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ROLL-OVER PROTECTIVE STRUCTURES (ROPS) 
FOR WHEELED AGRICULTURAL TRACTORS­
SAE Jl194 JUL83 

I 

SAE Standard 

Itt'l)un uf du .. ' Tr.U;lnr T",:hnk .. 1 CUl1Imiuc.",·. avpruH"CI June I Ui7. r~·allinlu,.'d wilhUln dlal1~(' .lul~ 19"j. (,AUlluml!' In ;,111 t-'J}] ~U1d .111 ASAI-: n'vun. 'Il.is 
rcpon con.ains informa.ion (onnmy conlained in SAEJ"'b.J's-fb. andJI68a. Ra.ionale sla.emen' amiable. . 

I. Purpose-The purpose of Ihis slandard is 10 establish Ihe test and 
pe..t(lrJllance re<luirl'mellls of a roll-o\'er prolecti\'e stnll'ture. (ROPS); 
designed lilr wheel-Iype agrinlltural tral·tors to minimizl' Ihe frequenc'Y 
and sen'rit,· of opl'rator injury resulting Irom aC'cidellJal upsets. All sell~ 
propelled implements arc excluded. 

2, Scope , 
2.1 Fullillmelll of the inll'nded purpose requires testing as follows: 

2.1.1 A labor.llory test, undl'r repeatable and nlllirolled loading, to 

penni I anal\'sis of Ihe ROPS lor c'omplialKe wilh Ihe perl(lrJnance require­
mellJs of this standard. Either the sl;lIic Il'St (paragrdph 6.1) or Ihe dynamic 
test (pardgrdph 6.2) shall be conducled. 

2.1.2 A crush test to \,eril\' Ihe c'Hccli"eness of Ihe dcl(mned ROPS 
in supporting Ihe traclOr in ';n upset attilude. 

2.1.3 A field upset test under reasonably cOllJrolled condilions, bOlh 
to the rear and side, 10 veril~' Ihe dlccli\'Cness of Ihe prolective system 
under actual dynamic' condilions. (Sl'e pardgrdph 6 .... 1.1 lor requirements 
lor the omission of this test.) 

2.1.4 In addilion to the labordlO~' and field loading requirements,there 
is a temperature-material re(luirl'lIlc'nt. (Sl'e paragrdph 7.1.2.) 

2,2 The tesl procl'dures and perlonnance rI.'quiremenlS outlined in 
this standard art' based on currently available engineering data. 

1, Definitions 
3.1 An agriculturdl trdctor, 1(lr purposes of this standard, is ddined 

, as a 2 or 4-wheel drive type machine of more than 15 kW (20 hpj net 
engine power as dclined by SAE JK 16. Engine Test Codl'-Spark Ignition 
and Diesel. designed primarily to prm'ide the Irdcti"e power 10 pull. push, 
carry, propel. and/or provide power to implements designl-cl primarily 
for agricultural usage. 

3.2 111e trdclOr mass is defined as the maximum gross machine mass 
detenninl-cl b,· the manulacturer or a minimum rdtio of mass to maximum 
power take-oil' power at rdtl-cl engine spet.-cl of 67 kg/kW (110 Iblhp), 
whichever is greater. The mass includes the ROPS. all fuels. and other 
components rl'quired for nom1al usc. (In C'dse power take-oH' pow(.'!' is 
not available, usc 95% of net "'ngi~le IIp''heel power.) 

3.3 A rull-o\'Cr protl,cti\'l~ Slnll'lUrl' (ROPS) i. .. a ('ah or li'alll~' 1(lr 
Ihe proleclion of u(>l'r.llors of agl·inlltur.tl wh('t.-I~-d 1r.ll'lOrs 10 lIIinimi~.l' 
Ihl' possihilily of serious upl'rator injury rl'sulting IrClIII a(Tidl'lIIal IIpsels. 
111l' prOlel'li\'e slntnUre is dlaraCleri1.Cd hy pro\'idin~ SP;Il'l' 1(11' Ih~' dear­
ancl' zone insidl' till' ~"I,'dupe uf till' slntcture or wilhin a span' bUllnded 
by a series of siraighl lines Irolll Ihe outer edge 01' Ihe sintCIUn' 10 IOny 
part of the IrdClOr Ih;1I might come in contact with lIal ground, and is 
capable of supporting Ihe mll'lor ill thai posilion if the Ira('(or on'rtllrtls. 
(Sec Figs. I. 2. and 3 lilr Iypic-al CIlnliguralions.) 

