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| lubricants: MIL-L-46000A, MYL-L~46150, VV-L-300A, MIL-L-14107B, and a

i hydraulic fluid MIL-H-6033C that contains an antiwear additive, These

! materials behaved as expected for fluid and semifluid lubricants under thin

film and boundary lubrication conditions. The simulator enabled detection of

subtle differences due to lubricant, load, speed, and condition of the test

specimen surface.
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OBJECTIVE:

This task was conducted to develop a laboratory type of small arms
components motion=-simulator that could reliably establish the performance
characteristics of current and future lubricants under extremes of envir-
onment.,

BACKGROUND :

The background study and .he selection of parameters to be included
in the design of the Small Arms Components Motion-Simulator are described
in an earlier report.1 In that report, the significant weapon lubrication
parameters, the estimation of their ranges, and the preparation of the
scope of work for the development of the sinulator are discussed. The
basic principle of the machine was that of reproducing the motions of
selected small arms weapon components by means of ~ams. Means were to
be provided to control the test environment, in the laboratory, over the
cange of conditions expected for field use of the weapous., Test specimens
could then be used in this apparatus to evaluate the friction and weir per=
foruance of lubricants and metals used, or proposed for use in small srms.
Five cams manufactured on the basis of the time-displacement characteristics
of small arms weapons compounents were to be initially supplied. These
couiponents were:

Cam 1. XM19 Bolt

Cam 2., M219 Machine Gun Barrel Extension
Cam 3. M219 Machine Gua Rammer

Cam 4. MU5 Machine Gun Bolt Slide

Cam 5, M129 CGrenade Launcher Barrel
(modified to a sine curve)

The machine described in this report was designed and fabricated by
Appiied Devices Coxporation, Lowg Island, N,Y,, under Contract Number
DAAF03-71-C-0307, This motion~-simulator is installed in the Research Divec~
torate, CEN Thomas J. Rodman Laboratory, and has been tested to determine
its capabilities,

l. Bornong, B.J,, AWC Technical Repori RE-70-182, Small Arts Componeats
Motion=Simulator for Lubricant Development: L. Selection of Parameters,
November 1970,
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APPROACH:

All electrical and wechanical systems of the simulator were operated
and checked according to procedures ouilined in the Technical Manual? and
in test procedures formulated by the contractor and the Research Direct-
orate, Wheu the checkout procedures were completed, friction tests were
conducted on five current fluid and semifluid lubricating materials with
well-known friction-and-wear properties. The use of these materials
could help to establish the characteristics of the motion-simulator in
comparison with other friction-and-wear testers.

PROCEDURE :

A. Description and Function of the Swmall Arws Components Motion~
Simulator.

Detailed descriptions of the machine, and procedures for operation
and maintenance are given in the technical manual, gketchea, and drawings
that are on file ir the Research Directorate. Photographs of various
units of the simulator will be presented im this report along with brief
degcriptions of their functious to ald future operators and to aid the
reader in understanding the test procedures preseated here,

In orief, the Small Avis Components Mption-Simulator imparts pre-
detemmined linear motions t» a metallic or nomnmetallic test speciwen that
ig in contact with a statfonary specimen. The linesr wotions sre cbtained
from an adjustable constant spsed drive and cam system. Friction forces
generated by the rubbing surfaces of the test specimens are transferred
to a load cell and recorded on & oscillographic vecorder.

The overall appearance of the simuisdtor 18 illustrated in Figure 1,
in which the six principal unita of the wachine aye shuwin., These unics
are numbered and described briefly as follows:

Unit 1« Control Console. This unit contains electronic controls
and power supplies, and computing, amplifyiang end recording equipment for
che aiwmulator,

: Unit 2- Hotor and Cam Drive. An adjustable coustant speed D,C. motor
and belt-driven cam are housed in a sound-absorbing inclosure, sad impsrt
the predetermined linesr motions to the test specimen,

2. Applied Devices cbrpoxacion, "Techonical Hanual for Swuall Arws Cowponents

Motion Simulator,”™ DAAr3-7i-<=0507, March 1973,
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Unit 3- Environmental Chamber. This chamber controls the test temp-
erature and relative humidity, and houses the test specimen assembly.
A shaft passing through a port in the side of Unit 3 counects the cam
follower and test specime.,

Unit 4~ Induction Heater. This unit is intended to supply heat to
the test specimens, in addition to that provided by the frictional effect,
to simulate the thermal input from propellant combustion to the operating
mechanism of a weapon.

Unit 5- Reaction Mass. The concrete reaction mass, weighing approx-
imately 17,000 pounds, is supported on Neoprene-rubber cross-ribbed pads
designed to isolate the vibratious of the wotor and cam drive system
from the load cell. The theovetical isolation efficiency is 90 percent or
better for vibratious over 2400 Cpw.

Unit 6~ Load Cell Pedestal. This unit, constructed of steel plates
and weighing approximately 3,000 pounds, provides a masaive support ifor
the load cell and its associated electronics.

Additional photographs that show extexnal details of the variovs
units of the sinulator are given in Appendix A, These pictures and further
descriptive materis]l provided way help Lo clavify the relatioaship betueen
the lacations and the functions of the controls and daca acquisition
aquipment,

The functions of the mechanical and electrical systems of the gime
ulatox were checked during scveval phases. The first phase was carcied
out in an in-plant i{nspection on 27-30 Novembeér 1972, Upon completion
of inspcction, the machine was shipped to Reck Island, After considerable
derage (received i{n shipping) bad been repairved, @ second inspe~=2..,
was coaducted during Nevember 1973, These tests vevealied that vcessive
noise wvas generaied, and that potential damage .o the simuiator and
inaccurate measurements could be caused by this vibration of the wmotor
and cam drive unit, After the instzllation of modification kits to
wove some electronic contrels fvom the revaction tass to the solid labora-
tory floor ard to absorb sound in Undt 2, the machine was again checked
fer proper functioning during the Decerser 1%)4 to February 1975 period.
Acceptance of the simulator was made on 14 March 1925. An outline of tha
tosl procedure that was folloved in chiecking out the operation of the
waching i8 given in Appendix 3,

Tae operatiecn of the ¢ams was givea particular attention. Five cams
waxe supplied with the machine, ecach was mounted in turn and vas operated
to determine {ts chavacteristics. Time-displacement records were obtained
on tu2 test specimen by weans of a drum camers. Caution was exercised




during these tests because this machine is t. first of its kind and

the practical upper limits on the reciprocating rates were not known.

