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Deflection characteristics for radial-ply tractt)r tyres

Ranjeet Kunrar. Kp pandey, DK Gupta, vK'[-erv,ri, sat1,a Prakash anclS:rnjeev Kuinar

A bst ract
Iiie dc1'lccLiorr cltlirautcristics ol'.l.oLrr r-arlial-1;l,r r-rrcs (12 i IL :g. lj.6 lt ls. 1.i.9 lt 2s uncl 16.9 R lgl\\crcstLl(liedoniLltat'tl sLtrlacc. lltcttor-rnul toiii orrtlrclr.\tt\rcs\\asrlLr.icil ii.om i.9ltol9. l-ll,Nunrlirrtlrttio'r press.rc 1i.o,r ,l l tr 207 lil)a. B.sed o, tlr. re .r ,rl :cllr,;,i,,,,; .,,;;ri,.,.rrl rnotlcl ,,*rs ii*el.,erl t.
llcrclol;cJ tleller:liorr rDo.jcl uas ,isecl Lt, ilctur.itrirre tlrc irttssiblc c,,,,,bi,,t,fii,,rs 1j. rror,ral l.itcl lrrtlirllllttiorl picsstrlt'10 lclllgi!' tlrc rlcsiluJ tlcllrcLion ol ltt. l.l rnrl 2li pcr.ccrrl tirr..rlch tcsi i\rir.

Kcr\\'ortls: i)cllre ti.rrr- r.ltiiilrl_pi-r t1irctot t\ r!.S

I rrirod uct iori
l-lle best sinqle inclicatot'of a ry're's abilitv to pcltbrrlr satisiictoril' anrl rleli!,er norral servict-lile is tyre detlection. when a tvr.e is overlcieuected 

". ",.r,,i, "i:oul,l 
lu.a ard riuder inflatiorior a combillation of these. service lif-e will be' reducecl. -rhe ovel deflectecl t're bulscsexcessivel) at ground contact making it,rore sLlbject to puncture.'l.,,,;;.'Tj;;;,;-o';,;',;;,

the recotrlitlerlcled irlllritior) p.cssL*u: is ,rai.tained irr ail t1,r.es and tSat the t-\,res are ,ol.sLrb-iecteci t. loacl lllore tilalt the'ecomr.nerrcled load. r, ir. ir.,.r.ii,."..rr.nti"l to stucly,thecleflectiort clra|acte|istics ola tYre with a vie *, r, ur-r'iv.. ., ,pii ,,, ,, .rrrbinations o1. loacl anclirilaiioir p.es5il.c lb. e'r"ri i ual in g its t.actiorr pcr.iirrrna'ce.
llre t-t'l'c clcl'lccfitrll cllltrttctct'istics irale e.rrerrsivelr becn rcvie\\,eri .rrl llr.es.,ilteri *s fbll.*,s

2. Materials and melhods
The expel irnerrtal lucilities tbl cleflection tesr ine lurled a r,\,r'c lest ear.iiirge (sinsle rrlrcel tesrer.).an electronic plirte-tbr.tn balance iincl cjcf-lectjot) ntr.l5Luil,tr.l., i.. if ,. l-\,re tesl car.riagc coulciitcctltl'ttlloiiirle tilc varirlLts sizes o1'tire'tr'r'es lirril coLricl be rriiscil ancl lor.,crccl Lrsirrg a h'clr.aulicc-rlindcr-' -i llt'r'e|ticlti tl\'l'l(uLit|1 ,,1'll,: l)t( \\it! riteiisU|eti rritii Llisitlacerrrcill lr.ansclLrcer ancil'r'ct)rtiecl b,r ii l)ata Acq,risiliori \-rstrnrti-l \:, Iitt 1,9Ltr.lil.iir.crrt sizcs trf.tcst tt,res (12.4R2g.I l 6l{23" l'l (li(2li lllld l0 9l{181 wet'c sciecrc.i lir.rirc stu(l-\. rire t,rrc- aspcct ratio 

