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• The Citi-Van Model 61 1N0003, an electric two-passenger mu ltip urpose van , was tested
• at the US Army ~berdeen Proving Ground test facilities in Aberdeen, Maryland , as part of

a Department of Energy (DOE) project to characterize the state-of-the-art of electric vehi-
cles. The Citi-Van is manufactured in Sebring, Florida, by Sebring Vanguard, Inc. It is
powered by eight 6-volt batteries that are connected to the motor through a contactor
control actuated by a foot pedal to contro l motor speed. The 6-horsepower motor drives
the rear wheels through a direct drive to the differential. No regenerative braking was
provided.
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PREFACE

The Electric and Hybrid Vehicle Program was conducted under the guidance of
the (then) Energy Research and Development Administration (ERDA), now part of
the Department of Energy (DOE).

The assistance an d coopera tion of US Post~l S;rvice is greatly appreciated. The
Department of Energy provided funding support and guidance during this project.
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BASELINE TESTS OF THE SESRINC. CITI-VAN
ELECTRIC DELIVERY TRUCK

I. SUMMARY

• The (‘u i-Van , a multipurpose electric vehicle manutactured in Sebring, Florida .
by Sebring-Vanguard . inc., was tested at t he US Army Aberdeen Proving Ground
test faci lities in Aberdeen. Maryland, between 14 June and 13 July 1977 . The tests
are part of a Department of Energy (IXM~

) project to character ize the state-of-the-art
ol electr ic vehicles. i’his report presents the perfurmancc ot’ t he Sebring (‘it i-Van.

The Sebring (‘iti-Van is a twi ’ passenger delivery truck w ith a cycolac plastic
body and powered by eight b-volt batteries. I’Iie batteries are connected to a motor
t hrough a contactor controller actuated by a foot pedal to control motor speed. The
6-horsepower motor drives the rear wheels through a direct drive to the diffe rential.
No regenerative braking was provided on this vehicle.

• All tests were run at the gross vehicle wei~ht of 884 kilograms (1Q49 Ibm).
The (‘iti-Van accelerated from 0 to 48.3 kilometers per hour (0 to 30 mi/h) in 2 1 .5
seconds.

the results 01 the tests are summarized in Table I

• I I .  INTROI)UCTION

the vehicle tCs ts and the data presented in this report are in support of Public
Law 94-413 enacted by Congress on I 7 September 1 Q7~ . i’he Law requires the
Energy Research and Development Adm inistration (FRI)A), now IX)E . to develop
data characteriz ing the state —o f—th e-art of electric and hybrid ~ehicks. l’he data so
developed arc to serve as a base line ( I)  to compare Improvements in electric and
hybrid vehicle technologies. ( 2)  to assist in establishing pertormance standard s for
e lectric and hybrid vehicles , and (3) to help guide future research and development
act ivities.

tIme US Arm~ Mobility Equipment Research and I)evelopment (‘ommand
ME RAI)(’OM) under the direction of the Electric and 1 lvhrid Research l)evelopment

and l)emonstration Office of the 1)is ision ot’ transportation Energy (‘onservation ol
i)OE has conducted track tests of electric vehicles to measure their pertormance
characteristics and vehicle component efficiencies.
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Ihe tests were conducted according to DOE I lect ric and Hybrid Vehicle Test
and Evaluation Procedures , descr ibed in Appendix A of MI RADCOM Report 2244)

US customary units were used in the collection and reduction of data. The units
were converte d to the International System of Units (Systcme International, SI)
for presentation in this report. US customary Units are presented in parentheses.
the parameters . symbo ls, units , and unit abhreviati~ ~s us-:d in this report are given
in Table 2 for the convenience of the reader.

Ill. OBJECTIVES

The characteristics of interest for the (‘iti-Van are vehicle speed , range at constant
speed . range over stop-and-go driv ing schedules , maximum acceleration , gradeability,
road energy consumption , road power, indicated energy consumption. and battery
characteristics .

IV . TEST VEHI(’LE

1. Description. The Citi-Van , an electric delivery truck , Model 61 lN0003,
is a mninivan in the 200-pound payload class. The compact vehicle has bench-type
seating in front for a driver and one passenger. The body is composed of an all-alumi-
num frame and an A BS cycolac plastic shell. The vehicle is powered by eight 6-volt
batteries that are located under the bench-type seat. The batteries are connected
to t he series motor through a contactor controller actuated from a foot pedal. The
motor is connected direct ly to the differential. The battery . contactor controller ,
and 4.5-kil lowatt d.c. motor are connected in series. The vehicle is shown in Figure 1
and described in detail in Appendix A. A single-phase, 1 1 5-volt on-board battery
charger is used to charge the traction batteries. No regenerative braking was provided
on t h is vehicle.

2. Operating Characteristics. A key switch is used to close the main switch
which enables the contactor controller , which is actuated by a foot throttle , to change
the voltage applied to the 4.5-kw motor.

