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[1] Porter, A.L. et al.: “Technology Future Analysis: Toward integration of the field and new
methods”. Technological Forecasting & Social Change 71, pp. 287-303, 2004.

[2] Kucharavy, D. and De Guio, R.: “Problems of Forecast”. Proceedings of the 5th ETRIA TRIZ
Future Conference, ISBN 3-7011-0057-8, Graz, Austria, November 16-18, 2005.
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* (3.5 Altshuller: 1979. CREATIVITY AS AN EXACT SCIENCE. Sovietskoe radio, Moscow

Mann D.: “Using S-Curves and Trends of Evolution in R&D Strategy Planning”, the TRIZ
Journal, July, 1999.

Gibson N., Slocum M.S., Clapp T.G.: “The Determination of the Technological Maturity of
Ultrasonic Welding™, the TRIZ Journal, July, 1999.

Gahide S., Clapp T.G., Slocum M.S.: “Application of TRIZ to Technology Forecasting - Case
Study: Yarn Spinning Technology”, the TRIZ Journal, July, 2000.
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[6] Fey V. R., Rivin E. I.: “Guided Technology Evolution (TRIZ Technology Forecasting)”. The TRIZ
Journal, January 1999, available at http://www.triz-
journal.com/archives/1999/01/c/index.htm.

[7] Cavallucci, D.: “Integrating Altshuller's development laws for technical systems into the
design process’. CIRP Annals - Manufacturing Technology, vol. 50(1), 2001, pp. 115-120.
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® Zlotin, Zusman®Directed Evolution®. Shpakovsky®Evolution
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® FlHMGFEZLTOGLIEDN, TRIZOFRANEBREICLEITER
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ATLDEGDHFHFM-HHEAL. F-TORAREATLERERD
RAEMEFHEICRESNTONSNOTH S,

[8] Zlotin, B.L. and Zusman, A.V.: “Directed Evolution. Philosophy, Theory and Practice™.
Ideation International Inc. ISBN 192874706X, 2001.

[9] Shpakovsky N.: “Evolution Trees. Analysis of technical information and generation of new
ideas” (in Russian), ISBN 5-9348-6048-8, TRIZ Profi, 2006.
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[10] Pahl, G. and Beitz, W.: “Engineering Design. A Systematic Approach”, 2nd edition, Springer,
ISBN:3540199179, 544 pp., 1996.
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[11] Altshuller, G.S.: “Creativity as an Exact Sc:lence The Theory of the Solution of Inventive
Problems”. Gordon and Breach Science Publishers, ISBN 0-677-21230-5, 1984 (original
publication in Russian - 1979)
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[11] Altshuller, G.S.: “Creativity as an Exact Science: The Theory of the Solution of Inventive Problems”.
Gordon and Breach Science Publishers, ISBN 0-677-21230-5, 1984 (original publication in Russian -
1979)
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[12] Gero, J.S. and Rosenman, M.A.: “A conceptual framework for knowledge based design research at
Sydney University’s Design Computing Unit”. Artificial Intelligence in Engineering, Vol. 5(2), 1990,
pp. 65-77

KAEMaRT © 2008 Gaetano Cascini — gaetano.cascini@polimi.it - I POLITECNICO DI MILANO



13

AT LBITOSEBETIL

B TEFHERETO-HDBEREA—X [13]: #EeR—R BB LT,
XML RBEFHES LI,

& EFYLT LRI TOBBRSERST-OICEBIEETHD (EHDH
ENREILCEEBKTIDICFEbAEY. ALASENEROERIZEHI
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NIST

[13] Hirtz, J., Stone, R. B., McAdams, D. A., Szykman, S. and Wood, K. L.: “A Functional Basis for
Engineering Design: Reconciling and Evolving Previous Efforts”, NIST (National Institute of
Standards and Technology) Technical Note 1447, February 2002.
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E H [ﬁND OR Form, Condition Modulate, Raise
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Vary——--+- - Change Magnitude F(;':nirert [g;"rf‘._ffétgem’"'
Crush, Process, Form, _| o
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Change - — =0 Convert [Sture‘ Supply, Extract
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[stop, Hold S B
Energy— +—-0 Energy Energy O [Movement, Aerasol
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EiEDWave :

MfEz4EmL . MeeziRtI58R
(HH, TRILF—, FN, fFH)

TDREEOREE.VV—RADEEEEEENS (Salamatov [14]
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DRATLDEEEDESL
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Time
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| VATLDRET S

¥aEZEMNT S
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[12] Salamatov, Y.P. “System of The Laws of Technical Systems Evolution”. Chance to adventure.
Karelia Publishing House, Petrozavodsk, 1991, pp. 7-174 (in Russian).

