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The SE Series.of force/drsplacement Sensors are an mexpensrve alternatrve to strarn gauges lfthe reqmred

absolute accuracy of ‘the force measurement 1s in the lange of. l% to 5%, .or the rela‘uve accuracy is'in the 0.1%:,
range then sensors from the’ SE Senes can be a’ cost-effectrve optron. The. SE sensors also measure drsplacement

wrth hrgh accuracy and mrcro-mch resolutron. -

Unhke stram gauges and thm plastrc ﬁlm sensors whrch use; resrstrve ink, all of. theSE Senes sensors are SO
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complrant. Comphance i§ due to the' sensor's small rubber ‘pad which is- compressed by the applled force The»

’ _amount of compressron or drsplacement of the rubber is accurately measured by dn ultrasomc pulse Pad: thrck:ness

changes almost lmearly for both compressive of terisile forces (ice.;a push ora pull). Drfferent rubbers can be used

“to obtam drfferent force’ characterrstrcs (e 8. greater force range or greater force resolutron)
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A vanatton of the srngle:elemem sensor rs Bonnevrlle S FP Fanuly of force-plate sensors. E’ssentrally, force

plates consrst of four smgle-element sensors placed at the, comers ofa rigid plate Force plates provide mforrnatron
. on the drsplacement of the. plate (due to forces), the total force apphed to 1he plate and the X and Y co-ordmates

of the centen of force ot

Descrlptlon of Sensor Operatlon , (
* The Bonmeville, Screntrﬁc Smgle-Element Force[Drsplace- T N

ment Sensor cofisists -of a layer of prezoelectnc matérial, PVDF . f i

covered with ‘a. mbber pad,. -which'i 1s capped by reﬂectlve material. :

. When the PVDE layer is dnven by an electncal pulse ‘it responds by

ermtung an ultrasonic wave into the overlymg rubber pad (see- Frgure

'1).” This wave propagates thmugh the ‘pad ‘at'the rubber's. inherent -

- gpéed of sound.. When the wave: hrts the reflector, it is reflectedback |

. fowards the PVDF ’The ultrasonic echo is cpnverted back’ mto an .- ’

' “) electrrcal pulse when it encounters the PVDF ﬁlm v 1
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. The tlme 1t takes for the ultrasomc wave to travel
from the PVDF, through the rubber and back again is ‘the:”
tJme of ﬂrght (TOF) When a force lS applred to’ the sensor ¢

the pad is ‘compressed and the*TOF is reduced. The change SRR o

.in TOFi isa drrect measure of pad compressron and, therefore -

the amount of force applled to the reﬂector surface of thei :

rubber, s e f;

."1’: Frgure 2 1llustrates the force senson and the

electromcsnecessary to operate it. Slmple excrtatron crrcmtry
pulses the sensor.. The amplifier increases, the echo.signal to .,
‘the point whei¢ itcan be relrably detected “The time-of-flight -
(TOF) circuit measures the time: rnterval between pulsmg the
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Flgure l Sensor Operatton' we
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: Conslderatrons For Use S ST o
.. 'The Bonnevrlle Scientific Smgle* o “ r h - ‘
: Elemem Force/Drsplacement Sensors are e L . ,
" capable of makmgvery accurite drstance a . e N
ordrsplacememmeasurementsbasedupm N T T T
the time of flight of an ultrasonic pulse. - - R B RAEEmARN T hCrenr el
" Almost all of the errors in converting this * |- . " u : L B 0 s X957, 0 I O
drsplacementmeasurementmtothecoms-"\ v :2109,- - 2 O OO 0 /'\ A
- ‘ponding force are due-to. ‘the: physical ~ | < " m T - A e A BE|Chs .| .
haractenstrcs of the" ‘rubber pad The |- e \ e NN & {Enlirc Banfye] |
followmg information describes relevant - |- . B[ ' ~ ML g £
. ibber.characteristics and other consider- |, e 3F ) ) ,;;/ T ; "
o atronswhlchaffectmeasmementaccuracy o u A .
o 5 | SF P O B W
Rubber Characterlstlcs BN e 5 )
' All rubber materials .-have N x N 1
: nonhnear force. ptoperues (which ¢hange " |. = S e K '
somewhat with temperature). The force- O AN A L B )
versuscompression characteristics* of * °| P o AP 7 o
' rubber deviate fromastrarghthneandare/ N T e v s e B o At 5 *
drfferent for i inicreasing versus decreasmg‘. N | 1 N B L O S I
\ fOICCS ThlS stralght lme dev1atlon Ol',"\" ‘ 4] - e 3 B W P i R ' ol R S I _..,-.. e e e .
Lot nonhnearlty can be compensated for in " | o a2 23 $1510 12515 173 10 ns:sz‘uzanszs 375 40 42.5 45475 50 525 55 575 60 2565 sr:m
\\ dlﬁ'erentways dependmguponthe desrted - . ' Fle!allve Displacement ln [l 001 Inches " R i Y ) .
’acculacy Thesecndeffe ‘meritioned, . L—— - ’
hysteresrs i$ mote (érfﬁcult ‘t:(t, c:$ct te.:r,} Flgure 3 Force vs. Rubber Dlsplacement in SE- \
since compensauonreqmres knowing the - ", ST B T oo T
‘hrstory of forces whrch were- apphed to the sensor g ,m . Z W o S
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: then 1% accuracy 1s possrble

