Electrical Level 2




Objectives

When trainees have completed this lesson, they should
be able to do the following:

. Describe how to make a good conductor termination.

. Prepare cable ends for terminations and splices and
connect using lugs or connectors.

. Train cable at termination points.

. Understand the National Electrical Code® (NEC®)
requirements for making cable terminations and splices.

. Demonstrate crimping techniques.
. Select the proper lug or connector for the job.
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Performance Tasks

. Terminate conductors using selected crimp-type
and mechanical-type terminals and connectors.

. Terminate conductors on a terminal strip.

. Insulate selected types of wire splices and/or
Install a motor connection Kit.
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1.0.0-2.0.0

Introduction;
Stripping and Cleaning Conductors

rea
Size (A WG/kemil) (Circular Mils) Solid

18
16
14
12
10

- NWsE»O

1/0
2/0
3/0
4/0
250
300
350
400
500
600
700
750
800
900
1,000
1,250
1,500
1,750
2,000

Overall Diameter
in Inches
A
Stranded
1,620 0.040 0.046
2,580 0.051 0.058
4,130 0.064 0.073
6,530 0.081 0.092
10,380 0.102 0.116
16,510 0.128 0.146
26,240 - 0.184
41,740 —— 0.232
52,620 - 0.260
66,360 - 0.292
83,690 — 0.332
105,600 — 0.373
133,100 — 0.419
167,800 — 0.470
211,600 — 0.528
—_ — 0.575
— — 0.630
— — 0.681
— — 0.728
- — 0.813
— — 0.893
- — 0.964
— — 0.998
- — 1.03
— —_ 1.09
- — 1.15
— — 1.29
—_ — 1.41
—_ —_ 1.52

1.63

« A properly made splice
should last as long as the
wire insulation itself.

* The first step in making a
connection is to trim and
strip the conductors. When
selecting stripper blades,
refer to the nominal wire
sizes shown here.




2.1.0
Stripping Small Conductors

* The wire strippers shown here can be used to strip
wires from No. 22 through No. 10 AWG.

« Match the conductor size to the correct knife groove,
then insert the conductor and squeeze the tool handles.
The length of the stripped conductor is determined by
the amount extending beyond the blades.




Wire Strippers

* Production-grade
stripping tools can
be used to strip
larger wires and
may have either
front or side entry
Jaws.

 Strippers with front
entry jaws can be
used in tight spaces.




Stripping Power Cables
and Large Conductors

26208-14_F03.EPS

« Larger conductors can be cut using ratchet-type

cable cutters.
 The cable cutters shown here can be used to

strip wire up to 1,000 kcmil.




Heavy-Duty Cable Stripper

CAP ASSEMBLY

LOCKING KNOB

26208-14_F04.EPS

Heavy-duty cable strippers can be used to strip
power cables from 1/0 through 1,000 kcmil.




2.2.0

END

Types of Cable Stripping

WINDOW

B the end insulation or to make
- window cuts.
SPIRAL * Follow the manufacturer’s
e SOUARE T Instructions to avoid personal

 Strippers can be used to strip

LONGITUDINAL CUT

Injury or conductor damage.

CIRCUMFERENTIAL AND
LONGITUDINAL CUTS y
26208-14_F05.EPS 4 t




Round Cable Slitting and Ringing Tool

« This tool can be used to strip single- or multi-
conductor cable.

* |t can make both square (circumferential) cuts
or lengthwise (longitudinal) cuts.

26208-14_F06.EPS




Stripping Control and
Signal Cable/Conductors

« Scissors-type tools are preferred to those that leave a
flattened chisel edge on the conductors. A chisel edge
can make it difficult to insert the conductor into the
connector.

« Keep all tools sharp for best performance.

DULL EDGE LEAVES
CHISEL POINT ON WIRE




2.3.0

Cable and Wire Stripping Tools

* When stripping
conductors, remove
the cable jacket using
an adjustable blade or
a die designed for the
given wire size.

* The terminal
manufacturer will
recommend the Ao T
correct stripping S
length.




