
A roe 
i ^ c s Ste V1-

AD 

Report 2375 

BASELINE AND VERIFICATION TESTS OF THE ELECTRIC 

VEHICLE ASSOCIATES' CURRENT FARE STATION WAGON 

by 

Edward J. Dowgialio, Jr. 
and 

Robert D. Chapman 

January 1983 

| 

Approved for public release; distr ibution unl imited mmu 
'pjit1^ i fejiM 

U.S. ARMY MOBILITY EQUIPMENT 

RESEARCH AND DEVELOPMENT COMMAND 

FORT BELVOIR, VIRGINIA 

DlSiniBUTiiiS vi : THIS DOCUMENT IS UJIUMOB 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or 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.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



DOE/CS/51042--T10 

UNCLASSIFIED DE86 008271 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entared) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

1. REPORT NUMBER 

2375 

2. GOVT ACCESSION NO 3. RECIPIENT'S CATALOG NUMBER 

«. T I T L E (and Subtitle) 

BASELINE AND VERIFICATION TESTS OF THE ELECTRIC 
VEHICLE ASSOCIATES' CURRENT FARE STATION WAGON 

5. T Y P E OF REPORT & PERIOD COVERED 

Final Test Report 
27 March 1980 - 6 November 1981 

6. PERFORMING ORG. REPORT NUMBER 

7. AUTHORO) 

Edward J. Dowgialio, Jr. 
Robert D. Chapman 

8. CONTRACT OR GRANT NUMBERfs) 

EC-77-A-31-1042 

9. PERFORMING ORGANIZATION NAME AND ADDRESS 

Electrochemical Div, Electric Power Lab, DRDME-EC 
US Army Mobility Equipment Research & Development Command 
Fort Belvoir, VA 22060 

10. PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBERS 

11. CONTROLLING O F F I C E NAME AND ADDRESS 

Commander, US Army Mobility Equipment R&D Command 
ATTN: DRDME-ECC 
Fort Belvoir, VA 22060 

12. REPORT DATE 

January 1983 

13. NUMBER OF PAGES 

115 
1 * . MONITORING AGENCY NAME ft ADDRESSff/ dlllerant from Controlling Olllce) 

US Dept of Energy, Office of Vehicle & Engine 
Research & Development, Office of Conversation and Renewable 

Energy 

15. SECURITY CLASS, (ol thla report) 

Unclassified 

ISa. DECLASSIFl CATION/DOWN GRADING 
SCHEDULE 

16. DISTRIBUTION STATEMENT fo / th ia Report; 

Approved for public release; distribution unlimited. 

17. DISTRIBUTION STATEMENT (ol the abstract entered In Block 20, II different from Report) 

18. SUPPLEMENTARY NOTES 

19. I tLY WORDS (Continue on reveraa aide If necaaaary and Identify by block number) 

Battery 
Motor 
Controller 
Charger 
Electric Vehicle 

20. ABSTRACT fCoirtfau* atx rararam »tdm ft naeaaaaey and Identify by block number) 

The EVA Current Fare Station Wagon, an electric vehicle, was tested at MERADCOM as part of a Department of 
Energy project to characterize the state-of-the-art of electric vehicles. The current Fare Wagon was manufactured 
in Cleveland, Ohio by Electric Vehicle Associates' Incorporated. It is powered by 22 6-V lead-acid batteries driving 
a 30-hp d.c. series motor through an SCR controller. The motor drives the rear wheels through a manually operated 
4-speed transmission. Regenerative braking was provided. 

D D \ JAH'TS 1 4 7 3 EDtTlOM OF » MOV 65 IS OBSOLETE 
UNCLASSIFIED 

SECURITY CLASSIFICATION OF THIS PAGE (Whan Data Entered) 

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED 



UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE(H7i«n Data Entered) 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi­
bility 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. Refer­
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGEfWTien Data Entered) 



P R E F A C E 

The electric and hybrid vehicle test was conducted by the U.S. Army Mobility Equipment 
Research and Development Command (MERADCOM) under the guidance of the U.S. Depart­
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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 author(s) 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. Department 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 vehicle may exceed the performance reported 
herein in actual use. It also may have safety features and amenities not required by the Depart­
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BASELINE AND VERIFICATION TESTS OF THE 

ELECTRIC VEHICLE ASSOCIATES' CURRENT FARE STATION WAGON 

I. SUMMARY 

The EVA Current Fare Wagon was nianiifactured by Electric Vehicle Associates , Incor­
porated (EVA) of Cleveland, Ohio. It is now available from Lectra Motors Corp. of Las Vegas, 
Nevada. The vehicle was tested under the direction of MERADCOM from 27 March 1980 to 6 
November 1981. The tests are part of a Department of Energy project to assess advances 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 electric 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 Current Fare 
Wagon is also equipped with regenerative 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. 

II. INTRODUCTION 

The vehicle tested and the data presented in this report are in support of Public Law 
94-413, 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 electric and hybrid 
vehicles. The data so developed are to serve as a baseline to compare improvement in electric 
and hybrid vehicle technologies, to assist in establishing performance standards for electric 
and hybrid vehicles, and to help guide future research and development activities. 

MERADCOM, under the direction of the Electric and Hybrid Vehicles Division. Office 
of Vehicle and Engine Research and Development DOE, has conducted track tests of electric 
vehicles to measure their performance characteristics and vehicle component efficiencies. 

The tests were conducted using a DOE test procedure "ERDA-EHV-TEP," described in 
Appendix A of MERADCOM Report 2244.1 This procedure uses the "Electric Vehicle Test 
Procedures SAE J227a," revised February 1976. U.S. customary units were used in the collec­
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. U.S. customary units are presented in 
parentheses. Number values are truncated to reflect nominal values except where precision is 
required. 

"BASELINE TESTS OF THE EVA METRO ELECTRIC PASSENGER VEHICLE." MERADCOM Report 2244 (Ma> 1978). 

1 



TABLE 1. EVA CURRENT FARE WAGON TEST RESULTS 
(Metric Units) 

DATE 

11 Jun 
15 Jun 
16 Jun 
18 Jun 
23 Jun 

26 Jun 
29 Jun 

2 J u l 
6 J u l 
7 J u l 

8 J u l 
10 J u l 
23 J u l 
24 J u l 
11 Aug 

18 Aug 
20 Aug 
26 Aug 
28 Aug 
31 Aug 

1 Sep 
3 Sep 

10 Sep 
14 Sep 
15 Sep 

81 
81 
81 
81 
81 

81 
81 
81 
81 
81 

81 
81 
81 
81 
81 

81 
81 
81 
81 
81 

81 
81 
81 
81 
81 

TYPE TEST 

C cyc le 
56.3 km/h 
56.3 km/h 
B c y c l e 

72.4 km/h 

56.3 km/h 
B cyc le 

40.2 km/h 
40.2 km/h 
72.4 km/h 

72.4 km/h 
C cyc le 
D cyc le 
D c y c l e 
B c y c l e 

B cyc le 
B cyc le 
B cyc le 
B c y c l e 
C cyc le 

C cyc le 
D c y c l e 

40.2 km/h 
56.3 km/h 
72.4 W h 

GEARS 
USED 

1 ,2 3 
1,2,3 
1 ,2 ,3 

1,2 
1 ,2 ,3 ,4 

1,2 ,3 
1,2 
1,2 
1,2 

1 ,2 ,3 

1,2,3 
1,2 3 

1 ,2 ,3 ,4 
1 ,2 ,3 ,4 

1,2 

1,2 
1,2 
1,2 
1,2 

1 ,2 ,3 

1 ,2 ,3 
1 ,2 ,3 ,4 

1,2 
1 ,2 ,3 
1,2,3 

DIST 
(km) 

74.3 
94 .1 

101.3 
85 .5 
73 

93 .3 
83.9 

119.5 
115.8 

91.7 

88.0 
76.2 
62.4 
64.0 
79 .8 

79.4 
78.0 
84.8 
85.6 
73.4 

73.4 
67.2 

107.8 
97.8 
86.0 

CYa.RS 

129 

255 

250 

140 
38 
39 

245 

248 
244 
264 
271 
130 

130 
42 

NET 
BATTEKY 

ENERGY D . C . 
(Mb) 

24.7 
21.8 

17.8 
29.7 
22.8 
21.6 

CHARGE 
ENERGY A . C . 

(Mil) 

35.6 
30.9 
31.6 
34.9 
35.8 

30 .1 
33.7 
34.7 
35.0 
32.5 

31.4 
44.7 
29 .5 
44.0 
34.4 

35.2 
34.6 
35 .1 
36.2 
33.2 

33.4 
33.5 
32.5 
32.3 
29.3 

VEHICLE 
ENERGY 

EIDNDMY 
(kWh/km) 

. 4 7 9 

. 3 2 8 

. 3 1 1 

. 4 0 8 

. 4 8 9 

. 3 2 2 

. 4 0 1 

. 2 9 0 

. 3 0 2 

. 3 5 4 

. 3 5 6 

. 5 8 6 * 

. 4 7 2 

. 6 8 7 * 
.431 

.442 

.443 

.414 

.427 

.452 

.455 

.498 

.301 

.330 

.340 

BATTERY 

START 
(0C) 

28-32 
24-25 
29-33 
24-25 

25 

28 
22-23 
25-26 
22-24 
32-35 

32-33 
34-37 
29-32 
26-29 

32 

24 
23-25 
27-28 
29-30 
30-33 

30-34 
31-34 

20 
25 

33-36 

TEMPERATURE 
RANGE 

END 
( " O 

45-53 
41-45 
45-51 
38-46 
41-48 

41-43 
40-48 
36-42 
36-43 
43-51 

41-47 
48-53 
33-41 
35-36 
43-51 

36-46 
36-47 
39-49 
42-52 
44-59 

45-62 
35-46 
33-44 
38-53 
43-53 

WEATHER CDtC. START OF TEST 

TIME 

1000 
0850 
0730 
0735 
1255 

0700 
0810 
0730 
0835 
0815 

0730 
0745 
0835 
0807 
0645 

0745 
0745 
0750 
0800 
0745 

0745 
0915 
0815 
0745 
0745 

WIND SPEED 
(km/h) 

8 
calm 
calm 
calm 

8 

8 
calm 
calm 
calm 

6.4 

3.2 
calm 
calm 
calm 

3.2 

1.6 
3.2 

calm 
calm 
calm 

calm 
calm 
calm 
calm 
calm 

TEMPERATURE 
C O 

22 
26 
25 
20 
27 

19 
20 
22 
22 
24 

25 
27 
24 
23 
25 

20 
19 
17 
20 
22 

21 
20 
20 
16 
21 

WEATHER COfD. 

TIME 

1300 
1045 
0920 
1305 
1405 

0850 
1325 
1030 
1130 
0932 

0845 
1050 
1000 
0938 
1155 

1255 
1245 
1300 
1300 
1110 

1055 
1045 
1130 
0922 
0900 

END OF TEST 
(dlt) SPEED TEMPERATURE 

(km/h) 

8 
calm 

5 
calm 

8 

8 
calm 
calm 
calm 

6.4 

3.2 
calm 
calm 
calm 

3.2 

1.6 
8 
8 

calm 
calm 

calm 
calm 
calm 
calm 
calm 

C O 

24 
28 
28 
27 
28 

21 
33 
25 
25 
24 

28 
28 
25 
24 
30 

25 
29 
27 
35 
24 

23 
21 
23 
22 
22 

*Vehicle on charge over weekend. 



TABLE 2. EVA CURRENT FARE WAGON TEST RESULTS 
(U.S. Customary Units) 

DATE 

11 Jun 
15 Jun 
16 Jun 
18 Jun 
23 Jun 

26 Jun 
29 Jun 

2 J u l 
6 J u l 
7 J u l 

8 J u l 
10 J u l 
23 J u l 
24 J u l 
11 Aug 

18 Aug 
20 Aug 
26 Aug 
28 Aug 
31 Aug 

1 Sep 
3 Sep 

10 Sep 
14 Sep 
15 Sep 

81 
81 
81 
81 
81 

81 
81 
81 
81 
81 

81 
81 
81 
81 
81 

81 
81 
81 
81 
31 

81 
81 
81 
81 
81 

TYPE TEST 

C cyc le 
35 mi/h 
35 mi/h 
B c y c l e 
45 mi/h 

35 mi/h 
B c y c l e 
25 mi/h 
25 mi/h 
45 mi/h 

45 mi/h 
C cyc le 
D c y c l e 
D cyc le 
B cyc le 

B c y c l e 
B c y c l e 
B cyc le 
B cyc le 
C c y c l e 

C c y c l e 
D c y c l e 
25 mi/h 
35 mi /h 
45 mi/h 

GEARS 
USED 

1 , 2 3 
1,2 ,3 
1 ,2 ,3 

1,2 
1 ,2 ,3 ,4 

1 ,2 ,3 
1,2 
1,2 
1,2 

1 ,2 ,3 

1 ,2 ,3 
1,2 3 

1 ,2 ,3 ,4 
1 ,2 ,3 ,4 

1,2 

1,2 
1,2 
1,2 
1,2 

1 ,2 ,3 

1 ,2 ,3 
1 ,2 ,3 ,4 

1,2 
1 ,2 ,3 
1 ,2 ,3 

DIST 
(mi) 

46.2 
58 .5 
63.0 
53.2 
45 .5 

58.0 
52.2 
74 .3 
72.0 
57.0 

54.7 
47.4 
38.8 
39.8 
49.6 

49.4 
48 .5 
52.7 
53.2 
45 .6 

45 .6 
41.8 
67.0 
60 .8 
53.5 

CYCLES 

129 

255 

250 

140 
38 
39 

245 

248 
244 
264 
271 
130 

130 
42 

NET 
BATTERY 

ENERGY D . C . 

(Mb) 

24.7 
21.8 

17.8 
29.7 
22.8 
21.6 

CHARGE 
ENERGY A . C . 

(kWi) 

35.6 
30.9 
31.6 
34.9 
3 5 . 8 

30 .1 
33.7 
34.7 
35.0 
32 .5 

31.4 
44.7 
29 .5 
44.0 
34.4 

35.2 
34.6 
35 .1 
36.2 
33.2 

33.4 
33 .5 
32 .5 
32 .3 
29 .3 

VEHICLE 
ENERGY 

HCOtDMY 
( M 4 i / m i ) 

. 7 7 0 

. 5 2 8 

. 5 0 1 

. 6 5 6 

. 7 8 7 

. 5 1 9 

. 6 4 5 

. 4 6 7 

. 4 8 6 

. 5 7 0 

. 5 7 4 

.943* 

.760 
1.105* 

.693 

.712 

.713 

.666 

.680 

.728 

.732 

.801 

.485 

.531 

.547 

BATTERY 

START 
CF) 

83-90 
76-78 
85-92 
75-78 
74-75 

82 
71-73 
78-79 
72-76 
90-96 

89-92 
93-98 
85-91 
79-85 
90-91 

75 
74-77 
81-83 
85-87 
87-91 

87-94 
88-93 

69 
77-78 
92-98 

TEMPERATURE 
RANGE 

END 
CF) 

113-128 
106-112 
113-129 
101-115 
106-118 

106-109 
104-118 
97-108 
97-110 

110-125 

106-116 
119-128 

92-106 
95-96 

110-124 

98-115 
97-117 

103-121 
108-127 
111-138 

113-145 
95-115 
91-111 

101-128 
110-127 

WEATHER COM). START OF TEST 

TIME 

1000 
0850 
0730 
0735 
1255 

0700 
0810 
0730 
0835 
0815 

0730 
0745 
0835 
0807 
0645 

0745 
0745 
0750 
0800 
0745 

0745 
0915 
0815 
0745 
0745 

WltC SPEED 
(mi/h) 

5 
calm 
calm 
calm 

5 

5 
calm 
calm 
calm 

4 

2 
calm 
calm 
calm 

2 

1 
2 

calm 
calm 
calm 

calm 
calm 
calm 
calm 
calm 

TEMPERATURE 
CF) 

72 
79 
78 
68 
80 

66 
68 
71 
72 
75 

78 
80 
76 
74 
78 

68 
66 
63 
68 
72 

70 
68 
69 
62 
70 

WEATHER COM). 

TIME 

1300 
1045 
0920 
1305 
1405 

0850 
1325 
1030 
1130 
0932 

0845 
1050 
1000 
0938 
1155 

1255 
1245 
1300 
1300 
1110 

1055 
1045 
1130 
0922 
0900 

END OF TEST 
VHfD SPEED TEMPERATURE 

(mi/h) 

5 
calm 

3 
calm 

5 

5 
calm 
calm 
calm 

4 

2 
calm 
calm 
calm 

2 

1 
5 
5 

calm 
calm 

calm 
calm 
calm 
calm 
calm 

CF) 

75 
82 
83 
80 
83 

70 
92 
78 
78 
76 

83 
83 
78 
76 
86 

78 
85 
80 
96 
76 

74 
70 
74 
72 
72 

*Vehicle on charge over weekend. 



III. OBJECTIVES 

The characteristics of interest for the EVA Curent Fare Wafjon electric vehicle are: range 

at constant speed, range when operated in a selected driving mode, maximum acceleration, 

gradeability limit, road energy, road power, and vehicle energy economy. 

IV. TEST VEHICLE DESCRIPTION 

a. Descr ip t ion . The EVA Current Fare Wagon is a standard Ford Fairmont station 

wagon which has been converted to an electric vehicle (Figures 1 and 2). It is powered by 22 

6-V lead-acid batteries2 connected in series. The batteries are configured in two sections, one 

under the hood of the vehicle (Figures 3 and 4) and the other in what was the rear luggage com­

partment (Figures 5 and 6). Both battery packs are ventilated during operation and charging of 

the vehicle. 