'aried 
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.irrLrr rlrl ol PJtirntilcogn(,\\ ald l)hrtitchentislll

ltre tvre with a given inflation pressure was loaded to the
clesir.ed vertical load u,ith the dead r.ieights on a single wheel
testcr'. fhe tvre uas slow11 brouglri dou,n anci ailowed to rc.s1

on tlle hiuLi s,.rrtlce ani-i tlic lliinsdLrccl'oLltpLit \\'as reciti'clcd lor
i-letlecLion nlairsurelreilt. lhe ir';irrsclricc:f \\'es calrLrratcd beiirle
cr-rrrilrrctirrs tlrc tcsts. i:il'st. iriitial reucling rras rccorcic.l in ii

l)ata r\cclLrisition Svsteln (D;\S) lol a zcro pitsition o1'tlte
tirsplacernent. Then Lrsing gruue blocks rvitlr ditnensirtns
corresponcling to the clisplaceurer.rt. the irnal oLltprrt was
nreasured in tlie DAS. -Ihe 

diff-erence bet\,\,een initial and finai
readings of the DAS indicateci tire def'lection. lhe per cent
deflection u,as calcu jalecl Lrsirrg the fbllowing fbrntula.

Ty rcclctlcct ion. 1).r1' ccnt =
!'crtical tvre tiellection. (tJ)

x l0()
(Tylesection height (h) -Flange heigrt )

-i. i<esetrrh llitlr
'l 1rc ob-iee tlvc ol this str.l.1\' \\as to oi)tai11 vertical lvrc
clcl"lcction aiici contact irrea ciliiracterisrics oi'radial pl1,' t1'res at
valioLrs nor.rr.al loacls iincl intlation llrcssure. ln orcler to
accomplish the ob-lective tbLrr sizes o1'raclial pl_\'t),res \\,ere
tested at scven ditferent inflation llressurcs and six dillerent
nomral loads on hard sLrrfhce.

I nrleJrendenl p:lnrnleters:

l'1,re (radial-ply) 4

'I 
L- if .rl Ii 28 (32 inrm X 7

f:- i-l (r I{ l8 i-i5Srrrnr X 7

lr- i 1.9 l{ 28 (.l0"rrnrrr x 7

I r- 1 6.9 lt 28 il52rrrrrr x 7

mm)
nim)

n'im)

mm)

lrtlllrtir'tt 11r'c:\u|e. r.l':r t p:i r 1
-ll(b). 69 (i0). 97 (1.1). irJ (iE). li2 (22). 179 (26).

207 (3())

\or-nritl lord. k\ tkgl)
6 ,:1 905 (-i0t)).6.177 i650).7.8,1ii (80()).9 -12 l9.i0t. lL).791 (lt()0). 12.26.t ii25{)) - lor Tr
6 6.377 (65()).7 8,18 (30{)).9.12 (95())" t0.7t)l 1ll(10). 12 26:l (1250). l-1.7-1,,1 (140(l) - lbr T:
6 7.848 (800).9 8r (1000). fi.772(r200) 13.734 (1400). 15.696 (1600). 17.658 (1800) ' 1or T:
6 9.32(950).11.282(1r50)" r3.244 (i350). rs.206 (r5s0). 17.i68 (r750). r9.i3 (1950) - 1br'lr

Sr.rpportiug surlhce I Flrtr 11 sLrr-1ircc

Itr p 1 icat io ri 3

Detren dcnt t)ilrameters:
\ crti.,rl t' ri,i.ll,. ii,'t,. trrrr,

.1. Results
Calibralion of displacernent transducer
l-hr' clisplacenrent transducer \vas calibrateci tbr rncetsulerrrent
ot' \ertical t,\r'e cletlection. ltr older to caliblate the

displacenrcnt transdLrcel thc cirange in outpLrt volttrge ri as

lilfecl ol'normal load and inllation pressure on tt're
rlellection'l'he relltionship betu een inflation l)ressulL' rnd r\'rc

recoded rvith respect to chanse in cleflection. 'l'he cal ibration
curve (Fig. 2) shou,s a linear relationship between output
voltage and cletiection. l'he calibration cquation lr,as ted to the
dtrta accltrisition s-vstem fbr real tirne rrrc-asLrrernent o1'vertical
t1,re detlection.

