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SUMMARY

The purpose of this study was to develop aluminum screen with flame-spread prevention
function for greenhouse. The physical properties of aluminum screen developed in this
study was analyzed by domestic and foreign official testing agencies. And after fitting
developed aluminum screen to the greenhouse, it's heating properties were analyzed.
Further, it was analyzed how aluminum screen was efficient economically in terms of
micro and macro aspects.

The main results were as following.

I . Development of flame-retardant aluminum screen and product system for activation of
horticultural materials export for greenhouse

Weather proof and adhesion strength were analyzed according to mixing ratios and
evaporation coating methods of flame-retardant aluminum film and PET film. And
carbonization distance of flame-retardant aluminum film, PET film, and weaving thread
were examined, and the effects of flame-retardant materials were analyzed. As the results,
the carbonization distance of flame-retardant PET film was found to be 105mm, and no
flame-spread. In the case of flame-retardant aluminum film, the carbonization distance of
laminating method was found to be shorter than evaporation coating method. And with
conditions of mixing ratios 30% and 4096, the carbonization distance was turned out below
180mm. Also the remaining time of flam was 0. These results were satisfied with all
criteria. Therefore, the method of aluminum laminating film type with 30 : 70 mixing ratio
of Halogen series flame retardant and adhesive could be the best way for manufacturing of
flame-retardant aluminum screen.

The tolerating level of immersion(adhesive strength) of aluminum film was found that
the aluminum film laminated with Halogen series flame retardant is excellent, resulting
from no detach between PET film and aluminum film. The carbonization distance of
flame-retardant weaving thread was found to be average 10.6 cm, which means that the

effect of flame retardant is excellent.

The flame-retardant aluminum screen was designed with three layers of aluminum film,
laminated by flame-retardant PET film and aluminum hoil. Especially, by designing
bonding layer of flame-retardant PET film and aluminum film, the function of resistance to
flame made increased. The sample of flame-retardant aluminum screen was made of

mixing ratio 30% of adhesive, and the YES 55 type and YES 75 type were used as the
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model of screen. For YES 75 type, the tensile strength showed 190N in the length and
width direction, which showed higher tensile strength than YES 55 type. For YES 75 type,
shading ratio showed best in the aluminum screen with conditions of Halogen series flame
retardant mixing ratios of 30% and 40%. There were no differences in the moisture and air
permeability according to mixing ratios of flame retardant. The results of performance
evaluation for flame retardant by FITI showed that in the case of carbonization distance,
YES 55 type and YES 75 type were satisfied with the criterion. The results of
performance evaluation for flame retardant by effects in Netherlands showed that YES 55

type and YES 75 type were satisfied with the criterion.

The weaving system of flame-retardant aluminum screen was consisted of warping
device, slitter device, krill device, and processing device for aluminum screen fabric. And a
beam was developed for weaving device with 42 pieces of thread in a 4 m width. It was
developed that slitter device is consisted of film cradle and tension control roller, cutter,
outlet, and krill device. The results of performance evaluation for slitter device showed that
the level of evenness of experimental sample was higher than control sample, by 100% in
the upper side, 999 in the bottom side. It was developed that the weaving device was
consisted of pattern gear for determining weaving types, weaving bar, film guide, weaving
thread guide, and weaving pine. The results of performance evaluation for weaving device
showed that average producing speed was 244 m/hr and average defective production
was 04 time per 10 minutes. These results means that weaving device developed in this

study shows a little higher efficiency than existing weaving device.

II. The analysis of flame retarding and physical properties of flame-retardant
aluminum screen

The performance evaluation for preventing flame spread of flame-retardant aluminum
screen was conducted by FIRE LABS in Germany, Efects in Netherlands, and SGS test in
China respectively. And the flame-retardant aluminum screen developed in this study was
satisfied with all performance evaluations.

