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transportation equipment
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Abstract: [Objective] In response to the current shortage of equipment and difficulties in transporting bamboo from hilly and
mountainous areas, as well as the fact that existing transportation equipment, especially cableways, are mostly simply modified from
wood cable equipment, resulting in unstable effects, long installation cycles, and lack of safety guarantees, a mobile bamboo cableway
skidding transportation equipment specifically designed for mountain bamboo forests has been designed. [ Method] A modular design
approach was adopted, integrating mechanical modeling of the mobile host unit, transport car and cable components with control system
development. Key structural components were optimized through finite element analysis, while kinematics and dynamics simulations
validated the transport process. A quadratic regression orthogonal rotation combination experiment was conducted to evaluate the effects
of transport speed, the total mass of cable car and bamboo, and cableway inclination angle on operational safety. [Result] The results
indicate that cableway inclination angle exerts the most significant influence on transportation safety, followed by the total mass and
transport speed. Safe transportation to roadside transfer points was achieved under the following thresholds: inclination angles < 25.7°,
total mass < 600 kg, and speed < 4.0 m/s. [ Conclusion] When the inclination angle of the cableway is 16.3°-21.0°, the total mass of
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the cable car and bamboo is 400-550 kg, and the speed of the cable car is 2.6-3.2 m/s, the safety rate of descent is relatively high, which

can achieve efficient transportation of mountain bamboo and meet the needs of on-site applications. Notably, its lightweight modular

design enables rapid assembly and disassembly, while the self-charging cable car ensures prolonged operational endurance. This work

provides a novel technical solution for mountainous bamboo transportation, addressing critical gaps in current forestry equipment.

Keywords: mountainous bamboo forest; cableway transportation; bamboo transport; structural design; experimental verification
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LB FN; 2. AhTHREEEAE, 3. 7REZR: 4. &GRS B, 6. RIS 7. INTIEELE; 8. HIFER.
1. Mobile host; 2. Automatic lifting tower; 3. Load-bearing cable; 4. Hauling cable; 5. Cable car; 6. Intermediate support tower; 7. Peak tower; 8. Return cable.

1 REEMIEHEEENLEH

Fig. 1 Modeling diagram of cableway skidding transportation equipment
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1. Crawler undercarriage assembly; 2. Operator cab; 3. Stabilizing cable
mechanism assembly; 4. Load-bearing cable drum; 5. Hauling cable drum;
6. Return cable drum; 7. Rear cover; 8. Automatically elevatable support tower.

2 BEENBELEHTE
Fig.2 Schematic diagram of the overall structure of
the mobile host
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x1 NMLBRAEBSY
Table 1 Parameters of cable type
o SRR SEE V| HAZR VAT R BT L /) R T AR AR I
RO iR . . ; . ;
Name of cabl T Gravity per unit Allowable breaking Cross sectional  Elastic modulus of
¢ of cable ype length /ON'm ") tension of steel cable /N area /mm’ steel cable /MPa
75| 2% Pulling cable 6.2 6 X 19 NFC 1550 B ZS 1.35 22 100 14.32
[5] ¥ & Return cable 6.2 6X19 NFC 1550 B ZS 1.35 22100 14.32 E=1X10°
7K # % Load-bearing cable ~ 14.0 6 X 19 NFC 1550 B ZZ 6.85 112 000 72.49
xR2 HABREIGNEH
Table 2 Lifting winch parameters
AUE L AL BUE L AT Bk Hehy o BHUTR
Rated lifting /kg ~ Motor power /W Rated voltage /V  Lifting speed /(m'min™) Roll length /m Hook quality /kg  Overall quality /kg
200 ~ 400 1 600 220 13 ~20 1~50 16.7 29
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1-6. Walking pulley; 7. Chain transmission device; 8. Generator; 9. Generator support base; 10. Vertical support rods through which transmission cables pass;
11. Lift winch; 12. Anti-drop hook; 13. Battery; 14. Floor cover; 15. Positioning restraint frame.

B3 MEBELSHTIESER

Fig.3 Schematic diagram and modeling diagram of the overall structure of the cable car
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Fig. 4 Flow chart of automatic lifting tower control system
for mobile host
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Fig. 6 Interface of working cable control system
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Fig. 7 Interface of cable car control system
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Fig. 8 Interface of real-time condition monitoring system
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Bamboo forest on the southeast slope of Tianchi mountain,
Yiyang City, Hunan Province
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Bamboo forest in Xianglin Town in Xuyong County in Luzhou City,
Sichuan Province
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Bamboo forest on the northeast slope of Tianchi mountain,
Yiyang City, Hunan Province
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Fig. 9 Geographical environment of bamboo forest in experimental site
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(a) FBshFENL 5548435 Mobile host and tower installation