Proper Stripping Length

TERMINAL
INSULATION NO INSULATION

STRIPPED
TOO LONG SUPPORT

STRIPPING THAT ISTOO LONG WILL
INTERFERE WITH THE TERMINAL SCREW

STRIPPED
TOO SHORT

l e
STRIPPING THAT ISTOO SHORT DOES NOT
PROVIDE ENOUGH CONTACT SURFACE

%" MAXIMUM INSULATION

-

CONDUCTOR | |

-

PROPER STRIPPING LENGTH WITH INSULATION
INSIDE THE TERMINAL

26208-14_F09.EPS




3.0.0-3.1.0

Wire Connections Under 600 Volts

« Crimp-on wire lugs are
available in various sizes
to accommodate wire
sizes No. 22 AWG and
larger. They are normally
color coded for ease of
identification.

« Avariety of mechanical
compression connectors
are also available. These
Include various screw-on
lugs and split-bolt

connectors. g i




3.0.0-3.1.0

Various Mechanical
Compression Connectors

L S 9

ONE BARREL, OFFSET TONGUE ONE BARREL, STRAIGHT TONGUE ONE BARREL, FIXED TONGUE
NE HOL TWO HOLE ONE HOLE
NO. 14 AWG THROUGH 1,000 KCMIL NO. 14 AWG THROUGH 1,000 KCMIL NO. 14 AWG THROUGH 500 KCMIL

SINGLE HOLE
NO. 14 AWG THROUGH 4/0

ONE BARREL, STRAIGHT TONGUE ONE BARREL, OFFSET TONGUE
ONE HOLE TWO HOLE

NO. 14 AWG THROUGH 1,000 KCMIL

NO. 14 AWG THROUGH 1,000 KCMIL

7

TWO HOLE, PANELBOARD CONNECTOR
NO. 2 AWG THROUGH 750 KCMIL

TWO BARRELS, OFFSET TONGUE SPLIT BOLT CONNECTOR
ONE HOLE (2) NO. 14 AWG THROUGH (2) 1,000 KCMIL
NO. 6 AWG THROUGH 500 KCMIL RUN AND TAP COMBINATIONS

PARALLEL-TAP CONNECTOR
WITH INSULATED COVER
(VARIOUS WIRE SIZE COMBINATIONS)
26208-14_F11.EPS




Heat-Shrink Insulators

« Heat-shrink insulators slip
over wires, terminals, and

splices and are made HEAT GUN
skintight through the use of a
heat gun. i $

« They are available in a wide O\
variety of sizes and materials o NEUATOR e

APPLY HEAT FOR A FEW SECONDS

for different applications, and
provide the advantage of M
qguickly conforming to the

Contours Of the InSUIated WHEN FINISHED, IT PROVIDES
Object_ PERMANENT INSULATION

PROTECTION

26208-14_F12.EPS




Next Session...

Control and Signal Cable




4.0.0-4.2.0

Control and Signal Cable

« Electricians are typically responsible for installing control
and signal cables.
* Fire alarm and instrumentation cables typically contain a

drain (ground) wire that must be effectively grounded.
Refer to the drawings for the system to be installed.

(A) FIRE ALARM CABLE (B) INSTRUMENTATION CABLE
26208-14_F13.EPS




5.0.0-5.1.0

Low-Voltage Connectors and Terminals

« A basic crimp connector
consists of a crimp barrel
In which the conductor is
Inserted and a copper
stud end with a bolt/screw
opening.

« Most crimp connectors
are color coded by size
and insulated on the
barrel end to prevent
shorting to adjacent
terminals.

BRAZED OR BUTTED SEAM
INSPECTION HOLE

CRIMP BARREL (THIS PORTION
CRIMPED TO THE WIRE)
STUD SIZE

ﬁ
L
z =
CONDUCTOR RANGE

STUD SIZE (SIZE VARIES)

TONGUE (STYLE VARIES)
CONNECTS TO THE OTHER MEMBER

HIGH CONDUCTIVITY
TIN-PLATED COPPER

COLOR-CODED TO
INDICATE WIRE smej .
SERRATIONS PROVIDE , s

MAXIMUM CONTACT AND ;

TENSILE STRENGTH QC//
AFTER CRIMPING /
FUNNEL ENTRY ASSURES

RAPID WIRE INSERTION

INSULATION
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5.0.0-5.1.0

Standard Tongue Styles
of Crimped Connectors

« Crimp connectors
are available in a
variety of tongue
styles.

