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Figure 5.53 Temperature in different parts at maximum power output (testing vehicle C)

5.3.2 Effect of the SOC at the start of the test
(A) Testing vehicle A

For the examination dfiow the SOC at the start of the test affeateasurements of HEV system power
output, two types of ®Cwere usedfull charge and charge wiith the normal usageange. The full
charge was defined as the SOC at whédenerative current stops flowg after the battery has been
chargedwith regenerative currenthrough operations such as turning the accelerator off and braking
while the vehicle is drivendm the chassis dynamometer. For the normal usage rangder conditions
wheren SOGbefore and after the test become the same when the vehicle is run in JC08 mode, the
value aroundhe middle in the SOC range during the tisstiefined as the normal usage SQUth

testing vehicle A, according to the data from the scanningattakchedto the OBD connector, the full
charge was SOC 80% and the normal usage SOC was 55%.

The effect of different SOCs on power output is shown in Figure ¥n5érms of testiig corditions, the
vehicle speed wasGD km/hr and the warmup was done at the constaspeed of 60 km/hfor 20
minutes. Thedcility used for the test was thexle-hub chassis dynamometer. The power output
measurements were obtaineals the wheel drivingower as well as the combined value of the engine
power and battery power, which is being proposed to the ISO, and the two were compared.

The wheel driving power was 6%V on average when the SOC at the start of the test was 80%, and
62.7kW on average when the SODwas 55%; the difference of &k®/was recorded. The effect of the
different SOG at the start of the test resulted in a difference of less thankM¥) which leads us to
believe tha the effect is small.The deviations werel.5to 1.0kWwith the 80%SOC andl.8 to 0.6kW
with the 55% SOC,; the variatiswere moderately large in these results

When power output was calculated by the method proposed to the ISO, the average value widd/72.6
with the 80% SOC, and 7X®/ with the 55% SOC; the difference wag kW. The effect of the
different SOG at the start of the test resulted in a difference of less thankM¥) which leads us to



believe that the effect is small. The deviations w&de2 kW with the 80% SOC ar).0 kW with the
55% SOC; the variatismveresmall.

In terms of differences power measurements taken at different placesth the 80% SOC, the wheel
driving power was 63.RW, which was 9.&W lower than the 72.&W recorded by the method
proposed to the ISCand likewisewith the 55% SO@,was 9.5kW lower. This showed that the

difference in power output between different measuring points is not affected by the SOC at the start of
the test.
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Figure 5.54 Effect of difference in SOC at the start of test on power output (testing vehicle A)

After it was understood that when the SOC is within the range of the full charge to the normal usage
SOC, the difference of tH&OC at the start of the test hatimost no effect on the HEV system power

output, effect of the SOC on the HEV system power wherSOC is outside of that range was studied.

To obtain an SOC that was lower than the SOC range of nhormal usage, EV drive at low speed was carried
out and the battery was forced to drain. The relationship between the SOC at the start of the test and
the power outputisshown in Figure 5.55. Theaxis represents SOC at the starttod test and the y

axis represents power output. As for the testing conditions, the vehicle speed was 160aad/h

warming up was carried out for 20 minutes at ttenstar speed of 60 km/h The fcility used for the

test was theaxlehub chassis dynamometer. With testing vehicle A, the &J6w as approximately

55% didhot affect the battery power and threfore the HEV system power didt significantly change.

When the SOC waaround 45%the battery power waseduced and the HEV system power vedso

lower. When the SOC was 35%, the battery power was significantly reduced and the HEV system power
became close to the engine power. This made it clear that if powtpubis measured in a test where

the SOC at the start of the test is outside of the normal usage rdngeesulting measurements die

HEV syst@a power are lower
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Figure 5.55 Relationship between SOC at the start of the test and power gtéptimg vehicle A)

(2) Testing vehicle B

With testing vehicle B, data obtainedfn the scanning toolattachedto the OBD connector indicated
the full charge SOG®3% and the normal use SOJ @6%.

