4 21 55 41 HHEMERFERL Vol. 21 No. 4
2015444 Computer Integrated Manufacturing Systems Apr, 2015

DOI; 10. 13196/j. cims, 2015, 04, 007

L Affordance F1ZEE & 3L [5) At /Y
Lige g5t & 5 ¥R

RER L8 AE T B . 2 1
(LT R R TASR TAL TAL BT M 3100275
2. S T Al 2% Sl TSR TR %SM  450002)

i YETThRRES IR Ik DA B A& Th AR e EE A, {H RIS S & MBSO R BB IR X HE AR T 2
BERRE RS B TR, APX —RE, TR STIRAY Affordance #E& 520 BEBE & IR 0 07 th 2t »
HET X MLSR ) BB HE 7 R RS T8 . AT RRZEBE 8 1) B8 “ ABE R A7 BB RELS A,
PAB Affordance 4 B2 B%“FEHINE T I BE R4 AT A7 HY Affordance Ty BRES I , AT 58 iU 2% BE A 4R » 15
K RIRES B s . BIT MR T S 2D B 4R REL, MR T2l Tl 32 T St
XR4@iR : ThRE; Affordance B TARBIT s SIREGHME s BT EIE s BT I ik 2
S #S  TH122; TBA72 SCERFRIRED : A

Reform function structure modeling based on synergistic use of function and Affordance
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Abstract ; Based on ‘function’ in intention realm but mixed the consideration from physical realm, the current func-
tion structure method was complexity-coupled and hard applied. To solve this problem, Affordance concept of real
domain and function concept were taken as a common basis to decompose the function structure method, One was
the reverse function structure from the function view, which started from the consideration what the people want to
do; another was Affordance function structure from the affordance view, which started from the consideration what
the environment allow to occur, Thus the decoupling of complexity was accomplished, and a reformed function
structure method was obtained. The thinking confusion in the drawing process was eliminated with proposed meth-
od, and the practicability was also improved.

Key words: function; Affordance concept; engineering design; function structure; design theory; design methodolo-
gy

0 = ¢ Engineering Design: A Systematic Approach )
. —H BN % I, BRI R TR E RS E, 2
TE Y4BT TR TS, Pahl 1 Beitz i 200 AR CERS S RS . BHEBRHEE

W F8 B H#A:2014-07-31; 81T HH#A: 2014-12-06, Received 31 July 2014 ;accepted 06 Dec. 2014,

EETE :BRAANEE ST H (51275456, 51205372) s %K 863 7RI BTN H (2013AA041304), Foundation items: Project supported
by the National Natural Science Foundation, China(No. 51275456,51205372), and the National High-Tech. R&D Program, China
(No. 2013AA041304).

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

4

BAE 4 Ll Affordance 1T} RE 934 R 2l B Th RESSH B 05 Bk 0 R 925

FEREEERERGEETRGHIEEE. Zhk
F—-RKARGEMABHNA T TR SRR BB B
R RESBOLH T 3, Y ETRE—FREHE
SO RS TR S a7 N R b 1B 2
AIE R A =SB & ik 48 & Rk, an
Ulrich& Eppingger®, Otto & Wood ¥ f1 Hubka
& Eder™ %, 3 HB &M AT B i k#H0 TRET
ZHM

ARGt TR EELP R AGEEN TR
RHPMIIRESEWE Tk . SIReG MR R &
A& TRFRIIEE, B R KIIRE 2
& hFIhRe, ERE—ZE M FIhEe v LLE WA B i
R RRIFHER G R X — R, S E e R,
SR » ZEBEAE J5 B JL-T4E 18] , BhRE S M B A0 1A
il SEER I H o SE R O W I Gk P A L
FIFF 46 H B, X HAEATHIE IR B B MR
I

i 345k, X ThRE S B A E AN R BB
FEBR I T : Tomiyama %5 K E F R B h BB L4
FEIZE il 52 % A A BB MR 7 i B9 B B 5 van Eck™®
REGIE T4 E 9 3 2 255 5 Sen™ 1 Zhang™
FiAE R A R AT Re S E SRR
AN AR K S s Eder™ IR T ShRE S5 B Hh i i o)
RS BFHBESETE MEE; Zod Mg
BRI X RS E R T R EES
% RE=FHE) PRI RS B AN T ENL
R AL B BB T .