The designer and the operators decided that to test the simulator to
destruction would not be prudent. The noise level in the cam drive

and the heating of the cam follower bearings were used to judge when

a practical upper limit of cam speed was being approached. Thecge cbser-
vations, along with calculated acceleration forces, formed the bagis for
setting the limits on cam 8peed or reciprocating rate to be reported here,

B. Friction Tests of Weapon Lubricants.

Experiments were conducted to determine the friction characteristics
of several current weapon lubricsnts. These ‘ubricants are listed below:

1. MIL-L-46000A, Lubricating Oil, Semi-Fluld (Automatic
Weapons); (LSAj.

2. MIL-L-46130, Lubricant, Weapons, Semi-Fluid (Righ Load-
Carrying Capacity), (LSA-T).

3. VV-L-300A, Lubricating 0il, Geueral-Purpose, Preservative
(Water-Displacing, Low-Teuwperature), {(PL-3).

4. MIL~L-141U78, Lubricatiag Oil, Low-Temperature, Weapons,
{LAW).

A sample of Hydraullic Fluid MIL-H~0083C was included for comparisoa
purposes. For these tests, the load, speed (eycle rate), and type of
luoricant were investigated., The temperature fov the lubricaat friction
tests was ambient {(749F, 239C).

The wetal specimens used in these tegts were of ALSI 4180 steel,

with hardness By 40, These specirens had been used in the acceptance

testing of the simulator with MIL-G=21164, Grease, Nolydenum Disultide,
for LowsTeumperatures. Befove thege specimens were used in the present
testy, they were abraded with 240 and 00 grit silicon carbide sbrasive
paper to remove gresse residuwg and to stiootu scratches., The specimens
vere then cleaned with potrolew solvent for each lubricant application.

The {irst lubricant Cested was MIL-L-40U00A; this was applied to the
test guriasces by means of @ cotton small arms cledning patch. Initially,
an attewmpt was made to detemine the durability of the LSA oy ruaning
the spoecisen at 600 ¢pis for 10,000 cycles to detevmine Lf any changes {in
friction would occur. In subsequent tests un L3A and L5&-T, a 2000-cycle
break-in was used by cleaning aand veluovication. The specimen wvas UThea
rur for 2000 cycles; at the end of which, the frviction measuremwnts were
wade at 620,330 and 50 epn. Leads used were 50, 100, aand 150 pounds.

The same speed settings and loads wera used in all tests. For the re-
mai dng lubricants, the break-in peviod was 500 cycles., After cleaning
and rclubrication, cach of these iests was rua for 530 cycles beiore
friction measurements were wmade.
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RESULTS AND DISCUSSION:
A. Results of Function Tests of the Simulator.

All electronic systems of the simulator were found to operate
satisfactorily in the tests outlined in Appendix B. Tests performed
on the cams resulted in a set of cam-operating specifications shown ia
Table 1. Cams 1 and 5 have two lobes giving two cycies of reciprocation
per revolution, while the remaining cams give one reciprocating cycle
per revolution., The time~displacement characteristics of the five cams
are shown in Figure 2, plotted on common abscissae. These curves are
plotted from measurements of time~-displacement curves taken with the
higa~speed drum camera. Since the cycle rate can be varied up to maxi-
mun: showa in Table I for each cam, the actual time-displacement character~
igtics are also variable, even though each cam is made on the basis of
a particular weapon component. Cams 1 and 5 give similar curves; however,
No. 5 is a sine curve, with its maximum displacement at the center of
the cycle; whereas No. ] has its maximum displacement slightly ahead of
the center of the cycle. Camc 5 also has a stroke length one~half inch
longer than that of Cam 1., The many variations that can be obtained in
time-displacement characteristics of the test specimens with these five
cams operated over a range of speeds should make this simulator a ver-
satile lubricant research and testing machine.

B. PFriction Tests of Weapon Lubricants.

The tracing of a recording of the test specimen velocity, aad the
instantaneous (INST) and average (AVG) friction force for one cycle of re-
ciprocation obtained in a test conducted on MIL-L-46000A lubricant is
shown in Figure 3. Can 5 was used. The roughness in the velocity curve
18 a result of gear backlash in the tachometer used to provide the velocity
sig.al, not from variations in test specimen motion. The 120-13C H, vi-
braiion present in th? instantaneous friction force is a natural frequency
of ihe interconnected drive, test specimen, and load cell pedestal assemblies,
This was proved by tapping of the cam follower with a hammer (while the test
specimens were in contact under load) and by recording of the resulting load
cell cu.put, These vibrations are filtered out in the recording of tha
average friction foirce. The average coefficient of friction cbtained from
the data in Figure 3 is 0.063, Friction coefficient can be displayed in
the same wey ond gives a trace similar to that shown by the friction force,
since it is computed by division of the friction force by the load which
is a corstant.

Results of the attempted durability test of LSA were inconclusive,
The obscerved friction ccefficient varied from 0.043 at 2,000 cycles to
0.037 at 10,000 cycles. At this time, the cam follower bearings were
hot to the touch. Therefore, the shortening of the duration of subse~
quent tests was believed to we prudent., All friction coefficients ob-
served in the remaining tests were higher than those observed in this
first run.
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Table 1

Cam Specifications

Cam Shaft Cam Cycle
: Cam Speed, rpm Speed, Max., cpm,
E Ne. 1 500 1000
No, 2 612 612
;
4 No. 3 400 400
No. & 800 800

No. 5 500 1000
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The results of the friction tests carried out on the three fluid
materials and on the two semifluid materials used are shown in Table 2.
Rasults of the first tests conducted showed, surprisingly, that friction
was dependent upon the direction of motion of the specimen. The reason
or reasons for this effect was not apparent; but, this effect could
have been caused by a misalignment of the teat specimens., In a first
attempt to find the cause of this friction effect, the specimens were
reversed in the specimens assembly and the test was repsated. The
friction effect was reversed, as shown in Table 2, Therefore, this
effect must be caused by the condition of the test specimens, possibly
surface roughness. This phenomenon wili be further investigated in fut-
ure experiments. For the LSA lubricant, the friction cecefficient varies
with both the load and spead; whereas, for the LSA~T, the coefficient is
dependent only on the load and shows no significant dependence on speed.
These results are given by an analysis of variance (F-test) of the
dats at the 95 percent confidence level., The hydraulic fluid tested had
lower friction coefficients at all speeds tested than the VV-L-300 or
MIL-L-14107. The MIL-H-6083C containa tricreeyl phosphate, an anti-
wear agent, which may contribute to the lower coefficient. All lubri-
cants tested, except for the LSA-T, show an increased friction coefficient
at low speeds; the friction usually passes through & minimum and in-
creases again at the highest speed. This behavior is expected for fluid
lubricants passing from boundary to hydrodynamic lubrication conditions.
Tb: LSA-T did‘'not show a significant change in friction with speed, ex-
cept possibly at the lowest load uged. The behavior of the Teflon adgdi-
tive in LSA-T, as a solid lubricant, is consistent with these results”,

