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P HEE

EEBEFEAIFRETD - WREBEILNRIKZSHEE B2 (bones) 2R K
(skinWBHEE - SAZUBRAEBLNNEBE - ERFEHEMREME
2R K (soft-skin) RS R AR/ D W EBR RS LS 25 F R ERR VR
R REREHEBRREMEATZERAEHE RE—ERNEROHS

E R 2 EFLIRIE (parametric environments) 814858 (biology) FIEHE T - 1N
R ABR - EHEEABANRMRE BRI ? MEERERETH
MR B RS EEIE N N oHR1E ?

K BB D17 (case study)Bt it —EWT IR LR ETEHIE
e - BEMEREZEESERAEZ (framework) - ERBRIE—ERETMRE
(bionic soft-skin) 2 &1 TV sTEAE A2 (LIS - KL AT HRTE Grasshopper 2&(TUIR
12 o B9 15 A Bt R R RR BT IR 1F B B RS 1R B 1Y It /F R 42 (manufacturing
process) - #EHHE _ EXRFHHEMIERZRE - ERAIBRIEZEEHEREK 8
H—ETENREMARKREREBEHAFERTENSE -

FRT . BERK - HERER - 2852517 ~ Grasshopper



Abstract

This paper is a presentation of the preliminary framework for the design and
fabrication of the soft-skin. Today, the digital technology applied in the
architecture field is everywhere. However, there are still lots of fantastic free form
architecture uncompleted and remained on the paper architecture or only the
digital visual simulated model.

Until now, most of the finished free form cases are consisted of the skin and
bones, or only the bones. The complete soft-skin cases without the bones are
fewer and the process remains untold. Based on the parametric environments and
biology, how might you design a free form without the bones? How could you
make the soft skin stand up?

After the case study and the integration of the initial framework, the research
starts a series of exploration of bionic soft-skin design and fabrication in the
Grasshopper and CAM process, and seeks to propose the preliminary framework
as a helpful reference for the designers who deal with the soft skin project.

Keywords: soft skin, bionic architecture, parametric design, grasshopper.



4 &t

EIb - HREERZMARERZENM LIRS - ZEIMIER SRR
RS ZRBUBET B TRELASTE  EREEECEENAAFET
B3 - Wi 2 EAMR LM RITEI B 34K - EMESBERRTY - E2UUA
EARBEOABEBER RSB REMAEERZMPAE -

BE - SH2EREM - EERZE - FFEHZEROEEE - OH8
BPEBIEEFHEERER  SFRBVFECIRAEZE - WSHFFZEN
MEIEAETE - BRRD - BEEMMYERMEZNAOEES -

Eam SRR AN GIRBABRED oS RZNEE ORIREEE -
AFRIERERINAR D ZEM R - LHEZMAR B2 E/IM/ O R A
BNERER X EREEBSBCRELE - BR /HERFR - BBk

BRI S - EHARNARS  EAREMNEHEZLEE T -

MERBZE  HERHFRE - FEM  MED - = BRI WEARSH -
RUICZ BB ~ NTIEEEEEAX —EAUERE - EREEBRER T
ERHFTURN BELABIEHUF—ERE  FHRRKEE -

RE - BEERXKABEEBRAOERD - RBRAFTHENE - SHRM0
CHRENZE  REHEEERXAMRPHEERTE  HEHFERIRMHAF - &
RARBRWEEERIEANERRER - DEAEROE -



11 RB=
12 MRBBEBEZ
1.3 MIR7FAEATER
14 @ ZR1E

F£_TE DR
2.1 HURRLIAIERR LR

2.2 BURBRNUEHNRNLER
23 SHIARETHRK

F=F =EOHAR
3.1 RAIEE

3.2 B
3.3 YT RKERET AR IEREERL

FNE BREEE

41 RUERFERPIERETEENER
4.2 MEREEETARMIERRE
FhE FwHES

5.1 #&im

5.2 HRER

5.3 FFFTPRE LR TE

Ea )
PN
B %

H i

Ui W N~ B

(o))

10
13

13
15
29

30

30
37

40

40
41
42

43



f=p= = g =
m

C = A

11 HREE=

5 fisi B B 2 2252 5T (computer-aided architectural design)7EIR S RIAS A AD
Kilg £319201% - B 1960 F#EARGMER - EXEmAMERIFEE S
B2 —{EIR 5 (Mitchell, 1977) - EUKETEM (digital design media)id =
T84 2D FEMEBEAENASR[EAY  EREEEERE 25
7 HEEIRIER (Lin, 1999) - BRI (digital model)iR it Y BARINERR
1Y (physical model) 0 EBAEH M2REEBNEEETE - WO PRIREE (ARfETF
TEEREEPNE ) BSETHRE - RERWMEERETEBIINEE
AR - BRI EN SRS - YIBRY (A8 - 2F ) BARRERERE(Lim,
2007) - BEE Sk E B E 58 R M2 8TV a% 5T (parametric design) TN23R
SERERNRSTHEAZ— -

EMSZ - 28N EIREB)ERET R 4t (parametric modeling CAD
systems) DS EZEFEANREEEENT - UHBRETBIENEE - iR
12AEEEN T E(Barrios, 2005) - 58 5T 8 BN T ERVED B RCE R K
RZTLER - TTEHZER(multi-layen) R FRET - BREBAERE
(structure) ~ IZ[E (facade) - ZE]&E(roof) + ZEfE(space)E - REMKRIEAH
[EPEWBRLE  ER2ERERGNEYEREERRBINAEES
= - TRBNMA 2 ZE (bionic architecture) ©

S—HHE BHERESES  AREZNE VARG - £
BZE—E{EERI(recursive) ZEEZ KR - WolEEPHAIBAFENW
N2 R4 MY FERRZR 75 =0 (Couceiro, 2005) « fAERRETHEHSEH A EH
PN ET AR B AR I ST - TR 4R 252 5T (bionic-skin design) F& A3
E2 Y RETRAE - TJFEHESEEREEE Grasshopper F ST ESEAC
% (explicit history) &2 8] [B] 314 (reductive) (Hnizda, 2009) - 7 {117 18 B 45 #F
PRER BB RRIRABMEIRET - FNETRBIELENIR A2 2l (parameter)
E5138 B 23 (component) 4% 75 =0 (connection) - LUER B2 B A EER R
E17(Davidson, 2010) -



1.2 AEMBEEABR

EEHBEFRAIERETT - EREKNEHERFTESIE(CAD/ICAM) TEH
£/ BERHEZEEREREEZ R - %’E%ﬁﬁﬁ&iﬂ_t@%%)ﬁnm I3
EENAE SN ER BB RN G - FaE N —87n  EBEFR K (building
skins) I E—EEENE RN EABENEIN - ZEREAFHEF 2B -
SRR F I EE LB (structure) P2 BE 2K - 53R 18 R 2 AR K7 &
(skin) (Schittich, 2002) - —BEERFEBELABLRATEB BN -
BER R NEMSS MRS BTN EBEEE ZENEEZRES

SR B R a4 A B S (Leatherbarrow and Mostafavi, 2005) - U @ F1 &
28 (bones) 7% LH BE BERV R EEEG ST E = B 80 F A ¥IHABN 2 %A (Hodge,
2006) - ER LAIER - AMRBERERENEBIRABANBEAS
REMBER -

M- BARERENEERSREN  LIFENEE -  RENARERE
M? ZEHNRERAE? EREERENcEARE ?EmME S
B?EEATENER  BHAENIER - F B 19 X E (smooth
exchange) * 7t 8/ (flow) ~ #E4& 3% K7 (continuous surface) * K7 [&(skin) ~ SEIE
(membranes) 235 FAEIiZ ] (bubbles) 55 - 5 LR E W EQFIFE AL Z
IRESENE - EAFHAREER AL - BABEA SR 4R RIF R E M
£ - 81 3D EEHNEEEBELECHNAAPEREERNEENRER
- NEA AR - Ho B EEEERZRE (Lupton, 2007) -

IEEAMRENBEREABSANEM  RESEWENERHN
LmEﬂi,LiEﬁnJr%VE?%TET;*-ﬂﬂxLAE’]WF'aﬁiﬂi"ﬂﬁ‘tuLﬁE/iE’Hy?ﬁ
(Hensel and Menges, 2008) - 7T BN IR FEAAG B FRIR 2 BB R 0% 8

BhEEE - DUEEILE %iiff%%iﬁE’\Jﬂ“t'fifié"\’fﬁ_ﬁ(Leach Turnbull
and Williams, 2004) - 221 - i BRCRENRFIARZRBEERENEE
MERBFRE SNEUBRBABAANERFEE - ERKREARNER Y
F< K2 (soft-skin) B RZ IR R A& /D BR R E L S 2 F R EREEE
AR BIEREHBRREMEGITNERAERLE  RE—EWAEL
ojft£%E -



MEESHUARETAENERE  EE TE2ERENENR - RIRAAK
RE - EASEATHEMAIUEEEMENRREEMIRIERREEH
EHZEBEK - FEHSE T (parametric techniques) R E R LR KR
IR A2 =0 B2 48 Ak (Goldberg, 2005) - HEEGIE R - £V H2HEOBEHEM
(self-assembled) F H 55 F FSE 55 809 M B 2 18 L 13 & 1Y 45 18 (Hensel,
Menges and Weinstock, 2006) - ELIL - DIEBNE RS HEBAR BB B
E%EQJTLX*U%/Q%Z‘CIE\E’JEE?] HABHEAEREEBNHERMR
KZ (bionic soft-skin) - IE S W B iS{CEIERITIBENK -

i

EHR 28 IR 1B (parametric environments) 824 85 22 (biology) U E 12
N UIREDEAESE  EHNEABRNERMERLEHEE ? Mttt
FEBETNENER R BRI ERENZ W RIE ? AMRABERE
Bl 5347 (case study) it i —E V)T MR LR ETEAMIERE - HEDUER
EEREMEI (framework) - ERERIF—REHETRMRESE N KETE
ERREEE - LKALIETE Grasshopper 2EAIRIBETHEIR MR EER
SR EB B R B M K /E R A2 (manufacturing process) - It H—ERZ M
RARRGFUREERERERTENSE -