The Current Fare Wagon has two full-sized front passenger seats and one bench-type 
rear seat and can easily accommodate four people. The interior is upholstered in blue vinyl 
plastic. The vehicle has the standard instrumentation found in an internal combustion engine 
auto: speedometer, odometer, windshield wipers, etc. It also contains a complement of electric 
vehicle instrumentation consisting of: a d.c. digital voltmeter which shows traction battery 
voltage and auxiliary battery voltage, a d.c. ammeter which indicates traction battery current, 
and a motor temperature overheat gauge (Figure 7). Other data on vehicle equipment and 
features are given in Appendix A. 

b . O p e r a t i n g Charac ter i s t ics . The Current Fare Wagon has a standard ac­
celerator, brake, clutch, steering configuration, and a manual four-speed transmission. It is 
powered from the traction battery pack through a Pulsomatic Mark 10 SCR controller by 
Cableform, to a 30-hp series-wound d.c. motor. It also has a 12-V auxiliary battery to power 
the accessories. 

V. INSTRUMENTATION 

The Current Fare Wagon was instrumented with a Labeco fifth wheel to provide ac­
curate speed and range information. The traction battery voltage and current were monitored 
and preconditioned for the recorder. These data yvere electronically mulitplied to 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 Semitronics Hall Effect Watt-

Sw Srrlinn I \ ami \p|>iMl(li\ \ . 
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Figure 2. Rear %-view current fare wagon. 



Figure 3. Front battery pack (covered). 
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Figure 4. Front battery pack (open). 
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Figure 5. Rear battery pack (covered). 



Figure 6. Rear battery pack (open). 



Figure?. Instrument panel. 



hour meter was also used to provide a concurrent reading of traction system power and energy 
during tests and during recharge of the traction battery. These data were recorded on a 
Lockheed Store 7 F.M. recorder. Details of the recorder arc given in Appendix I) of 
MERADCOM Report 2244. 

VI. TEST PROCEDURES 

The tests were performed at the MERADCOM lest facility at Fort Belvoir and at the 
Aberdeen Proving Ground (APG) test facility at Aberdeen, Maryland. When the vehicle was 
delivered to MERADCOM, the pretest checks described in Appendix K of MERADCOM Report 
2244 were conducted. A shakedoyvn run was performed to familiarize the driver yvith the 
operating characteristics of the vehicle and to verify proper operation of all instrumentation 
systems. All tests were run in accordance with the DOE Electric and Hybrid Vehicle Test and 
Evaluation Procedures (Appendix A of MERADCOM Report 2244). All tests yvere performed 
at a gross vehicle weight of 2250 kg (4960 lb). 

a. Max imum Speed. The maximum speed of the vehicle is measured during the ac­
celeration coast-down tests. It is defined as the maximum speed that can be reached under full 
power on the Aberdeen Proving Ground 3-mi straightaway track. 

b . M a x i m u m Cruise Speed. The MERADCOM facility has a 2.0-km (1.24-mi) loop 
yvith a total of 1.46 km (0.91 mi) at a l-pcrcent grade, 0.36 km (0.23 mi) at a 3-^|t'rcent grade, 
and 0.23 km (0.14 mi) at a 5-percent grade. The maximum maintainable speed on this partial­
ly level track is measured. If the vehicle's maximum speed exceeds the safe limits of the 
MERADCOM Test Track, the 3-nii track at APG is used. 

c. R a n g e Tests (Constant Speed). Range tests at constant speeds of 25. 35, 45, and 

55 mi/h are carried out on the MERADCOM loop. The vehicle is driven until it can no longer 
maintain at least 95 percent of the designated teM speed on the level portion of the loop. 

d. R a n g e Tests (Driving Cycles). The vehicle is tested on a level track, driving the 
SAE J277a simulated city like acceleration, cruise, coast, brake, and idle cycle repetitively un­
til the vehicle can no longer meet acceleration to lime requirements. The EVA Current Fare 
Wagon yvas run through B-cvcle (20 mi/h). C-cycle (30 mi/h). and D-cvcle (45 mi/h) tests. For 
further information concerning cycle lest details and selection criteria see Appendix A of 
MERADCOM Report 2244. 

The Brake portion of the cycle testing of the EVA Current Fare Wagon posed 
something of a dilemma, since the vehicle regeneraliycly brakes during this period. This 
regenerative braking action can cause the average cycle distance to be reduced. However, the 
additional energy obtained through regeneration more than offsets this reduction. 
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e. Maximum Acceleration. Maximum acceleration is calculated from the recorded 
time and velocity data. The tests are conducted on the 3-mi straightaway at APG. The vehicle 
is maximally accelerted within manufacturer's recommended standards for the vehicle, 
allowed to cruise a short lime at that speed, and then allowed to free-wheel coast down to a 
stop. The vehicle is run lluoiigli ibis cycle repetitively until the traction battery is discharged, 
then the test is terminated. This le>t is performed with the vehicle instrumented as indicated in 
Section V. 

Computer analysis is used to determine which of the cycles corresponds to 0-, 40-, 
and 80-percent slates of battery discharge. 

f. Gradeability. Gradeabilit) is the grade in percent which the vehicle is able to 
traverse at any selected speed, ll is calculated from maximum acceleration tests by using the 
equation: 

G = 100 tan (sin'1 0.0455an)7f 

where: 

a = acceleration in miles per hour per second. 

g. Coast-Down Tests . Vs indicated above, the coast-down tests are an intimate part 
of the acceleration tests. The following data result: 

• Road Energy Consumption: Road energy is a measure of the energy 
consumed overcoming the vehicle's aerodynamic and rolling resistance. 

• The road energy for the vehicle at various speeds and the losses in the 
n were del 

following equation: 
drive train yvere determined from coast-down tests. Road energy E^ is calculated from the 

V n 1 " V n k W h 

E, = 9.07 x lO"5 W — 
t n - V l m i 

where: 

V = vehicle speed, mi/h 

\\ = gross vehicle weight, lb 

I = Time, s 

13 



V -V -/u; 
n-i II = a, nu/h/s. 

1 ' i 
I I n-l 

• Road Power Requirements. Road power is a measure of vehicle 
aerodynamic and rolling resistance. The road power, P , required to propel a vehicle at speed n 
is determined from coast-down tests. The following equation was used: 

- v 2 V 
P.. _ 6.08 x 1(P W 

where: 

W = Gross Vehicle Test Weight, lb 

V = Vehicle Speed, mi/h 

t = Time, s. 

h. Tractive Force Tests . The maximum-grade capability of the test vehicle is deter­
mined from tractive force tests by towing a field dynamometer at approximately 1.6 km/h (1 
mi/h) while the test vehicle is being driven with wide-open throttle. The force is measured by 
the dynamometer instrumentation from a load cell attached between the vehicles. The test is 
run yvith the batteries 0-, 40-, and 80-percent discharged. From the results of the tractive force 
tests, the gradeability limit is obtained. It is calculated from: 

Gradeability limit in percent = 100 tan sin I"' P I 

where: 

P = tractive force (lb) 

W = gross vehicle weight (lb). 

14 



VII. TEST RESULTS AND DISCUSSION 

The data collected 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 to determine vehicle range, 
energy economy, and efficiencies. 

a. Max imum Speed. The EVA Current Fare Wagon had an average maximum 
speed of 95.9 km/h (59.6 mi/h). This maximum cruise speed was beyond that which could be 
measured on the MERADCOM Test Track and was checked at APG. 

b . R a n g e (Constant Speed a n d Driving Cycles). The EVA Current Fare Wagon 
was tested at constant speeds: 40.2 km/h (25 mi/h), 56.3 km/h (35 mi/h), 72.4 km/h (45 mi/h), 
and 88.5 km/h (55 mi/h). It was also tested under B, C, and D driving cycles. All test results are 
summarized in Table 1. Velocity, voltage, current, and power curves for the third cycle and the 
next-to-last-cycle, representative of each type of driving cycle test, are given in Figures 8 
through 31 . The final portion of the power curves for each of the driving cycles is due to 
regenerative braking and was reversed in polarity by the computer analysis program. Figures 8 
to 15 are from the schedule B cycle test performed on 28 August 1981. Figures 16 to 23 are 
from the schedule C cycle test performed on 31 August 1981. Figures 24 to 30 are from the 
schedule D cycle test performed on 3 September 1981. The numerical results are tabulated in 
Appendix B. 

c. Max imum Accelera t ion, The EVA Current Fare Wagon accelerated to 50 km/h 
(31.1 mi/h) in 9.6 s and to 80.4 km/h (50 mi/h) in 31.2 s; both values are averages based on at 
least 10 runs. 

• Velocity. Velocity versus time of the Current Fare Wagon is given 0-, 40-, and 

80-percent depths of discharge (DOD) in Figure 32. 

• Accelera t ion vs. Velocity. Figures 33a, b, and c show vehicle acceleration 

versus velocity for 0-, 40-, and 80-percent DOD, respectively. 

• Gradeab i l i ty at Speed. Figures 34a, b, and c give the Current Fare Wagon 

gradeability at speed for 0-, 40-, and 80-percent DOD of the traction battery, respectively. 

d. Coast-Down Tests . From the coast-downs, the velocity versus (Figure 35) was ob­
tained for the 0-, 40-, and 80-percent DOD. The coast-down portion of the acceleration coast-
down tests yielded the following results: 

15 
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• Road Energy Consumption. The road energy consumption of the Current 
Fare Wagon is shown in Figure 36. 

• Road Power . The road power requirements for the Current Fare 
Wagon are shown in Figure 37. The data for the maximum acceleration and coast-down test 
figures are tabulated in Appendix C. 

e. Gradeability Limit. The EVA Current Fare Wagon displayed the capability to 
negotiate a grade based on the results obtained at 0-, 40-, and 80-percent DOD (Table 3). The 
traction force data are given for first gear and reverse gear, as well as for the three states of 
discharge. 

Table 3. Gradeability Limit Test Results 

Gear Tractive Force Gradeability Limit 

(lb) (%) 

0% DOD First 2685 

Reverse 2614 

40% DOD First 2595 

Reverse* 

80% DOD First 1068 22.1 

Reverse** 1040 21.4 

* Did not complete pull: transmission noisy. 
** Calculated from gear ratios. 

f. Indicated Energy Economy. The SAE J227a test procedure defines energy 
economy as "the vehicle range in various operating modes divided into the a.c. energy required 
to return the battery to its original state of charge." Electrical power transfer was monitored at 
three points. A rotating Watt-hour meter measured the 60 Hz a.c. energy input to the charger. 
A Hall-effect device measured the energy out of the battery. See Table 2 for a.c. charger energy 
and net d.c. energy from the propulsion battery. 
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VIII. COMPONENT PERFORMANCE AND EFFICIENCY 

a. Battery C h a r g e r . 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 Charac te r i s t i cs . 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. 
On 10 April, while the vehicle was being driven at MERADCOM, some difficulty was ex­
perienced with the automatic 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 Electric 
Vehicle Associates. This was equipped as was the first one except that it had a manually 
operated 4-speed transmission and the batteries were interconnected with spring-loaded quick-
disconnect cables. While undergoing testing, the spring-loaded connectors had a tendency to 
work up and off the tapered battery posts. In early January 1981, a representative of EVA ar­
rived and changed all the spring-loaded cables to the standard bolted battery post connectors. 
Testing continued; however, the vehicle performance was not as good as the manufacturer ex­
pected. After some discussion, 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 criteria for Self-Certification and Verification Procedures for Elec­
tric and Hybrid Vehicles (Appendix D). The following are the results of verification test results 
performed at MERADCOM (paragraphs are referenced to the DOE "Performance Standards 
for Demonstrations" as published in the Federal Register, 12 February 1980, Part IV): 

475.10: 

a. Acceleration: 0-50 km/h (31.1 mi/h) in 9.6 s. 

b. Gradeability at Speed: At 25 km/h (15 mi/h) the vehicle can traverse a 14.6-percent 
grade based on calculation from acceleration tests. 

c. Gradeability Limit: Calculations based on draw-bar pull test indicate a 
22.1-percent forward and a 21.4-percent reverse gradeabillity for at least 20 s. 

d. Forward Speed Capability: Forward speed of 80 km/h (50 mi/h) was maintained 
for more than 5 min on the level ( ± 1-percent grade) portion of the MERADCOM test track. 

e. Range: SAE J227a Cycle C on level ( ± 1-percent) terrain yielded 74.3 km (46.2 mi) 
and 129 cycles. 

f. Battery Recharge Time: After an 80-percent discharge, recharged with off-board 
charger (30 A, 240 V) for 10 h. After recharge, the vehicle yielded 76.1 km (47.3 mi) and 140 
cycles. 

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 battery 
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 

loaded-voltmeter type. 

k. Odometer: The vehicle is equipped with an odometer. 

1. Passenger Comfort Heater: Gasoline-fired unit manufactured by Espar and rated at 

8000 Btu. 

m. Documentation: Operations manual, maintenance manual, and electrical 
schematics were submitted with the vehicle. 

n. Emissions: Did not evaluate. 

o. Safety, etc.: The Department of Transportation (DOT) is performing these evalua­
tions. MERADCOM performed the following checks for design intent: 

(1) Electrical Isolation: The electrical propulsion system is isolated from the vehicle 
chassis. 

(2) Safety Standards 208 and 301: DOT will check 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 ft3/min. 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 through the grill while the vehicle is 
operating. 

(5) 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° C and + 5 0 ° C. Subsequent operation at each of those temperatures 
revealed no damage to the vehicle or hazard to personnel. 
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APPENDIX A 

VEHICLE SUMMARY DATA SHEET 

1. Vehicle Manufacturer Name and Address: 

Lectra Motors Corp. 
5380 S. Valley View Boulevard 
Las Vegas, Nevada 89118 
702/736-4915 

2. Vehicle Description: 

Name: Current Fare Wagon 
Model: Station Wagon 
Availability: 120 days 
Price: $15,993.00 

3. Vehicle Weight: 

Curb Wt: 1909.6 kg (4210 lb) 
Passenger Wt: 204 kg (450 lb) 
Driver Wt: 68 kg (150 lb) 
Payload Wt: 68 kg (150 lb) 
Gross Wt: 2250 kg (4960 lb) 

4. Vehicle Size: 

Wheelbase: 2.7 m (105.5 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: 
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a. Headlights: 2 

b. Taillights: 2 

c. Directionals: 4 

d. Warning: 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. 1st gear ratio, 4.07:1 

b. 2nd gear ratio, 2.57:1 

c. 3rd gear ratio, 1.66:1 

d. 4th gear ratio, 1.00:1 

e. Reverse gear, 3.95:1. 

6. Propulsion Batteries: 

Type: Lead-Acid 
Manufacturer: Exide 
No. of Modules: 22 
Model: XPV 23-3 
No. of Cells: 66 
Battery Voltage: 132 V 
Ah Capacity: 165 Ah 
Battery Size: .25 m x .24 m x .18 m 

(10 in. x 9.5 in. x 7 in.) 



Battery Weight: 30 kg (66 lb) 
Battery Rate: 75 A for 125 min. 
Battery Cycles: 300 minimum 

7. Auxiliary Battery: 

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 8 in.) 
Battery Weight: 9 kg (20 lb) 
Battery Rate: 20 hr 

8. Controller: 

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

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

9. Propulsion Motor: 

Type: Series 
Manufacturer: Reliance 
Insulation Class: H 
Voltage Rating: 120 V 
Current Rating: 200 A 
HP Rating: 30 hp 
Weight: 100 kg (220 lb) 
Size: .3 m D x .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: 8 
Type: 4 fixed, 4 wind-down 
No. of seats: 4 
Type: 2 bucket, 1 bench 
Cargo volume: 2.25 m3 (79.5 ft3) 
Cargo Dimensions: 1.14 m x .73 m x 2.07 m 

(45 in. x 28.8 in. x 81.7 in.) 

