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The configuration design of a mechanical product can be efficiently performed when it is based on the functional
modeling. There are methodologies, which decompose function from the abstract level to the concrete level and
match the functions to physical parts. But it is difficult to carry out an innovative design when the function is
matched only to a pre-defined part. This paper describes the configuration design process of a mechanical
product with a design expert system, which uses function taxonomy and TRIZ theory. The expert system can
propose a functional modeling of a new part, which is not in the existing parts list. The abstraction levels of
design knowledge are introduced, which describe the operation of mechanical product in the levels of
abstraction. This is the theoretical background of using knowledge of function and TRIZ for configuration
design. The expert system is adequate to control this design knowledge, which expresses knowledge of
functional modeling, mapping rules between functions and parts, selection of parts, and TRIZ theory. The
hierarchy of functions and machine parts are properly expressed by classes and objects in the expert system. A
design expert system has been implemented for the configuration design of a train bogie, and a new brake
system of the bogie is introduced with the aid of TRIZ’s 30 function groups.

Keywords: Configuration Design, Design Expert System, Function Decomposition, Functional Modeling,
Function Taxonomy, Levels of Design Knowledge, TRIZ.
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74373 Al(configuration design)= 7HEAAA L] Z7] TA A
THEE AHOEA, “oln] HOH Qe TP ES X
grated AA FAo] Rgele TheES AAse 3
(Snavely, Gary L., and Papalambros, Panos Y., 1993)2.2 9]
2 7 Ut 7IAAIESY AAEA DA = 718kt #
9 A7t FaARE AA Z7]d= FoR 7] (function)
& AT FE o] FE Aol HM(Deng, Y-m,
Tor, S. B, and Britton, G. A., 2000), ©]& ¢+ 24 Fs}= +
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7158389 TRIZ °) 2%

7]?4]@ ]—% ﬁOH 7H“‘% Fste AN ER, AAA
TS EFANINA domA, L FE A v Aol Alst
I, AAERE HSAAFE AR PHES A= A
o] ZZolt}. o]F fste] AAste = 719 7%l 7Rk
oAd] 74A R EE0] Al=He] gtk oleg W EL A7
SRS 7)ol wt Eejste] AAFAE B 1hde] s,
AN o] FolA = ZHES AEHOE T35t Ul

22 T ek
Pahl¥} Beitz(Pahl, G., and Beitz, W., 1988)F A X. (infor-
mation), U A & A F(material)7} 47 7]5-E THEA|717]
e Y1 ZHEE, flowe] HA-oA Al 755 F
ottt o] 52 &g 5719 713242 functions 7 o] 3t AATh
o] &gt flow 9} function, oJH A|2H19] 7]5-& YEfU 7] §
ato] FAML BHojo] AAEM RHE & e, 97)A
function ALY FEE, flows HH0j9] d&S 747 T
Sttt Hundal(Hundal, M., 1990)- Pahl¥} Beitz<] function &5+
£ 6702 3oL, 3870 9] A4 functionS A A3 H, 371
] flow & AH&-3FA T
T Ago] 3stalel Altshuller(Altshuller, G., 1984; Altshuller,
G., 1994)5 ZeJA o] 23t E5 %% Wﬁ 3o, 7)okl A
HAetE e EA1 AS = ofg 7P I ES
A =H, 08 FA5H TRIZ(http.//www.tnz-]ournal.com/)
2}l gk TRIZ o] 2| A &8st AW o) 2~ Fof|, ‘=2 d
43 AIHER 2y 7t e, d7)ole FEAEA oA o] &
& ole =2 E g et B A4 o] 55 of Ytk
TRIZA = 71A| A9 #Ag 7]5S 7]=st7] 9sto 30
e A15280] Belo] 9o m(Alishuller, G., 1984), 747—}
9] 7 252 B AT a3 AAHo] oA HeE
golgeg FAH itk TRIZY 307 75152, 715
& o] & A 7%30}04 AHS-E T, 7]74]1?‘%@
AL g 712AQ B0l &S AFT F AU
Collins 9} 71 5 E(Collins, J. A., Hagan, B. T., and Bratt, H
M., 1976)& Pe]FH 59 2FAdE E_%M 71 A%
o 712A% 7S AL, 4 7IATEES 150 ]
Bt 715020 7138t o] TR 4671¢] 7] =gt
40718 B BALE o83, 105719 7184 < 7% st
Atk Kirschman} Fadel(Kirschman, C., and Fadel, G., 1998)
Collins«] E‘%‘%‘“’]’ ;(}1:._;‘(]. - aqu_ ZELO o]u}z—] oz L"E]

