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PREFACE

The Electric and Hybrid Vehicle Research, Development, and Demonstration

Act of 1976 (Public Law 94-413) authorized a Federal program of research

and development designed to promote electric and hybrid vehicle technologies.
The Energy Research and Development Administration, now the Department of
Energy (DOE), which was given the responsibility for implementing the Act,
established the Electric and Hybrid Vehicle Research, Development, and
Demonstration Project within the Division of Transportation Energy Conserva-
tion to manage the activities required by Public Law 94-413.

The National Aeraonautics and Space Administration under an Interagency
Agreement (Number EC-77-A-31-1044) was requested by ERDA (DOE) to undertake
research and development of propulsion systems for electric and hybrid
vehicles. The Lewis Research Center was made the responsible NASA Center

for this project. The work presented in this report is an early part of

the Lewis Research Center program for propulsion system research and develop-
ment for electric vehicles.

The work described in this report was conducted under Contract DEN 3-124
with the National Aeronautics and Space Administration (NASA) and sponsored
by the Department of Energy through an agreement with NASA.
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SUMMARY

The small passenger car transmission test was initiated to supply
electric vehicle manufacturers with technical information re-
garding the performance of commercially available transmissions.
This information would enable EV manufacturers to design a more
energy efficient vehicle. With this information the manufacturers
wobuld bhe able to estimate vehicle driving range as well as speed
and torque requirements for specific road load performance charac-
teristics.

This report covers the 1978 Chevrolet Luv Truck manual transmission.
This transmission was tested per a passenger car automatic trans-
mission test code (SAE J651b) which recguired drive performance,
coast performance, and no load test conditions. The portion of
the test code which involved the throttle valve modulation and
line pressure were deleted since they did not apply to the manual
transmission. Under these test conditions the transmission
attained maxiiwum efficiencies in the upper ninety percent range at
rated load for both drive performance tests and coast performance
tests. The major results of this test are the torque speed and
efficiency curves which are located in the data section of this
report. These graphs map the complete performance characteristics
for the Chevrolet Luv Truck Manual transmission. This information
will facilitate the vehicle manufacturer in the design of a more
energy efficient vehicle.
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INTRODUCTION

The Chevrolet Luv Truck transmission is a commercially available
manual transmission which is suited for a small passeny.; car
installation. The transmission is equipped with four forward
driving ranges, a neutral, and a reverse., Very little technical
information in the area of torque, speed and efficiency data is
currently available on this transmission. This lack of available
information was the principal reason for the initiation of this
test.

The principal object of this test was to map Lorgue, speed, and
efficiency curves of the test transmission in each gear range and
in both drive performance and coast performance condition. The
test was performed per the specifications of the Passenger Car
Automatic Transmission Test Code - SAE J65lb. The torque and
speed limits of this test were governed by the torgue and speed
limits of an engine which would typically be supplied with this
transmission. The test code specified that three basic tests were
to be conducted which involved holding the torque constant and
varying the transmission speed. The three specific tests were
drive performance, coast performance, and no load losses which
were conducted in first, second, third and fourth gear.

The test code specified an o0il temperature requirement to ensure
that a set oil viscosity level was attained throughout the tests.
This temperature requirement was accomplished through the use of
an immersion heater and a circulating pump. The lubricating oil
was removed from the base of the transmission, passed through the
circulation heater and returned through a fitting in the side of
the transmission.

The determining factor in the amount of load which could be
applied to the transmissicn was the capacity of the dynamometer.
Characteristic load speed curves for the dynamometer znd absorber
are contained in the appendix. The data that were obtained from
the torque «nd speed sensors were placed directly onto tape. The
tape was then fed into a computer which reduced the data and
generated the necessary graphs and technical information. The
main advantage to this method of data reduction is that any
fluctuation that may occur due to system resonance is averaged by
the computer. This method minimizes the error and allows the data
to be viewed after the tests are completed.
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EQUIPMENT TESTED

