


Design Considerations

A convenient per-tube power level
for a home studio system lies in the
100-Ws (watt-second) range. Such a
unit requires power packs that supply
450 to 500 voits dc. This is a feasible
voltage for home construction and
provides a very useful light level.

There’s no need for miniaturiza-
tion or powering from a source other
than the 117-volt ac line for a studio
setup. The flash heads are intended
to mount on light stands, the power
pack to rest on the floor.

The flash heads consist of flash
tubes with reflectors and a minimum
of electronics. Trigger transformers
and trigger capacitors are the only
trigger components in the flash
heads. The remaining triggering cir-
cuitry is housed inside the power
pack, which is the major element in
the system, since it encompasses the
storage capacitors, charging power
source, control and monitor ele-
ments, and triggering circuitry.

To obtain effective energy/light
conversion, a full amount of energy
should be supplied to each flash tube
in a multiple-head system. To achieve
this, the applied potential must be at
least 400 volts but not more than 550
volts for reliable firing. You must
take care to avoid subjecting the
flash tube to greater than 550 volts,
or the tube will be irreparably dam-
aged. From the foregoing, you can
see that there’s a very definite voltage
“window”” between 400 and 550
volts that defines power pack voltage
levels. The power pack must, there-
fore, be designed to load the tube to a
100-Ws energy level within these
voltage limits. Also, each flash tube
should be loaded to this energy level,
whether one, two or all three flash
heads are in use for a particular pho-
to session. This is accomplished with
a separate storage capacitor in each
flash head. These capacitors charge
in parallel from a single source, but
they’re electrically isolated from
each other for independent discharge
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Fig. 1. Flash heads selected should have built-in flash tubes and trigger trans-
Sformers. They should also be able to mount on tripods or other supports. Being
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able to tilt is also a plus.

into their respective flash tubes.

When searching for suitable flash
tubes, ook for ones intended for 450
to 500 volts across them (GE No. FT-
118 and similar types). Try to obtain
heads that include tubes, trigger
transformers and suitable reflectors
to minimize any modifications need-
ed to adapt them for light-stand use.

Suitable capacitor values are in the
500- to 800-uF range. These capaci-
tors should be rated to handle 500
working volts, but in a pinch you can
get away with capacitors rated at 450
volts. You can parallel-connect small-
er-value capacitors to obtain the de-
sired value if need be.

You also need a power transform-
er of the type used to power tube-type
TV receivers, amplifiers or radios.
The transformer should have a sec-
ondary winding rated at 650 to 700
volts and a center tap to drive a full-
wave power-supply circuit. A trans-
former with no tap on the secondary
winding and capable of delivering
325t0 350 volis can be substituted for
a half-wave power-supply circuit. Se-
lect a transformer rated at not less
than 50 mA. The greater the current
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rating, the faster the charging cycle
for the flash-head storage capacitors
and the shorter the cycle interval be-
tween shooting pictures.

To avoid confusion, we’ll deal
with the elements that make up this
project one at a time, discussing how
each works and giving construction
details before proceeding to the next.
e Flash Heads. Only a minimum of
circuitry is included inside a flash
head (see Fig. 1). A three-conductor
cable terminated in a plug connects
each flash head to the power pack
through a mating jack. This cable
should be wired directly to the com-
ponents in the flash head, not
through a plug/jack arrangement.

Flash-tube leads shouldn’t be sub-
jected to strain. They’re best secured
to solder lugs or support terminals at
the points the cable conductors or
trigger transformer leads attach.
Connect the high-voltage secondary
of the trigger transformer directly to
the trigger band on the flash tube.
(Each flash head must be equipped
with a separate trigger transformer
and trigger capacitor.) One side of
the trigger capacitor connects to the
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voltage rating of the storage capaci-
tor(s) and flash tube(s).

