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FOREWORD

The work described in this terminal report was done in the Depart-
ment of Electrical Engineering of The University of Michigan under the
supervision of Professor H. S. Bull.

Much of the material reported here represents the endeavor of H.
Olson, who has devoted his full time to this program. The project has
benefited from the expert counsel of Professor J. Ormondroyd of the De-
partment of Engineering Mechanics, and that of Professor D. Ragone of the
Department of Chemical and Metallurgical Engineering; and in addition
the SAE Ordnance Lamp Subcommittee, and the companies represented by its
members, have generously cooperated.
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ABSTRACT

This is the terminal report for this project. The accomplishments may
be summarized as follows:

1. A survey was made of previous work pertinent to the scope of this
project. It was noted that the problem of maintaining lamps on service ve-
hicles had been studied spasmodically over a considerable period of time.

2. The Arsenal impact tester was studied and a number of design mod-
ifications recommended. These changes made each of the six modified machines
consistent, but only three produced uniform results.

3. A new and simple device to impact-test miniature incandescent lamps
was designed, developed, and evaluated. This unit produced consistent re-
sults in numerous tests; and additional units, built for Ordnance suppliers,
proved to be uniform on the basis of limited tests.

L. The properties of tungsten and their relationship to the lamp fila-
ment were investigated. These relationships were used in an effort to
strengthen the type 2416 lamp. Effort was also applied to the strengthening
of the type 1251 lamp, which was especially vulaerable to shock and vibra-
tion. A lamp of this type, with a filament that can stand the severest lab-
oratory test, is now ready for regular use,

5. The basic design for an impact tester of automotive type PAR lamps
was shown to be feasible. A pilet model gave good results in laboratory

tests.

6. The feasibility of an impact-test unit for lighting equipment was
evaluated.

7. The procedure for impact-testing miniature incandescent lamps on
the rotary-drum tester was developed.
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CBJECTIVE

The objectives of this research project were:

1. To study the Arsenal type impact tester and to determine practi-
cable means of improving the tester and correlating the test results ob-
tained from the testers now in service;

2. to design, develop, and evaluate a new impact tester for minia-
ture lamps;

3. to study presently accepted methods of impact-testing vehicular
lamps and to determine specifications governing such tests;

L. +to determine practicable ways to increase the operating life of
incandescent lamps used on military vehicles, particularly with reference

to their resistance to shock and vibration; and

5. to determine the feasibility of testers for PAR type automotive
lamps and lighting equipment.
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I. HISTORICAL BACKGROUND AND WORK PRECEDING THE PROJECT

A. GROWTH OF ELECTRICAL POWER REQUIREMENTS OF VEHICLES

For nearly fifteen years the Army Ordnance Corps and the lamp manufac-
turers have been disturbed by the short life of many of the lamp types used
on military vehicles. During this period the amount of electrical equipment
needed on these vehicles has increased progressively, necessitating similar
increases in battery and generator capacity. The practical limits of suc-
cessful operation at 6 volts wsre soon exceeded, and it became necessary to
redesign the electrical components for 12-volt operation. More recently the
voltage has been raised to 28 volts. The redesign of the lamp filament
structure for these higher voltages necessitated the use of smaller diam-
eter wire. It thus became increasingly difficult to make the filament struc-
ture capable of withstanding the vibration and road shock accompanying the
operation of the vehicle.

B. SAE COMMITTEE FORMATION

In recognition of the seriousness of this situation, the Society of
Automotive Engineers (SAE) Lighting Committee, in collaboration with Army
Ordnance, lamp manufacturers, and other interested parties, established a
subcommittee to study the problem and to initiate research covering its
various phases. The principal work reported either directly or indirectly
to this subcommittee will be reviewed in the following sections.

C. ACTIVITIES OF COMMERCIAL AND GOVERNMENT AL AGENCIES

Various agencies have studied different phases of the problem of
sho t lamp life. Their efforts can be summarized conveniently under the
following categories: studies of lamp shock mounting, studies of critical
frequencies, studies of lamp performance, and structural changes of fila-
ment mounts.

1. Study of Shock Mounting.—Experimentation with shock mounts to
cushion lamp housings from the effects of damaging vibration has been car-
ried on in several laboratories. Chrysler recommended an isolation pad on
their ordnance-truck tail lamps in 1944 to protect them from failure.l Later
they introduced another mounting that could be adapted to all ordnance ve-
hicles.® The isolation theory of protecting lamp filaments has also been
studied by the Ordnance Corps, the Guide Lamp Division, and the Cleveland
Tank plant of Cadillac Motors. Each reports some instances where life was
increased. Most lamps mounted on Ordnance vehicles now have one or more
isolation devices to protect the lamp filament from critical frequencies.
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2. Studies of Critical Frequencies.—In an effort to meet the prob-
lems of the short life of military lamps, a number of tests were conducted
for the purpose of establishing the vibratory frequencies and peak accelera-
tions present at various lamp locations on Ordnance vehicles.

The General Mctors Truck and Coach Division reported the results of an
investigation conducted to determine the frequencies of vibration present
at the lamp housings on a Reo Army Truck, M-48.3 Three types of vibratory
excitation were used on the vehicle: engine excitation with the vehicle
stopped, the vehicle coasting on smocth road with the engine stopped, and the
vehicle coasting on Belgian Block road with engine stopped. Accelerometers
were mounted on the left front marker light, blackout drive lamp, service
drive lamp, tail lamp, and instrument panel.

The frequencies and peak accelerations noted in this investigation were
generally low, Fifty cps was the most common frequency observed, although
the range was from a low of 10 to a high of 600 cps. The accelerations in
terms of g's were generally fractional, but two readings of about 4 g's were
recorded.,

General Motors conducted a similar test on a GMC Army Truck, M-135.
This work was motivated by unusually frequent early failures of 28-volt lamps.
The methods of excitation were essentially the same as in the previous in-
vestigations except that vehicle acceleratiorn on a smooth road and slamming
the hood were added to the tests. The predomiznant frequencies (in cps) ob-
served at the various lamp assemblies were as folliows:

Service drive light 55 to 57
Instrument panel light Lo to 54
Left front marker light L6
Blackout drive light 110 to 550
Tail light 18

All vibrations of 1l-g acceleration or more, observed at any of the lamp
assemblies, were in a frequency range of frem 8-120 cps. One exception to
this was a blackout drive light where a 550-cps vibration was present at an
acceleration amplitude of 2.0 g. The largest acceleration was at the tail
light, where 5.6 g was recorded.

General Motors continued their tests of deriving the vibrations present
in the service drive lamp on a GMC Army Truck, M—155.5 These tests repre-
sented a more intensive study of the service drive-lamp vibrations and the
cause of filament failure.

It was concluded in this report that the probable cause of filament
failure is the coincidence or near-coincidence of the filament resonant fre-
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quencies with the frequencies of vibration of the lamp assemblies in the range
of from 240 to 320 cps. The frequencies of vibration of the lamp in this
range are due primarily to a resonant mode of the mounting panel and reso-
nant modes within the lamp assembly itself.

The Cleveland Tank Plant of the Cadillac Motor Car Division issued a
report on tests conducted to isolate the tail lamp from destructive vibra-
tions.” They found that the No. 1251 bulb filaments would resonate at var-
ious frequencies between 250 and 40O cps. By designing a new bracket which
isolated the bulb from these critical frequencies, near-normal lamp life was
experienced.

The Development and Proof Services at the Aberdeen Proving Grounds were
authorized to determine the amplitudes and frequencies of vibrations encoun-
tered in wheeled and track-laylng vehicles during different modes of opera-
tion. The second report of the project gave the maximum accelerations and
corresponding frequencies found at selected stations on the vehicles.,

The conclusions of this report were the followingz7

1. The accelerations measured in the wheeled vehicles both in stationary
(engine running) and road tests normally did not exceed 0.5 g's but occurred
at frequencies of from 41 to 480 cps.

2. In the wheeled vehicles tested, a maximum acceleration of 2.9 g's
(8% cps) occurred in the vertical plane of the tail light at 30 mph on a
2-1/2 ton, M-211 truck.

3. In the track-laying vehicles tested, a maximum acceleration of 5.2
g's (98 cps) occurred in the vertical plane of the battery at 30 mph on Tank,
76-mm Gun, MLIEL.

L. Tre tank, 76-mm Gun, M4IELl and tank, 90-mm Gun, M4LT7 had the greatest
magnitude and variance of accelerations, while the tark, 120-mm Gun, Th3 ac-
celerations did not exceed 0.6 g's.

The discussion would not be complete without mention of studies of
critical frequerncies of lamp filaments. Numercus studies are cited in the
first progress report for this project. Most of these studies used mag-
netic vibrators to determine criticzal frequerncies of filaments and entire
lamp assemblies.

3. Studies of Lamp Performance Under Service Conditions.--The Ord-
nance Corps has undertaken several programs to determine the life expectancy
of lamps and how failures occur in service. These tests have been insti-
gated for varying purpcses, such as comparison of experimental sealed-beam
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units, determination of lamp failures in vehicles undergoing durability op-
erations, endurance tests of all-glass units, and winter tests on shock-
mounted tail lamps. Collectively, 735 vehicles participated in these tests.
The tests included most of the common wheeled and track-laying vehicles.

The data presented in the Ordnance Corps reports are gquite general and
do not give a clear story of all the lamp failures. From the given data the
following observations can be made:

1. Failure frequency does not seem to have much correlation from test
to test.

2. Climatic conditions probably have no effect on the life of lamps.

3. Lamps used in wheeled vehicles have a longer life than similar
lamps in track-laying vehicles.

4. The all-glass sealed-beam service drive lamp appears to have a
longer life expectancy than a composite unit.

5. The failure in service drive lamps occurs in both major and minor
filaments almost equally.

All ti.e reports established the fact that early failures do occur in
Ordnance type lamps. The purposes and conditions of the test varied widely
which made correlation of data impractical. It is suggested that the re-
ports of future service tests give more details of the test conditions and
better descriptions of the results.

L, Siudies of Lamp Design Changes.—The possibility of improving lamp
life by altering the filament structure has been given considerable atten-
tion. Most of the changes that have been attempted were initiated by per-
sonal communication with the manufacturer and therefore are undocumented.
Of several filament changes that were recommended and documented, little
improvement was noted. 10

D. SUMMARY

The development of larger military vehicles with increased demands on
the electrical systems has created a serious problem of maintaining lamps on
these vehicles. Corrective measures have been taken by lamp makers and other
interested groups. Usually these problems have only been studied when the
situation became acute and solutions here imperative. Consequently, there
is little evidence of a coordinated program to strengthen and/or lengthen
the 1life of lamp types used on military vehicles.
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II. ORDNANCE INCANDESCENT LAMP IMPACT TESTER

A, HISTORICAL BACKGROUND

It can be assumed that lamp filaments will fail on vehicles when excited
into bending resonance of the two-noded mode by high harmonics of the engine
torque or by random impacts of the vehicle moving over bumps. Lamp filaments
will fail in laboratory tests that excite the filament at the two-noded mode
resonant frequency by a steady-state vibration or by impact loading. Since
service conditions and laboratory tests both excite the two-noded mode of
motion, it may be assumed that a lamp that shows superior life in controlled
laboratory tests will show superior life under road conditions.

The impact method of setting up vibration has been used for many years
in determining the durability of vehicular lamps. As long ago as 1940, the
SAE approved a design for a "vibration machine" which was essentially a form
of impact machine adapted to test vehicular lamps and lamp assemblies.11 To
meet specialized needs, various concerns improvised their own test devices
to simulate environmental conditions. A number of these devices are still
in regular use.

