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This manual supersedes chapter 8 FM 24-5, 19 October 1942; section
JI, Training Circular No. 67, War Department, 1942; and Trasning Cir-
cular No. 45, War Department, 1943.

CHAPTER 1

GENERAL

1. PURPOSE AND SCOPE. The purpose of this man-
ual is to establish standard practices for the installation,
operation, and maintenance of field wire systems of
tactical units. Such standardization is essential to effi-
cient wire communication. The individual duties of
wire personnel of various types of units are explained
specifically in training publications pertaining to the
different arms. Complete technical information about
particular items of wire communication equipment is
given in references listed in various paragraphs herein

" and in Technical Manuals listed in FM 21-6.

2.. RESPONSIBILITY. a. Commander. Responsibility
for signal communication is a function of command and
is prescribed in AR 105-15. In general, the tactical com-
mand=r is responsible for the operation of all agencies
and for the installation and maintenance of all means of
signal communication that form the signal systems of
his own unit. To that end, the tactical commander
prescribes the training of all signal personnel under his
command, and the application of such training in field
operations.

b. Signal or communication officer. In general, the
commander of each tactical unit down to the battalion
is provided with a special staff officer trained in the
tactics and technique of signal communication. This
special staff officer is charged, under the direction of
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the unit commander (or G-3 or S-3), with the tactical
supervision of signal communication for the entire com-
mand, and with recommending the necessary measures
for the training of personnel in signal communication
for combat.

(1) Ground force units. In ground force units the
special staff officer in a division or higher headquarters
is known as the signal officer; in units below the division,
he is known as the communication officer.

(2) Air force units. In air force units the communica-
tion officer serves as a member of the staff of the com- -
mander of the air force, command, or other subordinate
unit, and is charged with the duty of coordinating,
supervising and directing the tactical employment of the
communication facilities, operations and training within
the command. The signal officer is the commanding of-
ficer of the signal corps unit that is attached to an air
force or subordinate unit. He supervises signal installa-
tions, maintenance, supply and operations of his unit.
He is responsible to the communication officer. See
FM 1-45 for additional information on signal communi-
cation in the Army Air Forces.

c¢. Unit. (1) Every unit is responsible for wire com-
munication from its command post to the command
post of the next subordinate units. It is responsible also
for lateral wire communication between its subordinate
units. Lateral communication may be effected through a
switching central of the responsible unit, or this unit
may install the necessary lateral circuits itself, or direct
their installation. In the absence of specific instructions
lateral circuits are laid from left to right (AR 105-15).

(2) A supporting unit is responsible for wire com-
munication from its command post to the command post
of the unit it supports.

(3) In case of an attached unit, the unit to which it is
attached is responsible for wire communication between
the two command posts,
pi



3. DEFINITIONS. a. Terms pertaining to signal com-
munication in general.

(1) Axis of signal communication. A line through
the probable successive locations of a unit’s command
post.

(2) Command post. The establishment set up by the
forward echelon of a headquarters during combat, from
which tactical control normally is exercised, and to which
tactical information is sent from subordinate units.

(3) Message. All instructions, reports, orders, docu-
ments, photographs, maps, or other intelligence, in plain
or cryptographic text, transmitted by a means of signal
communication.

(4) Message center. The agency of the commander at
each headquarters or command post charged with the
receipt, transmission, and delivery of messages.

(5) Rear echelon. A rear installation of a headquarters
consisting of those staff agencies which have primarily
administrative and supply duties, and which are not
located at the command post. '

b. Terms peculiar to wire communicatic __.

(1) Bridged circust. A circuit which is connected in
parallel with an existing circuit.

(2) Circuit diagram. An illustration in symbol form
of the technical arrangement and connections of a wire
system. :

(3) Circuit marking tag. A tag which identifies a
field wire circuit. '

(4) Common battery system. A telephone system
which has current supplied to it from a central source.

(5) Construction center. An installation, located near
or in a command post area, where trunks and long local
circuits converge for entrance to the telephone central
(see par. 27).

(6) Construction chief. A noncommissicned officer in
charge of the installation and maintenance of the trunk
and long local circuits in the wire system of his unit.
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(7) Cross. An electrical contact between conductors
of two independent circuits.

(8) Field telephone. A portable telephone designed
for field use.

(9) Field telephone switchboard. A portable telephone
switchboard designed for field use.

(10) Gafl. A spur on the inside of pole climbers
which is forced into the pole by the weight of the line-
man.

(11) Ground (on a line}. An electrical path to earth
from one or both conductors of a wire circuit.

(12) Line route map. A map, map substitute, or
overlay on which is shown the physical location of wire
circuits that are installed already, or are to be installed.

(13) Loading coil. A specially constructed coil of
wire used to increase the talking range of a field wire
line by increasing the impedance of the circuit and
thereby counteracting the.capacitance of the circuit.

(14) Local. A wire circuit connecting a telephone to
a switchboard or to another telephone.

(15) L --7 battery system. A telephone system in
which the current for talking is supplied at each tele-
phone, sometimes called a magneto system.

(16) Magneto. A hand-operated a-c generator used
to operate telephone ringers and switchboard line indi-
cators.

(17) Maintenance pool. A centrally located area from.
which wire maintenance crews may be sent out quickly
to clear trouble on the system.

(18) Marline. A small, loosely twisted twine used
for tying field wire to a support.

(19) Monocord switchboard. A field telephone switch-
board in which each line terminates in a single jack
and plug.

(20) Open. A break in the continuity of a wire
circuit.

(21) Repeater. A device for amplifying the strength
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of a signal in a wire circuit ‘in order to increase the
range of the circuit.

(22) Repeating coil. A transformer usually of ap-
proximately one to one ratio, used to superimpose addi-
tional circuits on wire lines.

(23) Section of a wire line. That portion of a wire
line which begins and terminates at successive centrals,
at test stations, or (in the case of long locals) at a
telephone.

(24) Seizing wire. Soft-drawn copper wire used to
improve field wire ‘splices mechanically and electrically.

(25) Short. An electrical contact between the two
conductors of a wire circuit.

(26) .Sidetone. The audible sound produced in a
telephone receiver when the transmitter of the same
telephone set is actuated by sound waves.

(27) Skinning. The process of removing insulation
from wire,

(28) Staggering. 'The spacing of splices in the two
conductors of twisted-pair wire so that the individual
splices will not be opposite each other, thus preventing
excessive bulk and reducing the probability of shorts.

(29) Switching central. An installation in a wire sys-
tem in which switching equipment is used to intercon-
nect telephone circuits, or to interconnect telegraph
circuits.

(30) Telephone directory. A list of names and num-
bers assigned telephones and switchboards within a unit.
(See also par. 64.)

(31) Teletypewriter. A motor-driven machine similar
to a typewriter, which transmits electrical impulses cor-
responding to a character, and translates such impulses
into the same character.

(32) Terminals. Conveniently arranged contacts or
binding posts to which wires may be quickly connected.

. (33) Terminal strip. A block of insulating material to
which are fastened several binding posts.



(34) Tesz point. A point in a wire line at which tests
can be made conveniently.

(35) Test station. An installation where circuits may
be tested and rearranged.

(36) Trunk. A wire circuit connecting switchboards.

(37) Way station. A telegraph or teletypewriter con-
nécted to a line between and in series with other tele-
graph or teletypewriter stations. »

(38) Wire chief. A noncommissioned.officer in chargc
of the installation, operation, and maintenance of short
locals, the switchboard, and auxiliary equipment.

(39) Wire pike. A pole about 9 feet long with a wire
hook arrangement on one end used to place field wire
lines off or on a road, or to lift wire over limbs of
trees or other obstructions.

4. COMPOSITION OF WIRE SYSTEMS. The wire
system of a tactical unit consists of telephone, telegraph
teletypewriter, and facsimile facilities. The wire system
is installed by communication or Signal Corps personnel
assigned to the headquarters of that unit, or by a Signal
Corps organization which is-attached to that unit. It
includes as much of the following equipment as is
necessary to meet the requirements for wire communica-
tion:

a. Wire lines, and associated loading and repeating
equipm-=nt.

b. Connecting equipment installed at construction
centers.

c. Switching and terminal equipment installed at
switching points along wire lines.

d. Testing equipment installed at test points, test sta-
tions, construction centers, and switching installations.

e. Station equipment, including telephones, telegraph
instruments, teletypewriters, and facsimile equipment
serving various elements of the unit headquarters.
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5. CLASSIFICATION OF WIRE CIRCUITS. a. Ac-
cording to use. Wire circuits are classified according to
their use as follows:

(1) Trunk circuits or trunks, which connect switching
centrals.

