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Conceptual Design of a Beam Splitter for the Laser Marker Using Axiomatic
Design and Triz

Gwang Seob Shin* and Gyung Jin Park”

ABSTRACT

Axiomatic Design has been developed as a general design framework during past two decades and TRIZ has been
developed for a design tool over 50 years. Axiomatic design is quite excellent in that the design should be decoupled.
When a design matrix is established, the characteristics of the design are identified concerning the coupling properties. If
the design is coupled, a decoupling process should be found. However, axiomatic design does not specifically indicate
how to decouple. In this paper, a design method is developed to use TRIZ in the decoupling process. The decoupling
ideas are extracted from the substance field analysis and various methods in TRIZ. The method is applied applied to the

conceptual design of a beam splitter for the laser marker and the results are analyzed.

Key Words : Axiomatic Design(F 2] 3 4 A)), TRIZ(E 2] &), Theory of inventive problem solving( % | A& #| 3] 2
0] 2), Laser Marker(#|©] A w}#]), Independent Axiom(% ¥ & 2])

1. ME g AL F de 29 7T E s

1, AE 7% &7 E Atold 5HEAE ¥ o

w2 dstsis B4 AHgdAH AAHE Fo vk BRTHE FUITYE VH}= 4

FFA717] A HE AdACdNE SFAY AE FAA BEZo] 7HF AL AAZ HBY

MEAAC BAdES ¥l o M2E LEAE AALE dulsty, dAY $54e AL

23 Yo e Fo& A7) WEelth 2 EAIE e AAEH

2t oju g ez FL AAE €& AUV TRIZ £ F8S 538 A8z 243x

e fE B e AL Ws odE &% ARE o) &N FgHem FAlY A4

FHH dAe 8 EoklA A e Y& =& e FHoln AAHY Ha

F&8 A o8 F9 A ZA 5d T Byoeltt. o]g ol &3t wWFH f5 7IYEC]
g AR F2Z vk SHTIe dAY FF AEAL AF MR Ylu F2 2HE 92

e A4 20033 89 6% AASAL: 20043 3Y 12
* ﬂ'““ﬂih—l’- it 71 A Al gt}
# HAAZ: FFAGE AL F DT

E-mail gjpark@hanyang.ac.kr Tel.(031) 400-4065

166



A ]

F8ts]A] #2174 A5 3

Ak FelE 1996 d 274HS 7] A S g
oA o]l EYstd AF AL DAY T
4 2 2 ZIFH JAMA w&el E8317]
AR e

2 =2ddAde 22F AACA 2 24
e BAS Y8 EgzE @85 g #
=93k Bz ArtA] REgE FEd A
Aol owd Ao o] & AUl hE WetE
ATatch. AAHQA AA BAG 27HEA =2
de 33 dAE &83= Aol fsin. s
Agk 2 FAAA BAY AAE 7] AY Be
& HAsE FAHA PN FHH AL
oz 7] o Hol ok olH@ EAE
237] fls) Egze Artx 2Ee 83
o] A% HAoh Ad" HFHe] dF-E o) F
sto] FEE dolA wAF U E3719 AFAEA
=& A&t A" AFgAARMS st
o 2 §84& &t

=
=
3]

=

2. 2ely 4dA=t TRIZ

2.1 Baiy dA

FE] 4 A" (axiomatic design approach)2 A
A Eokll A dubAl dAARZ AfHo gl
T A AANYAE AAY dds JIsH o
A3 £8F F9oz FEIZ, o F9Y
AR E B3t JAAARAR S JPsoh A
AAE 71548 99 FASHAI] AN 7s
878 Fstm, £ FgdA Z 75Tl
dEEe AA sduigE Qs A FeEel
A dEte AAR 3ke T 2 gids 47
A& Fste WY Aol ALAQ B LS
oujgict. & MdAe EFHL Y= dAtE e
A gogoA AHoste Folm, AAY AAE &
2% QoM Bg + Ak AR 2T
N 715 99 U A5aTR A AT
2e4 9 oA J5RTE WSHE 4A%
Zuel g vt AAlFE A AAEE 7E T
2% thest gol A7 ALk

