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CONDIVIDI LA TUA AVVENTURA

s 41BSFXPPE O MB QSJNB QJBUUBGPSNB POMJC
e AN 110122./30.*4560/78.*/0.*5078./79*:1//1*7;+<6;;14476;1*=31*>6,=72*@AT7’
BGmMUUVBSJ DIF WPHMJPOP QSBUJDBSF BUUJ'
UFNQP F EFOBSP F J QSPQSJFUBSJ EJ BUWBSF
AL*7;*3;.%C6;/1*.A/10;./78.*=7*01==7/69*D314/6*41087276*510>1//1*=7*
BCCBUUFSF MB CBSSJFSB EFM QPTTFTTP TP"
VOhPUUJDB EJ VUIJMJ[[P FGmMDJFOUF EFMMF ¢
-B QJBUUBGPSNB O NPMUP TFNQMJDF EB VU.
JOTFSJTDF M BUUSF[[BUVSB DIF EFTJEFSB BC
QSFMFWFSE M PHHFUUP *M TJUP PSEJOB J S
DB *OmOF CBTUB TFMF[JPOBSF JM HJPSOP E
SFTUJUV[JPOF WFSJmDBSOF MB EJTQPOJCJIN
DSFEJUP 60B WPMUB BWWFOVUB MB USBOTB
DPOUBUUP SJDIJFEFOUF F PGGFSFOUF BGmC
=7%7,<6;/06*510%A.*<6;41@;.9
1FS HBSBOUJSF MB NBTTJNB mEVDJB F TJDVS
QJBUUBGPSNB HMJ VUFOUJ TPOP DIJBNBUJ E
41BSFXPPE DPO OVNFSP EJ UFMFGPOP DBSUI
TPDJBM OFUXPSL "M NPNFOUP EFMMB SFTUJ
QPTTJCIMF MBTDJBSF VO GFFECBDL TV BEBSmU
UVSB QFS BMJNFOUBSF JM DMJNB EJ mEVDJE
SJTBSDJNFOUP EBOOJ NFTTP B EJTQPTJ[JPOF
EJ TJOJTUSP SJTBSDJSE JM QSPQSJFUBSIJIP E
#7.>6%,./7* AAET;/10;6*=7+&;;68./76;*F.GO*&A*HI*. @ @76*.GG7.>6*
QBSUFDJQBUP BMMB 8PSME 8JEF 8FC $POGFS
HSBOEF TVDDFTTP 4JBNP TUBUJ TFMF[JPOBL
DPODPSTP 4IBSF JO "DUJPO MFBEFS OFM TFI
" %JDFNCSF WFSSE SIMBTDJBUB M BQQMJIDE]

@73A7./06>G7;JKL@>.7A9<6>*M01456;4.G7TA1*<6>3;7<.276;1*181;/7*#N.01066=P

1JFSDBSMP .BOTVFUP BOOJ O %PUUPSF JO &DPOPNJB F
EFJ 4FSWJ[J MBVSFBOEP JO .FSDBUJ F 4USBUFHJB E *NQSF
*TUJUV[JPOBMJ EFMM "(**. "TTPDJB[JPOF (JPWBOJ *NQSFOE
@AT7*N.*510>1446*=7*.5506C6;=701*>6A/6*7A*>6;=6*=1AA1*4/.0/35*1*A1*431*=7;.>7<N19**

pJIM $&0 F $P GPOEBUPSF EJ 4IBSFXPPE QSPHFUUP OFM RV

(BCSIJFMF %J #MBTJP BOOJ O %PUUPSF JO &DPOPNJB F |
EFJ 4FSWJ[J MBVSFBOEP JO .BOBHFNFOU 'JOBO[JBSJP
pHVOP TUVEFOUF QBSUJDPMBSNFOUF CSJMMBOUF IB DPOTF
UFTJ TVMM FWPMV[JPOF EFM DSPXEGVOEJOH pn MVJ DIF TJ |
=1AA1*506564/1*.8.;2./1*=7*>1>G07*=1A*/1.>9*

pHJIJM $'0 F $P GPOEBUPSF EJ 4IBSFXPPE
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Additional Figures:

Sonsor Body

QSPHFBUP

JEFF CAMPBELL, IRV SCHER, RANDAL CHING

SENSORE A SEI ASSI DI FORZA PER LA
PROGETTAZIONE DI ATTACCHI PER SCI ALPINISMO

Universit™ di W ashington
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+96(,"(

Adapter lans for

Mot Vo Sindins #./012.%¥3*0.4*3004*54*61273*8.2*93*821:.;;3741/.*54*3;;3<<=4*8.2*0<4*
B . 3984/40>1

*
14*621/;.*3993*2>79;?103*<2.0<4;3*5.:94*3;;3<<=4*53*0<4*3984/40>1@
A.[:1/1*0.>82.*84B*?03;4*53*0<43;124*<=.*?03A3/1*82.<.5./;.>./;.*
TPMP BUUBDDIJ EB QJTUB MB UFDOPMPHJB I
QBTTJ BMUSFUUBOUP TJHOJmMDBUJWJ (MITL
2.@*01/1%0;3;4*9./;4%/.9*2.<.842.*D?.0;.*/?1A.*,.</191:4 * */1/*

\ FTIJTUPOP QBSBNFUSJ BEFHVBUJ BMMF OVPW
R A3243E494;F*/.99.%;.</191:4.* */.99.*:.1>.:24.%?;494773;.@*4/19;2.@*81/
240<=41*54*4/612;?/41*:94*0<43;124@*832;4<1932>./;.*0.@*<1>.*4/<2.

Exploded view of the sensor body, connecting housings, snd waterproof electrical >.[;.*3/<123*1::4*07?::.24;1*53*39<?/.*:?45 .* *>3.0;24 @*04*0<43*<1/*

connectors.