Other methods of . lmear-‘f— ,,

N
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. Usmg the SEml Sensor as an example (see Tast- page for SE-l Sensor specrficatrons), force measurements ,
can bc miade i in the range of O.to ‘75 Thé, (R!.bber pads ct‘ dlﬂ'erent stlffnesses or lever arms can be’ used to changex Sotw

" this force. tange.) Figure’3 shows the

force versus’, rubber -displacement -
chamctenstrcsfor the. SE 1 Sensor. If -
“a single bést-fit strarght hne*rs usedto
approxmate the rubber character--
1st1cs :then: the, absolute accuracy is_ -
0% (excludmg hysteresrs) How-
ever if ‘threé. line- segments are drawn . _
from 01077 to 15 -and 15 to 25 Ibs,

'

1zatwri, “such “as polynOmxal “CUIve
ﬁttmg .or usmg a look-up table - can ’
* increase accuracy.  An" empmcal N
equatmn “which ‘very closdy ‘matches /|
‘the rubber characteristics of the SE-1

sensor is. of , the- form Force

©L28'<.

. %f;alculatecl Force (Ibs)

,20 4 \

‘a+bﬂ‘OF a and b areconstants that* 0
‘canbedetenmnedby fittmg ‘this” 0. s, 10 ST
equatmn to. any -two pomts on the ' .+ Fofce Applied to Sensor.(Ibs) B v
curvemFlgureS In Figure'4, tlus, U TP I
equatlonhasbeenﬁttedtothecurve_- D T e R T R A
~at2 PO““dS and 9 pounds 0f force. - Figure 4. Error in Using Empirical Equation-in-Calculating Force
' - ; “‘, Bonnevrlle Sclenuf'c, Inc ] T ’ (‘\\. . ) B . < ‘
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Lo Ifaconstantforcetsapphedtoambber T T e D E
- matenal,(‘mbber “compression .. continues | to” [T —
; mcreaseataslowrate. Srmrlarly,whenaforcev» B R T AN P PR 3
" is-suddenly removed from the rubber, the bber. .. | .
doesn'tunmedtatelyremrnedto its uncompressed P Bt
* thickness. Tlnseﬂ’ectrs duke to relaxattomnthe: = N < »
" _nibbet. - ‘It is this'-relaxition which, causes ., |- 5 ™ ; \
PV hysteresrs Figure'5 shows therelaxatron force. ;| '5 0
© <7, ), versus. time, for-the”SE-1 ,Sensor These data’ d% - ¢ e
P owere taken in Aar rnatenal téster: by raptdly, & ) L
o compressmgthe sensor until a force-of 25'Ibs™ ‘| 8 om|=————— -
was reached and then recording | the change T e R :
. forceonthesensorovertlme ST AT BN e B v E
o Tlte srhcone rubber compound used in | e | o ]
the- SE-l has. been specially formulated to- |- -.- 01 < O T N TR RN
.. minimize hysteresis and relaxation in‘orderto f. - . - J Tme (S°°°"d5) o L
" . " provide a high degree of linearity in the sensor. - 7~ o Flgure 5 Elastomer Relaxatrone : T
Coa ’I‘hepercentageoflrysterestsandrelaxattomsless' e 4 Y : o T Lo

- B ' oo . - I -

"', atlower displacemients. Inthe SE-1, hysteresisis ©.© o B P ST By .
* 7 less than’ 10% over the full 25 Ib force range. Also it takes less than a second for?the pad to return to w1th1n 2% PERE
v oftts ongmalhetght afteraZS lb force i rs removedfromthe semsor: .- . 51 At X SRR

L | Ty B ’ . Sel ?
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: - . (7 should be noted that the SE-l s accuracy for measunng drsplacement is not aﬂ'ected by erther hysteresrs "
T _or, ‘rélaxation. . Drsplacement measurements only’ depend upon the speed. of sound in the: elastomer and speed'of o
S . ; " sound i is not aﬁ'ected by, force -applied to ‘the “SCNSOr. Therefore, in apphcatrons Whrch requrre very high accuracyv S -
v in measuring forces, the SE 1-can be used to’ measure, the dtsplacement or- compressron of ‘Cornventional spnng'
: “mechanisms which have hrghly linear force charactensucs For example the SE-l could be used to'measure; the L
S ,dtsplacement of a eorl or leaf spnng, or cantlleveredbeam e S S v e

E e ,"’ [ S
+ ", Y - v

-

Ultrasomc Reflec or ol o R s L .

. \m EL T ST ~.--:4*..,a4\ R i L,n e ffen )b&i-sew w,.
o - SE Sensors are avarlable wtth dlﬂ‘erent ultrasomc reflectors, dependmg upon the ap catton ‘The. most ‘
C popular type of reflector is a convex metal plate havmg a one-inch radius of curvature (1 ¢., the top of’ the sensor is ’ '::'

e ~ concave) .This reﬂector geomeuy allows the sensor: to méasure the @ z}, L e

. normdl component of forces apphed wrthmi 15° of perpendrcularto T - N

o “ the sensor..” If the force to be: measured will always be -applied .| . .’ .° T e
IV perpendlculartothe sensof, then a flat metal plate is the preferred type /|- . . . 7 15°
0. " of reflector.. With flat reflectors, the force srgnal is typically twiceas. | .. . .7 N
‘ " large as that from-a convex reflector. However, the signal decreases T RPN e o
raprdly 1fthe applred force is at anangle Tlus is: shown,m Frgure 6 s e e - al ]
X ) - ::,4"", ga - -
Temgeratur B ST RIUDRTY P SRl
j ) Temperaturechangesaﬁ'ectthe accuraey of both dlsplacement S N =l
andforce measunements Therearethree sensorparametersaﬁ'ectedby < e ‘8 .
temperature _They are Tubber pad. thlckness, speed of sound in-the. .[ ... - ;
rubber, and- rubber stiffness For the SE-1 Sefisor, which has a force ST | L L
~range:of 0 to 25 lbs the rubber’s thermal expansron is.0, 25%/°C The"~ J‘f,' T e