On May 1, 1943, the Ordnance Corps requested the Chrysler Engineering
Division to build a machine to be used in determining the durability of ve-
hicular lamps by the impact method. This machine, now known as the Ordnance
Incandescent Lamp Impaét Tester and shown in Fig. 1, has been used more or
less continuously ever since, both for routine acceptance testing and for
special research problems.

Early use of the impact tester indicated its probable value as a means
of acceptance testing of lamps purchased for military vehicles. Copies of
the drawings and specifications were therefore sent to the major lamp com-
panies, to several component manufacturers, and to the Bureau of Standards,
and each of these concerns proceeded to build impact testers for their own
use. It soon became apparent, however, in comparing data taken on different
but presumably identical machines, that considerable differences existed in
the performance of these machines.

B. ©STUDIES OF THE ORDNANCE IMPACT TESTER

The initial studies of the Ordnance impact tester were conducted by the
project primarily on machines from the Detroit Arsenal, Chrysler Corporation,
The Electric Auto-Lite Company, and General Electric. These machines will
be henceforth referred to as the Arsenal, Chrysler, Auto-Lite, and GE testers,
respectively.



Fig. 1. Ordnance Incandescent Lamp Impact Tester.

In review, for those unfamiliar with the operation of this device, the
lamps to be tested are mounted in a frame which is attached to the end of a
pivoted truss-like arm. The arm is lifted up on a rotating cam and permitted
to drop onto an anvil. The downward motion of the frame is suddenly stopped
by the anvil, its motion reversed by elastic bouncing; and the filaments are
set in free vibration in a two-noded mode. When this happens often enough,
the filament fails in fatigue.

Initial study of the Arsenal machine was accomplished by the use of
high-speed motion pictures taken of the tester in operationhlg Seven runs
were taken at selected cam speeds of from 300 to 900 rpm. The studies of
these films revealed the following behavior pattern:

1. At the higher cam speeds, the two anvils never seemed to come in
contact. All contacts occurred between the cam and cam follower.

2. At the higher speeds, some oscillation of the arm about an axis
through the cam follower was observed.

5. Noticeable bouncing of the cam follower on the cam occurred.,
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L., At 600 rpm and below, the cam follower began to respond more faith-
fully to the cam, less oscillation was produced, and the pattern of anvil
motion became more repetitive.

It was concluded from these high-speed films that:

1. The original specification of 900 rpm for the cam speed was much too
high.

2. Theoretical studies of the mechanics of the arm and hinge combina-
tion were needed.

5. More quantitative data on the performance of the tester were needed,
utilizing accelerometers, displacement measurement devices, and indicator
lamps in various combination.

The mechanical constants of the movable arm were secured by a series
of tests and observations of the Arsenal tester.t? The assembling of these
data led to a more thorough understanding of the machine and later to an im-
portant modification of the hinging of the arm, which is shown in Fig. 2.

Fig. 2. The modified hinge of the arm for the Ordnance Impact Tester.

These mechanical constants were used in a theoretical analysis of the
movable arm.lLL This investigation indicated that the upper and lower anvils
did not act as short beams in pure compression. It seemed likely that the
upper anvil was bent in the vertical plane so that its effective flexibility
was due to bending rather than compression. It was calculated that the ef-
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fective spring constant for the anvil impact was of the order of 210 x

106 lb/in. The main purpose of the frame motion is to give the initial
velocity to the filament and is independent of the acceleration on the

anvil. This suggested that the entire machine was using a great amount
of energy to produce a moderate result.

To ascertain definitely the difference between two similar impact
machines, the tester from Chrysler was secured for a short time.l? With
the use of various sensing devices and associated recording instruments,
numerous data were collected. Examination of these data yielded the
following conclusions:

1. With operating techniques as nearly identical as peossible, the
two machines developed quite different peak accelerations.

2. Each machine showed changes in peak acceleration with speed changes.
In general, the higher speeds developed the greater acceleration values.

3. The average peak acceleration for the Arsenal machine ranged from
L7 g to 28.9 g. On the Chrysler machine the range was from 37.1 g to 35.95 g.

L. Repetitive runs on the same machine with the same operating condi-
tions usually gave different acceleration values.

Subsequent tests established criteria for the following structural
modifications or changes in operation of the Arsenal tester:

1. arm hinge arrangement (shown in Fig. 2),

2. establishment of the optimum cam speed,

5. modified method of lamp plate attachment,
L., maximum drop of the upper anvil, and
5

maximum downward force of the upper arm.

When the Arsenal machine was modified to conform to the previously
enumerated changes, limited mortality tests and various test instruments
indicated the machine to be a fairly consistent test device.

C. MODIFICATICNS OF ADDITIONAL TESTERS

The Electric Auto-Lite Company, through its representative on the SAE
Lighting Subcommittee, volunteered to make its impact tester available to
the project so that it might be modified to conform to the changes just
completed on the Arsenal tester. This seemed to be a logical step since



it would permit a series of parallel tests to be carried on simultaneously
on both machines for the purpose of indicating the amount of correlation
to be expected in their performance. Accordingly, the Auto-Lite tester was
removed from its base and shipped to the University.

After careful examination of the machine, it was modified like the
Arsenal tester. Upon completion of these modifications, comparative tests
were made with the two machines. Considerable trouble was experienced with
the Auto-Lite machine, which did not give consistent mortality results; yet
the experience that was gained helped prevent similar problems in future
modifications. After a series of slight ad justments, the Auto-Lite machine
was considered to be perfgrming within the tolerances that seemed reasonable
for this type of tester.l

The lamp-testing section of GE decided to modify their dimpact tester to
conform to the already modified Arsenal and Auto-Lite machines, and after a
few minor difficulties were overcome, their machine appeared to give con-
sistent test results.

In the initial effort to obtain evidence as to the comparative per-
formance of the three modified testers, a small quantity of type 1251
lamps, selected from the same manufacturer and the same production lot,
was allocated to each tester for a mortality-curve determination. Minor
deviations in lamp-voltage regulation and testing procedure undoubtedly
existed. Nevertheless the results are close in their agreement, as will
be noted in the curves of Fig. 3.

100,
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Fig. 3. Comparative mortality curves of the Arsenal, Auto-Lite,
and General Electric modified testers.
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At the request of the Impact-Tester Panel of the SAE Ordnance Lamp
Subcommittee, prints and specifications covering the recommended modifi-
cations to the Arsenal tester were prepared and distributed to panel
members and other interested groups.17 Chrysler, Tung-Sol, and Westing-
house then modified their testers to conform to these recommendations,
while the Bureau of Standards and Guide Lamp did not alter their machines.
Information was later received that indicated improved performance of
these modified machines.

D. COOPERATIVE CORRELATION STUDY OF MODIFIED TESTERS

The SAE Impact-Tester Panel, in a meeting at The University of
Michigan on November 17, 1955, agreed that correlation tests of all
the modified impact testers were desirable. Plans were formulated to
supply each of the interested laboratories with a group of 100 type
1251 single-filament lamps, and a companion group of 100 double-filament
lamps, type 1034. Each type was to be part of a homogeneous lot thoroughly
mixed before packaging. The following test conditions were agreed upon:

1. The single-filament lamp was to be cycled 25 minutes on and 5
minutes off for a total of 16 cycles (8 hours), or until 75% have failed,
whichever occurred first.

2. For the two-filament lamps, the operation was to be 20 minutes
with the minor filament on, 5 minutes with both filaments on, and 5

minutes with both filaments off for a total of 16 cycles (8 hours).

3. The test voltages were to be 28 volts for the type 1251 and 1k
volts for the type 103k.

L. 1Inspection for possible failure was to be at least once per cycle;
said inspection was to be during the cold portion of the cycle.

5. Testing was to be in lots of 20 at a time.

The type 1251 and 1034 lamps were distributed to the six laboratories
in the test program and the results were collected for study.

An analysis of variance was made separately of the data received from
the type 1251 single filament and the type 1034 double filament tests.18
The hypotheses tested by this analysis were:

1. The machines are consistent; i.e., repeated tests on the same machines
give similar results.
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2. The machines are uniform; i.e., similar tests on different
machines give similar results.

3. The time periods are uniform; i.e., no time period favors the
failure of lamps more than another.

A study of this analysis of variance for the Arsenal, Auto-Lite,
Chrysler, General Electric, and Tung-Sol machines reveals the truth of
the hypothesis that each machine was consistent. That is, each tester
repeatedly gave similar results in testing the 1251 lamps. The hypo-
thesis that the failure rate is uniform for each time period is also
true.

For the data from the tests of the 1251 lamp, our analysis rejected
the hypothesis that the machines are uniform, for the variance which arose
because of the variation between machines was significantly greater than
the variance of all the data. The ratio of these estimates for the variance
was 5.7 (with 4 and 240 degrees of freedom), which is significant at the 1%
level. An inspection of the data led us to believe that Machine 2 (Auto-
Lite) was different from the others. The summary of the analysis of
variance performed on the data from the other four machines confirmed this
suspicion.

Auto-Lite was requested to repeat their 1251 tests upon completion of
this analysis. These tests were operated the same as previously prescribed,
except that each was terminated at the end of 360 minutes.

These test results were then used for a second analysis of variance for
all machines except the Westinghouse. The summary of this analysis still in-
dicated that the machines were not uniform (at the 5% level).

It was pointed out that the Westinghouse data were not included in this
analysis because they were not available at the time of computation. It was
quite evident from an inspection of the data when available that the results
of the analysis would not have been influenced by their inclusion. That is,
the significance of the analysis would not have been altered.

The hypothesis that the machines were consistent still held true for the
1034 tests. The tests show, however, that the time intervals were not uniform,
for reasons that were not clear. The most probable cause was inaccurate re-
porting of data.

The hypothesis that the six machines were uniform was rejected. Here

again the variance which arose because of variation between machines was
significantly greater than the variance of all the data. The ratio of
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these two estimates for the variance was 5.04 (with 5 and 300 degrees of
freedom), which is significant at the l% level. If the Westinghous machine
was excluded, we could not reject the hypothesis that the machines are uni-
form. This indicated that the Westinghouse machine was at variance with the
other machines. However, it should be noted that the variance due to be-
tween-machine differences was very high, i.e., F = 2.3k with 4 and 240 degrees
of freedom (2.65 = 5% significance level).

The Chi-square (x?) test was used to test further the stated hypotheses.19
This test determined whether frequencies in the sample differed significantly
from frequencies predicted by a hypothesis about the parent population. These
tests confirmed the results obtained in the original analysis.

The data from these mortality tests were used to determine 1f there was
bias at the individual lamp socket. From the tests for socket bilas, we were
unable to conclude that there was g bias, yet due to a lack of sufficient data
we cannot conclude that the failures were random. It was definitely established
that bias existed when the fallures were classed according to the row in which
they occurred.

It would be convenient in making impact tests to observe only the number
of failures at the end of a predetermined time interval instead of making
regular observations during the test. A hypothesis to this effect was tested
with the available 1251 and 1034 data.

A lamp was called defective if it failed in 12 or fewer cycles (i.e., 0
hours), and the data were then classified according to defective and non-
defective lamps. An analysis of variance was made of the data for the 1251
lamp and for the 1034 lamp. The results of the analysis were substantially
in agreement with other analyses Jjust described. This would indicate that
only one observation for failures at the test completion would be necessary
for some types of impact tests.

From this study the following conclusions were drawn:

It was found that each machine tests lamps consistently. This in-
dicated each machine could be used to test lamps against a "standard
lamp" that has been tested on that machine. Fairly frequent checks would
be needed to determine if this consistency still held. These tests could
be made either on the basis of comparison with a mortality curve or by
observing the number of "defective" lamps in the sample. (The decision
must be made on the basis of what qualities are desired in the lamp.)

There was disagreement between the 1251 and 1034 tests as to the uni-
formity of faillures for time periods. No definite reason could be determined
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for this nonuniformity. Further mortality tests, if of a favorable
nature, could eliminate this nonuniformity.

