ME 450: Design and Manufacturing II1
Professor Wineman
Winter 2010

Telerchabilitation
Device

Final Paper

Team 14: Bailey Fagan, Nicole Flavell, Mike Nikodemski, Tim Wilkins
4/20/2010



TABLE OF CONTENTS

EXECUTIVE SUMMARY ..ottt ettt e ettt sttt e e ettt e e e e bt e e s st b e e e s eabae s e abeeeessabeeeeasteesesasenesssbbeeesastensesnrenas 1
F AN ST I I 7S S R 2
IR UO 15 L O I 1\ RS 2
PROJECT REQUIREMENTS ... ..ottt ettt sttt e st et e e st e s e s naeste e taesteesteaneeaneesneeaneeneenneans 3
DEVICE REQUIREMENTS......eeiiiutteeiittteeeiteteeaesteessiaseesessseesassseesansseesssssstesassseesansseessssssessaseeesassseessssseessaseeessnsssessssnees 3
PROGRAM REQUIREMENTS......uuttiiiitttteiiteteeeeeteeeeiaeeeeesasessassseessssseessssssesassseesansseessssssessaseeesassseesssseeesaseeessssseessssnees 4
ENGINEERING SPECIFICATIONS. ...ttt ettt ettt e et ettt e s sttt e e s eaa e e e s eab e e e sabbe e e s sataaessabbeeesasbeesesareeas 5
COMPETITIVE PRODUCTS ..ottt ettt ettt sttt e e s ettt e e s ettt e e s ba e e s s et b e e e sastaeessabases st besesasbeeessabenessesbesesanes 5
CONCEPT GENERATION ..ottt ettt ettt e ettt e sttt e s st e e s ete e s e sbatassstbeeesastaeessabaees st besesasseessssbeeessssbesesanes 7
FUNCTIONAL DECOMPOSITION DIAGRAM .....uvviiiiieieeiiiiieeeeeeeeeiitteeeeeeeeeeetaeeeeeeeeeeetseseeeeeeeeetasseeeseeseessssreeeeeeeennsnnreeeees 7
BRAINSTORMING. ....ccceiiiiititteeee et eeeiitreeeeeeeeetirreeeeeeeeestaseeeeeeeeasetsssseseseeaaatsaseseeeeeaastssaaeeeeeaattsseseeeeeeansssseseeeeeennsrsseeeees 7
GRASPING DEVICE CONCEPTS......uutttviiieeeieeiiteeeeeeeeeeeiiateeeeeeeeestiaaestseseeesetseseeeseeesistrereeeseeeastrareseseeeensrsreeeeeseensanreeeees 7

(2 I T D LY (oI 7

(€1 [0V LI B =LY/ TR 8

FANo [TV = o] F=l o PV o I DTt PSS 8

1 P TR To ] T LY [ 9

LTI =T a0 LTI T T OSSR 9
FINQET TIPS DBVICE. ... iiuiiiiitiite ettt ettt sttt et et e e e e et et e s be s b e s beeaeeRe e s s e st e e et e beebeabeeReenee e et e seesbeateeneereeneeneeses 9
PINCHING DEVICE CONCEPTS .....outtttieieeeiiiieeteeeeeeeesaaeeeeeesseesassseeessssessssesseesssssassssteessesssssassseesssssmmssssseseessssnnnnnes 10
PrESSUIE DBVICE ... .vtii e iteii ettt ettt e e ettt e s ettt e e st teeesebbaeeseabaeessabaeessabbee s s baessesabeeeessbbasessbeassssabenesssbbanesanes 10

Sl g F= 1[0 [ B L (o SR TRRR T STRRE 10

L€ [0 VLI B =LY/ [T 10
FINGEE TIPS DBVICE. ...ttt bttt bbbt bbbt bt b e e bbbt bt b et ekt b et et bt et b e 10
SPFING WIth SENSOT DBVICE ... .ottt bbbttt b bbbt bbbttt b e bbbttt 11

LOF= 101 1| (37T I 1 [ 11
CONCEPT SELECTION PROGCESS ... .ottt ettt ettt e bttt e st e e e s s bt e s s sttt e s s sbb e e e s aabaesesbenesssrbaeeeas 11
PUGH CHARTS ...ttt oottt et ettt e e e e e et aae et e e e e seeaaaae e eeeeesaaaaaa e e eeeesesaasasaseeeeseesnssasteeesesaansassseeeeessssnsseeeeessssnnnees 11

F NI o VN DS][ ) TR TRRTRRR 12
GRASPING DEVICE .....ccitiiiuetttieeeeeeeeeeeeeeeeeeeeeaeeeeeeeeseessaaeeeeeessaasaaseeteessssssssaseeeeseasasaasteessesaasassseesessasnsnsseeeeesssnnnnnees 12

LY EEN T E- | ORI 12

L= (T SRR 12
PINCHING DEVICE.......ccitiiiuteeieeeeeeieiieeeeeeeeeeetiaaeeeeeeeeeesaaeeeeeeseeestaseseeeseeasastaaseeeeeeeastsaseeeeeeeaatssseeeeeeeensssseseseseennanees 13

(Y EEN = T | TSRS 13

LT 1T T 13
DATA ACQUISITION AND LABVIEW PROGRAM .......ccciiiiiiiiittieeieteeeeeeeeeeeeeeeeesesaeesesseeesenaseessssseessssseeseaseessnsseeesnnes 14
FINAL DESIGN: DEVICES ...ttt ettt ettt e st e e et et e s s abt e e s s b et e e s baa e s s ssbaeessabtassssabanessbbasesnes 14
GRASPING DIEVICE ..ottt oottt e e ettt e e e e e e e ettt e e e s e e eaaataeeeeeseesasaaeteeeeesssnsasseeeeeesaasasseeeeesssennnnees 14
PINCHING DEVICE ...uuvvuvuiituiitititiieiesutesssesseasseseessseseeeseeee............—.—................—.....................................................———— 15

ENGINEERING DESIGN ANALYSIS ..ot 15



PARAMETER RESEARCH .....uvvviiiiiiiiitieeieeeeeeeeeiteeeee e e e eeeettaeeeeeeeeeestaaaeeeeeeeeesaaaaaseeeeeeeasatsaseeeeeeesattsseeeeeeeensssseeeseeeennanees 16

GRASPING MATHEMATICAL MODEL ....cccooiiiiiiieiieeeeeeeiiieeee e e e eeeeiaeeeeeeeeeessaaeseseeeeesstseseeeeeeesssasseeeseseensssseeeseseennianees 16
PINCHING MATHEMATICAL IMODEL .....ccciiiiiiiiietieeeeeeeiiieeeeeeeeeeeaeeeeeeseeessasaseeesseesssssesteessssassasseessesssssssseeesessesnsnees 18
MATERIALS SELECTION ...ttt ettt sttt ettt s ettt e e s et e e e s e bt e e e s b aa e e s sb b e e e s esbbesesabeaeessbbeeesanbassssabanas 18
SENSOR REQUIREMENTS & SELECTION ......iooiiicicc ettt ettt ettt s te e b sre s ne 19
SENSOR REQUIREMENTS ....ceiitiiiuuttttteeeieeiiteeeeeeeeeeeesaaeeeeseessasasseeeesssaansassseseessassnsssseeesssssssssssseesssssssesseessssssnsrnssseees 19
PRESSURE SENSOR ....ccoiiiuuttitteetieeiieteeteeeeeeisueeteessesesssaaseeeeessaasassssseesssssssssassessssssasssssteesssssssassseesessssnssssseeeessssnsnnnes 20
FORCE SENSOR.....ceeiiiiiiiiiiiteieee e eeeeiee et e e e eeee et eeeeeeeeeaaaeeeeeeeeeetasaeaeeeeeeesattraseseeeeeaetsssaeeeeeeaasssseaeseeeaansssseeeeeeeeannnees 21
DAQ REQUIREMENTS & SELECTION ...ttt ste s st ste e stae s saae et a e saae e staeesnaeesnneesnneesnnas 22
DAQREQUIREMENTS. ...ttt ettt ettt ettt ettt et e et e eaaeeteeeetaeeateeebaeeareeeseeeabeeenseeearesenseennres 22
DAQ SELECTION ...ccouttiiieiiiieeeiieee e etteeeetteeeetaeeeeeateeeesaseeeastsaeeassesaasssseseasssseessseseaasssseesssaeeanssessaassseeessssessassesennnns 23
BILL OF MATERIALS ... ..ottt ettt e et e e s et e e s e sb e e e s e sbb e e s sabtteessabeeessabbesesabeesssssbeesssbbesesnes 23
[N = 2 [OF AN 1 1O\ PR 23
IMANUFACTURING ...ceeeiiiitietteeeeeeeeeetteeeeeeeeeesaaaeeeeeesseasaaeeeeeesseasaasesseesssassasasseeeseeaastaasteeeesesssassseesessanssassesesesssananees 23
Manufacturing of the Grasping DEVICE ........cccvciviiieiieiiiieie sttt ettt st ae e e e e et e besaesteeneesaesrees 24
Manufacturing of the PINCRING DEVICE ........ccciiiiieie ettt st sbeste e e srenas 24
ASSEMBLY .ottt e e e ——e e e et —eeee——eeea——e e e —teeea——ee s e teee e tteesanaeesanaaeaas 24
AsSEMDIY Of the GrasPiNg DEVICE .......cceciiiiieie ittt et bbbt e e e be b b et e sneenee e nas 24
AsSEMBIY Of the PINCNING DBVICE ......c.eiuiiiieiiie ettt e b e bbbt b et b e bbbt eneenn e 25

[ I (O I 3 07 Y I O 1 = O 1 L RSO 27
Ry A i I U 28
FAILURE MODE AND EFFECTS ANALYSIS RESULTS.....uuuttiiiiiiiiiiiteeeeeeeeeeiree e e eeeeetaeeeeeeeeeenataaeeeeseeesesassseeeseseennannes 28
DESIGNSAFE RESULTS.....uuuttiiiieiiieiitieeiee e e eeeeeee e e e e eeeaaeeeeeeeseesaaaaeeeeeeseasastsaseeeeeeasastaasteeesesaatasseeeeeesanssasseeesesseansanees 29
FINAL DESIGN: LABVIEW PROGRAIM .....ooii ittt ettt ettt ettt e s ettt e e sttt s e s satta e s sabas s s sbanasssbbaeesnes 29
FLOW CHART ..ttt e e ettt e e e e e e et e e e e e seessaaa e e e eeeseeamnasaeeeeeseeansaasteeeeesansassseeeeessanasseeeeessssnnnnens 29
DEVELOPING THE TELEREHABILITATION PROGRAM .....cuuuuuuiuuuiuieiuiueeiersreressrersssssesseseresssesssssssssesesssnmssasenesenenen....—.. 30
LABVIEW CONTROLS & INDICATORS .....cotiuuiieiieeeeieeieeeeeeeeeeeeaeeeeeeeseesssasaeeeessessenssasteessesssnsasseeesessssssassseeeessesnsnnees 31
SYSEEM TAD CONEIOL.....ei ittt et b bbbt et e st e e b e b e s be e bt e b e e Rt eneeneeebesbeebe et e eneaneeneens 31

(DI I 00101 1 o] [OOSR 32
Horizontal SIiding Bar INQICALON ..ot e 32
ROUNG LIGNE INQICALON ...ttt bbbt b etk b ettt b et b et sb et nn e 33

[N LU a L= AT [ Lo o= (o] TSR RTTRR 33

YR Gl =T 1 0 (o 11 o] PSSRSO 33
DESCRIPTION OF IMODULES......c.cttttttttteeteeieiieeeeeeeeeeesaueeeeeesseesaseeeteesssassasasteesseesistassteesseeassrasseeseesssmsssseeeeessennsnees 34

[ oo [UT S =T 34

[ oo [T [T IV RN 34

[ oo TUT S I gL TR 35

1Y/ (0T [0 [T 1o 0| O RRTRRRRRTRR 36
PATIENT INSTRUCTION IMANUAL ....uvvviiiiiieiiiiireeeeeeeeeeitteeeeeeeeeeetaaaeeeeeeeeesiatsaseseeeeeaetsssaeeeeeeaaasssseaeseeeaessssseeseeeeaninnees 37
YN I 1N I 1] U 37
D) 2A% (&) V7N 5110 YN (0) RPN 37

GASPING DEVICE ...ttt etttk bbbkt b et b e bt e bt s b e Rt eb e s bbb e bt s b bt e b e e ekt e b e e et e e b e et e abenrere s 38



PINCRING DBVICE ...ttt et b bbb bbb bbb bbbttt b et et bt et b e 38

PROGRAM VALIDATION .....uiiiiiiiiiieiiitieeeeiteeeetteeeeeeteeeestseeestseeeeaseseasssseseassseeasssseaasssseesssaeeasssessaasssesasssseeeansseseanses 39
(D] R OL 0 1] 0] PRSP 39
DEVICE DISCUSSION ....ooiiiuiiiiieiitieeeetteeeeteee e ettt e e eetteeeeeeaeeeeeetteeeeeateseeasaeeeaassseeeasseseeassseeaassseeensseseeassseeeessseeansseeeanses 39

L = 5 o] [T T 1= - OSSR 40

T aTod AT T T 1= o OSSR 40
PROGRAM DISCUSSION ......oeiiieieieeeetteeeeeetee e e et e e e et eeeeaee e e e et e e e eeaae e e eeseeeeeeaaeeeeesaeeeeeseeeeeeseeeeeesseeeeeseeeeesnsesensseeeaanes 41
RECOMMENDATIONS ..ottt ettt ettt e be e ete s e s be e beeabeeabeatbesbaesbeesbeebesaeesbeesbeeabeebeenbeenbestbestaestes 42
DEVICE RECOMMENDATION........0tiiitttteeettteesieteeeeseseeeasssesessssssasssessassssssssssssessssssssassssssssssssssssssessesssseesssssssssssseesssses 42
GASPING DEVICE ...ttt etttk b etk b ekt h et b e b eb e sb et eb e s bbb eb e s b e bt e b e b ekt e b et e bt e b e et e ebenrere s 42
PINCRING DBVICE ...ttt et et b bbb bbb bbb bbbttt b et et sb et et b et 42
PROGRAM RECOMMENDATION.......cuttiiiitteeeeiteeeesiteeeaetseseesseeeeseseseasssseseassseesasseseassssssessssssessssesssssssesessssesssnssesessnns 42
(010 \\ [0 I U 5] 1 ] RO 43
ACKNOWLEDGEMENTS ....ooitii ittt sttt ettt s1e e bt e b e et e e ab e stt s s baesbe e beebesaeesbeesbeesbeesbeaabeesbessbesbbesbaesres 43
INFORMATION SOURGCES........oo oottt ettt ettt sttt st be s et e e et e et e e st e s bt e st e e sbeesbessteesessnesabesebsenbessbeans 44
VYL@ T2 TS T O I = 5 LR 45
F AN o o 1] TR 46
A. QUALITY FUNCTION DEPLOYMENT (QFD)....cutiiiiiiiiie ettt ettt sttt enaeenaenseennees 46
ALL QFD DIAGIAM ...ttt ettt bbbt bt ea e e sbesbeebe s bt e b £ e heem e e s beee e ke e Eeeb £ e b e en e e st e e enbenbesbeebeeneeneennenbas 46

A2 QFD DEVEIOPIMENL. ...ttt bbb bbbt bbbtk bbbt b et 47

B. FUNCTIONAL DECOMPOSITION DIAGRAM.......cccutiiiiiiiiieeiiieeeeitteeeeieeeeeiaeeeetveeeeseteeeestsaaeaesesesasssesesssseeeassesennnns 48

C. OTHER SIGNIFICANT DESIGN CONCEPTS ......ciiiiutiieiiiieeeeitreeeeiireeeeeteeeesesseeesesseseasssesesassseeasssesesssssesssssssesssssesesnnns 49
O ] = 1S o Lo B [T @] o1 o] SR 49

C.2 PINCIING DEVICE CONCEPLS. .. eveivriieiererieieiestistesiesseereeseesteseessestessestessseseeseessestessessesseaseeseesseseessessesseasesseensenes 49

D . PUGH CHARTS ...ttt et e e e e et e e e et e e e et e e eeteeeeeeaaeeeeesaeeeeeseeeeeeseeeeeesseeeeenseeeeenneeeensseeeaanes 50

E. CAD MODEL DRAWINGS......oueiiiitiieeeetteeeeeeee e eeteeeeeeaee e eeeaeeeeeateeeeeeaeeeeeeaeeeeeesaeeeeeseeeeeeseeeeeesseeeeeseeeeeesneesensreeeaanes 51

F. PARAMETER RESEARCH .......uuviiiiitiiieeeteeeeeeeee oo e e e e e et e e e et e e e et e e e eaae e e eenaeeeeeeaeeeeeeseeeeeenseeeeenneesensreeeaanes 59

G CES ..ottt ettt ettt ettt et eaeeateeeteete et e bt eete e bt eteetteetteabeeteeteeateeaeeereeeteereens 60
O = U= 1111C] (] 6T OSSPSR OU PO 60

G2 CES GIaPNS ...ttt btk b ekt bt b btk h e bbbt bt b e b et b et ebenrere s 61

H. PRESSURE SENSOR SPECIFICATIONS ......cceiiutiieiitteeeeetreeeaitreeeesiseeeessseseaossseesssseseasssssesossssessssesssssssssssssessssssesesnnns 62
H.1 FUtEK INAUSEIIAl PrESSUIE SENSOT ......vviiiviicieie e ittt ettt ete e st ette e stve et e stve e sbae e st e e eate e stbeesbeeesbeeesbeessbaeensenases 62

H.2 Honeywell LOW-C0oSt PreSSUre TrANSUUCET .........cveverierieriesieeteeeeeeeessesie e stessesseeseessesseseessessesssssesssesseseenses 63

H.3 Grainger PressUre TrANSMIIEE ........civieiieeeeeie e se st e e e e e st see st e ane e s e e e eseeseestestesnesreaneeseeneenns 64

H.4 Transducers Direct TGD Series Pressure TranSOUCET .......c..oveiieireeireiiieiiesteesreeere e sresveesreesresvesrsesraesres 65

H.5 Kavlico P4055 LOW COSt OEM PreSSUIE SENSOT ....veccveiveiueiirieereeireeresstesteestessresssessesssessesssssssesssesssessesssens 66

1. FORCE SENSOR SPECIFICATIONS ......ceietuieeeeueeeeeeteeeeeeueeeeeeaeeeeeeaaeeeeeeseeeeeesseeeeesseeeeeeseeeeeeseeeeeesseeeeeseeeeeeseeesensreeeaanes 67
1.1 Futek Miniature LOAA BULTON .........coiiiiiiie ettt ettt stee e st e e saee e s ba e e ebee e sbeeeebeeeabessnteesabeesnreesnnas 67

1.2 Omega Miniature Compression Load Cell..........coo i 68

1.3 HONBYWETT LA CEIL......oviiiiiiiiiciee bbb bbbttt 69

1.4 NexGen Tekscan FlexiForce A201 Variable ReSISTANCE SENSOT........cccuviivieiiie ittt 70

1.5 MEASUIEMENT SPECTAITIES ......eeieiitiece bbb bbbttt 71

J. DAQ SPECIFICATIONS ....uttietieetteetteesteeetaeeseesseeesseessseeeseesssasasseessssessesssessssessssessssesssessssessssessssessssessssessssesssses 72

K BILL OF MATERIALS ... ttteeeitteeeitteeeettte e ettt e e sattteeesatteeeaasteeesantteeeaasaeesamsaeeeeasseeeaasaeeeanseaesansbeeeannsaeesannaeesansseaeannns 73



IML. DESIGNSAFE ....oiiiitiieeiiieeeeeieeeeeitteeeetseeestaeeeeetseeeeeatsesesassaeeasseseaassseseasssseeansssseasssseessssaeeanssessanssseeesssseeessseseanes 75
N. HORIZONTAL SLIDING BARS .....ooiiiitiiiieiiie et ettt e e e et e e et e e e e eaae e e e te e e e eateeeeetaeeeeeaseeeennsenas 78
O. INSTRUCTION IMANUAL .....uttieeieitieeeetteeeeetteeeeetteeeeeteeeeeetteeeeetaeseeeasaeseaasasaeeasseseeessseeeeassseeaesseseeanseeseensssesensseeeannes 79
P. CAD DRAWING FOR THE LASER CUTER.........ceiiiiiieeeteee et eeee e et eeee e e e e e e eaeeeeeeaeeeeeeaaeeeeeaeeeeeenneeeenareeeeenns 81
P.1 CAD Drawing for the PINChiNG DEVICE .........ccvcieiiiieie i se ettt sa e et sneste e sne s 81
P.2 CAD Drawing for the Lip of the PINChiNg DEVICE........ccccciiii it 81
Q. DATA SHEETS FOR OPERATIONAL AMPLIFIERS .....cccuvtiietreeeesirieeesssseeesosseeesssesesssseessssssesssssesssssssessssssssssssssssnnsns 82
Q.1 DATA SHEET FOR ADBZ20 .......ooiiiiieiiieiee ettt ettt ettt et e ettt e e abeeeaae e tbeeease e abeasabeessseesaseesaseessseesasesssseennns 83
Q.2 Data SNEEL TOF LIMB24 ...ttt et sttt et st sbe bt et eene e s e neenbesbesbesteanenneas 103
R G ANTT CHART ..ottt ettt ettt ettt e e ettt e e et e e e e ae e e e e atbeeeeataaee e asaeeaeatseeeeaesseeeassseeasssesasnssseessssaeanssseseanssseesnsseaaans 115
S. ASSIGNMENT ONE: MATERIAL SELECTION ASSIGNMENT (FUNCTIONAL PERFORMANCE) .......ccovveeniienireainenns 116
T. ASSIGNMENT TWO: MATERIAL SELECTION ASSIGNMENT (ENVIRONMENTAL PERFORMANCE) .......cccc0eevvenenn. 118
U. ASSIGNMENT THREE: MANUFACTURING PROCESS SELECTION ASSIGNMENT .......ccciutiieiiieeeeieeeeeetreeeeeaneeeeeanenns 124
V. DESCRIPTION OF ENGINEERING CHANGES SINCE DESIGN REVIEW #3 ......ooiiiiiiiiiiee e 126
TABLE OF TABLES
TABLE 1: ENGINEERING REQUIREMENTS AND TARGET VALUES ...ceeeeieieiesesesesesesesesessaaaasaaaaasasasaassasasssssssssesssssssessseseseseseseseserenen 5
TABLE 2: SENSOR REQUIREMENTS ...iiieieieieieieieieieeesesesasasasasasassssnnsnnnnnnnnnnnnnnnnsnsnsnsnssssssssssssssssssssssssssssssssssssssssssssssssssnnessenennns
TABLE 3: PRESSURE SENSORS CONSIDERED
TABLE 4: FORCE SENSORS CONSIDERED .....uvvvieeeueeeeeureeeeessreeesisseeesosseeeesssesesasseesssesessssssessssssessssssessssssesesssssssnsssesssssesesnssneens
TABLE 5: MATERIAL PROPERTIES OF GRASPING DEVICE HOUSING ....ceeeieieieieseseiesese sttt s sabaaasasnsannnnne 116
TABLE 6: MATERIAL PROPERTIES OF PINCHING DEVICE HOUSING. ...vveeievvieeetreeeeitreeeeetreeeeetreeeeetseeeessseeeeesresesnneeeeseeeeesssesesnnns 117

TABLE OF FIGURES

FIGURE 1: WEB-BASED TELEREHABILITATION PROGRAM .....cttiiieiuiiettteeeeaattetteeeeesaabetteeaeeeunsbtteeeesaannseeeeeeesaaannseeeeeesaasnreeeaeaean 6
FIGURE 2: AUTOCITE WORKSTATION

FIGURE 3: HEALTH IMANAGEMENT SYSTEM ...uittttteeeeeiiuittteeeeeeatteteeeeseauabtteeeessaaunseeeeeeesaaassbeeeaeeesaunseeeeeeesaanbsneeeeesesannbnbeaaaeaanan 6
FIGURE 4: PRESSURE DEVICE .eeeeuttteiettesesteeeeauteeesseeeesseeesasseessseeesssssessassssssssssesanssesssnssssssssseesasssessssssssssnsseseensessssenesnnsenes 8
FIGURE 51 GLOVE DEVICE....ettttieiiittttteeeeeii ettt e e e e ettt e e e s ettt e e e e eaan b et e e e e e aaane b et e e e e aaaannseeeeeeesannsseneeeeeannnneee sannnaeeeesesannnnneee 8
FIGURE 6: ADJUSTABLE HAND DEVICE ..ceiiiiiiiiiiiieteeeeeiitieee e e e sttt e e e s e siitte e e e e s s sasbatteeessesassbetaeessseassbaaeeessessnnsanaeesssnnsnsseaeessneen 8
FIGURE 7 BIKE HANDLE DEVICE ... .etititeeeeeiiittee et e e ettt e e e e sttt et e e e e ettt e e e s e s mnb et e e e e e e eansse e e e e e s e annseneeeeeaennnseeeeeesannn aeesannnneee 9
FIGURE 8: IMUG HANDLE DEVICE. ... .utttttiieieiiiiteeteeeeeittteeeeseseitatteeeesssusteaeeeesesauabataeesssassssbaaeeessassssseaaeesssassnnsaaeeessansassessnnsnrens 9
FIGURE 92 FINGER TIPS DEVICE ....ueitetiteeeieiittttee e e e ettt e e e s e sttt et e e e e et et e e e s e s amnba e e e e e e eeansee e e e e e s e annseneeeeeaannnseeeeeesan seeesannnnneee 9
FIGURE 10: PRESSURE DEVICE ....uuttieietteeeitteeesitteeessuteeesuseesssssesessseesssseassssssssssnseesesssesesnnsssesssssesessseessssssesssnseneesns sensseessnnes
FIGURE 11: SPRING WITH SENSOR DEVICE

FIGURE 12: CANTILEVER DEVICE.....uuutittietiieiietiteeeesessittteteeesesuateeeeesssssussstaeeessessssaaaeesssssssssaaeeessssssstaaaeesssssanstaneeessesseeessennns
FIGURE 13: ALPHA GRASPING DEVICE ..cceeiiieiiiitttteeeeeiittte e e e s ettt e e e s e sttt e e e s e s s beteeeeesaaamnbeeeeeeeaaaanbseeeeeeaeannsaneeeeeeannnsnneean
FIGURE 14: ALPHA PINCHING DEVICE....uuietiiutteeeiurieeeetteeesteeeesteeeseusaesessseeesassseesssseessssseeessnssesssnssssssnssessssssesssssssesssssessssssnnes
FIGURE 15: FINAL DESIGN (GRASPING LEFT, PINCHING RIGHT) ..eeiiutieeeitiiieeeiieeectteeeetteeeetteeestaeeeestaesennsseessasaessnnsesasanssessnnsens 14
FIGURE 16: WATER BOTTLE AVERAGE DIMENSIONS....ccuuttteieteeeeitteeesitteeessueeeessseesesssesesssseeessssessessseessssssesssssseesssssesesssseesssnsees 16
FIGURE 17: GARAGE DOOR OPENER REMOTE AVERAGE DIMENSIONS ....ceettiiiiiireteeeeanaiitteeeeeesanieeeeeeesesanneeeeeesesannnnneeeeesesannnenees 16
FIGURE 18: FORCE DIAGRAMS .....evveeeitieeestteeesstteeesueeeessseesassesesnseesssseeesassesssassaasessseessansssesssssesssnsenesssssesssnseneesns senssesssnnes 17

FIGURE 19: CROSS SECTION OF PINCHING DEVICE
FIGURE 20: PHYSICAL CONNECTIVITY OF SYSTEM
FIGURE 21: GRASPING DEVICE ASSEMBLY ....uuuuettteeesesaiuerteeeessaauureteeesssaauseseeeeessaausseteeesesaanssseaesesssannnneeeeesssaansneeeeesesannnneeeens
FIGURE 22: PINCHING DEVICE ASSEMBLY ...uuttttteteeeseiutttteeessesuatteeeesssasussseeeeesssssssnsaesesssassssesesesssssssssaseesssssssssseseessssnsssseeees




FIGURE 23:
FIGURE 24:
FIGURE 25:
FIGURE 26:
FIGURE 27:
FIGURE 28:
FIGURE 29:
FIGURE 30:
FIGURE 31:
FIGURE 32:
FIGURE 33:
FIGURE 34:
FIGURE 35:
FIGURE 36:
FIGURE 37:
FIGURE 38:
FIGURE 39:
FIGURE 40:
FIGURE 41:
FIGURE 42:
FIGURE 43:
FIGURE 44:
FIGURE 45:
FIGURE 46:
FIGURE 47:
FIGURE 48:
FIGURE 49:
FIGURE 50:
FIGURE 51:
FIGURE 52:

LAMINATING COMPONENT OF PINCHING DEVICE....cccuuvteeeiuteeeeetreeeiueeessteeesssseesesseeeessssesssssseessnsseesssssesesnsseesssssenen 25
OUTER WALLS AND SENSOR HOLDER ASSEMBLY OF PINCHING DEVICE ...ccceeiiiieiiieieeeeeiiiiceeeeeeeiireeee e e e seiereeee e e s e 26
BOTTOM PANEL ASSEMBLY ...ututitututututtuuusietststatsaststsessssteseseseseteseseae et e e ae e e e s e s e s e s et e s eeeeaaaeeeseaeseseseseseeeaeaeaeeeeeeeeeeeenees 26
LOCATION OF SENSOR HOLDER CIRCULAR PIECES .....uetietieeeieiieteteeeeeeeinrtteeeeesesiereeeeessssmnreeeeeessennnneneeesesannnneeeesesan 26
FINAL PINCHING DEVICE ASSEMBLY 1.uvvteeeeutreeesurresesueeeesssesessseeessasseesssssessssssssesssseesssssesssssssesssssesesssssessssssesssssenass 27
ELECTRICAL CIRCUIT ON BREAD BOARD .....cvteiieieiaiiiieeeteeeeeiitteeeeeesesiseeeeeesesnseteeeesesanneseeeeesesannnnneeeeeesannnnneneeesanan 27
CONNECTIVITY OF THE OPERATIONAL AMPLIFIER 1eeeteesuutereeesesasunrereeeesssssseeeeesssssassssseeesssssansssseesssesssssseeessssssnsseeees 28
FLOW CHART OF SIGNAL IN SYSTEM .. iiuiittteeetesaiutteeeeeesaaitreeeeesssaunseeeeeeesaannssteeeesesannseeeeeesssanssnneeeesesannnnneeesesaan 30
SYSTEM TAB CONTROL
DIAL CONTROL eiiettteteee ettt teeeee s ettt et e e e saunee e eeeee s e asns et e eeeesaassaeeeeeeeeaannnsebeeeeesansnseeeeeeeaannnneeeeees seeeesssannsnnene

