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BASELIN E TESTS OF THE EVA ELECTRIC PASSENGER VEHICLE

I . SUMMARY

The EVA Metro Sedan , an electric vehicle m anufactured by Electric Vehicle
Assoc iates . Valley V iew , Ohio. was tested under the direction of the U.S. Army
Mobility Equipment Research and Development Command (MFRADCOM) Fort
Belvoir. Virginia, at th? Aberdeen Proving Ground, Aberdeen, Maryland, between
April 2 1 and September 2 . 1977 . The tests are part of a Department of Energy (DOE)
project to assess t he state-of-the-art of electric vehicles. This report presents the per-
formance test results on the EVA Metro vehicle.

The EVA Metro is a converted, four-passenger Renault 1 2 Sedan. It is powered
by si”Jcen. 6-volt traction batteries through an SCR Cableform controller actuated by
a loot throttle to change the voltage applied to the I0-kW motor. The braking sys-
tern is a power-assist , hydraulic braking system with front-whei - disk and rear drum.
Regenerative braking is not provided.

The results of the tests are shown in Table I, and a list of parameters , symbols.
units , and unit abbreviations j

~ shown in Table 2.

-~~ Table I. Range Test of EVA Metro
Road

Range Test Range Power Road Energy Energy Economy
(km/h ) (mi /h ) (km) (mi) (kW) (MJ fkm ) (kWh/mi ) (MJ/km) (kWh /mi )

40 25 60.7 37 .7 3.51 0.318 0.142 1.07 0.48
55 34 3 43 8 27 .2 6.66 0.416 0.186 1.18 0.53
77 4M 36, 7 22.8 12.8 0,602 0.260 1.48 0.66

“B” (‘sc t e 32.6 20.3 1.03 0.46
“C” Cycle 3 42  21. 2 1.00 0.44

Acceleration
0 mu 32 kin/h (20 mi’li) in 10.7 seconds.
o to 45 km h (30 liii 11) in 20 seconds.

Gradeahility Limit ‘4

34 .5’ -;

(‘harger I:t ìc ic i i,v
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II. INTRODUCTION

The vehicle tested and the data presented in this report are in support of l’ublic
Law 94413 enacted by (‘ongress on September 17 , 1976. The law requires the
Department of Energy (DOE) to develop data characterizing the state-o f-tht-art with
respect to electric and hybrid vehicles. The data so developed are to scr~e as a base line
to ( I )  compare improvements in electric- and hybrid-vehicle technologies. (2) assist iii

estab lishing performance standards for electric and hybrid vehicles , and (3 ) help guide
future research and development activities.

The U.S. Army Mobility Equipment Research and Development (‘ommand
(MERADCOM) under the direction of the Electric and Hybrid Research, Development.

- 
- and Demonstration Office, Division of Transportation Energy (‘onservat ion. l)OE, has

conducted trac k tests of electric vehicles to measure their performance characteristics.
The tests were conducted using a DOE test procedure “ERDA-EHV-1’EP”
(Appendix A). This procedure is a modification of the SAL “Electric Vehicle Test
Procedure SAL J227a ,” revised February 1976. Seventeen vehicles have been tested
under t his phase of the program — twelve by NASA-Lewis Research Center , four by
MERADCOM, and one by the Canadian Government. U.S. Customary units were used
in the collection and reduction of data . The units were converted to the International
System of Units for presentation in this report. U.S. Customary units are presented in
pa rentheses.

The assistance and cooperation of the vehicle manufacturer were greatly appre-
ciated. The Department of Energy supplied funding support and guidance during this
project.

III. OBJECTIVES

The objectives of this track test were to determine vehicle and component per-
formance characteristics and vehicle component efficiencies. The characteristics of
interest arc:

Vehicle Speed
Range at Constant Speed
Range Over Stop-and-Go Driving Schedules
Maximum Acceleration
Gradeability
Gradeability Limit
Road Energy Consumption
Road Power
Indicated Energy Consumption

L -—-. ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .  ~ J
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Braking Capability
Battery (‘ Imarger Efficiency
Battery Characterist ics
(‘ontrolkr Ef’t’iciency
Motor Efficie ncy

IV. TFS1’ VH I ICLE lM’S(’RIPTK)N

l’li~’ E VA Metro #1 Sedan is a converted Rt’naLIIt I 2 Sedan powered by sixteen ,
o-vo lt batteries. An S(’R (‘ahlef ’orm ~‘omitro llt’,, actuate d b~- a foot throttle , changes
the voltage applied to the I O-kW motor. An automatic transmission with torque con-
vertCr Is provided for forward and reverse . l’he vehicle is accelerated li~ depressing the
accelerator which sends a programmed voltage to t he S(’R controller which provides
a variable—pulse—width voltage to the I O-kW motor to control its r/min. l’he motor ,
in turn, drives the torque ~‘onverter to t he transmission which has three forward posi-
t ions and one reverse. A complete description of t he  %t ’hlIc le is gi~en in Appendix B.
The vehicle is shown in Figure I. A I 20/220-volt at’. on-board battery charger is pro-
vided to charge both the traction batteries and the accessory battery. An evaluation of ’
t he charger is given in Appendix (‘ . i’he vehicle iiianuf ’a~’Itirer specifies 1 2 hours to
completely recharge fully dis charged batteries . No rege ner ative bra king is provided
on I Ins vehicle. The controller and Iron battery i~ack art’ shown in Figure 2 . and t he
charger atiti rear battery pack are shown in l igurt’ 3.

V . INS l ’ RL IMh ’ NTA l ION

Ihe E V A  Metro Sedan was i nstrumented to mne~isute vehic le speed anti range,
hat te r~

- vo ltage, cum’ rt’n t , ‘ iastan taneous” power and averaged power . mutstor toll age.
(motor current was assumed equal to battery current) , the temperature of ’ the motor
frame. amit i the battery charger power. Batter y ckctroly Ic temperatures wer e mea-
sured w ith thermometers . A brief description of the instrumentation system is given
in the following paragraphs. h)etails of ’ t he recorder art’ given in Appendix I).

Instrumentation consisted of signal-conditioning circuits and a magnetic tape
recorder for record ing analog signals of electrical parameters. ‘i’ht’ magnetic tape
recorder was op erated in t he frequency modulation mode at 4.763 cm 1.87 5 inches)
per second. The signal-conditioning circuitry to the record er eonsistt ’ti ol ’ a main
battery voltage divider . a slitmnt-vo ltage amplifier for current monitor, an analog
multiplier, and averager cIr~’utts for averaging power and current because the recorder
response was less t han 0.3 tIll down at 500 hert z (II,). A voltage proportional to
power wa s produced by the instantaneous m ultiplication of voltage and current
(‘urrt’nt and liower were record ed both raw and electronically averaged. The raw
va lues include the rapid switching transients associated with the solid-state controller .
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I’he estimated overall dc measurement error is less than ± I .8’ - for power. this in-
cludes digitization from the field-recorded analog magnetic tape to a cotliputer-
compatible digitized magnetic tape . The measurement error of the various condition-
ing circuits can he broken down as follows: current shunt ± 0.25%; current amplifier~
+ 1%: multiplier: ± 0.25% (Phase deterioration starts to be significant above 3 kIt,
w hen the multiplier is combined with an averager: ± 1%): magnetic tape recorder: ± 1%.
The analog-to-digital converter at 16 bits and 100 conversions per second did not intro-
duct’ any significant error.

A schematic diagram ot~ t he electric propulsion system with the instrumentation
sensors is shown in Figure 4. A Laboratory Equipment (‘orporation, Tracktest Fift h
Wheel , with the model 1)1) 1 .1 , Electronics l)igital Speed and Distance Meter and the
model 1)1)2. I , Electronic Digital Distance Meter , was used during the track tests. A
tac hometer generator was connected to the f’it’th wheel to record velocity and to cal-
culate distance traveled. The fift h wheel and auxiliaries weighed about 18.6 kg (41 Ib).
The fift h wheel was calibrated by rotating the wheel on a constant—speed , f’if’th—wheel
ca librator drum mounted on the shal’t of a synchronous ac motor. The accuracy of ’ the
velocity readings was within ~ 

1 :tX- of ’ t he reading. Velocity was recorded on a Lock-
heed Store 7 magnetic tape recorder.

Battery electrolyte temperatures and specific gravities were measured manually
before amid after the tests.

Power for the tll’t h-wheel instruments was provided by two vehicle , aux iliary.
I 2-volt S E]  batteries which were connected in parallel. The power for the magnetic
tape recorder and signal-conditioning instrument package was supplied from a battery
pac k described in Appendix I).

All instruments were calibrated periodically with checks before each test.

The current into the battery and the energy into the battery charger were inca-
sured wh ile the battery was recharged after each test. The current to the battery was
recorded on a Hewlett Packard 7100 13 strip chart recorder. The current was measured
using a 100 ampere! 100 millivolt current shunt. The energy delivered to the charger
was measured w ith a Sangamo Electric ‘type .14S 301’A single-phase , residential, watt-
hour meter.

VI . TEST PRO(’EI)URES

l’he tests described in this report were pertormetl at the Aberdeen Proving
(;rc)und ( APG ) lest t’acilities at Aberdeen . Maryland. Five diff ’erent test locations were
used. A corn plete descri pt ion of t he I rack is given in Appendix F. W hen t he velm ide
was de livered to MI RAIX’OM . Fort llelvoir . Virginia, t he pretest checks described in

8
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Appendix F were conducted. Then the vehicle was shipped to Aberdeen Proving
Ground, and the checks described in Appendix F were performed before the f’irst test
runs. There was a formal shakedown run to t’amnil iarite the driver with the operating
characteristics of ’ t he vehicle and to verify proper operation 01 all instrumentation sys-
tems. All tests were run in accordance with the F Rl)1~ Electric amiti I lybrid Vehicle
Test and Evaluation Procedure tAppendix A).

I. Vehicle Test Speed. ‘I’he vehicle speed for (lie highest-speed, constant-speed-
range test was determ ined by the maximum , safe speed a llowed by the APG test
facilities. This speed tt as 80.45 km/h (50 mi/h).

2. Range Tests — Constant Speed. Range tests at constant speed were carried
out at 40 km/li (25 m i/h), 56.3 km/h (35 mi/h), and 8045 km/h (50 mi/h); speeds
were held constant within I .6 km/li (I mi/h). and the test was terminated when the
vehicle could no longer maintain o )5( of the designated test speed. The range tests
were run at least two times at each speed.

3. Range Tests —- Driving Schedules. Schedule “13” 32.2 km/li (20 mi/li)
and Schedule ‘‘( “‘ 48.3 km/h (30 mi/h) stop—and-go driving cycles were run. A com-
plete description of ’ cycle tests is given in the l Rl)A Electric and Hybrid Vehicle Fest
and Evaluation Procedure (Appendix A).

4. Acceleration and Coast — I)own Tests. The maximu m acceleration of the
vehicle was measured on a level road with t h e  battery at three states of charge. The
acce leration - coast-down tests were performed continuously until the battery was
discharged. The vehicle was operated in this manner two times for each initial state of’
charge. l)ata was recorded on an analog, magnetic-tape recorder and later digi(iied,
and calculations were performed on a computer. These tests were conducted on the
Dynaniorneter (‘ourse at APG. (See Appendix F f’or descript ion of the course.) Coast-
down data was ta ken following cacti maximum—acceleration run with the transmission
in neutral.

5. Braking Tests. Braking tests on the vehicle were conducted to:

a. Determine minim um stopping distance in a straight-line, emergency
stop.

h. I)eterrnine controllability of the vehicle while braking in a turn on both
wet anti dry pavement.

c. Determine brake recovery after being driven through 0.1 5 meter (0 in.)
of water at 8 kin/h (5 mi/h) for 2 mnimiutes.

It )
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d. Determimie parking brake effectiveness on an inclimie.

6. Tractive Force Tests. 1’Iie maximum -grade capability of the test vehicle was
determined from tractive force tests by towimig an M8 light, field dynaniomneter at I .6
km/h ( 1 mi/h) while the test vehicle was being driven with wide-open throttle. The
force was measured by the dynaniometer instruniemitation from t h e  load cell attached

‘ between t he vehicles. The test was run with the batteries 0~ . 
4Ø( , and 80’ discharged.

7. Charger Efficiency Tests. The on-board charger supplied by EVA was not
used in the field tests because it did miot charge the cells above the required specific
gravity of 1 .265 overnight on 115 Vac. The efficiem icy of the EVA charger was cal-
culated based on a charge from a I I 8-Vac line. A residential kilowatt-hour miieter was
used to measure itiput power to the charger. The charger output power was niea-
sured wit h a 1-lall-effect-device , watt- hour meter which responds to inputs from dc to
considerably higher than 5 kHi. The efficiency was 68’i- .

V II. TEST RESULTS AND DISCUSSION

The data collected from all the range tests are summarized in Tables 3a amid 3b.
Shown in the tables are the test data, type of test , enviromimental conditions, the range
test results , the ampere-hours into amid out of the battery , and the energy into the
charger. These data are used to determine vehicle range , battery efficiency, and
energy economy.

1. Maximum Speed. The maximum speed of the vehicle was measured during
t he checkout tests. It is defined as the average speed that could be maintained on the
trac k under full power. The measured maximum speed was 77 km/h (48 mi/h) for this
vehicle.

2. Range. Two 40-kin/h (25 mi/h), two 55-km/h (35 mi/h), two 77-km/h (48
mi/h), two B-cycle, and two C-cycle range tests were run. All the test results are shown
in Tables 3a and 3b.

3. Maximum Acceleration. The maximum acceleration of the vehicle was niea-
sured with the batteries fully charged. 40’ - discharged, and 80~ discharged. The
results of the tests are shown in Figures 5a and Sb amid arc tabulated in Table 4. The
average acceleration, ã~, was calculated for the time period, t n_ i to t~ , w here the

vehicle speed increased from V~~ to V ,~ from the equation:

V - V
- n n-ia =
n 

~ — tn n-i

I I
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T~~hic 3a. SuInIlia~) ,~t I esI K uils k~r I V A Mctio
tN~trte t 1n its)

Al~
Test ‘#.lntl t e m p Range (‘

~ t~ks Out ~‘I ImiIt ~ i-nerg ~ I
(kIll/h ) (I.” ) (kill) U4tIetIe ~ B~itlc ,,es (Mi ‘kill)

6- i b ’ 77 55 km/h ii 3 19 .0 45 .4 119 140.0 1 .14
c.~ 7.77 kmjh $ i8 .5 45.4 I IS I39.~. t . t $
5 18-77 40 LIII h 0 2 3 ( 1  58.4 14 S  149 .5 l it)
S- i9-77 40 km/h 8 2 1 .3 . 1.2 143 154. 7 I .0.
~~2 3 - 7 7  77 km,h 4.8 12 8 3 7 0  101 I 2 3 3  I .5t ~
~- 24 -  ‘7 77 kin ii (1 1.2 21.0 .170  103 I 5.5 i 4~
5 -25 - 77  “ 8 C~~ Ie 3.2 5 19 .8 38.8 $~ 1 1 3  i29 .b I s4
S~2b- 77 “ H” (’>ek ’ (‘.4 14 2 2 0  3(1 . 7 Si 107 I19 .t l 1. 75
~~~~~~~~ (‘p-k’ 8 9  19 .3 3 3 .8 s 117 138.0
5 ) 1-77 “ t ” C~~k 89  21 .8 ~~.4 ~4 124 130.5 1.59
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(1 118 11.11 1 1111%)
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5 - 1 9 - 7 ’  25 1111 II ~ 10 ‘4 4 38.0 i43 i l S t l  (1 .4 ’
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1,ihk’ 4 . .-~.cek rat ion rest for I \ ‘ -
~~ \1~’t ro

\‘ehtck Speed km l i t  liii Ii)

l i m e 0 4O’~ so-
l)msc li.irg~’sI I) ischarged l) ischia rge~I

3.03 I.~
)) 1. 7 LOo) I S  ( l ISt

2 S SS 5 . 2 1 )  3.1 1 .93) “.8 ( 48 )
3 12 . 1  7 .5~~ ~~~.() ( 3. 73 ) 14. 2 S.S)
4 16.4 ( 10 .2 )  Q . I 5 .~~ 19 .1 c. I I .9)

( 12 . 3 )  l l . ’ ( .3) 23.0 ( 14 .3)
6 22.1  (1 3 . 7) l.~.i ( 9,4) 2u.2 (10.3 )

24 . ” ( 1 5.35) 17 .’) 4~l l.l) 29 .4 (18.2 )
S 2o. 9 ( 16 . ” ) 20.2 (12 .6 ) 3 1.8 i19 .~ 

)
18 .1 )  24 .0 (14. 9) .34 .2 (21 2 )

I 0 31.0 ~l~~.3) 27 ,6 (1 7 .2) S o. I (22.4 )
1 2 34.5 ( 2 1 . 4) 33.o ( 20.9) 3’) .8 (24. 7)
14 38 . 1 (23. ’) 38o  ( 24.0) 42. 9 (20 . 7)
I (i 42.0 26 I 4 2.0 (26 .1 )  45.o (28.3 3)
IS 45.4 (28 .2) 45 .8 (28 .5) 48. 2 (30.0)
20 48.4 (30.1) 48.5 (30. 1) 49.4 (30.~

)
24 53. 13 ~33) 55.0 (34 . 2)  53 .5 (33 .2 )
25 5~’.4 (35. 7) 58 .2 (36 .2) 5~ .l (35 .5)
32 • 01. 2 (38.0) 61 .0 ( 38 .3) 59 .9 (3 7 . 2)

o4.5 (40.1) o4.5 (40. 1) o2.0 (38.5)
40 ~~~~~ (4 1 .6) 66.6 (4 1 .4) o3.8 (39 .6)
44 oS.4 (42 .5)  (18.4 (4 2.5) 65. ’ (40.8)
48 71 .1  (41 .2) 71.0 (44 .1) o7 .8 (4 2 .1)
52  “2.3 (44.’)) 72.5 (45.1) (‘iS.$
So “2. ’) ~4S.3) ~3.o (45 .8) 70.0 (43.5)

“3.0 (45. 7) 74 . ’ (46.4) 70.8 (44.0)
5.3 (46.8) 75 . 4 (46.8) 71. 2 (44.2)

~5.4 (46.8 5) :5. 9 (4” . )  ~2. 1 (44.8)
“2 “o .S (4” .4) (4’7 .ot 7 2.4 (45.0)

Th.2 (47 .4 ) 72.0 (44.8)
80 “

0 .0  (47 .6)
84 “ ‘

.ti (48. 2’)
88 ~“.S (48 .2)
92 ~~~ (48 .2) -
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.ii i,f t l1~’ .i\ i’I .)i~, ‘.rl. l’ lI s~l the ~‘lii~’I~’, \ , It  ,‘ t t i  th i ~
’ ¼’i ltI ,i t I t SII

\ 4 \ _

= 
U n-i

-\ \  ,.‘ I .%t ~I. .i~. ~~li.’i .t l  ls ’ i )  .i~. .i t t i m ict ton ,
~ t ~1~~’d t ,~ shio~ Ii II) I II~t ) I  ~‘ s (~.I at id oh

.iii~l 1 able ~

4. (;,
~J~ahiltt~ . I he I1Ia~~ itlium cli ick’ speed oti a ~~~‘c t il l grad~’ t ’ ~ dci erm m e d

I 10 111 t l iJ\ lmiit i I f l  .k1c11’I .11 tt ’ l ) t~’sI ’. l”\ tisin~ t h e  ~‘qu. iImomis —

t r.id~’.it~ilit~ . ( . .t t .i speed . V . imi kin li
= 100 t.i1i (~~t t )  I 1) I 02o ‘

~ I1 ~ 
- 

-

I’I in 1- nghtsh units 5It .1 sp~’~’~I. V . in mi li
= tOO t.in .ni ~) ~)4 S ’ -~ .1,, ) -

wher e

= acc ’ lc t . tm lOll ill t uet eN per s~’1~ n,I 
~ 

ti,t~ ’d (miles 
~~~~~ 

hour r~r second)

Ihie result lug ma\imuni i~rade that ihie 1 V .‘~~ Met mo ~ .tii m iego t I.it ~’ .IS .1

lunct ion of ~p~’e~1 t~ stio~ mi in Figures ‘a and ‘t~ and lable o.

