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KonTypHOE cTpouTe1bCTBO
CONTOUR CRAFTING

Annotation: Although automation has advanced in manufacturing, the
growth of automation in construction has been slow. Conventional methods
of manufacturing automation do not lend themselves to construction of large
structures with internal features. This may explain the slow rate of growth in
construction automation.

A promising new automation approach is layered fabrication,
generally known as rapid prototyping. Although several methods of rapid
prototyping have been developed in the last two decades, and successful
applications of these methods have been reported in a large variety of
domains (including industrial tooling, medical, toy making, etc.), currently
Contour Crafting (CC) seems to be the only layer fabrication technology that
is uniquely applicable to construction of large structures such as houses.

KnroueBble c10Ba: KOHTYpHOE CTPOMTENBCTBO, aBTOMATH3alLMs, OBICTpOe
U3TOTOBJICHHE  MOJEJIH,  IOCIOWHOE  W3TOTOBJICHHE,  IKWINIIHOE
CTPOUTEIBCTBO.

Key words: contour crafting, automation, rapid prototyping, layered
fabrication, housing construction.

Contour Crafting (CC) is an additive fabrication
technology that uses computer control to exploit the superior
surface-forming capability of troweling to create smooth and
accurate planar and freeform surfaces. Some of the important
advantages of CC compared with other layered fabrication
processes are better surface quality, higher fabrication speed, and
a wider choice of materials. Using this process, a single house or
a colony of houses, each with possibly a different design, may be
automatically constructed in a single run, imbedded in each house
all the conduits for electrical, plumbing and air-conditioning.

The layering approach enables the creation of various
surface shapes using fewer different troweling tools than in
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traditional plaster handwork and sculpting. It is a hybrid method
that combines an extrusion process for forming the object
surfaces and a filling process (pouring or injection) to build the
object core. The extrusion nozzle has a top and a side trowel. As
the material is extruded, the traversal of the trowels creates
smooth outer and top surfaces on the layer. The side trowel can
be deflected to create non-orthogonal surfaces. The extrusion
process builds only the outside edges (rims) of each layer of the
object. After complete extrusion of each closed section of a given
layer, if needed filler material such as concrete can be poured to
fill the area defined by the extruded rims.
Several CC machines have been developed at USC for
research on fabrication with various materials including
thermoplastics, thermosets, and various types of ceramics. The
machine developed for ceramics processing is capable of
extruding a wide variety of materials including clay and concrete.

Producers believe that their technology would make the
construction of efficient buildings so cheap and efficient that we
could print low-income housing for people in impoverished areas
the world over.

Using this technology to construct future buildings will
open up an entire new world of possibilities for architects and
industry though leaders.

Producers plan to explore the applicability of the CC
technology for building habitats on the Moon and Mars. In the
recent years there has been growing interest in the idea of using
these planets as platforms for solar power generation, science,
industrialization, exploration of our Solar System and beyond,
and for human colonization. In particular, the moon has been
suggested as the ideal location for solar power generation (and
subsequent microwave transmission to e arth via satellite relay
stations). In a conference on Space Solar Power sponsored by
NASA and NSF (and organized by USC faculty) this question
was discussed properly.
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kksk

C mgagyaja 20-ro Beka apTOMaTH3alMsa  3aHsIa
TOCIIO/ICTBYIOIIEE TTOJIOKEHUE TIOYTH BO BCEX MPOU3BOJICTBEHHBIX
chepax, KpoMe TpaKJAHCKOTO CTpOUTeNnbcTBa. PasBurtue
ABTOMATUKHU B CTPOUTEIILHON 0OJACTH MPOTEKalo MEJIEHHO IO
CIEIYIOIIUM TPUYMHAM: a) HENPUTrOJHOCTh CYIIECTBYIOIIUX
ABTOMATU3UPOBAHHBIX  TEXHOJOTHIA TUTST U3TOTOBJICHUS
KpyImHOMAcCIITaOHONW MpOAYKIMH; O) 3HAYUTEIBHO MaJIbIi
MOKa3aTelbh KauecTBa/TUNa KOHEYHOU MPOAYKIIUU IO CPABHEHUIO
C JpyrUMH OTpacisiMd; B) OrpPaHUYEHHOE KOJIMYECTBO
MaTepuasoB, KOTOpHBIE MOTYT OBITh WCIIOJTb30BaHBI
ABTOMATHU3UPOBAHHOW CHUCTEMOW; [I) HEMPHUBJICKATEIbHOCTh
JIOPOTOTO aBTOMATHYECKOTO OOOPYIAOBAaHHUS C TOYKH 3PCHHS
SKOHOMUKH; €) aIMUHUCTPATUBHBIC TTPOOJIEMBI.

