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Design and Testing of a Bamboo Product and Epidemic Tree Downhill

Lifting System Based on UAV
Chen Hongli ! Wang Guankai' Huang Hongliang? Ma Zenghong ' Zhao Yin ' Du Xiaoqiang !

(1. Zhejiang Sci-Tech University School of Mechanical Engineering Hangzhou 310018 ; 2. Anji County Forestry Bureau 313300)

Abstract: [Objective] In response to the current problems of high labor intensity, low transportation
efficiency, high labor costs, and easy occurrence of safety accidents caused by manual handling and towing of
bamboo products after logging, a drone based bamboo product and epidemic wood downhill lifting system is
designed to achieve the function of using drones for autonomous lifting in bamboo forests or forests and
emergency rescue in dangerous situations to protect the safety of drones, reduce manual participation, ensure the
safety of operators, and overcome the problem of large vertical drops in mountainous areas. [ Method] Based on
the measured morphological characteristic parameters of bamboo shoots and bamboo segments, a hanging
automatic decoupling device and an emergency rescue device for unmanned aerial vehicles were studied and
designed. A three-dimensional model of the device was established using SOLIDWORKS software, and the
software and hardware systems for driving the equipment were developed. Based on ANSY'S Workbench
software, static structural analysis and magnetostatic analysis are used to simulate and theoretically calculate the
key structures of the lifting device, determine the structural parameters and electromagnetic coil models. Conduct
indoor experiments to analyze the efficiency of the packaging method, the stability of the two decoupling
methods, and the feasibility of the escape mechanism. And conduct forest experiments to test the efficiency and
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stability of the entire transportation system in actual working scenarios. [Result] Indoor tests showed that the
average time for the Velcro packing method was 21s, for the concave hook group it was 22.2s, and for the knot
group it was 25.8s, with Velcro selected for packing. The gravity hook disengagement success rate was 80%,
while the electromagnetic active disengagement success rate was 90%, with the electromagnetic active
disengagement method selected. The field test results showed a disengagement success rate of 90%, with the
average hook hanging time being 14.69 seconds and the average disengagement time being 1.19 seconds. The
success rates for disengagement in ascending, descending, and forward states were 80%, 90%, and 90%,
respectively. [Conclusion] The lifting system can reduce manual involvement, improve transportation efficiency,
lower labor costs, and reduce the probability of safety accidents. Experiments have shown that the lifting system
meets the requirements of on-site applications.

Key words: drone, bamboo forest lifting, emergency rescue, automatic decoupling, simulation analysis,

forestry applications.
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Tab. 1 The morphological characteristic parameters of bamboo products

24 {1 FHE
17K Bamboo length/m 1825 20
P14 Bamboo tip length/m 2.8-5 3
PrA4 ek AL B A% Diameter at the thickest part of the bamboo tip/cm 6-10 7.5
YIRS PR 540 Number of nodes retained on the bamboo tip//™ 9-16 13
PTR4AT I [FIEE Internode spacing of bamboo tip/cm 17-39 23
— TR E & Weight of a bundle of bamboo tips/kg 80-120 100
P& Length of bamboo segment/m 1.1-1.5 13
F7BLH B Weight of bamboo segment/kg 0.3-0.6 0.5

a 5

Bamboo shoots

b ATh c Tk
Bamboo tops Bamboo segments
BT Ay s
Fig. 1 Physical image of bamboo products
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Fig. 5 Structure of the active unhooking mechanism with electromagnet
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1. Lifting mechanism; 2. Profile frame; 3. Clamping mechanism; 4. Cargo frame
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Fig. 7 Schematic of the emergency unblocking device for drones
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Fig. 8 Schematic diagram of the control system structure
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Fig. 9 Finite element mesh division of the hook body for the automatic unhooking device
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Fig. 10 Stress distribution of the hook body in the static analysis of the automatic unhooking device
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Fig. 11 Static magnetic simulation results of the electromagnet
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1. Frame; 2. Clamp block; 3. Upper side of the connecting rod; 4. Inner rod; 5. Outer rod; 6. Lower side of the connecting rod
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Fig. 12 Clamping device of the emergency unblocking device for drones
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Fig. 14 Force analysis diagram of the clamping device
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Fig. 13 Schematic diagram of the clamping device f

or the emergency unblocking device of the drone for the emergency unblocking device of the drone
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Fig. 15 Finite element mesh division of the clamping device for the emergency unblocking device of the drone
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Fig. 16 Static analysis stress of the clamping device for the emergency unblocking device of the drone
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1. Emergency unblocking device for drones; 2. Suspension rope; 3. Automatic unhooking device for suspension
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Fig. 17 Indoor test of the lifting device
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Tab. 2 Parameters of bamboo for indoor experiments

Z ¥ Parameter FHIME Average
PrE K ¥ Length of bamboo segment/m 1.3
¥ B AL AL BA% Diameter at the thickest part of 9

the bamboo segment/cm

1 BN Number of bamboo segments 2

— A E 5 Weight of a bundle of bamboo tips/kg 1

K18 = PRI 7T

Fig. 18 Bamboo for indoor experiments
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Tab. 3 Packing test results

ETR] BEAR LI b
No. Velcro Snap Button knot
1 22s 21s 26s
2 21s 22s 25s
3 19s 21s 27s
4 23s 24s 27s
5 20s 23s 24s

F BBt AN EOEENNETHRBER.
FTEREBEARMAF M 21s, MINAF BT 22.25 BEAF AR 25.8s, FIGERBEAMETHARR .

a T4 T b R c A3

Packing bamboo Suspension off the ground Automatic unhooking
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Fig. 19 Indoor test process of the lifting device
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Tab. 4 Data of bamboo segment unhooking tests

%5 No. B Gra  HEEEZHH Electr | 495 No. /14 Gravity Hifd 32 3144 Electromagnetic Active
vity Hook omagnetic Active Hook Hook
Hook

1 N v 6 v v
2 v v 7 N X
3 N v 8 X J
4 v v 9 v v
5 X v 10 v v

FED VRSB EERY), R REEDE, MTEMbESMERAERSEMBE. CRNMERSERK, B REBE, KT E
RAEB AL o

W SRS,

5,,=%><100% s

3o N LN 235409 5 S R KR 3 6 K

4.1.3 BLERKE

PRI F A I A WL 2 R B T AT, R (A R AR A 1AL AL
PBBIE I ISR . 3G 10 AR, IR BARIETR S . 2R L 20 FiR,

IR IR 5 Fros.