Fame-retardant waving thread were measured the differences of properties of tensile
strength according to 100, 120, 150 D. Also, the properties of tensile strength of aluminum
films, which manufactured with mixing ratios of 20, 30, 40% of Halogen series, were
measured. Further, for finding the properties of tensile strength according to temperature,
tensile strength of flame-retardant weaving thread and aluminum film were measured

under conditions of 5, 25, 30T respectively. As the results, tensile strength of

_ix_



flame-retardant weaving thread was increased with the thickness of thread. It turned out
that there were critical velocity in the tensile strength with velocity of flame-retardant
weaving thread according to the thickness of thread. That is, the tensile strength changed
right before and after critical velocity value. The higher mixing ratio of flame retardant,
the higher tensile strength of Halogen series flame-retardant aluminum film. And the lower
temperature of it, the higher tensile strength of flame-retardant weaving thread. However,
after critical tensile velocity of 12 cm/min, the tensile strength of sample with 5C was
decreased, and the tensile strength of sample with 25°C showed highest value. Further the
tensile strength of Halogen series flame-retardant aluminum film according to temperature,
did not show significant differences.

Adhesive strength experiment was conducted according to 2096, 309, 40% mixing ratio
of flame-retardant, and was conducted by taking a picture when right before aluminum is
cutting. The results showed that the higher mixing ratio of flame-retardant, the lower

adhesive strength.

M. The heating characteristics analysis of greenhouse with flame-retardant
aluminum screen

The differences of heating properties and temperature changes in the inside/outside of
greenhouse were analyzed between flame-retardant aluminum screen developed in this
study(YES 75 type, experimental group) and non-inflammable aluminum screen(control
group).

It was turned out that the temperature of inside of greenhouse for experimental
greenhouse showed higher temperature by average 1°C than control greenhouse. For the
temperature of space between first and second layers of greenhouse, it was found that
experimental greenhouse showed lower temperature by average 2.5C than control
greenhouse. For the accumulated losing energy through outer cover of greenhouse, it was
found that experimental greenhouse showed lower level by average 250 kJ/h than control
greenhouse. The losing energy through greenhouse ventilation showed no difference
between experimental greenhouse and control greenhouse. And for the losing energy
through soil of greenhouse, it was found that experimental greenhouse showed higher
energy by about 12-23 kJ/h than control greenhouse. For the accumulated energy through
hot air heating, it was found that experimental greenhouse showed lower energy by
average 18000 kJ/h than control greenhouse. This result means that experimental
greenhouse saved energy by 16% comparing to control greenhouse. Above results showed

that flame-retardant aluminum screen developed in this study has higher level of



thermo—keeping and higher level of energy saving than non-inflammable aluminum screen.

The differences of heating properties and temperature changes in the inside/outside of
greenhouse were analyzed between flame-retardant aluminum screen developed in this
study(YES 75 type, experimental group) and foreign made, flame-retardant aluminum
screen(control group).

For the temperature of inside of greenhouse, it was found that the temperature for
experimental group showed lower by 0.9 T than control group. For the temperature of
space between first and second layers of greenhouse, it was found that experimental
greenhouse showed lower temperature by average 2.5C than control greenhouse. The
accumulated losing energy through outer cover of greenhouse, the losing energy through
greenhouse ventilation, and the losing energy through greenhouse ventilation showed no
difference between experimental greenhouse and control greenhouse. Further, the fuel for
heating consumed more by 046 L/day for experimental group than control group, which
showed almost no difference.

Above results showed no difference in thermo-keeping between flame-retardant
aluminum screen developed in this study and foreign made, flame-retardant aluminum

screen.

IV. Economic effect analysis of flame-retardant aluminum screen

Economic effects of flame-retardant aluminum screen developed in this study was
analyzed in terms of micro and macro economic aspects. In the macro economic aspect,
economic effect was analyzed under -conditions that the total import volume of
flame-retardant aluminum screen is about 50 m® in 2015, and it is possible that import
substitution rates were 100%, 80%, 60% respectively. The results showed that the
economic values of 2.25 billion won(100% import substitution rates), 1.8 billion won(80%
import substitution rates), and 1.35 billion won (60% import substitution rates) respectively.
When if current farms, which has been using imported flame-retardant aluminum screen,
were replacing it to flame-retardant aluminum screen developed in this study by 1009,
80%, 60% respectively, the farms could save the cost from flame-retardant aluminum
screen developed in this study by 750 million won, 60 million won, and 45 million won
respectively. Further, the saving social cost from fire prevention could be 1.184 billion won.