1.3 MRFGEEALDER

HRESREBNRMREEHTERZEERIERIBD HR2E—%F
AR ETERTEFEZUVEIR OTE - EUE - A REBRSHFRIRAGERT
R AERE —ERMRERF AR ERBR AR REBH
JRERRETBRERSE - £IL - MIRTEADBEENEDER -

—SRABEADNT  HRAZHNEHER R ZEHEENE
%DEZ%E?HEJZ SERUBREBHENERFLE  EHEMANREREE
BRI ANBBELERRIAZ  KSIDAREFEER LEEIEH
URE - E P ERE BB CBEET AEEFEE - WESEEUIRIET

ETHNRMRK BB ERET RS - HEH I HES 2R EE BT
ReRR AT =B AR -

1. NOX - Holoskin and soft office.
2. Marcos Novak — Allobio and Liquid Architecture.



3. Xefirotarch / Hernan Diaz Alonso — Pitch Black and Masison
Seroussi.

4. Greg Lynn — Animate Form and 5900 Wilshire Blved. Restaurant
& Trellis Pavillion.

5. Ball-Nogues Studio — Maximilian’s Schell and Liquid Sky.

A EREREER - HEEZERMS2ERURRP - BRR
BMBEAETE  MEVERGE S I BEREREREERRER
BREFRAMAEAMRRERNERRY THEES-EBREH
MAM AR mEREFT AR ZR I -

ERERT  RER I ABSERBENAN - TMEHRZRMEAK
AHEEBHRINMGER - INNWHLEREREHUES - EILRIZREEER
fReRRKERET B - UL BRER - GREAmR S A RBE2BRET A
ETRR  AMRR/FE LI BN RS ZERFPHELLEERRS
R R S BB ERAET 2T ©

F_TRE " Y DRIERKEERETANMIERRE J B IRIE LR
AFHREDRERMAL —E " FIPRMRERET B ERE . AR
MAENY LIRS E -

FE-LRMERFTEN : [RE (prototype) (F3 AFIBTE - 2EHIELES
(Gero, 1990) - %4 f A RMKFE IR - 1T " MERKE BB ISKRETE
FNIEE L ERRRETEF - AMELLRYE ¥ —Z 5% Grasshopper S#
TR HE T ERGEHB) IS B2 (CAM process) VIR R « " EUMR K
B ISRETEBNLER ) DA RIRTES _DRATZLA " YD
MR RRET BT L 1T - WHERGIABUERERBRE—FE
RETIRE - DULERRE PR _FrER MR " PP MR KRR ET T ER

I

FOTES " M REERETAMIERE ) B - KBERAoTEL
B TP R R ETARIERE J (FAERIEZRRE 2B =87
RETEFRRE - (CBRMEREIREZEZZA RS - DULEXR - ==
"EVMRERRETEMEERE . - (FRRERIREIRERLL -



ERMABBEEBIRZERE - W RAED R RHIEL - BKAK
Bt SR S AS B AR ARSI - DU i AR S TR AR5 L i SUOR1S - AR

NER1BS)

Paxad

F—F R

IR AAXEEHRLHAFTAR

BB REEEMIRZER - BREBRE - WE—DRIAREE
BEES FBUIREMFETEELER ZHERR - LI TR
Eﬁ%&ih%ﬁé% °

I RE BRI E LR E R ERGE DA " BURRLRIRERER

RRIRE , ~ THURAMBHNERERE, - T 2EERETER
R o = (EE n#EATEIRRRE - H - S SHERRETIE " B
L&, BB HAREITRARE - IR N REER
REBREIREFSRHBNEES -

 EEHEEMALEZFNE—AF DR - KM RIKBESEXL

RZBEIREAER  HHMABELRERETRAMR D
- BERFRADTEREL" AT RMRKRET IR
ERE MRIERRENRTBEEZIL MRS E -

DK T D RMERERETEEERE . ETHRSIAPRISE =

BRI — FRRFTEFN MERKE BB ISR
U2, - DUk "TEMRKRETERIERE ) 81 - i
RERFTEFBRETRARDER USSR ITFEEZ
"SR KRR ET AN ERE ) IR - EMeZE IS
BIfERIEZAER - Bl " MERERFTARIERE, -

CBorii= - MEZMRAER - EMROMAEREEEE - XY

RARHH R Z R EE -



F_E XROE

2.1 BURRLIRIRYVEERFR IR

BEHIMNZSBELTE - WE Louis |. Kahn FTS: BEEAR - BEE
B - EEREFmERINRN - BIREEENIDEFR—ESER
R ZEAYZ B (Louis and Lobell, 2008) - FltE - APIFEARBEREZEIIE M
REBENYIL 7 MEERTENTRGGTEEE—EEEEE
MISRETRE - EMS 2 BRUABSEE—REEYNEREZ R
EAWITE @ IE1IE (facade) —FFRZRE I T 58 facies » IR face ]
appearance EEIHRZF - B - 5mEZEYAOME (face)is - ML E R RIIEW
EEARFEMNOLGER - YHEFERBEMK SR (built border)M= - 1FF
FIEPIHEIL : B o - #E3E B =5 Wand - 1 wenden (82 %) 3k, Wandlung (24
AR ; AL T ENEREINNMTE - K2R - EEEKRER
BRBNINEE IRFEEHES U EMEH RPN  BEENER
EN - BE—SEBITUE UAEHRIBE—THZAEN - E—T&EA
ST BEBRERFRIRNNER - YHBR —HTHeABLE S—HHE
RFEE{E(Krier, 1993) o

A I RO FE S SRR [CI R 1L 5 BR IR ZEFA YA RKAE - fEMarcus Vitruvius
PollioRYEE£E+2(The Ten books on Architecture) 5 - T HEIEEZEN
SNER - EERR  BUECLRBEE AR ZRIITHAIEREEMN
A - ARG MRENFH  THHEESEESENRENR—1BE
(Figure 1) - I EEFE S A LG A E (antis) ~ BIEIB AT (prostyle) ~ B
% B 1+ =V (amphiprostyle) - 4 & B #* 0 (peripteral) - & 1+ 7 8 =0
(pseudodipteral) ~ R ER=TERS = (hypaethral) (Pollio, 1931) » £t T] LY
EBF  UENFEERANSEAES] (orders) - MM LUIE—THIIEL -
HHEENARE R (orders) - BLEFFHMENMBEL  REZEING
BN ¥ EE B R EF(Summerson, 1966) - FHILE D0 - HEE
EW U EBES BRI EFRIAERNE B BB A E M AR aIiE
K B (arches) B RS B 45 S T AV RE MR AT -



Figure 1 Figure 2 .

HHERE HieEE

2|7 SERHER - S #t(pointed arch) ~ BH#tTE(ribbed vault) FIFR Tk EE
(flying buttress) BB R SHEXNBEEMERTER - EABEBERLBELTER
fEEEAR - RRN L —IERTRYER S A (Cole, 2002) - SHEEZE(Figure 2)
BRTEEEARER LAEEARONES - &A= IR X
EERNXETE  BEXREEDERMKBENS(rib) - #I&(vault) - A
) FE =5 (Schittich, 2002) - £ - (EREBERNRE ZBRIBRME G
BB BNRANEELMEE - ISR EETERELIREENS
ZRAEBREG - KERBLIRAERY -

MEETXEMBRTE FREFNVEFE - 1851 FHUEHEESE
FH 53 14 B 355 38 4B B RO 7K &R = (crystal palace) 54 19 tH 423 10 20 tH A2 AR,
& A(Figure 3) - EEB T HEEREEEBHEMEERMR 7 BN
#C7T(Pevsner, 1985) - [EEIRABZENAERE  MAEEZNEYERX
RIBRER LM 17 BBV WEREAZ A - 7D RIS (Louis Sullivan)fd75 IE ST
R P E AW EEZ BB A MY - DORIBE R H 4 EERKIS -
RANBSRNEENEF - ARMERENETBEEEE - NEDEIE
NNERTE - HEMNFEIE BN B RS S (EE iR B — N a0E R4
A - SRR D AR 7K A3 Fr iz K48 (Guaranty Building, Buffalo)
(Figure 4)15 2 & €V ERR{E(Frampton, 1992) -

EEBOHEERZELENRIREES P - FE1(Art Nouveau) 2

BRESN—HD - MBNEEENEMNETESEEY  BKAREN
EHFEREEPRRIZNEEHR - RERNRERMN-—ZR



[E - &% (Antoni Gaud?) - EfFm=X R P HACEBIARME - tEPWERE
FER  HRANSEXNRESES—E "4, (biological)@1E - BIZ
IRTEEZEEAMED X = (Segrada Familia) 2 #9882 (Jordan, 1984) (Figure
5) - T - AL B £E (classical architecture) A B[R Rl BRREFE TT
I ERIR - &SR U EASEMEED IR ER M - &
M- SERRIBELMTTRIEER OB EEMIIRRERLIRE -

Figure 3 ' Figure 4

Kag = trRIEA 12

Flgure 5 B “ Figure 6
PRE WELRFE P/

2.2 BURRUBHWREERE

HARR O REBEEMB MR - 282 - 8= - Ml EEZRETE
MARETAS ZENE%G  HBER 7T —EZIRCHIEE - EERNBH#
T BENTREAZEBBECHEARREMARIPIRIANERE
(Liu and Lim, 2005) - IRS Z & 1FET—SEEZ0m - AMEIENZ
FEERRIBIAERIR - S5 EmREERMEES B ErBURYE © #



