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RAILWAY LIGHT SIGNAL LAMPS

LIFE, MAINTENANCE AND
REPLACEMENT

PREFACE

The purpose of this pamphlet is to provide instructions
which will help to reduce signal lamp failures and to set forth
vital lamp characteristics for assistance in proper lamp main-
tenance. This information has been prepared in collaboration
with lamp manufacturers from their engineering data and
from service reports made by individual railroads after years
of experience with signals of the light type.

Supplementary information covering 1/64 inch “Precision™
Lamps as well as ordering references for various other Union
Lamps and associated controlling devices will be found at the
end of this pamphlet.

LAMP LIFE
GENERAL

Incandescent lamps are designed for a certain rated average
life at a given voltage, and life tests are made by the manu-
facturer to insure that the rated life of the lamps as produced
is equal to the calculated designed life. In spite of the rigid
care taken in manufacture and test, it is not possible to control
the life of individual lamps within narrow limits. This is due
to a number of factors that at the present stage of the art, are,
in a practical sense, beyond the control of the lamp manufac-
turer. In addition, the life of a lamp is affected materially by
deviation from design voltage, by vibration and by mechanical
defects caused by handling, shipping, etc.



LIFE RATING

The rated life of a lamp is the average life of that particular
type lamp “burned” in large quantities at rated voltage. Of
any group of lamps rated at 1,000 hours life which have been
placed on life test and burned continuously, half of the group
will be expected to burn out by the end of 1,000 hours on test.

The AAR, however, has adopted the following Table,
(Table 1) of Life Hours for lamps, based upon 5% burn-out.

Because of the fact that many different types of signal
lamps are required and each type is produced in comparatively
small quantities, it is not possible to secure the uniformity of
production that is obtained in the manufacture of standard
commercial lamps, which are produced continually in large
quantities, The percentage of lamps “burned out™ at the rated
life, is approximately 50% of the total lamps. Since this is
based on laboratory tests, somewhat less favorable results
should be expected from lamps in actual service which are
subject to vibration, etc.

VOLTAGE vs. LIFE

The curve, Fig. 1, shows the effect of applied voltage on
lamp life for a typical signal lamp. It is evident from this curve
that a very small percent variation in voltage causes a great
change in lamp life. A 5% increase in voltage reduces life 50%,
while a 5% decrease in voltage doubles life. This emphasizes
the necessity of accurate adjustment of applied voltage, and
control of voltage variation within narrow limits. Voltage reg-
ulation at the lamp of not more than 21/,% above or below
normal is very desirable.
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TABLE |

TABLE OF LIFE HOURS FOR LAMPS
(Based on average laboratory life of 1000 hours at rated voltage)

G-volt lamps 8-volt lamps 10-volt lamps 60-valt lamps 113 -volt lamps
Applied Applied Applied Applied Applicd
voltage Hours voltage Hours voltage Hours voltage Hours  voltage  Hours

4.8 7700 6.4 7700

=
=}

7700 48 7700 92 7700

485850 T 6.5 6400 8.1 6650 49 6000 93 6850
5.0 4230 6.6 5570 8.2 5600 50 4300 O 000
5.1 2890 6.7 3800 8.3 4550 531 2890 95 5050
5.2 2080 6.8 2890 8.4 3500 52 2080 96 4130
L 6.9 2180 By 2800 53 1560 973310
o 310 7.0 1780 8.6 23590 &4 TR0 98 2800
3.5 1040 7.1 1470 8.7 .1950 55 1020 99 2300
5.6 820 T2 10 8.8 1620 a6 320 HDL 1950
By 600 7.3 1100 8.9 1430 SR et § R e e ]
3.8 510 it e 9.0 1310 58 5100 021300
090 42D 7D 770 el T s ) 103 1370
6.0 350 1.6 630 O3 D 60 350« L0 1220
6.1 295 T 230 93" 50 61 300 105 1090
6.2 51 240 7.8 465 9.4 740 62 230 a6 950
6.3 = 200 T a0h 2.5 650 R TR
8.0 350 9,57 550 108 760

8.1 315 9.7 490 109 675

32 il 9.8 440 110 590

&3 2350 9.9 390 111 520

B4 200 10.0¢ 1350 112 470

10.1 320 113 430

10:2° 290 Lig 385

10.3 250 I T R

10.4 220 L5 - 320

10.5 200 117 300

115 270

L1908 240

L 20T

This table is based on an average of 5 per cent or less of a group of
lamps failing in the hours indicated in the table for voltages shown. The
voltage must be measured at the lamp. Burning at over-voltage will
reduce lamp life.