o]
SHE 7IASY 42HE THA, 7IAFF 75 s &
5(Motion), &2 (Power/Matter), |oJ(Control) % A|X|ZX]
(Enclosure) ] 47H«] 71848 712 EdstAth ofdt
71652 <Table 1>of] YEbd AXE, He}h A 724 755
2 7}z Bef H, o] H 3 Al E 7]?5—‘47]1-4 718431 7]
TETHOE, AL F A BAE BE T
715l Ujr% ERHES NEAAY Z719A A 71AA
5 S5 F83 A o] Ak A A 59 #d

°]§%

g AE jate] FAAA 231

29 75, o o] Eallzt Fofulgh AlFlel o]28
e FAE o] AL A4 7% 5AL FAEA 7]
sdet HHE AP FEAFS KA 8] fsiA sttt
(Kirschman, C., and Fadel, G., 1998). 7|5l w2 EFH-E 7]
a7t 4rEE ARl tste] 2F3HE 715 A sk,
HIAE7FLE o2l & & Sl sleth 7sEel7t ghad
T, ZallE 7IeES HEAATE, Ao T8
REYUZES G830 2 AR A4l o] A Fel oA s}
= ARG & FFo tiste A8 o475 24 + Ao

(Kirschman, C., and Fadel, G., 1998).

Table 1. Four basic function groups(Kirschman, C., and Fadel,
G., 1998)

* Create, Convert, Modify, Dissipate, Transmit
* Rotary, Linear, Oscillatory, Other

* Flexible, Rigid

* Power, Motion, Information

* Continuous, Discrete

* Modification, Indication

* User-supplied, Internal Feedback

Motion

Control

* Store, Intake, Expel, Modify, Transmit,
Dissipate
* Electrical, Mechanical, Other

Power/Matter

* Support, Attach, Connect, Guide, Limit
* Cover, View, Protect
* Removable, Permanent

Enclosure

NNAAEFS 75 W ASTE2E 7RIS 2 st 44
AZ Fhshe AE7A 2" o] o] 7]tk Lee(Lee, C.
L., 1992)= HYSYNo|gh= A&7} AJ2Hlo]A, “functional
module’ o] 7|59 @9 AHESIA A, o] & o] &3t Vs
I AFTFZE A= FAhSuled e Z RHH &=
3t 7)ol whe} ‘generic device’ B F-E-S A et AYE A
7282 Bate] 3Tk Koo(Koo, D-Y, Han, S-H, and
Lee, S-H, 1998)+= object modeling technique(OMT)(Rumbaugh, J.,
Blaha, M., Premerlani, W., Eddy, F., and Lorenson, W., 1991)¢]]
A ZHH FX]7]7H(paper feeding mechanism)] 7434
Ag Fdste AE7H2EHS /Eskth Myung(Myung,
S-H, and Han, S-H., 2001)-& 714 2~ ¥l 7} CADA]*E@% il
Aste, 27|14 F34AE S EY AA 7S o]&
slo] =38tk Myung-2 Lee(Lee, C. L., 1992)2] “functional
module’ ¥} B] S8k U] & Zh= ‘design unit’ 0] = 1 EHS =Y

stol, #7149 7152 AF T2 ek gl
7],‘: ]:L}i{s]. }\47;]]1:]]-13-1 %O 7]ﬁ])&ﬁ ]/\1 o-] 75]_ %o]:
o %9 A7} S 492, JYE B2 7A5 A2

% Qe 7)R 2 AT Fok e Aol 2A%
FAAAE, 75 F vE) a7 $E) Aol b5
@ wolth, gebA) FolA 5L WEAI)E AR HEe

A9l o)
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A A 4o 2 =RdAE o3 #4019 s 2E Al
A, Kirschman@} Fadel®] 7 ( T

=] Aol B3 A HH| 0] A F 0]
o] 7V A B AR AH S Bale] TR AT

2. AR A ¢ #83 7] -5+ (Function Taxonomy)

AH A2HY A58, A4S B8t A4 Fstd
Ao wpet of Hol| A 7]%e 4= 9)TH(Hoffmann, A., 1998).
ol9} HIS=81 A, Z1AIAIES] A A9 FAE A4 = <Figure 1>
S ASTEE ZHE 7 Utk 24 Pl o] AHEL 5YgH 7]
AFEY A5S F4stE A= et xdsta Qe A
Aed-E sk g e F @}r;]aia]o]\:}

#4419 Knowledge leveldll= AAERE B4
o, && 7Fsd 4% AAES O]Q“E o
t}. Functional level°ﬂ*1 Fojz
7 19} F-H A4 E0] V|eEHE, ¢
7150l &%

7 a3

_,—z—|—'
l‘er‘l
| N, %

4

AABHS 7

NERY
SPollA] Lhe: 717

FERTHEER o] HE o A4 s LE‘r.

