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Development of Kinetic Artificial Flower Ornaments

Using Shape Memory Alloy

Postgraduate: Ying-Sin Jhu Adviser: Chi-Hsiang Pan

Graduate student Institute of Mechanical Engineering, National Chin-Yi

University of Technology

Abstract

Artificial ornament flowers are very universal technology, most people enjoy one
of the ornament, and floriculture material can be multifarious, just follow creator have
different combinations, and than produce different ideas. However, artificial ornament
flowers material are mainly of static state object, if the original static state flowers
components dynamic state or can be coupled with some other function of the dynamic
components, the appropriate combination electronic sensors and control program under
the electrical and mechanical, upgrade rich creation content, increasing education,
entertainment and health body and mind additional effects. Therefore, this thesis is
original static state artificial ornament flowers dynamic state, modular, program control
and green energy technology. Mainly flower, leave, stem, butterfly and other insect with
each other, goal is to display flower bloom and bending to the light deflection, and

green leave, branch swaying in the dynamic visua effect, the flower emit floral scent at



the same time, produce fragrant smell feel, and the butterfly wings dancing to create
pleasing picture.As flower bloom, butterfly flapping, green leaf and branch swaying
have to power source and produce small movements, designed to reduce the complexity
of organizations, large volume and to avoid noise generate, destroy the flowers natural
beauty and convenience of use. Therefore, this thesis exclude the use of traditional
motor and other transmission components, changed to linear shape memory alloy (SMA)
as actuators organization component, and to a single-chip output pulse width
modulation (PWM) signa with the current as the control circuit. This paper works
through diversification and modular combination of flower elements, combined with
sensor and programmable controls. Users may need to create variety customized
product, from the development and use point of view, have highly creative life and
infinite market potential. Future benefit assessment can be applied to office technology
of small objects (adult toys), clothing fashion accessories, and artificial flower-shaped

robot.

Keywords. Shape Memory Alloy, Electro-thermal Driven, Actuating element,

Flower Ornament
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ber PR BBRBIE RS TR e BRI RS 2 ERL %ﬁd

-

FRE L TERESLTRAPEM OB N, AR B 2.300) 5 AR

R TEGEE RS AW AN A RERE S5 kR £
HBEREThEE PR Rk eRELASHBFFIRBOIR > 9 o
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PR RS H PR e teih s AU He
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v o8 2 B * [51-53,56-58]
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ARG £E L R Al D SRR R 0 2 - WHEER § T
fo At F s hAe A BATR A BCE TR 0 L & S et R ATdp
B R DR EER S o Flpt S Al e LD R A 2 303 ahE TR £
£ o

VREREEBHER S Bl 3 Ak 2 REFE UL PRIERT A
M FER B TR R IV R RNE S £t G| EE S 7 RiER
Fpesrfld it £ AP 7 p[25) e

LR MRS &Rl

& e AR
CGRERERRE)

i m

(a)
ETONG VT TR TN BB AR LS 3] AR
Val (o EBAMED)
l‘ 1| f"-'\._.
N__', N (@)}
e !
(b). ©
Y= = EERAAET R X
& (3 e T 4E)
(®) 10
N "9
(c) ()

B 24 sUkzefi & & WiviEse
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2.3 254 2518 » & (Shape memory effect, SM E)

ARA R HWBHES SRR R0 dip (Austenite) - fL2 * 49 0 Ay
s & AR BRIt @ e 47iide (Martensitic) ] E4p e & & iR A
SRR S Rt TN R i i MR L LY
REEET BRIV AR) T € 2 RRRIE RASAK E%ﬁ%ﬁﬁ ok 20
deghen 3 @ HRAR S R A Ak e AR IR % o fL1F A5 22 R 2% i (Shape memory
effect, SME) » 4§ 2.5 ~ 2.6 777 [26-31,39] ©

e
2
s A Austenite
.%
N
Cooling

Loading
[

Twinned martensite De-Twinned martensite

=~
7
Deformation

B 2.5 ke frc b2 & 1 1R

A5 8k S 0 A '
4 = N
.
\ g-mzmanmise

| EBEE-AEERET

&

J— /

\ ¥

\\\'7 ——_,_\“\\
\:} ™

4
— = ) Brd o b
— N
/"’HIF t\ T f’/
/ v
/ VTN
| s — 4 R
N /‘
N1
™,
i — w2
Ead: 318