C. Sumrary of Simulator Capabilities.

The types of data that can be acquired by use of the Small Arms
Coumponent Motion-Simulator are summarized in Table 3. The test condition
capabilities of the machine are s?ozn in Table 4. Comparison with other
laboratory=type lubricant testexs*»” shows that the simulator has test
capabilities that have not been exhibited by any other machine.

3. Clauss, Francis J., "Solid Lubricants and Self-Lubricating Solids,"
Academic Press, 1972, p. 202,

4. Benzing, R., et.al., Lubrication Fundamentals Committee, "A Catalog
of Friction and Wear Devices," 1972,

11
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Table 3 Data Acquisition

Coefficient of friction, instantaneous and average.
Friction force, instantaneous and average.
Velocity of moving test specimen.

Load.

Cycle rate.

Nur.ver of cycles.

Test temperature and relative humidity,

Test specimen temperature,
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‘CONCLUSIONS:

1., The Small Arms Components Motion-Simulator is & versatile
laboratory=type friction and wear tester and is capable of carrylng out
tests under wide ranges of test conditions typical of weapon operation.

2. This simulstor can be used to detect subtle differences in fric-
tion due to lubricant, load, speed and condition of the test specimen
surface.

3. The behavior of the lubricants tested is typical of fluids and
gemifluids in the transition region between boundary and hydrodynamic
lubrication,

L, The solid lubricant additive, Teflon, in the LSA-T also chowed
the expected improvement in lubricity of the base LSA material at the
higheast loads and the lowest speed used.

K
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5. The simulator is ready to carry out lubricant research, develop-
ment and applications testing for weapons.

RECOMMENDATIONS:

Experiments should be conducted to determine friction coefficients g
for current and experimental lubricants over the renges of opereting
parageters of the simulator. A variety of experiments can be carried
out. Initially, friction properties should be determined over the ran-
ges of velocities, loads, stroke lengthe and test specimen clearances
vithin the design limits of the machine. These tests will provide data 3
for the design engineer to incorporate into new weapon designa or modi-
fications of existing weapons, Tests of dry film lubricants and s0lid self-
lubricating composites should be included along with experigents on fluid
lubricants,

The test specimens for the simulator are now designed fur flat-on-
flat reciprocating motion with variable side clearances, The test spaci-
vens and apecimen unit assewbly way be modified for future experiments to
determine the effects of lmpact forces, locking and unlocking actions,
chambering and extraction and similar actions typical for smsll arms meche
enisms,

Another series of experiments should be conducted to determiiie fric-
tion coefficients for current and expervimental weapon lubricants over
the temperature and humidity ranges of the simulator, These tests would
define more accurately the useful temperature ranges ifor the lubricants
Tvo series of experiwents are recoummended: One would cover the renge of
+300F to «650F (=19C to -F4OC), The effects of frost formation on lubrie
cant properties wouw'd be jetermined in addition to the usual effects due
to changee in lubricent tlowv properties vith lovering temperature., A ge-
cond seriea of experiments wvould cover the temperature range of +320 ¢o
=1650F {00C to +7LOC) ewbient temperature and up to SO0OF(-260UC) test
specinen temperature, The effects of hynidity would be datermined in ade
dition to the usual changes in lubrieating properties with temperature,

B YL s S
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APPENDIX A, MACHINE DESCRIPTION

This Appendix contains photographs of various units and camponents
of the Small Arms Components Motion-Simulator, along with tables and
descriptive material giving the nomenclature and functions of the coatrols,
meters, reccrders, and related equipment.

Pigurel-A shows the front panel of the control console. These comp-
onents of the control console provide most of the contrcl and data output
for the simulator. Other units located in the lower part of the control
console, which appear in Pigure | but not in l-A, are a power supply -
draver and relay panel which slso carries fuses gnd & test switch and
meter to monitor system reference voltages, Several of these units or
panels will be discussed in more detail because they are frequently used
in experiments. These units are the recorder computer drawer, pcwer coatrol,
and temperature control/monitor panels., The recorder will not be dis-
cussed further, except that it is a coumercisl 12-channel oscillographic
type recorder with an associated 4-channel emplifier. Curreatly, the test
specimen instantaneous veloclty, instantsuneocus friction force or friction
coefficient, and average friction force or friction coefficient can b2
recorded. The remaiuning channels are available for yecording other data.

A closeup view of the computer drawer is shown in Figure 2-A. The -
functions of the numbered couputer drawer front penel componeats ave de-
scribed in Table l-A. This drawer holds electronic circuits to compute
the friction coefficient and a polentiomater used to control the speed of
the drive motor. The friction feedbsck (FRICY FDBK) is 8 device used to -
control the speed of the drive wotor as & function of the friction coeffice
fent. Thie is to sinulate variations in the cyciic vate of wempous as a
function of frictica.

The power coatrol panel is shown in Figure 3«A, This panel holds
five suitch-indicatoxs, one indicator (without awitchk), #ad two weters.
These cociponents are descrided in Table 2-A,

The temperatuve control/monitor panel is shownm in Figuve 4-A. Thie
panel containe tuwo electronic thermometers, & four position~two pole
rotary svitch, two switch-indicators, an lndicstor without switch, and
eight test jacks. The functions of these compouents are described {a
Table 3-A,

Additional control and wonitoring devices are located on the contyol
pacel showa in Figure 5-A, The functions of these vaits are described in
Table 4-A, Further detsils of the functiona end operation of these comtrol,
computiug, wonitoring, and recording units are giveu in the Technical

17
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Figure 5-A Control
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Ady caci

Manual,z and drawings and commercial literature are on file in the Reseavch
Directorate.

