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1.0 SUMMARY

This program covered the design, fabrication, and testing of an advanced

development model uninterrupted power system. The input and output re-

quirements imposed on the power processor were specified such that the

unit is electrically interchangeable with existing power systems used

by the Federal Aviation Administration in installations which have a

history of failure due to electrical transient condi'tions.. To this end

the power processor is designed to be very versatile and as a result

may be interchanged in several field applications.

It was the object of this program to transfer power processor tech-

nology, developed by NASA Lewis Research Center, to F.A.A. hardware

requirements. The AC and DC to DC Converter applies new technology

in the areas of SCR Circuit Configuration (Series Inverters) and Ad-

vanced Control Concepts (ASDTIC).

The application of the series-inverter technology has provided the

following design features:

(1) Reduced Power Processor Weight

The inverter allows higher frequency operation of the power SCR's

through the self-commutation as a result of the sinusoidal cur-

rent developed.

(2) Higher Efficiency

The SCR switching conditions are ideal; the SCR current is es-

sentially zero during the turn-on and turn-off periods.

(3) Improved Reliability

The reliability is greatly enhanced by the series-inverter con-

figuration where component electrical stresses are inherently

limited during transient and overload operations.

The use of ASDTIC control has contributed significantly to the capability

of the power processor in isolating the electrical disturbances on the in-

put power lines from the load. These disturbances include lightning, vari-

able frequency input, slowly rising and falling input voltage, battery

charging and discharging, and automatic transfer of power sources.



Input power is from either of two single phase ac power sources or batteries
with electronic selection and transfer between power sources. Battery re-
conditioning is automatic when either ac source is present. The output
power is rated at 840W; the nominal output Is 24V at 35A. Within the
840W limit, the regulated output voltage is adjustable from 22V to 30V dc.
Protection against continuous overloading or short circuit is provided.

The unit is packaged in a standard 19 inch rack mount configuration with
7 inch panel height. Controls are on the front panel with power input
and output through connectors on the rear surface. Cooling is by free
convection from fin areas located on the side and rear panels. The pack-
aged unit weighs 52.8 lbs.. This weight can be reduced if a three-phase ac
power source is used to replace the single-phase sources presently available.
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2.0 INTRODUCTION

Although the Silicon Controlled Rectifier (SCR) has been applied increas-

ingly In power processing equipment for military and industrial applica-

tions, the full potential is just beginning to be realized in equipment

applications requiring very light weight, very high efficiency, and

superior performance capability. Through the utilization of unique.

circuit design techniques and by taking. advantage of advances in com-

ponent developments, large improvements in these power processing equip-

ment characteristics are achievable. This report presents the results

of work performed under Contract NAS 3-15827 for the Lewis Research Center

to develop an equipment reflecting such state-of-the-art capabilities.

The specific objective of this contract was the development of an uninter-

rupted power system meeting stringent requirements on weight, size, effic-

iency and performance. The central part of the power system is a LC ser-

ies resonant inverter using SCR's as power switches [1,2,3]. The power sup-

ply is rated at 840W, and furnishes a well regulated and transten.t free

voltage over an adjustable output range of 22 to 30Vdc. Input power may

be supplied from any of three input power sources: main ac, auxiliary ac,

or battery. AC input power sources are 50 to 400Hz, 117V ± 10%. The bat-

tery source is sized to supply maximum output power (840W) for 15 minutes

minimum. .The converter circuit interfacing with the input power source

is mechanized in such a way that the converter can engage in its normal

operation and satisfy all output specifications under any of the follow-

ing power-source combinations: (1) main ac only, (2) auxiliary ac.only,

(3) battery only for 15 minutes, (4) main ac and auxiliary ac, (5) main

ac and battery, (6) auxiliary ac and battery, and (7) main ac, auxiliary

ac, and battery. Furthermore, automatic battery recharging will take

place when either ac source is present.

The input ac power is modulated in conduction angle using SCR's, and is

then rectified and filtered to obtain an 86Vdc bus. A series inverter

operates from the 86V bus to accomplish the functions of voltage trans-

formation, input/output isolation, and voltage regulation. The inverter

output voltage is rectified and filtered to yield the desired dc output

meeting the ripple specification. Standby batteries are floated across
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the 86V bus. Through a bus current control loop, the battery charging

current is automatically controlled as a functton of the power supply

output load. Maximum battery charging current occurs at the minimum-

load operation.