Light output varies quite rapidly with variation in voltage. At 90
per cent of rated voltage, the candlepower of the lamp is reduced to
about 70 per cent of the value at rated voltage. Consequently, care must
be exercised in reducing lamp voltage that the intensity of the beam
is not reduced to a point where atmospheric conditions can affect the
integrity of the signal aspect.

amps burned at less than 70 per cent of rated voltage may have
their ‘filament temperature reduced to-a point where chromaticity of the
signal light colors will be affected. Possible final results should be
investigated.
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VOLTAGE vs. CANDLEPOWER

The curve, Fig. 2, shows the relation between applied volt-
age and light output from the lamp in spherical candlepower.
Light output varies quite rapidly with variation in voltage, At
90% of rated voltage, the candlepower of the lamp is reduced
to about 709 of the candlepower at rated voltage. This repre-
sents a loss in efficiency of about 19%. At this reduced output
the range of a light signal is about 849% of the range obtained
with the lamp at rated voltage. It is obvious, therefore, that
too great a reduction in applied voltage is undesirable from the
standpoint of efficiency and obtaining a satisfactory indication,

It is quite general railroad practice to operate signal lamps
somewhat under rated voltage to secure the advantages of
longer life, and a smaller number of lamp failures over a given
period of time. The extent that the voltage should be reduced
is limited by the quality of the signal indication obtained. It
is our opinion that as a general rule reduction of applied volt-
age to 90% of rated voltage is about the maximum reduction
that should be made in view of the loss of efficiency involved.

There are occasions, however, when it is desirable to fur-
ther reduce the percentage of lamp failures below that ob-
tainable with the normally used lamps. Further reduction in
voltage on the existing lamp in a particular signal may result
in either insuflicient light output or affect the integrity of the
signal aspect or both. To avoid these conditions it becomes
necessary to change to a lamp of higher wattage in order to
maintain sufficient light intensity. In addition to the further
extension of lamp life resulting from the lower voltage used
there is the additional advantage of the increased mechanical
strength of the larger filament wire in the higher wattage lamp.
This extended increase in lamp life together with the resultant
decrease in lamp failure will materially offset the added cost
of power.



[/’

From the following examples, the amount of extended
lamp life is very apparent and at only a moderate increase in
lamp current to produce the same light output.

Style “R-2" Signal

Lamp** Volts Amperes Lamp Life*
10V — 18W 9.5 1.75 650
10V —25W 8.68 2.30 2200
Style “H-2" & “H-3" Searchlight Signals
Lamp®* Volts Amperes  Lamp Life*
8V — 10W 7.6 1.215 650
10V — 18W 8.65 1.67 2300
10V —21.5W 8.74 2.02 2050
10V —25W 8.73 2533 2080

The values above for the 10V — 18W lamps are for the
C-2V type of filament, The new lamp with the CC-6 filament
will produce approximately 12% more light than shown for

the C-2V filament.

*Bazed on 5% burnout at 350 hours life.
##8.11 Bulb lamp.

MAINTENANCE

LAMP REPLACEMENT

It is quite obvious that signal lamps must be replaced con-
siderably before their rated life, unless an emergency filament
or lamp is provided. Determination of the length of time that
lamps may consistently be left-in service before replacement
is worthy of careful study.