In the micro aspect, if a farm, which has typical sized(1,000 m”) greenhouse, growing red
paper, and planning non—flame retardant aluminum screen installation, want to install
flame-retardant aluminum screen developed in this study, the farm may pay additional cost

of 720,000 won. Comparing with this, if the farm choose fire insurance instead of choosing
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flame-retardant aluminum screen, then the farm should pay 21,000,000 won for fire
insurance. Above results showed that the economic effect of flame-retardant aluminum
screen developed in this study was turned out very efficient comparing to the imported

one.

Keywords: Flame-spread prevention, Aluminum screen, Product system,

Thermo-keeping, Horticultural materials
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259 YElWo] Aad Fie A& 28740me] e YEhd e, A7l 220mm A

= 33 B9t A Fol FdH A (H)E B
¥ 262 A= ste] 3ukekol A Configuration 1 A1 8-S AAISH Aijo|ty, # 260 R+ wf
9} o] AiyE FE =77 25740me] e vERH o], HUErEe 220mm ©]dte] dAIAVE

Bl FEF7tA vE 2343 viz7A R (H)F deido] Wad s 4 553
w2k Configuration 1 Al@e] A= EE 1A H7bolA (+)& dehdol W A5

x4 FF3teE Ao E YUEETh

¥ 272 YES WHITE 559] Configuration 2 A3 Z23= yeld Aot ¥ 279 YEA w}
ol Aad F&E9 A7+ 907115mel L, Z4z+e] HrE 3 FAHIF B (H)E UEWS]
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7.

3, F 288 A BE Configuration 3% A3 A¥=E velbdl Aoltl. #F 289 ERA u}
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o} o] YES WHITE 559 A4

-

7F ()Rey, g st A=
welA YES WHITE 55+
Aol =53+ o=z YyEryt

¥ 23 YES WHITE 559 )3 &4 d¢9 Configuration 1 248 A}

(+

g &= BHAAI 74<] DIN 88259 A ol A

i
1
A

Bl ol A

o

220mm A F¥
Test no. A3k [Y/N] YN / ][mm] /J[t] 37}
la Y N /40 / n/a +
1b Y N / 44 / n/a +
Ic Y N /37 /n/a +
T4t +
¥ 24 YES WHITE 559 ti& F%& 399 Configuration 1 4% 2
_ 220mm A3 &3
Test no. st [Y/N] /N / [on] / [s] 37}
2a Y N /40 / n/a +
2b Y N /30 / n/a +
2c Y N/ 38/ n/a +
TdHE7t +
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¥ 25 YES WHITE 559 o3 3ua Ao Configuration 1 4d 23}

220mm A E3

Pl b=l
Test no. g3} [Y/N] Y/NT /[l / [s] 37}

3a Y N /28 / n/a +

3b Y N /40 / n/a +

3c Y N/ 32/ n/a +

337}t +

¥ 26 YES WHITE 559 digt B3 39 Configuration 1 438 A3
220mm A A 53

T . 43 [Y 3
est no s Y] [Y/N] / [mm] / [s] 7t

2a Y N /40 / n/a +

2b Y N /30 / n/a +

2 Y N/ 38/ n/a +

347}t +

¥ 27 YES WHITE 559] Configuration 2 23 Z 3}
i 220mn A1 3} Filter paper & 3} #
Test no. A3} [Y/N 37
est no s /N [Y/N] / [mn] / [s] [Y/N] f

5a Y N /105 / n/a N +
5b Y N /9 / n/a N +
5¢ Y N /100 / n/a N +
5d Y N /115 / n/a N +
5e Y N /98 /n/a N +
5f Y N /9 /n/a N +
g4 7}t N +
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¥ 28 YES WHITE 559 Configuration 3 A8 73}

Test no. 45 [YN] 220m A% ek %7}
[Y/ND / and / [s]

6a v N /175 / n/a :
6b Y N / 118 / n/a +
6c y N /189 / n/a ]
6d Y N / 105 / n/a +
6e Y N / 180 / n/a +
6f Y N / 135 / n/a +

g7} :

(2) YES WHITE 75

#0297 3 34% YES WHITE 759 Wl Ald 235 veEkd Zlelth & 29 7 3% 340 4
Bl whe} o] YES WHITE 75% YES WHITE 555’4' o] B 4 S AR A= A,
AolA F7H7F (D= vy B e 230 FHe= Ao w yEEt
0= Alm o] FHFgko A Configuration 1 A8 S AASE A3E veEd Aotk #%
29014 Bi= Hhe} o] YES WHITE 759 4 F-ito] 38742m= ZA AL, B7H7]1E2
220mn A4S &3 A7F dEuAl ol FRBEItelA (1)E Aok

