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A Simple Approach for Estimating the First Resonance Peak of Layered Soil Profiles

Haizhong ZHANG *

1. Introduction

It has long been recognized that the effects of the local site on ground
motion should be considered in the seismic design of structures. In most
seismic codes throughout the world, the site effects are generally
considered according to several site classes. For example, in Eurocode 8
[1] and the International Building Code [2], site effects are reflected in
terms of site factors or site coefficients for several site classes. In the
Chinese Seismic Code [3] and the 1993 Japanese Loads Recommendation
[4], the free-field response spectrum is defined to directly correspond to
several site classes, and site effects are implicitly considered by the site
classification.

However, in some regions, such as Japan, geological feature is known
to vary significantly through the country, the site effects can hardly be
described in detail by several classes of sites. In reality, many important
site-specific characteristics can be masked by the site classifications. For
example, for a site consisting of soft soil on stiffer rock, soil resonance
caused by multiple reflections within the soil medium can cause
significant amplification of seismic motion with a frequency near the
site’s fundamental frequency; however, the resonance effect of a specific
site is ‘averaged’ by the site classification and typically cannot be
accurately accounted for by a specific site class.

Hence, a site-specific method for estimation of the site effects is
incorporated into the 2000 Japanese Seismic Code [5]. In this method,
estimation of the first resonance peak, Gs;, is a very important step.
Currently, Gs, and fundamental period T are evaluated by approximating
a multi-layer soil profile as an equivalent single-layer profile by weighted

averaging the soil shear wave velocity and density.

1
5 = ——— (D
1.57h + a,
oA ()

where, 4 is the soil damping ratio, and ag is the impedance ratio, H is the
soil thickness, V is the soil shear wave velocity. However, this method
may underestimate Gs;, when the impedance contrast of the soil layers is
large. In this paper, a new simple procedure for determining the Gs; of

layered soil profiles is proposed.

2. Development of The TTS Procedure

To overcome the shortcomings of the current method, we introduce a
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Fig. 1. Tllustration of the concept of replacing a two-layer soil profile on

bedrock with an equivalent single-layer soil profile.

method to equate the fundamental period and Gs, of a multi-layer soil
profile with those of an equivalent single-layer soil profile; that is, the
method replaces a multi-layer soil profile by an equivalent single-layer
soil profile with same fundamental period and Gs;. Therefore, the Gs; of
the multi-layer soil profile can be simply calculated from that of the
equivalent single-layer soil profile. For this purpose, we firstly develop a
procedure to replace a two-layer soil profile on bedrock with an
equivalent single-layer soil profile with the same fundamental period and
Gs). This method is called two-to-single (TTS) procedure.

Figure 1 schematically shows the procedure developed to replace a
two-layer soil profile on bedrock (a) with an equivalent single-layer soil
profile (b) with the same fundamental period and Gs,. To develop this
procedure, the fundamental parameters including shear wave velocity V,,,
thickness H., density p., and damping ratio 4., of the equivalent
single-layer soil profile should be expressed in terms of those of the
two-layer soil profile based on the following two equivalence equations:
T =T, 3)

Gs,,, =Gs,_,, (4)
where 7). and Gsj,;, represent the fundamental period and first
resonance peak of the two-layer soil profile, respectively; 7., and Gs).
represent the fundamental period and first resonance peak of the
equivalent single-layer soil profile, respectively.

To obtain the equations for the fundamental parameters of the equivalent
single-layer soil profile according to Eqs. (3) and (4), the equations for
Treqs GSieeqy T120 and Gsy; expressed in terms of the fundamental
parameters of soil profiles must be known. Approximate expressions for
Gsi.eq and T, are given by Eqs. (1) and (2), respectively. The expression
for 715, was derived by Madera [6], and an approximate expression was
subsequently developed by Hadjian [7]. The expression for Gs;,, was
derived by Zhang et al. [8].

Substituting Eqs. (1) and for Gs;; [8] into Eq. (4), the shear wave

velocity V., of the equivalent single layer can be obtained by:
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Fig. 2. [Illustration of the concept of replacing a multi-layer soil profile on bedrock with an equivalent single-layer soil

eq

V.p, . =xT 7T, V. 7l . 7T,
P Gin T o 2 TaPr g T iy T

(5)
27, 27, Pey 275, 27,

eq

and the thickness H., of the equivalent single-layer soil can be given by:
g
W 6)
where, m is the layer number (m = 1, 2); py, V,, and T, are the density,
shear wave velocity, period of mth soil layer, respectively. p., is the
destiny of the equivalent layer. T, is the fundamental period of the

two-layer soil profile and can be estimated by the equation by Hadjian [7].

3. Gs; of Multi-layer Soil Profiles on Bedrock

This section presents a simple procedure for determining the Gs; of
multi-layer soil profiles on bedrock by successively applying the TTS
procedure developed in Section 2. Specifically, for a multi-layer soil on
bedrock [Fig. 2(a)], the top two layers are assumed to overlie bedrock and
are replaced by an equivalent single layer using the TTS procedure.
Subsequently, the equivalent single layer and the third layer can be treated
as a new top two-layer soil and can also be replaced by an equivalent
single layer. By applying the TTS procedure successively to the remaining
lower layers of the soil profile, the multiple soil layers can finally be
replaced by an equivalent single layer, and the fundamental period and
Gs; of the total soil profile can be obtained. The concept of this procedure
is illustrated in Fig. 2 and involves the following steps:
(a) For a multi-layer soil on bedrock [Fig. 2(a)], the top two soil layers are
assumed to overlie bedrock and can be replaced with an equivalent soil
layer using the TTS procedure [i.e., Egs. (5), (6)]. Next, a new multi-layer
soil [Fig. 2(b)] is formed.
(b) For the new multi-layer soil shown in Fig. 2(b), the top two layers are
again assumed to overlie bedrock and are replaced by another equivalent
single layer using the TTS procedure. Another new multi-layer soil [Fig.
2(c)] is then formed.
(c) By successively applying the TTS procedure until the last soil layer is
considered, a final equivalent single-layer soil is obtained, as shown in
Fig. 2(d).
(d) Finally, the Gs, for the final single-layer soil can be readily obtained
using Eq. (1).

It should be noted that, the developed procedure for Gs, is applicable
for not only linear analysis but also the equivalent-linear analysis

considering soil nonlinearity. For the equivalent-linear analysis, the

proposed procedure is applied just using the final strain-compatible shear
modulus and damping ratios after the iteration. Many simple
equivalent-linear methods have been developed for estimation of soil
nonlinearity (i.e. strain-compatible shear modulus and damping ratio)
using bedrock response spectrum directly [9, 10]. The method by Miura et
al. [9] has been introduced in the Japanese seismic code. Here, any one of
these simple methods can be used to consider soil nonlinear in estimation

of Gs.

4. Numerical Examples Using the Proposed Procedure

In order to investigate the accuracy of the proposed method, 67
representative soil profiles selected from Strong-motion Seismograph
Networks (K-NET, KIK-net) are used. According to Japan Road
Association [11], these soil profiles are divided into three site classes,
and the shear wave velocity profiles above the engineering bedrock of
each site classification are presented in Fig. 3. According to Japanese
Seismic Code, engineering bedrock is defined as the layer where the
shear wave velocity is greater than approximately 400 m/s. The unit
weights are not given for some sites; these weights are empirically
determined according to Sakai et al. [12] as 15.68 KN/m?® for clay, 18.62
KN/m® for sand, 19.60 KN/m?® for engineering bedrock with shear wave
velocity in the range of 400~800 m/s, and 21.56 KN/m® for engineering
bedrock with shear wave velocity greater than 800 m/s. The initial
fundamental periods of the selected soil profiles are calculated by the
SHAKE program, and the results vary widely from 0.05 to 1.72 s.

Both linear and equivalent-linear analysis are conducted for the
accuracy investigation. For linear analysis, damping ratios of all soil
layers are simply considered to be 2%. For the equivalent-linear analysis,
the simple method by Inoue et al. [10] is adopted to estimate the
strain-compatible soil damping ratios and shear modulus. Here, the
modulus reduction and damping curves in Japanese seismic code is used
for the analysis. Both the Level 1 and Level 2 response spectra defined
on bedrock in Japanese seismic code are used as input motions. For the
SHAKE analysis, 10 spectrum-compatible time histories are generated
for each of the two load levels. The durations of the Level 1 and Level 2
motions are set to be 60s and 120s, respectively. Peak ground
accelerations of the ground motions generated using the Level 2
response spectrum vary from 0.34 to 0.4g.

The fundamental periods and Gs; of the 67 soil profiles are estimated

by the proposed procedure and compared with those obtained using the
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SHAKE program. Figs. 4 and 5, respectively, show the linear and
equivalent-linear results. The Gs, obtained by the proposed method are
remarkably accurate. For the linear analysis, the average error is only
4.6%, and 94% of estimated values are within 15% of the SHAKE results.
For equivalent-linear analysis, the average errors corresponding to the
Level 1 and Level 2 motions are, respectively, 4.0% and 3.7%; and for
both the two levels, 97% of estimates are within 15% of the SHAKE
results. The accuracy in fundamental period is also remarkably good. For
the linear analysis, 85% of the estimates are within 15% of SHAKE
94% of

corresponding to the Level 1 and 88% of estimates corresponding to the

results. For the

equivalent-linear analysis, estimates
Level 2 are within 15% of SHAKE results. The accuracy of the proposed
method is considered sufficient for engineering calculation.

In addition, the fundamental periods and Gs, are also estimated using
the method in the Japanese Seismic Code and compared with those
obtained using the proposed method and the SHAKE program. Figs. 6 and
7, respectively, show the linear and equivalent-linear results. The errors in
Gs; obtained by the code method are significant. For linear analysis, the
average error is as large as 17.2%. For equivalent-linear analysis, the
average errors corresponding to the Level 1 and Level 2 motions are,
respectively, 25% and 24%, which are much greater than that for the
proposed method. For both the linear and equivalent-linear analyses, most
of the Gs, estimated by the code method are underestimated by over 15%
compared to the SHAKE results, which is consistent with previous studies
[8-10, 12]. The errors in the fundamental period obtained by the code
method are also significant. For linear analysis, 37% of the estimates have
errors greater than 15%. For equivalent-linear analysis, 73% of the Level
1 estimates and 67% of the Level 2 estimates have errors greater than
15%.

Generally speaking, the proposed procedure produces accurate
estimates of both fundamental period and Gs, and is much more accurate
than the method used in the Japanese Seismic Code.

The results of Gs, by the proposed method shown in Fig.4 (b) are also
compared with those by our methods developed previously shown in
Figs.6 (a) of both the earlier two papers [8, 13]. It is found that the results
obtained by the method proposed in this paper are more accurate than
those by the previous methods.

It should be noted that the equivalent linear method (SHAKE) used for
calibration above is an approximate method. The method is generally
applicable for the cases when the computed shear strain is less than about
1% [9]. In this section, the computed maximum shear strains of most soil
profiles using even the Level 2 motions are less than 1%, thus the findings
above are valid. However, when the computed shear strains are larger,
errors by the equivalent linear method may be significant [14], and hence
the equivalent linear method may be not appropriate for calibration.
Validity of the proposed method for larger ground motions than those

considered in this paper needs be investigated in the further study.
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corresponding to the Level 2; (d) Gs; corresponding to the Level 2.

5. Conclusions
The content of this paper and the main conclusions are summarized as
follows:
(a) A procedure to replace a two-layer soil profile on bedrock with an
equivalent single-layer soil profile with the same Gs, and fundamental
period is developed. The accuracy of the developed procedure is verified
using a series of two-layer soil profiles on bedrock.
(b) Based on the developed TTS procedure, a simple procedure for
estimating the Gs; of a multi-layer soil profile is proposed. The proposed
procedure is applied in an example calculation. It is found that the
procedure can be easily implemented in a spreadsheet, and the estimated
results are highly accurate.

(c) To investigate the validity of the proposed method, the Gs, and

fundamental periods of 67 representative soil profiles are estimated. The
proposed method shows remarkably good accuracy in estimating both
the Gs; and fundamental period and is clearly more accurate than the

current code method.
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wry (kU n") ym (k,n')

wyy (k, ', n")yv (k,n") (60)

E [\IH(k,z) . g;H(k,zﬂ ~ min (61)

E Dzv(k, 1)~ vk, z)\z] ~ min 62)

ER/NMITDHZETHRELI, HARREE MIMO-ICI X+ k&7 O
MMSE VA F_X7 MUVILUTO X IZHBELND.
W/HH(kvl)

= 02 4 (R(k,D) - Rig(k, DR} (k, DR (k1)
X (HYy (k1) — Rl (k, DRy (k, ) HYy (K, 1)) (63)



WQ/H(k"v l) .
=02 5 (R (k1) =R (k, )R, (k, )R (k, 1))
x (Hyy (k. 1) — R (k, DR (I, DHY, (K, 1)) (64)
W?{V(kﬂ l)

=03y (R (k1) — Rip(k, DR (k, DR (k, 1)~

x (HYy (k, 1) — Rig (k, DR (k, OB, (K, 1)) (65)
WQ/V(kvl) L
-me(Rle)—B/M:UR;(ka'wJD’
x (Hyy (k, 1) — R (k, DR (k, DY, gy (K, 1)) (66)
ZIZTC, (63), (HRIZBTFHIFEERIILTOLIICEIND.
Wiy (k1) [wHH (k,l,l’)--%vnn(k,l,l)- ‘W (k l l*)} (67)
Wog (k1) = [wya (k,07) - wy e (B, L1) - wyw (k,1,17)]T (68)
HYy (k1) = [Hipg (k,07,0) -+ Higgg (k1,1 - Hipgr (0, 0)] 7 (69)
Hiyy (k1) = [Hipy (k,17,0) -+ Hipy (k,10) - Hipyy (k,05,0]7 (70)
R/ (k,1)
|His (k, 1, p) Hyypy (k07 p) Hy (k, 1T, p)
> : :
P01 Hipyy (ko1 p) Hu (ky 17, p) [Hpu (k1)
N-1 |Hy (k1 p)? © Hyy (k07,p) Hyrr (kY. p)
+oiv Z : :
P20 | Hypy (k1 p) Hy s (k17 p) |Hyp (k, 15, p)

42021y, 71

N-1 |: Hiy (, I’)HHV (k,1=p) -+ Hip (k, vp)HHV (k, 1", p) :|

Hiry (k1% )HHV (k I=,p) Hiy (k, l+7P)HHV (k, 1%, p)

N1 | Hyg (k17 »P)va( p) - Hyg(k ,p)HW (k, 1%, p)
JFG;V Z |: . :|

=0 | Hyy (K, l*,p)va( 1=,p) Hyy (k,l*,p)va (k, 1", p)

(72)

Re(k, 1)

N1 | Hiy (k017 ,p) Hupg (k,17,p) - Hiypy (k17 Huu (k, 1T, p)
=0a4H Z [ : . }

=0 Hypy, (k,1*,p) Hyp (k, 1%, p) - Hpy (k,l+,p)HHH (k, 1", p)

n-1 | Hov (k,17,p) Hyp (k,17,p) Hy (k17 p) Hup (K, 1%, p) }
+oiy : :

P=0 | Hyy (17, p) Hyp (K, 17, p) Hiy (k1% p) Hy (k, 1Y, p)

(73)

R (K, 1)

N-1 |Hpy (k,17,p) o Hpgy (ki1 ,p)an (k,1%,p) }
=0oan : :

=0 L Hypy (k, 1+, p) Huy (k.17 p) [Huv (kvlﬂp)\z

N-1 [Hyv (k17 p) Hiy (k,17,p) Hyy (k, 1%, p)
+ogy Z : : :|

7L Hyy (k0Fp) Hyv (k,7,p) [Hyv (k,1+,p)*
+2‘7,2LINAS (74)

Rk DB X Rp' (D)DK ITEIE, 2 Nas +1 & 720, MMSE K %
MIMO-ICI % v > & 712k~ MMSE & #E 7 5 B MIMO-ICI
Yot CIHEREAHIT A ERABETHD. LarL, ZF
FHE O B EE MIMO-ICI ¥ v > & 7 L RERICHET 7
Fr VUV VYORBEBLIEEL TWARNZH, MMSE E%# MIMO-ICI
Xy e TICHARZERERLILLTLES. T, HAEL
HIL L 2 D52 B R E D % X o 7288 v i LIE % MIMO-ICT % v
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vEFIZONTHIRRS

3. 1. 2. BYRLERE

T BRI MIMO-ICI % v > & FI2 B W TR T & %
LS ERIEDOUCENRTRETH L4 VIR LIEHZ M L7z MMSE &
% MIMO-ICI ¥ % £ F 2OV TS,

MMSE JHEIC 51T 54 0 K LEHRHE MIMO-ICI ¥ v > & 7 T,
ZF FEUEL FARICK 2 IR L7 vy ZIICEWER SN S . 12771,
MMSE JE ¥ 5 B MIMO-ICI % v > & F TlX, MMSE 7 = A
FEFROBRIZ = OITHNC B W TR TS 7% v U Y30 LB
N 7R VY OREBLEEIN TS, 207D, Vvy by
T EINTAER Y ANV ERANTHEEN 2T 7 %% ) YOREELRE
L7z, MMSE & #E i 5 B % MIMO-ICT % v > & 7 % F W C i
FEARIEIR 24T 5 %56, MMSE U =+ NI F 0175 % AV CEHHE T
HEND D .

Rg(k,l)

o { |Hay (k17,9 H’;,H(knl,p’)HHH(k,l+,p’):|

[Hi (k. U, p)[
-« Hyy (k07,p) Hyw (k, 17, p) :|

Hiypy (k0" p) Hyp (k17 p") -

ot [Hy g (k,17,p")]
+oiv Z :
L Hyp (

kU, p) Hygy (k17 p)) -+ [Hyw (k14,0

+202IN,, (75)
Ry (k, 1)
Pt Hirg (k07 0") Huy (k07 p') -+ Hig (k,07,0") Huy (K, 1, p) :|
=0 : .. :
p'=p~ Hyy (kA,l*,p’)HHV(hl’,p’) H,T,H(hlﬂp’)HHV (ktlfp’)
ot | Hog (k07,0 Hyy (K 07p') - Hyg (k07,0") Hyy (kU5 p')
oy Z : X : :|
V=T | Hyg (kU p") Hyv (k07,0)) - Hyp (k,07,p") Hyv (K, 1Y, p)
(76)
R (k,1)
v | Hiy (Mip’)HHH (k,07p") o Hiy (k07,0') Hyn (k,07,p')
= ‘7311 .. :
v=r- | Hypy (k 1T, ')H,,H (b, 15,p)) -+ Hiy (b, 15,p") Hyp (k,1F,p) }
ot Hyy (k1 ,p)HVH(k.l ) e Hpy (k07,p)) Hyp (k1T p)
+oiy :
P=rm | Hyy (KT ,p)an (k,1=,p") - Hyy (k17,0 Hyw (B, 17, p') }
a7
R (k, 1)
o |Hyy (k17,9 < Hipy (k,07,p") Hy (k, 1, )
=oin Y, : :
P Hipy s g Hay (5:17,9) [Heay (14, p)?
. [Hyv (k1= p) . Hpy (k,07,p) Hyy (k, 1, p)
+‘7(21,v Z :|
PP L Hyy (k U5, p) Hyw (b, 07,p) [Hyv (b, 1+, )
+202IN, .

(78)
ZIT, prBLOpIE, pHNsBI O p-NusBEKT. KEFBIOT
VB A MBI 0 B T LI L 0 SRR R I S S T L A
HTHD.
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4. YFEETE

ARE Tl ZF FEHEF L O MMSE 281 5 MIMO-ICI ¥ v v &
T ORI K ONERE BIZOW TR~ S,

oyt a—H v alb—3 a2k b BER (Bit Error Rate : B v
RRA D ) BRI, RLWWRLAEY I alb—var R8T A—
ABIOR2ICR LIV T NRANTG A =L N . R1DT I a
L=y a v R T A= 23R RBEoE LSBT HE—F50
T A =B W, ZEMMIC W TR ERIZBE A & LT BER FEAf
{112,

£1 YIalL—yavnRsA—%

Number of Sub-carriers, N 30241

NU-4096QAM
518.142851 MHz
125/648 kHz

Modulation Scheme of Sub-carriers

Carrier Frequency, fc

Interval of Sub-carrier, fo

Length of Guard Interval

1/32
Number of Adjacent Sub-carriers, Nas 1,3
Code Length 69120
LDPC
Code Rate 10/16
Code
Number of Iterative Decode 50
BCH Code 43008/43200
F£2 TILFIINRRANSA—%K
i-th DUR Delay Time, NFO*™!, PRA™?,
Path [dB] 7i[us] ai a[°]
1 - 0 0.1395 0
2 13.45 0.2350 -0.0589 317
3 14.24 9.981 -0.0218 53
4 18.67 8.871 0.0969 228
5 18.83 0.4580 0.1254 357

%1 Normalize Frequency Offset

32 Polarization Rotation Angle

4. 1. BER&HME

B S5SBLOKG6 ICHETEH 72y ) Y A2 1 BLO3 L LY
G D ZF FEHEIZ BT 5 MIMO-ICL % v > & 7 @ BER itz = hE i
T PSRBT S “Static” X ICI BSFEAEL TWRWEE, “wo
Cancellation” 1 ICT i #4772 o TV WIGA DO RMEZ RT. £z
“Num. of Ite.=x" 1% x EIf§ 0 i LEF A AT 72 > 728 B O 0 IR LI
T MIMO-ICI % ¥ & 7 OFpE AR 3. 72721, “Num. of Ite.=0” |
DWW, AR MIMO-ICI % ¥ > & 7 Oft & Ry,

X5, 6 XV, EEZEREE MIMO-ICI % ¥ > & 7 Tt BER f#%
EWHEISEL LN TE RV, #YIK LERE MIMO-ICI ¥ v
T CIIREFE THREZEVIEZ £12L Y BER itttk
FEETH 5.

_>¢

102 X

L
—
>

BER

— w/o Cancellation [~
—&— Num. of Ite.=0
——#—— Num. of Ite.=1
~——A—— Num. of Tte.=2
—— Num. of Ite=3
—%— Num. of Ite.=4
—— Num. of Ite.=5
——4— Num. of Ite.=6 1
——%— Num. of Ite.=7

——©—— Num. of Ite.=8

——&—— Num. of Ite.=9

——— Num. of Ite.=10

o
g
o

R

——
i

10

|—— e
b

I

5 T -
240 245 250 255 260 265 270 275
CNR [dB]

K5 CNR X9 2 BER UM (ZF &%, Ms=1)
10°

10

28.0

>

=
»

—— w/o Cancellation X
—o— Num.oflte=0 [\ X
10_3 ——=—— Num. of Ite.=1 ) n
~——A—— Num. of Ite.=2 3
—&— Num. of [te.=3
—%— Num. of Ite.=4
—%—— Num. of Ite.=5 il
——— Num. of Ite.=6 i i
———— Num. of Ite.=7 | e
——©&—— Num. of Ite.=8

——&—— Num. of Ite.=9

—#—— Num. of Ite=10

4

-

10

b ._4—4»«'4»% ]
| ———p—

5

10540 245 250 255 260 265
CNR [dB]

B6 CNRIZX$ % BER Bt (ZF &, N,5=3)

27.0 275 28.0

7RIS ICHETHY 7Xx ) YA 1 BXU3 L LI
& MMSE F#IZ81F %5 MIMO-ICI % ¥ > &7 @ BER fitEx i
Zhat. MPICBT5 LIRS BEOK 6 LRETH 5.

B 7 3L UMK 8 LV ZF A ¥ & AR, 8 5 BB 30 MIMO-ICI ¥ +
VBT CIEBER fitE A WE S E D Z EMTE RN, Y K LEM
B MIMO-ICT % v >t 7 TiE BER fitE O E N e TH D, F iz,
[W UM 0K LERIEE O 56, ZF BEYEIZ e~ MMSE YD J7 734

TLTHEERT S LATES70, £V AL BER HHENE LR
5.
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<

»

I
i
!
£
E
o
T

—@— Num. of Ite.=0
——#—— Num. of Ite.=1
——&—— Num. of Ite.=2
—&— Num. of Ite.=3
—%— Num. of Ite=4 |}
—#— Num. of Ite.=5
—— Num. of Ite=6  |!!
———— Num. of Ite.=7 1
~——©&— Num.of lte=8 [t
——&—— Num. of Ite.=9

i
1
—#A— Num. of Ite=10 [}
\

e ‘
H e

103

e

¥
|
1

|

L
-
—

10

|
!
'a

PEREES L

o — oo

|
\
10_5 i i \
240 245 250 255 26.0 26.
CNR [dB]

K7 CNRIZX 9 % BER &M (MMSE &E#, Nys=1)

5 270 275 280

10°

—
N

107!

102 : 3
————=- Static \R.
——— w/o Cancellati [\ ¥ A
—&— Num. of Ite=0 “

——m—— Num. of Ite.=1 \\K x
——A— Num. of Ite=2  [F={{ =
—¢— Num. of Ite=3 | +

BER

103

—%— Num.of Tte=4 |} \\

—— Num. of Ite.=5 \

—#—— Num. of Ite.=6 \* |
——— Num. of Ite.=7
~——©—— Num. of Ite.=8
——&— Num. of Ite.=9
—#—— Num. of Ite.=10

10

<-4
Fo—oo—0%

i

_5 i i
10540 245 250 255 260 265
CNR [dB]

X8 CNRIZX9 % BER &M (MMSE &£#, N,s5=3)

27.0 275 28.0

4. 2. RESFE

MIMO-ICI ¥ ¥ & 7 IFHAE &N R L2720, HERICHET
DRl b LB LS. £ 2T, ARG XUV IR LEH
MIMO-ICI % % > 7 @ CRR(Complexity Reduction Ratio)? #FAfi
1To7=. #0IR UEREEICS 35 CRR FFMEZ X 9 1237, FHAlIC
JAWZ CRR Z(THRTEHR SN D.

_ Xru — Xpro

CRR[%] = x 100 79

XFun

22T, Xpun 1 ZF JEHE MIMO-ICL ¥ v & 7 OHA BEEZ R T . Xpw
1% ZF %% L < 13 MMSE 123817 5 5 B s L O 0 ik
LEFT MIMO-ICI % v > & 7 DA R Z/RT. KHPIZHIT 540
W UEE “0” 13 F B A MIMO-ICI & v > & 7 Ok &/~

49 L ¥ ZF J: ¥ MIMO-ICI % ¥ > & F T b~ 55 8 o0 Hil ek & X -
72 MIMO-ICIL % ¥ & 7 T &% KIBICHIE T 25 2 L A AEE T
b5,

19

100.000000 -
99.999999 I
. - \n\' \»\“\“\‘
99.999998 R I
99.999997 TSR
99.999996 i
T 99.999995
% 99.999994
O 99.999993
99.999992 |-
99.999991 R
99.999990 - —o— wysm1ar) |
—— V5 =3(ZF) e
99.999989 H o 4/~ iannase) b
99999988 |~ "7 MMMD
01 2 3 4 5 6 7 8 9 10
Number of Iterations [times]
M9 #YRLEFAEEICKT S CRR M
5. &

AR T, BARICE W THEE 4K/8K 7 ¥ Z LIk I B8 W TE A3

BEt S TV A MIMO-HZE OFDM (25 2B @35 Kt o

WEEAIZOWTHA LT,
YR LI MIMO-ICT % v > & FI1C L W Z 582 WE L oo

LR ATRECH D AR LT,

e
i

HEF

ZF J:¥Ed O MMSE FEYEIC 351 5 fi

AWFGEIL, MBA OERERIZKO 7D OWFER% Tk
T UL EY g UIEOEEAENICEE T 2 FZERR ) 1K A FE
FERFZE L L CEME LTz,

SE Xk
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RIS & A IREFRIEIC L DR LE SR O S~ ~ 0 figtfr
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v

Constraint conditional finite element method for interfacial sliding simulation

of fiber reinforced composite materials

Ryuta KITAMURA"

1. #%

72y 7 AVIMEE, MR, Wtk SITEn L0, 2ol
FIHED D AR TOMEAMEHRIZREN Th 7. —F, Zok
TIv Iy AkET Iy s A ek Lzt T Xy 7 ARk
B FEE (CMC ; Ceramic Matrix Composites) 13, #iHEAE, MEMEmLET,
MEAES |, S <BE - R0, & BURIN R & OGO FEHLIC
K@t aE EH LB TH Y, MEROBEM B & Tk AR
BT S T ZE T 40 B 70 & O il RS PRES AR & LTI ST
W B2,

Z D CMC (ZfRE SN D HEHEE SR B O S HT§~~ 0 O
I, ek, NPT o R E R WIS REREMENT 7 E M T T
D, INOHOFECIIMK LHE A LEL T 2720, MR
WEL, MPTREE AR LBURAF T 5 2 & SR & T & 7281
TIT, EHELITZOMBICIE L THS AT & FIRARER L
(CC-FEM: Constraint Conditional Finite Element Method) # #2435 L 7=[*
R B M- R S S R AR L, RN O TR
ik 1 D>V HWR AL TT, RuEARELZ EXT 26D T, €
KFIEE R, BOR LR EZLEL Ligniz), RBEN LB LT
FRNTREF OFIME S BIfFCX 5. LinL, ZhboERRIT A i1A
& ARG ST AN F 72 On-axis St 7™~V 254 & LIz b DT, E4E
Z331T DR - ORHE R A ), 372 b, Offaxis i~V 2%
L= b O TiEehnoic.

