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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 Comaponents 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 simulator are discussed. The
basic principle of the machine was that of reproducing the motions of
selected small arms weapon components by means of t:ams. Means were to
be provided to control the test environment, in the laboratory, over the
range of conditions expected for field use of the weapons. Test speciens
could then be used in this apparatus to evaluate the friction and wear per-
foroance of lubricants and metals used, or proposed for use in small arms.
Five cams manufactured on the basis of the time-displacement characteristics
of small arms weapons components were to be initially supplied. These
components were:

Cam 1. XMI9 Bolt

Cam 2. M219 Machine Gun Barrel Extension

Cam 3. M219 Machine Gun Raoitmer
Cam 4. M85 Machine Gun Bolt Slide
Cam 5. M129 Grenade Launcher Barrel
(modified to a sine curve)

The machine described in this report was designed and fabricated by
Appdied Devices Corporation, Long Island, N.Y., under Contract Nuilber
DAAi'03-71-C-0307. This motion-simulator is installed in the Research Direc-
torate, CEN Thomas J. Rodman Laboratory, and has been teated to determine
its capabilities.

1. Plornong, B.J., AWC Technical Report RE-7O-182, Stwall Artna Compotients
Motion-Simul•tor for Lubricant Development I-. Selection of Parameters,
November 1970.
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APPROACH:

All electrical and mechanical systems of the simulator were operated
and checked according to proceduces outlined in the Technical Manual 2 and
in test procedurea formulated by the contractor and the Research Direct-
orate. When 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 Small Arms Components Motion-
Simulator.

Detailed descriptions of the machine, and procedures for operation
maintenance are given in the technical manual, sketches, and drawings

that are on file in the Research Directorate. Photographs of various
units of the simulator will be presented in this report along with brief
descriptions of their functions to aid future operators and to aid the
reader in understanding the tesc procedures presented here.

In orief, the Swall Ara, Components Motion-Simulator imparts pre-
determiaed linear motions ti a metallic or nonmetallic test specimen that
is in contact with a statiomiry specimen. The linear motions are obtained
frow an adjustable constant speed drive and cam system. Friction forces
generated by the rubbing surfaces of the test specimens are transferred
to a load cell and recorded on a oscillographic recorder.

The overall appearance of the simulator is illustrated in Figure 1,
in which the six principal units of the machine are shuwa. These units
are numberedand described briefly as follows:

Unit 1- Control Console. This unit contains electronic controls

anod power supplies, and computLug, amplifying and recording equipeent for

the simulator.

Unit 2- Hotor and Cam Drive. An adjustable constant speed D.C. motor
and belt-driven cam are housed in a souid-absorbing inclosure, sad itpart
the predetermined linear motions to the teat specimen.

S-2. Applied Devices Corporation, "Technical Hanual for Small Arcs Compoents
Motion Simulator," iA.-U-C-•* March 1913.
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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 connects 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 thernmal input from propellant combustion to the operating
tmechanism 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 vibrations of the motor and cam drive system
frmi the load cell. The theoretical isolation efficiency is 90 percent or
better for vibrations over 2400 Cpw.

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

Additional phoLographs that ahow externial details of the variotes
units of the simulator are given in Appendix A. Thest pictures and further
descriptive mAters:l provided may help Lo clarify the relationship between
the 1 ocationS and tOI functions of Lte controls and dacs acquisition
equipment.

The functiow% of Lthe mchanical aiid alectrical aystecax of the sim-
ulato wer- checked during -se'"ral phase. The first phase was carried
out in an in-plant inspection on 21-30 Novembncr 1972. Upon completion
of inspection, tne m4chine was shippod to Rock Island. After considerable
d.aoge (received in shipping) had btoon repairad, a seco d inspo-1.
was couducted during Novambcr 1973. These tests revealed that xcessive
noise was generated, and that potential damage .o the siuiamtor and
inaccurate masurerments could be caused by this vibration of the motor
and can drive unit, After the inatellation of m.odification kits to
move somre electronic controls from the reaction aus to the solid labora-
torý floor at d to absorb sound in Unit 2, the machine was again chocked
for proper f.nictioning during the -)ocemuer 1974 to February 1975 period.
Acceptance of the simulator was made on 14 1tarch 1975. An outline of th-a
test procetdure that was follovad in checking out Lhe operatio, of the
Machine is given in Appendix B.

Tie operation of the Cams vas given particular attentiton. Five cams
ware supplied with the tachie, each was mousited in turn and was operated
to dctermine its characteristics. Time-displace•not records were obtained
on taie test specimen by racans of a drL= c=rsrs. Caution was exercised



during these tests because this machine is t ) first of its kind and
thie 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 tha heating of the car. follower bearings were used to judge when
a practical upper limit of cam speed was being approached. These obaer-
rationS, along with calculated acceleration forces, formed the bacis for
setting the limits on cam speed or reciprocating rate to be reported here.