 The most common
styles are the ring
tongue and the
flanged or locking
fork.




52.0
Color Codes

« Color codes may vary by manufacturer, but certain
color standards have become common.

* Typical crimp connector color codes are shown

here.
AWG Wire Size Color Code
22-16 Red
16-14 Blue

12-10 Yellow
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6.0.0-06.2.0

Guidelines for Installing Connectors

A C B

* Review the project
drawings and 1 A
specifications before 5 AREED CEE A
making any line 1 | EEmw AR ar ARNE R
connections. ° / ,' N

« Always use the correct tool :: L \\ \
for the connector and the & [/ N
wire size. Failure to do so 2[5~ N1
can result in damaged ANV
conductors and poorly comon —e
made connections.
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6.0.0-06.2.0

Hand Crimpers

Pliers-type hand crimpers are used with smaller wires or
when only a few connections are required.
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6.0.0 - 6.2.0 )

Leveraged Crimping Tool

« Aleveraged tool provides a
mechanical advantage

through the use of a ratchet
control.

* This type of tool multiplies
the crimping force for a
better connection and has
Interchangeable dies for use
with various terminal sizes.

26208-14_F18.EPS
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6.0.0-06.2.0

Crimping Tools Used
to Crimp Large Connectors
* The tools used to crimp large

connectors supply crimping
forces of about 12 tons of

DIE SET

— compression at 10,000
pE = pounds per square inch (psi).
- « These tools are available in

hand-operated, hydraulic,
;'f ~ ) Jd battery-operated, and corded
Q)ér types.

HYDRAULIC
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6.0.0-6.2.0
Battery-Operated Crimping Tool

26208-14_F20.EPS




6.0.0-06.2.0 _

Corded Crimping Tool

26208-14_F21.EPS
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6.0.0-06.2.0

Universal Crimping Tool

Universal crimping tools offer an advantage in that they
can fit a variety of terminations without the need for
separate dies.
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6.0.0-06.2.0

Multiple Crimps

« Multiple crimps may be required to ensure a tight and
solid connection.

« If multiple crimps are specified, crimp from the lug
back to the barrel base, rotating the crimper as
necessary to avoid deforming the barrel.

26208-14_F23.EPS
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6.0.0-06.2.0 |

Recommended Tightening Torques
for Various Bolt Sizes

o After the conductor has

) ] Steel Hardware Aluminum Hardware
been crimped in the
Recommended Recommended
connector, the connector Torque Torque
Bolt Size (Inch-Pounds) Bolt Size (Inch-Pounds)

must be bolted to the

. %20 80 %-13 300
requwed torque {0 ensure a %e—18 180 %11 480
good electrical connection 2 P e =
at the termination. o oo - :

« Common torque values are

shown here.

Performance Task

Trainees practice terminating conductors using selected crimp-
type and mechanical-type terminals and connectors.
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Installing Specialized MMiﬂ
Cable Connectors =

« Avariety of specialized
connectors are used with
specific applications and

1) @2)3)4)(5) (6 7 8

cable types. >=L=
» This weatherproof connector 1. ENTRY CouPONENT
IS used with metal-clad (Type & GONNEGTOR BODY
5. RETAINING SPRING
MC) Cable S JAOKET SEAL
8. COMPRESSION NUT
* The specific connector Is
. CONDUCTORS JACKET
determined by the type and NN
size of cable and the U
application. ARMOR )
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6.4.0-6.44 |

Installing Control and

Signal Cables/Conductors

« Before making a crimped
connection, organize, dress,

and label the =

-t Y

conductors/cables. ~ET e

« Check the size and type of g3
wire, and make sure the iF =
conductor and connector 3 &

materials are compatible.

» Select the correct tool and die —
for the terminal and conductor,
and make sure they are in
good operating condition.

26208-14_F25.EPS
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6.4.0-6.44

Indent Position

* The correct indent
position is essential to
ensuring a good electrical
connection. Inspect all
terminations prior to
making any connections.

