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Delta-wye transiorms, and

BY DON LANCASTER

puilding your own Tesia coil

ONE OF OUR RECENT TINAJA QUEST WINNERS WAS
D.C. COX FROM RESONANCE RESEARCH. THIS FIRM IS
THE LEADING SUPPLIER FOR THE BIGGER TESLA COILS

AND VAN DE GRAFF GENERATORS YOU FIND IN SCIENCE

Three phase power consists of a triad of voitages spread by 120 efectrical
degrees. Advantages for higher energy users include a constant and a more

efficient power flow, lower vibration machinery that starts and reverses easily,

and rectifiers that are more economically filtered, ..
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Two methods of connecting loads to a three phase system are the Delta and

the Wye. Each has advantages and limitations. Note that currents in a Delta
load are higher for a given input voltage...

safety neutral

For any Delta load, there is an equivalent set of Wye impedances, and vice
versa. Here are the classic Delta-Wye transform pairs...
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Fig. 1— SOME FUNDAMENTALS of three phase power.

centers, museums, and planetari-
ums. He is also newly offering his
free do-it-yourself reprint on build-
ing up your own smaller Tesla coil.

A Tesla coil is nothing but a
huge, resonant transformer that is
intended to deliver high-voltage,
high-frequency electricity—other-
wise known as “lots of sparks.”
Sparks which literally can stand
your hair on end, or light up an
unconnected fluorescent tube you
are holding in your hand.

The key secret to Tesla coil
design is a high-Q air-core trans-
former with precisely the right
amount of input source coupling.
The resonance buildup produces a
“Q-multiplier” effect to generate
the high voltage.

The ultra high voltages are usu-
ally safe because they are high-fre-
quency alternating current. Thus,
they exhibit the skin effect, a proper-
ty of high-frequency AC currents
which causes them to travel only on
the outside of conductors. The high-
er the frequency, the smaller the
skin effect depth. The output from
a Tesla coil can often be routed
along a person (or a chain of peo-
ple) without significant shock haz-
ards.

Amazingly, most of the
Resonance Research machines stll
use a spark gap for their input
switching. Above a certain power
level, spark gaps stll have com-
pelling advantages over tubes or
solid-state devices.

Needless to say, a Tesla coil is
one really horrendous generator of
radio frequency interference or
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new from

DON LANCASTER

ACTIVE FILTER COOKBOOK

The sixteenth (!) printing of Don's bible on analog
op-amp lowpass, bandpass, and highpass active
filters. De-mystified instant designs. $28.50

CMOS AND TTL COOKBOOKS

Millions of copies in print worldwide., THE two
books for digital integrated circuit fundamentals.
About as hands-on as you can get. $24.50 each.

INCREDIBLE SECRET
MONEY MACHINE 1l

Updated 2nd edition of Don's classic on setting
up your own technical or craft venture. $18.50

LANCASTER CLASSICS LIBRARY

Don's best early stuff at a bargain price. Includes
the CMOS Cockbook, The TTL Cookbook, Active
Filter Cookbook, PostScript video, Case Against
Patents, Incredible Secret Money Machine I, and
Hardware Hacker Il reprints, $119.50

LOTS OF OTHER GOODIES

Ask the Guru | or ttor Il
Hardware Hacker Il or I
Micro Cookbook |

PostScript Beginner Stuff
PostScript Show and Tell
Intro to PostScript Video
PostScript Reference 1l
PostScript Tutorial/Cookbook
PostScript by Example
Understanding PS Programming
PostScript: A Visual Approach
PostScript Program Design
Thinking in PostScript
LaserWriter Reference
Type 1 Font Format
Acrobat Reference

Whole works (all PostScript)
Synergetics Surplus Catalog . .
Technical Insider Secrets

POSTSCRIPT SECRETS

A Bool/Disk combination crammed full of free
fonts, insider resources, utilities, publications,
workarounds, fontgrabbing, more. For most any
PostScript printer. Mac or PC format. $29.50

BOOK-ON-DEMAND PUB KIT
Ongoing details on Book-on-demand publishing,
a new method of producing books only when and
as ordered. Reprints, sources, samples. $39.50

THE CASE AGAINST PATENTS
For most individuals, patents are virtually certain
to result in a net loss of sanity, energy, time, and
money. This reprint set reveals to you tested
and proven real-world alternatives. $28.50