3.4 Sl'at rcicrencl' poinl' (SRI' in Figs. 4. 5, alld (i) is Ihal poilll 
where the "ertical line tangem 10 Ihe moSI I()rward poinl al Ihe Iungitlldi· 
nal seal cem~'rlinl' of Ihe seal ha(·k. and Ihe horizolltal line tangl'llI 10 
the highl'si poinl of Ihe Sl'al cushion illl~'rsect in IIIl' longillldinal seal 
cellleriine seclion. The SRI' is dl'll'nnined wilh thl' scat unloadl'd and 
adjusled to Ihe highesl and mOSI r~'an"ard p()sition pr()\'id~-cl 1(lr sl'aled 
opera lion of Ihe Iractor. 

4. General Requirements 
4.1 Balleril's. fud tanks, oil resen·oirs. and n)()l;nll s\'SlelllS shall 

be constntcled ai1d localed or sl'all'd 10 n-clm'e the pussihility of spillagt: 
'which mighl be injurious III Ihe Opl'r.llOr in Ihe c:'\'l'l\I of upset. 

4.2 All shall) edges and ('ortlers al Ihe operdlllr's slalion shall he 
approprialdy Irealed 10 minimiZ<.' operdtor inju~' in Ihe e\'elll of IIpset. 

4.3 Glazing shall conl(lrIn 10 SAl-: ./(i7 ... 
4.4 Two or more operator exits shall be provided and positioned 

to reduce the possibililY of all exits being blocked by thl' same an·idl'nl. 
4.5 Rear inpul enl'rg)' tests (Sialic. dynamic, or lidd UPSl'I) need 

not be pcrfonn(.-cl on ROPS applied III trdctors ha"ing lour dri\'en whl'Cls 
and where Ihe stalic vertkal I()rce reaction at the fronl ",hl'Cls is greater 
than Ihe static vertical Ii.)rce rl'anion al Ihe rear ,,·\teds. since Ihis Iype 
of trdctor is not prone to rearward upset. 

4.6 The trdctor mass USl-cl shall be that of the h .... d,·icst trdl·tor modd 
on which the ROPS is to be USl.-cl. 

, Consider.llion i. bdng gi,'en !U adupling Ihe ISO ddiniliun when il is "ppw'·lod. 

FIG. I-TRACTOR WITH TYPICAL 2-POST ROPS 

FIG, 2-TRACTOR \\'JTH TYPICAL 4-POST ROPS 
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2 

FIG. 3-TRACTOR WITH TYPICAL PROTECTIVE ENCLOSURE 

SRP LONGITUDINAL 
CENTERLINE 

LOAD 

FIG. 4-TYPlCAL REAR LOAD APPUCATION 

SRP LONGITUDINAL 
CENTERUNE h---1 

.r;::==*=tl:;c==::r-.-:.-:..-.,!., 
" , , . " ,I , , 

" 

FIG. 5"':'TYPICAL REAR LOAD APPLICATION 

4.7 !';ew ROPS and mOllnling COllll(."clions of Ih(." sallle d(."sign shall 
b(." llsed lor conducting lhe lesls as d(."snibed in lhe Sialic (paragraph 
6.1), lhl' dynamic (paragraph 6,2), or th(." lil'ld UPS(."1 pnll"edur(." (paragraph 
6.4). 

4.8 In case of an.ol[~(."l s(."al, lh(." ROPS loading shall h(." on lh(." side 
with lhl' Il'aSI spac(." b(."tw(."en th(." Cl'lll(."r1in(." of thl' s(."al and th(." prol(."clive 
slructur(.". 

4,9 '-\("cural'\' of llll'asur('"ltll'lll: 

Measurement 

Deflections of enclosure 
T roctor moss 
force applied 10 frame 
Dimensions of critical zone 

Accuracy 

:::!:5 % of deflection meosured 
::::5% of man measured 
=5 % of forced measured 
:t12.7 mm (0.5 in) 

4.10 Where movable or normally removable portions of lhe ROI'S 
add to slruclurdl slrenglh. lhey shall be plat'ed in configuralions lhal 
cOlllribull' leasl to lhe slruclural slrenglh during Ihl' leSI. 

4.11 If an overhead wealher shield is available as an oplional alladl' 
melll to lhe proll·ctin: slructure, il may be in placl' during Ie:Sls, pmvide:d 
il do(."s nol HlIllriuUle: to lhe slrenglh of lhe: prolective: SlrUl"lure. 