HORIZONTAL SLIDING INDICATOR ..cetetiieuiiritetesessiiiiteeeessasiatteeeesssasusateaeessssasnsseesesssassssseeeessssanssnseasesssssseseeesssnnas 32
ROUND LIGHT INDICATOR ... cietttetee e ettt e e e e e ettt e e e s ettt e e e e e e asnba e et e e e seansteeeeeeeaaannseeeeeeesaaannreneeessaannnnneneaeeaen

INUMERIC INDICATOR ..vteeuttteeeuteeeeuteesesuteeeessseeesasseesessseeeasssesssnsssessssnesanssessssssssssnssessesssesessnssessssseeessnssneseesnnnes

SYSTEM BUTTON CONTROL ..ctteeeeeiuutttteeeesasuttteteeeseaaunreeetesssaaunsseeeeessaasnseeeeesesannsseeeeeesaannreeeeesesaannnneeesesasansennneen

MODULE 1 USER INTERFACE ....
IVIODULE 2 SCREEN SHOT ...iitttteteeeseiitteteeeeseeiestteteeeseumsteeeeeesaaasnreeeeeeesaannseeeeeesaannnseeeeeeesannnnreeeeessaannnnseneeeeaee

IVIODULE 3 USER INTERFACE ...eettttieteieiittttee e e e ettt e e e e e seatebe e ee e e e s aueeteeeeeesaabaeteeeeeesasanbeeeeeesannbeneeaeeeesannsnneeaeeannnn
IMIODULE 4 USER INTERFACE ..euvttetteeutttesttesteesteesseesateesuseessteesssesssteesssesseesseesaseesnseesaseesasesssseesnsesssseesseesnseesne
GROOVED CUP DEVICE.....tttteeteeititteeee e ettt e e e s e ettt e e e e s e auasbeeeeeesasunbaeeeeeeaaaansbeeeeeeeaaaanbeeeeeeesaansbebeeeeeeanans 2eeaaan
LARGE SPRING DEVICE ..uvvteteesiteesieesiteesteestteesuteesttessstesateesaseesuteesaseessseesssesnsaesnsaesnseesaseesnseesaseensseesssesnseesns snseess
TOTAL MASS OF THE RAW MIATERIALS FOR GRASPING DEVICE
CHARACTERIZATION RESULTS FOR GRASPING DEVICE .....uveiruieeriieeniieeniieeniieesiteesieesieesseesseesseesaseesaseesaseesmsessseesnnes
NORMALIZATION RESULTS FOR THE GRASPING DEVICE ...veeiuveeruriesireeireresieeeseeeteessseesssessseesssesssseesssssssesssessnsessnses
SINGLE SCORE RESULTS FOR THE GRASPING DEVICE ....veiuvvieriierieeeiiesieesieesiteesiteesseeesaeessseessaesseesaseessseesssessseesnses
TOTAL MASS OF THE RAW MATERIALS FOR PINCHING DEVICE ...cecvvieveeiiieeieesieesteeseseessseesseeesssessessnsessssesssesssnens
CHARACTERIZATION RESULTS FOR PINCHING DEVICE ...ceuvtieuieeriteenieeniieesieeesiteesieesteesseesreesseesaseesaseesaseesnsessseesnnes
NORMALIZATION RESULTS FOR THE PINCHING DEVICE
SINGLE SCORE RESULTS FOR THE PINCHING DEVICE.c...veittiiriieritieeiiesiteesieesiteesiteesseeesisessaeesbaesseesabeesaseesnsesssnesnses
CHARACTERISTICS OF INJECTION BLOW IMIOLDING .uuveeiuteesuieesireesieeesieeessaeessssesseesssessseesnsesssseesssessssesssseessssassessnses
CHARACTERISTIC OF INJECTION IMIOLDING ..cuuveeuteenuteesuteesuteestteesseesbeessseesaseessseesuseesuseessseesssessssessseesssessnsessnseesses




EXECUTIVE SUMMARY

The main objectives of the project are to create one device that measures grasping force, another device to
measure pinching force, and develop an accompanying computer program. Grasping was defined as
holding an object with your entire hand and pinching was defined as holding an object with your thumb
and a finger. This system will potentially be incorporated with the ULTrA (Upper Limb Training and
Assessment) program previously designed by project sponsors, Dr. Susan Brown, professor at the
University of Michigan, School of Kinesiology, and Dr. Jeanne Langan, research fellow, Physical
Medicine and Rehabilitation, University of Michigan Medical School. Initial research has indicated that
no program exists that is exactly like the one that will be created. Existing programs only incorporate arm
movement and not grasping or pinching force, which are essential to the system and are requested by the
project’s sponsors.

There are many milestones that must be achieved during the completion of this project. These milestones
have been created to ensure that the final prototype meets all required specifications and is completed on
time. Design Review One concentrated on the project definition and the engineering specifications.
Design Review Two focused on the alpha design and the process used to create it. Design Review Three
expanded on the alpha design, providing the detailed final design, including the analysis for the devices
and program and an execution plan for their creation. The final paper, this document, is a accumulation of
all design reviews and also provides a validation and discussion of the final prototype.

The system will have three major components: one device to measure grasping force, one device to
measure pinching force, and a computer program that assists patients to practice these manipulations. The
program itself will provide a real time, visual feedback to show the patient how well they are completing
the program. Detailed specifications of this project can be broken up into two categories: specifications of
devices and specifications of the program. The specifications of the devices include ability to measure
force applied, two different devices to measure pinching and grasping independently, affordability,
portability, and resemblance to a common everyday object. The specifications of the program include real
time visual feedback, user-friendly interface, variable difficulty, synchronized and unsynchronized
applications, and production of force versus time plots. The specifications will be quantified with detailed
engineering specifications.

The final alpha design was chosen with extensive deliberation. To begin concept development, a
functional decomposition diagram was created. This created a way to map the flow of information
through the system and give the team a better understanding of what concepts were important in the
concept development. Brainstorming was completed individually and as a team to create a wide
assortment of ideas. At this time it became apparent that two independent designs needed to be developed,
one for grasping and one for pinching. After brainstorming, the top six designs for each device were
chosen for further research during the concept selection process. The concept selection process was
centered on the creation of Pugh charts. Pugh charts allowed for a weighted analysis to compare the
concepts. The analysis of these designs resulted in the selection of the alpha designs.

The alpha design for the grasping device will be a bottle shape made out of plastic. The patient will
squeeze the device with their entire hand to engage data delivery to the program. As the patient squeezes
the bottle the volume of the bottle will change, and thus the pressure will change. The change in pressure
is what will be analyzed. The alpha design for the pinching device will be shaped into a key. The key will
have a small load transducer recessed into it, which the patient will squeeze. It has also been decided that
both devices will transfer the data collected via a Data Acquisition Device (DAQ) to a LabVIEW
program.



The final design is very similar to the alpha design, but provides much more detail for both of the devices,
as well as, the program. The detail for the devices includes material selections, which are polyethylene
terephalate (PET) for the grasping device and fiberglass for the pinching device. These materials were
selected based upon the materials parameters determined by conducting analysis in dimensions and
mathematical models. These parameters were then used with the Cambridge Engineering Selector (CES)
software to determine the best possible material. In addition to material selection, research was conducted
to determine the best sensors to be used in both devices. The sensors selected are the Kavlico P4055 Low
Cost OEM Pressure Sensor and the Measurement Specialties FC23 Compression Load Cell for the
grasping and pinching devices respectively. The final design also includes the manufacturing process,
assembly description, and CAD drawings for both devices.

The final design for the program is also included in this report. First, a flow chart is provided that details
how the signal will move through the system. Second, a description is provided that explains how the
program will be developed and possible preexisting controls and indicators that have been identified to be
incorporated into the program. Finally, a detailed description of each module, or task the patient will
complete, is included and an instruction manual to assist in the execution of these modules.

Once the final devices and program had been completed it was tested among ourselves, our sponsors, and
volunteer patients. This provided valuable information on how to improve the project. The most valuable
recommendations were in regards to the program. More visual cues were needed to help the patient
progress through the program. These changes were made before the project was handed over to the
sponsors. On completion of the project a discussion was created that outlines the strengths and weakness
of this design and also provides recommendations for future work.

The main purpose of this project is to create two devices that can measure the grasping and pinching
forces applied by a patient, and then provide real time feedback to the patient, as well as provide
extensive data for the doctors. These devices need to be inexpensive and very easy for the patient to use.

ABSTRACT

Stroke affects more than 700,000 individuals in the United States each year; this is approximately one
person every 45 seconds (1). Stroke patients often suffer from loss of motor control in both their upper
and lower limbs. Research has indicated that upper limb rehabilitation is much slower than the lower
limb. This is due to the immediate need to walk following a stroke. Practicing moving and squeezing
objects has shown to improve upper limb motor control and a device which helps patients do this could
allow for quicker rehabilitation (2). Dr. Susan Brown, Motor Control Lab, School of Kinesiology and Dr.
Jeanne Langan, research fellow, Physical Medicine and Rehabilitation, Medical School, are creating a
telerehabilitation device to be used in a home environment, which allows patients to rehabilitate hand
manipulation.

INTRODUCTION

Dr. Susan Brown, professor at the University of Michigan, School of Kinesiology, has created a
telerehabilitation program. This program, named ULTrA (Upper Limb Training and Assessment) is an
intensive motor training program aimed at the functional recovery of upper limbs. Her research has
indicated that upper limb movement has a slower rate of recovery compared to lower limbs for cerebral
palsy and stroke patients (2). This research has led to the creation of the ULTrA program. Specifically
this program’s objective is to incorporate arm reaching movements, hand manipulation, and tactile
discrimination tasks. A unique feature of this program is that it is designed for home use with a feedback
system to the doctor via an internet connection. No program like this presently exists.



Currently, Dr. Brown’s program only addresses arm reaching movements. She, along with Dr. Jeanne
Langan, Research Fellow at the University of Michigan, Physical Medicine and Rehabilitation, Medical
School are now hoping to begin the creation of the hand manipulation portion of this program. Our
project is to create the device and program that will eventually become a part of the ULTrA program. Dr.
Langan and Dr. Brown would like the hand manipulation portion of this program to assist patients with
their ability to grasp (hold things with their entire hand) and pinch (hold things with thumb and a finger).
At the conclusion of three months we will have created a device and accompanying program that will
allow patients to practice and test their ability to grasp and pinch in their homes. The program will
provide visual, real time feedback to the patients and more detailed feedback to their doctor. The program
must be versatile enough to incorporate patients of different hand size and strength, as well as patients at
different stages of recovery. In addition the program needs to be adaptable enough to increase in difficulty
as each patient regains his or her strength.

PROJECT REQUIREMENTS

The requirements of this project can be broken up into two categories: device and program requirements.
The device requirements include the ability to measure force, two different independent devices for
pinching and grasping, affordability, portability, and the resemblance to an everyday object. The major
program requirements are real time visual feedback, user-friendly interface, variable difficulty,
synchronized and unsynchronized applications, and production of a force versus time plot.

Device Requirements

There are five major device requirements specified by our sponsors. These are the ability to measure force
applied, two different devices to measure pinching and grasping independently, affordable, portable, and
resemblance of an everyday object.

The first, and most important, device requirement is the ability to measure the force applied by the
patient. This will be done using a measurement tool placed directly on, or within, the device. This
measurement tool needs to accurately measure the force and send this data to the associated program. We
found the average strong male is able to exert grasping forces of approximately 700 N and pinching
forces of approximately 150 N (3). This means that the measurement tool chosen needs to be able to
measure forces accurately up to these maximum values. We predict that the patients will not be able to
exert these high of forces, but something much less. The measurement tools need to be accurate
throughout a range of forces up to the maximum. It is a possibility that different measurement tools will
be used for the grasping and the pinching devices.

Another device requirement is the creation of two separate devices, one for measuring grasping force and
one for pinching force. The grasping force can be defined as holding an object with the entire hand. An
example would be holding a water bottle. The pinching force differs from the grasping force in that it is
holding an object with only the thumb and finger. Picking up car keys is an example of exerting such a
pinching force. The devices created will be different in length, width, height, weight, as well as, durability
to accommodate these two different force needs. The device for measuring the grasping force will have
larger dimensions to ensure that the patients can put their whole hand on the object. Specific attention will
be paid to this dimension to make certain that the device is universal for all hand sizes. The device for
grasping will also need to be stronger due to the larger force involved in grasping as compared to
pinching. These two separate devices both need to work with the same computer program, but actual
device appearance may be vastly different.



The affordability, portability, and resemblance to an everyday object are also very important device
requirements to consider throughout the design development. The device will potentially be used in a
patient’s house for rehabilitation. If the device is not affordable then this will not be a possibility.
Portability also affects whether patients will be able to use this system in their homes. The final system
must be easy to transport from the hospital and assemble at the patient’s home. The sponsors have also
stressed the importance of the device resembling an everyday object. This will hopefully encourage the
patients to practice because they can relate to the object. These customer requirements can be quantified
using the engineering requirements of dimensions, strength, durability and the number of parts.

Program Requirements

There are also five major program requirements that need to be addressed. These include real time visual
feedback, user-friendly interface, variable difficulty, synchronized and unsynchronized applications, and
production of force versus time plot.

Real time visual feedback and user-friendly interface are the two most important aspects of the program.
Real time visual feedback gives patients the ability to visually see the amount of force they are applying.
Potentially the program will have a cursor on the computer screen that moves with the force applied. The
cursor’s speed will reflect the amount of force being applied (e.g. a rapid increase in the applied force will
be represented by a sharp increase in the cursor speed). A user-friendly interface that incorporates this
visual feedback is essential to the program. If patients cannot figure out how to use the program it is of no
use to them. Many patients are not technologically savvy and this needs to be kept in consideration
throughout the completion of this project. Real time visual feedback and user-friendly interface can both
be quantified by task completion time, number of commands, and development time. The ultimate goal of
the patient will be to complete the program in as little time as possible. Visual feedback will give the
patients a way to improve their performance and thus lower completion time. The number of commands
required in the program and the development time are directly correlated. The more detailed the visual
feedback and interface, the more commands and longer the development time will be.

Another program requirement is variable difficulty. What is meant by this is that the program will
accommodate patients at different stages of rehabilitation as well as grow in difficulty as the patient’s
progress. Each patient will have uniquely different abilities and the program will need to take this into
account. It is also important that a patient never outgrows the program. As they regain their strength the
program will need to become more difficult. One way of doing this is by incorporating the use of both
hands, which is another program requirement (synchronized application). It will be required that the
patient grasps or pinches with both hands with the same force in order to move the cursor. A step to
further increase difficulty will be to grasp or pinch with one hand and then switch to the other
(unsynchronized application). This can be a very difficult task for a patient who has lost motor control.
The two program requirements of variable difficulty and synchronized and unsynchronized applications
can be quantified with the engineering specifications of force, accuracy, and number of commands. The
required force is an easy to way to vary the difficulty at different stages of this program. The accuracy of
the patient will be an easy way for the doctor to assess a patient’s performance and set the difficulty. The
number of commands will also increase with the more detailed the program becomes. It will become
more and more detailed as variable difficulty and synchronized and unsynchronized applications are
incorporated.

The last program requirement is the production of a force versus time plot. The program should create this
plot that will then be sent to the patient’s doctor for assessment. The plot will visually show the doctor
how much force was applied, how long the patient took to complete the task and the overshoot or
undershoot of each target force. The engineering specifications that measure this requirement are force
and accuracy. The force and accuracy are two data values that will be used to create the plot.



ENGINEERING SPECIFICATIONS

Engineering specifications were developed to quantify the customer requirements. These engineering
specifications are compared in the Quality Function Diagram (QFD), which can be found in Appendix
Al. A QFD specifically analyzes the importance of each customer requirement and engineering
specification, as well as how they correlate to each other. A detailed explanation of how the QFD was
developed can be found in Appendix A2.

The QFD shows that the most important specification is the force. Force is referring to the amount of
force the patient will apply and thus the amount of force the device must be capable of reading. The
second, third and fourth most important specifications were cost, development time, and number of parts,
respectfully. If the project cannot be completed within the allowable budget and given period of time, the
project will fail. Number of parts is important to consider when determining the amount of time necessary
to put together the device. The next set of important engineering specifications is length, width, height,
and weight. These refer to dimensions of the devices. These are important to consider because the device
has be used by different hand sizes. They must be of the correct dimensions or the patient will not be able
to use them. It is also important to note the difference in dimension parameters between the pinching and
grasping device, this is due to the difference in their applications. Accuracy is another very important
engineering specification. This specification refers to the devices’ and program’s ability to measure the
actual forces applied. It is unreasonable to assume that the device will be perfect, but our sponsors have
indicated that accurate within 5% is acceptable. Finally, the engineering specifications of task completion
time and number of commands are important specifications to consider when completing the program.
The task completion time refers to how long each task will take the patient, while number of commands
refers to the number of commands in the written code to complete each task.

All engineering specifications have been given quantifiable target values. These values were determined
using research and estimation with the sponsor. These values can be found in Table 1, below.

. . Target Values
Engineering —— -
Specifications Plnchlng Grasplng
Device Device
Force <200 N <700 N
Cost <$200 <$200
Number of parts 10 - 15 parts 10 - 15 parts
Development Time 3 months 3 months
Length 0.04 - 0.08 m 0.15-0.25m
Width 0.03 - 0.05m 0.15-025m
Height 0.02-0.04 m 0.08 -0.15m
Weight 22-89N 44-223N
Accuracy 0-5% 0-5%
Durability 5 years S years
Task completion time 10 - 15 min 10 - 15 min
Number of commands Few as possible Few as possible

Table 1: Engineering Requirements and Target Values

COMPETITIVE PRODUCTS

The QFD provided information on competitive products, but a more detailed analysis was performed to
learn more about possible design concepts for this project. The systems compared were the web-based
telerehabilitation for upper extremity after stroke, Autocite workstation, and the health management
device.



A web-based telerehabilitation program for the upper
extremities after stroke has been created at Northwestern
University. This system can be seen in Figure 1, right. This
system is based upon a computer joystick and arm support. The
patient moves the cursor on the computer screen to a target
location by moving the joystick. The joystick provides a
resistive force to the patient’s movement to increase the
difficulty (4). A benefit of this system is that the feedback can
be sent to the doctor, so patient can complete this program at
home. The downfall of this system is that it is unable to
measure and record the force applied and does not have Figure 1; Web-Based Telerehabilitation Program
two devices for pinching and grasping. This system is the

most portable and affordable of the three but lacks versatility, the ability to pinch, and resemblance to a
common everyday object.

The Autocite Workstation is an extremely elaborate system involving a variety of tasks geared towards
enhancing motor control. This system can be seen in Figure 2, below. Some of the specific targeted areas
for improvement are reaching, tapping, hand turning, and flipping various objects. This system is highly
automated and requires minimal effort of the patient other than actually completing the tasks (5). Benefits
include the system’s ability to offer real time feedback and save force versus time data to a database,
which can be accessed by the doctor. The main drawback to such a system is that it is much too elaborate.
The goal of this project is to create a much simpler product, which is more intuitive for the patient to use.
Also, while high in quality and automation, the Autocite system offers very poor portability, which would
make it difficult to transfer from the hospital to various homes.

The Health Management System targets the development of the upper
extremity. The system is a three dimensional model that records the
movements of the arm. Figure 3, at right indicates how only the position is
recorded. It is essentially an exercise tool, which can report data regarding
various positions of the upper extremity. The device has sensors, which report
three dimensional data, which produces very accurate position feedback. This
data is saved to a database upon the user following commands presented on
the monitor (6). A major benefit is the doctor can access the data from a
database and determine how well the patient was able to follow the Figure 3: Health Management
sequence of tasks. A major drawback of this system is that there is no real System

time feedback, so the patient has no gauge as to how well they are

executing a given task. Also, the system does not attempt to read any type of grasping or pinching force
measurement.

e



These three different systems all rate about the same to each other according to our QFD analysis and are
not well suited for our customer requirements. Each of the systems has advantages, but none of them are

capable of measuring the force applied. This means that the created system for this project will be brand

new and does not have a product to benchmark against.

CONCEPT GENERATION

Concept generation is the first process used to develop a prototype. The first step in concept generation is
mapping the flow of information through the system in a functional decomposition diagram. The second
step in concept generation is brainstorming individually, in addition to, as a team. The concepts generated
are then compared during the concept selection process.

Functional Decomposition Diagram

To better understand the system a function decomposition diagram was created, which can be found in
Appendix B. The functional decomposition diagram is used to map how energy, materials, and signals
flow through the system. The patient exerts a force on the device and then this force is converted to an
electrical signal. The electrical signal is then displayed on the computer screen. It is probable to assume
that the input signal will need amplification because it may be a very small voltage. It is also probable that
a filter will need to be incorporated into the system to filter out any extraneous noise. These probable
additions to the system will become obvious when testing occurs.

The system created for this project will be without material or signal inputs. This is due to the fact that the
patient’s force is the only parameter acting on the system. The only output of this system will be in the
form of a signal displayed on the computer. The material of the system is the physical device which the
patient will apply the force too; however, the specific material will not affect the output of the signal.

Brainstorming

Brainstorming was performed individually and then as a team. During brainstorming each member of the
team developed different concepts and no idea was considered too extreme or unrealistic. Team members
were encouraged to think out of the box because an unrealistic idea may spark a more realistic one. After
individual brainstorming, team members gathered to openly discuss the concepts. Initially, all ideas were
introduced without deliberation on them. After all ideas were explained, discussion began and more
brainstorming followed. To prepare for the concept selection process, we voted on the concepts for
grasping and pinching. The top six concepts, for grasping and pinching, are discussed in the following
sections. Other significant, but not chosen concepts, can be found in Appendix C.

Grasping Device Concepts

The most encouraging design concepts for the grasping device are discussed in this section. They are the
pressure device, the glove device, the adjustable hand device, the bike handle device, the mug handle
device, and the finger tips device. The sketches included in the following subsections are sketches and not
meant to include engineering detail. It became apparent that the most important characteristics of the
grasping device are adjustability to patient hand size, ease of grasping, safe, and capable of measuring
force accurately.

Pressure Device

The pressure device is a sealed plastic container that has a pressure gauge enclosed. The concept sketch
can be seen in Figure 4, on page 8. The patient will squeeze the pressure device, which will cause a
change in pressure within the device. This change in pressure will be read by the pressure gauge and an
electronic signal will be sent to the data acquisition device (DAQ). Initial research indicates that the
pressure device purchased will be made with a strain gauge and the transferred signal will be in the form
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of voltage. Please see the Sensor Research and Selection section for more
information on the pressure device measurement tool. The container will be
made out of a durable and ductile plastic. The plastic will need to be capable of
handling many cycles of compression. This container will potentially be
purchased and need only slight modification. The main advantage to this device
is that it is versatile to patient’s size and ability. No matter where or how the
patient grasps the device they will create a change in pressure. The major
disadvantage to this device is that it may be unsafe. It is unclear at this point
whether the device will need to be pressurized, but if it does it may create a
safety concern.

Figure 4: Pressure

Glove Device Device
The glove device is a glove with small load transducers
>y Sensors  attached at each fingertip. The concept sketch can be seen in
. A ] } Figure 5, left. The patient will wear the glove and then grasp
jﬁf’ i 1 objects of their chose. As the patient grabs different objects a
P // e ,@} force will be applied on each of the load transducers. The
\‘f et e load transducers will translate the force applied to a voltage
i - A,g:ﬂ_w“" %‘3 signal that will be sent to the DAQ. The gloves would be
*°/  made out of cotton (like winter gloves) or possibly a
‘ 3 «.’,;:1:{; gardening glove (made out of rubber and plastic). It will be
:%} important that the glove is comfortable for the patient to
_——— wear. The load transducers will also be bought. The main
B e wu,@J advantage to this design is the large variety of objects the

patients can grasp. It will make the rehabilitation process
much more personal when they are able to practice grasping
on their own objects. The major drawback to this system is
that a set of equations will need to be generated to relate each sensor to each other. Each patient will
squeeze differently and it may be difficult to generate equations that are a realistic model for all patients.
Another major drawback to this system is that it may be difficult for patients to put these gloves on.
Patients will have varying degrees of motor skills and it is uncertain if putting gloves on is plausible for
all patients.

Figure 5: Glove Device

Adjustable Hand Device

The adjustable hand device is composed of five load
transducers that will be connected together with straps.
The straps will be adjustable to fit different patient hand

Sensors

e \a,\ ~7 size and different objects. Each patient can chose which
7SS \ ) ( k { ) (JR /’ object they would like to put the device on and then set it
/ 5 VN LA so their fingers line up with the load transducers. A sketch

/ K veob (! of this device can be seen in Figure 6, left. After the
5 Adjustable straps :"\_\_.m;_ he patient.has sqccessfully attache(.l the .device. to an object
[ . Ny the patient will squeeze the device with their fingers
: rf:.e";.» } i aligned with the load transducers. The straps can be
\ V& AT purchased, along with different belts and buckles to make
' J \ them adjustable. It will be necessary to find load
. & N \ 7 transducers that can either be sewn or glued into these
N S ™ ) \ straps. Initial research indicates that this is possible.
R A Similarly to the glove device, the load transducer will
-~ convert to the force applied to a voltage signal to be sent

Figure 6: Adjustable Hand Device to the DAQ. The main advantages and disadvantages of
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this device are the same as with the glove device as they both are adjustable and incorporate more than
one load transducer. The only difference is that the adjustable hand device does not require the patient to
put on a glove. The patient can have the doctor adjust the straps at their office before taking the device
home if the patient is unable to do it for themselves due to their lack of motor control.

Bike Handle Device

As the name indicates the bike handle device is made of bike
handles, including the brakes. A sketch of this design can be
seen in Figure 7, right. The patient will squeeze the brakes on
the bike handle which will pull the brake cable within the
brakes. The brake cable will pull on a strain gauge, changing
its resistance. A voltage signal will then be sent across the
strain gauge and the change in voltage will be sent to the Figure 7: Bike Handle Device
DAQ. In addition, the bike handle device will incorporate an

adjustable spring that will create variable resistance to the brakes. This will make it versatile to different
patients. The bike handle could potentially be bought, as is, from a local cycling store. In addition, a basic
strain gauge could be purchased for this application. The main advantage to this design is it will easily
incorporate synchronized rehabilitation programs. A customer requirement is that a patient can practice
synchronizing their hands; all other devices will require the production of two devices for this application.
A major drawback to this design is that it may have a safety concern. It creates a large pinch point for
fingers.

Mug Handle Device

The mug handle device is a mug, with load transducers recessed in them.
It will also include a strap to help hold the patient’s fingers in the correct
location. A sketch of this design is included in Figure 8, right. The mug
includes grooves which the patient will place their fingers within. Once
the patients fingers have been correctly placed the strap can be tightened
to hold their fingers in place. The patient will then squeeze on the mug to
engage the load transducers. The load transducers will send a voltage
signal to the DAQ. The plastic or wood mug could be potentially
purchased and then altered to include the grooves and strap. Another
option for the mug is to make it out of an epoxy using a wax mold.

The strap could be purchased and attached. The main advantage to Figure 8: Mug Handle Device
this design is that this design makes it easier for the patient to line

their fingers up with the load transducers due to the grooves. The strap also makes it easier to keep their
fingers in the correct location. A disadvantage to this design is that it still incorporates numerous load
transducers that must be correlated together. In addition, the device is slightly awkward for a patient to
use, since they will be strapped to it.

Sensors

Finger Tips Device Ve
The finger tips device is very similar to the glove device. Instead of the patient \
wearing an entire glove, the patient will just wear the tips of the gloves, similar
to a thimble for all fingers. The tips of each finger will have a load transducer

attached. A sketch of this concept can be seen in Figure 9, right. The finger tips

e

\
‘;31% Y

portion of the device could be bought. Finger tips gloves exist or they could
be fabricated by altering preexisting gloves. The advantages and

disadvantages of the finger tips device are similar to the glove device except
that it is less bulky. In addition, the finger tips could also prove to be harder to put on than the glove.

Figure 9: Finger Tips Device



Pinching Device Concepts

The selected pinching device concepts to be considered in the concept selection process are included in
this section. They are the pressure device, the bike handle device, the glove device, the finger tips device,
the spring with sensor device, and the cantilever device. Many of the concepts are similar to those of the
grasping devices, but on a smaller scale. The main considerations in the pinching device are a small size
to accommodate the thumb and finger and a measurement tool that can measure smaller readings.

Pressure Device

The pressure device concept is the same for pinching as it was for grasping except in the size and shape.
The size is much smaller and the shape is a rectangle. A sketch of this concept can be seen in Figure 10,
below. The device also will work in the same manner as its grasping counterpart. One difference between
the two devices is that the pinching device will have to be pressurized to ensure a range of pressure
changes exists. If the patient can squeeze both walls all the way together, then an undesirable maximum
will be reached. The pressure device will potentially be purchased, maybe in the form of a squeeze toy.
Advantages of this concept include that the fingers do not need to be placed in a specific location to
measure a force reading. Two major disadvantages exist. One, the device will be pressurized and this
could lead to a safety concern. And, two, since the volume enclosed in the device is so small it is unclear
whether the change in pressure will be large enough for a pressure sensor to read.

_~ 14 Pressure gauge

™ {

Figure 10: Pressure Device
Bike Handle Device
As with the pressure device, the bike handle device for pinching is the same grasping, but on a smaller
scale. A sketch of this concept is the same as the grasping device, seen in Figure 7 on page 9. The
pinching bike handle device will work exactly the same as the grasping device. The pinching bike handle
could also be purchased, possibly using a child’s set of handle bars. The advantages and disadvantages of
this concept is the same as describe in the grasping bike handle device section.

Glove Device

The glove device for pinching would be the same as grasping. The sensors are already located in a
position to accommodate measurement of the pinching force. The sketch of this concept was shown in
Figure 5, on page 8. Advantages are the same as mentioned previously, with the addition of, only have to
create one device that measures both grasping and pinching.

Finger Tips Device

Similarly to the glove device, the finger tips device for grasping would be the same for pinching.
Potentially the patient could just wear the two finger tips, the thumb and forefinger. The sketch of this
concept was shown in Figure 9, on page 10. The advantage of only having to create one device for both
pinching and grasping exists for this device.

