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Why isall that junk in your attic?: ----------=--=--=-mmmmmemm oo

If you have ever tried to get a piece of consumer dectronic equipment repaired, you understand why so
much dead stuff islikely to be gathering dust in your attic or basement closet or junk box. It doesnot pay!
Thismay be partidly by design. However, to befair, it may takejust asmuch timeto diagnose and repair
aproblem with a$20 Wakman as a$300 VCR and time is money for arepair shop. It isoften not even
economical to repair the more expensive equipment let done a $40 answering machine. The cogt of the
estimate alone would probably buy &t least one new unit and possibly many more.

However, if you can do the repair yourself, the equation changes draméticaly as your parts costs will be
1/2 to 1/4 of what aprofessiona will charge and of course your timeisfree. The educationa aspects may
aso be gppeding. You will learn alot in the process. Many problems can be solved quickly and
inexpengvely. Fixing an old boombox to take take to the beach may just make sense after all.

This document provides maintenance and repair information for avariety of consumer eectronic devices
not covered by other chaptersin the "Notes on Repair of" series. Suggestions for additions (and, of
course, correction) are always welcome.

You will be able to diagnose problems and in most cases, correct them as well. As mogt difficulties
encountered with this type of equipment are mechanicd, there is Sgnificant emphasis on dirt, lubrication,
deteriorated rubber parts, broken doohickies, and so forth. With minor exceptions, specific manufacturers
and models will not be covered asthere are so many variationsthat such atreatment would require ahuge
and very detailed text. Rather, the most common problemswill be addressed and enough basic principles
of operation will be provided to enable you to narrow the problem down and likely determine a course of
actionfor repair - or decide that replacement is indeed the better option. However, in many cases, you
will be able to do what is required to repair a piece of equipment for afraction of what would be charged
by arepair center. Perhaps, you will even be ableto revive something that would otherwise have goneinto
the dumpster - or remained in that closet until you moved out of your house (or longer)!



Should you 4till not be able to find a solution, you will have learned a great ded and be able to ask
appropriate questions and supply relevant information if you decideto post to sci.eectronics.repair. 1t will
aso be easer to do further research using a repair book or guide. In any case, you will have the
satisfaction of knowing you did as much as you could before findly giving up or (if it is worthwhile
cos-wise) teking it in for professond repair. With your new-found knowledge, you will have the upper
hand and will not easily be snowed by a dishonest or incompetent technician.

If you are just getting started, you should refer to "Repair Briefs, an Introduction” for additional
troubleshooting tips, recommended test equipment, suggested parts inventory, and other generd
information.

Information on consumer electronics technology: ---------=-=-=======mmmmsmmmmmmm oo

Your loca public library (621.384 if your library isnumbered that way) or technical bookstore represents
avauable resource for books on both the technology and repair of alarge variety of consumer eectronics
devices.

For an on line introductionto a variety of equipment, point your web browser to the Magnavox reference
page at the following URL:

http://Mmww.magnavox.com/e ectreference/e ectreference. html

Thereyou will find linksto anumber of articleson thebasic principlesof operation of CD players, laserdisc
and optical drives, TVs, VCRs, camcorders, loudspeakers, satellite receivers, and other consumer A/V
equipment.

sxxxexsxexesss MAINTENANCE AND TROUBLESHOOTING GUIDE **###xtxsxksxs

The only danger to you in mogt of these devicesisthe AC line connection (if any) and getting sucked into
any mechanica peopletragps. Before you plug in the unit with any covers removed, make note and cover
up any exposed AC line connections. The rest of the circuitry is low voltage and while you can destroy
your equipment by your actions, you should befairly safe. Exceptionsto thisare noted where gppropriate.

However, you never can tell where an exciting troubleshooting expedition will lead. The following Safety
Guiddines areinduded for your surviva when working on line connected or high voltage equipment (and
your reading enjoyment).

Safety guidelines: -----------------

These guiddines are to protect you from potentialy deadly electrica shock hazards as well as the
equipment from accidentd damage.



Note that the danger to you isnot only in your body providing aconducting path, particularly through your
heart. Any involuntary muscle contractions caused by ashock, while perhaps harmlessin themsalves, may
cause collateral damage - there are many sharp edges insde this type of equipment as well as other
eectricaly live parts you may contact accidentally.

The purpose of this set of guiddinesis not to frighten you but rather to make you aware of the gppropriate
precautions. Repair of TV's monitors, microwave ovens, and other consumer and industrial equipment can
be both rewarding and economicd. Just be surethat it is also safe!

* Don't work alone - in the event of an emergency another person's presence  may be essential.

* Always keep one hand in your pocket when anywhere around a powered line-connected or high
voltage system.

* Wear rubber bottom shoes or sneakers.
* Wear eye protection - large plastic lensed eyeglasses or safety goggles.

* Don't wear any jewdry or other articles that could accidentally contact circuitry and conduct current,
or get caught in moving parts.

* Set up your work area away from possible grounds that you may accidentally  contact.

* Know your equipment: TVs and monitors may use parts of the meta chassis as ground return yet the
chasss may bedectricdly livewith respect tothe earth ground of the AC line. Microwave ovensusethe
chasss asground return for the high voltage. In addition, do not assume that the chasss isa suitable
ground for your test equipment!

* |f circuit boards need to be removed from their mountings, put insulating materia between the boards
and anything they may short to. Hold them in  place with string or dectricd tape. Prop them up with
insulation sticks - plastic or wood.

* 1f you need to probe, solder, or otherwise touch circuitswith power off, discharge (across) large power
supply filter capacitorswitha2 W or greater resistor of 100-500 ohms/V approximate value (e.g., for
a200V capacitor, use a20K-100K ohm resigtor). Monitor while discharging and/or verify that there
isno resdua charge with a suitable voltmeter.

* For TVsand monitorsin particular, there is the additional danger of CRT implosion - teke care not to
bang the CRT envelope with your tools.  Animplosionwill scatter shards of glassat high velocity inevery

direction. There is severd tons of force attempting to crush the typicd CRT. Always wear eye
protection.



* Connect/disconnect any test leads with the equipment unpowered and  unplugged. Use clip leads or
solder temporary wires to reach cramped  locations or difficult to access locations.

* If you must probe live, put dectrica tape over dl but the last /16"  of the test probes to avoid the
possibility of an accidenta short which could cause damage to various components. Clip the reference
end of the meter or scope to the appropriate ground return so that you need to only  probe with one
hand.

* Perform as many tests as possble with power off and the equipment unplugged. For example, the
semiconductors in the power supply section of aTV or  monitor can be tested for short circuits with an
ohmmeter.

* Use an isolation transformer if there is any chance of contacting line connected circuits. A Variac(tm)
isnot an isolation transformer!  The use of GFCI (Ground Fault Circuit Interrupter) protected outlet isa
good idea but will not protect you from shock from many pointsin aline connected TV or monitor, or
the high voltage Sde of amicrowave oven, for example. A circuit breaker istoo dow and insenstive to
provide any protection for you or in many cases, your equipment. The GFCI may protect your scope
probe from smoking if you accidentally connect itsground to  alive chassis.

* Don't attempt repair work when you aretired. Not only will you be more careless, but your primary
diagnogtic tool - deductive reasoning - will  not be operating at full capecity.

* Findly, never assume anything without checking it out for yoursdf!  Don't take shortcuts!
Troubleshooting tips: --------------------

Many problems have smple solutions. Don't immediately assume that your problem is some combination
of esoteric complex convoluted failures. For atape deck, it may just be abad belt or abad tape. Try to
remember that the problemswith the most catastrophic impact on operation (adead AC adapter) havethe
samplest solutions (repair the wires broken due to flexing in the power cable).

If you get stuck, deep onit. Sometimes, just letting the problem bounce around in your head will lead to
a different more successful gpproach or solution. Don't work when you are redly tired - it is both
dangerous and mostly non-productive (or possibly destructive).

Whenever working on precision equipment, make copious notes and diagrams. You will be eterndly
grateful when the time comesto reassemble the unit. Most connectors are keyed againgt incorrect insertion
or interchange of cables, but not aways. Apparently identical screws may be of differing lengths or have
dightly different thread types. Little parts may fit in more than one place or orientation. Etc. Etc.

Rl bottles, film canigters, and plasticice cube trays comein handy for sorting and storing screws and other
amal parts after disassembly.



Select awork areawhich iswel lighted and where dropped parts can be located - not on adeep pile shag
rug. Something like alarge plagtic tray with adight lip may come in handy asit preventssmall partsfrom
rolling off of thework table. The best location will dso be rdaivey dust free and dlow you to suspend
your troubleshooting to eat or deep or think without having to pile everything into a cardboard box for
storage.

Another consderation is ESD - Electro-Static Discharge. The eectronic components in a some devices
like cassette decks, Wakmen, and portable phones, are vulnerable to ESD. There is no need to go
overboard but taking reasonable precautions like not wearing clothing made of wool that tendsto generate
gtatic. Whenworking on larger deviceslike cassette decks, get into the habit of touching aground likethe
metd chass's before touching any circuit components.

A basic st of precison hand tools will be dl you need to disassemble and perform adjustments on most
consumer eectronicsequipment. Thesedo not need to beredlly expensive but poor quaity toolsareworse
than useless and can cause damage. Needed tools include a selection of Philips and straight blade
screwdrivers, needlenose pliers, wire cutters, tweezers, and dentd picks. A jeweer's screwdriver set is
amus paticularly if you are working on compact equipment. For adjustments, aminiature (1/16" blade)
screwdriver with a non-metalic tip is desrable both to prevent the presence of metd from dtering the
electrica properties of the circuit and to minimize the possbility of shorting something from accidentd
contact with the circuitry.

A low power finetip soldering iron and fine rosin core solder (never never use acid core solder or the Stuff
for swesting copper pipes on dectronic equipment) will be needed if you should need to disconnect any
soldered wires (on purpose or by accident) or replace soldered components.

For therma or warmup problems, acan of ‘cold spray” or ‘circuit chiller’ (they are the same) and aheat gun
or blow dryer come in handy to identify components whose characterisics may be drifting with
temperature. Using the extension tube of the spray can or making acardboard nozzlefor the heat gun can
provide very precise control of which components you are affecting.

For info on useful chemicds, adhesives, and lubricants, see " Repair Briefs, an Introduction” aswedl asother
documents available at this Ste.

Test equipment; --------------

Don't gart with the eectronic test equipment, start with some andyticd thinking. Many problems
associated with consumer eectronic equipment do not require a schematic (though one may be useful).
The mgority of problems with consumer € ectronics equipment are mechanica and can bededlt with using
nothing more than agood set of precision hand tools, some a cohol, degreaser, contact cleaner, light oil and
grease; and your powers of observation (and a little experience). Your built in senses and that stuff
between your ears represents the most important test equipment you have.



A DMM or VOM s necessary for checking of power supply voltages and testing of sensors, LEDs,
switches, and other small components. This does not need to be expensive but sinceyou will be depending
on itsreadings, rdiability isimportant. Even ardatively inexpensve DMM from Radio Shack will befine
for most repair work. Y ou will wonder how you ever lived without one! Cost: $25-50.

Unless you get deep into ectronic repair, a high bandwidth oscilloscope is not required. However, a
relaively inexpensve 5 or 10 MHz dua trace scope is very handy and you will find dl kinds of uses for
it. Such a scope should cost less than $150 on the used market.

There are saverd specific piecesof test equipment that you may aready own which are required depending
on the devices being fixed.

Audio equipment:

* Stereo tuner or other audio Sgna source. An audio signd generator  isnice but not redly essentid.

* An audio amp connected to aloudspeaker. Theinput should be sdectable betweenlineleve and mic
level and be brought out through ashielded cableto atest probeand ground clip. Thisisuseful for tracing
an audio circuit to determine where asignd is getting lost. Inexpensve sgnd tracers are dso avallable
but this option is likely free.

* Prerecorded and garbage cassettes or tapes for testing of component and walkman tape transports.

Video games, cable boxes, and other video sources:

* A TV (preferably color) with RF (antenna) inputs connected to aVCR  with aworking tuner and RF
modulator or a TV with both RF and A/V (RCA  jacks) inputs.

* A known good game cartridge to confirm that the problem isin the game console.
Telephone equipment:

* A working tone diding phone. If | had achoice, it wouldbeagood oldreliable ATT Touch Tone desk
phone.

* A dua connector phone jack. Two independent phone lines are desirable  for answering machine or
modem testing.

* A PC or lgptop with afax-modem (for modem and fax machine testing).

* A low voltage DC power supply or wal wart to perform certain tests  without a telephone connection
or phone line sSmulator.



Getting inside consumer electronic equipment: --------=-==-========-mmmmmmmmmem oo
Y es, you will void the warranty, but you knew this dreedy.
Note: the sections on loudspeakers, cameras, and watches have additiond 'getting ingde' info.

Manufacturers seem to take great pride in being very mysterious as to how to open their equipment. Not
adways, but thisistoo common to just be a coincidence.

A variety of techniques are used to secure the covers on consumer el ectronic equipment:

1. Screws. Yes, many gill usethissomewhat antiquated technique.  Sometimes, there are even embossed
arrows on the case indicating  which screws need to be removed to get at the guts. In addition to
obvious screw holes, there may be somethat areonly blewhena battery or cassette compartment

isopened or atrim pand is popped off.

These will often be of the Philips variety. (Strictly spesking, many  of these are not actud Philips heed
screws but adight variation.  Nonetheless, a Philips screwdriver of suitable sizewill work onthem.) A
precison jeweer's screwdriver set including miniature Philips  head drivers is a must for repair of
miniature portable devices.

Sometimes, you will find Torx or avariety of security typefasteners.  Suitable driver bitsare available.
Sometimes, you canimprovise usng regular tools. In the case of security Torx, the center post can
usudly be broken off with a pair of needlenose pliers dlowing anorma  Torx driver to beused. Ina
pinch, asuitable sze hex wrench can  subgtitute for a Torx driver. Placeslike MCM Electronics carry
a vaiety of security bits.

2. Hidden screws. These will require prying up a plug or peding off — a decorative decdl. It will be
obvious that you were tinkering - it isvirtualy impossible to put a decal back in an undetectable way.
Sometimes the rubber feet can be pryed out revealing screw holes. For  a gtick-on label, rubbing your
finger over it may permit youto locate ahidden screw hole. Just puncture the label to access the screw
asthis may be less messy then attempting to ped it off.

3. Sngps. Look around the seam between the two haves. You may (if you are  lucky) see points a
which gently (or forcibly) pressng with a screwdriver — will unlock the covers. Sometimes, just going
around the seam with a butter  knife will pop the cover a one location which will then reved the
locations of the other snaps.

4. Glue. Or morelikely, the plasticisfused together. Thisisparticularly common with AC adapters (wall
warts). Inthiscase | usudly carefully  go around the seam with a hacksaw blade taking extreme care
nottogo through and damage internd components. Reassemble with plastic dectricd  tape.



5. It isn't desgned for repair.  Don't laugh. | fed we will ssemore  and more of thisin our disposable
society. Some devicesaretotaly  potted in Epoxy and are throwaways. With others, the only way to
open them non-dedtructively isfrom theingde.

Don't force anything unless you are sure there is no aternative - most of the time, once you determine the
method of fastening, covers will come gpart easily. |If they get hung up, there may be an undetected screw
or snap il in place.

The mogt annoying (to be polite) Stuation is when after removing the 18 screws holding the case together
(losing 3 of them entirely and mangling the heads on 2 others), removing three subassemblies, and two other
circuit boards, you find that the adjustment you wanted was accessible through a hole in the case just by
partialy peding back a rubber hand grip!

When reassembling the equipment make sure to route cables and other wiring such that they will not get
pinched or snagged and possibly broken or have their insulation nicked or pierced and that they will not
get caught in moving parts. Replace any cabletiesthat were cut or removed during disassembly and add
additiond ones of your own if needed. Some dectrica tape may sometimes come in handy to provide
insulation insurance as well.

Getting built up dust and dirt out of a equipment: ----------=-=-==-m-msmmmmm e
This should be the first step in any ingpection and cleaning procedure.
Do not be tempted to use compressed air!

| would quicker use a soft brush to carefully dust off the circuit boards and power supply. Work in such
away that the resulting dust does not fal on the mechanicd parts.

For intricate mechanisms, usng compressed air could didodge dirt and dust which may then settle on
lubricated parts contaminating them. High pressure air could move ail or grease from whereit isto where
it should not be. If you aretalking about ashop air line, the pressure may be much much too high and there
may be contaminants as well.

A Q-tip (cotton swab) moistened with paliticaly correct alcohol can be used to remove dust and dirt from
various surfaces of the deck (in addition to the norma proper cleaning procedures for the guides, rollers,
heads, whedls, belts, etc.)

What to do if atiny tiny part fallsinside; -------------=-=-=-m-mmemmm oo

We have dl donethis atiny washer or spring pops off and disgppearsfrom sight insde the guts of the unit.
Don't panic. First - unplugitif AC powered. Removethe battery pack if possible from aportable device.



Try to locate the part with a bright light without moving anything. 'Y ou may have gotten lucky (yeh, right).
Next, over an areawhere adropped part will be visble (not ashag carpet!), try any reasonable meansto
shakeit loose - upside down, alittle gently tapping and shaking, etc. A hard surfaceis better in someways
as you might hear the part drop. On the other hand it may bounce into the great beyond.

If this does not work, you have two options.

1. Assume that the part has landed in a place that will not cause future  problems. There could be
eectricd problemsif it ismetdlic and shorts  out some circuitry or there could be mechanical problems
if itjanssome part of the mechaniam. Thereisan excdlent chance that the part will  never cause any
harm. What chance? | don't know, maybe 99%. Itisnot worth taking the unit to pieces to locate the
part. Youaemorelikely to damage something elsein the process. Obtain a replacement and get on

with your life. The exceptionis, of course, if you now begin experiencing  problems you **know**
were not there before.

2. Take the unit to piecesin an attempt to locate the part. For dl you know, it may be clear acrossthe
roomand youwill never finditindgde. If dl thegymnadtics have not knocked it loose, then it may beredly

wedged somewhere and will stay there - forever. If the unit behaves normaly, thenin al likdihood it
will continue to do so.

To prevent this sort of thing from hgppening in the future you will no doubt be much more careful. Sure
youwill! Keeping onefinger on alittle part like an E-clip asit isremoved will tend to prevent uncontrolled
gection aswall.

wxxkkkrrxxs AUDIO CASSETTE AND OPEN REEL TAPE TRANSPORTS ***#kkkxxx
Parts of an audio tape transport: ---------=-==-==-===nmmmmumuue

The following description applies to most cassette and open red tape transports including those used in
portable and microcassette recorders, Wakmen, and tel ephone answering machines.

Looking at the top of the deck such that the tape heads are at the bottom:

* Supply red table - left hand side platform on whichthe supply tepered sts. Edgewhich contactsidler
tire (if used) should be cleaned.

* Takeup red table - right hand sde platform on which the takeup taperedd  Sts. Edge which contacts
idler tire (if used) should be cleaned.

* |dler - assembly which swings between supply and takeup reelsand transfers  power to the gppropriate
red to wind the tape up during play and record and often to drive FF and REW. In some designs, this
uses gears or some  other type of mechanism. In very expensive decks, individua motorsare used for
each red and there is no intermediiate drive.



* |dler tire - the black rubber ring on the outside of one part of theidler which actudly contacts the red
edges. Thisisnot ascommon inaudio tape decks as VCRs. If oneis used, it should be cleaned and
inspected for deterioration, dirt, and wear.

* Capdan - right Sde after tape exits from area of record/playback/erase heads. The capstan is a shaft
(about 1/16" diameter in cassette decks, recorders, and Walkmen, 3/16" or larger diameter in open reel
machines) which during play and record modes precisely controls tape movement when  the pinch roller
ispressed againgt it. For autoreversetrangports, therewill betwo capstans- one on each side of the head
assembly  so that the tape is dways pulled across the heads asthisismost  precise. (InaVCR, thereis
only one capstan and it is aso used for  reverse play or search modes.) Clean to assure proper tape
movement during play and record modes.

* Pinch Roller - black rubber roller which spins fredly and is pressed  againgt the capstan during play,
record, and search modes. For autoreverse decks, therewill be two pinch rollers, one for each capstan.
A hard, shiny, cracked, or dried out pinch roller can lead to tape edge munching and erratic or wavering
sound. Clean thoroughly (until no more black  stuff comes off). Inspect for cracked or deteriorated
rubber.

* Tape heads. Most low to mid priced tape decks have two - an erase head and a combined
record/playback head. High-end decks will have separate record and playback heads supporting
sound-on-sound mixing to the sametrack and alowing recording qudity to be monitored off of the tape.
Thesemay be physicaly independent assembliesor combined into asingleunit. Autoreverse decksoften
have a head assembly that rotates 180 degrees depending on tape direction. Thisisless expensve than
having two erase  heads and two record/playback heads or a single record/playback head that shifted
position to dign with the gppropriate tracks and eectronic  switching of the record and playback sgnas.

Play-only trangports such as found in car cassette decks and Wakmen do not need an erase head.
Autoreverse play-only decks often do just shift  the position of the playback head a fraction of amm
depending on playback direction to line up with the tracks and interchanges the connections for L and
R channds.

Clean the polished surfaces thoroughly (DO NOT use anything dorasive!).

* Various other guide posts - vertical stationary metd postswhich tape contacts. Should be cleaned but
rarely need adjustment.

* Bdts - various Sze black rubber bands - atypica transport will have between 0 and 4 bdlts, usualy
below decks. These will require replacement after afew years. Clean and ingpect.

General guide to tape deck cleaning and rubber parts replacement:



The following procedures apply to boom boxes, cassette decks, microcassette and other portable tape
recorders, open red tape decks, and telephone answering machines. While the tape trangports used in
these devices areless complex than those used in VCRs and other helica scan recording equipment, some
routine maintenance can go along way towards preventing future problems. All the guideposts, whedls,
and rubber parts should be inspected and cleaned periodically - how often depends on usage. Of course,
no one redly does this unless something goes wrong.

Qtips and dcohol (91% medicind is ok, pure isopropyl is better. Avoid rubbing acohol especidly if it
contains any additives) can be used everywhere EXCEPT on the rotating heads of VCRsand camcorders
(and other helica scan deviceslike 8mm and 4mm (DAT) storage drives) - seethe"Noteson VCR Failure
Diagnods and Repair” for detailed procedures on cleaning of video heads - you can destroy the most
expengvepart of your VCR by improper cleaning techniques. Dry quickly to avoid leaving residue behind.
Sometimes good old fashioned water (just adamp cloth) will work better on sugar based gunk and other
kids grime.

Cleaning may get your machine going well enough to get by until any replacement rubber parts arrive.
Thingsto dean:
(Some of these components may not be present in your particular equipment).

1. Capstan and pinch roller. Thesecollect alot of crud mostly oxidewhich  flakesoff of (old) tapes. Use
as many Q-tips (wet but not dripping  with acohol) as necessary to remove dl foreign matter from the
capstan (the shiny shaft that pullsthe tape through the unit for play and record).  Just don't get impatient
and use something sharp - the crud will come off  with the Qtips and maybe some help from afingernall.
On autoreverse  decks, there will usualy be two capstans and pinch rollers.

Clean the pinch roller (presses againgt the cgpstan in play and record)  until no more black stuff comes
off. Use as many Qtips as necessary.

If the pinch raller isgill hard and/or shiny or has a cracked surface, it will probably need replacement.
Many are available from the sources  listed in the section: "Recommended parts suppliers'.

2. Various guideposts that the tape contacts. Clean like the capstan.

3. Idler tire (idler swings between redls and transfers motor power to  redls - clean until no more black
suff comesoff. A dirty or wornidler  tire may prevent the takeup red from turning resulting in spilled

tape.

Also, the idler assambly includes adip clutch. If thisweakens, the idler may not have enough forceto
press on the red table edges.

4. Redl table edges - surface on the redl tables where the idler contacts.



5. Audio head(s) and erase head. Q-tips and acohol are ok for these. Do not use anything sharp or
abrasivel

6. Anything ese that the tape contacts on its exciting journey through your  meachine.

7. Rubber belts. Access to some of these may require the servicesof a  Swiss watchmaker (if any ill
exist). Some boomboxes seemto be designed  specificaly to bedifficult to service. After noting where
each belt goes, remove them individudly (if possible) and clean with dcohol and  Qtipsor alint free
cloth. Dry quickly to avoid degrading the rubber  from contact with the dcohol. If abelt istrapped by
some assembly  and not easy to remove, use the Qtip on the belt and/or pulley in place.  However, if
it is stretched, flabby, or damaged, you will need to figure  out how to freeit.

Note that on some equipment like dual cassette boomboxes and telephone  answering machines, the
belt(s) may follow ahighly circuitous path- make adetailed diagram!

Any belts that appear loose, flabby or do not return ingtantly to  their relaxed size when stretched by
25% or s0 will need to be replaced  and may be the cause of your problems. Belts cost about
$.30-$2.00. Meanwhile, the betswill function better oncethey are cleaned, maybe  just enough to get
by until your replacements arrive.

Lubrication of electronic equipment: ------------==-==--=-mm-mmmmnmme-

The short recommendationis: Don't add any oil or grease unlessyou are positively sureit isneeded. Most
parts are lubricated at the factory and do not need any further [ubrication over their lifetime. Too much
lubrication isworse then too little. Itiseasy to add adrop of ail but difficult and time consuming to restore
atape deck that has taken aswim.

NEVER, ever, use WD40! WD40 is not agood lubricant despite the clams on the labdl. Legend hasit
that the WD standsfor Water Displacer - which isone of the functions of WD40 when used to coat tools
for rugt prevention. WD40 is much too thin to do any good as agenerd Iubricant and will quickly collect
dirt and dry up.

A light machine ail like dectric motor or sewing machine oil should be used for gear or whed shafts. A
pladtic safe grease like slicone grease or Molylube is suitable for gears, cams, or mechanical (piano key)
type mode salectors. Never use oil or grease on electrica contacts.

