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PREFACE

The electric and hybrid vehicle test was conducted by the U.S. Army Mobility Equipment
Research and Development Command (MERADCOM) under the guidanee of the U.S. Depart-
ment of Energy (DOE).

Michael E. Johnson, Project Engineer, of VSE Corporation, was responsible for aspects of
calibration of the signal conditioning circunits and recording instruoments and for tabulations
and plotting of the data in this report.

Computer programming and data tabulation and analysis were performed by Arthur

Nickless of the Systems Technology and Management Division, Management Information
Systems Directorate, MERADCOM.

Aubrey Thomas and James A, "}uﬂ-rt ol the Environmental and Field Divizsion., Prodoet
Assurance and Testing Directorate, MERADCOM, assisted in vehicle operation and data col-
lection,

The report was prepared to document work sponsored by the United States Government,
Neither the United States nor its agent, the United States Army. nor any Federal employees,
nor any of their contractors, sub-contractors, or their employees, makes any warranty, express
or implied, or assumes any legal Liability to responsibility for the accuracy, completeness, or
usefulness of any information. apparatus, product. or process disclosed. or represents that its
use would not infringe privately owned rights.

The view. opinion, and/or findings contained in this report are those of the anthors) and
should not be construed as an official Department of the Army position, policy. or decision
unless so designated by other documentation, The purpose of this report is to make available
data and information on an electric vehicle. The tasks of drawing conclusions and making
recommendations based on this report is reserved by and for the U.S. Depariment of Energy.
This vehicle was tested to determine its conformity to the Department of Energy “Performance
Standards for Demonstrations.” The results reported herein show the nominal capability of the
vehicle when it failed to meet the standards, The vehiele may exeeed the performanee reported
herein in actual use. It also may have safety features and amenities not required by the Depart-
ment of Energy Standards.

iii

ey




CONTENTS .
Section Title Page
PREFACE iil
L
ILLUSTRATIONS i
TABLES viil
| SUMMARY |
I INTRODUCTION |
11 OBIECTIVES R
v TEST VEHICLE DESCRIPTION 1
a.  Description 4
b. Operating Characteristics 4
v INSTRUMENTATION

W1 TEST PROCEDURES

. Maximum Speed
b.  Maximum Cruise Speed
. Range Tests (Constant Speed)
Range Tests (Drive Cycles)
Maximum Acceleration
: Gradeability
r.  Coast-Down Tests

o
e
d.
e
E.
1.  Tractive Force Tests

f.
I

Vil TEST RESULTS AND DISCUSSION

a. Maximum Speed

b. Range (Constant Speed -and Driving Cycles)
[ Maximum Aeceleration

d. Coast-Down Tests

e Gradeability Limit

I [ndicated Energy Economy




Section

VIl

IX

COMPONENT PERFORMANCE AND EFFICIENCY

b.

CONTENTS (CONTINUED)

Title

Battery Charger
Battery Characteristics

RELIABILITY

VERIFICATION TEST RESULTS

APPENDICES

A. VEHICLE SUMMARY DATA SHETT

B. DRIVING CYCLE DATA

C. TABULATIONS OF DATA FROM MAXIMUM
ACCELERATION AND COAST-DOWN

D.  ELECTRIC AND HYBRID VEHICLE

VERIFICATION PROCEDURES

Page

51

51
51

51

53

35
60
75



Figure

10

13

14

15

ILLUSTRATIONS

Title
Front ¥-View Current Fare Wagon
Rear %-View Current Fare Wagon
Front Battery Pack (Covered)
Front Battery Pack (Open)
Rear Battery Pack (Covered)
Rear Battery Pack (Open)

Instrument Panel

Driving Cycle Test Curve: Voltage, B Cycle, 28 Aug 81,

3rd Cyele

Driving Cyele Test Curve: Voltage, B Cyele, 28 Aug 81,

Mext-to-Last Cycle

Driving Cycle Test Curve: Current, B Cycle, 28 Aug 81,

3rd Cyele

Driving Cyele Test Curve: Current. B Cycle, 28 Aug 81,

Mext-to-Last Cycle

Driving Cycle Test Curve: Power, B Cycle, 28 Aug 81,
3rd Cycle

Driving Cycle Test Curve: Power, B Cycle, 28 Aug B1,
Next-to-Last Cycle

Driving Cyele Test Curve: Speed, B Cycle, 28 Aug 81,
3rd Cycle

Drving Cycle Test Curve: Speed. B Cycle, 28 Aug 81,
Next-to-Last Cycle

Page

=1

17

18




Figure

19

20

[ILLUSTRATIONS (CONTINUED)

Driving Cycle Test Curve;

3rd Cycle

Driving Cyele Test Curve:

Next-to-Last Cycle

Driving Cyele Test Curve:

3rd Cycle

Drving Cycle Test Curve:

Next-to-Last Cycle

Diriving Cycle Test Curve:

3rd Cyele

Driving Cyele Test Curve:

Next-to-Last Cycle

Driving Cycle Test Curve:

3rd Cyecle

Drving Cyele Test Curve:

Next-to-Last Cycle

Driving Cycle Test Curve:

3rd Cyele

Driving Cycle Test Curve:

MNexi-to-Last Cyele

Driving Cycle Test Curve:

3rd Cyele

Driving Cycle Test Curve:

Next-to-Last Cyele

Driving Cycle Test Curve:

rd Cyele

Title

Voltage, C Cycle, 31 Aug 81,

Valtage, C Cycle, 31 Aug 81,

Current, C Cyele, 31 Aug 81,

Current, C Cyele, 31 Aug 81,

Power, C Cycle, 31 Aug 81,

Power, C Cycle. 31 Aug 81,

Speed, C Cyele, 31 Aug 81,

Speed, C Cyele. 31 Aug 81,

Voltage, ID Cycle, 3 Sep B1,

Voltage. D Cycle, 3 Sep 31,

Current, D Cycle, 2 Sep 81.

Current, D Cyele, 3 Sep 81,

Power, D Cycle, 3 Sep 81, 3rd

¥ii

Page

30

33

34

in




ILLUSTRATIONS (CONTINUED)

Figure Title

29 Driving Cycle Test Curve: Power, D Cycle, 3 Sep 81,
Next-to-Last Cyele

30 Driving Cycle Test Carve: Speed, D Cycle, 3 Sep 81,
3rd Cycle
31 Driving Cvcle Test Curve: Speed, D Cycle, 3 Sep 81,

Next-to-Last Cyele

32 Velocity vs Time, Current Fare Wagon
33 Acceleration of Current Fare Wagon: a. 066, b, 4075,
c. 80% DOD
34 Gradeability of Current Fare Wagon: a, 0%, b, 407%
¢c. 80% DOD
a5 Coast-Down Test of Current Fare Wagon
36 Road Energy of Current Fare Wagon
37 Foad Power of Current Fare Wagon
38 Constant Specd Battery Performance
TABLES
Table Title
I EVA Current Fare Wagon Test Results (Metric)
2 EVA Current Fare Wagon Test Results (US Customary Units)
3 Gradeability Limit Test Results

vili




BASELINE AND VERIFICATION TESTS OF THE

ELECTRIC VEHICLE ASSOCIATES' CURRENT FARE STATION WAGON

I. SUMMARY

The EVA Current Fare Wagon was manufactured by Electrie Vehicle Associates | Ineor-
porated (EVA) of Cleveland, Ohio. It is now available from Leetra Motors Corp. of Las Vegas,
Nevada, The vehicle was tested onder the direction of MERADCOM from 27 March 1980 1o 6
November 1981, The tests are part of a Department of Energy project to assess advanees in
electric vehicle design. This report presents the performance test results on the EVA Current
Fare Wagon.

The EVA Current Fare Wagon is a 1980 Ford Fairmont station wagon which has been
converted to an electrie vehicle. The propulsion system is made up of a Cableform controller, a
series-wound 30-hp Reliance Electric Motor, and 22 6-V lead-acid batteries, The Cuarrent Fare
Wagon is also equipped with regencrative braking, Further details of the vehicle are given in
the Vehicle Summary Data Sheet. Appendix A, The results of this testing are given in Table 1.

[I. INTRODUCTION

The vehicle tested and the data presented in this report are in support of Public Law
04-413. enacted by Congress on 17 September 1976, The law requires the Department of
Energy to develop data characterizing the state-of-the-art with respect to electrie and hybrid
vehicles, The data so developed are to serve as a baseline to compare improvement in eleetrie
and hybrid vehicle technologies, to assist in establisching performanee standards for electrie

and hybrid vehicles, and to help gnide future research and development activities.

MERADCOM, under the direction of the Electric and Hybrid Vehieles Division, Office
of Vehiele and Engine Research and Development DOE, has conducted track tests of eleetnic
vehicles to measure their performanee characteristics and vehiele eomponent efficiencies.

The tests were conducted using a DOE 1est procedure “ERDA-EHY-TEP.” deseribied in
Appendix A of MERADCOM Report 2244, This procedure uses the “Electric Vehicle Test
Procedures SAE )227a." revized February 1976. US, customary units were used in the collee-
tion and reduction of data and are shown in Table 2, The units were converted to the Interna-
tional System of Units for presentation in this report. U5, customary units are presented in
parentheses, Number values are truncated to reflect nominal values excepl where precision is
required.

SRASELINE TESTS OF THE EVA METR(O ELECTRIC PASSENGER YEHICLE.” MERATMOM Reqpuort- 2244 (May 197H)




TABLE |, EVA CURRENT FARE WAGON TEST RESLLTS

(Metric Linits)
HET VEHICLE BTN TEMEENTLRE

BATTERY CHARGE ENERGY RANGE WEATHER (OMD. ETART OF TEST WEATHER COMD. END OF TEST

GERRS  DIST ENERGY D.C. EMERCY A.C. HIBDMY  START END WIND SPEED TEMPERATURE _ WIND SPEED TEMPERATURE
BATE TYEE TEST USED  (km) C¥CIES i i i ) tidhdem)  1%C) t*C1 _ TIME  tkmfh) =0y TIME  (lmh) £°C)
11 Jun 81 Cocoycla 1,223 T4.3 123 5.6 4T3 28-32 -3 1000 B n 1300 B 4
15 Jun 81 56.3 km/n 1,2,3 94.1 30.9 .328 24-25 41-45 0850 alm % 1045 mim 28
16 Jun AL 56,3 b 1,2,3 1013 .6 Al 29-313 45-51 0730 walm a5 0520 5 2
18 Jun 81 Boycle 1,2 85,5 255 3.3 08 24-25 3B-46 0735 @lm 0 1305 calm 27
23 Jun B1 T72.4 Evh 1,2,3,4 T3 35.8 Y 23 41-48 1255 B 4} 1405 8 i
26 Jun Bl 56.3 kvh 1,2,3 833 30.1 322 28 41-43 0700 8 19 0850 8 21
29 Jun B1 B cycle 1,2 83.9 50 3.7 Al 22-23 40-43 0810 mlm i 1325 mlm 3
2 Jul 81 40.2 em/h 1,2 119.5 4.7 230 2526 =42 0730 calm n 1030  calm 5
6 Jul B1 40.2 km/h 1,2 115.8 35.0 302 2-24 643 0835 mls un 13 calm 5
Taul 8l 724 ovh 1,3,3 91T 2.5 354 3335 43-51 0815 .4 24 0932 6.4 el
8 Jul Bl 72.4 km/h 1,2,3 BB.0 il.a 356 12-13 41-47 0730 1.2 5 Osas 3.2 3
10 Jul B1 Cooyele 1,23 762 140 4.7 LS 3437 48-53 0745 oalm x 1050 calm .
#3dul 81 D cycle 1,2.3.4 62.4 38 2.5 AT 2512 1341 0835 ln 24 1000 calm Fe
24 Jul 81 D ooyele 1,2,3,4 B4.0 39 4.0 LSETY 2e-19 i5-36 0807 oalm 23 0938 calm L}
11 Aoug Bl B cyele 1.2 TH.B 45 3.4 431 n 43-51 D645 3.2 25 1155 1.2 30
18 Aog 81 B cycle 1;2 2.4 248 35.2 442 24 J6-46 0745 1.6 20 1233 1.6 23
20 aog Bl B oyele 1;2 8.0 244 H.6 M3 23-15 I6-4T 0745 3.2 19 1245 8 23
26 Mag Bl B cycle 1,2 84.8 264 35.1 .4l4 27-18 ¥-4 0750 @lm 17 1300 8 &7
48 Aug Bl B oycle 1,2 85.6 271 24,7 3.2 SAZT 29-30 42-52 0800 calm 20 1300 calm k-
i1 Mg B8l Coyele 1,23 734 130 2.8 33.2 A58 0-13 44~ 0745 mim brd 1110 calm u
1Sep 8l Ceyele 1,2,3 73.4 130 3.4 455  30-34 45-62  OT4S lm 2l 1055  calm 3
35ep 8l Doyele 1,234 61.2 42 17.8 33.5 38 3134 35-46 0915 calm 20 1045 calm il
10 Sep 81 4002 b 1,2 107.8 3.7 .5 301 20 13-44 DELS calm 20 1130 calm 3
14 Sep 81 56.3 lwh 1,2,3  97.8 k.8 2.3 330 25 3\-53 0745 mlm 16 W calm n
15 8ep 81 72,4 Wy 1,2,3 86,0 21.6 8,3 <30 33-36 43-33 OT45 @ lm n 0300 @lm Fr 3

*Jehicle on charme over weskend.
L1
L - L 2 i




TABLE 1. EVA CURBENT FARE WAGDN TEST RESULTS

(LA, Cosvomary Lndts)
KET VEHICLE BATTERY TEMPERATURE
DATTERY CHARCE EMERCY RAMNGE REATHER ORD, START OF TEST WEATHER ODND. BEND OF TEST
GEARS  DIST BHERGY D.C. ENERGY A.C. EOOMOMY START BO WIND SPEED TEMPERATURE HIND SPEED TEMPERATURE

DATE TYPE TEST DSED - (mi) CYCIPS k) [ b } {h/mit  ("F) ["F)  TIME  (mi/h) (*F) TIME  (mi R}
L Juwnel Ceoela 1,223 462 129 5.6 L7710 B3-no 113-178 1004 5 72 1300 5 75
15 Jun 81 35S mish 1,2,3 58,5 30.9 528 Te=T8 106=-112 0450 calm 7 145 oalm a2
16 Jum B1 35 miym  1,2,3  63.0 .6 01 g5-s3 113=126 0730 mlm 18 naz0 1 81
18 Jun 81 B eycle 1,2 H3.3 255 .9 56 T5-TA 161-115 ©O73s im =) 1165  ealm &
23 Jun Bl 45 mish 1,3,3.4 45.5 35.4 T T4-78 106118 1255 5 80 1405 5 a3
26 Jun Bl IS mism  1,2,3 580 3.1 519 Cle) 106100 0700 5 6 L] L ™
2% Jun Bl B cycle 1,2 52.2 250 1.7 45 71-73 104-118 0810 @lm &8 1325 calm 92
2 Jul B 29 mish 1.2 T74.3 .7 J6T TB=T9 97-108 0730 calm 71 1030  calm TH
6 Jul B1 25 mish 1,2 720 5.0 JBE T2-Th 497-110 0835 =lim T2 113 ealm T
Tl el d5mimh 1,2,3° 570 2.5 L5700 e0-96 1it-125 0815 4 s 093z i 6
el 81 4Smive  L.2,3 ST 3t.4 574 B9-52 106=-116 0730 2 78 DB 45 2 83
10 Jul Bl Coeyele 1,23 47.4 140 4.7 a4 o3.mm 119-128 0S5 mlm 80 1050 calm ]
23 Jul Bl D oycle 1,2,3,4 38.B I 29,5 L7600  B5-01 G3-106 0815 alm 76 100 calm TE
24 Jul Bl D cycle 1,2,3,4 39.8 EL] 44,0 1.105%  74-85 9596 0807 calm 74 D938 calm k3
11 Avg Bl B oyels 1,2 49.5 245 .4 L6931 ap-al 110-124 0645 2 T8 1155 2 a6
18 Aug B1 B cyclo L2 49,4 248 15.2 12 75 98-115 0745 1 i 1255 1 T8
20 hog Bl Boyeler 1,2 435 244 .6 g3 =77 §7-117 0745 F 13 1245 5 a5
76 hog Bl B eyele 1,2 2.9 764 15,1 666 E1-B3 103-121 0750 m=lm &3 1300 g a0
28 haxg 81 B cyole 1.2 5.2 il 4.7 6.2 JERD BS-BT 108-137 0800 mlm &8 1300 calm 6
3l ong Bl Coowele 1.2.3 456 130 1.8 33.2 M ETenl 111=-138 0745 calm 72 1110 calm 76
1 E-:p a1 C oycle 1,2,3 A45.6 130 33,4 132 B7-94 113-145 0745 olm 0 1855 calm T4
jbep Bl Doycle 1,234 41.8 42 17.9 31,5 A0 BE-93 95-115% 0915 alm 8 145  czlm L]
10 Sep Bl 25 migh 1,2 &0 29.7 33,8 LA85 ] §1=111 [H15 =mim [} 1110 ealm k1
13 oep 81 35 mim 1,2, 60,8 xn.n 2.3 531 7-mm 10I-128 0745 mlm 2 09422 oalm ™
15 8ep Bl 45 mi/m  1,23,3 53,5 21.6 9.3 LT 5z-9a LL-137 0745 mlm 70 0300 calm e

wishicle on charge over weakend.