JM QVOUBMF DIJVTP

*

"QQBSF RVJOEJ OFDFTTBSJP NJTVSBSF BEFH
*

GEE43>1*540.:/3;1*.*2.394773;1*?/*821,1,481*54*0./012.*53*?032.*4/*
DPQQJB VOP USB MP TDJ F JM QVOUBMF F V!
H?.0;4*0./0124*>40723/1*;?;;.*9.*6127 .*,2454>./041/394*4/*:41<1@*<1/*
04>?93741/4*24:?3253/;4*,?;;.*9.%04,?3741/4*54*0<43;3*8.2*0<43;124*5
EJGGFSFOUJ MIJWFMMJ EJ QFTP F DBQBDJUE
911;,4>4773741/.5.99.%:.1>.;24.* *5.99.*4/,.263<<.*<14/A19;.*/.993*
821:.;;3741/.%5.:94*3;,3<<=4*53*0<4*3984/40>1@*8.2>.;;./51*4/*?9;4>3*

The electrical wiring (left) and strain gages bonded to the sensor body that convert force and torgue BOBMJTJ MB Q SPHFUUB [‘] POF EJ BUUBDDIJ F
to voltage that can be recorded by the data acquisition system. Q Ja TJDVSJ

&)J(

jre24@washington.edu

+FGG $BNQCFMM .4 O VOP TUVEFOUF JO 11 % .FDIBOJDBM &OHJOFFSJOH B
FTQFSJFO[B JO SJDFSDB TV TUSVNFOUJ CJPNFEJDJ F PSUPQFEJDJ )B BC
TQPOTPSFE TLJ NPVOUBJOFFSJOH BUIMFUF )B GBUUP QBSUF mO EBM E
' *M TVP EPUUPSBUP EJ SJDFSDB TJ DPODFOUSB TVM TFUUPSF EFMHJ T(
EB5TDJ BMQJOP F MB QSPHFUUB[JPOF F JM DPMBVEP EJ TOPXQBSL

*M %S 3BOEBM $1JOH O VO 1SPGFTTPSF SJDFSDBUPSF JO .FDIBOJDBM &OH
BQQMJDBUB BMM 60JWFSTJUE EJ 8BTIJOHUPO F DPMMBCPSB DPO JM %JQRB!:
SJOH *M %S $1JOH IB QJa EJ BOOJ EJ FTQFSJFO[B JO CIJPNFDDBOJDB F .
NVTDPMP TDIFMFUSJDJ EFHFOFSBUJWJ F USBVNJ JO QBSUJDPMBSF B UFTU

%S *SW 4DIFS O JM SFTQPOTBCJMF EFMM PSJFOUBNFOUP EJ *OHFHOFSJB
EJ #JPNFDDBOJDB "QQMJDBUB QSFTTP Mh 60JWFSTJUE EJ 8BTIJOHUPO %
FE O VO EFMFHBUP QFS HMJ 64" BM DPNJUBUP *40 5% 4% NFNCSP EFM D
TIJDVSF[[B TVHMJ TDJ F QSFTJEFOUF EFMMB DPNNJTTJPOF ' "45. QFS MP 1
EFHMJ TQPSU JOWFSOBMJ
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195436C953@5:1>4=4G=495C95CG35K1CG?=5=C364=:
G695:306=309N5:=9>:G615:H35/G1@53>>3035G4="?=;;9
>=621?90K36435351>/=49035CG35/30>16375195J9>35H
C=K36>=1635C=5D7D5K5C=57902H3;;9535C=5M7D5K5
C=4B5/305:=9>:G65K1CG?175#=54094495C=5G695>40(
BVUPQPSUBOUF DIF TJ HPOmMB JO Q
9??7@G>175,=363596:109495954300953C53@5C149495
>=>43K95C=5Q9;;17344=5/305Q09623035=?5A3641N5:}
3>>3035G4=7=;,94=5/3051>/=49035=75K9430=9?35C32"
195694G095K1CG?9035/30K34435C=5G6=035G656 GK3(
436C3595/=9:3037
(305=>1?90>=5C9?5/9A=K364153@5/03A=>415G65K94:
BODIhFTTP HPOmMBCJMF DIF JTPMB
43003617
$65G695Q1415>=5K1>409615CG35K1CG?=5G6=4=5=6:
C=5Q9;,;1?344=N5K364035637795>3:16C95G615C3=5C(
Fh TUBUP THPOMBUP QFS NPTUSBSF
:16C=;=16=5C=5409>/10417

marco.potenza@unimi.it

890:15(1436;95<5'=:30:941035/03>>15?@+6=A30>=4B5C=58=79615C9?5DEED7
195FG9?:H359661523>4=>:35=75|9J109410=15C=5#40GK3649;=1635)44=:97
195/=L5C=5ME5966=5?9A1095/305?@-236;=95#/9;=9?35"G01/395"#-59??15>A=?G//15C=5>40GK3649;=1635144=:95/305?15>/9;=1N53
#:=364=>45/305?@3>/30=K364150)I1)$!595J10C15C3?795#49;=1635#/9;=9?3563?5DEME755

%BM JM TVP JOUFSFTTF QFS MB NPOUBHOB MP IB QPSUBUP B TWIMVQQBSF VOP TI
/03>364=53563?52H=9::=159?/=61535964904=:1N59??15>:1/15C=5:1K/036C3035K32?=15=5K3::96=>K=5:H35H96615C3430K=69415="
PG3>495944=A=4B5?15H9596:H35/104941595>A=7G//9035350397=;,9035G695>/3:=9735436C95C95>1/09AA=A36;95=659KJI=364353>
BMMhJOUFSOP EFMMhOGmDJOB .FDDBOJDB EFM %JQBSUJNFOUP EJ 'JTJDB -B UFOEB |
=65-64904=C37