SR, DA L BFSESL R b A SR T R & R T
TR THE Bl 52 5 2 A\ 5 1 3 30 B S 3 By e 5, 2
B R E B I i ZE AR 2, BRSZIR ) ZE AR
SEALR—HRZ , X IER T REEHE PR+ R
FrfRYLR )8, Affordance AT AH fRHX —
[} S T W] BB (Affordance BB X WEE 2 2=,

Affordance #5E JUEFF IG5 B TR TR
BIETE, 328 F Miaer 1 Fadel™ #2195 F Af-
fordance BB, ZBE$ L) Affordance 5 3t
R, B RR AR A R TR RIS RIS
Rk 4R B AT I A &, BRI BAR A
FERS, REARRRBE R, BT LY R
G TRERITS RSN R REE BN ELRH
7. FSL L, Affordance MITHEEHH Z B H A 2 F
REKFR, MRL B R T TR ITHE 3 i —3K
SyEETE, R E AN L R 5 R AT LA Affordance F1Z)

REVE SV ELIE RLAH, B R REM: TRR IS RIS
W TR . ASCRI LA Sy 3L R FEA , X D R4S
T D7 AT IR BB ST, R ok R B S RE S5t I
7 » DT {8 HL S BT S22 71 5 -

1 ZSMIRSTEERESEMMNFEETR

Pahl fl Beitz F 1977 £ HE — R TR B
(TR P E R ERERAMBE T 25 M
TREEIEER, URBT R {UKE TRRITA
BB S5EXRMRITE. ®itaRa s
EHrEe

D4E4Em & . BRI m
B K.

QO®A&#T 2R Biar=RThigess
i, IR L MR E

G REAKKT TEHKEZHBEARMNETRG
BORMBRT B R4kt Bk B 3 45
R AR R .

W#mikit B RBENRIT T RHETHT
1B4b, I ARG R TR

AR, R SERPED TRAREE
HIERIER, R A tose s Rt TR
RESHR YR T O RERR T E MY . DhREgHm A
FEACARP B ERITHRNEE TR, HTIR

i D RERBL R 454
1.1 IheeE&sn

Pahl I Beitz i IR IE BB KB LA PATHE S
FEME RGN — AR R R B L i
+ & FRRD, HEE A R T A S R AR
JEFINE. X2 Miaer fl Fadel 7EiRE 2 H &
IS H, g M RS TR TSR T R E
B— &M R T REHE S R B AR AN ELR
A, UM SA SR A HISERM, X— s HRA
TR E X DR G N E X/ Z
B BT ES RN 5T Y B A P LR AL, B
BT LA A % IR A LA Vermaas RREN 1
5EE XTSRRI S AR 6 T #0120 BB AR 55

Erden 2508 3¢ TR 8 11 B 53 S5 30 A0 4ol 52 8%
MARE BT T BELAR , —L BRI 18 FR
[FEIRDIREE 3, A R KBRS A “TRE R ER
B NWEE/ BAsm Bl a1 /17 i ot 2
H—AEENENZEEX LM E”; Vermass
FOIH—5 R4 T TRSUR A 1 TR

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

926 IHRHERHERSE

218

THREWR T IO R38R S, H 44 1 =R LB ThEBME &
BTN :

DAITAELS & HIHRBEEATRNE
Ef7 8.

QOBREXH R HIRBBEESAR M
BHHR.

OB ELSE HIHRBEEEATHIEK
THEK.

Tife s B BRI, X — 8 E=FXTh
AR AR AR A et . 1E 40 Chandrasekaran
il Josephson™ fif 55 : (T REH) Fr & SGEHE TX
F—MEE, LS . RARABEEANITRERESE
WpRBEERHEEMBELE. BN, IRETE
B S, B E X TIRRE AR FIT AR XD
RERMBCRE X ThRed . XThRe s EEE+
FITAE LR RIR E X DRRH T

H B & A 500 I RETE T S AT o B LT RB Ak
RE Y IHREH R FIBE 2R & Chandrasekaran fl Jo-
sephson MBFZE ™ . iR P B ThRE A
DB O TIREF LIRS A RO ThRE . R E
B R TREABER BN b8 B
KA. TRER— A0 B SURTE TR GHED AR
HIThRE. AT, IR E BRI R A REN B
78, MIFAR FCE B XTAMF RS . B
I, SRR AR A —A~ AR E A PO 3 — 1 U
BRATLHRA EEZEFAHMNENES. XH
R B TR i T 7= s AR B O B S RE L
BT R E L TIRE, ISR 0 B ShEE L X
SRR R R E L TRE. M Chandrasekaran f1 Jo-
sephson B R A LAE Y, LAIP= AR F i o8 E
R EL, HER T MHARAN, M TIRRE
mA S IR R AT N, BTN E L ThRE: 5
BT = mbBi ok, WA TR 2 = m AR 1T i ™
WS HAER TR ENPERENRR, BT
REXTRE. BETXFWMANIR, PR E LT Regk
SHATHEINT, X E HTR—.