(2) Local circuits or locals (sometimes called loops),
which connect telephones to telephone centrals or to
other telephones.

b. According to electrical path. Wire circuits are also
classified according to the path provided for the electric
current, as follows:

(1) Ground-return circuits, in which the metallic con-
ductor furnishes only a part of the path for the electric
current, the return path being provided by the ground.

(2) Metallic circuits, in which the path for the elec-
tric current is completed through the metallic conductors.
The metallic circuit has proved to be more satisfactory
for telephone communication than has the ground-return
circuit. It is less susceptible to interference from other
circuits and earth currents.

c. When superimposed on other circuits. Additional
circuits may be superimposed upon metallic circuits by
the use of repeating coils; when this is done, the circuits
are classified as follows:

(1) A single metallic telephone circuit may provide
an additional telegraph, teletypewriter, or telephone cir-
cuit without mutual interference. The additional circuit
uses a ground return and is known as a simplex circuit
(par. 52), and the metallic circuit is said to be simplexed.

(2) Two metallic telephone circuits may provide an
additional telephone, telegraph, or teletypewriter circuit
without mutual interference. This third circuit is called
a phantom circuit (par. 53). The two metallic circuits
are called sde circuits, to distinguish them from the
phantom circuit, and the three together are known as a
phantom group. Such a connection is used in preference
to the ground return simplex circuit as it provides greater
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signal security than is provided by a simplex circuit.
The phantom circuit of a phantom group can be
simplexed.

6. MOVEMENT OF COMMAND POSTS. The
maintenance of wire communication is usually more
difficult during the movements of command posts than
at any other time. The initial installation of each wire
system is planned with the object of maintaining con-
tinuous wire communication with subordinate units dur-
ing and after the movement of command posts. No fixed
rules can be given; ingenuity and adaptability are all-
important.

7. ORDERS AND INSTRUCTIONS. In corps and
higher units, instructions concerning the wire system for
a particular operation usually are included in a signal
annex to a field order. In divisions and below, the corre-
sponding instructions usually are issued orally. However,
the plan of installation can'best be shown by a circuit
diagram anda line route map. See instructions, forms,
and examples in paragraphs 8, 9, and 10.

8. CIRCUIT DIAGRAM. a. Definition. A circuit dia-
gram (fig. 1) is a drawing which shows schematically
the technical arrangement and connections of the circuits
and terminal installations of the wire system.

b. Content. A circuit diagram indicates the following:

(1) Switching centrals at command posts and at estab-
lishments served by the wire system; commercial switch-
ing centrals; test stations; and long local telephone cir-
cuits (that is, circuits to local telephones not in the
immediate vicinity of a switching central). These are
shown by special symbols (par. 11), and by telephone
directory names or telephone directory numbers. Loca-
tions are indicated by the names of map or terrain
features and by coordinates. (The commander of the
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theater of operations may prohibit the use of map loca-
tions, coordinates, unit designations, or symbols when
signal security is jeopardized.)

(2) Number of circuits, including trunks and long
locals, between the command posts or establishments
shown.

(3) Number assigned to each circuit (see par. 9).

(4) Manner of connecting each circuit into or through
switching centrals and test stations, including the con-
nections for simplex and phantom circuits.

(5) Type of line construction used for each line, such
as field wire, open wire, cable, commercial circuits, etc.

9. DESIGNATING LINES AND CIRCUITS. a. Wire
lines and circuits are given individual designations, as
published in orders by higher authority.

b. Normally in division wire systems, a circuit is
designated not by name but by an individual number.

c¢. In assigning numbers to wire circuits the follow-
ing general rules are observed:

(1) No two cables or circuits constructed by the same
organization during a single operation are given the
same number.

(2) All wire lines are divided into sections. A section
is the portion of a wire line which begins and terminates
at successive switching centrals or test stations, or which
(in the case of long locals) begins at a switchiiyy central
or test station and ends at a telephone. A cable or
circuit passing from one section to another is given a
different designation wlhten it enters a new section.

d. In the wire system of divisions and lower units,
construction and maintenance are facilitated by a num-
bering system which identifies the general position of
each circuit with respect to other circuits in the same
system.

e. In figure 1, the number to the left of the dash is
the circuit number while the number to the right of the
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Annex No. 1 to Annex No. 3 to Field Order No. 6, 4th Infantry Division
Circuit Diagram, 4th Infantry Division, Effective 0001Q, 6 June 1944
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Figure 1. Example of circuit diagram.

dash is the designation of the unit or construction team
that laid the circuit. In this case the three division
construction teams were given the designations 33, 52,
and 76. The circuits that follow the division axis have
zero (0) for the tens (second) digit; laterals to the left
of the axis use odd numbered tens digits while those
on the right use even numbered tens digits. Normally
any circuit along the axis has its circuit number in-
creased by one hundred when it passes from one section
to one farther forward; the circuit numbers of lateral
lines increase by twenty when they pass from one section
to another. In the example the OXFORD TEST was
installed after the circuits had been laid and numbered
so, instead of changing the entire number, the circuits
in the two sections were assigned a letter to follow the
number.

10. LINE ROUTE MAP. a. General. A line route map
is a map, map substitute, or overlay, suitably titled, on
which is shown the actual or projected routes of wire
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circuits. A line route map does not show the actual con-
nections at switching centrals or test stations (see fig. 2).
The principal use of a line route map is to report the
physical location of wire circuits as actually laid. This
information is for the use of wire personnel. On an
overlay, at least two orientation points taken from the
map must be shown and a reference made to the map
used . (unless the commander of the theater of operation
directs otherwise). The line route map contains as few
lines, symbols, and notations as are consistent with its
purpose. It shows the location of each headquarters or
establishment served by the wire system; locations of
switching centrals, test stations, and long locals; the
type of line construction; and the number of physical
circuits in each section of the line.

Line Route Map of 4th Inf. Div. as of 000Q, 6 June 1944

+,,

Special Map No. 6, 1935 AEC Scale 121120

|

Figure 2, Example of line route map.

b. Security. Because of the ever-existent possibility
of capture by enemy patrols, mechanized units, or para-
chute troops, complete circuit diagrams and line route
maps should never be taken into forward areas. Indi-
vidual construction and maintenance teams will carry
with them only such extracts as pertain to their par-
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ticular mission. Swuch extracts should not show wunit
designations.

11. SPECIAL SYMBOLS. The following special sym-
bols are authorized for use as indicated in FM 21-30 and
T™ 11-462:

a. Basic symbols for circuit diagrams of tactical wire

systems.
Meaning

(1) Line circuit (or circuits) of in-

Nt

sulated conductors, one pair
unless otherwise indicated.
(Field wire indicated by this
symbol is generally on the
ground unless otherwise
designated.)

(2) Open wire line circuit (con-

ductors separately supported
on insulators and overhead
supports), one pair unless
otherwise indicated. Where
applicable, this symbol will
be substituted for the basic
symbol in (1) above.

(3) Single conductor line circuit,

Use only where necessary for
clarity.

(4) Two line-circuit pairs operated

in parallel as a single circuit.
Each pair serves as a single
conductor but is designated
as_a separate circuit.

(5) Channels or circuits connected

electrically.

(6) Channels or circuits crossing

12

on a diagram but no¢ con-
nected electrically.

© Symbol




‘Meaning

(7) Loaded line circuit or circuits. - *

Symbol generally placed near
the ends of the circuit or
circuits.

(8) Interrupted (or cut) channel
or circuit. May be used to
show the interruption of cir-
cuits which extend into
enemy territory.

(9) Dead-ended channel or circuit.

(10) Repeating coil (simplex coil)
on a line circuit. The sim-
plex leg is shown at right

angles to the through line
circuit.

(11) Single-conductor ground-
return circuit grounded
through communication
equipment. Where applica-
ble, the appropriate symbol
for the equipment will re-
place the square; for ex-
ample a small circle for a
telephone.

(12) Cable terminal or test station.

(The T §, For & of this

and the following symbols
must be placed within, close
to, or connected to the rec-
tangle, so that the meaning
is clear.)

(13) Telephone central noz at a
command post or headquar-
ters.

—X

\

T

b




Meaning
(14) Telephone central at a com-
mand post or headquarters.

(15) Teleteypewriter switching cen-
tral.
(16) Telephone or telephone set . ,'

(17) Manual telegraph set (op-
erated by telegraph key).