"+ .. variation in speed of sound with i mcreasmg temperature is 0. 24%/°C
pe Rubber stlﬁ‘ness changes by less thanO ()S%PC BRI

. A B
,r.\\ [ £y

ﬁ( el uWhenthesensonsusedformeasunngdtsplacementanrl rtls S RSO D
L conﬁnedbetweentwo surfaces, onlythechangemspeedofsoundwrth S RN A BN &
N température’ is relevant. ‘If the'top -surface is free to move as” |/ ’

temperature rncreases then expansxon of the elastomer needs to be g _’; . 1\ N

consrdered ' For force measurernent, all three factors must be taken mto — A

Lo ' ’o K N N

consrderatrort i, ‘ BN : L Flgure 6 Reﬂector Angle vs Stgnal Strength
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i3 temperatme is expectedto change srgmﬂcantly between measurements the sensor should be zeroed" Jjust -

before use. Zeromg consrsts of reading the sensor srgnal Just before apphcatron of the load and comparmg thrs value ERR =

' ,to those obtalned dunng the measutement_

l
4

, 0
N3

“The maxlmum temperatme the sensor's transducer matenal can wrthstand is. 80°C (100-150°C on specxal

Tt
'

_' . order) The sensor's silicone rubber pad can wrthstand temperatures up to 150°C before sustarmng pemranent/ *

’: measumments S .

. tion, which produces two .echoes, oiie of whlch only varies 5

damage Techmques for compensatmg for temperature changes are descnbed next

1

<

" as “a ‘thermistor or thennocouple is placed in, the ‘same-

thermal environment as the' SE-1, " Temperature readmgs\r R

. RN
B i W

. from this tempemturesensor are usedto correct the force or - -

R My - - !
\ o G

drsplacement calculatrons denved fmm the TQF‘

Element Sensor (SE-lBTC) Arelatrvelytlunlayer of rigid .| '} -

plastrc material is inserted between the force sensor’s rubber -
-~ pad and the transducer film. : This matenal is chosen so that

"RubberPad’ |

Y- legId‘

.+ only a#'small portion of the ultrasomc puls¢'is reﬂected from.-

- the plastrc-mbber interface. Frgure 7 shows this, conﬁgura

. with temperatufe, not with force. The other echo is from the"
sensor surface wluch provrdes the TOF for force calculauon.
Temperature correéction is based uipon the change in TOF of |.-
‘the fu'st (reference) echo. Bonneyille Scientific is currently .
developmga modrfied Srngle-ElementForee Sensor (the SE- |’

1BTC) which will use thls means for bmlt-m temperature E o

compensatxon. T \ N

‘7,

Temmrature Compgnsanon Usmg Two Smgle-Elemen B

Sensors This " met.hod sunply uses. two - srngle-element L

, , i\'fz‘ . “ It'l »
T Force or Dlsplaeemente 2

’ :/,HTemp Comp o o

' Sensors placed in the same thermal envn'onment, but only I

" one of them has the load applred to’ it. The TOF value from.
the-unloaded sensor is. used -to provrde the correctlon -
factor for the force calculatron. N

: Frgune 7 Temperature Correctlon Usmg

N the SE-1BTC -

s

Temp_eratune Comp_ensatron Usmg One Sensor and a Temp_erature Sensor In thrs method, a temperature sensor sucth : s

" Plastic- | '
/ Flelleclor i

,\J

Temmrature Commnsatron Usmg leferentlal Forc J
‘Sensors.. *This. method ‘relies upon usmg two  force-

sensors posmoned so that when loaded, one ‘sénsor'is in-

compressnonand the-other one is in tensron. Figure 8 /| A

- shows one possrble configuratlonfor achxevrng tlus usmg {

P

twoSE-l sensors .o ; Ll e L

Force Overload W S NI

.. ' The'SE-1 Sensor is very rugged and can wrth- SR
stand overloads of up to 300 Ibs before the rubber pad R
1s damaged. t ’

<~ ;._..-;'\---.--.. X
 peesmremeeclicenaneanq’

N
v :

Crtrss Secllon A

t1 tz R
F K t1+t2 SR

. v
- [

Sensor Customlzatlon L P

F 1gure 8 Drfferentxal Force Sensors

A vanety of sensor parameters can be cﬂstomlzed for drfferent force ranges or operatmgenvrronments -

©

5
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.. (Pléase consult Bonneville Scrennﬁc for specrﬂc requests ) The. most fréquently requested changes are for different '; ) 1
-, force rangeés and thinner sensors. Increased force range can be aclueved by the use of a stiffer rubber in the sensor's I
“'pad. Alternative,a larger diameter ‘pad canbe: used if sensor wrdth is not- critical. Softer rubbers will incréase force * -
sensmvnty, but very soft mbbers can be reIatrvely weak Thmner Sensors can be made, however very thm sensorsl’ N
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s would have a smaller useful force Tange. For demandmg applxcatrons very small forceldrsplacement sensors can
be fabncated However support electromcs fort these sensors may be more expensrve due to smaller srgnals