8 1: =¥ -F8|(The Independence Axiom)
715879 Hg4E /X3

F2] 2: A X2 F8(The Information Axiom)

167

AAE FRFE Hastsle

SgTde AAYd  EHe  EAdsse
Hage ZiTLTE Ay, 7IT8TE
Atelel ERIAE fAEot doke e wE
1gaTe AAsErlg  Afolo AR HAE
BHrletz] sk, A g2 (design equation)E
ol g% FL AAY H JIFEE AT
e 7lFd 49 WA JIssTe B9
Fquel  AHAgeulg  Abole] AMY AAE

FaH o2 FHE A A Y H (design matrix)©] ot

{FRs} = [A}{DPs} M

2 (elA FRse  E5"AE] Az Y
7NF8TE FAE 7158T HEeln AAdd
7154 4L REITh. DPse FRse AT
soflA AAdEs  AHoste  AddedH
wlEjolth 3 FRs$t DPse TAE HAPE
[A]9] Foz gz, MdANE Yo zt <zt
AyE thE T Zol EIT

< Start )

I Analyze the design—l

]

Search new
designs

Satisfy axiom 1 ?

Search other designs
satisfying axiom 1

Yes | Compare the designs

with axiom 2

No J
{ Stop )

Fig. 1 Flow chart of the axiomatic design process

Multiple ?




: BE A

F83]A] A2 A As5E

=2

(Tool : =7, Z&-A))

(Substance:

Fig. 2 Triangle model in the substance field

4 = OFR,
i~ 2DP,

4 (HF 4 (2)4

AAYE e 84 2E 75‘ of dated &
3 ®dste de ‘é}XI Bk g2 g e,

AARE W) Zze) ax

FR
Define “

Define

FR Define
Using effect database

Fig. 3 Effective definition of a database for DP
definition

168

shetele) abols @ rar:qm-g— a9
Hee 09 x ol ¥ 7}x\

i

f
FO
-
Lo
%
_?L

i
rn>.',
g
Ak
=3
o
>
o
=2

rlo

ol 31‘4" A& 4 ]3}_’ Xi
Fol ok AL udth o] AL, SHITH
2 wEEy] YA dAgE A dTg™
(diagonal matrix)°] 1t A2} &) H(triangular matrix)©] ©]
of gt} dAHo] izt Hd HAAE vALAH
Al(uncoupled design), AP Ho] ZteHA A
£ v A3 Al(decoupled design)Zt sh0, o] &
AAle SETYUE BET) o] o tE HA
PHg zte AAE A48 A (coupled design)zt g

=
2,

17 AAZAANA, FYFES ARFHE B
£ 442 2bAT 44 g o
=YFUS S B /A 0
A ekst 3o Ay_—=—a] st 3
Medst= who] AAlEa 9ok Fig.
g AAEe st M2 A
= %]1?_].14 i L}E}LHME} !
A 71101] HE BMg gt 7seT
BAREE FAsH, =
woeith 5€EEE

° o
ok o L (o
IO
[+ {
B ol i i —_‘Q‘o _?L N.L.
] *r—’ OH Nlo mlo == Fl
f?& H> =

mm—

Aol thal c % A FYY 4u3
97} olgd & Atk AuFel o He v 4
Igte] Qe Qomz SUTYS BHAE
E e AA e FolRuh At B9 47
gt FlA o| R AAsipe EAl: 4 4
A2 Auge Addd 29T £ A9 3w
Fat Augel AR e AAE 4% Fo A