Toyo Ito AY{IETEE2 b0\ (Sendai Mediatheque)(Figure 6)AY R &N LT
[ * Renzo Piano — Maison Hermes, Tokyo I REERETIHEFER - &
M E SR ARSI ARS - M - Herzog & de Meuron &3 Bl 11
HREHE  FRERENSEEANTEINBZEE—BEIFE TN
R BEBEITHNZEEMEE—EAUERYEBNIEHRRE -5
EWEEUEBINIEERENEER  BEAKNEES  GEREH
— 1% 2 57 1 2K (Nobuyuki, February 2002) - B 75 (& 52 & & (media
architecture) 5 FH 2% 1% 52 17 H (media facade)BN Z 4 EER BIRIEX (L
M T E MR EAVEN R (Haeusler, 2009) » 24T - IR 2RI Z Y
HRINPEIRM T TEZHN - EEZAEERM - EIEEE N  BHRE
ZRBPEEYNIMNRLAEE-BER MEBIRS —EMNREEEN
73304 1 (material) ~ #1 =0 9MNE (new appearance) ~ 2152 1% filf (multimedia
technology) - I - ELEEHZEREMS RABEANRIBBHSE RS
915 2 (information) 75 =, (Coppa, 2006) °

AR (digital age) IARBERLUEZ T A AR EEEMEIRIE
Bk - BRERNAEEREBENININE  EHERERMNEREASEK
PN et /BB HENER  KENHRTEREE UE - ElR -
EEXEEREEEEYIVAR - BIW Herzog & de Meuron WIEREIZXEEE
88 (The National Stadium, China, Beijing) (Figure 7)1 H T2 HEE
AR EEBEBHHASEERAR BREBZAEUE - E]E - 1815
EBMMRAZOLHER—E MEEEAAMEEAELTNEE —K
(Nobuyuki, August 2008) °

Figure 7
IREZEEEE

©



B TIEBE RS —EFam — FBEE 40 SFAEKE (40 Bond,
Apartment Building Bond Street, New York, USA) (Figure 8) - ELF2%E17H
METERAS ARSI AT - EREREH TENER - BR
AYEWERELS 3D L EREKKNESKEBEMNKIBENEE
ERME  WRBAMEABLNEKRKBAERENANKARE
(Nobuyuki, December 2008) - EHIE O] R - 3 ilfpEL AN EEERE
BliE THMNEE  BREUBLUBRERNES — EHE - BthEK
AI0E  ZBUSINIENER MZEZNARERE  DURKEHE
05| B E At )38 [RIBH 17 E 25 2Y (Fajardo, 2008) -

Figure 8
IR 40 F L BAIE

EENHFEEEMTREBEAREEERACENEERG  BERKE
BR VBRI ENERNTKETEEHEZRI - TEMNBERIERITE
PR IR 5T H 8 %8 % (Brandt, 2005) - BE= Bk R EARIS TEK
IMTABEE R LS BUERG - SEERETRRE /Y - FFESR
RERFTFTEELARL I HERSHNSLEEEEL EREE
5 ol MRV 1737 (Goldberg, 2005) -

2.3 SRR

SR RERASEN R ERFT 22 8HERF - DULEIS4EE
B8 BERTHENR AN - SEXAEERZRSENDHEBMY
EEMANS R PTEE ZZIRIFARE - L2HARETIRBLU
£ 81 702 B (parametric model) £2 £ 81 7 2 £ % #: (parametric modeling

10



systems)E &k 5T E R AYZETE (Barrios, 2005) - 59 - SEABELFHiEH
YEMZERERRE  WSERRUBANWHMRETEREARZERE - 2
YA ER O E—SEIRBREENKET IETmﬁ%?E%E’JmJL&ZE
#E - EEE’ISEE’\JKI%J?EME BN ERARNARER—(ESEIREERE
oh (Carlos, 2004) - 3L 2R - £ B4 48 73 =\ (parametrically modulated
approach) i & 1WEHnEA§ﬂ%fEETJ:E%LE ERNBEER
(Al-Haddad, 2008) - ﬂ%z—wﬁ Vi SR RIRIPREI EMIRIRA T &
b BLEHNERZ LB EE T B(CAM)ELEHNE %%Hmﬁ
%E%’—’E%E&(Hemsath, 2009) -

\)ﬁ

E—Lw - SENARGTPHOREARANER O HLE © Bk
BY(Spiraling) ~ B1% % (packing) ~ #& 48 % (weaving) * FAC%(blending)
22{b % (cracking) ~ ## & A (flocking) - ﬂﬁﬁﬁfi(tiling) (Aranda and Lasch,

2005) Hoph . BENMESZRENFEEFER - 855 (wrapping) - #RaEHE -
37 && (folding) ~ ENf!(printing) * ﬂ%”(pleatlng)%EEMﬂ(Hodge 2006) °

BR7RERBERNSE SLEDBEREREARRRTEEBRERER
B - FHBUTBEMEMERAMN  IWERHANBERERER

(morpho-ecologies)( Hensel and Menges, 2007) (Figure 9) ° L%oﬁ%ﬁ‘?
SFAREERANNEAIER  ERMUEREFANEARESEIHR -
EREREAMN -

Figure 9
FEAATE

MEESHIRERE  MEERBRARELS - HEBHEEM
WIRSINERBRHE FRINUETNEEB gl 5 & —EAolsE - KBA
FEUREENBIRE AN EFE  RABARERIEAREENSE

11



FENEBMNTNERX  TEIUEBR A AR -
(Aldersey-Williams, 2003) - ZHEBEN BN EMALE - BREMBE
AEMERNBEHABBED - BED  BEANBRIZER - ILIREBHT®ER
MBUEBERMETEREELTAEN BETRIEBREHFRIEAN

-

m 5 =(Paz Gutierrez, 2008) - Xefirotarch — Maison Seroussi (Paris, France)
(Figure 10)Z2ERHEEFMNEURET T EANEREEERM - BRET
MNASHMHERNERETRERITENEIRER TR FB el HE
S5 —RBERER - IEWEFER—{& Moebious Strip - S22 B FTE
SMASRABIZ R B - BIRZENEE YRR EREE(Alonson,
2008) - 75 113 AR AN a] % £ B4RV ol 48 R M 12 il 8 R X A [3) AR AR AU 22 5
TR 22 Y7 %4 10] 70 2= B 20 22 R 20 7 FEI AN 14k 38 A % (Gol dberg, 2005) -

Figure 10
Maison Seroussi

ERABNRBSHRRIEARE BETUEISHATAE
WA PRt oP - A A G A A0 R R A 5 T RO 4R 1
HEEMSTT - BE - %70 - AR SEE R MRS RN R H
FEERst A S SBEMR CREEE BRI ER LR NRAE
B -

Him - BERHAURENEREEEEEMERYBEETREE
B KEEEYUE  INEEFERDEINEIRER  NEEERSD
518 (substructure) < 18 - SLEWEE T Z/NEY - HENIZBERIES
th B s H 42 B8R M (free form facade)B 1 ( BN EBSZRIBE R
52 ) DARRARRBEL NRZES (Knaack, Klein, Bilow and Auer, 2007) -

12



F=F FRBIHR

3.1 EHIEE

HRAZHWERTERIRFIZEHEESR AR EARN - U ERAE
BATNERELE EHREMANRMRLABRATRNE B ERE
EZHAZ  EIELUEMMRIER/MRLE - HELBEERFRTESHI
at RIETFBENEE R K BRPERETRA - FHEITELEEASE
"HT B M RLEETERERE . DUFA N —DHROERE - offt
HENEMB M hERERTER - TREEERS
1. NOX - Holoskin and soft office.

2. Marcos Novak — Allobio and Liquid Architecture.

3. Xefirotarch / Hernan Diaz Alonso — Pitch Black and Masison
Seroussi.

4. Greg Lynn — Animate Form and 5900 Wilshire Blved. Restaurant
& Trellis Pavillion.

5. Ball-Nogues Studio — Maximilian’s Schell and Liquid Sky.

EH=AERURBNRT - BRABMEREE  hEMEEGE -
SN TECREERARKRRSEEEERFRANTEBFIAMRE
RAIEERS - BEERAMREEREIRKS T RERKEFTARER
2 HPmRERERRIERK BELENEIERSZRAAE MEER
MREK - WHERMRNRBBEPERTASANRERD 11 LEAREEE
an - B - RAIWEEZFTEEBTENRTEMIINEMIERRRE -
VEERIRBID R EE S E ] -

o[ EME - WIS AR Tl 2 Z Z ARSI B8 M BN AR BUAE 57 P
B WESENEANAS - ZBR 7 L EERHIORE - RAMEIbEE
7 Ball-Nogues Studio FOM{EZZ L5051 241 - 1FmEE :
1. /NEIPSMESEE 12005 FEEIMMNEAZ AR BRSO -
Maximilian’s Schell (Figure 11) -
2. REIPHEEKRE . 2007 FAKNIRAEMEZS RN P/OE
SR EEEMRRE — Liquid Sky (Figure 12)
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Figure 11 Figure 12
Maximilian’s Schell Liquid Sky

EMERAEZEE RN RE BB IERET  HERBUTLE
NWEESHEURIE NETRET - THEEREEDL 11 £4&1FR - ERE
BESRERENZESE - EUILEKE © Ball-Nogues Studio FY—1EX
R RRpHE—E/ R ERS  EMERAEBEEECENRMTRK
EHEFERTERBRENERMRRARETERAR - NI RS R 2
ARV SZ U EBEMRTERROIITME -