PR \
"\1\ -

\ Standard Excxte and Recelve Electromcs for the SE- 1 Sensor
ST e ‘The SE-l Sensors are veiy robust, unlike’ ‘thermocouples and othier. low-level transducers The transducer
T matenal inthe sensor can produCe fairly large srgnals,. thus lending. 1tself more easrly to crrcmt vanatrons See SE-
PR Sensor Electromcs Schematrc Flgunes 9 and. 10 -on the followmg pages :

v I - 5

) R [N 3, L, ‘ R . n
N ‘,A 8 »‘ (Y”J N . o . AN v . , .y

. ,’ ; Excrtatron of the sensor s transducer materral is accompllshed by rapld drscharge of rts capacrtance to
PR ground ~A, resistor o the posmve ra11 provrdes suﬂ‘ c1ent current to. charge the nansducer in approxxmately 100 to“
.- 200 nanoseconds (leOO Ohms for N Volt) B DT

A s, LT '~" T N N T

v - - “ ST . L e~ ) s . B
" \ . _» . t, ) N , At v P " C o O

Recewe ", S 7“ cLnL S S G
., .. - Theecho srgnalfromthe sensorrsa sine waveburstatabout3 5 to4 OMI-Iz Thlssrgnal 1sapphedtoan o
N g f ampltfier through ahigh] pass filter. The large transrent caused by excitationis also propagated through the amplifier;
’ .. but the: amphﬁerrecovers qurckly Vu'tually any amplrﬁer which will proyide 80db of ‘gain between 1.and 7 MHz
e ‘, . is adequate A srmple two-to-four-stage drscrete transistor amplifier unplementatmn can also .cost. effectrvely,
e overcome the bandwidth limitations of common operatronal amplifiers: The' hrghpass ﬁlter removes low frequent:les )
o provrdmg a baselme for srgnal detectron. The resultmg srgnal is applied to the input of a comparator A very ‘fast .
R ‘: . comparator: 1s reqmred, such as the very-low-pnced MC354O dlfferentral lme recerver L y !

({/\4 B \:“ oo o s " »’P . ‘\‘;“Hl -\,‘]

Multlple Sensors e ’ S Lt S
+»".. Multiple Sensors, such as.in. a force plate can he drrven wrth the same crrcult by repllcatmg the transrstor .

resrstor and capacitor used to generate the excltatlon pulse for each Senisor. The echo srgnals can be multrplexed by(
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" 'SPECIFICATION ... = =~ . - ..
~ BSI Model Number SE-1 N

-

Smgle Element Force/DlspIacement Sensor

. Electrucal

‘ ;Excntauon Voltagef \
"' Output Signal -~

) Capacntance

N

Mechanical -

B Dynamlc Range.
?'Hysteresxs .

Operating Temperature K |

‘' Impedance . .
* . Excitation Method‘

Temperature Coefﬁcxent

”Temperature Coeﬁ'lcmnt Confmed
- Maximum ScanRate [

Pressure Resolutlon

“-Force Resolutmn o

Relatlve Accuracy

v Overload Lumt Compressmn o ‘
C Overload Lmnt Tensxon ’

L:\

‘Force measurement

Force -

 Displacement . -
-Time-Of-Flight =~

* | Time-Of-Flight- (TOF)
" Rubber - Stiffness -
E Abslol\ute‘Acciiréqy

-~

I

1 to 100 A"/ (typlcal 12V) 7
IR ~1/1000 of excxtahonvoltage o
100 pF e
. 450 OMs@35MHz .
- ”Shonnset1mepulse R

-

o ’ 0 to 25 lbs (50% dxsplacementof 0. 144" pad)
Y O%max devxatlon for <1 second :

. -40°C 1o 80°C (100-150°C opuonal) _ N
‘ 27nanoseconds/°Ce no T ’, Te e | .
8 nanoseconds/°C , - ol
.. 8 microseconds or 125kHz T
"'38PSII1mcrosecond L - S

‘83lbs/nucrosecond o P
. 19.8 nucro-mches/nanosecond (. 0083 lbs/nanosecond)

419 lbs/mch@20°C -

,I:H 1% straight llne lmeanzatwn (excludmg hysteresns)
%1% with'3 line ¢ segments (excludmg hysteresxs)

0%
Rubber 3001bs - ‘_xy . Lo
7lbs " N T
vaswe

0t000625mch L T
0to3012nanoseconds P ‘

RubberPad Lol

14

’ “'Difnensions -of SE-'l \

Bonnevnlle Scxenuﬁc Inc .

