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I. INTRODUCTION

At the present rate of energy consumption, the United States will need to
supplemant depleting domestic crude oil reserves with alternative asources in
order to reduce a dependence upon foreign energy reserves from politically
unstable countries. The alternative energy sources would include liquids
produced from oil shale and coal for the manufacture of mobility fuels,
Thare will be both physical and chemical fuel composition changes, compared
to petroleum=derived fuels, whose impact upon engine performance are not
known, Since as a tactical ''sasure the U, S, Army will be one of the first
users of fuels derived from «iternative sources, it must be prepared for the
affects of these new fuels on the performance of their equipment,

Figure | {llustrates the process for evaluating new fuels to assure that
there will be no impairment to the overall Army mission(l)*. This process
provides for a rapid, but orderly, evaluation which will identify problem
areas as early as possible, The facility described in this report falls
under the heading of Component and Single=-Cylinder Engine Testing and {is
intended to provide extensive data on the combustion behavior of candidate
fusls and fuel components of interest, The engines which will be used in
the facility are {intended to function as intermittent combustion bomhs
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FIGURE |, PROCESS FOR EVALUATING NEW/SYNTHETIC FUELS

* Underscored mumbers in parentheseus refer tu the list of references at the
end of chis report,
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rather than an emulation of any specific production engine., The reactors
(combustion chambers) are one of the variables which will be varied during
future projects, and the information generated is intended to be suffici-
ently basic to allow interpretation of the data without being conatrained to
a particular production engine design.

Continuing research has been performed on the effects of fuel components on
diesel engine cperation, but these efforts have concentrated on understand-
ing the results of variations in the refining of petroleum. Review of tha
literature has indicated that there are major gaps when potential shale fuel
properties are considered. A need, therefore, exists for the development of
a program designed to £1il1 the gaps in the technology. A program has been
ocutlined which includes the formulation of fuels whose chemical and phyaical
composition will be varied to approximate various potential shale-derived
liquida, Every attempt would he made to vary as few properties at a time as
possible. Each of these asyntheaized shale diesel fuels will then be eval-
uated in a fully instrumented diesel research engine to determine the ef-
fects these variations in fuel properties have on engine operation. In this
way, an understanding of the impact of each potential change in fuel compo-
sition could be developad, leading to sufficlent knowledge to point out
those physical and chemical properties of shale diesel fuela which muat be
controlled by specifications.

The installation and calibration of a facility for evaluating the possible
finite property variations of the synthesized shule diesel fuels was con=-
sidered a prime phase of the overall program outline. The monitoring of
combuation efficiency, heat release, ignition delay, and pressure rise is a
fundamental method of determining effects the fuel propert& have on engine
performance. It was proposed that a high-speed computerized data acquisi-
tion system be used to monitor the various inputs needed to compute the

aforementioned parameters, A fully instrumented, fuel-sensitive engine,

linked to the high-speed system, would provide an effective tool for evalu-
ating the effects of various shale fuel properties,

i




I1. DESCRIPTION OF FACILITY

The facility developed for the monitoring of diesel fuel property effects on
combustion/ignition characteristics consiats of three individual segments,
The first segment is the modified Detroit Diesel (DD) 3-53 research engine
and its agsociated hardware. The second segmwent is the engine instrumenta-
tion package, and the third segment {8 the CALO data acquisition system,
The proper interfacing of these three segments is paramount in determining
the significance of any property-related fuel effects on engine performance,
Figure 2 is a block diagram of the integrated combustion/ignition facility,
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FIGURE 2, COMBUSTION/IGNITION FACILITY BLOCK DIAGRAM

A Regearch Engine

The DD3=53 series two-cycle engine 18 considered one of the more fuel-
sensitive engines in the wmilitary fleet. A decision was made to use the
DD3-53, but to convert it into a single-cylinder research engine, The
impetua behind the conversion was to reduce the fuel consumption of the test
engine, an important factor when studying fuels which are available in only

limited quantities.

During the initial conversion procedures, the numbers one and three pistons
were removed from the engine, and the appropriate counterweights were added

to their respective crankshaft throws. Provisions were made to cover the
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¢ylinder liner intake ports, and the pushrods and rocker arm assemblies for
cylinders 1 and 3 were removed, The fuel system passages were modified in
the head so that fuel flows to and from the No, 2 injector only. The gover-
nor was removed, and a micrometer adjustment was installed for fuel flow
control to thr unit injector, The need to control temperature and pressure
of the intake air necessitated the removal of the roots blower from the
wmodified DD 3-53 engine, An intake air system, incorporating an in-line air
heater, an air dryer to provide constant humidity, and an air compressor,
waps devised to simulate blower and airbox conditions, The exhaust was
fitted with a remote-actuated butterfly valve for control of backpressure to
simulate the turbocharger turbine restriction, Upon completion of the
modifications, tests were performed to determine the operability of the
engine in a one-cylinder configuration,

Preliminary testing with the Detroit Diesal 3-53 single-cylinder conversion
revealed no vibrational problems at low speeds and light loads. However,
the teating did seem to indicate that severe vibrational problems could
occur at the higher speeds. 1In order to determine the mource of the vibra=
tions and to develop corrective action, a computer model was developed and
used to compute the forces and force couples generated by the rotating and
reciprocating parts within the engine. 'fhe model indicated that the im=-
balances created by the removal of two pistons and connecting rods could be
balanced by altering the orientation of the counter rotating balance gears
and by removal of some mase from these gears. After the modifications were
made, the engine was assembled and tested., The testing revealed two dis-
tinct modes of vibration; yawing, caused by an out of balance horizontal
force; and rolling, cauvsed by side thrusts during the combustion process.
Numerical analysis provided the solution to the yawing problem, by indi-
cating a need to reposition the two pulley counterweights on the front of
the engine. These pulleys had been shifted out of phase with one another
when the prior modifications had heen made. The rolling vibration posed a
problem whose solution was not immediately apparent, but was approachable in

a unique manner,
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As a refinement to eliminate the side~to-side rolling, a vibration damper
was added to the engine. The vibration damper consisted of a still rod
attached firmly to the rear of the engine, The rod extended from the engine
centerline vertically upward for s total length of 1.5 m. A balance weight
wag attached to the rod in such a way that it could be repositioned along
the length of the rod. Modeling the engine, the engine supports, the rod,
and the balance weight as a two mass-two spring system proved to be a com-
plex problem because of the number of unknown constants involved in tha
dynamics of the engine support structure, Utilizing a number of groas
assumptions resulted in the design of a system involving a 2,15-kg maas

extending 1.2 m above the centerline of the engine on a l.9-cm OD steel rod.
With thia system, it was predicted that the inertial forces generated by the

side-to-side motion of the balance mass would just balance the forces exer-
ted on the engine by the combustion process.

The weight manufactured for the system actually had a mass of 3.62 kg, As a
result, the actual position of the weight had to be adjusted to approxi-
mately 0.5 m above the centerline for balancing at 1000 rpm (see Figure 3).
The lengih# required for balancing at other engine speeds were also de-
termined experimentally by observing the point at which engine side motion
ceased. rhe engine motion was measured by using a strobe light to observe a

" mark placed on the head of the engine.

After collecting the data, a first-order polynomial regression was performed
in order to provide a calibration curve for predicting the length required
for balancing the engine at any given speed within its operating range. A
Plot of the raw data and the calibration curve for predicting "zero" deflec-
tion are showm 1in Figure 4, Initial testing of the balance rod length has
shiown the predi ted valuea to be close enough to the actual values that only
minor adjustments need be made during engine operation to ensure ''zero"
deflection, After the mechanical nmnodifications were made to ensure stable

engine operation, the engine instrumentation was installed.
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B, Engine Instrumentation

For the installation of the engine inatrumentation, several modiffications of
the cylinder head had to he made. The modifications included installation
of a pressure transducer and a deposlt probe, within the physical restric-
tions of the combustion chamber area. Consultation with researchers at
Genaral Motors Corporation, who had previously instrumented a DD3~53 head,
helped place the pressure transducer and deposit probe where they would not

interfere with engine functions,

The pressure trangducer is a water-cooled plezoelectric-type transducer,
with 1its output going to a charge amplifier. The charge amplifier output

11




signal is then an input to the data acquisition system. The transducer
itsealf has been coated and calibrated as described in the literature on the
subject of cylinder pressure measurement(2), The most important aspect of
pressurs messurement is the accurata phasing of the cylinder pressure with
top dead center (TDC). This was accomplished by locating TDC of the crank-
throw (2), then phasing the optical shaft encoder marker pulse to coincide
with the TUC marker. The optical shaft encoder was used to trigger the
snalog-to~digital (A/D) converter, so that synchronous channels of data
could be taken. By minutely adjusting the shaft encoder, and examining log
pressure~log volume plots, correct cylinder pressure phasing was accomp-
lighed.

The deposit probe consista of a cantral electrode, electrically insulated
from an outar cylinder. The probe is mounted in such a way that the elec-
trodes are flush with the combustion chambar surface. Two different modes
of opsration will be tested, In one method, the change in electrical resis-
tance with time betwsen the reater electrode and the outer cylinder will be
measured, In the other method, a potential will be induced batween the
alectrodes and the change in current thruough the gap will be measured as a
function of time, In either case, the changes which will be observad will
be due to deposit formation in the gap between the electrodes., Salection of

‘the appropriate method will be based on the sensitivity and noise assoclated

with each one, At this point, a selection of the method of deposit measure-
wment has not yet been made.

The measurement of instantaneous torque is to be used to calculate inatan~
taneous brakse horsepower. The torque is to be mesasured with an in-line
torquo meter coupled in the driveline bstween the engine and dynamometer.
The torque metsr consists of a shaft instrumented with strain gauges. The
output from tha torque meter is fed to a strain gauge amplifier which has a
210 volts direct current (VDC) output which serves as an input to the data
acquisition system. Along with the torque, an instantaneous measure of
engine speed is needed to calculate the brake horsepower, A sawtooth wave-
form of known amplitude and frequency can be used as an input to calculate
an instantaneous engine sapeed. By measuring the voltage differential

DAL B et A
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between consecutive data points which lie on the sawtooth wave, real time
can be calculated from which an engine speed can be computed.

