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The student wifl learn the general
" uses and precautions- of common

‘,\; portable electric tools. »
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The student will demonstrate an
understanding of the subject by
successfully completing a Self ‘ N

Self Assessment'and a Post Assessment
‘ exam.
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. w1thout power tools of many kinds, today's skilled worker could not produce work
of the quality and quantity currently demanded in technical occupations. Not too
many years ago, the only portable electyic tool regularly found.on’ the job was the
electrit drill. Today, portab]e electric tools of many kinds are avaT]ab]e and .
the apprentice is expected to 1eahn early-in his career how fo operate all such
tools used in his trade. This module describes some:of the most common portable
electric tools and gives information needed for their effective and safe use.
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Studg Guide

R

« To successffilly comp]ete this module, comp]ete the following .tasks in the order
listed. - Check each one off as you complete it.
4 - N ‘ ¢
1. Read the Goal and Performance Indicators on the cover'of this .module.
This will inform you of what you are expected to gain from completing
this module_and how you will demonstrate that know]edge Read the '
Introduction.section to understand why this module is important.

2.\ .Study the Information section of this module to acquire, the know]edge

-

necessary to complete the Self and Post Assessment exams.
‘ 3. Comp]ete the Se]f Assessment exam and compare your answers with those
on the Self Assessment Answer Sheet on the page 1mmedaate1y fo]10w1ng
the exam. Re-study or ask your 1nstructor for he]p on any quest1ons
you have trouble with. The Se]f'Assessment exam will help you determ1ne

how well you are 11ke1y to do on the Post‘Assessment -
. e

4, anm]ete the‘Post Assessment exam and turn your answers in to your

' \; " instructor. It is recommended that you score 90% or betten on the .
. ~ Post Assessment before go1ng on to the next modu]e ) b
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__Information

»

PORTABLE ELECTRIC DRILLS . . :
. The.portable electric dril] is the most Ve?sati]e and probably the most often yse
" power hand too1. (See Fig. £-49.) The more powerful- tools of this type can be

" polish, countersink, grind, hammer, stip nonflammable paint, and drrive screys.
wiih other attachements, the drill.can be converted 0 a cgrculér SawW, a jigsaw or
production-minded'?ndustria%/user; the 1atterkwi11 generally prefep to use a ppwer
tool épecifica]ly de§igned or the job at hand.

R

Fig. E-49. Portable electric driif

©

The 1/4_in. electric drill js generally a high ‘speed tool fnten%gd for re]é%iyely
[ight-duty applications; the more powerfyl but 1ower-spe§é 3/8 in, and 1/2 in.
drills are used for heavier jobs. The chuck speed Specified by the Power-too7 .
manbfagturer i§ generally the "no-Toad" op free:
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A cordless drill that reqliires ﬁo power connection is available; its pBWer source

is a’self:coﬁiained, rechargeable battery. Unliké other portable electric tools,

‘ the cordless drill need not be grounded for safety. This pewsr tuo‘ol. has‘ obviou; R

. advantages for working_on roofs, in wet locations, or in other places where it is
‘difficultor dangerous to run the tords of conventional electric drills. -

PORTABLE ELECTRIC SAWS \
Hand-operated saws still have many uses in thg skilled trades;’ however, portable
-electric saws, because of their versatlility and high production capability, have
become the preferred types, particularly in the éonstruction industry. The most
w’ﬁ‘é]y useg portable electric sav.ié are _probab]y the e.]'ectric handsaw and the sabre
Saw. ’ - o B ’ ",

»

]

THE ELECTRIC HANDSAW _— : S IS
Electric’ handsaws (portable e]éctrié circular saws) are made id sizes to accomodate
* saw blades ranaing in diaméter from about 6 in. to about 9 in. The greater t%e
. blade diameter, the greater the maximum,d?ptﬁ of°cut‘pf the\saw. A saw with a
6 1/2 in. blade will make a cut &bout 2-3/32 in. deep; a 7-1/4 in. saw, a cut

about 2-7/16 in. deep. (See, Fig. E-50.) - i

(Y

. FEATURES OF ELECTRI% HANDSAWS. Electric handsaws ‘are used brimari]y %or cross;