(¢) BZEIZHYTA4 T 1L The cable car transports bamboo down the mountain

E 10 MMRESEMERREERELSESMIVK

Fig. 10 Construction and transportation status of bamboo cableway skidding transportation equipment
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Table 3 Influence of cableway inclination angle on bamboo
transportation safety

o THES PN 224871
B i [’ﬁ;;‘ e e
Lo R BKMERIE e
= Cableway )
No. inclination anele / Average maximum The descent
’ ©) e falling length of the safety rate /%
cable of lifting winch /m
1 16.3 0.22 83.1
2 19.8 0.27 79.2
3 25.7 0.42 67.7
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B R, KRBT 50% M5 BL, A ¥l 2 4
BN e LRE TS TR s L e tERE R
TE MR G RIS, AR S PR ARk R A R
IR GAE 30° LRI A AT BRI HEAT 7T R S A i e
TRk, DAORRREAT A48 i i 4=k
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TERIE MR A E S5 M B i & — 21
THEOLT, B 4 0 ek 5 ) 7 A B 22 4 1 5 T A
Ko NER T 238 FE 32 i 2 4= 1 I 52 e JUAEE,
TR PR R TE ORI 42 57T M S R EAAR,
VB RIEW RN 19.8°, MESTHM MR EN
(500+10) kg MM AL R SR T RIS
AT R U, R I T B B 4 i 2.0
2.5, 3.0, 3.5 /140 m/s, AR ER 5K, HE
BT s R BE EBCFEE. Hmal ) HHEA
A Bl ZE s el 2 R I R B e 4%, RIGgs Rk 4
i

R4 BESMEENUEEREMERNRMN
Table 4 Influence of the cable car speed on bamboo
transportation safety

0 25 3 THES AN L4871

Fe5 R PETE K TRz
. Transport speed . .
Serial of cable car / Average maximum falling  The descent
No. (m-s ') length of the cable of  safety rate /%
lifting winch /m
1 2.0 0.33 74.6
2 2.5 0.31 76.2
3 3.0 0.27 79.2
4 3.5 0.35 73.1
5 4.0 0.40 69.2

& 4 A1, MpZEiEiEE A 2.0 ms BT
£ 4.0m/s ), THEZERENR TR TRIES.
SEARTIEE T P RIS AR A R B i
WA YRR (L2 m/s) B, HAEERK
IR 38 A7 X AR B 2R N A A AR AR R,
IE I #2E b B A ML B 2% AE AT M AL A A
R EUEfIshas AR, R E rHshae Sl T
BN 2 PRI K N, FRZAeREK. 4
i s mn, BARRRRESHEREME
G R AR, (HULR R B R B R
M AL AR I IR A 3G K, s s PE R, FHBE
bl shastlshae IR, SFENLAEIEK
FEGIN, NRE R EAEREAR. MAh, EARRH
TGRS M s i i, fERT I E IE
AT, R BER AR T 50% ML, 714
Wil aiaiin F . EE N MtiEin g
A M I 0 2 3 B TR R G O S K RN [
o TESEBREN TR, PERRE I TIEE,
iR B 2 A R IA B ALK
333 HESYIM BBEATA B2 Atk

IR FUBL G 5T A e O R S e A T IR R
e KA, A R e 2R 3 AR A R I 2 e T
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PEE, W ZRIEMRHAN 19.8°, MRS S N
3 m/s. BZE 5T A4 5 R o TR AT A
Kk Az, G kbrizktEol, REBRESTMIZ
By BT R4 990N 300, 400, 500 A 600 kg A4
RIEE 5K, HERRT IR R 5 3P 3518 .
A ) HEARBESTMERE TR TNER
A2, WIS RWE S iR,

£S5 BESTMEBREBNTMEHZEMENFIN
Table 5 Influence of the total mass of cable car and
bamboo on bamboo transportation safety

HESTME  THEEHIN LT
Fe5 i R FETEKE
Serial ~ The total mass ~ Average maximum falling
No. of cable car and length of the cable of

s
The descent
safety rate
/%

DR 2% A AR Y R A B R I8 S T T 2 ~ 4 s,
025 547 B R B 400 ~ 600 kg 2 15 A1 £
16.3° ~ 25.7°. R4 Z IR IEAC e H a5 it
ST EEE. HESTMATE. RIEM
RHAXT T B2 SR MR, JFEd FREREH 3
YR ST A s e PR i B KT )
B3R MK 6 iR, A Ay Ay 3 IR OR
SRR HESTTMERE. REMRH 3
MHRFR. R HERERWNERT i, F4HAR
HE 3K, ERICTFHME.