3# 302 YES WHITE 75 3tehe] FWakel 4 Configuration 1 A1dS AAIg ZAdfoltt. &
300 YERA wRe} o] A4 FEe] A7) 46770me] #e WERUI AL, E 299 WA 2
B7171EQ 220mm A S T3 AU vEuA gol BE AE 9 FERITA (H)E U
Efjo] B9 A5 ol St Ao E YEY

¥ 312 YES WHITE 75 Ate] 3Hako] A Configuration 1 A €S AAgH 235 e
olt}, i 319 ‘/}E}‘ﬁifol Ay e A7+ 28735me #hs e e, H7H7)
220mn A4S ST A7 UdEuA ol SRR ItelA (1)E Bl

T slte] ko A Configuration 1 AldS AA|$H Ayjolt}, 1 32¢] H&= w

oF o] Aad FE A7|7F 27733me] #e dEdol, HI7H7]EQ] 220mn o]ske] AAAVE
B, TR 7FA & 213 viz7tA R (+)F dEtdol MaAd e e ST

w24 YES WHITE 759 Configuration 1 A8 A23+= 2E X9 H7loA (+)& YERY
of I Aee 1o TFHee AR YELT

¥ 332 YES WHITE 759] Configuration 2 AdZA3= yerd Aot ¥ 339 YeEA v}
o o]l dad Fi9 A7]= 78110mel AL, Z7+e] HrE B FHEIF B (H)E UHEUWS]
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3, ¥ 34 YES WHITE 755 Configuration 322 A|g3 ZA3E el
of el wiel o] YES WHITE 759 <14#
= Tdst B7F ()Rey, TRV E (H)E HERL
mekA] YES WHITE 75 YES WHITE 55¢F viz7tx| =2 Ud&d= WaA g f

= 170l A 220mm A A

2 1057220mm = LHEL

88259 AellA WA T £ FHsh= Aoz YEN

¥ 29 =93 Ad9 Configuration 1 A3 A3

-

DA A=,

220m A% F ¥}
3 %7
Test no 3k [Y/N] [Y/N] / [mm] / [s] '
la A% N /40 / n/a +
b Y N /38 / n/a +
le Y N/ 42 / n/a +
Z 397} ’
¥ 30 %4 339 Configuration 1 43¥ A7
220mm A ¥ F 2
SE 87
Test no. sk [Y/N] [Y/N] / [mm] / [s] '
94 Y N/ 46 / n/a +
% Y N /70 / n/a *
9% Y N / 48 / n/a *
Z¢47} ’
¥ 31 39 439 Configuration 1 23 A3}
220mm A d F3
| SENN 7
Test no s [Y/N] [Y/N] / [mn] / [s] '
34 Y N/ 28 / n/a *
3 Y N /30 / n/a *
3 Y N /3 /n/a +
g9t '




¥ 32 393 3139 Configuration 1 248 A}

ooy
Test mo. 48 [Y/N] [32{2/?\;“]‘“ / ][m‘;] /1] 97}
% Y N/32/n/a :
% y N/ 33/ n/a ;
% y N/ 27/ n/a ;
397 :
¥ 33 Configuration 2 2438 A%
220m A% F¥ Filter paper %3
Test no. #e ANy ][mm] / J[J;] A ! B
Ha Y N /9 / n/a N +
5b Y N /90 / n/a N +
5c Y N /110 / n/a N +
5d Y N/ 9 / n/a N +
e y N/ 78/ n/a N ;
5f Y N / 103 / n/a N +
T 8Bt N ¥
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¥ 34 Configuration 3 238 A3}