1 1 . Chassis: 

Type Frame: Standard Ford Fairmont 
Manufacturer: Ford 
Type Material: Steel 
Modifications: Battery Retention 

Stiffeners 
Type Springs: Coil 
Type Shocks: Hydraulic 
Axle Type (front): Standard Ford 
Axle Type (rear): Hotchkiss 
Axle Manufacturer: Ford 
Drive Line Ratio: 3.44:1 
Type Brakes (front): Disc 
Type Brakes (rear): Drum 
Regenerative Brakes: Yes 
Tire Type: Radials 
Manufacturer: Firestone 
Size: P-185/75R14 
Pressure: 241.3 kPa (35 lb/in.2) 
Rolling Radius: .31 m (1.022 ft) 

12 . Battery Charger: 

Type: Ferro-Resonant 
Manufacturer: DC Systems, Inc. 
On- or Off-Board: Off-Board 
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Input Voltage: 240 V a.c. 
Peak Current: 30 A 
Recharger Timer: Yes 
Size: .42 m x .23 m x .38 m 

(16.8 in. x 9.4 in. x 15.25 in.) 
Weight: 61.2 kg (135 lb) 
Automatic Turn-Off: Yes 
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APPENDIX B 

DRIVING CYCLE DATA 
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1 . 2 0 
1 . 5 0 

- 3 4 . 6 5 
- 3 8 . 4 3 

CVCLE 3 

POUER 
(KU) 

5 . 0 6 4 6 
5 . 3 3 9 4 
5 . 2 7 S 2 
5 . 1 0 2 1 
5 . 2 8 6 7 
5 . 2 8 9 6 
5 . 2 3 7 7 
6 . 6 3 4 7 
7 . 0 7 2 0 
3 . 5 7 4 7 
9 . 0 5 6 3 
9 . 9 5 6 2 

1 0 , 5 0 1 3 
1 0 . 3 9 7 5 
1 8 . 2 4 4 6 
1 0 . 3 2 8 3 
lO.H'J- l 
lJ>.3t77 

9,' : '447 
9 . c l 5 0 
9.030-4 
f i . s ^ a ? 
i . 7 2 V 5 
s^iay 1 . 4 1 6 0 
d ,5 t?e j 
S , 4 4 2 0 
S . 4 1 3 2 
3 , 5 7 4 7 
3 . 4 4 ^ 9 
3 . 3 7 5 7 
3 . 4 3 9 1 
8 . 2 8 9 1 
4 . 2 8 5 9 

. 2 5 0 9 

. 1 8 1 7 

. 3 8 6 5 

. 2 2 5 0 

. 3 1 1 5 

. 2 8 2 6 

. 2 7 9 8 

. 4 5 2 8 
1 . 6 3 8 2 
5 . 8 7 8 0 
6 . 4 3 1 7 

http://i5.ee
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B-CVCLE 

ELAPSED 
TIME (SEC) 

.50 
1.00 
1.60 
2.00 
2.50 
:*.eo 
3.50 
4.00 
^.50 
5.00 
5.50 
6.00 
6.50 
7.00 
7,50 
8.00 
8.50 
9.00 
5.50 

10.00 
50.50 
13.00 
13.5« 
12.00 
12.50 
13.00 
13.50 
14.00 
14.50 
15.00 
15.50 
16.00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
20.00 
20.50 
21.00 
81.50 
88.00 
88.50 

dELOCITY 
dll/HR) 

1.21 
.21 
.57 

1.45 
2.57 
3.45 
^.14 
4.63 
5.05 
5.36 
5.59 
5.30 
5.14 
«..40 

t.vo 
7.09 
7.50 
7.34 
-:.2-? 
2.54 
3.?0 
r;.g3 
3.19 
3.20 
3.22 
9.85 
10,83 
11.88 
12,35 
13.61 
14.40 
15.16 
15.91 
16,70 
17.30 
17.93 
18.53 
19.05 
19.69 
80.82 
80.49 
80.60 
80.57 
20.60 
80.65 

UOLTflGE 
(UOLTS) 

136.47 
133.08 
135.61 
134.66 
134.39 
134.36 
135,08 
134.97 
134.64 
135.52 
134.73 
135.65 
134.93 
134.64 
133.95 
13:). 06 
133.39 
133.50 
135.23 
333.31 
133.66 
133.62 
134.11 
133.39 
131,63 
126.13 
123.30 
124.81 
125.37 
126.26 
125.15 
184.09 
184.88 
125.41 
185.80 
186.04 
185.83 
124.90 
185.42 
189,54 
133.04 
138.90 
133.11 
133.50 
133.45 

CURRENT 
(ACIPS) 

4,66 
9.45 

32.23 
46.05 
43.47 
46.03 
43.03 
37.13 
42.49 
30.87 
39.65 
30.10 
37.73 
38.73 
53.84 
GO.17 
56.23 
54.71 
53.45 
50.84 
50.82 
50.33 
48.13 
44.68 
76.70 
153.67 
182.93 
170.6? 
159.89 
145.64 
166.67 
176.73 
166.06 
156.23 
148.39 
158.13 
157.36 
163.19 
157.83 
94.78 
58.59 
58.14 
51.88 
48.30 
45.98 

CVCLE •*-! 

POUER 
IKU • 

.5293 
1 .1594 
3.3513 
6.1693 
6.6769 
5.9616 
5.6040 
5.3271 
5,06V5 
4.9031 
4.7329 
4.8079 
4.9377 
5.0377 
6.8499 
7.7902 
7.5450 
7.2422 
6.8536 
6.9653 
6.7461 
6.7432 
6.4865 
6,<,'424 
6,8141 
17,6483 
22,0957 
21.2449 
19.3361 
17.8012 
19.5894 
81.2132 
20.0428 
18.8879 
17.8819 
18.3751 
18.5251 
19.0991 
18.8597 
13.2961 
7.2880 
6.8471 
6.6688 
6.6948 
6.3198 

B-CVCLE 

ELAPSED 
TIHE (SF.C) 

23.00 
23.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 
27.00 
27.50 
23.00 
23,50 
29.00 
23.50 
30.00 
30.50 
31 .00 
31.50 
32.00 
32.50 
33.00 
33.50 
34.00 
34.50 
35.00 
35.50 
36.00 
36.50 
37.00 
37.60 
38.00 
38.50 
39,00 
39.50 
40.00 
40.50 
41.00 
41,50 
42.00 
42.50 
43.00 
43.50 
44.00 
44.50 
45.00 

UELOCITY 
(tll-'HR) 

20.62 
20,65 
20.62 
20.59 
20.59 
20.54 
20.55 
20,51 
20.42 
20.44 
20,44 
20.33 
20.32 
20.27 
20.27 
20.34 
20.33 
20.84 
20.15 
20.14 
20.13 
20.04 
20.06 
20.07 
20.03 
20.06 
20.09 
80.20 
20.37 
20.47 
20.65 
20.77 
80.78 
80.59 
20.43 
20,35 
80.16 
19.93 
19.81 
19.63 
19.03 
17.78 
16.31 
14.98 
13.53 

UOLTAGE 
(UOLTS) 

133.71 
134.00 
133.90 
134.25 
134.02 
133.92 
134.39 
134.05 
134.26 
134.27 
134.07 
134.47 
134.05 
134.21 
134,52 
134.23 
134.34 
134.22 
134.25 
134,59 
134.22 
134.28 
133.95 
133.45 
133.26 
132.44 
131.97 
131.93 
131.46 
J31.23 
131.85 
136.10 
137.48 
137.48 
137.48 
137.73 
137.61 
137.80 
137.76 
137.97 
141.40 
141.44 
141.33 
141.10 
140.80 

CURRENT 
(AUPS > 

44.31 
42.55 
48.71 
41.80 
42.27 
41.36 
40.20 
41.32 
40.63 
40.77 
41 .31 
40.23 
41.62 
41.09 
40,35 
40.79 
40,12 
10.57 
40.36 
39.32 
40.43 
40.33 
44,53 
50,25 
S4.60 
G1.C3 
66.84 
63.98 
74.73 
76.66 
76.65 
15.32 
6.07 
6.71 
6.65 
6.16 
6.83 
6.35 
6.55 
-.30 

-45.43 
-45,02 
-40.66 
-34.61 
-38.78 

CVCLE H-1 

POUER 
(KU) 

6.1931 
5.8866 
5.7972 
5.8145 
5.6213 
5.3761 
5.5492 
5.3377 
5.3675 
5.4655 
5.3963 
6.5549 
^.3675 
5.4771 
5.5203 
5.5232 
5.3444 
5.2833 
6.3617 
5.5953 
5.3559 
5.5722 
5.9645 
6.50.38 
7.0432 
7-75,85 
a.*95S 
9.1948 
9.6620 
9.8524 
9.9677 
3.8707 
1.0810 
.3631 
.7903 
.8820 
.7386 
.8451 
.7386 

8.8878 
6.9878 
7.3450 
7.2681 
6.5586 
5.7741 



B-CYCLE 

ELAPSED 
TIHE (SEC) 

45.50 
46.00 
46.50 
47.00 
47.50 
48.00 

VELOCITY 
(NIz-HR) 

12.15 
10.77 
9.34 
7.65 
5.61 
3.09 

VOLTAGE 
(VOLTS) 

140.74 
140.21 
139.94 
339,50 
133.78 
133.41 

CURRENT 
(ANPS) 

-30.93 
-22.30 
-18.15 
-11.42 
-4.63 
2.03 

CYCLE N-1 

POUER 
(KU) 

5.4367 
3.9340 
3.5418 
2.1391 
.9518 
.1529 

ON 

4-



:-CVCLE 

ELAPSED 
TIME (SEC? 

.50 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.'JO 
4,50 
5.00 
5.50 
6.00 
6.50 
7.00 
7.50 
8,00 
3.50 
3.00 
3.50 
10.00 
10.50 
11.00 
11 .50 
12.00 
12.50 
13.00 
13.60 
14.00 
14.50 
15.00 
15.50 
16.00 
16.50 
17.00 
17.50 
18.00 
13.50 
19.00 
19.50 
20.00 
20.50 
21.00 
21.50 
22.00 
22.50 

VELOCITV 
(NI -HR) 

1.30 
3.44 
5.23 
6.94 
3.34 
5.39 
10.23 
10.96 
11.55 
12.00 
ia.ii 
K'.H? 
13.65 
14.96 
16.24 
17.62 
1 2. iP 
£0.02 
50.94 
21.5? 
£1.90 
23.3'' 
22,48 
£3.53 
24.52 
£5.42 
25.93 
86.SI 
27.13 
£7.49 
27.83 
28.40 
26.93 
23.76 
30.43 
30.70 
30.75 
30.70 
30.64 
30.60 
30.51 
30.62 
30,49 
30.38 
30.43 

VOLTAGE 
(VOLTS) 

135.72 
131.7? 
130.20 
130.42 
131.55 
13!.95 
132.56 
13£.70 
132.31 
134.00 
334.06 
127,42 
123,92 
123.14 
121.13 
120.23 
123.36 
324.14 
126.45 
129,19 
332.06 
123.67 
120.53 
120.08 
121.61 
125.08 
126.25 
126.69 
127.06 
127.39 
126.17 
123.52 
120.42 
119.94 
130.40 
133.64 
134,41 
134.50 
135.00 
134.81 
134.34 
135.08 
134.98 
135.19 
135.08 

CURRENT 
(APIPS) 

72.51 
136.98 
152.52 
144.58 
127.35 
115.61 
106.86 
101.33 
97.61 
B3.53 
77.23 
183.01 
244.42 
251.11 
267,93 
296.47 
265.55 
227,32 
182.44 
3 38.21 
94.52 
135.58 
291.40 
294.38 
264.33 
205.22 
181.15 
176.27 
168.45 
162.57 
1S9.65 
229.60 
236.70 
295.75 
109.77 
64.99 
56.04 
56.01 
54.26 
55.02 
54.68 
53.94 
54.78 
53.94 
54.52 

CYCLE 3 

POUER 
(KU) 

9.5582 
17,7464 
20.2700 
19.9759 
17.5531 
15.4361 
14.3315 
13.5730 
12.9010 
11.7127 
10.1293 
21.2651 
30.5262 
30.8983 
34.8409 
35.3331 
32.3633 
23.6255 
23.5263 
18.6761 
12.9293 
14.S276 
34.1949 
35.6024 
33.0470 
27.1430 
£3.4426 
22.3197 
22.0207 
21.0026 
23.3734 
27.9939 
33.3737 
35.6043 
17.737? 
9.2005 
7.5652 
7.4124 
7.4868 
7.3518 
7.3662 
7.4498 
7.3172 
7,3345 
7,3777 

C-CVCLE 

ELAPSED 
TINE (SEC) 

23.00 
23.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 
27,00 
27.50 
23.00 
23.50 
29.00 
29.50 
30.00 
30.50 
31.00 
31.50 
32.00 
32.50 
33.00 
33.50 
34.00 
34.50 
35.00 
35.50 
36,00 
36,50 
37.00 
37.60 
33.00 
33,50 
39,00 
39,50 
40.00 
40.50 
41.00 
41.50 
42.00 
42.50 
43.00 
43.50 
44.00 
44.50 
45.00 

VELOCITY 
(NI/HR) 

30.42 
30.36 
30.27 
30.17 
30,16 
30.13 
30.14 
30.13 
30.08 
30.09 
30.15 
30.22 
30.23 
30.36 
30.44 
30.43 
30.47 
30.48 
30.46 
30.38 
30.33 
30.22 
30.15 
30.06 
29.95 
29.91 
29.83 
29.73 
29.61 
29.49 
29.44 
29.33 
29.14 
28.98 
28.81 
28.63 
28.47 
23.26 
28.09 
27.95 
27.72 
27.54 
27.38 
27.19 
27,01 

UOLTAGE 
(UOLTS) 

135.03 
135.27 
135.03 
135.22 
135.16 
135.14 
135.37 
135,08 
134,56 
133.93 
133.36 
133.43 
133.50 
133.37 
134.36 
134.56 
134.77 
135,09 
135.49 
136.11 
136.24 
136.28 
136.58 
136.45 
136.40 
136.66 
136.71 
136.92 
136.74 
136.70 
136.36 
139.76 
140.10 
140.21 
140.23 
140.39 
140.43 
140.32 
140.48 
140.51 
140.61 
140.57 
140.65 
140.81 
140.43 

CURRENT 
iANPS) 

54.62 
53.97 
54.87 
54.26 
54.70 
54.66 
54.67 
56.37 
62.78 
75.27 
80.50 
80.94 
78.85 
71.49 
67.70 
62.30 
58.69 
56.55 
51.09 
44.46 
42,63 
42.23 
41.27 
41.95 
41,75 
40.66 
39.66 
38.21 
38.30 
38.73 
36.95 
2.74 
1.35 
1.72 
1.94 
1.53 
1,71 
1.90 
1.65 
1.70 
1.60 
1,83 
1.77 
1.23 
5.64 

CYCLE 3 

POUER 
(KU) 

7.2354 
7.4181 
7.3460 
7.3316 
7.3393 
7.3922 
7.5133 
7.6056 
S.4535 
9.9014 
10.6224 
10.8243 
10,5^73 
9,5E41 
9,3^53 
£.5003 
7.3-J93 
7.7463 
6.5313 
6.0251 
5.7655 
5.5751 
5.7020 
5.650) 
5.5694 
5.5:-47 
5.3386 
5.2146 
5.1396 
5.1021 
5.1858 
.9143 
.1536 
.2105 
.1702 
.2533 
.2430 
.1500 
.2019 
.1932 
.8596 
.8134 
.1557 
.8509 
.4384 
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ON 
00 

C-CVCLE 

ELAPSED 
TIHE (SEC) 

45.50 
46.00 
46.50 
47.00 
47.50 
48.00 
48.50 
49.00 
49.50 
50.00 
50.50 
51.00 
51.50 
5a.oo 
sa.50 
53.00 
53.50 
54.00 
54.50 
55.00 
55.50 
56.00 
56.50 
57.00 
57.60 
58.00 

VELOCITY 
(HI/HR) 

a8. 48 
as. 38 
as. ao 
28.08 
37.91 
37.47 
£6.62 
35.58 
24.62 
23.66 
aa.56 
31.23 
19.65 
17.57 
14.97 
ia.45 
10.52 
9.22 
3.39 
7.92 
7.49 
6.90 
5.57 
i.45 
1.34 
.20 

UOLTAGE 
(VOLTS) 

116.79 
116.54 
117.09 
117.20 
119.15 
128.80 
129.53 
130.23 
130.14 
129.84 
129.39 
128.54 
127.75 
127.47 
125.60 
134.64 
123.75 
121.46 
120.65 
120.93 
121.02 
121.23 
120.69 
121.18 
121.10 
120.80 

CURRENT 
(AIIPS) 

.49 
1.58 
.91 

1.13 
-9.03 

-53.23 
-53.24 
-53.86 
-47.93 
-48.64 
-41.33 
-36.56 
-31.63 
-36.81 
-18.61 
-14.36 
-10.59 

4.25 
6.99 
1.28 
1.25 
.56 

1.46 
.47 
.66 

1.15 

CYCLE N-'l 

POWER 
(tCU) 

.1038 
-.0635 
.0663 

-.0288 
a.1026 
7.2595 
7.8479 
7.6748 
7.6344 
7.1758 
6.5904 
6.1145 
5.4223 
4.7877 
3.3053 
2.3131 
1.6382 
.3894 
.8739 
.0000 

-.0202 
.0952 

-.1384 
.0490 
.0029 

-.0981 



ON 

D-CYCLE 

ELAPSED 
TIME vSEC) 

.50 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
Q.oe 
9.50 
10.00 
10.50 
ii.eo 
11.50 
12.00 
12.50 
13.00 
13.50 
14.00 
14.50 
15.00 
15.50 
16.00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
20.00 
20.50 
21.00 
21.50 
22.00 
22.SO 

VELOCITY 
(fll.-HR) 

.25 

.20 

.77 
1.S4 
2.76 
3.57 
•»,?0 
6.00 
7.27 
;.30 
9.05 
S.74 
10.34 
10.b? 
10.77 
10.74 
11.27 
22.40 
13.58 
14.35 
16.36 
17.SO 
19.55 
21.19 
22.63 
23.94 
24.5S 
25.93 
26.29 
26.20 
26.34 
26.66 
27.50 
28.75 
29.92 
31.09 
32.04 
32.92 
33.86 
34.63 
35.39 
36.11 
36.67 
36.96 
36.95 

VOLTAGE 
(VOLTS) 

140.32 
138.80 
136.71 
137.28 
135.71 
134.38 
131.85 
130.75 
131.84 
132.14 
132.32 
132.96 
132.67 
135.19 
137.83 
135.17 
128.42 
125.27 
122.62 
121.73 
118.95 
113.75 
114.74 
116.37 
118.33 
119.27 
120.22 
130.49 
136.37 
136.43 
132.10 
116.83 
112.00 
112.66 
113.88 
115.05 
115.50 
116.63 
116.99 
117.58 
118.51 
118.51 
131.19 
137.63 
126.27 

CURRENT 
(AMPS) 

-1.10 
17.16 
37.65 
34.74 
52.61 
71.81 
112.43 
117.55 
104.70 
95.75 
88.85 
84.48 
81.74 
46.16 
17.36 
46.95 
155.87 
200.36 
238.06 
258.56 
296.58 
395.35 
375.90 
333.45 
310.60 
289.38 
272.55 
102.86 
14.86 
21.22 
85.13 

