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Educational Activities on Radiation Physics
Takeyoshi ONUMA, Osamu NAKAGAWA, Susumu TARAO, Hideki AYANO,
Takahisa ICHINOHE, Daisuke KITAKOSHI, Takumi KINUGASA,
Takeshi KUROSAWA, Shinji MAEDAN, Hideki OHNO

Educational activities on radiation physics were performed by adjusting contents for student’s
school-age. The contents consist of lectures and experiments, in which background knowledge of physics
determine experimental themes and measuring objects, i.e., measuring natural radiation using
Geiger-Mueller (GM) counter in the first year, measuring radiation from familiar objects using GM counter
in the third year, and measuring y-ray radiated from laboratory radiation sources using scintillation counter
in the advanced courses. We are confident that deep understanding in radiation physics will be more or less
an aid of student’s life in the future.

(Keywords: radiation physics, nuclear energy, counter)
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Bending Strength Properties for Adhesively Single-lap Joints Composed of
Unidirectional CFRP Laminates and Metal Materials

Jyo SHIMURA, Sumito TOYOKAWA, Shigeru KUROSAKI, Takeharu HAYASHI

Recently, adhesive bonding has been used in functional composite structures. Purpose of this study is to clarify the
characteristics of bending strength for adhesively single-lap joints with both adherends, “Unidirectional CFRP laminates”
and “Metal materials”. We analyzed four types of adhesively single-lap joints subjected to 3-point bending moment by
Finite Element Method. In addition, failure loads of various adhesive joint specimens were measured. By comparing the
results of four different types of joints, we obtained conclusions as follow. Under all joint combinations, each stress
component and maximum principal stress distribution at adhesive layer were singular behavior, and indicated maximum
stress value at edge in longitudinal direction. Maximum stress value at adhesive layer using SS400 as material of one side
adherend proved to be the lowest in the four kinds of joint combination. From the experimental results, it was found that
bending strength increase as Young’s modulus of lower side adherend decrease.

(Keywords: Adhesively single-lap joint, Bending strength, Stress distribution, Finite Element Method)
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Table 1 Material constants of adherends and adhesive

Young’s modulus Poisson’s
E [GPa] ratio
E, Ey v
Adherend UD-CFRP 115 7.6 0.35
A6063-T5 68.94 0.33
Adhesive | SWI1838B/A 3.40 0.39
vy Load F
Joint specimen “\ é /I::dcmer
[ N QQ‘ \:tn..-\'
| ' |
§ . Support jig-__
L i B K
Fig.2 Model for analysis

(a) Whole mesh divisions

(b) Detail in bonded part
Fig.3 An example of mesh divisions in FEM analysis
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Fig.4 Joint specimen fabricated by UD-CFRP and A6063

(b) Numbering of bonded strain gauges
Fig.5 Detail of strain gauges bonded on jointing part
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Fig.6 Contour of von mises stress 6, at jointed part
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Comparison between Anand Model and Classical Decoupled Creep and
Plasticity Model

Takeharu HAYASHI*, Masaaki TAKABE**, Yoshinori EBIHARA***  Jyo SHIMURA*

When we estimate the fatigue life of lead-free solder joints, we have to conduct FE analysis
using a constitutive model which can exhibit the mechanical properties of lead-free solder alloy, that
is, their experimental test data such as tensile tests results. In this process, Anand model and classical
decoupled creep and plasticity model are often used. However, in these models, how accuracy
simulation results by each model accord with these experimental test data have been not clarified
and how the agreement degree to them had influences on life time fatigue have been not enough
investigated. In this study, for the purpose of getting basic data to investigate these influences, we
investigated how accuracy simulation results by each model accord with these experimental test
data.

Key Words: Anand model, Classical decoupled creep and plasticity model, Lead-free solder alloy

1. Introduction

Today, detailed solder mounting technologies are being developed owing to the miniaturization
and density growth of electronic devices. And, some kinds of lead-free solder alloys are used for
environmental reasons. In these microelectronic solder joints, under cyclic temperature changes due
to switch ON/OFF operations, fatigue failures occurred as a result of low cycle thermal deformation
generated by the mismatch of thermal expansion coefficient between the solders parts. Therefore, in
development of high-density solder mounting technology, it is important that we establish how to
evaluate thermal fatigue life of solder joints.

In general, evaluations of thermal fatigue life of solder joints under cyclic temperature changes are
done by next process. First, fatigue life properties of solder are got by conducting mechanical fatigue
examinations and total equivalent inelastic strain range are got by conducting the FE structural
analysis of solder joints. Second, the fatigue life is got from the property and the total equivalent
inelastic strain range. Therefore, when we estimate the fatigue life of lead-free solder joints, we have
to conduct FE analysis using a constitutive model which can exhibit the mechanical properties of
lead-free solder alloy, that is, their experimental test data such as tensile tests results.

