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Results of Wind Tunnel Tests for Aerodynamic Coefficients of Railway Vehicles

Katsuji TANEMOTO
Hiroyuki SAITOU

Minoru SUZUKI
Atsushi IDO

This report presents the summary tables of aerodynamic force coefficients for meter-gauge railway vehicles

obtained by a series of wind tunnel tests using 1/40 scale models in order to provide reference data for safety

analysis of train operation under strong winds. The wind tunnel tests were performed for combinations of 5 vehi-

cle models and 7 infrastructure models using a turbulent boundary layer generated artificially on the test section

floor to reproduce natural wind conditions.
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e 24 % 285 % 103 % 485 % =3 50000
HEHES (m) L 20.8(0.520) 21.2(0.531) | 19.5(0.488) | 20(0.5000) 17.5(0.438)
HE S (m) h 3.08(0.077) 3.92(0.098) | 2.62(0.066) | 2.47(0.062) | 3.05(0.076)
HjE  (m) B 2.90(0.073) 2.90(0.073) | 2.80(0.070) | 2.95(0.074) | 2.30(0.058)

HHEHERE (m”) Sy 1.60(0.040) | 2.08(0.052) | 1.28(0.032) | 1.24(0.031) | 1.33(0.033)

HEPOES (m) hg 2.55(0.064) | 1.96(0.049) [ 2.36(0.059) | 2.24(0.056) | 1.93(0.048)

R.L~4 L m)|| Th | 4.090.102) | 4.0700.102) | 3.68(0.092) | 3.48(0.087) | 3.45(0.086)
R. L ~#fEf (m)|| Tb 1.01(0.025) 0.16(0.004) | 1.04(0.026) | 1.10(0.003) | 0.40(0.010)
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24 % | 2855% | 103 % | 485 5% | =3 50000
BB R 0.742 | 0.738 | 0.740 | 0.739 0.740
EREZERE | 0.729 | 0.725 | 0.727 | 0.725 0.726
HRALE 0.616 | 0.612 | 0.614 | 0.613 0.614
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i | HiE B R P E PR P E PR P E PR P E BB pH
ol | ® 1 o1t JTolrJTolrJolrTolrJol 1 JolrJol1rJTol1]un
90 [[0.55[1.01[0.65]1.17]0.52]0.95[0.55[1.01 [0.71[1.29]0.79[ 1.44[0.79 [ 1.44 [0.83]1.52]0.93[1.70 [ 0.99 [ 1.81
. 70 /0.58 | 1.05]0.58 ] 1.05]0.54[0.990.50 [0.92 [0.69 [ 1.27[0.73]1.33]0.79 | 1.44 | 0.77 | 1.41 | 0.91 | 1.66 | 0.90 | 1.64
50 ][0.50]0.90[0.44[0.80[0.45[0.83[037]0.68]0.57]1.04]0.51]0.93]0.63]1.16]0.54]0.99]0.69[1.26[0.60]1.10
30 110.290.53]0.21]038]0.26]047]0.18]032]0.33]0.61]0.24[044]035][0.63]027]049]037]0.68]0.29]0.52
8K 90 /0.60 | 1.09]0.67]1.21]0.54]0.98]0.57[1.04[083[1.52[092]1.68]0.86]1.57]0.91]1.66]0.99]1.82]1.08]1.98
E 5 70 /063 | 1.14]0.60]1.10]0.57 ] 1.04 053 [0.97[0.79 [ 1.44 [0.78 | 1.42 | 0.87 | 1.60 | 0.82 | 1.50 | 0.98 | 1.79 | 0.95 | 1.73
& 50 |[0.53]0.97 046|084 0.48]0.87[0.37[0.69]0.63[1.15[0.55]1.00]0.69[1.26]0.59[1.08]0.74|1.36]0.63]1.15
#* 30 /031]0.57]0.22]040]0.27]049]0.17[031[036[0.65[026]0.47]038]0.69]0.27]0.49]039]0.72]0.29 | 0.54
90 [[0.61 | 1.11[0.70 | 1.28 [ 0.54|0.99 [ 0.57 | 1.05 [ 0.91 | 1.66 | 1.00 [ 1.83 [ 0.91 [ 1.67 [ 0.93 | 1.71 | 1.07 | 1.95 | 1.14 | 2.07
35 70 Jlo.61 | 1.11]0.62]1.12]0.55]1.01]0.52[0.96[0.86[1.57[0.87]1.58]0.911.67]0.84]1.54]1.04]1.90]1.03]1.88
50 ][0.53]0.96[045[082[048[0.88[037[0.68[0.65[1.19]059]1.08]0.71]1.29]0.56|1.03]0.80|1.46[0.68]1.24
30 11031056 [022]0.40[028]051[017]032[0.38]0.69]0.28[0.50]0.39][0.710.28[0.50]0.43]0.79]0.32]0.59
90 /055 1.03]0.61]1.04]049]0.94]052[099[071[135[0.78]|1.47]0.75]1.43]0.77 | 1.47]0.91]1.72]0.96 | 1.83
| 70 1[0.56 | 1.06 [ 0.56 | 1.06 [ 0.51 | 0.96 [ 0.51 | 0.98 | 0.67 | 1.28 [ 0.71 [ 1.34 [ 0.75 [ 1.42 [ 0.74 | 1.40 | 0.86 | 1.63 | 0.87 | 1.64
50 [[0.47]0.89[0.43[0.82[046[0.87[036]0.69]0.56]1.06]0.50]0.94]0.61]1.15]0.52]0.98][0.68]1.28[0.57[1.09
& 30 /029 ]0.54]0.20]0.38]0.27]0.51]0.15[029[034[0.65[024]045]035]0.67]0.23]044]037]0.70]0.26 | 0.49
% 90 110.56 | 1.06 | 0.64 | 1.21 [ 0.48]0.91 [0.53]1.02|0.86]1.62]0.94[1.78|0.83]1.58|0.89|1.69] 1.01 | 1.92]1.08 | 2.04
& 35 70 |[0.56]1.06[0.58[1.10[0.51[0.98 051097081 |1.53]0.84]1.59]0.85]1.61]0.80]1.52]1.00]1.90][1.00][1.90
50 |[0.48]0.90[045[084[048[0.91[037[0.70]0.63|1.20]055]1.05]0.66]1.25]0.54]1.02[0.75][1.41[0.65]1.23
= 30 /029 ]0.54]0.21]040]0.27]0.51]0.16[031[035][0.66[024]0.46]036]0.68]0.24]045]039]0.74]0.28 | 0.54
B 90 |/0.55]1.03]0.63]1.19]0.46]0.88]0.51[0.97[0.91[1.72[0.99]| 1.88 | 0.88 | 1.68]0.93 | 1.76 | 1.03] 1.96 | 1.12 | 2.12
6 70 1[0.54 [ 1.01 [ 0.57 ] 1.07 [0.48]0.92[0.47]0.90 [ 0.87 | 1.65 [ 0.88 [ 1.67 [ 0.90 | 1.71 [ 0.83 | 1.59 | 1.02 | 1.94 | 1.04 | 1.98
50 [[0.46]0.87[042[0.79[0.45[0.85[035]0.67]0.66]1.26]0.57]1.09]0.69]1.32]0.54]1.04[0.79[1.50[0.71[1.35
30 |/0.27]0.52]0.20]038]0.25]048]0.16[0.30[036[0.68[027]050]037]0.71|0.240.46]042]0.79]0.30]0.58
90 11037097 [042]1.10[0.32]0.84[035]0.94|0.62]1.66|0.64[1.71[058][1.54[059][1.58]0.70|1.87]0.721.92
W q 70 ][0.35]0.91[0.38]1.00[030[0.81[028]0.75]0.58]|1.54]0.58]1.54]0.56]1.50]0.53]1.40[0.64[1.71[0.65][1.72
® 50 |[0.34]0.89[0.29(0.77 [ 0.32]0.85 [ 0.21 [ 0.55|0.54 [ 1.43 [ 0.41 [ 1.09 | 0.54 | 1.44 | 036 [ 0.97 | 0.63 | 1.67 | 0.46 | 1.23
30 /0.23]0.60]0.15]0.39]0.22]0.59]0.10[0.27[032[0.85[0.19]0.52]0.33]0.88]0.18 | 0.47] 0.38 | 1.01 | 0.23 | 0.60
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i | M B %R P SeEHH PH PR pH PR pH =L pH
ol m | @& 1 o1 o1 Jol1r o1 TolrJolrlTolrJolr[ol]r1T o
90 ][037]0.68]0.26 [ 0.48[0.18[0.34[0.19]0.36 [ 0.40 [ 0.72 [ 0.41 [ 0.74 [ 0.45 [ 0.82 [ 0.45 | 0.82 [ 0.14 [ 0.26 [ 0.15 [ 0.28