10



Spring with Sensor Device

The first entirely new concept for pinching is the spring with sensor
device. It can be seen in Figure 11, right. This device consists of a
spring enclosed between two plates. The patient would place this
device between their fingers and then pinch. As they pinch the spring
would compress and create a force on a load transducer attached to
one of the plates. The load transducer would convert this mechanical
signal to a voltage signal and send to the DAQ. The spring and load
transducer could be purchased, while the two plates could either be
purchased or manufactured. Careful consideration needs to go into
the spring, to make sure that the spring purchased is appropriate for weaker and stronger patients. This
could prove to be very difficult. The plates need to be very stiff and durable. If they bend then not all of
the force applied is transferred to the load transducer. In addition, it needs to be durable to accommodate
cyclic loading. The main advantage to this device is the patient would not need to have exact finger
alignment on a force transducer and since there is only one force transducer, there is no need to correlate
load transducers. One of the disadvantages to this design is a more complicated conversion from voltage
to actual load applied will be involved due to the spring.

Sensor

Figure 11: Spring with
Sensor Device

Cantilever Device
The final pinching device concept is the cantilever
device. The cantilever device is composed of two
= _ : cantilever beams originating from the center of the
device. The patient could chose to pinch one or both of
the cantilevers depending on what portion of the
rehabilitation program they are completing. The sketch
for the cantilever device can be seen in Figure 12, left.
The patient will pinch the cantilever beam, causing it
S s - to deflect. A strain gauge would be mounted on the
cantilever to measure the deflection of the beam. A
voltage would be applied across the strain gauge,
which would change with changing deflection, due to changing resistance. This would be sent to the DAQ
and sent into the LabVIEW program. This device would need to be entirely fabricated. A material would
need to be selected that accommodate large and continuous deflections without failure. The sensor could
be purchased, but needs to be appropriate for the amount of bending that the beam would incur. An
advantage to this system is that its design allows for the portion of the rehabilitation program where the
patient needs to synchronize their pinching, similarly to the bike handle device. The main disadvantage to
this device is the careful material selection that would need to be incorporated. Without knowing the
specific forces applied, this could prove to be a very difficult task.

Figure 12: Cantilever Device

CONCEPT SELECTION PROCESS

After selecting the top six designs, for each grasping and pinching, these designs were compared to pick
the alpha design. These six concepts were compared in Pugh charts. The Pugh charts provided a way to
analyze and compare each concept.

Pugh Charts

Pugh charts are a means to compare different design concepts to one another. They are analyzed on
criteria selected specifically for each application. The Pugh chart was the first step in the concept
selection process and can be seen in Appendix D. Two different Pugh charts were created, one for
grasping and one for pinching.
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The first step in the creation of the Pugh charts was to determine what criteria were important to analyze
each design. These specific criteria were different for both the pinching and grasping devices. Examples
include safe, intuitive, and portable. These criteria were determined based upon the customer
requirements and other considerations that became apparent during the brainstorming process. Once
specific criteria had been chosen, the criteria were weighted for importance. Each criterion would later be
scored for each concept. A zero meant average, a positive one meant better than the reference concept,
and a negative one meant worse than the reference concept. The next step was to choose the reference
concept for the designs. The reference concept chosen was the handle bar design for both pinching and
grasping. It was chosen because it was thought to be an average design, not perfect nor terrible compared
to the others. This concept received zeros for all criteria. All concepts were then scored by comparison to
the reference concept, using the positive one, zero, and negative one method explained above.

On completion of the Pugh charts, it was determined that the best concepts for grasping and pinching
forces were the pressure device and the key device, respectively.

ALPHA DESIGN

The alpha design consists of three main components: the grasping device, the pinching device, and the
accompanying program. The concepts chosen for these are the pressure concept, the key concept, and
LabVIEW as the program, respectively.

Grasping device

As described previously in the Concept Generation Section the pressure device transmits an applied force
through a change in pressure to an electric signal. The patient will squeeze the device, which will change
the pressure within the device. This change in pressure will be read by an electronic measurement tool
and displayed on the computer screen. The signal will pass from the device, through a cable, into the
DAQ, which will be connected via a USB port to the computer. A CAD model of the grasping device can
be seen in Figure 13, on page 13.

Material

The pressure device will be made out of a plastic bottle. This material will be similar to that of which
plastic water and beverage bottles are made of. Important considerations when choosing a bottle is
durability, flexibility, ability to hold a gas without leaking, appropriate diameter to allow for grasping,
and a resemblance to an everyday object. The bottle needs to withstand repetitive squeezing without
breaking. The bottle also needs to be flexible enough to create changes in volume, and thus changes in
pressure which the DAQ will be able to register. Also, the bottle needs to have a good seal because if the
contained gas leaks out then the entire mechanical applied force will not be converted into a pressure
change and energy will be lost. Finally, the bottle needs to resemble a common object. This is to
encourage patients to use the rehabilitation device.

Sensor

Important considerations when purchasing a sensor will be accuracy, measure over correct range of
pressures, small enough to fit in bottle, and generate a signal compatible with LabVIEW. To provide the
doctors with accurate data regarding the patient’s rehabilitation performance, the sensor used to measure
the change in pressure must also be accurate. It has been indicated in the engineering specifications that
accuracy within 5% is required. The engineering specifications also indicate that the forces applied will
be approximately 700 N. Additional tests will need to be completed to find a more accurate range of the
applied forces. The sensor must also fit easily within the bottle for this concept to work correctly. Finally,
the sensor outputs must be compatible with the chosen DAQ and LabVIEW, a voltage output would be
ideal because team members have used this type of output before.
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At the completion of this project, two of these devices need to be created. This will allow the patients to
complete the portion of the rehabilitation program that involves synchronizing their hand movements and
forces.

Figure 13: Alpha Grasping Device

Pinching device

The pinching device will also transmit an applied force to an electrical signal, but it will not involve the
change in pressure. The patient will apply a load to the imbedded load transducer. The load transducer
will convert the mechanical signal to an electrical signal that will be relayed to the LabVIEW program,
via a DAQ. A CAD model of the pinching device can be seen in Figure 14, below.

Material

The main portion of the pinching device will be either made out of wood or plastic. It has yet to be
determined which will be used. Important considerations when choosing the material include: durability,
safety, and ease of manufacturing. The material needs to be durable enough to withstand continuous
pinching as well as accidentally drops. The material also needs to be safe. This means that rough edges on
the material need to be able to be rounded to avoid potential sharp corners. Finally, the ease of
manufacturing needs to be considered. Some materials will be easier to cut into a key shaped then others,
and this will need to be considered.

Sensor

The important considerations when purchasing the load transducer is the same as purchasing the pressure
sensor: accuracy, measure over correct range of pressure, small enough to fit on key, and generate a signal
compatible with LabVIEW. The load transducer needs to be able to read forces less than 200 N. Similarly
to the grasping device, two of devices will need to be created.

Figure 14: Alpha Pinching Device
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Data acquisition and LabVIEW program

The third and most challenging component of the alpha design is the computer program. The current
ULTTA program uses LabVIEW software. It would be highly advantageous to use this same program, for
congruent incorporation into this program. It would also be advantageous to use this program because
team members are most familiar with this program as compared to other data acquisition programs. In
addition, the DAQ needed could potentially be the same as that currently used in ULTrA program. This
will depend on the type of sensor used with the system. A more detailed outline of the computer program
will be provided in the final design.

FINAL DESIGN: DEVICES

This section provides a detailed description of the final design, and sequential sections present the design
analysis, material selection, sensor selection, DAQ selection, fabrication, and assembly of this final
design. The final design is very similar to the alpha design, with the exception of the shape of the
pinching device. The pinching device is now a rectangular object, designed to resemble a garage door
opener remote. An illustration of this design, as well as, the grasping device design can be seen in Figure
15, below.

Figure 15: Final Design (Grasping Left, Pinching Right)

Grasping Device

The final design of the grasping device is the same as the alpha design and can be seen in Figure 15,
above. The final design resembles a water bottle, a common everyday object, which is a customer
requirement. The main advantage to using this design is its ability to measure the applied force regardless
of where the patient applies force. The patient’s applied force will cause a change in pressure in the bottle,
which will be sensed by the pressure sensor. In addition, the shape of a water bottle is perfect for
grasping. Water bottles are designed for all consumers to be able to grasp. Finally, this design also only
includes one sensor, which will save money and ease in the manufacturing and assembling process.

The grasping device has three main parts: the bottle, the manufactured fiberglass piece, and the pressure
sensor. The bottle is used as the main container for the grasping device. As previously mentioned, the
shape of the bottle is ideal for grasping and most patients will be able to fit their hand around it. The
manufactured fiberglass piece is a circular piece, which will reinforce the top of the water bottle. This
piece will provide extra strength to the top of the bottle and prevent possible rupture. Finally, the pressure
sensor is used to measure the pressure difference caused by the applied grasping force exerted by the
patient. The pressure sensor is the cylindrical shape located at the top of the bottle in Figure 15, above.

During the rehabilitation program the patient will grasp the device, applying a force to the walls of the
bottle. The force applied will cause a change in volume of the bottle and thus a change in pressure. The
pressure sensor will be provided a voltage from the computer when the patient starts the required task.
The applied force will cause a change in resistance in the in the pressure sensor, which will alter the
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voltage. The changed voltage is sent through a wire to the SAQ then through another wire to the
computer’s Universal Serial Bus (USB) port. The LabVIEW program reads the voltage measurement and
converts it into a force which is shown on the computer screen. The LabVIEW programming will be
discussed in further detail in the LabVIEW section.

Pinching Device

The final design of the pinching device is a rectangular box designed to resemble a garage door opener
remote, this can be seen in Figure 15, on page 14. The reason for changing the final design to a garage
door opener from a key was to make the device easier to use. The key required the patient to press in the
middle of the device, the garage door opener remote is designed to allow the patient to push anywhere on
the device. In addition, there was a small safety concern regarding the rough edges on the shaft of the key.
This has now been eliminated.

The garage door opener is a common object that patient’s can relate too; a customer requirement specified
by the project’s sponsors. The device is also an ideal size for pinching, as commercially available garage
door opener remotes are designed for that purpose. Another major benefit to this design is that it only
requires the use of one sensor; this will save cost and ease in the manufacturing and assembling process.

There are 10 different fiberglass pieces that compose the pinching device. Detailed drawings of these
pieces can be seen in Appendix E and an exploded assembly view can be seen in Figure 23, on page 25.
There are four outer wall pieces that are the pinching device’s housing. These will enclose and hide all
other components of the device. The button panel piece is where the patient will apply the pinching force
and the button panel will transfer this force to the force sensor. In order to hold the force sensor in place,
two sensor holder pieces will be used. These pieces are also used to provide extra support for the outer
walls and provide a place to insert the bolts. The small circular pieces from the holes cut out in the force
sensor holder piece will also be used to ensure the force sensor does not move inside the devices. Two of
these pieces will be used inside the device. There will be one square top lip piece created out of 1/8” thick
fiberglass that will be placed on top of the outer walls. This piece ensures that the button panel stays
inside the pinching device. The last pieces required to complete the pinching device are the two bottom
pieces. The bottom requires two pieces because that is where the most force will be applied and it needs
to hold the device together. To transfer the applied force from the button panel to the force sensor a
rubber plug is used. The only non-fabricated component of the pinching device is the force sensor and this
will be located on top of the two bottom pieces and between the sensor holder pieces.

During the rehabilitation program the patient will pinch the device, compressing the top button panel
downward. The force applied will be transferred from the button panel, through the circular button
extension pieces to the force sensor. The force sensor will be provided a voltage from the computer when
the patient starts the required task. The applied force will cause a change in resistance in the force senor,
which will alter the voltage. This changed voltage is sent through a wire to the DAQ then through another
wire to the computer’s Universal Serial Bus (USB) port. The LabVIEW program reads the voltage
measurement and converts it into a force which is shown on the computer screen. The LabVIEW
programming will be discussed in further detail in LabVIEW section.

ENGINEERING DESIGN ANALYSIS

This section is intended to show how the device design and sensor requirements were obtained. This was
done through completing parameter research on water bottles and garage door opener remotes. These
were studied because they are dimensionally similar to the required devices. In addition, theoretical
mathematical models of the devices were developed. This section will begin by explaining the research
conducted and will provide a detailed explanation of the mathematical models developed for the devices.
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The parameters and calculations provided in this section are necessary in the material selection process,
which will be discussed in the Material section below on pagelS8.

Parameter Research

The details of the final designs were previously discussed and this section will provide the research on
device dimensions. It is important to note that the water bottle will be purchased to serve as the housing of
the grasping device. To help aid in material selection and dimensional consideration, measurements of
height (h), circumference (C), and thickness (t) were taken of commercially available water bottles. The
average of ten water bottles were taken and it was determined that h is approximately 21.59 ¢cm (8.5 in), C
is approximately 22.86 cm (9 in), and t is approximately 0.159 cm (0.0625 in) shown in Figure 16, below.
The dimensions of the ten water bottles can be seen in Appendix F.

Similarly to the water bottle, dimensions of commercially available garage door opener remotes were
recorded and averaged. In this case, dimensions of length (I), width (w), and height (h) of five garage door
opener remotes were recorded. Only five garage door opener remotes were recorded due to the smaller
available selection. The averaged dimensions were determined to be | is approximately 8.89 ¢cm (3.5 in),
W is approximately 6.35 cm (2.5 in), and h is approximately 3.81 cm (1.5 in), shown in Figure 17, below.
The dimensions of the five garage door opener remotes can be seen in Appendix F.

o

1=3.51in
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C=9in ) .
h=8.51n w=2.51n

t=0.0625 in

v Figure 16: Garage Door Opener Remote Average
Dimensions
Figure 17: Water Bottle Average Dimensions

Grasping Mathematical Model

A mathematical model was developed for the grasping device by assuming it to be a thin wall pressure
vessel. This assumption is possible because the ratio of the bottle radius to the thickness is much greater
than ten (7). Calculations were executed to determine an estimate for the maximum pressure that could be
achieved. This was done for two different cases; case A and B. Case A assumes a rigid bottle, such that
all the force is acting on the cap. Case B assumes a rigid cap, such that all the force is acting on the sides
and bottom only. These are shown in Figure 18, on page 17. Throughout all calculations in this section,
the dimensions determined from the Parameter Research section were used.
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Case A Case B

Cap

Bottle

Figure 18: Force Diagrams
(Case A Right, Case B Left)

As mentioned above, Case A assumes a rigid bottle, such that all forces are acting on the cap. The
purpose of this calculation is to ensure that the threads in the cap can withstand the maximum pressure
applied to the bottle. Previous research has shown that the average maximum grasping force for a strong
male is 700 N (3). The maximum pressure was calculated using a force equal to 800 N to provide a safety
factor of 1.14. Equation 1 was used along with the assumptions that the fluid was massless and
incompressible, where A is the surface area of the cap and F the grasping force for a strong male. The
maximum pressure on the cap was determined to be 1.56e5 Pa (22.6 psi).

P = % (Equation 1)

In Case B, the cap is assumed to be rigid, such that all the forces are acting on the bottle. The bottle is
defined as the sidewalls and the bottom of the bottle. Forces acting on the cap have been disregarded, but
this allows a more conservative pressure estimate. The purpose of this calculation is to ensure that the
bottle does not fail due to plastic deformation. The maximum pressure was determined using Equation 1,
where the force value, F, was the same maximum value of 800 N as described above and A is the surface
area of the sidewalls and bottom of the bottle. This value was determined to be 1.31e4 Pa (1.9 psi). The
hoop stress was then calculated using Equation 2 and the longitudinal stress calculated using Equation 3,
where r is the radius of the bottle and t is the thickness of the walls. The value of hoop stress was
determined to be 2.97e5 Pa (43.1 psi) and longitudinal stress was determined to be 1.49e5 Pa (21.6 psi).

Ohoop = P_tr (Equation 2)

O ong= % (Equation 3)
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Pinching Mathematical Model
A mathematical model was developed for the pinching device. A cross section of the pinching device is
shown in Figure 19, below.

Button Panel Button Extension

Sensor Holder

Force Sensor orce

Figure 19: Cross Section of Pinching Device

The pinching device is assumed to be in static equilibrium with no deflection, since it is supported
throughout and the force is applied directly in the middle of the device. The average maximum pinching
force of a strong male (approximately 150 N) was used in calculating a yield stress (7). Assuming a
uniformly distributed load at the fingertips (about 1.6e-4 m* (.25 in”) each finger pad), and using Equation
4 below, where F is the maximum pinching force of a strong male and A is the area of the finger tip. The
maximum stress was determined to be approximately 2.97¢5 Pa (43.1 psi).

o= g (Equation 4)

There is a possible cantilever beam situation that may occur if the patient applies a force off center. This
problematic situation has been designed against by creating the space between the button panel and the
spacers to be only a few millimeters. To ensure that this will not introduce error, the maximum possible
deflection at the button panel edges has been determined. This was done using Equation 5, below, where
F is the applied force, L is the distance from the center, E is the modulus of elasticity and I is the second
area moment. This calculation determined that the maximum deflection is less than the two millimeter

space provided.

3
v= % (Equation 5)

MATERIALS SELECTION

The above mathematical modeling subsections were completed in order to determine the greatest possible
forces, pressures, and stresses acting on the devices. The characteristics required in order to select an
appropriate material were determined based on both mathematical modeling and parameter research
results. A table of these critical material characteristics can be seen in Appendix G.1. This section
discusses the way in which this data was used in order to select the materials for the grasping and
pinching devices.
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The density was determined using weight measurements and dimensions gathered during the parameter
research. In addition, research was conducted on similar products, such as soda bottles for the grasping
device and garage door opener remotes for the pinching device using Cambridge Engineering Selector
(CES) software. CES software was used in order to compile a list of possible materials based on the
determined material characteristics. The CES software also generated a graph of yield strength against
price to aid in the selection of a material that could satisfy the required characteristics at the lowest
possible cost (USD/kg). This relationship is shown in Appendix G.2 for both the grasping and pinching
devices.

The graph shows that the possible materials for the grasping device are polymethyl methacrlate (Acrylic,
PMMA), Polyvinylchloride (tpPVC), and polyethylene terephalate (PET). Polyethylene terephalate (PET)
was the selected material for the grasping device. This was selected based on it satisfying all material
requirements, as well as passing subjective testing. Subjective testing was conducted by grasping soda
bottles (which use the same material) as hard as possible. This was done in order to test the strength of
both the pressure seal as well as the structural integrity of the bottle. The result of this test was that the
pressure seal never broke, and the material never experienced plastic yield under the loads that were
applied. Another consideration that was taken into account was the relatively low cost of PET in
comparison to Acrylic, PMMA according to the CES plot. It is important to note at this point that the
grasping device bottle will be purchased from a supplier because it is more economical than if the part
were to be blow molded by the designers. Due to this constraint, the actual crystalline structure of the
purchased bottle may not be purely PET, however, every effort will be made to purchase a high
composition PET bottle.

The CES software was also used to determine the material for the pinching device. These materials
include low alloy steel, cast magnesium alloys, and GFRP epoxy matrix (fiberglass). After gathering
pricing information, not only from CES but also from actual suppliers, it was found that a local supplier,
Jack’s Hardware (Ann Arbor, MI), could offer fiberglass material at a discounted rate. For this reason,
and because it met all of the material and strength requirements, fiberglass was selected to be used to
construct the pinching device.

SENSOR REQUIREMENTS & SELECTION

A wide variety of sensors were researched in order to determine the best fit for the devices. First the
requirements for the devices were determined. Next, sensors that met the requirements were researched. It
is important to note that any of the sensors discussed below are capable of reporting the data that is
needed, however not all can report it within the physical and electrical constraints that the system design
requires.

Sensor Requirements
The main requirements necessary in selecting each sensor are shown below in Table 1.

Pressure Sensor Force Sensor
Range 0-30 psi 0-100 Ib
Voltage 5V DC max 5V DC max

Table 2: Sensor Requirements
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The most important characteristic of the sensors is the range and these were previously determined in the
Analysis section. If the sensor’s range is not large enough, clipping of the data could occur. However, if
the range limit is too large, resolution can be sacrificed. This is because as the range of a sensor increases,
the resolution decreases.

The computer is able to provide up to approximately 5 V DC and 5 mA to the sensors. If a sensor was
selected which required a voltage greater than this, a separate power supply would be necessary. For this
reason, it is important that the computer can provide the power requirements for the selected sensors.

In addition to the above specifications, the dimensions of the sensors were also considered in the selection
process. The sensors need to fit within the devices and the dimensions of the devices will be discussed in
the Fabrication section on page 23. Also, the project sponsors did not want the pressure sensor to contain
a physical display that would show the pressure reading directly on the device. This could skew patient
progress, as they would be able to view the pressure reading without following the computer program.

Pressure Sensor

The pressure sensors that were considered are shown in Table 3, below, along with their respective
specifications. This table will be followed by a brief explanation of each pressure sensor. In addition,
detailed specification sheets for all considered pressure sensors can be found in Appendix H.

Power
N
Product Image Cost | Range Required otes
Futek Industrial Pressure ) High cost, power
10vDC . .
Sensor requirement too high

Honeywell Low-Cost
pressure transducer

Power requirement too

hight

* | gt
%

N

N
\

5245 | 0-30psi | 10V DC

Grainger P:Iressu:re " $389 |0-100psi|6-14V DC High cost, pressure range
Transmitter : too large
J
Transducers Direct TDG !
Series Pressure —r $320 | 0-30psi | SV DC High cost
Transducer 1
-
Kavlico P4055 Low Cost ' . ) Satisfies all required
140 [ 0-3 sV DC
OEM Pressure Sensor % Opsi specifications

Table 3: Pressure Sensors Considered
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The Futek Industrial Pressure Sensor (Appendix H.1) and the Honeywell Low-Cost Pressure Transducer
(Appendix H.2) both have a pressure range that is within the sensor requirements for the device, however
they both required a supply voltage of 10 V DC. A 10 V DC supply voltage require the purchase of an
external power supply. In addition, the Futek Industrial Pressure Sensor is very expensive. Therefore,
both of these sensors are inadequate for this application.

The Grainger Pressure Transmitter (Appendix H.3) is also not a good option for this application because
the pressure range is too large. As explained above, this would lead to an output signal with a lower
resolution. Also, this is the second most expensive option and would require a separate power supply.

Both the TGD Series Pressure Transducer from Transducers Direct (Appendix H.4) and the Kavlico
P4055 Low Cost OEM Pressure Sensor (Appendix H.5) satisfy all required specifications. The Kavlico
pressure sensor was selected over the Transducers Direct model solely due to cost.

Force Sensor

The force sensors that were considered are shown below in Table 4 below, along with their respective
specifications. This table will be followed by a brief explanation of each force sensor. In addition,
detailed specification sheets for all considered pressure sensors can be found in Appendix .

Power
N
Product Image Cost | Range Required otes
Futek Miniature Load
E afire Lod $450 |0-100lb | 5V DC High cost
Button
. ‘\
Omega Miniature i High cost, too large
5 [0-25 sV
Compression Load Cell 3375 | 0-230k | SV DC of a range
High durability,
Honeywell Load Cell - $839 | 0-100 | 10vDC | Xremely high cost
power requirement is
too high
NexGen Tekscan _ Fﬁﬂ% $75 Requires additional
FlexiForce A201 Variable | 4 L I 4 ;k 0-150b | 5V DC circuitry and $199
Resistance Sensors » pa LabVIEW driver
Measurement Specialties fd \ﬂ‘ . .
Satisfies all required
) ; \ el } 5y
FC23 Ccmé};isman Load }\ \__:_j' 5100 | 0-100b | SV DC specifications

Table 4: Force Sensors Considered
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The Futek Miniature Load Button (Appendix I.1) satisfies most required specifications. It has an adequate
pressure range and it is within the power limitation. It also fits dimensionally in the device. However, this
force sensor was not selected because of its very high cost. The Omega Miniature Compression Load Cell
(Appendix 1.2) also satisfies most required specifications. However, the force range for this sensor is
much too high. As explained above, this would introduce an unnecessary resolution error. The Honeywell
Load Cell (Appendix 1.3) is also not a good option for our application. While it is a very high quality
force sensor, it is extremely expensive, and would require an external power supply.

At first glance, the NexGen Tekscan (Appendix 1.4) seems to be a great product for the devices. However
after looking more closely, a few important issues were noted. One issue is that it will not fit within the
physical requirements. This sensor is flat, and requires direct contact with the finger. The pinching design
does not allow the patient’s hand to make direct physical contact with the force sensor. Another flaw in
this senor is that it requires additional circuitry to be added to the sensor (Appendix 1.4). Also, the
NexGen force sensor requires a LabVIEW driver to be installed to allow LabVIEW to recognize the
signal, which costs $199.

The Measurement Specialties FC23 Compression Load Cell (Appendix 1.5) is able to satisfy all required
specifications, as well as offer the lowest cost. For these reasons, this sensor was selected.

DAQ REQUIREMENTS & SELECTION

The purpose of this section is to show the physical connectivity of the system, as well as provide the data
acquisition (DAQ) requirements. Also, the selected DAQ will be presented. This DAQ was selected based
on the determined requirements.

DAQ REQUIREMENTS

This section presents and explains exactly how the pressure and force sensors’ signals are transferred
from the sensors to the computer. Shown below, in Figure 20, is a schematic of the connections of the
system.
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Figure 20: Physical Connectivity of System

The pressure sensors and force sensors are wired directly to a DAQ. Each sensor has two leads coming
out, which are wired into available analog input pins located in the DAQ. The DAQ has a digital signal
processor (DSP) chip, which receives the analog signal, converts the signal into a form that can be read by
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the computer and then sends it to the computer through the computer’s Universal Serial Bus (USB) port.
Also, a supply voltage signal (5 V DC) will be sent from the computer to the sensors to supply power to
the sensors.

DAQ Selection

In considering which DAQ to use in the system, a few requirements had to be met. The DAQ selected
needs to have at least eight analog inputs to accommodate the four sensors, each with two leads. The
DAQ also requires at least two analog outputs to supply power to the sensors. Another important
requirement of the DAQ is that it is inexpensive. Taking these things into account, the NI-USB-6008
DAQ from National Instruments was selected. This DAQ satisfied all requirements and was able to be
used with LabVIEW without purchasing additional extra drivers. The specification sheet for this DAQ
can be found in Appendix J.

BILL OF MATERIALS

The necessary materials to complete the manufacturing and assembly of the grasping and pinching
devices are discussed in this section. The materials required to complete the grasping devices are two
pressure sensors, two bottles, Teflon tape, two 7/16” o-rings, and two 7/16” nuts. The pressure sensors
will be purchased from Measurement Specialties, Inc. The specific pressure sensor to be used is the MSP-
300-030-P-2-N-1 Pressure Sensor. The pressure sensor will be used to measure the change in pressure
within the device. This change in pressure is caused by the changing volume of the device caused by the
applied force by the hand. The bottle will be purchased from Meijer, in Ann Arbor, MI, and is used as the
main container of the grasping device. The Teflon tape will be purchased from ACE Hardware and will
be used to create an airtight seal with the pressure sensor’s threads. The 7/16” nut and 7/16” o-ring will be
purchased from Jack’s Hardware, in Ann Arbor, MI and will be used to securely fasten the pressure
sensor to the top of the bottle.

The materials required for the pinching devices are two force sensors, 1/4" thick fiberglass, 1/8” thick
fiberglass, J-B Weld Mini Clear Epoxy, six screws, four bolts, four nuts, and 1/4" rubber plug. The force
sensors will be purchased from Measurement Specialties, Inc. The specific force sensor is the FX1901-
0001-0050-L Compression Load Cell. This force sensor will be used in the pinching device to measure
the patient’s applied force. The fiberglass will be provided by the University of Michigan machine shop.
The fiberglass will be used to create components of the pinching device, which are discussed in the
Manufacturing of the Pinching Device subsection. The J-B Weld Mini Clear Epoxy, screws, bolts, and
nuts will be purchased from Meijer, in Ann Arbor, MI. The rubber plug will be purchased from Jack’s
Hardware in Ann Arbor, MI. These will be used in assembly of the device. A tabular representation of the
Bill of Materials can be seen in Appendix K.

FABRICATION

This section will discuss the necessary steps involved in fabricating the grasping and pinching devices.
The fabrication of the devices will take place in the machine shop, X50 lab, and the assembly room at the
University of Michigan. The fabrication of the devices will consist of manufacturing and assembly.

Manufacturing

This section discusses the manufacturing considerations for both the grasping and pinching devices. The
manufacturing of the components will take place primarily in the machine shop at the University of
Michigan.
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Manufacturing of the Grasping Device

The grasping device will be manufactured by modifying a purchased bottle in the machine shop at the
University of Michigan. The mouthpiece on the top of the bottle will be cut off and the pressure sensor
will be inserted into the created hole. The mouthpiece will be cut off by fastening the bottle with a vice
and using a hacksaw to remove the mouthpiece. After the mouthpiece has been cut off, the hole will have
to be widened; this will be done using coarse grip sandpaper. This is necessary to fit the pressure sensor’s
threaded shaft through the hole.

Manufacturing of the Pinching Device

The pinching device will be manufactured out of 1/4” thick fiberglass. The fiberglass will be cut using the
laser cutter in the machine shop at the University of Michigan. The tolerances required for this device
need to be small and the laser cutter will provide high accuracy as well as fast production. The
components that will be manufactured are the four outside walls, the two bottom plates, the button panel,
and the two sensor holders. These components, designed in SolidWorks, can be seen in detail in
Appendix E. Before manufacturing could begin all parts were combined into one SolidWorks drawing.
This drawing must be no larger than 18” x 24” and have pieces separated by at least 0.025”. This ensured
that the laser cutter could fit the work piece and be able to cut each individual part without interfering
with the next. The completed drawing can be seen in Appendix P.1 and it was saved as a .DXF file to be
opened in the BobCAD software. BobCAD is the software used with the laser cutter and allows for a print
out of the screen to be sent to the laser cutter to perform the necessary cuts.

In the BobCAD program, the lines that are cut have to be changed to red and the lines that are engraved
have to be changed to blue. The circles on the button panel were engraved with the laser cutter. This
provides the patients with a visual and tactile sense of where to press the device. To ensure the accuracy
of the parts, the holes in the part were cut out first. The reason for cutting the holes out first is because the
cutting path of the laser cutter cannot be controlled and once a part is cut it moves a small amount
downward to the laser cutters work area. If the holes were not cute first, then the slight distance the part
would fall would change where the laser would cut the outline of the part, thus affecting the accuracy.
Once all the holes are cut out, the outside of all the parts are then cut. The top lip part, which is used to
hold the button panel inside the device, is manufactured out of the 1/8” thick fiberglass. The 1/8” thick
fiberglass is used because the top lip parts needs to be thin so it does not obstruct the patient from
pressing the button panel. The top lip part is manufactured the same way as the 1/4" thick fiberglass and
the SolidWorks drawing of the pieces can be seen in Appendix P.2.

