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Our new model 128 has a beeper and a whole lot mrcre.
After you've seen it we think you'll agree that this & the
best all around field service DMM availab’e. It beeps
on all three functions—V © and A—and on all ranges
for each function. Applications are virtually
anlimited. It “displays” a standard digital readout,
an audible tone for rapid over/under checks and
an over/under arrow.
Unique 128 design erables you te
ven.fy forward conducton and r=verse
blocking of semiccnductor
junctions, test LEDs and check
multiple junction components.
Even with the beeper or, the
° 128 maintains 10M{ input re-
C Olce sistance. You can calib-a‘e
e both the beeoer threshold
and the A/D without disassembling the instrament.

The 128 is human engineered = e
with a large, 0.6" display, rugged - v eyt
ABS case and display window,
350-hr battery life and overload
protection.

Much less versatility can cost
much more than $139.

The 128 is the sound choice
because it's the smart buy.
Contact your local Keithley rep-
resentative or distributor.

KEITHLEY

Keithle:s Instruments, Inc.
28775 Aurora Road/Cleveland, OH 44139
(21€) 28-0400/ Telex: 98-5469
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The field of robotics is cur-
rently revolutionizing in-
dustry. See story on page 38.
(Photo courtesy of Thermwood
Corporation.)
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The how-to magazine of electronics...
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The intelligent-machines industries
The state of the art

By Carl Helmers, Robotics Age
Computers are now being combined with machines to
bring about a new type of industry.

Reports from the test lab:

The Sencore SC61 Waveform Analyzer

By Carl Babcoke, CET

This new scope has several features that can shorten
diagnostic time significantly and provide accurate
readings.

Shock hazard at the workbench

By Robert K. Benson
Electrical shock is always a hazard when working with
electronic equipment, but it can be minimized.

What is an industrial robot?

By Ken Susnjara, Thermwood Corporation

An industrial robot is not a monster that will replace
human workers, but simply a machine tool programmed
to perform a limited sequence of motions.

Toward the automatic factory

The industrial robot is the name of the game, and the
effects of their existence are far reaching.

Robotics in practice: Future capabilities

By Joseph F'. Engelberger, Unimation
The gulf between man and robot will always remain, but
it is being reduced as technology advances.
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Previewing GE for 1983. Large
and small screens, portability and
new circuitry are features of
General Electric’'s new line of
video and television. This model
has a 3-inch television, FM-stereo
and AM-radio reception, plus a stereo microcassette record-
er/player. A step-up model with similar features permits the
microcassette to be removed for headphone listening.
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EDITORIAL

N

Almost every magazine, newspaper article or
special issue that discusses robots starts with a
mention of the play R. U. R. (Rossum’s Universal
Robots) by Karel Capek. This issue will be no
exception.

Actually, the play, and the concept of robot in
the play, have almost no applicability to robots as
they are developing in the real world today. But
mention of the play is important, because it is
from R.U.R. that our language got the word robot
in the first place. It comes from Capek’s native
Czech word robit, or robota, which literally means
work.

According to Harry Domin, general manager of
R.U.RE., Rossum was mad and had wanted to play
God and to create real humans. The material for
these beings was a substance synthesized by
Rossum that behaved like living matter but had a
different chemical composition. After his father’s
death, the young engineer chose to manufacture
the beings as cheaply as possible, with the least
requirements. He rejected man and made the
robot, an entity mechanically more perfect than
humans, with highly developed intelligence, but no
soul.

In Capek’s dark view, these beings, secretly
altered in character by one of R.U.R.’s scientists,
revolted and turned on humans, whom they hated
utterly.

The concept of robot has since been used
extensively in fiction to describe anything from a
simple machine to one that can barely be
distinguished from a human (and is frequently
portrayed as superior in many respects).

The idea of robots tends to instill fear in people.
Many see them as monsters, just waiting to run
amuck. Others see them as usurpers, being built
by the thousands to take the jobs of deserving
humans.

It is perhaps unfortunate, if understandable,
that industry, the technical/scientific community,
commerce and government have chosen to apply
the word robot to that class of machine that is
capable of performing functions that humans
perform (roughly described as manipulation) and
that is also programmable; that is, it can be
readily readapted, without hardware changes, to
perform a new task. It is unfortunate because the
term robot conjures up dark visions of our worst
fears about automata, into which real-world robots
just don't fit. It is understandable because the
motion of a sophisticated robot uncannily mimies
the motion of a human.

Harry Domin’s vision of the ultimate effect of
R.U.R.’s robots was of a world in which all of
humankind would be turned into a kind of
aristocracy, with robots performing all of the
dirty, messy, dangerous, repetitive, mindless
tasks. In the play, that was not to be. Those who
today are either manufacturing or applying robots
also profess a belief that the ultimate effect of
robots will be to free humans from the drudgery
and discomfort of the worst of industrial jobs.
They foresee that the numbers of people replaced
by robots will be more than compensated for by
vast numbers of jobs being opened in the robot
industry.

We hope that the robot-related articles in this
issue will help readers gain some perspective on
the current state and possible future direction of
the robot industry. R.U.R. was fiction. Capek’s
robots are dead. Today's real-world robots are
highly advanced machines that are being
developed and applied to industrial production
along with other modern technology.

N Connd €

ELECTRONIC
SCANNER

Anti-scanner law in Philadelphia
is declared unconstitutional

The city of Philadelphia recently
began enforcing a 1967 ordinance
that was actually enacted before
the scanner radio was invented in
1968. By interpreting the law to
apply to scanners, the city at-
tempted to make it illegal to sell,

possess or use a scanner radio-—
even in a private home — within the
city limits. Although the law has
been in effect for 15 years, it was
not enforced in Philadelphia until
last fall, when several owners and
employees of retail stores were ar-
rested for selling scanners. It was
the only area in the country that
had such a restriction.

In dismissing charges against
the defendants, Municipal Court
Judge J. Earl Simmons Jr. deter-
mined that Section 10-817 of the
Code of Philadelphia ordinances
(anti-police radio receiver case) is
unconstitutional as heing beyond
the permissible scope of the police
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power of the city council and as be-
ing unduly oppressive upon in-
dividuals. The judge ruled that the
citations charging summary of-
fenses should be dismissed and the
defendants discharged.

Summer Consumer Electronics
Show reflects industry growth

The increased number of at-
tendees, exhibitors and new prod-
uct introductions at the 1982 In-
ternational Summer Consumer
Electronics Show (CES) indicates
that this industry will remain the
most dynamic of the 1980s.

Gsty .
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FEEDBACK

History of ES&T

Your letter* spoke of the time,
30 years ago, when PF Reporter
was organized and later became
Electronic Servicing. My time
goes back to the late 1930s when
we, (RSA), in Chicago, induced
Sandy Cowan to organize a
magazine for radio service men,
which was known as Service. We
organized enough subscribers to
make it worth Sandy’s time to
publish the magazine. I was the na-
tional treasurer of RSA at that
time and a board member in
Chicago.

Later on, Sandy sold Service to
PF Reporter, which in time
became Electronic Servicing.

I have enjoyed all three
magazines since about 1939 or
1940, so I predate you a bit.

H.W. Cunningham

Port St. Lucie, FL

P.S. I have been retired in Florida
for the past nine years but like to
keep up on the latest techniques
anyway.

*Letter to subscribers about the merge of ES&T and
ET/D.

Building an air compressor

Regarding page 56 of the May
1982 issue, “Building an Air Com-
pressor”—-you NEVER set up an
air compressor without a safety (or
relief) valve in the system to pro-
tect against control failure and ex-
plosion!

This is an essential part —in fact,
an acceptable system could incor-
porate a safety valve without a
pressure control. Some commer-
cial units are sold that way.

Regarding the “about $100”-if
one hunts, and particularly if he
looks for sales, commercial units
can be bought for about this
amount.

If blowing dust in electronic
equipment is the objective, there
should be cleanliness advantage in
buying one of the oil-less 30 to
40psi spray paint units, which will

deliver adequate pressure and oil-
vapor-free air. In fact, if duct
blowing is the objective, pressures
on the blast nozzle should be
limited to some 30psi by a pressure
control valve or OSHA-type
nozzles, which reduce blast veloci-
ty to “safe” levels, should be used.

One other condition—-1 do not
know the internal design of the
York-Ford air conditioning com-
pressor. But freon is completely
miscible in oil and these com-
pressors are designed with the fact
that oil will be circulating with the
gas being pumped. One should
worry about lack of lubrication, or
the “pumping of oil into the air
discharge,” or both.

Compressors designed to pump
air are designed to handle the
lubrication and low oil content in
the air discharge problems.

Harry Kottas
K-Service
Steelville, IL

Stereo amplifier repair

After reading Carl Babcoke’s ar-
ticle on repairing the Marantz
2325 receiver (April 1982), I must
disagree with the conclusions
drawn. I learned many years ago
that you do yourself and your
customer a disservice by attempt-
ing to repair a product that you are
not familiar with, that is very com-
plex and that you cannot obtain
original parts for. He seems to
draw the opposite conclusion; that
Is, you can attempt repairs on
anything as long as you use proper
techniques and are careful.

Let us look at a few points in the
article that dramatize my point.
From the initial inspection, he con-
cludes that each channel could pro-
duce approximately 100W, yet he
connects to this unit two speakers
in small baffles. Later on he states
that he ruined two speakers while
testing the unit. This certainly cost
him money and reduced his profit
margin. My test speakers are
capable of handling high power
levels. I have serviced 2325s with
the same problem as his. The
noises they make sound like a ma-
jor explosion, yet, 1 have never
damaged a speaker. In case the
relay protection of the ecircuit
amplifier fails, I also have a protec-
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tion circuit built into my test
panel. Its relay opens if an ex-
cessive dc level appe-.rs.

Babcoke suspected an intermit-
tent bias adjust control R740. He
states that he had to drill the board
to make a replacement fit. This has
to take extra time and certainly
makes an unprofessional-looking
job. After all this, R740 was not
bad after all. I have not always had
the correct part either, but I've
found that I can solder something
above the board or to the back to
use as a check, and then order the
correct part if needed. I just do not
think that it is fair to the customer
to make modifications to the cir-
cuit board that are unnecessary. I
suspect that the proper control
could not be installed now if it
were available.

Concerning the slip of the test
probe, I am certainly in sympathy
with him here. I've done the same
thing. A little slip, a little pop, a
whisp of smoke, and you know that
you have cost yourself another
hour or so. A trick that I have
learned to minimize these
disasters is to put a 100 or 150W
light bulb in series with the ac line.
This limits the maximum current
that the unit can draw, and usually
saves the output transistors.

Now let's examine the solution
to this problem. Babcoke states
that suitable replacement tran-
sistors were found. I just can’t
agree with this, and I'm sure
Marantz would be horrified. I have
found very few instances in which
a unit with a replacement tran-
sistor would meet its specifica-
tions. I do not mean by this that
the unit would sound bad on your
small test speakers, but I doubt
that it would be within power and
distortion specifications at rated
output.

Replacement transistors usually
cause some ringing or other
glitches to a sine wave at rated
power. By using replacement
parts, he has done a disservice to
his customer by returning to him
something less than he originally
purchased. I noticed also that Bab-
coke stated he shorted two original
outputs. Surely he did not mix two
replacements with two original

transistors. (Each channel uses
(continued on page 61)



Get set to Splashdown

and tool up!

Cash inon Acapuico,
power tools and more

in Philips ECG’s
splashdown Sweepstakes.

We’re putting it all on our tabs.

A holiday for two in Acapulco and a
thousand more great awards are up for
grabs in Philips ECG’s new Splashdown
Sweepstakes. And it’s never been easier
to get the winning tickets —they’re right
on our address tabs, bags and color
picture tube serial numbers.

There’ll be guaranteed winners from
every state¥ And there’s no limit to the
number of times you can win, so enter as
often as you like. Just send your entry
form (available from your local distribu-
tor) to Philips ECG Sweepstakes Award
Headquarters, P.O. Box 4900, Fenton,
MO 63026, attached to any of the
following:

[J 5 Sylvania receiving tube address tabs
(one entry).

[J 5 Sylvania ECG semiconductor
address tabs or bags (one entry).

[J 1 Sylvania color picture tube serial
label (ten entries).

All entries must be postmarked by
midmght, September 30, 1982. For all
the details, ask your local Philips ECG
distributor.

First Place—(1 winner) Trip for 2 to
Acapulco.

Second Place—(5 winners) DeWalt®
Power Shops.

Third Place —(45 winners) Shop-Vac®
10-gallon Wet/Dry Vacuums.

Fourth Place— (100 winners) Wen
Scroll-Sabre Saws.

Fifth Place — (850 winners) Turner
Propane Torch Kits.

Reach for the components you can
always count on to fit and work. And
start counting down to Splashdown time
in Acapulco.

*The Philips ECG Splashdown Sweepstakes is available
only to dealers and service technicians. Employees of
Philips ECG, Inc., its authorized distributors, or their
advertising agencies are not eligible to participate.

No purchase required. Reasonable facsimile accepted.
Void where prohibited by law. ’

PhilipseCG

Ifit's ECG,it fits. And it works.

A North American Philips Company
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Cut your scope time in half?

We know that’s a bold claim. But
once you've tried the SC61 we
know you’ll agree it's a conser-
vative claim. Why? Because the
speed, accuracy, and ease of
operation of the SC61 makes
every conventional oscilloscope
as outdated and cumbersome
as the analog meter. Now all you

do is just push a button and read.

The First Scope With Automatic
Readout At last the cscilloscope
has gone digital. No more graticule
counting, calculating, or esti-
mating your measurements. You
can now make waveform measure-
ments digitally accurate, digitally
fast, at the push of a button.