V. INSTRUMENTATION

The (‘iti-Van was instrumented to measure vehicle speed and range, battery
vo ltage , current , instantaneous power , and averaged power. The battery charger
input in a.c. kilowatt-hours and output in d.c. amperes were also measured. Battery

I J. Dowgiaflo , Jr.~ C. E. Bailey. Jr.; I. R. Snellings; and W . H. Blake; “Baseline Test s of the EVA Metro Electric
Passenger Vehicle,” MFRADCOM Report 2244 (July 1978).
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Table 2. Parameters , Symbols, Units, and Unit Abbrev iations
SI Units U.S. Customary Units

Parameter Symbol Unit Abbreviation Unit Abbrevialion
Acceleration a meter per rn/s 2 mile per hour mi/h/s

second squared per second

Area • square meter m2 square fool; 112 ; in. 2
square inch

Energy — megajoule Mi kilowatt hour kWh

Energy Consumption E megajoule per Mi/km kilowatt hour kWh /mi
kilometer per mile

Energy Economy — megajoule per MJ/km kilowatt hour kWh/mi
kilouteter per mile

Force F newton N pound force Ibf

• Integrated current — ampere hour Ah ampere hour Ah

length — meter m inch; foot; mile in.; ft; ml

Mass; weight w kilogram kg pound mass Ibm

Power P kilowatt kW horsepower hp

Pressure — kilopascal kPa pound force lbf/in2
per square
inch

Range — kilometer km mile mi

Specific energy — megajoule per Mi/kg watt hour per Wh/Ibm
kilogram pound mass

Specific power — kilowatt per kW/kg kilowatt per kW/ lbm
kilogram pound mass

Speed V kilometer per km/Is mile per hour mi/h
hour

Volume — cubic meter m3 cubic inch; in.3 ft 3

cubic foot

4

1
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electrolyte temperatures were measured with thermometers . A brief description
• of the instrum entation system is given below. l)etails on the recorder are given in

Appendix B of MERADCOM Report 2244. 2

Instrumentation consisted of signal conditioning circuits and a magnetic tape
recorder for recording analog signals of electrical parameters. The magnetic tape re-
corder was operated in the frequency modulation mode at 4.763 cm (I .875 inches)
per second. The signal conditioning circuitry to the recorder consisted of a main
battery voltage divider, a shunt-voltage amplifier for current monitor , an analog
multiplier, and averager circuits for averaging power and current since the recorder
response was less than 0.3 db down at 500 Hertz. A voltage proportional to battery
power was produced by the instantaneous multiplication of voltages proportional to
battery vo ltage and current. Voltages proportional to current and power were re-
corded both raw and electronically averaged. The raw values include the rapid switch-

• ing transients associated with the solid state controller. An estimation of the overall
d.c. measurement error is less than ± l.81~ l’or power. This includes digitization from

( the h eld recorded analog magnetic tape to a computer compatible digitized magnetic
tape. The measurement error ot’ the various conditioning circuits can be broken down
as follows: current shunt (± 0.25%), current amplifier (± l%), multiplier (± 0.25%),
and magnetic tape recorder (± 1%). In addition to these errors , phase deterioration
starts to be significant above 3 kilohertz when the multiplier is combined with an
averager(± 1%): and, finally, the analog-to-digital converter at lb bits and 100 con-
vers ions per second did not introduce any significant error.

A schematic diagram of the electric propulsion system with the instrumentation
sensors is shown in Figure 2. A Laboratory Equipment (‘orporat ion. Tracktest Fifth
Wheel with the Model DD I .1 , Electronics l)igital Speed Meter and the Model DD2. I,
Electronic Digital Distance Meter were used during the track tests. A tachometer

• generator was connected to the 111th wheel to record velocity and calculate distance
traveled. The fift h wh~eI and auxiliaries weighed about 18.6 kilograms (41 Ib). The
fifth w heel was calibrated by rotating the wheel on a constant—speed fifth—wheel
ca librator drum mounted on the shaft of a synchronous AC motor. Time accuracies
01 the velocity readings were within ± ‘ ~ of reading. Ve locity was recorded on a

• Lockheed Store 7 Magnetic Tape Recorder.

Battery electrolyte temperatur es and specific gravities were measured manually
before and a lter the tests.

Power for the I’ift h w heel instruments was i rovided by a vehicle auxiliary I 2-volt
SLI battery. 1 he power for the magnetic tape recorder and signal conditioning instru—
muent package was supplied from a batte ry pack.
2 

~~, ~ Dowgiallu. J r .. U. I. Balky. Jr . ;  ~. It. Snellings; anti V.. II. Blake; “Baseline lests ot the IV A  Metro Iketric
Passenger Vehide.” MI RAI)(’OM Report 2244 Iiuty 1978).

(1
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Al l  instruments were calibrated periodically with checks before each test.