ASSEMBLY

This section will discuss the necessary steps to assemble the grasping and pinching devices after
manufacturing. The assembly of the devices will take place primarily in the machine shop, X50 lab, and
the assembly room at the University of Michigan.

Assembly of the Grasping Device

The grasping device will be assembled using the modified bottle, the 7/16” nut, the
7/16” o-ring and the pressure sensor. A complete exploded view of the assembly can
be seen in Figure 21, right.

The following steps will be used to complete the assembly of the grasping device. The
first step will be to assemble the bottle cap. First, the pressure sensor’s shaft will be
inserted into the hole created during manufacturing. This shaft is threaded and will be
secured to the bottle by securing a 7/16” o-ring and 7/16” nut on the shaft from the
inside of the bottle cap. The o-ring will create a seal and the nut will ensure the
pressure sensor is securely attached. Once the bottle cap assembly has been completed

Figure 21: Grasping Device
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the bottle cap will need to be screwed onto the bottle. The completed grasping device assembly can be
seen below in Figure 15, on page 14.

Assembly of the Pinching Device

The pinching device will be assembled out of the manufactured 1/4” thick fiberglass components, the
screws, a 1/4” rubber plug, 1/8” thick fiberglass, the 1/4" x 1” bolts, the 1/4" nuts, and the force sensor. A
complete exploded view of the assembly can be seen in Figure 22, below. The device will be assembled
using the previously manufactured fiberglass pieces. These pieces will be laminated together using J-B
Weld Mini Clear Epoxy. The epoxy will be applied to the desired sides of the pieces and then the pieces
will be clamped together. The pieces will remain clamped until the pieces are fully dried and bonded
together.

R

Figure 22: Pinching Device Assembly

The following steps will be used to complete the assembly of the pinching device. The first step will be to
laminate the two sensor holder pieces as shown in Figure 23, below. Once the two pieces are fully dry, the
1/4" nuts will be inserted into the sensor holder piece with the hexagon holes, shown on top in Figure 23,
below. Epoxy will be applied to the outer edges of the nut and inserted into the hexagon holes. The nuts
need to be permanently attached to eliminate vertical displacement. If the nuts were allowed to shift up
and down within the device, it would be very difficult to screw the bolts into the nut and create a snug fit.

Figure 23: Laminating Component of Pinching Device

Next, the outer walls of the pinching device will be attached to the previously laminated sensor holder
pieces. All outer walls will then be attached to the laminated sensor holder pieces. Walls will be attached
individually, one at a time. A piece of fiberglass will be placed, but not attached, to the bottom of the
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sensor holder pieces. This will provide the height at which walls need to be attached to the sensor holder
pieces. This piece of fiberglass represents the bottom of the device that will be attached during future
assembly steps. Each piece will be allowed to fully dry before the next piece is attached. A view of the
pieces after the walls have been attached can be seen in Figure 24, below.

Figure 24: Outer Walls and Sensor Holder Assembly of Pinching
Device

The next step will be to create the bottom panel. As seen in Figure 25, below. The bottom panel consists
of two pieces. The top piece will be inserted into the hole created by not aligning the walls with the
bottom of the sensor holder pieces. To ensure that the top piece is aligned correctly the previously
assembled pieces, the walls and sensor holder piece, will be used for spacing. Once the spacing has been
verified to the two bottom panel pieces will be laminated together. Again, they will be allowed to fully
dry before moving on to the next assembly step.

Figure 25: Bottom Panel Assembly

During the manufacturing of the bottom panel assembly piece, cylindrical pieces of fiberglass were left
over. These pieces were attached to the bottom panel to ensure that the load sensor will not move or shift
once it has been inserted into the device. This location is illustrated in Figure 26, below.

Figure 26: Location of Sensor Holder Circular Pieces
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Next, the square top lip will be attached to the housing, as seen in Figure 27, below. The top lip is made
out of 1/8” thick fiberglass. The top lip piece will be allowed to fully dry. Next a 1/2" rubber plug will be
inserted in the device’s housing. The rubber plug is used between the button panel and the force sensor to
allow for movement in the button panel when it is pressed. The rubber plug will also help reduce the
frictional forces on the outer walls of the device and improve the life time of the device. The rubber plug
will have a 1/4" screw threaded into the center of it. The screw is necessary in the rubber plug to press on
the correct location of the force sensor.

Figure 27: Final Pinching Device Assembly

ELECTRICAL CIRCUIT

During validation, which is discussed in detail in the Validation section, it was determined that an
electrical circuit would need to be created. This electrical circuit would consist of operational amplifiers.
These are needed to amplify the voltage signal being supplied from the sensors to the DAQ. The electrical
circuit was first created on a bread board to ensure proper results before a soldering board was used. A
picture of the bread board can be seen in Figure 28, below. The illustration is only intended to provide a
general visual of the circuit, a more detailed illustration of how the circuit should be created will be
provided on the following page.

Figure 28: Electrical Circuit on Bread Board

27



In the circuit above, the black parts are the operational amplifiers. The four smaller operational amplifiers
in the four corners are AD620 amplifiers and the one in the middle is an LM324. The LM324 is a type of
operational amplifier that actually contains four smaller operational amplifiers. Each device, the two
grasping and two pinching, uses one AD620 and a portion of the LM324. A detailed connectivity of the
operational amplifier is provided in Figure 29, below and the data sheets for both amplifiers can be found
in Appendix Q.

Figure 29: Connectivity of the Operational Amplifier

SAFETY

To ensure the grasping and pinching device’s final designs are safe, Failure Mode and Effects Analysis
(FMEA) and Designsafe were completed. FMEA was performed on all of the purchased components to
determine the potential failure modes and Designsafe was performed on all of the manufactured
components to analyze the possible hazards.

Failure Mode and Effects Analysis Results

Failure Mode and Effects Analysis (FMEA) was used on each of the purchased components to determine
the potential failure modes, the effects of the failure, the cause of the failure, and the ways to reduce the
failure. The FMEA results will help to reduce the risk of failure of components. From the results that are
shown in Appendix L it was determined that the pressure sensor, force sensor, and the seals are the
components most likely to fail. The failure of the pressure sensor would result in complete system failure
which is extremely severe. The failure of the pressure sensor could be from excessive applied force,
improper wiring, or improper voltage applied. To avoid these failures, research will be performed on what
is the maximum pressure that will be applied to select an appropriate pressure sensor. Visual inspection of
the wiring will also be done to ensure it is wired properly and the computer program will be error checked
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to ensure the proper voltage is supplied. The force sensor was found to have the same failure modes and
solutions as previously stated for the pressure sensor. The grasping device container has the potential
failure of seal breaking. This would result in an inaccurate pressure reading by the pressure sensor and
means the data observed by the patient and doctor would not be accurate. To avoid this failure, the use of
Teflon tape on the pressure sensor’s threads and using an o-ring will greatly reduce the risk of a seal
leaking. To test for possible leaks, an inspecting of listening for leaks while pressure is applied will be
performed.

Designsafe Results

The use of Designsafe is to analyze the risks and hazards which are associated with each of the
manufactured components. Designsafe provides the possible failure mode, the risk level of the failure
mode, the risk reduction methods, and the risk level after the reduction methods. From the complete
analysis, which can be seen in Appendix M, it was found that the pinching device walls, the pinching
device button panel, and the grasping device container were the most important components. The
pinching device walls had failure modes of a possible pinching point, fatigue, and breaking under excess
force. The possible pinching point is between the walls and the moving button panel. To reduce this risk,
the gap between the walls and the button panel will only be a few millimeters. Fatigue is another possible
failure mode because of the repeated use by patients. To reduce the effect of fatigue, the selected material
must have a high yield strength. Another possible failure would be the patient applying excessive force
and the component breaking under operation. This would be reduced again by selecting a material with a
high yield strength. The next component is the pinching device button panel and the possible failure
modes are a possible pinching point, fatigue, and breaking under operation. These failure modes are the
same as the pinching device walls, as previously discussed, resulting in the same methods to reduce the
risks.

The last component is the grasping device container. This is the modified bottle top with the pressure
sensor in it. The potential failure modes of this are excessive force, fatigue, and high pressure. Excessive
force will result if the patient squeezes the device to hard and causes the seals to break. To avoid this
failure, the use of a reinforcement fiberglass piece on the top of the bottle is used along with an o-ring,
Teflon tape, and a nut to securely attach the pressure sensor. Fatigue is another possible failure mode
because of the repeated use of the device. Fatigue can result in a seal breaking or the material breaking.
To avoid this, a material must be selected with a high yield strength. The last failure mode is high
pressure resulting it a broken seal or rupture of the device. The high pressure is because the container is
sealed and the large forces that can be applied to it. This can be avoided by selecting a high yield strength
material and the use of Teflon tape, o-rings, and a nut to securely fasten the pressure sensor.

FINAL DESIGN: LABVIEW PROGRAM

To accompany the grasping and pinching devices a computer program must be developed. LabVIEW has
been chosen because of its real time feedback, and user friendly set up. The development of the
accompany program will be discussed in the following section.

Flow Chart

To better understand how the signal produced by the sensors will flow through the system a flow chart
was created. The flow chart can be seen below in Figure 30, on page 29. The sensor will be supplied a
voltage either by LabVIEW or an external power supply; further investigation will determine which
option is the best. The sensor will create a change in voltage which is dependent on the type of sensor
used. This output voltage is then returned to the LabVIEW program through a Data Acquisition Device
(DAQ). LabVIEW then uses this output voltage to provide feedback to the patient and doctor. It was first
believed that the voltage that the LabVIEW program would receive would need to be amplified or filtered
throughout the program; however, upon research and discussion with Dr. Bress it is believed that this is
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not necessary. The output voltage of the sensor is the input voltage to the LabVIEW and can be converted
into force through the developed program. As a requirement of the project the patient will need a real time
visual feedback; a detailed description of the real time graphs can be found in the Modules section. The
doctor will receive an exported file which contains these voltages and times for further analysis. This
output may be in the form of an Excel or text file.

Patient

(Graphical)

[ exem ¥
ensor

Doctor

(Data File)

Figure 30: Flow Chart of Signal in System

Developing the Telerehabilitation Program

As mentioned previously, creating the LabVIEW program will be the most challenging part of this
project. This is due to the extensive programming knowledge required to make such a detailed program. It
has been recommended to our team to contact Dr. Thomas Bress as source for LabVIEW assistance.
Preliminary meetings have been completed with him at this time. The first meeting was used to discuss
the plausibility of the actual program as well as starting points. After showing and explaining to Dr. Bress
the proposed modules he indicated that the ideas seemed entirely plausible, but will not be easy. He also
showed the team a few preexisting controls in LabVIEW that he thought would be useful. These controls
include the system tab control and the horizontal sliding bar, which will be explained in detail in the
LabVIEW Control section. He also explained that one of the major benefits to this project is that the
device and the program can be completed independent of each other. A dial can be put into the program
before the devices are completed, which will provide a signal similar to that of the device. This dial can
be manual altered by the programmer to make sure the program works at each step throughout the
program writing process. When the device is finished, the dial can be removed, and will be replaced with
the signal from the device. The device signal will come from the device and be acquired through the
(DAQ), as explained in the previous Flow Chart section. He suggested proceeding one module at a time
and consulting with him when any major problems arose. Further meetings with Dr. Bress are anticipated
as the program progresses.

The actual programming will be completed module by module. We will begin with module one and work
through all four modules. The first step to completing a module is to create the front panel. The front
panel is the user interface. All of the graphics that will be displayed to the user will need to be added.
Next, the back panel will be created. The back panel is not visible to the user and is used to connect the
front panel items together with programming code. LabVIEW is a graphics based computer programming
code, so all front panel items will be graphically written together. Programming will proceed from this
point via trial and error. As mentioned previously, a dial will be used to simulate the device’s signal and
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this will be manipulated to see how the program responds. When the program responds correctly, the
module will be complete, and programming will begin on the next module. Programming with this
method will provide a systemic and organized execution.

LabVIEW Controls & Indicators

The LabVIEW program has many preexisting controls and indicators that can be incorporated into the
telerehabilitation program. A control is a front panel object for entering data and an indicator is a front
panel object for displaying information to the user. These preexisting controls and indicators are
beneficial to use because they have already been developed, debugged, and made aesthetically pleasing.
The use of these preexisting controls and indicators will aid in completing the program on time. At this
time a few controls and indicators have already been identified that could possibly be incorporated into
the telerehabilitation program and will be described in the following section.

System Tab Control

The system tab control is container control; meaning it consists of different user interfaces which hold
other controls. The system tab control can be thought of as file folders, where each folder contains a
different user interface. In this proposed application, each folder, or user interface, would contain a
different module. To navigate through each user interface the user would click on a tab in the system tab
control. When a tab has been selected the corresponding user interface is shown and the others hidden. A
welcome page is also being considered with instructions on how to complete the telerehabilitation
program. An illustration of the possible system tab control can be seen in Figure 31, below.

Welcome Page | Madule One | Module Two | Maodule Three | Module Four |

Figure 31: System Tab Control

The major benefit to using the system tab control is that it will easily allow patients to move through the
different modules. The patient will be presented with easily identifiable buttons to click on which will
take them to the desired module. If the system tab control was not used, other code would have to be
written that takes patients through the different modules. This would be very extensive and difficult to
complete with the team’s current knowledge of LabVIEW. The only foreseeable disadvantage to using
the system tab control is patients will be given the option to complete the modules in any order. Since
module one determines the maximum force capabilities of the patient it must be completed first. Specific
instructions will be provided in an attempt to avoid this through the welcome page, instruction manual,
and doctor’s verbal instructions.
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Dial Control
The dial control is a type of numeric control; meaning manipulation of this

control will operate a numeric number. An illustration of the dial can be seen 4 6

in Figure 32, right. As the programmer, via mouse control, rotates the dial a S
numeric number is altered and can be sent as a signal. The correlation 24 J -8
between the dial and the numeric number is linear. As explained previously, ,'/ y
the application of the dial control is just during the programming testing ¥ -
processes. It will represent the signal from the device. The only foreseeable Figure 32: Dial
challenge with using the dial control will come when it is removed and the Control

device is used instead. The dial is an accurate representation of the device,
but not exact. It is hard to predict the differences that will be present when
the signal is from the device as opposed to the dial.

Horizontal Sliding Bar Indicator

The horizontal sliding bar is a type of numeric indicator, meaning the sliding bar represents a numeric
number. As the numerical value of the signal being read changes the horizontal bar adjusts to indicate that
value. The far right is the maximum value and the far left is the minimum value. An illustration of the
horizontal sliding bar can be seen below in Figure 33, below. The potential application of the horizontal
sliding bar is it could be used in each module to indicate the force the patient is applying to the device. In
this application, it will be necessary to set the minimum to zero, for no applied force, and the maximum to
the patient’s maximum force capabilities. Markers could be added to indicate to the patient the force at
which they should be applying to the device during that portion of the rehabilitation program. It is also
important to note that many types of horizontal sliding bars exist. They operate in the exact same fashion,
but have different visual appearances. Examples of these have been included in Appendix N.

Figure 33: Horizontal Sliding Indicator

The major benefit to using the horizontal sliding bar is that it is already created within the LabVIEW
program. The slider will move as the patient changes the applied force and will provide real time visual
feedback to the patient. Other controls do not provide the continuous feedback that the horizontal slider
provides. The horizontal slider is also very easy to read and patients will not struggle to know if they are
performing the rehabilitation program correctly. There are three major challenges present with using the
horizontal slider. The first is going to be in calibration. The horizontal sliding bar’s maximum value will
have to change with patients and as the patient progresses to correlate to the patient’s maximum force
applying capabilities. Module one will measure the maximum applied force and set the horizontal slider.
The second challenge will be creating the gates, or goal areas, the patient will be aiming for. During the
rehabilitation program the patient will need to apply a certain force for a certain amount of time, for
example between 27 and 33% of their maximum strength for three seconds. An indicator must be put on
the horizontal slider so that the patient not only knows where to shoot for, but also if they are within the
zone or to the right or left of it. This can easily be done by placing clip art on the slider, but it would be
beneficial to write these images into the program so they can be changed if the doctor wants to change the
gate areas. The final challenge is that the patient will need to keep the horizontal slider within the gates
for a certain amount of time and the program must indicate when that time has been reached. In addition it
will need to indicate this when both hands are being used and make sure both hands exert the correct

32



amount of force for the correct amount of time. This will probably be the largest challenge of the three
because it incorporates the most computer programming.

Round Light Indicator

The round light is a type of Boolean indicator, meaning it only responds to a signal

of true and false. The round light will illuminate if a signal of true is sent to it and ﬁ
remain unlit if a signal of false is sent to it. The potential application of this

indicator is it could be used as an indicator to for the patient. For example, it could

light up when the patient reaches the desired force and a second one could indicate

when the patient has held that force for the required amount of time. An Fi i

. . . . . igure 34: Round
illustration of the round light can be seen below in Figure 34, right. Light Indicator

The major benefit to using this indicator is it provides an easily recognizable real time, visual feedback,
which is required by the sponsor. A round light up is a common way to indicate a signal to people, for
example stop lights. In addition, the signal will be provided in real time so the patient knows exactly
when they have completed a task. There are two major challenges for using the round light up for this
application. The first is determining how to make the round light illuminate if the patient reaches a certain
force range. It is predicted that this can be done using simple and, or, if, and then statements
(programming code on the back panel). The second challenge is how to make the round light illuminate if
the patient maintains the appropriate force for the specific amount of time. It is predicted that similar and,
or, if, and then statements will be used along with some timer function. A preexisting time function has
not been found at this time that does exactly what is needed for the rehabilitation program, but it is
probable that one may be altered to achieve this goal. This will be the hardest challenge when using the
round light and in the entire program.

Numeric Indicator
The numeric indicator is a display of a numerical value. It has not been
determined if this control will necessarily be used in the telerehabilitation
I D program, but is possible. It may be used in Module one to let the patient know
the maximum force they could exert. This type of control is very easy to use and
can be added almost anywhere in the program to indicate a number on the user

interface. An illustration of this control can be seen below in Figure 35, left.

Figure 35: Numeric ~ There are no major foreseeable challenges with this indicator.
Indicator

System Button Control

The system button control is another type of Boolean control. Similar
to the round light it only works with signals corresponding to true
and false. The main different between the round light and the system
[:I I':: button is that the round light indicates something to the user, while
the system button indicates something to the program. At this time it
has not been determined if this control will be used, but may be

Figure 36: System Button Control incorporated, possibly at the end of each module to tell the program

that the patient has finished this module and is ready to move on to
the next. The text on the button can easily be changed to text such as STOP, GO, COMPLETE, ect. An
illustration of the system button can be seen below in Figure 36, left. There are no major foreseeable
challenges with this control.
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Description of Modules

The patient will use the same LabVIEW Program for the grasping and pinching tests. This program will
consist of four different modules which the patient will complete by the end of the therapy session.
Modules are different rehabilitation tasks that the patient will perform.

Module One
The first module will measure the maximum force that the patient can exert on the device. This force will
be used as the maximum value of the remaining modules.

Patient: A possible user interface of the first module can be seen below in Figure 37, below. In this
module the patient will simply grasp or pinch the device as hard as they possibility can. LabVIEW will
then analyze the data to determine the maximum force that the patient can exert on the device. The patient
will only see a light for a predetermined amount of time and then the patient will move on. The maximum
force exerted on the device during this module will be determined using a preexisting LabVIEW function
and will be used for calibration of the remaining modules.

Title Paga. | Maduie One | Modebe Tas Hasd Osse | hschule Toves Hand Teve | Mechule Thres. | Modube Fou

Medule One: Measure Maximum For'ce!

Determine Maximum Force?

Pinching ar Grasping?|

Figure 37: Module 1 User Interface

Doctor: The doctor will receive an Excel file which contains all the data of force against time. The doctor
can use this data to further investigate the patient’s progress at a later date as well as use another program;
such as, Excel to plot force against time.

Module Two

In module two the patient must exert varying amounts of force on the device using only one hand at a
time. They will complete the module for each hand to improve hand manipulation of each hand
independently of the other hand.

Patient: A possible user interface for the second module can be seen below in Figure 38, on page 35.
This module contains a sliding bar that visually shows the force applied to the device. At zero force, the
sliding bar is all the way to the left and all the way to the right is the patient’s maximum, which was
determined in module one. There are three gates which represent different percentage ranges of the
patient’s maximum force. These gates will be located at 10, 30, and 50 percent with the range extending
two percent on each side. The patient will proceed through the program by moving the sliding bar into
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each gate, by applying the appropriate amount of force, and maintaining that position for the specified
amount of time. The patient will know when they have applied the correct force, when they enter the gate,
because the first green light will illuminate. After the patient has maintained this force for the desired
specified amount of time, the second light will illuminate. Once both lights have been illuminated, the
patient will need to return to zero force and proceed to the next gate. It is important to note that the patient
will not perform these tasks in ascending numeric order. Instead, the patient will go to the 30 percent gate,
the 10 percent gate, and then finally the 50 percent gate.
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Figure 38: Module 2 Screen Shot

Doctor: In this module the doctor will receive a data file containing the data of force against time to tell
how well the patient performed. Specifically, the doctor will be able to tell how long it took the patient to
get to the gates, and if they overshot or undershot the boxes. The data will be exported in a data file which
the doctor can use to perform their analysis.

Module Three
In module three the patient must grasp or pinch two devices simultaneously and at the same varying
percentages as in module two.

Patient: A possible user interface for the third module can be seen below in Figure 39, on page 36. This
module contains two sliding bars that visually show the force applied to the two devices. At zero force,
the sliding bar is all the way to the left and all the way to the right is the patient’s maximum, which was
determined in module one. There are three gates which represent different percentage ranges of the
patient’s maximum force. These gates will be located at 10, 30, and 50 percent with the range extending
two percent on each side. The patient will proceed through the program by moving the sliding bar into
each gate, by applying the appropriate amount of force, and maintaining that position for the specified
amount of time. In this module this must be done by both hands simultaneously. The patient will know
when they have applied the correct force to both hands, when they entered the gates, because the first
green light will illuminate. After the patient has maintained this force for the desired specified amount to
time, the second light will illuminate. Once both lights have been illuminated, the patient will need to
return to zero force and proceed to the next gate. It is important to note that the patient will not perform
these tasks in ascending numeric order. Instead, the patient will go to the 30 percent gate, the 10 percent
gate, and then finally the 50 percent gate.
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Figure 39: Module 3 User Interface

Doctor: In this module the doctor will receive a data file containing the data of force against time to tell
how well the patient performed. Specifically, the doctor will be able to tell how long it took the patient to
get to the gates, and if they overshot or undershot the boxes. They will also be able to compare the force
applied by each hand. The data will be exported in a data file which the doctor can use to perform their
analysis.

Module Four
The final module of the rehabilitation exercises requires the patients to either grasp or pinch the devices in
a non-simultaneous pattern.

Patient: A possible user interface for the fourth module can be seen in Figure 40, on page 37. This
module contains two sliding bars that visually show the force applied to the two devices. At zero force,
the sliding bar is all the way to the left and all the way to the right is the patient’s maximum, which was
determined in module one. There are three gates which represent different percentage ranges of the
patient’s maximum force. These gates will be located at 10, 30, and 50 percent with the range extending
two percent on each side. The patient will proceed through the program by moving the sliding bar into
each gate, by applying the appropriate amount of force, and maintaining that position for the specified
amount of time. In this module this must be done one hand at a time. The patient will know when they
have applied the correct force, when they entered the gates, because the first green light will illuminate.
After the patient has maintained this force for the desired specified amount to time, the second light will
illuminate. Once both lights have been illuminated, the patient will need to return to zero force and then
do the same for the other hand. It is important to note that the patient must use one hand at a time or the
bar will not move, also the patient will not perform these tasks in ascending numeric order. Instead, the
patient will go to the 30 percent gate, the 10 percent gate, and then finally the 50 percent gate.
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Figure 40: Module 4 User Interface

Doctor: In this module the doctor will receive a data file containing the data of force against time to tell
how well the patient performed. Specifically, the doctor will be able to tell how long it took the patient to
get to the gates, and if they overshot or undershot the boxes. They will also be able to compare the force
applied by each hand. The data will be exported in a data file which the doctor can use to perform their
analysis.

Patient Instruction Manual

A patient instruction manual will be provided with the project to assist both the patient and the doctor in
the usage of our final product. The creation of this manual at this stage of development is beneficial
because it ensures that everyone on the team and the sponsors are on the same page. The instruction
manual was presented to the sponsors prior to the start of writing the program. The sponsor was then able
to read through the manual and make sure that program met their requirements and was not too difficult
for the patients to complete. It is anticipated that the instruction manual will evolve as the program is
written (including the addition of graphics), but the preliminary instruction manual provided excellent
feedback. This preliminary instruction manual is provided in Appendix O.

VALIDATION

In order to prove that the design works as expected, various tests for verification will be implemented.
These tests will be implemented throughout the design and manufacturing of the devices and program.
Validation was completed for both the devices, as well as, the program.

Device Validation

To validate the devices, tests were completed to ensure both devices performed correctly and accurately.
The devices were somewhat difficult to validate with objective data, so a number of subjective tests were
conducted as well. This section also includes countermeasures that were taken to avoid potential
problems.
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Grasping Device

The first step to validate the grasping device was to ensure the sensor worked with the DAQ and the
LabVIEW program. After connecting the sensors, it was determined that the voltage output from the
sensors was much too small to be recognized by the DAQ. To fix this, an amplifier circuit had to be
constructed in order for the appropriate voltage to be provided to the DAQ. The circuit was created using
a trial an error method. Different operational amplifiers were attached in different configurations until the
appropriate voltage was obtained. One of the major problems in finding a configuration that worked was
in regards to the voltage gain. An optimal gain existed. This optimal gain would ensure that the voltage
signal was not clipped at minimum and maximum levels of force applied to the sensor. The gain must
also ensure that the voltage spanned as large a range as possible; this was done to ensure accuracy. This
means that the voltage difference between the minimum applied force and maximum applied force was a
large a value of possible. It is important to recognize the help provided by John Baker, University of
Michigan, in providing circuit knowledge.

While the circuit was being created, testing was performed on the grasping device. It became apparent
that there needed to be an extremely tight seal on the device. Before any actual testing of the device,
preliminary testing was completed to make sure the devices could maintain a tight seal. To do this two
strong males squeezed the device for 30 seconds and listened for air to be released. The devices were also
inserted into a bucket of water and visually inspected to make sure no air bubbles reached the surface
during compression of the device. It was determined initially that the seal was not adequate. Two
countermeasures were proposed to improve the seal. The first was to add an o-ring between the female
bushing and the bottle cap. This would effectively create a stronger seal between the bottle cap and the
threads. The second proposed countermeasure was to add a hose clamp around the top of the cap. This
would improve the seal in the area between the cap and the male thread on the pressure transducer. After
implementation of the first countermeasure, it was determined through repeating the initial testing that the
devices were properly sealed. These tests showed that the device was properly sealed even after repeated
and lengthy grasps. Therefore, the hose clamp countermeasure was not implemented. This testing method
was explained and displayed for the sponsors, and they agreed that the devices were strong enough and
the seal was adequate for patient use.

Once the circuit had been completed and the seal on the device verified, physical testing was done to
ensure the grasping device worked properly. This was first done by the team. The team would use the
rehabilitation program and ensure that the grasping device responded as expected. This testing went
extremely well, it appeared the grasping device worked well. The next physical testing was completed by
the sponsors and a volunteer patient. This testing went well, but brought up a few important issues. The
first issue was in regards to the deformation of the bottle. As the patient squeezed the bottle the sensor
worked correctly, however, when the patient released their grasp on the bottle, the bottle did not return
quickly to the undeformed shaped. In addition, sometimes it wouldn’t return to the original shape at all.
This is a problem because there are many portions of the rehabilitation program where the patient is
required to apply zero force to the bottle. To fix this problem, water was put in the bottle. This created a
more rigid structure and seemed to eliminate the problem. Another issue that arose during sponsor and
patient testing was with all of the wires. There are four wires that lead from the device to the circuit
board. This was a little overwhelming for the patient. To eliminate this problem all four wires were
concealed within one tube.

Pinching Device

Similarly to the grasping device, the pinching device voltage output was not large enough. Therefore the
pinching devices also needed to be amplified. The same process was completed to create an operational
amplifier circuit that would satisfactorily amplify the signal. The circuit used for the grasping device
proved to be adequate for the pinching device as well.
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Aside from this issue, the pinching device did not have any mechanical issues that would prevent it from
providing the information required by the program. However, a couple things that could help the actual
patient were overlooked in the design and manufacturing process.

The first was that there was no physical feedback for the patient. When they squeezed the device, there
was no physical indication that they had done anything. As a countermeasure for this issue, a rubber plug
was installed between the button panel and the load cell. This gave a small amount of spring or
compression in the button panel motion. A small gap needed to be installed in the device as well in order
to allow for extra motion of the button panel. This aided the user in their understanding of how the device
operated as well as their ability to function the device.

Another thing which was overlooked was the sharpness of the corners. During manufacturing, special
attention should have been paid to how sharp the corners would turn out. As a countermeasure to this
issue, all corners were sanded so that no sharp edges remained. After these two countermeasures were
implemented, the device operated adequately and successfully.

A series of tests were performed to verify that the pinching devices were strong enough to withstand large
pinching forces. These tests consisted of two strong males pinching the devices for 30 seconds at a time.
After repeated pinching was completed on the devices, it was determined that the devices were strong
enough for any force the patients could apply. This testing method was explained and displayed for the
sponsors, and they agreed that the devices were strong enough for patient use.

Finally, after the circuit and initial testing were complete, the pinching device underwent the same team,
sponsor, and volunteer patient testing that the grasping device underwent. The testing on the pinching
device went extremely well. The only issue that arose was that of the wires and containing all wires
within a tube, like the grasping device, was the most obvious solution.

Program Validation

As with the devices, the program also needed to be validated to ensure the program worked correctly and
accurately. Validation was performed throughout the program development progress, as well as at the
program’s completion. As mentioned previously, a dial was used during the programming process to
represent the signal from the sensors. As each module was completed, the sensor signal was modeled to
ensure each module worked correctly. After the program had been completed the program was tested.
This was explained previously in the Device Validation section. During the sponsor and patient testing a
few valuable suggestions were made. First, more visual cues would be helpful to guide the patient through
the rehabilitation program. Second, the sponsor would like the patient to take their max force three times
and then have the program use an average of this value. Third, allowing the patient to do each module
multiple times would be beneficial. And finally, creating a start/stop button for each module would help
the patient know they are doing the program correctly. Both the sponsor and the volunteer patient were
very happy with the program and provided confirmation that all customer requirements were met.