111, OBJECTIVES

The characteristies of interest for the EVA Curent Fare Wagon electric vehicle are: range
at constant speed, range when operated in a selected driving mode. maximum aceeleration,

gradeability limit, road energy. road power, and vehicle energy economy.
IV. TEST VEHICLE DESCRIPTION

a. Deseription. The EVA Current Fare Wagon i= a standard Ford Fairmont spation
wagon which has been converted to an eleetric vehicle (Figures | and 2). 1t is powered by 22
6V lead-acid batteries® connected in series. The baneries are configured in two sections. one
under the hood of the vehiele (Figures 3 and 4) and the other in what was the rear lngeage com-
partment (Figures 5 and 6). Both battery packs are ventilated during operation and charging of

the vehicle,

The Current Fare “'il_'_','ull has two full-sized Tront passenger seats and one bench-type
rear seal and can easily aceommodate four people. The interior is upholstered in blue vinyl
plastic. The vehicle has the standard instramentation found in an internal combustion engine
auntog h{"'l'd"lrll'if’l’- odometer, windshield wipers, ete. It also contains a rotmny lement of electric
vehicle instrumentation consisting of: a d.e. digital voltmeter which shows traction battery
voltage and auxiliary battery voltage, a d.c. ammeter which indicates traction hattery current,
and a motor temperature overheat gauge (Figore 7). Other data on vehicle equipment and
features are given in Appendix A,

b. Operating Characteristics, The Curremt Fare Wagon has a  standard  ac-
celerator, brake, clutch. steering configuration. and a manual fourspeed transmission. It is
powered [rom the traction battery pack through a Pulsomatic Mark 10 SCR controller by
Cableform, to a 30-hp series-wound d.c. motor, 1t also has a 12-V auxiliary battery to power
the accessories,

V. INSTRUMENTATION

The Current Fare Wagon was instrumented with a Labeco fifth wheel o provide ac-
curate speed and range information. The traction battery voltage and current were monitored
and preconditioned for the recorder. These data were electronically mulitplied 1o give an in-
stantaneous power and then were averaged, Other averaged outputs are the average traction

battery voltage. average current, and average power. An Ohio Semitronies Hall Effect Watt-

Sewt St 1N ol Agaendin A,




Figure 1. Front %-view current fare wagon,
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Figure 2. Rear %-view current fare wagon.
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Figure 3. Front battery pack |covered),




Figure 4. Front battery pack (open).




Figure 5, Rear battery pack (coverad).
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Figurs 6. Rear battery pack {(open).




Figura 7. Instrumant panal.




hour meter was also used to provide a coneurrent reading of traction system power and energy
during tests and during richarge of the traction batterv, These duta were recorded on o
Lockheed Store 7 FM. recorder. Details of the recorder are given in Appendis [} of

MERADCOM Ht'puﬂ 2244.
¥Y1. TEST PROCEDURES

The wests were performed &t the MERADCOM test Facility s Fort Belvoir amd at the
\berdeen Proving Ground (APG) test Tacility at Aberdeen, Marylaml. When the vehicle was
delivered to MERADCOM, the pretest cheeks deseribed in Appendis F of MERADCOM Repon
2244 were conducted. A shakedown ran was performed to familiarize the driver with the
operating characteristies of the vehicle and o verily proper aperation of all instromentation
systems. All tests were ran in aceordance with the DOE Electeie and Hybreid Vehiele Test and
Evaluation Procedures (Appendix A of MERADCOM Report 22909 Al tests were performed
al a gross vehicle weight of 2250 kg (1960 [h).

a. Maximum Speed. The maximum speed of the vehicle i= measured during the ac-
celeration coast=down tests. 1t is defined as the maximuam spesd that can be reached under full

power on the Aberdesn Proving Ground 3-mi straightaway track.

b. Maximum Cruise Speed. The MERADCOM facility has o 2.0-km (1.24-mi) loop
with g total of 146 km (0.91 mi) at a l-percent grade, (0.36 ki (0.23 mi) at a 3-qereent grade.
and 0.23 km (0.14 mi) at a S-percent grade, The maximum maintamable speed on this partial-
Iy level track is measured. IF the vehiele™s maximuom speed exeeeds the safe limits of the
MERADCOM Test Track, the 3-mi track at APME is used,

¢. Range Tests (Constant Speed). Range tests at constant speeds of 25, 35, 45, and
55 milh are carried out on the MERADCOM loop. The vehicle is driven until it can no longer
tl1.‘_—lilllﬂi]t al Ira-I "-J.'-} prercent IIII thi Ilt"\-ll:flli[li*ll Test -|11'r'1! an the level !Ihrliim af the |ﬂrr]r.

d. Range Tests (Driving Cycles). The vehiele is tested on a level track, driving the
SAE J277a simulited citylike aceeleration, cruise, coast, hrake, and idle evele repetitively un-
til the vehicle can no longer meet aceeleration to time requirements. The EVA Corremt Fare
Wagon was run through B-evele (20 mith), C-evele (30 mith). and Thevele (45 mifh) tests, For
further information concerning evele test details amd selection eriteria see Appendix A of

MERADCOM Report 2244,

The Brake portion of the eyele testing of the EVA Carrent Fare Wagon frersed
‘H.II'III'IJI]II; of a dilemma. sinee the vehicle r-':_{rln'fulih'h birakes curing this [n'-riml. Thas

rerenerative heaking action can vaopse the averaee evele distanee 0 e redoeed. However, the

aedditional enerey ahilained t||r|r11;_-‘|!| rv;;l'm'r;ﬂiun i than offsets this redaction,




e. Maximom Aceeleration.  Maximum aceelévation is calealated from the recorded
time and veloeity data, The test= are conducted on the 3-mi straightaway at APG, The vehiele
1= masimally  acecleded within maoufactorer’s recommended standards for the vehiele,
allowed w eruise o =hort time at that spaed. anl thien allowed 1o freeswheel coast down 1o a
stop. The vehicle i= run through this eyele repetitively until the traction battery i= discharged,
then the test i= terminated, This test is performed with the vehicle instrumented as indicated in
Section V.

Computer analy=is 19 gsed 1o determine which of the eveles corresponds 10 0-, H)-,

anid BO-pereent states of battery discharee.

. Gradeability. Gradeability is the grade in pereent which the vehicle is able 1o
traverse at any selected speed It b= calealated from maximum aceeleration tests by using the
pmataon:

o= 100 an (=0 0.0455a, %

whieree:

i = pevileration i miles frer hiar per arvonil.

g. Coast-Down Tests,  As indicated above, the coast-down tests are an intimate prar

of the acecleration teats. The Tollowing data result:

o Hoad Energy Consumption: Hoad energy i= 8 measure of the energy

consumed overcoming the velicle’s aerdynamic and rolling resistance.

& The rosd encrev [or the vehiels @l various .-fl!'i‘!l- and the losses in the
drive train were determined from coast-down tests, Road energy B is calealated from the
following equation:

Vo1 =Y. kWh
Il‘u = 007~ 10" W _—
I“ tl!'l*] Wi

“hl'l’l'.'

V= vithicle HFH'{"II. nit'h

W = grass vehicle weight, 1

1 = Timwe, =




wl " = a, mifhfs,

e Road Power Requirements. Howd power is a measure of  wvehicle
aerodvnamic amd rolling resistance. The road power. P required to propel a vehicle at speed n

i= determined from coast-down tests, The following equation was nsed:

1'|.' & .
P = 608 x 105 W[ o ) KW

wlhiere:

W = Gross Vehicle Test Weight, b

¥V = Vehicle Speed. milh

I = Time,;s.

h. Tractive Force Tests. The maximum-grade capahility of the test vehicle is deter-

mined from tractive foree test= by towing a field dvnamometer at approximately 1.6 km/h (1
mifh} while the test vehiele is heing driven with wide-open throttle, The foree 12 measored by
the dynamometer instrumentation from a load cell atached between the vehicles, The test is
run with the banteries 0=, 40, and BO-percent discharged. From the results of the traetive foree

tests, the g!".ﬁlil‘;llr““\ limit s abtained, It is caleulated from;

Gradeability limit in pereent = 100 1an sin' P

where:
P = tractive forve (1)

W = wross vehicle weizht ().




VIL. TEST RESULTS AND DISCUSSI0ON

The data colleeted from all range tests are summarized in Table 1. The table shows the
test data., type of test, environmental condition. the range test results, energy into and out of the
battery. and the energy into the charger. These data are used 1o determine vehicle range.

rru'r,t_'y A “":l". I'ﬂlli 1‘{ ril'ii‘ﬂl'il‘!-,

a. Maximum Speed. The EVA Current Fare Wagon had an average maximum
speed of 959 kmfh (59.6 mi/h), This maximum cruise speed was beyond that which could be
measured on the MERADCOM Test Track and was checked a1t APG.

b. Range (Constant Speed and Driving Cyeles). The EVA Current Fare Wagon
was tested at constant speeds: 40.2 kn/h (25 mith), 56.3 km/h (35 mith), 72.4 km/h (45 mi/h),
and 8H.5 km'h (53 mi/hi It was also tested under B, C. and D driving cyeles. All test results are
summarized in Table 1. Veloeity, voltage, current, and power curves for the third eycle and the
next-to-last-cyele, representative of each type of driving eyele test, are given in Figures 8
through 31, The final portion of the power curves for each of the driving cyeles is due to
regenerative hraking and was reversed in polarity by the computer analysis program. Figures 8
to 15 are from the schedule B eyele test performed on 28 August 1981, Figures 16 to 23 are
from the schedule € evele test performed on 31 August 1981, Figures 24 to 30 are from the
schedule D evele test performed on 3 September 1981, The numerical results are tabulated in
Appendix B.

¢. Maximum Acceleration, The EVA Current Fare Wagon accelerated 1o 50 km/th
(31.1 mifh) in 9.6 5 and 1o 80.4 km/h (50 mith) in 31.2 & both values are averages based on at
least 10 rons,
e Velocity. Velocity versus time of the Current Fare Wagon is given 0-, 40-, and
Bk-percent depths of discharge (DOD) in Figure 32

e Acceleration vs. Veloecity. Figures 33a, b, and ¢ show vehicle acceleration
versus velocity for O- - and 80-percent DOLD, respectively.

o Gradeability at Speed. Figures 34a, b, and ¢ give the Corrent Fare Wagon
sradeability at speed for O, Mk, and BO-percent DOD of the traction battery, respectively.

d. Coast-Down Tests. From the coasi-downs, the velovity versos (Figure 35) was ob-

tained for the O, 40-, and B0-percent DO, The coast-down portion of the aceeleration coast-
down tests vielded the following resualts:
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GRADEABILITY OF EVA CURRENT FARE STATION WAGON
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e Road Energy Consumption. The road energy consumption of the Current
Fare Wagon is shown in Figure 36,

o Road Power. The road power requirements for the Cuorremt Fare
Wagon are shown in Figore 37. The data for the maximom aceeleration and coast-down test

[ienres are labuolated in -\|:|:r~n||i'\' .

e. Gradeability Limit. The EVA Current Fare Wagon displayed the eapability to
m';_:ul'i:un a ;!,rallit' based on the results abtained at 0-, 30, and Hﬂ-lwrrlvlll DD (Table :;} The
trachion force data are given for first gear and reverse sear, as well as for the three states of

dlischaree,
Table 3. Gradeability Limit Test Results
Cioar Tractive Foroe » Gradeahility I.iﬁ
(Ib) (%e)
e DOIY First 2685 64.4 K
Reverse 2014 nl1.9
109 DOD First 2595 61.4
Reverse®
aoge DOD First 1068 221
Reverse®® 140 21.4

-

Did not complete pull: transmission noisy.

#* Calenlated from gear ratios,

f. Indicated Energy Economy. The SAE J227a test proceduore defines energy
economy as “the vehicle range in varions operating modes divided into the a.c. energy required
to returm the battery to its original state of charge.” Electrical power transfer was monitored al
three points. A rotating Watt-hour meter measured the 60 Hz a.c. energy input to the charger.
\ Hall-effeet deviee measured the energy out of the battery. See Table 2 for a.c. charger energy

and net doe, energy from the propulsion battery.
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Figure 37. Road power of current fare wagon.
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VIII. COMPONENT PERFORMANCE AND EFFICIENCY

a. Battery Charger. The first vehicle delivered to MERADCOM had an integral on-
board battery charger. This was an EVA Mk-VI Battery Marshall, which utilized 110 V or 230
V a.c. Subsequent vehicles were equipped with an off-board Ferro-resonant 220-V a.c., 30-A
unit with automatic turn-off. All tests were performed with this charger.

b. Battery Characteristics. The Current Fare Wagon uses 22 6-V Exide XPV23-3
batteries connected in series. (See Section IX.) Standard discharges (75-A constant-current
discharge to 1.75-V cell} yielded 119 min discharge time (95 percent of the 125-min rating), in-
dicating that the battery pack capacity was well within the 80 percent required for testing,

The constant speed battery performance is given in Figure 38,
IX. RELIABILITY

The first EVA Current Fare Wagon was delivered to MERADCOM on 27 March 1980.
Cm 10 April, while the vehicle was being driven at MERADCOM, some difficulty was ex-
perienced with the automatie transmission. The problem appeared to be low oil pressure to the
transmission at lower speeds. The oil pump to the transmission was belt-driven by the traction
motor, On 2 May, the vehicle was returned to the manufacturer. On 21 August, the vehicle was
again delivered to MERADCOM. The oil pump used to maintain pressure to the transmission
had been changed. It was driven by an electric motor powered by the 12-V auxiliary battery.
On 25 September, while the vehicle manufacturer was performing acceleration tests with the
vehicle, a loud noise was heard coming from the transmission area. The vehicle manufacturer
recommended testing be terminated and the vehicle returned for repairs.

