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Abstract

Syringe injection is one of the conventional administration methods. In which,
intramuscular injection is particular to some emergency medicines, for example, atropine.
The needle-free injection improved many drawbacks and benefit to the EMT members in
training and their usage.

The focus of this thesis is the design of a portable needle-free intramuscular injection
device. According to pharmacology and nursing, the Specification of the injection depth is
set as 25 mm underneath the skin surface. Meanwhile,~according to the fluid mechanics
theory and the commercial product Medi-jector-VISION®,"a model of the relation between
piston pressure and outlet injection velocity is constructed.and its accuracy is verified by
measuring the outlet velocity and-the output power of VISION®. In respect of the difficulty
of obtaining the human tissue, the test body of-the anti-puncture property experiment is
resorted to the porcine tissue. In order for investigating the anti-puncture property of the
porcine tissue, the MTS Tytron 250 test machine is chosen to execute the experiment.  Since
the thickness of human skin and subcutaneous fat are lower than porcine tissue; and under the
assumption that all the subcutaneous fat and muscle property of porcine are similar to human,
including the penetration stress and the friction force during penetration. The human skin
property, the porcine subcutaneous fat and muscle property are subjected to a human tissue
geometry model for estimating the penetration stress of human body. Under the estimation,
the penetration stress of human body is 71 MPa, which can be transformed into velocity form,
376.83 m/s, and the specification of the injection velocity is developed as 376.83 m/s.

Three modules of the portable needle-free intramuscular injection device are proposed
after the specifications are developed: power unit module, cartridge and piston module and
nozzle module. The pneumatic power source is chosen as the power unit module after the
comparison of four types of the power. In which, the 12 gauge CO, gas cylinder is chosen
in the device. The nozzle from the commercial product VISION®, which is 176 mm in
nozzle diameter, is chosen as the nozzle of the device. For reaching the injection velocity of
specification, 376.83 m/s, the area between the piston and the gas cylinder is set as 8.28 times
of the piston. As the result, the 12 G gas cylinder can afford to push the stream in the
specification velocity. The volume of cartridge is set as 3 ml in compliance with the ampoule
of the conventional package of medicines. Eventually, the detail of the device is proposed and
the design of the needle-free intramuscular injection device is finished.
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WL RASIME o R T AHUL00% § F 0 ¥ 7 HEd SR s 1 E 3 50 ¥ eh

L6 FEGErB 22977 0 M EAEFRE Imlz 50 ml)
dogh orik o d SMUNJIG it 6 B 4 B3R 4 507 i > F] VISION 57 3+ 5 DCJI
FASEE o W iep o A N R (doB 2.3 #777) o VISION hiE & grv v 8 &

CnFEF N 0 0T L R e Sk B

‘*ﬁ

BT TR R iR B

TR
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222, = <1 &R

RteaE poooe g ol hELR S s BAR A S U TR TR (S che 4 R o H

SR FEBERY
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o E AR SR e FEE R R R (cartridge) o F S

T U R % 1 B A ek (tool maker microscope) i ¥ #-dT iR BB E o 45 D H 6 4

£ EHET HE R 1515 mm(dc B 2.4)

f % T LR 1 171 mm(4- B 2.5)
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TR g A R T 67.4°

v v T 176 um

SR

IfRAF M EE b 4 KR LY (oW 2.7) 0 T A Rk R REE o

K& s 10791 N/m




26 3 p v

2.2.3. A =

F1% B3 A9 ¥4 > 425 (Bernoulli-equation) ™ re 4 1 of v i B %A R AUR 4 2
RN RN S i &
FER T AT R oede 4 < o] o 4
F S ] g R A o B SR B SRR o

EFERP P § AR AL B (LT B > 4B 27 HY > Piik 4
EEAMESRY VIR AEESFER PR A T AR VoA RER o B
U R R R ERE LR AR S 5 X (ABS) > @R RaE R R R Rk

g oniE B 140 mise gt vh o d AR R B G TR

8mm T 1%8176um

P,V

PV,
B2.7 o v oenf] 40
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d iz Ale ¥4 2 qest o
A P, V, L, v2 V7
+—=+ —24+-—2+gh,+f =2+ K2 _
o2 T, D 2 (2.1)