Knowledge Level

¥

Functional Level

¥

Engineering Theory Level

¥

Physical Phenomenon Level

¥

Part Level

Figure 1. Levels of design knowledge(Hoffmann, A., 1998).

Engineering theory levell A< -+ 2 7|AZAES 17
Eo| AFHe 48 2 A8HE 4ol uet AAH R 5

Asl7] gk kAl Aol FHHETE o] 3L physical
phenomenon levelol] &3l= | 2jo] /4435t otk o]
Azt FE e A5 1 Y shelEE A4 o] F44skE
e} & LFERHTE Physical phenomenon leveldl A<= 7141 2] 2}
S #g 7P 712221 Ejo]&o] 71 H ™, Part level
AME 715E Fd7] A% FE=0] BAEM, F5E5 AL
o]9] AAWA 9 5 oAl LY ASTE Fol o] Hid
A Atk
o= So)A,

ARt vhate] g 27447 Brelshol

Jangyong Lee *
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AAAA S dd S BARSY HH vt 20 thAaks A4S

i

=4 7IAREY 7% B EF WY, 715y AT T #d
% 242 Functional levelol] 453810, o]# 3t 7|55 A& s=

7| A F-F-L Part leveldl] 58t} ¢HH H-EE59] 7|84 2
], F29A A Foll #gk A|2E0] Engineering
theory leveloll &3}, 18]3 2AEHAFS o] &3t GatE
FIA1A 4= itk 9] Physical phenomenon level®l 453}
< AAolth

7Is el wet 71AAIE Y] 7)5-E ek, o] o uhet
FE2 deehs A2, <Figure 1> YERd AA| 2] 9] 2
W 0] A Functional level ¥} Part leveldl] &3F= A A1 X 21& A
g 2o wet "13 %*]7]L 740]‘1 O]Ha 7]%35:%

(Kirschman, C., and Fadel, G., 1998). ®=3F 4) H A 77 e A
st 71419 7158 wEA BT 4

TE=E T A }\

SRR o FAAA B e Aol gt

$ES DEY2EANN Quske Rolehd 1E AES WA
2 97) oAtk o4 % B AAAE o] FahA g BE
2 e Az, Anze 3o0E A JI5E AE
A Bk

<Figure 1>o] Yehd ZAXH, AAAAY levelE FollA
B39 7)5) vste o] &

Physical phenomenon level-, ] @

Al BHANAM 71 712 A A4S 1 S}, mhok A A A}
7t FA 75 E FEANA F= M2 o2 UdA H

q_uq I Y9 E 1EH FE S %«] Nk B2 T

S WS 4= 9tk Z, Functional level©] A2 ¥} Physical pheno-
menon level2] %] 3 L85t Part leveloll &3] 5= 75
S AMEA =S F AUtk

3. TRIZ °] &9 3§

TRIZ 0|8 /1% 2ol Al W she ks RAHEY o
12, A WHEA YA ol AR N £59
o ol2 o

, 1984; Altshuller, G.,
94). TRIZ o]%% 7]{: of) &) o}x] EAZE AEY A
SAAANCE FAT Y= WHS AAg) <Figure 2>
TRIZ WHE ] AA ol A Yehi A=, TRIZ W&l
MY AFoE EREo] THHAULE
71530 ‘f'“”iﬂl wtet T3 7]l ﬂ% Sote FES
g 2Eo] 5550 QA & AL FFE 7N
© 7%ole, TRIZS 2| &7} A4 o] 2o
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Configuration Design of a Train Bogie using Functional Decomposition and TRIZ Theory

o] 7)5o tigt 7| B A Eelo|2& &
1 Mai?:lH 739-9l=, TRIZ ©]&
71E3tE 30709 7153, 7 7SS TEAIA
Zo] B} f-&3tA AR-E AUt o)A K
<Table 2> Vel At

HU rlllO

Patterns of

Evaluation of

Ideal Final Result

Technical Systems

Problem
Models

Analysis Function
Analysis
ARIZ
A v

40 Principles 76 Standard Solutions Physical
Pt on
and Effects

A4 Database

Figure 2.

