. §  RESTRICTED

g

Loy D R ,ﬁz..n |
ﬁ\v : ,ﬂ;.m.@ oo 05 ; FM 4-196 B
; Aa«vm %svvv. E
= &AL | 1

g ,%,%v "~ WAR DEPARTMENT : . ¥

ANTIATIRCRAFT ARTILLERY || =
' * . FIELD MANUAL e
»

BARRAGE BALLOON |
RIGGING AND FABRIC REPAIR
June 2, 1943 .

‘.nﬂ" m»:u* ARY U -
nazc.ﬁmmm i |
SERIAL RECORD

0CT 2 2154
e

- o SRR
8OVY, SNLEGY




ey e

R

et EGAERE" TN

RESTRICTED

FM 4-196

: ANTIAIRCRAFT ARTILLERY
FIELD MANUAL
BARRAGE BALLOON

RIGGING AND FABRIC REPAIR

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1943

1
|
|
i
a
1




Rn—
T
Vo :

p———
=

e
&

Udof

.3
Hi13

WAR DEPARTMENT,
WASHINGTON, June 2, 1943,

FM 4-186, Antiaircraft Artillery Field Manual, Barrage

Balloon Rigging and Fabric Repair, is published for the
informstion and guidance of all concerned. )

[A. G. 062.11 (4-8-43).]
BY ORDER OF THE SECRETARY OF WAR:

G. C. MARSHALL,

Chief of Stafi.
OFFICIAL:

J. A. ULIO,
Major General,
The Adjutant General.

DISTRIBUTION
R and H 44 (2); IBn and H 44 (5); IC 44 (25).
(For explanation of symbols see FM 21-6.)

had

TABLE OF CONTENTS
Paragraphs Page
CHAPTER 1. Fiber rope.

Szcrion I. General _ e 1-3 1
’ II. Cordage materials___.__._____ - 45 2
III. Care and use of fiber rope - 611 3
IV. Rope and cord knots 16--20 5
V. Rope SpliCeSa—mmmaoeo—n- 21-25 12
VI, Servilif ccommmmmmm oo o e =~ 26-27 14
CHAPTER 2. Cable (wire rope}.
SecTion I. General e 28-29 17
II. Measuring, marking, cutting, and
parceling cable .. meano 18
III. Cable splices oo 5 22
CHAPTER 2. Fabric and fabric repair. :
SecTioN 1. General __ __ . e 3¢ 26
II. Care of fabric__. 33
II1. Fabric repaiv. e ooee- 85
IV. Stitehing - oo 39
V. Patching. oo 41
VI. Replacing panels._ .- 53
VII. Gas and air valves. e 58
VIII. Replacing rubber cords on Mk. VI
PALlCON o e e 6771 62
CuaprTER 4. Rigging.
SecTioN I. Balloon rigging -ceveemocoommee 7288 69
II. Comstruction of ground rigging
{(Wire Irope)-cmmeo—omeaoo S 89-101 84
III. Construction of ground rigging
(fiber YOPe) o —mommm - 102-104 92
IV. Construction of fabric equipment. 125-128 @101
INDEX oo o ce o e e e e "] 04
- ~
I




I .I P . “
- '.‘1‘ B .y
- FIM 4-196

) " RESTRICTED
ANTIAIRCRAFT ARTILLERY FIELD MANUAL
BARRAGE BALLOCON
RIGGING AND FABRIC REPAIR
CHAPTER 1

FIBER ROTE

1 Paragraphs
SpcrtoN I, General o oo oeomemmommmm e m oo 1-3
1I. Cordage materials o . —coemmmmmommmmmmmmm o 4-5
TI1. Care and use of fiber rope. —ce-—emomm—oomome=m=s 6-11
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SECTION I
y GENERAL
B !
: : & 1. GenERaL-—The barrage palloon is a fragile mechanism
b requiring careful handling and maintenance of rigging and
i _ fabric to keep it in satisfactory operating condition. Since
fiE | using personnel must spend much of their time in the upkeep
| ' of balloon matériel, it is essential that they have a thorough
wnowledge of rigging and fabric repair.
| 2 2. ScorE—This manual deals with the-construction, han-
o dling, and repairing of barrage balloon rigging and fabric.
i & 3. REFERENCES.—
r(-_' A . FM 4-187, Service of the Balloon and Balloon Equip-
i % : ment, LA. )
i | FM 4-188, Service of the Balloon and Balloon Equip-
E] % ment, VLA,
;& v FM 5-35, Reference Data (Corps of Engineers).
g‘__: Y ) TM 1-440, Parachutes, Aircraft Fabrics, and Clothing.
-- TM 5-225, Rigging and Engineer Hand Tools.
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SEcTION IT
CORDAGE MATERIALS
B 4, FreEg Ropss.-Fjber rospes used in rigei

barrage balloons are g
For generg]

ng and securing
enerally made of manily, or sisa] hemp,
information on these materials, see TM 5-225,

& 5, CoRrbs.~0q, General.~Cords
number of thin threads twisted to
loon rigging are generally

are small ropes made of g
gether. Thoge used in bgl-
made of cotton or linen.

of threads in the cord. Th
ber 60 feet, and g No. 9 cor
b, Tz/pes.~Severa,1 types
ging: serving cords, blockin
gas-valve operating line,
(&3] Serving cords.——.
or cotton, and are
for covering ends of

us an 8-ounce cord weighs 8 ounces
d has nine threads,

of cords are used in balloon rig-
g cords, breakable cords, and the

Serving cords are made of waxed linen
used for serving rope Splices and ends,
cable splices, and for seizing rope. The
& rope in common use is shown

Size of serving corg

Size of rope
(number of threads) served (inches)
e —— I 1
e e 5/1/;
S %, %, ang 3%
Ot 1 % to 1

cords, which are cords
€ used to secure the rip cord
ace the parachute bag.

having g low tensile strength, ar
to the balloon envelope and tg |

2

5 5-8
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i line
Gasvalve operating line~~The ggsvalYe.opgrzzlldrégWith
N i gallcl)ons is made of synthetic silk or hnea N
usedv;?ing of synthetic silk. The linen cord has a
a co

; teh.
amount of stretc o Sy
CARE AND USE OF FIBER ROPE

see TM
& 6. CaRE—For information on the care of rope,
5-225.
thi () (meas-~
& 7. TensiLE STRENGTH.—Tensile strength is tt]r;: ;0?;1 S
i . sary to produce ruptur 2 Y0)

i ounds) necessary . el

ur(;lcfedl?n She divection of its length. TableI gives ¢
u

Strength of rope commonly used.

7 -ope (in pounds).
TaBLE L—Maximum tensile strength of rope (in p

T

Commer- . m e -
i i i 2ial Sizal {Wartime
Size I(glc%glsgter in 1\}4:;11;]? ! Cotton i mcanﬂa ! l

120 .. o.li- R s
A . " 57 I 250 450 | 273 ﬁg o
. 770 450 | 600 i 358 7o "0
IA :‘;0 675 1,000 | 608 o
4 o 800 | 1,350 A
" 1,750 1,138 1,400 | ]
l 5 7 2,120 1, 680
e 2, 650 | 1, 12§ 2, by ;s
4 3, 450 2,24 X ===
;i 4,400 2,860 3, 520 z Zgg
i 5,400 3, 510 4,320 y
i 6,50 | 42250 5200 | ..
s el e s 5,005 6, 16:,0 __________
4 7, 700 5,428 6,660 |- -ooooo.-
;f: 9, 000 5, 850 7,200 joeeonoon
) ————

* A type of sisal rope.

i 1 th
finition.—Working streng.
¢ STRENGTH.—. Dem_zy:, S
'E 2h Wr‘giﬁiqum load (measured in ?ounds) ;:n“i]:: R
o _6 red a rope may be safely subjected w peTies
cogmﬁ'zlctor of safety—A factor of safety, exp

S e




SHVELALRUKARY ARTILLERY FIELD MANUAL

a ratio of the tensile strength to the working strength, is
used in Qmﬁowgﬁazm the working strength of g rope. Allow
a factor of safety of 3 to 1 in computing the working
strength of g, lew rope. For example, to handie 200 bounds,
use a rope having g tensile strength or 600 pounds. From
table I it wij] be seen that the following sizes of rope will
be needed for this load: Ya-inch manila yacht, oy %e-inch
cotton, or Y4~inch commercia]l manila, or %e-inch sisal, or
%e~-inch Wwartime, or %e-inch jute. When old rope is used,
make actug] tests to determine itg strength,

only as great as the strength of its attachment to anhother
Tope or to an object,

E 19, Odu.u_uzﬁ.!nwmwoam a rope is cut, g serving always should
be placed on each side of the 5pot where the rope is to be
cut. The serving will brevent the rope from unlaying or
unraveling, For information on serving, see baragraphs 26

¥ 1], CorLing —q, Qmﬁ%.&.lomﬁﬁs established techniques
must be foliowed in coiling angd uncoiling fiber rope. (See
TM 5-225.)

step 4, figure 1.

(2) Take the free engd of the line in the right hand approx-
imately Opposite the right hip. (See step A, fig, 1)

(3) With the right hand, loop the line into a serieg of coils
of the same size and holg the coils in the left hang, Be sure

4

- ey

]

j |
FABRIC REPAIR 111
NG AND FABR
LLOON RIGGI:
BARRAGE. BA

irection.
ein the same dire :

, he lay of the rope ar oiled, pass

o Wonm MMMQMWE length of the rope wm.mH GMMMMM up behind

(4) When nter of the coil, il

] ough the ce : ve the coi

the Em.g pene aw“.m standing part ﬁ the line mv%w o
o oozH.H mmm%%wocms the coil, forming a loop.

and pu

5 w&“—sm the HOOU up across ﬂwu.m ront of the OOHH. N\H.OQNHQ
v i

mm.:ﬁ—ﬁw Su.m m.ﬂm\HHQuuum. Umhﬂ OH. _n.w.._.m line nd tie it Om (dwﬂww an
( ) e

b

overhand knot. (See step C, fig. 1.)

STEP G

STEP B

Fioure 1—Coiling handling lines.
SECTION IV

ROPE AND CORD KNOTS

ts and
. atment of kno
# 12. GENERAL—For a general tre The rope knots ‘and

—225. .
: ~-35 and TM 5 or which
o mmeMu\Maw not treated in other manuals,
hitches wh

lioon work, are discussed in
are tied in a special way for ballooy

this section.

. ST C

B 13. BowLINE The UOEHHS.O 18 GmOQ to m‘ﬂw@O: the rip ord
ying 4

either to the flyin cable when the low & 1tit ude U@SOONH 15

5
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.m 14. SwaB Hircx.,
in balloon work f
wire spider,

ine,

13-
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fiying o i
Wmom:mmwnww W %%mbw ﬁos the bed when the balloon is moored
e b gﬂ MMH oB_.pmn be tied by g crewman H.mmoEMm.
s wing speci i

be learned by all balloon ocowm%o%hw St s

a. F Hmom .SDQ for OHMHHW‘WH of ﬁmwm NHM.H_HG HHN\SQ. m\HOEW and near :Hm
t29

end of the runnin
) N : g end of the line, H ;
of the line with the left hand, palm up old the mnmsmﬁm part

b. Pl i
Place the H:sswsﬁm end over and at right angles to th
g e
e Mm%mi hand. Grasp the running end
o fEitterae s oo €tween the thumb ang forefin [
- » thumb against standin i i
g g part. (See step A,

¢. Form a loop in the b;
) e bight ar 1
turning the right hand. (See mawWoMstgmmvEs

. ning end by
with the left hand,

Hold the loop

STEP g

FI16URE 2—Bowline S

(See step C, fig. 2.)

i

- W%MM@USEAH#. isa uﬁowémﬂmmmm hitch used
To oa? :m mb%Em. lines to the eyes of the
0. Stand faoies o : € swab hiteh, proceed as follows:

€ the spider on the right side of the rms&ﬁmﬂ

6
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b. Pass the running end of the handling line up through
the spider eye about 8 inches past the marking on th=
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 place.

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

£. Withdraw the right arm and with it the bight in the
line, turning the palm of the hand upward and placing the
running end of the bight of the line on the side toward the
throat of the eye. (See step D, fig. 3.)

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

#® 15. Lark’s Heap.—A lark’s head is used to fasten a grommet

to a line or an eye, and to fasten a soft eye to a larger soft
eye or to & hard eye. In balloon rigging it is used at various
places, particularly to fasten grommets to the octagon. A
lark’s head is illustrated in figure 4.

® 16. SINGLE BowxnoT—A single bowknot is used as &
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 Bend.—A reef bend is used to Jjoin two soft eyes
of approximately the same size or to join a bight in one rope
to a soft eye in another. For example, a reef bend is used
to join the mooring-line extensions to the mooring lines.
To make a reef bend, pass one eye over 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 knot and the pull of each eye is against the
walls of the other. (See fig. 5.)

1
]
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BARRAGE BALLOON RIGGING AND FABRIC REPAIR 18

HANDLING“LINE B 18. PICcKETING HITcH.—A picketing hitch is used to fasten
MARKING handling lines to eyes or to screw pickets and to fasten

,/ the tail-line strop to the bungee assembly. The standing

-t

LARKS HEAD / SINGLE BOWKNOT

F1cURE 4.—Larks head and single bowknot.

FIGURE 5.—Reef bend.

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

a. Pass the bight in the running end of the line through
the eye or screw picket. Pull the slack out of the line and
TR F1eurE 3-4Wab hitch make a half hitch around the standing part of the line,

I : : using the tensioned side of the bight.