KAEMaRT

© 2008 Gaetano Cascini — gaetano.cascini@polimi.it - I

POLITECNICO DI MILANO



FEEECRT—ZEFEDITS

23

O FE*E'IEI b RS DA S

0 MUFAZ 2z IhZ@EK:
0 VAT LB ITLVRTLERIZEK

(& A FAHEEE (MUF) DAE N
o BEMEDER J = o 703
0 B .
o O/NZF&E Z_i_ Z
o HlfEErae Y
(o AT MR R h

Time

0 IRIEICEK |
(o JI— R DB )

0 AR—X .

o BFfHE ' _

o 1H5¥R | |

0] #%E : A system is born :: Expansion

1 s Addi
\_o THLE | rere—

KAEMaRT © 2008 Gaetano Cascini — gaetano.cascini@polimi.it - I

ng Functionality

_—

I Mature system
1 Convolution
I (ldeality growth)

Convolution

POLITECNICO DI MILANO



4]

Behavioural Model (BM
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FEEECRT 2% DTS
EP (BEii/ AT A—43) DREDF=HDTILT) X L:

Definition of Evaluation
Parameters (EP) of a

* |[dentify the specific
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* Arrange parameters
in different clusters.

Capability to repeat the
performance without
undesired outliers
(Robustness)

Capability to set the
function desired
outcome according to
user will (Controllability)

Type a list of all the
Auxiliary Functions
(AF) required by
the BM to deliver
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Auxiliary
Function
List

« |dentify the resources
consumptions in
reference to the chosen
BM and its related AF;

* Arrange parameters in
different clusters.

. . reference to the chosen

* |dentify the Harmful

Effects/Functions (HF) in Buld ot (ol the

defined Evaluation

—| Parameters, organized
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BM and its related AF;
* Arrange parameters in
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Evaluation
Parameters (EP)
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END
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consumption impact on
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Energy
resources
consumption
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consumption
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M. Solid, Particulate (Connect, Mix) M. Mixture, Solid-Solid
M. Solid, Pariculate
T nfsesturd
| Behavieurl | N
| | f |
Function: MIXING : | Control Unit |
———————————————— | _ |
MAIN USEFULFUNCTION | | | o Mier | Suacesor) |
PERFORMANCES o Moo S nanmieion [ oM
| |
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BA1 19 43 1127 G : R0, 2

BC1 22 16 633 E S sEsssEssEEEEEEEEEEEEEEEEEEEEEEEEES

BD1 20 16 553 E

BE1 19 23 445 G

BE2 19 22 456 D

BF1 19 18 319 D pEEEsEEEEEEEEE sy
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FlrELTOIGH: 2T LykDELE
B FEHEHBM (RBEVLETI) BITOFEDH

PvsP | PvsR | PvsHF [HFvsHF| HFvsR | RvsR
BAL 55% | 398% | 168% | 39% | 187% | 154%
BC1 136% | 373% | 242% | 21% | 12,0% | 10,9%
BD1 80% | 445% | 246% | 45% | 116% | 69%
BE1 25% | 458% | 157% | 34% | 180% | 14,6%
BE2 24% | 27.9% | 149% | 77% | 272% | 200%
BF1 56% | 42,6% | 138% | 09% | 107% | 263%
BF2 37% | 346% | 268% | 56% | 182% | 11,0% BWTOT7 | e o an | mmimes v A 'J‘J\—Z vs.
BF3 150% | 442% | 223% | 04% 80% | 10,2% 1 )V—2R
BM1 22% | 427% | 149% | 04% | 114% | 284%
BM2 35% | 388% | 139% | 42% | 212% | 183% SR ch 41.6% 17.9% 40.5%
BM3 15% | 434% | 263% | 13% | 117% | 157%
BSL 00% | 268% | 30,1% | 50% | 22.6% | 155% AR 14,8% 16,7% 68,5%
BS2 76% [ 305% | 254% 7,2% 184% | 10,8% BT 8,4% 17,6% 74,0%
BS3 58% | 41,0% | 214% | 62% | 163% | 94%
pi EE EE EE E SN EEE SN EEEEEEEEEEEEEEEEEEEENEN]
" BMIZBITEFRDEH/S—2T—D%. .
BA | 150% | 458% | 301% | 77% | 272% | 284% " RFECEERT—IITOVWTEHEIF=t0 |
gL | 5,5% 38,6% 20,8% 3,8% 16,1% 15,2% A EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEN
=m 00% | 268% | 138% | 04% | 80% | 69%
BERE | 44% | 63% 5,6% 2,5% 5,4% 6,3%
BEW= | 797 | 164% | 27.1% | 651% | 337% | 413%
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