The effect of different SOCs on pawaitput is shown in Figure 5.58n terms of testingonditions, the
vehicle speed was @8n/hr in second gear and th@arm-up was done at the constaspeed of 60

km/hr for 20 minutes. Theakility used for the test was thexle-hub chassisyhamometer. The power
output measurements wertaken as the whedlriving power as well as the combined value of the
engine power and battery power, which is being proposed to the 1SO, and the two were compared.

The wheel driving power was 848V on average when the SOC at the start of the test was 93%, and
86.8kW on average when the SOC was 70%; the difference d&dVZWas recorded. The SOC at the
start of the test is thought to have certain effect on power output. The deviations vie®go 1.7kW

with the 93% SOC anf).2 kW with the 70% SOC; the variatiormsymoderately large with the 93% SOC.

When power output was calculated by the method proposeth® SO, the average value was 92/@
with the 93% SOC, and 9XW with the 70% SOC, resultingai®.2 kW difference. The effect of the
different SOG at the start of the test resulted in a difference of less thanki\) which leads us to
believe that the effect is small. The deviations w&€x&8 to 0.4kW with the 93% SOC and.4 to 0.5kW
with the 70% SOC; the variatisrweresmall.

In terms ofdifferences in power measurements taken at different plaeeth the 936 SOC, therheel
driving power was 84.BW, which was7.8kW lower than the 92.&W recorded througtthe method
proposed to the ISO, aritlwas5.6 kW lower with the 70% SOC. This shed thatthe SOC at the start
of the test affectghe difference in power output beteen different measuring points
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Figure 5.56 Effect of difference in SOC at the start of test on power output (testing vehicle B)

After it was understood that when the SOC is within the range of thetalige to the normal usage

SOC, the difference of the S&4E the start of the test has almost no effect on the HEV system power
output obtained by the method proposed to the IS€ifect of the SOC on the HEV system power when
the SOC is outside of theinge was studied. The relationship between the SOC at the start of the test
and the power output is shown in Figure 5.57. THaxis represents SOC at the start of test and the y
axis represents power output. As for the testing conditions, the vebped was 68 kmtin second

gear andhe warm-up was carried out for 20 minutes at tlbenstantspeed of 60 km/h The &cility

used for the test was thaxlehub chassis dynamometer. With testing vehicld&;ause there was no
change in battery power ithin the SOC range that could be tested, the HEV system power did not show
any significant changes either.
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Figure 5.57 Relationship between SOC at the start of the test and power output (testing vehicle B)

(3) Testing vehicle C

With testing vehicle (data obtainé from the scanning tools attachead the OBD connector indicated
the SOC when the maximum power was generated within théc6&rgedepleting)range was 90% and
the SOC at the beginning of the €Bargesustainingyange was 29%.

The effect of different SCs on poweoutput is shown in Figure 5.58n terms of testing coritions, the
vehicle speed was 160 km/and the warmup was done at theonstant speeaf 60 km/tr for 20

minutes. Thedcility used for the test was thexle-hub chassis dynamometer. The power output was
taken as the wheel driving power as well as the combined value of the engine power and battery power,
which is being proposed to the ISO, and the two were compared.

The wheel driving power was 131K®/ on average when the SCi the start of the test was 90%, and
134.0kW on average when the SQ@s 29%; aifference of 2.&«W was recorded. The SOC at the start
of the test is thought to have certain effect on powartput. The deviations werd).7 to 0.6kW with

the 90% SOC and.6 to 1.2kW with the 2% SOC,; the variatiomas moderately large with the 28

SOC.

When power output was calculated by the method proposed tol®®, the average value was 147.3
kW with the 90% SOC, and 14%W/ with the 29% SO, resulting im 1.7 kW difference. The effect of
the SOC at the start of the teesulted in a difference larger than 1kBV, which leads us tbelieve that
there isacertain effect The deviations were€0.2kW with the 90% SOC and).6to 0.3 kW with the
2% SOC; the variatisrweresmall.