4.12 If an ove:rh(."ad I;llling object prolectin' cover is a\'ailahe as an 
,optional alladllllent to the protective strtll"lur(.". it lllay h(." in plal'(." durin~ 
tests provided it do(."s nol contrihUle to th(." st)"l'lIglh of llll' prote:ctin' 
stnKtUl"l". 

4.13 :\0 repairs or adjustlll(."lllS shall U(." lll,ldl' during lhl' le:sts. 
4.14 Tht' prott'ctivl' SlnIctlll'C shall ml'l't lhl' pl'r1imnann' rl'quirl" 

llll'lllS l'slablishni in Scnion i. 
5, Seat and Seat Belt Reqllirements 

5.1 ROI'S equipped tractors Sh'lll he lined wilh Sl',11 hl'll assl'mhlies 
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d C
· SRP LONGITUDINAL 

CENTERLINE 

NOTE:OIMENSIONS ARE m", lin) 

3 

FIG. 6-TYPICAL SIDE LOAD APPUCATION 

(Type 1) conforming to the following, SAE J114, J117, J140a, J141, 
J339a, and J800c except as noted hereafter. 

5,2 Where a suspended seal is used. the sea! belt sha.ll be fa~tened. 
to the movable portion of the scat to a~"Commodate the ride motion of 
the operator. . . . 

5.3 The scat bel! andlOrage shall be capable of wllhstandmg a stallc 
tensili: force of 4HM N (1000 Ibn at 45 deg to the horizolllal equally 
divided between the anchorages. The scat mounting shall be capable of 
withstanding this force plus a force equal to lour times the force of gravity 
on the mass of all applicable scat components applit'd 45 deg to the 
horizolllal in a forward and upward direction. In addition. the S~'at mount­
ing shall be capable of withstanding 2224 N (500 Ibn belt \{lrce plus 
two limes the lorce of gravity on the mass of all applicable scat componellls 
both applied at 45 deg to the horizolllal in an upward and rea~'ard 
direction. Floor and scat deformation is aC~'eptable provided there IS no 
structurallailure or release of the scat adjuster mechanism or other locking 
device. The scat adjuster or locking device need not be operable alier 
application of the test load. 

6. Test Procedures 
6.1 Static Test (optional to paragraph 6.2). 

6.1.1 TEST CONDITIONS 
6.1.1.1 The ROPS lIlounting base shall be the tractor chassis or the 

equivalent for which the ROPS is designed to assurt' the illlegrily of 
the entire sYstem. . 

6.1.1.2' The ROPS shall be instrumelll~'d with the n~'cessary equip­
m~'111 10 obtain the required load ddlenion data at the location and dir~'c­
tion spl'cilied in Figs. 4, 5. and 6. The measuring de\'ices shall be localed 
to r~'cord the t(lrce and de/ll'ction at the poinl of and along the line of 
loading. Load and ddlection points shall be plotted in increments of 
defkction no greater than 12.7 mill (0.5 in). The rate of application of 
deflection (load) shall be such that it can be considered stalic. 

6.1.2 DEFI:-;tTION or TERMS 

M = tractor mass as defined in paragraphs 3.2 and 4.6: 

Unils: M in kg 
M'in Ibs 

Eis = energy input to be absorbed during side 10adilTg: 

Eis = 9MO + 1.2 M units: J ;md kg 
EIs• = 8676 + 4.8 1\1' units: in-Ihf and Ib 

Elr = energy input to he absorbed during rear loading: 

F = static load: 

Elr = 1.4 1\1 units: J and kg 
Elr· = 5.64 1\1' units: in-Illl and Ib 

Units: Fin ~ 
F'inlbl 

)) = deflection under F 

L'nits: )) innnn 
l)' in inches 

r·n = SIalic f'"Te dl'f1eclion cunT. 

Eu = ,lraill clingy ahsorbed 1)\· thl' SlnKlun·. 

Eu = area under F-D curve. 