Make All Measurements With One
Probe Make no mistake. The SC61
isnot a “piggyback” unit, but acom-
pletely integrated waveform moni-
toring system. You connectonly one
probe and the Autotracking™
display digitally tracks the waveform
on the screen. You just push a
button when you wanrt to read DC
volts, P-P volts, or frequency.

An Exclusive Breakthrough It took
four patent pending circuits to
completely integrate the scope and
digital display. The end result

is a breakthrough in scope tech-
nology that virtually obsoletes
conventional scopes. Here's why.

It’s 10 Times Faster The SC61is 10
to 100 times faster than any con-
ventional scope. How? Because all
you do is push a button instead

of counting graticules, calculating,
or switching probes. Increased
speedmeansincreased productivity.

it’'s 10 Times More Accurate
No matter how carefully you try
to measure a waveform
with a conventional
scope, you will only be
5% to 15% accurate due to

times more accurate to meet these
testing needs.

It’'s Easier To Use The digital read-
out is simplicity itself. Just push
and read. You'll make fewer errors
because every measurement

now becomes exact. Now you can
concentrate on the circuit rather
than the scope.

Measure Part Of A Waveform
Intensify any waveform portion with
the exclusive “Delta Bar,” push

the button, and read PPV, time, or
frequency for just that portion of
the waveform. Ideal for measuring
timed circuits, signal delays,
pulse widths, and more.

Guaranteed To Cut Your Scope
Time In Half When we say the
SC61 will cut your scope time in half,
we're being conservative. It's
possible to reduce your scope time
75%, even 90% with this first-of-
its-kind oscilloscope. But don't take

Just one probe and
push for DCV, PPV,
Frequency and Time.

our word for it. Try an SC61 and
judge for yourself. Here's our offer.

30 DAY
MONEY BACK
GUARANTEE

It the SC61 does not at least
double your scope productivity
during the first 30 days, you
may return it for a full refund,
including freight both ways.

Update Today Just like DVM's
have replaced analog meters, the
SC61 will replace conventional
scopes (under 100MHz) and for the
same reasons: increased speed,
accuracy, and reliability. Update
today with this new automated
scope technology. It's the scope
you've been waiting for.

TJo Order Or To Receive
A Complete Color Brochure,

parallax and interpretation errors. Phone To"_Free TOdaY‘ Qualified Sales Engineers are

Today's circuits demand greater
accuracy than that. The SC61’s
digital readout is 10 to 1000

ready to talk with you about

800-843-3338 SC61 performance and applica-
tions. Ask for Dept. 130.

For Information Circle (8) on Reply Card
For Demonstration Circle (9) on Reply Card

3200 Sencore Drive, Sioux Falls, SD 57107 605/339-0100 TWX: 910-660-0300

Alaska, Hawaii, Canada and South Dakota call collect at 605/339-0100
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VISE-GRIP

'Long Nose Locking Pliers.

VISE-GRIP?®
6LN*
iIntroduced
July, 1980

Long nose jaws built to
reach into tight spots for
delicate work or heavier
work. Plus built-in

wire cutter.

(O TENVANECHES
for toughness and
durability. De-
signed for years .
of trouble-free
service.

Famous
VISE-GRIP®
locking action.
Built to

hold on tight.

Easy release
trigger and
micro-
adjustment
screw with
adjusting
pliers action
for proper
locking
pressure.

{Shown Actual Size)

They do more jobs,
faster and easier,
than any other
long nose pliers.

VISE-GRIP

(©)1982 Petersen Mig. Co., Inc., DeWitt, NE 68341

*U.S. patent D261.096.
Other U.S. and foreign patents issued and pending
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quality

materials.
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demanded by these real-world
systems. Computers and their ap-
plications are at the heart of these
new industries. The challenge is to
utilize inexpensive modern com-
puter powers in cost-effective and
innovative ways. Computers have
rapidly broken out of the conven-
tional mold of blithe and innocuous
data processor. They have entered
the real world of designs once con-
fined to science fiction dreams.

An informal survey

The intelligent-machines in-
dustries are really a collection of
tools, practices and design ap-
proaches involving application of
computer systems techniques. The
industries we include in this area
of computer application are
several. All involve automation.
All involve use of computers and
software techniques to achieve
specific applications of general-
purpose computing elements.

Manufacturing

Machine intelligence is becoming
essential in the manufacturing in-
dustries. There the word robot has
become a recent code word for
manufacturing automation that
uses flexible, reprogrammable
manipulators. But intelligent
machines in manufacturing are
hardly limited to manipulators and
the automated production line: the
whole area of computer-aided
design and sophisticated
computer-aided manufacturing re-
quires the application of intelligent
machine engineering disciplines.

The word robot has become a

recent code word for manufacturing

automation that uses flexible,

The products that result from
the manufacturing uses of
machine intelligence vary. The
purpose, improving and enhancing
manufacturing productivity, re-
mains the same in all cases. The
computer-aided design installation
provides software and tools that
enhance the ability to create
manufacturable designs. The
numerically controlled machine
tool can take the instructions from
that design facility and build the
tooling necessary to produce parts
from the design. The robot arm
manipulator can then be employed
in numerous tasks that use the
tooling in a production process. At
all levels of the process, machine
intelligence in the form of soft-
ware for computer systems is a
key element.

The economic justifications of
manufacturing automation de-
velopments are obvious and un-
assailable: The newer techniques
can result in real productivity and
cost improvements with very short
payback periods. The inherent
charisma of such automation is the
tantalizing prospect of the totally
automated factory, the ultimate
capital good. The results impact on
all other areas of human endeavor.

Consumer products

It's one thing to apply the in-
telligent-machine concept to the
process of manufacturing. Going
one step further, we begin to see
more and more use of machine in-
telligence in the objects being
manufactured.
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reprogrammable manipulators.

In the late 1970s, we saw
microprocessor-controlled sewing
machines, microprocessor con-
trollers for microwave ovens and
all manner of intelligent toys. In
the 1980s, the first big orders were
made for microprocessors as in-
telligent system controllers in
automobiles. And toys have cer-
tainly become much more
sophisticated.

The ultimate consumer applica-
tion of intelligent machines is the
domestic-servant robot. The more
“practical” skeptics would rightly
respond “show me.” We can’t
predict when, but with a past
record of turning science fiction in-
to technology fact, it must happen.
A whole cottage industry of
tinkerers and experimenters is
already at work trying to perfect
prototypes of this ultimate ap-
pliance.

Civilian and military
aerospace products

Intelligent machine concepts
have been part of the aerospace
electronics design field for the past
several decades, sometimes evolv-
ing with the technology, and
sometimes being forced to evolve
by aerospace applications of the
technology. The latest in flight in-
strumentation for military and
civilian aircraft epitomizes the use
of contemporary intelligent
machine design.

An airline pilot once described to
me the sensation of flying in the
cockpit of a Boeing 747, a design
that is more than a decade old. In
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effect, he said that “you dial in the
numbers, sit back and relax while
the plane flies itself from New
York to London.”

Although that statement is
somewhat exaggerated, the trend
is quite real. There are inertial
navigators and satellite navigation
systems of unprecedented accur-
acy. Cockpit automation computer
systems planned for the next
generation of planes allow use of
2-man crews. And there are ex-
isting instrument landing systems
and projected collision avoidance
systems that will greatly improve
the safety aspects of flying.

Then there’s the defense indus-
try’s latest—the cruise missile—
a much-improved version of the
World War II German “buzz
bomb” system. This autonomous
flying robot has but one pur-
pose—reaching its target under ac-
tive, self-generated guidance to
deliver a bomb. But the same class
of algorithms that makes this
weapon so effective in the face of
hazardous terrain has peaceful
uses as well. We will eventually be
able to teach an automobile to
drive from point A to point B, sav-
ing lives that would otherwise be
lost.

Natural resource recovery

The intelligent machine is a ma-
jor factor in the recovery of in-
creasingly scarce resources from
our planet’s mineral trove. We can
save lives and lower costs by using
a sort of intelligent teleoperator
for mining activities. This,

The intelligent machine is a
major factor in the recovery of
increasingly scarce resources

however, is only an immediate and
obvious use.

The abstract field of artificial in-
telligence seems far removed from
the physical reality of such pro-
jects, yet it has already entered in-
to the field of resource recovery.
Significant work is under way in
the area of “expert systems,”
specifically as underwritten by oil
exploration budgets. The analysis
of a complex spectrum of data
taken from seismic prospecting is
ripe for automation, and “expert”
analysis of oil field data could
greatly improve the process of ex-
ploration.

Analysis of earth resources data
with software that employs scene
recognition, image enhancement
and other techniques of computer-
aided analysis is still another area.
Expert systems research in artifi-
cial intelligence is not confined to
one field of expertise. It borders
on the general theory of know-
ledge representation and the act of
getting to information in
databases.

Research

All of this leads up to an impor-
tant “application area” of the in-
telligent machine engineering
culture —research into the limits.
As with all frontier activities, the
border between generally ac-
cepted engineering practices and
the wild land of new techniques is
continually being pushed back.
Research into the use of computer
sensing, planning and controls is
one of the most important areas of
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from our planet’s mineral trove.

future applications of the
technology.

Research into the limits of in-
telligent machine design can take
many forms. At one level, it is the
amply funded research of the pro-
fessional working in the context of
a manufacturer, an industrial
research organization, academic
institution or a government agen-
cy. At the other end, it is the scant-
ly funded innovation of the imag-
inative tinkerer with a personal
computer, a knowledge of elec-
tronics and a willingness to experi-
ment with a particular application.

Everyone has had the opportuni-
ty to read science fiction. Few
have had a chance to implement it.
The exploration of new functions
in a research environment is a ma-
jor source of the excitement of the
field. Getting a computer program
to play at grand-master chess
levels is a feat of machine in-
telligence. Having a mobile robot
map its environment and feed
itself is an act of machine in-
telligence that marks a great ac-
complishment for the machine’s
designer.

Exploring new uses of robotics
in factory, laboratory or even
domestic projects is a reward unto
itself. The designers and in-
novators of the industries that are
just now in the early stages of ex-
istence recognize the oppor-
tunities, as intelligent machines
become an ever more important
part of every day existence.

aset..




7411 SWD PARTS KITS

MITSUMI
VARACTOR
UHF TUNER

Model UES-AS6F

$34.95

Freq. Range UHF470 - 889MHz
Antenna Input 75 ohms
Channels 14-83 Dutput Channel 3

KT PART
O O OESCAIPTION PRICE
1 VT1-SW  Varactor UHF Tuner, Model UES-ASBF $34.95
2 CB1-SW  Printed Circuit Board, Pre-Drilled 18.95
3 TP7-SW PL.B. Potentiometers, 1-2(K, 1-1K, and

5-10K ohms, 7-pieces 595
4 FR35-SW Resistor Kit, % Wait, % Cartion Film, 32-pieces. . 4.95
§ PT1-SW  Power Transformer, PRI-117VAC, SEC-24VAC

250ma 6.95
6 PP2-SW  Panel Mount Potentiometers and Knobs, 1-TKBT

and 1-5KAT w/Switch 5.95
7 S8514-8W IC's 7-pcs, Diodes 4-pcs, iegulalors 2 pes

Heat Sink 1-piece 29.95
8 CE9-SW  Electrolytic Capacitor Kit, 9-pieces 5.95
9 CC33-SW Ceramic Disk Capacitor Kit, 50 W V., 33-pieces 7.95
10 CT-SW Varible Ceramic Trimmer Capacitor Kit,

5-65ptd, B-pieces 5.95
11 14-SW Cod Kit, 18mhs 2-pieces, 22jths 1-piece (prewound

inductors) and 1 T37-12 Ferrite Torroid

Core with 3 ft. of #26 wre 5.00
12 I€S-SW L. Sockets, Tin inlay, 8-pin 5-pieces

and 14-pin 2-pieces 1.95
13 SR-SW  Speaker, 4x6'* Oval and P epunched

Wood Enclosure 14.95
14 MISC-S8W Misc. Parts Kit Includes Hardware, {6/32, 8/32

Nuts, & Bolts), Hookup Wire, Ant. Terms, DPOT

Ant Switch, Fuse, Fuseholder, etc. 9.95
When Ordering All ltems, {1 thru 14}, Total Price 139.95

MDS-AMATEUR-ETV 32 ELEMENT
YAGI ANTENNA

o NOT AKIT
® 19-25 GHz ® 38%" LENGTH
® 23 dB AVERAGE GAIN
® DIE CAST WATERPROOF HOUSING WITH
4% x 2V2" AREA FOR ELECTRONICS
® COMMERCIAL GRADE
® INCLUDES MOUNTING HARDWARE

MAE-1 32 Element YAGI Antenna

IYZ7X
VHF-UHF WIDEBAND
ANTENNA AMPLIFIER

$19.95

ANTENNA

L I AMPLIFIER MODEL ALL-1
’ 50 MHz — 900 MH2
U 12 dB GAIN + 0.54B

POWER
SUPPLY

&»

A Revolutionary New
One Stage HYBRID
IC Broadband Amplifier

This unit is not available anywhere eise in the world. One unit serves many pur-
poses and is available in Kit or Assembled form. Ideal for outdoor or indoor use. /0
impedance 1s 75 ohms. Amplifier includes separate co-ax feed power supply. Easily
assembled in 25 minutes. No coils, capacitors etc. to tune or adjust.