Unless the unit was not properly lubricated at the factory (which is quite possible), don't add any unless
your ingpection reved sthe specific need. Sometimesyou will find adry capstan, motor, lever, or gear shaft.
If possible, disassemble and clean out the old lubricant before adding fresh oil or grease.

Note that in most cases, ail isfor plain bearings (not bal or roller) and pivotswhile greaseisused on diding
parts and gear teeth.



In genera, do not lubricate anything unless you know there is a need. Never 'shotgun' a problem by
lubricating everything in Sght! 'Y ou might as wdl literdly use a shotgun on the equipment!

Tape Head demagnetizing: ------------=--=--=----

With audio tape decks, demagnetizing is often recommended to improve sound quality and frequency
response. Thereissome debate asto how much benefit thereisto this practice but if done properly, there
islittlerisk. Demagnetizing removes the resdua magnetic fields that can build up on ferrous pole pieces
of the tape heads and various guideposts and other parts in the tape path which may affect frequency
response.

Use asmall demagnetizer designed for atape deck or cassette deck. Do not use anything homemade that
might be too powerful or abulk tape eraser which would certainly be too powerful.

Make sure thetip is covered with a soft materia to prevent damage to the findy polished surfaces in the
tape transport.

Turnpower on to the demagnetizer when acouple of feet awvay from the unit. Then, dowly bringitin close
and dowly go over dl surfaces of anything that the tape contacts or comes close to in the tape path. The
key word hereis**dowly**. Move fast, and you will make the magnetic fidds stronger. When finished,
dowly draw the demagnetizer away to a distance of a couple of feet before turning it off.

Tape or cassette deck, recorder, or Walkman transport problems:

The following are common problems with audio tape transports:

1. No movement in PLAY or REC - most likely cgpstanis not turning or not  engaged. If the motor is
not working (listen for a hum from indgde the  transport), refer to the sections on motor problems.
Otherwise, see  thelist below.

2. Tape edting - the cgpstan is turning but the takeup red isstationary  or not turning rgpidly enough to
take up the tape as it feedsfrom the  capstan/pinch roller.

2. FF and/or REW are inoperative or duggish - assuming the motor is working,  the driven red is not
being powered at al or does not have sufficient  torque to overcome the tape friction. The driven red
donemust pull the tape through the transport.

Note that the required torque for the driven red is much lessfor PLAY and REC compared to FF and
REW asthe capgtan in contact with the pinch roller pulls the tape from the supply red.

The mogt likely causes are smilar for dl of these symptoms. The driven red and/or cgpstan is not turning
dueto:



* A broken or stretched belt, an old and deteriorated, dirty, or worn idler tire. Refer to the section:
"Genera guideto cleaning and  rubber parts replacement”.

* Worn or broken. For example, a soring may have popped off an idler clutch or a pressit gear or
pulley may have salit.

* Gummed up lubrication which is preventing the idler gear or tirethat  operates the takeup red from
engaging. Seethe section: "L ubrication  of eectronic equipment”.

* A solenoid that isnot engaging properly dueto awesk spring, insufficient drive, or lubrication problems.

If the cause is not immediately evident once the bottom of the trangport is visble, try to observe exactly
what is happening when you play a garbage tape or run the deck with no tape present. Look for broken
parts or bits of partsthat may have falled off.

If the transport shuts down shortly after entering any mode, check for amissing or stretched tape counter
drive belt or adefective red rotationsensor. The tape eating protection circuits are shutting down the unit
improperly dueto alack of red sensor pulses. A related symptom will bethat the tape counter (mechanica
or electronic) does not change during the period when the tape is moving.

If thelogic is not properly controlling the various solenoids or other actuatorsin a 'soft touch deck’, then
a service manua will be needed to proceed much further.

Tape transport azimith adjustment: ------------=-=------=-m-mmeoumuo

When prerecorded tapes or tapes recorded on another deck sound muddy, the azimith aignment of the
suspect deck may have shifted or be misadjusted. Azimith refersto the anglethat the record/playback head
gap makeswith respect to recorded audio tracks. Thisangle should be exactly 90 degrees. If itisnot, than
high frequencies will tend to be reduced in amplitude during playback of a tape not recorded on this
machine. Similarly, atape recorded onatrangport with an improper azimith setting will sound muddy on
aproperly adjusted deck.

A smple test to determine if azimith aignment is your problem is to record some music on your mechine
and immediatdy play it back. If this recording sounds fine but it sounds muddy on another deck, then
improper azimith dignment isthe likdly cause.

If therecording is<till muddy, your deck may have dectronic problemslike excessive bias (check to make
sure you have selected the proper type of tape or bias setting), aworn record/playback head, or the heads
or other parts may be magnetized (see the section: "Tape head demagnetizing”., However, dirty heads as
well other mechanica problems can aso result in weak muddy sound. See the section: "Generd guideto
tape deck cleaning and rubber parts replacement”.



The best way to adjust azimith is while playing a recording that was made on a known good deck -
commercia tapes are usudly (but not aways) a good choice.

Warning: once you adjust the azimith, any tapes previoudy recorded on this trangport may sound muddy.
If you only record and play your own tapes on this deck, you may want to just leave it alone.

The azimith adjusment is usudly ascrew that pivots the record/playback head. It may be spring loaded
and possibly fixed in placewith asome Loctiteor varnish. Oftenit will be accessiblethrough aholewithout
removing any covers but not dways. Look for it whilein play or record mode in back of any holes (which
you had no ideahad apurpose until now). If there are no access holes, you will haveto removetheloading
door, cover, or front pand. Be sure you have the correct screw before turning wildly - others may affect
critica height or smply be mounting screws.

Play atape with lots of good highs- classcd instrumenta music or jazz are excellent. Now, Smply set the
azimith adjustment for best sounding and strongest high frequencies which should result in most naturd
sound. Go dow - a1/16 of aturn issgnificant. Turn the screw back and forth and leave it in the best
sounding position. Carefully put adab of Loctite or nal polish on the screw to prevent it from moving.

Walkman/Discman power or sound intermittent: ------=-=-=-=====-=mmmmmmmmmmmommmeee
Note: for actua tape speed, operation, or sound quality issues, see the sections on tape transports.

The socket that the AC adapter or headphones plug into is often quite abused during norma operation.
This can lead to broken solder connections where it joins the circuit board inside the unit. Test for this
possibility by wiggling the plug without moving or flexing the cableitsdf. If the sound cutsin and out or the
tape player sarts and stops or the radio goes on and off, or the CD player resets or stops, then there is
likely abad connection here. Note: diminate the dternate possibility that the AC adapter or headphone
cable isbad by wiggling and tugging on the cable while holding the plug steady. Further verify that it isnot
amply amatter of dirt or grime interfering with a good connection.

The connections can be easily resoldered but you will need to open up the case using. Hopefully thiswill
only require jeweler's screwdrivers and great care. (However, some Wakmen are constructed such that
accesstotheinterior isvirtudly impossible without ahand-grenade.) To repair the connections, usealow
wattage iron and fine rosin core solder. Make sure you do not introduce any solder bridges. Try not to
lose any of the microscrews.

Cassette or tape playback - one channel dead: ----------=-==---====-mmmmmmmmmom oo
This could be abad playback head, bad connections, or a bad component in the playback electronics.

Frgt, confirm that the problem is not in your headphones, patch cables, or the remainder of your audio
gystem - try an aternate audio source where possible.



To determine if the playback circuitry is working, gain access to the terminds on the playback head - a
metal cased little cube near the center of the tape side of the cassette. There should be four wires coming
fromit. While the machineis supposed to be playing, touch the end of ajeweler's screwdriver gently to
each of the four terminds in turn. When you touch the good channel, you should hear a buzz from the
appropriate speaker. If you touch one termina and get a buzz from the 'dead’ channdl, then it is possble
that the head is bad for that channel. If you can touch two different terminals and get a buzz in the bad
channel for both, theit islikely that the ground connection to the input preamp hasfallen off. If you do not
get anything from the bad channdl, then there is likely an dectronic problem in that channel. Bad
connections aside, the most common problem area would be the audio amplifier - bad 1C or capacitor.

Distorted or erratic recording: ------------------=-----------

First determine if it is arecord or playback problem - play a tape recorded on another machine or a
commercia prerecorded tape. Try atape from this machine on another known working tape player.

If record is the problem and it has very distorted sound, this may be a sign of a bad bias oscillator or
switching circuit or record switch. The biasis an ultrasonic Sgnd that isimpressed on the tape dong with
theinput sgnd. Without it, the sound will be highly distorted. In effect, it isalinearizing sgndl.

Check that the record select switch is clean - it may have many contacts and may have collected alot of
crud. If behavior changes with each activation of the record switch, get some contact or tuner cleaner
gpray and use the extension tube to spray ingde the switch (with the power off), put the switch through its
paces severd times and alow to dry before powering it up.

If it is a portable subject to abuse, check for bad connectionsaswell, especidly if, say, one channd comes
and goes.

Beyond this, you cantry to measurethe signa going to the record headswhilein record mode. 'Y ou should
be ableto seeahigh frequency sgna in additiontotheinput Sgnd. If theether of theseis absent, thenyou
need to trace back to its source and at this point will probably need a schematic.

Cassette player erratic autoreverse: --------------==-=-==-=-m-moomum--

Some of the autoreverse decks use arotating magnet under or part of the each redl and areed switch or
hall effect device to detect lack of motion and do the autoreverse thing.

| had one from a Toyota where the plastic drive gear which included the magnet and was part of the redl
split and was getting stuck at the broken tooth causing areverse and eventuadly eating thetape. 1t was $9
for thet little plastic gear.

Others are entiredly mechanicad and if thereisalack of lubrication, dirt, tired beltsor idlers, or broken parts
they may dart acting erratically.



Although there could be an eectronic fault, carefully examinethe mechaniam for obvious or subtle problems
before breaking out the 'scope.

The following methods are use for autoreverse:

1. Optical sensor detecting the clear leader on the cassette. Better tape  decks usethisfor sensing at the

end so that the reverse occursjust  quickly at the end of the tape rather than waiting for the leader to go
by and a second or two for the tape to stop.

2. Totdly mechanicd wherealever arm presses againg the tape and whenthe  tensonincreaseswith the
ree stopped, it trips a mechanism to reverse.

3. Optical sensors on red rotation.

4. Magnetic sensors on red rotation - either hall effect devicesor  smple reed switches.

If the trangport will run without atape in place, seeif the takeup red is rotating properly and whether the
reverse fill occurs. If red rotation is norma but it still reverses, the ether you have the optica tape end
sensor or thereis some fault in the sensorsfor the red rotation. If the takeup reel does not rotate, then as
suggested above, check for bad belts or idler tire.

Bdtsand idler tires are readily available from places like MCM Electronics.

General tape speed problems - slow, fast, or dead: ----------=--====-mm-mmmmmm oo

Are the speed problems sudden or gradud? Over what period of time? Seconds, minutes? For portable
devices, are you usng agood set of their recommended type of batteries?

Did this problem start suddenly or was this a tape recorder you found buried under an inch thick layer of
dugt in an attic?

If the latter, then there could very well be multiple mechanica problems due to deteriorated rubber parts
- replace then or tossit.

Fast play could be an indication of ahard deteriorated pinch roller.
Clean and lubricate the mechanism.  Check for dry or tight bearings.
Is there any pattern to the problems - like with respect to the start and end of cassettes?

If the tape speed has suddenly become excessive:



1. Mechanicd. If you had arecent tape eating episode, there may be  awad of tape wrapped around
the capstan. Removeit. Alternatively, the pinch roller may not be fully engaging againg the cgpstan
and the takeup red is smply pulling the tape through without any speed  control. Clean the mechanism,
check for tired belts and springs.

2. Electricd. The motor speed control isnot working. Thismay beether amechanica governor insde
the motor or avoltage regulator or other  éectronic control often dso inddethe motor. Inthelatter case,

you may be able to disassemble the motor and repair it.  One possibility isthat the series regulator has
decided toturninto ashort circuit. Thismay be externd or internal to the motor.

Slight tape speed error may smply mean that an adjustment is needed. There may be an access hole on
the motor or an external pot. Keep in mind that any tapes you recorded on this machine (assuming it can
record) recently will play at an incorrect speed once you adjust the speed.

Isit dow and steady - no more wow and flutter than norma? Or dow and erétic indicating thet (1) the
speed regulator isfaulty, (2) some bearings may need ail, (3) the pinch roller is glazed.

If the mechanics seem ok, then check for el ectronic problemswith the motor or regulator. Sometimesthere
is a trimpot for speed adjustment insde or externa to the motor. A faulty regulator or even a bad
connection may be the cause.

A variety of techniques are used to regulate the record/playback speed:

1. Mechanical governor insgde motor - centrifugal contacts open at correct  speed reducing current to
motor. If speedistoo low, than springscould  have weakened or contacts could be bad - open. If speed
istoo high, contacts may be welded closed. There may be aresistor and/or capacitor  across the
contacts. An open resstor could conceivably cause unstable  gpeed fluctuations. A capacitor may be
present to reduce electrica noise.

2. Voltage regulator insde motor case or externd to motor. Theregulator  or transstor may be faullty.
If power for the motor seems to come directly  from an unregulated supply, check across the motor
teemindswithan ohmmeter. A low reading whichisidentica in both directionswould  indicate adirect
connectionto the motor brusheswith nointernd  regulator. A high reading or onethat isdifferent in each
direction indicates an internd eectronic regulator - or you could just useyour  eyebdlsto determineif
there are any dectronicsinsde the motor. These can be disassembled and bad parts replaced. There
may be an accesshole  on the motor for an adjustment. Alternatively, you could removetheguts and
ingal an externd regulator usng an LM317 or Smilar part.

3. Active regulator with tachometer feedback from motor winding - therewould  be 4 wires instead of
two coming out of the motor - 2 for power and 2 for  tach. Control circuitry could be bad or the tach
output could bedead  (speed too high).



4. If an optica strobe disk islocated on the motor shaft, then it may be  part of a speed control circuit.
Ifitison one of thereds- probably the takeup red - then it Smply operatesthe (electronic) tape counter
or dgnasthe controller that the takeup red isturning - to catich tape  spills.

Tape speed adjustment made easy: ----------=-==-=-==-=-==-=-----

OK, you havefound the magic screw, but how to set the speed accurately? Sometimes, therewill be strobe
disks on tape decks which will gppear sationary under fluorescent lighting (magnetic balasts only -
eectronic ballasts are usudly high frequency and do not modulate the light intengity at the power line
frequency) but not usudly. So, you do it by ear:

Make arecording of a single tone on atape recorder you trust - one with accurate speed.

Suitable sourcesinclude: asignd generator, €ectronic instrument, Touch-Tone phonetone, PC sound card
output or PC speaker, etc. A frequency around 400-1000 Hz should work well.

Then, adjust the speed while ligening to this same source smultaneoudy with the tape being played back
onthe unit to be adjusted. Asyou adjust the speed, you will hear the pitch change. Asit gpproachesthe
correct setting, you will hear thetones beat againgt each other. When you are set correctly, the pitcheswill
be equal and the beat frequency will go to zero. Even if you are tone desf, you will easily be able to adjust
pitch accuracy to better than 1/10 of a semitone using this method.

Suddenincreasein flutter on tape decks or Walkmen: ----==--==== e o s mm oo oo
If your prized Walkman suddenly develops a severe case of warbling sound check:

1. Batteries (where appropriate). Almost dead batteries will greatly  increase flutter. Use of
Nickd-Cadmium rechargeable batteriesin - place of akaines may result in problems due to their lower
voltage (1.2V vs, 1.5V per cdl).

2. Tired belts - loose flabby deteriorated belts will produce varying, probably dow, speed aswell.

3. Dirt or goo on pulleys. Sometimes a glob of Suff gets suck toa  pulley and produces a periodic

variaion in speed. | picked oneup at agarage sdethat had thisproblem. | thought it was abad motor
until a careful examination reveded that the belt was jumping amm  or so on each rotation of an idler

pulley.
4. Lack of lubrication - adry or worn bearing may result in avariety  of speed problems.

5. Bad speed regulator - either mechanical or dectronic including  bad solder connections or cracksin
circuit board traces.

6. Bad power supply.



7. Bad tape. Don't overlook this obvious possibility, try another one.
kkhkkhkkhkkkkkkkkkk*k TURNTABLES kkhkkhkkkhhkkkkkhkkkk*k

Turntable (record changer) maintenance; ---------=-====-========nmnmmmmemumuo

Here are genera comments on oiling dinosaurs, oops sorry, turntables.

Usudly thereisa'C-clip’ or 'E-clip’ which holdsthe platter (thething that rotates) onto the spindle. 1t may
be covered with a decorative piece which can be easly removed. Thedlip can be pryed off (gently) with
asmall screwdriver (just don't loseit, though even this is not a biggie so long as you never turn the thing
up-side-down).

The platter can then be lifted straight up and off the spindle. Y ou will see severd things (this will vary
depending on your particular unit):

1. A flat washer, Stting on abal bearing race gtting on another flat - washer (one or both of these washers
may be missing. Also, thetop one may dick to the platter when it isremoved.) The bal bearings,
shaft, washers, etc. should al be cleaned with degreaser and then  lubed with alight grease. If either the
ged balsor theflat washers  are corroded, replacement will be necessary or else there will be terrible

audible rumble. For now, it will at least work well enough to determine  what dsg, if anything, needs
attention. Also clean and lubricatethe  platter bushing (center hole) and shaft (vertical post on which it
rotates).

2. Changer gearsetc. Thesewill have varying amounts of grease onthem  if it isnot gummed up, leave

them alone. Put adrop or two of light oil on the shafts. Ingpect other linkagesaswell. If the greaseis
gummed up on the gears or diding linkages, you will need to deaniit  off thoroughly with degreaser and

thenuseasmal amount of high qudity grease suitable for delicate mechaniams. One cause of achanger
faling to activate at the end of arecord is gummed up grease.

3. Motor. Check to seeif the motor shaft turns freely and smoothly even  if goun quickly between your
fingers. If it does- without squeding, don't do anything dse. If it istight or makes noise, then you will
need to carefully disassemble the motor and clean and lubricate the bearingsat  each end with light ail.
Don't lose any of the various washers/spacersthat  may be present on the shaft asit isremoved from the
end piecesand make sureto lubricate and return them to exactly the location and  the same order they
werein origindly.

4. Clean the rubber parts with isopropyl acohol and Q-tipsor alint free  cloth until no more black stuff
comes off and then dry thoroughly. Now, inspect the belts (if any). If belts are flabby or cracked or if
they don't ingantly returnto their rlaxed length if stretched 25% and released,  they will need replacing.
Check theidler tire (if present). If hard or  cracked, it will need replacing as well.



Note: Light oil here means eectric motor oil or even 3-In-One but NOT WDA40. Light grease means
something thet is suitable for fine mechaniams and issafefor plastics. Automotive bearing grease may not

qudify.
Speed control in turntables: ----------------=----------

Most inexpensive turntables/changers will use a synchronous motor or even just an induction motor. The
only maintenance for the motor is cleaning and lubrication.

Servo controlled turntables utilize afeedback technique which locksthe platter speed to astablereference
- either the power line (50/60 Hz) or more commonly a crysta oscillator. Hereis one example:

A Sony turntable | repaired used a magnetic stripe pattern on the insde of the platter which was sensed
by amagnetic pickup. The resulting Signal was phase locked to a stable reference and used to control a
brushlessDC direct drive motor. Speed would become erratic if (1) the magnetic pattern were damaged,
(2) the pickup position was moved too far from the surface of the platter, (3) the Hall-effect sensorsin the
motor were bad, or (4) the control eectronics went bad. In one casg, it turned out that one of the Hall

effect sensors had failed in the motor. This required disassembling the motor and replacing the sensor -

$4 from Sony.

Wow, flutter, and rumblein aturntable: ------=====mmmmmmmmmmeeee -

Wow and flutter refer to undesirable periodic variationsin pitch caused by changes in turntable (or tape
deck) speed. Wow would be adow variation (e.g., once per rotation) while flutter would be rapid (e.g.,
amotor pulley with abump). Evenif very dight, these faultswill be dl too obviouswith music but may go
undetected at much higher levels for voice recordings.

Rumbleisavery low frequency noise added to the audio caused by vibration due to cheap, worn, dirty,
or dry spindle bearings or by vibrations coupled in from some other motor driven component or even from
loudspeakersif thevolumeisturned way up. If redly bad, rumble may sound like afreight trainin the next
room.

For anyone only used to listening to CDs, even very smdl amounts of and of these will prove very obvious
and extremely objectionable. Wow, flutter, and rumble are undetectable - for dl intents and purposes
nonexistent - with even the chespest junkiest CD player.

For a common motor driven turntable, the following are likdly causes

1. Bad bt or idler. Rubber 'rugts. If itisold, then dmogt certainly the rubber parts have deteriorated
and will need replacement.  Unfortunatdly, replacement parts are not as readily available asthey  once
were. The placeslisted at the end of this document may have some  and there are many other sources
but it is not as easy as one would like.



2. Dirty or worn spindle bearing. Thiswill causerumble. The thrust  bal bearing can be cleaned and
lubricated or replaced. The platter  bushing can be cleaned and lubricated.

3. Lump of crud stuck to motor pulley or idler, usudly of unknown origin.
4. Dried up lubrication in motor, idler, or other rotating part.  These can be cleaned and lubricated.

5. Bad motor (not that likely) except for lubrication in which case  the motor can be disassembled,
cleaned, and lubed.

6. Physical damage to platter - something heavy was dropped on it upsetting  the delicate baance.

If you are attempting to restore a 20 year old turntable from Aunt Anni€'sttic, don't even bother to power
it up before replacing dl the rubber parts and cleaning and lubricating the motor, idler, and spindle bearing.

Erratic sound from turntable: -------------------=--------

Sound that varies randomly in intensity or where one channd drops out will usualy be due to bad
connectionsin the various units. This could be:

1. At the pickup itself. There may be smdl press fit connectors a the cartridge. These sometimes
become loose. Gently remove eech one  (one a atime! so that you do not mix up the wiring) and
queeze with  apair of tweezers or needlencse pliers. Snap in cartridges may have  dirty contactsthe
springiness may have disappeared.

2. At the RCA plugs under the turntable which connect to the tonearm.  Depending on your design and
problem, you may need to smply clean  with contact cleaner or squeeze the meta shell or center contact.

3. At the receiver, preamp, or amplifier. Same as (2) above.

4. Sometimes the cables themsalves will develop broken wiresat oneend  or the other. Easestistotry
adifferent set of cables.

Turntable tracking and skating force adjustment: ---------=-=-====-=-m-mmemmm oo

Tracking force keepsthe stylusin therecord'sgroove. Toolittleisasbad astoo much. Itisbest to follow
the recommendations of the cartridge/stylus manufacturer. If you do not have this information, start low
and increase until you diminate skipping or excessve distortion, buzzing, or Suttering. If too low, thestylus
will make only partid contact with the groove during high amplitude segments - it will jump from peek to
peak (or other portion) of the wave rather than smoothly and continuoudy following it. If too high, it will
gouge the vinyl (or the shellac or whatever depending on the vintage of your records) or in extreme cases,
bottom out on the cartridge's suspension.



Skating force compensation is applied to compensate for the fact that except a one distance from the
gpindle (or with alinear drive tone arm where this does not gpply), the tone arm is not tangentid to the
groove. Imagine a perfectly flat record without any grooves. If you 'play’ this, the tone arm will be stable
a only one position somewhere in the middle - where aline drawn through its pivot point and the stylusis
just tangentid to a circle at that distance from the spindle. The skating is usudly a Smple spring which
attempts to compensate for this in such away that the Sde force tending to move the stylusis minimized
at al pogtions. Otherwise, theinner and outer walls of the groove will experience a different force which
will add digtortion and affect stereo separate and balance,

Skating force compensation is usualy set based on the tracking force.

Note that if you are used to CDs or high quaity cassettes, dl the horrors of recordswill be dl to obvious
unless you are using high-end equipment (the kind that likely costs as much as your automobile) and
meticuloudy maintain your vinyl record collection. Sonic defectslikewow, flutter, rumble, distortion, noise,
imperfect stereo separation, skipping, and limited frequency response aredl factsof lifefor thistechnology
which has not changed in any fundamenta way since Edison'stime.

kkhkkkkhkkkhkkkkhkkhkkkhkkikkkx LOUDSPEAKERS kkhkkkkkkhkkhhkkkhkkhkkkhkkk*kx

L oudspeaker anatomy: -------------------

In this document, we use the terms 'l oudspeaker’ or 'speaker system’ to denote a unit consisting of one or
more driversin an acoustic enclosure perhaps d ong with afrequency sdective crossover, tone controlsand
switches, fuses or circuit breakers. Connectionsto the amplifier or receiver are viaterminas on the rear.
Thefront is covered with an (optically) opague or semitransparent grille which provides protection and
improves the appearance (depending on your point of view).

A 'driver' isthe actud unit that converts dectrica energy into sound energy. Most drivers use voice coil
technology: a very low mass coil wound on alight rigid tube is suspended within a powerful magnetic fied
and attached to a paper, plastic, or composite cone. The audio sgna causes the coil to move back and
forth and this motion causes the cone to move which causesthe air to move which we perceive as sound.

Thetypica driver conssts of severd parts:

* Frame - arigid steel or compogte structure on which the driver is  congructed. The frame holds the
magnet and core, cone suspension, and - connection terminals.

* Magnet - this includes a powerful (usualy ceramic, AINiCo, or rare earth) magnet including a core
dructure provide avery narrow cylindrica ar gap.  This accounts for most of the mass of adriver.

* Voicecail - aoneor two layer coil of finewirewound onalight rigid cardboard, plastic, or composite
tube suspended within theair gap of the magnet and connected viaflexiblewiresto the dectrica terminds.