In terms of differencén power measurements taken at different placesth the 90% SOC, thevheel
driving power wad 31.6kW, which wasl5.7kW lower than the 147.&W recorded through the method



proposed to the ISO, and likewise, it wids6kW lower with the 2% SOC. This showed that the
difference in power output between different measuring points is affected by the SOC at the start of the
test.
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Figure 5.58 Effect of difference in SOC at the start of test on power output (testing vehicle C)

After it was understood that when the SOC is within the range of 90% to 29%, the difference of the SOC
at the start of the test has a moderate effect on the HEV system power output, effect of the SOC on the
HEV system power when the SOC is outside ofrthvage was studied. The relationship between the

SOC at the start of the test and the power output is shown in Figure 5.59.-a)ie pepresents SOC at

the start ofthe test and the yaxis represents power output. As for the testing conditions, thealkehi

speed was 160 kmftandthe warm-up was carried out for 20 minutes at tisenstant speeaf 60

km/hr. The &cility used for the test was thexlehub chassis dynamometer. With testing vehicle C, the
power output was approximately 40N lower with 100% SOC, and, when the SOC was forcibly lowered
to 20%, the power output was reduced by approximate k80
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Figure 5.59 Relationship between SOC at the start of the test and power output (testing vehicle C)

5.3.3 Effect of testing speed
(1) Testing vehicle A

For theexamination of how the testing speed affects the measurements of HEV system power output,
two types oftesting methods were studiedThe first uses the method proposed to the 1IS@ as
reference, and determines the speed at which the maximum power isrgitethrough multiple tests

in each of which a different speed is set by using the speed control of the chassis dynamdrheter.
other method is one that is being studied by the SKkEhis method, the vehicle is accelerated full
throttle on arunningresistancecontrolled chassis dynamometeand the speed that generates the
maximum power output is determined. The vehicle is tested again at that speed on the speed
controlled chassis dynamometand the maximum power output is measured.

Results of test where power output was measured with the speed of the vehicle changed for each test,
conducted with the method proposed to the ISCaasference, are shown in Figure 6.50 and Table

5.13. The xaxis represents the vehicle speed and thaxjs representpower output. In terms of

testing conditions, the SOC at the start of the test was 80% and the wanvasconductedfor 20

minutes at theconstant speeaf 60 km/fr. The facily used for the tests was thaxlehub chassis
dynamometer. Power output fa comparison was calculated by combining the battery power and the
engine power output.

The results show that between 145 and 165 kmthe engine power output is mostly steadgteady
engine power output means steady engine rotation spe€tis is because testing vehicle A is equipped
GAGK | O2yldAydz2dzate @FNAFOES GNIyavyiaairzy | yR
speed and the engine rpnit is also shown that the battery power is mostly steady when the vehicle



speedis between 150 and 165 knvhThe HEV system power output, which is the combined value of
battery power and engine power output, is mostly steady between 150 and 165rkmithout an
obvious peak, and it was understood that the maximum power output camdssured within this
range.
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Figure 5.60 Relationship between vehicle speed and power output (testing vehicle A)

Table 5.13 Vehicle speed and power output (testing vehicle A)

Vehicle speed 140 145 150 155 160 165 170
P km/hr km/hr km/hr km/hr km/hr km/hr km/hr
En%llr]tepsi)wer 54 7kW | 55.3kW | 55.2kW | 55.2kW | 54.9kW | 55.1kW | 52.0kwW
Battery power 16.7kwW | 16.6kwW | 17.4kW | 17.3kW | 17.7kw | 17.5kW 9.1kW
(4) HEV system
power output 71.5kW | 71.9kW | 72.6kW | 72.6kW | 72.6kW | 72.7kW | 61.1kwW
(proposed to the 1SO)

Next, the chasis dynamometer was set onnning resistance control as being studied by the SAE, and
the changes in power output when the vehicle was accelerated full throttle are shown in Figure 5.61.
The xaxis represents vehicle speed and thaxys represents poweputput. In terms of testing
conditions, the SOt the startof the test was 80% antthe warm-up wasconductedfor 20 minutes at



the constant speeaf 60 km/hr. The facility used for the tesivas the axlehub chassis dynamometer.
Considering effects of the battery dying, tests were conducted under three conditions: starting
acceleration from 0 km/h midrange acceleration from 100 knmvland midrange acceleration from