BMORE XTI KB A5 3 BB m
FERER SHRE NS R, BV ERBT™
i SR 3R E R 3R [F) B 4, B A B
HIDIRERAE AR .. BUPEFER IR T Z 87
W E R AR AR B, IR T RIT AR K
Bz, Hit, BB RENLNRBE—TITAREX
TIREE A3,

Wit MmN AERE T EA XM AR E,
AR R ZAGW BTN, MZALN
MR BN HEBEERZRAESHI RS 5%
R B BRI R B E R RN RENE
BT h. EXNEX L BRRELTIRE—TH
FREZZRGEMIT AR XTI, B, AEMIRHT
ARPXNNEARENWEH, EdRERAENE
BHEIR BRAGE— AR FEBRRENIT HENLD
A8, AT BIME— IR B I RER X,

B, A SCK Th B E A A S BRI,
HUEAENABERENA”, BT EERESH
1.2 ThEEEHRBEAENBRSH

MEIIREE WA, B eRBEE P T RAER
HERITWE MM RAED R, B HEBEREAFH
WAL, AR ER, 5 AYEHR BB IR A S
BN =2, DD ek A B M iE#e . BEIXTE R
SGHF A WARAN S BRHEST 2B HTFEN
WHATHEMIE S, B = BB, REHET
RGEZEEX I8, FEEKIIRBIENET T
IhRE. BRI, EIE BN FIRCS AT
B AR T LLE 3N B B A B o S sk R
B, SR — AR . B, B TR YRR BB 5
BIRAFTA 53 B Th Re s HeE R 4 LA ) 4% P B
RTIREETE . ThRESE AR TR T -

DRAFETEP FERGR

B2 A X R % P R SR YELR  BE B WA
B,

DEREFBER

BB BRI mEE B BB PR
AW R ARSRERA LN, FFERmL RS
HERAELM. RN ARFLIGHRFTEES
FER P= SR T RE, ¥ H DL Sh R R M T AR R
BHLE.

(3) A FE AN H) o fe sk

YERE — KW AT, BRI A BB 7=
mAGNFEANSBRITE TN &M, 25 H
WHFIIREL R DI R4 , IR B — R A AR
7T X —it &,

DBBFHRBERSA MRS REAE

KIEE AR TIRREE RIS B R R B AT A T RE
BRAAIRREHE . X—IRhA R FEERIN
HIFH BT IR,

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

4

BAE 4 Ll Affordance 1T} RE 934 R 2l B Th RESSH B 05 Bk 0 R 927

GO E P FEREZARENE

XD RS B BT, B AR T P 7 SRR
B 2T IREX L. WRIVE R F PR B
B2, WA SR F R X —d .

B P BRI, 2 H B 4 A RSB
SREGTIREYE I &, B A B AR T M BRSCIR
REFBEBANSEE) . FANEEWAEREAZT
ERERAL, ERERERS, ELUHRLH L
2,85 T AT, AT TREM ZETR
EX.

2 Affordance {24\ 458 B B4R

Affordance BE SR ES, T EZMH TAERL
A GAMOHEE A TE R, TR R TRE
TSR, HAL SN b B3O R ThREME &M 1B L
ERHES B A L EME Affordance ¥ &
R

DR Gibson™ P FliA] Afford 5| Hi 41
& T Affordance 4% 1), f s Affordance iR N«
FXFsh¥IE) affordance §E R ERBME A B R 45 30
ft4., TR IF IR RN , “affordance BE 7R T 354
MHEIFER TAME”, Chemero™ #7568 affor-
dance &—Fp S ¥ RE H FI IR EE ML B X &,
fRT SR U, R L BB Affordance 248 375 H
Frab BB AT 8 VT BR .

Normant®1 85—V Affordance 3| Aj= kit
&, ¥ Affordance g X R “ Affordance g I8 F
HYRREER R, BT AN DR A B
AL AAIR”, T LIFE i, Norman # Gibson i
MEER LA, XRE N Norman ¥ Gibson JR
16E X B Affordance B /ELFr Affordance, Fj3k
FREYEHIAF 1T N 7 BE; T Norman 4 5
g| i i) Affordance S2fR b 2R H1 Affordance, A3k
FRANVRFN B E W 1T 8 ] 8], P E 7R BHHE
P AR EEMEM. B, B8 Norman 78 H
P — S BE PR ULE, 18 %) Affordance
M IR AL E E5 IR, L ZEEANR
HARAL GG, Affordance JLF 5824 4]
TRAMES WE T HERAHNAE. 4K,
Norman $#i88 T H Affordance #2424 5 Gibson )
JEIE Affordance ¥ B9 X B fNBE &, H XF Affor-
dance FJHESHFMUL T FF  HETRIH R 3, R
% Affordance #¥ 3 B 2B B B FACH X+ 7 A

FHT, BB FREE X ST/ RATF R .

