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Electric scooter power system
production

Y.X. Zhang'*, Y.H. Lai®>, G.T. He’
Department of Industrial Education-Vehicle
Technology Group, National Taiwan Normal

University" >

“Email: 20917298202@gmail.com

Abstract

With the fading of the fuel law and the protection
of the public's environment, and the increasing number
of electric cars on the road, it is conceivable that the
development of the motor car has become a trend, and
the biggest difference between the motor and the fuel
car is mainly in the design of the motor system. So
we're going to design an electric car that uses a DC
brushless motor and a 18650 Lithium Ion Battery, which
can significantly reduce noise and eliminate the release
of the gas.

Keywords: Electric car, DC brushless motor, 48V,
Lithium Ion Battery
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Aluminum Alloy Scooter Frame De-
sign and Production

C.M. Liu'*, X.L. Yang?, Y.M. Chen®
Department of Industrial Education-Vehicle
Technology Group, National Taiwan Normal

University® 3

*Email: mingoehyho@gmail.com

Abstract

With the fading of the fuel law and the protection of
the public's environment, and the increasing number of
electric cars on the road, it is conceivable that the
development of the motor car has become a trend, and
the motor car is pursue the lightweight design of the
body - so we are going to design a frame that uses
aluminum alloy as the main material, it can make the
weight of the car lightweight without losing its original
sturdiness.

Keywords: Aluminum alloy, lightweight, sturdiness
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Application of Solar Energy in
Pavilion in National Scenic Area

P.J. Hsueh*!, H.Y. Wang?, D.C. Guo’,
C.G. Jiang’
Department of Industrial Education- Vehicle

Technology Group, National Taiwan Normal
University' >

*Email: qaz213226@gmail.com

Abstract

The tourism industry in Taiwan is becoming more and
more popular. As we can see, there are many pavilions
in different outdoor attractions for people to rest. The
arrangement of pavilions in attractions is very
considerable. However, we found that the function of
the pavilion is nothing more than rest and enjoy the cool.
It’s a pity for such a great architecture. Thus, we
designed four functions for the innovative pavilion:
illumination, warning system, electronic clock and USB
charging, etc., making the pavilion more practical and
user-friendly. Also, we decided to use the renewable
energy as the power of the pavilion. The technology of
using solar power to power the electronic devices in
pavilion is our team’s objective.

Keywords: Solar energy, Pavilion in National Scenic

Area, lllumination, Warning system, Electronic clock,
USB charging

22



Rz d e F1ERTE 075 &R BLRFH &
# % ¥t 0 NTNU-IE:AU004

o FI108E 52 31p

EABE2 DR

ez x s B fho?

B L

R

CHLERTH
# o g o

B fa e

*Email: a40570214h@gmail.com

£
s A 3D*§JE*’:,#FI+§“ o K3k
AP R BRI IRT LIRS b Rl 5
BEN A AIFRPNLEL Z LRERED
#:GOPRO » # Wi ¥ 45 i engd P2 & - §7 f27h >
ERATHEG FIT G AfeiEr L@
FHZ RSN R AR Ff PREOIA
- B B pr ekt gi\‘fym—.ﬁﬁ‘l_ 'r‘ti\ﬂ“ o % - B
BFEORP R g o B o ARt A ki 5
X F o FUHGRRNA R AL R TEE W
f’*%;’i%JEr'J d Fo- < ER O A FDM( i K £
; BZfhS w R F]E 4 3 e a2 f
A W BRI SR - L il
BRBHG R LSS NE L R

=
—=\
‘~

o

& & 515 i solidwork sz 4 ~ 3D 7 Er et gy
FHLRAL S B 2 S
lfiiﬁ;fjr‘ﬁa%’ b K'Jlg’-’f;m)irrixlﬂa,a'f

o

B4zF o 34 3D~ g2 2 s solidwork
PETG - PLA

LIFg+ Rt

W@ﬁ<%mﬁ5“’ﬁ%* LFFd
2 p fﬁzﬂ,u‘ggy}‘ﬁ,hr} ...... % 5% 2

{4“35 iﬁgﬁ L Ay i R X 2
R —;’\féfa)_r.\_—-l__,fé’% ui—r‘}%m%/_tﬁ T\T ‘é—_

et

tt_,}i?;ﬂk.ic’?u@w I A3 p Ao 30
B A "fﬂu’thﬁi A RAE S
FEEY B SRR ER AT QTL
i E o R AT 55/}}3,7 o 4 fefpdl - &= o
Hoo FLZZ A E s R PR G ARG AFE -
FAGN R RLR - R ERE KRR E 0 H
WA A S LA s oA AT

30311@&;;&1“ B2 o drkXFREEY - &
LILTOELT R AL o B drdE B HEHL £ EL.’J} ) i

::».fkfgg\ &R R R R G R 4R o T
PER TR R DRA ST TR R

B PT RS ERZ PRI SR F EH A F
DEERPEL GAFIE N~ RO RRERZ P e

123 B
AP ERT GRS TR A BRITE

iﬁJ‘FEN?#P#’J‘riﬁﬁﬁﬁfJ

mz T3DF|er | v B3 G o

121 AR~ d 1A £ el

EAenE - B ’KF * e F BT R
ﬁ;,'rr‘!%‘% o A W W E LAY DR FIE & hiF it
220 BE T RAGREREDLY > §FFEALEPE
dHARE -l 3 0 FENEFEITH i en
ViEE > FECRBF BIEF T v AL
AR 2 AT G R BT R R
BT T AT ERE el
Q*i“%i°
122 Z 3% % 3+ 11 2 3D &

FRERBFRE > AL A E DR R LI
R o WEZTERRHEEERE > A RR B
B deip o TR AR, > £ EAEZ B 4
Moo Rl PE o BEGAREE D o BRI MR R

mm

> 5
IR |
(ﬁ**

oy -
e

X 2GR N WF AL AIDAE Nk B
“’iﬁ 7 Zéﬁéﬂ 58 R o AL BRI R Y E A
SRS HEERIEE R R & En LR E8

E‘L‘B‘—!‘rigﬂr}:},m;llﬁ"ﬂfr7T‘F’j‘giﬁg;l]‘ﬁf’l'&f
dfk oo Flpt AR 7 K- BT D - A B R i
de B RE iR AR o
13y 3 &
131laE A hme
Fodow w3 7””};&* Fee 3 ih o~ B

T

=

4 ’fri""’# R A SRS I N )
A BIGE Rt c HEFLT SR

\!é). ‘t;ﬂ“ﬁ?°
AP A R BT o B AR
AL A L HpRRE - g pRe g s
fVREE o - %ﬁd PSR R AT REIDIEH
Lo JEY R g BRIk o
132wt it
i phIER o I
koo F4 %?—:F‘J-E‘ F%f{f{l@;jﬁ;-mg‘mﬁo

iiﬁ—“r*p 'r;—,;lfg,ﬁiy;t:q_‘_j.%%_—r
(=Y



":i«%ﬁ% F1EKRTE 07T £ REREH B
%2 %% I NTNU-IE:AU004

o FI108E 52 31p

H34F i TR o
1.3.3 7 4 2% % 3+ 2 3D7| &
AN PRD R RO R
Prag cng @ Asoildwork ® -
BFEF ABRAARMS L2 2 20k T
3?7@« B AT B R
«'}'g’] T A o
BFRBRITBE > P AR 0 B8R T
IR A PLAHA] 0 T BRI TR M
’E‘_Z‘_ pﬁ§3D;| | Er ¢k B 7 o

R

EAW LA TP A kTR

2. éfie\?)éﬁ
2.1 —&'fk‘?}éﬁ
211 & A Rme =t
2111 & 4 ﬁ&n‘—h/ﬂ\ﬁgﬁfgzr — A
Fom g BRFNER b F F HARP B

E\’*’"F‘i)"L—ﬂ@fFl‘ﬁ‘P@“f AR <N U A o
‘q(g;m;@w@f.gf;,:,\;g

D

EAPOIRE > PAPADOHEF P
Bz ¥ (fixed wing) ; &<

# (helicopter) ; % *¥ (multi-rotor) - &:ifh Ef
B R wRa §BFRE L kLA
B——uw ¥ & 4% (quadcopter) - + % | /] e
/\‘fﬁ"ﬁf{ﬁ?'&f&w%ﬁj}i%t".ji""‘ﬁ?”ﬁD\”‘?}i‘
BEL BEE rmr‘ﬁﬂ BE o RiTR A Kk
£ - FPowerEggs 4 % - m A EE SR ET L
- A REBOFEG 40T BI()
TRAT R 58 [ 2 L T 2
REM HigE FRE » seheses) FHEE - KEEE)
SR =3 Ly 7]
TiTHeE = h {9
Eido x 4 UN

Bl &7 BaFek

LR R
mZBFZEPEE 6B D R 4<6 Fla TS
B0 Egrenfod BV L GE I B el ~ § g6
RS T PR Ao o e (Yaw) o
LR BT St > 4B D B o
ﬁ«ﬁﬁﬂﬂwﬂd&h$&mww(mm)ﬁﬁf
(ROH) et s 2 AL Flpa
F O e R A RS O o R o B A

ok ERE A 4 -

S TABTAS o ABA Y R

T AR F] T A

A S SERE LI - N
PBRIHBEFRBNL R A RBEFL G T #
7 # 1 1 %40k % (Inertial Navigation System » 12
THALINS) < INSHL & RIZ L7 4eig el
Wik HERRLETER &6 BT & F B

BACE R o INSEA* >0 Js8 - L H 2 FF 458 >
AT R M T e S E A F RS
FAEFR e B SR GEE RN
ToASG oL B SRR AL - BB

3z

mf EX]
]

I P& e Q0F 0 MEF s R 5 su (Micro-
Electro-Mechanical System > 2 ™ f§ #£MEMS) &3
B B E ommiINSH B 0k o SRR B
FrHlEx €374 o w Fixid 1?’4 59 0 @R R ek
B P WE BomRR S P ORE A R
A ARt JSER SR ER T R
B 2 PR o 3720054 - R F S RE p B
AR ce%F A 5%ERAHY A
foga-f > BieX PR A Miiform g o d 0 H &
HEME & - F AR s EBEr ¥
AR Ao RARET o

EAPDLRfrE R FOBAL R F B
d R iy dlie™ B(2) 4T -

A T 2% 1 (TH24c4) 2B F # (T
#14c3) - HEGE - AP FrBRE&EF#ET
AT R LT )0 EE S o e s
EAgEd hehg fred e d Wi T 4R
Bt s AR d REG R 2R i B



Rzt B 1 5H57 5 5 107%-’@E fi%{m%”‘?

o FI108E 52 31p

rE R fen @6 E o REEFER o e

Bk
QFI% mﬁ“Fra’FT-&ﬁg‘ﬁfl"J oiel%
BT | R TR o

(@) £ :## (Throttle)
WA A 4 e 4 a4

P B LE

A EE S TR RBTRR BRI RYZ

L& - Tk L EPID? E7F & 0 A ERE -
(b) - #ei@ & (Pitch)

BB Z K Ak o LRA 4 %A

DR £ T e Y RA A - B

=l
A P BEY R 0 F IR o

(c) iz#:@d (Roll)
Phik = 1 Xih o

(d) #HmsHugd (Yaw)
W2~ 4 54
Y#henf 5817 45 T 7> v

DT ASL 34k 54

PhEEE o F IR o

(e) misi@ds : & (b) 484 » 8 & %Yﬁdeﬁ—
iﬁ.}iw’l% F"J’!'/‘\'r"k”—’”);j}”\i’
EE o

(f) Bl &
212w % F A

tEC)mE REE ()R

2121 ~ %8
*JA\Zﬁ%s_\ IR EE e
(Wep) 22 F £ & IEIXHES © &

) TANE -
N R [ E BN LE S -
XS 1A st 87 Wbl o B SRE o

CRER S BE LTt TR R S

MEEBE AR s Tl - AR XHEE e

B13 +&XH5¢ e Sg F o5t
2122 Bl E

Fhim &

$4i%o%axwL%@§ﬁ@o

DA T M 4§ 4

TR

R SN N
:

D) AR 0 R ALY

PR EAR e £ e sX
ZiL R ehd o g iE

JﬁﬁﬁwJ@W’d“QﬁLﬁﬁﬁﬁﬂ%Fﬁﬁv
AR ZFIEA A SRR T REH S EZ

G (4

o

25

: NTNU-IE:AU004

WA E N AR
ERE - Ry
Arduino » ¥ Z ehWMC &
Ripehs Jimd &

hArdu i 4 sk E_Arduino o
B BRI ed N F

v B E A end g o B oA
Bk %o ngﬁﬁﬁﬁjﬁﬁﬂj\ﬁ
#4oAPM & £ %% £ Arduino
» APM 2 #ArduPilotMega > # @

APME4- 8.0 % = # A

-;E‘_'frg“-_';ajﬂﬂﬁ T (P

S BA)RTE A Ek - % g AL % % PIXA -

PIXHAWK #714z 4% » = § —
2B A e iy doKK
AHHET o FREILE

lﬂ;ﬁll«m&ﬁﬁ ciE\.“‘F__
Q0 24 % hizit
FED AL heDIlh

1 Es A2~ A3 ~ Pl idrNaza ksl B3 %
B enSA -~ X445+ 5 GEMINI - &% - % Z H ¢ h

i EARPpBEARST 2 HEHH R
L% 2EOERCRF O RARKI S B HE A

ek e o
212347
EURAE o

T@REFT P, - B
ST AARR FEFREEZ B0 6 RE
R AT 3T7VEE

o l‘_;:f

N

3¢
N

A4 E L2V, Edp TP

B 4 mf’*“”’av@ i«f‘“ﬁ*ipﬁu »w%’lw"”@

- 424

TEI42V > B E

R

; \“‘\‘3

2.%
T e TR A
o B w]%lrlOOOmAh*u
(1=

o SR o) 2
DAl T2
¥l h

L AR

R

K
fm T e

Vil

m +'tf’ﬂ

) SR PR L e £

m R T EILsV

P (mAh) % £
T j\'gi w Hb E.;}%"‘
7 Av 4% 1000

R
R
e

:ﬁk*_

B A AN R g AR BT e 2500 % pRay dE2

S PE e AR P ) RIOAPFART PR R A0
FTNEFIRLTER > A PT T ehE D
BH T D RERT AT R o - ks D
B ARL > UREF DT ERAE T SR
A oEH A STIUER S hT R B A ARG

o

3T 4
IR E T N R T
R
‘}b'a % 3z
(A)"’L? qu*“’ﬁd

AR
F1 P P om o bldo— 1 1000MAH ~ 10C g
L % 2% 3 T m v i 1000x10=10000 ¥ % 10% 3

"
T
WA
£E
f o e

PR i s (C) R4

“J

R R

£l

Padia R S At jbﬁ,ik\ﬁ

B Eé?‘?)‘g”‘ﬁém"fq%@% Limi\"Fa‘rf'SE

RRENFTIRRTIE S T E
Eb e Ehs S T
1000MAH ~ 10Chg # » @
IRE- T # 12V R e
C LR S ;I:,: £ 012+1.5=

i
3

T,
—{’»