. cutting and ;ippinb wood, standard models beingwéhuippgd.%gfh aﬂcombina%fan wood-
cutting blade. Special types of blades are available for cutting nonferrous‘metals
and ceram%cs. fhe base of the saw may be raised 6r Towered to control the depth of

v ¢ the cut, and most saws will make QQQeve1 cut up to 45°. The blade rotates counter-

,iw~.~;m—~ic+ockwﬁse'ahd cqtg inh the dpward airectioh. The  upper ‘half of the blade is

shielded by a fixed guard; the low;r half is shielded by a hinged or te]escoping: R
quard that opens as the blade is presented to the work and automatically closes over

" the’ b{ade when the cut is cqmpleted. D L

* SAFETY AND THE ELEGTRIC HAND§AN. - L ,
s If dmpropér1)*|15ed, the electric handsaw can be the most ‘dangerous of all.portable

-

electric too1s.iJGeneraJ instrucfions for the grounq{ng“and safe operation of all.
portab]e'eleétric'tools, including saws, are given elsewhere in this topic; however,
every mechanic shoulq'also‘observe the following special safety.rules whénever the

LR

a' .' 2 ¥ . ]
need arises for using an electric handsaw: >

. . - Before connecting the -éaw to the power source, be sure the saw blade is tight on

]
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the arbor, ali quards are in

4 devices for depth and angle of cyt are_secdre]y tightened at-the desired

) settings. Nevep make,adjustmehts tQ the saw withoyt first diéconnecting the
. power cord from-the outiet. - ‘

- InsgeEt,the work, before beginning the cut to avoid Cutting into nails op other
dangerous obstructions. i . ‘ —

~ Never reach underneath the material being cut.

- Stand to éne side of the. cut.,

Fig. E-50.

?1ectric handSaw

t-hand bevej Ccuts, sharp «
angles and Curved- cuts ape practicaE]e With thig Power too1, Special saw blades

L The éVerﬁﬁé cutting speed of

.

-
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PORTABLEtELECTRIC SANDERS ' . "
Three typeg of portable electric sanders are in wide”usg:

\the belt sander, the
orbital sander and the disc-sander. (See Fig. E-52.) fhese Power tools range in
weidht from about 6 pounds to about 30 pounds; the weight of the Eoo] can therefpre
be a consideration if;}he worker must support it for a long period in an awkward
position. Some types of power sanders are equipped with a bag, for'ca11ecting the
dust prodqced during operation. This can be a desirab1e“featured especially if the
sander is to be used for pro]onged-periods;'it is, dnp]easant and even unhealthful
to breath the dust resu];ing from the sanding opera?ion.

[

" DISC SANDER

- . 4

~

s ' N\
_ Fia. E-52. Portable electric sanders -
A - a
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THE BELT SANDER . ) o

. ‘ The belt sander is most .us‘efu] for sanding large, flat areas. The,sanding is done
in a straight line by a continuous belt that runs over g base plate at high speed.
When used’on wood, the sander should be directed with the grain. Belts are avail-
able in several abrasive grades for rough to fine sanding of wood, and spec1a1
,belts are available for materials.othér than wood. Belt sanders are sized by the
width and length of the belt: S ' ’

THE ORBITAL SANDER i A _ .
The orbital or f1n1sh1n0 sander haj a rectanaular paddeq base plate to which a &
p1ece of abrasive paper or cloth i attached by means of c1amps The rotary motor
of the too] is geared to move the base pLate rap1d1y in a limited circular orbit,
and the p]ate osc111ates—-moves back and forth and from side to’ s1de--thousands

of times per minute as its Qnds The orbital sander can therefore be operated
either with or against the grain, and it can be used 1n small spaces and corners

It is most uSeful for finish work.