There are some interesting aspects

2 to the interrelationship between the
_@—] power supply and flash head. The
power pack charges the storage capa-
citors between flashes fairly rapidly
so that you can snap another photo
- again quickly. A time constant relat-
asasns ed to the charge time involves the
© e value of the storage capacitor and
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series resistance in the charge path: T
= kRC. From this, you can see that
larger-value capacitors take longer to
- ——— ————t, charge through a given resistance. A
3 smaller resistance speeds up charging
but results in heavier current flow.
However, current flow must be limit-
ed for safe repetitive delivery without
excessive heating.

Similarly, discharge of the storage
capacitor through the flash tube
(which has been ionized by the trigger
pulse) may see a low-resistance path
of, say, 3 to 6 ohms or so. Discharge
é can then occur in only a few millisec-
& onds, depending on the value of the
capacitor. A large-capacity storage
capacitor takes longer than a small
i one to discharge. Flash units with
electrolytic capacitor values in the
hundreds of microfarads produce a
flash that lasts a few milliseconds.

Since the power supply generally
runs continuously during a photo
= o & session, the charging circuit con-
+—f—n ——AA— stantly attempts to charge the storage
o § s 23 % capacitors, even during the flash dis-

< charge period. Therefore, the series
= § charging resistance must also keep
> the power supply from attempting to
keep the flash tube alive by supplying
current directly to the tube, If this oc-
curred, the tube would quickly be de-
stroyed. Hence, the series charging
resistance assures that discharge cur-
rent comes from only the storage ca-
pacitor and not directly from the
power supply.
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Fig. 2. Complete diagram of more-elab-
orate power-pack circuit design.
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Fig. 3. These two views of author’s prototype of the 300-WSs unit show the zig-zag pattern you should use to fit
the power transformer and storage capacitors on a mini mum of enclosure real estate.

components attach to the box itself.

One side wall (nof removable side
panel) accommodates the controls
and indicators for the project and
serves as the top panel of the enclo-
sure. Most major components mount
on the other side wall, which also
serves as the floor of the enclosure.
On one end of the enclosure should
go the sockets for the cables that con-
nect the flash heads to the power
pack. No actual chassis is needed,
since all components mount to either
the enclosure walls or on small ter-
minal boards.

If you use the utility box described
above, position the storage capaci-
tors and power transformer in a zig-
zag pattern (see Fig. 3) to fit the avail-
able area on the bottom panel. Plan
on using ring clamps for mounting
the capacitors and }-inch spacers to
support the transformer so that its
leads can fan out under the trans-
former and obviate the need for drill-
ing extra holes.

Plan your layout so that two small
terminal boards mount near enough
to the power transformer so that its
leads reach the appropriate points on
the boards without requiring you to
extend them with wires.

Mount on one terminal board the
components associated with the

high-voltage rectification section,
namely the rectifier diodes, filter ca-
pacitor C/I and resistors R4 and RS5.
On a second terminal board that will
mount near the transformer, mount
D6, C5, R7 and RS, with SCRI, R9
and D7 at one end of the board.
Mount on a third terminal board D3,
D4,D5,R1, R2and R3. The resistors
on this last board are 10-watt units
that operate at nearly 500 volts. Use a
high-quality board material and
leave V4 inch of space between the re-
sistors and the surface of the board.
Machine the enclosure as needed,
including drilling a hole for entry of
the ac line cord. Plan on mounting a
carrying handle on the top control
panel near the center of gravity.
Don’t drill the holes for the handle
until after you’ve assembled the pow-
er pack and can better judge where
this point will be. Because the power
transformer is a bit heavier than the
storage capacitors, this point will be
a bit to the rear of enclosure center.
Arrange the holes for the POWER in-
dicator, POWER switch and fuse
holder at one end of the control panel
and those for the sync cable socket
and TEST switch in the other corner.
The third terminal board will
mount on the underside of the panel,
beneath the carrying handle. This

makes for short leads between capa-
citors, steering components and out-
put sockets. The two rotary switches
and meter movement holes should be
drilled and punched through the top
control panel.