) 70 /038 0.68]0.26 | 0.47]0.19]0.34]0.23[042[0.41[0.75[0.44]0.80]0.45]0.83]0.45]0.82]0.17]0.30 | 0.19 ] 0.36

50 |[0.33]0.59[0.23]0410.17]031[0.18[0.32]0.34[0.62]032]0.57]036[0.66]038[0.70]0.21[0.38]0.24 044

30 1[0.19]0.34]0.10]0.19]0.10]0.19 [ 0.08 [ 0.14 | 0.17 [ 0.31 [ 0.14 [ 0.25 | 0.19 [ 0.35 [ 0.19 [ 0.35 | 0.11 [ 0.20 | 0.11 [ 0.20

2K 90 |/0.43]0.78]0.33]0.59]0.22]0.40]0.23[0.43[0.47 [0.85]0.46]0.83 | 0.48 | 0.87 | 0.48 | 0.88 ] 0.18 | 0.33 | 0.19 | 0.34
HE 5 70 [[043]0.79[0.31[0.57[0.23[042[0.26]0.47]0.49]0.90 | 0.48]0.88]0.50|0.920.49 |0.90 [ 0.19 ] 0.34 [ 0.22 [ 0.41
- 50 [[0.37]0.67]0.27[049[0.20]036[0.20]037]042]0.76]037]0.68]0.41]0.74]0.42]0.77]0.24]0.43]0.28 | 0.51
ey 30 110.20 037 [0.12]022]0.11]0.20[0.09]0.16|0.20]0.360.16 030 0.22]040020]037]0.13]0.23]0.13 [ 0.24
90 ][0.480.87[0.43]0.78 [ 0.24 ] 0.45 [ 0.26 [ 0.48 | 0.46 | 0.84 | 0.43 [ 0.78 | 0.57 [ 1.05 | 0.52 [ 0.95 ] 0.23 [ 0.42 | 0.20 [ 0.36

35 70 /047 ]0.86]0.38]0.70 | 0.25 [ 0.46 | 0.27 [ 0.49 [ 0.50 [ 0.92 [ 0.48 | 0.88 | 0.58 | 1.06 | 0.55 | 1.00 | 0.20 | 0.37 | 0.25 | 0.45

50 [[0.41]0.74[030[0.55[022[040[021]038]0.45]0.83]0.41]0.75]0.49]0.89]0.47]0.86[0.27[0.50 [ 0.33 [ 0.59