(18) Teletypewriter (page printing)

Symbol

E
€

or$

—{al|
—F

b. Basic symbols for traffic diagram of tactical wire

systems.
Meaning

(1) Direct channel or channels.
(The number indicates chan-
nels available.) :

(2) Telephone or telephones (small
circle).

(3) Telephone central (large
circle),

(4) Teletypewriter (page print-
ing).

(5) Teletypewriter central, switch-
ing, manual, or relay (large
circle). (Include equipment
identifying symbol within
circle.)

14
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¢. Basic symbols for line route maps of tactical wire

systems.
Meaning Symbol
(1) Telephone (small circle). . ... o
(2) Wire line, on ground...... £
(3) Wire line, buried or under-
ground. g—2
(4) Wire line, aerial (on overhead 10
supports). TTTTTTTTTT

Note. The number of physical pairs in a wire line is indicated by
a small number placed on the line, as 5, 2, and 10 above. 'If desirable,
additional appropriate . designations of wire or cable types, sizes, or
material may be added in parentheses.
~d. Basic symbols for military organizatiofis and in-
stallations.
Meaning Symbol
(1) Test station or cable terminal
(2) Telephone central not at a
command post or headquar-
ters.

(3) Telephone central at a com-
mand post or headquarters.

(4) Teletypewriter switching cen-
tral.

X o “O-ef

(5) Message center ..............

(6) Point on the axis of signal
communication  (probable
future location of a com-
mand post or headquarters) LExamples

=
Note. This symbol is intended to be one AF I-_ . FAI-T
half of the rectangle of the basic symbol for

a command post or headquarters, so that it Armdlo ]an
can be completed when the headquarters or comd

command post occupies that location, Cav 7 MeCZF“
Cavl
i5



Meaning Symbol

(7) Symbols representing commer-
-cial installations may be
designated by the company coml
name or initials, and/or the
abbreviation for “commer-
cial” shown at the right.

Note. The end of the staff of these symbols is drawn to the actual
location of the installation on maps or map overlays. There should be
a slight space between the end of the staff and any line indicating a
wire line on- line route maps.

e. Applications of basic symbols for military organiza-
tions and installations.

Meaning Symbol

(1) Telephone central at the com- — pxxx
mand post of the FIRST Army.

(2) Telephone central at the com-
mand post of the II Corps.

(3) Telephone central at the com-

mand post of the 3d Infantry ?3
| 4

Division.

(4) Telephone central at the com-
mand post of the 4th Field Ar-
tillery Battalion.

(5) Gettysburg commercial telephone GETTYSBURG
central. - $ coml

(6) Gettysburg commercial telephone GETTYSBURG

central controlled or operated THIRD
by THIRD Army. coml
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Meaning
(7) Point on the axis of signal com-
munication of the 4th Infantry
Division.
(8) Point on the axis of signal com-

munication of the 2d Field Ar-
tillery Battalion.

(9) Test station of the FOURTH
Army.

(10) Telephone central of the 38th
Division, not at a command
post.

(11) Teletypewriter switching central
of the VII Corps.

(12) Advance message center of the
3d Division.

Symbol

7Y

FOURTH

_.E

8

Fm
lgaAdv

_2_#5 :
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CHAPTER 2

FIELD WIRE LINE CONSTRUCTION

Section I. GENERAL

12. CHARACTERISTICS OF FIELD WIRE. Field
wire is wire used for signal communication, and has the
following characteristics:

a. Flexible conductors (usually stranded).

b. Relatively high tensile strength.

c. Good conductivity.

d. Weatherproofed insulation, with good resistance to
abrasion.

e. Capable of being handled easily and laid rapidly by
small teams, either by hand or with a minimum of
equipment.

13. TYPES OF FIELD WIRE AND FIELD CABLE.
a. Field wire can be divided into two general types. One
type has a twisted pair with conductors individually in-
sulated, but without over-all covering; the second type
consists of one pair, either parallel-lay or twisted, with an
over-all covering. Included in the first type is Wire
W-50, W-110-B, W-130, and W-130-A. Wire W-110-B
is used by Signal Corps units, the Infantry, Field Artil-
lery, Corps of Engineers, etc.; Wire W-130, and W-
130-A, often called “assault wire,” is used generally by
the Infantry and the Corps of Engineers. Assault wire
is lighter, has a lower tensile strength, higher electrical
resistance, and less resistance to abrasion than the other
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types. Although Wire W-50 is no longer being procured,
some units may have a supply on hand that is being
used in training. Included in the second general type
of field wire is Wire W-143, which is a two-conductor
parallel-lay wire with an over-all covering.

b. Field cable is divided into two general types. The
first type includes Cable Assembly CC-345 (5-pair), and
Cable Assembly CC-355-A (10-pair). The second type,
Cable Assembly CC-358 (spiral-four), consists of four
spirally twisted conductors covered with a shielding tape,
that in turn is covered with a steel wire braid to give
mechanical strength, and over this is an over-all heavy
covering of rubber or synthetic rubber. For additional
information on Cable Assembly CC-345-A, see TM
11-371; for Spiralfour Cable Assembly CC-358, see
T™ 11-369.

14, CAPABILITIES OF FIELD WIRE. The physical
and electrical characteristics of a wire determine whether
or not it will be able to meet the requirements of a par-
ticular situaton. For information concerning the charac-
teristics of the various types of field wire see TM 11-462.

15. FIELD WIRE SPLICES. a. General. Splices in a
field wire line are vulnerable points in the circuit; there-
fore, sufficient time, material, and effort must be applied
to make the splices properly. A poorly made splice
creates unnecessary additional line loss and may unbal-
ance the line to such an extent that it becomes noisy
and completely disrupts communication. A poorly made
splice may require considerable time to find since, ex-
ternally, it usually looks like any other splice in the line.
Every enlisted man engaged in signal communication
work should be able to make a satisfactory wire splice.
The ideal goal is to make spliced wire as mechanically
strong and as electrically perfect as unspliced wire, but,
in practice, this goal cannot be attained, Accordingly,
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the main consideration is to maintain in spliced wire
certain characteristics of unspliced wire which are of
primary importance. These characteristics include tensile
strength, electrical conductivity, insulation resistance, pro-
tection against weathering and abrasion, flexibility, and
compactness. In attempting to make the splice so as to
maintain these characteristics, the time available must be
carefully considered. '

b. Elements of wire splice. A wire -splice, meeting
the above requirements, consists of a square knot bound
with a seizing wire and covered with insulating tape.

(1) Square knot. A square knot joining the two ends
of a conductor will not pull out.

(2) Seizing wire. A flexible field wire of high tensile
strength will have, of necessity, a number of steel strands
which are difficult to manage because of the temper of
the wire. The natural tendency of the strands to spring
up prevents the splice from remaining tightly wrapped,
and the ends of the steel strands’tend to puncture the
insulation and render the splice unserviceable. To pre-
vent this, seizing wire is wrapped around the conductors
after the square knot has been tied, thus keeping the
strands in place. The binding effect of the seizing wire
on both ends of a spliced conductor, together with the
large contact area, produces a splice of high and con-
stant electrical conductivity. Under conditions of vari-
able conductivity, such as may exist in a splice made by
a square knot alone, a circuit becomes noisy and inter-
feres with communication. If a wire conductor is suf-
ficiently flexible, it can be wrapped on a small radius
without cpreading, and seizing wire can be dispensed
with in a properly made splice such as the splice described
for Wire W-130 (par. 15¢). .

(3) Insulation. The primary reason for insulating a
splice is to render the resulting circuit as satisfactory
electrically in wet weather as in dry weather. Electrical
insulation adequate to serve this purpose requires a
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minimum of two layers of rubber tape and two layers
of friction tape (see par. 17).

(4) Bulk. The physical size of an insulated splice is
no criterion of its ability to withstand service condi-
tions satisfactorily. If properly made, a field wire splice
is flexible enough for service use, and its bulk will not
affect seriously the wire capacity of a reel. (Reel capacity
is determined primarily by the ability of personnel to
wind wire smoothly and uniformly.) Usually, extremely
bulky splices indicate that the men who made the splice
need further training.

c. Standard field wire splice for Wire W-110-B. When
two men are available, the over-all time needed to make
the splice can be reduced greatly if the men have a
standardized and efficient method of working together.
Only the teamwork splice is described below; obvious
modifications of the procedure can be made if one man
is working alone.