SERES o]%om 439 AN

22TRIZ S} 23 & 4

EZ(IRIZ)T F Ao 1946 @ ELAS 2

[}

6H€6}7l A&

71E‘l wy welga &

ot L tsh AHE-E
88 EAE

e Zleolth. TRIZ 9
& HaHA HE <o o



AFeslA] 2149 #As5%

sge wA B
o Qe 5
Tz mEE £ 3
Al Faiaree) 2
$ ol S e
9,11:]'.12“14

Egze qF 7y

Ela A}
L

_1&?& -ﬁ'
&p
ot
N

. o] 74
% el :oa»m o

24g 248 gon ¥ 4

3
e

-

By 7goz FAH
utk, olF 3@ A EX(substance-field
analysis)® &4 2L Ysl= Aj2de mdd
371 91 Egze B4 =3 F shtoltt, ¥
T 7leA2" FAE oW AF(field) &9
Z (substance)7l8]2] A&z A49 LA olgs ¥

Aol A Aelste] Fig. 2 ¢ Zo] &4 o 44zt
Yy mdz gAE 4 gk, of Rl ZA g
A frolgh 28 BEEES fald e o
Ve s & F onz, EAHEe Fa
A Telth 23 A B4 o8 mdHE ®
A Fe] EAA 28 Alelg Ao glojA &

ta

=]
=

e

o) fastER BFEHUEA AT Aelx)
° St 98 $UT B F TAL ol83ko]
2ANAY & A BT U gl &9 X%
Zalolm, ozl WX 76 77 BHYeE U
of k. HAlY A% £Ee) AL A

7(43]. :E:_*V‘KHE He_lllg}.
ddo A fa
EEER DY

A58 2 Gzt
cteltiel #F w4

3. E2|=& TQtt el A

Coupled Design

Decoupled (Un
Coupled) Design

Fig. 4 Effect usage of a TRIZ module in DP
definition.

169

3.1 Azt AtatabgolAMel el
83 AA ‘47ﬂ°ﬂ‘“ A}%Z}ﬂ' 3?3}5‘
AEs 7% Q
B WelA 7]03—‘?3 s }t ’éﬁﬂtﬂ‘?‘e T
st HAgol ot ojw AARIe] AT &
st AAETE el 53 ATgHA HYAA
AART7E Aojd rhsdel ok ozl 7y
A Fig. 3 ¢ Zo] Eglzy =7 F a7 4
o] ] ] o] ~(databas)E FEciH Hr}l ohekst
A AARFE AES & e FH Atk
Z1AA 289 & B AHLEE FEITG
B20%9 REHE o &3 Ty, 7% 4
Ao g ol & F5uy, #Has JUd 7|dE

o

[us

A7 Ag & sk o
°4 o 5}“ AAMFE v H49 dolgo]
Zod Ades £ giohd Hrh £dd HAE

F 21g Aelrh

32 HM dAE 7B =7

93 HAE o]8¥ HAYEoz AAE
et AAle 2A vdREA, wdds 2,
dgdAE = F ok gy dAdME 5
HEYE UFA7A e APEAR F4o o
New ol uHAGEA E= BAFEAR A
FafoF ati= Aol dasith g dANEE
oME of ofw g Y-S Agsted H[AA A
2 A& Aof Mz FA o] WPEC] B
g 747t Bkl olm AAAte] Ao &t
ML AAE &3 WHS °1r?4° B &

th oldf Fig. 4 9 o] Egjz EH F R0
U Ee fEYAE o)&ds Hc]"ﬂ% AL T
Atk olejgh A€ H"‘ﬂo ARSIt woh &

E\:;&

Yol AAAE 2
d@eled 2 mgo Aok

b e AR

 AAE

33 o2 HIHMMA F MYl 7|8
T4 AAAAM 5dedE WFAVIE A
7t @7FAI7} obd @7k o] AAte] =&E &
ek o °4H7}Z] AL Tl E7hA A
Aeiaol st EAM FRFTHE AHEEE
tjo] AAlgh }X]“J e g Al
st FRFYE o]Esto] FAHFHoR o]E H
ek dels HAARL =go] BasA

i

£



A

[2)