* Cone - aroughly cone shaped very light and rigid structure that does  the actud work of moving air
molecules. The conein awoofer may be 12 or moreinchesacross. The conein atweeter may only be
aninch indiameer. Thisisthe part of the driver you actudly see fromthe front of the speaker system
with the grille removed. The center is  usudly protected with asmdl plastic dome.

* Sugpengon - acorrugated flexible mounting for thevoice coil caled a'spider' and outer ring of very soft
plastic or foam. Together, these alow the voice coil/cone combination to move readily in and out asa
unit  without tilting or or rubbing. For most designs, there is a certain - amount of springiness to this
suspension. Acoustic suspension loudspeaker, however, use the trapped air in atotally seded speaker
enclosureto provide the restoring force.

Inexpensive 'LoFi' deviceslike portable and clock radios, many TV, intercoms, and so forth useasingle,
chegp driver. Some have a coaxia pair of cones but this does little to improve the frequency response.

HiFi speakers systems will divide the audio frequency spectrum into several bands and use drivers
optimized for each. Thereasonisthat it isnot possibleto design asingledriver that hasauniform response
for the entire audio frequency spectrum. A ‘woofer' islarge and massive and handles the low base notes.
A ‘tweeter' has a very low mass structure and is used for the high frequencies. A 'mid-range handlesthe
mid frequencies. There may a so be 'sub-woofers for the very very low notesthat we fee more than hear.
Some systems may include 'super-tweeters for the very highest frequencies (which few people can hear.
This may make for some impressive specifications but perhaps little ese))

A 'crossover' network - aset of inductors and capacitors - implementsaset of filtersto direct the eectrical
sgnd (mostly) to the proper drivers.

Various controls or switches may be provided to dlow for the adjustment of low, mid, and high frequency
response to match the room acoustics morefaithfully or to taste. Fusesor circuit breskersmay beincluded
to protect the speaker system from intentiond (high volume levels) or accidenta (amplifier output Stage
blows) abuse.

L oudspeaker problems; --------------------

If you have a high quaity and expensive set of loudspeaker, then the cost of professond repair may be
judtified. However, if the problem iswith speaker systems you might not write home about, then read on.

Paying your music system at very high volume levels, especialy CDs which may have pesks that way
exceed the ratings of your loudspeakersis asking for trouble - but you knew that! CDs can be deceiving
because the noisefloor is so low that you are tempted to turn up the volume. A peak comesaong and your
speaker cones are clear across the county (remember the movie 'Back to the Future€?). Loudspeaker
systems are generdly pretty robust but continuous abuse can takeitstall.

Problems with loudspeskers:



1. An entire speaker system is dead.

Verify that the connections both at the speaker system and at the source  are secure. Check circuit
breakers or fuses in the speaker system. Reset  or replace as needed. Make sure it is not the
amplifier or other source that is defective by swapping channelsif that ispossible. Alternatively, test for

output using a gpeaker from another system or even a set of headphones  (but keep the volume turned
way down). Assuming that thesetests  confirm that the speaker system isindeed not responding, you will
need to get indde.

It would take quite ablast of power to kill an entire spesker system.  Therefore, it is likely that there
isasmple bad connection indde, perhaps right at the termina block. Y ou should be able to easly
trace the circuitry - thisisnot amissile guidance system after dl -  to locate the bad connection. If nothing
is found, then proceed to  test the individua drivers as outlined below. 2. One or more drivers (the
name for theindividua speskersina  loudspeaker enclosure) is dead - no sound at al even when you

place you ear right up toit. The cause may be abad driver, abad component or bad connection in the
crossover network. Test  these components as outlined below.

3. One or more drivers produces distorted or weak sound. Distorted  may mean fuzzy, buzzing, or
scratchy avariousvolumelevels. Mogt likely thisisdueto abad driver but it could dsobea defective
component in the crossover - acagpacitor for example  or even amargina connection.

Getting insde a speaker system usualy means removing the decorative grille if it sngps off or unscrewing
the backpand and/or termind block. Use your judgement. With the grille removed, you will be adleto
unscrew the individud drivers one a atime. With the back off, you will have access to dl the internd
components. If sedling putty is used, don't lose it or expect to obtain some replacement putty
(non-hardening window caulking like Mortite is suitable).

Test the componentsin the crossover network with amultimeter. These are Smple parts like capacitors,
inductors, and potentiometersor reostats. Confirm that any circuit breskers or fuse holders have continuity.

Test the drivers on the low ohms scale of your multimeter. Disconnect one wire so that the crossover
components will not influence the reading. Woofers and midrange drivers should measure afew ohms. If
their impedance is marked, the reading you get will probably be somewhat lower but not 0. If possble
compare your readings with the same driver in the good spesker system (if thisis a stereo setup). Some
tweeters (very smdl high frequency drivers) may have a series capacitor built in which will result in an
infinite ohms measurement. Other than these, a high reading indicates an open voice coil which meansa
bad driver. In a comparison with an identica unit, a very low reading would mean a patidly or totdly
shorted voice coil, again meaning a bad driver. Except for expensive systems with removable voice coil
assemblies, either of these usudly mean that areplacement will berequired for the entiredriver. Sometimes
an open voice coil can be repaired if the break can be found.

To confirm these tests, use an audio source to power just the suspect driver. Y our stereo system, asmall
amplifier attached to an audio source, or even a pocket radio (use its speaker output if the headphone



output does not have enough power) will suffice. The resulting sound will not be of high quality because
you do not have the enclosure sedled and it is only one of the driversin the system, but it should give you
someidea of its condition. Again, comparing with an identica unit would be another confirmetion.

Repairing loudspeaker drivers: ----------=-====-mnmnmmmem--

As noted above, if youare deding with ahigh qudity system, leavetheserepairsto professonasor obtain
an entire replacement as some reduction in audio quality may result from the abuse you are about to inflict
on the poor defensdess driver.

We will address two types of repairs. physicad damage to a speaker driver cone and an open voice coil
(actudly, wiring outside the voice coil). However, serious damage to the cone or just plain deterioration
of the suspension components may require replacement of the entire driver unless a close enough match
can be found.

Vaious sizes of paper cones and foam-edge replacements are available from MAT Electronics @
1-800-628-1118. | just got their Spring 96 catalog and these are new products. They rangein pricefrom
less than a dallar to about $5 for the largest (15") drivers. The downside is there is a $25 minimum.
However, they dso sdl dectronic components like flybacks, video heads and belts, 1Cs and transstors,
etc. So coming up with a minimum order may not be too difficult. (Raymond Carlsen
(rrcc@u.washington.edu))

Minor damage to the cone can be repaired using aflexible adhesve like weetherstrip cement and a piece
of thick paper to reinforce the seam or hole if necessary. Since thiswill not totaly perfect match with the
origind paper cone, there could be audible digtortion at certain frequencies particularly a higher volume
levels. However, such arepair will be better than nothing. Cut the paper inashapeand sizeto just overlap
both sides of the torn area or completely cover the puncture. Use just the smalest amount of adhesive to
fasten your 'splint’ to the cone. The less materid you add, the more likely that the audio effects will be
minimdl.

An open driver can sometimes be rescued by tracing theinput wires through the cone and under the center
protective dome. The most likely places for these wiresto break are right at the place where they pass
through the cone and just after they pass under the dome. Note: some drivers have replaceable voice cail
units. If thisisthe case, you should probably just replace the entire unit.

Fird, scrgpe away the insulating varnish on the front of the conewherethe wires emerge and head toward
the center. Use your ohmmeter to test for continuity here. If you find that you now are measuring a
reasonable resistance - afew ohms, then trace back to determine which of the two wiresis broken or has
had the solder connection comeloose. If it isill infinite, you will have to go under the dome.

Use an Xacto knife to carefully remove the dome. Use ashdlow angle and cut as near the edge as you
can. Take care not to puncture the paper cone which may continue under the dome as the voice coil may
be of asmdler diameter than the dome. The shdlow cut will aso provide a base to regitach the dome if



you are successful. Carefully scrape off abit of the enamd insulation as near to the voice coil as possble
and test with your ohmmeter once again. If theresstanceisill infinite, there is nothing more you can do
but salvage the magnet for fun experiments or erasing floppy disks. Thereisessentidly no way to replace
just the voice coil unless your driver has a removable voice coil unit (in which case you would not be
reading this).

If the resi stance now measures normd - a few ohms, trace back to determine which wire is broken and
use somefine (eg., #30 gauge) wireto bridge the break. Y ouwill haveto scrape off the enamel insulation
to permit the solder to adhere. Make sureit is secure mechanicaly first - agpeaker coneisarather violent
environment for soldered connections. Findly, use some flexible adhesive to protect and reinforce the
solder connections, to glue down your new wire along its entire length, to protect and reinforce the place
where the wire passes through the cone, and findly, to reattach the centrd dome. Let the adhesive dry
thoroughly before playing the 1812 Overture.

Loudspeakers - repair or replace?: --------=--====-mmmmmmmmmnmoeaee

Asuming that the cabinet is in reasonable condition, the question arises: is it worth replacing broken,
damaged, or worn out drivers or faulty crossover components that are not repairable rather than just
dumping the spesker systems?

Itisvery sraightforward to swap driversaslong asyou get oneswith smilar characteristics. It dl depends
onwhat you want out of aloudspesker. If you are basicaly happy with them, then it will be alot chegper
thanreplacing the entire speaker system(s). However, spesker system quality hasimproved considerably
inthelast 15 years so now may be the time to upgrade.

As far as crossover components are concerned, these are basically common eectronic parts and
replacement is probably worthwhile.

However, if one driver has a deteriorated suspension, it is likely that its mate does as well and that other

driversmay not far behind. Replacing **d|** theinterna components of aloudspeaker may not be worth
it.

Radio Shack aswell as places like MCM Electronics and Dalbani have avariety of replacement drivers,
and crossovers and parts.

*kkkkkhkkhkhhkhkkkhkkhkkikhkhkikkkk*k TELEPHONE EQU'PMENT kkkkkkhkhkhhkkkkhkkhkhkhhhkkkk
Answering machine comments: --------------------------
Most answering machines ill use one or two tape decks. Mogt problems are mechanica. Refer to the

sections on therelevant tape player/recorder problems. The newest onesarefully digita eectronic - forget
repairs unless obvious bad connections, physical damage, power supply, or phone line side failure.



Many non-mechanica problems with answering machines are related to the circuitry connected to the
phone line. Thisis subject to the high on-hook and ringing voltage and possible voltage spikes due to
lightening, etc.

Testing of the components on the phone line Sde of the coupling transformer isaworthwhile exercise and
may reveal a shorted semiconductor or capacitor.

With endless|oops outgoing message cassettes, the meta strip that is used to sense the beginning can wear
or becomedirty. Try anew cassette or cleanit.

Mechanica problems unique to answering machine tape transports are a'so possible. Some very clever
engineering is often usad to share parts where two tape transports are used. Parts may have popped off
or broken. Springs may have sprung. Sliding parts may have jammed. Look for loose parts or broken
pieces when the unit is disassembled. Careful ingpection during operation may revea whether it is getting
guck due to amechanicd failure

Answering machine picks up then hangs up: ----------==-====-==---mmmmmmmmm oo

1. If it hasa'telco’ and a'phone connector verify that you are plugged  intothe'telco’. Otherwise, it may
hang itsalf up. Who knows.  If someone else attempted a repair, these jacks could even have been
replaced interchanged.

2. Measure voltage on the rlay coil. If it actualy disgppearswhen  therelay cuts out, then something is
telling the rday to turn off.  If it isjust reduced, then there may be apower problem. If it  is rddivey
gtable, then the relay may be bad.

3. Test components near the telephone connection for shorts/opens.  Parts connected to the telephone
line get abused by theringing  voltage and other trangents. Maybe you will get lucky and find  afried
part.

4. If you can identify the power supply outputs, verify their voltages  if possble. Check the 'wdl wart'
if it uses one for proper output.

5. Make sure that the tape mechanisms have completed their cycles. While  unlikely, it is possble that
the logic gets confused if oneof the  tape units has not reset itsdf due to amechanica fault like abad belt.

6. Asusud with cheaply made consumer stuff (eswel aschegply made expensveindudtrid stuff), check
for bad connections.

Beyond this, circuit diagrams would be a definite plus.

Answering machine does not complete cycle: --------=--==-mmmmmmmmm oo



Thisis often amechanicad problem. Asit goes through the cycle, seeif the mechanism is perhgps getting
hung up at a certain point do to awesak spring or motor. A cam may get stuck or a solenoid may fail to
engage. Gently prodding the uncooperative part (or any likely partsif the gppropriate oneisnot obvious)
may convince it to continue and alow you to make a diagnosis.

For endless |oop outgoing cassettes make surethat the meta sensedtripisnot worn off and that the sensor
ismaking good contact. Try anew outgoing message cassette or manually short the sensor contactsto see
if it will then shut down.

Newly installed phone will not tone dial: -----------------=-=-m-mmmmmmomm e

If a Touch Tone phone that was previoudy working now does not tone dia from a new jack or new
residence (the button presses are totdly ignored, but al other functions are unaffected), the red and green
wires are probably interchanged at the new jack, or the phoneitself ismiswired (the wiresinsdethe phone
may have been interchanged to compensate for an incorrectly wired jack at the old location).

Newer eectronic phones will utilize either polarity. The older ATT battlewagons will only dia when
hooked up with the correct polarity. This does not affect conversation, ring, or rotary phones.

Cordless phone problems: -----------------------

There are severd types of problems with cordless phones that can be diagnosed and repaired without
sophidticated test equipment. Anything involving problems with the RF or digital drcuitry is not likely to
be within the scope of your capabilities, at least not without complete schematics (yeh, right), test
equipment, and a miracle or two.

1. Bad rechargeable battery - dead, shorted cdll(s), or reduced capacity. The NiCd battery packsin
cordless phones are usudly easily replaced  for around $5-10. This redlly is the best solution. The
problemis admost never in the charging circuits. Replacing individud cedllsis  not recommended.
Battery packs can be built up from individua NiCd  cells with solder tabs for a modest cost savings.
Reusetheold battery  pack connector (you may need to do thiswith areplacement pack aswdl if the
new connector is not identica to the old one), double check  polarity, and tape and insulate your
homemade pack after solderingto  prevent shorts.

A NiCd battery pack with shorted cdllswill either prevent operation  totaly or keep the 'battery low'
light resulting in aweek, noisy, or  intermittent connection. If the voltage measured on the battery pack
after 24 hours of charging islessthan 1.2 V timesthe number of cdls  inthe pack, it ismost likely bad.

2. Dirty keypad - resulting in intermittent, incorrect, or no operation  of buttons on handset. Thismay be
due to internd migration of some  unidentified substance (how e seto describe disgusting sticky gunk that

has no right being there on multiple samples of the same modd phone) or  from externd spills. If you
are lucky, the keypad can bedisassembled  without resorting to drastic measures. There may be screws
oritmay snap gpart onceaccessisganed totheinsde of thehandset. Clean contact surfaces on both



the rubber button pand (or plagtic keys) and  the circuit board first with sogp and water and then with
isopropyl  dcohal. Dry thoroughly. If the keypad isassembled with'upset’  plagtic (fancy term for little
melted plastic posts), then you should  probably try contact cleaner sprayed as best as possible through
any openings before attempting to cut these away since reassembling the  keypad without the plagtic
posts will be difficult (read: impossible).

3. Bad AC adapter on base station - see the sections on AC adapters.
4. Bad phone line connection - don't ignore this possibility - test with  another phone.

5. Bad circuitry on phone line sde of interface (coupling trandformer) - ingpect for blown or shorted
components.

6. Bad connections or broken circuit board - if the handset has seen  violent service, these are likely
posshilities. Seethe section  on: "Equipment dropped or abused".

7. Y ouforgot the code number - some phonesuseamultidigit codenumber asamargind security feature
whichmust match on handset andbase  dtation. If the battery goes dead in the handset or the AC adapter

ispulled on the base gation, this code may beforgotten. You do have theuser'smanud, right? (BTW,
do st thiscodeto anon-default value. 1 wasonceableto did out on my neighbor's cordless phone using
my phone from my house asaresult, | suspect, of their phone being settoits  default code!)

Checking phones and answering machines for electronic problems:

Most signa problems will be related to failed components on the telephone line side of the coupling
transformer including componentsin the phone line derived power supply (if used). Phonelinesare subject
to dl kinds of abuse induding lightening strikes (athough something significant may do extensive damage
beyond reasonably hope of repair).

Test dl the components on the telephone line side of the coupling transformer when line connect, detect,
or dia problems are encountered. There may be shorted semiconductors due to a voltage spike or just
bad luck.

Some units extract power from the phone line and the rectifiers or other related components can go bad.
This can result in either power problems - telephone is dead - or diding problems.

Make sure you are using the proper AC adapter and test it for correct output.

There could be a defective power supply insde the phone - the regulator could be shorted or a filter
capacitor could be dried up. See the sections on power supply problems.

Check for loose or broken connections - phones get dropped.



For erratic diding problems, ingpect and clean the keypad and other switch contacts. Also seethe section:
"Cordless phone problems’.

Modem problems; --------------

Firgt, confirm that your modem settings are correct - reset the modem to factory defaults using the Hayes
AT commands (e.g., AT&FI<ENTER>) or dip switch settings. Confirm that your software is set up
correctly and that there are no IRQ or 10 address conflicts.

If the modem starts to dia but aborts and hangs up, confirm that you do not have the wiring of the ‘telco'
and 'phone’ connectors interchanges.

Most actud problems (that are not software related), will be on the phone line side of the coupling
trandformer.  There will be various diodes, transstors, capacitors, opto-isolators, and relays for routing
the incoming and outgoing Sgndls, or for protection and these canfail. Thisphonelineissubject todl kinds
of abuse.

A lightening grike is likely to obliterate components in the modem beyond even your abilitiesto sdvageit.
However, in many cases, damage is minor.

If you have sgnd problems - amodem will try to did out but not make its way to the phone line, testing
on each sde of the couping transformer with a scope or Hi-Z headphones should be able to determine if
the problem is on the logic or phone line Sde of the device.

Check that the proper AC adapter isbeing used (if relevant) and that isis putting out the proper voltage.
Check the interna power supply components for proper output. They are often common IC regulators
like the 7805 and are easily tested. Replacements are inexpensive and plentiful.

kkhkkkkkhkkkkkhkkhkkk*%x CALCULATORS CLOCKS AND WATCHES khkkkkkhkkkkkikkhkkhkk*k
Problems with calculators: -----------=-=--=-=------

Smdl hand held and desk cdculators share many of the same &fflictions as hand held IR remote controls.
In particular, battery and keypad problems are common.

Caution: many devices usng LCD digplays utilize a printed flex cable to interconnect the ectronics and
the digplay. Often, this is amply glued to the LCD pane and possibly to the logic board as well. The
cables are quite fragile and eadly torn. They are dso easlly ripped from the adhesive on the LCD pand
or logic board. If theunitisfairly old, this adhesive may be very wesak and brittle. Repair or replacement
should thisoccur isvirtudly impossible. The materia used for the conductorsisatype of conductive paint
that cannot be soldered. 1t may be possible to use a smilar materid like the conductive Epoxy used to
repair printed circuit boards but this would be extremely tedious paingtaking work. Be extremely careful



when moving any of the interna components - LCD, logic board, keyboard, battery holder/pack, and
printer.

Thefallowing problems are likely:

1. Batteries - one or more cells are dead, week, or havelesked. Try anew setif norma primary cells
(e.g., dkdine) areused. Clean the battery contacts. Where rechargeable (usually NiCd) batteries are
used, oneor more cells may have shorted resulting in adead calculator or dim display, or printer that
doesn't work reliably. Seethe sections onbatteries.  Test each cdll after charging for the recommended
time or overnight. NiCd cells should be about 1.2 VV when fully charged. If any ae 0V, the cdlis
shorted. Thisisparticularly likely with aunit that hasbeen Ieft in acloset unused for an extended period
of time. Itisgenerdly recommended that the entire battery pack be replaced rather than asingle  cdl
as the others are probably on their way out and the capacities will not be equalized anyhow.
Rechargeabl e batteries may be the cause of a  caculator that does not work properly on AC power as
well sncethey are  usudly used like alarge filter capacitor and shorted cells will prevent  the required
DC voltage from being provided to the electronics. Open cells  or bad battery connectionswill prevent
thisfiltering aswel and may result in erratic operation or other symptoms. For thisreason, it may  not
be possible to run aunit of thistype rdigbly or at dl with the rechargegble batteries removed.

Some calculators that use rechargeable batteries like older HPsand TIs  have a battery pack of 24.4
to 3.6 V with aDC-DC invertor to obtainthe 9V or so that the NMOS chipset required. Theserarely
fal except possibly due to leskage of neglected dead batteries. However, good batteries need to be
in place for the caculator to work properly. If  you are not interested in using these types of caculators
onbatteries, disconnect the DC=DC convertor and substitute asuitable AC adapter. Check thevoltage
and current requirements for your particular mode!.

2. Keypad - dirt, gunk, and wear may result in one or more keysthat are  intermittent or bounce (result
in multiple entries). Disassemble, clean  and restore the conductive coating if necessary. Seethe section
(or  companion document) on hand held remote controls.

3. Printer (where gpplicable) - in addition to replacing the ribbon when  the print qudity deteriorates,
cleaning and lubrication may be needed periodicaly. Dust, dirt, and paper particles collect and gum up
the works. Clean and thenrelube with light machine oil or greaseas gppropriate.  Sometimes, gears
or other parts bregk resulting in  erratic operation or paper or other jams. Locating service partsis
virtudly impossble

4. AC adapter - if the calculator does not work when plugged intothe  AC line, this may be defective -
broken wires at either end of the cord are very common. However, shorted cdllsin aninternal NiCd

bettery will likely prevent the proper voltage frombeing suppliedto thedectronicsevenwhenusng AC
power since the battery isoften  used like alargefilter capacitor at the sametimeitisbeing charged.
Open cdls or bad connections to the battery pack may result  in erratic operation or other symptoms as
well.



Don't overlook the obvious: are you using the proper adapter andif  itisauniversd type, isthe polarity
and voltage set correctly?  Check the specifications. With the proliferation of AC adapters, it isdlto
easy to accidentaly substitute one from another device.

Battery powered digital clock problems; ----------=-==-mmmmmmmmmmom oo eem

Firg, try afresh battery and clean the battery contacts if necessary. If the battery is very low or dead,
well.... When the battery islow or the connections are bad, the countdown logic may run erraticaly - fast
aswel asdow. Giveit aweek and then seeif the problem 4ill exigts.

If it does - and the error is only afew minutes aweek - then an adjustment may be al that is needed. If
the error is muchworse- likeit isrunning at half speed - then thereisaproblemin the logic - time for new
clock (or a least a new movement).

There should be a recessed screw for fine speed adjustment accessible from the back - possibly after a
sticker or outer cover is removed. It may be marked with a couple of arrows and if you are lucky, with
the proper direction for speed increase and decrease.

Without test equipment, the best you can do isatrid and error gpproach. Turn the screw just the tiniest
bit inthe appropriate direction. If thisisnot marked, use counterclockwiseto dow it down and vice-versa.

Wait aweek, then readjust if necessary.

If you have frequency counter with atime period mode, you cantry putting it acrossthe solenoid terminas
and adjusting for exactly 1.000000 second. Hopefully the load of the counter will not affect the oscillator

frequency.

With sengtive equipment, it may even be possible to do this without any connections by detecting the
fundamental frequency radiation of the quartz crysta oscillator and adjusting it for exactly 32,768 Hz (most
common).

However, keep in mind that the clock's quartz crystal accuracy required to gain or lose less than 1 minute
amonth isabout +/- 1 part in 43,000 which may be better than that of your frequency counter's timebase.
One dternative is to perform the same measurement on a clock that is known to be accurate and then
match the one you are adjusting to that.

AC powered digital clock problems: -----------=-==-mmmmmmmmeem e

Common problemsinclude totdly dead, missng segmentsin display, running a the wrong rate, switches
or buttons do not work. (Also appliesto the clock portions of clock radios.)

Note that these is often a battery - possibly just an 9V dkaline type for backup in the event of a power
falure. If thisismissang or dead, any momentary power interruption will reset the clock.



Although atotally dead clock could be caused by alogic falure, the most likely problem isin the power
supply. The power transformer may have an open winding or there may abad connection e sewhere. A
diode may be defective or a capacitor may be dried up.

Often, the secondary of the power transformer is center tapped - test both sides with a multimeter on its
AC scde. Typicd vauesare 6-15 VRMS. If both Sdes are dead, then the primary islikely open. There
may be ablown fusableresstor under the coil wrappings but aburnt out primary islikely. Although generic
replacement trandformers are available you will have two problems. determining the exact voltage and
current requirements (though these are not usudly criticd) and obtaining asuitableregulatory (UL. CE, etc)
approved transformer - required for fire safety reasons.

If the transformer checks out, trace the circuit to locate the DC outputs. These power suppliesare usualy
pretty smple and it should be easy to locate any problems.

Missing ssgmentsin the display are most likely caused by bad connections. Try prodding and twisting the
circuit board and ingpect for cold solder joints.

A cdock that runs dow on 50 Hz power or fast on 60 Hz power may not be competible with theloca line
frequency since these clocks usudly use the power line for timing rather than a quartz crystd. Thisis
actualy a more precise (as wel as less expensive) approach as the power line frequency long term
accuracy is nearly perfect. Sometimesthereisaswitch or jumper to sdlect the line frequency.

Dirty switches and buttons can be cleaned using a spray contact cleaner.
Replacing batteries in digital watches: -----------=-======-memmmm oo

About the only type of service you can expect to perform is battery replacement but even this can save a
few dollars compared to taking the watch to ajewder. Thetypica watch battery will last anywherefrom
ayear (dkdine) to 5 years (lithium). The most likely cause of a watch that has a dead or weak display,
or has stopped or is not keeping proper timeis aweak or dead battery.