341.62 
427.57 
404.06 
383.68 
365.88 
351.39 
337.08 
326.91 
315.39 
304.99 
297.01 
89.02 
7.93 

178.02 

CYCLE 3 

POUER 
(Kin 

.3461 
2.3939 
5.4050 
5.6780 
6.7301 
9.8E12 
15.3308 
16.5033 
14.8382 
13.3941 
12.1713 
11.7156 
11.0464 
7.8507 
2.6419 
5.6415 
19.0183 
25.2251 
29.2918 
32.2221 
34.6044 
43.9088 
43.7819 
40.0382 
37.3848 
34.8236 
33.0354 
17.5474 
2.4227 
3.1034 
9.4601 
34.7775 
48.2062 
45.8181 
43.9838 
42.3975 
40.7939 
39.6287 
38.3423 
37.1425 
36.4792 
35.3197 
16.2956 
1.0325 
16.3649 

D-CYCLE 

ELAPSED 
TINE (SEC) 

23.00 
£3.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 
30.50 
31.00 
31.50 
32.00 
32.50 
33.00 
33.50 
34.00 
34.50 
35.00 
35.50 
36.00 
36.50 
37.00 
37.50 
38.00 
38.50 
39.00 
39.50 
40.00 
40.50 
41.00 
41.50 
42.00 
42.50 
43.00 
43.50 
44.00 
44.50 
45.00 

VELOCITY 
(NI/HR) 

37.28 
38.07 
38.92 
39.85 
40.73 
41.54 
42.36 
43.05 
43.72 
44.40 
44.83 
45.19 
45.35 
45.51 
45.72 
45.80 
45.91 
46.05 
46.04 
46.01 
45.95 
45.89 
45.82 
45.69 
45.58 
45.41 
45.17 
45.05 
44.88 
44.73 
44.56 
44.31 
44.21 
44.09 
43.94 
43.83 
43.70 
43.74 
43.82 
43.88 
44.13 
44.38 
44.59 
44.75 
44.83 

VOLTAGE 
(VOLTS) 

111.36 
110.35 
110.93 
111.91 
112.08 
112.92 
113.42 
113.62 
114.56 
116.84 
125.18 
125.87 
125.93 
126.47 
136.38 
136.33 
138.97 
129.31 
130.37 
131.36 
131.90 
132.65 
132.36 
132.68 
134.37 
134.22 
134.52 
134.61 
134.41 
134.82 
134.59 
134.55 
134.89 
134.40 
134.04 
132.70 
130.70 
129.33 
126.35 
124.26 
122.44 
124.95 
128.00 
128.73 
129.11 

CURRENT 
(ANPS) 

438.89 
446.42 
433.73 
421.06 
410.57 
399.84 
390.37 
382.64 
374.13 
325.73 
176.87 
171.03 
166.32 
164.60 
1G4.45 
161.38 
125.33 
114.70 
103.36 
88.55 
76.60 
71.14 
71.13 
67.48 
50.94 
49.07 
48.43 
47.08 
48.45 
47.63 
46.90 
48.77 
47.93 
50.35 
58.37 
75.21 
102.66 
131.81 
173.35 
208.01 
237.24 
189.91 
143.70 
129.57 
121.26 

CYCLE 3 

POUER 
(KU) 

47.0122 
49.4695 
48.2870 
47.3583 
46.2046 
45.3624 
44.4799 
43.5627 
43.0666 
40.0555 
23.4311 
21.3544 
21.2045 
31.2161 
21.0718 
80.7561 
17.2590 
15.1420 
14.0171 
13.2405 
10.3600 
3.9331 
9.£562 
9.3794 
7.4931 
6.7144 
6.7201 
6.6371 
6.5183 
6.7086 
6.5932 
6.6048 
6.7490 
6.7086 
7.9661 
9.7197 
13.1057 
17.0744 
21.4410 
25.5942 
23.9226 
25.3635 
19.3817 
17.2070 
15.9611 



D-CYCLE CYCLE 3 ti-CVCLF CYCLE 3 

ELAPSED VELOCITY VOLTAGE CURRENT POUER 
TINE (SEC) (m/HR) (VOLTS' (AHPS) (KU) 

45.50 
46.00 
46.50 
47.00 
47.50 
48.00 
48.50 
49.00 
49.60 
66.00 
50.50 
51 .00 
51.50 
52.00 
53.50 
53.30 
53.50 
54.00 
54.SP 
55.00 
56.60 
66.00 
56,60 
57.00 
67.50 
68.00 
58.50 
59.00 
63.60 
GO. 00 
60.50 
61.00 
61.50 
62.00 
62.50 
63.00 
63.50 
64.00 
64.50 
65.00 
65.50 
66.00 
66.50 
67.00 
67.50 

44.90 
44.85 
44.81 
44.91 
44.96 
44.9G 
46.03 
45.03 
46.04 
45.07 
45.06 
45.11 
46.36 
45.1b 
•IS. 14 
46.09 
45.16 
45.17 
46, 17 
45.23 
45.23 
45. "51 
46 . 37 
45.37 
45.40 
4^.39 
45.46 
45.63 
45.47 
45.45 
45.40 
46.35 
45.36 
45.35 
45.35 
45.35 
45.30 
45.29 
45.26 
45.22 
45.27 
45.24 
45.20 
45.14 
45.05 

129.63 
129.41 
129.58 
129.49 
129.25 
129.26 
128.94 
128.88 
129.24 
128.90 
129.28 
129.43 
139.35 
129.78 
139.47 
129.54 
129.74 
139.56 
139.72 
133.62 
129.43 
133.81 
133.53 
139.67 
139.81 
130.39 
131.01 
130.76 
130.70 
130.93 
130.93 
131.06 
130.93 
130.91 
131.19 
130.92 
130.90 
131.10 
131.02 
131.27 
131.25 
131.31 
131.55 
131.32 
131.34 

118.72 
117.40 
116.60 
117.30 
119.49 
124.33 
127.07 
126.55 
123.91 
135.20 
122.31 
118.69 
118.67 
116.47 
116.47 
116.10 
115.50 
116.05 
115.40 
115.73 
115.88 
115.10 
115.76 
115.50 
113.6b 
103.21 
97.46 
97.72 
97.72 
97.15 
96.55 
96.13 
96.30 
97.37 
96.33 
96.35 
96.33 
36.33 
95.30 
94.13 
91.69 
90.33 
91.02 
90.52 
91.41 

15.7396 
15.4650 
15.4708 
15.4938 
15.5977 
16.3476 
16.6690 
16.5364 
16.4687 
16.3706 
16.2380 
15.7188 
15.5631 
15.5111 
15.3092 
15.3323 
15.3208 
15.2573 
15.2804 
15.3323 
15.3150 
15.3612 
15.2285 
15.2170 
15.1420 
13.9364 
13.2730 
13.1067 
13.0538 
13.1403 
13.0538 
13.0423 
13.0019 
12.9615 
13.1676 
13.0350 
12.9558 
13.0192 
12.8577 
12.8577 
12.3674 
12.2635 
12.4020 
12.2530 
12.3866 

ELAPiED '.'ELOCITY VOLTAGE CURRENT POUER 
TINE '6£C> (NI'HR) IVOLTS) (ANPS) (<U) 

90.47 
91.51 
90.72 
31.44 
91.36 
90.62 
31.69 
91.11 
91.39 
90.99 
31,64 
90.79 
92.09 
90.63 
92.14 
31.26 
52.34 
31 .51 
91.06 
31.64 
91.49 
91.96 
31.63 
27.83 

.60 

.93 

.42 
1.03 
.65 
.60 
.32 
.45 
.57 
.57 
.30 
.67 
.60 
.42 
.50 
.12 
.60 
.62 
.30 

5.96 
-24.11 

12.3443 
12.2578 
12.3789 
12.2809 
12.3443 
12.3962 
12.3443 
12.3733 
13.3155 
13.3847 
13.4481 
13.3693 
13.4133 
12.4533 
12.4078 
5 2.3363 
13.4664 
12.3165 
i a . 4 8 i 7 
13.?G74 
12.3733 
12.4R37 
12 4434 
6.5203 
.3S84 
.2633 
.3461 
.3430 
.2638 
.3307 
.2307 
.3230 
.2250 
.2711 
.2711 
.3173 
.2538 
.3288 
.2535 
.3346 
.2711 
.2077 
.2192 
.7210 

4.5974 

68.00 
63.50 
69.00 
69.50 
70.00 
70.50 
71 .00 
71.50 
72.00 
73.50 
73.00 
73.60 
74.00 
74.50 
75.00 
75.50 
76.00 
76.60 
77.00 
77.50 
78.00 
?8.50 
79.00 
79.50 
SO.OO 
80.50 
61,00 
31.50 
82.00 
82.50 
33.00 
33.50 
84.00 
34.50 
36.00 
35.50 
86.00 
86.50 
8V. 00 
87,50 
S8.00 
88.50 
89.00 
39.50 
90.00 

45.11 
46.10 
45.04 
45.01 
44.97 
45.00 
44.97 
44.90 
44.90 
44.87 
44.37 
44.84 
44.77 
44.78 
44.73 
44.64 
44.76 
44,66 
44.38 
44.33 
44.32 
44. IS 
44.08 
43.93 
43.33 
43.53 
43,37 
43.93 
43.69 
4c. ••S 
43.10 
41.79 
41.54 
41.33 
41.0b 
40.75 
40.44 
40.18 
39.96 
39.70 
39.39 
39.10 
38.88 
35.66 
38.20 

131.40 
131.36 
131.46 
131.36 
131.39 
131.66 
131.34 
131.42 
131.34 
131.35 
131.44 
131,35 
131.29 
131.53 
131.36 
131.43 
131.25 
131.27 
131.60 
131.35 
131.38 
131.39 
131.33 
135.37 
138.03 
138.16 
138.50 
138.4S 
138.61 
138.66 
138.68 
138.88 
138.85 
133.90 
139.01 
138.95 
139.06 
139.06 
139.16 
139.27 
139.13 
139.30 
139.28 
138.96 
141.25 



D-CYCLE CVCLE 3 

ELAPSED 
TIME (SEO 

90.50 
31.00 
91.50 
32.00 
93.50 
93.00 
93.50 
94.00 
34.50 
95.00 
95.60 
36.00 
96.50 
37.00 
97.50 
38.00 
38.50 
39.00 
33.60 
100.00 

VELOCITV 
•ni/HR) 

37.23 
35.74 
34.02 
52.30 
30.23 
28.35 
26.53 
24.99 
23.65 
32.i: 
30.78 
13.39 
17.71 
15.75 
13.66 
11.46 
3.31 
6.7S 
4.08 
1.63 

VOLTAGE 
(VOLTS) 

142.10 
14a.44 
142.60 
142.44 
142.13 
142.01 
141.89 
142.02 
141.85 
141.61 
141.eo 
141.60 
141.14 
141.11 
140.91 
140.79 
140.63 
140.23 
140.16 
140.35 

CURRENT 
(AMPS) 

-32.49 
-35.78 
-37.88 
-34.11 
-30.60 
-27.88 
-25.48 
-25.73 
-21.39 
-31.49 
-17.93 
-18.33 
-11.64 
-10.60 
-8.08 
-6.36 
-3.44 
-.10 
.62 
.35 

POUER 
(KU) 

6.0568 
6.4317 
6.4548 
6.3683 
5.8087 
5.5665 
5.2319 
4.9954 
4.7474 
4.9146 
4.1590 
3.3226 
2.6131 
2.1574 
1.8574 
1.4190 
.3806 
.3980 
.3980 
,3536 



-J 

D-CYCLE 

ELAPSED 
TINE rsEC) 

.60 
1 .00 
1.50 
3.00 
3.60 
3.00 
3.60 
4.00 
4.50 
5.00 
5.60 
t.00 
6.50 
7.00 
7.5'? 
8.00 
2.50 
3.00 
a.so 

lft,y-> 
10.50 
11. OC 
11,60 
12.CO 
12.se 
13.ee 
13.50 
H.oe 
14,50 
15.00 
15.50 
16.00 
16.50 
17.00 
17.50 
18.00 
12.50 
19.00 
19.50 
20.00 
20.50 
21.00 
21.50 
22.00 
22.50 

VELOCITV 
•MI HR^ 

.04 

.06 

.36 
3.76 
5.41 
S.13 
10.35 
11.99 
13.34 
14.3" 
15.27 
15.63 
16.91 
I©.9! 
i£,:5 
13.33 
1>?,33 
31 .13 
23.00 
.:;2.7r-: 
33.37 
34.03 
34.60 
36.30 
SS.71 
ic-.90 
35,94 
36.34 
37.13 
27.81 
28.36 
28.38 
23.54 
30.05 
30.59 
31.00 
31.46 
31.94 
32.33 
32.79 
33.14 
33.50 
33.79 
34.11 
34.64 

VOLTAGE 
(VOLTS i 

129.37 
126.69 
130.37 
105.14 
99.65 
97.33 
101.80 
105.13 
106.44 
107.86 
119.62 
125.40 
10(?.54 
55.82 
37.15 
98,Gfa 
33.18 
100,44 
101.16 
101.31 
102.46 
103.60 
103.00 
103.66 
107.28 
121.45 
107.54 
9 3.45 
94.37 
94.26 
34.61 
95.29 
95.06 
95.76 
95.81 
95.76 
96.52 
96.06 
96.59 
96.78 
96.51 
98.22 
94.00 
86.80 
87.16 

CURRENT 
(ANPS) 

1.80 
28.46 
95.13 

246.03 
308.70 
306.61 
350.03 
216.34 
135.69 
130.33 
59.83 
11.74 

311.08 
300.77 
276,73 
253.36 
244.49 
230.88 
230.48 
213,00 
204.80 
199.31 
194.30 
189.74 
145.87 
24.61 
164.25 
286.33 
273.24 
264.17 
256.24 
247.96 
242.52 
236.04 
231.33 
226.99 
221.53 
218.76 
£14.53 
210.83 
208.49 
195.50 
233.82 
289.25 
281.57 

CVCLE N-1 

POUER 
(KU l 

.1096 
2.8034 
9.3274 

22.0006 
28.3573 
39.1072 
35.1155 
2?.. 4909 
30.3333 
19.0875 
9.5233 
1.4363 

16.3833 
38,1308 
36.1307 
34,9030 
33,4838 
33,6438 
31.7756 
20,3133 
30.4950 
19.7624 
13.3686 
15.1048 
16.5321 
4.0436 

13.221! 
25.5654 
25.0303 
24.0137 
23.5061 
22.9869 
22.1736 
21-9830 
21.4179 
20.3700 
20.8526 
20.2643 
20.0393 
19.9066 
13.2375 
18.9895 
19.5951 
24.1406 
23.6791 

D-CVCLE 

ELAPSED 
TINE (SEC) 

23,00 
23.50 
24.00 
24.50 
25.00 
25.50 
36.00 
36.50 
27.00 
27.50 
28.00 
23,50 
29,00 
39,50 
30.00 
30.50 
31.00 
31.50 
32.00 
32.50 
33.00 
33.60 
34.00 
34.50 
35.00 
35.50 
36,00 
36.50 
37.00 
37.50 
38.00 
38.50 
39.00 
39.50 
40.00 
40.50 
41.00 
41.50 
42.00 
42.50 
43.00 
43.50 
44.00 
44.50 
45.00 

VELOCITY 
(NI/HR) 

35.0^ 
35.45 
35.93 
36.30 
36.65 
37.01 
37.29 
37.68 
37.98 
38.25 
38.60 
38.87 
39.16 
33.46 
33.6f. 
39.98 
40.21 
40.43 
40.'3 
40.87 
41.16 
41.40 
41.51 
41.72 
41.S5 
42.04 
42.25 
42.33 
42.50 
4a.6? 
42.80 
43.00 
43.16 
43.23 
43.45 
43.57 
43.69 
43.77 
43.84 
43.97 
43.93 
44.01 
44.09 
44.07 
44.18 

VOLTAGE 
(VOLTS) 

86.78 
87.34 
37.32 
37.01 
87,59 
87.26 
87.44 
87.78 
87.37 
87.90 
8V. 86 
87.75 
88.23 
87.80 
83.07 
83.33 
87.83 
88.46 
38.11 
88.11 
38.60 
88.05 
88.44 
88.44 
33.13 
85.68 
38.21 
38.24 
88.51 
38.03 
88.44 
88.20 
87.98 
88.48 
87.97 
38.26 
88.34 
87.84 
88.28 
87.93 
87.75 
88.07 
87.53 
87.84 
87.81 

CURRENT 
(ANPS) 

376.54 
270.35 
265.64 
262.07 
257,34 
£54.04 
250.33 
246.43 
244.10 
240.33 
237.76 
236.24 
331.73 
330.33 
337.51 
334.34 
333.6" 
330.90 
313.fa3 
217.76 
216.09 
214.^6 
212.60 
210.98 
210.13 
207.34 
207.36 
206.19 
204.40 
204.05 
202.25 
201.53 
200.93 
198.84 
198.61 
197.12 
195.99 
196.09 
194.50 
194.27 
193.90 
192.58 
192.73 
191.48 
190.76 

CYCLE N-1 

POUER 
(KM) 

32.9696 
22.7966 
22.3928 
21.8330 
21.8333 
21.2910 
21.0603 
20.3622 
20.4085 
30.4143 
20.0855 
19.7913 
13.7913 
13.4048 
13.3648 
13.1667 
ia.76R7 
tS.SQH 
IS.635? 
J8,3Go6 
13,4646 
13.1415 
is.uni 
17.3336 
17.7733 
I?.8243 
IV. 6936 
17.4661 
17.4955 
17.143G 
17.2705 
17.1551 
16.3955 
16.9934 
16.7225 
16.6937 
16.6937 
16.4110 
16.5341 
16.4052 
16.2833 
16.3822 
16.0649 
16.1110 
16.0764 
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D-CVCLE 

