435 6 1
2007 4 6 f

LIRS B =
CHINESE JOURNAL OF MECHANICAL ENGINEERING ~ Jun. 2007

Vol.43 No.6

[~ ARG RER A

BILE [k

COREERZAB U T RE 7 B

Rikw E F
K 300072)

W AHE RIS R BRTE, RSB B IS B W BRI AR A v, $e i) SR b it Ty
2, NI # FEAERAL Be vt 1 B A0, A FL R PO T 2R 80 20 ke o L I S F) ™ ik S L7 R IR TR, T
RTOET . KRBT, FHEBATEMRE . WIEBEE, ROV EANI] B OB U™ S T A BTk 0 SUBEER
W R T30 e G T SO S LT SO - B 7 S BRI T IR T R . R Ja DO
B WU SCREHAL BT R St BRI D ], PRI SORBEERAG B v (R AR S BN 595 o

KR XL TSRS
FESES: TP391.7

0 mie

PV O T3 B B v RIS E 1+ )
FERAI I IEAZOEAR, W R B A [ 41
L S P AERE Sl B, B N T
PUAS BRI TR, ARSI A,
G IAL B v o AR R K AL L FRAEL AR B14L
—IE F T AR A 7 Gk P LA A B i S
WRETT Res X T TOURAR R, FREAT 45 H o
B RIEEBCTE, TEW] AR G PE P LB
WM S NIRRT K ) A LA %, afE DAY
FALGE B i 7 iLE

ASC[R BT AR e PR BT E RS, BERE
FGREPA BT 1R BRYE, A 2 E BT A & A
IMTBRGIABEAL BT, RGfeih 1) XL
BOV OB, SRR T REERAL B BRI A B 4B
KT SOBEHRAL B AT 3™ - 6 1R 7 I
TR N 328 dh B et e LUAE
SPGB, PEARUERT 1) R AL
BV LA BN J595 o

1 Bl (ol e

11 BRI R R AR

B B R TE 20 HiE4L 50 4EAQ Ik
U SRR, BEAS RORBZ  SGE A
WHIL. FERABAL BT IR e . SEDlad e, AR
Mkl SRt BURSETREBAL Bl 107 b R
L5 vl A5 5 TR AT 2

* [H 5% B REFEIE S % 0T H (50275105). 20060725 W F4)F
20070205 e E5 ki

FraR ZEA T

ULRICH 25\ Ve b12% f1y AR Y T SRk,
WIFEARR 2= QWi P IIRes S Y g5 h ik 2
[) P56 Y R FEE S A R PO RE S o @7 i ) L 45 4
i) A S A A B 1 de /Y . SUHPU A Th RE — i 5
BUOWLSF R A FE E SC T B et Ak E —
Padrgs B r=, CU= i, dRBEMRARTEAR
I, W e I FE K, HO7oR i BaE ikl
ZH, SE RN T RE T SR 3 B W v S O g
PAHL 25 Sk b Al B T 2 58 BN T g 7 sk 158 2
PP D BRI TG, SR 7025 REATEL I R (R
T AR FEA b 57 M AR R 1) f Jak 21 A5 e 2 A 35K 1)
WSy, Jfda BIER Dy RE AN R, ZERIE T Re e R 45
R HEAT T AH N A 2 2 e o

TEREHRN A BRI J7 1, ERIXON £l
H T FINRE ML 11 AN, IELLAE A5t
B 43 roadm A ), 3 ST AR PRI AR BE(MIM), - 4R
JER & D s A BT B 2K . GU 2B W T i 1]
Fe i A TR Z HAs (D TIRctEs vl FA4. )
BN EASE) BRI 5, e T IReSs
S3 M AT BRI £ 2 T B M, D BRI 43 A
SE I 1) S BRI T A . STONE 251t 7 — il
T 7= i 28R 1 R ) DR A o AL B 7 v,
P A AT Ih R 5 R B WIRAUE 5 AR OCHE,
DL i SRR i B RO, e sk, Thnesds
e, ¥ IhRe S TR REEN, PUHA/E AR
R SR e 1) A AR