. 220mn A F 2 -

Test no. Ak [Y/N] [Y/N] / [mm] / [s] 27
6a v N /120 / n/a N
b Y N / 105 / n/a *
6o e N /137 / n/a i
6d Y N / 105 / n/a *
6o v N /130 / n/a *
o v N/ >220 / 20 -
6a % N / 168 / n/a *
6h Y N /150 / n/a *
6 e N / 215/ n/a +
6 Y N / 153 / n/a +
6k Y N / 174 / n/a *
ol Y N / 150 / n/a *
F g3} '
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# 36 DIN 4102-1 Clause6.2 HEE Z 3 (YES WHITE 55)
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7)ol A (A ZHA) ] -4 5 -2 &
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# 37 DIN 4102-15 & 16 BlI&E Z 7 (YES WHITE 95)
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# 38 DIN 4102-1 Clause6.2 HEE Z ¥ (YES WHITE 55)
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10 cm/min 3.400 3.917 4415
12 cm/min 3.307 3.920 4.537
14 cm/min 3.297 3.883 4613
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2 4 6 8 10 12 14 16 18 20
OI1Z=L (cm/min)
a9 48. ¢FFY IS e AFAE W
¥ 4] €¢FnFe ddA] T84 AQASTY ©E AZAE (unit : N)
&FrE 7 & 20% 30% 40%
AFEE dFuE | LFuFE  FFAF | LF0F
2 cm/min 12.333 14.930 25.773 36.800
4 cm/min 12.895 17.415 27.470 39.370
6 cm/min 13.103 17.737 26.937 40.715
8 cm/min 13.437 18.193 26.885 41.690
10 cm/min 13.477 17.947 26.737 43.130
12 cm/min 13.845 17.970 26.347 41.768
14 cn/min 14590 17.943 26.277 41533
16 cm/min 15.493 17.847 25917 41.440
18 cm/min 14508 17.733 25.730 41.373
20 cm/min 13.793 17.500 925,695 41.037
B3 13.747 17522 26.377 40.886
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I3 49. 120D ddALe 259 0 E QAT W3}
¥ 42 120D YAt 229 A& LT W E AAFE (unit : N)
s
5C 25T 30T
JAFEE
2 cm/min 3.763 3.537 3.510
4 cm/min 3.940 3.633 3.573
6 cm/min 3.957 3.788 3. 767
8 cm/min 3.970 3.877 3.777
10 cm/min 4.047 3917 3.783
12 cm/min 4.148 3.920 3.827
14 cm/min 3.813 3.883 3.777
16 cm/min 3.760 3.857 3.737
18 cm/min 3.675 3.830 3.540
20 cm/min 3.440 3.813 3.413
oy 3.851 3.805 3.670
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(unit : N)
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-
S
) 10
R0 ~~5C -425C -+30C
K0
ol
5 i
0 T T T T
2 4 8 10 12 14 16 18 20
OIZ2 (cm/min)
I8 50, 39A 20% €8 ¢FuFEY 254 #E AZFFE ¥
¥ 43 d9A 20% E¢ dFuFe 228 AFAETY HE JAFFE
2T
5T 25C 30C
A% E
2 cm/min 11.837 12.333 13.243
4 cm/min 12.090 12.895 13.295
6 cm/min 12.650 13.103 13.377
8 cm/min 13.487 13.437 13.440
10 cm/min 13.563 13.477 13577
12 cm/min 13.855 13.845 13.687
14 cn/min 14.170 14,590 14.265
16 cn/min 14.250 15.493 14573
18 cn/min 14.335 14508 13.440
20 cm/min 13.633 13.793 12.340
B 13.387 13.747 13524
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OIZ=E (cm/min)
a9 51, geA 30% B4 T2u)FY L5 B2 AARE W

(unit : N)

I 44 3AA 30% €8 EFHFY 22 TS BE JAFAE
2
R 5C 25T 30C
2 cm/min 25.587 25.773 25.217
4 cm/min 25.710 27.470 25.390
6 cm/min 26.920 26.937 26.073
8 cm/min 29.085 27.277 26.767
10 cm/min 29.365 26.737 26.873
12 cm/min 28.995 26.347 27.060
14 cm/min 28.895 26.277 27.197
16 cm/min 27.680 25.917 27.530
18 cm/min 26.917 25.730 28.030
20 cm/min 26.583 25.695 2771.307
it 21574 26.416 26.744
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OIF=L (cm/min)

a9 52. G¢AA 40% €& ¢FHEY 2
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E 45 GAA 40% €& <dFvEY 2EE USR] BE AFA= (unit © N)