A unique two-loop feedback technique embodying the use of an Analog Signal

to Discrete Time Interval Converter (ASDTIC), provides the high static

and dynamic performance characteristics of-the power supply. [3,4].

Reliability is optimized by inherent circuit protection of the critical

components during all conditions of overload and abnormal source

voltages and by maintaining semi-conductor elements below their max-

imum ratings during turn-on, steady-state, and transient load and line

conditions.

Reliability is further enhanced in that forced commutation of inverter

SCR's is not required due to the self-commutation characteristics in-

herent in the series inverter configuration. Since the sinusoidal current

developed in the series-inverter SCR's depends primarily on the

well-controlled characteristic impedance of the LC series resonant circuit,
the output short-circuit protection is thus inherently achieved. The

significance of this protection cannot be overstressed in view of the low

maintenance requirement imposed by unattended and remote installations.



3.0 REQUIREMENT VS. CAPABILITY

TABLE 1 SUMMARY OF REQUIREMENT VS CAPABILITY

Item Requirement Capability NAS3-15827
Reference

Input Power i. The converter shall operate from a main single Converter complies with requirement. E., 1.1
phase ac power source with a nominal line volt-
age of 117V, rms, sinusoidal waveform, and fre-
quency in excess of 50 Hz.

2. The converter shall operate for 15 minutes when Converter complies with requirement. E., 1.2
the supply line voltage falls below 105V, rms, Tested for full performance for 28 minutes.
and including complete failure. During this
period, the converter shall be powered from a
storage battery. The battery voltage shall not
vary by more than 5% during this 15 minute in-
terval.

3. The converter shall operate from an auxiliary Converter complies with requirement. Auto- E., 1.3
ac power source whose specifications are the matic transfer between power sources.
same as those of the main ac supply as stipula-
ted in Section E., 1.1.

Output Voltage 24Vdc nominal at full load. Output voltage is adjustable between 22 E.,2.1.1
to 3OVdc.

Output Current 35Anps at 24Vdc. E., 2.1.2

Tested for 840W @ output voltage setting
from 22 to 30Vdc.Output Power 840W E., 2.1.3

DC Output Volt- The maximum dc output voltage variation from nom- 100% load change 0.2% E., 2.2
age Variation inal shall be +1% as a result of the cumulative Line voltage +10% 0.007%

effects due to any and all of the following causes: Temperature -10 to +500 C 0.007%
a) The effects of internal converter functions. Total deviation = L.2%

b) Converter generated harmonics.
c) Load variations from zero to full load.
d) Line voltage variations per MIL-STD-704A.
e) Transition from main supply to battery and

vice-versa; or from auxiliary supply to battery
and vice-versa.



TABLE 1 SUMMARY OF REQUIREMENT VS. CAPABILITY (CONT'D)

NAS3-15827

Item Requirement Capability NA
Reference

"Lock Out" The converter shall be stopped when both the main No interruption of service due to transients E., 3.4
Circuit and/or auxiliary ac sources exceed the limitations per MIL-STD-704A. System shuts off when

imposed by MIL-STD-704A and the battery voltage is battery reaches depth of discharge: 74Vdc.
less than 74V.

Battery Maintain the standby battery in a ready condition Battery reconditioning provided; minimum E., 3.5
'Trickle- by continuously replenishing the "trickle-charge" charge rate = 2A.
Charge" lost by the battery.

MTBF Exceed 10,000 hours 15,000 hr. B., 5

Overload The converter shall not sustain any permanent Tested for all overload conditions to short B., 6
damage when the output terminals are shorted for circuit.
any length of time.

Current The output current shall be limited to be not more Current limited @ 37.5A. B., 7
Limiting than twice the steady-state nominal rated operating

current.

Ohmic Isolation Ohmic isolation shall be provided between the prime 10,000 ohms minimum. B., 8
electric power sources and output.

Operating The converter shall operate without any performance Tested in still air oven over the ambient B., 9
Temperature degradation between the temperatures of -100 C and range.
Range +500 C.