Table 2.

Base Tools

Suggested
Solutions

Structure of TRIZ methodology(Yang, K. and
Zhang, H., 2000).

Example of functional groups of TRIZ for mechani-
cal design(Altshuller, 1984)

Functional Physical Phenomenon and Effects
Group
* Applied electric or magnetic field
Stabilizing | * Holding a liquid by hardening through the
object influence of an electric or magnetic field
position * Gyroscope effect
* Reactive force
* Magnetic field applied to influence an object
or magnet attached to the object
* Magnetic field applied to influence a conductor
with direct current passing through it
Moving * Electric field applied to influence an electri-
an cally charged object
object * Pressure transfer in a liquid or gas
* Mechanical oscillations
* Centrifugal force
* Thermal expansion
* Pressure of light
. * Applied electric or magnetic fields, with no
Influencing . :
. influence through physical contact supercon-
moving .. o
. ductivity phenomenon, Fleming's law, eddy
object
current effect, etc.
<Table 3>ol= 7]eEFH(Kirschman, C., and Fadel, G.,
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1998) 9] 47FA] 71241 71534 TRIZO] E2] &7} 2|4 o]
9] 307) 715 7] ABA LS AEsATh 71527 oA
7)% Bal7H 45 F, <Table 2>9} <Table 3> VR #7)
E5H FoI7 715 & WS S8 E3E TRIZ A 4H] 0]
2Z2HE A8 £ 9, olgjd EYaHE o]&3 &9
functional modeling®] 7}tk AMZ$ HES functional
modelingv‘l JSEENS T Bedle] 3wy, BEo)

7L A9 ol A sl 2 EajHc

I

S
=
[e)

Table 3. Kirschman & Fadel’s function taxonomy and TRIZ func-
tion group(Altshuller, 1984 ; Kirschman, C., and Fadel,

G., 1998)
Function ) :
TRIZ’s 30 function group
Taxonomy
Motion Moving an object, Moving a liquid of gas,
Moving an aerosol, Influencing moving object
Reducing temperature, Increasing temperature,
Control ., Controlling electromagnetic fields, Controlling
light, light modulation
Generating and/or manipulating force, Accumu-
Power/ lating mechanical and thermal energy, ...,
Matter Generating electromagnetic radiation, Initiating
and intensification of chemical reactions
Stabilizing object position, Developing certain
Enclose & oY P o ping
structures, structure stabilization

TAA FBA, 715E TEA7)7] A EEolEs
Aesta, 23l sty fal FEs AEstAY AEA
Wshe A, AAAY] FojAdo] ad Aotk F 74
9] &0l 7|5 Ed #-2 H| 58| &, Physical phenomenon level
o] ol 80| A& 2T, 123 Beo]E5S o]8std
e THS T EEY A2 AR OE F T meEbA 7]
T8 WEAT7] Y A2 G EPolE&Y e, A e

9 FA S 7Fs st gk ol dt AAMPEE(7 )T
rJr TRIZS] E2| &7} A2 W o] 25 o] &ghof w2
o FAAE, AETAEEE Biete] AYsE 25 2=
T 3t

4. VAAFS) FHAAE A BEIR 28

ZIAAES A TS A7 2" o] o] o] gk,
A= Fok2] domain knowledgeE F 2 3}3t rule-based
system$! 797} tH-5 ©]thKoo, D-Y, Han, S-H, and Lee,
S-H, 1998; Mouliantis, V. C., Dentsoras, A. J., and Aspragathos,

A., 1999; Myung, S-H, and Han, S-H., 2001; Seo, T-S, and
Han, S-H, 2001; Lee, H-M, and Han, S-H, 2001). 3343412 9
B AR ARGS AT FE Sue AN 57
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H, o 7| A o] ~E 23S 4
Seo, T-S, and Han, S-H, 2001).
B AF e At FALAAE flste] AT 7 25 o]
7t E] $1=H(Lee, J-Y, and Han, S-H, 2001), ©] A& F24d
3} <Figure 3>l YR 37)9] A 4]u] o] 2 (Functional modeling,
Parts list, TRIZ theory) 2 T4 E| ATk 0|23k A4 u|o] 252
Zy7} <Figure 1>o] YERA AA X491, Functional level, Part
level 2 Physical phenomenon level-S YERATE A A 7] o &