The current into the battery and the energy into the battery charger were mea-
sure~l while the battery was recharged after each test. l’he current to the battery was
recorded on a Ikw k’tt Packard 7 100 U Strip (‘hart Recorder. The current Ilmeasti rt ’-

ment used a 100 amperes- I 00 milivoits current shunt. The energy delivered to the
charger was measured w ith a Sangamo Electric l’ype J4S 3OTA Single-Phase Residen-
t ial Watt- Hour Meter.

V I. lEST l’ROCl~l)URF~

lime tests decribed in this r e po r t wer e perf o rmed at three different test locations
at t he Aberheeii Proving ( round (APt ) test facilities. A complete description of the
trac k is given in Appendix B. When the vehicle was delivered to MFRAI)(’OM, t he
pretest c hecks described iii Appendix (‘ were conducted. then the vehicle was shipped
to Aberdeen Proving Ground and the checks described itt A ppend ix (‘ were perlormed
twtore the first test run. There was a shakedown run to l’amiliari,e the driver with
t he operating characteristics oh’ the ve hicle and to verify proper operation of all instru-
mentat ion systems. All tes ts were run in accordance with the DOE Electric and Hybrid
Veh icle l’est and Evaluation Procedure, Appendix A oh MERAI)COM Report 2244. ’

Range’ Test at (‘onstant Speed. Range tests at constant speed were carried
out at 40 km/ h (25 mi/hl and 4S kin/hi (3() mi/ li); speeds were held constant within

I .~~~ kin/ li  I m i/ it) and t he test was terminated when t h e  vehicle could no longer
4 maintaitl ~ 5 of the designated test speed l Ime range tests were run two t imes at
4 40 kmn h and two t imes at 4~ .() km/h.

2. Range Tests Under l)riving Schedules. Fite 32.2 kilotttt ’ter-per-lmou r ( 20
m i/ it) , sclmedu k’ II, was ruti two flint’s with this ve hicle. ( 

~omplete descriptions of the
cycle test procedures are given in Appendix .\ of MERAI)( ’OM Report 2244.~

3. At -celeral ion and Coast—Dowi~ Tests. I lw accelerat ion coast-down tests
were perlormed continuously ut iti l (lie hat tery was discharged . Flie vehicle was
operated iii t his mmm ;mnne r Iwo times . l)ata were recorded on an at iatog tn;tgtlet ic tz i pe
recorder and, later . digitiied and calculat ions were ps’rtormed on a cotuputer. I)ata
were tabulated for I hrs’t’ s t a t e s  of charge. lhese tests were conducted on the l)yuamo-
meter (‘ourse at A i’( see Appendix B for description of the course I (‘tsas t— slow n
data were t ;tken following each mnax inium acce leration run with the trans m Ission
in neul raI. liit’ speed versus I ime relationships are shown in I mgti rt ’s 3A ~itmd 3 B and

3.
I t I>t’ssghtIIo . ii . U. I it .iilt ’s . t t  1 It Sneilings; and V. . it Itlake; ”Itaselinc t t ’ t ~ •• i t he I \ t  tlC t Rt I kttt i ,
t ’ as ’,t’ nyt.r ~ c t t ide. ” ~.I I K ‘tIS 051 Ri’por t 2244 ii ul~. I ‘1781.

S

_ _  LA



- —-~ ~~~~w —
~~~~~~~~~~~~~~~~~ ~~~

1

-m
-4

—
~~~~~~

L
—

~~~~~~

~~ I

• (_,
‘Iz

I,-)
Id• 

_ & ‘1~~ ) ’

7 — 1o
p .

I —Id I I—C., /
_ o

/
0
II-

Id

I I 1 1 I I I ~ I I I 1 1 T { I I T U 1 1 I I

tIIO , . WW Q  -4Z  E P- I % X~~~

9



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - m_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

¶ za 
—~~~~

-4—I- I
— 0 Q.C)

Q I
0 Ia I
I- Ir 
~t, Ia a I
0 telC) 

-

0
— 

I d- .
— nId

Vt 
—~~~~J0

I p.4IId I
¶1? 

—~~~~~ Ia I
/

a.,0
1*. 

‘/Id /a. 
/

Id 
--

~ mC.)
p.,
x
Id

1 -i I 1 1 
4, 1 

I

• 1’ CU 

HI t  
U’t Q. W IaJ Q ,-.z ~~~E” ¼ X ~~~

10

- L •~~~



• Table 3. Speed Versus Time During Coasting
Time Vehicle Speed

(s) (km/ h) (mi/ h)
0 52.6 32.7

• 9 .6 4 1.6 25.8
21:6 30.6 19 .0
33.6 21.2 13.2
42.6 15.2 9.4
51.6  10.1 6.3
57.6 6.6 4. 1

VII. TEST RESULTS

The data collected from all the range tests are summarized in Table I. Shown in
the table are the test data , type of test , environmental conditions, the range test re-
suits, the temperature of the battery , and the energy into the charger. These data
are used to determine vehicle range and energy economy.

I. Maximum Speed. The maximum speed of the vehicle was measured during
the acce leration tests. The measured maximum speed was 52.5 knl/h(32.6 mi/h) for
this vehicle.

2. Maximum Acceleration. The maximum acceleration of the vehicle was
measured w ith the batteries fully charged, 40% discharged, and 80% discharged. The
results of the tests are shown in the curves of Figures 4A and 4B and are tabulated
in Table 4. The average acceleration,;, was calculated for the time period t~~1 to

w here the vehicle speed increased from ~~~ to V~ from the equation:

Vn _ V n_ 1a _ _ _ _ _ _n 
tn

_ t n_ i

and the average speed of the vehicle, V, was calculated from the equation:

v- = _ _ _ _ _ _ _ _

p 

I I

La 
~~~~~~~~~~~~~~~~ ~ v. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~