DISCUSSION

This section discusses the project after its completion. Specifically, this section provides an analysis of
the strengths and weaknesses. In addition, it provides a discussion of where improvements should be
made to the system. This discussion is provided for both the devices and the program.

Device Discussion

Each device was discussed separately due to the large difference in the designs. Both designs have
different strengths and weakness and thus require different suggestions for improvement.
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Grasping Device

The grasping device was initially using air as a media inside the bottle. As testing progressed, it was
working adequately as a means to translate the pressure change information to the pressure sensor.
However when the device was tested on an actual patient, the patient had to struggle to register the
appropriate pressure. As a countermeasure, the bottle was filled with water. When the same patient tried
the grasping device, now with the water, it was much easier for them to register the appropriate pressure.
The sensor was more responsive, and the patient had less trouble completing the tasks required by the
program.

When the initial analysis was completed to verify that the grasping device would function properly, it was
assumed that the fluid inside the bottle was incompressible. One thing that should have been noted from
the start was that air is not actually incompressible. In retrospect, water should have been selected from
the beginning, because it is safe to assume that water is incompressible. This would have improved our
system from the start. The pressure sensor was selected based upon the cost as well as its ability to be
used with multiple fluids. This shows that this issue was at least considered from the beginning, and it
would have been possible to incorporate an incompressible fluid from the start. The strengths of the
grasping device are that it has flexibility to use different fluids, it can be grasped with virtually any hand
position and still register and accurate pressure reading, and it is entirely unique: even after an extensive
patent search, no other device exists which operates like this one.

Currently there is no way to fill the inside of the device completely with water without any air. There is
always a small amount of air in the system. This gives a small amount of ‘lag,” or compressibility of the
device prior to the change in pressure registering. While this is good in that it offers the patient physical
feedback, it makes it slightly more difficult for the patient to complete the tasks. In the future, it would be
beneficial to the user if the device would be able to be filled completely with water and without any air.
This would decrease and virtually eliminate the ‘lag’ in the device. Also, a slightly more rigid material for
the device may help in this effort as well.

The biggest strength of the grasping device is that it is able to be grasped in virtually any hand position
and it still is capable of reporting an accurate voltage output. There are a couple weaknesses to the
grasping device. First, it has a bit of a lag when it is initially squeezed. This is because it currently is not
filled entirely with water. There is a small amount of air present, which can be compressed and cause a
lag in the device.

Pinching Device

The pinching device was able to register an appropriate force reading quite adequately considering how
inexpensive the embedded force sensors were. While the force sensors were limited to a 3/8” diameter
area of actual force sensing area, the device attempted to expand this by using the button panel. The
button panel gave the patient a larger area where they could pinch and register a force reading. If the
budget for this project could be expanded in the future, it would be beneficial to purchase a more
expensive force sensor which has a larger force sensing area. This would increase both the accuracy of the
device, as well as the patients’ usability. This would increase the diameter of the area which could be
pinched to yield an accurate pinching force.

The initial final design technically worked how it was supposed to. However while the technical aspect of
this device was studied, analyzed, and implemented successfully, not enough care was taken into account
for the actual user. This is a common mistake for engineers. In the case of this device, a couple things
stand out as good examples of this point. First, the edges of the fiberglass were too sharp. While laser
cutting the components of the device, it should have been taken into account how sharp the corners of the
pieces would turn out. These corners could have been filleted using the laser cutter. Since this was not
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done, all corners had to be sanded before the patient could use the device. Special consideration should be
taken into account for sharp corners in the future.

Another aspect that was overlooked was the sizing of the device. From a manufacturing and assembly
standpoint, it was easier to implement a larger device. However upon having actual patient and doctor
feedback, they desired to have a smaller device, so that it would be easier to hold and more intuitive to
use for the patient.

One feature that was thought to be great from a serviceability standpoint was designing a device which
could be serviced both from the bottom and the top. Therefore, the initial design had access to the force
sensor from the bottom, by removing two bolts, and from the top, by rotating the pieces that were
securing the button panel. However after reviewing with the doctors, they determined that it was not
necessary to access it from the top. They thought that the patient would play with the pieces that were free
to rotate. This was another area which was designed adequately from a technical perspective, however not
enough consideration was given to the actual patient who would be using the device.

The biggest strength of the pinching device is that it is intuitive to use. The sensing area is marked not
only visually, but physically, as there is an engraved target in the area. This makes it incredibly easy for
the patient to know where to pinch. The biggest weakness in the pinching device is that the output seems
to be slightly non-linear. As you press, it seems to become harder and harder to register the appropriate
force. Also, the device is not covered in any type of material which would protect it when being dropped.
In practice, it is inevitable that the device will be dropped and tossed about. A good suggestion for the
future would to be to cover the device in a protective material.

Program Discussion

The current program features many strengths which include a user friendly interface and real-time
feedback. The program is not to complex and is easy for the patient and sponsor to navigate throughout.
Also, the block diagram of the LabVIEW file includes a preferences section where the doctor may change
different settings of the program like the different gate locations, the time the patient must remain within
the gates, and the size of the gates. This allows the doctor to accommodate the test for each patient on an
individual basis.

There are a few things that still need to be completed to make the program even better. The first addition
to the program would be to allow the patient to complete one module multiple times in one session. This
would allow the doctors to look at the patient’s progress throughout a given module without having to
complete all the modules to do so. Completing the entire program multiple times can get very tiring for a
patient rather quickly. The second addition to the program would be to develop a way to calibrate the
system to determine a relationship between the voltage applied and the force that is exerted on the device.
This could be done by placing different known weights on the pinching device and obtaining the voltage
using LabVIEW to develop this relationship between the force applied, in this case the weight, to the
voltage. To develop a relationship between voltage and force applied to the grasping device a known
force must be exerted around the device to simulate a hand grasping the device; a clamp could be
tightened at varying forces around the device and then a similar relationship could be developed for the
grasping device. The force exerted by the clamp could be determined by applying the same force to a
force transducer. The results for these tests could then be used to determine an accurate relationship
between the output voltage and the applied force. This relationship could then be used within the
LabVIEW program to make an easy conversion from voltage to applied force for the doctor to see.
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RECOMMENDATIONS

The completed system is a very good first draft for the grasping and pinching portion of the ULTrA
program. The devices provide accurate and reliable data and the program guides patients through a
rehabilitation program. All customer requirements have been met. That being said, there are still many
recommendations for the sponsor’s of this project before mass producing this design. They have been
outlined in this section and will hopefully prove to be a valuable tool as future drafts for the grasping and
pinching portion of the ULTrA program are created.

Device Recommendation

All customer requirements for the devices were met, but on the completion of the project a few
recommendations would like to be made. These are provided for both the grasping device and the
pinching device.

Grasping Device

As discussed previously, the main flaw in the grasping device is in the rigidity of the bottle. Putting water
into the bottle solved this problem, but also created another. Adding water to the system makes it harder
for the patient to take the system home and has the potential to leak over time. It is recommended that a
different bottle type is used for future devices. A plastic bottle with thicker walls is recommended. The
bottle would need to flex, but not to the extent that the current one does. If this is not an option, finding
another way to secure the top of the bottle to main portion would also work.

Pinching Device

The pinching device works extremely well. Two recommendations for its improvement do exist. The
recommendation is to experiment with different rubber plugs. The rubber plug is the small piece of rubber
located below the button panel. The softer the rubber plugs the more feedback the patient gets, but this
also creates more inaccuracy in the readings. It is also hypothesized that the rubber plug may deform over
time and thus provide inaccuracy; a harder plug would eliminate this problem. The other recommendation
for improvement would be to create a design that can change shape for each patient. The size the device is
currently will fit most patients’ hands, but a design that allows the addition of height or width might make
the device more comfortable for some patients. A snap fit of small pieces of fiberglass to the bottom and
sides of the device was previously discussed and would be a good solution to this problem.

Program Recommendation

As mentioned previously, the program meets all initial customer requirements. However, the program is
not perfect. There are a few recommendations that would be made at this point to provide a more robust
design for the patient and provide more valuable laboratory data for the doctors. The first
recommendation would be to purchase a better DAQ. The DAQ currently being used works well, but a
higher quality DAQ would provide better visual feedback for the patient. Occasionally the current DAQ
does not collect data at a rate fast enough to provide smooth feedback to the patient. Specifically, the
slider bar jumps around just a little during some portions of the program. The second recommendation is
to create a better user interface for the patient. The current ULTrA program is very well designed and
does not allow patients to accidently reach the back panel of the LabVIEW program. This type of
program is beyond the knowledge of the team members, but would be beneficial before sending the
program home with patients. Finally, during the creation of the program the sponsor indicated it would be
beneficial to be able to choose of the maximum force used throughout the program as either the max force
applied by the stronger hand or the weaker hand. This information was provided to the team at a time too
late to implement into the program, so it is recommended for future work.
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CONCLUSION

Stroke patients suffer from loss of motor control in their limbs. The ULTrA program has been created by
Dr. Brown to help patients rehabilitate their upper limbs from home. The projected she, along with Dr.
Langan, has presented is to create a telerehibilitation device and program to help patients rehabilitate hand
manipulation as part of the ULTrA program. Hand manipulation includes the ability to grasp (hold things
with entire hand) and pinch (hold things with thumb and a finger). With the specific requirements
requested, the final designs for the grasping and pinching devices were created. Through researching the
average dimensions of commercially available water bottles and garage door opener remotes the final
dimensions of the grasping and pinching devices were selected. In order to select the correct material,
mathematical models of the grasping and pinching devices were developed and determined the maximum
forces on the devices. With these maximum forces, CES software was used to select the proper material.
After the materials were selected, the manufacturing and assembly steps were determined for both the
devices. This report also provided the initial research of the requested LaBVIEW program. The
LaBVIEW program will include four modules (or tasks) which will use the horizontal sliding bar and the
round light indicator. The main goals of this project are to create two devices that will measure the
grasping and pinching forces applied by the patient, provide real time feedback for the patient, provide
data that is sent to the doctors, and create cheap, easy to use devices.
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APPENDIX

A. Quality Function Deployment (QFD)
A.1 QFD Diagram
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Kano L L L =] B E E L E L E =] L =] L L
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Technical Requriement Targets Lk S SLCH NN R S L S S a2
55 e w zle|e e | 8
Grasping Devi - I &8 S| & = gl |o|l=|2|z2
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A.2 QFD Development

To determine the importance for the customer’s requirements we used the method of creating a table with
13 rows (the number of customer requirements) and 78 columns (determined by n(n-1)/2 where n is the
number of rows). Each column was a different combination of the customer requirements (e.g.
requirement one versus requirement two is column one). With this table, we were able to compare the
different combinations of customer requirements and determine which was more important giving it a
number one and the other a zero. After this was done for all the combinations, we summed up the rows to
determine the level of importance of each customer requirement. The level of importance is based on a
scale of 13 being the most important and one being the least important. The level of importance for each
requirement is shown in the QFD, appendix A.2.
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B. Functional Decomposition Diagram
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C. Other Significant Design Concepts
This section presents other significant design concepts. Though they were not chosen for the design
selection process, many of them encouraged development of better designs.

C.1 Grasping Device Concepts

Liquid Pressure Device

The liquid pressure device concept uses a container with liquid inside that the patient will squeeze which
will displace the liquid. The liquid would move up a tube attached to the container that can give the
patient visual feedback of the force they are applying. We would be able to measure the displacement of
the liquid and convert that into a force measurement. This concept would be used for measuring the
patients grasping force.

Grooved Cup Device

The cup device concept uses a basic cup that has grooves where the force sensors are placed. The grooves
will also help guide the patient’s fingers into the correct spot to measure their applied force. A sample of
this design can be seen in Figure 41, below. The cup device concept was designed to be used as a
grasping device.

Figure 41: Grooved Cup Device
Large Spring Device
The larger spring with sensor device was thought of after the original spring
with sensor device was discussed. This concept is a more complicated form
of the spring with sensor device and is a cylinder type container. There
would be a few springs that would extend from the center of the cylinder to
the walls, as seen in Figure 42 to the right that shows a top view. The patient
would squeeze the cylinder cause the springs to compress and the force
would be measured by a sensor attached to the springs. This concept was
designed to be used for the grasping device. Figure 42: Large Spring

Device

C.2 Pinching Device Concepts

Cover device

The cover device concept is a cover that can be slipped onto different objects like a sleeve. On the cover
we would put the force sensors. The cover device concept was thought of because of its versatility of
being used on various objects.
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D. Pugh Charts
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E. CAD Model Drawings
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F. Parameter Research

Water Bottle Dimensions (in)

Bottle 1 2 3 4 5 6 7 8 9 10 |AVERAGE
Circumference| 10 10 9.5 8.7 9.3 10.5 10.5 10.3 10.5 10 9.93
Thickness 0.0625 | 0.0627 |0.0600| 0.0625 | 0.0720 | 0.0615 | 0.0625 | 0.0625 | 0.0615 | 0.0570 | 0.06247
Height 6.00 750 | 650 | 9.00 | 9.00 | 10.00 | 9.00 9.00 9.00 9.50 8.45
Garage Door Opener Dimensions (in)
Opener 1 2 3 4 5 AVERAGE
Length 2.00 3.50 | 3.75 | 4.00 | 400 3.45
Width 1.00 250 | 250 | 3.00 | 3.50 2.50
Height 0.50 1.50 | .00 | 250 | 2.00 1.50
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G. CES

G.1 Parameters

Grasping Device

Click on the headings to show/hide selection criteria

| * General properties

Minimum Maxirnum
szm_| o] | 1500 kg/m*3
T e - |
Minirnum Maxirnum
Young's modulus \@ IZ.E@ | Pa
Shear modulus @ | | Pa
Bulk modulus |@ I I Pa
Peoissen's ratic @ | |
Yield strength (elastic limit) ] | | Pa
Tensile strength @ |55 |158 Pa
Pinching Device
* General properties
Minimum Maxirnum
Density ERED | 8000 kg/m*3
Price 1] | | USD/kg
| * Mechanical properties
Minimum Maxirmum
Young's moedulus \@I | Pa
Shear modulus @ I | Pa
Bulk medulus l@ I I Pa
Poisson's ratio l@ I I
Yield strength (elastic limit) 1] 1168 | Pa
Tensile strength @ Iﬂ.EUSEBE? | Pa
Compressive strength l@ IQ.U#I’_'LE? I Pa
ceo
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G.2 CES Graphs
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H. Pressure Sensor Specifications
H.1 Futek Industrial Pressure Sensor

Drawing Number: FI1279-C
INCH [mm]|R.0.= Rated Output C€ @
+Exchaflon | Exchatlon | +Skgnal | -Skgnal
RED | BLACK | GREEM [ WHITE |
+E /48 PIN1
PIN &
POWER
SUPPLY
LOAD
(DISPLAY) SHELD Il
Pl 2 0.45[11.}1 T
2WIRE FOR CURRENT
"
+ = o <y 1,06 (@269
®d 168 [42.7] A6 |226.3)
POWER
SUPRLY 2Tmm HEX | GAUGE | RELATIVE RAMGES
LOAD Cﬂ.iﬂé:‘l.l"f' '-:13'( SéI:IS.T
{DISPLAY) - 044 [11.7] L o
— SHELD - ane] W | s
@ PIN 2 0.48[12.2] | 5 P "
FWIRE FOR VOLTAGE f 1 e L
I| b 145 110
1/4 NPT MALE 50 240 700
(112 NPT, 7/16-20 MALE — - —
AVAILABLE) 100 B 500
SPECIFICATIONS: 300 1160 1380
RATED QUTPUT 420 mA 010 VDO seailabie) il 1160 5800
CAPACITY See Chart " &
MAXIWUM PRESSURE Sae Chart 1000 1740 90
BURST PRESSURE See Chart 2000 4500 14500
EXCITATION 1030 VO [14-30 VDG for Vintage Outoud] prom o 40
IMAXTAL LOAD (O} {Excitation - 10V) ¢ 0.024 [>10,000 ohm for Wolsge Qutputf 4 !
ACCURACY +0.25% af R0, (BFSL) 5000 11600 24650
WONLINEART 20.2% of RO (BFEL) ; 20.4% of R.0. {End Point) -
HysTeRESSS | R 204N IR, Fnd P o0 | 0 | e
WON-REFEATABILITY +0.05% af RO 15000 750 L1500
RESPONSE TIME < fme
TEMP. SHIFT ZERD £ 00771% of ROSF [002% of ROSG)
TEMP. SHIFT SPAN 2 0.011% of LOAD®F [0.00% of LOADYC) -
COMPENSATED TEWP, 37t 176°F (0 o B0°C) ABSOLUTE RANGES
OPERATING TEMP, [MEDILIM) =22 1p 212°F [-3010 100°C) CAPACITY  MAX BURST
OPERATING TEME, [BODY) =4 g 176°F (-2 fo 50°C} =51 =g g
STORAGE TEMP. A0 Ip 212°F (40 b0 100°C) — —
WEIGHT Anprox. B4 o7 1§ £ 69
MATERIAL {BODYAWVETTED PARTS)  Stinisss Steal 2% 45 17
CE CONFORMITY FAIVEWG (mlerference Emvesian and mmundy (EN 81 325 -
Interference Emissian Limi Clags A & B, 50 40 280
STEVEG Pressure Equipmenl Diveciive - - -
SHOCK RESISTANCE 10007 (IEC S0068-2.37) 100 500 600
VIBRATION RESISTANCE 20g (IEC BI0ES-2-6] 50 1160 1380
WIRING PROTECTION Ravarse Polarity, Ovenvoitsga snd Short Ciraut —
CONNECTOR® DIN EN 175301-803 (D 43 850} w! Piug Connecior i 1180 5800
CALIBRATION CERTIFIGATE OF CONFORMANCE INCLLDED
MIST TRACEABLE 5 pL CALIERATION AVAILABLE
FUTEK i ool e 10 THOMAS INTERNET:
hMrh;r;-?ﬂh;';ﬂ#f'mw"h IRVINE, CA 92618 USA hitpiiwwes futek,com
ADVARCED SENSDR TECHNDLOGT.ING CAGE CODE # 1XaM5 1-800-23-FUTEK (3B8835)

Source: http://www.futek.com/files/pdf/Product%20Drawings/pmp450.pdf
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H.2 Honeywell Low-Cost Pressure Transducer

e

Model LM S
e

Gage Pressure Transducer -

PERFORMANCE SPECIFICATIONS OPTION CODES

Characteristic Measl i@ Range Code Many FERGOpton com bingtions 3he wmiEne in
QP QUISK-Ehip End TS EtrEck manuTsstu e pro-

Acouracy’ =05 % dill scale QR s. Plemse see hitpisens ing homeysme oo
TMsens ors hip 1or updated |istings.
1,28, 5, 45,25, 50, 75, 400, 450, 200, 300,

R e bR A AR A TR e Presssume ranges | 500, 780, 1000, 1800, 2000, 3000, 5000, 7800,

ENVIFUMHKMENIAL SFELIF I LITES = -
100 psig

Characteristic l=aszy m T .

n Emperatiune

Terrperatre, operating EdeCodzd o0 [S59F 1 2E0°F] GOMmpensation Ta. 80 °F 1o 440 *F

Terrperaire, compereated | 168™C to 7] %2 [60*F to 180 *F]

Terrperatre efiect, zero | 001 % full scakelF lanrhe rlnrf?nlzrs 2. Urampliied, my otput

Terrperaire effect, span 002 % reading PF P

ELECTRICAL SPECIFICATIONS

Praszume ports

Za. 1/4-12 NPT ferrzlz

Ekctrical
— Pl Cable 0.0 m [Z ]
Characteristic ke 3 2 fe TRFMIn atian
Excimtion {calbration) 10dc Special a0 portiSup S down) @20 % norenents
— =t b, 20 point (10 U0 down) @ 10 % Pore-
Excitation (acceprab ) 10 dc calibration e
Ir=ktion resizancs SO0 rrec b @ 20 e
Elecfrical taamniration (std) | Cable 0084 i [341)
WIRING CODES
Cable Unamplified
MECHANKAL SPECIFICATIONS Fed {+) Bxcitaton
Charactzristic [=ET1R =] Bhlck {1 Braitation
Medim All qrzesliguids compatible with weted Giresen (-1 Ctput
pars Whie 4] Ovput
Oweriad, safe S0 % ouer capacity
Fressune port 14812 MFT 'emalk
Wietled parts Stainkes = shes|
\izight 170 g [Sax)
Casemaerial Stainkes = shes|
RANGE CODES
Pressune range E
[psin)
lalole|alslele|2|8|8| 8|8 B8 8|8 B|E
RAMGE CODE AP | A% |AT |BJ [BM (BN |BP |BR [CJ | CL |CP|CR|CT |GV |DJ |OL |DN DR | DT | DY
L mm [in] &7 4 [2.26] g6 6 [2.23] 54 [200] a5 [(174]
Hex mm [in] psia | 28.4[1.00 2410 22,2 [0.575) 18 [0.75]
Criat pha s b
itest] [pei) A | 0 ‘ 20| 50 | 00 | 'ISD| 150 ‘ 150 | 150% full zcake
Criat phass b 12 12 |45 | 20 | 20
iburst) (el Corsatt faciony a0 | 2 K ZE 2K [4K ]| &K | 8K K K K P
Matural frequency 98| H |4 |42 | = | 20| 45| 4|88 |25
iHzZ) Corsult facony 1 K K " 1 " " i i " =100 K
Part walume
mm* [in] 2.5 [0.15] 28047 21213
Qutput (o) £l | 10 2
Wetted parts 2HE stainkess stesl 174 PH stainkess se=l
Eridga
rezistance £000 eem =0 o
Strain gage type Silicon Fail

Source: http://content.honeywell.com/sensing/sensotec/pdf catalog08/008702-1-EN_Model LM.pdf
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H.3 Grainger Pressure Transmitter

Additional Info

Transmitter, Pressure

Pressure Transmitter, Pressure Range 0 to 100 PSI,

Fixed Range, 4-20 MilliAmps Output

Grainger ltem # 1817

Price (ea.) $389.00

Brand U.S. GAUGE
Mfr. Model # 831TG0100BLS
Ship Qty. 1

Sell Qty. (Will-Call) 1

Ship Weight {Ibs_) 1.35

Usually Ships Today

Catalog Page MNo. 636

Price shown may not reflect your price. Log in or register.

There is currently no additional information for this item.

Tech Specs

ltem: Pressure Transducer

Range: 0 to 100 psi

Accuracy: +-0.3%

Qutput: 4-20 mA DC, Limited at 38 mADC

Power Required: 6 to 14 VDC

Process Connection: 1/2" MPT Female

Electrical Connections: 34" NPT Female Conduit
Lead Length {In.): 24

Wetted Materials: Stainless Steel

Housing: All Welded 316 Stainless Steel
Operating Temp.: -40 to 140 F

Safety Rating: Class 1, Div. 1, Groups B, C, and D
Max. Pressure (PSI): 200

Compatible With: Any Process Compatible with
3165tainless Steel

Includes: Instructions
Manufacturers Warranty Length: 1 Year

Notes & Restrictions

There are currently no notes or restrictions for
this item.

Optional Accessories

Sealant, Thread

H"l:‘;ﬂ ltem #: 4222
Awailable Brand: ANTI-SEIZE
Usually Ships: Today
Price (ea): $9.16
Sealant Tape, 1/2 x 260 In
P'Hl:}u ltem #: 4X227
Awailable Brand: ANTI-SEIZE

Usually Ships: Today
Price (ea): $1.53

Alternate Products

Transmitter, Pressure

Item #: 1X519
Brand: L.5. GAUGE
Usually Ships: Today
Price (ea): $389.00
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Source: http://www.grainger.com/Grainger/items/1 X817?Pid=search
H.4 Transducers Direct TGD Series Pressure Transducer

I FEA TR E = |

+ Gauge, Absolute, Wasuum and Compund Pressume Models Available
+ submersible, General Purposz and Wash Dovn Erelos unes

+ High Stability Achieved by CWD Sersoring Element

+ Yoltage and Cument Output Models

+ Custom pessure mnges available

+ A51C Technology, Mo Zemispan Potentiometers

I D E 5 CR 1P 1 I |

The TD'G series featunes stability and ace uracy in a variety
of erclosum optiors. The TDG seres extends the packac
ing options wia an all welded stainkss steel back end for
demanding submersible and industrial a pplicatiors.

I ELECTRICAL COMMECTIONS

Power Supply Requirements

The TDG s=2nes featune proven CWD sensing technolooy: an
A5 fam plified units), and modular packaging to povide
a sarsor line that can easily accommodate specials while
rot sacrificing high performarnce.

Yoltage Units: 1.5 wole Cvar hlax Qut put foltace outputs)
Cumert Units:  7-35wck for 4-20 ma Sk Rt o cone sugh
Bhedk= Curpart Finz Capt
Uitz FinZ M
Pin Tz +Powsr Su| Find &
——" i £ qa
Fised="sFowmr n:qcummu LTS T R
Bladki= F ower
white= Curpart L0 —
24 HNG; Ghigldad PV 1.

Chmersice tnloches Ao dre feterence Cog

I SPECIFICATIONS

Input

Pressure Rance
Pt Pressum
Burst Pressum

Fatigue Life

PeHormance

Long Term Drift

Aceuray

Thamal Ermor
Compensated Temparatumns
Operating Temparatumes

Zoro Tolerarce

Lpan Tokrance

Resporse Time

Mechanical Configuration
Pressure Port

Wiotted Parts

Electrical Connection
Erelosume

| mm

Wacuum to 400 bar {E000 psi

o fdw Full Scale (FSX (1.5 Fs for 400 bar, == 5000 psi)
=35 w0 F5 <= & bar {100 psi;

=20 % FS »=60 bar {1000 psik;

=5 FS == 00 bar (G000 peil

Desigred for mor than 100 million FS cycles

0. 2% Fafrear {non-umulative)

0.25% F0.5% FS typical (optional 0.15%)

1.5% F5 typical ioptional 1% FS)

-20° to 80F C{-5°to 180° F)

-A0P 1o 1 25% C (-22° to 260° F) for the mini DIR
-20° to B0 C-5%to 180 B forthe MEMA 4 Cable
-20P ta SOF C (-5t 125° Frfarthe IPAET Cable
Amplified units =100FC madmum 24 Wk supphy
1% of span

1% of span

0.5 ms

Seo omlering chart

17-4 PH Sainless Steel

See omlering ¢hart

31655 174 PHss

IPES for the mini DIM and MEMA, Cable vesiors

IPET for IPE7 Cable vasion

IP&&E for Submerssible wersiors (max. depth 200meters H2O)

Source: http://www.transducersdirect.com/HeleoCart/Data/SoftGoodPreview/TDG 01 03.pdf
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H.5 Kavlico P4055 Low Cost OEM Pressure Sensor

P4055/P4056

Pressure Transducers

—=19.07 [.751 J}=—
-—-'- 12.74[.502]
|
©23.95[.943] I
9
P16 ? [-667] PRESSURE
CONMNECTION
How to Order
i re Transducer NOIT FOIR
FeYp GROUND(A) OPERATIONAL

==

0 B ar petesia in i)
0 B ar petwaases in s

FPE| it wmition dbeits | P2
BPS] mavmision bz | P30

16FE] 1 0-1BAR
AIPS] £ U-1BAR
P 4 0-:LBAR
TEPE] 5 0O-5BAR
1mPsl 7 0-TBAR
—1EPEl 10 0-10B~R
— a0FEl 15 0—15EAR
J0PE 20 0-N0EBAR

Reforence

A Absolute
G Gage
S Sealed Rage

Internal Wadia Saal Watarial*
F  Fluorosilicone
Moredk factony about sddbioral seal mzbenial optiors

Prassura Conneztion (Port)

1 fa-18 NPT
2 MizlE
3 M

4 fg27 MFT
5

B

B11d - Tlale
E1/4 - Famala

Built-in Ele
A Packard Connectorwith Mating Connector

and 127 Leads
G Packard Connector

Pages T A E 1 A
Bamnle: PdBE-TEA-F 14

Vout{C)

aphic praperty dumags

3 praducts will ba fred frem defectio: materiali and warlmasibip
I (i W b4 dafact J I 4 ]
h

1.5, 6,3 S
BRI 6FENA6E BI

7,733, 31
#5684, 541 5
6,653,804 B2 with sther U.Sn and Tareign paterts peading.

USE

We(B)

PACKARD ELECTRICAL
PIN OUT

¥ Blme withant natics.
and theseTore dots el warrant

£,504,398 BI,
Bl EEERADE B

TE [:hl'li[:al Sllet:iﬁl:atiﬂl'ls Mote: Performm nee S pecifications with Gy £ 0002 Wd: supply at 26°0

soa “How To Ordar”
2o [R5 Preszura) (P=176P S [12 Barl)
1.5 (F.5. Prassura) (P=20 PEI[14 Bard)

Praziure Rangoz:

Outpuk I empedanee:
Proof Prassure:

Operating Ternperature:
Starage Temperatura:

Burst Pressure: 800 RSl (#1 Bar) Saniic e Life:
Supply Voltage: B0+ Bde Wibration:
Supply Curent; <5, Shock:
Rasponse Time: <10m to B3% of Dutput Change with Wieight:

Stap Ghange in Prassura Electrical Termination;

Mormmal Dutput Voltage: Prezsure Connection:

Zoro/Mull Pressure:  05Yde Recormmende d Interface
Full Pressura: 4.5 de Impedance:
Linearty Errar: <41 58 of Full Span Ower-Wokage Protection:

Total Error Band: =20% of Span F2°C to +100°C)

Mlaterial- Main Housing:

Source: http://www.kavlico.com/catalog/P4055 4056.php
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Reversa Polanty Protection:

<1000

-20°Gto H100PC

PGt +126°0

10Mllion Full Pressure Cycles

1057 P-F Sinusoid al, from 10-2000Hz
156733 Sine Wave

=40 grarms

Sea "Howto Order”

Sea "Howto Order”

Mlin. Load 25 k0
0w de

-30%Wde

Brasi



I. Force Sensor Specifications
1.1 Futek Miniature Load Button

FUTEK MODEL LLB250 (L1615)
Drawing Number: FI1053-C

CALIBRATION (STD)
CALISRATION TEST EXCTATION

SUBMINITURE LOAD BUTTON LOAD CELL

INCH [mm]|R.O.= Rated Output
— WIRING CODE (Wei)
+Exchation | -Excliation | +5kgral Sknal
RED BLACK GREEN WHTE + OUTPUT
Srield [COMFRESSION)
L FLOATING NOM LOADING SURFACE
DO NOT COMTROT ™ 2 ~
@l 50 [@12 7] —\\ IM}'— ) /i
N — @12 \_:_"I.;__:_'Q_‘x\
/‘r}/ [N
() = /
\ \\__/j/ |l"
__J ID.#
SRO7S[19] —, /— ¢l 07 [@1.9] hon.
/,
\ 006 [1.6]
058N 013pd | 11 i
T _\—T_
* SUPPORT OUTER RING
i 39 [99]
D MOT APPLY LOAL 0N COVER

2 m¥iV nom.