‘F‘?./*’?L:

v .
SRR 4

A TR

&I I R
oGy @ @4 5
TR Eh ER gy

w

L CigcAk |

}f’ﬁ’ffﬁ, [E {L&F’%

B - Z e pldeid * 111V

THWOT IR E15%®
T o LT A frRE D

8> % 8% (A) -

s T
ﬁ‘/‘k’ﬁx" ", o/ ’)I‘L

Cﬁuj fFene Cﬁ;:

o).’ ’v"up}‘.—:Cﬁcmmfb

P CHPT B < R IRIER A



.\J_)

”:i?ﬁ% F1EKRTE 07T £ REREH B
¢ 9 R108E57 31 o HBE

P f F Z B
‘L_L

q_‘/n U g_‘

Trickle Charge (TC) -
Constant Current (CC) TR UE
Constant Voltage (CV) - =7 B+ T

FRAT R E T ROGOT LR

SR LR ST
IV REL PRI o REA T RN o
< St
’?‘ &
@ 8
A “
16 = CC —pld— TN/
4.2V
---------------------------- — 0.9C
- [ 0.05¢
2.8V R
RERRE t
W4 2T Tine LRST LW
2124 5 it

EEMR S HEAT oo e Bl i g R
PR ES S RN F RS AEe D T
BB T B BUERTRE N o

1 EFREMTEHEe EME T HBES

m@ﬁﬂﬁﬁﬁﬁiﬁgﬁﬁﬁﬁ%’@ﬁT
AR T RS A B B 5 o v
WA R <A R (P RREE . IR

BIE T EEe ERME T B BES F B A -
BUER Y BRI T RATOR B BR
§ R ECHE 0 PR SR
BE - 7RG kG m e L ERRT
“%ﬂﬁﬁoﬁ BHLEBEARESHFRAKR
PTF T A M8 0% o Ft Ak R rr:ﬁig?] i EFT a
ﬁ&w Bry RIET A E2E
T R ’ﬁ LR TS A=ERY ‘1":—1%
*7‘6‘1—}:")\ | BdR R R, FI R B T ’B&{ sl
jﬁﬁﬁﬁwéqéﬁuﬁﬁjﬁﬁﬁi
S P oS Vu*#,)r‘ra].ﬁ; %Tﬁ-l T hES R
T#-piﬁﬁ*m’i‘ B o
S ﬁ—r.ﬂ'*f#‘\j A

3 el bt

bofgSap oo

26

NTNU-IE:AU004

4y
|t
F

Bl RABDFHL 0 fo S B b
RIF RPHE MM SR > TRERHEE
B T HMA BB R R RS A
s S HcenE B E o

PSS T FI MEFEL IR 6 RTE
AP BRI AR EAR P kR
- BMETRERS R W g ok (g
GERATRB L 1T A i Aok (F) o

Poa AR g BT R KV S R
FHco KVip @ L1 TR RFRFLR > R T4
FREG R AR E

MR S g KVIE K &%%ﬂ?ﬁ]’l
AL AR HE G KVES ﬁxrﬁﬁ%}il)rl'y"
o) HEKVE 7 7 05ER RSk 0 T
SARKVET F R aug ¥ 38 o

%ﬁ$$ﬁ¢*ﬂi£%iﬁﬁkﬁvﬂﬁﬁ
Feng it A Ham b T BKVERE > @ B EE Sl
B AT KV EAR S K > 375 e R 4
EEBIAY S b TR, o P an
R imr d@g: apt® NHPEF{ a2
SRfEcha 4 S om EABRY PR EMTHE o LY
EEe R NT P -

o

2124 75

aa#é%m‘%*’{% S S
o T }_;f = (Electronic Speed
Control) - f # ﬂfr%‘i‘”nﬂ%’”# 28 (PWMiL) # %

g?mm<+’¢mr# %ﬁ¢°%’mﬁ*m
et o B AP AR B R
111V F 5V B fedd it » (BEC%?I ) e
Et W RIS - L ﬁh] dige 4 H A 4030AR
LT & koS T n 5 30A o

2.1.25 43 > 4%

Apifast > 20 # (EPEENE) 28 # (P
i) ’J_F;*.{*m)}, e TR o L F miﬁi

PR g g o XX PER 0 B F #
F - @ 0w oo #EAY 104554 8kF o w2210
k4 #end o (- Finch) » 42451 4 %
ik R O(H

2127 %4 F

S e :r;g &7 - wifi » ZigBee &
J’K{'\;}%’* m24G&i;l_E,. » FRE-IE B X 3 R X w9
F‘ AP T L H2ACHzE B 2 R - B
Hehh ko

24GHz @ P firdr 5 ¢ £ 57 R R A S
PR o 15) EP2.AGHZ # T A - T3 (AT R



CEEE R LT

o FI108E 52 31p ESR

2400M-2483M 4 Bl > i BAEE 2w K ¥ i v o
¥ L enWifi - 7 - ZigBeeys £ * 124GH F £ -
Wifi » #7 > Zigbeef;’i H_ A 24GHzen > ¥ % i i

PERT SRR o FRABREF AR TE
*ﬁ%@#%kok%{ﬁ¥ZMﬁ$ﬁé§%’

e 7 e i R AT M S F A

W p @ TRl o R FAIME § 5]
100M-= g ) o 3207 6 2.4GHz ISMAE £ & 4
i 5t i @] - 4B (5) ~ B(6)

FIGURE 2.7 2.4 GHzchannel overlay diagram

1,23 4.5 6 7 6 9 1011 12:15 M

£ XX XXX NAVARN
i T 'lf“'ﬁﬂ'[‘\ll'[ T ’[T\( 1L ‘ ﬂ"(‘w‘ T ]]‘ ']V\H'aX'H'”'i'm'w
2400 2410 2420 2430 2440 2450 2460 2470 2480 2490 2500
GHz  GHz GHz GHz GHz GHz GHz GHz GHz GHz  GHz

URE 2.8 HR-DSSS center frequencies

25 MHz 25 MHz

W%
/ \\ // \ / \
U ‘w” ”H“W

(e L
2400 2412GHz 2437 GHz 2.462 GHz 24835

IU

GHz___Channel 1 Channel 6 Channel 11 GHz
F5 2.4GHz ISME £ & 412 5500 $F].1
Zighee

BT FTHUSB
@ﬁ m ﬂ

4 10MHz —# 1MHz ¢ 22MHz UiMHZ  3MHz

-

F16 2.4GHz ISMAF £ j& 4 1 3500 ]2

AT g B A R e

R s L S R
PhiyFEARY F R OB FREF T s 21
TS T R P4 R o E AR

Bidp g R 5O e E

@ﬁ%i@me§Lr§{B#i~¢i§
ELERL > xff’%,é]ﬁ’ AT i TR P i
JEE R A Rt THBEETE BT
§%°F1FE°H%%ﬁ$ﬁMW&ﬁE’@
PEIBHAEE Y o P THRE SR pEew DY TR

e Rd P 4547 o 4o RI(7)

o S

1078 & B &3k Fhe &
NTNU-IE:AU004

27

W7 4 E 2 kv )

Wat? o Ean i st s
E,/e ‘/'gg‘

2.1.23D7E

3D7| & (3% : 3D printing) -~ i "W
& W (®3F © Additive Manufacturing AM) >
FipiE e ez e chigfz o 3D E A & B - B
# lufrﬁ]‘%c FREAT 0 R Yedrdl T A R4 - 3D7
Erenp R M RRRZ AR A s R R 4
Flerdiehz g 0 E R AR N P Ek
DFIEP S L E B A - fE o

FDME3D7|er 8 ¢ — fagn§ 2 cnfljis - FDM
R R e RS L R S LRy WA b SRS A8 R
Popr = e S gt A T o R G R

= o
SIS

Lo HHRE R R g (T o B

Ad R FEFENE £

il

Ak BB G oo - KA A B THT
- BRA(TAEER) EAAT -k B2
o 4[] (8)

ji’r,@;ivig £

print head
moving in X and Y

build platform
moving in Z

B L

F83D5| & 7% & W

FDM$ jieeiif g -
(1)%& T%Iﬁfs“{ﬁ"aﬁé “E R HEES T LAY
CREBBRTERE G ALS o0

www.additive.blog

?ﬁ—’kmf‘é} °

RQEFTHEEFLAEE  F Ry -
() B S Hhsi Ay > Sy T A 5T EUE

fogH o



R d s 81 EKTE 11078 5 R LATRF %2 B
¢ #3 ®108EF52 31p T L

(4) HALf1* 5
gz -
FDM £ i eiss B
(1) =25t % o ek 0 3
B Foae 5 0.1mm o
(2) i# Rty > F] 5 of B B R b
() 7 EHHBITL LFRE -

PRI Bl A

Bk AEIT o BB M

PLA/ABS/PETG ¢hi 4 fr £ B in L s
PLA (%47 Er[2 = € 837 a4/ BEYESS o
ABS: (% L[5 Er & fn B B 4o R AR [0 AL 0l

SR PP ABSHA T
PETGR| " ffichs | F A ch i 424/ g

it #1 fPLA R 5 ABS -

$1 b el

PLA/ABS/PETG 44 L 4 1411 i 2

WEREABRET ORI R kg R
AP e R e |

PLA/ABS/IPETG & i $ o4 % ehsite » 4 ¢ &
*oenddy w3 * 3D B AL e 0 T RAR
R Kj’ ER el

it # i HDT AL 22 4 chdg 4% -
FJvaBS>PETG>PLA °

LATEM E Rl S R I S g R 3

& Flexural Modulus » #cF 4% % k|{£4%F > "8 5 3
PLA>ABS>PETG

il § 5 - B 427 12 d Elogations
Izod & 2| %7 > & 4 SLp AP $Hi £ o {8 R R
& 'gli»{j_{,l_ #BF&? ’ Ira?{lt“r =4 ”Lr—r ’
Elogatlona\PETG>ABS IzodR] £ ABS>PETG > ﬁh
&5

Pk v i F (P 4R 2) ABSSPETG>PLA » + &
% it (FF 7 p £ ) PETG>ABS>PLA

TR AIE ADAE MR SR F A > 4oR(9)

FEF 4o = RET

ERIDIDHH 2 IR ESE
e ASTM L) PLA ABS PETG

Tensile Strength D638 WPa 76 40.2 E3

D538 WPa

D638 % 43 20 163
Flexural Strength D730 MPa 1074 608 [
Flexural Modulus. D790 MPa 3265 2157 1800
HOT D648 oc | 55 I o6 | 7
Izod D256 kg-cmicm 32 18

FREANFEFRRN LA, (B ESRREERSER, EIEEFE R,

B9 ¥ 23D e 42 TP 4

22 %% = fJe
1. Bir? 2 « APMEEE ¥ 2
LFE -
https://www.twblogs.net/a/5h7fd55e2b717767c6blef5h
2. £R3D - AF - =AY A3D A/ K FDM
SLS ~ SLAHK it IZ o
https://kknews.cc/zh-tw/news/4lklj3.html

Sl < A

28

NTNU-IE:AU004

3. SPIDER MAKER - [##) # %] ¥/*» 7 ji#3D
7 £ 3% 1PLAIABSIPETG 774 £ # 15 57 1§ #1# #
/4 2 (TDS) -

https://www.3dspidermaker.com/blog/posts/material-
difference-pla-abs-petg-1

24 p %

PP S BIGehe gro APE T L 4By iR
T 3D7| & pE AT T -Q/,_‘&ilm’H‘f Frirrs 2 dp b chid
LREAUR @Y P RE G R g @A W
hpE R R iR A o

B R ERE NS 0 A f 4T R
A AT AT R T R T e 2 R HNE S
ersz,,\’); ped F AR TIRRA > URE W EIIES G A
2 3z2li bl e

3. B~ A& s

31wme 4

SIBARATHE RAfR
i - B RS (o d8)
e B8 (n5e)

1n.4v 1158V 11.80v 1196V

y=-0.0127x + 13.753

RO &€& &AM R

R EREAET T Kb

ET &t AT R R
200g 1300g 1133V 12'32"49
400g 1501.5¢ 114V 83777
600g 1702.5¢ 1158V 5'18"36
800g 1901.1g 1184V 32133
1000g 2099.5¢ 1196V 2'10"89

sswz

Lgber e i g A B s AR ?‘i‘ﬂx‘f’?ﬁﬁ&
R A LR
BARERNE GERER 2 W%nglfif°ﬁﬁu’*
BENRPPL L RREAPOP L R
s ,F“Lrgp Feofit i s R E AR R
5 GESE §igi i

5
Ay i d Excel Bl # # 315

Ty T hE D



R BFF 1 ERTE 078 & R LRFHR &
J o KI108E5% 31p 2 Mm% | NTNU-IE:AU004

S EAPT N EREEERR AL RTF
ARG ERFDE RGP PFE A kP o 1]
BARPERY LR A BT F TR I RE
Pl WAFFAABRAFT FRIE B
RAEHE B o

29



M f i 81 EHTE 0785 R L WRFH B
o FI108E 52 31p < ¥gl - NTNU-IE:AU004

30



”liﬁﬁ% F1EKRTE 07T £ REREH B

o FI108E 52 31p L I

B A

Kk ar (TR 2

NTNU-IE:AU005

SE -

mp el g

CEEE VR

R

1ERT R
§ ¥ g

v
g

B fa e

*Email: peter09240924@gmail.com

%t

&g 2 I‘L#ﬂ Db griR s Forkee 8 B My e
oA %ﬁ“&*%b%mlﬁﬁkhﬁ%ﬁiﬁ
FRE T EBE LA J\%a%zéiizm)iﬁ 2.3
LR 1 «L//J SopR k3 oK R Y R R J\’FE]‘H: ’
x e A FTRIGA(GUM Arabic) £ iE 7R B A £33
I REERFARTLI R RITI R K IR
e T AT REVERZRERET R ERE%R AR R
B AR S FRERKRE R OAH R T EH
N2 RERERERT RS LEN G0 FHAY
W R RUK d 4 > 0.02wt.% ~ 0.04wt.% ~ 0.06Wt.%
BE Bk nEl o

FAAMEEEKY  HEERFES  FR
0.04wt.%%r H s LR Apr - AR T > ¥ BT @ik
G o HAbEEH%E > 0.06WL%E F 3 H i L 5 o
@ 0.04wt.%£7 0.02Wt.% 22 Ja i 4p v* 42 & £4p % o b
FRHE RN P B0.04 WtIGk B Mt H 8 kB e
B RGER 0 0.02 WEOG vt 384 F b Bk T 4F o
BfS ERR SR LR 1 0.06Wt % BB T 5 R O R
vt b o BAers bow 3B RE R > F IR Lk
)i ;3004Wt% °

B BRI 0 R PT E Rty A#H
WG NPT RRAS IR S 0 R
A 004Wt% 5 BT ERE 2 Bk 2 kR s
FER R AR > 0.04Wt %5 iE AR L E B oep
R TR 004wt % R AR ER o 1_’:_3’——5?']7%4;5“:J
R /}J %L’_E'_.s‘{':‘g‘ ¢ iF e //”F 4\“-ﬁﬂi,:\ S i
RECKEFRER » A akskim LR apEE S
PV AT, fowak 22 ey E%42 0 HCBNCH K 5 %
PR R R o