The cam drive unit, located on top of the motor drive unit, is shown
in Figure 6-A, in the normal operating position. The cam follower and
the yuide assembly raised in the position used for changing cams are
shown in Figure 7~A. The base circle, or short axis, of the cam shown
(cam No. 5) is 13.3 inches in diameter.

Some details of the interior of the environmental chamber are shown
in Figure 8-A; In this figure, the test specimen unit assembly is shown
with a set of test specimens in place. The environmental chamber is a
commercial unit capable of controlling the temperature from =65°F to +165°F,
(~54° to +74°C) and relative humidity from 20 to 95% in the temperature
range from +35° to +165°F (+2° to +74°C). An induction heater coil, not
shown in Figure 8-A, is wrapped around the test specimens and can be used
to supply additional heat to the specimens to test the thermal stability
of lubricants. A closeup view of the test specimens is shown ia Figure 9-A.
The drive shaft (left) is disconnccted from the upper specimen. The upper
T-shaped specimen, connected to its holder and guide rods, is raised to
allov the lower specimens to be removed, The lower specimens are swung out
on the gimbaled holder supported by the air piston, The load arm that trans-
mits friction forces to the load cell appears at the right lower center
of Figure 9-A, attached to the supporting cradle of the specimen assembly,

Drawings of the teat specimens are ghown in Figure 10-A, 1l-A, and
12~A. The 9-inch-long upper specimen is used for reciprocating stroke
lengths up to 4.5 inches and the 1l2-inch specimen is used for 4.5 to ¢ inch
strokes., The different size specimens are used for stabilization of the
gimbsl-mounted loading cylinder.
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APPENDIX B. TEST PROCEDURE

The test procedure written for the purpose of checking out the
operation of the Smzll Arms Components Motion-Simulator is outlined in
Table 1-B. A load calibration procedure is provided in Paragraph 2,2.1.
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1.0

l.1.1

1.1.2

l.l'3

1.1.4

1.2

1.201

1.2.2

l.3

- e PR PR TP R 2R 335

Table 1-B

TEST PROCEDURE

Checks of System Input Requirements,

Electrical Inputs, Utilizing an AC Voltmeter ascertain thst
the following input voltages are present. (These voltages
may be measured at the appropriate fuse boxes,)

115V Ac VOLTS SINGLE PHASE

220" AC VOLTS THREE PHASE

(each line voltage) Exciting Unit 2, Motor Drive

220V Ac VOLTS THREE PHASE

(each line voltage) Exciting Unit 3. Environmental Chamber
220Y AC VOLTS THREE PHASE

(each lLine voltage) Exciting Unit 4. Induction Heater

Water Inputs,

Ascertain that the pressure gage on the input water line to
the Unit 3 Environmental Chamber indicates a pressure of 40
psi or greater.

Ascertain that the pressure gage on the input water line to
the Unit 4 Inducticn Heater indicates a pressure of 40 psi or
greater,

Air Input. Ascertain that the air pressure gage on the input

air line to Unit 2 Drive indicates a steady pressure of 90 psi

or greater,
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2.0
2.1

2.1.1

2.1.2

2.1.3

2‘1‘4

2.1.4.1

2.1.4.2

2.1.4.3

2.1.4.4

Preliminary Tests,

Unit 1 Control Console.

Prior to appiying input power to the system, place all
positional switches to their OFF position or ifull counter-
clockwise position.

Apply 115Y AC power to the system and press the AC switch-
indicator on Unit 300 (These unit numbers and their locations
will pe found in the Technical Manual.) Power Control panel.
The AC indicator shall illuminate, Unit 300 RESET indicator
shall illuminate,

Press Unit 300 DC switch-indicator. The DC indicator shall
illuminate,

Monitor System Voltages.

Ascertain that the RECIP DRIVE switch-indicator on Unit 200
Computer Control panel is not illuminated. (If indicator
illuninated, press RECIP DRIVE switch and indicator shall
extinguish.)

Close wain switch on !nit 2 Fuse Box F.B. 21.

Push START button on Unit 2 Fuse Box F.B, 21. Unit 2 Drive
motor shall turn (however, no external motion should occur)
and the Controgl Console Unite 300 EDDY CURRENT MOTOR indicator
shall illuminate.

Using the TEST Meter and TEST METER selector switch on the Unit
400 Power Supply panel, make sure that the TEST Meter needle
points to the green area whe:u the select switch is in eac™ of

the following positions:
38




2.1.4.4

2.1.4.5

2.1.4.6

2.1.5

2.1.5.1

2.1‘5‘2

2.1.5.3

Continued. . . . «

Position Function
2 115 VAC
3 230 VAC PH 1-2
4 230 VAC PH 1-3
5 230 VAC PH 2-3
6 6.3 VAC
? 24 VAC
8 +15 VAC
9 =15 VAC
10 5 VAC

Place the TEST METER selector switch to the OFF position

(1 or 11). Meter shall not indicate in the green area.

Push the STOP button on Unit 2 Fuse Box F.B, 21. The Drive
motor shall stop and the Couputer Console Unit 300 EDDY¥ CON-
TROL MOTOR indicator shall extinguish.

Control Console Indicator Test.

Press Unit 300 DC switch-indicator. Indicator shall extinguish,
Press Unit 300 AC switch-indicator. Indicator shall extinguish.
Unit 300 RESET Indicator shall extinguish.

Press Unit 300 AC switch-indicator and Unit 300 DC switch~
indicator. Each indicator shall illuminate, Unit 300 RESET

indicator shall illuminate.
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2.1.5.4

2.1.5.5

2.1.5.6

2.1.507

2.1.5.8

2.1.5,9

2.1.5.10

P
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X Y

Press Unit 300 RESET switchw~indicator. Indicator shall extinguish

if mechanical overload switches and Unit 300 EMER switch are in

1
|
e e AN SELMERINEER

normal poeitions.

Press Unit 300 EMER switch-indicator. Indicator shall illuminate
and Unit 300 RESET indicator shall illuminate. Press EMER switch
again, and indicator shall extinguish.

Press Unit 300 RESET and LOAD ACTUATE switch-indicatoer, RESET
Indicator shall extinguish and LOAD ACTUATE shall illuminate.
Pregs LOAD ACTUATE switch again. Indicator shall extinguish.
Press the u~f switch~indicator, Only the u portion of the in-
dicator shall illuminate. Press the u-f switch-indicator again.
The u indication shall extinguish and the f indication illuminate.
Press Unit 200 FRICK FDBK switch-indicator. Indicator shall
illuminate. Press FRICK FDBK switch again., Indicator shall
extinguish.