The unit tested was a Chevrolet LUV truck manual transmission
(Chevrolet Part No. 9402 6288). The transmission is a fully
synchronized four-speed unit with block ring-type synchronizers
and a sliding mesh type reverse gear, The unit consists primarily
of a case with an integral clutch housing, center support, rear
extension and gears. The top of the rear cover is a shifter cover
containing the transmission control mechanism. The case, center
support and rear extension are cast aluminum alloy which reduces
the weight of the transmission.
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TEST APPARATUS

The test apparatus used to operate the Chevrclet Luy Truck transg-

mission consisted of the following basic items which are described
and listed below. The apparatus was basically the same for drive

and coast performance tests with the exception of the transmission
which was indexed 180° for coast performaiice tests,

The driving dynamometer was used to power the transmission. A
torque sensor was placed on the dynamometer shaft to accurately
monitor the torque into the transmission. A speed pickup was
p{ac?d on the dyno shaft to measure the speed into the trans-
mission,

The output shaft of the transmission was coupled to a torque sen-
sor which accurately measured its torque. An absorbing dynamome-
ter was coupled to the rear torgue sensor to apply load to the
system. A speed pickup was mounted to the absorber shaft to mea-
sure output speed.

The transmission oil temperature was controlled through the use of
a circulating pump and ¢irculation heater, The temperature of the
transmission was monitored at the sump and at the top of the case.

The transmission was shifted in each gear range by placing a shift
rod in the shift forks logated at the top of the case. These
forks were then manipulated until the proper gear was attained.

The instrumentation for the setup consisted of the following basic
items. Thé¢ Lebow torque sensor was used in conjunction with a
Daytronic signal conditioner (878). The Himmelstein torque sensor
was matched with a Daytronic signal conditioner (878A). The
magnetic speed pickup was used with an Airpax speed readout.

These pignals were then fed into a Sangamo 3500 tape recorder.

The tape recorded data were then fed into a Hewlett Packard
Analyzer which reduced the data.
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- DESCRIPTION PART NO. MANUFACTURER

§ Driving Dynamometer Model 26G308 General Electric
3 Flexible Coupling 226 SN Thomas=Rexnotrd

g Torque Sensor MCRT6=-02T(2~3) Himmelstein

3 Pilot Bearing SFT-15 Sealmaster

/ Transmission Luv Truck Manual Chevrolet

: Rear Bearing 209~SFF MRC

? ‘ Flexible Coupling 226 SN Thomas~Rexnrord

§ Torque Sensor 1648-5K Lebow

§ Absorber 1014DG Dynamat ic

: Circulation Heater NWHO-2 Chromalox

&

INSTRUMENTATION

f Torque Signal Conditioner 878A Daytronic

i Torque Signal Conditioner 878 Daytronic

i . Speed Readout 761400110 Alrpax

. Temperature Conditionet 810 : Daytronic

; Thermocouples 6610WBA2 Applied Instruments
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TEST PROCEDURE

The test was conducted per the Passenger Car Automatic Trans-
mission Test Code-SAE J651b, The code states that three basic
tests should be performed cn the transmission., These tests were
drive performance, coast performance and no load losses. Each
test was performed to the accuracies stated in the code,

o

The f£irst test conducted was the drive performance test., The

limits of the test were determined by the normal operating con-

ditions of an engine typically supplied with this transmission,

The torque limit was set to 90 lb~ft and the speed limit was set

to 4000 rpm. The input shaft of the transmission was tested at a

torque which ranged from 10-90 lb-£t on the input shaft of the

! transmission. The torque was incremented by 10 lh-ft for each

| test. The speed limits of the test ranged from 750 to 4000 rpm on
the input shaft of the transmission.

a "‘*”;‘ﬁ—c‘sgwd T sy

Section 1 of the test code which is labeled Drive Performance ~
Constant Input Torque was conducted first. The input torque was
held at 10 1b-ft and the speed was incremented from 750-4000 rpm,
The torque was then set to 20 lb-ft and the transmission was run
through the same speed range. This procedure was followed for
input torques of 10, 20, 30, 40, 50, 60, 70, 80, and 90 lb-ft.
The data recorded in this test were input and output speed, input
and output torque, sump temperature, case hotspot temperature and i
ambient temperature. :

