by Ronald Rels

| you're a hobbyisl, working
in the den, garage, or base-
menl, the electrcily pulsing
through your projects and

don'l's format that will provide you
wilh the specilics needed lo slay sala
and keep building, lesling, and repair-
ing eleclronic projects and devices.

I hear it now: “You've got
B to be kidding, an article on
B safety? That’s a subject for

equipmenl could, if not prop-
erly contained, kil you.
Furthermore, the myriad of
toxic and hazardous chemi-
cals you'ra using to clean, lubricate,
and elch cireuil boards wilh are ofien
noxious and corrosive, And then thare
are lhe hand and power lools you use
to cul, drill, grind, and soldear. if mis-
handled, you're likely 1o wind up laid
up, al home or even in the hospital,
In this adicle, we'll look at exter-
nal body parls susceplible to dam-
age; eleclrocution, the heart of the
matter; eleclricity, the tingle that
hurts; avoiding being exposed to toxic
and hazardous chemicals; safely
hazards caused by the misuse of
hand and pawer tools; and creating a
safe working environment. We will do
so, for the mpsi pan, in & do's and

External Body Parts
Suscegtible to Damage

The human body i8 a fragile
thing. It is easily cu, bruised, burned,
Itritaled, shocked, and polsened.
Exlernal organs assoclaled with our
five senses and internat organs vital
lo our very lives are susceplible lo
injury, not only In the workplace, bul
at home in the den, garage, or base-
ment,

Injury te the eyes can cause per-
manent blindness. Small objscts,
such as clipped compaonent leads and
flying solder balls, can stab and bum
seansilive parls of the eye.
Furthermore, a splash of acld or the
spray from a cleaning solvent ¢an, at
tha very laasl, irritate; at the worsl, it

§ schools. Mayba they also cover

H it ot work, from time-to-time.
But I'm an experimenter, a

i hobbyist, what doas safety

B have to do with me?" Actually, EN
. S plenty. It’s exactly those who I8
SRS have been out of school for |
B some time, or aren't employed
2 in the industry, that are likely
R to need a sajety refrasher
I course the most,

may cause temporary of even perma-

metal rock bands that ¢an produce
such nolses, Many types of eleclronio
davices can blast forth wilh ear pierc-
| ing decibels.

nent hearing loss. It isn't just heavy !

1 in trouble. The greatast danger, how-
ever, lies In using your mouth as a
temporary vise to hold smalt pieces of
hardware, tiny lransistors, and spcn
strps of wira, Accidenlal swallowing,
or a quick stap on the back from a

!
!
!
1
can destroy the 1 You may not think your nose is 1 friend, and presto — il's time 1o have
enlire eye, Even a | vulnerable to dangers found in your ! your stomach pumped. .
bright flash of light | work area. Yel toxic fumes can be lrmi- | Then there is the skin, the ouler
from a strobe light 1 taling to tha membranes lining the 1 layer designed to protect the entir
project, for exam- | nasal passages. More imporanily, | body. Daslruction of nerve endings as
plo, can cause a i the nosa Is one enlry leading fo the ) a result of electrical shock, bums
val serious accident. If | lungs. Damage lhere can be vary | from soldering irons and hot compa-
| Sehage you are only | serous, as it may atfect your ability to i nents, acid irritations, and, of caursa,
momenlasily blind- 1 breathe properly. | common culs, bruises, and abrasions
ad, it may bae * Your mouth, or throal, can alse | can cccur in an environment whaie
insulaled enough to make { be an opening lor foreign and haz- | salety is lax. i . .
bools - you susceptible to | ardous pariicles. Of course, you | Clearly, your entire body is subject
o ather forms of injury. | wouldn't knowingly put any acid solu- | to harm. However, there is no cause
Loud sounds and ! lion or so'der wire (which is 40 per- § for alarm, only a healihy concern.
== Earh high-pitched tones | cenl lead) in your mouth, But il atch- | Shortly, we'l sea how you can elimi-
{c} can be very indtating | ing acid (ammanium persullats, for | nale most of these _dangers lrom
1o the ears. In i-example) gels under your fingernails, | your work area by laking simple pre-
extreme cases, they | and you bite your nails, you could ba j cautions and lollowing commaonty
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e - The Human Body and Current Flow
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"} Do work with one hand behind your back while lamlr;t;f live cir-
vy o7eult. In that way Il you complote the palh for current Tiow, at
+ .+ leastH won ba through your heart, . :

Do use an Isalalfon fransformer or Vadag {sutotransiomer) while
working on AC-pawered equipmant, These devices lsclata the
powared equipment from the powar source, adding a sirong
moasure of salaty, ¥

Do make aura all capaciiors {componenis that store an alactrical
charge) are discharged bafora troublashooting beglns, Use an
Insulated screwdriver to short out capacitor leads.