FERHAH S EARIOWEFT 7T, TSAL 200 g
T TREMMAE R K, EHERE I T AIRERL R Y
PERIEOLT, KR L e v R TP i L O R
Ry AAN R A, AR IR HH B o, 4R
Ja iR E S, HEE B &S DI RE RSB R,
VE R RV (kB . O'GRADY 55T T 4 A



2007 4 6 H

re PR S T SOREAL BT S B ROk 49

M) B D 2% B T BREE R BE i ZL 5 v, A
THI ) 5 2 R AL i B D EREE , 7T LU AN [l X
AN [RVR I B B0t RS e bRt 4 5 R A T P 7
SRR ER AL o R D T IR 2 A 1 T
TE4A, HILLSTROMMAG: & /8 LAk ¥ o J5 BRI 1
S5l DFMA(TH] [ B B0 R (1) VR T TR
HeAb BT 4 1143 H7
12 fEFHERIRIT A E BRI

e 5 TR e v PO e 4 1 R T R A b
HEP AR SC BRI S R DT AT (K, 7= 5 R A4y
FRRRAN, AEAS G AR RBCE AR, BRI A
B RIS, kAP R e, R
PSR AR IIRE AR, MR INAETUAR. KA.
TP (TN, KR L), AR —
MRSt AR 22 BEAR K, XL 5
AL TR

4h, BEE VIR I R RRITE BV T 4
F o S RIS B L 43 BT 0 A 7 i e o
R VZ R, A SRR BT 2 2 L R
RIS NI R R A, 15 2 AT IE R o

2 ) MR BT RE A i PR

2.1 EAREE
ISR BT S AR SRR B T AN
WNIERE, SIASEALBETE A BAL S vk, T
REX— R AP AT ThRE M IR 4 A LA R
M YEF R T, R TR I EAT S N 1
I SRS SO -, Tl SUBSER 41 A Bk
SR T BRT AR S PR BT
J SRR ) OB LA R 5 T RE IR S5 R4
HASHA I S M BOR AN R . | OB 2 1)
By JUMTIRINEERY . S5Ra 5. Sh R i 45 TR
ZIRIMREL, AT LARIE
My = f(F,G,X,R) (1)
L F——) BRI fE
G——INReHTXE N S LT IR dh ey, &) X
BEHRThBE A, S EU I 45 A
RRAER
X —— BRI IR S S5, B iR
RO RYIRTIE S el v SUST 2
J SRS F 25500 AR 2506 AL A
BLREE . AERINIEE L RS B 2R 4%
TREZR
BT B

R

22 [TMAEBREYZE

I SO AT [ P A S5 R I S AR,
(EERER e SN ey 85 IIE R v T (AP AN
JUNXBEE ., R, R R K e e g
MXRME 1 . BHOEEAMSI IS, Aorgs
FAITRISE A, AR TR ELAT [ 58 B2 1o BI N
B S H S, E— e AT DAL 25 4
KN GINHR I A A BRI 43 T AE S5 R BT
FHIEEHEAT, (ET76 CAD V& LTS5 F s

it

EsEEr
[
| [ I

R it R B FHELH
K1 T SOBEAG v ) 4 i

PR SRR SOBERL, BRI
FOM N R A2 28U, BobRME . — 4
il 32 PR 205 ¥ 25 B P SR ASE R T e WP R
RSB IR 52— T VR, BEA
REMEIAAR IR AT AR R $h 41 25, AN e HASE B
FURS I VSRR o 5 SRR HRAR T Y., S $h SR A
JST 5 il AR SRR DA WIS

Bl 2 s g BUARJE T T3 FEZR PR R (1 1
B, LA ST RS S8 P~ Ps, TR EK

No SBR[ o ),

K2 FEHHoRER

REAUZRMEAE P £ — RIS SR ()
H el R A ST I LA,
I RABNBER DR, AT BRI A
Thuetse, HEHM EAREH Y, (XRAT CAD F7)
FIRRSC, AR REAUREBE . B ISR
() LT S5 A A K Is SR, LR IR AU 1