-4 

ELAPSED 
TINE (SEC) 

45.50 
46.00 
46.50 
47.00 
47.50 
48.00 
48.50 
49.00 
4S.50 
50.00 
50.50 
51.00 
51.50 
52.0iJ 
52.60 
53.00 
53.60 
54.00 
54.50 
55.00 
55.50 
56.00 
56.50 
57.00 
57.50 
58.08 
58.50 
59.00 
59.50 
60.00 
60. SO 
61.00 
61.50 
£2.00 
62.50 
63.00 
63.50 
64.00 
64.50 
65.00 
65.50 
66.00 
66.50 
67.00 
67.50 

VELOCITY 
(fll/HR) 

44.21 
44.37 
44.34 
44.27 
44.34 
44.38 
44.43 
44.54 
44.52 
44.58 
44.64 
44. GO 
44.68 
44."M 
44.70 
44.77 
44.75 
44.78 
44.86 
44.34 
44,87 
44.S5 
44.33 
44.98 
44.91 
44.90 
44.90 
44.35 
44.S8 
44.85 
44.86 
44.87 
44.31 
44.87 
44.90 
45.02 
45.12 
44.93 
44.95 
45.04 
44.98 
44.92 
44.93 
44.95 
45.14 

VOLTAGE 
(VOLTS) 

87.31 
87.74 
87.26 
87.25 
37,55 
87.08 
87.20 
87.08 
86.91 
87.23 
36.79 
86.85 
86.98 
86.47 
86.81 
86.41 
86.20 
86.67 
86.10 
86.16 
86.23 
86.53 
87.46 
87.38 
87.17 
87.51 
87.17 
87.44 
{J7.43 
37.28 
87.62 
87.26 
87.44 
87.61 
87.29 
87.46 
87.35 
87.25 
87.59 
87.07 
87.41 
87.18 
86.90 
87.22 
87.16 

CURRENT 
(ANPS) 

190.98 
189.56 
189.84 
189.21 
188.14 
188.89 
187.44 
186.87 
186.77 
185.40 
185.68 
184.90 
184.05 
184.35 
183.18 
183.25 
183,15 
181.91 
182.20 
181.51 
180.88 
174.67 
169.51 
168.47 
168.32 
167.04 
166.97 
165.82 
165.18 
164.33 
163.53 
163.13 
168.08 
161.41 
161.38 
160.91 
166.36 
160.29 
158.49 
159.49 
157.19 
159.81 
160.01 
158.64 
156.45 

CVCLE N-1 

POUER 
(KU) 

15.9149 
15.9668 
15.8399 
15.7246 
15.9092 
15.7361 
15.7130 
15.6380 
15.4650 
15.6438 
15.3554 
15.3383 
15.3208 
15.1996 
15.3150 
15.1823 
15.0035 
15.2400 
15.0208 
15.0093 
15.0208 
14.4728 
14.3575 
14.0344 
13.9306 
14.1325 
13.7743 
13.9191 
13.8360 
13.6307 
13.8037 
13.6614 
13.5326 
13.6133 
13.4807 
13.4230 
13.2730 
13.3249 
13.4388 
13.0884 
13.1743 
13.2038 
13.0134 
13.1807 
13.0423 

D-CYCLE 

ELAPSED 
TINE (SCO 

68.00 
68.50 
69.00 
69.50 
70.00 
70.50 
71.00 
71.50 
72.00 
72.50 
73.00 
73.50 
74.00 
74,50 
75.00 
75.50 
76.00 
76.50 
77.00 
77.50 
78.00 
78.50 
79.00 
79.50 
80.00 
80.50 
31.00 
81.50 
82.00 
88.50 
83.00 
83.50 
34.00 
84.50 
85.00 
85.50 
36.00 
86.50 
87.00 
87.50 
83.00 
88.50 
89.00 
69.50 
90.00 

VELOCITV 
(MI/HR) 

45.18 
45.08 
44.97 
44.92 
44.99 
44.98 
44.95 
44.96 
44.94 
44.94 
44.93 
44.93 
44.93 
44.84 
44.79 
44.77 
44.66 
44.60 
44.46 
44.31 
44.24 
44.13 
44.05 
43.86 
43.57 
43.33 
43.05 
42.76 
42.47 
42.13 
41.88 
41.62 
41.31 
41.06 
40.78 
40.56 
40.29 
39.95 
39.71 
39.44 
39.12 
38.89 
38.54 
37.98 
37.04 

VOLTAGE 
(VOLTS) 

87.01 
87.48 
87.22 
87.21 
87.21 
87.03 
87.33 
87.00 
87.20 
87.77 
87.69 
88.08 
87.92 
27. SO 
33.53 
92.63 
96.00 
96.58 
96.40 
96.97 
96.81 
96.88 
103.56 
116.06 
117.27 
113.09 
119.49 
119.25 
119.40 
119.75 
180.33 
120.38 
180.73 
180.83 
180.98 
121.50 
121.38 
121.57 
121.93 
122.00 
122.26 
121.95 
125.78 
129.58 
130.86 

CURRENT 
(ANPS) 

156.15 
154.70 
154.48 
154.40 
154.08 
153.30 
152.36 
152.98 
151.41 
148.24 
147.29 
145.72 
145.36 
115,36 
141.43 
113.33 
94.46 
93.63 
95.10 
93.16 
34. 33 
34.98 
£5.31 

.SO 

.37 

.12 

.67 
-.30 
.40 
.37 

-.47 
.35 
,07 
.17 
.30 

-.45 
.30 
.22 

-.05 
.25 

-.oa 
3.22 

-aa.34 
-40.97 
-48.90 

CYCLE H-l 

POUER 
(KU) 

12.9269 
13.0538 
18.8404 
12.8519 
12.7948 
12.6789 
12.8000 
12.6385 
12.5289 
12.7718 
12.6731 
13.7135 
13.6558 
13.4837 
13.5001 
11.2433 
9.3360 
10.3373 
10.0435 
10.1119 
10.3663 
10.4061 
7.7331 
S.SS^S 
5.3560 
5.3396 
5.6357 
5.4107 
3.3S03 
3.SGG3 
4.7301 
5.0342 
4.6205 
5.4357 
3.0284 
.1846 
.0238 
.0632 
.1961 

1.026S 
2.8265 
.7326 

3.6860 
7.9373 
10.5215 



^1 
4̂  

D-CVCLE 

ELAPSED 
TIME (SEC) 

30.60 
91.00 
91.50 
92.00 
92.50 
93.00 
33.50 
94.00 
34.60 
95.00 
SS.50 
96.00 
36.50 
97.00 
9-:,.50 
98,00 
33.50 
85.00 
35.60 
100.00 

VELOCITY 
(NI/HR) 

36.10 
35.24 
34.35 
33.47 
32.63 
31.76 
30.90 
30:01 
£3.06 
28.22 
£7.34 
26.44 
25.56 
£4.54 
23.39 
20.SI 
16.61: 
il.34 
7.03 
3.66 

VOLTAGE 
(VOLTS) 

131.25 
131.42 
131.28 
131.81 
131.77 
130.88 
131.39 
130.80 
130.82 
130.55 
130.26 
130.50 
129.84 
129.25 
128.31 
128.59 
127.74 
126.94 
126.28 
126.42 

CURRENT 
(AMPS) 

-49.05 
-48.77 
-45.78 
-48.35 
-50.00 
-38.40 
-40.65 
-37.05 
-38.10 
-33.36 
-28.53 
-28.95 
-26.03 
-21.99 
-18.58 
-18.63 
-10.62 
-4.06 

.62 
-.10 

CYCLE N-1 

POUER 
(KU' 

3.8870 
10.2965 
8.2142 
7.4989 
7.3431 
6.7721 
6.6798 
6.7086 
6.7548 
6.1491 
5.4165 
5.6588 
5.4107 
3.3976 
2.6593 
8.1930 
1.5517 
.8133 
.2192 
.2019 



APPENDIX C 

TABULATIONS OF DATA FROM MAXIMUM 

ACCELERATION AND COAST-DOWN TESTS 
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0%, CYCLE 1 

EVA CURRENT FARE STATION UAGON 
ACCELERATION AND GRADEABILITY 

ELAPSED 
TINE (SEC) 

. 5 0 
1 .00 
1 .50 
2 . 0 0 
3 . 6 0 
3 . 0 0 
3 . 6 0 
4 . 0 0 
4 . 5 0 
6 . 0 0 
6 . 5 0 
6 . 0 0 
6 . 6 0 
T.00 
7 . 6 0 
8 . 0 0 
8 . 5 0 
3 . 0 0 
9 . 5 0 

1 0 . 0 0 
1 0 . 6 0 
1 1 . 0 0 
1 1 . 6 0 
1 3 . 0 0 
1 3 . 5 0 
1 3 . 0 0 
1 3 . 5 0 
1 4 . 0 0 
1 4 . 5 0 
1 6 . 0 0 
1 5 . 5 0 
1 6 . 0 0 
1 6 . 5 0 
1 7 . 0 0 
1 7 . 6 0 
1 8 . 0 0 
1 8 . 5 0 
1 9 . 0 0 
1 3 . 5 0 
3 0 . 0 0 
2 0 . 5 0 
3 1 . 0 0 
2 1 . 5 0 
3 3 . 0 0 
3 3 . 5 0 

VELOCITV 
(KN/HR ) 

5 . 14 
5 . 3 6 
3 . 1 5 

1 3 . 8 0 
1 8 . 3 8 
3 1 . 7 3 
33s 90 
2 5 . 7 3 
3 6 . 3 1 
37 .4Q 
3 0 . 8 3 
3 3 . 1 3 
3 6 . 0 9 
3 7 . 1 3 
3 3 . 6 4 
4 0 . 1 3 
-tl . 4 4 
4 3 . 4 S 
4 J . 3 3 
4 4 . £ '̂  
45.93 
4 7 . 1 0 
4 7 . 6 5 
4 3 . 3 4 
5 0 . 3 3 
6 1 . 3 4 
6 3 . 7 ? 
5 3 . 9 0 
6 6 . 1 0 
6 6 . 4 3 
6 7 . 4 6 
6 3 , 5 3 
6 8 . 3 6 
6 0 . 3 3 
6 1 . 3 5 
6 1 . 6 5 
6 3 . 0 6 
6 4 . 4 3 
6 6 . 5 1 
6 6 . 7 0 
6 7 . 7 1 
6 3 . 7 6 
6 9 . 9 1 
7 0 . 6 3 
7 1 . 8 3 

ACCEL. 
OCN/HR/SEC ) 

5 . 3 7 
1 . 6 3 
6 . 3 3 
9 . 3 1 
S . 9 6 
7 . 0 3 
4 . 3 1 
3 . 6 5 

. 9 8 
3 . 6 5 
6.G9 
4 . 7 1 
3 . 8 0 
4 . 0 7 
3 . 8 3 
3 . 1 6 
£ . 6 3 
3 . 0 3 
3 . 7 6 
3 . 1 3 
3 . 0 6 
3 . 3 6 
1 .10 
1 .17 
3 . 9 5 
£ . 0 5 
3 . 0 9 
3 . 3 3 
3 . 4 0 
3 . 6 3 
3 . 0 6 
3 . 1 7 
1 .66 
1 . 7 3 
£ . 1 5 

. 5 3 
3 . 0 3 
2 . 7 4 
3 , 1 6 
3 . 3 9 
3 . 0 1 
3 . 0 8 
3 . 3 3 
1 .44 
3 . 5 1 

GRADE (!«) 

1 5 , 2 0 
4 . 6 5 

1 8 . 6 3 
3 7 . 6 3 
3 6 . 4 0 
2 0 . 4 6 
1 2 . 0 9 
1 0 . 4 5 

3 . 8 1 
7 . 3 3 

1 3 . 4 3 
1 3 . 5 5 
1 0 , 3 1 
1 1 , 6 9 

8 , 0 9 
9 , 0 4 
7 , 6 3 
5 , 8 0 
7 , 9 0 
6 , 0 6 
5 . 3 3 
6 , 7 3 
3 . 1 4 
3 . 3 5 

1 1 . 3 4 
6 . 8 6 
3 . 3 5 
G.36 
6 . 8 6 
7 . 5 3 
6 . 3 6 
6 , 3 1 
4 , 7 4 
4 , 3 0 
6 , 1 3 
1 ,47 
8 . 6 4 
7 . 8 3 
6 . 1 6 
6 . 8 2 
6 . 7 4 
5 . 9 5 
6 . 6 1 
4 . 1 0 
7 . 1 7 

AVG. UEL 
(KM/HP) 

3 . 3 3 
5 . 5 4 
7 . 6 6 

1 1 . 4 7 
1 6 . 0 4 
3 0 . 0 4 
3 3 . 3 6 
3 4 . 8 1 
3 6 . 9 7 
3 6 . 3 5 
3 9 . 1 6 
3 2 . 0 1 
3 4 . 1 4 
3 6 , 1 1 
3 7 . 3 4 
3 3 , 3 3 
4 0 , 7 8 
41 , 96 
4 3 . 1 4 
4 4 . 3 6 
4 5 . 4 1 
4 6 . 6 5 
4 7 . 3 8 
4 7 . 3 6 
4 3 . 2 3 
5 0 . 7 3 
6 2 . 0 3 
5 3 . 3 5 
5 4 . 6 0 
6 5 . 7 6 
6 6 . 9 3 
6 7 . 9 9 
6 8 . 3 5 
5 3 . 7 3 
6 0 . 7 6 
6 1 . 4 2 
6 3 . 3 1 
6 3 . 7 5 
6 4 . 9 7 
6 6 . 1 1 
G7.31 
6 8 . 3 3 
6 9 . 3 3 
7 6 . 2 7 
7 1 . 3 5 
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0% 

EVA CURRENT FARE STATION UAGON 
ACCELERATION AND GRADEABILITY 

ELAPSED VELOCITY ACCEL. GRADE (X ) AVG. VEL 
TINE (SEC) (KN/HR) (KN/HR/SEO (KN/HR) 

2 3 . 0 0 
3 3 . 6 0 
3 4 . 0 0 
£ 4 . 5 0 
3 5 . 0 0 
3 6 . 5 0 
3 6 . 0 0 
3 6 . 5 0 
3 7 . 0 0 
3 7 . 6 0 
3 3 . 0 0 
3 8 . 5 0 
3 3 . 0 0 
3 3 . 5 0 
3 0 . 0 0 
3 0 . 6 0 
3 1 . 0 0 
3 1 . 6 0 
3 3 . 0 0 
3 3 . 5 0 
3 3 . 0 0 
3 3 . 5 0 
3 4 . 0 0 
3 4 . 5 0 
3 6 . 0 0 
36 .5C 
3 6 . 0 0 
3 6 . 6 0 
3 7 . 0 0 
3 7 . 6 0 
3 8 . 0 0 
3 8 . 6 0 
3 9 . 0 0 
3 3 . 6 0 
4 0 . 0 0 
4 0 . 6 0 
4 1 . 0 0 
4 1 . 5 0 
4 2 . 0 0 
4 2 . 5 0 
4 3 . 0 0 
4 3 . 6 0 
4 4 . 0 0 
4 4 . 6 0 
4 6 . 0 0 

7 3 . 7 5 
7 3 . 4 4 
7 4 . 4 6 
7 6 . 4 7 
7 6 . 3 9 
7 7 . 1 7 
7 7 . 1 4 
7 7 . 6 6 
7 8 , 3 0 
• '3 .57 
7 9 , 3 0 
7 9 . 7 0 
3 0 . 0 2 
3 0 . 6 8 
8 0 . 7 0 
8 1 . 3 3 
31 . 3 6 
8 3 . 0 4 
8 3 . 6 3 
8 3 . 7 9 
8 3 . 5 0 
8 2 , 6 6 
8 3 . 6 7 
3 4 . 6 6 
3 4 . 5 6 
3 4 , 7 1 
8 5 , 1 9 
3 5 . 3 6 
3 6 . 6 6 
3 6 , 3 1 
3 6 . 0 7 
8 6 . 3 3 
8 6 . 6 3 
8 6 . 9 8 
8 7 . 6 3 
8 7 . 3 3 
8 8 . 0 4 
8 7 . 9 3 
8 8 . 3 9 
8 8 . 4 4 
8 8 . 3 3 
8 3 . 6 3 
8 9 . 1 1 
8 8 . 9 9 
3 9 . 2 2 

1 . 7 4 
1 .37 
3 . 0 5 
3 . 0 £ 
1 .84 
1 .56 
- . 0 6 
1 . 0 3 
1 .08 

. 7 4 
1 . 3 7 

. 9 9 

. 6 3 
1. 13 

. 2 3 
1 . 3 9 

. 9 4 

. 3 4 
1 . 1 9 

. 3 2 
1 . 4 3 

. 1 2 

. 2 3 
1 . 3 3 
- . 3 1 

. 3 1 

. 3 6 

. 1 3 

. 3 3 

. 4 3 

. 3 3 
1 . 6 3 
- . 5 0 

. 3 3 
1 . 2 3 

.51 

.31 
- . 2 3 

. 7 3 

. 3 1 
- . 2 5 

. 5 4 
1 . 0 5 
- . 2 4 

. 4 6 

4 . 3 6 
3 . 9 3 
6 . 8 4 
5 , 7 7 
5 , 2 6 
4 , 4 4 
- , 1 6 
3 , 8 3 
3 , 0 9 
3 . 1 3 
3 . 6 3 
3 . 8 3 
1 . 8 0 
3 . 3 3 