By the way, melting points of lead free solder alloys are about 220°C, so room temperature is even
located under severe temperature environment. In this condition, creep and plasticity exist at the
same time, in addition, creep is intimately linked to plasticity and vice versa. Classical decoupled
creep and plasticity model, where plasticity properties are acquired from high rate tensile tests and
creep properties are acquired from creep tests, cannot capture this interaction effect [1]. Therefore,
some researchers have used Anand model [2] as the constitutive model which can exhibit their

mechanical properties. For example, Yokota and Watanabe [3] carried out thermal fatigue simulation

* Department of Mechanical Engineering
** Department of Mechanical Engineering, Advanced Courses Student
**% Tokyo Gakugei University, Department of Education
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of lead-free solder alloy with Anand model. However, in Anand model and classical decoupled creep
and plasticity model, how accuracy simulation results by each model accord with experimental test
data have been not clarified and how the agreement degree to mechanical properties had influences
on life time fatigue have been not enough investigated.

So, in this study, for the purpose of getting basic data to investigate these influences, we
investigated how accuracy simulation results by each model accord with these experimental test

data.

2. Parameters determination of each model
2.1 Anand model

Viscoplastic strain rate of Anand model is given by

5.‘"’ = Aexp(- RQT){sinh[f iﬂ
)

where ¢” s viscoplastic strain rate and 4 is the pre-exponential factor, Q is the activation energy,

m is the strain rate sensitivity, ¢ is the multiplier of stress, R is the gas constant, o is the stress, s is
deformation resistance and 7 is the absolute temperature, respectively.

The evolution of equation for the internal variable s is assumed to be of the form as

g:ho(l_ij
s 2
with
R e O 3)
s =s y exp(RT)

where /s the hardening/softening constant, a is the strain rate sensitivity of hardening/softening. s*
means the saturation values of 5. s’ is a coefficient, and » is the strain rate sensitivity, respectively.

And, s is proportional to ¢ as shown in Eq. (4):

o=cs 4)

where c is a function of temperature and inelastic strain rate. In addition, initial value of s is sy.
When using Anand model, it is necessary to determine sy, O/R, 4, &, m, hy, s' ,n ,a. And, Tensile
test results of more than two kinds different strain rate are necessary for determining parameter of

Anand model. So, we used the tensile test results which have already been conducted under the
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condition of 25 “C, 75 C and 125 “C at 0.2%/sec and 0.002%/sec strain rate by hayashi et al[4].
In our previous study[5], we drove the Eq. (5) and Eq. (6) for determination of Anand parameters

and developed the system to determine them with these equation using Excel.

*_é- -1 i g i g
o —§s1nh {Aexp(RT)} {AGXP(RT)]

®)

o=0"— (0* —coso)lfa +a —1)(0*)711 ésinh’l %exp(%) hye” 6)

where ¢ is ¢ corresponding to the initial inelastic strain rate.
And then, we determined Anand parameters on 25 ‘C, 75 “C and 125 °C using the developed

system. Anand parameters gotten in this way are shown in Table 1.

Table 1 Anand parameter

25[°C] 75[°C] 125[°C]
So [MPa] 17.0 14.0 4.6
O/R[1/K] 7730 7730 7730
A[1/sec] 1338000 409984 15000
& 1.20 0.80 0.48
m 0.1361 0.1524 0.1600
ho [MPa] 7500 9000 16000
s' 33 21 7.8
n 0.0010 0.0024 0.0030
a 1.4 1.5 22

2.2 Decoupled creep and plasticity model

In this model, plastic priorities and creep priorities need to be gotten.

The plasticity properties are expressed by stress-plastic strain relations and got by tensile tests at
the high strain rate where only a plasticity strain arises. So, we conducted tensile tests under the
condition of 25 °C,75 C and 125 °C at 2%/sec strain rate. Fig.1 show specimen for tensile tests.

