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DISK TYPE !WT IVE ELECTRODE

FOR CARBW AM LAMPS

I. -ETRQDtUT IOf

1. Subject. This report describes a disk type negative
electrode dveloped to achieve long uninterrupted burning life of
the negative electrode in a super-high-intensity carbon arc lamp
operating in the current range of 150 to 200 amperes.

2. Authority. The development of the disk type negative
electrode was carried out in connection with Project 8-18-06-001,
General Purpose Searchlight Equipment.

3. Personnel. The Project Engineer in charge of the de-
velopment was Louis R. Noffainger, Chief, Illumination Laboratory,
Radiation Branch. George W. Franks, Chief, Engineering Section,
Radiation Branch, and Lt Claude H. Orr, Radiation Branch, assisted;
Dr. Wolfgmng Finkelnburg acted as consultant.

i L. Background. No known light source equals the carbon arc
lamp in producing the high beam candlepower required for military
searchlights. This type of lamp, however, has disadvantages, one
of the mst obvious being that the rapid consumption of the carbon
electrodes makes stoppages necessary for their replenishment. This
defect becams even more of a problem when the modern, more effi-
oient, super-high-intensity, small diameter, carbons are used be-
cause their consumption rate is considerably higher than that of
the carbons currently used in the present military searchlight.

The general-purpose searchlight now being developed. will
be much smaller and lighter than present 60-inch searchlight equip-
nent without sacrificing beam candlepower and lumens. It will
therefore utilize the small, modern type of super-higlh-intensity
carbon. The new searchlight must, however, operate for at least 90
minutes and preferably longer without stoppages. Hence, methods
must be devised to achieve long uninterrupted burning life of both
the negative and positive electrodes used in the lamp of this
searchlight. As a solution to obtaining the desired characteristics
in the negative electrode, the use of a carbon disk and suitable
systems for its control were investigated.

II. 19VESIGAT ION

5. General. The disk type negative electrode is not new;

it was used Sy- Me British during the last war in a very high
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current (4000 ampere) arc lamp and by Dr. Gretoner of Switzerland
in a unique air-blown arc. The British arc is a sputtering un-
stable arc but useful for their application of the lamp; the
Gretener arc is unique for its air blast stabilization augmented by
a magnetic field. No record was fomnd in the literature of a disk
type negative electrode being used in conventional arc lamps which
operate in the current range of 150 to 200 amperes. The problem
was to determine if the disk electrode could be adapted to this
type of lamp and., if so, what difficulties would arise.

6. PreliminRyz Investigation. It is obvious that a disk
type negative electrode requires rotation to obtain use of the en-
tire periphery. This rotation is analogous to the feeding of the
conventional rod electrode. A conventional arc lamp was modified
by removing the negative carbon feed assembly and replacing it with
a device that would hold a 12-inch carbon disk as shown in Fig. 1
and which would allow the disk to be maxually rotated. The arc gap
or distance between the tip of the positive carbon and the edge of
the negative disk was the same as that between the tips of the rod
type electrodes normally used in the lamp. The arc with the nega-
tive disk was started in all of the tests with a hand-held third
electrode which was momntarily held across the arc gap. rho
initial tests with this lamp operating in the range of 150 to 200
ameres indicated the following:

a. The base of the arc, the point at which the arc
flame touches the edge of the disk, moves slowly but non-uniformly
along the periphery of the disc away from the positive carbon (to
the left in Fig. 1). This effect is caused by magnetic fields
formed by the arc current. (For convenience, the base of the arc
is called the footpoint in the remainder of this report.)

b. The arc operated best when the footpoint was on a
line connecting the center of the carbon disk and the tip of the
positive carbon. This condition could be maintained if the disk
were rotated so that the edge of the disk moved at the same rate
and in the direction opposite to the movement of the footpoint.
This was difficult to do with a manually operated rotational device.

c. The arc had ood stability and, if the footpoint was
kept on a line connecting the center of the carbon disk and the tip
of the positive carbon, operated as would an arc with the conven-
tional rod type electrode.