The machines as a group were not uniform, i.e., similar tests on
alternate machines did not give similar results. This was demonstrated
by the fact that a different machine was at odds with the group in both
1251 and 1034 tests. It was shown that the Arsenal, General Electric,
and Tung-Sol testers are uniform and can be used 1nterchangeably with
one another. It was also shown that the Auto-Lite, Chrysler, and Westing-
house testers cannot be used interchangeably. It 1s possible that after
further tests the Chrysler and Westinghouse machines could be used inter-
changeably with the others if some handicap of weighting were given to
their results. The Auto-Lite machine, on the basis of a second 1251 test,
is still significantly different from the group of five machines.

E. PRESENT STATUS OF THE ARSENAL-TYPE TESTER

It seems appropriate to report briefly on the status of the eight
Arsenal-type impact testers. Six of the eight were modified in accor-
dance with the recommendations made by the project. Four of these six
modified machines are being used in regular test programs and the other
two are used only spasmodically. One of the two machines that was not
modified was changed to a shaker arrangement several years ago, and the
other is not operated at all.

The modified machines have been inspected from time to time. It is
evident that most of the machines are not maintained in a manner that will
keep the unit giving consistent results. Most of the offences pertain to
0ll and dirt on the anvils and alignment of the anvils. Several machines
have been slightly altered by the operator and no longer can be considered
as conforming to the recommended modification.

F. SUMMARY

An impact-test device forminilature incandescent lamps was designed
and built for the Detroit Arsenal as an instrument for lamp development
testing and lamp acceptance testing. This device, although generally ac-
cepted by the lamp makers and users, was never considered reliable, After
the project recommended certain modifications for this tester, all machines
that were modified did become consistent on the basis of a series of mortality
tests administered by the proJject. These same tests indicated that only three
of the group were uniform, i.e., the Arsenal, General Electric, and Tung-Sol.
It is doubtful that any of the machines are uniform now since the majority
have not been properly serviced or maintained.
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ITI. ROTARY-DRUM IMPACT-TESTER DEVELOPMENT, EVALUATION, AND USE

A. BACKGROUND OF THE ROTARY-DRUM TESTER DEVELOPMENT

1. Basis for Design.—Several types of impact machines have been de-
signed and built for lamp-testing purposes by industrial concerns and test
agencles. The one developed by Chrysler for testing miniature lamps, which
has been described previously, is one of the better known and widely used
devices for impact testing. The erratic and inconsistent behavior initially
observed in this tester has been largely eliminated by several modifications
in the structure and in the operating specifications which resulted from
studies carried out under this research project. With these modifications
it has become a fairly reliable testing device, as shown by the results of
two series of correlation tests conducted by cooperating agencies.

There are still a number of basic disadvantages; the replacement cost
is high (estimated as high as $7000), it has a high noise level when opera-
ting, a large size and weight, and a need for frequent careful lubrication,
cleaning, and routine maintenance. The noise is so disturbing that the
majority of the installations are in sound-insulated cubicles. One further
disadvantage this machine will have for some time is a lack of confidence
in the test results by the operators.

2. Conception of a Simplified Impact Tester.--It was pointed out in a
theoretlcal anaLy51s of the Arsenal tester that the necessary acceleration
of the lamp filament could be attained by a simpler method; for example,
dropping the bulbs themselves through a distance of 1/52 inch and letting
them bounce would apply as much stress to the filament as was attained by
the operation of the heavy tester .20

The analysis also indicated that the considerable mass of the machine's
moving parts served as an elastic cushion between the anvil and the lamp
filament. Consequently the strident fury of the machine led to a gentle re-
sult. The logical step in a new approach to an impact device involved the
reduction of this cushioning to a minimum. It seemed likely that an arrange-
ment could be made whereby the lamp would be dropped onto a relatively in-
elastic surface to excite the filament. This belief was confirmed by com-
paring relative vibration amplitudes for a filament excited first on an
Arsenal -type Tester and then by releasing the lamp from a distance above
a masonite surface equal to the drOp.21 The free drop gave consistently
greater amplitude of vibration.

3. Pilot Model.-—A device was constructed to embody these ideas.22
This pilot model consisted of a cylindrical wooden drum turned by a motor
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and a lamp-holding device which supported the lamp envelope in a horizontal
position on the upper surface of the drum. The drum had four uniformly
spaced steps or offsets cut parallel to the axis of rotation. As the drum
was rotated, the lamp was raised and dropped 5/52 inch as it encountered

each step. The excitation of the lamp filament produced by this model proved
to be more than ample for practical testing purposes. Reduction of the off-
set tended to produce lamp failures consistent with expectations.

B. DESCRIPTICN OF THE STANDARDIZED ROTARY-DRUM TESTER

The present form of the rotary-drum tester has evolved from the pilot
model just described. The first enlarged model to embody the essential
Teatures of this design is illustrated in Fig. 4. It could accommodate 10
B-12 lamps, but was also designed to test 20 G-6 lamps and proportionate
numbers of other sizes. It is interesting to note that the only features
of this tester which seemed to require any change after exhaustive tests
were the lamp holders.

Fig. 4. Principal structural features of the
first rotary-drum impact tester.

Figure 5 shows the rotary-drum tester in its present form with a rack
of G-6 lamps mounted for testing. It is quite evident from this illustra-
tion that the tester components have only been changed slightly to take ad-
vantage of design improvements. The machine, which is 3C x 21 inches and
weighs 80 pounds, can be easily handled and requires small bench space.
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Fig. 5. The modified rotary-drum impact tester
with a rack of G-6 lamps mounted for testing.

The basic machine, of which the rear quarter-view is shown in Fig. 6,
is composed of three assemblies: the drive mechanism, the frame, and the
cam. The purpose of the drive unit and the frame are self-explanatory, but it
should be noted that each is composed of materials and parts that can be
readily obtained, and can be fabricated with simple basic tools. The di-
mensional tolerances that are specified for most of the parts are readily
obtainable.

Fig. 6. The basic impact tester showing the drive
mechanism, the frame, and the cam.
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The cam, partially disassembled and shown in Fig. T, has 21-15/16 inches
of test length and is unique in that the offset can te ad justed up to approxi-
mately 1/8 inch bty a simple procedure.23 The length of this cam is adequate
to accommodate either 20 G-6 or S-8 lamps and proportionate numbers of larger
lamps. The cam material is such that is can be operated in normal environ-
ments with little or no dimensional changes due to moisture or heat.

Fig. 7. The cam, partially disassembled, of the
impact tester.

The operating principle of the tester can be explained quite readily.
As the cam is rotated, the lamps are raised and dropped onto a relatively
inelastic surface. This impact loading excites the filaments in a two-
noded mode of free vibration with a large enough amplitude to cause ul=-
timate failure. The two factors of the cam that govern the lamp's velocity
of impact, which is the most important factor in producing filament deflection,
are the cam’'s offset and speed of rotation. The theoretical relation of these
two factors to the total relative velocity of impact was derived in a previous
report.2 This derivation was supported by experimental evidence, since it
had been found that by increasing the cam offset and/or the cam speed the velo-
city of impact was increased, the mortality rate increased, and the filaments
tended to fail by plastic deformation instead of by fatigue. The borderline
between these two types of failure is at or near 8 inches per second.

The present type of lamp holder, shown with G-6 tulbs in Fig. 8, has
evolved from the original model in which each lamp was soldered onto &
pivoted brass arm. The holders have been modified to permit quicker in-
stallation of lamps with either aluminum or brass bases into a spring clip
unit. A bulb-insertion tool that can be used for the G-6 or S-8 lamps,
simplifies the insertion or removal of lamps from the spring clips. Electri-
cal contact is obtained through the steel clip on the base and a spring
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contact at the rear. Each lamp-holder unit can be removed from the tester
frame quickly and easily, which also permits the mounting of different lamp

types.

Fig, 8. Method of lamp attachment on the rotary-drum tester.

It was previously pointed out that the velocity of impact is the most
important factor in producing filament deflection. The lamp holder, consid-
ered as a pendulum, which rotates around the pivot, alsc affects this velo-
city of impact. By experimental evidence and calculation 1t has been deter-
mined that the linear velocity is from 7.27 to 7.8 inches per second for a
lamp holder of the type now used.2 Each lamp type has a holder designed for
it according to its physical size, i.e., the impact point on the envelope is
always maintained at 2 inches from the pivet center.

Complete operating instructions, maintenance requirements, suggested
accessories, and complete working drawings are given in Progress Report No.
45 for this project.

C. EVALUATICN OF ROTARY-DRUM TESTER

As soon as the enlarged model of the rotary-drum tester was completed,
a series of mortality tests was undertaken to determine the machine's char-
acteristics and comparative mortality results with the Arsenal tester .2
These first mortality tests were undertaken with a limited number of lamps
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having either B-12, RP-11, or G-6 envelopes. The test procedures dupli-
cated those previously performed on the Arsenal tester. For thig evalua-
tion, both testers were operated simultaneously with the lamps supplied by
the same power source and controlled by the same cycling device.

The type 2416 lamp with the B-12 envelope consistently had a higher
mortality rate on the rotary-drum tester than on the Arsenal unit. The num-
ber of lamps tested was quite small and consequently some differences occur-
red between successive mortality tests. The same tests were repeated for
the type 1265 with the RP-11 bulb and the type 1253 with the G-6 bulb. Both
of these tests produced results contradictory to expectations. In each of
these cases, the Arsenal unit had greater percentages of failures at the test
completion.

These latter tests gave evidence that improvements to the lamp holding
devices were definitely needed. The method of pivoting each lamp on its
base proved impractical for testing large numbers of lamps because of indi-
vidual differences due to the manufacturing process and to different lamp
sizes.

Effort was then expended to improve the lamp holders. After trying
several different methods, the arrangement shown in Fig. 9 appeared to offer
the most promise. With this system, the lamps were soldered to a pivoted
arm that positioned the point of impact a definite distance from the pivot
center. Proper alignment of lamps having differences in base size and bulb
shape and/or size was accomplished by varying the length of the pivot leaf
and raising or lowering the center of the bearing rod. A simple Jig was
used to hold the lamps in position while the arm was soldered to +the lamp
base.

To meet the need for more data on tester performance for comparison with
previous runs on the rotary-drum tester and the Arsenal tester, several ad-
ditional groups of lamps were subjected to mortality tests. The first of
these was a homogeneous grour of type 1251 lamps, supported in a marner simi-
lar to that of the lamps shown in Fig. 9, and impact-tested for 240 minutes
or until lOO% failure The drum speed was adjusted to give 700 impacts per
minute and the cam offset was 0.063 inch. The operating cycle was set at 25
minutes on and 5 minutes off, with a neon lamp switched in series with the
test lamp to give a visual indication of filament failure during the 5-
minute-off period. All lamps were watched closely during each cold cycle,
when the likelihood of failure was the greatest, and were given a frequent
visual inspection during each hot cycle. The results of five runs, each con-
sisting of 20 lamps, are shown in Fig. 10. It will be noted that the spread
was very narrow until the 50% mortality point was passed. About 3%5% of the
failures were due to entanglement and shorting of the filament segments; the
remainder were due either to fatigue or to sawing action at the support wire.
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Similar results were experienced with impact tests on a second group of
type 1251 lamps obtained from a different manufacturer in which the same
test procedure was followed. The spread of the curves was slightly greater,
but no marked differences in mortality rate could be observed. In this
group, about 25% failed as a result of entangled filament sections, with the
rest showing fatigue failure.

For a third series of tests, a type 1683 lamp with an S-8 bulb was se-
lected, primarily to see if a change in bulb size would affect the consistency
of tester performance. Tester speed, cam offset, and operating procedure were
exactly the same as in the previous tests.