RETBRE-—MRBBALERER — 2 - BBERET - PIHERE - 4
EhEe ETEAE EE 5T = (Cross, 1989) - Lim(2007)RIE— 1% Bl a5t B AS
BESA — LERESE  2HMERE  3RETHRE - 4806 2
TH - 58S - AAFERER Lim WREZRG TR FETEND
FriRes - EMBEESRNRMEREBEBTEZ T T REREKETE
FEfERE 3 -

Ball-Nogues Studio =2 FH Benjamin Ball #1 Gaston Nogues #2 B AYE& &
PABETRE  WTF=EFIRETESE - 2 - EmBEWEE LTHE
I — e BZEm T FERE  ERFEHBUTIEETRTENA
CNC(computer numerically controlled) &5 BN it TiBIZRVETT - HAD1Em
Ejﬁﬂi%Z—JEE’JQEEI%gmer BN A#ZUMEZEERFENEE - AU
HEEEENRE  KY - BisEEMylar)Z - EMFREETT - B8R
%E@%T’Etﬁm?ﬁ%xﬁ@ BT SRS EN TEEM RN RERSE
B DERENASARERENRE - SR TENERRERIRW
ANEIRZ Ball-Nogues Studio & 2158 5145 &5 (Materials & Applications,
2005) - KEFFE Pk 7 W1 Ball-Nogues Studio FO{EmRIERRHIFFTT -

#£F CAD/ICAM #E 1T BRI R ARG 24T -
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3.2 =Bl

3.2.1 Maximilian’s Schell

June 25 2005-January 20, 2006 Materials & Applications, Los Angeles,
California, USA

IEEE ST E AR SE NN B AZ B RO AL B2 FE FR ch DAY RE R op - SE BTN
BERE—HDERTRIFMN 2L BLRNERE  S—80ERTE
BTEIFFZEHEMNRLIES "FEE 1 PH—EBEE Maximilian Schell
BE - KEWRSTLUNEMBESHERE "FEPRMAZE . DULE
KMBNPIHINEE - I TFEPHGMAE  WERBELUREEKIEN
FERRBEABMA  BEEPMERN LA —2ESX - —(EELE
504 EARINZHAESIA—ESHENZEYHE - SREEIREIMN
EXMOBIREMRAEEHESZERDIPINAEE — RKABFE

T B MREEREZN AN 1 E M B AR H M E X EE (Materials
& Applications, 2005) °

R E B EFEEEYA] - Ball-Nogues Studio £ EBRE P CIEELR
B—FHNREMRTZHRERE 2MER LN FREFREETTEM
EEFF - RAEREREENMEZRZE  WomEMEm - HELHR—
BHEIERIEEENZ S E M (made to order) Efm © AKFHAFIREREIER
BlRR et RIS EREER - 7 N AR S BERRET EREM TR (R E
RIERER AT - U TN AES B AR AT EEFRBIE

1. BEFE R TESHBHENE IWEAWRTRINARAAL b
/NEHTE 5 (minimal surface) - BEHE TR FWRNDPBER -
EmBIERETEB R Frei Otto RATHNEHALHNAZTHRE
AR 2@ e R Z 18 (soap films surface model) (Figure
13) - —{E B8 8§ A1) A EE Ak R B2 3 1T A PRIE I TT A (finite element)

ST A S

EERRE -

TEFJT 1964 /5 - Frei Otto 7E i Bl A04F A2 (University of
Stuttgart) B3R E A BT ISR - A - RGN ERELLZE
FETERNBEATEME  IWBEEFENEREARENLG
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18 - BIENFER 4518 (shell structure) ~ B 4518 - FE 4548 (membrane
structure) « RA4E 1B (cable net) ~ FTR 45185 (Otto, 1995) -

HFEEDHMR MRS EARREVSERERIAR
ISR - FEEEEREER LR (Figure 14) - BUK
ATE B ImAY ZE B R (Figure 15) - IR EAIETIE L BB
RRRRETIRTR - #E - HEROSAFRINENME — B8
ARRVEERE h RIFEE—D /LA CAM 1REL - IR TE A
/INEC I B i 45 B 5 15% 58 FE AR R& (Figure 16)

IERNERERNRERISAN AR EUTEE CAM TER
B WHRKRETHDEALREZSBUERET FUEm
EREASEMERVER P LIERER CAM TENNU4RIRRY
R ETT(Figure 17) - LI EMIE)ZE CAM RALF & FRIH#Y
HEEEKHEARE - Am - 8RKETHARBIOBAR
el - REETATRESHEMRZANIZEERR -

Figure 13 L Figure 14
WE BT E et

Figure 15 Figure 16

=R BZLHIEE
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SRR EIR . RBRTENFEERERUSEERIE
1 SEMEAARB I REEMFEA 3D SRS ETHUCEREBSER B
NEHE 5 RE - 1 TSR ) FRER - tRIREIBERVIRIER
URE . SRR K EERFBEMAEREIMOSI RSN
AR DR T SR RTER AR KB ERR 2 BV B E R 2 E o &l
w1 5R 7 (Figure 18) - HILEMITEX - E%?S@HHKEEEH’EE% 7
—fE4ERE - FBIRIR - AEZIEBRMEINEERER -
EHIORARMAREER - (FanllE—EEAXRZE HHHH[::R
TEMRA B 0S| DEEER « [@ S -

Flgure 17 ) } Figure 18
T E T EIEE

5T 2 R : Ball-Nogues StudiofE &z 22 {F an it LA ST1REE/NEY
1/4 tEBI CAM A BRENERER(EZOlTE - & 7 ZEF
FRATRENEEYR KT EEZERR AL FEWMylar)
B INa& 1E A RO AR FE BE (Nylon) B2 B2 B % 48 4 (Kevlar Fiber)Z5
MR- DB AR E M R A e E R A

EREMNERE TN REETEREUFTET—— 8 FLUE
B EENERIEIE (Figure 19) - BRIGE LM RTE CNC F & L1
 BRENEBTTZEABTEY  BEIEERTERRAEEEL
PLCNC #Rsrk - met A A LA R g R E Bt/ $(Figure 20) iz
EEMESERE ELUAM AR R B (Figure 21) @ HERIKRSE
89 1/4 LEBI CAM = BU 225G 51 8% (Figure 22) -
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Figure 19 Figure 20
FET FEE T LE

) Np—
f

R '

2t

| #

S g
3 % o
) R R s
N X &
LS NN =g
2N ¥ b
- P - 4
{ N, [t B o )

Figure 21 - . - o Figurgzé
Tz L ET 1/4 [IEAIEZE

MEtERET e T @ « ¢ ot e ol Al - 55— BRI g AR P &
fERY CAM REL O ZEREEM R ARIRPTEBRFIMRE - K
SHNERKETHBERLMBAREE PR ERER - B
A - EEFNABEZERER R RFR CAM HEHTZ R R
BRE - BRUMER CloBiAfzie - WHE— TR F &R
ERIEESK - # MR 1/4 tEAI CAM R BRI R taet B s 42 fF mm
PREEANREMR - KRR NEAZUESEENR
Y BEmERBFmESEE  MREMTRRNSHERE
z8 -

PRUL - £ 14 EEBI CAM #HEIch - GoEtEFYAF i 1R 2R
EEANIEEREAER  DEMTEBRASEREREMEEZMI%
BURORIA R - BEE]IREENR - WHEERESESEN
Mylar - EEM RH4FENEEZRTEIMARIRBHNESR - Z K
NIRRT AR TT TP B SRR Y 1:1 EEAIR R -
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HAIERE Mt ERAFELUISE 111 ERERNMIEERM
RE PR A I I 2228 #E(Figure 23) - EEBHMB R EIBITHEER
ZE CNC ETHIEIFR L ETh TE(Figure 24) - AR E—(EE
TEAGAMEE - Bt TIESEEEMBEE - #5275 CAM
TEMBRENEEEE - BNEMUALIARNEESEMCIE -

ZRREETUEITTE - EfF CNC Y| Ha{EREeE
RE g 7 12 %%ﬁ%ﬁ%ﬁﬁ%ﬁmﬁkﬂ(ﬁgure 25) AL A= fERA
B2 fix % Bi5 500 £T (polycarbonate rivets) & & % 57 &8 7t & (Figure
26) - ZH***ﬁﬁifﬁﬁ’]ﬁmﬁHK%ZT@%%FEAEiﬂZ(Flgure 27) - W
AMFEEM BB IZ A BEARTE - - M AR 2R RO & &
ﬁﬁ%ﬁﬂ%f#ﬂﬂ%E@B’tﬁl%ﬂ(ﬁgure 28) - E{E@EEHH 1 504
R ARG R - BEreEm e R Wi s E R S Tt ER AR
RAE R - IhfEiEE o /OBy T 75 ol 2 4 BR K ZE (Materials &
Applications, 2005) °

TeEA BB ENREED B4 kGRS - L?ﬂ%ﬁ%
BEENITER  IRINEEEEF RN RINRININEE
ENERULIGRERMPZUBESBNEEEREE LW Frei
Otto R4S - E—DZKER - Maximilian’s Schell B DIER 245
8 57 [ 1945 5 (Corporation, 2007) - B3 504 & A48 B AYTE I
RSB EHHEREIRNRNEBE 5 —ECIETEZES
= B B RO AEHBAY B oo I L B ik R B S0 2T B E 5 2B 48 22
ToEAF RS - BRENNEE - TEIRAR IR B B oA o5 K\
AL AR AR B BT -

EEREECEMRBERTOERNERD e X EHE
T FREENTEAERMESRNWEERIE—EFEFEAE
THEOHEAEBHNFLINERE - EELHEIEF A - KERS
EBBNLTCRAIBRE TR L - HEEEEEENIR
EETEEERTE S s FZ(Ball and Nogues, 2010) ©