% ZCAMIZETIE, 20 CC-FEM Z MW\ C Off-axis S 7 =0k
erERI L, BIRERMBHT 21T o7z, Fio, FTIEIC L DR R
ZYPURARRT S L OBEGRE T L LT D 2 & TEO R A REET
D& LB, Off-axis Sfid~V OFEIT OV THGE L 7Z.

i

RERIBIE BERR TR

Assistant Professor, Dept. of Mechanical Engineering

2. fRWAE
2-1 EMEFICE T SRIMEAER

BEfl ) A B AT ARAR T o B Y, — ikl K 5 i s
ZAbiD.

fff 0;;0¢€;;dV — (ff pidudV +ﬂ- Tl-z?ul-dSC->
v v Se
- ff R;6u;dS. =0
SC

Z 2T, oyl ST, Su  IARENT, g (I OTHRTH Y, KT,
JIERF M r BLOT R0 Ff z oWnFanz sy, £z, K1
AT & DIT, S FHEME C DR, SATHSME C LSO T HIEE
RoFmE, VIiZFETHE. 22T, ROOF 1| HIXMBOF4
Oy \Z X DAL, 55 2 TIIME ) p I K AR L RE N T2 LD
(LSO, 53 HITEMM) RICEHEFEELRL VWS,

XD ZEBERIL L, #ER LOHRICHEME RN EZERT DL, #
W OABREFEOMIE T RRRUZ B ) &2 N2 72 kKB E DN 5.

[K]{Au} = {Af} )

2T, [KIFR(DDOF 1| HHE»N D 2EEME~ Y v 7 X,
(A VBT BRI SY, (AT 2 TEH BEDL D Hi S ER S Th
L. IHIT, URNIH 3 HENGENNLEMM S TH Y, R
LT .

Q)

L L] |

T Objectl | Object2
N (Such as fiber)| (Such as matrix)

R\ Pi =0
dsgl\ i
S\ as» \§@

1 2 >OWRHNAB < Bk )
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2-2 FEEMKEOER

CMC DifbiE LTHWON DT 2 v 7 A7 EI3RATHY

WCEPNEET L2 MWD Y, 1T HEREICIWT Off-axis DS

T _XONRETDLETHRIND. 22T, LLFO LS RiEHERRESY

E L O ARIREE (RIS e L.

1) On-axis RETY LF UL, MR £ 72 13- & 20
HAETD.

2)  FOFICREIIEENEDD.

3) RO CHREEER L E U THFNO 0 AVIREBICET D £ Tk
Me— RERATH C Off-axis HMIZHHET <0 ABAELD.

PLbEo X5 2RER K 2 1v T X 9 7, (a) FEIASIREE, (b) FmEs

IE<HEL, BEET R0 3 R Uetg, #k L7k (BLRE, S+ <0

RHE LIRS, (c) R & A, k;om)@%wm%ﬁoﬁﬁﬁAU%

RED A TEIS DI - BRIREE L L CER L. 7eds, sk

FINCHEEERE S TR, M 1, 3 kMR, 2, 4 1R

BB, X 2)IIFAEIRETH Y, 4 SOEENEE L, WIZFE UL

WZh D, F7z, H 1)L, AmAm (2 Fm) 15 Ll

ERM OFRPAIE o (KIFFHEIY Z1F) % #f -7 Off-axis StlZin

S TR BT R 2R L7IRETH 5.

\ \ AR, + AR,
Aw3,AR’3‘ Awy, AR, O\ % =C(AR, + 4Ry)
Auz, AR Aug,AR4 ARy + AR
w, ARlzl AR, AR, +ARQ‘-%
Aw,, AR, , , [
Awl 4R’} > AR, + AR, I X&
Fiber " ‘Matrix = C(4AR, + AR,) “i
(a) [EA5 (b) HEd D
AR, \ 4R';
:_CminAth‘“- "\_=CmaxAR3
ARy T T "\ AR,
9 g
" AR, + AR, AR, + AR,
ARy oo g AR1

' B AR
AR', ! 1
= Cnax4 Ry —CnindRy

(c) R & ’a’:ﬁﬁ 2 (d) FHHEREIT 2 £F 5
Sid -~y Sid -~y

2 CC-FEM (28T 2 Rm#EfbkiE o€ 7 11k

2-3 FEEMEH (FIREHE)
X 2 OFSEHEARIBIC W T, SRS (B O,
P53 DO HVR) IFENTNET DL 12725,
() F# (F2@)
FUE DR CALIETHiA 1~4 23EAE L TWD70, T b DI
UL, B ORL 0 TH 20T, filfGtFIrAchzons.
Auy = Au, = Auz = Auy
Aw, = Aw, = Aw; = Aw,
AR, + AR, + ARy + AR, = 0 ®
AR', + AR, + AR'; + AR', = 0

ZIZT, MuB XA 1T 1~4 O r B Lz FIEREESY, AR B
K OUR I r B X Oz T Mol 185y 2 &K

(b) RET~Y (& 2(b))
2(b)?® Off-axis S 9~V TIefilh ) & BT ORI J5 10 53
IRDTW, 3DEINT r BEO z M OHEESR ) %3~V Jinds &L
DT RO EEFIHML, 7—r ERAZEH ST, b,
(AR'| + AR'3)cosa — (AR, + AR3)sina

“
= u{(4Ry + AR3)cosa + (AR'y + AR'3)sina}

~ (AR + AR'3) = C(AR, + AR;) (5)
LB, T, CIEEMEBEERETHY,

C = Cpay = (u + tana) /(1 — ptana) (6)
LEFRINS. ThUE, K 2b)NIaRT X D ISR TRk & B0 A

(LA D HINCEA MBI < Srd, Aol K0 EERR A [
BT b CoCoua I 5 Z & 2L, aD¥ME & HITEEIIT
Re<ld.

—J7, FUEAEWICHEILE O &3 TN g AMER T % &

&, HMEEESRE C X

C = Cpin = (4 — tana) /(1 + ptana) (7)
L7200, M E L BIZEBININS D BLEXY, Fimd
~UfRfE (X 2(b) OFRmEASGIIRATE X b5,

Auy = Auz  Au, = Auy,  Awy = Awz Aw, = Aw,

tana = (du, — Auy)/(Aw, — Aw,)

(AR'y 4+ AR'3) = C(ARy + 4AR3) 8)

(4R',; + AR',) = C(4R, + 4R,)

(ARy + AR3) + (AR, + AR,) =0

3 off-axis ST 5 HEfik /)
RIS, B 2(c)d LOA)DHFIFIGEEFRATE 2 bivd.

() B EREHD RIS~ (X 2(c)

Auy = Auz  Awy = Aw,

Auy, — Auy; Auz — Auy

tana = =
Aw; — Aw,  Aw; — Aws

AR'; = CaxdR, R’y = —CoinAR, ©
(AR, + AR3) + AR, + AR, = 0

(AR'y + AR';) + AR', + AR', = 0

AR, + AR =0



23

2-4  FIRGEHTEHREREDOMLEHS

filFgt: (K(3), (8), (9), (10)72 E) FOLENMDOZEANEDK (Au, =
Auy = Aug = M, 72 E) K0, W ODDFHR TR E REIZENHE S Au
ZHIETE 572, Z OHNEGY &2 KA AR IZFETHZ LN TE
5. Bz, 2b)D R TR AREEDOY A, (@)L A TORM
THNTFR VIR T L9102, 8 DDEH 3 DOy Auy Awy, Au, 35
KOS SDOEMMIIAR, ARy AR5 ARy AR’)) TETZ LN T 5.

22, KQ)OAM R0 H 5L E (4 8) HiAaOEFToszE
XL, Ky (i j=1~8) ZMIE~ bY v 7 AR E LT,

() FEHEREWT & 5 S5~ (B 2(d)

Au, = Au,  Aw, = Aw,

¢ Au, — Auy Auy — Auy
ana = =
Aw; — Aw,  Aw; — Aw,

AR} = —CoinAR;  R'3 = CoyaxARs (10)
AR, + AR; + (AR, + AR) = 0

AR, + AR’ 3 + (AR', + AR',) = 0

AR, + AR, =0

723, RK3).®)~10)DFREHEAGEI TN T, a=0[]&B< & Ky K K o Ky () (Afrl] {ARq
On-axis DHIFIZME L —F L, 1720 Off-axis R BALZMHL On- e Awii JAa AR,
31 32 3,

3
3 Aw, =4Afrz$+ AR, 1)
axis Z 8 E 9 5. : : l : J :
Kgy Kggl \Aw, Afya AR',
Lph. ZIT, REERITAu~ Aw,y, AR ~AR'y DEF 16 8T 573,
FHEEAux 8 GRANIZ81T) THV, ZOEE TIFETORMEK
BRODHZ LIFTERY. 22T, #ilEe GK©) 2RV
R L, ) E{AR) Z /DI AAT 2 b 2B 2D,
RANYD 1ITHEEHEE T L

Ki18uy + K, Awy + Ky3Au, + K Aw, + KysAus + K gAws + Kp,Au, + KigAw, = Af,; + AR, (12)
Led. &6, R1OXEZHND L,

Ky Auy + K Awy + K3 {(Aw; — Aw,)tana + Auy} + Ky Aw, + KisAuy + KigAwy + K {(Awy — Awy)tana + Au, } + KigAw, = Af,; — (AR, + AR; + AR,) (13)

w Ky + Kis + Kis + Ky7)Auy + {(Kyp + Ki6) + (Ki3 + Ki7)tana}Aw, + {(Ky4 + Kig) — (Ki3 + Ky7)tana}Aw, + AR, + AR + AR, = Afyy (14)

DEICEEHRZOND. KA {Au)™={Au, Aw,, Awy, ARy AR3 AR5 ARy AR’}T FE D 8 DD RINEE DN, 6 DD RIIEE Au, Aw) Aw,, AR, AR5, AR,

TEDLEINTWD. F72, 281TH L {Aut T D 8§ DOEHDOHEMi~THRFTZENTE B0, RADOMIPELF R
K+ K3 +Kis + Ky (Kip + Kig) + (K3 + Kip)tana 1 (K + Kig) — (Kp3 + Kjp)tana 1 0 1 0 } (Aul\ (Afrq
Aw,

Ky + Koz + Kos + Kyy  (Kpp + Kyg) + (Kps + Kyp)tana +C (Kyy + Kyg) — (Kp5 + Kyy)tana 0 1 4+C O Af

Ksy + Ky + Kgs + K3, (Ksp + Ksg) + (Ks3 + Ky )tane —1 (Ksy + Kgg) — (K33 + K3)tana 0 0 0 01| 4R, Afy,

Kiy + Kz + Kys + Kyy - (Kip + Kig) + (Kyg + Kpptana —C - (Kuy + Kig) = (Kyz + Kyp)tana 00 0 —C 1 [ 4w, | _ JAf, (15)
Ky + Ks3 + Kss + Ks; (K5, + Ksg) + (Ks3 + Ksy)tana 0 (Ksy + Ksg) — (Ks3 + Ks;)tane =1 0 0 0 |]4Rs Afrs

Kg; + Koz + Kgs + Ko7 (Kgz + Kog) + (K3 + Kgp)tana 0 (Kgy + Kgg) — (Kg3 + Kgy)tana 0 =1 0 0 |[4R's Af s

Ky + Kops + Kys + Ky (Kpp + Kpg) + (Kps + Kop)tana 0 (Kgy + Kpg) — (Kps + Kyp)tane 0 0 —1 0 } 4R, [ 4,4

Koy + Koz + Kgs + Ky (Kgy + Kao) + (Kgs + Kgy)tana 0 (Kgy + Kgg) — (Kgs + Kgy)tana 0 0 0 —1] AR’ kAfmJ

TR0b, [KI2EBEDHIME~ b v 7 X, {du} 245l ))& & e
ALz L& LT

AR, AR AR VE, # 1 ORAENTRDS Z L NTE B,
PR £ 512, BT & 0 B X RAER AN C X 5

[KJ{Au } = {Af} (16)
DEICERTED. ZOR16) % T 7 ADMEER & TEIEIC iR
< Z é: “C‘\, {AMC} N j_fot b “l;)AllLAW]'AWz, ARz_AR_;)AR ’3)AR4)AR ’4 biﬁ*;g

72, WIMEFFEXOBEM (AR, % /oD AAT Z E N TE .
X DR LR A SLE LS, 1 BOHRETEMHEEOND
72, CC-FEM TIEfEMTREM O MR L O E O LA/ T 5.

ROBND. £72, MORIMENL Auy, Aus, Aws, Auy, Aw,y 13 L OFRINFEfM

K1 RS LD RMEROHIE Gt~ O5&)

{Au.} TENL Au, Aw 7] AR, AR’
Au, My AR, = —(AR, + AR, + AR,)
Aw, Aw, AR’y = —(AR', + AR',) — AR’y = —C(AR, + AR,) — AR'5
AR, Au, = Auy + (Aw, — Aw,)tana AR,
Aw, Aw, AR', = (AR, + AR',) —AR', = C(AR, + AR,) — AR,
AR, Aus = Ay, AR,
AR', Aw; = Aw, AR',
AR, Au, = Auy + (Aw, — Aw,)tana AR,
AR,  Aw, =Aw, AR,

KA Au NI B EFRE D, T X TOEN A, AwlFAu, Aw, A, TEED. ETOHEMRIIAR, AR TIAR, ARy AR AR, AR,y THEAES.
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2-5 ERFEIRVETIL

CMC (IHERTE DR EIERE TROT A A2 4 U, HARRREE T b fkiE
— M SRR T IS M K B ZoREECAWE 52D &, K
TSN BRAATKEL 2o THRIET RV BAEL L3, £OT VIR
PULY —m VBN Lo TRE S NS, Chiang 12D KD 784
HRET XY O—JEREL AR L, BOTHEBIORT Y ke ®
BLEHERRAE TNV ETAEREL TNWHOL

Chiang (TR & & (z=0) J& Y ORET 0 8k (0<z=L,) 125
D, B OARITAIES (0., (o) B LR IEE ARSIt %

o ave(o — &)

T e 16

(A v Vf(avf T yvm) e ) (16)
— (lVf(O' — &) — p—Az

@n =y T ) ) (1-e™) (17)

. rpdave(o — &) -y a8)

- 2Vf(avf + yvm)

LhHzCnDh. F£7-, BEAEEE =L,) T,

(Uz)f = [(Uz)f(Ld) - (Uz)f(oo)]e_g(z_Ld)/Tf + (Uz)f(°°) (19)
(0)m = /Vp = {[(0) (Lg) = (0,) () ]|e 72 E0/s 1 (g,) p(c0)} (20)
1 = (0/2)[(0,) s (La) = (0,)p(w0)]e e t/Ty @2n

LHZTWD. EBIZ, r G060 LT 0 J71ET1(onl

avf(o_z)f - Vm(az)f

(O_r)f = (aﬂ)f = 1 v, + 2)/ + a(l _ Vf) =40 (22)
(Ur)m = [(Tm/r)z - 1]}’% (23)
(Ue)m = [_(rm/r)z - 1]}/(10 (24)
i A QAT T el O
Veq;:
Ez—f—ql[1+vm+2y+a(1—vf)] (25)
avy
— ) En AT
g = =) 26)
1+v,)+ a(l - vf)
_ 2_;1 _ 2_;4 ave +yYvy
A_rfk_rf 1+ vy, + 2y +a(l-v) @n
1+ 2v,k
(0:)7() = Vm[a +y - ZK(OlVf + yvm)] 7
(28)
N (atm — a)AT g
a+y+ ZK(avf + yvm)
_ a(l+ valc)
@In() = Vnla +y — 2k(avy +yv,,)] 7
(29
y(am - af)AT
—_ Em
a+y+ ZK(an + yvm)
2Gp|la+y +2 + YV
oo [mlaty+2(ay +yv)] (30)
Emln(R/rf)
_ 2InV; + Y, (3 = V)
n(R/r;) = f4—Vn%(f 61
a=Ey/E (32)

Y= Ve[V (33)

T, ELENETY U T HEMPa), vy v 1R T Y V-], a0 13EL
BZARARILIK ], Vs Vi \ZIRTEERL-], 1y 1 3SMHAE [mm], (02)4(00), (02)(o0)
13 z=00l2 1 % z IS A[MPa Tl 0, IRFED fm 11iikds L O
MERT. £, aFANIGTI[MPa), AT XREZILK], ¢ LD q
IZBAOTHB LORT Y R L DTS [MPa], 3%
B r IHMEEO r EEmm] (=r=r,), RIZADEEmm] (B0
z ST =RICEF L, r=r<ROFIKO I AW /12581 <)
ThDH. AT OBGHET VOIS 1554 % CC-FEM X
ANSYS D & Huigs L7z,

2-6 ERDEBLUEREH

PERDFHICIOITHIER STV D K 912, CMC TIES L < i
BN K E <, Ko C, fiEmWRE » OJIEEFITELNEL,
HHEF O B T¥H b/ SV, 22T, RFZETIEMERO R (4
& r,=0.011 [mm]) IZHHE 1 A (U245 1=0.0055 [mm]) % HLsHIA
ATZRE L2=2.5[mm]?D CMC Zfigfirafge e L, M4 O X525 HE 5y
TaAT o7z, BEFRITEIFR = AIEEHE A HVy, CC-FEM OfiA30%
1250, BHEHIT 1000 & L7z, F£72, ANSYS TIEEisAEK 752, BHEK
1000 & L7z, 2L C, M EZH (=2.5[mm]) 225 E X L,=1.0[mm]
O On-axis S~ 0 RAEZ 3 &R 7218, MM O EI IS BRI EE R
% b2 CRT 24T 7.

41T Off-axis JLiHI 32 0 T IC W 7oA BREESE £ 7 L O
ZRY. BHESETIIM EWmONE (2=2.5[mm]) 1ZF1T D HHE
2% r=0.0055[mm] & L, z=2.5[mm]%& FONIE S Ar, £ & Az D
DIFET D L5 el R aa LARE L. 22T, 4=(rm-
r)4=1.375[um]IZ >N TIE—E & L, 4z Dffi% Az =0.5~2.0[mm] & 25
{fb&H72. Zaud Off-axis /% o= 0.158~0.039[°|ICHHY 5. F7-,
Off-axis £ £ DHINNT L, FHEEEELRE S C=0.0528~0.0507 D X 9
WERENEINT 5.

N

«—
<

2.5

W%NJ

=
L,
~
=
=
=3
=
L
=
=
=3
=
b=
3
=
= (b) Interfacial

sliding

0.0055 0.0055
Fiber Matrix

4 On-axis JL 70 Ofhr€7 v
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1
7t [] v lv] vl vzl
£ 2.5 o —onz”
= ] " 3 =0.113

—a [] 2 :V ,
..‘E-cé : s A=
£8520 : SRR
287 h R
8.3 H ] 0
2 15 : “
=] N = i =3
g %
ehe 1.0 = =
ot - 5
=1V S
s\ o S &
B os S S
S
=
0 o0 0,0055 0.011 00‘055 0011 0 O(;OSS 0011, 0 U.(;OSS 0011, 0 OL‘\O55 0.011
7 [mm)] r [mm] 7 [mm] r [mm] r [mm]
a[°] 0 0.039 0.079 0.113 0.158
Az[mm] B 2.0 1.0 0.7 0.5
Ar[mm] - 0.001375 0.001375 0.001375 0.001375
(¢ 0.05 0.0507 0.0514 0.0520 0.0528

———————— Bonding (off-axis) = = * Interfacial sliding (off-axis)

Bonding (on-axis

Interfacial sliding (on-axis)

5 Off-axis Ffi3 XV Offr£5 L

3. BIIERELUVUEER
3.1 On-axis RETARY

On-axis F 920 (a=0[°], X 4 B LK 5 £) DE D CC-FEM
BEOANSYS IZ K DI otz 6 1ZR3. 22T, #E
F, Yy 7H# E=E,~200[GPa], KT V> tv=v,~02[-], EEHLRK
1=0.05[-], ILEEZAL AT=0[K], Ftiid <Y K& L~1.0[mm]& L, Hi5t
Gk L L CEMRAR ZE L.

[ 6(a) = ¥, CC-FEM TILRM E&E (z=0) 75 1[mm]Lh Eo[H
B (1.0=2225) I2BWVT, gB L Ve, DIEIT—F L, —&ETH
BLTNDHZEDBHERTED. —F, EHMmNS 1 [mm]PAN O St
TG (02221.0) IZBWT, 6, TR & ZmH b IR O
AEHEZRL, — Cop 1R ERHE TRDRKMZ 7 LItk K
WA LTS, L, B EZRUCE Y, A0k, BEMEICZIT R
OREWMEEWHEMN TR TR TR OO TH S, £, 1T Bk
IR W T, kMR LORM o RN AIcE L L TWD. Zh
I, A OBERLKEA R E TR0 B EFAS~ELL TN D Z &I
K3 5.

=7, B 6MbIRT LI, EEBEMICENT, o B L Vot
20 Thd., ZHFBUSHZINCEG 2 TE LT, it R oR
7Y UoERE (vEv=02) L LTcTedThD. Fi, T fEEK
TlE, 08 LoD AilIIIE AR &, Mkt LORIZ » o
JEREIS MBI TV D, 2, #iEE RO 2 HROOT AT
BRET, BTV UMRICE T r FEAOOTRICHERNAE T
WRTHD. £, BHROGE E Rl 2N TIE, r BEEEONLEIC
LV OFTHSMMBZEL, SMUDFERDIEIINS L ot

I BT, ANSYS IZ KBS (B 6 Of#R) 35 X OF Chiang O
il (M6 o—Sfk#H) TH, TR0 ERICB W TR LIk
B ERT 2 EPHEGRTE D, F£72, 2z, rBXOGHFAWT OGS
AR L CH B/ —EE/RLTH Y, On-axis ATV (2B
T CC-FEM OEAMITH Y ThH L E VR D,

3.2 Off-axis REATAY

X 7 (a), (b)iZ CC-FEM 3 £ TN ANSYS |2 & % Off-axis Fiifi 3 0 fif
ViR a2 Rd. W& Dok L Ve, DISHDATEE-KL, abBE
Wopb AERIC —E L7z, LLLnG, ARAFJETHREZS L7z CC-FEM IZ &
% Off-axis ST XY DERICITH L THD LWV R D.

Fiz, KT OIETHAADOEICER LTHL &, Offaxis St d~
DIRIEZ LT D Z & C, TOIBNEEOMENRKE L RoTNDEZ
ERHERRTE D, T, MEERAE LT A Ek (Off-axis L) (2
BT, FESAEIHEL 2 &I X0 SMEEERRE ¢ AREL
720, B & S ORMIE T ORAE S ERH~ L 0 BLAET D
72D ThD. T2, 0B L PodlBW T b RIERICAI IS L3 4
U % fEI A AR S a7z, BA RO K9 1L, Off-axis HifilZ 60 C A
BRI C IS % Z & T, BN DRI ELEL, Wb D,
Besi e (70— BEHWTWDH EFER 5.

WIZ, [ARk7: Off-axis fiESe %t U, BEBURER % 1~0.03 BB L Y
0.1 EZLSETHNTZTT o7, FINTRERD O B, 0. D534 %X 8 1T
AT X 7(a)FB LTV 8(a),(DIZART L HIZ, i RELRDHITDONT
RERA S ) DIERFIA~DEEA L BT TN D, £z, K 8()linr
T LG, wh/hENE X (Xa=0.0788[°1 & 0.158[°1D)G S 3 AR DN
K& eh, Thibb, whvNS T+ 2 S MERGER C o
BE (=C/) MWRE BT 57012, WiF 02N L0 BT 5.
WETHL, v hInE XL, REDBEXICED7 V=R N &
DIRCBIND K HIZE VR D.
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0 (U
2 2 2
2-0.25 2-0.25 =
= - <
g 03 %05
=-0.75 £-0.75 CC-FEM
: \z 7 CC-FEM 2 ——a=0" (on-axis) z Present( «=0.03)
1 TTTTANSYS 1 —— =0.07878 2=0.07878°
Chiang 2=0.15756" @=0.15756°
1 1 1 1 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
Distance from matrix crack, mm Distance from matrix crack, mm Distance from matrix crack, mm
(a) o, (a) CC-FEM (1 =0.05) (a) CC-FEM (1=0.03)
0.15 0 = 0
" (09)(r=0.0064) —CC-FEM| * " AN
g ol (00n(r=0.0083)  TTARSYS | 8025 4
<0.05 (09)n(1=0.0101) 2 z
8 X 05 s
5 OF e g
£ o os (07),(7=0.0101) Eo7s ANSYS £
;2 . (0;),,(r=0.0083) 2 ——a=0" (on-axis) Z, Present(«=0.1) 5
0.1 (6;)m(r=0.0064) 1 —— @=0.07878" @=0.07878°
(@)= (@A )r=r)=40(z) @=0.15756 @=0.15756
-0.15 1 . 1 1 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
Distance from matrix crack, mm Distance from matrix crack, mm Distance from matrix crack, mm
(b) 6, 00 (b) ANSYS (£ =0.05) (b) CC-FEM (1=0.1)
6 On-axis L3~V fHr OIS 71 534 7 Off-axis S 3~V f#Hr OIS T 594 8  Off-axis FLifi ¢~V A OIS 153471236
(CC-FEM, ANSYS, HiHt7 V) (CC-FEM, ANSYS) \F 2 BRI O (CC-FEM)
4. #%E [6] EZHEKN, AHA—, REEHEEZ b7 Iy 7 A

AWFFECUE, HiRSMT & AIRESHET L (CC-FEM) IZ K% CMC
O Off-axis M § v [BEAZEXL Lc. 77, B ES oA EN
72 CMC ~OD EAEATT & %5212, On-axis AHE TV |2 L2 CC-FEM
2K DMRDZ Y MEE ANSYS 36 K OBHERIC K DR & Dl )~ & e
R LTz, VT, Off-axis St 9V % CC-FEM (T & o THghr L 7=
B, B EZE S OISHEENRL 720, EEERE SN S VIE
EME a8, T b, Off-axis DN L VIR EHND Z &2
R TE .

DLk & 51z, ABFZETHES L7z CC-FEM 1%, On-axis ffi§ <9
721 T/ <, Off-axis S0, kMM, R &R E D%
S L HFOSRIC L RkICER TE, EAMEOREGRER
DB fe BB O FBLN I TE 5.
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Study on continuous mixing process of nanoparticles into polymer matrix
to achieve a uniform dispersion and distribution state.

