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Design and performance experiment of the branch insertion mechanism for a
vertical Salix psammophila grid sand barrier laying device

Wu Liguo' Liu Zhihui* Li Sanping’” Yan Hongyan® Zhou Jianbo'
(1. Harbin Forestry Machinery Research Institute, State Forestry and Grassland Administration,
Harbin 150086, Heilongjiang, China;
2. School of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] To address the issues of high labor intensity, low operational efficiency and irregular
insertion posture associated with manual laying of traditional Salix grid sand barriers, this study designed an
automatic laying device and proposed a zigzag layout pattern for Salix sand barriers. Particular attention was

devoted to the structural design and performance optimization of the core branch insertion mechanism, so as
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to mitigate branch deflection and excessive insertion inclination, thereby providing design references for the
development of sand barrier laying equipment in sandy regions. [Method] A flexible pressure roller
extrusion method was employed to insert Salix branches of varying diameters. A mechanical model of the
insertion process was established, and force analysis was conducted on both the pressure roller and the Salix
branches. The cause of the insertion inclination angle was analyzed: the insertion direction of the Salix is
subject to fluid resistance from the sandy soil. As the insertion depth increases, the velocity of the Salix
branch entering the soil decreases. The deceleration displacement was solved and used to construct a
geometric relationship with the initial insertion point and the insertion depth, yielding the theoretical
deflection angle of the Salix branch. [Result] (1) The composite motion formed by the equipment
advancing and the branch being vertically inserted into the soil causes sand resistance to hinder the
horizontal movement of the branch bottom end, which is the main reason for the insertion inclination angle.
When the insertion depth exceeds 60 mm, soil resistance significantly attenuates the horizontal velocity at
the bottom end, resulting in a horizontal displacement difference between the upper and lower ends of the
branch and leading to an increase in the insertion inclination angle. (2) The insertion inclination angle
increases monotonically with the speed-to-rotation ratio; the larger the ratio, the greater the branch tilt angle.
Increasing the pressure roller rotation speed or reducing the laying travel speed can both decrease the
insertion inclination angle. (3) Within the optimal parameter range (pressure roller rotation speed 100-
200 r/min, laying speed 600—1 500 mm/s), when r is approximately 7, the insertion inclination angle can be
stably controlled within 10°. Beyond this range, the inclination angle increases rapidly and steeply, failing to
meet the sand barrier laying process standards. (4) Under optimal parameter conditions, the equipment can
adapt to full-size Salix psammophila branches of 9-12 mm, with regular insertion posture, branch insertion
success rate reached 88.3%, and the complete machine demonstrates excellent operational stability.
[Conclusion] The Salix grid sand barrier laying device designed in this study is suitable for flat and gently
sloped terrain. Focusing on the branch insertion mechanism, its rationality was analyzed and verified. The
structural design of the insertion mechanism was completed. The influence of different operating parameters
on sand barrier formation quality was investigated, and optimal operating parameters were determined. This
work provides a reference for the design and optimization of Salix grid sand barrier laying mechanisms.

Key words: agricultural and forestry machinery; windbreak and sand fixation; Sal/ix sand barrier; cutting

insertion mechanism; insertion angle
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Fig. 15 Equiangular line diagram on the V-n plane
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Fig. 16 Effect of a single factor on insertion inclination angle
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Tab. 3 Horizontal displacement, velocity and inclination angle of cuttings changed with the depth of cuttings

) FHE G /mm T5 7K -4 4% (X)/mm JE 3 KPR (x)/mm AR /() AV (mmes™)
1 0 0.0 0.0 0.00 1 000.0
2 10 133 13.2 0.02 983.7
3 20 26.6 26.2 0.08 965.8
4 30 40.0 39.0 0.16 946.1
5 40 533 51.4 0.32 9243
6 50 66.6 63.6 0.50 903.4
7 60 80.0 75.4 0.76 852.6
8 70 93.3 86.8 1.08 801.4
9 80 106.6 97.8 1.44 745.5
10 90 120.0 108.3 1.93 683.4
11 100 133.3 118.1 2.52 623.0
12 110 146.6 127.2 3.19 555.3
13 120 160.0 135.4 4.05 475.0
14 130 173.3 142.4 5.12 327.7
15 140 186.6 148.0 6.36 167.7
16 150 200.0 151.6 7.95 0.0