ALL-1 Complete Kit with power supply
ALL-1 Wired and Tested with power supply

Our New STVA 14.5 dB GAIN,
14 ELEMENT CORNER REFLECTOR
F}AGI ANTENNA -

Es =

.. 82495
$34.95

aa*:"‘*

STVA-3 YagiAntenna,

" 14.5 4B, 76 ohm. Chan 60-68 . . $16.95

= STVA-4 YagiAntenna,
- 14.5d8, 75 ohm, Chan 44-52 . $16.95
STVA-1 Yagi Antenna, 11.5dB, 75 ohm, Chan. 42-54 . . $9.95
RG-59/U 79 ohm Low Loss Coax Catde $ 12 p/ft
F-59 Coaxial Connectors, ea. .33
MT-1 Special UHF 75-300 ohm Matching Translnvmev ea. 1.45

Switch to Bambi!

Electronically

Bambi Electronic Video Switch ...
makes switching of your VCR/VTR.
Pay TV Decoders, Cable TV, Video
Discs, Video Games, Closed Circuit
TV, Antennae and Microcomputer as
easy as pushing buttons.

o ‘” 'r'.4,-“‘._
3 *Po‘wvul can eliminate .. the d

out ...not being able to use more than one function
at a time.

way it should be ...

push of a buttor .

Model
BEVS-1 wired

electronically and on line at the

reconnecting yo Jr video equipment each time you use it ...
the tangled mess of cables which are impossible to trace

Bambi lets you enjoy using your video equipment the

$12995

e —————— —_ar—r |
o~ 0 000900
@™ Bs Il
D e ¢

Bambi's front panel was designed with the
user in mind. Computes styled construction,
with soft-touch keyboard {rated for over 10
million operations). arranged in matrix form
allows easy input/outnut selection without
refering to charts. Functions selected through

Check the quality of Bambi against that of
much higher priced competition. All soiid
state electronic switching provides low atten-
uvation {3dB), wide frequency response {40-
890 MHz). and excellent isolation between
signal sources {each 1/0 section individually

Bambi's Specifications:

® Input/Output Impedance 75 ohm
# Signal Loss 3dB *tdB
¢ Noise 4dB +1dB
® Input Return Loss 12dB min.
® Isolation 65dB min.

& Power Req.

117VAC 60 Hz, 2W

the keyboard are immediately displayed on

the 18 LED status indicators.

EO CONVERTER

FOR CABLE TV

The SWD-1 Video Converter is uti-
lized on cable TV systems to re-
move the KHz's signal from a
distorted video (channel 3 in/

out} and also pass thru the

normal undistorted/detected
audio signa!. Rocker switch
selects operating mode to remove KHz's
- distortion from the video or pass all other chan-
nels normally. Simple to assemble—less than 30

minutes. Pre-tuned. tnput/output Channel 3. impedance
756 ohms. 117VAC
SWD-1 Video Converter Kit . ............. $69.95

SIMPLE SIMON VIDEO STABILIZER

= Simple Simon Video Stabiizer,
. Model VS-126. eliminates the ver-
tical roll and jitter trom “copy guard™
video tapes when piaying through
large screen projectors or on an-
other VTR. Simple to use, just adjust
the tock control for a stable picture. Once the control is set. the tape
will play all the way through without further adjustments. Includes
12V power supply.

VS§-125 Video Stabilizer, wired .$54.95

SIMPLE SIMON VIDEO SWITCHING BOX

¥ The Affordable Video
Control Center

Excellent in isolation and no loss

routing system. Simple Simons VSB-

Q 300 Video Switching Box enables

you ta bring a variety of video components

together for easy viewing/dubbing. Also you gain the ability to record

one channel while viewing another. Unit inciudes two F-type quick
connector ended cables.

VSB-300 Video Switching Box, wired

sheilded for 65dB min. isolation]

R ACCESSORIES

1O% Wx6%Dx3%H
4% lbs

® Dimensions
* Weight

INTRODUCGING OUR
1+11 PWD
PARTS KITS

Kt PART
o NO DESCRIPTION PRICE
1 1VT1-PWO Varactor UHF Tuner, Model UES-A5BF $34.95
2 26B1-PWD Printed Circuit Board, Pre-drilfed 18.95
3 3TP11-PWD PCB Potentiometers 4-20K, 1-.5K, 2-10K, 2-5K,
1-1K, and 1-50k. (11 picces} 885
4 4FR-31-PWD Resistor Kit, W, 5% 23-pcs, %2 W 2-pes 495
5 5PT1-PWD Power Transtormer, PRI-117VAC, SEC-24VAC
at 500ma. 9.95
6 6PP2-PWD Panel Mount Potentiometers an¢ Knobs, 1-1KBT
and 1-5KAT with switch 5.95
7 78817-PWD IC’s 7-pes, Diodes 4-pcs, Regulators 2 pes
Transistors 2-pcs, Heat Sinks 2-pcs 29.95
8 BCE14-PWD Electroiytic Capacitor Kit, 14-pieces. 6.95
9 9CC20-PWD Ceramic Disk Capacitor Kit, 50 WV, 20-pcs. . 1.9
10 10CTS-PWD Varibie Ceramic Trimmer € apacitor,
5-65pfd, 5-pieces 435
11 1115-PWD Coil Kit, 18mhs 3-pcs. .22pths 1-piece (prewound
inductors) and 2 T37-12 Fernite Toroid cores
with 6 ft. # 26 wire. 600
12 12IE8-PWD IE Sockets, Tin inlay, 8 pin 4-pcs, 14 pin 1-pc
and 16 pin 2-pcs 2.95
13 13SR-PWD Enclosure with PM Speaker and Pre-drilted
Backpanel for mounting PCB and Ant. Terms 14.95
14 14MISC-PWD  Misc. Parts Kit, Includes Hardware, {6/32, 8/32
Nuts & Bolts), Hookup Wire, Solder, Ant. Terms
OPOT Ant. Switch, Fuse, Fuseholder, etc. . 9.95
15 15MC16-PWD  Mylar Capacitors, 14-pes and Silver
Mica Capacitors 2-pieces . . 7.9%
When Ocdering All Items, (1-15), Total Price. . .. .. ... .... 159.95

SIMPLE SIMON ELECTRONIC KITS,™ Inc.

3871 S. Valley View, Suite 12, Dept. E, Las Vegas, NV 89103

in Nevsda cat. 702-871-2892
Outside Nevada Calt: 1-800-782-371 6

Availabte by Mail Order Only

Send Check” or Money Order. Minimum
Order: $16.95. Add 10% Shipping and
Handling on orders under $40.00. For
orders over $40.00, add 5%. Minimum
Shipping and Handling $2.00. Cat. $1.00

— VISA and Mastercard Acceptable —
*Check orders will be held 30 days before shipping
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Reports

fromi the test |ab:

the Sencore $C61
Waveform Analyzer

By Carl Babcoke, CET

Each report about an item of elec-
tronic test equipment 1is based om
examination and operation of the
device in the ES&T laboratory.
Personal observations about the
performance of new and useful
JSeatures are highlighted, along with
tips about using the equipment for
vest results.
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Figure 1 In addition to many wideband scope features, the Sencore model SC61 has an LCD digital readout that provides two
general classes ef measurements. Most digital readouts are obtained by pressing one button for each, following the normal

scope-waveform adjustments.

Although it —has a family
resemblance to its predecessor,
the model SC6¢ scope, the Sencore
SC61 (Figure 1) has severzl new
features that can shorten
diagnostic time significantly, while
providing improved accuracy of
readings.

The extzrnal evidence of these
unusual features is the LCD
readout, located -above the CRT
screen. Scme other scopes have
digital-mu'timezer (DMM) func-
tions adcded to them, sometimes as
a piggyback but separate unit with
its own test leads. That is not true
with the SC61. The LCD readout

displays some DMM functions
(without current or resistance
measuremerts), but the signals
come through the scope probes.

Two types of measurements are
displayed on the LCD digital
readout. Push-buttons for each A
and B vertical channel select the
Auto-Tracking Digital Tests.
These are dec voltage, ac peak-to-
peak voltage, repetition frequen-
cy, and the ratio of signal frequen-
cies in channels A and B. All
ranges of these functions are
selected automatically by the
scope (autoranging).

In addition, another four push-
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buttons select Delta Digital Tests,
which involve measurements of
time (and calculated repetition fre-
quency) between operator-selected
paoints on various waveforms.

General specifications

Basic features and specifications
cf the SC61 functions will be con-
densed here, since they are similar
to the SC60, which previously has
been described in detail.

The rectangular CRT has the
usual 8x10 graticule lines of about
0.9c¢m/div. plus numbers and dot-
ted lines marking the 0, 10, 90 and
100% points for rise-time



measurements (Figure 2). These
graticule lines are between the
CRT glass faceplate and the
phosphor coating. This internal
graticule &5 an excellent feature
that completely eliminates
parallax errors in visual readings.

CRT acceleration voltage is 6kV
regulated. No noticeable blooming
occurs at high screen brightness,
and trace sharpness and
brightness are very good.

A beamfinder push-button
reduces both horizontal and ver-
tical gains to make visible any

Figure 2 Figures used for rise-time
measuremens:s are placed along the left
edge of the CRT screen, which has an in-
ternal graticule. Although the top picture
shows no scope waveiorm, the LCD
readout shows a 1.7172kHz signal of
some type. When the beamfinder button
is pushed {above), the signal is revealed
as square waves or pulses of excessive
amplitude. Because the rise time is so
fast, the faint vertical rise and fall lines
are invisible in the top pictura

waveforms that cannot be
seen because of incorrect center-
ing or when the waveform is diffi-
cult to see (such as fast-rise-time
pulses).

The two vertical-amplifier chan-
nels are identical, except the Chan-
nel A waveform can be inverted by
pulling out the vertical-position
knob (a helpful feature in many
cases). Frequency response is
specified at 60MHz at +3dB but
useable to 100MHz. With ac cou-
pling, the low response is —3dB at

10Hz; but with dc coupling, the low
response is flat to de.

The 12 calibrated sensitivity
ranges in a 1-2-5 sequence (plus a
variable control) provide tests
from 5mV/div to 20V/div when an
optional direct probe is used
(Figure 3 shows the panel). Probes
supplied with the instrument are
non-switchable 10X-loss types, and
the panel calibrations match the
probes by showing maximum sen-
sitivity of 0.05V/div to 200V/div.
This is a convenience because it is

! )

High Voltage
Tripler
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Transformer
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PHONE OR WRITE FOR OUR NEW CATALOGUE TODAY!

INTERNATIONAL TRANSISTORS
AND ELECTRONIC COMPONENTS
P.C. Box 1483 Union, N.J. 07083
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Figure 5 The video waveform at the top
was photographed from the SC61 when
the TVivideo sync separator feature was
not used for triggering. Notice the faint
ghost-like lines from the vertical blank-
ing and equalizing sync puises in the
waveform. When the same signal was

triggered from the internal sync
separator, those obscuring lines were
eliminated, giving a clearer waveform.

Peak-to-peak acV. These
readings cover the entire
waveform, including any over-
shoot or ringing. Sometimes
technicians ignore these unwanted
sections of waveforms, knowing
they do not affect the -circuit
operation. Remember that the
LCD readout includes them, and
thus make any needed mental

allowances or observe the scope
waveform and disregard the LCD
readout. Except for these few ex-
ceptions, the PP readings on the
LCD display are many times more
accurate than readings obtained
by conventional visual methods
from the CRT screen.

Ranges of 0-8V, 8-80V, 80-800V
and 800-2000V peak-to-peak are
direct reading with the 10X stan-
dard probe. Also, they are auto-
ranged to give best resolution.

Bandwidth of the peak-to-peak
conversion circuit is said to equal
or exceed the vertical-channel
bandwidth, and these tests appear
to verify that statement. 1 dont
know of any other digital-readout,
peak-to-peak instrument that can
cover this 60MHz range.

Signals for the peak-to-peak con-
verter are taken from each vertical
channel before attenuation by the
range switches. One precaution:
The signal level must be high
enough to give a stable scope pat-
tern, or adjustments of the scope-
waveform controls have no effects
on the PP digital readouts.

De voltages. Inputs for the four
automatically selected, LCD-dis-

FINALLY. COMPUTERS AS A
'NEW TOOL FOR T.V. REPAIR.

MODEL SCé1

Figure 6 A vertical line of push-buttons
is located at about the horizontal center
of the front panel. The top six allow
digital Vdc, PPac and freguency
readouts from the twc vertical channels.
Four of the lower six buttons are for the
Delta-time measurements, one is the
frequency-ratio button and the bottom
one activates the beamfinder.

QUALITY

ISN'T A MIRACLE.

Primefax puts computer-assisted repair capability in your shop today.

And it shouldn’t be. At Sentry, guality
i a daily commitment—not ac Jcza-
sional miracle. Which is why Sertrs con-
sistently produces the highest aslity
crystals available.

Each crystal is hand-crafied of fawless

malerials to exceed MIL-Spec Szncards, ™
T insure quality, the crystals aze X-rayed,
lzpped, plated with precious mz-als, =
sealed in an inert atmosphere zed pre-
agad to prevent drifting.

Reliability isn't a miracle, eiidmer. It's
Szntry’s usual way of bus.ness. We stand ~
behind the quality of every crystal. "

Call us TOLL FREE, 1-800-654-£850
for quality service. We deliver i1 five, =
working days to two weeks, plus 48-hous
emergency service. .

Primefax drastically reduces the
number of sets requiring extensive
trouble-shooting procedures.
Through the use of today’s tech-
nology. Primefax maintains—in a
central computer—a database of
problem-solving solutions for
television set malfunctions
Primefax is a compilation of the
most current. applicable technical
information acquired from hun
dreds of valuable sources and
updated daily

accurately. You have more satisfied
customers, and your profits are
increased substantially.