Wat3 0 R E AT T 5 - R A
ﬁ’él% M /,ét /'E ;éj%
1%

L_££T]EFP—]L R N qﬂﬂb/}é‘ﬁﬁl\ﬂ'\r Irﬂ#ggi
AR TR A AT PR RS

FlE P B oz A D0 TS et
BeF 0 BRI Bk ekt 0@ il el gr
jt B PR ek 4Pnzﬁli»fa+%4c k P EEF LD
FROFIFLEER TRONE) 5 RO
%E%M’%m@*& %%éi’ﬂﬂ%ﬁif

31

Boiba AP AL E > S E AL P
TRz -

LT REE LA A Y AR el 0
o- ERPEPF gl pERS VL HA S BA
frabk « W R A7 FaRRCER

TREFFHR T HA\% ﬂ:_,‘ri CRCT RS SRET I S

TR A AT LR R e gk R
ﬁﬁ1”~$mﬂ9<%iﬁ°ipiéﬁkﬁﬁ
iEETE G 7 }FLJJ_ DR B oA G s eh
2N F L e i RoimaTy R L 2
AR RPN £ LRES - b
Yi Wang & 4 %2 5 ¢ ¥ E A GE SR A
B Aok e il B T 5 4.2%~14.2%[1] -
@ % Nor Azwadi Che Sidik & 4 g2 3 » ¥ {8 ai#-3
R YT WAR + e Rl DA [F T o 0 L - BT |
iprt o BEGET E B 50%[2] 0 eHRa R
PIAAARE L ehE R kg o @ 8 RE R R
FER DD R F 0 A A TR Y 2Tk
Bt e
11zt

ME RSN PR ER AT > M R
Pl e LiEa f é’ﬁﬁi’ e AR M- A s 4
o HARS P FCEEFE THELI A
PEOEPFE > BRI TR R 2 KR
WA LRI PR R R B SR K2 ME K
W2 PRt A dmp o e FH e gk o

12/ % P &
AL Ji!’w ﬁﬂi B e

(=) #% % im484 £ri% (Hybrid Carbon Base Nano
Coolant » HCBNC)@& Wi o

(=) HCBNCiz4 A A#F S F S 7 o Ik
EER -
(2) #*HCBNCE kR » B* Aisd + 7 pgp

N S S M A T
13/mg 3 i

#ﬁ%ﬁ%:f@%*%&ﬁf =R A
i *»ﬁﬁﬁxpﬂoitiu?%@%p;
lﬁd ABE AR A H NG FOERR G
oo BAe A Ay 0 BB TR RS Bk
HRBHROEFREFR AL LA MR TE


https://www.sciencedirect.com/topics/engineering/thermal-conductivity
https://www.sciencedirect.com/science/article/pii/S0017931016342892#!
https://www.sciencedirect.com/science/article/pii/S1364032116307134#!
https://www.sciencedirect.com/topics/engineering/energy-conservation

Lir’??*f 1 %KY ?},4‘1075-&&%{%%’*?

e F{108£57 31 # < %% 1 NTNU-IE:AU005
Bt hp ki A > FARUSEd e 1T 7T EA[9-11]
RESPRTIBO ) ERSRERECE ) gy
Bpo e g AT R T e

25 % Ao BILL T o 2 B Adr (4B

3‘%$i*ﬁ@ﬁ$ﬁ$ﬁo

WP G A G A BASEET v %A
FE WA Mo A TRERY > £
s aaﬁéﬁ%’%é#@ﬂ@%J%@mﬁomw
BLLF § 5 A2 B FE - R BRBARET 0 B
AF SriAchE & BN RN IR B S R A B

HEAERE
/)E\‘ i‘]’ [} ’-&/u ’?ﬁmr‘ﬁ; ‘I\
l' ScR A HErRA -
> XA T = e
| > R 6~ fot ek R LA - B0 BRI .
. > o 2.3 B2 %
l > TR L_@ ,-r/——FWJ L —’}; *;‘?;'}@Lﬁ—iq; = R l}‘] ’ 'l‘ll"jw!”
¥ 12 % (Adhesion Theory) ~ 3 4 72 % (Inter locking
e g L H Y Theory){ric # %7 % 32 % (Energy Loss Theory) [12] -
] FFLHB AP WEG DL G 7 & dukER o T
o NA A RS FREF gL EdF L0
BB ff e s & 4 4% 4 (Cold Welding) % = » 2 {8
EADT dgrerid FiEH o LI £ A LR
YES P 3
L > HESTRAE A2 B
FEmm. —. gl e P RS E | z\a,vzg T £
l P B AL E R é\?- 0w éz?tkﬁv;}% HRp o A a LG ,fq.ﬁg /ﬁtﬁv 253 g
. whBmIEAL IS o N EA SR E A S
'li

.
lpij!i?m

.ﬁ

14 ¢ 2 B B4k e iE o
AL ARRAE (k> e = e §)% 11 LRHIRP AKX
100 nm#g 543 i dl > SR s 2d
JEI- 7 ;
1995 Choi*r4% #1[3] ° 31k 3 K EA

Bept kR GK IS R RUKk AR fos BB 2
F8k % 0.02 wt.% ~ 0.04 wt.% ~ 0.06 wt.% 4c » GA%A
7% (Gum Arabic) 2 L1105 ¢ H4e » 2 IR R o 3 *

WHC AR BEEFRAS PRS- BRA
ek g R g R i [4] -

zéﬁwﬁ' SHFERFEAMEEA M TRY A RSEE

2.1 % Findl B BOCER R R SRR S N E Rk E
’ BOES B R HLLA G fea & 0 @M AR
g*ﬁ;ﬁ FURE R BVEEE - B-nE | e g EER o BB KR B A A 31 Wi
R iR R ES  F IR AF Y B R R DR 4 A& 4L E (HMS-102, FARGO,
f%i“#$+#*%ﬁ~f+++m%®%4ﬂ Taiwan)#£4:3 /| (650 rpm) » 4r 12457 o % 423
zﬁ%’Tﬁ*%%+%fﬁf oA g g g ARTELh wB13%7 » 27tk a2ElE o @ 2P
Foo KA BB EMOBRGEP[ST] F R pER WM EAR Y TRERLAMETEARLIARTE

ﬁ'FameFPEﬂ5 B RESF RS B ARY - REHBEAG (3] PAE B PRk PERY -
{3 endb S RS 3R R LR TR
5 ek i K8 -

2.2 % &%

%gﬁ%ﬁﬁﬁ’éﬁﬁﬁigg

% e
“F2°ﬁﬂ%ﬁ$ﬁ4w“’%@ TN

‘ﬁﬁ« ‘Mﬂ

32


https://www.sciencedirect.com/topics/physics-and-astronomy/viscous-fluids

CERE T RS R Ts
¢ E3 F108#5% 31p

231 R % 3 K iR b Sl

HCBNF~ GA Z#cBle ®mBES- €1 BREE
ghEERT () (% GA)- (EG)- (g~
(wt. %(2))> (g) (g)-

07 ) 0- 50 50¢ 100+
0.02- 0.2¢ 50- 50+ 100-
0.04¢ 0.4- 50- 50+ 100-
0.06¢ 0.6¢ 50- 50+ 100¢

R3245 A RT &

3.2.1 A AR —IE Bk

i R LZ R e £ R AR R PR
3 3 A8 (0.02Wt.% ~ 0.04Wt.% ~ 0.06Wt.%) % » 1t &
¢ 4oR3.39rF 0 - BPFRF(L-5-15+30%)
BFEoORBH N s en

EET R A

Rk M LAEEE AV ER > HEBIFA
DEp E R A
-
F3.3 1 ¢ #

322 A AR BB

% #or 48 # % (DSC-Q20, TA, USA) £ 4 4+
4 gr k Bifie £ (RCS-40, TA, USA) % # iplat & 2 o in
Wy Ao BT LERRFTEAFHART F BN
ke q ok kAL 1*¥10-5kg B *v 5 Four

1075 & & B ATHEFH > &
#% % ¢ NTNU-IE:AU00S

# # 52 (Tzero Pan, N0.:T100915)r © B & I} &7t 44 »
gH BT E(TN-8) 7 A E KBTI - 1t &
BRRE 2 {N e NGB o A B HATE G
P hBERE LR RE > B Y Cp Lt
Ex 4 H HE. G ¥HER H’y iR F I M
BAFE -
Cp=(ExHx*60)/(HyxM) (3.1)

Rr ML ERGH O T AR 2B T SR
KREFFRTE BFLENZORSF2EET
BREFFroORA2 L% BREFIRETEF
BAZBGERIF IR ETZGHERE -7
Flr BB EFeiant fEL e oo gd 255(31)
TR REF G B R ATE S Lty
*w%ﬁoﬁﬁ%k&%%sz%%uﬁﬁﬁ
30~90°C ~ 4c #i# & 5 20°C/min o o 9§ 2 fd~ 457
¢%%&€@%%a’%7%@%%&a’ﬂ&%
* 30~90°Ce g Sk licdp k- B v S o - B ERIF
5% B Ao BI344 T o

| [\

AHRAHER

wRARAR MFLEMR

3.4 1+ #4385 % 4

232 FiRs ik

FRBEA- #iFEDL) #ABE(C) FH AL (E. 96)-
n ¢ ¢ ke
o 1¥107 30~90°C~ 0. 02~
(B ARIFE 10C)- 0. 04~

0. 06~

3.2.3 RAEHR —AAR PR
e ?’ﬁé‘n F4E 44 (HMS-102, FARGO,

TaiWﬁn)#";ﬂf'] XA KRR R o Y "I"fj‘: P /ﬁs;fzé»

A 3+ (VL700- T15 Hydra motion, U.K) » % & «EJE‘(,,.
2ok agbE BT AR BR —Vi’/%)imféév%:l/f‘
foon AR EHRD 0 R TR RNEELLS
ABRTBRBRR{ 43D UH 4§ Sl
M B * 30~00°C ey k3t H N AR Rl o ALR
WRERIE R A-RI3S 0 7 % S dcdc £33

EE 2 ¢ 2]
At

LE S22
Tatho B

3.5 402 2.5 % 1



Rz @ e F1 55T F 078 &R BATHFH &

¢ 23 ®108E52 31p < YheL ¢ NTNU-IE:AU005
FHAE [TII0) BABA(C)  AMAA(R %) AR A AT e B s B kB R TR 41:“}%7]3 11
. 3 . Bk S M EBE A EFEC  TRIEREF Y PM
BE 1%10™ 30~90C- ggi FE & f]~_,r’zf_?g¢__€_ N ﬂ?:ﬁg&%? W R
0.06 R drok e pl k2 S nzZ Z R ¥ 42535 o
%33 ALR B% ik B AR SRR RS R

324 RABPHK—BERFRE
%Wﬂﬁﬁiﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁ%oﬁ
AR PR RS T USRI L
@& * 3374k 4% 7 (6mm,AISI 1045)& R ST Iz*db
TP U AR R T Aw g o EIES
d LA TR B FIREE L RR PR %
IV LI A QEUIR (A L /%}iiﬁy\,ﬁ z /rﬂ’iﬂ@/g
R R ES TE ISR SIS A Nk
RRE R FEAAZANTT o A HTF R E
(XS-125A, Precisa, Swiss) & |5 7 = # {5 B 4= Fé“
e R AR TSR SRl 0 a
kﬁ%g&ﬁ@%i’?%%mﬁ%ﬁkaoﬁé
FRHERLD R IR AREESLT AR
7s- f’e’“’ﬁé%ﬁ*\i e RIEA R BT &
i FE N o B iRk 5 fﬁ%}&rﬁw 6477 ©

#13.7 SYM GTS250i% 2 [

= m #3.5SYM GTS250i4 - 2
- = HP #H
2 B 8 [gé 2iE 249.4 cc
Prrvd o prESp— - Z] ; T T ARAK L B ,:E ‘é’T
° % : 120/70-14 55P
B B ok € o % : 140/60-13 63P
3.6 - 3 % % 15 W) £E%3 2160 X 760 X 1420 mm
R 187kg
%34 BB R5% Sl 5% 54 17.2kw/8000rpm
ERER 24 (N) & (rpm) Bl ¥ ‘iﬁ'ﬁiiﬁjg\/\/t-%) Bih 4 22.7N-m/5500rpm
BRI 100 800 10000 o Rk SYM Bramax
0.06

33F B Rl

F 2 BACRBT7H7 0 A3 5 = BEGTS250i &
tod PR A35 AR w fUP I KA 4 K
W HT AR HLE L > R38BT > k(T
Ve AL BB~ TR RELPIEE ~ & BRR R PR
BOBF FAPRIE W AR RRAREREE
RiplzE o #9 & FECE-40i7 8 A plE s TR R
BRI LR RSN B 6 G B ST MR S B R BURIGE
LELE R OPIFEAECH R - BBy S AoBB.9%T o
Fis7 128 0 A B2 & FURRIE B Bheh S GGl
o eBBLA04T 0 R AR SR A36 BT
ERSRIGEN S SR BRERRT LAY 0 B F
WH AN B F A AT RBIE O 4- BR300 o R-H
BIEAMEFEP 7 EHAHC S CO~ COxkiE 5

34



CEES T BN EE T F S ES EE LS T RN

¢oEXFI108E5Y 31p < Y5l - NTNU-IE:AUO005

3. 10835 & 458 2 i 2 ]
£3.6 B A RIEEE

1074 4r-k v s g 12i k v
HEFT(E) 8#Fr () 9% s b
LR R oh 2R
4 54k v b 7
(+)
Tl s sh 2R 2wy fh3m By oh3n

(™) (+) (=)

i)
[R5 17)

W37 A f A 4

35

”gl

\u\r ,

B13.11 45 Ao ip] 2B
4 5B AH®

4.1 BRI —ITE R

B A A X T HEET RS R R AT L
BRE  RBRAEIELSIL - FEL-5-15
30p P TEBRLERGUTE IR oBl4297 T B
DAY30:p% i » 0.02Wt.%F" &7 1+ DAY 17 F i ik -
B @ 0.04WE%2 0.06WE% £ B b+ F]pt T 4 g )
0.04Wt9622 0.06WL %% ' 3# 5 1p ¥ 5 st e ¥ -

h! > ]
]

®l4.2 i *% 2% DAY30

42 RAFH—V BB %
BEVRRBRT o AR R Z NS E TR
R EFERIART RIBRIDIEN &



”:ifﬁ% F1EKRTE 07T £ REREH B

o FI108E 52 31p L I

Bchp ¢ L Mar o % £ L8 £ %(DSC-Q20, TA,
USA ) 544 fr & xifie & (RCS-40, TA, USA) » iz
(ALK B et R R % IR R K T F30~90°C
ﬁ“@ﬁ&*“%mqﬁ%’T%J%%’%ﬁ
BRI RERE ERGVH LR
2415 0 FRBR Yy o BA3NTT AR ERE S
7 e KRS B R RO A 25 0.02wt.% B
%;‘fjﬁh%}; A (original) iz 2 £ 32 » 2Xa &4k~
7 4 GARHCHI(S LRI f- B f1F) 0 I GG
BREELI R ﬁg“ri’l v d Bl k5 pE £ 7. %X
R > v RHEERR R AR (FakR7
B R RFELERFP)