8

9
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b. Continue using the
another half hitch over
from the eye or picket) ang within the 1

the origing] standing part. (See step A, fig, 6.)
¢. Outside the loop in the original s

» 8till using the tensioned side of

tensioneq side of t

the bight
and pull the three half hitches fArmly together. . When tying
this hiteh, it is not necessary to pull the unning end through
the loop formed with the or

iginal standing part
be speedily uynt;

B, fig. 6.)

. (See step

. work, the
made with one hand, ag follows:

t taut, Thig may be done by
rope on the ground, (See step

2 ngers of the
(See step A4, fig. 7.)
¢. Raise and furn the right

of the standing part of the y (See step B,

bm mﬁmsmu.sm bart of the
eft side of the loop. (See step C, fig, 7))

right hang back through the Opening

Tope and grasp the 1
€. Now puil the

10

ve dmum fi i Om ﬁw.»
[0 i nd —Umﬁsmmﬁ, the md@ﬁ@:u.@ UQH.&
and ah € .Uuw.mu.ﬁ a a'-

alf HHH. OO..U. Amﬁﬂm..—“_”_n_.m HOOU

i eted knot.
00p formed witcompl
tanding part, Smw_n ords and small twine.

loon
knot.

LEPA 9-20
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e rope and the other side of

g .v 3 ’ H
(See mﬁOU U‘. fig. N m_vw@hv E megmm [ shows the

) i ed in joining
, re a few knots us ) O
& 20. COrD Wzg.m.«nﬂwmwmww HHMOmﬁ comimon ones used in bal

1 t ilk 1 5 3,
WOr k ar the square kno s silk line tie, and surgeon’s
€

.

_l\n\lu\r...\\,ﬂ..\\\\ STEP A \

Fieure 7.—Harness

STEP D

Figuse 8.—8ilk line tie.

nob is found
S re knot.~Information on the square knot
a. Squa: — ’
. T i i is joined
g mﬁm.wwwws.mwmﬁw —The gas-valve ovmamwdmi.uwamm@:mwm S
b ‘This t ists primarily
i i ie, This tie consis . et
v%m mzm.wwm ﬁwwm?mn the square knot has MMMM wmnsmgm et
5 gm. Mmeb with the running ends on o
g HM side of the square knot and .mUMmeM o Mv
owsmwoow seized to the standing parts. ee fig.
S

11
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c. Surgeon’s knot.—The surgeon’s knot, a

i king an eye
variation-of th Then using the same method used in making
square knot, is used in balloon work to tie

i the strands
bulky packagece tuck the strands of &Mﬂm Wm.awﬂmnwwﬂmm %Mo spliced into
To tie it, the two running ends are passed completely aroungpe 3. Be sure ﬁw.md Jmoﬁ € Take three tucks with each
each other, as in the first step of making the square kno, g jn the same direction.

w h n nd an ices. (See step C, fig. 10.)
hen one additional turn is made around the sta ding payng and serve the splices
ith either of the two ends, and the knot is finished in th

lice 1 d in
—, raight cut-splice is use
manner of the square knot. (See fig, 9.) )4, STRATGHT CUT-SPLICE. A straig

MMOHHOHA v me ch il C keeper
ﬂo orm & perx wmhu.muu.@ eye w 1C W a t as a

ROPE SPLICES

B 21. GeENERAL.—The rope splices most often used in balloo
operations are the short splice, long splice, eye splice, bac

splice, looped cut-splice, straight cut-splice, and gromme;
splice,

F1oUuRg 9~—Surgeon’s knot.

H 22, SaorT SPLICE, LoNg

SPLICE, EvE SPLICE, AND BACK
SpLIC

E.—For directions for making and using the short splice,
long splice, eye splice,, and back splice, see TM 5-225

& 23. Loormp CUT-SPLICE.

—A looped cut-splice is used in a
rope to form a permanent eye which will absorh pull parallel
to the rope in the direction of the loop. (See fig. 10.) To =31 == m.
make a looped cut-splice, unlay each of the two ends of the o

Froure 11—Straight cut-splice.
rope forming the eye (rope 1) for a distance of st least fifteen
times the diameter of the rope.. (See step A4, fig. 10.) For

: i { the
making looped cut-splices in balloon mooring and handling ttached to the standing v@.E A.UH, the :ﬁmaww WMM.» Mom\www e
lines, the length of the center portion of the rope between plice. The straight cut-splice is made H.b e e g
the unlaid portions in step 4 is about 9 inches. This will oped cut-splice except that repe 1 is HMmumn B,
make a looped cut-splice with an internal length of about M opposite directions. Rope 1 may be s
5 inches. Place rope 1 into rope 2 as shown in step B, figure 9

or cable
9 prevent lateral movement of any rope, grommet,

ope 2. (See fig. 11.)
12
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B 25. Rore GROMMET.—A rope grommet is a rope ring, (See
fig. 12.) To make a three-stranded grommet, 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 loop, being sure that it follows the
lay of the strand in the loop. (See step B, fig. 12.) Then
follow around for the third time, fitting in the strand ta
make the complete rope ring. Tie an overhand knot in the
two strands with the lay of the rope. <(See step C, fig. 12.)
Make one tuck with each end, and serve gm junction. (See
step D, fig. 12.)

STEP 5
PFicure 12.—Rope grommet.
SEcTION VI

SERVING

B 26. GenErAL—qa. Definition.—Serving is the operation of
placing a protective covering of cord or wire on the outer

surface of rope or cable,

BARRAGE BALLOON RIGGING AND FABRIC REPAIR

26-27

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

¢. Finishing —Finish all servings with ﬁéo coats of shellac,
1# shellac is not available, apply a heavy coat of wax to the
serving cord before starting the serving,

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

a. French spiral (see fig. 13) —A French spiral serving is
used forfinishing all splices (rope or cable) except those to be
passed through a block, and for finishing the end of a rope
to prevent it from unlaying. The length of a serving at the
end of a rope should equal the diameter of the rope. The
following procedure is used o make a French spiral serving:

(1) Tie a clove hitch around the rope to be served with
the serving cord.

(2) Let the standing part of the serving cord extend in
the direction toward which the serving is to be made,
parallel to the lay of the rope.

(3) Make a series of half hitches around the rope with
the serving cord, so that the running end of the serving cord
zoes through the loop from right to left to form the half
hitch. Be sure that the knots of the half hitches follow the
“yalleys” in the lay of the rope. (See step A4, fig. 13.)

(4) Before the last four hitches are made, place a separate
loop of another serving cord on the rope with the loop toward
the direction in which the serving is being made. (See
step A, fig. 13.) Make four more half hitches, and reeve the
end of the serving cord through the loop.

(5) Pull the running end of the serving cord back guo:mw
the serving by means of the loop.

(6) 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 he passed

b. Instructions.—Apply all servings tightly and lock all thr ougl: a block, and to finish grommets. An underhand

ends.
varying in diameter, be sure to start at the smaller diameter

14

In serving an eye splice, or any other junction of rope French spiral is started exactly like the French spiral.

The
half 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 thi
serving the half hitches are under the serving instead of o

top of it.

¢. Cockscomb serving (see fig. 14) —A cockscomb Serviny

COCKSGCOMB SERVING UNDERHAND FRENCH SPIRAL SERVING

FigUrE 14 —Underhand French spiral and cockscomb serving.

is used for a protective covering on the crown of an eye or on
a grommet 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 against it. Thus, the knots of the half
hitches are all on the outer circumference of the eye.

16

CHAPTER 2

CABLE (WIRE ROPE)

Paragraphs
—29
gecrrow 1. General ... S it TRt ST wwlwm
1I. Measuring, marking, cutting, and parceling cable_._ S ag
TII. Cable SPLCeS oo
SECTION I
GENERAL

® 28. GENERAL.—In barrage balloon work, the terms :amEo:
and “wire rope” are used interchangeably. For information
concerning the construction and care of wire rope, see TM

5-225.

# 29. FrviNg CaBLE——qa. General—The Uzbﬁv& use of om_&m
for low altitude barrage balloons is for flying cable. (For
information on the use of cable on the VLA balloon, see FM
mlwm.wwm. 2 cable~—~The M2 cable is made of six E.mﬁ. tensile mnwmm
wires laid around a central hemp core, which is impregnated
with a neutral oil or grease to lubricate the cable. ..H.wm con-
struction of this cable is referred to as 6 by 1, 4«555 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 sround a core of another
strand of seven wires. This construction is Ws.oés as Thy 1,
which means that each of the seven strands is made up of
mme.ﬁQMw.Mwwwﬁow proper methods of examining and caring for

i , see M 4-187.
nﬁwﬂmwwwﬂumlm&@.lﬂgw characteristics of flying cable used
with low altitude balloons are given in table II,

17
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TasLe IT—Characteristics of fiving cable used with LA

balloons
M2 _ M1
S £ RN | D.24 inehes. _______ _ 742 inches.
Construetion. ..__.___.__.___ S | 6by 1 . [ 7by 7.
Core . Hemp............. | Stecl.
Tensilestrength. .. __ . ___ . _... | 7,600 pounds._.___. 6,800 pounds.
Weight per 1,6u0 feet (approximate) ... ... | 90 pounds_.__.._._| 83 pounds.

SectIoN II

MEASURING, MARKING, CUTTING, AND PARCELING
CABLE

¥ 30. MEASURING.—0. General—A knowledge 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 to be made must
be long enough 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,

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

@ 31. DETERMINING CUTTING LENGTH. — a. General.— The
method of determining the cutting length of cable to make
a strop will 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 a 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 subtracting the length
of the large eye and the length of the small eye from the
over-all length.

18
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(2) Determine the circumference of the large eye by using

the formula 2L+ %W, where L is the length of the eye and W
f 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 8 inches for each splice to

Le made.

(5) Add the results obtained in (1) through (4) above

to get the cutting length.

¢. Results.—The steps outlined in b above are expressed

in figures below:

(Length be~
tween
throats).

(Circumfer-
ence of
large eye).

(Circumfer-
ence of
small eye) .

(1) 2'—8"’'—4" =1’

(2) (@X8)+(%X3)=16"4+1%"=1" 5%

(3) (@X4'")+(X2')= 8'+1” = 9"

”H\ #\\
- for
ing).

) 2X8’ .
splic-

4’ 6%’ (Cutting
iength).

(5) Total ’

B 32. MeTHOD OF MEASURING AND MARKING CaBLE—I{ & H.ES-
ber of strops of the same type are to be made, it will be
found convenient to follow a method such as the one oim-
lined below for measuring and marking the cable. This
method is illustrated in figure 15 for the 2-foot spider leg
described in paragraph 31 above. 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 hetween nails A and B
will be the length of cable required for tucking an eye-
splice; the distances between nails B and C will be the cir-
cumference of the eyes, and the distance between nails C

19
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i 5 erved at its end with cord or a strip of highly ad-
e ietrtendrra b I i R e oﬂmﬂmw%wmww. This is not necessary if the cable has been cui

the eyes. i i i £
b. Place one end of the cable at nail 4, and cut the omw:”ﬂw: wﬁ.m%m@ﬁg borelLySiacERRGIChERTE QuagPaicsendSio

at the cther nail 4. Mark the cable with erayon at nail he strands.

B and C. E 34. PARCELING.—. Parceling is the operation of wrapping
c. Make a short serving at the crayon marks by nails By.ye with protecting tape or cloth.

starting at the mark and serving six or eight turns towarg b. Splices should be parceled to— )

the center of the cable. Unlay the cable from the ends (1) Protect fabric and personnel by covering the sharp

back to the servings. points where the strands have been cut off.
d. To make the eyes, start tucking the splices at the crayvon .Gv Give a base for serving.
marks made at nails C. (3) Prevent corrosion. Parceling should be of oil-soaked

e tape or cloth. If oil-soaked material is not available, the

/ parceling, after application, should be painted with a non-

(€)= gurt i
e san LS e 9 —ee—i0” e corrosive metallic paint.
/ @ ) P 0 (4) Hold the splice in shape.
mm..-ﬂf-|m|l.|o ¢ c. 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 fo an eye splice as follows
(see fig. 16) : .
(1) Start parceling % inch above the sharp point nearest

the eye (point 4).
(2) Parcel to Y% inch beyond the farthest sharp point

(point B).
. ' (3) Then parcel back to a point about 1 inch from the
FIGURE 15.—Two-foot spider leg and method of measuring ang throat of the eye (point €). The parceling is not catried

ki ble, . .
marking ceble back completely to the throat of the eye to facilitate inspec-

8 33. Curmive.—In cutbing cable, observe the following rules: tion of the splice around the throat.

a. Before cutting, place a serving at each side of the place. (4) As the parceling is applied, lay the sharp points toward
to be cut. The distance between these servings varies with the end of the splice.
the dismeter of the cable and should be a.minimum of one ¢. Parceling may be either light, medium, or heavy.

diameter. If extra-flexible cable is used, friction tape may (1) To make a light parceling, cover the area to be
be used to make the serving. parceled by wrapping it with tape or cloth so that the second

b. Cut the cable with a sharp tool (cable cutter). When turn of the wrap just covers the outer edge of the first turn,
used with nicopress sleeves, cable should be cut with the small the third wrap just covers the outer edge of the second turn,
welding tip of an acetylene torch. and so on until completion.

c. Dip the ends of the cable in solder if the cable has been (2) To make a medium parceling, cover the area to be
cut with a sharp tool, to prevent the strands from unlaying. Parceled by a light parceling as described above and repeat
If solder is not oktainable, each strand of extra-flexible cable

21
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the process once, so that there will be two thicknesses cvey

the part to be covered.