D =R

=i

13eEz A28 AsE

Multipte design-
satisfying axiom 1

' Field design '

Fig. 5 Usage of the ideal system
ol Bt} HA AALE ¥udE YPo
Fig. 5 oA BAE A3 Zo] EF =Y 7|&A
28 3o} o] HYE ol &ste W<t
o] 3t} ofeigt W& ol&dt F ] FUIA
Zy AAY $5A8E vustg HFHAE AY
g F gl

4. TRIZ B STt sllolx W 2372 3a
H AHA

41 Fe8 goiN oA
FEd #olx wlAE Fig. 6 3 Zo] #HolA

Mg wANA n&oz AoHE Pvhe HdE
ol W WA A7IH o|F olgstel Uste E

Fig. 6 A model of the dual type laser marker

170

—
| S—
MIRROR YAG LASER
ADJUSTER
*s 50% MIRROR
DIODE LASER P71 DPZ
[N /r
@ SCANNING }mm%
MARKING POSITON

Fig. 7 Component layout of the dual type lase

"ol w7 @ & JAx FAolth oW WAEES
5 W2 7198 Be T A2 e FA

St Wel A2 A% o8 3tk ol
A2AN der T W oS A

=
=S
]

o] & & e ¥ 277 "tk BE 50%
g FHAY 50%E HAATIE W EE10t

Fig 73 2ol AH&9T ol2ld Wl A7} #5
A Urol AA odw R ol AT
So] YRetx @A B EAPe] ATk WA g
SHAE IC FA dolA siel e BAYn 7
@ spEZelt W o 227 Ao ol
93 o) Ax WAlY 254 @ 08 F
2% 227 gtk olul ol £FH prolx
vge 7Agel nAd W ZEd g3 9
o4 Welelq watalA Aek

L

42 SEZ2|E ol HAIEY
dojA W Ea7le wLE #elA uhACA

i T2 o
el AUAE F 7 Az Belse] AEA0

Optical
Field

50%
Beam
Splitter

Fig. 8 Beam splitter model of coupled part in
su-field model



A3 AR - dTRATAHA A2 P A5 E
ok & UAE L F Yok AW AW B

Fig. 9 9™ standard solution of the su-field model

2 o] g3ty 9%
H]&o] 50% £ 50%°) X%k
o]-88te] AREH 48%}t 52% 3} o] H]go
BEEA ol A g A9t uAEHA wA
gt o) EAE %—6114 %ﬁlﬂ&%gi 2y

AR olet. oW Pate W ol
AAZ ol E HAE

371 Yl 271 ¥ By V8 TE AHosH
o1 e
FR1: E3ld &5 Y9 H=2E A3t
FR2: £3€ 5 w9 32E 2430
FR3: W9] oy E 50%Z E33c)
X0
FR, DP,
FR,\=|l0X DP
FR, X0 2
CS1: A Ze7t
CS2: ¢ AA molA
CS3: HA| B HolA
et 2L VT8 Tl Uik dAMs HAYHE
£ g3 g
DP1: && MALALY 7
DP2: & ALY 7+
fol AAFGANA & F UFo] 27 B B
3 2de dA"E HAAdE ¢ + Ut 59 F
ol oatd o)z AFHAAE SHITIYE uFH

A7le Hd4s A e udPEAR dEs

171

Moz vy 4AE 2 At dANE 7
Aol BES old @ WA Egzel Q¥
Bgo| olg3lo] E4E F & Utk

43TRIZEHE & 2ZW& TE H|HY 4A
=&

& "ol 71£e g2 AY AATAEL ol
YT E BEANE NI Y AR ABdE
Hge] st ofnf HAe Ay & 4
A =Zede A U o8 Bk FYH
sAsty] % WPoR Ev=e REZ 23 %
2de =918 & k. Ezd 24 F 22
T 7He E4 s1, 82 & F =29 #A 9%
FE e Feoz A4y 722 ALPRE
d @