S. ( ;d ~~hil~~- Limit. ‘~t.i~I~’.mhtlit ~- li m it is defined h~ th7 SAF J 22 “ .m

cedur~’ .i~ the max im um el ade omi which the chicle cami List I)iO\ e forward. l’he limit
t~ determined t’~ measuritig the tr,ictnc force ~ ith . k~a~l cell ~ bile tow ing a
schick at , ihtstti I o kmn hi ( I mmii hI It t~ 1’aL’ulat~’J t’romn .

t;r.i~le.ibtli m~ limit in percent 100 t aIl  (511 ) 1 l~

or . im i Fngli~h L i I ) I t ~

I. ;r.~d~~btht~ Iiiiiit in percent I 00 tan (s t I r  l

s~

I’ = ml .i1t is e t o t ~~ ’ I:) ne ss tOi ls . \ (ll~ t ”) .

W ~
‘ 

~m oss st’hicle ~ eight in kg (Ib’)
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I’able S . Acceleration (‘haractt’ristics for EVA Metro

Vehicle Speed 0’ l)iseharged 4(L l)iseharged 8O’~ Discharged

kiii/h miii/h uIl / S~ ft/s 2 tn/s 2 t ’t / s 2 mn/s 2 ft/ s 2

1. 2 .75 2 .46 .11 .36 .67 2.20
6 3.7 1. 36 4.46 1.3 4.27 1.56 5 .12

10 6.2 1.24 4.07 1.24 4.07 2 .13 6.99

lb 9.9 1.16 3.81 1.37 4.49 1 .63 5.35
22 13. 7 .95 3. 12 1.25 4.10 1. 22 4.00
28 17 .4 .63 2.07 1.0 3.28 1.1 .3 .61
3o 22. 4 .64 2.10 .65 2. 13 .57 1.87
48 29 ,8 .55 1.8 .4 1.31 .38 1.25

34.8 .40 1.3 1 .34 1. 12 .25 .82
68 4 2.3 .63 2.07 .16 .52 .17 .56
72 44.7 .5 1 I .o7 .27 .89 .13 .43
76 47.2 .38 1.25 .06 .20 0 0
78 48.5 .14 .46 0 . 0 0 0

Table 6. Gradeability of EVA Metro

Gradeahility (‘7-)

Vehicle Speed 0’~- ~o’; so’-:
kIll/ Il till /Il I)ischarged l)ischarged I)ischarged

2 1.2 7.7 1.1 1.8
Cs 3. 7 14.0 13.4 16. 1

10 6.2 12.7 12. 7 2 2.4
lb 9.9 11 . 9 14.1 17.1
22 13. 7 9.7 12.8 12.5
28 17. 4 6.5 10.0 11.0
36 22.4 6.52 6.7 6.0
48 29 .8 SM 4.2 3, 9
56 34.8 4. 1 1 3.5
68 42.3 6.4 1.6 1. 7
72 44.7 5 .2 2. 7 1.3
76 47 .2 3.9 0.6
78 48.5 1.4 . -
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H The tractive forces that the EVA Metro Sedan was capable ol ’ ex erting for
three states 01’ battery ~Iisc Iiarge were :

I 
- 

0’ Discharged 5250 N (1180 IbI’).
40’ Discharged — 5470 N (1230 IbI).
80’ ; 1)ischarged — 4405 N (990 thO.

All tests were performed in first gear. At a vehicle test weight of lo42 kg
(3620 Ib). the resulting gradeahility limits were:

O’ Discharged 34.S’7 (range: 33 to 3o ’1-) .
40’;- Discharged 3o.0’.. ’ (ramige: 3 5 to 37~~),
80’ L)ischarged - - - 28.5’ ;- (range: 27 to 30’ 7 ).

flie values at (lie 40’ :- discharged state were greater than at the 0 tl is—
charged state (‘or the tractive t’orce and t he gradeability limits. The cause could have
been t he imicrease iii battery temperature which would decrease the battery imiterna l
resistance. This is possible because the battery was discharged at 75 amperes between

- ~ measuretnents to attain t he stat es of ’ disc harge. The percent discharged was deterinimied
by m easuring t he ampere—hours takem i out.

I)uring actual longitudinal slope operations. a 20’ slope was miegotiated in
forward and reverse gears~ a 30(7 slope was negotiated in forward gear. but (lie vehicle
stal led in reverse. The vehicle was stopped and started from a stationary position on
eac h grade.

6. Road Energy Consumpt ion. Road energy is a measure of’ ( lie energy
consumed iii overcom ing the vehicle’s acrodymiani ic and rollimig resistance plus the
energy consumed in (lie diffe rential drive shaft and tile portion of the transmission
rotat ing when in neutral. Road energy is obtained during coast—down with (lie differ-
ent ial being driven only by the wheels.

The road energy consumned for (lie veh icle at various speeds and (lie losses imi
the differential were deter m ined from coast-down tests. Road energy consumption.

is calculated as megajouks t ier ki lom et er from the followimig equation:

V 1 -V  MJF = 2.78 x IO~ W ~~ - . -
Ii 

( — t 111 km

5~~
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or, in F nglishi units:

V — V
I’ 9.07 x lO~ W n-i 

- 
fl r~vv ii

n t n — (n_ I

‘ w here :

V = vehicle speed in kin/hi (till/li)
t = time , s .

The results for the road energy determination are shown in Figures 8a, 8b. amid 8c amid
Table 7.

Table 7. Road Energy (‘om isu mu ption of EV A  Metro

Ve hicle Speed Road Energy

km/li (mi/h) MJ/ km kWh/km (kWh/ mill)

65.33 40.6 .49 .14 .22 
—

42 .64 26.5 .34 .09 .15
2o.71 16.6 .2~-i .08 .13
15.77 9.8 .20 .06 .09
(,,92 4.3 .19 .05 .085

7. Road Power Requirements. The road power is a measure of vehicle aero-
dynamic and rolling resistance plus the differential, drive shaft , and a Portion of the
transmiss ion’s power loss.

The road power , P11 . required to propel a vehicle at various speeds is also
determined from the coast-down tests. The following equations are used :