BARRAGE BALLOON RIGGING 'AND FABRIC REPAIR 37-38
able, and to make eyes in the foot ropes and stabilizer bracing

wires. The method of making this splice is shown in FM

(3) To make a heavy barceling, cover the area to be4_188. The solder used should be soft solder, grade A. The

parceled by a light parceling as described above an

the process twice, so that there will be three thicknessey_
over the part to be covered.
END G

. - : - -,

PARGELING HERE '™ + = <

START REVERSE
PARCELING HERE PARGELING HERE

Figure 18 —Parceling.

H 35, RorE 4ND Casrz REPATRING MATERIALS AND TooLs.—
Certain rope and cable repairing materials and tools, the
uses of which are not self-explanatory, are listed below:

a. Cable splicer~—A cable splicer is an adjustable vise
which holds the cable on s thimble while splicing is being
done.

b. End cutting compound nipper—The end cutting com-
pound nipper is used for cutting short ends of strands in
completing splices.

¢. Nicopress tool and sleeves.—See Paragraph 38.

SecTioN IIT

CABLE SPLICES

& 36. GERERAL—This chapter discusses the wrapped and
soldered splice and the nicopress sleeve splice. For methods
of splicing cable by hand, see TM 5-325.

B 37. WRAPPED 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-

22

d repeat 1 4ering 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)..

& 28, NICOPRESS SLEEVE SPLICE.—(. Geneml.——Thg picopress
sleeve provides a rapid and effective method of .sph.cm‘g cable
snd may be used on any size cable employed in rigging LA
3 alloons,

ba;_msg;z;e.——'rhe sleeve is a length of niclf:el-cppper.alloy
tubing, approximately oval in shape with its side shgh.tly
depressed. The diameter and length of the sleeve vary with
the diameter of the cable to be spliced.

¢. Nicopress tool.—The nicopress tool is gsed for .compress:
ing the sleeve on the cable. Each cable size requires a tool

1 that size.
fmd,ﬂ}:;;king ar eye-splice with nicopress sleeve.—(1) To
make an eye-splice with the nicopress sleeve, insert the cable
end to be spliced into the sleeve and bend the Ci.ble back on
itself, forming an eye of the proper size. (See fig. .17.)

(2) Pass the end back through the sleeve so tl}at it gxtends
is-inch beyond the sleeve before it is pressec_.‘ This prf)-
jection is necessary since the sleeve elongates under pressgxe.

(3) Compress the sleeve with the nicopress tool, allowing
Js-inch space between the presses, The number of presses
made will vary with the length of the sleeve. (Seg ﬁg. 17)
When making the presses, hold the sleeve exactly m' line so
that the sleeve is compressed along the major axis of its oval.
To insure the correct splice, compress the nicropress tool
until the handle bumpers meet. When making three presses,
make the first one at the center, rotate the sleeve 180°, and
press at each end.

e. Pressure—The amount of sleeve pressure must be cor-
rect to insure satisfactory splices. A gage is provided for
checking the diameter of the compressed sleeve. Hold the
gage so that it fits over the compressed portion of the sleeve
as shown in figure 17. If the splice is right, the compressed

23
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BEFORE PRESSING Mt

HEAD BOLTS

LOCKING PLATE
%

Figure 17.—Nicopress tool and method of splicing.

24
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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.

f. 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
Jocking screw one or two turns and then turn the adjustment
screw in a clockwise direction a fraction of a turn. Compress
a4 sleeve and make another test with the gage. Continue
turning the adjustment 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 tool 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 Y% or ¥ turn, and replace the locking

‘plate. Note that when the tool 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 of cable may he spliced
together by passing their ends through the sleeve in opposite
directions and compressing the sleeve.

e et T
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| 40. Barroow FABRIC.—a. Cloth.—Cloth from which balloon

abric is constructed is woven from long staple cotton with
CHECURRE gual stretch and tensile strength in warp and filler. (See
FABRIC AND FABRIC REPAIR g. 18.)

b. Proofing.—Balloon cloth is made into fabric g.wwoomum

; with rubber or neoprene. Neoprene is a synthetic EUG@

ws.mm_,_,.%fp de chiefly from limestone and coal tar products. Alumi-

mmc.H.HOZHM. %mNMmMWH fabrio. T e TR Mwluwpcdﬂ powder may be suspended in the last several coats of
LI Fabric repair 1110 7T memmmmnn

IV. Stitching____ T e 47-Ssoprene to give the outer surface of the fabric an aluminum
7. Stitching

V- Batehing - T o B68 ine! The aluminum coating reduces superhent snd
VL. Replacing panels. 1T 7TTTToTToe i 62-8gssens the deterioration of the neoprene .mbg the cloth. ~

VII. Gas and air valves_. . _____ 777777 e 65-8 c. Single-ply fabric.—Single-ply fabric is made by procfing

VIII. Replacing rubber cords on Mk, VI balloon._______ 6717 single thickness of cloth. It may or may not be coated

E R ﬁww .MMMHMMMMM fabric—(1) General—Double-ply fabric is

GENERAIL :mmm by vulcanizing together two pieces of single-ply fabric.

Jouble-ply fabric may be made by vulcanizing a gas film
: " i i i ric is known
B 39, Umﬂzﬁuozwlﬂmimwﬁ terms used in connection witpetween the two plies, in which case the fabric is W

barrage balloon fabric are defined below: 15 gastight fabric. If the gas film is omitted the fabric is-

. Thread~Thread is a thin cord of flax, cotton, silk, ggnown as airtight fabric. ) ‘ ) .
other fibrous substance twisted and drawn out. Thread _w (2) Double-ply ﬁaﬂ,a.:& \awzo_|UosEm-E< ﬁma.m:mw mmﬂﬂo
made in both right and left twist. The direction of the twigs constructed by placing the two plies together so Wmn: e
may be determined by holding the end of the cord in the lefiyarp of one is parallel to the warp of the other, and the .wa
hand and turning it to the left between the thumb and foreaf one is parallel to the filler of .S.pw other, _.H_wo total tensile
finger of the right hand. If it tightens, it is left twist. It igtrength of the double-ply mmcﬁn is mﬁgoﬁamﬁ&% the .msE
unwinds, it is right twist, of the tensile strengths of the single pieces in any one direc-

b. Warp.—The warp of a cloth consists of the threads whiciion. - (See fig. 18.) ) o
run lengthwise of the cloth as jt comes from the loom. (Se¢ (3) Double-ply bias fabric.—Double ply bias fabric is con-
fig. 18.) structed by placing the two plies together so that wsm ply

¢. Filler—The filler of a cloth consists of the threads whictof cloth is secured to the other ply at an angle of 45°. The
tun crosswise of the cloth as it comes from the loom. (Sedias ply is said to be right- or left-handed according to the
fig. 18.) ay the laps go from left to right or right to left when the

d. Panels—Panels are the individual bieces of fabric whichfinished fabric is viewed in the direction of the warb g
are seamed together to make up the envelope and the dia-straight ply. This construction offers greater wmmymemnom. to
phragm of the balloon. tearing than the double-ply parallel ﬁmvﬁ.ow and the mﬂogﬁ
€ Gore.—A gore is a band of banels extending from nose toof the fabric is minimized and is more :smouﬁ than ﬁ.ﬁn of
tall of the balloon. double-ply parallel fabric. However, the tensile strength of

J. Bing.—A ring is a band of banels extending around thedouble-ply bias fabric is not materially greater than that of
balloon at right angles to its long axis. single-ply fabric. (See fig. 18.)
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¥ 41. ConsTRUCTION OF BALLOON.—q, Envelope—(1) Fap
ric.~—The envelope is made of gastight double-ply bias fabri
aluminum coated on the outside. This fabric is used becaug
it offers a much greater resistance to tearing and to distortio: IENau | —
and strain than single-ply or double-ply parallel fabric. Th -»g3a(5]6l1Ts L 7 1819] __“_5@54 i ¢
ballonet portion of the envelope may be made from airtigh 3 - :
double-ply bias fabric,

(2) Gores, rings, and panels—The construction of the ba]
loon envelope varies with the width of the balloon fabrie. Sa  BALLONET
figures 19 and 20 for the construction of balloons with bof]
39-inch fabric and 42-inch fabrie,

T
o
-

“ LEFT sipg

GORES GORES
CLOTH DOUBLE-FLY BIAS FaBRIG

: OOUBLE-PLY PARALLEL FABRIC
WARP FILLLR

FIGURE 18.—Construction of cloth and fabrie.

(3) Bias.~—The bias of the panels on the D-8 balloon al
ternates along the gores and runs in the same direction i

the rings. The bias on the Mk. VII and D7 balloons alter
B nates along the rings and runs in the same direction in th:
,; gores. |

(4) Overlgn—In all three balloons the rings overlap from

."‘ nose to tail and the gores overlap from top to bottom. (Se

& fig. 21.)

B b. Diaphragm.—The fahric used in the construction of the

.:.f diaphragm is gastight double-ply parallel fabric. The fabrit

,& has no aluminum coating, : e REAR

?::1__ F16urE 19 —Balloon construction, D-8, 89-inch fabric,
: o , 28 525637°—43- 3 29
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e

/// _// LEFT sipg
\ ;f/

FI1GURE 20.—Ba1100n construction, D-8, 42
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-inch fabrie,

fabrie, 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 balloon 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,

NOSE

OVERLAP y/2%

CONSTRUCTION oF FIN AND e
RUDDER IN NUMERICAL

RIGHT
ORDER P

GORES

FIGURE 21.-Assemb1ing panels,

The side to be cémented to the balloon is proofed with un-
cured neoprene, The other side is proofeq with cured neo-
prene,

cloths, and webbing.

a. Inflation tubz‘ng.——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

31
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RUDDER
DIAPHRAGNS,
DIAGONAL

ND CROSSSI
LAGINGS 2

i FLAP
RUDDER DRAIN HOLES vaLve

TAIL OF THE D-7 BALLOON

NOTE: | INTERIOR CONSTRUGTION OF
TAIL O .
IS SIMILAR TO FIN OF D-7 SHOWN >ﬂwow<mw

B

FIN SPAGER CURTAINS
Freure 22 —Internal construction of rudder and 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-ounce khaki duck.
The duck is proofed with neoprene. The two plies of tub-
ing are thoroughly cemented together and vulcanized. The
fabric used in the construction of the “wye” connections is
identical with that used for inflation tubing.

». Ground cloths—Ground cloths are 20 by 20 feet. The
fabric is 10-ounce Army, double-filled duck, waterproofed and
dyed. The cloths are equipped with twelve 34-inch iron
grommets, one at each corner of the cloth and the others
evenly spaged 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.

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

SecrioNn IL
CARE OF FABRIC

B 43. DETERIORATION OF Fasric.—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 NEOPRENE.—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 balloon
fabrie. Such areas may be reproofed.

(2) Light spots.—The black pigment used in the neoprene
frequently may be unevenly distributed in the proofing, caus-

33
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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 spotg
may he distinguished from actual pinholes by the use of g
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 dmgcmwmﬂcmmm_
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 balloon fabric. e

B 45. Hanorine.-—Balloon fabric is delicate and must be
handled carefully. It should nhot be permitted to come in
contact with sharp or uneven objects. The following pre-
cautions must be scrupulously observed:

a. A deflated balloon must be laid only on linoleum, o
smoothly-troweled cement Hoor, 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.

¢. Abrasive substances must not be allowed to 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.

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

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

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

& 46. INSPECTION.—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 st-
tention and careful checking., Rough handling by the crew

34

BARRAGE BALLOON RIGGING AND FABRIC REPAIR 46-51

and improper tension on any point in flying or mooring must
be avoided. For the proper methods of inspecting balloons
and fabrics, see FM 4-182,

SecTION III
FABRIC REPAIR

| 47. GENERAL~—The principles of fabric repair set forth in
this chapter apply to both LA and VLA balloons. However,
certain equipment on the VLA balloon varies from that o.m
the LA balloon and special mention of this equipment is
made below.

M 48. CLASSES OF REPAIR—a. Minor repairs—Minor fabric
repairs to balloons are made in the field by platoon personnel.
Minor fabric repairs consist principally of cementing tempo-
rary patches over scuffed places, pinholes, and small tears.
b. Major repairs—Major fabric repairs to balloons are
made by battery or headquarters battery personnel. Major
fabric repairs consist of repairing large tears and holes;
replacing whole panels, patches, and parts of the balloon such

as fins; and proofing the balloon to decrease permeability.

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

B 50. MAaTCHING FaBRIC.—When repairing a balloon, the fol-
lowing rules must be observed.

a. Patch rubberized fabric with rubberized fabric.

b. Patch neoprened fabric with neoprened fabric.
* ¢. Match bias of patch with bias of balloon fabric.

& 51. CEMENT—a. General.—Cement comes from the manu-
facturer either in three parts (a cement base, an activatar,
and & thinner), or in two parts (a cement base and a
thinner). The ingredients must be mixed according to the
manufacturer’s instructions accompanying them. Never
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. Al] aluminum 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 fabrie, 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.

(&) 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 g 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,.

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

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

(1) Cement is highly inflammable 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. TuREAD aAND NEEDLES——q, 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—Beth machine and hand needles are used in
making repairs to balloon 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 12
24,25 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 g straight needle,.
A No. 2 needle is the most satisfactory for general use. (See
fig. 24.)