«

THE DISC SANDER . St .
‘ The ﬂex1b1hty of 1ts rotary sanding. disc makes the porta}ﬂe electrlc d1sc sander -
~J better su1ted for sand1ng uneven or curved surfaces than a straight- 11ne sander
I The disc is removab]e and can be rep]aced with attachments for wire brush1ng,
polishing, buff1nq and even drilling. ° - ’}_ .
GROUNDING PORTABLE ELECTRIC fOOLS n " . .
Safety requires that portab]e electric tools must be grounded when 1n use un]ess

they ar:{of the cordless (battery operated) type. An e1ectr1ca1 system or
aop]1an e is qrounded when those metal parts of it that are not intended to carry

current--the frame and the housing, for 1nstance--are connected to the earth through,
some conduct1ve mater1a1, normally a grounding wire. The purpose of the&grounding ¢

’ . conductor is to carry electric current harmlessly away if it should "leak" to the
metal case of the app11ance or. tool. Such leaks, which are called fault currents,
reSukt from breakdown of the 1nsu§at1on~of the conductors within the tool. When’
a 11ye, uninsulated conductor "shorts" to the frame or casé of a power tool that
- is not properly grounded, ,the exposed meta] parts of the tool aiso become live. -

: The tool thus presents a'serious'shock”hazard to“the user, who risks being badly

. burned or even killed .as a result of a heavy fault current flowing from the L
defective too] through his or- her body to the earth: A correctly grounded ‘power '
’ i e s .

o | . ‘ . ~ 9 \", /_ "' . . ’ . |
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too] g1ves the user h1s or: her best orotect1on against the hazard of severe or even

N .
SN -~ .

fatal electric shock. ’
" The short1ng of- Tive’ conductors with defect1ve 1nsu1at1on to frames, hous1ng and
other normally neutral metal parts can occur in any electrical System or dev1ce,
but this defect 'is most likely to. occur in portab]e égu1pment which is often
subJected to hard use under adverse cond1t1ons The felxible power cords of
portab]e electric tools are part1cu]ar1y vu]nerab]q to damage, Misuse or*.abuse )
of a power tool or its cord can also ‘add to the probab111ty of early electr1ca1
fa11ure and resulting shock hazard. . \

) . s J ’ . . o <
THE  GROUNDING (CONNECTION -y .~ * '
To be effective, the ground1ng connection must be cont1nuous from the -housing or
. frame of the tool through the tool's power cord and plug to the outlet box, and /)
thence through the wiring system to a metal po]e oy water pipe buried.in the earth: ;!
In other words, whenever a connect1on is made betwf

s

«

-

een any of the component parts
of a grounded electrical system--say an electric drill and an extension cord or
the extens1on cord and the service out]et—-the ground1nq wire of each unit in the
system must be connected to the grounding wire of the next unit.

*

GROUNDING CAPS

) . .
Every new portab]e electric’ tool is equipped with a power cord hav1ng an extra

condctor that serves’ as a grounding wire, and the cord is terminated with a
three- -prong ground1ng cap or plug. The two shorter blades of the cap carry the
current. The longer blade serves as the' grounding contact; it s connected to
thegrounding sconductor in the power . cord. The grounding blade is made 1onqer
than the currS:t—carry1ng blades so that 1t will be the first to make contact
when the cap is be1ng plugged into the receptac1e and the last to break contact

when the cap is being withdrawn. (See Fig. E-53.) o
¥

’
-

Many residences and workshops are not equipped with out]ets designed for three-
prong grounding caps; instead, they have the familiar ' two slot receptac1es
Adapters are ava11ab1e to perm1t use of the three-prong qround1nq cap 1n a two-
slot outlet. O]der power too]s commionly were equipped with a two- -prong adapter
cap with a "p1gta11" grounding wire Tike the one illustrated in Fig. E-53. The

' user is expected to fasten the p1gta11 connector to thg’screw ih ‘the center of the
p]ate cover1ng the outlet box, but this requ1rement is often neg]ected Even if

<& -

) ] o .
. R . .
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the user remembérs to fasten the p1gta11 to the plate screw, there is no assurance X
that the appliance w111 be correctly grounded unless 1t is known' that the house‘\
w1r1nq system is correctly’ rounded. In add1t1on, th1s old-fashioned adapteYr cap
introduces a new hazard: if the loose p1gta11 gets cauoht between the cap and the

. receptacle. and' touches the "11ve“ blade of the cap, the'entire hous1ng'of the, tool

1

will then be live and can then c1ve anyone who touches it a Severe or even Tethal
shock. This type of cap is now b@nned by National Electrical Code and® shou]d be
replaced by an approved three-prong ground1ng cap.