F4 HEIEETRERSN
Tab. 4 Analysis of transformation factors in the cutting process
BBt (R Z5s AL TEDRHE R FRRR

HEC < 60 mm) R Z=2N g K(<0.5%) % HIRBE TS

T E (60 ~ 130 mm) R IR AU ERTE ZAPN I K:.(0.5° ~ 5°) b REL 7338 55 2808

HZC = 130 mm) ISR SR ECRt VA ZEUN BEHEC > 5°) Ji b S N g R

N AW N~

LAFRAS s 2Bk HEAT AL s 3URBRZZAT; 4B S B
iR 6HhmIXER; 7. VM

K17 R R &

Fig. 17 Cuttings experimental platform
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x5 HEEEXBH
Tab. 5 Model-related parameters

BRI S5 Hth
JE4R B A%/mm 100
I BE/mm 350
JEAR IR F)¥453/ (rmin™ 100 ~ 200
ATREEE/(mm s ™) 600 ~ 1 500
FRERLI TR 2DE&AH

FESZ, MULHIE T — 2R I X 4
42 HRZRIFENIER
HRAE DAL vb W% H 414 52 3 F3E 3 7 43 A vl A,
TECHAAR A RS EIE IS, R E AR E
B 1500 FEE S S M YD WA s8R ) 32 R 3R
MRPEFFAGER, B N 350 mm, BHEHN 9 ~
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P 43 1R BHTESE
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JE#E; 6. UM 790
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Fig. 18 Main mechanism of cutting test and the effect of cuttings
12 mm FHAA— BV 5%, 4% AT AR EE 150 mm,
VIR 5 200 mm, £T-4d (8] 2 80 mm, YO HIHT- 451 M
NT 100 BRI FR bR, SRS LA (1 & B

5, SEROHE B AU S . Al B AE 600 mm/s I
S 4 e S A 2 e U L P AT {3 R S VD W4
6 £ BSR4 B0 AE 1 000 mmy/s I, T 8 3 g
T 140 r/min 7] LAJ 2 VDM 400 225K 5 ARl s
FEm T 1200 mm/s J&, FRARIAF] 180 r/min A REH 2
IORINFF R TR R, e e A B R RE B

xR o6 MFRRE THOUTFEMANESR

Tab. 6 Measured insertion inclination angles of Salix psammophila in preliminary screening tests (©)
i JEARFEHE (n)/(r-min ™D

()fCmmes™) 100 120 140 160 180 200
600 4.9 4.2 33 2.7 1.5 0.8

800 12.6 7.1 5.5 43 2.6 1.1
1000 21.0 13.8 8.9 5.7 3.2 1.7
1200 30.6 21.0 15.5 10.6 7.1 59
1400 41.7 28.9 21.0 15.6 11.7 10.2
1500 62.5 32.0 26.2 16.3 12.4 11.3

44 HREABERSHH

URA 2 PR T R RN 2 B R e M, IR U R
FE 1000 mm/s, [E5EH5H 140 r/min BT IR 56
k. BEHITHE 60 HRVPMIE 2% (H AR 9 ~ 12 mm), H
526 U, R R 19 Fiow, Febrgs R IL%& 7
7, TSR R Rk 88.3%, ik BV HBIL MR &AL
PR 4 1 Ml SRS,

5 # w

(DG IR ERAR ZZR, FEH— TPk
U B B 3, T e BTG I BT 4 5 He [ AL
WEE PR IC & SEILVD M AR — 2

Bk M I % s TR, T B 3E B A
Al ELAE (9 ~ 12 mm) PP IR 5% T4 5 3K

GRS IR RE /A, BT I KT
SKEBRTARE 75 39 R T 2R s 487 =B Besh o 52k

19 fEMLCR
Fig. 19 Renderings of the assignment
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Tab. 7 Job indicator results

ZH5 1 2 3 4 5 6 ¥iE
FRIREL 46 55 59 53 57 48 53
RIS % /% 76.7 91.7 98.3 88.3 95.0 80.0 88.3
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