The instantaneous mass fuel flow rate was attempted as the final dinput
channel to the A/D converter, A literature survey revealed that in previous
work, the mass fuel flow rate could be measured by modifying a unit injector
to accept a strain gage (3), The strain gage, bonded to the injector tip,
is used to measure the hoop stress, which is proportional to the fuasl pres=
sure in the injector tip, By using the strain gage as the active leg of a
wheatstone bridge, a wmethod was proposad for in situ calibration in the
operating engine, In situ calibration is nacessuary because the instantan-
eoud fuel flow rate is a function of the instantaneous pressure drop across
the injector tip spray holes., As part of the calibration, an electronic
weigh scale with digital readout was acquired to give an integrated mass
fuel flow rate upon which the inatantaneous flow rate is based., Reoccurring
problema with the durability of the strain gage under the high heat and
presgures at the unit injector tip made the calibration of the inatantaneous
mass fuel flow rate impossible, Additional problems with this method in-
cluded the seal betwaen the injector and its tube because of the wires to
the strain gage, the durability of the wires coming from the strain gage,
and noise due to the grounding of the strain gage and wires to the engine.
The absence of the mass fuel flow rate data also meant that injection timing
could not be acquired due to the lack of needle 1ift and line pressure data.
The unit injector construction does not allow for the inclusion of a needle
lift or line pressure transducer; therefore, a different approach will have

to be developed in order to acquire injection timing and rate data.

Various other instruments are being used for the support of engine opera-
tion. A vortex shedding flowmeter is being used to monitor the intake air
flow rate, The flowmeter has a TTL (Transistor Transistor Logic) pulse
train output with a frequency that is linearly proportional to the flow
rate. The flow rate is monitored with a digital frequency counter to give
an account of the approximate amount of air used by the engine, Because the
engine operates on & port scavenged two-stroke cycle, the air flow cannot be

used to calculate the air-fuel ratio of the operating engine since the

I e T B




engine transfers supstantially more air through the engine than is actually
used for combustion.

The engine is loaded using a 93,3 kW (125 hp) universal eddy current dynamo-
meter. An electronic load cell 1is attached via a torque arm to thc dynamo-
meter to measure ths brake torque, The output of the load cell is monitored
with a digital load readout calibrated to ft-lb of torque. The engine speed
is monitored with a 60«tooth gear, magnetic pickup, and digital frequancy
counter., A dynamometer controller is used tu provide either speead or load
control.

Various temperatures and pressures are monitored to establish stabilized
sngine operating conditions, Table 1 lists the various engine parameters
that are measured. A list of the instrumentation used in the facility 1is
presented in Appendix A. Photographs of the research engine and the instru-
mantation control panel ars also presented in Appandix A.

TABLE 1, ENGINE PARAMETERS

Preassures Temperatures
0il, psi Water In, °F
Fuel, pai Water Out, °F
Airbox, in. Hg Fuel, °F
Exhaust, in. Mg 0il1 In, °F
011 Sump, *F
Alrbox, °F

Exhaust, °*F
Intake Air, °F

The proper interfacing of the instrumentation to the data acquisition system
was critical in developing the fuels combustion/ignition facility. The
propsr grounding and shielding techniques were required to ensure that
ground loops were avoided when tha instrumentation was interfaced to the
computer. Dus to the sensitivity of the transducers and amplifiers, and the
high rate of data acquisition, electrical noiss could alter the true read-
ings significantly. This avoidance of extraneous noise on the inputs to the
A/D converter is important in determining the accuracy of the data. Appen-
dix B contains the wiring diagrams for the instrumentation and computer
interfacing.

14
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C. CALO-Data Acquisition System

A high-~speed data acquisition system was acquired for the analysis of com~
bustion/ignition fuel property related effects. The CALO system was based
on an existing system in operation at Southwest Research Institute, so that
eaxisting software could bs used to eliminate development time. A controlled
anviromment room was built in the engine lab, in orxder to house the system,
The room contains an air conditionar, which recirculates the air, to main-
tain the room in the proper temparature rangs for computer operation. An
slectrostatic precipitator is used to rewove tyc dust and dirt particles
present in incoming fresh air.

The CALO data acquisition system consists of a diaitnl computer, a disc
drive and controller, a system console, & printer-plottar, a four-channel
A/D converter, and associated software. The computer is a disc~based unit,
and has 256 Kbytes of resident main memory, The computer communicates to
the disc through a dual channel port controller (DCPC) interface, The DCPC
interface allows tha computar to read and write directly into main memory
for data acquisition and disc access. The disc, which is the mass storage
device for the asystem, has 15,6 Mbytes of available wemory, and is inter-
faced to the computer through the diec controller.

The access to the computsr is provided by the system congola., Through the
system console, the system status is monitored, and programs c¢an be de=-
valoped and exscuted. The console is a CRT terminal with graphics capa-
bility and minitape drives. An IEEE 488 interface bus connects a dot matrix
printer-plotter to the terminal for screen copy capability in both the
graphics and alphanumeric modes. The printer-plotter is also set up to be
used as the system printer.

The unique tcomponent of the CALO System is the high-spsed A/D converter.
The A/D convertar has the capability of sampling data at a maximum conver-
sion rate of 200 kHz, with 4 resolution of 12 binary bits and sign. The
converter has filtering frequencies ranging from 20 kHz to wide band across
the four channels., A special feature is simultaneous sample and hold, which

15
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allows for the simultaneous acquisition of up to four channels of data
synchronous with the clocking signal. The clock signal can be internal, or
an external clock pacer can be epabled, For the combustion/ignition facili-
ty, the A/D converter is clocked by the shaft encoder in one-degree crank-
shaft incremants. A special interface is used for compatibility with the
computers I/0 buffar.

The software that is assoclated with the CALO system is the opsrating system
software, the special function utility programs, and the data acquisition/
application programs. Tha operating system is of the file manager type,
vhich is accessed in a session monitor mode., The session monitor has an
account'lyltm wvhich keeps track of system connect time and CPU (central
proceasing unit) usage. The file manager is a program which allows proce-
dure files to ba built and executed. It also performs the scheduling of
programs and performance of other system functioms. Included in the system
is an interactive aeditor, a program which is used to create and/or modify
programs and files, The CALO system has a FORTRAN IV compiler to convert
FORTRAN source code into relocatable binary files., A loader then is used to
convert the relocatables into a memory image module, Once the program is
loaded, it can be saved and executed by the file manager. .

Included in tha utility programs is the softwara which controls tha func-
tioning of the Distributed Systems (DS) 1link. The D8 link allows inter-
active accass to a remote computer, thua forming a computer-to-computer com=-
munication path, The other computer is an SwRI-owned machine that has a
magnatic tape drive unit available for mass data storage. The main purposa
of the DS software and link will be for transferring raw data to the remote
computer for processing, saving data for future reference, and for syutem

backups on magnetic tape.

The data acquisition/application programs include special software drivers
for operating the A/D converter, and the programs written at Southwest

Research Inatitute for data manipulation, The drivera control the inter-
facing betwesn the computer and A/D converter so that analog data can be

acquired, digitized, and written to the computer disk for storage. A con-
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trol file program is used to create a control file, which is used by the
high-speed system programs for the collection, separation, manipulation, and
display of high-speed data. The program which is used for data collection
is executed by a transfer file, This program uses the parameters in the
control file for the data acquigition, such as; number of cycles, data
pointg/cycle, axpected clocking rate, etc, This program then schedules the
a dats separation and program execution phases of the data acquisition pro-
cess, When the dats collection program 1is executing, all other computer
activity wmust be suspended, and all other programs displaced from main

memory,

The data separation program separates the raw data into separate files for
each channel, then schedules the data manipulation programs which modify the
data according to the parsmeters contained in the control file, Two appli-
cation programs can be scheduled, the first will input a number of cycles of
data and output an averaged engine cycle and, if required, the standard
deviation at eich ~rankangle. This application program creates the average
eycle by computing the mean of the values that occurred at each crank angle
increment. Tha second program accesses a file containing a number of sngine
cyclens of data, und produces a file containing the minimum, mesan and maximum
value of each cycle and each channel. When the application programs are
completed, the transfer file is terminatead, and tha data reduction programs
can bs used to access the binary data files and convert them into decimal

real numbers for performance comparisons.

D. Data Analysis

s,

After the data have besn manipulated and separated into voltage data files,
which takes approximately 2 minutes of processing time for 100 cycles of 360
point data cycles, data reduction programs can be used to determine if the
data 4is good. The typical procedure is to warm the engine up to tha pre-

i T WO

deatermined operating temperatures, then take 100 cycles of data in a hot
motoring mode, i.e,, with rack fully closed, the engine hot and being driven ;
by the dynamomater, After the data is separated, the operator schedules a

program to examine the data and calculate & pressure adjustment based on ;;

17




absolute airbox pressure at bottom dead center (BDC)., When the pressure
; adjustment is calculated, the program is exited, and a program which will

produce log pressure-log volume plots is scheduled. By knowing the calcu-
lated presgure adjustment, the correct pressure-crankangle phasing can be
found by examining the peculiarities of the log P-log V plots. Typically
once tha pressure-crankangle offset is found, it will not vary unless the
shatt encoder has changed in its phasing with top dead center (TDC); however
as a precaution, this procedure is repeated befors each set of data {is
taken, Once the opsrator is satisfied with the phasing data, firing cycles
(rack open and combustion taking place) can be acquired with the test and
bage fuels, 'Tho turn~around time in iaking the data, and examining it, is
approximately 5 minutes for 100 cycles of 360 point data cycles. A morse
datailed explanation of the programs for data analysis follows.

The analysis of pressure data can reveal valuable information about the
combustion characteristics of a fuel., Several of the dats reduction pro-
grams available are for the analysis of pressure data. The pressure=time

disgrams are plotted by a program, which locates peak pressures, calculates

presaurs adjustment (based on airbox reference prassure at BDC), and allows
the pressure offset to be varied for proper crankangle phasing, An example

]

|
mean effective pressures, calculates indicated horsepower, calculatas a ';

|

|

|

{

_ of pressure time diagrams for motbring and firing cycles is shown in Figure
T 5. The slashas locate valve and port openings and closings. The program,
' which produces praessure-volume, log pressure-log volume diagrams, is a very

e e

useful tool for analyrzing motoring and firing pressure data, With a motor~

ing trace, proper phasing between the pressure signal and angine TDC can be
monitored by examining the slope of the polytropic compression process on a
Q log P-log V plot. Since the compression process is polytropic, PV® = Con-

