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Huang et al. (2014)[2]

Sveistrup et al. (2003)[7]

Lee et al.(2016)[8]

HEX20048 S X
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EFa3 oy L E 6%

38 40 48~ - TS =0~
ZH 4% £ 338 120 &
4

PEFNEE : RE + B AER
e R

il - R F +VR
*RE L 20 A sBenfil+
25 A

* 5 kAT RAeni@ B §_4p Y
Sfe (TR P B B
BE B R EF L E
P LA BT AR o

SRR - @ 0%
=R : @ 5% +VR
ISR B 15 A 4mng b
+30 A 450 #EH +15 A
48tk £ +home program

¥ it v £ 7 B A
+GDSR i& ¥ (goal-directed

shoulder rehabilitation)

£ 3 BEETHISRRE n=)

study outcome |significance | significance Mean Mean
measure of the of the difference | difference
difference | difference within between
within between group group
group group
Huang et al. CMS p<0.05 p<0.05 - -
(2014) Shoulder | p<0.05 p<0.05 - 8%
joint angles
Sveistrup et |[DASH & % | p<0.05 p>0.05 18.5 2.5
al. (2003)
Lee et CMS p<0.05 - -
al.(2016)
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Physical objects

IMU sensor Wireless transmitter

Training accompanist (de

Practice goal
gree and time)
B

Skeleton animation

Current performance
(degree and time)

DEINCIER Y (Y i SRS S LT RN

Motion angle Pretest Post test
(Degree) Study group | control group | P-value | Study group | control group | P-value

Flexion 149.1 149.0 0.904 171.6 166.0 *
(129.2-162.7) | (131.7-157.5) (153.2-174.0) | (154.7-171.2)

Abduction 145.8 144.0 0.947 168.0 157.7 *
(104.4-163.5) | (100.7-163.9) (151.0-171.3) | (127.7-169.9)

External 62.1 60.0 0.076 83.65 74.3 *

rotation (55.7-83.9) (39.7-71.6) (71.5-88.2) (56.5-81.2)

Internal 40.5 37.1 0.051 65.5 50.65 ok

rotation (36.4-64.2) (21.9-53.7) (54.0-71.9) (40.2-59.0)

CMS 63.5 63.0 0.738 85.0 76.0 *

assessment (45.5-70.7) (50.0-71.2) (72.5-89.0) (68.2-84.7)

Significance level=0.05,* p-value 0.05,**p-value 0.01
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Z

CATs Mean SD value Significance (2-tailed)
Before 584 143
CMS 3.41 ® e
After 795 947
ROM (degree)
Before 1465 176
Flexion 3.52 # %
After 1619 13.1
Before 1345 335
Abduction 3.52 # %
After 1496 26.1
Before 664 224
External rotation 3.52 # %
After 782 169
Before 495 213
Internal rotation 341 # %
After 6l.1 16.8
Muscle strength (kg)
Before 16.45 547
Flexion 3.52 # %
After 223 6.65
Before 1433 452
Abduction 321 # %
After 19.23 6.80
Before 147  3.39
External rotation 2.92 # %
After 176 3.01
Before 16.20 7.60
Internal rotation 3.35 # %
After 21.36 6.87

Significance level = 0.05.

“*P < 0.01.

IR Y B N

48

DA B E AT R ROM foves




S KRIDE I FHE

E B B A AL

i%LAéZ%% Ri& AR

Ao B R E E R
PR TR Eaid s Qg z

A i 5
23 SRR ER ) e SR 8 1T =N £
R R NZH o HLLEE &P
W~ A FR R R
FEN WA R FEHIF -
PR - RWmIIE - BESE -
& - BinEs

49

s8¥ER

FFTAE ERRANBIRER

RER

\T}

Al

RiFHF M2 &4 Kk p o
%ﬁ%ﬂﬁﬁ;m’igu;gﬁ@@
8 /2 : 2L A
2 BEBRES %ﬁ#&ﬁv;ﬁl%gﬁg;%@g,
gk E 4 B E R B o PR
2R RECEEBEF O T
o A4 A b 4 o Mg E 5 ok
P R RS TR RS 3 i
RBOARHHR R R ARRAR R
T HE AR TARL &
chuEd 2 BB 0 LE3[1]- 4L & B
BEBRY R 2 E f
RFREIE S TR AR R B
PN E AR sE 2 Juik kAL o Fpldg
£ &P 2 QaHiray B
FE-BPRFRy 1 25 E e 32 &