Figure 11 shows the results obtained in four test runs. A modified G-6
lamp holder was used for the first three tests, while a regular S-8 holder
was employed in the fourth test. The spread of the runs is about the same
as observed in the previous 1251 tests, but the mortality rate is considerably
lower.

It has been shown that successive mortality tests on the rotary-drum
tester produce results that are very closely related for lamps of the same
origin. Initial comparative tests on this and the Arsenal tester had ended
quite inconclusively, but now with greater numbers of test specimens the com-
parisons were attempted once again.

Figure 12 shows the range of mortality tests on ten racks of type 1251
lamps distributed equally between the Arsenal and rotary-drum testers. Stand-
ard testing procedure prevailed; that is, cycling in each case was alternately
25 minutes on and 5 minutes off, with frequent observations of lamp condition
during each hot cycle and almost continuous observation during each cold cycle
when the neon indicator lamps were in the circuit. Normal speeds and cam set-
tings were used. It 1s quite evident that the rotary-drum tester was more
severe and caused greater mortality than the Arsenal tester, although the
character of failure was the same for each tester.

Ten additional racks of type 1251 lamps obtained from another manufacturer
were then tested in exactly the same manner, five racks on each tester. The
mortality ranges obtained were very close to the previous series, with the same
type of failure predominating.

Further comparative tests were completed, using several lots of type 1683
lamps. These were of interest chiefly becuase previous experience had shcown
that it was very difficult to produce impact failures in this lamp. Again
the rotary drum tester produced more failures in a given time than the Arsenal
tester.

This rotary-drum impact tester wag also used for routine mortality test-
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ing of special lamps that the project evaluated. Over a period of 28 months,
the machine was used for about 100 such tests totaling more than 650 hours.
By reviewing past reports of the project, it can be noted that the tester
produced many series of tests that were as closely related as those Just
described.

With the experience of one machine indicating consistent and reliable
behavior, it was determined, therefore, to build a second machine for pur-
poses of comparison. The original machine was duplicated except for minor
structural changes that increased the available test capacitya2 After this
machine was assembled and inspected, preparations were made for a series of
mortality tests to be conducted in accord with past tests. The results cof
five such tests, using type 1251 lamps, are compared in Fig. 13, with a com-
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Fig. 13. Mortality results of type 1251 lamps from the second impact tester
compared to the composite result of equal tests performed on the original
machine.

posite curve obtained from data taken on the original machine. It is quite
evident, on the basis of this limited comparison, that consistency and good
correlation was secured. When the composite results from both testers were
compared, the mortality rate for the new machine was consistently higher by
a very slight amount. It is not unrealistic to think that if additional
tests were completed, this relationship could easily equalize or reverse.

A second series of 3-cp lamps was tested in a manner similar to that
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Just described. The relationship of four tests and an equal number of tests
from the original machine matched equally well. It was noted that the tests
on this second machine appeared to have a slightly higher mortality rate.
Statistical treatment of this second series indicated that there was no sig-
nificance to the slight differences of the mortality rates noted.

D. PRESENT USE OF THE ROTARY-DRUM TESTER

1. Sale of Tester to Commercial Groups.-—After numerous series of tests
the design of the rotary-drum tester was "frozen" when it was proven practical
and functional. When the chairman of the SAE Ordnance Lamp Subcommittee was
informed of this, he quickly organized a program whereby interested organiza-
tions could purchase a tester. This program proposed to have all prospective
buyers place a Jjoint order to gain machine uniformity and possibly a better
price.

Although details of the machine and the program were circulated early
in the spring, firm orders were slow in arriving to the maker. The follow-
ing did place orders: Bureau of Standards, Chrysler, General Electric, Hud-
son Lamp Company, Tung-Sol, and Westinghouse. The progress of the manufac-
turing operations was carefully observed by project representatives to ob-
tain a check on the tolerances set and to see if any minor changes in the
drawings and specifications were required. Shipment of the completed machines
was accomplished by September 1, 1957.

2. Evaluation of Testers.-—Well before the completion date of these
testers, several organizations who had purchased machines were asked for per-
mission to use their testers for limited comparative mortality tests. When
completed, five machines were brought to the laboratory for these tests,
which were hampered primarily by the small number of test lamps on hand.

Each tester was carefully examined to note workmanship and construc-
tional details all of which were found to be satisfactory. Before each
tester was operated, the cam offset was checked and recorded. Lastly, the
speed was set at 200 rpm.

The only lamps available for test in sufficent quantity, was a group
with 3-cp filaments mounted in a G-6 bulb. Thereupon, these lamps were in-
serted into the G-6 holder and prepared for the test. The conditions of the
tests were as follows:

1. Twenty 3-cp lamps with G-6 bulbs constituted one test.

2. The cam offset was .070 inch + .002 inch and the cam speed was
200 + 1 rpm.
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3. The lamps were operated at 28 volts.

L. The 30-minute cycle was used, with the lamps lighted
25 minutes and 5 minutes not lighted.

5. The tests were operated 8 cycles or 240 minutes.
Figure 14 shows the cumulative mortality results of each tester. This
distribution indicates that all five machines gave very comparable results

for the limited number of mortality tests (a total of 12 tests for the five
machines).
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Fig. 14. Comparative mortality results of the five rotary-
drum testers evaluated by the project.
E. SUMMARY

The need for a simplified impact tester for miniature lamps was ascer-
tained when the Arsenal tester was evaluated. It was determined that the
necessary force to impact-test a lamp could be secured by dropping it through
a distance of 1/52 inch and letting it bounce. A device to employ this idea
was constructed which consisted of a drum with four uniformly spaced offsets
that were parallel to the axis of rotation. The lamp was rested on this drum
so that as it turned, the lamp was raised and dropped at each step. This de-
vice was improved so that it became a simple and reliable test unit Tor lamps
with G-6 or S-8 bulbs. Several manufacturers of ordnance lamps and equipment
have purchased similar machines for use in their testing programs.
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IV. LAMP DESIGN AND EVALUATION

Improving and evaluating lamps primarily used on military vehicles has
been another of the principal efforts of the project. Initially the prop-
erties and structures of tungsten were investigated, followed by various
attempts to strengthen selected lamps. A review of these efforts follows.

A. PROPERTIES AND STRUCTURES OF TUNGSTEN

Tungsten is used exclusively as the light source in incandescent lamps
because of its high melting temperature combined with mechanical stability
at high temperatures. Tungsten is not only temperature-sensitive but also
structurally very sensitive. After cold-drawing, the structure is fibrous
and the material exhibits high tensile strength and good ductility. The an-
nealed structure consists of large grains which lend great brittleness to
the metal, and the tensile strength is reduced significantly. The physical
properties, thermal and electrical properties, and the structures and their
properties will be given.

1. Physical Properties.—

Density
Presintered at about 1500°C 10.0 - 13.0 g/cc 29
Sintered at 3000°C 16.5 - 17.5 g/cc
Swaged 18.0 - 19.0 g/cc
Drawn 18.0 - 19.3 g/cc
Modulus of Elasticity
Tg-T
Et = Eo( - >O.263
-T
Gy = GO<TS >O.265
T
where:
Ef = modulus of elasticity at a temperature T (°K)
E, = 40,000 + 1000 kg/mm?® , 51.2 x 10° + 1.28 x 10° psi
T = temperature in °K
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T, = melting temperature in °K (3653°K)
Gt = shear modulus at a temperature T (°K)
Go = 17,100 300 kg/mn® , 21.9 x 10° + 0.384 x 10° psi

Some values given by BridgemanBO for room temperature:

E = 39,400 kg/mm? (50.3 x 108 psi)
¢ = 15,350 kg/mm? (19.6 x 108 psi)
Poisson's ratio = 0.284
Isotropy of Tungsten
Elastic Constants:
Bridgeman>C Wright3t
C11 51.3 50.1 (x 10**  dynes/cn?)
Cio 20.6 19.8 (x 1011  dynes/cm2)
Caa 15.3 15.1 (x 10  dynes/cm?)
Using the condition for isotropy, 1/2 (C11-C12) = Cg44, tungsten is fairly

isotropic.
Tensile Strengthoe

Hard drawn wire 0.1 mm diam 426,000 psi
Hard drawn wire 0.05 mm diam 490,000 psi
Hard drawn wire 0.015 mm diam 670,000 psi
Annealed wire (recrystallized) 150,000 psi

Ductility52 (measured as elongation)

Hard drawn 1 -4%
Annealed 0%

For tensile strength and ductility as a function of temperature, see Figs.
15 and 16.

32

2. Thermal and Electrical Properties.——

Linear Coefficient of Expansion (per °C)

30°C b.by x 107°
10%0°C 5.19 x 107°
2030°C 7.26 x 1078
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Heat Conductiviey
Ca./cm/sec/°C at 20°C 0.38
Specific Heat (cal/g/°C)

20 - 100°C 3.4 x 1072
1000°C 3.65 x 1072

Electrical Resistivity (microhm-cm)

20°C 5.5
750°C 25.5
1200°C 40
2400°C 85

3. _Structures in Tungsten and Their Properties.—The properties of a
tungsten wire are controlled not only by the composition and temperature of
the wire, but also by the size and shape of the tungsten grains as revealed
by metallographic inspection. The various structures of interest will be
discussed.

Cold-working of tungsten produces a grain structure which is typical of
metals that have just been cold-rolled or drawn. The grains are elongated
and the structure exhibits a fibrous texture. In tungsten, this structure
has a high tensile strength and is quite ductile. This condition persists
until the metal is heated to the recrystallization temperature for a period
of time at which point the structure becomes hard and brittle after the
change in grain characteristics.

When tungsten reaches the recrystallization temperature, new, unstressed
grains start to form which eventually grow and replace the cold-worked struc-
ture. The recrystallization temperature is affected by the degree of cold-
work, composition (additions), and time. It can vary from 800°C for pure
tungsten to over 2000°C for tungsten which contains large amounts of alumina
and thoria. If a metal is either held at the recrystallization temperature
for a long time or heated to higher temperature, some of the small grains
will grow at the expense of others (the process of grain growth) and the
structure becomes more coarse.

Unlike most metals, tungsten at room temperature is very brittle in the
annealed condition. This means that the structures, which are considered
desirable in most metals, become very detrimental in the case of tungsten
as far as resistance to fracture is concerned. The fractures that occur are
intercrystalline, that is to say, the fractures occur along grain boundaries.
This means that a structure that has a grain-boundary path that runs directly
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through the whole cross section of the wire will be very susceptible to
fracture. A structure that i1s fine grained has a fairly easy path of frac-
ture and the one in which the grains occupy the whole cross section of the
wire is the most susceptible to fracture. A structure with interlocking
grains would be preferable. The cold-worked structure is, of course, much
better than any cne of the recrystallized structures. Micro-photographs of
these various grain structures may be observed in the first semiannual re-
port for this project.

The tungsten in a lamp filament is not structurally homogeneous after
it has once been burned. When a current is passed through the filament,
there is a temperature distribution set up due to the cooling effect of
the leads and/or the leg inserts (spuds). This temperature distribution is
reflected by the structures of the various portions of the filament. Fig-
ure 17 shows the microstructures that exist near the point of filament at-
tachment of a coiled-coil filament. In this figure the turn nearest the at-
tachment point shows a cold-worked structure, and moving out into the in-
candescent portion of the filament there is a fine-grained zone followed by
a coarse-grained region.

Fig. 17. Three successive turns of a filament showing cold-worked,
fine-grained, and coarse-grained structures (250X) .

B. INVESTIGATION OF TYPE 2416 IAMPS

The military service drive lamp, designated as number 4800 by the manu-
facturers, is a metal backed PAR 56 lamp with a type 2416 lamp for the light
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source, This lamp (24V), which has two CC 6 filaments, is soldered into the
aluminized metal back. The important aspects of the investigation and meth-
ods tried to improve the service of this lamp will be reviewed.

