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ABSTRACT

Needle-free syringe sprays liquid into the body tissues directly by ultra-fine, high-speed, high-pressure liquid flow.
There are many kinds of needle-free injectors in the market currently, but most of them are very complicated and
expensive. We designed the new kind of needle-free syringe driven by reluctance to improve the performance of
existing electromagnetic needle-free syringes. This paper expressed how it works and established the mathematical
model to analyze the relationship between force and displacement. Moreover, ANSYS was be used to simulate the
distributions of magnetic induction lines. The simulation reveals that the core would stress a positive force before
the middle point of the coil and the method to choose where to be served as the starting point of the iron core.
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INTRODUCTION

The traditional injections often cause local skamthge, bleeding, psychological stress, and theofiskfection at
the injection site, especially for children. In &uh, injection can easily cause the subcutandous long time,
nerve and vascular injury. Therefore, World Hedltfyanization (WHO) has been urged to develop nekdke
injection technology which has application value.

Compared with traditional injection, not only ddbe needle-free infection solve a series of probleoch as pain,
bleeding, infection and tissue injury, but also $peayed medicine is more easily absorbed [1].

In addition, needle-free syringe decreases theofiskibcutaneous hardenings caused by long-teeutiop because
the sprayed drug is more diffused under the bosisud. The needle free syringe based on the technab
instantaneous firing by electromagnetic energyasterwere successfully designed in this paper wigh imitial
acceleration, small volume, light weight, and lovamafacturing cost, which has bright and broad apfibn
prospects, especially suitable for vaccinationtulidcen and patients with diabetes mellitus.

As a new kind of injector, the syringe driven byuotance has features of painless injection, hifle of drug
absorption, low risk, convenience and so forth[8]-The automated device observes medicine fully leaves no
damage after the injection. Since birth, needle-frgections have gradually developed into manynfarthey are
mainly operated by mechanical, high-pressure ghsfmunition, electromagnetic force and so onl[Ag former
two technologies are already mature, however, tiaeyot control the thrust force accurately [8].iSye driven by
electromagnetic has factors of high reliability dmgh safety. But its complex structure and highteeet restrictions
to its application and popularization [9].

The needle-free syringe in this research is bagethe@ above technology. We use an iron core agndridevice. At
the same time, high-energy capacitance and fixadcelesuch as pawl mechanism are used to store yenerg
Therefore, this needle-free syringe is successfidlgigned with high initial acceleration, light ki, small size,
and low cost [10]. In addition, the driving poweses safe voltage DC (direct current) to protecttfety of users.
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With the development of science and clinical agtians, problems on needle-less injectors will blved in the
future. Needle-free injection system will be widelsed in the vaccine,injection of insulin, immurieanimal. And
they will play an important role in the battlefieldanch and other occasions. Therefore, the reseand
development of needle-free injection is booming.

WORKING PRINCIPLE

The characteristics of needle-free syringe detegntive composition structure syringes of the varityes of
syringes to be basically same. The compositioncsira includes: drives, devices to storage enedglivery
systems, transmissions, putt and ampule.The bigliféstence between them is the drive and energrage device.
The external structure of this type of injectosi®wn inFig.1.

Fig.1:The profile of needle-free syringe

1. Rear cover 2:lron core 3:Chuck 4: Press-butt®d: Shell 6:Magnetic caoill 7:The front cover
8:Ampule

A core was used as a living block, which driventhy coil made of copper wire and powered by safeaB§hown
in Fig.2. [11].
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Fig.2:The smplified diagram of the structure

Reluctance means that a type of resistance pretfentsstablishment of a magnetic flux around tlie co

According to the principle of induction, when a m@nt is passing through the coil, it will first ggate an induced
magnetic field. Then the magnetic will magnetize tore as shown in Fig.3. Two different magnetitaptes are
opposite. So no matter which side the core is placeit will be subjected to a tensile force. Whée iron core
nears the mid-point of the coil, it will be under tension. If it continues to move forward, theecamould be pulled
back.