2410 #E sk i

cp (kI/kgoC)
Temperature (0C) | Original |0.02 wt.% |0.04 wt.%| 0.06 wt.%
30 3.647 3.769 3.357 3.586
35 3.677 3.775 3.443 3.644
40 3.683 3.778 3.478 3.665
45 3.693 3.781 3.497 3.673
50 3.712 3.794 3.508 3.681
55 3,720 3.806 3.515 3.695
60 3.715 3.806 3.518 3.701
65 3.717 3.808 3.528 3.701
70 3.726 3.817 3.536 3.704
75 3.741 3.823 3.543 3.714
30 3.751 3.833 3.560 3.726
85 3.766 3.842 3.592 3.732
90 3.770 3.850 3.638 3.734
== Original .02 wit % e 004wt 30 006 wit. W |
350
3.80
370
3
£
;‘_ 3.60
H
pr 3.50
i
3.40
330
3.20

20 35 a0 45 50 E5 &0 65 T0 75 80 BS 20

Sampie temperature (Ts, 0C)

Bl4.3 - #Em e %

A3 RARBK IR B
EEARREEEGT o B kA RSB TR

BWEZERLIART BRIZ DI Hiv 7%k
g Lrers F AR Y TR SR BIIR
&‘}m 'E&mm_fi > & léw-‘f‘?}é{”‘\‘ I,i-k‘l.:’}iy!J‘?Efj4ﬁ
F kAR 0 R SR A 42977 A bE £.30°C -
40°C ~ 50°C ~ 60°C ~ 70°C ~ 80°C ~ 90°C » = — 8
R3I58 4108 Bcdy 0 £ BT 0E > IR 40TT 0 b
BREE R MO BOER FERAZFE
oG FAeR R g F 4 s Ft 3 K Rl gl

B K[13] o £ 4B L1 (B 480~90°CL B
Flpb At £ BEE F 4 80~90°C » 4o Bl4.557T 0
#E]P?'/_w_}i—r ’ Fﬁi'ﬁmﬁ;@}i g {‘fl—ft‘ﬂ,,. L
T F oot g8 2 $cdoea o

36

NTNU-IE:AU005

342 3R E % B dh
Temperature (oC) Original 0.02wt.% 0.04wt.% 0.06wt.%
30 1.6 1.61 1.8 1.82
40 1.31 1.34 1.41 1.52
50 1.1 1.13 1.2 1.27
60 0.95 1 1 1.04
70 0.82 0.81 0.81 0.84
80 0.7 0.69 0.6 0.69
90 0.6 0.57 0.52 0.61
Original 0.02wt.%
0.04wt.% 0.06wWt.%
2
’2—' 1.8
1.6
% 14 \
=12
= 1
8 0.8 ——
9 0.6 =
2 04
w 0.2
= 0
<ZE 30 40 50 60 70 80 a0
=
e TEMPERATURE (°C)
BlA4 3R Fok % 5
— | 0.02%wt 0.04%wt 0.06%wt
0.7 0. .fr
; 0.65
é 0.€ 0.6 \ 8:;1
S
%) 0.57
2 05
2 0.52
0.5
80 30
TEMPERATURE("C)
B14.5 80-90°CAL & 3%k & 5%
44 RAER—BR PR
EEEEREN o ARR 2SS TR
SRR E S A AR T & TR BRI B
Foo TR R B AEL B 0 R4S L Rk
AN AELAIRAEEFAVARIART &d f#k

i % 4 100N ~ 800RPM % 10000 & ™ 2z B & % >
0.04wt.% 22 0.06Wt.% 1 B 42 i) 4= € § 4p ¥ % -k &
0.02wt.% | ehix % » WA B nfcE &3 < >
EHA D ke LK G BEG R BN
UM s A AABE Ak S A D ke d
F ¥y 0 SR 250 (4.1) 0 0.06Wt%2 0.04wt. %

S AP B R A e T H#T50% 0t W
A L ind F ot AR it e

A ol



Rt @ F1EKTH 41078 2R L 0RFH &

¢ E3 F108#5% 31p < YheL ¢ NTNU-IE:AU005
0 wt. %(4bK). 0.02 wt. % 0.04 wt. % 0.06 wt.% ol e e S
g ss-g 55 5 i i
<‘5g(,<’"5(, AANAAAAARAANANAAAANANANDAAARN
@ | VAR AARAAAAAZ S A AAAALAS
%‘4&%%45 ;
2 PR 1 S A U (N S . SSURE. S - S SN [
. o . P . B , g'i,’» %f&%
0.0207g- 0.01819g- 0.01193g: 0.01135g- 30 30
ES S S 251 25
B14.5 BB 5% | N —
15 15
ERAHREEHB) EXAREE(ER i s
# i(%‘ -EHAREE(ER) X100%  (4.1) v
B EE(HEB) [ ;
0 20 40 60 80 100 120 140 170
RFI (sec) )
L A3 B e L s o
R4S ey 3 HH F14.7 it 3 % I
BEBR(ER)

50% 3:L&§' Jvé I‘L%

. 12.57% 45.17% .

40% E.me.”gé’ PR 0 i d LR A o
3 B3~10452 B > 15§48 i i~ FIHCRRT B e
S 30%

Ezs% E&’g’ ?ﬂﬁv"i‘J'?]yﬁ?:fl%‘F"mgp“ﬁﬁmﬂ\
-Ej:: 12.13% oo 2 48 f% N T 3 iﬁ 4p o
“ 10% 100° =< e
. R EEeerrreee e
0%
owt.% 0.02 wt.% 0.04 wt.% 0.06 wt.%
PYEITT o1 - el e b oo ool
45 R 2 Bk ) - N_ﬂ,_ﬂ_,.ﬁ,a—-—-f o
100 sjf\__,--/"'—" : ;
451 % i B -
1.ECE-407 & 4] fi Bl 3% % % o =
BERLBERT _’fan?;%?‘%‘ﬁzi‘?";}%@;o = 5
d RA67 Sl MERE o b A - RSP il e : e

R %fr; FRREEEN S R AE @481 f?fﬂ*““*@

“xi““ﬁﬁi"’i% g . 4ot b PR 5

FIRZFBdgwE  2d 9%+ E-
#0~5f2 B » F __F§k,€5 3\\15)» B Hoh e e JUpE
- BT r‘]é'%"},\i,f"]?f4n$\3;flé?' g,« PR ]
N §0 L0 4R B2 | Sk

yav

20 30 a 60 70 at E: 100 110 120 130 140 150 1 170 180 190 TR
i,
B14.6 ECE-407 2 3] i 22 % % ) =
Sanas
2. RIS R
R e

deBATH T 0 BRI IR ELE S 2 L F @491%5.,;11@&%3:@
T—tf‘?”,}}‘fm °$‘7"4{’5’;‘1'§"f“&*" é’r‘kifﬁ
TR e B g o 520~1504)2
®A Z o 215 HECE-A0ik imAn e o

37



Rt e F1ERTE 075 &R BHEFH §
¢ ®108#5% 31p T L

5. i 4 0L

d B4.107 &> % {78 355 7 HCBNC /| %t &
Fokfatadad £ o
BATEBRM B HHE

120

100
# 80
.;; 60
£ 40

20

0

JJ:/ZS iﬁz’

SAT R
m2AK
B14.10 %0 i 42 % % B

4.5.2 8 B FILRIGE

1. ECE-40:4 #r-K8 R .
ECE-40:4%7 7K kb #%

®4.11 ECE-40;
zmamﬂﬁkﬂ$rﬂ&

ECE-40%E H{ 7K 1 EL#R

PR R R

95

85

HCBNC /K]
HCBNCH 7K1
3

°C

65 e— |

55

45

B14.11 ECE- 40/?]? L FroROR RV B
3. T RRIEA P RE R
T353Rz A s Kb i

120
0 TN\ \WVIWAIWAS
80

O 60

40 N

20

e HCBNC 2 411 7

0
1 5 9 13172125293337 4145495357 6165697377 818589
HEHH

B14.12 T gipliRi4 FroRE RO R

38

NTNU-IE:AU005

T35 ) 3K 2 i ok O thi

80 — HCBNCHE AL
© ~

&6 e HCBNC £
e [ 7

40 — R KT

20

0

1 5 9 1317 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89

B E A
B]4.13 L pripliE d
5.7k PlEL PR R

TE SR > A

PR R R YRR

INEEL

Bl4.14 =& P3R4
BRGRES R T B R
73R R Bz i KK O tb iR

Frokog R v )

140
120
100
80 HCBNCifE /KL
60 e HCBNCH4 7K L1
0 — | HE AL
w— | 7R L

F14.15 2 Pl R TR R RF
7.l g IR A B R R

JRe 3 3R By 24P K Eb %

40 e [, Ji B 7K
HCBNC 4 41 7k

1 6 111621263136414651 566166 7176818691
) 5 0 R

B14.16 T p|iE 4 AroROR B v B



F 2 F1ER7HE 078 & RBERF R §
¢ ®108#5% 31p Y Y

8. fept jpzEiE A kv B
e X ARz it K O b ik

w— HCBNC it K O
s HCBNC # & O
— ik
—_— Rk T
40
14 71013161922252831343740434649525558616467707376798285889194
MEPHH
F14.17 Rl PR IR v R B RE
o 741
45.3 %}ﬂs #’5‘)’ 7 %
L2 B f #plias s
ECE40E% & » #rHCEe 8
250
200
150 e—
= R
= HCBNC
100
50
o p—
13 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41
9] 8 55 P
B14-18 ECE-40{7 & %] i HCH: » i % b i [§)
ECE40E¢ # 5 #7 CO b
1.4
1.2
1
x 08 ——
g 0.6 s HCBNC
0.4
0.2
o d e cA————
135 7 911131517192123252729313335373941
) F oF R
F14-19 ECE-40 17 & 4] i COE 2 g % 1t 2l
ECE40/¢ &5 #7COz2tb
16
14
12
10
g s H CB N

1 3 5 7 9 111315 17 19 21 23 25 27 29 31 33 35 37 39 41
] o R

B14-20 ECE-40 {7 & 4] i COx# 3 /% % +* i1 )

39

* NTNU-IE:AU005

% B R ATHCH &

250

200

150
100
50
0]

1.3 5 7 9 11131517192123 252729 313335
)& B R

e8| 7O A BHCR e 1 fe
- A #5r A COEL 3%

PPM

e HCBNC

1.4

1.2

1
08
0.6
04
0.2

[

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35

EOR L5301

B4-21 T g {7 & 4] fE COR A i % vt )

VOL%

2% Bk R 7 COLL &

12
1
08
06 e HC
0.4
0.2
0

1 3 5 7 9 1113151719 21232527 293133 35

VOL%

RUR 530
R14-22 * g 7 2 3] fi COE 2 g % v R
iR BE A5 ATHCEL $%

70

60
E 50 —H C
& 40

w— HCBNC

30

20

10

o]

5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37
BIR 2530)
. . , .
B14-23 Fik (78 A fEHCHE: 22 3% % - Bl
i A fmr 7 COBL %

03

0.25

0.2
R
8 0.15 {
= HCBNC

0.1

0.05

o
I 3.5 79 111345471921 232527 29,31.33 3537
) 8% Rl

B4-24 %iF 7 3 4] CO 3 g & b )




F 2 F1ER7HE 078 & RBERF R §
¢ ®108#5% 31p 2 Sl C NTNU-IE:AU005

& % B £ 54 COs Lt 2 W4.29ECE-40(7 2 3] fi ok 1= % 47 (PM)# 22 2 5% vt i
* BT EEE Y 1K

14
12 100000000
10 10000000
8 1000000
e 7 7 100000

e s
: HCBNC < 10000

1000
2

100
0

0.3 0.5 1.0 .0 3.0 5.0

VOL%

=)

1 3 5 7 9 11131517 19 2123252729 31333537 0
- 1
] 0% B

pm

W4-25 2 7 8 4] fE CO4t 3 55 % vt f B

e 34 Rt .5 T HC e
B14.30 T g (7 8 4] AR 5T 2 B (PM)E 3058 % 0t i

350 R BRZ by B R
300
100000000
5665 F 10000000
50 HCBNC 1000000
100 100000
50 2 100

0 1000
123 45 6 7 8 9 101112 13 14 15 16 17 18 1
] 3 B R
1
0.3 0.5 1.0 2.0 3.0 5.0

B4-26 feyt (7 & A) AL HCEE 22 5 % vv B

IR 3 i R 53 AT COLE &

1.6 m 5 W HCBNC
14

s B4.31 T 72 A i =4 d (PM)$E 2 5 5 vt i
om — N 21 B 7
JRe 3z R 3K 2y R b
0.4 100000000
02 10000000
° 1000000
1 2 3 45 6 7 8 9 101112 13 14 15 1617 18 100000
] 8 R E 10000
. 1000
B4-27 fesd (7.8 4] f COR+ 5 3 4 ] o II
10
Jie 32 JBE A 5 A COa Lb i 1
0.3 0.5 1.0 2.0 3.0 5.0
pm

~ m G W HCBNC

: Z;}— T OM432 RH D A AR A (PM)B R R i

5.8%%
1 2 3 4 5 6 7 8;‘“'19!:;)“;1 12 13 14 15 16 17 18 j\lﬂ ;: fﬁ“ #-m'rig ;}’ ‘;;? ‘ig F’t’ )%' ﬁi ,J( %é_—] 7_}:% it ﬁﬁ 7‘
Sk L zm s T fod F ok )
B14-28 B 17 # 4] fi COp2% 4 i % b f ] RenkRRED & LRFAAGRRET I AR

2 ot = 4, 4 (PM)4 2] 2 5 ) .ﬁﬁ@*ﬁ%ﬁ:ﬁbﬂi’ AR L ERLY - S NPIY. | [ (Y-
’ o T RRCkAHEFFEER LR A ML T
ECE-40 %y EE tb 8% Ti B RE R F Pt Ak @ T A aq‘fﬁ,?ﬁg

100000000 DeniEd
10000000 2 Y [ . 2 xS n
1~ Riypary A#EEK DS S APVT REBA I

1000000
100000 Rz Z el 2 om R A 47 0 0.04wt%

Z i BAFER 2B A3 KR AARR B
100 FEE 5 0.04Wt %5 EAE L H © kR
10 F] L 0.04wWt.% = 5 AP g  EE R o

' 03 05 10 20 3.0 50 2~ AFBRIREY > FRBPEL R T
um TRk 2 AR RRCK AR R R

3. AR AFEEMBELEY T @ AT

@27 R A2 > HCBNCH K 5 4 47 2 3

m 7 WHCBNC

PPM
N
3

P
8

8

um

VOL%

VOL%

m 77 mHCBNC

40



B2t BFE F1ERTE (078 ER MRS R F
¢oEXFI108E5Y 31p

10.

11.

12.

13.

AR R e

6. %% ‘\’fle

Y.Wang, et al, “ Thermophysical performance of
graphene based aqueous nanofluids” International
Journal of Heat and Mass Trans-
fer,Vol.119,pp.408-417, April 2018.

N.A.C.Sidik, et al, “Recent advancement of
nanofluids in engine cooling system” Renewable
and Sustainable Energy Reviews,Vol.75,pp.137-
144, August 2017.

S.U.S Choi, et al, “Thermal Conductivity of Fluid
With Naroparticals”, Proc.ASME Int. Mech. Eng.
Congr. Expo, Vol. 66, pp.99-105,1995.

