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Control and Jetting Characteristics of an Innovative Jet Valve With Zoom
Mechanism and Opening Electromagnetic Drive

Can Zhou, Junhui Li, Ji’an Duan, and Guiling Deng

Abstract—In order to develop jetting technology in LED and mi-
croelectronics packaging, an innovative electromagnetic jet valve
with zoom mechanism and opening electromagnetic coil is sug-
gested, and an improved method of double voltage drive is applied
in the electromagnetic control. It is found that the needle stroke of
the new jet valve is increased to 1.3 times, and the needle velocity
is raised to 1.8 times, and the temperature of opening electromag-
netic coil is lowered to 6.7 °C. The jet valve can successfully jet
4 Pa·s high-viscosity adhesives at room temperature due to the im-
provement of dynamic characteristics. It will provide a new method
for jetting high-viscosity adhesives.

Index Terms—Double voltage drive, high-viscosity adhesive, jet
valve, opening electromagnetic coil, zoom method.

I. INTRODUCTION

With the development of science and technology, adhe-
sives play a more significant role in modern industry. LED
packaging, 3-D print and consumer electronics [1]–[7], and
high-viscosity adhesive are widely used in the autoelectronics
and LED industry. For example, the world production of
LED industry reached $576.6 billion in 2014. However,
high-viscosity adhesives are always delivered by contact-based
valve [8]–[12].

Adhesive distributing technology is grouped into contact-
based dispensing and jet dispensing [13]–[16]. Compared with
the contact-based dispensing, the features of jet dispensing in-
clude high quality, high flexibility, high reliability, high effi-
ciency, and low cost [2]. A traditional jet valve cannot deliver
high-viscosity adhesives at room temperature [17]–[20]. Pre-
heating will lower the viscosity, which will also make adhesives
go bad and decrease the performance. Besides, since the driving
mode of single voltage, the common electromagnetic jet valve
generates a great amount of heat.

Therefore, this study was undertaken to examine a novel elec-
tromagnetic jet valve developing high-viscosity adhesive jetting,
and the jetting characteristics of the new electromagnetic jet
valve are discussed.
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Fig. 1. Structure of electromagnetic jet valve. (a) is the common elec-
tromagnetic jet valve; (b) is the innovative electromagnetic jet valve with
zoom mechanism and opening electromagnet coil.

II. PRINCIPLE AND CONTROL METHOD

A. Novel Structure and Principle

The structure of the common electromagnetic jet valve is
presented in Fig. 1(a), and the new structure is shown in Fig. 1
(b). The zoom mechanism is a lever with a flexible hinge, which
is introduced into the new structure to magnify the needle stroke
of the new electromagnetic valve. Due to the zoom lever, the
dynamic characteristics of needle and the jetting characteristics
of the new jet valve will be improved.

When the dispenser is off work, the needle is pressed on the
nozzle by a spring to prevent the adhesives leaking out. While
the current is on, the high voltage make the electromagnet mag-
netize rapidly, and the electromagnetic force makes the armature
moving upward. The zoom lever rotates around the center of the
hinge with the armature. The needle moves upward with the
lever and the spring is compressed at the same time. The stroke
of the needle can be set by the adjusting shaft. Then, the low
voltage makes the needle stays at the highest position for several
microsecond (the valve opening time). It ensures that there is
sufficient time for adhesives to be filled into the chamber of the
nozzle. Then, the current is turned off and the electromagnetic
force disappears. The needle moves downward rapidly. Elastic
potential energy of the spring is converted to kinetic energy of
the needle immediately. When the needle strikes on the nozzle,
a dot of adhesives is jetted out and the whole cycle starts again.

Electromagnetic force can be calculated with

F =
μ · s
2

·
(

NI

kf δ

)2

(1)

where F is the electromagnetic force, μ is permeability of vac-
uum, s is the cross-section area of the magnetic circuit, kf is

1083-4435 © 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications standards/publications/rights/index.html for more information.



1186 IEEE/ASME TRANSACTIONS ON MECHATRONICS, VOL. 21, NO. 2, APRIL 2016

magnetic flux leakage rate, δ is the width of the gap, N is the
turns of the coil, and I is the current.