VHE b i 0 G QRO DING A FADAD TTR GROUNDING CAP WITH PIG {1 W 1321
B NG AT OH0 € RO TN e SHOT LD B RLPLACED WITIE THREE - PRONG CAp )

’

TUHE TN OF FHS FoOL '

ADAPTER P GWA PR PIGTALL Wit - .
T COUSI L T A LA RS UBS TT0L T SCREW ON ADAPTER: SAFE IF [HE
FOT TP HONG GROUNDING P1LUG, O LLECTRICAT SYSTEM IS GROWNDYD)
L)
4 . .
" ' Fig. E-53. Grpunding caps‘and adapters: .

-
- [

Another type of grounding adapter, the adapter p1Ug w1th p1gta11 shown in Fig.

E-53, is somewhat sifer than the adapter grounding cap because it can be proper]y
attached to the outlet before the power tool is p]ugged in. However, the same
obJect1ons can be made ‘to it: 1t will not ground the app11ance if the house wiring
system is not correct]y grounded and the pigtail might make accidental contact with

N . . 0

.. . P4

St1]] another grounding adapter has a 1ona center screw that replaces the p]ate

a ]1ve prong.

-

. SCrew in the outlet. (See Fig. E<53.) This adapter should provide a safe ground

3

connection if the house wiring system is correct]y grounded. If the w1r1ng system‘

-
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is- known or suspected to be ungrounded K separate wire ‘must be run from the ground—‘

®

. 1ng term1na1 on the adaptér to a water p1pe , T e .
. . >

’
“« "' ~

. .
« § ‘ et

- The use of a ground1ng adapter of any kind ‘can only be’ Just1f1ed on the .basis of )
conven1ence For - safety"s sake, correctly grounded receptac]es de51gned for three-
prong ground1ng caps should pe installed in placeé of ‘the old two- S]OR receptacles

by a competent etectrician, who should also be ca]]ed upon to install three ~prong. _
caps on power “tools that do’ not have them"' The.ground1ng prong should never under
any‘c1rcumstances bé cit off a three prong cap for the COnvenlence of the moment

a , e
. !
’ 2

~_ EXTENSION CORDS Lo " | -

. Extens1on cords used with portabte electric tools must- 1nc1ude a groundnng conductor
_and qround1ng -type caps and connectors. A]] conductors must be of adequate]y

.heavy 9age wire: The requ1red w1re gage depends, upon. the length of the exten51on o

cdrd and the current demand of the power tools with which it 1s go be Used; the .

' greater the cord length and current demand, the heav1er the, conductor Exten51on
' cordstshould never be used as ‘'voltages beyond the1r specified max1mum .Cords

shou]d have mo]ded -on caps and connectors of the ' unbreakable" type to prec]ude
any p0551b111ty of m1stakes 1n their w1r1ng 'On]y.a'competent e]ectr1can should ¢
be perm1tted to make up an extension qprd on the_ job or repa1r eX1st1ng cords or
connectors, 1f a wire were to be 1mproper1y connected in an extens1on cord, a very

>

dangerous shock hazard could resylt.

.
~
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PREVENTING ELECTRICAL OVERLOADS . - ; T :
‘Correct receptacles and plugs, correctly 1nsta11ed, serve not only to ground elec-
trical equipment but also to Prevent equipment rated -for ‘one voltage from belng
'b connected to.a circuit of a different voltage. - To ensure aga1nst damage to equ1p-
ment resulting from 1ncorrect “line voltage, the current- carry1ng b]ades of caps on :
power cords of equipment rated for 125- vo}t service are so des1gned that they ;

- ° cannot be plugged into the slots of 250- volt receptacles,’ connector bodies or

1

iO]d-styTe T-siot receptacles that accept caps with either

motor baseé (See Fig. E-54.) Also, cord caps for: eqU1pmenbadraw1ng 20 amperes
will not fit the slot of ground1ng receptac]es rated fOr 15-ampere serv1ce, _and
so on. - S ) .-

paraliel’ or. tandem bjades

may still be encountgred in some.locafions.