B. Friction Tests of Weapon Lubricants.

Experiments were conducted to detenmiae the friction characteristics
of several current weapon lubricatos. These 'ubricants are listed below:

I. MIL-L-46000A, Lubricating Oil, Semi-Fluid (Automatic
Weapons); (LSA).
2. HIL-L-46150, Lubricant, Weapons, Scmi-Fluid (Righ Load-
Carrying Capacity), (LSA-T).
3. VV-L-600A, Lubricating Ofl, Geteral-Purpose, Preservative
(Water-Displacing, Low-Tempcrature), (PL-S).
4. NIL-L-14107B, Lubricating Oil, Low-Temperature, Weapons,
(lAW).

A sample of Hydraulic Fluid MIL-lt-b603C was included for comparisoa
purposes. For these tests-, the load, speed (cycle rate), and type of
luoricant uere investig.ated. Thi. temparature for the lubricAnt friction
tests W8s ambienL (740%, 23 0C).

The metal speciments ustd ini thw~o tests wpere of AISI 4li40 steel,
with hardness RL 40. The-so speci,,ens hMd been u3ed in the acceptance
testitng Of the simulauor %ith MIL-G-211l4, Grease, Nolydentwa Disulfide,
for Low-Tenperatures. UEore tUwse specime'1s were usca in the present
tests, they uvre atraded with 24) and iOl vr,-t s411con carbide abrasive
p4per to renove grease residueos and to smaoott scratches. The upoci••ars
wore then cleaned with petrolct& solvent f'or each lubric-tn application.

j The first lubricant tested vas . IL-L-A(sJOOA; this was applied to the
test suriaces by eoans of a cotton srwlal arms cleaning patch. Initially,
an attempt vas tzade to deterinoe the durability of the LSA oy running
the specimen at 600 cjn for 10,000 cycles to detorine if any charnges in
friction would occur. In subseqtebt tents on LiA and LSA-T, a 2000-cycle
break-in was used by cicaning adu relufrication. Tito secimen was then
run for 2000 cycles; at the end of which, the friction rwasurernts were
made at 620,330 and 50 cpa,. Loads used were 50, 10, aad 150 pounds.
The sa.ze speed settings and loads wera used in all tests. For the re-
nai ing lubricants, the break-ii po-vod was 500 cycles. After cleaning
and relubrication, each of these ý.ests was run for 50) cycles &efore
friction measuretments were =ade.



REJULTS 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 in
Table 1. Cams 1 and 5 have two lobes giving two cycles 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-
m',m: shown in Table 1 for each cam, the actual time-displacement character-
istics 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. 1 has its maximum displacement slightly ahead of
the center of the cycle. Cam 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. Friction 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. Cam 5 was used. The roughness in the velocity curve
is a result of gear backlash in the tachometer used to provide the velocity
signal, not from variations in test specimen motion. The 120-130 Hz vi-
braLion present in the) instantaneous friction force is a natural frequency
of the interconnected drive, test specimen, and load cell pedestal assemblies.
Thib was proved by tapping ni the cam follower with a hammer (while the test
specimens were in contact unJer load) and by recording of the resulting load
cell output. These vibrations are filtered out in the recording of the
average friction for'ce. The average coefficient of friction obtained from
the data in Figure j is 0.066. Friction coefficient can be displayed in
the same wcy :nd 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 constant.

Results of the attempted durability test of LSA were inconclusive.
The observed friction coefficient varied from 0.043 at 2,000 cycles to
0.03? 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 oe prudent. All friction coefficients ob-
served in the remaining tests were higher than those observed in this
first run.

7



Table 1

Cam Specifications

Cam Shaft Cam CycleSSpeed, x Speed, Max., cpm,

No. 1 500 1000

N1O. 2 612 612

No. 3 400 400

No. 4 800 800

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.
Results 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 test 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 repeated. 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 will be further investigated in fut-
ure experiments. For the LSA lubricant, the friction coefficient 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
data at the 95 percent confidence level. The hydraulic fluid tested had
lower friction coefficients at all speeds tested than the W-L-800 or
MIL-L-14107. The MIL-H-6083C contains tricresyl phosphate, an anti-
wear agent, which may contribute to the lower coefficient. All lubri-
cants tested, except for the LSA-T, show an increasea friction coefficient
at low speeds; the friction usually passes through a minimum and in-
creases again at the highest speed. This behavior is expected for fluid
lubricants passing from boundary to hydrodynamic lubrication conditions.
Tbe' LSA-T did 'not show a significant change in friction with speed, ex-
c.ept possibly at the lowest load used. The behavior of the Teflon ad i-
tive in LSA-T, as a solid lubricant, is consistent with these resultsi.

C. Summiry of Simulator Capabilitics.

The types of data that can be acquired by use of the Small Arms
Component Motion-Simulator are sunmmarized in Table 3. The test condition
capabilities of the machine are sioyn in Table 4. Comparison with other
laboratory-type lubricant testers ," 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.
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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;.jer of cycles.

Test temperature and relative humidity.