Miaer il Fadel ZEiRE 87 B C T Affor-
dance B T BTSN, ¥ Affordance & X N
NF RGN BB KA RETEIT AN . XS
AR R R 5 IR R RIS B R R Y Affor-
dance RPN MERI R R, X BARENB IR,
1RE TRIGENX . {B Miaer fl Fadel % Affordance
BESRAER X 2RI S ss | Y EBIFE A
R E , i Affordance #E &7 TRBIT B
HI N FHBEE T HEAH

BH i, 45 & Gibson W JR #fi & X 5 Miaer Ml
Fadel B9 &, 2R304 Affordance & X M2 H
B SCRRAT A W BR, H i R RO TE IR A
AT RERAE , B— PSR

3 ET Affordance FNIBERIThBE LI E
KMRA &

LRI Re S E kT ENE AWM A E X I
B, EEXARBH=RRAAHF. B NSES
T A i) BB il Il W e 8 (BpTh e B
KRB FAIEHERR . R ARTEZS RS FF
TEWMEEREE . ONAPFREZHHEE, %
BCFREANRN A, AR SR EEIE D)
REEN4EE FMES  ONBAR YR IENES, &
— BN A SRR B ] R A R E A
BIEEMAT y, 52 R bR B SC BT IR B PR SE3 Affor-
dance EX4E FHEE,

R TIRR G E kA X L RITREAE, ¥
A BB 451 By 4 Rk 4% 2 IR 32 3 Affordance
HFFRITAVRRIT NN A EREHIN, Kb E
MIRE S “TBA AT A B S, BHRAEES
R PRI, XRE MES TR
FHARBAB T RE Affordance 3X P~ LAl 48 B, 1
BALHSBRPFERNNSBHNEE, 2B A
BEFEEHRIT ARG R, NTIA R HIRES
B . BT LB, DI RBSS 14 B B A B
WS . BT I, SRR A B B 2 AT R 4
P SRR » W IR 2 ) R A Ay 251 7 B ) R L B
Ht, F R TRRFEEREIRE 4R
BEN“TFEHATA NS HE, XFHERLE
Affordance Z X 4E B b ] i) “ 35 55 o 7] BB R AR AT
SAT RV SR, TR T B8 55 A, ATE [
—BE R EET—E . TEHEHANENTIREMN

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

928 IHRHERHERSE

218

Affordance P-4t LB BT R DI RB SR &
Tl
3.1 NEESHBERRIRLHER

WDEERARELLELEHENLE OR
& PR TR xR = M RAE A AL
BB AEGD TR, DA THEEPTR, =
i T B B YRR BB A RN ©
TR B W R A & P F ok v B & BB i AR
R IRAFER M 2 M ARNTFEEENRLY
B, A= BT Q& FRAREEE X —
R B RRTIRR R A A T TR, B4k, B
IE-ENTFURHAIELIERIEBE 2T
BERGT R, BRI EE BT Re 4 F BB IIRES
B, X—dBRREZBRESIRAHEZEFFERY
L REERN AR, AEREA
AR et PR SR B HARARCR

(2) A %3, Affordance & U4 & 45 #) B &9 44

IR E SR P EATE MR R PRRY
R BB AL, AT X R i A M1k
[FBf s AR . BEIPEsLE Affor-
dance 4t E M M E L HI2E TN T : OFE DI RE4EE
SHENEM L IFEEREAREZEER RAH
FHEANTBRPETHE N R BIFIIE, in
PUTA FEREF= R R . @ Rk SR TR F= A Y I
S5RGHNHEMB R FURET AN E/ER, X
S5RGEIEFRP HMER T LN GEH. &
XM EMEAREELZEREN, WFEERNHK
FIIRERBELIETER . QMK ETRIS=H: B3
HAERREE A A B, BB S F e
PeAk . RIEBREH A HERNIERET X
DRI, BRI 2% i Affordance 4EFEZ5HIE

PIThREA Affordance Sy 3k [F] Bhlf iy ek B ThiEg
BN HIZERNT

DERRERNE P T EER FIHNNTFHR
% PRI TR B T s IR, AR BB A X
W W BB AR .