Bl 2.6 A5k 2R B
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2.3.1 H = 25 25 (0OneWay Shape Memory)

- B EBHEFRREFEFIN GREREAUR) > b4 - e i P fr“u"?’ FAR B
Ao ArE A ATEBEBRVR S e > TR S 04 BB R
AR R e R EARERELEF EF-FUER Af nTRER(» § X -
TRVGET S F BB, - FUERF > A RERE £ B BIRART R K
Ay fﬂuﬂﬁ— BUARIODF AR 218 AR AARKRE - BERD
(E TR iT— = > 4B 2.7 #7571 [27,32-34,39] °

AT

m BEMf (e =mECATCRY E8))

B 2.7 H w35k e R B
2.3.2 B A5kek(Two Way Shape Memory)
freRooB Ly v RERLEAIF g5 & gAY M ¢
pEofTsE e - £ A B LI ETREAR N IRE MU A R ARk gL

AR AL PR R R 0 T O WK R ok do 28a) ~ (D)#r
[27,34-36,39] -

a BE<Mf (i B 48D i B >A G w )

e

b= DO 25
- - 1
b = 1=
Z =
o =1=:1]

(b)
B 2.8 fe A4k e ek Bl

P
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2.3.3 =35k R(All-Round Shape Memory)
2o keRE - BF Vool S F e RO 2 e REA) L

SR L% MR £ $ARLEFRE ST dofl 29@) 7T 0 E
A ErpE s 4o 29(b) ~ (C)FF 0 FEE A AT AR EF 2 e %35 4oB] 29(d) ~ (e)
SR o ER GBI Af N 0 R BT 29@7 R AR F Ni

+ 22 50.596F * LB > 4 B § i fEre[27,35,37-39 -

™
: £

B 29 Ti-5INi(%/ + ) & £ TR ch2 w2 ks li

(@ Fiz gt 4 g & 5 (D)(C)# £rps Ay o (d)() e ia £rps Ak
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2.4 ##14 (Pseudo Elasticity, PE)

2. H A7 S (Superelasticity) @ dp R Gk L EEET 0 Z g ARy < L
BB F I T TR REAR -

#5814 ¢ s (Pseudo Elasticity, PE) 22 fr v $7# 4p % ik (Stress Induced Martensite,
SIM)F R ih L& £ FKERE 22 F20 BpFRERERILT > AT
Fro STBARAA B R T R R FFIN o F il f avh A (ot S RE )
READ o FCBAR R R A G F2HRE TR R

Ja kA5 0 4o@) 2.10 9757 [27,28,30,32,34,35,39]

FEERIE

Bl 2.10 #5843k B
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* el E sAzdeA kR E

2 473t

PR R R RERE £ T B HER SHAR RS £ @

\\\
s

Penf Bk o A2 g Akl £ & L Ti50%-Nid5%-CuS% stk s g & &
(Shape Memory Alloy, SMA) » # 4T 5 0.6mm» F £ &4 7 I # &SR B & 700 )
ME AR E EPRBEFR A R PR UEIEREFRI RER R
SRR 0 L AHLAS A s B AR 5 R fom B2 R R
B AR R e £ RBHEK g FHARR S FREL Y

3
AT89C51$$J“"”* CAAE B F B (PWM) - 2 B hT Rdrd] o

ek Sn £ B AN R 2 ]
|

, ¥ ¥
} ]
RS E I E ] [ R EE S e ]
}
[ PRr ] [ T ]
pS = * =+
Al Al fl B || = w2 | | & - "
& £ E E|| = - & g | =
g |z2| =&2| |&2|| & | | = # wF
- |~ ~| |~||l£ m £ g i
2 &= = #. . 3 -3 » &
= o i# o L -3 | | |
B s | # i3
u £ & P

B 31 :h & &7 ki A2H
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AR RN AR SRR E EWITH R B AR e R E £ 0 A RER

& & #0ig % ot £4xTi50%- 45 Nid5%-4F CuS% > & P #r3e i enaj k.8 & &
A AeBB25 AR B e R AFHE  HsRhé 2R HEe o ST G
0.6mm > 4p % i i & 5 50°C L 4P FLHL G U P A R (5 Y Ml
PR 4o R334 0 WA AR R E AR Y ER S F - L]
BFRERTFIEF L@ RPN NGRS E R4 315 ££TiS0%
£ Ni45%- 4 CuS%:e 1 & 4 49 M By

