Generating Design Knowledge Through Systematic Investigation of
Interacting Physical Phenomena

ESL

Engineering System Design Lab

James T Allison, Engineering System Design Lab
University of lllinois at Urbana-Champaign

"#3%&'#S()*+,-./'0)"()12"#&20)3,-#$4)5%-.% , N o~ 1o ot~ e / . . . \
- I - - >&'4$228@):2&)AB#&'/82")"()C'0.('82")2:)D$"$&'0.9'<0$)5%-. %" E"2?20$(%$): &24) 3303$/8"%)AZS/B8GI)5$-.%") H&#$%.3-)
e Capitalizes on synergy between plant and control design ' ' 3,-#$4"8/"OO,)D‘$"$&'#'$()5$-.%")5'#') ' ' ‘ '
_ 0 11 * __ II_
53$-.9%")*&2/$--)6782"-) | F'7.0) V.%+J>.($0.#,)
12 (i$ 82 O)IES>$-.% )|§$#+2(-) ] 1It235$-[.)% ) | V$HS..-8/-) 6784.9'82")
onventional Sequential Design imultaneous Design
[— —] f D ) In#$%&'|()( 6&(17#$# +8 I #$%& I()( !"#$%&|4&+5’"-%"
rant Desian control Desian a ;Ia;t """" "#$%&'()*+",-*(./)*,0"%&12.'% N R I"E'0'4)7./)97'F"'G1)7.&)*:""'2'%.?0" F"%%$)2:)($-.%")-#&'#$%.$-)'G'.0'<09)
v v 1"34)2' 5%")02"-'46,4()0+"'7.(.&% "@'%.70"-4,-'4*% .0%.7<&%")02"2'%.7?0"-4.0+.-7'% * Evaluate tradeoff between fast heuristics and more accurate but time-
Iterated Sequential Design \ ) 1"89%"'4:)*,0)7"2)&) "H)I"409%")02"&4'02% I"B,4""'5'+*:"'2'00.?20"<'14.%*+%" consuming optimization methods (many options in between)
— _— ) 1":1('4.+)7")02"-<$%.+) 7"=-"4.('0&% "J=-7)0)&,4$")0)7$%.%",6"9'<).|,4 * Determine how to most effectively extend human design capability by
Plant Design control Design CE— S "J=&4)+*,0K6,4(17)*,0",6" selecting or constructing the most appropriate design tool
------ T ?2'0'4)7./)97"2'%.?0"A0,>7'27""™ * Learn how to generate more effective heuristics from optimization
SR ey FrA o n re5u|t5
T "#$5%&'4&+5,"-%"9(,5-(3+& >H-.2")<$#2$$")+H4")"()"284'8G$)($/.-.2"I4' @ ." %)
F$/$"#)/2I($-.%")($GCS0274%"#-;) I"H'46,4(")22.*,0)7"01('4.+)7",4" | !"@'LO.*,0",6"&'%&%"+)-)97",6"2.%-4,.. ) :Odedntify wha: deci;ioni arle best made by humans and those best made
WMe g : " LD 1 A QLT AN esign automation tools
* Balanced co-design (comprehensive -<$%.+)7"'=-'4.(0&% 2'%.20"-4.0+.- "N &<, 4.%F",4°<"14.% Y

* Plots below compare objective function improvement for trebuchet
design problem between human designers and optimization algorithms

I"M-2)&",4"6,4(17)&"0">"2'%.7?0)

: e , 7= &<',4."%".6"2.%-4,.'0
* Co-design method validation via 4 N\
reconﬁgu rable teStbedS — “ 2‘ ~ ;3)2 4} 4 *++’#l(&_l.II)/+_#I)+l#Oll+2)I 130t |

physical design)

Group A Group B Group C

[ ] [
« Steps toward integration with systems AN S “HI%&'-()(%"&"2(3+& ! _Hl&
engineering processes ﬁ s , I":'>"+)-)9.7.%'%".0"2'%.7?0",-*(./)*,0 o 30] —'"LJ"' -
» 2\ ‘ !"@'%.?0",6'":-'4.('O&%"6,4"AO,>7'2?"'?'0'4)*,0 I I\ nnye . ALY " \< " | 20 '
Mechanica Control/Hardware/Software 1 Nt "B,27.07")02"%.(17)",0°6,4"2'%.20 67§49|82u) ) ) ()|2&)($ . /?u ) /$ /$,) $’2 () ——5—30—%0—50—sb—T0—F0—%0—#0— 50 —sb—10—20 -30 40 50 6
Ownership OwnerShlp B s | i !"CO+14-14)*O?"'<$%.+)7'":"4.(IO&%".O&,HZl%-?O"% 12.l% . ($ 8:/ 82 )2 :)2784 O) ($- -% _) test number test number test number

"D)7.2)*,0",6"2'%.20"('&<,2%")02"(,2'7%

—— student —— gradient-based gradient-free

5$-.9%")A(H/'82" ) ENR)N.G$&-.#,IJM$GSOR)!"(H-#8&

3#&S$'40."$()+"(-J2")/8G.8%$-):2&)
#&%$HS()($-.%")0$'&"."%)