. 6 6 
3 . 9 3 
3 . 6 9 

. 9 7 
3 . 3 9 

. 3 1 
4 . 0 4 

. 3 4 

. 6 1 
5 . 6 6 
- . 6 0 

. 8 3 
2 . 7 5 

. 3 6 
2 . 3 4 
1 .28 

. 8 3 
4 . 3 2 
1 . 4 3 
3 . 3 3 
3 . 6 3 
1 . 4 6 

, 8 7 
- . 6 6 
3 . 0 7 

. 8 8 
- . 7 2 
1 .64 
3 . 0 0 
- . 6 9 
1 . 3 2 

7 2 . 3 2 
7 3 . 0 9 
7 3 . 9 6 
7 4 . 9 7 
7 6 . 9 3 
7 6 . 7 8 
7 7 . 1 6 
7 7 . 4 0 
7 7 . 3 3 
7 8 . 3 3 
7 8 . 3 3 
7 3 . 4 5 
7 9 . 3 6 
8 0 . 3 0 
3 0 . 6 4 
8 1 . 0 6 
8 1 . 6 3 
8 1 . 9 5 
3 3 . 3 3 
3 3 . 7 1 
8 3 . 1 4 
8 3 . 5 3 
8 3 . 6 1 
8 4 . 1 6 
8 4 . 6 1 
8 4 . 6 3 
8 4 . 9 5 
8 5 . £ 3 
8 6 . 4 b 
8 5 . 7 9 
8 5 . 9 3 
8 6 . 4 5 
8 6 . 7 0 
3 6 . 7 8 
8 7 . 3 1 
8 7 . 7 6 
8 7 . 9 6 
3 7 . 3 8 
3 8 . 1 1 
8 8 . 3 6 
8 8 . 3 8 
8 8 . 4 5 
8 8 . 8 6 
3 3 . 0 6 
8 3 . 1 1 

77 



0% 

EVA CURRENT FARE STATION UAGON 
ACCELERATION AND GRADEABILITY 

ELAPSED 
TINE (SEC) 

4 5 , 5 0 
4 6 . 0 0 
4 6 . 6 0 
4 7 . 0 0 
4 7 , 5 0 
4 8 , 0 0 
4 3 . 6 0 
4 9 . 0 0 
4 3 . 5 0 
5 0 . 0 0 
5 0 . 6 0 
5 1 . 0 0 
6 1 , 5 0 
5 3 . 0 0 
6 £ . 6 0 
6 3 . 0 0 
5 3 . ^ 0 
5 4 , 0 0 
6 4 . 6 0 
6 5 . 0 0 
5 6 . 6 0 
6 6 . 0 0 
5 6 . 6 0 
5 7 . 0 0 
5 7 . 5 0 
5 3 . 0 0 
5 8 . 6 0 
6 3 . 0 0 
6 3 . 6 0 
6 0 . 0 0 
GO.60 
6 1 . 0 0 
6 1 . 6 0 
6 3 . 0 0 
6 3 . 5 0 
6 3 . 0 0 
6 3 . 5 0 
6 4 . 0 0 
6 4 . 5 0 
6 5 . 0 0 
6 5 . 5 0 
6 6 . 0 0 
6 6 . 6 0 
6 7 . 0 0 
6 7 . 5 0 

VELOCITV 
(KN/HR) 

3 3 . 4 4 
8 3 . 4 3 
3 3 . 3 6 
8 3 . 6 7 
9 0 . 0 4 
9 1 . 0 3 
3 1 . 1 1 
31 . 3 0 
30 .8G 
3 0 . 7 4 
9 0 . 3 6 
9 1 . 3 6 
3 1 . b 3 
9 1 . 7 9 
91 . 6 7 
9 1 . 6 3 
? 1 . 8 0 
9 3 . 3 0 
9 3 . 0 6 
9 1 . 9 7 
9 3 . 6 0 
9 3 . 3 6 
3 3 . 4 3 
9 3 . 0 4 
3 3 . 6 4 
3 3 . 6 6 
3 3 . 7 7 
9 3 . 4 £ 
9 3 . 3 6 
9 3 . 6 0 
3 4 . 1 6 
9 4 . 3 4 
3 4 . 1 2 
3 4 . 4 2 
9 4 . 4 4 
3 4 . 1 8 
3 4 . 4 9 
3 4 . 8 6 
3 4 . 2 7 
3 4 . 8 3 
3 4 . 3 0 
3 4 . 4 9 
3 4 . 6 3 
3 4 . 8 3 
3 5 . 4 6 

ACCEL. 
(KN/HR/SEC) 

. 4 4 

. 0 3 

. 7 3 
- . 3 6 

. 7 4 
1 . 3 3 

. 1 5 

. 3 3 
- . 8 3 
- . 3 3 

. 4 4 
, 8 0 
. 6 3 
. 3 3 

- . 3 3 
- , 1 0 

, 3 5 
1 .00 
- . 4 8 
- . 1 8 
1 . 3 6 
- . 4 7 

.11 
1 , 3 4 
1 ,30 
- , 1 7 

. 4 4 
- . 6 9 
1 , 0 8 
- . 7 3 
1 . 1 3 

. 1 5 
- . 3 3 

. 6 0 

. 06 
- . 5 4 

. 6 3 

. 7 4 
- 1 . 1 8 

1 . 1 3 
- 1 . 3 6 

. 6 7 

. 2 5 

. 4 2 
1 .28 

GRADE (X) 

1 .26 
. 2 5 

2 . 0 9 
- 1 . 0 3 

2 . 1 0 
6 .G5 

. 4 3 
1 .11 

- 2 . 6 5 
- . 6 3 
1-24 
3 . 3 8 
1 . 8 0 

. 6 3 
- . 6 6 
- . 3 3 

. 9 9 
3 . 8 6 

- 1 . 3 6 
- . 6 1 
3 . 5 9 

- 1 . 3 3 
. 3 1 

3 . 6 3 
3 . 4 3 
- . 4 9 
1 .34 

- 1 . 3 7 
3 . 0 8 

- 3 . 0 4 
3 . 1 8 

. 4 3 
- . 6 6 
1 .71 

. 1 3 
- 1 . 6 3 

1 .80 
£ . 1 2 

- 3 . 3 6 
3 . 3 0 

- 3 . 5 9 
1 . 6 2 

. 7 2 
1 .18 
3 . 6 6 

AUG. VEL 
(KN/HR) 

3 3 . 3 3 
3 9 . 4 7 
8 9 . 6 7 
8 3 . 7 6 
8 9 . 8 6 
9 0 . 5 4 
9 1 . 0 7 
9 1 . 2 1 
9 1 . 0 3 
3 0 . 8 0 
9 0 . 3 6 
3 1 . 1 6 
3 1 . 5 3 
9 1 . 7 3 
9 1 . 7 3 
9 1 . 6 5 
9 1 . 7 1 
9 3 . 0 5 
3 3 . 1 8 
3 3 . 0 1 
3 3 . 3 8 
9 3 . 4 8 
3 3 . 3 9 
9 3 . 7 3 
9 3 . 3 4 
3 3 . 5 3 
9 3 . 6 6 
9 3 . 6 0 
9 3 . 6 9 
9 3 . 7 8 
3 3 . 3 8 
3 4 . 3 0 
3 4 . 1 8 
8 4 . 3 7 
9 4 . 4 3 
8 4 . 3 1 
9 4 . 3 3 
9 4 . 6 8 
9 4 . 5 7 
9 4 . 5 5 
9 4 . 5 3 
9 4 . 3 6 
9 4 . 5 5 
9 4 . 7 3 
9 5 . 1 4 



0% 

EVA CURRENT FARE STATION UAGON 
ACCELERATION AND GRADEABILITY 

ELAPSED 
TINE (SEC) 

63.00 
68,50 
69.00 
69,50 
70.00 
70.50 
71 .00 
71.60 

VELOCITY 
(KN/HR) 

94.74 
96.03 
34.33 
94.50 
85.39 
95.18 
94.'63 
94.45 

ACCEL. 
(KN/HR/SEC) 

-1.44 
.67 

-.33 
-.33 
1.77 
-.43 

-1.11 
-.35 

GRADE 

-4. 10 
1.93 
-.91 
-2.37 
6.06 
-1.18 
-3.17 
-1.00 

(fl) AVG. VEL. 
(KN/HR ) 

9 5 . 1 0 
3 4 . 8 1 
8 6 , 0 0 
3 4 , 7 1 
3 4 . 3 6 
3 6 . 3 3 
8 4 , 9 1 
9 4 . 5 4 

79 



40%, CYCLE 13 

EVA CURRENT FARE STATION UAGON 
ACCELERATION AND GRADEABILITY 

ELAPSED 
TINE (SEC) 

. 6 0 
l .OO 
1.50 
3 . 0 0 
3 . 6 0 
3 . 0 0 
3 . 6 0 
4 . 0 0 
6 . 0 0 
6 . 6 0 
b.OO 
6 . 5 0 
" . 0 0 
7 . 6 0 
S . 0 0 
3 . 5 0 
Q.JO 
9 . 6 0 

1 0 . 0 0 
1 0 . 5 8 
1 1 . 0 0 
1 1 . 6 0 
1 3 . 0 0 
1 3 . 5 0 
1 3 . 0 0 
1 3 . 6 0 
1 4 . 0 0 
1 4 , 5 0 
1 6 , 0 0 
1 5 , 6 0 
1 6 , 0 0 
1 6 . 6 0 
1 7 , 0 0 
1 7 , 6 0 
1 3 , 0 0 
1 8 , 5 0 
1 9 , 0 0 
1 9 , 5 0 
3 0 . 0 0 
£ 0 . 5 0 
3 1 . 0 0 
3 1 . 6 0 
3 3 . 0 0 
3 3 . 6 0 
3 3 . 0 0 

VELOCITY 
(KN/HR ) 

3 . 0 6 
7 . 4 2 

1 1 . 9 3 
1 7 . 0 6 
20.74 
3 3 . 3 0 
36>33 
3 6 . 8 8 
3 8 . 2 3 
3 1 . 0 8 
3 3 . 6 7 
3 6 . 6 6 
3 ; . 49 
3 9 . 3 6 
4 0 . 7 3 
4 3 . 17 
4 3 . 4 3 
4" . 4 6 
4 6 . 9 0 
4 6 , 7 1 
4 7 . 6 4 
*;'j.48 
4 3 . 8 3 
4 3 . 14 
6 1 . 1 3 
6 3 . 1 9 
6 3 . 3 3 
5 4 . 7 6 
6 5 . 3 7 
5 7 . 1 3 
6 8 . 3 0 
5 9 . 0 6 
6 9 . 8 9 
6 0 . 3 8 
6 1 . 2 7 
6 1 . 5 3 
6 1 . 3 6 
6 3 . 5 4 
6 3 . 8 0 
6 3 . 6 3 
6 4 . 3 3 
6 4 . 6 9 
6 5 . 1 9 
6 5 . 5 9 
6 6 . 0 4 

ACCEL. 
(KN/HR/SEC) 

1.11 
8 . 7 3 
3 . 1 3 

1 0 . 1 7 
7 . 3 5 
4 . 9 3 
4 . 3 5 
3 . 9 3 
3 . 4 6 
6 . 7 0 
5 , 18 
3 , 3 3 
3 . 6 6 
3 , 6 4 
3 , 3 4 
3 , S3 
3 , 6 3 
£ . 0 4 
2 . 9 0 
1 .63 
1.S7 
1 .67 

.68 

. 6 3 
3 . 9 3 
3 . 13 
3 . 3 9 
1 .86 
£ . 3 3 
3 . 4 9 
3 . 1 6 
1.71 
1.69 

. 3 6 
1 .79 

. 4 9 

. 6 5 
1.38 

. 5 3 
1.G3 
1 .33 

. 9 3 
1 .00 

. 7 3 

. 3 0 

GRADE (X) 

3 . 1 8 
3 5 . 6 7 
3 6 . 3 3 
3 0 . 3 7 
3 1 . 4 3 
14 . 19 
1 3 . 6 0 

8 . 5 6 
7 . 0 4 

1 6 . 4 6 
1 4 . 9 3 
1 1 . 4 3 
1 0 . 4 8 
1 0 . 1 6 

8 . 4 1 
8 . 2 3 
7 . 3 0 
6 . 8 3 
8 . 3 9 
4 . 6 1 
6 . 3 3 
4 . 7 7 
1 .96 
1 .73 

1 1 . 4 1 
6 . 0 7 
9 . 4 1 
6 . 3 3 
6 . 3 4 
7 . 1 1 
6 . 1 6 
4 . 8 3 
4 . 8 3 
3 . 7 5 
6 . 1 3 
1.41 
1.86 
3 . 9 3 
1.61 
4 . 6 6 
3 . 5 0 
3 . 6 4 
3 . 3 6 
£ . 3 5 
3 . 5 7 

AUG. VE1 
(KN'HR ) 

3 . 7 3 
6 . 3 4 
9 . 7 0 

1 4 . 6 3 
1 8 . 3 0 
3 1 . 9 7 
3 4 . 3 9 
3 6 . 1 3 
£ 7 . 6 3 
3 9 . 6 6 
3 3 . 3 8 
3 4 . 6 7 
3 6 , 6 3 
3 8 . 3 8 
4 0 . 0 0 
4 1 . 4 5 
4 3 , 8 0 
4 3 . 9 4 
4 6 , 1 3 
4 6 . 3 1 
4 7 . 1 8 
4 8 , 0 6 
4 8 , 6 6 
4 3 , 9 3 
5 0 , 1 3 
5 1 . 6 6 
5 3 . 0 1 
5 4 , 3 0 
5 5 . 3 3 
6 6 . 6 0 
6 7 . 6 b 
6 8 . G3 
6 9 , 4 7 
6 0 . 14 
6 0 . 8 3 
6 1 . 4 0 
6 1 . 6 8 
6 3 . 1 9 
6 3 . 6 7 
G3.21 
6 3 . 9 2 
6 4 . 4 6 
G4 .94 
6 5 . 3 3 
6 6 . 8 1 
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40% 

EVA CURRENT FARE STATION UAGON 
ACCELERATION AND GRADEABILITY 

ELAPSED VELOCITV ACCEL. GRADE (X) AVG. UEL. 
TINE iSEC) (KN/HR) (KN/HR/SEC) (KN/HRi 

4 . 4 3 
4 , 5 0 
5 , 7 3 
5 , 3 3 
4 . 4 3 
6 . 6 0 
5 . 3 0 
6 . 3 3 
4 . 1 4 
3 . 5 7 
5 . 8 4 
3 . 3 3 
4 . 6 5 
5 . 1 5 
3 . 6 0 
6 . 8 7 
3 . 3 7 
3 . 4 8 
4 . 6 5 
3 . 6 7 
3 . 6 0 
4 . 4 1 
2 . 7 2 
4 . 5 3 
1.3G 
3 . 4 7 
6 . 5 7 

. 8 3 
3 . 7 3 

. 3 4 
1 . 1 4 
2 . 6 8 
2 . 3 0 

, 6 4 
2 . 1 2 

. 8 4 
1 . 3 7 
1 . 3 9 

. 1 2 
4 . 6 3 

. 4 5 

.31 
2 . 2 7 

.31 
3 . 5 3 

6 6 . 4 3 
6 7 . 3 1 
6 8 . 1 1 
6 3 . 0 7 
6 3 . 9 3 
7 0 . 8 0 
7 1 . 7 6 
7 3 . 7 8 
7 3 . 7 1 
7 4 . 3 8 
7 5 . 3 1 
7 6 . 0 7 
7 6 . 8 3 
7 7 . 6 3 
7 3 . 3 6 
7 3 . 1 1 
7 3 . 9 1 
3 0 . 4 1 
8 1 . 0 4 
3 1 . 6 3 
3 3 . 3 3 
3 3 . 9 3 
8 3 . 6 6 
8 4 . 1 9 
8 4 . 7 0 
8 6 . 1 1 
8 5 . 9 0 
8 6 . 4 7 
3 6 . 8 8 
3 7 . 3 4 
3 7 . 3 7 
8 7 . 7 0 
8 8 . 1 4 
8 8 . 4 0 
8 8 . 6 4 
8 8 . 3 1 
8 3 . 1 0 
8 9 . 3 4 
8 9 , 4 7 
8 9 , 8 8 
9 0 , 3 5 
9 0 , 3 3 
9 0 , 4 5 
8 0 , 6 7 
8 0 , 9 1 

3 3 . 5 0 
3 4 . 0 0 
2 4 . 5 0 
3 6 . 0 0 
3 6 . 6 0 
3 6 . 0 0 
3 6 . 6 0 
3 7 . 0 0 
3 7 . 6 0 
£ 8 . 0 0 
2 S . 5 0 
3 9 . 0 0 
3 3 , 6 0 
3 0 , 0 0 
3 0 . 6 0 
3 1 . 0 0 
3 1 . 6 0 
3 3 . 0 0 
3 3 . 6 0 
3 3 . 0 0 
3 3 . 6 0 
3 4 . 0 0 
3 4 . 6 0 
3 6 . 0 0 
3 6 . 5 0 
3 6 . 0 0 
3 6 . 6 0 
3 7 . 0 0 
3 7 . 6 0 
3 2 . 0 0 
3 8 . 6 0 
3 3 . 0 0 
3 3 . 6 0 
4 0 . 0 0 
4 0 . 5 0 
4 1 . 0 0 
41 . 6 0 
4 2 . 0 0 
4 2 . 5 0 
4 3 . 0 0 
4 3 . 5 0 
4 4 . 0 0 
4 4 . 5 0 
4 5 . 0 0 
4 6 . 5 0 