Test specimen temperature.

13



.0

UT

• 0

- 4 (

9- U) 41M 0

4. 4 0
u 0

0 2)0 - 0 00
o 0 0owo r% -0

t,,00 *1 0 '

SI 6 . 9 .
4 0

41 0 0
0)r 41 V 4

0 C14 "0 U 0. 0 0

.f .3 0 0 J3 . .

-4 0% 0 v4 v

0

00 14

~~~r %0 0.; -- 4)"- i;:• •..

0 r - 0ý
4jw4U

'44+

01 "'4L

.4 1 L 1 0 0 "
-4 %D %

is 0 14 co4

Co41
V4 C . 4

w44
44VU4. .4 0 41 U> 01 Uo 1 4 1 43 4 414 0 0

14j



CONCLUSIONS:

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

2. This simulator 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
semifluids in the transition region between boundary and hydrodynamic
lubrication.

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

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

RECOMMENDATIO0NS:

Experiments should be conducted to determine friction coefficients
for current dnd experimental lubricants over the ranges of operating
parameters of the simulator. A variety of experiments can be carried
out. Initially, friction properties should be determined over the ran-
gee of velocities, loads, stroke lengths and test specimen clearances
within the design limits of the machine. These tests will provide data
for the design engineer to incorporate into new weapon designs or modi-
fications of existing weapons. Tests of dry film lubricants and solid self-

lubricating composites should be included along with experiments on fluid jE lubricants.

The test specimens for the simulator arm now designed for flat-on-
flat reciprocating motion with variable side clearances. The teal. speci-
trene and specimen unit assembly may be modified for future experiments to

determine the effects of impact forces, locking and unlocking actions,
ciAmbering and extraction and similar actions typical for small arms mech-
enisms.

Another series of experiments should be conducted to determie• fric-
tion coefficients for current and experimental weapon lubricants over
the temperature and humidity ranges of the simulator. These tests would
define more accurately the useful temperature ranges for the lubricants
Two series of experiments are recxwmended: One would cover the range of
+300F to -650F (-10C to -_40C). The effects of frost formation on lubri-
cant properties vould be datermined in addition to the usual effects due
to changes in lubricant flow properties with lowering temperature. A se-
cond series of experiments would cover the temperatuze range of +320 to
-165CF (OC to +740c) embient temperature and up to 500OF(-260oC) test
specimen temperature. The effects of humidity would be determined in ad-
dition to the usual changes in lubricating properties with temperature.

15
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APPENDIX A. MACHINE DESCRIPTION

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

Figurel.A shows the front panel of the control console. These comp-
onents of the control console provide most of the control and data output
for the simulator. Other units located in the lower part of the control
console, which appear in Figure I but not in 1-A, are a power supply
drawer and relay panel which also carries fuses and a 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 control,
and temperature control/monitor panels. The recorder will not be dis-
cussed further, except that it is a commercial 12-channel oacS'ilogvaphic
type recorder with an associated 4-channel amplifier. Currently, the test
specimen instantaneous velocIty, instantaneous friction force or friction
coefficient, and average friction force or friction coefficient can be
recorded. The remaining chamnels are available for recording other data.

A closeup view of the computer drawer is shown in Figure 2-A. The
functions of the numbered couputer drawer front panel compooents are de-
scribed in Table I-A. This drawer holds electronic circuit* to compute
the friction coefficient and a potentiometer used to control the speed of
the drive motor. The friction feedback (FRICT PDBK) is a device used to
control the speed of the drive motor so a function of the friction coeffic-
ient. This is to simulate variatious in tho cyclic rate of weapous s a
function of friction.

The power control panel is shoun in Figure 3-A. This panel holds
five svitch-indicators, one indicator (without awitch), and two meters.
These components are described Ir Table 2-A.

The temperature controlhaonitor panel is shokn in Figure 4-A. This
panel contains tuo electronic tharmometers, a four poition-tuo pole
rotary svitch, two switch-indicators, an indicator without avitch, &ad
eight teat Jack*. The functious of these components are described in
Table 3-A.

Additional control and moaitoriU devices are located on the control
paael shown in Figure 5-A. The fuactions of these uitits are described in
Table 4-A. Further details of the functions and operation of these control,
computiug, moitoring, and recording uaits are given ia the Technical

II