7. Design of Automatic Rotational Control M echanism for the
Disk Electrode. Two methods to accomplish automatically the rota-
.tion of the Usk (subparagraph 6b) were considered:

a. To set up an optical system that would focus an
imge of the footpoint on a heat or light sensitive element which,
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162-1-97
Fig. 1. Side. of 12-inch disk electrode,, showing (A) carbon
disk, (B) conducting probe,, (C) final gear reduction, (D)

* drive shaft, (19) motor, ax.d (P) positive carbon feeding
mechanism.

Nb

* 162-i1-96
Fig. 2. Front of 12-inch disk electrode showing probe, or
third electrode (top right of center), which controls rota-
tion. of disk.



in tvm, mould control the disk rotation so as to maintain the
Iag in a fixed position with respect to the sensitive elment.

b. To take advantage of the facts that a potential
differene exists between the tip of the positive electrode and any
part of the arc stream, and that current can be drawn from the arc
by introdnoine a conducting probe into the arc flae. The use of a
conducting probe merthod vas tried first because of its apparent
sImlicity. Pig. I azd 2 sbow the experimantal carbon arc lamp
with smch a control dovioe. Fig. 3 illustrates the details of the
ueLtlve disk aseay. The position of the probe can be seen fra
these ptotographs. Mhe side of the amature minding of a 1/504p.,
65-volt, ahmt vond, d-c electric motor was connected to the probe.
The other azwa ue teminal was ooaneote& to the positive terminal
of the arc lamp. The field winding was oneted to the arc lp
terinals. The motor was mechanically cam3octed to the shaft on
which the disk was mounted through two War reductics with a con-
bined ratio of 2610 to 1. Caections were mad so that the top
of the disk would rotate towards the positive carbon when an elec-
trical circuit was completed between the probe and the negative
power. The disk was mounted on a 3/8-inch brass shaft which turned
in a brass sleeve bearing. In the initial tests the aro current
was carried throu* the sleeve bearing surface. No difficulties
were encoutered with this; however, ood practice dictated a slip
ring or brush ar----it (Fig. 3). A flat spring washer maintalns
a fim contact between the large flat current carrying disks, which
are ma" of brass.

The positions of the arc flame and probe are shown
in Pig. 4. The footpoint moves along the edge of the disk away
from the positive carbon; when the probe is positioned as shown,
suoh a movement will canoe the arc flame to contact the probe,
thereby establishing an electrical circuit between the probe and
the negtive power. This energizes the motor armature causing the
motor to rotate the disk in the proper direction to carry the foot-
poInt back to the position shown in Fig. 4. In actual operation
the system establishes a balanced condition and the disk rotates at
a fairly uniform rate.

8. Tests of Ac with Automtia Cotroll Rotati

Disk N!etive I rods. The autoatc rotational control mechanism
for the isk nwt-ec trode vas installed on the test carbon arc
lamp, an& tests were made to determine:

The best position for the control probe.

A suitable material from which to make the control probe.

Ability of the control system to maintain a stable arc.
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The life of the disk type electrod...

The current carrying ability of the disk.

a. Best Position for Control Probe. Experimentation
showed that the best position for the tip of the control probe for
a leap JMa to operate between 150 and 230 amperes was found to be
as shown in Figs. 2 and 3. The tip of the electrode is approxi-
mately 1/4 inch above the edge of the disk, about 1/2 inch from. the
footpoint (Fig. 4) and not more than 1/1.6 inch to the side of the
axis of the arc The position, however, was not critical, the only
requirement being that the arc stream would make good contact with
the probe if the footpoint moved. Voltage measurents showed that
the voltage applied to the motor armature varied between zero and
16 volts with a negative disk 12 inches in diameter when the arc
wau operating at 170 amperes. The rate of moveent of the footpoint
was found to be approximately 3.5 inches per minute at 160 to 170
mperes, regardless of the diameter of the disk.