]

-

(See Fig. E-55.) These ére now. out-

Al
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Thé use of a gro&nding adapter of any kind can only be justified on the basis of -
v - Convenience. For safety's sake,’correct]y grounded receptacles Heéigned for three:
prgng grouﬁding caps should be insta]]ea i* place of tﬁé dld two-slét recé%tacles
by a’ competent e]ectrician, who”should also be called upon to instali jhree-prong
caps on Power?tools that do not have them. The grounding prong shgu]d never under
any -circumstances. pe cut off a three-prong cap for the convenience of the moment ,

7 .
EXTENSION CORDS " » - o | Ve .
Extension cords used with Portable electric tools must include a grounding conductor
and grounding-type ¢aps and connectors . All conduétors must be of adequately

heavy gage wire. The required wire gage depends upon the length of the éxtension

greater the cord 1éngth and current demand, the heavier the conducfor. Extension
cords should nevep be used as voTtages b&gond their.specified ma}imum. Cords
should have molded-on'caps and connectors the “unbreakable"_type to preclude
én} possibffity of mistakes in theip wiring. - nly a competent electrican shoyld
. ‘ be permifted to'make Up an extension cord on the job op repa'ir existing co;‘ds or

-PREVENTING ELECTRICAL -OVERLGaps .
Correct réceptac]es and p]ugsz correctly insta]ledﬁ,serve not only to ground elec= ..

trical equipment byt also to prevent equipment “rated for one voltage from being

motor bases. (See Fig. E-54.) .A]§°’ cord caps for equipment drawing 20 amperes
will not fit the s]qt of grounding receptacles rated fqr 15-ampere sgryice, and

01d-sﬁy1e T-slot receptacles that accept q}ps with either Parallel or tandem blades
may still be encdunteredain some locations. (See Fig. E-55.) These are now out-

i3
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\ lawed and should be replaced by modern receptac]es that have groinding term1nals .
f' ) and are keyed to prevent equ1pment from be1ng p]ugged into the-wrong c1rcu1t

“I' ' . , LT oAsA 12y T 204,125V ' .
4 . 15A 250» 20A, 250v =~ ° ) ;
° @ ‘ N
T CADS X . RECEPTACLES §
u . Fig. E-54. §ome cap and re;eptac]e types
7 AR
i Fig. E-55. T-slot
. ‘. . R receptacle (now outlawed)
. ) ©
SAFETY WITH PORTABLE ECECTRIC TOOLS v

Portable electric tools can be dangerous in th@”hands of operators who are careless
‘ ~ or inadequately trained in their use. Every apprentice should faithfully observe,
the fo110w1ng safety rules when operating such too]s )

- _Keep your mind on' your work; avoid distractions.
- Be sure that Tine-powered tools are gréunded. ~
-~ Keep-a firm grip on the tool to retain control if it should catch in the work.

- Be especially careful in wet Tocations, and fever use electric tools where flam-
mable gases or vapors are present Never use an electric dril} to stir paint
containing flammable solvents or thinners. _ ,

- When you are not using the’ tool, disconnect it from the power supp]y

-‘Hand]e power too]s w1th care; sharp blades, bits and other moving parts revolving °
- at great speed can 1nf]1ct serious injury. _ —
: o A

‘ A\ Arrange power cords so that theyewill not become fouled in thé n"k1nq parts of
" the tool. * Keep cords away from oil, chemicals and hot surfaces, and naver hang
\\\\_ " them over nails or sharp-edged objects. Never leave cords lying where they
might be riun over or otherw1se.gamaged or where they could present a stumbling.
' hazard. Store power tools' in a clean, dry place with the cords’ loosely coiled

d

e}

«
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to protect the cord insulation. '

.- Never wear ]oose -clothing when operatmg a portable electric too] or’any other