1. Determination of Failure Causes.—The determination of the cause for
filament failure of the type 2416 lamp was investigated by three different
approaches: metallurgical studies, theoretical analysis of mechanical con-
stants, and observation of field failures.

Filament failure in the type 2416 lamp can be divided into two types;
plastic deformation or fracture. Plastic deformation or sagging is a phe-
nomenon that occurs when the structure is hot, and is caused by either an
ingtability of structure in the filament or by exceeding the elastic limit
of the hot tungsten. Usually when sagging occurs, a portion of the filament
is shorted out, causing the remainder to burn for a short time at an over-
voltage. Lamp failures of this nature are generally characterized by ablack-
ened envelope, and the filament segments exhibit indication of arcing or
welding together.

Fractures generally occur during the cooling period Jjust after opera-
tion and when the filament is being excited by some physical force. These
fractures appear within one or two primary turns of the leg insert in the
recrystallized fine-grained structure. An example of such a fracture is
shown in Fig. 18.

Fig. 18. Fracture in sample 921-2 (250X).
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Observation of coiled-coil filaments when excited to resonance indicates
the point of maximum flexure to be at or very near the weakest type of struc-
ture, i.e., the small grain recrystallized structure. The flexure point does
not vary significantly with a change of hot or cold operation of the filament.

A number of service-drive lamp failures were shipped to the project from
Fort Bragg, North Carolina. The lamps were made available to study the na-
ture of these service failures and to compare them with those secured in the
laboratory. Sixteen of these lamps had one filament failure and seven of
the sixteen had lost both filaments.

The most common types of failure observed in this group was a short be-
tween two or more turns of the secondary or coiled coil. No consistent pat-
tern could be observed as to the exact location of the short. Five filaments
apparently failed from fatigue and in several cases a cold failure apparently
occurred, followed by severe arcing.

The same sort of filament failures occur under controlled laboratory
test conditions. In general, failure by shorting between turns occurs when
the secondary coil pitch becomes nonuniform, either because of some defect
in the lamp assembly at the factory or because the acceleration produced by
the impact tester becomes large enough to cause distortion of the filament
structure.

2. Principal Methods Used for Type 2416 Lamp Improvement.—It was
pointed out previously that it was an unfortunate coincidence that in the
filament the weakest type of structure occurred at the point of maximum
flexure. The problem of improving the filament's vibration resistance re-
solved itself into one of separating the point of maximum flexure from the
metallurgically weak structure. The problem was approached from the fol-
lowing angles:

l. construct a lamp with a totally recrystallized filament;

2. enclose the primary coil ends with an auxilliary coil to
preserve the cold-worked structure at the point of flexure;

3« shock-mount the entire filament mount; and

4, operate at a lower efficiency and higher wattage.

Each of these methods of attack will be reviewed in their respective order.

a. Totally recrystallized filament.—From a metallurgical stand-
point, a filament which has been fired at about 2200°C before mounting would
be very desirable since firing at this temperature would produce a large-
grain structure which should be stronger under repeated bending stresses.
There are certain practical difficulties, however, which would have to be
overcome before this process could be applied to routine lamp production.
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Foremost among these are the added cost of heat treatment and the added
difficulty of mounting the treated filaments since they are quite brittle.

Several type 2416 lamps having totally recrystallized filaments were
assembled for testing purposes. These were similar in size and design to
regular production lamps except for the omission of the minor filament.

They were mounted on the Arsenal impact tester and given the normal test-
ing cycle. These lamps failed much sooner than was expected, and on the
basis of the performance of these few samples the practicability of improve-
ing lamp life by the use of totally recrystallized filaments seems remote.
It is conceivable that further experimentation with this mounting might
produce the expected gains.

b. Use of auxiliary coils enclosing the ends of the primary coil.,—
The best metallographic structure to have at the point of maximum flexure is
the cold-worked crystalline structure. It was felt that this structure
could be preserved by enclosing the first few primary turns with an auxil-
iary coil. It was reasoned that this coil would direct enough current away
from the main filament structure to keep the temperature below that neces-
sary for recrystallization.

In response to our request, the project was provided with lamps in
which slip coils had been included.’? One group consisted of 50-watt
coiled-coil filaments similar to those used in the type 2416 lamp with an
RP 11 bulb and a single contact bayonet base. Four different wire sizes
were used for the auxiliary coils enclosing the primary ends of the filament
of this group, and some lamps without slip coils were included as controls.

The resulting tests indicated that filaments with the heavier slip
coil had a longer life than those with lighter coils or with no slip coils.,
The results from the tests have to be qualified to some degree since the
filaments were somewhat compressed and distorted, which tended to encourage
hot failures rather than cold fractures. Subsequent metallographic inspec-
tion indicated that the slip coils did move the point of recrystallization
further away from the point of mounting, and the auxiliary coil tended to
have a grain structure equal to the filament (see Fig. 19). The heavier
auxiliary coils seemed to gain their greatest advantage by their restriction
of the filament when excited by violent forces. The primary ends of the
filament were encased and stiffened so that the point of maximum flexure was

moved inward.

A second group of type 2416 wae provided, by another manufacturer,
with short auxiliary coils slipped over the primary ends of the filament.
Careful examination of these lamps showed that the physical structure of
the filaments was apparently identical to the standard production type, ex-
cept for the addition of slip-on coils. The slip-on coils were composed of
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Fig. 19. Primary coil surrounded by an auxiliary coil.

tungsten wire with a diameter of sbout 75% of the filament-wire diameter,
and extending for distances of from 53 to 7 turns beyond the weld at the
point of attachment to the leads.

The results of these lamps when tested on the impact tester may be sum-
marized as follows: Fatigue accounted for all but one failure, and the fil-
aments showed little evidence of distortion at the end of the test, Compar-
ison of these tests with others of standard 2416 lamps made by the same com-
pany did not show that sufficient benefit was achieved by the addition of
auxiliary coils to warrant their use. The desired ruggedness in this lamp
seemed to depend more on cloge control of the filament winding and mounting
brocesses to secure uniformity and symmetry in the secondary coil gpacing.

c. Experiments with shock mounting.-—Several attempts were made
to secure a form of shock mounting by attaching the filament between the
ends of strips of flat tungsten ribbon. Filaments so mounted showed vibra-
tion at a resonant frequency close to the value obtained for & filament of
standard construction, but with a reduced amplitude. Thi: in itself was
advantageous. There always was, however, a low-frequency vibration of the
entire mount showing considerable amplitude, which of course was undezirable.
Continued effort did not eliminate this detrimental low=-frejuency rezonance.
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d. Experiments with low-efficiency lamps.—A group of 50-watt
lamps with coiled-coil filaments that had never been burned was flashed at
various voltages ranging from 20 to 28 volts.”?t The filaments were then
mounted, polished, and subjected to metallographic examination. It was
noted that there was quite a consistent relationship between operating
voltage and the location of the transition zone marking the boundary be-
tween cold-worked structure and coarse-grained structure. As the voltage
was lowered the transition zone moved farther away from the leg insert.

A group of type 2416 lamps with filaments that had never been burned
was selected for impact tests. Arrangements were made to operate one-~third
of the group on 28 volts and the remainder at 22 volts. They were placed
on a stationary lamp-holder plate and burned at these voltages for 25 min-
utes. Then they were vibrated on the impact tester with the usual "on and
off" operating cycle. Surprisingly, the number of failures in the set op-
erating at subnormal voltage was appreciably greater than the failures at
normal voltage. DNearly all the failures in the subnormal voltage group
were due to sagging and shorting. Apparently these lamps were subjected
to heavy physical forces before the crystalline structure had sufficient
chance to become stabilized. If any conclusions are derived from this
study, they will have to be tempered by the fact that only small numbers
of lamps were involved.

e. Conclusion of type 2416 lamp experiments.—Demand for the type
2416 lamp has rapidly diminished because of the inability of the manufac-
turer to seal adequately this bulb into the metal-backed service drive lamp
coupled with the introduction of a highly successful all-glass service drive
lamp. The previously reported failures from Fort Bragg were mute evidence
of the defects of this lamp. In addition to filament failure, other de-
fects were:

water inside the reflector unit;
lens badly scratched and/or deformed;

reflector surface badly deteriorated; and

= N

inner surface of bulb blackened considerably.

Besides these factors, the two major lamp producers discontinued their pro-
duction of similar units for civilian use (6 and 12 volt ratings). Accord-
ingly, study of this lamp was discontinued.
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C. TYPE 1251 LAMP INVESTIGATION

The 1251 lamp, with a G-6 bulb, a 3-cp, 2c-2v supported filament, and
butt-seal construction, has been used extensively by the project in impact
tests on both the Arsenal and rotary-drum testers to evaluate tester com-
' ponents. As a consequence, numerous failures have been observed, and the
failed lamps have been carefully inspected for the purpose of determining
the probable cause of failure. A list of the most common types of failure

follows:

1. Entanglement of the two filament segments with conse-
quent shorting.

2. Fatigue breakage at one of the six attachment or

support spots in the two filaments.

Sawing action of the support wire upon the filament.

Escape of the filament from the hook of the support

wire, with consequent entanglement and shorting.

= W

These observations were transmitted to interested lamp companies and
it was suggested that improved resistance to impact might be attained in
this type of lamp by expanding the lead tip spacing to a maximum, closing
the hook of the support wire and shortening the coil length to a minimum.

One manufacturer responded by providing a group of lamps for test in
which the first two of the above suggestions were carried out, and several
racks of these experimental lamps were given mortality tests on the rotary-
drum and Arsenal testers.”? The usual procedure with regard to cycling,
hot- and cold-cycle observations, and standard tester settings was followed.
A definite reduction in mortality appeared to have been achieved by the al-
tered mounting of the filament, although some sawing action at the central
points of support could still be observed and there was still some evidence
of shorting of filament segments.

The results of these tests suggested the possibility that further chan-
ges of this lamp might bring additional gains in lamp life. The suggested
changes were the following:

1. wuse a larger envelope combined with a stem mounting to
permit a greater spread of the leads;

2. redesign the mounting to eliminate the center support
wire;

3. 1increase the filament-wire diameter to get a subsequent
increase in wire strength; and

4., try different filament-wire types to determine if one has
any advantage over another.
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These observations were transmitted to representatives of cooperating lamp
manufacturers. The problem was discussed in several conferences and ulti-
mately several different forms emerged in an effort to strengthen the type

1251 lamps.

The first modified design received was a radical departure from the
regular mount.36 The important characteristics of this lamp were:

Base - single contact bayonet

Bulb - S-8

Filament - three-segment gapped filament clamped to four
nickel lead wires in a stem press mount.

An inspection of these lamps indicated the natural frequency of each
filament segment to be in the range of from 480 to 560 cps, and the leads to
be 1400-2100 cps. Both of these figures were considerably above equivalent
values for the regular 1251.

The lot was divided into two equal groups for impact testing on the
rotary-drum tester with the filament oriented so that the two supports were
beneath the current-carrying leads. The results of these two tests indicated
that there was no over-all life improvement of these sample lamps as compared
to the original design. The manufacturer evaluated a group of these special
lamps on their own impact tester and confirmed these results.

The failure schedules from both series of tests indicated that better
than 90% of the failure occurred during the cold cycle. About two-thirds
of these failures occurred at or near the longer supports. Evidently the
longer supports with their lower natural frequencies were a critical feature
of the design. It was not unusual to find fractures midway in the coiled
section. These fractures at random points indicated the possibility that
slippage occurred between grains that had grown to occupy the entire cross-
sectional area of the wire. The filament segments survived the tests without
appreciable distortion or sagging and consequent entanglement.