QO AERBEZBEBEE KEOBPFIRIHY
WA R BRI m EE
TIRE) L E , 15 BHEIE R AR A,

QAFFHBALHEESE BEE—F
8 H I B B X AR X A I =2 I T B AR
Bl , SRl R T IR B T ReEE , IR E— &
WHRBHT TX—0R. SEERNTIRSGHEY

B HITHREEE R W AR R, X BRI R A,
FCBOR XRER T L R B AR AT
BB, A5 8 A R e R BB BT
0 WA o i

DA B e ey X L5 G Affor-
dance 7y fb4t A ERBEIIREEE M A RS H
LR BT BRI IE TR A
. ZERASRGHARRETLEAEPTERK
BL,H X ERAFH, MR HBELIE T
ThRE ;&8 AURFETHRI = A R R A & EThRER
HER, Mt a5 B Ihee.

G R A58 4t 4 H B F Affordance zh gk 4
A ARESREBE RS RIMM R E R R, KT
REETHREEE R A 8 MR BB ThRELS 1 I, FIk
R mBERSHPHEREAN EEIRE TR
M. K& Affordance TIRESERIM ML HR R,
¥ Affordance Th s B4 & Affordance T g
SEIE, IR LB M TR RS

(6) #% % Affordance gt &M E Xt Affor-
dance ZNRESE M E T2, IR B IR P F oK
B Z /> —TRFDIRERT B, AR F] RS IR B sk A Ak 7=
A 16 HAE BT A X R ARG B T AL B e A
M. MPERAERSEP PR Z2EFREFHER
W, MM EE (2D B HEE X —T R,
3.2 HAXBIETR

HELLTIRE A Affordance S 3k [F] EoHl 9 B B
ThRBZ A 1 2 Tl i AR 1) 20 TR 5B Y i 55 48, v ik
ROTEH#IT I R AT 8RN 485 2 5541, gk
RIS R MR B H T AR .

DMAPFR YR, BAF RS EIEHEE
B E PR, RAEFEFEANZXEE, mARHE
sl N AHERD . EIEBEE KBRS,

0l 1 .
(He s 5 0)

e , LI
Kfnw
c A

Bl FRABASENE BAET

) W YRR —— %8 &, IRYE DB
HYE1IE 248 , BT BB BB A R Ok LB R
Fo%a B ST 5 — AR Bl T RBEE IR 2 TR

(D TEX 4B B T RREE O ZER b, W1 A A I
ZERR T AR E AT N R A AR R L SR T RIAT

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

4

BAE 4 Ll Affordance 1T} RE 934 R 2l B Th RESSH B 05 Bk 0 R

929

o Bln, REBEIFIAMA T E YRR, F2E T 7
B SRR AR B W1BHA 9 B T D BB R

M XT R Affordance ZHEEEEUNE 3 BiAs .

lﬁ R
AR Ak
— B pumm B YR P NSHE  |lE AR I
BI2 MR R B Hh SR I
— e )
g]%‘lﬂ ?/Ec _ H?H:'xlﬂ ?’ﬁ
| 2] M?‘ F
i Ak g Ay
_fﬁ iﬁ)\é@%‘*ﬂ BE ] AsHAn —@E; ﬁ%g;)%‘*ﬂ B e P s T’f,
— > > —
E3  H—4RhEThREEEXT B KR FIAf fordance T RE 5
(OWRRRH L FRETEROMACIR g ooy [ o Lo [ o U0
MEHTTLIZH, YRt RKEREF, HEER A M AE e e

BERRIR. B Ry M AR, 1S BN 4
N RER

(O] 25 8 A L 2 X b 2R 37 e s 7 A
HEAEEET Y. FINRIEYEERTA, FTARE
BUBATREAZER . BEELEAT R

B4 I RBER R SR 4B T REE

B, T IE AT S T RERE K= M PR, Bt
PEAEMNE#ITOHEM BB TR FER. MM
Affordance ZRESEUNIE 5 Fias .

F .
AT
SR Wl e e
|
st Hmag |
TS e
ﬂ — %\
T B | BRI | g | ROEBEARG
T EEEE 15
5 28— K {EE DA BERT BRI AL for dance T 4k
(6)HLRBRYE| AF R T X BE REAF 1 0 35 4 il 9 ik — HLAE Ry B0
, ok 1% s NI {Fane)
TR, BRWE 6 iR BB RS it B
oL TR LB e

Bl6  LHEAF AR HIIE BB TR R SR = A BB DI RE

(DFEHEBMEAE T X HERSBRHF R, X
R Affordance ZTHREEEEINE 7 BN .

(8% Fr A Bl B T RBAE AR R B B = B Ik
BLETIRRS A, I 8 FaN.,

(¥ A Affordance Tfy BB 55 % # k2 5k , 15 3
PR Affordance THREZS IR, W0 9 fTAs .