Power Factor The power factor measured at the ac input terminals .7 @ 50% load. B., 10
shall be equal to or greater than 0.75 when the .75 @ 100% load.
converter is supplying loads between 50 & 100% of Measured @ nominal line voltage.
rated capacity.

EMI Not specified. Designed to MIL-STD-461A, Notice 3.

Lightning Not specified. Lightning arrestor on input power lines
Strike mounted external to the converter.

AC Input Power Not specified. Designed.for 16ms total ac power dropout
Dropout without without deviation of load power quality.
Batteries



4.0 ELECTRICAL DESIGN

4.1 FUNCTIONAL DESCRIPTION

A functional block diagram of the power supply Is presented in Figure 4.1

The main power level functions, from input to output, are the Input SCR

rectification, input filter, series inverter, and output filter.

Circuit breakers and EMI filters are also shown between the power sources

and the SCR rectifiers.

The SCR rectifiers and input smoothing filter convert the ac inputs to

86Vdc. The battery power source is connected directly across the 86Vdc.

This bus Is the power source for a series inverter considting of SCR powe

switches, a series tuned LC network and an output transformerwhich

Inverts the nominal 86Vdc to high frequency ac. The output of the trans-

former is rectified and filtered by the output smoothing filter to

obtain the desired dc output voltage.

The control circuitry associated with the 86V bus accomplishes the bus

voltage regulation and current limiting by modulating the conduction

angle of the input line SCR rectifiers. In addition, the control circuitrl
establishes (1) the selection of the power source from which the convertel

derives its power, and (2) the transfer between power sources when the bu!

voltage excursion exceeds a designated range of 74 to 86Vdc, and (3) the

series inverter command off when the bus voltage is below 74V.

The control circuitry associated with the series inverter effects pulse-

frequency modulation of the series inverter SCR's to achieve: (1) output

voltage regulation and (2) output overload protection.

4.2 CIRCUIT DESCRIPTION

Schematic diagrams for the complete power supply are shown in Figures 4.2

and 4.3, and described in the following paragraphs. Since the series in-

verter is the central part of this power supply, characteristics and de-

sign equations for the series inverter power stage are also presented.



4.2.1 86V Bus Voltage and Current Control

The 86V bus is controlled only when ac power (main or auxiliary) is pre-

sent. When the battery is the only power source, its terminal voltage

(varies between 74 and 86V) becomes the bus voltage.

The 86V bus voltage control circuitry, shown in Figure 4.2, consists of:

* A voltage regulator common to both.ac inputs.

* SCR tripping control for each of the two ac input lines.

* Voltage sensing circuitry between the two ac sources to effect

ac power transfer and inhibit.

The voltage regulator employs a two-loop control in which both dc

and ac control signals are utilized. The ac information is derived from

the smoothing filter inductor Ll, and injected in series with the dc in-

formation obtained from the 86V bus voltage divider, R35 and R36. These

two signals are processed by integrator-amplifier U5. Clamping networks

are provided across integrating capacitor C5 to limit the amplifier output

voltage excursion in the near vicinity of the reference voltage VR2 thus

improving the transient response time of the 86V bus voltage.

In conjunction with the integrator amplifier U5, information concerning

the 86V bus current is also processed. The information is sensed by re-

sistor R43, and amplified by amplifier U6. The output of U6 is "OR" gated

into the input of U5 through diode CR27. When the bus current reaches a

predetermined level, the current signal will override the bus voltage

regulator loop, thus limiting the bus current. Since the bus feeds both

the series inverter and the battery bank connected across it, the sum of

the battery charging current and the current drawn by the series inverter

is regulated. The predetermined regulation level for the bus current is

16A, which is approximately 2A above the maximum 14A required by the

series inverter under full-load condition. Consequent-ly, the battery re-

charge current varies from 2 to 16A as the series inverter operates from

full load to no load.



The output signal of the integrator amplifier is summed with a cosine

function generated from each of the two ac source sinewaves. The result-

ing signal with its dc level and ac component operates on comparators.

The zero or one output of the comparator controls the output signal to

the gate of its associated SCR's.