C [npyroii CTOpOHBI, Ha CETONHSAIIHUN JIEHb B
CTPOUTENLHON cdepe CYIIEeCTBYIOT CEPhE3HbIE MPOOJEMBI, a
UMEHHO:

- HU3Kas IPOU3BOUTEILHOCTD TPY/a;

- OOJIBIIIOE YHMCIIO HECYACTHBIX CIIY4aeB Ha CTPOUTEIHHOM
TUTONIAJIKE;

- HU3KO€ Ka4eCTBO padoThI,

- HEJOCTAaTOYHOCTb U  CIIO)KHOCTb  OCYILECTBJICHHS
KOHTPOJISI HA CTPOUTENIBHOM IJIOMIA/IKE;

- KBaTM(UIUPOBAHHON pabouell CHIJIBI CTAHOBHTCS BCE
MEHBIIIE.

MeToa NOCIONHOr0 U3roTOBJIEHNS, 00jJiee N3BECTHRIM KaK
W3TOTOBJICHHE MOJIENH, SIBJISICTCS HOBBIM MHOTOOOCHIAOIINM
aBTOMATU3UPOBAaHHBIM MeTonoM. HecMmoTpst Ha TO, 4TO psiA
METOMOB OBICTPOTO HM3TOTOBJIECHUS MOJENH ObLI pa3paboTaH B
nociennue npaanarh jger (Pegna, 1997), u 3¢ dhekTUBHOCTS HUX
npUMEeHeHHs Oblla JoKa3aHa BO MHOTHUX Pa3IMYHBIX 00JIacTsX (B
TOM 4HCJIE, B MPOU3BOJICTBE IMPOMBIILIEHHOTO 00OpYyIOBaHUS,
MEIWIIMHE, W3TOTOBIICHUU WIPYIIEK U T.A.), HA CETOTHSIIHHMA
JI€Hb KOHTYPHOE CTPOUTEIBCTBO SABIISETCS, KAXKETCs,
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€MHCTBEHHBIM MOCIOMHBIM METOJOM H3TOTOBIIEHUS, KOTOPBIHA
BO3MOXXHO MPUMEHUTH B CTPOUTEIHCTBE OOJBIINX KOHCTPYKIIHM,
Takux Kak yactHeie moma (Khoshnevis, 2001).

KoHTypHOE  CTPOMTENBCTBO  SABJISIETCA  KOMIUJIEKCHOM
MIPOU3BOACTBEHHON TEXHOJIOTUEHW, B KOTOPOM HCIOJIb3YIOTCS
MPEUMYIIECTBA TEXHUKU MOCIOMHOrO HAHECEHMs AJISl CO3JAaHUSA
TJIAJKUX M aKKYpaTHBIX IJIOCKMX W W30THYTBIX TOBEPXHOCTEH
noJx ympaBieHueM MaHunyistopa. OIHUMH U3 BaXKHBIX
IPEUMYIIECTB KOHTYPHOTO CTPOMTENbCTBA IO CPaBHEHUIO C
OPYTMMHU  TPOU3BOACTBEHHBIMH  TEXHOJIOTMSIMH  TOCIOHHOTO
HaHECEHUs SBISIOTCS OoJiee BBICOKOE KAauyeCTBO MOBEPXHOCTEH,
yBEJIMYEHHAs! CKOPOCTh M3TOTOBJIECHUS U OoJsiee MIMPOKUN BBHIOOD
MaTepHaoB.