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Manual,2 and drawings and commercial literature are on file in the Research

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 guide 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-A4 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 0F,
(-.540 to +740 C) and relative humidity from 20 to 95%. in the temperature
range from +350 to +165 0 F (+20 to +740C). 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 ii Figure 9-A.
The drive shaft (left) is disconnected 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 test specimens are shown in Figure 10-A, 11-A, and
12-A. The 9-inch-long upper specimen is used for reciprocating stroke
lengths up to 4.5 inches and the 12-inch specimen is used for 4.5 to 8 inch
strokes. The different size specimens are used for stabilization of the
gimbal-mounted loading cylinder.
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APPENDIX B. TEST PROCEDURE

The test procedure written for the purpose of checking out the
operatiort of the Small Arma Components Motion-Simulator is outlined in
Table 1-B. A load calibration procedure is provided in Paragraph 2.2.1.

ii
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Table 1-B

TEST PROCEDURE

1.0 Checks of System Input Requirements.

1.1 Electrical Inputs. Utilizing an AC Voltmeter ascertain thst

the following input voltages are present. (These voltages

may be measured at the appropriate fuse boxes.)

1.1.1 l15v AC VOLTS SINGLE PHASE

1.1.2 220v AC VOLTS THREE PHASE

(each line voltage) Exciting Unit 2. Motor Drive

1.1.3 220v AC VOLTS THREE PHASE

(each line voltage) Exciting Unit 3. Environmental Chamber

S1.1.4 220v AC VOLTS THREE PHASE

(each line voltage) Exciting Unit 4. Induction Heater

1.2 Water Inputs.

1.2.1 Ascertain that the pressure gage on the input water line to

the Unit 3 Environmental Chamber indicates a pressure of 40

psi or greater.

1.2.2 Ascertain that the pressure gage on the input water line to

the Unit 4 Induction Heater indicates a pressure of 40 psi or

greater.

1.3 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 Preliminary Tests.

2.1 Unit 1 Control Console.

2.1.1 Prior to applying input power to the system, place all

positional switches to their OFF position or full counter-

clockwise position.

2.1.2 Apply U15v AC power to the system and press the AC switch-

indicator on Unit 300 (These unit numbers and their locations

will De found in the Technical Manual.) Power Control panel.

The AC indicator shall illuminate. Unit 300 RESET indicator

-.L3 shall illuminate.

2.1.3 Press Unit 300 DC switch-indicator. The DC indicator shall

illuminate.

2.1.4 Monitor System Voltages.

2.1.4.1 Ascertain that the RECIP DRIVE switch-indicator on Unit 200

Computer Control panel is not illuminated. (If indicator

illuminated, press RECIP DRIVE switch and indicator shall

extinguish.)

2.1.4.2 Close main switch on Unit 2 Fuse Box F.B. 21.

2.1.4.3 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 Control. Console Unite 300 EDDY CURRENT MOTOR indicator

bhall illuminate.

2.1.4.4 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 when the select switch is in eac'i of

the following positions:
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2.1.4.4 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

7 24 VAC

S8 +15 VAC

9 -15 VAC

10 5 VAC

2.1.4.5 Place the TEST METER selector switch to the OFF position

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

2.1.4.6 Push the STOP button on Unit 2 Fuse Box F.B. 21. The Drive

motor shall stop and the Computer Console Unit 300 EDDY CON-

TRO MOTOR indicator shall extinguish.

2.1.5 Control Console Indicator Test.

2.1.5.1 Press Unit 300 DC switch-indicator. Indicator shall extinguish.

2.1.5.2 Press Unit 300 AC switch-indicator. Indicator shall extinguish.

Unit 300 RESET Indicator shall extinguish.

2.1.5.3 Press Unit 300 AC switch-indicator and Unit 300 DC switch-

indicator. Each indicator shall illuminate. Unit 300 RESET

indicator shall illuminate.

39
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2.1.5.4 Press Unit 300 RESET switch-indicator. Indicator shall extinguish

if mechanical overload switches and Unit 300 EM switch are in

normal positions.

2.1.5.5 Press Unit 300 EMER switch-indicator. Indicator shall illuminate

and Unit 300 RESET indicator shall illuminate. Press EMER switch

again, and indicator shall extinguish.

2.1.5.6 Press Unit 300 RESET and LOAD ACTUATE switch-indicator. RESET

Indicator shall extinguish and LOAD ACTUATE shall illuminate.

Press LOAD ACTUATE switch again. Indicator shall extinguish.

2.1.5.7 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.

2.1.5.8 Press Unit 200 FRICK FDBK switch-indicator. Indicator shall

illuminate. Press FRICK FDBK switch again. Indicator shall

extinguish.

2.1.5.9 Press Unit 200 RECIP DRIVE switch-indicator. Indicator shall

illuminate. Press RECIP DRIVE switch again and indicator shall