Reduced call backs @ faster turn
around e reduced chance of
repeated tailure ® more thorough
service and complete repair at
reasonable cost

The more Primefax is used, the
more profit you realize

CALL US OR WRITE. No matter how
you compute it, Primefax means
profit for you. It's worth looking
into.

With a Primefax Computer Terminal
installed in your shop, you can do
your job more quickly and more

In Texas, call (512) 344-5999 e Qut of Texas. call 800-531-5953

PrimeLaz

= Sentry

Crystat Park, Chickasha Oklahoma 273818

" Please allow for extra time for precision, UHF and special frequencies.

4825 Fredericksburg Road e San Antonio. Texas 78229
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Figure 7 Below each probe socket 0n the
SC61 front panel is a small banana plug
that receives dc voitages from the probe.
An optional dc-voltage probe can te
plugged in, if the scope probe is not
desired (for lower-loading measure-
ments).

played dec-voltage ranges are ob-
tained from the same 10x scope
probe. However, they are nct ob-
tained from the vertical-channel
preamplifiers as is done with the
PP signals. Instead, separate
plugs and sockets at the scope end
of the probe cables (Figure 7) bring
in de voltage from the probe, after
capacitance isolation by a resistor
inside the probe, to another multi-
plier resistor inside the scope.
When DMM-type dc-voltage reac-
ings are desired without the scope
probe, a 39G157 probe (supplied
with the scope) can be plugged in
either small banana plug.

For signals that enter the 10x
scope probe, the ac/dc impedance
of the scope function is 10MQ, and
the dc resistance of the de-voltage
- LCD readout is 15MQ. The total
impedance with both functions is
about 6MQ. Either of these func-
tions can be operated alone when
higher * input impedance (lower
loading) is needed. Fortunately,
the LCD-circuit de-voltage wiring
does not add any significant ca-
pacitance (that would cause a
smeared waveform) to the scope’s
input signal.

Adjustments to the scope-
waveform controls have no effect
on the de-voltage readings.

Frequency measurements. The
third push-button of each vertical
channel connects a special type of

Figure 8 The top waveform shows the
grid waveform of a 6JE6 horizontal-
output tube, while the lower trace shows
high-voltage pulses for comparison of
phase. All LCD readouts were for scope
channel A (the grid-drive signal). (A)
The frequency-counter function showed
156.7343kHz (sometimes 15.7344kH2).
Notice the A (for channel A) and the kHz
annunciators in the readout. (B) Without
any change except pressing the channel
A VPP button, the display read 205VPP.
(C) Pressing the DCV button gave a
-51.8Vdc reading. This performance was
convenient and highly accurate.

frequency counter (actually two
separate counters so the ratio
function can operate). The main
counter takes a signal from the
CRT-signal triggers. Therefore,
the counter is not confused by
video signals and others that have
many frequencies present simul-
taneously.

There are no controls to adjust
for either frequency counter be-
cause of the autoranging and other
automatic circuits, and the stabili-
ty and convenience of these fre-
quency measurements were out-
standing.

Frequency coverage of each
counter is 1Hz to 99.9MHz, in
seven ranges. As many as six
digits are provided by the readout
when needed, and digits are
blanked when not needed. Resolu-
tion of 0.01Hz is provided up to
99.9Hz, 0.1Hz to 99.9kHz, 1Hz to
999.9kHz, 10Hz to 9.99MHz and
100Hz to 99.9MHz.

Rated accuracy of the SC61 fre-
quency counters is 0.001% at room
temperatures. This is sufficient for
measuring or adjusting all oscilla-
tors except oven-temperature-
control crystal types used in com-
munications or broadcasting under
FCC rules.

The SC61 counters are compen-
sated by video blanking to give ac-
curate readings of interlaced-
scanning composite video and sync
from such video. Small errors are
produced when non-interlaced
signals are tested. The Sencore
operation manual explains these
few exceptions.

Voltage and frequency readings
tllustrated. Figure 8 shows the
same waveform during consecu-
tive LCD readouts of frequency,
peak-to-peak voltages and dc
voltages. The readings are from a
6JE6 horizontal-output-tube grid
drive (top waveform; horizontal
pulses below are for comparison).
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c

No probes were maoved. The three
readings were obtained by ac-
tivating the three push-buttons in
sequence.

Also, notice the small capital A
in the upper left corners of the
LCD readings, indicating the
reading was for Channel A. An-
nunciator readouts at right of the
digits show the frequency reading
was in kHz, the ac reading was in
VPP and the minus reading was in
volts de.




STAR VIEW MODEL 12K
s Complete System

¢ Easy to Install
* Reasonably Priced

*UPS Shippable
Weight 125 Pounds

* More than 100
Channels Accessible

THE STAR VIEW 12K SYSTEM KIT CONTAINS:

$2595.00

¢ Azimuth Elevation Mount
R g e A g

¢ 24 Channel Receiver
*120° Low Noise Amplifier
¢Feed Horn
e¢Cables & Connectors
*No Modular Included
{May be ordered separately for $79.95)

Available through your local Craig Star View dealer ® Call or write for information ¢

Dealership inquiries welcome ¢ Price subject to change without notice.

H&R COMMUNICATIONS, INC. subsidiary ot Craig Corp.

Route 3, Box 103G
Pocahontas, Arkansas 72455

Call 800-643-0102
or 501-647-2291
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Fligure 9 Digital readouts were made of
the bottom-trace vertical-cutput-tubs
plate waveform. (A) Vertical repetition
rate measured 59.94Hz (a2 resading that is
difficult to obtain with some frequency
counters). {B} The amplitude measured
1207VPP_(C) The plate valtage measured
+343Vdc. No higher accuracy should
ever be needed for these circuits,

Figure 9 illustrations are similar
except the Channel B waveform is
measured (plate waveform of a
vertical-cutput tube; the Channel

Want

MORE
Information
on Advertised Products?

Just refer to the
Bingo # beneath
each ad. Circle
the appropriate
number on the
Reader Service
Card in the back
of this issue.
Complete the re-
maining informa-
tion and mail!

August 1982 Electronic Servicing & Technology 25




Figure 10 A 2:1 frequency ratio was
measure¢ for these two signals. Two
separate generators were adjusted
carefully to obtain this condition.

A video waveform was varying too
much to be photographed proper-
ly). Aga:n, no probes were moved;
one button was pushed for each
reading.

These results were outstanding,
especially the PP and frequency
functions.

Frequency-ratic tests. When
signals of different repetition
rates are present in vertical Chan-
nels A and B, the ratio of these
repetition frequencies is displayed
on the LCD readout after the A/B
or B/A push-button is pressed (sec-
ond from the bottom of the 12).

Waveforms and LCD readout of
Figure 19 show the outputs of two
generators. One signal (top trace)
was a sinewave, while a 10% duty-
cycle pulse train was the second
signal (bottom trace). The pulse-
generator frequency was varied
manually until the screen showed
two singwave cycles for each
positive-going puise. Some normal
drift was present, but when the
waveforms moved to the position
shown, it was obvious the signals
represented a 2:1 frequency ratio.
Notice the 2.000 A/B ratio on the
readout. This was chosen to show
the principle, althcugh any ratio
can be displayed between 1 to
999,999. This ratio feature has
many applications, including
checking the repetition rates of
fixed or programmable dividers.

Also, the anmunciator shows
which channel signal has the
highest frequency. A/B is shown
when the Channel A signal has the
higher frequency, while B/A is

Figure 11 Computed repetition rate and duty cycle were obtained easily ty two Delta-
time measurements. Left, one pulse tip (at center of trace) and one space between
pulses measured 1.180mS (or 1180uS). Right, the pulse tip glone tested 93.29,S, malk-
ing the calculated cycle 8.3%. Also the one-cycle time ot 1.180mS tiansiatad to
847.46Hz when the 1/Delta-time button was pressed. These intensified waveforms
have low contrast in the photographs because the LCD display required bright
floodlamps. With average room lighting, the waveforms were easy to analyze.

displayed when the Channel B fre-
quency is higher.

Delta-time measurements

The previous Auto-Tracking
tests involved the entire
waveform. Delta-time tests, in
comparison, can measure some
things in a waveform or between
two waveforms. Possible measure-
ments include the duty cycle of
pulses, the time between two
events on one waveform, the time
or phase ketween two events on
two waveforms, the rise time of
pulses or sguare waves, the Delta
peak-to-peak amplitude of any sec-
tion in a waveform and the repeti-
tion rate.

Delta-time measurements re-
quire operation of four push-
buttons and twe controls. How-
ever, before these measurements
are made, the CRT must show a
stable waveform of appropriate
amplitude, because the measure-
ments are made on that particular
section of the signal, and any
waveform motion will affect the
readings.

On the SC61 panel, delta is
represented by the Greek letter A,
an equilateral triangle.

When the Delta-time button is
pressed, an area of the waveform
(or waveforms, if comparison be-
tween channel- waveforms is
needed) is made brighter. Right-
to-left location and width of the
brighter area are determined by
rotation of two multiturn controls
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called Delta begin and Delta end.

In actual operation, the Delta-
time push-button is activated, the
begin control is rotated CW or
CCW as needed to place the left
edge of the imtensified area at the
waveform’s left point to be
measured, and the end contrel is
rotated to place the right edge of
the brighter area at the desired
right-side point of the waveform.
The time in microseconds or
milliseconds for the duration
(width) of the intensified ares is
then displayed on the LCD
readout. £

The repetition frequency can be
obtained by using the begirn and end
controls to intensify one complete
cycle of the waveform. This gives
the time of one cycle, and the fre-
quency can be obtained by press-
ing the 1/Delta-time (one divided
by Delta-time} button. The LCD
readout displays the frequency. Of
course, this is the old method for
calculating the repetition frequen-
cy by taking the reciprocal of the
time of one cycle, but the
microcomputer in the SC61 does
the mathematics automatically.

The Figure 11 waveforms show
how the duty cycle and repetition
frequency of vositive-going pulses
were measured. The Delta-time
mode was selected to intensify one
cycle (one pulze and one space be-
tween pulsez). Pressing the
1/Delta-time button gave the
calculated repetition frequency,
which was compared with that ob-



Figure 12 A sinewave having approx-
imately the frequency of horizontal
sweep measured §3.354S by Delta-time
reading. The 1/Deita-time button then
gave the calculated frequency as
15,770Hz, which compared favoratly
with the counter direct reading of
15,737Hz.

tained by the Channel A counter.
Finally, the pulse time was
measured by the same Delta-time
operation with the pulse tip inten-
sified. In this case, the pulse time
was 98.3uS, and the complete cycle
time checked 1180uS. By dividing
the pulse time by the cycle time,
the duty cycle was determined to
be 8.3%, while the repetition rate
was calculated as 847Hz. In com-
parison, the Channel A frequency
counter gave a reading of 839.2Hz
(which is believed to be very ac-
curate). The difference between
847Hz and 839.2Hz probably was
caused by visual difficulties in
reading the intensified area, and it
illustrates the errors that are in-
herent in measuring time or
amplitude by a scope.

Scopes probably have time and
amplitude accuracy of about + 4%.
When visual errors and operator
sloppiness are added, some scope-
screen measurements might have
no better than =+ 10% accuracy.
That is reason enough to use the
digital-readout measurements
when highest accuracy is needed.

Frequency measurement of the
sinewave in Figure 12 by the
Delta-time method was more ac-
curate. Frequency-counter
reading was 15,737Hz versus
15,770Hz by Delta time.

Rise time is checked by adjusting
the waveform height to equal the
0% and 100% lines on the
graticule. Then the sweep is locked
solidly and the sweep time varied

Figure 13 A sinewave was used (rather
than square waves or pulses) to make
more clear the process of measuring rize
time by Delta-time mode. The amplitude
of a locked waveform is adjusted to the

0% and 100% graticule lines, the
waveform rise time is horizontally ex-
panded, then the Delta-time mcde is
selected and the 10% to 90% slope is
covered by rotation of the begin and end
controls that make this siope brighter.
The LCD readout shows a time that
needs no processing or calculatiors.

until the leading edge has suffi-
cient slope to permit measure-
ment. Finally, the Delta-time
mode is selected and the begin and
end controls are rotated to inten-
sify the rise time between the 10%
and 90% points. The LCD dispiay
shows the rise time in micro-
seconds or milliseconds. In Figure
13, a sinewave, rather than a
pulse, was used to make the rising
edge more visible in the
photograph.

Directions for making peak-to-
peak measurements of waveform
segments and other applications of
Delta-time tests are covered in the
Sencore operation book.

Miscellaneous features

Simplified operating instruc-
tions for the SC61 are contained in
a four-page booklet that can be
pulled out from under the front
panel (Figure 14). However, before.
these instructions are used, the
technician should read the 52-page
operating manual packed with
each instrument. After all dotails
have been committed to memory,
an occasional refresher from the
small pull-out booklet will be very
helpful.

Comments
Before giving personal observa-

Figure 14 A mini operating manual is
mounted under the scapz. It can be
pulled out and opened when a refresher
is needed.

tions about the performance and.
operation of the SC&1, I should

discuss features the machines does
not have.

The SC61 does not kave delayed
horizontal sweep, which gives the
effect of expanding waveforms
horizontally without adding jitter.
There is no waveform storage
(either CRT or digital)) no RF
detector and no single-sweep
mode. It is clear that Sencore in-
tends the SC61 for the video, TV
and digital fields and therefore has
provided the features most
beneficial to them. Few users will
notice the missing functions.

The internal graticule has no
provision for lighting the grid
lines, and this caused some minor
problems during the mhotograph-
ing of various waveforms along
with the LCD readout. However,
no problems were encountered
with viewing the LCD readout, the
graticule lines and the waveforms
in actual operation.