KiroueBoit 0COOEHHOCTHIO KOHTYPHOTO CTPOUTEIHCTBA
SBIISICTCS MCIIOJIB30BAaHUE [BYX JIONATOK, KOTOpBIE, MO CYTH,
NEHCTBYIOT KakK JIB€ TBEPbIX IUIOCKUX IMOBEPXHOCTH, CO3JaBast
UCKITIOYUTEIEHO PaBUIbHYIO TJIAIKYIO MOBEPXHOCTh
U3TOTaBIMBAEMOro coopyxeHus. C ApeBHUX BpeMEH XYyJIO0KHUKH
U peMecIeHHUKH 3((EKTUBHO HCIOIb30BATH TaKUE IPOCTHIC
WHCTPYMEHTBI, KaK IINAaTeIu, Je3BUs, HOXKHU AJs CKYJIbNTYpPHOU
00pabOTKM W Ui TPYHTOBKH C OIHOM WMIM JABYMs IIOCKMMHU
MOBEPXHOCTAMH JJIT O00pabOTKM MAcTOOOpa3HBIX MaTEPHAJIOB.
[onTBepxknenue ux MHOTO()YHKIIHOHAJILHOCTH u
3¢ (PEeKTUBHOCTH B CO3JaHUM CIOXKHBIX IJIOCKMX W H30THYTBIX
MOBEPXHOCTEH MOXKHO YBHJIETh B JIPEBHUX KEepaMUYECKUX
COCyJlax M CKYJBITYpax € HX 3aMBbICIIOBATOM U CJIOKHOU
reoMeTpHei. B 00J1aCTh CTPOUTENHCTBA OTPAHUUYEHO CO3JJaHUEM
MoJieneil 1 THIICOBBIMU paboTaMu.

MeToaq DOCIOMHOIO HAaHECEHUS IIO3BOJIAET CO31aBaTh
MOBEPXHOCTU PA3IUYHON (POPMBI, UCHOIB3YSd MEHBIIHNKA HaOOp
MPUCTIOCOOTEHHM, YeM B TPAJUIMOHHBIX PYYHBIX TUIICOBBIX U
CKYJABOTYPHBIX paboTax. DTO KOMOWHUPOBAHHBIA METOJ,
KOTOpBIA ~ 00BeNMHSIET B cebe  Tpolecc  IKCTPY3UH
(BBIaBIMBAHMA) MaTepHuaja CJIOH 3a cJoeM, B pe3yibTare
KOTOPOT'0 00pa3yeTcsi MOBEPXHOCTh OOBEKTA, U MPOIECC
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3arojHeHUs MaTepraioM ero BHyTpeHHel nojoct (Khoshnevis,
2001). YV nuThEBOrO OTBEPCTUS €CTh BEpXHAA M OOKOBas
JonaTtku. Marepuan mocrynaer M3 coIia M Jionatku. bokoas
JOTaTKa MOXKET OTKJIOHATBHCS, YTO II03BOJISIET CO3JaBaTh HE
TOJIbKO BEpTHKaJbHbIE MOBEPXHOCTU. B mpolecce HaHeceHHs
00pa3yroTcsl TONBKO BHEIIHWE Kpas (KOHTYpP) KaXIOTO CJOS
oOwvekTa. Ilocie 3aBepuieHUss HaHECEHHMsSI BCEX YYacTKOB
OYEPEHOTO CIIOS, MPU HEOOXOAUMOCTH MPOCTPAHCTBO MEXKIY
KPOMKaMH MOXXHO 3alOJHUTh TakKuM MaTepualioM, Kak,
Harpumep, OETOH.

[Ipn BO3BeNEHMM KOHCTPYKLIMM IPUMEHSETCS 3Ta XKe
TEXHOJIOTHS, TOJBKO 3/€Ch HCIOJIb3yeTCsl TOpTallbHAs CHUCTEMa,
JepiKaiiasi TUAPABIMYECKUN MaTpyOOK € JIMTHEBBIM OTBEPCTHEM
U JBUTAlOIIasicsl MO JBYM HampasisoomuM. Pacemorpum
HEKOTOpbIE MHTEPECHBIE ACHEKTHI ITOrO0 ABTOMATU3MPOBAHHOTO
CTPOUTENILHOTO METOA.