140 km/hr. Four types of powesre shownengine power, battry power, wheel driving power and the
HEV system power output proposed to the ISO (battery power + engine poive€) results show that

the engine power is not affected by the speed at which the test was started and it is more or less steady
from around80 km/hr. Battery power showed a tendency to temporarily increase right after the start
of the test, but it is understood that after the initial period, the starting speed has almost no effect on it.
It is observed that the battery power changes graduaillaccordance with the vehicle speethe

wheel driving power also showed almost no effect of the #sirting speed and showed an upward
trend as the vehicle speed increased. The HEV system poatemlated by combining battery power

and engingoower, showed a trend similar to that of the wheel driving powkut from 50 to 80 km/h

it showed a gradual downwardend. After that rangeup to approximately 145 km#tit showed a
gradual upwardchange, and afterwards, it decreased by a little anchttiee power output became
steady. This resulshowed variable changes in the wheel driving power and a clear peak of the power
output was notdetected On the other hand, the engine power output peaked around 145 kmwinen

the vehicle was accelerated from 0 kmn/RPAn enlarged image of the increasing power output between
130 and170 km/fr is shown in Figure 62. In the midrange acceleration starting from 100 knm/hhe

peak was hard to determinen the midrange &celeration from 140 km/h a temporary increase was
detected and the peak was observed around 140 kmBased on these results, it che said that 145
km/hr, whereclear peak wereobserved, is the speed where the maximum power is generatddhis
speed, when a test was done withe chassis dynamometaet at theconstant speedi.e. thetesting
method proposed to the ISQOJable 5.13 indicates 71kW, so this speed is different from results
obtained under conditions of thestingmethod proposed to the ISOThis is because testing vehicle A
has a function of increasing power output when the accelerator was released and then stepped on
again and the testusingthe method proposed to the ISO carclude it while thisfunction cannot be
recreated when the vehicle is accelerated full throttle with running resistance control as done$Athe
method.
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(2) Testing vehicle B

Testing vehicle B is equipped with a steppetomatictransmission and therefore is affected not only
by the vehicle speed but also by the gear position. For this rets®nelationship of the power output
with the engne rpm and the gear position wagsamined and results are shown in Figure 5.68ie x

axis represents engine rpm and theayis represents power output. In terms of testing conditions, the
SOC at the start of the measurements was 93% and the warmas done for 20 minutes at the
constant speeaf 60 km/hr. The axlehub chassis dynamometand the chassis dynamometer were
used for the test. Power outpwtascompared in engine power outpmeasurementand inHEV

system power outpuvaluescalculated by the method proposed to the ISO (battery power + engine
power output).

It can be observethat around the point where the HEV system power output is the highest, the engine
power output shows the characteristics of corresponding to the engine rpm. The HEV system power
output, which is calculated by adding the battery power and the engine powput, is more or less

steady in the second gear positionyths the highest around 565@m. Above this rpmthe gear was
automatically shifted up and measurements in the second gear position could not be takeére third

gear position, as was the case with the second gear position, the test resultdisidve power

output was more or less steady. The fact that the HEV system power output was steady while the
engine power output increased indicates that thattery power decreased as the engine power output
increased. In the fourth gear position, the maximum power was generated at 5500 rpm, and above that
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rpm, the power output gradually decreased. Regarding effectiifigfrent gear positions, it is

undergood that the second and third gear positions yielded almost the same power, but the fourth gear
position resulted in power that waepproximatelys5.5kW higher. These results indicate that when a
vehicle is equipped with a stepped transmission, geartjpos can influence power measurements and
therefore tests need to be done for each gear positiéitso, while it was originally believédat the
maximum HEV system power would be generated at the engine rpm where the engine gensrates it

maximum powerji KS ol GGSNBE LI2gSNDa LIS R2Sa y24d ySoOSaal N
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Figure 5.63 Relationship between engine rpm and power output (testing vehicle B)