" 1849 W, ‘North Temple, Bldg E, Salt Lake Cxty,UT84ll6 AU

' Phone (801) 359-0402 ' Fax (801) 359-0416 N e
= P/NSE!B—0004-02 4 : N
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R Sensor Evaluatlon Klt o \
Bonnevﬂle Sc1ent1ﬁc s Sensor Evaluatlon th contams the followmg

it S o~

. 1. One SmgleElement SenSor R S SO
2. Oneelectromcsassembly, TR A I
3. Thisdocument . . o< oo R oo
L4 ATheSE-lspemﬁcatlonsheet R T U

K

(~"~’The followmg explanatlon assumes you have read the Specxﬁcahon and Apphcatlon Notes IV

et e X 7
y
\ N - - P

o~ -

The evaluation board excntes the sensor ampllﬁes the echo’ 51gnal and then theasures the 1nterval from

",Whatdoes the c:rcu:tdo? ’Q A ff Ll

excitation to detecuon “(i.e. Tlme-Of-thht or TOF) The TOF measurement is' then converted into a -
. voltage output which is- dlrectly proportlonal to the force applied to the Sensor; : 'I'lus voltage 1s also:

proporuonal to dlsplacement smce force is proportlonal to dlsplacement oA

:,Howdoes the c:rcu:tdo :t? e Tt AR ST
S s e imeokFge TOR) A
1 D Appronmdy 4co8umd. S ) o W 7

v - " v

TOF Deueuen

A state machife starts.the process by sendmg an exc1tauon Jpulse to the sensor An amphﬁer then Boosts ‘

. ‘the echo 51gnal so.that it can be detected. A trackmg threshold detector monitors echo, amphtude and sefs’
the detectlon threshold voltage to mamtam detectmn level at two-thnrds of the hexght of the echo AR

RS - - -
<
‘ . s t
. Ve
f
N - )
” »
s , A -
N
1
hKe -
;
.
ot
¥
7
N SR
. s K
p
N |
N N s . B
14 2 <
‘ .
A 0
- B - . .
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. NN , {
~ 4
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Srmultaneously w1th the generatron ofthe e e iy

1 excitation pulse, a precision current source." | L et abane inouf faree W
begrns chargmg a capacitor -at a constant
“rate. This .action creates a lmcar voltage
ramp whlch is propomonal ‘to the TOF of
" the ultrasomc pulse - An adjustment
potentlometer at thrs pomt ‘'varies the slope ",
‘of the ramp - to match the charactenstrc
force slope of each Sensor..

The ramp voltage is sampled at the mstant
-the echo is detected The’ sampled voltage 1"~ () e ey mee U
.is then held ,on capacrtor buffered 'and | . | A N L A AN
apphed to an jnverting op amp stage that |~ . | | [ {7 - 0 7
alsohasanoﬁsetadjustmentpotentrometer. | R O XA AN SIS EEIEER RN TR U
 This;adjustment’ allows the zer0, reference to: 3 Z"“‘““W??‘fﬂmﬁ'jﬂ?'i‘°9’?%"“f"{°!°@ﬂ“w IR
beset T - | ' A | T T

Gettmg started o -
- You wilt needthreethmgs to get started 25V A
(\1 1412 Voliregulatedpowersuppbz E o "u:’ ) LT “ ’
2 theSE-I sensorsupplredwrth the kit —— Lo A ‘; o - F\ b ‘
3. Instrument to momtor or dtsplay the output \ R , , L Tl s o
PowerSupplles Tl e e

Any laboratory power supply that can provrde +12 VDC at 20() rmlhamps and \-12 VDC at 100 mllhamps
3 wrll work Make certam that the power supphes obtamed can' supply the necessary polanty and current

QM Make cértain the power supphes are CORRECTL.Y CONNECTED before turmng on the '
- power. ' The. on-board regulator heat-smks get- HOT S0 use reasonable cautron when handllng the

EvaluatlonBoard. A . T F = - 9 - 0 e
J3 is the’ power supply connector RO R 107 B 149 5
It 1sa4pm0 1" center connector B P o . - ,
: See "Evaluation . ‘Board- Component " | . -~ /- Tl oo Tl 0 :
Locatlons for "power- supply: |- R N TN T
connectlons B A S L R ST S )
: Jf . :: N 5 , Coole 7 :‘, . . R L i oY - </‘/» R et - A
. o R ZeroP_otentlometer R L
S PR A ~ ; ,g'; R @Sensorprive -
S A Slope < noeso LT o ) Sensor Ground
© | . R4 |- VR A R
e e BT T T Quipit Ground C Oufput’ e L
g Wit voo . 74 cEvaluation BoardxComponent*.Locations- S e

Sensor ST e A et ' »
The sensor is- connected to- J L Grmmd on the sensor must be connected o ground on the connector

- Note: : Placmg the sensor next, to.a conductrve surface can: cause noise problems with the mput srgnal
These can generally be solved by electncally connectlng the: shreld ground fo. the conductrve surface RS
T Y Coa BomevrlleScrentlﬁcInc y 7 S AR EEIREEEN

PR 1849W NorthTemple,Bldg,ESaltLakeCrty,Utah84ll6 TR o
N |7 Phone 801-359.0402 ' FAX801359-0416 . .. . S
T e LT PINSEIBOOOS-OO T . T

91 S~



_"Output U A S ‘,‘/’1‘ :i oY

*Connector Jz 1s the output Slmply connect the momtor or drsplay devrce across the srgnal ‘and ground
" pins of: J2 ‘

The most eﬁ'ectrve method of drsplaymg the output force s1gnal is w1th an oscrlloscope Thrs perrmts . ‘

o seeing the effects of the hrgh sample rate (114 kHz) of the evaluatron board A srmple DC volt meter 1s y“
adequate to drsplay slowly changmg force srgnals RIS . '

N :/

A ‘_Ad]ustmg the electromcs R SR : ’? S

" The evaluatron board is set at the factory to pr0v1de an output of 0 to 2. 5 vDC for. 0 to 25 Tbs force apphed

. to the semsor. Characteristics of the sensors best fit straight line are reflected i in ‘the’ specrﬁcatton sheet -~ -
‘shipped with the- evaluation kit. - For 'the highest accuracy, the electronics must be adjusted for. each .