6G.81 
6 7 . 6 0 
6 3 . 6 1 
6 9 . 5 4 
7 0 . 3 1 
7 1 . 3 0 
7 3 , 3 3 
7 3 . 3 4 
7 4 . 0 7 
7 4 . 6 8 
7 6 . 7 3 
7 6 . 4 3 
7 7 . 3 3 
7 8 . 1 4 
7 8 . 6 3 
7 9 . 6 3 
8 0 . 1 9 
3 0 . 6 3 
2 1 . 4 4 
S1 . 91 
3 3 . 6 4 
3 3 , 3 3 
? 3 , 7 8 
8 4 . 6 3 
3 4 . 8 1 
3 5 , 4 3 
3 6 , 3 3 
86 .5G 
8 7 . 2 1 
8 7 . 3 7 
8 7 . 4 7 
3 7 . 8 4 
8 3 . 3 4 
8 8 . 4 6 
8 8 , 8 3 
8 8 . 3 3 
8 9 . 3 3 
8 9 . 4 6 
8 3 . 4 8 
9 0 . 3 9 
3 0 . 2 1 
3 0 . 2 5 
3 0 . 6 5 
9 0 . 6 8 
9 1 . 1 3 

1 .66 
1 . 6 8 
3 . 0 0 
1 .86 
1 .55 
1 . 9 6 
1 .86 
3 . 3 4 
1 . 4 5 
1 .35 
3 . 0 6 
1 . 4 0 
1 , 6 3 
1 .30 

.31 
3 . 0 6 
1 .16 

. 8 7 
1 . 6 3 

, 3 4 
1 . 3 6 
1 .55 

. 3 6 
1 . 5 3 

,44 
1 . 3 2 
1 .35 

. 3 3 
1 .31 

. 1 2 

. 4 0 

. 9 4 

.81 

. 2 3 

. 7 4 

. 3 3 

. 46 

. 4 3 

. 0 4 
1 . 6 2 

. 16 

. 0 7 

. 7 3 

. 0 7 

. 3 8 
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40% 

EVA CURRENT FARE STATION UAGON 
ACCELERATION AND GRADEABILITY 

ELAPSED 
TINE (SEC) 

46.00 
46.50 
47.00 
47.60 
43.00 
43.60 
43.00 
43.60 
60.00 
60.50 
61.00 
51.60 
63.00 
53.50 
53.00 
63.60 
54.00 
64.50 
66.00 
66.50 
56.00 
66.50 
67.00 
57.60 
58.00 
53.60 
69.00 
53.50 
60.00 
60.50 

VELOCITY 
(KN/HR ) 

31,31 
91.73 
31 .83 
81.64 
33. 13 
33.35 
93-33 
33.G8 
93.33 
93.93 
93.03 
33.33 
93.75 
93.76 
93.31 
34. IP 
34.34 
94.03 
94.23 
9 3.93 
94.49 
94.69 
94.73 
94.31 
94.68 
94.76 
95.03 
94.73 
96.11 
35.36 

ACCEL. 
(KN/HR/SEC ) 

.17 
1.03 

- . 67 
.93 
.34 

-.06 
. 93 
. 43 
. 07 

.:SI 
1.61 
0.00 
-.87 
1.74 
.11 

-.44 
.43 

-.51 
1.03 
.38 
.09 
.16 

. 16 

.61 
-.57 
.77 
.30 

GRADE (XI 

.48 
3.83 
1.13 

-1 .63 
3.83 
.67 

-.16 
3.63 
1.30 
.31 
.51 

-.13 
4.31 
0.00 
-3,49 
4.97 
.30 

-1.34 
1.31 
-1.44 
3.94 
1,08 
,35 
.46 
-.73 
.43 

1.45 
-1.63 
3.13 
.85 

AUG. VEL 
(KN/HR ) 

31 .17 
31.47 
91.83 
91 .78 
91.88 
92.19 
93.34 
33.45 
33.73 
33.91 
32.37 
93.01 
93.37 
93.76 
93.63 
83.75 
34,31 
34,13 
34. 13 
34.10 
34.34 
34.68 
34.71 
94.77 
94.75 
94.73 
94.89 
34.87 
94.93 
96,19 
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80%, CYCLE 22 

EVA CURRENT FARE STATION UAGON 
ACCELERATION AND GRADEABILITY 

ELAPSED 
TINE (SEC/ 

0 . 0 0 
. 5 0 

1 . 0 0 
1 .60 
3 . 0 0 
3 . 5 0 
3 . 0 0 
3 . 6 0 
4 . CO 
4 . 6 0 
6 . 0 0 
6 . 6 0 
fc.00 
6 . 5 0 
7 . 0 0 
7 . 6 0 
8 . 0 0 
8 . 5 0 
9 . 0 0 
9 . 5 0 

1 0 . 0 0 
1 0 . 6 0 
1 1 . 0 0 
1 1 . 6 0 
1 3 . 0 0 
1 2 . 5 0 
13.eo 
1 3 . 5 0 
1 4 . 0 0 
1 4 . 5 0 
1 6 . 0 0 
1 5 . 6 0 
1G.00 
1 6 . 5 0 
1 7 . 0 0 
1 7 . 5 0 
1 3 . 0 0 
1 8 . 5 0 
1 9 . 0 0 
1 9 , 5 0 
3 0 , 0 0 
3 0 . 6 0 
3 1 . 0 0 
3 1 . 5 0 
3 3 . 0 0 

VELOCITV 
(KN'HR ) 

7 . 3 8 
1 1 . 7 2 
1 6 . 8 8 
3 0 . 5 9 
3 3 . 9 2 
2 6 . 0 4 
2 6 . 3 2 
3 3 . 1 4 
3 5 . 4 3 
3 3 . 4 3 
31 . 3 6 
3-1.45 
3G.24 
3 8 . 14 
3 9 . 5 4 
4 0 . 9 3 
4 2 . 4 S 
4 3 . 4 ^ 
4 4 . 6 3 
4 6 . 6 7 
4 5 . 7 4 
4 7 , 9 7 
4 9 . 2 3 
5 0 . 6 3 
6 3 . 0 3 
5 3 . 3 2 
6 4 . 6 4 
5 5 . 6 9 
6 6 . 4 5 
5 7 . 6 0 
6 8 . 3 2 
6 9 . 3 3 
6 0 . 3 1 
6 0 . 3 4 
61 .74 
6 2 . 6 3 
6 3 . 1 0 
6 4 . 0 0 
6 4 . 4 7 
6 6 . 1 9 
6 6 . 0 9 
6 6 . 3 8 
6 7 . 1 7 
6 7 . 5 5 
6 8 . 0 3 

ACCEL. 
(KN/HR/SEC ) 

8 . 1 3 
8 . 6 8 

1 0 . 3 2 
7 . 4 1 
4 . 6 6 
4 . 3 4 
3 . 6 7 
3 , 6 3 
3 . 5 6 

. 0 3 
6 . 0 7 
5.0G 
3 . 4 3 
3 . 7 9 
3 .01 
3 . 5 9 
3 . 0 9 
1.95 
£ . 2 5 
1.97 

.34 
4 . 4 7 
3 . 6 2 
3 . 6 9 
2 . 9 2 
3 . 2 6 
3 . 6 5 
3 . 0 9 
1 .73 
2 . 3 3 
1 .46 
1 . 7 8 
1.98 
1.37 
1 .73 
1.58 
1 .15 
1.80 

. 9 3 
1 .43 
1.81 

. 6 8 
1 .58 

. 7 5 
1 .07 

GRADE (X) 

2 3 . 7 9 
3 5 . 5 3 
3 0 . 7 7 
2 1 . 6 3 
1 3 . 4 1 
1 3 . 1 8 
1 0 . 3 4 

7 . 6 0 
7 . 3 1 

. 0 6 
1 4 . 6 1 
14.5G 
1 0 . 0 1 
1 0 . 8 8 

B.61 
7 . 4 0 
8 . 8 6 
6 . 6 7 
6 . 4 3 
6 .G3 

. 3 7 
1 3 . 3 4 

7 . 4 7 
7 . 7 0 
8 . 3 6 
6 . 4 6 
7 . 5 8 
5 . 9 6 
4 . 9 1 
6 . 6 6 
4 . 1 7 
6 . 0 8 
6 . 6 5 
3 . 6 3 
5 . 1 3 
4 . 5 0 
3 . 3 9 
5 . 1 4 
3 . 6 6 
4 . 0 8 
5 . 1 7 
1 .65 
4 . 5 3 
2 . 1 5 
3 . 0 5 

AUG. UEL 
(KN/HR ) 

5 . 3 5 
3 . 6 5 

1 4 . 3 0 
1 8 . 7 3 
2 1 . 7 5 
2 3 . 9 8 
3 5 , 9 3 
3 7 . 4 8 
3 8 . 7 3 
3 3 . 4 3 
3 0 . 6 9 
3 3 . 3 3 
3 5 . 3 6 
3 7 . 1 3 
3 3 . 8 3 
4 0 . 3 3 
4 1 . 7 1 
4 3 . 9 7 
4 4 . 0 3 
4 5 . 0 8 
4 6 . 6 6 
4 6 . 8 6 
4 8 . 6 3 
4 9 . 9 5 
51 . 3 6 
5 3 . 6 5 
6 3 . 8 8 
5 6 . 0 7 
6 6 . 0 3 
5 7 . 0 3 
5 7 . 3 6 
6 3 . 7 7 
5 9 . 7 1 
6 0 . 6 3 
6 1 . 3 3 
6 3 . 1 3 
6 3 . 8 3 
6 3 . 5 5 
6 4 . 2 4 
6 4 . 8 3 
6 5 . 6 4 
6 6 . 3 4 
6 6 . 7 8 
6 7 . 3 6 
6 7 . 8 3 
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80% 

EVA CURRENT FARE STATION UAGON 
ACCELERATION AND GRADEABILITY 

ELAPSED VELOCITV ACCEL. GRADE (X) AUG. V£ 
TINE iSEC) (KN/HR) (KN/HR/SEC) (KN/HR) 

1.46 
.38 

3.00 
1,64 
1,54 
3,16 
,98 

1.33 
1.34 
2.16 
1.83 
-.47 
.43 

1.70 
.63 
.98 

1 .16 
.58 

1.30 
1.39 
.31 

1 .08 
.40 
.86 

1.G6 
-.03 
.36 
.60 
.66 

1.11 
.34 
.81 

1.37 
.31 

1.33 
-.33 
.93 

1.06 
.07 
.17 
. 38 
.33 
.93 
.02 
.58 

4.16 
3.73 
6.71 
4.68 
4,38 
6.15 
3,81 
3.95 
3.54 
6.16 
5.13 

-1.33 
1.36 
4.86 
1 .51 
3.79 
3.30 
1 .65 
3.71 
3.68 
.37 

3.03 
1.14 
3.43 
4.74 
-.06 
3.70 
1.42 
1.34 
3.17 
.G7 

3.30 
3.63 
.87 

3.47 
-1.09 
3.64 
3.03 
.19 
.49 
.79 
.64 

3.84 
.04 

1.66 

68.45 
69.06 
69.80 
70.71 
71.61 
73.43 
73.31 
73.80 
74.46 
76.31 
76.30 
76.64 
76.64 
77.19 
77,75 
73.13 
73.66 
73.03 
79.66 
80.31 
80.61 
80.96 
31.33 
31.64 
82.26 
32.63 
83.31 
83.37 
83.66 
83.99 
84.33 
84.59 
85.11 
85.51 
85.89 
86.09 
86.33 
86.73 
87.01 
87.07 
87.18 
87.31 
87.63 
87.87 
88.03 

33.50 
33.00 
33.50 
34.00 
34.50 
25,00 
25,60 
26.00 
36.60 
37.00 
37.60 
38.00 
38.60 
23.00 
£3.60 
30.00 
30.50 
31.00 
31.60 
23.00 
33.60 
33.00 
33.50 
34.00 
34.60 
36,00 
36,60 
36.00 
36.50 
37.00 
27.50 
38.00 
38.60 
33.00 
39.50 
40.00 
40.50 
41.00 
41 .50 
43.00 
43.50 
43.00 
43.50 
44.00 
44.60 

68 
69 
70 
71 
71 
73 
73 
74 
74 
76 
76 
76 
76 
n~} 

77 
78 
73 
79 
79 
30 
80 
31 
81 
81 
83 
83 
83 
83 
83 
34 
84 
84 
86 
85 
86 
86 
36 
86 
87 
87 
87 
87, 
87 
87. 
88. 

.81 

.30 

.30 

.13 

.88 
97 
46 
.16 
77 
86 
76 
63 
76 
63 
88 
37 
95 
34 
89 
53 
b9 
23 
43 
85 
68 
67 
14 
39 
73 
37 
33 
79 
43 
58 
19 
00 
46 
98 
03 
11 
35 
37 
86 
87 
16 
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80% 

EUA CURRENT FARE STATION UAGON 
ACCELERATION AND GRADEABILITY 

ELAPSED 
TINE (SEC) 

4 5 . 0 0 
4 5 . 6 0 
4 6 . 0 0 
4 6 . 5 0 
4 7 . 0 0 
4 7 . 6 0 
4 3 . 0 0 
4 3 . 5 0 
4 3 . 0 0 
4 8 . 5 0 
5 0 . 0 0 
6 0 . 6 0 
6 1 . 0 0 
61 . 6 0 
6 3 . 0 0 
6 3 . 6 0 
6 3 . 0 0 
5 3 . 5 0 
5 4 . 0 0 
5 4 . 5 0 
5 5 . 0 0 
6 6 . 5 0 
6 6 . 0 0 
6 6 . 5 0 
5 7 . 0 0 
5 7 . 5 0 
5 3 . 0 0 
5 8 . 5 0 
5 9 . 0 0 
5 3 . 6 0 
6 0 . 0 0 
6 0 . 6 0 
6 1 . 0 0 
6 1 . 6 0 
6 3 . 0 0 
6 3 . 6 0 
6 3 . 0 0 
6 3 . 5 0 
6 4 . 0 0 

UELOCITV 
(KN/HR) 

8 8 . 4 8 
3 3 . 6 7 
8 8 . 8 9 
8 9 . 1 8 
8 3 . 4 9 
8 9 . 3 3 
89.'G1 
8 3 . 6 6 
3 3 . 8 3 
9 0 . 0 5 
9 0 . 3 7 
8 0 . 3 7 
9 0 . 6 7 
9 1 . 1 3 
9 1 . 0 6 
9 0 . 9 5 
9 0 . 3 6 
9 1 . 3 3 
9 1 . 5 9 
yi . 67 
J 3 . 0 0 
9 3 . 3 3 
^ 2 . 6 4 
9 3 . 3 8 
9 3 . 0 3 
9 3 . 2 3 
3 3 . 6 6 
9 3 . 7 0 
3 4 . 1 0 
9 4 . 1 3 
3 3 . 9 7 
3 4 . 3 7 
3 4 . 4 3 
34 .G6 
9 6 . 4 1 
8 5 . 6 3 
3 6 . 3 1 
9 6 . 6 6 
9 5 . 8 3 

ACCEL. 
(KN/HR/SEC) 

. 6 4 

. 3 7 

. 4 6 

. 6 0 

. 6 0 
, 3 2 
,4G 
. 0 8 
, 3 3 
, 4 7 
. 4 3 
. 3 0 
.41 

1 . 1 3 
. 16 
. 3 3 
.01 
. 7 5 
. 6 4 
. 1 5 
. 66 
. 6 5 
. 6 3 

1 .27 
.51 
. 6 3 
. 4 3 
.31 
.81 
. 1 8 
. 4 4 
. 6 0 
. 3 8 
. 4 9 

1 .60 
. 3 6 
.44 
, 3 1 
. 3 3 

GRADE (X) 

1 .81 
1 .06 
1 . 3 3 
1 .71 
1 .71 

. 6 3 
1 . 3 3 

.34 

. 3 3 
1 . 3 3 
1 .31 

. 5 7 
1 . 1 7 
3 . 3 0 

. 4 2 

.61 

.01 
3 . 1 3 
1 . 5 3 

. 4 3 
1 . 8 3 
1 .84 
1 .80 
3 .G3 
1 . 4 5 
1 . 7 8 
1 .31 

. 8 8 
3 . 3 0 

.61 
1 . 3 6 
1 .71 

. 8 1 
1 .41 
4 . 3 8 
1 . 0 3 
1 . 3 6 

. 8 7 

. 3 3 

AUG. UEL. 
(KN/HR) 

8 8 . 3 3 
8 8 . 5 7 
8 8 . 7 8 
8 3 . 0 4 
8 3 . 3 4 
8 3 . 4 4 
8 9 . 6 0 
8 8 . 6 3 
8 3 . 7 4 
8 3 . 8 4 
3 0 . 1 6 
3 0 . 3 3 
9 0 . 4 7 
9 0 . 3 6 
9 1 . 0 9 
91 . 0 0 
3 0 . 3 5 
31 . 14 
3 1 . 4 6 
3 1 . 6 3 
31 . 8 4 
3 2 . 16 
3 3 . 4 8 
3 3 . 8 6 
3 3 . 1 5 
9 3 . 1 8 
3 3 . 4 4 
3 3 . 6 3 
3 3 . 3 0 
3 4 . 1 5 
3 4 . 0 8 
3 4 . 1 3 
8 4 . 3 4 
3 4 . 5 4 
9 5 . 0 4 
9 5 . 5 0 
9 5 , 7 0 
8 5 , 7 4 
9 5 . 7 4 
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0%, CYCLE 1 