Next, the chassis dynamometer was set on running resistance casirothe testing methodeing

studied by the SAE, and the changes in power output when the vehicle was accelerated full throttle are
shown in Figure 5.64. Theaxis represents vehicle speed and thaxys represents power output. In
terms of testing caditions, the SOC at the start of the test was 93%thrdvarm-up wascarried out

for 20 minutes at theeonstant speeaf 60 km/hr. The facility used for the tests was the aklé

chassis dynamometer. Considering effects of the battery dying, testseeeducted under three
conditions: starting acceleration from 0 kni/lmid-range acceleration from 6km/hr in the second gear
positionand midrange acceletion from 8 km/hr in the third gear position Four types of powedre
shown:engine power, battery power, wheel driving power and the HEV system power output proposed
to the ISO (battery power + engine poweBecause the vehicle is equipped with a stepped automatic
transmission, the engine power output changed dramatically attifme of gear shift, and behaved like
teeth of a saw relative to the vehicle speed. The battery powas sgfected little bythe difference in

the speed at which the test was started and increased gradually as the vehicle speed incteassd.
confirmed that the power decreased when the motor shifted, and when the engine rpm is high, the
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battery power showed a tendency to be squeezed, the extent of which varied depending on the gear
position. The wheel driving power also showed almost no effect oftés¢-starting speed The HEV
system power calculated by combining battery power and engine power showed dimildsas the
wheel driving powerbutthe peak in the second gear position was detected around 60 knitthe
third gear position around 8km/hr, in the fourth gear position around 115 knm/and in the fifth gear
position around 145 km/h indicating that the peak of power output varies depending on the gear
position. The results show that the vehicle speed at which the maximum HEV systeen was
generated was around 112 kn/h In thetestingmethod ofthe ISO, the converted vehicle speat
which the maximum power was generatecs 115 km/h, andthis meanghat the difference in the
testing speed was 3 kmftand the power output was fferent by 0.7kW between the two testing
methods.

Testing vehicle B

In all the three types of acceleration, it
believed that the max power output we
generated around 112 km/hr.
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Figure 5.64Changes in power output when the vehicle was acceleriithrottle
on running resistance contrtesting vehicle B)

(3) Testing vehicle C

Results of tests where power output was measured with the speed of the vehicle changed for each test
are shown in Figure 6.55. Thaxis represents the vehicle speed and thaxy represents power

output. In terms of testing conditions, the SOC at the start of the test was 90% and theupaxas
conductedfor 20 minutes at theonstant speeaf 60 km/hr. The facility used for the tests was the
axle-hub chassis dynamometer. Hmg power output, battery power and the combined value of these

two were used for comparison.
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The results show that betwee30 and 120km/hr, the engine power output is mostly steady. Steady

engine power output means steady engine rotation speelis iBbecause in this speed range, testing

vehicle C operates as a series vehicle. The battery power was mostly steady when the vehicle speed was
between 60 and 120 kmf When the vehicle speed @eds 130 km/h the drivetrainswitches to the

parallel operaibn and the vehicle speed and the engine rpm show correlatidre combined value of

battery power and engine power outp@EV system power output proposed to the ISO) peaked at 160
km/hr, which indicated that this was the vehicle speed at which the maxi power output was

generated.
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Figure 5.65 Relationship between vehicle speed and power output (testing vehicle C)

Next, the chassis dynamometer was set on running resistance contitod &ssting methodoeing