 An indent on the side can
split the terminal seam, 1~ ACCEPTABLE — INDENT ON SEAM (TOP)

. . 2 — UNACCEPTABLE - INDENT ON SIDE
Whlle an Indent on the 3 — UNACCEPTABLE — INDENT ON BOTTOM
bottom may produce a

loose connection.
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6.4.0-6.44 |

Crimp Centering

* The conductor must be
properly centered in the
crimp indent.

« A crimp over the belled
mouth will compress the
Insulation and result in
POOr or no continuity.

I 1 — ACCEPTABLE — CENTERED OVER SERRATIONS
°
A crim p over the 2 — UNACCEPTABLE - OVER BELLED MOUTH

inSpeCtion hole reduces  3-UNACCEPTABLE — OVER INSPECTION HOLE
both continuity and o
holding capacity.
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6.4.0-6.44 |

Conductor
Positioning

* If the stripped end of the
conductor iIs too short, it
cannot be checked in the
Inspection hole and may
represent a loose
connection.

e Conductors that extend
too far may interfere with
the terminal screw.

CONDUCTOR TOO LONG
MAY INTERFERE WITH
TERMINAL SCREW

=
1 I
J CONDUCTOR TOO SHORT
CANNOT BE SEEN IN
INSPECTION HOLE
UNACCEPTABLE

<— NOT TO EXCEED 42"

‘

ACCEPTABLE
26208-14_F28.EPS
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6.4.0-6.44 |

Terminal Blocks

« Terminal blocks are available with a variety of connection
types.

« Clamp-type, spring-loaded, and screw-type terminal
blocks are common.

SPRING-LOADED TERMINAL BLOCK SCREW-TYPE TERMINAL BLOCK
CRIMPED ON CONDUCTOR AND INSERTED HERE
- 5
CRIMP BARREL ‘ :’ [@I
NYLON JACKET :’ o

==
T )

CLAMP-TYPE TERMINAL BLOCK
26208-14_F29.EP:

PIN CONNECTOR
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6.4.0-6.44

Routing Cabling

* When multiple cables
are installed, tie them
neatly to a support

LOOP

without blocking access ST

LOOP

to other terminal blocks.

ACCEPTABLE
SERVICE LOOP —==

» Take care to avoid .
routing cable over sharp
edges or at tight angles.

 To minimize interference,
avoid wire crossovers
whenever possible.

PROPER
SERVICE
LOOP
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6.4.0-6.44

Terminal Bend Radius

\
N
A
(o]

45
Do not bend terminals more -__/ ________

than 30 degrees above or \4 \\\\\\\\\\\\\\\\

5° TERMINAL BLOC

below the termination point. N \\\\\\\\\\\\\\\\

UNACCEPTABLE

Performance Task M= AN \\

Trainees practice terminating g ERMINAL BLOCK

conductors on a terminal strip. \\\\\\\\\\\\\\\\\
ACCEPTABLE

26208-14_F31.EPS
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Bending Cable and Training Conductors

 Training is the positioning of
cable so that it Is not under
tension.

* Proper bending and training is
essential to ensure that the
conductor maintains Iits
electrical characteristics over
the expected service life.
Ratchet and hydraulic benders
are commonly used to bend \j
large cable to the desired
radius for installation.
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7.0.0
Hydraulic Bender

8.4
QQ\{&}

26208-14_F33.EPS
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700

Minimum Wire Bending Space for Conductors
Not Entering or Leaving Opposite Wall

Wires per Terminal

AWG or

Circular-Mil

Size of Wire 1 2 3 4 5

14-10 th.

66 o Z Z Z Z NEC Table 312.6(A)

4-3 2 - = = = . . . .
: » - — - - provides the minimum wire
3040 ¥ ¢ ¢ — — bending space required for
wmokmi 5 s 1w 1 —  conductors not entering or
400-500 kcm!l 6 8 10 12 14 . .

el 52 B¢ ¢ leaving the opposite wall of
e o - — - - anenclosure.

