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Abstract

Green walls are a cultivation method in which plants are grown on wall surfaces,
utilizing vertical planting to achieve greening and cooling effects in urban areas with
relatively limited space. As global urbanization continues to increase, the heat island
effect caused by large cities becomes more severe, leading to a growing demand for green

walls.

Maintenance of green walls requires personnel to work at heights, making the
maintenance of large-scale green walls time-consuming and dangerous. The objective of
this study is to design and develop a pruning machine specifically for green walls,
automating the trimming process to enhance convenience and safety in high-altitude

operations.

The design was conducted using SolidWorks computer-aided design (CAD) software,
and two prototype machines were produced using 3D printing. The design goal of the
pruning machine is to cut excessively long branches and leaves, with the effective cutting
rate serving as the primary metric. The prototype machine employs a Scotch-yoke
mechanism to achieve dual-action reciprocating cutting, with blade parameters set as
follows: width knife section of 15 mm, blade height of 20 mm, width of Leading end of
0.44 mm, and sliding angle of 20°. The study derives the equation for the blade's
reciprocating motion and using the Desmos graphing calculator to create a cutting
diagram for the prototype, calculating its effective cutting rate. The highest effective
cutting rate of 77.3% was achieved when the blade height was set at 1.1 and 1.2 times the
fixed structural parameters during the cutting process. By reducing the cutting stroke to
15 mm, the overall effective cutting rate decreased, but the missed cutting area reduced,

resulting in an improved cutting rate.

Keywords: Green walls, pruning machine, computer-aided design, dual-blade

reciprocating cutting diagram, effective cutting rate
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‘,5'3’9’ # & »2 & (Urban Heat Island Effect ) A B 3 R 2 chi ¥ BB
P BARd A DL HFEH R B DR ERDRE g A o F LR
HEFIRPICZASE R ERAL A RGO IRFRST FEL A
B @5 @ A BB 20 fpid B e BF S B o it a4
HMEEPFRFRET A EARE L Wi w TS EREHFRS 0T 41 £
PoEATIET KRR R R LR o il R A KM RS B ek
FA @S2 AMASIEA o RETE R (2018) hip B » 23F R A LRI P s
vt G- g 2020 # 5056, 2% 0 3t 2050 £ 2 1) 68.4% > A o ek DL AR ¢ oih
ATt G- € i 2020 # 0 78, 9% > 2t 2050 £ 3] 87.5% (B 1-1) 333 A v b

HuLAFHI B HhEd R B 7 80 F L FPRH BRI &5
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2.1 %38

REE D IRRT MARR b 2R E R 4 R NPT B f e - BT D
FOH E LTS EAR R K-§ d B3 ¢ it L A# 2R F (Green infrastructure ) 0 5 % &
Z_(Wilkinson, 2021 )3 7% ¢ § R i - A#H X% 2 O0F LA 3 AR F 2 a5
Ho? R L RPN G A O B ERA FIEL e fie- RG] T B G HR-€
H - BiRdFanig o

G- B B R o SR ST R G
S RSN EFCHEREEE I T 5 R PO
KA B T SRS E 0 oGRE R L kSR (B0 2010) 0 BT
PADFN S AAPEI DG fFRE D E Ak o R FRE I EEE £
LEPH2009 E o PR T AP B EAYEIRTF AL IR IniED
(3%)p 27 -l EfadH 1l SHIER BATEIRREIY 2 2R
BB F G I RS RER kB LR (B 2013)
Rets Bk B Reng 4B (Suscaet al.,2022) 0 Bdr EF ek B HEAA G
F bR 16.5%0%e § 42 5v (heating energy ) ™ % 51%¢1"% ;8 4< it (cooling
energy ) °

ST R R FHE s B ¥ %54 (Greenfacade ) 12 2 454 4% (Living Wall ) =
+ % ¥u(Manso and Jodo,2015) Sk gadFaL i e 2 Rk aE Aot e 4o
-~ HF ARG FRE R EF AL G BESF A P L2 R E T
#ahe BE (R 2-1)e Foh— ¥ Lontii2 S %L By A AET L o BiEd

dEPER AT e BT
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B 2-1 % %% (Manso and Jodo, 2015)

2 e LA A A o RERPES R LRSS L AR
B (W 2-2) SASHAHHEN AER I RE S A FP ABBRFE
FEE R B R R B N AR LEL S B
G2 o A L B2RATI S L (B 2-3) e R R B 5
Mo bl At 11 2 B AR (TS B R A 5 E1 R F LehS AN (e
2013) -