(1) Staggering splice (fig. 3). Each man prepares
one of two wires that are to be spliced together. To ob-

Figure 3. Staggering splice.
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tain a uniform stagger that will insure equal tension on
both conductors when the splice is completed, each man -
measures back one plier’s length (about 6 inches) from .
the end of one conductor of the wire pair he is prepar-
ing, and cuts off this length of the conductor. Each
man now has two conductors, with one cut so that it is
one plier’s length shorter than the other.

(2) Crushing insulation. Fach man now begins crush-
ing the insulation on the long conductor at the point

one plier’s length from the end (sce fig. 4). Using the

UH4§,

Figure 4. Crushing insulation on long conductor.

heel of his pliers, he crushes the insulation toward the
end for a distance of about 4 inches, leaving about 2
inches of the insulation uncrushed on the end of the
conductor. He next measures back one plier’s length
along the short conductor, and, in a similar manner,
crushes about 4 inches of its insulation (see fig. 5).
The uncrushed insulation remaining on the ends of
the conductors holds the strands of the conductors to-
gether, prevents possible injury to the splicer by the steel
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strands, and greatly reduces the over-all splicing time.
(With some types of pliers, it may be necessary to im-
provise shims from sheet metal in order to crush the
insulation.)

N
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Figure 5. Crushing insulation on short conductor.

(3) Skinning conductor. Each man scores or rings
the crushed insulation of both conductors with the cut-
ting edges of his pliers, at a point on the crushed section
Jabout Y4 inch from the point at which the crushing
began. He strips about 3% inches of insulation from the
conductor by gripping the insulation lightly with the
cutting edges of the pliers and drawing them straight
along the conductor, thus pushing the insulation ahead
of the pliers (see fig. 6). In this operation, care must
be taken to draw the pliers perpendicularly along the
- conductor, since drawing them at any appreciably differ-
cnt angle will nick or break the strands. The skinning
may be done by using the gripping jaws or the heel of
the pliers, rather than the cutting edge; although this
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method is slower, it involves less danger to the strands.
If the strands still have bits of insulation adhering to
them after stripping, the strands are scraped carefully
with the back of the screw driver blade of Knife TL-29.
The entire procedure of staggering the splice, crushing
the insulation, and skinning the conductors should not
take more than 1 minute.

CAUTION: The procedure explained in (2) and (3)
above is varied slightly for synthetic insulated Wire
W-110-B. The first % inch of insulation (5% to 6
inches from the end of the wire) on this type of wire is
crushed lightly, using only enough pressure to loosen
the braid; then, when the additional 3% inches has been
crushed and removed, the braid on the Y%-inch section
is pushed back exposing the undamaged insulation. If
this is not done, the cracks in that %5 inch of insulation
will be a constant source of trouble especially in wet or
damp areas.
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Figure 6, Skinning conductor,

(4) Tying square knot. Now the ends of the two
wire pairs are brought together, and each man ties the
long conductor of one pair and the short conductor of
the other pair in a square knot, as shown in figures 7
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and 8. The knot is tightened only partially at this time. .
Care is taken to restore the original twist_of the two .
conductors before tying the knot. The square knot is
placed so as to leave a distance of about.1/4-inch between
the knot and the rubber insulation. Then the weather-
proof braid of the conductor is peeled back from the 1/2
inch of exposed rubber insulation to allow the rubber .
tape to adhere closely when it is applied.
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Figure 8. Tying square knot.



(5) Applying seizing wire. A 6- to 8-inch piece of
seizing wire is inserted through the square knot, and
the knot is pulled tight (see fig. 9). The seizing wire
is bent so that half can be used for wrapping to the left,
and half for wrapping to the right. Two or three close
turns are taken with the seizing wire, both to the left
and to the right of the square knot (fig. 10), to bind -
the knot before the ends of the line wire are cut-off.
Then the excess ends of the conductors are cut flush
with the rubber insulation. The seizing wire wrap is
continued, both left and right of the square knot, until
two turns are taken on the rubber insulation (see fig. 11).
Now the ends of the seizing wire are cut-off and pressed
down into the rubber. With both men tying the square
knots and applying the seizing wire at the same time, the
over-all time for these operations should be about 1
minute (see fig. 12). Tape the splice as described in
paragraph 17b.

(6) Seizing without seizing wire. Where seizing wire
is not available, the copper strands of the conductor are
used to seize the square knot. After the square knot has

Figure 9. Seizing wire inserted through knot.

Cut tail flush with
rubber msulation

Figure 10. Wrapping seizing wire.
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2 turns on rubber

p
Zrubber

Figure 12. Splice ready for taping.

been tied and pulled tight, separate the steel strands
from the copper strands and cut off the ends of the steel
strands of both conductors flush with the ends of the
rubber insulation. Copper strands may be identified
readily in the dark by touch, as they are more flexible
than the steel strands. Cross the left-hand tail end of the
copper strands over the crest of the square knot; then
wrap several turns closely over the bared portion of the
right-hand conductor, and continue until two turns have
been taken on the exposed rubber insulation. Cut off
any excess on the end of the wrap and crimp the seiz-
ing strands into the rubber insulation. Repeat this seiz-
ing with the righthand tail end, again crossing over
the crest of the square knot and wrapping the tail end
around the left-hand conductor.

SLIT 6 INCHES

RUBBER
INSULATION

KNITTED OR
CONDUCTOR BRAIDED QUTER
. COVER

WEB
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d. Standard splice in Wire W-143. To make the
standard splice in Wire W-143, slit the outer cover with
a knife point for a distance of 6 inches (see fig. 13).
Do not cut the rubber insulation. Remove the outer
cover and shield, leaving the rubber insulation exposed
(see fig. 14). Nick the rubber web with a knife, and
split the conductors for 5 inches, leaving 1 inch unsplit.
With the cutting edge of the pliers, remove 4 inches of
rubber from the end. of each conductor (see fig. 15).
Join the conductors with a square knot, seize the splice
in the manner described for Wire W-130 in e below, and
tape as explained in paragraph 17b(2).

SHIELD

t INCH UNSPLIT
) CONDUCTOR SKINNED 4 INCHES
Figure 15. Conductors of Wire W—143 separated, one skinned,
e. Splicing Wire W-130. To splice Wire W-130, cut
off one conductor of each pair a plier’s length (about 6
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inches) from the end. Bare about 3 inches of each con-
ductor by holding the pliers as shown in figure 6; clamp
the jaws lightly and draw the pliers toward the end of
the wire. The remaining 3 inches of insulation on the
end of the conductor keep the strands of the conductor
from fraying. Tie a square knot in one wire; then cross
the left-hand short end over the crest of the knot wrap-
ping several turns closely around the bared part of the
right-hand conductor and two or three turns around the
rubber insulation (see fig. 16). Cut off the excess flush
with the wire. Repeat with the right-hand short end,
again crossing the crest of the knot and wrapping around
the left-hand conductor. The other conductor of the
pair is tied in the same manner. Tape the splice as de-
scribed in paragraph 17b. This splice will not loosen
when tension on the wire is relieved, and it has adequate
electrical conductivity. :

Comp/ered Anor
Figure 16. Splicing Wire W-130.

f. Splicing rubber-covered cable. Complete instruc-
tions for splicing 5- and 10-pair rubber-covéred cable are
included in TM 11-371. The method of splicing spiral-
four cable is covered in TM 11-369.

16. SPECIAL WIRE SPLICES AND CONNEC-
TIONS. a. Western Union splice (see fig. 17). The
Western Union splice is used in splicing two solid-con-
ductor insulated wires. To make the splice, strip the in-
sulation from the end of each wire for a distance of
about 8 inches and scrape the wires clean. Twist the
bared wires together in the center for a distance of about
1% inches. Then bend the ends at right angles to the
axis of the wire and wrap each end around the wire for
at least five close turns. The twisted part of the splice
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is called the “neck” and the five close turns at each end

are called the “buttons.” Cut off the ends as close as
" possible, being careful not to leave a sharp point.that will
runcture the tape wrapping. See paragraph 17b(3) for
the taping of this splice.

p— 1701 12" —

8" OF BARE WIRE

TWISTED FOR I (/2

BUTION NECK
| TURN,

-~

N N |
CUT OFF END
5TURNS 3 TURNS 5 TURNS .