Koki MATSUMOTO"

AL TH 2. Eiz, HBAEOBEEOF NI E =2 X kO

il

1. &
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WE, BRLOTLESIIZL > THTY, K1 D5 ODEAF DD
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R 1 OBRALFHIEE 2D 720, T h=hUd OkIE
FETF) TOFA 2V w7 RALZ AN —ZHELEZEZAS, 1
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MEICHR L FR B rBOELZAEL VD EEXLN, 48T
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frEis.

T2 THIR 1 OWIRICKEZRML, 427U v 7 RLZ AR
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AT CREENSFEINLIZ LICL-TAELEEEZ LN,

KOTIMTER L TWD T & o b il 22 1 38 58 42 SOG O HEAT & 77
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i 2 B A A AZ AR CAL Y] o 72 HAL 2 L % F W COE BB FB AR 2 5 A
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FIINL, Fi 7@tz 8l Lizs e X 2 Fiomd. gikz s
VT, RE BB S 4, B i) b5 05 AEN
RINT. FAZa~w b NTT77 4 —2Lo>7T, BANDOHT AL
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R CIT BN ALVT WSROI A BB SN2 h o7, 85K 1 ORIR
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BENEEICAAET 256, BRI ROSICOMEFE L, U
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— 2000 mV s
— 1800 mV s
— 1600 mV s

— 500mVs'!
— 200mVs'

Current (pA)
Current (pA)

02 04 06 08 10 12 14 08 10 12 14 16 18 20

Potential (V vs. Fc/Fc*) Potential (V vs. Fe/Fc")
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5. filiEy A oL

BEIR 1 DRI SRS 2 BT 5 Z L iE, F O m O I IEERE O AR
WEHLMZT D9 X THBICEETHD. 2T, ERMUBLO
PRSI 1 OIS A B = X L2 1A Uiz, SEEAITFI1IR
RETIZX 4 ICRT SpIRIETH 5. BERALFMEDFER NG, 4 PP
DBEBFBECLY SORENER L, ZOHBASTEIETH. 20
KGY T & DS DIEMEL T 3L % —1F 15 keal mol ' % & BAEH 6
U, K EDRIENEIR THHITHEITT D 2 EWRBENT. T,
AREND S I 1 TOKEDRIEE T 0 kRN E, 4%
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A Study on Reliability Analysis of Systems Under Dependent Failure Environment
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1. #8

bR EENORE L B RICL - T, HEECEERY hT—2
DEAIBRRBBE AT AL, A2 OEFEZ 2 HEERESERL
moTWS. L L, THEKHEY AT LTI, —HoOliE? 5
WM TR OREEZS 2R L, A2 DRe - LR AEEEE,»
FTUVARTZEoTE., ZOMBEORERERD 1 2M, YAT A
DIEREFETHD.

MERHE L, HDU AT AOHIEFREAMO S AT A OlEIz
EETDHIETH S a2y AT AR AKFRICHESET 5T T,
BB Vo mAMOLFIC L > TRERREERET S, FxE
fEREEOF & LT, 2018 4F 9 B 6 AlCHA LiodbipE 2tk (3
295 HF) COXREBEERFTOND. HEOREBIC LD HHE
HREHFORMEEN Z &L, AWORFIZL - TEBOZE
AT R AL L, SRR ITHE R A B 20 3 PANIC KR
EELVWILRAWENREAE L, 20X 210, BRI 2T
LAOEFEHICRERERBLZEZTWEED, TOHE, TORAE
H % E @ LTz AT AOGEERIT SN L 225,

AR T EROEREEC, EBBERET TO AT AIHT
BTPBIRERFHFEICOWTRET S[1]. THEREIE AT LD
MeEmEh, ToEMa A NEHET O AHRFETHDRR]. £OT
Bifr e —o& LT, —EDOREMMRTY AT AEHMICBELS
BB FRB D 5. BAMFRTIX, VAT AEMRTA4H
F (2rFR—% b, ¥ TVAT L) OFMEMLS, FHERAICHSE
ThdERELEZTT, ey AT AT 2 EMNECEx F#R
O RN S TEZ (FLERIBFELY). LvL, EBLTIEE
DEARE Y LD LR B2, FOHAITIE, EYIZHEFH O
BYEAEEET D2 L CRIBRRAEFEEZITHI Z L NLELRD. f
ZIEBIE, BHETOAF— FL— S AEERR 2 Eo S
DY AT K LT, R A AR 2 R A RE L

R OUERMEDET NAGIZHE, ITEE[4,5]7% S & - THER ikl
DEFT VT THOWBRTWD, FARESRSAMO Farlie-Gumbel-
Morgenstern (BL[%, FGM ¢ )2V 728 AT 5. £ LT, EM
PR ZOa A ML, VAT AMEHEOREZ A FEFRELT,
B AT LAOEH 2 X FRMRHEE L TR/ ERD LD e,
JE AR 2 R OFFE R R RTINS 62T 5. RiEmI,
ELMICHERER D 2HED, TROLERMEFRE T TO, nFE+

BhE E TER
Assistant Professor, Department of Industrial Engineering and
Management

B AT MR D Rl BB R ERET S, #-oT
AR RERILEDOIENE TH V, L0 FEY 2 F AT HTEE R,
MEH A FOERTEICERT S ZERRIAENS

2. ETIL

2—1. FGMaExS

FEREWAT bAT = (Ty,...,T,) FGM a2 FI2itEH &4 5.
ZDEE, TORRGMEKITRATERSNS[6,7].

F(ty, .., tp;8) =Pr[Ty < ty,..,T, <t,]

n n
=[acoa+ 30 > 6.6
=1

k=2 1=j;< <jp<n

Z T, € 01T, BRERMOBERMDREKTFERERTEEST
A—=FZTHY, Gt), ., Gt NITFERO N GMEHTHL. £
G =1-Gt) T 5> =1,..,n). fl 2, n=30%k %, 3%EFGM
Y = 7 ORI RS

F(ty,t2,t3:8) = G () G2(t:)G5(83)(1

615616y + 036,65 + 8,3G,G5 + 6123616, G5).
Lipd, ZobkE, KFENATA—ZET T ETHIE, RIFESAR
PRI EL A B OO L TR SN, ThbbLEERPIT L 2
AHZLEEWMRTED. Kig L TRINUE, =T LOMFB(LDTD
IZHEAF AT A= 3T ~TH - 08THEZ NS L HETE (T2
bh, 8=6,.,L75).

BAF AT A—H0OEY 2 BEIE, To R LR FICHA L
RAHHETEDLNAR]. HliidEn=30L%, ich 25N 51HIT
—-1/4<0 <1/2TRiThiER b2,

WIZ DDA R8T A —FA(> 0) TR — OS2 5 S IRE
TH. ZOWER, FHFETOHFGEHR BB L THhLEETL2ET
OEEM) BEEESAL, FLTHEWIERBEREZ L Z L2 EkT
H. ZoEER (1) FRR—#HT 5.

.8 = _ aAt —Aty ... p—Aty
F(ty, st 6) 1:1[(1 e )(1+ez Z et 7Ry (2)

k=2 15j;< <jgsn

WEITIER (2) AT, nfi FEHFI R T AOBEEE T LV EE
AT B,

N Ty NOR g IR

1 nRFEICZATLORKER

G}'k (1)
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2—2. REERMEOHIFRTFEINAT LA
ARECIXEREEZ D, nBORTHERIEFIAT A (M
1528 OFEMETVEEATL, HAIVATLAEE, O ED
THREFBUE LG SICWET 2 AT A THLD. AET AV THE
HHEFOFEMEMOMERMS, FGM a2 7 ORF A —4#0l2 k-
TREATD. Zhiddhbb, (LEOkKR MOt EEEEL LT
HEENLDZILREWTS (k=23,..,n).
TZiHFEORETOHFMEME R THRBERLEET S =
1,..,n). &L T(Ty, .. T)DREESAEENRX (2) THAZLRS
LT A Dol E, HE AT AOHFREE A Ty CRTET B L
Tin = Min(Ty, .., T,) & 72 5.

Tmin @A BEL, Tibbxt g & § 5 EH > AT b OFFMRER S

Hi % Fpn(t:4,0) S Pr[Tpm St ET B L, Fpn(GALOEEATE 2
AL I8

Frin(t:2,0) = 1= (146 ) () D1 =) )
k=2

Bz iEe = 0& AT B L
Fonin(£;4,0) = 1 — e,
Lhh. IRESEVI=008G, X (3) 3457 A—=Fhnio
FEHSARI. ~ET A L 2ERT 5.
ZOHEH Y AT LD FMIERE [Tyl , T2 BT, O
iEwThEzoh 5.

ElTp] = f 1= Fyun (6 4, 0)dt
0

_2(1+n)+(n—-1)8
- 2n(1+n)A
A (4) Tik, =006 FLL TOXRY .
1

E [Tmin] = a

Fiz, K (4) [ ZOOMBEKTH D05, E[Tmn 2012 LEE L TH
WT %, o TAREFAICENT, RFHOMERMER, B AT
LOFEMEEMEECELITESTLIERE LTS,

E#IZ, M2iin=2021=1CBI} 5T, O F—FL— K4
H21OWL S OwRDHERT. M2 Fl— R
0 =—-10& XD IFR (increasing failure rate) TdH ¥V, FiLLAsHiE
CFR (constant failure rate) % 72 i IFR & DFR (decreasing failure rate)
OHBEDETHLHILEERLTINS.

“

2—3. Fon(t;4,0)DBEAEH
ARFFEIEHTTZNT, Fon(t; A, 0) % JERE L U A 21%, LT
LD U CE I L GEIRRARIEEE OMES LEIET D).

1
M(t:4,0) = 5o [2B,{ —(n = D*(=1+6)8 + 2n(1 + n)B1 At}
12

_(1+3m)at

Bdt  Budt
+e 2 {(n—1)*(-1+60)8B,(e 2 +e 2 )—By6(1+6n

+n? + (n—1)(1 + 5n)86) (eBBTM - e_EaTM)}]. (5)
=ZL,
B;=2(1+n)+ (n-1)86,
B, =1—n+4né,
By =,/(n—1)(—1+n — 4nd).

A= FL—

93

B2 NHF—FL—rEBOESELN h=2hD1=1)

Bz =0 i, X (5) &

M(t; 2,6) = nit,
LD, LoTo=0i2B1T5:K (5) iF, fEkL<@mbnTWahn
{E ML 2R FEH AT FE S < AT - HT 5 Z LR TE
H. TLTO# 0 bIEEREEEAER LS.

3. mERBAAR

JAEIRBEZ FROFELETF TR, VAT LAFKROD2OORNELDL
POFEZ Lo THSICIELX 6D, 2, VAT AOBHEL L
T2 TOERTERAFCIELS ZE2BWT 5. 1 2B IZEHN
Iz &R, A BRALT (k=12,..02T > 0) TiTbhb.
ZTLT2OBRY AT LI LR TITbRS., 22T,k A
BB LICEHND 3R b, & v AT AHERORE LIS
DA RETH ZOEE, RHIICC AT AZER LEBEOEBTIC
B o EAEHE Y 0B A ST, LFO@EY Tho.
E[total cost on [0,T)]

T

€=

T ©)
=L
€)= ?liTOC (T) = oo,

2n(1 + n)Ac,
21+n)+ (n—-1)8"

CERENT, AT LOFF@RER A CFR £721E DFR O 412
FUAEUE 2 F RIS TR, fEo TAZETIE, 0 < 00BE
DI ERS .

L, aiIa R MO(T AR/ E T4 K5 2l 2o 8 W BU 7 1
BT & Rd7=v, (DI EH e, ¢, AT LTOTH D, T DOHE
FHEC(T) = 0023 2 L Thoh b, C(T)=0E%ER LKk
AEMTIE L.

C(e) = JimC(T) =

T Mty - M) =2 %!
dr cr
X (7)) OEDEEMET DL, ET)EEHc, /o & DREROREEN
C(TMDIRME DA OME L /2 5.
L Bk, &M & B /o b DEEETRT. TEET)ORIH

DEfMLTL L, RATEZLND.
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AC(D)

T* T*
Case 1: 0 < ¢, /¢y < 6. Case 2: 6 < ¢, /¢y < &(T).

Case 3: E(’f‘) = cp/cy.

Case 4: E('f‘) <cp/er.

B3 R kC(TMDIRSEL

log (L Ba (B + 1 + 20 — 2n6)
& Zn(l+ (n— 1))
BaA

T':

(8

Flz, EMILLLT OREREE 0.

(n—1)*(-1+6)6
2aA+n+Mm-10)7%

0% —-1/(n—-1)7%bIE, 94bh, R (8)IZBWnT2n(l+ (- 1)6) =
07 BIXEMIIBAEE =77 —>b 2. —FT, 4L8=-1/(n—1)
R HIXEMIEME A H 723, HEEmEichs.

LLEEY, 6=-1/(n—-1)72 b, 0<cy/e <E()DFEMEDL L
THROT* HM—FET S, ZOLE2CT)BRRERTHS.

OEEIE, o/l LTIRD ADD Ty — R EEZDUENR
AL B, FAFNOS—AICBTACTOERESHEVIK 3 ICRES
na.
® Casel (0<c,/c <é(0)).

BROT R —2FET H.

®  Case2 (§(o) <cpfer <E(T)).

C(T) > C(0) 72 HITHBOT D772 —IFEET S . ERLUAMIAETR
DT EAFE L.

® Case3 (((T)=cy/cp).

HRROTIIFLE L.

® Cased (&fF4 : &T) <cy/c).

HEROTVIAFE LRV,

Pl o Z &b EE R 2 T, AoitEM (Thbh, 8<
0) ZbofnfilDRFNRERDES AT KIH LT, W 2o
FHETFTTHEHDHENAD.

BB OHER ZRT. NTA—HEn=2,1=1FL7TH =
—1:F 5. ZOHE, 0=-1/(n—-1)ThH D, §T)EROEHLMNE
#Hchabnb.

£(eo) = lim £(T) =

&T) = %(1 —e~57(1 4 5T)).

k2T, E(0)=2/25THDND, 0<c,/c < 2/257 HIE, il A
BRI 2 BRAI T8 7= 12 — D fF7ET 5.

4. #8

AT CHE, B TFHICER BT 255G OB A7 Akt
T5, REGEAMORELFRERE L. ETP0IC, HFIT R
T LD FFEm I AL SRR RS E b o7 FGM 3= 7|
KoTETME L. £ LT, £OHFEMAMOEAEREE M -0

THLPIZ LT, REMIZ, 2OEF AT L2 REINICERN L
B, BT CHmBEIEa A R O(T) & B/AME+ 505 2 i 248
BLE.BRLLT, TOEIN AT AIZH LTREEFVAOKR
PeE b oL EID, W ODDOEMEERLT RO, AMIE LS
AR THAZEEPALNILE, ZhICE-T, FFOMER
WEaff D A AT AEEMT DB, B2 R ARG M A TH 2
ERTFTRBIC 72 o 72,

ik

AL, FEPDBBRF R ERE TR v A 7 A TR,
R MRRATR T RO 2 LD bOTHL. K
WHROBITICH D REHB & L TZRELHERIMEZ W
PR IEBORE B T AN e R BARIS, & JICERBE L ES.
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Hydrophobic/hydrophilic Properties of Nanomaterials

Haruka KYAKUNO"

.
D=, Ak M EE AR IARBEERT (ATD) O EM#T 25 [ATI
HIZZHTHENTERLATITIE, [/ rmx
— RETHEFHREEOMRERETH L 2HMEL,
KV HEBIEOET —~ Z IR L TR OB &2 1T 5 T
(ATT WFFEBIRR) . AT WFZESEEIE L, ATT WFFEBIRR % 52 1 7= 0F
TeA A RHBIT, BIRIC K0 BRIEET A Ay ISR S A, oL
MR EH LI LRI L 5 202K ETHLOTHD.

L, TROF  WEERIEIC X 28R - BREORREH v
D WFERRRE T 2014 FEEIC ATI AFFEBIR &2 5200, Z ORCR 23370 S
NCHRIOZEICE 7=, YRMHRMREIZIB VT, EHF LT Mk
O TR/ BN CHEBLE. BEV—-RUF /) Fa—7
(single-walled carbon nanotubes; SWCNTs) > 1 ¥Rt 11 2430 & FH
ToFEBRIC R Y, W L BRI T D SWCNT O FF 5 72 Bk /8K
Pz HnC L. Kﬁmf“ X, TOMREANBEOMELHENT 5.

D7z
WFFELE)
EX—U
5
%)

N
A

2. MROER

BRAPEBLK MK ISR T 2 E OFFMED Z L TH Y, BUkitkED
W ITAKIZZR UL L, BUKEOWEITKIZR ATV, 2k
ZAZBUKYEE, 72 AESBOH 0 BHCAEES T O HEEAL, H#
DIEOHEERRE, £ OARBRICHB N CTERERERIZ Q7L
TWBHEEZLNTEY([1-3], TORMEZIGH LS5 A RE
%Hﬂ%%@@ﬁﬂ,%/ﬁ%?ﬂ%x&8®%@ﬁ@%éﬂ1w
2 [4-6]. BRAKMEBLAKMEL EICIIWE S &K E O OBl
MW LIE LI %ﬁéné Thib, 9”90 LLF (L L<
o7 012irwy) Riia BRI, 923 907 LU DR & Bk v &
S 9OMEE, ERMICHEIREARMST 5 HEL LTEMT
BB, LinL T, K OREMNON T L UL THUKME/HE KM Z
PR 572D DB B IFFERANAT O TWS[79]. 72k 2iE, M
BER i O BOKPE/BUKMELL, KO KR E ER0KD I 7 1 22 iE o s
ERATDHZEDNERMENTOA[T]. &b, MEEmEKkEDRT
W E&2RT THOKME] LW MWEBIEFEER ST D, KE
BLEREVNZ 212, BUKMEO R mIZLT L HBUKE T2, L)

WeHEZ  WEEEE

Associate Professor, Institute of Physics

WED B DH[10-11]. 72720, ZRHHFRDIZE A EITFHRMEE
HIZOWTITORTWS. D72, BUKMEMAKNMERS X OB
B BARAN « SRR ETRD D200, & 0 B b e m %
AW N LI L ST 5.

300

wet
(liquid)

Filled SWCNT

sl

- ""_'Plh

-'I-ql-_._P

¢ cnt

dry (empty)

15 2 2.5
D (nm)

wDT
B1. SWCNT NEKDHEEICETHRE-ER(-D)MHER. EREMRE
X, TR EFNREK-BERERE wet-dry BEOERKZERT. R
D wet (solid)” M TIE, NEAKDEETF KD K (ice-NT) THS. “wet
(liquid)-dry (empty)”#E 5 1%, XRD REICK>TRESNIZ[17]. EDIE
KB IE, wet-dry REDKRFERT.

3. MEDEM

LLED XS R RE 5%z, Faidd /4 X0 1 ke ME%ER

ZA79 % SWCNT D BUKPEBIKMEICHE B L7z, SWCNT (E R # i+
DHPOIKRY, ZOZEFBETR LNV THLNTH D, Fio, £
DZERY A XX Tnm L F 58 nm £ TRLANICEL S E D Z &7
ARETH H. SWCNT ZERANICE Lidw bii-kiL, i - KR
i 1 2> 6 Jis < MR ISHFIE S LTV A [12-18]. SE4EIC72 Y, SWCNT
WEKDPEEIZB T DR E-EA (T-D) KBRS L72[13, 17, 18]
(K1), ZOMRIZREND K HIC, SWONT ICHNE S koMt
BiE, MELERICL-TELILNMT S, Thbb, HOHEED,
(De~1.4-1.6 nm) LA FTlX, SWCNT O F = — 7 il 7 [a)Z— K7 D JE
HWEZ b Ok oK (Iee-NT) B END. —JF, D. LV EED

KEUV SWONT TlE, WEENTZKRH BIRE Ty ~220 KLLFT
SWCNT WNEh BT~ E PR & 28158 (wet-dry Bi%, & L <X
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BURPE-BURPERR) S 5. 20 wet-dry HBIZ WK TH Y,

WA EF 5D L T LLET SWONT WEBIZFOUK Tl 72 S5 . Tha
ERDIEEL, D B REWVIFEEL 25 2 &b X BEP (XRD)
FRRLIZE > TRENTZ[17]. L, 2Dk 57T <IKIE (220
K f13T) T SWCNT WA Z KB ED L HIITE KT L0, TDA
H=RXBFHLMCEN TR oT. T2 TRIFETIE, B
FBRFIEE VT IO wet-dry BIGD A ) = X 5 & FEMI I~ 7.

4. HARF&E

AWFFETHW FBRFIEIL, JerBMETEE, X #EYr (XRD)
FEBr, RAEERE (DSC) WIE, WSy rEI I (MD) 2
ETHDH. ARMTIHREOFEIC LY, S HEMEEE L L MD 51A
WZOWTEITRBANT 5.

e BAMBEE 212 1%, Nikon Eclipse LV100D % AU 7=, SGARBEMK
SE IR HIE > 2 7 4 (Linkam THMS350V) 245 Z L2k v,
wet-dry BLR D Z OHEIE A ATHEIC L=, 3WEHTIX, eDIPS J5[19]1C
Fo TIERLES 7= PR AE 1.68-2.40 nm @ SWCNT gkl (5 ffH)
ZHWE. 2R B0REHNT, 600 CLLEDZEK FMBLEE 21T 5 2
LICE Y F o — T OIECREIIC N A BT, N4 2 R A FTREIC
L72. SWCNT #EHE, 0.7 mm ¢ DA IEH T A \HEHtK O faFIk
AL EBICE A L7z, WIEREFEIEER2S 150K £FTL L,
WHEINFZ E— 1% 10 K/min & L7=.

i MD FHR T, AIRE SWONT ICNEENTZKD A = AT
A (RHEIZR) ZiH~<7-. SWCNT %Rk 2 351 1L 22 I
EL, K1I2i% SPCE 7 V% iz, BmASEICIE Gear 15
ZHV, BEESORMASEIL Ar =1.0fs £ L TREEZIT- 7.
ROBLFEEERBIT—EE L, BETHEER S —) 7 EICL-T
B L7z, E9KOS FEIHA IR VIRE (BB LE 220K L
k) T, BEE EELTY I ab— 3 U 2 ns BREED MD E
BZTV, REBCPENRREIC Lz, 20, FRIEEE 25-50 K/ns T
A2 100 K ETHH L. BERORR L 2 FE O SWCNT (D =
2400 nm & D=1317 nm) (DWW TN L7 3H R Z2 221 40 B2
ATV, WEKD A=A ADMEN %247 >72. D = 2400 nm O
SWCNT 13 & & L=13.05 nm CWEK5 7% N=395 f#l, D=1317 nm
@ SWCNT I L=7.166 nm T N=100 fifl & L 7=.

5. RRBERLER
5. 1. AFBEMBHE

2, BoNEMEETEO—FlZRT. WRE T (K 220K)
DITFETHATSE, KA SWONT st Zmic HE Lz (K
DRA) . KiEIE, SWONT sERmE7Z1T T2 <, 3B b < fih
ToH T AEONEBEICHLRE L, K<BIETDE, 26 OKEX
LHIED L SRR E LTS, DF0, KiEmThoEEZLN
D. =0, WEA LT D EKIEIE 240 KEEE Tk L.

INHDOREDLEN L, XRD EBROFER L L <EAL TS, XRD
FBRTIE, HELE T DL Twlh T SWCNT ONEKEN AT
% e BITKEER (ce Th) BERENDLZ &, REAE EIF5E Tw
PLECice Th 3L T 5 & & I SWONT WESZAF UK Tlili 72z &
HZENREBENTNA[T, 18], Zd XRD EBROFERE5E 25
L, BUMEBBLR CBIE SR OK) 13 XRD EBRCBll s

K (ice Th) & Al —TdH v, Z DK DY wet-dry HLEIZ L o T SWCNT
NEM DA~ EHEH SN K TH D EBEXDH N TED. Fiz
APAMEBEBIZRIC LY, T L F TR I SWONT SMEB~DKDHEH
(b U< I Tl LT Z %5 SWONT W ~D KWK H) X, SWCNT
WHDKREZHZ N L TR 52 BRI RSN,

.-‘ t - w L ‘\ . ' \‘:: x‘ \X
B 2. Wet-dry RED X FEMBEED—HI. EEDOMHEEL SWCNT

HETHD. KENIE, wet-dry SR EE T, LT CHELIKF (FE:
[Ek#ER)EZRLTNS.

5 2. HEMDFHE

312, SWCNT WERNCH T DKy F DA ~d . IR 285 K
TlX, E¥H 5O SWCNT THHNEAKD A =2 T ZEBUKA (Fizm)
RERE LTS, —HKRTIE, BERIZESTA=AHZADIIK
MBI D, EED/NSV SWONT (D=1.317nm) TIiX, REZ FiF
% EWNEAKIT ice-NT 2B L, ZAVESBI AN A = A A A & B
FTIENTED. ZhiZx L, EEDKE LV SWCNT (D =2.400 nm)
TiE, KIR GREE 185 K) @ A =20 A Bkt (Ricih) 12mn
JEIRE L TWA. T/t SWONT WEE LK & Oz 9 L Th
£, D=2.400nm (ZFB\\T 285K TiEg~66" THHDITH L, 185K
TP~ 90° Lo TRV, BRE L HIC SWCNT PEEA B~
EEMLTWD. i, IRIE (BB XE 200K LLT) 2B 5K
FOEBIZIEFICE VD, KMDFHHEOY I 2 L—1 2 VRN
TR E D RATPHIRIEICT 2 2 N TE otz Lo THE
DFTIX, D=2.400 nm DIEIRICIITH A =2 H A1 MD #H K
L0 HHKMARTBRIZRVED EBEZXTVD.

DL A=A I ADENE, WEKDOKERAEF Y hT—7
HEDRELRHIEND 5 L Bbn b, bbb, KZEEARY
FU— 2 OFEEAD SWCNT OBUKM/BIANE (b LIZA=AD
ADFEW) HRDLEBERERIC/R>TEY, THICEYD wet-dry



BEN SR ENDHDOTIEARVNEEXTZ., M4lZ, KHTOR
P OIREZA 2~ R OMERIX, 5Ok THIT % U CEAL
B4 OKRSTHEPMEDDIEE, ikl £F, BRALTOMEIC
FHHT D, WE285K TIX, D=1317nm £ Y b D=2.400 nm O J;
BN LAHFREW (ERFR, 035 & 045). 20L& EOEfA[IETR
Fo~40° & 9~66° THY, D=2400nm DFBHHRKIW. =
D ENL, b L AN SWCNT HED & & BIZHINT 272561, D
DREVSWCNT XL VBRI TH D Z EB3MirFsiLs.

WIRIR TOIRD BV E R T 5. EE NP5 &, D=2.400 nm
TELALOELL BIRAITHMNT S, —J7 D=13170m TiE, 250K
BT LSRRI E R D EFEEZ g ~ 00 (RBUKIE) &7
5. OFED, EH50 SWONT 2BV T HARIE T A IZ8IN3 %28,
Hefik s 9 DIE D BNRRAR L. ZOBVITNEADKERER Y R
U— OB L Db D TH L LML TN D. BEROKE N
SWCNT Tid, fRiR THE LI KK/E R v BV — 7 #iE) SWCNT
ZEIR D TGRICHE S LIRWTZ DI 93T 5. —F, EEO/HhSWN
SWCNT T, KR (D = 1.317nm TiX 250 K #1%) T ice-NT #J¥
KENDTZDIT fL WA T D, 2D ice-NT O T SWCNT 22{f (2
rI<HAELTED, 9~0° &b,

285K 185K 285K 150 K

T E

£ £

2 g I ]

g 2 e

g 5 LA

g 5 F 1

g g %

I N #
U5 1o 9" 03 05 0 03 06
r (nm) r (nm) r{nm)

| | | | | |
9~ 66° a~90° 8~ 40° a~0°

B 3. rz @RATOKDH (MD 5 &). 2T, r I SWCNT OFa—
TE@AhSDIER, - [FFa1—TE#HIR>EEZETHD. +HIE, KHFA
DEERFEFHEEZTT. MILE40E D MD FHEZEITL, TORES
EhREHE (a) ER 2400 nm, (b) EFE 1.317 nm TOHHER. (b)
D 150K TIE, REKIFT7BIRDFZE ice-NTZHHEL TS, (c)&(d)
[&, SWCNT BELKEDRDHEAA o DIEXK.