studied by the SAE, and the changes in power output when the vehicle was accelerated full throttle are
shown in Figure 5.66. Theaxis represents vehicle speed and thaxys represents power output. In
terms of testing conditions, the SOC at #tart of the test was 90% and the vehicle was warmed up for
20 minutes at theconstant speeaf 60 km/hr. The facility used for the tests was the alié chassis
dynamometer. Considering effects of the battery dying, tests were conducted under twdioosdi
starting acceleration from 0 kmftand midrange acceleration from 140 knvh Four types of power
output are shownengine power, battery power, wheel driving power and tadtery power + engine
power. The results show that the engine powemisstly steady from around 40 kmftio 120 km/fr.
Beyond 130 km/h the engine power output increased as if to correspond to the vehicle speed. The
battery powerfluctuated from around 40 km/hto 120 km/hr, but did not appear to correspond to the
increase 6the vehicle speed. Beyond 140 km/the battery power became steady. The wheel driving
power increased beynd 140 km/l corresponding tdhe vehicle speed, and reached its peak at 160
km/hr. The combined value of the battery power and the engine powput (HEV system power
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output proposed to the3$O) showed a similar treras the wheel driving power and reached its peak at
160 km/hr. Based on these results, 160 kmik considered to be the speed at which the maximum
power output is generated. This matches the maximum peganerating speed indicated in Figure
5.65. At this speed, the maximum power output was 14KVBwhen the vehicle was run on the chassis
dynamomeer at theconstant speedwhile the maximum power output on the running resistance
control mode was 145.RW, there was a 2.kW difference.

Testing vehicle C

Test conditions

Warmup: 60 km/hr
Testing facility Axlehub CD
Starting SOC: 90

In both types of acceleration, tt
maximum power output was

160 generated around 160 km/hr.

140
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Figure 5.68hanges in power output when the vehicle was accelerfatiéthrottle
on running resistance contrtesting vehicle I

5.3.4 Effect of test repetition
(1) Testing vehicle A

To design &esting method, conditions such as the length of time between thate to be defined. In
the present study, to obtain high replicabiligy cooling period was inserted to let baties etc. cool
down after each test, and themehicles were warmed up again and the following test was started.
However, in this way, onlgpproximately one test per hour can be carried oG@bnsidering cases where
multiple tests are done at different spesdr where destis repeated multipleitnes under the same
conditionsto confirm replicability, the time requiretb testthis way becoras a heavy burdenin the
method currently proposed to the ISO, tests at three or more speed points are regairédherefore it
is necessary to conduct a series of four tests or so. For this reason, in ostarten the time spent

for repeatedtests, cooling periods were eliminated and tests were conducted in repeated cycles of
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warm-up ¢ SOC adjustmerg test ¢ warm-up. Thisnethodallows approximately two tests per hour.
Another concern regarding repeated tests is that power output of drivingsarch as the engine,

motor and batterymight decreasalue to their increasetemperature. Regarding the engines and
motors, considering maximum power output tests such as UN Regulation Neo®®&r Measurement

of Internal combustion Engines aBtkctric Motorsthe concern is not great because, though the rpm
changes, it is believed that full throttle operation is allowed for about five minutes. Therefore, it was
assumed that the main concern is the battery temperature. Changes in battery tatapeand

battery power in four repeated tests are shown in Figure 5.67. Tdesxrepresents time, the leftgxis
represents temperature and the rightaxis represents battery power. In terms of testing conditions,
the vehicle speed was 160 knm/lthe starting SOC was 80% and the vehicle was warmed up for 20
minutes at theconstant speeaf 60 km/tr. The axlehub chassis dynamometer was used as the testing
facility. The vehicle warrup was started with the temperature of the battery at 25 and & the end

of the warmup, the temperature at the warmest spatf the batterywas approximately 26C. The SOC
was then adjusted and the temperature was approximately@after the SOC adjustment. The
temperature was approximately 2& at the end of ta test,roseto approximately 3PC at the start of
the second wamn-up, and after the completion of the warup, it was approximately

33°C. At the end of the second test, it was approximately’@5and was approximately 4Gat the
beginning of the third warrup. The temperature continued to go up, but then it went down during the
warm-up and it was approximately 3& at the beginning of the third tesit the end of the third test,

it was approximately 36C, and while itvent up to around 40C at the begining of the fourth warm

up, it went down again during the warmp to be approximately 3%C at the beginningf the fourth

test. These results showed thidle battery temperature goes up to a certain point but it galesvn

during the 20 minutes of vehicle warap and tests can be conducted with stealgrtingtemperatures
at or below 33°C. Furthermore, because the battery power changed little in these four power output
tests, it was understood that tests can be refaghthis way without creating problems.
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