F ig 2: LiaiibraLron iil Jispllcclncnt tlnlrsilLiccr lirl t1 re i cltical ilelloctiorr

del'lection raiio at clifl'erent nornr;rl loarls
ancl tlrat bctrleerr norural load and ir'i'e
cliilercnt irrllalion l)ressure in Fis'l

is shot,n in Fig. 3
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I,'ig J: Rclationship bet\\'eell in1'larion prcssurc i1n(l

'f ire general trenci shori,s tltat t\re cleflection clccreased rron-
linearlr' \\'ith increase in irrl'lation pressLlre fl-orn .l I to 207
iilra. *lrilc'it incleaserl lirrearl_r,r,'itlr increase irt rrorrnal ioacl
Ibr clil'brent tcst t\ rcs. A srrnilal tre.rrd tras also observetl br
Abeel 11976). FLrjinrolo (1977). Ytlire c1 u/ ( lu7S1. lrlre kcir
(1981) Sharnra anci I)aude\ (1996) ancl 'fiu,ari (2006) tt is
aiso noticed that the ratc of irrcrease ol'deflectiorr rr,ith nrtrntal
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tt're clcl'lcctiorr at dill'erent nolrtral loacls lirr- test tvrcs

load is higlrer at lo',ver valires of inf'latiorr pressLrre than at
Irigher or.res. 1'his rnay,be dLre to the lact tllat carcass stiffness
is not a collstant valUe bLit changcs n,itlr inllation pressure.
This flnCine. is sirppolteci b1, I.,alaiairh rrncl Narvarzki (1978).
lle suggesteii thrrt t-r rc cal'cass stifl'lttss is irrflLrencecl br' its
irrtlarion prcssurc ancl it Ie(iLrces with irrllatit)n llressLlrc.
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Fig {: lielatioi]ship bet\\'cen norrttal load an.i tlrc de1'lecticiit at clifflrcnt inflation pressures lbr test tvres

'fhe relationship between tyre deflection ratio artcl inflation ciata were analyzed to develop tu,o clellcctirn,.)odels basecj on
presstlre is represcnted b1' regression arialvsis allproacl) and clinrcnsional analYsis
,) . .-, ,. apllroach Lo pretlict cleflection ol-agricrrlrurlrl t-r,res at clil'fbrent
,,- -- 

(l ', x pi ' -i' (' . >. pi -i ('; irrllation pressllres a.cl nolnral loacls.lt
arrcl tlrlt beru'ce ri lyrc rlcl'lectioli raiti() iuid nLrr-nlli lu.r.l br -_._
r) 

l{egrcssion analysis approach
" , (', ><W + (' A sectrttd dcgi'ee-regt.essiorr erluatioir \\/as ibilnd to best flt thc
h . exper.iillental data as g jr,en be lor.r..

L; .\ L.rr . ,(,\\
l ;r 't ', t 

'' ,

rrlr.'r'... /1 ,l.lle..t;rrn rilli, I'r.r.\r.nl: ,i
ir, irrlletionprcssur',;.lilrrr:
\\ . pol.tilitl i.liil. LN: li.rl ir lreie . /l - rl,:llecLic)n l-lllit;. ilcl.icirl.
('r lo ('1 corlstiints. li
It i,r llgxl liorr llrc crl\cs tllat tirie to lriglrer ,tiillrcrs. tlre ,/ ., rviclLlr to .li.,.eter ratio ol.t're^lalser n,rcs y,iclded snraller cle flecrion conrpareci ro snreller - ,..::::::l :" :ll'l'l'l''^:':ll
rvres ar rhe sanre inflation press,re a,ci norrn.l tr,,.i 

- " ' 
il, :'ll}]i:i'::::til: JlJt,

Delleclion models Cr to Cq - Iesression coel'flr:ients ( lablc. 5. l;
TIre defleclion ol acricultural t),res depencls on their nonlal
loati. air int'lation pressulc and br'cl ratio. T'he cxperilrental

'[-nble l : ('{)c]'licir'ttls ol llrc Jcr clopr:d rlcllecliun nrodcl bascri on rcure ssion apyrrolrcJr