v 2 - v 2
= 3.86 x l0~ W kW ,

or , in English units:
2

V - V
= 6.08 x l0~ W 

~~~~

‘ ~ lip.
n n-i

The results of road power calculations arc shown in Figures Qa and 9b and Table 8.

23
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Table 8 . Road Power Requirem ents of 1- VA Metro

Veh icle Speed Road Power Required

kin h uiii-h) k\~ hp)

(15. 3 3  40.o 8. 73 I I’
42 .o4 26 .5 3.88 5.2
26 .” I lo.o 2.09 2. 8

IS. ” ”  .82 1.1
6 9 2  4 .3 .3” .5

8. Indicated Energy Conswnption. Tile vehicle indicated energy consumption
ts defined as the energy required to recharge the batt ery after a test divided by the
ve hicle range achieved during the test where (lie energy is measured as the input to the
battery charger.

The et iergv input to t h e  bat terv charger wa s measured with a residential
kilowatt-hour meter following each range test. Some overcharge of’ Ow batteries was
usually required in order to assure that all cells ot’ t he battery were fully charged amid
(lie pac k W a s equalized. [lie energy Usage reported in Table 9 ‘was based on field data
acquired w ith a \I I- RAI)(’OM power supply used as a ch arger to charge the battery
(‘aster t hami the I- \ A  Charger and to bring all cells above a specific gravity of I . ~~5 -

Table ~~~. Imidicated l- mier gv (‘onsumupt ion for F\’A Metro Sedan

Vehicle Speed kW h* indicated Energy Fcomioiiiv *
km/h tni h Into Charger MJ/kmii kWh/ mi

40 25 11.8 I . E O4 Q
18,0 1.05 04~

55 35 14 .3 1.14 0.51
14.8 l.Io 0.52

48 lo.0 1.5” 0, 74,)
15. 0 1 .45 O tiS

“ B” Schedule 16.5 1.52 0.68
15.0 1. ’4 0,18

“C” Schedule I o.0 1 ~— 0 0. “o
1~~.5 1 . 5” 0. ”l)

* -s ~.ti- ii -~I) ( ( )5 l  Powc, Supj ’I~ was uct’d his charg Ing be’causi~ tsf th s~ iiut ’ iliis ~st tht ’ I ‘~ -‘ (‘hjr ~~t’r i s  tuth 5h .i15 -~-
tt ~t’ rr~ u~’ri li25tti1T~ ~Wt’Tfli.~ i1t (in I IS \ ,s..

2’) 

— - 
- 

- - ~~~.
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9. Braking Capabi l ity. Simplified brakitig capability tests were comiduct ed . as

per the procedure out htied in Appeiidi\ .-~~~. to provide a preliminary evaluation ~1 the
vehicl e ’s bra king capabilities. The procedure also calls for handling tests but the~- were
not conducted on this sehicle.

a. Straight-Line Braking. Braking capability atid pertormiiance were deter-
mined iii accordance with Section 2.8.8 of ’ (lie test procedure in Appemid ix A.
Maximum-e ffort brake applications were made (‘rotH road speeds of 48J km ii (30
nit h ) and 80.5 km Ii (50 m i i i  hi) on a level , bitumiiimious cot icrete road that has a ~‘O dr~
skid num ber. The results of these tests are presented in i’ahhe I 0. The stoppimig
distam ice requirement t h at at least one stop be within I ‘.4 ni (5 ” ft 1 from 48. 3 kin ii
130 miii hi) and 45 . 7 ni~ I 50 ft ) from 80.5 Liii, Ii (50 ml Ii) ~ as met.

b. Brak ing in a Turn. Braking in a turn on dr and ~ et pavenlemit was
li m ited to .i spee~I of ’ 48 3 km h (_ 30 mi lii because the level , paved areas available to
perforni these mests were ditnemis ionally inadequate to accom umodate the large turtling
circles required to develop 0. 2g amid O .3g lateral accelerations. l’he area used has a skid
numnhL’r of 40 ss liemi dry am id 21) wh~’mi wet. l’urnimie radii of 00. 7 ni (I ‘)‘-) f t ) amid 90.8 in
2’)S fm ) were measured and .m 3. “ ‘iii 12-ft i—wid e lane was identified by means of
pylons. lhiree brake sto ps were m ade in each left — amid right— nirmi contmgurat ion ~s ith
the road surface dr~ at the (sO .” in (I 0’~

) t’() turn radius: t h e  tests were repeated with
(he road wet  at (lie QO .S in (.2’)8 f )  turn radius. Brake pertormauce from 48.3 kiti Ii
(30 nil li) is presem ited in Table I I - Stability atid comitro llab il itv of ’ the ~ehicle within
the 3 —m I 2 — I’ll—lane widt h were satisfactor y during both dry- amid wet—road brake
t e s t s . W heel lockup occurred at the inside frot it wheel and momentarily at the imiside
rear wheel durim ig all drv’road turns. Both imiside wheels locked during all wet—road
turns and in one instance during a left turn both t’ronl wheels locked: howe~ er . the
vehicle reniained wi t  liii the 3. “ — ii i  ( I  2—t ’t) lane,

e. Wet Brake Recovers- . Service brake ~ .iter recovery te s ts we re acconi-
phished b~ making three 48 .3 kmii Ii (30 miii Ii ). 3 in s~ ‘ . S ml Ii si  lsasel im ie stops prior
to wetting down (lie brakes. Ihie vehicle had insufficient l’romit —t ’mid ground clearance
to drive t he ~ ‘hii - le in ,i I 5— c m ( 6—ii i i water depth: t h e  drive motor is highly suscepti ble
to damage by water or road obstacles because of its lsroxiiiiit~ to the road su i ta c. ’
Wetting ~s as acconiphisl ied wit h a hose on t h e  (‘rou t brakes and js~ backing imito a wat e r
facility umitil the rear brakes were imuniersed. I - tv . ’ r,’.’o\ er\ brake s t O(ss  s~ etc made ~ ith
%~et br.mk.’s. T h e results of (lie r~’e~ s.’r~ tests are presented in I’able 12. Service ’brake
recovery after ~s .imc r imumners iomi w.is satisfactor y .

3 4. )
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Tab le tO. ,,traight-Une Braking Test Results

. Max Brake
Road- Speed Stopping Distance Avg Deceleration Temp °C (° F)

(km/h ) (mi/h ) (in) (ft ) (m/s 2) (ft/ s 2) (Front) (Rear)
48.3 30 15.6 51.2 5.8 18.9 129 (264 ) 72( 169)

18.2 59.8 4.9 16.2 122 (251) 77(170)
14.4 47.3 6.2 20.5 I I I  (23 1) 72 (169)

80.5 50 56.1 184.0 4.5 14.6 77(171 ) 49(120)
46.9 154.0 5.3 17.5 110(230) 64( 147)
44.9 146.0 5.6 l8.4 133 (27 1) 76(168)

Table hi. Braking in a Turn Test Results
Max Hydraulic Max Brake Temp

Test Conditions Stopping Distance Line Pressure °C (°F)

(in) .. 
(f t ) (kPa) (hbf / in 2 ) (Front) (Rear)

Dry Surface
Left Turn 22.9 - 75.2 10 ,600 1540 33 (91) 27 (81)

20.9 68,6 10,600 1 540 — —

15.1 49.4 11 ,200 1620 89(1 92) 56(133 )

• Right Turn 16.6 54.5 11 ,900 1720 - -

16.0 52.6 10 .900 1580 - - -  -

19.1 62.8 11 ,600 1680 106(223 ) 67( 153)

Wet Surface
Left Turn 17.8 58.4 10,800 1 560 34 (93) 28 (83 )

19.4 63.5 11 ,200 1620 - —

17.2 56.5 10.500 1520 95 (203) 58( 137 )

Right Turn 20.8 68.1 10,100 1460 - -  - -

16.5 54.2 11 ,900 1720 - - --

21.6 70.8 11,200 1620 117(242) 71 (160)

3 1
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Table 12. Wet Brake Recovery Test Results
Condition Brake h ydraulic Press. —

48,3 km/h (30.0 nil/h) Stopping Distance (max.) Pedal FI to i t
at 3 tn/s2 (6.8 nil/h/a) (m) (it ) (kPa) (161/hi2 1 (NI (161)

Baseline 31.4 103 4270 620 2~0
35.1 115  4000 580 270 60
.13.2 109 4140 6(X) 280 (i2

Recovery 43.0 141 4340 ts30 290 66
41.8 137 4140 600 280
35.7 1 1 7 5380 780 380
32.6 107 5240 7o0 370 Si
32.6 107 427() 620 2~O ss

d. Parking Brake Tests. Parkimig brake tests were perforuited on 20- and
30—percent longitudinal slopes . A force oh’ 380 to 400 N (85 to 90 lhf’) JPPlied to the
parking—brake handle W~I5 sutt ’icien t to h old (lie vehicle stationa ry in au upgrade or
downgrade a Iti t tide omi a 20 /-  slop e wit hi the t ransmn issiomi in neutral: a handle t’orce of ’
560 N (125 lii i) was necessary on a .10 /- s lope. II’ t h e  tr ati s muissio n is placed in “ par k .”
t he 400—N (90— lht) liamidle force is sut’f’icient on the 30’ . slope . ‘l’he parking brake is
satisf~ietory,

e. (‘oast— D~wn Tests. (‘oast—down data was .ukemi wit h thit ’ transmuiissio ,i
in neutra l toltowing each maxinium-aceelera~ioii run. I he averaged results of two
co8st tloWfl tests ~tre given in Fable I .i.

VIII. (‘OMPONEN’!’ PFRI:ORMAN(’,: ANI) l:h.’l:ICIFNCY

Battery Charger. [lie EVA “Bat tt ’ t v  Marsh all’’ traction battery charger
operates from single-phase power Iromu either a I 20—volt or 240—volt ac outlet. I’he
charger ilicorporales limit’ input mnonitorimi g that selects the appropriate t’harge rate.
‘I’lie charger test report IS in Appendix (‘ . . -\ I 20—vol t ac outk’t is provided on the
charger for the I 2 s-olt auxih iau - v battery charger. l’ lit ’ an x i l tj r~ t’hiam-ge r consists of a
step—dowui trauisto runer aiid Iwo diodes to prod tict ’ ha l f—wa s c rect i I’k’at ion and us
equipped w it Ii a circuit breaker , am meter, and hat terv c lips .

2. Battery (‘haracterisiks.

a. Maiiii fat’(urer’s l)ata . l ilt ’ bat t~ rks su pplied ~ tilt 11w 1 V .‘\ M~ttt ’
Sedan ~‘ Iui - l ’ were I- let ’ t r i t ’ Storag e h1a t mr ’ m -~ ( [ S B) I xid.’ 1-V I Oo I k~’ii R \ s ’hiick ’
Batteri es . I’ hlt ’ I- V I  Oo us a 6-volt , 3—cel l module r~tied at 106 niintiles duselt.u ige .il .i
current of ‘5 amperes ( I 32 .5 Al t) to a vo ltage cutoff ol I . ‘S so Ils per t el l a t

32

II



‘I’

temperature of ’ 25°(’ (7 7°F) . I)iiiietisionai specil’icatioiis as supplied by battery nianu—
(‘aeturers are shown in l’ahle 14.

Table 13. Speed Versus Tiutie l)uring (‘oast imig I’or EVA Metro
Time Ve h icle Speed

(5) km/h (mi/h)
0 77. 7 48.3
5 71 . 9 4 4 7

10 65. 3 40.6
IS 61.6 38.3
20 55 , 8 34. 7
25 52 . 8  32.8

30 47 .8 29 ,7
35 45 , 2 28.1
40 4 1.5 25.8
45 38.3 23. 8
50 35.1 2 1.9
55 32.3 20.2
60 30.2 18.9
65 25, 9 16.2

70 22.8 14 2
75 20.7 1 2.9
80 18, 9 11.8
85 17 .8 1 1.1
90 l5.~ 9,9
95 13.3 8.3

100 10. 7 6.7
lOS 8.6 5.3
110 6.8 4.2
1 15 4 .7 3.0
120 2.9 1 .8

Table 14. Battery Specifications

Length 0.26 in (10.375 in.)
Width 0.18111(7.1 88 in.)
h eigh t 0.28 ni (I i 19 in.)
Weight

l)ry 21 .4 kg (47 ._ ! Ib)
Wet 29 . 5 kg (65.1 Its )

1~Iectrolyte 6.2 1 (6.6 qI)
Life (‘ ycks (lab ) 400-450
h:ully (‘hiarg ed Specific Gravity I .280
Plates Per (‘elI 19

.13
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Baiiet ~ mlia miul ’at ’t um -ei - ’s thisch iai’ge dat.i are presented in l iguirt ’s It) am id
II - I- uguit ’ 1(1 gIves the relatt omishi ip of discharge t’ut m - t’t i t  amid olt.igt ’ to  tl it ’ length of
I mit’ t lie bat Ier~ us able to deli~-ei f l its cui i en I As can be seen , t lie ha i t t’i\ is able to
del iver 1(1 anipt’i-es for 2(1 liout-s or 200 ;nnpemt’-hot irs , hut aI 2 So am lipet -es t 1k’ bat tei~
~ ill oiil ~ operate 03~ hour or ds’tu~t’i 91 .5 ampere-liout- s at a dist’liargt’ i.it~’ of 10
•nii peres . I lie m ean ce ll s oltage is 2.0 volts w h ilt’ ,u t 2 ~

() auui peit ’s t lie miieami cel l vo ltage
drops to I 5 ioh t s tint - tu g the thust ’liaige period t h e  rated e.ip~ut - i tv of ’ the hat tt ’i~ us

.ut’fua~Iy .ibout I 5 - lower t li.ut i the c.ir•It- i t \  s lioss ii in l’igtire 10. and t h i s  rated t’apat ’ ut ~us ,it ’I ua hl~ used to es-aluaft’ (li e bali ci

h:ig uirt . I I  gist’s the relations hip of spet’itit’ power Its sp~.’ cuI ie ent ’t gv
•is.itl.ible from .u single I V IOn bat ten -

b, Battery Acceptance. Pi-iot- to i m i t t iat i out of road tests , Uit ’ t sj I te rte s
su p~1 it’d 6 t he se hilt ’ It’ iii an u l~It’ In mci- w eue tes ted for Isa t Ie r~ t’a pa cit a mid t e m t i  ii ii a I
unteguts- .us spet’il ted in ‘\ppeiidi~ A - Ihe t’apat ’it t’hiet’k vs as perfori uiet l on flit ’
lsatt t ’ries usIng .1 I hyrisItsi-~t-onlroII~’~I disc h arge utiit - Since I hit ’ miit ’asurt ’d t’apat’it s vs as
1 3 2  ~ .inipt’re-hiouis •ut a discharge rate ot’ 75 amperes its 1 , ‘5 volts per cell 11 (1(1 -
ot h i t ’ i i i~mniit ’at’t urer ’s rated t’,mp.it ’ ml ~ 1. t hit ’ hat ten- - w .us at’t’eptals le . . -\s slioss ii i i i
Figur e 12 . I lie bat ten voltage at I lie tm i i t  at iou of dischiai ’ge w .is 9 5 ’  volts and ttec~wed
gradually to 84 . 10 vol t s at the emi d ot ’ Ilk’ test.

-
‘ • flit’ 3O0—~imIsei’e tlist’hai-ge tes t vs as rii ii wit hi a I Ii vm is tor—t ’ont tolled tI is -

charge miii At t lit ’ end oh’ (lit’ 5—mi nute test , I he highest hat tt ’ i I- (t ,’ruiiiuia l f em pet .it  nrc
w as S t ’ ( 135 ’ l~~ As  this was less t han ts0” (’ , t ( s t s %  c anibieiit , the bat te ry sv s te mi t was
w uth i mi spt’t’it ’k’at iomis,

3. (‘ouistan( Vcl ik’le Speed Battery Perfonnan&’e. l)tiri mig t h e  io.i l tests , h~t terv
current and motor voltage vs crc t’onstantly miion itort ’tl. Sitit ’e the hat (c iv  .

antI t he motor unit wit hi its 1i-ee—w heel diode . forward amid t cv cisc toil i.it ’ t o i s . and
hsm’a kii ig diod e) iiiade up a hiighv—eturrent ~los~d loop and flit’ motor unit was t’onstruieted
SI) as to niake itiserf imig .i s h unt for current iuouiitssr difficult , bat tei’\’ t’u ri- t’ iit was
ii i c t ii t o rt ’tl anti was assumiied to 1st’ equ al lo uiiotor (or uiiore act ’uiatt ’ls to tiiOttv i- Unit )
t’u i rrent

h~~~ iitt ’tf in l %gtui’ t’S 1 3a and 1 .lIs art ’ t lit ’ 1’ . ut tt ’ ry t’harat ’te rist i t ’s durimig flit ’
41) kin hi ( 2~ -uiiu h) range te s t I 7 \1.u~ 1~ 

‘ 
~~. (lit’ Ss -kin h i (  34..l’mi Ii) rauigt ’ tes m iw i on

10 \l ,uv 10 ‘
, antI flit’ 7 7-k iu i - h i ~48— tui(h) range test isiti on 23  Mas l~~~

’ ‘
. the .iv ci age

b.ut f cm ~ current, volt age , at it i p~ wt ’r t inting the l’irs t 25 - of l i f t ’ s eluus ’k’ ’s rangt’ .uie
s hioss -u i in l” igiire I Li Si ui ii lai- lsa t te iv ps’i-Ioi’iiiamii’t’ data tlui ’i iig flit ’ last 25 - - of (Lit ’

v chic le ’s r ange is shuoss ii iii ~~~~~ I 3h . Hat t t ’ry povvt’r dt’t’ie. ises toward flit ’ end of t lit’

34
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Figure tO. Battery discharge characteristics,
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Figure 13. Constant speed battery perfo rmance.
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: test . l’he decre ase is probably ttue to (lie retluceti power requiret iiemits as flit’ tempera-
Lure of ’ t he mechanical driv e train com upon em its and associatet i lubri cants increa ses
during the test.

lable I 5 coiitains hauerv perloruiiamiee data b r  (lie three spet’ds in
Figure I 3a au th I .1k Flue total energy removed t ’roin ( lie battery dec reases as fl it ’ spct’d
increases in the manner t’liaracter is(ie oI leati acid batteries . Figure 14 is a set of curves
showing the ‘‘knees’’ at which (lit’ capacity oh ( lie l:\’ I On battery starts to fall rapittly
t’or various rates oh’ tt iscliarge .

4. Battery Pethiruiiancc — I~’iving Cycle. I’ lie average battery current , voltage .
and ptswer au th f li t’ ve h i&’le speed t’or t he third and next to last cycle oh’ a ‘‘B” schedule

~20 nil/ti s t a r t / s ( t s p  run) and of a ‘‘(‘“ schedu le (30 mi/h sta ll/stop run) are shown in
Figures I Sa—t I .uid I (-ia—si respective ly. (‘hit’ total nuniber of’ st ar stops . thisfa rice
traveled. ;ititl ot her data on (lit’ bat tery at iti driv e cycles art’ giv- t’n in l’ahlt’ 1 o.

S. Banc ry Performance - - Maxi mut u Acceleration. Batt e ry h- ie r lt s i ’m nami ce t la(a
at select t’d tiii ies t iuring (lie niaxiinuin at’ct’Iera(ioii test for t h ree t iept his s- it’ bat (cry tlis-
charge are prt’st’nfet l in l.ulsle I 7 .

6. General Battery Performance. Shown in l’ats le IS at’e ba(ter ~ tta (a lssr (lit’
t lr ivi ng t es s. t h e  fully charged battery ek’s’trofy (e specit ’ic gravitit’s range (toni 1 .254
to I .2 ‘0 antI t he fully discharged specific gravities . t’rom 1 .12 (0 1, I ‘O . l’ht’ aiiipert’-
hitsur overcharge varies froni v .  to 3 5 / - . t o  assurt’ t h at all cells in (lit’ battery Wt ’rt’
estua liit’d. II was  necessary to overt’hiarge bevomitl flit’ desireti ov-ert ’Iiarge ss t 10 - in
niost eases . Fven then . ( lie av- t’rage specif ic gravities , at times , stayed below (lit ’ desired
minimum of I . 2n0. l’Iie batter s- temperature had a (endency to increase from ~tuihis’ut
at lIlt’ start ol’ the test (0 abou t I 4~’

(’ (2 5~’ l)  ahov t’ ambient at the end of test.

7 . Charging and Battery Ft’t’icicnt’y. S’e A ppend i x (‘ for an evaluation tsl ’ (lie
FV,’\ ‘‘Battery Marshall” st)litl sf.ut e batter y t’liarger supplied wit h thit’ v-ehit’lt’.

8. Contro ller. t he t’omi tr t l lc r for (lit ’ l V ..~ Me ro St’ttau i is a t’ouiiu iiutatuon ss
t’Iii in w h ic h a voltage is applied I ts  sihut’ts n—t ’on( roUett—re t ’t itit’r (S( ‘R u gates causing con

tt ut ’( ion. Ilie Irt ’q ut’mi t ’v and pulse wid th i t - if ’ t hese galt’s art’ v.iiit’d h’~ .i pott ’m i( it )t i it ’ it ’t’

t’omitrts l letl i I- i lt , II~t’ v,urit’tI hs the accelerator dusp lat’einet if -

Powt’r being delivered to (hit ’ motor is t’ont imiually nius m iito metl antI is ~i t t t o

niafi ca lls - t’on(rollt ’t I so t hat ,i maxiniuni. prt’-dt’(erniint’tl kvt ’l us ntsf t’xt ’t’estt’d.

Ii

: - - -  — -
~~‘--- —----—--—--- ‘ -4~~,_~~.2 : . _ i_— __ ’- .._ - ~~~~~~~~~~~~~~~~~~ 

. 



.— — -  -- - . - -  -~~~~----- ---

in O\ Cs N m a c rn

.~~ V — —
—~~~~_.t

00
N 00 ~-

---

~~ N N 0~ 0 C1 N
— ri

~~~ ~~
‘ 

~~
‘ ~ 00 r- r-4

-~~~ r- ri

In 0 0 r-i so m rn

~- ~ — r-i r-i ~ts 00 —o — ——o —~~~~~— _~

~~
‘O -~~~~~ ‘~~~

~~ r—i sO
‘~ ~~~~ m •-k

(‘-I 
in in — — N Ni

~ m m  in —

.~~ Li..

V
V
0,

~~ N N 00 0 00 ~~ ‘

c-i
N N m  00

2 E 2
— 

~~~~~~ 0’

~ ri~~ —

0 In~~~~~ 
—

~~ ~~~~~~~~~~ N N 0, In C’, N,
..~ Ni Ni Ni m m  ac

C~ Cs ~~ Cs
In

V

I-
— ~~-‘ c oo 

o O - ._. 1~, o
‘0

~~~~~~~~~~~~~~~~ ~
>5a..

V )‘ 
~
.

< . ~~~~ < < < < 
.
~~

0 0
j _0

> > a. ’ a.. I—

40

- -~~- ——- ~~~~~~~~~~~~~~~ - .~L._ _ — - - 
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~



~~~--~~~~~~~~~ - - - - --- ‘-~~~
--— .-..-.-

~~~~
_ - _ - - _ -

U,
- _ _ _ _ _ c ~~~__ - -  - — — -  - — -  -~~~~~

- 
/ -

- - - - - -- - - - - - -  

~~~ 0- 

- 

.j__ _ __ _ _ _ _ ~~~ _ . _ _ _ _ _ _ _  
- - i. . -- - - - - - - - - - -- -- - .- - - - - - - - -

- _ - - - - - - - _  - - -  - _  -- - - -~~~~~ 

-

I 0

1 1 1 11 1 L I I I I 111111 1 11 1 1 1 1 1 1 1 = 
‘

~~ 

— _-  —_- - _ -  

~~~~ - - --~~~~~~~ - - - - - - - -- - - -- - --
/

I—

1111 1 ~
_ _ I 1 I I i I  1111111~i i 1~1~111I1I~i ~ - - - - -- -- -- - - - . - - - -~~~~.- - - -- -_ - - - - - -

I E -~~~~~- 

~~ ~~~~~~~~~~~~~~~~ 1~~~ ~~~~

- - - 

cD - — — - —- o  E
C%J LU ‘

~~ 
— 

-
, 

- ‘ - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - - r z - -

~~~~ 
‘
I ,

~~ v-i
11111 1 1111 ~II I III I . E  ~~ I .11 111.111 

~ii
— . — . - 

/ 
- Lii lii — — - .

_ j~~.-- U, - -- / / 
- -  

0

_ 

I I I

]‘JVIlOA

4 1

. - 



‘—U’-’— -“- “—‘
~ 

,_-.,.--‘ --—-- —‘, —‘-—-‘--- ,-— ‘-— — ‘c— —‘-—-- -‘ “ !
~~~~~~~~~~~~ “

~~~~
‘ -

. ~~~“ ~“ - - -

—

~~~~

-

~~~~

z

C.)
0

I I I I I I I I 1 1 1 I 1 I I —

~~~~~

0 0 0 0 0
0 0 0 0

-,

Q~~~~~ ca W z I -  s-s Z

42

~ 
‘

~~: 
-

~ 



I
- . - . ~. - r ” ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

— ~~~~~~
‘ ‘ ‘ /~~~

‘-
~~

“
~~ 

- -‘-- —‘--“.- - --. —

-.If,

r ~
“
D~ 

-

/
C.)

— .

>1-
C.) Z 

w’ -

I- 
d

w •-

• I 
/

a.
• .L 

r 
a;

p / 
(,I

~~~~~~

• 0 ~~~
- 

=

N ‘-.5 
—

La.. 
‘L, 

. laf

o

~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~

La)
a. 

/

I I I  J I l l  I

P 0 . J 1 . Zø  W Pl~~~ ~~ 

- - ,



~~~~r — — - — —— — - — -
-~~~~~~ ~~ -~~~~~-~~~~~ -

_______________________________ _ 0
- IA

C.)
1o 

~~~~~~
~ >1- -

o Di 
-

w •
£ IA / -

• I _ 0 I A  ~a. ~~~ (vI a

• • Z a
- o ~• 0

Ia) (U .
‘ - 151 —

((I 
~,

La. -o

151 IP

a.o~~~w~~ ‘-~~~~~~ ~~~~~~~~~

44

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
-
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ , 
- ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~



_________________________________________

_ 0
~~~~~~~~~~~~~~~~~ IA

—
C.) a--- -

,. •.

C.) •J
>1-o x  ~..o -

-
o

I i

I j  -

o

(U
~~~~u.)- ‘ - ‘0£ o.• 

~~~~~~~~ 
‘f-i

-

IL 1’ -

wa. -

IA) _ 0
‘-4

0

I I I I J I I I I J J I J I J I 1 I I

0 0 0 0 0
(‘I RI ‘-4

5 A a . W W ~~ .‘-

45

• .— . .- ~~~~ - .- 
. ‘.

~~~~~
- .  

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~0
~0

- 0C.) 
If,a.

0 m o  
-I- C.) .-)

IA >1- 
-

-
o x  

-° ‘- 
-I 

‘.“ _ * cIs) ~~ -
~~~~~~~~~~

£ I:  ____

•

a. 
-• E 

~~~~~~ ,•
I - 

0
• 0 

Diw m 
-

‘I
-

IL
0 

-

....-.~
, 

-

/‘I 
..
. 

./ 
_ o0 

RI
IL 

-La)
a.
La

_ _ _  

_ _ _ _ _  

t 

~!.......ç 0I I I  I J I  I I  I I~~~~~~ I 1 1 1

o~~~a.~~~w Zl- ‘-Z  ~~ EQ. 1A

4h

- -~~~~~~~~~~~ ‘-,‘--- ,---- —
~~~~- ----~,- ---~--- -. --— --- .--‘--



‘ -

~~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~0

k

0.
0/ a. IA

b 0 0.J-‘ ~~ or
o Di

a.
-La ~~

‘ 
~~i. I-

‘~Di _ Q
N

• I -

a.
• £ - (A ’

‘. 0 -

La 0
-

hat ‘-4 Z

47

9
,
’

- 



I
z 

-

0
C.) 

Iflo (‘)O
a.
I- 0 ..J 

-

IA >1- 

-

O X  
-

o i
I . ~~

- 

I- 

~
‘-•

~

p.
La 1 I : 

~~~
— ‘ p

~

£ U) 
~~~~~~~~~~~~~~~ 

-

• I I 
1 

IAL :I 
,‘

• 

.

La C’) 
it‘a. 

C’)
A. 

_,~~~~~~ (A -

o 

• r
‘-4

La
C.) 

, 
-

1

£ 
.

RI .