A HDixon, J. R., 1995;

Sk A 21S Lok #7399 Knowledge level-, ©]& 71sg
A2 o) ~E5E D&t ok AR S 33 &= rule ]

= A, FALA7 TP = FH A <Figure 3>
o Jehd 22 functional modeling Z] 2] ¥ ©] 29} parts list
2 TRIZ theory A4 | o] A5 MZ AA A 71T} e A&7}
Alz"ole 25 29709 rule} 69712] method7} S)oH,
method = rule %} o] F0]7] 2710 b2 F2& 7P 4 9l
t}. o] 48t ruleZ} method= A 852 (forward chaining) 12].0.
2 AZ AA o] Ut

ZIAAES FALAE AT AE7IA 2R 7S 98t
o, B =% A= Neuron DataAte] A& HAE7A2H 4
¢l Intelligent Rules Elements(IRE) V4.0(Neuron Data Inc., 1997)
 AHEBIITE IREE 4] A< 22 Eglo] 2T o],
2 AAHlol2se) A4S fe) AA A T4 5] AHE,

A2 HolHES TYs WHO R 0|88 & A s+t
(Devedzi¢, V., 1999). IRES] 74 849 class <} property= 7|
AAFE 715& R3]0 23FslH, object= FES £A

37]0] H3reley.

Zt AAAAE Q] Al o]0}, T0] RES F3f 3
< Wals <F1gure 4>o YERIQT) 715887 g & 7}
7+9] 7155 IREAA AlSH F2E F 3= class E 1A
o] 4:29-& Yeh = property 2] FEj 2 7]&HTk TRIZY] &2
BAEE classE FHEHH, Fol 755 W77 S

F-EE0] object= L‘rE}lHZh:‘r TARAA} FHEE FA

A 715 HEAT)E o] AY Y, IREAN #5355

v}

o] ZO]-% .

rok
Olob

Py
b

W+ object= 7]%% EF3FE classol] EEE O] I classZH
E property S A& A Hrk wef sfEbE AE A 25 o) A
TRIZ ES|EHE o] &stoq FHAY} F=H FA4E ¥
2 <Figure 4> YeRd vlo} o], 7]5S YERY = class 9}
E &S Jehl = classol] SA] o] 2&HT

B =wdA 783 AR 2E ol FALEAE FPske
TAE <Figure 5>l =AISFSAT Kirschman¥} Fadel(Kirschman,
C.,and Fadel, G., 1998)¢] 7|5 &7 R o] &3 7|5 ial7t A
AZee] TEH S ol 4EE FERE YO R FHn)

t2ke] 757t s & AARRE Fo47 71 dist
of 71& FES AT A9 ]«] RS AestA Ho o
oF AAIA7} 718 1‘%%4 AMES AEstE, O FEe HWET)
A" A 3T 7155 YER = classol] £4-9 object’} &

o 71E9] oAk BE %ﬂ—v‘ﬂ/\]/\ﬂ"ﬂ/ﬂ object% sub- object
) AZTH T2E A= Fi A ST olH, o] AL <Figure
3>o Vel 53 ¥ 2|2 o] 2o 273 E o] SlTk

Function Tree TRIZ E38 &

ﬂaf?

Part

Figure 4. Design knowledge and expression in the expert system.

7] Tudl gE T, 7]EY BE AW o]z fle ’\Hi‘or
9] el éﬁ_al TRl g 7s
TRIZ«] 3070 7153 2] BA7) S8 FTi<Table 3> %&).
w3lE 75 “H’é]ﬂt TRIZ 715 R &E0] AAANA A A
s, AAAE o]F oA st 7le s ddsA dtk

A7 282 AeE 7153ATY o85S AAIA
ﬂ] AL, AARE O] T Foll A AR EEjo] &8 A

g3y,

Aelg EUE 3 N2 FZF9 functional
modeling®] 7 el 719kek AR S %0}"4
AFTIA 2" oA S ) DA A= Dastshe] 75
THEA)7]7] 9138k, TRIZ A 4| o] 2o 4] of g 7)) EE]E
HE AR & 4 1A, B E g9 B ERE AREete
th4=9] functional modeling= 7Fs-atth W @AA7 48 ¥ 5
wHo At AA7F Y=, AARE 449 E functional