L1 ies ke ek

stant, on a logarithmic scale the slope of the line should be equal to -n,

I RS P,

The polytropic exponent, n, generally varies between 1,24 and 1,35 for
motored engine data, Incorrect phasing, incorrect pressure refersncing, or
& nonlinear pressure transducer can all be determined from the abnormalities
prasent in the hot motoring log P~log V diagrams., Figures 6, 7, and 8 are

examples of the effects prescure phasing has on the shape of the disgrams,
Figure 6 1s a properly phased pressure signal of a hot motoring trace, i
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indicated by maximum pressure occurring near TDC or minimum volume. The
maximum pressure point of a motorad engine occurs slightly before TDC be-
cause of the effect of heat transfer from the working fluid (i.e,, the
intake air). Figure 7 is an example of a pressure signal advanced one
degres with respect to angine TDC, the peak prassure is occurring slightly ' ﬂ
before TDC. Figure 8 is an example of a signal ratarded by one crankangle ;
degree; tl_u maximum prassure is ssen to occur aslightly after engine TDC,
Figure 9 shows an example of log P-log V diagrams for the thres cases of
crankangle phasing for an engine firing cycle, while Figure 10 showa axam-
ples of pressure-volume diagrams for hot motoring and firing cycles. The
i compression and expansion lines do not coincida on the hot motoring tracaes |
due to. heat transfer from the working fluid to the cylinder walls and coopl-
ing jackat. The straightness of the lines on tha lop P=log V plot is also
useful for detarmining the kind of error present, Incorract pressure refar-
encing and & nonlinear transducer will show up as a curvature in the line .
during the compression and expansion process. A prograw was devaloped to A
calculate rate of heat releass and cumulative heat release from cylinder .
pressure data for an engine firing cycle, Tha rate of hoat releasa and l
cumulative heat release are affective tools for measuring combustion charac- ' f
teristics of various fuels. The heat release calculations and diagrams are i
sansitive to changes in ignition delay, rate of pressure rise, maximum ‘
ecylinder pressure, and injection timing. By comparing the magnitudss,

shapes, duration, and crankangle phasing of the heat release data, the
combustion characteristics of various fuels can ba determined. Provisions

R T T I

TR T ¢

gl s o

have been made in the heat releass program to calculate the centroid of the
] heat release diagram to obtain a quantitative comparison of fuel-rvalated
combustion effects. The centroid of a heat relesse diagram is a geometric
concept expressing the center of area bounded by the inatantaneous heat
release curve. The centroid has two components, the phasing!:
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= phasing of centroid, degrees
= ¢crankangle, degrees
= instantaneous heat release at angle g, Btu/degrees

O O D

and the magnitude!

,5Q°do
Q f Q doe

where:
Q = magnitude of centroid, Btu/degreas
d = ingtantaneous heat release, Btu/degrees

which are sensitive to the effects the chemical and physical delays have on
the instantaneous heat release curve, The gensitivity of the phasing and
magnitude of the centroid, to fuel property changes, will be used to corre=-
late combustion characteristice of various alternative/synthetic fuals, By
examining the phasing of 'the centroid to injection and ignition eventa, a
batter understanding of what fuel properties effect combustion could be
acquired., The magnitude can help determine any increase/decrease in com=
bustion efficiency, and helps characterize the region of main burning on the
instantaneous heat release diagram, Figure 1l is an example of the rate of
heat ralaaso and cumulative heat release plots, Several important areas of
the plot are indicated, Figure 12 is a plot of the derivative of pressure
versus crankangle. The dependence of the heat release on cylinder pressure
and its derivatives is visible when the figures are compared., Therafore, it
is expacted that any fuel properties which have an effect on the cylinder
pressure will also affect the heat release data.

The calculation of the ratea of heat relense assumes that all of the heat
released from the combustion of the fuel is reflected by the increase in
cylinder pressurs, However, this is not the case, since heat is lost to the
cylinder walls through heat tranafer. The resulting calculated heat release
is thus the net, after such as yet unaccounted for losses. As a result, the

21
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heat supplied by the fuel will not be fully accounted for by the cumulative
heat release calculation, This error in the heat balance will be monitored
in future work, with the objectives of attempting to detect differences in
heat transfer dus to fuel effects, and to develop & heat transfer model to
help account for the loases,

CALO data acquisition system specifications are shown in Appendix C, while
the equations used to calculate performance variables are located in Appen-
dix D.

TII, CONCLUSIONS

The combustion data acquisition system, along with the associated pressurs
analysis softwvare, has basn installed and checked successfully,

The time from the initiation of the data acquisition process to the presen~
tation of tha data on the terminal for the test enginaer is approximately 2
minutes. This rapid analysis capability will significantly reduce the costs
associated with combustion analysis by reducing both waiting time, fuel
costs, and delays in determining the nsed for rapeat tests.

The systex accuracy has been shown to be sufficient to quantitize differ-
ences in the combustion performance due to minor variations in fuel compo-
sition, The basic resolution of tha digitizer is 0,083 percent, Respeat-
ability of pressure measurements is such that differences of 1.5 parcent can
be resolved with 95 parcent confideunce.

IV, RECOMMENDATIONS

The CALO data acquisition system was designed as a uleful.tool for examining
combustion data, It is recommended that provisions be made to further
utilize its capabilities in the development of future mobility fuels, The
aystems flexibility will wmake it useful for interfacing to other test cells
in order to examine test fuels in different engine and combustion chamber

26




configurations, Software and hardware enhancements should also be continued
in order to achieve the state-of-the~art technology required in the analysis

of high-apeed combustion data. Software enhancements should include opera-
ting system upgrades, application program refiunements, and provisions for

heat tranafer calculations to develop a more accurate burning rats model,
Hardware enhancements should provide for a resliable method to determine
injection rate data, in order to bestter underatand fuel property affacts on
diesel engine performance,
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AVL

Kistler

Lebow

Vishay
Daytronics

GSE

BLH

Doric

RLC

DIGALOG

DIGALOG

Wallace & Tiernan
Neptune/Eastech
Hewlett~Packard
Trump=Ross

Lesds & Northrup

modal
wodel
model
model
nodel
model
model
model
modael
model
model
model
model
model
model
model

ENGINE INSTRUMENTATION

12QP-300cvk
S04E
1105M=3K
2310

300D

618

ul

420

DITAK II
DL=Al

DL=M1
G1A~18-0100
2120

5300A
T=0360~D13M=5D5
177304

31

pieszoalectric pressura transducer
charge amplifier

in-line torque meter
strain-gauge amplifier
strain-gauge amplifier
waigh-~scals system

300=1b load cesll

trangducer indicator (load)
digital tachometer

dynamome ter controller
motoring option

absolute pressure gage (in, Hg)
vortex-shedding flowmater
measuring systam (Hs)

optical shatt encoder

24=input thermocouple recorder
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Port No.

HP 1000E (CALO) I/0 PORTS

Descrigtion

Jumper

Jumper

Jumper

Jumper

Jumper

Jumper

Jumper

Jumper
Distributed Systems Interface Card
Female Dirsct Connect 5061-4908~cable
BACI 12966A Asynchronous Data Interface
12966-60008~-cable
93596=-60018 HS8 ADC HI SC
93596-60017=cablae
125668002 +True IN/OUT Preston ADC
93596-60017=cable
2100 Interface-~Disc Controller
13037-60030-cable
Time Base Gensrator
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HP 12966A Buffered Asynchronous Data
Communications Interface to HP264B

Terminal, CALO data system, port no. 14
Interface Cable (HP 264X Terminal), part no. 12966-80008, Wire List
conmron | "B SIGNAL NAME ERVICE) | wine | neaszc | mowaL
P1JUMPERS N (sRe NOTE| MN COLOR CincuiY SOURCE
- A :iml Qround (E1A)} H aRN AR Comnmon
8
[+ CA inhibit
[»] Tranemit Date (R1A) c RED BA Imfe
[ Requatt to Send (KA} CA
o L Dats Terminal Ready (KIA) co
H xt Frog
E J Fi4
K ke
L re
M L]
= N P/Ext
[ 4 B8BA
] Bxt Clock L [ {RV] Davics
] Neceivad Date (B1A) [} BAN 1] Davics
T Sesondary Line 8ig Dat (KIA) e
v {rpars) (RIA)
v Sscondary Recelve Data (RiA) (1]
w
» X Clear to Sand (EIA) ce
>l Y Date Sut Roady (EIA) cC
2 Ring indicator {EIA) 0 YEL [+ ] Device
> AA Rucaive Line 8ig Dat (K1A) CF
Be Signal Ground
» 1 Bignal Ground
2 CCNT ?
) BXX (Sacondary Chan) {RIA) [ ¥ ONN SUA/8CA Intte
> 4 RECF
o [} 8IN
: Xmit Data In
TTY OUT
L— 8 +8 volt
] TTIYIN
10 +12 volts
" UCLKG
12 CLKP2
> 13 CLKM
2 RL] CLKPO
18 CLKP3
16 Recd Data Out
17 (111 ]
18 DIAG
18 Bpare
20 Aun Disable
3] B8XX
- 21 UCLK
2 =12 voits
2 Signal Ground

Nots: g&nm identihad by (1A} afwr the u“n#l name operste ot ugnal levels spscilind by B1A Standerd RE232C [0 OFF -3V,

2+ JV). All gther signais operate st

L logia ievely Lo, sppronimately, ORF « +1V, ON < + 1.8V}

HP 12966A Buffered Asynchronous Data Communications
Interface Inatallation, Service, and Reference Manual
HP port no. 12966=90001 Jan, 1979
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Interface from Preston ADC to CALO ]
data system 1/0 ports nols 12 and 13

1

MARKED & E
“PRESTON ADC REF A (GREEN) 10 FT. ¥
[Rer cl-zL\tl/ 4

— = o i = I ;
' Y
10 128668-002 CARD [ppF s N
2 i = REF D] 7O PRESTON ADC ' ¥
§‘=:=”‘ | oy DIGITAL INPU i
1 . 1
TO 93896-60018 CARD { [ VINCHESTER )
MARKED CONNECTOR .
"H§ ADC M1 SC" |
PINS A 41 H
, 3 T0 PRESTON ADC ;
THIS END 10 FT. CABL DIGITAL OUTPUTS PIN 1 3

TH1S END o

I

Supplement to: HP 93396L Preston A/D converter !
operating and service manual i{
supplement Part No, 93596-90020, May 1980 g
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Interface to CALQO data system
1/0 port no. 12
digital input to Preston ADC

BASIC CABLE DATA

@ stock No. 8120-2086

'ﬂ-——— 120 = | __._____-‘ CONN, C: MRAC-755-6
€: #6 SPADE_LYG ' /

CONN, D: MRAC-785.6

/QB-PIN 1/0 CONN.

o

r Connecter A" (¥R use Witk (PART :r‘c’o-n—n (s::ruu;): .
128668-002 1/0 PCA ONLY ' .
GOMN. 4 | CONN. D REMARKS CONN. 4 | coNN. C REMARKS
’ 1 [88/73 [ COINCIDENCE 30 A 17/24 | ADD LINES:LSB i
: 2 [56/63 DATA BIT:LSB+ *** B 16/23
E 3 |s4/60 ¢ 18/22
4 [s2/58 0 lorne
) 5 |44/50 £ 08/13
§  laz/es F 04/12
i} 7 laoses W leyn
i 8 [32/38 J 02/10
i 9 |30/36 K__ 140746 | A iM
£ 10 8/34 L la1ze7 | Aux ¢0
1 20/26 M 42/48 | AUX CONTI(PACER)
12 |17/24 H 29/35 | Chod _
- 13 [15722 P lzs/3s | cMoa -
4 (0513 R 21727 | CMD2 ‘
15 Joan DATA BIT:1SB+ 5 18/25 | CMD!
18 |02/10 DATA BIT:SIGN- 1 32/38 | RESET
22,2** [20/26 | oev ¢Md ]
23,AA** [01/08 | FLAG (EOC) ‘
24,88 [a0/82 | LOGIC GROUND 90 | [4,88°* [ 80/82 | LOGIC GROUND JC
CONN, €
(SEE NOTE 2) » 39 TRANSFORMER JE
SHIELD
P
]
]

worea: _* TUE WHITE LEAD OF EACH TWISTED PAIR [S CONNECTED TO TIE PIN AFTER THE SLASH
O COWNECTOR ¢80 AND BUSSED TOGETHER AND CONNECTED TO PINS 24/88 AT CONNECTOR A,

v« PINS CONNECTED TOGETHER ON PCA, LETTER HOOD "PRESTON ADC"
*+% UNUSED DATA BITS ARE GROUNDED IN 1/0 CONNECTOR HOOD AS REQUIRED,

: 1, CABLE 93596-80017 CONNECTOR D HAS ADDITIONAL WIRING, SEE FIGURE 4.2 i
2. TWO PAIRS IN CABLE ARE SPARE: FOLDED BACK AND INSULATED.