Press Unit 200 RECIP DRIVE switch-indicator. Indicataor shall
tlluminate. Press RECIP DRIVE switch again and indicator shall
extinguish,

On Unit 100, set the Electronic Thermometer monitoring the LOWER
SPECIMEN TEMP to the °C position. Note the approximate tem=-
perature., Without changing temperature scale (A,B, C or D)

turn right hand selector to SET TRIF A position. Adjust the
center screwdriver adjustment so that pointer indicates & value
well above the previously noted temperature, Return selector to

% position.




2.1.5.11 Repeat previous step (2.1.5.10) utilizing UFPER SPECIMEN TEMP
thermometer,

2.,1.5.12 Press Unit 100 IND COIL switch-indicator. Indi.ator shall
illuminate.

2.1.5.13 Close Unit 3 Eanvirommcntal Chamber door if open, and press Unit
300 RESET switch-indicator. Unit 100 CYCLING ind.icator shall
illuminate. Unit 100 OVERHEAT indicator slall not be illuminated.
Unit 300 RESET indicator shall extinguish.

2.1.5.14 Press Unit 100 IND COIL switch-indicator. The IND COIL indicator
and CYCLING indicator sﬁall exiinguish, Press the IND COIL switch
again and both lites shall illuminate,

2.1.5.15 Open Unit 3 Eavirommental Chumber door. The CYCLING indicator
shall extinguish. Close door and indicator shall illuminate.

2.1.5,16 Prese Unit 300 EMER switche-indicator. EMER indicator shall
illuninate, Uait 309 RESET indicator shall illuminate and Unit
100 CYCLING indicatér shall extinguish,

2,1.5,17 Press Unit 300 EMER switcn-indicator and Unit 300 RESET switch-
indicatos. Unit 300 EMER indicaior shall extinguish. Unit 300
RESET ‘adicator shall extinguisa and Unit 100 CYCLING indicator

shall illuminate.

2.1.5,18 Place the Unit 100 INDUCTION HEATER selector switch to each of

th: switch positions and ascertain that the CYCLING indicator is :

illuminated in 2ll switch position. Return switch to the L,.S./NONE

et et & 1 ¢

3 i position.
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2.1.5.19

2.1.5.20

2.1.5.21

2.1.5.22

2‘1.5023

2.1.5.24

On Unit 100, note the temperature indicated on the UPPER
SPECIMEN TEMP thermometer. Set the control to SET TRIP A
position and adjust the center screwdriver adjustment so the
indicator reads well below the noted temperature, Return the
control to the °¢ position.

Place the Unit 100 INDUCTION HEATER selector switch to the
L.S./U.S. position. The CYCLING indicator shall extinguish

and the OVERHEAT indicator shall illuminate.,

Place the Unit 100 INDUCTION HEATER selector switch to the
U.S./L.S. position, The OVERHEAT indicator shall extinguish
and the CYCLING indicator shall remain out, Place the INDUCTION
HEATER selector switch to the U,S,/NONE position. There should
be no change in any of the indicators.

Gn Unit 100, note the temperature indicated on the LOWER
SPECIMEN TEMP themmometer, Set the control to SET TRIP A
position and adjust the ceater screwdriver adjustment so the indi-
cacor reads well below the noted temperature, Return the coatrol
to the oc position.

Place the Unit 100 INDUCTION HEATER selector switch to the
U,S./L.S. position. The Unit 100 OVERHEAT indicator shall
illuminate.

Place the Unit 100 INDUCTION HEATER selector switch to the
L.S./U.S, position., The OVERHEAT indicator shall remain

illuninated in this position.
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2,1.5.25

2.1.5.26

2,1.6.1

2.1.6,2

2.1.6,3

ZOLUbOé

2.1.06.5

2.1.0.6

Place the Unit 100 INDUCTION HEATER selector switch to the
L.S./NONE position. The OVERHEAT indicator shall extinguish.
Press the Unit 100 IND COIL switch-indicator, IND COIL indi-
cator shall extinguish.

Recorder Test. (Including amplifiers,) Turan on power to recorder
and amplifier. Permit warmup of recorder as indicated in

manual.

Utilizing the rear access doors on the Unit 1 Control Console put
the Unit 200 CQMP TEST switch to the TEST position. (Switch is
located on the rear of Unit 200 chassis.) The Unit 300 RESET
indicator shall illuuminate.

On Unit 200 Computer Drawer set the LOAD SENSITIVITY selector
switch to position No. 2 (load range 30 to 60 lbs.).

Utilizing froat panel jacks weasure the voltage of the INST u/f

signal with a voltmeter and/or scope. Ascertain that the deflection

on the recorder channel 2 agrees with the INST u/f signal,

Repeat step 2.1.0.4 for the AVG u/f signal. This voltage should
be recorded on channel 3 of the recorder.

Junper the AVG u/f signal to the faput jsck and ascertain that the
signal is vecorded on channel & of the recorder.

Depress the Unit 100 EVENT MARKER, Ascertain that chaanel &

of tae recorder indfcates the warked voltage (approximately 5 VOC)

while the EVENT MARKER switch is depressed.

43

E:
4

i B a2t

o B A

oat i i

b o L LA 13 20



2.1.0.7

2.1.6.8

2.1.6.9

2.1.6.10

2.1.6.11

2.1.7
2.1.’.2

2'11;'2

2;1.‘7’,3

314244

Set the Unit 200 CQMP TEST switch to its norual position. (Switch
located on rear of Unit 200 chassis.) Remove jumpers from Unit
100 AVG u/f and INPUT test jacks,

Channel 1 of the recorder should be tested while the machice is
operating., Therefore, steps 2.1.6.9 thru 2.1.6.11 shouid be
conducted during step 2.2.3.3 of this procedure.

Monitor the Unit 100 VELOCITY test jack with a scope.
Ascertain that channel 1 of the recovder indicates tha same
signal as that shown on the scope,

Remove the test probes, meter and scope frow the Uait 100 test
jacls.

Canputer Test,

O Uait 200 Computer Drawer set the LOAD SENSITIVITY selector
awitch to position Ho. 3 {load vange 30 to 60 lbs.).

Utilizing the rear accoss duors oa the Ualt | Coatrol Camsole, put
the Unit 200 COMP TEST switch to Lo TEST position {ewiteh is
located on the resr of the Ualt 200 chassis). The badt 300 RESET
indicator shall illuwminate.