The batteries (actudly single cdlls) used in most modern watches (they used to be called eectric watches,
remember the Accutron?) are either dkdine or lithium button cdls. Some are quite tiny. Y ou will need
to open up the watch to identify the type so that a replacement can be obtained.

How you go about doing thiswill depend on the wetch:

1. Screws. If therearevisble screwson either thefront or rear, then  removing thesewill probably enable
the cover to be popped off. These will beteeny tiny star (sort of Philips) head type - use a precison
jeweler's screwdriver with aPhilipshead tip. Immediately put the screwsinto apill bottle or film canister
- they seem to evaporate on  their own.



2. Snap off back. Thisis probably most common. Look for an indentation  around the edge. Using a
penknife or other smilar reatively sharp  edged tool in thisindentation or at any convenient spot if there
is none. Itisbest to usethe wristhand mounting rod as alever fulcrum  if possble. The back should
pop off. Note the orientation of the back  before you set it aside so that you can get it back the same

way.

3. Cover unscrews. The entire back may be mounted in a screw thread around  its edge in which case
youwill haveto somehow grab theentireback  and rotate counter clockwise. An adjustable wrench with
sometapeto protect the finish on the watch may work.

If there is an O-ring sed (like on the space shuttle), be careful not to nick or otherwise damage it (you
know what happens when these are damaged!).

Oncethe back isoff, youwill seealot of precision Stuff - though not nearly asmuch asin an old fashioned
mechanicd watch. DON'T TOUCH! Y ou areinterested in only onething - the battery. Sometimes, once
the back is off, the button cell will Smply drop out asthereisno other fastener. In other cases, oneor two
more teeny tiny screws will hold it in places. Carefully remove these and the button cdll. Replace the
screws o you will not loose them. Make a note of the orientation of the button cell - it is dmogt dways
smooth side out but perhaps not in every case.

Test the battery with amultimeter. The voltage of afresh battery will be about 1.5 V for an akaine cdll
and ashighas 3V for alithium cdl. A watch will typicaly sill work with a battery that has gone down to
aslittle as hdf itsrated voltage.

Replacement batteries can be obtained from Radio Shack, some supermarkets, large drug outlets,
electronic digtributors, or mail order parts suppliers. Mot likely, you will need to cross reference the teeny
tiny markings on the old battery - placesthat sell batteries usualy have areplacement guide.

Cogt should be about $2.00 for atypicd akaine cell and dightly more for thelonger lived lithium variety.

Note: some watches bury the battery inside the works requiring further disassembly. Thisis usudly
graightforward but will require additiond steps and some added risk of totally screwing it up.

Instal and secure the replacement battery and immediately confirm that the display is dive or the second
hand ismoving. If itisnot, double check polarity. Sometimes, the back will need to bein placefor proper
contact to be made.

kkkkkhkhkhkhhkhkkkkhkkhkkikhkhhhkkx PHOTOGRAPHIC EQUIPMENT kkkkkhkkhkhkhhkhkkkkkhkkikhkhhhkx

Light meters; ------------



First check the batteries (if any). Self powered meterslike the old Westons and their clones could dso
cause damage to the ddicate meter movement if the light regulating lid was left open in bright light. Bad
connections were dso common. | have repaired the meter movements on these but it is not much fun.

Hand held light meters are subject to damage from being dropped.

Problems with internd light meters include bad batteries and corroded battery contacts, dirty or worn
potentiometers.

Pocket camerarepair: --------------------

It ssemsthat in the last few years, the amount of circuitry crammed into a compact 35 mm camera has
grown exponentidly. Auto-film-advance, auto- exposure, auto-film speed detection and loading, auto
focus, auto-flash selection, auto-red-eye reduction - just about everything that could be put under computer
control has been. Next thing you know, the photographer will be replaced with a auto-robot!

For the mogt part, modern cameras are very reliable. However, when something goeswrong, itisvirtudly
impossible to attempt repair for two reasons.

1. Thecircuitry isso crammed into atiny casethat accessisdifficult and  convoluted. Many connections
aremadewithreatively fragileflexible printed cablesand getting a certain parts meansremoving awhole
bunch  of other stuff.

2. Much of the circuitry is surface mount and many custom parts are used.  Schematics are nearly
impossible to obtain and with dl the computer  control, probably not that useful in any case. Most parts
arenot available except from the manufacturer and then possibly only to  authorized service centers.

However, some problems can be addressed without resorting to the camerarepair shop or dumpster.

If the cameraiis still under warranty, don't eventhink about attempting any kind of repair unlessitisjust a
bad battery. Almost certainly, evidence of your efforts will be dl too vigble - mangled miniature screw
heads and damaged plastic seams - a the very least. There are no easy repair solutions. Let the
professonds ded withiit.

If out of warranty and/or you don't care about it and/or you want an excuseto buy anew camera, then you
may be ableto fix certain (very limited) types of problems.

Getting inside a pocket camera: --------

For anything beyond the battery, you will need to get inside. However, before you expend alot of effort
on a hopeless cause consider that unless you see something obvious - a broken connection, bent or dirty
switch contact, or a motor or other mechanical part that is stuck, binding, or in need of cleaning and
lubrication - there isnot alot you will likely be able to do. One exception iswith respect to theeectronic



flash which is usudly rdatively sdf contained and smple enough to be successfully repaired without a
schematic.

As with other consumer eectronics equipment, getting insde may be a chalenge worthy of Sherlock
Holmes. In addition to many obvious very tiny screws around the periphery, there may be hidden screws
insde the battery compartment and under the hand grip (carefully ped it back if that areais the last
holdout). Also see the section: " Getting insde consumer eectronic equipment”.

Thisisthe time to make careful notes and put dl the tiny parts in storage containers as soon as they are
removed. If you never follow any of these recommendations for other types of equipment, at least do so
for pocket cameras!

Caution: the energy storage capacitor for the electronic flash may be located in an unexpected spot way
ontheother Sdeof thecamera. Accidentaly touching itsterminaswhen charged will be unpleasant to say
theleast. Evenif the camerais'off', some designs maintain this capacitor at full charge. In addition, it may
retain apanful charge for days - with the battery removed. Once you get the skins off of the camera (if
you ever succeed), identify this capacitor - it will be about the Sze of aAA battery - and put electrical tape
over itsterminds.

Pocket camera problems: ----------------------

The following mafunctions may sometimes be successfully dedlt with without an army of camera repair
technicians a your disposd:

Caution: never open the back of a 35 mm cameraanywhere thereislight of any kind if there is a chance
that thereisfilm ingde. If the camerais dead, there may be no way of knowing. Doing this even for an
indant may ruin dl of the film that has been exposed and two (usudly) additiond pictures. Opening the
back of any other kind of rall film camerawill only expose afew frames as the exposed film usudly hasa
backing (120) or isingde a cartridge (110).

If 235 mm camerafaled with aradll of film onwhich you have taken irreplaceable photographsingde, the
pictures can dill be saved even if the camera never works again. Firgt, wash your hands thoroughly to
remove skin oils. Use a closet with atightly fitting door (at night is better or suff something in any cracks
to block dl light - it must be pitch black) for a darkroom. Open the back of the camera and carefully
remove the film cassette. Gently pull the exposed film from the takeup spool (on the shutter release Sde
of thecamera). It should unwind easily. Avoid touching the film surface itself with your fingers (the edges
are ok). Then, turn the plastic shaft sticking out of the film cassette clockwise to wind the exposed film
entirdly into the cassette.

(For items (2)-(4), you will need to get indde of the camera. See the section below: "Getting inside a
pocket camerd’.)



1. Generd erratic or duggish operation, weak display, camerapooped out  during film advance or rewind.
Most likely cause: the battery died.

Test the battery and/or try anew one. It is possible that the battery smply decided to go flat a an
inconvenient time or that ~ a replacement was defective. If possible, check the voltage on the  battery
whileit isin the cameraand the affected operationsare  performed. If the voltage drops subgtantialy,
there could bean  overload - amotor that is binding or a shorted component. If the camerahad been
dropped, amechanica problem islikely.

2. Flash inoperative or excess current drain - runs down batteries.  Other functions may or may not work
correctly. Most likely cause: a  shorted invertor transstor. The electronic flash or strobeis  usudly a
sdf contained module near the actua flash window but  the energy storage capacitor may be mounted
elsawhere- likethe opposite sde of the case. Seethe warning below - you could be  in for asurprise!

3. Mechanicd problems with focus, exposure, film advance, or rewind.  Likely causes binding due to
damage from being bumped or dropped, bad or erratic motor operation, gummed up lubrication or dirt,
or defectivedriver or control logic. Locate the motor for each  function (right, good luck) and confirm
that they spinfreely and  move the gppropriate gears, levers, cogs, wheds, or whatever. If  thereisany
ggnificant resstance to movement, attempt to determine  if it is Smply a lubrication problem or if
somethingisstuck. Test  themotors- seethe section: " Smal motorsin consumer eectronic - equipment”.

4. Auto-film-loading, film advance, or rewind do not operate a al or do  not terminate. Most likely
cause: defective motor or mechanicd problems,  dirty, corroded, or faulty sensor switches or bad
controller. If there isno action or something seemsto get stuck or soundslikeitis  sruggling, check
the battery and motor (see (1) and (3) above).  Ingpect the various microswitches for broken actuators,
bent or deformed  contacts, or something stuck in them like a bit of film that brokeaway from therall.
Dirt may be preventing akey contact closure. Sometimes,  improper cable routing during manufacture
can interfere with thefree - movement of alesf type contact.

5, Exposure too light or too dark. Check the film speed setting and/or clean  the contact fingers under
the cassette that sensethefilm (ASA or 1ISO)  speed. Clean the light meter sensor. Check the batteries,
Look for  evidence of problems with the lensiris and/or shutter mechanism. If  the shutter speed can
be set manudly, see the section: "Testing shutter  speed'”.

Testing of camera shutter speed: -----------=-=-====-==m=mmnmu--

If you suspect shutter speed problems, there are severa easy ways to measurethisfor your camera. The
most accurate require some test equipment but you can get a pretty good ideawith little or no equipment
beyond a stopwatch (for dow shutter speeds - above 1/2 1o 1 second and a TV (for fast shutter speeds
- below about 1/60 of a second (NTSC 525/60).



Some of these pproaches assumethat you have accessto the film plane of the camera- thismay be tough
withmany highly automated compact cameraswhich will be unhgppy unlessarall of filmisproperly loaded
with the back door closed.

Note that the behavior of focd plane and leef (in-the-lens) shuttersis sgnificantly different a high shutter
gpeeds and this affects the the interpretation of measurements.

Some smple homemade equipment will enable testing of the intermediate shutter speeds.

1. Testing dow to medium shutter speeds - the use of a stopwatch issef  evident for redly long times
(greater than .5 second or s0). However, viewing or photographing the sweep hand of amechanica stop
watch or ahomemade motor driven rotating white spot or LED can provide quite  accurate results.
Accurate timing motors are inexpensve and readily  avallable. Mount a black disk with asingle smdl
white spot at its  edge on the motor shaft and mark some graduations around its perimeter  on a
dtationary back board. For ahigh tech look, usean LED instead. Use your credtivity.

Making measurements from the photographic images of thearcsformed by the spot asit rotates while
the shutter is open should result in - accuracies better than 1 or 2% for shutter speeds comparable to or
dower than the rotation frequency of the motor. In other words, shutter speeds  down to 1/10th of a
second for a600 rpm (10 rps) motor or down to 1/60th  of a second for a 3600 rpm (60 rps) motor.

At these speeds, foca plane and leaf shutters should result in Smilar  results since the open and close
times are small compared to thetotd ~ exposure time.

2. Tedting fast shutter speeds - view a TV (B/W isfine) screenonapiece  of ground glass at the foca
plane or take aseries of sngpshotsof a TV screen (awell adjusted B/W TV isbest astheindividual scan
lines  will bevishble).

Note: If your camerahasafoca plane shutter (e.g., 35 mm SLRS), orient  the camera so that the shutter
curtain travels across - horizontally  (rather than up or down).

If you are photographing the screen, take afew shots at each speed  in case the timing of your trigger
finger isnot quite preciseand  you cross the vertical blanking period with some of them.

For afocd plane shutter, you will see abright diagond bar. (The angle of the bar can be used to
estimate the speed of the shutter  curtain'straversal.)

For aledf (in-the-lens) shutter, you will seeabright horizonta  bar. but the start and end of the exposure
(top and bottom of the bar) will be somewhat fuzzy dueto the non-zerotimeit takestoopenand close
the shutter leaves. Y ouwill haveto esimatethelocationsof  the ‘full width half maximum' for each soeed.

In both cases, there will some additional smearing at the bottom of the  bar due to the persistence of the
CRT phosphors.



The effective exposure time can then be cdculated by multiplying the  number of scan linesin the bar
a any given horizonta postionby  63.5 uS (the NTSC horizontal scan time).

If you cannot resolve individua scan lines, figure that atypical over-  scanned (NTSC) TV screen has
420-440 vigblelines. If you can adjust  your TV (remember this can be an old B/W set when knobs
were knobgl) for - underscan, about 488 or so active video lineswill be visble.

If you have an oscilloscope or dectronic counter/timer, fairly accurate measurements can be made at all
shutter speeds using a bright light and a photodetector circuit.

3. Using an eectronic counter/timer or oscilloscope. Congruct the IR detector described in the
document: "Notes on the Repair of Hand Held Remote Controls'. (Notethat thefact that it iscaled an
IR detector isirrelevant since the typicd photodiodeissenstivetovisble waveengthsof light aswell.)
Connect its output to your scopeor  counter. Put adiffuse light source (i.e,, light bulb) closetothe lens
sothat itisnot in focus. Pogtion the detector photodiodein  the center of the focal plane - mount it on
alittle piece of cardboard  thet fitson the film guiderails. Using thissetup, it shouldbea smple matter
to measure the shutter timing.

For afocd plane shutter, the time response will be the convolution  of the photodetector area and the
dit in the shutter curtain. The smaller the aperture of the photodiode, the less this will be a factor.
Masking it with black tape may be desirable when testing fast shutter  speeds. In smpleterms, makethe
photodiode aperture narrow.

For between-the-lens shutters, the finite open and close times of the  leaves will show up on the
ostilloscope in the rise and fdl times of  the trace. The measurement on the eectronic timer will be
affected by itstrigger level setting for this reason. However, sncethis  photodetector is not linearly
cdlibrated, the open and closetimes  cannot be accurately determined from the waveform.

Electronic flash fundamentals; -----------------------------

All modern eectronic flash units (often caled photographic strobes) are based on the same principles of
operationwhether of the subminiature variety in adisposable pocket camersor high quality 35 mm camera,
compact separate hot shoe mounted unit, or the high power high performance unit found in a photo studio
'gpeed light'. All of these usethe triggered discharge of an energy storage capacitor through aspecia flash
tube filled with Xenon gas at low pressure to produce a very short burst of high intengty white light.

Thetypicd eectronic flash condgstsof four parts: (1) power supply, (2) energy storage capacitor, (3) trigger
circuit, and (4) flash tube,

An dectronic flash works as follows:

1. The energy storage capacitor connected acrosstheflash tubeischarged froma300V (typica) power
supply. Thisiseither abattery or AC adapter  operated invertor (pocket cameras and compact strobes)



or an AC line  operated supply using a power transformer or voltage doubler or tripler  (high
performance studio 'speed’ lights). These are large eectrolytic  capacitors (200-1000+ uF at 300+ V)
designed specifically for thergpid  discharge needs of photoflash applications.

2. A 'ready light' indicates when the capacitor isfully charged. Most  monitor the voltage on the energy
storage capacitor. However, some detect that theinvertor or power supply load has decreased indicating
full charge.

3. Normally, the flash tube remains non-conductive even when the capacitor  isfully charged.

4. A separate small capacitor (e.g., .1 uF) is charged from the same power  supply to generate atrigger
pulse.

5. Contacts on the cameras shutter close a theingtant the shutter is - fully open. These causethe charge
on the trigger capacitor to be  dumped into the primary of a pulse transformer whose secondary is
connected to awire, strip, or the meta reflector in close proximity  to the flash tube.

6. The pulse generated by thistrigger (typicaly around 10 KV) isenoughto  ionize the Xenon gasingde
the flash tube.

7. The Xenon gas suddenly becomes a low resistance and the energy storage  capacitor discharges
through the flash tube resulting inashort  duration brilliant white light.

The energy of each flash isroughly equa to 1/2* C*VV"\2 in watt-seconds (W-s) where V isthe value of
the energy storage capacitor's voltage and C is its cgpacitance in. Not quite al of the energy in the
capacitor is used but it is very close. This energy storage capacitor for pocket cameras is typicaly
200-300 uF at 330 V (charged to 300 V) with atypica flash energy of 10 W-s. For high power strobes,
1000s of uF a higher voltages are common with maximum flash energies of 100 W-s or more. Ancther
important differenceisin the cycletime. For pocket camerasit may be several seconds - or much longer
as the batteries run down. For astudio 'speed light', fractiona second cycle times are common.

Typicd flash duration is much less than a millisecond resulting in crystd dear stop action photographs of
amost any moving subject.

On cheap cameras (and probably some expensive ones aswell) physical contacts on the shutter closethe
trigger circuit precisely when the shutter is wide open. Better designs use an SCR or other electronic
switch so that no high voltage appears at the shutter contacts (or hot shoe connector of the flash unit) and
contact deterioration do to high voltage sparking is avoided.

Note that for cameras with focd plane shutters, the maximum shutter speed setting that can be used is
typicdly limited to 1/60-1/120 of a second. The reason isthat for higher shutter speeds, the entire picture
is not exposed smultaneoudy by the moving curtains of the foca plane mechanism. Rather, a dit with a
width determined the by the effective shutter soeed movesin front of the film plane. For example, with a



shutter speed setting of 1/1000 of a second, a horizontally moving dit would need to be about 1/10 of an
inchwidefor atotd travel time of 1/60 of a second to cover the entire 1.5 inch wide 35 mm frame. Since
the flash duration is extremdy short and much much less than the focd plane curtain trave time, only the
film behind the dit would be exposed by an eectronic flash. For shutter speed settings longer than the
travel time, the entire frame is uncovered when the flash is triggered.

See the section: "Photoflash circuit from pocket camerd' for the schematic of a typica smadl battery
powered strobe.

Red-eye reduction provides ameans of flashing the lamp twice in rapid successon. The ideais that the
pupils of the subjects eyes close somewhat due to the firg flash resulting in less red-eye - imaging of the
indgde of the eyebdl - in the actua photograph.

Automatic eectronic flashes provide an optica feedback mechanism to sense the amount of light actudly
reaching the subject. The flash is then aborted in mid stride once the proper exposure has been made.
Inexpengive unitsjust short acrossthe flash tube with an SCR triggered by aphotosensor. With these units,
the same amount of energy isused regardiess of how far away the subject isand thuslow and high intensity
flashesdrain the battery by the same amount and require the same cycletime. The excessenergy iswasted
as heat. More sophigticated units use something like a gate turnoff thyristor to actudly interrupt the flash
discharge at the proper instant. These use only as much energy as needed and the batterieslast much longer
snce most flash photographs do not require maximum power.

Failure of red-eye reduction or the automatic exposure control circuits will probably require a schematic
to troubleshoot unlesstestsfor bad connections or shorted or open componentsidentify specific problems.

Remoatdy triggered fill flashes use a photocell or photodiode to fire an SCR which emulates the camera
shutter switch closure for the flash unit being controlled. Thereislittle to go wrong with these devices.

Problems unique to battery or AC adapter powered electronic flash units:

* Power source - dead or weak batteriesor defective charging circuit, incorrect or bad AC adapter, worn
power switch, or bad connections.

Symptoms: unit istotaly dead, intermittent, or excessively long cycletime.

Test and/or replace batteries. Determine if batteries are being charged.  Check continuity of power
switch or interlock and inspect for corroded  battery contacts and bad connections or cold solder joints
on the circuit board.

* Power invertor - blown chopper transistor, bad transformer, other - defective components.



Symptoms: unit istotaly dead or loads down power source when switched on (or at dl timeswith some
compact cameras). No high pitched audible whine when charging the capacitor. Regulator failure may
reult in - excess voltage on the flash tube and spontaneous triggering or fallure of the energy storage
capacitor or other components.

Test main chopper trangstor for shortsand opens. Thisisthemost  likely fallure. Thereisno easy way
to test the transformer and the  other components rarely fail. Check for bad connections.

Problems wunique to AC Iline powered electronic flash units:

WARNING: Line powered units often do not include apower transformer. Therefore, none of the circuitry
is isolated from the AC line. Read, understand, and follow the safety guidelines for working on line
powered equipment. Use an isolation transformer while troubleshooting. However, redize that this will
NOT protect you from the charge on the large high voltage power supply and energy storage capacitors.
Take dl appropriate precautions.

* Power source - dead outlet or incorrect line voltage.

Symptoms: unit istotaly dead, operates poorly, catchesfire, or blowsup. Spontaneoustriggering may
be the result of aregulator fallure or running on atoo high line voltage (if the unit survives).

Tedt outlet with alamp or circuit tester. Check line voltage  setting on flash unit (if it is not too late!).

* Power supply - bad line cord or power switch, blown fuse, defective rectifiers or capacitorsin voltage
doubler, defective components, or  bad connections.

Symptoms: unit istotaly dead or fuse blows. Excessve cycletime.

Test fuse. If blown check for shorted components like rectifiers and  capacitors in the power supply.
If fuseis ok, test continuity of line cord, power switch, and other input components and wiring. Check
rectifiers for opens and the capacitors for opens or reduced vaue.

Problems common to all electronic flash units: -------------=-=-==m-mmememmm oo

WARNING: the amount of charge contained in the energy storage capacitor may be enough to kill -
especidly with larger AC line powered flash units and high power studio equipment. Read and follow dl
safety guidelines with respect to high voltage high power equipment. Discharge the energy storage
capacitorsfully (seethe document: " Capacitors: Testing with aMultimeter and Safe Discharging'') and then
measure to double check that they are totdly flat before touching anything. Don't assume that triggering
aflashdoesthisfor you! For added insurance, clip awire across the capacitor terminas while doing any
work ingde the unit.



* Energy storage capacitor - dried up or shorted, leaky or needsto be ‘formed.

Symptoms. reduced light output and unusudly short cycletime may  indicate a dried up capecitor.
Heavy loading of power source with low frequency or weak audible whine may indicate a shorted
cagpacitor. Excessvey long cycle time may meanthat the capacitor has too much leakage or needsto
be formed.

Test for shortsand value. Subgtitute another capacitor of Smilar  or smaller uF rating and at least equa
voltage rdting if available.

Cycling the unit at full power saverd times should reform a capacitor that has deteriorated due to lack
of use. If the flash intengity and cycle time do not return to norma after a dozen or so full intengty
flashes, the capacitor may need to be replaced or there may be some  other problem with the power

supply.
* Trigger circuit - bad trigger capacitor, trigger transformer, SCR (if  used), or other components.

Symptoms. energy storage capacitor charges as indicated by the audible  invertor whine changing
frequency increasing in pitch until ready light comeson (if it does) but pressng shutter release or manud
test button  has no effect. Spontaneous triggering may be a result of a component  breaking down or an
intermittent short circuit.

Test for voltage on the trigger capacitor and continuity of thetrigger trandformer windings. Confirm thet
the energy storage capacitor is  indeed fully charged with a voltmeter.

* Ready light - bad LED or neon bulb, resistor, zener, or bad connections.

Symptoms: flash works normaly but no indication from reedy light. Or, reedy light on dl the time or
prematurely.

Test for voltage on the LED or neon bulb and work backwardsto itsvoltage supply - elther the trigger
or energy storage capacitor or invertor trans-  former. In the latter case (where load detection is used
ingead of ample voltage monitoring) there may be AC acrossthe lamp so aDC measurement may  be

deceptive.)
* Trigger initiator - shutter contacts or cable.
Symptoms. manud test button will fire flash but shutter release has  no effect.
Test for shutter contact closure, clean hot shoe contacts (if relevant), inspect and test for bad

connections, test or swap cable, clean shutter contacts (right, good luck). Try an dternate way of
triggering the flash like a cable instead of a the hot shoe.



* Xenon tube - broken or lesky.

Symptoms: energy storage and trigger capacitors charges to proper  voltage but the manua test button
does not fire the flash even though you can hear the tick that indicates that the trigger circuit is
discharging.

Ingpect the flash tube for physicd damage. Subgtitute another smilar  or somewhat larger (but not
amadller) flash tube. A neon bulb can be put acrossthe trigger transformer output and ground to seeif it
flasheswhen you pressthe manud test button shutter release. Thiswon't determine  if thetrigger voltage
high enough but will provide an indication that  most of the trigger circuitry is operaing.

Electronic flash dead after long time in storage: -----------==-======mmmm oo

The unit may be totaly dead or take so long to charge that you give up.

For rechargegble units, try charging for the recommended time (24 hours if you don't know what it is).
Then, check the battery voltage. If it does not indicate full charge (roughly 1.2 x n for NiCds, 2 x n for
lead-acid where n is the number of cells), then the battery islikely expired and will need to be replaced.

Even for testing, don't just remove the bad rechargeable batteries - replace them. They may be required
to provide filtering for the power supply even when running off the AC line or adapter.

For units with disposable batteries, of coursetry afresh set but first thoroughly clean the battery contacts.
See the sections on batteries.

The energy storage capacitor will tend to 'deform’ resulting in high leakage and reduced capacity after long
non-use. However, | would still expect to be able to hear sound of the invertor while it is attempting to

charge.

Where the unit shows no sign of life on batteries or AC, check for dirty switch contacts and bad internal
connections. Electrolytic capacitorsin the power supply and invertor may have deteriorated as well.

If the unit Smply takes along time to charge, cycling it a dozen times should restore an energy storege
capacitor that is has deformed but is sdvageable. Thisis probably safe for the energy storage capacitor
as the power sourceis current limited. However, thereisno way of tdling if continuous operation with the
excessive load of the leaky energy storage capacitor will overhest power supply or invertor components.