B 53. REPAIR 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 g 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 vuleanizing roller
is a compressor to roll out air bubbles and flatten fabric when
fabric is being cemented.

d. Seam stitcher (see fig. 23) —The seam stitcher is also
4 compressor to roll out fabric. The stitcher is used for the
Same purpose as the vulcanizing roller, but for more precise
work, since it is smaller and can work along edges and irreg-
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53-55 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

ularly shaped joints, The stitcher is also used to work oy
any air bubbles left by the larger roller,

B 54. PrecavuTIONS WHEN WORKING INSIDE BALLOON.—Whey
work is to be done inside the balloon, the following precau.
tions should be observed:

@. Only small quantities of neoprene cement will be takey
into the balloon.

b. Men will work inside the balloon for exiremely shor
pveriods of time unless q current of air is passed through the

»

VULCANIZING ROLLER

SEAM STITCHER

FIGURE 23 —Fabric repair tools.

balioon from a blower located in a position where it draws in
fresh air,

¢. Personnel inside the balloon will maintain fregquent
verbal contact with someone outside the balloon.

5

& 55. Reparr Buirping.—The building in which major repairs
to the balloons are to be made should be sufficiently large tg
permit balloons to be spread on the floor and inflated, No
sharp projections or other abrasive surfaces should be per-
mitted where they will come in contact with the balloons.
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SecTioN IV
STITCHING

B 56. HAND-STITCHING—«. General.—Stitching by H.Dpsa re-
quires a correctness of execution which can be attained A.BG
by patience, care, and constant practice. The Um.mm._om,: stiteh
and the harness stitch are the hand stitches used in barrage
ork.

U@%.O.MM.MGSN stitch.—(1) General-—Stitching may be re-
quired to hold the edges of a tear ﬁommgmw.mo ﬁ.g:.. a patch can
be placed over the tear. The _ommm_om.: stiteh is .smmﬁ.u for this
purpose. The stitch does not repair the fabric; it E.mum@
holds it in place and makes it easier to apply a patch. Stitch-
ing will not be used when the edges of .S:W . 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 1 inch from the

edge of the tear, and the individual stitches are Emga. 8 s.ms-
imum of Y% inch apart. The method of making this stitch
is shown in figure 24 and described below:

(a) To begin the stitch pass the Sam&m.vmdsmmb Sm.«éo
edges of the tear and bring it out a EMEEGE of ¥ inch
beyond the end of the tear, as shown at point 1, figure 24.

(D) 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 point 2, figure 24.

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

(@) Again pass the needle between the two edges of the
tear, underneath the first stitch, 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 stitch is also illustrated in fisure 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,
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B 57, Macuing STITCHING.—aq. General—Machine stitching is
used principally 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 stitch 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 ifself 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

& 58. TYPES OF PATCHES.—q. Accessory patches.—Accessory
patches are part of the designed construction of the balloon
and include the following: )

(1) Circular.

(2) Pinger.

(3) Delta.

(4) Handling (Mk. VI balloon).

(5) Rigging (Mk. VI balloon).

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

B 59. MEASUREMENTS OF PATCcHES.~—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
baragraph 61.

B 60. Accessory mv>aomnm..IUocEm-E% parallel fabric is used
in constructing all accessory patches. The use and construc-
tion of accessory patches are outlined below:

a. Circular patch (see fig. 25) —Circular batches may be
used to form a point for the attachment of lines and ropes,
for example, as g 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 85 inches, 6 inches,
and 5 inches in diameter. Cut a small slit in the center cof
the 85-inch and 5-inch pieces. ’

(2) Cut a piece of Yi-inch rope 9% inches long. Serve
each end of the rope at a point 2% inches from the end,
Fray each end of the rope from the serving ocutward. 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 é-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.

(5) Finally pass the loop through the slit in the 83-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
proper method of making a finger patch follows:

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

(2) Cut two lengths of rope, and serve each length at twao
points 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.

(8) 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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M Om.meﬁ the center piece onto the fingers. Cement
and sew the reinforcement webbing over the center piece.

“waly ROPE
ZING

STITCHINGw;
" m.%
“ 6" PIECE @M
6" PIEGE §w FRAYED END*™ I 5" PIECE

Ficure 25—Circular patch.

Cement the front piece in place, and finally cement the back
piece in place,
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¢. Delta patch.—Delta patches are used on some balloons
as handling patches and rigging patches. The proper
method of making a delta patch follows:

(1) Prepare the following materials, as shown in figure
97: 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, fisure 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 delta 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) Slit the bottom end of the delta piece to the center
of the sector thimble and turn up and cement the flaps.
(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, figure 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 envelope.

d. Handling patch (Mk. VI balloon) —(Sese fig. 28.) The
handling patch for the Mk. VI balloon is a circular patch
into which are set three strips of webbing which form an

=

FRONT PIEGE

REINFORCEMENT ~
WEBBING

FIGURE 26.-—Finger patch,
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% WEBBING STRIP: 2 PER ;"x";"é'

PATCH - SEE STEP A

O™\ SECTOR THIMBLE : | PER PATCY
O OY IF FOR HANDLING PATCH
==/ SEE STEP B AND INSET BELOy

O\ SECTOR THIMBLE : | PER PATCH
O O} IF FOR RIGGING PATCH
===/ SEE INSET BELOW

COVER STRIP: 2 PER PATCH

DELTA PIECE : | PER PATGH
SEE STEP A

L]

SPLIT PIECE : 4 PER PATCH ;
LRECE 4 < CHAEING STRIP: | PER PATCH

©

FOLDER: | PER PATCH

SEE STEP D

o,
C] SHORT CQVER STRIP: 2 PER PATCH
SEE STEP E

LONG COVER STRIP: 2 PER PATCH
SEE STEP E .

SECTOR THIMBLES:

WEBBING STRIPS WIiTH
COVER STRIPS ON ARE
CEMENTED DOWN

RIGGED FOR
FOOT ROPE:

/ COVER STRIPS

CEMENTED FIRST

AROUND WEBBING
STRIPS

CHAFING STRIP CEMENTED
‘ BETWEEN WEBBING STRIPS

STEP A =¥
BACK SIDE OF
DELTA PIECE

et ¥ .

P

- ST

THE DELTA PIECE 1S SLIT

TO CENTER OF THIMBLE

AND THE FLAPS TURNED UP B
AND CEMENTED

Figune 27.—Delta patch.

SECTOR THIMBLE
1S INSERTED AND
ENDS OF WEBBING
STRIPS ARE CEMENTED]
AND STITCHED l

e
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FOLD LINEn 37
CEMENT FOLDER

Fi
TO COVER WEBBING STRIP - SEE STEP ggTANGE ONLY

AND FABRIC REPATIR 80

BARRAGE BALLOON RIGGING

THE LONG COVER STRIPS
ek Rpe s Seurco
" 15 FREE TO STRI
Re'A GHAFING SAFECUARO OVER WEBBING %TITCHING
% DONE IN STEP
=

e

STEP E &
OUTSIDE OF PATCH

OR THIS

STEP D&
BACK OF PATCH

OSITIONE
o o

)

7/ PosmoI\i ¥
POSITION 1 S
BASCK OF P A4 %
P
. QSITION 2

FIRST SPLIT PIECE

p
1S CEMENTED TO POSITION 3

DELTA PIECE AN EACH SECOND
70 FOLDER ’s\ig SPLIT PIECE 1S
\\ CEMENTED TO
4 THE DELTA
J\, PEECE OVER
% =) THE FIRST
> ) 1\ A -f'%spm PIECE
; “POSITION 2 : w, ¥
FOLD LINE OF SPLIT PIECE Ty
1S CONTINUATION OF SUT POSITION 2

7POSITION 1

7/
“POSITION 1

FLAP UP
FOR CLAR!

DELTA PIECE
15 CEMENTED ,
TO ENVELOPE FLAP DOWN WITH
HANDLING LINE

REEF BENT ON

PROJECTING PORTIONS <
OF SPLIT PIECES ARE
CEMENTED TO ENVELOPE

FreurE 27.—Delta patch—Continued.

CHAFING PORTION OF FOLDER
\S CEMENTED TO ENVELOPE
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eye around a thimble. The proper method of making th;
patch is given below.

(1) Cut three circular pieces of fabric, one 10Y4 inches j
diameter, one 8 inches in diameter, and one 2 inches j
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 portions together for a distance ¢
4Y,; 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 an
sew the webbing to the small and medium pieces. (Sg
step B, fig. 28.)

(4) Pass the loop of webbing through the holé in th
large piece and cement the large piece to the medium Diece

(5) Insert a thimble in the loop formed by the webbing ang
secure it in place by seizing the webbing from the poin
where the webbing comes through the patch to the throa
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 g type of delta patch
into which are set two strips of webbing, which form an eye
around a thimble., The proper method of meaking this patch
is given below.

(1) Take the exact measurement from the patch to be re.
placed. Cut the following pieces, as shown in figure 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) Fold the doubler piece back and cement it to the
back of the base piece to form a lip which will provide the
eye with some degree of movement. Cover the stitching on.
the front of the patch with tape. (See step C, fig. 29.) g
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WEBBING

57 \SE1ZED PORTION

STEP A

\_— WEBBING
SMALL PIECE
4 W .
TEP B AN SERBSEIZED
SEAR VIEW =7 nen A POR
MEDIUM PIECE
LARGE
PIECE
SEIZING
STEP C xk THIMBLE
FRONT VIEW

s

Freure 28.—Handling patch (ME. V1 balloon).
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STEP A
(FRONT viEw)

BASE PIECE
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DOUBLER PIECE

[a)
w
et
z
w
=
w
o

STEP B
(BACK VIEW)

HERE

STEP ¢
(FRONT VIEW)

THIMBLE

VI balloon).

URE 29 —Rigging Patch (M.

Fig
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B 61. REPAIR PATCHES.—UQ. 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 be
cleaned and coated with cement. This type of patch may
pe 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 fliler patch is used in
repairing holes less than 12 inches long, where the fabric has
peen torn away. Inmaking 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, fig. 30.)
Make the inside piece large enough so that it extends 3 inches
beyond 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 fabric
being repaired, and cut it to the same size and shape as the
hole. (See step C, 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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WMMMM. HMMoMMomMSHMWHWn. one on the inside and one on thpound the edge of the hole on the inner surface of the
B [ hera Tt it more WMS 81. Tears which would requiggvelope SO that the center lines of the strips correspond
il it an 8 inches wide are repaired hith the edges of the nole. Cut a piece of fabric, of the
dirvection of the ner and outer patches following th¢me kind as the envelope fabric, to the exact dimensions of

ear, as shown in figure 31. \e hole. Flace this piece of fabric in the hole and cement
to the projecting portions of the inner fabric strips. Cut
rips of fabric 4 inches wide, mark a line down the center
[ each strip, and cement the strips on the outside of the
avelope SO that the center lines of the strips correspond with

1e edges of the hole.

(NSIDE PATCH e —_——_————

BALLOON ENVELOPE

STEP A BACK VIEW

REMOVE TABS AS
PATCH IS APPUED A

SERIES OF
PATCHES OVER
{RREGULAR TEAR

INSIDE PATCH

Froure 31 —Patching tears.

SecTIioN VI
- o_m.“._m.umﬂ PIEGE REPLACING PANELS
- p PIECE !
STEP C /n_zm_cm PIECE STE E 62. ENVELOPE PaNEL—IN replacing a panel, first remove the
| B—— — PO old panel by soaking the cement loose with pbenzol and work-
L A - AZZZZZ ing the edges of the panel away from the adjoining panels.
FicURe 30.—Filler patch. The benzol is applied sparingly, using an oiler with & very

d. Holes greater than 12 inch small spout opening. Cut the replacement panel % inch
grester than 12 tnches lon §M es No§o..|ﬂ_.o repair a hole 12r8er than the old panel on all sides, using the old panel as
away, first trim the ed g, where the fabric has been torn 2 pattern. Then proceed as follows:

edges of the hole so that they will be % Remove the cement remaining on the envelope with a

straight. Then ; .
cut strips of fabric 6 inches wide, mark a Pi°¢C of raw rubber and wash lightly with benzol the surfaces

line down the .
center of each strip, and cement these strips of the envelope where cement is to be applied.
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ETNEE 7

1 rement from the
b. Apply the required number of coats of cement (accoy, turer’s blueprints or take the mxmo.d measure

ing to the manufacturer’s directions) to one of the long mnﬁwﬁm panel. Then proceed as Ho:osm:d X Place the part of
of the hole and to the corresponding edge of the new pap «. Remove the old panel completely.

; i el on a per-
Work the cement thoroughly into the fabric; apply it fe envelope which is covered by the rip pan

re that it does
oE%oﬁmmnmmpﬂmﬁgomsnomﬁobﬁeg panel on this eg’ .ctly flat surface, preferably a board, ﬁowaSM:mMa ofher Bor-
before additional cement is applied. See figure 21 for oamw_ﬁaoﬁ_iisﬁo, and clean off all the old ce
of panels, .

aign matter with benzol, el to the
¢. After the cement is applied, mark a line on the envelgs & Cement and tape the lower end of the pan
1 inch from the edge of the hole,

les.
to be used as a guide :Ln:w.io_um. and unroll the panel o<mm. .ﬁwm mwmmuﬂmwmwawﬁm woﬂ
d. Cement the edge of the panel to the envelope. Two EﬂUnmé guide lines on the envelope 1 in
are required for this operation. One man starts at each er -
and works toward the center for about 18 inches. Then, boj
thoroughly roll the surfaces cemented together before pr
ceeding further, 7//

e. During these operations, //
tabe backing between the Eioll or
to prevent them from stic mﬁﬁa

G =

T T

Ly

TR

blace & piece of cheesecloth
remainder of the cemented surfag o
king together. Remove the chees; wowe =

HOLE
cloth or tape backing as the cemented surfaces are presse

together.

