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Powered wheelchair bucking 

Abstract--Usin a d u n ~ m y  test driver- wit11 ;i sirn~rlatecl 
Naccid fi>rear.rn c;rp;rble of representing either a large or 
zem frictiioi~ colldition, S I X  powered wheelchairs were 
examined fc>i,r buckir~g tendencies. In the zero friction 
conclition, brrcking was easily inducecl in 5 of 6 testcd 
wheelchairs. Addillg ltiction to the simulatccl fc>rear-m 
prevented bucking in ;ill lestecl wheelchairs but one. 
Bucking is not simply related lo wheelcl-r;rir perlormance 
meirsures such as speed or. acceleration. Sustained buck- 
ing corresponds to neutral stability in ti speed regulated 
machine. Cl-rlinges in natural frequency ar-rcl d;imping 
characteristics are preclicled as useful in reducirrg pow- 
ered whcelch;air- bucking. 

function can find rt drficulr and even rr~lpo\slble lo 
ma\ter the appr-cbprrate \kill\. lit wor~ld appear de- 
sar able lo deilign power wheelchairs so a\ lo preclude 
barcking. 

A uaeful first step an \uch a process r \  to e\labl~\la 
the rcdot cause of bucking. In thi.; work the plrry\ical 
charactern\tics of  a known hck ing  whee lck i r  are 
compared lo tlro\e CPC five power wheelchair'i; se- 
lected at rancbona. AT rsilue is the pertrnence of such 
mechanical de\ign fiictors a, acceler;rtion, jerk, top 
\peed, etc., 10 bucking. 

METHOIOS AND MA'KERIALS 

The bt~cltirrg of power wheelc&~air\ define\ a Ipe- 
cr'fic control problem rn which the vel~icle jerk\ back 
and forth despite Ihe eh'Cort\ of the u\er to produce 
a ~lrr~ooth rnotlor~. While Ihi\ pr.oblem i\ rare, clinical 
observations indicate that the combination of certain 
wheelcl-rair users, dr-rvrr-ry certain nlodels of wheel- 
G\I$\Ts, 1s Iikely to \edd to "ouckiing. 
In nrany wiig~s wlzeelchair buckir~g is similar to 

the process ob\erved when unskilled drivers attempt 
to accelerate automobiles eqt~ipped with mechanical 

In ei"cker cace, the vehicle executes a 
vjole1r.l: oscillation super-impo\ed rrpo1-a a basic Ira- 
jeclory. With experience, the typical arlton~obile 
driver develop5 \kill.- nece\\ary to darnpen the 
unwanted o\cjlkation. However, in the caw of wheel- 
charr uler\,  tho\e with impaired LIpper extremity 

A group of six power wheelchair\ were examined 
fcx buckln-rg tendencies and the: results compared 
with physical mea\urei? of acceleratiorl, jerk, anci 
lop speed. The one wheelchr-lir found to po\ses\ 
rrnacceptably poor bucking chiu-aeteristics, imd never 
put into productiol~, will be termed the "Xu wheel- 
chair. Olher- te\ted nlachirres include the E&J-3P, 
E&J-3N, Ves\a Sld, Ins&-Gaiter, and an in-house 
developnrent termed ""Pancake." 

The physical characteristics tests employed in thir 
work are those described in the 1979 Vcterttn,., 
ad mini^ tva ritrn StuncilruO,~ ,for Electric.( rlly Powtered 
~ h r r / ~ ~ h ~ ~ i r s .  To measure acceleration arrd jerk, 2) 

driver clasped a commercial servo accelerom- 
eter to his breastbone, rising both hal~ds to  assure 
firm ancl level po\itionitlg of the sensor. From it 

standil~g start., ;HI assistant standine lo one 5k.k of 
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the wheelcfraxr- moved the conla-ol $1 rck as a irprdly 
a4 po5\ihle. The res~tltil wele dnspliryed on 21 Con- 
ventional oilcalloscope ;rnd pd~otographed for aub- 
\eclucnl an;llyrrs (Figure I). At le;isl 6 r~ar-rs were 
aver.;iged in arrlvrng at finiil re~7~ilt~1. The maxrmunl 
arrrplrtudc of the acce\eralron ver \ ~ a \  trrne curve w a l  
taken ;a\ the pcak acce\er;zlron value and r \  giver1 
relative to the ;~cceler-;ll~on of griivlly. 'I''h~l\ 0.4 g 
rr-neanl, an necelerat~on eqrr;il 10 40 percerlt that of 
gr-avr t y.  