Switch S5 should mount under the
top panel on a small L bracket. This
switch isn’t an operating control.
You open it only to insert R0 into
the charge path during initial form-
ing of the storage capacitors. You
then close it to short out R0 for nor-
mal power-pack operation.

By mounting components on the
three terminal boards, you can use
point-to-point wiring to make all in-
terconnections when you’re ready to
wire together the components and as-
semblies. Since the currents involved
in charging average less than 1 am-
pere, ordinary hookup wire will do
for these portions of the circuit.
However, the discharge path from
storage capacitors to sockets to flash
heads carry current pulses of 75 to
100 amperes for a few milliseconds,
necessitating use of heavier wire—
No. 18 or heavier-duty and well-insu-
lated, at the minimum.

Locatethe holes for the three sock-
ets into which the flash-head cables
plug in one end wall of the enclosure.

When you finish machining the en-

——
—
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Fig. 4. Complete schematic diagram of minimal power pack circuit design.

whether one, two or three heads are
used for a photo session. The mini-

100-WS PARTS LIST

: Semiconductors R6—2 megohms, 1-watt carbon
mal power pack, shown schematical- ’
! power pa whn se : D1—1,000-volt, 1-ampere silicon recti- ~ R8—180,000 ohms, %-watt carbon
ly in Fig. 4, is less versatile but still L .
ful. It Iv 100 Ws total fier diode Miscellaneous
usetul. it can apply s (,) GG D2—400-volt, 1-ampere silicon rectifi- I11-—Neon panel-lamp assembly with
ergy to flash heads and can fire two er diode built-in limiting resistor

or three heads, provided the charge
energy is divided among the heads
for a roral of 100 Ws. With this ar-
rangement, one head could be fully
loaded, two heads fire with 50 Ws
each and three heads share the charge
at 33 Wseach.

Many simplifications are made in
the Fig. 4 circuit, though some fea-
tures of the Fig. 2 300-Ws power
pack can be included, if desired. For
example, you might add a voltmeter
circuit to monitor charge status, as in
the more-elaborate design.

In Fig. 4, power transformer 77
has a single untapped secondary
winding that drives half-wave rectifi-
er DI. Because a 6.3-volt winding
isn’t available for a pilot light, neon
lamp /7 and its series resistor connect
across the ac-line after POWER switch
S1 and fuse FI to serve as a POWER
indicator.

Also note that the 150 volts for
charging trigger capacitor C; is
taken from bleeder resistor R2, as is
done in the Fig. 2 circuit. However,
an additional Voltage tap is made in

SCR1--200-volt, 1-ampere or greater
silicon-controlled rectifier

Capacitors

C1—8-pF, 500-volt electrolytic

C2—600- to 800-uF, 500-volt comput-
er-grade electrolytic

Resistors (10% tolerance)

R1—1,000 ohms, 10-watt wire-wound
R2,R7—1 megohm, 1-watt carbon
R3—470,000-ohms, 1-watt carbon
R4—15,000 ohms, %-watt carbon
R5—470 ohms, %-watt carbon

12—Neon lamp

S1—Spst toggle or slide switch

S2—Spst normally-open pushbutton
switch

SO1—Polarized jack

T1—350-volt power transformer
Suitable enclosure; ring clamps for
capacitors; terminal boards; bayonet
fuse holder; ac line cord with plug;
materials for flash heads (see 300-WS
Parts List); carrying handle; spacers;
machine hardware; hookup wire; sol-
der; etc.

this divider, between R2 and R3, to
supply gate bias to SCR].

The SCR trigger circuit is included
in this minimal power pack to avoid
having 150 volts and high trigger cur-
rents appear at the camera shutter
contacts, as would occur if the cam-
era shutter was directly used to short
the trigger capacitor(s).