A review of the tests and
measurements made with the Sen-
core SC61 brings ne disappoint-
ments or compromises. All
measurements and procedures
operated without any failures or
limitations.

When operated as a conven-
tional wide-band scope, the perfor-
mance was excellent, with stable
locking and bright sharp traces.
None of the performance tests

August 1982  Electronic Servicing & Technology

27



A

Figure 15 Some frequency counters cannot measure these waveforms accurately and siably. (A) Sine and square waves of 20Hz
were counted by the SC61 without any problems. (B} Square waves of 200kHz were counted easily. Notice that the rising edge of
the first square wave is complete; that was made pcssible by the signal-detay line in the common vertical channel. (C) Here is a
perfect 60Hz readout of a 6.3V RMS tube-heater voltage in an operating color-TV receiver. This is the first time such a signal has
bean counted successfully in the ES&T Test Lab.

showed any fack of bandwidth or
sweep times. The Delta-time
measurements were simple to per-
form, giving accurate results
without complications.

Some technicians may not ap-
preciate having the equivalent of a
wide-band scope, a good digital
multimeter and a frequency
counter all in one case. After all,
most well-equipped shops have all
these items of equipment that can
be connected when needed. But a
technician who actually operates
the SC61 soon will discover several
levels of advantages. First of all,
there is the simplicity and conve-
nience of having those three LCD-
readout functions without the
complications of connecting
separate power and signal cables
to three instruments.

However, the SC61 advantages
are much greater than conven-
ience. These internal test func-
tions operate better than can be
obtained from most separate in-
struments. For dc-voltages, of
course, the only improvement
comes from not being compelled to
connect another set of test probes,
although in erowded chassis and
circuit boards, this has con-
siderable value. The dc-voltage
readings are autoranging but
otherwise are little different than
those from digital multimeters.

A tremendous advantage comes
from the circuit design of the inter-
nal peak-tc-peak conversion

system. Few DMMs have ac-
voltage frequency response that is
flat, even over the audio band.
DMMs with peak-to-peak action
are also rare. Compare that with
the SC61 peak-to-peak function
with both wide frequency response
and extreme accuracy. All PP
tests showed more than adequate
bandwidth. Also, conventional
DMMs always smear TV pictures
and video waveforms when video
ac voltages are measured, because
of the capacitances added. The
SC61 PP readings are taken from
the scope vertical amplifiers so no
additional capacitances are added
to the tested circuit.

The frequency-counting func-
tions also performed hetter than
most separate instruments. All
frequency counters perform ade-
quately on RF signals that are con-
fined to a protected environment.
When applied to measuring audio
signals (even sinewaves), most
models fell far short of the specs.
In fact, before the SC61, I never
have tested one that would
measure accurately the 60Hz
heater voltage in a color-TV
receiver. Readings on these
specialized counters wandered
from 100Hz to several thousand,
regardless of control adjustments.
The SC61 performed this and
other audic measurements without
problems.

Figure 15 shows the readouts

and waveforms obtained when
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testing various frequencies with
tha SC61. Of course, it might be
expected that any good counter
could measure the 200kHz square
waves. But in the past, many
counters failed to measure 20Hz.
Another factor that makes
counters unstable around color-TV
receivers is the strongly radiated
horizontal-sweep pulses. Notice
that the last photograh shows a
stable 60Hz reading for the
6.3V RMS heater supply in an
operating tube-type color receiver.
Ne adjustments were made, ex-
cept to lock the scope waveform.
This is exceptional performance
for a scope.

While the test sample SC61 was
in the test lab, a Sony color re-
ceiver was brought in for diag-
nosis of a defect causing ab-
sence of high voltage. This model
has all solid-state active com-
ponents, so the first measurement
with the SC61 was the drive signal
at the gate of the output device
(which resemhled an SCR). The
waveform did not have the conven-
tional ringing and overshoot lines,
but rather was nearer a pure wide
pulse. Usually this is proof that the
cutput device is not operating
heeause the input junction is open.
However, there is always the
possibility that the horizontal-
oscillator frequency might be too
high, perhaps double or triple the
desired 15,734.4Hz of locked
sweep.



BOOK
REVIEWS

Editor’'s note: Periodically Elec-
tronic Servicing & Technology
presents reviews of books deal-
ing with subjects of interest to
our readers. Please direct in-
. quiries and orders to the
. publisher at the address given in
each review rather than to us.

Microcomputer Dictionary, by
Charles J. Sippl; Radio Shack;
- §7.95.

This dictionary covers more than
5000 terms and is cross-referenced
to help locate definitions. It in-
cludes several appendices with
useful information on microproces-
sors, microcomputers and their ap-
plications. The volume is designed
to familiarize both the beginner
and professional with terms asso-
ciated with the use of a computer.

Published by Radio Shack, 1800 One Tandy
Center, Fort Worth, TX 76102.

How to Measure Anything with
Electronic Instruments, by John
A. Kuecken; Tab Books; 336
pages; $15.95 hardbound, $8.95
paperback.
- Today’s electronic test equip-
. ment is more sensitive, more
sophisticated, more specialized
and more expensive than ever
before. So how can hobbyists and
experimenters afford to buy all the
measuring devices needed for hob-
by experiments or for trouble-
shooting everyday household elec-
tronic equipment problems? They
do what growing numbers of
amateurs and professionals are do-
ing: make their own! Now this
handbook shows how to do it easily
and inexpensively!

This guide covers designing,
building and using devices for
measuring almost anything, for
any purpose. It's for anyone in-
volved in any phase of electronics:
students who want to learn the
theory and practice of measure-
ment, technicians or engineers
who need specific test equipment
'~ that isn’t commercially available,

August 1982  Electronic Servicing & Technology 29

or the hobbyist who wants the
challenge and enjoyment of
creating something on his own.
There are step-by-step directions,
diagrams and schematics to make
the going easy, even for those
who've never tried building elec-
tronic equipment before.

Starting with a look at units of
measure (force, mass acceleration,
work and power, and electrical
units), the author goes into the
basic techniques of measuring and
the electronic devices used for
each type of job.

Published by Tab Books, Blue Ridge Summit,
PA 17214,

Electronics Pocket Handbook,
by Daniel L. Metzger;
Prentice-Hall; 284 pages; $3.95.

This book measures 3 inches by
5% inches, yet contains hundreds
of bits of information on elec-
tronics. The book includes defini-
tions, formulas, charts and compo-
nent data and characteristics.
Topics such as simplified circuit
analysis and design, unit conver-
sions, constants, standards, sym-
bols, codes and test procedures are
also covered. A 28-page glossary in
the back of the book explains more
than 400 terms.

Published by Prentice-Hall, Englewood Clifts,
NJ 07632.

Revised and Enlarged Handbook
of Oscilloscopes, Theory and
Application, by John D. Lenk;
Prentice-Hall; 340 pages;

$19.95 hardbound.

The guide is designed for techni-
cians, engineers and for the train-
ing of hobbyists. The information
has been revised and expanded to
include changes in oscilloscope
technology, especially the exten-
sive use of curve tracers.

Topics include probes, ac-
cessories and the use of scopes
with sweep generators. The author
describes methods of measuring
voltage, current, time, frequency
and phase, and of checking in-
dividual components, amplifiers,
amplifier circuits, communications
equipment, industrial devices and
TV receivers.

Published by Prentice-Hall, Englewood Cliffs,

NJ 07632.
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Needed: New or good used Admiral flyback
transformer, part #79A166-4, for model 12B618M,
chassis T3-L6-2A. Also need broken B&K tube
tester, model 707, for parts. Stanley Budzinski, 821
Randolph Drive, Aberdeen, MD 21001.

Needed: Tuner for Emerson model 19P92, chassis
#120963A — tuner #471871. M. Seligsohn, 1455 55th
St., Brooklyn, NY 11291.

Needed: EMC model 802 signal tracer and
generator, B&K 415 sweep/marker generator, VIZ
model WP-26A isolation transformer or similar
models. Caswell Davis Jr., 601 Delmar, Apt. 2, San
Antonio, TX 78210.

Needed: Front panel dial tuning mechanism for
Zenith radio, model F 474, with AM/FM clock radio.
Part number may be 812-684. Also Zenith clock

Our lowest price
solder extractor
isn’'t cheap.

People get suspicious when they see “lowest priced.”
Especially in a precision piece of equipment. They
immediately think it's garbage.

Despite the reasonable price our EX-525 gives you
vacuum by an oiless, piston pump, not diaphram. It
easily removes components from double sided and
multi-layer PC boards. The EX-525 comes with a great
technical manual and 2 year warranty.

The EX-525 is inexpensive, but it isn't cheap.

A AUTOMATED o
<® PRODUCTION %
WA EQUIPMENT
142 Peconic Avenue
Medford, New York 11763 - U.S.A.
(516) 654-1197 ¢ TWX: 510-228-2120

Circle (16) on Reply Card
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#800-668 for clock radio, model F472 W3. Please
state price. Able TV and Electronics, Rt. 4, Box 764,
Panama City, FL 82,05.

Needed: Akai X1800SD or GX1900D tape transport

or salvage; need not be operable. Also schematic
and parts list (Sams 348) for Philco model E2006-11
b&w TV; will copy and return. Vernon Tiger, P.O.
Box 892, Casselton, ND 58012.

Needed: Rider radio manuals 1, 2, 3, 14 and 15.
Pages Misc. 6-9 and 6-10 for manual 6, index for
volumes 1 through 15, Also operating manuals for
Precision E490 stereo generator, RCA 150 signal
generator and Supreme 339 radio analyzer. Gregory
J. Kulp, 1115 Lilac Lane, West Lawn, PA 19609.

Needed: Type J speaker (two coils in series,
resistance in each coil about 275Q) for Atwater
Kent Q chassis. Would like information from anyone
who has one of these for sale. Ken Wagner, Rt. 4,
Box 580, Gresham, OR 97030.

Needed: RCA service data, 1973-75, color and b&w.
Also 1974 and 1975 radio phono. Calvin S. Logue,
Jr., 928 Washington Road, Westminster, MD 21157.

Needed: Schematic and information about scope
from the Precision Apparatus Company, Elmhurst,

COMPARE OUR LOW PRICES

INDENTICAL REPLACEMENT FOR ECG®
AT 50% 1O 80% OFF
SUPER SPECIAL . 10 rcs)

SPECIAL
MULTIPLIERS, TRIPLERS, JAPANESE TYPES (Min. 5 Pcs)

ECG 500A 8.95 2SC867A
25C1034
12.80 25C1114

25C1308K

COD ORDERS WELCOME (Min. Order $25)
CALL TOLL FREE 800-526-4928

WRITE OR CALL FOR OUR 1982 PRICE LIST

DIGITRON ELECTRONIC

Corporation

110 Hillside Ave., Springfield, N.J. 07081
DIGITRON 1S NOT ASSOCIATED IN ANY WAY WITH PHILIPS ECG

Circle (17) on Reply Card



NY, model 318. Joseph Vaccarella, 15 Laidlaw Ave.,
Jersey City, NJ 07306.

Needed: Sams Photofact TR-82 and Supremes Vol.
R-2 and 3 and TV-1 through 4. C. T. Huth, 146
Schonhardt St., Tiffin, OH 44883.

Needed: High-voltage transformer for RCA televi-
sion (chassis #CTC-4, model 21CT661U), part
#100409 listed in Sams 314. Will accept new or used.
State price. Joseph V. Bowte, 4120 Alton St., SE,
Bradbury Heights, MD 20743.

For sale: Sencore PS148 oscilloscope with probes
and manual, $150; Eico 460 oscilloscope, brand new
in carton, $225; B&K 1074 and 1075 Analyst with
probes and manuals, $100 each. Niver’s Inc., 801
Columbia St., Hudson, NY 1-518-828-0616.

For Sale: Sams Photofacts from 20 to 600, best of-
fer plus back issues of Electronic Servicing and
ET/D. Lewis Radio & TV, Rt. 1, Central City, NE
68826.

For sale: Processor Technology SOL-20 terminal
computer with 16K memory plug-in; several pro-
gram tapes; Basic, electric pencil by Shrayer and
etc. Electrohome 14-inch b&w TV monitor. Ander-
son Jacobson (IBM) AJ841 Selectronic terminal

printer that gives letter copy print-out; complete
set-up price $1600. For details phone 1-318-445-0262
or 1-318-640-1466 after 6 p.m. Bob Goodman, P.O.
Bozx 452, Alexandria, LA 71301.

For sale: Complete electronic shop of repair and
test equipment, all like new with accessories and
service manuals —retiring. Also TV manuals, Photo-
facts, symcures and Tekfax. Clarence Gillow, P.O.
Box 177, Springer, NM 877,7, 1-505-,83-2363.

For sale: Simpson model 311 VIVM; high 22MQ im-
pedence; $100. Macrotronics ham interface for
TRS-80; model TM-800 factory wired includes
M80-M800-FSD1 and AFSK; complete with
manuals and software; $200. Bird model 4351 RF
wattmeter; $70. William D. Shevtchuk, 1 Lois Ave.,
Clifton, NJ 0701}4.

For sale: Tekfax volume #8 (1966), #111 (1973),
#112 (1975), #115 (1979). Make an offer. Benjamin
Halfin TV, 6038 Ivey Ave., Colomal Heights, VA
23834.

For sale: BK-alignment generator, television; ex-
cellent condition, all cables, probe; $300 firm. Jerry
Martin, Box 1, 105 E. Pine, Bloomfield, NM 87413.