,9?43058922=5<5/01Q3>>1035->>1:=9415/03>>15?.+6=A30>=4B5C=58=7961RS=:1::95C9?5DEETN53523>4=>:35?."G0101?C519J5U"C
-BCPSBUPSZ 'BDJMJUJFT FE JM $SZP-BC MBCPSBUPSJ EJ SIJDFSDB F EJEBUUJDB TVH
)B FGGFUUVBUP TQFEJ[JPOJ JO "OUBSUJEF JO (SPFOMBOEJB FE IB FGGFUUVBUP |}
RVPUB
V95G6.9K/=953>/30=36;95C=5944=A=4B5C=50=:30:95=6590335/1790=N5:165/904=:1?90350=2G90C159=52H=9::=9=5C=5:9?1449535(
9A30510296=;;,9415G695>30=35C=5:9K/=503K14=5=65-64904=C3535>G??795:9436959?/=6975

$PMMBCPSB EB BOOJ DPO JM %JQBSUJNFOUP EJ 'JTJDB EFMM 60JWFSTJUE EJ .JMBOP
43:61?12=35C=5>G//104159=5:9K/=503K14=5/1?90=7

'SBODFTDP $BWBMJFSF O 4USVUUVSBUP EBM QSFTTP M 60JWFSTJUE EFHMJ TUVE
3FTQPOTBCJMF EFMM 0GmDJOB EFM %JQBSUJNFOUP EJ 'JTJDB

3FTQPOTBCJMF 5FDOJDP EFM $*.B*/B DFOUSP EJ FDDFMMFO[B QFS MF /BOPUFDOPMP
-BWPSB OFJ TFHVFOUJ DBNQJ 'JTJDB EFJ 1MBTNJ /BOPUFDOPMPHJF "TUSPmMTJDB 0

)B MBWPSBUP EBM BM OFJ -BCPSBUPSJ /B[JPOBMJ EFM (SBO 4BTTP - "RVJMB
RV95:1640=JG=4159??950397=},9;=1635C3?5>943?7?=435(1-&OW

"EEFTUSBUP QFS MBWPSBSF JO MVPHIJ FTUSFNJ EBM BM IB SFBMJ[[BUP TQF
RVFTUP BNCJUP OFM O TUBUP QSFNJBUP DPO NFEBHMJB E PSP EBM /4' GPOEBI[JF

C9415977950=:30:95=65-64904=C37
V95/012344941535039?=;,9415G65K1CG?15C=5>1/09AA=A36;959J=494=A15/305?G12H=53>403K=543>4941563??95/0=K95Q9>35>G
3PTB B N JO TFHVJUP JO "OUBSUJEF EPWF QFS NFTJ O TUBUB iNBMUSBUUBUBW ~
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MARCO POTENZA, VALTER MAGGI e
FRANCESCO CAVALIERE

RIPARO ESTREMO GONFIABILE
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I"48'$9$)&"5
(%)

$:5;<==15<5/3:153>576<5;40?44?0<5=@: @6A0@=<5A@
:?62D3EE<535F7G5C5A@5A@<C34015@64306175">57
BVUPTPTUFOUBOUF F HPOMBCJMF J
=<C3035A><0@<5@;1:<615430C@=<C36435A<:543003
2<0<64@;=1615>@;1:<C36415430C@=15H30;15:>3;43(
C<6@30<54<:35=D35/1;;<53;;3035?4@: @EE<415@65;1;
A@5436A<535;<==15<5/3:175J<5?76<5=306@30<5:<C/1t
:?2::>@6430<5:?62D3EE<I5=D35/30C34435:>@6203;;15A
QFSTPOB EVF mOFTUSF USBTQBSFC
F VvOhBMUSB TVMMB TVQFSmMDJF TVC(C
$65?26<5K1415;@5C1;40<5:<5/30;16<5@65=16A@E@16
63::><:40<5@:5;<==15@65/1; @E@1635H304@=<:37

marco.potenza@unimi.it

L<0=15(1436E<5M5' @=30=<41035/03;;15:>+6@H30; @4N5A@5L@:<615A<:5BFFB7
%B RVBMDIF BOOP HFTUJTDF JM -BCPSBUPSJP EJ 4USVNFOUB[JPOF OUUJDB
1<5/@05A@5PF5<66@5:<H10<5/305:>-236E @<5#/<E@<:35"?01/3<5"#-5<::15:H@:?//15A@5;40?C364<E@1635144@=<5/305:15;/<E@
4DJFOUJTU QFS MhFTQFSJNFOUP $0--0*% B CPSEP EFMMB 4UB[JPOF 4QB[JBMF OFM
%BM JM TVP JOUFSFTTF QFS MB NPOUBHOB MP IB QPSUBUP B TWIJMVQQBSF VOP Tl
/03;364@53563:52D@<==@15<:/@61535<64<04@=115<::15;=1/15A@5=1C/036A3035C32: @15@5C3==<6@;C@5=D35D<6615A3430C
2VFTUB BUUJWJUE MP IB BODIF QPSUBUP B TWIJMVQQBSF F SFBMJ[[BSF VOB TQFDJBM
BMMhJOUFSOP EFMMhOGmMDJOB .FDDBOJDB EFM %JQBSUJNFOUP EJ 'JTJDB -B UFOEB |
@65-64<04@A37

7BMUFS .BHHJ O QSPGFTTPSF "TTPDJBUP QSFTTP M 60JWFSTJUE EJ .JMBOP #JDPDDB
-BCPSBUPSZ 'BDJMJUJFT FE JM $SZP-BC MBCPSBUPSJ EJ SIJDFSDB F EJEBUUJDB TVH
)B FGGFUUVBUP TQFEJ[JPOJ JO "OUBSUJEF JO (SPFOMBOEJB FE IB FGGFUUVBUP |
RVPUB
J<5?76.<C/@<53;/30@36E<5A@5<44@H@4N5A@50@=30=<5@65<0335/1:<0@15=165/<04@=1:<0350@2?<0A15<@52D @<==@<@5/
<H305102<6@EE<41576<5;30@35A@5=<C/@503C14@5@65-64<04@A3535;?::<5=<436<5<:/@6<75