Lamps of the special double filament type, having a second-
ary filament connected in parallel with the main filament, but



of much longer rated life, to provide a short range indication
when the main filament fails, can consistently be left in service
for a “burning” time period equal to the full rated life of the
main filament, as calculated from the “voltage vs. life” curve,
(Fig. 1), for the voltage at which the lamp is operated. A
large percentage of the main filaments will of course fail be-
fore the end of this period, and the lamps should be replaced
as soon as this condition is discovered. This will naturally result
in different replacement dates for a large number of lamps,
which is an undesirable feature. A considerably shorter “burn-
ing” time period may therefore be desirable to minimize this
condition.

The secondary filament in this type of lamp, while of very
long rated average life to withstand probable rise in voltage
when the main filament fails, is usually of low wattage, and
consequently rather fragile, It is therefore advisable that fre-
quent inspection be made to see that the secondary filament
is intact. It follows, that, if the secondary filament fails, the
lamp should be replaced. The energy consumed by the second-
ary filament in this type of lamp is practically wasted in regu-
lar operation, and is useful only when the main filament fails
before the secondary filament.

The same reasoning with reference to replacement applies
where a “cut-in” relay is employed to light an auxiliary fila-
ment or lamp for emergency lighting when the main filament
or lamp fails.

Single filament lamps are more efficient in light output
than double filament lamps, and in addition a greater portion
of the lighted filament is located closer to the focal point of
the optical system of the signal, thus producing higher efh-
ciency in the signal.

It is our opinion that the actual “burning” time in service



for these lamps should not exceed 30% of their calculated
average life for the particular voltage applied to them, as read
from “Voltage vs. Life” curve, Fig. 1. Replacement at 30%
to 40% of the calculated average life seems more logical, as
5% of the lamps will fail at or before 35% of rated average
life.

Example

If failure of 5% of the lamps is considered the maximum
permissible during the period between renewals, it is apparent
that it is necessary to replace all lamps at 35% of rated life,
i.e. at the end of 330 “burnihg hours™ for a lamp rated at 1,000
hours average life, and operated at rated voltage. In this case
an average of 3 lamps out of every 100 in service will fail
within 350 “burning hours.”

Continuing this example, assume that the lamp under con-
sideration is a 10 volt, 1,000 hour lamp, and that a satisfactory
signal indication is obtained with 9.0 volts applied at the lamp.
At 9.0 volts, the lamp is operated at 90% rated voltage. From
the “Voltage vs. Life” curve, Fig. 1, it is found that the aver-
age life becomes approximately 4009 of rated life or 4,000
“burning hours.” The “‘burning” period before replacement is
then 35% of 4,000 or 1,400 “burning hours.” The lamp fail-
ures are still 5% or 5 failures per each 100 lamps, but these
5 failures are spread over 1,400 “burning hours,” instead of
over 350 “burning hours.” At the reduced voltage there is one
lamp failure per 280 hours as compared with one failure per
70 hours, with lamps operated at rated voltage. If the lamps
are “burned” an average of three hours per day, as on ap-
proach lighting, there should therefore be an average of one
failure per 100 lamps in approximately 94 days. This is equiva-
lent to 1.23% during the 350 hour “burning™ period, as com-
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pared with 3% with lamps operated at rated voltage. As
frequency of lamp failures is the important consideration from
the standpoint of efficiency of a signal system, the percentage
of lamp failures must be qualified by reference to the factor
of "burning” time.

From the foregoing it is evident that average lamp per-
formance under a given set of conditions can be forecast with
a fair degree of accuracy. To establish a schedule for lamp
replacement, it is necessary to know the average rated life of
the lamp used, and the average number of hours the lamps
are ““burned" per day.The average rated life for any particular
lamp based on laboratory tests under ideal conditions is avail-
able. A correction factor for lamps in service subject to vibra-
tion and variation in applied voltage may be found necessary.
Such a correction factor should be based on a prolonged period
of test. Where lamps are “approach lighted,” it is necessary
to estimate the average “burning” time per day by observa-
tion in the field. Observations should be made of automatic
signals, interlocking signals, and highway crossing signals
which are typical of groups of signals operating under about
the same average conditions as to frequency of operation and
time per operation.