15078 of RO

3% of R.O.

7 MAX

3500 nom.

5% ol RO,

+0.5% of RO

0.5% of R.O.

H0.01% of R.OSF [0.018% of R.OSC)
H0.02% of LOAD™F [0L038% of LOADY™C]
B0 & 160°F [15 1o 72°C]

<80 b 200°F [-50 Io 93°C]

CABLE: #29 AWG, 4 Conductor, Spiral Shiskded Teflon Cable 5 f[1.5 m] Long
ACCESDRIES AND RELATED WSTRUMENTS AVAILABLE

5 pl. COMPRESSION; 80.4 Kn  SHUNT CAL VALUE
SW0C

FUTEK

10 THOMAS

ﬂﬁlﬂ“"?ﬁfﬂ:ﬁ INTERNET:
“_"_u,':'-,m“ IRVINE, CA 92618 USA hitp:/fwww_futek_com

1-800-23-FUTEK (388385)

Source: http://www.futek.com/files/pdf/Product%20Drawings/11b250.pdf
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1.2 Omega Miniature Compression Load Cell

MINIATURE HIGH-CAPACITY

“TOP HAT” LOAD CELL
AND METRIC MODELS

Felr Fa ey BN F Ly Tyl BN [y

I.WU!H.I:I"WI Series
Comprassion \

8.250 1k ta 8-7800.808 LCMa07-5 KN, 3375, LCM07-SKH,

» 275, =h
111 to 0.500 kN shown Brgerthan D \actmfsz‘: "
|
1 Wewlon = 00245 b v’i

f

1 dahewtar = 10 Mowtans E
1 1b= 454 ..._
=700 kg = 2204 1

Starts at

*375

Hlandad

-
H//—~—E>|:vhencal Fadius (SR)
COLDOR CODE
—_ R ED =+INFUT
Y "9 BLACK = - IMPUT
- — - G REENM =—DUTFUT
WHITE = +2UTFUT

- [T =

[e—TI

’fi——ﬂ 2 5 |e.dwm1 schQeurde
-— —_— EITFEI'ISE [= g
Smellin size but not in perfonmance, 3

Series LC307/LCN20T top Mat bad 0y
cells are designed for applcations with
rminimum space ard high-capacity

foacds upto 100, 000 b B uaged all

shainless steel construction and Diimenzions: mm (in)
e Ay e iy, | CAPACITY fis] | _ b2 b E H
Temperatﬂre compensation is done 250 127 D.50)| 6.0 0.27) |10.16 (040 | 0.7 (038 [ 213 .320]
By & rriniature GG it board inthe 500 127 0501 74 0.2%) [10.46 (040 | 0.7 (020 | 212 0.250)
'éﬁd Cegastﬂanhle- Thl?ltSEdGE"S are 000 127 050)| 70031 [10.46 (040 | o7 (o2 | e42 o2
sfrﬂgt”hl ﬂﬁsuerpa-gg_ Briona 2000 127 0507 40 (044} [10.46 (040 | 0.7 (020 | 242 0200
2000 127 0507 11 i045) [10.16 (040 | 9.7 (028 | 843 0200
SPECIFICATIONS anno 16.0 0.63) [13.5(053))10.16 (040)| 16 0.60) |13.54 0.533)
Excitation: & vide 7500 22 n.em| 7 (067) 1016 (040)| 16 063) | 12.07 (0.55)
EEEI?J:; 1 ED?‘S"’; E;"EEE'SJL leludes 10,000 2 [0.68)[19.3 (0751|1016 (040) | 16 {0.62) | 12.07 (0.65)
ineatty. hystemals and m pestabity] 50,000 M5 (1.75)|21.8 (1251016 (040} | 35 (1.36) 3134 1.23d)
Zero Balance: +2% F30 100,000 5.0 (2.00)[2e4 (15091016 (040 | 41 (163 |97 .23 (1470}
%ﬁﬂgﬁg%ﬁg fran F) METRIC Dimengiang: mm {in)
Cam ggnsated Tem 0Ffange; CAPACITY (kM) DA D2 02 E H A
1810 71°C 160 to 180°F) 11010 27 018 | Tez 0Ez | @13 | 0254
Thermal Effacts, % o w500y | a0 | mzo0) | ma7e | oaen | oo
anajrl:u £JD1S% FSOG 20 16.00 1346 | 1264 | 1270 | 1254 | o020
Sate Overload: 150% of capasity joE20) | mss0) | sz | oeony | psm | oois)
U himate Owerload: 300% of capaciy a0 o222 1020 12.07 woo | 1207 | 0284
Bridge Fesistance: 360 £ minimum i0.£75) | 0760 | mss0y | 020y | p.gen | onis)
Full Scale Deflection: 0.0011 0.003" 200 4445 | 9178 | 2640 | 205 | 3134 | 0361
5'5?%”@-3‘,' ﬁgjnnnde I_Etiijﬂrn b lewith 1730y | (1250 | 1000y | (1.380) | (23| 0mE)
cgmpgng:aiign bi=ard L] 0.8 2810 2.48 41.40 ar: 0rs2
Protection Clase: [P [2000) | (15000 | (12007 | (1630) | (1.470) | (0D030)
F-31

Source: http://www.omega.com/Pressure/pdf/LC307.pdf




1.3 Honeywell Load Cell

Model 73

PERFORMANCE SPECIFICAT KONS

MECHANICAL SPECIFICATIONS

Charactaristic =EE=0N =] Characharistic ez s ure

Load rarges® Sbo00b Wi aliowsb ke oad 200 FEE

hlon-linearity =01 % 1l ezl Weight Se=table

Hysersis =01 % 1l sczle Materal 17-4FH stainkss stesl
Mar-repeatabilie =003 % il scak Lite cvoles (approm) = 10 cyoles fully reversed
Catpt (okerance) 2 =05 % 1l scale Dedlaction Se=table

Cperation CoMmprEss on el freaency Se=table

Fesaltion Hlinite

Standard calbraton e oy 2™ RANGE CODES

Range Auvailable ranges | Range Available rmnges
ENVIRONMENTAL SPECIFICATIONS Code Code
Charactaristic 2 asum BN b i oo e
Temperatre, operating LT o 12 4T [E5F 1o 250 °F] BR b B =B
Temperatre, compensated | 15 %2 w071 %2 [B0F © 180 °F) tH =0b EL b
Ternperaire effect, Tero 0002 % il scalkefF ER fob EN oo b
Temperalne effect, span 0002 % il scakF i ook ER S0n b
oL 200 b ER 00 b

ELECTRICAL SPECIFICAT IONS [H 200 b ET 000 b
Charactarstic N2z s oe 4k Rl oo b
Stain guge Wpe Berded il DR S0 b FL 2000 b
Excitation (calbraton) 10 vde: or b

Irsulation resisarc= SO0 r b @ S0 Wde

g e e St el DEFLECTIONS AND RINGING FREQUENCIES
Zerobaknos (okmnoe) =1% fullzcalke Capacity (Ib) Dieflection @ | Matural ringing | Weight g
Shrt calbration da e P full zscale {in) | frequency (Hz) | (b
Electrical termination (std) | PTIH-10£F &0 el 0.0 4500 7R
S0 b0 b 4000 1o 2000 0o 2000 sl [24]
Electrical temination (std) | MSSHRE-1456F 000 1o 10000 0oe G000 TS
A0 b 200000 b [E3]
Mating connecion FTOSA-10-E5 or ecpb. (A4111) 1000 1o 2000 000z 0000 2050
£0 b 4o 2000 b (ot el ) [5£]
Mating conmecion MS30EA-145 65 (Aad21) FEOOD to 00000 | 0000 12000 SA42 40
2000 10 200000 b (rot incl) [z

150000 40 200000 | 0.005 14000 1202019

[265]
WIRING CODES

Cannectar Unarmplified {51d.)

& [+ ) Ezitation

E [+ ) Eazitation

r { -1 e ttion

o -1 e ation

E {-) ouputt

F [+ oot

2 Honeywall + Sarsing and Control

Source: http://content.honeywell.com/sensing/sensotec/pdf catalog08/008628-1-EN_Model 73.pdf




1.4 NexGen Tekscan FlexiForce A201 Variable Resistance Sensor
Specifications & Features

Physical Properties
Thickness 0.008" ((208mm)
Length 28" (203mm)
6" (152mm)
47 (102mmy)
27 (51mm)
Width 0.55" (14mm)
Sensing Area 0.375" diameter (9.53mm)
Connector 3-pin male square pin
Thickness 0.008" (.208mm)
Typical Performance
Linearity Error = +5%
Repeatability = +2 5% of full scale (conditioned sensor, 80% force applied)
Hysteresis = 4 5% of full scale (conditioned sensor, 80% force applied)
Drift = 5% per logarithmic time scale (constant load of 90% sensor rating)
Response Time = Bh microseconds
Operating Temperatures |15°F - 140°F (-9°C - 60°C)
Force Ranges 0-11b. (4.4 N)
0-25 Ibs. (110 N)
0-100 Ibs. (440 NJ*
Temperature Sensitivity | Output variance up to 0.2% per degree F (approx. 0.36% per degree C)

* See recommended drive circuit below. In order to measure forces above 100 Ibs. (up to 1000 Ibs.),
apply a lower drive voltage and reduce the resistance of the feedback resistor (1 k22 min).

Example of a FlexiForce Excitation Circuit

Vs =V " (R: /R;, )i where R, = R, +R,,

R, 1KQ R, 20KQ
-Gy
‘
J1 J2 . 1

Ry, g [:-}n P ) L] 1 Vo
SENSOR * ur BENSDR

3 P on 3PFn r "

Sarvscr Cannsctor == = IPn

T DV Connecior
V, = -G g—

A201 sensors can also be ordered in 27, 47, and 67 lengths for an additional fee.

Source: http://www.nexgenergo.com/ergonomics/tekscana201.html
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1.5 Measurement Specialties

FC23 Compression Load Cell

+ 50 —2000 Ibf Ranges

+ HighLevel or mif

+ Interchangeahble

+ CompactLoad Butlon Design
+*  Industry Standard P ackaging

STANDARD RANGES

Farge (=3
0 to 50 -
Oto 100 "
Oto 250 "
Oto SO0 "
Ot 1000 .
Ot 2000 .

PERFORMANCE SPECIFICATIONS

Suppiy Woitage: 5.0V, Ambient Temperature: 23°C [unies s otberwize specified]

FARAMETERS KN TYF Mad LINITS MOTE 3
Span (Unamplified) 25 100 105 ' 1
Span (Amplified ) 1B 4.0 4.2 W 1
Zema Force Output (LUnampliied) 20 1] il m 1
Zero Force Output (Amplified) 03 0.5 0.7 W 1
Focaracy (non linearity, hysteresis, and = pagiability) -1 1 & Span 2
Input Rasistance (Unamplified) 3 1]

Out put Resistance (Unampl fied) 12 b2

Temperature Bor - Span 1A 1 15 % Span 3
Tempersture Emar - Zero 2 A +1 25 % Span 3
Supply violtage (Unamplided) 2 b 10 W 1
Supply “Aakage Camplifiad) 332 H] 525 W 1
Re zponse Time (10% 0 907 1.0 me

Leng Termn Stability (1 wearh 11 % Span

hvla mimurm Owero ad it Fated

Lormpens ated | emperature u Al U

Operating Temparature =40 +Hi5 T

Storage Temp eratne -40 +25 T

Izolation Resistance (2500%dc) 50 A2

Dedection at Rated Load o5 mm

Hurridity 1] an ERH

feight 47 .23 grams

For eustonn configurations. consult factory.

Source: http://www.meas-spec.com/product/t product.aspx?id=2440
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J. DAQ Specifications

NATIONAL Machaloal Ssies
INSTRUMENTS (885) 5315288

i Enicam

NI USB-6008
12-Bit, 10 kS/s Low-Cost Multifunction DAQ

« @ analog inpuis | 12-06, 10 k&'s) - >

» 2 analag owipuls {1254, 150 S&); 12 digital VO, 320 counfer e

*  Bus.powersd for high mability; builkin signal connacivity |

«  DEM version avalable

»  Compatble with LabVIEW, LabiVindows'CV 1, and Masurament Studio for | Fﬁ“ i

Wisual Studa MET e

o NeDADmMx driver software and M| LaBVIE'W SignalExprass LE imlsracive

daiamliagging softwars e

Overview

Tha Mafonal insirumeanis US8-8008 provides besic data acquaifon funcionalily for applicafons such & simple data lagging, poriabla
masuranams, and academic lab apaimans. B s afordable fr student wsa, But powerful snough for more sophisfcatad
maasuramant appicaions. Usa fhe Nl USE-8008 with the included ready-icerun dafa logger softwars o bagin taking basic
mé ATUrama s in minu e, or program i wing LAVIE'W or T and $he included NEDADMx Bats messurament sanices safware for a
Susiom maasuramar ! sysiam.

To supplemant Smulaion, meassurameant, and automaion fieoy counsss with pracical axpaniments, Ml daveloped a USE-8008
Student K fir! includes a capy of tha LaBVIEW Swdant Edifon. These ki are exclusively for studen®s, giving $iam a powerful,
wecasl, hands«on baaming fodl. Visit e M| academis products page for mane datails.

For fasier sampling, more accurates mamursmanis, and higher channal count, comider $a Wi USE8210 and NI USS.8211
igh-pariarmance USE data asquisifion devicas.

Evary USE data ascquaifion madule includes a copy of NI LabVIEW SignalBEwpress LE oo you can quickly acquira, analyzs and
presart data withou! programming. In addifion ta LabVIE'W SignalBpress, UUSE data acquisifion devices are compafhla with fia
falloaing vartions (or kader) of M1 applica fon safware = LabWIEW 7 x, LabWindows ™ CV] 7 x, or Maauremant Sudia 7x. USE data
acquisifon madules are alts compadbla with Visual Studic NET, CAC++, and Visual Basic 8.
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K. Bill of Materials

Item Quantity Source Catalog Number Cost ($)

Pressure Sensor 2 Measurement Specialties, Inc. MSP-300-030-P-2-N-1 ~ 235.22
Force Sensor 2 Measurement Specialties, Inc.  FX1901-0001-0050-L 60.00
J-B Weld Mini Clear Epoxy 1 Ace Hardware N/A 4.49
#20 x 1/4” x 1” Bolts 4 Meijer MS-115 (148085) 0.97
#4 x 5/8” Wood Screws 6 Meijer N/A 0.97
#20 x 1/4" Nuts 4 Meijer N/A 0.97
1/4” Thick Fiberglass 2 ft* University of Michigan N/A N/A
1/8” Thick Fiberglass 0.5 ft* University of Michigan N/A N/A
Water Bottle 2 Meijer N/A 2.49
1/4” Rubber Plug 2 Jack’s Hardware 52025 0.17
7/16” O-Ring 2 Jack’s Hardware N/A 0.17
7/16” Female Nut 2 Jack’s Hardware N/A 4.00
24 Gauge Wire 50 ft Ace Hardware 30191 6.13
Operational Amplifier 1 University of Michigan LM324 N/A
Operational Amplifier 1 DigiKey ADG60 6.07
Soldering Board 1 Radio Shack N/A 10.00
Solder 1 University of Michigan N/A N/A
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L. FMEA

Potential Potential

Potential Canse/

Carrrent

Part Mumber, Name, Severity . Occurrence Dcsign Detection FRecommended BTN
& Frmetons Fadore | Liffoct of )  Mechanism of (o) Controls / )y Acrion =ESx0x™
Mode Failure , Failure omrets : ,
Tests
Imy et .
#2: Grasping Device prop Inspect dewice,
. ) . Rupmre i . assembly, Bl 10
C.nntainer. C.ontainer . Moise, flving N N . manually test by
from applicd T 7 manufacturing 2 withstand 5 2 . : 28
used to measure debris = R applving
pressire deferts, over psi
pressure change . pressure
stressing
Wisual Tisper
pecl
A a Edma.n.ﬂ_m& inspecrion of assembly,
Se MNoise, flving assemibly, . -
. o 5 ; 3 COonnCCenon, 2 manaully test by 30
Brealing debris manufacturing .
= PP manuzl applying
elecls tightness pressure
#3: Pressure L Researct Request safety
Sensor. TTzed to To rmch Faihwe of :E.cv.ﬂ . ﬂu....uEr 4 and fimctiomahity _
. . R @ selection of 3 fughabAruhinel 2 - 51
measure applied force (applied force device . test data from
A ) pressure gauge grasping force )
to grasping device supplier
. Failurc of . ﬁwoawl.g.gcw
e MT.MH device, 5 il E_Mu i . chec . & ¢ 3 Program etror 27
supplie assembly, 1 . 2
il possible fire - Bu..unn. on e checking
voltage _ program error wire
!/ sparks i
connections
Visual Visual
Tmproper  Possihle fire g Tmproper - inspection of A inspection of 32
Wiring ! sparks asscmbly - wirc B wire B
connections connections
#d4: Force Sensnor. T R h R equest safery
~ &r ecearc . .
Used to measure To much Faihwrc of H&.O@. . and functionakity
. . ; el selecdon of 3 maximinm z 54
applied force to applied force  device ne f test data from
pmching device pressire gange graspmg foree supplier
Program error
I Fathwc of I .H. Lo
e Mﬁw device, 5 il cﬂw i . - hnrm e £ 3 Program etror 27
supplie assembly, inspection o B 2
PE possible fire T P . checking
voltage program error wire
! gparks .
conncciions
Wisual Visual
Tmproper  Possihle fire g Tpropet - inspection nf 5 inspection of 32
wWiring ! sparks asscmbly - Wire - Wire -
connections connections
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M. Designsafe

Designsafe Report for Pinching Device Button Panel

designsafe Report
Appicalion:

Dazar prian

Procust lcentifiar
Fezpezment Typa
Limrs

Souroas

Zihehng Daviea

Dataiied

Analyst Mame(s):
Compary

Faazility Location!

Guice sartence: Whan doirg [taskl, the [Lsar] sould ba nued by the [hazad] due to the feilura mode].

nitial AsseEs Mant

Fina AsSSesEmen:

Sowvarity Sovarty Status |
Usar Hazard f Exposura Fiek Radustion Vatisde Exoosure Responsible
Tack =ail are Moda Probakil ty Risk Leval  /Commemnte Frobab liy Fek Loval  Fafoence
All Lsers machanica : pinch paint Slgnt Modarate Tiwed enclosures | bare's Minimal Lo
Al Tasks Jetween housng and buton  Remote Mane WIE 250 Team 12
Possizla Magligible
All Lsers nashanka : fatigue &lgnt Mederate Seest raterial with high yiele iliimal Loy
Al Tasks Septiflen o tasks Remate grargh Remae WME 450 Team 14
Possizk Ll bty
Al Lgers wiashanizal | bragc Jp during  Slgnt Las Seast rratarial with high yiels Misimial L
Al Tasks apeatisn Rerate grrargth Remae ME 250 Team 14
SHEessVe 1a00E applies by Litli< gty LIl bty
setiart
All Leers arjonomecs S human factors Sigot Wodarate irgruction manJals: mage ue Minimal Lo
Al Tasks ancescie forca | exertior Occasional patiant knows how ta proparly Remoe WIE 450 Team 14
=xcescyve jorca appliec by Fogzizie praform tagks Unlikahy
a2tiart
All Lsers argonomss S human fastors  Slgnt Mederate irsrudien mensals: mase sue Minimal Livw
Al Tasks wretiten Cocaskenal patient knows how ta properly Remae WME 450 Team 14
Varous tasks pefarmed by Posaink praform tesks Unlikety

xetarts




Designsafe Report for Pinching Device Walls (Fiberglass)

designsafe Report
Application:

Description:
Prawiict Idantifiar:
Assessment Type:

Lirnits:

Sources:

Finching Device

Cetailed

Analyst Mame(s):
Company:

Farility | featinn:

Guide santence: VWhan doing Tagk], the [use<] could be injuad by the [hazard] due 1o the [faiure moda].

Initial Assassmeant

Final Assessmarnt

Sevarity Sevarity Status /
Usar/ Hazard / Exposura Riek Rediction Methods Exposure Responsible
Task Failure Mode Probability Risk Lewval ICommeants Probability Risk Level Refarance
Al Usars mechanical @ crushing Slight Lovw Select material with high yield Minimal Lovw
Al Tagks Euckling under zinching force Remote strangth Reamaote ME 450 Team 14
Unlikeby Unlkely
Al Usars mechanical @ cutting / severing Slight Lovw Select material with high yield Minimal Lovw
Al Tagks Fractured pieces Remaote strangth Reamaote ME 450 Team 14
Unlikely Megligioe
Al Usars mechanical @ pinch paint Slight Maderate fixed enclxsures / barriers Minimal Lovw
Al Tagks Between housing and button  Remote Mane ME 450 Team 14
Possible Megligible
Al Usars mechanical @ stabbing / Minimal Lovw Router and sand the edges Minimal Lovw
All Tasks [UNCIUrS Ramate Mane WME 450 Team 14
Sharp comears Megligible Megligible
Al Usars meachanical @ fatigue Slight Maderate Select material with high fatigue  Minimal Lovw
Al Tagks Reptition of tasks Remaote strangth Reamaote ME 450 Team 14
Possible Unlkely
Al Usars mechanical | break up during  Slight Lovw Salect material with high yield Kinimal Loy
Al Tagks cperation Remaote strangth Reamaote ME 450 Team 14
Excessive force applied by Unlikeby Unl kely
patient
Al Usars ergonomics / human factars @ Slight Maderate instructior manuals: make sure Minimal Lovw
Al Tagks avcageiva forca | axartion O cagional patiant knywe how to praparly Ramota WME 480 Taam 14
Excessive force applied by Possible praform tasks Unlkely
patient
Al Usars ergonomics / human factars @ Slight Maderate instructior manuals: make sure Minimal Lovw
Al Tagks repatition ccasional patient knxws how to properly Reamaote ME 450 Team 14
arious tasks performed by Possible praform tasks Unlkely

patients
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Designsafe Report for Grasping Container (Bottle)

designsafe Report
Application:

Description:

Praduct Identifier:
Azsgsement Type:

Lirnits:

Sources:

Pinching Device

Detailed

Analyst Mame(s):
Company:

Facility Location:

Guide sentance: When doing [task], the [user] could be injured by the [hazard] due to the [failure maode].

Initial Assassmeant

Final Assessmant

Savarity Savarity Status |
Usar/ Hazard / Exposura Riek Reduction Methods Exposura Responsibla
Tagk Failure Mada Prasbability Figk Laval  ICammants Prabability Figk Laval  /Fefaranca
Al Usars mechanical @ pinch paint Slight Maderate fixed enclosures / barriars Minimal Lovw
Al Tasks Between housing and button  Remote Nane ME 450 Team 14
Possible Megligible
Al Usars mechanical @ fatigue Slight Maderate Selact material with high yield Minimal Lovw
Al Tasks Reptition of tasks Remaote strangth Reamaote ME 450 Team 14
Possible Unlikeby
Al Usars mechanical : break up during  Slight Lovw Selact material with high yield Minimal Lovw
Al Tasks oparation Remaote strangth Reamaote ME 450 Team 14
Excessive force applied by Unlikeby Unlikeby
patient
Al Usars ergonomics / human factors @ Slight Maderate instruction manuals: make sure Minimal Lovw
Al Tasks excessive force [ exertion Occasional patient knows how to propearly Reamaote ME 450 Team 14
Excessive force applied by Possible praform tasks Unlikeby
patiant
Al Usars ergonomics / human factors @ Slight Maderate instruction manuals: make sure Minimal Lovw
Al Tasks repatition Occasional patient knows how to propearly Reamaote ME 450 Team 14
“arious tasks performed by Possible praform tasks Unlikeby
patients
Al Usars fluid / pressure : high pressure Slight Maderate Use o-rings and glue seals Slight Lovw
All Tagks air Ramate Ramate ME 450 Team 14
Ruptured seal Possible Unlikeby




N. Horizontal Sliding Bars




O. Instruction Manual

Welcome!

Welcome to the hand manipulation portion of
ULTrA! This program will guide you through four
modules that will help assist in your rehabilitation
process. Each module can be reached by clicking
on the Module Tab on the top of your screen.
Please proceed through each module in numerical
order and complete the instructions provided.
All four modules will need to be completed twice,
once using the grasping device and again with the
pinching device.

Thanks and have fun!

Module One
1. To turn on the program click the Start

arrow at the top left of the screen

2. Then click the start button on the before
picking up the device.

3. Pick up the device and grasp/pinch as hard
as possible until the light on the screen is
goes out

4. Return the device to the table

Congratulations you have completed Module One!

Module Two
1. Once you have completed Module One and
are ready to begin Module Two Click the
start button before picking up the device.

START

Grasp/Pinch the device until the first light
is illuminated. The bar will move to the
right as you grasp/pinch the device. The
light will illuminate when you have
provide enough force to get the sliding bar
into the gates. The color of the bar will
indicate which gate to move to next.

After the first light is illuminated, maintain
hold until the second light is illuminated.
This indicates you’ve held the correct force
for the required amount of time.

After the second light is illuminated,
release the device so the slider returns back
to the beginning.

Repeat steps 2-4 for the next two gates.
After getting the final light to illuminate
for the third gate, return the device to the
table.

b

Congratulations you have completed Module Two!

Module Three
1. Once you have completed Module One and
Module Two Click the start button before
picking up the device.

START

Pick up one device in each hand.
Grasp/Pinch both devices until the first
light is illuminated. The bars will move to
the right as you grasp/pinch the device. The
light will illuminate when you provide
enough force to get both sliding bars into
the same gate. The color of the bars will
indicate which gate to move to next.

After the first light is illuminated, maintain
hold until the second light is illuminated.
This indicates you’ve held the correct force
for the required amount of time.

After the second light is illuminated,
release both devices so the sliders return
back to the beginning.

Repeat steps 3-5 for the next two gates.
After getting the final light to illuminate
for the third gate, return the devices to the
table.

Congratulations you have completed Module
Three!

Module Four
1.  Once you have completed Module One,
Two and Three Click the start button
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before picking up the device

START

Pick up one device in each hand.
Grasp/Pinch one device until the first light
is illuminated. The color of the bars will
indicate which gate to move to next.

Once the first light is illuminated, release
hold and then grasp/pinch with the other
hand immediately until the other sliding
bar reaches the gate and the second light
illuminates.

Note: The lights will not illuminate if the second
sliding bar is begin grasped/pinched i.e. you can
only grasp/pinch one device at a time.

5.

o

Once both lights are illuminated, release
your hold on the second device and
grasp/pinch the first device.
Repeat steps 3-5 for the next two gates.
After getting the final light to illuminate
for the third gate, return the devices to the
table and press the Program Complete
button

|ProGRAM compLETE!

Congratulations you have completed
Module Four!

After completing modules one — four with both the
pinching and grasping devices, you have completed
the program.

CONGRATULATIONS!
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P. CAD Drawing for the Laser Cuter

This section shows the necessary CAD drawings created to use the laser cutter and cut out the pieces.
P.1 CAD Drawing for the Pinching Device

ORI - o
| N
1] ° Jlo o
0| o

P.2 CAD Drawing for the Lip of the Pinching Device
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Q.1 Data Sheet for AD620

ANALOG
DEVICES

Low Cost Low Power
Instrumentation Amplifier

AD620

FEATURES
Easy to uss

‘Gain sot with one external resistor

|Gain range 1 1o 10,000)

Wide power supply range [+2.3 Via 218 V)

Higher performance than 3 op amp 1A designs

Avallable in B-lead DIF and 501C packaging

Low power, 1.3 mA max supply current
Excellent de performance (B grade)

50 pV max, input offset voltage

06 W C ma, inpat offser drift

1.0 nA ma, nput blas current

1040 dié min common-mede rejection ratho (G =10
Low nolse

9 nV/VHz @ 1 kHz, input voltage nolse

0.28 pV p-p notse (0.1 Hz to 10 Hz)
Excellent ac specifications

120 kHz bandwidth |G = 100]

15 ps settling time to 0L01%

APPLICATIONS

‘Weigh scales

ECG and medical instrumentation
Tranzducer interface

Data acquisition systams

Industrial process controls
Battery-powered and portable equipment

P id
\
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i
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i
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Figure 2. Theee Op Amp 4 Devigrs vs, ADG20
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CONMNECTION DIAGRAM
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an [3—4 %] oureur

TP VIEW B

Figure 18- Lood POV (), CERDNP #H, crd SOHC () Packages
PRODUCT DESCRIPTION

The AIG20 is a bow cost. lgh accuracy instrumentation
.l.m;r]'r.l'u-r that L uuh‘ one externa] reststor o set Hasms af
1 o D00, Furthermore, the ADEM features 8-lead SOIC and
mp puda.gmg that is smaller than diserete ll.uuu!u and affers
lower power (only 1.3 mA max supply current), making it a
good i for battery. powered, portable {or remote) applications.

The ATW20, with its high accuracy of 40 ppm maximuam
nonlinearity, low offset voltage of 50 @V max., and offset drift of
6 VL max. is ideal for use in precision data acquisition
systems, such as weigh scabes and transducer interfaces
Furthermore. the kow notse, bow mput biss current. and bow power
of the AD620 make it well suited for medical apphications. such

as FUG and noninvasive blood pressure moniiors.

The low input beas current of 1.0 nA max is made possible with
the use of Superileta processing in the input stage. The AD820
wowks well as a preamplifier due to its low input voltage notse of
Sn¥AiHzat | kHe, 0,28 gV PP im ithe .1 Hz to 10 Hz band,
and 01 pASYHz input current nobse. Also, the ADED is well
suited for mubtiplezed applications with its settling time of 15 ps
i 0001 %, amd ifs cost is low enough o enable desigmi with one
m-amp per channel

l v

i "'/f &
=

e

BOUACH RT3

Figure 3. Tatof Volktoge Noiw vi. Sowce Reshtance

Ome Technology Way, PO Box 0108, Morweod, MA 03063-0104, ULSA.
Tl TH1. 0204700 ey 3 alng . oem
Fax: T8 208703 i« 2004 Analog Devices, inc. &l rights reserved,
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AD620

SPECIFICATIONS

Typical @ 25°C, Vi = £15 W, and Fa = 2 ki1, unless otherwise noted
Tahbe 1.