b. Probe Material. The different types of probes used
are Shown in Fi. 5. A carbo" electrode was first employed but was
discarded because of very rapid deterioration. This probe did,
however, control the rotation of the disk satisfactorily as long
aA the tip was In the proper position. A metal probe., made of a
copper rod 5/8 inch in diameter with a tungsten tip 3/16 inch in
diameter protruding 3/4 inch from the end of the heavy copper rod,
was tried next. This probe showed very little deterioration. One
of these probes was used over 20 hours with no appreciable shorten-
Ing of the tngsten tip. A third type of electrode, made of a 3/4-
inch nel meital rod and shaped as shown in Fig. 5 with a tip 1i-
inch in diamter, was used for more than 6 hours without noticeable
deterioration.

c. Arc Stability. The disk type negative introduces
one new factor arfeoting are stability, that being the requirement
that the control mechanism should maintain proper are aligamento
Tests were conducted wherein the sawe positive carbon was operated
at 170 amperes with a disk type negative and a rod type negative 9
= In diameter. A barrier layer type photocell was placed in front
of the we, that is, viewing the, ar crater, while a light baffle
shielded the cell f all liht emitted by the tail flame. Fig. 6
shows typical h-minute records of the photocell current for each
type of are. The fluctuation in the photocell current represents
fluctuatian in the light emitted by the arc. A study of these two
re wetative records shows that there is very little difference
in the steadinsss of the two types of arcs. The position of the
footpotut was held to within 1 1/16 inch by the comtrol device when
properly adjusted. Apparently this slight variation in the posi-
tion of the footpoint introduces no abnormal variations in the arc.
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Visual observation of the two arcs revealed no apparent difference
in the steadiness of the two.

d. Life of the Disk TYPe Negative Elect rode. The life
of the disk type electrode at a given arc current depends upon its
maxlman and inima operating diameters, the thickness of the disk
and te consumption rate, that is, grams of carbon consuned per
minute. The maximum and minim= diameters of the disk are a func-
tion of the lmp dlesip. The largest diameter used in the test was
1* inches. The smallest diameter used was less than 5 inches. No
difference in arc performance was noted as the diameter of the disk
was reduced. The thicker the disk the longer the life of the
electrode; however, tests indicated that at 160 to 170 amperes the
arc tend d to wander laterally across the edge of the disk when a
disk thicker th+an i/ inch was used. The consumption rate of the
i/.-inch thick disk at 160 amperes was approximately 0.15 gram per
minute or 9 grus per hour. At this consumption %te a 12-inch
disk, I/4 inch thick, would be reduced to a 5-inch disk in 69 hours.
No disk was actually operated for that long a period; however, one
was operated for 10 hours at between 160 and 170 amperes. The
diamter of this disk was reduo9d by 25/32 inch in that time. Even
though the arc length and probe position were not adjusted to com-
pensate for this reduction in disk dimeter the arc operation was
good throughout the 10-hour period.

e. Current C!rr2 Ability. The disk electrode be-
cause of its reltivel isr urent carrying cross-section was
free from overheating when the high arc currents are used. No tem-
perature measurements were made; however, it was noted that at no
time did the electrode become inoandescent except in the very small
area called the footpoint.

III, DISCUBSIaf

9. A plications. These tests indicate that the disk type
negative eetrode ha definite possibilities as a solution for a
long life negative electrode. The only apparent limitation on life
is the maxima size of the disk permissible. This long life can be
obtained without changing the performance of the arc and without
the cuplication of a magazine feed for the negativ6 electrode. In
adlition to offering a method of obtaining long uninterrupted
periods of operation with a carbon arc lamp, this electrode is re-
markably free from overheating when high arc currents are employed.
For these reasons, this type of electrode should be considered
whenever an arc imp is to operate for long uninterrupted periods
of time; whenever a high current arc is being considered; or vhen-
ever both high current and long electrode life are desired.
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10. Shadow Effects. Any arc mechanism will necessarily
shadow the light coming from the arc toward the reflector and will
also shadow the light reflected by the reflector into the beam. A
well-desiged. lamp should cause minim m shadow effects in order to
obtain maximm effective reflector area and maxlm=, candlepower.
The disk negative casts slightly more shadow on the reflector than
the rod negative; however, losses from the two types of negatives
are largely the se because the lamp supports intercept light re-
flected. from the zone of the mirror shadowed by the disk negative
electrode. Therefore, it is considered that the shadow losses from
a disk electrode arc mechanism should be very little greater, if
any, then the shadow losses from a conventional rod negative arc

schflania. However, no quantitative measurements of comparative
shadow losses have been made.