extinguish.

2.1.5.10 On Unit 100, set the Electronic Thermometer monitoring the LOWER

SPECI4EN TEMP to the °C position. Note the approximate tem-

perature. 4ithout changing temperature scale (AB, C or D)

turn right hand selector to SET TRIP A position. Adjust the

center screwdriver adjustment so that pointer indicates a value

well above the previously noted temperature. Return selector to

°C position.
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2.1.5.11 Repeat previous step (2.1.5.10) utilizing UPPER SPECIDEN TEKP

thermometer.

2.1.5.12 Press Unit 100 ID COIL switch-indicator. IndikAtor shall

il luminate.

2.1.5.13 Close Unit 3 Enviroiwntal Chamber door if open, and press Unit

300 RESET switch-indicator. Unit 100 CYCLING indicator shall

illuminate. Unit 100 OVERHEAT indirator silall not be illuminated.

Unit 300 RESET indicator shall e-,tinguish.

2.1.5.14 Press Unit 100 IN) COIL switch-indicator. The IND COIL indicator

and CYCLING indicator shall ex-iaguish. Press the lND COIL switch

again and both lites shall illuminate.

2.1.5.15 Open Unit 3 Environmental Clwmber door. The CYCLING indicator

shall extinguish. Close door and indicator shall illuminate.

2.1.5.16 Press Unit 300 EMER switzh-indicator. EMER indicator shall

illuminate, Unit 300 RESET indicator shall illuminate and Unit

100 CYCLING indicator shall extinguish.

2.1.5.17 Press Unit 300 EVER switcij-Itidicator and Unit 300 RESET switch-

indicatot-. Unit 300 EM!1 indicat.or shall extinguish. Unit 300

RESET ,ndicator shall extinguise and Unit 100 CYCLING indicator

shall. illuminate.

2.1.5.18 Place the Unit 100 INDUCTION HEATER selector switch to each of

thi switch positions and ascertain that the CYCLING indicator is

illuminated t.n all switch position. Return switch to the L.S./NIONE

position.
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i
2.1.5.19 Oa 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 °C position.

2.1.5.20 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.

2.1.5.21 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.SI/NONE position. There should

be no change in any of the indicators.

2.1.5.22 On Unit 100, note the temperature indicated on the LOWER

SPECIMEN TEJP thermaoecter. Set the control to SET TRIP A

position and adjust the center screwdriver adjustment so the indi-

cator reads well below the noted temperature, Return the control

to the °C position.

2.1.5.23 Place the Unit 100 INDUCTION HEATER selector switch to the

U.S./L.S. position. The Unit 100 OVERHEAT indicator shall

illuminate.

2.1.5.24 Place the Unit 100 INDUCTION HEATEPR ztector switch to the

L.S./U.S. positioa. The OVERHEAT indicator shall remain

illuminated in this position.
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2.1.5.25 Place the Unit 100 INDUCTION HEATER selector switch to the

L.S./NONE position. The OVERHEAT indicator shall extinguish.

2.1.5.26 Press the Unit 100 IND COIL switch-indicator. IND COIL indi-

cator shall extinguish.

-2.1.6 Recorder Test. (Including amplifiers.) Turn on power to recorder

and amplifier. Permit warmup of recorder as indicated in

manual.

2.1.6.1 Utilizing the rear access doors on the Unit I Control Console put

the Unit 200 CUSP TEST switch to the TEST position. (Switch it *j

located on the rear of Unit 200 chassis.) The Unit 300 RESET

indicator shall illutuinate.

2.1.6.2 On Unit 200 Computer Drawer set the LOAD SENSITIVITY selector

switch to position No. 2 (load range 30 to 60 lbs.).

2.1.6.3 Utilizing front panel jacks mueaure the voltage of the INST u/f

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

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

2.1.(.4 Repeat step 2.1.6.4 for the AVG u/f signal. This voltage should

be recorded on channel 3 of the recorder.

2.1.6.5 Jumper the AVG u/f signal to the input Jack and *scertain that the

signal in recorded on clwnnel 4 of the recorder.

2.1.6.6 Depress the Unit 100 EVEIT HARKER. Ascertain that channel 4

of tae recorder indicates the oarked voltage (approximately 5 VOC)

while the EVENT MARKER switch is depressed.

43



2.1.647 Set the Unit 200 COIP TEST switch to its normal position. (Switch

located on rear oi Unit 200 chassis.) Remove jumpers fror Unit

100 AVG u/f and INPU£ test jacks.

2.1.6.j Channel I of the recorder should be tested while the machine is

operating. Therefore, steps 2.1.6.9 thru 2.1.6.11 should be

conducted during step 2.2.3.3 of this procedure.

2.1.6.9 Monitor the Unit 100 VELOCITY test jack with a scope.

2.1.6.10 Ascertain that channel I of the recovder ixdicates the aa.e

2.1 signal as that ahown on the scope.

S2.1.6.11 Remove the test probes, "-ter and scope irow the Unit l00 teat

I jacks.

2.1.1.2 Oki Unit 200 Computer Drawer "eK the LOWA SEN$ITIVITY s*leector

s.'tch to positio No. 2 (1o0d range 30 to 60 44,).1 2.1.7.2 Utilizing the rear acss doors o4 the Uit; I Control Cmole. pu-