For an automatic sigral of the searchlight type, which
employs only one lamp, if it is found the lamp is lighted an
average of six minutes per train and the average number of
trains per day is thirty, the “burning” time per day is 180
minutes or 3 hours. Assuming a 10 volt 1,000 hour lamp op-
erated at 90% rated voltage, the “burning hours” on the basis
of replacement at 309 of rated life, is 1,200 hours. This di-
vided by 3 hours "burning” per day equals 400 days that the
lamp can be kept in service before replacement. This service
period should be worked out in like manner for each group
of lamps.



P

For signals having separate lamps for each indication, the
service period should be worked out for each lamp. This is
obviously necessary as the usual indication of a signal is “pro-
ceed,” and a “caution” indication is comparatively infrequent.

Preliminary *'Burning”’

A preliminary “burning” test of all lamps at normal voltage
is desirable, to eliminate the lamps that have developed weak
filaments, air leaks, etc. due to handling and shipment. Since
this test is mainly for detecting lamps damaged in shipment and
handling, and because lamp filaments are more fragile after
being “‘burned,” it is advisable that the test be made by the rail-
road company as near as practicable to the location where lamps
are to be used. The large majority of lamps having defects that
will be detected by a “burning™ test will fail in the first few
minutes of the test. A very few may fail in a longer test. We
have in the past recommended a 24-hour preliminary ““burn-
ing"” test, but a test of thi. duration necessitates placing the
lamps in a test rack, removing them again and installing them
later in the signals. Experience of various railroads indicates
that this extra handling and mechanical straining of the lamps
in placing them in the socket and removing them will very
likely be the cause of more failures than would be prevented by
extending the duration of the test beyond 10 or 15 minutes. It
is therefore our recommendation that the lamps be placed in the
signals and lighted for 10 to 15 minutes and observed by the
maintainer at the end of this period, to see if they have failed
or show signs of early failure. Discoloration of the bulb or ex-
cessive brightness of the filament with normal voltage applied,
indicate probable short life. Also, the filament should still have
a shiny surface after the preliminary “burning” test, and if it
turns black it is probable the lamp will fail in a short time.
Lamps showing such defects should, of course, be replaced.

12



Handling

Lamps should not be stored in a damp place as continued
exposure to dampness tends to deteriorate the basing cement
and cause bases to loosen when subjected to the strain of plac-
ing them in the lamp sockets. Lamps should always be handled
with care and should be well packed for local shipment. The
surface of the base and contact should be wiped clean just be-
fore placing the lamp in service. Lamps which have been in
service for a considerable time should not be removed and then
replaced in the socket, as this practice tends to loosen the base
from the bulb, and also may cause breakage of filaments which
always become fragile in service. Signal lenses and reflectors
should therefore be cleaned, where practicable, without remov-
ing the lamp from the socket. For the same reasons, we favor
a lamp replacement schedule for each class of lamp, instead of
transferring lamps from one indication unit to another on
signals having separate lamps for each indication.

FAILURES

It is evident from the discussion under the heading of
“Lamp Replacements™ that occasional lamp failures must be
\expected even within a few hours after the lamps are placed
in service. The average percent failures for a fixed period of
time, however, can be predicted with a fair degree of accuracy
under a given set of conditions. Very little as to cause of fail-
ures can be determined from inspection of a few lamps that
have failed, except in such cases as a loose base, a broken lead
wire, a defect in the bulb causing leakage of air into the bulb,
etc. Where cause of failure is not apparent, it is desirable that
several “‘unburned” lamps from the shipment of lamps which
proved unsatisfactory should be returned for tests and check
by the manufacturer. Generally, however, the information
necessary in order to draw reasonable conclusions as to lamp

13
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performance, is a record of lamp failures for a fixed period in
percent of the number of lamps in service. If it is found, for
instance, in the example where 10 volt lamps are operated at
9.0 volts, that appreciably more than 5% of the lamps fail in
the 1,200 hour “burning™ period, a recheck of the design and
methods of manufacture should be made. As occasional lamp
failures may occur at any time before the end of this period, it
it not feasible to recheck the design and production every time
premature failures of a few lamps are reported. Since the ap-
plied voltage at the lamp is such a vital factor in lamp life, as
indicated by the percent “Voltage vs. Life™ curve, Fig. 1, it is
always advisable in case of a premature lamp failure to check
the voltage at the lamp with a lighted lamp in the socket.