/. After the 18 inches at each end are rolled, straighten th
fabric by pulling from the ends and place weights on the par L
already cemented together, Cement and roll for another 1
Inches as before, and repeat this brocess until the center ¢ suieg) =
the panel is reached. Cement the remaining edges of th

:mzm
banel in the same manner and allow the pane] to dry for g 1.\
least 12 hours uwmowmﬁmcmu.m mU@:mQ.

FiGurE 32 —Peel-off type rip panei.
9. Mark guide lines % inches wide on the envelope befor .
! imi i h from
applying the tape. Next wash the cemented edges of th 4he panel and draw similar lines on the panel 1 inc ¥
brene side of the tape with benzgl its edges. (See fig, 32.) . . ¢
. i 3 ong an 5
jumber of coats of cement to th ¢. Cut four tearing strips of parallel mm_o.do. mﬂ\wh momﬁgmﬁ
on & few inches at a time. Do ng two short, and notch the ends of the ﬁmmdawmgw %osm hat :
e, but be sure that the tape is rollg they will tear along their stm.ﬁ.&.m. OmB.ms il long Jleats
thoroughly, Allow the cement to dry for 24 hours, - ing strips on so that they will join the rip pa el to the on
h. Air-inflate the balloon to permit repairmen to enter j velope, leaving the top 4 inches ﬁsomgmbﬁn? . wmcm.Bmma
to apply tape to the insides of the seams, After the cement Apply the cement in the same manner as in dﬂ T wS.BmSob
e cemented area with powdered soapston of any other panel. Be careful to prevent the
or tale, g
of bubbles or folds, ] the o
'most end of the rip panel to the
 neadiota et e peel-o} &. Omms od%mwwmﬁsmw% Mwo%vm of gas. Apply this cement so
e dimensions Fiven o ibe Ryt MM%.UM %ﬂ%dm flush with the ends of the short tearing strips

UPPER END OF RIP PANEL
CEMENTED TQ ENVELOPE
HERE

G R T S

|
&

LOWER END
OF RIP PANEL
TAPED AND
CEMENTED

Seams and put the tape
apply cement to the tap

H 63. PerL-oFr TYPE
type rip banel, follow
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4 along a center line, and tapered off at the sides as shown iy
figure 32. Cement the short tearing strips over the uppe;

_ end of the rip panel. Finish cementing the long tearing
strips.

| B 64. Curese-CuTTER TYPE RIP PANEL.—The cheese-cuttey
_ type rip panel is constructed as shown in figure 33. Whey
_ the rip panel is ripped, it is unlikely that the rope stiffeney
[ or balloon envelope will be damaged, and replacement of the
_ stiffener (made of No. 84 cotton seine twine or 3 3-inch rope)
= ! ordinarily will not be required. In replacing the rip panel
1 _ follow the dimensions given on the manufacturer’s blue.
| prints or take the exact measurements from the old pane]
i and proceed as follows: .
_ a...mmspoiwgowmﬂbmwasmﬁmﬁmoﬂgmoE.Evvmsﬁ,momw,
.
_

CORD :
~y 7 step 0

RIP

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 pane]
reinforcement and scallopits 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 A4, fig-
_ ure 33. Cut the fabric along these lines.
) | c. Place the rip-panel reinforcement over the hole in the
- i i 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 fo the in-
; ] : side of the envelope. (See step A4, fig. 33.)
3 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.)
Sad f. Cement the ripping strip in its proper position on the
S _ envelope. (See step D, fig. 33.)

STEP C

STEP B

Sy PR o R e

REINFORCEMENT

REINFORCEMENT

TAPE §' I
RIP- PANEL

FieURE 33 —Cheese-cutter type rip panel.
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64—66 ANIIAIRCRAFT ARTILLERY FIELD MANUAL

¢. Eye-splice the rip cord into the loop sewed into the g
of the ripping tape,

SECTION VIT
GAS AND AIR VALVES

and, in consequence, affords g degree of Pprotection agaip
freezing,

b. Construction.—The construction of the protective hq,
for the 8-inch gas valve is explained below (see figy 34 1
details) :

(1) From double-ply aluminum-proofed fabrie cut ty
doubler rings (part No. 1), a cone frustum (part No. 2),
sleeve (part No. 3), a vent hood (part No. 4), two split patch
(part No. 5), and two circular patches (part No, 6),

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

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

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

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

. Altachment.—The protective hood is ordinarily ¢
mented to the envelope by the doubler ring during the e
Season of the year. The vent hood its at the top and pre

vents the formation of a dangerous air-gas mixture withi
the hood.

H 66, AIR-RELIEF VALVE.—q. General—When the sleeve o
an air-relief valve (British type) wears out or develops |
tendency to stick under the conical collar, or otherwise fail
to function broperly, a replacement valve assembly is con
structed and substituted as outlined below,

BARRAGE BALLOON RIGGING AND FABRIC REPAIR 66

3/8" DIAMETER
5 172" IN FROM EDGE

NO.1
{2 REQUIRED)

+ %ﬂ¢

T ———

~1/q" s

u.\.\. NO.6- PINKED EDGE
s (2 REQUIRED)

NO.5
{2 REQUIRED)

§
=
5

HEMP GROMMET
STIFFENER IN

STEP A, . STEP B.
: A HEMP GROMMET
. STIFFENER IN
EDGE
3TeEP G
M1GurE 34.—Hood for gas valve.
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b. Parts—An air-relief valve consists of the mozo‘.s,a__

barts (see fig. 35) :
Valve base (two-ply biag fabric),
Valve base amEmowomSmbd Qéo-bq bias fabric),
Sleeve QEE?E% fabric),
Sleeve band aEETE% fabric),
Slit w&iowo&dmﬁu (two-ply fabric),

,Hmbmﬁ Eos wide, 55 inches long),
Plastic collar ang disk,
c. mmwwS@N@.lSv Cement the valve bage w&s%owomgms& te
the valve base, so that the berforationg in both coingide,
(2) Cement the slit reinforcement to the sleeve bang 5
that the slits in both coincide,

(3) Cement together the edges of the radial cuts jp the

6) Cement and sew the sleeve to the valye base with the
sleeve bang to the outside, The outer edge of the sleeve jg

SEWING

OUTSIDE Tapg
1" wipg

BALLoNeET mv_m..

COMPLETED ASSEMBLY
FIrcure mm.’.ﬁwém:ﬂ valve,
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66—67 ANTIAIRCRAFT ARTILLERY FIELD MANUAL
1146 inch inside the outer edge of the valve base.
Joint and sewing with tape.

(7) 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 corq
1 inch, and seize. (See par. 66d.)

(8) Secure the plastic collar and disk to the valve base =g
that the plastic collar is through the center hole of the sleeve,

Cover the

and the valve base and reinforcement are between the collar @
and the disk. The sleeve should slide freely but tightly on ¢

the plastic collar,

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

d. Testing—Inasmuch as the strength of the individua]
strands in the elastic cord will differ, the circumference of the
completed elastic grommet (par. 66c(7))may vary from §
inches to 10% inches. The operation of the completed re-
placement valve should be compared with that of a similar
valve from an Mk. VII balloon. Before g 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” {0 see
that it starts to open at % inch of water pressure and is fully
open at 1% 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.

SECTION VIIT
REPLACING RUBBER CORDS ON MK. VI BALLOON

B 67. GENERAL.—¢. 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 quick succession,
being allowed to contract completely between stretches.
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i in i bber restrain-
1II.—Approximate length in inches of ru
[ ing cords, Mk. VI balloon

Cord No Length _ Cord No. Length Cord No. Length
20% || Meeeeioee 3 7 I 3734
2034 || 12 0ccemeis 5316 || 4. ... 3454
343 || 13 ... 5334 || 45 ... 3134
39 14t0 36 ... 54 46 .. 2834
435 |l 87 L 5294 || 47 . 2434
a1 || 38 . 5034 || 48 20%
4ryf |l 89 L 48 49.. ... 1734
401 |1 40, ... 455 || 60 ... 13
5036 || 41 omaeoceemas 43 | Bl 9
52 42 . 4034 | 52 ol 514

B 68. STRETCHING TOOLS AND PLATFORM.—The mb%. and mid-
dle of each rubber cord must be bound and seized :5.&3
tension. To effect the binding and seizing, two mS.mSSE.m
tools and a platform are made to the dimensions shown .E
figure 36. The stretching tools should be made from stiff
steel wire, and the inner faces of the crooks on the tools
must be trimmed with a smooth file after bending to re-
move vise marks and any other irregularities which might
fray the rubber cord. The platform may be made from any
suitable wood.

i 69, BinpING AND SEIZING RUBBER Corps.—T0 bind and seize
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 14 inch on each
side of the center mark. i

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 tools onto nail 4 of
the stretching platform, then pull the other tool and hook
it over nail B.

¢. Cut off an 8%%-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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69 ANTIAIRCRAFT ARTILLERY FIELD MANUAL

wrapping across the stretched portion so that each tury
of tape overlaps the preceding turn by half the width of the

FIGURE 36.—8tretching tools and platform.

DIMENSION SMALL
ENOUGH TO GRIP
AND HOLD RUBBER

tape. When the opposite end of the stretched portion of
cord has keen reached, make two complete turns of the tape

o8 I 64
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and again wrap back toward the middle of the stretched
portion. If the wrapping is done properly, the ret:,urn wrap-
ing should overlap about half of the first wrapping.
P d. Tie a clove hitch around the middle of the stretched
por{;ion, using a 4-ounce cord 21 inches long (No. 16 bloc}c-
ing cord is satisfactory). Be sure that the free equ of the
cord are the same length after the clove hitch 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. Tl}en
pass 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 contract 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 ru}ober cord, one at
a point % inch from one end, and the other at a point 1 inch
from the same end, so that the two marks will be % inch
apart. Stretch 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
fa(u:ing opposite directions, in the double crooks of the stretch~
ing tools so that the marks made in f above will coincide with
the crooks of the tools. Hook one of the tools to nail 4
and the other tool to nail B, as shown in figure 36.

h. 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.) g

i. 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 %4 inch between each
end of the cord and the corresponding end of the wrapping.
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& long piece of rubber cord is available, it is desirable to pre.
bare several lengths from the Same piece. To take advantaga
of a long piece of rubber cord, proceed as follows:

marked off, or until the long cord is used up. !

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

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

FRONT VIEW BAGK VIEW FRONT VIEW
FIGURE 87—Seizing rubber cords,

4. 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 4, figure 38. Jam the rubber cord on

approximately 6 inches, (See step B, fig, 38.)

e. Wrap the rubber cord between marks 4 and B with
adhesive tape in the manner brescribed above, and repeat
the performance between marks D and C. Unhook one of
the stretching tools from its nail, allowing the cord to con-
tract slowly, and cut the cord half-way between the taped
bortions. Seize the two ends of the rubber cord with the
4-ounce cord as described in baragraph 69¢ and A above,

66

BARRAGE BALLOON RIGGING AND FABRIC REPAIR 71

RueBer CORD TO ENVELOPE.—TO0 secure the
WmmwwwHWWMMoMMWM to a pair of links on one of the securing
. llows:
cmsgw Nwﬂwmmwwww Mwn of the 21-inch, 4-ounce cord under and
?N.u:mﬂ one of the links forming a pair. Then pass ﬁnm
other free end of the 4-ounce cord under and through the
link. Cross the two free ends of the cord, then pass
MMWM. areund the rubber cord, and again pass each end under
and through its respective link. (See step 4, fig. 39.)

wost ?

MARK FOR
CUTTING

w

STEP 8

FIGURE 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. 39.)

¢. 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 B STEP ¢
FIGURE 39.—Attaching rubber cord to €nvelope,
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CHAPTER 4

RIGGING

SEcTtioN I
Paragraplis
I. Balloonwigging . ________ o ______ 72--88
SECTIONII. Construction of ground rigging (wire rope) ______ 890-101
III. Construction of ground rigging (fiber rope)...__ 102-124
I1V. Construction of fabric equipment_ ... _________ 125-128

BALLOON RIGGING

72. GENERAL.—DBarrage balloon rigging falls into two cate-
gories: balloon rigging and ground rigging. Balloon rigging
is the rigging which fiies 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 attaching, balloon
rigging. For comparable information on ground rigging, see
section IL

# 73. FrviNe CaBLE—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 end 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 second turn around 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 observe 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 lcop during fligcht g 74 Hanouine Lines—a. Each handling line comes on the |
palloon as one continuous line. Principal wear is on the i
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, [ :
i

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 %-inch rope with a 5~inch soft
j eye in one end. For the D-7 and Mk. VII, the culting length

of this line is 51 feet 7 inches; for the D-8, 59 feet 1 inch. |
For the D-7 and Mk. VII, the finished length is 50 feet; for 1
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. |

T

STANDING PART

b. If it becomes necessary to replace the upper part of a G
handling line, this part is made of %-~inch rope with a 5-inch |
soft eye in each end and a looped cut-splice 1 foot 6 inches |

RS A s

8" —d-i2'SERVING 24" TO FREE END

:_ = I‘_l i from the crown of the lower eye. For the D-7 and Mk. VII, |
] by _c,fll the cutting length is 18 feet 4% inches; for the D-8, 19 feet |
] 5 A7 4% inches. For the D-T and Mk. VIL, the finished length is

15 feet 6 inches; for the D-8, 16 feet 6 inches. The handling

lines are lark’s-headed into the loops on the handling '
patches. |

ol i

FIGURE 40.—Attachment of flying cable.