Ascertain that the Conttol Console :ez:es‘éz;s' indicates, for wvoth
the lastautansous end svbrsge value of u/f, & voltage of 2.25 volte
BG. |

Q6 Unit 200, set tiw INST FILTER selectut switch to sach positiow

and asceértain that the voltage iadicated om the Control Cuasole
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2.1.72.3

2.1,7.6

2.1.227

2.1.7,8

2.1.2.9

2.1.7.40 L] ¥ e

recordaer for instanﬁlneouo u/f (after allowing for a trsasient
after changing switch positions) 1s 2.Z5 volts DC in cach positfca.
Beturn switch to position No. 1. |

(o Unit 200, set the AVG FILTER c3lector switch to each positioa
and as:arctain that the voltage indicated on the Control Console
recorder for avevage u/f (after sllowing for a transient after

changing switch positions) is 2.25 velts DC in each position.

Esturu eviteh to Pusitica No, 1.

Press the Unit 200 u-f svitch-indicator. The £ portisn of the
indicator shall extinguish and ths u poxtion shall illumta&te;
Ascert;in zﬁac the Coatrol Console vecorder indicates, for beth the
ingtaatanecus and sverage value of uff, a voltage of 3.0 volts.

Gn Uait 200, set rhe INST FILTER selector switch to each position
and ascartain thst che voltage, indicated ca the vecordex for
tostantsuecus u/f (after ellowing for a transient giter changing
svitch position) is 3.0 volte DC in each positica. Retura switch
to position Ro. i.

Gn Unit 200, set the AVG FILTER selector switch to esch position
#nd sscestain that the voltage indicated on the vecorder for aversge
/i (after eliowing for a txansient after changing switch positicus)

is 3.0 volts DC in each positium. Retura switch to poaition No. 1.
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2.1.7.30

2.2

2.2.1
2.2.1.1

a.2.18.2

2!2. lt3

A o At e - L

Put the Unit 200 COMP TEST switch to its normal position (switch

iocated oo rear of Unit 200 chassia).

inge 2 (Drive) snd Unit 3 (Chamber) Tests.,

Load Test {Static Load Caiibration).

Test Equipment, The f-ﬁlouing is. & list ¢f test equipment
néceasary te accomplish the load calfibration:
Disc, ?hté, and Brecket R Shdwa in Pigure B=l.

Force Tranaducer : Tyco Model JP200
{Figure ¥+1)

Power Supply -5 volt DG reguinica supply.
lambda, LHLLE FM or eguivalent,

Voliopater Digital or vacuum tube,
Note: *The simulator is equipped to sccownodate the Tyce JP
200 lead ¢ell ia place of the P.C.b. Pistotroaice, MWodal 206A,
load cell fnitiaily instakled. The Tyca 16&&5&“ o he oo
agted through the load cell eslaedtronice box located an the lead
cell pedestal, aftev the P,C.B. load cell is disconnacted, Tha
ioad cell vutput will thees yypéar on the frietien fovce &‘h&{l-"\b};.-
of The recorder onh the Coalivl Conssle.
Calibration Procedure. ULalibvate ¢h2 womketoied load cell ,-
applying nown stondard weighis, Read the load coll oulput oy
neans of the voltsater or simwlator ricorder. Preparw a table
or a graph of load cell cufput ve. spplidd wolght up ts %D pounds.
Rewove Lhe drive sbaft ifrve the upper specisen. LIt the upper
specimen aud vesove the inducticn heater coil Evow svound ks
lover specimens. (Ascertain that the vater supply te e tnit
§ Laduction Heatev is off priox tw‘r.euov‘ing ;‘w“:’}' .
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2.2.1.4

2.2,1.5

2.2.1.6

2020£07
2.2.2
3.2-2.1

2.2-202

202'203

Attach the load cell and bracket in position on the specimen
agsembly as shown 1o Figure B-l, The bracket (4) is bolted to

the ceater support for the upper specimen carriage.

Energize the simulator by turning on the air, main power switch,
AC, DC, RESET and recorder. Do Not energize the drive notor.
Slowly lift the lower test specimens by pressing the LOAD ACTUATE
button on the Control Console and by adjusting the Load Adjust
Valve on the Control Panel. When the specimens have been ecle-
vated to a position 0.010 inch to 0.005 inch from the disc attsch-
ed to the load cell, and no contact exista, adjust the LOAD ueters
on the Control Console and Control Panel to zere. Slowly apply

a force to the lower speciuwen by adjusting the air pressure valve.
Comparxe the load indicated on the meters witd the output of the
calibrated load cell. OGencrate a corvection table or graph for
the various loads up to 150 pounds, Lf necessary.

Restove the simuletor to its oviginal coafiguration.

Friction transducer Checks,

On Control Console, press the Uait 200 u-f switch-indicator.
The u portion of indicator shall éxtinguish and f portion shall
{lluainate, |

Set Unit 200 INST PILTER sclector switch to position No. 1

sad LOAD SENSITIVITY sclector switzh to position No. & {load
60 to 150 los.).

Attach tha calibrating pulley system to the lower specimen and
place 100 pound calibration weight on the system. Utilizing
the control Console recorder, instantancous u/f casnnel,

ascertain that the friction analog {s 6.45 voits DC.

4«8
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2.2.2.4

2.2.2.6
2.2.2.7
2.2.2.8
2.2.2.9

2.2.2.10

2.2.3.2

2.2.3,3.%

e KRR TRV T

Remove the 100 pound calibrarionm weight. et Unit 200 LOAD
SENSITIVIXY selector switch to position No. 3 {(load 30 to
60 1lbs.).

Repeat paragraph 2.2.2.3 ising 50 pound calibration weight.
Friction analog chall be 8.0h volts DC.

Remove 50 pound weight, Set Unit 200 LGAD SENSITIVITY
selector switch to position No. 2 {load 10 to 30 lbs.).
Repeat paragraph 2.2.2.3 using 25 pound calibration weight.
Friction analog shall be 8.06 volts DC.

Remove 25 pound weight, Set HBnit 200 LOAD SENSITIYITY
elector switch to positisn No. 1 (loae 0 te 10 lbs.).
Repeat paragraph 2.2.2.3 using 5 pound calibration weight.
Friction analog shall be 4.o% volts DC.