RECORDS

Where doubt exists as to whether proper lamp life is being
obtained, we suggest that a record of lamp life be kept by the
railroad company at least for a typical section over a reasonable
period, so that the necessary information can be furnished the
manufacturer as to the results obtained. Such a record should
include total number of lamps in service on the record section,
the voltage at which the lamps are operated by signal location,
(the voltage to be measured at the lamp with the lamp lighted),
the number of lamps that fail before replacement and the hours
of operation of each lamp before failure, by signal location. In-
formation of this character often leads to improvement in prod-
ucts, and to the discovery of unfavorable factors in operation
such as improper adjustment and control of voltage, etc. Cor-
rection of faults thus brought to light eventually revert to the
advantage of the railroad, and compensate for the cost of keep-
ing the records.

While we are always ready and willing to take up com-
plaints about lamps vigorously with the manufacturers, we are

14



not in a position to do this with effect unless fortified with the
necessary information from which definite conclusions can be
drawn.

TYPE USING SINGLE CONTACT BAYOMET
o CANDELABRA BASE WITH FILAMENT
LOCATED TO 1/64' PRECISION FOR LIGHT
CENTER LENGTH AND AXIAL ALIGNMENT.

A
!

e REBASED TYPE USING
SPECIAL SLEEVE WITH
FILAMENT LOCATED TO
1/64" FRECISION FOR
LIGHT CENTER LENGTH
AND AXIAL ALIGNMENT.

FIG. 3
“PRECISION" TYPE SIGMNAL LAMPS
MARKED “SIGNAL PRECISION"
EITHER ON BASE OR ON BULB,

PRECISION LAMPS

A light signal is judged largely by its indication. The qual-
ity of the indication and the alignment of the light beam are
vitally affected by the location of the lamp filament with respect
to the focal point of the lens system. Lamps carefully selected
for accuracy of filament location, from large quantity produc-
tion of commercial lamps, give satisfactory results. Selected
lamps, however, are not available to meet the various signaling
requirements as to voltage, wattage and filament shapes. Pre-
cision type lamps, shown in Fig, 3, accurately based to locate
the filament within 144 inch of its true location in axial align-
ment and light center length, are necessary to assure satisfac-
tory results. The use of 44 inch precision type lamps enables
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replacements being made without the need of readjustment of
lamp receptacles.

MAIN FILAMENT.

SECONDARY A
FILAMENT “Il
" MAIN FILAMENT .
T

FIG. 4 FIG. 5
Double filament lamp Double filament lamp
A-15 bulb 5-11 bulb

DOUBLE FILAMENT LAMPS

Double filament lamps having two filaments of different
rating with respect to voltage, wattage and average life, and
connected in multiple have been in general use for many years.

This design of double filament lamp shown in Figs. 4 and 5
combines some of the advantages of both single and older type
double filament lamps and at the same time eliminates some of
their disadvantages. The main filament of this lamp wherein
the majority of the total wattage of the lamp is concentrated,
is accurately located within the focal area of the lens system.
The secondary filament is of lower wattage and has a very
much longer average rated life.

16



It is apparent that the use of a main filament with a sec-
ondary filament of much longer average rated life greatly in-
creases the probability that the secondary filament will outlast
the main filament, thus providing time for discovery, reporting,
and replacement before the failure of the secondary filament.
While the occasional failure of secondary filaments before fail-
ure of the main filaments must be expected, the lightout protec-
tion afforded by the use of these lamps makes their use desirable
since they will give much better average performance than will
the older type double filament lamps having 2 equal filaments
of the same wattage.

In a light signal, maximum efhiciency is obtained when the
light source is most concentrated and located within the focal
area of the optical system. The double filament lamps having
the majority of the total wattage concentrated in the focal area
of the optical system, produce the same normal indication as
do the corresponding single filament lamps with only a slight
increase in wattage,

When the main filament fails, the signal indication is
altered by a reduction in beam intensity so that the main fila-
ment failure is readily noticeable but the beam intensity is still
of sufficient strength to provide a short range indication for
train operation at reduced speed.