EVA CURRENT FARE STATION UAGON 
COASTDOUN, ROAD ENERGY AND ROAD POUER 

ELAPSED 
TINE (SEC) 

0.00 
3,60 
6,00 
7,60 
10,00 
13.50 
15.OC 
17.50 
30,00 
33.60 
36.00 
37.60 
30.00 
33.60 
35.00 
37.50 
40.00 
48.50 
46.00 
47.60 
60.00 
63.50 
65.00 
67.50 
fio.oo 
62.60 
66.00 
67.60 
70.00 
72.60 
75.00 
77.60 
30.00 
33.60 
36.00 
37.60 
90.00 
33.50 
35.00 
87.50 
100.00 
103.60 
106.00 
107.60 
110.00 

UELOCITV 
(KN. HR l 

93.76 
SO.18 
87.63 
84.74 
31 .86 
79.63 
77-. 0? 
74.33 
73.61 
70.4? 
68.31 
bb.47 
G4.12 
61.75 
S9.34 
57.27 
66.03 
63.6? 
50.77 
4̂ . .27 
46.34 
44. 1 3 
43.21 
40.31 
23 .36 
2G.69 
36.02 
33.62 
31.33 
30.63 
33.38 
27.61 
36,21 
34.75 
23,43 
22,18 
20,33 
18.64 
13.22 
16.33 
15.55 
14.16 
12.32 
11.64 
10.27 

ROAD ENERGY 
tKUH/KN) 

.2253 

.1777 

.1764 

.1336 

.1336 

.1636 

.1764 

.1643 

.1535 

.1478 

.1486 

.1376 

.1613 

. 1643 

. 1668 

.1434 

.1513 

.1713 

.1359 

. 1655 

.1406 
, 1636 
.1364 
,1460 
, 1364 
,1160 
,1073 
.1039 
.1061 
.0845 
.1136 
.1014 
.0301 
.1006 
.0370 
.0806 
.0888 
.0865 
.0333 
.0888 
.0863 
,0966 
,0866 
,0383 
.0341 

ROAD POUER 
(KU) 

30.9713 
16.3637 
16,6350 
17.1936 
16.6171 
13.3968 
13,8337 
11,7574 
11,3130 
10,6800 
10.3139 
8,6964 
10,6354 
10,3380 
10.0983 
8.3063 
8.6034 
9.363G 
6.6073 
8.3060 
6.6534 
6.3033 
5.4131 
5.9824 
5.3105 
4.3036 
3.3387 
3.5637 
3.4761 
2.3673 
3.3841 
3.3636 
3.4304 
3.6593 
3.0993 
3.0662 
1.9135 
1.7538 
1.8607 
1.5614 
1.5463 
1.4331 
1.1633 
1.0341 
1.0311 

AUG. UE 
(KN/HR) 

93.03 
81.47 
83.91 
86.19 
33.30 
80.74 
78.35 
76,95 
73.73 
71.54 
63.33 
67.39 
66.30 
G3,34 
60,64 
53,31 
6G.1S 
53.84 
51,68 
43,57 
47,35 
45.33 
43,33 
41.36 
39.33 
37.43 
35.81 
34.38 
33.76 
31.31 
29.80 
38.36 
36.86 
35.43 
34.12 
22.34 
31,64 
30.37 
13.83 
17.57 
16.34 
14.85 
13.54 
13.38 
10.36 
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0% 

EVA CURRENT FARE STATION UAGON 
COASTDOUN. ROAD ENERGY AND ROAD POUER 

ELAPSED 
TINE (SEC) 

112.50 
115.00 
117.50 
120.00 
123.60 
136.00 

VELOCITY 
(KN/HR) 

9.08 
8.12 
6.80 
5.77 
4.86 
3.67 

ROAD ENERGY 
(KUH/KN) 

.0825 

.0663 

.0310 

.0714 

.0633 

.0833 

ROAD POUER 
(KU) 

.7983 

.5703 

.6791 

.4487 

.3340 

.3507 

AVG. UEL 
(KN/HR ) 

3.68 
8.60 
7.46 
6.38 
5.31 
4.3G 
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40%, CYCLE 13 

EVA CURRENT FARE STATION UAGON 
COASTDOUN, ROAD ENERGY AND ROAD POUER 

ELAPSED 
TINE (SEC) 

0.00 
2.SO 
5.00 
7.50 
10.00 
13.50 
15.00 
17.60 
20.00 
22.50 
36.00 
37.50 
30.00 
33.60 
36.00 
37.50 
40.00 
42.50 
45,00 
47.60 
50.00 
52.50 
55.00 
57.50 
GO.OO 
62.60 
66.00 
67.50 
70.00 
72.60 
75.00 
77.50 
30.00 
82.50 
35.00 
87.60 
30.00 
93.50 
96.00 
37.50 
100.00 
103.50 
105.00 
107.60 
110.00 

VELOCITY 
(KN'HR ) 

91,89 
83.43 
85.30 
33.74 
80.21 
77.66 
75'. 14 
72.30 
70.49 
67.35 
65. GO 
£4.23 
63.16 
60.81 
6^.36 
67.53 
56. 2c 
64.33 
63.11 
51.75 
43.51 
43.45 
47.10 
46.65 
44.37 
43,04 
41,80 
40.62 
39.25 
37.67 
36.00 
34.36 
33.61 
30.90 
39.34 
27.77 
26.34 
34.74 
33.32 
21.71 
20.27 
13.75 
17.25 
15.88 
14.33 

ROAD ENERGY 
(KUH/KN) 

.1577 

.2331 

.2163 

. 1770 

.1742 

.1764 

.1741 

.1617 

.1536 

.1743 
,1622 
.0862 
.1430 
.0332 
.1070 
.1154 
.1188 
.1067 
.0833 
.0334 
.1376 
.1006 
.03 33 
.1001 
.0837 
.0313 
.0368 
.0814 
.0346 
.1033 
.1153 
.1136 
.1203 
.1131 
.1076 
.1083 
.1059 
.1033 
.0386 
,1106 
.0386 
.1064 
.1034 
.0343 
.1032 

ROAD POUER 
(KU) 

14.6720 
21.6577 
18.7808 
14.3681 
14.1860 
13.8257 
13.2976 
11.3606 
11.4283 
12.0985 
10.3348 
6.1802 
3,0355 
5.7303 
6.4341 
6.7401 
6.7403 
6,8756 
4.4389 
4,S364 
6,4332 
4.9413 
4.4531 
4.6433 
3.3808 
4.0100 
3.G377 
3.3643 
3.7730 
4.1837 
4.3421 
3.3348 
4.0454 
3.7433 
3.3335 
3.0332 
3.SG04 
3.G30G 
3.3664 
2.4313 
2.0303 
2.0553 
1.8607 
1.5622 
1.5621 

AUG. VEL 
(KN/HR) 

93.03 
80.16 
86.86 
84.03 
81.47 
78.34 
76.40 
73.97 
71.64 
68.33 
G6.78 
64.33 
G3.19 
61.43 
60.03 
58.42 
56.72 
55.03 
63.71 
52.43 
50.83 
49.18 
47.78 
46.38 
45.01 
43.70 
42.42 
41.21 
39.34 
33.46 
36.34 
35.18 
33.43 
31.75 
30.13 
38.66 
27.00 
25.49 
34.03 
32.52 
20.88 
13.51 
18.00 
16.57 
15.14 
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40% 

EVA CURRENT FARE STATION UAGON 
COASTDOUN, ROAD ENERGY AND ROAD POUER 

ELAPSED 
TINE (SEC) 

1 12.50 
116.00 
117.60 
130.00 
133.50 
136.00 
137.60 

VELOCITY 
(KN/HR) 

13.33 
11.46 
10.11 
8.73 
7.48 
6.14 
4.70 

ROAD ENERGY 
(KUH/KN) 

.1008 

.1014 

.0834 

.0313 

.0307 

.0333 

.0383 

ROAD POUER 
(KU) 

1.3774 
1.3364 
1.0072 
.3613 
.7373 
.6382 
.5377 

AVG. UEL. 
(KN/HR ) 

13.66 
12.20 
10.79 
9.45 
3.13 
6.81 
5.42 
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80%, CYCLE 22 

EVA CURRENT FARE STATION UAGON 
COASTDOUN, ROAD ENERGY AND ROAD POUER 

ELAPSED 
TIME (SEC) 

0.00 
2.60 
6.00 
7.60 
10.00 
13.60 
16.00 
17.50 
30.00 
32.50 
36.00 
37.50 
30.00 
33,60 
26.00 
37.50 
40.00 
43.50 
46.00 
47.60 
50.00 
63.60 
66.00 
67.50 
GO.On 
G2.50 
66. 0*? 
£7.60 
70.00 
73.60 
75.00 
77.50 
SO.OO 
33.50 
85.00 
37.60 
30.00 
93.50 
96.00 
37.50 
100.00 
103.60 
105.00 
107.60 
110.00 

VELOCITV 
(KN HRi 

33.67 
30.33 
87.71 
86.45 
34.15 
31.33 
73.36 
77.47 
7 C .65 
73.30 
72.12 
70.32 
63.^0 
66.38 
£5.50 
63.62 
61.61 
69.29 
67. 10 
54.o6 
62.69 
60.4?, 
42.36 
4G.&0 
46,73 
44.90 
44.07 
42.2? 
42.50 
41.75 
40.33 
35.39 
38.44 
37.43 
36.60 
36.58 
34.5? 
33. EG 
33. 18 
33.38 
31 .41 
30.54 
33.47 
27.64 
35.39 

ROAD ENERGY 
(KUH/KN 1 

.1436 

.1683 

.1731 

.0874 

.1550 

.1900 

.1406 

.1206 

.1335 

.1137 

.1236 

.1314 
, 1 131 
.1117 
. 1035 
. 116G 
.1630 
.1699 
.1617 
.1643 
.1568 
, 1461 
.1470 
. 1070 
.0696 
.0616 
.0571 
.0646 
.0543 
.0616 
.0563 
.0653 
. 1063 
.0666 
.0616 
.0705 
.0694 
.0491 
.0469 
.0554 
.0674 
.0538 
.0736 
.1365 
.1146 

ROAD POUEF 
(KU.< 

13.3646 
15.4683 
15.4047 
7.6103 
13.5603 
15.7301 
11.3030 
10.3433 
10.1334 
3.4389 
3.9542 
9,3434 
7.7810 
7.5747 
6.7376 
7.4717 
9.5343 
3.6661 
8.8386 
8.G343 
8.4341 
7.6379 
7,3638 
6,0309 
3.3314 
2.7338 
3.5379 
3.3807 
2.3393 
3.1736 
3.3384 
2.6331 
4.1894 
3.4802 
3.3817 
3.6441 
3.4344 
1.6786 
1.6714 
1.8166 
3.1438 
I.8514 
£.3080 
3.6113 
3.0683 

AUG. UE 
(KN/HR ) 

33.70 
31.46 
88.37 
87.03 
85.30 
83.77 
80.33 
78.4] 
7G.61 
74.72 
73,01 
71 ,17 
63,41 
67,73 
66,24 
G4.6G 
63.72 
60.45 
68.18 
6S.33 
53.73 
51.53 
43.41 
47.57 
46,33 
46,34 
44.43 
42.63 
43.39 
43.13 
41.34 
40,46 
33.31 
37,37 
37.04 
26,09 
36.08 
34.23 
23.63 
33.73 
31 .83 
30.97 
30.01 
38.66 
36.81 
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EUA CURRENT FARE STATION UAGON 
COASTDOUN, ROAD ENERGY AND ROAD POUER 

ELAPSED 
TIME (SEC) 

112.56 
115.00 
117.50 
120.00 
122.50 
125.00 
127.50 
130.00 
132.50 
135.00 
137.50 
1-10.00 
142.50 
145.00 

UELOCITY 
(KM/HR) 

24.54 
22.98 
21.10 
19.32 
17.62 
16.02 
14.60 
12.98 
11.38 
10.21 
8.8S 
7.18 
5.52 
3.89 

ROAD ENERGY 
(KUH/KriJ 

.0997 

.1081 

.1292 

.1230 

.1176 

.1103 

.0985 

.1119 

.1105 

.0805 

.0919 

.1176 

. 1106 

.1161 

ROAD POUER 
(KU) 

2.5199 
2.5683 
2.8471 
2.4863 
2.1714 
1.8552 
1.5077 
1.5431 
1.3451 
.8688 
.8776 
.9438 
.7056 
.5497 

AUG. UEL. 
OCH/HR) 

25.26 
23.76 
22.04 
20.21 
18.47 
16.82 
15.31 
13.79 
12.18 
10.79 
9.55 
8.03 
6.38 
4.73 

91 



APPENDIX D 

ELECTRIC AND HYBRID VEHICLE VERIFICATION PROCEDURES 

BACKGROUND 

The Department of Energy is required by Public Law 94-413 to issue performance standards 
for vehicles used in the Electric and Hybrid Vehicle (EHV) Market Demonstration. 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 prescribed minimum 
performance standards for electric and hybrid vehicles to 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 
Development Command (MERADCOM) through an interagency 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 to a DOE-specified site for testing. (Details of scheduling 
priorities are described in the following section.) Several basic types of tests may be involved: 



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

• DOE-Sponsored Safety Inspection by DOT/NHTSA. 

• DOE-Sponsored Safety Compliance Testing by the Research Division of DOT/NHTSA. 

• DOT/NHTSA Safety Compliance 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 occur 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 be allowed before certification is invalidated. DOE will objectively evaluate the 
impact of all failures during the testing phase so that vehicles are not unfairly penalized for 
minor and easily correctable failures. The Test Facility Manager, however, has an obligation 
to conduct the testing thoroughly and to adhere to a tight schedule. 

Manufacturers may be notified from time to time by the Test Facility Manager of potential 
and actual problems. When these problems do not involve components or subsystem failures, 
where failure is defined as a vehicle being below the required standard, such notification 
would not necessarily invalidate the certification. 

TEST FACILITY SCHEDULING GUIDELINES 

Vehicles will be scheduled for testing by the Test Facility Manager on a first-come, first-
served basis, with certain exceptions as noted below. Scheduling is dependent upon the ability 
of the manufacturer to provide a vehicle for testing. The Test Facility Manager will request the 
manufacturer to provide a certified vehicle for testing within 60 days from the date of the re­
quest. If a 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 certification testing is to ensure that vehicles available to the 
Market Demonstration Program fully satisfy the applicable DOE Performance Standards. For 
this reason, it is necessary to establish a set of priority testing categories for vehicles selected or 
being considered for selection by demonstration site operators. The categories are listed below 
in decreasing order of priority for testing: 

a. Certified vehicles which have not been verified but have been purchased by and 
delivered to site operators. 

b . Certified vehicles purchased by, but not delivered to site operators for demonstration. 
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c. Certified vehicles that have been modified subsequent to verification testing and have 
been 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 basis 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 Electric 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 be 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 can 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 manufacturer is responsible tor notifying the DOE Director of the Electric and Hybrid Vehicle Division or his designee of all 

modifications to the verified production configuration. 
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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 (to 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 assurance of improved reliability and perfor­
mance. 

c. Three on-site repairs to correct a significant power-train 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 programmatic requirements dictate 
that a waiver be granted by the Director of the Electric and Hybrid Vehicles Division 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. A letter invalidating the certification will be issued to the manufacturer and DOE will 
notify site operators of the invalidation. A report including the vehicle failures will be provid­
ed by DOE to members of the public requesting such a report. Vehicles 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 until successful correction of the 
defects is completed. Future funding to site operators for the invalidated vehicle model will be 
suspended until corrections are completed. 

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

dL Repaired vehicles returned by the manufacturer may be required to undergo the com­
plete series of verification tests regardless of ihe portion of testing completed prior to invalida­
tion of certifcation. The Test Facility Manager with the approval of DOE will determine the 
necessity for such retesting. 

GROUNDS FOR INVALIDATING CERTIFICATION 

a. A vehicle will be returned to the manufacturer after four significant power-train failures 
or a single power-train failure that cannot be corrected, and its certification will be in­
validated. 

1). A vehicle that fails to meet applicable DOE Performance Standards will have its cer­
tification invalidated. (The standards include documentation and warranty provisions.) 

c A vehicle that fails to comply with applicable DOT/NHTSA Safety Regulations will 
have its certification invalidated. 

(1. 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 vehicles to participate in the DOE Market 
Demonstration Program. They must also commit to reasonable schedule to provide a vehicle 
for verification testing upon request from the DOE designated Test Facility Manager. If this 
delivery cannot be made within 60 days after receipt 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 necessarv information to document the vehicle 
configuration: 

• Vehicle Summary Data Sheets. 

• Operator's Manual and Service and Maintenance 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 Director of the Electric and Hybrid Vehicles Division or 
his designee of all modifications to previously verified production configurations within 30 
days of the sale of such modified vehicles to DOE site operators. If it is requested, the 
manufacturer shall furnish the DOE Test Manager with technical information about each 
modification in sufficient detail to determine if reverification tests are needed. 

For vehicles receiving an invalidation of certification, the manufacturer must provide to the 
Director of the Electric and Hybrid Vehicles Division appropriate evidence that modifications 
and/or repairs have been made and must also provide substantiating test data to 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 be 
modified and/or repaired in the same manner as the vehicle successfully tested. A modification 
and/or repair schedule acceptable to the Director of the Electric and Hybrid Vehicles Division 
must be developed and followed by the manufacturer as a condition for validation of the 
manufacturers certification. 

DOE NOTIFICATION DOCUMENTATION 

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

• Receipt of self-certification. 

• Notification of vehicle failure. 

• Validation of invalidation of certification. 

• Final Test Report. 
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