The half-wave rectifier circuit
charges storage capacitor C; to 100
Ws, somewhere beyond 450 volts.
READY lamp /2 shunted across part
of the resistive voltage divider made
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up of R7and R§8 indicates when Cy is
charged but doesn’t indicate voltage
as charge progresses. It lights only
when a preset charge is reached.
TEST switch S§2 across the 150-volt
trigger bus lets you test the flash sys-
tem, as in the Fig. 1 circuit. Three
output sockets are included in this
design to permit you to connect mul-
tiple flash heads to the power pack,
with the same head circuit as used in
the more-elaborate design. How-
ever, the total 100-Ws charge on a
single storage capacitor is all the en-

——
—_—
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Cautionary Notes

Storage capacitors must be able to hold
a high-energy charge and not leak or
discharge over long periods of time. In-
ternal losses must be very low. These de-
sirable factors for a good storage capa-
citor also contribute to making it a po-
tentially lethal device! Even a comput-
er-grade electrolytic capacitor can hold
its charge for many hours, even days.
Another mark of a good capacitor is
low internal resistance, which means
that there’s nothing internal to limit the
discharge current if the terminals are
shorted together.

The factors that go into making a
good storage capacitor in its intended
application can also make it dangerous.
A capacitor charged to 75 to 100 joules
(watt-seconds) contains considerable
energy. When discharged in the normal
manner into a flash tube you’ll hear a
very audible ‘‘snap’’ as the tube fires,
and a very noticeable amount of heat
will be radiated from the flash tube.
This is because the 100 joules of energy
are being ‘‘dumped’’ into about 6 ohms
of tube resistance at a current of 75 to
100 amperes for a few milliseconds.

The discharge current can vaporize
the tip of a screwdriver if a charged ca-
pacitor were to short it with such an
essentially zero-resistance shunt. Short-

ing the capacitor with zero resistance
can tear it apart internally and create
destructive internal heating. Don’t ever
attempt to discharge a capacitor in this
manner.

The proper way to discharge a capaci-
tor is to shunt its terminals with a power
resistor, carefully avoiding personal
contact with the leads or terminals. Ex-
perienced personnel who work around
high voltages, keep one hand in a pock-
et or behind their backs to avoid injury
and death when working around high-
voltage, high-energy storage capaci-
tors. You should adopt this as a work-
ing rule as well.

When discharging capacitors, use well-
insulated clip leads attached to a 10-watt
resistor of, say, 500 ohms resistance. At-
tach one clip to one terminal of the capa-
citor. Then carefully touch and hold the
other clip to the remaining terminal for
several seconds. Repeat the procedure
several times to make sure the capacitor is
fully discharged, even if you’re working
on a circuit that hasn’t been powered for
hours or several days. Work with one
hand only (remove any rings and watches
before you start) and an alert apprecia-
tion of what charge can do. And always
handle any capacitor as if it’s fully
charged to a lethal voltage!

ing session. Test fire the system with
the TEST button on the power pack or
on the fill-in light head, before start-
ing to trigger the system with the
camera sync contacts.

When you’re done taking pictures,
always fire the heads to discharge the
capacitors and trigger circuits before
stowing your gear. Do this by firing
the system with the TEST button and
immediately switch off ac power.

If at any time you must gain access
to the interior of the power pack, ex-
ercise extreme caution. Bear in mind
that the storage capacitors may have
potentially injurious charges on
them. So exercise care when the unit
is open. Discharge all capacitors be-
foreyou do any internal testing.

ch 1991

Anintegrating flash meter is a very
useful accessory and is highly recom-
mended when using this project.
Place the meter at the location of
your subject and aim it toward the
camera while you test fire the system.
The meter will indicate the correct f-
stop for proper exposure as a func-
tion of film speed. It will result in cor-
rect exposures, saving you time and
film. Shutter speed doesn’t have any
effect on exposure because the flash
is only about a millisecond in dura-
tion. With focal plane shutters, how-
ever, speeds must be slow enough to
ensure that the curtains are fully
open when the flash does fire. This
means you must use ‘‘X’’ sync, usu-
ally at %, second or slower. ME
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