19



- i
Figure 23
BRI

Figure 24 .
Y F K E T

Figure 25 - Figure 26

FKEETHS BERET

Figure 27

ZaHE. [}
pog J Y L
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1.1 LLAIRZ

i EE M R BRI AR BRE PO LISH £ E S
P& EX 5 - Ball-Nogues Studio B #£F34a7%IF/\EEAI CAM R ELETT YD /Y
AETRIER - WHETT F HIP RIS BIIINRRET - R R R ERFBRIEH IR
HqETEMRNEERERRBE - ERERBNMEE - RETSRRERER
AR BUAREER(E - ANZED 1:1 AR CAM A . 535
FEAERER AT 2T TIPS ER RIF IR AT SCRIRIRRET D8R - EITAMRIEER -
EREEAN 7 BNIEBAE R - St2IRRET AN ERZZ IR N (Figure 29) °

E =+ =i
- {48 B o A T
R smme
f RED grEaciors
B mmgy
= = ey Lt
2 pwEw
B YA E R T (L
% 1/4EEBICAMAERY

B

o MR

L et
4| o
f  EOZBEE  ASAMI
% EHBT Vs

Figure 29
Maximilian’s Shell 225712t 1E7 2
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3.2.2 Liquid Sky

MoMAV/P.S.1 Young Architecture Program 2007

June 25-October 31, 2007 P.S.1 Contemporary Art Center, Long Island City,
New York, USA

LEZE A5 A #I3R A EMTEE(MoMA) M E U 24l R /0\(P.S.1)2007 TP 224
B B iR 2R AT R B P RYJE f5 2 - Ball-Nogues Studio FRARZ = 24730/
M EEEREIANEBMERFUERE - &% "Liquid Sky, - LERE
BEEREMNINESREA  TEEREEMEMENRIMBTHNS
g -1 REIMEMAEKBETATLERAES  RETEHE
BESAN 6000 A - SRETPHREES—ARZERE — Bl - EBAEBEK - B
AEEIREHERE =@ BraE st B T RFE (Nobuyuki, October 2008) -

AR - ERREERAERREREFE ZERLEE  ME
—EMATEREERK-TH - BER E—EZ=%] — Maximilian’s
Schell - EEZEFIBHNEEANRKRELRIF - BEithFEEEZ E— B
A fEK/)\(Figure 30) - EFEGIFmEEIELE - KEAHREIEEHM
M ETESISAEER S 0E RaeEt 38 R B T 812 & Bl 5R AR A
T - LN AEDBA R ETEEFRIE ¢

1. BHEHE  RBUFEERH BRI EETR -
R AR D% = 1EKIR(Figure 31) - L= ARIHNFRE
ExRENEAERBIERESD - LERAS I - EEABEE
HWERFZ2REEVREN "ESTARNECER, - 25
HRBEBBUBAMERNRKRETHMMIERRENZRE
B R FRE2RIPNERE  REEMIMNSHIERE
BRI EMECE 2 2P ORIKRERER -

NEREEEBRKEEN AT EER UM ERBERNIR
Wl - IR EM R = BB E R KE AR KRR
mBEE  DIIReCAREMANRERKRERKEZE4A
SEHENPRIAM - EAEMAEAEAY P INEER - Ball-Nogues Studio
et T —REEENKERTR L ETTEBRARY - HUERT
IKEE VRS2 A 15 REEL{E 3R 57 (MOMA P.S.1, 2007) °

22



S| -

4

4 |

|
Figure 30 Figure 31
e FEEE

WMERE . EEEAERE D FAMEERE - HRETENFE
BiRECREAIEREE - R EBAREXABBEENEREE S
$E1E 5T A (Figure 32) - Wi 5= K2 T EE 709 Ell(Figure 33) - ##3&
FRETSEHARNE S BEEEA LSFNSEAER
52 M {2 15 2148 £ FE 5% 57 ol 4R P 2= A B9 8 2 K/ N R EE Bl 9 3R
RET R EABEIAERGEEFigure 34) - EMEBEBAE
REFTERDEBER — —AMRAREE (Figure 35) - *
ZRRMIT R B 45 1B BB o5 Ak (Figure 36) - 3 F2R - ELUL
HEERRM/NEBRETABMAA AR EERE -

B0 —FHHE  EHIAMUENEREREERENRLE
85 NS P ERR NSRS RN EREMBINENRE
(Figure 37) » WP REFZEZETTHRAD D AT ESIBER
RZHIERE (Figure 38) - EER BB B DR KL ABRIIEER
R (Figure 39) - LIRS REXREZBHIRINEREBUR -
S5 9h - Bith 3 B IKOBIA TR K2 BB TT A Al 2 B AR M TN AR B B
BRI ERIER  REAKERRDREMAZE " AER 2
F AL T0(Figure 40) - SEIKEMRE L ETAB R
MEFERIUEATER " PME | SISEERRERERE - 56 " b
WMEE L BRIRNEZFmmAAREZIEE  EREMIEETEAR
TEIREE N EISRELE - R 7 I PIRENES - 38 Fiil=
BENBIE - BT 7 Fm&xEIERETE 2 (Nobuyuki, October
2008) -
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Figure 32
BELLEY

Figure 33
FENFERE

Figure 34

[EHZ L HIES

Figure 35 Figure 36

ZHER TR
Figure 37 Figure 38
Eyirg~Eid TR ETHE
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Figure 39
BED HTE

Figure 40
E4ing 35474

ARETEEMR | B BUREEE BB ARV B fh Z B AE AN
EEBI CAM HHEEGHBRPE B - IS HNE R R F BT B 1R 1E
(Figure 41) IASEFEBEERERENE TR NHIER
i} A CAM TEEERNETT - B——iFEAEB AR
nAERBREE - WEMSBRPEERRIEIERMER S
RRERAT - EEEREREENEBREUILEEELEEN
ARRSARIN 18 Al B2 3 A AR 3T (Figure 42) -

P af’ l~_rg' «_*' u' '

[

o

(13

YRR

Figure 41 Figure 42
TR ET LLAIERE
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4.

s AT LB AR ERN2ITP ONRREREDP IS
3 - F—RevEER CAM RENREM R ZEREERERE
WEBABRERR AR AU UESERRETEIRENEBET
RRONE - 221 - BREm ARG BB RFIERE&RET
REBERS = AR EERRAGEE - B - FrFERKE
MR EREE - ZO0EIERRICBIRMARRGE -

HEGNBREMRARREENEBREEERFSHAE
AU - Ball-Nogues Studio TE3S 8% F o AR RIE R EZ2 BRI
TEERGES - WA TERINE - EREMIERETIEI S N EA
BRI - EREEEME L BRANE Mylar BI5HEE R HK
B9 T EEERT ) BRIETEIESRE - 2 Ball-Nogues Studio REER
KEERNME - BREABEMEERWERE -

ST | &8 EmpyBE T B 9T - Ball-Nogues Studio
EREEREN 1.1 BEEIEE - Bt HKEMMERBNZE
R AR RN A B ERE - KBRS ERNEB T4
R XERBFEN=RARMEZRW AR A HE = Hi
(Figure 43) - —AHENEMEZIEAEMPYMFRUTUER
#EtE(Figure 44) - BT A UERKRE B BRI Y E
BEfE—#E(Figure 45) - BR 7 ol iR E 8 P K 2 2= (Figure
46) - BERDNABR TN EEHEAN B ES RS
(Mitchell, 2007) *

ZAXEBRBERRTE  BNARESEERTENE
BN R LR mE EE BB IR _E(Figure 47) » ERm
BME B MR E /RS BEEEM - REEEE HR(Figure 48) -
MEEEZIEER EWBMREFEtT RS ERE LR - 1E
& ARSI AT R EME AR (Figure 49) - BT - FRMAAE /SRS
MR EEE—E I Fmia—ERENERBBX
W TR ENEREE Lo DB R R ER A M
BHREEFIEE 2 RNTE  BMREABER  22R¥E
B9 B FR A2 BE H El (Figure 50) ©
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Figure 43 Figure 44

=RaE =E

Figure 45 . Figure 46
E]E7 =Kk

Figure 47 Figure 48

Figure 49 f Figure 50
R 1.1 AR
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72H75e Liquid Sky ZERRETEZEBBE LIS EILEETR, - HEE
aTE M5 ER - Ball-Nogues Studio X2 HFEER AU LEMEE - fFmiZic
BHBHI ARIFmAARERREE  RMELERFEBZHE
FEMEAEZE REEMESRREER  FHREBUSBEERPRERK
MRS ENERENEE - et R RIERARREUREERENT
LB CAM 1R R - FEHRERR CAM BB IR R AT TAKR A%
REBEHENEMZEYTE - AEtae st 2t TE R ERRIET MR
RAFmEEE 1:1 66 CAM BRI B FIF MR K84
B S—UERRE  BUBBRERIERNEEIFERGHEL - FA
CNC tIEIHAERRFLETEBANMTME 2% - HBTEIR
MR RRIOARIESHRERTERERNEZIRIR - T2
sTETEVERIZ L T (Figure 51)

i

o FRER e Ry

2 BEESN ERIMUSIED

i BRI TR
% LG BlC AMAR B

H & #4510 Be

I && 4x
& o R IBERE

M ENXBEs  AHAmI
2 EHEBET e
Figure 51

Liquid Sky 225122t (E A2
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3.3 ML EMRKE T AR FRZEL

