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ABSTRACT

A'high degres of relisbility mmst be obtained from modern
electronic equivment if ite use is to be extended in the future. Be~
cense of their size znd because of the presence of a memory which re-
mnembers lncorrect as well as correct information, reliability of elec-
tronic digital computers is an even more difficult problem than for more
common equipment. ,

Since moet component failuree in conservatively designed cire
euite result from gradual deterioration, checks of performance marging
perlt removel of failing components before operation fallure gccurs.
Py submitting circults to strained operating condltions such as de~
creasing screen-grid voltage for amplifiers, the condition of vacuum
tubes and other componenis are checked in place. Thie prevehtive main-
tenance ie called marginal checking. The amount of additicnpal equip-
ment needed for detection and signal source switching depends upon the
degree of relliability required. In electromic computers detectlon
and source switching can be done with the proper test pregram of compuber
Ingtructions; so that the nrocadum may be highly automa.hzed without
excesslve addiitional equiumentn

8imply varyling power supply voltages is inadequate because .
perticular detericrated components are not igolzted. However, group-
ing of circuits into sections not uged simultoneously gives gnod lsola~
tion.

Preventive maintenance in the form of marginal checking
sppliad to & 400 tube system improved reliadility over 50 te 1. Pre-
liminery results indicate that equally good resultes can be obtained
with larger aystems.



MARGINAL CRECRING: PREVANEIVE
_HMAIVTENANCE FOR ELECTRONIC EQUIPHENT

by

Ceorge C. Sumner

A high degree of reliability must be obteined from modern elec-
tronic systems for two obvious reasons., The investment in the emquipment
itself may be quite high so that the user Justifiably expects dependable
operation over a long period. On the other hand, large sums of money
or even human life mey be staked upon proper operation at specific tlmeg,
An example of the latter may occur in the future when an elactronic
comouter directs an aircraft as it aprnroaches an airport for landing.
The computer in thie case receives location, speed, and altitude informa~

tion perheps from a radar set, checks this informetion against that of
all other planes in the vicinity, and directs the pilet how to proceed
all in a small fraction of a gecond. Reliability is of utmost impor-
tance in such a system. It is not sufficient to keep errors below a
certain minipmum. It is necessary to prevent their occurrence.

In considering the nroblem of reliability for electronic equip-
ment, thie parer will describe a technique called marginal checking.
Ar g specific example of thig technique, methods and results obtalned
in electrontc digital computer research at the Servemechanisms Laboratory, -
Massaclusetts Institute of Technology will be given.

Reliabllity in compaters is an even greater problem than in
more common olectronic systems. One wrong letter does not vold a
teletype message, 1gnition noise does not cormpletely void television,
nor does an arcing magnetron mllify the plot on a radar screen. Per-
formance is still considered satisfactory 1f these occur only infre-
quently. With digitel computers, however, & single disturbance can
invalidate the whole effort. Thls is due to the high concentration of
information and to the presence of a memory within the computer. The
memory remembers incorrect information as well as the correct, and once
an error finds its way into the memory, 1t can propagate itselr into
all subsequent operation.

Aleo the gize of digital computers adda to the reliability
problem. Most of the large scale digital machines under development
use many thousands of vacuum tubes, cryetal rectifiers, resistors,
capacitors, snd inductors. Vacuum tubes and cryestal rectifiers are
the most unreliable of these, but operation fallures due to other
components may be expected because there are so many. A typical
computer may have 5000 vacuum tube cathodes and 10,000 crystal rec-
tifiers. Assuming an average life of tubes of 5000 hours and for
crystal rectifiers 10,000 hours, a failure may be statistically expected
every 30 mimtes from these aging components, Even if troudle-location
is well daveloped, so that repair time is ehori, operating efficliency



would ba very low. A natural question is 1f periodic replacewments of
certain cempenents would improve efflciency. Unfortumnately, esrly
fallure in groups of new tubess 18 quite high; so that whelesale re-
placement on a time basle might even lncreasse the failure rate.

