knoft,

Ficure 8.—8iik line tie.

a. Square knot—Information on the square knot is found
in FM 5-35 and T'M 5-225.

b. Silk line tie—The gas-valve operating line is joined
by a silk line tie, This tie consists pi‘imari}y of a sguare knot
in the line. After the square knot has heen tied, a half
hitch is taken with the running ends on the standing part
on each side of the sguare knot and the running ends are
sewed or seized to the standing parts. (See fig, 8.)

11
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¢. Surgeon’s knot.—The surgeon’s knot, a variation of the
square knot, is used in balloon work to tie bulky packages.
To tie it, the two running ends are passed compleiely around
each other, as in the first step of making the square knot.
Then one sdditional turn is made around the standing part
with either of the two ends, and the knot is finished in the
manner of the square knot. (See fig. 8.)

SECTION V
ROPE SPLICES

B 91. GeEneEAL—The rope splices most often used in balloon
operations are the short splice, long splice, eye splice, back
splice, looped cut-splice, straight cut-splice, and grommet
splice.

B 22. SmortT SpPLicE, Long SPLIcE, Eyg SPLICE, AND BACK
SpricE.—For directions for making and using the short splice,
long splice, eye splice, and back splice, see TM 5-225.

B 23. LoorEp Cur-Serick—A looped cut-splice is used in a
rope o form a permanent eye which will absork pull parallel
to the rope in the direction of the loop. (8ee fig. 100 To
make 2 looped cut-splice, unlay each of the two ends of the
rope forming the eye (rope 1) for a distance of at least fifteen
times the diameter of the rope. (See step 4, fig. 1§ For
making looped cub-splices in balloon mooring and handling
lines, the length of the center portion of the rope between
the unlaid portions in step 4 is about § inches. This will
make a looped cut-splice with an internal length of about
5 inches. Place rope 1 into rope 2 as shown in step B, figure

12
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10. Then using the same method used in making an eye
splice, tuck the strands of rope 1 at both ends into the strands
of rope 2. Be sure that both ends of rope 1 are spliced into
rope 2 in the same direction. Take three tucks with each
strand and serve the splices, (See step C, fig. 10.)

B 24 SrrarenT CUT-SPLICE.—A straight cut-splice is used in
a line to form a permanent eye which will act as a keeper

STE"

FicUure 11.—Straight cut-splice.

to prevent lateral movement of any rope, grommet, or cable
attached to the standing part of the line at the point of the
splice. The straight cut-splice is made in the same way as the
looped cut-splice except that rope 1 is spliced into rope 2
in cpposite directions. Rope 1 may be smaller in size than
rope 2. (See fig. 11.}
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B 25. Rore GroMMET.—A rope grommet is a rope ring. (See
fig. 12.) To make a three-stranded grommef, unlay a rope
and take one strand about four and a half times the circum-
ference of the desired grommet. Form a loop of the desired
size near one end of the strand, (See step 4, fig. 12,) Lay
the strand around the locp, being sure that it follows the
lay of the strand in the leop. (See step B, fig. 12,) Then
follow around for the third time, fitting in the strand fo
make the complete rope ring. Tie an overhand knot in the
two strands with the lay of the rope. (See step C, fig. 120
Make one tuck with each end, and serve the junction. (See
step D, fig. 12.)

1]

|

ST1EP B

Ficure 12.—Rope grommet.

SecTion VI
SERVING

¥ 28. GExERaAL.—q. Definition——Serving is the operation of
placing a protective covering of cord or wire on the outer
surface of rope or cable.

b. Instructions.—Apply all servings tightly and lock all
ends. In serving an eye splice, or any other junction of rope
varying in diameter, be sure to start at the smaller diameter

14
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and serve toward the larger; otherwise it will be imbpossible
to keep the serving tight.

o. Finishing —Finish all servings with two coats of shellac,
1% shellac is not available, apply a heavy coat of wax to (he
serving cord before starting the serving.

H 27. Murmops.—There are several methods of serving rope
and cable, but only three are used in rigging barrage
bhalloons. They are the French spiral, the underhand French
spiral, and the cockscomb serving.

a. French spiral (see fig. 13) —A French gpiral serving is
used for finishing all snlices (rope or cable) except those to be
passed through a blogk, and for finishing the end of a rope
to prevent it from uniaying. The length of a serving at the
end of a rope should egqual the diameier of the rope. The
following procedure is used to make a French spiral serving:

(i) Tie a ciove hifeh around the rope to be served with
the serving cord.

(2) Let the standing part of the serving cord exXtend in
the direetion toward which the serving is to be made,
paralicl to the lay of the rope.

(3) RMdake a series of half hitches around the rope with
the serving cord, so that the running end of the serving cord
gees through the loop from right fo left to form the half
hitch. Be sure that the knots of the half hitches foliow the
“yalleys” in the lay of the rope. (See step 4, fig. 158}

(4) Refore the last four hitches are made, place a separate
loop of ancther serving cord on the rope with the loop toward
the direction in which the serving is being made. (Ses
step 4, fig. 13.) Make four more hglf hitches, and reeve the
end of the serving cord through tha loop.

(5) Pull the rununing end of the serving cord back through
the serving by means of the lcop.

(8) Cut off all loose ends. (See step B, fig. 13.)

b. Underhand French spiral (see fig. 14.)-—An underhand
French spiral serving is used for finishing splices to be passed
through a block, and to finish grommets. An underhand
French spiral is started exactiy like the French spiral. The
halif hitches are made by passing the running end of the

15
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serving cord through the loop from left to right. In this
serving the half hitches are under the serving instead of on
top of it.

¢, Cockscomb serving (see flg. 14) —A cockscomb serving

STEP B

Frours 183 —French spiral serving,

UNDERHANG FRENCH SPIRAL SERVING

Froure 14 —Underhand French spiral and cockscomb serving.

is used for a protective covering on the crown of an eye or on
a gromimet wherever reinforcement is required. A cockscomb
serving is made like a French spiral serving, except that the
direction of the half hitches is alternated: one with the lay
of the rope, the next againgt it. Thus, the knots of the half
hitches are all on the outer circumference of the eye.

16

CHAPTER 2

CABLE (WIRE ROPE)

Paragraphs
SEerron. I General core. - s oma e i s D el 28-29
JI. Measuring, marking, cutting, and parceling cable__ 50-35
TLicCable dspliceRdacin o = e s 36-38
SECTION I
CGENERAL

M 28. GunerAL.—In barrage balloon work, the terms “cable”
and “wire rope” are used interchangeably. TFor information
concerning the construction and care of wire rope, see TM
5-225,

# 29, Prvine CaBrE.—¢. General.—The principal use of cable
for low altitude barrage balloons is for flying cable. (For
information on the use of cable on the VLA balloon, see FM
4-188.}

b, M2 cable~~The M2 cable is made of six high tensile steel
wires laid around a central hemp core, which is impregnated
with a neutral oil or grease to lubricate the cable. The con-
struction of this cable is referred to as 6 by 1, which means
that each of the six strands is made of only one wire.

¢. M1 cable—The M1 flying cable is made of six steel
strands of seven wires each, laid around a core of another
strand of seven wires. This construction is known as T by 7,
which means that each of the seven strands is made up of
seven wires.

d. Clare—TFor proper methods of examining and caring for
flying cable, see FM 4-187.

e. Characteristics.—The characteristies of fiying cable used
with low altitude balloons are given in table IL
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TasLe IT—Characteristics of fiving cable used with LA
balloons

27y A sra (o s RESSRE O
(BraT st sl AT R R
Tensile strength. . .
‘Weight per 1,060 feet (approximate)

Secrion 1T

MEASURING, MARKING, CUTTING, AND PARCELING
CABLE

B 30. MEasurinGg—a. General—A knowledze of cable meas-
urement is necessary for determining the length of cable
required to make a strop of a given length. (A strop is any
piece of cable or rope with an eye in one or both ends.)
The piece of cable from which a strop is fo be made must
be long enocugh to allow for the eyes and splices.

b. Finished length—The finished length of a strop is the
over-all length of the strop when the eyes have been spliced
and the strop is measured with the eyes held at their proper
width,

c. Cutting length—The cutting length of a strop is the
length of cable required to make a strop of the desired fin-
ished length. -

B 31. DerervINING CurtTing LENGTH. — d. General.— The
method of determining the cutting length of cable to make
a strop wiil be shown by an example. Figure 15 shows a
2-foot spider leg. It has an 8- by 3-inch eye in one end,
a 4- by 2-inch eye in the other end, and & finished length
of 2 feet. The steps in determining the cutting length of this
strop are outlined below.

b. Steps-—(1) Determine the length of cable between the

throats of the large and small eyes by subtraciing the length

of the large eye and the length of the small eve from the
over-all length.

BARRAGE BALLOON RIGGING AND FABRIC REPAIR, 31-32
G s

(2) Determine the circumference of the large eye by using
Fhe formuls 2L4-15W, where L is the length of the eye and W
is the width of the eye.

(3) Determine the circumference of the small eye by using
the same formula given in (2) above.

{4) To allow for tucking, add $ inches for each splice to
e made,

: (8) Add the results obtained in (1) through (4) above
to get the cutting length,

¢. Resulis—The steps outlined in b above are expressed
in figures below;

(1) 2'—8''~——4* =1’ (Length be-

tween
2 ) throats},

(2) @X8') (T X3)=16"410%""=1" 5%  (Clircumfer-

énce -of

large eve),

B) X&) 4(hX27)= 8" 41" = 9" (Circurafer-
ance of
small eye).

i e g i DR

(4) 2x8 =i’ 4 (Allowance
for s&plic-
ingj.

(B} Total 4" 64" (Cutting

length),

B 32, Mrermop oF MEASURING AND MARKING CABLE~—If g num-
ber of strops of the same type are Lo be made, it will be
found convenient to follow a method such as the ong cut-~
lined below for measuring and marking the cable. This
methcdl is fllustrated in figure 15 for the 2-foot spider leg
described in parsgraph 31 sbove. The method involves the
following procedure:

a. Drive six nails in the top of a work bench, as illus-
trated in figure 15. The distances between nails 4 and B
will be the length of cable reguired for tucking an eye-
splice; the distances between nails B and C will ba the gir-
cumiference of the eyes, and the distance between nails '

19
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and C will be the lenginh of the strop between the threats of
the eyes.

b. Place one end of the cable at nail 4, and eut the cable
at the cother nail 4. Msark the cable with crayon at nails
B and C.

¢. Make g short serving at the erayon marks by nails B,
starting at the mark and serving six or eight turns toward
the center of the cable. Unlay the cable from the ends
back to the servings.

d. To make the eyes, start tucking the splices at the crayon
marks mads at nails C.
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Ficure 15-—Twe-fcot spider leg and method of measuring and

marking cable.

& 33. Curmng—In cutting cable, observe the following rules:

a. Before cutting, place a serving at each side of the place
to be cub. The distance bebween these servings varies with
the dizmeter of the cable and should e a mum of cne
diameter. If exfra-flexible cable is used, friction iape may
be used to make the serving.

b. Cut the cable with a sharp tool (cable cutter). When
used with nicopress sieeves, cable should be cut with the small
welding fip of an acetylene torch.

¢. Dip the ends of the cabile in solder if the cable has been
cub with a sharp tool, to prevent the strands from unlaying,
It solder is not obtainable, each strand of extra-flexible cable
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must be served at its end with cord or a strip of highly ad-
hesive tape. This is not necessary if the cable hias been cut
with an acetylene torch, since the cutting fuses the ends of
the strands.

B 34, ParceriNg.—. Parceling is the operation of wrapping
cable with profecting tape or cloth.

b. Splices should be parceled to—

(1) Protect fabric and personnel by covering the sharp
points where the strands have been cut off.

(2) Give g base for serving.

(3) Prevent corrosion. Parceling should he of oil-soaked
tape or cloth. If cil-soaked material is not available, the
parceling, after application, should be painted with a non-
corrosive metallic paint.

(4) Hold the splice in shape.

¢. Those eyes to which rope lines are tied (cradle legs and
spider legs) must be heavily parceled to prevent rapid wear
of the rope lines.

d. Parceling should be applied to an eye splice as foilows
(see fig. 16) ¢

(1) Start parceling 1% inch above the sharp point nearest
the eye (point A).

(2) Parcel to % inch beyond the farthest sharp point
(point B).

(3) Then parcel back to a point about 1 inch from the
throat of the eye (point ). The parceling is not carried
hack completely to the throat of the eye to facilitate inspec-
tion of the splice around the throeat.

(4) As the parceling is applied, lay the sharp points toward
the end of the splice. .

¢. Parceling may be either light, medium, or heavy.

(1) To make & light parceling, cover the area to be
parceled by wrapping it with tape or cloth so that the sscond
turn of the wrap just covers the outer edge of the first turn,
the third wrap just covers the outer edge of the second turn,
and so on until completion.

(2) To make a medium parceling, cover the area to be
parceled by a light parceling as described above and repeal
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the process once, so that thers will be twe thicknesses over
the part to be covered.

(3) To make a heavy parceling, cover the area o be
parceled by a light parceling as described above and repeatb
the process twice, so that there will be three thicknesses
over the part to be covered.

END rel
PARGELING HERE

et

START =
PARGELING MERE

Ficurg 16 —Parceling.

REVERSE
PARGELING HERE

# 35. Rore aANDp CasiLE Rzpairing MaTeriaLs anp ToorLs.—
Certain rope and cable repairing mafterials and tocls, the
uses of which are not self-explanatory, are listed below:

a. Cable splicer—A cable splicer iz an adjustable vise
which holds the cable on a thimble whils splicing is being
done.

b. End cutting compound nipper~—~—The snd culling com-
pound nippser is used for cutfing short ends of strands in
completing splices.

¢. Nicopress tool and siecves.—See paragraph 38.

SecTion IIT
CABLE SPLICES

# 38, GmnrmraL.—This chapter discusses the wrapped and
soldered splice and the nicopress sleeve splice. For methods
of splicing cable by hand, see TM 5-225.