Core [

Fig.3:The smplified model of the needle-free syringe

ANALYSISOF ELECTROMAGNETIC FORCE
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According to the analysis, we can draw the equintad@cuit of the needle-free injectors as showfim4.
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Fig.4:The equivalent circuit of this needle-freeinjector
Where, u—Capacitance-voltagé:—current;R—Resistancel. — Circuit inductance of the coil

The magnetic fieldH can be considered to try to magnetize all subsg@ntits space, and the flux-denBitig the
result of action.The magnetic induct®is proportional to the magnetic figfd

B=pH = ugurH (D

Where, H g —Permeability of vacuum; . —Permeability of the iron core

M —relativity of the magnetic permeability

If. |—Length of the coild—Diameter of the coili—The current, according to the theory of electronedigm,
The component of the magnetic flux denBitg the axial and radial directions are:

Axial component is:

_ 1 . 2 X (2)
Bx = 5 Nugill - —=)
Radial component is

,uONi
By = 2q Y (3

Where,X—The coordinate on axial directio¥:— The distance from the axis of the coil.

If the distance between the core and middle of isoX(x<I), according to the ampere circuital theoremx dhe
magnetic inductioH is:

Ni
= 4
X+
Magnetic flux through the section of the coil is:
Hg ANIi
= HA =Y
¢ = Ho Fl ()

When the current goes through the coil, themagreztgrgy will be stored in the magnetic field arodhd coll,
the magnetic force i$:=Ni

And the magnetic flux is:

Fo = Ni =¢R, ()

The magnetic energ/y is:

W = [fNd o= 2 0%Rp (7)

According to Ohm's law the resistance is:

- 'm g

Rm
:uOiur Am
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Where, R;;; —The magneticresistance
|m —The length of the path

Am —Area of the magnetic circuit

Slice thex, we can get the force on core which produced fiteerpunch armature:

1 2
d(=¢“R
T L VT ©)
dx dx 2 dx

Where, N—Number of coil turns;ji— The current through the coil,‘:i% — The rate of change of flux and

displacement.
So the energy is:

Wiy (x,1) = [ dWpp, (x,0) = [ dlg(xi)i] (20)
¢ (X,i) — the magnetic flux
The electromagnetic force with the change of the ¢

OWp, (i) _ 8y (x.0)i]
ax - 0x D

F(x,i) =

We can get a conclusion for the above: the cuigenbnstant, so the force changes along with thgnetic flux.
The electric power need to change greatly to meetéquirement of syringe and it determines the aare only to
be pulled instead of being progressed. The chahgigeocurrent and the magnetic flux can affect fibree of the
core.

ANALY SIS OFJET-FLOW

Prum of — Store liquid Power Reloase
injection | medicine = loading = energy
Fini Spray Hit piston
nish
injection liquid rod

Fig.5:The process of injection

Fig.5 shows the process of injector ,which is dbddn six steps: storing medicine, power loadirgeasing
energy, hitting piston rod, spraying liquid and idling injection.so there are close links betweéde t
electromagnetic force and the jet-flow.

We realize that if we want to establish kinemagcgiations,the key of the point is to find out thatv many
components the accelerating force and the resistarecemade up of and then we can set up the egsatging the
theorem of kinetic energy.The elementary resistasi@®mposed of mechanical resistance and airtaesis which
block the movement of the projectile.We can use maational formula (11) to figure out the accelgrgtforce.In

addition,there is also a friction between the prije and the coil.In general condition,the frietias directly

proportional to the gravity of the projectile,so wan set up friction coefficient to figure it outThere is an air
resistance as well.According to Knowledge of aenadlyics, the faster the projectile is,the largerrdsstance will
become.

Take full consideration on the force which iron eatress in the launching systems. And throughfahmula

substitution, we can establish the movement anénieegy equation about electromagnetic launch syste

1263



Wang Mingdi et al J. Chem. Pharm. Res., 2015, 7(3):1260-1266

(p+B)dX7p+% Q
dp_ at Ay V po
dt (1-x,)
dxp:\/ Eo—A, Plx,—s)~F{ [{x,~-5)

m

2

) (12)

Where,Ap —area of piston O —liquid density X p —Displacement of pistan AO —area of the micropore

p—pressure of liquidB—bulk modulus F ¢ —The frictional resistancges—space left between the piston and eore

E o —The initial kinetic energy

From this equation group can be seen, the inigtasfagnation pressure has something to do witintpact energy
of storage, the weight of iron core, speed, tha afepiston rod of ampule and other relevant facttgnoring the
affection of friction force does not have impactsthe correctness. The friction can be divided imtotypes, one
type is the pressure when the sealing ring stopidhél fluid, the other is the friction betweeretampule wall and
the sealing ring.