Units: Eu inJ 
Eu' in inches-Ibt" 

6.1.3 ST.\TIC TEST I'ROCt:l>lIRt:S 
6.1.3.1 Apply the rt'ar load per Fig. 4 or S and record F and D 

simultaneously. Rear load appliGlIion shall be uniformh' distributed along 
a projected dilllension no greater than 686 mOl (27 in) and an area no 
greater than 0.1032 1\12 (160 in2) normal to th~' dircclion of load applica­
tion. The load shall be applied to the upper extremitv of the ROPS at 
the point which is midway bel ween the center of the ROPS and th~' inside 
of the ROPS upright. If no structural cross member exists at the r~'ar 
of the ROPS, a substitute test beam which doc'S nOl add strt'ngth to Ihe 
ROPS may be utilized 10 complete this testpnX"l-dure. (St'e paragraph 
6.4.1.1 iffieid upset is omined.) Stop the test when: 

(a) The strain energy absorbed by the structure is equal to or 
greater than the required input energy Elr(pardgraph Ii. I.:?) or 

(b) dellection of the Slrl}cture exceeds the allowable deflection 
(paragraph 7.1.1). 

6.1.3.:? Using data obtained in paragraph 6.1.3.1. construct the F­
D curve as shown typically in Fig. 8 and calculate E.a • 

6.1.3.3 Apply the side load as shown in Fig. 6 and record F and D 
simultaneously. Slalic side load application shall be unililflllly distributed 
along a pn~ectt:d dimension no greater than 686 nun (27 in) and ;m 
area no greater than 0.1032 m2 (I GO in2 ) nonnal to th~' direction of load 
application. Side load application shall be at 0190 deg angle to the center­
line of vehide. The center of side load application shall be locatl'd bet ween 
a distance GI 0 mm (24 in) !';rward. and a distance 30S 111111 (12 ill) rearward 
of the scat rderence point to best utilize th~' Slnlctural str~'ngth (See 
Fig. 6). If the ROPS is a one or two post design. t1w sidt.· load shall be 
appli~·d in line with the upper tTossmel1lber. The side load shall be applied 
to the longitudinal side farthest from the point of fl'ar load application. 
(Sec paragraph 6.4.1.1 if field upset is oll1ined.) Stop th~' tt'st wh~'n: 

(a) The strain en~·rgy absorbed by the structure is equal to or 
greater than the required inpUl energy Elo (paragrdph 6.1.2) or . 

(b) defknion of the structure exceeds the allowable deflection 
(paragraph 7.1.1). 

6 .. 1.3.4 Llsing data obtailwd in paragraph 6.1.3.3 construct th~' F-D 
curve as shown typically in Fig. 8 and calculate Eu. 

6.2 Dynamic Test (optional 10 paragraph 6.1). 
6.2.1 TEST CO:-'DITlO:-;S 

6.2.1.1 The traclOr shall be ballasted to achievc the mass as specified 
in paragraph 3.2 so that the static vertical lorce rcaction at the front 
wheels shall be at least 33% of tht.· static vertical fOH'e reanion at the 
rear wheels. Thl· wh~TI tread sening. where adjustable. shall be at the 
position nearest to halfw,l\ hetwe~'n the minilllulII and maxil1lUIII s~'llings 
obtai liable on the trannr. Where only two sellings are obtainable. the 
l1IillimulII selling· shall h~' used provided (he tires do Iltl! imerit.·IT with 
stmClllre ddkuion. Thl' tires shall have no liquid hallast aud shall he 
inflaled to lhl' l1Iaximum operating- pressure rt'ullIIlIIl'nded 11\· the manll­
(;lCllI .. l .... 

6.2.1.2 The dmamic loading shall be produced bv use of a 2000 
kg (44 10 Ib) mass acting as a pendulum. The impact face of the mass 
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4 ~ OF C.G. OF M~SS' OPTIONAL'DlSTRIBUTED MASS LOADING i OR BEAM LOADING . 

r-------f------- -----------------, ; e: I I 
I .. I I : 

L_ _J 

SRP---,!-f-..... 

FIG. 7-TYPICAL METHOD OF LOAD APPUCATION FOR CRUSH TEST 

DEFLECTION, "'''' linl 

FIG. a-FORCE DEFLECTION (F-D) CURVE' 

CENTER OF GRAVITY MARK 

IMPACT FACE 

shall be 686 ± 25 X 686 ± 25 mm (27 ± 1 X 27 ± 1 in) and shall be 
constructed so that its center of gravity is within 25.4 mm (1 in) of its 
geometric center: The mass shall be suspended from a pivot point 5.5-
6.7 m (18-22 ft) above the point of impact on the ROPS and shall be 
conveniently and safely adjustable for height. (See Fig. 9.) 