Jerk was deternarned hy graplrncnlly clrffe~eratlating 
tlae acccler;iliora versu\ trrne record\ in the conven- 
krona1 rnanxrex , r .c., slope\ were r~-re;lsurc;cxi and cola 
verted. LJnr"e are b a d  ora change5 of gr;avntiltional 
acceleratroal per LLIIIR: tlime; a jerk a-;ilrng of 2 glsec 
means a jerk eqaravalent to ;r change Iwrce IErlal of 
gr-av~tiilional acccleralion trccul rrng rn onc second. 

Veloc~ly was dekermrraed by \top watch Irrmae 
rneas~rremenl5 over a known travexw. 

Sircking test)  were condirctcd wl t l~  ;in ;irrl;laa-opo- 

n 7 0 r ~ h l ~  dummy (I75 Ib) aervrng a4 ""dllvel". I'WO 
types of &)rearm restraint were srmulated (Figuse 
2). A 5 Ib. mek;rl bar, \ervrng a\ the fc)rearm and 
h;lnd, was connected to the control \trek through 21 

\iopfree low CI-ictiorr, nylon ball pivot. The 
end of the bar was either supported by r~ilober bands, 
t o  prod~~ce a free floclting, uraclan~ped \upport \ug- 
geiltlng a flaccrd forearn1 (~rpper sketch); or- the 
""elbow9' wi~\ arranged to create con\rderablfi. mc- 
cl-ranicill I'n-iction rrpon motrorr (lower \ketch). 'EThe 
Iirtter case was con\rder-ed equivalent to a Erighly 
damped for earrn. 
To initiate a bu<:klng Irr;rl, the \rmularecd ar-rrr was 

moved at xl~axllrlurn acceleration hy the operator 
and then released. Olr\ervatloa-rs were made of the 
per-5istence of any n ~ o t l o ~ ~  oscrllalron hllowlng re- 
lease. BE all subsequent oscilliition\ stoppetl within 
two oscill;ition perioeil, the btacklng ti-i;rl wa\ rated 

1.f oscillations per\r\ted "ir more than two 
periods, the  trial war rated "YES". 

Figure 1, 
'Typical :icccleialinn d;it;i. IJppcr lower iioriwnisl liner arc ca1ihr;ition r ~ i i l i  it1 i I g and - I  g, respeclively 
~h~ r ~ a x ~ ~ ~ ~ ~ n  acceii:r;irion i.rrn starts near origin im imi-izonkii ( t ime) axis and proccetls Lri right. Time :rxis iirliis 
arc: ti.05 second.; per box. Vertical ordiaiatc (acceiefiitionj u n i t s  are roughiy 0.5 g per box. Wlieeiciroir under test 
was the Veilsa Std 
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Figure 2. 
Model forearm restraint systems as employed in bucking tests. 

RESULTS 

All rneasrxred wheelchair physical and bucking 
characteristics are given in Table 1, The Pancake 
and X devices represent the extremes of the bucking 
range; the Pancake could not be induced to buck, 
while the X chair bucked in all tested circumstances. 
Once bucking was initiated, the X chair continued 
to buck without limit, slowly nioving into a circular 

trajectory. The acceleration versus time charaeter- 
istics of the X chair, taken in sustained bucking, are 
given in Figure 3. 

The rernai~ng vehicles have moderate and rouglrly 
equal bucking tendencies. Each can be induced to 
buck in the Aaccld forearm condition, yet each 
resists bucking in the damped forearm condition. 

Our concern is with the root cause of bucking 
and specifically with possible associations between 

Table 1 
Wheelchair Bucking and Physical Characteristics 

-- 
Wheelchair Physical Characteristics Sustained Bucking? 
- -- - 

Max Peak 
conlro\ V el Accel Jerk Flaccid Damped 

Mfg Des~gn 'l'y pe MPH dsec Forearm Forearm 
------ 

(g) - 
E&J-3P Prop 4.2 .42 6.6 YES NO 

E&J-3N Micro 3.1 .36 6.9 YES NO 

X M~cro 2.5 '41 5.1 YES YES 

Vessa Std Prop 1.7 .47 4.1 YES NO 
Insta-Galter Prop 2.7 .38 5.6 YES NO 

Pancake Micro N A .15 1.6 NO NO --- 
p- 

---- 
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TIME. SEC. 

Figure 3, 
Suii;iined bilcl<it~g oacill;ilion. Thc ;icceleioancter i s  clasped to t l ~ e  ""br-casthone" 
of Phe 175-pountl dummy driver- st:;riecl in Wheelchiair X. 'The bucl<ir-rg fi-equel~cy 
is roligkly 3 cycles per- second; ;rccclcr;ttiori arnplitrrdc rotighly i I/! g. 

brrckilng and wlaeelch;kir pl-ry\lcal char;icterrstic\, 
Examin;il~on of Table I doc5 not proclrrce a cleiar 
;~r\caciatlon. Both the X chair and Ihc Pancake h;ivc 
micr-o\wrtch control\; ;a\ noted previou\ly, lllc X 
buck4 readily kind the B%anc;rke not ;it all. 'The 
;icceleratrorr ancl gcrk ch;zr-acler-nilrcs of the Pancake 
are the loweir of all, implying wnle po\srl>lc relie- 
tion5hip of brrck~ng to accelerat~on: ;and yet the X 
cl-riarr acceleratioxr valere., are nrrtl-r angc and unex- 
ceptional. 