On 3 November 1980, a second vehicle was delivered to MERADCOM from Eleetrie
Vehiele Associates. This was equipped as was the first one exeept that it had a manually
operated d-speed transmission and the batteries were interconnected with spring-loaded quick-
disconneet cables. While undergoing testing, the spring-loaded connectors had a tendency to
work up and off the lupﬂl‘l‘.d halmr:r posts, In earl:p _]anuar:.‘ 1981, a l'[‘r]'ll'-l‘.'FlEl'llﬂli'-‘E of EVA ar-
rived and changed all the spring-loaded cables to the standard bolted hattery post connectors,
Testing continoed; however, the vehicle performance was not as good as the manufacturer ex-
pected. After some dizseussion, it was decided to replace the battery pack. The original batteries
were Varta P-125s, In June 1981, the entire pack was replaced with Exide XPV 23-3s, and all
data in this report are based on testing performed with these batteries.
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X. VERIFICATION TEST RESULTS

The EVA Current Fare Wagon was also tested under the DOE Market Demonstration
Program, which establishes eriteria for Self-Certification and Verification Procedures for Elec-
tric and Hybrid Vehicles (Appendix D). The following are the resalts of verification test results
performed at MERADCOM (paragraphs are relerenced to the DOE “Performance Standards
for Demonstrations™ as |Illl}|i.ﬂ-h-&li in the Federal Register, 12 February 1980, Pant IV):

475,10
a. Aceeleration: 0-50 km/h (31.1 mi/h) in 9.6 =,

b. Gradeabhility at Speed: At 25 km/h (15 milh) the vehicle can traverse a 14.6-percent
grade bazed on caleulation from acceleration tests,

c. Gradeability Limit: Calenlations based on  draw-har  puoll  test  indicate a
22.1-percent forward and a 21.4-pereent reverse gradeabillity for at least 20 s,

d. Forward Speed Capability: Forward speed of 80 km/h (50 mifh) was maintained
for more than 5 min on the level (£ l-percent grade) portion of the MERADCOM test rrack.

e, Range: SAE J227a Cycle C on level (2 L-percent) terrain yielded 743 km (46.2 mi)
and 129 eyeles.

f. Bauery Recharge Time: After an 80-percent discharge, recharged with off-hoard
charger (30 A, 240 V) for 10 h. Afer recharee. the vehiele vielded 76,1 km (47.3 mi) and 140
eyeles.

g. Recharge Control: Current limit, voltage comparator,

h. Energy Consumption: The vehicle uses only electrical energy except for the comfort
heater. which is a gasoline-fired unit. (See paragraph 1 below.)

i. Battery:

(1) Warranty: Unconditional 180 days, prorated remainder of year by bhattery
manufacturer. A one-year umbrella warranty by Vehicle Manufacturer.

(2) Type: Lead acid, Exide XPV 23-3.
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(3) Capacity: 156 Ah (125 min at 75-A rate].
(4) Voltage: 132-V (22 6-V modules connected in series).

j. State-of-Charge Meter: The vehicle is equipped with a state-of-charge meter of the

lnaded-voltmeter type.
k. Odometer:  The vehicle i= equipped with an odometer.

I, Passenger Comfort Heater: Gasoline-fired unit manufactured by Espar and rated at
8000 Btu.

m. Documentation: Operations manual, maintenance manunal, and electrical

schematics were submitted with the vehicle,
. Emissionz: Did nor evaluate,

. ﬁafe[}" ere.: The Department of Tr.'-mgp{:-rtalinn (DOT) 1= performing these evalua-
tionz. MERADCOM ]h.‘rfurme-ﬂ the following checks for design intent;

i1) Electrical Isolation: The electrical propulsion system is isolated from the vehicle

chaesis,
(2) Safety Standards 208 and 301: DOT will eheck compliance.

(3) Battery Caps: Standard golf-cart industry type. Flame barrier characteristics”

were not checked,

(4 Ventilation of Battery Compartment: The front upper battery compartment and
the rear battery compartment are both vented by axial fans (1 each) rated at 100 ft*fmin. These
fans operate while charging and during normal vehicle operation and are sufficient to change
the air 80 times/min in the front and 35 times/min in the rear. The front lower compartment is
not fan vented: however, it is exposed to the air passing throngh the grill while the vehicle is

operating,

(3) Battery Emergency Disconnect: None. However, this vehicle is equipped with a
manual transmission, and the propulsion system can be disconnected from the mechanical
drive system by depressing the clutch. The battery system is also fused in case of excessive cur-

rent.

(6) Parked Temperature Effect: The vehicle was parked for 8 h at each of the
temperatures, -25" € and +50° €. Subsequent operation at each of those temperatures
revealed no damage o the vehicle or hazard 10 personnel.
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APPENDIX A

VEHICLE SUMMARY DATA SHEET

Lectra Motors Corp.

5380 8, Valley View Boulevard
Las Vegas, Nevada 89118
T02/736-4915

2. Vehicle Description:

Name: Current Fare Wagon
Model: Station Wagon
Availability: 120 days
Price: $15.993.00

3. Vehicle Weight:

Cuorb Wi: 1909.6 kg (4210 b}
Passenger Wt: 204 kg (450 1b)
Driver Wi: 68 kg (150 lb)
Payload Wi: 68 kg (150 1h)
Gross We: 2250 kg (4960 Ib)

4. VYehicle Size:

Wheelbase: 2.7 m (105.3 in.)
Length: 4.9 m (195.5 in.)
Width: 1.8 m (71 in.)
Headroom: 1 m (39 in.)
Legroom: 1.05 m (41.7 in.)

5. Auxiliaries and Options:

Lights: No.: 12
Type and Function:

Vehicle Manufacturer Name and Address:




a. Headlights: 2
b. Taillights: 2
¢. Directionals: 4
d. Warmning: 4

Windshield Wipers: Yes.
Windshield Washers: Yes.
Defroster: Yes,

Heater: Yes.

Radio: No.

Fuel Gage: Yes,
Ammeter: Yes,
Tachometer: No.,
Speedometer:  Yes.
Odometer: Yes,

No. of Mirrors: 2,

Power Steering: No,
Power Brakes: No.
Transmission Type: Standard 4-speed manual.

a. lst gear ratio, £.07:1
b. 2od gear ratio, 2.57:]
e, Jdrd gear ratio, 1.66:1
d. dth gear ratio, 1.00:1
e, Reverse gear. 3.95:1.
6. Propulsion Batteries:

Type: Lead-Acid

Manufactorer: Exide

No, of Modules: 22

Model: XPV 23-3

No. of Cells: 66

Battery Voltage: 132 W

Ah Capacity: 165 Ah

Battery Size: 25 m x 24 m x .18 m

(10 in. x 9.5 in. x 7 im,)
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Battery Weight: 30 kg (66 1b)
Battery Rate: 75 A for 125 min.
Battery Cycles: 300 minimum

7. Auxiliary Bautery:

Type: Lead Acid

Manufacturer: Fomoco

No. of Cells: 6

Battery Voltage: 12 V

Ah Capacity: 45

Battery Size: .18 m x .15 m x .20 m
(7.25 in. x 6 in. x B in,)

Battery Weight: 9 kg (20 1b)

Battery Rate: 20 hr

8. Controller:

Type: Pulsomatic Mark 10 S.C.R.
Manufacturer: Cableform
Voltage Rating: 144V
Current Rating: 340 A
Size: 3 mx.25mx.91m

{12 in. x 10 in. x 36 in.)
Weight: 27.2 kg (60 Ib)

9. Propulsion Motor:

Type: Series
Manufacturer: Reliance
Insulation Class: H
Voltage Rating: 120 ¥
Current Rating: 200 A
HF Rating: 30 hp
Weight: 100 kg (220 1b)
Size: AmDx .45 m L
(12 in. D x 18 in. L)
Rated Speed: 3,000 r/min




10. Body:

Type: Unitized

Manufacturer; Ford

No. of doors: 5

Type: 4 swing, 1 hatch

No. of windows: B

Type: 4 fixed, 4 wind-down

No. of seats: 4

Type: 2 bucket, 1 bench

Cargo volume; 2.25 m* (79.5 ft*)

Cargo Dimensions: 1.14 m x .73 m x 2.07 m
(45 in. x 2B.8 in. x 81.7 in.)

11. Chassis:

Type Frame: Standard Ford Fairmont

Manufacturer;: Ford

Type Material: Steel

Modifications: ﬂa[tﬂr:,r Retention
Stiffeners

Type Springs: Coil

Type Shocks: Hydraulic

Axle Type (from): Standard Ford

Axle Type (rear): Hotchkiss

Axle Manufacturer: Ford

Drive Line Ratio: 3.44:1

Type Brakes (front): Dise

Type Brakes (rear): Drum

Regenerative Brakes: Yes

Tire Type: Radials

Manufacturer: Firestone

Size: P-185/75R14

Pressure: 241.3 kFa (35 Ib/in.?)

Rolling Radius: .31 m (1.022 fi)

12. Battery Charger:

Typt: Ferro-Resonant
Manufacturer: DC Systems, Ine.
On- or Off-Board: Off-Board




Input Voltage: 240 V a.c.
Peak Current: 30 A
Recharger Timer: Yes
Size: 42 m x .23 m x 38 m

(168 in. x 9.4 in, x 15.25 in.)
Weight: 61.2 kg (135 [b)
Automatic Turn-0ff: Yes
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DRIVING CYCLE DATA
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B=CYCLE C¥CLE 3 E-CYCLE CYCLE 3

ELAPSED VELOCITY UOLTAGE CURRENT FALER ELRPSEL UELOCLTY UALTAGE CURRENT FOMER
TIME (SECT (Ml HR? UOLTS ) TRMPS 1 AR TIME +SECY (M1/HRD (UOLTS) [ARPS5) (kW)
iS5 2 141.63 17.94 a.enE4 £J.ed Ee.06 138.18 38.63 5.0648
1.00 =1 13%. B0 is.ag 1.5G28 23.59 19.95 132.28B 38.49 £.11594
1.5 1046 140.10 3s5.7 E.31a? 24, ad 19, % 138. 48 38.43 £.2752
2.00 £.30 138, 14 4].72 H.61E4 c4.59 15.7TH 138.18 39. 16 5.1821
2.50 2.9% 1319.45 40 .56 5.8578 25,08 19.66 13R. 7R 38.34 £.2267
3.99 i.49 139.61 39.75 S.5R36 £5.50 19.61 13B. 4 38.84 5.2896
1.50 j.B9 138.89¢ 4,20 5.0434 26. 0@ 13.44 138.18 3I9.RT S.8377
4,00 4.2 139.39 43.31 £.1855 26.58 15.35 138.61 40,42 E.E6247
4.50 4.71 13877 50,98 6.8712 27,08 13,38 137 .08 55.11 T.0TER
g.00 4.08 139.028 32.19 5.9278 er.58 19.21 116 .67 B3. 4% 2.5747
c.ED E.ah 1397 41.19 C.BEEA oR. 88 {9.2% LIG. 40 B7.39 3.9563
G0 E.B! 13E .56 43,78 5.673¢ cad.5P 19.3¢ 135.55 7557 4.95k28
5,540 .92 1537.E3 63,74 a.0959 Z9.80 19.43 135,77 ”.I17 10.5012%
700 Ea54 13505 181.55 13,8557 £9.50 19.56 175. 4 TE, BT 18.3975
T.50 Ta.33 234,58 188,89 11.57328 38. 80 19.62 135.59 7T.28 1d, 244
2.0 E.el 125.39 93.77 12,9327 38.59 19.76 135.83 TE. 40 i9.2283
.50 .98 135.¢8 20,76 i2.0v32 3l.080 19.38 135,45 7%. 8¢ LB, 1434
) Q.53 135, 49 B7.48 11.6385% .50 19.86 135 .88 V4. 11 14,1177
3. 50 .05 135 .82 B8J3.40 11.3781 32.00 cB.lg 135.86 Te.8% g T44T
19.00 45 135.%4 Ba.556 18.8257 J2.50 c8.18 135,99 BR. 28 3.2150
1o, 50 | 125,15 T6.R1 18.4754 33.08 <é.21 136.63 6% . 0e 3.9304
100 |5 5 13,05 75.28 1e.2331 33.59 cl.27 136.89 L f.5487
ELi5e 11.44 13=.85 T3.15 9.7745 34,988 c8.27 136.43 CE =.T2.)5
L. Ed 11.63 13e.82 E7.E4 g.4747 34.50 e, 35 136.78 =3.29 2.75134
2.5 1169 126,74 61,04 B.3064 J5 .89 28 37 136.39 6x. 77 PP T
+3.96 11.54 136,43 Te.a1 9.8217 35,59 2. 35 136.69 E3.a@ d.568]
13.%a 11.98 123.43 116.84 14.9576 36.08 Ze.47 136.52 E3.17% 4420
14.¢0Q 2.7 131.91 131.69 17.4E88 36,58 o, 44 136.43 63.39 b.4)3e
1450 13.33 132.32 132,43 FE.@43%5 37.00 2@.47 136.90 E2.45 3.5747
15,00 13.98 132.82 130.13 17.4291 37.58 20,51 176,44 63.905 F.444%
i5.5@ id.42 132.25 126.867 16.92¢2 35,88 £8.52 136.69 Be2.41 d.3757
16.0% 15.81 132.83 121.25 16.3591 35.%58 £0.60 136.81 61.88 B.4391
16.58 1544 138,53 117.50 15. 4654 i3.30 £e. 62 136,52 62.66 5.2891
17.09 15.8% 139.73 153,48 149.9987 12.5@ 28.61 179.93 2i.21 4,.2853
17.58 16.47 129.983 181.39 23.0821 48,99 29,55 141 .68 1.72 2588
[g.889 i7T.08 128.94 177.08 ce. 4726 40.58 ER.J0 i4]1.68 1.83 -t 1%
LB.59 T.74 129.76 169. 78 21.8967 4] .08 2e.11 142.21 1.17 . IBES
18.9@ 18. 44 128.58 176.83 21.7322 41 .58 19.082 141.53 2.16 2259
19.5@ 18.93 128.55 183.24 EE. 3619 42 .08 19. 78 142.18 1.56 «d115
£8 .88 15.67 fie.1e 162.12 21.5420 42 .50 19.%8 142.14 1.88 .2H26
20.58 22.21 135, .52 18.5417 43,00 19.26 142.82 2.19 +2798
2l.e9 £0.37 137.57 45,21 G.4346 43,50 19.88 148.58 1.20 L4528
21.58 £@.36 137.94 39.88 H.4]154 44 .08 18.87 142.27 1.58 1.6382
22.09 20,23 138.03 39.27 C.1656 44,58 18.29 147.086 -34,65 5.8782
2é.5% 2e.12 138.55 37.939 £.3155 45 g 17.21 145,87 =38.43 6.4317
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B-CYCLE CYCLE 3

ELAPSED VELOCITY VOLTAGE CUPRENT POUER

TINE (SEC: (MI<HR) {VOLTS) {AMPS ) (Y
45.59 15.86 148.95 -3g2.58 5.85c0
46. 08 14.52 149.89 -32.18 5.8001
45 .58 13.21 148,37 -259.62 5.h328
47.09 11.88 147, 14 -24.50 4.6176
47.58 19.45 146.78 -21.41 4.2599
43.09 B.ES 144,94 -12.74 2.7638
48.58 6.95 143,65 -4,081 1.,1739
49 . 08 2.93 143,14 1.35 L3173
45,58 70 142.85 1.21 1E11

£0.00 87 143,84 «59 +19E1
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B-CYCLE CYCLE h-1