Double filament lamps with this filament construction are
available in the A-15 bulb rebased type, illustrated in Fig. 4,
for use in Styles "R™ and "P™" signals; S-11 bulb single contact
bayonet candelabra base type, illustrated in Fig, 5, for use in
Style “R,” Style “P," searchlight and highway crossing signals
and in a G-16)/2 bulb, single contact bayonet candelabra base
type for use in Style “L" signals. The ratings available are
listed in the tables showing “Ordering References and Data
for Lamps™ at the end of this pamphlet.
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SECOMNDARY
FILAMENT

FIG. &
Diagram showing positioning
of filaments in a lensing unit
having no reflector

M
FILAMENT |

Position of Filaments

When double filament lamps are placed in lamp sockets,
compliance with the following instructions is necessary :

(a) The A-15 bulb, rebased lamps and G-16}/ bulb lamps
with differential double filament constructiorr should be posi-
tioned in the signal lamp socket so that the secondary filament
is in back of the main filament with respect to the lens, as
illustrated in Fig. 6.

(b) The S-11 bulb lamps with differential double filament
construction should be positioned in searchlight signal sockets
so that the secondary filament is below the main filament, as
illustrated in Fig. 7.

MAIN FILAMENT |

FIG.7
Diagram showing positioning
of filaments in a searchlight
signal unit
SECONDARY
FILAMENT
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FIG. 8—Top sectional view of high-

way crossing reflector type wvnit

showing positioning of filaments of

5-11 bulb lamp. MAIN
FILAMENT

/
A HIGH WY

&

(c) In highway crossing signals where S-11 bulb lamps are
mounted in a horizontal position, with the plane of the main
filament vertical, the lamps should be placed in the signal sock-
ets with the secondary filament away from the highway, as
illustrated in Fig. 8.

(d) In highway crossing signals where S-11 bulb lamps are
mounted 1n a horizontal position, with the plane of the main
filament horizontal, the lamps should be placed in the signal
sockets with the secondary filament above the main filament,
as illustrated in Fig. 9.

¢REFLECTOR

SECONDARY
FILAMENT

FIG. 9—5ide sectional view of high-
way crossing reflector type unit
showing positioning of filaments of
5-11 bulb lamp. |

J%}_

MAIN
FILAMENT

19



SURWER[T] AT-D) Yim Suney sweg jo due asepday ([ Cluasalg Ie A[qe[ieay I0N— "
‘UOTSTIRN-UOpN ‘a1asag Jerdadg— 4,

‘pasegay [epadg—y dg

sdhge] paseq eIqeR[apued

jaundng jowyuod afdurs apidazar dure] i paddinba are goigm sreufte IRwils pue 7oy 2[41g W paen aIv I J[Yel W umols sdueg

9T 0051

o 'dg 4T (v 1 r9LLnd.
i 04 1 H T 1% 1 shsILnd
61 Dost AT i o /44 LIy il 1 9191L[N
9.0 8 4 do -do IEf p-
21 oost AT 194 95 o dg AT £ _..c o1 I f991Lln
Sl 001 AT-D a[FuIg o "dg /14 Sy 1} 1 Sr9ILlN
nost 190 98 o dg T 198 01 1 99THTLI N
91 0ot 19 dg o dg Lot gy 01 1 97¢ 14N
ajfiurg ¥y dg I a1 I COTETLI e
a[durg ¥ dg 81 o1 1 609TLIN
3Aug ¥ dg 01 01 1 091N
\ A dg il 8 I 170+1400 =
9-00) 8 ‘1qcr d y +d )7 e .
onst 999 W 19¢r *ds ¥ 'dg AT Cekey 8 1 +OT1H 1L+
L 0041 P -y 'dg 7 SIv seHel 8 I 969140
00§ T g8 1D AAulg M 'dg w4 STV 81 8 i £9TFILIN
5 [l ATD afAug ¥ rdg AT §1-W $1 g 1 119140n
2 0ot ATD aEurg Ny 'dg 2 Sy 01 f 1 019140
oN SINOY W IEUAT sIm Ay SIOA sRELTY
waiy ap Ay JudurE|g aseq 13uarn)y _  ADFIT *oN "od
VY Ay T SHREY furmeicy