L3ucking may bc viewed a s  a process ~.,rrnnl;rr rn 
nature to that of governor- hurrtrng. Within thr5 
analogy, the control box plui tbc operiibrng hand a \  
viewed ;kc ;I gcrvernor, ~~1way",allernplrng lo c)ppose 
wkreelchair accelcration by apply slag a x ever-4rng 
force. Th~n\ the system ii vrewed in\ always po\- 
sessing 5t;ltic st;ibility. 

For example, a li~rwax-d acceleration or'tlre wheel- 
chair tends to cau4.a;: the clnverq\ arrrr to lag the 
motlorr, o\n/iog "i the a rmy\  Imlerlra. 7'lae lag Ir 
serrked a t t h c  ~011tr01ler a\ a reiirwai-d\ 111011on, 
actrng to either. dlnrrini5lr the I'olward acceler-atmr,r~ 
crn pelh;lp\ to produce a neiir-war-cd5 aeceleratron. 

Such a system, alway\ actlng In oppo\~ilron to thc 
bauc wheelchair acceleration, rc rnher-ently \table 
in the scme that i r  restoring force accowrpanle., ;tray 
tieparlure from conrliint velocrly. 

While tl-ras fcrrrn of statrc stilbrlrty ha\ a b;t\rcally 
\t;ibrlazing tendency, i t  is po-clxble for- ;r \rtuatron to 
ari\e where repetrted srgn ch;ingei, at an evergr-owrng 
ararpl~t~rde (dynamrcally ~anltablc) or where tlae am- 
plet~rde of endlessly reversrng cl3ange5 rn i~ccelera- 
tion becon-re5 condant dyn;imic;tlly (ne~otr;slXy \t;itblcp 
rather- than din~lnishing and finally v a ~ ~ ~ r h x n g  (dy- 
nlaxn~caPly \table), 

Obser-vatlon5 of bucking data (Figure 3) salggcsl 
ti"1a.t of t h e  varrous po\ribilrt~ea, the c a w  of neutral 
dy  naxr~lc \lability aecompanyrng great \ t a t ~ c  5tabrlrly 
descrabe5 Illat undelrnred br~cktl~g concllllon morrt 
likely to occur rn pr;ictrce. To exanlrne t171\ ccrnda- 
hion, we shall considel- &he clas\~c governor iinaltrgy 
~ r a  rome detail, usrng expre\\lons descrrbrng the selll 
excited or- hunting vrbratloncl of \uch a ay\tem. 

The force relatiorr5hrp clelscnblng t h ~ a  \rtu;llion 
bar bccn glven ( 1 )  as the I$@.llowrng: 

X q l  't d,, @ -i-. k,, yl = -l'n 



where 1 = dipplacement of the conntrol lever from 
a constarit velocity pepiz;ilior-r; 

YYI = equivalent nrrai./\ of  rlr;l.c \easpended por- 
ticrn crf the driverq\ arm engilglrag the 
corrtrcal slick; 

dc = dan~plng coefficient of ;ill ;~ssunled VI(1- 

cou5 clamper placed within thc control 
box; 

X ,  =. stiffness of the control box spsrrrg; 
c ,  =- increrraental change of control slick force 

caused by arx iracremental change in 
wheelchair motor speed of one radian 
per second; 

q = difference betwecrr irr\tanrlc\nec~us wheel - 
chair drive rnc?itcar \peed and the norraral 
oa- average speed at a given load; 

k ,  - skrffness of the wheelchaee drive nrotor; 
i = rapomen1 of inertia of all ra>taling parts; 
6 = incrernerrlal change of wheelieharr rnotox 

kor-qlle cause by ir~csernentzil clrarlge of 
conls ol slick; 

4, = darraplr~g coefficient crf an assrrmed vis- 
coua danliper placed withrn the wheel- 
charr- drive mutor. 

'The \oluliorr, corrsesler~t wrtkr pvsrlivc dyra;rrnrc 
stability, has heen given ( I) a\: 

k,, ..I ...-" k .+- 6;YI,dIV 
i nr irn 

'The above expression includes too nrany factors 
Be, permit simple asses\raaer-rl; id: is imshruclive to note 

d,  1hii1. t h ~  contr~\lk;r ddmpingtdctor - , the wheelclsrsir 
rn 

4 motor damping ---, the natural freqrsenciei 
I 

pertinent to tire ismuc of stabrlrly. 
One simple ccancIusion that can be drawn from 

Equatiora 131 is that in the abcence of danrpir-rg d,  -= 

d, = 0, (&.re left hand side goes to Lero, while the 

right lside 94 pc)si&iive, I t  follows that in tine absence 
of ad/ dannoirng, dyxaamic stakmlity i s  impossible. 