FE] 2 2 fgi:{% (Manso and Jodo, 2015)
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g R i ,‘"‘J_AL:_‘L~,
B 2-3 1 ‘Elx'-?;]i(]%]”jk,}}a. A~ BB
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2.9 MABBE A W RABPRT 2T

F_‘-
<l

SHA R R A A A AERATE TR ARG AELFR

>

~

FUHBEHEREFREL TR E PR BT 2 R RFRREE

el
=8

WH - B EER - ] BT v antE o FILAAS B ﬁ"ﬁfi £
ok o - R MBI TR E L B0 RAAER TR LB
R e 7 S S B
AW EA T U E g F e oh Vi {7+ 5 (Nansai and Mohan,
2016) » Frex 4 5+ % (Suction Cup Adhesion ) ~ #% 4 /& ¥ %t ¥ (Suction Cup Crawler
Adhesion )~ 2 5 & *t ¥ ( Vacuum pump Adhesion )~ & # #x ¥t ( Magnetic Adhesion )~
% % & #i (Rope and/or Rail Gripping ) ~ ™4 % i# # %% (Bio-Inspired Adhesion ) e
BEHEF SN LG ORI FARRY P 2 EE I ERG L AE S N
BHPEL G RN AT RS RIS AR B E L Wallbot
(Wilkinson, 2021 ) Wallbot & % 4% % L4 > £41* v Bd T rafrdlanr &k

AR R R Z R A *  (§ 2-4) Wallbot Kt ¥ = B4 k5
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Bl % > & %] B Intel RealSense T265 ~ Intel RealSense D425 12 2 MAPIR Survey 3 °
Wallbot it §] * izt R PIBhe 7 H & T &M ofid B 15 3D B (B 2-5)-
AL R RIEI AT N ¥ & £ 8482 4y 1 (Normalized Difference

Vegetation Index » NDVI) » #* 1 X475z 4845 3 chit B B o

B 2-4 Wallbot ¥t % #1484 %4 ¥ 3D B ( Wilkinson, 2021 )
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tptka £+ £ a9 3 (Anderer,2018) 2 3+ 3% Urban Vertical Green 2.0 >
R T R R FY R SR L N S TN e T Y
P E AT A R M AR 2 B8 B RS (R

2-6) ¢
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B 2-6 > 28 ~ %2 & (Anderer, 2018)

B ES R YRR ARV FE Y288 g H e
B 2-7 5 s o SR e A B o R EHT A Bfdl T % AR 2
EEpz AW A o B BRI Bz B i (B 2-7T ¢
Schnellwechselsystem fv) i & o I A7 7 @ * 4L R 22 5 2 @ Schunk #7F % e
Foop-dk 4k 5L SWS 005-000-000 (B 2-8) & { 31 E Ef » B3k k4o SWS o podk i

% SWK frbcdii2 7 SWA 2% o SWK ¢ % £ s iFayn SWA ¢ £ 561 2
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FA 3 BEREBEBA ARG REIAITT ETIvgaa 2
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ey

=

SWS i seenig # it BAES B A7 b chp cnfhid { #5401 B8 o |
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s e
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B 2-T FH1E B ( Anderer, 2018 )
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2.3 3 2% 3

CEUB AT ARS P HBAEELE (v XA 2015) BEH 7 v B EEE

EE PR T AT P F 7 v 3 IR BT o 1R 7 e e B

o7 v s hE T AR -

:,"\"ky%'J?F N E‘_%‘JT& A /%%‘JT?F °

$ 4 (2016) ¥ A 2 BB N 2 ok b s o R E A B EEE 2 b

Gh BRI R e PEA S  BR CFHTASHAAS U BRARLR

PR AVRF R F AL E R B R S R BT P the @ R

e fl=in
A

o BBk R BT Bt ehz e ag (R 2-9)ed Bac d>

SEHEE - ZA7HF

M

T O SRR R RARE 7 PR

o d ,i!l\bf‘g vh A e S ?vii\:‘fi}i: %‘J?\: ’ ;ZT?F FY‘ E’J/”Tﬁ‘ F%‘%ﬁl/}z’ﬁ 3’)’*\

BREE G E S SRR R R SR d Ba b b

FOSHE LU T R P R S Rk B s - o £y

s
3

£ S Pl R s e

)71 i B9k 1) (RS

Longitudinal displacement

of knife section/mm

2771 i 7 T1 5 2

Transverse of left edge

180 - | of knife section a2 7] B EEA
Transverse of
stationary blade
135
M%7
Ringt edge of
i \I\mf';* section
90 - \¢’
a7
7 Left edge of
45 ~ knife section
&7 4TIk
Transverse of ringt
0 | edge of knife section

