=P USSIA M 32F 435 pp. 369-375 April 2015 / 369
rean Soc. Precis. Eng., Vol. 32, No. 4, pp. 369-375 http://dx.doi.org/10.7736/KSPE.2015.32.4.369

orean
ISSN 1225-9071(Print), ISSN 2287-8769(Online)

A7Ey 9ANH=Y IFE KA E& 27 oA B
o7

Study on the Highly Viscous Fluid Ejection Pressure of Magnetostrictive Inkjet Head
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This paper presents ejection of high viscosity fluids with magnetostrictive inkjet printhead(Magjet),
which is not common with any other printhead. The MagJet uses a magnetostrictive material,
Terfenol-D rod with 10-mm in diameter and 50-mm in length, as an actuation mechanism. It has
been known that high viscosity is often an obstacle in ejecting small and mono-disperse droplets.
We calculated required pressure with fluidic inertia (Bernoulli equation) and viscous loss (Hagen
Poiseuille equation). The required pressure for ejecting a droplet is 1300kPa. The generated
force and displacement with Terfenol-D rod are estimated to be 480N (2600kPa) and 28um,
respectively. It was enough that Magjet eject high viscosity fluid (Max 1000cP). The experiments
are performed to eject the high viscosity fluid with Magjet. The ejection of high viscosity fluids is
successful with the aid of Terfenol-D’s high performance.

KEYWORDS: Magnetostrictive inkjet (Xt7|#Hg A 3A), High viscosity fluid (1& T FAl), Required pressure (27 &f
X Al

&), Droplet (4 A), Viscous loss (&4 OF& £41)

NOMENCLATURE Q = volumetric flow rate

p = density 1. M8

v = drop speed

1 = viscosity JaA ZHY TS FHAA Fu nlola =R

y = surface tension B AAE zte AHE 54 X F4A7
ZN=2MA 71, Az, A B WAYE

]
0 = contact angle =
r = the radius of the nozzle orifice < B3 vlolARnH w9l A48 v W
o =

L = length of nozzle
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Table 1 Material properties of Terfenol-D

Saturation strain, ppm 1500-2000
Relative permeability 3-10
Curie temperature, °C 380
Density, kg/m? 9250
Young’s modulus, GPa 25-35
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Fig. 2 Schematic of the experimental apparatus
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Fig. 3 Unipolar driving waveform

Table 2 Experimental conditions for driving waveform

. Time(us) ¢ ) "

Fluid type ! 2 3
Commercial ink 20 500 20
Current(A) 0 0.7 0
Silicon oil 1 20 600 20
Current(A) 0 0.8 0
Silicon oil 2 20 650 60
Current(A) 0 0.9 0
Silicon oil 3 20 650 60
Current(A) 0 1 0
Silicon oil 4 20 650 60
Current(A) 0 1 0
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Table 3 Fluid properties room temperature

Properties
Fluids . . . Surface
Viscosity Density tension
Ink 3.09 cPs | 1300 kg/m* | 33.3 Nm
Silicon oil 1 100 cPs | 965 kg/m® | 20.9 Nm
Silicon oil 2 350 cPs | 970 kg/m’ | 21.1 Nm
Silicon oil 3 500 cPs | 970 kg/m® | 21.1 Nm
Silicon oil4 | 1000 cPs | 970 kg/m® | 21.1 Nm
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(a) Commercial ink

(b) Silicon oil with 100 cPs

L 0 0

L]

(d) Silicon oil with 500 cPs

(e) Silicon oil with 1000 cPs

Fig. 6 Droplet formation process by Maglet
Table 4 Summary of ejection results olZ 93 Table 49} Zo] ME U2 HEZ 1A
Fluids Current | Tail length | Break-off time = Ao EE ARE S8 FAY A= ©E
Ink 0.8A 100 um 1.1 ms A7 YA = EE 544 diste] o}
Silicon oil 1 09A 724 um 1.7 ms HYth GAl= Ao =9 AgE 9d& AL
Silicon oil 2 1A 2698 pm 6.9 ms o} Fig. 62 A7t w2 gofst A9 a7 A
Silicon oil 3 1A 3278 pm 7.2 ms S Ve o)n €AY Zdolg} dA B Az
Silicon oil 4 1A 3821 pm 8.1 ms & Table 49} Zo] AL7} ol alzgo] 7o
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