Photoflash circuit from pocket camera: --------=-====-=-=m=mmemmmmmemmeae

This schematic was traced from an eectronic flash unit removed from an inexpensive pocket camera
Errorsin transcription are possible.



Note that the ready light is not in the usual place monitoring the energy storage capacitor voltage. It
operates onthe principlethat once nearly full chargeisreached and theinvertor isnot being heavily |oaded,
enough drive voltage is avallable from an auxiliary winding on the invertor transformer to light the LED. It
is dso interesting that the trigger circuit dumps charge into the trigger capacitor instead of the other way
around but the effect is the same.

Invertor Flashtube
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Note:

| | ---+--- areconnected; ---|--- and ------- are NOT connected.

Theinvertor transformer winding res stances measured with aRadio Shack DMM. Primary resstancewas
below .1 ohms.

Darkroom timers; ---------------

Deveoping timers only provide a display or clock face (possibly with an darm) while enlarging timers
include apair of switched outlets - one for the enlarger and the other for the safe light. These are usudly
sf resetting to permit multiple prints to be made at the same exposure time setting.

Where the device plugged into a controlled outlet does not come on, first make sure these units are
operationd (i.e., the bulbs of the enlarger and/or safelight are not burned out and that their power switches
arein the'on' postion. The problem could also be that one of these devicesis defective as well.

Two types of designs are common:

1. Electromechanica - using an AC timing motor and gear train with cam  operated switches controlling
the output circuits directly or viardays.



If the hands fall to move or it does not reset properly, the timing motor  or other mechanica parts may
require cleaning and lubrication. The motor may be inoperative due to open or shorted windings. See
the sectionson"Smal Motors'. Where the timer appears to work but the  controlled outlets (eg.,
enlarger and safe light) do not go on or  off, check for aloose cam or bent linkages and dirty or worn
switch or relay contacts. If thedia falsto reset after the cycle completes, it may be binding or require
cleaning and lubrication or aspring may  have come loose or broken.

2. Electronic - digital countdown circuits and logic controlling mechanical  or solid State rlays or triacs.

Where the unit appears dead, test as with AC line powered digital clocks  (see the section: "AC
powered digital clock problems"). If thebuttons have the proper effect and the digits count properly but
theexternd  circuits are not switching, then test for problems in the power control  circuits. If the unit
is erratic or does not properly count or reset, there could be power supply or logic problems.

kkhkkkkkhkkkhkkhkkhkkkkikkhkk*k AC ADAPTERS kkhkkkkkhkkkhkkhkkhkkhkkhkkhkk*k

AC adapter basics; -----------------

It s;emsthat the world now revolvesaround AC Adaptersor 'Wall Warts asthey tendto becdled. There
are severd basic types. Despite the fact that the plugs to the equipment may be identicd THESE CAN
GENERALLY NOT BE INTERCHANGED. The type (AC or DC), voltage, current capacity, and
polarity are dl critica to proper operation of the equipment. Use of an improper adapter or even just
reverse polarity can permanently damage or destroy the device. Mogt equipment is protected againgt
stupidity to a greater or lessor degree but don't count on it.

The most common problems are due to failure of the output cable due to flexing at ether the adapter or
output plug end. See section below on repair procedure.

1. AC Trandformer. All wall warts are often caled transformers. However, only if the output is Sated
to be'AC' isthe device smply atrandformer.  These typicdly put out anywhere from 3 to 20 VAC or
morea 50 mA to 3 A or more. The most common range from 6-15 VAC at less than an Amp.
Typically, theregulation is very poor so that an adapter rated at 12 VAC  will typicaly put out 14 VAC
with no load and drop to lessthan 12 VAC  at rated load. To gain agency approval, these need to be
protected internaly so that there is no fire hazard even if the output is shorted.  There may be afuse
or thermd fuse internally located (and inaccessible).

If the output tested inside the adapter (assuming that you can get it open without total destruction - it
is secured with screwsand is  not glued or youare skilled with ahacksaw - measures O or very low with
no load but plugged into alive outlet, either the transformer hasfalled or  theinterna fuse had blown.
In either case, it is probably easier to  just buy a new adapter but sometimes these can be repaired.
Occasiondly, it will be as smple as a bad connection insde the adapter. Check the fine wires
connected to the AC plug as well asthe output connections.  There may be atherma fuse buried under



the outer layersof the transformer which may have blown. These can bereplaced but locating  onemay
prove quite a chalenge.

2. DC Power Pack. Inaddition to astep down transformer, theseincludeat thevery least arectifier and
filter capacitor. There may be additiond  regulation but most often thereisnone. Thus, while the output
isDC, the powered equipment will dmost dwaysinclude an eectronic regulation.

As above, you may find bad connections or ablown fuse or therma fuse  inside the adapter but the
most common problems are with the cable.

3. Switching Power Supply. These are complete low power AC-DC converters  using a high frequency
invertor. Maost common gpplicationsarelaptop computers and camcorders. The output(s) will befairly
well regulated  and these will often accept universa power - 90-250V AC or DC.

Again, cable problems predominate but failures of the switching power  supply components are dso
possible. If the output is dead and you have diminated the cable as a possible problem or the output is
cydingon and off at gpproximately a 1 second rate, then some part of the switching  power supply may
be bad. Inthefird case, it could beablown fuse, bad startup resistor, shorted/open semiconductors,
bad controller, or other components. If the output iscycling, it could beashorted diode or capacitor,
or abad controller. Seethe "Notes ontheDiagnoss and Repair of Smal Switchmode Power Supplies’
for moreinfo, especidly  on safety while servicing these units,

Also see the sections on "Equipment Power Supplies'.

AC adapter testing: ------------------

AC adaptersthat are not the switching type (1 and 2 above) can easily be tested withaVOM or DMM.
The voltage you measure (AC or DC) will probably be 10-25% higher than the label specification. If you
get no reading, wiggle, squeeze, squish, and otherwise abusethe cord both at thewall wart end and at the
deviceend. You may be ableto get it to make momentary contact and confirm that the adapter itsef is
functioning.

The most common problem is one or both conductors breaking interndly a one of the ends due to
continuous bending and stretching.

Make sure the outlet islive - try alamp.

Make sure any voltage sdlector switch is set to the correct position. Move it back and forth a couple of
times to make sure the contacts are clean.

If the voltage readings check out for now, then wiggle the cord as above in any case to make sure the
internd wiring isintact - it may be intermittent.



Althoughit ispossiblefor the adapter tofail in peculiar ways, asatisfactory voltage test should indicate that
the adapter is functioning correctly.

AC adapter repair: -----------------
Although the cost of anew adapter isusualy modest, repair isoften so easy that it makessensein any case.

The most common problem (and the only one wewill ded with here) isthe case of abroken wireinterna
to the cable at ether the wall wart or device end due to excessive flexing of the cable.

Usudly, the point of the bresk is just at the end of the rubber cable guard. If you flex the cable, you will
probably see that it bends more easily here than elsawhere due to the broken inner conductor. If you are
reasonably dextrous, you can cut the cable at this point, strip thewiresback far enough to get to the good
copper, and solder theendstogether. Insulate completely with severd layersof eectrica tape. Makesure
you do not interchange the two wires for DC output adapters! (They are usually marked somehow either
with a stripe on the insulator, a thread insde with one of the conductors, or copper and slver colored
conductors. Before you cut, make a note of the proper hookup just to be sure. Verify polarity after the
repair with avoltmeter.

The same procedure can be followed if the bresk is a the device plug end but you may be able to buy a
replacement plug which has solder or screw terminds rather than attempting to salvage the old one.

Oncetherepair iscomplete, test for correct voltage and polarity before connecting the powered equipment.
Thisrepar may not be pretty, but it will work fine, is safe, and will last along time if done carefully.

If the adapter can be opened - it is assembled with screws rather than being glued together - then you can
run the good part of the cable inside and solder directly to theinternd terminds. Again, verify the polarity
before you plug in your expendgve equipment.

Warning: If thisisaswitching power supply type of adapter, there are dangerous voltages present inside
in addition to the actua line connections. Do not touch any parts of the internd circuitry when plugged in
and make sure the large filter capacitor is discharged (test with avoltmeter) before touching or doing any
work on the circuit board. For more info on switching power supply repair, refer to the Notes on the
Diagnosis and Repair of Smal Switchmode Power Supplies.

If it isanormd adapter, then the only danger when open aredirect connectionstothe AC plug. Stay clear
when it isplugged in.

AC adapter substitution and equipment damage; ----------------------

Thosevoltage and current ratings are therefor areason. 'Y ou may get away with alower voltage or current
adapter without permanent damage but using a higher voltage adapter is playing Russan Roulette. Even



using an adapter from adifferent device - even with amilar ratings, may be risky because thereisno rea
standard. A 12V adapter from one manufacturer may put out 12V at al times whereas one from another
manufacturer may put out 20 VV or more when unloaded.

A variety of typesof protection are often incorporated into adapter powered equipment. Sometimesthese
actudly will savethe day. Unfortunately, designers cannot anticipate al the creative techniques people use
to prove they redly do not have a clue of what they are doing.

Theworst ssemsto be where an attempt is made to operate portable devices off of an automotive dectrica
system. Fireworks are often the result, see below and the section on: " Automotive power".

If you tried an incorrect adapter and the device now does not work there are severd possibilities (assuming
the adapter survived and thisis not the problem):

1. Aninternd fuse blew. Thiswould be the easest to repair.

2. A protection diode sacrificed itsdlf. Thisisusudly reversebiased acrosstheinput and is supposed to
short out the adapter if the polarity isreversed. However, it may havefailed shorted particularly  if you
used a high current adapter (or automotive power).

3. Some redly expensive hard to obtain parts blew up. Unfortunately, thisoutcomeisal too common.

| inherited a Sony Discman from aguy who thought he would save afew bucks and make an adapter cord
touseitin hiscar. Not only was the 12-15 volts from the car battery too high but he got it backwards!
Blew the DC-DC converter trandgstor in two despite the built in reverse voltage protection and fried the
microcontroller. Needlessto say, the player wasalossbut the cigarette lighter fuse was happy asaclam!

Mord: those voltage, current, and polarity ratings marked on portable equipment are there for a reason.
Voltage rating should not be exceeded, though using a dightly lower voltage adapter will probably cause
no harm though performance may suffer. The current rating of the adapter should be a least equal to the
printed rating. The polarity, of course, must be correct. If connected backwards with a current limited
adapter, there may be no immediate damage depending on the design of the protective circuits. But don't
take chances - double check that the polarities match - with a voltmeter if necessary - before you plug it
in Note that even some identicaly marked adapters put out widdy different open circuit voltages. If the
unloaded voltage reading is more than 25-30% higher than the marked value, | would be cautious about
using the adapter without confirmation that it is acceptable for your equipment. Needless to say, if you
experience any strange or unexpected behavior with a new adapter, if any part gets unusudly warm, or if
thereis any unusua odor, unplug it immediately and attempt to identify the cause of the problem.

kkkkkkkhkkhkkkkkk*k EQUIPMENT POWER SLJPPLIES kkkkkkkkkkkhkkkk*k

AC (plug-in) power supplies; -------==-====mn=mnmmmemmn-



Reread Safety info before tackling any power supply problemin aVCR!
If you equipment uses an AC adapter (wall wart), read the sections on AC adaptersfirst.

Consumer eectronic equipment typicaly uses one of four types of power supplies (There are no doubt
others):

1. Power transformer with linear regulator using 78/79XX 1Cs or discrete  components. The power
transformer will belarge and very near the  AC line cord.

2. Power transformer with hybrid regulator like STK5481 or any of its  cousns - multioutput with some
outputs switched by power on. If it  has one of these, check ECG, SK, or NTE, or post to
sci.eectronicsrepar - and someone can probably providethe pinout. Again, the power transformer  will
be large and very near the AC line cord.

3. Small switching power supply. Most common problems. shorted semiconductors,  bad capacitors,
open fusable resstors. In thiscasethereisusudly no large power transformer near the line input but a
gmdler trandformer  amidships. Thisisrarein audio equipment asthe switching noiseis  difficult to keep
out of theaudio circuits. Thesearemoreoftenfound foundin someVCRs, TV's, monitors, fax machines,
and printers.

Some comments for each type:

1. Troubleshooting is quite straightforward asthe componentsarereadily  identified and it iseasy totrace
through from the power transformer,  bridge or centertapped full wave rectifiers, regulators, caps, etc.

2. Failures of one or more of the outputs of these hybrid regulators  are very common. Use
ECG/STK/NTE cross reference to identify the correct  output voltages. Test with power switchin both
postions. Any discrepancy indicateslikely problem. Whilean excessveload dragging  down avoltage
ispossible, the regulator isthefirst suspect.  Replacement cost is usudly under $10.

3. Switching supplies. These are tougher to diagnose, but it is possble  without service literature by
tracing the drcuit and checking for  bad semiconductors with an ohmmeter. Common problems - dried
up capacitors, shorted semiconductors, and bad solder joints. See’Notes  on Diagnosis and Repair
of Smdl Switchmode Power Supplies for more  detailed information.

Totally dead power supply (non-switching type): --------=--=-===mm-mmmmmmm oo

Don't overlook the possibility of bad solder connections or even abad line cord or plug. Maybe Fido was
hungry.

Firg, make sure the outlet islive - try alamp. Even a neon circuit tester is not a 100% guarantee - the
outlet may have ahigh resstance margind connection.



Check for blown fuses near the line cord input. With the unit unplugged, test for continuity from the AC
plug to the fuse, on/off switch and power transformer. With the power switch in the 'on’ pogtion, testing
across the AC plug should result in aresistance of 1 to 100 ohms depending on the size of the equipment
(see the section: "Interna fuse blew during lightening storm (or eephant hit power pole”) for typica
resgtance readings of transformer primary windings.

If the fuse blew and the readings are too low, the transformer primary may be partidly or totally shorted.
If the resstanceisinfinite even directly across the primary of the power transformer, it may be open or
there may be an open therma fuse underneeth the outer layer of insulation wrapping.

If the fuse blew but resstance is reasonable, try a new fuse of the proper ratings. If this blows ingtantly,
there is ill afault in the power supply or one of its loads. See the section: "About fuses and circuit
breskers'.

If these check out, then the problem is likely on the secondary side. One or more outputs may be low or
missing due to bad regulator components. A secondary winding could be open though is is less common
than primary sde fallure asthe wire (in trangstorized equipment at least) is much thicker.

Low or missing power supply outputs (non-switching type):

Once the lineinput and primary circuits have been found to be good (or at have continuity and aresistance
that is reasonable, the problems is most likely in the secondary side - fuses, rectifiers, filter capacitors,
regulator components, bad connections, excess load due to electronic problems elsewhere,

Depending on the type of equipment, there may be a single output of severa outputs from the power
supply. A fallure of one of these can result in multiple systems problems depending on what parts of the
equipment use what supply.

Check for bad fusesin the secondary circuits - test with an ohmmeter. (I once even found an intermittent
fuse!) Try anew fuseof thesameratings. If thisoneblowsimmediady, thereisafault inthe power supply
or oneof itsloads. Seethe section: "About fusesand circuit bregkers'. The use of aseries current limiting
resstor - alow wattagelight bulb, for example- may be useful to dlow you to make measurements without
undo risk of damage and an unlimited supply of fuses.

Locate the large eectrolytic filter capacitor(s). These will probably be near the power transformer
connections to the circuit board with the power supply components. Test for voltage across each of these
with power on. If they are in pairs, this may be a dud polarity supply (+/-, very common in audio
equipment). Sometimes, two or more capacitorsare Smply used to provide ahigher uF rating. If you find
no voltage on one of these capacitors, trace back to determine if the problem is a rectifier diode, bad
connection, or bad secondary winding on the power transformer (thelatter is somewhat uncommon asthe
wireis rdaively thick, however).



Dried up dectrolytic capacitorswill result in excessve ripple leading to hum or reduced headroom in audio
outputs and possible regulation problemsaswel. Test with ascope or multimeter onits AC scale (but not
al multimeters have DC blocking capacitors on its AC input and these readings may be confused by the
DC levd). If ripple is excessve - as a guiddine if it is more than 10 to 20% of the DC leve - then
subgtitute or jumper across with agood capacitor of amilar uF rating and at least the same voltage rating.

If you find voltages that arelower than expected, this could be due to bad filter capacitors, an open diode
or connection (one side of afull wave rectifier circuit), or excessive load which may be ether in the
regulator(s), if any, or driven circuitry.

Disconnect the output of the power supply from itsload. If the voltagejumpsup dramaticaly (or thefuse
now survives or the series light bulb now goes out or glows dimly), then a short or excess load islikely.

If the behavior does not change substantialy, the problem may be in the regulator(s). Trangstors, zener
diodes, resistors, and other discrete components, and |C regulatorslike LM 317sor 7809s can betested
withan ohmmeter or by subgtitution. The most common failures are shorts for semiconductors, opensfor
resstors, and no or low output for ICs.

Where the supply uses a hybrid regulator like an STK5481, confirming proper input and then testing each
output is usudly sufficient to identify afalure. A defective hybrid regulator will likely provide no or very
low output on one or more outputs. Confirm by disconnecting theload. Test with any on/off (logic) control
in both states.

Uninterruptible power supplies (UPSs) and power invertors:

Caution: reread safety guiddines as portions of these devices can be nasty.

Note: inexpensve UPSs and invertors generate a squarewave output so don't be surprised at how ugly the
waveformappearsif you look at it on ascope. Thisisprobably norma. More sophisticated and expensive
units may use amodified snewave - actudly a3 or 5 level discrete gpproximeation to asinewave (instead
of a2 levd squarewave). The highest qudity units will generate a true Snewave using high frequency
bipolar pulse width modulation. Don't expect to find thisin a $100 K-Mart specid, however.

A UPS incorporates a battery charger, lead-acid (usually) storage battery, DC-AC invertor, and control
and bypass circuitry.

Note that if finding a UPS that provides surge protection is an important consideration, look for one that
runs the output off of the bettery at dl times rather than bypassng the invertor during normal operation.
The battery will act asanearly perfect filter in so far as short term line voltage variations, spikes, and noise,
are concerned.



A DC-AC power invertor used to run line powered equipment from an automotive battery or other low
voltage source issSmilar to the interna invertor in a UPS.

For aunit that appears dead (and the power has not been off for more than its rated holdup time and the
outlet islive), firgt, check for ablown fuse - externd or interna. Perhaps, someone was attempting to run
their microwave oven off of the UPS or invertor!

(See the section on: "Fuse post mortems' to identify likely failure mode.)

If you find one - and it is blown due to a short circuit - then there are likely internd problemslike shorted
components. However, if it is blown due to a modest overload, the powered equipment may smply be
of too high awattage for the UPS or invertor - or it may be defective.

Failures of a UPS can be dueto:

1. Battery charging circuit - if the battery does not gppear to be charging  even after an extended time,
measure across the battery with the unit both  unplugged and plugged in. The voltage should jump up
some amount with - power on - whenit issupposed to be charging. Disconnect the battery  and try again
if there is no action - the battery may be shorted totally.  Check for blown fuses, smoked parts, and bad
connections.

2. Battery - deteriorated or abused lead acid batteries are very common.  If the battery will not charge
or hold a charge, battery problems are  likdy. A UPS (or any kind of lead-acid battery powered
equipment) that  liesidle for along time (say ayear or two) without power to top off  the battery will
likely result in adead - not salvageable - battery due to sulfation. Symptomswill be: voltage on battery
cdimbsto morethan 25V per cdl when firgt put on charge and even after along charging  period, the
battery has essentidly no capecity. If the battery voltage isat itsnomind vaue - even when the invertor
should be running from it (and thereisno or low output), then there isa problem in the invertor  or its
connections or there is excess load.

3. Invertor - troubleshooting is smilar to that required for a switchmode power supply. Common

problems: shorted power semiconductors, open fusable resistors, dried up eectrolytic capacitors, and

bad connections. Seethe  document: "Notes on the Diagnosis and Repair of Small Switchmode Power
Supplies'. A visud ingpection may reved partsthat have exploded or  logt their smoke.

4. Line bypass circuit (if used) - check for problems in the controller  or its stlandby power supply, or
power switchover components, and bad  connections.

About fuses, IC protectors, and circuit breakers: ------=--=-=======mmmmmmm oo
The purpose of fuses and circuit bregkersisto protect both the wiring from heating and possible fire due

to ashort circuit or severe overload and to prevent damage to the equi pment dueto excess current resulting
from afailed component or improper use (i.e., excess volume to loudspeakers).



Fuses use afinewire or strip (caled the dement) made from a metd which has enough resstance (more
than for copper usudly) to be heated by current flow and which melts a a raively low wel defined
temperature. When therated current is exceeded, this element heat up enough to melt (or vaporize). How
quickly this happens depends on the extent of the overload and the type of fuse.

Fuses found in consumer ectronic equipment are usudly cartridge type - 1-1/4" mm x 1/4" or 20 mm X
5 mm, pico fusesthat look like green 1/4 W resistors, or other miniature varieties. Typica circuit board
markings are F or PR.

IC protectors are just miniature fuses specifically designed to have a very rapid response to prevent
damage to sengtive solid state componentsincluding intergrated circuitsand transstors. Theseusudly are
oftenin TO92 plastic cases but with only 2 leads or little rectangular cases about .1" W x .3" L x .2" H.
Tedt just like afuse. These may be designated ICP, PR, or F.

Circuit breskers may be therma, magnetic, or a combination of the two. Smal (push button) circuit
breakers for eectronic equipment are most often thermal - meta heets up due to current flow and breaks
the circuit when its temperature exceeds a set value. The mechanism is often the bending action of a
bimeta strip or disc - smilar to the operation of athermodat. Fip type circuit breskers are normally
magnetic. An eectro- magnet pulls on alever held from tripping by a cdibrated spring. These are not
usualy common in consumer equipment (but are used at the dectrica service pand).

At just over the rated current, it may take minutesto bresk the circuit. At 10 times rated current, the fuse
may blow or circuit bresker may open in milliseconds.

The responsetime of a'normal’ or 'rapid action’ fuse or circuit breaker depends on the instantaneous value
of the overcurrent.

A 'dow blow' or 'delayed action’ fuse or circuit bresker alows instantaneous overload (such as normal
motor starting) but will interrupt the circuit quickly for significant extended overloads or short circuits. A
large therma mass delays the temperature rise so that momentary overloads are ignored. The magnetic
type bresker adds a viscous damping fluid to dow down the movement of the tripping mechanism.

Fuse post mortems; -----------------

Quite abit can be inferred from the gppearance of ablown fuseif the indde is visble asis the case with
a glass catridge type. One advantage to the use of fuses is that this diagnogtic information is often
avalablel

A fuse which has an dement that looks intact but tests open may have just become tired with age. Even
if the fuse does not blow, continuous cycling at currents gpproaching its rating or instantaneous overloads
resultsin repeated heating and cooling of the fuse dement. It isquite common for the fuseto eventudly fall
when no actud fault is present.



A fuse where the ement is broken in asingle or multiple locations blew dueto an overload. The current
was probably more than twice the fusg's rating but not a dead short.

A fuse with a blackened or slvered discoloration on the glass where the entirelement islikely vaporized
blew due to ashort circuit.

Thisinformation can be of use in directly further troubleshooting.
Fuse or circuit breaker replacement: ---------------------m-ommmmme-

As noted, sometimes a fuse will blow for no good reason. Replacefuse, end of sory. Inthisgtuation, or
after the problem is found, what are the rules of safe fuse replacement? It isinconvenient, to say theless,
to have to wait aweek until the proper fuse arrives or to tromp out to Radio Shack in the middle of the
night.

Even with circuit breakers, a short circuit may so damage the contacts or totaly melt the device that
replacement will be needed.

Four parameters characterizes afuse or circuit bresker:

1. Current rating - this should not be exceeded (you have heard about not  putting penniesin fuse boxes,
right?) (The oneexceptiontothisrule isif dl other testing fails to revea which component caused the
fuseto blow inthefirg place. Then, and only then, putting alarger fusein  or jJumpering acrossthe fuse
**jud for testing** will dlow thefaulty component to identify itself by smoking or blowing itstop!) A
gndler current rating can safdy be used but depending on how closethe origind  rating was to the
actud current, this may blow immediately.

2. Voltagerating - thisisthe maximum safe working voltage of thecircuit  (including any inductive spikes)
which the device will safety interrupt. 1t is safe to use a replacement with equa or high voltage rating.

3, Type - normd, fast blow, dow blow, etc. Itissafeto subgtitute afuseor circuit bresker with afaster
response characteristic but  there may be consistent or occasiona failuremaostly during power-on.  The
opposite should be avoided as it risks damage to the equipment  as semiconductors tend to die quite
quickly.

4. Mounting - it isusudly quite easy to obtain an identical replacement.  However, as long as the other

specifications are met, olderinganormd  1-1/4" (3AG) fuse across a 20 mm fuse is perfectly fine, for
example.

kkhkkkhkkkhkkkkhkkhkkhkkhkkkkkk*%x BATTER' ES kkhkkkhkkkhkkkhkkhkkhkkhkkkkk*kx

Battery technology: ------------------



The desrefor portable power seemsto be increasing exponentidly with the proliferation of notebook and
pamtop computers, eectronic organizers, PDAS, cellular phones and faxes, pagers, pocket cameras,
camcorders and audio cassette recorders, boomboxes - the list isendless.

Two of the hottest areas in engineering these days are in developing higher capecity battery technologies
(electrochemical systems) for rechargesble equipment and in the implementation of smart power
management (optima charging and high efficiency power conversion) for portable devices. Lithium and
Nickel Metd Hydride are among the more recent additionsto the inventory of popular battery technologies.
A vaiety of ICs are now available to implement rgpid charging techniques while preserving bettery life.
Low cost DC-DC convertor designs are capable of generating whatever voltages are required by the
equipment at over 90% efficiency

However, most of the devices you arelikdy to encounter ill use pretty basic battery technologies - most
commonly throwaway Alkaine and Lithium followed by rechargeable Nickel Cadmium or Lead-Acid. The
charging circuits are often very smple and don't redly do the best job but it is adequate for many
goplications.