1,500-2,000

kemil 12 — = — —

Reprinted with permission from NFPA 70®-2014, National Electrical
Code®, Copyright © 2013, National Fire Protection Association,
Quincy, MA. This reprinted material is not the complete and

official position of the NFPA on the referenced subject, which is
represented only by the standard in its entirety.
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7.0.0

Bending Space at Terminals
IS Measured in a Straight Line

When using NEC Table 312.6(A),
bending space at terminals must
be measured in a straight line
from the end of the lug or wire
connector (in the direction that
the wire leaves the terminals)

to the wall, barrier, or obstruction.

26208-14_F34.EPS
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7.0.0

Conductors Entering an Enclosure
Opposite the Conductor Terminals

(INRRARNRRRNRRRRRRN

Bending space at terminals
must be measured in a straight
line from the end of the lug or
00 O wire connector in a direction
perpendicular to the

enclosure wall. Use the values
in NEC Table 312.6(B).

o
o

i oo

DRGe0)

26208-14_F35.EPS
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Minimum Wire Bending Space for Conductors
Entering or Leaving Opposite Wall

Wires per Terminal

1 4%

NEC Table 312.6(B) e
provides the minimum 2 -

el el U el

CR I O I

wire bending space 2o
. 3/0 6% (%) 6% (%)
4/0 701 T% (1% 8% (% —_
required for conductors o s omm o0
300 10 (3) 10 (2) 11(1) 12
- - 2 2
entering or leaving the o LR
) 500 14 (3) 14 (3) 15 (3) 16 (3)
opposite wall of an o i o9 Y e
750 17 (3) 19 (3) 22 (3) 24 (3)
800 18 20 22 24
enclosure. L
1,000 20 —_ — —_
1,250 22 —_ —_ —_
1,500-2,000 24 — — o

Reprinted with permission from NFPA 70®-2014, National Electrical
Code®, Copyright © 2013, National Fire Protection Association,
Quincy, MA. This reprinted material is not the complete and

official position of the NFPA on the referenced subject, which is
represented only by the standard in its entirety.
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8.0.0-8.1.3

NEC® Termination Requirements

« NEC Sections 110.14 and 312.6 provide the minimum
requirements for the safe termination of conductors and

enclosures.

« Overcurrent requirements can be found in NEC Section
240.21.

OQQQQ®0§Q”
| ((o (O\@ Lo/l

26208-14_F36.EPS
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8.0.0-8.1.3 )

Next Session...

Taping Electrical Joints
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Taping Electrical Joints

= == =2

Make sure hardware Place pieces of filler tape Start by taping over
is fastened. over lugs and hardware. lugs and hardware.

4 5 6
With the joined lugs covered, go Cover both legs completely. Finish off the winds at the tip, going
beyond and wrap around each leg, well beyond the lugs. Bend back the
up to and over the insulation. tip and tape it back on the splice,

sealing it with additional winds of tape.
26208-14_F38.EPS
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Typical Method of Taping a Split-Bolt Connector

(A) SPLIT-BOLT CONNECTOR

26208-14_F39A.EPS

Once the split-bolt connector
has been installed and

tightened securely on the
conductors, cut pieces of
filler tape, and place over
each side of the splice.

Wrap both pieces around
the connector, using
moderate finger pressure
to shape the filler tape.

Wrap the covered
connector with plastic tape.

(B) TAPING PROCEDURE

26208-14_F39B.EPS
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Motor Connection Kits

« Motor connection Kits are available to insulate bolted
splice connections.

* These kits eliminate the need for taping and the use of
filler tape or putty.

STUB
(]S
% fﬁl )

IN-LINE
26208-14_F40.EPS ‘1&
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Motor Connection Kits
Installed on Splices

* One common type of motor
connection kit is a simple heat-
shrink insulator.

* |tis slid over the bolted
connection and then heat is
applied to insulate the splice. > IN-LINE CONNECTION

STUB CONNECTION

Performance Task
Trainees practice insulating selected
types of wire splices and/or installing a
motor connection Kit. STUB ROLL-ON INSULATING

CAP CONNECTION
26. 4_F41.EPS ‘ A
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Wrap Up

3-2-1
3 — Write 3 important things learned during class
2 — Wirite 2 questions you have about the material
1 — Write 1 thought you had about the material
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Next Session...

MODULE EXAM

Review the complete module to prepare

for the module exam. Complete the Module
Review as a study aid.
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