Figure 17. Western Union splice for solid conductors.

b. Combination splice (see fig. 18). The combination
splice is used to splice a stranded-conductor insulated
wire to a solid-conductor insulated wire. To make the
splice, strip the insulation from the end of each wire
for a distance of about 6 inches and scrape the wires
clean. Tie an overhand knot (first half of a square knot)
in the stranded wire about 1/8 inch from the insulation,
and slip the knotted wire over the solid wire to within
%2 inch of the insulation. Pull the knot tight and wrap
the end of the stranded wire around the solid wire,
wrappir:g from the knot to the insulation. Cut off the
surplus stranded wire. Bend the end of the solid wire
back at the knot; with this, seize the stranded wire,
wrapping as far as the insulation. Wrap the solid wire
in the direction opposite to that of the wrappings of the
stranded wire, or the solid wire will fail to hold the
strands in place. Continue the wrapping of the solid
wire until two turns are taken around the insulation.
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Cut off the surplus solid wire and press the end down
into the insulation. See paragraph 17b(3) for the taping
of this sphce.

AT LEAST 6"0F BAR
WIRE ON EACH END
BEFORE TYING

NO SPACE LEFT
BETWEEN ADJACENT
/ TURNS

\END OF STRANDED WIRE

/TURNS EXTEND ONTO INSULATION

m

END OF SOLID CONDUCTOR WIRE

Figure 18. Combination splice, solid to stranded conductor.

c¢. Bridging connectors. A bridging connector (fig.
19) is used to connect stranded insulated wire to bare
solid-conductor wire, as in joining a field wire line to
an open-wire pole line. To make the connection, clean
the solid-conductor wires at the bridging point with
abrasive cloth or the cutting edge of the pliers, exercis-
ing care not to damage the wires. Place the bridging con-
nectors in position on the solid wires (top wire in fig. 19),
and fasten them securely by means of the hexagonal nut.
Skin and clean the ends of the insulated wire, and wrap
the bared ends around the threaded part of the connector
between the two washers. Fasten securely by tightening
the nut.
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Figure 19. Field wire connected to open wire by bridging connector.

d. Combination seizing wire splice (fig. 20). This
splice is used to connect an insulated stranded conductor
to a bare solid conductor, such as is used on an open
wire pole line when bridging connectors are not avail-
able (see fig. 31). To make the splice, strip about 1 inch
of insulation from the end of the stranded wire, and
clean both the stranded and bare wires. Lay the bared
end of the stranded wire along the solid wire. Begin the
seizing by taking four turns with the seizing wire around
the solid wire in back of the stranded wire. Continue
the wrapping, taking several turns over the insulation

Skrz/ive WiRE

SoLI1D CONDUCTOR

s st

Ll
WRAPPINGS EXTENDED
ONTO SowD CONDUCTOR

Figure 20. Combination seizing wire splice, stranded to solid conductor.
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of the stranded wire, then over the bare end of the
stranded wire, and finally four turns over the solid wire.
Wrap the seizing wire tightly and draw the turns against
each other. Tape the splice as described in paragraph
17b(4). '

Commercial splice (fig. 21). The commercial splice
is used to connect an insulated solid conductor and a
bare solid conductor, as used on an open-wire pole line
when bridging connectors are not available. To make
the splice, remove the insulation from the insulated wire
for a distance of about 6 inches, and clean both the in-

sulated and bare wires. Lay the bared end of the in-

sulated wire along the bare wire. - Bend this end at right
angles to the bare wire, and wrap it around the bare wire
for at least eight turns, drawing the turns tight and close
together. Cut off the surplus end of the insulated wire.
See paragraph 17b(3) for the taping of the splice.

SoL/D Bare WIRE

J)

| —
BARE LND

/NSULA 7‘/:'27 SOL/D
Conv

AT LEAST Uk
LIGHT TURNS

Figure 21. Commercial splice, solid to solid conductor.

f. T-splice. The T-splice is used to splice one wire to
another without interrupting the circuit of which the lat-
ter is a part. In figure 22, X is the wire in the circuit
and Y is the wire to be connected. In this illustration it
is assumed that after the splice is completed, the portion
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of X to the left of the splice will be discarded and that
the strain will be toward the right. The following steps
are involved in making the splice:

12"0r more

FIRST STEP

7 < Square kot >
Y,
SECOND STEP

Figure 22. T-splice.

(1) Remove about 1% inches of insulation from each
of the conductors of X (X1 and X2). The two bared
places should be 12 or more inches apart. .

(2) Place the conductors of Y (Y1 and Y2) besides X,
with the ends of Y1 and Y2 at one of the bared places
(X2).

(3) Cut Y1 off at the other bared place (X1), and
prepare the ends of Y1 and Ye for splicing, as described
in paragraph 15¢(2) and (3).

(4) Tie Y1 to X1 with a square knot. To tie this knot,
make a loop with the left hand in the bared part of Xi;
with the right hand, pass the end of Y1 up through the
loop, over the right side of the loop, under the neck of
the loop, over the left side of the loop, and down through
the loop; draw the knot tight. To avoid making a
thief or granny knot, be sure that the two conductors on
which the strain is to be placed are on the same side of
the loop; otherwise the knot will not hold.
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(5) Twist Yz around X1 and X2. Then tie Y2 to Xz,
as described in (4) above.

(6) Cut off the portion of X to be discarded, and com-
plete the splice as indicated in paragraph 15c.

17. TAPING SPLICES. a. The insulation on wire
splices is subject to the same electrical and mechanical
stresses as the insulation on the wire itself.. It is there-
fore important that a wire splice be taped adequately
to insure good mechanical protection and high insula-
tion resistance. This can be accomplished by taping the
splice with both rubber and friction tape. The rubber
tape makes the splice as nearly watertight as possible
and the friction tape protects the rubber tape against
abrasion, deterioration from sunlight, or other weather
conditions. .

b. Figure 23 shows the relative effectiveness of com-
binations of rubber and friction tape for insulating field
wire splices. In this graph, the insulation resistance of
new wire is taken as the standard of reference and evalu-
ated at 100 percent. The vertical scale represents the
ratio, in percent, of the actual insulation resistance of the
given splice covering, to the standard insulation resist-
ance of the uninjured, new wire. The horizontal scale
gives the immersion time of the splices in water. The
curves indicate the percentage of normal insulation re-
sistance during successive hours of immersion. The
curves shown are not correct necessarily for all taped
splices, as the quality of the tape used as well as the care
with which the tape is applied to the splice will affect
the comparison. The curves in figure 23, however, do
show correctly that the insulation resistance of splice
coverings will be progressively less the longer the splice
remains in water, and that the rate at which the resist-
ance decreases varies between wide limits for the various
combinations of insulation. It is evident from figure 23
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that two layers each of rubber and friction tape will
provide the best insulation combination of those shown.
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Figure 23. Insulation resistance of field wire splices.

(1) Taping splice in Wire W—-110-B and W-I130.
In taping the field wire splice using the teamwork
method, one man holds the wire taut and the other ap-
plies two layers of rubber tape to the splice. The taping
is started at the center of the splice and is worked to
the left or right of the knot until 1/2 inch ef the rubber
insulation on the conductor has been covered. The tape
is worked back again over the knot until 1/2 inch of
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rubber tape covers the rubber insulation at the other
side, and finally back again so that it ends at the center
of the splice (see fig. 24). The rubber tape is stretched
considerably during winding in order to give close
adhesion, and is pressed against the rubber insulation
on both ends of the splice to make it waterproof. Then
two layers of friction tape are wrapped in the same man-
ner over the rubber tape. The friction tape is extended
about 1 inch beyond the rubber tape (fig. 25), and then
rolled several times in the hands to seal the edges of the
tape. This results in an over-all taped splice of about
4 inches on each wire of the pair.

COVER RUBBER INSULATION ONLY

Figure 25. Applying friction tape.
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(2) Taping splice in Wire W-143. Apply two layers
of rubber tape to each splice, as described for Wire
W-110-B. Then, a 4-inch piece of rubber tape, start
wrapping at a point 1 inch from the crotch of the splice
and make two tight turns around the nearest wire (fig.
26(D). This is followed by two tight turns around the
unsplit portion of the pair. Then the tape is brought
over the crotch, spaced evenly so that it covers each side .
of the crotch as shown in figure 26@. Then one close
turn is made to cover the crotch lap on the opposite

 Figure 26. Applying rubber tapé to splice in Wire W-143,
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wire, and two additional turns are made around the
wire to complete the operation (fig. 26®). When the
rubber taping is completed, two layers of friction tape
are applied over the two conductors. This taping is
started at the center of the splice, and is worked to right
or left for a distance of 1 inch on the outer braid; then
it is brought back to the other end, extended over the
. braid for 1 inch, and finished in the center (see fig. 27).
Roll the complcted splice between the hands to obtain
good adhesion.