Do use three-conductor grounded line cofdé aﬁd olarized plugs
with AC-operated aquipment. Both llems reduce the danger from
short-clicuited chassls, S

Do keop your fingers out of llve chassls; Tast all circults wilh a
volimelar or speclally designed test Jamps.” - -~

The Don'ts

.

Don't install or temove any elecironto componen!s.whlla the ¢ir-
cuit Is connecled 10 & power source, Following \his procedura
will protact you, as well as the component. R

Don't overluse. Using a fuse with a higher ra'llng than Is recom-
mended only defeals the fuse’s purpose. ", : -

Don't work with wel hands. As noted aarler,
ﬁoes down, cuirent flow goes
ands enough lo cause exces

H body resistance
ug. Evan sweal can molsten the
sive current flow. .~ - ’

: g}o[g'r cut wres carrying electriclty. Again, it fan't ust the AC line

harm you, g

on the line cord; pull the plug handle.

that is lethal, Assume all wires carry enough current to

Don't disconnect electrical devicas irom ihé wall outlet by pulling

i e

Figure 2

How much current is
enough to kili?
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Physiological offects of
alectric currenls
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accepted salely praclices,

Eléctrocution _—
The Heart of the
Matter

Protecling external body
parts is ona thing, prevent-
ing damage lo varlous inter-
nal organs, particulady tha
hean, is vital. If the hear
stops, aven lor only four lo
six  minutes, death can
rasult. Many factors can
cause the hearl {o stop beal-
Ing. For purposes of discus-

slon here, electrocution, of

electrleal shock, is thae
most relevant, Lat's sae Just
whalt slectrical shock is and
how it can destroy the heart,

Electrical shock Is the pas-
sage of curren! lhrough the
body. Current flows lhrough
the human body, as it doas
anywhare else, when a com-
plele clrcuil exisls. Such a
clrguit is shown In Figure 1A,
A source of vollage and a
conducling path (shown n
the ligure as having a given
amount of resistanca) are all
that is requlired. Nota, how-
ever, thal the path for cur-
renl flow must be completa,
In Figure 1B no current flows
to point A, The reason Is that

il .:‘ i;‘:“ 5@,‘,8“" 34}"?",{2]&;\{ Ptk ; Tav T | Figure 4
Do'q uad Doh'tel Workli eatelclt Do's end Don'te; Working with Toxic and
i NEed L g I © - Haxardous Chemlcals

THRU DY

The Do's

* Do read the labasls on all the chemicals you use. Pay particular
allenlion o prinled warnings.

Do work in well-ventilaled areas. This Is particularly imporiant
when using palnt and chamical sprays.

* Dr? wear eye protection when working around hazardous chemi-
cals. :
A - Do weat rubber gloves when working wilh acld solulions. Be

-sura they are washed or thrown away when work Is done.

Do hold printed clrcuil boards securely wilh fongs when placing
them In or removing them from an acid solulion when etching.

Do Immediately clean all tools that have come in contact wilh
hazardous chemicals, This will prevent someone {rom inadver-
tently touching the toxic substances.

. The Don'ts
. Qon'tbour solvenlé. palnls, or acids down the drain, In addilion
to belng a health hazard, In many localities 11 Is iHegal.
* . Don'ttransfer charr'afcals to untabeled containers.
* Don' inhale fumes from soldering paste. Such fumes can be

harmtul to yaur lungs.

" Don't Iaa\}a any chemicals in apen conlalnars where they can be
.:splashed or spllled. Put all unused chamicals salely away,
preferably in a locked metal cablinat, -

. Don't place 'any'chemtcals naar sgarks or apen flames, Assume
all chemicals are highly eombusli

le.

although it has a place 1o come from
{in this case, lhe battery's negative
terminal), it has no place lo go {in this
case, the baltery’s positive terminal}.