Next ccmq183de1 the Ci19e where motor damping i\ 
zero, l 'hcn Eci~~r~tion 131 reduce5 to: 

Here, silrca-erld the: control box frequency be less 
than the motor fieq~lency, the left side i s  necessarily 
negative and dynaarric inskbility impossil?le, even 
i f the control box i s  heavily damped. Conversely, 
when the control 1 7 0 ~  fiequency icl greater than the 
rncltor frequen~cy, thc left hand side i~1 positive and 
stal.rle operation fojlow5 il" the control box damping 
i.; larger than): 

d, > 
I ( k ,  lwa -- k,, I i )  I51 

Finally, In thc c a w  where the motor ic ,  conasidered 
damped twl the ~or~CroX i\ taken as withcrut danrpirxg, 
Kquiitior?: 131 seduce5 to: 

whrch ~rnplre\ ;irratabrla&y rf the contr talles Creqrlency 
r \  gaeatcs tl-rara lkxe motor Crcqrrency. 
In applying Bl̂ rc;rc rerubb, the tiie5rgrrer. or techmr- 

clan aa\taaBly kl;r\ Bxr;b ;i lamrted chonce concerning 
rnotcrr chariicder ii\tncs. D--Lowever, mo\t corrlroller cl 

arc capable of lprrng modification co a\ to ralcrease 
i l t ~ f f ~ae \ s  or niatbur al frequency. Controller dmlpirrg 
may be altered by cl~angrng ar-rnrest pcrsrtioaa or 
axphrsl\tery \o ai, to vary the porlron of arm load 
carrued by the arrlrre5l: or the csefficnent of frxctlon 
expesrerrced when contacdang the arlnn-e\t, Irr ex- 
Brenae c a x 5  where the uppea aamm r \  enalnrely flaccid, 

it rnrghA bc es\cfill to reoltruc1ur.e the arnaresl: orcles 
to accept 21s nruc1;l.r forcwrrr fs'rrclron;ll, load as po5sr\~le. 

'The pract~cal effect of forear-rn dannprng rs great, 
As given in Table 1, srrnulaked I'rrctronal forearm 
damprrlg proved \ufficrerxk to preverat sustarned buck- 
rng i x a  5 taut of 6 tested wheelcharrs. 

ccrmcenns blacking analysis, rt has been pre- 
dnclcd tha t  ancre;x\cs rani conlro8ler freq~rency arrd 
Jampeng should be capable of provrdrng dynamic 
\la[,alnty cextarn otherwrse unstable cases. Spe- 
crfiealngi, 111 rn\t;al-Palaty, orae ihorald anca-ea\e corrtroller 
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cJamplng the event that ccrnbroller freqlnencj' I., 

greater than the motor fiecluency. 
F~nal ly ,  the po\\lbll~ty of alltrckrlaag ;r da\lapot lo 

the control \lrck \horrlcJ. he nokcf Or~e can e,~\rly 
lrrnaglne a grea\e-f {led charr~bex aer vrng a\ ;i rrre~isrs 
of preverrtrng bucklng even for tho\e wkwcelcharr 
u%rs wrt"naccrd forear rn\ 

\ummary, bucking, easily nnclrlcetl sn 5 (i 
le4kx.l power wiaeelcha~xs, lil viewed ;t\ a fc)i,r.m of 
tlynarllrc rn\tablllty, contrcjll,ible througl.1 npprop~-1- 
ate damprng measures. 

cejer;reron or jerk. Microswilch control I., not, of 
it\elf, ~z \ufficient pre-conditron for bricking. 
3) ~ u c k i n g  inay be viewed ;I&, a form of ~ i y n a m r ~  

instability \uperrmpo\cd on machrne posre\sinrg a 
\rrarlgty positive static stability. 
4) Arraly + i ~  slrggejts hiit proper dei;ign of cont~o\ 

box and motor freqraencies, in addition to certain 
damping regulatlorr measure\, can contarn huck~ng.  

5) Practrcal exper ln~en t r  with simtrlated forearm 
dan-rping indicate rea\onal-ile levell of dan~ping act 
to prevent bucking ~ r r  4 of 5 te\tcd wl-reelchiiir\. 
Only L of the original lest grotip of' 6 wheelchairs 
coclld rrot be adequately restriiined Lb-crm bucking, 
whetr given adequate forearm damping. 
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