— . -—----~~~~~~~~~~~~~~~~~~~ •
. 

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

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0

— Q 0 o~~ -

C.) ‘

- —

1 ~~c~IDo -

• a I l 0

I 
-

• a ~~i tl’~ 
-

~~1 
•

~~ooO V t ’ 2
I -

I 0~~~~I-, I 
_

1.0  ~
- C.)

• Id
- U ) !

I ~~
- a

0 I — —

~~~~~~~~~~~~~~~~~~~~~~~~Id -

C., 
- 

s..
a ‘

£ 1~ 
‘.
. 

•

U-
0 Q a
1,1. *‘ 

_ . —(U
Id 0
a..

i I I ij i l I I~~~~ 1 1 J i ~~~~~1 I 1 i ~~~~~I I 1 m ~~~~ t i 1  •

0 0 0 0 0 0 0W U) m (U

en a. w w ~ — r ~~~ — ‘. x ~

12

I I

Lg 
—.• _ _ _ _ _ _



• “ U— ~~~~~~~~~~~ --—-.— .—,-.-
~~~ 

- • . --
~~ ~~~~~~~~~~ —• -•-. 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~
--— • •- .‘~~•--~~ •--- -—~‘-,-,-.- _-_~~

_
~
,, —--~—,=- 

__ -~
=-•-..

~~~~

- _ . - -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0

—

z p9 
Id 

— :
— I .  V., -

• I- I~~~~ 
-—C,) 
-:i~c~9o -

I .  I I . _ 0 
~

~~
I I

~ 
Vt

I .  I -I , :z ‘ Z h , :  -a o w i , .
-

C, ,
Id

—
1W  

- 0 <

F [ _ 0

(P Q. .WW ~~~ ‘-i~~~~

£

13



• -

~~

- TI ~T ~~~ ~~ ~~~~~~ ~~
‘ — : r~~

--

,
~

0 -  ~~ ‘ ~~~~~~~~~~ 0 0 0Q r —
r I m ~.á t—. t-. C r I I~ l 00 r~ tn i-- 0’ 0’ 0’ 0

— — — — C I  f-I f-I r I f -~~~I~ )

.0

4 —o o E. ’.~~ c r-
~~~~, r

~ 
00 r- r--

• E m C’, — ‘C N 0’ ~~
‘ C’ in — ~~ r’- 00 0’.— —  — — — f - 1 r 1 r t  ~~~~~~~~~~~~~~~ ‘~~~~‘1 ’

.0

0
‘I)a)

— — 0 — C ’~~~ ’ 0 r - ’ .C C’ - -~~~~
• ‘11 — f - i in N m ‘.0 0 ~~ ‘ ‘C 00 0’. 0’ 0 0 — — (NI f-I

~~ ~~~ E — — f-I f-I f-I ri f-I (‘I f-I m m m m r~ m

2 ~~~~.
~~ 

C. ,~~ci
— a)

—

V _ 0  - 0’ f-I 0 00 0~~~~~o0~~~~~’ C —
— ~~~ 00 f - i  — tnt f-I ‘I’ C (N~ if) N 00 0’ 0’ 0 f-I

— m r~ ‘~J’ 1’ ~~
- 

~~
‘ 

~~ ‘ ~~‘ ~~
- in if) ir~

—
a)
I-
C
0

—
‘C Q -~~~~~~~~ ‘.C ‘.C C ’ 0 0 0  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f - ’ . C

~~ 0 ’ —  ~~ N 00 0’. 0 ~‘I ~~ tni 0’ 0’ 0 — — f-I f-I f- I f-I
• ci — —  —~~ — ——‘ r’i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•;;~ ~y-
• ,

