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ABSTRACT KEYW ORD
Purpose: In the preceding study on kinetic envelope, various studies were conducted to create a suitable indoor 2+ B
lighting environment for each space, but the study of uniform lighting environment was insufficient. In this study, QEEQ I

the correlation between driving method and perforation degree is analyzed to verify efficiency of improvement of
fungi for indoor light environment and comfort. Method: The opening and closing areas and angles for inflow of
proper average illumination according to the driving method were derived and compared and analyzed by drawing
uniformity ratio of illuminance according to other process drawings. Result: First, in this study, variables for
driving method and other process roads were set to establish limits for performance evaluation. Second, 25% in
H-flap, 100% in V-flap, 22.5 in H-fold, 45 V in V-fold, 22.5 - in H-S.fold, and 45 in V-S.fold could be derived with
an indoor average illumination of 300 to 600 Ix. Third, it was possible to derive a high rate of uniformity ratio of
illuminance value from 150mm/200mm of perforated panels among four of the six drive methods(H-flap, H-fold,
V-S.fold, and H-S.fold). And it could be drawn that the uniformity of the perforation degree according to all
driving methods is not proportional. In order to increase the uniformity ratio of illuminance, apply suitable
perforation panels for the driving method shall be applied, and horizontal rather than vertical ones are suitable for

improving the uniformity ratio of illuminance.
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1. ME

Table 1. Advance research of kinetic envelope

Title of study

Year

Purpose and analyzed factors

L1 @79 93 2 =7 of the study
N i = « In addition to the aesthetic effect, the
AEFEAA Y o 7] AH|EF F 2GR = <F 20%~30%2] A study on the potential applicability as an environmentally
H&-S 2A)3LT 9o, 2oL A] 9] 4H|Eko] Z7}ste] whaH1] sustainability of the friendly envelope is investigated, and
o o o oo environmentally 2012 environmental factors are analyzed through
2ol FHY n o] AlojE St Ay 9 59 F 2ES A responsive kinetic case analysis. Insufficient analysis of
thokot A7) AalE 1 ek 7]1Z 7|y g QuyF ALeH Al @ facades eco-friendly performance and aesthetic
. considerations.
ATl A elu]of S0l whet FAE, 234, 8B, a8 5 oy o th " s e s 10 reveal
- . study on the + The purpose of this study is to reveal the
o] Aol A A o] WAL )T}, Tot vhefet e gAint % design characteristic 2013 characteristics of the design applied to the
27 485 AY 25 ASgrlo] Wl A3 A= T QA gt of solar control solar control shell. Insufficient review of
_ _ skin actual energy saving effect.
Z1dg olu mde] S4S FHOR FAE B&S PP A moe
FE S0 AR YT 1) 2 97T e || oy
A 1l 3] S L = 3] 2= ’
7H AW B gdol 9 il 54 3 AR ol vliAlE & o fﬁtchiznznerogfy the 2014 vertical, and complex type of flap method.
A2 L&) AY 2T Aot TAY AU LS SAAA A Kinetic }slha e S?:@ing ratIio, ligu't'ed to st}lar energy
o5 o — efficiency. Insufficient performance
kel 1]
W AgRE = HA B FAI7I A e system evaluation on leveling system.
+ Evaluation and analysis of light environment
A fundamental peﬁommcc of de.for'mable outer sheath '
cud Janni material. A study limited to comparison with
study on planning | 5,14 | fixed louvers by excluding the

PISSN 2288-968X, eISSN 2288-9698
http://dx.doi.org/10.12813 /kieae.2020.20.2.123

of intelligent skin
module

characteristics of materials. Insufficient
settings for various driving methods and
sheath characteristics.
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. Purpose and analyzed factors
Title of study Year o (i il
IDEIi [P « The structure according to the type of
strucFur 2 3% various parameters for the architectural
el itz 2016 elements of the kinetic sheath was studied.
etlemeln;(s. oi Performance evaluation based on this was
& er;:::a delne ¢ not studied.
d}:ifg;r}:er‘l’f :f‘ea * We propose a light shelf with adjustable
P - helght gf opening and closing conc.ept, and
[TRR L —— 2017 are llIl’}lted to performance evaluat.lofl and
z Gz gl lassd analyms, and only to the characteristics of
— the light shelf.
« Analysis of the layered kinetic envelope
A study on the system that controls the environment and
facade control of 2018 shows various visual and perceptual effects
kinetic aurface and derives control variables. Only
system brightness, openness, depth, and pattern
control elements are analyzed.