ELAPSED VELOCITY UVOLTAGE CURRENT PUMER

TIRE (SEC) (MI<HR) (UOLTS § {AMPE ) iKW

45.58 12.15 148,74 -19.53 . A3BT
46.80 19.77 148,21 BB« 3.9349
4d6.58 9.34 139.94 -1B.15 J.5418
47,80 7.65 135.58 -11.42 2.1891
47 .58 561 138.78 -d4,63 8518
48. 00 1.29 138. 41 2.83 L1529
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C-CYCLE CYCLE 3 C-CYCLE CYCLE 3
ELAPSED VELDCITY VOLTAGE CURRENT POWER ELAPSED VELCCITY UOLTAGE CURRENT POMER
TIME 1SECY {NMI-HR) (UOLTS) [ AMPS ) (W) TIME ¢SEC)Y (MI/HRD LUOLTS 1 {AMPS ) L ATH]
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17.58 d8.43 130.48 189.77 17.73797 49.80 £8.81 149.23 1.94 1782
1B.88 ie.70 133.64 E4.99 5.2085 4@.50 cE.63 148,39 1.53 .2538
12.58 30.75 134,41 SE.04 T.568%2 41,99 2B. 47 148,43 1.71 L2480
19. 09 39,78 134.59 56.@1 T.4124 4]1.59 £8.26 i148.328 1.9@ 1580
19.58 Jo.64 135.09 E4.286 7.4268 42 . 83 28.88 148,48 1.65 2819
c@.ee I8 .60 134.81 £5.82 T.3518 42,58 27.95 142,51 i.70 -1832
£@.58 39.51 134.34 c4.68 7.3662 43,09 27.72 148.61 1.6@ «E506
21.89 ie,52 135.08 53.94 7.4458 43.5%0 27.54 148,57 1.83 2134
cl.59 30,49 134.98 54.78 T.3172 44.00 27.38 148.65 .77 « 1557
2. 09 39.38 135.19 53.94 T.3345 44,58 27.19 148.81 1.23 +C509
22.50 39.43 135.08 54.52 T.3177 45, 20 27.91 149,43 S.b4 4384




C-CYCLE CYCLE 3

ELAPSED VELOCITY VOLTAGE CURRENT POWER
TIRE (SEC) (MI<HR) (VOLTS) (ARPS ) (KW
45.58 ch. 69 143.82 -2Jd.46 5.9472
46.99 85,77 L44.62 -35.82 5.9581
46.50 23.78 L44.32 -38.96 S. 7482
47 .00 208.58 143.86 =-27.17 7.0749
47.58@ 16.87 143.15 -18.04 B.8699
48.909 13.48 142.59 -14.35 6.3385
48.59 18.6E 142,19 ~T.83 4.3320
43 .69 B.96 141.38 36 2048
43.%58 7.73 141.16 .41 -BB87
Sa.ee B.26 141.29 . 30 BE92
.58 6.19 141.28 .60 8317
51.88 5,49 141.29 .89 1240
51.58 4.56 141.23 A7 - @606
52.00 3.78 L41.17 .69 =. 0887
52.50 3.87 141.24 -e7 « 2288
£3.08 2.8 141.31 +46 +B28E
93.5@ 1.5@ 141.27 22 @663

Cd.290 S | 141.26 .42 D144




C=CYCLE CYCLE M=) C=CwrLE CYCLE MN=1

ELAPSED UELOCITY UBLTACE CURPENT POUER ELAPSED VELOCITY UOLTAGE CURRENT POUER
TIRE (SEC)  (MIAHR) (UoLTS) (AMPSH EW) TIME (SECY (MI<HR} (VOLTS? TARFS ) (EWD
50 o0 119.68 £i-11 2.%563 23.08 £h .54 84.70 138.09 11.1618
.09 .96 114.69 £7T.83 5.5434 23.58 26.75 B4.29 137.96 19.9772
1.59 Z2.18 187.54 102.68 2.8535 4,89 26.89 84.49 136.45 10.9397
209 3.6% 109.29 148.54 13,3134 24.50 e7:11 84.69 135.64 19.9224
2.58 .23 98.94 153.77 13.6797 5. 00 27.28 B4.09 135.26 18.7176
3.99 €.63 95.43 161.23 14.0517 25,58 £7.48 B4.75 133.63 19,8561
3.50 T.98 91.43 192.84 16.2893 6. 09 27«72 B4.62 133.27 19.6715
4.00 3.11 89.74 195.81 16,4341 26.58 27.E81 B4.49 132.79 18.6917
1.50 [0.28 83.98 191.36 16.3937 27.08 2B.80 84.89 131.865 19.6252
S.00 11.38 89.78 188.24 16.1572 27.58 28.17 B4.28 131.45 19.3629
.59 12.33 73.87 157.02 14,4612 cB. 8¢ cB.28 84.66 130,25 19.5180
.00 13.21 1e1.13 87.59 9.8637 28.59 e8.49 g84.82 129.55 19.4580
6.5¢ 13.13 97v.23 128.27 18,7454 29.00 cH.69 84.2R 125.88 10.1581
T.0n 13.62 B5.79 199.06 15.8919 29.58 <B.6Y 84.98 1258.13 10.4379
V.58 14.85 85.7% 1896.71 15.9403 Jo.ae ch . 852 B4.49 128.33 10.2108
S.00 1E. 4% 85. 4% 1592.74 15.3266 38,50 28.87 B4.50 127.73 10.1062
B.50 1o, 17 B6. 88 1E6.99 15.165@ 3l.e0 of.84 B4.73 126.59 19. 2081
9.09 16-83 B5.93 181.27 14,5824 J1.58@ £29.28 B4.35 126.75 9.9937
9.50 17,42 86.17 176.12 14.3834 32.e8 29,32 B4.72 125.59 12.2651%
= 6.2 [3.87 ER.52 172.85 14.1037 3e2.50 £9.43 84.867 12%. 88 19, 153
-1 b 13.E2 86.19 163.83 13.6162 3.0 29.55 24,41 125.34 5.9274
il.ep 173.21 B6. 81 164.36 13.5557 33.50 c9.68 84.88 123.92 10.0263
11.5@ i3.52 BB.TE 161.58 13.2355 34.09 £9.85 B4.52 124.09 3.620h
12 P 15.51 86. a5 159.31 12.8779 34.59 £5.92 24 .60 123.28 9.9389
12.508 £8. 3k a7.%h6 155.02 12.9471 35.09 Je.ez B4.79 182,45 F.8a72
13.80 28.z1 86.50 153.04 12.5779 J5.59 Je.22 84.41 12E.7e 9.6389
13.50 el.le 26.99 159.50 12.3357 36.@0 Je.38 B4.79 181.17 9.8286
14.08 21.54 87.50 146.el 12.1537 36.50 3e.s52 g4.89 129.86 3.6678
14.58 2l.8¢ 98.20 129.57 11.e378 37.09 .55 84.87 118.087 9.3563
15.80 £1.%3 85.23 159.21 12,4972 37.59 39.67 B5.63 115.27 9.4572
15.58 2e.39 £3.85 1E1.12 12.6€096 J8.0@ 38.3@ 89.5H 99,85 T.7B44
16.80 g2.75 B31.79 158.83 12.2687 38.58 ie.B5 9e.93 86. 83 T.4729
16.58 £3.83 B4.27 156.85 12.3558 39.0¢ Je.93 ?2.68 T6.76 T.2683
17.88 23.49 83.84 154.38 11.59604 39.50 3e.9e 108.14 1.98 L
17.59 £3.69 B4.21 i52.29 12,1185 48,98 30.81 1190.9@ =.17 -.1867
18.00 £4.83 B4.30 158.35 11.9687 49.50 IN.6T 111.94 57 -.1817
18.58 24.27 B3.86 i58.83 11.7357 41 .99 3e.a7 112.98 o T1 =« 1509
19.89 24.54 B4. 42 147.83 11.8538 41.5@ 30.19 114,04 24 NIl
19.5@ 24 . B4 B4.15 146.99 11.6496 4. 0@ 8.9 114.18 1.1@ =.2740
20.08 25.05 B4.19 145.71 11.4127 42.59 25.81 115.96 L B08e
21.e8 25.63 B4.15 142.98 11.2743 43.59 £29.41 115.38 1.37 -.1586
21.59 25.88 B4.47 141.83 11.3837 44,09 2¥.26 116.95 42 -1938
22.50 26.35 B4.13 149.23 19.9368 45. 09 28.79 116.36 1.16 2173




C=-CYCLE CYCLE N-1

ELAPSED VELOCITY UOLTAGE CURRENT POWER
TIME (SEC) (MI/HR) (WOLTS) (RAPS ) (KW
45.58 £28.48 116.79 49 19838
46.900 28.38 116,54 1.58 - . RE635
45.58 2B8.28 117,09 « 7 +BEE3
47 .00 c8.98 117.28 1.13 -. 2288
47.58 27.91 119.15 -9.83 2.1826
48.08 er«47 i28.89 ~53.23 7.2595
4E.58@ 26.62 129.53 =53.24 7.8479
49,80 25.58 138.23 -E3.8B6 7.6748
43.59 24.62 138,14 -47 .93 T. 6344
58.80 23.66 129. 84 -dH .64 7.1758
E8.5h ee .56 129,39 -41.33 6.5904
51.09 2l.c3 128.54 =36.5hF 6.1145
E1.58 19.65 127.78 -31.62 E.4223
S2. 80 17.57 127.47 -2b.81 4, 7877
52.58 14.97 125.68 -18.61 3.3853
£3.08 12 .45 124,64 -14,.36 2:313
53.50 18.52 183,75 -18.59 1.6382
S4. 38 8.8 121. 46 4,25 . JB94
E4.58 2.319 128.68 6.99 B739
e £5. 00 T3 128,53 1.28 N T
o E5.ER T4 121.88 1.2% -. 0202
E6.00 6.38 121.23 +56 0952
S6.5¢ 557 120. 6% 1.46 -.1384
S7.6p 3,48 121.18 A7 Q450
57.58 1.34 i2l.1e 1] 2Rz

SE.BR .0 128.80 1.1% -. 0981




D-CYCLE CYCLE 3 b-CYCLE CYCLE 3
ELAPSED VELOCITY VOLTAGE CURRENT POMER ELAPSED VELOCITY VOLTAGE CURRENT POVER
TIME +5EC) C(AI-HR) (UOLTS) (ARPS5 (KW TIME (SEC) (AL/HR) (UOLTS) {ANPS ) (KW

« S rd 14@. 32 ~1.18 + 3461 23.09 37.28 111.36 438.89 47.81288
1.00 .20 138.6@ 17.16 2.3939 £3.58 38.e7 118.35 446 .42 45,4655
L.5@ LT 136.71 37.65 5.49850 24.29 38.98 119.93 433.73 48,2870
.09 1. B4 137.28 34.74 5.57E0 €4.5@ 39.85 111.91 421 .96 4T.3583
c.59 2.7 135.71 £2.61 6.7201 25,00 48,73 112.98 418.57 46 . 2@4E
.49 .57 134.38 71.81 9.8612 £5.50 41.54 112.92 499. 84 45, J624
3.50 .70 131.85 112.43 15. 3288 26.89 42.36 113. 42 390.37 44. 4799
4.8 a.00 138.7E 117.85 16.5833 26.5@ 43.05 113.62 382.64 43.5627
4.50 TaBT 131.84 104,78 i4.8382 E7.008 43.72 114.56 I74.13 43. 0666
5.80 £.,30 132.14 95.75 13.3541 £7.59 d4.40 116.84 d25.73 40.0@55%
£.5¢ 7.05 132.3¢ E8.85 12,1713 28.00 44.83 125.18 176.87 £3.4311
B.0@ ¥.74 132.9€ £4.48 11.7156 £H.50 45.139 125,87 171.03 21.9544
E-50 1c. 34 132.867 81.74 11.0464 £5.09 45.35 125,93 16E.132 21 .2945
7.80 idieT 135.1% 46.16 T.8507 £9.59 45,51 126, 47 164.60 2l1.£161
7.5¢ 18577 137.83 17.36 2.64189 Ja.a0 45.572 126.28 164. 45 2i.8718
8.080 19.74 135.17 46.95 5.6415 38.50 45,80 126,32 161. 38 en. 761
g.590 11.e7 1c8.4¢2 155.87 19.9183 J1.@9 45,91 128.97 1285.413 17.2520
9.8 12.42 125.27 200.36 25,2251 31.59 46.85 129.31 114.78 15,1420

= 9.5@ Lt3.58 128.62 238.96 29.e918 J2.09 16.94 139.37 162,26 14,8171
o 18.08 14.95 121.73 £58.56 32.2221 32.50 46.91 131.36 g88.55 12.2405
18.58 16.36 118,85 £96.58 34,6044 33.89 45.95 131.5%8@ 76,60 18.35008
1i.e0 17,80 113.75 395.3% 43.9088 33.59 45.89 132.65 T1.14 3.9331
11.50 19,55 114.74 J75.98 43,7819 34. 00 45.82 132. 36 71.12 B.E562
12.80 2i.19 116.37 335.45 49.0382 34.58 45.69 132.68 ET.48 9.37394
12.50 g2.63 118,313 319.60 37.3848 35.99 45.58 134.37 S0. 94 T.4931
13.82 231.94 119.27 289.38 34.8236 35.58 45. 41 134.22 49.07 B.7T144
13.50 24.95 12,22 272.55 33.9354 J6.00 45.17 134.52 48.43 6.7281
14.89 £5.93 132,49 182.86 17.5474 36-59 45,085 134,61 47,08 6.6371
14.59 2b.29 138. 37 14.B6 2.4227 37.e98 44 .88 134.41 48. 45 6.51E1
15.88 c6.28 136.43 el.22 3.1034 av.5e 44,73 134.82 47.63 6.7086
15.58 gE.34 132.18@ B5.13 9.4681 Jg.e9 44.56 134,59 46.90 6.5932
16.88 26 .66 116.83 J41.62 34.77795 38.50 44.71 134,55 48.77 6.6@48
16.598 27.59 112. 09 427.57 418 . 2062 39.8¢ 44.21 134.88 4T. 83 6.7490
17.88 28.75 112.66 424 .06 45. 8181 39.50 44.09 134 .48 5@, 35 6. 7986
17.58 29,52 113.88 J83.686 43.9838 48.088 43.04 134.04 8,37 7.9661
18.0808 al.e9 115.95 JES.B8 42,3875 410.59 43.83 132.79 75.21 9.T187
1E.58 32.04 115.59 351.39 40,7539 41.99 43.78 130,78 182.66 13.1857
19.89 32.82 116.63 337.08 39.6287 41 .50 43.74 129,33 131.81 17.0744
19.58 33.86 116.99 JEs. 91 38,3423 42.09 43.82 126.3% 173.35 al. 4419
28 .88 34.63 117.58 315.30 37.1485 42.50 43.88 124.26 208.91 25.5942
20.59 35.39 118.51 304,89 36.4792 43.00 44.13 122,44 237.24 28 .8226
2l.89 6. 11 118.51 297.01 35.3197 43.59 44.38 124,95 189.91 25.3635
21.58 JE.E7 131.19 BR.82 16.2956 44,89 44,59 126.98 143.79 19.3817
g22. 88 36.96 137.83 7.83 1.8325 44,58 44 .75 128.73 129.57 17.2078
22.50 36.85 126.27 178.02 16.3649 45.09 44,83 129.11 121.26 15.9611