30 /022 0.41]0.14]0.26]012]0.23]0.09[0.17[0.23[042[0.18]0.33]0.26]0.48]0.23]043]0.16]0.30]0.15]0.28

90 11040 [0.74 [ 0.31]0.58 [0.22]0.43[0.25]0.47[047]0.89[0.51]0.96|047]0.90|0.43]0.82]022]042]0.24]045

. 70 1040 [0.75 [ 0.32]0.61 [0.23]0.43 [0.31[0.59 | 0.49[0.93 | 0.54 [ 1.02 | 0.48 [ 0.90 | 0.45 [ 0.86 | 0.24 | 0.45 | 0.30 [ 0.57

50 /0.35]0.66]0.28]0.52]022]042]023[045[042[079[039]0.740.410.78 | 0.40 | 0.76 | 0.28 | 0.52 | 0.30 | 0.57

& 30 /0.23]043]0.13]0.24]0.15]0.28]0.10[0.19[0.23[0.44[0.17]032]0.24 | 0.46 | 0.19 | 037]0.17] 032 0.13 | 0.26
% 90 /038 ]0.72]0.33]0.62]0.23]043]0.25[0.48[0.38[0.72]0.40]0.75]0.45]0.85]0.44 | 0.83]0.20] 0.37 ] 0.22 | 0.43
& 35 70 110.39[0.74 [ 033 ] 0.62 [ 0.24 | 0.46 [ 0.30 | 0.56 | 0.44 | 0.84 | 0.49 [ 0.93 | 0.46 [ 0.88 | 0.48 [ 0.91 | 0.21 [ 0.40 | 0.26 | 0.49
- 50 |[0.36]0.68 | 0.30[0.56 | 0.24 [ 0.46 | 0.25 [ 0.49 | 0.45 [ 0.85 | 0.41 [ 0.77 | 0.44 [ 0.84 | 0.43 [ 0.82 | 0.26 | 0.49 | 0.34 | 0.64
= 30 /024 045]0.14]0.27]0.16]030]0.12[022[025[048[0.19]035]0.25]0.48|0.22]0.41]0.18]0.35]0.16]0.30
® 90 |/0.36]0.68]0.33]0.62]0.22]043]0.25[047[031[059[032]0.61]0.41]0.78]038]0.72]0.15]0.29 | 0.16 | 0.30
6 70 /038 ]0.71]0.33]0.61]0.24]045]0.27[051[035[0.67[042]0.79]0.41]0.77|0.46 | 0.87] 0.16 | 0.31 | 0.20 | 0.38

50 11036 ]0.69|0.28]0.53]0.23]044|025[048]0.43[0.82]039[0.74]0.43[0.82]0.45[0.86]0.20]0.38]0.32]0.61

30 J[0.24]045]014 027 015029 012 022027 051[020]039]0.27]0.51]024]045]0.18]034]0.17]0.32

90 /028 ]0.73]0.27]0.71]0.15]041]022[058[028[0.75[0.21]0.56]032]0.84]0.25]0.68]0.19]0.49]0.15]0.39

W < 70 [[0.28]0.73[0.25[0.66 [0.14 [ 038 [0.17 | 0.45 | 0.24 | 0.62 | 0.21 ] 0.57] 0.26 | 0.70 | 0.25 | 0.66 | 0.14 [ 0.37 [ 0.16 [ 0.44
# 50 [[0.28]0.72[0.21[0.55[0.15[0.40[0.16]0.43]0.29]0.77]0.22]0.59]0.30 | 0.80 | 0.26 | 0.69 [ 0.16 [ 0.42 [ 0.18 [ 0.48
30 110.20 [0.53]0.13]0.35[0.13]0.36[0.09]0.25[023]0.60[0.15]0.39]0.25[0.660.17]0.45]0.15[0.41 | 0.12 | 0.31