EsL.,

OO0V Y0 The Source for Quality at Low Cost

770 Amsterdam Ave., New York, NY 10025

S

Silico SYLVANIA Triplers REMEMBER! | Sylvania ECG
HI \'/c T':i lers Sylvania | Replacement
it LI ECG-500A | ECG-523 | ECG-526A Tubes | Semiconductors
212-139 212-141 212-141-02 70% + 10% | and Components
HIGH VOLTAGE 212-139-01 212-141-01 212-141-03 OFF ° Full line in stock.
MULTIPLIERS 212-139-02 212-141-04 LIST The best quality
$12% ea. | $15% a3 $16°? ea semiconductor.
RG-59/U 75 OHM Bare o (@3 @ wi.i'ssipg:;".g‘?;::'u.e VERY POPULAR
Co-Axial Cable W4 10¢/100 lot
Copper Braided  copper snei o= Matching Transtormer —D
Shield ———————- MT-1 59¢ ea. $44°/100
White or Black 0 - 2S8C1172B 80 MFD x 450 Volts... .99
E Ivethyl B3k 2 Way - 75 Ohm Coupler ol
$445°/1000 ft. Tl e Q MT-2 §149ea, $899%/100 $q199 100 MFD x 450 Volts...1.09
SOLDER (60/40 Rosin Core) | SILICONRECTIFIER 2.5Amp/1000PIV | CHEATER CORDS | pep) ACEMENT RODS G.E. OM-300
&> 1b.-062dia | 100/°9°° si100 —ame—— | PoarzedC TP -
; (regufar size) GLOBAR DISC - 120 Ohms Cold . sq449
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TROUBLE-
SHOOTING
mPS

Intermittent vertical deflection
General Electric AC-C and
AC-CAA versions

(Photofact 1979-1)

Preliminary tests for intermit-
tent problems involve jarring the
circuit board and all suspected
components, in addition to apply-
ing heating and cooling alternate-
ly. When these were performed on
the General Electric AC chassis,
the temperature-cycling tests gave
no results, but the physical
manipulation of the circuit board
sometimes would start or stop the
loss of picture height.

Scope waveform and de-voltage
tests at the vertical-signal output
(emitter of Q640 and collector of
Q645) showed a loss of waveform
and a huge shift of dec voltage
when the height collapsed. Scope
waveforms can locate the precise
stage where the problem origi-
nates. However, this vertical cir-

cuit had a type of linearity correc-
tion that fed a sample of the output
waveform back to the Q620 emit-
ter. A loss of signal inside this loop
would distort the waveforms that
remained. So, additional tests by
flexing and moving the circuit
board seemed wise.

Finally, an intermittent open
was found on the board’s top side
between feedthroughs W1A and
WI1B. Rather than attempt a
repair that might prove to be inef-
fective or temporary, I made a
jumper of hook-up wire and
soldered it to the two points. That

VERTICAL
SIZE

eliminated the erratic vertical
height.

Since that first repair, I have
found several other AC chassis
with the same defect. Of course,
these were easier to find because I
remembered the original repair.

In some chassis, resistors R650
(4.72) and R640 (100Q) were
found to be out of tolerance, pro-
bably because of overloads during
the loss of sweep times. Therefore,
it is wise to replace them each time
intermittent sweep has occurred.

Bruce R. Youmans, CET
West Covina, CA

VERT
0620 “yyp

R614
3900

No sound or raster
Zenith L1990W9
(Photofact 1920-2)

When first turned on in the shop,
the Zenith had no picture or sound.
A few quick tests showed that the
output of the bridge rectifier was
normal, but slightly high. Ap-

#
X331

#
£R3306.
#
QN3326  HORZ

parently, the shutdown circuit
was operating to eliminate all
scan-rectified power, or there was
no horizontal drive to the output
transistor.

I find the easiest approach to
shutdown problems is to reduce
the receiver line voltage using a
variable transformer, such as a
Variac. Starting at zero voltage, I
increased the voltage until the
receiver came to life at about
80Vac. However, further increases
reached shutdown at about
92Vac.

These symptoms suggested .an
open in one of the retrace-tuning
capacitors (CX3316, CX3317,
CX3318, (CX3320, CX3322 and
CX3324) or perhaps an open in
diodes CR3307 or CR3308. How-
ever, after these were replaced,
the shut-down continued un-
changed.

Addition of a 0.025uF capacitor
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in parallel with all other retrace-
tuning capacitors permitted opera-
tion at 120Vac, but the picture
width was stretched tremendous-
ly. Obviously, this was not a solu-
tion.

While the receiver operated at
85Vac, the horizontal-output tran-
sistor collector measured about
+80Vde, but the high voltage at
the picture tube tested a whopping
30kV. How could an output tran-
sistor with only about half the nor-
mal dc voltage produce such high
voltage?

One of the few untested com-
ponents was CRX3306, a diode in
the collector circuit. Replacing this
diode with the correct Zenith
replacement cured the problem,
bringing normal operation at
120Vac line voltage.

M. B. Gembala

Maywood, NJ

aser.
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The hazards of electrical leakage
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Figure 1. In a 2-wire device with leakage problems, the switch Is in the neutral leg; the

leakage hazard will exist even if the switch Is turned off.
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Figure 2. If the swltch is in the hot leg, the leakage hazard is removed when the
switch is opened.
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Figure 3. The 3-wire grounding system allows plugging into the receptacle only one

way, and provides a grounding path for leakage current.
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fortunate enough to come in con-
tact with such voltages, the effect
will depend upon such factors as
skin contact resistance, general
physical condition, amount and
type of voltage (zc or dc), duration
of contact, frequenzy, pulse shape
and impedance of the voltage
source.

Even voltages that may be too
small to be lethal can be damaging
in a secondary way. The reaction
of the body to de shock is often a
violent jerk. Although this could be
lifesaving as far as the interrup-
tion of the contact is concerned, it
could also result in a bump on the
head, lacerations ar other injury.
The reaction toc ac shock is
somewhat different. If you have a
hand grip on the hot circuit, it can
be difficult to release due to mus-
cle reaction.

Avoiding these hot circuits when
making a direct measurement re-
quires care in handling; but what
about the leakage currents that oe-
cur when touching two presumably
grounded metal instrument cases?

These currents exist because of
resistance and reactance paths
from the hot side of the power line
to ground. This can result from
poor transformer insulation or
damp wiring, combined with in-
adequate grounding of the chassis
and cabinets. All that is required
to receive a shock is to bridge a
part of this line-to-ground leakage
path with a part of your body. This
may involve one or more pieces of
equipment, typically a faulty one
with an ungrounded chassis oz
cabinet and a good one that pro-
vides the ground

Figure 1 shows a circuit con-
sisting of a simple, single-pole,
single-throw (SPST) line switch in
series with the 110V supply to a
leaky transformer. When the plug
is inserted in the power receptacle
so that the switch is on the ground
side of the line, leakage current
will pass from the transformer
winding through and over the
dielectric of its insulation, to the
metal chassis and cabinet. From
this point, it flows by way of any
convenient resistance path (such
as the human body) back to the line
ground. Note that the hazard ex-
ists regardless of whether the
equipment is tomrned on or off
because the switch is in the ground
side of the line.

Figure 2 illustrates a slight im-

provement made by reversing the
plug in the receptacle te put the
switch on the hot side of the line.
In this case, leakage current only
flows when the equipment is
switched on. The use of a double-
pole, single-throw (DPST) switch
to break both sides of the line
would assure that the chassis
would not be hot with the switch
off, regarcless of how the plug is
inserted.

A more acceptable arrangement
is shown in Figure 3. A three-
terminal plug and receptacle is
used, with the advantage of a
one-way-cnly connection plus a
separate ground return. The
ground wire should be bonded to

A GFl is a circuit

breaker capable ot

disconnecting the
load from the power.

the chassis and metal cabinet. In
this case, the normal load current
flows in the two wires connected
to the transformer primary and
the third wire conducts leakage
currents harmlessly off te ground.
This system is safe as long as the
ground wire remains intact. This
can be assured by visual inspection
and continuaity measurements with
an ohmmeter. Molded thrze-
terminal plugs with connections
that cannot be inspected may be
risky to use, however, because
some cannot be visually inspected
and an ohmmeter test alone can be
misleading. Suppose, far example,
that the wire connected to the
ground pir: within the molded plug
is frayed down to a single strand of
wire. The ground circuit could
then be interrupted the next time
the plug is used.

There zre other components,
such as line filters, that can be
sources of leakage current, but the
examples given here are sufficient
to illustrate the principle.

In recent years, ground fault in-
terruption (GFI) devices have
become available for home and
shop use. The GFI is a fast-
response, circuit-breaker device
that is capable of disconnecting
the load from the power when a
small unbzlance in load current oc-
curs (when the current in each
power lead differs by more than
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just a few milliamperes). A leakage
condition ar body contact from
either side of the line to ground
will cause this unbalance in cur-
rent and trip the high-speed cireuit
breaker —an ¢bvious lifesaver.

The varieties of GFIs include an
outdoor type with built-in circuit
breaker, an indoor circuit-breaker
type, some that replace existing
wall outlets and portable types
that can be moved from one outlet
to another.

These devices will not protect
you if you work a circuit hot and
get across the 110V output from
the GFI to the load, or the high dc
voltage from the internal power
supply of the device that you are
servicing. In this case, the circuit-
breaker current capacity (15 or
204) dictates the interruption cur-
rent. The GF1 is, however, effec-
tive in proteeting against those
leakage currents that attempt to
flow from the device connected to
the output of the GFI back to
ground. The GFI can find service
in places thrcughout the home, as
well as at the shop workbench. In
particular, it offers protection to
the users of such equipment as
toasters, power tools and hedge
trimmers, where protection is
espzcially needed.

[deally the workbench should
have its own GFI device. This
could be mounted in the circuit-
breaker box or an outdoor-type
GFI could he installed leading to
the workbenct outlets. It is not ad-
visable to include the room light-
ing on the GFI circuit, or the room
will be plunged into darkness if the
GF1 is tripped.

Shocks at the workbench can be
minimized in a number of ways.
The use of GFI devices will protect
you from the sneak attack of
circuit-to-ground leakage, whether
introduced by faulty equipment,
pear design or excessive moisture.
When working hot circuits, tech-
niques such as circuit probing with
one hand behind the back, wearing
rubber gloves and turning the
equipment off before connecting
clip-type probes, are effective. The
key to survival is to keep the hands
and body insulated from hot cir-
cuits and from ground. Work slow-
ly and think out each step before
making your move. Avoid poten-
tially dangerous servicing if any
way below par either mentally or
physically.
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More about

A plug-in GFCI gives
portable current leak-
age protection.

Service conductors Figure 1a. A ground-fault circuit breaker

Cc83 provides overcurrent protection and
Neutral breaker leakage current hazard protection.
conductor wired into

N load center

[~ Phase
conductors

Duplex {Drawings and photos courtesy of General Electric
receptacle Company.)

Figure 1b. A ground-fault circuit breaker
is installed in the circuit breaker panel,
and conductors are brought out to the
receptacle to be protected.

3 Grounded
Load power Logic OSC | «— neutral
wire detection
(black) i circuit

B
Green ® ®) ™ Power

ground |
conductor (optional) Line | Load
Neutral

Panel  Neutral & . 4 hite b neutral

meqinag iR wire connects to wire Pigtail
steap panel neutral (white) neutral Push to test
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Electrical equipment manufacturers provide a number of ways to achieve ground-

tault protection.

A ground-fault circuit inter-
rupter (GFCI) is a device that
consists basically of a sensing
unit and a circuit trip device.

Figure la is a schematic of a
ground-fault circuit breaker,
designed to be installed in a con-
ventional circuit-breaker cab-
inet.

The “hot” and neutral wires
carrying the line current pass
through a sensing transformer.
As long as everything is normal,
the circuit breaker remains in
its closed position, and the cir-
cuit protected by the unit con-
tinues to deliver current as re-
quired by the load.

If an overcurrent condition
occurs, such as caused by a
stalled motor or a short circuit,

the circuit-breaker portion of
the device will trip, just as
would any other circuit breaker
without ground-fault sensing:
The ground-fault protection
comes into play when there is
ground-fault leakage current.
The sensing transformer is
coiled around both the hot and
the neutral wire. As long as the
currents in both conductors are
equal, the sensor detects
nothing and the circuit con-
tinues to operate normally. If a
ground fault occurs, part of the
current leaks from the hot con-
ductor to ground. This leakage
current fails to return through
the neutral conductor, setting
up an unbalanced current condi-
tion that is sensed by the

transformer. If the unbalanced
current exceeds the preset
value for which the GFCI was
designed (originally 5mA), a
solenoid is activated that trips
the circuit breaker and opens
the circuit. Figure 1b illustrates
how the GFCI breaker is wired
into the breaker panel.

Another way to provide GFCI
protection is to install a special
ground trip receptacle. These
devices are designed to fit into a
standard receptacle box. Figure
2a is a schematic of a ground
trip receptacle that is designed
so that additional receptacles
downstream may be afforded
GFCI protection by this one
device. Note that the ground
trip receptacle does not have
overload or short-circuit protec-
tion. That is provided by the
fuse or breaker for that circuit
back at the load center (Figure
2b).

A third type of device pro-
vides portable GFCI protection.
It consists of a plug for plugging
it in to any standard 3-wire
grounded receptacle, a ground-
fault circuit interrupter, and
one or more receptacles. A unit
such as this can be carried to the
work site and plugged in to pro-
vide protection from current

leakage.
5 @ger..