Tt was concluded from these tests that:

1. there was no increase of lamp life when these samples were
subjected to impact; and

2. some types of filament failures can be reduced by altered
filament arrangements.

This modified design, though no over-all life gains were experienced,

did indicate sufficient promise to warrant testing a second group. The
second group was received with the following changes:
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1. the current-carrying leads and supports were interchanged;
2. all supporting members were reduced to a minimum length.

Impact tests using these lamps indicated that these changes had
strengthened the lamp. The failures that did occur were mostly fractures
located on the segments attached to the current-carrying leads. As in the
previous group, there was no evidence of plastic deformation and/or short-
ing of the filament segments. Work with this 3-cp lamp was discontinued

because:

1. the gains in physical strength were not as great as an-
ticipated,

2. the lamp was relatively expensive to manufacture, and

3. the physical size was not compatible with presently
used equipment.

Another group of type 1251 lamps with an altered construction was re-
ceived from a cooperating lamp maker.0T A double-anchored filament was the
only deviation of this sample lot from the regular lamp. It was hoped that
these two anchors (i.e., two supports) would strengthen the lamp by

1. dividing the filament into three segments, thereby raising
the resonant frequency of each segment,

2. preventing the entanglement of the filament segments by
more positive separation methods, and

3. eliminating possible escape of the filament from the anchor
by better control of the entire coil.

The lamp illustrated in Fig. 20 is typical of this lot of lamps. The
characteristics of these lamps were:

Base - single contact bayonet
Bulb - G-6
Filament - 2C - 2F

It was noted from an inspection of these lamps that they appeared sim-
ilar to a regular 1251, except as previously noted, and that the beads of
the two mounts were quite widely separated. This separation was enough
(about 1/8 inch) to isolate completely each mount from the other. It was
also noted that the anchors responded to a 40O-cps excitation, but in only
one case was 1t possible to excite a coill segment at its resonant fregquency.

The lot of lamps was divided into three equal groups for evaluation on
a rotary-drum tester. When the mortality curves were compared to a previous
range established by a series of tests on a rotary-drum tester using 1251
lamps supplied by the same manufacturer, it was quite evident that the life
expectancy of these lamps had been increased by a factor of from 2 to 3.
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Fig. 20. Modified 1251 lamp with double-anchored filaments,

The failure schedules indicated almost complete absence of hot fail-
ures during these tests. Undoubtedly the two anchors controlled the fila-
ments so effectively that no shorting of the filaments could occur. Although
no major entanglements occurred, in many cases the coil was c<tretched and
distorted near the supports so that some individual turns did short. About
75% of the failures occurred at or very near the anchor which suggests a saw-
ing action of the anchor on the filament. The remaining fractures were lo-
cated centrally on one of the three segments.

Thie special lot of 1251 lamps exhibited marked improvement over the
regular lamp produced by the same manufacturer when evaluated in terms of
shock and vibration. Since this lamp was phy:icsdly interchangeable with the
presently used type 1251 lamp and could be manufactured readily, a second
group was requested from the manufacturer for additional testing. Mortality
results of the second lot were very comparable to the original grou_po5

A conference with representatives of a second cooperating lamp company
Produced another series of modified 1251 lamps, which, it was hoped, would

increase the resistance of the lamp to Shocka59

Modified samples of this lamp were supplied to the project for evalua-
tion and were as follows:
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A—a lamp like the present 1251, except without support wires and with
widest possible lead tip spacing (illustrated by Fig. 21).

B—a lamp like the present 1251, except with a rigid copper support
clamped to a two-segment gapped filament (sample illustrated by Fig.
22).

C—a lamp with a four-wire, flange-stem construction with unsupported
1251 filaments, mounted in a B-6 bulb (sample illustrated by Fig. 23).

The group A lamps were the first to be subjected to impact tests. Al-
most immediately the hot filaments became distorted, but after a few moments
little or no further distortion took place. When the four mortality tests
were compared to a previous series of tests on the rotary-drum tester, using
type 1251 lamps supplied by the same manufacturer, it was readily noted that
the mortality rate of these lamps had been decreased by a marked degree. By
scrutinizing the failure schedules, several interesting things became evident.
The hot failures had been reduced to a very small number; of the 47 recorded
failures, only one of these was the result of a filament entanglement and
shorting. All the remaining failures (L2) were during the cold cycle and
usually at random points on the coiled section of the filament.

From these tests it seemed evident that the elimination of the support
dramatically decreased the mortality rate and changed the character of fila-
ment failure to predominantly cold failures. After short, severe service,
the filament did become distorted from the original shape, but this seemed
to have no harmful effect on its impact resistance.

The manufacturer was requested to supply another group of similar lamps
for field and laboratory tests. Impact tests of this second group proved to
be consistent with the original testsoho

The impact evaluation of the B lamps was carried on in a similar manner.
When the tests were compared to a previously established range by testing a
number of regular 1251 lamps, it was quite evident that the B was stronger
than the regular lamp. Only during the early portion of the test did the
mortality rate approach or equal that previously established. After this in-
itial heavy mortality, the rate of failures was reduced to a very nominal
figure.

The failure schedules of these four tests revealed some rather inconsic-
tent facts. In the first test, seven of the nine failures occurred during
the hot phase of the cycle, while in the third test only one of the eight
failures occurred during this period. The filaments of these hot failures
had few if any of the characteristics of previous hot failures of the other
tests (i.e., filament entanglement and shorts). A typical hot failure had
the break at a point between the lead wire and the coil and the average cold
failure had the break in the coiled section of the filament.
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Fig. 21. Modified 1251 lamp with an unsupported filament.

Fig. 22. Modified 1251 lamp with a rigid support
clamped to a two-segment gapped filament.

i

Fig. 23. A lamp with four-wire, flange-stem construction
mounted in a B-6 bulb with unsupported 1251 filaments.
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These tests indicated that there were a number of weak lamps in each
group which failed quite early. This was shown by the fact that 50% of the
failures occurred in the first quarter of the test. The most plausible rea-
son for the numerous early failures was that the mounts were manually as-
sembled and probably were subject to more manufacturing differences. Ex-
cept for this shortcoming, the lamps seemed mechanically strong and showed
a definite improvement over the regular 1251 lamp.

The test procedure for the C lamps was similar to those for the A and
B tests, except that an alternate lamp holder was used to compensate for
the envelope size. When these mortality results were compared with test
results of regular 1251 lamps, a marked reduction in lamp mortality was
noted. More than 90% of the failures occurred during the cold period, and
the fractures were located at random locations in the coil. It was also
notable that very little filament distortion occurred during the test.

Two lamp manufacturers supplied the project with a quantity of type
1251 lamps with filaments wound of a thoriated tungsten wire., Each of
these manufacturers had used this wire successfully for other low-effi-
ciency lamps.

The lamps from both manufacturers had a normal configuration, and the
other characteristics were equal to the published specifications. Each
group was impact-tested on the rotary-drum tester in the usual manner. Al-
most immediately it became evident that these lamps would be able to with-
stand the effects of this test. At the end of 480 minutes of testing, only
one or two failures were experienced, and practically no distortion of the
filament segments was evident.

The metallographic structure of these lamp filaments was examined. The
polished sections revealed that the filament wire had recrystallized but that
there was practically no evidence of grain growth in these samples that had
been burned 16 hours. This was in sharp contrast to similar examination of
previous lamps with higher mortality rates, that indicated grain growth was
very rapid. Normally these grains filled the entire wire cross section and
fractures frequently occurred in between these large grains. It seems evi-
dent that the control of this grain growth definitely strengthened the fila-
ments. However, it should be noted that these filaments were examined after
only 16 hours of burning, and the grain structure may later enlarge and be-
come similar to the structure described in the regular filaments.

The success of the type 1251 lamp with unsupported filaments (type A)
was encouraging enough to request the manufacturer to supply the project
with a group of type 623 lamps (rated at 6 cp) in which the same unsupported
filament structure was to be employed,”l The lamps of this group were tes-
ted on the rotary-drum impact tester, following the standard procedure for

L2



such tests. The spread of the five tests seemed quite large, but when the
test data were studied statistically, the machine wag found to be consistent
in each test. The failure schedules showed that filament failure occurred
chiefly during the cold portion of the cycle, with the fractures appearing
at random locations. Filament entanglement was almost completely eliminated.
Initial distortion occurred, but did not grow noticeably worse as the test
continued.

Figure 24 compares the performance of this group with that of some type
623 lamps of standard design and with the unsupported 1251 lamp. It is
quite evident that the unsupported type 623 seems stronger than the standard
623 and also stronger than the unsupported 1251.

The possibility of substituting this lamp for the regular type 1251 in
extremely rough service applications has been suggested.
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Fig. 2k. Comparative mortality results of type 623 and 1251
lamps with unsupported filament and type 623 standard lamps
tested equally on the rotary-drum impact tester.

D. FIELD TEST OF TYPE 1251 LAMPS

1. Lamps Available for Test.—When it was learned that arrangements
had been made to mount a group of lamps on a fleet of military vehicles
about to be operated at the Yuma Test Station for tire and lubrication
tests, the opportunity was utilized as a means of determining the relative
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durability of several types of 3-cp lamps under field-service conditions.
At the same time, the test data thus secured in the field under conditions
subject to some control might be compared with test data obtained on the
same types of lamps in the laboratory to determine if any correlation ex-
isted between the two types of tests. It was also evident that the experi-
ence gained from these field tests might be utilized for additional field
tests at some future date.

Three types of 3-cp lamps were selected for the proposed tests—a
standard type 1251, a lamp with a double-anchored filament (see p. 39), and
a lamp with an unsupported filament (see p. 41)., Through the cooperation
of two lamp manufacturers, sufficient quantities of these types of lamps
were secured to permit each special type to be divided into two groups. One
group was subjected to routine laboratory tests on a rotary-drum tester and
the other group was shipped to Yuma for installation on the vehicles., Re-
sults of the laboratory tests of the special lamps are described on pages 39
and 40. The available standard lamps were the remnants of a large homogen-
eous group from which considerable laboratory mortality experience had been
accumulated.

2. Field Test Program.—Arrangements were made with research and devel-
opment groups at the Detroit Arsenal to equip the military vehicles of a tire-
test fleet and a lubrication-test fleet with 3-cp lamps taken from the three
groups Jjust discussed. The participating units in these tests included wheeled
vehicles ranging from 5/& to 5 tons and several different tracked vehicles.

The tire-test fleet operated on cross-country terrain, gravel roads, and pave-
ment, while the lubrication fleet was confined to paved roads. A definite
systematic schedule was used for the mounting of all test lamps.uB The op-
eration of the lamps during vehicle operation was also carefully programmed
for the most effective schedule.

3. Performance of the Test Lamps.—The performance of these three lamp
types on the two fleets of wheeled vehicles was not as expected. The total
number of lamp failures was too small to obtain significant mortality curves.
It is of interest, however, that there were no failures among the cold lamps
and most of these showed very little filament distortion. Of the lamps oper-
ated hot, the standard type 1251 seemed to show more severely distorted fila-
ments than the other two types, although the number of actual failures was
small. Almost 80% of the lamp failures occurred at the left tail-lamp posi-
tion; the size or weight of the vehicle did not seem to influence the failure

rate,

The average miles per failure of all failed lamps was 1129, ranging from
158 to 2699. For the standard type 1251, the average miles per failure was
1079; the unsupported lamp, 1363; and the double-anchored lamp, 875. No data
were avallable as to what type of road caused the failures.
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The tire fleet accumulated a total mileage of 26,291 and had 18 lamp
failures, or 78% of all failures on all wheeled vehicles of both fleets.
The location having the greatest number of failures was the left tail lamp,
which is significant, since the probability of this distribution is less
than .01, There is no obvious reason for this location to produce such a
mortality.