Is.
La 

-

a.
La
0_s 

-

C.) 
,.t’-
•0’- 

-4

I 
P

Di 

~~
.-* - 

1 1 1 1 1 1 1

a . 0 3w 0 .  s -s r

48

I ’

.t 



_ 0
ID

....
.. -

~~~~~~~~~~~~~

‘

:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.fl
IA

Di

o 
-

I-
La

_ o
1’

0.
• ‘a . (A V

rio
• 0 .-I z ‘-

U ~~~~~~~~~~~~~~~~
‘ 

-

4 ~ ~IIi _
~~

;
~J

I-. -

La p U) ‘4O • -r : w
-

t s-S
0. .

o 0 _ 0
C’) (U

‘as Di -

a. ‘ 

- 
is.

Is)
“ -a I~._ -

o ‘-S

s-s -

I “ 0La) .

.‘-..

~~~~~~~~

1 l I  I I I I I I I I I I I 1 1 I

0 0 0 0
C’) Cu

(Si 0. U La I~~ s-s 
~~ ~~ \ I ft

4t)

_ _ _ _  
—

~~~~~~~
---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~-~ .--- _ _ _ _ _  _ _ _ _ _ _ _ _ _ _



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
‘

~~~

I

Table 16. Driving Cycle Perfo rmance of EVA Metro
Parameter Schedule B Schedule C

Tot al Start /Stop Cycles 84 53
Distance Traveled During Test 32 ,7 km (20.3 m i )  34.2 kin (21 .2 ml)
Test Period 1.72 Ii 1.24 Ii
KiIowatt~Hours Used During Test 9.164 kWh 9.38 kWh
Average Watt-Hours Used Per Cycle 109 Wh 177 Wh
Ampere-Hours Used l)uring Test 110 Au 120 Ah
Average Ampere-Hours Used Per Cycle 1 .3 1 Ah 2.26 Au
Average Cycle Duration 0.0205 h (73.8 s) 0.0234 h (84.2 s)
Average Time Battery is Loaded Per Cycle 0.011 1- i (39.6 5) 0.0117 h (42.1 s)
Percent of ’ Power Used for Acceleration to 56% 59%

Cruising Speed

Table 17. EVA Metro Maximum Acceleration Battery Performance
Time Speed Current Voltage Power Discharged

(s) (mi/ h) (km/h) (A) (V) (kW) (%)
10 (9,3 31.0 372 7~.5 29.2 0
20 30. 1 48.4 380 78,6 29,9 0
50 43.0 69,2 280 84.4 23,5 0
65 46.8 75.3 260 84.8 22 .0 0

10 17 ,2 27 .6 353 77 .9 27 .5 40
20 30. 1 48 .4 349 77.6 27 . 1  40

50 44,6 7 1 .8 249 82,4 20,5 40
65 46.9 75.5 230 83.4 19 .2 40

10 22,4 36.0 325 73,9 24,0 80
20 30,7 49,4 319 73,6 23 .5 80
50 42. 4 68.2 235 77 ,5 18 .2 80

-; 
‘ 

65 44,3 7 13  2 17 77,7 16.9 80

50
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9. Motor and Drive Train. The FVA Metro traction motor is l0-kW continu-
ous dc series compensated designed for a voltage range of 72 to 9ô volts . A data shee t
supplied by i-W A gives the we ight as 1 50 lb w f o base. The resistance is given as 0.03 (5
ohm. Other ratings are given in l’ahle 19 .

— 
Table 19 . E V A  Metro Sedan l’ract ion Motor Ratings 

—

Rate (‘urre nt Voltage Velocity Torque
(A) (V) (r/min) (ft •lh )

Maximum. Intermittent Duty 300 120 4500
(‘onti nuo us Duty 130 96 3500 17

The motor is limited to 4500 r/mim l by an overspeed-compensated winding.
l’he motor has extensi ve convective and conductive cooling and uses laminated pok
pieces for cooling. The SCR .~introller acts as a current limiter, I’he electric motor
drives a torque converter w hich , in turn , drives an autom at ic transask . l’hc shif ’ting
of ’ the tr ansax k is controlled th rough comparison of ’ motor speed and motor current.
hnal driv e ra t io in third gear is 3.65: 1 while in 1s t. 2nd, and 3rd transmission ratios
are 2,33: I , 1.44 :1 , and 1 .00: I , respect ively. [he rolling radius of the fires is givem i hy
l:v1~ as 0,92 t’oot, Further evaluation of the drive—train components is now in progress
at ML’ RALX’OM and will be reported separately.

IX . VEHICLE RFLIABILITY

No major prohlem~ were encountered to prevent completion of the test s , but
several problems occur!cd that delayed the test s , These problems were related 10 the
propulsion batteries and battery charger. Three sets of batteries were tested for
capacity before a set met ampere- hour capacity specif ’katiotis~ t h i s  set was comuposed
of six leen , series-connected EV I 06 F xide batteries that were removed from the l-\ ’ A
Metro ~ 2 Sedan at F Rt)A , Ai m external POWCI supply was used for charging because
t he onhoard charger took too long (typically more than 16 hours) and did not l4rin~
tile specific gravity above the required I - ( - i 5 t ’or eac h cell.

\ .  DRIVER REA (’TION ,-~Nl) SFR\.l(’l :ABI Lll’y

I h ~’ ~-ehick’ ~ a~ coml
’orfahle and handled wefl at constant speeds. I lowc~ er ,

acceleration ~ \ cry slow. l’iiis was caused by the automatic transmission design
which required the converter to he at speed before the vehicle would move. The

batteries were relat ive ly easy to service (water addition and terminal accessibility)

except for the last row of ’ cells in t he battery pack in the trunk of ’ time ~ehick’ rear corn-
parfment , It ~ as ~erv difficult to make specific gravity readings in this area.

S.,
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APPENI)IX A

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
ELECI ’RIC AND HYBRID VEHICLE TEST ANt) EVALUATION PROCEI)URE

(ERD A-E HV-TEP )

I’ABLE OF (‘ONTI’NTS

I .0 Objective and Purpose
1. 1 Obiective and Purpose of the Project
1 .2 Obj ective and Purpose of the lest Procedure and 1)ata
2,() test Procedure
2 .1 Scope and Itemi,ed lests
2,2 Terminology
2.3 Vehicle Condition
2. 4 Battery Condition
2 .~~ Environmental Conditions
2.6 Instrumentation
2. 7 Data to he Recorded
2.8 t ests
2.8 . !  Range at Steady Speed
2.8.2 Range on a Driving (‘ycle
2.8.3 Acceleration on a Level Road
2.8.4 Gradeahility Limit
2.8.5 Gradeahility at Speed
2.8.6 Road Energy Consumption
2.8, 7 Ve hicle Energy Economy
2.8.8 Braking
2.8,9 Handling (OMI’.fl’Fl) BY MI’RADCOM)

NOTE: This procedure has been modit’icd as agreed upon by FRI)A for MI’ RAD(’OM
test ing.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
ELEC~R 1C AND HYBRID V EHICLE TEST AND EVALUATI ON PROCEDURE

(ERDA-EHV-TEP)

1.0 Objective and Purpose

.1 Objective and Purpose of the Project

The test project objective is to continually evaluate representative state-o f-the-art
electric and hybrid vehicles , subsystems , and components. The test results should:

- -  V eri fy, correct , amid add to t he vehicle manufacture r’s data sheets
— -  Provide a common basis for cross comparison of vehicle:

- - design specifications
— purchase specifications
— technical papers
-— engineering decisions

In addition, the ana lyzed data and reports will he used t’or ERDA research and
development program planning toward acceleration of component and vehicle
technology, —

1.2 Objective and Purpose of the Test Procedur e and Data

The test procedure objective is to provide a standard approach for testing which
will allow performance ch aracteristics of vehicles and in situ components to he mea-
sured on a common basis for cross comparison. Vehicle comparison is derived from
t he gross vehicle perfo rmance charact eristics reduced to unitized form , such as per-
formance per cyc le, per ton mile or seat mile. Powertrai n perfo rmance projectio ns are
derived from the gross vehicle performance and the associated component and sub-
system eff iciency results. The total results mi~easure t he vehicle state-of-the-art amid
develop a component , powertra in, and subsystem information base from which to plan
electric and hybrid vehicle research and development programs.

2.0 Test Procedure

This ERDA test procedure USeS and references the Society of Automotive Engi-
neers Recommended Practice . Electric Vehicle Test I’rocedure (SAI J227a) , as a base
to build a more detailed test procedure. The ERDA Electric and Hybrid Vehicle Test
and Evaluation Procedure (ERDA-EHV-TEP) includes instrumentation and procedures
to collect powertrain, powertra in component , and braking data. The SAL J227a con-
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centrates on the attributes of ’ the gross vehicle system reserving subsystem and corn-
ponent test ing to separate procedures.

2.1 Scope and itemized Tests

The objective , purpose, and scope of t his test procedure are detailed imi Section
1.2 of ’ this procedure, The specit ’ic tests covered by t his document are :

Range at Steady Speed (Section 2 ,8.1)
- Range on a Driving Cycle (Section 2.8.2)

Acceleration on a Level Road (Section 2.8.3)
(;radeahil ity Limit (Section 2.8.4)

— (;radeability at Speed (Section 2.8.5)
Road Energy (‘onsumption (Section 2.8.6)

- Vehicle 1:i~ergy Ecom iomy (Section 2.8,7)
Braking (Section 2.8.8)

- ilandlimig (Section 2,8.9) (optiona l - not perlormed by MERAD(’OM)

2.2 Terminology

2.2.1 Curb Weight. [tie total weight of ’ the vehicle including batteries , lubricants .
and ot her expendable supplies hut excluding the driver , passengers, and ot her payloads.

2.2.2 Drive Line Ratio. The motor shaft rpm div ided by the rpm of the traction
wheels of the vehicle. (OMITTED BY MERADCOM )

2.2.3 Gradeabi lity. The maximum Percent grade which the vehicle can traverse at a
specified speed. The gradeahility limit is the grade upon which the vehicle can just
move forward.

2.2.4 Initial State of Charge (of Battery). The am ount of energy stored in the
battery . When pract ical, the imiitial state of ’ charge should be expressed as a percent of ’
the capac ity obtainable from a l’ully charged battery when discharged at a rate equiva— —

lent to t he vehicle maximum cruise speed discharge rate.

2.2.5 Projected Frontal Area. The total f ’ro nta l area of ’ the vehicle obtained by pro-
j ect ing its image on a vertical plane normal to its direction of ’ travel.

2.2.6 Tractive Force. The force available from the dri~ im mg w heels at the driving
w heel ground interface,

1
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2.2.7 Tire Rolling Radius. The effec tive radius of ’ a t ire when it is deformed by the
weight of ’ the vehicle hallasted to its ra ted gross vehicle weight (SAE J670c),
OMITTED B\ M1-RALX ’OM.

2.2.8 Maximum Cruise Speed. The highest vehicle speed sustainable for at least I
hour under specified environmental road test conditiomis starting with a fuIl~’ charged
battery or such other maximum cruise speed as may he recommended by the vehicle
manu t~icturer.

2.2.9 Powertrain. I’he energy storage comuponents (batteries . etc ) , power condition-
ing controls, and propulsion unit (electric rotor , etc ),

2.2.10 Gross Vehicle Weight. [he total weight of the vehicle including batteries , lubri-
cants , expendab le supplies, driver , passengers. anil other payload.

2,2,1 1 Vehicle Test Weight. l’he vehicle test weight is the vehicle weight during
testing, including batteries , lubricants, expendab le supplies , driver , passengers , and
other payload,

2.3 Vehicle Condition.

Upon receipt of a vehicle, it is to be inspected for visib le damage, l)amage is t o be
photographed and reported inmmnediatelv to the shipping company, to the manufacturer .
and to the FRL)A program manager. If the vehicle appears to he in good condition. it
is to be driven by test personnel t’or f’amiliarization with its handling and performance
characterisitics. Wiring diagrams are to he studied , and the propulsiomi system is to be
inspected to determine the appropriate locations for test instrument and sensor
locations.

2.3 ,1 [he vehicle shall he tested in its normal conilguration ~ ith all normal
appendages , mn irrors , bumpers, hubcaps, etc. The vehicle shall be test ed at the manu-
f’acturer ’s rated gross vehicle weight.

2.3 .2 I-nsure that the f’ront-w heel alignment is set to the manufacturer ’s specif ’ications.

2 .3 ,3 Manufacture r’s recommended t ires sha ll he used. I’ ire pressures shall equal the
vehic le manufacturer ’s recommended values or pressures, I’ire treat! shall not be ~t orn
to the point w here the t rea~I ~t ear indicators .mre exposed.

2 3 . 4 Nornial manut’acturer ’s recomumemided Iuhri~’a mits shal l be employ ed .

6 
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2.3 , 5 Vehicle checks prelimi nary to test :

2.3. 5 .1 Ability to t’ully charge and equaliie batter ) cells.

2.3.5.2 Draw the maximum vehicle manufacturer allowed load curremit hut not greater
t han 300 amperes t’rom the fulls’ charged batteries into a load at battery terminals for
5 minutes while monitoring battery te rminal interconnection temperatures. Measure-
ments can he made with a hand—held tem perature monitor for the last 2 minutes or
w ith temperature—sensitive labels, If any terminal or interconnect should exceed 60
degrees Celsius above ambient or if ’ any terminal temperature rises rapidly above the
average of the others, the test shall he ter m inated and the terminal shall be checked
and repaired.

2.3.5.3 Fire pressure f’or possible air leaks.

2,3.5.4 All lights for proper l’unction.

2 .3 .5. 5 Al l brakes for drag, air in hydraulic lines . etc.

2. 3 .5 .6 All saf ety equipment for proper function ,

2.3. 5 - -‘ Weight of ’ the vehicle without driver and test equipment.

2.3 .5 .8 We ight of the vehicle with the driver , all the test equipmemlt . and ballast
weight to meet the manut ’actun.’r’s pay load spec ifications. The fi ft h wheel shall he up
so it is included as part of ’ t he test equipment weight.

2,3.5.9 Calibration of the instrumentation package and recorder~s) installed.

2.3 , 5. 10 Operation of’ the ~ehicle on short samp le road tests simulating all probable
test conditions, (‘h eck out all channe ls ot ’ the instrumentation pac kage and recorder~s~.

2.3,6 1’he vehicle shall he stored at an ambient temperature imi the range of ’ (5 to 3 2
degrees Celsius) 40 to ~0 degrees Fahrenheit tIuriti~z the charge 

~~~ 
ek’. Battery elet’tro-

l ’ te temperature must he below 9(Y’ F when th e tests begin,

— 2.3 . 7 the ~ehicle track tests ~ ill he term u im m ated when a veltick’ fai lure o~’emi rs that
requires either ( I more than 24 hours to repair or ~2i the repair results in modif ’ica-
lions to t he vehicle that significant l change the perfor mnamic e of the chick.

I ~‘sI wt ’i~I~ I ~ m.t~ .tt \ ‘ ~ m’cr~cn~ ti~m~ n,,inu I .i~ t ur,’r ‘~ sp~’~-i i~ .i i,.~n s 1~I%(i it ~uII(~Ii ~f I ht’ t~’~t h’.i~t sh il
bt~ ,u~’h h~it . i t  u~ti ~ t’h t~i~’ ~ ‘ig hi ~Iist rit - t i t  h’n pt’r~’t’nI I t,’nl ~-t~rsus j t ’r~’~’nt r~ J .i Is~’ ~ it hm i’~’i ~~~~ I ~‘I I 1w
II,JntaI4 ~t Iirt ’r ’% ‘,~‘t ~ ’i1i~

- .i t
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2.4 Battery Condition

2.4.1 If batteries are new or have been subject to extended storage , the batteries shall
he cycled per the manufacturer ’s recommendation before startim ig tests ,

2,4 .2 Full charge is to be established using manufacturer ’s recommended charging
- 

procedure and equipment.

2.4.3 For tests (for example , gradeability tests) requiring an X percent discharged
- 

hatter)’ at t he start , t he required initial state-o f-charge will be established as follows:
A Range at Steady State test shall he perf ’ortned at recommended maximum cruise
speed , the end-point of ’ range shall he determined as defined in Section 2.8.1.2 ,2 , and
the amp hours taken from the battery shall be measured, To achieve X percent dis-
charge of a t’ully charged battery , the battery will he discharged by driving the vehicle
at recommended maximum cruise speed or h~- discharging the battery through a load

- - 
at  an equivalent constant power until X percent of ’ the amp hours as determined above

- 
are removed from battery . Tests conducted with the battery partially discharged at the

- start must he initiated no longer than 10 minutes af ’ter the desired initial state-of-
- 

- 
discharge is reached.

- 

- 
2,4 ,4 For tests in wh ich the e ffects of battery initial stat e-of-charge are to he investi-
gate d, tests should he com iducted with the propulsion batteries at 0 percent . 40 percent .
amid 80 percent discharged.

- 
- 

2.4.5 Capacity and Quali ty Verification. The battery shall he discharged at the 3-
- 

hour or other manufacturer ’s published rate (to 1.7 volts/cell specif ic gravity 1.160 1-
.01 for lead acid), The capacity shall he within 20 percent of’ t he manu t ’acturer’s
capacity at the published rate to pass this test. A second cycle shal1 he run to verif’y

- the battery ’s quality,

2.4.6 Bet ’ore each vehicle test cyc le (unless otherwise specified), lead/ac id batteries
shall he fully charged amid equalized. It’ the specific gravity of any cell is 10 poimits
below t he battery manufacturer ’s specification f’or full charge , the cell shall lie checked
and replaced if’ necessary.

2.5 Environmental Conditions

2.5.1 Ambient temperature during road testing shall he in the range of ’ 5 degrees to
3 2 degrees (‘ (40 degrees to 90 degrees F) , except short tests may be conducted
wherein the average te m perature of ’ the vehicle c hassis and powert rain does not exceed
t he prescrihed temperature limits.
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2.~~.2  Road t e s t s  ai~’ to  he pe rfoimnt ’d omi a toad ~ Imt ~- i i is level to tt i t i n im ‘ I pel~ t ’ut
.iiid ht.ts .t hard , div sul l.ice. I t ’ s f s  ‘dm .mil he m u  Iii opposite th ii e t ’fio ums ~s hie mi I hit ’ ’~ .ii
per lom- imietl on a road test rou Ic - l ime tl ire~’f ion of ’ travel need not he m ~~ ~

‘ “ci i s~ hemi
opera I lug Ott  .1 t’Iost’d test I rack -

- “ .3 [lie recorded wind speed ,it I lie test s i f t ’ dtui i t ig lest shall not t’xct ’t’d In km - Ii
It) in pu ) gusts s h a ll not exceed 24 kimi ii I ~ imipli ) -

2.6 Instrunienlalion

2.6. I ‘lest Insl rummmeumtat ion. l’hiis section provides .i list of immst ruum i t ’ntati omi required
to pt’i’fom’imi the t e s t s  specified iii t h is procedure. l’lie os- em ai l cm toi in it ’to idiuig oc ut id i
eating instruments shall he no worse than ~2 pert ’eim f of the mi ma x inmum value 01 fl it ’
vatiaNt ’ to he immeasure d (not iiit ’ itid iimg teadiug c n t l r s ) . Periodic i-alih i r : i t io tu shall hi.’
pci-b u mmed .ii i d doi.’umeimted to  insu lt ’ t ’ tm m i i p i i amm i . -e with f l i ts  Ieqti i i-eunei mt. 3

2.6.2 (;t’tie’nml Insinimentation. l iii.’ following i.’l.isses of Im ms tr u m ue u m ls ,imi.’ requited t t i i

ti m e pilipose of fe s t s otu t hi mie d t i m f l i ts procedure :

- 
- ss .if I -h our uime t eu 01 w at  f I line recorder

I ).( ‘, .i f t  -Imou t- nmete r or ss .t I f  tune recorder
I ) ist am m t ’e -ve m st is - t h im . ’ recorder
I i  re pr.’ssu re gauge
l’.’u- Ioi.lk - .tmimb j ent feu impei’atum ’e um ieas t ii ’et mte nts during test s
I ) .(

‘
. w .i f t  um me tel (t ’.tl.’ti l.i f ion is opt iOu 1

R. u ( c m s tetnp er af um’e iudit’atoi
Hal I civ volt age versus ( limi t ’
Halt er~ .‘tui - m- e nf ve ust i s I lIne
Motor s ht.if ’f s peed teisti ’ : I tine ot’ vt’hk’k’ speed (( )M i i ’  I’l l))

Motor itmpllf cut t t’uit v et sits I ime
Motor i m m pi i t  voltage versus lime

— Stopw atc h
A suitab le iiiulti.’ lma imuel re.’ord lumg svs te uli —

— A i i  I t  Ii ss lice I

2 .7  l)imlim to he Recorded

2. 7 .1 (k’nt’rtml

,‘. 1 I - I M,t muif . , .I i im. ’ m ’s sp.’.’ ifu. ’.it ion sheet data.

ci)

~~~~~~~~~~~~~~~~~~~~~~~~~~~ --—-----~ 
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2. 7 . 1 .2 Vehit ’k’ ident il’ication.