5. 3. Wet-dry REDAH=X L

ZHEY, wet-dry BLED A 1 = X KNZOWTHEmMT 5. LT
BRI LD, wet-dry LG SWCNT WA O KGR 2/ L Cild =
D2 ENRENT. EZCdry (wet) BlGUE, SWCNT s o fafn
KEELE P 05, 75073k (ice Th) i ORIFKAELE Py LY K
T (hEW) RIS EBEZD (K1), KL SWONT D [IfH
ZERIZNE S TWAD DT, SWCNT WO EIFIKATE P o 1L
BKD A=A N AEAFT D, £, WElKE SWONT BE & O
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TERDT=0DIZ, Poild, P LV RKRENZERMFRESND. Pl i,
frpy e v ey HRRKE WD E LU O X 5 IS 5[20].

o 4, )
I)CIII _I)Cm(oo)exp( D!RTJ/COSQJ
SIT, p, WKOEMKR, pIRAKOREES, RIKKEKTH

5. DEEDENETHY, D'=D—t &EEFLI. ¢ 1T SWCONT
BEDEHERGFDOREZIZHYE L, t~03-0.6nm & L7, Py (o)
bj:}/cosgﬂ() TOREHTHY, BEAKME (9 > 90°) DOHAEIE

P!

cnt

> P (o) 7% ROEEHIARICHEIE S NS & ThH DN,

BT O MD FHRICEBW T, FEA 1 nm BEOKFICH 2 OHEMERZ
HRAMEATE S Z R/ BES TV S[21].

P EZEE 2, wet-dry BRRIC O W CHERE BRI RMEEATT 5 . £ 77,
KDHEUTFTOLIICEZELTHD.

, U,
Pcm ~ Pcm exp(_?;j
U, 4y,
=exp| —% | P’ (o0)exp| ————ycosd
p( RTJ 2o () p[ orr’ j

~ exp(f%jfgc exp(f%cosﬂj @)

22T ¥, ~1.8x10°m* /mol> yx7.6x10°N/m, D'~2nm & L,

SRGOMIEREICKST—ETHD LRELE. p_/p1E

exp(-U, /RT)\ZF L& L, & 512 SWONT WH DK FDRT

VXNVEEY JR~100 K &SRR LIZ[22]. £7z, V7 E@EBEKD
FAFIKZARE P & P (0) & LTHWZ, Q)L Y, HE 240K 2
BOTHEKOEMAD 0~78 ThoTlot T DL, p =050P,. &
%%, I TOOEIE, MD FHERE RO 285 K & 185 K O[] & 1fi[H]

LIEMETHH. CHR[23] L VIRE 240K (2B VT P 20.71R, TH D

DT, p <p & 7o b, ZAUE, B 240 K TFFIZ B VTR T SWONT

ONIBIZEAET D22 L2 BWT 5. —J7, & LIEE 200 K i1 C

029672 b IE, p <071R <P, E7RHDT, WHAKIAELT

sC —

SWCNT # B ice Ih ~ & Ei4E7 5.
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D=1.317 nm
0.8 JMAA‘FA‘“ 7
L A g
[
vy A
- I S, \ ]
W 2.400 nm ‘.".,_._.
0.4 *h..:-:... ]
s ]
0 L . L 1 L L L 1 . L N
100 200 300 400
T (K)

4. SWCNT TR B3Nz KA FOERMBDEEEL (MD 5H).
DML, ROLKSFHICHL TR 4 OKSFHEINEDHD
B fi BHEMBIE HEIKSFITEBLZEEIZ, TOKLSFIZHR

BEIETEKAFOBMGEB LKA FEFLELT BB 0.33 nm LA
o%’ﬁ.l BETIKASFOH)EEER L. A EIXERBIECONT

6. &5
ARWFFEIZ LD, BE & ERICEFT S SWCONT O B 72 Bk M
BUKERT SN2 o7, SBFBMER LS CIX, B D > D, ©

SWCNT (D.~1.4-1.6 nm) (28 S AL72/KIE Tywa BAF T SWCNT FR56
~EPR SV 70K (iceTh) ZRT 2 2 &, & L KON
SWCNT WA DO KFESHEZ N L TR IS Z LA REN. MD #t5

TlE, D=2400nm & D= 1317nm & SWCNT ([ZNE S 7z /KD A
SADAZFNT LT T ORE, BIRTIEIEH 5O SWONT bHEIK
BITHhDDICH L, KR TITERICE > TRAZRENARAONT.
EAED/NE Uy SWCNT I &7 7kiE, SWCNT @ FfR 22312 &
A LImKER-E S v lﬁ—ﬂﬁja%ﬁa“éicem%ﬁr TR
T5. —J, EEOKEW SWCNT IZEWTHIKE CTAEMA F ~
U — I HEENTEET DD, T OMEEILE (I‘W)/)\ERD%M# WAL
R FORER, A= AH AR E & BITHR A BRI R ZIRIC
AL, wet-dry HEMNBI &S Z &hb. £72, MD atHOBEND
13 SWONT EENKEWVIEZE LV REELTKBE By U —
ERERSND Z ERPFEINTE. 2T wet-dry LGOI IR
Toa PEBICE>THENTHZEOERERY 5 5. RFFEIT
SWCNT Z W TAThNT=b D TH DN, o)/ et oBUk/# K
P 2B - T A 35 ECHLERERMALEZ 52550 THD
LEZOLNS.

Eilid

ARRTEIX, HEESHE (FEHREHR), FHEEREL (FEEEN
AW 21X ET 54 O)ix EOFIEE L TiTbh
T=boTT. HEWFIEE OS2 ITELS W LET.
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Application of calculation systems for catalysis research

Satoshi ISHIKAWA”

1. #8

] {4 fik A 0 BRLAE 0D PE ZE AT o0 TR 2t e W E B AR T
BV, DT D% < OWFTEFE DB T2 75 [ A il 4 B 58 12 %%waé
METEA YT AT 4 7 AORELH Y, HRRE I 72 & A 5 5%
BRI LML SIRESNTWS. LnL, FEEHioOREBIZEL
W5 CREABEBI R IIEH L TR0, FICEFONFHM L T 5 H
IRER AL AR O R T, IR O AL AR 3 2 Hr 04 72 [ AR b A 0
LSHHELTWARY., ZoBBHO—4E LT, BARMEEOEM S
RFohd o, EEMBITE L OBE, MERNICRY -THY, =

WXV S SR AR A RS o CHECH D,
DF=h, IS S A B U AR RIS TR & 3, il o B

FEITRN wﬁtk%%é’mn OB EDEOBFHIKFEL TN D,
BUIR & T3 2 7o D I IT AR IC 3 10 2 SRR B 2 SR L,
f IS RIS 2 N — A L LM BRI 2 LN EE L T
ns.

ZORBOT, FEESMEICHEE S, @O ARSI 2 R il
BOBRBNEHETHAI. EHELIIZ X RT I/aL A v lDisk
PR A B 8D C i MRS 2 7% 975 I Mos VO, & (b
(Figure 1) OWFFEZ i@ LT, Af EofiEHIC W Th 7 L
NigEama AR LTV, ZOMREZSRESE LR C, A
FRHT S AT LOEMRIZR L TERLR2NB D Th o7z, AFEClEfih
IRCTEANE ORI AR AT 2 FR ) L 7 A ER SE AR & 2 7 A DG I DU T
W9 2.

2. filiEiEERRTRietveld B4

FEETE MosVO, A RIEY) (MoVO) 1E{M0s0,}¢ THEND 5 8
= F & {MOst (M=Mo, V) @&ElEFR I\ EOES THELT 5
BRIRRE &L T, BRIREE ST 2 X 6, 7 BR 2 & @M R N Rk L
TWa. EELIXIZDOH 7 BERMBEDS I FE2WRET LI 7 afll
LELTHET DL, £, =¥ VERE(ERISIZB W T, ML
WSIRBEIE S & L CliET 2 2 L 2 A LT AL Bk
&eroi%W%E@%mﬁ*%%%M’iof FEARH 7278
WEE L2 < TER

“FenlBhE MBI
Assistant Professor, Dept. of Material and Life Chemistry
TEER B A TR
Professor. Dent. of Material and Life Chemistrv

CHR LI 7 mAL S REN (L L,

Wataru Ueda™

L~ SEEI=v k

~5REBRAZ=v

Figure 1. Structural model of MoVO. Mo, light blue; V, gray; O, red;
mixture of Mo and V, light green.

TR0 = H B CARETEE R & B b Lz, ZauE, i
HEH O P 072 R T E AL DS AR L TW D 2 L E Y
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Figure 2. (A) Micropore volume measured by CO,, CH, and C,Hs
adsorption as a function of d. (B) Diameter of the heptagonal
channel in long axis (D;, 024-Ox) and short axis (D,, Os-O27).
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Figure 3. (A) Structural model of MoVCuO constructed by various
characterizations and refined by Rietveld analysis. (B) Structural
model of MoVCuO obtained by structure optimization calculation
using DMol® software.
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On-Site Ventilation and Thermal Performance Measurement System for Multi-Zone Buildings
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SE X

[1] B LR, —MRILH S AT A oREHEIC Lo REFRRE Zz0 v
AT LT A= ORERG, AAREERGmICREE, 1984 £
10 A, 344, 103-115

[2] Hiroyasu Okuyama et al. System parameter identification theory and
uncertainty analysis methods for multi-zone building heat transfer and
infiltration, Building and Environment, 54, 2012, 39-52.

[3] Hiroyasu Okuyama, System Identification Theory of the Thermal
Network Model and an Application for Multi-chamber Airflow
Measurement, Building and Environment, 1990, 25, (4), 349-363

[4] Hiroyasu Okuyama, Recent Progress on the Multi-Chamber Airflow
Measurement System,1992 International Symposium on Room Air
Convection and Ventilation Effectiveness ISRACVE, 22-24 July 1992,
Tokyo, 351-356.

[5] Atsumasa Yoshiura, Hiroyasu Okuyama, et al. Calculation Examples
Using the NETS Simulation Program as a General-Purpose Network
Model for Heat, Air, and Gas Movement in Buildings, Proceedings of
BSO 2018: 4th Building Simulation and Optimization Conference,
Cambridge, UK: 11-12 September 2018, 124-131

[6] B, B8 — i/ ZRIEIC £ DR E ORI Z L ORE
1, AARRBRE R RS AR SR, 41409, 2017, 875-876
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Structure Analyses of Nanomaterials Using Scanning Probe Microscope

Haruka KYAKUNO"

1. #8

2017 AR T AR T R B A AR 2 I K 0, TSR
BB T v — ML SPM-9700HT] ZE A L. M#FFE=TI,
FIH—RREFTA N L DT JHEEWME, BIOZEOWEIC
W LT JRT - 50 N RBL 2 BB A i O BRI 02 0 FE BUAR
R EOWFIE AT > TWAH[1-4]. THETOHFETIE, X #ET
KB, REEEMENE, HTHAFVIaL—varREEER
FEERFEE L THWTE ., LALINoOW|ETIE, WEOEH
WG 2 BRSNS Z L3R CTH - 72, 22T, REEBLZEA
THICEST-. $Bibd 5 k910, AEEITRE KT ES TEET

HZ L& TRED 3 RIEMGIRZ @HERTRBNT 2 2 L0 TH .

AEEE OB A K > THIFRE CTIIBUE, F/ WEmERE O/
A=V COEEBE, WEREORBITRYERE, BeRE
MYEDTRTR - i, BEOZhEZICH LT 71 2RI %R
& LieiiEa BB L T s, AT, ZoEENT r— 7K
BOBEBE L & b2, WEEANDL I E TICH LB R
WS,

2. REWME
BT 7 0 — 7 PH#SE (scanning probe microscope; SPM) & i,

BRI 2N S (I F =) TERTLZLICE-T 3
WG, Riwrs, BROMg, EEIMG, Bk, BAsn s
EEG R CTHET 2HMBEORKH CH D[5]. BARMICIE, BREFLR
B oMNICIE 72 b < B 0 & R 3 2 5 B0 B EE (Atomic
Force Microscope; AFM) <2, £REF &3k & o MICiiiiDd ko x L8
wmAEFAT L AEAER N R VEMEE (STM; Scanning Tunneling
Microscope) Z LU ®, #Z < OFFENHH. SPM (X FHMELIC
WD L RRED IR ICE <, AFM X STM TITR 1 - 45 7 L ~b
THREFEHROMMABET HZENAETHL. Lird, BEHMK
BEEE S TMITRNRTNE NS 2L, LTl EmEEL L
LHETFTRIPCEE T THHEATEDL LW IR DY, TFEDT
)T Y= TIRIES Hnbhd Ko ickoTz.

&AL v — 7 BB SPM-9700HT] (%, M 1 X 5ic, Bt

WeHEZ  WEEEE

Associate Professor, Institute of Physics

AR L CEIM - WEZITY [SPM 2=y b, T—X[NEETH
Ml = b, BFERENRT A —X OFREST — X FoR - fjir &
79 THRA RavEa—4] ENPBEY, B ACI00V TEIET
%, WESMEREIZAKE S 0.2 nm, TEE S 0.0l nm Th Y, FEKE
R CORRERFPIZATIFM 10 um, FTEFH 1 pm TH 5.

SPM-9700HT T3, FEWEMEE T 5 D DMEET— FASEIRATRETH 5.
rnEn, lav2 7 hE— R, 45y 78— F), [fifE—
R, TKEHE—R], 74 —RAEV2al—aF— R Thb.

FloZnblish, TERE—F), [REEME—F), TBI)E—
Rl EEBTEMNTAZENTEDIRELMA TS, RET
I, IREN AFMEIfEE— R ChHa X7 hE—RLEF ATy
7 E—RIZOWTHAT 5.

1. BB 0 — 7SS SPM-9700HT OHIE L AT H. KD
KHD A-C OLRIZENEN, A: SPM ==y I, B: filffl===> },
C:  RAPIUVE2—XThHbH.

SPM-9700HT @ SPM == MNNEOEE L AEH R %, 2
IZ/R7. AFM BEE— R T, B 2A8THhFHHR (hrTFL



R=) EAOBHICHEA LTS, B F Lox—Sel o BEet & e
LOMICIEAELLRETHANCE ST, BT L AA—DOR D) REEHHR
LT 5. TOEE, HrFLA—FmICBE L L —F =KD
SEHZ LV RER T 5 (K 2(b). Zh & FREC, 3k 2 #E
AT =V, P2V HETEAVIEAR v FICL D 3 RIS
ICAEE SNSRI, DrFLoaa—dptEEmE (XY Fm)
LEEREL, DT ULANA—DORYB—E, ERIEBEHR—EICRD
Loz, BB SOERE (Z FomE) 27 10— K3y 7l
L. BFULR—=DRKYN—FEDE—RKE (227 vNE—K], &
VFULN—DIEHN - EDE— REIZ AT I v 7 E— R LS.
B7 44— RNy L, RSN T LAA—OBENME TR
g2, BEMTHLARL—T 4 v TRA v b —FT 5 L9
Bt BT L= L OfliEZ Ax v T CHIET 22 L 2EB®T 5.
EEOZENETNOME (X, YH#) IS L Z@#io7 — Ky
JREEZRVIATZ LIZEY, BBRmEO 3 keMMEE55 2 &R
TE 5. MM RIFREFERL 3 ROT B TRIL S, BHGARAT AL
Y7 Ny =7 TEEOEBHEERCH OM S M2 & &35 2 L
T&5. LTI, avy¥ 7 hE—REeZAF Iy 7E— NOFHIZ
DNWTHIDLAELIHT .

3. AV FLN—

4TV XFxF

X 2. SPM == v b ONEHEE. ()DGEHIZE S TR LA, (b)
O F T B TR LSS T 5. (b)D X o I,
L—F =Dk EFRT.

AYFY FNE—REXAFT Iy E—RFTIEEBIZ, REORE
iR CTHLmsBEL, 74—y 7 O BIEENS DESTH SR
FBEBET DN TE D, a2y ME— RTH, HEF &R

73

EOMICIE B FRAERB L, EHOBE S MO DHMR—EIC
RDHEDTAR YT DZIMET 4 — R8Ny 7 HIH L7306 50kHR
WEEETD. —HFXAFTI v 7 E—RTE, HrFLA—2HE
FRBASI TR ST 5. ZOWREBTH T L= 2NN BT
e, BTN Lo CTRENZENT D, ZOBRZEFHLT, &
CFUNR—ORIEN—EICRD LT 4 — RNy Z L2285
REEEEEET S, ¥4Iy 7 E— FTEARICHREZ5] -
ML T EBD RN, BECTVIRERCE S Ve, EAEED
HOLRBITHBET L ENTED.

3. EREMEAE

AKRFZETIE, ZERTMBLEIC L A B —R T ) Fa—T
(single-walled carbon nanotubes; SWCNTs) /3> R/LEEL 0 2% 1 f i
BlEMRD LR AME LTEREZIT>7. SWONT X RFEFRT
DIHINGRELD T/ HEEMETH Y, 1 WoeOMEEREA 5[6].
— I, RALEED SWONT (L7 = — 7 el 3 B U7o iz LT b,
DI, T OWNEZEIZIE T« 5% N S 5 BRI B 0 s
BYHETHD. FOMEED 1 S5L LT, ZRHMEVLIEEN S S.
ZOFETHE, EKFHTEBLE 600CLL EOERMEAEZ T 5 Z &
12X SWONT 0L, Fa—7 ORISR AHIT 5. L
ML, JIEARFIZ SWOCNT B ED X ST Z 2 DO IE+HoPl 6o &
TR,

AL TIL, e-DIPS E[7NC KV ER SN X EA 1.4 nm O
SWCNT kL& 7z, sk 22 ipomEA B2 1, AR oy A s
# (TGA-50, BSERERT) % A7z, FIREFE 20 °C/min TEHIEN
5 1000 CE TLRRTIMBAEITV, RE OB B A2 50% 87
Dit%, RO T30E A, BEEK S0%M & W i-alk &
[BUEEB) RS LICT D, 3B A L3 BT ETh, 1-ATF
N2-vm ) Ry (NMP) (Zi2 L, S vev ik 4 F v CRUBHSE 73 1
KRB ETHHMIZR L=, ZORE A, B OSBRI, HE
150CICB L=y R 7 L— b BT Si ERICERENE F Liz.
TLEBRIE, WHOBERTAZREAT D Z EIC k- THEKR EIC
ST,

4. ERBEREEE

FEM FIC 7R3 LealBl 2, SPM-9700HT @ (44 F 3 v 7 &— K]
ERANCHIZE L. Sohlz ARM B0 —fFl% XK 3 12737, 3Rk A
EREFBOELBIZBWTY, SWONT O3 RO 2 B3 2
ZEMNTEL RR A LBV THER Lo RIER E % 28 2 TS IE 0O
MEHITo7=L 2 A, BEOANY FABREFE VEMICHKERE T
Fy bV —7 LOREEZBE L TOEETF (K 3a)E) <, 1 A7
I} CIAE L 7= SWCNT 23> RL (¥ 3(a)f) AR Sni-. kB
WZOWT S RBRICEHEIOREZIT> 7. K 3bICAT LI, &
BB T, BELA LHEARTAY RLORENRFELS o TNEH I &N
DL Teds, AFM AT O [IWEEALE, e-DIP 5 K5 SWCNT &
BHERESIC AW SNz R 2 CoORMm ThH D LEZOLND.
N7 L7z SWCNT /X2 RLD AFM ZIZB W T, fifr Y 7 b o=
THEMRWTZEDNY FVE SO a1T > 7. fATEG O —6] %X
4R B X912, SWONT A2 RAZIFBRTIEE L, B0
N RMZOWTER LD L TRESERBIL -T2, T ORGSR,



74

B A TIEHINZASY RVOFEHREEN 626 um THDHDIZREL,
%iﬁ*ﬂrBT“;tﬂzi’SFz* 143 um Tholz. T7hbb, ZEXHINELL
CEOTARU RLVOESNELRDZEN G- T,

10.00 pm

20.00 x 20.00 ym

2,50 X 2.50 pm

B 3. SWCNT Ny RVEEID AFM 4. (a) 3B A CRILELOTED

(b)FE B (22 OMBVLERZ L0 HEE 50%HD 23D . (a)
L) & BIZ2 OB ETRLTHDAR, ZHbOBIE Si i Lo R
e %I CENENBR S 7.

I
4.07 pm

J
1.0 prm

0.00
20.00 x 20.00 pm

4 4. SWCNT 32N RO ST o —Fl. MIZaEE A Ol
IZOWTAT DN RATRE R, ZomiBLsMNC b, o
EEIZOWTIRIT 21T 72, FdE Bz oW TH RIS, #HEo
JINE N RILIZ O W CHRIT 24T - 7.

NNV RV

6. #&5
ZM‘Jf%T“ TEREM 7 0 — 7 HEKEE SPM-9700HT % AW T, 25
INEVLERIZ X 5 SWCNT N2 RV OREEGE AL 2T~ T=. ZORE R,

SWCNT /N2 R/VZZERPIBMLERIC L > TZE ORI BEL 85 2
EWorinole. NURNLVOREPELSRLEME LT, ZRIIKD
F <Al D N ROVIEHRE Sy 0 BRI ISR 2 D FIREIE 2R &35 2
bhd. T THALE, Ny RAVOREONY RS Om SIS
B9 5 & AT H1T > TV 5. 7272 LA R O EERIC A - 2 flfE
@ SWCNT BBk (FUBF A 3B B) 1, Blx oIz T s
ENFIER R THD. Lo T, L0 REMNAREREIT O 201,
REtzZBF S St BT LERKFCEKFMBAL, R0
SWCNT /X ROLZ oW 5 2 k%fﬁﬁﬁﬂ? LCTnd. 2o
KO TR - MHTOTIRICEY, ERPMELEIZ X > T SWCNT
N RANEDLDITIRA D DI, %@Wﬁxﬁ«e%éhbé&%z
TWA. XLIZ5HKIEL, SWONT Zid U s ESF k) /M
WHEIZOWT, ZORMMEET T Tl REME CREEIE R
72 L) BRI L, BrilaRmmrE L oG ERRET S
S2HLDThHD.

W

AAEE L 2017 A T4 758 B BRI L > TEA
SINTbDOTHY, BREMMICES EH N LET.
CEPAN
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Application of UV pulse laser for
Cosmic Ray observation using Air Fluorescence technique

UDQO, Shigeharu*

1. [FL®IC

FHABNOPEOV DIz, L8V Yy 7 —R T It 2TKRE
BEDFET DAY (REHEK) #HlET S HERH L. BEED
BT BTV AI—T7 VA ERTE, REEEERINT 52 2E
BEE Gy Y TR TSR (EAY Y V=T L A) 2V
BRI F—FHREN 2RI TS (1] .

REHOEBI T, REHRIZEALZFHEPED R Y v
U—OFEBRERENTE R T XL 4D, TR EFEHED
TANF—%HEE L ROD I EMTE, X HITPHEERERE
DFOOEHEHLZ L TED. KM, BHP5EDHMRNE
B9 5 20, BRBIZUPEINT ST, hTohTe RAOWR
BIZAISHEINTLES WS T AU Y MEDHB.

KA & BB, WEITRET 2 REEEFOLER | B
WA ETOERBIOBENRETHEH, 2 2 TREEIZDWTH
NL. RIPTORERE, RS TI2E5 ) —HiELy, e
B I7OVMICES I —HELICRBITES. 205 b AREE
Ip A 2FmuE 113, X (1) OV ~1) —ilFLIc k> THME
THRIEMNTES.

81t Na(l + cos? )

I=1Io N (1)

N TR LORLGD TH, o 35 TO5MmE, 0 THEELA, &
REAHEDOWE, » IZHELA» SBE Z TOEMTH 5.
T, REASEOEE N BOFRAGRITERE L~V TE
LFHRLNTHY (2], 300~400 nm (2 DO E > 2
ERRMoTVS (1), REFEMEIEOEEIL 337 nm,
JNT 358 nm T, Z O FATITNSEANEOEIR AR AT L i
DOVEREFM P EIZ B E L 2% . Nd:YAG L —¥—0D% 3 &l
Wik, —FBHIZFEEEOZ N 358 nm (LEL, TLAI—TT L
A FERTE RZREZHTET 5 7200 LIDAR (LIght Detection
And Ranging) ¥ A7 A& KEAME & R SEHOE a8 D FE (2
HAVWSENS CLF (Central Laser Facility) T I N T 5.

2. EEfE

2017 4 E THH EEMIERBRO—BIZL>T, /NLQ AT Y
F VA Nd:YAG b —H— (Ultra 50 Stable, Quantel £) %
*UHERRE AR

Associate Professor, Institute of Physics

100 1.2

80 11
2 | 1os E
] : =
8 60 4 5
£ 406 £
£ : : c
8 40 it - S
E : 4 04 %

ol | 1 0

0
200 250 300 350 400 450 500 550 600
wavelength [nm]

1: KEENOFENARY MV ENFEHRIZB TS DT ¢
VAR —DiEER,

FEAL 7=, 1064 nm ORAJ % FiRT 5 NAdYAG #EREH-7~
EDT, Q A1 v FIZ &L BBETHEKA 50 mJ D/OVA L —H—
EELIENTED.

L —HF— G R RO - D OIS T Y 2 — b
&, HARR X ERAENE ST 2 EER /AL — 203 A1 5
NTND . FERIEARS S A U =603, RO IERSTE SR
KB EWREEICE ST, R (2) 2L THE N CERIND.

1 1 1

PR ™ @
SEBEALZEDIZE = DOFf@mAA2T WS, —D2HOR&HE
WA 2IER A = A2 = 1064 nm TH D70, FHET D
Sl A =532 nm O 2 @EE RS, ZDHORRICEAR
(A1 = 1064 nm) 2% 2 @FAM (A2 =532 nm) Z AHTEHZ &
T, %3P N =355 [nm] 235 LM TES. Zhut ko
THELNDE 3 @iilE, BRI FIVF— 12 mJ, # VIR L &k
B 20 Hz, ¥ — A% 3 mm, #5550 A1E 5 mrad £ A>T W5,

3. HIRER

ZOL—H—% v, EEIZRGELEEEI b TS 7 1
R —b RXERIEDODND 74 VA —DFERREJEL .
205, I AL —F -k 2 MOBEES M 7 —
(HBSY13, Thorlabs ) THr ViR I 1, BEEMEZED S &
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R ACEIZ R A LD XN TIANF T O =TT AT 5.
TH—TOERNIT VA —%25&E (M 3) L, THTHhOASH
IANF—2H{ETS. TRLF—7O—T121 10 pJ ~ 25m]
DOHIFEI B Y Y — (J-10MB-HE, Coherent 4f) % {iff
MU=, 7O0—7h60EFEEETRNF—A—4& (Field Max II
TOP, Coherent #:) TriiaH 541, USB ##i T PC IZfEF T H
5. L—¥—4tHi% 5 Hz T 1000 shots & L, TH)LF—FO—
TOXNT ) H—TT— R EHFL .

2 L—Y—RBEEDLV—F—AUPLHE I, ETFOTS
WF—TO—TTRHEINS. PRIZHZOITO—TH5DE
FERIE - HRTEITRLF—A—X.

3 IET 271 VR — % LR NF—TO—TORAIZHEE
L7,

HE L 727« A —I&, Schott #:3 BG3 A/ A& {HHL /-
2 mm JEDE @ (FGB25M, Thorlabs #£) &, ¥ a3 vy v /H¥
YA UNYRTZ4NA— 5mm JE (Custom Scientific #1) TH
3. {REEDBEER (2 1) Tk, BG3 75 98.7 % @1 mm, U /3
YRTZ 4 A—H 943 % @l mm £ BR-TWS [3][4] .