Figure 2b. This ground-fault receptacle
does not have cvercurrent protection
and must be fed from the conventional
breaker in the panel.
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Figure 2a. This ground-fault receptacle Terminasion
features ground-fault protection in a unit type
that fits a standard receptacle box. receptade
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Robot 1a: a machine that looks
like a human being and performs
various complex acts (as walking
or talking) of a human being; also:
a similar but fictional machine
whose lack of capacity for human
emotions is often emphasized; 2:
an automatic apparatus or device
that performs functions ordinariiy
ascribed to human beings or
operates with what appears to be
almost human intelligence; 3: a

mechanism guided by automatic Reprinted with permission from the author of A Manager's Guide
controls. to Industrial Robots, published by Corinthian Press. /llustration
courtesy of Corinthian press, a division of EDR Corporation.
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What is an

industrial
robot?

By Ken Susnjara, Thermwood Corporation, Dale, IN,
manufacturer of industrial robots

A friend of mine in the invest-
ment banking community spent
the better part of a day discussing
industrial robots with nontechnical
investors. All through this discus-
sion, a series of scale models of
various industrial robots sat on a
desk. As the meeting was breaking
up and the conversation turned
from industrial robots, one of the
visitors picked up one of the scale-
models, remarked that it was an
interesting-looking machine tool
and asked what it was.

i - %

To the uninitiated, the word
robot conjures up visions of
mechanical creatures performing
almost human feats. It at least
conjures up a creature, like R2D2
from the recent movie Star Wars,
which stands upright and squeaks
in an unintelligible electronic
voice. While these fantasy images
of mechanical workers in industry
have undoubtedly helped popular-
ize the concept of industrial
robots, they are unfortunately (or
fortunately) not correct.

In an attempt to eliminate some

of the confusion surrounding
industrial robots, the
Robot Institute
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of America (RIA) decided that &
common, agreed-upon definition of
industrial robots was necessary.
Repeated attempts to devise a sim-
ple, understandable definition
failed before the following,
somewhat gingerly worded, defini-
tion was adopted:

A robot is a reprogrammable

multifunctional manipulator

designed to move material,
parts, tools or specialized de-
vices, through variable pro-
grammed motions for the per-

formance of a variety [6?

tasks.

The frustrating part about try-
ing to develop this definition is
that by looking at a machine, it is
quite simple to determine whether
or not the machine should be
classified as an industrial robot.

Attempts, however, to commit
this intuitive knowledge to
paper in the form of a

&f simple definition were

frustrating at best.




The definition finally agreed
upon does not, unfortunately,
prove enlightening to the
uninitiated. A nontechnical
manager who has not been ex-
posed to industrial robots will
glean little understanding of their
looks or capability or functions
from a simple definition. In an at-
tempt to properly understand the
function of industrial robots in
manufacturing businesses today,
it’s necessary to go back and try to
capture that intuitive sense of
which machines are really robots.

Robots in the work force
The first fact that must be
understood is that an industrial
robot is simply a machine, It is not

be performed by a person and per-
forming them in essentially the
same manner that a person would.
These statements concerning the
purpose of industrial robots con-
jure up deep, intense fear on the
part of those who manufacture
robots. They fear that any mention
of robots, i.e., mechanical people,
might result in a serious backlash
by thousands or millions of
workers who fear they will be re-
placed by these mechanical people.
These fears might be well founded
except for some realities that are
not being considered.

Because a robot is a machine, it
requires someone to program it
and set it up, someone to keep an
eye on it while it is running, even if

a highly intelligent, mechanical=only indirectly, and someone to fix

person but is instead a functional
machine tool. Industrial robots are
today, and will likely remain for
sometime in the future, extremely
limited in what they can do when
compared to even the most un-
skilled person. Even though some
industrial robots are powered by
very complex and capable com-
puters, they still perform a limited
sequence of motions.

So again let me repeat: an in-
dustrial robot is a machine tool.
However, comparing its perform-
ance to that of a person is a unique
attribute of industrial robots and
brings us to what I feel is the core
of the intuitive definition of an in-
dustrial robot. Industrial robots
are by -their very nature, direct
replacements for human labor.
Their job seems to be performing
various tasks that normally would

it when it breaks. Each of these
jobs requires some level of skill
and special training. However,
because the robot is a limited
machine, it jwill need to be placed
in a highly regimented environ-
ment and perform a fairly simple,
repetitive, unskilled task. Because
the unthinking, untiring industrial
robot can perform .its tasks con=
sistently and unchahged day after
day) it will provide considerable
savings over the unskilled labor it
replaces. People do not function
well in unthinking, repetitive,
monotonous and burdensome
tasks. These are in general the on-
ly types of jobs industrial robots
are capable of performing. It is not
surprising then that industrial
robots will do a superior job in
many of these tasks. At the same
time however, installations of in-
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dustrial robots open up a number
of new, exciting and challenging
jobs where none existed before.

Engineering principles

Now that you have a conceptual
idea of what an industrial robot is
and what it does, a common ques-
tion of the uninitiated is, “What
does it look like?”

Industrial robots come in a
variety of sizes, shapes, configura-
tions and complexities. In order to
understand this area, it is
necessary to segment robots into a
number of different categories.

Before discussing these categor-
les, it is necessary to understand
the meaning of several engineer-
ing terms. The first term that
must be understood is “axis.” You
will find that robots are many
times specified by the number of
degrees of freedom or axes con-
tained. An axis is a degree of
freedom or a basic motion allowed
by the mechanism. As an example,
the bedroom door in your home is
considered by engineers as a 1-
axis mechanism. The door is
capable of pivoting around a hne
that goes through the center of
the door hinges to which it is
mounted. The door’s—swinging
open or shut is the one degree of
freedom available. It cannot,
however, move up and down, tilt,
or move in any other direction
other than swinging back and
forth around the hinge. Another
l-axis mechanism would be a
child’s electric train riding on a
track. The only motion available to
the train is either forward or



backward along the track. Even
though the track may curve or go
straight at different points, the
fact that the train is restricted to
simply moving forward or
backward and is guided (it cannot
move side to side, up and down,
etc.) makes it a single-axis
mechanism. Each independent
slide or rotary joint within a robot,
then, is referred to as an axis. The
electric train can serve as an ex-
ample to explain the difference be-
tween a servo-controlled and non-
servo-controlled axis.

If you had a spot on a long sec-
tion of straight track at which you
wanted to stop the toy train, there
would be two different methods
that could be used to accomplish
this. The simplest method would
be to find a heavy obstacle, such as
a concrete block, and place it on

the track in such a way that when_

the train is touching it, it is in the
desired position. It is then
necessary simply to run the train
in the proper direction and wait
for it to hit the block. Then it is
properly located. This system,
with a bit more finesse, is called a
non-servo-controlled system.

A second way to locate the train
at the desired position would be to
turn it on and as you watch it near
the proper position, use the elec-
tric control to slow it down until it
is properly Jocated, then turn off
the electric control. If you
substitute a sensor that can tell
how far the train is from the
desired stopping point and allow
the sensor to operate the electric
control in place of the person, you

have a servo-controlled system.
The major advantage of a servo-
controlled system is that it can
stop at any point along the track
without having to reposition the
block.

Non-servo-controlled robots

Robots are generally separated
into either servo or non-servo-con-
trolled types. The non-servo-con-
trolled robots are generally fitted
with mechanical stops and are
driven into these end point stops,
which define the desired positions.
Stops between the end points can
be cycled into place to provide in-
termediate positions other than
the end points of the axes. It is,
however, apparent that the major
disadvantage of a non-servo-type
industrial robot is the limited
number of points at which it can
stop.

Non:iservo-type robots are
generallly quite a bit less expensive
than their corresponding servo-
type systems. Many are capable of
using much simpler control
systems than the electronic com-
puter control found in most of the
servo-controlled machines. Simple
air logic controls or electrical se-
quencing controls perform quite
adequately with the non-servo-
type robot. These control systems
can be obtained at a much lower
cost than the servo-type control
systems.

Electrical sequencing controls
come in many different configura-
tions, however, all have one thing
in common. They provide a pro-
gram signal or signals to the robot
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Non-servo-type
robots are
generally less
expensive and
simpler than
servo-type
control systems



and wait for a signal from the
robot telling the control that some
event has occurred. This event can
be something as simple as an arm
extension or a clamp closing. Once
the signal indicating that the event
has occurred is returned to the
controller, the controller steps to
the next preprogrammed combina-
tion of signals, which is then sent
to the robot. Again the controller
waits for a signal indicating that
the necessary event has occurred,
at which time the controller steps
to the next set of signals. In this
way, the programmer sequentially
steps through a series of prepro-
grammed signals with each new
step actuated by a signal from the
robot indicating that the last step
is complete.

Air logic control works similar to
electrical sequencing control ex-
cept no electrical connections are
necessary. All the steps and
signals are controlled by the opera-
tion of a series of air valves. This
type of air logic control has
definite advantages when operat-
ing in explosive atmosphere.
Because no electrical signals are
present, the chance of a spark ig-
niting the environment is reduced.

Although non-servo-type robots
are generally small and designed
to handle small parts at high
speed, non-servo machines are
available that can handle parts
weighing in excess of 100 pounds
and moving over a fairly large
area.

Non-servo-type robots can pro-
vide surprisingly close accuracies
at the end points of their travel.

Because they generally operate
against fixed, mechanical stops,
the end accuracy of the robot is
dependent on the mechanical give
or stop that has developed in the
system. This can be kept to a
minimum. Small air-operated non-
servo robots can easily hold overal]
accuracies of 0.001 inch, while
0.0001 to 0.002-inch end-point ac-
curacies on some of the larger non-
servo robots are possible.

Servo-controlled robots

Servo-controlled machines come
in many sizes, shapes apd con-
figurations. They are endowed
with a variety .of working
envelopes and weight carrying
capabilities.

In general, servo-controlled
robots are much more capable
than the non-servo-type robots.
They are also more expensive,
although in recent times, the most
expensive non-servo robots and
the least expensive servo robots
are overlapping in price.

Servo-controlled robots are
generally controlled using micro-
electronics and a computer-
controlled system. These controls
provide the robots with a variety
of different capabilities that are
difficult or impossible to achieve
using the non-servo-type control.

In addition to classifying robots
by their control system, either ser-
vo or non-servo, there are several
other classifications of industrial
robotsin general use today. One of
the more common classifications
groups industrial robots by their
operating methods. In this class-
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ification, robots are classified as
either pick and place, point to
point, or continuous path.

Pick-and-place robots

The pick-and-place designation
is normally reserved for the non-
servo-type machine with fixed
stops at the end of each axis. These
machines normally have a limited
capability. They are able to per-
form a limited sequence of events
but at times accomplish these at
very high speeds.

These simple pick-and-place
machines can also operate at high
accuracies. The pick-and-place
machines are generally of the
polar coordinate system, and most
are small compared to the larger
point-to-point and continuous-path
machines. Many of these machines
are air powered with very simple
control systems.

The name “pick and place” prob-
ably comes from the fact that in
general, the task this machine per-
forms is that of moving to a posi-
tion, grasping a part, removing it,
moving to a second position and in-
serting the part.

Some of the more sophisticated
pick-and-place machines have in-
termediate stops that can be cy-
cled into and out of position during
the program. In this way, each
axis can be stopped at more than
two positions. For example, by
cycling stop number 1 into position
and then operating the air cylinder
or hydraulic cylinder driving the
axis, the axis can be moved against
stop 1, defining an end-point posi-
tion. By then retracting the



cylinder, moving stop 1 out of posi-
tion, and moving stop 2 into a dif-
ferent position, cycling the same
air or hydraulic cylinder will move
axis 1 against stop 2, defining a
second position. In this manner,
fairly complex programs can be
developed to pick a part from one
position and place it in another.

The next two classifications,
point to point and continuous path,
are used to describe two different
methods of operating a servo-
controlled robot. These classifica-
tions refer to the method whereby
programs are input, stored in the
computer, and automatically
played back.

Point-to-point robots

The point-to-point, servo-
controlled robot is eapable of mov-
ing to any point within its working
envelope. Programming=a point-
to-point robot is accomplished with
some type of teaching terminal,
pendent, hand-held programmer
or the like. Using this device, the
robot is operated at slow speeds
and is first moved to a point that
is to become the first point in the
program. When the point is
achieved, an “enter” button
records that point in the computer.
Each of the axes are then operated
again, using the teach pendent, un-
til the second point in the program
is reached. Again the “enter” but-
ton is pressed, recording the sec-
ond point. It is important to note
that the only information stored in
the computer control system is the
location of each axis of the robot
when the “enter” button is

pressed. The sequence by which
the programmer is able to move
the machine to the desired point is
not retained in any way. A variety
of programming aids are available,
with each manufacturer claiming
features that make its machine
easy to program. These aids nor-
mally are designed to make the
desired point easy to achieve using
the hand-held programmer. Some
of these aids are more useful than
others; however, the basic concept
of moving the machine to each of
the desired points in sequence and
entering each is the common pro-
gramming method for point to
point robots.

In executing the program, the
robot will move to the first point in
the program, then proceed in an
approximate straight line to the
next point, then to the next and so
forth until it has executed the en-
tire program. It is necessary to
remember in programming point-
to-point robots that the robot will
move in a straight line betwen the
points and not necessarily along
the path that the arm was moved
during programming. This fact
can cause some difficulty when an
inexperienced programmer is
learning to program an industrial
robot.

There is one disadvantage to this
type of programming: The robot
must be taken out of production
and made available during pro-
gramming. For this reason, the
idea of remotely programming a
point-to-point robot in the office,
as is done with numerically con-
trolled machine tools, seems to
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have some merit. Doing this,—

however, presents several major
obstacles. The first is that general-
ly, the programmer only knows
the point at which the end of the
arm or the end of the tool should
be placed and does not necessarily
know the position of each axis of
the robot needed to reach that
point. When the robot is moved so
that the end point is in the proper
position, it then simply reads the
position of each of the axes to
determine how they must be con-
figured in order to achieve the
final end point. When the end
point is programmed in an office
away from the robot, another
method of determining the various
joint and slide positions must be
developed. One way of accom-
plishing this is to have the com-
puter mathematically calcu-
late the positions of each of the
joints on the robot needed to
achieve the desired end point. This
sounds simple, but, in fact, is very d
complex. However, it has been ac-
complished today by at least one
manufacturer and several univer-
sities and robotic research groups.

