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Abstract: Formula calculations or graphs are frequently made in engineering majors. In this case, Microsoft’s Excel
software is the most commonly used. In mechanical subjects, students can use Excel to practice finding the motion of the
mechanisms and creating graphs such as displacement diagrams. It was investigated whether there was a correlation
between Excel use ability and engineering major grades when students with various Excel skills completed engineering
majors. From the results of the correlation study, it was found that there was no correlation between students’ Excel use
ability and major grades. These results showed that it is the performance ability required by the major subjects that affects
the major performance of the mechanical engineering subject rather than computer utilization ability such as Excel use
ability.
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Table 1 Questions about experience with Excel
No. Questionnaire items Answers

1 I know what rows and columns in Excel ol knoYV
o0 I don’t know

2 I know what a cell is in Excel ol knoYV
o I don’t know

3 I can change the format of the cell in Excel ol can,do it
olcan’tdo it

4 I can enter an expression in Excel formula bar ol can,do it
olcan’tdo it

5 I can create charts using the chart wizard in Excel ol can,do it
olcan’tdo it

6 Please select how many questions you answered o0 ol o2

you know (or can) from the five questions above o3 o4 oS
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Sth week 92.9% 7.1%
15t week 80.6% 19.4%
100.0%

0.0% 20.0% 40.0% 60.0% 80.0%

Hlknow it ™|don'tknowit

Fig. 1 Awareness survey of rows and columns in Excel

5th week 92.9% 7.1%
1st week 77.4% 19.4%
0.0% 20.0% 40.0% 60.0% 80.0% 100.0%
Hlknowit mIldon'tknowit
Fig. 2 Awareness survey of cells in Excel
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Fig. 3 Performance capability survey for cell format change of Excel
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Sth week 92.9% 7.1%

15t week 45.2% 54.8%

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

Hlcandoit Mlcan'tdoit

Fig. 4 Survey on the ability to enter expressions in Excel formula bar
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Fig. 5 Survey about the availability of the chart wizard
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Fig. 6 Survey about the availability of the chart wizard
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A B & D E F G H 1 J K L M
1 Time Cam Angle Displacement  Velocity  Acceleration
3 | (seq) (deg) (mm) (mm/sed)  (mm/sec”2) Time-Follwer Velocity Diagram
3 0.0 0.0 0.00 0.00 137.08 80
4 0.1 9.2 015 447 13241
5 02 18.5 1.15 16.67 118.71
6 0.3 27.7 363 3333 9693 __°°
7 04 36.9 7.82 50.00 68.54 8
8 05 46.2 1348 62.20 3548 E'w
9 06 55.4 20.00 66.67 | 000 =
10 07 64.6 26.52 62.20 -3548 %
1 08 73.8 3218 50.00 6854 ¥ 39
12 09 83.1 36.37 3333 -96.93 g
13 10 923 38.85 16.67 -11871 %
14 1.1 101.5 39.85 447 13241 s
15 1.2 110.8 40.00 0.00 -137.08
16 13 120.0 40,00 0.00 0.00 20
17 14 129.2 40,00 0.00 0.00
18 15 1385 40,00 0.00 0.00
19 16 1477 3940 -11.94 -114.50 a0
20 17 156.9 37.66 2244 -93.34 Time(sce)
21 18 166.2 35.00 -30.23 -60.92
2 19 1754 31.74 -34.38 -21.16
2 20 184.6 28.26 -34.38 21.16
24 21 193.8 25.00 -30.23 60.92
25 22 203.1 2234 2244 9334
26 23 2123 2060 -11.94 114.50
27 24 2215 20.00 0.00 121.85

Fig. 7 Example of Excel practice for cam-follower design
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Fig. 8 Relationship between initial performance of Excel and mid-term score
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Fig. 9 Relationship between final performance of Excel and mid-term score

mid-term test scores

90
80
70
60
50
40
30
20
10

0

0

0%

100.0% 200.0% 300.0% 400.0% 500.0% 600.0%

[ 1]

Excel prformance improvement

Fig. 10 Relationship between Excel performance improvement and mid-term score

AW AA Aol AaAS

= 008307 A H= 3 FHI =7

AP} Qe Aoz ekl Fig. ol st dol 57Ae AR 24} 1
T ArkE e sl w2.9%ol7] Wil FAAY Abole] X

v
K
3
av)
i,
v



o ALg ST TP el B 1B ;