He s PpvPysVi2 Vo Mk k% 2 S8 ph RO R Lesinf £ - DEny

B9 LA AR o MBho s B 5 FE R T s R(8 R iEd) 0 L EE -4

#7= #k(Darcy-Weisshach) &= F]+ » KR & = % 48 % (minor loss)chF]+ o A b % ¢ - o

WHREOFCZFOR AL 0 &T KRR RELS M PFE L% A & (2])
R _RV (L V2 ZKV2 2.2)
p 2 p 2 D

¥oob o fpt R 51~ il 2 4258 (continuity equation) ¢+ * R 2 A #E B IEV 2V

Rl

AVi=AV; (2.3)
#(2.3)5 B ¢
Vi=—Vs (2.4)

#-(2.4)7% £~ (2.2)5¢ ¢

2
Aoy
P.LAY) PV LV, A
LERRANLE VAR B B e B H N (O (2.5)
2 p 2 D 2 2 :

He A 2R Ed R AL r Gfon htld ? o Ard 5.027x10%5 Ay 5 2.433x10° -
o %:4.84x10'4 o P A BT S L (5 4 5 2343x107 - 453 2 o+ 7

;5:5:11‘3. HLREH @ RET L% 0 PR T E S

2 2 2
R,_R. Y LV, ZKV (2.6)
o, 2 'D 2

fEI Y RERESIEE L E DS B MR P o5 AR AR DDA D
B % 300

el Vo
D 2 (2.7)
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QRN S f R A A § BT MBI FF o R & S BB o 1 f ehd
AR 4§ 2 chF b Fl(Moody diagram > ] 2.8) o AR B Y o FEd + R R

4P ¥4 k& & (Relative roughness, }/=% B sh iR DS ) B TS

B b 48 e d 25 #ic(Reynolds number) » ¥ r2 g 21 2 2 eid & AL AT AR B Rl A4
B¢ > ABS hg $e kA 5 0.0015 mm o A FSRIF* Av v 2a 176 pm; F kA

24517 AL-5F & P BT A A S W R A A B chd & AT A BEEEF]F 5 0.035 -

i

G BB BETA T (27 R)MA > TS
0.199V;? (28)

VD for water ot 20°C {Vin miz, Dncm)

o an az a4 ne am 2 4 8 e o o 200 a0 e om acan aoe eam rooao
S S N S N S ——— - - . I. L J S N N S N S —
VD for atmazpheric air at 20°C
40 L1 1oe oo 400 L2 1aca ;e 411 Ao 1acoa =430 49000 ACara 10000
L L Ll L I Il Ll 1 L I Ll L 1 1 Ll
| —iﬂ— 117 Cumﬂ:hiurhulmne, reugh pipes, A = 35000 14F =114 - 2log s
IRERNIN = (/]
T N T ooz
,_;“JI_;J '.J__r|_|, FNEEEEI NN I
4—' ﬁ}( muri] T— —~ -T,'_ nos
A T L e AT | b
ST R = e P EED NP LT e
T 0.oces
T =T =
A 0o
e - noes
E = 0.02 =
EE:-‘;J — = 0o £
L r o = 0.0M% =
N” . o ooz o
- — =t E
g as = il gme E
-ﬁ T =
il oS W
s ° Wl
.‘E 0.004 1]
= S
e +HH 0.002
T sl [
Bl o 8
. 1| Fiveted steel =
g" I Concrete 023 pes g
| 2|f+ Waodchave 0.18-0.8 nom B
g 11| Castiren 0.25 JmEE -
m 1a| ||| Galarizadiron 015 FH-H . =1
a] | Azphaed cast ron 0,12 RN L] = nooos 3
| || Commercialzteel 01048 T — T
18 Drawn fubing 0.0015 i’:‘:"’“‘zﬁ";ﬁ :-‘J Ou s 1 0.0004
val | Fuidatzoc v (s T
’ Hagen-Peizzeville equation 0oz
| | waber 1.003=_006 R 22300, f = B4A N
. | Air{101.325 kPa)  1.511=_005 “-*
; Colebrock =guation, A = 2300
Latibude (WESEL = * - g
1 = 1 gims) ANF = -2 loglria.7 + 2510RY) | r-ﬁ-ﬂx
il L 00 Sealevel  goA0za L LT
1] 455" Standad  9.20BES Contiruity equation, & = AV
gl | 2007 Sealevel  9.53219 L A -nDt, Veai=DY
8 Il I| | | 14 b)) I’ 1 1113 || | 1 1 | I |
S?B“JJ 2 =] a ES?EID" 2 2 4 5575105 :rD 2 1 5575"35
Moody Diagram Reynokds number R = = (Vinm/E, Dinm, vinms)
W