_sensor. However, once adJusted, the’ relative accuracy of other sensor’ s are mlmmally aﬂ’ected by the ‘
/ calrbratron . N

PR

fStep by step. mstructrons for cahbratlon-

’ ‘,‘:Place the Evaluatron ‘Board in front of you with J1- on the IOWer nght hand comer The potenttometer L
" adjustments are’ now on " the lower-left. The lower potenttometer 1s the SLOPE or, Gam-Settrng ’
; ~adjustment ‘The upper is'the ZERO adjustment . r 3

.
R . o
S

o Procedure for Sensor Cahbratlon : , .
) 1) Usmg the sensors charactenstrc force curve, begm by detemumng the best lmear ﬁt strarght lme
“ . Cover the range of forces for which the sensor will be used Lo, P

o . 2) Estabhsh the two pomts along the sensors charactertstrc force cuIVe where the curve and the best
' ~ - liriear fit line intersect. Deterrmne the approxrmate force at these two points .(F1' and Fz) For
example over the entire range ‘of. 0-25 lbs for the SE-1 sensor, the two points (Fi and F; ) '

correspond to 5.7-and 19.3. lbs (see Force vs. Drsplacement graph on specxﬁcatron sheet )
3 Apply the greater of the two forces (F2) to the sensor; and record the output voltage (Vz) at J2

! ‘4)ApplyF1 tothesensorandrecordtheoutputvoltage(Vt) S BRI ,

‘S)CalculatetheRangeRm Vz-Vl e ¢,‘g ' , v

. 6) Calculate the drfference (Rd) between the measured range (Rm) and ‘the. target range [Rt (Fz ae
F1)/10]. / -

. er Rm Rt.
s ‘7) Calculate the gain settmg output voltage J A
GAIN-SET-VOLTAGE (or slope adjustment) V1 + Rd.

}{ ‘:8) Wlth F1 Apphed to the sensor’ adjust the gain potenttometer (R14) so the output = calculated
output voltage (GAIN-rSET-VOLTAGE) '

' 9) Adjust the offset pot (R16) untll output voltage is F, ne.. =
10) Repeat steps 3-9 untll you are sattsﬁed with the ca]1brat10n . :(

oy
‘ I3

3

e
1
o

Evaluatlon Board Speclfrcatlons

K

- Power. Supphes..—...».~.v.f....<.~i....: ....... ereteeie s eressseesosesonsoos +l2 VDC 10%
PR +12V@200 mAmps “ N
o / \ ,,-IZV@IOOmAmps ) s - -
‘_‘SampleRate...; ....... e st s e *.,.’..‘l....SSuSeconds (1136kHz)
'Output Drive into lOKQ e \ e 11 mA g
\ Note' The output has a IOOQ senes resrstance to protect it. - J \
BormevrlleScrenuﬁcInc

CoL - 1849 w North Temple, Bldg, E Salt Lake Clty, Utah 84116
oo Phone 801-359-0402 - FAX 8013590416
. P/NSEIB 0008-00 -
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BONNEVILLE SCIENTIFIC, INC. ("BSI") TERMS AND CONDITIONS OF SALE
Plcsac Notc: Notwitimtanding any difinecet or additional tonms which sy bo embodind in Buyes’s osder, acooptance of Buyer’s asder is cxpsosaly made: conditional an Buyer’s assont 0 the toams and conditions
sct forth below and on any attacivnente hearto, which shall constituic tie complctc agroomant betwoon the partics. The toems and conditions of mic aso as follows:

1. Delivery. Each order 1s subject to approval by BSI, in its sole discretion  All shipmenis shall be FOB place of origin. Title to all goods shall pass to Buyer upon delivery to the common carner, unless otherwise
agreed to by BSI 1n writing. BSI shall have the right to deliver all goods covered hereby at one time or 1n portions from tume to tme. BSI shall not be hable for delays in delivery or for failure to perform due 10 causes
beyond the reasonable control of BSI. These causes shall include, without limitatton, acts of God, acts or onussions by Buyer or amy third partes, delays in s or inability to obtain y labor, tal

or supplics  In the event of any delay, the contractual date of delivery, if any, shall be extended for a period equal to the lime lost as a consequence of such delay without penalty to BSI  BSI shall be entitled to refuse
or to delay shapments for fariure by Buyer 1o pay any peyments due BSI, whether on this or any other contract between BST and Buyer

2 Canccllation. Orders acoepted by BSI may be cancelled by Buyer only upon written consent of BSI  Special orders are not subject to cancellation. In the event of Hation or other withd: 1 of an order
for any reason, and without hmiting any other remedy which BSI may have under the Uniform Commercial Code of Utah, Buyer shall agree to mdemmify BSI from loss
3 Retum Policy. Approvel must be obtamned from BSI prior to retumn of any hand! All 1al 1 without pnor approval will be refused automatically.
4. Teooms. Terms of payment are net thirty (30) days from date of invoioce unless otherwise specified by BSI in writmg. BSI d ges "credit® i In the event that payment is not reccived within
such thurty (30) day period, any unpaid balance shall bear interest at the rate of cighteen (18%) peroent per annum from the 31st day aficr delivery  BSI retamns, and Buyer hereby grants BSI, a security inlerest i the goods,
Tuhing all 1o and repl of thern until Buyer has made p mn full m d. with the terms hereof, and Buyer shall cooperate fully with BSI in unng such 4 including a Uniform
C ial Code fi and mplishung such fillings and/or recording thereof as BSI may deem y for the perfe anxd p of such interest.