Revisad: May 1980

Supplement to: HP 93596L Preston A/D Converter
Operating and Service Manual
Supplement Part No, 93596-90020, May 1980
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Interface to CALO data system
I/0 port no, 13
digital input to CALO

NOTE THAT THIS $120-2085
E DIAGRAM SHONS ® stock No. 0

PARTIAL WIRING FOR ‘a————- 120 = mm.—————{

ckgligse-eoow D] (PART OF CONN. REF D)
481N, 1/0 CONN. (SEE NOTE 1)

L 3896-60016 1/0 PCA ONLY) (EXISTING CONN. REF D

: conn. B | COMN. D nEMARKS PONN; B ]conN. D REMARKS
i 1 . A * QRD
? 7 . gﬂﬂf ] . 1FN2
i Y . . . 1eN3 JUPPERS
: 4 | - (SEE_NOTE 3) p | 481 [ TRYEIITA
t s - £ 43/49 5
{ s - [ F_Laye ¢
? » | (OVERRUN FF RESET-DONE H 33/39 ? _i
A 8 - J * ) .
i s ]+ lom k|« [ 4
| 10 . GRD L . 8RO :
1121777 ITOIN exor DVERRUR (817 O}l . GRD_ ) :
é- 2 |sys [TOTEY ) se) M * | e .
%» 13 | ssye2 2 P - GRY :
‘ 14| 83/%¢ 3 R -
18 . s | 70/78 | TRYOR (STATE OF CONTRQL FF)
16 [ erzs | TFELR (EOC) 1 2| *8¥are s1as FROM cPU)
! 17 " ] » GRD
] 18 . v " R0
“- 19 133 | 7o g W 18723 | TRTEBIT 12
? 20 | 2§/35 9 X N4 1
‘ | 227 KT Y /12 4 (MSB)
22 1 1e/3s LIS || 4 01/08 18 {SI6N)
23 ' AA 72/78 | OVERWUN (STATE OF OVER. :
2 - 88 . LUL LD B j
{SEE NOTE 2) |
|

wores, " The white Yead of each twisted pair i3 connected to the pin efter the
slash on CONNECTOR O, bussed together as required,and connected to neargst ground 1
pin(s) on CONN B, Mark Hood "B" this DWG "HS ADC HI $C* i
1, Additional wiring on this connector, ses figure 4-2, )
2. A1 signals are ground true this PCA only, (Pes. logic convention). X
3. Make no connections to dashed pins (designated above), they are used

for other applications.

Revised: May 1980 ’

Supplement to: HP 93596L Preston A/D
Converter Operating and Service Manual
Supplement Part No. 93596-90020, May 1980 :
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Interface to Disc Controller from
CALO data system. I/0 port no. 11

Interface PCA/Controller Signals

SIGNAL

DESCRIPFTION

CLEAR

1BUSO-18

ENID

ENIR
IFNO-3

IFCLK
IFVLD

CMRDY

DTRDY
EQD

OVRUN

INTOK

This signal is generated by passing the computer's Powsr-On Preset /O (POPIO) signal to
the controlier whanaver the presst jumper (see paragraph 2-4) is set to enable. The Ciear
signai resets the controlier to its power-on state. I all interfaces can generate this signal,
operation of other interfaces may be affected. For this reason, the Clear signal can be
disabled on any or all interfaces by satting the preset jumper to disabie.

Interisce Bus, Sixtean bit bi-directional data bus used to transmit all data information between
the interlace and controller.

Enable Interface Drivers, Aliows intartace drivers to place data on IBUS for transmission to
the controller. Interface must have been previously selected.

Enable Interface Receivers. Enablea reception of data from 1BUS on the interface.

Interface Function Bus. Four-bit bus carrying the coded tunction commands from the
controlier. Decoded functions are valid only if the IFVLD signal is true,

Interface Clock. Validates data and status word transfers word-by-word,

interiace Function Vaiid. Validates functions on the interface function bus. A function is vaiid
only if this line is true.

Command Ready. Held true while a command to the controller is on the Interlace bus.
Ciearad by IFGTC from controlier. interface must ba selected,

Data Ready. Held true whenever the FIFQ butter is not empty. interface must be selected,
End of Data. True on read whan DMA has completed a block transter. True on write when
DMA has compieted a block trangfer and the FIFO buler Is empty. Interface must be
selected. Clearsd by CLCSC trom computer.

Read Overrun. True If the data bufier FIFO is full and the controliar or the computer tries to
send another word or true if the data butier FIFO is empty and controller or computer attampts
10 feich a word. Interface must be selectad. Cleared by CLCSC from computer.

Interrupt OK. True if interiace is selected and tha control bit is set.,

Installation and service manual
13175/13178 Disc Controller Interface kits
Manual part no. 13037-90015, Feb 1980
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Interface to Disc Controller from
CALO data system, I/0 port no, 1l

cont inued
Interface PCA Connector J1 Devica Controller PCA Connector 1IFJ1
Pin Assignments Pin Assignments
J1 PIN SIGNAL JIPN| BIGNAL 1mJ1 PIN SIGNAL IFJY PIN SIGNAL
A GND 1 GND 1 + 8V 2 +8vV
e IFN2 2 IFNO 3 IFNO 4 IFN2
C IFN3 3 IFNt ] IFNY ¢ (FN3
*] 18US4 4 NOT USED 7 NOT USED 8 IBUS4
3 1BUSS 8 | CMROY o CMRDY 10 1BUSS
F 1BUSS 8 EQD 11 EcD 12 1BUSS
H 1BUS? ? IFVLD 13 IFVLD 14 Bus?
J GND 8 NOT USED 18 GND 16 GND
K GND ] GND 17 NOT USED 18 NOT USED
L GND 10 GND " GND 20 GND
M GND 1 1BUSO 21 1BUSO 22 +8vY
N GND 12 1BUSY 23 1BUSY 24 NOT USED
P GND 13 18US2 28 BUS2 28 NOT USED
R CLEAR 14 1BUsS3 27 IBUB3 28 CLEAR
8 INTOK 18 ENID ¥ ENID 30 NOT USED
T + 8V from oomrolllor 16 IFCLK 3 IFCLK 2 NOT USED
v GND 17 GND ki GND <L GND
v GND 18 GND 38 +8V 36 + B8V
w 1BUS12 19 iBUSS a7 1BUS8 38 1BUS12
X 1BUB13 20 IBUSS ) 1BUSS 40 IBUS13
Y 1BUS14 21 1BUS10 41 1BUS10 42 1BUB14
k4 BUS1S 22 IBUS11 43 IBUS11 a4 1BUS1S
AA OVRUN 23 ENIR 45 ENIR 46 OVRUN
B8 | NOT USED 24 OTRDY 47 DTROY 48 INTOK
49 GND 50 GND

Installation and service manual

42

13175/13178 Disc Controller Interface kits
Manual part no, 13037-90015, Feb 1980
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Interface to Disc Controller from
CALO data system. I/0 port no. 11
continued
Interfuce Cable (Part Numbers 18037.60039 and 13037.60030), Wiring List

PINR LM ( 6 FT) (PART NO. 13037-80020) PIN g4 PIN 1
PIN 80 5.3M (18 FT) (PART NO. 13037-60030)
-
8 “PINA
PIN 49 A PN 1 -
80-PIN CONNECTOR, 43:PIN CONNECTOR,

PART NO. 1281:3108
{TO DEVICE CONTROLLER PCA)

PART NO. 1281:0338
(TO INTERFACE PCA)

WIRING LIST
CONNEOTON A SONAL CONNECTOR B QONNECTOR A SONAL CONNECTOR 8
PIN ASSIGNMENT PIN ASBIONMENT PN ABSIONMENT PIN ASSIGNMENT
2 [T 1 9 CMADY s
» BUST 17 " WD (]
28 [T 1 13 L) ’
27 1BUS3 1 20 END ]
] LY o 3 oLk 1
10 iBUSS E @ ENR 2
12 [ r “ OTRDY 24
1 BUs? H 1) OLEAR R
Y [ 9 “ GVAUN M
] auss 2 “ iNTOK 8
n iBUBT0 2

Q 1BUSY 22 9 GND ]
a8 BUE12 w 3 GND 17
40 BUs1a X ® GND 18
42 BUBA v 18 aNp A

“ TBUBTS 2 20 GND 10,V
34 GND ]

3 ¥NO 2 80 GND PV
s WNT 3 18 aND 1

4 17} ]

] NI < 1 48V T
2 +8V T

NOTES: 1. Pins 7, 17, 18, 22, 24, 28, 30, 32, 33. and 38 are not useti on connegtor A,
2. Pina 4, 8, J, K, L, M, N, and BB are nol used on Connector B,
4. The above Information ia for continuity testing only and does not reflect the special shisiding utihzed.