a1
o
o =
WA Fol A
TAEE S5 A
s

Purpose and bac

kground of the study

A 4

Theory of k

inetic envelopes

Concept of kinetic envelope

Types of kinetic envelope

A\ 4

Module suggested
improving indoor il

envelope concept for
lumination equalization

Suggestion of kineti
envelope module

PPN
I Kireuc

Proposed module performance evaluation

Set up preferences for
performance evaluation

Performance evaluation
and analysis

A\ 4

Conclusion

Fig. 1. Flowchart of the study
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2.1, 7199 97 Ad 2 43
1) 714 25 A

Farshid Moussavi= ‘The Function of Ornament’ 9| 4] THAIEE
TZ, 237, 80 o=z ERSIYh oA L2 5=
51ES A Aok AEHS ot TALE, AT AL AR o Ko} Y
9] Atolo]| fx]st glo]ol 24 Q] AL, EH A Lju] = HEQ Y]
ol =98 o= FelEo] 9125t Amo]A(surface) &, EHY
FEHE 7= TAEE 9ulgith2].

2) 71 95 /13

71"l 32 Movement of rigid architectural elements 2t
Types of the movement of deformable architectural elements= &
582 9loH3]. Fig. 2. 3-8 Rotate, flap, slide, foldE 7]&o 2
theFotA §-8=ol 5= Fig. 3.2 FH 9] ol 7Fast]
Roll, Stretch & et Fel = &2 FS HEFH AT A = o] A7to]
2o 2 =2olAe et ZIvE £33 5 Wd FH 9 ez
A& 7 e 182 &Sl 7|E U5E At ol 482 Aol A
Algtete] AE spainh.

v | O / arde

concept
P Rotation Translation Rotation &Translation

Architectural — I
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Fig. 2. Movement of rigid architectural elements.
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Fig. 3. Types of the movement of deformable architectural
elements.
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7Id1 g ¢]n] o] thFet 5 A F A Q) EA o whet o] A
ol gzl AL vl BE4517] ojggo] glenz 317
9 g JEE HEo] gl A== AE Tt 71vE 9n]+=
712 &5 9] 2] Rotation, Translation & 7} 2o 2 &=
Aol 27 AHgHTHFig. 2.). 12422 Rotate, translation,
rotate & translation® 2 FEEH 2214 22 Rotate, flap, slide,
fold, scissor—fold= &8 4= QtH3]. F+5HA] = Rotate?} slide
= Rl E st $lo1A 2R R of WA o]

e

= £ 3 HE 24 o]
AL gdQ = 5= Aor mste] A5t 3714 g0 2 G
S AFE Y 7IUE Qn] g o2 BEF5IAtHFig. 4). B Ao
A o g0 the BAe 71 AEE A Ao R 371
ol F¥22 flap, fold, scissor—fold®] =2 (VerticaDd, 4%
(Horizontal) @ 2 2 Fig. 2.9} o] EF31%ct,

Flap : Fold Scissor-fold

Fig. 4. 3 Types of driving method setting for the study
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A case of kinetic (operational) envelope building

Kolding Campus, University of Southern Denmark

« It consists of a triangular form
of the basic kinetic shell unit
module, and has a lower
driving point than a
quadrangular form.

« Consists of perforated panel.

Characteristic of
unit module

Flap rotation

Type of kinetic

horizontal
system

1 Control point

Thyssen Krupp Quarter Q1 Building, 2010

\

LA

« It consists of a triangular form
of the basic kinetic shell unit
module, and has a lower
driving point than a
quadrangular form.

+ One module consists of several
slats.