Bl 3.2 sykaj ks & £ ¢ 0.6mm

s )
Bl 3.3 s#{+4 ¢ 0.45mm
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# 3.1 45 Ti50%-45 Nid5%-4 CuS%A) %k e & & ek M itz 3 4 [29]

EAEHE =< (°F) # < (°C)
B 4% 270 484008 & (A's) 315K 41.85
FRAETOBAPERAT) 335K 61.85
B 4 m Scdbap i A (M's) 320K 46.85
FRfre AR ARAMT) 296K 22.85
7% 8 B (Hysteresis) 18K -255.15
Bk $A5 % 6%
FhRi & 10°
# < th#(E) 40-65 GPa
AN 4 (0) 107K

PRE S MR o eRI34 0 AR AEE TR E DR B KR4 s
oo B AR A RS R BRER D AR R A AR LR R

FAjkieiRe 2 w4 o

B 3.4 fcd? 32 BB E
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PR E L TES13I3E B 25 4 BI35@) () 1 & % kB Rlzelis chi 6 B R -

7 PR $ 445§ TP-KOL » TP-KO02 ~ TP-KO03= #8735 » 404 3297 o

@};’}? s 146 I;L 130.4 a7 -
Tt i e e T =
TP-Ko1 P-E02 TP-K03
# 3.5 (D) TES-1313 ;8. & 3+ 2] 8 5
4 3.2TES-1313 /8 &+ pE 5t
A5 TP-KO1 TP-K02 TP-K03
-50°C ~200°C -50°C ~1000°C -50°C~750C
£
-50°F~392°F -58°F~1832°F -58°F~1385°F
BR AN Fr RN A By A
LS If Rk ¢ 3.2x150mm ¢ 15x100mm
By K(CANICI/NIAI & & 2 # 7
FrAAFRA L | R AL | 4G ER
e SRR | FRRE P
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BEERBE ARG AoBB60 LB KB RERE L BERP P

B RIR S & nd e dn 0 EATE A S 2 AT R A sk -

R 3.6 @,Mcéwé

3.3 P B AL ERUTA R E £2 i A7

HARIGERE £ NE NI R ERTREARASE ) BRI A FRAILER
THPEA 2 24T 0 4B 37 4757 o B 387 ¢ 4 A 400C B o H RE pER R
B397 § 4 & 400CH » 245 BARAEKS; B 3107 5 4 & 400CH > Hw
4 EA S B311F 5 M A 400CH - HicHonk it s W3RV F AR
B 8% 400T -+ AR RAILE R £ 4000 3 2 AR L0 2 F R

*EE oo T (S22 kR e 4;@1'?3&#’"1 400°C 2. % 3@‘5?&@°

B 3.7 F44 e SMA R FE e fip
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B #8% 1 (sec)
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| M | L [ M [ L |
100C 20000 300°C 4200 800
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B 38 7 F#JLE R SMA & REFFF & 47

= | |
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| i I I i
100°C 200°C 300 4000 5007
BECT)
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85 |-
E)
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ﬂ !
GRS =t n

80 -
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75 | s " 1 I L 1
1001 200 3007 400C 500
BAECC)
B 310 % F# a2 F B SMA 2w iR 4 o479

34 =

32
g %o
E "
® 28l -
ed
&- [ ]

26 |

24 | [ |
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BECC)

Bl 311 7 I #JZE B SMA B4R PFR- & 45
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20

1.8

16

1000 2007 300 4007, 5007

@& B(C)

B 3.12 % F #2328 B SMA 223258 & 47
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3.4 7 A IR ERBIT RRELEZIFLERER
d % 3.3 % 100C ~ 200C ~300C ~400C &2 2 50CpH > °r g A4 X E7m
WP > T e Ak RE R 0 A 500C R A 60C 0 4 ¢ IR H A 0 4o

