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ABSTRACT

This study was conducted to understand the characteristics of children's running on the premise that the
actual shock causes the child to rotate in a circle with a radius of 0.75m. The main goal of this study
was to understand the characteristics that can be used to create a prototype that simulates the running of
a real child. To this end, the jumps of 10 children with different heights and weights were measured and
analyzed. First, even with the deviation caused by the location of the child’s running on the floor of the
laboratory where the measurement was conducted, it was found that the child's running was not very con-
sistent with each shock. This situation implies that spring elasticity and specifications of excitation feet
must be different for each excitation foot. The average level of floor impact sound for children is 32.6
dB(A) for one person, 37.5 dB(A) for two, 38.4 dB(A) for three, and 40.8 dB(A) for four, and it is reason-
able to allow the trial product to generate this level of floor impact sound. However, this presentation lev-
el is only applicable to the floor structure performance laboratory of C University's reverberation
laboratory. The time required for a child to run was evaluated to be approximately 8s, and when con-
verted into revolutions per minute (r/min), it can be said that a motor specification of approximately 22.5
times is required. In addition, the number of applicable prosthetic legs according to the radius of the ro-
tating body was proposed, as shown in Table 5, based on the number of times a child has per three turns.
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Fig. 1 Patent concept figure of new impact source

Fig. 2 Manufactured continuity impact source prototype
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Table 1 Child birth & body information (2022.09.)

Division Birth Height [em] | Weight [kg]
Child 1 2016.02.07 131 38
Child 2 2016.06.21 123 22
Child 3 2016.09.28 119.4 24
Child 4 2016.10.14 118 17
Child 5 2018.06.07 113 16
Child 6 2018.01.02 112 20
Child 7 2017.12.15 108.3 14
Child 8 2017.10.07 106.1 18
Child 9 2017.07.10 104.8 15
Child 10 2018.06.27 103 17
Table 2 Experiment scenario
. Requested
No. Details Person egpl;w

C1°,217,41" |Child 1 running
C2,22,42 Child 2 running
C3,23,43 Child 3 running
C4,24,44 Child 4 running
C5,25,45 Child 5 running |
C6,26,46 Child 6 running
C7,27,47 Child 7 running
(C8,28,48 Child 8 running
C9,29,49 Child 9 running
C10,30,50  |Child 10 running Free
C11,31,51 Child 1, 10 running
C12,32,52  |Child 2, 9 running
C13,33,53 Child 3, 8 running 2
Cl14,34,54  |Child 4, 7 running
C15,35,55 Child 5, 6 running
C16,36,56  |Child 1, 5, 10 running
C17,37,57 |Child 2, 6, 9 running 3
C18,38,58 |Child 3, 4, 8 running
C19,39,59 |Child 1, 3, 7, 10 running 4
C20,40,60  |Child 2, 4, 6, 8 running

CI": Child 1’s Ist running, 21" 2nd running, 41™": 3rd running

Fig.3 1 child and 2 children running
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Fig. 5 Measurement results for each impact point (1st time)
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Table 3 Results of children's experiments 1

Child | C1 (131cm, 38kg) | C2 (123 cm, 22kg) | C3 (119.4 cm, 24kg) | C4 (118 cm, 17kg) | C5 (113 cm, 16 kg)
No. Ist | 2nd | 3rd |Avg.| Ist | 2nd | 3rd |Avg.| Ist | 2nd | 3rd |Avg.| Ist | 2nd | 3rd |Avg.| 1Ist | 2nd | 3rd |Avg.
Hits/20s | 50.058.0|57.0|55.0|48.0|59.0|63.0|56.7|58.0|53.0(59.0|56.7|64.0|68.0 67.0|66.3|69.0| - - 169.0
Hits
interval |24.0(20.7(21.1|21.9(25.0|20.3|19.0|21.5|20.7|22.6(20.3|21.2(18.8|17.6|17.9|18.1|174| - - 174
[ms]
Hits/3turns | 24.0 [ 23.029.0|25.3(29.0|29.0|30.0{29.3|29.0|32.0|39.0|33.3(30.0{30.0|37.0|32.3{40.0| - - 1400
In[tcerl;lv]al 19.620.5/16.2|18.8(16.2(16.2|15.7|16.1 |16.2|14.7|12.1 | 14.4|15.7|15.7|12.7|14.7|11.8| - - | 11.8
Avg. [dB] |40.2]40.1|39.1{39.8(37.2|36.0|33.5(35.6|/32.3|30.8|28.6|30.5/31.8|31.4|32.8(32.0{30.3| - - 1303
Std. [dB] | 44 |38 |55 |46|53 |47 |44 |48 (38|54 |38 (43|44 ]32|32]|36]|30 - - 3.0
Max. [dB] [48.3]50.6|50.6|49.8|46.7|50.1|44.4|47.1|42.9|43.7(39.7|42.1|44.5[39.7|41.3|41.8/39.7| - - 139.7
Min. [dB] |28.3(33.2|28.5[30.0|25.9|27.7[25.1|26.2|24.4|23.3|22.9(23.6|24.3|24.7(27.0|253|24.4| - - 1244
MaE(d.g\]/Im. 20.1117.3(22.1/19.8(20.8|22.4|19.3|20.8|18.4|20.4|16.8|18.6(20.3|15.0|14.3|16.5(153]| - - | 153
Lieg 39.1(39.8139.9(39.6|37.136.9|33.7(35.9(32.0|31.9|28.8|30.9|32.5(30.6|32.4|31.8(29.7| - - 1297
Child C6 (112 cm, 20kg) [ C7 (108.3 cm, 14 kg) | C8 (106.1 cm, 18 kg) [ C9 (104.8 cm, 15kg) | C10 (103 cm, 17 kg)
No. Ist | 2nd | 3rd |Avg.| Ist | 2nd | 3rd |Avg.| Ist | 2nd | 3rd |Avg.| Ist | 2nd | 3rd |Avg.| 1Ist | 2nd | 3rd |Avg.
Hits/20s | 65.0 | 64.0|62.0|63.7|75.0|69.0(62.0|68.7|75.0|60.0|67.0|67.3|73.0|67.0|56.0|65.3|71.0|64.0|69.0|68.0
Hits
interval |18.5]18.8(/19.4|18.9|16.0|17.4(19.4|17.6|16.0(20.0|17.9|18.0(16.4(17.9|21.4|18.6|16.9(18.8|17.4|17.7
[ms]
Hits/3turns | 30.0 | 27.0 | 34.0| 30.3 | 30.0 | 37.0 | 40.0 | 35.7| 30.0 | 34.0 [ 39.0 | 34.3 | 30.0 | 41.0| 34.0 | 35.0 | 37.0 | 37.0 | 40.0 | 38.0
In[tcerl;lv]al 157117.5(13.9|15.7(15.712.7|11.8|13.4(15.7|13.9|12.1 | 13.9]15.7|11.5]13.9|13.7|12.7|12.7|11.8 | 12.4
Avg. [dB] [28.8(27.7|27.1{27.8(31.7(29.9|29.7|30.4|37.5|35.7|37.636.9(30.1 |31.9|35.5|32.5|28.0|28.9|31.129.3
Std. [dB] | 40 {29 |3.1|33 (38|43 |41 |41|55|34(40|43|361]26/|43 3537283433
Max. [dB]|43.7|37.0(34.2|38.3|43.2|41.8|43.6|42.9[50.2|44.2|51.5|48.6|40.9|37.2|45.0|41.0/40.8|36.0|42.039.6
Min. [dB] |23.1|23.5|14.2|20.3|26.7|23.7|23.3|24.6|24.8|29.7|30.2|28.2|22.8|25.8(25.8|24.8(23.2|23.8(24.3|23.8
Ma?dg\]/hn' 20.6(13.4/20.1|18.0|16.5(18.1{20.3|18.3|25.4|14.4(21.3]20.4|18.1|11.4[19.2{16.2|17.6|12.2]|17.6|15.8
Lieq 30.3(27.4|26.6|28.1|32.7(30.8(30.4|31.3|39.2|35.0|38.1|37.4(30.4|31.0(35.3|32.2|28.8(28.2(|31.0/29.3
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Table 4 Results of children's experiments 2