COMPLETE

| /5‘ TAPING JOB
&1 I,

START

o

L——— FINISH

)

Figure 27. Applying friction tape to splice in Wire W-143.

(3) Taping Western Union and combination splices.
Western Union and combination splices -(par. 16a and b)

- are taped in the same manner as described for the field-
wire splice in Wire W-110-B (par. 17b(1)).

Figure 28. Taping an insulated conductor spliced to bare wire.
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(4) Taping splice of insulated wire to bare wire.
Insulated wire spliced to bare wire (pars. 16c and d) is
wrapped with two layers of rubber tape and two layers
of friction tape. The purpose is to help hold the wires
firmly in place, and to reduce corrosion due to the effects
- of weather. Figure 28 illustrates the completed and in-
sulated splice, and the method used to extend the wrap-
pings of the tapes on the solid conductor well beyond the
actual contact region of the two conductors.

18. WIRE TIES. a. General. Field wire lines usually
terminate at the binding posts of a terminal strip or an
instrument, and any strain placed on the wire tends to
pull it away from the binding posts. To avoid this, the
wire is fastened securely to a convenient tree, pole, or
other support before being connected to the binding
posts. Wire lines are tied in also at various points where
it is necessary to hold the wire in place. Several kinds
of ties, suitable for all conditions encountered in field
wire line construction, are described below. Where the

“Figure 29 Field telephone installed in tent.
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WATER DRAINS
OFF FROM THIS
POINT

Figure 30, Drip loop in wire leading to a terminal strip.

wire is tied above equipment to which it is to be con-
nected, such as a telephone or terminal strip, a drip loop
(figs. 29 and 30) is made in the wire. ‘The drip loop
allows water running down the wire to drip from the
bottom of the loop and prevents it from being led to the
terminal strip of the instrument, where it might cause a
short circuit or damage the equipment.

b. Tying in field wire to open wire (fig- 31). Nor-
mally, stranded wire is connected to solid conductor wire
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only where it is necessary to connect a field wire to an
open-wire line. The stranded wire is tied to the cross
arm or pole (but never to the metal brace) near the
point where the splice is to be made. A little slack is
left between the tie and the splice. The tie should take
the strain, since the splice is not strong enough to with-
stand a heavy pull. The tie should be positioned on the
cross arm or pole in such a manner that the stranded
wire will not touch any of the solid conductors except
at the splice.

Insulated wire splires

ire tied here fo
re solid conducror Wire tied here

re/reve splice of
srram

Nl

Figure 31. Tying in field wire to open wire.

c. Clove hitch tie. When the end of the object to
which the wire is to be tied is exposed so that the wire
may be placed over it, the clove hitch tie is used. To
make this tie, take two loops in the wire (fig. 320).
Place the right-hand loop on top of the left-hand loop
without turning either loop (fig. 32®). Place both loops
over the object to which the tie is to be made, and pull
them tight (fig. 32®).

d. Other knot ties. (1) General. When the end of .
the object to which the wire is to be tied is not exposed,
one of the three ties described below may be used. Gen-
erally these ties are not suitable for overhead construc-
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Figure 32. Clove hitch tie around a stake.

tion because they increase the physical length of the line
and, when under tension, increase the probability of
electrical trouble. Therefore, other ties such as the basket
hitch, or marline tie, should be used for overhead con-
struction whenever possible. All three of the following
“ties permit tying the wire without cutting it. For sim-
plicity, figures 33 and 34 show only one of the two con-
ductors of the field wire. In each of these figures, the
standing part is the part of the line which has already
‘been laid, and the running end is the nart leading to the
wire-laying equipment. This may be reversed it the
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strain is in the other direction. A wire bight is a loop
formed by the wire, so that the two parts of the loop lie
alongside each other.

(2) Lgop kriot tie. (a) The loop knot tie is satisfac-
tory for hasty construction with Wire W-110-B and may
be used for short, temporary, overhead spans under
temperate climatic conditions. The loop knot tie should
not be used in long or permanent overhead spans, nor
where it may become untied accidentally by passing per-
sonnel, vehicles or-animals. ‘

(6) To make the loop knot tie, stand facing the object
on the side on which the wire is being laid. Pull in
enough slack to make a bight to go around the object
with about 2 feet of bight left over. If, during the tying
operation, the greater strain is on the standing part,
place the bight around the object in the direction of the
running end and continue around to the front on the
side toward the standing end (see fig. 33®). (If the
greater strain is on the running end, place the bight
around the object in the opposite direction.) Bring the
bight under and then over both the standing part and
the running end, forming the front V-opening shown in
hgure 33. Reach through this opening and pull through
it about 6 inches of the doubled bight, as shown in
figure 33@. Tighten the tie, being sure that it rests
against the object.

(¢) An alternate method of making a satisfactory
loop knot tie is as follows: after placing the bight around
the object (fig. 33®), hold the bight in the left hand,
pass the right hand under the standing part and running
end, and then grasp the bight holding the right hand
palm up (fig. 33@). Turn the hand in a counterclock-
wise direction, pulling the loop under the standing part
~ and running end (fig. 33®). Double the bight and pass
it over the line and into the loop, pulling the bight until
the knot s tight and against the object (fig. 33®). To
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untie, pull the free end of the bight through the opening.
The wire will fall away from the object.

(3) Square knot and loop tie. (a) This tie is more
secure than the loop knot tie. However, it is not suitable
for all field conditions. The square knot and loop tie
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Figure 33. Loop knot ties, showing only one of the two canductors,
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should not be used in extreme heat, or for installations
that are expected to remain in use for a long time.

(6) To make the tie, begin as in the case of the loop
knot tie, but bring the bight over both the standing part
and the running end, and then between the object and
the wire (fig. 34®). Draw this knot tightly against
the object. Bring the bight over the running end, form-
ing the opening (fig. 34®). Reach through this open-
ing and pull about 6 inches of the doubled bight through
(hg. 34(®). Tighten the tie by holding the doubled
bight in one hand and pulling the running end with the
other. To untic, pull the free end of the bight through
the opening and then untie the bight from the object.

: Nore: L
A-Standing part IF orrair Is around runming esd,
B:Running end reverse aireclion of bih? oround
obrect .

Figure 34. Square knot and loop tie, showing only one of the
two conductors.

(4) Square knot tie. (a) This tie, although more se-
cure than those described in (2) and (3) above, is subject
to the same limitations regarding climatic conditions and
overhead spans. ‘

(£) To make the square knot tie, proceed as swith the
square knot and loop tie, but pull the end of the bight
through the opening and tighten it-by holding the end
of the bight in one hand and pulling the running end
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with the other (see fig. 64). To untie, reverse the above
procedure. After the knot has been tied and is under
strain for some length of time, it is more difficult to

- untie than are the ties described in the preceding sub-
paragraphs. '

e. Knob tie (fig. 35). The knob tie is used in tying
field wire to a knob or insulator. It is not suitable for
tying over larger objects. To make the knob tie, proceed
as follows: form a loop in the wire, separate the two con-
ductors in the loop, bend each conductor back around its
side of the length of wire so that they again touch each
other at a point 180° from the original position of the
loop. Place the loop over the knob and draw it tight.
This tie will not be electrically satisfactory in extreme
heat after 90 days, and is not satisfactory for long spans.