BLATANT OPPORTUNIST |

The reprints from all Don's Midnight Engineering
columns. Includes a broad range of real world,
proven coverage on small scale technical startup
ventures. Stuff you can use right now. $24.50

RESOURCE BIN |

A complete collection of all Don's Nuts & Volts
columns to date, inctuding a new index and his
master names and numbers list. $24.50

FREE SAMPLES

Visit The Guru’s Lair at http://www.tinaja.com
for interactive catalogs and online samples of
Don's unigue products. Searchable reprints and
reference resources, too. Tech help, hot links to
cool sites, consuitant's net.  email: tinaja.com

FREE VOICE HELPLINE VISA/MC

SYNERGETICS
Box 809-EN
Thatcher, GZ 85552
(520) 428-4073

CIRCLE 205 ON FREE INFORMATION CARD

A three phase delta load is normally driven by three "half bridge" drivers.
These usually require a total of six power switching devices...
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ac motor or
other load

When using digitally switched unipolar inputs, there are only eight possible

bipolar motor winding current resufts...
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Just as there are delta-wye transforms, we can list these eight pairs of
unipolar delta input to bipolar motor coil forward and reverse transforms...

0 00 000
0 0 1 0 - +
010 - + 0
011 - 0 +
100 + 0 -
101 + - 0
110 0 + -
111 000

+ 0 - 100
+ - 0 101
0 + - 110
0 - + 0 01
- + 0 010
- 0 + 011
000 0 00
0 00 111

Furlher analysis easily proves that any motor winding magic sinewave bit
sequence which has a zero third harmonic will end up fully delta friendly,

Fig. 2 — THREE PHASE “DELTA FRIENDLY" magic sinewaves require only simple input
switches. Yet they produce positive, negative, or zero winding currents. Provided you use

carefully chosen sequential commands.

RF1. These can be a most blatant vio-
lator of FCC Part 15 regulations and
therefore illegal!.

There are several persistent wiban
lore type myths that Tesla coils are in
some manner a “suppressed” or “lost”
source of “free energy.” The original
myth can be traced to one of two
sources: Either Tesla’s really bad mis-
understanding of differences between
resonance stored energy and source
converted energy. Or as something
between too much hype and an out-
right scam to obtain lab funding.

Research carefully and objectively,
and you will discover there is not one

shred of either actual or theoretical evi-
dence that this sort of hogwash is even
remotely possible.

Tesla coils are closely related to TV
flyback transformers and to all the
UHV ultra high voltage power line
transmission research. In spite of
countless hours of formal research in
these fields, not the least hint of any
over-unity energy has emerged.

Another good source for hands-on
Tesla stuff is Lindsay Publications. The
Tesla  Bookstore is another useful
resource. But you'll be way better off
limiting your readings to those books
and the reprints by lesla, rather than
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Fig. 3 — OF THE 281,474,976,710,656 possible 192-bit quadrant symmetric magic
sinewaves, a scant 43,046,721 end up three-phase “delta friendly”. Here are three of the

more interesting examples

errant ramblings @bozr him.

If you really want to get into all of
the free energy Tesla hogwash, check
High Energy Enterprises, or else the
International  Association for New
Science, the International Guild of
Advanced Science, or Borderlands.
Check out the KeelyNer BBS for a mes-
merizingly outrageous source for late-
breaking pseudoscience information.

And, of course, for a back-to-earth
reality check, be certain to read the
Skeptical Inquirer instead.

I’ve been thinking about gathering
all my pseudoscience info into a new
book. Give me a call if you have any
interest in this.

Watch that Q!

A recent caller had a brilliant but
flawed idea on how to simplify his
Tesla coil. He wanted to use a Slinky
for his main coil, eliminating most of
those messy winding hassles.

The only tiny oint in the flyment is
that Tesla coils mzust have a high QQ and
nearly lossless. A steel Slinky won’t
hack it. But a gold plated one or a
beryllium copper version might work.

In another time, long ago and far

away, a student came to me hours
before his Theremin project was due
for a course final show-and-tell. The
bright silver colored coils sure were
pretty. It seems that the story he was
copying clearly said to use #30 wire in
his oscillator coils. While he found
lots of No. 28 and No.34 copper wire,
the only No. 30 he could find seemed

to be made from Nichrome.