~ 15
.~~ 

.
~~~

.0
..~
r ’  b 

~~ r - m ’ ri 1’~~~~~ 0’. f -I — r ~t~~f a ’ . C ’ C 0 ’ 0 ’t~~C 0 ’ — ’ . C r
‘C 1 00~~~fl 00~~~~~— f - I  ‘C N — m’ C f - -0’~~~~~ C — f - . I f-4 f-I

— — f-I f-Si m r~ m ret ret ~~ ~~ ~~
- ‘~~ ~n in in if)

0 f - i oo~~~~~0 f - i 0C~~~~~0 ’ . C N e 0 0 0 0O 0 00 0 0 0~~~
I~ — f -I f-I f-I ret re) ~~ ‘ ‘C

14



-. .—
~

- -7
~~ ____

Average acceleration as a function of ’ speed is shown in Figures SA and SB and l’able 5.
Flmesc tests were run consecutively and the percent of discharge was determined by

* computer calculation. l)ischarging the battery by continuous start-stop vehicle opera-
tion rather than allowing a cool-off Period while the battery was discharged to each
state of charge was considered more realistic.

3. Gradeability. The maximum vehicle speed on a specific grade is determined
• from maximum acceleratio n tests by using the equations:

(;radeability, U, at a speed V. in km/h:

U 100 tan (Sin~ 0.1026 ~~ ‘ “

or in English units at a speed V in mi/h:

U = 100 tan (sin~
1 0.0455 ii,~) ~

1,
where:

= acceleration in meters per second squared (mi/h/s).

The resulting maximum grade the Citi-Van can negotiate as a function of speed is
shown in Figures hA and 6B and Table 6.

4. Road Energy Consumption. Road energy is a rntasure of’ t he energy con-
sumed in overcoming the vehicle’s aerodynamic and rolling resistance plus the energy
consumed in the dif ’t’erential dr ive shaft and the portion of the transmission rotating
when in neutral. Road energy is obtained during coast-down with the differential

• be ing driven only by the wheels.

The road energy consumed by the vehicle at various speeds and the losses
in the differential were determined from coast-down tests. Road energy consumption

is ca lculated as megajoules per kilometer from the following equation :

V - V  Mi
• E = 2.78 X I0’4 W n- I  it 

—

— t n_ I  km

or in English units:

V 1 - V  kWh
F = 9.07 X l0~~W n- ~ —

t
fl 

— t n_ I  fli l
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• w here :

V = vehicle speed in kilometers per hour (mi/ h) .

= time , sec.

T ue results for the road energy determination are shown in Figures 7A . B, and C
• and t able 7 .

Table 7. Road Energy (‘onsumption
Ve hicle Speed Road Energy

km/ h mi/h Mi/km kWh/km kWh/mi
47. 14 29.3 0.29 0.08 0.13
36.04 22.4 0.23 0.063 0.10
25.90 16.1 0.20 0.056 0.09
18. 18 11.3 0.16 0.045 0.075
12. 71 7 .9 0.14 0.039 0.06 1
8.36 5.2 0.14 0.039 0.060

I

S. Road Power Requirem ents . The road power is a measure of vehicle aero-
dyna m ic and ro lling resistance plus the diff ’ercnt ial, dr ive shaft , and a portion of t he
transm ission’s power loss .

The road power . P1,. required to propel a vehicle at various speeds is also
detcrmine~I from t he coast-dow n tests. l’he Following equations are used :

V2 -V 2
P,1 = 3.8~ X l0~

5 W 

~::~ ~~~~~1 

, kW

or in English units

V2
= 6.08 X I 0~ W “ 

. lip
t
fl 

_

rlie results of road power calculations arc shown in Figures 8A and 811 and Table 8.
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Tablc 8. Road Power Requirements
Vehicle Speed Road Power Required

km/h m i/h kW lip
47 .14 29 .3 3.68 5.0
36.04 22 .4 2.26 3.0
25,90 16.1 1.38 1.85
18.18 11.3 0.83 1. 13
12.71 7.9 0.49 0.64
8.36 5.2 0.33 0.45

6. Indicated Energy Consumption. The vehicle indicated energy consumption
is defined as the energy required to recharge the battery after a test divided by the
vehicle range achieved during the test , where the energy is measured as the input to
the battery charger.

The energy input to the battery charger was measured with a residential
kilowatt-hour meter following each range test. Some overcharge of the batteries
was usually required in order to assure that all cells of the battery were fully charged
and the pack was equalized. The energy usage reported in Table I was based on field
data acquired with a Sorense n Power Supply Model 1)CR- 1 50-1OA which was used
because the charger supplied with the van was incapable of recharging the batteries •

overnight.
VIII. COMPONENT PERFORMANCE AND EFFICIENCY

I .  Battery Characteristics.

a. Manufacturer’s Data. The batteries supplied with the Sebing Citi-Van
were eight 6-volt lead-acid modules, rated 132 amp-hours at 75 amperes, from Gould
Battery Co.

b. Battery Acceptance. Prior to initiation of road tests, the batteries
supplied by the vehicle manufacture r were tested t’or battery capacity and terminal

• integrity as specified in Appendix A of MERADCOM Report 2244.~ The capacity