b=-CYCLE CYCLE 3 U=CYCLE CYCLE 3

ELAPSED VELOCITY UOLTAGE CURRENT POUER ELaPsED UELACLITY UOLTAGE CURPENT POWER
TIAE (SEC) (MI-HR) (WOLTS { AAPS ) ATE TINE 1SEC) (MI-HRI LYOLTS ) LAMPS ) (KU}
45,58 44 .88 129.63 118,72 15.7996 68 .0 45.11 134 .48 Q.47 12.3443
45 .80 44,85 129.41 117.48 15,4650 B3 .52 45. 19 131.35 81.51 12.8578
46.58 44 .81 129.58 116.68 15,4798 £9.00 45. 34 131 .45 oa. 72 12.3789
47 .88 44.91 129.49 117.30 15.4938 69 .58 45.91 131.36 2 .44 122809
47.58 44,596 129,25 119.49 15,5877 7.9 44.97 131.39 91.38 12.3443
48 .88 44 .06 129. 26 124.33 16. 3476 Te. 5@ 45, g2 131.65 08.62 12,3982
48.50 45.02 126.94 127.97 16.659@ 1.9 44,97 131.34 21.689 12.3443
49,88 45 .83 128. 88 126.55 16.5764 71.58 A4, 08 131.42 91.11 12.3739
49.58 45 .24 129.24 123.91 16.4EB7 72 .48 44.09 131.34 91,89 12.3155%
58.80 45 .87 128.5¢ 125.28 16.37@6 7c. 59 44 .E7 131.35 98.93 12.3647
ER.5a 45 . %6 129,28 1gd.31 16.238@ 73,08 44,97 131.44 1,64 12. 4481
£1.89 15.11 1259.43 118.69 15.718R T71.50 44,34 1311.35% 8.79 12.2693
5].5h 15,18 129.35 118.57 15.5631 T4 .00 44.77 131.29 92.88 12.4133
£2,.80 45,186 129.78 11E.47 15.5411 74.5@ 44. 78 131.53 3a.55 12.4539
52.50 45, |4 123.47 116.47 15,3892 75 .90 44.73 131.36 22,14 1. 4878
c3.99 45 .25 120,54 116.18@ 15.3223 76.5@ 44 .64 131.43 91.26 12,2962
E3.58 45 . 1€ 129.74 i115.58 15.32e8 76 .60 44.76 131.25 G2.c4 12,4654
S4.80 45.17 1€9.:56 116.8%5 15.2573 T6.59 44,55 131.27 91.51 = 8T
E4. 50 45:17 129,72 115. 48 15,2004 77.00 4438 131.59 91 .06 12. 4837
A 559.00 15.23 183.58 115.73 15,333 77.58 44, 32 131.35 21.64 125674
= 55.54 45.24 125.43 115.88 15,3158 TE.2@ 44.2¢2 131.28 91 .49 18,3789
E6.00 45.7%1 123.81 ji5.1@ 16.3612 '8.50 44. 1% 131.38 91.88 12.4827
€6, 50 45 ;37 123.53 115,75 15.228% 79,29 44,08 131.32 91.%53 12 4424
5V.a8 45,97 129.E7 115.5@ 15.217@ T9.59 43.93 135.87 27.E3 S5.8203
c7.50 4 48 129.E81 113.66 15. 1428 96.0e 43.82 138.83 EQ .S B4
Eg.8¢ 45,39 138.39 193.21 13,9364 ga.5e 43.5¢2 138.16 +98 P =g S I
EE.EQ 4E [ 4E 131.81 97.45% 13.2738 El.00 43. 27 138.5@ L4 el
ED.ge 4 .53 130.76 a7.72 13,1857 ai.ca 42,93 138,48 1.62 .alaﬂ
53.50 45. 47 130.78 av.7e 13.8538 82.90 42,69 138.61 + 55 +eadB
EQ. a8 45 .45 139,93 97.15 13.1483 52.50 dz . 42 118.66 6 L2307
Ee.5¢ 45, 49 138.93 2E.55 13.9538 23.00 i2.18@ 138.68 a2 .23a7
Bl.80 45,35 131.86 96.13 13,2421 831.58 41.79 135.88 «+45 2238
El.58 45 .36 13¢.93 OE.20 13.8819 E4.00 4] .54 138.85 57 ~225R
B2 .08 45.35 136.591 87.37 12.9615 g§4.50 41 . 3 i3B.98 57 il
E2.50 415 .35 131.19 96.33 11.157& 35.e@ 41 .08 139.81 s J8 2711
E1.28 45,35 13@.92 96.35 13.98250 g5.58 49.76 13JB.98 B7 L3173
63.59 45,39 138.50 96.33 12.9558 g6.e9 40, 44 139.06 {4 2538
G4.08 45,29 131.19 36.33 13.01592 BE .S58 48.18 139.06 42 +JEB8
E4.58 45.26 131.82 o5 .28 12.8577 g%.80 39.96 139.16 5@ 2538
65 .89 45,22 131.27 94,13 12.8577 B7.50 39.79 139.27 .12 «334B
65.50 45.27 131.8% 91.89 12,3674 E8.00 39.39 139.1%9 68 211l
EE.80 45 . 24 131.31 Se.33 12.2835 ER .50 39.1@ 139.26 b2 L2077
B6.58 45 .20 131.5% g1.82 12. 4020 B9.00 38.88 139.28 « 32 2152

B7. 080 45.14 131.32 ge.52 12.25c@ g9.58 35.66 138.96 5.96 Tl
B67.59 45.85 131.34 91.41 12.c8E6 98,28 .28 141.25 -24.11 4.5974




D-CYCLE CYCLE 3

ELAPSED VELCCITY UOLTAGE CURFENT FOUER
TIME (SECY (NI/HR} (UOLTS {ARPS ) (KW
299.50 37.23 142.18 =-32.49 E.0568
91.00 35.74 142,44 -=35.78 G6.4317
91.59 14,82 142.680 -37.88 6.4548
92.00 32.20 142. 44 -34.11 6.3683
92.50 .E9 142.13 -30.60 5.8087
93.00 2E8.35 142.81 -27.88 5.5665
93.50 £8.53 i41.889 -2C. 48 £.2319
94.00 24,99 142. 02 =£5.73 4.9954
94.58 £3.65 141.E5 -21.39 4.7474
g5.00 c=.1a 141.61 ~cl.49 4.9146
§95.58 20.78 141.6@ -17.93 4.15908
76. 80 13.39 141.69 -18.33 3.3226
9E. 50 1Tawd 141.14 =11.564 €.6131
F7.80 15.75 141.11 -10.68 2. 1574
97.50 13.65 149.91 -8.08 1.8574
98.ed 11.48 140.79 -b6.26 1.419@
-1 SE.5Q F.dl 140.E3 3. 44 . 3886
¥F= 98.08 E.75 14@8.23 -. 1€ + 3989
99.c¢ 4.08 140,186 B2 . 3980

Lep,aa i .65 140,25 .35 2596




D-CYTLE CYCLE M-1 L-CvCLE CYCLE MN-1

ELAPSED UELOCTITY UOLTAGE CURRENT POWER CLAPSED VELOCLTY YOLTAGE CURREHT POWER
TIME fSECY Rl 'HR?Y IVOLTS vAMFES ) (KU TIME (S5EC)Y (MI-HR} TUOLTS ) {AMAPS ) (Kd)
58 4 129.€7 1.8¢ 1856 23. 8¢ 35.87 86,78 27654 £E . 9656
1.0 -5 126.859 28.45 2.8034 23.58@ A5 . 45 B7.24 278, 35 2e. 7966
L.52 -2h 120,37 95.13 9.3274 24 .88 35.93 B7.32 265.64 ee . J928
2.09 E.TH 105.14 2dG .82 e .86 24.58 36.30 87.01 262.87 2l.8338
2.50 .41 98,65 JEE. TR 28.35713 25.00 36.65 87.59 257, 34 21.8333
3,00 5.13 oT.82 365.61 e9.1a8%2 25.50 37.01 87.66 ES4.04 21.2919
.59 €. 25 181,80 258.03 25,1155 £ .89 It.29 BT .44 258.33 21.8603
-, 00 11.33 185,13 216. 14 on. 4303 26.58 7.B68 g87.78 246,43 29 .59622
4.59 172.34 100, 44 1595.69 c9. 3383 g7.99 37.38 B7.37 c44. 18 £ . 4085
.00 14.37 187.85 198.23 19.8875 27.58 3H.25% B7.0% 243, 38 28.4142
G.50 ic.a27 119.62 Q.82 9.5233 28.08 38.68 87,86 237.%8 od . egss
E. 00 15.63 125.48 11:-74 1.4363 c8.59 38.87 B7.75 £35.24 19.7913
£.50 1T.491 1RE .54 211.08 16.3822 25.08 318.16 Bg.23 211.7 19,7913
Tl g3 .80 J0&.77 28, 1icae 29.58 39 .46 B7Y.80 229,33 19.4048
T a8 15.t5 47.15 e78.73 éb.13a7 1B.00 35.6£ 53.87 287r.51 15,2548
2.60 1%.29 LR Bk 258. %6 24.982a Ja.se 19.58 BEE. 33 224.04 19, 1%e7
G0 e 93.18 CA4, 49 BJ.4B3E 31.08 19.21 B7.89 eed. 67 187587
.00 dl.c3 108,44 230. 88 ee.5428 31.50 49.43 BE . 4E 224 . 89 18.8914
S, 5 22 .00 18l.1s 228,48 21.7758 J2.00 42.72 BE.11 219.E613 14,5557
=3 lg,uﬂ i ] 161.31 213.9@ cf.8Bia3 3. 50 49. 87 BE. 11 217.748 18,3685
b 18.5@ 279,37 102,46 24,80 &8 . 459543 33.82 41 .16 BE.hR 215. 89 16,4645
Li.00 4,03 192.5@ 193,141 19.7524 33.%8 41,48 a8.e5 214,45 Id.1415
11.5¢ £4.60 183.080 134, 3@ 19,3586 34.00 41.51 B8 .44 21d. 59 18,1811
12.89 AT, an 183,65 189.74 15. 1248 34.580 41.72 BE. 44 218,38 17.9396
fa.5¢ g | 187.28 145.87 16.5321 35.900 41.85 98.13 219.13 17,77
13.e¢ LS. 90 121 .45 c4.61 4.9416 35,59 47 .84 B .EB 2a7.54 | 7.3c243
L3.E0 =5.94 187,54 164.25 1J.2211 35.09 42 .25 BE.21 297.36 17,5835
14.0% 26+ 34 9345 eBo. 13 £5.5654 36.59 4g.33 B88.24 26,13 17.4551
14,59 2713 04,37 273.84 £s.e2e8 37.88 42 .58 g28.51 204, 4@ 17.4855
15.e0 27.81 04 .26 2E4.17 24,8137 37.58 42.67 gg.e3 204 . 85 17.1436
15.5@ cB.36 34.61 256,24 e3.5861 J5.e0 42 . B BE. 44 ce2.25 17.27T05
16.04 £B.38 95.29 247.9E 22 . 9869 38.58 43.88 g3.28 c@l.53 171551
16.50 29.54 95.%6 242.52 22.1736 35.089 43.16 87.98 208.92 1€ .B8955
17.089 39.85 895.76 E36.84 cl.985R 39.59 43.28 B8 .48 198.84 16.9994
17.50 38.5% 95 .81 231.33 21.4179 4B 00 47 .45 ar.97 198.61 16.7225
18.08 31.848 95.76 226,99 oi, 8708 48.58 43 .27 28.26 197.12 16.6937
12.58 31 .46 96.52 e21.53 c@.8528 41.00 43.69 88,34 195.99 16.6937
19.088 1.54 96.86 218.76 cR@.2643 41 .59 431.77 E7.84 196.09 1E.4118@
i9.5a 32.33 96.59 214,52 <8.2393 42, 0 43.84 gB.28 i54.58 16.5341
{1 d2.73 96.78 219,83 15,9866 42.59 43.97 B7.93 194.87 164058
29.58 33.14 ¥6.51 cBE. 45 15.2375 47.ee 43.93 B7.75 1931.98 16.2899
2] .89 33.58 98.22 185.5@ 1E8.9895 43.5@ a4 .81 g88.47 192.58 {6.3822
21.58 J3.79 94.90 23g.8e 19.5851 44,80 44,23 B7.52 192.73 16.0649
22.08 34.71 EE.H@ €89, 25 24,1486 44.5@ 44.07 ET.E4 191.48 16.1119

22.59 34.64 B7.16 281.57 23.8731 45,09 44.18 g87.81 199.76 16.0764



http://13.ee

D-CYCLE

ELAPSED
TIME (SEC)

45.58
46 .80
46.50
47.00

VELOCITY
(Ml 7HR)

44,21
44.27
44,34
44 .27
44,34
44,38
44,43
44.54
44 .5p
44 .58
44.64
44.60
44,68
44.71
44,70
44,77
44,7
44,78
44, 86
44.34
44, H7
44, 55
14,89
44,98
44,91
44, 9¢
44,50
44,285
44.E8
44.E5
44,86
44,87
44.81
44,87
44 .99
45.82
45, 18
44.599
44 .95
45.84
44,98
44.52
44.93
44.95
d45.14

VOLTAGE
LUOLTS )

87.31
B87.74
i7.26
87.25
87.55
87.08
a7.2e
§7.88
86.91

CURRENT
LAMPS )

199.88
189.56
189.84
189.21
188.14
188.29
IB7.44
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o=
m
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CYCLE N-i

POMER
(KW

15.9149
15.9668
15.8399
15.724E
15.9098
15.7361
i5.7138
15.6380
1. 4650
15.6438
15.3554
15.3323
15.3288
15.1996
15,3150
15.1823
15. 80135
i15.2488@
15,8208
15,9093
15.0298
14.4728
14,3578
14,8344
13.9306
14.1385%
13,7748
13.9151
13.3960
13.6307
13,8037
13.5614
13.5328
13.6133
13.4807
13.4232

D-CYCLE

ELAPSED
TIRE (SEC)

8J.80
83.58
34.08
B4.50
B5.00
B5.50
fE .00
EG.00
27 .08
ar.op
ad .0
ER.50
29.00
ED.58
Ha.ea

ELDCITY
Ml HR )

45,18
45,90
44,397
44,92
44,99
44,98
44,95
44.96
44.34
44,94
44,93
44,92
44,37
44.84
44.7%
44,77
44,66
44,69
44,48
44.31
44,24
44,13
44,08
47,86
43.57
43.33
43,85
42.76
A2.47
#42.13
41.88
4] .62
4] .71
41,05

UOLTAGE
{UOLTS )

a7.e1
87.48
a7.22
B7.21
87.21
g87.03
87.33
87.0a0
g7.20
87.77
B7.68
88.28
§7.92
£7.5@
§9.53
92.53
Sb6.88
96.58
S6.48
96.97
96. 81
96.88
193.55
116.86
117.27
118.03
118.49
119.25
119.42
118.75
12¢.33
12@. 32
128.72
120. 83
120.98
121.59
121.38
121.57
121.93
122.%20
122.26
121.95
125.78
129,58
138.86

CURRENT
(AMPS )

156.15
154.7@
154 .48
154,40
154,88
153. 2@
152.36
152 .98
151.41
148.24
147.89
145.72
145.3%
145,35
141.42
113.33
G4 .45
93.62
95.1@
3.8
24,33
94 .98
£s.31
«50
37
«12
.57

-, 38
AR
i

L= ]

-. 47

=+ 35
07
A7

« 30
-,45

« 30
22
=-.05
25

=-. 02
3.22
-22.34
-49, 37
-~4B. 98

CYCLE N-1

FOUER
LEW)