This procedure was performed on the transmission in first, second,
third, and fourth gear range. The transmission was held in each 2
gear through the entire torque and speed range per the explanation £
given in the test apparatus section of this report. 5

The next portion of the test to be conducted was the Cross 7
Sectional Road Load Performance Test. This test was conducted in i
third gear and involved holding the transmission output shaft at a q
constant torque while varying the input speed., The output torques
selected were 10, 20, 30, 40, 50, 60, 70, 80 and 90 lb-ft. The
speed range was from 750-4000 rpm on the input shaft. The data
recorded in this test were input and output torque, input and
output speed, sump temperature, case hotspot temperature, and
ambient temperature. g

The No Load Loss portion of the test was performed next. This
test was run with the output shaft turning freely. The input ;
torque and speed wete recorded for an entire speed range which ran 2
from 750 rpm to 4000 rpm. This test was performed in each gear
range by disconnecting the output shaft and allowing it to turn

freely.

The parameters recorded in this test were input torque and speed,
sump temperature, case hotspot temperature, and ambient tempera-

ture. v R
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The final set of tests performed were the coast performance tests,
For this test the transmission was oriented in the reverse direc~-
tion so that the dynamometer drove through the output shaft of the
transmission and the power was taken up in the absorber. The test
was operated by setting the clutch shaft torque at a constant
level and varying its speed in the range set by the previous
tests. The amount of torgue which could be applied to the system
was limited by the current limits of the dynomometer controller,
The first gear coast performance tests reached the current limt at
the 40 1lb-ft run. The second, and third gear coast performance
tests reached current limit at 60 lb-ft run and 80 lb-ft run
respectively., This was due to the slow output speed in first,
second and third gear which were beyond the dynomometer torque
speed characteristics. The data recorded during this portion of
the test were input and output torgque, input and output speed,
sump temperature, case hotspct temperature, and ambient tempera-
ture.,

The transmission was filled with Arco Graphite 10-40 motor oil
through the entire test schedule. This fluid was chosen over the
manufacturer's recommended 80 W gear lube at the reqguest of the
Jet Propulslon Laboratory, for whom this test was being conducted.
This 011 was utilized in prev1ous tests that were performed on the
transmission, and it was decided to maintain these test conditions
as closely as pos51ble. The physical and chemical properties of
the motor oil were monitored throughout the test. The color of
the £luid did not appreciably change during the tests.
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CALIBRATION

The test apparatus was calibrated before and after a major test
was completed. The major components calibrated were the torque
sensors and the speed readouts. The torgue sensors were cali-
brated with their respective readouts and attaching cables so that
a total system accuracy was obtained. The calibration was per~
formed by placing a set of known weights at a known distance to
produce the resultant torque, The weights were weighed on a
Toledo Digital Scale Model No. 1070, which is calibrated to a set
of weights traceable to the National Bureau of Standards. The
calibration arm was measured to & length of 24.00 inches. This
length was recalculated for each weight which was placed on the
calibration arm due to the deflection in the arm. The calibration
sheets contained in this section show the calculated torque and
the actual torque which appeared on the readout (measured torgue).
The torque sensors were calibrated to the limits of the range over
which they were to operate.

The speed readout was an AIRPAX counter (Model No, 761400110)

which was #alibrated in an operating range from 0 to 4500 rpm.

The countitr was calibrated with a Hewlett Packard electric counter

(Model Neo, 5245L) used in conjunction with a WWVB frequency compa-

rator (True Time, Inc. Model No. 60-TR). The accuracy of the digi-
tal readout was +1 count.