=

2

it

DIODE LASER

50% MIRROR

e

SCANNING HEAD

Fig. 10 New component layout of the laser marker

48 B8 BANDH
Axoﬂ »erﬂu 227} %E}XIE R T
FAF) 7S B Fig 8 & old# FEE 29
2 @ golnh olelat mAYe @ ¥ 7 fuL
Ada7] st EelzelNE 77 744 Aol 1
Fetel HAHA 53, AAeAtdA Agse of
ool Aol £¢& & & Utk o1F oA



=AY

gax A2 As5%

A= Fig. 9 9 Zo] FrAERE AMANA F
Aok sx € =939 s1 9 FAES AAG
e Wdo] k. ofE o] &3t HolAWY ¥
7] EAE Adl A& & 7 Uk WA 7

2 gelAE fAe EAE ANAA FAHE
N2 sx & EYsE PEe A4aA 8 5
2 9 AEE HERe £ e A2
WAALE FrhE BAE /3T F Aok o

g HE3te] £3E dolA nAY
289 Fig. 10 3 2} AXE ¥ 23] 2o
A W YA E BALAE DP1 o 938 At
alE AE&g 50% BuE A3l Z4xE vA
A 23E F A FEHoR MM BdSs
EA5HH oldel ol vidAdE AV =EHAU

$e 2 5 Qo

Md dAe

FR1: ¥ A E 50%2 2t

FR2: &38 5 W9 B=2E =4

FR3: 239 #ZF W9y A28 2330

Cs1: A2zt

CS2: =9 A7 Holy

CS3: F AR HolA

DP1:50% 53} ulg]

DP2: 5 ALY 7

DP3: &AF ALY 7
FR, X 0 0||DpP,
FR,\=10 X 0 DP,
FR, 0 0 X|Dp,

Table 1 Comparison of new design model with present

model
Weight Present Model New Model
Factor
Assemble 6 2 12 3 18
convenience
Manufacture 3 3 24 2 16
Cost
Maintenance 4 1 4 3 12
Reliability 5 1 5 3 15
Total 45 61

4921 W9 ZxE vy JA7 £ EE
7o) z45E DP3 ol 9a) ThA ZAHo| BRB
dux Bule 2E Bz AR W R
qge ¥ & Atk 2719 A8 AR o
2 Bgez Jle Az| zold met 1%734E o
o] 228 Wol A Fo A2 17) £ Z A
£ Eole WHol gdnh ojHE AuAHA 24 A
X Edg Ak W Rarle 47 2dg ww

 Start

Analyze the design - " Effect database

P e no * Search new
<__Satisfy axim1?> . - designs
yes - L
et Triz
Search other designs Su-field model
satisfying axiom 1 Contradiction matrix
,'
- . yes Compare the designs
Multiple? ~  with axiom 2
- e
nor -
Stop Triz

Ideal system

Fig. 11 A new flow chart using TRIZ in axiomatic
approach

3} Table. 1 3 Ztc} Table. 1 o)A 2] &xte 1-4 9]
HA2 a7t #&4F Addez 2 AAE
oujgic} welA Agt®l M2 AAZ 2ABEQY
A < Bo FdHes 3% dA2 ddEn

5. dE

ZIAA 28 AAR EolliMe adde
2 2 AAE =Fse T dE =3o] A
Z1Fa glet oleidt WA FEH dAS E
gz JadAs A+ 23 g 22 FE
& 9<% 7 st

A AN FAHAN Eze o7}
A 2EE oW RS AHEste ARFH o A
42 AYA7H Wt @?OP“E} Egzq &%

HZ



;@A

]

satslx] A 21 A ASE

el ol Wolat FalH AAe dAwRs
2434el A48 ¢ AL Ry 23 3
e v A44AS E23E Aol f48)