B 37. WrarpED AND SOLDERED SPLICE—The wrapped and sol-
dered splice is used primarily for VLA balloons to make eyes
in the flying wire, when socket eyes and wedges are not avail-
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able, and to make eyes in the fool ropes and stabilizer bracing
wires. The method of making this splice is shown in FM
4-188. The solder used should be soft solder, grade A. The
seldering flux should be a noncorrosive paste. The wrapping
wire should be Soft or annealed copper or iron wire, 0.0403
inch in diameter (19 gage).

E 38. NicoPRESS SLEEVE SPLICE—d. Generdal-—The nicopress
sieeve provides a rapid and effective method of splicing cable
and may be used on any size cable employed in rigging L
barrage balloons. {

b. Sleeve.—The sleeve is a length of nickel-copper alloy
tubing, approximately oval in shape with its side slightly
depressed, The diameter and length of the sleeve vary with
the diameter of the cable to ba spliced,

¢. Nicopress tool.—The nicopress tool i8 used for compress-
ing the sleeve on the cable. HEach cable size requires & tool
for that size.

d. Making an eye-splice with nicopress sleeve.—(1) To
make an eyve-splice with the nicopress sleeve, insert the cable
end to bhe spliced into the sleeve and bend the cable back on
itgelf, forming an eye of the proper size. (See fig. 17.)

(2) Pass the end back through the sleeve so that it extends
Ys-inch beyond the sleeve before it is pressed. This pro-
jection is necessary since the sleeve elongates under pressure.

(8) Compress the sleeve with the nicopress tool, allowing
Ts~inch space between the presses, The number of presses
made will vary with the length of the sleeve. (See fig. 17.)
When making the presses, hold the sleeve eXacily in line so
that the sleeve is compressed along the major axis of its oval.
"To insure the correct gplice, compress the nicropress tool
until the handle bumpers meet. When making three presses,
make the first one af the center, rotate the sleeve 189°, and
press st each end.

e. Pressure.—The amouni of sleeve pressure must be cor-
rech to insure satisfactory splices. A gage is provided for
checking the diameter of the compressed sleeve. Hold the
zage 50 that it fits over the compressed portion of the sleeve
as shown in flsure 17, If the splice is right, the compressed
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Fraver 17.—MNicopress tool and method of splicing.
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portion of the sleeve should enter the slot marked “Go” on
the gage, and there should be no clearance between the sleeve
and the sides of the gage.

J. Adjustment.—If the sleeve does not fit into the gage, it
will be necessary to adjust the nicopress tool. A wrench is
provided for this purpose. To adjust the tool, loosen the
locking screw one or two turns and then turn the adjustment
serew in a clockwise direction a fraction of a turn. Compress
a sleeve and make another ftest with the gage. Continue
turning the adiustment screw a little at a time until the
sleeve passes easily into the gage. When the correct setting
is obtained, turn up the locking screw hard to keep the tool
adjusted. Always have the handles of the fool open when

© turning the screws.

g. Care of nicopress tool—The tool should be inspected
frequently during use. Necessary adjustments should be
made, and the tool cleaned and oiled. The empty tool should
work freely and should have a slight spring at the final clos-
ing., If it binds it can be eased by slightly loosening the head
bolts. To loosen the head bolts, remove the locking plate,
unscrew the head bolts ¥ or Y5 turn, and replace the locking
plate. Note that when the fool is held as shown in figure 17,
the two bolts on the right-hand side Have left-hand threads
and the other three bolts have right-hand threads.

h. Removal of sleeve—The sleeve may be removed by laying
it against an anvil or & similar hard surface and by hitting a
chisel placed in a groove of the sleeve. This may be done
without injuring the cable, and the eye may be readjusted
and a new sleeve pressed on.

i. Straight splices—Two pieces oi cable may be spliced
together by passing their ends through the sleeve in opposite
directions and compressing the sleeve.
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Sucrion I
GENERAL

B 39. Derrmitrons—Certain terme used in connection with
barrage balloon fabric are defined below:

fa. T}ii:'ead.—-”’%lread is a thin cord of flax, cotton, silk, or
other _uc‘rous substance twisted and drawn out. Thread is
made in _ootn right and left twist. The direction of tha twist
may be determined by holding the end of the cord in the left
hand and turning it to the left between the thumb and fore-
ﬁnggr of the right hand. If it tightens, it is left twist. If it
unwinds, it is right twist,

b, Warp.—-_The warp of g cloth consists of the threads which
run lengthwise of the cloth as it comes from the loom. (See
fig. 18.)

(2F, leler.—_—The filler of a cloth consists of the threads which
run crosswise of the cloth as it comes from the loom. (See
fig. 18.)

o ; e

d. Panels—Panels are the individual pieces of fabric which
are seamed together to make up the envelope and the dia-
phragm of the balloon.

e. Gore.—A gore is a band of pan i
B S d anels extending from nose
tail of the balloon, i =
: T ng..——.A ring is a band of panels extending around the
ballcon at right angles to its long axis,
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B 40 BALLOON FABRIC.—a. Cloth —Cloth from which balloon
fabric is constructed is woven from long staple cotton with
equal stretch and teusile strength in warp and filler. (Sece
fig. 18

b. Proofing.—Balloon cloth is made into fabric by proofing
it with rubber or neoprene. Neoprebe Is a synthetic rubber
made chiefly from limestone and coal tar products. . Alumii-
num powder may be suspended in the last several coats of
neoprene to give the outer surface of the fabric an aluminumn
coating., The aluminum coating reduces superheat and
lessens the deterioration of the necprene and the cloth.

¢. Single-ply fabric—Single-ply fabric is made by proofing
5 single thickness of cloth. It may or may not be coated
with aluminum.

&. Double-nly fabric—(1) General—Double-ply fabric is
made by vuleanizing together two pieces of single-ply fabric.
Double-ply fabric may he made by viuleanizing a gas film
between the two plies, in which case the fabric is kncwn
as gastight fabric, If the gas film iz omitted the fabric is
known as airtight fabric.

(2 Double-ply parallel fabric.—Double-ply parailel fabric
is constructed by placing the two plies together so that the
warp of one is paraliel to the warp of the other, and the filler
of one is parallel to the filler of the cther. The total tensile
strength of the double-ply fabric is approzimately the sum
of the tensile strengths of the single pleces in any one direc-
tion., (See fig. 18.)

(3) Double-ply bias fabric.—Double ply bias fabric is con-
structed by placing the two plies togsther so that one ply
of cloth is secured to the other ply at an angle of 45°. The
bias ply is said to be right- or left-handed according to the
way the laps go from left te right or right to left when the

finished fabric is viewed in the divection of the warp of the
straight ply. This consiru stion offers greaber resistance to
*agring thanp the double-ply paraliel fabric, and the stretch
of the fabric is minimized and is ynore uniform than that of
Howayer, the tensile strength of

double-ply parallel fabric.
than that of

double-ply bias fabric is nov materially greater
single-ply fabric. (Sse fig. i8.)
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B 41. CONSTRUCTION OF BALLOON.—a. Envelope~—(1) Fub-
ric—The envelope is made of gastight double-ply bias fabrie,
aluminum coated on the gutside. This fabric is used because
it offers a much greater resistance fo tearing and to distortion
and strain than single-ply or double-ply paraliel fabric. The
ballonet portion of the envelope may be made from airtight
double-ply bhias fabric.

(2) Gores, rings, and panels—The construction of the bal-
loon envelope varies with the width of the balloon fabric. See
figures 18 and 20 for the construction of balloons with both
38-inch fabric and 42-inch fabric,

i
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i DOUBLE-FLY BIAS FABRIC CCUBLE-PLY PARALLEL FABRIC

Freure 18-—Construction of cloth and fabrie.

(8) Bias—The bias of the panels on the D-8 ballcon al-
fernates along the gores and runs in the same direction in
the rings. The bias on the Mk. VII and DY ballcons alter-
ngtes along the rings and runs in the same direetion in the
gores.

(4) Oweriap—Iin sll three balloons the rings overlap from
nose to tail and the gores overlap from top to bottom. (See
fig. 210

b. Digphrogm.—The fabric used in the construction of the
diaphragm is gas =-wly parallel fabric. The fabric
has ne aluminum coatin A
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f
{

GORES

A

FRONT REAR
Ficure 19.—Balloon construction, D-8, 39-inch fabric,
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\PANEL

GORES

NOSE PATCH

FRONT REAR

F1eURE 20 —Balloon construction, D-8, 42-inch fabrie,
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¢. Rudder and fins—The rudder may be made of airtight
or gastight double-ply bias fabric, aluminum coated. The
fabric used in the construction of the fins may be single-ply
fabric, aluminum coated. The cloth used in making this
fabric may be somewhat heavier than the cloth used in
making the fabric for the double-ply construction of the
envelope and rudder. For internal construction of the rud-
der and fins, see figure 22.

d. Tape—The tape used in bhalloon construction is of
Single-play cloth cut on the bias at an angle of 45°. The
tape used for joining the seams of balloons is 1% inches wide,

GORE *a"

GORE 8"

OVERLAP is2%

@

CONSTRUGTION OF FIN AND o \k,,

e
: . o 5 ,/E X
RUDDER IN NUMERICAL . - RIGHT s LEFT
il 21DE \ SIDE
.—’/‘

GOWES

Figurg 21.—Assembling panels.

The side to be cemented te the bailoon is proofed with un-
cured neoprene. The other side is preofed with cured neo-
prene,

B 42, Fasric ror BaLnooN Ac¢cEssories.~—The principal bal-
loon accesscries made of fabric are inflation tubing, ground
cloths, and webbing.

a. Inflation tubing.—Tubing used for inflation of balloons
necessarily must be impermeable to gas and sufficiently pro-
tected to withstand rough treatment and chafing incidental
to operation. The fabric of inflation tubing is constructed
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FIN SPACER GURTAINS
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ACCESS
SLEEVE
AND CORD

RUDDER

DIAPHRAGM
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ND CROSSSE:
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| RUDDER DRAIT moLes ~ ZLAP VALVE
{TAIL OF THE D=7 BALLOON

NOTE:| INTERIOR GONSTRUGTIO
‘ : CTION OF TAl -
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FIN SPAGER CURTAINS
Figure 22 —Internal construction of rudder snd fins
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of two plies: an inner ply of envelope fabric of the type
described above, and an outer ply of 8-cunee khaki duck.
The duck is proofed with neoprene. The two plies of tuP-
ing are thoroughly cemented together and vulcanized. The
fabric used in the construction of the “wye” connections is
identical with that used for infiation tubing.

b. Ground cloths—Ground cloths are 20 by 20 feet. The
fabric is 10~cunce Army, double-fiiled duck, waterprocied and
dyed. The cloths are equipped with twelve 34-inch iron
grommets, one at each corner of the cloth and the others
evenly spaced two to a side on each side of the cloth. The
points at which the grommets are inserted in the cloth are
reinforced with triangular patches of the same fabric as the
ground cloths.

¢. Webbing.—Webbing, used in making patches, should be
6-ply, herringbone woven duck.

Section IT
CARE OF PABRIC

B 43, DETERIORATION OF FaBric—Deterioration of balloon
fabric is indicated by a weakening of the fabric or an increase
in its permeability. Balloon fabric deteriorates with age and
exposure to the elements, but deterioration is hastened by
careless handling, faulty storage, and failure to make minor
repairs when needed.

B 44, DETERIORATION oF NECPRENE.—The neoprene used in gas
proofing balloon fabric is subject to different rates of deteri-
oration depending on the conditions of manufacture and the
elements of weather to which it is exposed.

a. Conditions of manufacture—(1) Overcuring—Neoprene
that is overcured (hard case) deteriorates more rapidly than
neoprene properly cured. Overcuring is produced by the use
of an excessive amount of accelerator in curing the neoprene
gum. Deterioration caused by overcuring is indicated by the
appearance of dark greasy spots on the surface of the bailoon
fabric. Such areas may be reproofed.

(2) Light spots—The black pigment used in the neoprene
frequently may be unevenly distributed in the proofing, caus-
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ing light spots in the fabric. These light spots are actually
gastight, but when viewed from the interior of the balloon
they may be mistaken for pinholes in the fabric. = Light spots
may be distinguished from actual pinholes by the use of 2
magnifying glass, under which the fabric across the light
spots is plainly visible.

b. Elements of weather—(1) Sunlight—Neoprene deteri-
orates rapidly in bright sunlight. Aluminum coating the
exterior surface of balloon fabric reduces this deterioration.

(2) Cold—When fabric is subjected to low temperatures,
it loses its pliability. Balloon fabric which has become
brittle should be handled as little as possible. Bends, folds,
or blows will crack cold, brittle balioon fabric.

¥ 45. Havprine.—Balloon fabric is delicate and must be
handled carefully. It should not be permitted to come in
contact with sharp or uneven objects. The following pre-
cautions must be scrupulously observed:

a. A defiated balloon must be laid only on Lnoleum, o
smoothly-troweled cement floor, or ground cloths. Any sur-
face upon which a balloon is laid must always be kept clean.

b. Under no circumstances should anyone step on balloon
fabric unless in stocking feet or in special cotton footees.
Walking on the balloon must be kept to a minimum.

c. Abrasive substances must not be allowed 1o come in con-
tact with a balloon. A muddy balloon should be washed be-
fore it is walked upon. :

d. Care must be exercised in the handling of tools to pre-
vent puncturing the balloon. i

e. All oily or greasy material must be kept from contact
with balloon fabric. ;

1. Folding, rolling, stretching, and handling of o deflated
balloon must be kept at ¢ minimum.

g. During icy conditions care must be taken to prevent the
ice from puncturing the fabric. !

& 46. InsprcrroN.—The balloon should be inspected regularly
and carefully to make certain that no defects exist. Defects
must be repaired immediately. All points at which the fabric
is under particular strain or chafing should receive close at-
tention and careful checking. Rough handling by the crew
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and improper tensidﬁ on any point in flying or mporing must
be avoided. For the proper methods of inspecting balloons
and fabrics, see FM 4-182,

Secrion HI
FABRIC REPAIR

B 47. GeNeraL.—The principles of fabric repair set forth 1r11
this chapter apply to both LA and VLA bali‘oon?. However,
certain equipment on the VLA balloon vam’es _IX‘GI?]. that qf
the LA balloon and special mention of this equxpment is

made helow.