L—HF—DT I F—HIEHR L, Thed & IZEE U AR
e F 1 IZRYT. BRBOMGHEIZ, 1 mm Hiz) OFEHRLZ
H eI, FEXICDWTAFRLTRO . WEEE»SRD/E
WEE, U AV R7 )b 4— CIREHREIOEVVEDE & 288,

BG3 74 VA —TIZ#E%2EM LU TR, IXTN/HE

Hors,

#£ 1 T3 F—HfEE & Ei S

T VA — | A (] | BBk (%) | B (%)
7L 71.6£7.1 - -
BG3 60.0+5.8 83.8+12.0 97.4

UNVE 51.7+£5.4 72.2+11.3 74.6

Fr, HET 20N ER 4IZFRT. UNVYRIALE—D
AN T ARMETRAX [z Ay bATRHDED IR
Z, TANF—=TO0—=TDENT N H—OBMEOKENEZ 5
NG, WoT, UNY RT1IE—DF#RE, ARiLS5EEH
UMl & D) B RO MDD B

180 . : : :
140 |
100 |- %60
80 [ |
60 |-
a0
20 |-

0
30 40 50 60 70 80 90 100
energy [uJ]

T
BG3 — H
U-band ---+eee-

# of event

4: V=P —FE@RORERSR. Kb O+ PSR &
%% =T

4. FTE®H

SEOWPE T, V—F— gz @IS ETE TR
Wodz, FREME M) ARSI REE o2 EAFERNBHE
I N, &7 1 VA —F@EEOHER, BUESZ T AhhOF
MEMFERETE BB 550, SHRIILVEHETSIMER
TV 7z,

7z, AEIFPAH L —Y—RE L U C/NUTHER O AYA B 4
=, WERBTERY LRFNEIZFHATES. BFEHRTFPH
A% AEIE, FREYDREMRLIADOTAEEDTH
KPR

SEXH

1] TV AT—=T7T L+ FBIZ & D HET 3L F—FEHROBR,
AT, MR DR FEAr AT, 26 32 %, (2009)

[2] Photon yield from nitrogen gas and dry air excited by
electrons, Astroparticle Physics, 20, (2003)

[3] https://www.schott.com

[4] UBVRI PASSBANDS, M.S.Bessel, Publications of the As-
tronomical Society of the Pacific, 102, (1990)
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X-ray fluorescence elemental analysis system

Manabu IGAWA *

1. BAOERE

PZR)I R T Cld A | O F FE sk C b 2 ToEFJR T I bk « 72
oy AT ER A i L. ERFIHA T 2bit X iz, o miric o0
1% ICP B &3 Hr S & (ICP-MS) & Bl fiff L . IR D& JE A A > 0 i
ESHICHWT WD, 20 ICP B A HrdEiE X, 2009 F £ [ FANL ¥
WA R &2 B L OA LETH D, Bo o
EMERHEOE —~ A7 v 7 LTERS TERLBRVEDTHY . =
DRI < OFEETRHHINTWSD, LaLl, ZO%E#EIE
T TRIBEEE DA TH D | WE OV EEHI R LT b E#
DEMERELS ZOEEHTTEDH OO, HREHEZIGYL TRD
IHTHEICIZ 7 U — = ZICHEBIR D LW BER S 5, £72,
WRRE 2 RS LT 5720 BERRBHIEM S B2 TER L 20
MMEERH D,

ZAUTHF LT, 2016 AR EEICHIGE LA L7280k X MR A7 A,
FBHC X & BET LTk X E L THN S TR T & Ot X %
ERIMT 200 THY | [ % 72 a LB LI 547 © & 5 e
TERZREECH D, SHIZ, RIFET4UEORTOTRR LM
WICEBTELZEDLEWILAERS D, A%, ICP HENITEE
TIPSR DTS, AREEE TS DD LEWIREED D FERA /34T £ T
L HBBCHWD Z LT X OB LD EeRb0 LD
RIS,

2. AIERELLEBEOHEY

WO X MR Lk, SRBHTRE OV X A2 4T, RAEHR o
R T H OB NRETZMEH L, 2 ZIMIOEBETNERT S &
FILELHZRSOTFNAF =N XME LTHH SN, TORART
X —AHIET DR R RO XM (G X ) 2T s
IZED, BENSITHEOEMNE, XHMENSTERET IEETH D,
SEMEA LIZ VY AT LAOFEITLL FO LS IcE L v bnbd,
(OWFEEIZZ I E DO MNFRETH D Z & ICP H &k & B
0. H#E, BR, BERE, RFESFAULEOLVZ DORHEEG
ETERTE D, £z, HITRIEATRIRICS & S P EEE Z 0
FENTTE D, WIETORY b A AL LZHEEH AT 5 HHEEITK
HIELZ LIV EBICHITTE D,
QPEEENAETHD 2 & (EROEN X BT IR E oy &

HWELCTEREZIT) 2 LICEDBRENE LD ARIENH -T2, Y
7 hU =T OFRRIZEYEEMREE S T HHERSY 2T ARG
By 272, ERENRM ELL, ZHhICkY | HEEREEL L%
KOEHTLHEDFERNDAREL>TND,

i

1 EEREEXGHNEE
Q)IEMHEMERL ¥ AT LD FHERLEE TR B OEE X BT
BV H 7, ZSX Primus V) TH 208, =R/ X —43 8 OH08 X #4y
W@ ) 7 NEXCG)b Y AT LD —fe L THALEZ, =FR/L
F— I BUCII T TR B L TR ICHIR A B 53, B2 R CEM
TLREBIOWET (F721% He REAT) bl Tdh . R2
U—=vZ7HMICbEDHHTE S,

B2 IRLX—HEEEHEXBITEE
BRA > MO AHEE: Z OEEE TIX 500w m O ARA > NHr o a]
RECH D LD BNREOSITR~ B ZHES WREICR D,
GYA YT AESHRIEOSE  fEkD X BERICHL T, X
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BMOMBENRBLZ IS HFEEY, EFabEIRoT0d, &6
I X BN EE T H2EM A LS, Zhblz e bR VRENEE
D, AT T U AL XVEGITHR>TND,

ZOEEITA % kO ICP B RS HTEE oM A E T &
DL OMFRETHEAESND Z LR TPHREND, 2 OEBEOHBIT,
fE, BT, EMIBICENSNLOT, 4%, SEECHA S
HH0EBbns, BlZIE BREES 7 v (LKETLNEMRTE
RN A FOBERO E ECOREE R, T2 5 03K IR E sy
Wr. BT 5 L HEOLSNELE L LBBOBKD £ TOHNA
EHEZ LI, Z OBBROTEHIC L0 IRV B OB O RS FE
Ihb,

3. MEA~DKAHI

RIS RIS RI ST DL LU T IS AR SR 2 FI
TDZ LIk o TR LA EEONEMSE % £ LD TRT,
3.1 I70VLHOEEAACON (MEERLERF
HRE)

WO X ARIHTIE(XRF) L 5 CHMER 22 ik ch o . —FF
W OTHEEZRET L DT FIETHHH, H
EEOGEEICHER S 256030 | BESIICEB W TS K
LRV, RIFETIET 7 v Y LSS XRF %388 L7-8
BOOHEDERMMELZFMT 5L L HIC, XRF ICEW =T Y
MDD IND TR OV CIRENER Gy & KBRSy D LR
DEALIZOW TR LT,

EBIE, BRI S DM RIIRFANARGS v o S AERHE LIC T,
NARY 2= L= T H 7T —% R RN (10um 2L EEBIT)
KRR OET vy VAl 7 « v — LICER Lz, To—
WALV EY XRF ZHWTREST Lz, b2, VD7 4V
A — O —{hZ& AU L, HZK 100 ml C 1 MERTEE S P LWL S 88 L
Too BRALICAVT T U7 4V E — Rl &8 7%, XRF T

Caji=fE [nmol /m?]

SHTL. K~OREER S Z Fl. ZExEOBREH  [keps/ugl
EE L7, XRF oo TFE @ U fEREERE
WACiT o 7 EE SR ¢ 4 - Na 00098 +0.0076 0.995
SRR ICPMS Jphiicys  Me 0.0320 +0.0182  0.999
SOl FEE s s AL 01700 +0.0810 0.9
b vom Wriesr o L. mme © 02298 01517 0.950
S 0.1104 +0.3996 0.993
4ml & EEE{L/KSE 1ml & 0% ¢l 0.0078 +0.0367 0.965
T 150°CT 4 FEFEmEDfE L K 0.3149 +0.1778 1.000
7oo TREMIKT20mICHHE  ca 0.2470 +0.2674  1.000
L. Av75v7 40  V  0.0768 +0.0098 0.989
A —Z DT B BBy Cr  0.0974 +0.8415 0.970
W L7, fREZhZRERR ':” g%g *gg:;f gggz
o e e o e . +0. .
giiﬁ;i?f;iif% Co  0.1594 +0.0307 0.983
° Ni  0.1845 +0.0872 0.986
845, XRF ACHBCRDBAE o 01880 +0.0339  0.988
X BT EE E Rz, Zn  0.2007 +0.0351 0.980
BB ROBHE S IEAEE Pb 0.1650  +0.4767  0.970
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Na % O EHE Tl HESE 23K <

8 8 &8 8

WXL, AT v F—Lrr —RARBET AT VA Y
TIUT AN —E TR ARME T L2 —TIERLR B Y |
Rl LTy 2 T3 IciilE T& TOARWITREMERN B o 7272, A v
TIT 4 NE— EORERREANCRERERH Lz, #1124
JLHEDBEBO N AR DT IO IeHE SRR ORI E VA
ICP-MS A A/ u~v 7
T4 K DONTRERLD D REREL R o7, ZD XD TRor N
k. RERBIORY - MERFERE L S D, FRERIE X RO R
WK > THEFEET D720 5T i sl B O F 43 BT CTHE XBRIREE MK R L,
B RN O e o T2, ICP -MS O3 HHE & O X IEH k)
BWA 2T B OIREMERSY & FREMER SO T O RIE A (X
3USFRT. KRAFIHEET B0 AD% L IFKIEMETH 505,
ZIE ORI THAREMERN Y bR S iz, T DM IE. KR 10
pm PAECTIERHICKEA A REMES b L &ML, Mz Xy
KEx ENomLEN, =7 ey L0 pH O LR EZSI RIS L E
KL=t DEEZ BN,

15
OH'RE =
43
1. B
, &
I o 9. §
I 2= omb~|2 8
. - o
000 el o A .
Qeldg LITAAA | AHe i
121314151617 [232425262728 [181920212223 22324252627
2A128 4A238 6A 188 8A278 | 10A22A
~1780 ~28H ~23H ~9A18 ~278
aktE 100d  WIKGEME 100d DB 10 odkaE 10cd

B3 KEHBDKBEEIFEKBEDHILOILEBE

3.2 BRILEMHONT WEERLERBRAHARE)

(1) Ni-Sn &£ > EH 0 Sn £HEDFHHE

BUIE . Bk & 785 CRE 3 BERR O VR A & L CilliR (b /K 38 (H.00) K&
AWM ENTND, LALINSORMIIENE NS, PE
EMEHRCHVS LTV ERBEREIILTLE S &) MERF
{E7 2, BfE Ni-Sn - [ LE W EMEL O Z ERmsh TV D,
LinL., ERD->E DG, oo XoREINE, Wi & &M
BREND e OEHEARTGIROFEMITE Do EFTHZ LML,
FOID, BHRTEROFM IS L, B itz o o &
ZRiTZEZBRE LT, AR CIRESBM Ni-Sn 440 > & O
REITHOTETWND, ZOWIED T T - = W4 JEmE Cif o
Sn DA « Ni-Sn BEOWRIZ 2T~ 72012 XRF # VT 5,
o EWIE. SBOFIBIRICHE=y 7y, AW M) v s &
JLAlE LTI VT R O A VAFATIVART U ERNWT
Wah, ELANCIX s == MU DA FEEST RY T ARE
EIMZT2b O THRMEME, REZHFLTETND, X 415ETA
IZ0IM KHLY T b Y DL BHEHI A oS R T A S L
SEALAIRIE 2 2L ST 10 EEfHETH > X E21ToBEDOH -
EEF D Sn DI LEDOELZ R T, 0.6 MIZBW TR b E L Sn D



HATRPG DN T2, ZOFEBR TR S 72 Ni-Sn IR &L P R
DI 25 wi%e H,0, VEIRIC 3 A RIS S W72 C b E D 3Bl
SN ERFERINTE TN D,
(2) MEENAEEMERICET2BREERILYDEE

Ny FAR Y =R I ) F 2 — T (CSCNT) L £ ik D %
[ TiO, 72 & BB BRI AT S, & 6 I0EB S B LY
FiZ Pt ZHrH &2 PYMOX/CSCNT(X 5) 4k P/l —R 7
7w 7 (CB) & 0 b AR ML 0 1 32 35 70 KOG (ORR)IZ 38 W) T W g
MEATLHZEE2, ZRETICHELAEFLNILTETND, £
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d-N2 Ry Z—0ffiE ORRIEMED 7 1w KK 6)L Y [ P/CB O
d-N R —EE 0 H5 0.2 eV /NS Wl 23 5 b v ORR
M E AT 5 K 2 A 7 OEBIBIR AT D Av7z, Z4Lid DFT G5
EMVTTREATWSHEGRMARERE BT 5, LER->T, Pt
& M;M,0/CSCNT & OFE T AVERIC & » T Pt O T-IRHE A
{425 LI2ko>T, Pt D d-2N2 R % —L& ORR &ML ORI
WIFRFLTZHBBEZ/L 2 N TETND,

3.0 (d
T POBTRIE. T DTl dANY Rl ¥ — AT = §
LT ORR FEMEE LD K< T2 LERME LT, fix 0BT 25
HMi, My & & 1088 & BB (MIM,0) 11C Pt 40155 & 4 7 Sa0l
Z2.
Pt/M;M,O,/CSCNT filfiift 2 A pk L. ORR fliEaE D 1) | 2 Mt L T =
5o TDOWFIOH T, AL L7 PUMM,0,/CSCNT F1 T Pt, M, M, ;"5'
DERREZMBHI-HIZ XRE 2 HNTWS, Pt O iER O E T %1_0»
RIS e 2 4 —)DRE & X BOLE T4 & O T, P .
0.5
Pt D d-s3> Ky & — & ORR ffiEIEME & OARBIPE R Biad LT 5, § (k)
o0 - - -
-3.70 -3.60 -3.50 -3.40
d-band center / eV
Al Py
0022 /L @03 /L .
804 ol 805 molL, -8-0.6molL 6 Pt/NbTi0,/CSCNT 0D ORR fig &t (B&E (0.9 V) & Pt
408 D ENYEEVA—EOBE. Nb/Ti (EJLEE) : (@) 8.1, (b)

‘M' 7.9, (© 7.1, (d) 6.6, (e) 5.8, (f) 4.8, (2) 3.5, (h) 0.3.

(i) Pt/Ti0,/CSCNT, (j) Pt/NbOx/CSCNT, (k) Pt/CB.

Sn® T (mol%)

3.3 #HAM-FIRILVOEEBERI T MEEGLZRAIBH
RE)

KAIEEETIT, BEEO SR ICEE LMt 7 I v 7 2
B OB S IEZAT > TV D, WL D —>TdH % Ba(ZnNby.,)Oss
(BZN) (%, 450 °C fHiE TEWA A AEMEZ2R$ 2 & 06 PRI <
BVET 2 E KR TR E L O B R EME & L THIfF S Tn o,

4 6
& o X [\H

4 REY)UEEFF)OL-AXEEF )Y L- TS
FUDLBIZEITEHDERPD Sn EEDH > EEHFUKEN

(A) Pt

Pt
‘/\ BZN TiL Zn & Nb O& B 2 &85 2 L2 &V iRERIA
NbTiO,

B8 OHBAWRETH D, ZOMBOA A U MREMITHRR KERE §
DEICEAKFET D720 AMBOTE 20 5 L Tamipkto

(B)
#2 XRFICKYRELIZS= 0~0.5HHMOEEMRELLEZTNIZEK
YVEH LEBRE
BERAR Ba Zn Nb o
8§=0 0.86(7) 0.29(1) 0.72(1) 2.93(6)
HHAA R 1.00 0.33 067 3.00
. §=0.1 0.96(5) 0.34(2) 0.66(2) 2.95(5)
NbT]O\ fHAH R 1.00 0.40 0.60 2.90
8§=0.2 0.96(4) 0.35(3) 0.65(3) 2.94(3)
AR 1.00 047 0.53 2.80
8§=0.3 0.90(4) 0.35(4) 0.65(3) 2.87(3)
AR 1.00 0.53 047 2.70
8§=04 0.97(4) 0.41(1) 0.61(3) 2.86(5)
B5 &AL =Pt/NbTiOx/CSONT it iEDEXR B L UERL = Haa R 1.00 060 040 260
HUFILEBEELE-TINEG 8§=05 0.93(5) 0.46(3) 0.54(2) 2.74(5)
AR 1.00 0.67 0.33 2.50
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SHHFIER ICEHE CTH 5, BZN IX Nb & & Te /2 o difigooith S ok
WRICHE TH 0 . ICP R HTIc & 5 @8 o3 o o’ N
Thd, €I TR TIE, WRSBRENT v 7 AT EEE
(WD-XRF) % T BZN & Bl (5 = 0 ~ 0.5) DALEFA I HT 217 -
7oo 3212 Ba, Zn, Nb DFLALL, 8 L O Zn? , N6 & i) E L CHERAY
PSRl (8 = Bx=1)2) O ROIZBFEEE R 3-5DMEERT, 4
Pk, 2ToRHIB O TLAZMK L Y & Nb G RN
&<, MBERBEOERZLES VIS MRIITRLETH D
DB LT,

3.4 RS/ HMT EREBEAESHMEOCBERNT MEERILER
SR E)

FIHAFZEE Tld, AMERRECEMiSNIZA Y R—F A U b %
WD Z & T H R FISAR T ORI A & A B RN T
e G o 4 B IR ARBEVE 1 RS JEAE U 7 A B IR AR oD B JE &
fToTW5b, ZOERBAEIL, ST BTN EES T L RST
o= EENALT 5 2 L Tl b a5 2, R Ui b e
BEERIC L VB SN D 2 & TRALKFEZ T U & T 5 AHAE
OIBALBSHETT 5 2 L 2 WL TR SN TWD, RIFETIEZ, 7
N — VEORBFRRLIZ X mBlkEERESEL 2 ERmbh
TWhet 2R L g bkFE2TEEL LT REBILHICTh D
ERrXU LT Vh(= OMEREISEDL I LN TE DR
[Fe'(phen);])** (phen = 1, 10-phenanthroline) % il BEIE M & L, 240D
Tl LR K EAERT B F A — VTR LTz, BA Ao 55
REZREOA Y ZAMET VR /U r— bk AI-SBASH ~[H & L 7= fil it
DB % & 15t L 72 (Scheme 1),

U & — MSIO)E D7 A FSIAV) D —#%E T LI =7 A
(AIAM)ZEHR L 72TV 7 U 7 — b Tl EWAEOZ»IC, &
ANENTT NI =T LA 1 EYS720 1 Eo+1 Mg 4 BEER
72 AERICE VIR SN TR . ZARBA 4 v R HAE D E R
LleoTW5D, AHFE T, AI-SBAST EO T L L F A4 — L ELITH
b4/ U v A Na[Au"CL]Z R &85 2 & ThA 4 v i
FFL. ZNITE LA TH D NaBHy ZEH ST/ R HiGtE R %
TRk S W= B\ BREE IR 2 A A L SSHABORIC K W R L7, SRR L 72
il 28T A ) TG 5 Z L TR )2 U — MR E
RRESHE, EOLICEECLET S Z & TEBMD & SRR ST
ICP-MS IZ L V3T L7z 2 A, Bkl ERED AI-SBAST D7 /L I
SULEBHERENDEM SN D EKE (AW gEERIT2 ifETh D
O TV =T AEFREON DR EOSE AR KEER) & b
FEl5>TWDZ EDHBLI(£3), £ L TCZOEBIX, &F /b
PSS DGR D 72312 NaBH, % VN2 2 & T Bz 7B A o o 25y
ANBBEAELEZEDTHLEB 2T, T7hbb, HEEOT VXL
F A=V EIF[ACL] & DRUSICEE L T, x4 > &
L TRILETHDH T ANT 4 R(=R-S-S-Ry~EZELT D03, Zh
IE#%HED NaBHy & OSUGIC L VIEILINTTFA—ADF Y T A

HER-SNa)Zizfbanbd, T L TINDBEA A &M A R &
LCHRELT=b DB LT,

2Tt R IE N RUB AT O il s KONV T R & 8kl
TRAF; S Ul BEIC DWW T HOE X B HT(XRF) & 1T - 72, Ak
@ ICP-MS (2 L 25 011&, 7S 7 B 04 @ pkc oy O E Bk &
LCTIEHIANRFIETH LB, TR DAL FATONTIEN T A
BEEPLOBEHIZL2IBAZZET HILERHLEEZBNDZ
&G IR T OB AT A AT RE7e XRF &3 L7z, T OFE R
FTRTOMPEETH MY U LADIFENHER ST, 723B[H L Al-SBAS
ISR DB EHE L b O TIEF MU v ATl Shiae o7t 2
LRV, F MY U AIEOWE - BILoMBE CTHBEEISRZLOTH
HZELMBEMNTRoT, ThbL, &ORIBRA L LT Na[Au'Cly]
ERHWTWA D, A4 FlaEHEFd 28T Al A hTO H
N Na' ~DOERWPEZ > TND I EE2E®RT 5, T LTaA 4
DIRTLHITEH 5 NaBHy & OSUSIFIZ NatB S HIZEESND S DD,
PSR ZEH SETHT_TO Na BB ENR2NENH Z &K
LTI Tz,

(E10),Si gs"' HS
+ +
HCl aq. é H
(E10);si ™M Ney —— > s —aP
o T T
(OPr)zAl / /1]
Al-SBASH
1) NaAuCly
2) NaBH,

SH_ HS . SH_ HS
S () (DS
Si Si Al— =—— Si Si Al
[T [T
AEx—L1 F R R LA EREF 3
RI 2ERLUVFA—IEETEE

TR R [l & & / mmol g** WVE R
DALLEIA -
B ()| SH Au Al Fe | Au/SH | FelAl

2.0 0.107 | 0.020 | 0.144 | 0.098 | 0.19 0.68

1.0 0.133 | 0.034 | 0.056 | 0.056 | 0.26 1.00

FRIR BRI 0 JFUBM A L
Si(OEt), : HSC;H,Si(OEt), : Al(OPr),
=100-(0.75+x) : 0.75 : x (x=2.00r1.0)

4 BBHYIZ

ZOEREEIT, SHTEOE RN E IS I H D03, BB & 4y iR
TLHIEMLSERTE DMNONRONIEBRTH L, B2 1o
L EERMTN LT 58, WMIEEFE LR A THNLDOT, 6725
AR 285 LIz,



6. LEAmtEar 3t gE

B - YRR ANA TR b YV DRSS - BHES (2018)

AVEE RO IR TEEAR S D Nb BIRE AV A & de-SQUID DEFHi

43I T IR 7 BB Janus T D7 0y LA RO AL H CALRRL
Ba(ZnyNb.x)03.5 [ BT 7RIV 6% -V 72 ik 2 B o 43t

R R A

P B, H R Al Y
RH R B AR

AR SR, 2 B 21 B
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Research and Development of a Light-Weight and High-Performance Hybrid Rocket Engine in 2018

Atsushi TAKANO™

1. #8

P4, SR O/ AL, FFIZ MEMS (Micro Electro Mechanical
Systems) D¥&iE & A 12 LT, #/NEMRE OIS i
BEEANZ T2 o TV D ENREICBW TS 2 2 15 F TR IEHEES
MNHFTE B BB N R 1 20 0L RIS BN N B R o
%Uyki%%%ﬁﬁﬁ<1R:beﬁ%f%ékw55f%7
LLIhbOfEE, KEREZ KT a v M TS LT 58I
[FHED | THH EIFbhbZEnNIEEAETHD. Z0%E, 15
FFoORLEE I EEMOMRICKE S, BIROEBETIEE
AEWRL D, 22T, BANBEETS EFEHOB/NIa Sy b
DORFERRDO N TND. F, E/J\*'W“f:%@)‘ Uy hThd MK
[BHRMIE N E ) 2 E2ENTEOITINLETH L
ﬁémm@uﬁyhg%mﬁmﬁﬁw¥*éné.

EITHEHEDIEINA T vy Fuly MZHEH L THF%EES X O
HERTTElNAT Yy Falry beid, R TrEbrbnos
ToMIR 722 E A EIARRELE L, BRIl ER R EABLAIE TS
ary hTHDH. ERIE, KFLAY ) — i EERREE LCIRIR
EALANC K> TRBES 2RI 7 > b, & D0, B Bkl
ZiRG Lz L CED IZEERAEER (Wb 5 k3K 2 v 5 E R e
Ty RRERTH o7, TS IESUSHED mWIREZ AW 5729
BROGERZ L, a2 bR 2D &0 ) RSEFO.
—HTAAT )y Faly MIZEKH TREEIZT 2 0D LW
JEHEIL 7 WIREL 2 AL A O BRI TIAIE S & 5729, T—rl v b
DREEBE AL Z L TH T ITWAT L LV I fmER>. 2ok
W, EH -EBHaANRTFTFOLND.

i Th &b ERIGHERR S RWVBIRZ BB L T 2720, K&
HNPBIZS W EWIREBHET L. ZOMEICHLT, Ty s A
72 E ORI VD 2 8FER, B D0k, B kAT A fE ] &
WD LI K o THRBMEZIREE (RAZIFR Y 72 0 OPREL D iR &)
RS E L ERED LN TND. FEHEHIE3ID Y ZIT
KXVERINTRET 77 Z VBRI E 7 LA 2 ns 2 &
T, BEARRE O R KIS X DT AR AEROBKR, BRIV,

T A b,

MBI BT ER

Associate Professor, Dept. of Mechanical Engineering
TBhE BERMCTEER (BUE, GEAD BhERCEARR)
Assistant Professor, Dept. of Mechanical Engineering
(Currently, Lecturer, National Defense Academy)

Yuki FUNAMI™

EVRICHER S R AR oy & A 5975 2 LIS & 2 B EHZ RS o 1Ak
ER-OTND. SHIINAT Uy Fuly b, RRCHERGESRZ 7R
LR L LTHW DN T )y Py MR LIcm Vv 2T
L(E—2BLOBAIZ 7)) OBEALOBIZEIRE b D TV D,

2. BEBE 100km ZBHEITNATU Y FOY Y FOBREY
H EE 100 km (FEHZEM O FER) 12 100 kg DA & — K Z i
HETHZEEBELLTC, T Uy Rary hoOB&#EETTo
2. 2O T, LA OMmE L EDbE TiTol. " A 7 Uy Faly
FOEALFI E LTIES HNLNR TS 00 H 5, BN 7 < i
FIBNCT NS O & U TIEEER L i b EEN KT oD, B#FEL
LAl T A7y Fary e LTR&ERRBOE LTI
WEE RS L ORI BRI KV B S iz CAMUL vy R 3d 5
B JRIREEFRIC L B NA TV v Ka oy NI (B A
%%t@@%ﬁ@ﬁ%ﬁ“t)ﬁ%<&é*&ﬁﬁ6n1wéﬁ
INEEREOT YV URNIZEA T H7DIE AR T ETET S
m,«)ﬁAﬁ&Tmrﬁé(wb@éﬁwa ZEBNETH
0, MEEESEKRT DL bITHENEMI LT S 2 L cillia R
FOERBEESND. —H THBRLERITFEIR TOEKQLER &SV
TOHCMENAERTHY, N7 UTARREERLN,
HENWORE D, T THRMEEHET DICHY, TR EF
MEEEITo 7o, BmEtoRiige LTI TZ2RE L.
e N/ - RBLXOEXRKLOGFTEREZ 100kg 2T 5.
o RBHZ X ABS ¥t (Acrylonitrile Butadiene Styrene 3£ H A 18 i7)
ZHWS 3D 7V v EAROBHRIR T LA a2 .
o IEEE (MEFFAY) 1X 6G U FIZe 2 KOS D (XA r— R
DB A RET HT29D).
o b= A VA (HETORERIFE S E) XIS
ROEIOBRETD.
Fi, HEEROMRE, WELEEH F IR IREREE AV D 54
D2 Y EBRFL, LLTFO@EY & Lz,
MR ERZE O D56
e iR TIEIE T e — Xy e T 5.
WREEZ VD854
o MG HIETANY T AT AL DT AMERET D (R 7R
XEAGCTH B DRI .
o BRALAI & > 7 EINTIRBERIE 12

S 100 km &

2 MPa ZMz7-fE & LC,
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MEHAZ 7 ESIF 22 MPa & LTHET 5.
o MEN ADLIEARBIZHAREORESFRALY, RE &
ERELTHET 5.