®2.8 i KI[14]
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(RN SN T EN T AR L
%
2K (2.9)

Bkl o oty R B K (S A E A FIT )BT R 2 5 i~ v Al b i

k-

Rgend fio B¢ od A2 Fh674 i & r v B P RBHPT (i=4.84><104) ’
Kie %35 0.05 ¢ #c» #2.9):8 4§ 5
0.025V; (2.10)

#2.8) 7 #7(2.10)5% & » (2.6) X 15 0 T H(2B) R B L

L :i+o.923\/22 (2.11)
p P

(211587 FlL di v B VRS Pyi A F RS 5 FRLP,E A 00 @ L sbenkh 4 5ok o F]pt
%R ph 1000 kg/m® o & > (2115 %%
B =724V, (2.12)

(2.12)54 % 5 115 & Medi-Jector VISION s i@ & < & el srid = 2 479 7 » 18 3] choefy ©

REBFERERA MG

224 v ini B 2R

U RDE R 0 1R wSRE 223 ) & rR A (212)0 L F B o iR R
BRI 2 I 3R EP WA ER O DY o T ARt gl - B

P2V SRR 1 e U R R R e
RO - BATEY DR R EPP T 1280 fps e @ ® B RE] o F
£ 5 ] 0 R A HE e T 540 s - 1280 fps T e i furf Sl (5 BRI ez
P e F > @ 540 fps chg % 7 e (- B 2.9 2 2.10) - % 2 - :x* X-Stream 7 XS-4
FEPWEFIpEGCR 2.11) 0 F 2 UR 212 97 V2K o d 3 XS-4 7 p 05k dic

pA:

3
i¥ 5400 fps > F]pt 7 r0ig | B~ ] 2.13 #7on e B0 T EEIR PR % 4o @] 2.14 Ao o
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#12.10 540fps ™ i%g i
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Rl2.12 &R K

0L08/2002 19:-21-50 001600

Fl2.13 3 &P ERE R
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bR RBRIF Y > FRAEPORE S 015mb A EFYE 12mse d o
Tvo B Lms pFE o T A R 140 mis e 3 T RE(212) 5 A o we
B 223 &Y < RRITIEE LS A QIR R o ER TS A5 MM
B mE T R EF D 135S g & o 2 5 223 &9 R R RRIT]dh % f i

140m/s> 3 35%hA R & od LB 3 5% g VLR AR L T oA o

A5t AP MR Y S HCAI TS R AR M Rl 2 o

23. AHIFERTR
231 B HALLHFER
§O AR B b BT Gt G T S AR e T e p B
Pk B * nFE A S A SFR B RlEE o BRI K Ao R 215 4T 0 MGEE & R G R
B GELME X R LI SRS B B S ERT D o
EERIEA R T Rl e A ATE o B A~ BBEL G h3 3T k(DI

water)0.5 mi(Fr g < L ER) o

B12.15 L5ER & RIZE K

ABt R A1 o I ST EER '%]4 S ERMEN X ‘:FJT Pl
LR TR G ENERETERF 22 0 PRI EFRBAT AT &
oL A A) A endt (o) 2.16 #1o7 ) o
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% > %% Anubhav Arora [ F5 engag [13] - 1 # £ E % (agan) AR H iT- Bk R 5