For more detailed information on al aspects of battery technology, seethe articles at:
http:/Mmww.paranoia.com/~filipg/HTML/FAQ/BODY /F_Baitery.html

There is more on batteries than you ever dreamed of ever needing. The sections below represent just a
brief introduction.

Battery basics. --------------

A battery is, grictly speaking, made up of anumber of individud cells(most often wired in seriesto provide
multiples of the basic cell voltage for the battery technology - 1.2, 1.5, 2.0, or 3.0 V are most common).
However, the term is popularly used even for single cells.

Four types of batteries are typically used in consumer eectronic equipment:

1. Alkaine- consgting of one or more primary cellswithanomind termind  voltageof 1.5V. Examples
are AAA, AA, C,D, N, 9V (transistor’), lantern batteries (6V or more), etc. There are many other
avaldble  dzes including miniature button cells for specidty applications like  clocks, watches,
caculaors, and cameras. Ingenerd rechargingof  dkaline batteriesisnot practical dueto their chemistry
and congruction. Exceptions which work (if not entirdly consstently as of  this writing) are the
rechargeable Alkaines (e.g., ‘Renewals). Advantages of dkaines are high capacity and long shelf life.
These now dominate the primary battery marketplace largely replacing the origind  carbon-zinc and
heavy duty types. Note that under most conditions, it  not necessary to store akaline batteries in the
fridge to obtain maximum  shelf life.



2. Lithium - these primary cells have amuch higher capacity than dkaines. Thetermind voltageisaround
3 voltsper cdl. Theseareoftenused  in cameras where their high cost is offset by the convenience of
long life and compact 9ze. Lithium batteries in common sizes like 9V are beginning  to appear. In
generd, | would not recommend the use of lithiums for use  in applications where a device can be
accidentdly left on - particularly  with kids toys. Y our batteries will be drained overnight whether  a
cheap carbon zinc or acodly lithium. However, for smokedarms, thelithium 9V battery (assuming they
hold up to their longevity clams) isided asa5-10 year service life without attention can be expected.

3. Nickel Cadmium (NiCd) - these are the most common type of rechargeable  battery technology use
insmal dectronic devices. They areavalablein  dl the poplar szes. However, their termina voltageis
only 1.2V per cell comparedto 1.5V per cdl for dkaines (unloaded). Thisisnotthe whole story,
however, as NiCds termina voltage holds up better under load  and as they are discharged.
Manufacturers claim 500-1000 charge-discharge  cycles but expect to achieve these optimigtic ratings
only under certain  typesof gpplications. In particular it isusualy recommended that  NiCds should not
be discharged below about 1 V per cell and should not  be left in a discharged state for too long.
Overchargingisaso an enemy  of NiCds and will reduce their ultimate life. An éectric shaver isan
example of adevice that will gpproach thiscyclelifeasitisused until the battery starts to poop out and
then immediately put on charge.  If adevice is used and then neglected (like a seldom used printing
caculator), don't be surprised to find that the NiCd battery will not  charge or will not hold a charge next
time the caculator is used.

4. Lead Acid - smilar to the type used in your automobile but generdly  specidly designed in a sedled

package which cannot leak acid under most  conditions. These comein awide variety of capacities but

notinstandard szeslike AA or D. They areused in some camcorders, flashlights, CD  players, security

systems, emergency lighting, and many other gpplications.  Nomind termind voltageis 2.0 V per cdl.

These batteries definitdly do  not like to beleft in adischarged condition (even more so than NiCds) and
will quickly become unusable if |eft that way for any length of time.

Battery chargers; ----------------
Each type of bettery requires a different type of charging technique.

1. NiCd batteriesare charged with acontrolled (usualy constant) current.  Fast charge may be performed
a ashigh asa.5-1C rate for the typesof  batteriesin portable tools and laptop computers. (C hereis
the amp-hour  capacity of the battery. A .5C charge rate for a2 amp hour battery  pack would use a
current equa to 1 A, for example)) Tricklechargeata 1/20-1/10C rate. Sophisticated chargeswill use
avariety of techniques to sense end-of-charge. Inexpensive chargers (and the type in many chesp

consumer electronics devices) Smply trickle charge at a constant current.  Rapid chargers for portable
tools, laptop computers, and camcorders, doat  |east sense the temperature risewhichisoneindication
of having reeched  full charge but this is far from totdly relidble and some damage is  probably
unavoidable as some cells reach full charge before others due  to dight unavoidable differences in
capacity. Better charging techniques  depend on sensing the dight voltage drop that occurs when full
charge isreached but even this can be deceptive. The best power management  techniques use a



combinaion of sensing and precise control of charge  to each cdl, knowledge about the battery's
characteridtics, and state  of charge.

Problemswith smple NiCd battery chargersare usudly pretty easy to  find - bad transformer, rectifiers,
capacitors, possbly aregulator.  Where temperature senaing is used, the sensor in the battery pack may

be defective and there may be problems in the control circuitsaswell.  However, more sophiticated
power management systems controlled by  microprocessors or custom 1Cs and may be impossible to
troubleshoot for  anything beyond obvioudy bad parts or bad connections.

2. Lead acid batteries are charged with a current limited but voltage  cutoff technique.  Although the
termind voltage of alead-acid battery is  2.00 V per cdl nomind, it may actudly reach morethan 25V
per cdl whilecharging. For an automoative battery, 15V is4ill within - the norma range of voltagesto
be found on the battery termindswhen  the engine (and dternator) are running.

A ample charger for alead acid battery is Smply a stepped down rectified  AC source with some
resstance to provide current limiting. The current  will naturaly taper off as the battery voltage
approaches the peaks  of the charging waveform. Thisishow inexpensive automotivebattery chargers
are congtructed. For small sealed lead acid batteries, an IC  regulator may be used to provide current
limited constant voltage charging. A 1 A (max) charger for a 12 V battery may use an LM317, 3
resstors, and two capacitors, running off of a 15V or greater input supply.

Problems with lead acid battery chargers are usudly pretty easy to  diagnose due to the smplicity of
most designs.

Substituting NiCds for Alkalines: -------------------mmmmemeee-

Firgt note that rechargesble batteriesare NOT suitablefor safety critica gpplicationslike smoke detectors
unlessthey are used only asemergency power fail backup (the smoke detector isaso plugged intothe AC
line) and are on continuous trickle charge). NiCds sdf discharge (with no load) at arate which will cause
them to go dead in amonth or two.

For many toys and games, portable phones, tape playersand CD players, and boomboxes, TV's, palmtop
computers, and other battery gobbling gadgets, it may be possible to substitute rechargeabl e batteriesfor
disposable primary batteries. However, NiCds have alower termina voltage- 1.2V vs. 1.5V - and some
devices will just not be happy. In particular, tape players may not work well due to this reduced voltage
not being able to power the motor at a constant correct speed. Manufacturers may specificaly warn
againg their use. Hashlights will not be asbright unlessthe light bulb is aso replaced with alower voltage
type. Other equipment may perform poorly or fal to operate entirely on NiCds. When in doubt, check
your ingruction manud.

NiCd batteries and the infamous 'memory effect’: -----=-==-=-m-mmmmmmmmm oo



Whether the NiCd 'memory effect’ isfact or fiction seemsto depend on one's point of view and anecdotal
evidence. What most people think is due to the memory effect is more accurately described as voltage
depression - reduced voltage (and therefore, reduced power and capacity) during use.

(The next sectionisfrom: Bob Myers (myers@fc.hp.com) and are based on a GE technical note on NiCd
batteries.)

The following are the most common causes of application problems wrongly attributed to ‘memory';

1. Cutoff voltage too high - basicdly, snce NiCds have such aflat  voltage vs. discharge characteridtic,
using voltage sensing to determine  when the battery is nearly empty can be tricky; an improper setting
coupled with adight voltage depression can cause many productsto call abattery "dead" even when
nearly the full cgpacity remainsusable (dbeitata  dightly reduced voltage).

2. High temperature conditions - NiCds suffer under high-temp conditions; such  environments reduce
both the charge that will be accepted by thecells  when charging, and the voltage acrossthe battery when
charged (and the latter, of course, ties back into the above problem).

3. Voltage depression dueto long-term overcharge - Self-explanatory. NiCds candrop 0.1-0.15 V/cdll
if exposed to along-term (i.e., aperiod of months) overcharge. Such an overcharge is not unheard-of
in consumer gear, especidly if the user gets in the habit of leaving the unit in acharger  of amplidiic
design (but which wasintended to provide enough current for - ardatively rgpid charge). Asaprecaution,
| do NOT leave any of my NiCd gear on a charger longer than the recommended time UNLESS the
charger isspecificaly designed for long-term"trickle charging’”, and explicitly  identified as such by the
manufacturer.

4. There are anumber of other possible causeslisted in a"miscellaneous’  category; these include -

* Operation below 0 degreesC.  * High discharge rates (above 5C) if not specifically designed for such
use. * Inadequate charging time or a defective charger. * One or more defective or worn-out cells.
They do not last forever.

To close with a quote from the GE note:

"To recap, we can say that true 'memory’ is exceedingly rare. When we see poor battery performance
attributed to 'memory’, it is amost aways certain to be a correctable gpplication problem. Of
the...problems noted above, Voltage Depression is the one most often mistaken for ‘memory'.....

Thisinformation should dispe many of the myths that exaggerate the idea of a'memory' phenomenon.”

Care and feeding of NiCds: ----------=--=-=--=------



Here are Sx guideines to follow which will hopefully avoid voltage depression or the memory effect or
whatever:

(Portions of the following guiddlines are from the NiCd FAQ written by: Ken A. Nishimura (KO6AF))

1. DON'T ddliberately discharge the batteriesto avoid memory. Yourisk reverse charging one or more
cdl which isa sureway of killing them.

2. DO let the cdlls discharge to 1.0V/cell on occasion through normal use.

3. DONT leave the cdls on trickle charge for long times, unless voltage  depression can be tolerated.
4. DO protect the cells from high temperature both in charging and storage.

5. DON'T overchargethe cells. Useagood charging technique. Withmost  inexpensive equipment, the
charging circuits are not intdligent and will not terminate properly - only charge for as long as

recommended inthe  user manud.

6. DO choose cdlswisdly. Spongeffoam plateswill not tolerate high  charge/discharge currents as well
asdantered plate. Of course, it israre that this choice exigts.

Author's note: | refuse to get involved in the flame wars with respect to NiCd battery myths and legends

Zapping NiCds to clear shorted cells: --------=-==-=mmmmmmmmmem oo

Nickel-Cadmium batteries that have shorted cells can sometimes be rguvenated - a least temporarily -
by a procedure affectionately called ‘zapping'.

The cause of these bad NiCd cellsistheformation of conductivefilaments called whiskers or dendritesthat
pierce the separator and short the positive and negative eectrodes of the cell. Theresult iseither acell that
will not take a charge a dl or which sdf discharges in a very short time. A high current pulse can
sometimes vaporize the filament and clear the short.

The result may be reliable particularly if the battery isunder constant charge (float service) and/or is never
discharged fully. Sincethereare dtill holesin the separator, repested shorts are quite likely especidly if the
battery is discharged fully which seemsto promote filament formation,

| have used zapping with long term reiability (withthe restrictionsidentified above) on NiCdsfor shavers,
Dust Busters, portable phones, and calculators.



WARNING: There is some danger in the following procedures as hest is generated. The cell may
explode! Take appropriate precautions and don't overdo it. If the first few attempts do not work, dump
the battery pack.

ATTEMPT ZAPPING AT YOUR OWN RISK!!!!

Y ou will need aDC power supply and alarge capacitor - one of those 70,000 uF 40 V types used for
filtering in multimegawett geek type automotive audio systems, for example. A smaler capacitor can be
tried aswell.

Alternatively, ayou can use a 50-100 A 5 volt power supply that doesn't mind (or is protected against)
being overloaded or shorted.

Some people recommend the use of a car battery for NiCd zapping. DO NOT be tempted - there is
nearly unlimited current available and you could end with adisaster including the possible destruction of that
battery, your NiCd, you, and anything ese that isin the vicinity.

OK, you have read the warnings.

Remove the battery pack from the equipment. Gain access to the shorted cdll(s) by removing the outer
covering or case of the battery pack and test the individua cdlls with amultimeter. Since you likely tried
charging the pack, the good cellswill bearound 1.2 V and the shorted cellswill beexactly OV. Y ou must
perform the zapping directly across each shorted cell for best results.

Connect apair of heavy duty clip leads- #12 wirewould befine- directly acrossthefirg shorted cell. Clip
your multimeter acrossthe cdll aswell to monitor the operation. Put it on ahigh enough scae such that the
full voltage of your power supply or capacitor won't cause any damage to the multimeter.

WEAR YOUR EYE PROTECTION!!!

1. Using the large capacitor:

Charge the capacitor from a current limited 12-24 V DC power supply.

Momentarily touch the leads connected across the shorted cell to the  charged capacitor. There will
be sparks. Thevoltageonthecdl may  spike to a high vaue - up to the charged voltage level on the
capacitor.  The capacitor will discharge dmost ingtantly.

2. Usng the high current power supply:

Turn on the supply.



Momentarily touch the leads connected across the shorted cdll tothe  power supply output. Therewill
be sparks. DO NOT maintain contact  for more than a couple of seconds. The NiCd may get warm!
While the power supply is connected, the voltage on the cdll may riseto  anywhere up to the supply
voltage.

Now check the voltage on the (hopefully previoudy) shorted cell.

If the filaments have blown, the voltage on the cdll should have jumped to anywhere from afew hundred
millivalts to the norma 1 V of a charged NiCd cdl. If there is no change or if the voltage dmost
immediately decays back to zero, you can try zapping couple more times but beyond this is probably not
productive.

If the voltage has increased and is rdatively stable, immediatdly continue charging the repaired cdl at the
maximum SAFE rate specified for the battery pack. Note: if the other cdlls of the battery pack are fully
charged asis likely if you had atempted to charge the pack, don't put the entire pack on high current
charge as this will damage the other cells through overcharging.

One easy way isto use your power supply with acurrent limiting resistor connected just to the cdll you just
zapped. A 1/4 Crate should be safe and effective but avoid overcharging. Thentrickle charge at the 1/10
C rate for severd hours. (C hereisthe amp-hour capacity of the cell. Therefore, a1/10 C ratefor a600
mA NiCdis50 mA.)

Thisworks better on smdl cdls like AAs than on C or D cdlls since the zgpping current requirement is
lower. Also, it seemsto be nearly impossible to rdliably restore the quick charge type battery packs in
portable tools and laptop computers that have developed shorted cells.

Problems with battery operated equipment: ---------========-mmmmmmmmmm oo

For primary batteries like Alkaines, first try afresh set. For NiCds, test across the battery pack after
charging overnight (or asrecommended by the manufacturer of the equipment). Thevoltage should be 1.2
x n'V where n isthe number of cdlsin the pack. If it is much lower - off by amultiple of 1.2V, one or
more cedllsis shorted and will need to be replaced or you can attempt zapping it to restore the shorted cells.
See the section: "Zapping NiCds to clear shorted cdlls’. Attempt at your own risk!

If the voltage drops when the deviceisturned on or the batteriesareingtalled - and the batteries are known
to be good - then an overload may be pulling the voltage down.

Assuming the battery is putting out the proper voltage, then a number of causes are possible:
1. Corroded contacts or bad connections in the battery holder.

2. Bad connections or broken wires insde the device.



3. Faulty regulator in the internal power supply circuits. Test  semiconductors and |C regulators.
4. Faulty DC-DC invertor components. Test semiconductors and other  components.

5. Defective on/off switch (!!) or logic problem in power control.

6. Other problemsin the internd circuitry.

Battery juice and corroded contacts; -------------=--=--==-==--m-mmomm--

Unless you have just arrived from the other Sde of the gdaxy (where such problems do not exist), you
know that so-called ‘leak-proof' batteries sometimes legk. This is a lot less common with modern
technologies than with the carbon-zinc cdlls of the good old days, but still can happen. 1t is dways good
adviceto remove batteries from equipment when it is not being used for an extended period of time. Dead
batteries adso seem to be more proneto |eakage than fresh ones (in some cases because the casing materia
is depleted in the chemica reaction which generates dectricity and thus gets thinner or develops actua
holes).

Inmost cases, the actud stuff that leaks from abattery isnot 'battery acid' but rather some other chemicd.
For example, dkaline batteries are so caled because their dectrolyte is an dkaine materid - just the
opposite in reactivity from an acid. Usudly it is not particularly reactive (but isn't something you would
want to eat).

The exception isthe lead-acid type where the liquid ingde is sulfuric acid of varying degrees of srength
depending on charge. Thisis nasty and should be neutralized with an adkaline materid like baking soda
before being cleaned up. Fortunatdly, these sealed lead-acid battery packs rardly leak (though | did find
one with a scary looking bulging case, probably due to overcharging - got rid of that is ahurry).

Scrape dried up battery juice from the battery compartment and contacts with a plastic or wooden stick
and/or wipe any liquid up first with adry paper towd. Then use adamp paper towe to pick up asmuch
resdue as possible. Dispose of the dirty towels promptly.

If the contacts are corroded, use fine sandpaper or asmdl file to remove the corrosion and brighten the
metd. Do not an emery board or emery paper or steed wool asany of these will leave conductive particles
behind which will be difficult to remove. If the contacts are eaten through entirely, you will have to
improvise aternate contacts or obtain replacements. Sometimes the corrosion extends to the solder and
areuit board traces as well and some additiona repairs may be needed - possible requiring disassembly
to gain access to the wiring.

Automotive power: ----------------

Whileit istempting to want to use your car's battery asapower sourcefor small portable gppliances, audio
equipment, and lgptop computers, beware: the power available from your car's eectrical system is not



pretty. The voltage can vary from 9 (O for a dead battery) to 15 V under norma conditions and much
higher spikes or excursionsare possible. Unless the equipment is designed specifically for such power, you
aretaking aserious risk that it will be damaged or blown away.

Furthermore, there is essentidly unlimited current available from the battery (cigarette lighter) - 20 A or
more. Thiswill ingtantly turn your expensive CD player to toast should you get the connectionswrong. No
amount of internd protection can protect equipment from fools.

My recommendation for lgptop computers is to use a commercialy avalable DC-AC invertor with the
laptop's norma AC power pack. Thisisnot the mogt efficient but is the safest and should maintain the
laptop's warranty should something go wrong. For CD players and other audio equipment, only use
approved automotive adapters.

kkhkkkkhkkhkkkhkkhkkhhkkkkkk*kx MOTORSAND RELAYS kkhkkkhkkkkkkhkkhkkkkkhkkikk*k
Small motorsin consumer electronic equipment: --------=-===-==-zm=m-mmmmmmemm oo

A variety of motor typesarefound in audio and other eectronic equipment. For the additiona information
on the specific types of motors used in VCRs and CD players, see the documents for these types of
equipment.

Types of motors.

1. Small brush-type permanent magnet (PM) DC motors smilar to those found  in battery operated
appliances. Such motors are used in cassette decks  and boomboxes, answering machines, motorized
toys, CD playersand CDROM  drives, and VCRs. Where speediscritical, thesemay include aninternd

mechanical governor or electronic regulator. In some cases there will be  an auxiliary tachometer
winding for speed control feedback.

Theseareusudly quitereiable but can develop shorted or openwindings, adirty commutator, gummed
up lubrication, or dry or worn bearings.  Replacement is best but mechanica repair (lubrication, cleaning)
is sometimes possible. Also see the sections on tape speed problems.

Additiond info on these types of motors can befound in "Noteson CD Technology and the Repair of
CD Playersand CDROM Drives'.

2. A low prafile or 'pancake brushless DC motor may provide power for a  in someWakman typetape
players, direct drive capstans and generd  power in VCRsor tapedecks. Sincethesearedectronicaly
controlled, any non-mechanicd faluresare difficult to diagnose. Insomecases,  dectronic component
mafunction can be identified and remedied.



3. ACinduction motors- shaded pole or synchronoustypeused ininexpensive turntables. These motors
are extremdy reliable and are easy to  disassemble, clean, and lubricate. Just do not lose any of the
gpacer washers on each end of the shaft and make notesto assure  proper reassembly.

4. Miniature synchronous motors used in mechanica clock drives as found  in older clock radios or
electric clocks powered fromthe AC line,  gppliance controllers, and refrigerator defrost timers. These
assemblies  includeagear train either sedled insdethe motor or externd toit.  If themotor does not start
up, itisprobably dueto dried gummed up lubrication. Gettinginsde can beajoy but itisusudly possble
to popthecover and get at therotor shaft (whichisusudly wherethe lubricationisneeded). However,
thetiny pinion gear may needto be removed to get at both ends of the rotor shaft and bearings.

Motor noise in audio equipment: -------

Of course you expect your audio equipment to be absolutely silent unless told to perform. Motor noise
should not be objectionable. However, what if it iS? There are severd kinds of noise: rotating noise,
vibration, and dectricad interference:

If the noise is related to the rotating motor shaft, try lubricating the motor (or other suspect) bearings - a
sangle drop of dectric motor ail, sswing machine ail, or other light oil (NOT WDA40 - it is not a suitable
lubricant), to the bearings (at each end for the motor). Thismay help at least asatemporary fix. In some
cases, udng adightly heavier ail will hdp with aworn bearing. See the section: "L ubrication of eectronic

equipment”.

For AC motorsin particular, sted laminations or the motor's mounting may be loose resulting in abuzz or
hum. Tightening a screw or two may quiet it down. Painting the laminations with varnish suitable for
electrical equipment may be needed in extreme cases. Sometimes, the noise may actualy be aresult of a
nearby meta shield or other chassis hardware that is being vibrated by the motor's magnetic fied. A
grategicaly placed shim or piece of masking tape may work wonders.

If the noise - a buzz or whine - is actudly coming from the audio output but only occurs with the motor
running, the interference filter on the motor power supply may have failed. Thisis often just a capacitor
across the motor terminals and it may be defective or there may be a bad connection.

Finding a replacement motor: ---------------------------

In many cases, motors are fairly standardized and you may be able to find a generic replacement much
more chegply than the origind manufacturer's part. However, the replacement must match the following:

1. Mechanicd - you must be able to mount it. In most cases, this  redly does mean an exact drop-in.
Sometimes, adightly longer  shaft or mounting hole out of place can betolerated. Thepulley or other
drive bushing, if any, must be able to be mounted onthenew motor'sshaft. If thisisapressfit ontheold
motor, take extreme care so asnot to damage this part when removing it (evenif thismeans  destroying
the old motor in the process - it is garbage anyway).



2. Electrical - the voltage and current ratings must be smilar.

3. Rotation direction - with conventional DC motors, thismay be  reversble by changing polarity of the
voltage source. With AC motors,  turning the stator around with respect to the rotor will reverserotation
direction. However, some motors have afixed direction of rotation  which cannot be dtered.

4. Speed - for tape players and turntables - thismay not be feedback controlled. With alittle care you
should be ableto determinethe  normal rpms of the motor. For example, with a cassette deck, knowing

the tape speed (1-7/8" inches per second is sandard), it is  straightforward caculate the motor shaft
gpeed based on smple  measurements of pulley and capstan diameter ratios.

MCM Electronics, Dabani, and Premium Parts sock a variety of generic replacement motors for tape
decks, Wakmen, boomboxes, and CD players.

The ubiquitous eectromechanica relay isadevice that isused in alarge variety of gpplications to switch
power as well as sgnds in eectrical and dectronic equipment. Operation is quite Smple  An
electromagnet powered by an AC or DC cail pulls on anarmature having a set of moving contacts which
make or break a connection with a set of ationary contacts.

Most common relays can be characterized by three sets of parameters:

1. Cail - voltage; resstance, current, or power consumption; and whether it isSACor DC. For AC coils
only, the VA (volt-amps) rating may beused  instead of or in addition to power consumption dueto the
inductive cail.  Typica coail voltagesrange from5V t0 480V (AC or DC) - and beyond.  Current and
power consumption depend on the size of the relay.

2. Contact configuration - number of sets of contacts and whether they  arether type. The designation
will be something like SPST-NO, DPDT, 4PST-NC, 6PDT, etc. The first two letters refers to the
number of sets  of amultaneoudy activated contacts (S=1, D=2, numbersareusudly usedfor morethan
2 sets of contacts). The second two lettersrefers  to the contact configuration (ST=NO or NC but no
common termind, DT  will have a common - there will be both an NO and NC termind). Where

contacts are ST, the last two |ettersindicate NO or NC. Andmost  unlimited number of variations are
possble. Typica rdlayshave anywherefrom 1to 6 or more separate sets of ST or DT contacts or a

mixture of the two.

3. Contact ratings - thismay be specified for anumber of typesof  gpplications. For example: inamperes
at apaticular voltage for DC  resstive loads, or in horsepower at various voltages for AC inductive
loads. Like fuse ratings, these are maximum ratings and lower vaues are dmos aways acceptable.
Smdl rdlays may be ableto switch  only afew hundred mA at 32V while large industrid contactors can

switch 1000s of A at 1000s of V. Even the contactor in your automobile's  starter must control
hundreds of amps to the starter motor.



The common (C) contacts connect to the normally closed (NC) contacts when the cail is unpowered and
to the normally open (NO) contacts when the cail is powered.

Miniature and subminiature relays are used to switch phone line signas in modems, fax machines, and
telephone answering machines; audio amplifier spegker protection circuits, multiscan monitor deflection
components, and many other places.

Smdl relays control power in lighting equipment, TV sand other home gppliances, automotive sysemsand
accessories, and the like.

Large relays (often called contactors) are used for the control of centra ar conditioning systems
(compressor and blower motors), al types and sizes of industrid machinery - as well asin the sarter of
your automobile.