%0 75 50 25 0 25 50 75
2y AR g} A LA 22

Transverse displacement
of knife section/mm

Bl 2-9 A i B 2B (RE A 2016)
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RE B FPAARN LB LB, K- XU F BT EE L RS

- BART MR  RERAR N L Beng o B F Ao B 82 R

I ﬁ‘. A o] fp;)% 3 T 2. ‘ff’r‘r)m 7&] B30 5 7&] gt g, B 2-9 B e

e HEPE AN
Si+Sin .
= (1- ) x 100% X021
77 ( 281+S11=S111 ( ¥ )
S0 ama g e HE (%) S h - Ao HF B (mmd)s Sk EUF 6 A

(mm?)~ S 5 AR (mm?) e S~ Sy~ S ¥ 1% iE S S ﬁj%‘*#%}‘

2% 3k e

Bfoildde S lem 2o > R G A F A TR E RO ITA R B3

12:5;7% 0

2.4 WL

FRE 4R R < 5 Scotch-yoke » E— S HEEAFIE b il 5 ML B R S B
LiE)

ke B R L XA T Y G| e b

Menffrid > k2w
GBI FEGAGAHE G B oo 5 <<%%‘-ﬁ#§>> (35 0 2018) %>t ff 1438 & e
T4, BB2-10¢ FRP P2 AMPEF H AR /iS TP ALY

ER > FREOPME LR 0% B L PRAX ! > AIBHO

BLei 4 x &

x = Rcoswt (742.2)
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Bl 2-10 @@ d B (5= 2018)

HE B VZE 2vid B AT d (5N 2.2) A

dx

V= — = —Rwsinwt (54 2.3)
_dzx_ 2 2 By
A—F——Rw coswt = —w?x (542.4)

2.0 BARSTHE

RN B - B EE > SRR LY R EAER WA o Y
BT TEELBE I AR B RE T H 1 TR LI GRS
7 EHARE R B LB ER 7 v MR F Y R GRS o
BHXF 3 - F AR HPERBE DR AR T AR Z 5 T miFR
B BTRBHEI R TR S s

Vo R A (B 2-11) AR W EEF Lokt B SR RA
H o H1ivhieid sgig oy A S SRR ERBLEIH 7 PR B

w4 B ARES (2545 2011)-

11

doi:10.6342/NTU202301526



SN

T
e

10

L7 :2.%7 % 5337 B2 5550 6. s (k)
T.-l 48 5 8. 35 ~ o fadh 0 9. ki dh 0 10 &7 %
B 2-11 & s ety (2 % 4 > 2011)

%Lu%ﬁ&ﬁ;d Gfodh BLTRAE TR 2 A o ¥ Bdhhg BA S UE E
s e N8 () 2-12) « B3 (FRILL J it EoRgt R 4 3 o 2
Frde By R RN R F R v R I R BT ARER (2

%3 5 2008)-

7 16 15 14 13 12 110 9

9. A F 8 10, gk 11, Bd 28 5 12, Bd b 13, /B
F o 14 B 10 4Tk 5 16 HURF S 17, 7 B

Bl 2-12 ki (2230 2008)
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o FhAREEIEFRFD G OY iR g AR EY ST AR DD REH 0 A 7
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8 9 1011

S~ RN

D W A b o=

i

e

1 —— A A A

IS LL IS SSIS

LA AL AL TS,

FRMEE A M5 FEE 6 FREASR
FE O A 10 L ad e 1L A

oo w

B 2-13 FR&middE (4 4> 2020)

2.6 F* &

BB RIT 2 g AL R 2 (B) 228 (R0 1982)° 2 1

P REFRTHORPLIE FIE AP R S iYL A AR
£

F_
(7
4\

B pE o Feofl & LAk ds 7 u@ﬂf,lﬂ\,g 4y ov

PR A TR T AR ] (B 2-14)
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B 2-14 § &
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Bl 2-14 % chAB 47 7 ¢hv v ~pi 7 P e d|d B o # 7 5 o Bl Rov A
BEE 3y v oyt By, 0 L {3y ¢ _‘rﬁjﬁ*rﬁ)ﬁvt o AR RvEv, 2 FFen

LAEQEF Er A f Aol o i A e (34 2.5) ¢

g=mmﬂ=§ (£2.5)

n

B GEEE 0 7 v cftdR g R A 7 PR ERS - AMORARET 0 &
SEA B 7 7 S HoR A DT LB ETNIT R o d 3§ i R e ¥ B R BT
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B2 2R i 3 BAATIE(TE Y (e & 7 FAR S AR o § "-;Jﬁ*r E R =
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PRI 7 ZEAR S B0 P 4L 0 0 £ R RSORAEIRT SoR %J rEhoag A R4 7 35
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