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Figure 5 The

original

Figure 6 The image

image that the user wants to  represented by water drops,

implement with water drops.

distorted by gravity.
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Hog 914 %

Figure 7 The method
to  generate

Figure 8 The method
water to generate individual
column tend to create water drops does not
satellite drops. tend to create satellite

drops.

Figure 10 The

Figure 9  The “minimum time
“equi-distance” interval” method
method of generating where the distances

equi-distance  slices between the adjacent

113

at the moment when slices are not
the whole shape is uniform and
formed. minimum.
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»The
water

Water

Figure 12

Figure 11

process  of drops form from the

drop generation[3] faucet and fall.
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Figure 14 Figure 15
Figure 13 Solenoid valve Solenoid Nozzle
cross sectional view valve
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guss 443 @9 qzan o1
%ENS gV w mm (47)
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=] 15 48 12.8 8 4
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S 23] ZN<Figure 16>3t3 ulg2 2+A3] 54 <Figure
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Figure 18 experiment

Figure 19

device Decoder
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2260

set0 || seta | sets R+

Slow ]

Play Step |1

(Step of playing by frames)

Figure 20 Top right:
The left side
fully closed.

T:0ms, F: Ofps
is when the core is

e[

09273 00989 11252 2151
2259 21 2741 241
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set0 | seta | see R-R

PlayStep 1
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y

(Step of playing by frames)

Comment

Figure 21 The core is fully opened.
T: 0.0057s, F:14

0.9278 0.0085 11248 215
2260 240 2740 52

[y

seto | seta | sats R- R

Play Step |1

(Step of playing by frames)

Figure 22 When the close signal is
applied in the fully open state T:
0.0152s, F: 37fps

M« [3]»
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Slow.

Play Step |1
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Figure 23 The core is fully closed.
T: 0.023s, F:56fps
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#include <SPLh> // o}Fo|xoj|A] SPIZAIS A&
int Solenoid valve = 10; //o}FFo]x= 10W txAE Hoz
TE Hrh
byte sendBuffer[4];
void setup(){
Serial.begin(9600);
pinMode(Solenoid_valve, OUTPUT);
SP1.begin();
SP1.setBitOrder(MSBFIRST);
}
void loop(){
// open AT & HU1 14ms 5 FX]3tc}
memset(sendBuffer, 0xff, 4);
digital Write(Solenoid valve, LOW);
SPL.transfer(sendBuffer, 4);
digital Write(Solenoid valve, HIGH);
delay (14);
/lclose A&E HUY I 10ms ©]%
memset(sendBuffer, 0x00, 4);
_ digitalWrite(Solenoid valve, LOW);
U open delay:= open AEE HuUE AP 2RE close A&

7 AR ABe o).
0 close delay+= close Al E Hul:= AJHOoZHE] open AEE HUY

7 ARA Y AzHe 9.

= Aol

t}A] open AT E HWCh
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SPItransfer(sendBuffer, 4);
digitalWrite(Solenoid valve, HIGH);
delay (10); }

4 204 942 Aol 9 3
gl zAL ted Aok AA, shid =
]

ac o
sh=tl BRF AT Fow Frh o= EHed E2ue 0
Apolel Az)st waste] e Afole] 7HHo] HL4E T
AR TololA AT 5 Y= BWeo] AL} Fretol
=0 HAES WE 4 9= B4 27T BA4), EE7]9
A B BeHs 3N 94 Bwreo] A7)A wol L
of BT}, o= B = a3 HeHs ol
[e}
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e
A 94 Bgel 47 4 don wa 23
N A GFHE S AN BRe AR EW Y
3 A0l AYur Aow AL 94 BUen Hog
S Q7 9 BB 25 Bolok Frh<Figure 27>,
AR, A%A BHee AT 54 TN 5 2
AL wsolol st7le] £27104 Leld BUese £
£ Aug QAsoF Ak BUee a7 Az ted
rismo] olstel Ytk BRLEY £ Aol os
of B4g Aole] 7HAe] 2 o]z} AT,

Figure 25 Figure 26 Experimental

Experiment device device layout

0.0215¢ 00525 0.0735s 0.0945c

£

N R | Table 2

e 2le A%
| A3 73 A1 7H(ms) (mm) AR
) . - , . \ . | ) \ . 7ms
o oo X 00056 X GEaTs 8ms 161 36 5
[ 9ms 37.7 4 o
open delay cosedelay  BUET WHAZ BUERMUNT BYUEI MU BUEAHHR 10ms 37.7 4.3 (o)
Figure 24 The event relationship when the open delay 11ms 34.6 45 X
time is set to 14 ms (from the time of open command to 12ms 33.6 5.1 X
the time at which the nozzle is fully open (6ms) + the time 13ms 31.5 5.2 X
interval in which the fully open state is maintained (8ms) ) 14ms £0 S X
and the close delay time (from the time of close command 1oms 346 >7 °
to the time at which the nozzle is fully closed) is set to 8 1322 ig; 2; Z
ms; a total of four drops of water separated from the tip of 18 377 6.6 -
the nozzle are sequentially generated. 20ms 37.7 7 o
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=9 | A= E92 A A ZH(ms)

(cm) | (mm) | 1 2 3 4
30 5.2 31.5 31.5 31.5 31.5
25 5 44.1 31.5 34.7 33.6
20 4.8 34.6 35.7 46.2 33.6
15
10