B7 =4 BEINReEEXT N M AL fordanceTh fEHE

MEEA LI R L R o | LU 2 G T
ThERYE I 1218 D ReBE A BRI Affordance 4E /&
iy Affordance TIRBEERIRE L, (AL T
B EZHE W EW, SRS RESHF. Affor-
dance DTRESEHA BN H 7™ f B9 42 THD 4544 » T 2138 2
RESE B AN 7™ i SRR E P T KT R AR
THRETEH. SERNIREAE T EML, B
A RRZ B E NN AT MRS, AT RS

fineprint.cn

PDF C{-4fiH] “pdfFactory Pro™ i1 RAGIEE www.


http://www.fineprint.cn
http://www.fineprint.cn

HEVERHERSE F21%
/%055
P AR T AL D AL T N P e
R ke e JE B HLRE 1EIH LAY L PNEER i
s e
BARCR ikl AN RS
R
) |
u mbb
— B g i s B siseE SR @ARE [ RR
)
Bl AR S B B A A
=& >
A
1 Rl
m%l
i HmE |
T/REE, - Hi
< o e | mmmienn SR,
N o || R [
—_—
1 HiAE
i1 PR, .l (A
Bl 1=
R HLRE
Ttk o L S LI P
LN
e i
1999 [ i | HHES | s
> —>
W | 2] )\jJJ l%
A e L A3
e wnn [ w6 Y sgwnn [ wE Y owwnn | wE L ool | me f o N
75, Gotat = sk A zZ7 L_F )

K9 FRXMAD LS HEBAArfordance T REL 14 B

TTREERTHRES, VW KEERITT T
FERl .
3.3 MRINGESHESRERIESEREXL
N B3 R IR B RIBOR , 5l A B MAE
A=A FLBIXTR . BHER T LRI IR
ITIRRES R R A SR (DA 10) 5HE MR L4
REnBAMRRIEEMEANRAER(NAE
IDHATX G, KPP RGeS W R & TR
L SR R o]
A PR BEAT X LRI LA, R PLA S R
ThRe SV 5 R A DhRE 4 B B (X 31 S B3R e A

T

RGBS E F v I AR E T R
Y RIRRGME IR B, XRE YRR TIRE
SHE RN R T BRI, 15 B HFER
iBr DR T SR VI S S L 2 M) Dl BB 45 4 1T ) SR g 2 )
BlinAp @ her TR E T R EmHE T8
— T PR 5 5 5 L 1] 4 30 2 BB 45 1) ] R RO RR
R AR B H A7 AR . AR R )
SR, 2H BB R R EE T - PHE
R TANF BT R AR 2 A B SL ™ i S 1
H A BER 5 58, B I 7E Zh RESR A8 B A S 32 DA e 2k

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

931

FE4H REIE % P Affordance FIT) BB A FER KT EEEH B HEw R
R
Pkl e
F /%15
" AJs § AJY by
BE Y maie | o | RoEm [ | TRUEN D | tewsaw
TR N Y
R (e
A\ 4 b b 1
E% - E'T_? - B %Eljjgb B B %Zii]ﬁm B RNAER 3
—5 1 srETak randR G 2E ) smomieg | rheR '
—_— > X4 > XA > 4 >
o o
= 1A
\ 4
WL/ B3 a2,
B0 felervh e il e T
----- Ko
/g LR
¥ L |
—
3 I T B A 88 et o
B i | wed BRnt | g | Rl | e | s
Ajjl lqa
e
}\jJ| l%
_ - = 5
T# | ppow 20 o i,
IS
ry
A\ 4 E@
ZL gagT 2L S man | % w | wmex | ox
— WAE Pl G | rEEE . g =1 gk | wHIER | 9
A TRk x MLT o wx S (AR »| 51T " a7
= a¥% sea e
\ 4
W /15 1175 WS AR

B SR IT RSN S R AL 4 K ]

FREE . FINEAGis ¥ shae s E 1
AMUATEAIE o] LA FRSE, B E e FHAMAER  SRE=REREEELD, EAH T AHAH TR,

CUNEE = PR R B4 AR H] BE R N BT A R 5 SR Y

fRRTR. B, R IR RN, Bt AR

(DRI ThRES B [R5 18 T BRSPS

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

932 IHRHERHERSE

218

3 XA B BT ) B 4R o 28 W R S A B
. BlUnRGThRRS AR+, Ja s BB A, R
BNHGERIM, “F NG AM. TR R I6E
SiE S, AR BEHRATEERA
717, PE PRSI 25 S8 e ERE < A 7R BN
. Hie, Y BRI RREAE T, BT AR AT
& WAL R S BB “F 7 BB T2 R B 1k
PRI . MRS AT, “F I
AL, X HBIT AR BHX — K P HEAE
RN ERNER.