The lubrication fleet of 16 vehicles was operated only on paved roads
for a total of 160,056 miles. During this operation only five failures
were observed, one standard lamp and four unsupported lamps, which were all
located at hot-lamp locations. In other words, this fleet operated 32,000
miles for every failure in comparison to 685 miles for the tire fleet. The
most logical explanation seems to be that a truck operated only on paved
roads probably will not provide sufficient excitation to cause either fail-
ure by fatigue or ultimate failure by plastic deformation of the filament.
It should be noted that four of the five failures appeared to be the result
of fatigue and also that three of these were at the left tail lamp.

The two tracked vehicles used in the lubrication fleet had lamps mounted
and operated similarly to those of the wheeled vehicles. The average speeds
for cross country, gravel, and paved roads were 10, 20, and 25 mph, respec-
tively.

One M48, which was described in the field report as "subject to extreme
vibration," had 20 lamps installed during the course of the test, with none
surviving whether operated hot or cold. Examination of the failures indica-
ted that the lamps had been subjected to extremely violent forces. The two
front marker lamps, which are the farthest from the engine, seemed to sur-
vive the longest.

The second M48 had fewer lamp failures and each lamp accrued far greater
mileage before failure. Possibly some of this difference can be attributed
to the fact that the rear lamps, which are located nearest the engine, were
shock-mounted. Two lamps mounted in these housings and operated cold were
each able to survive about 2300 miles of operation. The two front marker
lamps, which were not shock-mounted, also showed a relatively long life in
comparison to those mounted in a similar position on the other vehicle. The
inspection of the returned lamps of this vehicle showed that the failures
resembled those previously described.

Data obtained from tests on only two tracked vehicles seem insufficient
to justify any attempt to classify failures by lamp types. It is obvious,
however, that lamp maintenance on tracked vehicles is a real problem, prob-
ably calling for improved shock mounts at all locations.
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4. Summary of Field-Test Results.-—As might be expected in any field
test, there were numerous variables in the test conditions in spite of con-
scientious efforts to control all conditions. One variable, the voltage of
each vehicle, was much lower than expected and conditions did not permit
correcting this situation. Voltage readings, taken at the voltage regula-
tor after about 30 minutes of motor operation, averaged 26.7 volts. It was
pointed out earlier that the operation of lamps below their rated voltage was
not necessarily beneficial and probably a detriment when the filaments are
subjected to shock and vibration.

During the field tests, lamps at certain locations on the vehicles were
burned continuously while the vehicles were operated; at other locations the
lamps were off or cold continuously. It is our belief that the absence of
standard cycling tends to produce a significant increase in lamp life as af-
fected by shock and vibration. In laboratory testing, using the standard
cycle of 25 minutes "on" and 5 minutes "off," the majority of lamp failures
occurred at the beginning of the cold or "off" portion of the cycle. These
laboratory tests indicated the unsupported lamp to be stronger than the
double-anchored or the standard lamps, respectively. In later impact tests,
where the lamps were burned continuously, all had a lower mortality rate, and
the double-anchored lamp was stronger than the standard or unsupported lamps,
respectively. Therefore, if the laboratory and field tests had been opera-
ted under more equal conditions regarding the cycling of the lamps, the re-
sults might have been more nearly equal.

These tests, though inconclusive, point out the value of an accelerated
laboratory test. Even though the lamp test was incidental to the operation
of these test fleets, there was a considerable expenditure of effort to get
the test results. If the test can be controlled and the trucks are to be
operated on rough roads or terrain, the excitation may be sufficient to
cause filament failure. The operation of a tracked vehicle does provide
more than enough shock excitation to cause significant lamp failure rates.

E. ANALYSIS OF SINGLE- AND DOUBLE-COILED FILAMENTS

When a lamp filament is subjected to an impact, it vibrates about its
equilibrium position mainly in its lowest mode of natural bending vibration.
The amplitude, frequency, and shape of the vibration depend on the surround-
ing conditions. 'The conditions are the stiffness and spacing of the supports,
the geometry of attachment to the supports, the size of wire in the filament,
and the type of winding of the filament, single helix or double helix.

The filament is essentially built into the supports at both ends. A
uniform beam, built in at both ends, with a transverse impact velocity V
moves with a motion which can be described as the lowest mode of free lat-

eral bending. Le
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The impact stress is proportional to the impact velocity and it is in-
dependent of the diameter of the beam (assuming it to be round).
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1. Application to Coiled Filaments.—The lamp filaments are not beams
of constant cross section. They are single helical windings or double heli-
cal windings. These windings can be treated like beams of uniform cross
section by calculating suitable values for EI and Ay/g.

Primary Coils
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P 17x 7D, NoDs 17 7D, Ds

Primary Coil Mass per Unit Length

Ay ﬁDl ﬂd A 1b sec”
h g in.2

Secondary Coil Mass per Unit Length

A\ _ Dy D2 wdy" 7 1b_sec?
g )z p; p2 L4 g in.®

In these formulae

7, = ™
32
d, = diam of wire
D, = mean diam of primary coil
Do = mean diam of secondary coill
pp = pitch of primary coil
ps = pitch of secondary coil
G = shear modulus of wire = 21 x 10° lb/ing2 for tungsten
¥ specific weight of wire = 0.7 lb/in°3 for tungsten
g = acceleration of gravity

2, Some Comparative Values.—

6-volt 45-watt filament

4
(E1), = 10 Pam g
9 nDy 32
L 33)5 2
Ay _ my ndy” y
. 2azis g /1 Py b g
(EI), 10 / p1\° &,° Gg " in.*
= = Ll2
d; = .009675 in. (A77g 1 9 <gD 8 sec?
Py = n0186 in. 10 in 4
= 5 x 27.25 x 93.5 x 11, 6 = L4120 ==
D, = .036125 in. T sec
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Ge 21 x 10° x 387 6 in.2

L1 - 16 = . = 11
o 5 . = ,600 x 10 —.2
2
P1\T - o275 fo- 1102 i1 - L _(4.73)% an0
7Dy on 4* 2x 625 x 10~

dz = 95.5 X 10_6 inaz f — 5650 Cps

a - 611- in.2
sec

12-volt 50-watt filament
| (ED); _ 10/ ¥ &% Cg
- .24635 —~ (A7/g)1 9 \nD1 8 v

d = .00667 in. o,

. = h1o A=
pp = .0109 in. -
D, = 04633 in.

1 _(+.73)2
P o= = 20,

21 . o758 % 550 x 10°% -02
D,
Y 00572
Q@) = .0057 f = 1310 cps
d,° = 447 x 107° in.®

.2
a = 20.3 =

sec

3. Bending Moment at End of Filaments.-—

2 e
M o= g1 2Y - pT8Y x sin 2%y
yx2 n a

at the end X = 115.4 (where the sign is ignored).

The maximum bending moment at the end of an impacted filament is

8 x 115.4 v

EI - =
n 2 Mpax
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- 92502\7 EI (AV/g) = 194 Vv ET - _Al
Ynax k.73 ’\} EI 7 g

For a primary coil filament

Miax = 19h Vv “’(El)l (éf)l 1b in.

a4
(E1), = 2 Po 141
9 WDy 32

g P1 i
1), (22) - 0 g0 Q . 02 Grgp
g/1 9 128 g 1152 g
© e 12 2
Gy _ 21x10 x .7 _ 4.7 x 10 _ 14,7 0% = 38.000 1b= sec
g 367 387 3.87 2% n.6

My = 11,050 d;° V 1b in.

This moment can act as a bending moment or a twisting moment on the wire at
the support.

, Me 32 M 32 2
Bending stress o = — = % = - —31-{— 11,050 V = 113,000 V 1b/in.”
Shear stress T =M =18 M _ 1813 050 v = 56,500 V 1b/in.>

Note that in impact loading the stress at the ends of the filament (for
the first swing of vibration after the impact)is independent of the length
of the coil and independent of the diameter of the wire. Also note that the
stresses are very high for reasonable values of V. In our impact tester
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V=5 inn/sec to 10 ino/seca These velocities lead to bending stresses in
the order of 565,000to 1,130,000 lb/in°2 These stresses are obviously too
high. But other conditions associated with the filament mounting always
make the actual stresses lower.

1) Any flexibility in the whole mounting system always reduces the
stress,

2) The solution for the impacted beam used here only takes into ac-
count the first mode of motion. The addition of the effects of
higher modes may reduce stress,

3) The relative stiffness of the working filaments and the terminal
supports is very important in determining the actual maximum gtress,

The theory does not account for the fact that chort stiff filaments never
break on the kind of impacts given in our teste, whereas the more flexible
and heavier filaments always break. To account for actual testing experi-
ence, additional studies will have to be made on the effects of the end con-
ditions of the filaments. This additional work is necessitated by two fact=:

1) this theory gives natural frequenciez that are too high;
2) this theory gives stresses that are too high.

The effects of the end conditions will lower both quantities,

F. SUMMARY

The properties of tungsten have been outlined and their relationships
to the lamp filaments described. The location and the characteristics of
the various metallographic structures found in tungsten are discussed.

The efforts to strengthen the type 2416 lamp against shock and vibra-
tion are explained. This program was discontinued when this lamp was re-
placed by an all-glass unit.

The numerous efforts to strengthen the type 1251 lamp are narrated.
The project's efforts were chiefly directed at s mechanical rearrangement
of the components to prevent the entangiements of the filament segments.
This program was relatively successful in several cases, but the lamp mak-
ers themselves provided the largest gain when several built lamps with a
thoriated tungsten wire. These lamps appear to get their impact resistance
by a control of the grain growth in the filament.

Several special lamps were tested in the field in comparison with a
atandard lamp. The results from these tests were very limited, but they
did show that similar tests would have to be performed on vehicles that
were to be given the hardest service and that the cycling of the labora-
tory tests would have to be equal to the field conditions.
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V. MISCELLANEQUS TOPICS

A. PAR LAMP TESTER

Manufacturers and users of PAR type automotive lamps have long felt a
need for a device to evaluate the resistance of these lamps to shock and
vibration. Most test devices used to date have been makeshift arrangements,
whereby a machine designed for another purpose was modified to accommodate
these lamps. The greater share of these devices have not been entirely
successful, and none has been accepted for any broad testing programs.
Effort has been applied by the project to determine the feasibility of an
impact-test device for this type of lamp.

The basic concepts for impact-testing miniature lamps are applicable
to the testing of PAR lamps; i.e., the necessary acceleration of the lamp
filament can be obtained by repeatedly dropping the lamp onto a relatively
inelastic surface and letting it bounce. This impact will then excite the
components of the filament structure at their own naturael frequency. Fig-
ure 25 shows the movement of six separate components of the filament struc-
ture of an all-glass service drive lamp that was excited by impact. It
can be noted that the response for each component is different. The ampli-
tude of deflection for each section will vary according to its natural
frequency and can be expressed as approximately

s s N 280
enf
where
h = drop
and
f = frequency of the component.

To study the behavior of a service drive lamp, complete filament
mounts from type 4860 lamps were observed on an electro-magnetic shaker.
These filaments responded to frequencies between 150-250 cps and the leads,
between 350-500 cps. The structures of 12-volt lamps, type 5400, were ex-
amined with the same conditions. Generally, the resonant frequency of the
filament was about twice that of the leads; i.e., the leads responded in a
range of 375-450 cps while the filaments responded to about 800 cps. It
was felt that these frequencies were all low enough so that similar struc-
tures mounted in PAR type lamps could be impact-tested in reasonable test
periods.

The first attempts at impact-testing a PAR type lamp were performed by
modifying the rotary-drum tester to accommodate a PAR 56 lamp. A special
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steel cam, one inch long, was constructed and the lamp mounted to pivot
on a nonconductive rod that was parallel to the axis of the cam rotation.
When this unit was operated with the cam offset .063 inch and rotating at
175 rpm, the following was noted:

1. the lamp did not follow the cam with a regular motion;
2. the lamp dented and scored the cam surface, (see Fig. 26), and
3. the glass envelope tended to grind away at the point of contact.