With a zero state at the output of the comparator, the gate drive ampli-

fiers are switched in synchronism with -the associated ac input sinewaves,

firing alternately and in-phase with the proper SCR. With a one signal

present at the output of the comparator, both Ul and U2 are in an on state

shorting the gate drive transformer winding and removing all SCR firing

power.

The main voltage sensing and transfer circuitry operates an SCR firing

in like manner. If the main voltage drops below the lower limit of 105Vdc

the inhibit signal is removed from the auxiliary and applied to the

main. When the main voltage is normal, operation reverts to main and

auxiliary is inhibited.

The main sensing and transfer circuitry has hysteresis built in to prevent

oscillatory transfer between main and auxiliary. In addition, the voltage

sensing reference is shifted when the auxiliary is not present to allow

operation on the main supply below the 105Vac level.

Transformers Tl & T 2are provided to synchronize the gate firing signal an,

to supply control bus power during the initial starting periods. The out-

put of these transformers is rectified, filtered, and fed through a series

regulator (Ql8) to a common 15V control bus.

After the initial starting period and when the 86V bus has reached 84V,

a 15V control power and an isolated 20V supply for the series inverter are

derived from a dc to dc converter operating from the 86V bus.

The inverter is of the "flyback" type where on-time, off-time modulation

controls output voltage. The control loop is of the ASDTIC type using

both ac and dc sensing. AC information is taken from a winding on the



flyback transformer T5 and integrated in capacitor C7. R39 and RU9

make up a voltage divider across the 15V bus to obtain dc information.

A hysteresis is provided (R40,R44) to set frequency of operation and

peak to peak detector levels for comparator U12. The digital output of

the comparator controls the power transistor Q6.

86V bus under voltage protection is provided by Ull and associated

circuits. A hysteresis is provided and selected to sense an upper limit

of 84Vdc (turn-on) and a lower limit of 74V (turn-off). The output of

Ull operates on the control power converter to shut it off when the

86 dc bus reaches its lower limit of 74V and turn on at bus voltages

above 84Vdc.

Application or removal of control power to the series inverter serves

to turn the series inverter on or off.

4.2.2 Series Inverter

The circuit schematic for the series inverter and its control circuitry

is shown in Figure 4.3.

The series inverter power stage generates bi-polar high frequency half-

sinewave current pulses by alternately firing SCR's Q7 and Q8 in series

with a tuned circuit made up of L2 or L3, the parallel capacitors C21

and C22, and the primary winding of output transformer T8.

The output voltage of T8 is rectified and.filtered to complete the

system. Voltage regulation and current limiting is accomplished by

reducing the frequency of SCR firing from a predetermined design max-

imum. The pulse repetition frequency for this design is 10kHz maximum

and diminishes with decreasing load to nearly zero frequency at no

load.

The control system is based on a unijunction pulse generator, flip-flop,

and the power amplifiers which pulse drive the SCR gates of Q7, Q8.



A current source made up of Q14 and its associated circuitry provides a

linear voltage ramp for unijunction operation. This current source is

modified by: (1) the output current as sensed by current transformer T12,

and (2) the inverter output through CR67 when the voltage is below 20Vdc.

Both of these control functions reduce frequency for current limiting under

abnormal operating conditions such as sustained overload or filter charg-

ing during startup.

/ The voltage control loop operates on the unijunction frequency by shift-

ing the stand-off ratio of the unijunction. The peak amplitude of C23

ramp voltage is clamped by resistor dividers RI30 and R72, and rectifier

CR38. The base-two of Q15 is shifted above or below the firing point

by a zero or one state from comparator U13. The comparator is operated

on by a saw tooth ramp at the output of the amplifier integrator Ul4.

AC information for this ASDTIC control system is derived from a current

transformer T9 which measures filter capacitor current. The dc infor-

mation is taken from a resistor divider at the output of the unit. A

potentiometer (R84) is provided for adjustment of output voltage.

Circuitry to inhibit operation of the series inverter when control power

is below 18Vdc is shown in Figure 4.2. Q16 and Q17 and associated cir-

cuits make up a 20V bus voltage sensor. Q16 acts to short out the uni-

junction charging capacitor when the control bus is below 18V.