17
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CALIBRATION SHEET

HIMMELSTEIN TORQUE SENSOR #MCRT 6~02T (2~3)

CAL VALUE = 58,5 lb~ft
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3-27-80
DEN3-124

DRIVE PERFORMANCE TESTS TORQUE WAS POSITIVE

DIRECTION OF TORQUE CLOCKWISE
CALCULATED TORQUE (1lb-ft)

+10,00
+16.35

(5.00) X 2 x (cos 0) =
(8.,175) 8 2 ¥ (cos 0) =

(10.47) % 2 x (cos 0) = +20.94
(28.21) x 2 x (cos .5) = +56.42
(48.24) x 2 x (cos .5) = +96.47
(68.26) x 2 x (cos 1) = +136.49

0

MEASURED TORQUE (lb=ft)
+10.0
+16.5
+21.0
+57.0
+97,0
+136.0

COAST PERFORMANCE TESTS TORQUE WAS NEGATIVE

DIRECTION OF TORQUE COUNTERCLOCKWISE
0

(=5.00) x 2 x (cos 0) = =10.0

(~8.175) x 2 x (cos 0) = =~16.35
(~10.47) x 2 x (cos .5) = =20.94
(-28.21) x 2 x (cos 1.0) = =56.41
(~48.24) x 2 x (cos 1.0) = =~96.46
(-68.26) x 2 x (cos 1.0) = ~136.49
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CALIBRATION SHEET | 3-27-80
- LEBOW TORQUE SENSOR #1648-5K DEN3-124
i CAL VALUE = 271
4 COAST PERFORMANCE TESTS TORQUE WAS NEGATIVE
DIRECTION OF TORQUE COUNTERCLOCKWISE
; CALCULATED TORQUE (1lb-ft) MEASURED TORQUE (1b-ft)
g CLOCKWISE?
2 (-8.175) x 2 x (co8 1°) =  =16.35 -17.0
é (~28.21) X 2 % (co8 1.5°) =  =56.40 ~56.5
. (-48.24) % 2 X (cOS 2.0°) =  =96.42 ~96.0 |
% (-68.26) x 2 x (cos 2°) = ~-136.44 ~136.0 g
)i (-88.31) x 2 x (cos 2°) = ~-176.51 ~176.0 :
: (-108.31) x 2 x (coS 2.5°) = ~216.40 -216.4 §
§ (~128.34) % 2 ¥ (08 2.59) = =256.43 ~257,0 5
; (~148.42) x 2 x (cos 2.5°) = =296.50 ~296.,5
5 (=168.48) x 2 x (cos 3.0°) = =336.49 ~337.0
; 0 0
f “PRIVE PERFORMANCE TESTS TORQUE WAS POSITLIVE
- DIRECTION OF TORQUE CLOCKWISE
f (8.175) x 2 x (cos 0) = +16.35 +17.0
s (28.21) x 2 x (cos 0) = 456.42 +56.0
(48.24) x 2 x (cos .5) = 496,47 +97.0
(68.26) x 2 x (cos .5) = +136.51 +136.5
(88.31) x 2 x (cos .5) = +176.6 +176.0
(108.31) % 2 x (cos 1.0) = +216.58 | +216.5
(128.34) x 2'x (cos 1.5) =  +256.59 +256.5
(148.42) x 2 x (cos 2.0) = +296.66 , +297.0 ]
(168.48) x 2 x (cos 2.5) =  +336.64 +336.0 :

0 0
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SYSTEM _ACCURACY

The instruments used in the test setup have been calibrated to
insure the accuracy of the test data. The individual components
utilized in the tests contain manufacturers specifications which
guarantee the accuracy of the instrumentation. These accuracies

; are listed and combined in the appendix section to determine the

f total system accuracy. The three major components involved in the
system accuracy are the torque signals, speed signalsg, and data

: reduction eguipment. Warst case system accuracies for the torqgue

4 sensors, cabling and readouts were determined from the calibration

; chartes and are shown below.