tW6 Uttit 200 C{16 MhT svitah to the MT1S positton (Swi~tc4 is

lovA-t.dd the re-Ar Of L Unit 2OU' chassia). rue lkxit 30-0 REST

inicator sallU illzbinite.

2.1,,3 cAscortsia that the ContraL Coos4va mao-der indicates, for noth

the &ittaIkantows ZRd isvaorg va1.ut of li/, a vnitage ot.2.25 volts

2.1,47,4 On Uni 200, set w LNMT YLTER selectur vw1tch•to e. Postt::±

an ascartain tb£ the voltage inditted o tim C*Qtrl rx-14o10
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recorder for instantaneous u/f (after allowing for a transient

titer changing switch position.) in 2.25 volts DC in each position.

seun w tc sttc toito Nac. poit.

and as..nrctaia that the 'ol tage x:n.dicateo on the Cuctr43. Console

recorder for average u/f (after ellowing for a transient after

cbanging switch positions) is 2.25 volts DC in each position.

E-Sturn ewitch to ?uaiti o. kk I..

2..7 P ress tho UWit 200 u-f svitch-iadicacEor. the f port!"-, of the4

inicator shal eztinguish-and th* u portion sball illumtacte.I .. )? Ascertain that the Coatrol Console recorder indicate., for both the
instantaneous and average value of u/f, a voltage of 3.0 voLta. S

2.1.7. W Lbk t 200, set the ThST MMJ7E selector switch to each position

&ad asewrtain that the voltage, indicated on the recorder for

instantaneous u/f (after allowing for a transientk otter ebangng

switch positiou) is30volts DC in each position. Retnra switch

to positiot) No. l.

2.1.7. Un it Z0O, set the AVG PILTER selector switch to eachi position j

and ascrtain that the voltage indicated on the recorder for average

WE (after *llovrLaS for a C.raasient after chlangin& switch positions)
is 3.0 volts tic ia eac position. fltorn swit-cb to position No. 1.



t I
2.1.1.10 Put the Unit 200 CGHP TEST switch to its normal position (switch

Located on rear of Unit 200 chassis).

2.2 Ui•• ,riDr.ve) and Unit 3CQhamber) Teste.

2.2.1. Load Lest (Static, Load Calibration),

2.2.1.1 Teat Equxpent. The fallowing is a list of test equipment

fntcasary to. accomplish the l.oAd col.4DcatLoo;

Disc, Plate, and Ort-ket Showa in Figure B-l.

Force Trsanoducer Tyco Model JP200

Power Supply 5 volt OC regtu!ao supply,

Lambda, L11116 RI or eqjivulent.

Voltma.ter Digital or vacAuJW tube.

Note; The siQu•ator is equipped to accotuodate the 'yco JP

f ~200 load cell in plavce of the P.CAI. Pietotronics, Medaul MA&,

load cell laitidlly iuataliod. The TyTza load call cAn: 44 conun

cted through the toad col eleCtroice box locsteo Oh the load

Scell pedestal, aiter the i.Ca. load cell t e dtecontatae . The

Load4 coll Output Will thee; appear an1 thas frirttitxo Lorco chAtwh4'

01 -,h recorder oa tbhe Control Coonste.

I 2.2.1.2 Altiwraticxi Procedure. Ualibratc t4W w xated:c load ca". t~

*pplying kuotem standard veighto, 1LAd the lodC01Output i-y

&~WO Of, the itsoe or sig~lator recorder. Prepare a tublo

ior a gr'Ph of "0 cel witpt 'Vs. applit! ed ght 'up t-- iý'Q pousids.

.- 2.2. L.3 Recove Lime dri.ve slazt Irk= tlum uftpor specimen. '.!it tha 4ppax"

specire0n sad vetov* h in~ducticn iwatotr coil fmo aitozn~d Vb

Ilawer speciuemSO. (A,,ýcertaia that tm. vater aupplY tv"heý ih

14 teducttixt llasttt is offi prior to rgiýov in ~o I.l.)
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2.2.1.4 Attach the load cell and bracket in position on the specimen

assembly as shown in Figure B-1. The bracket (4) is bolted to

the center support for the upper specimen carriage.

2.2,1.5 Energize the simulator by turning on the air, main power switch,

AC, DC, RESET and recorder. Do Not energize the drive motor.

2.2.1.6 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 tue specimens have been ele-

vated to a position 0.010 inch to 0.005 inch from the disc attach-

ed to the load cell, aud no contact exists, adjust the LOAD wetera

on the Control Console and Control Panel to zero. Slowly apply

a force to the lower speciwen by adjusting the air pressure valve.

Coqpare the load indicated on the_ maters witOi the output ol the

calibrated load cell. Generate a correction table or graph for

I! the various loadu up to 150 pounds, if necessary.

1 2.2.1.1 Rstore the simulator to its original cofiguration.

2.2.2 FIriction traneducer Chacks.

2.2.2.1 on Control Console. preas the Unit 200 u-f awitch-iadicator.

The u portion of indicator shall xctingulih and f portion sltll

! illu~inate.

2.2.2.2 Set Wnit 200 XNS? FILT•R selector switch to position No. I

and LOkD SENSITIVITY selector switch to position No. 4 (load

60 to 150 los.).

2.2-2.3 Attach the. calibrating pulley systeo to the lover specimen and

place 100 pound calibration weight oo the system. Utilizing

the coetrol Console recorder, instAntaneous u/f c.sanel.

ascertain that the friction analog is 6.45 volts DC.



2.2.2.4 Remove the 100 pound calibration we ight. Bet Unit 200 LOAD

i SENSITIVITY selector switch to position No. 3 (load 30 to

60 lbs.).