[y

g E7t
5

open delay time 13ms/close delay time 8/ 4 times

Table 4 The open delay was set to 13ms and t
he close delay was set to 8ms

Figure 27 Figure 28 Figure 29
open delay open delay open delay
7ms, close  13ms, close 20ms, close

delay 10ms delay 10ms delay 10ms

AIAHA BEANAA BT 5 Y B FL BEH SRR R
A o) ZL?_]%DkFigure 20> Figure 30 open Figure 31 open Figure 32 open

_ delay 13ms, delay 13ms, delay 13ms,
230l vl Ho =2 _ A 243}
e e open delayS 16ms~20ms= 4 = close delay 8ms, close delay close delay 8ms,
=2 7HHo]'/‘]Z_]'°] Z_] o]‘(!?l’E %Ho]'%-q “?—:’47 ]’ Lﬂ“?‘ ﬂ;q = When the water 12ms, When the When the water
Z7)A EWLE BT s gdAHA YA B2 AA level is 30cm,  water level is  level is 15cm,
%E]— H}E]— A EA ?‘Zl’oﬂ /\i o] ¢z %q}\% 288 z3o water dropltets ZOCrrll,t water water dropltetz
- - s - - are generate roplets are are generate:
HAL o 3} 21122 AA] °) E R uY
39S AT A9 2es 4 detrl A EE‘“'J_O]E = stably. generated stably. stably.
H9] open delay:= 13msZ<Figure 28> EQlHT) o] Ayp:=
2~0}ro] ©OF Ozl o] AL o 2S00 A&
T S 000dbur FABRE WA BEE THE T s wolm welw wyee Adss A0e w3
dizol= WHel 54 Fio E¥es Adsker 48% i
= JEro = a5 dlew meEbd %2 2 Aold ARlE &
7Hﬁﬂ }\]Z_]_'Oﬂ osoa _CT:I' AT A O]T;]- —‘:I-E%]% Z}‘]}\qﬁloﬂ 9)\01/\_‘1 3-7/]_1: ‘]_ /\z-o/]
L = T = T
of Ao $AE 0emz fARE we) Aol o FO T F Lo L
A5 FAsE olfe sl Lalmols WH A Az T T © T RN ool
e r— o o] oo O 73 o]-go] ot wetA FAAA oA B2F Fo
of A 7] wlFol 0.0204bare] S FAAT L e
N of sigste +9% Astn ARt

20l Lot WHO EX Hyo] EuleS AMAE-
e A A0 A G h A sqel su 25 BUE BYE A debielnel W
wol= wug] As Azl JFE F= AL 30 9 A EEe AT AY

3lo] <Table 4>} ZFo] open delayS 13msZE, close delayE
Sms®2 Aot APk AAAH 971 30cmel A5
open delayE 13msZ, close delayES 8msZ AA A] AF <t

AAo 7 ExSS AT oW open delayE 13msE AR

2

o A 2 ARl Al FTh 9171 25em OJFtE s gml= 7S E2AS] EUMe AAT AT Ut

FAHE A open delayS 13ms, BARES B £4 T Ao AL g7 AT Aok B Yt A

42 Q3 Felmols MRS U] ARt £59 2 H 9o ug 2ag A4S AT HaANNAL Fee AF
e 3 3

a3t 27AS ARSIt 25T RS 1s/1000fps
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close delay time2 8msZ AA3t A|7toz ALH 47)
o e A4l 2R 47 BReo] BE 5
A% Gelge AAE Aol Hesdh PP F 2

= AN &4 A= <Table 4>} 2t}

Table 4
7 2] (cm) 0 1 2 4 6 8
AZAZHms) 315 518 651 855 1012 1169
7 2] (cm) 10 20 30 40 50 60
A ZHms) 1313 1843 2289 2663 298.8 3289
7 2] (cm) 70 80 90 100 110 120
A TAIZHms)  357.8 3843 409.6 433.7 456.6 4783

7 g (cm) 130 140 150 160 170 180
ATAZHms) 500 5205 539.8 559 5771 5952
A ] (cm) 190 200
ZAFA ZHms) 6133 630.1

Matlab Z2 730 F <Table 4>2] FX& o]&3}o] 4
$E o= WL oS3 2t} <Figure 33>7; ZEo] Matlab
A pobfi) 55 IS8l AR x 3 a2
FeAr A dopide @

)

o]‘—?ﬂ]—

3
rl

¥=[31.5 518 65.1 85.5 101.
BITES6 4783 S0 SIS 58 S STl 52 6133 630.1);
Y=[0 124 681020304050 60 70 80 90 100 110 120 130 140 150 160 170 180 190 209];
pepolyfit(n,y,2);
x=Linspace(33.6, 10800, 1068)
yl=polyval(p,x);
figure
plot(x,y, o)
hold on
plot(xL,y1)
hold off
text(158, 208, ' Sy=a1" LehitcS
nterprater’, 'latex');

Figure 33 Using Matlab

6.0 1313 183 285 2663 208.8 389 T8 M3 406

-50

Figure 34 It is a quadratic function
graph obtained from Matlab using

experimental results. y is the drop
height and x is the time it takes to

reach that height.
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Figure 35.
spaced droplets

17 equally

T2 77 2 WA EE =017 At § 23
£ EUE Sk MEy dd EE AY7HoRE
ALHow EWNES BASHE open AT THy W
AAE7] Y3 open A& Abolo] FH A4 AlZE, = open
delay 13ms, close delay 8ms®] 39l 2ImsZ A&5H B4
22 A4S W 2m WSl dlA EREe HAE
<Figure 36>9} Zro] &glolx =S FAFAUTLE o9}
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Figure 36 This is a slice grid formed at the height
of 2m when we set the open delay to 13ms and

the close delay to 8ms.
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