2.7.  I .3 Overa ll uma x iu m m umm i dimension (including projected t’ronta l area).

27 .1 .4 Weight: curb weight aim,! test weight to within t 2 percent.

2. 7 .1 5 Batter y :

Manu l ’acturer —

— Ivpe and normal rating at specified discharge rat~’

Previous history of ’ t he battery including chronological age , number , and nature
ut ’ charge-discharge cycles , ser ial numbers ,

State of ’ initial charge using the dellnition of ’ percent charge presented in Sec-
tions 2.4.3 and 2.4.-I - W h ere meaningful, ot her parameters such as open circuit voltage
and e lectrolyte specifi c gravity shall also he stated.

Wa I f—ho urs consumed during test . 
—

Power comisu immed during test

Temimperature at time start amid the end of the test (either within the electrolyte
or at the cell terminal , as appropriate).

— Recharge energy

Recharge amp—hours

Recharge timmm e

2. 7 .1 n Motor type and rating.

2. ’. I . 7 Overall drive train ratio(s) available and those used during test , plus vehicle
manulac tur er ’s recommende d shit’t points of’ manual transmissiotm.

2. 7 .1 8 l’ ires: manu t ’acturer . design, s u e . rolling radius measured at GVW . aumd t he
presstm re at I lit’ start and t he end of t he test.

2. ~, 1.9 Power cons utmmpf ion ot ’ individual accessories , cit her measured or as specified
by ve hmick’ uimanul’actur er , and (h u es w hmetu each accessory was on durimig time test .
(OMIT’l’l71))

60
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2.7. I .10 Fuuviron umuental conditions:

Raumg e of ’ II ie a i im b ie iii t emm u pera t ure .1 un ng test
4 Range of ’ the st itud veloc ities during test

Range of ’ the wind direction during test
Prese’nce of ’ any precipitation dur ing test
Meauu test site altitude relative to sea level

— 2 ,7 ,  I . 1 1  Running surface.

2.7. 1.12 I)escription of test route: road class , road surface type. aim.! condition
(Table 9 of ’ SAt J688) and flit’ lengths and grades of ’ ( lie test route,

2. 7 . I .13 l)ate and flue start iiug atm.! endimug f imcs of ’ test.

2. 7 . 1 .14 List of ’ al l im u strum ume nts used in the tes l ( manufacturer , mode l number , serial
number) and t h e ir last calibration date.

2. 7 ,1 .1 5 Ami~ deviation from ti me test procedure aim.! (lie reason for flit’ dev iation,

2.7.2 Road Tests

2.7 .2.1 Data shall he recorded and averaged for tests in opposite directions whueuu tests
are run on a road test route. ‘[he data reported shall he flue average of ’ at least two test
runs one iii each .1 irec t ion. The range of flit’ test rt’su its amid I hue num her ol’ test
runs also shall be reported.

2,7, 2,2 l)ata shall he recorded and averaged and reported from two test runs iii

opposite directions on time test route t’or power and emuergy transf ’erred thut’ough f lue
powertrain aumd t hrough each of flue components of flue powert rain.

2.7 .2,3 Recharge energy in t o  the battery charger and into the battery shall hi.’
recorded , averaged , au .! reported f’or f lue two tests per cycle described in 2. ‘ . 2 2 .

2.7 ,2.4 Battery voltage and current (power amid energy) and thu.’ motor voltage and
current shall he recorded and repeat test runs averaged amid reported as specifi ed under
the respective tests.

2. 7 .2.5 Pert ’ornu f lue f ’ollowing ch ecks prior to eac h day of ’ testing:

2. 7 .2. 5 - I Fuusure that all fluid levels are as specif ’ied in t im.’ vehicle nmanuf ’a.’turer ’s log
hook: Battery . Brake , A utou muatic ‘l’ransmiss ion , Power
Steer ing , O th er ________
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2. ,‘ 2 ‘ 2 ( iit’.k .ill i’ lt ’ l i i i  .tl pi ‘~~ t’t , i i i im i -
~ I it ium ~ f t i t i’ Iu~ si~ tl tig ht uuess and ev idence of

ru t mt muu m g hot

2 ’  ‘ li i~~i’~ I t ir es h it ~f.utu.igt i t td ~~,‘ai

2 ‘ 2  S 4 t orque ,iil ~ heel I ‘ it ’ 1~~~( s  I’ ~ et ui~ he iuua imtifa& f urt i 
‘
~~ .‘eouuuuum eiided va lues.

2 ‘ 2 5.’ t tire ~ es~tIi es ,uumd ~~~ ~II il pi i.’ ss l i t  t ’S oil ,i,t t. i ~hecI s

2 2 5 n I imsure tli.iI I Im , ’ t i l t  It ~ lit ’,’l u ti c i-i ,‘ssii re nm,’e(s itianula,’turer ’s reconm mm uenda—
110115.

2 . ‘ .2 “ l ,mslall tape iii re,-order .iui ,l re~ortI reel uuttumil ’er ,tumtl trac ks used on data sbcef ,

2. 7 . 2 S S Record unsl ru u mm ,’ m m t . ml ion L- h.imummel tde umt it tes

2 .~~~ . 2 S 9 Record ,lrus,’r .imid ohs,’ uset identities . Weig h f lue test ve hicle amid record
weig h t.

2 . 7 2 . 5 t O Record wtuu.l d irecttouu . w iumd speed . antI anuhieuut teuuuperature. (1)0 iuot
uuuderta ke t es t i n g  il wind speeds are greater than 10 nuph or if gusts exceed I 5 uuiplu. 1
Re.’ord s~ t im ,! .Iiret’ti ot m , s elo~tt~ , and anuhicuit teumupt’rature nuidway througlu flue test
period antI at tIm e et m .l ot the te s t period.

2 7 .2 5. II W,ir mum up aim,! st,d-iliie flue electronics before heginniumg tests ,

2 .7 2.5 11 Obfai’i pretest ieros aim,! electrical step calibrations, Repeat at time t’ouuip le—
t ion of a s.’ui.’s of tes ts or at time emit ! of ’ a test day . —

2. .2 . n Perform the (‘ollowing checks prior to each test:

2 .7 .2 .6. I Ensure that the proper or suf ’t’ic iemut amount of ’ c luai’ge is in flue batte ry.

2 . 7 2 n .2 F uisure that there is sut’t’k-k’nt tap ’ in the recorder,

2 . .2. n.3 Record rutu to he uumade , direction, atud course on t Ime ,!ata sheet ,

2. . 2 n.4 Other pert iu ueiu t ,‘ im ec ks amid (a c t s  ahotit t u e  te s t.

2.8 Tests •

2.8.1 Range a t Steady Speed

(‘2

, ‘-;-/
, 

re.,; ’ ‘-S- _, 
—
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2.8.1.1 Purpose of Test. The purpose of ’ t his test is to deter m ine tIme maximunm range
an electric road vehicle can achieve on a level road at a steady speed.

2.8.1.2 Test Proced ure. These road te sts are to he conducted subject to the test con-
ditions and data requir euim euits described in Sections 2.3 tiuroug im 2.7. Individual tests
shall be started with the vehicle propulsion battery in a full state of ch arge.

2 .8 .1.2 .1  Road Tests. The vehicle shall be operated in a norma l manner and be
acce lerated under its own power to the preselected test speed. Time range tests shall he
cont inued without interruptiot i at the preselected speed which is to be tmiaintained to
within ±5 percent until time vehicle reacl mes its end of range as defined in Sectiomi
2.8.1.2.3. Time vehuicle range sh all he determined as the average of two tests made
around a closed test track or in opposite directions over a road test route. l’hme steady
speed reported is to be flue average speed maintained over time distance traveled.

2.8.1 .2.2 Selection of Test Speeds. The test speed selection depends on the top speed
capability of the vehicle. The test speeds to be used arc specif’ied below in ch arted
f ’orm iu. TIme 25 mph (40 km/h) base speed agrees witl m a commonly used f’oreign
reference speed w h ile 45 ant ! 55 ummph correlate wit hi expressway speed litmi its. In addi-
tion, time range at t ime manufacturer ’s rcconmnmcnded top speed is to he determined. It ’ a
imm a nufa t ’t urer s recoumun mendation is riot availab le, tIme top speed wil l be defined as 95
percent of ’ the mmm ini t m m u mi m speed of ’ time vehicle wlme im driveti around time test track at
wide-open t h rott le.

Ve h icle I’est Speeds l’or Se lection Vehicle Top-Speed Capability ( mm m p h m)

mmq)hu (k u mm / h) 0-39 40-49 50- 5’) 60 & Over

25 (40) X X X X
35 ( 56) X X
45 ( 7 2 )  X

55 (88) N
Manul ’acturer ’s Recoum m nmen de,l I’op
Specti or [‘op Speed as det e rumm ined in
2.8.1 ,2.2 N N N

2.8. 1 .2.3 l)efinitioum of End of Range. Time end of ’ the drivimig range is reacimed w h en
t ime s-elmui.’it ’ speed fa l l s  below 95 percent of the limit ially programm uuni.’d stead~ speed or
wimen such ot lmer ve imi.’le pert ormmiance l imm uitatiot i is reach ed as mmma he spe c ified by li me
vehicle n m an u f ’acturer. For examp le , ii ’ coumtinu ing t im.’ rang,’ tes f m mm ig imt result in

- - .leleter ious operation of ’ fime battery, time veh i ic le u mma n u f ’act u re r u mm a\ re late ( hu t ’ end of ’
dr ivim ug to so im me ~‘hmaract eristi c of ’ time hatter~ suc lm as ter m mmi u m al s-oltage under load.

(13
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2.8.1.3 Special Data Recording. t im addition to recording the data specified in Section
2.7 , the following special data shall he reported.

2.8.1.3. I flue test data sh all be tabulated amid also plotted as a curve simowinig range as
a function of vehicle speed. Time actual test points s h all be indicated on th is curve.

2.8.1.3.2 Time battery voltage and curreuut (power and energy) auud time motor voltage
aiid current shall be tabulated at the first huaif ’—t uu ile point and at a point one—half tumile
from the end of range.

2.8. 1.3.3 The l’actor(s) involved in determining the end of range as tiefimied in Section
2.8. 1.2.3 shall he reported.

2.8.2 Ratuge on a Driving Cycle

2.8.2.1 Purpose of Test. Time purpose of ’ this test is to deterimm ine time umiaxiumiunu range
traveled and the energy consutmued by a test vehicle when operated omi a level surface

- : in a det ’in it c , repeatable driving cycle. The driving cycles det’immcd in t h is procct!ure are
not necessarily intended to simm i u late a particu lar veh icle use pattern. Rat h er , it is time
intent of t his section to provide stan.!ard procedures l’or test ing electric road veh icles
so that their performance can he cross counpared w hm c mm operated over a fixed driving
pattern.

2.8.2.2 Definition of’ Test Cycles. Three test cycles are del’inc,! aim,! shown to allow
the veh icle to be tested ummder conditions w h ich best tm iatc h its iumtended use. l’huc t h ree
test cyc les all have the ch aracf er is f ics sh own iii Figure .-\ I

w here: V = vehicle cruise speed kum i /im t um u p l u )
= acceleratiomu tinie s ,

= cruise tiumme at speed V s.
= coast t iumue s.

braking titmme to i.ero speed s.

I, = idle t i im me at iero speed s .

1’ = fofa l cyc le t limit’ s .

Values for time paranmeters of ’ time t hree test cycles are preseumfe d in fable A l

2.8.2.2.1 I)riving Schedule B. Scimedule B is chmaracteri ,etl by a cruise spee.l of 32
k,mm ;hm (20 nmphu) and is intentlet ! f’or use hum testitig a veh icle designed for use oum a l’ixet!

64
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NOTE: The shaded band paths indicate that the velocity profile is tolerant but the time base is care-
fully stated as shown in Table Al.  —

Figure Al. Vehicle Test Cycle, SAE -3227a.

Table Al. Test Schedule for Repeatable Driving Pattern, SAE-J227a

Schedule B C D
V 32 ± 1.5 km/h 48 ± 1.5 km/h 72 ± 1.5 km/h

(20 ± I mph) (30 ± I mph) (45 ± 1 mph)

t a 19 ± 1  1 8 ± 2  2 8 ± 2
1 9 ± 1  2 0 ±1  5 0 ± 2

t~0 4 ± 1  8-± l 1 0 ± 1
t b 5 ± 1  9 ± 1  9 ± 1

t~ 2 5 ± 2  2 5 ± 2  2 5 ± 2
1 7 2 ± 3  8 0 ± 3  1 2 2 ± 4

NOTE: All timcs shown arc in seconds.
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route with muediunm frequency, stop-and-go operation (f ’or examp le, bakery truc k.
shuttle bus, posta l delivery van).

2.8.2.2.2 Driving Schedule C. Schedule C is characterized by a cruise speed of ’ 48
km/h (30 mph) and is intended for use in testing a vehicle designed to he used over a
variable route w ith tnediuumi t’requency, stop-and—go operation (for example , parcel post
delivery van , reta il store delivery truck).

2.8.2.2.3 Driving Schedule D. Sch edule I) is characterized by a cruise speed of 72
kum m/ hm (45 mph) and is ititended t’or USC Iri testing a vehicle designed to be used over a
var iable route in stop—and-go driving typical of ’ suhurbarm areas ((‘or examp le. com m u ter
car).

2.8.2.2.4 Selection of Test Cycles. The test cycles to he selected depend on time
acce leration and top speed capabilities of the veimiche. The cycles for selection are
cimartcd below :

Vehi cle Top Speed (mph)
SAL , J277 a Test Schedules 0-39 40-49 50-59 60 & Over

11( 20 mph) X X N N
(‘ (30 mph) N N (X )** ( X )**
D (45 mph)* N N

2.8.2.3 Test Procedures. ‘flue road tests defined in this procedure are to he cotitlucte.!
subject to t he test conditions and data require nments of Sections 2.3 through 2.7 . The

- 

- 

tests arc to be started w itim time battery fully chmarg ed using the vehicle nuanufacturer ’s
standard pro cedures.

2.8.2.3.1 Road Tests. Time test vehicle shalt he oper ated repeatedly and without
interruption over time se lected drivi n g schedul e on a legal road or test track unti l it
reaches its end of’ range as defined in Sect ion 2.8.2.3,2, Time veh icle range shall he
determined as the average of at least two tests mm iade around a closed test track or in
opposite directions over ‘a road test route. The steady speed reported is to he the
distance traveled divided by t he total elapsed tim m me.

All dcli v cry -ty pe vehid es will hc tes ted to the “C” ~ ck even though ihc top speed e~t’t ’t ’ds 5t) n,p h.
‘ To be tested it ’ “I )” sched ule ir vehicle meets acccl c rattt ~n rcq uireinents . ir not , th e vehicle will he ic~ted t o “C”

sc hedule.
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2.8.2.3.2 End of Range. The end of the driving range is defined as ’t he end of the
driving cycle immediately preceding the cycle in which the vehicle eith er ceases to —

meet the requirements of the selected driving schedule or reaches some other vehicle
performance limitation specified by the vehicle manufacturer. For example , if con-
tinuing the test might result in deleterious operation of the battery, the vehicle manu-
facturer may re late the end of range to some battery characterist ic such as its voltage
under load.

2.8.2.4 Special Data Recording. In addition to recording the data specified in Section
2.7 , the following special data slmali be reported:

2.8.2.4.1 The range achieved, the number of test cycles successfully completed , and
the test schedule used shall be recorded for each range achieved over at least two tests.
The number of tests and the spread of the data also shalt be reported.

2.8.2.4.2 The battery voltage and current (power and energy) and the motor voltage
and current shall be tabulated and also plotted as a function of time and speed for t h e
third cycle and the last complete cycle of these tests.

2.8.2.4.3 The factor(s) used to define the end of range in Section 2.8.2.3.2 shalt be
identified and reported.

2,8,3 Acceleration on a Level Road

2.8.3.1 Purpose of Test. The purpose of this test is to determine time maximum
acce leration the vehicle can achieve on a level road with the propuls ion battery at
various initial states-of-charge.