(seufig qfry 1of uotstaard P94 03 Judwely a1Edo| 01 Suiseq [eidadg)
STVYNOIS MVTINIS ANV ..T-¥,, HTALS YOJ SdWVT

Il 319vl
sjpubig Aom|iDy 10} asn |pIduab uj

SdWV1 304 V1va ANV SIDON3¥3IJIY ONRIAQYO




TIUBWEITLT AT-D) Yarm Buney aweg jo dwe 3aepday [[ray TUIS2I] 18 MRIIEAY JON —
“UOIEI2TJ-UoN ‘adlAsag [ersadg

12uodeq 3oeIu0d 3]Eus Joj sapegdasar dure] gy paddimbas aie yarym s[eulis JEpIWis pue

aqqnogp [p1aadg—1q( 'dg
eiqejapuer) lauodeg 12eIU0T) Iqno— DEDA
“RIQE[IpUE) 12ucARg IRjU0) apEulg 2908
.a_H_-.:— pageq Tmiqriapuca
| uTSW ur pasn aq Os[E Apwr ﬂn..:m# da0gE D[

9=) 8

R T ¥ : ; 7 T LO6FILL
8 1001 WD W 191 *dg DA08 Al 11-8 S+81 I (4 S 1LIN
: A e ] S " " et ¢ z L9TL
L noot ATD N Cla i DH0S /il 1 60 I R S Tl L9140
& 0047 9-0D apdurg 2404 1 11§ 1l 1 T 691FTLIN.
£L 0057 AT-D AAwg Dda0d i 11-§ 11 i Tr 814N
i 0087 9-00 afug 08 i BRI EN i1 gl BOIFILINa
AT 0047 ATD apdulg DH08 T - L i Tl c1s1Lfn
in 0001 ATD g DH05 il -8 57 il 1 11+ 1L
i 0001 HAug 0808 Tl 11-§ 1z i Tl 0STFILIN
88 noo1 Furg DA08 YAl 118 81 o1 i _torin
L aoot 19¢1 'dg M08 i 1-g il ol 1 9591400
59 000t a[Rurg DHDS T 115 [ili 01 Tl LT91L[n
+9 0ot ‘19 ‘dg 04908 i g e ot 4 1141400
79 0001 a[Aulg D08 Wl g B 01 7l 6791L0N
0y 0oot qa dg D408 hi - $E+BI g z1 091LMn
5 0001 apdug 0408 WL 1bS g1 8 zl L9Tr 14N
6% 0001 g 0408 i 11-8 81 B zl s991400
LS 0061 Tag cdg DHDS T 11§ et 8 14 1+91L(N
95 (o0t S DSI08 hi [ o1 8 Tl 1vLin
& onot 1961 'dg 0408 YAl -8 sets 8 Tl 6IFILIN
et 0001 MAmg  Daos Tl s < 8 u 159140
0N SINOR Ul AU SUE SI0A REEU[N y
Wy apT Ay TUIWE[T] BELTe] i3uary B[y = alFTl "oN '3
Fatats parey gy Auney Bulmeicy

(s[ruBig 1gHIT 105 un

P oy Juawely 31e30] 03 Awseq (eadg)

STYNDIS LHOIT YAHIO ANV LHSITHDYVAS "ONISSO¥D AVAHOIH ¥0d SdNV1

111 319vL

21



TUOISIIALY-UON] 'AMAIag [RIdadg— 4
‘e1qe[apue) jauodeg 12v3u0Ty Ajgqnog— IGO0
‘RIqE[apue)) Jauodeg 19RIU0T ISUIg— DHDG