3.13(a) ~ (b)#75F -
4 33 #okRPEZAPBLIER L

100°C 200°C 300°C 400°C 500°C

LR R 50°C 50°C 50°C 50°C 60°C

(a (b)
W 3.13 () = #x4BiAn (D)i% 270 4Bi4p
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3.5 % -kl Tk el & & Ak AR
7 A A LSRR E £ e B FRSBKY bR A RR
Hukieli g & P H 007 sl Bk Y 910-1504 0 R 8 & dde s

B 4eF3.14(a) ~ (D) 0 @ iR Eze R S & R AR S B Nl > F]aR

HERE AR I R SRR S RAeAk e

(b)
B 314 (f1* # k4 AW Bh s £440A) Rk

(bL Tjzefh & £
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3.6 L5~ v 8 A eif e ih & £ (SMA)2 #iF2 2
Wirakedi s & L2 e Rarahai Rk o Lot - hE gL (AR
i) 0 e 350~500°C 4% A ~ B PF > 2 4% Ti-g4 Ni-4F Cu ki » % 400°C
e EFE 1530408 0 LEFAER O FIREE VAR RE B0 Ra L
FRE L A00CH R4 40 Bl FRH A F L PE T R R L 400TC
Fd piEAE RS & KT AT RARES AR
3.6.1 L A5 fhs &8 F- 2
KL R anelR e £ 0% HR Aig & b o o] 315 4T 0 2 8
Fl s £ r FEAARN LATHAIL ) R4 RGE SRk w 4R S 90° L A5

4o 3.16 #75% o

B 315 LA5%

B 316 L 75zips 480
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3.6.2 Bl e £ WIF 2
BB R e R e £ R A GNSE oo 4o B 317 A1 o Sd BdR E AT
SeffAS4aa) k5545 5 doF] 3.18 #T o o

g] 317 'Jp‘q/‘/“_—»a

3.6.3 E R £H T3 2
DR TR AT R B R B AR o Flt 0 B AR RS o AL
ERETAKIRE £ B ARRAE EEFRRIT 0 MREB A REE T
EAGK 0 4eB 3194757 0 AR P PEF R RERE SR IZERK T o
fats § ﬁ#mggﬁrg
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Fwd LA~ 98T s B AR feil e & & R~ i (shape

memory alloy actuating element)x 2+ ¢ % it
WiEsppRe A2 LR LFLT RO RERE £X 0§ 3 FaORE
B a el A EMRNESBHELE, LB D NI F YRl ARG
T ok peg w0 Fp o WITRE A flEForhs £k
4.1 LAt gRd L2k diw
MEAILE LA e R E 450 0 P oS A RE RIS om0 T 5
BF O N EEP AT A A2 wRlAlE) £ ST T e SR TR

4o H4.1(0) 7 o

@ (b)
FALL 2iein s & 4ilptst (AL T (DT

28



4.2 AeRe AR ABRFEY T
BRI R AR L £ B P g s f«frﬁ]\'}ﬁﬂ_&)ii’lpzlcmy @
FeF ot NP AR F A A o R42a) 0 £ 5D R e N e

4o 14.2(b) 7 o

@) (b)
Bl 428 he £45BER @QAELT (LT

4.3 ERA e e E R AR HYIT
MR ESLEE MGe RS £B N P RS S EERLE R don @ F
FEL ™ N 00V M F R A - Az AoBl43(8) 0 £ AGd iR At SN s TE

# » 4oB4.3(0) 57 o

@ (b)
W 433 et &4 lia @AL T (O)IDT
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4.4 r»"hl'-'-Lf]’ r% & kPt X L?\l

BB IL B DL AR E £ PR EfEEME RS 4den A Y

O R R R F L - A Aol 44(8) 0 F g R B SR BT

# o 4@ 4.4(0) 7T o
SH|E A

@ (b
BA43 L et &l @1 g (D)LF

rr‘\\

4.5 A FiRAizeln s AR A E gt A
KA AR L AB D 0 P R AP ME BEEL den A Y
@ BIRFE UM RF T - 42 4oRl 45@) 0 £ 5 TAegens N T

5 > 4@ 4.5(0)5F 7 o

@
Bl 455 Eineli s & 4eoiits QAL D ()L 2
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4.6 @ iFE RAGelRE PR R EEE
HRRILIE E SR E £P 0 2 el £ {OBILAE RIS don s 4 Y
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4.7 BB ¥ R e AR A BRI e T