Plastic properties gotten in this way are shown in Table 2.
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Fig. 1 Specimen for tensile tests
Table 2 Plastic properties
25[°C] 75[°C] 125[°C]
Plastic Stress Plastic Stress Plastic Stress
Strain [MPa] Strain [MPa] Strain [MPa]
0.000210 13.04 0.00106 24.36 0.00127 22.32
0.000965 22.60 0.00353 34.26 0.00361 28.21
0.001800 27.99 0.00695 38.53 0.00848 32.10
0.002800 31.90 0.01150 40.68 0.01420 33.57
0.004980 37.67 0.01910 42.02 0.02100 34.14
0.010100 42.92 0.02370 42.38 0.02700 34.46
0.015100 45.70 0.02940 42.70 0.03210 34.59
0.024100 47.89 0.03600 42.93 0.03820 34.70
0.038000 49.33 0.04140 43.11 0.04230 34.72
0.047000 49.74 0.04670 43.25 0.04730 34.73
Creep properties is expressed by Norton’s low:
gc — Aco_n( (7)

c . . . .
where € is creep strain rate, 4. is creep constant and 7, is creep exponent.

Creep properties are got by the saturation values of stress on low rate tensile tests results. Table 3

show saturation stresses from low rate tensile tests results. And, creep properties gotten in this way
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are shown in Table 4.

Table 3 Saturation stresses

25[°C]  75[°C] 125[°C]

£=02(%/sec) 416 330 220

£=0002(%/sec) 271 190 126

Unit [MPa]
Table 4 Creep properties
25[°C] 75[°C] 125[°C]
AJ1/(MPa~sec)] 8.13x107! 437107 1.62x10™"
ne 10.74 8.34 8.26

3. Finite element analysis

Analysis was conducted by general purpose finite element analysis code ABAQUS. We made FE
model, length of which is 15mm and radius of which is Smm. And, the kind of the element is
10-node second-order tetrahedral element. The number of elements is 361 and the number of nodes
is 685. We conducted tensile analysis till 5 % mount of strain arose under the condition of 25 °C,
75 C and 125 C at 0.2%/sec 0.002%/sec strain rate by each constitutive model using the
determined parameters.

In addition, we also conducted tensile-stress relaxation analysis where 5 % mount of strain have

been retained after the tensile tests finished. Fig.2 show FE model.

Fig.2 FE model
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4. Analytical results and consideration

Fig.3 show comparison of stress-strain relations on 0.2% / sec strain rate by Anand model with
those by tests. Fig.4 show comparison of stress-strain relations on 0.2% / sec strain rate by
elastic-plastic creep model with those by tests. Fig.5 show comparison of stress-time relations on
0.002% / sec strain rate and stress relaxation-time relations by Anand model with those by tests.
Fig.6 show comparison of stress-time relations on 0.002% / sec strain rate and stress relaxation-time

relations by classical decoupled creep and plasticity model with those by tests.

45
o o © o vV O
N L onn
30 F v oo - ==
= &
S5 |40
25 O 25 test O 75C test
10 O 125 test 25°C Model
5 75C Model ~ ==125°C Model
O 1 1 1 1
0 0.01 0.02 0.03 0.04 0.05

Strain

Fig.3 Comparison of stress-strain relations on 0.2% / sec strain rate by Anand model

with those by tests

45
40 o © v v ¥
o © ° ©
35 - © S w B
v [m] (M) (] (=) — -
=30 r /¢ 5 o b
225 t/0O
8 20 ; o 0 0 O TS
” 15 bo ¢ 257 test O 75%C test
10 O 1257 test 25°C Model
3 75°C Model ~==125°C Model
O I 1 1 1 1
0 0.01 0.02 0.03 0.04 0.05

Strain

Fig.4 Comparison of stress-strain relations on 0.2% / sec strain rate by elastic-plastic creep model

with those by tests
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Fig.5 Comparison of stress-time relations on 0.002% / sec strain rate and stress relaxation-time

relations by Anand model with those by tests
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Fig.6 Comparison of stress-time relations on 0.002% / sec strain rate and stress relaxation-time

relations by classical decoupled creep and plasticity model with those by tests

At first, the analysis results of tensile test are discussed. Fig.3 and Fig.5 show that stress-strain
relations by Anand model are good agreement with those by tests. And, Fig.4 and Fig.6 show that
steady parts in stress-strain relations by elastic-plastic creep are good agreement with those by tests,
on the other hand, tangent parts of one are not good agreement with those by tests. This reason is
because Eq.(7) can describe creep properties of saturation part but can’t describe the creep properties
of tangent part.

Next, the analysis results of stress relaxation are discussed. Fig.5 and Fig.6 show stress
relaxation-time relations by Anand model and classical decoupled creep and plasticity model are

both good agreements with those by tests comparatively.

20
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5. Conclusion

In this study, on Anand model and elastic-plastic-creep model, their material parameters were

determined. And, how accuracy simulation results by each model accord with experimental test data

was investigated. As a result, we got a next conclusion.

D)
2)

3)

Stress-strain relations by Anand model are good agreement with those by tests.

