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Rolling contact fatigue investigation and experimental simulation for plastic film used for
full-opening and partially-opening automatic ventilation greenhouses
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Abstract

The green house is widely used to add the quality and value of agricultural products. Newly developed full opening type green
house has a lot of attracted attention because the roof opens and closes automatically in order to control the inside temperature.
However, since the roof opens and closes very often, the cover sheet can be used only for 3-4months. This is because the plastic
film is damaged between the support and rolling pipes during opening-closing affected by fatigue and wear. In this study, by using
Scanning Electronic Microscope (SEM) and roughness test machine, the damage mechanism is investigated for the several plastic
films. Then, FEM analysis is performed to evaluate the mechanical damage of plastic film between the pipes under different
conditions and film materials. Also rolling fatigue experiments are performed to investigate the damage under different film
materials. Then the results are compared with the FEM analysis. It is found that the thickness reduction of the film obtained under

static contact analysis is the most important factor to control the damage of the film.

Key words :Contact problem, Finite element method, Polymer materials, Tribology, Friction and wear
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Damage forms after 3,4 months

MMowing direction
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Fig.1 (a) Full-open type green-house. In order to control the inner temperature automatically, full-open roof system is used in the
greenhouses. The plastic film opens and closes automatically on the roof. (b) Schematic diagram for automatic open-close
system. Plastic film rolls up and down to control the temperature by the rolling pipe driven by the motors.
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(b) Line scars development

(a) Damaged plastic film (d) Broken plastic film

Fig. 2 Damaged plastic film observed from inside support pipe side surface by microscope. () Damaged plastic film, (b) Line scar
on plastic film, (c) Line scar development, (d) Broken plastic film.
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(&) Microscopic observations from outside of the roof
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(b) Microscopic observations from inside of the roof

Fig. 3 Damaged plastic filmB observed from both outside and inside by SEM. (a) Microscopic observations from outside.
(b) Microscopic observations from inside. The number of line scars observed from inside surface is more than the number of
line scars observed from outside surface.
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Fig. 4 (a) Surface roughness of plastic filmB measured along the transverse direction of rolling. (b), (c) Maximum height: Ry is
measured based on JIS (JIS B 0601). The results show that Ry observed from inside surface is about two times larger than the
one observed from outside surface.
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(a) Intact plastic film  (b) Crease formation ~ (C) Line scar formation  (d) Line scar development  (e) Broken and splitted
Fig.5 Schematic explanation of damage process appearing on the film. (a)Intact plastic film, (b) Crease formation, (c) Line scar
formation, (d) Line scar development, (e) Broken and splitted.
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(a) Dimensions of test piece (b) Stress-strain diagram under T=20"C (c)Stress-strain diagram under T= 70°C

Fig. 6 Stress-Strain Diagram for different plastic filmA,B,C,D. (a) Dimensions of test piece. (b) Tensile test results under T=20C.
(c) Tensile test results under T=70°C.
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Table 1 60% offset yield strength obtained from Fig. 7 (b), (c)

iy, [MPa] atT=20C Oty MPa] at T=70C o'¢ / 520C
FilmA 6.2 32 052
FilmB 6.8 43 062
FilmC 92 54 058
FilmD 73 50 068

(b) Mesh of plastic film

(c) The size of element for plastic film

Fig. 7 FEM mesh for standard model focusing on single support pipe. Here, it is assumed that a single support pipe is subjected to
the load P. (a) 3-Dimensional model for contact analysis of plastic film between the two pipes. The local mesh on contact area

is refined for the accuracy of analysis. (b) Mesh for the finite element method simulation of plastic film. (c) The dimension of
the element is 0.1mmx0.1mmx0.03mm.
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Fig.8 The stress and deformation of the film when P=15N, =0, T=20°C and d;=d,=38mm. (a) Stress oy at the contact area on the

x-z plane. (b) The maximum stress at x-z plane is pna=7.14[MPa] appears on the center of plastic film. (c) Contact area with
dimensions a=b=0.88 (dotted line). (d) The maximum thickness reduction appears at the center of the plastic film
(4¢2=0.01mm).