A. Arshad, et al, “A review on graphene based
nanofluids: Preparation, characterization and ap-
plications”, Journal of Molecular Liquids,Vol.279,
pp.444-484, April 2019.

M. Hemmat. Esfe, A. Karimipour, W.M. Yan, M.
Akbari, M.R. Safaei ,M. Dahari, “Experimental
study on thermal conductivity of ethylene glycol
based nanofluids containing Al203 nanoparti-
cles”,Int. J. Heat Mass Transf , VVol. 88, pp. 728-
734, 2015.

M. H. Esfe, S. Saedodin, M. Akbari, A. Karimi-
pour, M. Afrand, S. Wongwises, M. R. Safaei and
M. Dahari,“Experimental investigation and devel-
opment of new correlations for thermal conductiv-
ity of CUO/EG—water nanofluid”, Int. Commun.
Heat Mass Transfer , Vol. 65, pp. 47-51, 2015.
M. Soltanimehr and M. Afrand, “Thermal conduc-
tivity enhancement of COOH-functionalized
MWCNTSs/ethylene glycol-water nanofluid for
application in heating and cooling systems”, Appl.
Therm Eng , Vol. 105, pp.716-723, 2016.
A.Ghadimi, et al, “A review of nanofluid stability
properties and characterization in stationary con-
ditions™ International Journal of Heat and Mass
Transfer,Vol.54,pp.4051-4068, August 2011.

T. Zhang, et al,“Theoretical approaches to gra-
phene and graphene-based materials”, Nano To-
day,Vol.7,pp.180-200, August 2011.

D.G. Papageorgiou, et al,“Mechanical properties
of graphene and graphene-based nanocomposites”,
Prog. Mater. Sci, Vol.90,pp.75-127, October
2017.

R. Agromayor, et al, “Heat transfer performance
of functionalized graphene nanoplatelet aqueous
nanofluids”,Materials,Vol.9(3),pp.455, 2016.
M.Hirano, “Atomistics of friction”, Surface Sci-
ence Reports, Vol. 60, iss. 8, pp. 159-201,2006.
F. Sedaghat, et al ,“Synthesizes, characterization,
measurements and modeling thermal conductivity
and viscosity of graphene quantum dots nanoflu-
ids”Journal of Molecular

uids ,Vol.278,pp.299-308,March.2019

41

= S5 - NTNU-IE:AU005

7. %W

- EpE R e i B i i
TR A HRARRE AL TS - B &R
R R IR T R E S I A o R R Ea I Ry
AR K ARBEE R rmH A Pl § o AT
TOLEEA P o S AP LY A & P
A g R RS AR E R et AT
At g o o B A A PR R R 0 F KR
ﬁﬁ%%?ﬂw%M£ﬁi%%~£E%ﬁ%%%
B 2 Fp AR A e bR 8 R
Pl B ARY 0 R A REPERE > A T UL IRA
CEAEF R A 0 Bt (BT VA S A HRE s 3

B i R


https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/journal/00179310
https://www.sciencedirect.com/science/article/pii/S1364032116307134#!
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321

B2t BFE F1ERTE (078 ER MRS R F
< Y5l - NTNU-IE:AUO005

o FI108E 52 31p

Performance Impact of Carbon-
Based Nanofluids on Four-Stroke
Locomotives

Y.M. Chen**, Z.Y. Zhuang®
! Department of Industrial Education- Vehicle
Technology Group, National Taiwan Normal
University

Instructor: Lue . Yeou-Feng
*Email: peter09240924@gamil.com

Abstract

According to the literature to explore the effect of
coolant improvement performance, the experiment was
carried out on the four-stroke water-cooled locomotive
sold in the market, and the temperature influence of the
heat dissipation of the water tank was mainly discussed.
This experiment is to add carbon-based nano fluid to the
cooling system. Dissolved in the original water tank fine,
and added dispersing agent GA (arabum gum) and then
electromagnetic heating and stirring for 3 hours and ulta
-sinic vibration for 1 hour to produce carbon-based nano
fluid cooling liquid. And the basic test of sedimentation
test, viscosity test, specific heat test, grinding test,etc. at
different concentrations and temper-atures, and then
explore the performance of the different concentrations
and temperatures, and the test is the original test Water
tank fine, 0.02 wt.%, 0.04 wt.%,0.06 wt.% carbon-based
nanofluid.

First, in the sedimentation test, each concentration
was allowed to stand for 30 days, and it was found that
0.04 wt% was stable compared with other
concentrations, and there was almost no precipitation. In
the viscosity test, 0.06 wt.% is higher than the other
ratios, and 0.04 wt.% and 0.02 wt.% are comparable to
the original one. The specific heat test showed that the
concentration of 0.04 wt.% was lower than other
concentrations and the original concentration, and 0.02
wt.% was worse than the pure water in the specific heat.
Finally, the grinding test showed that the improvement
rate of 0.06 wt.% was higher than the original ratio.
Based on the results of the above four tests, it was found
that the better concentration was 0.04 wt.%.

In the actual vehicle test section, we can know that
according to the results of all the basic tests, we can
cross-analyze 0.04wt.% of the best concentration of
carbon-based nanofluids according to the required
performance of the cooling water. In the specific heat
test, 0.04wt.% is far ahead of other concentrations, so
0.04wt.% becomes the optimum concentration. In the
actual vehicle test, it can be known from the fuel
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consumption results that the addition of carbon-based
nanofluids is superior to the original water tank, but in
the results of the particulate pollutant discharge test, it
can be known that at constant speed and climbing In the
test, HCBNC particulate pollutant emissions were
superior to the original.

Keywords: Hybrid Carbon Base Nano Coolant,
graphene, Specific heat experiment, Viscosity
experiment, Tribology experiment
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Abstract

The vehicle chassis course has always been a
difficult class for many students. It is also because the
chassis maintenance often needs to raise the roof of the
car, enter the bottom of the car, and do it under the dark
under-light vehicle. The guiding process is often
impossible for students to see clearly. Also, because the
operating range is greatly reduced, it is easy to have a
pinch or cut. And the demonstration teaching needs to
consult the repair manual. The teacher does not only
need to prepare in advance. The pre-class preparation
tools, factory layout and staffing also take time. For this
reason, we make a teaching aid for the rear axle of the
car, and make a compilation through the webpage. The
manual and operation are easy to understand, and the
QR code is attached to each system so that students and
teachers can connect with mobile devices. Whether it is
pre-study, in-class explanation, and after-school review,
the burden on teachers is greatly reduced and students
are increased. Learning efficiency. Our rear axle
teaching tools are mainly divided into three major
systems: suspension system, transmission system, and
brake system, which are the main contents of the rear
axle of the vehicle.

Keywords: Rear axle teaching aids, QR code, GOOGLE

collaboration platform, suspension system, transmission
system, brake system.
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Proceedings of the 2019 Special
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J.Z. Zhang®*, B.Z. Wu', L.H. Wang’

! Department of Industrial Education- Vehicle
Technology Group, National Taiwan Normal
University
Advisor: Dr. Yeou-Feng. Lue
*Email: 050813pz@gmail.com

Abstract

In this study, micron boron nitride powder was
added to SYM SAE-10W40 engine oil. The basic
experimental results were wused to analyze the
performance of the comprehensive effect, and the best
effect of the concentration was found. The best
concentration percentage in our research is 0.1%.

We added the optimal concentration of 0.1wt%
micron boron nitride engine oil in the actual vehicle
experiment and found that the addition of micron Boron
Nitride oil can improve the fuel consumption rate
(km/L) and exhaust pollution of the SYM GTS250i
water-cooled four-stroke locomotive. As a result, the
0.1wt% micron boron nitride engine oil could be
increased engine cooling and reduced engine heat
exhaustion.

Keywords: micron boron nitride, engine oil, thermal
conductivity, friction, grind
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123 Department of Industrial Education-
Vehicle Technology Group, National Taiwan
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Abstract

The thesis connects PEMFC and Lithium-ion battery
through circuit planning, energy matching and mecha-
tronics, erecting in e-buggy (a small electric vehicle) to
achieve dual power supply specifications. Using the
hybrid powertrains with a test scenarios: ECE-40 cycle
achieves optimal energy use, so as to increase mileage,
improve energy efficiency and reduce pollution emis-
sions in the optimized power control system.

Keywords: Proton Exchange Membrane Fuel Cell,

Lithium-ion battery, Dual Power System, Fuel Cell
Electric Vehicle

71



M f 81 EHTE 10785 B L WRFH b
o FI108E 52 31p < sl - NTNU-IE:AUO008

72



":i«%‘?*% F1EK7TH 1078 & B & ALREH
¢ E3 F108#5% 31p Y Y

PM25& ¥ # %

<

UL BE S B e
Jfﬂ 5?;*'5 BF LR
*Email: carrieminho@gmail.com

K2
ABEXF EE R L B2 R ESPM 25k
Ry sty (ER b~ AHEHRA
R A FRA ) o AR MR E T S AT
B fEPM 25k R & F & F iE 2 BN B
"F'ii 'PM 25k B & & § iE ey Gk 5% o &7
SEHETAF BT ERES %L § FEHPM
25/5—’.1.-— FRFRE VERAGEES RS > b
4 B o d ; BREEIERHPM 25k R
TR DARR AR o TR R @ HPM 25k R & § 4R
M iio oty BFLFARIERTETRE
Pl endp B fts 0 IR L I8 T B2 PM 2.5600 5%
Mo AR E- Ko 3 dFd HPM 258 3
N2 RRR A AR R AR F o d LT &
BREZFRAERS (YL REEG) H30F TPM
25kER LR AP B AL EFEROREET (FR
Bdy) o RIE R APE o ii%@ﬂ%im+%é
’\‘ﬁ//;ﬁfz BERE T ’/? H=Hoor g R mﬁﬁzéfi”*\m
JL— 2 R T R N TR E IR o N e i

r
HHEIFBEFPM2SER DERERE -

B4t I PM25 - < WIS A7

< g EH

1.3

1.1?1;{:’?‘{%1»4#
ek B E > U E
MmFhkeah THFE
bR & A g T BT

kW o ips % E&I&F’W;«i#‘u;
? FH\ ey Elf?frj_ _E_F& (WHO) 32014 & 4
S B Rl ,aou&mfi¢1p7w
@j"ﬂ'}vz‘_%/ﬁ-ﬂﬂhﬁ'i ,_;_’f,—ppdﬁ«’ﬁ'f“%’;
AEMIE R B xeanheg s o Fp 3
B ﬁ#ﬁ]”%ﬁ]‘fﬁ:p g A i c‘r‘v o 3“,1; s
HAPDp ¥ 287 FAEVERORE A RETF
B L eny 383 R ok (PM 2.5) &Jf*“f/%*" LB
PR B EERBEE L 0 S8 A19825
B e *-”éif“w?i"' I W?glﬁljj‘&g&#ﬁé‘}-i_
FH e o s ERRRR FEFERAE T F &

A

> na \v-
e

A
i&

p =

yﬁnt +x
= o

\

73

NTNU- IE ENO001

F 2 M

ﬁﬁ% \%”ﬁf

FREXRZ DR - FRARBFEERF > #3 5
rr%,%ﬁ'a’:;?;thln\f—ﬁ;‘l%\%gii;}[ﬁuiﬂ
f*";y.% F'F"?_p_/? 2 7f§ o R AR RE P F BE
aﬂ%mﬁsﬁﬂﬁ%mmﬁ ERAK LR
b2 FF R gy BT RE S TRk
ﬁ%&%ﬂ%m@*ﬁﬁﬂ+iﬁﬁ?%%ﬁ’“

FHR S BHF &Rl F 8o
A S FAR KA I KB F ¥ TIATR
HdR A B B G PM 254 Bk > e d 3 E ke

EE TR AT B P
W27 6 G A S - T R B AT
FousgoplF L sf; iEEL 2 PM 25k RiE S B
%"‘f‘_ﬁ“ g]‘*%ﬁ?vﬂ"PM 25k B g & F E iR
thenS g N 0 F A ;ﬁv} < F 1% £ IERIPM 2560
ER oAy T NIRRT
Blrb BT AT 0 TR A FE SRR Y RIRF
LSO LT

1273 B ih
%%%’Qépﬁﬁ“gﬁﬁﬁﬁﬁiﬁ*@

LR R T ORI BIR 2 PM 252 ¥ % X § 1F 2 cnff B

Moo TAp It g 704 %EEI«EJ;&@@**?%%

B oo

1.2.1  FPM 2.5:0%) %

L F PGS FET B EPM 2550k R 0 ¥

b AP Y s T4 HOPM 2500
f,\g iL o —»‘ liﬁﬁml’g&%ﬁ_o
1.2.2 % %I?]i?v B R B R

F] IR B Fﬁ% w;{%_m B b T2 4%?‘25&?&
*}5 s BRI R R - RPN A R R F
R %gﬁfﬁﬂfwﬂi&%@ﬂwq@
lll—tk,r"‘)—%‘]a&mg__ﬂﬂl

13y 3
’f’] EORRH :‘E_L_/Jm_}i‘/,a}i BoiE @’;
B % ~PM 25> &t Rty 0 M2 BHKT R
Bl 2k iy 0 B W SPSSEF & BEIZ 45 1R BPM 2.5
—x* "ﬂ%mfg@ 4 Ed lbﬁiﬁ'ﬁm*% s ‘I“’ AL

= P FNCEAE e ES T

v



”:ifﬁ% F1EKRTE 07 £ REREH B

o FI108E 52 31p ESR

2. % gkwéﬁ

2.1 w38 i3k (Particulate Matter, PM 2.5) :

mg ok (PM 25) SRS s F 7 &k
Redge e do o T AN BN 25 ek aed o
ﬁﬁ&ﬁm%%ﬁ»*@4wiﬁ4ﬁﬁﬁ B2
BF LR Rp VLR BB RS ET
#“i«m*ﬁm%ﬁﬂﬂﬁkdﬁﬁﬁi Fi-Ap B A
F1REPE DRI LA TDFTLY > gL

AR o

21 2R LA /)i'q_—Te TR F B Rt &
FSEY ﬂﬁ}%t.’i(PMz.s) WALY(SOx) | HEAMNOD)
lEED: AREE | WRE | ARE | BE | ARE | EE
TEETHY) | 16865 | 23% | 105261 | 88% | 176,100 | 41%
] 16756 | 23% 343 0% | 217,109 | 50%
JEARES 601 1% 855 | 7% | 21,033 | 5%
ES 6,440 9% | 3,651 3% 3,684 1%
LEBAERBE | 27662 | 3% 0 0% 0 0%
BRME 4,601 6% 574 0% 6,577 2%
Hity 930 1% 1,332 1% 9,657 2%
wEiNE 73855 | 100% | 119,720 | 100% | 434,160 | 100%
ERRRTHR R REE R RE015)
& ¢ el Eiok. (PM 25) ¢.5d # ~ ]
\:l,%__wf??w ;??4_’9# A SN A BB RRaE AR
WEF AT UHNEE SR 2§ 3 cape ks
P AR mR LR (PM 25) #1304 §
FRACCE AR BREVEEIEE AHE
ﬂ*wﬂ%@&z?ﬁlhm&?*T’“§ﬁ$
il ‘:"EE B ;};5 R v = 3 uﬁ
22PM 25k R B R T4
szsk&gx'°%#i*§ﬁ#ﬂ%%$
o BE RBERa AR FOERDBREN S RREZS
ﬁi%f“ﬂ*#ﬂk’%‘%i«?mﬂtgg’ﬁiﬂ’ e