This feature is provided to ensure that the control bus voltage is high

enough for proper timing and firing characteristics before the series

inverter is activated.

4.2.3 EMI Filters

The EMI Filters for the converter output and for each of the three power

sources are not shown in Figures 4.2 and 4.3. Their schematics are pre-

sented in Figure 4.4. They are designed to meet the input and output

interface requirements.
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4.3 SERIES INVERTER CHARACTERISTICS AND EQUATIONS

The series controlled rectifier inverter utilizes a series LC resonant

circuit to provide the means of commutation of the inverter SCR's.

Figure 4.5 illustrates, in basic form, a series inverter without a spill-

over network. When one controlled rectifier is turned on, an

oscillatory current flows through the series combination of the inductor

L, the load transformer T, and the series capacitor C. The sinusoidal

current flow, occurring at a frequency dete'rmined by the LC components,

is zero when an SCR is initially turned on, builds up to a maximum deter-

mined by the circuit parametersand then returns to zero. As the current

passes through zero, the conducting SCR reverts to a non-conducting state.

To illustrate certain characteristics peculiar to this type of inverter and

to develop the basic equations of operation for the series inverter, the

equivalent circuit of Figure 4.5 during one half cycle of operation is

redrawn in Figure 4.6, from which an analysis is performed based on the

following simplified assumptions:

1. The SCR's are ideal, i.e., zero forward drop, zero current when

reverse-biased, and zero turn-on time as well as turn-off time.

2. The loa.d transformer is ideal, and Cou t is large enough to effect

essentially a square-wave voltage across the primary with an

amplitude V.

3. The LC components are loseless, with initial voltage across the

bottom capacitor as V . The two series capacitors are identical,0

i.e., C1  = C2  = C.

4. The source voltage is E, with zero internal impedance.

4.3.1. Steady State Operation

The two loop equations for currents i and i 2 are the following:

E - L(d/dt) (i - V - I dt = 0 (4.1)
1 i dt = 0 (.)

L (d/dt) (i i - i2) + V - I i2 dt = O (4.2)

By substrating equations (4.2) from (4.1) and adding (4.2) to (4.1), and

then differentiating the obtained difference and sum, one has

(d2/dt 2 ) (i1  - i2 ) + (l/2LC) (il  - i 2 ) = 0 (4.3)

(d/dt) (il +i 2) = 0 (4.4)
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Solving equations (4.3) and (4.4) yields

iI - i 2  = K1  Sin (t// v' (4.5)

i1 + i2 = K2 (4.6)

Realizing that il - i2 = i + i2 = 0 at t = 0, the constant K2 vanishes,

giving

i =-i 2 = (K1/2) Sin (t/ ~-i) (4.7)

Substituting equation (4.7) into (4.1),

uc = E - 2L(dil/dt) - V = E - V - K /l v cos (t/ViCE) (4.8)

Since it is known at t = 0 that the voltage across the bottom capacitor

is U = V
c o

K1 = (-V - Vo + E)/ /L/2C (4.9)

Thus

I 2 0 Sin (t/VUTC (4.10)

When the voltage across the bottom capacitor is Vo, that across the top

capacitor is VM, where VM is related to Vo by:

V = -VM + E (4.11)

Since the current through the inductor and the transformer is i = i - i2
from equations (4.10) and (4.11),

V -V
i = i - i = Sin (4.12)1 2 f -L

The voltage (E - u c) across the top capacitor, based on equations (4.8),

(4.9), and (4.11), becomes

(Vc top) 1 = V + (V - V) cos (t/ 2LC ) (4.13)

Referring to Figure 4.6, the current through each series capacitor is

i/2. The current through the inductor and the transformer, i1 - i 2 , is

i. As a consequence,the current through the power source, E, is also i/2.



4.3.2 Transient Operation

In Figure 4.5, with V being the amplitude of the square-wave voltage

across the transformer primary, and with VMtl being the initial voltage

across the top capacitor at the beginning of the first half cycle of con-

duction through Sl , the voltage across the top capacitor during this

first half cycle can be expressed in equation (4.13), with V being re-

placed by VMtW.