Ingtallation and service manual
13175/13178 Disc Controller Interface kits
Manual part no. 13037-90015, Feb 1980
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Analog and Digital Inputs to Preston
ADC, and Digital Outputs to HP1000E(CALO)
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E-

WIRE LIST NO. 78602-01% REPRINT DATE 10/15/80 PAGE 2

D " T . o 0 B n P v AR e Ak o S D M b o S04 P Gt S ey s Sy P (amSbe o e ER dd W e O S W Ve (= S P e L Sttt o ey

3 WIRE LIST GMAD-R-13B, 4 CHAN GMD-1
1 4 CHAN GMM MUX, RFL,PROGRAMMABLE CLOCK
i 0 TO +10 VOLT8 FULL SCALE,

P/N 78432-01

NOTE UNLESS OTHERWIBE SPECIFIED
ALL WIRE 18 TO BE Q2 AWG WHITE

NOTE Of. TWO CONDUCTOR SHIELDED g
MOTE 02 RO 174,V .
NOTE 03. FOR SWITCH 831 SEE DWe 3R%81
NOTE 04, FOR FRONT PANEL REFERENCE
DESIONATIONS BEE DWA 93749 .
. NOTE 0% 22 AWQ BUSS WIRE WITH TEFLON
BLEEVING BETWEEN TERMINALS i
. NOTE 0b6. FODOR AC PWR WIRING SEE ;
3, DWG B4B%6-00 &%33401-~01 !
ik NOTE 07. ® INDICATE3 DOUBLE TAPER PIN .
NOTE 08. # INDICATES THE COMPLEMENT |

Reat. it eaiein,

i CONNECT TWO R2 AWG WIRES FROM GROUND .
; POST ON REAR CONMECTOR PLATE TO BO4-0Q .

Wz v e e

GM series Analog-~to=-Digital Conversion Systema
raference manual, Preston Scientific Inc,, Nov. 10, 1980 '
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Analog inputs to Preston ADC

from engine test cell

CONNECTOR J1 ANALDG INPUTS 00 TO 03
MRAC 188-J4

ANAIN
ANAIN
ANAIN
ANAIN
ANAIN
ANAIN
ANAIN
ANAIN
ANAIN
ANAIN
ANAIN
ANAIN
BLANK
BILANK
BLANK
BLANK

00
00
00

ANAGRD
ANAGRD

H1
LO

H1

Ji

CCHUWIBZIrFTCITMMOOW)

ANAIN
ANAIN
ANAIN
ANAIN
ANAIN
ANAIN
AMAIN
ANAIN
ANAIN
AMNAIN
ANALIN
ANAIN
BLANK
BLANK
BLANK
BLANK

00

ANAGRD
ANAGRD

HI
L0
SH
H1
LO
SH
H1
Lo
8H
HI
LO
BH

o]}

Cot

CoL
coa
€O
co2
€oa
coa
coa
CoA
Co4
Co4

col
cox

12
12

NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE

M series Analog~to-Digital Conversion Systems
reference manual, Preston Scientific Inc,, Nov. 10, 1980
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Digital inputs Erom HP1OOOE (CALO)
to Preston Hi-Speed ADC

WIRE LIST NO. 70482-01

REFRINT DATE 10/19/60

PAGE

A

FROM

T0

CONNECTOR JR DIQITAL INPUTE & CONTROLE

MRAC 738~Jé

K0¢C

[ {=1 H
ADD 07

ADD 07 B
ADD Oé

ADD 046 8M
ADD 09

ADD 09 L1
ADD 04

ADD 04  8SH
ADD Q3

ADD S0  WH
ADD OR

ARD O] WM
ADD O}

ADD Ot L L]
ADD 00

ADD 00 8H
ADD 14

ADD 14 H
COMMAND
CQOMMAND  BH
ADD 13

ADD 13 BH
ADD 12

ADD 18 BH
ADD i1t

ADD 11} a
BLANK

DLANK

BLANK

DLANK

ADD 18

ADD 1D WM
NOAM MODE
XFMR SHLD
ADD 00

ADD C8 WM
ADD O%

ADD O WH
ADD 10

ADD 10 8H
BLANK
BLANW
BLANK
BLANK
BLANK

10C Ale 23 NOTE OB
ROC 8H Alde 24 NOTR OR
NOT USED

NOT URED

NOT USED

NOT URED

NOT UBKD

NOT URED

NOT USED

NOT USED

NOT URED

NOT USRD

NOT VERD

NOT UBED

R/LMAD OR  Bi? 02 NOTR OR
£/LMAD OREM B1® 29 NOTE OR
E/LAMD OI 3i% O} NOTR OR
K/LAMD OLSK DI% R9 NOTER OR
CONTAOL § BiG OR NOTR OR
CONTROL 18H Di9 8% NOTR OR
COMMAND BiG 0A NOTER OR
COMMAND &M BI® 29 NOTE OR
CONTROL 2  Bi@ 3D NOTE OR
CONTROL S8H B1T 29 NOTR OR
CONTROL 3  Bi# OR NOTER 02
CONTROL USM U199 2% NOTK OQ
CONTYROL 4 Bl# Ol NOTR 03
CONTROL ASH DI9 29 NOTE OR
DLANK

DLANWK

DLANW

DLANA

RURRT 814 20 NOTR OR
REORY BH 017 R9 NOTR ©OR
MORMAL Ala Q4

xFMR GMLD  CiR 17

NOY VURED

NOT URED

S1M HOLD EN Bi4 OD NOTR OR
8lM HOLD BH W17 29 NOTR 0OR
INT PAC ENeNR1A 20 NOTH OR
INT PAC  SH 817 R9 NOTE OR
DLANK

ULANK

ULANK

DLANRK

DLANK

GM Series Anslog-~to~Digital Conversion Systems

reference manual, Preston Scientific Inc., Nov. 10, 1980
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Digital inputs from HP10QOE (CALO)
to Preston ADC (cont'd)
WIRE L1IBT NOD. 784%2-0) REPRINT DATE 10/19%/B0O PAQE ) ;
---------------------------------------------------------------- 3
FROM T0 3
BLANK J2 91 BLANK ]
BLANRK J2 92 BLANK
BLANK J2 98 BLANK ’
BLANK J2 93 BLANR
BLANK Ja& 39 BLANK
BLANK J@ 94 BLANW
BLANM J2 40 BLANK
BLANW J2 93 BLANW y
BLANK va 42 BLANKW Y
BLAMK JR D4 BLANK ' :
BLANK J2 43 BLANK
BLANK JR 97 BLANWK
BLANK JR2 &4 BLANK
BLANWK JR2 69 DLANK
BLANRK w2 73 BLANW
BLANK J2 &4 BLANRK
BLANK J& 74 BLANK
BLANK J2 47 BLANK
BLANWK J2 79 BLANK
BLANKY JR 70 DLANK
BLAMW J2 76 BLANK i
BLANW v 71 BLANK '
BLANRK JR 77 BLANK !
BLANK JR 72 BLAMK ]
BLANW J2 78 BLANK
BLANRK JR 79 BLANW
DIQGRD J2 80 DIQGRD BL7 R9
DIGGRD J2 82 D1GGRD Bi7 29

GM series Analog~to-Digital Convarsion Systems
reference manual, Preston Bclentific Inc., Nov. 10, 1980

e ol AT e~

52 !




Digital outputs to HP100QE (CALO)

WIRE L18T NQ. 70433-01

- - - -

FRQ

PoyRpspppspeee L LT PR PP T T TR

L L L L Y P LT

M

from Preston ADC

REPRINT DATE

T0

; CONNGCTOR J3 DIGITAL QUTPUTE

MRAC 798~
0o 816N +
DB BIGN +
DR SIGN =~
D8 BI4N =
bs 2040
DO 2048
D@ 04AQe
DR 20480
DB 1004
by 1004
DO 1024w
DB 1004w
D 9%ia
[+] I-3%-]
<] -1
DR 212w
=1 BT
[*1“J-1-7)
[»]. I-3-7°1
DB WYbe
D8 1@
py 128
by 170e
-] -1
] ] 'Y}
oo b4
[»i] &4
[°1:} L4
1] aQ
pn a
-1} a2e
+1'} nae
pD 16
Da 1h
bo 14
DD -1
*] | o8
*] | [s]>]
D3 Cole
°] ] ode
o} ] 04
no [-L)
1] Oin
po QA
)] o
+]:] o
<] ] oaw

Jé

SH
8H
K
8H
&M
8H
8H
8H
L1
8H
BH
1o}
&H
&H
8H
8H
-]
B8H
&H
BH
BH
B

aH

Jd
Ll
Pl
Ja
v3
vl

o1
o8

53

BIGN +
BIGN +8H
sioNn ~
916N ~8H

2048
20460
2048
2040
1024
1024
10040
10Q4»
-2%-]
-1%-]
3i%e
5130
1Y
231
R4
R04Ur
120
1a8
120¢
PR-1: L)
b4
L4
"1
44
a2
ar
13
ja}-1
14
id
1o
140
08
oa
o111 3
]3]
*L]
04
QA
O4e
[s}]
oa
0Qe

84
84
8
8SH

8H
84
8H
8+
8H
8H
8it
-13]
8H
BH
B8H
: 1}
84
8H
O
LiH

1071%/80

AO2
AO0D
ADJ
AQQ
ADA
AD4
ADA
ADA
AOD
AOYD
AOD
AOD
AOS
AOh
AOK
AO4
AO7
AO7
AO?7
AO?
AOB
Aol
AOR
AQO
AO%
AOY
AQ%
AOY
ALO
AlO
AlO
AlQ
ALl
Al
Al
Al
AlLD
ALD
AlD
ALD
Ald
ALS
Ald
ALY
ALY
AlLD
ALD

Q7

NOTE
NOTE
NOTR
NOTE
NOTHR
HOTH
NOTE
MNOTE
HOTE

*NOTK

NDYE
NOTE
NOTH
HOTE
NOTE
NOTR
NOYE
NOTE
NOTE
NOTE
NOTH
NOTR
HNO'TR
NOTK
NOTE
MOTE
NOTE
NOTE
NOTR
HOTH
NQTE
NOTH
HOTH
NOTK
MOTE
MNOTR
MNOTE
HNOTR
NOTE
HOYE
HOTE
NOTE
NOQTE
MOTE
NOTE
NaTtE
NOTE

PAGE

GM series Analog-to-Digital Conversion Systems
reference manual, Preston Scientific Inc., Nov. 10, 1980
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Digital outputs to HP1OOOE (CALO)
from Preston ADC (cont'd)

WIRE LIST NO. 78&%2-01 REPRINT DATE 10/1%/80 PAGE 7
]I ————————————————————————————— Ll UL T LT T Y 0 ot B i U, WP S et e S kb et R et eGP R S G S el Aee e
' FROM T0 ,
Y et o o et e e 04 e e W et e ot e . P e B S e S e o om0 o S o O et e P S S D e o i S . o o Mk e s PR e o - m 3
;| DB  02¢ SH J3 51 DH OR# SH A1Y 14 NOTE OR2
b DB ot J3 32 DB 01 - ALD 2R NOTE OR ;
i DB 0L 8H J3 3B DB O3 SH AID 19 NOTE 02 £
r DB Oiw J3 33 DB Oi# A1D 18 NOTE 02 s
ii DB  Oiw 84 U3 99 DB Oi» SH ALY 19 NOTE OR o
i D1GGRD J3 94 DIGGRD ALY 29 )
bt BLANK J3 40 BLANK ;
; | BLANK W3 53 BLANR »
i BLANW J3 62 BLANK »
1 D1GGRD J3 54 DIGGRD ALY 29 ﬁ
! BLANW J3 &3 BLANK ’
3 BLANK J3 57 BLANK i
. BLANK J3 43 BLANR x
COIN J3 49 COIN AlB 31 NOTE OR2 .
COIN SH J3 73 COIN BM ALY 29 NOTE OR .
BUSY J3 &5 BUSY Als 12 NOTE O2 e
BUSY 8H J3I 74 BUSY B4 Al4 39 NQTE 02 .
EDC » J3 &7 EOC » B13 19 NOTE 02 P
EOC # BH U3 73 EOC » 8H Bll 29 NOTE 02 §
INTOR » ‘J3 70 INTCK @ Bi3 03 NOTE 02 N

INTOA # SH U3 74 INTOA # 8H Bii 29 NOTE OR

CO(XOR)OVR#* J3 71 CO{XOR)OVR® B13 317 NOTE 02 ]
CO(XOR)IQVR#3 U3 77 CO(XORIQVR#8RI1 29 NOTE OR 3
DVRUN# J3 72 OVRUN® B13 13 NOTE OR2 !