$PMMBCPSB EB BOOJ DPO JM %JQBSUJNFOUP EJ 'JTJDB EFMM 60JWFSTJUE EJ .JMBOP
43=61:12@35A@5;?//10415<@5=<C/@503C14@5/1:<0@7

'SBODFTDP $BWBMJFSF O 4USVUUVSBUP EBM QSFTTP M 60JWFSTJUE EFHMJ TUVE
3FTQPOTBCIJMF EFMM 0GmDJOB EFM %JQBSUJNFOUP EJ 'JTJDB

3FTQPOTBCJMF 5FDOJDP EFM $*.B*/B DFOUSP EJ FDDFMMFO[B QFS MF /BOPUFDOPMP}
-BWPSB OFJ TFHVFOUJ DBNQJ 'JTJDB EFJ 1IMBTNJ /BOPUFDOPMPHJF "TUSPmMTJDB 0

)B MBWPSBUP EBM BM OFJ -BCPSBUPSJ /B[JPOBMJ EFM (SBO 4BTTP - "RVJMB
)B DPOUSJCVJUP BMMB SFBMJ[[B[JPOF EFM TBUFMMJUF 1-"/$,

"EEFTUSBUP QFS MBWPSBSF JO MVPHIJ FTUSFNJ EBM BM IB SFBMJ[[BUP TQF
RVFTUP BNCJUP OFM O TUBUP QSFNJBUP DPO NFEBHMJB E PSP EBM /4' GPOEBJ[JF

A<415<::<50@=30=<5@65-64<04@A37
)B QSPHFUUBUP F SFBMJ[[BUP VO NPEVMP EJ TPQSBWWJWFO[B BCJUBUJWP QFS MVPH
3PTB B N JO TFHVJUP JO "OUBSUJEF EPWF QFS NFTJ O TUBUB iNBMUSBUUBUBwW -
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CAROLINA SUELS

J( 21*+(5-6

TUSJOHBUVSB FMBTUJD iR DI F
<9/<51;0-40-<0798490-3-69 . ﬂ+®$1$y& -

/9<544380-2/0:923-06540->0660<075 (I)%II**)

1./0123-45-675489:3125-;9-04<.13-0229792=-6>5/2973->3

6210050850055 a0n003 3-754.:3-13442022/3@ @02./0-6515-70/90A949-9:>5/2012¢
___comsozsotsioesidien  2313/3-65225-<512/5445->3/-/9;.//3-470BB029<0:3125-3-

:08895/3->/523@9513 /96>0/:90/3-43-313/893C

1./0123-45-6>5/2-6>3665-6515-9->93;9-2/0-43->0/29-;34-

1562/5-<5/>5-<D3-6.A96<515-43-:08895/9-65443<920@ 9"

<0.60-;3440-<04@02./0-23<19<0E-;34->365E-;3443-23:>2
Vorsmbor ThuEuUs23-362/3:3-3-34-23:>5-9-,./020-,34420229792=C
lgéfsgsl-ggﬂs}sggggs/s G5425-6>3665-690:5-<562/3229-0-/91.1<90/3-0443-1562/.
ws(o1222343.056050 DPNPEF TDBSQF BMM}PSB EJ GBSF C

DBOEP JM DPOGPSU OFMMF PSF EJ ¢
6543220-91-85::0-620:>020

e 0.0103@9513-<51->0223/1 5BB3/23-;39-/9B.89629-134-<065-;9-;573/->3/510220/3-91
>549851043->3/-0837540/3 H.520C
KNN)U%6$G"8)- :

91-2.223-43-9/3@9519 $4->/583225->/5>513-.10-1.570-29>545890-;9-<04@02./0-
<D3-69->569@9510-2/0-40-6<0/>0-;0-23:>5-49A3/5-3-40-
>0125B540C-11-<04@0/3-:5/A9;5-<51-<0/0223/9629<D3-
23<19<D3->/3<963-<D3-5BB/515-.10-654. @9513->3/-<D9
<51291.9-6>5620:3129-3-;373-5229:9@ @0/3-A313-45-

6>0@95C
1062/5-0-06540-91-2366.25-
T Sommonamieesizs  TKKHUSHGHL”
<0403 F-+04@0/3-:5/A9;5E->938D37543E-<5:>0220A943E-4388
ostosn | Fr(/5>5625-91-.3-73/69519M-362970-3-9173/1043C
025/ 30A043.0420..3 F-%366.25-23<19<5-0129A0223/9<5E-2/06>9/0123E-9;/5B.

—JT312049620020-990020 ()1 99: BBOE-340629<5E-23/:5/3854025/3C

rvorsmbar sssrnpmEst2(025-9-85::0-620:>020-6.4-2366.25-23<19<5-0-

T oo 9193@9513-0-6>3665/9-70/90A949-<51-20849-91-B5/:3->
1049->3/-0837540/3-94->9380:3125C
F-+5/,915-;9-<D9.6./0-340629<5E-/369623123E-<51-A45<
>0660F<5/;0C
F-#0<<D3225-91-2366.25-9:>3/:30A943-29>5-'$(#*)(C

carolina.suels@giorgioarmani.it

K/<D923225-3-;369813/-1020-0-+0/0<06E-N313@.340E-919@90-94-6.5->3/<5/65-;9-62.;9-.1973/6920/9-;5>
A/373-36>3/931@0-0-)OB5/;E-$18D9423//0-<D3-406<93/0P-.1-63815-9:>5/20123-13440-6.0-7920C
(/5638.3-849-62.;9-044P11973/69;0;-+312/04-;3-N313@.340-;573-5229313-40-40./30-91-0/<D92322./0-3-;5>!
QPDP QFS DVSJPTJUE FE JSSFRVJFUF[[B TJ USBTGFSJTDF JO *UBNM
91;.62/9043C