Bl DB 2T O 12D OBTHRSME & LT, Mk s E
(FEN R AR <) ITHEER SRR &Ik LT 02 fF & @ L TR
L.

IO ORMEIZIESNT, B 100 km 2 HIET A7V »
Frdy MO bAlZ2%E Lz, 22 Chili 2B Al &%,
CORFTEHASAA m— FEEIIA - L2 E2BE 2T, BER
FOBBEICHFTEDIBMLA, DFD S m— RS LY K& Al
LB LAl Z &l Uiz, R kAl E £ ToERENRER 1
s Ny

LeHEFT I, 12 NASA CEA (RP-1311)7 % F W TR M L7z R BHT ABS
MG & L, MALANITB LA H E IR REEHE & Ls, RBESRIES
WL T, BERBLEROLGAICITREARBREREME X T3
MPa L3 L, IARFEOHAIZIX 3,5, 7B L IMPa L% iR~
Tt U7z, W) L, SR EIE, HEERVE & om, 12HEE L b —
B VA LERCRORDEHNTROSZERTES. T
g WXEIIEE A KT

I,=I,mg M

FEhRE (BeHl s v o, MEX 7, £—4%/7—2A) L CFRP
(Carbon Fiber Reinforced Plastics) TaXaf L, WIKEER OfE(LAIZ >
I DIRIRIR DI DT VI =T ATRIT S, TAI =084
A7075-T7351 O 5| 3E5E £ (21X 434 MPa %, CFRP (HSX350C075S) @
SRR I3 B % T8 1238 1 5 838 MPa & JH /-,

TND DM THEEITo /R, K287 X9 ICHEBbER
DOFNERE L TOHEBEEZ/NSL TELIENS -T2, b,
FOLGEITIRBEEIET) 3 MPa DIRFIZ A n— RN —FRE 2D
ZEWGrholic®, FOREERNTND., 2O LRI
TR &R E LAl & L CHBbERAAT 22 L L L.

3. B3R~ -BEREHZ Y ORARSE

FERDOEE 100 km (2T 5720 0H S BT O 7 0 DR
ZHMIZ, 2018 FFELEE ISkm B HEL2HEE LT, N7 Y v K
vy FORGE  BUEB LT H BIF &2 To 2. Z ORI AT

S E B .
Lo
=& A o A W
[
HedEF| mES T -
[
REEEROR .
l e
FEFEEORL
Lo
FiEm E 100km
| NES.
b 7 L -

NO -

1 REBRALADERE £ Tofin

L7l Ka R b - gERHZ 7 OB EITo 2. BeAlE
AR X O ICHEbER & L, felii 15 kg, FRIHARL 16.7 L % iffe
ELTHF AT o7, B2 2 MED T2 DI BRI T %
RN EEFEEITEE LT, EIEHROT VI =0 A58 (7
AL, €0 ETCFRP # W CHimEZITo7/z. £z, HIIX
#x 2T (7075-T651) #MEA L, HMEWEHOBEA TR
U (FES WS M146X 1.5 R UEMTL) #HMA L. itk
N T3 eds CrRlfE & 72 7. F 7= CFRP OB L Tix, 7V~
L7 % O CTHIER N CREB R L OB 2175 Z & T2 A L
b EBRTE . MEIZKEHOZMERRIC LB L. AR
JEAT K FPHEMBALSTHS 5 MPad 1.51%0 7.5 MPa & L, A
o R T B b 0 SR B r oD TR e ] s L OMr i e ] & 5 8 L T 20
& LTz, WIEORERTIX 7.0 MPa [ZB W TIRE 2 & 84 5
EWHREAENEELEZD, RULOEFOHVESE2HFICLTH
ERER L ORBREIT o2 25, AL 75 MPalliitx 52 &
MCEJo. ZORREEEEZ T, BBERBRE T L Cbil & v o
OREAEMEZTERR L, 2018 4E 10 A 6 BIZIXHTH EiFilBrZ21T- 7.
ZORER, BEOEE 15 km [ZIEKIER o7 b DD, EE 6204 m
B L, JLHEE RS - MR EH O & 8.3 km (HERE) PR LW
B 7.5 kmlNZRWT, ENOANA T Yy Fady MT EERF K
LTI 2 ek A ER L.

4. BRI ZIUEERMKREET LA >0t AL ERY

NAT Yy Rady MY, BEEREZ LA CREIER S D5
S O P CRREN T A &R LA MR E L ONES L, BOG LTk
EHEUD &V BRI IR SR EE R LTV D, 20
AT = RABTEE U CREMZIREE MR, L7 o TR A %
AR BN 22D &0 D B 2R BN EAE T 5. Z O RO %
HX LT, ARERBFTECIL 2017 FREICRIE 7 T 7 2 VEERTEIR 7 L
AVERRELENKIICER T 77 ZAERIEIR 7 VA Va2 RT.
ZAVEERBRE LA v DR— M (7 LA VT bR Z k.
ZOLONMEEEHT ARG D) TBIREEHER DT HZ LT
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A simple approach for the fundamental period of MDOF structures

Yan-gang ZHAO *

1. Introduction

The fundamental period is a key parameter for the seismic design of a
building structure using the equivalent-lateral-force procedure; in
principle, it can be accurately evaluated by means of an eigenvalue
analysis [1] on a structural model. In most building-design projects, since
the building’s period cannot be analytically calculated before it has been
accurate computation is generally not

designed, possible in the

preliminary design stage, and, typically, simple formulae for the
fundamental period are used to initiate the design process. These simple
formulae also serve as a basis for limiting the period from a finite-element
model by applying the upper-bound factor suggested in the 2003 NEHRP
Recommended Provisions for Seismic Regulations for New Buildings and
subsequently in ASCE 7-05 [2]. Therefore, at present, simple formulae for
estimating the fundamental period with good accuracy play an important
role in structural design [3, 4].

Many researchers have previously proposed such formulae for this
purpose. Generally, there are two kinds of simple formulae for the
fundamental period: empirical [3-16] and analytical [17-21]. A lot of
empirical formulae have been developed. Asteris et al. [5, 6] give an
extensive review of these formulae. Empirical formulae adopted in most
codes are simply expressed in terms of the height of buildings [19, 21].
Some researchers take into account other parameters apart from the height
of building. Kose [9] takes into account the presence of infill walls and
frame type. Hatzigeorgiou and Kanapitsas [11] proposed an expression
considering the soil flexibility, the influence of shear walls, and the
external and internal infill wall. Asteris et al. [5, 6] proposed a more
accurate formula that takes into account the number of stories, the number
of span, the span length, the infill wall panel stiffness and the percentage
of openings within the infill wall. Further, Asteris et al [8] recognized that
the wvertical geometric irregularity significantly influences the
fundamental period, and proposed a reduction factor to quantify this
effect.

Analytical formulae also have been adopted in many codes [19-21].
This study focuses on the analytical ones, which have generally been
developed based on vibration theory for a multiple-degree-of-freedom
(MDOF) system. Among these, Rayleigh’s method, Geiger’s method, and
Dunkerley’s method are the three most widely used; the first two of which
were specified in the 1997 Uniform Building Code [19], the Japanese

seismic code [20], respectively. In this paper, a new, simpler, and more

Professor, Dept. of Architecture
* Assistant Professor, Dept. of Architecture

Haizhong ZHANG **

accurate method for estimating the fundamental period of a MDOF system

is proposed.

2. The proposed method for estimating the fundamental period

A simple method for estimating the fundamental period of an MDOF
system is proposed in this chapter. The basic principle is to replace a
complicated MDOF system with an equivalent SDOF system for which
the fundamental period can be easily obtained. To realize the

SDOF-system equivalence, a procedure to replace a
two-degree-of-freedom (2-DOF) system with an SDOF system having the
same fundamental period, called the two-to-single (TTS) procedure, is
developed firstly; then, using the TTS procedure successively, the MDOF
system can be replaced with an equivalent SDOF system having

approximately the same fundamental period.

2.1 A procedure to replace a 2-DOF system with an SDOF system
In order to develop the TTS procedure to reduce a 2-DOF system to an

SDOF system with the same fundamental period, a 2-DOF system and an
equivalent SDOF system are considered, as shown in Fig. 1. In essence,
developing the TTS procedure means expressing parameters including
mass, m.,, and stiffness, k., of the equivalent SDOF system in terms of
the parameters of the 2-DOF system. For this purpose, the following two
equivalent equations are considered

m,, =m +m, (1)

Ty =T vor (@)
here, m;, i = 1, 2, is mass of the ith degree of freedom and 75 por is the
fundamental period of the 2-DOF system; 7., is the fundamental period of
the equivalent SDOF system. In order to determine the stiffness, k., of the
equivalent SDOF system using Eq. (2), the fundamental period,75.por, of
the 2-DOF system should be derived firstly.

Consider the 2-DOF system in free harmonic vibration. The basic eigen

problem for this system is represented as

®
Jiz5 ’ Mg

kcq

(a) (b)
Fig. 1. Illustration of the concept of replacing a 2-DOF system with an
equivalent SDOF system
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Fig. 2. Illustration of the concept of replacing an MDOF system with an equivalent SDOF system

(@ [M)-[K)fu} =0 G)
where w;, i = 1, 2, are the free-vibration frequencies, [M] and [K] are the

mass and stiffness matrices of the 2-DOF system, respectively, and are

-l oL ]

and k;, i = 1, 2, is the stiffness of the ith degree of freedom.
By eigenvalue analysis, the fundamental frequency , can be given by

2
wlz_;{kl+k2+lq_\/(kl+k2_kl)z+4kl} @

expressed as

m, m m, m mm,

As Ts.por = 2m/w,, according to Eq. (2), the stiffness, k., of the SDOF

system is given by

ko=

eq

(m, +m,) k,+k2+£_\/(k1+kz_£)z+4 i ®)
m, m W1y

2 m, m,

Using Eq. (1) and (5), an equivalent SDOF system having the same

fundamental period as the 2-DOF system can be obtained.

2.2 A procedure for estimating the fundamental period of an MDOF
system

Successively using the procedure for replacing a 2-DOF system with an
equivalent SDOF system as described above, a procedure for finding the
fundamental period of an MDOF system can be developed. The concept of
this procedure is illustrated in Fig. 2. And, the procedure includes
following steps:
1. For the MDOF system shown in Fig. 2(a), the top two masses m; and
m, are assumed to lie on rigid ground and can be considered as a 2-DOF
system. Then, based on the TTS procedure (i.e., Eq. (1) and (5)), an
equivalent SDOF system having the same fundamental period as the top
2-DOF system can be obtained, forming a new MDOF system as shown in

Fig. 2(b).

2. Then, as in step (1), the top two masses of the new MDOF system as
shown in Fig. 2(b) are considered as a new 2-DOF system lying on rigid
ground and can be replaced with another equivalent SDOF system using
Eq. (1) and (5) again, forming another new MDOF system, as shown in
Fig. 2(c).

3. By application of the TTS procedure successively to the remaining
lower masses, finally, the MDOF system is replaced with an equivalent
SDOF system, as shown in Fig. 2(d). Then, the fundamental period can be
readily obtained.

2.3 Validation of the rigid-ground assumption

In the procedure for replacing an MDOF system with an equivalent
SDOF system described in the previous section, at each step of
replacement, the top two masses are always considered as a 2-DOF
system lying on rigid ground. However, except at the final step, the
2-DOF system lies on a floor with limited stiffness. In order to validate
the rigid-ground assumption, the fundamental periods of a large number
of MDOF structures are computed using the procedure described in
Section 2.2 and compared with those obtained using an eigenvalue
analysis.

The analyzed MDOF structures are divided into two major categories:
MDOF structures with floor stiffness varying with height and those with
only one special floor with different stiffness from the others. As the mass
of the actual structure generally varies less significantly as a function of
height than does stiffness, the mass, m,, of the analyzed structures is
considered constant.

In the first category, the variation of stiffness with height is expressed
as

k,=r"'k, (6)
where £; is the stiffness of the ith mass point, as shown in Fig. 2(a), ko is a
constant value, and factor r represents the variation degree of stiffness
along height. Eq. (6) means that, the stiffness of the top story equals 4,

and stiffness of any lower ith story is r times as large as that of the upper
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Fig. 3. Comparison of the fundamental periods obtained by the procedure

described in Section 2.2 with those obtained by eigenvalue analysis

i-1th story. Generally, as the stiffness of the actual structure increases
from the top to the bottom, factor r is considered to vary from 1 to 1.5.

In the second category, the stiffness of only a special floor, £;, is
considered variable, and the others are constant and equal to k. The
variation of the stiffness of this special floor is expressed as

k, =rk, (7)
Eq. (7) means that, stiffness of the special story is » times as large as that
of other stories equaling ko. In this case, factor » is considered to vary
from 0.5 to 1.5, and i varies from 1 to n, where n the number of stories.

It can be easily shown that, in these designed MDOF structures, the
parameters controlling the fundamental period are the factor r, the ratio
between stiffness and mass, ko/mo, and the number of stories n. Thus, the
error in the estimated fundamental period caused by the rigid-ground
assumption is also considered to be affected by these three parameters.
The variation ranges of the parameter  have been introduced above, for
the parameter ko/my, two values, 10,000 (kN/cm)/6 (t) and 10,000
(kN/cm)/60 (t), are considered in the following calculation. The value,
10,000 (kN/cm)/6 (t), is determined according to an actual structure
constructed in Japan [22]. To observe the possible effect of the parameter
ko/mg on the error clearly, another extreme value, 10,000 (kN/cm)/60 (t), is
assumed. The extreme range assumed for the parameter ko/mo is to
observe the possible effect clearly instead of representing actual
condition. And number of stories 7 is considered to vary from 3 to 10.

The fundamental periods of these MDOF structures are calculated using
the procedure described in Section 2.2 and compared against those
obtained using an eigenvalue analysis. The errors are expressed by ratios
of the fundamental periods calculated by the procedure in Section 2.2, T,
with those by an eigenvalue analysis, 7,. Fig. 3(a) shows the results of the
first category of MDOF structures. For the second category of MDOF
structures, results are very similar regardless of the value of i expressed in
Eq. (7); for simplicity, only representative results when i = n are shown in
Fig. 3(b). In these figures, the horizontal coordinate is the factor r,
representing the variation degree of stiffness, and the longitudinal
coordinate represents the error.

It is observed that, for both subcategories in which there is error in the
estimated fundamental period, the maximum relative error is less than 8%.

The errors are dependent on the factor » and the number of stories 7, but
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not on the ratio k¢/mo. The errors increase with increasing » for the first
category but do not change noticeably for the second category. For both
subcategories, the errors increase with n. Comparing the effects of » and r
on the errors, that of » is clearly more prominent.

The reason for the dependence on the number of stories is that, when
replacing an MDOF system with an equivalent SDOF system, the top
2-DOF system at each step is assumed to lie on rigid ground, when in fact
it lies on a floor with limited stiffness; thus, the more stories the analyzed
MDOF system has, the more the assumptions used, resulting in a larger
erTor.

Generally speaking, the rigid-bedrock assumption used in the procedure
described in Section 2.2 can cause a calculation error in the fundamental
period, but the maximum relative error of the analyzed MDOF structures
is below about 8%. The errors are affected by the number of stories » and
the variation degree of the stiffness with height, although the former effect

is more significant.

2.4 Correction factor

Based on the analysis in the previous subsection, the prediction of the
fundamental period using the procedure described in Section 2.2 is
improved with the appropriate introduction of a correction factor.

The fact that the error in the fundamental period obtained using the
procedure in Section 2.2 is affected by the number of stories and the
variation degree of the stiffness along height leads us to conclude that the
correction factor should be expressed in terms of the number of stories, n,
and a factor representing the variation degree of stiffness. However, since
the variation degree of the stiffness of an actual building cannot be
expressed as a single factor like the idealized one, r, used previously, and
since an increase in the number of stories affects the error more
significantly than variation of the stiffness, the correction factor is
expressed only in terms of 7.

To isolate the effects of variations of stiffness and mass, MDOF
structures with constant mass and stiffness with height are used to conduct
the correction. MDOF structures composed of 3-20 stories are used for
the correction. Then, a correction factor R is introduced, defined as the
ratio between the fundamental periods obtained by an eigenvalue analysis
and by the procedure described in Section 2.2. To determine the correction
factor R, the fundamental ratios of the exact and predicted periods of all
analyzed MDOF structures are computed, and the results are shown in

0.99 \o

R =(0.4m)"(-1/30)
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Fig. 4. Ratios between the fundamental periods obtained by eigenvalue

analysis and by the method described in Section 2.2
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Fig. 4. By trial-and-error analysis of a large number of functional forms, a

very simple function is adopted for the correction factor R, given by

R=(0.4n) % ®)

The accuracy of this function can also be found very well from Fig. 4.
The standard deviation of residuals expressing the random variability of
results by Eq. (8) is almost equal to 0.001.

Finally, considering the correction factor, the fundamental period of an

MDOF structure can be estimated as

/m
T, =27zR k—“’ ©)
o

where m,, and k., are the mass and stiffness, respectively, of the final
equivalent SDOF system obtained by the procedure in Section 3.2.

The proposed method is composed of three equations (i.e., Eq. (1), (5),
and (8)), of which the second equation seems more complicated than the
current methods at first glance. In Rayleigh’s method, the mode shape
should be determined first; and, in Geiger’s method, the top displacement
should be estimated. As Eq. (5) is expressed in terms of only mass and
stiffness without any other additional parameters, the proposed method is
considered simpler and more direct than any current methods.

It should be noted that, the proposed method is developed for
estimation of the fundamental period of the widely used MDOF structural
model. This means that, for an actual structure, it must be simplified as an
MDOF model before applying the proposed method. During the
simplification, besides the structural elements, the infill walls also should
be properly considered in the model, since contribution of the infill walls
to the fundamental period may be also crucial [5, 6].

In addition, as the proposed method considers variations of mass and
stiffness with height, thus the method is available for structures with
vertical irregularity. For structures with plan irregularities, torsion may be
caused to the building, thus torsional stiffness should be considered in the
model of the structure. However, during the derivation of the proposed
method, only lateral stiffness is considered. Thus, the proposed method is
only available for the shear-type MDOF system. Improving the proposed
method to analyze structures with plan irregularities is necessary in the

further study.

4. Examples using the proposed method

In order to investigate the accuracy of the proposed method, a
recalculation of the fundamental periods of the two categories of MDOF
structures introduced in Section 2.3 is performed, and fundamental period
ratios between the predicted periods, 7, and the exact ones are shown in
Fig. 5. It is observed that errors are very low for both categories, with the
maximum relative error below 3%. Although the error increases with the
number of stories for the first category of MDOF structures, the error
level (3%) is considered acceptable for engineering use.

In addition, in order to compare the accuracy of the proposed method
with current methods, the fundamental periods of the two categories of

MDOF structures are also estimated by the current methods. MDOF

structures with as many as 60 stories are considered for comparison.
Representative results are shown in Figs. 6 (a)-(d). In these figures, the
horizontal coordinate is n and the longitudinal coordinates are the
fundamental periods calculated by different methods.

It can be noted that all results obtained by the proposed method are
much more accurate than those obtained by Dunkerley’s method, the
Eurocode 8 method and Geiger’s method adopted in Japanese code.
Indeed, the accuracy of the proposed method is nearly equivalent to that
of Rayleigh’s method adopted in UBC 1997.

Generally speaking, the accuracy of the proposed method is very good
and is much better than that of Dunkerley’s method and the Eurocode 8
method. For most of the estimated structures, the accuracy of the
proposed method is better than those of Rayleigh’s method adopted in
UBC 1997 and Geiger’s method adopted in Japanese code.
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Fig. 5. Comparison between fundamental periods obtained by the

proposed method and by eigenvalue analysis
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5. Conclusions



On the basis of the preceding discussion, one can draw the following
conclusions:

A simple method of evaluating the fundamental period by replacing the
complicated MDOF system with an equivalent SDOF system is proposed.
The proposed method is available for shear-type MDOF system. As the
proposed method is composed of three simple explicit formulae, it can be
conveniently implemented in simple spreadsheets. In addition, the
application of the proposed method does not require expert knowledge
concerning eigenvalue analysis; thus, the proposed method is thought can
be used by practicing engineers conveniently. Moreover, as simple
formulae are expressed in terms of the mass, stiffness, and number of
stories directly without the mode shape or top displacement, the proposed
method is a simpler and a more direct method.

The accuracy of the proposed method is investigated by estimating a
series of designed MDOF structures and19 MDOF models of actual
structures, and is found to be reasonably good. The accuracy of the
proposed method is much better than that of Dunkerley’s method and the
Eurocode 8 method, and is better than that of Rayleigh’s method adopted
in UBC 1997 and Geiger’s method adopted in Japanese code for most of

the analyzed structures.

References

[1] A. Shibata. Dynamic Analysis of Earthquake Resistant Structures.
Tohoku University, Sendaishi, Miyagi, Japan (2010).

[2] ASCE, Minimum design loads for buildings and other structures,
American Society of Civil Engineers, USA (2005).

[3] P.G. Asteris, C. Repapis, L. Cavaleri, V. Sarhosis, A. Athanasopoulou.
On the fundamental period of infilled RC frame buildings. Structural
Engineering and Mechanics, 54(6), 1175-1200 (2015).

[4] K. Young, H. Adeli. Fundamental period of irregular moment-resisting
steel frame structures. The Structural Design of Tall and Special Buildings
,23 (15), 1141-1157 (2014).

[5] P.G. Asteris, C.C. Repapis, A.K. Tsaris, F. Trapani, L. Cavaleri.
Parameters affecting the fundamental period of infilled RC frame
structures. Earthquakes and Structures, 9(5), 999-1028 (2015).

[6] P.G. Asteris, C.C. Repapis, E.V. Repapi, L. Cavaleri. Fundamental
period of infilled reinforced concrete frame structures. Structure and
Infrastructure Engineering, 13(7), 929-941 (2016).

[7] P.G. Asteris, A.K. Tsaris, L. Cavaleri, C.C. Repapis, A. Papalou, F. Di
Trapani, D.F. Karypidis. Prediction of the fundamental period of infilled
RC frame structures using artificial neural networks. Computational
Intelligence and Neuroscience, 5104907 (2016).

[8] P.G. Asteris, C.C. Repapis,, Foskolos, F., Fotos, A., Tsaris, A.K..
Fundamental period of infilled RC frame structures with vertical
irregularity. Structural Engineering and Mechanics, 61(5),663-674 (2017).
[9] M.M. Kose. Parameters affecting the fundamental period of RC
buildings with infill walls. Engineering Structures, 31(1), 93—-102 (2009).
[10] A. Shafei, M. Alirezaei. Evaluation of the fundamental period of
vibration of irregular steel structures. International journal of engineering

sciences & research technology, 3(4), 6083-6090 (2014).

105

[11] G.D. Hatzigeorgiou, G. Kanapitsas. Evaluation of fundamental period
of low-rise and mid-rise reinforced concrete buildings. Earthquake
Engineering and Structural Dynamics, 42 (11), 1599-1616 (2013).

[12] O.S. Kwon, E.S. Kim. Evaluation of building period formulas for
seismic design. Earthquake Engineering and Structural Dynamics, 39
(14), 1569-1583 (2010).

[13] H. Crowley, R Pinho. Period-height relationship for existing
European reinforced concrete buildings. Journal of Earthquake
Engineering; 8 (Special Issue 1), 93-119 (2004).

[14] C. Balkaya, E. Kalkan. Estimation of fundamental periods of
shear-wall dominant building structures. Earthquake Engineering and
Structural Dynamics, 32, 985-998 (2003).

[15] R.K. Goel, A.K. Chopra. Period formulas for moment-resisting frame
buildings. Journal of Structural Engineering, 123 (11), 1454-1461 (1997).
[16] R.K. Goel, A.K. Chopra. Period formulas for concrete shear wall
buildings. Journal of Structural Engineering, 124 (4), 426-433 (1998).
[17] J.K. Hsiao. Computation of Fundamental Periods for Moment Frames
Using a Hand-Calculated Approach. Electronic Journal of Structural
Engineering, 9, 16-28 (2009).

[18] B. Leng, X. Yan, K. Lin. Analysis on natural frequency calculation
formula of vibration system. Shanxi architecture, 39 (21), 20-22 (2013).
(In Chinese)

[19] International Conference of Building Officials (1997), 1997 Uniform
Building Code, California, Wilier.

[20] Editorial Committee of structure-related technical standard
commentary book of the building (EC) (2007), Structure-related technical
standard commentary book of the building, Tokyo, Japan. (In Japanese).
[21] European Committee for Standardization CEN (2004), Eurocode 8:
design of structures for earthquake resistance—part 1: general rules,
seismic actions and rules for buildings, European Standard EN
1998-1:2004.

[22] A. Tatsuya, I. Namihiko, I. Masanori, K. Toshihide, K. Shin, N.
Hiroto, T. Takehiko and M. Koichi. Study on dynamic soil-building
structure interaction based on strong motion observation. National
Institute for Land and Infrastructure Management, 866 (2015). (In

Japanese)



106

BT IRARBTR = R RS LT BT OB (4)”

A OR e R R e BREIEE S - R !

- R

% ANFEARCHENR ® « HAEHET

“Development of Novel Battery towards New Low Carbon Energy Society (4)”

Futoshi MATSUMOTO ' + Takayuki IKAHARA * « Takao GUNJI ?
* Takeo OHSAKA * - Hiroshi NAGASAWA ° + Yuuta IRII ® + Nobuo ANDO ’

1. #E

ARK7v vy ML, R OFHRIEMOBRFICE R E Y T,
PEEHEO L LT b T ey ey hTh b, SEE
X, FEFEEMIE TR LN Y T AA 4 U EMICET 5 =
DO EE WG T D,

2. R EREI

2. 1. KRAAVF—BROEDDa—T 4 Y TBET
COEIZ X B Y F 7 hA 2 B LiNixCoyAli-xyO: IEFE
MRLR A~ DR A D1 5

VF U LALFy ZRBMAERT 2 EEDO—-DTH D IEM
X, BT R, EENAE NS EEET AN, H —
IZE o TR SN TV D, BUEIXAMEANZ O S &5 31
VE=PNIEL AV BITW DA, W TW DIERIDS AKRICE
Er b KEDWAIE L THWEKRASAS VX —~DBAT
NEENTND, Lo LIEMM R KICERT 2 & &8 A
A ORI L2 EMABR TOMENELCTCLES, 2
FTOMEIC LY EMmMEIEE~D TiOx 2—7 4 71T X
DREBORFHEOM EZ#A L TE TV, MKEB R
FRREERFHThoTo, R TIE TIOx = —7 1 V7T

1 BdE AR TR A LR

Professor, Dept. of Material and Life Chemistry, Kanagawa
University

2 Ff  AhRNRFE T bR

Professor, Dept. of Material and Life Chemistry, Kanagawa
University

30 FERIBNE  AhTR)IRSE L e a7 R

Assistant Professor, Dept. of Material and Life Chemistry,
Kanagawa University

40 FEEEE SR LT

Visiting Professor Research Institute for Engineering,
Kanagawa University

5T FEER )RS L 5ERT

Visiting Professor Research Institute for Engineering,

Kanagawa University

6 HEMITEE  HRIIRS: LAESERT

Researcher Research Institute for Engineering, Kanagawa
University.