OVRUN# 8H J3 7B OVRUN® 84 Bll 29 NOTE 02
BLANK J3 79 BLANK

DISGRD J3 80 DIGGRD ADY 17

DIQGRD J3 82 DIGERD AO1 17

T Ve S

GM series Analog~to~Digital Conversion Systems
reference manual, Preston Sclentific Inc., Nov. 10, 1980
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External clock input to Preston ADC

GM series Analog-to=Digital Conversion Syatems
reference manual, Preston Scientific Inc., Nov., 10, 1980

55

: WIRE LIST NO. 78632-01 REPRINT DATE 10/13/80 PAGE @8
] FROM TO ;
; :
- CONNECTOR J4 EXT CLK & CLK DIVISOR INPUTS x
] . MRAC 348-U& ;
3 i
’ CDB 16384 J4 A CDB 14384 BOY 21 i
: cbB 8192 J4 B CDB 8192 BO9 18 :
: CDB 4096 J4 C CDB 4096 BO% 19 !
v CDB 048 VA D CDB 2048 BO9 2 ¥
: CDB 1024 JA E CDB 1024 BO9 09 !
] cpB 912 JA F CDB 312 BO9 04 |
: CDB 234 JA HCDB 2% BO9 03 E
- copa 128 VA J CDB 128 Bil 24 i 3
] cDB b8 J4 W CDB &4 B1l 2 s
; con 32 v4 L cpB 92 811 18 |
g cpbB 16 JA M cDB 16 Bl 1D | 3
\ CDB 08 J4 N CDB 08 Bil 12 ¥
ﬁ coy 04 J4 P CDB 04  B1l 09 ,
i COB 02 U4 R CDB 02 Bl 04 |
, cDB o1 J4 8 cpB 04 B11 03 |
EXT CLK EN U4 T EXT CLK EN BO9 24 B
BLANK J4 U HLANK 5
EXT CLK HI  J4 V EXT CLK HI B17 02 NOTE 01 &
EXT CLK LO J4 W EXT CLK LO B17 03 NOTE 01 1
EXT CLK BH J4 X EXT CLK SH B17 29 NOTE O} :
BLANK J4 Y BLANK 3
BLANK J4 2 BLAMK ;
BLANK J4 -A BLANK ;
BLANK JA -B BLANK ;
BLANK JA -C BLANA |
BLANK J4 =D BLANK .
BLANK J4 -F BLANK i
BLANK JA -0 BLANA i
BLANN J4 -H BLANK ¥
BLANK J4 -1 BLANK .
BLANK J4 -J BLANK .
BLANK J4 -k BLANK
D1GGRD J4 -M DIGGRD BO9 29
DIGGRD J4 -N DI1GGRD BO? 29



External clock input to Preston ADC (cont'd)

LIINCHESTER
CoNnECTOR I
34 PiINg
CAQLE
; NN ALATV S RILk golok

A —

o —

< —

n —

& —

- —_

3 H 1 ATHW § f =M,~N ALL TUMPERED ToseTHER
i J mv—
K -
. ) .
" —
3 N S
' [ ]
® = '
4 s
"-_' v -—
4 v N WHT

w =0 BLik YeL — ALOCIKING SIENAL

X SH W ORN

y -

3 - i
| -4 - |
X -8 -

l-, - ¢ -

1 -b - i

i' -. - |
-G - [ ‘.

f L ~

. - - ‘

3 - - :
- K - _ |

] i : | ]a

k Y oEnuTEA  SMIBLD WIRE Mot CONNECTED AT FACESTON i
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External Pacer Enable for Preston ADC

WIRE LIST NO. 76865¢-01

oy e T Ay o A SR R P S it Gt B4 S S B e G N e TS PER G e S i e e Sy e S Mt i St ot S el R R VR St WS S T e $O G i P GO e Gt e T L s S b

FROM

VD Y ot A P ut WA P G G R S e GO A T WO s A D P Gy e G A S O G A S O Sl S S8 e P Sk ety S DU Gk G A Gy W iy A4 Gl S Ve I Rt S €0 e B SO Pem M

REPRINT DATE 10/13/80 PAGE

CONNECTOR JB EXT PACER ENABLE #

ME3102A~146~5P

EXPACEN® HI JY
EXPACEN® LO JD
EXPACEN® 84 JB
BLANK Jd
BLANK J3

A EXPACEN® HI B17 O3 NOTE 0%
B EXPACEN® LD B17 04 NOTE 01}
C EXPACEN® SM B17 29 NQTE 01
D BLANK
£ DBLANRK

CONNECTOR J& OUTPUT PACER BIT

TROMPETER BJ-~27

T e i e BT 0§

PACER QUT J6‘C’ PACER OUT Bl4 32 NOTE 02
PACER OQUT BH J&4‘8’ PACER OUT 8HB11 29 NOTE OR

MIL ~$- 31028 - 14S~8P

ConnecTOR T6
5 PIN

TFTUMBE (R

i

j GM ssriee Analog-to-Digital Conversion Syatems

| reference manual, Preston Scientific Inc., Nov, 10, 1980
|
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CALO-DATA ACQUISITION SYSTEM INFORMATION
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Hewlett~Packard

Hewlett-Packard
Hewlet t-Packard
Hewlett-Packard

Hewlett=Packard
Hewlett-Packard
Hewlett~Packard
Hewlett~Packard

Hewlett-Packard

Hewlett~Packard

Hewlatt-Packard
Hewlatt-Packard

Hewlatt~Packard
Hewlett~Packard
Hawlett~Packard

Hewlett~Packard
Hewle tt-Packard

Preston Scientific
Preston Scientific
Preston Scientific
Preston Scientific
Preston Scientific
Preston Scientific
Preston Scientific

Praston Sclentific

CALO~DATA ACQUISITION SPECIFICATIONS

model #2113F
aption Ol4
model #127868
model #12992C
model #7906 MR
option 020
model #13758
model #92068R
model #12539¢C
wodel #12966A
option QO1
model #2649C
option 007
option 032
model #13296A
option 048
model #2631G
model #26098A
option 001
option 002
wodel #129918
model #13306A
model #933875
option 001
model #93387T
model #93596L
option 005
option 008
option 010

HP1000E series computer
delete 128K memory
256 k byte memory module
Loader ROM
19,6 Mbyte Disc
rack mounts for disc
Disc Controller
RTE=IVEB right to copy & Firmware
Time Base Gensrator
R8232C Interface
264X Interface cable
Graphice Terminal
mini~tape drives
Asyncronous data interface
HP=-1IB Interface for 264X
Above for 2648
Graphics printer plotter
Stand for 26316
casters
paper catcher
Power Fail
Processor
Righ=Speed Sof tware
Preston option
Modif {ed Disc Driver
Preston I/F Kit
high spead card
Pacer
SSH

GM saries Analog-to~Digital Control System

modal GMD=1
model GNM

modeal GMC-RFL
modal GMSH-100
model GMADZ~13B
interface to
HP93596L
model GM=3

61

4=channal Amplifier-Multiplexer
4=channel Multiplaxer

Logic control system

S«channel sample and hold

A/D converter

I/0 Buf fer (GMDSRC clock)
Card Module with power supply

NP
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FIGURE =1t  CALO=DATA ACQUISPTTON SYSTEM IN
RNV IRONMENTALLY CONTROLTED ROOM
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| L APPENDIX D o ;
" PRESSURE, TINE, AND VOLUME RELATIONSHIP CALCULATIONS ;
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PRE3GSURE, TIME, AND VOLUME RELATIONSHIP CALCULATIONS

digitised and separated into voltage data files, The voltage data files are
accessed by the application programs, and used to calculate the prassure at
sach crankangle by knowing the proper transducer and amplifier constants, s

The analog voltage from the pressure transducer and charge amplifier i , i%
i

P(1n) = A, X° + AXY + A4x3 + A2+ AKX+ A (1)

6 3 3

vhere:
Apr o v 0y A6 = charge amplifier constants
X = voltage values in data file
P(in) = Pressure at crankangle IN
A pressurs adjustment is calculated by knowing the airbox pressure at bottom
dead center, (PCOR) and its corrasponding crankangle with relationship to

top dead centar,

TR e ST Te TN 4 T

T

£
F:
? PCOP = PCOR * K (2)
% ' where: s
PCOR = absolute airbox pressurs, in. Hg }
: K = 0,4912 = conversion from, in Hg to peia |
] pcop = airbox pressure in psia at BDC ﬂ
; PP(I) » P(IN + NOFF) (3) 3
"
vhere: Ej
P(IN) » pressure at crankangle IN (1) .d
NOFF = pressure crankangle offeat for BDC on '
compreasion stroke .
PP(1) = pressure phased to BDC on compression stroke iq
PCOR = PP(l) - PCOP (4) [§
: vhers! i!
: PP(1) w prassure calculated from voltage data at BDC :
, pcop = actual pressurs at BDC (2) b
; PCOR = prassure adjustment oy
Once the pressuro adjustmant is calculated, all pressures in the cycle are
' adjusted to the refsrence pressure.

{

B

PP(I) = PP(I) = PCOR (%) ﬁ
|
65 }
|

1Y [ERURTLTIY AV U b S ST IOTS W T ht EX ML AR PRORT PTALY O CoRE Y S TT TR o LTI TT IR PRV 7T LAkl Ll Lk i Lalivak Y8




Once the pressures are calculated and adjusted, the mean effective pressures

can be calculated by knowing engine geometry.