TAPE RECORDER: Sangamo Model #3500
ACCURACY: +0.05% of Full Scale

§ TORQUE SENSOR: Lebow (1648-5K) + Daytronic (878A) :
i ACCURACY: ((Calculated Torque-Measured)/Full Scale Torque) x (100) |
((175.79 = 176.0)/416.66) x (100) = #0.05% ~f Full scale

TORQUE SENSOR: Himmelstein (MCRT 6-62T(2-3)) + Daytronic (878)
ACCURACY: ((Calculated Torque~measured)/Full Scale Torque) x (100)

e T T RS o

| ((56.26 - 55,9)/(166.66)) x (100) = +0.21% of Full Scale

f SPEED SENSOR: Speed Pickup + Airpax Counter | ]
; ACCURACY: Calibration was *1 Count (1/4000) x (100) = +0.025% of :
; Full Scale ;
; SPEED CONDITIONER (Frequency to Voltage Converter~Daytronic 840) %
g ACCURACY: 0.05% of Average DC Voltage +0.10% of Full Scale ?
; HEWLETT PACKARD ANALYZER (HP 5451B Fourier Analyzer) :

; ACCURACY: 12 Bits = 211 = 2048 Bits = 1 Volt
| (1/2048) x (100) = +0.048% of Full Scale

COMPUTER INTER NUMBER CALCULATION (Method of Program Calculation)
: = 0.5% of Full Scale

The inter number calculation error resulted from the method that
i the computer used to average the acquired data. This method is
: explained in Appendix A. :

: From the instrument accuracy determined above, a system accuracy
§ may be determined., There are two generally accepted methods for
calculating a system error. These methods are the root mean z
: square and the sum of the errors. Both methods are tabulated in ;

the appendix and charted below for torque, speed, power and effi- *
ciericy readings.
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Torque Error (Lebow)
Torque Error (Himm.)
Spned Brror

Power Out Error
Efficiency Error

ROOT MEAN SUM OF
SQUARE METHOD ERRORS METHOD
$ OF FULL SCALE % OF FULL SCALE

FULL SCALE

A e R B R e AR A R s B e S

0.08% 0.15%
0.221% 0.31%
0.124% 0.223%
0.50% 0.70%
0.58% 1.0%

ke kil o,

416 1b-ft
166 lb-ft
4000 RPM
90 HP
100%

Elei
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DATA REDUCTION

The signals obtained from the torque and speed transducers of the
test stand were placed directly onto a Sangamo Tape Recorder Model
No. 3500. The information on the tape was then fed into a compu-
ter which was used to compile the data. While in the computer,
the data were reviewed to insure their accuracy and then a hard
copy was printed out on a line printer.

The following procedure was used to record the input and output
korque. The torque signals were placed on the tape recorder as
voltage. A calibration value was determined in engineering units
(lb-ft) for each torque sensor. The torqgues were recorded on
channels one and two in the following manner:

CHANNEL 1l: PRECALIBRATION ZERO CALIBRATION VOLTAGE PRERUN
ZERO DATA

CHANNEL 2: PRECALIBRATION ZERO CALIBRATION VOLTAGE PRERUN
ZERO DATA

This information was then fed into the computer which integrated

and compiled a 2.5 second sample of data to obtain an average
value in engineering units.

The frequency signals from the speed pickups were placed directly
onto the tape recorder. The data on the tape were then fed into a
frequency to voltage unit which turned the frequency into a dc
voltage which in turn was fed into the computer. The method for
recording speeds is shown below. ’

CHANNEL 3: ZERO FREQUENCY CALIBRATION FREQUENCY PRERUN ZERO
FREQUENCY DATA

CHANNEL 4: ZERO FREQUENCY CALIBRATION FREQUENCY PRERUN ZERO
FREQUENCY DATA

The data on these channels were then fed into the computér which
integrated and compiled a 2.5 second sample of data to obtain an
average speed value in engineering units.

The computer was programmed to take the values of torques and
speeds and calculate efficiency and power from them. From the
data it has generated, the computer would print out the required
graphs and data per the contract specification. The main advan-
tage to taking data in this manner was that the computer would
calculate an integrated average which would minimize the error in
a fluctuating signal. Any fluctuation due to system resonance or
gear teeth meshing would be integrated and averaged.
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TEST RESULTS

The data contained in, this segment of the report has been divided
into three major sections. These sections are drive performance,
coast performance, and no load losses. There are five data sheets
for each test condition in the drive performance and coast perfor-
mange tests. The organization of this data is described and
listed in the table of contents. Cover sheets for drive perfor-
mance, coast performance and no load losses have been placed at
the beginning of each section to describe the enclosed sheets.
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