%VSBOUF HMJ TUVEJ MBWPSB DPNF HSBmDB GSFFMBODF F EFTJHO
<0>0<92Q-</302970-3-/340@951043C
$1-$20490-;5>5-849-62.;9E-:02./0-670/9023-36>3/931@3-91-62.;9-1529-;9-0/<D92322./0-6794.>>01;569->C
:3123-1344P0/<D92322./0-;P-9123/19-134-63225/3-;34-4.665C-&34-B/0223:>5-<5156<3-43-K4>9-3-69-0;,;3
;9->9R-91-0229792Q-6>5/2973-438023-0440-:5120810-40-H.043-43-;0-6>.129-/9<<D9-<D3-2/06B3/96<3-1:
</302975C-K22.04:3123-4075/0-91-%95/895-K/:019-#>K-<5:3-/36>5160A943-;9-'9<3/<0-S-#794.>>5-G023/¢
>3/-4P0/<D92322./0C
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101234
13-3550-672518-98:0-:8;-<8=>-627-351372-3-=<3:372-05-73:2=02-
TUVQFOEF BODIF TPMP QFS VO mMOF TFUUJN|
CBHBHMJP SJEPUUP BM NJOJNP
13-=@A0>8-B-050C03>3-:3-70<27<3-10-@58-C3058D-05-<@0-<370<37
UVSB EB BSSBNQJDBUB F J QPDIJ JOEVNFOU.
DPNF CBHBHMJP B NBOP F DIF GPTTF GVO[JP
BSSBNQJDBUB
&TJTUPOP EJWFSTJ [BJOJ F [BJOJ USPMMFZ I

/PO IBOOP EJNFOTJPOJ Y Y DN DPNF SJ
DPNQBHOJF

4POP USPQQP QFTBOUJ NFEJBNFOUF LH C

* TPMP [BJOP USBWFM IBOOP USPQQF UBTI
BUUSF[[BUVSB EB BSSBNQJDBUB
2VBMJ DBSBUUFSJTUJDIF GPOEBNFOUBMJ EF

%JNFOTJPOJ Y Y DN QFS QPUFS QBTTBS
NBOP

&TTFO[JBMF F NJOJNBMJTUB QFS QPUFS F

%PUBUP EJ SVPUF QFS VO QJa GBDJMF VU:

'"VO[JPOBMF QFS VO VTP JO GBMFTJB NPOU
2VBMJ BMUSF DBSBUUFSJTUJDIF BDDFTTPSJF
FG-H53-<2750273--:3>8-=63::3<<0-2-3627>@73-=@6270872-3-70=98>
23<0:0>372-3<<2==8

7PMVNF FTUFOTJCJMF QFS QPUFS BDDPHM.

*O 516 TBMEBUP EJ FTUFUJDB NJOJNBMJTI

$PTUSV[JPOF TUBHOB DPO WBMWPMB EJ Tr

.BOJHMJB TVQFSJPSF QFS VTP WBMJHJB U

4JTUFNB SVPUF USPMMFZ SFNPWJCJMF

4JTUFNB TQBMMBDDJ F DJOUVSB SFNPWJC
$:-960:2>-10-'@8*¥)
$J WPSSFCCFSP PSF QFS TQJFHBSMP F BCCJ
TFO[B SJVTDJSDJ &MFODP TPMP MF QFDVMJ

4JNJMF BE VO JOEVNFOUP GVO[JPOBMF DF
NUC EPUBUP EJ UBTDIF BOUFSJPSJ QFS TN
PHHFUUJ

5BTDPOF PSJ[[POUBMF QPTUFSJPSF QFS TE
2@5C0852-<05>@73-C3058

5BTDPOF WFSUJDBMF QPTUFSJPSF QFS JOT
PNPMPHBUP QFS .5#

'BDJMNFOUF DPMMFHBCJMF BMMB TBDDB Q

gpmissi@gmail.com

(JBOQBPMP JTTJSPMJ *EFBUPSF F QSPHFUUJTUB

y%B BOOJ BQQBTTJPOBUP EJ NPOUBHOB F JO QBSUJDPMB
TMBDLMJOF USPWP DIF MP TQPSU TJB VOB TDVTB CFMMJTT
TDFSF MVPHIJ F QFSTPOF OVPWF 1SBUJDP BODIF XJOETVS(

"MFTTJIJP $PMPNCP %JTFHOBUPSF %

y'SFRVFOUP MB NPOUBHOB EB TFNQSF CPVMEFS GBMFTJB
DpPOUBUUP DPO MB OBUVSB F DPO MB SPDDJB NJ WFEF JB Q
NP F DSFEP DIF MB TVB JEFB TJB WFSBNFOUF PUUJNB F IP (
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ANGELO DE IESI - VASYL PAVLYUCHOCK