6.2.1.3 For each phase of testing. the trdctor shall be restrained from 
moving when the dynamic load is applied. The restrdining members shall 
have strength no less than. and elasticity no greater than that of a 12.7 
mm (0.50 in) diameter steel cable. Points of au aching restraining 11Il'mbers 
shall be located an appropriate distance behind the rear axle and in front 
of the front axle to provide 15-30 deg angle between a restraining cable 
and the horizontal. For the impacl irom the rear. lhe restraining cabks 
shall be located in the plane in which the center of gravity of the pendulum 
will swing or. alternatively. two sets of symetrically located cables may 
be used at convenient laterdl locations on the trdctor. For the impact 
from the side. restraining cables shall be used as shown in Figs. 10 and 
II. 

6.2.1.4 The restraining cable(s) shall be tightened to provide tire 
deHection of 6-8% of nominal tirl' section width. Alier tin: tractor is 
properly restrdined, a beam no smaller than 150 X 150 mm (6 X 6 in) 
in cross section sh.all be driven tightly against the appropriate wheels 
and damped. For the test to the side. an additional beam of suilicielll 
strength to prevent rim displacement shall be placl'd as a prop against 
the whlocl rim nearest the operalOr's station on the sidl' opposite the 

CHAINS FOR ORIENTING FACE OF PENDULUM 

FIG. 9-PE:'-;DtJLU:\1 
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20· 

H 

BEAM CLAMPED IN ~RONT OF REAR WHEELS 
BLOCK '50(6) SQUARE 

5 

FIG. IO-TYPICAL REAR IMPACT APPLICATION 

SRP LONGITUDINAL CENTERLINE 

RESTRAINING CABLECS) 

"'---------...J.....--45IEAM CLAMPED AGAINST SIDES OF FRONT 
AND REAR WHEEL AND AGAINST PROP 

FIG. II-TYPICAL SIDE IMPACT APPLICATION 

pendulum impact and shall be secured to the base so it is held tightly 
against the wheel rim during impact. The length of this beam shall be 
rhosen so that it is at an angle of 25-40 deg to the, horizontal when it 
is positioned against the wheel rim. (Figs. 10 and 11.) 

(i.2.1.5 ~lcans shall he provided h)r indicating the maximulII instanta­
neous deflection relative to the SRP and parallel to the vertical plane 
of the pendululII swinf,\" . .-\ simple Irinion de\'ire is illustralcd in Fig, 
1:1. 

6.2.1.(; If an\' cables. props. or blocking shih or break during the 
tesl. the test shall be repeated. 

(i.2.2 nEF'S'T'()~ OF TER~'S 

~I·~ tractor mass as defined in paragraph 3.2 and 4.6: 

l'ni,s: \( ill kg 
\I'in Ih 

H = venil'al height of the pendulum mass: 

Units: H inmm 
H'ininches 

The pendulum mass shall be 2()()() kg (4410 Ib)_ 
The pl'ndulum mass shall be pulkd bal'k so that thl' height of its center 

of gr;I\'it \' above the point of impact is as h)lIows: 

II = 125 + 0.107 \( 
II' = -t.!'2 + O.OOI!' \1' 

l'nit,: mill and k).( 
l:nil.,: in and II> 

(i.2.:1 l)ys,\~fI<: TEST I'I'IWCEIH'RES 
(;.2.:-1.1 The ROI'S shall he e\'aluated 1)\ imposing (hnalllic loading 

1"'0111 the )'ear. 1i,1I(I\\Td I" ;1 IO;HI 10 the side on the sallie ROI'S. The 
pendululII ,\\'illgill~ frolll Ihe ht'lghl deterlllined I" p;ILlgrapll (;.2.2 illl­
PO'l'S till' d\l""1I1<' 1'''ld, The p"slIi,," or,he pl'lIduhllll ,1101111,,· '0 sl'it-ned 
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6 f -100(4) 

e'76COO) 

L~ 
- SEAT REFERENCE POINT ~g.305\12) 

g. 610 (241-J 
FRONT/REAR VIEW OF CLEARANCE 

ZONE 

610E VIEW OF CLEARANCE ZONE 

ALL DIMENSIONS IN mmlin) 

FIG. 12-PICTORIAL REPRESENTATION OF CLEARANCE ZONE 

VERTICAL BAR----ol 

ATTACHES TO 
TRACTOR 

FIG. 13-TYPICAL METHOD OF MEASURING DEFLECTION 

that the initial point of impact on the ROPS shall be in line with the 
. arc of travel of the center of grdvity of the pendulum. A quick release 
mechanism should be used but shall not inHuence the attitude of the 
pt'ndulum. 