*®6 O—VUJTE—AVME—EBX (1 BERRU, [ @ EEEREU)
MR | AT | R 24 B[l 285 FHH 103 R H 485 K EH =% 50000
Wi | & (A HRH LA SEHAE NDER SEHH ERED SEHH ERGEDR HRHE i
il |E| 1 [ o [ 1 T o[ 1 [ ol 1T ol 1 [ ol 1 [ o[ 1 JToli1 o[ 1 Tol]1T]on
[ 90 ][-0.12]-0.22 [-0.13 [ -0.23 [ -0.03 [ -0.06 [ -0.04 [ -0.07 [ -0.11 [ -0.21 [ -0.14 [ -0.25 [ -0.07 [ -0.12 [ -0.11 [ -0.20 [ -0.10 [ -0.19 [ -0.11 [ -0.20
| 170 [-0.121-022|-0.11]-0.19[0.04]-0.06 | -0.03 [ -0.06 | 0.1 | -0.20 [ -0.13 [ 023 | -0.06 | -0.11 [ -0.11 [-0.19 | -0.10| -0.18 [ 0.10 | -0.18
| 50 |[-0.11 [ -0.19 [ -0.08 | -0.15 | -0.03 [ -0.05 | -0.02 [ -0.05 [ -0.09 [ -0.17 | -0.09 | -0.17 [ -0.06 | -0.11 | -0.08 | -0.14 [ -0.06 | -0.11 | -0.05 | -0.10
30 ||-0.06 [ -0.10 | -0.04 | -0.08 [ -0.01 | -0.03 [ -0.01 | -0.02 | -0.05 | -0.10 | -0.05 | -0.09 [ -0.03 | -0.05 | -0.04 | -0.08 | -0.03 | -0.06 | -0.02 | -0.04
= | 90 |[-0.14 [-0.25 [-0.14 [ -0.25 [ -0.04 [ -0.08 [ -0.04 [ -0.08 [ -0.13 [ -0.24 [ -0.16 [ -0.29 | -0.09 | -0.16 | -0.14 [ -0.25 [ -0.12 | -0.21 [ -0.13 | -0.23
HE , [70)-0.14]-026]0.13]-0.23]-004]-0.08]-0.04]-007]-0.12]-022[0.13]-0.24 [-0.08]-0.15 | -0.12[-022]-0.11 | -0.20 [ -0.11 | -0.20
& | 50 |[-0.12]-0.22 | -0.10 | -0.18 | -0.04 [ -0.07 | -0.03 [ -0.06 | -0.10 [ -0.18 | -0.10 | -0.18 [ -0.07 | -0.13 [ -0.09 | -0.17 [ -0.07 | -0.13 | -0.06 | -0.11
ey 30 |-0.07 [ -0.13 [ -0.05 | -0.09 [ -0.02 | -0.03 [ -0.02 | -0.03 | -0.06 | -0.11 | -0.05 | -0.09 [ -0.04 | -0.08 | -0.04 | -0.08 | -0.04 [ -0.06 | -0.02 | -0.05
[ 90 |[-0.14]-0.25 [-0.13 [ -0.24 [ -0.05 [ -0.09 [ -0.05 [ -0.09 [ -0.15 [ -0.27 [ -0.18 [ -0.32 | -0.08 | -0.15 | -0.14 [ -0.25 | -0.14 [ -0.25 [ -0.15 | -0.27
35 [ 70 ][-0.14]-025]-0.12]-0.21[-005]-0.09] 004008 ]-0.13]-024]0.15]-0.28 [ 008 -0.14] -0.12[ 023 | -0.14 | -0.25[ -0.13 | -0.24
150 ][-0.12]-0.22 [ -0.09 | -0.16 | -0.04 | -0.07 [ -0.03 | -0.06 | -0.10 | -0.18 | -0.11 | -0.20 | -0.07 [ -0.13 | -0.09 | -0.16 | -0.09 | -0.17 [ -0.08 | -0.14
30 |[-0.07 [ -0.12 [ -0.04 [ -0.08 | -0.02 | -0.04 | -0.02 [ -0.03 [ -0.06 | -0.11 | -0.05 | -0.09 | -0.04 | -0.07 | -0.05 | -0.09 | -0.04 [ -0.08 | -0.03 | -0.06
| 90 |[-0.11 [-0.21 [ -0.11 | -0.21 [ -0.03 [ -0.06 [ -0.03 [ -0.06 [ -0.09 [ -0.17 [ -0.11 | -0.21 | -0.06 | -0.11 | -0.10 | -0.18 | -0.11 | -0.20 | -0.11 | -0.20
, |70 [-0.11]-021]-0.10]-0.19[-0.03 ]-0.06 | -0.03 [ -0.05[-0.08 | -0.16 ] -0.10 [ -0.19 [ -0.06 | -0.11 [ -0.09 [ -0.17 | -0.10 | -0.20 [ -0.10 | -0.18
| 50 |[-0.09 [-0.17 [ -0.08 [ -0.15 [ -0.03 [ -0.05 [ -0.02 [ -0.04 [ -0.07 [ -0.13 [ -0.07 [ -0.14 [ -0.05 [ -0.09 [ -0.07 | -0.12 [ -0.07 [ -0.12 | -0.05 | -0.10
@ 30 |[-0.05 | -0.10 [ -0.04 [ -0.07 | -0.02 | -0.03 | -0.01 [ -0.02 [ -0.04 | -0.08 | -0.04 | -0.07 [ -0.03 [ -0.06 | -0.04 | -0.07 | -0.03 [ -0.06 | -0.02 | -0.04
5 | 90 |[-0.13 [ -0.24 | -0.13 | -0.25 | -0.04 [ -0.08 | -0.04 [ -0.09 | -0.13 [ -0.24 | -0.15 | -0.29 [ -0.09 | -0.17 [ 0.13 | -0.25 [ -0.13 | -0.25 | -0.14 | -0.26
w |35 [70-013]-024]-012]-022]-0.04[-008]-0.04]-0.08]012]-0.22]-013]-025]-0.09]-017]-0.11]-022]-013]-025]-0.13]-024
o | 50 |[-0.10 [-0.20 [ -0.09 [ -0.17 [ -0.04 [ -0.07 [ -0.03 [ -0.05 [ -0.09 [ -0.17 [ -0.09 [ -0.17 | -0.07 | -0.13 | -0.08 | -0.14 | -0.09 [ -0.17 [ -0.06 | -0.12
= 30 1[-0.06 | -0.11 | -0.04 [ -0.08 | -0.02 [ -0.04 [ -0.01 [ -0.02[-0.05 | -0.09 [ -0.04 [ -0.08 [ -0.04 [ -0.07 [ -0.04 | -0.08 [ -0.03 [ -0.06 | -0.03 [ -0.05
® | 90 |[-0.15 | -0.28 | -0.16 | -0.30 | -0.05 [ -0.09 | -0.06 [ -0.11 | -0.15 [ -0.28 | -0.17 | -0.32 [ -0.12 | -0.22 [ -0.16 | -0.31 [ -0.14 | -0.26 | -0.15 | -0.28
¢ [70][-0.14]-0.27]-0.14]-026-0.04]-0.09|-0.05|-0.09-0.14] 026 | -0.15|-0.28 [ -0.12 022 | -0.14 | -0.27 [ 0.14 | -0.26 | -0.14 [ 027
| 50 |[-0.12 [ -0.22 [ -0.11 [ -0.20 [ -0.04 [ -0.07 [ -0.03 [ -0.07 | -0.10 | -0.19 | -0.10 | -0.18 | -0.08 | -0.16 | -0.09 | -0.18 | -0.10 | -0.19 [ -0.08 | -0.15
30 |[-0.06 [ -0.12 [-0.05[-0.10 [ -0.02 | -0.04 [ -0.02 [ -0.03 [ -0.05 [ -0.10 | -0.05 [ -0.09 [ -0.05 | -0.10 [ -0.05 [ -0.09 | -0.04 [ -0.08 [ -0.03 [ -0.06
[ 90 |[-0.09 [-0.25 [-0.09 [ -0.24 [ -0.03 [ -0.09 [ -0.04 [ -0.11 [ -0.10 [ -0.27 [ -0.12 [ -0.31 [ -0.08 | -0.21 | -0.10 | -0.26 | -0.10 [ -0.26 [ -0.10 [ -0.27
# | [70]]-009]-0.24]-0.08]-022-0.03]-0.09]-0.03]-0.09-0.09[-025]-0.10|-0.28 |-0.07[-0.19]-0.09 | -0.23[-0.09 025 | -0.10]-0.25
& | 50 |[-0.08 | -0.22 | -0.07 | -0.18 | -0.03 [ -0.09 | -0.02 | -0.06 | -0.08 [ -0.23 | -0.07 | -0.20 [ -0.07 | -0.17 [ -0.06 | -0.16 | -0.09 | -0.24 | -0.07 | -0.17
30 |]-0.05 [ -0.14 [ -0.04 | -0.11 [ -0.02 | -0.06 [ -0.01 | -0.04 | -0.05 [ -0.13 | -0.04 | -0.10 [ -0.04 | -0.10 | -0.03 [ -0.08 | -0.04 | -0.12 [ -0.03 | -0.17
X