B 48. Crassss oF REPAIR—a. Minor repairs—Minor fabrie
repairs to balloons are made in the field by platc:onl perfonnel.
Minor fabric repairs consist principally of cementing tempo-
rary patches over scuffed places, pinholes‘, and small tears.
b. Muajor repairs—Major fabrie repairs to ba,ﬁoons_e-l.re
made by battery or headquarters battery personnel. Majox:
fabric repairs comsist of repairing large tears and holes;
replacing whole panels, patches, and parts of the ba]loon -§1§eh
as fing: and proofing the halloon to decrease permeability.

B 49, Marrrians.—The materials used to repair‘ balloon
fabric consist of fabric, cement, thread and needles, and

fabric repair tools.

# 50. MAToHING FaBRIC—When repairing a balloon, the fol-
lowing rules must be observed. : _

a. Patch rubberized fabric with rubberized fabr;c.

b. Patch neoprened fabric with neoprened fab_rm_.

¢. Match bias of patch with bias of balloon fabric.

B 51, CEMENT.—(, Generai.mCement comes from the r.nanu-
facturer either in three parts (a cement base, an activator,
and a thinner), or in two parts (a cement ba‘se andha.
thinner). The ingredients must be mixeFI accqrdmg tcz the
manufacturer’s instructions accompanyu}g them. I~ee-ver
use cement that has been mixed longer than the time
specified by the manufacturer.
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b. Rules for applying—The following rules will be observed
in applying cement:

(1) All surfaces to which cement is to be applied must be
thoroughly cleaned with benzol. Care must be taken not
to use too much benzol, since an excess will break down
the neoprene. Old cement is removed by erasing it with
a piece of raw rubber. All gluminum is removed from alu-
minized fabrics where cement is to be applied. Steel wool
is used for this purpose.

(2) Rubber cement is used with rubberized fabric, and
neoprene cement is used with neoprened fabric.

(3) Dust, moisture, and sunlight cause cement to lose its
adhesive qualities. Cement must be used in clean, dry
places, out of the direct rays of the sun.

(4) The number of coats and method of application should
follow the manufacturer’s directions.

(5) After cementing, the surfaces which are cemented
together must be thoroughly rolled with a vulcanizing roller
or seam stitcher (see par. 53) to eliminate’ air bubbles and
flatten the fabric.

(6) All spilled cement must be removed at once. Areas
around cemented repairs are dusted with powdered soap-
stone or talc to cover the excess cement.

(D In the construction of accessory patches, cement is
allowed to dry for at least 12 hours before the patch is sewed
with a sewing machine. Af least 24 hours must be allowed
for a cemented repair on a balloon to dry before the balloon
is inflated.

¢. Precautions.—The following precautions will be observed
in using cement:

(1) Cement is highly inflammabile and must be kept away
from sparks and flames.

(2) The fumes of cement are dangerous to breathe. Ce-
ment must not be used in improperly ventilated places for
prolonged periods of time.

B 52. TerEeAD AND NeEDLES—a. Thread.—The thread used for
hand sewing in the repair of balloons is linen, left-twist, un-
bleached, No. 16, three-cord; or linen, left-twist, unbleached,
No. 30, three-cord. The thread used for machine sewing
should be cotton, machine, soft finish, bleached, white, No.
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12, four-cord. The terms “machine,” “machine-twist,” and
“left-twist” appearing in thread nomenclature all indicate a
left-twist thread. The shuttle and rotary hook of sewing
machines will unwind a right-twist thread, causing thread

breakage and weak seams.
b. Needles~—Both machine and hand needles are used in

making repairs to ballocon fabric.
(1) The following sizes of needles and thread are recom-

mended for machine sewing:

Sizes of needles Cotton thread No,
16 30
18 24
20 20
22 16
23 Gha e
24,05 : 8

(2) The hand needle commonly used for making the base-
ball stitch in repairing balloons is a 2%-inch upholsterer’s
needle, 17 gage. The hand needle commonly used for making
the harness stitch in repairing balloons is a straight needle.
A No. 2 needle is the most satisfactory for general use. (See
fig. 24,)

B 53. RepAlr Toors—Certain repair tools, the uses of Which
are not self-explanatory, are listed below:

a. Pinking shears (see fig. 23) —Pinking shears are used
for cutting patches, The shears make a saw-toothed edge
which helps to prevent the patches from peeling and curling
at the edges.

b. Raw rubber—Raw rubber is used for removing old
cement. The rubber acts on fabric as art gum does on
paper.

¢. Vulcanizing roller (see fig. 23) —The Vulcanizmg roller -
is a compressor to roll out air bubbles and flatten fabric when
fabric is being cemented.

. Seam stitcher (see fig. 23) —The seam stitcher is also
a compressor to roll out fabric. The stitcher is used for the
same purpose as the vulcanizing reller, but for more precise
work, since it is smaller and can work along edges and irreg-
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ularly shaped joints. The stitcher is als
. et 0 used to work ou
any air bubbles left by the larger roller, !

® 54. PreECAUTIONS WHEN WORKING INSIDE Barroon.—When

work is to be done inside the balloon. the f i
. : ollow -
tions should be observed: Pl

a. Only small quantities of neoprene cem i
/ ent
into the balloomn. Bl

b: Men w_ill work inside the balloon for extremely short
veriods of time unless a current of air is nassed through the

VULCANIZING ROLLER

FIGURE 23.—Fabric repair tools.

f d
ballt}()n rom a bl()u)e? Z(}cate T a posztlon w:‘te? e lt d? aws n
o 8 (17 req ent
c. Per Sonne. tn i[ie t;le b lloon wzll '.‘naznimn equ
ver bal contact w?,t}?, someone Out‘?ide the ballooﬂn

® 55. Rrpatr Burnping.—The building in which major repairs
to the balloons are to be made should be sufficiently large to
permit balloons to be spread on the floor and inflated. No
sh'arp projections or other abrasive surfaces should be‘ per-
mitted where they will come in contact with the balloons.
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SrcTioN IV
STITCHING

B 56, HAND-STITCHING.—&. (General—Stitching by hand re-
quires a correctness of execution which can be attained only
by patience, care, and constant practice. The baseball stitch
and the harness stitch are the hand stitches used in barrage
balloon work.

b. Baseball stitch—(1) General—Stitching may be re-
quired to hold the edges of a tear together so that a patch can
be placed over the tear. The baseball stitch is used for this
purpose. The stitch does not repair the fabric; it merely
holds it in place and makes it easier to apply a patch. Stitch-
ing will not be used when the edges of the tear can be
matched and the patch applied without stitching.

(2) Procedure—In making the baseball stitch, the needle
is inserted through the fabric not less than % inch from the

~ edge of the tear, and the individual stitches are made a min-

imum of % inch apart. The method of making this stitch
is shown in figure 24 and described below:

(@) To begin the stitch pass the needle between the two
edges of the tear and bring it out a minimum of %4 inch
beyond the end of the tear, as shown at point 1, figure 24.

(b) Pass the needle again between the two edges of the
tear and bring it out to one side opposite the end of the
tear as shown at peint 2, figure 24.

(e) Again pass the needle between the two edges of the tear,
underneath the first stitch, and bring it out at point 3,
figure 24,

(d) Again pass the needle between the two edges of the
tear, underneath the first stiteh, and bring it out at point
4, figure 24, Continue the stitching as shown in figure 24.

(e) The method of turning a corner when using the base-
ball stiteh is also illustrated in figure 24. One point is used
as a pivot, and several stitches are begun from this point
until the corner is turned.

(f) The baseball stitch is finished by reversing the pro-
cedure with which it was begun.

¢. Harness stitch.—The harness stitch is used for stitch-
ing pieces of webbing in making patches, but is not used
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in repairing the balloon envelope. The method of making
this stitch is shown in figure 24,

HARNESS STIT:
{SIDE VIEW}cH

BASEBALL STITCH
FABRIG

Fieure 24—Hand needles and stitches.

STRAIGHT
NEEDLE

UPHOLSTERER'S

B 57. MacHing STIrcHING.—a. General—Machine stitching is

used prmc:ipa,u" in working on accessories to the balloon, and
never in working on the balloon itself,
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b. Type of stitch—The type of stifch made by machine
sewing is a lock stitch. In operating the machine it is ad-
visable to work slowly and carefully, making between five and
eight stitches to the inch so that the stitches will not be too
close together. Eight is the maximum number of stitches
per inch, but five or six stitches per inch are more desirable.

¢. Type of machine.—A single needle lock-stitch machine
is used. The machine feeds itself and the operator needs
only to guide the material. Each sewing machine is ac-
companied by the manufacturer’s manual of instructions for
care, use, and adjustment. The manufacturer’s manual
should be kept for reference For further detailed informa-
tion see TM 1-440. :

SEcTION V
PATCHING

B 58. TypEs oF PATcHES.—a. Accessory patches—Accessory
patches are part of the designed construction of the balloon
and include the fcllowing:

(1) Circular.

(2) Finger.

(3) Delta.

(4) Handling (Mk. VI balloon).

(5) Rigging (Mk. VI balloon),

b. Renair patches.—Repair patches are used to repair holes
and tears in the balloon fabric.

B 59. MEASUREMENTS OF PaTcmEs.—When parts are to be re-
placed on the balloon, exact measurements will be taken from
blueprints, if available, or from the parts to be replaced.
The size of repair patches will vary with the extent and type
of damage to the balloon fabric. For specifications, see
paragraph 61.

# 60. AccEssory PaTcHES—Double-ply parallel fabric is used
in eonstructing all accessory patches. The use and construc-
tion of accessory patches are outlined below:

a. Circular patch (see fig, 25) —Circular patches may be
used to form a point for the attachment of lines and ropes,
for example, as a tail-line bridle guide patch on the D-7
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balloon. - Instructions for making this particular circular
patch follow., Other patches are made in a similar manner
but with different dimensions.

(1) Cut three circular pieces of fabric 854 inches, 6 inches,
and 5 inches in diameter. Cut a small slit in the center of
the 8%-inch and 5-inch pieces.

(2) Cut a piece of Y-inch rope 9% inches long. Serve
each end of the rope at a point 214 inches from the end.
Fray each end of the rope from the serving outward. Seize
the 4% -inch center portion of the rope into a loop.

(3) Apply cement to the frayed ends of the rope and the
fabric pieces, and spread the frayed ends of the rope uni-
formly on the 6-inch piece.

(4) Now put the loop through the slit in the 5-inch piece,
and cement together the 6-inch and 5-inch pieces with the
frayed rope in between. Press the two pieces firmly together,
permit the cement to dry for at least 12 hours, and sew.

(8) Finally pass the leop through the slit in the 854-inch
piece and cement it to the assembled 5- and 6-inch pieces.
Seize a thimble into the loop.

b. Finger patch (see fig. 26) —Finger patches are used on
some balloons as handling patches and rigging patches, The
broper method of making a finger patch follows:

(1) Cut out eight finger strips. The four inner finzer strips
are smaller than the four outer ones. Cut out the baek piece,
reinforcement webbing, center piece, and front piece.

(2} Cut two lengths of rope, and serve each length at two
peints which are equally distant from the ends, Fray each
end and saturate the frayed ends in cement,

(3) Cement the frayed ends of the ropes to the inner finger
strips. The frayed ends of the rope should be rolled. flat
after cementing, )

(4) Cement the outer finger strips over the ropes and the
inner finger strops.. Roll out air bubbles with a vulcanizing
roller. Allow to dry for at least 12 hours.

(563 Sew the inner and outer finger strips together with a
figure 8 pattern, or some similar cross-over design.

(6) Overlap and cement the four completed fingers to-
gether at the same angle as those of the patch being replaced.
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(1) Cement the center piece onto the fingers. Cement
and sew the reinforcement webbing over the center piece.

iy

iSEIZING
"y FRAYED END

Wi,

v ; 6" PIEGE i
Sinees B Lned o’ Gs piece

Fieure 25.~-Circular patch.

Cement the front piece in place, and finally cement the back
piece in place.
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REINFORCEMENT
‘WEBBING

INNER FINGER STRIP

FreURE 26 —Finger patch,
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¢. Delta paitch.—Delta patches are used on some halloons
as handling patches and rigging patches. The proper
method of making a delta patch follows:

(1) Prepare the following materials, as shown in figure

}27: ‘one delta piece, two webbing strips, two cover strips, one

chafing strip, one sector thimble (rigged for either handling
line or foot rope; see insert, figure 27), one folder, two short
cover strips, two long cover strips, and four split pieces.
(2) Cement the two cover strips around the middles of
the two webbing strips. Cement one end of each webbing

strip to the back of the delta piece. Cement the chafing

strip to the delfa piece between the webbing strips so as to
fill the space between the webbing strips. (See step A4,
fig. 27, :

(3) Insert the free ends of the webbing strips through the
sector thimble slits, cement these ends to the delta piece, and
then stitch the ends. (See step B, fig, 27.)

(4) Blit the bottom end of the delta piece to the center
of the sector thimble and turn up and cement the fiaps.
(See step C, fig. 27.) :

(5) Cement the folder to cover the webbing strips, taking
care that the fold line of the folder and the fold line of the
delta piece coincide. (See step D, fig. 27.)

(6) Turn over the materials thus far assembled and cement
the long and short cover strips over the webbing stitching
done in step B, figure 27. (See step E, fig. 27.)

(7) Fold two split pieces and cement them to the delta
piece and folder as shown in step F, fisure 27. Take care
that the slit in the split pieces and the fold line of the delta
piece coincide as shown in step F, figure 27. Cement each
of the two additional split pieces to the delta piece over the
first split piece. (See step G, fig. 27.) This completes con-
struction of the patch. .