EROP AR P A R ApF e T &5 B> PM
25EBE A EE o R ERL M RSN
A0 PM25ERR S Y FRE > @ = SR
@f%fﬁo&ﬂ{&'%ﬁ—gﬁz%‘#ﬁﬁ%%%% I
¥ - X ¢ & X T nBeE| 108 0 T E 68T
B 8EL oA BREFEIE X P TSI b u g Y
AR R g R o RS BERESPM
25k BB E chR F|2 - o

FHAPAOF NP FFPEFAEALS

€F s FLFTF RIEET (WKEEX)  BF S
i SRk o HRPM 253 4 o A A F ha

FHRFhkAaqpit 2T o S HEERERRE b
frh 4 Fc) 0 B g R FORA DT o PR
*i?%ﬁ%%*ﬁﬁ%ﬁ%’{¥“$ﬁ%%%
# 0 7 LL%&*?WW&IE%@*"E?
BRI F AP F ﬁin{ﬁ}%%'ﬂ‘? ’ ")’"J

74

NTNU-IE:EN001

< F FACiE
/"”/'77‘3‘9‘\?% ’

Jhi@*’ P (i’é«;@Bm/s) , Be v i 3T

%@@&L@* ¥ v

SN
=
pi
P
U
Ju
3‘/
falg
[
.F“?‘:.
w3
%m
P a |
‘o |

IR N I
AR I G > AR F LR A
8 0§ 1155 34 i
(4) § 73 44 f 78 GG 2P0 Wiz g 21
RI2ERFMALS @kﬁﬂi*ﬁ’W*T
g % o Gldo] B LYURT o AREF A G
4k i) o

(5) B FHRT » § B §EF AN FAEi
TREIFRBOIEZIFRECAZFREELT
o BT F ﬁ'&é’zgﬁ-i e A - RIS
WREEE o L hof 2 B T ﬂ;%aiﬁfiu}j
o RRRATS 6 TR S FRARK R
ﬁm./)»?'gﬁ'f""};mm-}i“_ré] ]?4%'
WG o TATA L RDEREE S 2
.ﬂi/é‘ "T}fm s 4#i}f‘ig‘#§7”(°

LF SRR
i?ﬂﬁ AR DT F ST E R
Lo 25 T RRSERE s REER S FEBRY
r%??‘sritﬁ*?vq_%rr?ﬁ.p@%‘\‘“ ENEER ) A
oM AR ZHEFERFEERE 2 FELE
FAEFERSE R FTRAZE TR 3§
EFERP D RRBRIFAARR 5 BH
%ﬁ5”¢&ﬂ’uw;iﬁiﬁﬁﬁj’kﬁﬁ
FRAREB LT F B AP DR &1—*‘-’—1;1%? 2
Fl R RiTE B E i v*m;ﬁ\.’qw;m—}_%
Wfrr"rﬁﬂ}ﬁ‘f » 106 E B R NIR RS C BN T

EAAFEZSBIHTEDRTERE SP S
Fm Erzf&FERFTR-

’F‘:ﬁ?&lﬁ'—%‘ Kozt pRng ;’P’ rr‘;ﬁ'v}ﬁ,? T £ Hp
FREEHLFETLFE 0T SE
(1) &d @2 m R 5 53 FRAF A1
RINXF ARPPE TP R#E RS S FRG
T L S 2E R BRFAUEERL 54 P
AR kP AP PEETHEL
(2) MR 5b] A3 HRFFAS
PosEhfealfd 3R §
wedhId ek 0 SRS R AP PR
BRI P RaIE RALPAN,BE FLRBEETA
PR oo pE RS AR ERANLF SR

P

7]

-8
A =
’

B b

«D‘
By

33??3 L

= b

FRAlA & %
AEABE EFh

g\;



R L R Sl Z L ENET 3 TE
¢ #3 ®108EF52 31p T L

i PEETLE -
(3)
WA R o R ERBET A
(PR -FRNE) >
EREE -

ARG B Rk R

¥

g'.:'

m

- ’E-'?’r-*
?]‘@@1

RS
A 4o
FR R 5GP

| e
hg S

=

a%&;\

3. % w3

31?1‘ &5

AEALR * APRSF %L ZRIF T &2
GP2Y1010AUOF PM 2.5#5 B- 3 § & F R B B 5 ’
TRIBRCIEERCEBR CRE RS S AFE R
w ~PM 25% - 4% Arduinoi# B~ ficdy 1 Ltexcellpa.fg?
H inificdy A2 > £ ISPSSEL R A 4T R A & § iE
£ 3 PM 25608 5 -

2R %™ 2

321 A W% H

#hE b RECEAECBRAERESSE
dAaE ) 51IWS3 = A § d e (RL1ER2) -
HRALEZF SFERBES LA 0k
Arduino #-% LE & o
(1) 51WS3 7 % - :

A BE@#*5IWS3F o (BL) p ¥
Mm*“&ﬂéﬁﬁﬁig’cﬁAQﬁmﬂﬂﬁ
%m’ EERERFE @i - A& -wl]F-w

4 A B E o bk Be £ * 5IWS3F %4 4
(@Dﬁ%ﬁmiﬁﬁkgwﬁ%iﬁ’c@4ﬂ
R R ERE > SRR Y B EL
Wl T ok i ~ B5A MR B RE o A EA DR
£l i = fﬁan/@ﬁB"m_,ﬁ}i F fﬁﬂi% » v 3P B
HRIEFHHRT -

\v

;E‘

o 4

s R

‘‘‘‘‘

F151WS35 45 4

’

75

NTNU-IE:EN001

B 2 51W33 = N F

T

(2) Arduino :

4o B1347 7 o Arduino - B B 3 R 4o b hE 5
5 dedr 4] %® (microcontroller board) » ¥ i - B+
Fxoo@#®F7 o hArduinodr + R BT S K
% o Glde  LEDZE s oo~ BiE S B M S RIRER
PR R SRR S LCD ot EE 0 1 E
Ethernet ~ WiFi ~ Bluetooth ~ RFID ¥ GPS % & #&id
WHe e FRMPREED - L BId iRl f‘»ﬁ‘é
i Ardmno]ph. AN A kap BEHIRY 0 B
i # BREBRPIBEAIRE @ RV ¥
;qw,{,mp@ B~ S E g o~ I b gy
FR A UITA AL HAEER

HEREIRL
SEER

USBE
(B type)

ATmegal6U2
R

SVIBIEIC ATm ega

328P

HRE

IR
B3 Arduino UNO#

R4

(3) SHARPE # P2Y1010AUOF PM 2.5% B- % # &

TR R E

BA4SBSA YR AP AETFSFRERINE
AR R BT B % B - GP2Y1010AUOF & - # &
%i%%?ﬂﬁ’i“*iﬂﬂ4$émﬂ o
BN IR A T g kA ok ﬁm#%?wm’&
BRI § 7 BB F ks T2 o] hde

T FIE R A A AR KRBT
E Y o R BE G 2

AR b F R
T i g (Bt



CERS LI R EE TR Y
¢oEXFI108E5Y 31p

10745 & & & AT F
RN

20mA > £ A &Il mA) ¥ # % FE7 VDC o %R
PER SRR R ERBERRSE S o T

O RRIEE AL L F
rERE R K

BB 0.8k 1 b | ke

H
‘l.
L-E Tk

o

R S ERER

B4 g EHhzF ﬁﬁﬁ'},i,/?]ag

33F L H

331 i’ﬁn&:}%

TR A (B6) B2 SFF < L HFRTER
514-5%)%@’1%/3_&‘/,54& RE ~BA R o
PM 255”&%;"3645‘** ERIE o H ¥ pig BpaE
WAHE D P0G e E R R
B SRR TE BRI ELE - Dls&Toh
i s bR 4B E R 0 FP > ARE Y FIR
Wl Tioh @ B &ldpin i 00 2 d TRl
2 penh XA BAFEF e 2 T ke il B
ﬁ R PR SRS T F S

B R e THT ARG R AR 2R
F@EHU; c W F MR EFLERFA LS '?’m&ﬁ '
éﬁﬁ?*ﬂ?&rf'ﬁﬁﬂ)};%f}%ﬁ ’é‘t%"zl)hwf‘*ﬂ/ﬂ
b w B %4 51WS3F % e b & ahh @#F,%% ]
MRRITR E S b iE e

<

76

NTNU- IE ENO001

B 7%“59?5\‘}131?'

3.3.2 & 37 iy

d 3PP 5] PM 25895 8 = % pes/0.01ft3
(221) @ TR %-% sk end =) Lug/m® (22)>
NCELS RS TR ooy PN §FF - £ EHE L SR
Lo iEehBdp i s 2R &% SPSS it
EriFamM At ke R T g
AR o

31 pes/0.01ft3 £ iz (H R AP aupk s B
#)
2 oug/mPEGE G (EMfpp o RER)

#2PM25H =& gtk (AQILE) i

ug/m?3 pcs/0.01ft3
T AF
0.~ S0(%) 0.0~15.4 0~75
3 15.5~354 76 ~ 150
51~100 (%) =33,
AR R A 35.5~54.4 151 ~300



':i@ﬁf

iE\WIOS&S’]MB EORI L

i B
101 ~ 150 ()
$Hord

34 54.5~150.4 301 ~ 1050
151 ~200 (%)

Ry
201 - 300( . 150.5~250.4 1051~3000
e d
£ 3 250.5~ 3000~

301 ~ 500 (%)

R

ZHCA 4 & z\(z\3) R% % 2 ¥F 4 dc > ¥ T
&ﬁmﬁbﬁﬁ ¥ EBASRTR D A RS
ol P EARRES S F 2 0 REB 3] plP
REARFLE o d £3FHF R A |67 s
Pol o mEREE A LA B R AR
ts Fenms 4 o
13 E Rl WA R 4

B
Durbin-
fiE R REH %R REN | (hEtaEEER Watson
1 2037 041 041 8.04734
2 260" 067 793626
3 263° 089 7.93079 1371
a. Pl - ORIl
b ARFESRN (B - HERERE,
CORREE (R - R, B
d. (=81 PM2.5
0247 FR o R FSITE O £F F e BRI
PR F L E 2000505 > RIEB R EBEK > AT
e BRI AEFE LR F B0 chs B

FER G

#4 8RBy R8s £

EHTH 07 ER LR FH
: NTNU- IE.ENOOI

USRS
paE Fofl [EET ¥k F mEH:
1 82560177 1 | 82560177 | 156.259 .000°
208700.665 395 528.356
291260.842 396
2 131505.704 2 | 65752.852 | 162.165 .000°
159755137 394 405.470
291260.842 396
3 203355.815 3 | 67785.272 | 303.050 0004
87905.027 393 223677
291260.842 396
4 204452.949 4 | 51113.237 | 230813 .ooo®
A 86807.893 392 221.449
&t 291260.842 396
a. [EREr 0 RPM2.5
b. AR (CH®D - ARED
cREFRER  (HED - BREE), BRUSE
dARFRREE (Rl - BREED BRIEM E
e fEfEl . (KB - BREED, 8

EERARGESL (£5) ¥R v BHF
POREFEMEF S s RS CER A
HRRSL S e B PMZS‘FKE"@%?
fgz; s ﬁt‘ll,_‘,‘}imﬁ'”@%ﬁx (ﬂ”——%lbﬁ’tﬁi
0.990) » h ik P8 504 g (B2 v % 30.066) °

M

25 8 piHesh 2 dch
e’
P (L PUE{LIRE RIS R
wE B iR B T mE VIF
1 wen 6458143 511647 12622 000
1 -6.333 507 532 -12.500 000 1.000 1.000
2 (HE) 6704.216 | 448774 14939 .000
1T, -6.664 445 -.560 -14.981 000 995 1.005
1R 3526 n an 10987 .000 995 1.008
3 e 751.231 470556 1.596 A1
LY -1.063 455 -.089 -2.338 .020 525 1.903
& i 8.500 366 990 23234 000 423 2.366
4 2324 130 a7 17923 .000 293 3410
4 RO 1089.477 | 493656 2227 027
-1.408 478 -118 -2942 003 an 2124
B.497 364 890 23345 ooo 423 2366
2283 130 801 17.520 000 287 3479
32712 1.470 066 2226 027 869 1151

a R [ RPM2.5

BERHAEE L > 4 26V F R K42 1
TilcEo x> 20699 ApE B 0 Fl R4 SRR
AMEBRE L F e BER KIER PM 258 pF >
1 EF; F Lotk 2 dF o

FEEE bk > TR S G REA L

PM 2.5 =3272X i +2.283 X g R AR +

8.497 x i B — 1.406 X & 4 + 1099.477 -

77



W d P« $1ERTE HI078 5 R LUEFH b
¢ EX FI08ES57 31P = S5 - NTNU-IE:EN001

4.6 B plBcsh 2 WU R A

B
Durbin-
() R REH AEERES | AEAvEEER Watson
1 532 283 282 22.98600
2 6720 452 449 2013628
3 836° 698 696 14.95583
4 838" 702 699 14.88115 697

a. fPFReR - (HE) - AREED

b AP (W) - BREE)), BRI

o Rl 0 (EED - R, AR, 5 EEMRE
dAFFRRRE : CHED) - BREE), BRUAR, B RENERE, 3 EER
e. B HRPM2.5

d B8% BI135PM 25 £ Fl2 chpf i% > B¢ 7

’)'F]‘:'i:%_/ | ficdy & #/?—&ﬁiﬁm&ﬁFK*PM25_ﬁﬁ
ARBE R R E I APH vm,ﬂ}imfik\r‘i—ﬁm“%jp
FoBRIBIR AT m AR o E ORI BIRR S ARRE o
SERBERFFOTHRE > VHFRETF THRDLE
{ﬂ%n/PlépM 25y A4 o 50 1 05x
Exl Jfﬁ‘lf”-l-OSX 4 TS (w4 EFE2E
4;?»»3:»? | EGE F oaT) frtE A ke 73 £
EER > @ AR /Pﬁii}f; » hew kaﬁ“}éﬁ?f“i‘ﬁi‘l
Ged % fRAK S f A g

Poersa g o FltwREERIERF A g F A o e
;ﬁtm‘?[f%*’ik@—r#ﬁ}f,‘ﬂ}iiﬁﬁgiﬁéﬁ\;PM 25
BRRAOFTAIDERABHDFL S BT &
TERIEE DR PSR R g AR o AR
‘?c I‘é{q_ap SRR - B T
Ea el T iaE & TRy o Bila S 0 T
B %%@#Bi’iﬂ,{%&ﬁﬁloo% PRI R g R a i
EPM25kR 2 > TaSiE- BKPERFF A § 55
AR E AR R R A R A @ FPM 25L B T %
ﬂﬁ“ﬁ»ﬁiﬁk{ﬁ?‘*ii”lfﬁ”ﬁg’ﬂfa"ﬁﬁxfﬁ?ﬁ‘*"’fﬁrﬁ
F AR RAET EHNPM 25k B &2 Ap$IR R R
BAZ Rk AR BB FRFAITE R