W EAAEA DI LUISH  HREE RN RE BRFEEAB L
BHRE - M\;'ET%ﬁ%E)S’Z%HT%EECL??#%'EEHmE%? - M LABR Y B B
ABSIERMRK - MR K BB ERETEDT /NS CAM RE
P BRI - ol IR 2 BRI REIMEE B 2 RN ERRKETHNERR
ER ﬁﬁﬁ%ﬁaﬂ'f&ﬂ%ﬁ# - BSNEINHUREPNBERPEZER -
R ERENEURERER  IARUEREERTENESEEE
REERAREEEFTEMR - A - wAERRET AN LB R EETH
ML ERESTRIRVAS BT - BDBESHEZEEMR -

RIZ it B B0t 3R K7 B BV ER T M E Rz AR A BB A — & T #)
WM R ETEAMIERIE 1 (Figure 52) - DULERE T REBRSEHN
YT HERZESE -

% FREE  AHEMMER
il ZBIFE NEAICAMIEE

1
5 BRERY ERUMSHED
= AR E AL
.
A bt HIC AMAR B
2 LG Al 1
5 4 -
i =8 M i8R
L & = S
s ER TS
% o
N EAZEEs AAMI
% ERETT A

Figure 52
LB Fe Rk AT EE St TE i e
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=
i

nX |:|'|'E 1’E

4.1 MERE BEBAFEERETEBUER

KAB=—EXRMFDTERILUSHN  ERMERKZ B IERET AR F
MRS - SREERETEA RREBBEAN - MRlallRRRERIE
AEBHAREZIREMRE - R - BT BRIERADTEELHN 1)
TEMRKERETEARIERE ) AR RBELZHET —RITERKE
EHRERETEEERERNRE - DULBREERE " VPR RERTE
FEfERTE s Z5eRBMHEZEE -

Hit - AMMRRETRIBEEE BR[O ERFIEEN "YIET ]
MRERETAMERE ) - REHAZAMBRBAEEENITITHE
IAARRNENIRGT RN ERTR - - BWERETREBIHHAENERRS
REMURFTHWERFEREBEEZDE L BB EM KRR M (Lim,
2009) - M RE BB ERFAETHNEAEZENERERERRE T
RSN G TR BB RN RERETHEBERE - XA
{80 B (sub-steps) /B B M R 58 5T EA B 24872

1. BHHE  REIEMRERTEEELADABRSHOARE
B AMUELERFEEAN REANT A EABL0EILE
EMmERENERT—AERARECTBEMBERERML 585
BERBRURHESREBEZARLELS (2R ) - EEE (7
) BRBE (REET ) BREFRANRER - B2EXA
FABEE - AMHURBELEFEALRE -

RIEMRETER SR FHES GBI EE (Figure 53)
SRHEBEEENGEBED  EEHENEEE ’E“}%Eﬁ/’l’f
FRNABS I - wmEESEMEAR S D RFEYHETAERR
maie HELOAEE iiE@E‘C;*E%’%E%H’EE%ﬂ/ RS

f232(Aranda and Lasch, 2005) - OJ1EHE @ MR AR EEE
ERERRENE EEIH?EEEQ.:fﬁﬁaE’Ji Hi4R - BME LIRS
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BEABEAN - @M - WEIXEEETFIRA - EMFTERE
RGBT EERENREN  JUEBRENEYGERHES
AT BRARSRERERGRE - EIEENZEYE R RO
RARHIERSE —RER CAM HERRE 4GS -

BRI EENIAZBETE Grasshopper FE - A
SR ELEVTSERE - KB AutoCAD SRESERIBEE
4 2D =BT - BANREHUEIRES /N LAIZEE CAM
A (Figure54) - ERNERGR  REBAFERNETAHAEBS
NUEZEEREERHER/ NALEFNEYE R BB RE -

Figure 53

Figure 54
itk BEEE

WMERRE  RE YT HMELNARBS N 2% - AIRIBAEU
T E(Rhinoceros) & Fmtxin - 218 L YT 4O
52 8 (Figure 55) - &I & B 5 A Rhinoceros Sh# T B
Grasshopper FANIES - £ Grasshopper FiEAH EE R ER R
RAMFA - DR EEY S A (bio-flakes) BB A B REE
TUIRIR © Grasshopper WEEERIIINE R B ZMMREN D
2 "B REETNESHESENAE - 358
HEESRASHNESIIER LB RMERENREEER
B RER - ARSHEERREETAB A - EREE
R B (to fix) B4 LR URES R (oints) - BEXRES
HLUER B E R K B oh o B M B S IR 3E 45 (Figure 56) - &
MSRMTHNIMREEBRRERTER -
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F.igure 55 'Figure 56
gkl gAY

ERETERE 1 BB Grasshopper WEETER @ B EEWSEHET
BEE E AutoCAD 31T (to unfold) R EETTROENE - WIE
I8 2D R E T EZEEMEN(to detail I FAIMRSE - 1HE
FH CAM T8 - ERYEISREEREE  FRNMEERE
REVEEEUZ 4K (bristol board) - WA TR 15 81 BFRLE
TCAHRE R 1:20 B9PEEBI CAM 128! - IERF B R BHERE
HEAEESHNERETRINEZL GRS  BUBE M EE®(E
EIZE - 1:20 LEAIEERE R (Figure 57)(F A1 EE RSB EEAIEIAIE
A - OIS HN - BRhERBNREETHBAINER &
MR B RS ol LIS RR RO B TR ST BRI AR AR -

Figure 57
1/20 lEAIEZY

HTEM 11 B8R - BR[E R Rhinoceros 4]
IREIREE - B EBAZIR EINENE 2R MR & A2 (Figure
58) - ##ZETE Grasshopper FHRERLSHEE - IBIMERLETHE
SL/E 110 BESENRFETZANWREENAREFigure
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59) - FEEIEA AutoCAD JETHEFEAANENEEIE - IERDIEMZR
] BABECHME 0.15mm BYEBH Polypropylene #1755 R
HEEI CAM RBVEME - KAREHTIEIBESE 7L 144 [ERE
BiREBTARN 1:10 EREL  ARHFNIMELARME
BREBEEIFILEFERE  FUITESHETEBFHW
Polypropylene # 5% - MMM XL ES R CEE - BRFE
EMEEARZRARXE N RRETHBESBHIRREE
BB - 5O 1:10 EEAI CAM 1822 2 IR Z 81K £8 (unformed) -
FEBIMNZERERSRE  DIZEERNRDEERKHEN
BRI EOIRE - BREETBREHE - DESEEEAFE
HY%= K7 il (Figure 60) -

Figure 58 Figure 59
Egirg: ki) SEIERE

Figure 60 "
1/10 tEBrEZY
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4.

AERRR AT BN T« 7 EZRAY 1:10 LEAI CAM AV E FRh Tl 2]
BLRNETHVMRELDEREZNAEE  BYREETH
mBEAEN BRPENRKEEBERERETFRNECH - R
M- WEREORERZ BRE  BEREEAREFER R
NEBIFABERT - BV IATERETT 1: 1 BRREEHU
ERERNZBINEE RinET 1.2 [EAIER CAM EEIRIE-

BR#EA Grasshopper 2EIRIEDETRAESEENE
fF  BMEEETHEEERRERNRERE - BRR
0.15mm B Polypropylene #1758 = REEHEIEMF - BRI
07 ZRE R Polypropylene IEMNFREZETEE - FIBEEHIE!
WEL T 324 [ERFETTABR 1.2 BERIER - IHEBR 7R
Bz 1M 2 INEB B E (net weigh) B EAR - REETT M
FA#@ 3 (brass eyelets)E# 0] F BFEN AR L ETNEE - —
ExREE TEENERERNERER  DUHNBREEERTR L
I8 B ES SR DG IR B Bz - M AR A @R IE
HMREZEAFRENAMREEE  —UIRAEBYMUES 1.2
EEBI CAM 122U 23R 8B ARAY B R A2 (Figure 61) ° LERAFRRZ
MRBRASEEBIIIS BRNBTASHMEAHUREE
BREXEAT B2 MNRSEINEERS -

igure 1
12 EAIEZ
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FUERE BRI REH - ERREEE eI
MZRIBERRIRKLBIAN - 1 Polypropylene BB AR5
SKRBERMY - BERM RIS EESRRETTBAMERES -
BEBMEEBHREETEHEMEE NEREZEIVIHN
EBEK - AMELATRA -

N2 EXRBRE 1. 1 ERENHNERS  F-WE
ASHARIBEPETAZSHENEF - 1 1 BREIRE
RE12 290 BEE 65 27D 5E 115 APHNEARERI -
/% Polypropylene MEBBNRZHAELIES] - FARIELB
AERNEHSE  REERE—RABNEREIFTERN
BRERSMR . ARERBX  FIUERBREXEINSE
HEMARIER/EREME - BEIRLL brass eyelets {ERES B E
RO ERNETTEE NENEQMRABRE -

BE NAERNUBIETRIRLES T 324 B 5 A4EE
MR R BT AHB 1.1 BB - REETHEERENBE
PRRANSESAMENAR N RESE A EBRERER
DB REE TS - HERBERERFENRAAREENETR L=
RRIERELIETT BB oS - TR R WA MR KE
SIRFEGIRRE(Figure 62) - IERFRIREIEEED 1.2 EER&ETIARL, -
RESRRENAME - #EF - 1R 1.2 BEREIENERNERE
24 BETCERPIMIZAEMTES £ - 18R LT E#ET
ERXETEH DERaENNARBEERASGERE - 32H
MRREGNBREEEREGE - AAKREER ZBEBEENERS -
RBMREESNE DB R REE TR B AR
T EBAIRERE -

& M LIARRNESEYERESERLNIR - 218
RMREESESEMEENENAIL - i 5 (bio-flakes) R E
TolRE Wik B A2 BV H AR B E EE S LER R AR & -
1:1 BREMBNEHMNEREE i ZIREE RN ERY
(Figure 63) - XMt R BB ESRR T AR BRABRIIERER -
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4.2 BMERRZRRET BN (R A2