2.8.3.2 Test Procedure. The road tests defined in this section are to be conducted sub-
ject to the test conditions, instrumentation, and data recording requirements of
Sections 2.3 through 2.7.

2.8.3,3 Road Test Procedure

2.8.3.3.1 A suitable, stra ight , paved test route shall be selected upon which the vehicle
can be safe ly accelerated to speeds near its peak speed.

2.8.3.3.2 The test vehicle is to be accelerated from a standing start at its maximum
atta inable, or permissible, acceleration rate until either the veh icle’s peak speed is
reac hed or until a sa fe-limit speed is attained.
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2.8.3.3.3 At least two successive runs shall be made in opposite directions over the test
course to establish the vehicle’s nmax inmum acceleration characteristics at each of the
three batte ry states-of -charge specified in Section 2.4. The time interval from the end
of one acceleration run to the beginning of t ime next successive acceleration run at each
battery state-of-charge shall not exceed 5 minutes.

2.8,3.3.4 Special Data Recording. In addition to recording the data specified in Sec-
tion 2.7 . the following special data shall be reported:

2.8.3.3.4.! The vehicle’s accelerat ion characteristics shall he tabulated and also plotted
as speed versus t ime for each ot’ time initial states-of-charge. The data to be tabulated
and plotted shall be the average results of two runs for that initial state-of-charge
(Figure A2).

2.8.3.3. 4.2 The battery current and the motor current shall be tabulated and also
plotted as a function of time and of speed (‘or the acceleration characteristics.

O~ Discharee~

~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Disc iarced

Ti ne , Seconds

Figure A2 . Acceleration characteristics .

2.8.4 Gradeability Limit

2.8.4.1 Purpose of Test. Time purpose of this test is to determine the tmiaxifliului grade
on w hich time test veh icle can just move forward.

2.8.4.2 Test Procedure. l)irect ummeasurenment of ’ t hie gradeahility limit on steep test
grades generai hy is immmpr actica i. Therefore , time g radeahi hity i i nmit is to he calculated
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(‘roimu time gross vc hm ic le test weigi mt amid time mmmeasur e d tractive t’orce delivered by the
vehuic le at a speed miear zero.

2.8 .4 .2 .1 l’lue t racti~e force sh all be measured on a suitable imorizotutal surt’ace ammd ~s

the t m max t mi mt t nt torce w~~cim caim be maintained by the vehicle propulsion systenm for a
period of ’ 20 s wht ile tumovimug time vehicle at a mmmininmum um speed of ’ 1.6 km hi (1 mph).

2. 8.4. 2 .2 Time tract ire force simall he deterumiimmed for various hatters- ’ states-o f-t’hmarge
where the La tter are defined in Section 2,4 and at selected transmissiomm gear ratio.

2.8 .4. 2.3 Because the high-rate discharge capability ot’ batte r ies is time dependent , two
tract ive-force tests are to he mmm ade for eac hm battery state-of-charge , Time lower of’ time
two trac1ivc-t ’or~’t’ tmmeasurements shall be used to detertuu imue the gradeabilitv limmuit.

2.8.4.3 Calculation of Grat!eabilitv Limit. The percent gradeabilit’.- limit is to be
deter mmmin ed usimmg t lie f’ollowinmg relationsimip:

Percent (radeahilitv I u nit = 100 tan sin t 
( 

P)

wh ere : P immeasured traction fo rce - kg (Ib)
W ‘ mmuam m ufa ct urer s rated gross vehuick wcigimt kg (lb)

2.8.4.4 Special Data Requirenuents. [Ime procedures just defuimed esta bhis im the
gradeahility limit ot’ t he test vehick as a t’umucl ion of time battery stale-o t’—clmarge . It ’ thm e
t ractioum force is limited by slippage between the vehicle ’s tlri~’t’ w heels and the road
surface , t h is flict shmould he recorded .

18 ,4. ~ flue battery voltage amm d current (power) aimd t Ime Imu otor voltage aimd t- urme m mt
shall be tabulated with time gradeabihtv hinmit,

2.8.5 (;radeability at Speed

2.8.5.1 Purpose of Test. flue purpose of ’ t h u s test is to Lkte rmmmitme tim e Im laxii mm ui mm vehicle
- 

- 
speed w hich can he mnaint~mined on ro,ids ima viimg diffe rent grades, flue effect of batters
staf e-o t —clmarge omu time i-el ude c.tpabihity is to be brought out in these tests. .‘~im atmai lt-

— cal method using data collected in Section 1.8.3, “Acce leration on a Level Road .” is
dcscrihed.

2.8.5.2 Analvtical Method. Using the speed—ti immc d. mt.t t’rolmm t ime road tests ot Se~’iiomm
2.8 .3 3 , (hue v e imicle ’s acce leration characteristics shalt be plotted .ms in l:igtm~. A3 for
eachm st. nte-o i-t’huarge. l)ata for success ive timmm e interva ls t l mem u art’ to be usCt! to deter-
mnimme ti me chicle ’s .mveragt ’ accelerat ion during time nthm tt t uue inter’ ~ml 

- ‘ - -
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V - vn n-Ia = -——-———
n

n n - I

w hen the vehicle has reached t h e  average speed :

V + V
V =

I~~~~~~~~~~~
7; Xt Dcs c harge

Time , Seconds

Figure A3. Vehicle speed versus time during acceleration.

Time data derived t’ronm t h ese calculations shall he tabulated amid also plotted as average
acce leration versus vehicle speed, and a smoot h curve sh all he drawn through tIme cal-
culated poimits for each state-o f-charge as shown in Figure A4, It’ time test vehicle is
equipped wit h a recording accelero ummeter as well as speedotmueter duri mmg the test of ’
Sect ion 2.8.3.3. the information of Figure A4 is obtained direct ly-and can he plotted
as illustrated. Time percent grade the vehicle is able to traverse at any selected speed is
now to he calculated using time following relationship:

Percent Gradeahihity at Speed = 100 ta m u (sin I 0.0285a)

w hmere a vehicle acceleration at time selected speed kmuu/ lm.s ( mmup h/s) .

The constant 0.0285 in t lmis equation becomes 0.0455 when the vehicle’s acceleration
is determuiined in English units of ’ mm mp lm/ s.
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Veh icl e Speed

Figure A4, Vehicle ma.~imunm acceleration versus vehicle speed.

2.8.5.3 Special Data Recording

2.8.5.3.1 The ca lculated percent gradeahihity of the vehicle shall he recorded for each
test speed and for time three battery initial states-of—charge specified in Section 2.4.4.

2.8.5.3. 2 Time battery voltage and current (power~ and time motor voltage atm~! currem ut
shall he tabulated and also plotted in correspondence with the gradeahihity at speed.

2.8.6 Road Energy Consumption

2.8.6. 1 Purpose of Test. The purpose 01’ this procedu re is to determine t h e  power and
energy consumed at vary ing ve !micle speeds to overcotmue aerodynammiic drag and rolling
resistance.

2.8.6.2 Test Procedure. Ve hicle road power and energy consumptiomu at various stea dy
speeds are to he determ ined from a coast-down test wh ich shall he performed in time
following way:

2. 8 .6. 2.! Accelerate the test vehicle under its own power on a level road or test track
to its mmuaxinmu t mm safe speed .

2. 8. b .2 . 2  l)iscon,mect f lue dri’.~’ mnotor(s) w h ere possible amud .illo~i tIme vc hmic le to coast
freely to zero speed wh ile recording vehicle speed versus time.
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2. S .ô .2.3 Rep¼ ’at time coast-down test at least t lmree tim um es in opposite directions over
time road or track to conmpen~ate for the ef ’fects of ’ wind arm ! grade. Record wind direc-
tion and immagn itude and grade direct ion and immagnitude t’or each run.

2.8 .6,2.4 l)urt,mg time coast-down tests , the powertrain loads w imic lm are coupled to thme
i~ Imeels sh all he imuin iimiized or renmoved. It’ t ime vehicle huas a transmission , t hen  t ime
tmmotor shall he isolated from time drive line by placing it in neutral. If tim e motor cannot
he nueclianicallv isolated ,* then both the armature and field of time immotor sh all be d cc-
trica lly opemm circuited, A correctio im t’actor descr ibed in paragraph 2 .8.6.4.! shall be
used to colmupemusate t’or thmose powertrain loads wh ich cannot he removed easily.

2.8.6.3 Data to be Recorde d

2.8.6.3. I The speed or deceleration of’ time vehm icl~ shall he recorded as a fuimction of
t ime during the coast-down tests.

2.8.o.3 ,2 In addition to the general information to be recorded , which is specified in
Sect ion 2. 7, any spec ial modifications to the vehicle wh ich were mmmade to min immmi ,e
powertr ain loads du ring time coast-down tests as described in the previous paragrap hm
shmall be recorded,

2.8.6.4 Data Reduct ion. The vehicle speed versus time data obtained during time coast-
down tests shall he processed to establish an average coast-down characteristic for time
test vehicle. This characteristic data shall he tabulated and also plotted as sh own in
Figure AS ,

2.8.6 .4.1 Vehicle Road Load Power. The vehicle propulsion power required to over-
conic aerodynamic and rolling resistance is to be determined from Figure AS. Fronm
this curve, determine t he vehicle speed . V~. w hic h occurs at successive intervals of
time. t i, . The power required. Ps, , to propel t Ime veh icle at the average speed

v + V
v~ n n - i

t hen shall be deternmin ed from the following relationship:

( V - 1 V )
P = 3.86 x lO’~ W - - - - - -

~
--—-—---

~~
--- KW

(tn .- t~~,)

• Motor windage, beat ing Iosaes, et c. are to be determ ined with th c help of the vehicle manufacturt t .
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Figure AS. Vehicle speed versus titmme during coasting.

wimere : W = Gross Ve h icle I’esf Weig ht.  kg
V = Ve h icle Speed . kimu/ im
t = Titmue , s

‘I’hme above equa t ion yields t Ime road loath power iii horsepower w hmt’ mm f lue co imst atm t in time
equation equa ls 6.08 x I 0~ a m md ve huicle weight is in poutuds . speed is in mmii les per hour,
amid t itm ie is in secom uds,

l’hme calculated power dissipated at eacim c.&Iculated average value of ’ road speed sImal I be
im lotted as illustrated itu Figure Mi,

2.8.6.4.2 Vehicle Road Eumergy. ‘l’hme road emuergy consunmed per ki lomumeter it m pro-
pellin g time velmicle at steady speed also cam u be determmmi ned troi mm time coast—d owtm
cimaracteristics previously plotted as Eigure AS.

Again , using t ime vehm ick speed , V n~ 
at succ essive t immue im uter v als , t ,~. time road emmergy

con sunme d at time average speed

v + v
V~ = 

f l n-I
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shma hl he deter immined by time following equation:

I : = 7.72 x i~
-
~ w 

(V 1 - V )  Kwh
(t 0 — t n~~I

) km im

w imere ; W Gross Ve h icle Test Weight , kg
V = Veh icle speed , kium/ im
t E’itmie ,s

lime above equation yields thme energy commsu mnption per unit distance in kilowatt h ours
per m ile when the corustant in time equatiomm equals 9.07 x I 0’~ and t he vehicle weigfmt is

— iim poutuds . speed is in nmi l es per h our, and t immm e is in seconds.

TIme calculated road energy comusuimuptiot i per ki lommmeter of ’ travel t’or each ca lculated
average value of ’ road speed shall he tabulated and also plotted as illustrated in
Figure A7 .

2.8.6.4.3 Alternate Procedures. The equations of ’ paragrap hs 2,8.t~.4,l and 2.8.~ .4. 2
use speed c imanges over fixed time intervals to determine aim average !eceleratiomm rate.
I’he ca lculations , t herefore, yield time average values of ’ energy amid power dissipated
during eachm se lected timue interval. Time average dissipated energy and power , thmeret ’ore ,
were plotted in Figure A6 and Figure A7 against time average speed for each successive
ti m mue interv al. It’ irmsta tmtaneous va lues of ’ veh ic le acceleration are available t’rom instru—
imments wim ich record acce heratio mu directly, I lien itmstantat ieous values of ’ dissipated
energy and power can be determined using appropriate equations to produce time rela—
tions iups illustrated iii th ese figures.

2.8.6.4.4 Correctiotus for Powertraiim Loads. l’hme values dcter tmuitmed using this pro-
cedure are to be t he energy and power thissipated external to time vehicle h~- aerody-
mma tmmic drag and rohhiimg losses. (‘orrections, thieret ’ore , must be made to t he values of
energy and power deternuined in paragraph s 2.8,6.4.1 and l.$ . i.4. 2 to co lum peumsate f’or
those power tram toads whiclm could not be elitninated duritug time coas t—t lowtm tests.
Specifically, tIme winthage amid t’riction losses 1m m t Ime motor and drivehitie immay be sigimifi —
cali f it • they cammnot be decoup led, lii t lmis case , data descrihimig tIme wimm dage amid friction
losses of ’ eac h compomment are to be obtained fronu time conmpotment tm matm ufac( urer, ( t ’at-
ratios in t ue driv ehimme th en are to he used to relate coimmponent speeds to vehicle speed
amm d the energy and power dissipated in t he driveline establish ed as a function of veh icle
speed. Tlmese data can he used to correct values of ’ road etmerg y and power prev monshy
obta ined, and t he corrected enel-gy amid power cum -~-es cam u be plotted im u a t nam mmmer
s it u lIar to t ” igures Mi aimd A ~ -
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Vehicle Speed

Figure A6, Road power versus vehicle speed.

I
c~~~~~~~~~~

Vehic le Speed

Figure A7. Road energy consumption versus vehicle speed.
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2.8.7 Velmicle Eumer gy Econoi uuy.

2.8.7.1 Purpose of Test. i’ime purpose of thmis test is to defitm e a m umeasure of time overall
energy economy ot’ an electric vehicle and to define procedures !‘or its evaluation.

2.8.7 .2 Definition of Energy Ecoimomy. Fimergy usage involves flue process of ’ charg ing
time battery as wel l as the cotmsum mmptiom u of ’ t hmis stored etmergy f ’or vehicle propuisioim.
Because time vehuicle user pays f’or charging emmergy , ve h icle energy ecommonmy is lucre
det imued as time vehicle ram uge i t m various operati t ug mu mo d es div ided into time A(’ energy
required to returim t ime battery to its original st a te—of ’-c imarge. T ue vehicle emu erg~ecom uommm y . t imeretore . is defined as t’ollows:

..~
(‘ emm c r~v to recimarct’ bat te r~ / kwhurVeh icle Fnergy Fconomy - ,- — — — ‘~— . - 

‘ - I -Range ti m prescribed drivimig tuode \ imutle

2.8.7.3 Test Procedure. l’ests f’or de ter umm initug velmicle range at stead~ speed amid
ve hicle range over a det’inite repeated drivitmg c~-ck h ave been detitued imm Sections 2.8. 1
amid 2.8.2 , respect ively. Botim of ’ t h ese range tests are to he used to estab lis im values for
vehicle energy ecoluomny.

2.8 .7 .3. I Vehicle muamm uf ’act urer ’s reco m um mu me nd ed prot ’ed t ires s h ah be used to chmarge t hue
battery to full capacity both before amid at’ter t he sekcted range tests ,

2.8.7 3 .2 A watt-hou r tuieter shall be tnstalled across time .-\( ‘ energy source used to
cimarge time battery, ammd t he total energy cotms uimietf It) returmm time bat ter~’ to lull ch arge
slma hi be tneasured tollow immg ti me range te st.

2.8.7.4 Data Recording. l ime t’armge of ’ time ve hicle at ste ady speed or its rang~’ o~er .1

repealed dr ivimmg cycle is to he divided into tIme A(’ ctm c tgv required to return time
battery to its limitial st at e— oI ’-c iuarge as t heti mmed above. l’imis quotient sluall be reported as
t ime energy economy ot’ t h e  electr ic vehicle nu der the part icular conditiomis of time rammge
test , For t hue case o I’ time com m tin uous—speed d rivi,mg mimode a imd for tIme case of ’ time repeat -
able driving pattern , time results should be preseimtet l 1mm tabular f ’ornu for t hut’ driving
mmm odes teste d,

2.8.8 Brakiimg

l hu ms sectio im us made up of exce rpt s tro tmm ti mt’ !‘ederal Mof o m \ ‘i’hicle SaId St .ui m dam ds
No. 105- 75 .

2.8.8.1 Purpose o~ h ue Tes s. lime purpose of t lmese te s ts is lii tktermuu,nt’ I hut ’ s~’hi uc l~’’shra kttug capahilmt~ .imutl pt’rtoruuuatice mmdci norm mma l and clmmergent ’v coiudil Ions I I t is
t rmcludes stoppnmg distance ot i dt~ paveuumcm mt and also vehic le salem ~ wh uii~’ hiakii mg i t t

Imi rtms on %~ ef am m t h dr~
- p av ett memm t . 
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2.8.8.2 Test Procedure. Each vehicle sh all be capable of ’ nueet ing all the requirements
of the stoppimug distam ice w hmem i tested accorditug to time procedures amid in tim ~’ seq uemu ce
set t’ort h below without replacing any brake systenm part or makiimg ammy ad ju s tmmm ei mt s to
t ime brake syst enm otimer t h an as permm i it ted in burnish amid rehurnis lu procedures. Auto-
m m u a t ic adjusters nuay be locked out , accord ing to the imuanulucturer’s reconmnue,mdatiotm ,
w hen the vehic le is prepared for te sti m mg. If t h is optiomu is selected , adjusters mum ust
ret ima in locked out for et mtire sequence oh tests. A vdm ic le shall he deemed to comply
w ith the stopping d istamuce requ ire umuents if at least omm e of time stops at eacim speetf and
load specified is made witimin a stopping dista nce t i mat does not exceed time correspo mmd-
ing d is tat mce specit’k’d in the table show n in Section 2.8.8.4.

2.8.8.3 Road Test Procedu ce

2.8.8.3.1 Pretest Lt mstrume ntatio n Check. (‘oimduct a genera l check of ’ instrumm ien ta t iorm
by making not m m more thuam i 10 stops from a speed of ’ not immore t h an 30 t mmp h or 10 snubs
from a speed of h o t  more t han 40 to h O i mmphm at a (leceleratiomm of ’ not more t lman 10
t’psps. It’ instrument repair , rep lacement , or adjust immen t is mieces s ary, mm m a ke not immore
t hman 10 additional stops or SnubS af ’ter s uchu re pair , rep lacement , or adjustment ,

2.8.8.3 .2 Service Brake Syste mmms Test. l’his is a prehurn ishm brake efl ’ect iveness test.
It is im utended that th is test he conducted at ’te r t ime required “ B ,” “(‘,

‘‘ and/or “I)”
cyc le tests. Also , it is intended that t h ese tests he con ducted at ’ter a number of ’ simubs
equiva lem mt to Section 2.8.8.3.1. Time tests are ; Make six stops t’rotmm 30 mph. thmen
make six stops t’rom t he nianulueturer’s recommmucnded immax itmium speed but no greater
th an 60 rmmp hm.