306 WiV B I 3 2 (4rB] 2.17) o £ 04 b ik e 2K G (I B 0 T R0 TR AR 100

7 FE o~ agar BRI 0 TP P ERSF R AR RS T 3 aER 2 16 mm

(Ao 2.18) 0 gt =k 0 AL FICE TS REPET LY T 2 SR T el

Bips o 32 U REE Y

R2.16 s A2 52k h

SRS P A tagar & & SRR TR R A F T avke K A e
ek B T 4R (hot plate) b 4e £ 3 A 0 o

:ié’s-agar ;}:;%4\; 3 agar FET 2 ;;;\%(.\,]( s f_g?;;;\&;ﬂ,,](é o
deoragar fs A AR Z 3 R Tk R BB o

do kB AR L2 (6 BB 30440480 ¥ ET HEEaagar o

P w e

®12.17 3% w/v sragar 48
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j 16mm

F12.18 1 5diff 14 e 4

&”’ﬁ*?éﬁﬁﬁﬁﬁﬁgﬁ4ﬁﬁﬂw’ﬁﬁﬁ*ﬁ%ﬁﬁﬁﬁﬂw’%i
Ho NP (2.13)

HP oo a g E RAo(L1)N o FM o GIENER (R VinT 2 At

Hooc V2 (2.14)
P L S| BIS T HHLT of i Rt AR

V- ocr/H- (2.15)

FETAMES ST > & EFI L SR (T L T L hT BIRER)  MAET

GR A AERII R 313 mfs e

232 2 ¥ HRT TR R
im0 2 MR T T B2 AR SRR TR R e BRa o F]S
RELIER B i L R TRRE AR R R R o S R AR
A 4 ﬁﬂm&rkégk?}éﬁﬁﬁil FrRE S N o B R FdheT
BA o d L

W = FH = PAH = ZmV? (2.16)
2 1%s

o Wh e mehits > F4 7B (er dhig 4 > Pain ke R > Asefinda 44 o my

AORRAT R O VoA R o (216)PR & 0 g REP M OES ENIHT A RS
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POEVER BT 4 g g o BT BT o et o 0t ST E { T

m=pv=pAH (2.17)

T BT R AL LR R ORA 2 AT R 0 B(16)F QAT L E T U

I
P=% Ve (2.18)
(2.18) 5% T 5 5 A efds IR 8238 R B % o
Y- 25 o d Bk ape
W = NH +%mnvf (2.19)

W RW G SRR A G iTr o NSFREVRE 4 > HZ & 328 F R > my 2 7 4

5
TR Vis e 5 o d PSR e B 48] > 7 1] i 5x10 mis(d 2

L) A P IFEDFE S 20(5 500 mg) o Flet o B i s BT o g 2 0 gkl
W = NH (2.20)
LT MR B Y it s 7 UG RETF RS R g o

A #H2.17) ~ (218)2 (2.20)= N & iE 0 T OLEDT 6 chB

W = NH =%pAHV2 (2.21)

d (2218 F WP 0 AT ~ B (TR 0 TR RS IR A (TR RS o T
AR EELT TR AR Y SRR T 02 T e

BoAd WA MERINERE 7 b At FE R Y Gk A a2 ki o

Flot o AR SRR A FRBA Y DR BBl BT S RREARE S o A ER G

PR FEEF DL pE g R (BRI 0 1 L BlAcB 219)1F LRy o #

B Fl R o m MR e @ RO (F] G RE 3 H) o Ar P RS BIAE ASRIRIR > T

,ljg,‘%gﬁ;i[%_g—hfiaﬂj‘v% o fp By o %@Hggvzﬁﬂ;laja% g5 o JEEIUR ﬁ]@{g s F] Pl ERF A 2R
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S ITL S RS Bl L - B B Xk R S At

3.5mm B }§(A)
7.5mm fia 177 (B)

10mm

4mm fa Wi (D)