Details [k:/egq.] Time[/SB]turns RPM Impg:ltlrlrzlsum./
Cl1 39.6 7.6 23.7 25.3
Cc2 359 7.0 25.7 29.3
C3 309 8.2 22.0 333
C4 31.8 8.2 22.0 32.3
C5 29.7 10.0 18.0 40.0
Co 28.1 7.6 23.7 30.3
Cc7 31.3 8.8 20.5 35.7
C8 37.4 7.1 254 343
Cc9 322 8.2 22.0 35.0
C10 29.3 9.7 18.6 38.0
Avg. 32.6 8.2 21.8 334
Cl1, 10 40.2 8.8 20.5 64.7
C2,9 38.0 7.7 234 62.7
C3, 8 38.7 6.9 26.1 58.7
Cc4, 7 35.0 7.9 22.8 66.3
Cs5, 6 354 9.4 19.1 71.0
Avg. 37.5 8.1 22.1 64.7
Cl1, 5, 10 39.3 9.2 19.6 99.0
C2,6,9 37.2 7.8 23.1 89.3
C3, 4,8 38.8 7.7 23.4 84.3
Avg. 38.4 8.2 21.9 90.9
Cl, 3, 7, 10| 42.1 8.6 20.9 118.0
C2,4,6,8| 395 7.4 243 113.7
Avg. 40.8 8.0 22.5 115.9
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Fig. 11 Rotation part design example (5, 6, 8 false
legs) and the model for 3 children running

Table 5 Calculated result of the number of impacting

times
Rotation part design
. The number of false leg Rotation
Radius of di
rotation 6 D) 4 e (]
It
part [m] Circumference of rotation part [m]
0.20 2x3.14x020=1.125
0.25 2x3.14x0.25=1.570 2x3.14
0.30 2x3.14 x 030 = 1.884 x %7751 =
0.40 2x3.14%x0.40=2.512 ’
0.45 2 x3.14 x0.45=2.826
0.50 2 x3.14 x 0.50 =3.140
The number of impacting times by radius (3 turns)
Children
. The number of false leg impacting
Radlug of times
rotation -
Weight
part [m] | ¢ 5 4 [ke]
15 | 22
020 (4.71/1.125) | (4.71/1.125) | (4.71/1.125)
’ x6x3=T54x5x3=62.8x4x3=50.2
025 (4.71/1.57) | (4.71/1.57) | (4.71/1.57)
’ X 6x3=>54.0x5x3=450x4x3=36.0
0.30 (4.71/1.884) | (4.71/1.884) | (4.71/1.884)
’ x6x3=450x5x3=37.5x4x3=30.0 37 | 2
0.40 (4.71/2.512) | (4.71/2.512) | (4.71/2.512)
’ x6x3=33.8x5x3=28.1x4x3=225
0.45 (4.71/2.826) | (4.71/2.826) | (4.71/2.82)
’ x 6 x3=30.0x 5x3=250x4x3=20.0
0.50 (4.71/3.14) | (4.71/3.14) | (4.71/3.14)
’ x 6 x3=27.0/x5x3=225x4x3=18.0
23t A3= Table 3 % Fig. 9] W&o F-gslvia
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