2719k A% A4 S FHol FOAR A ARIAL ks dupt ygtemz, da 54 @
gEsh FHAE A Aele]l FRAAZ 2ARGG A4 FA 58 FPEE 1T DAY T
Avkn @ 7159 A7k 5FA] 2 owlE FAsAEA T Rolth o] AN x7] A4 £
g A5t 0191 AT 2gelglon, o] A HE A4 FaAFY A4t 42 3Aeh s @
Aetgont 27 ool W@ 44 Sl Y FRES AL = golA o A5 el A3go
2 waatel A9agit. o] s el 27 1740 W A% sFA AAY & F Ak 7]

5o M7t Eode A9 glon o] SAFE=TE 100%, 17004 5712 E713F 7 $-7F 500%
Abole] #AIE Fig. 1000 veolglow, oju AaAA 4=
3}

]
o A7 SHARE o] Aol Fojuet At gl

90

70 ° 3.‘
60 |
50 Y L4
40 ®

30 e ®
20

10

mid-term test scores
°

0 10 20 30 40 50

Quiz and assignment scores

Fig. 11 Relationship between quiz & assignment scores and mid-term score

100 °®

90 ,.Cﬂ“-.

80 .

70

60

fianl grades

50
40
30
20
10

0
0 10 20 30 40 50 60 70 &80 90 100

mid-term test scores

Fig. 12 Relationship between mid-term scores and final grades



8 g 2 =

¢

AAE 27] S8l 252 55 AR A ]l AR 7= H
FHBATE D=AE AT Ba Al sigets F= R A
WA= Fig. 110 wekslon, AeaAE 02112 M o] #@e ol
Aopy AudAZE fivta & 5 vk eig 7|kte] F= g A9
o] Folek A3 &S wol7] fs 71EA Weorw A= AAE HArls]
o] 63%E WERHAT. mebA el AR Fz=o} Al A AT dE
bo] 71 Ao Aol vtar & 5 itk o] d HelA A= H A
Aol gl & 4 Sk
A A ald Ao HAF BA Alele] BAIE ARG 5FAEA = Al A
W, 6F2HFEE A A A8 Rl CamDeisign™ ¥ 71753t A whE
814] 80| 7153 Working Model® 2D X~ 21385 ARgalQith wheba] oA 8 S #Ee YL
1FAE 5527k A o S BatAnt, 857k 9 =8 H7F Adrh HF Hrkek of| #AYE A=AE
AHR7] A S A HF B Abelo] wAlel s Lopr ko, Fig. 120] Y #AE U
R AT Fig. 12014 Bz whel o] SAIE A3 HF FA Abolol] FAMC] dgHor v
As Bilon, FaAss 098 AEY. dutdor 3 5 e A gol A A
T WA Atolol= AdaAY wu= 23E YERAIH

> e
CORaC

o
20

>~ ok,
o
|

B=)
2
o
oX,
)
o
ofy
o N

4

N T

}

9
1o

O oX,
4

)
oft
2
)
o
o
f
v}

.

rlo
N
o
my
o,
B
Lo
ox
il
I

o
2l
rtl
2l
lo
2
0%
e
o

N _‘),
of
ol
N
o
2 o
WYY

oX,
a
)
ofy
A
>
oX,

o
¥ .
oot

d
= —
N
=}
(o
fr

ol o
e
jaiec}

| X
(e}

2,
=
tlo

>
>
oo
ol
b3t
o
[kl

3.2 2

NAE HEoR AGetE ATATAA A ALG S AT Aole] FRRAS AT o,
sEe] A ALE 3 AT Aol ARAA} Gk AR e 8 A S 2
e AZEMOIE FEIHE SYS AFRAA QRS AL, AP ATHEAA ] A
AgEE ATEGIE R ST & JES FAste Ao s

AAFee] AFHFL olfetinl we Zzade] AR AW, AT A EE T4
ool JPe VAL Ae A Ag S e PFE B Y EE 04" 22 59 noe
A AFHBNN aTsHE 9 SHolntm @ & Ak mebd AFW AR 2TEdoje] £
ge suHon Wad seln, sge] g BEE DAY JaAE AP wATA A G
9 5Ye AT 5 AR FPES ART Bast duh

= 7|
2 A7 eyt ATud s g5 A

SEnEa

(References)

(1) Choi, J. Y. and Heo, H. J., 2013, “A Study on Formation of the Process-Object Perspective of Function Using Excel
to Specialized High School Math Underachievers,” J. of Educational Research in Mathematics, Vol. 23, No. 2, pp.
213~235.