The picture is indeed dark, unless a very important fact is
recognized. That is that most componsnt fallures in conservatively de-
slgned ecircaite result from a gradual change in thelr characteristics.
This is the basle of marginal checking. If a cirguilt containing a com-
ponent whose deterioration is not sufficlent to canse troudble in normal
cperation 1s subjected to an abnormal strain, faulty operabion will re-
sult, The amount of etrain necessary to cause fallurs ls called the
operating margin., Marginal checking aprlies this strein and obgerves

" the result in a routine maintenance pericod. Removal of components cansing
- low marglne, lnsures a predictable 1ife expectancy of all other components.
Thia procedure is somewhat analogous to the common insulation-break-
down teste. However, marginal checking produces no damage to componsnts
end ie aspplied by built-in facilities.

In deslgning a marginal checking system, each circuit must be
examined to see how a stralm may be aprlied. Imminent fallures must
be converted to real failures during the maintenance period by action
from outside the circuit. Many possidilities exist cuch as changing
the character of the inout gignal, changing a supply voltage, or changing:
of outout loading. Some examples of how marginal checking is applied
to comouter circults are given below.

FPigure 1 gives a tyvnical basic dlock diagram often esncountered
in computera and other pulse systems. Gate tubs A, when open, allows
pulses to pass slong a channel %o a flip~flep. If the pulses are large
enough snd the fliv-flop in proper condition, each pulse will cause a
reversal of the flip~-flop from a 1 to 0 or vice versa.

Two sorts of trouble may develop: first, a component of the
gate circuit may deteriorate ceusing the pulse amplitude to reduce to a
point where the flip-flop will not switch or, second; the flip-flop may
refuse to switch because one of its components has deteriorated.

‘ Gate tube B ig controlled by the flip~flop. The application eof
e sensing pulsé al B permits checking to see if the flip-flop bas received
end preperly acted upon puleeg from A. The operating margins of thess
circuits may be measured by voltagse variation as shown in the following
paragraph.

The gate circuit shown in Figure 2 is a video amplifier which

~ can be switched on and off by ite #3 grid. The margin of performance

in the gate tube can be checked by lowering the voliage on the screen

of the tube. Az shown in the figure thils ie Jore by inserting e negative
voltage in geries with the screen grid lead. Under these conditions the



pulaes emerging from the tube will be lower than they were bosfove the
deviation. "h*s offect malteg the tuhe look wesker..

Figurs 3 is a eirplified schemetic of a flip-flep. A Flip=-flop
is 2 c¢ircult having two siable states, each state being defermined by
wrieh of its two tubes is conducting. The circuit 1s aymetrical.

One tube must have the ability, when c.onduc’cing, to hold the
other tube in a non-condueting state. Tube deterioration shows up as
a reduction in plate current in one tube with a consequent reduction of
blas avellable to the opposite tube. The uge of a cathode resistor
allows considerable aging before the condition becomee intolerable but
eventual 1y tube deterioration will become sc extreme thet instadbllity
will occur and the flip-flop will favor ome side. Then, whenever it is
ordered to chenge sides by an incoming pulse the circuvit will either fail
to hold its new position after ewitching takee places

' This unfavorable condition can be detected defore it loads to
feilure by feeding the two screen circults of the flip-~flop separstbely,
as shown, and selectively releing the screan voltage of the normally
off tube. Ralising its scresen voltage also raises its no. 1 grid cut-
off voliage. The normally on tube must have a safe margin of plate
current avallable 1f it is able to hold the tube being checked off
under these extreme conditions. If the on tube is weak 1t will fall

to hold off the oppesite tube end & spurious switehing operation will
result. The detection of this condition can be automatic by applying
sensing pulses to a gate tube attached to the flip-flop as in Figure 1.

Time limits dlscuasion to these two conversion methods. Others
are equally effective. 'Clamping crystals have bdeen checked by changling
the timing sequence. Transformers and line terminations have been.
checkad by verying the frequency of vulere sequences.

In aprlying voltage veriation ag a means of marginal checking,
it is uneconcmical to provide separate variation facilitles for each
eircult. Moreover, simply varying power supnly voltages is not enough.
Thls would allew checking overall operating margins but would be of small
value becauea little informetion as to what components canse low margins
is obtained thereby. An aconomical compromise may te obtaired by grouping
gimilar circults of separate chennels into sections. If checking of the
channals is then done in time sequence, effective tsolatlon of detericor-
- ated components is obtained.