AEE F Uee ¢ 5 AN E Eezg 7]
& A2g s YR B ¥ A4 47
2 AT AAFL MY 8% AN
sk

oleig #He Wstel x719 FeH 47

o] Fig. 11 3 2 ARE FHgoz Asto

EAE T Uk AGE o]E F IRAE AR
ste] 9% #olA oG W Ralrjmde
AgaAt 2o A3 23} F1Ee BAS A
Ase $5e g AALe 228 & A
% 7|
o] dFE SxATAGAA HALANNE
e o] A7 Aoz FPFHAFYTH
HDE#
1. Suh, N.P, The Principles of Design, Oxford
University Press, New York. , 1990.
2. Suh, N.P, Bell, AC., Gossard, D.C., “On an
Axiomatic ~ Approach  to  Manufacturing

Manufacturing Systems,” Journal of Engineering for
Industry, Vol. 100, No. 2, pp. 127-130, 1978.

3. Suh, N.P, Wilson, D.R., Tice, W.W., Yasuhara, M.,
Bell, A.C., “Application of Axiomatic Design
Techniques to Manufacturing,” Winter Annual
Meeting, ASME, 79-WA/Prod-25, New York, NY,
December 2-7, 1979.

4. Semyon, D. Savransky, Engineering of Creativity,
CRC Press, New York, 2000.

5. Altshuller, G., Shulyak, L., Fedoseev, U., 40
Principles Triz Key to Technical Innovation,

Technical Innovation Center Inc., Worcester, 1998.

6. Salamatov, Y., TRIZ: The Right solution at the right
time: A Guide to innovative Problem, Insytec B.V,,
1999,

7. Shin, G. S,, Yi, J.W, Kang, B.S. and Park, G.]I.,

“Axiomatic Design of a Beam Adjuster for a Laser
Marker,” ICAD 2002 Second International
Conference on Axiomatic Design, MIT, USA, 2002.

173

10.

13.

17.

.Lee, H. S., Lee, K. W,,

. Lee,

. Kim, Y. S. and Cochran, D. S.,

Lee, K. W,
Effect of air cleaning by Using Theory of Inventive
Problem Solving(TRIZ),” J. of KSPE, Vol. 19, No. 6,
pp- 155-159, 2002.

Do, S. H., Park, G. J,
Axioms for Glass Bulb Design and Software

"Development of mosquito trap with

“Application of Design

Development for Design Automation,” Journal of
Mechanical Design, ASME, Vol. 123, 2001.

Shin, M.K., Hong, S.W. and Park, G.J., “Axiomatic
design of the moter-driven tilt/telescopic steering
system for safety and wvibration,” of
Automobile Engineering, Vol. 215, No. 2, pp. 179-
187, 2001.

Journal

. Hwang, K.H., Park, G. J., Cho, Y.C,, Lee, K.H,, Lee,

B.L. and Lee, S. H., “Robust Design of the Vibratory
Gyroscope with Unbalanced Inner Torsion Gimbal
Using Axiomatic Design,” ICAD 2002 Second
Internationa 1Conference on Axiomatic Design MIT,
USA, 2002.

"Design of Super Water-
Saving Toilet System by Solving Physical
Contradiction in Theory of Inventive Problem
Solving (TRIZ)," J. of Korea CAD/CAM, Vol. 6, No.
3, pp- 193-197, 2001.

Park, Y. T., Park, S. D., Science of Invention and
Patent, H. Miraesa, Seoul, pp. 85-93, 1999.

. Kim, I. C., Science of Invention and Patent, Science

of Invention and Patent, H. Miraesa, Seoul, pp. 85-93,
2001.
K. W, Park, G. of
optimization methodology using Independent
axiom,” J. KSME, Vol. A-24, No. 10, pp. 2438-2450,
2000.

J.,  “Development

“Reviewing TRIZ
from the perspective of the Axiomatic Design,”
unpublished paper at MIT ,2000.

Moon, Y. K., Cha, S. W, and Kim, Y. K.,
Approach  for  Design  Appraisement  and
Development DVD(1),” J. of KSPE, Vol. 16, No. 5,
pp. 124-131, 1999.

“Axiomatic