(2) Park, Y. S., Lee, M. J. and Lee, S. J., 2019, “The Analysis of Design and Effect for Software Non-majors of Computing
Education Model using Excel,” J. of Digital Contents Society, Vol. 20, No. 10, pp. 1969~1978.

(3) Kim, Y. H., 2014, “Application of MS Excel in Teaching Statics,” Trans. Korean Soc. Mech. Eng. C, Vol. 2, No. 1, pp.
21~28.

(4) Park, S. B., 2023, “Analysis of Different Views on Job Competency of New Scientists and Engineers between Mentor
and New Employee in S&T,” KISTEP Issue Paper 2023-09, Vol. 349, pp. 1~26.



Trans. Korean Soc. Mech. Eng. C, Vol. 13, No. 1, pp. 09~20, 2025 9

<3&7z==> DOI http://dx.doi.org/10.3795/KSME-C.2025.13.1.009 ISSN 2288-3991(Online)

291 B UXIE 3 MEYRE o3 M

IS O[FA" . E|Bof . YT

* FAgistal 7] A A A s
The Design of an E-Scooter Deck to Prevent Two-Person Boarding
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E8: B =Rt 22 §52 BASY] A% AEARE g AAE DEY AS4REE @9
HMES A AAGN AgsEon, Be AgrEe] ol §au i WEFY F shtelth, AEAREL
83 lQgon TREY, A5 o) 4He EFI SEd URe xdd A4 224 5 Ao 8
A wEi 44 ABE ool il Alsgle] ¥Eskn, 53, 20 Hee A w4 A 2 92
AT, B =Rl A E ATLE dWE] fletel 29 ®e WA dF AEANE g 246
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Azglel 29 g oy B3 45 FEead

Abstract: This paper deals with the design of an E-scooter deck to prevent two-person boarding. Commercial E-scooters
are easily operated by unlocking and adjusting speed and direction through the handle. However, the safety system of E-
scooters is insufficient. Especially, two-person boarding poses the highest risk in the event of an accident. In this study,
an E-scooter deck is designed and manufactured to prevent accidents by addressing the issue of two-person boarding.
Pressure sensors and thresholding technique are used to design the two-person boarding detection algorithm. The
designed kickstand and PWM(Pulse-with-modulation) signals are utilized for the E-scooter braking system. Hardware
experiments are performed to demonstrate the performance of the proposed E-scooter deck to prevent two-person
boarding.
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Fig. 1 Operation status of public e-scooter in Seoul Fig. 2 The personal mobility accidents by year
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Table 1 Foot size for adult men and women and foot size

HAEZlRE 3 A4

Table 2 Deck size by public e-scooter company

11

for design
A 46 cm x 15 cm
Minimum Maximum

Men 215 mm 297 mm B 48 cm x 18 ecm
Women 193 mm 272 mm C 46 cm x 15 cm
Design criteria 190 mm 300 mm The designed deck 50 cm x 22 cm

. 500

5080
30 { | O i |
220

Fig. 3 Pressure sensors distribution (unit: mm)
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(a) (b) (c)
Fig. 4 The expected foot position on an E-sccoter deck: (a) and (b) one-person boarding; (c) two-people boarding

Fig. 5 The maximum length in the case of one-person boarding
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Table 3 The number of treadable pressure sensors according to the number of feet

Number of feet Number of pressure sensors stepped on
1 2<x<3
2 4<x<6
3 6 <x<9
4 8 < x <12
 start )

——  Pressune measurment |

!

Evaluation of two-people boarding

}

Is the number of

. Yes
pressure sensors measuring pressure - Two-people boarding
larger than eight(8)? 1
Nr.:l Kickstand and motor controller operation
One-person boarding | E-scooter stop
 End

Fig. 6 Two-people boarding detection algorithm
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Table 4 FSR-402 specification
Actuation force 0.1IN
Force sensitivity range 0.1- 10.02 N
Size 18.28 mm
Thickness range 0.2-1.25 mm
Fig. 7 FSR-402 pressure sense
R, E
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—
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' "
ol ( \
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—X /f
r 7
. )5
Y'm I °
Fig. 8 Equivalent circuit of DC motor
Desired speed : Controller PWM Signal DC motor Spt:ed
Fig. 9 The block diagram of PWM motor controller
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Table 5 Pressure sensor number

Pressure sensor number

Pressure sensor 1 Pressure sensor 7

Pressure sensor 2 Pressure sensor 8

Pressure sensor 3 Pressure sensor 9

Pressure sensor 4 Pressure sensor 10

Pressure sensor 5 Pressure sensor 11

Pressure sensor 6 Pressure sensor 12 Fig. 10 Comparison of actual electric kickboard and the designed
skateboard deck size
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Fig. 11 Control system configuration