At the same condition of current, turns of the coil and cross-
section area, due to the zoom lever, the maximum stroke of the
new valve needle is

√
n times as large as the common elec-

tromagnetic valve’s (n is the magnification factor of the lever,
which is the ratio of the force arms. n = L1 : L2 . In this study,
n = 2). The stroke of the needle is amplified by the zoom mech-
anism. The dynamic characteristics of new jet valve in jetting
stage are determined by

mẍ + cẋ + kx = F1 (2)

where m is the equivalent mass of the needle. The mass of the
lever, the needle, and the spring contribute to m. The greater
distance to the flexible hinge center, the greater contribution to
m. c is the equivalent damp. Damping of the system includes two
parts: the first is the viscous damping of glue to the needle; the
other part is damping between the lever and the stroke adjusting
shaft. k is equivalent stiffness. The spring and the flexible hinge
contribute to k. F1 is outer load and x is the displacement of the
needle. Compared with the common electromagnetic jet valve,
m, c, and k of the new jet valve are nearly the same. The initial
value of x is the stroke of the needle, which is

√
n times as

large as the common electromagnetic valve’s. The maximum ẋ
will increase. The needle can obtain more kinetic energy in the
jetting stage.

B. Improved Control Method

The control scheme of electromagnetic jet valve is shown in
Fig. 2(a). The pulse signal made by industrial computer is used to
control the output of the drive circuit. The frequency and the duty
circle of the controlling pulse signal determine the frequency and
the opening time of the jet valve. The drive circuit can provide
suitable voltage to drive the electromagnet. The drive circuit
is extremely different between the common electromagnetic jet
valve and the new one. The common electromagnetic jet valve is
driven by single voltage pulse, and the new electromagnetic jet
valve is driven by double voltage pulse. The outputting voltage
amplitude of the drive circuit is determined by the power source.

The common electromagnetic jet valve is driven by single
voltage pulse, which makes a great amount of heat. At the be-
ginning of the working circle, since the gap between the ar-
mature and the core is large, high voltage is necessary for the
electromagnetic jet valve to make the armature moving upward.
When the gap becomes small, low voltage is enough to keep the
armature at the position. In order to reduce heating power and
ensure working steadily, the double voltage pulse is applied to
drive the new electromagnetic jet valve. The waveforms of the
single voltage and double voltage are presented, respectively, in
Fig. 2(b) and (c). In this study, V is equal to V1, since the new jet
valve is designed to provide the same magnetic field strength as
the common one at the beginning of the jet valve working circle.
V1 is usually several times larger than V2. In this experiment,
V1 is 30 V, and V2 is 5 V. Apparently, for the same frequency
and opening time, the power consumption and thermal power
could be lowered due to the new driving method.

Fig. 2. (a) Control flow of electromagnetic jet valve, (b) single drive
voltage waveform, (c) double drive voltage waveform, (d) the topological
graph of drive circuit, and (e) the picture of the circuit of drive circuit.

In order to realize the double voltage waveform, a circuit
is designed. The topological graph and the picture of the cir-
cuit are shown in Fig. 2(d) and (e). 6N137 is the type of the
selected optical coupler, which is used to isolate the signals
to prevent interference. A monostable trigger (74LS123) is se-
lected to adjust the duty circle of the pulse. IR2110 is a metal-
oxide-semiconductor field-effect transistor power driver, which
works as a high-frequency switch. The square pulse is input, and
corresponding high power double voltage pulse can be obtained
by the circuit.

C. Experimental Setup

To analyze the dynamic characteristics, thermal characteris-
tics, and jet performance of the new jet valve, a jetting system
and a testing system are designed as shown in Fig. 3. The jetting
system consists of a new electromagnetic dispenser, a motion
platform, a pneumatic system, and a software. The motion
platform can make the new jet valve moving along X-, Y-, and
Z-directions, and the motion is controlled by the software. The
power source is used to supply the energy for the coil. The test-
ing system includes a high-speed camera, laser distance sensor,
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Fig. 3. Experimental setup.

temperature sensors, and a paperless recorder. The high-speed
camera is used to record the jetting process of new valve, and
the type of high-speed camera is Photon FASTCAM-SA1.1.
The filming frequency of the high-speed camera is set to
5000 frames/s in the testing. Keyence LK-80 laser sensor and
LK-G3001 controller are used to test the displacement of the
needle. The sample frequency of the laser distance sensor is
50 kHz, and the accuracy of the selected laser sensor is 0.2 μm.
The velocity of the needle can be calculated as the difference
of the displacement. Pt100 temperature sensor is used to test
the temperature of the jet valve. ENVADA EN880C-D-12
paperless recorder is used to record the temperature data.