EMEP
Mee = (Trp(1y £/ x 9) (6)
SMEP

wvhare: ‘

SMEP = angle at vhich MEP calculation starts

EMEP = angle at which MEP calculation ands

PP(I) = adjusted pressure at crankangle I

dv(0)/d8 = derivative of the volume with respact to
crankangle!

89490« an(2® oin (26)/2P(8) - Eaing) m

= crankangle degree I in radians

= x/4 B? = cylinder arvea

= cylinder bhore diameter, ianches

» §/2 = length of crankthrow, half of stroke
» gtroke, inches

F(8)=VL%~ (E*sin‘0) (8)

nume> 0

L = connecting rod length, iaches
MEP = mean effective pressure

Cylinder volume can be calculated par crankangle degree, which along with
pressurs, yields the prassure-volume relationships,

V() = {[L + E(1+comg)-TF ())A}+vC (9)

whare:

crankangle degree I in radiars

connecting rod length, inches

8/2 = length of crankthrow, half of stroke
stroke, inches :

(0) VL% = E¢sin®p

e
L
E
8
F

A = (1/4) B® = cylinder ares
B = gylinder bore diameter, inches

VC = VD/(CR-1,0) (10)
VD = A% § = displacemant volume

CR comprasgion ratio
VC » clearance volume
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T

By knowing pressure and engine geometry, tha heat release per degree may be
calculated along with the cumulative heat release for the firing cycle,

DQQ = [‘li!'-f'i' PR(I) * nvou)] + ['x'-'l-'l' V(1) npnz(:)}

wvhere:

K = ratio of specific heats of the combustion gases

PP(I) = pressure at crankangle I (s)
DVO(I) = %’-SP- (5) * 750
V(I) = V(8 (9) * =/180
DPRE(I)= derivative of pressurs at crankangle (I)

= PP(1-2) ~ 8 * (PP(I-1) + 8 % PP(I+1) = PP(I+2
DPC/TOT

DPC = degrees/cycle
TOT =« data pt./cycle

DQDG(X) = DQY/ (12,0 * 778,)

vhere!
DQQ = ft=lb-in./deg (11)
12,0 = conversion from inches to feat
778 = conversion from ft=1b to Btu's
DQDG(I) = Instantaneous heat release, Btu/deg

DQ(I) = DQDG(1) # (DPC/TOT)

where?
DQ(I) = heat releanse at increment I, Btu

CHR(I) = CHR(I=1) + DQ(I)
vhere

CHR(IL) = cumulative heat relesse, summation over heat
release interval, Btu

67
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DISTRIBUTION LIST

DEPARTMENT OF DEFENSE

DEFENSE DOCUMENTATION CTR
CAMERON STATION 12
ALEXANDRIA VA 22314

DEPT OF DEFENSE
ATTN: DASD(MRAL)-LM(MR DYCKMAN) 1
WASHINGION DC 20301

COMMANDER

DEFENSE LOGISTICS AGY

ATTN DLA-SME (MRS P MCLAIN) 1
CAMERON STATION

ALEXANDRIA VA 22314

COMMANDER

DEFENSE FUEL SUPPLY CTR
ATTN: DFSC~T (MR. MARTIN)
CAMERON STA

ALEXANDRIA VA 22314

P

COMMANDER

DEFENSE GENERAL SUPPLY CTR

ATTN: DGSC-S8A l
RICHMOND VA 23297

DOD

ATTN: DUSC (RAT) (Dr, Dix) 1
ATTN: DUSD (RTI) (Dr. Young) 1
WASHINGTON, DC 20301

DOD

ATTN OASD (MRA&L)=-TD 1
PENTAGON, 3CB841

WABHINGTON DC 20301

DEFENSE ADVANGED RES PROJ AGENCY
DEFENSE SCIENCES OFC 1
1400 WILSON BLVD

ARLINGTON VA 22209

DEPARTMENT OF THE ARMY

HQ, DEPT OF ARMY

ATTN: DALO-TSE (COL ST.ARNAUD) 1
DALO~AV 1
DALO=8MZ~F. 1
DAMA-C88-P (DR BRYANT) 1
DAMA=ARZ (DR CHURCH) l

WASHINGTON DC 20310

CDR
U.S., ARMY MOBILITY EQUIPMENT
R&D COMMAND
Attn: DRDME-GL 10
DRDME~WC 2
FORT BELVOIR VA 22060

COR
US ARMY MATERIEL DEVEL&READINESS
COMMAND
ATTN: DRCLD (MR BENDER)
DRCDMR (MR GREINER)
DRCDMD=ST (DR HALBY)
DRCQA-E
DRCDE~8G
DRCIS=C (LTC CROW)
DRCSM=P
5001 EISENHOWER AVE
ALEXANDRIA VA 22333

P Pt P Bt g b s

CDR

US ARMY TANK-AUTOMOTIVE CMD

ATTN DRSTA-NW (TWVMO) 1
DRSTA=RG (MR HAMPARIAN) 1
DRSTA=NS (DR PETRICK) 1
DRSTA=G 1
DRSTA=M 1
DRSTA=GBP (MR MCCARTNEY) 1

WARREN MI 48090

DIRECTOR
US ARMY MATERIEL SYSTEMS
ANALYSIS AGENCY
ATTN DRX8Y-CM 1
DRXSY=§
DRXSY~L 1
ABERDEEN PROVING GROUND MD 21005

—

DIRECTOR

APPLIED TECHNOLOGY LAB

U.8. ARMY R&T LAB (AVRADCOM)

ATIN DAVDL=-ATL-ATP (MR MORROW)
DAVDL~ATL=-ASV (MR CARPER) |

FORT EUSTIS VA 23604

—

HQ, 172D INFANTRY BRIGADE (ALASKA)
ATIN AFZT-DI-L
AFZT=-DI-M 1
DIRECTORATE OF INDUSTRIAL
OPERATIONS
FT RICHARDSON AK 99505
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CDR
US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY

ATTN STSGP~F (MR SPRIGGS) 1
STSGP=PE (MR MCKNIGHT),

BLDG 85-3 1

STSGP (COL CLIFTON) 1

NEW CUMBERLAND ARMY DEPOT
NEW CUMBERLAND PA 17070

CDR

US ARMY MATERIEL ARMAMEMT
READINESS CMD

ATTN DRSAR-LEM 1

ROCK ISLAND ARSENAL IL 61299

CDR

US ARMY COL) REGION TEST CENTER
ATTN STKCR=-TA

APO SEATTLE 98733

HQ, DEPT. OF ARMY
ATTN: DAEN-RDZ~B l
WASHINGTON, DC 20310

CDR
US ARMY RES & STDZN GROUP
(EURQPE)
ATTN DRXSN=UK=-RA 1
BOX 63
FPO NEW YORK 09310

HQ, US ARMY AVIATION Ré&D CMD

ATTN DRDAV=GT (MR R LEWIB)
DRDAV=D (MR CRAWFORD)
DRDAV-N (MR BORGMAN)
DRDAV=E

4300 GOODFELLOW BLVD

ST LOUIS MO 63120

e e s

COR

US ARMY FORCES COMMAND

ATTN AFLG-REG 1
AFLG=POP 1

FORT MCPHERSON GA 30330

CDR
US ARMY ABERDEEN PROVING GROUND
ATTN: STRAP=-MT

STEAP-MT-U (MR DEAVER) 1
ABERDEEN PROVING GROUND MD 21005

CDR

US ARMY YUMA PROVING GROUND

ATTN STEYP-MT (MR DOEBBLER) 1
YUMA AZ 85364

8/82
AFLRL No. 156
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PROJ MGR, ABRAMS TANK SYS
ATTN DRCPM=-GCM-S )
WARREN MI 48090

PROG MGR, FIGHTING VERICLE SYS
ATTN DRCPM=-FV§-SE
WARREN MI 48090

PROJ MGR, M60 TANKX DEVFLOPMENT
USMC~LNO, MAJ, VARELLA 1
US ARMY TANK=AUTOMOTIV™ CMD (TAZU'D)
WARREN MI 48090

PROG MOR, M113/M1]3A1 FAMILY
VEHICLES

ATTN DRCPM=-M113 1

WARF'N MI 48090

PROJ MGR, MOBLLE BLYC.RTC POWER
ATTN ORCPM-MEP-TM 1
75." BACKLiCK ROAD

SPR.NGFTELD VA 22130

PROJ MGR, IMPROVED TOW
VEHICLE

US ARMY TANK=AUTOMOTIVE CMD

ATTN DRCPM=1TV-T

WARREN MI 48090

CDR

US ARMY EUROPE & SEVENTH ARMY

ATTN AEAGC-FMD

ATTN: ABAGC-TE 1
APO NY 09403

PROJ MGR, PATRIOT PROJ OFC
ATTN DRCPM=MD=T-G

US ARMY DARCOM

REDSTONE ARSENAL AL 33809

CDR
THEATER ARMY MATERIAL MGMT
CENTER (200TH)
DIRECTORATE FOR PETROL MGMT
ATTN AEAGD~MM-PT=-Q l
ZWEIBRUCKEN
APO NY 09052

CDR

US ARMY RESEARCH OFC

ATTN DRXRO=ZC |
DRXRO-EG (DR SINGLETON)
DRXRO=CB (DR GHIRARDELLI)

P O BOX 12211

RSCH TRIANGLE PARK NC 27709
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US ARMY AVIATION R&T LAB (AVRADCOM)

ATTN DAVDL-AS (MR D WILSTEAD)
NASA/AMES RSCH CiR

MAIL STP 207-5

MOFFIT FIELD CA 94035

x CDR
] TOBYHANNA ARMY DEPOT
ATTN SDSTO-TP-5
TOBYHANNA PA 18466

DIR
US ARMY MATERIALS & MECHANICS
RSCH CTR
ATTN DRXMR-E
DRXMR-R
DRXMR~T
WATERTOWN MA 02172

CDR

US ARMY DEPOT SYSTEMS CMD
ATTN DRSDS

CHAMBERSBURG PA 17201

CDR

US ARMY WATERVLIET ARSENAL
ATTN SARWY-RDD

WATERVLIET WY 12189

CDR

US ARMY LEA

ATTN DALO~LEP

NEW CUMBERLAND ARMY DEPOT
NEW CUMBERLAND PA 17070

CDR

US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY

ATTN STSGP=PW (MR PRICE)

SHARPE ARMY DEPOT

LATHROP CA 95330

CDR

US ARMY FOREIGN SCIENCE & TECH
CENTER

ATTN DRXST-MT1

FEDERAL BLDG

CHARLOTTESVILLE VA 22901

CDR

DARCOM MATERIEL READINESS
SUPPORT ACTIVITY (MRSA)