check was performed on the batteries using a thyristor-controlled discharge unit.6
Since the measured capacity was 119 ampere-hours at a discharge rate of 75 amperes
to 1.70 volts per cell, more than 80% of the manufacturer ’s rated capacity, the battery
was acceptable . As shown in Figure 9, the battery voltage at the initiation of discharge
was 46.2 volts and decayed gradually to 40.8 volts at the end of the test.

• 
F . 1. Dowg iatt o, Jr. ;  C. F. Bailey. Jr . ;  I. R. Snellings; and W. H. Blake; “Baseline Tests ot the EVA Metro Electric
Passenger Vehicle,” MERADCO M Report 2244 (July 1978).

• 6 
~~• ~~• Dowglallo, Jr.; J. B. O’Sulhvan; I. R . Sneilings; and R. B. Anderson; “High Power Facility for Testing
Elect rochemica l Power Sourcc~,” Princeton, New Jersey; Journal of the Electrochemkal Society , Vo l. 12 1 .
No. 9, Sep 74.
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In lieu of the 5—minute terminal integrity tes t , all terminals and terminal
connections were cleaned and inspected.

2. Constant Vehicle Speed Battery Performance. During the road tests . hatter~
current was monitored constant ly. Presented in Figures lOA and lOB and Table 9
are the battery characteristics during tile 40 kilometers per hour ~25 mi/h) and (he
48 kilometers per hour t30 mi/li) range tests. The average batters’ current , voltage .
and power ~luring the first 25 of the vehicle ’s range are shown in Figure I OA. Similar
battery performance data during the last 251 of t he vehick’s range are shown in
Figure 1013. Required battery power decreases during the test, probably due to the
reduced power requirements as the temperature of t h e  mecilanical drive train compo-
nents and associated lubricants increases and tile tire rolling resistance decreases.

3. Battery Perfo rmance-Maximum Accele ration. Battery perfon nance data at
selected times during (lie max imum acce’erat ion lest for three depths oI’ battery dis—
charge are presented in Table 10.

4. Battery Pert’onnance-Driving Cycle. T u e battery cur rent , voltage , and Iower
and the vehicle speed for tile third and next-to-last cycle of t h e SA L ”  B” (start , stop)
schedu les are shown in Figures II A—I ) . fil e total Ilillilbe r of start slops. dista4lce
traveled all(1 other data on file bat terv and drive cycles are given in Table II.

5. General Battery Performance. file fully charged (tel llperature corrected)
battery electrol yte speci fic gravities during tile driving tests ranged from I .250 to
I .270 .IiitI t h e  fuliv discharged specific gravities from 1.110 to 1 . 11 5  - The battery
temperature had a t endenc to increase from ambient at the start of tile test to about71’U (13° F) above a nibie n t at t h e  end of the test.

6. Brak ing Tests. Four braking tests were performed from a speed ol’ 5 2 .S
km ii t3 2.$ mi , Ii). The required stopping distance criterion of I ~ .4 m (5 It ) was

~‘oiiipIi~d with.

7. Driver Reaction. Perfo rmance was fair in general. 1’hie veilic le rode roughly
comp ared to most electric vehicles. The f’oot brake is in a poor location and required
use of ’ the le ft l’ooI which is not iiornizil to the average driver. l’iie steering is positive.

3()
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Table I I. Driving Cyc le Performance
Parameter Schedule B

To ta l Start /Stop Cycles 125

Distance Travele d During Test 27.7 km/h (44.32 mi/h)

Test Period 2 .55 h

Kilowatt-Hours Used During Test 6,052

Average Watt-Hours Used Per Cycle 48.40

Average Cycle Duration 73.4 s

Average Time Battery is Loaded Per 39.6 s
• Cycle

Percent of Power Used for Acceleration 68.0%
to Cruising Speed

4
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APPENDIX A

VEHI CLE SUMMAR Y DATA SHEET

Vehic le Manuf acturer:
Sebr ing..Vanguar d , Inc.
Sebring, Flor ida 3387 1

2. Vehicle Description:
Name: Citi-Van Model: 61 ISN0003

Price: $3 ,988.00

3. Vehicle Weight:
Curb Wt : 660.57 k g ( I ,455 I b) Passengers wt : 84.44 kg(1 86 1b)Dr iver W t : 88.98 k g ( I 9 6  lb) Paylo ad Wt: 50.85 k g ( l  12 I b)Gross W t : 884.85 k g ( I ,949 Ib)

4. Vehicle Size:
Wheelbase : 1. 93 m (76 in .) Length: 2.74 m (108 in.)Width: 1 .42 m (56 in.) Headroom : 0.9 1 m (36 in.)Legroom : O .5 6m( 2 2 j n ,)

5. Auxiliaries & Optio ns:
No. Lights: 16

a. 2 Head Lamp s
b. 8 Parking Lamps
c. 4 Signal Lamps
d. I Back-Up Lamp
e. I Dome Lamp
Winds hield Wipers Yes Windsh ield Washers : YesDefros ter: Yes Heater : YesRadio: No Fuel Gage : YesAmmet er: No Tacho meter: YesSpeedom eter: Yes Odom eter: YesNumber ofMj p ~.ors : One Power Steer ing: NoPower Brakes: No