Rermove calibrating weilght and pulley syster fram lower
specimen. Swing upper specimen into its normal position,

Constant Speed Drive, (With Sine Cam Installed)

On Unit 2, cloee che fuse~disccnnect switch on F.B. 21 and push
the START pushbutton. The Contrel Consecle Unit 300 ETDY

CURRENT MOTOR indicator shall illuminate,

Ascertain that the Control Console Unit 200 RPM ADJUST control

is fully counterclockwise. Fush the RECIP DRIVE switcn-indicator,
The indicator shall illuminate,

Turn the Unit 200 RPM ADJUST control clockwise until th. Unic

300 RATE meter indicates a speed of 200 RPM (cam output of

400 RPM). Once the speed has stabilized, the drive will run at a

WIf deslred,test chennel 1 of recorder. Refer to step 2.1.6.8 of procedure.
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2.2.3.4

2.2.3.5

2.2.3.6

2.2.3.7

2.2.3‘6

2.2.4

2.2.4.3

2.2.4.4

SRR VIR oA

constant speed without further adjustment. Note that REVS

countrer oan Unit 2 is counting.

Utilizing the Control Console recorder, instantaneous velocity
chaanel, a.certain the velocity output is sinusoidal in shape with
a peak to peak amplitude of 14,72 voits,

Repeat paragrapih 2.2.3.3 and 2,2.3.4 at a RATE meter indication
of 500 RPY (cem output of 1000 RPM). Velocity output shall be
36.381 volts peak to peak.

Turn the Control! Console Unit 200 RPM ADJUST control to its fully
counterclockwise position. Note that REVS counter on Unit 2 stops
counting. Push the Unit 200 RECIP GLRIVE switch-indicator. The
indicator shall extinguish.

On Unit 2 fuse disconnet box, push the STCP pushbutton. The
Control Console Unit 320G EDDY CURRENT MCTOR indicator shall
extiaguish,

Open the Unit 2 rfuse disconnect switch on F,B, Zl.

Enviroauental Chamber Checks.

Cloge Unit 3 Environmental Cnamoer door.

On Unit 3 Eavivouméntal Chamoer put CONTROL switch on.
Assocjated lamp snall illuminate.

Set the Unit 3 Chamber dry bulo temperature pointer to -65°F,
Place the Unit 3 MAIN COOLING switch on. Associated lemp will

illuminate.
Ascertain, by utilizing the Unit 3 recorder, that the dry bulb

o
temperature within the chamber reiches <65 F and maintains that
temperature.

)
Set the Unit 3 dry bulb temperature pointer to O F. Place the

HIGH HEAT switch and the LOW HEAT swit¢h to on. Assoclated

Lamps shali illuminate.
50
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2.2.4.6

2.2.4.7

2.2.4.&

2.2.4.9

5 2.3

N 2.3.1

. -mwaﬁww-r‘:"»‘f‘ﬁ*?"“%ﬁw

Rt b Edg

Ascertain, by utilizing thae Unit 3 recorder, thaet the chamber

e

temperature goes to 0°F and maintains that temperature, It

may be necegs&ry to switch off the MAIN COOLING switch and

t¥XR on the AMBIENT COOLING switch &nd/or turn off the HIGH
HEAT switch to cbtain smooth tempersture control.

Set Unit 3 dry bulb temperature pointer to 30°F and the wet oulb
temperature to 79°F (corresponding to & relative humidity of
approximately 954). Put the MAIN COCLING switch off and the
AMBIENT COOLING switch on. Put the HIGH HEAT switch on and

the LOW HEAT switch off. Place HUMIDITY switch on. Open a

small vent port to avoid internal pressure build up,.

Agscertain, by utilizing Unit 3 recorder, that the dry bule chamber
temperature goes to 30°F and msintains that temperature, and

that the wet bulb temperature goes to 79°F and maintains that
temperature.

Set the Unit 3 dry oulv tempersture pointer to 165°F and the wet
bulb temperature pointer to 112°F (corresponding to 20% humidity).
Place the HUMIDIFY switch to off and the DEHUMIDIFY switch to on.
Ascertain, by utilizing Unit 3 recorder, that the dry uvulb chamber
temperature goes to 165°F and maintains that temperature and that
the wet bulo temperature goes to 112°F and maintains that temperature,
Leave chamber on and proceed to next test (2.3 Unit 4 INDUCTION
HEATER),

Unit 4 (Induction Heater) Tests.,

Set the Unit 3 Environnuentsl Chamoer to a temperature of 70°F
by setting the Unit 3 dry oulo temperature setting to 700F. Turn

off the HWMIDIFY and DEHUMIDIFY switches. (If chamber temperature
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2.3.2

2.3.3

2.3.4

2.3.5

AINELTONE T 3 ISP T AT NI

2.3.6

2.3‘7

! 2.3.8

W T AL RS STty e gt 4 0 § 5o

203.L0 ¢ & o

i{s high, to expedite cooling, the MAIN COOLING switch, may be
placed on.)

Ascertain that the chamber dry bulb temperature goes to 70°F and
maintains that temperature (while waiting for the temperature to
stabilize, do paragraph 2.3.3 thru 2.3.7).

On the Control Console Unit 300, Power Control Panel press the
LOAD ACTUATE switch~indicator. The LOAD ACTUATE indicator

shall illuminate. Set the load to approximately 10 pounds.

Cn Control Console Unit 100, set the INDUCTION HEATER selector
switch to the L.S. /NONE position.

On Unit 100, set the LOWER SPECIMEN TEMP thermometer control

to SET TRIP A position and the scale knob to scale D. Adjust
the center screwdriver adjustment until the indicator reads 260
(SOOOF). Return the control to the °C position.

At Unit 4 Induction Heater, turn on the filaments by closing the
main power switch located on the gside of the unit., The Unit &
FILAMENT lamp shall illuminate.

After & time delay, the Unit 4 RESET lamp shall illuminate. Push
the STOP pushbutton and the lamp suall extinguish,

Ascertain that the chamber temperature has stabilized (refer to
paragrah 2.3.2), wonitor the UPPER SPECIMEN TEMP thermonmeter.
(Care should pe taken not to change the LOWER SPECIMEN TEMP
thermometer scale setting from the D scale during the remainder
of this section of the test procedure.) When the UPPER SPECIMEN

TEMP thermometer indicates a temperature of 24°C (75°F or velow,
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press the Control Console Unit 100 IND COIL switch-indicator.

IR S

The Unit 100 IND COIL and CYCLING indicators shall illuminate.