5. ‘Tmes. BSI's prices do not mclude sakes, usc, excisc or simular taxes  Accorlingly, Buyer shall, in addition to priccs specified by BSI, pay any sales, use, excise or smnilar tax attributable to the sales of the
goods covered hereby, or m leu thereof provide BSI with tax exemption certificales ptable to the taxing autt

6. Inspoction and Acceptance of Goods. Final mspection and scoeplance of the goods shall be at Buyer’s facility, Buyer shall be responsible for ducting the final P ests, if y. These tests
shall be completed promptly and m no event later than runety (90) days afier delivery, at which time Buyer shall be doemed to have acoepied the goods in accordance with Paragraph Nme (9). Any discrepancy in shipment
quantity must be reported withun five (5) workang days of receipt.

7. Changes In Price. The sclling price of the goods shall be that which is identified mwnlmgontl:BSl invoice. Unless otherwise specifically agreed m writing, BSI shall have no duty to agree to fill future

orders from Buyer, nor to provide the goods at the same price. Each order is subject to approval in the sole d of BSI. BSI reserves the right to increasc the sclling price of any and all undehivered goods ordered
by Buyer which are affected by an increase in BRSI's cost of such goods due to an merease by BSI’s materials suppliers. The sclling price shall, upon an merease in pnoe by BSF's suppl be d by a p ge
equal 10 the percentage of increase in BSI's cost for the goods, and Buyer agrees to pay any such i d price in d: with the terms hereof

8 Buyer's Tormm snd Conditions. To negotiale individually the terms and conditions of each sales contract would substantially impair BSF's ability to provide efficient service Accordingly, goods funmushed and

services rendered by BSI arc sold only on the terms and conditions stated herein. Notwithstanding any terms of conditions of conditions on Buyer’s order, BSI’s perf of any is expressly made dit \
on Buyer’s agreement to BSI's Terms and Conditions of Sale unless otherwise specifically agreed to m wriung by BSIL. In the ab of such an age of perfi and/or delivery shall be for
Buyer’s convenience only and shall not be & d or d to be of Buyer's terms and condiuons, or any of them. If a contract is not earber formed by mmiual agreement in wnlng, acceplance of any

of goods or services by Buyer shall be deemed acceptance of the terms and conditions stated heren.
Copics of Paragraghs 9, 10, 11 and 12 shall be tssmitiad by Bayer 10 all subsogoont purchasors.

9. Warnmniics and Remedics. Buyernuumeanurisknndlinbxhtyforlona,damgporinjmylopencnorpmpcﬂyofBuyeroro(hemnmi.nganofth:meorpoueuionoﬁhegood.spurdmedbyﬂuyer. BSI
warrants that at the tune of delivery, ials and work hip are in d with their wnitten specifications and free of defects, bul makes no warranty with respect 10 the fitness of such products for Buyer's particul
requrements, BSI agrees, as BSI ahall clect, to credit the account of Buyer or replace without charge to Buyer all goods which, at the time of delivery, are not in ! with f *s specifications, but only
1f Buyer returms such goods to BSI's plant within nmety (90) days from date of delivery, in d with P h 3, in original pack and m good condition, without their serial mmbers or any part thereof altered,
defaced or d, and jed by a specification in writing of the defect(s) mvolved. Buyer shall notify BSI in cach mstance when Buyer intends to retumn goods which Buyer bel are not f with
mamfacturer’s specifications and BSI shall be entitled to examine such goods. BSF's sole Labihty shall be to credit the acoount of Buyer or to replace goods which are not in d: with f "8 specifications
and 1n no event shall BSI be Lable for damage of any lind. The foregoing remedy as provided heremn shall be the sole and exclusive remedy of the Buyer.

10. Exciosion of Warrantics snd Remodics. BSI HEREBY DISCLAIMS ANY AND ALL REPRESENTATIONS AND WARRANTIES, WHETHER EXPRESS OR IMPLIED, WHETHER ARISING IN FACT
OR BY OPERATION OF LAW, AS TO THE CONDITION, DESIGN, OPERATION, MERCHANTABILITY, QUALITY OF THE MATERIAL OR WORKMANSHIP, OR FITNESS FOR USE FOR THE BUYER'S
PARTICULAR PURPOSE OR ANY OTHER REPRESENTATIONS OR WARRANTY WHATSOEVER, WHICH DOES NOT APPEAR ON THE FACE HEREOF AND BSI SPECIFICALLY DISCLAIMS ANY AND
ALL IMPLIED WARRANTIES OF MERCHANTABILITY, ANY AND ALL IMPLIED WARRANTIES OF FITNESS FOR A PARTICULAR PURPOSE, AND ANY AND ALL IMPLIED WARRANTIES ARISING
FROM COURSE OF PERFORMANCE, COURSE OF DEALING OR USAGE OF TRADE. BSI SHALL IN NO EVENT BE LIABLE FOR ANY DAMAGE OR LOSS DUE TO DELAY IN DELIVERIES. DELAY
IN SERVICE, OR USE OR INTERRUPTION OF USE OR BUSINESS, OR LOSS OF PROFITS OR ANY OTHER CONSEQUENTIAL OR INCIDENTAL DAMAGES.