Figure Y ghows how a computer may be sectioned for mrginalf
checking. Three of many channels are shown. The vertical lines indicate
the cections into which are growped similar cireuits of different channels.
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As voltage variation 1s applied %o each sectiom, the pulse scurce sends
eignale through each channel in time sequence and at the same times,
through the checking chennel to the checking secilon or deteclor.
Failure to rececive the proper signal at the detector camses the whole
sequenes to stop and an alarm to sound. The chamnel and section cocoxr~
dinates of the fanlty stege are indicated by the stopping point of the
sequence., This a high degree of i1solation is obtained. Varglmal checl-
ing of the puls~ source, the detector, and the checking channel must be
done separate from the other chamnels, btut the same philosophy of group=
ing can he aprlied.

In electronic computers the marginal checking routine can de
antomatized to a great extent. Switching of the pulse source and the
detector from chamnel to channel is accomplished by a set of computer
instructions in the form of & specially prevared test program. The
only extra equipment needed is for switching voltage veriation facilities
from section to section,

In the Whirlwind computer system some 200 sections are used.
With the proper computer pregram, pulees are sent through each channel
in & fraction of a second. The marginal checking control panel is
shown in Figure 5. A register of indicator lights on the left shows
the sectlon under test. The telepbone dial in the center ig used for
manually selecting a given section. The voltmeter at the right indicates
the voltage excursion gpplied. In mamal operation, the dial beneath
the voltmeter controls an amplidyne generator which provides the voltage
excursion., In auntomatic operation, telephone-type stepping ewitches
shown in Figure 6 selact the various sections in sequence. The checking
time for each section 18 5 seconds; 80 that the whole system may ’be
cheoked in about 15 mimutee.

The potentiality of marginal checkking is shown from its per-
formance record. Consider the record of & S=binary-digit prototype
arithmetic element, containing about 400 vacuum tubes. It is set up to
solve a test problem and checks the result continwously 2% hours a day.
Marginal checking is performed dally during a 1/2 hour preventive maln-
tenance period and deteriorated components replaced. Several runs of
three weeks without computational error have been made. A recent period
of 45 days contained no_serrors. Thle represents over 5 billion correct
solutions, and about 1013 correct flip~flop reversals in 25 flivo-flop

eireuits. During this time, 16 tubes, 7 erystals, and 4 resistors were
replaced during marginal’ checking pericds because of low margine.

It is expoected that for larger systems equipped with marginsl
checking, errors will not increase in proportion to the extra equipment
involved. In the equipment just described, & high percentage of errors
are caused by power fallure, thunderstorms, and other external distur-
bances independent of the mumber of vacuum tubes used. This conclusion
1s verified by euparience with the Whirlwind Computer now under test



dering ite installation. The following table showa tube and crysial
ractlfler failures.

'SUER AND CRYSTAL FATLURES
(2750* Hours of Operation)

Tube - Crystels

Number in Use , 3500 9500
Total Failures From all Causes .= 4 ' - 128 176
Located by Marginal Checking : - 78 148

Note: 2750* Hours for majority-minority of tubes were
installed later.
Flgures to March 31, 1950.

Even though adequate marginsl checking facilities were not
available for some of the verlod, of 128 tube fajlures, 78 or 61% wers
detected by marginal checking before they caused operationsl fallure.
Many of the remaining failures wers from obvious causes esuch as mecbanical
failure or extreme gasglnese cauaing blown fugss. OFf 176 crystal rer
tifier fallures, 84 or 148 were removed during preventive maintenanceo

Marginal checking as described does not eliminate the inevitable
intermittent faults as such. However, many esc-called intermitients are
actually caused by deterioratlon just to the point where obscure and
mimte axternal disturbances cause failure sometimes and sometimes not.
"Thesa faults are uncovered by marginal checking., Moreover, actual
intermittent faults such as brolcen welds in vacuum tudes and peorly
soldersd Joints can bdes attsched more directly apnd with more assurance if
the condlition of other components has been establighed by marginal
checking, .

In pummery, marginal checking 1s aimed at the detection of aging
componente before they cause operational failure. Regults have already
shown that the concept of built-in preventive maintenance equipment is
gound. The method of application to specific slectronlc devices depends
upon the case at band. The degree of elaborateness of the addltionzl
equipment is determined by the degree of reliability required. :
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Fig. 5, Marginal checking control panel

. Fig. 6. Marginal checking relays