12.9269
13.@538
12. 8404
12.8519
12.7942
12.6789
12. 8009
12.6385
12.5289
18. 7712
12.6731
12.7135
12.6558
1E.4E27
ic. 5081
11.2433
9.3350
18.2272
19,0485
18.1118
10,3654
12, 40E1
T.THI1
5.3953
S.2550
&.raf6
5.6387
5.4187
3.3303
2.56E63
4.71
S.0242
4.62085
5.4857
J.02E4
1B4E
0258
JBESE

« 1981
1.0268
£.8265
7386
d.686Q
T.9373
18,5215




D-C¥CLE CYCLE M-1

ELAPSED VELDCITY VOLTAGE CURRENT POUER
TIRE (SECY (MI/HR) tUALTS? CAMNPS J (i
92.5@ 36.18@ 131.25 -43.0@5 J.BE7Q
21.00 35.24 131,42 ~48.77 1R.2965
91 .50 34,35 131.28 =45, 78 B.214c
g92.00 33.47 131.81 -48.35 7.4988
92.5@ 32.63 131.77 -58.80 7.3431
9i.00 31.78 130.82 -35.49 6.7721
331.5@ 3a.90 131.3%9 -4@.65 G.6798
94 .00 Jag.al 13%.80 -37.85 B.TREE
94 .58 £9. 06 13e.B2 ~38.1@ B.THAE
75 .00 28.22 130.55 -33.36 E.1491
55 .50 AEL 138.c6 -cB.53 S.4165
6 .00 26. 44 130.50 -28.95 S.6588
26.50 £25.5%5 129.34 T E] S.4107
97 .00 £4.54 189.e5 =21.99 3.397e
97.5a 23,26 128.91 -18.58 2.6502
OB . 0g ed.81 128.59 -18.683 2. 1928
92.50 I6.6F 127.74 =10.62 1.5817
0% .aa 11.54 126.54 -4.,86 8133
33.50 T.02 1é6.28 BE «2182
169, 00 g.E8 1gs.42 =.19 2819




APPENDIX C

TABULATIONS OF DATA FROM MAXIMUM

ACCELERATION AND COAST-DOWN TESTS




0%, CYCLE 1

EVA QURRENT FARE STaTION WAGOH
ACCELERATIOM AND GRADEABILITY

ELAPSED JELGCLTY ACCEL. GRADE th)
TIRE (SEC)Y (KM+sHR) [EM HR/SEC)
.50 .14 B.g? 15. 28
L.0@ 5.55 1 .B3 4.65
L.5% 9.15 6,39 18.52
2.08 13.88 9.3l 27.5¢
2.50 i8.28 B.96& 2h. 40
.00 £1.79 7.93 2a. 45
3.E@ 23 9 d.21 12.88
4.80 £S5 3.65 18. 45
q.50 28.21 A 2.8l
g. 08 ¥.43 2.5k 7.28
550 0. B3 E.E9 15.43
&. 040 339,19 4.71 13.565
6,50 35 .pa 3,80 18.91
7. 00 3713 i.87 11.89
P Jn.c4 £.83 B.85
2,08 4L.12 3,16 9,84
B.G¢ 41.44 g.E3 7.52
9.u00 42,45 2.83 5.8@
9.50 47.d3 2416 T.58
L, 08 44,5 2.18 6.BE
e, 50 45,722 e.08 C.A0
11.ud A7 ¢ 2+ 36 G.73

L.50 47 &t 1.10 3.14
L2.00 43, E4 17 3.35
12.54 S59.2¢2 3.55 ]34
13.00 €l.24 £.85 C.BE
L3.5% Se. 7R 3.09 B.85
14,00 £3.98 2.23 6. 38
14.589 Lo 1@ e [ E.85
15,00 S&.42 2.583 T.58
15.50 57.45 2.a%5 5.86
16.0@ 6a.53 2.17 B.21
1658 59.36 186 4,74
1708 Bl.22 1.72 4.98
17.58 EL. 25 2.15 B.13
1H.09 61.55 vag 1,47
LB.E@ E7.06 J.82 B.E4
L1924 E4.43 2.74 T.82
L3.59 E5.51 £+ 16 B 16
0.8 eB. 7@ 2.3% B.B2
=1 T E7.71 2.81 E.74
el 80 &B.75 c.08 5.9%
el.58 E£9.3] 2.38 B-E1
22.09 Te.83 | 44 4,18
2e.59 T1.82 2»51 TeI7

16




ELAPSED
TIME (5EC)

23.0@
23.59
4, 88
£4.52
25,068
25.58
26.08
£6.59
27,00
27.58
=
2E.5¢&
29, d
29.50
J0. @
Jd,.Ca
.00
J1.58
Je. 00
dg. 5@
33 .00
33.50
14,80
34,50
25,088
35.5%Q
36,08
36.58
J7.00
37.58
JE5 .00
J8.50
39.00
33.58
40,08
Af, Ch
41.080
41.59
A2, 68
42.58
47,88
43.5%8
44,99
44 .59
45,00

EVA CURRENT FARE STATION WAGON
ACCELERATION AND CRADEABILITY

VELOCITY
{EMAHR )

72.75
T3.44
74 .46
TE .47
T6.358
T
TT.14
TT.86
78.20
73 .57
T9.c20
TH9. 78
90,82
¢S

BEO.T2
i |
-8B
- A
B3
Wk
LS
« 56
BT
.RE
55
« 71
«19
N
C.6E
85.91
a46.07
BE.23
Be.53
db.538
B7.B83
£7.89
BH.04
E7.92
g8 .29
EE .44
2B.32
£28.59
89.11
BEH.99
B9.28

-

B o bl PR L P

B3 (oo e NG B9 0Oty

i

B3 &3 oo g
AN & L

[= -]
Fgl

ACCEL.
tER/HRASECH

1.74
137
2.95
2.2
1.84
156
=, 85
1. 83
L.08

74

T

GRADE

= Rydr k=089
M D Lad WM e T = e T

-. 72
1.54

i.3g

(%)

AUG. WEL.
LEMAHR

72.32
T3.89
T3.95
74,97
75,93
Th.78
7716
7.4
T7:93
78.39
T8.88
73.45
79.86
Be.3w
d8.F4
81.85
g1.63
81.95
B2.33
g2.71
B3.14
83.53
E3.61
84,16
84.61
B4.63
g4.95
8522
BE . 4p
ge. %"

£5.899
86 .45
. 7@
Be.7H
g7.31
B7.7E
B7.96
87.98
88.11
BE. Jb
g8.38
8B .45
EB. 85
BS.Q5
BS.11




EVA CURREHNT FARE STATION WACOMN
ACCELERATION AND GRADEABILITY

ELAPSED VELOCITY ACCEL. GRADE (%) AVG, VEL.
TIME (SEC) (KM-HR) {KM<HR#SEC ) [EMHR )
45,58 B9, 44 e 1.26 B9.3]
46,08 ED. 48 .89 -1 H9.47
46.59 B9.B6 ) c. 09 89.67
47.49@ B9.67 -.36 =-1.03 HB9.7B
47 .58 OB, &4 .74 2.18 259.806
48 .00 91.93 1.98 .65 J8.54
48 .58 1. 11 15 43 S1.87
49,98 91,38 .39 L.11 g1.21
49,58 98,66 -, 89 -g2.5% 91.08
Si. a0 90,74 =-,.22 =83 oR.E@
G0.58 gl, 96 L 1.24 93.85
gl.09 31.36 B0 .88 91.16
G1.54 = B3 1.5 g91.52
oo, 08 21.79 -] .63 91.73
82,58 9i.87 -, B ~.BB 91.73
G3.0Q g1.62 -. 18 -,28 91.65
53.5Q 71.80 35 .99 91.7}
G4, 80 92.30 1.88 2.85 92.985%
C4.50 92,06 = .48 -1.36 92.18
£C ., @@ 91.97 -. 18 =Bl 92,91
GE.GQ S8.60 1.26 3.59 92.28
E6. ol 92.79¢ =47 -1.33 92.48
565 Q2. 4¢ 11 31 2. 39
7. 08 03,84 1.24 3.53 92.73
57,50 23,64 1.28 .42 293.34
52 .08 493,55 - 17 =, 49 93.589
EB8.C8 93,77 A4 1.24 93.E6
E9.08 93.42 -. 69 ~1.97 93.68
5%.58 03.96 1.88 1.98 93.69
Gb. e 93.E8 il -2.84 93.78
E6.50 34,16 1.12 3.18 93.88
Bl.98@ G4.24 .15 Ldg 94,20
&l.5@ 94,18 ~sB3 -+ 6B 94,18
BE. 2@ 94,42 =T 1:71 g4.27
62.5@ 04.44 -5 13 Q4,43
631.0@ 94.18 54 =153 94,31
B3.58 94,49 63 1.8@ 94.33
BEd.0@ P4 .86 - T4 2.12 Q4 .68
64.59 94,27 -1.18 -3.36 G4.57
65,88 94,33 1.12 d.20 94,.5%
E5.58 94,28 =1.26 =3.59 Gd .52
E6.29 04,49 .57 i.62 g4, 35
BE.S@ 94.62 ) M- 94.55
B7.08 94,82 42 1.1B 94,72
6E7.5@ 95, 46 1.28 J.65 95.14

T8




0%

EvA CURRENT FARE STATION WAGOHN
ACCELERATION AND GRADEABILITY

ELAPSED VELOCITY ACCEL. GRADE (%) AVG. VEL.
TIME (SEC) (EMAHR) (KRAHRASEC ) (EMAHR D
EH. a8 04,74 =1 dd =4 1@ 95.18@
62,58 65.08 +B7 1.592 54.91
65,88 54.52 - o e =91 9% .90
EF.58 §4.58 =83 -g.37 q4. 71
70, 08 §E,39 1.77 5.BE 94,85
Te.59 95.18B =42 =1 a8 95.29
1.9 94.E3 -1.11 -3.17 g94,91
T1.59 34,45 -« 39 -1.88 94.54

79




40%, CYCLE 13

EVA CURRENT FARE STATION WAGOM
ACCELERATION AND CRADEABILITY

ELAPSED VELOCITY ACCEL. GRADE iXY AUG. UFL.
TINE (SECY (KM HR) I KMHRSEC S (KM HR
58 3.6 1.11 J.18 2.78
1:.99 Te42 B.T2 E5.67 I
1,50 11.94 9.12 26.92 9.78
2.00 7.06 18.17 .27 14.58
2.:98 20. 74 T.35 21.43 18.50
J.00 23.20 4,53 i4.19 21.97
3,50 25,38 4,35 {2.5a 24,29
4,80 &n. Eh £.99 §.56 8613
5.0@ FE.21] 2.48 T.04 2r.6d
E.Ea d1 .08 .70 LG, 46 c9. 66
E.8d 13,67 5:18 14.92 J2. 38
5.5 a5, ER 1.38 11.43 34,67
T.00 3749 d.66 10,48 J6.58
T.50 9.6 3.54 12.15 ig. 38
E.0g 40,73 2.94 B.41 46,80
B.S¢ 42,17 =58 B.23 41,45
9.0 43.43 2.52 7.2@ 42,88
3.5 e c.04 583 43,94
10,00 55,98 2.598 B.E9 45.18
10,52 45,71 1.62 4,861 4. 31
18 .0 47,64 1.27 G e dd 47,18
1].5¢ ad. 48 1.67 377 4h.06
12.02 43,0 BB i.9% 48,65
12.50 43,14 B3 1.78 483.98
13,00 Ei.13 3.52 11.41 E@.13
{3.58 Er. 19 c.113 .07 £1.66
14.00 3.8 3.23 9,41 53.91
14.52 C4.76 1.86 L.32 G4, 3¢
15 0@ Ch. 87 2ite 6.34 55. 3¢
15.59 E7.1e 2.4 7.11 EE.5¢
1k . B8 CE.2e 215 B.15 ET.6E
16.50 9,05 ftd 4,BEB =
17 .08 54, 89 1.69 4. B2 50,47
17.58 B9, 3E .96 2.75 GA.14
18.008 B1.27 1.79 5«12 ad.B2
18.508 61.52 ] 1.41 Bl.40
19,080 B1.8% -E5 1.BE Bi.EB
19,58 G2.54 1.38 3,93 6B2.19
ce.e8 B2.B¢ +53 1.51 6E.67
20,58 E1.62 1.63 4,65 63,21
Zl1.99 B4.23 1.23 3.58 63,92
cl.58 B4 .ES 73 E.b4 bd .46
2d .8 65.19 1.68 2.85 G4.54
2220 B5.%9 + 79 225 65,32
Ed.00 HE .24 98 2.57 65,81

B0




EvA CURRENT FARE STATION WAGON
ACCELERATION AND GRADEABILITY

ELAFSED VELOCITY ACCEL. GRADE (%) AUG. VEL.
TIME (SECY (EMsHR) {ERMAHR/SEDC) LERZHR D
27.58 66 .81 1.56 4.43 Bb .47
24.80 67,60 1.58 4,58 67.21
2d.58 BH.6t .20 S.72 B8.11
25 .88 69.54 1.86 §.32 69.87
£5.50 .31 1.55 4,43 £9.53
cE .89 71.38 1.96 5.60 7e.E@
26.508 T 22 1.BG 5.3 7T1.76
27 .00 731,24 2.04 6.39 72.78B
27.58 .07 1.4% .14 73.71
28, a0 74,9 1.25 3.57 74.38
c£6.50 TH. 02 2.85 S.24 T5.81
29,40 Th.42 1.49 3.99 TE.O7
£3.59 el 1.63 4 .65 76,83
3@ .80 TE.14 1.80 5:15 T77.69
.54 7858 B | 2.68 78.36
31,00 79,62 2.06 .87 o111
J1.58 B 19 115 3. 27 79.91
2.8 b I o | BT 2.48 Bd.41
12.560 21 .44 1.63 4,65 Bi. @4
J3.09 B1.%1 L) 2.67 81.68
33,50 £2.54 1.26 .68 B2.23
J4,.08 B3.32 1.55 4,41 ge.93
3458 23.79 .05 2.72 53.%B
15. 08 94,55 1.58 4,53 24.19
35,58 24,81 44 1.26 84,70
JE. el 85 .42 1.228 .47 85.11
IE6.58 a6, 19 1.95% 5.57 B5.99
I7.08 £B.56 v 33 .83 BB 4T
3T.50 a7.2l 1.3 3.72 g6 .HE
J8. 08 a7.e7 + 18 « 34 B7 .24
Jd8.50 B7 .47 49 1.14 B7.37
39.e8 87.94 .94 2.69 B7.7@
33.58 Eg .34 «B1 2.3 HB.14
40 .89 2E. 46 | 64 BB.49
48 .58 22.B3 T4 212 HE.E4
41 .08 EE.99 «33 - BB.91
41.58 29.282 + 4% L.87 B9.1@
42,80 B29.46 .49 1.39 29,34
42 .58 85.48 B4 «1e 89.47
43,80 §e.29 1.68 4.62 89.89
47 .5 g8.21 . 1B 45 9@.25
A4, 80 98,25 07 21 99.232
44 .58 99,65 « 19 227 9&,45
45. 00 99.68 87 .21 9R .67
45 . 5@ 931.13 BB 2.52 98.91

al




40%

EVA CURRENT FARE STATION WAGON
ACCELERATION AND CRADEABILITY

ELAPSED VELCCITY ACCEL. GRADE tx1 RUG. UEL.
TIME (SEC) (EMHR) (KM HR#SEC) {KRM<HR }
46,00 91.21 i .48 91.17
46.50 g91.72 1.83 2.93 91.47
47,88 91.82 +39 1.12 91 .82
47.50 91.64 -.587 =1.ha 0i.78
43, 00 92.13 +89 2.8¢e 91.H8
43,609 G2.85 .24 .67 92.19
439,88 SEnac - +06 -. 16 92.c4
49,64 92 .EH 5 2.613 92 .45
Ed, po 52.E9 g l.2@ a2.79
58,50 92.93 BT | 92 .91
E1.00 g93.a2 .18 51 b2.97
51.50 02.33 - 05 =l 93.81
E2.80 91.75 1.51 4.31 G337
Ez.EQ 93,75 8.00 &, 08 93.%5
53,00 53.31 =-.B7 ~&., 19 93,53
53.5@ 4.1 F 1.74 4.57 93.75
E4.00 94,24 11 .8 g4.21
S54.50 84,02 = .44 -1.84 94.13
LE.ap ud 23 .47 1.21 g4.12
5.5 R3.94 =251 ~L44 4,18
£6.00 G4.49 I.83 g.894 94 .24
SE.50 Gd .69 L3R .09 04.59
ST G4, 73 -k 25 4. 71
57.50 04,31 16 .45 G477
ER. 09 34 .64 - .25 =72 94.75
S4.56 94, 7E 15 +43 04,72
S9.00 95 .02 51 1.45 94.8%
CY.Ed O4,73 - .57 -1.63 04.87
60, 8@ 9511 s 2:.19% 94.9¢
E0.EQ 35.26 .38 L85 95.18