Figure 35. Knob te.

f. Marline tie. The marline tie may be used to sup-
port a field wire line on a knob, cross arm, or other' sup-
port, when there is a possibility that the support in
question may damage the insulation of the wire. To
make thc marline tie, take a piece of marline which,
when doubled, will reach from the wire in its sus-

50



twice around the support and down to
with about 4 inches left over for tying.
through the loop formed in the middle

pended position,
the wire again,
Insert the ends
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Figure 36, Muarline tie to a metal support.



of the marline, and draw the marline tight around the
wire as shown in figure 36(D. Pass the doubled marline
twice around the support and back to the wire as shown
in figure 36(@. Tie the marline securely to the wire with
a clove hitch knot. To tie this knot, place the marline
around the wire and pass the running ends over the
standing part to form a loop. Then pass the running
ends down through this loop as shown in figure 36(®.
Draw the knot tight.

g. Basket hitch tie. The basket hitch tie will be used
as an aerial tie for Wire W-110-B under conditions of
extreme heat, long spans, heavy wind, or sleet loading.
It will be used in all climates to tie Wire W-143 on
aerial fixtures, or to a stake or other ground support. To
make the basket hitch tie, take a single conductor of -
scrap Wire W-110-B, about 10 to 12 feet long, and make
a clove hitch around the wires being supported. Weave
the tie wire around the wire to be supported, as shown
in figure 37, taking care to have one portion of the tie

Figure 37. Basket hitch tie,

wire on the inside of one cross and on the outside of the
next cross. When tied in this manner, the gripping
action will be evenly distributed for the entire length
of the tie. Usually seven cross-overs will be sufficient
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to hold the supported wire. 'To complete the basket
hitch tie, hold the two tie wire ends together and make
one and one-half turns around the support. Separate the
two ends and take them around the standing part of
the tie wire in opposite directions. Tie the two ends to-
gether with a square knot and cut off all excess wire.
If the supporting structure is in midsection, the line
should loop around the pole or tree in such a manner
that it will not come in contact with the support (see
fig. 38). Practice will indicate the proper spacing be-
tween the two ties,

Figure 38. Basket hitch tie in midsection of line.

h. Variation of basket hitch tie. This tie is well suited
for use in jungles since the wire line itself contains no
knots. The method of suspension allows for considerable
swaying of the tree or other support without placing an
increased strain on the wire. This type of tie allows
suspension from a horizontal or vertical support and is
the same whether the tie is in midsection or at the first
or last pole. This tie has the disadvantage of being slow
to make and must be made at the point of suspension
and cannot be started on the ground as is the case with
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the normal basket tie. To make the tie (fig. 39) take a
piece of scrap wire (W-110-B), loop it twice around the
tree or other point of support and tie a square knot
leaving the free ends of the tie wire 2 or 3 feet long.
Twist these ends together into a double twisted pair for
about 6 inches and tie an overhand knot (first half of
a square knot), insert the line to be suspended between
the two pairs of tie wires and tie a square knot. Untwist
the remaining ends of the two pairs of tie wires and
wind each pair in opposite directions along the wire to
be suspended. This is done in the same manner as the
basket hitch tie described above. Be careful to have
each strand of the tie wire on the outside of one cross
and the inside of the next as in the basket hitch te.
After four or five cross-overs, tie the ends of each pair
of tie wires in a square knot and cut off the excess wire.

i. Sag in line. Sag in the line is one of the most im-
portant factors affecting the performance of the line.
Lines inadequately sagged are a constant source of
trouble. Too much attention cannot be given to obtain-

Figure 39. Variation of basker hitch tie.
54



ing proper sag. This becomes increasingly more impor-
tant the longer the lines and the less rigid the supports.
A good example of a nonrigid support is.a tree. In
order to gain sufficient clearance and preserve the sag
necessary to allow. the tree to sway, it may be necessary
to attach the hitch as far up in the tree as it is safe to
climb. A long span with proper sag is'much better
than a short, tight span between two trees. The sway
of the trees will soon cause trouble in a tight line.
When wire lines are to be tied to poles it is desirable to
make the basket hitch tie (par. 18g) on the ground be-
fore climbing the pole. After the wire is fixed at its
proper place at the top of one pole the necessary sag,
between this and the next pole, is obtained as follows:
stand at the bottom of the second pole, pull the con-
ductor wires hand tight to the center of the base of that
pole, measure back along the wire a distance of two feet;
this marks the point where the basket weave is to be
anchored. If this is to be a tie in midsection of the line,
the second basket hitch will be made at the same time.
This will provide ample sag in the line and allow the
conductor wires to loop around the pole (see fig. 38).
All lines in a given span should sag alike.

19. CIRCUIT MARKING TAGS. a. Field wire cir-
cuits are tagged to assist in recognition. Tags are marked
to show the designation of the circuit (see par. 9). The
tags (fig. 40) should be of some water-repellent sub-
stance that will show marks made by a soft pencil or
-crayon. Short pieces of soft wire, passed through the
eyelets of the tags, are used to attach the tags firmly to
the wire line in such a manner that they can be easily
removed when the wire is recovered. Tags are required
where the wire line connects to an instrument or ter-
minal strip, and are attached about 1 foot from such
equipment. Tags are placed also at frequent intervals
along the wire, particularly where circuits parallel each
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other for a long distance; at points where circuits leave
the main route; at points where wire is buried; and at
points where the type of construction changes, as from
surface to overhead. :

o R
S T /(((««(;\\,\l(—(«(\(((\(«\;\ Qﬁ?’\z{(«\«
(4,-\\\_\.\\\-*-..,‘«{('{{//(;1]‘!(\(\‘\ L SR S .

Figure 40. Circuit marking tag.

b. Trunk and long local circuits are tagged with the
complete designation of the circuit. Local telephone cir-
cuits are tagged with the local telephone number. Tele-
graph legs are tagged with their local number and the
unit to which they lead; for example, “TG-1 to 1st CT,”
“TG-2 to 2d CT,” etc. Clear text designations of
units are omitted from tags for reasons of secrecy and
security. Commanders will prohibit any tagging of
circuits, that would indicate to anyone unacquainted with
the confidential system used, the specific units that the
circuits serve. Some means of recognition such as col-
ored tags, notched tags, tags having distinctive shapes,
or a tag bearing a code number prescribed by the highest
authority in the area, will be substituted. If colored tags
are used, they must be identifiable at night with avail-
able light sources.
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20. TERMINAL STRIPS. a. Description. A terminal
strip is a block of insulating material to which are fast-
ened several binding posts. The binding posts are con-
nected in pairs by metal strips, so that a wire connected
to a binding post on one side will be joined electrically
to another wire connected to the corresponding binding
post on the opposite side. The types commonly used
for field wire systems are Terminal Strip TM-184, which
will hold seven pairs of wires (fig. 41), and Terminal
Strip TM-84-A, which will hold five pairs of wires.

b. Connecting a wire to a terminal strip (fig. 42). To
connect a wire to a terminal strip, remove about !5
inch of insulation from the end of the wire to be con-
nected. Unscrew the knob on the binding post to its
fullest extent. Insert the end of the wire into the slot
so that the wire projects through the binding post. As
an alternate method, remove about 1 inch of insulation
from the wire (leaving about 1 inch of insulation on
the end), double the bared portion, and insert it into
the slot of the binding post. Tighten the knob firmly
with the fingers, clamping the wires securely in the slot,
so that a good electrical contact is secured. Do not use
pliers to tighten or unscrew the knob, since this may
strip the threads on the binding post.

Figure 42. Wire connected to a terminal strip,
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c. Protection for terminal strips. Terminal strips
mounted in the open and subject to the effects of weather
must be protected. No prescribed cover is provided.
Therefore suitable wooden boxes or salvage canvas must
be improvised by personnel installing the terminal strips.

21. POLE CLIMBING EQUIPMENT. a. Description.
Lineman’s Equipment TE-21 for pole climbing includes
a lineman’s body belt with safety strap, & pair of climb-
ers, pliers, hammer, screw driver, splicing clamp, and
lag wrench. In addition, gloves and insulating tape
are needed. Generally in Signal Corps units one pair
of Klein climbers, type No. 1907, with 5%-inch gaffs,
are issued with every 10 sets of Lineman’s Equipment
TE-21. This type of climber has a much longer gaff
than the conventional pole climbers, and should be used
when climbing large trees that have thick bark.

b. Inspection. Since the safety of a lineman on a pole
depends in part upon the condition of his equipment,
all such equipment must be inspected carefully for de-
fects prior to its use, and any item found unsatisfactory
must be replaced.

(1) Climbers. Climbers are examined for broken or
loose gaffs and strap loops, and for defective straps and
pads. The gaffs should be sharp and of the proper
dimensions. Gaff Gauge TL-144 (fig. 43) is used to

Long reference /ine

(Shor/ refer-
ernce /ine

Figure 43. Gaff Gauge TL-144.
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determine the important gaff dimensions as follows:
the length along the inside surface; the width at dis-
tances of % inch and 1 inch from the point; and the
thicknesses at distances of Y5 inch and 1 inch from the
point. These measurements are: made as follows:

(a) Length. Place the gauge on the flat surface of the
gaff with a short edge of the gauge held tightly against
the crotch. The point of the gaff must extend to or be-
yond the 1 1/8-inch short reference line at the middle
of the gauge.

(6) Width® Place the gaff (with the flat surface next
to the gauge) in the smaller of the slots marked W,
and slide the gauge toward the crotch. of the gaff as far
as it will go. The point of the gaff must nor extend
beyond the long reference line, nor should it be short of
this line by more than 5/32 inch. Next place the gaff
in the larger of the slots marked W, and slide the gauge
toward the crotch of the gaff as far as it will go. The
point of the gaff must noz extend beyond the far edge
of the gauge, nor should it be short of the edge by
more than 5/32 inch.