Relay identification; --------------------

A relay without a pin connection diagram can usualy be identified with a multimeter and variable power
supply - or by eye. Many have the critical information printed on the cover. However, for detailed
gpecifications, referring to the manufacturer's databook (or WEB page) redlly is best!

(The fallowing assumes asubminiature (DIP) relay. Lower coil resstances, higher coil voltages, and other
variations may exist for larger relays))

1. If the case of the relay is transparent or you can pop the top, examine  the pole piece of the
electromagnet. |If thereisa (copper) ring around  haf the pole piece, the rdlay coil is desgned for AC
(usudly line  frequency - 50 or 60 Hz) operation. An AC relay operated on DC will  overheat very
quickly but can be tested on DC.

2. Determine the cail pins. Use your eyebdl if possble or your multimeter  on the low resstance scde.
For asmdl relay, the coil will mogt likely  be afew hundred ohms. All other combinations of pinswill be
zeroor infinity. If theresstanceis under, say, 100 ohms, you may havean AC  cail rather thanaDC
cail.

3. Power the rdlay from avariable DC supply (I am assuming it hasaDC  coil whichislikely for aDIP

rday. You can dill dothiswithan  AC coil but it will heat up quickly). Start a zero and increase the
voltage until you hear the contacts close. Thiswill probably beat  around 3 valts (for a5 V cail) or 8

voltsfor a12 V coil - thiswill be  roughly 60% of nomina coil voltage. If you do not hear anything,

reverse the polarity of the coil and try again - you may have alaiching reay. Alternativey, put your

multimeter on the resstance scale  across one of the pairs of pins that measured zero ohms asit islikely
to beaNC st of contacts. Thiswill change to infinity ohmswhen  the relay switches.



4. Now that you can switch the relay on and off, you can use your multimeter  on the resstance scdeto
determine which contacts are normaly open  (NO) and which contacts are normally closed (NC).
(Normdly heremeans  unpowered.)

5, The power rating of the contacts can be estimated by their diameter (if they arevisible). Rough current
edimates (resgtiveloads): 20 A -5mm, 10A-3mm,5A-2mm, 1A - 1mm. Thesemust be derated
Subgtantidly  for inductive loads.

For latching relays, the polarity of the coil voltage determines whether the relay is switched on or off. In
other words, to switch to the opposite state requires the polarity of the voltage to the coil to be reversed.
Other types are possible but not very common.

Relay testing and repair: ----------=----==-------

If the relay istotdly inoperative, test for voltageto the cail. If the voltageis correct, the relay may have an
open coail. If the voltageislow or zero, the coil may be shorted or the driving circuit may be defective. If
the relay makesanorma switching sound but does not correctly control its output connections, the contacts
may be corroded, dirty, worn, welded closed, binding, or there may be other mechanica problems.

Remove therday from the circuit (if possible) and measure the coil resistance. Compareyour reading with
the marked or specified vaue and/or compare with aknown working relay of the sametype. An open coil
is obvioudy defective but sometimes the bresk is right a the termina connections and can be repaired
easly. If you cangain access by removing the cover, avisud examinationwill confirmthis. If theresstance
is too low, some of the windings are probably shorted. This will result in overheating as well as no or
erratic operation. Replacement will be required.

Relay contacts start out bright and shiny. Asthey are used, arcing, dirt, and wear takether toll. A seded
relay used a well below its rated current with a resstive load may work reliably for millions of cycles.
However, thiswill be sgnificantly reduced when switching high currents - especidly with inductive loads
which results in contact arcing. One speck of dirt can prevent a contact from closing so cleanliness is
important. Excessive arcing can result in the contacts getting welded together as wll.

The resstance of closed contacts on arelay that isin good condition should be very low - probably below
the measurable limits on a typicd multimeter - a few milliohms. If you measure significant or erratic
resstance for the closed contacts as the relay is switched or if very gentle tapping results in errdtic
resistance changes, the contacts are probably dirty, corroded, or worn. If you can get at the contacts, the
use of contact cleaner first and a piece of paper pulled back and forth through the closed contacts may
help. Superfine sandpaper may be used asalast resort but thisisonly ashort term fix. Therelay will most
likely need to be replaced if the contacts are switching any substantia power.

kkhkkkkkhkkhkkhkkkkk*k GENERAL EQUIPMENT kkhkkkkkkkhkkhkkkkk*k

|C and hybrid power audio amplifiers: --------=-=-===-emmmmmmmemmee e



(Note: troubleshooting of large audio amplifiers constructed with discrete output stagesis|eft to aseparate
document.)

The audio amplifiers found in small radios, Walkmen, portable cassette recorders, and other low power
devices are often dngle chips with few externd components. Obtain a pin diagram, test inputs and
output(s) with an audio signd tracer and/or oscilloscope. A dead output where inputs and power are
present usudly indicate a defective IC - as does one that becomes excessively hot - assuming that the
output is not overloaded.

Larger audio amplifiersmay use ICs (up to 10 or 20 W) or hybrid modules (up to 100 W per channel and
beyond). Purists may argue about the qudity of the sound from these compared to discrete component
designs but they are being used in many designs - at most price points (except perhaps the sratosphere
of audiophile land).

Hybrids modules (called 'blocks or 'bricks by some) may be totaly sdf contained requiring just power
and linelevd inputs or may bejud thefind stagein an overdl sysem including externd amplifier circuitry
whichis effectively a power op amp - high gain with negeative feedback. Failure of these bricks is quite
common.

Note that testing of these op amp designs - whether discrete or brick based - can be very confusing due
to the high gain and feedback. Intermediate sgnasin aworking channe may look like power supply ripple
and noise. In a dead channel these same points may appear to be norma or highly distorted audio
depending on which stage you test. In addition, since extensive negative feedback is used, power supply
ripple and noise is much less important significant and there may be substantial amounts of both in a
normally operaing amplifier.

Withstereo amplifiers, it isnormaly safe - and most effective - to swap components between the working
and dead channels aslong asyou are sure thereisno short circuit on the output. Thisisby far the quickest
way to confirm adead brick. (I would be alot more reluctant to make this recommendation for alarge
audio amplifier congtructed with discretetransistorsin thefina power sage asmultiple cascadefaluresare
possbly and likdly if **al** defective parts are not located before power is regpplied.)

Noisy or intermittent switches and controls: -----------==-==-mmmmmmmmmm oo

Symptoms include audible noise when rotating knobs, erratic operation of mode sdectors, random changes
in volume, switches, or controls that need to be jiggled or tapped to make them cooperate.

The causes are likely to be either dirt or wear.

Fird, try a spray control/contact cleaner - even the stuff from Radio Shack may make a remarkable
difference iff (1) dirt isthe problem and (2) you can get the cleaner insde the troublesome part.



Some types of contact and control cleaners can be used safely with low voltage circuits while they are
powered but not aways - read the labd directions. Select a product that specificaly satesthat isit safe
for switches and controls.

Use the extension tube that comes with the spray can and snake it into or near any visible access holes.
Operate the control or switch to help the cleaning action. Don't overdoe it - if you get to the right spot, a
littleisdl that is needed.

Resist the urge to use sandpaper or steelwool (ack!) on switch or connector contacts. However, pulling
apiece paper through aset of contacts or the occasiona gentle use of asoft pencil eraser (e.g., Pink Pearl)
may be helpful.

If this does not help - or only helps short term - the part may be worn. Sometimes, repair is possible (a
dide switch with contacts that have |oosened with use, for example) but replacement is better - if you can
find an exact or suitably close match. See the section: "Interchangeability of components'.

General intermittent or erratic behavior: -------------------mcmmm oo

Any intermittent problems that cause random sudden changes in performance are likely due to bad
connections, interna connectorsthat need to be cleaned and resegated, or dirty switchesand controls. Fird,
see the section: "Noisy or intermittent switches and controls'.

Bad solder joints are very common in consumer electronic equipment due both to poor quality
marufacturing where cost reduction may be the most important consideration. In addition solder
connections deteriorate after numerous thermd cycles, vibration, and physica abuse. Circuit board
connections to large hot parts or partsthat may have mechanica stress gpplied to them are most likely be
auffer from hairline solder fractures (often called ‘cold solder joints when they result from poor qudity
soldering at the time of manufacture). However, snce the solder is often the only thing anchoring these
components, mechanica stress can eventually crack the solder bond as well.

To locate cold solder joints, use astrong light and magnifier and examinethe pins of large componentsand
components that are subject to physical stress (like headphone jacks and power connectors) for hairline
cracks in the solder around the pin. Gently wiggle the component if possible (with the power off). Any
detectable movement at the joint indicates a problem. A just perceptible hairline crack around the pin is
aso anindication of adefective solder connection.  With the power on, gently prod the circuit board and
suspect components with an insulated tool to seeif the problem can be effected.

When in doubt, resolder any suspicious connections. Some device may use double sided circuit boards
which do not have plated through holes. In these cases, solder both top and bottom to be sure that the
connections aresolid. Usealarge enough soldering iron to assure that your solder connectionissolid. Put
a bit of new solder with flux on every connection you touch up even if there was plenty of solder there
before.



Inadditionto soldering problems, check for loose or corroded screw type ground (or other) terminals, and
internal connectors that need to be cleaned and reseated.

Need to turn up volume to get sound t0 COME ON: ---=-==-=====m=mmmmmmmm oo

If a times, it is necessary to turn the volume way up or possibly to tap or whack the unit to get the sound
in one or both channds to come on when the unit isfirst powered up, the speaker protection relay could
be faulty. Receivers and audio amplifiers ofteninclude aset of relay contactsin series with each output to
protect the loudspeakers from power-on and power-off transents as well as damage dueto afault inthe
audio circuits. However, these contacts may deteriorate after awhile resulting in intermittent sound.

While this set of symptoms could be the result of generadl bad connections or even dirty controls or
switches, the rday is often at fault. This is exacerbated by switching the unit on and off a high volume
levelsaswedll asthis may cause contact arcing.

To determineif therday isat fault, either test it as outlined in the section: "Relay testing” or with the unit on,
very gently tap the rday to see if the sound comes as goes. If the relay is bad, you can try cleaning its
contacts or replace with one that has smilar dectrica oecificationsaslong asyou can mount issomehow.
Don't betempted to bypasstherday asit servesavery important protective function for both the amplifier
and your loudspeakers.

If it is not the relay, see the sections "Genera intermittent or erratic behavior” as well as "Noisy or
intermittent switches and controls'.

Equipment hums or buzzes: ------------------------

Asuming there are no other symptoms and the sound is coming from insde the unit and not the
loudspeakers, thisis probably smply dueto vibrating laminaionsin the power transformer or motor(s) or
nearby sheetmetd that is affected by the magnetic fields from the power transformer or motor(s). Most of
the time, thisis harmless but can definitely be quite annoying especialy when one expectstota slencefrom
their audio equipment. If the noise is coming from any motors or their vicinity, refer to the section: "Motor
noise in audio equipment”.

Sometimes, smply tightening the screwsthat hold the transformer or motor together or the mounting screws
will bedl that isneeded. Placing atoothpick or piece of plagtic in agtrategic location may help. Itisdso
possible to coat the offending component with avarnish or sealer suitable for eectronic equipment but be
careful not to use so much that cooling is compromised or getting any in bearings or locations that would
interfere with rotating parts.

If the hum or buzz isin the audio, there could be a bad filter capacitor in the power supply, other power
supply problems, bad groundsinsdethe unit or genera ground problemswith externd equipment, or other
bad connections. Disconnect al externa devices (except the speakers if you do not have a pair of
headphones) and determineif the problem still exists. Proceed accordingly.



Overloads can dso cause a hum or buzz but would generdly result in other symptoms like a totaly or
partialy dead amplifier, severe distortion, smoke, six foot flames, etc.

Sometimes, smply tightening the screws that hold the transformer or motor

If the problem is only annoying when the equipment is not in use, as a last resort (where no memory or
clock functions run off the AC line), putting in an AC line switch may not be such abad idea

Internal  fuse blew during lightening storm (or elephant hit power pole):

Power surges or nearby lightening strikes can destroy eectronic equipment. However, most of the time,
damage isminimad or a least easlly repaired. With adirect hit, you may not recognize what is left of it!

Idedlly, dectronic equipment should be unplugged (both AC line and phone ling!) during dectrica sorms
if possble. Modern TVs, VCRs, microwave ovens, and even stereo equipment is particularly susceptible
to lightening and surge damage because some parts of the circuitry are dways aive and therefore have a
connection to the AC line. Telephones, modems, and fax machine are directly connected to the phone
lines. Better designsincludefiltering and surge suppresson components built in. With anear-miss, theonly
thing that may happen is for the interna fuse to blow or for the microcontroller to go bonkers and just
require power cycling. There is no possible protection against a direct strike. However, devices with
power switchesthat totally break the line connection are more robust since it takes much more voltage to
jump the gap in the switch than to fry dectronic parts. Monitors and TVs may aso have their CRTs
magnetized due to the dectromagnetic fields associated with alightening strike - smilar but on asmdler
scae to the EMP of anuclear detonation.

Was the unit operating or on standby at the time? If was switched off usng an actud power switch (not
alogic pushbutton), then either acomponent in front of the switch hasblown, the surge wasenough to jump
the gap between the switch contacts, or it wasjust a coincidence (yeh, right).

If it was operating or on standby or has no actua power switch, then a number of parts could be fried.

Many devices have their own interna surge protection devices like MOVs (Meta Oxide Varistors) after
thefuse. Soitisposshblethat dl that iswrong isthat the line fuse has blown. Removethe case (unplugit!)
and gart a the line connector. If you find a blown fuse, remove it and measure across the in-board sde
of fuse holder and the other (should be the neutrdl) side of theline. With the power switch off, thisreading
should be very high. With the switch on, it may be quite low if the unit uses alarge power transformer (a
few ohmsor less). For example (assuming power transformer operated supply):

* Small AC adapter - 100 to 500 ohms. * Large AC adapter - 10 to 100 ohms.
* VCR - 15to 30 ohms. * Cassette deck or CD player - 25 to 100 ohms. * Stereo
receiver or amplifier - .5to 10 ohms.



Some may be outsde these ranges but if the reading is extremely low, the power transformer could have
a partidly or totdly shorted primary. If it is very high (gregter than 1 K ohms), then the primary of the
power transformer may be open or there may be blown therma fuse under the outer insulation wrappings
of the transformer windings. This may be replacegble.

If the unit has a switching power supply, see the document: "Diagnosis and Repair of Smal Switchmode
Power Supplies'.

If the resi stance checks out, replace the fuse and try powering the unit. Therewill be 3 possibilities 1. It
will work fine, problem solved.

2. 1t will immediaey blow thefuse. This meansthereisat least one  component shorted - possibilities
include an MOV, linefilter capecitor, transformer primary.

3. It will not work properly or sill appear dead. This could mean there are blown fuses or fusable
resstors or other defective partsin the power  supply or other circuitry. In this case further testing will
beneeded and a some point you may require the schematic.

Use of surge suppressors and line filters: -----------=-==mmmmmmmmmm oo

Should you dways use a surge suppressor outlet strip or line circuit? Sure, it shouldn't hurt.  Just don't
depend on these to provide protection under al circumstances. Some are better than others and the
marketing blurb is a best of little hdp in making an informed sdection. Product literature - unlessiit is
backed up by testing from a reputable lab - is usudly pretty ussless and often confusing.

Line filters can dso0 be useful if power in you arealis noisy or prone to spikes or dips.

However, keep in mind that most well designed eectronic equipment aready includes both surge
suppressors like MOVs aswell asL-C linefilters. Moreisnot necessarily better but may move the point
of falureto areadily ble outlet strip rather than the innards of your equipment if damage occurs.

Itisdll best to unplug everything if the air raid Sirens go off or you see an eephant wearing thick glasses
running through the neighborhood (or an impending lightening storm).

Equipment dropped or abused: -------------=-=--=-mnmmn-

| have heard of someone fighting off a would-be mugger with a tape deck but this is generadly not a
recommended practice. However, once it happens - your cassette deck fell off its shelf or you prized
wakmanfel from your hang glider (ok, maybe that will be too much even for miracles) - what should you
do?

Overdl, eectronic equipment - especially portable devices - are quite tough. However, faling or being
beeten in just the wrong way can do subgtantid and possibly not immediately visble damage.



If you take it in for service, the estimate you get may make the nationa debt look like pocket change in
comparison. Attempting to repair anything that has been dropped isavery uncertain chalenge - and sSince
time is money for a professond, spending an unknown amount of time on a Single repair is very risky.
There is no harm is getting an estimate (though many shops charge for just agreeing that what you are
holding was once a - say - tapedeck!)

This doesn't mean you should not tackleit yourself. There may be nothing wrong or very minor problems
that can easily be remedied.

Firgt, unplug theunit evenif it looksfine. Until you do athorough interna ingpection, thereisno telling what
may have been knocked out of whack or broken. Electricd parts may be shorting dueto abroken circuit
board or one that has just popped free. Don't be tempted to apply power even if there are no obvious
ggns of damage - turning it on may blow something due to a shorting circuit board. If it is a portable,
remove the batteries.

Then, ingpect the exterior for cracking, chipping, or dents. In addition to identifying cosmetic problems,
thiswill help to locate possible areas to check for internal damage once the covers are removed.

Next, remove the covers and check for mechanica problems like a bent or deformed brackets, cracked
plagtic parts, and anything that may have shifted position or jumped from its mountings.

Caefully straighten any bent metal parts. Replace parts that were knocked loose, glue and possibly
reinforce cracked or broken plastic. Plagtics, in particular, are troublesome because most glues - even
plastic cement - do not work very well. Using a splint (medica term) or Sstering (congtruction term) to
reinforce a broken plastic part is often a good idea. Use multiple layers of Duco Cement or clear
windshield sealer and screws (sheetmeta or machine screws may be best depending on the thickness and
type of plastic). Wood glue and Epoxy do not work well on plastic. Some brands of superglue, PV C pipe
cement, or plastic hobby cement may work depending on the type of pladtic.

Cycle the the mechanism and check for free movement of the various moving parts.

Inspect for any broken eectronic components - these will need to be replaced. Check for blown fuses -
theinitid impact may have shorted something momentarily which then blew afuse.

There is dways a dight risk that the initial impact has dready fried eectronic parts as a result of a
momentary short or from broken circuit traces and there will ill be problemseven after repairing thevisble
damage and/or replacing the broken components.

Examine the circuit boards for any visible bresks or cracks. These will be especidly likely at the corners
where the stress may have been greatest. If you find **any** cracks, no matter how small in the circuit
board, youwill need to carefully inspect to determine if any circuit traces run acrossthese cracks. If they
do, then there are certainly breaks in the circuitry which will need to be repaired. Circuit boards in
consumer equipment are dmost never more than two layers so repair is possible but if any substantiad



number of tracesare broken, it will take agreat deal of painstaking work to jumper acrossthesetraceswith
finewire - you cannot just run over them with solder as thiswill not last. Use a fine tipped low wettage
soldering iron under amagnifying lensand run #28-30 gauge insul ated wires between convenient endpoints
- these don't need to be directly on either sde of the break. Double check each connection after soldering
for correct wiring and that there are no shorts before proceeding to the next.

If the circuit board is beyond hope or you do not fed you would be &ble to repair it in finite time,
replacements may be available but their cost islikely to be more than the equipment isworth. Locating a
junk unit of the same modd to cannibdize for parts may be amore redidtic option.

Oncedll visble damage has been repaired and broken parts have been replaced, power it up and seewhat
happens. Be prepared to pull the plug if there are serious problems (billowing smoke would qudify).
Determineif it gppearsto initidize correctly - without shutting down. Play a garbage tape to determine if
there are any problemsthat might damagethe tape. Listen carefully for any evidence of poor tracking, tape
speed ingtability, or weak or muddy audio that might indicate that tape path alignment requires further
attention. Listen aswell for any unexpected mechanical sounds that were not there before.

Very likely, the unit will be fine, you can replace the covers, and now find a more secure spot for it to
prevent this sort of event in the future. Maybe hang gliding isjust not for you!

Boombox or other equipment went to the beach (sand and/or surf):

A (former) relative took your boombox to the beach this summer and now it has sand or perhaps sdlt in
it. Or, maybe you could not resst "sngnintheran" and abig buswent by without dowing. Now neither
of the tape decks will play. Can thispossibly be fixed? Will it be worth the effort?

Unlessthisisaredly expensive sophidticated unit, | doubt whether it will pay you to take it anywhere for
repair. Furthermore, aswith equipment that has been dropped or physicaly abused, few repair shopswill
be inclined to touch the job. They redly don' like chalenges of this sort.

That leaves you!

If Atwater was involved in a Sgnificant way, you can probably forget it. Without immediate attention,
sdtwater corrosgon can st in very quickly and attacks e ectronic components, circuit board traces, cable
wiring, and mechanica parts. The only thing worse is damage caused by forgotten, leaky beatteries.

Although it is probably too late, the firgt thing to do when dectronic equipment gets wet is to remove the
power source- switchit off and pull the plug or removethe batteriesif possible. Don't betempted to apply
power until you have determined thet it is completely dried out. If power was on when the 'incident’ took
place, then eectronic damage may have dready resulted which will not be apparent until after cleaning,
drying, and lubrication.



The following description assumes adua cassette boombox. Adjust as appropriate for your patient:

If the tape decks are totaly dead, you may have serious eectronic or corroson which will make any
sdvage unlikely. If they sort of move (or even twitch abit) but the sound iserratic, week, fluttery, etc. then
theremay behope. (Of coursg, if it got wet, you should not have donethistest until everything was cleaned
and dried!)

NEVER use strong solvents for any cleaning. These may attack plastic parts or cause internal damageto
€lectronic components.

Mechanicd intensve care:

1. Remove the tape decks. Thiswill be apain but otherwise you will not  be able to get a everything.
Make as many as drawings as needed so  you will be able to reassemble,

2. Make a drawing of the belt routing, remove the belt(s), wash and dry  them, label and set them aside.

3. Use asoft brush (like a paintbrush) to dust out as much sand aspossible.  Hopefully, you can get it al
thisway. A vacuum cleaner withawand attachment may prove handy to suck out sand. Don't use high
pressure compressed air - it will just spread the sand around. Any grease or ol on which sand has
collected will need to be totally removed and replaced  with fresh lubrication.

4. If thereis evidence of sdt (remember, | said forget it...but), you  will need to wash it off. Yes, wash
it. Kegp water out of the motors. Uselow pressure compressed air (ablow dryer onlow heat  should
be fine) to dry so that it does not rust. Ditto if itisgtill wet  with contaminated liquid (wewon't say where
this came from), wash with  fresh water to remove dl traces of it as quickly aspossble. A find rinse
with 91% or pure isopropyl acohol will decrease drying time  and should not damage mechanica
assemblies. Degreaser may beused if it is safe for plastic and rubber parts.

Lubricate dl bearing pointswith adrop of light machineail - eectric  motor oil, sewing machine ail, etc.
(Never never never WD40). Lubricate gears, cams, and diding parts with alight plastic safe grease.

5. Replace the belts and reingtall the tape decks.
Electronic intendve care:

1. Remove the circuit boards and label the connectorsif thereisany  possibility of getting them mixed up.
If the circuit board(s) are soldered  to the rest of the equipment, then you will have to improvise.

2. Washwithwater and dry thoroughly. Thisdoeswork. | useit routindy  for degunking remote controls
and rubber membrane keypads, for example.  The most important objective should be to get corrosive
liquids off the components and circuit traces as quickly and completely aspossble. A find rinsewith
isopropyl acohol will decrease drying time. However, thereis a dight risk of damage to sendtive



electronic components should  some be trapped insgde. Moisture will be trapped in controls, coails,
selector switches, relays, transformer cores, connectors, and under large  componentslikelCs. Pat dry,
then use warm air from a hair dryer (or heat gun on low) to completely dry every nook and cranny. DO
NOT operate until everything insde and out is thoroughly dry.

3. Inspect for damage due to short circuitsincluding blown fuses, fried  components, and melted traces.
These will need to berepaired or  replaced.

4. Use spray contact cleaner on the switches and control cleaner onthe  user controls and adjustment
pots. DO NOT turn the internal adjustments  without precisely marking the origind postions - else
redignment will  be needed. Exercise the user controls to help the cleaning process.

Once everything is reassembled, power the unit up and see what happens. Be prepared to pull the plug
or pop the batteriesif there are serious problems. Attempt to play a garbage tape to determineif there are
any problems that might damage the tape. Look and listen for any abnormalities which may require
additional attention. There could till be eectronic faults not repairable without schematics and test
equipment.

Ohbvioudy, thisdescriptionisvery smplistic. Theimportant thingisto get every last grain of sand, sdt, and
other contaminants off of the mechanisms quickly.

Similar comments apply to equipment that went for an actua swim - you dropped your portable CD player
inthetoilet. The most important objectiveisto clean and dry it as quickly as possible and then relube any
motor and other bearings. Use your judgement as to the severity of the dunking in terms of how deeply
the liquid penetrated. Surface moisture will not hurt anything aslong asit isdried up quickly. If you left
it soaking on the other hand....

As noted above, moisture may collect ingde certain eectronic parts and it is essentid that these be dried
completedy before attempting to gpply power to the unit. 1f you do not, a best it will not work properly
and you may do additional serious damage due to short circuits.

For the mechanics, the same gpplies though this is trickier snce certain parts need to be lubricated and
these may not be readily accessble or obvious. Don't be tempted to overdo the lubrication either - too
much is worse that too little.

For hightech deviceslike CD players, some partsof theinternal opticsor shielded DC-DC convertors may
be impossible to access and clean of scum.

Reviving old (antique) equipment: --------------=-==---m-m-mmmmnmm

If you have atrue antique - redlly old, and vauable, you should refer to the extensive literature available
on this subject. Thefollowing gpplies moreto that 30 year old record player/amp found in the storage loft

of your garage during spring cleaning.