QOREUREEHE N RTREREMN AT
N, T FERY R ITRESS 4 1 B9 BESE3R Affordance 4 &
B RTREREAT 2TT . BN, FEB R D RESE 1A
B, “Frf B P R B B T RES 5 8
B ET X R AT R TR0, R EIA
Tt i B R T BT R AT 4R R
TRIFIAHER. WX T ol 681758, AMURT LA L Brid
XA I E RRTT MR A A, B RS XA HT BT N Y
BHIE . ldn7eEsl B ohRB s M B, “ A fik S 3K 7 D AR
B SRER A, SEIR B R R B, B
REA At tH 977 , MR B P S T “ Bl 1R 5 e
H7 B BT RE

(D JRIGTIRESE 4 1B W K FE B AR PR T 7™ e i 57
W, TZERR B SRR S 1Y I v U 2% 18 7™ i B AR 5 i
MEXE S ERNERE L THAERGR
o W7ER 10~ 11 Fros iy L6, SR
hReEE LU= BN BB, LB T E 7.
Tk R RRGAE iR 18 T - G R G B4,
RIER P o T 3 27 Hh S HR "R
W R TWRSEINMIE %, RIER Py “HiH Bl
%I

7 hs TR AR P B B T AR i B LR AR 2
BB WA L% . LAZHEER Affordance J53t[F
S RIS A, REAN SRS R B %2
B 58 R B

G, B R URR G B S IR IG T Re Gt I
Xt LB AL AN F

(DB R IIBES B A & 32 AT il D 7 R B
WA, FEARSRAR A R 22 T BRG], BA 5 7= A BT
Ve

(2D R DIy RB 45 1 1 {5 ARV HH 3 3B 58 453
BB I8, WO HA T RE.

(B K IIRESi 1A 25 8“1 BRTT 0 RO RZ M, A
A BT AR P26 58 A AR AT BB17 08, B &
HRETTN.

(DB B DRSS 1B 1 25 18 i B A DUR PR T 7
SN, B SRR AR R R . 0% 58 6 an
5 RE LT X ERRERE LT AEA
R

(5) B K DhRB 45 4 1B 42l 1 A G S8 25 12 48 T A
T, AFIIHE.

5 4&xRiE

Pahl f Beitz 44l R4 TR T E Tk
o, LIDhRR v e B, Z 8% T HEsb S —EE
FERIME & Affordance, HINREG MBI HELR L IH
B2 IR TIREF Affordance N4 JE , 5 E 2+ BB
A AR ThRR A B 5 Sk s LA IR , B T 7= it
AR R MBIFLIT.

WIS EA kB E T e B L e Bt
&, A AR SCHR H PAThRE RN Affordance LR /E A%
THEEER AW s . LA Ly 260, X ThBE 4544 B
AT B 2% ARA , 0% R N T RE4EE 1 ) B 5“7
BH247 87 Affordance 4k BF “78 H 3558 H 7] BB
REATLATA7RIEMZ BN R TR, S REN
IRe SR T R, EHAF BSR4
B IR TR KEE LY BT RBERE,, HBE
TFREA Z IR HE B BT A AA A,
XU s R R IRE SR iR TE b SE B
FERMERNME. RN RIIRGHE T EE
BTFRIFAT R BENBR TR, RMiXF
EREFAFHENTRSERE RERHERES
B YISRRe AR A %, dE— K A
B BRERESCHE YRR RS
BN REN RS R T .

B 3k

[1] PAHL G, BEITZ W. Engineering design: a systematic ap-
proach[ M. 2nd ed. London, UK : Springer-Verlag,1996.

[2] ULRICHK T, EPPINGER S D. Product design and develop-
ment[M]. New York,N. Y. , USA: Tata McGraw-Hill Educa-
tion, 2003.

[3] OTTO K N, WOOD K L. Product design: techniques in re-
verse engineering and new product development[ M. Beijing:
Tsinghua University Press,2003.

[4] HUBKA V, EDER W E. Theory of technical systems: a total
concept theory for engineering design[ M. Berlin, Germany:
Springer-Verlag,1988.

[5] TOMIYAMA T, VAN BEEK T J, ALVAREZ CABRERA A
A, et al. Making function modeling practically usable[J]. Ar-
tificial Intelligence for Engineering Design, Analysis and Man-
ufacturing,2013,27(3) : 301-309.

[6] VAN ECK D. Validating function-based design methods: an

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

4 BAE 4 Ll Affordance 1T} RE 934 R 2l B Th RESSH B 05 Bk 0 R 933

explanationist perspective [J]. Philosophy & Technology,
2014(7):1-21.

[7] SENC, SUMMERS J D. A pilot protocol study on how de-
signers construct function structures in novel design[C]// Pro-
ceedings of the 5th International Conference on Design Compu-
ting and Cognition, College Station. Texas, USA : Krasnow
Institute for Advanced Study,2012:247-264.