After the half cycle of conduction by S1, SI is turned off, and S2

is turned on. During this second half cycle, voltage across the top capa-

citor Cl can be shown to be:

(Vctop) = E - V - (E - V - V Mt2) cos t (4.14)

Here,VMt2 is the initial voltage across the top capacitor at the beginning

of the second half cycle (or, the end or the first half cycle).

Starting with VMt1 and employing equations (4.13) and (4.14) alternate-

ly, each time using the respective proper initial voltage, the voltage VMtn
at the end of nth cycle can be shown to be

VMt n = 2nE - 4nV + VMtl (4.15)

Dr,

dV tn/dn = 2 (E - 2V) (4.16)

Equation (4.16) indicates that:

(1) For E<2V, VMtn shall decrease with n, i.e., voltage across the top

capacitor Cl cannot build up. In steady state inverter oparation,

E < 2V is thus impossible.

(2) For E = 2V, VMtn would be identical for each n, i.e., steady-state

operation can result if the inverter is indeed loseless as assumed.

However, the source energy over a single switching event consists of

energy delivered to the load,to the circuit loss elements, plus a

surplus amount which is stored in the series capacitors. Consequently,

E = 2V is practically unfeasible for sustained oscillation.



(3) For the condition of E > 2V during which the energy from the source

is more than that demanded by the load and the loss, VMt n would in-

crease with n, i.e., voltage across the capacitors would build

up indefinitely. The rate of increase is maximum at V = 0, as is

evident from equation (4.16). This is entirely resonable, for there

can be no output power from equation (4.16). Since the energy

not consumed by the load must be stored in the capacitor, the rate

of storage is highest at V = 0, and decreases during normal steady

state operation. Assuming (1) V=O and (2)voltage VMtl = E/2 is

charged to each capacitor initially prior to closure of the SCR switch,

then, at the end of the first cycle of switching, i.e., for n = I

in equation (4.15), VMtr would become 5E/2. Thus the capacitor vol-

tage on Cl, which initially was E/2 only, has, in the course of two

power pulses (one in each half cycle), changed to 5E/2. Thus it is

seen how quickly an intolerable buildup can occur.

From the foregoing discussion, it becomes apparent that: (1) E > 2V

is a necessary condition for the inverter to overcome circuit and

loss dissipation to sustain oscillation, and (2) the condition

E > 2V tends to lead to a runaway capacitor voltage. It is for the

protection against this voltage buildup that-the spillover network,

to be discussed subsequently, is needed.

4.3.3 The Spillover Network

The technique for protecting against voltage buildup can be described

using the schematic diagram of Figure 4.3. The components CR42, CR43,

T3, and the secondary windings of L2 and L3, provide this capability. Ex-

cess energy, manifested as an induced voltage on the secondary winding of

L2 and L3 during their respective discharge cycles, is fed through a

saturable reactor into the output filter capacitors and the load. The reactor

T13 supports an increment of voltage on each half cycle to ensure the

resonant capacitors C21 or C22 have a peak voltage greater than the dc bus

voltage,which guarantees a reverse voltage bias on the conduction SCR

(Q7 or Q8) during its recovery period. After magnetic saturation of T13

the inductor L2 or L3 voltage is clamped to the output dc level. The ex-



cess energy is thus delivered to the output filter and output load at a

constant di/dt rate depending on the dc output voltage and irducthnce L2

or L3. At the end of the so-called "spill-over" cycle, capacitors C21 and

C22 are charged in such polarity as to yield a constant series inverter

output current, cycly to cycle.

Voltage and current relationships during series inverter SCR switch-

ing is shown in Figure 4.7.

Instantaneous SCR and spill-over currents are shown in Figure 4.8.

SCR Switching
Characteristics

Fi.ure 4,7, Seri:es Inverter SCR Switching Waveform

SCR Current

Spill-over
Current

Figure 4.8. Instantaneous SCR and Spill-over Currents



5.0 UNIT DESCRIPTION

5.1 MECHANICAL CHARACTERISTICS

A photograph of the uninterrupted power supply (UPS) NAS3-15827 is shown

in Figure 5.1.

The power supply is designed for shelter or van use. It is of unitized

construction for individual drawer-type mounting.

The top and bottom covers are removable to obtain access to the internal

components. These covers are each held with 10 self locking screws.