Common problemsreateto two types of components: vacuum tubes (valvesfor dl of you onthe other sde
of the lake) and capacitors (paper and eectrolytic type). Thorough cleaning of al socket and switch
contacts, and controls will aso be needed.

Warning: the voltages inside tube type equipment can exceed 400 V - and contact with that can be redl
painful not to say dangerous. AC-DC type sets are not isolated from the power line. (In someredly old
equipment, even the chassis may be tied to one side of the line). This could aso hagppen asareault of a
shorted component. The eectrolytic capacitors can hold a charge for quite awhile. Read, understand,
and follow the recommendationsin the Safety document. Use extreme carewhen probing or even touching
anything. Thisisnt5V logic!

Vacuum tubes;

It isnot possible to fully test vacuum tubes without proper equipment but the ingpection and tests below
will find most bad tubes but will not pick up wesk tubes. As a Sde note, when a repair shop replaced
tubes, perhaps 20 % of the tubes they replaced were actually bad (I know because the local TV repair
shop'strash can was afavorite hangout on pickup day and nearly al thetubes| scrounged tested perfectly
good on ared tube tester once they were washed of coffee grounds and cigarette ash!) Whether this
represented legitimate preventive maintenance or just IPM - Increased Profit Margin, | really do not know.)

1. Look for aslvery metalic spot somewhereinsdethetube. Thisisthe getter and isthere to remove
the last traces of gasses. If you seethis, thevacuumisintact. If itismilky white or red, the tube haslost
its  vacuum and is dead-deed.

2. Use an ohmmeter to test for filament continuity. The nicething about  tubes (aside from their cheery
glow) istha you can seeindde (at leest  for the ones with a glass envelope) and locate the filament
connections by tracing from the pins - it will be the whitish fine wirein the center of  each of the tube
sections. (Thefilamentisamogt dwayspins3& 4on a7 pintube, 4& 5ona9pintube and2& 7
on an 8 pin tube))

3. You can check for inter-element shorts (but not at norma operating  conditions) with aVOM or
DMM. For glass tubes, even without atube manua, you should be able to deduce which ements are
supposed to beisolated by visud examination.

Now, just jJump into your time machine, back about 20-30 years should do it (remember?) when every
corner drugstore and TV repair shop had atube tester. There is, of course a good chance that your loca
TV repair shop dill has one (if they can find it under aninch layer of dust) and it may even work.

Capacitors and resstors:
If you just dug thisthing out of the attic, it isvery likely that eectrolytic capacitors have dried up and paper

capacitors have turned leaky. Professond restorers will ofteningal modern replacementsfor al of these
capacitors without even testing the old ones.



Old carbon resistors can absorb moisture and changevaue. If your measurements do not agree with their
marked rating based on their tolerance, consider replacements. However, if within, say, 20 %, for now,
leave them done.

Sockets, switches, and controls:

Vacuum and/or use asmall paintbrush to remove dust, spider webs, dead insects (and anything larger).
Use contact cleaner on dl the tube sockets and selector switches. Use control cleaner on dl the
potentiometers and reodtats. Apply adrop of oil to any variable capacitor bearings and mechanica dia
pointers.

Testing (use an isolation trandformer with AC-DC line connected sets):

Much of this old equipment had schematic diagrams pasted to the cover - redly handy if the paper hasn't
totaly disntegrated.

Turn on the power but be prepared to pull the plug in ahurry if, for example, acapacitor should decideto
blow up (this shouldn't be a problem if you replaced them all unless some eectrolytics are in backwards).

Do thefilamentslight up? If your equipment has a power transformer, the filaments are probably wired in
pardld, o if onetubeisout, that tubeisbad (or itssocket). If they areall out, then the power transformer
or AC lineinput is bad.

If itisan AC-DC <t like atable radio, then the tube filaments are wired in series. If oneisbad, they will
dl beout. Get out your ohmmeter, pull each tube, and check it for filament continuity.

Assuming the filaments check out - dl sections glowing (for meta tubes, fed the case for warmth after a
few minutes though this won't guarantee that dl sections are dive) when power is gpplied:

Check for DC voltages out of the power supply. Therewill be big filter capacitors - check acrossthose.
Waitch out: we are talking several hundred volts and BIG capacitors - ouch.

Withno sgnd, check plate voltages on the various stages - there should something. If you measure 0O, then
aplate resstor or coil could be open or the tube may be shorted.

Therest isjust basic troubleshooting. Think of the vacuum tubes as overs ze high voltage depletion mode
FETSs (fidd effect tubes, why not?). Thisisnot much different than modern equipment except for the bites
the relaively high voltages can take out of your hide.

TV/VCR combos; --=---======-



These hybridswhichincludebothaTV and VCR (and sometimes other stuff aswell) seem to combinethe
worst of dl posshilities. Although, in principle, the idea of a combination TV/VCR sounds good - no
cabling toworry about, ease of use, compatibility assured, theresult may belessthan meetstheeye. While
TV/VCR combo unitsdo include both a TV screen and aV CR transport, very often thereisonly asingle
shared tuner so that viewing and recording of different programs is not possible unless one is from an
externa baseband video source (assuming there is a suitable input jack) like - you guessed it - aVCR or
laserdisc player.

If either the TV or VCR poops out and needs repair, the entire unit may be unusable either because of
shared circuitry or because the whole thing is in the shop. Congtruction qudity tends to be shoddy and
some designs are poor to begin with. Findly, asif thisis not enough, servicing is difficult and panful
because everything is crammed into a single compact (at least that isagood feature!) unit.

Refer to the gppropriate documentsfor your particular problems- not only TVsand VCRS, but dso Audio
and Miscellaneous for shared systems like the power supply.

Boomboxes and compact stereo systems: --------==-=========mmmmmmmmmaean

These combine a stereo receiver and asingle or dua cassette deck, and/or a CD player or changer, and
a pair of detachable speakers, into a single unit. Most are fairly portable but larger boomboxes and
compact stereos may require aforklift to move any great distance.

While the individud subsystems - CD player for example - are usudly relatively self contained dectricdly
except for acommon power supply, mechanicadly, everything tends to be jumbled together - even on units
that have an outward appearance of separate components. Both cassette trangportsare usudly driven from
asnglemotor. Getting a the CD player may requireremova of both cassette decks, audio amplifier, and
power supply. Working on theseisnot fun. Asusud, take careful notes as you disassemble the unit and
expect it to require some time just to get to what you are after. Be especidly careful when removing and
replacing the individua modules if printed flex cables are used for interconnections.

Refer to the relevant sections on cassette transports, loudspeakers, and power suppliesfor problemswith
these units. Refer to the document: "CD Technology and the Diagnosis and Repair of CD Players and
CDROM Dirives' for CD specific problems.

Since these do get abused - bumped, dropped, dunked, etc., bad connections, and other damageisvery
common. See the sections. Generd intermittent or erratic behavior" as well as "Noisy or intermittent
switches and controls'.

Revival of dead or tired remote control units; ----------=--==-==-mmmmmmm oo

There are two types of problemswith hand held remote controls. they have legs of their own and they get
abused or forgotten. | cannot help you with walking remotes.



Where response is intermittent or the reliable operating distance is reduced, first check the batteries and
battery contacts. If some buttons are intermittent or dead, than the most likely cause is dirty or worn
contacts under the rubber buttons or on the circuit board.

If thereis no response to any functions by the TV or VCR, verify that any mode switches are set correctly
(on both the remote and the TV or VCR). Unplug the TV or VCR for 30 seconds (not just power off,
unplug). Thissometimesresetsamicrocontroller that may have been confused by apower surge. Confirm
that the remote has not accidentally been set to an incorrect mode (VCR ingtead of TV, for example). If
it auniversa type, it may have logt its programming - reset it. Make sureyou are using the proper remote
if have multiple smilar modds.

Test the remote with an IR detector. An IR detector card can be purchased for about $6. Alternatively,
congtruct the IR detector circuit described in the companion document: ""Notes on the Repair of Hand Held
Remote Controls'.

If the remote is putting out an IR signd, then the remote or the TV or VCR may have forgotten its settings
or the problem may beinthe TV or VCR and not the hand unit. The following isjust a summary - more
detailed information is available in the companion document: "Notes on the Repair of Hand Held Remote
Controls".

Problems with remote hand units.

All except (1) and (2) require disassembly - there may be a screw or two and then the case will smply
‘crack’ in haf by gently prying with aknife or screwdriver. Look for hidden snap interlocks.

1. Dead batteries - solution obvious.

2. Corroded battery contacts, Thoroughly remove chemical deposts. Clean  contactswith pencil eraser
and/or sandpaper or nailfile.

3. Broken connections often between battery contacts and circuit board, possibly on the circuit board
- resolder.

4. Badresonator or crystd - replace, but diagnosing thiswithout — an oscilloscope may betough. Broken
connections on resonator legs  are common.

5. Dirt/spills'gunk preventing keys from operating reliably. Disassemble  and wash rubber membrane
and circuit board with water and mild detergent  and/or then acohal - dry completely.

6. Worn or corroded contact pads on circuit board. Clean andthenuse  conductive Epoxy or paint or
meta foil to restore.

7. Worn or dirty pads on rubber keypad. Clean. If worn, useconductive paint or meta foil to restore.



8. Cracked circuit board - can usudly be repaired as these are usudly sngle  sided with big traces.
Scrape off insulating coating and jumper bregks  with fine wire and solder.

9. Bad LED. If IR tester shows no output, remove LED and power it from a9V battery in serieswith
a500 ohm resgtor. If dill no output,  replace with readily available high power IR LED. Otherwise,
check  driver circuits.

10. Bad IC - if it isacustom chip, forget it! Failure of theIC  isusudly quite unlikely.
(Thefallowing isfrom Duane P Mantick:)

An awful lot of IR remotes use IC's from the same or Smilar series. A common series comes from
NEC and is the uPD1986C which, incidentally is  called out in the NTE replacements book as an
NTEL1758. A lot of these chips are chegp and not too difficult to find, and are made in
easy-to-work-with 14 or 16 pin DIP packages. Unless you have no soldering  or desoldering skills,
replacement isn't difficult.

There are alarge variety of universa remotes available from $10-$100. For genera TV/VCR/cable use,
the $10 variety are fine. However, the preprogrammed variety will not provide specid functions like
programming of a TV or VCR. Don't even think about going to the origind manufacturer - they will charge
anarm and aleg (or more). However, placeslike MCM Electronics do stock avariety of origind remotes
- prices range from $9 - $143 (Wow $143, for just a stupid remote! 1t doesn't even have high definition
sound or anything exatic). The average priceis around $40.

Problems with keypads or touchpanels; ----------=========-mmsmmmmmmeemee
Most common are moisture problems followed by physicd damage:

Very often, alittle overzedlous cleaning results in moisture trapped insde a not quite perfectly seded
membrane keypad or touchpane!.

Fird, of course, dry off the exterior as best you can. Any moisture that seeped indde may be difficult to
remove without surgery - which isdefinitely not something you want to undertake asthe long term rdiability
will be compromised.

| would recommend waiting awhile - aweek may be required - for it to totally dry out. You could dso
try confirming across the touchpad contacts with an ohmmeter that there is still low resistance (even 10s
of K ohmsmay look likeabutton press). Itisnearly impossibleto speed up thisprocess without subjecting
the device to conditions that may harm the device - heat and/or vacuum. Y oupaossibly try something like
isopropyl dcohal in the hope that it will displace the water and dry quickly. | do not know if thiswill be
safe in every dtuation, however.



Of course, it isaso possible that are other problems but | have seen these things take a very long timeto
dry out.

However, Sgnificant damage - amembrane type touchpad is punctured - may require replacement unless
you can repair theinternd wiring. The connections are usudly made with flex-cableswhich are difficult or
impossible to repair. See the section: "Repairing flexible printed cables’. Damage to any membrane
buttons may result in stuck buttons or improper operation of other buttons.

Repairing flexible printed cables: -------------------=-mcemcemme

It seems that more and more consumer devices from pocket camerasto laptop computers are being built
with miniature multiconductor flexible printed cables. Very often one or more traces to develop hairline
cracks due to repeated flexing. In addition, damage from moving circuit boards and modules during
sarvicing isdl to common.

Caution: many devices like caculators have printed cables that use amaterid that will not take solder and
are glued rather than soldered at their ends - the logic board and LCD pand, for example. Repair of
problems with the cables is virtualy impossble. Take great care when working ingde of deviceswith this
sort of cabling to prevent damage to the cables or their termination.

Needless to say, repairing any kind of flex cableisared pan. | have succeeded by carefully scraping the
plagtic off with an Xacto knife and then soldering fine wire (#30 gauge wire wrap for example) to the
traces. This presumes that the conductors on your cable will even take solder. | then cover up thejoints
with aflexible seder for dectrica and mechanical protection.

However, you need to make sure that the wire you use can beflexed or that thejoint isset up in such away
that the wire does not flex much - ese you will just end up with broken wires pretty quickly.

Soldering fromend point to end point if possble may be preferable. Even going to only one endpoint would
reduce the risk of immediate damage and rdiability problemsin the future.

With multiple traces broken or damaged, you are probably better off replacing the cable entirely.
kkkkkkhkhhkhkkkkikkhkkkx SPEC' FlC PROBLEMSAND REPAIRS kkkkkkhkhhkkkkhkkikkhkkx

Classic ATT Touch Tone phone ‘'battlewagon’ will not dial properly:

Typicd symptoms are: everything works fine except erratic or no diding. For some buttons, dia tone
would not go away. For others, toneswould be accepted but will be erratic and result in incorrect digits.
Certan digits may sound weak, wavery, or sngle frequency (rather than the proper DTMF dud tones).



While the internd wiring of these old phones is intimidating, the basic tone diding circuitry is an amazing
example of amplicity. About the only things thet fail yet ill permit some tone generation are the pot core
coilsthat determine tone frequency. Therefore, thisis the first thing to check.

There are two cores which each consst of two halves glued together. Breaks seem to be a common
problem due to both the age and the brittle cement used on some revs of thismode phone, and probably,
asareault of rough trestment when hanging up the handset, or dropping or throwing of the desk phone.

These cores must be digned before being glued back together. In addition, there is an adjustment plug
which may need to be tweaked. | dign by ear asfollows. Put a known good tone diaing phone and the
bad phone on the same phone line. Momentarily depress the hook switchesto silencethedia tone. You
will now have about 25 seconds before the nice polite operator recording tells you how to make a cal.
Depending on which coreisbad, depress either an entire (same) row or column of buttons on both phones.
(Adhesive tape is handy to hold down the buttons unless you have four hands,) By depressing the entire
st of buttons, you are disabling the other tone generator S0 you hear apuretone. Without turning thefine
adjustment plug (assuming it was not disturbed; if it was, set it mid-range or the same asthe onein the other
core), rotate the loose core top until a zero begt is obtained. As your rotate the core, you will hear the
pitchchange. Asit gpproachesthe correct setting, you will hear the tones beat againgt each other. When
you are st correctly, the pitches will be equa and the beat frequency will go to zero. Mark the position
of the core with a pen or pencil and then glue with Epoxy or other genera purpose adhesive (around the
outsde - not onthemating surfaces asthiswill affect thetonefrequencies). After theglue sets, confirm and
adjust the plug coreif needed. These cores use astrangetriangular coretool - | made mine by filing down
an duminum roofing nall (do not use aferrous materid).

These classc ATT Touch Tone phones are virtualy indestructible. However, broken cores (or actudly,
just broken joints on the cores) are common but easily repaired once you know what to look for. Setting
the tones by referencing a known good phone seems to be a very reliable technique as the zero best
permits an adjustment to better than .1%. Notethat if the reference phoneis amore modern (and flimsy
digitd one), then pushing multiple buttons may not work asit doeswith the old analog modds. Setting the
frequency using the norma dua toneswill work - it isjust not as easy.

ATT classic dia phone will not dial: ----------=-=-=-==-mememmmmm e

| know, you haven't seen one of these in years, but | just had to throw thisin.

Most likely it was dropped - these phones smply do not seem to fail any other way. When dropped,
assuming thereis no obvious damage, alittle plastic sop inddethe did mechanismwhichison apivot flips
the wrong way. This normaly prevents diding pulses from being generated when the did returnsto its
home position but when flipped, prevents diding totaly. Itisred easy to flip it back into place.

Jerrold 400 Cable Converter Problems: ---------==-=-==mmemmmmmmm oo



The most common symptoms for these cable boxes relate to their not staying on or acting erratically when
the buttons are pressed. The causes are usudly quite sSmple:

1. Cold solder joints around the power supply regulator ICs (on chassis  heat Snk).
2. Dried up main filter capacitors - two large dectrolytics in power supply  on main board.

Be careful disassembling the main board fromthe chassisasat least one of theregulator ICsclipped tothe
dde of the chasssisinsulated from this hestsink and the insulation is easily damaged.

Original Nintendo console erratic or dead: ------=-==-========mmmmmmmmmm oo

Whilethe origind Nintendo game machineisacouple of generationsout of date, many aredtill inuse. And,
hey, kids usudly don't care.

The most common problem with these unitsis aworn or dirty cartridge connector. In this case, the red
power/gtatus light will continue to flash even after the RESET button is pressed with a game cartridge in
place. Replacements are available for about $9 from the sources listed a the end of this document.

Fird, try another game cartridge - the one that is not working may just have dirty contacts or may be
defective. Clean the contactswith a Qtip moistened with water followed by isopropyl alcohol. (The water
will remove the sugar from the candy that may have made its way onto the connector.)

To get indde, you first remove the 6 screws on the bottom and then about 12 screws which fasten the
drcuit board and shield to the bottom of the case. (Note: there are two screwswhich arelonger and Slver
colored - make sure they get back to their origina location when you put everything back together.) Once
adl these screws are removed, the black connector can be did off the edge finger on the circuit board
Inspect these connections - they just may be abit corroded or dirty. Use contact cleaner and/or a pencil
eraser and seeif that makes any difference. Use contact cleaner on the dud rows of fingers that connect
to the game cartridge aswell. A dental pick can be used to gently spread thefingers gpart ever so dightly
and thus improve the connection when the cartridge is inserted.

Evenif this only makes adight improvement - you can press down on the cartridge and the machine will
respond to the RESET button - you have confirmed that the connector is indeed the problem. In many
cases, just this dleaning will result in reliable operation for along time to come.

kkhkkkkhkhkhkkkkkkkk* SERVICE INFORMATION kkhkkkkkhkhkhkkkkkkk*k

Determining belt type and size: --------------------=----m----

Bdtsare normdly specified by their cross section - square, flat, round, and their ingde circumference (1C).
The ICisused gnceit isvirtudly impossible to accurately measure the diameter of a belt.



Assuming you cannot locate an actud part number, determine the type of bdlt; square, flat, or round. If
you do not have the old bdlt, thisis usudly obvious from the pulleys. Most smal belts (as opposed to
V-beltson 1 HP shop motors!) used in consumer € ectronic equipment are of square cross section though
flat types are sometimesfound in the main drives of VCRS, cassette/tape decks, and turntables (remember
those?). Measure or estimate the thickness.

The ICisaways specified with the belt fully relaxed. This can be measured by hooking the old belt on one
end of aruler and pulling it just tight enough so that it more or less flattens out. Reed off the length, then
double it for the IC. Get a new bdlt that is 5% or so smdler to account for the old one be somewhat
stretched out. Of coursg, if the belt broke, measurement isred easy. Or, if you do not care about the old
belt, just cut it and measure the total length.

If the old belt decomposed into adimy glob of jdlatinous black goop or ismissng, you will need to usea
gring or fine wire around the gppropriate pulleys to determine the IC. Reduce this by 10-25% for the
replacement. Very oftenthe match does not need to be exact in ether thickness or length - particularly for
long thin belts. A common rubber band may in fact work just as well for something like a tape counter!

However, there are cases where an exact match iscritica - some VCRs and belt driven turntables or tape
decks do require an exact replacement for certain drive belts but thisisrare.

Some parts suppliers make determining replacement belts very easy with the PRB system in which the part
number fully codes the shape, size, and thickness.

Interchangeability of components: -------------=-=-==-----m-m-m---

The question often arises: If | cannot obtain anexact replacement or if | haveaVCR, tape deck, or other
equipment carcass gathering dugt, or | just have some extra parts left over from a previous project, can |
substitute a part that is not a precise match? Sometimes, thisis smply desired to confirm adiagnossand
avoid the risk of ordering an expensve replacement and/or having to wait until it arrives.

For safety related items, the answer isgenerdly NO - an exact replacement part is needed to maintain the
specifications within acceptable limits with respect to line isolation, X-ray protection and to minimize fire
hazards. However, these components are not very common in audio equipment or other consumer devices
(other than TV's, monitors, and microwave ovens) except for possibly in their power supply.

For other components, whether anot quite identical substitute will work reliably or at al depends on many
factors. Some designs are so carefully optimized for a particular part's pecifications that an identica
replacement is the way to return performance to factory new levels.

Here are some guiddines:

1. Fuses- exact same current rating and at least equal voltagerating. | have often soldered a normal
3AG szefuseontoasmdler blowvn20mm  long fuse asasubgtitute. Also, they should be the sametype



-dow blow only if origindly specified. A fuse with afaster response  time may be used but it may
blow when no faults actudly exig.

2. Resigors, capacitors, inductors, diodes, switches, trimpots, lampsand  LEDs, and other common
parts - except for those specificaly marked as  safety-critica - subgtitution as long as the replacement
part fits  and specifications are met should befine. Itisbesttousethesame  type- metd film resgtor,
for example. But for testing, eventhisis not ahard and fast rule and a carbon resistor should work just
fine

3. Potentiometers - user knobs usualy control one or more of these. There  arefour consideraionsin
locating a suitable replacement: resstance,  and taper, power rating, configuration, and mechanicd fit.
Configuration  refersto the number of ganged pots, concentric knobs, etc. Matching  thisfrom your
junk box may prove to be the toughest chdlenge! Many  of the controls for audio equipment use what
isknown asan'audiotgper’.  Thismeansthat the res stance change with knob rotation isnot linear  but
is designed to produce a uniform incrementd changein perceived  volume, for example. Replacement
with alinear taper pot will squish  dl of the effect towards one end of the range but it will till work.

If measuring the resistance of a (good) potentiometer with its wiper st in the middle results in
sgnificantly different reedings from center  to each end, it ismost likely an audio taper pot (though some
other  welird taper or other peculiarity is possible).

4. Rectifiers- many are of these are high efficiency and/or fast recovery  types. Replacements should
have equa or better PRV, If, and Tr  specifications. For line rectifiers, IN400x types can usudly be
used.

5. Transstors and thyristors (except power supply choppers) - subgtitutes  will generdly work aslong
astheir specifications meet or exceed those  of the original. For testing, it isusualy ok to usetypestha
donot quitemeet dl of these aslong asthe breskdown voltage and maximum  current ratings are not
exceeded. However, performance may not be quite  asgood. For power types, make sure to use a
heatsink.

6. Switching power supply transstors - exact replacement isgeneraly  best but switchmode transstors
that have specificationsthat areat  least as good will work in many cases. See the documentson TV,
monitor, and SMPS repair for further info.

7. Audio and erase heads - may be possible if the mountings are reesonably  compatible. However,
there could be other unknowns like coil impedance  and drive requirements. The connectors are not
likdy tobegmilar  ether. Thereareusudly sgnificant differencesin head configuration  and mounting
arrangement between 2 head, 3 head, and autoreverse cassette  or open redl tape decks.

8. Moators- smal PM motors may be subgtituted if they fit physicdly.  Make sure you ingdl for the
correct direction of rotation (determined by polarity). Capstan motors - especidly the direct drivetype
- ae  probably not interchangeable. However, generic speed regulated  cassette drive motors are
avaladle.



9. Sensors- many are sufficiently smilar to permit substitution.

10. Power transformers - in some cases, these may be sufficiently amilar that a substitute will work.
However, make sure you test for compatible  output voltages to avoid damage to the regulator(s) and
rest of the circuitry. Transformer current ratings aswell asthe current  requirements of the equipment
are often unknown, however.

11. Bdlts, tires, and pinch rollers - a close match may be good enough a  least to confirm aproblem or
to use until the replacements arrives.

12. Mechanical parts like screws, flat and split washers, C- and E-clips,  and springs - these can often
be sdvaged from another unit.

The following are usudly custom parts and subdtitution of something from your junk box is unlikely to be
successful even for testing: SMPS (power supply) transformers, interstage coils or transformers,

microcontrollers, other custom programmed chips, display modules, and entire power supplies unless
identical.

Recommended parts suppliers: --------=-==-=-=-==-=-m----

For generd eectronic components like resistors and capacitors, most electronics distributors will have a
aufficient variety at reasonable cost. Even Radio Shack can be considered in a pinch.

However, for consumer electronics equipment repairs, placeslike Digikey, Allied, and Newark do not have
the a variety of Japanese semiconductors like ICs and transstors or any components like tape heads or
belts.

The following are good sources for consumer eectronics replacement parts, especidly for VCRs, TV,
and other audio and video equipment:

MCM Electronics (VCR parts, Japanese semiconductors, U.S. Voice:
1-800-543-4330. tools, test equipment, audio, consumer U.S. Fax: 1-513-434-6959.  dedrarics
including microwave oven parts and dectric range elements, etc.)

Dabani (Excdlent  Japanese  semiconductor source, U.S. Voice

1-800-325-2264. VCR parts, other consumer eectronics, U.S. Fax: 1-305-594-6588. X enon
flash tubes, car stereo, CATV). Int. Voice: 1-305-716-0947. Int. Fax: 1-305-716-97109.

Premium Parts (Very complete VCR parts, some tools, adapter U.S. Voice
1-800-558-9572. cables, other replacement parts.) U.S. Fax: 1-800-887-2727.



Computer Component Source (Mostly computer monitor  replacement  parts, U.S. Voice:
1-800-356-1227. aso, some dectronic components including U.S. Fax: 1-800-926-2062.
semiconductors.) Int. Voice: 1-516-496-8780. Int. Fax: 1-516-496-8784.