‘ power machine. . L ;
- l‘Jealr‘ safety goagles whenever the use of the power tool could result in the
’ slightest danger to .the eyes, . * . .0
- . . .
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e Self =
~Assessment
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Read each statement and decide<:fﬂ557_?t is true or false. Write T if the state-

ment is true; write F if the stdtement is false. - g ' -

. 1. Portable electric drills are sized by the diameter of tﬁé largest dril}

that will fit the chuck. -
o1 - ] ‘ - ' :

. 2. The rateés speed of a portable electric drill is the speed in revolutions -
per minute when drilling metal. : o
3. i The, cordless electric drill, offers a safety advantage for work in very \
e ;. e o « . " - i N N

wet Tocations. -

4, A portable e@ircular saw can be used with a special blade to cut non-
‘ _ ferrous metals. .

“A,bprtable circular saw cannot be used for making bevel ¢uts.
.%i%___ A recefprocating saw blade is one that moves up and down.
* The sabre saw is designed for cuttigg wood only.

. A belt sandgg\sgn be used only for rough sanding.

w ® N ;e

" A belt sander is a straight-line sander. i

. L & . .
10. The disc of a disc sander oscillates at high speed. -

’

n. A portable electric drill with a self-contained power source need not _
be grounded.

12. The parts of a portable electric tool that rﬁus\be grounded are those
metallic componenits that are not intended to carry current.

13. The correct power cord for use with & grounding cap is one having ‘an
extra conductor in additiomto the current-carrying conductors.

) > L b . .
14, A grounding adapter is an adéquate pefmanent substitute for a wired-in
' grounding receptacle. .. . .

e
o - '
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Listed beloy each numbered tq

é R
M are foyps ]
Decide whickzof the' foar i cofre;

rrect, or n&
coﬁrespondiqg Tetter in the bl3

nk at the right of that jtem,
1. . The size of a*portapip electric dril7 i determined by
— d
’ a. horsepower L © C. chuck capacity
Voltage rating \ weight .
2.. The ‘maximum depth of cut pf 4 Portable electpic circular say is deter-
mined by the: . '
a.’ blade diameter - -
b. direction of blade rotatign . .
C. motor size . o P
type of wood to be cut -
The portable e]ectric:tool“best éditedjfor cutting large hole in a
. Sheet of plywood is a(n);
a.  circular. say C. rotary-blade Saw
Sabre say - electric dri7]
An electrica] tool is grounded jf
a. it ijs Connected to 4 receptacle SUpplying the Correct voltage for
the too]
its noncurrent-carnying metal parts are'electr1ca11y Connected tg
e earth :
c. € nameplate of the .too] includes the phrase,”factohy grounded -
appliance" b
yd.  the blades of the plug are parallel
If a portable electric tool W h a three;prong grounding cap ﬁust be
Connected to ap old-style two-slot receptacle, the worker shoyld: -
a. cut off the grounding pin ‘
b. instaly a new receptacle :
C.smilstal] 3 new cap -
d

. Use a Correctly grounded adapter
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6. " The portable electric sandqr best suited for sanding curved surfaces

is a(n): r.
. a. orbital sander ‘ ~¢.. disc sander
. b. belt sander d. traight-line sander

7. -An ungrounded portable elactric tool is dangerous to use unless it is:

a. the cordless type

b. used only in dry work areas . :
C. used only where no flammable gases are Present
d. designed for 230-volt operation

’
8., . A-1/4 in. portable electric drill normally takes twist drills of what
v diameter? &
a. 1/4 in. only c. 1/8in. to 1/4 in.
b. up to 1/4 in. d. 1/4 in. to 3/8 in.
9. < The manufacturer's specified chuck speed for an electric drill is
generally-the: .
a. no-load speed o c. normal-load speed \
b. half-load speed d. full-load speed
10. : Nhich1one of the following must be’dcne before any parts replacements or
adjustments are attempted on a portable electric tool? .
3. The tool must be cleaned. '
b. “The power cord must be unplugged. _ \
- C. The foreman must be notified.
‘ ~d. The switéh on the tool.must be off.
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