Re-designed 4 men bobsled

Politecnico di Milano

!"#8'$T$)&"5

()%™)
$>51115U5M615=/1045<6?306@>3563>5VM@>35:3>>35:
WJ1X/1=435:@5C515F5/30=163Y53=32M1615:<=J3=35
J0161X340@435>M6215M6@5/<=4@52Q<@JJ<@4@O*=
4104M1=@05@5110:15:<5M65X3AA15:14@415:<5/@44-
WJIQ<@X@415@//M641511105<65<4@><@6152M<:1=>
@>>Z@7?7<15:@<5X3XI0<5:3>>@5=VM@:0@535=MJJ3
:@>>@5K10A@5:<520@7<4[75-5=3J16:@5:3>56MX301¢
6364<5:3>>7Z3VM</@22<15=<5/@0>@5:<5L115@5:M351
VM@440175915=/1045KM5<6?364@415632><5@66<5E'
->|@6P5W&3]5M0RY535=MJJ3==<?@X36435<6401:144
#?<AA30@75935/0<X352@035?36<?@615:<=/M4@435=
J1/30435:<563?30535>35/0<X35J1X/34<A<16<5=<5=71>
1@?1=563>5E\\ 53:5@5#475;10<4A563>5E\\F75%$>5/0<X
?36635K10X@41563>5E\"a535>@5/0<X@5/<=4@5J1=4(
TQFDIJMDBNFOUF QFS JM CPC WFOO|
$6<A<@>X364352><53VM</@22<530@615:<5H515b5/3!
?3663015/1<50<:144<5@5C515F5632><5@66<5E° D754
J1X/>34@X36435<65>3261535=MJJ3==<?@X36435?36¢
<6401:144<5<5/@44<6<5<65@JI<@<17
9@5Sc:c0@4<165%64306@4<16@>35:35L11=>3<2Q534!
*11122@6<625WSS$L*Y5?36635K16:@4@563>5E°C_535>
K@5/@0435:3>5/0120@XX@5:3<5%<1JQ<51><X/<J<5<
:@>>@5/0<X@53:<A<1635:3>5E " CF75%$6<A<@>X36435:
?2@5=1>15>@52@0@5:<511I15@5F75%$>51115@5C5?3663
63>5E" CO5X364035>352@035K3XX<6<><5Q@6615K@
:3IM44151><X/<J1563>5CDDC7
$>5/30J10=15/012344M@>35U5/@04<415:@>>.@6@><:
:3>>,@0435:3>5111=>3::<620537<:36 A<@6:15>.3?1>MA=
43)6<J@535>35/011>3X@4<JQ30563>5110=15:3>>35?(
J1X/34<A<16<5<6?306@><75$65=32M<4105=1615=4@
J QBSBNFUSJ GVO[JPOBMJ F NBUFSJ
/01J3:M035:<52@0@05>35=1>MA<16<5X3JJ@6<JQ353
6@X<JQ35@:144@435@44M@>X364305616JQc5>@5.
635:3<540@JJ<@4<5:<52@0@7
9.11<344<?15/012344M@>35=<5U5J16J034<AA@41563>
:3>>35J1X/16364<5:3>>@5=><44@5WJI@036 @05=<=4:
4305/@44<6<05@44@JJ15:3<5/@44<6<0O5X@6<2><3E
JOJ[JBMF TFEVUF BM mOF EJ JOD¢S
<b2@0@7

angelo.deiesi@gmail.com - vasylpavlyuchok@gmail.com

#8+)9-5!"95!"#$%&

8:9;5<6513=<265:3>5(01:14415/3059.<661?@A<1635B5-7-75CDEFGCDEH59@110@410<15:<5816J3/45!3

(01K75!@?<:35;@0<@5L0M61

#4M:364<N5-623>15!35$3=<05,@=P>5(@?>PMJQ1R
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STEFAN LECHNER - SAMUELE MIATELLO -

ILARIAVENTRUCCI

SKI'JUMPING BOOTS

Politecnico di Milano

miatello.samuele@gmail.com

#8+)9-5!"95!"#$%&

I"#8'$0$)&"5
()%™)
$>5=@>41511652><5=J<5P5M615=/1045<65IM<52><5¢
=J<5=J36:1615>M6215>@50@Q/@5:<5M65@//1=<4154(
35:@5>R5=/<JJ@615M651@>A1S5J30J@6:15:<5@4430!
>164@615/1==<B5I<>375)>4035@>>@5>M62U3AA@5::
SJTVMUBUP mOBMF EJQFOEF BOBIF
26@4<5:@5M6@52<M0<@75-6@><AA@6:15>15=4@41
@44AM@>35:<5VM3=415=/104S5=<5/MW5614@035JU35
=?1>4351/30@A<16<5:<5Q<2><10@0Q36415:3>>.@301:«
BM mOF EJ HBSBOUJSF VOB EVSBUB
4@S5Q@53=<=41615J@Q/<5:<5<6430736415=M<5VM(
+615:<53==<5P5>@5/012344@A<1635:<56M1?7<5=J@0/.
VM3=4@5:<=J</><B56 @S5JU35@44M@>Q364350<=M>
<6@:@44<5@>5/01203==15JU35<6?3J35U@6615J16=3
35@44@JIU<750@:<A<16@>Q36435VM3=4<5=J@0/1¢€
EPUBUJ EJ VOB TF[JPOF GSPOUBMF
/01436:3035<>5J10/15<65@7?@64<5<65K@=35:<5?1>1X
2@0@64<035VM3=4@5/1=<A<163S5=1615<6I><6@4<E
@6430<1035561652@0@6436:15M6@5/1=<A<16356 @4
K@=35:<5J@QQ<6@4@53563>5/30<1:15/03B=@>41S5.
=J35J<0J@5<>5YDZ5:3>543Q/15<65IM<5>.@4>34@5<t¢
> @4403AA@4AMO@7
915=4M:<15JU35U@5/104@415@5=?<>M//@035VM3=4
4</1>12<@5:<5=J@0/1635U@5/03=15<653=@Q350<B5:
=?1>4<5=M>5J@Q/1S5/01?35<65>@110@410<1S5=4@¢
<6K104M6<5>32@4<5@:530010<5/012344M@B5><5=M:
<6430?<=435@:5@4>34<5JU35/0@4<B5J@615VM3=4@
=1>MA<1635/012344@4@5/03=364@5:M354</<5:<5014(
>162<4M:<6@>353:5M6@540@=730=@>35?30=15>@5/
=1=4<B54M36:1=<5@>>15=J@0/163540@:<A<16@>35J
J1640@B50<156165U@5/1==<1<><4[5:<5Q17<Q364175¢
@>>.@4>34@5=<@5<65K@=35:<5/03/@0@A<163535J(
NPWIJNFOUP OBUVSBMF EFMMB HBN
/@0435@6430<1035:3>5/<3:3\5=<@5<65K@=35:<5?1>1
<6J><6@A<1635/1==<I<>3535014@A<1635:3>>@5J@?-
@==MQ3035/1=<A<1635@5,\7581Q35M>430<10352<1?(
/305>.302161Q<@5=1615=4@4<5/36=@4<5:32><5@22(
=40<62U35@5J0<JJU3441S5<65=1=4<4MA<1635:3<5>(
?3>J0<5:<5JU<M=M0@S5=J1Q1:<5:@5M4<><AA@035J
<6:1==@4<7

8:9;5<6513=<265:3>5(01:14415/3059.<661?@A<1635B5-7-75CDEFGCDEH59@110@410<15:<5816J3/45!3

(01K75!@?<:35;@0<@5L0M61
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MARTINO COLONNA, NICOLA PUGNO, STEFANO
SIGNETTI