);.L,}l '—};3@ {;‘-

( Superalloys)

LA



Ldgth o P A ATR T DAL L £F 430
AABARLE L FIEE G g A
IR RBAEE B RE 2R
A FBEEE FINLABERE TR

L hn REBER B RRES 4 B
L %*aﬂ’”wk¢%zjw
Z1EZ AT NER
Sk
AR AR Sy
mwms o LR ER
s # £ (Hot section)2. #> ¥ 4 (Blade) ~
Yoo F 5 (Vane) 2 ¥ #%(Disk) 32 8
higAg b EE Y 2 BRI =
BN b s O e RESG
2 H i (rBl4) - Bagsday
RN R ks %G

LAF i m

sl k= oDz
);TE;?*%:“%; N R

Ff'l't A} /4 # }‘)"L

‘}__ P
ehp R o A0 F 2kl kA5
> epk 3 0 1960 1N T

%
i
m
@a‘
m:
(dm

*%L g& 4

PE DR Ay 2 uEMR

P I1980F N A R H I g

Ry

P
s
Eiy

50

B0 1990& s * I~ Y S ALK
W e o B oW E N B PHE 2 R S
EREEFELRY H G
AR e B 48 bl Ao p A
ZFE1501IKE - B F S A

FEE RSN

EAV; B - B

EABAAE et B P
P 1980E& ST 4 A
Hapast &l o %8 & &2t itry

and error= ;ViE {7 » erJ{C‘?P* PR 2 5
¥R L o R FAPM R R TR R i
SR RAERY B BT LA 4p
T #r i %8 Thermo-Calc &¢ —5’&2‘ el e
B k8 IMatPro® A2 (718 & > Prig )
SR ?%%ﬁ\»ﬁa
%iﬁ%}&ﬁﬁﬁ Pl FER F T
Y

i 7

‘mﬂ



o R HNEITE S o
A2 E 2 A2t WA TGk
R W R R R IR ol
BE < gk B[2] (eRS#T ) > =
ApaAgs sy e

MRIRBER

T S AR RE B
FAE i s 0 T O Pk i
H o e 3 K end & L] b
Wi S Ben * > LE6: B oenghid
KE=2-H LWT7- rAEEHES
Bridgeman Type * &5 0 & iR ¥ i3] »
RECY o B RS EREY 2T

TORBS AR Bl AL FIR A

DRI S RS Sy U A ]
R RS % 8 0 BEE L Fenie
RGBT - BRAGEALE LR

BAFE DY o P BRSO ALR E T Nk
BT RA o 4K 42011/8-2014/7 % F

W%Jgﬁﬂl ’F*Eﬂ’}\? E; ﬁ’rA»J.
5 TR EE RS 4
ZBRE ) = # %“51712§£45

)
BF %k THEYE S f?ﬁ 2+ @it 48 JMatPro %

%igmaggaﬁﬁﬁﬁoyggg
,-l:

B F TR R 0 RS AR S N
A o AFTEARZ FURE? &
BT EREEREE REBEER -
3 ¥ 5.2004/5-2005/43% 7 B § K &

PR IR TEERARRS AR R

3 296 (VA ERpe s H100F

ﬂ’ﬁi%@ﬁﬁaﬁi;lﬁs

BRERPB LR H wm4ﬁ

28 B v E1200°CH_P 70 - %%
B AR RR

%Fﬂ@

& 7
BE )L iE M AT R o BITISE K ad

X
|
\-un

B F2016% B 4 B R a2 s i

S (7 0 AP MR B K B



POTRAE T R e

oA 1980# G R FE s
Fi FE 2R g FiERIT P
EiF R R FTRZ2MEREHF
7 kg o4 A IDF# 8 cHTFE-1042
Al g S fe s > L B0 o TFE-
104273 d s enk 3hdn 4 X 7 % Bk
Frenr g > B g s (R (8 e 4
) §.8,350FF » F]WIDF s L % o
7 E TFE-10427% # #% - TFE-1042% %>
Wendi 4 2 LA L RFIEIMRE ST
ARt H EatERs £ i 5
ALE Ede L TR VR Bl
g2 PR o = LB E KR by
1ERGF R LFFERT F e
(RpiBimz 1 ¥gE? ok LAiE -
R0 1980& & & » ¥ L BLE BT Budi
Y 970 2000F (R g 3 G AN AT A
RY T L9 0200102 35 3% ¢
F)F rhREEETPEANE
TRE e RAZELE T DUE N
P FIRhSIE o P g RE EBR

e

iﬁiﬂ@%W%Ewﬁ%ﬁ@ﬁo

o BB ELE Y AT
S8R

[1]R. C. Reed (2006), The Superalloys:

Fundamentals and Applications,
Cambridge University Press.