The same Is tue when the

human body Is the conducling palh,
As iltustrated In Figure 1C, even
though the person is touching the
positive terminal of the vollage
source, ha Is in no danger. As long as
ha Is wearlng insulated boots, current
can lind no path through him to tha
negative, or ground, terminal of the
battery, Howaver, if he complelas the
circull by, for Inslance, touching the
negalive battery terminal with the

‘olhar hand {possibly through a

ground connection}, current witl
indeed flow, as shown In Figure 1D.
Just how much current depends on a
number of faclors,

One way 1o increase currenl flow
i3 to reduca clrcult resistance. Body
resislance may ba quite high i skin
maoisture Is low and thers are no culs
or abrasions al tha point of electrical
contact. In such cases, litla current
wilt flow and only a mild shock may
rasult, Nonetheless, I any of these
factors are reversed, resistance wilt
be lowered and large amounls of cur-
rent could result, If the path for cur-
rent flow Is through the chesl, the
hear can receive a lathal dose of cur-
rent — an electrical shock, Tha hear
will then most likely go Into fibrillation
frapid, lrregular muscle contraction)
and stop beating.

kill? Although the amount varles
widely and especially depends on the
organs Ihat current passes through, s
Is less than you probably think, Figure
2 gives tha effects of even mild doses
of curent. A mara 1 lo 20 mA can
cause a painful sensalion; at 30 mA,
breathing may stop; and 100 lo 300
mA Is enough 1o cause slaclrocution.
Clearly, even small amounts of
unwanted current through the body
can be very dangerous %o your heaith.

Electricity: The Tingle
that Hurts

There Is good news and bad
news. The good news Is thal loday's
eleclronic devices, many of which are
solid-slate and batlery powered, are
much safer than their predecessors
of lha vacuum lube era. Inslead of cir-
cults with vollages in the hundreds
and currents In amperes, w8 now
have equipment operating on 5 lo 12
volts DC and drawing currents of less
than 50 1o 100 mA. The bad news s
that many systems, even though
employing solid-slate circuilry, do not
get thelr power direclly from a battery,
but rather lrom the AC line. And any
eleclronic projecl that s plugged inio
Ihe walt outlel is a polenlial dealls
lrap.

The problem with AC is twolold.
The ordinary wall cutlet wilt supply up
lo 25 ampares of curranl, cerainly

j enough under many conditions lo il
How much cusrent Is enough o ; you. In addition, AC tends lo “hang




on.” The vichm €an bo prevented lrom
teleasing the source of vollage, thus
increasing tha damage 1o the body.

Bul eircutls powerad hrom the AC
ne are not tha only problam. A seti-
0us shack can ko had from many cir-
emts, BC or AC, containing charged
capacilors, {aully wiring, or shortad
compenenls. Treal every elactronic
cucuit as potentially hazardous.
Electucily, though nol to be unduty
ieared, mus! be respecled.

One selution o being sale while
warking wilh elecliicity is o lotlow
some basic "do's and don't's,” A ist of
the more important ones are shown in
Figure 3.

There is nol much you can da for'

yoursell il sevara eiecirical shock
occurs. All the more reason you
should avoid working alone whenever
possible. Al Ihe very feasl, il you are
liddling around in a garage or base-
ment, make sure somecna Is in the
housa and knows whal you are doing.
When | am oul in the garage
alone, | plug in — don't laugh — a
line-operated “nursery monilor,” the
kind used 1o fisten to your baby from
another reom. The iransmilter Is In
the garage, the receiver, In the house
wilth my wile. If anylhing happens,
chances are she'll hear me yelling.

Exposure to Toxic and
Hazardous Chemicals

Wilh lexic and hazardous chemi-
cals, you should be concerned about
inhaling vapors, swallowing liquids,
acid burns on the skin, conlact wilh
the ayes, and the overall danger of
lire and explosion. Chemicals such
as elching solutions, spray paints,
component cleaners, glues, photo-
graphic developing solutions, and
general househeld solvenls can
cause heallh hazards if improperly

'
!
!
1
!
!
i
i

usod of slored. To minimize risks, lof-
low the do's and don's listed in
Figure 4,

if an omergency occurs, follow alf
lirst-ald dirsclions printad on the labal
of tho chernical you havo bean using.
Road thoe label before use so that you
won'the confused if trouble develops.
Fot example, some instructions lalk
you to induce voniling it the sub-
stance is swallowed; others lell you
not lo. Do what the label says and calt
a physician immadiataly.

More specilically, in the case of
acid burns and eye irilations, wash
and flush thoroughly wilh cold run-
ning water. When exposirra lo vapors
has ocgurred, gat yoursel! culside in
the open air. :

Safety Hazards Caused by
the Misuse of Hand Tools

Hand lools, those held in the
hand and not powered by electriclty,
can be more dangarous lhan power
lools. Why? Because lhey are used
more oftan and we tend lo dismiss
their risk. Do not be deceived. A siip
of a hacksaw blade or lhe launching
of & loose hammerhead can maim
you — or somaona else — for lile.
Whather it's a punclure from a file
lang, a gash from a saw blade, or a
slit from a knife, hand lools can do
planly of damage. To avold tha obvi-
ous dangers, consider the list of do's
and don'ts in Figure 5.