.
=y
e

® 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- i
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 [
! 4Y% inches; for the D-8, 31 feet 41 inches. For the D-7 and i
Mk, 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-
;,sions are attached only as storm precautions. i

S
12"SERVING —H—

N

SRR
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PHANTOM OF CABLE N POSITION

indicates that the cable has slipped through the top clamp =
and that adjustment is needed.
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B 76. Foor Rores.—a. Finished lengths.—Replacement foot
ropes, made of new %s-inch cable, are made to the following

finished lengths;

D-7, Mk. VII D-8
No. 1. __ 27 27" 27’ 9
No. 2 _________ 257 1" 26’ 21,
No. 3. ____________ 23’ 8 25’ 51"’
No. 4o 24’ ¢4’ 26 534"
No. 5o __ 26’ 677 29’ 634"
No. 6.______________ 327 4’ 35’ 835"/

b. Attachment.—On a balloon with deltg type

rigging

patches, replacement foot Topes are attached as shown in

TS

/

RIGGING
PATCH

\/.\/u\\//\\/\l

FIGURE 41.—Attachment of foot ropes.

figure 41.

On a balloon with finger type rigging Datches,
the free ends of the replacement
into the hollow metal Suspension

foot ropes are threadeq
rings and are attached

to the standing part Wwith a nicopress sleeve,

¥ 77. Ricomng LiNES.—a.
lines are made of %e-~inch
for the D-7 and Mk, vII

bﬂ.ﬁma&oam.lw.muﬁmomgmsn rigging
rope. Cutting and finished lengths
are 55 feet; for the D-8, 70 feet,

The lengths of the rigging line between patches are given

below:

T2

—
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D-7,Mk.VII  D-g

Between No. 1 and No. 2 patches__________ 6’ 86"
Between No. 2 and No. 3 patches._________ 7 8’6"
Between No. 3 and No. 4 patches__________ 8’ 11’ ¢:*
Between No. 4 and No. 5 patches._________ 9’ 12’ ¢
Between No. 5 and No. 6 patches__________ 113”7 1576
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 standing part. At each of the other four lcops,
they are secured by a sheet-bend through the loop and a half
hitch above the loop, as shown in figure 42. On balioons 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 hitch is tied
around each side of the suspension ring, as shown in figure 42,

" 78. BEDDING STROPS.—(. Dimensions.—Dimensions of the
bedding strops, made of ¥-~inch rope with a 5-inch soft eye -
in each end, are given below.

(1) For D-7 and MK. VII balloons.
Cutting length
4feet 5inch
4 feet 5inch
4 feet 5inch
4 feet 5inch

Finished length
2 feet 6 inch
2 feet 6 inch
2 feet 6 inch
2 feet 6 inch
3 feet 9 inch
6 feet

Number required
4 (at No. 1 patches)

4 (at No. 2 patches)
4 (at No. 3 patches)
4 (at No. 4 patches)
4 (at No. 5 patches) 5 feet 8 inch
4 (at No. 6 patches) 7 feet 11 inch

(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). AIll other bedding strops are the same
lengths as those for the D-7 and Mk, VII balloons.

b. Attachment.—~(1) On balloons with delta type rigging
batches, the bedding strops are lark’s-headed to the foot
Topes as shown in figure 42. On balloons with finger type
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rigging patches, the bedding .mﬁoum are lark’s-headed into
the suspension rings, as shown in figure 42, o

(2) Two bedding strops are attached to each No. 5 rigging
patch and one strop is normally mﬁnmgmg to each of \.odm
remaining patches. For mﬁoﬁs‘ﬁwmomsﬁosﬁ an extra bedding
strop is attached to every rigging patch except No. 5.

E 79. Rip Corp.—The rip cord is made of 3-inch rope; cut-
ting length for the D-7 and MKk, VII is 66 feet 6 inches; for
the D-8, 75 Teet 7 inches. Finished length for the D-7 and
Mk, VILis 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-cutter type rip panel as shown in figure
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-T 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 111} inches.

b. Attachment—The gas-valve operating line extends
from a bridle attached to the nose spider patch, through &
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 g
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
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BARRAGE BALLOON RIGGING AND FABRIC REPAIR 81

bridle, which in turn is attached to the ballonet diaphragm
by a spider patch. The bridle is made by soft eye-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 loops are then seized together.
The ballonet strop is made of 3ig-inch rope, with a loop

iven below. . . . .
formed in one end by tying a bowline and then seizing mbm n?% Bell-crank junction strop A.mmw fig. 45). me.ESoSos
running end to the loop. The loop in the ballonet strop is - o.v for use with the pell crank is made as follows:

(1) Gut a piece of Th2-inch cable 4 feet 3 inches long.

—There are two types of junction
P s .udzgw%w cmm%%w.w the bell crank and one for ﬁmm.ig
mﬂ.ovm‘.o.sm type concentration fitting. Both have a finished
o “mESmH ﬁwoﬁ. 9 inches. Since replacements must be made
Hmsﬂ\w Mwsm troops, methods of constructing both types are
by ’

BREAKABLE
CORD

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 a 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 bhowline 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.

6

v \ .4//%65 ST
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(2) Form the cable into a loop by joining the two ends

with a nicopress sleeve.

=)
NOSE SPIDER PATCH T _~GAS VALVE
~BRIDLE

! WEBBING STRAP AND ADJUSTING BUCKLE o= 2 e une
Sines = CURING STROP
LVE OPE RATING LINE — - SE!
AN X

BULLS-EYE

BALLONET SPIDER =
PATCH .

Ficure 44 —Attachment of gas-valve operating line.

(3) Secure a thimble in each end of the loop EW &man:pm
the cable together at the throat of each thimble with a nico-
press sleeve. . )

(4) Seize the strop at three mnsa_mgsﬁ,voﬁﬁm. . .

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

(1) Cut a piece of T42-inch cable 5 feet 11 EO.H\.Em 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——6 77
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(See step 4, fig, 46.)
(5) Parcel and cockscomb s
(See step B, fig. 46.)
(6) Lay the groov
strop, Mark the st
throat holding the

ed triangular plate i
wo.u on each leg ab
triangulay blate,

®om :
rench-spiral serving.

The-tail-line bridle, made of $-inch rope,
egs attached to a toggle.

follows:

BARRAGE BALLOON RIGGING AND FABRIC REPAIR

81-82

(9) Start a seizing 2 inches from the throat of the tri-
ngular plate and seize tightly up to the throat. .

(10) Parcel over this seizing mﬁa. start another seizing 3
...mu._..nnWmm from the throat and seize tightly up to S._.m throat.
. (11) Parcel over this last seizing msn serve the entire m.ﬁwov.
g throat of eye to throat of triangular plate, with a
(See Step D, fig. 46.

g 82, Tar-LINE BRIDLE~d. Dimensions.—See

)

figure 47.
consists of three

Dimensions of the legs are as

Cutting Jength _

Tying length
ired
Number require P, Deg D7, _ beg
| Mk, VII Mk, VII |

Feet Inch | Feet Inch

———
Feet Inch | Feet Inch

“as follows:
(1) Serve one end of all three rope legs.

1%-inch toggle 9 inches long,

~ against the toggle.

ied to the tail-line bridle Satches).

This
FIGURE 45 —Bery

-crank junection strop,

of the rope.
(1 Remove the triangular plate
tween the marks,

8) Put the tri

and cockscomb serve be-

angular plate back

into the strop, bei

om throat ] i i i ;
(See Step C. fig. 46 of eye to throgt of triangular platel 1s seized to its standing part.

79

............................ 13 8 12 10 10 6 9 10
A 1 5|15 10|13 5|12 10
b. Assembling—To assemble the tail-line bridle, proceed

(2) Eye-splice the other ends of the rope legs around a
placing the short legs in the
enter. Seize the three legs together to hold them securely

(3) Put the legs under a tension of 15 pounds and mark
them at their tying lengths (points at which they will be

marking may be

one with a small strip of fabric inserted between the strands

¢. Attaching.—On balloons with delta patches, the three
bridle legs are secured to their respective tail-line bridle
patches (short leg on top) by a double sheet-bend tied into
€8s are of equal length. Parcel the tw, the soft loop on each patch. The running end of each rope
On balloons with fnger
patches, the bridle legs are tied to the tail-line bridle patches
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4"x2" : BARRAGE BALLOON RIGGING AND FABRIC REPAIR  83-85
EYE 4"x o
. ,mmm, nd and an 8-inch soft eye, cockscomb served, in the other
LI N 0 por the Mk. VII and D-7, cutting length is 26 feet
~=inch; for the D-8, 30 feet 7 inches. Finished length for
he D7 and MKk. VII is 23 feet 6 inches; for the D-8, 28 feet.
e tail line also may be made of %-inch rope, with two
rops being made and seized &ommasﬂ... . .
p. Attachment—To attach the tail line, pass the 5-inch

e over the tail-line bridle toggle.

PLATE INSERTED

!  ENDS —i
. SEIZED

USE DOUBLE SHEET-BEND
ON DELTA PATCH AND SEIZE
RUNNING END TO STANDING PaRT.

F1GURE 47.—Tall-line bridle.

FRENCH SpiRAL B 84. Tam-LinE ExTENsION.—The tail-line extension is made
SERVED of Y%-inch rope. When used with the 3%-inch single strop
Py T ABOUT I'$" Long. tail line, the tail-line extension is short-spliced into 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 3;-inch rope, the tail-line extension has a 6-inch eye
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.

STEP D
lnwﬂﬁms-gﬁm Junction strop.

by a clove hitch: a half hi i
; itch is taken, i &
nm each rope is seized to its standing vmwwsg e running eng

. | 83. HDHH.IHLHZH.I'Q. .Nusﬁwﬁuwhncwﬂh ’HHHO ﬁ 11 ne is m Q.O
B al ne a
%w MN.»OMH rope c:.n..: abd HNHOHH MOHG eye, OOOWMOOHHHU served in on

FIGURE 48.

® 85. Rubper PROTECTION SHEET IINES—a. Dimensions.—
Rudder protection sheet lines are made of ¥4-inch rope.

81
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Cutting ang Anished length for

feet; for the D-8, 30 feet, Dimensions—Dimensions of rig-
d. Attachment.—mach rubber protection sheet line ig .m_.. 28, Mx. VI Hﬁnﬁzﬂ.ﬂaﬂwb follow:

into a series of cireular patches extending along the msﬂmwcmzm for the Mk. VI ba. omSm.bﬁ footropes are made of ..cmql

above the rudder, The line is fastened to the loop on 41 m.oo%%mmwlwmvgwammwgm strength), with a 2-inch

circular patch gt each end by g clove hitch, ang the u:bEf ch cable (500-pound

f a
es are made by means o
end is seized to the standing part of the line, The ling oft eye in each end. The mummg e 8% " e tomer b

8 — i i i EOOH.MHH@.
1 H(HHW CHH b mNNQQ\soﬁﬁﬂhﬁ. For Q.GHN.H.HM OM. @ﬂnmovubm EMQMWHU
. ; ._ ﬁ_._..ﬁ.wﬂ. to ﬂwu.m .—O@HHOOB. see FM %leP.

{1424

: : ] g ice. A ;
attached to the intermediate circulayr batches by single mummﬁ.m.vu.ma and mﬂoﬁwﬂwndwwpaaggw d eye of the rigging wmeﬂm
bends. s made directly PFinished length of the front foot ropes

balloon. . es, 15 feet 634 inches.
B 86. Ruppeg Arr-Scoop REsTRaNING CORDS.—q, .QE%&E&M& 934 inches; of the rear foot rop
5

X trops for the
sions.—Replacement rudder air-scoop restraining cords g (2) Grommet strops—The mnmsww MMWMMHMM& ommEM with a
Made of No. 72 cotton Seine twine. For the D7 and Mk, ing wire assembly are ma Cutting length is 57 inches.
cutting length ig 33 feet 6 inches ; for the D-8,31 feet g Eowm.w\w inch thimble eye in one m«&. ommet, see paragraph 97.
b. Attachment—The restraining corq ig attached at mmnw_ﬁ H method of making a wire mmu.BEm is seized in one end
end around the rudder air-scoop stiffener through grommet ..oﬁ r the grommet is made, the thi
holes by means of a clove hitch and half hitch, with 8! MEB the eye. ing lines are made of Y;-inch
Tunning end seized to the standing part of the cord, H:ns.ac (3) Handling msmm..lﬂmbazbm s end and a 6-inch eye
mediate attachments gre made to two circulay patches on th e with a 3-inch eye in the E%M Hﬁbm front handling lines
rudder and to the center hole aroung the air-scoop m:a.mza_wego lower end. Cutting length o 39 feet 6 inches. Cuiting
by means of clove hitches. When the attachments gre ocg_wwﬁ feet 7inches; mﬂmwmn length Mmm 17 feet 1 inch; finished
bleted, the restraining cord forms a W, with three mﬁmnpumsmﬁb of the rear handling lines at the upper end of each
ments on the alr-scoop stiffener and two attachments s_H_%mﬁs is 15 feet. The small mwm the appropriate handling
circular patches on the rudder, handling line is lark’s-headed to

¥ 87. Mipsurp Mooring.—q, bﬁ.ﬁgﬁ.os.lgﬁmsﬂosm of EMMWW.MSS:.NS bracing wires.—The front mﬁm wmmm. %%NWMMMW

midship mooring rigging for the balloon are given beloy cing wires are made of .055-inch cable (30 -ﬁ% The eyes

Cutting lengths shown are for nicopress. sleeves, Wm strength), with a 1-inch moﬁgmww m.sm Mm.%mw.bmvmom e

] dles are made gf ¥ eans of a wrapped a e R

He-inch or Zha-inch cable, Cutting angd finished lengths g m:r, swwnvm _owwwwmwmn length of the Hwou.pd br mﬁbm mﬁmﬂmﬂ mHmm 6

the D-7 and Mk, vir are 25 feet; for the D-8, 26 feet, w.wmwﬁ How.b inches; of the rear bracing wires, 5 fee b e .&
(2) Midship bridie grommets—The two midship bridl (8) The 25-foot strop.—The 25-foot mﬁﬂvﬁ nohos It

Erommets are made of 94-inch Or %g-inch cable. Cuttings, . .n cable, with a cutting length of 26 fee 9%,-inch soft

length for the D7, Mk. V1T gng D-8 151 f00t 8 inches; finisheg g 1%4-inch thimbled eye in one end and a 2%

length is 9 inches. " eve in the other. is made of
€) Midship running line—The midship running line j (6) The 100-foot strop.—The 100-foot strop m Cutting

made of ¥e-inch or %,-inch cable. Cutting length for hely/ inch cable with & 3-inch soff eye in each end.