HR R T RGE IR S 50 BUEGER S £ 5 & 5 bem LR 0. 5em
B Ao L - BRI e s £ R e®AT(@) 0 H i
Tkl € RITEZER L & TFR > weRAT(D) 5 ¥ - AR EE M A B 2tz

Bé &¢ B 4rEldd@) -~ (b)srr o

@ (b)
B 4.7 438 F f SMA “hipjtesit i @QAL T (D)L R
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Bl 4.8 41 G F k SMA ¢ e QAL T (D)L T
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4.8 ol EFoRE A RFABRFEYIT
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7 2 BeE£EFDERE A FREE > BFCEF 2R &0
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O SRR R E o S A R ¥ -
o RSS2 e R o Ao RAO(@) A o T - 8 AT 2
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R WAL TR+ b S BRI PR 0 T L

o0 R B S R4
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4.9 32w iR s RB AR EYIT

P B ERP AN e GEF R E S Tl A R AT
FoflRd S AR phREE  AFHRARLL = &7 P fEl R LU=
FURRGEY e e & JA Y IR AR ARG 0 2 MR
o FUEF LGS G ERBE - PR E £8 FFFEY 2 ARy

BoED S e Y BT 4oBl4.104977 o
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B AR TREEERRFEERE L B RIS R B A
B oAU ERFTIBRRFATAEEE B SL 7 c 2R TEF R
+
2

S H & P EFE R OTRED Gec 0 A REF T A A g ¥

& & AT89C51 & » #% 4 &4 % (Pulse Width Modulation, PWM):u 55 » & e i
L4 RETHNET % > RsREgn it » 24 ¥ MelRe £3589
5.1 T B3

PR pliEeRe £ N EHE® T Aok N pE 7 AT89C51
P o s 2F &m0l o o J1H U 53 F(PWM)LEL > 227 ks
EEPE R - THERFRIPN

Rt T A AR w0 P - AN EARMS > F TR TR
B o T g B ok d YT TR 0 do) 5.2 477 0 B - AR EREMN 0§ R

&

PRI PGB M A fh 0 U RERE ER&Z S 0 Tt 0 §RE M-

Es

v H fy O AT8ICSL f R ELTS » T € B 4pkade 73k Tenfest > e b £ B 4

7R R fofiands (7 4ol 5.2(0)4rT 0 % = ARE A EaE M o B ST
o DEL > W § Ede Ak TARsY o 4B 5.3 47 0 B fAAE A HARKR T
B 0 F kAT RIETIRM » T g frdofest » BB E £1TH 5 4oB] 5.4 977 o
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5.2 "%k R 3 % (Pulse Width Modulation, PWM) & # i 312

"% g R 3 % (Pulse Width Modulation, PVVM);E&%J,% ERGEPE G P2 b m@l
MGt PR RR RS F AR PR LY A # FRE 2 PWM
n-\:tfrﬂiﬂ >R B ELVINGE R ) fe ¥ - Bt R 5B & B A 0T TR SLVmME
%0 @ A2 HPWMS 3k A)(Vd) » 8 §F R IZ e F55 7 o

/ﬁ»ﬁ.)ip% T}\"‘fép%%_g FI%J}-]I} Rmﬁg’?ﬁ—,-}oﬁﬁgﬂxﬂ/}\l— ’_slﬁs

1 iE¥ 4 (duty cycle) £A4pd » £ 5Lt s g1 o

Vin, Vm

Bl 5.5 PWM A & & i h 12

PWM ¥ * %8 5 B i engrd] ~ TRSH B2 2R~ 34 3 2 i
Ek A& - B5.67 B 7 et > AT # (T (active)  FFRF > & et T 1 173k 8P (Duty
Cycle) ; » M E fefhi> £ Tig it (stop) , P > A& K PFRfe™ i - i34 - J @7
" p APWMAELE - B BT B 4] > BB FE R T 2e KT g
AL R E £ d > § R T LRGeS TR e p R
BB EIRARE P R T PER R 1Y - 12 ON-OFFE 1 %k T

B prdlielB s k& TR 2 M s & A [42-45] ¢
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ST AT AR T

+| |-l— Duty Cyele

- p Period(# )