Cn Unit 4 Induction Heater, the HEAT lamp shall illuminate.

g 2.3.9 Measure the time that the Unit 100 CYCLING indicator is illuminated.
This time shall not exceed 90 seconds. The Unit 4 HEAT lamp shall
extinguish at the same time as the CYCLING indicator.

2.3.10 On Unit 4, open the main power switch on the side of the unit., The

FILAMENT lamp will extinguish.

e 2.3.11  Push the Control Console Unit 300 LOAD ACTUATE switch-indicator.
'E"i i The indicator shall extinguish.
L f 2.3.12 Press the Control Console Unit 100 IND COIL switch-indicator. The

indicator shall extinguish.

2.3.13 On Unit 3 Environmental Chamber put the CONTROL switcha off.
Associated lamp shall extinguish,

2.3.14 Press the Control Console Unit 300 DC switch-indicator and AC

switch indicator. All Control Console indicators shall extinguish.

3.0 System Test.
s 3.1 Ascertain that the cam in the machine is the “sine" cam (i.e.,
;:i; will produce a sinusoidal output motion when rotsated).
4 3.2 Select desired test specimen and lubricate with desired luoricant.

Place specimen in machine.
3.3 Press the Control Console Unit 300 AC switch-indicator and DC
switch-indicator. The AC indicator and DC indicator shall

illuminate. The Unit 300 RESET indicator shall also illuminate,
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3.4 Close Unit 3 Environmental Chamber door and put the CONTROL
switch on. Associated lamp shall illuwinate.

3.5 Set the Unit 3 Chamber dry bulb temperature pointer to 75°F. Put
the AMBIENT COOLING switch on the &nd the LOW HEAT switch on.
Chamber dry bulb temperature should stabilize at 75°F.

3.6 At Unit 4 Induction Heater, turn on the filament by closing the
main power switch located on side of Unit. The Unit 4 FILAMENT
lamp shall illuminate.

3.7 After a time delay, the Unit 4 RESET lamp shall illuminate., Push
the STOP pushbutton and RESET lamp shall extinguish.

3.8 On Control Console Unit 100, set the LOWER SPECIMEN TEMP
thermometer scale selector to scale D. Set the thermometer con-

trol to SET TRiP A. Adjust the right hand screwdriver adjustment

until the pointer indicates 160 degrees (320°F). Return the control

o
to the C position.

3.9 On Control Console Unit 100, set the UPPER SPECIMEN TEMP
thermometer scale to scale D. Set the thermometer control to
SET TRIP A, Adjust the center screwdriver adjustment until the

:Twi pointer indicates 250 degrees (482°F), Return the control to the

; °C position.

”»fé- 3.10 Set the Control Console Unit 100 INDUCTION HEATER selector

switch to the L.S. /U.S. pasition.

E d 3.11 On Control Console Unit 200, set the following selector switches

4 to the indicated positions:

» LOAD SENSITIVITY to position 2

Y INST FILTER to position 2

AVG FILIER to position 2

FRICT, FDBK FACTOR to position 1
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3.12

3.13

3.14

3.15

3.16

3.17

3.1,

3.19

3.2

3.21

Press the Unit 200 u~f switch-indicator. The u section of the
indicator shall illuminate and the f section shall extinguish.
Ascertain that the Unit 200 PRICT FDBK switch-indicator is not
illuminated. (If the indicator is illuminated, press switch and
indicator will extinguish.)

Adjust Unit 2 air pressure valve until LOAD meter on Unit 2
indicates 20 pound load,

Oa Unit 2, close power on switch disconnect (F.,B. 21). Push

START button. Control Consele Unit 300 EDDY CURRENT MOTOR
indicator shall illuminate.

On Control Console Unit 300, press the RESET switch-indicator.

The indicator shall extinguish.

Start the recorder moving at a slow speed and set the amplifiers
for each the u instantaneous, u average, and instantaneous velocity
chaanels to a low amplificatian.

Set the Control Console Unit 200 RPM ADJUST control fully
counterclockwise, Press the RECIP DRIVE switch~indicator.
Indicator shall illuminate,

Turn the Unit 200 RPM ADJUST clockwise until the Unit 300 RATE
meter indicates a speed of 500 RPM (cam output 1000 RPM) and
stabilizes at that reading.

Press the Control Console Unit 300 LOAD ACTUATE switch-

indicator, The indicator shall illuminate and the specimen, with-
in the chawber, shall contact.

Utilizing the recorder, monitor the velocity of the motion (sinu-
soidal with a peak to peak amplitude of 36.81 volts ) and the u of

the specimen,
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3.22

3.23

3.24

3.2

3.2{'

3.27

After approximately 15 seconds, press the Control Console Unit
100 IND COIL switch-indicator. The Unit 100 IND COIL indicator
and CYCLING indicater shall illuminete. The Unit 4 Induction
Heater HEAT lemp shall illuminate, Utilize the recorder Event
Marker to indicate occurrence on recorder.

The Unit 100 CYCLING indicator and Unit &4 HEAT lamp shall

remain ligbted only whiie the lower specimen temperature

remains below 160°C (320°F). They shall extinguish when the
temperature exceeds 160°% (320°F).

At auny convenient time during the test, preferably when the
value of u is other than zero, press the Control Console Unit
200 FRICT FDBK switch~indicator. The indicator shall illuminate
gnd the reciprocating speed of the drive shall be reduced as
evidenced by monitoring the Unit 300 RATE meter, Utilize

the recorder Event Marker to indicate occurrence on the recorder.
When test 1s completed, press the Control Console Unit 300 LOAD
ACTUATE switch~indicator and Unit 100 IND COIL switch-indicator.
The indicators for each shall extinguish.

On Control Console Unit 200 turn RPM ADJUST fully counter-
clockwige. After drive has slowed, press Unit 200 RECIP DRIVE
switch-indicator and FRICT FDBK switch-indicator. The indicators
for each shall extinguish.

On Unit 2 push STOP pushbutton and open power on switch disconnect
(F.B. 21). Control Console Unit 300 EDDY CURRENT MOTOR

indicator shall extinguish,
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3.28

3.29

3.30

On Unit 3 Eanvironmental Chamber put all switches to the OFF

s R

position. All lamps on Unit shall extinguish.

On Unit 4 Induction Heater, open power switch located on side
of Unit. Unit 4 FILAMENT lamp shall extinguish.

On Control Console Unit 300, press AC switch-indicator and DC

switch-indicator. The indicator for each shall extinguish.