=20l 2

29
=
],‘:H =85
O H



7)%5 &3¢ TRIZ o] &5 °] $-3F A= dhate] FAAA 235

modeling S 71RO 2, 7hsle) = B0 Y R AFE AW 5, hxpe] FAAA

SHA "ot
w =AM R A7 SRS A=Ak bogie) o] T4
S| A Q5 J= AA X AxgHaA] HTx
Function decomposition by :;ﬂ °l ; z sttt thake ; g ‘jiio‘j _‘j‘ﬂ h ;J‘x}
. 9] =L sl AoldEx S AD3 A
finetion taxonomy to) 85 AL AQAT AFAL AGHE FAl
Fo A0 L AR A, 3 53} 5L 989 B 5 9]
Al ellF= Aratake] 42 Q1 A3 o] thKim, S-H, 1997). t
2o Fo FAREFLE <Figure 6>0l YER AAH 58S
Aeshe AJAZA(RE, 7190), ASHA, @7F FA 3 izt
Use the existing parts in Search TRIZ's ZY Y T8 EFEY T Jon, iR VAFFLE ofF
e knowlodse buse fo 30 function o] 91t Andrews, H. L, 1986).
W r
e groups for the PPs Rl whek EaE 715 712 A HE el
A moeotfinn {:"“n 1‘{\14 ~
- FES WA <Table 4>9} o] YeRE & Slth. o] 3t
WA ARPI2RE 52 B AR daE F
71 wE 71EY FES S o o] &HTk
Select physical
theory for the Table 4. Function taxonomy and related parts of a train bogie
Select the part in the Srmctinn Function Taxonomy Parts of Bogie
knowledge base * Create rotary motion | * Motor
v * Modify rotary motion | * Gearbox
Functional . * Convert rotary motion | * Wheel set
Motion 1, pyissipate rotary motion | * Brak
P modeling by issipate rotary motion rake
N . * Dissipate oscillatory * Yaw resistance system,
function motion Anti roll device
* Continuous
. Control modification and * Tilting Device
Conﬁguratlon ofpart Internal feedback of
motion
Figure 5. Flow of the configuration design procedure in the * Connect removal
. Enclosure . .
design expert system. « Guide removal * King pin
Enclosure * Lemniscate
Enclosure * Bogie Frame
* Support permanent and £
removal Enclosure

Gear

Primary Brake(air pressure type)

Figure 6. Train Bogie.
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izt FAAEAE AE7AEEE o] 83 7]e Tl olA
A2, 715 Bl wet AAlste s oAk &-5(Motion),
52 (Power), #19](Control) & A A =|(Enclosure)oll thak Al
57150l AAATL A7 253 GUIE &3l dE e
24 AFEh AE 7 2F AR IRE A thAke] 71530
7} 45 H 39 object networkE <Figure 7>l YERA AT} F
23919 object function®|A] AFEHS] 7158 YERN = classE
&, 1 54 S EE 8= property o] FE) 2 thAFe] 75 0] Z3l
= At

7e &7 SR gAte] BEd o] M= H <Figure
g>oll b nlo} o), FEEEo Qe 7|& F5o] A&7t
A 2ELS ko] AAIEY. AR o]y s FE] A4S
sfHo 2 HA AP RE AHT 4 ok AAR} 7)E
REY AMEA RS BT AAs 3o, i3t 7159 ATA
Z9} 7y7ke} 7)o Wi | FEe] BAE <Figure 9>l U
ER AT

Edit_Expert Browsers feports  Windows O =
/
/
/ w ] s
\\ /—
\ —
| y/ [
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§\m—(:i=
<
= B
=T
ly At

Figure 7. Object network of bogie functions.
TRIZ £ &HE o] 8T 2L F-52
A9 o & 57] st tiAte] A
29 AF A F2AGHE F
A7} obd, eddy current EIE S
ojw] 7o glo, E =&9
o 2289
71E ol 2w A5A = <Table 4> Yepd RAA
&, “dissipate rotary motion’ ol | F3h= 7155 WHEA7] 7] 9
& RFolth TALA 34 F 753 $E 17 Bl
Flze] AR e Qe QA FEahe AP
AAZE Bad 4 v o] Afel, A&7 ot
TRIZY 3070 715 250] BAEH, 2 FollAM o2l 7]eS
REA A e e EnHEe] Al A AN AA e
a5 7R FE 1 opdE e E S

4z
o
1o

functional modeling
S g sttt 7
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