’ 80%, CYCLE 22

EUR CURRENT FARE STATION LAGON
ACCELERATION AND GRADERBILITY

ELAPSED VELDCITY ACCEL. GRADE (%1 AU, UEL.
TIME (SEC) (KR HR) (KM HR/SELC ] TEMAHR
2,00 T.38 812 £3.79 S35

.59 11.72 i.68 25.52 9.58
L.00 16.88 18.32 38.77 14.33
1:58 20.559 Tedl al+be 18,73
2.00 22.92 4.66 13.4) 21.75
2.8 25,84 4,24 2. 18 23.88
T.00 2h.de 3.:57 18.24 £5.93
3.50 g&.14 2,63 7.5 27.48
4,049 eg. 42 2.56 7.3 ZB.78
4.50 L343 B2 B Ed.42
5.00 31 .58 .07 14.61 .63
59 ad, 43 .06 14.56 .23
(S I Ih.o4 .43 1@.e1 35.36
6.50 18,14 1.79 12,88 37.19
Tl 9.5 .81 B.&) 3B.E9
T.5@ <0 .593 2,58 T.40 4@ .24
.k 42, 45 .88 B.BS 4] .71
g.50 43,45 1.95% 5¢B7 42.97
.00 44 58 B B.42 44,82
= I 45,57 1.97 5.61 4%, 88

10,00 45.74 .34 A 7y 45,65
16,50 47.97 4.47 12,84 46 .86
L1060 40,38 d.od T.47 4H4,.E3
L850 Ed.63 c.he T.TR 49,55
12,00 L 0o 2.38 B.3% 61.36
fa.54 53,22 = b4% T
3. 80 4,54 2.0b r:58 c3.88
13.54 55,68 2.05 L.5E CE.07
P4.490 Sh.45 i e 4,91 LE.02
14,58 57.60 .85 E.S% Ri.82
LG, 88 5,32 1.46 4,17 57.96
15.50 59.c2 1.7H 508 SH.TT
1e.8@ B0. 21 1.08 L 1 59.71
16.50 BB, E4 1.27 3,63 fe.52
17.88 BI.74 1.79 Siie 61.27
17.58 E2.53 1.58 4,50 62.13
18.00 63.18 1.15 3.29 E2.82
18.5@ E4. 00 1.88 5.14 63.55
19,88 E4.47 .93 2.6k B4, 24
13,58 65.19 1.43 4,08 64,82
2o . e 66,89 1.81 5,17 65,64
2. 50 66,38 = 1.65 Bh.O4
21 .89 &7.17 1.58 4.52 EE.TH
&l.58 ET.55 ) .15 ET. 36
) 22.08 [ 1.87 3.e5 B7.82




80% Y

EUR CURRENT FARE STATION WAGOM
ACCELERATION AND GRADEABILITY

ELARSED WELOCITY ACCEL. GRADE ¢%) AUG. UEL.
TIME (SEC) (EM-HR) {EMAHR-SEC | (MR
22,68 EH.EI 1.46 4.186 BH.45
23.e8 69.398 <98 c 19 R9. #6
23.50 78.38 2.08 5.7 BES.He
24,00 71.12 1.64 4.68 8.7
24.58 T1.89 1.54 4,38 TE.51
25,09 7e2.97 2.15 B.18 T2.43
25.58 Td.48 .08 . Bl 73.21
26.0% 74,15 1.33 3.95 T3.08
26.5@ T4, T? 1.24 3.54 TA, 46
27.pe T2.B5 2.16 B.1B T75.21
27. 80 TE. TE 1.82 L 76. 38
28, 08 SR.C2 -.47 -1.37 T6.64
2858 Th.Th .48 1.36 Th .64
2%, 00 77.62 1.7 4,86 77.18
=7.:59 T 8B =4 EFSB | TT. 75
20,00 TH. 37 . SE 2.739 7d.13
e 74,95 1.16 3.30 73. 66
31,09 TH. 04 -t 1,85 73,09
31 .50 79.848 b.d8 b | 79,586
32,88 a4h, 53 1.28 1.68B ga.al
Jo . 5e 2e.59 | «B7 Bo.61
33,008 al.23 1.08 3.88 Hd. 96
37,56 Bi.43 LA l.14 81.3]
34,60 gl +E5 25 g 4B al.b4
94 .68 B2.e8 1.E6 1.7 22.26
35 .98 Bcib? - 02 L] EZ.68
35.%8 23,14 75 2.7 E2.91
36.¢0 23,39 5 1 .42 B3.27
i6.589 g3.7¢8 65 1.B4 831.56
37.0@ 24.27 1.1 3.17 831.59
=7.58 24,7%9 ol LE7 824,33
JE. Q@ BE4.79 81 .30 B4.59
38 .50 B5.43 1.27 3.63 25.11
a%.e8 BG.CE i3] BT 25,614
33.58 B6: 19 .22 3.47 BS.B9
0.0 BE .90 -, 38 =1.09 BG.89
40,52 BG. 46 .93 2.64 BG.23
4] .88 BE.99 1.86 i.03 B6.73
4] .58 B7.087 .a7 A0 7.1
ig . Dg B7. L1 17 .40 a27.e7
42,58 B7.E5 « 28 .79 87.18
473,08 B7.37 il 4 731
43,58 B7.86 .89 2.84 B7.62

44 .08 87.87 « B2 L 87.87 .

44.58 EH.1E 58 1.66 BE.e2




80%

Eua CURRENT FARE STATION UAGON
T ACCELERATION AND GRADEREBILITY

ELAPSED VELOCITY ACCEL. GRADE %) AUG, UEL.
TIME (SEC) (KM/HR) (KM HRASED ) LEMAHR )
45, 88 88. 48 L6 1.81 gg.32
45,58 EB.&7 «3a7 1.05 BE.ST
46.09 EE.EB9 .45 1.29 HE.7H
a5.58 g9.19 B0 1.71 B9.84
47.89 BS,49 N1 1.7 B934
47,59 B%.38 .88 B3 BY. 44
43, a0 #8.61 A6 1.32 B49.5@
45.50 £9.66 JBH .24 89.h3
43. 00 3.82 .33 .93 HO.74
49,50 9%.05 AT 1.32 BY .94
Q.00 g0, 27 i | | 9¢.16
E3.C0 95,37 LED .57 ge.32
1,00 a0.57 A1 117 90,47
51.50 91.113 1.12 .28 9@ .85
2,00 a) ., bk A5 A2 91.@9
52,50 38,95 JEE Bl 91.088
53,00 Q.95 1 e 3| 99.95
53.58 21.33 .75 2.13 91,14
G4, 00 21.59 54 1:53 31.46
G4.5¢ SLIET 15 L 43 91.63
65, 00 S92 .08 .BE 1,89 491,84
55,5 G933 .65 1.84 92.16
SE. B0 G2 . R4 .63 1.B0 92, 44
EE. 69 §.29 L.27 I.62 82.596
57.08 93.08 .51 1.45 93.15
7.0 G3.43 .63 1.78 03.1%8
£g8.4a0 33.5% 43 1.21 T3, 44
5H.58 93.70 | JBR 97,62
£G.09 F4.18 Bl 2.30 93,90
5%, 50 94.19 18 e 94,15
B@.90 33.97 LA 1.26 g4 @8
ER.5@ 94,27 B8 i.71 g4.12
Gl.0@ 94, 42 2B 81 94, 34
61.58 94 . B& .49 1.41 94,54
62,088 95 .41 1.5@ 4.28 495,04
62,59 95,53 .36 1.82 595.58@
63,09 95.81 Ldd 1.26 g5, 78
63.50 95 .6E e | LB7 55,74

B4. 09 55.82 +33 53 55.74




0%, CYCLE 1 2

EUAa CURREHT FRRE STATION UAGOM
COARSTDOWN, ROAD ENERGY AND ROAD POUWER +

ELAPSED VELOCITY ROAD EMERGY ROAD POWER AUG, UEL.
TIME ¢3EC) (KM HR) LRLHAKN ) (Kl LEMAHE )
2,00 22.76 wBESd c8.39713 93.4938
2.50 2R, 18 TR 16.8537 91.47
.00 a87.Ee3 ATEA 15,6250 23.91
7.50 024,74 « 1995 17,1935 BE. 19
10,00 91,85 . 1938 168.6171 #1.30
12.58 9083 1535 12.3958 He .74
15.00 TixeT + 1764 13.82827 78.35
17.5¢ 74,33 L1548 11.7674 75.85
20,08 TEibl + 1535 11.3188 Ti.7E
2.5 R 1479 18.5EQ0 71.54
26 .00 £, 31 14886 18.3129 69,39
el bE.47 1275 B.5954 B7. 35
30,00 B4.13 J1E13 1@.5354 65,38
32,50 Bl 75 L1R42 10,3380 62 .94
35,00 a9, 34 .1BLE 19,8383 RO, 54
J37.EqQ EY.27 L1424 H.30883 9,31
44 . 3D Rl V| 1513 B.5A24 56.18
g EN La.cg 718 N.25%36 £3.84
45 00 4 B 1259 &.5077 £1,.68
4750 A0 3T J1B5%S E.2050 49 .57
Ed.on 4B, 34 LA 498 £.6594 47,35
E2.59 44,17 « 152e B.9232 15.23
ES .80 de 2] 1254 5.418) 43,28
E7.50 4B.e1 L1458 L.OE24 41 .26
R, 08 35 €S 1354 5.3103 39,23
2.5 15.59 118R 4,3835 iT. 42
S . 3 35.93 1aTe 3.8387 15. 81
67.50 L | 1838 3.5687 4,28
Ta.00 3]1.29 i8R0 3.4761 i2.76
To.50 it.6g 0345 2.9579 31.21
T5.08 2,98 s la2e 3.3841 £9.He
272.50 27.51 L1014 2.B636 28.285
2o.0% eb.21 030 2.4284 66.86
22.590 cd,75 . 1085 2.5599 25.48
25,8 23.49 .BaTe 2.0092 g4.12
E7.50 EE.18 8995 = E2.B4
08 .82 2u.B5 BEER 1.9138 21.54
92.50 19.E4 @BES 1.7528 28,27
95.80 18.282 L5983 1.86087 i1d.93
g97.58 16.93 .BBER L.G614 17.687
100,88 15.55 . gogg 1.5463 lE.24
182,58 14.16 (B9E5S 1.4331 14.85
105,08 12.52 BESE 1.15832 13.C4
107.58 11.64 LBEED 1.8841 i12.28
1198.82 18.27 (8941 1.8311 12.98 i
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EVA CURRENT FRRE STATION WAGON
COASTDOWN, ROAD EMERGY AMD ROAD FOUER

ELAPSED VELOCTTY ROAD EMERGY ROAD POWER nAUG. WVEL.
TIME {(SEC) (KM HR) (RN o (44" (KAAHE )
112.58 9.08 .@HES » 7982 o.68
115.0@ g.1& L8663 ST B.69
11758 6. 58 SR8 16751 TeoA8
12@.84d S.17 RTIA LA4ET 6.28
122.5a 4.88 Be23 L34 £.31
125.82 d.67 JOEE3 . 997 4.26
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COASTDOWN, ROAD ENERGY AND ROAD POLER

ELAPSED
TIRE (SEC)

40%, CYCLE 13

EUA CURRENMT FARE STATION WUAGON

VELOCITY
(KM HR ]

21.89
29,43
85.38
g2. M4
B@.21
Tr.BE
T5. 14
T2.80
T, 49
E7.95
B5. B0
E4.23
BE. 1B
RO PL
53.c6
5T.ER
LC.&%¢
€432
£3.11
Ell?z
49,51
43, 45
4T kv
4%, BE
44,27
43.04
41.88
Q.62
J9.85
3767
3q. 08
34. 36
32.61
0. 58
29. 34
2.7
Eb. 24
24,74
23.32
2L.71
gad. 27
18.75
17.2%
15.88
14.39

ROAD ENMERCY ROAD POUER wAUG. VEL.

(KUHCERM )

ASTT
L2391
2162
.ET?B
LAT42
ATER
1741
1817
1595
1743
.1622
egc2
1438
-Bgj2
18T
1154
1188
1967
LREER
L0574
- 1875
- 1085
0332
21831
8887
8318
-DELR
1ﬁat‘
- BI45
1892
JJ152
1136
.12ad
1181
1876
L1883
« 1859
LT
.BIE5
+1186
.B?EE
-1a54
1834
a343
-1@a32

BR

IKND

14,6720
21 .5577
18, 7588
14.8681
14,1598
13.92587
131.24976
11.9666
11.4283
12.0985
18,8348
E.1802
9.8355
£.7383
Ba.d041
E.7421
E.74@2
5.8756
4.4989
4, 3964
6.4932
4,9413
4,453]1
4.6429
3.99a8
1.019¢
1.6377
3.3548
3.7738
4.1937
4,2421
1.9948
4,0454
3. 7499
3.2395
3.p022
c.EGR4
c.B306
2.3EE4
E.4313
2.83823
£.8559
1.8607
1.5622
1.5621

[EM-HR 1

93.013
S0.16
BE.BE
ﬂl.ﬂe
E1.47
78.94
TE.40
73.97
71.64
69.2¢2
&b, 78
B4.492
63,19
G1.48
60,083
EB.42
£6. 72
55.99
£3.71
52.43
S@. B3
49.18
47 .78
45, 38
45,81
43.70
a2 42
41,81
39,94
38.4&
J6. B4
35,18
33.48
3175
.12
28.56
27 0r
25,48
24,83
2852
2. 499
19.51
18.e9
16.57
15.14




40%

EUp CURRENT FARE STATION UAGOM
COASTDOWN, ROAD EMERGY AMD ROAD POWER

ELAFSED VELOCITY ROAD EHERGY ROAD POWER AVG. VEL.
TIME (SEC) (KMAHR) CELHA KM (KU (EAsHRE )
112.58 12.83 1208 1.3774 13.66
115,048 11.486 SR04 1.2364 2.2
117.59 18.11 v@534 1.8@72 18.79
120,88 .79 8812 .BELR 9., 45
122.58 7.48 L B587 7372 8.13
1E5.08 G.14 «@3c] B2EE G.81
1287.58 4.7d .a892 5377 5.42
-
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80%, CYCLE 22