Table 2  Stress and deformation for film B under different temperature T when P=15N, p=0 and d;=d,=38mm

Rolling pipe temperature T 20C 70°C
Maximum contact stress p [MPa] 7.14 3.90
Contact length a [mm] 0.88 1.18

Contact length b [mm] 0.88 1.18

Contact area Agaq=rab[mm’] 243 437
Maximum thickness reduction Az [mm] 0.020 0.038

Timing belt

Motor (BLA550AB-30)

Fig. 9 Rolling contact machine for plastic film
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Table3 Number of crease and line scar per centimeter for film A under different load P

when T=20C, 300 rolling cycles and d;=d,=38mm

Rolling load P 30N 60N 75N
The number of crease per centimeter Neease 05 1.05 1.35
The number of line scar per centimeter Ninescar 0 0 0

Table4 Number of crease and line scar per centimeter for film B under different rolling cycles

when P=15N, T=20°C and d;=d,=38mm

Rolling cycle 300 1000
The number of crease per centimeter Neease 0.7 0.95
The number of line scar per centimeter Niiescar 0 0

(a) Rolling test piece (b) Detail view of test piece surface at the support pipe side

Fig. 10 Creases observed for film B when P=15N, T=20°C, 300 rolling cycles and d;=d,=38mm. However, line scar is not found in
the test piece when T=20C.
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Table5 Stress and deformation for film B under different load P when x=0, T=70°C and d;=d,=38mm

Rolling load P 15N 75N

Maximum contact stress p, . [MPa] 3.90 6.98
Contact length a [mm] 1.18 2.14

Contact length b [mm] 1.18 2.14

Contact area Agnag=rab[mm’] 4.37 14.3
Maximum thickness reduction Az [mm] 0.038 0.086

Table6 Effect of friction coefficient x on the deformation of film B when P=75N, T=70C and d;=d,=38mm

Friction coefficient u 0.15 0.2 0.3 0.4 0.5 0.6
Maximum contact stress p .~ [MPa] 17.54 19.84 23.64 26.98 30.03 3271
Contact length a [mm] 1.769 1.74 1.621 1.594 1.491 1.475
Contact length b [mm] 1.769 1.74 1.621 1.594 1.491 1.475
Contact area Amnm:nab[mmz] 9.831 9.511 8.255 7.982 6.984 6.835

Maximum thickness reduction Az [mm] 0.0803 0.0749 0.0671 0.0615 0.0575 0.0539
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Fig. 11 Effect of friction coefficient x on 4t. With increasing the friction coefficient x, the maximum thickness reduction Az decreases.

@ (b)

Fig. 12 3D contact models for the different dimension of support pipe. (a) Both support and rolling pipes have the same dimensions
d;=d,=38mm. (b) Rolling pipe has the dimension d;=38mm, and support pipe has the dimension d,=25mm.

Table 7  Stress and deformation of film B for different dimensions of support pipes when P=75N, 4=0.15 and T=70°C

Diameter d;, d, d;=38mm, d,=38mm in Fig.12 (a) | d;=38mm, d,=25mm in Fig.12 (b)
Maximum contact stress p, .. [MPa] 17.54 19.01
Contact length a [mm] 18 157
Contact length b [mm] 18 1.97
Contact area Agnag=rab[mm?] 10.18 9.73

Maximum thickness reduction Az [mm] 0.080 0.093
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(a) Contact area for d;=38mm, d,=38mm in Fig.13(a) (b) Contact area for d;=38mm, d,=25mm in Fig.13(b)
Fig. 13 The profile of contact area. (a) Quarter circular arc for a=b=1.8mm. The profile of contact area is a circle. (b) Quarter
elliptical arc for a=1.57mm, b=1.97mm. The profile of contact area is an ellipse.
Table 8 Stress and deformation for several plastic films when P=75N, 4=0.15, T=70°C and d;=d,=38mm
Kind of plastic film FilmA Film B FilmC Film D
Maximum contact stress p_. [MPa] 16.03 17.54 19.49 18.02
Contact length a [mm] 1.88 1.80 1.68 1.66
Contact length b [mm] 1.88 1.80 1.68 1.66
Contact area Aoonm:nab[mmz] 11.10 10.18 8.87 8.66
Maximum thickness reduction AZ [mm] 0.0897 0.0804 0.0744 0.0719
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Rolling direction
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Fig. 14 Microscopic view of film B after rolled 300 cycles when P=75N, T=70°C and d,=d,=38mm. Four line scars are found in the
figure, and all the line scars are perpendicular to the rolling direction.
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Fig. 15 Damaged plastic film B observed by SEM at the support pipe side surface after rolled 300 cycles when P=75N, T=70°C and
d;=d,=38mm. (a) Line scar of plastic film B observed from inside. (b) Detail of the line scars.



Table 9  Number of line scar per centimeter ny.ecar along the rolling direction for four kinds of plastic films
when P=75N, T=70°C and d;=d,=38mm

Kind of plastic film Film A FilmB Film C FilmD
Number of line scar per centimeter Njnescar 3.85 2.95 12 0.15
Maximum thickness reduction Az [mm] 0.0897 0.0804 0.0744 0.0719
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Fig. 16 The number of line scar per centimeter Njnescar fOr four kinds of plastic films. The number of line scar Niesear IS CONtrolled by
the thickness reduction A¢ obtained by the static contact analysis. With increasing the maximum thickness reduction 4z, the
number of line scar Njiescar INCrEASES.
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