Transm ission Type: Dire ct Pini on Drive
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6. Pr opulsion Batteries: 
C.

Type : Lead Acid Manufactur er: Globe Union
No. of Mo dules: 8 S/N: None
No. Cel ls: 24 Battery Voltage : 24 - 48
AH Capacity : 132 .5 Battery Size :
Battery W t: 2 10 .6 kg (464 I b) 180 mm x 250 mm x 240 mm
Battery Rate: 75 A (7 in. x 10 in. x 9.5 in. )

7 . Auxilia ry Battery :
Type : Power Breed Manufacture r: Gould
No. Cells: 6 Battery Volt age : 12
AH Capacity : 4 Batte r y Wt: 19 .07 kg (42 Ib)
Battery Rate: 20 h

8. Controlle r:
Type : Multi-Voltage Resistive Relay Manufacture r: Vanguard
Size: 400 mm x 160 mm x 190 mm Current Rating: l 5OA

( l 6 i n . x 6 . S in . x 7.S in,) Weight: 8 . l 7 k g ( l 8 l b )

9. Propulsion Motor :
Type : Series Wound Manufact urer: GE
Insulation Class : Fon Pl ate Voltage Rat ing: 48 V
Current Rating: 130 A HP Rating : 6

• Weight: 2 1. 56 kg (47 .5 Ib ) Size: 270 mm L, 16 mm dia
Rated Speed: 4100 r/min (10.75 in. [ . 6.5 in . dia)

• 10. Body:
Type: Cyolac Manufact urer: ABS
No. Doors: 3 Type: Hinge
No. Windows: 6 Type: 4 glass. 2 plastic
No. Seats: I Type : Bench
Cargo Volume: 1.36 m 3 Cargo Dimensions:

ô I O m m x - 8 l 0 n i m x 9 l O m m
(24 in. x 32 in. x 36 in.)

I I .  Chassis:
Type Frame: Boxed Rectangular Manufactu rer: Sehring-Vanguarcj
Type Materia l: Aluminum Modificati ons: None
Type Springs : Leaf Type Shocks: Standard
Axle Type Front: Pipe Axle Type Rear: Direct Gear Drive• Axle Manufacturer: Sebring-Vanguard

H. 
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Drive Line Ratio: 7 .1 :
Type Brake Front : Drum
Ty pe Brake s Rear: Dru m
Regenera tive Brakes : No
Tire Type : Radial Manufacturer: MICHEL I N
Size : 12 5 SR 12 Pressure : 32 lb/i n. 2

Rolling Radius : 244 mm (9 .8 in. )

I 2. Battery Charger:
On or Off Board: On Manufacturer: Symons
Automatic Turn Off: No I nput Voltage : 1 1 5

Rechar ger Timer: No
I..
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APPENDIX B

DESCRIPTION OF VEHICLE TEST TRACK

The test site used to conduct the tests described in this report is located at Aber-
deen . Maryland. The track is owned and operated by the US Arm y . Three test sites
were used.

1. Gradeability Slopes. Gradeability of’ vehicles is a basic characteristic usually
given in design specifications of military vehicles. The Munso n gradeabi lity slopes
(Figures BI and B2) cover a range of S to 60 percent. They are used to determine
optimum drive ratios and maximum attainable speeds on each slope , as well as brake-
holding ability and adequacy of angles of approach and departure. With the test
vehicle in both ascending and descending attitudes , functions such as lubrication ,
fuel flow , and carburetion are investi gated. The effect of ’ unbalance on turre t travers-
ing effort s and functionin g of turre t drive systems may also ~-e studied on the slopes.
The 5, 10, 15 and 20 percent slopes, app roximately 14 feet wide, are paved with
asphalt ; the 30, 40, 45 , 50 and 60 percen t slopes, with concrete.

CH

AIPISALt I~. O4C ’~’ - ‘

Figure Bi. Plan View of Slopes.
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Figure B2. Eig ht of the Standard Gradeabi l ity Slopes.

2. Mile Loop. I lie ~ltle I oop I i~~1iie l~3 I v. 1i’. or igir ia l l ~ ~ nstnie te t l  in I ~)

a et eonerc t L ’ Lour~L’ of oval ~Iiape lot eoutiiiuous lit~Ii sp~ ’~t operating tes t s of
elIk ’k~. N ear t lii’ Iii iJ& 1tiar t eis area of t h e  post . t h e  Lourse ~oiis ists essen tiahI ~ of two

straight seet ious. eadi one—q nai le r —mil e long. toined at each end 1~ q ita rt e r—inile
~ecttoiis of reizul-ar L U f l  .iture to torni an  oval ot I mile total  ~Lret imt ’ renLe .
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Figure B3. Aerial View of Mile Loop.
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The course has been modified by covering and maintaining the surface with
hot-mixed bituminous concrete and by the addition of a gravel surface parallel to and
outside the oval. Several facilities also have been added in the area: a winch test
facility, a “pothole-crosstie” course for forklift truck testing, and a 1 -inch bump course

• for mobility testing of towed vehicles.

Winch Test Facility (Mile Loop). This winch facility has a restraining
capability of 100 ,000 pounds and is used primarily as an anchor during winch endur-
ance testing.

3. Dynamometer Course. The Dynamometer Course (Figure B4) is located in
• the Michae lsville section of the proving ground , 4 miles from the headquarters area.