Another problem that com-
plicates the first is that the joint
sensors are not necessarily the
same on identical robots. A robot
joint provides the computer with a
signal when it is in a certain posi-
tion. That robot always will pre-
sent the same signal when it is in
that position. In this way, record-
ing the signal stores the position,
and driving the joint until that
signal is achieved produces the
necessary position. Another robot,

however, of the same make and
model, using exactly the same sen-
sor, may present a slightly dif-
ferent signal when the joint is in
that same position. Because of this
problem, programs developed on
one machine may not exactly
duplicate on a second machine;
therefore programs developed in
the office will operate differently
on different pieces of equipment.

To get around this problem, a
correction table method has been
developed that provides consistent
positioning of robots, regardless of
normal variations in the joint sen;
sors. In this system, all mechanical
positions that a joint can take are
developed while the signals of the
joint sensor are monitored. For
each mechanical position of the
joint, a signal from the sensor is
read and compared to the standard
signal desired from that
mechanical point. If the sensor
reading is different than the stan-
_dard, a correction factor js stored
&in a special table so that the signal
can be corrected each time it must
be used. This correction table must
be developed each time either the
joint or the sensor is taken apart
and will be different for each
machine ‘manufactured. This
system does, however, allow a
mechanical position of the robot to
correspond to a precise and predic:
table sensor signal.

As these capabilities become
practical and more common, the
dreams of a completely automated
factory driven by a CAD/CAM
system seem more obtainable. A
CAD/CAM system (computer
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aided design/computer aided
manufacturing) is a system in
which the product to be manufac-
tured is designed with the help of a
computer, which develops all of the
necessary programs for the NC
machine tools, manipulators and
robots, and with the aid of com-
puters, automatically manufac-
tures the desired products. This
type of system is the ultimate in
automation, and while the first ex-
ample of these may be seen in the
next five to 10 years, widespread
use is still in the future.

Another capability that has been
given to servo-controlled, point-to-
point robots is line trackmg and
position transformations. Line
tracking means that a program
developed on a stationary or
stopped part can be executed later
while the part is moving down a
conveyor line. In fact, the speed of
the line may vary, and the con-
veyor may stop and even reverse
direction while the robot auto-
matically compensates for the line
movement.

Line tracking is accomplished in
two ways. The first and simplest
method is one in which the robot
simply locks onto the line and
moves physically with it while-it
performs its task. If the line
speeds up, slows down or reverses
direction, so does the entire robot.
Although not as sophisticated as
other methods, this system is sim-
ple, easy to understand and prac-
tical.

A second type of line tracking is
accomphshed with a method qalled

“mathematical transformations.”



In this system, the robot mathe-
matically changes the program in
space, “transforming” the pro-
gram to allow for conveyor move-
ment. In order to accomplish this,
complex mathematical capabilities
are necessary. This capability is
available from at least two major
manufacturers today and will like-
ly become more common as time
goes on.

Continuous-path robots

In certain applications, such as
spray painting, industrial robots
are called upon not only to move to
distinct points in space, but to
move along predetermined paths.
In performing a spray painting
operation, the robot must be able
to duplicate accurately the curved,
flowing motions of a person using
a spray gun. Obviously, trying to
accomplish this using a point-to-
point robot would be difficult at
best. In order to accomplish these
kinds of tasks, a new type of robot
has been developed. This robot is
the continuous-path robot.

Continuous-path robots are
designed so that their structure is
somewhat lighter and less massive
than that of the point-to-point
robots. They are counterbalanced,
using springs or other methods,
and the drive systems may be
disengaged, allowing a person to
move the arm about physically.
Programming a continuous-path
robot generally requires an in-
dividual to grasp the end of the
arm and move the arm carrying
the tool, i.e., a spray gun, through
the desired path.

The continuous-path robot op-

“erates internally very much like

the point-to-point robot. Instead of
relying on the operator to indicate
the various points to which the
robot is to travel, a continuous-
path control system records the
position of each axis many times
per second, with each of those
recordings being an individual
point. In running the program, the
points are played back at the same
rate they were recorded, and the
robot arm attempts to move to
each of these points as they are
played back. The resulting motion
is a very close approximation of
the original path which was
entered.

Because the continuous-path
robot records many, many more
points than the point-to-point
robot, the electronic memory re-
quired is considerably larger. For
this reason, plus certain other
characteristics of the continuous-
path robot, it is generally more ex-
pensive than the corresponding
point-to-point robot.

Continuous-path robots normal-
ly have less load-carrying capabili-
ty than the larger servo-con-
trolled, point-to-point robots.
Since the arms and actuators have
been designed to be as lightweight
as possible for programming, their
ability to carry heavy loads is
somewhat diminished.

Continuous-path robots general-
ly have the capability of moving at
high speeds. This is necessary so
that adjustments required to per-
form the programs can be ac-
complished. The smooth-flowing
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Figure 3. A spherical-coordinate robot.

==
AXIS 1

Figure 4. A jointed-arm robot.

Figure 2. A cylindrical-coordi-
nate robot.

motions of a continuous-path pro-
gram make these machines look
very humanlike in their actions
and motions. This, of course, is
because their motions are very
humanlike; they are the motions
input by the programmer.

Another classification system
for industrial robots distinguishes
the robot by the working envelope.
A working envelope is simply the
shape of the entire area that the
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end of the robot arm can reach.
The shape of this area or working
envelope is determined almost ex-
clusively by the mechanical con-
figuration of the robot.

There are four basic work
envelope shapes. These four
shapes are used by almost all of the
robots produced today. The four
shapes are rectangular, cylin-
drical, spherical and jointed arm.
Diagrams of typical robots
operating in each of these con-
figurations are shown in Figures 1
through 4.

Rectangular robots

Referring to Figure 1, you can
see the general mechanics and
work-envelope shape of a
rectangular-coordinate robot. As
you can see in this type of
machine, all axes are linear or slide
axes. Axis 1 is a slide left to right,
axis 2 is shown as a slide in and out
and axis 3 is a slide up and down.
The shape of the work envelope as
traced by end point H can be seen
by the dotted line. While the use of
rectangular coordinates for in-
dustrial robots has not been com-
mon in the United States, except
for some arc-welding robots, there
are several European assembly-
type robots that use the
rectangular-coordinate system. In
assembly work, where precise
points must be achieved and part
assembly or inserting requires an
up and down motion, these
machines perform well.

Cylindrical robots
Referring to Figure 2, a general
idea of the mechanics of a



cylindrical-coordinate robot can be
seen. Axis 1 at the base allows the
robot arm to rotate. Axis 2 moves
the horizontal arm up and down,
while axis 83 moves it in and out. A
maximum point that can be
achieved by the end point H traces
the shape of a cylinder as shown by
the broken lines. Machines that
operate in this manner are called
cylindrical-coordinate machines.
Many, if not most, of the non-servo
point-to-point machines use the
cylindrical-coordinate configura-
tion. The long slides lend
themselves well to the installation
of physical stops or limit switches.
There are, however, some sophis-
ticated servo-controlled industrial
robots that utilize the cylindrical-
coordinate system.

Spherical robots

Figure 3 shows a typical
spherical-coordinate robot. Axis 1
provides rotation on the base,
while axis 2 allows the main body
of the robot to rock point H up and
down. Axis 3 allows the slide to
move in and out. At its extremes,
point H traces the shape of a
sphere; hence the name “spherical
coordinate system.” The largest
number of spherical coordinate
machines are servo-controlled;
however, there are some non-
servo-controlled spherical-
coordinate machines on the
market.

The spherical-coordinate system
was the one chosen by Unimate
over twenty years ago for its line
of industrial robots. This line of
robots has been very successful;
hence, a large number of spherical

coordinate robots are in operation
in industry today. The system has
proven effective, and these robots
are being utilized today to perform
a wide variety of tasks.

You may have noticed by now
that each of these designs, as
shown, contains only three axes.
Most industrial robots contain five
or six independent axes, however,
the two or three additional axes
are normally utilized where we
show point H. These axes operate
a wrist that provides articulation
to the end of arm tooling or “hand”
of the robot.

Jointed-arm robots

The fourth and possibly most
complex working envelope is the
anthropomorphic or jointed arm.
This design most closely resembles
the workings of the human arm. It
is made up of a base rotation axis
1, a shoulder rotation axis 2 and an
elbow rotation axis 3. The opera-
tion of these axes to their ex-
tremes causes point H to trace out
an envelope shape shown in Figure
4. The jointed arm design in
general provides the largest work-
ing envelope per area of floor
space of any of the robot designs.
The anthropomorphic design,
however, requires a coordinated
movement of each of the rotary
axes in order for point H to move
in a straight line between one
point and another. This required
coordination can only be ac-
complished using a computer con-
trol system. Therefore, the
jointed-arm or anthropomorphic
design is used today only by servo-
controlled-type robots. Even with
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the use of computer systems, pro-
viding an anthropomorphic type
robot with the ability to develop a
straight line between two points in
space requires rather sophis-
ticated control capabilities.

In trying to determine which of
the robot configurations is best, it
is necessary to determine the re-
quirements of the particular ap-
plication under consideration.
Each of the working envelope
shapes and mechanical configura-
tions has its particular advantages
and disadvantages. It is necessary,
when attempting to place an in-
dustrial robot in a job, to select
those machines whose advantages
can be utilized and whose disad-
vantages can be minimized. Using
a machine with the proper
mechanical configuration and
working envelope can go a long
way toward simplifying any par-
ticular application.

The definitions and classifica-
tions given here are by necessity
general, and it must be understood
that many variations and permuta-
tions exist. Each robot manufac-
turer is forced to choose from the
many options available in design-
ing its product line. Once a general
understanding of robotics design
and operation has been developed,
it will be necessary to compare
available robots by looking for
each individual manufacturer’s
product literature. By examining
various trade journals and other
publications, various robot-to-
robot evaluations have been and
will continue to be made as an aid
to prospective robot users.

22 e



__ft‘n vy N -A\AL

/AviNar *

The articles about robots
presented in this issue should
make it amply clear that the state
of the art in robots, at this time, is
the industrial robot: a device that
can be programmed and repro-
grammed to perform any of a
number of simple, repetitive tasks
that require only the most
rudimentary of decision-making
ability and no sensory inputs.

This situation could change
within the next decade or two, and
anthropomorphic robots could be
available in large numbers to
relieve each of us of tasks like
house and yard work.

In fact, a recent article in the

Wall Street Journal reported that
last Christmas, Nieman-Marcus,
the famous Dallas department
store, had robots available for do-
ing the housework. At $75,000 or
so per copy, however, not one was
sold. The same article further
reported that Heath Company of
Ann Arbor, MI, is working on a
robot that is expected to be
available in a year or so, in kit
form.

But for today, the industrial
robot is the name of the game, and
the effects of their existence are
expected to be far reaching. A
combination of technologies
available today could lead to what
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has been called the automatic fac-
tory: a place where raw materials
enter and finished products leave
with little or no human interven-
tion. The technologies involved are
such things as robotics, computer-
aided design and manufacturing
(CADAM), and electronic inspec-
tion techniques.

While industry exploits robots to
the fullest extent possible, ex-
perimenters are also getting into
the act. Several companies have
begun offering low-cost robot
arms that may be interfaced with
personal computers and made to
do rudimentary, repetitive tasks in
the experimenter’s home or lab.



At General Motors Assembly Division plant in South Gate, CA,
fourteen Cincinnati Milacron robots spot wzid J-car bodies at
a rate of 72 bodies per hour. Robots spot an average of 400
welds on each body.

A computer-controlled robot, the T3-586 by Cincinnati
Milacron, places spot welds on a car body as it moves
past on a conveyor. The tracking capability enables the
robot to spot welds without stopping the line.

Refrigerators are only one of hundreds of items being manu- | The DeVilbiss/Trallfa TR-3000 rcbct is often used for
factured with the help of robots. This DeVilbiss T3L-3000 is spraying paint and other elements involved in manufac-
spraying a refrigerator liner with powder coating. turing. Here, the unit sprays a vehicle component with
- .= = EH8 airless electrostatic.
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With a payload capacity of 132 pounds, the GP 132, by GE, is
suitable for loading and unloading large workpieces.
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Driven by electric servo
motors, the GE robot, GP
132, is a 7-axis, single-arm
robot designed for general-
purpose material handling.




The Rhino XR-1, from Sand-
hu Machine Design of
Champaign, IL, is a low-cost
robot designed for educa-
tion, research and industry.
It stands 32 inches high and
contains six motors, one for
each axis point in the arm-
like mechanism. The unit
must be linked to a com-
puter to be operated.

Unimate robots by Unima-
tion perform spot welds on
an auto body.

An example of continuous-path welding ty a Unimate robot at
Air Research.
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The Series 4000 by Westinghouse is a low-cost, precision, robotic welding system that uses a pulsed gas-metal-arc welding power
source. The four major parts of the system are an electric, servo-controlled, arc-welding robot; a computerized robot control; a
pulsed-current welding power source; and a wire feeder.

The Series 5000 robot system
by Westinghouse is available
with one, two or three arms,
and can be used to assemble
electrical relays and break-
ers, complex integrated cir-
cuit boards, automotive com-
ponents and complex office
machines.
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