ATTN DRXMD~MD

LEXINGTON KY 40511

1

- e

PR —

HQ, US ARMY T&E COMMAND
ATTN DRSTE-TO=~0 1
ABERDEEN PROVING GROUND, MD 21005

HQ, US ARMY ARMAMENT R&D CMD
ATTN DRDAR-LC

DRDAR-SC

DRDAR-AC

DRDAR-QA
DOVER NJ 07801

— -

HQ, US ARMY TROOP SUPPORT &
AVIATION MATERIAL READINESS

COMMAND
ATTN DRSTS=MEG (2) 1
DRCPO-PDE (LTC FOSTER) 1
4300 GOODFELLOW BLVD
§T LOUIS MO 63120

DEPARTMENT OF THE ARMY

CONSTRUCTION ENG RSCH LAB

ATTN CERL~EM 1
CERL-2T
CERL-EH l

P O BOX 4005

CHAMPAIGN IL 61820

—

DIR

US ARMY ARMAMENT R&D CMD

BALLISTIC RESEARCH LAB

ATTN DRDAR~BLV 1
DRDAR=BLP 1

ABERDEEN PROVING GROUND, MD 21005

HQ

US ARMY TRAINING & DOCTRINE CMD
ATTN ATCD-§ (LTC LESKO)

FORT MONROE VA 23651

DIRECTOR :

US ARMY RSCH & TECH LAB (AVRADCOM)
PROPULSION LABORATORY

ATTN DAVDL-PL-D (MR ACUR1O) '
21000 BROOKPARK ROAD

CLEVELAND OH 44135

CDR
US ARMY NATICK RES & DEV

ATTN DRDNA-YEP (DR KAPLAN} 1

NATICK MA 01760

CDR

US ARMY TRANSPORTATION SCHOOL
ATTN ATSP=CD=MS

FORT EUSTLS VA 23604

8/82
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CDR CRD
US ARMY QUARTERMASTER SCHOOL US ARMY AVIATION CTR & FT RUCKER
ATTN ATSM-CD (COL VOLPE) 1 ATTN AT2Q~D 1
ATSM-CDM 1 FORT RUCKER AL 36362
ATSM~TNG~PT 1
FORT LEE VA 23801 PROJ MGR M60 TANK DEVELOP.
{ ATTN DRCPM~M60~L 1 Ly
: HQ, US ARMY ARMOR CENTER WARREN MI 48090 . i
| ATTN ATZK~CD-SB 1 :
{ FORT KNOX KY 40121 CDR .
i US ARMY INFANTRY BOARD .
] CDR ATTN ATZB-IB-PR-T 1 g
£l 101ST AIRBORNE DIV (AASLT) PORT BENNING, GA 31905 ii
3 ATTN: AFZB=KE-J 1 e
AFZB=KE~DMMC 1 CDR .
PORT CAMPBELL, KY 42223 US ARMY FIELD ARTILLERY BOARD :
ATTN ATZR=BDER 1 1§
UDR FORT SILL OK 73503 E
US ARMY LOGISTICS CTR ¥
ATIN ATCL-MS (MR A MARSHALL) 1 CDR '3
FORT LEE VA 23801 US ARMY ARMOR & ENGINEER BOARD [
ATIN ATZK=-AE=PD 1 i
CLR ATZK-AE=CV 1 :
US ARMY FIELD ARTILLERY SCHOOL FORT KNOX, KY 40121 L
ATIN ATSF-CD | L
FORT SILL OK 73503 CDR 4
US ARMY CHEMICAL SCHOOL ' E
CDR ATTN ATZN-CM=CS 1 K
US ARMY ORDNANCE CTR & SCHOOL FORT MCCLELLAN, AL 36205 , I
ATTN ATSL~CTD=MS 1 |
ABERDEEN PROVING GROUND MD 21005 DEPARTMENT OF THE NAVY ¥
CDR CDR E
US ARMY ENGINEER SCHOOL NAVAL AIR PROPULSION CENTER 5
ATTN ATSE-CDM 1 ATTN PE=-71 (MR WAGNER) 1 g
FORT BELVOIR VA 22060 PE-72 (MR D'ORAZIO) 1 :
P O BOX 7176 ]
CDR TRENTON NJ 06828 i
US ARMY INFANTRY SCHOOL j
ATTN ATSH=CD=MS=M 1 CDR {
FORT BENNING GA 31905 NAVAL SEA SYSTEMS CMD g
CODE 05D4 (MR R LAYNE) 1 H
CDR WASHINGTON DC 20362 ;
US ARMY AVIATION BOARD 3
ATTN ATZQ-0T-C | CDR Hy
ATZQ=0T-A 1 DAVID TAYLOR NAVAL SHIP R&D CTR b
FORT RUCKER AL 36362 CODE 2830 (MR G BOSMAJIAN) 1 vi
CODE 2831 1 \
CDR CODE 2832 .
US ARMY MISSILE CMD ANNAPOLIS MD 21402 .
ATTN DRSMI=0 1 . i
DRSMI=RK 1 .
DRSMI-D 1

REDSTONE ARSENAL, AL 35809
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JOINT OIL ANALYSIS PROGRAM -
TECHNICAL SUPPORT CIR

BLDG 780

NAVAL AIR STATION

PENSACOLA FL 32508

DEPAR'ITMENT OF THE NAVY
HQ, US MARINE CORPS
ATIN LPP (MAJ SANDBERG)
IMM/3 (MAJ STROCK)
WASHINGTON DC 20380

CDR
NAVAL AIR SYSTEMS CMD

ATTN CODE 5304C1 (MR WEINBURG)

CODE 53645 (MR MEARNS)
WASHINGTON DC 20361

CDR
NAVAL AIR DEVELOPMENT CIR

ATTN CODE 60612 (MR L STALLINGS)

WARMINSTER PA 18974

COR
NAVAL RESEARCH LABORATORY
ATTN CODE 6170 (MR H RAVNER)
CODE 6180
CODE 6110 (DR HARVEY)
WASHINGTON DC 20375

CDR
NAVAL FACILITIES ENGR CTR
ATTN CODE 120 (MR R BURRIS)

CODE 120B (MR BUSCHELMAN)

200 STOVWALL 8T
ALEXANDRIA VA 22322

CHIEF OF NAVAL RESEARCH
ATTN CODE 473
ARLINGTON VA 22217

CDR

NAVAL AIR ENGR CENTER
ATTIN CODE 92727
LAKEHURST NJ 08733

COMMANDING GENERAL

US MARINE CORPS DEVELOPMENT
& EDUCATION COMMAND

ATIN: DO75 (LTC KERR)

QUANTICO, VA 22134

— —

.

—_

CDR, NAVAL MATERIEL COMMAND

ATTN MAT-083 (DR A ROBERTS) 1
MAT-08E (MR ZIEM) 1l

CP6, RM 606

WASHINGTON DC 20360

CDR

NAVY PETROLEUM OFC

ATTN CODE 40 l

CAMERON STATION
ALEXANDRIA VA 22314

CDR

MARINE CORPS LOGISTICS SUPPORT
BASE ATLANTIC

ATTN CODE P841 1
ALBANY GA 31704

DEPARTMENT OF THE AIR FORCE

HQ, USAF
ATTN LEYSF (MAJ LENZ) 1
WASHINGTON DC 20330

HQ AIR FORCE SYSTEMS CMD
ATTN AFSC/DLF (LTC RADLOFF)
ANDREWS AFB MD 20334

—

CDR
US AIR FORCE WRIGHT AERONAUTICAL
LAB

ATTN AFWAL/POSF (MR CHURCHILL) 1
AFWAL/POSL (MR JONES) 1
AFWAL/MLSE (MR MORRIS) l
AFWAL~MLBT 1

WRIGHT=-PATTERSON AFB OH 45433

CDR
SAN ANTONIO AIR LOGISTICS
CTR
ATTN SAALC/S¥Q (MR MAKRIS)
SAALC/MMPRR
KELLY AIR FORCE BASE, TX 78241

[

CDR
WARNER ROBINS AIR LOGISTIC
CIR
ATTN WR-ALC/MMIRAB=1 (MR GRAHAM) 1
ROBINS AFB GA 31098
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OTHER GOVERNMENT AGENCIES
US DEPARTMENT OF ENERGY
US DEPARTMENT OF TRANSPORTATION BARTLESVILLE ENERGY RSCH CTR
ATTN AIRCRAPFT DESIGN CRITERIA DIV OF PROCESSING & THERMO RES 1
BRANCH 2 DIV OF UTILIZATION RES 1
FEDERAL AVIATION ADMIN BOX 1398 l
2100 2ND ST SW BARTLESVILLE OK 74003
WASHINGTON DC 20390 !
SCI & TECH INFO PACILITY .
US DEPARTMENT OF ENERGY ATTN NASA REP (SAK/DL) 1
DIV OF TRANS ENERGY CONSERV 2 P O BOX 8757
ALTERNATIVE FUELS UTILIZATION BALTIMORE/WASH INT AIRPORT MD 21240 i
BRANCH (
20 MASSACHUSETTS AVENUE ENVIRONMENTAL PROTECTION AGCY '
WASHINGTON DC 20545 OFFICE OF MOBILE SOURCRS
MAIL CODE ANR=455
DIRECTOR (MR. G. KITTREDGE) 1
NATL MAINTENANCE TECH SUPPORT 401 M ST. SW
CTR 2 WASHINGTON DC 20460
US POSTAL SERVICE
NORMAN OK 73069

NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION
LEWIS RESEARCH CENTER
MAIL STOP 5420
(ATTN: MR. GROBMAN) 1
CLEVELAND, OH 44135

i
NATIONAL AERONAUTICS AND v
SPACE ADMINISTRATION y
VEHICLE SYSTEMS AND ALTERNATE .
FUELS PROJECT OFKICE >
ATIN: MR, CLARK | ‘
LEWIS RESEARCH CENTER
CLEVELAND, OH 44135

US DEPARTMENT OF ENERGY ;
SYSTEMS EEF, ATTN: MR, ALPAUGH 1 |
1000 INDEPENDENCE AVE,, SW ,
WASHINGTON, DC 20585 Ny
‘i
i

DEPARTMENT OF TRANSPORTATION !

FEDERAL AVIATION ADMINISTRATION ' [
AW8~110, ATTN: MR. NUGENT 1 |

800 INDEPENDENCE AVE, SW

WASHINGTON, DC 20590

US DEPARTMENT OF ENERGY v 1,
CE-1312, ATTN: MR ECKLUND 1
1000 INDEPENDENCE AVE, SW
WASHINGTON, DC 20585 ‘
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