*o INEFME R K KF

Table 6 Test influencing factors and levels

bamboo /kg lifting winch /m
1 300 0.19 85.4
2 400 0.24 81.5
3 500 0.27 79.2
4 600 0.35 73.1

P36 [ K Test factors

HIZR 5 AT g, R B2 AR 5 5TH R
BRI, BFEMA, HT R,
7 B 27 3 i o P AN ZOE BUR A AN 26T, B
MR K& MRRRGEI K, 230
BPESEIN, 2T B G L B i 3 45 i 7 il 3 7
FHRL S, AT P BN L2 48 P v K R i I, R %
TR IR A 5T R BT A I8
Zatblig . EriRENEm&E T, LR
LARART 50% M OL, VrkrEynlwanistm il
LRE TR bt % TR 5T AR
5 R BTN, ABATI A DR B AT M 2 4z is
V. FESERR A RE T, Dy [ I S iz g 2
VRS RRR, AR T L 2R AET 50% 1
AR, WS RIS TTM B R, SEeisidieR.

3.4 ZOREVAEREFEEESRES ST

341 BRI

MEFIERIEE. BWESTMERE, RiE
R BEAT R R I M, A5 3 DS EIAT
Wi 2 PRS2 . (H RS f i & s 2%
PEIFARTEE AL, 5 LR A S P AR M 1 0 S I
B, L, 9 ERED 3 ANz Ak R AR AR M AT AR
iz eV, AT T RIS e A
g . R UM A IS R B AR S AT M R
B REmAH R R, wE 3K, &

Eﬁﬁe B WESTHMERE  REWR
A, f(ms ") A4, /kg A5 /(°)
-1 2 400 16.3
0 3 500 19.8
1 4 600 25.7

®7 REXNEFEERELEER
Table 7 Results of the quadratic orthogonal rotatable
composite design experiments

2= RIG F 2 Test factors NG
Order No. A, /(ms ™) A, kg A5 /(%) n /%
1 3 600 25.7 65.2
2 3 500 19.8 78.7
3 2 400 19.8 753
4 3 500 19.8 79.2
5 2 600 19.8 67.8
6 3 500 19.8 79.6
7 3 600 16.3 82.6
8 3 500 19.8 79.2
9 4 600 19.8 68.7
10 3 400 25.7 69.5
11 4 500 16.3 76.7
12 4 500 25.7 62.1
13 2 500 25.7 63.4
14 2 500 16.3 80.6
15 4 400 19.8 71.3
16 3 400 16.3 83.1
17 3 500 19.8 78.1
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K H Design-Expert 13 3 {F X132 7 b % [H &= ik
AT HT, BLR B2 4 AR N 4R as i ek
PR bR, ESLHEIE R . R 5 ATH R R
FEAZEWRA R BB, AN
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[6] U9 77 R 5 20 M 45 SRt 8 oo [al 14
75 FE R B e T Fi=82.37, P << 0.000 1, &
Bl 7 FE RN B2, SR EM G FRE L, B

MEH, BAPRIER S F,=5.77, P=0.061 8§ >
0.05, ViBHRIE TR 5 SLbrix 2 AT o5 EL AR /N, Bl
RIGRZE N

R THRREFERHFENN'

Table 8 The descent safety rate indicators n variance analysis

(RS TSE N SRl A ¥175 F p 2
Test factor Sum of square Degrees of freedom Mean square Significance
17 Model 751.47 9 83.50 82.37 < 0.000 1 S
4, 7.23 1 7.23 7.13 0.0320 ok
A, 29.76 1 29.76 29.36 0.001 0 ok
A, 92.98 1 92.98 86.31 < 0.000 1 ok
A, 4, 6.00 1 6.00 5.92 0.045 2 o
A, 4, 1.32 1 1.32 1.30 0.2919
A, 4, 236 1 236 2.33 0.170 7
Ap? 166.72 1 166.72 164.46 < 0.000 1 Hork
A2 15.08 1 15.08 14.88 0.006 2 ok
A2 0.01 1 0.01 0.01 0.943 3
5% 7 Residual 7.10 7 1.01
A Lack of fit 5.76 3 1.92 5.77 0.0618
%% Error 1.33 4 0.3330
S Total 758.56 16
owes P < 0.01;%*%,0.01 < P < 0.05.
6 PR 2 R A6 FR A () SRR FE AT B FE
T FAEEK, SHRUHEAR SR . 7 25
Pras T, 25 D30 AT 4 3 a2 4 1 1 R i) B
HR B MRUOT R i BZE ST R B i
2 AE &
343 AL R 4T i

I Design-Expert 13 3 A0 £ s 3k AT b 3,
BRI EEHEE (4)  BESTTM AR E (4,) .
FIEWRIA (4y) RIS HAE FH LRI 48 bR
SRR A R (p) By, w0 A 11~ 13
FrR .

Z oo s
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s /744 IIIIII"
//IIIIIIIIIIIII
= [ ll"'l

TR A /%

11 BZE MR E R E S i 2 R E AN S B
Fig. 11 Response surface of cable car speed and the total
mass of cable car and bamboo

12 B iaiiiR B A ZRIE R A RN R fh
Fig. 12 Response surface of cable car speed and cableway
inclination angle
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Fig. 13 Response surface of the total mass of cable car and
bamboo and cableway inclination angle
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