(8) Turn down the folder behind the sector thimble,
apply cement to the delta piece, the back of the folder, and
the projecting portions of the split pieces, and cement the
patch to the balloon envelone.

d. Handling patch (Mk. VI balloon) —(See fig. 28.) The
handling patch for the Mk. VI balloon is a circular patch

into which are set three strips of webbing whick form an

5256370—43 4 45



60 ANTIAIRCRAFT ARTILLERY FIELD MANUAL
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FicUurE 27 —Delta patch.
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eye around a thimble. The proper method of making this
patch is given below.

(1) Cut three circular pieces of fabric, one 10Y; inches in
diameter, one 8 inches in diameter, and one 2 inches in
diameter. Cut a hole in the center of each piece.

(2) Cut three strips of webbing each about 11 inches long,
and seize their middle porticns together for a distance of
414 inches. (See step 4, fig. 28.)

(3) Pass the ends of the webbing through the holes in the
medium and small pieces and spread the ends of the webbing.
Cement the small piece to the medium piece and cement and
sew the webbing to the small and medium pieces. (See
step B, fig. 28.)

(4) Pass the loop of webbing through the hole in the
large piece and cement the large piece to the medium piece.

(5) Insert a thimble in the lcop formed by the webbing and
secure it in place by seizing the webbking from the pcint
where the webbing comes through the patch to the throat
of the thimble. (See step C, fig. 28.)

e, Rigging patch (Mk. VI balloon) (see fig. 29) .—The rig-
ging patch for the Mk. VI balloon is a type of delta patch
into which are set two strips of webbing, which form an eye
around a thimble. The proper method of making this patch
is given below,

(1) Take the exact measurement from the patch to be re-
placed. Cut the following pieces, as shown in figsure 29: base
piece, doubler piece, webbing, and tape.

(2) Cement the doubler piece to the back of the base of
the delta piece. Cut a hole in the base piece at the straight
edge of the doubler piece. (See step 4, fig. 29.)

. (3) Seize two pieces of webbing together at their middles
and wrap the seized part around a thimble. Serve the web-
bing around the thimble. Pass the free ends of the webbing
through the hole in the base piece, spread them out fanwise,
and cement and sew them to the back of the base piece.
(See step B, fig. 29.) ;

(4) Pold the doubler piece back and cement it to the
back of the base piece to form a Iip which will previde the
eye with some degree of movement. Cover the stitching on
the front of the patch with tape. (See step C, fig. 29.)
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Frovre 28 —Handling patch (Mk. VI balloon).
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STEP A
(FRONT VIEW)

BASE PIECE

DOUBLER PIEGE

w
ox
i
I

STEP B
{BACK VIEW)

STEP G
(FRONT VIEW)

*THIMBLE

Fieure 29-—Rigging pateh (Mk. VI balloon).
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B 61. REpair PaTcHES.—4. Pinholes.—A pinhole in balloon
fabric is repaired by cutting a circular piece of fabric 1 inch
in diameter and applying it centrally over the hole. Before
the application is made, the fabric and the piece must he
cleaned and coated with cement. This type of patch may
be applied either inside or outside the envelope. Whenever
possible, the patch should be on the inside surface.

b. Holes less than 12 inches long.—A filler pafch is used in
repairing holes less than 12 inches long, where the fabric has
been torn away. In making a filler patch, first trim the edges
of the hole (see step 4, fig. 30), and cement a piece centrally
over it on the inside of the envelope. (See step B, fiz. 30.)
Make the inside piece large enough so that it extends 3 inches
bheyond the edge of the hole in all directions. Cement a
filler piece in the hole against the inner piece. Make the
filler piece from fabric of the same thickness as the fabrie
being repaired, and cut if to the same size and shape as the
hole. (See step €, fig. 30.) Apply an outer piece over the
filler piece and hole. (See step D, fig. 30.)  Make the outside
piece large enough so that it extends 2 inches beyond the
hole in all directions. Sewing is not used in making this
patch.

¢. Tears—(1) General—Tears in the balloon envelope are
repaired by patching according to methods set forth below.
If possible, tears are repaired without resorting to stitching,
since the holes made by the needle in stitching are often more
difficult to seal that the tear itself. In some cases, the edges
of the tear may be held together by hand while the patch is
being applied, and in other cases small tabs may be used to
hold the edges of the tear together as shown in figure 31,
These tabs are removed as the patch is applied. If sewing
is absolutely necessary to hold the edges of the tear together
while the patch is being applied, the baseball stitch is used
(see par. 56b).

(2) Methods~—Patches are applied to both the inside and
outside of the balloon envelope to repair a tear. The inside
patch should extend 3 inches beyond the tear in all direc-
tions, and the outside patch should extend 2 inches beyond
the tear in all directions. If the required width of the inner

_patch is not more than 8 inches, the entire tear is covered
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by two pieces of fabric, one on the inside and one on the
outside, as shewn in figure 31. Tears which would require
an inner patch more than 8 inches wide are repaired oy
applying a series of inner and outer patches following the
direction of the tear, as shown in figure 31.

" sTEP B
BACK VIEW

OUTSIDE PIECE

FILLER PIECE
STEP G KINS!DE PIECE STEP D
l7772! ‘}'k AL 1 Z Z

| Af I
Fieure 80 —Filler patch.

d. Holes greaier than 12 inches long.—To repair a hole
greater than 12 inches long, where the fabric has been torn
away, first trim the edges of the hole so that they will be
straight. Then cut strips of fabric 6 inches wide, mark a
line down the center of each strip, and cement these strips
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around the edge of the hole on the inner surface of the
envelope so that the center lines of the strips correspond
with the edges of the hole. Cut a piece of fabric, of the
same kind as the envelope fabric, to the exact dimensions of
the hole. Place this piece of fabric in the hole and cement
it to the-projecting portions of the inner fabric strips. Cut
strips of fabric 4 inches wide, mark a line down the center
of each strip, and cement the strips on the outside of the
envelope so that the center lines of the strips correspond with

the edges of the hole. .

INSIDE PATCH , e — — e L

REMOVE TABS AS
PATCH (S APPLIED

SERIES OF R/}
PATCHES OVE A
IAREQULAR TEAR

INSIDE PATGH
Ficure 31 —Patching tears.

SecTION VI
REFLACING PANELS

E 62. EnveLorPE PANEL.—In replacing a panel, first remove the
old panel by soaking the cement loose with benzol and work-
ing the edges of the panel away from the adjoining panels.
The benzol is applied sparingly, using an oiler with a very
small spout opening. Cut the replacement panel % inch
larger than the old panel on all sides, using the old panel as
8 pattern. Then proceed as follows: :

a. Remove the cement remaining on the envelope with a
piece of raw rubber and wash lightly with benzol the surfaces
of the envelope where cement is to be applied.
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b. Apply the required number of coats of cement (accord-

ing to the manufacturer’s directions) to one of the long edges

of the hole and to the corresponding edge of the new panel.
Work the cement thoroughly into the fabric; apply it to
only one edge at a time and cement the panel on this edge
before additional cement is applied. See figure 21 for overlap
of panels.

¢. After the cement is applied, mark a line on the envelope
1 inch from the edge of the hole, to be used as a guide line.

d. Cement the edge of the panel to the envelope. Two men
are required for this operation. One man starts at each end
and works toward the center for about 18 inches. Then, both
thoroughly roll the surfaces cemented together before pro-
ceeding further.

e. During these operations, place a piece of cheesecloth or
tape backing between the remainder of the cemented surfaces
to prevent them from sticking together, Remove the cheese-
cloth or tape backing as the cemented surfaces are pressed
together, !

f. After the 18 inches at each end are rolled, straighten the
fabric by pulling fromn the ends and place weights on the parts
already cemented together. Cement and roll for another 18
inches as before, and repeat this process until the center of
the panel is reached. Cement the remaining edges of the
panel in the same manner and allow the panel to dry for at
least 12 hours before tape is applied.

g. Mark guide lines %¢ inches wide on the envelope before
applying the tape. Next wash the cemented edges of the
panel and the uncured negprene side of the tape with benzol.
Now apply the required number of coats of cement io the
seams and put the tape on a few inches at a time. Do not
apply cement to the tape, but be sure that the tape is rolled

. thoroughly. Allow the cement to dry for 24 hours.

h. Air-inflate the balloon to permit repairmen to enter it
to apply tape to the insides of the seams. Affer the cement-
ing, powder the cemented area with powdered socapstone
or tale.

B 63. PeEL-oFF TyYPE Rip PaNEL—In replacing the peel-off 3

type rip panel, follow the dimensions given on the manu-
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facturer’s blueprints or take the exact measurement from the
old panel, Then proceed as follows:

@¢. Remove the old panel completely. Place the part of
the envelope which is covered by the rip panel on a per-
fectly flat surface, preferably a board, to be sure that it does
not wrinkle, and clean off all the old cement and other for-
eign matter with benzol, 3

b. Cement and tape the lower end of the panel to the
envelope, and unroll the panel over the grommeted holes.
Draw guide lines on the envelope 1 inch from the edge of

N\

NOTGHED
CEND  QF
‘TEARING
STRIPS

CROMMETED
HOLE

UPFER END OF RIP PANEL
CEMENTED 70 ENVELOPE
HERE

mP
PANEL

LOWER END
OF RIP PANEL
TAPED AND
CEMENTED
HERE

|

GUIDE ‘
anzs =

Ficure 32.—Peel-off type rip panel.

the panel and draw similar lines on the panel 1 inch from
its edges. (See fig. 32.)

¢. Cut four tearing strips of parallel fabric, two long and
two short, and notch the ends of the tearing strips so that
they will tear along their lengths. Cement the long tear-
ing strins on so that they will join the rip panel to the en-
velope, leaving the top 4 inches uncemented. (See fig. 32.)
Apply the cement in the same manner as in the replacement
of any other panel. Be careful to prevent the formation
of bubbles or folds.

d. Cement the uppermost end of the rip panel to the en-
velope to prevent the escape of gas. Apply this cement so
that it will be flush with the ends of the short tearing strips
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along a center line, and tapered off at the sides as shown in
fisure 32. Cement the short tearing strips over the upper
end of the rip panel. Finish cementing the long tearing
strips.

E 64. Cuerse-Curter TyPE RIP PANEL.—The cheese-cutter
type rip panel is constructed as shown in figure 33. When
the rip pa.hel is ripped, it is unlikely that the rope stiffener
or balloon envelope will be damaged, and replacement of the
stiffener (made of No. 84 cotton seine twine or 3g-inch rope)
ordinarily will not be required. In replacing the rip panel,
follow the dimensions given on the manufacturer’s blue-
prints or take the exact measurements from the old panel,
and proceed as follows:

¢. Remove the remaining parts of the old rip panel, soak-
ing the cement loose with benzol applied with an oiler.

b. If the old rip panel reinforcement is damaged, remove
it. Cut a piece of double-ply bias fabric as a new rip panel
reinforcement and scallop its edges. Draw a line down the
center of the long axis of this reinforcement and draw 1-inch
lines in a radial pattern at the ends, as shown in step 4, fig-
ure 33. Cut the fabric along these lines.

¢. Place the rip-panel reinforcement over the hole in the
envelope and cement it in place on the outside of the balloon.
Fold the edges of the slit in the patch back under the sides
of the opening in the envelope and cement them to the in-
side of the envelope. (See step A4, fig. 33.)

d. Cut out the rip panel, which is made of double-ply paral-
lel fabric, and mark a line down the center of its long axis.
Cement a strip of webbing (ripping tape) along the center of
the panel, passing its looped upper end through the slit in the
upper end of the panel. Cement the tape reinforcement over
the slot through which the ripping tape passes, Cement the
assembled rip panel over the hole in the balloon. (See step
B, fig. 33.)

e. Cement the end reinforcements over both ends of the
panel to strengthen its junction to the rip panel reinforce-
ment. (See step C, fig. 33.)

f. Cement the ripping strip in its proper position on the
envelope. (See step D, fig. 33.)
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¢. Eye-splice the rip cord into the loop sewed into the end
of the ripping tape.

SecTIOoN VII
GAS AND AIR VALVES

B 65. Hoop ror Gas VALVE—a. General.—A protective hood
made of balloon fabric placed over a gas valve shields the
valve diaphragm and seating from direct contact with rain
and, in consequence, affords a degree of protection against
freezing.

b. Construction—The construction of the protective hood
for the 8-inch gas valve is explained below (see fig. 34 for
details) :

(1) From double-ply aluminum-proofed fabric cut two
doubler rings (part No. 1), a cone frustum (part No. 2), a
sleeve (part No. 3), a vent hood (part No. 4), two split patches
(part No. 5), and two circular patches (part No. 8).

(2) Form the frustum of the cone and cement to one
doubler ring. Cement on the other doubler ring, (See step 4,
fig. 34.)

(3) Form the sleeve, cement in a hemp grommet stiffener,
and cement the sleeve to the frustum. (See step B, fig. 34.)

(4) Cement one circular patch into the small end of the
cone frustum. Cement the second circular patch over the
outside of the small end of the cone.

(5) Form the vent hood with a hemp grommet stiffener
in the lip. Cement the vent hood over the vent hole in the
cone frustum, using split patches. (See step C, fig. 34.)

¢. Attachment—The protective hood is ordinaxily ce-
mented to the envelope by the deoubler ring during the cold
season of the year. The vent hood its at the top and pre-
vents the formation of a dangerous air-gas mixture within
the hood.

B 66. Air-RuLIEF VALVE.—¢. General—When the sleeve on
an air-relief valve (British type) wears out or develops a
tendency to stick under the conical collar, or otherwise fails
to function properly, a replacement valve assembly is con-
structed and substituted as outlined below.
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FIGURE 34.—Hood for gas valve,
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b. Parts.—An air-relief valve consists of the following
parts (see fig. 35) :
Valve base (two-ply bias fabric).
Valve base reinforcement (two-ply bias fabric).
Sleeve (single-ply fabric).
Sleeve band (single-ply fabrie).
Slit reinforcement (two-ply fabric).
Elastic cord.
Tape (1 inch wide, 55 inches long).
Plastic collar and disk.

¢. Assembly.—(1) Cement the valve base reinforcement to
the valve base, so that the perforations in both coincide.

(2) Cement the slit reinforcement to the sleeve band so
that the slits in both coincide.