<=

e 5TC 25T 30T
2 cm/min 39.655 36.800 39.197
4 cm/min 42.195 39.370 41.423
6 cm/min 45.580 40.715 45.943
8 cm/min 46.005 41.690 46.570
10 cm/min 46.130 43.130 47.150
12 cm/min 46.440 41.768 46.380
14 cm/min 46.600 41.533 46.250
16 cm/min 46.345 41.440 45.990
18 cm/min 46.160 41.373 45.600
20 cm/min 46.055 41.037 44813
B 45117 40.886 44932
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I 53. 120D Y dALe £xd wE AFFE W3}
¥ 46 120D ddAe &2y AALELY WE AAFE (unit : N)
25
s 0C -5TC -10C
2cm/min 3.69 3.56 3.48
6cm/min 4.06 3.96 3.90
10cm/min 415 410 4.03
1l4cm/min 4.10 4.05 3.99
18cm/min 4.01 3.95 3.85
b 4.00 3.92 3.85
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__ 40 -0 -~»-5C -0 -10C
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H 30 -

nNO

#0 20

o. 0 | * I > 3
0 T T T T T

2 6 10 14 18

2= I (cm/min)

9 54 ddAl 20% €8 ¢FUEY x4 BE AZAE W

47 FAA 20% E8& ¢FVFY 2EE AFAESE B E AFAE (unit 1 N)

25

dREE 0T -5T -10C
2cm/min 11.73 11.57 11.53
6cm/min 12.63 12.53 12.49
10cm/min 13.54 13.47 13.45
14cm/min 13.61 13.56 13.49
18cm/min 13.92 13.86 13.78

3 13.09 13.00 12.95
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HZ K (N)

C -+ 5C

-0--10C

10 14

= I (em/min)

19 55. 2¢@Al 30% &8 &FPEY 25 nE AFZE W3

18

F 4B IAA 30% &8 ¢FHFY 258 AFEE B E AFAE  (unit 1 N)
<=

JdAET 0C -5T -10C
2cm/min 20.93 20.24 19.88
6cm/min 24.75 24.50 24.25
10cm/min 25.25 24.78 24.48
14cm/min 26.10 25.94 25.74
18cm/min 25.85 25.52 25.32
Ry 24.58 24.20 23.94
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2 6 10 14 18

£ I (cm/min)

a9 56, ddAl 40% €8 ¢FUEY & BE AZAE W

¥ 49 FdA 40% E8 dF0FY 25 AAEEY O E AAZAE (unit ¢ N)

dAET = 0C -5T -10C
2cm/min 33.68 33.47 33.02
6cm/min 38.95 38.98 38.07
10cm/min 41.73 41.65 41.56
14cm/min 42.02 41.82 41.64
18cm/min 41.97 41.72 41.29

Ry 39.67 39.45 39.11
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o] 71 A,
QSolar

QHnt air heater
QLoss —day

QLoss —night

QVent

=1]

=371

EROERITE

QHot airheater QLoss —day + QVent + QSoil + QAir

lar

Q[[m‘, air heater QL{)ss — night + QVem‘, + QS(NII + QA’iT

. Solar radiation in the greenhouse (k]J/hr)

: Heat gained from hot heater (k]J/hr)

: Heat loss through the greenhouse cover in day (k]J/hr)
: Heat loss through the greenhouse cover in night (k]J/hr)

: Heat loss by the ventilation from the greenhouse (kJ/hr)

: Heat absorbed and released by the soil in greenhouse (kJ/hr)

rlo

ofp

. Transmissivity of greenhouse cover
: Solar radiation on the horizontal surface (kJ/m’-hr)

: Wall area of greenhouse (m®)
: Consumption of fuel (#)

: Caloric value per unit area (kJ/ ¢ -hr)

MAE 718 S8



QSoil = ] Mt X C’[').soil XAT -
i

. Heat transfer coefficient of greenhouse cover

: Ventilation heat transfer coefficient of greenhouse

. Inside temperature of the greenhouse (C)

: Ambient temperature of the greenhouse (C)

: Wall area of greenhouse (m?)

: Mass of soil (kg/m”hr)

. Specific heat at constant pressure of soil (0.96k]J/kg-C)

. Difference temperature between soil layers (C)

. Saving factor

(Aluminum+Polyethylene: 0.55, Non-woven fabric: 0.30)
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