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Development of Theoretical Formulae for Calculation
of Required Torque in Roll—up Type Ventilation System
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Dept. of Agricultural Machinery, college of Agriculture, Kyungpook National University

Abstract

Most of the greenhouses employ the roll—up type ventilation control system.
Torque required to roll—up and down might be theoretically expressed with the
weight times radius of the ventilation roll; however, measured torques were two
times of the theoretically estimated values. As the window film of roll—up vent
is used over the periods of time, the warping and crumpling of the material
caused the Increase of the torque in addition to a span deformation.

Therefore, this study was performed to develop an empirical torque formulae
to present basic torque data and to assist the development of roll—up type ven-
tilation control system. The empirically adjusted rolling radius (r-+a) exponen-
tially increased at the maximum span deformation. The coefficient of rolling
resistance (Cr) was about 0.7—0.8 depending upon the wrinkle status of film
material.
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Fig. 1. Representation of theoretical torques
during opening a ceiling vents.
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Table 1. Weight of construction materials
used in model test device.

Unit

. . . . Amount Weight
Materials  Specification Unit weight &

used kg)

(g) (ke

Shaft  254mnx Lt @5 508

ppe  222mx12 447 358

Plastic 0.1t x 100cm 0.11 8 0.88

film net flm 018 1.44

Textile 80g /i m 80 8 0.64
254 7 40

iy mo o 87 2 0%

22.2m %56 24 061

Fig. 2. Schematic diagram of model test de-
vice for the analysis of torque in roli-
up ventilator.
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Fig. 4. Relationship between torques and
slope of roll—up surface(22.2mm
pipe).
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Fig. 6. Effect of the slope of roll—up surface
on the rolling resistance.
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Table 2. Relationship between Ts, Tm and «
in model test.

Covering ~ Weight DiameterT’TgrqueT_ '
5 " a
terial k
materials (kg)  (em) (kg em) (kg em)

22m 60 1.1 672 1010 056
none  254mm 75 127 954 1460 067
0.1am
plastic

222m 73 180 1320 1650 045

S 54m 83 201 1677 2251 (.69
film

0.1om

p%alstw 2om 79 188 1499 2030 067
1

" gsam 89 209 1877 %528 072
textile

“Theoretical torque.
*Measured torque.

*Compensation coefficient of shaft deflecting.
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Table 3. Comparison between the theoretically
calculated torques and the mea-
sured torques at side vents.

Shaft .
diameter Length T. Ta To/T. Weight ¢ r-a

(m) (kg)

(nm)
47 51.2 125 244 36.8 2.60 4.40

222 76 830 180 217 595 211 391
90 981 217 221 705 218 3.98
32 515 100 194 31.7 1.89 3.90
76 122.2 220 1.80 80.1 1.61 3.62

254 90 1447 260 1.80 948 1.60 3.91
100 160.8 307 1.91 1054 1.83 3.84
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Table 4. Comparison between the theoretically
caculated torques and the mea-
sured torques at wall vents.

Shaft

Length Weight
diameter ene T, Tw T./T, o8

(m) (kg)
(mm)

47 36.1 80 2.22 284
22.2mm 76 58.5 100 1.71  46.0

85 69.4 125 1.80  54.5

44 50.0 85 1.70  35.2
25.4mm 52 59.1 110 1.86 41.6
95 1080 230 213 76.0
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Table 5. Results of shaft deflection test.

22.2mm pipe 25.4mm pipe
Torque Torque
blem) (kg - cm) btem) (kg - cm)
4.0 16.5 4.5 22.5
16.3 20.6 14.0 25.0
17.8 21.5 22.7 27.0
30.4 26.5 24.8 28.0

E 58 SUYAHAS ApolA Fto] Lo
WY ot ALSFF A EFV S8 AS
S 4 5 ok ohee 2¥ 78 SHge o
g AREAN} AP T A
T BF3 gk &, 22 3TE Ae A
ZAANA 7t ARFF AR} ARG
© AL ot AASF A 9FE wol v
Aga & 4 ek

FolZE AHEA] A 09 oz A
Al B3 S uiAe d3A0AE r3p &9
¥ 2R3 oo F& FF R

(7]
3]

o ® 22.2 pipe
a3 = 254 plpo‘
31 1y - 2150527 * 10°(0.00452%) r2 -
] 0.99518
29 L L
T T
: — -
g27 1 s A
© // /,'
g25 o
- 1 /,/ yd

23 - /’ //

1 o
21 o
19 - 15.41923 * 10° 0.00781x) 12 =

v o.sssne
17 — !./

_/,
15 T T T T T T T
] 10 20 30 40

pipe deformation(cm)

Fig. 7. Effect of the pipe deformation on the
torques measured in model test.
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Table 6. Comparison between theoretical tor-
ques and measured torques with &.

Measured Theoretical

Length(m) d&(cm)  torque”  torque” N/
(kg-cm) (kg -cm)
48 17.5 110 108.25 1.016
28.3 128 132.22 0.968
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Table 7. Relationship between 8, T., (r+a)
and Cr at ceiling vents.

Measured (r+a)
Length{m) d(cm)  torque Cr
(cm)
(kg - cm)
48 5.3 82 2.31 0.77
10.0 88 2.52 0.78
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Table 8. Effect of the pipe deformation on

the sum of r and @ .
(unit:cm)

8(em)
Diameter (mm)

22.2 210 252 275 301 329 36 394 431 180

254 [258 286 3.02 3.18 335 353 371 391 201
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Table 9. Expected torque with (r+a) in 22.2

ft pipe. .
mm shaft pipe (unit : kg + cm)

(r-a
(em) 18 21
Length(m

48 523 6L0 731 800 874 957 1046 1145 1252
60 5.3 764 914 999 1093 1196 1307 143 1565
7 763 892 1067 1167 1276 1396 1526 1671 1827
80 870 1018 1218 1332 1457 1594 1744 190.7 2086
90 980 1145 137.0 1499 1639 1793 1960 2145 2347
100 |1089 127.3 1522 1665 182.1 1993 2178 2384 2608
10 [1198 1400 1675 1832 200.3 2192 2396 262.2 2868

252 27 301 329 36 394 43t
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Table 10. Expected torque with (r + @) in 256.4

shaft pipe. .
i shart ppe (unit : kg - cm)

length

(r-a
\Cmg 201 258 286 302 308 335 353 371 391
(mj

48 | 772 991 1098 1160 122.1 1286 135.6 1425 150.1
60 | 965 1238 137.3 1450 152.6 160.8 169.4 178.1 187.7
70 112.6 1445 160.2 169.1 178.1 187.6 197.7 207.8 219.0
80 1286 165.1 1830 1983 203.5 2144 225.9 2374 250.2
90 |144.7 1858 205.9 2174 229.0 2412 254.2 267.1 2815
100 160.8 206.4 2288 241.6 254.4 268.0 282.4 296.8 312.8
110 11769 227.0 251.7 2658 279.8 294.8 310.6 3265 344.1
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