(3) Cement together the edges of the radial cuts in the
sleeve so that they overlap %g¢ inch. The edges of the radial
cut in the sleeve band are treated in a like manner. This
process will cause each part te form a frustum of a cone.

(4) Sew the sleeve and the sleeve band together 3 inch
irom the edges of the holes, with the slit reinforcement to the
outside. After sewing, turn the two parts inside out so that
the slit reinforcement is between fhe sleeve and the sleeve
band. Do not cement. This process causes 8 puckering of
the fabric around the circumference of the center hole,

(5) Cement and sew the sleeve band to the sleeve. Sewing
and cementing line is % inch inside the outer edge of the
sleeve band. Do not cement inside the ¥-inch line.

(6) Cement and sew thie sleeve to the valve base with the
sleeve band to the outside. The outer edge of the sleeve is

9
7

A

T

3‘. BALLONET

COMPLETED ASSEMBLY
FicURE 35—Air-relief valve.
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SLEEVE, SLEEVE BAND
AND SLIT REINFORCEMENT

Fi6Ure 35-—Air-relief valve.—Continued.
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46 inch inside the outer edge of the valve base. Cover the
joint and sewing with tape.

(1) Insert the elastic cord through the slit opening in the
sleeve band, and reeve the elastic cord around the center
circle and out the slit. Overlap the ends of the elastic cord
1 inch, and seize. (See par. 66d.)

(8) Secure the plastic collar and disk to the valve base so
that the plastic collar is through the center hole of the sleeve,
and the valve base and reinforcement are between the collar
and the disk. The sleeve should slide freely but tightly on
the plastic collar. 3

(9) Remove the old valve and cement the replacement as-
sembly over the hole in the balloon envelope.

d. Testing—Inasmuch as the strength of the individual
strands in the elastic cord will differ, the circumference of the
completed elastic grommet (par. 66c(7))may vary from 8
inches to 103 inches. The operation of the completed re-
placement valve should be compared with that of a similar
valve from an Mk. VII balloon. Before a replacement valve

_is installed on a balloon, a pilot model valve (made with the
same type of elastic cord as that in the replacement valve)
should be tested on the “Tester, Balloon Valve, M1” to see
that it starts to open at ¥ inch of water pressure and is fully
open at 134 inches of water pressure, If the replacement
valve fails to function properly, the circumference of the
elastic grommet should be adjusted until it does function
properly.

SectIioN VIIT
REPLACING RUBBER CORDS ON MEK. VI BALLOON

B 67. GenerAL.—a. When the rubber restraining cords in
the expansion system of the Mk. VI balloon lose their elas-
ticity or become frayed or weakened, they must be replaced
with rubber restraining cords of equivalent characteristics.
b. The length of each cord is given in table III below, but
before a length is measured it must be stretched to five:
times its free length four or five times in guick succession,
being allowed to contract completely between stretches.
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TasLe IIL—Approximate length in inches of rubber restrain-
ing cords, Mk. VI balloon

Cord No. Length Cord No. Length Cord No. Length
Toooma i e 2074 || 1. St P e B R S s 8T
il LOE Rl oo o 5814 [l 44 ... ol it 3454
Rl ol ol el e T i Al T e s 3134
L e = 39 148036 .. .- 54 Ab e S e 23%4
Crapsiriaie dotdllisriie o nosyall e 2434
Blirat IRl ddtg WBRE oo B0 la Lo on n 2054
e A7 80 o e 48 A9 1734
el 052D dReclpg e e s O 13
QE e e S GL A [ 3 EO e 43 Bl femo s e 9
TSIt S 52 A s 4035 Shg et LT 5L

B 68. StrETCcHING TooLs and PratrorM.—The ends and mid-

dle of each rubber cord must be bound and seized under
tension. To effect the binding and seizing, two stretching
tools and a platform are made to the dimensions shown in
figure 36. The stretching tools should be made from stift
steel wire, and the inner faces of the crooks on the tools
must be trimmed with a smooth file after bending to re-
meve vise marks and any other irregularities which might
fray the rubber cord. The platform may be made from any
suitable wood.

B 69. BiNDING AND SEIZING RUBBER CORDS.—T0 bind and seizZe
the rubber cords, proceed as follows:

a. Cut off the correct length of rubber cord and mark it
half way along its length, Make marks 34 inch on each
side of the center mark.

b. Jam the rubber cord on the stretching tools so that a
crook on each of the tools coincides with one of the off-
center markings, Hook one of the fools onto mnail A of
the stretching platform, then pull the other tool and hook
it over nail B.

¢. Cut off an 8l%-inch length of adhesive tape, %% inch
wide, and wrap the portion of the rubber cord between the
stretching tools. Wrap two complete turns of tape on one
end of the stretched portion of the cord, and continue the
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wrapping across the stretched portion so that—-_each tl:;n
of tape overlaps the preceding turn by half the width of the

FiGURE 36-~Stretching tools and platform,

'/I‘ N',’

&// N

pe

7" APPROX.

DIMENSION SMALL
ENOUGH TO GRIP

/

AND HOLD RUBBER

tape. When the opposite end of the stretched portion of
cord has been reached, make two complete turns of the tape
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and again wrap back toward the middle of the stretched
portion. If the wrapping is done properly, the return wrap-
ping should overlap about half of the first wrapping,

d. Tie a clove hitch around the middle of the stretched
bortion, using a 4-ounce cord 21 inches long (No. 16 block-
ing cord is satisfactory). Be sure that the free ends of the
cord are the same length after the clove hiteh is tied, Pull
the hitch tight, pass both ends of the cord to the reverse
side of the wrapped rubber cord, and tie a square knot. Then
bass the free ends of the cord back to the front of the
wrapped rubber cord.

e. Unhook one of the stretching tools from its nail, allow-
ing the bound rubber cord to confract slowly, then free it
from the stretching tools. Do not allow the rubber cord to
contract rapidly, or the wrapping may burst

f. Make two marks on each end of the rubber cord, one at
8 point 1% inch from one end, and the other at a point 1 inch
from the same end, so that the two marks will be 1% inch
apart. BStretch and wrap each end of the rubber cord be-
tween the marks as described in b and ¢ above,

¢g. Jam the two ends of the rubber cord, side by side but
facing opposite directions, in the double crooks of the stretch-
ing tools so that the marks made in J above will coincide with
the crooks of the tools. Hook one of the tools to nail A
and the other tool to nail B, as shown in fisure 36,

k. Tie a clove hitch around the two wrapped cords at the
middle of the stretched portion, using a 4-ounce cord, 21
inches long. Pull the hitch tight, being sure that the free
ends of the 4-ounce cord are the same length. Pass the free
ends of the cord to the reverse side of the wrapped rubber
cords, cross them, and pass them back between the wrapped
rubber cords. Tie a square knot over the clove hitch. Then
pass the ends of the cord back between the wrapped rubber
cords to the reverse side. (See fig. 37.)

. Unhook one of the stretching tools from its nail, allow
the wrapped rubber cords to contract slowly, and free them
from the stretching tools. Cut off the stub ends of the
rubber cord, leaving approximately 14 inch between each
end of the cord and the corresponding end of the wrapping.
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B 70. BINDING AND SEIZING CONTINUOUS RUBBER CORD—When
a long piece of rubber cord is available, it is desirable to pre-
pare several lengths from the same piece. To take advantage
of a long piece of rubber cord, proceed as follows:

@, Start at one end and mark off the correct length for
the first cord. Then from the end of the first cord mark the
correct length for the second cord, and continue the process
until the required number of separate cords have been
marked off, or until the long cord is used up.

b. Mark, stretch, wrap, and tie the center of each cord as
described in paragraph 69.

¢. Mark, stretch, and wrap the end of each cord, as de-
scribed in paragraph 69.

BACK VIEW FRONT VIEW
Ficure 37.—Seizing rubber cords.

d. Starting at each line marking the end of one rubber
cord and the beginning of another, make marks 4, B, C, and
D as shown in step A4, figure 38. Jam the rubber cord on
the stretching toels so that mark 4 coincides with a crock on
one of the tools and mark I» with a croock on the other.
Hook one of the tools over nail 4 and the other tool cver
nail €. The distance between marks 4 and D should be
approximately 6 inches. (See step B, fig. 38.)

e. Wrap the rubber cord between marks A and B with
adhesive tape in the manner prescribed above, and repeat
the performance between marks D and €. Unhook one of
the stretching tools from its nail, allowing the cord tc con-
tract slowly, and cub the cord half-way between the taped
portions. Seize the two ends of the rubber cord with the
4-ounce cord as described in paragraph 69¢ and h above.
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B 71. Arracuing RUBBER CORD TO ENVELOPE.—To0 secure the
restraining cord to a pair of links on one of the securing
bands, proceed as follows:

¢. Pass one free end of the 2i-inch, 4-ounce cord under and
through one of the links forming a pair. Then pass the
other free end of the 4-ounce cord under and through the
other link. Cross the two free ends of the cord, then pass
them around the rubber cord, and again pass each end under
and through its respective link. (See step 4, fig. 39.)

s W i
GONTRACTED CORD w\a\:[ e
o \hﬁ“}-ﬁ{;‘,‘!ﬂ 3 P
e =
= MARK FOR A W
CUTTING ot

Fieure 38.—Wrapping continuous rubber cord.

b. Pull the two ends of the cord tight and tie them off with
a square knot across the front of the links. Now pass the
two ends of the cord back through the links and cross them
on the under side of the links, (See step B, fig. 29.)

¢. Pass the ends of the cord around the seizing and tie
them off with a square knot. (See step C, fig. 39.) :

d. Repeat the whole procedure in tying off the other end
of the doubled rubber cord.
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STEP A STEP B N STEP C
fGURE 39 —Attaching rubber cord tc envelope.
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CHAPTER 4
RIGGING
SECTION I
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SecrroN L-Balloconrigging. .- ____ . ____________ 7288
IT. Construction of ground rigging (wire rope) - __.__ 85-101
III. Construction of ground rigging (fiber rope)._.. 102-124

IV. Construction of fabric equipment_____ ... ____ i25-128
‘ . BALLOON RIGGING

B 72. GENERAL.—Barrage balloon rigging falls into two cate-
gories; balloon rigging and ground rigging. Balloon rigging
is the rigging which flies with the balloon. Ground rigging
is the rigging which is necessary to moor the balloon, but
which does not go aloft. This chapter sets forth specifica-
tions for constructing, and methods of atftaching, balloon
rigging. For comparable information on ground rigging, see
section II. -

B 73. Frving Capre—To attach the flying cable to the cable
terminal, proceed as follows:

a. Serve the end of the cable for about 1 inch with No. 9
linen cord.

b. Starting at a point 24 inches from the exd of the cable,
serve for a distance of 12 inches. Skip 8 inches and serve
for 12 more inches. (See step 4, fig. 40.)

c. Pass the free end of the cable once around the cable ter-
minal starting from the strap side and following the groove
all the way around. Then make a secomd turn arcund the
cable terminal with the free end, passing the second turn
underneath the turn already made. (See step B, fig. 40.)

d. Secure the free end of the cable with clamps spaced and
alined as shown in step C, figure 40.

e. Be careful to obkserve the following:

(1) The uncovered 8-inch portion of the cable is to make
metallic contact with the cable terminal, insuring electrical
contact between the cable terminal and the cable. :
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(2) A loop is to be formed in the free end of the cable
between the two clamps. Closing of the loop during flight

SRS

S e e

S

“ STANDING PART

e
ST

B

STEP A
STEF ¢

[

l12"SERVING - 8" —T—12"SERVING T 24" TO FREE END

Fioure 40—Attachment of flying cable.

PHANTOM OF CABLE IN POSITION

indicates that the cable has slipped through the top clamp
and that adjustment is needed.
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B 74 Hanpring Lines—a. Each handling line comes on the
balloon as one continuous line. Principal wear is on the
lower end of the line, which is passed through blocks on
the bed and is otherwise submitted to strain. When it is
necessary to replace the lower end of a handling line, the
line is cut off 2 feet 10% inches below the looped cut-splice,
and a 5-inch soft eye is made 1 foot 6 inches below the looped
cut-splice. The lower end of the line which was cut off is
replaced with a line made of 34-inch rope with a 5-inch soff
eye in one end, For the D-7 and Mk, VII, the cutting lenegth
of this line is 51 feet 7 inches: for the 3-8, 59 feet 1 inch.
For the D-7 and Mk. VII, the finished length is 50 feet; for
the D-8, 57 feet 6 inches. This line is reef-bent to the eye
made below the looped cut-splice of the upper part of the
handling line,

b. If it becomes necessary to replace the upper part of a
handling line, this part is made of 5:-~inch rope with a 5-inch
soft eye in each end and a looped cut-splice 1 foot 6 inches
from the crown of the lower eye. For the D-7 and Mk. VII,
the cutting length is 18 feet 434 inches; for the D-8, 19 feet
4% inches. For the D-7 and Mk, VII, the finished Iéngth is
15 feet 6 inches; for the D-8, 16 feet 6 inches. The handling
lines are lark’s-headed intc the loops on the handiing
patches.