@R e RRE FH 0 LT S B R
,?"]—ﬂ T»FEF"B/?J’"’T'ngi ii‘l’&.?“rﬁl“‘
BE® 2 BEH e RBEOFZHE ApE D
o T Jf]ﬁ‘rrfﬁﬁ&a/ﬂ’;il_liﬂ%ﬁ@
< vrﬂﬂ"‘?ﬂ\%{gﬁ é*""‘%j@txif’r&\‘f‘? LU
W BT RIEDERFERILG RS T AL
R F AHFFIPM 25 R4 a1 o

A~
<

v
34 1_

=1

o s B oSRp )- =h

l

o

el - : )
E‘ .'"N o* 1
E H.’ ................. o
L ]
¥ y*=|-4.9484x + 64.27]8
° . [ ] ° o o
15 2 25 3 5 ‘
E3# (m/s)

B8 & ipl2 PM 2.5 ficdy &2 b i criBf

70

PM 2.5 (ug/mn3)

g
160
120 s
120
o
T 100
b5 [ ‘
= 80 :. 1
u
o . ' [ 100 I ' l 8 (O I
60 i L] -
z A )
an L] o _ b
'Y ]
0 (] oy =1.p492x+ 36.3p1
: ‘] |
0 s
18 20 n 24 2% 28 30 32
BE Q)
B10 £ Rz PM 2.58cp &8 B 0l %
0
&0
50
o
Ea
2
a0
=
z
20
10
o Sl
0 5 10 15 20 25 30 35 20

BE Q)

BI11 5 plzk2. PM 2585 22 8 B 0Bl %

78



M f AR 21 ERTH
¢ E3 F108#5% 31p

1078 & B &3 F %
’/\ ~ srgﬂ%tu

=
=
=

140
120
w
T 100
£
£ v=0.7771x
in ]
o L ]
3 0
o gt
4 e
[]
2 I 11

THENERE (%)

F112 £ p12. PM 2585 & 4 $Hi5 & 0B %

- [ ] g

&0 LRI I =
s N AP [
2 ® o ogye® ‘; * a0
E, . [ *
af
; 3 &
™ . LY
Z, L s

P
10 *
2 4 60 B 100 12
THERERT (%)

B3 & plab2 258 yp B Ap $ R R Pl %

5..
3 FF EI*%%‘"%%%
TEERE NERSOE R
/§.}§ b ik el ié&m Bo] BREMHEHER
HPM 250k A ¢ & 1 Ap B BE 0% TRFR 3 $PM 25
k&¢ﬁw&&%°$%%@m#i%gﬁﬁ?&
= R RIPM 2560 E & F] % o & &AL A 47 2
FNEH R 4B éﬁﬁ*ma&%ﬁw@
PM 256055 2 5% o AR 2 B N5 2 2§ &
BT iR sk HHE B tt#ﬁi%i{%fi”" bR g
BRI EEFEERB RO G EESAR
o pER O PM 250k B X FIAPHIRAE & A R
PBATR o

X

- ﬂ“:

¥ Fl% #PM 2555 4
F4h
o H ¥

6. 3&3
ABREHRA L FF T ERT ﬁﬂp
WMEAFESy L FE > d 3 il i@
B @Rl AR E AP S % o B
B#HZL -

®R i

<

79

NTNU- IE ENO001

A RN AIE o B oS- BEREF &
FFE » HkE o ¢ B 2007 £ 1% 24-26
Fhi B E-BHEFY > %2030 0 = &

o

T RSt S 1997 o
2. R R xFh o ’l"l‘ﬁ?'*’r’/?“ J-’T‘F‘F'?ﬁn-
BIZEPM 10% R 8T 22477 > k2 B3R

47uy1%51ma@maou@vvwz%*%%

%éﬁ&%()Wk*ﬁﬁP“ Bl R
A EW RIS o S S8 20150

3. ’H‘E /3? 55'3:@2 BRI lﬂuf‘('}f—/&fﬁ ;?:F’rr‘é'?
FlF+ p B ERIFAZM GFEG I L E
000 104& B Y L F R AR F A ATEIERA
€ -4 2015-

4. 240 > % 2 B % A g 3o
PM25kR & F % & A28 B4 §F 2 2%8E
3¢ > 2015,31 (5) 99-104 -

o LR 2Rt

5. KPP - fE & ¥ o kAT B A A F
FRERBEE

B & frPM102 PM2.5:0RE % >
2013,29 (2) :34-41-

6. FRREFE R EZAFHFEEFEH A
IF =3 ° B~ I :
http://www.epa.gov.tw/public/Data/573017354171.p
df -

T. FRRBEREEEF > 25§ &FTERRE -1
https://taqm.epa.qov.tw/taqm/tw/defauIt.aspx o

8. & K w4 _E'_*#« P2 F T RAE o B2
http://www.who.int/mediacentre/news/releases/2014
[air-pollution/en/ -

9. ¥z F FE4dk (AQl) » &2 R 60 5 BR
R g 3
http://agicn.org/city/beijing/dongchengdongsi/hk/ -

10. I E P s L8 e Rk (PM25)E B

A EARE 2 3 WP B FRBE AR LT

ALk~ > 2017 & -

EHH S KT £

PM25ER B RF 42 7 8

2018 » 37(3) : 397-409 -

11. BE E2oMA0FF

0] R F

12. Frctadki T ¥ > ATRT F ST E R
Z & B F ° > 2 :
https://airtw.epa.gov.tw/CHT/Encyclopedia/pedia02/
pedia2.aspx -

13. MR AL EF h B AF I

SPSS & AMOS g *
2010 -

Ia@®3E o o

By
) W/?,


http://www.epa.gov.tw/public/Data/573017354171.pdf
http://www.epa.gov.tw/public/Data/573017354171.pdf
https://taqm.epa.gov.tw/taqm/tw/default.aspx
http://www.who.int/mediacentre/news/releases/2014/air-pollution/en/
http://www.who.int/mediacentre/news/releases/2014/air-pollution/en/
http://aqicn.org/city/beijing/dongchengdongsi/hk/
https://airtw.epa.gov.tw/CHT/Encyclopedia/pedia02/pedia2.aspx
https://airtw.epa.gov.tw/CHT/Encyclopedia/pedia02/pedia2.aspx

M f 81 EHTE 10785 B L WRFH b
o FI108E 52 31p < gl - NTNU-IE:ENO0O1

80



”liﬁﬁ% F1EKRTE 07 £ REREH B

o FI108E 52 31p ESR

NTNU-IE:EN002

ETals o4

wht

CEES B £

b

TR F L

2

T E it w2l
Al L Sl
Email: hcc0820@gmail.com

F&
ii’f—%%{fﬁ’:iﬂ’“ Vo 'fﬁ}\' e f_ L4 1[;1— :E'_
iﬂ*ﬂ?ﬁ?é%ﬁmﬂﬁ’ﬂﬁitmpz%
£ h *“ig}ﬂ\ﬁ/aﬂut&‘ R LI T

PEHATERFTENEIE LSBT F 2
AN THD > wFEL T A R =R
-'m y,%z‘m%#
P EATR e R T AW G s s o
ﬂ@mf&g $u3C & mgavﬁdi&
APP ehfpdls & 5 - ﬁ’i"‘ﬂ" w oo @ iptkeni 45T
TV R AEE 'f’*f_‘_W; Ké'\:s}#‘%i}%@’#

TR~ I - A Ry o JEd i H L4 APP
LR R 4 il e e
Wit -

W g5 APPE#] ~ EFHH

1. %%

L1z ¥ ek
FIIR 5 & By R A ¥ B PPl
Benfl* 7 3 J:i*fa@é: BixE & Ol EE o
o ﬁ}\m?\#ﬂl %“" IV kl;\f\im:'_f"“b"i
/})—ﬂf””’f'J)*_f ﬁ‘&‘f'mZ\Iﬁa"‘__Llfiﬁlm Tfl‘m
3"\ &r%sbp%zrlé 1]5*\:"%‘_“?5@?%1“’ L{ EY
75N [ F LR AP DT RIEE { AF ok

B

EX

(S A STS R ]
$12 L WAPP R
4‘;‘31 °

12F % B eh
L CIERE
rfﬂfﬂ%#éﬂJ N F»‘a.fg,

13/2% 3 i
1. T8 8%
ﬁj/ﬁﬁﬁ 2R

£ F B

R S g
£ T T H R L b

LA~ TET 4

sy
% ﬁ_ﬂj'lfﬂ}_%ﬁi°

S

NN R ER S
T A M T WMEE AR
RS R A L L ;gd (R PR UAN SRR | A=
WA FHIMER Hf{*ﬁ—ﬁ’f#w’%\m?#‘
;IJ' xit&ﬂ&gﬁg REH DR - F L E T
NRLER AR AT o

81

2. TEFH#,
EET AP N B E R S
i{ & * eHArduino > fie & Applnventor® iF -
Bacdg w2 # ¥ cfpdlsh > AR TR
- BRAETEOP R RABIR G { FD
i EVE R T R o
3.7 # ,%ﬁ;}é.ﬂ
FLtBigh- B L8 FYN AT
A F L G FER AT

mﬁ”i%—@“iﬁ%%m@%ﬁ*%
i (L7 TE) C bR 2 e
"f"l i BITE R R o

el o ;’EﬁJ

RS ERRA N R E LE TR RIE
SRS 4 R o A B4 K PPt B
EFLRYTED & BES L RRE

By -
2. % JeiFH

21PWMA * R [1]
PWM(Pulse Width Modulation)fi % *% & & & 3

RoWHNENSENEY TR B AR
#‘I A -'51 j_ TEL_‘ e ﬁ*‘% 2 e 54 /}t m’t‘q‘:#li ’ KK#VJE—

B EEE BT L o BRI Ae§2.182.247 57
Bl% @ eninix £.5 & T (v(active) | PFRF » & v
T % iz ¥ (Duty Cycle) ; » ® T =e@ni> 2.5 &
Tikl(stop) y FERE 0 B E PR T L
FRYFRERIEEERF > DEROE T
PER ~ B 4oie b PpER > X RN A RTT o Ao
BI2.15F7 o F 2. o 4ok B4 B ik engbg - P2 &
Sk B (T ehpE R S Hgreip ok CREER o TP R
3% deB2.247 7 o
d ST E REERE TR ] S
e E_B12.1222.2% 7 =% 4 (Pulse) e ¥ 5 FF 5 A
ZWidth) C F R 2 AR ITRATAD R -
Ao R o F R R E S il B
Bl 212 22 it TR T RApE chi- > i F £
% Secth H ko # 3 B 01 ySec ¥
o 5 IR R > AT APERR T B L
BEARV i R REAR Y RE A I 0 BT F RS
FosN P rid et EPEERF o
fT% B Ehg B=

" 1Ijﬁ}3b“x$ﬂ ES";}

’

#3700


mailto:hcc0820@gmail.com

AMFTRE REF L4 agd ok

’B\&ﬁ??f" BBB 11'1 ° ;”2 BBB 11’L

HiegiE -

Hlsh o

ENRY
Bl3.1~32-

RS BRI
BRILH B2 A AR T ST - 4o W3S -

":i«%‘?*% F1EKRTE 07 £ REREH B
¢ 9 R108E57 31 o HBE

FRaN s @atipe )

bRy E RS

22E nER 5 & L

B2 TSR (2]
%40 7 A & 2 (stator) 2

Ao p AT B AP ERE o 2
MPBlYEE L A£120 RenT F £ =¥ 0 AcB2.3%77
FTFEEIRPOTRTAERBELEE MR
A AI20 B > g E P A2 S

4o Bl2.4 7 0 RABREFURTIREE o VipZ
Wipai f - R BR RRZ > BT inA 2 4p
HE2BEE$ ARG I E et fes E
frod Ba v X2 REFRrE I EELT
A 2 B AT BT T kBB EAB AR
. 4B g

F ;]'J'usb 73

B hF2 B o

E/rrﬁﬂ‘l 'Q

& = (rotor) & ;‘rs > o

’

B A A 2B “f‘_ﬁf‘frﬁ—?léiﬁ'
/ﬁ’ ﬁ%’?’m#ﬁ;g\-.ﬂi)ﬂwi &

2.3 ADIO-L298N [3]

L298NEST2 P4 Aeh- B8 TR~ 2 2ind
v 15503k -

SRPEECIFIRE AL PR RY
46V'%Jﬂ|’§:}t’,‘ F}?Fm"lélﬁ’ ﬁ_,/!l ¥ ViSA 5}’3: a—l
-+ h

FF 0k 5 2A 5 FE 25 F25W 0 p gﬁlﬁH;}@ms&
@"ﬁ,mi‘ﬂlﬁa\‘5ﬁ Eow o kgpdEon S e
FREFREELE -

ﬁ*ﬂﬁ&ﬁ%lﬁ%%%'ﬂiﬁ%%
b Z g BEEPDRT L
B3EF - R Ty~ 3o RO IR R
A MR RT 0T

PR3 3

ﬁﬁ

o

RIS A O JCE AL ViR

l% %L298Ng 1 :5ﬁr§“n%3\ 4 ”29 1 ?«'1:5$t’§"“
SadAESER e B ERE L T RS S

__m :Eg ‘i °

Bpd Bk ¥ Lk AoF|2550 7 o

3 EHERHRK

31259 R
FAR LS R RSN B FRET L
SRS MRS Mt e 4 L ot 0 A
ik i -

P N R RN
N Ty T
it 1ﬁf§13‘3\'{ —\mﬁ})&]’ﬁ}:ﬁ?
T D L o

h&

TEEL DL
AR FRY
i
Jf\

MW

g2
Kl
L
M CEF o A

§ kY f 4

—W;&

“m\i-

BELO LK b b S PR 0 e

AW g o PO R

zﬁf%’v’:;" 'B‘@#{-lé ﬁ’f& \%.+ .+ l-r—r'é,;r
£ AR

A 0 A E G - 0.5mmE R 44 o

82

NTNU-IE:EN002

ERES I LN SRR o KR

AhE - B L-1EemenA et A 0 B g T
et ES SR RS E - LSRR - BI85
321 fﬁ#‘-ﬂ BRI

B s T R dhd ] b AR E
B i dH A E > % Arduinods 4
EHpea -

Arduinofe ;¢ g B A FedoT

1. K Z3MEHP - 4-F]3.6 °

2. XEIFEYT o 4r@3T7 -

3. RIS JIF

it o 4o[E3.8
4, K E @AW %ﬁﬁ iy o 4c-[@]3.9 o
5 k@t o Fo2t iy o 4rB3.10

BI3FTIFIF R 2

LB FE Y Fralans & A @ * APPInventer ]
EAPPE ™ {3 - drd fp9 se gl RS L e
Arduino ] P T 1R 50 @ S gl 0 g
do 2 ehrt iy o

Appenl (T4 B B A2

1 R E- RERBTRT &4 - oF311 -

2. %i‘%&%%ﬁ%ﬁTﬁﬁ@o%@

* Arduino %
5‘&9‘17 L3S IRl

SRR T

ff i.%f o 4r§]3.13 -
[ E o &r%
;ﬂﬁﬁﬁ% %ﬁ3Mo

5. HEYETHAE Ak TP ET s TG P
RREH A AR - S S ET Ay
#* > £ATHLEEY o o315

6. K T A fhE- ﬁ%%ﬁ Wit £T
FebEiE - BEGES ) KBS g
h—- FE(®) e 4-F3.16 -

T, KT P ‘ﬂﬁﬁ” iem fs o %T‘FT—”E’ e
o g RARIE - (e A AR 0
Be g3 - BEGRL) 4317

8. HIHmgFpA BT Send gaTR S
BT R - B (% R ) e
gFd - BE(RL) 4F318 .

4. 358316

41ﬁbﬁ$ﬁ§
L—- f&mﬁﬁiﬂ EY XFEL}
. - %‘T |é éﬂF]—s}fF rr]: /5:‘7 T

oA A

B e F R
BB R en T g b oA

BE-EAE T o
FEAFTEERERT 2R G DR TR
Fle g a i d FHORIT wAP AL S

M%ﬁi?ﬁiyﬂm;qﬁm'ﬁT@ﬁ%ﬁﬁ
B ERr B - Rii-FAR ARG A
B 0 R B Afle S R EES D
s T s AN e 4ol o

1“‘



B2t BFE F1ER7E (078 ERBMEFR &
¢oER FI08ES5Y 31p # % S%L 1 NTNU-IE:EN002

FoROfRAFIL W AR PR ek 2 B
AR R LA G ZHONR APERRY 2 A
AR R ek 1 BLTE A LA B 0 E 2 i B en
THoRANGE ST LR FER AL L THA
F i BEa P WAE TR o AoFl42 .