8 0001 ME Plewg . pdod . %l gg R g1 Lzs1Lln
L¥ 000T MT-D  2dulg  DIDS A1 8-S STi0 Gl g1 Stsi1Ln
£t 0001 MT-D 2dug  0g0S Y41 89 £T'0 1 €1 ¥TSILIN
Tr 0001 MTD QAUIg DUDd PAL 28 €70 01 £l 6+S1LIN
£ 0001 D ?Pug DEDS Al 8-S 570 0l gl gzs1Lin
1 0001 bT) Buls DE0s Al 8- $T0 8 g1 TTSILIN
= 0001 ¥T0 IPulg 0dod PAT 8-S gea ok g1 TooriLln
0 0001 MT-D  3BuS  DUDS Al 89 080 €% g1 1zs1Lin
Dol MTD  ?Bulg Dg0d i1 8- o G ¢l LTP1LIN
6€ 0001 b0 Fug DEOs AT 8-S ZE0 5% £1 0891L[N
LE 0001 D ?Aug  DE0s YAl 8-S CEDIL ST €1 6v91L[N
"ON sinoy ur ; % yiduag saadwy S0 133Yg j ;
wal] T A JUITE]F ] aseqg I3juay sq[ng e e e GOFTIT 0N "2d
WYY _paey BT it Furamerg

+ONILHOIT LHOIN IMOHdVIWES Y04 SdNVT

Al 318V1

22



‘o f£41d., 21418 s[eudrg 19817 womeog 103— H4#
‘s[eudig JysIT uoiisog 10— i#

'E[RUBIG QAT UOHEGg J0j00) 10— i

‘s[RUBlg | ], £3g 10J— =

JUAWE[L] A7-D) Yt Buney aweg jo dure aoepday ([ TUAsal] IR A[QEIIEAY 0N — -
TUOIBINALA-UON ‘9314135 [e1adg— 13

sadg— *qqq *dg

‘eige[apuED) Jauodeq 13RIuoy) Aqnogi— g0
‘elgelapuen) auokeq Pejunr) Buig— IS
MG WITPIN—  "IG

TM3ING BIQE[IpUE) - 25 D)
67 0001 ATD. apduig 28D I 8-0 §T'T 71 % g8r1L(nd
9¢ 0051 AT-DOT  2[9noq BERA T B181-D 9¢ 0t 8 g0s1LIN+
3 0001 §-D  9pEuig 040§ PAl 24915 ! L #sor1Lind
6 0001 60  Q[duig 090§ AT -9 01 0Tl €1 S8OTLIN+
; 0001 1100 2j3uig DEDs Y1 t9rH e C e e R
SL 0007 ATD  ?p3uig ogos | il 11§ LIRS o 1ps1Llng
g€ 00S1 ¥iD  2[eurg Mag e “91-0 6 4! i 16STLIN#

T 0051 ATD  ?[3ulg 0408 A1 Lr3D) 6 Tl T 16F1LIN##
VTS 0001 ATD  ?duig 040Ss A1 R Ry 1 z o6r1LiNz#
(43 0001 90D ?[huig 04908 vAl 21910 0+ 01 L rrS1LIn
of - ooot JTEN mads - oEDS M1 Yot goder 9 L s
i 000% b0 apurg 0408 Bel 191-5 61 9 L 6861LIN,
TON E:om.,m u ] f...._:,u_...__ suT SO 1335 : 3
.MMW% uwM.Mun_W—fw um?!.ca__..,.m wam HM.u—Mw“mu wh:ﬂ—m % MWmeﬂhﬁﬁn— OZ un_

SNOILVOITddV TVIOEdS O SdINVT

A 318vi

23



CONTROLLING AND REGULATING
DEVICES FOR SIGNAL LAMPS

In the foregoing lamp information, mention is made of light
out and approach lighting relays. The following designates the
type of relays utilized in the preceding information.

LIGHT OUT RELAYS
DN-11L
DN-22L
PN-150BL

APPROACH LIGHTING
Style DNL-4 (Line or Track)
Style DN-22A (Line Only)

POWER TRANSFER RELAYS
DN-11P
DN-22P
PN-150P
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