AL 204 ADGIOB ADEHS!
Paramater Conditions | Min Typ Max Min Typ Max Min Typ Max Uit
GAIM G=1+ {494 k(1 Rc)
Gairn Rafngs 1 10,000 1 10,000 1 10000
Gain B’ Vour = 210V
G=1 a3 00 o1 042 ooz Q10 %
G=10 @15 030 oamlm  als 0I5 030 L]
Gz 100 @15 030 g al1s oS 030 %
G= 1000 040 0T 035 050 G40 0T %
Nonlinearity Var=-10Vto =10V
G=1-1000 Ro= 10k 10 & [} 40 11} 40 ppm
G=1-100 A= 2 kil 1o 85 10 a5 1] 95 ppm
Gain vs. Temperature
G=1 10 ] 10 PP
Gain »1* =50 -50 =50 POMTC
WOLTAGE OFFSET (Total BTl Emol =Wom 4 VimaG)
Input Offset, Vis: Vo= 45W £/ I L 15 50 w5 v
tos15Y
Ovemempearature V=2V 185 a5 5 v
tox 15V
Awerage TC Va=alV 0.3 1] ol 06 03 10 WVeC
tox 15V
Output Offsart, Voo Ve=z15V 400 1000 00 500 400 1000 W
V=28V 1500 750 1500 v
yermemparature V=25V 000 1000 2000 50}
tox 15V
Hverage TC Vi=25V 50 15 5 To 50 15 WL
to£ 15V
Offist Rafarmed 1o the
Input vs. Supply (PSR} | V=223V
m=1BY
Gzl EO 100 BO 100 B 100 dB
G=10 s 130 100 120 o5 120 di
= 100 LR [] 140 120 140 110 140 di
3= 1000 10 140 120 140 110 140 o
INFUT CURRENT
Input Bias Current 05 20 s 10 s 1 n&
Cheeriemparature 15 1.5 4 n&
Average TC 0 £l B0 pA~C
Inpit Ofset Curmant 03 14 03 05 03 1.0 nA
Oweremperature 15 075 20 nA
dverage TC 15 15 B pAC
INFUT
Input Impadancs
Diffarantial 102 10jj2 10)12 GI_pF
Common-Maoda [iF] 1ojj2 102 GI_pF
mnmww Ve=+23W |-¥+10 +5-12 “Ve+ 14 + =12 =W+ 10 +%-12 W
=5V
Chsrtemparature =W+ 2.1 +5-13 -+ 21 +W-13 W+ 21 #%-132 |V
Viz+5W =+ 1.0 +WHh-14 W+ 149 +W— 14 Wi+ 19 +-14 |V
w1V
DM parature N5+ 21 +H-14 ¥+ 2.1 +Ws+ 11 Wi+ 23 +H-14 |V

ey G | Page 3 of 10
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AD620

ADGZOA ADGIOR AD&205'
Parametar Conditions | Min Typ  Max Min Typ Max Min Typ Max Unit
Common-Mode Resaction
Ratio DC to 60 Hz with |
1 k) Sounce Imbalance | Vau=0Viox 10V
G=1 71 ] 80 a0 73 90 dé
G=10 a3 110 100 10 a3 110 dB
G=T100 110 130 120 120 1o 130 dB
&= 1000 110 130 120 120 110 130 dB
OUTFUT
Dutput Swing A= 10002
Wi=223V | Wt =12 | W+ =12 | m+10 Wh-12 | ¥
we5V L1
eenemparature W+ 14 Mh-13 | W41 13 | W+1E W-13 ¥
V=25V [ -Wws12 -4 | W12 -4 | w4z -4 |V
w18V
Orwenemperature =W+ 16 =15 =Vu+ 16 +Wy=15 ¥+ 23 +W=15 |V
Short Cinouit Curnent =15 «18 «18 mA
D MAMIC RESPONSE
Small Sgnal -3 08 Bandwidth
G=1 104060 1000 1000 kHz
G=10 BOO S00 BiDD kHz
G= 100 120 120 120 kHz
G = 1000 12 12 12 kHz
Slew Rats 0TS 12 0TS 12 0.75 12 LT3
Satting Tmato 0.01% | 10V Step
G=1-100 15 15 15 s
3= 1000 150 150 150 M5
HOISE
Voltage Noise, 1 kkz Total RTT Noise = ofica b+ ir_ 1GF
Inpul, Volage Mol dn @ 12 o9 13 @ 13 i/ HZ
Dutput, Volzago Baise, u, 72100 72 1M 7100 AN HE
AT, 0.1 Heto MO HE
G=1 0 &0 &0 W pp
G=10 055 0ss 08 055 08 W pp
G = 100-1000 028 0xe 04 0xE 04 W pp
Current Moise f=1kHz 100 100 100 T
0.1 Hzto 10 Hz ] j[1] 2] péA pp
REFEREMCE INPUIT
L™ 20 pai) 0 Kl
[ ™ Woi, Ve =10 50 &0 50 L] 50 & A
Voltage Range =¥ ¢ 16 W= 16 =W+ 16 W= 16 =Wy + 1.6 W= 16 W
Galn to Cutput 1 < DU 1 20,0001 1 & 00001
POWER SUFPLY
Operating Range* £33 =18 £23 =18 +13 =18 ¥
Dubesosnt Curmant Wy=223IV o9 13 o9 13 o9 13 m#i
tos1BY
_M‘Imw 1.1 15 1.1 1.6 1.1 1.5 mA
TEMPERATURE RANGE
For Specified Performance =40 to +85 =40 to +85 =55to +135 “C

' See Analog Devces military dats hest for B3I 1eated specification.
! Doses nat inchude effects of extermal resistor R

* e input grounded G = 1.

* This is defired 2t thie came supply range that is used o specity PSR

Rev. G | Page 4ol 10
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ADE20

ABSOLUTE MAXIMUM RATINGS

Siresses above those listed under Absolule Maximuwm Ratings

Table 2
FParameter Rating
Supply Voltage 18V
Internal Power Dissipation' G50 MWW
Input Voltags [Comman-Mods) W
Differential Input Violtsge 5V
Dutput Shon-Circuit Duration Indefinite
Storage Terngerature Range () ~65"C to +150°C
Storage Temperature Range (M, R) =657C to +125°C
Operating Temperature Range
ADE20 (A, B) A0C to +85°C
ADB20 () =55°C to +125°C
Lead Temperature Range
(Soldering 10 seconds) 300°C

may cause permanent damage to the device, This is a stress
rating only; functional operation of the device at these or any
other condition s above those indicated in the operational
section of this specification is not implied. Exposure to absodute
maximam rating condiions for extended periods may affect
device reliability,

| Speacification i for devics in fres air
B-Lesd Plastic Pachage @l = 957
B-Lead CERDIP Package: Bs = 1107
B-Lead 500 Padiage 8s = 155T

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily accumulate on the
hurran body and test equipment and can discharge without detection. Although this produect features
propeietary ESD protection circultry, pesmanent damage may ooour on devices subjected to high energy
electrostatic dischangss. Therefors, propesr ESD precautions are recommended to avoid performance
degradation or loss of functionality.

Rep G | Page 5 af 10
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AD620

Ry oy CUITPUT

'FOR CHF AP PLICATIONG: THE PADS IR, AHD BR; WUTT BE COMHECTED N PARALLEL
T THE EXTERRAL. GARN REGETER Ry OO HOT COMSECT THEN ™ SERER TO Ry FOR
UHITY AN SPPLICATIONS WHERE i, B3 KOT RECUMED, THE FADE SR, MAT BAMLY
UE BIMDLD TOGETHER, AS WELL AS THE PADS SH;

Fgure 4. MetaMzation Phcdograph
Dimensions st i inches and (mm).

Contac sakes for karest dimensions
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AD620

TYPICAL PERFORMANCE CHARACTERISTICS

(@ 259, Vi = £15 V. Ry = 2 ki, unless otherwise noted.)

= | I L
| SampLE SI2E = 360

PERCEMTAGE OF LMITE

- =i Ll o L]
IRPUT OFFSET WOLTAGE [24)

Figure 5. Tipical Dvstribumion of inpur OWset Voge
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Figure 0. Woitage Node Spectral Density vs. Frequency iG = 1 - Igd)
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AD620
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Figure 19, Gain v, Fraquency Figure 72, Dutpes Voltage Swing vs, Supply Voltege G =10
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OUTPUT WOLTAGE SWING (V p-pl

30
Vg = 215V
G=10
20
10 /,
.--.-""/
|
0
] 100 1k 10k
LOAD RESISTANCE |22

Figure 23. Output Voltoge Swing vs. Load Resistance

Figure 24. Large Signal Pulse Response and Settling Time
G=1{05mV=001%)

[

Figure 25. Small Signal Response, G =1, Ru=2 k), G = 100 pF

[

Figure 26. Large Signal Response and Settling Tim

Figure 27. Smalil Signal Response, G= 18, fu= 2k, & = 100 pF

Figure 28. Large Signal Response and Settling Time, G = 100 (0.5 mV = 0.01%)
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20
" 15 TO0.01%
3 TO 0.1%
¥
E
o 10
2
3
e
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o
5
]
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OUTPUT STEP SIZE (V]
Figure 32. Settling Time vs. Step Size (G=1)
1000
10 /
o
=
(-]
z
P
¥
1
1 10 100 1000
GAIN 5
Figure 30, Large Signal Response and Settling Time, Figure 33, Settfing Time to 0.01% vs. Gain, for a 10V Step
G=1000{05mV=001%)
a
Figure 31. Smail Signal Pulse Response, G = 1000, Ry =2 k0, C = 100 pF Agure 34. Gain Nonlinearity, G= 1, Ry = 10k} {10 pV = | ppm)
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Figure Jd
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AD620

THEORY OF OPERATION

Fgure 38 Smpiifisd Schematic of ADSI0

The A0 is a monolithic instrumentation amplifier hased on
a mesdification of the classic three op amp approach. Absobute
value trimming allows the user to program gain accuretedy

[be @, 05% ot (o = 100) with only one ressstor, Monolithic
construction and laser wafer trimming allow the tight matching
and tracking of circult components, thus ensuring the high level
of performance inherent i this crouit.

The inpat transistors ()1 and Q2 provide a single differential-
pair bipalar input for high precision (Figure 38), yet offer 10x
lowwrer input bias current thanks to Superficta processing.
Feedback through the (31-A1-R1 loop and the (J2-A2-K2 loop
maintains constant collector current of the inpat devices (01
and Q2, thereby impressing the input voltage across the external
g:in mﬂinﬁmﬁuﬂc.'“mmdn a differential gl.i.llfm the
inputs to the AVA2 outpuis given by &= (RI + R2)/Rg + 1. The
unity-gain subtractor, A3, removes amy common-mode signal,
yiehding a single-ended output referred 1o the REF pin potential.

The value of R aleo determines the iransconductance of the
preamp siage. As Fy is reduced for larger gains, the
transcomductance incresses asymplotically (o that of the inpat
transistors. This has three important advantages: (a) Open-hoop
gain is boosted for increasing programmed gain, thus reducing
gain related errors. (b) The gain-bandwidth prodact
{determined by C1 and C2 and the preamp transconductance)
increases with programmed gain, thus optimizing freqaency
response, (0] The input voliage noise is reduced to a value of

& nW/Hz. determined mainly by the callector current and base
resistance of the input devices.

The imternal gain resistors. R and B2, are trimmed fo an
absolute value of 24.7 k{}, allowing the gain to be programmed
m:n:luid'r witha :inllcull:r.rnl resislon

The gain equation is then

49,4402
=—_—

G 1

43,400
G-1

Make vs. Buy: a Typical Bridge Application Error Budget
The AD620 offers improved performance over “homebrew™
three op amp 1A designs, along with smaller size, fewer
components, and 106 lower supply owrrent. In the typical
application, shown in Figure 3%, a gain of 100 is required to
amplify & bridge cuiput of 20 m¥ full-scale over the industrial
temperature range of —40°C o +85°C. Table 3 shows how to
caboulate the effect various error sources have on circuit

ACCUTACY.

Rew, G | Page 13.0d 20
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Regardbess of the system in which it is being used, the ADé20
provides greater accuracy at low power and price. [n simple
systems, absolate accuracy and dnift errors are by far the most
ngniﬁﬂ.ntcnrnrium 1o error. In maore complex. systems
with an intelligent processor, an antogain/awtozers cycle will
remawe all absolute sccuracy and drifl errors, kaving only the
resolution errors of gain, nonlinearily, and noise, thus allowing
full 14- bt sccuracy.

MNote that for the homebrew circuit, the OPO7 specifications for
input voltage offset and noise have been mubtiplied by V2. This
is because a three op amp type in-amp has two of amps at iis
inputs. both contributing to the overall inpat error.

Figure 7. Make vs. Buy
Table 3. Make vs. Buy Error Budget
Error, ppm of Full Scale
[Error Source ADE20 Chroudt Calculation “Homebrew™ Circuit Caloulation ADED Hoemebraw
ABSDILUTE AMCOURACY 3t Ta=257C
Ingut Offsst Valtaga, uv 125 VIR0 mv (150 ¥ ¢ 220 mv 6,250 10,607
Output Offsat Voltage, v 1000 i 100 mVi20 m (TU50 uV = 2100020 mv 500 150
lIingut Offset Current, nA 2 nfl %350 O30 mV 16 mf 350 (70 mv 18 53
CME, dB 110 dB{3.16 ppmi =5 W20 my 10.02% Match x 5 V20 mivi 100 ™ 500
Tatal Absolute Emmor 7550 11,310
DRIFTTO 85°C
Gain Drif, ppm~C {50 ppm + 10 ppm) =60 100 ppmy™C Trak = G0FC 3600 6000
Inpurt Offsiet Voltage Drift, pi™C 1 uvmC = BORC 20 my (2.5 pviC = +f2 % 60°C)H20 mv 3,000 10,607
Output Offset Voltage Diift, pv=C 15 ™ GOFCAID0 mV0O mV | (2.5 pviPC a0 2 o G0FCH 100 mvy 20 mv 450 150
Tatal Drift Ernor 7,050 16,757
RESOLLMION
Gain Monlinearity, ppem of Full Scake &0 ppm &0 ppm a0 a0
Typ 01 He 1o 10 Hz Voltage Moise, i g | 028 i ppi20 my 10,38 ¥ pep ¢ W20 mv 14 b
Tatal Resolution Emar 54 &7
Grand Total Error 14 563 28134

G 100, W= 15 W,
A e are mrindmae aed relleried 15 inpet)
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Figure 40, A Pressure Menitor Cireuit hat Operates on o 5 W Single Suppiy

Pressure Measurement

Alhough uselul in many bridge applications, such as weigh
scabes, the ADG20 is especially suitable for higher resistance
pressune sensors powered at lower voltages where small size and
Jowr power become more significant.

Figure 40 shows a 3 kil pressure transducer bridge powered
from 5 V. Insuch a circuit, the bridge consumes only 1.7 mA.
Adding the ADé620 and a buffered voltage divider allows the
signal to be conditioned for only 3.8 mA of tolal supply current.

Srmall size amd low cost make the AD6G20 aspecially atiractive los
voltage output pressure transducers. Since it delivers bow noise
and drift, it will also serve applhications such as diagnostic
noninvasive blood pressure measurement.

Medical ECG

The low current noise of the ADG30 allows its use in BCG
meonitors {Figure 41) where high source resistances of 1 MO or
higher are not uncommon. The ADG20%E low power, low supply
voltage requirements. and space-saving 8-lead mini-DNF and
SOIC package offerings make it an excellent choice for battery-
powered data recorders.

Farthermore, the low bias currents and bow current noise,
coupled with the low woltage noise of the ADe20, improve the
dynamic range for better performance.

The walue of capacitor C1 is chosen o maintain stabality of
the right leg drive loop. Proper safeguands, such as isolation.
must be added to this circait to proect the patient from
possible harm.

Figure 41, A Medical ECG Monitor Cirouit
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AD620

Precislon V- Converter

The AD620, along with ancther op amip and two resistors,
makes a precision current source (Figare 42). The op amp
baffers the reference terminal io maintain good CME. The
oukpul voltage, Vy, of the AIM20 appears across BRI, which
conwerts it bo a curment. This carrent, kess only the inpat bias
current of the op amp, then flows out o the load.

L
e om @!

Figure 42. Precision Volage.bo-Currenl Comverner (Operaties an 1.8md, £3V)

GAIN SELECTION

Thﬂl}ﬁm'ip.m B mkuu'-pu':‘r:.rmn:d by B or msore
precisely, by whatever impedance appears between Pins | and 8.
The AD620 is designed Lo offer acourate gains using 0.1% o 1%
resisiors. Table 4 shows required values of B; for variows gains.
Mode that for G = 1, the B: pins are unconnected (He = =). For
any arbitrary gain, B, can be calculated by wsing the formula:

49450

Ra=—o

Tr minimize gain error, avoid high parasitic resistance in series
with R to minimize gain drift, o should have a low TC—less
than 10 ppm/™C—for the best performance.

Table 4. Required Valwes of Gain Resistors

1% St Table Calculated | 0.1% Std Table | Calculated
WValua af Byl Galn Value of Ryl ) | Galn
499k 1.9%0 453k 1002
124k 4904 124k 4,904
540k 0.908 549k f.008
261k 1953 261k 1993
1.00k 5040 101k 4991
499 1000 459 1000
249 1994 249 1994
00 4350 963 5010
49.9 91.0 45.3 1,003.0

INPUT AND QUTPUT OFFSET VOLTAGE

The low errors ol the ADE2D are aliribuated Lo lwo sources,
input and output errors. The output error is divided by G when
referred to the input. In practice, the input errors dominate at
high gains, and the ouwipul errors dominate al low gains. The
toital Vos for a given gain is caloulated as

Total Ervar RTI = empul ervor + (outpid errori()
Total Ervar RTO = {mput evror = G) + outjpuf error

REFEREMCE TERMINAL

The reference terminal potential defines the zero output voltage
and s especially useful when the load does not share a precise
ground with the rest af the system, It provides a direct mcans of
injecting a precise offset 1o the outpul, with an allowable range
af 2 V within the supply valtages. Parssitie resistance should he
kept 1o & minimem for optimwm CME.

INPUT PROTECTION

Thie ADa20 featwres 4040 [} of series thin film resistance at its
inputs and will safely withstand input overloads of up to 215 V
or 460 mA for several bours. This is true for all gains and power
on and off, which is particulardy important since the signal
source and amplifier may be powered scparately. For longer
time periods, the current should not exceed & mA,

(1= 5 Ve300 (1), For input overloads beyond the supplics,
clamping the inpuls 1o the supplies (using a low leakage diode
suich & an FD333) will reduce the required resistance, yielding
livwer moise.

RF INTERFERENCE

All instrumentation amplifiers rectify small owl of band signals.
The disturbance may appear a8 a small de vollage offzel High
frequincy signals can be fltered with a low pass B-C network
placed at the imput of the instrumentation amplifier. Figare 43
demonstrates such a configuration. The filter limits the inpat
signal according to the fillowing relationship:

. I
F#ITFII.'E e
' B ™ BB, + )

. |
FilterFreq ey = ToRC
T

where Cp 2 10C:

Co affects the difference signal. Coaffects the common. mode
signal. Anmy mismatch in B = Cc will degrade the ADw20%s
CMER To avoid inadwertently reducing CMBR-bandwidth
performance, make sure that Cc is at least one magnitwde
emaller than Co. The effect of mismatched Ces s reduced with a
larger ol ratin,

Rev G | Page 1600 20




AD620

Figure 42, Gircurt to Afenaale RF Inferfasance
COMMON-MODE REJECTION

Instrumentation amplifiers, such as the ADG20, offer high
CMR, which 15 2 measure of the change in sutput voltage when
bath inputs are v:h.l.ngﬂl.lq:qm] amounts. These lpev:ii"u:.ﬂiun.l.
an:usua]l:}'pmn for a ‘IIIJ-H.DF irrplu 'mlagrd'nrlﬁ and a
specilied source imbalance.

For optimal CME, the reference terminal should be tied to a
low imped.:.rtepninl.,andd:il'ﬁmnm:in npa:'l.:.n:eaml
resistance should be kept to a minimum between the two
inputs. In many applications, shielded cables are used 10
minimipe noise; for best CME over freguency, the shield
shiould be properly driven. Figure 44 and Figure 45 show active
idata guards that are configured to improve ac common-mode
rejections by “hootstrapping” the capacitances of input cable
shiclds, thus minimizing the capacitance mismatch between the
inputs.

Fgure 45, Common-Miodk Shigid Dviwer
GROUNDING
Since the ADWGID output voltage is developed with respect o the
potential on the reference terminal, it can solve many
grounding problems by simply tying the REF pin to the
appropriate “local groand”
To isolate low level analog signals from a noisy digital
environment, many data-acquisition components have separate
analog and digital ground pins {Figane 46). It would be
comvenient o use a single groand line; however. current
through ground wires and PL runs of the circuit card can cause
hundreds of millvolts of ermor. Therelore, scparate ground
relurns :J'buulclheprmi.dednu minimizre the curment (low from
the sensitive pui.lﬂln-lhe:pl:mgnmn:l. '“l.ﬂrgmundrdulm
must be tied together 31 some point, ussally best al the ATHC
package shown in Figure 46.
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AD620

GROUND RETURNS FOR INPUT BIAS CURRENTS

Imput bias currents are those currents necessary fo bias the
inpist transistors of an amplafier. There mist be a direct return
path for these currents. Therefore, when ampilying “loating™
input sources, such as transformers o ac.coapled sources, there
must be a de path from each imput 1o ground, a5 shown in
Figure 47, Figure 48, and Figure 49. Refer to A Desigrers Guide
fo Instrumentation Amplifiers (free from Analog Devices) for
mare information regarding in-amp applications.

TO POWER E

Figuve 47, Ground Returns for Bies Cments wich fronstomer-Loupled inpurs

TO POWER
SLERLY
RO

Figuwe 481 Groend Returms Sor Bis Curments with Thermodouple Inputs

Figuare 49 Grond Returns for s Cuments with AC-Coupled inputs

Rew, G | Page 1§ ol 20
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AD620

OUTLINE DIMENSIONS
B,

L 1)

[ Fih T
T
R

COMMAHT T JEDEC FTAHDLEGE SES0 1AL

ARE FBOURDED-OFF el DoUfALEWTE FOR
BEFEEEROE DL 7 AND ARE mOT APFRCFRIATE FORA UEE P CEda0N.
CORREE LEADE N T G5 CORFRIURID &8 WiOLE OF HidF LEADS.

Figure 50. 8L ead Phastic Dual bo.Line Pockage [POWP]

Mot By N.a)

Dimensions shown in inches and imilimensrs)

EBESEN DO
=

225 fuuseny) CE e ~ i

N ) Lol
COPLARSRITY ol b L)
- R s

COMIPLIANT TO m:nwm Hg-ipas
COMTROLLING DIMEMSICHS AAE N MILLIMETERS, BICH EEN SI0NS

N FARENTHERER) ARE ROUND OD-0FF MILLIMETER EQUNALENTS FOR
AEFEMENCE DALY AND ARE NOT LPPRDFTOATE FOR USE IN DESKGN

Figure 52 8-Leod Standard Small Dutline Package [SOIC]

Norrow Bocly (0-8)
Dumensions shown in milimernens and dnches)

L)
LE- 1 RE T,
tuoen L83 i ILED]
L o
L% a1
- GBS L8
HCATING
PLANE 1’5 0LDOE j0.20)

AT EoEs) e RLAOED OFE Bk Elnya S oo

Figure 51. 8-Leod Cesamsc Dua in-Line Peckoge [(CERDIP] (-5
Limensions shown in inches and imilmeners)
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AD620

ORDERING GUIDE

Maddeal Temperature Range Package Option”
ADG20AN —40°C o +85°C W8
ADG20ANT? —40C o +85°C H-B
ADGI0EN =40°C o +85°C H-B
ADG20ENI’ =40C to +85°C H-B
ADE20AR 40°C 1o +85°C U8
ADEIOARI? A0 to +85°C R-8
ADEI0AR-REEL ~40rC to +85°C 13" REEL
ADE0ART-REEL’ —40FC to +85°C 13" REEL
ADEOAR-REELT —40FC to +85°C 7" REEL
ADEIOART-REELTY —40°C to +85°C 7 REEL
ADGI0BR —40°C 1o +85°C ]
ADG20BAZ —40°C to +85°C R-B
ADG20ER-REEL =40°C to +85°C 13" REEL
ADG20BAZ-RL? =40rC to +857C 13" REEL
ADG20BR-REELT A0 to +85°C 7 REEL
ADSIOBAZ-RT A0 to +85°C T REEL
ADEI0ACHIFS =407C to +85°C Die Form
ADETS0BEIE ~55"Cto+125°C o8

' M = Plastic DIP; {1 = CERDHF; R = SONC.

I'E = Ph-fres part.

& 0 Analoq Dewmoel, W Al nghts resereid  Trademarc
and regunered Tademarks are e propeTy of Thes TEecTe (Wi,
COOTTE-0- 12

ANALOG
DEVICES
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Q.2 Data Sheet for LM324

I
FAIRCHILD
I

SEmMICONDIUCTOR®

www fairchildsemi.com

LM2902,LM324/LM324A,LM224/

LM224A
Quad Operational Amplifier

Features
Internally Frequency Compensated for Unsty Gain

&

Large DC Voltage Gain: 10048
Wide Power Supply Banpe:

Description
The LAMEI4TMI24A TMIO02 IMI2HTMIZ4A consist of
compensated operations] smplifiers which were desgned

LMIMIAME4A TMIZTME4A - IV-32V for 1.5~ specifically to operate from a single power supply over a

16y
LW 3W--26°0 {or £1.5V ~ 13V

Ioput Comemon Mode Voltage Range Inchades Ground
Large Cutput Voltage Swing: UV to ViOC -1.5V
* Power Drain Suitable for Battery Operation

Internal Block Diagram

wide voltage range. operabion from splst power supplies =5
also possible 5o long as the difference betwreen the two

supplies 15 3 volts to 30 volts, Application aress inchude
transchecer amplifier. DC gain blocks and all the
comventicnal OF Amp cirenits which now can be eauly
impdemsented oy single power supply systems.