1) FAB, goR3E, T, SR RET TOHEF
V2B < 22500 LARIE I B D EIRRAER , BRERS T

Vol.18, No.9, pp.17-22, 2004
2) ARG R EGS - FIAED, 2004

50

3) $WARE, AN, WHEZ, SIERE AREZEEL

Te M (A8 < 2250 BE T % JRWR RER A,  SERRIT R,
Vol.17, No.11, pp.47-52, 2003

4) HEEA, FHIAB @ W O R SRR B 55 #i g
Wi, SREABERE, Vol17, No4, pp47-52, 2003

RTRI REPORT Vol. 27, No. 1, Jan. 2013



B ETELEBEY

AHEDOK, RICBVBHY E LT, BREUTHL LTS5 & &b, UITDO XS IZFTIES
FraefRETRLETIESETWERZEET, £, ROBEHENEIT O MHGEZ —HIER
KOLIIGETEESETWZE X,

TR 47 <— R 1
&1 EWHET (7Y IREER 1/40 OEREET)

e 24 % e 103 % 485 % =3 50000

285 RAeH | 215 RPhE
HERS (m) 7| 20.8(0.520) | 21.2(0.531) | 19.5(0.488) | 19.5(0.488) | 20.0(0.500) | 18.9(0.473)
HAEEE (m) i | 3.08(0.077) | 3.88(0.097) | 3.92(0.098) | 2.64(0.066) | 2.48(0.062) | 2.88(0.072)
HRME (m) B | 2.92(0.073) | 2.92(0.073) | 2.92(0.073) | 2.80(0.070) | 2.96(0.074) | 2.44(0.061)
HAMER (m?) Sy | 64.000.040) | 83.2(0.052) | 76.8(0.048) | 51.2(0.032) | 49.6(0.031) | 54.4(0.034)
HEFLE S (m) he | 2.56(0.064) | 2.16(0.054) | 2.16(0.054) | 2.36(0.059) | 2.24(0.056) | 2.32(0.058)
R.L. ~Eif L (m) 7, | 4.0800.102) | 4.12(0.103) | 4.12(0.103) | 3.68(0.092) | 3.48(0.087) | 3.52(0.088)
R.L. ~HAER (m) 7, | 1.00(0.025) | 0.24(0.006) | 0.20(0.005) | 1.04(0.026) | 1.00(0.025) | 0.64(0.016)

KEYR 5 L BIHE OB ITRMEDO I OBE LS BEVBDHY £

ATIEFT 48 ~—2 K 4

| S R

' B

P A=UTE—AVE

D R

. BAERE

: EMAERE =hl

EAEE
N EHRE

EmEThm | EWHICHT BREMA

HHFRE BEHFRE O—-VYITE—AV MR

S _ L M
Cs- 12pUA G- 12pUA CM_llszhh

M4 HREICERYTIEINEERR

FTIEET 48 < — Y %2
£2 EEHE H (RTHE  Bfim)

IR R
. 24 % 103 % 485 % =3 50000
Wit 285 REH | 215 FPHE

RL 2H0&EE 2.56 2.16 2.16 236 2.24 232
HARR R

PR 5 D & 24.16 23.76 23.76 23.96 23.84 23.92

RL. 250X 2.56 2.16 2.16 2.36 224 232
TR

BRI A2 5 D & 22.76 22.36 22.36 22.56 22.44 22.52

RL. 508X 2.56 2.16 2.16 236 2.24 232
£

BRI 5 O & 11.28 10.88 10.88 11.08 10.96 11.04




FTIEBAT 49 ~— v

X 5

BERE U,

o\

XEFmS Hy (72m)

=2

~_x1E%1/4
EREE U i%ﬁ%
YR & s

.i;