D-7 and Mk, VIT is 40 feet; for the D-8, 42 feet. Finished H.mumg is 102 feet 4 inches.

length for the p_y and Mk, VII is 39 feet 5 inches; for the

D-8, 41 feet 5 inches, .

83
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(7) Winen leg —The winch 1
with a 3-inch g

BARR.

eg is made of Ys-inch Cat
- It varies in finisheq 1 0

N the distance from
ing length ig the finj

winch to the fair-lead. The cutt
length plus 14% inches,

SecTION IT

CONSTRUCTION OF GROUND RIGGING (WIRE ROp

H g9 GENERAL.-—This section giveg details of construction

ground rigging made of wire rope. (See par, 72).

® 90, CRrADLE.— ¢, .Q.Smﬁﬁ.oﬁm.ulmmm figure 48,
made of salvaged flying cable
given below. 7¢ nicopress slee
splices, the cutting lengths give

The cradlg
according to the dimensjg,
ves are used instead of hg
11 are reduced by 13 inches,

R i s — S 3

3 ini m- A H ~S[)
Number required %%MMWW Hw_oﬁmwmm mmmmmow 5@0%%&%% m%mﬁm
large eye eye leng
—— —_—— | i
Feet Inches| Fect Inches anz, 1
Legs Nos. 1 and 6114 7. _ |19 6. 1024 in___ %\NE%ow..._ .........
(4 each). _ |
fogs Now 2and 51z oy g 04| %\T.E:mm...\ t
(4 each), ! |
Legs Nos. 3 ang 4 J10 1 s 1036 65 inches. . | 3
(4 each), ! |
liner strops (2 cmm:v; 3 5.1 6..._| No large __ 2small cyes; PO -3
eye. 613 inches. | 1
Extra strops for D-g | 3 2.1 2. g eyes; 9 ‘ .............. b 3
(4 cach). \ inches, \ ‘
—— LI

b. Qﬁw-mﬁmn@w.’.ﬁsmu straight cut

~Splices are put in the Nog
2 and 5 legs with the inner throgt

of the large eye-splice anj
the outer throat of the straight cut-splice 1 foot 6 inche
apart, . {
c. N:.wgma&o?'ﬂﬁm cradle is installeq as shown in figurg L
48,

REPAIR
1LOON RIGGING AND FABRIC
AGE BA

TO FIT D-8 BALLOON:
i'-2" WIRE STROP IS o
REEFBENT TO NUMBERS | %

6 LEGS BETWEEN CRADL
LEG AND SHACKLE

?Jm.. EYES AT ENDS
0 OF GRADLE LEGS

Freuse 48.—Cradle.

85
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8 91. MIpsHrPr CaBLE TRACK AND TRACK STROPS.—a. Dim, (1) .
e quick-
5 (9) Force

e main
mwmsmw its corres

sions,—The midship cable track consists of 229 feet of g
vaged flying cable. This length allows for an overlap g
feet for joining the cable ends. Each of the 24 track

i

f
5lrg

is constructed from s 2-foot length of salvaged flying capbr
with a Y-inch steel hook spliced in each end by means 2

a nicopress sleeve. R®ach strop has a finished length (fy,

rod of each of the 37-foot mooring-circle anchorages. T8
cable track is laid out around the inside of the moo iy
circle in such a way that the junction of the cable ends ||
under the flying cable, and the track strops in 21 consecutj
points are hooked onto the cable track, The cable trackj
then pulled handtight, and the ends are secured with a Wip s
rope clip. By use of a handy-billy, the track strop on th
twenty-second consecutive point is hooked to the cable trag
The cable track is allowed to slip in the wire rope clip {
necessary, but is still kept taut. The Junction of the cahj
ends is then secured with two additional wire rope clip
The three clips should be about 12 inches apart. Two trag
strops are always left unhooked.

¥ 92. PYRAMID.—a. Construction (see fig. 49) —Four pyramig
legs are used, The legs are made of cable, not less than qmﬁ
inches in diameter. Cutting length of each leg is 19 feef
The eyes at the upper ends of the pyramid legs may be madg
Wwith a nicopress sleeve or by hand splicing. To make f
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 parcelingts
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 tog
tight they will prevent a firm splice around gmﬁEBEm .

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

(5) Parcel and serve the splice.

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

b. Installation (see fig. 49) —T
ceed as follows:

o install the pyramid, pro-

-

86

¥

,.,..._
o sk e
o b C e T S

E s ,.Hm 5 etk

d to the sta
© (3) Adjust
, U . .k-release s
crown to crown of eyes) of 1 foot § inches, guics"" ag
b. Installation.—A track strop is reeved through the Uﬁ@ﬁnsg

¢ @ 93. PYRAME

GING AND FABRIC REPAIR 92-93

RIG
BALLOON
e mid legs directly onto

Hnﬁm ve ﬁwvm upp er ey es O% the pyT a

i the inner flop ring of each alter-

h pyramid leg
wer end of eac .

Wmm&o gMLMHEm_ and secure the running
pond v two wire rope clips.

the
id leg so that
oy Ez.@duw above the central-

nding part ,Eww
length © !
eMMoEm will be held directl
rod.
. v/ .~ ~FGOPRESS SLEEVES

fo” " « u

SWIRE

OFE T
(fies)
Y]

FIGURE 49 —Pyramid.

P —d. Oosﬁéo&o?‘eﬂa
.Om salvaged flying cable,

i d.
eye in each en
e or with &

p REINFORCING STRC

einforcing ms.ovH MM Mﬂnmomgo
i et m P> ey
Lbnwwmwommwgma py hand-splicing

_splicing is 32
i n for hand-sp :
utiing o i if ni ress sleeve

i vawmaﬁomQ by 13 inches if nicop!
- d length is 29 feet.

. Finishe . b o
QHM swmwwa:a:.os.\ﬁg pyramid rein

pyramid T
with an 8- by 3
The eyes may be
nicopress sleeve.

cing strop is smm@. to
lloon is at tail-line

i the ba ad
yramid when used to a
strengthen the Bﬁ.& hip mooring. It may be yramid
mooring or at midstip to replace a broken D

id leg,
th to a weak pyram : .
Mwmmﬂ% o act as a fifth pyramid leg

87

If the wind is blowing
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BARRAGE . cable as nearly as pos- [
from the direction of one of the mgin points bety, o tail-line Booﬁswﬁmaﬂmﬂ come in front of the
those to which the byramid legg are maﬁmobmn. the strop L (2) Lay ﬁm\.os so that the e . cable _.
be installeq at that main point to reinforce the Dyramigqg, sible in posi qu@. tail-line mooring-circle
install the Pyramid reinforcing strop, Droceed ag follows;, winch wboUoMM mﬁovm onto gw wooden posts. = t and
D Reeve one eng of the strop throygp the Quick-relg” (g) H.Howw.\ the strops on mmwwsm-aa&m cable Ums% stﬁwosom
shackle, and supp il-line MoOT1 clips place
(2) Reeve the other end through the flop ring on the EWSSV praw Mﬂm ﬁmmg three wire rope
boint from which it ig desirable to set up the wom.smoh.nmgm_.mmni,m the e
€)) Bring the two ends hiearly togethep and lash them Wigpart.
at least three turns of Ya-inch Tope, and tie off the
a Square knot,

& 94, Sarery STROP.—¢, Oo?&éo&o@.
constructed of cable not less than
i bled eye in each end, Its A
10 incheg, To make a safety strop,
(1) cut 4 Diece of cable 19 feet 5 j
(2) Form 8 loop in the caple by j
a Nicopresg sleeve,
3) Secure g thimble in
the caple togeth
hicopresg sleeve

ize the

—The safety mﬁwou“
%2 inch in &wEms
nished length ig 5 Iy
DBroceed g5 follows:
ncheg long,

oining the two engg wif
each end

er at the throat ¢

D by amﬁu__e
f each % .

himbple Wwith P
4) se
b. Inst

-line SooE.ﬁm-S.EHm stro
of the tail-line mooring-cj

- Reeve g strop
€ach of the ining 23 anchor

88

S i - i A HH%
ro e 1 § ﬂsms.@c third MHHOUu Cm:ﬁm the hand b

e the
D 5_ A._...vv egure

t.
r wooden pos
ble back toward the prope:

the ca

to draw

; t long
strop is 25 fee .
—The transverse ight cut-splice
'ROP. aig )
96. TRANSVERSE mMM%m in each end, and a mHM,me with either
R l;: .mb 8- by m-Eomsn The strop can _Nmmm a transverse strop
.M feet from mmﬁoogmmm sleeves. To ma
ices or reduce
d splices 0 . feet long (re
wwwnmom as G:ooméwﬂ. flexible flying omwww WM be used).
Cut a ple e s ress sleeves
a. . if nicop. : h end. B
length 13 Eosmmu by 3-inch eye P mmob?ﬁm to make the cut
b. Splice an 8 s of cable 23 inches ress sleeves are to
¢. Cut two ?mywﬂqg 13 inches if nicop
i (reduce b in one end
splices of the eye
3 he crown
be used) 5 feet from t
re rk. ke
ggreasy nd place a chalk ma inches more and ma
-of the mﬁo@dw.m mark, measure 5
i J a
¢. From able and place
ark. inch pieces of c C
another m the 23-inc -splicing) . .
f. Hme. o owwoa each end (for hand ﬁoﬁamwm a straight
serving 8 E%mmw inch cable into the strop arks on the strop.
g. Splice the 25° J GOETIngS B ke the cut-splice
cut-splice, Bmﬁ%:wm e, f, and g above to ma
piiecat steps 4, B, 1, P50
obwgm other end of the strop

. —
irteen wire gro

oMMETS (See fig. mov.x.mwwumou e ® ?.ma.

L ot 2 toat ircumference are bmor dseoiiElng o Wit

s n be made either by ha ) Eoovxmmm

gl To make a wire maoEWw s one and

s mummﬁww.om of flexible cable 2 H..Hm.m e e pront

e oﬁ&m %st a hicopress mummMo.H . éM.

% ond ollows:

e gmﬁmba-mvdﬁbm. proceed mum 5 fouB e

& o t a length of flexible cable

a. Cut a

89
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b. Unlay all strangds, T s
¢ Near the miqq; , : : 5T nished | Small eye
e of 4 ; Finished Large cye mall ey
2 feet ar cach sty and make tw umber Cuiting length
p bart, C crayon mg, wM..E.:m& length o
axls \l
) %ﬁmﬁob these crayop marks, formip ; j
\. .H.owg. 8 grommetg of SIX turns § a ring, Feet Ew.\\_ Feet 2 | 8fect by 3 inches...__.| 4 fect by 2 inches,
© ~1€a thump knot With the lay of t A BT 4 Mm 8 | 8 feet by 3inches.__._. 4 feet by m .EcMmM.
M. wmn:wm the two engs With twe g wa. cable, - EETRE soall<6 17 | 8 foet by 3 inches. .- 4 feetiby, 2 inches.
- Parce] g CXS in each . I )
Wire, by, nd cockscomp serve, op parce] end, = e ) ) leted to
5 een €Xposed ends. and wrap -|L|||ﬂ. uction.—When the spider legs are comp
p, Consir .

aniSi i , the large eyes are heavily par-
, e &gnsmpmwmmmwmw MMMW\%Q to prevent undue wear on the
P Times = T \; gled .mﬁgzwmm which are tied into the eyes. >m.mb QHWmﬁwm
d Joacins Jing and serving, the eyes may be oo<mwmw wi
e i @mgm.sg rope. The rope is applied by samﬁ.sm the
g o Hm&@%ws@ them around the spider’s-eye, with the
_...ﬁmnn.m goc Wm a core. The coverings on the eyes must be
pRice m‘m%\m uently, since—if they are allowed to .émE, off—
PUigRE nmoEm SE. chafe and cut the handling lines. The
therhare omm the spider are lightly parceled and then served. .
P m%mm owmba rope is made of 3s-inch rope, and has a
_H.w_m.muummw th of 4 feet and 2 finished length of 3 feet. A.m@w
cULE Hom.ﬂm free end of the rope is finished by a Ummw splice,
G ther end is attached to the shackle by a w-mﬂow soft
s gal" spacer u.%m is made of 3-inch rope and .um 3 feet
e .H.Mmmmm fig. 51.) It is cross wrapped to the spider legs
erving oo.a. and the free ends of the rope are served.

WOVEN Aroyunp

long.
with s

Made eithey
UHEQUMH. ons of

“Reduce cuttin
g len
are used, gths

? SPAGER ROPE

Ficure 51.--Wire spider.