14-DaP

) a—

oUT1/ —14)0uT4
M1 )] i /1 __f_’ '_1'3__ B )
11 (+) 3_1 —LI4|— . . el ‘—[_ .1Iij M4 (+)
Voo dl 1l‘l GHD
N2 (+)] :5—_|... ~+|_—.1IEI IN3 (4]
M2 ) EJ_\I 2 33 - 9 I3 ()
auTz ;' - h 8 ouTs
| |
Rev 1.04
£2002 Faichind Semissrdlucion Comparation
LN N J
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LMZa02 L M3241LM324A | M22471 M224A

Schematic Diagram

(One Section Only)
VCC O 3 ‘ .
i ]
: : 17
S : _ r_.é.g

s 31-1 it
NG —ar -4T_D‘..:;TF'.JT
L >
ar’} e '
o Jﬁag ais} ?014 CL
GND ]‘ 1 1 1 1
Absolute Maximum Ratings
Parameter Symbol | LM224/LM224A | LM324/LM324A LM2902 Unit
Power Supply Voltage Veo +160r 32 +16 0r 32 +130r 26 v
Differential Input Voltage VI{DIFF} 32 32 26 v
Input Voltage W) -0.3to +32 0.3 to +32 0.3t0+26 %
Output Short Circuit to GND : 3 ’
Vecs15V, Ta=25°Clone Amp) - Continuous Continuous Continuous -
Power Dissipation, Ta=25"C
14-DIP Po 1310 1310 1310 mW
14-50P 640 640 640
Operating Temperature Range| TopPR -25~+85 0~+70 -40 ~ +85 C
Storage Temperature Range Tste -65 ~+150 -65 ~ +150 -65 ~ +150 °C
Thermal Data

Parameter Symbol Value Unit
Thermal Resistance Junction-Ambient Max.
14-DIP Reja 95 “CIW
14-50P 195
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LM2302 LM324/L M324A | M224/L M224A

Electrical Characteristics
(Wee = 5.0V, VEe = GND, Ta = 25°C, unless otherwise specified)

- LM224 LM324 LM2902 )
Parameter Symbol Conditions - - . Unit
Min.| Typ. |Max. |Min. | Typ. |Max.| Min. | Typ. (Max.
Vem =0 to Voo
Input Offset -1.5V ; z ;
Voltage Vio Vore) = 1.4V, Rs - 16 (60| - 16|70 16 |70 | mV
=00 (Notel)
Input Offset _
Curcont lio Vem =0V - (2030 - | 30| &0 30|50 | nA
Input Bias Current| lgias | Vom =0V - | 40 [150( - | 40 | 250 40 | 250 | nA
Input Common- v, Vee Vee
Mode Voltage Vi) | Note 0| - fg 0|-15 0 15|V
Range e
RL =« Moo =30V y . ’
: - 1.0 3 - 10| 3 10| 3 A
Supply Current lcc | (LM2902Vcc=26V) m
RL == Moo =5V - (07 (12| - |07 |12 07 (12 | mA
Large Signal i Vee = 15V RL=2k0 : ’ |
Voltage Gain O | vop)=tVwo1ty |20 100 | 2| 1oe mv
v Note? RL=2k | 26 26 - - | 22 - A
gﬁﬁ;t Vol | Yo R=10k2 |27 | 28 | - |27 | 28 B2 ] - |V
Vo | Voo =5V.RL=10k2 | - B |20 - 5 20 5 | 100 | mV
Common-Maode
Rejection Ratio CMRR - 70 | 85 - | 65| Th KD |75 | - | dB
Power Supply ?
Rejection Ratio PSRR - 65 100 | - [ 65| 100 50 |100| - | dB
Channel f=1kHz to 20kHz y
Separation cs (Note2) - [ 120 - [ 120 120 - | dB
Sk Isc | Vec=15v |40 |60 | - | 40|60 40 | 60 | mA
Wi+ = IV, Vi =0V
Isource| Voc = 165V 20 | 40 20| 40 - |20 40 | - |mA
Vap) =2V
Vign =0V, Vi =1V
Output Current Voo =15V 10| 13 10| 13 101 13| - |mA
Vo) =2V
Ising
Vi =0V, Vi =1V
Voo =5V \VoR) = 12| 45 - [ 12| 45 - - | pA
200mv
nggeghai hoput VI{DIFF) - - - |Vec| - - |Vee - |Mec| V
Note :
1. Yeo=30V for LM224 and LM324 | Voc = 26Y for LM2902
2. This parameter, although guaranteed, is not 100% tested in production.
3
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LMZE02,LM324/LM224A, LM224/L M224A,

Electrical Characteristics (continued)

(Voo = 5.0V, Vee = GND, unless otherwise specified)

The following specification apply over the range of -26°C < Ta < + 85°C for the LM224; and the 0°C < Ta < +70°C
for the LM324 ; and the -40°C < Ta < +85°C for the LM2902

R LM224 LM324 LM2902 )
Parameter Symbaol Conditions - - - Unit
Min.|Typ. | Max. |Min. [ Typ.| Max. | Min. | Typ. |Max.
Vicw =0V to Voo
-1.8V
Input Offset Voltage Wio Vo) =14V, 5 - | 70| - 2 | B e - 100 mv
Rs =00 (Notel)
input Offset Vollage | avio/aT | Rs=00(Note2) | - |70| - | - |70| - | - |70 - |uvrC
Input Offset Current ho Vem =0V - - | 100 | - - | 150 | - - | 200| nA
IDput Offsat Current | aio/aT | Re=0R(Note2) | - |10 - | - [10] - | - | 10| - [pArC
Input Bias Current Islas | Vem =0V - - | 300 | - - | &00 | - - | 500
Input Common-Mode ) Vece Vo Vco
Voltage Range Vi) | Moin Q| = | og| & | = | o8 | ®| = o8| ¥
. Vee = 15Y,
Lage SgnalVollage | 6, | R =20k 26| = | = ||| = | 8] 5| & |\
Vo) =1Vto 11V
Ri=2k | 26 | - - 2% | - - 2| - - v
VaoyHy | Notel :
Output Voltage R=tka| 27 [28| - (27|28 - [ |22 ] - | v
iy Ve =5V
Vo | g okn - |52 |-|5|20]| -5 [100] mv
Vi =1V, Vi
Isource| =0V Vo =158V, 10 | 20 - 10 | 20 - 10|20 - mA
VO[P) = 2V
OLrtput Current V”_H' = DV.—
o | 0=V 10| 13 5| 8 5|8 mA
SINK | vioe = 18v, - } }
Vo) =2V
egg;gm nput WVIDIFF) - - - | Vec| - - | Veo| - - |Vec| V
MNote:

1. Woe=30V for LM224 and LM324 | Voo = 26Y for LM2802
2. These parameters, although guaranteed, are not 100% tested in production.
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LMZ902 LM324/L M324A | M224/1 M224A

Electrical Characteristics (continued)
(Moo =5.0V, Vee = GND, Ta = 25°C, unless otherwise specified)

LM224A LM324A
Parameter Symbol Conditions . . Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vom =0V toVee
-15Y
Input Offset Voltage Wio Vop)= 14V, Rs=00| ~ 10| 3.0 - 15 30 | mv
(Notel)
Input Offset Current o Veom =0V - 2 15 - 30| 30 | nA
Input Bias Current lBias | Vem =0V - 40 | 80 - 40 | 100 | nA
Ve
Input Common-Mode o Vee
Voltage Range ViRy | VYoo =30V 0 = g = [=hE |V
S I Voo =30V, RL== - th | 3 - 151 3 | mA
PRy ¢ [Vec=wV.RL== o7 |12] - |07 |12 | mA
: : Voo = 16V, RL= 2k ;
Large Signal Voltage Gain Gv ngm Wi 11V 50 [100| - | 25 | 100 - |vimV
R =2kQ 26 - - 26 - - v
: VorH) | Mote’l =
Qutput Voltage Swing RL=10kG2 | 27 | 28 - 27 | 28 - v
Voiy | Voo =5V, RL=10ka - 5 20 - E | 20 | mV
Commop-VodeRajedion: | pygitd : 70 |85 | - | 65|85 | - | dB
Ratio
Power Supply Rejection Ratio| PSRR - 65 | 100 - 65 | 100 | - dB
Channel Separation cs E;&:;’f ol {120 - | - 120 - | B
Short Circuit to GND Isc Voo =15V - 40 | 60 - 40 | 60 | mA
ISOURCE| Vo) iy ooy 20 [ %0 | - | 20| 40| - | ma
Vi) = 0V, Vi =1V
Output Current Voo =18V, Vo) = 2V 0] 20 - 10| 20 - mA
ISINK | Vi) =Ov, Vi) = 1V
Voo =5 12 | 50 - 12 | 50 - pA
Voey = 200my
Differential Input Voltage Vi(DIFF) - - - | Vee - - | Vee| V
Note:

1.Vec=30V for LM224A, LM3244
2. This parameter, although guaranteed, is not 100% tested in production.
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LM2302 LM324/L M324A | M224/L M224A

Electrical Characteristics (continued)

(Vce = 5.0V, Vee = GND, unless otherwise specified)
The following specification apply over the range of -25°C < Ta < +85°C for the LM224A; and the 0°C < Ta <+70°C

for the LM324A

Parameter Symbol Conditions = i = LM Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vem=0WtoVee -1.68V
Input Offset Voltage Via | Vo) =14V, Rs =00 - - | 40| - - | 50| mV
{Note1)
Input Offset Voltage Drift | AVio/AT | Rs = 002 (Note2) - |70 20| - | 7.0 | 20 [pviC
Input Offset Current lio Vem =0V - - 30 - - 75 | nA
Input Cffset Current Drift Allo/AT | Rs = 062 (Note2) - 10 | 200 | - 10 | 300 | pAC
Input Bias Current lBias - - 40 | 100 | - 40 | 200 | nA
Input Commeon-Mode Vee Vee
Voltage Range Wiirey: | Nated g =i | g | 8 T
Large Signal Voltage Gain Gy Vee = 158V, Rp= 2.0k 25 - 15 - - | VWimV
R = 2k 26 - 26 - - W
: VorHy | Notel L
Output Voltage Swing RL = 10kt2 27 | 28 27 | 28 - \
VoL | Voo =5V, Ru= 10k - 5 20 - 5 20 | mv
= VI[+;= 1\«’, Vl[_]=UV _
ISOURCE| v/ 18V, Viorp) = 2V 10 | 20 10 | 20 mA
Output Current -
ki | ol =1V, Vi =1V 5| 8 518 | - | m
i Voo =15V, Vo =2V
Differential Input Voltage VI(DIFF) - - - |Vec| - - |Vec| V

MHote:

1. YWoc=30V for LM2244A and LM324A.
2. These parameters, although guaranteed, are not 100% tested in preduction.
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LM2502,LM324/LM324A, L MZ24/L M224A

Typical Performance Characteristics
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LMZO02 LMIZ4/LMIZ4A LMI2A/LM224A

Typical Performance Characteristics (continued)
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LMIS0D LA MATAA, L2240 MITAR

Mechanical Dimensions

Package
Dimensions in millimeters
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LS00 LMIFALMET AR | MG MI2AR

Mechanical Dimensions (Contrued)

Package
Dimensions in millimeters
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LMIS0D LML MIZAR LWL MIFAR

Ordering Information

Product Number Package Operating Temperaturs

LM3Z4N
T 14-DIp s
LhG2a 14.50P
LMA24AM
[M2902N 14 DIP )
LNZ902M 14-80P 40
LN224N

4AN 14-DNP s
LM224M
LMZ2ZAN M3y

"

113



LMZ202 LM3I241LMI2Z4A | M2247L M224A

DISCLAIMER
FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPRCWE RELIABILITY, FUNCTICN OR DESIGN. FAIRCHILD DOES MOT ASSUME ANY

LIABILITY ARISING OUT OF THE APPLICATION QR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICEMSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES

OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, {a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b} support or susiain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when propery used in accordance with device or system, or to affect its safety or effectiveness.

instructicns for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www fairchldsemi com

11/18/02 0.0m 001
StockEDS 000000
& 2002 Fairchild Semiconductor Corporation

114



Taz< Name Duratio1 Start Firigh Rescur>z Names Jan 7,0 Jer 24,°10 Jan31 10 Feb7," 0 Feb 14,'10 Feb 21 “10 F=2228 10 Nar7,"10 Mar 14,°10 Mar 21 10
[FIS|SW[T W[T FIS[S[M[T[W[TIF]S|S[N[TIW T]F S|S[M|TW[T]F[S|S[M[TIW[T =]5 S[W[T SIN[T[W T[F S|S M|T W]T[F|S|[S[M[T[W[T ]S SN TIA[T]F[S

DESIGN REVIEW TWO “day?  Non2A570) WMo 2513 =]

| ndivius Brainstrm Zdays?  Tue22M0  Wad 1) Team  Tezm

| Team 3-ainstorm “day?  Thu24M0)  Tw2i4nd Team @ Team

1 Pugh Charts “day?  Tue 2810 Tue 2913 Tean @ Team

1 Alxa Design Selezed “day?  Tue 2810 Tie 213 Tean @ Team

| piner Dvice Mate-ial Selzctier Jdays?  Tuel2BM10| T2 A1) Hioe S Nicole

1 Grasp Device Materiel Selection idays?  Tue2B100 T2rA1) Nioe ) Nicole

1 Update Safety Repor “day?  NemZMi10|  Man2A1) Mke @ Mke

i Pragrem Fovr Charl 3days?  Tue2810| Tu2"'N) Baley S Bailzy

) Paper: hdwidual R2.gh Dra‘ts Zdays? Non2A5100 Tuz 20610 Tean -_— Team

| Paper Spit Up hdividual Zarts Sday? Fr2AZ10)  Si2e210 Tean @ Team

1 Paper: Tezm Rougn Craft S day?  Tue 2MBN0|  Tu2 278010 Tean @ Team

1 Paper: Teen Edtng *day?  Wed 24710) W=d 20T1D Tean @ Tzam

1 Paper: hdiidual Zdting “day?  Wed 2A710| Wsd 2-THDY Tean @ Team

1 Paper: Comaktion < day?  Thu2M810) T 281 Tean @ Teem

1 Prasentation: Spit Up hdivdual Parts. “day?  Fr2Az0 12210 Tean @ Team

1 Przzentation: Idiv dual Raugh Drafts. Zdays? Nen2HSMO0 Tuz 261D Team G Team

1 Przsentation: Teem Rougn Craft *day?  Tue 2MBM0| Tuz 20810 Tean @ Team

| Prasenfation: Tezm Edting < day?  Wed 24TH0| W=d 20 THY Tean @ T=am

) Prazentation: Reserva Foom “day?  Non2ASM100 M1 20510 Tean =] Team

| prasentation: Pracice Presentaton T day?  Wed 21710) W=ad 20710 Tean @ Team

| Prsssntation: Completion “day?  Thu2MBM0| T 20813 Team @ Tesm

T DAR Selection Jdays?  Tue 210 Twu2¢ N3 Tiv s Tim

| Function Depicymert Ciagram Jdays?  TueZBM0| T2 D Mke o Mike

1 Measursen: Davice Selection < day? Tue 2/8/10 Tie21%1) Tean @ Team

| Research weasurement Devices 3days?  Tue2BMO0| Tw2ri1) Tiv s Tim

1 Paper: Ou “day?  Non2A510) Mo 20510 -

| Prasentation: Oulline “day?  Non 245100 Won 20543 (]
DESISH REVIEW THREE 26days? Wed 217110 Man 32213 Tean e ———— el ]
Creae Paper anc Presentzton Outiine “day?  Fn 26010 S8y [=]

1 Splt 13 Fape® and Fresentation Topics. “day?  Fn206M10 S 22810 Team @ Team

| Brainstorm ntal _abVEV ideas 3days? WonHB10 Wsd 301D BaleyMicoe Gy BaileyMicole

1 Weet wih Or. Bress Regarding LabVIEN “day?  Thu 310 Thu 349 Baleylicoe @ Bailey'licole

1 Infial w-k with Lab\VIEVY 2 days? Fr 31210 301 34/1) Baleylicoe S BaieyMicolz

1 Paper: Rough Daft LagVIEW “day?  Sun3A4110  Sun3M41) BaleylNicoe ' Baileyiiicolz

1 Paper: Draf: 2 LabvIEW <day?  Tue 3HBM0  Tuz 34610 BalgyNicae @ Beieyicola

T Parameer Research Tdays?  WonHB10 Wad 30010 Tivke S mMike

| sersor Fesearch 3days?  Tue W10 T3 Ad Tivhks s TimMiks

1 Creae kahemstcal Modzl 3days?  ied 310010 SA32ND TinM k2 e TimiMike

1 Matesial Selzefior Zdays?  Thu3A110  Set3°310 TinMks l TimiMike

| Crese Wa1izcturing & Assenbly Flers 2days?  Frnaf2M0 330400 TinMks Eaa TimMike

1 Paper: Rough D-aft Dev ce Secton “day?  Sun 340 303400 TinMks @ TimMike

1 Paper: Draf: 2 Device Section “day?  Won2Hi10 Mon2d1) TimMks @ TimMike

1 Paper: Comaie Paper < day?  Tue 3MEM0 Tu2 3610 Tean @ Team

.hl. Paper: Edifing Zdays? Tue 3MBM0 W2d 3TN0 Tean s Team

S Paper: Final Drafi Edifing 3days? Thu3MBM0 30 321D Tean s T=am
Paper: Fial Drafl Due “day?  Non 3220 Won 32243 Tean ' Team
Prazentation: Compie “day?  Non3ASM0 M1 3510 Tean (=] Team
Prazentation: Ecilirg 3days?  Non3A510 Wad3°7010 Tean s Team
Prasentation: Practice 2days? Wed 37110 T 81D Team a Tesm
Przsentation: Give Prasentation “day?  Thu3ABM0 Tha 3813 Tean @ Tezm

R. Gantt Cha

oo
115



S. Assignment One: Material Selection Assignment (Functional Performance)

Component One: Grasping Device Housing
Function: The main function of the grasping device housing is to provide an object that the patient can
apply a force through a squeezing motion. This object needs to be of appropriate size to allow all patients
to wrap their hands around and the appropriate material so that it can be squeezed and elastically deform.
Objective: The objective of the grasping device housing is to elastically deform, due to an applied force.
The elastic deformation will cause a change in volume of the grasping device housing, which will cause a
change in pressure within the device. The change in pressure reading will be measured by a pressure
sensor within the grasping device housing and will provide this information to the computer program.
Constraints: As mentioned above, two major constraints to the grasping device housing is the size and
ability to elastically deform. Whatever material is chosen it needs to be able to be manufactured to a size
that will fit within a normal sized hand. In addition, it must have material properties that allow for elastic
deformation during applied forces up to the maximum force a human hand can exert. Not only does the
material need to elastically deform due to the applied pressure, but it also needs to withstand breaking due
to yielding caused by the increase pressure in the device. Another major constraint is price. This device
needs to be made as inexpensive as possible. Eventually the sponsor’s of this project would like to make
many of these devices to send home with their patients. If the device is very expensive, this won’t be an
option. Finally, a requirement expressed by the sponsor’s would be that the device resembles a common
object. The common object chosen was a water bottle.
Appropriate Material Indices: The appropriate material indices are expressed in the table shown below.
Material Property Value
Minimum  Maximum
Young’s Modulus 2.8¢9 Pa

(E)
Yield Strength (sy) 55 Pa le8 Pa
Density (p) 1500 kg/m’

Table 5: Material Properties of Grasping Device Housing
These material properties were chosen because they quantified the constraints explained above. The
Young’s Modulus is a measure of the stiffness of the material. This quantified the ability of the device to
be squeezed to create a change in volume within the device. The value of 2.8¢9 was chosen because this
is the average value of plastic water bottles commercially available. The yield strength was also chosen
because it quantified the strength of the material. The material needs to not plastically deform during the
applied force. The value chosen was between 55 Pa and 1e8 Pa. These values were determined by doing a
force analysis and determining the minimum and maximum tensile forces that could result in the material.
The yield strength was chosen over the tensile strength because the yield strength determines where the
material will yield and the tensile strength where the material will break. Both values are important, but
yielding will occur before breaking. The final property chosen was density. The value chosen was 1500
kg/m’ because this is the average value of the density of commercially available water bottles.
Top Five Material Choices: Using CES, the top five material choices were (1) Polyvinylchloride
(tpPVY), (2) Polyethylene terephthalate (PET), (3) Phenolics, (4) Acrylonitrile butadiene styrene (ABS),
and (5) Polymethyl methacrylate (Acrylic, PMMA).
Explanation of Final Choice: The final choice of material for the grasping device housing was
Polymethyl methacrylate (Acrylic, PMMA). This material was chosen because after research it was
discovered that commericially available water bottles are made from this material. Choosing this material
allows us to purchase a water bottle and alter it as opposed to creating the device housing from scratch. In
addition, because this material is what commercially available water bottles are made of, it is very easy
and inexpensive to purchase.
Component Two: Pinching Device Housing
Function: The main function of the pinching device housing is to provide an object that the patient can
apply a force through a pinching motion. This object needs to be of the appropriate size to allow all
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patients to grasp between the thumb and another finger and the appropriate material so as not to yield or
break.

Objective: The object of the pinching device housing is to provide a rigid surface to apply force to. When
the patient provides force to the button panel, part of the pinching device housing, the button panel will
move through a small displacement and transfer the force applied to a load sensor. The load season will
then provide this information to the computer program.

Constraints: As mentioned above, two major constraints to the pinching device housing is the size and
inability to yield, plastically or elastically, due to an applied force. Whatever material is chosen needs to
be able to be manufactured to a size that would be appropriate for the pinching motion. In addition, it
must have material properties that do not allow for yielding under the maximum force a human hand can
exert. Another major constraint is the price. This device needs to be made as inexpensive as possible. As
explained in the grasping device housing section, the sponsor’s would eventually like to make many of
these devices and this won’t be possible if they are expensive. Finally, as with the grasping device
housing, the sponsor’s require that this device resembles a common object. The common object chosen
was a garage door opener remote.

Appropriate Material Indices: The appropriate material indices are expressed in the table shown below.

Material Property Value
Minimum  Maximum
Yield Strength (sy) 1.1e8 Pa
Tensile Strength (st) 6.2¢7 Pa
Compressive Strength (s¢)  9.0e7 Pa
Density (p) 80 kg/m’ 8000 kg/m’

Table 6: Material Properties of Pinching Device Housing
These material properties were chosen because they quantified the constraints explained above. The yield
strength was chosen because it quantified the ability of the material to resist yielding. The tensile and
compressive strength was chosen to quantify the ability to resist breaking due to the applied force. The
values chosen were 1.1e8 Pa for yield strength, 6.2¢7 Pa for tensile strength, and 9.0e7 Pa for
compressive strength. These values were determined from a force analysis. Finally, the density was used
ensure the material chosen was similar to commercially available garage door openers. This value was
determined to be 80 — 8000 8000 kg/m’ after research.
Top Five Material Choices: Using CES, the top five material choices were (1) cast iron, gray, (2) low
alloy steel, (3) cast magnesium alloys, (4) silicon carbide, and (5) GFRP, epoxy matrix (isotropic).
Explanation of Final Choice: The final choice of material for the pinching device housing was GFRP,
epoxy matrix. This material was selected due to its availability and price. A local hardware store provided
this material at a discounted price. This material was also chosen because it was much more lightweight,
but still durable, as compared to some of the alloy options.
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T. Assignment Two: Material Selection Assignment (Environmental Performance)

Environmental Performance

To evaluate the environmental impact of the potential materials, SimaPro software was used. Two of the
potential materials for each device were compared using SimaPro’s Ecolndicator 99 (EI 99) test. The
results are split into two sections, one for the grasping device and one for the pinching device.

Grasping Device Environmental Performance Results

From the Material Selection Section, the two potential materials for the grasping device were PMMA
sheet E and PET (bottle grade) E. The required material mass for the completion of the final grasping
design was estimated to be approximately 100 grams. An Ecolndicator 99 test was performed to compare
the environmental impact of the two materials using SimaPro software and the estimated masses. The
total mass of air emissions, water emissions, use of raw materials, and (solid) waster were determined
using the EI 99 test. The calculated total mass of the two materials can be seen in Figure 43, below. As
seen in the figure, the total mass from the use of raw materials has the greatest mass for both materials
with PET having a lower total mass compared to PMMA. This implies that the PET has a lower mass
contributing to environmental hazards and is less harmful.
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Figure 43: Total Mass of the Raw Materials for Grasping Device

The characterization section of the EI 99 test sorts the two materials according to the different emission
categories and their environmental impact. This section uses relative results since not all the compared
categories have the same units. The various categories are plotted on a percentage scale where 100
percent is the most hazardous to the environment and zero percent is the least hazardous. The results of
the relative contribution of the two materials can be seen in Figure 44, on page 119. The emissions
categories that the two materials are compared against can be seen in the figure. The most important
emissions categories are the ones that have reached 100 percent because they are the most harmful and
they can be seen in the figure. It can be seen in the figure that PMMA has a greater impact on the
environment in all of the categories, thus it is more hazardous.
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Figure 44: Characterization Results for Grasping Device

The normalization section of the EI 99 test compares the damage assessment results to a fixed benchmark.
This provides a ratio which determines the most important environmental impact categories for the
compared materials. A large ratio implies the category has a higher environmental impact and a small
ratio means a lower environmental impact. The results of the two materials can be seen in Figure 45,
below. From the results the most important categories are respiratory inorganics, climate change, and
acidification. The PMMA has a higher environmental impact for these categories according to the results.
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Figure 45: Normalization Results for the Grasping Device
The single score results of the EI 99 test compile the results from all the categories into one total result for
each material. The single score results are then compared on a point scale. The results can be seen in
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Figure 46, below. The figure shows that PMMA has a higher single score point total which implies it is
more environmentally hazardous than PET.

FET bottle grade) £

N Cxonogens I fesp. organecs N Oraie change [ Aadaton N Croce e I Cootaicity N acdfcaton/ Eutrophicaton I Land use I Mnersis

Camparing 015 TUBLA dhast I wih 0.8 kg BT (botte grad) € Mathod: Beo-mcater

Figure 46: Single Score Results for the Grasping Device

From the complete results of the EI 99 test, the PMMA was determined to be the more environmentally
hazardous material. This means that the selected material, PET, has the lower environmental impact for
the grasping device. When considering the life cycle of the whole product, the PET would again have a
lower environmental impact. The results of the EI 99 test show that the PET has a lower environmental
impact in respiratory inorganics and climate change. Considering the life cycle of the grasping device,
these categories would be the most important.

Pinching Device Environmental Performance Results

From the Material Selection Section, the two potential materials were Cast Iron GG 15 I and Epoxy Resin
I. The required material mass for completion of the final pinching device design was estimated to be
approximately 500 grams. An Ecolndicator 99 test was performed to compare the environmental impact
of the two materials using SimaPro software and the estimated masses. The total mass of air emissions,
water emissions, water emissions, use of raw materials, and (solid) waste of the two materials were
calculated using the EI 99 test. The calculated total masses can be seen in Figure 47, on page 121. As seen
in the figure, the use of raw materials and air emissions total masses are the most significant and from the
results Epoxy Resin was determined to have the larger total mass. The larger mass of the Epoxy Resin
means that it is more harmful compared to the GG 15 L.
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Figure 47: Total mass of the Raw Materials for Pinching Device

The characterization section of the EI 99 test sorts the two materials according to their various emissions
categories environmental impact. This section uses relative results because not all the categories have the
same units. The various emissions categories are plotted on a percentage scale where 100 percent is the
most hazardous to the environment and zero percent is the least hazardous. The results of the two
materials relative contribution can be seen in Figure 48, below. The categories which the two materials
are compared can also be seen in the figure and the only category not contributing to environmental
impact is the radiation category. Although the different categories have one material that is more
environmentally hazardous, the results are ambiguous and one material cannot be determined more

hazardous.
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Figure 48: Characterization Results for Pinching Device
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The normalization section of the EI 99 test compares the damage assessment results to a fixed benchmark.
This provides a ratio to determine which categories have the greatest environmental impact for the
compared materials. A larger ratio means the category has a higher environmental impact the results can
be seen in Figure 49, below. From the results, the most important categories are minerals, land use,
acidification, climate change, and respiratory inorganics. The Cast Iron is significantly more hazardous to
the environment when comparing the materials in the minerals category. From this it is determined that
Cast Iron has a greater impact on the environment although the Epoxy Resin has a slightly higher impact
on the environment in the other categories.
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Figure 49: Normalization Results for the Pinching Device

The single score results of the EI 99 test compile the results from all the categories into a single result for
each material. The results from both materials are then compared on a point scale. These results can be
seen in Figure 50, on page 123. From the figure, the Cast Iron was determined to have the higher single
score point total. This means that the Cast Iron is more environmentally hazardous than the Epoxy Resin.
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Figure 50: Single Score Results for the Pinching Device

Since Cast Iron GG 15 I is more hazardous to the environment this supports that the material selection of
Epoxy Resin over Cast Iron GG 15 1. When considering the life cycle of the whole product, the Epoxy
Resin would still have a lower environmental impact. The life cycle of the whole product would be a few
years and the major environmental impact from the life cycle would be from the possibility of a part
breaking or from the pinching device being thrown away. If a part breaks or the complete pinching device
is thrown away, the major impact would be from the material decomposing. When considering this, the
Cast Iron would have a greater environmental impact making the Epoxy Resin a better material choice.
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U. Assignment Three: Manufacturing Process Selection Assignment

Batch Size: An approximate production volume for the grasping and pinching devices is about 100. This
is because there are other University’s looking into a similar system. Ten would not be enough however
1,000 would be too many. One hundred would be enough to allow the patients to take home the devices
and also let the labs have some to improve upon.

Grasping Device Process: Using CES Process Universe Injection Blow Molding was selected for as the
manufacturing process for the grasping device. This was based on the shape of the grasping device which
is a hollow 3-D, the thickness of the device which needs to be less than 0.003 meters, and the low labor
intensity. The batch size for injection blow molding is way larger than currently predicted; however, this
will allow for growth without having to develop a new manufacturing process. The characteristics of
injection blow molding can be seen below in Figure 51.

5 Stage 1 Injection blow molding

Injection blow molding

U U | Layout: |AII processes v‘ | ShowHide
Shape
Hollow 3-D v

Physical attributes

Mass range 0.001 - 025 ki
Range of section thickness 44 - 0003 il

Talerance 25e-4 - 000 il
Roughness 0.2 - 1B prm
Process characteristics

Primary shaping processes v

Machining processes X

Protatyping X

Discrete v

Continuous X

Tertiary X

Economic attributes

Economic batch size (units) 1e0 - 1ed

Labor intensity lowe

Cost modeling

Relative cost index (per unit) 183 - 403e3
Farameters: Material Cost = 9.5U5Dkg, Compenent Mass = 1hg, Batch Size = 1e3, Overhead Rate = 110USD¢hr, Capital Wiite-off Time
Capital cost f.66e3 - 5BGed USD
Material utilization fraction 049 - 099
Praduction rate {units) 0.0278 - 0694 /s
Tool life {units) 1e5 - 187

Tooling cost H5.66e3 - 1.8%4 USD

Figure 51: Characteristics of Injection Blow Molding

Pinching Device Process: Using CES Process Universe the process selected for the pinching device is
Injection Molding. This was based on the shape of the device which is a solid 3-D, the thickness of the
device which is about 0.006 meters, and the low labor intensity. The batch size for injection molding is
larger the current batch size; however, like with the grasping device this will allow for improvement. The
characteristics of injection molding can be in Figure 52 on page 125.
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F Stage 1 Injection molding [thermoplastics)

Injection molding (thermoplastics)

@ @| Layout: |AII processes

Shape

Circular prismatic
Mor-circular prismatic
Solid 3-0

Hollaw 3-00

Physical attributes
Mass range

Range of section thickness
Taolerance

Roughness

Process characteristics
Primary shaping processes
Machining processes
Pratotyping

Discrete

Continuous

Tertiary

Economic attributes
Econornic batch size {units)
Labor intensity

Cost modeling
Relative cost index (per unit)

=] L ShowHide

Parameters: Material Cost=95U504a, Component Mass = 1kg, Batch Size = 1e3, Overhead Rate = 110USDshr, Capital Wirite-off Time

Capital cost

hdaterial utilization fraction
Production rate (units)
Tool life {units)

Tooling cost

v
e

v

v

0.01 25 kg
4e-4 00063 m
1e-4 0.001 m
0z 1.6 prm
./

®

®

v

x

x

Ted 1eb

o

219 7.8e3
3.77ed 8485 USD
0.6 09

0.0167 0.833 /s
Ted 166

3.77e3 94324 USD

Figure 52: Characteristic of Injection Molding
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V. Description of Engineering Changes since Design Review #3

This appendix intends to discuss what has changed in the project since design review 3. It will cover both
the devices as well as the program.

Grasping Device

The grasping device has experienced a few changes since the last design review. First, initially there was
supposed to be a supporting part between the pressure sensor and the bottle cap. This was removed
because it was determined that it did not significantly affect the structural integrity of the device, nor did
it add anything which would make it worthy of keeping. However an o-ring was added between the
female bushing and the bottle cap. This was added as a countermeasure as a means to improve the seal.
Also added to improve the seal was Teflon tape. This tape was added around the threads of the bottle cap
in order to improve the seal. An important new development in the grasping device is that it now is being
filled with water, as opposed to before when it was using air. This drastically improves the lag time as
well as the accuracy of the voltage signal output. The final thing which needed to be added to the grasping
device was an amplifier in order for the program to be able to work with the voltage signal. This is
explained in detail in the Device Discussion section above on page 40.

Pinching Device

The pinching device has experienced a few changes since the last design review. First, after speaking with
the sponsors, it was determined that the device was too large. As a countermeasure, the device dimensions
were significantly decreased. This is explained in detail in the Manufacturing section above on page 23.
Sharp corners on the device also needed to be addressed. All edges on the device were sanded such that
no sharp points were remaining. Another thing that changed since the last design review was that the
device no longer needed to be accessed from the button panel. It needed only to be accessed from the
bottom by removing the bolts. This was a request from the sponsors, so that the patients were not
distracted by moving parts on the top of the device. The final thing which needed to be added to the
pinching device was an amplifier in order for the program to be able to work with the voltage signal. This
is explained in detail in the Device Discussion section above on page 40.

Program

The program has changed significantly since design review three. In design review three the program was
still being simulated using a dial, the program is now run using the devices and their sensors. The
modules are now cleaned up and the sliding bars are located on top of each other instead of one after the
other. This allows the patient to only have to look at one location on the program screen. In module one
the doctor now has the option to take the maximum force or use a predetermined force. The block
diagram now contains the preferences section which previously had its own tab on the front panel;
however, by placing it on the front panel the doctors had to input the values every time they used the
program. The doctors preferred to not have it this way so we moved them to the block diagram but put
them in the same location for easy access. This is explained in detail in the Program Discussion section
above on page 41.

126