Fig. 12 Pressure sensor attached to the designed skateboard deck Fig. 13 Kickstand modeling

Switch

Pressure sensor

Fig. 14 Hardware integration
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Table 6 One-person boarding (A type, B type, C type) results Table 7 Two-people boarding (D type) result

A type B type C type D type
901 0 0 938 0 0 970 981
964 0 0 801 952 663 963 893
965 0 0 925 954 949 845 797
0 0 851 0 963 944 0 0
925 958 970 0 0 0 922 947
0 0 0 0 0 0 956 976

2 y / % A\ v /
Fig. 15 One-person boarding positions (A type, B type, C type)  Fig. 16 A two-people boarding position (D type)
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D Motor speed
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Fig. 17 Time history of motor speed control with PWM on two-people boarding
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Fig. 18 90-degree rotation of the kickstand 10 seconds after the two-people boarding
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dolHe 7|9l A98ss Fdste dad i 959 3 7tse e HoHE 224
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Abstract: ESG, based on Environmental, Social, and Governance principles, constitutes core values for a
company's sustainability and prosperity, exerting significant influence on corporate operations. ESG data
integrates all available internal and external data relevant to a company's operations according to global ESG
disclosure standards. Through morphological analysis of the evaluation system, safety assessment criteria are
analyzed, producing quantitative “safety assessment indicators” that can be utilized within the ESG framework.
This establishes a standardized platform for monitoring worker safety in domestic and international industrial
accident work environments. This research demonstrates how the ESG-based worker safety management
platform can be utilized to enhance worker safety.
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Development PIT, purchase order, production BOM,

[data] | Country of origin, place of purchase material input information equipment operation, power Media, usage information, eustomer voe...
material composition usage, water usage, employee status cutsourcing
operation, logistics information, safes information

_I_/

——y— /’ g~
"R,espnncllng to ESG issues and promoting innovation activities” J “Reconstructing ESG Perspectwe Data and Systems”

development purchase manufacturing dispose Sales/Logistics UsefService

.o == rice wine Climate Logisties Greenhaise Product Ei ¥
L\l g lalaslg)d Eco-friendly products Renewable resources Siraingr & Waste Recycling o5/ Eﬁicie:qﬂg
- Devel I k 4 Conflict Employes  Outsourcing Marketing Custamer Safety
society Y ubstances  Minerals Safety Safety Reguiations  2being Personal Infarmation
Management New product Operating )
performance development Purchase size Local purchase commonness  sales expenses coiision it duty donation

Fig. 1 ESG data concept diagram
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Fig. 3 Positioning information collection diagram
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Fig. 4 Dashboard screen with ESG-based positioning technology applied
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Development of SSAMS (Safe & Smart Ambient-Air Monitoring System)
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E5: A AAAR] S4A APoE SHes =4 viE A 7]%Q F87F 7HEskE A glow, 1
WSt F SR LNG Autd g A|sgle] de o] diFdal B dFelAE LNG Auhg
FGSS(fuel gas supply system)2] ©o] 3] E|(air heater) A EHE A3} J——’Xc}—% e 5 U= A A

Hl EYH® A]2~E)(SSAMS: safe & smart ambient-air monitoring system)s 7’23} T SSAMSE Al A <}

EWdAvE, 3|H, $37], PLC Ao]7] % 0T ZEEZ TAEY FGSSE Ao 4= gom, A E4
S T3 9AY AREAIA AlaE AEE AgEd 4 Qlth SSAMSE 2% oS RES s oo
HO 2% Ass 22T AR FHem, ngdd g m5s gl AA, slH, 371 vl
Ho] FEE ASEte] ol FF-E AREANA AEElth AlA~E GH AR AWE S8te AT
OFZke] A A(SF 3x)0] WA AREAM A 7 §lo] AEHATE JdE A]AES LNG 83T Al