The front panel contains all controls that include the following:

1. AC main power breaker and on-off switch.

2. AC auxiliary power breaker and on-off switch.

3. Battery power breaker on-off switch.

4. Power on indicating light.

An output voltage adjustment potentiometer is located on the control

card, which is accessible by removing the bottom cover. Three quick-

connect connectors protrude from the rear of the unit for making the fol-

lowing electrical connection to the UPS:

i. AC input

2. DC output

3. Battery input

Handles and mounting holes are provided on the front panel for mounting

in standard relay rack enclosures.

5.2 MECHANICAL DESIGN

The mechanical design of the ac & dc to dc converter (NAS3-15827) is

such as to divide the unit into five modules: the control card plug-in,

the rear panel, the left side panel, the right side panel, and the front

panel chasis assembly.

Heat generating components are mounted thermally to three finned surfaces

which make up the rear, left and right side panels. These finned
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surfaces provide the major means of heat removal for the power supply.

Installation should be such that free air flow is available for three

surfaces.

All wiring connections between modules are made with removable lugs on

terminal blocks or terminal posts.

Mechanical Characteristics

Construction Unitized Construction for Drawer
Type Mounting

Dimensions 7 inch Front Panel by 11.2 inches

Deep-Standard 19 inch Rack

Weight 52.8 lbs

Cooling Natural Convection

5.3 ELECTRICAL CHARACTERISTICS

5.3.1 The Salient Electrical Characteristics are Listed Below:

Input Power (Any single source, combination of any two sources, or all
three sources.)

Main 117 + 10% - 50 to 400Hz

Auxiliary 117 + 10% - 50 to 400Hz

Battery 74 to 86Vdc, 13 type (3DCU-3) batteries
C&D or equivalent

Output Power

Voltage 22 to 30Vdc adjustable

Current 35A @ 24Vdc

Power 840W maximum

Ripple Voltage 1% p-p

Voltage Regulation AV +%

Load 96mV 0.2%

Line + 10% 3.4mV 0.007%

Temperature 3.4mV 0.007%

Overload Protection 37.5A maximum

Battery Reconditioning 2A min. rate
Ambient Temperature -10 to 500 C
Reliability >15000 hrs. MTBF
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6.0 RELIABILITY PREDICTION

A reliability assessment in terms of mean time between failures (MTBF)

was performed for the power supply in accordance with MIL-STD-756A

procedures, and utilizing MIL-HDBK-217A component failure rate. The

prediction assumed a series system. Component failure rates were

established using individual part stress ratios and actual component

ambient temperature obtained in an overall operational environment of

120 0 F. Failure rates for part classes and the total for the power

supply are listed in Table 6-1. The calculated value for MTBF was

in excess of 15000 hrs.

TABLE 6-1

Component Failure Rate Tabulation

Component Bits (1 per 109 hrs)

Resistors

Composition 1600
Film 420
Variable, wire wound 10024

Capacitors

Electrolytic 750
Ceramic 242
Mica 1
Solid tantalum 270
Polypropolyene 315

Magnetics 3000

Semiconductors

Silicon diodes (<1 watt) 9680
Zener diodes 1950
Silicon rectifiers (<1 watt) 1400
Silicon controlled rectifiers 10500
Silicon transistors NPM 5240
Silicon transistors PNP 17000
Integrated circuits 3000

Circuit Breakers 1000

Lamp 200

T = 66592

MTBF = 15,016 hours
T



7.0 DISCUSSION OF TEST RESULTS AND RECOMMENDATIONS

Results obtained from testing the uninterrupted power supply can be dis-

cussed in terms of the following performance aspects:

(1) Steady-State Performance

The test results demonstrate excellent performance in areas of cur-

rent limiting, output ripple, voltage.regulation and audio suscepti-

bility. The high performance is primairily due to the implementation

of the two-loop ASDTIC control concept described in Section 4.

(2) Transient Performance

Good transient response and effective inrush-current limiting during

converter starting and sudden output short.circuit were obtained.

The transient capability was demonstrated with any and all combina-

tions of the three input power sources.

(3) Thermal Control

The test results show that component thermal stress is well control-

led below component ratings to enhance reliability predictions. In

addition, fin utilization is optimized to accommodate components with

widely different temperature capabilities.