Three-phase power basics

Most of your udility electricity is
generated as three-phase power.
Pretty near all larger industrial and
agricultural motors are three-phase.
Ever wonder why?

Figure 1 shows a three-phase wave-
form. Three windings are spaced out
120 degrees around a generator’s sta-
tor, thus producing three identical
sinewave waveforms whose electrical
phase is also 120 degrees.

Your first great advantage of three
phase is that all three phase power is con-
tinuous. Go through the math, and
you’ll find that the instantaneous sum
of the power on all three phases will
always add to the same value.

In a single-phase system, there are
times when very little power is being
delivered to you. Other times, much
more than average is delivered. Thus,
three phase power is more efficient
and has lower line losses.

Three phase motors also start a lot
easier than single phase ones. Most of
them are easily reversed, simply by
swapping phases. Because of the con-
tinuous power, most vibration and
noise ends up a lot lower.

Three-phase power sources can be
easily rectified for DC. Its ripple is
much lower and its ripple frequency is
way higher. That’s one of many rea-
sons why a car alternator is a three-
phase AC generator.

; Code module to provide a time delay of n instruction
;3 cycles. n can vary from 4 to 255 and is destructively
:; read from COUNTER. There are 8 or 9 overhead cycles.

; The module is easily extended to 9 or 10 bits.

DELAY BCF S,C
RRF COUNTER, 1
BTFSC 8,C
GOTO EQ1

BCF §,C

RRF COUNTER, 1
BTFSS §,C
GOTO LOOP
GOTO EQ2

Nop

EQ1

EQ2
LOOP BCF S,C

DECFSZ COUNTER
GOTO LOOP

carry (if needed)
into carry

stall one cycle?

ves, one extra cycle
must cleax carry

bit 1 into carry

stall two cycles?

ne, no extra cyclec
yes, two extra cycles

clear
bit 0

e we M NE Nm We e Wy W We

; 4*n cycle delay loop
3 round and round
;7 till done

Fig. 4 — CORRECTED VERSION of the PIC time delay generator.
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It turns out there are two standard
ways of connecting a transformer or
motor or whatever to any three-phase
power line. With a delta connection,
one winding goes between phases #
and b. A second goes between phases &
and ¢. And the last one routes from
phases ¢ and 2.

In the wye connectdon, one end of
each motor winding is connected
together and usually brought out to a
fourth line called a safery neutral. The
free end of each winding is connected
to phase 4, b, or c.

Under balanced loading, you have
a safety neutral current of zero. Even
with some major unbalance, the safety
neutral current still stays low.

Delta and wye each feature unique
advantages and disadvantages. Note
that voltages are 1.732 times higher in
wyes and the currents are 1.732 times
higher in deltas. (1.732 = .) Thus, you
could easily overload or underpower
any load by making an incorrect
choice of delta or wye—but that’s
what power engineering is all about in
the first place.

It is simple to show that any delta
has a wye equivalent and vice versa,
"This is called a delta-wye transform or
else a wye-delta transform. 1 have also
shown these in Fig. 1.

The major disadvantage of three
phase power is that three tmes the
wiring is needed, combined with far
more expensive switches. Plus, you
need three times as many transform-
ers. Thus, single phase is used for
home, shop, and other “low power”
uses, while the advantages of three
phase power are reserved for industri-
al and agricultural users.

Much more information on three
phase is available in any college power
textbook, such as my utterly ancient
favorites of Skilling’s  Electrical

‘Engineering Circuits or Fitzgerald and

Kingsley’s Electrical Machinery.

Three-phase magic sinewaves

As regular readers already know, 1
have been doing a lot of unique new
magic sinewave research. Magic
sinewaves are rather carefully chosen
and ultra long sequences of repeating
ones and zeros—sinewaves of precise-
ly controlled amplitude and amazingly
low distortion.