2.8.8.3.3 Braking itu a Turn Test

2.8.8.3.3. I Braking in a Tunm on Dry Pavement. E)rive time vehicle in a circle that will
produce a lateral acceleration (2 ,8 .8.3.6) of’ .3g usimmg time top speed as determined in
2 8 . I .2.2 hut no greater th an 60 imu plm. Apply m u m aximmmu ium braking but mmuke sure timat
lockup does not occur on nmore thm a n one wheel per axle. Under these conditions, the
ve hicle shuould comm tinue to imegotiate f lue same circular patiu ammd be coim tro lla b lt ’ w itimimm
a 12-loot-wide lane. l’lmis test is to be repeated timree timmm e s t’or rigimt turmiim ig amud lef ’t
turning.

2.8.8.3.3.2 Braking in a Turn mm Wet Pavement. Drive time veimicle im m a circle timat will
produce a Late ral acce leration 1, 2.8.8.3.6) 01 ,2g using time top speed as determm uimued 1mm
2.8. 1 2 2  hut mmo greater thma m m 60 mpim. .‘~pp hy nm axiu muut m m l)rakiflg but make sure that
lockup does not occur on immore thman one whee l per axle. U m md er t h ese cotudit io ,ms . time
ve hicle should continue to negotiat e the sa t m me circu lar pati m ar id he commtr ohlahle w i t hu i mm
a I 2-f ’oot-w ide lane , Th is test is to be repeated three t itu ues fo r right turning and Iet ’t
turn ing.
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2.8.8.3.4 Service Brake Water Recovery Test. Time service brakes simall be capable of ’
stopping each velmic le in a water recovery test as specif ’icd below . Precedi mig brake
water recovery test , t hree baseline check stops shall be matte f’roimm 30 mpim at 10 fpsps.
TIme speed, stopp ing distance , and control t’orce ~hahl be documm mented. ‘l’hme control
f’orce used for the baseline ch eck stops slmall be not less timan 10 pounds nor more th an
60 pounds. except t h a t  time control f’orce for a ve h icle with a GVW of 10 ,000 poumids
or mmmore tm iay be between 10 atmd 90 pounds.

After being driven t’or 2 minutes at a speed of 5 mph j im un\’ cotumbinatiomi of ’ for-
ward and reverse directions t h rough a trougim having a water depthm of ’ 6 itichmes , eacim
vehicle with a GVW of 10 ,000 pounds or less shall be capable ot’ making f ive recovery
stops f ’rom u m 30 imuph at hO fpsps t’or eacim stop withm a control force app l ic ati om m timat f ’a Ils
w ith in time f’ohlowing nuaximutmm amid mmiininmunm h itmm i t s ;

I ) A imlaxinmum for time f’irst f’our recovery stops of ’ I 50 pounds. and f’or t ime
f it ’tlm stop, of’ 45 pounds more th an time average co imtro l force f o r the baseline cimeck
(bu t imi no case tm iore t han 90 pounds) except I hmat t ime mmm a xi i umu i mm co i mt rol l’orce I ’or t hut ’
f ift iu stop in time case of ’ a veim icle tn anuf ’acture d hef ’ore Scp te uu mber I , I 976 simall be tuot
more t h an plus 60 poun ds of ’ the average control force fo r time baseline chmeck (but 1m m
imo case nuore t han 110 po umm ds ).

~~) A minimum of’ the average contro l for ce for t ime hase hl ime check lumi n us 10
pounds or t ime average commtro l force f ’or t he baseline check tit m mes 0.60 wh m ichmev e r is
lower (but in no case lower than 5 pounds).

-: 2.8.8.3.5 Parking Brake Test. Time parkim mg brake tests for a mm y vehicle oti dit’t’eretut
gra des . in dif ’t’erent dir ectiomms , alit! f ’or d if ’f ’eretmt loads may he co imducted in any order.
‘rIme force required for actuat io mm of ’ a imam ud-operated brake sy st et ui s h all he m easured at
t he center of the hand—grip area or at a dist am ice of ’ inc im es f ’ronm t ime end of ’ t ime
actuat ion lever.

2 .8 .8 .3 .5 .1 Test procedure l’or requ iremu iem mts in 2.8 .8 .3 .5 ,3 .

2.8.8.3.5 , 1 . 1  (‘ondition the parking brake frictiot i eienmt’ m mts so ttu a t t ime t et um pe rature
at t he beginning of the test is at any level imot mumore lu au 150 °F (wtuemm time temim pera—
ture of ’ conmpon ents on hot im ends of an axle is averaged ).

2. 8.8 .3 .5 .1 .2  l)rivc the ve h icle , loaded to GVW , on to a 30 percent grade (2.8.8 3.5.3 )
w ith the longitudinal ax is of the ve h icle in the direction of ’ the slope of ’ t he grade .
stop t ime vehi cle, hold it stationary by application of the service brake control , amid
place the transmission in neutral ,
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2.8.8.3.5 . I .3 Wit h time vehicle lucid stat ion ary by umme au ms of time setv ice brake control ,
apply the parking brake by a simigle apphicatioim of ’ m ime force specified in (a) or (h).
except that a ser ies of ’ applications to ach ieve time specified force mnay be nmade hi time
case of ’ a parking brake systemmu design ilmat does muot allow time application of’ time speci-
t’ied force in a single application:

(a) lii tIme case of ’ a passemmger car . hot  tumore tha im 12 5 pounds f’or a foot-operated
system im and not more f imai m 90 ~x)Unds f ’or a hand—operated system.

(Li ) h i m time case of ’ a scitoo h bus, not mmmore than ISO pounds for a t’oot—operated
svst eu u atmd hot  immore thatm I 25 pounds f’or a imatmd—operated systetum.

Following time application of’ t Ime parking brake, release all f’orce omu t ime service brake
comutrol and coiminmemmce the tmmeasuret ue iut of t iimme if’ t Ime ve h icle retmuaimms statiotuary. If ’
the ve h icle does not renmait i statio nar y . reapp licatiomu of ’ t ime service brake to h old time
ve hicle statiomm ary wit h reapplication of ’ a f ’orce to tIme parking brake co mutrol at the level
specified iii (a) or (b) as appropr iat e for time vehic le being tested (without release of’ t ime
ratc heting or other h olding mechanisn m of ’ t ime parkiimg brake) immay be used twice to
atta in a statiomiary positiomm.

2.8.8.3.5.1.4 Following observatioti of’ time vehic le itm a stationary comiditiomm for the
specified ti imme imi one direction , repeat t h e  same test procedure witim time veh icle orienta-
t ioti in the opposite directiomi omi tIme specified 30 percent grade.

2.8.8.3.5 .2 Altertiate test procedure f’or requireimuents of ’ 2.8.8.3.5.3.

(a) (‘Imec k that the transmmmis s ion immust be placed iii Park position to release key.

(h) Fest as in 2.8.8.3.5.1 except in addition place time trat ust umission control to
engage t he parkimug immechmat iism.

(c) Test as in 2.8.8.3.5. 1 excep t on a 20—percent grade wit h t h e  parkitig
im uechmamm istmi h o t  engaged.

2.8.8.3.5.3 Parking Brake Systeimu Requi renients. Fach ve h icle sh all he muuaiuul ’actured
w ith a parkitug brake syste lum of’ a t’rictiotu type wit h a solely immec huatmical tumeam is to retaimu
emigagement w hmen tested according to time procedures specif ied iii 2 8 .8.3.4(I) atmd (2 )
and tumeet t he requ iretmuetm ts specif ’ied helow as appropriate wit lu time s ste imm eumgaged

(a) hi m flue case of ’ a passetmger car , wit im a force applied to I he comut rol tuot to
exceed 125 Iioummds for a t’oot-operated sy s te i mu aimd ~0 poumu ds for a hmamud—operated
ss t  cmn -
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(b) In the case of a school bus, w ith a force applied to the control not to exceed
150 pounds for a foot-operated systenm and 1 25 pounds for a hand-operated systeni .

2.8.8.3.5.3.1 Except as provided in the parking brake system on a vehicle with a GVW
of 10,000 pounds or less shall be capable of holding the veh icle stationary (to the hinmit
of tract ion on the braked wheels) for 5 timinutes in both a forward and reverse direc-
tion on a 30-percent grade.

2.8.8.3.5.3.2 A vehicle of a type described in previous paragraph at the option of time
manufacturer may m eet the requirements below instead of the requirements of t h e
previous paragraph if:

(a) The vehicle has a transmission or transmission control wh ich incorporates a
parking mechanism.

(b) The parking mechanism must be engaged before the ignition key can be
removed. The vehicle’s parking brake and parking mechanism, when both are engaged,
shall be capable of holding the vehicle stationary (to the limit of traction of’ t hie braked
w heels) for 5 minutes imi both forward and reverse directions on a 30-percent grade.

The vehicle’s parking brake, w ith the parking mech anism not engaged, shall
he capable of holding the vehicle stationary f’or 5 minutes in hothi forward and reverse
directions on a 20-percent grade.

2.8.8.3.5.3.3 The parking brake system on a vehicle with a GVW greater than 10 ,000
pounds shall be capable 01’ imolding the veh icle stationary for 5 minutes, in bothm
forward and reverse directions, on a 20-percent grade.

2.8.8.3.6 Lateral Acceleration (see Table A2) .
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Table A2. Lateral (g) Forces as a Fumictiomi of Vehicle Velocity amid Turning Radius

Vehmick Velocity Lateral (g) Acceleration

.2 .3 .4 .6
(nmph) ft/sec (l’t/sec) 2 Radius t’or Turnimig Ve lmicle

20 29 .32 860 132 88 (i6 44
25 36.65 1343 207 138 104 69
30 43.98 1934 298 199 149 100
37.5 54,97 3022 470 314 235 157
45 659 7 4352 672 466 336 233
Matiuf’acturer ’s Maximumumiu V 2 V2 V~
Reconmmumended Speed . 2G .3G .4(; .tiG
55 8O,(-~3 6501 1003 669 502 334
60 87 .96 7737 1194 796 597 ‘ 398

G 32.4 f’t/sec 2

2.8.8.4 Stoppinig l)istances (see Fable A3)

Table A3. Stopping l)istances

Veh icle Test Speed Stopping l)istaiuce in Feet Pre-Burmiislm Ff ’f’ect iveness Tests
( imup hu) and Spike Ff ’l’ectivemmess lests

(a)  ~b) (c)
¶ - 30 ,57 69 88

35 74 110 132
40 96 144 17 3
45 12 1  1 8 2 2 18
50 150 225 2i4
55 181 272 326
6() 2 I i  3 2 4  388

Nine hal I’a,icen~,’~’r olr~,ib) ~‘chj cie~ t~t hcr hhat ~ ~as~eiige~ ~‘ars w ith VW t~f I 0.000 t’ound% or h’~~,
— t~’i \~~~h~~it ’~ othe r t han passen ger ~arr  with t;x~~ g reat er t han 111,000 1~ounds.
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APPENDIX B

VEHICLE SUMMARY DATA SHEET

Vehicle Manufacturer: Name and Address
Electric Vehicle Associates
Valley View , Ohio

2. Ve hicle Description
Name: Renault 12 Model: EVA-ELECTRI(’# l
Availability: 5-10 days Price: $9500

3. Vehicle Weight
Curb Wt: 1525.44 kg Passengers Wt:  84.44 kg
Driver Wt: 88.98 kg Payload Wt: 44.49 kg
Gross Wt: 1743.36 kg

4, Vehicle Size
Wheelbase : 2.44 in Length: 4.42 in Widthi: 1 .64 m
Headroom : .85 1 m Legroom: .66 m

5. Auxiliaries & Options
No. Lights: 14 Type and Functiotm: N/A

a. Four imead lamps, sea led beam
h. Two stop arid turn signals rear
c. Two backup li gh ts rear
d. Four side turn signal lights
e. Two f’rommt turn signal ligh ts

Windshield Wipers : Yes Wi iidshmield Was h ers : Yes
l)ef ’roster: Yes h eater: Yes
Radio: Yes Fuel Gage: No
A nmpmumet e r: Yes Tac hioiimeter: No
Speedonmmeter: Yes Odometer: Yes
No. Mirrors : 3 Power Steering: No
Power Brakes: Yes Trat is tmmiss iom u Type: Aut o mmm ati c ~vit h m

torque converter
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6. Propulsion Batteries
Type: EV 106 Manufacturer: Exide Corporation
No. of Modules: 16-6 volts S/N : None
No. Cells: 48 Battery Vo ltage : 96
Al-I Capacity: 132 .5 Battery Su e: .184 rim 3

Battery Wt: 472 kg Battery Age: unknown
Battery Rate: 106 m m .  75A rate Battery Cycles: unknown

7. Auxil iary Battery
Type : SLI (2) Manuf’acturer: I. unknown

2. J. C’ . Penney

No. Cells: 6 ea Battery Voltage : 12
AU Capacity: 72 ah Battery Size : (2) .0116 nm 3

Battery Rate: 20 hur Battery Wt:  45 kg

8, Controller
Type: S(’R Manufacturer: Cahlet’ortmi
Voltage Rating: 96 Current Rating: 340 Amps
Su e: N/A Weight: 11.35 kg

9. Propulsion Motor
Type: Series DC’ Manuf’acturer: Proprietary
Insulation Class: Field 8 ARM 8/A Voltage Rating: 7 2-96 V
Current Rating: 300 Anmp UP Rating: 10 KW
Max. 5 M m .  Rating: N/A Size: N/A
Weight: 73 kg Rated Speed : 4500
Max. Speed : 4500 rpm

10. Body
Type: Unibody Manut’acturer: Renault
No. Doors : 4 Type: Standard
No. Windows: 6 Type : Sat’ety Glass 

—

No. Seats: 3 Type: Standard
Cargo Volume: N/A Cargo Dinuensions: None

Ii. Chassis 
‘

Type Frame: Manufacturer:
Type Material: Steel Mothficatiomis: N/A
Type Springs: Coil Type Shocks: Tube
Axle Type Fron t: Dual Beamu m Axle Type Rear: Dual Beam
Ax le Manufacturer: Renault Drive Line Ratio: 3.65:1
Type Brakes Front: Disk Type Brakes Rear: Drum
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Regemmerat ive Brakes: No Tire Type: Radial
Manufacturer: Michelin Size: 155 R-l3
Pressttre: 220 kpa Rolling Radius: .28 rim

1 2. Battery (‘huarger
Type: SS Mamiut ’acturer: EVA
On or Of’f’ Board : on Input Voltage: 110/220 V I Phi
Peak Current: 30 A Recimarger Tinier: Nomie
Size: .305 in X .152 m X .178 in Weight: 10.55 Kg —

Automatic Turn Off : Yes
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APPENDIX C

EVA CORPORATION * “BATTERY MARSHALL ” BATFERY CHARGER

General Description. The EVA “Battery Marshall” is a solid state battery chmarger
that provides automnatic contro l of t h e  output charging current as well as automatic
sw itch ing of input line voltages. The charger is primarily designed to recharge a 48-cell
lead acid battery pack (Sixteen EV-I06 batteries) from fully discharged to fully
charged in eight to ten hours. The unit is designed to provide a higlm rate of safe
charging current to a dischiarged battery pack , t hen automatically s~ itching to a how
maintenance current as tIme battery pack becomes charged. W hmetm adjusted proper ly.
tIme charger will not overcharge tIme batteries , will slowly reduce the ch arge current to
prevent excessive gassing, and will ter m inate t he ch arge when time batteries reach 2.5
volts per cell. Wit h total solid state construction of the control components , time
charger should provide good reliability and long service if adequate preventive main-
tenance is performed periodically. The charger efficiency ot’ input current versus out-
put current is approximately 85~ on the II 5-VAC cotmnection and 75’ on thie
230-VAC connection. The power required for time charger is approximately one kilo-
watt w ith 0.73 power factor on tIme II 5-VAC connection and 3.6 kilowatts with 0.46
power factor on the 230-VAC connection.

Electrical Characteristics. The battery charger schematic diagrams are illustrated in
Figures Cl through C5. The cluarger operates directly from a single-ph ase power source
with voltages from 110 to 240 VAC, 60 Hertz. A sensing circuit on tIme input deter-
mines the input voltage range amid automatically provides tIme switching to obtain the
proper operat ing voltage. T he input also senses the power ground circuit and imiter-
lock features to disable the charger should a f’ault occur.

The input-output circuit is overcurrent protected by 30-ampere circuit breakers wit h
additional fuse protection for the cooling fan, accessory receptac le, and regulator
circuits.

The output of the charger is obtained directly t’ronm the input power line through relay
contacts to a full-wave bridge rectifier circuit withu sihicomi—controlled rectifiers (S(’R)
in two legs of time bridge. The output current control is obtained by a “puise-widtlm
modulation” tec hnique that controls the conduction ti mmie of ’ time S(’Rs, As time ‘‘omi”
t ime of the SCRs increases , the average DC output curretut also immcreases.

* The charger evaluation , Appendix (‘. was financed by th e h)i~ision of Transp o rtation , Office tor i-iec t ric and

- 
- h ybrid Vehic ie Systems . Hybrid Systems Branch.
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The “on ” time of the S(’Rs is controlled by the “gat e” pu lses th at are p rovided by a
voltage-regulato r circuit. The regu lator senses the output current and voltage to pro-
vide the proper rate of pulses to the S(’R gates. The r egulator cir cuits are error-
dete ction circuits cons tructed of int egrated circuit ope r ational a nipli t ier s a n d othe r
solid state components on two print ed cir cuit hoards. The regula tor circuits incor-
porate live external adjustments th at control th e output parameters of the charg er.
The adjustable parameters are trickle current , tap er poi n t voltage . 1 20-volt maximum
curr ent s 240-volt maximum current , and final point voltage (cutoff) .