SUOLE IN GOMMA PER SPORT INVERNALI CON

(1(9$72 *5,3 277(187( $775%$9(562 /-87,/,==2
'), %5( &21 25,(17%$=,21, 277,0,==%$7(
$775%$9(562 /-$1$/,6, )(0

"#7'$1$)&"1

()%™)

i OPUP DIF MB QSFTFO[B EJ mCSF EJ WFUSP BM
EJ vOB TVPMB TJB JO HSBEP EJ BVNFOUBSOF JN
5vUuBWJB mOP BE PSB TPOP TUBUF QSPEPUUF
mCSF EJ WFUSP EJSF[JPOBUF QFSQFOEJDPMBSN
*M HSJQ NFDDBOJDP O GPSUFNFOUF JOnVFO[BU
MB TVQFSmDF EBMMB SJHJEJUE F EJBNFUSP EF
F EBM MPSP QBUUFSO HFPNFUSJDP 5VUUJ RVFT
JM HSJQ NFDDBOJDP NB QPTTPOP BODIF DSFBSFH
DIF QPTTPOP EBSF MVPHP JO EFUFSNJOBUJ DBT
DIF QPTTPOP JOnVFO[BSF MF QFSGPSNBODF TV
$812->0,-1+,-./00-1:-2>6>0/12/88-1>=68B++-1@61>B-8/1:-21/8/=50-1.,6+1>B
HIJBDDJP PUUJNJ[[BOEP MB EJTQPTJ[JPOF EFMN\
SJHJEJUE EJNFOTJPOJ FUD -F EJWFSTF QBSU
EFWPOP JOGBUUJ PGGSJSF VO HSJQ JO EJSF[JP
"UUSBWFSTP MB NPEFMMB[JPOF '&. TIBNP JO H¢
PSJFOUB[JPOF EFMMF mCSF JM MPSP QBUUFSO
SF JM NBUFSJBMF OFMMF EJWFSTF QBSUJ DIF D
+5,5C/0,61+->>-2-162-80,/1/>>/,/1B80/,6-,C/20/1-006C6DD5061>B8851E5>/1
UJQP EJ CBUUJTUSBEB DIF TJ JOUFOEF VUJIJMIJ[]
UJQP EJ BQQMIDB[JPOF mOBMF TDJ BMQJOJTNF
USBEJ[JPOBMF FUD F EFMMF DPOEJ[JPOJ UJQJIL
EVSBOUF M BUUJWJUE TQPSUJWB

IPTTPOP FTTFSF VUIJMJ[[BUF TJB mCSF JO WFU¢S
@65C/0,61=5,65E686151>/:-2@51@/8851+->6D6-2/12/8851>B-851/1@/810¢
BQQMJIDB[JPOF - BOHPMB[JPOF F MB TQB[JBUVES
-00/2B0515@50052@-161>6>0/C61500B58C/20/1B0686DD5061+/,1851+,-@
DPNQPTJUJ DPO mCSF BMMJOFBUF VUJMJ[[BOEI
QSPDFTTP EJ QSFQBSB[JPOF DIF OPO WFSSBOO
RVFTUB TFEF -B TVPMB WJFOF GPSNBUB EB EJ\V
+,/>05E6860/1>B8851E5>/1@/8851C-@/885D6-2/1/1=6/2/1+-615>>/CE8505.
BCJUVBMJ UFDOJDIF EJ QSFQBSB[JPOF EFMMF T
*OPTUSJ QSFDFEFOUJ TUVEJ JO RVFTUP DBNQP
'&. B OPTUSB EJTQPTJ[JPOF TPOP JO HSBEP EJ

QSFDJTP MF QSPQSJFUE EJ HSJQ EFM NBUFSJBN
TDBSQPOJ EB TDJ mHVSB *EBUJ PUUFOVUJ ~
UFSNPQMBTUJDP DPO HMJ TUSVNFOUJ B OPTUSI
QSPmMMPNFUSJB PUUJDB F NJDSPTDPQJB 4&. NJ
BUUSJUP TUBUJDP F EJOBNJDP TPOP JOGBUUJ

SJTVMUBUJ PUUFOVUJ EBMMB NPEFMMB[JPOF '&

martino.colonna@unibo.it, Nicola.Pugno@unitn.it, stefano.signetti@unitn.it

45,062-17-8-225191,6:/,:50-,/1588;<26=/,>60?1@61A-8-.251/1>61-::B+51@/88-1>=68B++-1@612B-=61C50/,65861+/,15++86:5D6-261>+-
:-885E-,52@-1:-216C+-,052061E,52@1620/,25D6-258631F1@-:/20/12/61:-,>61620/,25D6-25861@61#+-,01"2.62//,62.1/@1915B0-,/1@61-
QVCCMJIDB[JPOJ TDJFOUJmDIF EJ CSFWFUUJ F EFM QSJNP MJCSP TVM 'SFFSJEF JO
4NJUI OQUJDT F EJ BMUSJ JNQPSUBOUJ CSBOE F IB BM TVP BUUJWP TQFEJ[JPOJ JO M’

/JDPMB 1VHOP DMBTTF TQPTBUP USF mHMJ JOHFHOFSF mTJDP F BTUSPmMTJDP
EFMMF DPTUSV[JPOJ BMMh6OJWFSTJUE EJ 5SFOUP F GPOEBUPSF EFM -BCPSBUPSZ PG
DJSDB BSUJDPMJ TV SIJWJTUF JOUFSOB[JPOBMJ EJ TUSVUUVSF F NBUFSJBMJ JODMN
FVSPQFP QJ4a BNCJUP QFS MhFDDFMMFO[B TDJFOUJmDB Mh*EFBT EFMMh&VSPQFBO 3F
TFUUF WPMUF BM 5SPGFP .F[[BMBNB