Characteristic of
unit module

Flap rotation

Type of kinetic

Horizontal
system

1 Control point

CJ R&D Center, 2012

+ The folding method can be

Characteristic of given three times to give finer

Y 9urt Ay gl st 0] 9d8ke n] x| thokst EAL T &8 unit module control on the solar radiation.

) B B} B « Consists of perforated panel.
ARttt vt 54 F 71 2w 9 FA e a0 I nH

TAHE 84 2VHE =E51] o2 M i Fdd 33t .
o 485192 A H5RHE stol §98 FAL L A Seiorold
AR @ 2w g sers A gt pe O et Vertcal

system
Table 2. Case analysis 3 Control points
A case of kinetic (operational) envelope building Council house 2
University of New South Wales Hilmer Building - The flap method that the outer
"1 shell is installed alternately
+ The horizontal flap method

requires less force to control
than the vertical type and is
less susceptible to lateral
forces.

Characteristic of
unit module

Flap rotation

Type of kinetic

Horizontal
system

1 Control point

Kiefer Technic Showroom

-|~ i

« The vertical folding method
requires more force than the
horizontal direction control
and creates a shading area even
when lighted.

+ Consists of solid panels.

Folding

Characteristic of
unit module

e

2

Type of kinetic

Vertical
system

1 Control point

and driven in the flap method,
and it is a vertical slat type, not
a solid panel, so it is not
completely blocked from the
outside.

Characteristic of
unit module

Flap rotation

Type of kinetic

Horizontal
system

1 Control point

A A B FAE el P vAE 4R 7Y E 9
o RES A=, A, 1A, R A ER UBE AL ahetd &
Atk §1 AHE|(Table 2.) 671 - 4702) 7€) @] u] ol A B35 el
o sid = o] Eojqiglon 2719 ofu] g2 &ejt Hd=
T4 B AL oF 2 ek TEHA] & flape 54 (Vertica) B

2 F5 5021 Fold®} Scissor—fold: 4= (Horizonta)d %

Ao ARG AS o 4 it ol AT B4 Al HA,

N
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A, AAE TR AR e AL T 4 gt
2 QP RS BT 900 54 F 1Y 2 S0 et
£ PEA HEAER #ARC A3 nAE U 44 e
2 @4 A9t

24, Ay AH zx 71E 17

g0l ALoll= AWFte] 27|52 Table 3.914 Hehbx
o] KS A 30112 A5k 910, KS A 30112 &5-§3 o] whabA
AU 8TXEE A, BE, H AR FEoto] AAISEAL QlcH4]. o]
o & A= A5H7E AT AU AH 2= 9 A E 91T
7|Eo 2 dut 3 oiju] A& o] BEZXEQ 4001x2 300-6001x
ol 255 A4 Y= AA5IskArh

Table 3. Ks A 301 : Standard lux

Minimum Standard Maximum
Type of activity allowed allowed allowed
illumination illumination illumination
Visual
performance
according to the 300[1x] 400[1x] 600[1x]
degree of

general-brightness

3. dlff =& FNE TS Pl ZE M

3.1 71dE 9x 2§ ¥ 2 2E ARt
2 ¢+E architecture in motion—dynamic components and
elements[3]o1 A Uehd 71HIE 8 & Rotate$t slide= 7HE st
S04 B85 s 0] B st 20 o1 e
she 202 perste] Ak Aol Al 71 prol Lt
37} (Flap, fold, Scissor—fold) &] &A1& H| W 245ttt 37}
A TR 2, A9 ol 619 o 40k
T 67019] 5400 4714 92 kBN S ARl o] %
2 71 7199 &ju] AH A 8 Hi R 35S S5-851] :r“ﬂ
stlew zf welntet 5 @A Q) 7|&ES Akl HdE S U
o] Axstelct. 71 elxje] A @ §<lo] % ,
49,54 245 Ao g A% Ao gt 2% Table 4.9 2
of vyeftt,

Table 4. Variable setting(Perforation degree and driving method)