Steady parts in stress-strain relations by elastic-plastic creep are good agreement with those by

tests, on the other hand, tangent parts of one are not good agreement with those by tests.

Stress relaxation-time relations by Anand model and classical decoupled creep and plasticity

model are both good agreements with those by tests comparatively.

[1]

[2]

[3]
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Frequency Fluctuation Analysis of Electric Power System

and Frequency Control Sharing on Demand Side

Masashi Terasaki, Atsushi Doi,

In recent years, a lot of renewable energy such as photovoltaic and wind power generations are going to be

installed in power systems to respond to global warming. However, the fluctuation of these generator outputs

affects the system frequency. Therefore, introduction of battery system to supply side has been considered.

However, it is not clear who will be responsible for frequency control in future which have been conducted by

the generation section and the transmission section to be separated in electricity business. Therefore, in this

paper, frequency fluctuation are suppressed by frequency control on demand side.

(Keywords: electronic power system, wind power generation, frequency control)
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Characterization of Al,O5 passivation film for silicon solar cells

Hiroshi ITO*

In this paper, the surface passivation AL,O; film for Si solar cells was studied by a hydrogen reactive
sputtering method. These Al,O; films were characterized by optical properties, effective carrier life times and
the C-V measurements. Al,O; films deposited at 10% hydrogen gas and 30% oxygen gas indicated that its

refractive index was similar to the bulk's index. And the maximum value of effective carrier life time was

obtained at the substrate temperature 300°C. The fixed charge in the oxide film and the interface level
density measured by the C-V method were decreasing after the anneal at 400°C. From these results, the
optimum condition of the sputtered Al,0O; film was obtained and it was indicated that the proposed method

would be useful for the solar cell's passivation films.

(Keywords: aluminum oxide, silicon solar cell, passivation film, reactive rf sputtering)
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Comparison of anodic oxidation and

thermal oxidation by XPS

Masamitsu YUGA

The preparation of oxidized films is indispensable in the process of LSI. Usually, though thermal
oxidation was used, it came to pay attention to anodic oxidation recently. The reason is because anodic
oxidation can grow at a low temperature. Therefore, anodic oxidized films are applied to the liquid crystal
and so on. So far, though anodic oxidized films were thought inferior to thermal oxidized films, it was
found out that anodic oxidation could get a film which was equal to thermal oxidation in growth
temperature.

Then, thermal oxidation was compared with anodic oxidation, and a characteristic difference was decided to
be examined.

In the case of thermal oxidized films based on the sample that oxidized for 3 hours in 1100°C. On the
other hand, anodic oxidized films are the sample that it oxidized for about one hour at 30 °C. In this case,
electric current density is 30 and 100 mAcm™. As for each films were made to deposit on the n-type Si.
Characteristic evaluation was done by the XPS analysis, and it made a profile in the depth direction. The
Si** peak of a SiO, film was compared with the peak of the inside single crystalline silicon Si”, and it was
measured about the content of the hydroxide and oxygen. In addition, C-V characteristic and the influence
of the various annealing were examined, too.

(Keywords; anodic oxidized films, thermal oxidized films, XPS analysis)
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(Proceedings of the 9th International CDIO Conference, Cambridge, MA, USA, 2013.6)

........................................ Antti K. Piironen, Hiroyuki.Aoki
Reliable Iris Detection by Boundary Search using Haar-like Features

(Proceedings of 2013 IEEE International Conference on Biometrics and Kansei Engineering (ICBAKE2013), July,
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Development of High Efficiency MPPT Control Circuit for Low Power TEG Systems
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Observation of Biological Cells in Rhombus Parallelepiped Flow Channel
(17th World Multi-Conference on Systemics Cybernetics and Informatics ,July, 2013.)
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Micro Trap for Flowing Cell,
(17th World Multi-Conference on Systemics Cybernetics and Informatics , July ,2013)
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BAER— FOEBHILTIZ& HHIEKRREDMH BT OBFE

(2013NEW IREEE, HEREMRE RS, 2013.5) « » = =« = s v v v m e e e e e ERR, BH—Jk BEEWTF
BEEV)21—23a VIS5 XTEIKEERT / HFOERK

(2013 FEBRILERMFRE(1623) |, 2013.9) = » = = = = o v v v v v v s MEkEE, WAEIEM, HEEH HEER
/L MERZEHh—RUF/ Fa—JOBBETREICHT AN LERLFEOEMKFY