F2.19 % LA KR

B S 3R * MTS Tytron 250 #ca i 335% 15 (4o 2.20) > #8444 * E /2 100 umends
FE > 200 5x10° i pid B F Tl SRk T 14k e R 4 R p| B (load cell) » A B %
20 N(4-®] 2.21)%2 5 N(4-®B 2.22) - d >t 5 flaguffee > B E & 7 & 5 14 42359
Lt FR R A R4 RN S A AZE RN ] 0 3R 5 -
ZAdF e BT AL (B 2.23) ~ 445 (1 2:24) 22 A Ax (B 2.25) > ¥ e L M2 0
S4E (B 226) o 3 % A 4F 2 2 PR > T ETRE > 4R T 5
P A4Fap e d RFEREF T RAINGR S BRE S B LB LR R

by 4rB] 2.27 91 0 T A ks N 7 F i AT o

B12.20 MTS i ask
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B]2.21 20N load cell

B]2.22 5N load cell

B2.23 4 E ¥



F2.24 % £ {4

B2.25 %5 &K

g

) 3

Bl2.26 * 2 ¥ & @
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B2.27 7 {E4%

FoREARY O XUNBEF A P AFEREEEFEE L FIERF KA
A+B(A & 2775 35) ~ B+C(Pg A2 vep 1L 2 CHD(V U 21 70 95) = ik (7 o T - % £ B 2
s @31

1B 2.28 chficdy o F BeIp R E

Gl 4 & B DIR o bld4e L Aol K (C)R & AT s R (D) 0 ¢

B RN LT B A R P € F R B
- BERPERY EL
$(¢ 75 MPa i & 50 MPa) - il g e flfuBary o 4 S ¢ A

Srendi IR b
TR

CHE e K atia o I G § BT TIEARY o HN TR Y
SIS S S e N L
SEE S R TR P Rk

B o Bt MR E T (IR

FEEPF -8 o $NEBRT PG o o Bt
Shergold #riTg w3 7 0 @ 4v @ AzbinE T (% 2 2.4 FRHRE) > 7 flaugsee

“J

RS BTG o B F R G A RN 4 AR 30 g

R N Y F
EEER R

F e ) s Fl A AR skauBier A4

pobod FEREE DRV DR R B AR AR R 2 R
“F 4 154 MPa o % 1w (L3S endk B 0 Bl g & 175.5 mis e ik
AT E Y NI AR K AL T B P AR~ T iR T B B 4 A 75.36
MPa: Fe 18 2 (L1) S 3 5 i B 5 388.23m/s - i B % &7 2.3.1 ) & ¢ sif e % 4 #F

B oo @
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£ (313 M) - # A& R FAL PR Y E L LFUOF R o 41 T (BT
A F g el thZ R AR £ R 0 RIS ST HAE MY 11 9 o e
FHFRS VHER T~ A KSR 1755 mis enfiniE B o0 Ra £kl R R
T 140 ms e ihiE & o BTAR > T AR A eTi e end TR 3 K BRDEMFA (F

» T BIFRR PR DA T

|

1 | |
: : VDG AH 45 2R R :
90.00 + t -
A1 B 1 C | D
8000 4 S K
- : 7\
70.00 } ]
60.00 : : / \\
= 1 1
% 50.00 : :
% 40.00 : : =
1 1 I
] |
I
|

20.00
10.00
0.00 ’ i i :‘.. - 1N "'l y & 4 ¥ .-
0.00 l9.99 1246 13I45 1445 1544 1643 1742 1842 1941 2040 21.4q 2239 2338 2437 2537
1 1 LFZE (mm) :
1 1
B|2.28 " T %%
2] Yra=]
E4ReH A ZF R
25
E 15 / \
1 e N
5 s / \
0 1 1 1 1 1 1 1 1 1 1
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
ZBEE (mm)

B2.29 [ 2.28 ek 203
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2.3.3. 3t#
B2 T Tk o R BaE LRI R RA o B

dAF AR R AR LR A AR Y oA F2 Bt Pl e lErE

FHAZZAH o Ra od L2107 TR DA S F R R § ki
PR AR T AR S REL K] o B B R g Kot L g

ARG ST RTERERE SIOTHA A R LD R B
FEHEREAEEHE  FHFAZR BN NFUFRAEEI R RO EFRERS mm)T

FTHBE L A F R 13.15%:50 £

221 A EpE Lot FYMEE LR

AR By B

E & (mm) 7. %k 4 (MPa) E & (mm) % % &+ (MPa)

A BR 0.3~3 12.75 0.2~4.9 N/A

e ~3 21 ~7.5 15

Boe drd L F T DI K o B g R el K and IR A
RARid o Bl 0 B 229750 T E AR 230 A fpe Al Y o B s At

SRETIRS Y BT EAK B R R BT R T T S AP

4o ot

P=f,+f +P, (2.22)
Ho o f o g T 4 F 8o itk BB d S PMAI R & 7 Bup 0 g hd S 4
EREE IR ERT A AR BT R TL MPas 4 o H B S inid B G 376.83

m/s
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%22 FAuge Fha"g,ﬁfﬁ
?é}%" (I\/IPa) zf'-%‘&‘#"’”&%)%" (KPa) lﬂ-%j—_
B 12.75 48.23 LR
R4 15 16.67
d LT T ok IE
o 65 100

3 mm &ﬁ‘

2.5mm HE H?J-

A RS 48 @k A AT R~

M2.30 < g maianSin ¢

fim R ik R 2 P SRR nd P R

=5
Y
=
“}%
\—3
)L;_
“
s‘r
\_.
o
*
oS
X
Tm
4..
¥

@%Ji%°+“?ﬁ“ﬂ’&%&% B EIERAT - R[] Al S
WA RGBT HR)T » B 3 BT s A F B AR 8 BT LR
B AT R RDRRE 0 XA RS Aoip o BABBRIRLT o Aok
CALF G AT R AT LT R R (R T R T LS B R

A=

b AR e iR R T

[\
b

TE
P R e iRs § b HAIS G T ¢ A Bt o 58T ¥ kar(Blausius)
) i R A
, v 0.25
7, =0.033255V (;57J (2.23)
B R RGP RS pRRMB AR VAFIE R vERMEARFR R NG L
o d (227 BB G0 T OUER T L@ PR EA S S A RS

03 Nemd 232 &Py » ¥ B FEALFTHBEF Skt B4 5 0432
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Lo ipdkon 0 FEL FONEER i R R L E S S BER B R o
TG R SR 3 R IR R B R oo FI 0 BB ORRT AR
BRAET G TN NG AR ERERFES R B R L RS T 5E
RLRFD> N E TP R IFR AP e
o2 FNUILFEL L e ST R AR LR R R
#

A e

- BRI KT o A RE b B R R (8 L]

i3

N

FT

Ntz
AN \:ﬁ e F

i

’}57) £\ S %mrx‘:)‘l”ﬁﬁ’i% FIxE‘.m;E’i*—"s"&%ﬁo?KPz‘ s l’fti‘:‘E‘.f[%’;{’i—r R
PRSIk AP B oo Hrd 138l EE e AR 7&{376.83 M/S i€ 5% & 4-vep 16t E eh
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=R ReEup s BaRI
31 T RE AR
311 kIR
TR LB RN BT LR A R N T R A
B %3—Tiﬁ1¢;§%:}%§?uﬁ i MFaE ARG AL T 25 mm 24 o

o IR R BB S cnBE IR B M (3T 13“'51‘3:) aE Bl Ao F]PEHE 25 mm 0T

1",
~

A ER o H v d ﬂ&imi*ﬂ’ﬁg‘ﬁ_‘%&,gq;é? B £ E 2 %ﬁ A
Riea 3l oo R avf i R 5 376.83 Mis o g v Mt Bl RE f i A it T