4UFGBOP 4JHOFUUJ O MBVSFBUP BM 1PMJUFDOJDP EJ 5PSJOP JO *OHFHOFSJB $JWJMF
EPUUPSBUP JO .FDDBOJDB EFJ 4PMJEJ F EFMMF 4USVUUVSF QSFTTP JM i-BCPSBUPSZ
5SFOUP * QSJODJQBMJ BSHPNFOUJ EJ SIDFSDB SJIHVBSEBOP MB NFDDBOJDB EJ GFOP
DPO QBSUJDPMBSF BUUFO[JPOF BMMB NPEFMMB[JPOF DPNQVUB[JPOBMF 4UB TUVEJB
QFS TQPSU JOWFSOBMJ DPNF DBTDIJ QSPUF[JPOJ QBSBTDIJFOB F TDBSQPOJ B HSJQ
NBS[JBMJ DIF QSBUJDB EB BOOJ DJOUVSB OFSB | %BO F JTUSVUUPSF EJ KV KVUTV
:-21.861>:61>0,/0063
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I"H$%&™ DAVIDE BRUNO
()%"**) CONCEPT FREERIDE AIRBAG
5&$6"#$*78 POLITECNICO DI MILANO

$&4) davide.bruno@polimi.it
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LUNGHI GERMANA, MARMONTI DAVIDE,
PEDULLI ANDREA

FREJA

Politecnico di Milano

I"#/'$0$)&"1

()%™)
23145678319:3;;31<1:445=37:=31>8:4;:>3?@A47A1>A8178A1:<
;AD1?A1EF3?:165451377:=37A1;547A@>5834A3@A47A1G31F
;5@>8A6658AH

"6631>566:AGAI
+413:8J391A67A8451;KA16:13G377313??A1B58@A1GA?1;58>
L3:45D1;5417516;5>51G:1938347:8A1:?193??A99:3@A4751GF
B36A1G:1;5:4=5?9:@A4751G31=3?34931A1G:1>857A99A8A1?
G31A=A47F3?:1F87:H
$47A843@A47AL1?319:3;;31>566:AGA1GA??3163;;KAL:414N?5
?549:7FG:43?:D1;KAD183;;,597:A4G5138:3D1K34451?516;5>51
HPOmBSTJ F HBSBOUJSF EVSBOUF MB T
B8A6;301F431;588A7731A6>346:54A1GA??31933J:317583;:;3t
EFAG67A163;;KA1G:138:3D1?MF7A47A14541638AJJA1>:F1:419
AB>34GABAL:?16:67TA@318A6>:83758:5H1"=:73451:45?78A17:
678:L:54AH
&A??31>387A16F>A8:58A1GA?1;5??5D1:46A8:7314A?1J3=A8!
9:3;;3D1<1>8A6A47A1?31@36;KA831G:1>857AL:54AH
PFA673D1;5@A1GA7751>8A;AGA47TA@A47AD16:1377:=31:46:
3?78A1GFA1:47A8B3;;AH

60B TUSVUUVSB UVCPMBSF JO OZMPO O
BMMB QSPQSJB HFPNFUSJB F GPS[B EFWN
6A8:A1G:1>73;;KA131,;57?3665D1;KA1>857A995451?MF7A4TA
PFA6731@36;KA831K31GFAL:@>587347:15J:A77:=:H

*M QSIJNP O RVFMMP EJ TFQBSBSF MF W
J5;,301G3?7314A=A1B8A6;3D1938347A4G513??MF7A47A1?3
G:18A6>:838A134;KA165775131@A78:1G:14A=AH1"=:734G5D:
NPEP JM QFSJDPMPTP GFOPNFOP EFMM
751B3;;:3?A0H
231BF4L:54A1>:F1:@>587347A1>A8R1GA??31@36;KA831<1C
3>>F4751938347:8A1?318A6>:83L:54AH
15>51S1@:4F7:1G3??M377:=3L:54A1GA??M:47A8516:67TA@3L
THPOMBSF MhBJSCBH FTUFSOP F MF TBI
JODBOBMBOEP BSJB SFTQJSBCJMF BMMHI
RVBMF SINBSSE HPOmB QFS UVUUP JM (
@5G5D15?778A131>566AGA8A1>:F16>3L:51G:1?:JA87Q16577.
WBMBOHB QSJNB PDDVQBUP EBMMhBJS
A6>34GA8A1?31>85>8:3193J1J:317583;:;3D1638Q134;KA1:419¢
8A6>:838A138:31>A81F417573?A1G:1TS1@:4F7:1;:8;3H

andrea.pedulli@mail.polimi.it, gelunghi@gmail.com, davide.mrmt@gmail.com

2F49K:1%A8@343D1U38@547:113=:GA1AL(AGF??:1-4G8A3H1#:3@5178A167FGA47:1GA?1;58651G:1!A6:941G:1(85¢(
(5?7:7A:4:;51G:1U:?345H

'SFRVFOUJBNP PSB JM UFS[P BOOP EJ TUVEJ DPO MhPCJFUUJWP EJ MBVSF
6;5?367:;5H
$71456785198F>>51<1;5@>56751G3178A1>A86543?:7Q1G:BBA8A47:D1:41983G51G:1;5773J5838A1:46: A@AD1F4A«
3J:?:7QH1

(85=A4:3@51G31>3A6:1G:=A86:D1A1;:16:3@51,5456;:F7:1BBAEFA4734G51EFA6751;58651G:1?3F8A3H
-JJ:3@516=:?F>>3751EFA6751>859A7751GF8347A1:?1;58651GA?16A;54G5134451V!:6A9451GA?1(85G57751$4GF6"
6F>A8=:6:54A1GA?1(85BH1W8F451U38:31!3=:GA1A1XA883831U38:4A??3H

*M QSPEPUUP O OBUP JO TFHVJUP BE VOB TFSJF EJ TUVEJ SJDFSDIF F TW
45678319:3;,31347:C=3?34930131G:=A4738A1F431;54;8A731A18A3?A1>566:J:?:7Q1G:165;,586513?>:45H