(2013 FBERILFEMERE(1624) , 2013.09) = = = = = =+ v 0 0 0 =0 u s SRR, WAEM, ZEEEsFsh, HPERE

RIRIEENRNRNIE A 2r02-1. 6P205 ERRE £ &1L L 1= Zn0-2P205 5 XD 7O | L HEH

(2013 EBRILZEMERE (1G25) , 2013.09) = = = = =+« = = o s o o v 0 v v w s REEN, WAEEM, EiEsFih
thFlEIC & Y &R L 1= Pb2Ru207- 8 DFALFEHIKDER L - TR+ VRTREDTAE (3)

(2013 FESILEEMERE (1625) , 2013.09) = = = » = =« = =« PEED, HAEM ZEkrsh, AREE &HE
/L MERZEH—R YT/ Fa—TOBRFERREICHT AN LERILEEDOER

(55 6 MBI S VRO D LRERAEIF—, 2013.11) « = = = v v 0 v v s ISR, WMAEM, ZEEFsh, BHEXE

50



ZBVILATRESERBAFERA—KR U F/ Fa—TMKICLD 7UoE-T7OERILFHRIE

(55 6 EFHEBAME S VROV LEAELIF—, 2013.11) = - = = = = = - - TS, WAREM HFEENEE KHE
EVDIILR#ED /L FMERETIRE L L-BRETMROENERICFTEOMNT

(EHILY FOZJRBAES (OME), 2013.12) = « = = =+ v v v v v v e v EiESE, WAaEM, ZEiErsh, HPEE
Zr02-1. 6P205 BEHE AL L 1= Zn0-2P205 77 5 A D FiREBI I MAK B AEME & L TORE

(BHILY O  RBAEE (OME), 2013.12) = » = = = v v v o v v v e e e e e e RHEN, HAREMH EHESTA
BEEVY1—3rIS5XvEERWNV-A%T/ HFORAR

(AHBILY FAZYRAHES (OME), 2013.12) = =+« = = v v o s MEEEE, BIIKZ, WARM DEEH LHEES
FILE =y L-ERBEhOEHRELE ~RERFEEER~OIEAZEHELT~

(LB IFERFERRE ERERKSE, A05), 2014.03) = = « =« = - - SER, 27X WMTRE PMEES/\, BEEME
ZEREtAERSEMEOBR

(ERIZRFERRE RS, A05), 2014.03) » » = = = = - - BTEE PMERR/N\, EFEX SEE BAREME
BERY VT T 4 A9 EWAUEDT-HDRERREIREIC & 29— LRUEBH T« X2 EEOER

(BRULERE 81 BAK(1621), 2014.03) = = « « « « = v v v o0 v v v s EIEE, WMAEXEM kT AREE
Cr203 < = JL-Pb2Ru207- 6 7 /GaN:Zn0 fiki D&k F= TTHE

(BRULZERE 81 BARE(1022), 2014.03) = = « « « + = v v v 00 v v v v PEED, WAEM FEHTih ATEE
BEEVY1—2arT5XTEICLPERT/ HFOER(2)

BEXRILESE 81 @EAR&(1629), 2014.03) = = = « = - - EOHR, BT, NEES BEEM DEEH LHEEH
Zr02-1.6P205 o1 7R+ b Zn0-2P205 /55 X DSBS

(BESILFERE 81 MR (1630), 2014.03) » » » = = = = = v v v v v v v s KERBFAN, REEN, HEEMH HESFA
ZES I VATHESEMAMFEEI—RUF/ Fa1—TMEKICLS 7OoEZTOESILENEIL (2

(BRLERE 81 BA&(1631), 2014.03) = = =« « + = = = = = IREIL, TEEE, WMEEM KHEE HEESXE
#a/L MERZEH—R T/ Fa—TJOBRERMBERICKHT IEBEFEOXE

(BESIEFERE ST AR (1032), 2014.03) « « = = = = = = = v v & FUIEAK, SIEHE, WMAEM, ZEik<rsh, HHEXE
BEEVY21—23 TS5 XTEIC&ET70—vILEZAV-EREF / AFOER

(BRILZL5 81 mAS (PFC21), 2014.03) = « = = = = - BIIAZ, EEEE EOARR WaRde hEEH NHEEH
Polymer Electrolyte Membrane with Nanomatrix Channel Prepared by Sulfonation of Natural Rubber Grafted with
Polystyrene

(ACS Rubber Division, 185th Technical Meeting, TR 26 43 B)

------------ Noriyuki Kado, Mitsuaki Tokuta, Patjaree Suksawad, Yoshimasa Yamamoto, Seiichi Kawahara
Extractable Protein Content and Total Nitrogen Content of Natural Rubber Products
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(The 2nd International Congress on Catalysis for Biorefineries, September, 2013, China)
........................................ Yasukazu Kobayashi, Dezheng Wang
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