Fig. 26. The steel cam used for the PAR impact test.

Analysis of the setup indicated this action was caused in part by th
fact that the center of percussion was beyond the point of contact of the
lamp., This could have been altered by moving the center of gravity back
with the addition of weight near the pivot. ©Since this seemed to be im-
practical, alternate means of dropping the lamp were sought.

The problem of holding the lamp in a controlled upright position was
met by mounting the lamp in a clamping device that was suspended midway on
four parallel taut wires. The lamp could then be raised or lowered in this
arrangement with a minimum of restraint. This frame was subsequently mounted
on the rotary-drum unit so that when the drum turned, the lamp was raised and
dropped onto the cam surface.

This mounting was a great improvement over the pivoted arrangement ori-
ginally described but the cam's rotation tended to pull at the point of
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contact and the grinding action was also still present. To eliminate
these objectionable points, a pivoted nylon follower was placed between
the lamp and the steel cam. This arrangement allowed the lamp to be
raised and dropped with none of the objections noted previously. By
using an indicator bulb mounted in a PAR 4800 lamp housing, it was noted
that there was little energy lost by the addition of this nylon follower.
This method of testing lamps, although possible, was judged to be quite
impractical because of the flimsy arrangement used to 1ift the lamp and
its suspension. Consequently effort was devoted to a search for an im-

proved mounting arrangement.

Figure 27 shows the side view of a tester unit that was used success-
fully for impact-testing a limited number of PAR lamps. It will be noted
that the lamp is held by a clamp open at the bottom, and that the clamp,
in turn, is supported by four parallel flat springs. The lamp 1s raised by
a cam acting on the lever. (A push type solenoid may be used.) When the
lamp is released, it drops upon a piece of steel that is supported in sand.

A total of fourteen lamps were tested on this device. The conditions
of the tests were:

drop 045 inch
frequency of impact 700 per minute
filament cycle 30 minute; 25 minutes lighted,

5 minutes not lighted

The test results of these fourteen lamps were quite closely related.
About one-half the failures occurred hot while the remaining lamps failed
during the cold portion of the cycle. The failure times ranged from 81 o
596 minutes with an average failure time of 232 minutes. Two lamps did not
fail after 960 minutes of operation.

These results seem to indicate that a test device for PAR type lamps
is feasible. The requirements to make a workable device are as follows;:

1. The lamp must be suspended with the minimum amount of restraint
in a position normal to its regular operation.

2. The lamp must be lifted repeatedly and allowed to fall so that
the envelope strikes a relatively inelastic surface.

3. Means must be provided for adjustment of the drop height and the
frequency of impact.

4, The device must be ,simple and compact to permit the building and
operation of multiple test units.
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B. FEASIBILITY OF AN IMPACT TESTER FOR LIGHTING EQUIPMENT

It would be desirable to be able to test lighting equipment, i.e., tail
lamp assemblies, marker lamps, etc., for resistance to shock and vibration
since such a test would be of value to both the user and the manufacturer.
Such equipment could then be quickly evaluated to determine if there is any
structural weakness, or design shortcomings, and if the bulb is sufficiently
isolated to prevent damage. This would be an ideal device to help the equip-
ment manufacturer and the bulb manufacturer to develop units that would re-
sist shock. The criteria for design, the factors affecting the design, and
a possible design of such a test unit will be discussed.

1. Criteria for Design.-—The makers of lighting equipment are interested
in creating a substantial unit; the bulb manufacturers are interested in plac-
ing their products in a semi-protected enviromment; and the ultimate consumer
wants to determine if the product will meet his requirements. To satisfy
these demands, a test unit would need to fill the following objectives:

1. The tester would need to be adaptable to lamp units of various
physical sizes, weights, and dimensions.

2. The tester must be such that the force of impact can be changed
readily for varying the test severity.

3. The tester must be simple, reliable, and easy to use.

2. Factors Affecting the Design.—If these three objectives are met,
then a test device would result that would be able to accommodate such mil-
itary lamps as the blackout drive lamp, right or left tail lamps, front
marker lamps, etc. These lamps vary not only in their weight but also in
the method of attachment and in the internal components. It is obvious that
each lamp would require a different mounting to secure it to the tester.
With the changes in mounts and lamps, the weight will vary, and the strik-
ing velocity will consequently change. In the analysis of the Arsenal im-
pact tester, the equation for striking velocity was given as

. No Al1/2
X1 = —hp1|:l+m+2ﬂ . (kk)
For a lamp tester the striking velocity would be in the neighborhood of

, K
Xy =\/(l+2—A->h =€
h w

This shows clearly that the velocity would decrease when the weight is
decreased or vice versa. Therefore some compensation for changes in weight
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would have to be provided. To vary the severity of the test, it would be a
simple matter to vary the drop h, which, of course, would alter the net strik-
ing velocity.

A simple supporting structure is desirable to keep the energy loss to a
minimum and to produce a machine that will yield uniform results. This fact
can be illustrated by the development of the rotary-drum tester. Originally
the lamps were held by a simple lever arm soldered to the lamp, but as the
attachment became more complex greater amounts of energy were required for
filament failure and the reliability of the tester declined slightly.

3. Possible Design of an Impact Tester for Lighting Equipment.-—It is
envisioned that an impact tester for lighting equipment could be developed
using the criteria previously discussed. The main supporting structure
would probably be a simple, fairly rigid, cantilever arm supported by an
elastic steel hinge. This structure or arm might be raised by a cam ro-
tating against a follower attached near the end of the arm. The vertical
positioning of the cam should be adjustable to alter the drop of the arm.

One-half of the anvil should consist of a flat piece of hardened steel
attached firmly to the machine’s lower frame. The movable or upper anvil
attached to the arm should consist of a similar piece of steel shaped with
a spherical radius. This arrangement would allow good point contact even
if the arm did have slight oscillation and/or other uncontrollable movement.

The actual lamp holders would have to be quite versatile to accommodate
a maximum number of different lamp shapes and mountings. These holders would
need to be securely fastened to the frame and be planned in such a way that
several different lamp types could use the same holder. Enough latitude in
the fastening of the holder to the arm should be provided so that the center
of percussion of the total arm and load could be located directly over the
point of impact.

C. IMPACT-TEST SPECIFICATIONS

An impact tester for miniature incandescent lamps has been desgcribed and
the evaluation results reported. The unique features of this rotary-drum
impact tester make it a consistent and reliable test instrument for minia-
ture lamps as shown by the two machines built and used continuously by the
project for periods of 15 and 28 months. During this time continual records
have been kept of the performance and behavior of these machines and from
these data specifications for the tester and test conditions have evolved.

Tt is believed that this test specification can be used as a guide for the
alteration of the Federal Specification W-L-111lb paragraph H-2e if the
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rotary-drum tester is adopted to replace the presently accepted Federal impact
tester.

The rotary-drum tester, described in Progress Report No. 45 for this
project, will give optimum performance when the following procedure is used
for the operation of impact tests.

1. Set the cam's offset to .070 inch + 002 inch and the cam's speed
at 200 + 1 rpm.

2., Insert 20 lamps with either G-6 or S-8 bulbs into the recommended
holder. These lamps shall be selected from a homogeneous group
of 100 lamps.

3, The lamps shall be operated at their nominal voltage of 7, 1k, or
28 volts.

4, The test cycle during the machine's operation shall be 25 minutes
with the filament lighted followed by 5 minutes with the filament
not lighted. (Note: The unlighted or cold filament is most ac-
curately observed by the use of a neon indicator lamp switched in
series with the filament.) This cycle will be repeated until a
total of 480 minutes (8 hours) is completed.

5. At the completion of the test, the procedure shall be repeated
four additional times until the 100 lamps have all been tested.

6. The data from the five tests, using the 100 lamps, shall he
assembled into one cumulative mortality curve. This curve
should not fall below the curve shown in Fig. 28.

These suggested impact specifications shouldbe adequate for any of
the single-contact lamps mounted in either a G-6 or $-8 bulb that is now
in service. However, as more impact-test experience is gained, these
specifications should be reviewed to determine what revisions are necessary.
As additional holding devices for other lamps sizes and requirements are
developed, the specification will alsc need to be revised to include the
tests of these units.

D. SUMMARY

An impact tester for PAR type lamps has long been desired, but no
machine has been widely accepted for this test. The basic theory for
such a device is given in the analysis for impact-testing miniature
lamps. With this in mind, several methods for raising the PAR envelope,
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Fig. 28. Minimum mortality curve for lamps
operated on the rotary-drum impact tester.

dropping it onto an inelastic surface, and letting it bounce to achieve the
necessary force for impact-testing a lamp were demonstrated. A relatively
successful method is described which has had limited use in the laboratory.

The criteria for the design,Athe factors affecting the design, and the
possible design for an impact tester for lighting equipment are discussed.
It is felt that such a unit is needed for the development and the acceptance

testing of lighting equipment.

The basic procedure for impact tests on the rotary-drum tester is outlined.
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VI. CONCLUSION AND RECOMMENDATIONS

1. The studies of the Arsenal type impact tester resulted in a number
of structural modifications of the machine. Five additional machines were
modified on the strength of evidence that indicated this alteration did
improve the consistency of its performance. Subsequent tests did show each
machine to be consistent, but only three of the six machines gave uniform
results. It is recommended that this machine no longer be considered ade-
quate for use in Federal acceptance impact tests.

2. The rotary-drum impact tester, a simple device for impact-testing
miniature incandescent lamps that was designed, developed, and evaluated
by the project, has produced consistent test results. Limited tests of ad-
ditional units purchased by Ordnance supplies have proved to give uniform
test results. Therefore, it is recommended that action ke taken to incor-
porate the use of this machine into the Federal specifications for Impact-
testing of miniature incandescent lamps. Development of additional lamp
holders for lamp sizes other than G-6 or S-8 bulbs should be undertaken to
permit the use of this machine for the greatest variety of lamp sizes.

3. The characteristics of tungsten and their relationship to lamp
filaments have been recorded. Numerous attempts to strengthen selected
lamps have been evaluated by the project. It was noted that gains could
be made by a mechanical rearrangement of filament sections, but the larges®
gain in lamp strength appears to come from the manufacturers' care in pro-
duction and the type of tungsten wire that was used for the filament. There-
fore, it is recommended that an impact-test program be established to select
only the strongest lamps for use on tactical military vehicles.

4, A procedure for the impact-testing of miniature incandescent lamps
on the rotary-drum impact tester has been developed as the result of numercus
test programs conducted by the project. It is recommended that this program
be adopted for use with the rotary-drum tester and its inclusion in the
Federal acceptance specification W-L-11llb be considered. It is also re-
commended that a periodic inspection be made of these specifications to
determine if further revisions need to be instituted.

5 The basic design for an impact-test unit for automotive PAR type
lamps was shown to be feasible. It is recommended that development of this
device be continued so that a unit suitable for acceptance or development
testing may be completed and standards for testing can be determined.

6. The feasibility of an impact-test unit for lighting equipment was
determined., It is recommended that a device to meet the criteria of this
tester be developed, evaluated, and standards for its use be determined.
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A.

APPENDIX

Two drawings for the rotary-drum impact tester have been revised., The
revised drawings (RD 5-18 and RD 6-18) are shown on the following pages.

The rotary-drum lamp holder for single-contact S-8 lamps (RD 6-10) has
been modified so that the minor filament of a double-contact lamp of
the same size may be tested. The necessary prints, RD 6-70, RD 6-T1,
RD 6-72, and RD 6-73, are included in the following pages.
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