9
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BARRA!
| g9, Oonsooz.rluﬁ

has g cutting length of

W ; on the blocks
The distance between the loops

ing part.

standing p

is 15 inches. leflined Bre
.nd the reef bend & LINES.—The four HoimM MH,MMS ch eye in
104. LOWER Ow»u%b_ﬂm. yacht rope, wSQﬁMMM length is 6 feet
o ade of %-inch Eﬁpm« Erdeesayed. Ocﬁ se cradle lines are
. ..MWM end and A...SMQM length is 6 feet. The
10 inches; finis
10 inc

Mwicvvmz CRADLE SUIP
B

—A total of 39¢ feet of Ya-iny
cable is required for the eig;

Yeut s
cable is required for the two-way bed,
b. NQSSNE&QS.

—For details of :ﬁnmEsm Mk, VI E.mm....__.
see FM 4-188.

LOWER CRADLE 'SLiP
= lock.
IBER ROPpp; ts to ballast b
—Attachmen
FIGURE 52.—A nd 6
8 102, sz%?.fﬂ_sa section giveg details of construction 0! . the ballast blocks at Nos. 1 a
ground rigging Mmade of fipep fobe.  Care shoylg be takg cef-bent to the bridles momscg 59,
that ne TOpe is wasteqd. Follow thege Suggestiong: T as shown in
le legs
a. Measure fiber rope while it ig under g 15- to 20-poy d cian

bull,

) » cradle slips

—The eight lower (See

LE SLips.—T served. .

e Hbémm mmw wﬂ one end and ag.m oW%H.. Mﬂmmgn length is

£ havea 3-inc ; ngth is 9 feet 8 inches; fl block and a

ting to fig. 53.) .o:ﬂﬁnwm Hmw mﬁmm& with an m&zmSWm ballast-block

g feet. Each m,ﬁmwbm hook in the bight. $ the Sib" as
small maogw uﬁmﬁ by its middle to the ey

bridle is reef-

shown in figure 52.

adle
—Hach of gm. 24 H.Ecoﬁ. omw -
L dmmmmunw@vmu HMMW.mE diameter, mv:omwmwonMMmg Hm
o served. (See fig. 53.) OM eat T
1o o m.s Mamvma length is 9 feet. T .Hm e,
B MM ﬂwﬂbm block and a small ground rig
with an adj

(e Eob:\.bmo
brevent the To

¥ 103, wﬁgma-whoan waugm.’a. bN.Sms.&.osw.ll.Hﬁm 12 bal.
last block bridles are made of %~inch manilg yacht rg
have g cutting ang finisheq length of 3 feet ¢ inches, gng
are served at €ach end, i {
b. Installation (see fig, 52) .lwW.:mmTEoow bridles are reef.
bent py their middles tq the eyeg in the lower cradle slips g
lines, Each enqg of the bridle is tied into a loop in the ballast
block by a clove hitch and the Tunning eng H.m.we.uma uoﬂ
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made of LIPS.—Fg,
12 feet of 3 -incp ¢h of the 10 tension;
™Manila rope, anq 15 oning slipg ¢
’ served at hon i
off

}

LOWER CRADLE

sLIp UPPER Grapy
sLip -t TENSIONING 4404
&l Freurg 53.—Slips =g SLIFgNG
5. The slj ) )
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: BALLAST-BLOCK GrapPLE—The ballast-block grapple
"\« made of J-inch rope 2 feet § inches long. The rope is
pliced and served around & 1%,-inch toggle at one end, and

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.)

g 109.

FIGURE 54 —Ballast-block grapple.

g 110. FIN-FURLING LinEs—The two fin-furling lines are
of No. 72 cotton seine twine. Each line is 38 feet long
_inch soft eye in each end. A line of this length
7, Mk, VII and D-8 balloons. (See fig. 55.)

made
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will serve the D~
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SNy )
SLACK 4
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Ficure 55.—Fin-furling line.
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B 111 HANDY—BILLY.mThe handy-pj;

block, e
The tackle consis

spliced to the si

ach block havij
ts of 25 feet of 34

-inch Tope, which i
ngle-sheaye blo

is ey,
¢k and served at the othg
end. ‘
& 112, TAIL-Ling Buncer ASSEMBLY,—¢. Tail-line Strop .
The tail-line strop is made of 3%-inch manilg Tope, with :,.3:
8-inch eye in one end and the other end served. Cuttj ._i__
length is 14 feet 7 inches; finisheq length js 15 feet. 4
toggle 1 foot 2 inche

S long js fastened tq

a retaining cord of No, 72 Seine twine, y

b. Bungee Strop.—The bungee strop is about 4 feet long
To make g bungee st

TOD, proceed gg follows:
(1) cut 5 biece of Y6-inch rubber

(2) Measure in 6 inches from eag

h end, from 4 ¢, B, a5,

shown in step 4, figure 56. |
() Cockscomp Serve 3% inches on €ach end, from B tq (o) |
as shown in step 4, figure 56, : 1

4) Join the ¢ € cord together by forming the
Served portions of the cord into eyeg and interlocking the eyes |
as shown in step B, figure 5¢, The throat of each eye is at
the end of the cockscomp serving, Ty form the eyes, seize |
each end back to the standing bart with French spiral sery.

ing, beginning at a point 4 inches from the throat of each ‘
€ye and serving up to the throat,

(5) Folq the corg j

W0 ends of th,

1y is & block and tacy
1 block and one douh

throat.
ng a hook clamped tq i nd serve up to the ¢

I nd serve fo throat.
o

the eye splice by

shock cord 41 feet Jong ©

AGE LLOON RI NG AND Iu‘AB]uC REPAIR ]]fa_] ]4
GL 3

BA G

BARR, :

ing.
ench spiral serving

reel
' g ) and parce
Next seize this area with F! s
)

t a't’ p011*t tlll
10 Sba’t i hes from
: i G' (3 mnc.
Ld 4 es fro a,t) ana
( ) int H ( lnch Jois thro P ax Cel
(12) IV![ark ings ﬂnd servings on Po h en.dS of ”!e
( ) e a:ll parcelln )
. ; d { B
O v 1 fini
Str Pp. ‘/SI Ile Slled ea(ﬂl en o) the str op SklOllld have

ween the
vings. intervals bet e
ce parcelings and Séif,‘jfngs at equal inte
thr cnree S
ake
(13) Ms

NS
hree serving
hese thre
throats. BEach of 1
X fwo ULt
ings at the
ServIng:

1lows:
. s long. ) ceed as fo )
pout 1% lnCheke a chieck strop, pro e (or equiva-
ey be;, trop—10 & h manila yacht rop

¢. Checkk § of Ye-inc

“extra
tive, use €
: iece As an alterna
(1) Cub a(,pb' inches 10Dg.
feet
1ent)’ 1

d.
3 ve in each en
fiexible Cab'S. by 2-inch eve

(2) Splic

bungee
: ) to the hung
X (6 feet long on the
leted strop check strop
) Secure the COH;ZCG the eyes of tht;/een the crown and
(313 To do 015, 1;trop, and serve bever the crown. the
Z‘;; of the b‘?gee:yes. Do not Se;":tl%p to the center of the
roat of L0 { the check
the throa the center ©
(4) Seize

' strop. & .

pungee lacking —Put tv for 10 to 12 hours
d. She each COa:t to dry

and allow

op is

or—m i xiver St
STROP.— ock C :

of Me-inch rubber zﬁe fail-line bungee
made of 14 Stmnd; is constructed like pt that the mi‘.ishlg
length 29 feet) -anparagraph 112b, egcif 10, The ﬁplskll:s
strop described I 14 strands instea rown of the thimbles,
rubber strop h;xsop from crown to cr :

.of the strop,

length -0

is 24 inches.

g 113. MIDSHIP RUBBER

is
The midship Ch;’ckb;tz?il;ch
p.—The ith & 2- bY -
inches of Ye-inch ropetlvlits o mches:
made of 5 feeb 2 mZ Its finished leng in the same manner
fui-eve in o ;r; midship rubber Stfotr; {he tail-line bungee
o attache? toc‘;eck strop is attached
il-line
as the tail

strop. (See par. 112¢.)

o)
B 114. Misurp CHECK STR

serving
oats of shellac on each
0 C

|
|
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STEP b
Ficurg 56‘~Bungee strop,
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@ 115. Mipsgip TENSIONING STROP.—The midship fensioning
strop is made of 34-inch rope with a 2- by 4-inch seft 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 its standing part by a picketing
hitch.

E 116. RunNING Nose LINE.—The running nose line is made
of l-inch rope with a 3-inch soft eye in one end and a
serving on the other end. The cutting length is 26 feet and
finished length is 25 feet.

‘® 117. Rip-CorD  STROP.—Cutting length of the rip-cord

strop is 7 feet 6 inches; finished length is 5 feet 6 inches.
The strop has & 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.

E 118. RUNNING TENSIONING SLiP.—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 Y-inch rope, splice a hook into one end,
and rig the other end with an adjusting block and hook.

B 119. SanpBa¢ Lines.—Fach 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. SanpBAG 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:

a. Cut two lengths of rope, 5 feet 2 inches and 4 feet 2
inches long,

a9y’




: SecTiow IV
b. Splice 3 4. by 2-inch toggle in each end of both ropes, CONSTRUCTION OF FABRIC EQUIPMENT ‘ t
i ' i : ncrete ballas

¢ Find the center point of €ach strop, place the strops to. Br Cover—Covers for conct
’ -Brocx Cove velope

gether at their centers, anq cockscomb serve 3 inches each| B 121{5' ]31“;;"“;2 made of used sandbags, salvaged en

way from the center, blocks .

€. Seize the four legs of the Spider together by putting a

.

1-inch French spiral serving 1 foot from the crown formeq L..
in ¢ above, g N
€. From the serving described in d above, measure § incheg i ) ,I'«

toward the ¢rown and place another Serving of the same king, I_——
f. Midway between the two Servings described in d and ¢ i

X 6n g1
above, place another serving of the same kind, 6"~ 183 ' ‘%
& 121 SNUBBER St1pg ~—The two snubber slips are constructeq it
in the same Way and to the same dimensiong 25 the tension T“
ing slips. (See par. 107.) T
B 122, SNUBBER STROPS.—Each of the two Snubber strops is

| . . ; REPATR 125 . B
‘ ‘ BARRAGE BALLOON RIGGING AND FABRIC REFP |
120-124 ANTIAIRCRAFT ARTILLERY FIELD MANUAL 3
1

eyespliced around % hook at one end and g toggle at the
other end. Cutting length is 24 inches and finished length i !
9 inches. Construction is like thag of the balla»st-block f
grapple. (See par. 109.) . -

& 123, Hauring RoPE—~—The hauling rope should pe % -ineh {
Manila rope if it is to be used for both mechanical and
manual haul-downs, The rope should be 200 feet leng. A
thimbled eye-splice is made in one end and the other eng
" is served., A Wwire hauling cable (see bar. 100) is useq if
bossible, but it ig necessary to use a hauling rope with wincheg
which have gipsy-heads that turn in one direction only.

Ya-inch rope, 30 feet long, served at each end. |
(2) Side-hook 70pes.—Two side-hook Topes are made of
Ya-inch rope, with g ground rigging hook €ye-spliced in one ! . ake
end. Cutting length for each Tope is 75 feet 101% inches; E '_ fabric, or heavy canvas. The‘ mf)Sﬁ cogvlt‘frl;leorita:\":f;:st?the
finished length is 75 feet, F these covers is to cut the fabric in the N ¢h flaps are folded

b. Installation.-For details of installing Mk, VI rigging, B i ensions shown in figure 57. The G-m
See FM 4-188, A

FIGURE 57.-—Ballast-block cover.

101 i




' 125-127

ANTIAIRCRAFT ARTILLERY FIELD MANUAL

over 54 inches of Y% ~inch Tope, stitcheq to hold
__ place, and then stitched together. Three glotg
the top of the cover at the broper -pointg
in the block to protruge through the cover. The
cover should be reinforced around the slotg W,
thicknesses of materia], (See fig. 57.)

B 126, H?zUEz?H.sz BA¢.—The hg
canvas bag, 12 inches in diamet

- The base has thr

€ grommeted or bo

are four grommeted hole
2 inches from the top,

There
Spaced around the bag,
a 10-foot length of Y4-inch Tope is passed,
to close the top of the bag and
shackle by g single bow knot,

This ro
is tied onto

an eyel

et at each front
is tied an 8-foot length of

No. 72 cotton seine twine,

Dimens ons
>vvzox.!>ﬂm

FIGUrE mm.’ﬁﬁgmﬁ.:vwowmoﬁou sheet,

102

to allow the loops

ith at least two

und with button..
through which

the foot-rope

easures approximately 7
corner, into which

the rope in
are cut in

top of the

S equally

Pe serves

ndling-line bagis g heavy
€r and 18 inches deep. The

BARRAGE BALLOON RIGGING AND FABRIC REPAIR 127128
four eyelets along the rear edge through %MEoMm Mm MMMNM%M
ine i ; € also eight ey
length of twine is laced. There ar: : .

spaced along each of the long edges. A small hook is fast

ine tied
to each of the sixteen eyelets by a short length of twine
off with a square knot. (See fig. 58.)

dred and twelve mmsmcmwm. are
. HM mm mm ZUMwmm.IWNMM UMMWNM four mwoﬁgmﬁm.n holes 1 Eow
e ﬁm of the bag. The bag is rigged with a length o
i W.oﬁ ¥ omu the ends of which are passed through the mw.oE-
R b nd. then spliced together to form a 24-inch
Em&mn EN_MW the bag is filled with sand to a weight of mu..
Esm.. Memq 40 pounds, the throat is tied off by a length of
WMMMHNWos the grommeted holes.
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