5

BRREIRIE g

o

o
o

23.96

22.56

11.08

ZaN

5 EMEFREBLEESS HOF (BT#HE  Bfim)

STIEREHT 49 X— % 3
#3 REURE (BERZE U /ZERE U,)
! <
24 % 103 % 485 % =% 50000
285 RIEEH | 215 %M
HRAG 0.742 0.738 0.738 0.740 0.739 0.740
BB EZAG 0.728 0.724 0.724 0.726 0.725 0.726
HifREEIR 0.616 0.612 0.612 0.614 0.613 0.614




FTIEMEFT 49 X—Y K 4

=4 BmHARB—ER (I REREU, 0 :HERZRU)
B - 24 R HH B 103 R 5l 485 L[l = % 50000
e oy [ PIE | 285 RO | 215 AE | SO S T e #RE T
1 i 1 I I I 1 I 1 I 1 i 1 I 1 I 1 i 1 I
90 0.55 | 1.01 [ 0.65 1.17 | 0.52 | 095 | 0.55 | 1.01 | 0.71 129 [ 0.79 | 1.44 | 0.79 | 1.44 | 0.83 1.52 | 093 | 1.70 | 0.99 | 1.81
| 70 0.58 | 1.05 | 0.58 | 1.05 | 0.54 | 0.99 | 0.50 | 0.92 | 0.69 | 1.27 | 0.73 | 1.33 | 0.79 | 1.44 | 0.77 | 1.41 | 091 1.66 | 0.90 | 1.64
50 0.50 | 090 | 0.44 | 0.80 | 0.45 | 0.83 0.37 | 0.68 | 0.57 1.04 | 0.51 0.93 0.63 1.16 | 0.54 | 099 | 0.69 1.26 | 0.60 1.10
30 029 | 053 [ 021 | 038 | 0.26 | 0.47 | 0.18 | 032 | 033 | 0.61 | 0.24 | 0.44 | 035 | 0.63 | 0.27 | 0.49 | 037 | 0.68 | 0.29 | 0.52
) 90 0.60 1.09 | 0.67 1.21 0.54 | 098 | 0.57 1.04 | 0.83 1.52 | 0.92 1.68 | 0.86 1.57 | 091 1.66 | 0.99 1.82 1.08 1.98
?E 2 70 0.63 1.14 | 0.60 1.10 | 0.57 1.04 | 0.53 0.97 | 0.79 1.44 | 0.78 142 | 0.87 1.60 | 0.82 1.50 | 0.98 1.79 | 0.95 1.73
ﬁ 50 0.53 | 097 | 046 | 0.84 | 0.48 | 0.87 | 037 | 0.69 | 0.63 | 1.15 | 0.55 | 1.00 | 0.69 | 1.26 | 0.59 | 1.08 | 0.74 | 1.36 | 0.63 | 1.15
30 0.31 0.57 | 022 | 040 | 0.27 | 049 | 0.17 | 0.31 0.36 | 0.65 026 | 047 | 038 | 0.69 | 027 | 049 | 039 | 0.72 | 0.29 | 0.54
90 0.61 1.11 [ 0.70 | 1.28 | 0.54 | 0.99 | 0.57 | 1.05 [ 091 1.66 | 1.00 | 1.83 | 091 1.67 | 0.93 1.71 1.07 | 195 | 1.14 | 2.07
35 70 0.61 1.11 0.62 1.12 | 0.55 1.01 0.52 | 0.96 | 0.86 1.57 | 0.87 1.58 | 091 1.67 | 0.84 1.54 1.04 1.90 1.03 1.88
50 0.53 | 096 | 045 0.82 | 048 | 0.88 | 0.37 | 0.68 | 0.65 1.19 | 0.59 1.08 | 0.71 1.29 | 0.56 1.03 0.80 146 | 0.68 1.24
30 031 | 056 [ 022 | 0.40 | 0.28 | 0.51 | 0.17 | 032 | 038 | 0.69 | 0.28 | 0.50 | 0.39 | 0.71 | 0.28 | 0.50 | 0.43 | 0.79 | 0.32 | 0.59
90 0.55 1.03 | 0.61 1.14 | 049 | 094 | 0.52 | 0.99 | 0.71 1.35 0.78 1.47 | 0.75 143 | 0.77 1.47 | 091 1.72 | 0.96 1.83
| 70 0.56 | 1.06 [ 0.56 | 1.06 | 0.51 | 0.96 | 0.51 | 0.98 | 0.67 | 1.28 | 0.71 134 | 0.75 1.42 | 0.74 | 1.40 | 0.86 | 1.63 | 0.87 | 1.64
50 047 | 089 | 0.43 | 0.82 | 0.46 | 0.87 | 0.36 | 0.69 | 0.56 | 1.06 | 0.50 | 0.94 | 0.61 1.15 | 052 | 098 | 0.68 | 1.28 | 0.57 | 1.09
30 0.29 | 0.54 | 0.20 | 038 | 0.27 | 0.51 0.15 0.29 | 0.34 | 0.65 024 | 045 | 035 0.67 | 0.23 044 | 037 | 0.70 | 0.26 | 0.49
® 90 0.56 | 1.06 | 0.64 | 1.21 | 048 | 091 | 0.53 | 1.02 | 0.86 | 1.62 | 094 | 1.78 | 0.83 | 1.58 | 0.89 | 1.69 | 1.0l 1.92 | 1.08 | 2.04
ﬁé 15 70 0.56 1.06 | 0.58 1.10 | 0.51 098 | 0.51 0.97 | 0.81 1.53 0.84 1.59 | 0.85 1.61 0.80 1.52 1.00 1.90 1.00 1.90
T 50 0.48 | 0.90 [ 045 0.84 | 048 | 091 0.37 | 0.70 | 0.63 1.20 | 0.55 1.05 0.66 1.25 | 0.54 1.02 | 0.75 1.41 0.65 1.23