Con s1r n1s L.oei'llcients S(ti. lirror
Cr 56 18 U l()58
Cz /.o+ 0 0045
C -44 5.05 0.280I
C+ -2)5,12 I 5 t2-l
Cs -8.1)2 0 ()il6 I

Cr, -16.7 tl 00i52
Cr 82e.63 i.i)-l,ili
Cs 839 21 0.,1 t4r)
Clq l,l 9. I (r ,1.30 i l

R? : 0.gg

A hig.h valtle of Rr sltorvs that the experilrenlal ciat.a flt the are siven in'lable 2 and the sanre \verc ariepteci to stgcl),the
regrcssion ver) well.'l'his rrtoclel was tlsed to calcr.rlate the traction perlonnance of rest tvres under. clifftrent soil
loacl-pressure cornbinations to get the desiled levcl of 20. 24 conciitions.
and 28 pel'cent tvre detlection fbr each test tyre. These values

'" 2019'



.lourrral rtl Pharntacognr)s\ ald Pitllochentisrlr,

Tyre Load, kN (kgf)
Inflation pressure, k[,a (psi]

A tyre deflection. Yo

20 /1 28

Ir (12.1R28) 7.i6 i750) 85 ( 12.i) {rl lL, I .l,l (6.4 )
9 32 (950) l2 r ( r7.5 92 (ll4) rr(r0-r)

I I 10 I 5i) 1at (24 8 r26 ( I8.3 ) e9(ll.l)
T: ( 13.6R28)

t). 
-12 950) 9/l (1_'r,7) 70(r0.I 50 (7.2)

l.l8 i J0) 27(r8.l) 97 ,r4) 74 (10.7
3.24 l.i(l r tl,)lv, I25 ( rtt l) 98 ( r4.2)

lr ( 14.91t28)
ll8 I 5{)) 03 iJ 9) 76 (11 5i (lJ )
3.73 .l00) lr./ r rli ) 

I l{15r153) 8llll.8r
6.19 (r-5()) 91 i28 r) r37 ( r9.8) l()8 115.6)

l.r (16.9R2tt1
.1.)2 150) 5 ( t6.7) ti7 (i2.6) 06 (9.i )

6.63 7{)t) l:15 (2i) I1l r6 87 ( ll.6 )

f.i-l 9__i0 175 (2s.4 ) I_l I ( lrl..i l(18 ( i-j 6l

Dinicnsional xnxlvsis :i I)[)roticli
A rrratlre.ralical rciati.rrslriP bct*cc-ri tr.r'e ci,:rlr-ctioir iiricl
!l|()Lrnd p|cssurc lvas firInrLrlatetl Lrsinp. dirnenslr-irrIl allal\sis
allllroach as discLrssed irr section 3.1.1. The erltcr.irrrcrrtal tlal;i
ol-ali the tyres \vere fitted to tlris trroclel anci the \,.alLles olthe
constaltts Cl r :ltld C., were cleteflIined. -f he generalized
dellection model tal(es the tbllorving lbrm.

Significant aL 5 pcr cent lei,el R.r 0.g7

ii - riiliilcicr ul'Llie t) t-c. nt:
\\ 'norrnal load. liN:
P,, -(pi - p.J,

- qroLln(.l pressLtre (WiA)" l<lra:
A : tyre-sLrrfhce contact area. l)tr and
Clr and C:: constants (Table 5 3).
'lhis model can be used to deter.rrine the tyre cleflecti<trr in
tertrs ol groLlnd pressLire altd nornral load fbr. r.aclial-plv l1,,res
having bicl ratio in the test ranse o1: 0.2-i to 0.31. Ihe
norrlineal reglcssiorr sutnlrar_\ statislics anci the coefflcients of'
thc rievcloltecl cietlection ntodel is given in Table j.