4.2 T #H1W gpde

EYBHAPPHhEL4pE S » T U@ £
‘ﬁﬁ%ﬁ“ﬂ E7 4w Hpfe 2+ TR ends A BERYE ik
T4p g chE B> R F A FT AR > A F
PN IR AR O G s o) il B L

Arduinods sd s b« 7 it F & FR R R D
LR FE-Hehfel o KB MAENF A PTEY
MELEFINM 0 5 2 R SRR d S g 2 &
R

APPIEE % X APP % & 14 £ 8 & e
F 4 B4.3fc 44557 o

5. B

|

5.1 2 W

[ R R LT R 1‘#%‘5—"" |eniE Az ¥ 0 e
ﬁﬁ»@%%@%?* A R R R S i
3 A EFPEra ’Z?{* ga‘ b TR
m,?lj A DR AR hdeid TR
*—ii&f# & E G Jﬁ%r]mfﬁlgi&m/aﬁiﬁ
&3 g it F'ff’ﬁ*fé.ﬁ.?{ﬁd H L A & en
-

IV ft_ i‘v*vﬁ‘pgﬁ_};,go

ﬁlm

E“\« Lowe |
*\2

oM e pm I
93 lﬁi"

\4
=S
Wi
=

APP%‘*’#J’Q_ FHRBZTEAG L0 E 2
PRSI E BT G LB A7 R
oA iﬁx% 11.%’;._,}‘9:}%5\ {J%’iﬁl?’\_ﬁf
ﬁ o AP g B Sah i b AR &
9 ‘b AP ¥ et 1A %ﬁ;’ D1l e i
B gL i k- B

4o

6. % = §Je
L s~ g Frdfagrbisd flh
2 BT AEF AR Id g ko 5% 2009
2. %FE ~mEA A RE EREMS R
Al o L FT R 2
2013
3. http://shop.cpu.com.tw/product/46920/info/
4. AF 3 # > AZ B3 Arduino 3 #3k 3t ~ (% 35K)
5.2 % %> MIT App Inventor 2 % 5 % * : B2
Android & * #2.;%
6. 5T 3 ~ERE v Fdum s F e BN A
EhRemntpd o BHEEL S B i/io%iiiﬂ'
z‘vv

FLr o 24 2013

7. % Whe o BF TR B ZRLET
T RAE BT L%
BELE S L% 2013

8. &2 ;x BLDC B 4% 7% : & * Atmel SAM
C21 ARM Cortex-MO+ #4147 » M= fL 5 5 2

A

r I T ARE RERF

-bl |4- Duty Cycle

4—’[ Period(i4 #3)

B12.1 PWM# (% Jp 3250 4 4 i P

2.2 PWM# i fp 230 B i3 o

2.3 = 49 = 82 5 B15 i W

83


http://shop.cpu.com.tw/product/46920/info/

R4t BFp 21 ERTE 078 2R LEFH B
¢oEXFI108E5Y 31p 2 % | NTNU-IE:EN002

w

—— 7~
EFARES

Jumper 1 “Z%%Y%ﬁ 6)‘_;%
srens  $R° %
A5V ® 7

OB EE A

B12.4 & k|5 £ Bpde i & 22 5 72 )

B13.1 4] 3 e 4

84



Fe 2 F1ER7HE 078 &R BERF G §
¢ ®108#5% 31p = %l @ NTNU-IE:EN002

W3.2 4138 15 ek 4

B 3.3 ¥ 4?‘1—*;25:7;\%@*%% 2 H

F13.4 % w4 7 W

85



W d B 81 EXTH 10785 R LIREH b

¢ EAFI08ES 31p %< %% ¢ NTNU-IE:EN002
#include<SoftwareSerial.h> switch (btin) {
#include <Wire.h> case 101:/ f%ﬁ?ﬁf‘aﬁﬁ

SoftwareSerial BT(12,13);

const int rightleftll — 6;//fef it forward();

const int rightleftl2 = 5; delay (1000) ;
const int rightleft21 = 4; break;

— 5 - — - Scar
const int rightleftz2 3; Ccace 99 ;fﬁu{ﬁm "l%

e backward()
const int frontbackll = 10;://HE[EHEAE S 0

const int frontbacklZ = 9; cle'_ay{j_DDD} i
const int frontback2l = 8; break;
const int frontback2Z2 = 7; case 113- EKEE’I’EF[.E‘
left () -
const int rise = 11;://1&FH L 0
const int down = 2; delay(1000);
break;
§13.6 & T HLAr case 122://EEHES
void loop(){ Iight ()s
int btin; delay (1000} ;
int input; break:
1f((btin=(BT.available()))>=0){
Serial.print ("input size = "); case 116:/ ffEF[g‘ﬁf%Jt
Serial.println(input); motorstop () s
Serial.print (input=char (BT.read()}): delay (1000) ;
Serial.print ("\n"); break;
B3.7% Y case 114: //r,¥&H

risel():
delay (1000) ;
break;

case 102: //f, TP
downl () ;
delay (1000) ;
break;

case 104: //h,{EH{EIE
downl () ;
delay (1000) ;
break;

F13.8 3% 2 4 425¢
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void motorstop () {
digitalWrite (rightleftll,
digitalWrite (rightleftl2,
digitalWrite (rightleft21,
digitalWrite (rightleft22,

LOW) ;

LOW) ;

digitalWrite (rise,
digitalWrite (down,
}
void forward() {
digitalWrite (rightleftll,
digitalWrite (rightleftl2,
digitalWrite (rightleft2l,
digitalWrite (rightleft22,
LOW) ;
LOW) ;

digitalWrite (rise,
digitalWrite (down,
}
void backward() {
digitalWrite (rightleftll,
digitalwWrite (rightleftl2,
digitalWrite (rightleft2l,
digitalwWrite (rightleft22,
LOW) ;
LOW) ;

digitalWrite (rise,
digitalWrite (down,
}
void left () {
digitalWrite (frontbackll,
digitalwWwrite (frontbackl2,
digitalWrite (frontback21l,
digitalWrite (frontback22,
LOW) ;
LOW) ;

digitalWrite (rise,
digitalWrite (down,

3.9 3% W SRl 425

vold risel ()
digitalWrite (rise,
digitalWrite (down,

}

vold downl{}[
digitalWrite (rise,
digitalWrite (down,

}

vold stopl () {
digitalWrite (rise,

digitalWrite (down,

¥13.10 3 = 4o mldz st

LAPEAF1IERTE (1078 E R A ARESH B

=~ S5 - NTNU-IE:EN002

LOW) ;
LOW) ;
LOW) ;
LOW) ;

initialize global (. Jto  “@"

B13.11 3% T % -4 st

when EECEAES Initialize
L a 5555 - M Enabled - | = - || false - |
call ShowAlert

notice

then
HIGH) ;
LOW) ;
HIGH) ;
LOW) ;

g AR

|-

set EES i -
' set KD - CITED
Ll front - M Enabled - B
set (B3 . GRS to

® W back - W Enabled - LK
L5l right - M Enabled - W3]
% siop - W Enabled - R
¥ et - M Enabled - RUF
X == - W Enabled - K3
Ll =454E - M Enabled - B0
S rise - I Enabled - )
| et COTED . (RS o

LOW) ;
HIGH) ;
LOW) ;
HIGH) ;

false - |

false - |

HIGH) ; B13.12 3% = % -8 ol T andi g
LOW) ;
HIGH) ;

LOW) ;

when BeforePicking
do set to
—

BlustoothClienti_- i AddressesAndNames - |

W33 > Fyifu

when EEZEEIES AferPicking
do | &) if (][N BluetoothClient1 - BTN
address | EEE RS - EEEELES
(5725 - W Enabled - O fals
sel (TN - o e
8 front ~ | Enabled - R0 @
set (5D . EHITED to
=8 right - M Enabled - R0}
set [TED - to
| set GTKD . CIITTED to
set (GRS - o b
: to

then se

HIGH) ;
LOW) ;

LOW)
HIGH) ;

Sel

Sel

| A17%4E - M Enabled - WU
set SRS - (SELEERS to
set EESEI - (SELERED to
ECM rise - M Enabled - R3]

LOW) ;
LOW) ;
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when TouchUp when TouchDown
do  call SendText do  call SendText
text | @ text | ‘@
L4 global current - R1) “A global current - [URE AT - B Text -
SW i - W Text - JREMENT global current - | Nt - B Text - JEREREN global current - |

when [ET5ES Click
L [V |l BluetoothClient1 » BRI il w0
¥ esss - Wenabled - RO

[chgr - ) Enabled - AL
(et - I Enabled - I3
(right - W Enabled - Ik
[back - ] Enabled - I3
[stop - J Enabled - )
(== - W Enabled - B0
RS - ETED to
(=58 - W Enabled - R0

when IR -TouchUp when TouchDown
do call SendText do  call SendText
text text
£ global current - |13 [EET global current - |
| set X L EE global curent - |  set ETEED - ACTED to | get FTTTIEMEIES

when TouchUp when TouchDown
do  call SendText do  call SendText
text
] global current - [N e~ W Text -] IE] global current - [T e~ ) Text - ]
X0 W= B[ giobal current ] | ==t BT [MEN 1 olobal current -]

when TouchUp when TouchDown
do  call SendText do  call SendText
text | “@" text | ‘63"
£) global current - RO 7248 - B Text - t global current - NENY 724568 - B Text -
 set [7F - Ji Text - JOMENEN global current - | | set {&i1F - J Text - ORI global current - |

when 28 TouchDown when [(Z3E8 TouchUp
do  call SendText do  call SendText
text | @ text h
EA global current - FURI rise - | ~ -4 global current - FLEH rise - |
 set [ £5fF - W Text - INOMENEY global current - |  set EES  i=ED o | get

when [GEITES -TouchDown when [EITTIES TouchUp
do  call SendText do  call SendText
text @ text | M@
I global current —JEMN dovn N Text - | 1 global current - I rise —  Text
, set D ACTED to || get CITEEMCIES | set EFED . (D to ¢ get FTTECMCIES

when TouchUp when [FT{38 .TouchDown
do  call SendText do  call SendText
text | “B)" tet | 3"
T atobal curront - [ back - "= global current - KON back - | Text - |
 set EiR to [ get et | Ehi{F - (Ul - global curren

when ([TI98 .TouchUp . .
do | cal EMETEEGETIES Sendlext B13.18 X =7 it FaE-52
txt | "@®" when TouchDown

.
P clobal cunent - LN font - W Text - ] LT N BluetoothClient] - EELEIE

text | * u
set ETED . to (| geot FETIEIE ]
— EEY global current - RN front - [ Text - |

when (1@ TouchUp | set ETED . (CWE T global curren
do  call [EMEENOEIENGIES SendText

when ([[E{E8 -TouchDown
set EITEETTIES to o cal SendText
 set EIES - to text
L= global current - KUMM left - | Text - |

when -TouchU|
@ B ot EEED A to | get e

do  call SendText
text | “B"
T lobal current - L) _ when TouchDewn
P N o L lobal current ~ ] (LN BluetoothClient1 - BT
— text | "B
when [EITIES TouchDown |- global current - L0 right - | Text - |
do  call SendText \fa ETED - LGNS global curren
text

| global current - ) stop - |1 Text - |

1316 3% & il 4B i
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Abstract

Based on the saving water resources needed to clean
the water storage tower, this special study proposed a
smart sewage system that improved the waste of water
caused by the traditional cleaning method for water
storage towers and reduced labor costs. This system can
automatically detect the degree of water pollution in the
water storage tower to monitor the cleanliness of the
water storage tower; it could discharge sewage regularly
and quantitatively. The use of this device can save a lot
of water compared to the traditional cleaning program
for water storage tower, and can use the regular sewage
to maintain the cleanliness in the water storage tower to
reduce the cleaning frequency and reduce the labor cost.
In addition, the system cooperated with solar energy as
the main power supply, achieving the three goals of
water saving, labor saving, and energy saving. The
system mainly used photo-electric control switches,
solar battery charging, and solenoid valves to form an
automatic control circuits. Through various data
recorded of the relationship between the degree of
fouling and the photoresistor, the length of time before
and after the start of the solenoid valve, and the average
volume of water per discharge, the relationship between
the cleanliness of the water and the emission system
was analyzed to verify the feasibility and energy
efficiency of the system.

Keywords: Automatic control, Energy saving, Sewage,
Solar energy, Water storage tower cleaning
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Abstract

In recent years, the global warming has become
more and more serious, and the high temperature
phenomenon in the city is obvious. If you live in a
house sitting east and face the west, there will be a
problem of western sun exposure, which will consume a
lot of energy to lower the room temperature by air-
conditioning, and accelerate the global warming. This
topic aims to reduce the room temperature and maintain
relatively good lighting by plant mulching. In addition,
we design adjustable mechanisms that allow users to
adjust to their needs. We believe that this topic can
reduce excess energy consumption and achieve the goal
of suppressing global warming.

Keywords: Green building, global warming, western
sun exposure
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Three Power Platform Mixing Test
Implementation

Lin Baiwen*, Li JingChun
Energy Application Group, Department of
Industrial Education, National Taiwan Normal
University
Advisor: Dr. Yixuan Hong
*Email: kjr41016@gmail.com

Abstract

The three-power hybrid platform is composed of
three kinds of power sources: gasoline engine, electric
motor and air motor. With the electromagnetic clutch,
the power source can operate independently or hybrid,
and we use related equipment and sensors and Matlab /
Simulink software. Recording, and finally collecting
various parameters to make a chart analysis, such as
individual power source analysis gasoline engine, air
motor, electric motor, plus dual power source (gasoline
engine + air motor) mixed with each other, (electric
motor + Air motor), (gasoline engine + electric motor)
plus the final total mixing platform (gasoline engine +
air motor + electric engine), a total of seven models for
analysis and comparison, to achieve the purpose of our
experiments.

Keywords: hybrid, air motor, electric motor, engine
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