I'mOxmii {M3aiiH: 3TOT NpolecC M03BOJISIET APXUTEKTOPAM
OPOEKTUPOBAaTh  3AaHUA, UMelolue (QYHKIUOHAJIbHYI0 U
HEOOBIYHYIO (POPMY, KOTOPBIE CIIOKHO MOCTPOUTH BPYUHYIO.

Pa3nooOpasue MaTEepPUAJIOB: B KOHTYPHOM
CTPOMUTENBCTBE MOTYT  OBITh  HCIIOJIb30BAaHBl  pPa3IMyYHBIC
MaTepuaibl Kak Uis 00pa30BaHUs BHEIIHUX TOBEPXHOCTEH, Tak U
B KaUECTBE 3aII0JHUTEIS.

IIpokaagka  KOMMYHMKALUMMA: BCE  HH)KCHEPHbBIC
CUCTEMBI MOTYT OBITh BCTPOCHBI B CTE€HBI 3/IaHUSI B COOTBETCTBUHU
C KOHCTPYKTHBHBIMH TPEOOBAHUSMHU.

I'oToBBIe K MOKpacKe MOBEPXHOCTH: BHE 3aBHCHUMOCTH
OT BBIOOpAa MaTepUAIIOB KAayeCTBO MOBEPXHOCTEH B KOHTYPHOM
CTPOUTENIbCTBE  HACTOJBKO  BBICOKO, UYTO He  Tpelyer
JIOTIOJTHUTEIIbHON MTOATOTOBKH K ITOKPACKe.

ApMHpOBaHHe:  MEXaHU3M  CIOCOOEH  BBIMOJIHUTH
NOIIArOBYIO 3aKJIaJKy CTalbHOIO cerdaroro kapkaca. IIpocteie
JIBA MOJIYJIbHBIX KOMIIOHEHTa MOT'YT OBITh BBEJIEHBI C MOMOIIBIO
ABTOMATUYECKOM CHCTEMBI I101a4H, KOTOPAasl yCTAHABINBAET U

56



COOMpaeT UX MEXIY KpasiMi KaKIOTO CIIOsl. 3aTeM B CO3AaHHYIO
dbopMy MOKHO 3aTTUTh O€TOH, YTOOBI OXBATUTH CTAILHOM KapKac.

[TpousBoguTenn mnpoBear MacuITaOHble HCCIeI0BaHus,
YTOOBI O0ECTEYUTh ONTUMANIbHBIE YCIOBHS BEICHHs Ipolecca
KOHTYPHOI'O CTPOUTENIBCTBA B U3TOTOBJICHUH PAa3IUYHbIX JIBYX- U
TPEXMEpHBIX JIeTalIell KBaJpaTHOU, BBITYKJIONH U BOTHYTOH (GopMm,
HEKOTOphIe M3 KOTOPBIX 3amojiHeHbl OeroHoM. B Hacrosmiee
BpeMs OHHM pa0OTAIOT HAJ CO3JaHHEM HOBOTO KOMIIJIEKTa
pacnpenenuTenbHbIX HacCaJoK, KOTOpbIE pazpaboTaHbl
CIIELMAJIbHO Ul BO3BEACHUS coopykeHuil. [Ipennonaraercs, uro
C TOMOIIBI0O HOBBIX HACaJOK MOKHO OyJIeT H3roTaBIUBATh
IIOJIHOpa3MEpHBIE JeTanu pa3IMYHBIX CTPOUTENBHBIX
KOHCTPYKLMW, HalpuMep, CEKIHH CTEH CO BCTPOECHHBIMU
WH)KEHEPHBIMA KOMMYHHUKAIMSMU WM Kpbln 0e3 omop. Taxoke
MOKHO OyZeT MpPOBECTH pPAa3IUYHble CTPYKTYPHbIE aHAIMU3bl U
UCHBITAaHUS C  MCIOJb30BAHUEM  DPA3IMUYHBIX  MaTEpHUaJIOB,
MIPEACTABIISIIOLIIUX UHTEPEC.

