
 

 

 
 

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 of how the SOC at the start of the test affects measurements of HEV system power 

output, two types of SOC were used: full charge and charge within the normal usage range.  The full 

charge was defined as the SOC at which regenerative current stops flowing after the battery has been 

charged with regenerative current through operations such as turning the accelerator off and braking 

while the vehicle is driven from the chassis dynamometer. For the normal usage range, under conditions 

where ɲ SOCs before and after the test become the same when the vehicle is run in JC08 mode, the 

value around the middle in the SOC range during the test is defined as the normal usage SOC.  With 

testing vehicle A, according to the data from the scanning tool attached to 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 5.54.  In terms of testing conditions, the 

vehicle speed was 160 km/hr and the warm-up was done at the constant speed of 60 km/hr for 20 

minutes.  The facility used for the test was the axle-hub chassis dynamometer. The power output 

measurements were obtained 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 63.0 kW on average when the SOC at the start of the test was 80%, and 

62.7 kW on average when the SOC was 55%; the difference of 0.3 kW was recorded.  The effect of the 

different SOCs at the start of the test resulted in a difference of less than 1.0 kW, which leads us to 

believe that the effect is small.  The deviations were -1.5 to 1.0 kW with the 80% SOC and -1.8 to 0.6 kW 

with the 55% SOC; the variations were moderately large in these results. 

When power output was calculated by the method proposed to the ISO, the average value was 72.6 kW 

with the 80% SOC, and 72.2 kW with the 55% SOC; the difference was 0.4 kW.  The effect of the 

different SOCs at the start of the test resulted in a difference of less than 1.0 kW, which leads us to 
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believe that the effect is small.  The deviations were ±0.2 kW with the 80% SOC and ±0.0 kW with the 

55% SOC; the variations were small. 

In terms of differences in power measurements taken at different places, with the 80% SOC, the wheel 

driving power was 63.0 kW, which was 9.6 kW lower than the 72.6 kW recorded by the method 

proposed to the ISO, and likewise, with the 55% SOC, it was 9.5 kW 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. 

 

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 the SOC at the start of the test had almost no effect on the HEV system power 

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

To obtain an SOC that was lower than the SOC range of normal 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 output is shown in Figure 5.55.  The x-axis represents SOC at the start of the test and the y-

axis represents power output.  As for the testing conditions, the vehicle speed was 160 km/hr and 

warming up was carried out for 20 minutes at the constant speed of 60 km/hr.  The facility used for the 

test was the axle-hub chassis dynamometer. With testing vehicle A, the SOC as low as approximately 

55% did not affect the battery power and therefore the HEV system power did not significantly change.  

When the SOC was around 45%, the battery power was reduced and the HEV system power was also 

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 power output is measured in a test where 

the SOC at the start of the test is outside of the normal usage range, the resulting measurements of the 

HEV system power are lower. 
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Figure 5.55  Relationship between SOC at the start of the test and power output (testing vehicle A) 

 

(2) Testing vehicle B 

 

With testing vehicle B, data obtained from the scanning tools attached to the OBD connector indicated 

the full charge SOC as 93% and the normal use SOC as 70%. 

The effect of different SOCs on power output is shown in Figure 5.56.  In terms of testing conditions, the 

vehicle speed was 68 km/hr in second gear and the warm-up was done at the constant speed of 60 

km/hr for 20 minutes.  The facility used for the test was the axle-hub chassis dynamometer. The power 

output measurements were 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 84.8 kW on average when the SOC at the start of the test was 93%, and 

86.8 kW on average when the SOC was 70%; the difference of 2.0 kW was recorded.  The SOC at the 

start of the test is thought to have certain effect on power output.  The deviations were -1.9 to 1.7 kW 

with the 93% SOC and ±0.2 kW with the 70% SOC; the variation was moderately large with the 93% SOC. 

When power output was calculated by the method proposed to the ISO, the average value was 92.6 kW 

with the 93% SOC, and 92.4 kW with the 70% SOC, resulting in a 0.2 kW difference.  The effect of the 

different SOCs at the start of the test resulted in a difference of less than 1.0 kW, which leads us to 

believe that the effect is small.  The deviations were -0.3 to 0.4 kW with the 93% SOC and -0.4 to 0.5 kW 

with the 70% SOC; the variations were small. 

In terms of differences in power measurements taken at different places, with the 93% SOC, the wheel 

driving power was 84.8 kW, which was 7.8 kW lower than the 92.6 kW recorded through the method 

proposed to the ISO, and it was 5.6 kW lower with the 70% SOC.  This showed that the SOC at the start 

of the test affects the difference in power output between different measuring points. 

Starting SOC (%) 

Testing vehicle A 

P
o

w
e
r 

o
u
tp

u
t 
(k

w
)  Test conditions 

  Vehicle speed: 160 km/hr 
  Warm-up: 60 km/hr 
  Testing facility: Axle-hub CD 

Battery power 
 

Engine power 
 

(4) Method proposed to ISO 



 

4 

 

 
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 the full charge to the normal usage 

SOC, the difference of the SOCs at the start of the test has almost no effect on the HEV system power 

output obtained by the method proposed to the ISO, effect of the SOC on the HEV system power when 

the SOC is outside of that range was studied.  The relationship between the SOC at the start of the test 

and the power output is shown in Figure 5.57.  The x-axis represents SOC at the start of test and the y-

axis represents power output.  As for the testing conditions, the vehicle speed was 68 km/hr in second 

gear and the warm-up was carried out for 20 minutes at the constant speed of 60 km/hr.  The facility 

used for the test was the axle-hub chassis dynamometer. With testing vehicle B, because there was no 

change in battery power within 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 C, data obtained from the scanning tools attached to the OBD connector indicated 

the SOC when the maximum power was generated within the CD (charge-depleting) range was 90% and 

the SOC at the beginning of the CS (charge-sustaining) range was 29%. 

The effect of different SOCs on power output is shown in Figure 5.58.  In terms of testing conditions, the 

vehicle speed was 160 km/hr and the warm-up was done at the constant speed of 60 km/hr for 20 

minutes.  The facility used for the test was the axle-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 131.6 kW on average when the SOC at the start of the test was 90%, and 

134.0 kW on average when the SOC was 29%; a difference of 2.4 kW was recorded.  The SOC at the start 

of the test is thought to have certain effect on power output.  The deviations were -0.7 to 0.6 kW with 

the 90% SOC and -1.6 to 1.2 kW with the 29% SOC; the variation was moderately large with the 29% 

SOC. 

When power output was calculated by the method proposed to the ISO, the average value was 147.3 

kW with the 90% SOC, and 145.6 kW with the 29% SOC, resulting in a 1.7 kW difference.  The effect of 

the SOC at the start of the test resulted in a difference larger than 1.0 kW, which leads us to believe that 

there is a certain effect.  The deviations were ±0.2 kW with the 90% SOC and -0.6 to 0.3 kW with the 

29% SOC; the variations were small. 

In terms of difference in power measurements taken at different places, with the 90% SOC, the wheel 

driving power was 131.6 kW, which was 15.7 kW lower than the 147.3 kW recorded through the method 
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proposed to the ISO, and likewise, it was 11.6 kW lower with the 29% SOC.  This showed that the 

difference in power output between different measuring points is affected by the SOC at the start of the 

test. 

 
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 of that range was studied.  The relationship between the 

SOC at the start of the test and the power output is shown in Figure 5.59.  The x-axis represents SOC at 

the start of the test and the y-axis represents power output.  As for the testing conditions, the vehicle 

speed was 160 km/hr and the warm-up was carried out for 20 minutes at the constant speed of 60 

km/hr.  The facility used for the test was the axle-hub chassis dynamometer. With testing vehicle C, the 

power output was approximately 4.0 kW lower with 100% SOC, and, when the SOC was forcibly lowered 

to 20%, the power output was reduced by approximately 50 kW. 
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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 the examination of how the testing speed affects the measurements of HEV system power output, 

two types of testing methods were studied.  The first uses the method proposed to the ISO as a 

reference, and determines the speed at which the maximum power is generated through multiple tests 

in each of which a different speed is set by using the speed control of the chassis dynamometer.  The 

other method is one that is being studied by the SAE.  In this method, the vehicle is accelerated full 

throttle on a running resistance-controlled chassis dynamometer, and the speed that generates the 

maximum power output is determined.  The vehicle is tested again at that speed on the speed-

controlled chassis dynamometer and the maximum power output is measured. 

Results of tests where power output was measured with the speed of the vehicle changed for each test, 

conducted with the method proposed to the ISO as a reference, are shown in Figure 6.50 and Table 

5.13.  The x-axis represents the vehicle speed and the y-axis represents power output.  In terms of 

testing conditions, the SOC at the start of the test was 80% and the warm-up was conducted for 20 

minutes at the constant speed of 60 km/hr.  The facility used for the tests was the axle-hub chassis 

dynamometer.  Power output for comparison was calculated by combining the battery power and the 

engine power output. 

The results show that between 145 and 165 km/hr, the engine power output is mostly steady.  Steady 

engine power output means steady engine rotation speed.  This is because testing vehicle A is equipped 

ǿƛǘƘ ŀ Ŏƻƴǘƛƴǳƻǳǎƭȅ ǾŀǊƛŀōƭŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ǘƘŜǊŜ ƛǎ ƴƻ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǘǊŀǾŜƭƭƛƴƎ 

speed and the engine rpm.  It is also shown that the battery power is mostly steady when the vehicle 
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speed is between 150 and 165 km/hr.  The HEV system power output, which is the combined value of 

battery power and engine power output, is mostly steady between 150 and 165 km/hr without an 

obvious peak, and it was understood that the maximum power output can be measured within this 

range. 

 

 

     

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 

km/hr 

145 

km/hr 

150 

km/hr 

155 

km/hr 

160 

km/hr 

165 

km/hr 

170 

km/hr 

Engine power 

output 
54.7 kW 55.3 kW 55.2 kW 55.2 kW 54.9 kW 55.1 kW 52.0 kW 

Battery power 16.7 kW 16.6 kW 17.4 kW 17.3 kW 17.7 kW 17.5 kW 9.1 kW 

(4) HEV system 

power output 
(proposed to the ISO) 

71.5 kW 71.9 kW 72.6 kW 72.6 kW 72.6 kW 72.7 kW 61.1 kW 

 

Next, the chassis dynamometer was set on running 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 x-axis represents vehicle speed and the y-axis represents power output.  In terms of testing 

conditions, the SOC at the start of the test was 80% and the warm-up was conducted for 20 minutes at 
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the constant speed of 60 km/hr.  The facility used for the tests was the axle-hub chassis dynamometer.  

Considering effects of the battery dying, tests were conducted under three conditions: starting 

acceleration from 0 km/hr, mid-range acceleration from 100 km/hr and mid-range acceleration from 

140 km/hr.  Four types of power are shown: engine power, battery power, wheel driving power and the 

HEV system power output proposed to the ISO (battery power + engine power).  The 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 around 80 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 gradually in accordance with the vehicle speed.  The 

wheel driving power also showed almost no effect of the test-starting speed and showed an upward 

trend as the vehicle speed increased.  The HEV system power, calculated by combining battery power 

and engine power, showed a trend similar to that of the wheel driving power, but from 50 to 80 km/hr, 

it showed a gradual downward trend.  After that range, up to approximately 145 km/hr, it showed a 

gradual upward change, and afterwards, it decreased by a little and then the power output became 

steady.  This result showed variable changes in the wheel driving power and a clear peak of the power 

output was not detected.  On the other hand, the engine power output peaked around 145 km/hr when 

the vehicle was accelerated from 0 km/hr.  An enlarged image of the increasing power output between 

130 and 170 km/hr is shown in Figure 5.62.  In the mid-range acceleration starting from 100 km/hr, the 

peak was hard to determine.  In the mid-range acceleration from 140 km/hr, a temporary increase was 

detected and the peak was observed around 140 km/hr.  Based on these results, it can be said that 145 

km/hr, where clear peaks were observed, is the speed where the maximum power is generated.  At this 

speed, when a test was done with the chassis dynamometer set at the constant speed (i.e. the testing 

method proposed to the ISO), Table 5.13 indicates 71.9 kW, so this speed is different from results 

obtained under conditions of the testing method proposed to the ISO.  This is because testing vehicle A 

has a function of increasing power output when the accelerator was released and then stepped on 

again, and the test using the method proposed to the ISO can include it, while this function cannot be 

recreated when the vehicle is accelerated full throttle with running resistance control as done in the SAE 

method.   
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Figure 5.61 Changes in power output when the vehicle was accelerated full throttle  

on running resistance control (testing vehicle A) 
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Figure 5.62 Changes in power output when the vehicle was accelerated full throttle  

on running resistance control (enlarged) (testing vehicle A) 

 

 

(2) Testing vehicle B 

Testing vehicle B is equipped with a stepped automatic transmission and therefore is affected not only 

by the vehicle speed but also by the gear position.  For this reason, the relationship of the power output 

with the engine rpm and the gear position was examined, and results are shown in Figure 5.63. The x-

axis represents engine rpm and the y-axis represents power output.  In terms of testing conditions, the 

SOC at the start of the measurements was 93% and the warm-up was done for 20 minutes at the 

constant speed of 60 km/hr.  The axle-hub chassis dynamometer and the chassis dynamometer were 

used for the test.  Power output was compared in engine power output measurements and in HEV 

system power output values calculated by the method proposed to the ISO (battery power + engine 

power output). 

It can be observed that 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 power output, is more or less 

steady in the second gear position, but is the highest around 5650 rpm.  Above this rpm, the gear was 

automatically shifted up and measurements in the second gear position could not be taken.  In the third 

gear position, as was the case with the second gear position, the test results show that the 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 the battery 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 effects of different gear positions, it is 

understood that the second and third gear positions yielded almost the same power, but the fourth gear 

position resulted in power that was approximately 5.5 kW higher.  These results indicate that when a 

vehicle is equipped with a stepped transmission, gear positions can influence power measurements and 

therefore tests need to be done for each gear position.  Also, while it was originally believed that the 

maximum HEV system power would be generated at the engine rpm where the engine generates its 

maximum power, ǘƘŜ ōŀǘǘŜǊȅ ǇƻǿŜǊΩǎ ǇŜŀƪ ŘƻŜǎ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ŎƻǊǊŜǎǇƻƴŘ ǿƛǘƘ ǘƘŀǘ ŜƴƎƛƴŜ ǊǇƳΦ 

 

   

Figure 5.63  Relationship between engine rpm and power output (testing vehicle B) 

 

Next, the chassis dynamometer was set on running resistance control as in the testing method being 

studied by the SAE, and the changes in power output when the vehicle was accelerated full throttle are 

shown in Figure 5.64.  The x-axis represents vehicle speed and the y-axis represents power output.  In 

terms of testing conditions, the SOC at the start of the test was 93% and the warm-up was carried out 

for 20 minutes at the constant speed of 60 km/hr.  The facility used for the tests was the axle-hub 

chassis dynamometer.  Considering effects of the battery dying, tests were conducted under three 

conditions: starting acceleration from 0 km/hr, mid-range acceleration from 60 km/hr in the second gear 

position and mid-range acceleration from 80 km/hr in the third gear position.  Four types of power are 

shown: engine power, battery power, wheel driving power and the HEV system power output proposed 

to the ISO (battery power + engine power).  Because the vehicle is equipped with a stepped automatic 

transmission, the engine power output changed dramatically at the time of gear shift, and behaved like 

teeth of a saw relative to the vehicle speed.  The battery power was affected little by the difference in 

the speed at which the test was started and increased gradually as the vehicle speed increased.  It was 

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 of the test-starting speed.  The HEV 

system power calculated by combining battery power and engine power showed similar trends as the 

wheel driving power, but the peak in the second gear position was detected around 60 km/hr, in the 

third gear position around 80 km/hr, in the fourth gear position around 115 km/hr and in the fifth gear 

position around 145 km/hr, 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 system power was 

generated was around 112 km/hr.   In the testing method of the ISO, the converted vehicle speed at 

which the maximum power was generated was 115 km/hr, and this means that the difference in the 

testing speed was 3 km/hr and the power output was different by 0.7 kW between the two testing 

methods. 

 
Figure 5.64 Changes in power output when the vehicle was accelerated full throttle  

on running resistance control (testing 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.  The x-axis represents the vehicle speed and the y-axis represents power 

output.  In terms of testing conditions, the SOC at the start of the test was 90% and the warm-up was 

conducted for 20 minutes at the constant speed of 60 km/hr.  The facility used for the tests was the 

axle-hub chassis dynamometer.  Engine power output, battery power and the combined value of these 

two were used for comparison. 
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The results show that between 30 and 120 km/hr, the engine power output is mostly steady.  Steady 

engine power output means steady engine rotation speed.  This is because 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 km/hr.  When the vehicle speed exceeds 130 km/hr, the drivetrain switches to the 

parallel operation and the vehicle speed and the engine rpm show correlation.  The combined value of 

battery power and engine power output (HEV system power output proposed to the ISO) peaked at 160 

km/hr, which indicated that this was the vehicle speed at which the maximum power output was 

generated.  

 

 

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

 

Next, the chassis dynamometer was set on running resistance control as the testing method being 

studied by the SAE, and the changes in power output when the vehicle was accelerated full throttle are 

shown in Figure 5.66.  The x-axis represents vehicle speed and the y-axis represents power output.  In 

terms of testing conditions, the SOC at the start of the test was 90% and the vehicle was warmed up for 

20 minutes at the constant speed of 60 km/hr.  The facility used for the tests was the axle-hub chassis 

dynamometer.  Considering effects of the battery dying, tests were conducted under two conditions: 

starting acceleration from 0 km/hr and mid-range acceleration from 140 km/hr.  Four types of power 

output are shown: engine power, battery power, wheel driving power and the battery power + engine 

power.  The results show that the engine power is mostly steady from around 40 km/hr to 120 km/hr.  

Beyond 130 km/hr, the engine power output increased as if to correspond to the vehicle speed. The 

battery power fluctuated from around 40 km/hr to 120 km/hr, but did not appear to correspond to the 

increase of the vehicle speed.  Beyond 140 km/hr, the battery power became steady.  The wheel driving 

power increased beyond 140 km/hr corresponding to the vehicle speed, and reached its peak at 160 

km/hr. The combined value of the battery power and the engine power output (HEV system power 
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output proposed to the ISO) showed a similar trend as the wheel driving power and reached its peak at 

160 km/hr.  Based on these results, 160 km/hr is considered to be the speed at which the maximum 

power output is generated. This matches the maximum power-generating speed indicated in Figure 

5.65.  At this speed, the maximum power output was 147.3 kW when the vehicle was run on the chassis 

dynamometer at the constant speed, while the maximum power output on the running resistance 

control mode was 145.2 kW; there was a 2.1 kW difference. 

 

Figure 5.66 Changes in power output when the vehicle was accelerated full throttle  

on running resistance control (testing vehicle C) 

 

5.3.4 Effect of test repetition 

(1) Testing vehicle A 

To design a testing method, conditions such as the length of time between tests have to be defined.  In 

the present study, to obtain high replicability, a cooling period was inserted to let batteries etc. cool 

down after each test, and then vehicles were warmed up again and the following test was started.  

However, in this way, only approximately one test per hour can be carried out.  Considering cases where 

multiple tests are done at different speeds or where a test is repeated multiple times under the same 

conditions to confirm replicability, the time required to test this way becomes a heavy burden.  In the 

method currently proposed to the ISO, tests at three or more speed points are required, and therefore it 

is necessary to conduct a series of four tests or so.  For this reason, in order to shorten the time spent 

for repeated tests, cooling periods were eliminated and tests were conducted in repeated cycles of 
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warm-up ς SOC adjustment ς test ς warm-up.  This method allows approximately two tests per hour.  

Another concern regarding repeated tests is that power output of driving parts such as the engine, 

motor and battery might decrease due to their increased temperature.  Regarding the engines and 

motors, considering maximum power output tests such as UN Regulation No. 85, Power Measurement 

of Internal combustion Engines and Electric Motors, the 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 temperature and 

battery power in four repeated tests are shown in Figure 5.67.  The x-axis represents time, the left y-axis 

represents temperature and the right y-axis represents battery power.  In terms of testing conditions, 

the vehicle speed was 160 km/hr, the starting SOC was 80% and the vehicle was warmed up for 20 

minutes at the constant speed of 60 km/hr.  The axle-hub chassis dynamometer was used as the testing 

facility.  The vehicle warm-up was started with the temperature of the battery at 25 oC, and at the end 

of the warm-up, the temperature at the warmest spot of the battery was approximately 26 oC.  The SOC 

was then adjusted and the temperature was approximately 27 oC after the SOC adjustment.  The 

temperature was approximately 28 oC at the end of the test, rose to approximately 31 oC at the start of 

the second warm-up, and after the completion of the warm-up, it was approximately  

33 oC.  At the end of the second test, it was approximately 35 oC and was approximately 40 oC at the 

beginning of the third warm-up.  The temperature continued to go up, but then it went down during the 

warm-up and it was approximately 35 oC at the beginning of the third test.  At the end of the third test, 

it was approximately 36 oC, and while it went up to around 40 oC at the beginning of the fourth warm-

up, it went down again during the warm-up to be approximately 35 oC at the beginning of the fourth 

test.  These results showed that the battery temperature goes up to a certain point but it goes down 

during the 20 minutes of vehicle warm-up and tests can be conducted with steady starting temperatures 

at or below 35 oC.  Furthermore, because the battery power changed little in these four power output 

tests, it was understood that tests can be repeated this way without creating problems. 