T BREMER AR AT

Researcher  Research Institute for Engineering, Kanagawa
University.

200

[Euw}
= Aaaaiiaa ST L P i Ty 223
= Yoy LYY VYV N s ]
= A T A
- Adbasy
E lﬁo_mr" TYVVSYYVY -y,
= e st e usaeuygese SN TYTYYYYrysy
= SHeerieiin sani e e e £
~ N YT e e
= 0.025 S-SR ugeuse)
=100 _ =SSeeisy
= 5 0020
é’l‘ T o015 O NCA-PVdF
= ~ E 0.010 O NCA-FAE
= S = A Sample 1
=z = v Sample 2
= 0.000 o Pl N
[ 2 3 ®  Sample 3
Sam:ple aum:ber
0 T T T T
H 14

T
24 30 40 S0

‘vele Numiber

Fig.1 4% TiOx-NCA ¥ > 7L Ti & i & BRI

MZIKFANA L Z =2 T Y —|Z COLEEfET = LIk D,
E5 R DHMWMAMEDN B & IEMO R B E2 L
L7,

TRE il = — 7 ¢ > Z R MP-micro &\, Sfb&2 4
ZTCTiOx2—T 4 ¥ T &4T 512, S HIZpH EFIH D728
TiOx-NCA BHE A Z U —{Z5%F L 20 43 CO2 ALEE 24T\, &K
L72IEMA O oA 7 AR L OV — M2 i LTz, B
PEEEA & L C XRD <X° SEM % W\ CEMIFR 1 & EARbERR 1
AR DAL #BlZ LT, £7- XRF WIEIC LV &EA LD
RHOENEHIE L, KFBAA U F—I12 LD IEWmE A~
2 FEAm L 7=,

Fig.2 TiO-NCA(/)E CO» WLELt: (f7) D B & 1
ki 1~ SEM 14



20 3§ %
-
e 2Rt 4433433331318
1264 ™ O NCA-FUIF
—o— MCAFvaF A Sanylel
= Y : ::g}: L 50, | * SamplelJrC‘D2
1wo-| 5

e
® \
ojs| gp K
B
S
13

o1z 3 4
Rak[C]
T

Discharge capacity {mAh

] 10 20
Cycle number

Fig.3 TiOx 2 —7 4 ' 7B LT COx PRI L DA 7

Jby b MRV R

Fig. 1 ICHF 21T - 729 > 7L XRF HIE & Fe i ik o
FERERT, I BAEPEEICD W T LVORE D
FREE DM AMEDS 5 STLFEHEIZ I T 2 B E~D LitA
T ORFABREE SN TICEEREL T Lz, L LESID
T— FINTWRNWOT, EEMMEIOK~OHEAIZ L5 Li*
A F R & pH EF T2 IT G ¢ & 9, SEM & AT
RS 2 B LSS, Fig2 1O d & D IakFEL A4
LD EMEREICZ L—F —DNERLTLE->TND, =

DOEMEA T U —IZxt L COx JLHR % Jii L XRD JIE %17 - 7= %
B pH EFOERETH o772 LIOH 2 CO2 & KJis L, Li2CO3
DAERENTZZ ERHER SN, ZOLCOs RN a— FNE Lo
TR ILHZEOBEME W G OIRAT L L 7 L— % — AR
fil S TWD 2 ERMREINT., iz, TRIKERRO MR
(Fig.3) TlE, TiOx 2—7 4 Y 7 OHDFAH LV H CO LE %

i L7 F R ER RS M E L, PVAF % W B L
FIREOYA 7 VRE, b— MR Z2HE T2 2 LR S h
72

2. 2. VFULLFTUERIZBITARDIT - BB ERIC
IPBHMT ANV —BEORLERBIVERILFES v E—F
VAREIC & B RERE OBRET

AR, R TR L Loob s ER A HE~O K Y F 7
LA F L BEMOERICBNT, BRD VX —HEEOM L

PN I 1)

SodsE EI FIE.HV

N & I

1H) P

DO Wil SEM 4

Fig.4 # 5 &0 Ei

107

MROBHND, LinL, E—HY T2 0 OBMIEYE &% 1
MEED EHNFENMET T 5, — 5T, Fx OFFER T L—
TTEH LV -2 EBICEHN LA EmMEIERT L L
THAORMEN LT 585 %2 L TW\W5b, ANFSE T, Bl
Kot 7= 0 o BRI E B2 0 S 72 8% 0 Esic Lk
RORBITMTEM L, HIFsE e = x V= EDR &
WNL T DB ORI ONTHRF L, BRILFEA v E—F
AYENT &0 RS & T LT,

EMREY)E LiFePOs : Acetylene Black (AB): AU 7 v {b &
I -~ P S BTN, o — WP ;. :
1({' h —O= A LE LB A UG CIE
B —= Wi L83 7 mgcn’
J 2y e radar WA EE g ot
[ ] e A L ER LR S S mEichk
[ b -
an L —— B
EAUNN N - N I
-~ =AU —IF JrRm®E
== L
ol B
KL N L EAN TR
[ TN TN
U " Y
RLS Ny, M=
s ™ TR
R eI
L I i 9
T S =]
o R [=4
Ttk NI
[ e
o L i N
oV ~_ED
a4
i
0] I 1 1 1
n - - - -~ - E L)
U LD S 1.0 1w
Daotn 11
IELE (U
Fig.5 &80 EMR & 57 LIERE - FREMICH T D
U— FRBRICEKIT 5 L — MBS R
80
AT e 2oy
VA= P
N g2 .
s RN <
B 5.8 —
60 | LE 7F m o
o N deEm A
- L/ FrEihl [
= M R
~ e
=T %] T
= 4l L e wr
= v L ATy
- i P
= S a1b
. Ve iim ATHY
B PN | ATHY
M kb PaS: 7] ATHY
- e : Ve lhd
A TROREGA] HT v AN
T RAEE T il
AN oaeer A TN |\
P i RN
RS WG
N 1 L 4 L
v
] s T3} AN £ O
u FAL) =+u ou O

Fig.6 8@ BMICBITHA L E—H R
= U S (PVAF)=86:7:7 DEEEE T AV EBERIZ I mE
L, EEER L, Capp rAr—F—%HnCib
F1%LEOH O 20um &% X9 ICH®E - IEERIN T % fit
Lz, £#EMEANTT I 32— FEREZFERL, L— B
FAT o7, BHLOFMIEX, 4 C L— MZBIT D L — Fakliiks
RO ERERREZEN L, ElrEiE2 i L7,
Figd IZHERDE S DK 3 (EREEWELZ BT LILERY



108

%ﬁ(%WHHESSmymﬂ WCBIFA R L, Bil, HE
WEMOWIHE SEM 44577, BEEMICBNTL—F—0D
ANH B ST — 8= IRICABE L E N TN D Z & A3 sE
T& 5, £72. FEHWMEM CIIEHEE ORI &, %
BFRITITAPBAN T WELZE2 L7, Figs IZEMIC
5 L— MBS R EZ AT, 2 LEMIZIBWT, ﬁlgﬁ
B e o U — MEREDIR T AR b, b & B TS
TEIZED LV — MEREOEWTIR N o7, BT L
72 B TIE 10C IZB W TH 69% D EBRFEFREZ R L Nb &
MTAC KDL — bERED W E 2R L, B &= R /L ¥ —
BEbE KT 5 2 LK, Fig6 IZBWTHERVE
BB T4 0 =X A&7 T, FAFANTr Y MIE
FAWEIRET A RITHIMO K E SI2BWW T, "R LEME Y
BN D E EREM L OV D X JEEREMm TN SE L <
INEL o TWD ZERBIITE 2, 2O b, BMIZ

KL TRHESML AR Z &3, BN 28R S .

FERESIEE DR T Z2Mf TE D 2 LR TE 7,

3. ®bhic

AN B W TIEMM B D 2 —F ¢ > 7 K OV il H AR
WCREHITHZ LIZED, HERIC tl:f\'Cj(é‘<f$ znl‘jka“
LT EEWALNCTHENTEZ, 5%I1F DOERED R
HHERF N TE 2008 5 M ORER %ﬁofb%%ﬁ'(%é ES
7. RHEEMICBWTL, EMIHETO LitA 4> OBH)
DPERED M LA NTWD LB HND LA 4 OBEO
FZEHONCTEZEICED, SO MERED N LA E T
LDEIBRTIAUVHBETOTNELLNEEZZTND

4. FERWX

(1) Takashi Tsuda, Nobuo Ando, Kazuki Matsubara, Toyokazu
Tanabe, Kaoru Itagaki, Naohiko Soma, Susumu Nakamura,
Narumi Hayashi, Takao Gunji, Takeo Ohsaka b, Futoshi
Matsumoto, Improvement of high-rate charging/discharging
performance of a lithium ion battery composed of laminated
LiFePO4 cathodes/ graphite anodes having porous electrode
structures  fabricated with a pico-second pulsed laser,
Electrochimica Acta, 291, 267-277 (2018).

(2) Takashi Tsuda, Nobuo Ando, Susumu Nakamura, Yuuta
Ishihara, Narumi Hayashi, Naohiko Soma, Takao Gunji,
Toyokazu Tanabe, Takeo Ohsaka, Futoshi Matsumoto,
Improvement of high-rate discharging performance of LiFePOa
cathodes by forming micrometer-sized through-holed electrode
structures with a pico-second pulsed laser, Electrochimica Acta,
296, 27-38 (2018).

(3) Takashi Tsuda, Nobuo Ando, Tomohiro Utaka, Kenji
Kojima, Susumu Nakamura, Narumi Hayashi, Naohiko Soma,
Takao Gunji, Toyokazu Tanabe, Takeo Ohsaka, Futoshi
Matsumoto, Improvement of High-Rate Performance of LiFePO4
Cathode with Through-Holed LiFePOu4/Activated Carbon Hybrid

Electrode Structure Fabricated with a Pico-second Pulsed Laser,

Electrochimica Acta, 298, 827-834 (2019).



109

H— R/ A X e Ul HBE R OBLERREE T /L O S

%fm @**

Conceptual Design for Road Noise on Automotive Body in White based on Vibration Energy
Propagation Model

Toru YAMAZAKI*

1. FLC®HIZ

" CASE” ®7 MaaS” e L& oloF—U—RTEREIND LT,
HEHEIZZNE TCOABFETH D720 TIER, FriLuniiiaza4
LHBETHLZ L HROONDLIERICR-TEL. ZRETOH
EE B OB, BN, BEME, FO O, EMER X
FXEREREBRICTNATUASEDL LT TET. &
ZICELI, HILVWABEL LCoMEZAIB LS, Zo&%
LERATHEOOMRLED, LVREKRILTAT LV AEZLLHTEN
koonsn., Thabh, SHOEmMBERE T, BHZEPI O3B R
Nh, HEROVERED hL— RA T Z2 R L 5D, RT 2% &5 (i
FEfb) ZENRXY—BEELLRD(). 0Lk REE/OTZDIZ,
IEAETCIE “IDCAE” X “MBD (Model Based Development)” & VY5
T2ED BB AN T > TN D

L A TIRBIBEF T BICE VT, B b IRE R E G o 7 n
vhu—F 4 YT REENTNDE OO, BRI OFmEEIZE
BETEDHULBLCETNVITIMENRL ) TH D, FEDLIHI7R
ETNDLZLAIARTAET N (EBPEKER) THY, 3 HHRER
LH 7D LA ASOREBICE-TRALETH .

U EDEROT, FH DL, 2018 4210 H 76 1B TH X 78\ NVH
TR E] Q&S L, BEOMEL R LEEL, HEY
WG B (2 & B SRR AL AT OB & B4R L7 g
R L. ZO—2HOMEEL LT, REEFOTR THr— K/
A R B, FEOPMEFTET VORBE LT 2. KW TIHE,
ZOr— R A AXDDDOYMRFERET VOB 2 & ik
W ARIREM L Fp A T 5.

2. O— KR/ A XDHETEZABVETILOBEHLETILOBE

2.1 ETILOEH 0— K/ AR, ANBRZBICHIZY,
HERDOEAE— RHE L, RmERoEHREEHETHS. Zok)
ZEABEICR L, FEEOO I, MBEE BRI TEL DL K
G ZIRIE LT 50, BB EHIE N BUSE O (Y

AR TR

Professor, Dept. of Mechanical Engineering
TREBIBFER LARRSERT

Researcher, Research Institute for Engineering

Toru KIKUCHI™

IS, FERE BRI, B BEEEGHIGE Y -2, AIRLE
HLOThD. BERFHIZ OF —BEPERFHIHEYS L, FERR O
R (— R OER) TS T 521D, (REFEESERREE
FLEEZLND., ZOEFALDO—o2L LT, MEHT R X
Wik (SEA) d 0, (RZERMETH DH5GHKFE (Coupling Loss
Factor : LL N CLF) Z B TRILT M7 SEADZ WS, FIHI*
FHCFIHTE S, %, SEAIZIE, CLF LSO ETAR AT A—H L
L T (Internal Loss Factor : LLF ILF) 23 5. ILF 133
FOWEERL, PIMHFTOELZDIWEEE L ITE IV, L
oMo T, KRBT, =R/ A XEMEL T L2HAEDOETE 27
WHEERGTET VL LT, T SEAET V2B XD,

Bl etge L L7z BB E R

Upper
1 #20

Cover
wis Fr ROOF

#19
Rr ROOF li

B-PLR LH

Front Structure

Rr SIMBR LH

#13
#12
#11

Rr Floor

X2 SEAZEFHR oyl & BEFEP



110

2. 2 ETIOEE RBRETHEEKEZK LIRS, K
2 1T1X SEA OEHRpE (HEHEH32) Zrd. ZDOET /LD SEA &
T &Y, 2B TR TEIND.

32
an,k Thy o Ty
k=1
N
1
P-w s ;Uz,k o Ty, E o
32
s TThyn 27732,k
L k=1 i

ZIZT, PIIANINT =T b, EFERE LRI B, gy
TEFR  OEAERTNEERE (LF), gy X8R 0Dj~DIE
A RTHGELTE (CLF), o l3AMEH TH D, CLF IIHRE
FEWoLA TR TRO BN D.

C, 2Lt t E
M, = ! Lz, = = \/sz ! 5 @
wrsS, 7S, NVo\12p, (l—v1 )

ZIT, E, p, IZEFR1IOY TR, FBE, KTV UHTHD.
&Y, CLFICG En 2 HwAEHR (M, Rmfi, RE) & CAD
i (20— 1) 226 /S -7, KRBT Fimic &y Lz
LEOmERE L, B AEHEGORS L Lo, $/6HH
ARE) BREL-ATVEHMOBEDE LTARKL 7.

2.3 ETLOKRIEE  HIFICHEVHEE LIZET VORBFEL LT,
FEMIZ X 255 RAE R &L Dl &2 1To 7. 20—l % X 3127
IHIEEFR 22 (X yva) OB THYIERET L E L TEY
258 & 41 - 72 fi# BT SEA &5 /L (SEA0.001) I, FEM D% (Hi
HRNOBEEROFER) OFBERZ BN TND.

3. BERICEZO—K/ A BRIV T FOES

0— R/ A4 REBETHIZOOaryrE T RELT, Fokyrx
FUF—EHRRE & T L v, iR (FEYT SEA) £T L%
AW ElL (Biifk) 217-72. 372bb, 7 AR EQ)
TRENTWEED, FlZIERQOREEHFHERLE LT, 7
MR 7 2R (FEHE26) AR DDEZDE v v 2 DIRERME
O LiEE iR, L) Z &% Excel ICTEM L=, ZOREE

10

FEM

— — —3EAQ.0D1

0.1 A

Subsystem energy[J]

0.0001

Frequency[Hz]

43 HESE L 72T SEAE T /L OFEMIC X % IRk
(EHFRFEF22, X vi=)

Side

D-PLR LH

RrWHLH| | | /6

[ D-PLRRH

Rr Floor

RrFLRLHFr
Rr FLRLHRr|
Rr SUS C/MBR

ek

- : thicker

- thi
[ : thinner

B4 GEIEAL GRiiifl) OfFHRO—F (RIEEH)

0.0001

— — -original

=+ = thickness changed

gyl

0.00001 -

redesigned

0.000001 -

Subsystem ener

0.0000001 -

1E08

Frequency[Hz]

5 K= e 7 M SRR T L D AR AURGE

ELTHREDOEERHREZRK 4173, T XY EIRpTTICIRE) %
BRIVUT RV E WS IRV = 7 PR TE .

Z OWIE & PEFOHAR (original) @ FEM &7 /LIS S W72 355
(thickness-changed) &, & D2 HKRFTHE~O e 2 3 L7256
(redesigned) ™ FEM £ 7 V&R L, IREIGE & bl L7255 R 2 X
50ZRT. TRV K Y RG0S0 T D IR BRI & iRl T &, A
LSRG ETABLOZNIC LV EEKE=a 7 hOFR
PENHERTE 5.

4. BbHYIZ

AETIE, BAZEWIMI O G B B2 C & D L MEREE EAL Il o
BEZEA HIEL, m— N/ A XedR e LIEBEEKETVICHOWT, £
OB A LR T 2R Ch A REMMEA M L, ZhzHuvi
—ODETFT N EBRE LIz, TOMER, MERHET ML 2HED
RRB LI OMEE 27 NOBENTE L & 2R LT,

&M

(1) D. E. Malen : Fundamentals of Automobile Body Structure Design,
SAE International (2011)

(2) —MALF R IACEIRFSR BN FE 23, TP TH L 72 NVH £ 7 /L
WF%t23, http://invite-nvh.org/research.html, 2019

(3) i, =it PAAE, EREF o ET— R LB O MR
12 & 2 B i O R BV G, BB RN S R, 47 5
6 5, pp.1373-1379(2016)

(4) REpiE—, (Llerfd  BeARE R T2, 559 =, FRdbtii (2010)

(5) Cremer, L., Heckl, M., and Petersson, B. : Structure-Borne Sound, 2nd
edition, Chapter IV, Springer (1990)



111

TN = ) R_R— g L OFAEL 72 5T 7 fEE I AR o BE 38 AF 52

oM SRR

3k 3k koK

Shigeo T. Oyama

PuE L

Emowr

é\‘*g\******

Development of Nano-structure Controlled Catalysts for Green Innovation

Shiro HIKICHI *

Shigeo T. Oyama™****  Toshihiro MIYAQ *****

1. 7Oz FHRAEOHME

BEAF O L 0 b B OERE - BEREA AT D CRETIAREL” B
X, FRICh e 2R R RS ORBEZX D ECHHEL, (RkE
DEEHTDL ETRRNLEIDHDTHD. 20144 ALV
WML ART vy e ML TIE, 2019 423 A & TO 5 FRMIZhz-
T, “HOHAOAREE” OBRFE IR B D BRI OMET & B iR L7
FeAfEE L C & BRMICIE, A A~ 2ABROF AR
DRI ENTIE M 72 R0, bk 38 R 0 BT g A AL ER (L 7
AN T T D 7o 8 OB BB GE K 53 T A0, S S I3 A -
HERE NS 7Yy RO OB 298 21T > T & /2. LU AR T
2018 4FEDFFEA R D 5 &, IS I A =] D 48 D O OB REE A
HAE 3 2 4 8 SCFRFEAAL F DB R DWW TR T 5.

2. BROMEFEABELCRL-BROBRS FiHiEHE

A% 37 O MBETEPE /T, 8RS0 78 & OB biE TS M2 &R A A
U, AIZY = (ERBHEBRLAEDO ), HRF VI,
Tx )XV, FAT - MNERT AT AR LY, W ohDE
W ZET X 7 BRI O~T uJfl(BHK, BE, ME) N F—Iick
DIRFFE N ERBISMAECTH S, T LTEL ORILESRICB VT,
Wi L 2 DA I E Y — AR ERENIEE L THEEEL TS 2
LEBEEZ, ATVl MFRETIE, A4V =LA IF Y —
VLA CHLRR 22 A3 & 5 B Bt O 2 SR DAL 53 B 7 D Akt B
HERTHLIET Y =, SHIKFEE T Dot d3 U il dd
BB L T B ZIEEFRF L — ML T & V7 AR SE R o Rl fil
BRIz DWW TR L T & 7z,

YA WA SR

Professor, Dept. of Material and Life Chemistry

B LR

Guest Professor, Research Institute for Engineering

R I WVE bR

Assistant Professor, Dept. of Material and Life Chemistry
R R KPR ERE LR RME S 2T A T HH

Professor, Dept. of Chemical System Engineering, School of Engineering,

The University of Tokyo
IR BRI E AT e o 2 —
Professor, Fuel Cell Nanomaterials Center, University of Yamanashi
sk LALWFE R A E A B AR S SR AT
Senior Researcher, Nissan Research Center, Nissan Motor Corporation

Shuichi NAITO** Wataru UEDA*

Jun NAKAZAWA ***

Hiroshi AKAMA ******  Masaki HOSHINQ******

g R D% < TR P OEER S T2 BIA L LTk, fliE
PEROBEBEIRA A B3 BHE S FaiE L, @B biREs 1
~OBEBFBEOKFEA A H OIS OMMFL % #% R IE i 23
WETD. ﬁéof Wik 80y 1 2 BRALA & 2 A SOG 7 2 2 R 2 A 4L
T LD, EBRGRA A OREMHIEREZ N LSS 50N D
5. ZZT20I8 FLEIE, SRR MAICEHE LI 2 oA I 4
VWi EGL T =4 R L— NEAL T [B(-C-Im"™),(X)Me]™ (=
LX:-C-Im"Me = |- X F)L2-A S 2 VIV BB A M7 b
BIEA A2 O RIEFHEIC RIET RIS OV TRIEL 7.

VT VBRI R LT D 3 EF L — NEAL T [BH(pZY):] (=
Tp* : pzM? = 3,5-UAFL-1-E TV YL H)E LM ERM &35 5
BT BEZ 8K (ID & D WM ik = 200 MADSE R EE D T2+ 5 2 &
FEECH BT LTW=®, 2 Z TR O %2 L 0 35t
T L7, gk AR L IR AE A R T b O DR Sy 1 D R A
W72 B RS 2 5 72 2 3L R (IDEE IR D FFPEIZ DV TR L
oo BURRT EOBEHRL X PR D5 —#HO LXEER[Co(LY)(Tp*)]
(X = Ph, Me, nBu, OiPr ; X )OEEEFHfELZ L2 5, 20
F#31123 X = Ph > QiPr > Me > nBu CT&
HTENHEPI L., &2 TEHOKEK

B S ar hADH L O EBERALT: ~, N
E’Jﬂf# PEONL IR BR R & R L7, ek L ‘

MIED TR > T, 331 R (D)
PSR S F~EETRBET D
ZEnD, L B AN/ O L BN
DMRE S BEEFAAIK DR ﬁ
FlchdeBEZLNE. Lo L —EOKRICE T 5 RRLEN O 5
X X=Me<nBu<Ph<OQiPr Th v, ik DOFRFHIMEDFHI L& 1X—
LTV, & 2 THAE X BEIEMTIC X ) —H s8R o 5+
15 % LEiE L 72, X A3 Me (= CH3) &2 nBu (= CH,CH,CH,CH,) D354,
= et qu\éﬁ% I3 WL D ZFFo sp’ iRFETH
L0, RURICHESG L Me KB L US 24V — L OEHRITH
G L7 Me Jt b sp3ﬁ7ﬁ’i’t)§\&?‘é X (Me, nBu)® [#] TSR %
AL, Zhoo X a0 hADFLOHICEOE S 5 X 5 ICEH
LWz, ZhizxtL, X238 Ph R OiPr O#E, RURICHA LT

1. [Co™(LX)(Tp*)]



112

WD RTINS ARBIIZ 2 S 5 < 720 sp? R (X = Ph)CESR (0iPr) T
5. ZRb0 X iFaor hADHF L b CER L TR Y, £0

FER = L NADF O O JE IR TR oy TS T A OIS+ 7 ZE
MBAER - TS, Thbb, SR L DI EICTFEET D

BT 7 B B IL O SRR A E R IC L Y
L2 ENRHLMNE RS 7200,

FE XM A4V AFAFH VY =L E(= Ox) TH HENLF L
R L. ZORAAIX Tp* & RERIC T =AM 3 RS & L
THERE L C Co(acac), & OIS & 0 [Co'(acac)(LON] & 5- 2 7243, =
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M1IIWCERBMELZ Y. XY BEBMAT—Y (V7 ~ X,
SGSP26-100XY) LICEUEARLE L, S HICaEB ElcAT7 v LA i
DAYV a~<vAYEEESE, TOLEH 5 mm OMELY F, L—
4 — (Coherent, LPF pro 205) M L7z. Z o & & L —HF— 5N
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LEDRETY 7y 7 B3l C& 7z, £z, AvvavA 7 &R
LAWEAIE, 100°CIZBW T 2 Nem> DfFE T2 7 v 7 A1
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Development and Analysis of Chemical Reaction Triggered by Ultrashort Laser Pulse
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Analysis and application of passive circuits using photonic crystal structure (Final Report)
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(b) Top view of handmade MPhC cavities

Ry, Ry: MPhC cavity

1p:Coupling post in two intercavities
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Fig. 1. Speculated hierarchical structure of amyloid fibril.
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Fig. 2. Schematic representation of solid-phase synthesis of peptides.