AR

B 5.6 PWM 255+ &, B

AT AN REPWM)A L - B AR T s M R LAy
Fd 4p @R W (period) £ 2 TFiE p (duty cycle) k1 B T g KT e K

o 1 (EiE ) ECUELAST B T e O BOUELIE Y R AL 0 do] 5.7 #5 A

PN~ =
NKANE @ _dy@ny ann

(a) 25% duty cycle

PN~ H
L re e rirerer

(b) 50% duty cycle

PN 1 H
rrrerrrererererel

(c) 75% duty cycle
B 5.7 PWM 1 iTk 8 7+ R B
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5.2.1 R4 > PWM % 4c > PWM 2 2455 &

-
&

B ks bl d FI58 @i At r PWM B » 2ol s 4B A ¢
%

BRAE o mE Ao r PWM pF > P EEe R E £ B S M3F 5 o 7

Lo BRI K

=
}3;
‘\’J\Y:

®
EVHEF o0 PWM ¥ 2c% Meelp g 4B B > 1R gk o

100 —=— sk fw APWM u
- —e— w ADPW -
90 |-
g0 L /I«,
—~ - / »
& r
— /
o | :
g 60
! - -
# 50|
~ = 1
- -
40 | 2 L
- O e L
L (% R -
0F e
L ) | . 1 L | |
1.0 1.5 20 25 3.0
LR (A)

B 58 A4t » PWM % 4 » PWM 2 X £ R
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6.1.1 I’if"”%%&glﬁq—% e

PRBLA T LD B SRR RERE R PRE R TR E &

<

PREMR LRTF)ZEBAIER > P BBRE T IN(1A - L.5A - 2A -
25A 3A) % KB RIERE S REPETH BRI EE R REEET P
RBL AT PRI RAAR B R R E chpEl o TLRBER 0 4oF)

6.1 %7 o

(b)iE T s
Bl 6.1 P 73R F
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PREBRAJF LT BRI S RERRE LD ERTR FlehE &
SHERRPED A2 RE T FHREERS T IH(IA~15A~2A -~ 25A - 3A)
Aol BRAEARRBTINT > eRELDEAGERE  H BRI LMRE

S T oheHis > B TESI3I3 R A > ERlicR s &Y R A E » &7 a4k

koo A RE A EE 0 oR] 6.2 977 o
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PRI FT A BSPNREPRERE LSRR AL LA
MislRe £ 5B B G I RSN RR O REREEFIEAA
ARMEED TR RASR o TA L D w4 o LA AR GRS £ D
w4 BRI RE £ - HE T - RS R R 0 T R
eRE Er gt £ 4oR 6.3@) (b)#rF 0 A AR R E w4 BRIE
AP RV RE £ 0 SETHBLETR SRR E SR ZRIHE w4

B 4 chd s ho] 6.3(0) 4 o

Pk

(@ L2 SMA w4g 4 £ pl

(b) %25 SMA w4 4 £ 57
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(c) 2 %25 SMA w41 4 &)
B 6.3 w4p+ Bipl= 2

6.1.4 fx&pF £ 2
PRI AT HREET O N REPRE EHRFERT o Fleh

? ]

oy

B AR 0 AR RREARBE T R & RN E R
FRHBRASERE AU T8I 80C  TRLWT R Rich BRAI R

BERPEATE PERF 0 4o 6.4 27T o

Fﬁ] 6.4 sTEFF LR D2



6.1.5 A4 PWM ~ 4 » PWM 2 PWM “4c b 5% 83 2

HoB s 8 Rk e r PWM > 4r » PWM 2 PWM 22 b Sdcfiz 1t > 18 §
ERHBRERDER RERELALTEFEPEIMRFEMNTRI R4 0
FAEREN 3 A2 R NET G oo dER e £ATE DAL 4o B 6.5 47

’/'[‘\ o

B 6.5 A4 x» PWM ~ 4r » PWM 2 PWM & | s4c# £ R 2
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6.2 L) ~58A) ~ B RAEIEAeRE ELERIES
6.2.1 R&pFF 2 £ P

ERBLAmZ LA 3R mREEF ST EM KR BE ReRE £S5 90
2 15304 1A ~1BA~2A ~25A ~BA thi B T im o AP A ke S £ TS 64
FEv ATABAp 20 4B > B AR B EARTE R Ll REPERF o d B 6.6 F
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