Bl 3 7 g — B s AR R R 2y o
RO, AR Th B S HT T AT AD A B A 1
PN B IR U . XS
giky bt — Ak, &R E AR R, H
MR LA 5, KRB AZ I et — 2D 450 g A
TR BRI, 5 T2 5K 5h) A
TR RS R, AN TS AKE). T
o AR R 2y, T AR (B4 W] S BL S Ak,



50 BB LR ¢

43 %5 6 1

FEANR BT, (T SRR 2 i AR R A
BAb P it

B TR SRS

K3 BRI

RYETCE: oM By ik, R
A7 [ 5 b 4l A S 1R 3R e ] B PR SR A .G,
MR TCGIHE o AR IEIEA G5 H 0 ] SR R
B, BEAAF T RSV SR et ik, Ry
FiEoeait.

Bl 4 JT7s S HLAR IR 5 e I DAS S HEZR SR IR s
FUR, T AR SRR AR LT RS B8k, RIS
Bt AR AR AT LA, A BROG o)
B, BAE SO E A S SR R A U B oG &R, A
HRAMARER . ShARE, nIH8ds At it

LHIBR

Bl 4 HUARIR S B MR S HEZ SRR 0 45K

23 TTXEREQO

TR LE R IR BR M O, RO A
A2 R MR — 4 S B I R ST A3

R O] Rk N<T, b, A>. T FREOR
KA P RA i ML RS X o AN ] (1) 42 i L
TPRFAE OB R) R IR (R A R . 4% IB30). b
N ANARME, 45 b=0, Whzd0 0 TR H
brsi, ANAHEAE . A WO SE A={4,,
gy ey Ao FEBRIA] (R IERENE AT ek e,
2.4 T MAEBREYHHE

J7SOBEHA B LA SRS Yt T, T X
P R A — OB PR IE AL, B — S8 R
M QO SUBEER Bk M S BRI T REAR T
T T IN T BB R &, ) SR ) &) 53

ISR ISR N AT, AN ZE5 B SR X B
Pho @) SCREB K S5 R B I BAT 58 LT Hh Fh 45
LALE S Qs SICP RS i A L BUR ST AE S (]
AT A ARG R, BN BRI SR, RS 45 45 7]
T RIS o — AN OB AT X T IRAS R ST A5

3 X

31 rFm¥a

FIRIT R AN S AR BT i 1) — AL A
PR T, BTG, e R ARTE MR E I
SR A T P T s AN B A DD AR
IR IR s

AR AT AL A AT S,
DI REALL AR 7] , (D) EMT () S5 R nT 7 2 Fh
LG AR PS5 R BORST RURS Al . — Bkl 7™
dnf 5 e SR B R 2R A A G, AR B
T BT A S A SRR 2 o
32 I'XFEm¥Fa

41 SRR ™ -6 BT X
WG e AEST X G N sl e — 41 AT
P (L ATBE AT DU AL GE WML D, ] DU X
B MAT AL — AR R R Bev, BRI T 30
fn P65 1) SOBRHAL BT

T [ X e B TR — R X
R Al S Gt T) . S Gl 1)) 5 i I VD U
fh A0 S BB R T 0 (B, (ST
WA

W 5 Fros, BT OB ) 3™
dn B ATEAT - B TR AR M . R SO P
B OB AR K . SRR e R
AU, PRI O™ fh-F- G 3l WA — D S5 AR E 3 .
1) =P S TR, HR R, JL
MR T ERFEANAR s BT S e B 2B,
TEE AT ™ i 6 I Al Bk 3% — A U LAt
PR Pk, TSGR AT PR TR
HVEHT, NI ™ it 3 e SE N8 5

4 ] SCBEHRAL P BRI

T i) 7 it R HEAT B v — A AR NI 46
M RS AR R 2 7 b R K o T 1) 7 iy
W BETE EER T B T ik i R 48, 8
LA R I i, BEHREE ARG RAE T AR
(e, AT 55 TS S AR AR A v