[2]B. H. Kear and B. J. Piearcey (1967),
Tensile and creep properties of single
crystals of the nickel-base superalloy
Mar-M200, Trans. Metall. Soc. AIME,
vol. 239, pp. 1209-1218.



# 1 ~ Nominal compositions of single crystal Ni-base superalloys (in wt.%)

Element Cr | Co | Mo | W Ta Re | Ru | Nb | Al Ti Hf | Ni p
First Generation Single Crystal
PWA1480 | 10 | 5.0 - 40 | 12 - - - 50 | 1.5 - Bal. | 8.70
René N4 | 9.0 | 80 | 20 | 6.0 | 4.0 - - 05 | 3.7 | 42 - Bal. | 8.56
SRR 99 80 | 5.0 - 10 | 3.0 - - - 55| 22 - Bal. | 8.56
CMSX-2 | 80 | 50 | 0.6 | 8.0 | 6.0 - - 56 | 1.0 - Bal. | 8.56
DD3 95 | 50 | 40 | 55 - - - 58 | 2.0 - Bal. | 8.20
Second Generation Single Crystal
PWA1484 | 5.0 10 | 20 | 6.0 | 9.0 | 3.0 - - 5.6 - 0.1 | Bal. | 8.95
René N5 70 | 75 | 1.5 | 50 | 7.0 | 3.0 - - 6.2 - 0.15 | Bal. | 8.63
CMSX-4 | 65 | 90 | 0.6 | 6.0 | 6.5 | 3.0 - - 56 | 1.0 | 0.1 | Bal. | 8.70
DD6 43 190 | 20 | 80 | 7.5 | 20 - 05 | 5.6 - 0.1 | Bal. | 8.78
Third Generation Single Crystal
René N6 | 42 | 125] 14 | 6.0 | 72 | 54 - - 5.75 - 0.15 | Bal. | 8.98
CMSX-10 | 2.0 | 3.0 | 04 | 50 | 8.0 | 6.0 - 0.1 | 57 | 0.2 | 0.03 | Bal. | 9.05
Cl\glsuf_ét 3.5 10 | 0.6 | 6.0 | 8.0 | 4.8 - - 57 | 0.85] 0.1 | Bal. |8.927
TMS-75 3.0 12 | 20 | 6.0 | 6.0 | 5.0 - - 6.0 - 0.1 | Bal. | 8.89
DD9 35170 | 20 | 65 | 75 | 45 - 05 | 5.6 - 0.1 | Bal. | 8.96
Fourth Generation Single Crystal
EPM-102 | 2.0 [ 165] 2.0 | 6.0 | 83 | 6.0 | 3.0 - 5.6 - 0.15 | Bal. | 9.20
TMS-138 | 3.2 | 58 | 29 | 59 | 56 | 50 | 2.0 - 5.8 - 0.1 | Bal. | 8.95
TMS-138A | 32 | 58 | 29 | 56 | 5.6 | 5.8 | 3.6 - 5.7 - 0.1 | Bal. | 9.01
Fifth Generation Single Crystal
TMS-162 | 3.0 | 58 | 39 | 58 | 56 | 49 | 6.0 - 5.8 - 0.1 | Bal. | 9.04
TMS-173 | 3.0 | 56 | 28 | 56 | 56 | 69 | 5.0 - 5.6 - 0.1 | Bal. | 9.11
TMS-196 | 46 | 56 | 2.4 5 56 | 64 5 5.6 0.1 | Bal | 9.01
Sixth Generation Single Crystal
TMS-238 | 46 | 65 | 1.1 | 40 | 76 | 6.4 | 5.0 - 59 - 0.1 | Bal. | 9.12

Density p: g/cm’
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