NE AR DB IR & - AEERFAACER ¥ — RIS EERETEH U
ERERCRFBENOAELSR SREENE MR RET8HE-
s ETEm LB HUZBABEEZEIREEPFIEE - ZF R -
i aE T D BRE TTRR AR AT & -

Bt MMRKBHEEASAESZER R IKRBERSZI - I
RARBRINIE AR I LUIEERPEE R HFZREBIMRN
EZE - il GBWE - SEIEBENER - /A CAM RELE R
RE—TRWERNENFIEE - SR EETHERERENERER
R - R - BIARBEAAUERNERS  2EEEE
W\ /R IBHLIR PE B K 2 5 B T BN E RV 15 (Garcia, 2010) » 1 - E#
TRASNSEERNEBIRR  SEEEBREMERR FEAREER
HRERETRFEIN - HAESRREZBRZEEFRERFIFNE
BoR  HINEMNES S RRETHNEEREERSHNEE &
RHEAEHTEMEVEENREGZS  SLEEBITRBEE/NLH
CAM BRI INE BRI - AR N —LPRNSHAS -

FUEERNBIZRRERR T RERENGERI N ZE - RIgHHER
ATFCKEBBAMEE - WETISAIRETE Grasshopper RIS EESAIH
218 ERRENERBN S BUIER - B K (digital skin) AR E#H
ECRAZMEERE  REBEBRE - IOREIEZREEREREENE
ZFhEERRE (Taylor, 2003) - EmmE 2B S EESIIKEFEM
POEBRR - ERIEFEK - BNERTZR BN E— SRR RGER
HHBEME -

B 7B =PERIVRRET SRR - & VT SEIREEA CAM EE - HuE
MERENBREM FFER - ERURNNSREE RS SP - a0
EEEBREBRE  BEKXFNEEH LAA U ERESRIKE - 58
= CAM TERER - B8 NURBS HI#R B FHE B AU AU E M LRt 2
ol ENZIEEER(E - EEBERERYIE  mZA  AINE
BmEE - DU RESESE DT X IREHAY T8 E (Kolarevic,
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2005) - EUEER Z T - AEEHRIRETEFEIMERET FMRIE U
RAER(CRVBE - RAERFE—RRY 1:20 tEH CAM ERHRES
W BEAEE - BEEAIB/) - B 7B 11 BREAHUERE - B
RHETT 7 1:10 BB CAM BREWEAMERIEER(E1BRE - BUItRAERE
FRELRRMEREMEBREZRAEXEN - At N —ERER S
"MEER ) BIRR T REZIEGRE ) AR -

ERNDERAAERRRET 2Nt TEPEER T - BRERMEREIMERM
BMZRIEERE  —HH - JLERRRMHEEERNEAET SHIL
WAIER - Z—T0HE - " REXZIEGRE ) E2UMERNER - HEM
£8 TERERERE  EHRNRE SR ARERBEIBNIR
B -&EZF=—8NXADFP TERERERE  EEHUREPETH -
R EIPRFIFZE - NRARETEFEPAILL 1:2 EEAI CAM HEENT
F_BXFOMPNENURE - WH - BEF=_SHRGHTBE - A
AEELRESNENERMIAREREL "ERERER , s9&n -
KRR EMPE RIBL MERBERFBRIMELCE °

&% SRTROBNZREFRERRILRS DR ESFEEH
SRAARET L1 BREMHUESE  ESFUEIREERKET - DA
DL NETF I EMRMERMAIINT - F R - BHSOENEHR
BB EERNDENEEBRPENERER - —BRAOEM - REH
hEABR BEBES RS L BRFEMARESR - B - FEULLAFTHEIER
B BEREER  RMEBBEFEREIUEBERAGENEHT
T2 B RR B PRV BN R BV SR - R 5 P EERVSR N UL AR AT Rl
WNRRBNERZEER -

AR S U FENAVER I R AR AT AT E A2 o] L& IR - MHER
F=EXAWAERLORE  FAEMRFAEFNSRPE " BLS
2.WEEEE & "HARERERR ) B THAES 11 BeER, B
BREALR SN EERELSHERNLR - ZEZRHRRRE=SHNEH
ol DISSIREMEI R - BB —RW " BNERE , DRE - JR28RA
ARER - ERETERARBRE IR BMREREDL - B2 - HREARIEAIR CAM
RETHARNRRETHENTEKX - A - BRISEAERE BN
. NHERLER -
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KRR BERAIDTRRETERABFBEE - TRHBERERAI DT P RN
HEIMERERETNEIBEEDER  GBEELELRUUSE "I RERE
ARETEEERE ) - EMML " WP RERERETEEERRE , FAE
B BB R RERETRARE - ZBHECE DI RERFTEIFR
BEAER  DIERES=—SMFIN " WL RMERERTARER
B E—DENTOTRMRERETERERE.  RERFE TR
MRERETEERE ) WTERS -

18 - BRINNS Grasshopper OB FE L ACER ARG 5T [RIMATORE - LUK
hEMEBNEAREER SIS ERTEFRE FE_SXM0M
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sHEARIERAR -

R MR EHETEN X BEEERENFTRE — PR WHwEA
B ERBTENEIE S T - B55 0 1:20 LEAI CAM HER BRI R K BT
ABTER  AREYZANEBEAMEM RIS - iR REETEE
MFEERULEEELRS - BSRERIBR DS - 2m - RATMER
BMERREZE - 1:10 6Bl CAM BREREE R R ETAIRBEE B
IR - WEERTEMERATE - M 1:2 LEAI CAM REUER 7 3R S 18 ]
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HOW TO MAKE THE SOFT-SKIN?

A soft free form without the bones

YUNG-YING CHIOU
Graduate Institute of Architecture, NCTU, Hsinchu, Taiwan
blacka43@arch.nctu.edu.tw

1. Introduction

Until now, most of the finished free form cases consist of skin and bones, or
only the bones. The finished soft-skin cases are fewer and the process
remains untold. Besides, biological systems are self-assembled, using mainly
quite weak materials to make strong structure (Hensel, 2006). The natural
balance of forces and corresponding geometric solutions was found in living
beings (Couceiro, 2005). Furthermore, parametric design is the process of
designing with parametric models or in a parametric modeling setting
(Barrios, 2005). The geometric object under examination, is tested using a
system of varied parameters inputted into the program Grasshopper, an
explicit history graphic plug-in for Rhinoceros (Hnizda, 2009). Based on the
parametric environments and biology, how could we possibly design a soft
free form without the bones? This research seeks to record the bionic soft-
skin design process in Grasshopper and production process, as a helpful
reference for designers who deal with similar cases.

2. Research Process

The soft skin design and production process are shown as following steps:

1. Construction research: Making a conceptual model and twisted it to
investigate the construction of soft-skin. The soft skin consists of the bio-
flakes, and each of them is unique per se (Figure 1).

2. Form Finding: Digitalizing the cocoon-shaped geometry in the
Rhinoceros according to the data defined in Grasshopper. With the
application of the component system, which connected the component and
parameter, the geometry skin is transformed into the bio-flakes looks (Figure
2).

3. The 3D CAD Model and 1:20 Scaled CAM Model: 81 unfolded bio-
flakes skin units were detailed in AutoCAD, and then they were uploaded
onto the laser cutter to constitute 1:20 model by the bristol board (Figure 3).

4, Material Experiment in 1:10 and 1:2 Scaled CAM Model: Change the
input data into the parameters and examine the result to make 1:10 by 144
pieces of 0.15mm transparent polypropylene bio-flakes and staples and 1:2
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CAM model by 324 pieces of 0.15mm red polypropylene bio-flakes and
brass eyelets(Figure 4 and 5).

5. Final 1:1 Soft Skin Free Form CAM Model: The third time to adjust
the data in Grasshopper applying constant digital 3D geometry for final
model comprised of 324 bio-flakes in bristol board, each cut and labeled by
laser cutter. Every flake is connected to its neighbors at four points using
brass eyelets but still weak and lacking of supportability. And the last move:
hang up the cocoon-shaped soft skin at the ceiling with tensile fishing lines,
and the design is all set .Finally, the finished work looked just like the initial
computer visualization (Figure 6).

3. Conclusions

At the end, attributing to the explicit history graphic and reductive functions
of Grasshopper, the work is finished. However, the supportability and the
weight of the net remain discussible and challenging. First up, the soft skin
units of 1:20 model can interlock each other to form the cocoon shape easily
due to their self-organization of the biological system. Secondly, the bio-
flakes of 1:10 model eventually started to roll up and crush because of the
soft material, then the weight of net is another problem to face in 1:2 model.
Thirdly, the bigger and heavier structure is hard to form the cocoon shape.
To sum up previous points, they will be the future work in this research. And
this research study will be a reference for the making soft free form without
the bones.

Figure 1to 6
(Please, refer
to the text.)
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How To Make The Soft Skin?

A preliminary framework for the parametric design of the bionic soft skin

Yun-Ying, Chiu
Graduate Institute of Architecture, National Chiao Tung University, Taiwan
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Abstract: This paper is a presentation of the preliminary framework for the design and
fabrication of the soft-skin. Today, the digital technology applied in the architecture field is
everywhere. However, there are still lots of fantastic free form architecture uncompleted and
remained on the paper architecture or only the digital visual simulated model. Until now,
most of the finished free form cases are consisted of the skin and bones, or only the bones.
The complete soft-skin cases without the bones are fewer and the process remains untold.
Based on the parametric environments and biology, how might you design a free form
without the bones? How could you make the soft skin stand up? The research starts a series
of exploration of the design and fabrication for the soft skin, and seeks to propose the
preliminary framework as a helpful reference for the designers who deal with the soft skin
project.