B 75. Mooring LiNes —Mooring lines are of the same dimen-
sions and rope-size as the replacement handling lines de-
scribed in paragraph 74b above. The mooring-line exten-
sions are made of %-inch rope with a 5-inch soft eye in one
end. For the D-7 and Mk. VII, the cutting length is 26 feet
415 inches; for the D-8, 31 feet 4% inches. For the D-7 and
M. VII, the finished length is 25 feet; for the D-8, 30 feet.
Mooring lines are lark’s-headed to the appropriate patches
on the balloon, and mooring-line extensions are reef-bent
to the lower ends of the mooring lines. Mooring-line exten-

y,sions are attached only as storm precautions.
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B 76. Foor Ropes-—q. Finished lengths—Replacement foot
ropes, made of new %g-inch cable, are made to the following

finished lengths:

D7, M. VIT D-8
Y e e 5 on’ 2% 27’ 9"
Nodos o S 25" 1% 567 911"
N0 R0 S A 23 8" 25° 515"
No iAo i, 24" 47" 26’ 53"
No hoor Sui il 26" 6" 29’ 634"
e R R R 324N 357 8%

b. Attachment—On a balloon with delta type riggit}g
patches, replacement. foot ropes are attached as shown in

RIGGING

PATCH

TIcURE 41 —Attachment of foot ropes.

figure 41. On a balloon with finger type rigging patches,
the free ends of the replacement foot ropes are threaded
into the hollow metal suspension rings and are attached
to the standing part with a nicopress sleeve,

B 77. Riccrne LiNEs—&. Dimensions.—Replacement rigging
lines are made of ¥e-inich rope. Cutting and finished lengths
for the D-7 and Mk, VII are 55 feet; for the D-8, 70 feet.
The Jengths of the rigging line between patches are given
below:
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D-7, Mk. VIT D-8

Between No. 1 and No. 2 patches__________ 6’ 8" 6"
Between No. 2 and No. 3 patches._________ e 9l 6"
Between No. 3 and No. 4 patches_._________ 8’ 11’ 7
Between No, 4 and No. 5 patches__________ 9’ 127 6/
Between No. 5 and No. 6 patches__________ 11534 15’ 6"’

b. Attachment.—On balloons with delta type rigging
patches, the rigging lines are tied into the loops on the foot
ropes. The lines are attached to the front and rear loops
by a sheet-band and half hitch, and have their running ends
seized to the sfanding part. t each of the other four loops,
they are secured by a sheet-bend through the loop and a half
hitch above the loop, as shown in figsure 42. On balloons with
finger type rigging patches, the rigging lines are tied into the
front and rear suspension rings by a clove hitch and half
hitch, and have their running ends seized to the standing
part. At each of the other four patches a clove hiteh is tied
around each side of the suspension ring, as shown in figure 432,

E "78. Bepping STROPS.—a. Dimensions.—Dimensions of the
bedding strops, made of 3s-inch rope with a 5-inch soft eye
in each end, are given below.

(1) For D-T and Mk, VII balloons.

Number required Cutting length Finished length

"4 (at No. 1 patches) ________ 4 feet 5inch 2 feet § inch
4 (at No. 2 patches) ._____.__ 4 feet 5inch 2 feet 6 inch
4 (at No, 8 patches) ..__.___ 4 feet 5inch 2 feet 6 inch
4 (at No. 4 patches) _______ 4 feet 5inch 2 feet 6 inch
4 (at No. 5 patches) ________ 5 feet 8 inch 3 feet 9 inch
4 (at No. 6 patches) ._______ feet 11 inch 6 feet

(2) For the D-8 balloon, the bedding strops for the No. 5
patches are made to a finished length of 5 feet (cutting
length, 6 feet 11 inches), and the strops for the No. 6 patches
are made to a finished length of 8 feet (cutting length,
9 feet 11 inches). All ofther bedding strops are the same
lengths as those for the D7 and Mk. VII balloons.

b. Attachment—(1) On halloons with delta type rigging
patches, the bedding strops are lark’s-headed to the foot
ropes as shown in figure 42. On balloons with finger type
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LARKS HEAD 4BEDDING STROP

_BEDDING
=2 STROP

FIGURE 42 —Attachment of rigging lines and bedding strops.
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rigging patches, the bedding strops are lark’s-headed into
the suspension rings, as shown in figure 42.

(2) Two bedding strops are attached to each No. 5 rigging
pateh and one strop is normally attached to each of the
remaining patches. For storm precautions, an extra bedding
strop is attached to every rigging patch except No. 5.

& 79. Rir Corp.—The rip cord is made of 3s-inch rope; cut-
ting length for the D-7 and Mk. VII is 66 feet 6 inches; for
the D-8, 75 feet 7 inches. Finished length for the D-7 and
Mk, VII is 65 feet 11 inches; for the D-8, 75 feet. For peel-off
type rip panels, the rip cord is eye-spliced around the toggle
in the end of the rip panel. (See fig. 43.) The rip cord is
attached to the cheese-cutfer type rip panel as shown in figsure
33. On balloons having circular patches, the rip cord is
secured to the loops of the circular patches with breakable
cord having a breaking strength of 10 pounds. The cord is
clove-hitched to the rip cord, passed through the circular
patch loops, and tied off with a square knot. On balloons
equipped with snatch rings, the cord is clipped to the snatch
rings on the envelope by snatch clips.

B 80, Gas-VALVE OPERATING LINE.—a. Dimensions.—The cut-
ting length of the gas-valve operating line for the D-T7 and
Mk. VII is 64 feet 7 inches; for the D-8, 69 feet 7% inches.
The finished length for the D-7 and Mk, VII is 61 feet 11
inches; for the D-8, 66 feet 1134 inches.

b. Attachment.—The gas-valve operating line extends
from a bridle attached to the nose spider patch, through a
bull’s-eye (plastic thimble) on the ballonet strop, to the gas
valve. (See fig. 44.) It is attached as follows:

(1) The line is attached to the nose of the balloon by an
adjustable webbing strap and a nose bridle and spider patch.
The bridle is soft eye-spliced into grommets in the nose spider
patch. The bridle supports a plastic buckle through which
the adjustable webbing strap passes. The line is tied to a
loop in the end of the adjustable webbing strap by a double
sheet-bend, and the running end of the line is sewed to the
standing part.

(2) Near its center, the line passes through a bull’s-eye
in the ballonet strop. The ballonet strop is secured to a

5
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bridle, which in turn is attached to the ballonet diaphragm
by a spider patch. The bridle is made by soft eve-splicing
the ends of two lengths of rope into grommets on the spider
patch. A 3-inch loop is made in the center of each of these
ropes by seizing. These two lcops are then seized together.
The ballonet strop is made of %e-inCh_rope, with a loop
formed in one end by tying a bowline and then seizing the
running end to the loop. The loop in the ballonet strop is

WOODEN TOGGLE IN RIP PANEL

FIcURE 43~—Attachment of rip cord, peel-off type panel,

lark’s-headed into the bridle loop. The bull's-eye is eye-
spliced into the other end of the ballonet strop.

(3) The line is attached to the valve by forming a loop in
its end and reef-bending this loop to an eye in the valve-
line strop. The loop in the end of the valve line is 19
inches long, and is made by tying g bowline and sewing the
running end to the loop.

(4) When the valve is removed, the reef bend is freed by
passing the entire valve through the loop in the end of the
valve line. The bowline should not be untied. When the
valve is removed from the balloon, the valve line is secured
to its securing strop to make it readily accessible when the
valve is replaced.
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& 81. Juncrion StrRor—There are two types of junction
strops, one for use with the bell crank and one for use with
the British type concentration fitting. Both have a finished
length of 1 foot 9 inches. Since replacements must be made
by the using troops, methods of constructing both types are
given below.

@. Bell-crank junction strop (see fig. 45).—The junction’
strop for use with the bell crank is made as follows:

(1) Cut a piece of 74s-inch cable 4 feet 3 inches long.

(2) Form the cable into a loop by joining the two ends
with a nicopress sleeve.

NOSE SPIDER PATCH
BRIDLE - SAS VALVE

ALVE LIN|
SEGURIN% 3;.‘!09

FicoRe 44 —Attachment of gas-valve operating line.

(3) Becure a thimble in each end of the loop by clamping
the cable together at the throat of each thimble with a nico-
press sleeve,

(4) Seize the strop at three equidistant points.

b. British type junction strop (see fig. 46.)—The junction
strop is constructed on the triangular plate of the British
type concentration fitting as follows:

(1) Cut a plece of 742-inch cable 5 feet 11 inches long.

(2) Form a 4- by 2-inch eye in each end, using tapered
splices.

(3} Parcel the splices, but do not serve them.

525637°—43— % 77
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(4) Parcel the entire strop and heavily parcel the two eyes.
(See step A4, fig. 46.)
(5) Parcel and cockscomb serve the two eyes together.
(See step B, fig. 46.)
(6) Lay the grooved triangular plate in the bight of the
strop. Mark the strop on each leg about 5 mches from the
‘throat holding the triangular plate,

Figure 45 —Bell-crank Junction strop.

(1) Remove the triangular plate and cockscomb serve be-
tween the marks,

(8) Put the triangular plate back into the strop, being
careful that its legs are of equal length. Parcel the two

legs together from throat of eye to throat of triangular plate.
(See Step C, fig. 46.)
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(9) Start a seizing 2 inches from the throat of the tri-
angular plate and seize tightly up to the throat.

(10) Parcel over this seizing and start ancther seizing 3
inches from the throat and seize tightly up te the throat.

(11) Parcel over this last seizing and serve the entire strop,
from throat of eye to throat of triangular plate, with a
French-spiral serving, (See Step D, fig, 46.)

# 82. Tann-Line BRIDLE—g. Dimensions—See figure 47.
The tail-line bridle, made of 5-inch rope, consists of three
legs attached to a toggle. Dimensions of the legs are as
follows:

Cutting length Tying length

Number required

D7, 5 D=7, .
e o PR

i
Feet Freh | Feet Inch | Feet Inch | Feet Inch
e e 13 6 i2 10 10 6 9 10
Pl e L e 16 i} 15_ 10 13 5 12 10
|

b. Assembling—To sssemble the fail-line bridie, proceed
as follows:

(1) Serve one end of all three rope legs.

(2) Eye-splice the other ends of the rope legs around &
1l5-inch toggle 9 inches long, placing the short legs in the

" center. Seize the three legs together z‘,o hold them securely

against the toggle.

{3) Put the legs under a tension of 15 pounds and mark
them at their tying lengths (points at which they will be
tied to the tail-line bridle patches). This marking may be
done with a small strip of fabric inserted between the strands
of the rope.

¢, Attaching—On balloons with delta patches, the three
bridle legs are secured to their respective fail-line bridle
patches (short leg on top) by a double sheet-bend tied into
the soft loop on each pateh. The running end of each rope
is seized to its standing part. On balloons with finger
patches, the bridle legs are tied to the tail-line bridle patches
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41Ix2ﬂ . 4“x 2“

PARGEL AND COGKSCOMB 2 EYES TOGETHER
STEP B

SERVED
ABOUT 1'8" LONG ——— — =

STEP D
Ficure 46 -—British-type junction strop.

by a clove hitch; a half hitch is taken, and the running end
of each rope is seized to its standing part.

B 83. Tam-LinE—a. Dimensions—The tail line is made of
3s-inch rope with a 5-inch soft eye, cockscomb served, in one
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end and an 8-inch soft eye, cockscomb served, in the other
end. For the Mk, VII and D-7, cutting length is 26 feet
1 inch; for the D-8, 30 feet 7 inches. PFinished length for
the D-T and Mk. VII is 23 feet 6 inches; for the D-8, 28 feet.
The tail line also may be made of 33-inch rope, with two
strops being made and seized together.

b. Attachment.—To attach the tail line, pass the 5-inch
eye cver the tail-line bridle toggle,

SEIZED WHEM
PULLED TIGHT!

ENDS
SEIZED

ON DELTA PATCH AND SEIZE
RUNNING END TO STANDING PART.

Fiaure 47.—Tail-line bridle.

H 84. Tan-Line ExTENnsioN.—The tail-line extension is made
of Ye-inch rope. When used with the -inch’ single strop
tail line, the tail-line extension is short-spliced info the tail
line 1 foot above the 8-inch eye (splice toward the center of
the tail line). When used with the double strop tail line
made of 34-inch rope, the tail-line extension has a 6-inch eye
in one end and is lark’s-headed onto the tail line just above
the 8-inch eye. Cutting length is 25 feet 8 inches in either
case. :

% 85. RUbpER ProOTECTION SHEET Lines.—a. Dimensions.—
Rudder protection sheet lines are made of 34-inch rope.
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Cutting and finished length for the D-7 and Mk. VII is 23 ;

feet; for the D-8, 30 feet.

b. Attachment.—Each rubber protection sheet line is tied
into a series of circular patches extending along the envelope
above the rudder. The line is fastened to the loop on the
circular patch at each end by a clove hitch, and the running
end is seized to the standing part of the line. The line is
attached to the intermediate circular patches by single sheet-
bhends.

B 86. RUpDER AIR-SCOOF RESTRAINING CorDS.—a. Dimen=
sions.—Replacement rudder air-scoop restraining cords are
made of No. 72 cotton seine twine. For the D7 and Mk. VII,
cutting length is 33 feet 6 inches; for the D-8, 31 feet 6 inches.

b. Attachment~—The restraining cord is attached at each
end around the rudder air-scoop stiffener through grommeted
holes by means of a clove hitch and half hitch, with the
running end seized to the standing part of the cord. Inter-
mediate attachments are made to two circular patches cn the
rudder and to the center hole around the air-scoop stiffener
by means of clove hitches, When the attachments are com-
pleted, the restraining cord forms a W, with three attach-
ments on the air-scoop stiffener and two attachments on
circular patches on the rudder.

B 87, Mipsmip MooRiNG.—a. Dimensions—Dimensions of

midship mooring rigging for the balloon are given below._

Cutting lengths shown are for nicopress sieeves.

(1) Midship bridles—The two midship bridles are made of
3e-inch or T4s-inch cable. Cutting and finished lengths for
the D-7 and Mk. VII are 25 feet; for the D-8, 26 feet.

(2) Midship bridle grommets—The two midship bridle
grommets are made of 3{g~inch or 74-inch cable. Cutting
length for the D-7, Mk, VII and D-8 is 1 foot 8 inches; finished
length is 9 inches.

(3) Midship running line—The midship running line is
made of 3{g-inch or 74:-inch cable, Cutting length for the
D7 and Mk, VII is 40 feet; for the D-8, 42 feet. Finished
length for the D-7 and Mk, VII is 39 feet 5 inches; for the
D-8, 41 feet 5 inches.
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b. Attachment—For details of attaching midship mooring
rigging to the balloon, see FM 4-184.

H 388. Mx. VI Riceine.—a, Dimensions.—Dimensions of rig-
ging for the Mk, VI balloon follow:

(1) Footropes—Replacement footropes are made of .067-
inch cable (50G-pound breaking strength), with s 2-inch
soft eye in each end. The eyes are made by means of a
wrapped and soldered splice, (See par. 87.) The upper eye
is made directly into the thimbled eye of the rigging patch
on the balloon, Finished length of the front foot ropes
is 11 feet 934 inches; of the rear foot ropes, 15 feet 634 inches.