(¢) Thickness. The thickness of the gaff is checked
in the same manner as the width, using the openings
marked TH.

(2) Lineman’s belt. The lineman’s body belt and
safety strap are examined before use for cracks, cuts,
tcars, broken stitching, worn places, loose rivets, or other
defects that would be likely to affect the strength of the
leather. Buckles, snap hooks, keepers, and D-rings must
be inspected also for defects and excessive wear.

c. Care of equipment. (1) Climbers. The gaffs of
climbers must be kept sharp and free from rust at all
times. Sharpening is done by clamping the climber in
a vise and filing flat on the #nside surface of the gaff,
thereby retaining the original shape of the gaff. After
sharpening, the gaff dimensions are checked as described
in b(1) above. When climbers are not in use, they are
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given a light coating of oil to prevent rust. They must
not be stored in the same container with body belts
and safety straps, because the sharp gaffs may damage
the leather equipment.

(2) Leather belts and straps. The body belt, safety
strap, and climber straps are kept clean, soft, and pliable
by the use of saddle soap or by washing thoroughly with
the lather from a neutral soap (such as castile), to remove
embedded dirt and perspiration. The leather is wiped
dry and oiled sparingly with neat’s-foot oil. Mineral oil
or grease should not be used. Personnel must not sub-
ject the leather parts to excessive heat by standing near
an open fire when equipment is worn, or by hanging the
belt on or near hot steam pipes. Further instruction on
the care of leather may be found in AR 30-3040. These
instructions do not apply to canvas body belts and safety
straps, which may be issued in lieu of leather equipment.

d. Size and adjustment. (1) Climbers. The size of
climbers is determined by the measured length, in inches,
from the instep to the end of the leg iron. The correct
size of climber to use is one measuring ', inch less, in
length, than the distance from the projecting bone on the
inside of the knee to the arch of the shoe of the wearer.
Climbers are bent to conform to the wearer’s leg so that
they are comfortable. Straps are fastened snugly around
the calf and ankle.

(2) Body belt and safety strap. On a body belt of the
proper size, the D-rings will be just behind the project-
ing portions of the lineman’s hipbones. The body belt
is worn over the hips and tight enough to prevent slip-
ping. If the lineman is right-handed, he snaps both ends
of the safety strap to the left-hand D-rings; if left-
handed, he snaps the ends to the right-hand ring. The
double end of the strap is snapped to the D-ring, with
the keeper toward the rear, and remains hooked at all
times. The fixed end of the strap is snapped on the
D-ring with the keeper toward the front, and the snap
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hook above the snap hook of the double end. Before
pole climbing is begun, the safety strap should be ad-
justed to the proper length. This is done in the following
manner: stand at the base of the pole upon which the
work is to be done, and engage the gaffs of the climbers;
pass the safety strap around the pole, as described in
- paragraph 23d, and fasten the strap. Lean back, keeping
the torso about parallel to the pole until the weight is
supported by the safety strap. When the safety strap is
adjusted properly, the palms of the hands will rest on
the far side of the pole without overlapping.

Figure 44. Lineman with equipment, front.

22. POLE CLIMBINC SAFEGUARDS. a. On the
ground. Men wearing climbers must be careful at all
times since gaffs can cause serious wounds. It is par-
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ticularly important for men wearing gaffs not to step
on the feet of other persons. Climbers should be worn
only while climbing and working on poles. The habit
of hearing climbers while working on the ground or
riding in a“vehicle will result inevitably in serious in-
jury to personnel.

b. Aloft. While aloft, always use the safety strap, not
only to prevent falling, but also to facilitate working with
minimum fatgue. Linemen must be careful not to drop
tools or other equipment while on a pole.

Figure 45. Lineman with equipment, rear.

¢. Testing poles. Poles which have been in service
for long periods of time may be defective, and are likely
to break under unbalanced loads due to climbing or
working. If a pole breaks, communication may be dis-
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rupted, material destroyed, and personnel injured. The
poles, therefore, should be tested prior to climbing and
provided with temporary supports, if found to be de-
fective. It is unnecessary to test an in-line pr a properly
guyed pole attached to a suspension strand, five power
wires, a full cross arm of heavy telegraph wires, or a four-
way storm-guyed pole. A suitable test for scundness can
be made by applying a 16-foot pike pole at an angle of
about 45° to the pole, and rocking the pole back and
forth at right angles to the line. If the pole cracks or
breaks, it is unsafe for climbing without temporary
bracing. Such bracing can be provided by means of
four pike poles, by guying to trees or other sound poles,
or by support from a derrick truck. The pole also can
be tested for soundness by prodding the butt just below
the ground line with a screw driver or bar. This test
will reveal rotten wood if the pole has commenced to
decay at that point. If the butt is broken or decayed,
the bottom of the pole is secured by driving bars into
the ground around the pole. The pike pole test must
not be applied if the pole will crush material in falling,
and the pole should not be rocked so vigorously that
the wires swing together and cause trouble in the circuits.

23. CLIMBING POLES. In the following, it is as-
sumed that the lineman is right-handed. A left-handed
lineman performs the operations below with the oppo- -
site hands and legs. -

a. General. In climbing a pole, keep the arm slightly
bent, with the hips farther from the pole than any other
portion of the body. To engage the gaffs, whether
ascending or descending, thrust the legs inward and
downward. To disengage the gaffs, move the legs
sharply upward and-outward. Place the hands on the
far side of the pole. If the hands overlap, the body is
too close to the pole, and there is danger of the gaffs
cutting out, causing a loss of footing; if the hands are
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on the sides of the pole, the palms have no purchase,
and the arms are under great strain. The weight of the
body is carried normally and lifted entirely on the gaffs;
the arms merely balance the climber. If the hips are
too close to the pole, the legs will be parallel to the
pole and the gaffs will cut out, removing support for
the climber. If the hips are too far out, the arms are
placed under strain since they will be supporting a large
portion of the climber’s weight. If the knees touch the
pole the gaffs will lose purchase and cut out.

b. Ascending. (1) Before climbing, circle the pole
and inspect it for soundness; also note the location of
wide weather cracks and soft or hard spots in the wood.
Observe any cables, cross arms, or other obstructions
that may interfere with climbing. If the pole leans, face

Figure 46. Beginning the climb.
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the direction in which the pole is leaning and climb
on the high side.

(2) Grasp the pole and raise the left foot about 10
inches from the ground, keeping the gaff about 1 inch
from the pole. With a downward thrust, jab the gaff
of the climber into the face of the pole at a point about
8 inches from the ground.

(3) Lift the weight of the body on the gaff by
straightening the leg. While the weight of the body is
on one leg, keep that knee straight and away from the
pole. Raise the other leg and corresponding arm, and
then drive the climber downward and inward to seat
the gaff firmly (see fig. 47).

Figure 47. Climbing.

(4) The gaff is disengaged by a sharp upward and
outward motion of the leg. In taking the next step,
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the left leg and right arm (or vice versa) are raised
together.

(5) Reengage the free gaff firmly, and continue climb-
ing to the desired height. While ascending, always look
up to see what obstructions may be in the way.

c¢. Descending. The motions in descending are the
reverse of those .in ascending. Look down to see that
the way is clear below.

d. Fastening safety strap. To fasten the safety strap
when the desired height on the pole has been reached
proceed as follows: :

(1) Shift the weight partially to the left foot, and
engage the right gaff at a slightly higher level than
the left gaff.

(2) Place the right hand around the pole (fig. 48)

Figure 48. Unhooking safety strap.
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and, with the thumb of the left hand, open the keeper
on the snaphook and shift the fixed end of the safety
strap around the pole to the right hand.

(3) Transfer the snaphook and strap to the right hand,
(fig. 49) and balance the body with the left hand.

Figure 49. Transferring safety strap to right hand.

(4) Hold the strap up loosely on the pole at about -
the proper height, and using the right hand, pull the
strap to the right-hand D-ring.

(5) Snap the hook on the right-hand D-ring, using
the heel of the right hand,
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Caution: It is essential to SEE that the snaphook is
propetly engaged. Do NOT assume, merely from the
snap of the keeper, that the D-ring has been engaged
by the snap hook. (See fig. 50.)

Figure 50. Snapping hook on D-ring.

(6) Reengage the right gaff at the same level as the
left gaff. Then lean back and carefully place the full
we