2007 £ 6 H PSS ) OB T R A T v 51
" R DA BAEHE P, SEHE P T
TR R TR A
i @fﬁm SRR, R R . ST -0
PR S5 R A S, DU TR B
Hﬂ@ﬂﬂmlﬂ@@. T
— | R My 237007 B (1S B, g — T4
X ) B, BT R R4 AN SR T 5 ST AT A
PRET Mo T80 e 9 2 T A
(" an ™ B M, TR A 5 1 2 .
- P KA My 3007 Sh 10 XS B, 3
i ﬁ*ﬁm ) G RS TR I 4 2 MO R R i A — B A
. T, MR < AR kN R B R
B, ABIERRETT S — A SRR, 2R
ORI Hh £ R
. ) P 9 0T KK TR ok
P ————— e PR S IS L S AR OB, 23 s e b e

4.1 BT XERREAESHERERK
A RS AL R B AR IR AR A AR
AR, R A ] — S B AORKE, 4l i
) ELAT AR B B Fh AN AR 1, a2 ik m]
J SRS BETT JT A aE —) SOREEAE T i T &R
G, | SCBEHAL ™ it B I RE I R I R P 6 s
P AR R I, DAL R 51N

TIREAE(L

SRR S, AR T AR WA . 7Rt
by ARG A ) R R ) SR
Bl S g = fh ) SRS e DT R R
Pp =¥ xMg 2)
HRAE Dy fie e SR oe ke SBEHR I e e, FREAT
I SRR ST, FERE SR AR AR A T R
LA BRI TE LIRS )45 30 7 B HRAL 7 b I
Py T o

I 7
0 :Pll: PIZ Pln Pgmn Pgmlz %mln
P ZZ%\ :le: Pp o Py | Pgmzl Pgmzz Pngn Py,
S 8 H : : :
wln ey g
51 P
l_Pmll Pm2 Pmn gMyy] “8Mypy) am
M, (Mg Mgy - Mg]
ELAU= SR
LM
My, M, :MgSII: ip HIRIL
Mgs MgSz. MgSn : Mgsz/| . o, airitE
5 R o 5
8 G 2
| |
My, Mg, Mgsm,: M,
LA
1 2 k T SUREER
;\I% Mgs1j Mgs1j Mg81j Mgslj EHIH A
25 1 2 k
(B[ My M3, M,
28, . . . .
e | : : :
1 2 e k
85mj SSmj 8Smj &S mj
- T _ T
(Mgsl Mg52 Mg53 Mgsp)mxp Pgm_WXMgS
4 ¥, ¥ lIlq),,xp

Bl 6 T SUBLHRAL & i)™ it AR B IR



52 WL M T

2
°

[ 5 43 4575 6 1Y)

R

42 BEFI X Tanr-mikixl

B 7 P 31 307 e 6 07 s o
LT SO A (K7 SR RIAN R K R A
B M 5y 3 FAEHAN L IR E P8 73, Tt 2 A 1
ARIFHENT™ LRI Mys, | SCEREHATLL

ST Popy RIGTRSHGERE W, W)X
P Py B B Mo, ALE, TERU S0 i
JBEHIBE Py

77 b R 508 7 T R BATT SO P Ol 3k
fith, JERLHE AN AN L R BROR S

IHeZE{L
F :_P;: By - By Banyy Benpy -+ By,
I
P % :Pﬂl Py e By, Pg"_lm Pgl{l22 Pg!{lzn Pen
1 : : : : : : : :
|
!_Pm1| PmZ Pmn Pgmml 1)gmm2 gm
M; (My Mgy - My,)
T D RELE AR
| ([¥od [, 0| e
Z | | ‘ T
YR IMSgH ”':MSz,l'MSzf . M52,,' AR
ol o : :
(] [ F
ARLA T
S —Tﬁﬁﬂf sHic |
mLooml| | M,
o . . P ST
M, : : : BRTA
koo gk
Mgsl Mgsi Mqu
Py My
Py (ng|Msp) -~ PgE‘:V/xP;
¥ (l]/] ¥y o glq),,xp
7 BTG B A R