2Ele] b, AEAd 2 A D AR Ve

Abstract: The demand for LNG vessels has increased due to the enforcement of global environmental
regulations. The FGSS (fuel gas supply system) components must be monitored regularly to ensure optimal
performance. To meet the FGSS's prospective functions, we have developed the SSAMS (safe & smart
ambient-air monitoring system), which includes heaters, blowers, pipes, sensors, controllers, and wireless
communication devices. The SSAMS utilizes two temperature sensors, a flow meter, and a pressure sensor to
monitor its working conditions, and it reports real-time operating conditions using communication devices. We
tested the feasibility of the SSAMS with a test bed and plan to continue upgrading its performance based on
the test results.
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Fig. 1 Conceptual designs for air heating systems in the fuel gas supply system (FGSS): (a) conventional
air heating system; (b) SSAMS (safe & smart ambient-air monitoring system)
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Fig. 2 The sensor configuration and overview for SSAMS
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Fig. 3 The configuration of SSAMS: (a) PLC control system with an IoT module and control panel; (b)
system monitoring app and in-situ HMI (human machine interface) accessed via Wi-Fi
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Fig. 4 Heater output control screen by PLC and program



38 oY - RS - WFx

ﬂ‘/

w71

[e]

o
o
r'O
i<

60 Tprea(t) = 54.59 — 28.53 » ¢~ 0003806+ : :
55 - P T —
X 3406
_ Y 55.93
L 50 X 300 .
T Y 45.9
5 45 ° | Inputima) To Ttste Tatate [C k T [
2 8 32 43 4283 1487 0004 250
o 10 32 56 56094 3025 -0.0036 260
8_ 40 - 10 33 57 57.34 29 -0.0039| 270| |
c 12 28 7 7033 -4708  -0.0034 280
] 12 33 72 7194 6412 -0.0037 250
= 35t 10 265 495  so7q 1834 -0.0004 230
X17 10 27 536 5329 -27.98 -0.00352 290
Y 29.36 10 29 56 5459  -2853 -000338 280
3045 10 33 576 57571 -28.98 -0.00395 250|
12 32 53 7169  -44.86 -0.00346 290
25 1 1 | 1 | 1 |
0 500 1000 1500 2000 2500 3000 3500 4000
Time[s]

Fig. 5 Heater experiment to determine its physical model parameters
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Elasticity(£Hd &)
E5: dukstEo] Q= HillY] F-522 SN =AA At Aet s dAE Hebdt. sd A
AE Bzt Aol o]F& WA Voigtd Reuss A Aetiie AGojgttt. et AlQl Voigt AAI= AAW
of g Werh A&gvkal FpAstl 2 ghs Fskal, akg AAIQl Reuss AAl= AW L g
o] Agetrha 7pAsted A 1 ghs ekt AdWrA o R Hille] §E5A S Afakd aFHEE o] &35
oA FEpAIRE, o] EA-oA FE, FolFHol diE AAXTS dvbH o R FHEUA FH. F
dAE S B 3 2049 Hill F52Rke Rdsta rt. o] w=iolA= aFA el &4
Aol ol =AM GEI FolEulel tigk AAXAS e ¢ JeAE Av Rzt g

Abstract: The generalized Hill inequality describes the general bounds of Voigt and Reuss. One is for the uniform stress
prescribed in the boundary, and the other is for the uniform strain. Generally, the Hill inequality is obtained from the
bounds of eigenvalues of elastic materials, but the bounds for the anisotropic technical constants, such as Young’s
modulus and Poisson’s ratio, are unknown. Thus, this paper will introduce the steps to construct the Voigt and Reuss
bounds for anisotropic material.

1. A 2
EdA =AM F N o] sdo] AgEo JdS W 7HF HA EAE SN 7 de HES
BAZAE TrEoA 1 1] el BFARS SA4A7 SATS Bole Aot 7 & Hele A
Z712 Hille] FE2olgkal 3= Voigt-Reuss HAIZ0oth. Voigt AAIZA-S A3 AAE YeRY, 7
Aol ALt MrF A8t 71HSkaL, Reuss AAIZRAL St AAIE UERY, AAHA FLS
o] Zggrhar 7Rgstol A yEbith. Ak o R Hille] FEA09 gk afHEE 3364
g, B =RolAE HAE @S HERE UrolA g A EAE d5eslt. B AdFAE]
o] Bt FhHeta, EAXIE A7 golnR, oA H|&R2 BEAXE 2= THS U A
ol ARt 483 & Jdrkar shARE, 2 =il A oA Almel dEiME AFEE F S WE
Yzt gt o] At HIFAEY FHAIZH TSN A dAFAIRE AT 5 ATk
2. 2
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A=y (55) + ())<= (577) +a(s77) < (=@ (e]) + () )~ (1)