(2) Grommet strops—The 6-inch grommet strops for the
flying wire assembly are made of ¥-inch cable, with a
3, -inch thimble eye in one end. Cutting length is 57 inches.
For method of making a wire grommet, see paragraph 97.
After the grommet is made, the thimble is seized in one end
to form the eye.

(38) Handling lines—Handling lines are made of Y-inch
rope with a 3-inch eye in the upper end and a 6-inch eye
in the lower end. Cutting length of the front handling lines
is 41 feet 7 inches; finished length is 39 feet 6 inches. Cutting
length of the rear handling lines is 17 feet 1 inch; finished
length is 15 feet. The small eye at the upper end of each
handling line is lark’s-headed to the appropriate handling
patch.

(4) Stabilizer bracing wires—The front and rear stabilizer
bracing wires are made of .055-inch cable (300-pound break-
ing strength), with a 1-inch soft eye in each end., The eyes
are made by means of a wrapped and soldered splice, {(Sece
par, 37.) Finished length of the front bracing wires is 6
feet 1094 inches; of the rear bracing wires, 5 feet 2 inches.

(6) The 25-fool strop—The 25-foot strop is made ot
15-inch eable, with a cutting length of 26 feet 11 inches., It
has a 1% -inch thimbled eye in one end and a 2%-inch soft
eye in the other.

(8) The 100-foot strop.—The 100-foot strop is made of
Ys-inch cable with a 3-inch soft eye in each end. Cutting
length is 102 feet 4 inches.
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(7) Winch leg—The winch leg is made of Y%-inch cable,
with a 3-inch soft eye in one end. If varies in finished length
from 25 to 100 feef, depending on the distance from the
winch to the fair-lead. The cutting length is the finished
length plus 14% inches.

b. Installation —For details of installing Mk. VI balloon
rigging, see FM 4-188.

SEcTIiON II
CON_STRUCTION OF GROUND RIGGING (WIRE ROPE)

® 89. GeEnerar.—This section gives details of construction of
ground rigging made of wire rope. (See par. 72).

B 90. CrabiE—a. Dimensions—See figure 48. The cradle is
meade of salvaged flying cable according to the dimensions
given below. If nicopress sleeves are used instead of hand
splices, the cutfing lengths given are reduced by 13 inches.

i it Circum- Circum- Cut-splice
Number required Ci‘;?é}cig I“E;Si‘ﬁd ference |ferencesmall{ (cufting
& large eye eye length)

Feet  Inches|Feet Imches Feel Iniches

Legs Nos. L oand 6 | 14 7..oo| 12 6....| 1034in_ . | 6lsinehes. . o ... .
(4 each).

Tegs Nos. 2 and § | 18 G B s e e 1034 in. .| 634 inches. | 1 11
(4 each).
Lo Nog.deand i 110, W ilziaslig. e Las oy 1034 in...| 6l4inches .1 ... . ..
(4 each). |
Tnnerstrops (2cach).| 8 I L 6....f Nolarge | 2small oyes; | ...
aye. 614 inches.
Extra strops for D-8 | 8 2ol A O o O S W S e

(4 each). inches,

b. Cut-splices.—The straight cut-splices are put in the Nos.
2 and b legs with the inner throat of the large eye-splice and
the outer throat of the straight cut-splice 1 foot 6 inches
apart.

c. Installation—The cradle is installed as shown in figure
48.
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TO FIT D-8 BALLOON:

I'-2" WIRE STROP IS
REEFBENT TO NUMBERS | AND
6 LEGS BETWEEN CRADLE
LEG AND SHACKLE

\ i=2" WIRE
STROP

a@""vs" EYES AT ENDS
OF GRADLE LESS

Fiocure 48 —Cradle.
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8 91. Mipsmip CABLE TRACK AND TRACK STROPS.—da. Dimen-
sions.—The midship cable track consists of 229 feet of sal-
vaged flying cable. This length allows for an overlap of 3
feet for joining the cable ends. Each of the 24 frack strops
is constructed from a 2-foot length of salvaged flying cable,
with a V4-inch steel hook spliced in each end by means of
a nicopress sleeve, Each strop has a finished length (from
crown to crown of eyes) of 1 foot 6 inches.

b. Installation.—A track strop is reeved through the bent
rod of each of the 37-foot mooring-circle anchorages. The
cable track is laid out around the inside of the mooring
circle in such a way that the junction of the cable ends is
under the flying cable, and the track strops in 21 consecutive
points are hooked onto the cable track. The cable track is

then puiled handtight, and the ends are secured with a wire -

rope clip. By use of a handy-billy, the track strop on the
twenty-second consecutive point is hooked to the cable track.
The cable track is allowed to slip in the wire rope clip if
necessary, but is still kept taut. The junction of the cable
ends is then secured with two additional wire rope clips.
The three clips should be about 12 inches apart. Two track
strops are always left unbooked.

¥ 02. PyramID.—a. Construction (see fig, 49) .—Hour pyramid
legs are used. The legs are made of cable, not less than 75
inches in diameter. Cutting length of each leg is 19 feet.
The eyes at the upper ends of the pyramid legs may be made
with a nicopress sleeve or by hand splicing. To make a
hand-spliced pyramid leg, proceed as follows!:

(1) Place a crayon mark 8 inches from one end.

(2) Start at this point and place a medium parceling
around the length of cable that will pass around the thimble.

(3) Now cockscomb serve over the parceling. The par-
celing and cockscomb serving should not be too tight; if too
tight they will prevent s firm splice around the thimble.

(4) Now splice in the thimble, using the tapered splice.

(5) Parcel and serve the splice.

(8) Make a short serving on the other end of the cable.

b. Installation (see fig. 49) —To install the pyramid, pro-
ceed as follows:
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(1) Reeve the upper eyes of the pyramid legs directly onto
the guick-release shackle.

(2} Force a thimble onto the inner flop ring of each alter-
nate main point. Reeve the lower end of each pyramid leg
through its corresponding thimble, and secure the running
end to the standing part with two wire rope clips.

(3) Adjust the length of each pyramid leg so that the
quick-release shackle will be held directly above the central-
anchorage rod.

./ .~ NCOPRESS SLEEVES

-

FIrcure 49 —Pyramid.

B 93. Pyramin REINFORCING STROP.—a. Construction —The
byramid reinforcing strop is made of salvaged flying cable,

" with an 8- by 3-inch parceled and served soft eye in each end.

The eyes may be made either by hand-splicing or with a
nicopress sleeve. Cutting length for hand-splicing is 32
feet, which may be reduced by 13 inches if nicopress sleeves
are used. Finished length is 29 feet.

b. Installation.—The pyramid reinforcing strop is used to
strengthen the pyramid when the balloon is at tail-line
mooring or ab midship mooring. It may be used to add
strength to a weak pyramid leg, to replace a broken pyramid
leg, or to act as a fifth pyramid leg. If the wind is blowing
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from the direction of one of the main points between
those to which the pyramid legs are attached, the strop may

be installed at that main point to reinforce the pyramid. To :

install the pyramid reinforcing strop, proceed ag follows:

(1) Reeve one end of the strop through the quick-release
shackle, :

(2) Reeve the other end through the flop ring on the main
point from which it is desirable to set up the reinforcement.

(3) Bring the two ends nearly together and lash them with
at least three turns of %-ineh rope, and tie off the rope with
a square knot.

B 94, SarETY STROP.—U. Construction—The safety strop is
constructed of cable not less than 74s inch in diameter,
with a thimbled eye in each end. Its finished length is 5 feet
10 inches. To make s safety strop, proceed as follows:

(1) Cut a piece of cable 12 feet 5 inches long.

(2) Form a loop in the cable by joining the two ends with
g, nicopress sleeve.

(3) Secure a thimble in each end of the loop by clamping
the cable together at the throat of each thimble with a
nicopress sleeve.

(4) Seize the strop at three equidistant points.

b. Installation.—The upper eye of the safety strop is reeved
directly onto the quick-release shackle of the pyramid, and
the lower eye is shackled to the eye of the central anchorage.

B 95. TaiL-LINE MOORING-CIRCLE CABLE AND STrROPS.—a. Con-
struction.—The tail-line mooring-circle cable consists of 570

feet of salvaged flying cable. Each of the 25 tail-line moor--

ing-circle strops is made from a 6-foot 10-inch length of
flying cable, with a small ground rigging hook spliced in each
end by means of a nicopress sleeve, Each strop has a finished
length (from crown to crown of eyes) of 6 feet. When a
site is uneven it is necessary to make these strops of varying
lengths. The battalion engineer will determine the lengths.

b. Installation—To install the tail-line mooring-circle ca-
ble, proceed as follows:

(1) Reeve two tail-line moocring-circle strops through the
bent rod of the tail-line mooring-circle anchorage nearest
the winech position, Reeve a strop through the bent rod of
each of the remaining 23 anchorages, i
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(2) Lay the tail-line mooring-cirele cable as nearly as pos-
sible in position so that the ends will come in front of the
winch anchorage.

(3) Hook 22 strops onto the tail-line mooring-circie cable
and support the strops on their wooden posts.

(4) Draw the tail-line mooring-circle cable hand taut, and
secure the ends with three wire rope clips placed 12 inches
apart,

(8) Secure the twenty-third strop, using the handy-billy
to draw the cable back toward the preper wooden post. :

B 96. TrawsversE STROP,—The transverse strop is 25 feet long
with an 8- by 3-inch eye in each end, and a straight cut-splice
5 feet from each end. The strop can be made with either
hand splices or nicopress sleeves. 'To make a transverse strop
proceed as follows:

a. Cut a piece of flexible flying cable 28 feet long (reduce
length 13 inches if nicopress sleeves are to be used).

b. Splice an 8- by 3-inch eye in each end,

¢. Cut two pieces of cable 23 inches long to make the cut-
splices (reduce length 13 inches if nicopress sleeves are to
be used). :

d. Measure 5 feet from the crown of the eye in one end
of the strop and place a chalk mark.

e. From this mark, measure 5 inches more and make
another mark,

f. Take one of the 23-inch pieces of cable and place a
serving 8 inches from each end (for hand-splicing) .

g. Splice the 23-inch cable into the strop to make a straight
cut-splice, matching the servings to the marks on the strop.

h. Repeat steps d, e, f, and ¢ above to make the cut-splice
on the other end of the strop.

B 97. Wire GroMMETS (See flg. 50) —Thirteen wire grom-
mets of 2-foot circumference are needed for each LA bed.
Wire grommets can be made either by hand-splicing or with
nicopress sleeves, To make a wire grommet with nicepress
sleeves, cut a piece of flexible cable 2 feet 2 inches long and
join the ends with a nicopress sleeve. To make a wire gsrom-
met by hand-splicing, proceed as follows:
a. Cut a length of flexible cable 15 feet long.
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b. Unlay all strands.

¢. Near the middle of each strand make two crayon marks
2 feet part.

d. Match these crayon marks, forming a ring.

e, Form g grommet of six turns.

J. Tie a thumb knot with the lay of the cable.

‘g. Secure the two ends with two tucks in each end.

k. Parcel and cockscomb serve, or parcel and wrap with
wire, between exposed ends.

WOVEN AROQUND
SiX  TIMES

EAGH END
TUCKED TWIGE

B 98. WIrRE SPIDER.—q. Dimensions (see fig, 51) —The wire
spider is made of salvaged flying cable. The eyes can be
made either by hand-splicing or with nicopress sleeves.
Dimensions of the spider for hand-splicing are given helow.
Reduce cutting lengths given by 13 inches if nicopress sleeves
are used.
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xumpe | Cuthe Tkt e | s
|
Feet Tnchy Fed E
4 616 2 | 8feet by 3 inches__.___ | 4 feet by 2 inches.
10 6% 8 | 8feet by 3 inches...... | 4 feet by 2 inches.
19 814 17 E 8 feet by 3inches______ 4 feet by 2 inches.
i i

b. Construction—When the spider legs are completed to
the dimensions given above, the large eyes are heavily par-
celed and cockscomb served tc prevent undue wear on the
handling lines which are tied into the eyes: As an alterna-
tive to parceling and serving, the eyes may be covered with
34-inch or 1-inch rope. The rope is applied by unlaying the
strands and relaying them around the spider’s-eye, with the
spider’s-eye as a core. The coverings on the eyes must be
checked frequently, since—if they are allowed to wear off—
the bare cable will chafe and cuf the handling lines. The
small eyes of the spider are lightly parceled and then served.
The spider hand rope is made of 3;-inch rope, and has a
cutting length of 4 feet and a finished length of 3 feet. (See
fig. 51.) The free end of the rope is finished by a back splice,
and the other end is attached to the shackle by & 3-inch soft
eye. The spacer rope is made of 3-inch rope and is 3 feet
long. (See fig. 51.) It is cross wrapped teo the spider legs
with serving cord, and the free ends of the rope are served.

Frcure 51 —Wire spider,
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# 99. Ocracon.—The octagon, made of salvaged flying cable,
has a cutting length of 113 feet to allow for the overlap
when the ends are clamped together. The cable is reeved
through the outermost flop rings of the main-point anchor-
ages, and is secured with three wire rope clips. The clips
and cable ends should be covered with friction tape.

B 100. Havring CasrE—The hauling cable is made of sal-
vaged flying cable 200 feet long. It is solder-dipped and
served at one end and eye-spliced around a thimble at the
other end.

& 101. Mx VI RicGING.—0a. Dimensions.—Dimensions of Mk,
VI ground rigging made of cable are as follows:

(1) Eighit-way bed cable—A total of 390 feet of Y-~-inch
cable is required for the eight-way bed.

(2) Two-way bed cable—A total of 100 feet of Yi-inch
cable is required for the two-way bed.

b. Installation—For details of installing Mk. VI rigging,
see FM 4-188.