(4). Versatile Field Application

A meeting with FAA application engineers was held in the early pro-

gram stage. As a result of the meeting, the original design goals

concerning size, weight, efficiency, and power factor were compromised

slightly in favor of a more versatile power-processor field applica-

tion that includes the following additional capabilities:

* Automatic and unattended battery charging built into the

power supply.

* Complete and automatic transfer between two ac power sources,

without the battery.

* Adjustable output voltage between 22 to 30Vdc.

* The ability to withstand lightning strike when installed with

the specified lightning arrestor.

* Full power processor performance with one cycle drop out of

the ac source.
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The first four capabilities were verified through extensive power

processor testing. Although not tested for a cycle "dropout"' of a

single ac source (with no batteries), the unit was designed to accom-

modate this condition without deviation from the output power spec-

ification.

5) Recommendation of Performance Improvements

Although within specifications, the output ripple was significantly

higher in the packaged unit when compared with that of the bread-

board. The difference was attributed to inductive coupling associat-

ed with the output lines connecting the power smoothing filter output

to the EMI filter. This problem could be corrected by mechanical

design changes, which would relocate magnetic component or reroute

the cables feeding the output EMI filter.

For the packaged power processor, approximately 90mV of output-vol-

tage change occured during no load/full load tests. The difference

was due to ohmic voltage drop in three feet of wire between the vol-

tage sensing point and the EMI filter box, the connector pins, and the

EMI filter. This output voltage variation could be reduced drastical-

ly by mechanizing the system with remote sensing,in which case this

voltage drop would be within the ASDTIC control loop.
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8.0 UNIQUE FEATURES

Unique features were developed in the following areas:

o SCR Inverter Power Stage

o Input AC Line Regulators

1.l SCR Inverter Power Stage

The technique of discharging series inverter inductor energy with second-

ary winding directly to the output provides the following advantages:

o Improved efficiency due to the low forward drop, fast recovery

rectifiers instead of SCR for this function.

o Lower volt-sec requirements on the power transformer because
"spill-over" energy does not flow through the transformer.

o Control of main SCR reverse bias conditions under all operating

conditions without use of auxillary SCR's and their associated

sensing and control circuitry.

8.2 Input AC Line Regulators

The power stage gain of the ac line modulators varies radically with

conduction angle. To stabilize the control loop, especially at light

load, where current is not continuous in the smoothing filter inductor,

a cosine function was summed with the ASDTIC integrator output signal

to normalize power stage gain.
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9.0 CONCLUSIONS

The successful completion of the power-processor development has demon-

strated the feasibility of lightweight, uninterrupted power systems cap-

able of isolating electrical disturbances on the input power lines from

the load. These source distrubances include lightning, variable frequency

input, slowly rising and falling input voltage, battery voltage variations

during charging and discharging, and automatic transfer of power sources.

Reduced power processor weight and higher efficiency were achieved, pri-

marily due to the series-resonant inverter characteristics. The inverter

allows higher-frequency operation of the power SCR's as a result of self

commutation and the sinewave current developed. The SCR switching con-

ditions are ideal; the SCR current is essentially zero during the turn-on

and turn-off periods.

High reliability, the most important aspect required of an uninterrupted

power supply, is enhanced greatly by the series inverter configuration

where component electrical stresses are inherently controlled during

transient and overload operations.

The power processor was developed with the objective of being interchange-

able with several existing power systems used by the FAA in installations

which have had a history of failure due to electrical transients. In

addition, a second objective of this program was to transfer power proces-

sing technology advanced by NASA Lewis Research Center to satisfy the FAA

hardware requirements. To this end the power processor is designed with

such versatility that in many aspects it exceeds what was actually required

in meeting the first objective. As a consequence, the power processor is

capable of performing in many other field applications. Needless to say,

the circuit complexity and the weight of such a multiple-purpose power

processor can be significantly reduced when the power processor design is

only required to satisfy a specific field application. In this regard,

the superior reliability, the light weight, and the high efficiency char-

acteristics of the power processor, made possible primarily by the util-

ization of the series inverter, are readily adaptable to other critical

high power applications.
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