Architecture | ° —»| Digital
Design : Design Controller

Co-Design with} | : - Co-Design with
OLC, u(t) . CLC, X,

h &
AN

D$"$8'8G$)10%28& #+4)5%-.%") I<-#&'/82"-) F$-$'&/+)3#&HE%,)5.-[2G$&.) )" #S&(.-L.70." & )" H$&:I$-)s ¢ . Facilitated by reconfigurable
' ' ) S E' 5 » oS mechatronics systems, simulation tools
"(.&$/#)($-.%")&$7&$-$"#'82"-tduce problem dimension, *& 4'& )F$-$'&/+)6HH#/I24%-) ::7$7'(;$ fLS/;?'QZI/-NE% % 3 § s %‘ % ‘.j :fzs « K-12 outreach and undergraduate COLV
manage variable dimension problems, targeted exploration) < ed £h . bine int . ' ) © S 5 AT ¥ iﬁ; S 3 S * HIL Gear testbed linked to real-time Finger ang
I * Knowledge of how to combine interacting so o ¥ &2 & F = g 8 hicle simulation
. . I 3 5% 38 3% ve -
phySICaI phenOmena In nEW Ways tO Create new o . = = n ® ik ik S = O = ° Reconﬁgurable trebuchet acﬁvit th
"#$%&'()*+,$)+-.1/01)/10+#& b
technical capa bilities — Ty 23,14$; -------- DOE, trebuchet physics, and multi-body—y
» Design exploration and optimization tools that I U R G I I A A O S . dynamics models
& P : : P § E --------- e Bolted joint design and testing
accelerate design discovery L0 H#()/0$)+#8&13-/(4- 11
R 1770./'82"-}) 1 <14=(%8>+0+4(/(08:23 +43)- NNl N. >2H"('82"-):2&)($-.%")*+USU)-#H($"#-))
D$"$&'8GS)($-.%0")'0%2&.#+4-)X)$-#'<0.-+3().") &#N'&/+ #/HHE&SD) Focus on high-impact (infrastructure S ?"/0"#&2(-$7,.23,+43)- Lt L] « Consensus on core topics
* Based on simple &$/H&-.G$) &HOBR)$4$&%0$"#)7&27$&8%-) . s antific d ’ | % o=grse@=paasB+A, | L | L ] « Develop short courses and universal design
* S’/ abstract design variables to complex system design descriptions ransportation, energy, scientmnc discovery S comsaD@+1amos7 [ | | ] | ] research foundations graduate course
« For both /2"8"HH4)-,-#$4-) and "$#228@)($-.%")&$7&$-$"#82"-) Wide variety to support discovery of generalizable| & 13/4acoysiono@a(s?, BN * NSF NRT?
themes and access to a variety of interfaces 25760860 E710+Fs53 | ol gl ] | amla| | |@
AB'470$)D$"$&'8GF)5%5-.%")10%2&.#+4)1470$4$"#'82";)) Y ) I | ] - q l
\

D$"$&'8G$)
10928, #+4)

[ Y5)*&."#$%

3#&"JIHH#$()320'8)1&&' )KL*MNOI3IP)  124<."$()*2?2$8)A0$/4#&2".1-)"() 3#'8/)>027)S.B$&)53%-.%")K*TDP) "0"O[G$)A"$&%,)3,-#$4) F+$202%./'00,2470$B)>0H.()™() V,<&.()*27$&H#&" ") &I+ #$IH#HES)
Dual-use of arrays (power, actuation) Q+$84'0)3 -#$4)5%-.%")KQ2, 2#'R)03>P) Automated physical experiments in design 5$-.%")KOFAM)J)/200'<2&'#2&P) C.-/12$0'-8/)S'#$&.'0)5%-.%")KO3>P) 5%-.%")K53$$&$)T)12UP)

optimization loop

Improve data-gathering for science Design & Inverse

W '::',':{"""‘»"-.'* v el * Design for additive manufacturing Problems :
*+,-[0)Q &Y%6$#)3,-#$4) By i
KQ$-#<$(P e % ‘ 3>S) K/2||G$||82|n0nu:& UP ) _ -
\ / AN 3¢ =5 :
\ - / < [YS)*&'"#$% A freruiniven £ 3 < o
- ol & - :_ g 4 ’;- .' %
P W elg o %, . L
& , ' ) N o o
= ® F$0JQ.4$)5$G./$)S2($0) Y5)*&."#$ & S B
g T K3.4H0'82"P & = | %
N O & S = u ’ 524
o " X F2<28/)'H#24'82") : @ & . ~vvwy 12 2o
< VIM)Q$-8"% <X £ & NG S 5
4 \ Q ) / ) 21)7+,-.10)-7$/.4%") é% PG B TEN :%‘ > .4 £
4||||%$4$n#) T pre———— . ) > **lv == l@:’“
3>S)K($-.96"$():2&)"((.8GH)":& UP