6.~.3.~ Illipact at Rfal--The tractor shall be properly restrained per 
paragraphs G.~.1.3 and G.~.I A. The tractor shall be positioned so that 
the supporting chains of'the pendulum arc at an angle of ~o deg to tht, 
vertical wl1(:n striking the structure as shown in Fig. 10. If the angle of 
the (ab or frame member at the point of (on tact is greater than ~o deg 
f(}rward of the \'ertical. the angle of the face of the pendulum shall be 
further adjusted by any convenieilt means so that the striking face of 
the pendululll and the cab or frame member arc parallel. The impact 
shall be applied to the upper extremity of the ROPS at the point which 
is midwa\' between the centerline of the ROPS and the inSide of the 
ROPS upright. If no structural cross~ember exists at the rear of the 
ROI'S. a suhstitute test beam which docs not add to the strength of the 
structure may be utilized to complete the test procedure: 

G.~.3.3 Illipact at Side-The tractor shall be properly restrained as 
per paragraphs 6.~.1.3 and 6.2.1. ... The trdctor shall be positioned so 
that the s~pporting chains of the pendulum arc vertical when striking 
the structure as shown in Fig. II. If the structural member at the point 
of impan is no! vertical. the angle of the lace of the pendululll shall he 
adjustcd by any convenient means so that the striking lace of the pendululII 
and thc (ab or framt' lIIt'mOt'r arc parallel. 

'fllc point of'impact shaH be at thc upper extrcmitv of the ROI'S at a 
!I() <lcg' anglc to the centerline "f lhe tractor and IO(aled hCI wecn a dislance 
610 mm (24 in) forward, and a distance 305 mm (12 in) rearward of 
the seat reference point to best utilize the structural strength, (See Figs. 
6 and II.) If the ROPS is a one or two post design. the side impact 
shall be applied in line with the upper cross member. The side impact 
shall be applied to the longitudinal side farthest from the point of rear 
impact. 

6,3 Crush Test Procedure 

6,3.1 After the ROPS has been subjected to eithcr SI;ltic or dma1l\ic 
loads, the same ROPS shall be suhjccted to a statit' Hush test. ' 

6.3.~ The test load shall Ot' 1.5 times the glOl\'ity I(.rce of the trat·tor 
mass as defined and explained in paragraph 3.~. 'Ille lIIanner of distribut­
ing this load on the ROPS shall be such to hest utilize those structural 
members in the 1(Ire and aft plane which will support tht, tractor in an 
upset position. The rcsulLant of the initial crushiug fi.rce or load shall 
be in the vertical direction and shall he in a \'ertit'al plane passing through 
the SRP and pardllel to the longitudinal axis of the tractor (Fig. 7), The 
tractor chassis shall be rigidly supported during this test. 

6.4 Field Upset Test 
6.4.1 TEST CONDITIONS 

'6.4 .1.1 The field upset test mav he omitted if tht, ROI'S lahorawn' 
test (static or dynamic) results indicaie complialll'e at an energy applicatio;1 
of 115% or more of the rcquirements dclint'd ill p;lragr;lph 6.1.~ or (i.~.~ 
and the ROPS meets the temperature-material requirements (see para­
graph 7.1.~). 

6.4 .1.2 The tractor shall he ballasted to adlie\'e the mass as spet'ilied 
in pardgraph 3.~ so that Ihe static vertical f(.rn' reat,tion at the IrOnl 
wheels shall be at least 33,-0 of the static venical force reaction at the 
rear wheels. The wheel tread setting, where ;tdjustahle, shall he at the 
position nearest to hall"'ay between the minimum and maximum settings 
of the shortest axles obtainable on the tractor. \\'hert' only t\\'() settings 
arc obtainable, the minimum selling shall he used provided the tires 
do not inlerlcre with structure deflection. The tirt's llIay han'liquid ballast 
and shall be inflated to thc maximum operaling pressure recommellded 
bv the manufacturer. 

. 6.4.1.3 The tests shall he conduCled on a firlll soil hank as shown 
in Figs. I .. and 15. The soil in the impaCl arca shall havc all average 
cone index in Ihe 0-152 mm (0-6 in) layer not less than 150. (COliC 
index is defined in ASAE R313. Soil COliC I't'netfOmeln or SAl-: .II Oli, 
Soil Type and Strenglh Classification.) The path of tractor travel shall 
be 12 ± ~ deg to the lOp edge of the hank. A .. 57 111111 (I H in) high 
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