5 Sl RN B

Bl 8 Jrrois by Ak 41 A HE B AR LI R4S
PR, PR SR ™ i, AR 23
ANEREA, FE D RERs R0 D B AR
BURT AR, R T 2 S T AR,
RG] T2 R A N TS, AR T
B ERRR R,

K8 AHAHERA BN ENLE R

WENLAFRE J1(5~80 MN)E EUIfe S5, &

W TR L TAERE ), HARRI AR )8
WO AN AL G548, WOCKs A RR IR 1 B AR
S8, IR TR, R AR & A S AR R
TECEAE RIS E . R AR S S0 R
fh, SLESFIET B TAE G RS (22 (2~ 16 m?) ik
AR o TR R A R )« RS AR 28 ) s o
BB R T AU R S = SRR, SO
A R 2, EEUA L =2 RAIE A
o ARG AL = SR IR s . 4%
T AFRE 3 R0 AR & AR AR fh v BBl 452 v
B S HAERL, 42 SLRUS (1 I AT R
TCAR RN, RS HGE N, BT
FasEdl, I FEM BEATIRUE R S5 B 1E .

B 9 Fis —AFRIE 77 4 20 MN, 14 13 mP,
MELEE R 3 LA HERE B R U (1 Rt 7
Brah F(1/4 SFFRpil), Ik KM J)h 140 MPa, ¢
KA 0.774 mm, 5 L VPN ) 160 MPa, ¥FH
BT 0.9 mm ERK . X T AFREJ) 15~30 MN,
TAEATM 10~14.5 m® I8 Fl N 9 = G0 LR AT
CABEARARY Sy Fe iy, o Y A A R M R ) 4L



2007 4 6 H e AR ) SO s B R 53
F HEERENBENTRENN R
A 4/m? 2 4 8 13 16
: AT LT =fT T =4 : =4 LT
4 FMN T i L i ol i EEKi & fif
4=05~15 u=05~15 =05~15
5 v=0.5~1.5 v=0.75~1.50 v=0.75~1.25 — — — — — —
K<1.7 K<1.7 K<1.7
#=0.75~15 ;=0.75~150 4=0.75~1.50 x=0.75~1.50 u=0.75~150 x=0.75~1.50 4=0.75~1.50
10 — v=0.75~1.5 v=0.75~1.25 v=0.75~1.25 v=0.75~1.10 v=0.75~110 1v=09~11 v=0.9~1.1 —
K<1.7 K<1.7 K>17 K<1.7 K>1.7 K<1.7 K>17
4=0.75~1.50 4=0.75~1.50 £=0.75~150 ;=0.75~1.50 x=0.75~1.50 4=0.75~1.50
20 — — v=0.75~1.25 v=0.75~1.25 v=0.75~1.10 v=0.75~1.10 v=0.9~1.1 1=0.9~1.1 —
K<1.7 K>17 K<1.7 K>17 K<1.7 K>17
41=0.75~1.50 1=0.75~1.50 4=0.75~1.50
40 — — — — — v=0.75~1.10 — v=0.9~1.1 v=0.9~1.1
K>1.7 K>1.7 K<1.7
41=0.75~1.25 4=0.75~1.25 i=0.75~1.25
63 — — — — — v=0.75~1.10 — y=0.9~1.1 v=0.9~1.1
K>1.7 K>17 K<17
©=09~11 p=09~11
80 — — — — — — — y=0.9~1.1 v=0.9~1.1
K>17 K<1.7

E: AN TAEE AR,

125 140

0 16 31 47 62 T8 94 109

(a) i J) z [#] (MPa)

0 008 0.172 0258 0344 0.4|30 0516 0602 06880774
(b) I (mm)