K20 f IR B = NI e

Fig. 20 Indoor test process of the unblocking device
x5 BRAERERGHIE
Tab. 5 Data of unblocking device tests

ETRE] JIt ] JIt PR FE R
No. Escape Test Escape Duration
1 N 5.5s
2 N 5.3s
3 N 5.6s
4 N 5.5s
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Fig. 21 UAV Aerial Lifting Trials in Forest
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Tab. 6 Forest trial conditions

TRE| ZH
Items Parameter
FhFf Variety T
PTBLKE Length of bamboo segment/m 13
P BURCHLAL B 4% Diameter at the thickest part of the bamboo segment/cm 9
YT B4 Number of bamboo segments 5
—J 7T Bt E & Weight of a bundle of bamboo segments/kg 3

PR3 PRI P R0 B B ARG 7 TR AL, R AR — R IRAE T A ML RS A R T
ZRMAEAFR K TEANZEIRE N OB KR, vttt 7 — Tl .
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W 1. HALAUSAERE X, MM BMITHRELSET F, TANGE 2R R E R X
d=20m ZmMEI LT X, @i H 3R B BT E A E TR X, Dyt id RS AER RIS SRR, HERET 1
0 Hik5

RIS 2. TANLELL, 700 fE BT NEEMATE =MoRAS AT AL, A ERE 10 IREEWLR, It
HHAT 30 YR .

I F RIS s R anE AR 7. & 8 B,

22 Fe AHURKIR] I g
Fig. 22 Process of UAV Transport Trials in Forest
=7 HRERR IR $LE R

Results of Unhooking in Forest Trials

%' Jii % HAFER Bt BRI EIRE) Jhu HHFENT Bt BRI
No. Unhooking Hooking Duration Unhooking Duration | No. Unhooking Hooking Duration Unhooking Duration
1 N 15.4s 0.8s 6 v 15.6s 0.8s
2 N 13.2s 1.2s 7 v 14.8s 1.3s
3 N 14.1s 0.9s 8 v 12.7s 1.4s
4 X 9 v 14.2s 1.0s
5 N 15.0s 1.1s 10 v 17.2s 1.2s

D CVURTHENESERD BRI RYE BRUTRE VTEEISER, RIS, RMATIBE. <O RTENSERY, BERT
BWiE, BIRHBRER, YRS,
8 HREIX ISR ELE R

Results of Escape in Forest Trials

i L T it
No. Ascend Descend Move Forward
1 J v N
2 X v N
3 J J N
4 v J N
5 X N X
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J J
J J
J J
J J

o 0 9 N
e o o« X

10 v v

SEDCVURTEREIERTD), RIBEENE, EEF. TRSEHERSH BN AR FEBTERBE. < RTARMNERY, B REBRE,
LT TRESFTHREH BB FRTHEE.

P R T A
N 1
Sg = X 100% 6()
KNG N353 it B s 2 U BT A ik B
L P B D A -
Sp =1 % 100% “
"N 7

ANy~ N 7355009 it R s B R BRI 36 v 5
4. 3IRIGER T

WL RRY], £ =FITE T b, BRI i w8 E TR A0y 80%, HLlE:
ENERI R I EE 0N 90%,  To AHLER Sl PR 26 B PR i PR e Zh 3209 80%, 1 XAl IR AEIN Oy 5.475 £

MRIERI R EoR, BRI FET 90%, PR IFEm v 14.69 0, BEIR-FHFER Y 1.19
o fE ETH FREAMFTPIRE T, B B35 514 80% . 90%F1 90%, &3] T HIA M FHHECR . Wikt
WLEER, P R 5 B A EE R D1 KA 5%, TRt PR SR G0 5 R LSRR BE TR B AT 5% . e Sl il A Al 4f
R RS HER B AN I & L 46 K 25 05 2l — P BaE B ANLS BT N i R s e Az e k. H i, ATz
BT UAER #E 3 £ 4 N, MEANLE EFIZHEZENTHIZM 3 15 L.

b 4k

1) ARBF T T HE N L S B 11, #e BAN 3mm AN 48 0] 2 K3, 75kg 1. WA
TET R T AN T R I W I T IERR T 2R B . I DU R LA S
SENMRIARG I A VERE, FIH/ANT 10° I B A48 R AR IS, 280 T B AN Sl N ke
HE.

2) JEI = PRI AR AR IR IGIE T W TR . SRR R, BARNT R RN 21 8, M
TSR 222 #0 o AR BEAR ST G0 ¥ 3 77 B 0 i T % 9 80%,  FHLREER 3= BBt B8 e Th % 90%, Jii
IR 80%. MRIAIREG S5 FARH, BT B AN f Rk =5 2 L i B I 26 90%, 40 Fi i 2
(P EIRES 73008 14.69 P01 1.19 #b. fE ETF. NEEMBTEERA T, BESRIIZE 535004 80%. 90%AH1 9
0%. 7EILHIREE R, TANEFZRIEHIPE RN THIZN 3 500 1.
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