NAMES AND NUMBERS

Borderland Research
PO Box 429

Gaberville CA 95542
(707) 986-7211

Coriolis Books

7339 E Acoma Dr Ste 7
Scottsdale AZ 85260
(602) 483-0192

Scott Edwards Electronics
964 Cactus Wren Lane
Sierra Vista AZ 85635

(520) 459-4802

Gale Research
835 Penobscot Blvd
Detroit MI 48226
(313) 961-2242

High Energy Enterprises
PO Box 5636

Security CO 80931

(719) 475-0918

Intl Guild Advanced Sciences
255 N El Cielo Rd #565

Palm Springs CA 92262

(619) 327-7355

Intl Assn New Science
1304 S College Ave

Fort Collins CO 80524
(303) 482-3731

Johnson Smith
PO Box 25500
Bradenton FL 34106
(941) 747-2356

KeelyNet BBS
Box 1031

Mesquite TX 75149
(214) 324-3501 BBS

Compared to classic pulse-width
modulation (PWM), these brand new
magic sinewaves can offer elegant sim-
plicity along with superb efficiency for
such diverse applications as induction
motor speed controls, solar-panel
inverters, electric auto drives, power
factor correctors, home energy-effi-
ciency improvers, or for reliable unin-
terruptible power supplies.

A participant at one of our magic
sinewave seminars did ask me a very
embarrassing question, though, a real
scary back-to-the-drawing-board one:
“How can magic sinewaves be used
with three-phase loads that use only
three half bridge drivers?”

The original magic sinewaves used
individual “H-bridge” drivers. These
needed access to both ends of each
winding phase. For the three winding
currents of (+), (0), or (—).

Lin-Wood Products
506 Oakland Avenue SW
Grand Rapids MI 49503
(800) 458-1578

Lindsay Publications
PO Box 538

Bradley IL 60915

(815) 935-5353

Loose Ends
PO Box 20310
Salem OR 97307
(503) 390-7457

Microchip Technology
2355 W Chandler Blvd
Chandler AZ 85224
(602) 786-7200

Parallax

3805 Atherton Rd #102
Rocklin CA 95765
(916) 624-8333

Resonance Research
E11870 Shadylane Rd
Baraboo W1 53913
(608) 356-3647

Skeptical Inquirer
PO Box 703
Buffalo NY 14226
(716) 636-1425

Synergetics

Box 809

Thatcher AZ 85552
(520) 428-4073

Tesla Book Store
Box 121873

Chula Vista CA 91912
(805) 646-3371

All of which is just fine for single
and two-phase users. But in the real
world of big time three-phase power,
we rarely have access to both ends of
each winding. Especially doing some
upgrade or retrofit. And we’d sure like
to get by using a mere six active power
devices. Instead of the twelve the full
H-bridge route needs.

Well, for openers, the length of our
magic sinewave sequence should be a
multiple of three. Such that our three
phases happen on bit boundaries. For
simplicity and compact files, we’d also
want a multiple of four. For that way,
we'll need only work with and store
one of four quadrants.

Next for something a tad subtle:
Another factor of eight sure would be
handy. This lets each one of the three
sinewaves work out of the same bit
position of each 8-bit stored quadrant



PRO AUDIO RESOURCES

B&H Pro Audio
119 W 17th Street
New York NY 10011
(800) 947-1182

Dale Pro Audio

7 East 20th Street
New York NY 10003
(212) 475-1124

Denon

222 New Road
Parsippany NJ 07054
(201) §75-7810

High End

Box 357

Sea CIift NY 11579
(516) 676-2830

High Performance Review
Box 346

Woodbury CT 06798

(203) 266-0084

Home & Studio Recording
21601 Devonshire St #212
Chatsworth CA 91311

(818) 407-0744

Journal AES

60 E 42nd St Rm 2520
New York City NY 10165
(212) 661-2355

Journal ASA

335 E 45th St

New York City NY 10017
(212) 661-9404

sequence. And, last time T checked, 3
X 4 X 8 =096

Thus, to be three-phase friendly, #
magic sinewave’s length should be a mul-
tiple of 96 birs. And several very inter-
esting libraries of 384- and 768-bit
magic sinewaves already exist.

What do we have to do beyond this
to also become what I will call being
delta friendly?

The delta-friendly sinewave needs
only three leads. And each of those
leads need only be connected to a pos-
itive supply or ground. Figure 2
should get us started.

With simple SPDT or “half
bridge” drivers on each line, there are
only eight possibilides here. Namely,
the binary combinations of 000, 001,
010, 011, 100, 101, 110, and 111. We
might define a “clockwise” winding
current as (+) and “counterclockwise”
as (—).