[IpousBoauTenN MIAHUPYIOT UCCIIEN0BATh TPUMEHUMOCTh
texHojornu KC B xunumiHoM cTtpouTenbcTBe Ha JlyHe M Ha
Mapce. B nocnemHue TOIBI BO3pOC HMHTEpEC K HIAEE
UCIIOJIb30BAHNs JTHX IUIAHET B KayeCTBE IUIOLIAAKU IS
TEHEPUPOBAHUS COJIHEYHOW 3HEPIUH, HAyYHOW [EeATENbHOCTH,
IIPOMBILIUIEHHOTO OCBOEHHUs, HcciaeaoBaHus Hamieil ConHedHOH
CHUCTEMBI M 3aTEM 3acejieHHs 4YenoBekoM. B wactHoctH, JlyHa
paccMarpuBaercs Kak ujeanbHas TeppPUTOpUS JUTSL
TEHEPUPOBAHMS COJIHEUHOM DHEPIUM U IOCIEAYIOUICH Nepenadn
MUKpPOBOJIH 4Y€pe3 CIYTHUKOBBIE PETPAHCISLMOHHBIE CTAaHLHH.
OTOT BOMpPOC IMIHUPOKO oOCykaancs Ha KoH(epeHUuu 1o
KOCMHUYECKOM COJIHEYHOM SHEpIuu, OpraHu30BaAHHOIN
Vuusepcuterom FOxnoit Kamudopuum npu  ¢unancoBoit
nogaepxkke NASA u NSF.

CTpoUTENHCTBO COJIHEYHBIX KOJIJIEKTOPOB MOXET OBITh
peaqn30BaHO C TOMOINBIO pPOOOTOB uIsi COOpPKM TMaHeNeH
(0T0371eMEHTOB, IPUCITIAHHBIX ¢ 3eMiIH. BripoueM, CTOMMOCTB
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TPAaHCIIOPTUPOBKH TaHEJIEH HermoMepHO BbICOKa. BooOmie, Bce
MaTepHalbl, HeOOXOAUMBIEC IS MPOU3BOJACTBA (POTOIIEMEHTOB,
3aJ0)KEHbl B IOBEPXHOCTHOM cioe JlyHbl, mosTomy Oonee
NPaKTUYHBIM MOXKET CTaTh MOCTpOHKa (aOpHKH, BO3MOXKHO, C
IIOMOUIBI0 KOHTYPHOT'O CTPOUTENLCTBA. KpoMe Toro, Tak Kak Ham
JIOCTYITHA COJTHEYHAsI SHEPTHsl, €CTh BO3MOXHOCTH IPUCTIOCOOUTH
CYIIECTBYIOIYI0 TEXHOJOIMI0 KOHTYPHOI'O CTPOHMTENBCTBA K
OPUPOJHBIM yCIOBUSAM Ha JlyHe wim B JIpyroM MecTe JUis
CTPOUTENBCTBA HH(PACTPYKTYPHI, B YACTHOCTH, AOPOT U 3/IaHHH.
IloBepxHocTHbI  cioit  JlyHbI, Hampumep, MOXET OBITh
UCIOJNB30BaH B KayeCTBE  CTPOMTEIBHOTO  MaTepuaia.
HccnenoBanus mnokasand, 4YTO C IIOMOILIBIO MHUKDOBOJH B
IIPOLECCE arJIOMEPAallud U3 HET0 MOXHO TOIY4YUTb TaKHE
MaTepuaibl, Kak, HapUMep, KUPIHY.

OpHoli u3 KOHEuHBIX wLeneil nporpamMbl NASA 1o
OCBOGHHI0O UM  Pa3BUTHIO KOCMOCA 4YEJIIOBEKOM  SBIISIETCA
KOJIOHM3allUs, T.€. CO3JAaHHUE YCIOBUH I JIOJITOCPOUYHOTO
npoxuBanusa mofei. IlpomsBogurenn BepAT, YTO TEXHOJIOTHA
KOHTYPHOTO CTPOMUTENIbCTBA CTAHET HACAIBHBIM METOJOM JUIS
CO3J1aHUs MOAO0OHBIX KOHCTPYKIUI.
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