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FLYBACK FOWER SUPPLY PROMPT GAMMA PROTECTION APPARATUS

BACKGROUND OF THE INVENTION

Currently, inertial guidance sensors operate in many flying aircraft for guidance
of the arcraft. Ring laser gyros are used 2s inertial guidance sensors in aircraft as well
as ships, submarines. satellitcs, missiles and other vehicies. However, when the vehicle
enters a radiation environment, the radiation affects the sensor and hampers the
operation of the sensor and as a resuly, guidance is bampered. Specifically in ring tascer
gyros, the laser discharge that keeps the cing laser gyro operating must remain ionized
for the operaticn of the gyro 1o be maintained. Proper operation af the vng laser pyro
requires that the laser discharge not be extingnished when the ring laser gyro js exposed
to a radiation environment. The laser discharge is maintaincd by a high voltage power
supply whose operation can be interrupted by the radiation environment. Specifically, o
prowpt gamma 1ay pulsc can cause the high valtage power supply voltage 1o fall below
the valuc required to maintain the laser discharge.  When this happens, the vehicle
being guided by the ring laser gyro can go olf jts planned course and be prevented fram
accomplishing its miszion.

High voltage power supplies that use pulse width modulaters to produce the
required lugh voltage are susceptible to prorupt ganmie pulse upsets that reduce the Ligh
valtage below the Jevel required to toaintain lasing in the ring laser gyra. This occurs
when the prompt gamma pulse twms off circuits iternal to the pulse width modulator,
specifically turmmg off an error amplifier used to determine the duration of the pulse
width modulator output pulses which deercases voltage supplied and interrups ring
laser gyro operation.

Fig. | shows the cffect on the high voltage supply output voltage of a simulated
prompt gamma ray pulse. The prompt gamma ray pulse was sinmlated using a flash x-
ray radiation source. As can be seen, the radiation pulse reduced the high voltnge output
below the level reguired to maintain the laser discharge (this voltage is about 450V for
this experiment). Once the Jaser discharge is extinguished, it is not casy to re-initiats
and the vehicie that depemds on the ring laser gyro for navigation information is
essentially blind and out of control umil the discharge is re-imitiated. Current methods
used to maintain the laser discharge rely on expensive radiation hardened companents.

Haowever, the radiation hardening techniyues have not been shown to prevent dosc rate

JP 2004-500547 A 2004.1.8
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induced upsets of internal components. It would be beneficial to mantain the powcer
supply output at acceptable levels so that operation of Ihe mmg laser gyro is not
interrupted. Tt would he beneficial to have a less expensive means to maintein the

power supply as well.

SUMMARY OF THE INVENTION

A voltage supply incorporating & puisc width modulator is used to initiate and
maintain 2 laser discharge.  The pulse width madulutor periodically charges capacitors
that maintain the laser discharge voltage. A feedback loop senses the voltage on the
capacitors and adjusts the ouipul of the pulse width modulator to maintain the veilage
on the capacitors at the desired valuc. An apparatus connccted 1o the pulse width
modulator assumes control of the pulse width modulator when the feedback Joop is

disabled due to exposwre to radiation.

BRIEF DESCRIPTION OF THE FIGURES
Fig. 1 shows 2 chart of existing methods of suppiying voltage when exposed to
radiation.
Fig. 2 shows a biock diagram of the present inveniion.
Fig. 3 shows a circuil diagram of the present invention.
Fig. 4 shows a chart of the supply of voltage when radtation exposure oceurs

using the present invention,

DETAILED TESCRIPTION OF THE PRESENT INVENTION

The present inventien prevents interruption of @ ring leser gyro when the ring
laser gyro is cxposed 1o prompt icnizing radiation. It is 1o be understood that the present
invenlion is i powsr supply thut coniinues 1o operate despite exposure to tadiation and
one of its applications is for ring laser gyros, but actually can be used for an application
requiring a power supply in a radiation environment. As stated in the background of the
invention, previously, a prompt gamii ray pulse has been shown to tumn off an ermor
amplifier inlemal to the pulse width modulator 4. The crror amplifier produces an
output voltage that i3 proportional to the diffcrence hetween & voltage reference internal
to the pulse width moduiator 4 and the voltage reluned by the (sedback loop. When tic

crror amplifier is wrmed off, the pulse width modulator 4 praduces no oulput pulses,

JP 2004-500547 A 2004.1.8
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ailowing the voltage on the capacitors to decrease below a value required to maintain
the laset discharge ib the ring laser gyvo and thus, disrupling the operation of the ring
Jasur gyro. Attaching the circuit 2 of the present invention forces the output of the pulse
width modulator 4 fo 2 180% duty cycle whenever the intemnal error amplificr is tumed
off which allows voltage on the capacitors to be maintzined at the level required to
maintain thc laser discharge of the ring lascr gyra.