Eua CURRENT FARE STATION UAGON
COASTDOUM, FROAD ENERGY aMD ROAD POUER

ELAPSED VELDCITY ROAD EMERGY ROAD POWERP albG. UEL.
TIRE (£ECH (KM MR (KUHAKM (KU {KEMSHR
.08 32,67 L1426 13,3645 93.78
2.50 SR.28 1892 15,4683 91,45
5.0 87.71 731 15, 4047 #B.97
T 20 BB .45 ;BB74 T.6182 B7,08
LA, 29 H4,15 L1558 13.5603 25,38
12.50 51.39 Llgpa 15,7301 B2. 77
15, 00 79, 36 L1406 11,3838 #@, 34
17.58@ T 47 L1J86 18,2432 TE. 4]
a0. 00 TE.ES 1325 19,1334 T6.51
22,54 T3.30 1337 E.49E3 74,78
25. 60 Te.l12 e 2.6542 3.8
27,50 TG OF A3t4 9, 3494 .17
[ BE .60 1121 7. TEle 69,41
32,59 gE. 59 S B T.ET4T &7.79
.00 EC.GR ARES b, TATE 66.24
iv.cQ El.0¢ . 1158 7.4717 G4.ER
A, 00 Bl1.E! - 2530 5.5943 2.7
42,50 58.2% + 1599 9.6651 6@.45
45, 00 E3.16 ABLT H.BCBB 58.19
47, 50 54, 2k Ah54] E.R347 54,98
Sy, 00 52,57 + 1508 B.4g41 £3.73
Ea En E0.d4r L1 4B] 7.28279 51.53
EC 42, 3F Lla7a =) 1= 49,41
ET.54 i, 20 .iaTa 50999 47,57
= T 45,55 LOBYE J.d2td 45,29
&d.50 44,098 LRGLE 2. 7328 45, 34
BE . L 44,07 LBET 2,517 44, 4H
E7.G@ 4%, 22 Q545 2.3607 4%, 68
T0.89 48, 5¢ JOE4] 2.32899 42,09
72.58 41, 7€ .BE1E 2.173% 42,12
75,00 40,97 LB5E1] g.32g84 41 .74
T7.50 37,93 .Rs52 2.6391 40, 46
22.08 J8. 44 . 1868 4.1894 38.21
dc.59 37,49 LEE5E g.-4902 3797
ES5.R8 JE. 60 8616 = B aTv.e4
27.58 35,58 -BTAL 2. Cd4) J6.89
a0, 8a 34,57 L0ET4 &, 4744 35,08
92,58 33.E6 B49] 1.67HE J4.¢e
95.080 33.18 .B4ET 1.5714 3362
97.58 32.ag D554 1.BlGE 32.7%8
100,08 dl.41 SBETA 21498 Ji.E9
{82.58 ap. 54 .@5938 1.B514 a9y
LA% . éa 29.47 N e T 2.o0Hb il
187.98 evT.64 « 1265 3.6113 24,56
L10.28 25,4949 L1148 31.8692 26.H1
a0
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EUA CURRENT FARE STATION WAGOM
COASTDOUN, ROAD ENERGY AND ROAD POUER

ELAPSED VELOCTTY ROAD EMERGY ROAD POWER aAUG. UVEL.
TIME (SEC) (KM HR) LEUHAER } (EW) [KMAHR )
112.50@ 24.54 . 2387 2.5199 ch.2h
115.0@ 22.98 L1881 2.5683 23.76
117,88 21.18@ L2922 2. 8471 22.84
122.08 19,32 1230 2.4863 cd.2l
122 .58 17.62 LA178 2.1714 18.47
125 .88 16,82 1193 {8552 16.82
127.50 14,68 385 1.5@77 15.31
13&, 80 12.98 .1118 1.5431 13.79
132,50 11.38 + 1195 1.3451 12.18B
135.80 18, 21 . BHRS .BEEE 18.79
137.50 8.88 L0815 L8776 9.585
140,80 vell 178 9438 B.83
142.50 5.58 L1186 . Te56 6.38
145.00 3,89 116l +5497 4.73
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APPENDIX D

ELECTRIC AND HYBRID VEHICLE VERIFICATION PROCEDURES

BACKGCROUND

The Department of Energy is required hy Public Law 94-413 1o issue performance standards
for vehicles used in the Electric and Hybrid Vehiele (EHV) Market Demonsteation. On 30 May
1978, DOE published a final rule in the Federal Register (Vol. 43, No. 104) promulgating the
first Performance Standards. This rule was effective on 3 July 1978, and preseribed minimum
performanee standards for electrie and hybrid vehicles 1o be purchased or leased for the first
phase of a demonstration program under the Electric and Hybrid Research and Development
Act of 1976, Performance Standards are updated from time to time and the current rule was
published in the Federal Register on 12 February 1980 (Vol. 45, No. 30).

Manufacturers who certify that their vehicles meet the latest requirements of the DOE
Performance Standards may offer those vehicles for the DOE Market Demonstration Program.
DOE reserves the right to verify, by independent test, the manufacturer’s self-certification, The
test procedures used for DOE performance tests are based on SAE Test Procedures J227a. Safe-
ty inspection and testing services are provided by the Department of Transportation/National
Highway and Traffic Safety Administration (DOT/NHTSA) through an interagency agree-
ment. Performance testing is performed by the U.S. Army Mobility Equipment Research and
Ill:velﬂpment Command (MERADCOM) through an inieragml{-}r agreement. During verifica-
tion testing, vehicle component or subsystem failures will be brought to the attention of the
manufacturer immediately. Repeated or multiple component or subsystem failures experienced
during test are grounds for invalidating the self-certification of the vehicle for purpose of the
DOE Market Demonstration Program.

CERTIFICATION PROCESS

A manufacturer can certify an existing vehicle as meeting the DOE Standards (which include
applicable NHTSA safety standards by reference) at any time by submitting a letter of cer-
tification and providing the required data on the vehicle to the Department of Energy Director
of Electric and Hybrid Vehicles Division or his designee.

VERIFICATION PROCESS

Should DOE elect to verify the certification. arrangements will be made with the manufac-
turer for delivery of the vehicle 1o a DOE-specified site for testing, (Details of seheduling
priorities are described in the following section.) Several hasie types of test= may be involved:




o DOE-Sponsored Performance Tests by the U.S. Army MERADCOM.

e DOE-Sponsored Safety Inspection by DOT/NHTSA.

e DOE-Sponsored Safety Compliance Testing by the Research Division of DOT/NHTSA.
e DOTINHTSA Safety Complianee Test (independent of DOE.)

One important principle followed by DOE during testing is to allow the Facility Manager to
work with manfacturers to overcome the normal problems that oceur during inspection and
testing. To ensure impartial treatment of manufacturers during the test sequence, limits have
been set for the Test Facility Manager concerning how many vehicle component or subsystem
failures can he allowed hefore certification is invalidated. DOE will ohjectively evaluate the
impact of all failures during the testing phase =0 that vehicles are not unfairly penalized for
minor and easily correctable failures, The Test Facility Manager, however, has an obligation
to conduet the testing thoronghly and to adhere to a tight schedule,

Manufacturers may be notified from time to time by the Test Facility Manager of }mll'mia]
and actual problems. When these problems do not involve components or subsystem failures,
where failure is defined as a vehiele being below the required standard, such notification

would nol m-ﬁhmﬂril}- invalidate the certification,
TEST FACILITY SCHEDMILING GUIDELINES

Vehicles will be scheduled for testing by the Test Facility Manager on a first-come, firsi-
served basis, with certain pxeeptions as noted below. Scheduling is dependent upon the ahility
of the manufacturer to provide a vehicle for testing. The Test Facility Manager will request the
mamifacturer to provide a centified vehicle for testing within 60 days from the date of the re-
quest, If @ vehicle is not received at the Test Facility within the 60-day period. the self-
certification will be returned and the vehicle will be removed from the self-certification list,

The primary function of centification testing is to ensure that vehicles available to the
Markel Demaongtration Program fully catisfy the applicable DOE Performance Standards. For
this reason, it is necessary lo cstablizh a set of [lriuﬁtjr lwlillg l.‘i.iIf:,ra'lwfril.'..'.l for vehicles selected or
being considered for selection by demonstration site operators. The categories are listed below
in deereasing order of priority for testing:

a, Centified vehicles which have not been verified but have been purchased by and
delivered o site operators.

b, Certified vehicles purchased by, but not delivered to site operators for demonstration.
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e. Certified vehicles that have been modified subsequent to verification testing and have
heen delivered to site operators,® On request by DOE, the manufacturer will furnish DOE with
technical information about each modification in sufficient detail to determine if reverifica-
tion tests are needed.

d. Certified vehicles that are being considered for purchase by a site operator.

e. Certified vehicles that are available for test but are not under consideration by a site
operator.

Vehicle test schedules are sensitive to the requirements of the Market Demonstration Pro-
gram, and rescheduling by the Test Facility Manager may be required to meet changing needs,
Vehicles delivered late or taken out of test because of operational failure may be rescheduled
on a lower priority bagis by the Test Facility Manager with approval of the DOE Test
Manager, On-site rectification of a vehicle problem by the manufacturer within a 5-working-
day period described below may avoid the necessity for rescheduling,.

VEHICLE MODIFICATION/REPAIR GUIDELINES

The guidelines provided in this section are for use by the Test Facility Manager. Exceptions
to these guidelines require the approval of the Director of the DOE Electrie and Hybrid Vehi-
cle Division or his designee. The intent of these guidelines is to facilitate the establishment of a
clear basis for validating or invalidating a manufacturer self-certification. Subsystem failures
may raise questions as to the relevance of the results of the validation testing, It is also impor-
tant that the test facilities not be used for development and test engineering. Vehicles that ex-
perience repeated failures of the same component or subsystems must be upgraded before
verification testing can he rescheduled. Rescheduling will be contingent on the submission and
acceptance of evidence, obtained by the manufacturer through testing, that the cause of failure
has been corrected. The Test Facility Manager will determine when significant repairs should
be and have been made.

VEHICLE MODIFICATIONS/REPAIRS ON OR NEAR THE TEST FACILITY

a. Only those modifications or repairs that ean be completed within 5 working days by the
manufacturer or his designee will be allowed. If the repairs cannot be completed within this
period, the vehicle must be removed from the test facility unless DOE programmatic re-
quirements dictate that it is in the best interest of the Government that a waiver be granted by
the Director of the Electric and Hybrid Vehicles Division or his designee.

-

The shnnufpctarer s respansibile for notifying the DM Direetor of the Elevnic and Hybrid Vehicle Division or his desigree of all
modifications 1o U verified ]'.mllln'tilm wcunfiguration.

94




b. All failures requiring repair. whether significant or insignificant, will be recorded by the
Test Facility Manager or his designee. For all repairs the manufacturer must submit (1o the
Test Facility Manager) written explanation of the failure modes and the corrective action
within 15 days after completion of corrective action. Failed components or subsystems must be
replaced by an identical part except in those cases where the component or subsystem design is
: inadequate. In the latter case. the manufacturer may substitute a readily available component

or system when the manufacturer can provide assorance of improved reliability and perfor

MaAnce,

¢. Three on-sile repairs to ecorreel a significant powertrain failure are allowed.
A fourth failure will invalidate the vehicle certification, and the Facility Manager will order
the vehicle to be returned to the manufacturer unless DOE programmantic requirements dictate
that a waiver be granted by the Director of the Electric and Hybrid Vehicles Divigion or his
designee.

d. Subject to overriding priority considerations, testing will be resumed as soon as repairs

are completed.

VEHICLES RETURNED TO THE MANUFACTURER
BECAUSE OF FAILURE IN TEST

#. A letter invalidating the certification will be issued to the manufacturer and DOE will
notify site operators of the invalidation. A report ineluding the vehicle failures will be provid-
ed by DOE to members of the ]Juljlil.' requesting such a report, Vehieles that are part of the
Market Demonstration Program (based on the manufacturer’s self-certification) which fail the
verification tests will have their certification invalidated wntil zueecessful ecorrection of the
defects is completed. Future funding to site operators for the invalidated vehicle model will be
suspended until corrections are completed.

b. A onestime voluntary withdrawal of a vehicle from test by a manufacturer to correct
problems is allowed for a period not to exceed 60 days, The vehicle will be rescheduled for
testing based on priorities at the time of resubmintal. No action will be taken to invalidate the
certification during the voluntary withdrawal period unless there is a clear case of user safety

involved or the manufacturer fails to offer the vehicle for test after 60 days.




c. Before a vehiele can be resubmitted for testing, the manufacturer must provide to the
Director of the Electric and Hybrid Vehicles Division, or his designee, appropriate evidenee
that modifications andfor repairs have been made. The manufacturer must also provide
substantiating test data to show that the vehicle can meet all DOE Performance Standards.

d. Repaired vehicles returned by the manufacturer may be required 1o undergo the com-
plete series of verification tests regardless of the portion of testing completed prior to invalida-
tion of certifeation. The Test Facility Manager with the approval of DOE will determine the

Iu'1'4'-r-il_\ fllr .-ui'll h'll'-lill;:',
GROUNDS FOR INVALIDATING CERTIFICATION

a. A vehicle will be returned to the manufacturer after four significant power-train failures
or a single powerdrain failure that cannot be corrected. and e eertifieation will be in-

validated.

h. A vehicle that fails to meet applicable DOE Performanee Standards will have its cor-
tification invalidated. (The standards include documentation and warranty provisions,)

¢ A wehiele that fails to comply with applicable DOT/INHTSA Safety Regulations will

have s certification invalidated.

d. If a manufacturer fails to commit to and follow a reasonable schedule (defined in the
following section) to provide a vehicle for testing when requested by DOE, the vehicle will
have its certification invalidated,

SUMMARY OF RESPONSIBILITY OF MANUFACTURERS

Manufacturers must self-certify their production vehieles to participate in the DOE Market
Demonstration Program. They must also commit 1o reasonable schedule to provide a vehicle
for verification testing upon request from the DOE designated Test Facility Manager. 1f this
tlelivery cannot be made within 60 days after reeeipt of such a request, the self-certification let-
ter will be returned and the vehicle will be removed from the self-certified list,

Manufacturers must provide required and necessary information o document the vehicle

confizuration:
¢ Vehicle Summary Data Sheets.

e Operator’s Manual and Serviee and Maintenanee Manual including a parts list.
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This information may be in draft form, but it must be complete enough to be useful should
any mechanical or electrical difficulty develop in the vehicle.

The manufacturer will notify the Direetor of the Electric and Hybrid Vehicles Division or
his designee of all modifications to previously verified production configurations within 30
[]u:ﬂi of the sale of such modified vehieles to DOE site operators, If it is requested, the
manufacturer shall furnizsh the DOE Test Manager with technical information about each
modilication in safficient detail o determine if reverification tests are needed.

For vehicles receiving an invalidation of certification, the manufacturer must provide 1o the
Director of the Electriec and Hybrid Vehicles Division appropriate evidenee that modifications
and/or repairs have been made and must also provide substantiating tes1 data 1o show that the
vehicle can meet all DOE Performance Standards prior to resubmittal of the vehicle for test,
Following successful verification testing, vehicles already in DOE site operator fleets must he
madified andlor repaired in the same manner as the vehiele suceessfully tested. A modification
and/or repair schedule acceptable to the Direetor of the Electric and Hybrid Vehicles Divizion
must be developed and followed by the manufacturer as a condition for validation of the
manufaetorers certification.

DOE NOTIFICATION DOCUMENTATION

DOE will notify manufacturers of actions taken during the verification testing proeess, in-
cluding but not limited to:

® Heeeipt of sell-certification.
e Notification of vehicle failure.

e Validation of invalidation of certification,

Final Test Report.
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