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Fig.2-1 A schematic (not to scale) of the injection chamber used in the
continuum analysis assuming static incompressibility.
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Fig.2-2 Continuum  analysis  results  assuming  static

incompressibility with standard parameters illustrating the fluid

pressure for the entire injection process,
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Table2-1 Values of the parameter varied in the continuum analysis

Standard
Parameter Parameter value
value

A, m? 1.18x10% 8.11x10° 1.31x108 5.88 x 10 9.95x10°®
A, m? 5.42x10% 2.71x10% 4,07 x 10° 6.78 X 10° 8.13x10%
L m 0.018 0.009 0.0135 0.0225 0.027
Xo M 0.0635 0.0318 0.0476 0.0794 0.0953
m, kg 0.0682 0.0341 0.0512 0.0853 0.102
Vo m/s 0.00001 0.25 05 0.75 1
k N/m 12608.4 6304.2 9456.3 15760.5 18912.6
B N/m? 2.18x10° 1.09 x 10° 1.64 x 10° 2.73x10° 3.27x10°
po kg/m® 1000 500 750 1500 2000
HEEZIT o7, HERFROZAEIL Ly B & Uie. HEHRITENCER R R X 2% 5 2
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Fig.2-3 Calculation results of injection pressure for first 0.005s (Initial piston velocity 106~1m/s).
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Fig.2-4 Calculation results of injection pressure for first 0.005s (Spring constant 6304.2~18912.6N/m).
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Fig.2-5 Calculation results of injection pressure for first 0.005s
(Piston cross-sectional area 2.71 X 10°5~8.13 X 10°m?)
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Fig.2-6 Calculation results of injection pressure for first 0.05s

9 8 2
(Orifice cross-sectional area 8.11 X 10 ~9.95X10 m)
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Table 2-2 Design parameter of needle-free injector

Springl Spring?2 Spring3
Spring constant k N/mm 24 4.72 7.55
( Elastic force of spring F N ) (90.5) (177.9) (259.7)
Impactgap xmm 0, 27, 50
Equivalent mass Meq g 10.8

AEEHE U7 KB O, \EICHE STV T — 2 v 2 iEE AV T-iest
JESOHEEM & —F L T\ e, ZDOZ EbIEROHEETFIEL E L FFBLITE 2 &L,
EREOE 2 LIERERORRGT ST A —4 & AW CRKMEFE A OREE 23R L. % 2-2 128t
72 LIERER OGN T A—2 Z5tdi U, X 2-7 ITHEEEOR AR ZRT. X 2-7 OFEER
W (Impact gap)lL 77 > ¥ v — L ATEHEE B & ORICERIT SN TV DRI TH Y, Zhddk
EL D L THIRENRE 72 5). EEFOFEMIZ OV TILH 3 mETiIR 5.

KERTENOWEEEZFHE LI L 24, EOFRaE/MA L5E CHERERRL2 0mm
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STz, Fio, FEERE Smm OGS, 1XEH 7.55N/mm OlXaz i L7z S0 Cldsmk
70
oy
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Fig.2-7 Estimate result
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Fig.3-1 Structure of spring powered needle-free injector(Injex50)
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e LHEROEWES R 2 L—1 3 U&7 H 7291, 3DCAD VY 7 | Solidworks OFHECTé 5
Solidworks motion Zffif L7z. ZDEE, et EHE, (30, ¥ bnolot— g Ui
HreH D iz HERITEEHZ D0 EN DD, [ 3-1 OFt72 LIERERZX 32 D X 5 280157ET
VTR, A M OB L TUIROEENER TE 20N CHWVREWVES, (Fh0E
BEHEE LTSI & Mg 2 BT 20N DD, ZIUS DN TR T 5.

(TINTE A SN ET R =3 N CREROESN I 2 1 T, B
HIINE—LINE, D) ORI, QAR v NORSEET, () v—HA
4y NEOBEERC L 0 it SD. ARFZETIE Injexs0 S U v (& 05ml) #52 LTQ@)
~@NZONTHREIT, T a3 UINCEACE D X0 IKiEb Lz, & a VAT

ksy
Cey kga kp
. |
Fy
ksy

ko : Stiffness of spring for driving piston

Meq : Equivalent mass

ksy : Stiffness of syringe

kga : Stiffness of gasket

F: : Friction force between syringe and gasket

Csy : Damping coefficient of syringe

Fig.3-2 Mechanical model of spring powered needle-free injector for motion

analysis
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Fig.3-3 Elastic energy of spring
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Fig.3-4 Elastic deformation of syringe calculated by FEM
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Fig.3-5 Stiffness of syringe as a function of internal pressure P
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Fig.3-6 Deformation of gasket calculated by FEM
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Fig.3-7 Rheometer RSA-3 (TA Instruments)
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Fig.3-8 Frequency dependence of dynamic storage elastic modulus and dynamic loss
elastic modulus by master curve  (Reference temperature: + 25 ° C)
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Fig.3-11 Relationship between driving force and damping coefficient of syringe
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Fig.3-21 Influence of each parameter on plunger velocity
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Springl Spring?2 Spring3
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Fig.4-10 Plunger pushed backward by the pressure inside syringe
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Fig.4-11 Observational flow of syringe deformation
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Fig.4-12 Enlarged view of syringe tip
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