We immediately see that the eight
combinations can give us our choice of
(+), (0), or (—) currents.

MIX Bookshelf
6400 Hollis St #12
Emeryville CA 94608
(800) 233-9604

PAIA Electronics
3200 Teakwood Ln
Edmond OK 73013
(405) 340-6300

Pro Audio Review

5827 Columbia Pike 3rd Fl
Falls Church VA 22041
(703) 998-7600

Pro Sound News

2 Park Avenue 18th Fl
New York NY 10016
(212) 213-3444

Radio World

5827 Columbia Pk #310
Falls Church VA 22041
(703) 998-7600

Roland Digital

7200 Dominion Cir
Los Angeles CA 90040
(213) 685-5141

SMPTE

595 W Hartsdale Ave
White Plains NY 10607
(914) 761-1100

Studio Sound/BE

245 Blackfriars Road
London SE1 9UR, England
(071) 620-3636

Now for the tricky part: For all of
your possible input combinations, the
winding curvents always must sum to
zero! You could have zero current on
all three windings (cases 000 or 111).
Or have zero current on one winding,
positive current on one, and negative
current on one (as in cases 001, 010,
011, 100, 101, and 110).

Next, think about this really hairy
concept: Not only do winding states #,
b, and ¢ have to occur together, but
state b will occur in data stream « at one
third of the way through the time
sequence, and state ¢ also happens in
data stream a at two thirds of the way
through the time sequence!

We already do know that our three
states must sum to zero. But this also
newly tells us that the three states are
bits that are separated by one-third of
their cycle distance in each sinewave
sequence. Thus, the one-third spaced
bits must a/so sum to zero.

Which tells us that # delta-friendly

magic sinewave niust have a forced zero

third harmonic!

And that is all there is to it. To be
both three-phase friendly and delta-
friendly, just select 96-bit multiple magic
sinewaves that bave their third harmonic
forced to zero.

Most power books also tell us that
there can be no third harmonic line
current on any delta connected three
phase load—sort of an independent
check on what we've discovered.
Several examples of 192-bit delta
friendly magic sinewaves are shown in
Fig. 3.

You will find vastly more magic
sinewaves than there are particles in
the galaxy. Untold zillions versus a
mere 1070. So finding the good ones
gets real tricky. Indeed, there are lots
and lots of highly useful and delta-
friendly magic sinewaves. But magic
sinewaves that are not delta friendly
might perform better.

Just as there are delta-to-wye and
wye-to-delta transforms, there’s also
simple math which gets you from the
“positive-ground-negative”  winding
currents to the “positive-ground” line
currents. I've also shown these back in
Fig. 2.

When you want zero current on all
three windings at once, you’ll have
your choice of using 000 or 111 input
states. At first glance, either would
work just fine. But it turns out one or
the other might be more efficient and
needs fewer transitions.

For instance, if your previous state
was 000 and your next state was 010,
use of a 000 would require only one
transition. But use of 111 would need
five transitions instead.

Obviously, you pick the one with
the fewest transidons, because fewer
switchings certainly means less high-
frequency losses, and usually means
higher efficiency. Sometimes a 000 is
clearly better, Other times, 111 is the
only way to go. Other times (such as a
previous 010 and a following 101), it
doesn’t matter at all.

The bottom line: Magic sinewaves
work just fine with half-bridge delta
drives as long as you use only those
which include (A) a forced zero third
harmonic, and (B) bit lengths that are
an integer multiple of 96.

As you may have guessed, this is a
billion dollar new opportunity that is
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very much up for grabs. I'll be happy
to send you a free tutorial on magic
sinewaves when you call or write. You
can also ask me for a formal proposal
that explains in detail our seminars,
PIC source code, and the new part-
ners programs. Both reprint and pro-
posal are also available at
wWw. HNaja.con

Time-delay correction

The neat PIC time-delay utility I
showed you a few columns back had
one bug in it. A PIC spends one cycle
if a skip is mot taken, and rwo cycles if
an instruction skip /s taken.

The corrected version is shown in
figure four. Sorry about that.

Professional Audio Resources
I have just picked up a free new sub-
scription to Pro Audio Review. A trade
publication that more or less reports
what its name implies. It has detailed
reviews of high-end amplifiers, mix-
ers, and microphones for TV, video,
CD, and radio.