i B 0 BEHILEF Leng R ES o £ R

i
™
o
o
=
.
oo
A
e
)
D

3.1.2. #E 43Kt
BB R A E A N 2 B & ke e
1 # 4 Rice
2. MG T AR

3. Vﬁ\j’

Hoo oo 4 R £ a0 T 0 25 MM bR & & 376.83 misch ihid B

ER- B L FUBRLEOFAEGIEHP R4 RT U REHAET LT

P-4

%Al e R F AT 2 BT OE S R B R AR S ERF LA

EHERWIN S MG e de- B KRB ES SRR L B

P-4

W e dri et - G R MR R ERES e £ R R B R T
EELRINEH AP ERY R o Lb > JRGER D B - T E- BF R

(3 mi) > FRFF L 0 RIT R L PR S AL TILE ) TR R TR G R

®
Ao g = BN T MR P W ATEe B ehd & & F-Medi-jector VISION #7¢ 7 dg v

= 1l E’I%jﬁ‘—t}i\i—é‘l”ﬁi f&g}»ﬁ\_“gﬁ‘gﬁg f% ¥ .
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& 71 R

IVE /W]
FRMm
g
BETE B

&A%
A F
iy &

L

3.1 Ak

Tk

biths d RER LT RGO B RSO RAEAT Y o BT

3.2.1. WE N
SHE LD P Lt 4 R B A TNEE 0 ML BFFE R
i hid dhiffes 7 g3 3 L & hg BPFEL i o # % 5 R Rig
FIARG I BEA SN PR ke EE o d 258 F=Kx ¢ 7 v FEE R g
Vi K EEH DL o PIEF T R RA Dl 4 o a o B K EFER D
TR RIT R S BEEREOFIEL o e L KR 2P AL G PR S TR A R e
FERGTIUCIMED G P ¥ A TIRbER EE LA LAt BIREE RS

VR LR 0 SR B 4 g B R Y B U T 2 TR E Y g R
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B3.2 ¥ 564 Ry [15]

FRALS GO A KR v B BLAFRAT §F R ARFRETF -
Hpd Ry d 7 A (7 RBGEET M) @ B 4 d T RRT R

LAk B F R S AR e DB ER D PR (R ¥ - Rt ) - s

P AR ELTIHNEE SFAR O ERG YRA S o P F T A S
T BT RN AF A B RE EIRAR P he b dodk B RN 3B R

g B F RN BT LE TR LSRR 0 L R g.g\gﬁ_%\‘i e ;;g.%l

GNP TR SRR IR b G SVE: SE MR It I ] L. 1
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®3.3

Transducer

Spring

Reservair E

Micronozzle
B34 2 PZT iF 5 # 4 a[13]

3.2.3. B 7 4 (PZT ;%)

University of California & Anubhav Arora % % [13]% & 7 — &2 PZT % 5 4% > ;¢

i SR () 34) o 17 BT A B FH L SaER 0 3@ RS

<

=~

o Hahd £7 1% §3 22 4] PZT g de 0 ¢ @1 bteni AR 0L
HA B hp e KA

+ B
"3t PZT enfirfe ® 0 & A 403 beng Wi 1) lplo @ -
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GBS AR Ry pl P mle TR E AT RDBES I FO R T (R
£ pERE o ¥ 3 bR B 0 200~400pm o & F g FlH-E PTI L TI g o $a0 e 3 st

Mo A AR EE O PZT i R R RS 0 3 LR ER R FE 0 T

PZT % cinds 4 i A fI30vop L E o

3.2.4. "R R it
"% e w38 d Stanford = Daniel A. Fletcher &2 UC Berkeley @ 1 & i£[17]> 4] * #4
SRR IR ATA L B E R FR DI AR HEF R HEERE AR
d v o Feen® b Bl 4 R & LEMIGRT rn e B R~ S00um
G o k@ o d 034 BEG U fakenE R § 200pl 2 PZT 84 F Ap ke R AT
Fo- kv Fponr 5 L4y pl slgemls Fpt L bter g & SOpER AR E £ o b PE

R S TR S ) R v T L

[&]

B3.5 kg ins e 4 (A)EE 7 2 B(B)160 1 J(C)310 1 J(D)780 1 I(E)1560

% SR R RE[LT]
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3.25. # 4 heanE#H

PR Rt fide 4 R I Ae L 3.3
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