Ko R HES LR AT PG HT 45 2R
JF2eit CAE Bk, PRI S8 e 7 A ™ il i il

P, MITSZELT e B S SR B Ak 3
6 Ziie

I XAEHAC BT T3 A S B v AR A )
BrHeR GBS BT, A1 LR v i A2 KA A2
TR AR BRI 0 B BT, R AT AL
AEMPACESR . W8 R Beke Pk KA U™

FONATRIET); K=Ub(HRRHR05E) ;s AFRIE R wF

A BRI v
AL BT K7 2, PR TR BT BEAR K Y
M. fEdEIEAL b, B DRk 7T SR
AEMIET) SO PG B fhRRITT % e n
LA 3™ il A A HEZR AU LI ) SUREEAE ¥
TR SR 1, PEAR U] T OB BT
(RS i AN 792

%

=

% x

[1] 25, RETAR, . 2= Raub B e, Rl
N TR RE]. FUB CFEZ4R, 2004, 40(1): 56-61.

[2] GU P, HASHEMIAN M, NEE AY C. Adaptable design[J].
CIRP Annals—Manufacturing Technology, 2004, 53(2):
539-557.

[3] ey, fr5e, k&, & BUEHLT BEHUE B R
RIS A MUskdir, 2001, 18(1): 1-3, 41.
[4] PAHL G, BEITZ W. Engineering design-a systematic

approach[M]. London: Springer-Verlag, 1996.

[5] ULRICH K, TUNG K. Fundamentals of product Modu-
larity[C]. ASME Design Engineering Division, 1991, 39:
73-79.

[6] SUH N P. The principle of design[M]. Oxford: Oxford
University Press, 1990.

[7] ERIXON G, YXKULL V A, ARNSTROM A. Modularity
-the basis for product and factory reengineering[J]. CIRP
Annals-Manufacturing Technology, 1996, 45(1): 1-4.

[8] GU P, SOSALE S. Product modularization for life cycle
engineering[J]. Robotics and Computer Integrated manu-
facturing, 1999, 15(5): 387-401.

[9] STONE R B, WOOD K L, Crawford R H. Using quan-

titative functional models to develop product architec-



54 BB LR ¢

43 %5 6 1

ture[J]. Design Studies, 2000, 21(3): 239-260.

[10] TSAI Y T, WANG K S. The development of modular
-based design in considering technology complexity[J].
European Journal of Operation Research, 1999, 119(3):
692-703.

[11] O'GRADY P, LIANG W Y. An Internet-based search
formalism for design with modules[J]. Computers & In-
dustrial Engineering, 1998, 35(1-2): 13-16.

[12] HILLSTROM F. Applying axiomatic design to interface
analysis in modular product development[C]. ASME De-
sign Engineering Division, 1994, 69-2: 363-371.

[13] F5/RZ. HUBO™ S P B B, J79, RBEEOR R
PFTRBIFE[D]. Rt RAERS:, 2003

[14] FBEFR. VOB A A R iy B ¥ v AR T R B
ARWFFD]. K KR4, 2002

[15] skZEFe. BT SUBIHALB T N US55 Bhas etk
IR BARAC BT [D]. R RHER%:, 2004

[16] SIMPSON T W, MAIER J R A, MISTREE F. Product
platform design: Method and application[J]. Research in
Engineering Design, 2001, 13(1): 2-22.

THEORY AND METHODOLOGY OF
GENERALIZED MODULAR DESIGN

GAO Weiguo

CHEN Yongliang ZHANG Qing
(School of Mechanical Engineering,
Tianjin University, Tianjin 300072)

Abstract: Generalized modular design method is proposed to
solve the limitation of traditional modular design. The applica-
tion domains of modular design are extended because paramet-
ric design and variational analysis methods are introduced into
generalized modular design. It can be applied for developing
not only products and product family planning which have ob-
vious hierarchy but also mechanical products with complex
work conditions and heavy load, whose strength and rigidity
design is necessary, and whose hierarchy is uncertain. The the-
ory of generalized modular design, generalized product plat-
form, product family planning based on combination of gener-
alized modules and based on generalized product platform are
systematically represented. At last, an example of generalized
modular design and product family planning of hydraulic press
machines is given to illustrate the theory and methodology of
generalized modular design.
Key words: Generalized modular design

Generalized product platform  Product family

Parametric design
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