SecTION IIT
CONSTRUCTION OF GROUND RIGGING (FIBER ROPE)

B 102. GenerAL~~This section gives details of construction of
ground rigging made of fiber rope. Care should be taken
that no rope is wasted. Follow these suggestions:

@. Measure fiber rope while it is under a 15- to 20-pound
pull,

b. Cut the rope with 2 sharp knife. i

¢. Apply necessary servings immediately after cutting to
pbrevent the rope from unlaying., Make all servings firm,

- B 103. BarrasT-Brock BrioLes.—a. Dimensions.—The 12 bal-
last block bridles are made of 3%4-inch manila yacht rope,
have a cutting and finished length of 3 feet 4 inches, and
are served at each end.

b. Installation (see fig, 52) —Ballast-block bridles are reef-
bent by their middles to the eyes in the lower cradle slips and
lines. Each end of the bridle is tied into a loop in the ballast

block by a clove hitch and the running end is seized to the.
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standing part. The distance between the loops on the blocks
and the reef bend is 15 inches.

B 104, Lower CrapLE LiNes.—The four lower cradle lines are

_ made of 33-inch manila yacht rope, and have a 3-inch eye in

one end and the other end served. Cutting length is 6 feet
10 inches; finished length is 6 feet. These cradle lines are

J~UPPER CRADLE SLIP

CRADLE (gq

.. B

BALLAST BLOCK §
BRIOLE ~ ourw

Freure 52—Attachments to ballast block.

reef-bent to the bridles on the ballast blocks at Nos. 1 and 6
cradle legs as shown in figure 52.

# 105. Lower CrapLE Stips.—The eight lower cradle slips
have a 3-inch eye in one end and the other end served. (See
fig. 53.) Cutting length is 9 feet 8 inches; finished length is
g9 feet. Fach slip is rigged with an adjusting block and a
small ground rigging hook in the bight. A ballast-block
bridle is reef-bent by its middle to the eye in the slip, as
shown in figure 52.

106. UppER-CrapLE Srips.—Each of the 24 upper cradle
slips has a toggle, 1 inch in diameter, spliced into one end
and the other end served. (See fig. 53.) Cutting length is
9 feet 10 inches; finished length is 9 feet. The slip is rigged
with an adjusting block and a small ground rigging hook in

525637 °—43—17 a3




106108 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

the bight. The toggle is attached to a rope grommet on the
middle eye of the ballast block, as shown in figure 52.

B 107. TenstoNiNg Stips—Each of the 10 tensioning slips is
made of 12 feet of 24-inch manila rope, and is served at both

A

LOWER CRADLE  UPPER CRADLE TENSIONING  MOORING
. osup sLIP SLIP SLIP

. Ficure 53 —Slips.

ends. The slip is rigged with an adjusting block and a small
ground rigging hook in the bight. {See fig. 53.)

B 108. Moorine SLips—FEach of the eleven mooring slips is

made of 3g-inch manila rope with one end served and a
large ground rigging hook spliced into the other end. Cutting
length is 25 feet 8 inches; finished length is 25 feet. Each
slip’ is rigged with an adjusting block and g small ground
rigging hook in the bight. (See fig. 53.)
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& 109. Barrasr-Brock GrarpLE-—The ballast-block grapple
is made of lY%-inch rope 2 feet 6 inches long. The rope is
spliced and served around a 1%-inch toggle at one end, and
a sandbag hook at the other end. The grapple measures
about 1 foot from the crown of the eye splice on the hook to
the inside of the toggle. (See fig. 54.)

Ficure 54 —Ballast-block grapple.

110, Fin-FurLing Iangs—The two fin-furling lines are
made of No. 72 cotton seine twine. Each line is 38 feet long
and has a 1-inch soft eyve in each end. A line of thiz length
will serve the D7, Mk. VII and D-8 balloons. (See fig. 55.)

SR TS
s Bt

FURLe, e

i . START FURLING N
a e s
4T FRONT QF FIN Tl

0
Seh T
SLACK S o
RETWEEN Tapd OWE

Fieure 55 —Fin-furling line.
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B 111. Hawoy-BiLry—The handy-billy is a block and tackle
made with one single-sheave steel block and one double-
sheave steel block, each block having a hook clamped to it.
The tackle consists of 25 feet of 34-inch rope, which is eye-
spliced to the single-sheave block and served at the other
end.

B 112, Tan-Line BUNGEE ASSEMBLY.—q. Tail-line strop—
The tail-line strop is made of %-inch manila rope, with an
8-inch eye in one end and the other end served. Cutting
length is 16 feet 7 inches; finished length is 15 feet. A
togele 1 foot 2 inches long is fastened to the eye splice by
a retaining cord of No. 72 seine twine.

b. Bungee strop.—The bungee strop is about 4 feet leng
To make a bungee strop, proceed as follows:

(1) Cut a piece of %g-inch rubber shock cord 41 feet long.

(2) Measure in 6 inches from each end, from 4 to B, as
shown in step A, figure 56.

(3) Cockscomb serve 3% inches on each end, from B to C,
‘as shown in step 4, figure 56.

(4) Join the two ends of the cord together by formlng the
served portions of the cord into eyes and interlocking the eyes
as shown in step B, figure 56. The throat of each eye is at
the end of the cockscomb serving. To form the eyes, seize
each end back to the standing part with French spiral serv-
ing, beginning at a point 4 inches from the throat of each
eye and serving up to the throat.

(6) Fold the cord into ten equal lengths, placing the two
eyes in the middle of the loop so formed.

(68) Place a thimble in each end of the folded cord and
put the cord under sufficient tension to stretch the strop 6
inches. Then mark at D and E as shown in step €, fisure 56.

(7) Take out the thimbles and cockscomb serve between
marks D and E. The serving must be put on while the strop
is under sufficient tension to stretch it 6 inches,

(8) Place thimbles back in place, and put the cord under
tension.

(9) (@) Secure the thimble in place by drawing D and E
together (see step D, fig. 56), and parcel from pomt FtobD
and E (2 inches).
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(b) Next seize this area with French spiral serving.

(10) Start at point G (3 inches from throat) and parcel
and serve up to the throat.

(11) Start at point H (4 inches from throat) and parcel
and serve to throat.

(12) Make all parcelings and servings on both ends of the
strop. When finished, each end of the strop should have
three parcelings and servings.

(13) Make three servings at equal intervals between the
servings at the two throats. Each of these three servings
should be about 1% inches long.

¢. Check strop.—To make a check strop, proceed as follows:

(1) Cut a piece of 5-inch manila yacht rope (or equiva-
lent), 7 feet 6 inches long. As an alternative, use extra
flexible cable. ; :

(2) Splice a 3- by 2-inch eye in each end.

(3) Secure the completed strop (6 feet long) to the bungee
strop. To do this, place the eyes of the check strop on the
eves of the bungee strop, and serve between the crown and
the throat of the eyes. Do not serve over the crown.

(4) Seize the center of the check strop to the center of the
bungee strop.

d. Shellacking —Put two coats of shellac on each serving
and allow each coat to dry for 10 to 12 hours.

B 113, MipsuIr Ruesrr StrRoP.—The midship rubber strop is
made of 14 strands of %s-inch rubber shock cord (cutting
length 29 feet) and is constructed like the tail-line bungee
strop described in paragraph 112b, except that the midship
rubber strop has 14 strands’ instead of 10. The finished
length of the strop, from crown fo crown of the thimbles,
is 24 inches.

114, Mipsmre Curcx StroP.—The midship check strop is
made of 5 feet 2 inches of Y%-inch rope with a 2- by 4-inch
soft eye in each end. Its finished length is 38 feet 4 inches.
It is attached to the midship rubber strop in the same manner
as the tail-line check strop is attached to the tail-line bungee
strop. (See par. 112c.)

©
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COGKSCOMB E8-TO-C

4I' LENGTH OF RUBBER SHOGK CORD"
STEP A ;

% JOIN TWO ENDS OF 41' OF RUBBER SHOGK GORD

OOGKSCOMB SERVING- D

-0

: H
[}
| 3RD. SERVING 4"
R,
i i
i
I
i
1
i

STEF D
Freore 56 —Bungee strop.
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Bl 115. Mrpsurr TENSIONING STROP—The midship tensioning
strop is made of 34-inch rope with a 2- by 4-inch soft eye in
one end and with the other end served. The strop has a
cutting length of 7 feet 11 inches and a finished length of 7
feet. The soft eye of the tensioning strop is lark’s-headed
into the eyes of the rubber and check strops. The other end
of the tensioning strop is passed through the shackle on the
trolley block and is tied to ils standing part by a picketing
hitch.

B 116. Runnine Nose LiNne—The running nose line is made
of lY-inch rope with a 3-inch soft eye in one end and &
serving on the other end. The cutting length is 26 feet and
finished length is 25 feet.

B 117. Rip-Corp StRoP.—Cutting length of the rip-cord
strop is 7 feet 6 inches; finished length is 5 feet 6 inches.
The strop has a 3-inch soft eye in each end. One eye is at-
tached to the eye of the central anchorage, and the other

. is left standing free to receive the rip cord when the balloon

is at tail-line mooring, mooring-circle close-haul, or midship
mooring. The rip-cord strop is seized to the safety strop
at four points: at the throat of the eye at the central anchor-
age, at the throat of the eye at the upper end, and at two
points equally distant between the two.

B 118, Running TensroniNGg Siip—The running tensioning
slip is 36 feet long, with a hook on the running end as well
as in the bight. To make a running tensioning slip, cut a
37-foot length of l.-inch rope, splice a hook into one end,
and rig the other end with an adjusting block and hook.

B 119. SanpBag Liwes.—Each of the 12 sandbag lines is
spliced around a toggle at one end and the other end is served.
Cutting length is 7 feet 10 inches; finished length is 7 feet.

B 120. Sanpea¢ SPIDERS.—Each of the two sandbag spiders
consists of two strops 4 feet and 3 feet long, seized together,
with a toggle spliced into each end. To make a sandbag
spider, proceed as follows: 5

a. Cut two lengths of rope, 5 feet 2 inches and 4 feet 2
inches long.
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b. Splice a 4- by 2-inch toggle in each end of both ropes,
and serve properly so that the toggles will be tightly secured.

¢. Find the center point of each strep, place the strops fo-
gether at their centers, and cockscomb serve 8 inches each
way from the center. ;

d. Seize the four legs of the spider together by putting a
l-inch French spiral serving 1 foot from the crown formed
in ¢ above.

¢. From the serving described in d above, measure 6 inches
toward the crown and place another serving of the same kind.

f. Midway between the two servings described in d and e
above, place another serving of the same kind.

H 121. SnussER SLIPS.—The two snubber slips= are constructed
in the same way and to the same dimensions as the tension-
ing slips. (See par. 107)

B\ 122, Syuserr StrROPS.—Each of the two snubber strops is
eyespliced around a hook at one end and a toggle at the
other end. Cutting length is 24 inches and finished length is
9 inches. Construction is like that of the ballast-block
grapple. (See par. 109.)

H 123. Haviine RorE—The hauling rope should be 34-inch
manila rope if it is to be used for both mechanical and
manual haul-downs. The rope should be 200 feet long. A
thimbled eye-splice is made in one end and the other end
©is served. A wire hauling cable (see par. 100) is used if
possible, but it is necessary to use a hauling rope with winches
which have gipsy-heads that turn in one direction only.

& 124. Mx. VI Riceinc.—a. Construction —Specifications for
Mk, VI ground rigzing made of fiber rope follow:

(1) Heaving lines—The two heaving lines are made of
Yy -inch rope, 30 feet long, served at each end.

(2) Side-hook ropes—Two side-hook ropes are made of
Va-inch rope, with a ground rigging hook eye-spliced in one
end. Cutting length for each rope is 75 feet 10l inches;
finished length is 75 feet. L

b. Installation—For details of installing Mk. VI rigging,
see M 4-188.
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SectioN IV
CONSTRUCTION OF FABRIC EQUIPMENT

B 125. BarrasT-Brook Cover—Covers for concrete ballast
blocks may be made of used sandbags, salvaged envelope

|
&
{

< 6" 183’ a“’Jl ah

Ficure 57.-—-Ballast-block cover.

' fabric, or heavy canvas. The most convenient way to make

these covers is to cut the fabric in the form of a cross to the
dimensions shown in figure 57. The 6-inch flaps are folded

101




1925-127 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

over 54 inches of %i-inch rope, stitched to hold the rope in
place, and then stitched together. Three slots are eut in
the top of the cover at the proper points to allow the loops
in the bloek to protrude through the cover. The top of the

cover should be reinforced around the slots with at least two

thicknesses of material. (See fig. 5'{.)

B 126. Hanpring-Line Bag.—The handling-line bag is a heavy
canvas bag, 12 inches in diameter and 18 inches deep. The
upper part of the bag is hand sewed to the base with double
No. 30 thread. The base has three holes in it, each about an
inch in diameter, to permit water to drain out of.the bhag.
The holes may either be grommeted or bound with button-
hole stitching. There are four grommeted holes equally
spaced around the bag, 2 inches from the top, through which
a 10-foot length of Y-inch rope is passed. This rope serves
to close the top of the bag and is tied onto the foot-rope
shackle by a single bow knot.

B 127. RuppEr ProTeEcTiON SuHEET—The rudder protection
sheet is made of heavy canvas and measures approximately 7
by 26 feet. It has an eyelet at each front corner, inte which
is tied an 8-foot length of No, 72 cotton seine twine. It has

DIMENSIONS
APPAOXIMATE

FicureE 58 —Rudder-protection sheet.
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four eyelets along the rear edge threugh which a 15-foot
length of twine is laced. There are also eight eyelets equally
spaced along each of the long edges. A small hook is fastened
to each of the sixteen eyelets by a short length of twine tied
off with a sguare knot. (See fig. 58.)

B 128. SanpBags.—One hundred and twelve sandbags are
needed at a site. Each bag has four grommeted holes % inch
from the top of the bag. The bag is rigged with a length of
Ys-inch rope, the ends of which are passed through the grom-
meted holes and then spliced together to form a 24-inch
ring. After the bag is filled with sand to a weight of ap-
proximately 40 pounds, the throat is tied off by a length of
rope below thie grommeted holes,
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