® 30 029 | 0.54 [ 0.21 | 0.40 | 0.27 | 0.51 | 0.16 | 031 | 0.35 | 0.66 | 0.24 | 0.46 | 036 | 0.68 | 0.24 | 0.45 | 039 | 0.74 | 0.28 | 0.54
90 0.55 1.03 | 0.63 1.19 | 0.46 | 0.88 | 0.51 0.97 | 091 1.72 | 0.99 1.88 | 0.88 1.68 | 0.93 1.76 1.03 1.96 .12 | 2.12
6 70 0.54 | 1.01 [ 0.57 | 1.07 | 048 | 0.92 | 047 | 0.90 | 0.87 | 1.65 | 0.88 1.67 | 090 | 1.71 | 0.83 1.59 | 1.02 | 1.94 | 1.04 | 1.98
50 046 | 0.87 [ 042 | 0.79 | 045 | 0.85 0.35 0.67 | 0.66 1.26 | 0.57 1.09 | 0.69 1.32 | 0.54 1.04 | 0.79 1.50 | 0.71 1.35
30 0.27 | 0.52 | 0.20 | 0.38 | 0.25 | 048 | 0.16 | 0.30 | 0.36 | 0.68 | 0.27 | 0.50 | 0.37 | 0.71 024 | 046 | 042 | 0.79 | 0.30 | 0.58
90 037 | 097 | 042 | 1.10 | 032 | 0.84 | 035 | 094 | 0.62 | 1.66 | 0.64 | 1.71 | 0.58 | 1.54 | 0.59 | 1.58 | 0.70 | 1.87 | 0.72 | 1.92
o g 70 0.35 | 091 0.38 1.00 | 0.30 | 0.81 028 | 0.75 | 0.58 1.54 | 0.58 1.54 | 0.56 1.50 | 0.53 1.40 | 0.64 1.71 0.65 1.72
E 50 0.34 | 0.89 [ 0.29 | 0.77 | 032 | 0.85 | 0.21 | 0.55 | 0.54 | 1.43 | 041 1.09 | 0.54 | 144 | 036 | 097 | 0.63 | 1.67 | 0.46 | 1.23
30 023 | 0.60 [ 0.15 | 039 | 0.22 | 0.59 | 0.10 | 0.27 | 0.32 | 0.85 | 0.19 | 0.52 | 0.33 | 0.88 | 0.18 | 0.47 | 038 | 1.01 | 0.23 | 0.60
FTIEREFT 50 X— &K 6
®6 A—VUTE—AUMRE-ER (I RERRU, [ :EERZRU)
. N 24 F il R 103 R 485 Fofim =3 50000
| o [ e PR | 285 AJeuil | 205 AT | oo P S R wRE I
1 I 1 I I it 1 I I I I it 1 I I I 1 )il 1 I
90 -0.12 | -0.22 | -0.13 | -0.23 | -0.03 | -0.06 | -0.04 | -0.07 | -0.11 | -0.21 | -0.14 | -0.25 | -0.07 | -0.12 | -0.11 | -0.20 | -0.10 | -0.19 | -0.11 | -0.20
| 70 -0.12 | -0.22 | -0.11 | -0.19 | -0.04 | -0.06 | -0.03 | -0.06 | -0.11 | -0.20 | -0.13 | -0.23 | -0.06 | -0.11 | -0.11 | -0.19 | -0.10 | -0.18 | -0.10 | -0.18
50 -0.11 | -0.19 | -0.08 | -0.15 [ -0.03 | -0.05 | -0.02 | -0.05 | -0.09 | -0.17 | -0.09 | -0.17 | -0.06 | -0.11 | -0.08 | -0.14 [ -0.06 | -0.11 | -0.05 [ -0.10
30 -0.06 | -0.10 | -0.04 | -0.08 | -0.01 | -0.03 | -0.01 | -0.02 | -0.05 | -0.10 | -0.05 | -0.09 | -0.03 | -0.05 | -0.04 | -0.08 | -0.03 | -0.06 | -0.02 | -0.04
@ 90 -0.14 | -0.25 | -0.14 | -0.25 | -0.04 | -0.08 | -0.04 | -0.08 | -0.13 | -0.24 | -0.16 | -0.29 | -0.09 | -0.16 | -0.14 | -0.25 | -0.12 | -0.21 | -0.13 | -0.23
@ B 70 -0.14 | -0.26 | -0.13 | -0.23 | -0.04 | -0.08 | -0.04 | -0.07 | -0.12 | -0.22 | -0.13 | -0.24 | -0.08 | -0.15 | -0.12 | -0.22 | -0.11 | -0.20 | -0.11 | -0.20
253% 50 -0.12 | -0.22 | -0.10 | -0.18 | -0.04 | -0.07 | -0.03 | -0.06 | -0.10 | -0.18 | -0.10 | -0.18 | -0.07 | -0.13 | -0.09 | -0.17 | -0.07 | -0.13 | -0.06 | -0.11
30 -0.07 | -0.13 | -0.05 | -0.09 | -0.02 | -0.03 | -0.02 | -0.03 | -0.06 | -0.11 [ -0.05 | -0.09 | -0.04 [ -0.08 | -0.04 | -0.08 [ -0.04 | -0.06 | -0.02 | -0.05
90 -0.14 | -0.25 | -0.13 | -0.24 | -0.05 | -0.09 | -0.05 | -0.09 | -0.15 | -0.27 | -0.18 | -0.32 | -0.08 | -0.15 | -0.14 | -0.25 | -0.14 | -0.25 | -0.15 | -0.27
70 -0.14 | -0.25 | -0.12 | -0.21 | -0.05 | -0.09 | -0.04 | -0.08 | -0.13 | -0.24 | -0.15 | -0.28 | -0.08 | -0.14 | -0.12 | -0.23 | -0.14 | -0.25 | -0.13 | -0.24
