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Fig.1 Cleaning machine structure
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Fig.2 Cleaning component structure
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Note: A is the contact point between front support wheel and greenhouse keel; F|
is the force of keel to front supporting wheel, N; B is the contact point between
rear support wheel and keel; F, is the support force of keel to rear support wheel,
N; T'is the pulling force of the rope on the cleaning component, N; G is the gravity
of the cleaning component, N § is the slope angle of greenhouse, (°): O, is the
center of the front supporting wheel; O, is the center of the rear supporting wheel;
O is the center of gravity of the cleaning component; O, 0, is the distance between
the front and rear supporting wheels, cm.
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Fig.4 Force analysis of cleaning component during operation
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Fig.5 Top view of cleaning component during operation

3 (TEESMHIZIT

WK 6 Pros 478 A B AT R A P ALK
S SCEERE B R R T DL RIR VR ICE R . AT
E R 223 T b, CRUEAT E R B s E B, JRA L
S 1 38 2 8 A7 175 G B A0 JBCE 1 65 5 SR i o0 &5 4 e it
DR 5 D 26 RS A I, A7 2 S A 12 9B 5 355 s A Bk
N TBCE G I 4758 B U 5 3 = 8 /i i DR A s

|
|
! | 34 Bracket

i
i
f
i
L

la—

1 Pressing film rope

frs e e . o AT R ALK 6 m, 98 0.6 m;
JBCESF A K S m, 98 0.8 mo W] il 455 bE v RS Bl
LoV 7 A BN B 0.8 m/s, 72k I 23O T3
o] S BN R 5 1R S .

LATEIRAE 2. HLIRENMT 3. B 4e 4. 3450 5. P 6. BRI IR 7. SCHEAL
8. JRE 9. KA 10, 38T 11, AR
1. Walking chassis 2. Motor drive bridge 3. Guide wheel 4. Support wheel 5.
Baffle block 6. Anticollision foam 7. Support column 8. Placement platform 9.
Bucket 10. Handrail 11. Control cabinet

B 6 47 & A PE 2540
Fig.6 Walking part structure
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Fig.7 Cleaning test of prototype
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Table 1 Test parameters and results
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Fig.9 Transparency of film under different brush speeds
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Table 2 Operational parameters of test
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Table 3 illumination Intensity of No.8 greenhouse under different plans in different periods
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Design of film cleaning machine for solar greenhouse and its cleaning effect

Li Tianhua'**, Chen Dajun', Wei Min**, Shi Guoying'”, Zhang Guanshan', Zhou Kai'

(1.College of Mechanical and Engineering, Shandong Agricultural University, Tai'an 271018, China;

2. Shandong Provincial Engineering Laboratory of Agricultural Equipment Intelligence, Tai'an 271018, China;
3. College of Horticulture Science and Engineering, Shandong Agricultural University, Tai'an 271018, China;
4. Scientific Observing and Experimental Station of Environment Controlled Agricultural Engineering in
Huang-Huai-Hai Region , Ministry of Agriculture, Tai'an 271018, China)

Abstract: In view of the current low efficiency and difficulty of cleaning solar greenhouses in China, a semi-automatic solar greenhouse
film cleaning machine was developed. The whole machine includes cleaning and walking parts. The cleaning part mainly includes DC
motor, two sets of different reduction ratio reducers, cleaning brush and support rollers. The cleaning part is the core of the solar green-
house cleaning machine. Under the forward rotation of the cleaning motor, the cleaning shaft is rotated at a high speed to drive the clean-
ing brush to complete the cleaning of the surface of the film. On the other hand, the climbing shaft is rotated by the speed reduction
mechanism, thereby the entire cleaning section is climbed around the shaft by the pressing film ropes. The water spray pipe at the top of
the cleaning part sprays water to the front of the cleaning brush, wets the film when it rises, and rinses the film when it is lowered, ensur-
ing the cleaning effect and the cleanliness of the film after washing. The walking part mainly includes: a walking chassis, a motor drive
axle, a support wheel, a guide wheel, an armrest, and a cleaning part placement platform. The walking chassis is equipped with a guide
wheel to ensure that the walking part moves straight. The upper-end surface of the chassis is also equipped with a cleaning part place-
ment platform, which adopts an eccentric structure design to ensure that the walking part is away from the film when the cleaning device
is displaced; when the cleaning part enters the placement platform, the walking part fits the greenhouse keel to ensure smooth operation
and improve work safety. From August 2018 to January 2019, the prototype was debugged and tested in the Science and Technology In-
novation Park of Shandong Agricultural University. The solar greenhouse was a brick wall structure with a length of 40 m in East and
west, a span of 10 m in North and south, and a ridge height of 5 m. Three greenhouses were used for different stages of experiments.
The film cleaning performance test was carried out, and the influence of different cleaning parameters on the cleaning effect was ana-
lyzed. The results showed that the length of the cleaning brush can be set to 3 cm for the film used for three months; the reasonable
speed range for the cleaning brush is 150-300 r/min. The cleaning requirement can be met for single-pass cleaning, the water pressure
was 0.08 MPa, the flow rate was 3.5 L/min, and the double-pass cleaning the pressure was 0.05 MPa and the flow rate was 2 L/min. Af-
ter using a new film for 3 months under natural conditions, the instantaneous transmittance of the film after cleaning was up to 90%,
which was 15 percentage points higher than that without cleaning the film. The average light transmission period from 09:00 to 15:00
during the test period can be increased by 12 percentage points, and the stronger the outdoor light, the more obvious the transmittance is
increased. The use of the device improves the cleaning efficiency of the solar greenhouse film and improves the illumination conditions
in the shed and reducing the labor intensity.

Keywords: solar greenhouse; film; cleaning machine; film transmittance