ii. Purther Investigations. Although sufficient information
is now avA1J0ie to desigm an arc lamp that will operate properly
with the dduk type negative, further investigation of the effects
of exti'ely high current might prove valuable. Arc lamps operat-
ing at wre than .00 amperes tend to become unstable because of a
winding or spirul effect of the arc stresm. 1 A study of the cause
of this wIdUW effect indicates that the disk shaped electrode
with its rotation may prevent the undsirable spiraling in the arc
stream. Furter investigation should, be mmae to determine the
minfuim U1sk thickness permissible consistent with good operation
at variow otwrots since a thin disk will reduce the shadow
effect asg possibly increase stability. Another problem, the solu-
tion of iftih would directly benefit the general-purpose search-
light progm, would be to devise a way of substituting a controll-
able clutch for the electric motor now used to drive the negative
disk. Suoh a clrtch (perhaps a magaetic clutch) would be con-
trolled by the position of the footpoint, possibly by the control
probe voltage asd would transmit power to the disk from the motor
normally wed, to drive the positive electrode feed mechanism. This
device would eliminate one motor but would prove valuable only if
it were cheaper, simpler, and more dependable than the motor it
would replete.

IV. C(ICIAEIags

12. C=ocluions. It is concluded that:

a. The disk type negative electrode provides the follow-
ing advantagm over the rod type negative electrode:

1, WolfnSsg Finkelnburg, Vield Information Agency Technical Final
Phyport 1052, Office of Military Govt for Germany (U. S.), The
Hig Cunet Carbon Arc page l27
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(1) Long, uninterrupted burning time without the
use of a complicated magzine feed mechanism.

(2) Ability to carry very high currents without
overheat Ig.

b. Stability of the arc is not adversely affected by
use of a disk type negative.

c. Losses in ligtt output of searchligtts caused by the
shadowing effects of the two types of electrodes and associated
supports and mechaniins depend an lamp desiga, mnd should. be approxi-
mately equal.

Submitted by:

Chief, Test Group
Radiation Branch

Forwarded by:

Chief, Radiation Branch

Approved 2 May 1950 by:

WAR P,* CLA

0hief, Mechanical and Electrical
IngLusering Department



APPROVAL OF

Report 1167

DINK TYhZ NEW~IVEZ LTR=~

1011 CARtBML APC LAMPS

2 Play 1950

anc

DIM74ITION



ENGINEER RESEARCH AND DEVELOPMENT LABORATORIES

AooiSS tEPLY TO THE ENGINEER CENTER AND FORT BELVOIR
CONANDINI OrriCi3 FORT SXLVOIN. VA.

9N INU[I 2EUAECN AND S1WILOPOEUT LA ATIOIUIS

0 FORT BELVOIN. VA.

26 MAY 1950

REFER TO 400.1 (8-1e-06-oo1)

U3JICTs Tranm.mittal of Report 1167* Disk Type Negative Electrode for
Carbom A". Leaps

THRUm Commndig General
The Egineer Cruter and Fort Belvoir
Fort BDevoir, Virginia

TO* Chief of Elngneers
Dophrbatub of the Army

s on 25, D. 0.
ATlTUTIO(s Chief, Egineer Remearch mad Developmt Divisiom

e Treansmitted bereith Is Report 1167,p Disk Type Negative Electrode
for Carbon Ara Lam p, dated 2 by 1950m whih was pre ared by the Teebhial
Bbaff of the bnginer Researoh mad Develoment Laboratorleo This report
describes a disk type negative eleotrode developed to achieve bmg unlater-
rupted burning life of th, negative electrode in a suor-high-Inutmsity
earbon are lamp operating In the current range of 160 to 300 saperes.

t. be report sonoludes thet

ao The disk type negative electrode provides the following advea-
tag. over the red type negative electrodes
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be Stability of the arc is not adversely affected by use of a
disk type negative.

s. Losses in light output of searohlights caused by the shodowing
effects of the two types of electrodes and associated supports'and neeh
depeNd = lamp design, and should be approximtely equal.
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