INNOVATIVE DESIGN

1. An electromagnet core is placed in the shell iménergy comes from the external capacitor. Agiog to the
phenomenon of electromagnetic induction, the cailjaed with current will produces a magnetic fielehich will

magnetize the core and bring a mutually exclusored to accelerate the core. The speed of thewilirmeet the
injecting requirement in a short distance. Ironec@ a kind of soft magnet, so it is easy to be metiged and
demagnetized. We can adjust the current to cotielforce. After the injection, we can pass the esaurrent
through the coil. Iron core will be subject to temsand began to return, which prepares for the imgection. With
this design, the force which moves the coil badk famth becomes controllable.

2. The needle-free injector driven by reluctanctagsng a problem about improving the initial vatgcto reach a
higher speed, the injector needs a long track @mdacids larger volume. The needle-free syringe g&giiin this
article is equipped with a high-energy capacitopawer supply, and the voltage capacitor poweredtrbe safe.
Pressing the button when the current reaches tanthémum, then the kinetic energy of liquid willaeh the peak
and meet the requirement of pressure about 15MPartetrate human skin tissue [12].

3. Our design uses two curved discs which are neguob the carriage with a pin, and uses a sprimgpmmect two
discs. When we want to inject, just pressing thitdpuat the top. Then the two discs plates willppshed away
from each other.
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Fig.6:The coail launching model

SIMULATION

The electromagnetic transmission system composedibfnd iron core is an axial symmetric systemotder to
analyze easily, three-dimensional structure carilified as two-dimensional model. So this papstablishes a
coil launching model as shown in Fig.6. And thd’sgeometric dimensions as follows:
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The axial length: [=20mm; Outer radiud.?o =10mm; Inner radiu581:5mm; The number of turns: N=200;
Cylinder length of the iron core: [=20mm; Diameter9mm [13].

As a whole, the transmitting coil is a tightly walisolenoid.The effect of wire insulation is ignogat the density
current in the coil cross-section can be uniforstributed.Due to the presence of a magnetic fieddile of the
current in the calculationshould be practically sistent with the coil.

When iron core is located in some random positiea,can load current for the coil and get the magrfetld
linesfrom ANSYS as shown in Fig.7.

Fig.7. magnetic field lines of the coil (image from ANSYS)

The electromagnetic force becomes strong wherdirtee of magnetic force areintensive, and wealoosé place.
The closer between iron core and coil, the stroetgtromagnetic force will be.Once the iron carénserted fully,
both ends of which will stress the same great fancthe opposite direction. So they cancel eaclerotut, the

resultant force on the iron core will be zero. Tughb simulation, we can get the curve to descrilkentuctance as
shown in Fig.8
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Fig.8. the curveto describe theinductance
In order to get the characteristic curve, a sasfafiscrete points which are equably distributezhglthe axis of coll

are selected. The electromagnetic force iron ctressed at different positions can also be solféen we can
synthesize the static to get a visual chart as shiowig.9.
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Fig.9. visual chart of therelation between force and displacement
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The axis of abscissa represents the value of $m@adiement between the middle point of coil and icore, the
vertical coordinate is plotted as value of elecgmetic force. The result of curve can show theidigions of the
force of iron core approximately. As shown in tigufe, when entering the coil, the core would stygssitive force,
and it will get the most positive force at aboutdA®m in the core. When the core is in the middléhe coil, the
electromagnetic force will become to zero. If tlereccontinues to move forward, the resistance pvidlvent the
core moving. And the punch armature can get theitnam speed when it arrives at the middle of thd. cdie
curve of simulation through theoretical analysifitifor the former conclusion.

In summary, this chapter takes advantage of thdwaod— ANSYS to simulating and establishing a
two-dimensional plane model of the coil and soltles problem of distribution of space electromagnégld in
model system.

CONCLUSION

The existing electromagnetic needle-free injectusse features of controllable, stable and securihwbther
products cannot match. However, Due to the bigmeland other issues, the process of applicatitmeirmarket is
very slow. To solve this problem, this paper makesfollowing improvements [14]:

(1)Use iron core as the impact of armature to imseereliability;
(2)Store energy in a high-energy capacitor to redestrictions when the capacitor in use [15]

In addition, this paper analyses the principleal@shes mathematical model, simulate and makeawgmnents for
this design.

From the present state, we still have a long waiymprove needle-free injectors. They are expecteglay an
increasingly important role in the markets of ddedivery technologies in the future [16]. This papan provide a
good reference for engineers who are engaged eargsing needle-free injector technology. And ill wave a
positive impact on development of needle-free itgexc
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