2.2.2,5 Repeat paragraph 2.2.2.3 Asing 50 pound calibration weight.

Friction analog chall be 8.0b volts DC.

2.2.2.6 Remove 50 pound weight. Set Unit 200 LCAD SENSITIVITY

selector switch to position No. 2 (load 10 to 30 lbs.).

2.2.2.7 Reeat paragraph 2.2.2.3 using 25 pouad calibration weight.

Friction analog shall be 8.06 volts DC.

2.2.2.8 Remove 25 pound weight. Set Unit 200 LOWD SENSI11[TTY

elector switch to position 1.1o. I (load 0 to 10 lbs.).

2.2.2.9 Repeat paragraph 2.2.2.3 usa.ng 5 pound calibration weight.

Friction analog shall be 4.o4 volts DC.

2.2.2.10 Remove calibrating weight and pulley system fr-m lower

specimen. Swing upper specimen into its normal position.

2.2.3 Constant Speed Drive. (With Sine Cam Irstalled)

2.2.3.1 On Unit 2, close the fuse-disconnect switch on F.B. 21 and push

the START pushbutton. The Control Console Unit 300 EnDY

CURPENT MOTOR indicator shall illuminate.

2.2.3.2 Ascertain that the Control Console Unit 200 RPM ADJUST control

is fully counterclockwise. Push the RECIP DRIVE switcn-indicator.

The indicator shall illuminate.

2.2.3.3.* Turn the Unit 200 RPM ADJUST control clockwise until tL- Unit

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

"'If desired,test chzannel I of recorder. Refer to step 2.1.6.8 o& procedure.
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constant speed without further adjustment. Note that REVS

counter on Unit 2 is counting.

2.2.3.4 Utilizing the Control Console recorder, instantaneous velocity

channel, accertain the velocity output is sinusoidal in shape with

a peak to teak amplitude of 14.72 volts.

2.2.3.5 Repeat paragraph 2.2.3.3 and 2.2.3.4 at a RATE meter indication

of 500 RPM (cam output of 1000 RPM). Velocity output shall be

36.81 volts peak to peak.

2.2.3.6 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 RE(:IP DRIVE switch-indicator. The

indicator shall extinguish.

2.2.3.7 On Unit 2 fuse disconnet box, push the STOP pushbutton. The

Control Console Unit 3Ogt EDDY CURENT MOTOR indicator shall

ext inglMish.

2.2.3.6 Open h Unit 2 fuse disconnect switch on F.B. 21.

2.2.4 Environuental Chamber Checks.

2.2.4.1 Close Unit 3 Environtaental Cnamoer door.

2,2.4.2 On Unit 3 Environmental Chamoer put CGtOTROL switch on.

Associated lainp snall illuminate.

2.2.4.3 Set the Urit 3 Chamber dry bulo temperature pointer to -65 0 F.

Place the Unit 3 MAIN COOLING swituh on. Associated lamp will

illuminate.
2.2.4.4 Ascertain, 5y utilizing the Unit 3 recorder, that the dry bulb

0
temperature within the chamoer reaches -65 F and maintains that

temperature.

0S2.2.4.5 Set the Unit 3 dry bulb temperature pointer to 0 F. Place the

HIGH HEAT switch and the LOW HEAT switch to on. Associated

•la•Ips shall illuminate.
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2.2.4.6 Ascertain, by utilizing the Unic 3 recorder, that the chamber

temperature goes to 00F and maintains that temperature. It

may be necessary to switch off the MAIN COOLNG switch and

UM• on the AMBIENT COOLING switch and/or turn off the HIGH

HEAT switch to obtain smooth temperature control.

2.2.4.7 Set Unit 3 dry bulb temperature pointer to 60 F and the wet oulb

temperature to 790F (corresponding to a relative humidity of

approximately 95%). Put tne MAIN COOLING 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.

2.2.4.6 Ascertain, by utilizing Unit 3 recorder, that the dry bulo chamber

temperature goes to 80°F and maintains that temperature, and

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

temperature.

2.2.4.9 Set the Unit 3 dry Dulu temperature pointer to 165 0 F and the wet

bulb temperature pointer to 112 F (corresponding to 207./ humidity).

Place the HUMIDIFY switch to off and the DEHUMIDIFY switch to on.

2.2.4.10 Ascertain, oy utilizing Unit 3 recorder, that the dry uulu chamber

temperature goes to 165 0F 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).

2.3 Unit 4 (Induction Heater)_,Tests.

2.3.1 Set the Unit 3 Environmental Ciamoer to a temperature of 70 F

by setting the Unit 3 dry oulo temperature setting to 70 F. Turn

off the HUMIDIFY and DEHUMIDIFY switches. (If chamber temperature
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is high, to expedite cooling, the MAIN COOLING switch, may be

placed on.)

2.3.2 Ascertain that the chamoer 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).

2.3.3 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.

2.3.4 On Control Console Unit 100, set the INDUCTION HEATER selector

* switch to the L.S. /NONE position.

2.3.5 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

(500°F). Return the control to the °C position.

* 2.3.6 At Unit 4 Induction Heater, turn on the filaments by closing the
* I

main power switch located on the side of the unit. The Unit 4

FILnNT lamp shall illuminate.

2.3.7 After a time delay, the Unit 4 RESET lamp shall illuminate. Push