Keywords: Soft skin; bionic architecture; parametric design; grasshopper.

Introduction

Being part of the architecture, the building skin plays an especially important role as a
transition between inside and outside - between building and the urban space. As the
building skin was separated from the load-bearing structure, it became a pure skin. This
pure skin defined our urban environment for so long (Schittich, 2002). Once the skin of
building became independent of its structure, it could just as well hang like a curtain or
clothing. The relationship between structure and skin has preoccupied much architectural
production since this period and remains contested today (Leatherbarrow and Mostafavi,
2005). Furthermore, in both fashion and architecture, the skin and bones take as its point
of departure design from the beginning of the 1980s (Hodge, 2006). Based on the above
mention, the research redefines the structure of the building skin as the skin and bones.

Following the redefinition, surfaces have been explored extensively by architects and
designers of the digital era as topologically fascinating models of spatial organization
(Hensel and Menges, 2008). A link between the operations of the computer and
structural behavior can therefore be established and a theoretical paradigm can be set up
for thinking about the possibility of understanding structural behavior through computer
simulations (Leach, Turnbull and Williams, 2004). Until now, most of the finished free
form cases are consisted of the skin and bones, or only the bones. Fewer free form cases
without the bones are completed in reality and remains on the digital visual simulated
model. The free form only consisted of the skin is difficult to build up, especially the soft
skin one. This is a challenge to face. For the specific issue, the paper starts with a series
of exploration of the design process and fabrication for the soft skin.



Related Work

Much recent architecture work and design take inspiration from the bio-morphology
and operate in the parametric design systems, such as Frei Otto's project, Greg Lynn's
animate form and so on. These organic forms were transformed from biological paradigm,
and constructed through three-dimensional plots from computer files. Further discussion
will be the following statement.

Patterns and forms in nature, such as the spiral and fractal, are products of internal
laws of growth and of the action of external forces. Architects learn to use natural forms
from observing living structures: trees, bones, shells, petals and microscopic creatures
(Pearson, 2001). Related studies have shown that biological systems are self-assembled,
using mainly quite weak materials to make up strong structure. Plants resist gravity and
wind loads through variation of their stem sections and the organization of their material
in successive hierarchies, using small quantities of 'soft' materials in each organizational
level to archive their structural goals (Hensel, Weinstock and Menges, 2006). And, the
recursive source of architectural inspiration due to the tight relationship between form
and function. The natural balance of forces and corresponding geometric solutions were
found in living beings (Couceiro, 2005). In order to advance soft skin design and
fabrication, the bio-morphology constructions are available for consideration.

Moreover, parametric design is the process of designing with parametric models or in
a parametric modeling setting (Barrios, 2005). The geometric object under examination is
tested using a system of varied parameters inputted into the program Grasshopper, an
explicit history graphic plug-in for Rhinoceros (Hnizda, 2009). Parametric modeling has
been understood as instrumental for its ability in improving workflow, its rapid
adaptability to changing input and its delivery of precise geometric data for digital
fabrication and performance analysis (Hensel, Weinstock and Menges, 2006). Through
the previous introduction of the bionic architecture and parametric design, the soft skin of
the free form would be the primary parameter in the evaluation of a structure. The related
discussion and application would be the part of the design process.

Based on the research of the parametric environments and biology, how could we
possibly design a soft free form without the bones? This research seeks to record the
bionic soft-skin design process in Grasshopper and the manufacturing process, to propose
the preliminary framework as a helpful reference for the designers who deal with similar
cases.

Research Methodology and Steps

To propose a design prototype, here we start a series of exploration of soft skin design in
Grasshopper and CAM process. Prototypes are the first on which others are modeled
(Gero, 1990). Accordingly, the design process of this paper follows the schedule of the
digital design studio at National Chiao Tung University, Taiwan. This course outlines a
future state of digital fabrication through a studio-based critical exploration of process of
contemporary freeform architecture in digital design. This research paper is one of the
studio projects to redefine the structure of skin and manufacturing process. As the soft
skin is the only character of the free form cases, the structure of the soft skin will become
a key characteristic of the feasibility of making the soft skin.



For the specific goal to figure out how the design and fabrication of the soft skin will
be, the soft skin design and manufacturing process are shown as studied by the following
5 steps:

1. Construction Research: Making a conceptual model in weaving system and
twisted it to investigate the structure of soft-skin (Figure 1). Weaving is the
synthesis of two different systems, interlocking in order to give self-supporting
from to their combined whole (Aranda and Lasch, 2005). Unfortunately, the
weaving system couldn't fit the smooth curve that the research needs, even though
it was adaptable system. For more approach to the smooth curve and self-
organization of material systems, the each skin unit should be more small,
tenacious and flexible. On the basis of the experiment, the soft skin consists of the
bio-flakes in a gradual change follows the smooth curve of the free form, and
each of them is unique per se (Figure 2).

2. Form Finding: Digitalizing the cocoon-shaped geometry in the Rhinoceros
according to the data defined in Grasshopper. The data includes the division of the
surface, the shape of the skin unit, the joint of skin unit and the detail of the
crossover. With the application of the component system, which connected the
component and parameter, the geometry skin is transformed into the bio-flakes
looks, adjusting the data of operators to make sure every skin unit intersects each
other for forming moment connections. The shape of the skin units follows a
similar logic to the differentiation of the cocoon-shaped - all have the similar form
and geometric logic but the size is varied through a number of parametric changes
in the Grasshopper. These few parametric changes allow the form of the skin units
to adapt to the changing curvature and varying density of the bio-flakes structure
through a simple algorithm (Figure 3).

3. The 3D CAD Model and 1:20 Scaled CAM Model: Through the definition of
algorithm in the Grasshopper, the cocoon-shaped digital model was converted
into AutoCAD to unfold and detail. 81 unfolded bio-flakes skin units were
detailed and numbered in AutoCAD, and then they were uploaded onto the laser
cutter to constitute 1:20 model by the bristol board which is the common material
in architecture physical concept model (Figure 4).

4. Material Experiment in 1:10 and 1:2 Scaled CAM Models: Change the input data
into the parameters and examine the result to make 1:10 CAM model by 144
pieces of 0.15mm transparent polypropylene bio-flakes fixed with staples (Figure
5) and 1:2 CAM model by 324 pieces of 0.15mm red polypropylene bio-flakes
locked with brass eyelets, and the polypropylene is firmer in color (Figure 6). All
the soft skin units have to unfold, detail and number in AutoCAD to make sure
every step in control and form the overall shape of a cocoon.

5. Final 1:1 Scaled Soft Skin Free Form CAM Model: The third time to adjust the
data in Grasshopper applying constant digital 3D geometry for final physical
CAM model comprised of 324 bio-flakes in bristol board, each cut and labeled by
laser cutter. Every flake is connected to its neighbors at four points using brass
eyelets but still weak and lacking of supportability (Figure 7). And the last move:
hang up the cocoon-shaped soft skin at the ceiling with tensile fishing lines, and
the design is all set.



Finally, the finished work looked just like the initial computer visualization. Through
the agency of the gravity of the soft skin, the bio-flakes continually changed scale and
proportion to form the smooth cocoon-shaped free form (Figure 8).

Figure 1 Figure 2
Conceptual model Bio-flakes model
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Figure 3 Figure 4
Parametric model and setting 1:20 Scaled CAM Model

Figure 5 ' - Figure 6
1:10 scaled CAM model 1:2 scaled CAM model
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Figure 7 Figure 8
the process of fabrication final 1:1 scaled CAM model

Research Results

As shown on the above mentioned, this paper described 5 steps of the preliminary
framework of the parametric design and manufacturing process which was introduced
and its advantages investigated. On account of the property of the soft material and no
bone-supported, the free form shape was supported by multi-dimensional tension from
the fish lines linked to the ceiling and the self-organization of the bio-inspired structure
create the shape naturally.

In contrast to the free form cases with the bones, there are some specific steps in the
exploration of the soft skin design and fabrication process. In order to approach the real
architecture, the study of the research needs to promote the scale of the physical CAM
model. Thus, every scale change should go back to the parametric model to adjust the
data of the parameters, and experimented with the new soft material for the self-
organization of the soft skin structure systems.

Eventually, the soft skin free form project was finished even though the outcome is
no bones inside. To sum up 5 steps, the preliminary framework for designing and
manufacturing the soft skin without the bones was seen below (Table 1).

Construction Research

Form Finding
——* The 3D CAD Model —
1:20 Scaled CAM Model
Change
Parameters .
—: Material Experiment (_;I]“}“‘:'-‘_' -
1:10 and 1:2 Scaled CAM Models Parameters

Final 1:1 Scaled CAM Model

Table 1
the preliminary framework of the soft skin



Conclusions

Ultimately, attributing to the explicit history graphic and reductive functions of
Grasshopper, and the self-organization of the biological structure, the work is finished.

However, the supportability and the weight of the net remain discussible and
challenging. First up, the soft skin units of 1:20 scaled CAM model can interlock each
other to form the cocoon shape easily due to their self-organization of the biological
system and the property of material. Secondly, the bio-flakes of 1:10 scaled CAM model
eventually started to roll up and crush because of the soft material, and then the weight of
net is another problem to face in 1:2 scaled CAM model. Thirdly, the bigger and heavier
structure is hard to form the cocoon shape. To shape the form of the bionic soft skin
geometry, we need more external force aid, such as the tension.

The preliminary framework of the soft skin is limited in one instance. Further
research will emphasize the variety of design and fabrication of the soft skin and the
capability of the structure of the bionic soft skin. As the previous points, they could be
the future work in this research. In addition, this research study will be a helpful
reference for the designers who deal with the soft skin project.
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