Perf"::f";;‘;f;ﬁ"“ Omny/Omm, 150mm/200mm,
Perforation distance 100mm/150mm, 50mm/100mm
degree
. 0.00%, 50.906%,
Opening rate 40.222%, 22.625%
Driving method Flap, Fold, Scissor-Fold
Driving direction Horizontal, Vertical
Criterion of 0. 25
opening and | Tilting | Opening 453. 67. 53 0%, 25%, 50%,
closing angle area ’909' ’ 75%, 100%
system
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Fig. 5.
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Variable 2.
Driving methon
A/ Way

Variable 3.
Opeing and closing
degree (5 Steps for
Setting standard)
Angle  Persent

Omm /Omm 150mm / 200mm 100mm / 150mm

50mm / 100mm

if=Ju

H  Fiap v Fiap H/ Foid v/ Foid H / Scissor-foid

—

v/ Scissor-foid

0" 0%

225° 25%
45° —_ 50%
675" 75%

“/ 100%

Tilting angle(5 division) Opening area(5 division)

Fig. 5. Variable setting

Flg 6—8‘ ‘15 =
(Eq. D). 99 A5 9o A% T 2H4 2 S8 4=
Z

A&
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B B AN A

o6, 458t E8HE BHeHE 782 4

100mm, 50mm= A A5}t

r P
—

0000
0000
0000

Fig. 6. Opening rate formula
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Fig. 7. Type of driving method for experiment setting

3.2. 358

et

I RS B
AU FAS B 2 9 AA ol iRt A

A E= RadianceE A4ttt RadianceA|Ed0] =2 102
lawrence berkeley national laboratory2] ZH a7 o] 7just 2
o7 RE/REE AL 4 e AlEElold TEIHoHHT].
Radiance Z2 T8 9| Bl HE-2 8h-g41 5 AollA gl
SFATHS. & do] Sa Hile
StAJof] thjshe] e 2 227k H22715,000 x4
A1 20,000 IxAtolehe U-8-& A sHATHI]. 834 L SAH G = A

Aol AWRE GYEBR fFF HolH s felstAw, AArd

B YR AR 2k EXY ToE A WA= Est
T A A s FAQ HolA e ERoht ARtEor 12
Ztagol fo o], A e Y wfE ot 45k o] g o] §
o] 7H53te] B Ao 2o 4@ FUS 5 FU7|E
< 571905 FHdg o2 st Ad-S APstArH10]. 2 A+
o] BExE iAo 2 g ] FALE H st 45}
7] Sk o = gt 7§ o] §iQlo] Aol A o] HSkE Th theFet
9] FAZS HRE F§ §& HFol Hisltty wdsto
Radiance Z2 T35 5o =W 171 512 69 21 T A7)
= 9NE dAsto] Aol A-85ttH(Table 5.).

Table 5. Simulation setup

Locatio Latitude: 37.0 / Longitude: -127 /
i ™ | Turbidity: 3 / Standard Meridian: -135
. X g (Incheon, South Korea)
Simulation
setup Sky and CIE Overcast
weather
Test time Summer : 21th June 12:00PM

AlEgold B|AEE 93t AAA| 27]+= Fig. 8.014 YepthRo]
Z 3000mm, % ©] 6000mm, °] 2700mm<] Z7]°|H[7], 7|4l E
o] HEo] A E= Z9] A7)+ & 3000mm, #°] 2700mmo]
o B9 A7)+ AEY THE A Eo1A0E A o R AA5H
ok 71U €jm] o] BE Ato] 2= £8F - 1500mm(W) x 2700
mmH), £2F - 3000mm(W) x 1350mmH) & ¢ 2] ¢ju] gt
& AESHE Al 9] 2719 5 Yol JaYstiTh(Table 6.).