III. RESULTS AND DISCUSSION

The needle displacement of the jet valves is shown in Fig. 4(a).
The needle displacement of the new electromagnetic jet valve
reaches to 0.53 mm. The needle displacement of the common
electromagnetic jet valve is 0.4 mm. The needle displacement
of the new jet valve is about 1.3 times larger than the common
jet valve’s.

The needle velocity curves of the jet valves is shown in
Fig. 4(b). The maximum upward velocity of the new electro-
magnetic jet valve is 0.6 m/s, and the common one’s is 0.45 m/s.
The maximum upward velocity is about 1.3 times larger than
the common one’s. The maximum downward velocity of the
new electromagnetic jet valve is 0.78 m/s, and the common
one’s is 0.43 m/s. The maximum downward velocity is about
1.8 times larger than the common one’s. Due to the zoom lever,
the dynamic characteristics of the new electromagnetic jet
valve are improved significantly.

On the one hand, the stroke of the new jet valve is im-
proved. On the other hand, as the contribution of the flexible
hinge, the stiffness of the new jet valve is larger. The new
valve system can store more elastic potential energy. When
the needle moves downward, the potential energy transforms
into kinetic energy. Compared with the common jet valve, the
increment of the kinetic energy is more than the increment of
the equivalent mass m. So, the maximum downward velocity is
improved.

Fig. 4. (a) Displacement of the needle from, and (b) velocity of the
needle from.

The temperature rising curves of electromagnets are shown in
Fig. 5 when the jet valves work. After 30 min working, the new
electromagnetic jet valve reaches a new temperature balance,
and the electromagnet temperature of the new jet valve is 33° C.
The common electromagnetic jet valve rises to a new tempera-
ture balance, and the electromagnet temperature of the common
jet valve increases to 39.7° C. The temperature increasement of
the new jet valve is only 7° C, and the temperature increasement
of the common jet valve reaches 14.7° C. When the two elec-
tromagnetic jet valves reach temperature balance stage, the new
jet valve feels warm; however, the common one feels hot.

The double voltage driving method can decrease the power
assumption and thermal power of the new valve. The opening
structure of the new valve makes the heat fast dissipating. So,
the temperature increasement of the new valve was obviously
lower than the common one. The reliability test shows that the
life span of the new jet valve is more than 50 million times.

The jetting process of 4.0 Pa·s high-viscosity adhesives
recorded by the high-speed camera is shown in Fig. 6. It
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Fig. 5. Temperature of electromagnets.

Fig. 6. Jetting process of 4.0 Pa·s high-viscosity adhesives.

confirms that the high-viscosity adhesives can be successfully
delivered by the new jet valve, and the jetting process can be
observed clearly through these pictures. The first image de-
picts the preparing stage of the new valve. The second and the
third images show that the fluid is just jet out from the noz-
zle. Following, the fourth image depicts the neck of filament
appears. Then, the fifth image shows the radius of the filament
becoming extremely smaller. The sixth image shows the fila-
ment breaks off. The seventh, eighth, and ninth images depict
the droplet at the bottom forms the dot and recoil goes back to
the nozzle and the last picture presents the end of the jetting
stage.

IV. CONCLUSION

In conclusion, with the help of the zoom mechanism, the
dynamic characteristics of the new jet valve were improved
significantly and the 4 Pa·s high-viscosity adhesives can be de-
livered without preheating. The double voltage driving method
can decrease the power assumption and thermal power of the
new valve. The opening structure of the new valve makes the
heat fast dissipating and being easily observed when the valve
is working. The temperature increasement of the new valve was
7.7° C lower than the common one’s, when the jet valves work.

It also reveals that zoom mechanism can be introduced to
electromagnetic driving system for improving the dynamic
characteristics, and double voltage driving method can decrease
the power assumption and thermal power in electromagnetic
application. The new electromagnetic jet valve will provide a

new method and principle for jetting high-viscosity adhesives
in autoelectronics, LED industry, and electronics packaging
industry.
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