llrore colnpact and hanc11,. T'herel'or.e. this nrodel is finalll,
recorrurendecl to predict the detlection characteristics of the
raclial-pl-r, tlres. fhe developcd rnociel ri,as r,alidatecl u,ith thc
tcst clata rvltich r.r,elc not inclLrdcd lbi'clevelopirrg the rnodel o1'
tbLr lest t),r'es. I-l.rc predictecl ancl thc e\pe rilnental de1'lcction
r.atio rvei'e ltlottecl agailtst the cliri.retrsionlcss telur. Fr-ont tite
ciri've (Fig. -5) it can be fbund that rhe niodel prcclicts the
dellection latio vet.r.,rvell, l-he staListical anal,i,sis 1br the
valiclatiori ancl corn;rarisoil ol the de-velopecl iitodel is sliouii
irr 'l'able 4

* ircle. ;'h - Ceflcctirtrr ratio. l)er ccltt
b $ idth ot lhe tr re. trr:

Sou rce Sunr ol SQuares DI.- .\lrtrrr Srluure F
Re g rc:ss io lr 75 I 07. U7 3 7653.9 .1527i +

I{e sidual 291 .71 r38 2.t57
I'otal 7-5605.5 B r40

95 %i L-orrildsnct I n terrra I

l)lltArrrelcr Estimate SLcl. Irror L,olver [_l 1;1.tc:r-

C] I I ,i..t -l 2.564 i09.l6 t r 19 J99
C: r.07 0.0r6 1.103 i.019

The average ground pressure P, lor a speciftc t1,re at gii,en
nonnal load and irrflation pressure can be clerived liorr tlte sit
caIlcd "gertr,:t'alizccl del'leclion chlirt.'' uonlaIi_v rivailable fi-o,t
l_v|c rrilrnLrlictur-e|s. l[ori,ever. i],, cnn irlso be detrrl-l]tined Lrsirrg
a ntotlr:l tlcveloltcd in tlrc pt-esent stLrdv.

Valiclatiorr anil conrparisorr of the clevelopecl rrrode I

The developed ilodel basecl on regression analysis has 9
coelljcients vrhile tltat based on dilnensional anal\sis has on11,
I coefllcienrs. Even thoLrgh thc coelllcient oldeter.itrination o1'
tlre lrroclel basecl on clinrensional rrnalvsis is lou,cr.. but it is
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.iotunltl oi Phairltlcollri)s\ and Phr'lochcnristrr

lent. Obsen,eil.

It rvas noticed fi'ont the analysis that the llodel based on
clirrensional analysis uas suitable to predict cleflection ol
ngricrrltLrral t\rcs as tiris rnodel .sives a lri!.ir valLle oi
coetllcient ol'cielclurinrtion (0.948) u,itit a pcl ce n1 cleviatiol
ol -1.6 to 3.6 do i-ire niocicl etlicit:nc-r ol 0 98i) itrtiicate's ihrt
tire dclclopeci nroclel \\ as nccel)tablc. 'l'he loot lneau square
error (RNISE) of the ilevelopecl rnoclel u,as 1.085 % and per
cent bias was -2.2 also supporlecl the acceptabilitv of the
developec'l rrodel.

5. (lonclusions
Tlre tcst i-csiilts shorr,eti thliL tlic irrc clellection iircreascd iir;rr-
ljncalii riitlr decr.euse iir ini'latioii pi'essLne liLrnl 107 to -1 I

iiljl. *lrilc i1 irtcr.'aserl Iinelillr u itlr irrcr-case irr loL'rilrl loarl
ioi' ali the test t\ res. lt t as also rrolicecl tluri tlrc tiite ol
increase oi'cletlection ii itli iir-rr.rrral load ivas iiigiiei. at lori'el
valries ol inflation pressLrre than at higher ones.
l'he following models rvere clevelopecl to predict dellecLion o1'

the t)'res on a hald surface

O

*irere i : deflection ratio. per cent:
b : *iclth o['the tyre^ m:
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\\r - nornral load. l<N: and
I',, rlrounci l)ressLlre i\\,','A). i<l']li.
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Table ,l: Statisiical a,n:rly'sis lbr model validation antl e onrprrison

i\lotiels
\lean Ii\isl],% Nlortel []l'fi. tsias 7o I)eviation "/n l{l

0bs. Sim.
[)er e1o1rcc1 0.r98 0.20-l l.0rJ5 0.9E9 -2.2 -7.6 ro 8.6 0.9,18

R'r - Corre lation Obs. : Sim- '= SirrrLrlatcd
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