{o

3300mm

e /

Fig. 8. Size setting for experimental space

Table 6. Setting for experimental space

Room 3000mm(W) x 6000mm(D), 2700mm(Ceiling height)
size Reflexibility : Ceiling(86%), Wall(46%), Floor(25%)
‘Window

size 3000mm(W) x 2700mm(H), Smm clear laminate

Kinetic Type : horizontal 1500mm(W) x 2700mm(H)

module

Size Type : Vertical 3000mm(W) x 1350mm(H)
sensor
location 250mm(W) x 250mm(D) per 1
direction South

Qe B XET|FKS Za ZH 7] A]

AY 250 = 4
= 0+5cmE SAsHA[11] v o2 2 H

g
A S vretd 9] 8
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748 QI X Z&9| Ao ME EISFEl AU #HE 228 25
80cmA| o YA A F L. 2 A= 250mm 7HE 02 712 117 Table 7. Material setting
OF A2 2371E v A]5te] & 2537)Q] & && 2| A& A5 T Glass : 5mm clear laminate
Transmittance : 87.10%
: 2 7Fo] A0 ° 1o S]= 0 : A
[11](Fig. 9). A4 3] A¢ SRS 715222 windows 7.20%, Window Reflectance : 7.20%
facade®= 10%, wall-& 20%= A3 tH(Table 7.). Thickness : 10.76mm
o Color : Smm clear
f 6000 I :
Color : Black-velvet paint
IE - = Reflectance : 10%
- XX XK XX AKX XX XXX XXAXXXXXXXX %
XX XEXXXXXXXXXXXXXXXXXXXX g - .
XX XXX XXX XXXXXXXXXXXX XXX 2 Wa_“ Materlal.Concrete-grey
S S G O e e e S O e S S 2 e Reflectance : 20.00%
N S S O e S S S S % (Indudeﬂcellmg Specularity:}.OO%
¢ iiiiiiiiiiiiiiii:iiiiii 2 and floor) Roughness : 2.00%
KX XK XXX XXX XXX XXXXXXXXXX 2
AKX XX AKX XK XK XXX XXX XXX XX XX 2
XX XXX XXXXXXXXXXXXXXXXXX B o u
XXX XXX XXX XXX XXX XXX XXX XX | = 3.3. /%1—6-.\-@7]-1;'_2_‘:&]
- ]
g8sgggereesgrsgeeser sy %@@%Eﬂﬂ'ﬂ%ﬂﬂ7]%g}ﬂ6%21% 5[—12*]@'/\]{]'
HE 7102 24709] Q1S Fo vl A shleh. A =0 75
= 1 AR2E 52 YRREHY HAXE B2 EEohed] 2 =7
. 1 = -
A= B2 Lot Hl& 2 &g E&5HtH(Table 8.)

3400
o0

800

Fig. 9. Illuminance sensor setting for experimental space

Table 9. Performance evaluation result value

Table 8. Performance factor setting

Minimum lux

The lowest illuminance derived from indoor

Maximum lux

The highest illuminance derived from indoor

Average lux

Average illuminance value by location[Ix]