Table 1. Sequence and yield of the obtained peptides®

Name N Spacer Sequence C Yield
terminus terminus (%)
PE-1  NH,*TFA (CH,)s G-S-G-A-G-A  CONH,*TFA 77
PE-2  NH,TFA — G-S-G-A-G-A  CONH,*TFA 90
PE-3 NH, (CHy)s  A-G-S™-G-A-G COOH 85
PE-4 NH,TFA (CH,)s A-G-S-G-A-G COOH 86
PE-5 NH, (CHy)s  G-S'-G-A-G-A COOH 34
PE-6 NH, — G-S"-G-A-G-A COOH 65
PE-7 NH, (CHy)s  A-G-S™-G-A-G COOH 71
PE-8  NH,TFA (CH,; A-G-S-G-A-G COOH 85

a) TFA: Trifluoroacetic acid, S: Serine with OH group, and S": Serine with
‘Bu-protected OH group.
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Fig. 3. FT-IR spectra of the obtained peptides.
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Fig. 4. WAXS spectra of PE-7 and PE-8.
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Fig. 5. Speculated ordered structure of PE-8.
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OT, BRBRhDZ EERRETHAI EBoTWnE L, 2072
OORBANBRFTLEELTT 7 A NI AT ==y artHRand
N > 7 A2 D A EETHRET D FEN R LA TIE
ROMmELPRSTHNE LTz, 50 IHBREFIECHONT, F—7
NEIHREMEZ LT b= TR, Yo — 27 LEIZED
AN = ARNEEZFMIRARITT 7 ) 72 AZTREL, TORAE
PHC LTS E L, FUEA . BRIKE & &2 w AWE A 4 #
BT BT K D BRYLBEIEY) O DOWFFE & D TV E T3,
COFMICHEEY ST DE, T X D R AEEBEOBETY, i
PEE DTN — B 5 LT % DY — 2 Mk, H Ol OFREEO S
ZLTCEE L, =2k, WEIIREOKFRO—2TH BN DK
HRA O TT, FADOWFILE TILE OIFRIE O PHR TR T o
PEIEE LTWET NS, ZOHEEHEOST oL - T
WE L7z, Lo, o #EL Lo TT, Llai, FAZHEF
HOBT L L CTHERENNOKEREZFAEL L HITITVE LS,
B2 25 Cikba b0 TLE, ZRERFOEICH & LI
HDFE~— K|, EaoREEFHEVIEECIEZHY L
B RIS LERETICKbomEE2 5T, TOMOWED —
DT arEBNEOHKANGHLI KOG H Y £, Tk
P M HIRFIZAE U D KT TR SN 2 b O T, =
WTHERT HEMEEZ %< GATND L) BLREWIIZER R T L
7

3. BbHYIc

COV— I VERAECE S THOREHICE o THHEEHRT LN,
Y= VOEB EIREAPIHEIC S ERRN T I EBRRERTh o7
LEAET, BBICZOWEEE MBI IR LTz 20z 7
JET & RAEITHALE L L E9,
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Reports of Annual works of the Techno Circle “Tuku-Ken”

Hiroyuki YOSHIOKA"

1. FHORELER

BT DG T A HE ik BREHEY O eI A o &
FhBZBATHA LT R PLTH D, £ Latlo, £
WZfli, BEME Y T IOVHED TSI v, 25 LeRbED
BArH BT =m0, BEY— 270 TFABL 2oL 58] (W@
JA) Thd, 2011 R T8 MIH 2l 2, S 2 A0
LRRDIEB L, EiLOPCHRESMKT L, BEE DD
Tl BFEARRT LI L OMICH DG ARRT 5 2 Lk, R
Vi EMICH T AR AR L, S BICEAEFITRIT HEET
EFHLZ bW CE S, BEICEL L TOMA REEIZBWTO
IEEMEEICLERITHNORE N OERS B LT 5,

2. INFETODILITADEE

AR IS VEM OTRBIN A 2 31l L2324 B CRET 2. 0% T,
EDOX5 b DERUET 200, LERTHROFR LM O LW &4
THAEAEBITI, RONTZTHOB CEEOHMO P THEE) LI
RELDOEEY . HOLBRDET —~ T > TOLERMMER. MO
WA L7 ETOBLEINT AN T, 2 L TRBICITLS D7k,
INLOT R AEKRRT DI E T, RETETYIE IS bR
WX D E - iR, X BICFIHE~ORE L EOMNWESICRT S
BEom LAY TE D, MEFANAERIEEOEIERO ) Ll L,
PG A R MCA DY TREFN « AT —VOREEITR> TV D,
DL RERZAET 20T BREDEICFAT MR 200 5
HPBIEOREY THDH, THET, A - i - BeR— - 08 - M5 -
T T ATy 7 BeR— L ip TR IR O S - ROV OB A L T
R

(BE1 % 1)

3. 2018 EEMEE M400mm 21— T DMAEHHE ]

8 H & 72572 2018 L ITMEEE DIREY & (TR0 | 2016 FE
LRI OB 2 5] RN, RAEREIEE O A <2 MoE b TRR
FroE . S OICEERORMAE LT 2D KT = 22 12H
WTHREE O &R TIHWZ, EENAIL, 400mm X 400mm X
400mm D Z A TRIEL . TR ZHECHIZ ST, ST o
oy A S O MM A S L CHRIHT B, 9 LChix 7288 —

CORERIBh L HRETE

Assistant Professor, Dept. of Architecture
L 4 A

Graduate, Dept. of Architecture

Junpei HAYASHI

R FEEOREVOHM. AR, M

A Tt i FER

144 1A 3 AT MR7 = AL T

2011 INPAZE IREART

24 R PRT = A H i

2012 AT

3 ANPGRS Loz HUR—v
2013 AT

44 ANPGRS AR Loz HEAE+

2014 T4 7Y 3DTYH—
54 ANPGRS AR Loz fakr

2015 TA TR

6 4 avElihaliG:) BB TFIAF I &
2016 TA T LR

734 L o I (74 —) B/ T+
2017 e, AF Aii

8 1 A £ ks e BB B AR+
2018 KT

BEE1 2017 H£EE® MR/ \v 77 —Z/HF v b

CERED BT, BEEEOA RV P THHR T 2 2BV THE
MRS WTF b @Eilmo )7 £ TIRILV, F07=, kit % El
L. ST 800mm IZHA7-, ZhbDELmS b Y WIEHIT
EOMRBEDEHIICHMT 200, WMEDL_VEEZ D LT



X RBOHTHLED XS REMDEE L0, FORAHIZE -
TOMREDEVEZBETSZL2BME Lz, 724 400mm X 400mm
X400mm DOFEZ BB LichE v )d & B CoflRIc Lz
. BEENRENIZR>TLE D, ZORDHEAREFF & LTHIH
TE, M A T 72012 400mm F=2—7 20, TDH 2T
Fa—TREEBIFEMIGEZDZ L THIEEICELZ LT,

SEEOBEIEE DA Ry MIBIFETo T TR HHT &
Y I #26b8 TR LA b EWIHIFHLRRALTH-
oo TOTORGFIIHPFEL Y ZL b R PRI D, M
JEEROFTFNPLEAETAN, 2k, BrozBods Lo 2EBH L
THEALS L LTELNEWS Z LT, ZZTHRAEF2—TOHITN
BHERELEM ThHo2BRICKHMEAEL Z L TRIFENHO X H 7
ENAWIEET YA v Uiz, TOFER, Wb DHICE > CHEb
SOELINZ D & AR EY & 22 o — KA 3 2 LTk
Lz,

ARy NERICEE AW T R E T Z LTI Lz, Ik
DY - KFEOY - REDY - IRbWoBE LT L THET 7,
DIz, BHOHKTH - FAFEIZ L > TOREREDEW % 8142
THIENTE,

(51 23)

4. 2K ITADFEORRE

SOV =T NV EFES LT B R EE T TIE®D 2 WD
BERHL S RELTH D ) FE o7, A EEIT 2EENTRT
WH LRERYIBMTH 57, & L TREEHE O A X ETHHIO T
DORB Tl > T2 OFHRY OIRETOIEE AR, 7228, 20K
BERRETH S22 LITE Y AN —52 PNEAME TITLER
BAEHICOT LI ENTE R, AT b TE 2 A THRITH
ARAEAR DR LN DM AEY B Bin <o NCRIH L
THHHEVIHIRBITL CTHHAER DO LD I HITREE~DH
DBREESTZTEA D, T ORBENEHOBBO R 6T Ftl
DTHREIED STV IZXTOLAREERY BINLIZA Y R—D
RIS P IEENTH 5,

BEE3IMAKIIRE 8EfERIZT
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Annual Activity Report of a Technocircle KURAFT

Hiroki NAKAMURA"

1. [FC®HIC

ARZT 7 )W —2 )L KURAFT 1 2013 4E 10 HIZE& &, B4 9
A SN EAAREET7 4+ — 2T K EV (EXABE) 75
ASDY, KRETOEMABEZERAREE L TEHL TN S.

FHET =2 TREE, FEAORTF—L &ML LERMTL A
FVNUL— 2 7 —% B - BUET L2 LIk o T, FAERD
DY DORERLZDT R EAZFY, D3 VOHLE - B
LAE - BOREKT D &&BNITBIT TN D, 2003 475 K EH
[Formula SAE®] D/Lb— L[INCHEHLL, RHARFET +—I 2T K
ENBBENTRY, BITHEEZT TR, EfO~—7 T 4 7,
A - BE - WE, 2 A NEOLOSL VIR IRE I EF - T
W5, F7z, 20134E0 G EV 7 T ANEN &N, BREi = kLS
IRIZIENRBER = o O V& 6] Uy — )L C BV HLlj O PERE & 5o
TW5.

F7, HORERIEBIO 8 & U THANIRT O F/ M3 L L
TIERRC CTHBERZ{T> TV D, ZIUIHZ)I K% KURAFT O
JRIEE CTh D & L bIl, XBEEOEMAZERITIRD D Z L& H
BELTnS.

KT, PET7+— 2 T OFEMIEEHA T V2 —LIZEbE T
2018 4 10 A 225 2019 4 8 H £ TOIFE ZH L ICHET 5.

2. KURAFT 0 2018-2019 v —X ViE®)
2.1 F— LB

2019 ERAMMIT TEHY—R0% THf) CBR., B, k. B —
G, 5 SO v EEWT D X I xR #F—LsarkT R L
TEB L7 A~ S A 2 5 1 BOMEE A E/ R E B 2 (R
BIDITITFAEN N E TITRBR L2 2 L o220 coRHEir: (ER)
BUEECH Y, HEFTHE ORGSR (B%E, BE) O, ik, REHEN,ND
SERYES GiE) ZEmk LT —Aar e S AR,
2.2 HERGE - fUE

HRLF O T T ME TR ST &) & Uiz, A =M
WIZEP L, MEFEHREO LA T 7 M@ /eno727z, Rikoar
7 hO T TEYFRED . FEREMOTEAX 1, RRER 1ITRT

WRER AARBBYEATZEET (R BEAR TR0
Researcher, Japan Automobile Research Institute
THBHANRE PR AR

Teaching and Technical Assistant. Dept. of Mechanical Engineering

Mitsuhiro YAMAGUCHI™

BRUAT AL TL, R E2mA L, BRORERER R RloE
TILTe. ZOFRERNENANEOHIBMETRZE L, BEER L7z,
W 2T MY, T2 NTHEIY AT DAL, RE BRAmE
D ILRE Tz, BREEOETEITZ CORWEDRIE TR T &
TWRWD, WEELREEH A OT—2 2Bl TEDTD, SHEEOME
MENSID Z EMIRFTE 5.

K1 SERCHE  (KFOSEV)

KF-05EV EEyftik

R XA X

2970mm X 1400mm X 1150mm

RA — )L _— R 1650mm

Ly R 1250mm

(IR 328kg

7 L — L S A T A=A T L— L

g - #E AT

STKM13A - TIG ¥

T—H - kEmHA

Motonagy 87" o L 2 & — ¥ 15kW

Ny T VAT A

99.6V 20Ah
AESC LV F 7 A A A4 &
12 Y 2—/b (282P, #F48 &)

ATFT VT

T I T R =AY

PR g v

iR A 7NV 4y aR—r

TL—%

48 MERT Y P R— FF 4 %2




3. F1TELERFEE T+ —Ia2FKE
3.1 R

RETHMRE LT ORMFEAIFEE (513255) , DiHEA4EH
(FF67550) ORAMAR (1000530 52) THibd. SFEEREZD
T b U —EE 12088, NEHEBE@IBMITIK Th 7o, ARENSIN
LCWDEVY T A F2THEN = b U —, Wl AR TH Y, 1T
HESR D> 5 OB MM E N Z EEl- 72, WIEI32019458 H27H ~31H D5
AFEICRft sz (F7E—WHOBETHEIVIEL) . K&
BROFEME L 2 —BIAY =7 ETARIR TS,

3.2 #ifg

PUELIZHE N LR THDLZ L ERTIOIL, AT+ —Ia7
AT TROEAICH L THERMNER S, 7 XTITHE LW
CENOEIRICHET D 2 E X TE V. KURAFT IS LA V7 A &
TIEFICAK LD, 7L—%F X FZEBTEP, ERAE
Lol
3.2.1 ERHEG

BRY AT LOREMEZFENT 572012, #1100 HH LA Eo 2k
-T2 ENRD LD, BIZIE, BEREEE O BIRMEE 23 W
ENDVAT LR, BROBKMEITIE CZBROKRE, KT A0
filiiL 2 FTREMED & D EITIC KT T DAfixtER E G END
3.2.2 HA AR

FIZRTANOREMRO D, BHNICLZETHDZ L3 RE
IND. FET L—LOMIPEICET 2HES, HEHT L8 FORR
B, ARy g vorEikicET A ERE END. S, 2y
78y MNELO T L— AMEEIZ TN —HE SRR L2 G/ BT
A NDOREMEFEES D LIS E ST 5.

323 F /L hT A b

RE 7oA EAVR A L7y (BERIRE) (MR, & 25 W03
BRI NZ L 2R T D, B LT, FIARPRELICERL
FEIZ 60 B (0.5G FA) IS CRRATH 2 Bk L TR 217 9 .

324 LA VT AL (ICV OBAIFERTT A b)

HRRFICHER Y AT AN ER S BRICHET S Z 27T
WIZVA VT ARET). K2mOESHHBATY VI F—T3 45
MW (ZKZ 20T, 0% 3 5 HESE LIAKRER Y AT AR
AERZ SRV ERBRT L.

325 7L —F T A b

+orreilE ) A, RELT @7 v ALL) BECE 2HEMCTHDH 2
LETRT T2, ERIGEDN S ARIEZA T 4 S FEREC e >y 7 5 2 &
BRDHND. A HID KURAFT 13 Z il d A48 &7, BInsiichiES
LT EINTE oz, ERFERITHEROEE KRR T, RHNOZELN K
FIZVHEEITIE T LT Lk o 72720, 07fil@8hnM T2 22577
3.3 BB ARG

THA UEBEITFRNCRE LT YA LR — e, ZRCHd
DEBICEERLDICHEESND. Ritar T MHT 50k
FE (RETICE D) BT TOHARWNE W ) FHli TaF— 24 81
fiCThol. 2 A MNEBETFIMEHLEZaA MR- EYHD
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BERETHEEIND. WOUICEVEIZa A ML Y UBRKHEETH Y,
BF =L 76 fLThH oI, WEHIKAH ) T LB T —va U
HTHE, BF—LH IS)L. EFEERL G Sk XA U EREY Lz
ZELHY, WEREOMEN (BR) #EET L ENTE.

X2 EEWREORE

4. FLEOBLUSHOERE

FRHRAGHK D0 3FES ICEE Ttz T o e nTE R
Mo, FEETIET LBy T — v a v Tl EE ONEN %2 7%
FTZENTEL, T—ARERUSKROREE LT, F— A "—234
MG L TS L CW A IHH TR A E LT b olaxt L
T, BILWHEAERRY T 555, glfE0 5 £<ATAT F 7 74
FAELRLTV. 5% KRS THREAZ KT 201 OB/OG & DA % Y
L, HHORBREDREIICT 4 — Ry 7T 50 A %EIRD T
W5, —JF, REFBICEILT ORI TELNIRBRESEND
EL R SN TWD Z & DFELE & LT, REAOBIRERZIID &
TRIETHD.

£z, HHFEBIIARKREORENEAERO A D HEEROMHFERK T
HDHLHIBRTEY, REHARES TOPEF — 20 MG LICE
HOETEVOSFICET 5 PEEEOREENE L. AROFEER
B THDH I REREOLS B OBERICHFF L2V,

5. B

KURAFT (LR TR &, LN OMRELZILCDE 53 tho
BErZ I CE@shaiToCnd. BREN~EHOETHETS.
AARE Ly 7 2AERESHE, ANMGBRHRASH, 73w - 757
A REH, ST EY 3 AESC =V —F 31 X,
RS AL ) IS B RLET, 2285 B VL IRy 117 pE SR B, kU
ottt ARXa—RKr—vary, katrf~v~a—Fr—var
AEMRERASH, TR SME, =YL R&D B2t
MA&tte 7 31, A&t 23, & b= =V UEH,
&t VSN, b =T v 7 7 A =7 4 BRREHE i 37 41 (JERRF)

6. SEXH

[1] 2020 Formula SAE® Rules
https://www.fsaeonline.com/cdsweb/gen/DocumentResources.aspx
[21 B1THESAET7 +— 2T AAKRE 2019 L E 2 —

https://www.jsae.or.jp/formula/jp/student formula/17th_result/2019_revie

w.php
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Annual Report of “Kanagawa University Space Rocket Club” in 2018

Atsushi TAKANO®

1. #E8

MR RFFEH e 7y M) 1L 2014 45 9 Hlgi&k s &h, 44T
6 FHEMRD., ZOY—I 0T A7 Yy Kary b OB -
WXL - AR U CEE TR AR A EER T S VI T S
ZETHRERD D L &I, RIS 100km 5 H 22~ F
Toulry NOME - L EFEZAEE LTS, N7V vy kR
oy REE, EROMEER Yy k OkKERTZ Y ) — i E, BRI
THBEET DB LEEe 7y b CKIEEHWD) LRy, 22
SFTHEULLBRBET 2 EDORNT TRAF v IR0 v 7 Rp ¥k
WELE L, Bl (BRSO Rie L) OREEZFIH L TR
BesH, #iENEGLn sy hTHDE. NA TV vy Rrsy by
T UAIEEN R BE N E U ChIRIE R oy bR R 7y hD XD
IR LN DL ERMEENASHAEOER - FHa X ~OHITK
WZokND. —HT, béb BRI LRVBIEEZ HW D7
W, RBHME RS (EAZREIT Y 72 0 OBREI O IBE) VN E Wi
REBHENNBIZS W E VWS TERERH L. 22T, ZORBELM
Rg D T2 DI R FEPHE 7R B 72 & TORFFEN A L 7> T D
W Zo X5l Roh T, FilHwly MBI TR a5
SR (LT, RE LIS T 2) LFETHAA T ) v Faby
FELOBEESROMIE - fTH EF 217> T& . ARETIEZO
L EMOEHEEZRET S.

2. ¥AISKNZKOYT Y FOITH LT

2018 4F 10 A 6 HIZFH 7 7 v MBILHFZEE & AR TRk RAEI
M TAA 7V y kary ol EiFEREITo7-. FHe 7y
ML, 2018 4F 6 H £ CICHR LIz v Vv ZHEEICS kX,
ELICKRE L S NHES) 35N fkm > DU AR L. T LA LU
BT — 4 a A —7p EIE, 2017 EICTFH e 7 v MR LIZ LD
LA —RFTObOEFERE LB L, ZOE, BiEoRG e
LTI =ELary MEICHR &R o, BYEIMAE=EL
o MR ERE o TLET ST o7, M D L 1T e =k
REFIATV, N LISEGu sy MBBIROITH B I3AT
DRNTECH-72n, 16 LFERNICHIEERKO T L A N %
EOEFNERMZ T fod @i r 7y MRS ]®L, 716 %
ol TH LFIEE 6 BRIciT b 5728, & 12 BRI IIfE ARk &

WEHSR B R

Associate Professor, Dept. of Mechanical Engineering

I L, YEEEICHY Havo 7z, T RFIE T E® Y i) 6 RFAT
bz, 7L BT OBRMOEFZX 1187,

X1 15 EFoBMOET

A0 7 LA MY F—% (GPS EAE, &+ 2ch) IHIEF I
FET&, MM CTHEE 7900m, BICHEEIZEIY FEORIRIZL S
WEZAT o 724558 6204m ICEIE L2 Z VI L2, ZHIEEANO
K [HR 72 & 7 o> ClEAbiffE K% - fEka B A4 2 1) £ 8.3km
(HER) B LY 7.5km IZR W TR E LCTiE 2 (DR TH .
GPS{E 51T & 0 BA/KH 2SI L, il TRIZ Moz & 25,
— BB Y BERE AR & bR\ 72 B H Oy B AR S o0 — 0, GHIIERE
Va—N, TV UROE 7 OENICKII L. 7T T —X
T ONEIL U 7= R 2 BF SRR A8 00T L=t B, — B B oy it ©

HLOBEL CLE-72Z LM L7, Ay BT TP ZE 3 IC &
VRSN D TH D, SEEOH S RIFIChT CTHRNE
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3. TLANYEKE - T—4204—DEEEMEL

F—HAuH =L 2016 4EIlZ, T LA b UEREIL 2017 FEIcu v b
I Lo THBE SN, ZokEmmElIc L [REE S O#EE
ADPATONIZH DD 2018 FE B Al —HFO b OB S iz, 72720
2B LK 3 LEMICHDEY, THEFERZ AV C FRMR CRIEX
TN T2 DI FE NI A EEES) BE A3 & < BUERFRRI AN 522 2 721F T
72 <, ARSI K 2 oS, R ol E o RE
BNEL TV,

K3 FLARVEEROTY > MEKRIE ()

Je bk Ry 0 AT H EIFEATICHAR 2 20 L2 JRIRE T L A b
VIEEOTEREAICL D LD THoT-. ZTIhBHDOTY v b
EibE ey MERPLERVITo., BERNICET—2 i —
KOGPS 7 LA RUEEOTY v NERILE vy REFADR, &
JETZ LA NVEEEOT Y v MERER ry MR AEORED G &
WALV Tz, BRI ENRHR, Y 7 b =T % H
WM AR Z Lotk, 7V hRZ—V@REEITIDOTH DN
FOHEE Ry NEEEN Ty N T RRAE L O R E A2 IR
Lz, ZEtShiz 7V v "R =2k b7 ) v M EROBEX
B 72 ENMBER T DINEICTRIELZZ. 7Y v MERELIZ b @
X2 BLOX 3 HIRT. bW OO I S &2 R4+
LA —RROTY N EBACITFIEE P AT XV Thio s,
IRbFAREICE 7y MEFADIREO S LiThh.
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ZHICEY, ek 1 EBAEMANTDHOIC 1 4T 12 FERIE E 0
Mo TWb DR, | FEIZETHETF =y 7 ETIZEDLZ LN T
. IO OEEIX FRICRT 2019410 I H BT TFED &
FERAGERE BRI TETCHD.

4. BEABR—~DOHE

2018 FDFLERA T, 2019 L IL S B HORRLER A MBS~
ZeeE L ALE LTI O KRBMEIZEY A TE.

TV UL MEEDOMREIVE R 3.6 ke D 2 5D 7.2 kell7g o7z,
TV A R D & BITOMRERMTRIE - R - S BoY A2
NEETZEIIREEE 2D, vry MBOW BN RERL TR T
7. BB (LA ) 133D Y ¥ TR LT ABS BiE & v
L, VU B8O VA E T U R LTHEELTHWS
25, THEUWET 2012 18 B2 % 5720, 3D 7' U Z &2 TV
BEEILERSHD. ZOFEEITZEICE S,y MERFLEARST
Toie. Fio, my VU HBBERENOIR#ET 572D GFPR i
T L2 = bR O - SR ET A ER D H 72, ToR
ELIFREZAEEOb L vy MEEAERFLE RS> T To T
HARDRUE G VAR FERIFEEC 1 I, 77y MBT1EREL, Bl
Ex s P DEMRBREF> T LOTETHD.

5. TOMJ—FEH

2018 AEEIET 7 b U —FIE IS b RBAYICH Y MLA TS, 2018 48
10 A 7 BT BN B CTHo M fENEHTEFRINTE 2o
TEFAERB =L NIV T T —DEREITV T LI O 772 8%
OB/OG (ZHAJr L7z, £72 2018 4- 10 H 13 H~14 BIZHE - BH
Lol s hiznry hRRSICHE L BT ToiTs RiFo
BEBETHY AL NR—=DEF D DRAL —DIHDRET T 2R
ENE 2 OFRLEREZER LICERZ Ch o2 OFFECh o 72 el
THRT V7 ) 72 AL CTIEIRAL—EEZE L.
SIHIZ2019%8 H3 H (), 4H (H) QIEEREY 7Y A b
T{T#L7z Maker Faire Tokyo ICHHEL7Z. ZZTIEARAZ—0D
BIETF T, 2016 FICHFE L= YU b EBRETo. T2
TE LD ESERARA—~Ofk2pimIc MLt L72Z2 bbb o T
73, JAXA 72 EOUZEFEHBRE 21 T 0 F ok E 5 &,
REFFTH T,

6. H#E

FH 7 v MEE 2019 4E 9 H TR SAENRBT S, 5 M
LV o MM CENEER 2 MLOEE BIF S 2 EnTcE L E T,
A U= IR TR R A 72 T B AMEERIRERE
TR LERORAELBINT 52 EEHERFEOBMEALND.
L LCRBAEDB M 2N CICER LT o KEDOe 7 v b
FRICHE RS R L E L CTT 7 N Y —FIE#FHO~v 1V A v MNGH)
DRTHNVESRRALN, SEE 2> TV, SHOKEN YIS
na.

SEXm
[1] WS fh, “SEp 27 FEAAL TV v Frdy MIFJE WG BCR
HE”, JAXA (2015—2), p.l.
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Activity Reports of Kanagawa University Robot Project

Tadashi EGAMI”

. S

MBENKER Ry h7a Y7 ME, 2008 FENLHEE LT
%. 2018 FFREECAHISL 11 JAF L 720, %WI%ﬂﬁffk<

TR TSRO Y AT 2AICER, WE/EMEEER, #BEeT
%7u77A&&#610%3a@%$m%E LTW5. K%ED
BURIZ K T, mAy MESE, ZES TRy b, ARy MLE,
FERNRITER Yy b4 F— 2N TEE L, #HEOF — 2120
BT2%ELNWS. INLDOF—LZENTNEFR TS T N7
LSy, SEAS~OHEE AL LT, mhRy FYE
WZED AT ONERIEHNFECTH L. M b A —T ¥ v
RA, IR—=AH IV T T —, MRT7 22X ETORBRRTEL
DRGEDEHEZEDTND.

AAEFEITu Ry FITET, Fu Y= MARKLDCEOHEER &0 9
RREEHEIZOT, ZnEFilE LT 20I8FEEDHEZ2MET 5.

o =
R

2. mRy MABLEIERE

BAADRy MEEREE, BHY 7 MRS M, EE L
TWORETHD. 5 1IEKEIE 1989 4FIZBI AL, 2018 4R T 30
Bl H %2 % 7=, AL 1, 540mm O RO _EiC3Bs 0T, HE 200mm X
B 200mm X /5 S #EHIR, #EE kg LNO LRy MR ZEDE
5. FEEOMBELFARIC LEANNTLESTZD 1 RL Y 2Kk
HBCHR LD,

W ELTE, FECHRETLZZVa s MELL U LT
Tu s T L@ ICEETAANM O 2/ EAHY, T TO
HGERTTWA, BIFEEOREND, FT7THEETLTE D #E
Lod W b7 2B LR ICE T L, TR 2308 5720
D7 L— FEHOELIZ LY MIPERIEE T 720, 24T LA DR
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[ : Passive and active vibration control for ultra-precision feed
drives

G#f - Burak Sencer (Oregon State University, Assistant Professor)
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{8 M : Micro-fibrillated cellulose hybrid epoxy resin reinforced
carbon plain weave composites.

M ¢ Valter Carvelli (Politecnico di Milano, Professor)
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& : Seeing the Light: Advancing Polymer Synthesis

#Ef : Prof. Cyrille Boyer (University of New South Wales)
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I ZE : The emergence of efficient photoredox catalysts using
transition metals, such as iridium and ruthenium, has recently
revolutionised organic chemistry. Such catalysts have allowed the
realisation of complex organic transformations under visible light
with little to no by-products. Merging photoredox catalysis with
reversible  addition fragmentation chain transfer (RAFT)
polymerisation has resulted in the development of the photoinduced
electron/energy transfer-RAFT (PET-RAFT) process, enabling the
synthesis of complex macromolecules and their post-modification
under visible light. PET-RAFT can be operated using a broad range
of wavelengths in the visible and near-infra-red regions, ranging from
460 nm to 850 nm. This process is suitable for a large range of
functional monomers, including pentafluorophenyl acrylate,
hydroxylethyl glycidyl

methacrylate, methacrylate and
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N,N-dimethylaminoethyl methacrylate, and provides excellent
control of the molecular weight and dispersity.
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& : Electro- and photo-active inks for printed organic electronics
G#Hl : Dr. Eric Cloutet (CNRS Senior Researcher)
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BT« AR BRS¢ /3R 23 5 204 5

AP @ Organic conducting polymers are of increasing scientific
interest and are promising candidates for various applications.
Nowadays, one the most important challenges faced by the
community concerns their processability along with their long term
stability. In this context, herein, I'd like to present one approach
consisting in the preparation of photoactive materials stable as inks in
environment-friendly — phases through miniemulsification or
nanoprecipitation techniques. For instance, composite particles made
of the low band-gap PCDTBT polymer together with the n-type
PC71BM have been prepared in aqueous media. The materials ratio
was varied and the properties of composite particles were studied
along with their integration.
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