[8] ZHANG Zhinan, LIU Zelin, CHEN Yong, et al. Knowledge
flow in engineering design:an ontological framework[J]. Jour-
nal of Mechanical Engineering Science,2013,227(4) ;:222-232.

[9] EDER W E. Conceptualize - design enhancement of system-
atic design engineering method[ C]//Proceedings of the Cana-
dian Engineering Education Association. Ecole Polytechnique,
Montréal, Canada: CEEA,2013:Paper 007.

[10] ZOUJ, DU Q A functional reasoning cube model for con-
ceptual design of mechatronic systems[J]. Journal of Me-
chanical Engineering,2013,59(5) :323-332.

[11] YANG Bo, GAO Changging, YIN Xiaoling, et al. Extended
product function modeling for conceptual design[J]. Journal
of Mechanical Engineering, 2013, 49 (15): 153-162 (in Chi-
nese). [ BLREF,FHRE, % HRESRITHRT R
REEE k[T, VIR TR, 2013,49(15): 153-162, ]

[12] KANG Yuyun, TANG Dunbing. Matrix-based conceptual so-
lution generation approach of multi-function product [J].
Computer Integrated Manufacturing Systems, 2014, 20(12):
2915-2925(in Chinese). (RS =, BHIE. £ THEBERE I
FERBEEATRREFT B HEE R ER S, 2014, 20
(12):2915-2925. ]

[13] MAIER J R, FADEL G M. Affordance based design:a rela-
tional theory for design[J]. Research in Engineering Design,
2009,20(1) :13-27.

[14] WU CL, CIAVOLA B, GERSHENSON J. A comparison of
function-and affordance-based design [ CJ//Proceedings of
ASME 2013 International Design Engineering Technical Con-
ferences and Computers and Information in Engineering Con-
ferencee. New York, N. Y., USA: ASME, 2013:

1EEE T

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

DETC2013-12349.

PAHL G, BEITZ W. Konstruktionslehrel M]. Berlin, Ger-
many: Springer-Verlag,1977.

NIX A A, SHERRETT B, STONE R B. A function based
approach to TRIZ[C]//Proceedings of ASME 2011 Interna-
tional Conference on Design Engineering Technical Confer-
ences and Computers and Information in Engineering. New
York,N. Y. ,USA: ASME, 2011 : 285-295.

VERMAAS P E, GARBACZ P. Functional decompositions
and mereology in engineering[ M]//Handbook Philosophy of
Technology and Engineering Sciences. Amsterdam, the Neth-
lands: Elsevier, 2009 : 235-271.

ERDEN M S, KOMOTO H, VAN BEEK T J, et al. A re-
view of function modeling: approaches and applications[J].
Artificial Intelligence for Engineering Design, Analysis and
Manufacturing, 2008, 22(2) : 147-169.

VERMAASP E, VAN ECK D, KROES P. The conceptual
elusiveness of engineering functions: a philosophical analysis
[1]. Philosophy & Technology,2013,26(2) :159-185.
CHANDRASEKARAN B, JOSEPHSON J R. Function in
device representation [ J]. Engineering with Computers,
2000,16(3/4) :162-177.

GIBSON J J. The ecological approach to visual perception
[M]. Boston, Mass. , USA: Houghton Mifflin,1979.
CHEMERO A. An outline of a theory of affordances[J]. Ec-
ological Psychology,2003,15(2):181-195.

NORMAN D A. The design of everyday things[ M]. New
York,N. Y. , USA: Basic Books,1988.

NORMAN D A. Affordance, conventions, and design[]].
Interactions,1999,6(3) :38-43.

LIANG Yanhong, TAN Runhua. Functional analysis in con-
ceptual design of products[]J]. Journal of Hebei University of
Technology, 2007,36 (4) : 33-38 (in Chinese). [ #a41, HiH
4, RS RIT PRSI (). WAL Tolk R %R,
2007,36(4):33-38. ]

RER1986—), 5, INFT KRN LB A, BF5 T : Bt rgsde IR, E-mail: welzju@zju. edu. en;
+EBRA973—), B TLIFIR A #E B 07 17 P SRR A BT R i 48, 38 R AE % - E-mail : mejyj@zju. edu. cn;

ARE T (1949—2014) , B, HATLHLM A » #8218 LA I, BE 7 10 - il AR B AL BT 3RIB %

JERTR (1956 —) » B WiTLATN A B8R - L4 UL BR S 5 1 - R B BT AR E S

& 981D, B, W ERELA Bl S 18 L B R, BEFE I - IR S5 7= i BT T k2 RS AL RIRIE S

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn



