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(a New Regulation on Child Restraint Systems)
Summary
Japanese type approval service uses acceleration sleds for CRS dynamic test, so Japan conducted a research on CRS side impact test with the acceleration sled.
We compared the CRS side impact test results using an acceleration sled and a deceleration sled. The levels of severity of dummy head injury measures were almost similar between the test results using an acceleration sled and a deceleration sled.
We confirmed that, under the current side impact test conditions defined solely the relative velocity between door and seat, it is not possible to obtain a single and uniform test situation, and various dummy injury levels may be generated while the required test conditions are met.
Test Method of CRS Side Impact Test Using Acceleration Sled
The concept of CRS side impact test using the acceleration sled is explained in this section. On the sled, the door is fixed and the slide rail is installed. The seat is mounted on the slide rail. An additional force input device is used to move the seat so that the relative velocity between door and seat can be adjusted.
The figure below shows the test system. It is based on the same concept as the system presented by NHTSA in ESV09-0539.
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Sled Concept
Comparison of CRS Side Impact Test Results
We conducted CRS side impact sled tests on 2 types of forward-facing CRSs using an acceleration sled under the same conditions (trim, CRS, dummy) of the same CRSs tests using a deceleration sled, and compared the tests results. Figures show the CRS using the tests.
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     CRS A                  CRS B

We compared the maximum injury measures and the acceleration time history. As regards the maximum injury measures, the results of CRS A tests were compared among 5 testing laboratories (4 deceleration sleds, 1 acceleration sled), and those of CRS B tests were compared between 2 laboratories (1 deceleration sled, 1 acceleration sled). For the acceleration time history, the results of both CRS A and B tests were compared between 2 laboratories (1 deceleration sled, 1 acceleration sled).
The following graph shows the results of comparison of maximum measures in CRS A tests using the deviation to mean and coefficient of variation. For the head injury measures, all the results were within 10% in both 3 ms maximum acceleration and HIC, so head injury measures were almost similar. 
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Comparison of Maximum Injury Measures
The head acceleration time histories in CRS A tests are shown in the next graph. Here, we compared the test results between NTSEL and DOREL. The time histories in the results of the 2 sleds were almost similar.
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Head Acceleration time histories
The following graph shows the results of comparison of maximum measures in CRS B tests using the deviation to mean and coefficient of variation. For the head injury measures, all the results were within 5% in both 3 ms maximum acceleration and HIC, so head injury measures were almost similar. 
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Comparison of Maximum Injury Measures
The head acceleration time histories in CRS B tests are shown in the next graph. The time histories in the results of the 2 sleds were almost similar.
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Head Acceleration Time Histories
The above findings show that, in both CRSs, as for the head injury measures, the results were almost similar. So levels of severity were almost similar between the test results using an acceleration sled and a deceleration sled.
Influence of Relative Velocity between Door and Seat, and Door Ground Velocity and to Dummy Injury Measures
The CRS side impact dynamic test procedures in new regulation on Child Restraint Systems specify the relative velocity between door and trolley, and the intrusion between the door and seat. The following graph shows the corridor of the test conditions.
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Corridor of Test Conditions
However, since this corridor is defined by the relative velocity between door and seat if the door and seat are movable, a number of different test situations can occur due to various velocities.
Accordingly, we conducted 2 different tests using an acceleration sled. The relative velocities between door and seat would remain within the corridor in 2 tests. In Test A, both door and seat moved. In test B, only the door moved while the seat was stationary. The relative velocity time histories between door and seat in Tests A and B are shown in the graph below. In both tests, the relative velocity between door and seat remained within the corridor, so both tests satisfied the regulation.
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Relative Velocity Time History
Dummy head acceleration time histories are shown in the next graph. While both tests satisfied the corridor of test conditions, dummy injury measures were different. So we confirmed that it is not possible to obtain a single and uniform test situation under the current test conditions.
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Head Acceleration Time Histories
So, in order to obtain a same severity level for all the tests to be performed, new test conditions need to be added to the current test conditions. To determine such new conditions, we conducted tests under various test conditions to confirm main test parameters which determine dummy injury measures. And we found that the door ground velocity had a large influence to dummy injury measures. The following graph shows the door-seat velocity time histories and the dummy head acceleration time histories obtained when the door ground velocity was changed at 3 levels. We can see that the dummy head maximum acceleration increases as the door ground velocity becomes higher.
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Velocity Time History
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Head Acceleration Time Histories

In tests using the acceleration sled, the door ground velocity has a large influence to dummy injury measures. This is probably because the amount of energy required for the stationary dummy to catch up the door velocity is determined by the door ground velocity. The following graph shows time histories of the dummy chest velocity and door velocity. We can see that the dummy velocity increases as the door ground velocity becomes higher. So the energy required for the stationary dummy to catch up the door velocity is larger if the door ground velocity is higher.
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Velocity Time History
Japanese Proposal
As the conditions to be added to the current test conditions, whereby the relative velocity between dummy and door remains constant, we propose the following: 
In a test where the door is stationary at time t0, the door shall be fixed and the dummy’s ground velocity at t0 shall be between [6.375 m/s] and [7.25 m/s]. In a test where the door is moving at t0, the door’s ground velocity shall remain within the corridor bellow at least until door intrusion reaches maximum, and the dummy shall be stationary at t0.
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Lateral Impact Corridor
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