Uniformity ratio of
Illuminance

Minimum lux / Average lux

Analysis of homogenization according to variables

Opening area T Opening rate(Perforation caliber/mm) - Perforation distance(from center/mm)
. o uminance
Driving method or tilting value classification
mm mm mm mm
angle Omm/0 150mm/200 100mm/150 50mm/100:
Min. 4.9077 25.4427 19.2978 7.5628
. . Max. 1939.3100 3386.9200 2999.9200 2635.5600
Horizontal | Step 2(22.5")
Ave. 297.8310 626.9120 527.8610 410.4510
= Uniformity ratio 0.0164 0.0405 0.0365 0.0184
a
g Min. 44.5108 74.2173 70.8078 62.0726
. . Max. 1270.1200 2333.1100 2049.1800 1738.6600
vertical Step 5(90°)
Ave. 399.6050 638.7320 592.0560 494.7210
Uniformity ratio 0.1113 0.1161 0.1196 0.1254
Min. 13.4730 35.7382 35.9875 19.6580
. Max. 4276.6800 4500.0200 4519.2400 4495.5900
Horizontal | Step 2(25%)
Ave. 450.9410 725.4410 632.6360 539.6140
it Uniformity ratio 0.0298 0.0492 0.0568 0.0364
o
Min. 12.9027 28.3276 23.3951 17.3173
. Max. 1935.6800 2713.8600 2597.8100 2160.2000
vertical Step 3(50%)
Ave. 318.7310 571.7400 501.6700 407.0910
Uniformity ratio 0.0404 0.0495 0.0466 0.0425
Min. 10.0136 35.5687 19.6328 17.2165
. Max. 3271.0500 3582.1200 3554.3700 3491.9200
Horizontal Step 2(25%)
Ave. 410.3960 696.3560 602.3580 508.2390
. Uniformity ratio 0.0244 0.0510 0.0325 0.0338
Scissor-Fold
Min. 31.5459 57.2362 42.4239 42.4187
. Max. 1314.0000 2839.8300 2164.2800 1697.0400
vertical Step 3(50%)
Ave. 423.7530 700.1840 618.9770 524.9310
Uniformity ratio 0.0744 0.0817 0.0685 0.0808
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AX Y - {2l - 4EH
Table 9.9] 4% 6719 73 S AW H LT 2L 2EEE IQI5 Al A4, eFE P Lo o2 FA = Bl AT (Table 10.), V-flapa}
) 9971202 A 68 219 0F 12474 BAFOR 45t Hofold® ASIF kol 4719] 1) Fof 150mm/200mm €53
Ay A 2= 8 StEot= A 4L ZET grolth 6719 Tt Vg = A ver T 8@ ollA = ek wE #A At
$9S 4] 918 1202 A WA ZEF (G0 - 400 - o] ulela A0 R Lo Aa SR Hch 0,023k Liek
GO0IxE RAGHE A% 2 A YRS RAGHT, ol A% Ui AL melE 5 99k
02 FHAR FY L5 F HAET 52 AL EES}G o
A WA £ B EAE 2 FAES} =4 JEhd A9 5 Zahelt) Table 10. Comparison of uniformity ratio of illumimlz:cse by ly‘;;es
a2zt A2 EE EET o] i FAE FA] A0z vl Gy | VHIED || BEEE ) VRN |Gy
gl 842 AR He 2ob el A2 22 S0mm/ o 1ea | 01254 | 00364 | 0.0425 | 00338 | 0.0808
s 9Igoltt. he e #AE B R4 AZS AT ASHA A E 100mm
A3t Atoltt. ig%mmrz 0.0365 | 0.1196 | 0.0568 | 0.0466 | 0.0325 | 0.0685
A ¥4, Fig. 10.2 150mm/200mm2] of|AJo]™ o]u| 2] B4 & F
3 o 4= Q1= o] H-flapol Al 26H41(22.5)14 24 BEzm7} lzf)%nm“r’: 0.0405 | 0.1161 | 0.0492 | 0.0495 | 0.0510 | 0.0817
Uetgton, V-flapo A& 5341(90°), H-foldol A= 22A (25%), 00mm/
Vfoldol A 38H41(50%), H-S.foldo| S 28kAI(25%), V-S. oomm | 016 | OIS | 00295 | 0.0404 1 00244 | 0.074
{égizt}z?;;?}@ﬂ TATATERAIAAAER oo g 2w agold g 9 9] 4 A L T
Qto & 6719 FEHA §3-2 HA ot om 2] etg g Lol o) 4
T B7He A&t dut LEiAle] mE A xR HAE 584
o 1014 ek 7o) ZAT} HIefalA] ek A2 & 4 912

V-fold
(50%)

V-Sifold
(50%)

H-Sifold
(25%)

Fig. 10. Simulation image analysis by type

olE 7|Hre g F WA, YAl wet d A =S v st le o
Fig. 11. V-flap §4]0] 0.1 o]0 2 =4 U$rem V-S.fold7} 0.6
oo 2 A UYL AL & L 9lom £AFHT o] FA T
o &7 Hee ALz et 3714 39 #8184 F #2419,
S8y WA 7P 2 AL flap FEEA oW fold %L%HJ A2 718
A =EH . ofoll dAl e FEoll 2P Hot B Pl #2lst
7 e, V-flap, V-S.fold 59 41S H g3k Zo] A 3
@ 2% Hxo] avpgold,

< 4

mz_

(u 10 rmity ratio
nnnnnnnn )
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