Fig. 2 shows a block diagram of the invertion. The present invention 2 is
connected 1o the Pulse Width Maodulalor (PWM) 4. The pulse width modulater 4
controls a pulser 6 which supplies high veltage 1o the ring laser gyro. The pulse width
modulator 4 cootrols the pulser & by sending veltage pulses of various puise widths fo
the pulser 6. Feedback from the output netwerk 8 to pulse width modulator 4 causes the
pulse width modulator 4 to adfust the width of the control pulses to the pulser & and
maintain the output voltspe at a predetermined value. The pressmt invention 2
specifically is a circuit that forces the puise widih modulator 4 to produce output pulses
during radiation exposurss. During radiation exposures, the fredback between the
output network & and pulse width medulator 4 1s disabled, causing the high voltage
Tequired to operate the ring laser gyro to be lost. The present invenlion 2 forces the
pulse width modulator 4 to produce output pulses and thus mainfain the veltage required
10 sustain the laser discharge in the ring laser gyro.

A detailed circuit diagram of the present invention is shown in Fig. 3. The
circuit of the present invention is specifically a voltage divider 10 and a signal diode 12,
The anode of the diede 12 is conneeted to the cutput of the voltage divider 10. The
cathode of the diode 12 is connected to a pin comnected o the internal error amplifier of
the pulse width modulator 4. The voltage divider 10 must maintain a ceverse bias across
the diode to prevent the diode 12 from interfering with signals on the pin during normal
operation when po radiation exposure exists. When the amplifier fails due to rediation,
the diede 12 becomas forward biased and current will then be supplied from the circuit
of the present invention 2. The pulse widlh modulator 4, controls the gate of field
cffect transistor {(Q1) 12 caustng current i flow tuouegh transformer (T1) 14. The pulse
width modulator 4 controls the gatc of the field effect transistor (1) 12 by sending
voltage pulses of various pulse widths to the gate of the field elfect wansisior (Q1) 12
Current flowing into the transformer (T1) 14 charges the capacilors 16 in the output

network 8 which suppliss high vollage (o the ring laser gyro. Fig. 4 shows the

JP 2004-500547 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(10)

WO CHORZLT 4 PCTASO0/E9452

difference with the use of the present invention. When the radiation is exposed as
before, there is no change in the voltage supplied 1o the ring laser gyro. Again, the
circuit of the preseat invention has the effect of commanding a duty cycle fo 100%
during a radiation svent and successfully prevents radiation induced transients on the
power supply outpul.

The invention has been deseribed herein in detail in order to comply with the
Patent Statutes and 1o provide thosc skilled in the art with the infonmation needed to
apply the nove! principles and to construct and use such specialized materials and
components as are required. However, it {5 Lo biz understood that the invention can be
catried out by specifically ditferert materiais and components, and thal various
medificalions, both as 1o the processing details and operating procedures, can be

accomplished without departing from the scope of the invention itself.

JP 2004-500547 A 2004.1.8
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CLAIMS
The embodiments of the invention in which an exclusive property or right is claimed are
defined as follows:
1. A voltage power supply resistant io the effects of radiation, comprising:
a first culput network producing a voltage;
a pulse width modnlator controlling the veltage of the oulput network; and
apparatus, connected to the powaer supply, for maintaining aperation of the

power supply during and after cxpesure to radiation.

2. The voltage power supply of claim [ wherein the power supply, comprises:
a second output nelwork supplying power in the (orm of u voltage; and
2 pulse width modulator supplying curren! 10 the second outpur network in the

form of pulses.

3. The voltage pawer supply of claim | whercin the apparatus, comprises:
a voltage source; and

a diode.

4 The vaoltage power supply of ¢laim 3 wherein the voltage source maintains &
roverse hias across a diode connected to an output of the pulse width modulator during

normal operation of the pulse width modulator.

5. A power supply resistant to the effects of radiation, comprising:

an output apparatus to autput power,;

a voltage supply which supplics pawer to the output apparais in the form of
valtage;

3 pulse width modulator to control the voltage supply wheretn coturel is in the
form of pulses; and

apparatus for assuming control of the pulse widih modulater when radiation

CXPOSUre oCours,

JP 2004-500547 A 2004.1.8
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&, The power supply of claim 5 whercin the apparatus, comprises:
a veltage divider circuit; and
adiode,

7. The power supply of cleim ¢ wherein the voltage divider citewt has an

impedance greater than the impedance of the pulse width modulator.

8. The power supply of elaim 6 wherein the voltage divider eircuit has an
impedance less than the impedance of the pulse width modulator when exposure

1o radialion occuss.

9. The power supply of claim 5 wherein the outpur indicates to the puise width
modulator o inerease output of the pulse width medulater when an inerease in power is

roguired..

10 A high voltage power supply, comprising:
a pulge width medulatar; and
apparatys, connected w0 the pulse width moduiatar, for maintaining operation of

the pulse width modulator during and after exposure fo radiation.

11.  The high voliage power supply of ¢laim 1 wherein the power supply comprises:
a pulse width modulator that contrels a switch, the form of the control
being voltage pulses of variable time duration;
a switch that controls current through a transformer;
an ontput network that is charged to a given veHage by curvent (Towing
in the transformer; and
a feedback network 1hat returns & portion of the owtput voltage 1o the
pulse width modulator, the pulse widlth modulaior adjusls the lime duration of
the putput pulses according to the value of the cutput voltage fed back 10 he

pulse width modulator by the feedback network.
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