For this month’s resource sidebar,

I've tried to gather together some of
the other pro audio resources.

A second major magazine is Mix,
which also operates an outstanding
Mix Bookshelf where you will find just
about any book on audio.

The leading technical audio orga-
nization is the Aundio Engineering
Society. The finest audio publication in
the world seems to be the British
Studio Sound and Broadcast Engineering.

Let me know if I've missed any of
your favorites here. A free Incredible
Secret Money Machine I1 if you tell me
about any pro audio resource I don’t
already know about.

New Tech Lit

A real fine new collection of PIC-
related data books is now offered by
Microchip Technology. These include
the PIC 16/17 Microcontroller Data
Book; the PIC 16C8X Data Book; PIC
14000 Data Book; a PIC 16C7x Data
Book; the PIC 16C62X Data Book;
ECHV Update I, the MPASM
Assembler Guide; Third Party Guide
1996; the Non-Volatile Memory Products

The National
Professional
Service Convention
and
Trade Show

Reaching New Heights
NPSC '96

(Formerly NPEC)

August 5-10, 1996
Special 3-day packages
available Aug. 5-7 & Aug. 8-10
Hyatt-Regency @
Union Station
St. Louis, Missouri

*Two Day PC School
*Big Screen TV Covergence

*All Technical Training Seminars
(limited seating)

*All Management & Business
Seminars

HANDS-ON TECHNICAL SEMINARS FOR PROFESSIONALS

*Building and Troubleshooting Computer Networks
and many, many, more!

Courses FREE when registered at the National Professional Service Convention
August 5-10, 1996, St. Louis, MO

Full $300 Registration (at door) includes:
*Head-to-head Meetings with Manufacturers'
National Service Managers
*All Sponsored Meals and Functions
*NESDA/ISCET / NIAS Association Meetings
*Continuing Education units for all seminars attended
*Price discounts available for pre-registration

Sponsored by. National Electronic Service Delaers Assoication,
International Society of Certified Electronics Technicians,
National independent Applicance Servicers, Professional Service Association

For more information, contact NPSC '96
2708 W. Berry St., Fort Worth, Tx 76109-2356 (817) 921-9061; Fax (817) 921-3741

*All day Monitor School
sIntroduction to DVD

Data; Embedded Controller Handbook;
Serial EPROM Tutorial Series I-I11; the
Development Systems Ordering Guide;
BBS System User’s Guide; MPSIM Users
Guide; and the HCS300 Data Book.

Their PIC, of course, is the finest
microcontroller. Nothing else comes
remotely close. Other PIC resources
include Scott Edwards Electronics, and
the superb Basic Stamp products
offered by Parallax.

A unique collection of PC-related
books is offered by Coriolis Books.

A new CD ROMs in Print 1996 is
freshly offered by Gale Research. It
reviews over 9000 titles.

Free beta copies of Acrobat Amber
can be downloaded from www.
adobe.com This wonderment lets you
view full technical reprints on line.
Part of it plugs into Netscape Gold.
Which you can find at netscape.com

I often like to check out the hobby
and craft catalogs. These can be a
great source for products and ideas.
One example is the Sowrce Place for
Creative Living “owner’s manual” by
Loose Ends. Mostly on unusual hand
made papers. Another is the Waod
Parts Catalog from Lin-Wood. Who do
make a bewildering array of small
wooden items.

Or, just because it is there I guess,
you should get your hands on the neat
free Things You Never Knew Existed
catalog from Fobnson Smith.

For typical individuals and small-
scale startups most of the time, any
involvement whatsoever with patents
is absolutely certain to turn into a net
loss of your time, energy, money, and
sanity. You find out why in my Case
Against Patents package. It includes
proven real world alternatives.

See my nearby Synergetics ad for
more details. I've also got some great
deals on "Tektronix 1230A logic ana-
lyzers left over from my school buy-
out.

I'm still building my web site at
www.tingja.com Eventually, globally
searchable reprints for my previous
columns should be available here.

As usual, a no-charge tech helpline
and online access is available per the
Need Help box. Most of the resources
mentioned in this column appear in
our Names and Numbers or Pro Audio

sidebars. [En|