The output of ’ the SC R—re ctifi er bridge is direct coupled from the input line : thert’Iore.
the ou tput voltag e and current is a “chopped ,” pulsa ting I)( ’ because of ’ t he SCR con-
duction. With th i s output ,  there is no isolation of th e output from the supply line .
This creates a grounding pro blem and a possible haiard if personnel or single—ended test
equipment become exposed to the output line s of the charger. l) i ffe r ent ial or

‘f loating— type ” inst rumen tat ion must he used to measure the parameters at the out put
of th e charger.

The variation of th e inpu t line voltage has little effect on the output charac teristic s of
the charger on the 230/240 volt connection less than 2”~ va riation . On the lower
voltage inputs , I I  5 / I  20 volts , th e output  current may vary as much as 40’~ wi th  a ten-
volt deviation of the input hu e voltag e.

‘r he reverse current flow f’ro i n the batt ery through the charger , in case of ’ power lin t ’
failure , is approximately I .5 milliamperes with a bat t ery pack voltage of 105 volts.
‘fest indicated a revers e impedance at the charger outpu t  to be approxim ately 70K
01)1115.

The only instrumentatio n on th e charger is a small 0 30 A ammeter ,  l’he accui -ac of ’
this meter varied from w ithin I ’ ; - at 3 amperes to I 2~ at 25 amperes. The meter error
was on t he low side throughout the meter range. Fhi s meter should ti ot he used to
adjust the charge current rates. l)uring one test , the 240-volt maximum eurrent was
adj usted to indicat e 25 amperes by th e charger met er. Because of ’ the meter error ,
the charger would only operate a ‘f’ew seconds bef ’ore tl it ’ cha rger wou ld sh u t ot’t’ on a
hig h current termin ation.

The five charger adjustmen ts tric kl e, tap er , 1 20—volt rate , 240—volt raf t ’, a nd t tn , i l
point are scr ewdriver adjustment s that are accessible through grommeted holes in t lit’
lop 01’ the charger case. F~~te rnal instru m entat ion should be used to make the adjust-
ment s in order to main tain proper operation of the charger.

‘)1
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Slope Characteristics. To determine the cha rge characte ristics of the battery charging
system , a battery pack consisting of sixteen EV- 1 06 batteries was used as a load.
Attempts were made to obtain the parameters of the cha rger with only a resistive load :
however , the output characteristics were too unstable to obtain meaningfu l data. The
circuit indicated in Figure Co was used to obtain the input -output characteristics of
the charger. The input source for the I I  5/ I  20 voltage connection was a 30-a m pere
auto-transformer across a I 20-VA(’ line. The input for the 230-volt connection was
obtained from a I 5-kW Engine Generator. The 5-kW variable load was used to dis-
charge the battery pack from full charge to 1.7 volts per cell following each charge
cycle. Prior to the cha rge rate tests , t he charger adjustments were made as follows:

a. Trickle current ---  3 amperes
h. Taper-point voltage 1 10 volts
c. I 20-volt maximum current I 5 amperes
d. 240-volt maximum current — 25 amperes
e. Final-point voltage — I 20 volts

The batte ry pack was cycled from discharge to cha r ge severa l times at the dif ’t’erent
voltage connections to obtain the input-output par ameters as a function of time. l’hc
slope characteristics including voltage and curre nt versus ti me and voltage versus
current for the charger at three diffe rent input voltages are illustrated in Figures (‘7
through (‘ 12.

The tests on the cha r ger were perfo rmed only at ambient temperatures of 72-7 5°F and
85-92° F. The output of the charger appeared to he stable and comparable at these
ra nges. Temperature extreme tests were not perfor med.

Environmental Emanations. The Electromagneti c Inter ference (E M I )  tests were j er-
formed on the battery charger utilizing the pro cedures outlined in M I L -S I’D-4~ lA.
The tests were conducted with the charger installed in an EVA (‘orporat ion Electric
Vehicle. The radiated E M I was measu red with the trunk lid in both the open anti
closed positions. The tests were performed using th e I 20-volt connection and a
charger output of 10 amperes. The tests indic ated that the charger radiates I M I  i n
excess of the limits specified in M IL -STD -401A (R E O 2 , Figure 13) in the entir e t’re-
q uency range below 8 Megahert ,. Figure (‘13 , shows the radiated EM I t ’rom the
charger as compared to the M l L -STL )—4 6 I A limits. t wo additional limits , used for
engine-generators , are also indicated on the graph.

me audio sound levels emanating f’rom t he cha rger are relatively low as indic ated on
Figtare (‘ 14.  The tests were performed in a sound chamber wi th  the sensing micro-
phone at a distance of 40 inches from the charger an d 4 inches above the charger. Mea-
surements were made on all four sides of the charger while the uni t  was operated on
the I 20—volt connection with an output of ’ 10 amperes. l’ht’ ‘‘db ‘ val ues indi cated on
t igur e (‘14 , are the average of’ the f’oui’ readings taken in each octave band.
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Maintenance . The EVA Corporation Battery (‘harger should require very l i t t le  main-
tenance if afforded the proper care and it is not abused : however , the unit should he
subjected to a periodic preventive maintenance inspe ction to insure long service. This
maintenance should include removin g dust and dirt from all components including the
printed circuit hoards , cleaning exposed relay contacts , cleaning and lubricating the
cooling fan , and readjusting the charge rate control potentiometers . This preventive
maintenance should he performed at six-month intervals.

Repair to the charger could be qu i t e d i fficult and shou ld be attempted only by d cc-
tronics technicians experienced in voltage regulator and control circuitr y util i z ing solid
stat e compon ents. The replacement of ’ components within the charger , once a problem
has been isolated , could also pose a problem, especially on th e pr inted circuit  hoards
where all components are soldered direct ly to the hoard. I lie b ’att t’ry cha rger ;s not
easily repaired .

Recommendations. tt is recommended that th e charger control adjustments  of the
battery charger be adjusted only with external instrumentat ion wi th  at least I~
accuracy. Since the charger characteristics are governed hr these adjustments , the
single ammeter on the charger is inadequate for this  purpose and should onl he used
as an indicator that the charger is working.

The Flectromagn :tic Interfe rence radiation from the charger should he suppressed h~
either f’iltering or shielding. Since the charger is designed to be used pri mari ly  in
residential environments , the charger would pro bably create problems with radio and
television reception. Although the conducted interference tests were not perlorn ied
because of the high radiated figure , the conducted noise would most lik e ly compound
the interference problems.

Because of the method of ’ operation of the charger , isolation of the output  from the
input power line would require a redesign of the charger. It is . there fore , recoin-
mended that  the output lines of the charger he thoroughly insulated and unexposed to
possible con tac t wi th  power grou nd . A lso , any test ins t rumenta t ion  to he used in or
around th e charger output circuit mn t i st be isolated Irom power ground. If not, damage
could result to the output of the charger as well as to the instrumentat ion.

It ’ the cha rger is used on a vehicle or battery pack that  becom es greater th an 50’ - dis-
charged on a daily basis , the high input  voltage range (230/240) should b~’ used, II ’ the
discharge is less than 50~ - , the I 14/ I 20 range would be more et ’f’icient and should be
suffici ent to restore the battery to fufl charge overni ght.

A pr eventive mainten ance inspect -ion should he performed on the charger at least once
every six months.
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APPENI)IX I)

I)ATA ACQUISITION SYSTEMS

l)ata acquired iron . the test vehicl e are condit ione d will .  an ins t rum ent at ion
p..ck,.ge and recorded on magneti c tape aboard the ~-ehick ’ . I he dat a . tm e th e n  repro-
duced oft”board , and the analog sign , .ls art ’ converted to di g i t a l  and recorded on ina g—
nt’tic t ape . this tape is then analy zed at the ME RAI )(  ‘OM computer  center. See
Ftgti re 1) -I tom a block diagram of the  sy~te,,, A description of the s~ sIe i I  components
follows ,

Vehic le In sirumentaflon P ackag e. l ’he ~ehick must  I uI ih’I ) tal  ion ~u~’ka gt ’ 1 OI ) SISI ’S 1) 1
voltage a t tenu ators , a curr ent s litium t out put v ol t  .i~e ampl i f ie r , a mu tt ipIi ~’r , and ,is ci .ig
ing circuits.  A 24 -volt ha tt ers -  is used to power .i IX’ to I)( ’ converter t ’or ~~~ er to th e
sub-components and the  mna gnt ’t ic tap e record er. See Figure 1)—I for a block diagram
of ’ the package. l ilt ’ curr ent  shunt  voltag e ampl i f i e r  is a di f ferential  ins t rum ent at i on
ty pe  wi th  a gain of I S o~ antI c . l f l  he operated up to 1 ~ volts above ground. A t’alibra-
t m on voltage was suppl ied separ.iIei ~ ior eac h channel het ’ore a test sequence.

Tape Reco rder. t h e  tape record er has sev~’ii channels operated wi th  FM signal elec—
tromcs at I -~~ S in t ape speed accur acy is (11 ~

- , and the signal—to—nois e rat io is 4~
tl b. l ’ime—ba se error and in t er cha nueI- t ime- ~lispI a cement error are ~12 and 25 micro-
seconds , respectively .

Analog to l)igita l C onverter. All sev en ou tputs are converted to a di git a l  f ’ormat w i t l~ a
high—speed , I S bit A 1) converter. All input  channels were sampled at rates of about
lOt ) samples per channe l per second and wr i t ten  onto magnet ic tap e (‘or con ipt it er
processing.

Data Redu ction and L)isplay. I ’he di g it al magnetic tape is processed on t h e (‘ IX ’ (*00
computer. The data are smoothed by averag ing s ix t y  points. 1he data are then p lott ed
and p rinted on a line pr inter.

System Accuracy. Table 1) 1 contains the sirna l conditionin g ins t rumentat ion errors .
I’he ~,t l t i t ’s are taken iron. the componen t specit ’ical ions. rhe overall error can be cal-
cul a ted based on the component path s shown in Figure 1)2. The t’if ’th wl .eel—t ach omn et er
generato r cal ibration is given in I’able 1 ) —I .
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Table I)- I. Signal Conditioning instrumentation Accuracy

rr~insducer * Parameter Value ~
Shunt tolerance ± 0.2S

Aver ager t olerance-True Average ( DC’) ± 3

I’olerance-Typical Max. Signal
l O U t  to 1 5 k H z  (AC)

Multiplier l’oleranc e (DC) ± 0.25

Tolerance-Small Signal Amp li- ± 0. I
tude Error at 4 kHz (A( ’)

Amplifier Max. Gain Nonline arity (1)C) ± 0.0 1

Tolerance—Small Signal at Gain ± I
of 100 to 25 kUz

Tape Recorder Overall System Nonlinearity ± 0.3
(F . M. Signal Electronics )

Fift h Wheel-Tachometer Generator Tolerance 10 55 mph ± 0. 7
Refer to Figure D-2 lor Block Diagram.
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APP EN 1)IX F

DESCRIPTION OF VEHICL E TEST TRACK

The test site used to conduct the tests described in this  r eport is Locatett .it
Aberdeen Proving Ground , ,~ bcrdeen , M ary land.  [‘he tr a ck is owned and operated by
the US Army. F ive test sites u crc used.

1. Ford ing Basimi. I’he Fording Rasin . or ‘‘B athtub ’ ’ (Figur es 1:1 and 1:1) .
was designed to provide still water  at controlled depths up to Ct feet .  Ramps at both
ends permit gradual immersion if desired. 1_ engt l. and wid th  of the basin are sut ’f ic ient
for running preliminary flotation tests on some am phibio u s vehicles. El. ~’ prin c ip a l
uses t’or the basin are for determining th e fording characteristics of ’ nonf loating vehicles
anti for  s tudyin g the e ffects of ’ wat er  on ru ni. imig- ~e~ir components such as brakes, seals .
and universa l J oints.

2. Gradeability Slopes. Gr a deab il ity of vehicles is a basic charact eristic usu ally
given in desigit specitt cat ttms of military vehicles, the Munson gradeahility slopes
( Figures E3 and E4) cover a range of S to t~O percent. l’hev are use d to determi ne
optimum drive ratios and maximum attaina bl e speeds on each slope as well as brake-
holdi ng ability and adequacy of angles of approach and departure. With the test
vehicle in both ascending and descen ding attitu des , t’unct ions such as lubrication .
t’uel flow , and carhureti on are investigated. The effect of unbalance on turret
trave rsing eff ’orts and f’unctionin g of turre t drive systems may also he studied on the
slopes. The 5 , 10 , 15 , and 20 percent slopes, approximately 1 4 feet wide. are paved
with asphalt : the 30, 40, 45 , 50, and 60 twrcent slopes , w ith concrete.

3. Mile Loop. l’he Mile Loop (Figure ES) was or igina lly constructed in l~)33 as
a level , concrete course of’ ova l shape for con tinuo us, high-speed operating tests of
ve hicles. Near the headquarters area of the post , the course consists essentiall y of ’ Rio
straight sections, each one-quarter-mi le long, joined at each end by quarter -mile set ’-
tion s of regular curvat u re to form an oval of I mile total circumference ,

The course has been modified by covering and maintaining the su rt ’ace wi th
hot—mixed bituminous concret e and by the addition of a gravel surface parallel to and
outside the oval, Several f~tci l iti t ’s also have been added in the area : a winch test
facility, a “potho le—crossti e ’’ course for forklift truck testing , and a I -inch bump course
for mobility testing of towed vehicles.

-
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Figure ES. Aerial %‘kw of’ %tile Loop.

4. Perrynian Test Area. . \dj o in ing the n orthwestern tt caund ,mr~ ,t t ..~Lter deen
o~ mug Ground, th e Iterr~ m a n  1’~’st A ie.a Figure li t ) includ es about 2 ,000 .mcm ~‘s

Originally devoted primarily to farming, the .im e a is ~ miles fr om th e lie ,idq uart em ’s . mmc.m
t ’t the post I’he kind . essenti~ Uv flat , is used j t r in~’ipaII ~ foi ci oss - coumit  I ‘~ t e sting ot

ch i~ les t , ’t ~I u r al ’i lj t s and r eliab i l it~- . I - .mc i l i t  it ’s for other te sts ,ire included iii the .ii c- a

S. l)vnamometer (‘ounte . I’he l)~ namometer Course t i - i g imix ’ I ;i is located in
lie \l ichaels~-tl le sect mon of the j t m o~ ing ground , 4 iu i lcs fro m t he headquarter s at e,i -

I, ‘onstrucied of r~’mioiced concr ete ~i i t l i  a hot -mixe d bi tuminous Sm f a c ~’. it is su it ab le
for the oper. it ion of ’ the h~’,i~ mest t t .mckl. i~ ing ~ehmcIe s .

t h e  cotuse f i , i s  a t otal gr a di ent of ’ less than 0 I percent in i t s  I -mile length ,
and t t i in. i r ounds at e pros mdcii . i t  c.ich ett l - I t  is used t om cIoseI~ comi tr ol leti engi m l ee ming
iests su ch .is ~~~ it , mt I t imlI and t i  , l ¼ t i ~ c tes is t .111¼¼ ’ in~’asiimemen t s ac~~’Iei .mt ton and
lt r , ikina ~ t e s t s  ,ind fuel ~‘oflsmim1lp t ion me , i sum cnt ~’n t s .
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APPENI)IX F

VEHICLE PREPARATION ANI) TEST PROCI I)URE

Wh en a vehicle was first received at h urt  lielvoir , M FR A IX ()M , a number  of
check s ti cue mn~mde to assure tha t  it was ready I’or per f ’ormn ance t e st s ,  ‘I’hese checks were
recorded on a vehi cle pr epar ation check sheet , l’he vehicle was examined for physical
damage uI ’en arrival ,  Before the  vehicl e was operated , a complete visual check was
made of the ent i re  vehicle.  ‘l’he bat tery was charged , and specific gravities were taken
to determin e i f ’ th e  bat tem ’ie s were equal i ied . If ’ not , an equah ii .in g charge was applied
to fl it ’  batteries , I lie im i tegrity of ’ the im i te m ’n al interconnections and the battery termi-
nals was checked by drawing 30() am up s or I he vehicle manufacturer ’s m a xi m u m
allowed current fron t t h e  f l a t tery for five minutes.  II ’ th~ battery term inals or inter-
connect ions temperature rose more than 60°(’ above ambient , flit ’  test was terminated
and the ter mn im i al s  were cleaned or the bat tery was replaced , f lit’ batteries we re
rec harged , and a hat tem’y- capa city check was made. I’his test was madt’ iii accordance
with th e bat tery manuf a cturer ’s recommendation s. t o  pass this test . t h e  capa cit  ‘~ had
to be wi th in  2f t  of ’ manu fa cture r’s published capacity at (li e published m - m ’~ .

When a vehicle arrived at a test site (APG), a num u ber of checks were performed to
assure tha t  it was ready l’or perfor m ance testing. l’he wheel a hi gm i m ne nt was checked .
coii1t~ ired , and corrected to t lie manu fa cturer ’s recomm ended align m ent values. l’hi e
vehicle was weighed and com pared with t h e  manuf ’acturer ’s specif ’ied curb weight.  ‘l’he
gross vehicle weigh t was determined by manu f ’actur er ’s rated pay load.

1 I 3

~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ . L



TEST PROCEDURE

Each day . bef ’ore a test , a nu mber of pre-test checks were made and entered on
the vehicle data sheet. This data included :

( I )  Averag e specifi c gravity before and after test
(2 )  Tire pressures
(3) F ifth-wheel tire pressures
(4) We ather info rmation
(5) Batt ery temperature s
(6) Test start time
(7) Test termination tinie
(8) Amp hours “ut of the battery
(9) Fifth wheel distance count

(10) Odo met er reading before and after each test
( 1 I )  AC Kw used for recharge
(12)  DC Amp hours into batte r y on recharg e

To prepa re for a test , t he specific gra vities are fi rst measure d and recorded. The
tire pre ssure s are measured. The instrumentation is connected , and power from the
instrumentation batte ry is applied. All instrumen ts are turned on and warmed up,
and a ll data channels are calibrated. The vehicle is towed to the starting point on the
track. Weather data is recorded ; odometer reading is taken. The test is started and is
carried out in accordance with the DOE test and evaluation procedure . When the test
is terminated , the test team makes all the proper checks and record s all data on data
test sheet for t he day ’s test. After all checks are made , vehicle is rowed back to the
charge station and placed on charge for next day ’s test.

WEATHER DATA

Measurements of wind velocity and directio n and ambient temperatures were
taken at the beginning and at the end of each day ’s testing. The APG Airport weather
station was used for all weather data.
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