A7NAM = HEAAS YERTY, s ‘—‘E HA 3} jHA Foll &3 734 dl A (compliance tensor)] A&

o] "}, ¢ & iHA A jHA oﬂoﬂ 45k BHA "l A (elasticity tensor)2] o] Hth. 9 HAF RS Reuss
AAZAC S AAS YdeRHaL, 9 HAF VE Voigt AAIZAQ A AAES vERIT. B AAE

of o] B A ATHE A YA, 27e g AT Q= R FAsduc: $FYS
7 BlA o] s o Aggstar omrt @ ‘:‘rL Azrsich. -2 & "A7F Zbzbe] WS A A 9l
oo Y]l WAool e AEle] o 4 sh(homogenization)7t T o] w7} 21%—% Zro] floj= A o3|
st 4 Q). ol A A 13 2= B A RAA 2719 & AZE S vERdAY. A A (compliance tensor) s
= s} 2ol depit
1 Yz Vs
— = __2 9 0 0
fl EI ‘FL
Vo | Yoy
£ E 0 0 0 2
—1—1 Lo 0 0
n l'_‘ l:,? 1'_1
5= : :
0 0 0 ! 0 0
26y,
1
0 0 0
2(;1.1
0 0 0 0 0 —
ZG]]
A7IN E = 9E, Vs SFobsH], 1EaL G,= AGAGTE Yepdoh, 4 ()9 934 kA =i

€ Bl A (elasticity tensor) Cz mdol 7}OoHX1E} g A (1) ol gstdx WA 4E E 9 A
sREAE Fa.
28 F Fopgulel 4aRA% G877
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dlo
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vl

A @A 1A T 2 A F

o] gk, s FOFEH] - vi/Eo|BE o] A thElA FES AT d st st dghgkel wet
oA Fobsul, vpol ARge Toa, Fuel shaghe WA su0) sHagkel Fekeld Folgul, vy
o] shehgkes 3k, 2y st 99 @S YElE R Sekgte] Ayd oz A AIE Han, Aekgk
o] &3t A7} H}.
3.2 2
SR A, A (1), A A (compliance tensor)®] HFHLE vEIt o] x@EAT. ol SHAES
7FZ EHd 'l A (elasticity tensor)©] ™, FE, Foldu], AGATZE 1A
E(—1+v) Ev Ev 0 0
—1+v+2w% —1+v+202 —14+p04+ 272
Ev E(—14+v) Ev 0 0
R —l+v+22? —l+pv+22?2 —1+v+ W2 3)
C= Ev Ev E(—=1+v) 0 0
—1+v+20?% —1+p+202 —l1+v+ 22
0 0 0 26 0 0
0 0 0 0 26 0
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271 BEgAQ s &3] THsE AAA ) s AAE vS3 A

ER< Edff < EV, “4)
a8y, "M E o] &3t #2835 WHS o]&sd, V|EY EFARYE Y& g UES & F
A olfFA= 7Y HRARGET wAdAME 27 s AFESSE W B =EoA e WIS
A e "WA Ao FAZSLE 5] "ottt A () o] &3t A @)Y st A st
SHAAI= o3 2ol xdd

R— EiE, . ()

E,+Ep-Ep

‘ (El(fl+2y2)(71+¢)+E2(172v1)4})—(El(1+b2)(—l+gb)—E2(1+ul)¢)
V== E (—l+u +2,,2)( 1 - 2 : 6)
. 2R (- +¢)_52( 1+“1+2"1)¢

=5

)3 Fohgul thevt ol EAA

vR<ped/ <V (7N
o 714
e Ezyl—E2v1¢+Ely24'J ' ®)
E,+E¢—E ¢
O]_T]_

Ep (=140, 22) (—14¢) —E( ~1+2,+22) v ¢

Ve . ©)]
El(—1+v2+2u§)(_1+¢) _EZ(—1+1/1+21/§)(/,

o1y wAY A% A AT ol s HAT + girlol olgel F Bl @ #H49
(orthotropic) S 7FA| HA],
E| =12.0; E,,=13.4; E;=20; v, =0.376; 113=0.222; 123=0.235; G |, =4.53; G,,=5.61; G ,=6.23 (10)

o] S K 9 % (hexagonal)©]  °4F3}Q1 3] A (hydroxyapatite)o] AE A9, T3S A o] ZA A
(%9l GPa)P= th- ¥ k.

L= 117.6; c12=34.6; c13=72; €= 162.5; c44=44.6; c66=4l .5 (11)

AellA A =5 ek ALdsHA HW, 98 Enel ZAdAet 5
Hl vipe] A s A= Fig 29F en, AT Guol Fd8 A &
A=etelzol FopsH o] AAS el oM F57F 23
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