33 50 -0.12 | -0.22 | -0.09 | -0.16 | -0.04 | -0.07 | -0.03 | -0.06 | -0.10 | -0.18 | -0.11 | -0.20 | -0.07 | -0.13 | -0.09 | -0.16 | -0.09 | -0.17 | -0.08 | -0.14
30 -0.07 | -0.12 | -0.04 | -0.08 | -0.02 | -0.04 | -0.02 | -0.03 | -0.06 | -0.11 | -0.05 | -0.09 | -0.04 | -0.07 | -0.05 | -0.09 | -0.04 | -0.08 | -0.03 | -0.06
90 -0.11 | -0.21 | -0.11 | -0.21 | -0.03 | -0.06 | -0.03 | -0.06 | -0.09 | -0.17 | -0.11 | -0.21 | -0.06 | -0.11 | -0.10 | -0.18 | -0.11 [ -0.20 [ -0.11 | -0.20
I 70 -0.11 | -0.21 | -0.10 | -0.19 | -0.03 | -0.06 | -0.03 | -0.05 | -0.08 | -0.16 | -0.10 | -0.19 | -0.06 | -0.11 | -0.09 | -0.17 | -0.10 | -0.20 | -0.10 | -0.18
50 -0.09 | -0.17 | -0.08 | -0.15 | -0.03 | -0.05 | -0.02 | -0.04 | -0.07 | -0.13 | -0.07 | -0.14 | -0.05 | -0.09 | -0.07 | -0.12 | -0.07 | -0.12 | -0.05 | -0.10
30 -0.05 | -0.10 | -0.04 | -0.07 | -0.02 | -0.03 | -0.01 [ -0.02 | -0.04 | -0.08 | -0.04 | -0.07 | -0.03 [ -0.06 | -0.04 | -0.07 | -0.03 | -0.06 | -0.02 | -0.04
€ 90 -0.13 | -0.24 | -0.13 | -0.25 | -0.04 | -0.08 | -0.04 | -0.09 | -0.13 | -0.24 | -0.15 | -0.29 | -0.09 | -0.17 | -0.13 | -0.25 | -0.13 | -0.25 | -0.14 | -0.26
X 70 -0.13 | -0.24 | -0.12 | -0.22 | -0.04 | -0.08 | -0.04 | -0.08 | -0.12 | -0.22 | -0.13 | -0.25 | -0.09 | -0.17 | -0.11 | -0.22 | -0.13 | -0.25 | -0.13 | -0.24
g 33 50 -0.10 | -0.20 | -0.09 | -0.17 | -0.04 | -0.07 | -0.03 | -0.05 | -0.09 | -0.17 | -0.09 | -0.17 | -0.07 | -0.13 | -0.08 | -0.14 | -0.09 | -0.17 | -0.06 | -0.12
® 30 -0.06 | -0.11 | -0.04 | -0.08 | -0.02 | -0.04 | -0.01 | -0.03 | -0.05 | -0.09 | -0.04 | -0.08 | -0.04 | -0.07 | -0.04 | -0.08 | -0.03 | -0.06 | -0.03 | -0.05
90 -0.15 | -0.28 | -0.16 | -0.30 | -0.05 | -0.09 | -0.06 | -0.11 | -0.15 | -0.28 | -0.17 | -0.32 | -0.12 | -0.22 | -0.16 | -0.31 | -0.14 | -0.26 | -0.15 | -0.28
6 70 -0.14 | -0.27 | -0.14 | -0.26 | -0.04 | -0.09 | -0.05 | -0.09 | -0.14 | -0.26 | -0.15 | -0.28 | -0.12 | -0.22 | -0.14 | -0.27 | -0.14 | -0.26 | -0.14 | -0.27
50 -0.12 | -0.22 | -0.11 | -0.20 | -0.04 | -0.07 | -0.03 | -0.07 | -0.10 | -0.19 | -0.10 | -0.18 | -0.08 | -0.16 | -0.09 | -0.18 | -0.10 | -0.19 | -0.08 | -0.15
30 -0.06 | -0.12 | -0.05 | -0.10 [ -0.02 | -0.04 | -0.02 [ -0.03 | -0.05 | -0.10 | -0.05 | -0.09 | -0.05 [ -0.10 | -0.05 | -0.09 | -0.04 | -0.08 | -0.03 | -0.06
90 -0.09 | -0.25 | -0.09 | -0.24 | -0.03 | -0.09 | -0.04 | -0.11 | -0.10 | -0.27 | -0.12 | -0.31 | -0.08 | -0.21 | -0.10 | -0.26 | -0.10 | -0.26 | -0.10 | -0.27
o 70 -0.09 | -0.24 | -0.08 | -0.22 | -0.03 | -0.09 | -0.03 | -0.09 | -0.09 | -0.25 | -0.10 | -0.28 | -0.07 | -0.19 | -0.09 | -0.23 | -0.09 | -0.25 | -0.10 | -0.25
& 8 50 -0.08 | -0.22 | -0.07 | -0.18 | -0.03 | -0.09 | -0.02 | -0.06 | -0.08 | -0.23 | -0.07 | -0.20 | -0.07 | -0.17 | -0.06 | -0.16 | -0.09 | -0.24 | -0.07 | -0.17
30 -0.05 | -0.14 | -0.04 | -0.11 | -0.02 | -0.06 | -0.01 | -0.04 | -0.05 | -0.13 | -0.04 | -0.10 | -0.04 | -0.10 | -0.03 | -0.08 | -0.04 | -0.12 | -0.03 | -0.07
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