11. Todwology Rights. If the goods purchased by Buyer are manufactured by BSI, they are subject to a BSI patent or other inicllectual property. No license to alter the product or to change the application of
the product 18 granted. BSI shall have no hability of any knd with respect to any actual or alleged infringement of any Umited Stales or forcign patent, trademark or similar righis.

12. instslletion sd Use. All force/displacement sensors or parts purchased by Buyer are 1o be vsed in & manner conewstent with the specifications provided by BSL. Only the known limitahons are bisted on that
specifications sheet. Buyer 18 hereby wamned that the force/displ BEDBOT 18 EXPeri ], and that there may be other limitations which have yet to be discovered or understood. If Buyer docs not understand the
technical information, Buyer should consult with an expert in the field. The force/displacement sensor(s) arc not sold to be imtalled in products which, in tum, will be 80Kt to the consumer or commercial public. The
scnsor(s) arc sokd for test purposcs cnly. Buyer shall be solcly responsible for the installation and operation of the force/displ ) d hereby inchud without 1 ion, the obtaming of all permits,
Thicennes or certifi quired for the installation or use of such foroe/displacement scnsor(s) Each sensor sold is sold only for testing purposcs, by Buyer, in Buyer’s facility. The scnsor 18 not mtended for usc m situations
mvolving significant risks, such as m lifc support , Iuman impl. jon or muckear facilies or systems, by way of example, but without Irmitation miended.

13 Tochnical Advice and Data. Any iechnical advice offered or given by BSI in comection with the usc of any force/isplacement sensor 18 as an accommodation to Buyer, without charge, and BSI shall have
1o responsibility or Liability wh for the content or use of such advice Buyer shall not use, dupli or disclose any techmcal data delivered or disclosed by BSI to Buyer for any purposc other than for metallation,
P or mai of goods purchased by Buyer, without BSI’s prior wnitien consent

14  Spocial Owdets. Special orders of Buyer shall be g d by this A as b d by any writlen agrecment between the parties in reapect to the special order. Non-recurring engmeering, such
as for toolng, set-up, fitung-up, drawmgs, design infi and partial preparation charges, when invoiced, shall cover only part of the cost to BSI. Accordingly, Buyer does not acquire any right, title or inlerest in

r

any non-fecurring engineering, nor to the design i jon or any jon resulting th

15, Wape snd Hour Comphisnce.  BSI hereby certifies that it is 10 li with all applicabl of the Fair Labor Standards Act of 1938 as amended and with the regulations and orders of the
Admmnistration of the Wage and Hour Division issued thercunder

16 uAl.ldupuleelnderuvculmamminglhcgoodanmdbmaemolvadhﬂmmBSluﬂBuyerdnllhemolvedinnoamofwjurhdlaionmlhelmeofUuhandmnoodtrphce.
provided, however, that in BSI's sole discrelion such action may be heard in some other place d d by BSI (if y to acquire junsdiction over a third person), so that the dispute can be resolved in one action.
Buyer agroes to appear 1n any such action and hereby consents to the junsdiction of such court. No action, regardless of form, arismg out of, or m any way connected with the goods furmshed or services rendered by
BSI, may be brought by Buyer more than onc (1) year afier the cause of the action that accrued.

17 Intogration snd Assigrement. This instrument contains the entire and the only agreement between the partics with respect to the goods and any represcatation, promuse or condition herewith not specifically
mcorporated herem n writing shall be effective only when embodied m a written agr signed by the party 10 be charged except for the impk of price by BSIp to Paragraph 6 The provision
of this Ag shail not be changed or modified except by an instrument in writing signed by the parties hereto  Any of this Agr or any nghts or obligations hereunder by Buyer shall be void without

BSI's written consent.

18 Gowoming Law. This Agreement and performance by the parucs h der shall be d in d with the laws of the staie of Utah.

19. Ndu-.Anym:ccloBSerlhuAM\lshnllbcmwnungnnd-hnllheaerwdmllslbypemnlaemce.or\wleavmg-oopyofpwhnwcenuhenddmomfmhbelow,whemwmce
of the noice shall be decmed completed; or by mailing copy of such nouce by cenifid mail or registered mail, postage prepad, with retum recempt requested, addressed as follows-
BONNEVILLE SCIENTIFIC, INC., 1849 West North Tempic, Buikling E, Salt Lake City, Uteh 84116

2 )



BONNEVILLE SCIENTIFIC, INC.
1849 W. North Temple, Bldg. E
Salt Lake City, UT 84102

PACKING SLIP

INVOICE NO: 1050 DATE: 7/21/95
ORDER NO: MAS071995 patg, 7/19/95

CUSTOMER P.O.: GX-D-590335
CONTACT: Joe Paradiso

B Joe Paradiso S
I MIT Media Lab H SAME AS BILL TO
L E15-487 I
L 20 Ames St. P
Cambridge, MA 02139
T T
O (@)

SALES REP DATE SHIPPED F.O.B. FACTORY SHIPPED VIA TERMS
G.B.F. 7/21/95 SALT LAKE CITY, UT U.S.Mail | Net 30 Days
GUANTITIES BACK. ' ' i

QRPERED SHIPPED | ORDERED PART NUMBER DESCRIPTION

0 SE00-0001-00

SE-1 Evaluation Kit
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