Injury from hand tools usually
resulls In a cut or burn. What speciiie
aclion to lake when a laceration
occurs depends on its severity, 'n al}
cases, clean the wound, apply direct
pressure, and elsvale lhe Injursd
body par. With regard to burns, Hush
the alfected area with cold water (do
not apply ice direclly) and cover with
a ¢lean cloth. Now seek medical aid.

Do's and Dan'tn

Tha Do's

ing the likelihocd of siippage,

Do secure all small
clarnps,

The Don'ts

Don't carry hand lools in
alse.

ture your hand or wrist, . :

S Figure s g U T
Working with Hand Tools -
Do keep hands free of did, grease, or oll when tis!n_d hand tools.
Dokeep hand tools shaip, A dull 160l fs moré dangarous than a sharp
one because wilh a dull tool you lend to apply more pre
Do cut away lrom your body, nol tc;\t}afd It

. o CR— 1

plecos of w
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Do put sharp tools away whén not in use. Leavin
punches lying around for someona (o lean on Is exiremaly danparous,
your pockel; !hey may Injure you or someons
Don'tuse a lile without & handle. An exposed llla tang can easily p

Don't run your hands over tha odges ol sheat 'metal.' Such edgeé are
sharp and can cause sevare culs, . T

ork In a vise o

asure, Increas-

r;y;gilh" &ppropriat'a
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knlves, awls, and
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Safety Hazards Caused by !
the Misuee of Power Toole

Power lacls — those that use
electiicity —— can burn, cut, serape,
and evan hit you with llying objecls,
Because mos! of them plug direclly
into the wall oullet, lhey can also giva !
you a nasly elactrcal shock. Injuries
{rom power tools occur by long hair or
unsuilable clolhing getiing caught In a
fevolving machine, by small cbjects
llying oul of a drili press vise, by
guards or salely devices being
removed, or by a hol soldering iron
being left whero scmgone can lean
against il. To pravenl such injuries,
follow the do’s and den'is shown In
Figure 6.

Injuries resulling from misuse of
power lools are similar lo those
oceuering with hand tools, so tha first-
aid procedures are essenllally the
same. The accident lisell, howaver,
may be more sevare. Get help fmme-
diately, then {ollow Ihe approprale
first-aid measuras.

A Safe Working
Environment

Following the do's and avolding
the don'ls presenled here will do
much lo keep you sale while working
In your chosen hobby, Yel, more than

anything alse, eslablishing a good,
clean, well fil working environment is
the key 1o salely success,

Try lo locale a workbench in an
area tha! will provide a minimum of
disiractions, Such a loecalion will
Increase the likelihaod that the bonch
wili be used only for ils Intendad pur-
pose: alectronic projee! building and
circuit tesling and repair.

The workbench should remain
talatively clean. The dirt and mess
associated with normal mechanicat
assembly (such as would occur when
working on your car, for example) is

_incompalible wilh modeen electronics

fabricalion and repair.

Your ‘workbeanch should be
balhed In direct and indirect light. You
might nol think 1Al lighting is neces-
sary, bul when you are working with
liny clicuils and minute lsllers and
numbars printed on small compo-
nems, you will need all the brighlness
You can muster. A drafiing lamp can
provide a concentrated direct beam
of light,

An sven belter choice Is a swivel
lamp wilh an illuminated magnitier,
Such lamps are parlicutady useful
when you are inspecting or assem-
bling printed circuit boards,

That should do It. Enjoy your
electronics expermenting, building,
and repalring. And slay safe. NV
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Dosass Up'ori the drll pressure as youl braak through Ihe work, This
% -will reduce the possibliity of the materfal “grabblng,”

fing iroh to'fts holder. It shoutd be In efther one of
. two places: your hand of In ihe holder. *~
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The Don'ts ’ PR

* "’ Don't ever léave p&éi‘ér'iéola unatiended. If the too! s on, stay with it
* unill it ie off = and until all parts have stopped moving.

g‘;sr' E&eﬁgoﬁes. (ewalry) that can gel langled In
-t Dop’tstand In lhé dl;i;ct “throw” of any machine. Don't line yourself up
", with a revolving saw blade.or splnning grinding wheel, - . .

b Don‘l.r'émova' guards o'; salely davices from power tools, They have
}(eap_!h_em.[nplace. -

* . Don'test 4 soidering fron Witk your hand, Assime all soldering irons
. -are hol. Test theni by attempling to mell a pleca of soldar,
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