the STOP pushbutton and the lamp shall extinguish.

2.3.8 Ascertain that the chamber temperature has stabilized (refer to

paragrah 2.3.2), monitor the UPPER SPECIMEN TEMP thermometer.

(Care should oe 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 240C (750 F or uelow,
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press the Control Console Unit 100 IND COIL switch-indicator.

The Unit 100 IND COIL and CYCLING indicators shall illuminate.

SOn Unit 4 Induction heater, the HEAT lamp shall illuminate.

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.

2.3.11 Push the Control Console Unit 300 LOAD ACTUA.E switch-indicator.

The indicator shall extinguish.

2.3.12 Press the Control Console Unit 100 IND COIL switch-indicator. The

indicator shall extinguish.

2.3.1"', On Unit 3 Environmental Chamber put the CONTROL switch 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.

3.1 Ascertain that the cam in the machine is the "sine" cam (i.e.,

-iwill produce a sinusoidal output motion when rotated).

3.2 Select desired test specimen and lubricate with desired lubricant.

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 illuminate.

3.5 Set the Unit 3 Chamber dry bulb temperature pointer to 750 F. Put

the AMBIENT COOLING switch on the and the LOW HEAT switch on.

Chamber dry bulb temperature should stabilize at 75°F.

3.b 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. 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 0 F). Return the control
0

to the C position.

j 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

pointer indicates 250 degrees (482°F). Return the control to the

°C position.

3.10 Set the Control Console Unit 100 INDUCTION HEATER selector

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

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

f to the indicated positions.

LOAD SENSITIVITY to position 2

INST FILTER to position 2

AVG FILTER to position 2

FRICT. FDBK FACTOR to position 1
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3.12 Press the Unit 200 u-f switch-indicator. The u section of the

indicator shall illuminate and the f section shall extinguish.

3.13 Ascertain that the Unit 200 FRICT FDBK switch-indicator is not

illuminated. (If the indicator is illuminated, press switch and

3.14 indicator will extinguish.)

S3.14 Adjust Unit 2 air pressure valve until LOAD meter on Unit 2

indicates 20 pound load.

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

START button. Control Console Unit 300 EDDY CURRENT MOTOR

indicator shall illuminate.

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

The indicator shall extinguish.

3.17 Start the recorder moving at a slow speed and set the amplifiers

for each the u instantaneous, u average, and instantaneous velocity

channels to a low amplification.

3.1.i Set the Control Console Unit 200 RPM ADJUST control fully

counterclockwise. Press the RECIP DRIVE switch-indicator.

Indicator shall illuminate.

3.19 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.

3.20 Press the Control Console Unit 300 LOkD ACTUATE switch-

indicator. The indicator shall illuminate and the specimen, with-

in the chamber, shall contact.

3.21 Utilizing the recorder, monitor the velocity of the motion (sinu-

soidal with a peak to peak amplitude of 36.b1 volts ) and the u of

the specimen.
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3.22 After approximately 15 seconds, press the Control Console Unit

100 IND COIL switch-indicator. The Unit 100 IND COIL indicator

and CYCLING indicator shall illuminate. The Unit 4 Induction

Heater HEAT lamp shall illuminate. Utilize the recorder Event

Marker to indicate occurrence on recorder.

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

remain lighted only while the lower specimen temperature

remains below 16000 (320 0F). They shall extinguish when the

temperature exceeds 16000 (3200.

3.24 At any 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

and 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 otcurrence on the recorder.

3.2! When test is completed, press the Control Console Unit 300 LOAD

ACTUATE switch-indicator and Unit 100 IND COIL switch-indicator.

The indicators for each shall extinguish.

.3.2c. On Control Console Unit 200 turn RPM ADJUST fully counter-

clockwise. After drive has slowed, press Unit 200 RECIP DRIVE

switch-indicator and FRICT FDBK switch-indicator. The indicators

for each shall extinguish.

3.27 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 On Unit 3 Environmental Chamber put all switches to the OFF

position. All lamps on Unit shall extinguish.

3.29 On Unit 4 Induction Heater, open power switch located on side

3of Unit. Unit 4 FILAMENT lamp shall extinguish.

>m23.30 On Control Console Unit 300, press AC switch-indicator and DC

• • switch-indicator. The indicator for each shall extinguish.
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