Constructed of reinforced concrete , with a hot-mixed bituminou s surface , it is suitable
for the operation of the heaviest tracklaying vehicles.

The course has a~ total gradient of less than 0.1 percent in its I-mile length , and
turriarounds are provided at each end. It is used for closely controlled engineering
tests such as drawbar pull and tractive resistance measurements , acceleration and brak-
ing tests , and fuel consumption measurements.

Figure B4. Dynamomete r Course.
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1 — No. I Cross-Country 8 — Mud Bypass Course
2 — No. 2 Cross.Country 9 — Mud Mobility Course
3 — No, 3 Cross-Country 10 — Mobile Bridge Test Facility
4 — No. 4 Cross.Country 11 — Deep Water Fording Facility

• 5 — Secondary Road A 12 — Swamp Quarter Mobility Area
- • 6 — Secondary Road B 13 — Crash Barrier

7 —  3-Mile , High Speed Road 14 — Shop Area
Figure B5. Aerial View of Perryman Test Area.
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APPENDIX (‘

VEHICLE PR EP ARATION ANt ) TEST PROCEDURE

When a vehicle was first received at M F RAI)( ’OM . a i i u t i tbe r  ot ’ checks were ni ta d e
to assure that it was ready for perfo rm ance tests. i’hese checks were recorded on a

- 
C vehicle preparation check sheet i lie vehicle was examined for physical damage upon

arrival. Ilefor e operat ing the vehicle , a complete visual check was made of the ent i re
vc’hk’le , I ’he b attery was charged and spe cml ’ic gravi t ies ta ken to determine it ’ the
batteries were equali ied I t ’ not , an equ ali t i ng charge was applied to th e  batt eri es .
Flie in t egr i ty  of the intermit  interconnections and t lie ba t tery  ter m inals were checked
1w drawing 30() amps or the vehicle manu fa c tur er ’s max imum allowed current from
I he batte ry for 5 In m utes: it ’ the battery terminals or interconnect b u s  temper.it mi t e
rose more tha n  (~0°(’ above ambient , the test was terminated and the terminals  cleaned
or battery replaced The batter ies were recharged and a battery capacity check ~ as
made , l’hi s lest was made in accordance wit  Ii the bat tery  manufac ture r ’s recommenda-
tiOns. lo pass t h is test , t Im e capacity had to be wi th in  201 ; of ,nanu fa ~’lnre r ’s published

-
• 

capaci ty at the published rate

When a vehicle arrived at a tes t site ( APG), a numb er  of checks were per formed
to assure t ha t  it was ready for per f or m ance te sting. l’he wheel al ignme n t was checked .
compared , and corrected I 0 I hi’ manufac turer ’s recommended al ignment values.
I h e  vehic le was weighed and compared wi th  the m an u f ’act urer ’s specit ’ied curb weig ht
l ime gross ve li ide weigh I was deter mim ined by nianul’act urer ’s rated payload.

IFS F P R O( ’FD UR I :

Fach day. bet ’ore .1 test , a number of pretest checks were made an d entered on
I he veh ic l e ii at a sh e~’ I • l’li ese dat a  inte l uded

Average specif ic gravity hief ’ore and after test
2 . l’ir~ pressures .
3. Fifth—wheel tire pressures
4. Wej I her in format  ion
5. l a II ery t emim pera Iii res .

• 
(~ l est start I line.
7 . Test termina l  ion time
S - Aiim p hours out ot th e  b at te r v .
‘) Fif th—wheel  distance count .

____________ -- ~~~~~~~ . • .,. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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10. Odom eter reading het’urv and after each test.
I I .  A.(’ . kW used for rechar gi’,
12  L) .C. amp hours into ba ttery on r echa rge.

Fo prepare for a test , the specit ’ic gravities ar e first measured and recorded ,
I’he tire pressures ar e’ measured. The instrument al ion is connected and power from
the instrumentation battery is applied. All instruments are turned on and warmed
up and all data channels arc calibrated , the veh icle is towed to the start ing Point
on the track. W eather data are recorded ; odometer reading tak en. ‘rime test is started
and is carried out in accordance with  the I)OE test and evalu ation pro cedure ’. When
the t est is terminat ed, the te st t e a mmi makes all the proper checks and records all data
on data test sheet for the day ’s test . AI’ter all checks are made , vehicle is towed back
to the charge station and placed on charge for next day ’s test ,

W FAT HF R DATA

Measurements of ’ wind veloc ity and direction and ambient tempe ratures were
taken at the beginning and at th e end ot ’ each day ’s testing. The APG Airport weather
station was used t’or all weather data.

/

I
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