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'{he 'li nnverslt~l of M i c h g a ~  Trmspo~alion Reseach Institute (UhdJTM], under the 
spsrsorsixp oS the "\f.ieKcle Resezch x ~ d  Test Center (VRTC), has measured ilne pazmeters 
o" a tractor ar~d sse idtr& sir cornbinahon vehicle. 7 he veIicRcs measwed were a i 991 'VVEte 
GPr'YL: Lrzcros: rnaiel "I&'1464T (~manufaeQnrecl by T4olvo GNl bleavy Tmck) md a 1992 
Fs-~e hx~ n=1 lrai e- ~ o d e l  lFBl -9 1,5NF2-53. 

Geomctic and herha1 paameters were ddetealanred for the whohe vehicle m d o r  the 
sprung mass ror componesrts of the steering systenl, suspensions, and nnspxng 
masses The p e r f ~ ~ m a n s e  prspe~fies of the several snspcnsjiovas and the torsisind stiSfness 
of thz vcficae f:arnes and fikF wheel coupling wen &so meaure~d. 

G e o m e ~ c  measurements were made to d e t c ~ n e  the posi~sns sf dl sus.sension md 
st~ersrg s.i/ste~r joints alrild Ihe iiktt-wheei coupling joint an thee dimensions. 

The ~cel%l&. pameters  d e t e ~ n e d  were weight, center-of-gaviv position three 
dimens~ocs, and three moments of inertia of the vehiel,e mdor its componelm-s. For the 
kactcsr, these measurem~ilerlts wen made for kke whde vehicle plus the i~~divid~uad 
components of the steering system, the Front and rear suspensions, a~d the aansDrung5 
masses Similar measanrenlernts were made on the t ider .  However, the trailer sprmg 
masses were meas~nred separately ins-ead of the ent..re vehicle. (Spmng-mass 
measurements were msde on the frailer Bsody m~d on the moveable suspensloa subfr:me, 
respectively j 3nhe centsr-of-gravity pos~itions and the mass moments of inertia ef the 
suspension cowonenis Nere ceteaGned by measurement, cdcnlation, or esfnra8:ioil as 
deemed z-~progiaie A - for the Bn6ividud mea.;lremeni by rnctud ag~eennent of 1JWM an i  
F!RTC personnel "'~Nl~e~,e a suspension iincludes multiples of am ijndividuaS, zomponen;, only 
cr7e ivas 1r~eas1,red 

UlvI3'NYs heavj-ve~cBe-ss~spensioa-measa~rement facility was used to rneaqure I he 
per!am:x~ce p~openties of the three suspensions of the test vehicles. Test types wera:: 

~~erti~rn-  lotion (v~athoell I r e  sl.ieas \(lads) 
~ c l l  rnc~iolra (without trre sheax is ads)^) 
Ba~erzl. LKdrce : W ~ , ~ B U I  b ~ ~ i n c e  37 1011) 

- longib~c~~rr'a~ force (wilhonnl bo1~wr:e 3'1. ~"011) 

~ L ~ B L B ~  rnornes t (-?inthovt bounce or I-oil) 

The latter four teas were conducted at thee ]levels of vertical load- For the steer axle, 
dl of the listed measaarbrnents were conducled ~t a nomad sst~ght-d~esad steer sa~nditisn 
with ~lxe hala wheel locked in place. An additioaiid test was conducted $0 establlish road- 
wheel angle zs a <hnctidn 01 himd wheel angle In the absence of eorsiond load on the 
steer-kg systcrn 



Torsisnd stiff~ess a2sart a Bongitudinrl zxis was ~ e a s n r e d  for the tractor, the P~ ~er, 
mc fke fiftq-wheel S O W W ~ P B ~  iMe~sore~~en', we~c n~ade Q? 

cffectlve cnassis stZh-tess of; the tractm betpee% the f ~ o n t  s~spensior and T C ~ T  

sl;lsgension between the fro24 suspeaskm mci fifth vgheeil 
effective chassis stiffness cf :hs trzder ~ e t w e e ~ . ~  the f i b  waee: md the sasgension 

\) local farsiondL ;l,s:TC:~ess of t ~ e  fiPb-whez1 wql12g betwee3 kactor wid ~ Z I Q T  

Figure ;. ;xi 12.bIe 1 describe ':he geom.et:ry of the test k~actor, The tabie lists ",$e 
locations cf the joi~ts  betwem the x a j ~ j ~ l ~  ca~:putrients of the tractor steering system9 
s~spensios, axles, and ;5.g:$ wheel, The Bocatizsa of ':he poicts in :Yig~;:x 1 ae & ~ w w  "0 scale 
ac~ording 80 the values listed ir; !ab%e ! '.?he 91~ng!~i".f fb,e coordinate system for the figuse 

:he table i s  the f j r ~ c t ~ ~  referen,ce ,c&ii?i, ;Tlqis 2oic't is Exed in the sp:.ung lxass a& tk,e 

inkrsertiion of "she x..x l ~ l a e  of synunetjry amd ":#c :plm~e of the ",'Sv~er face the fra8me ~a~j.11.16 

and Is directly bel,slv the cerr~terr of gravii:y 6% t l 2 ~  '~??:& ,veli.cie {&act-~::j, 

'The veiP:i,cai position of the reference p i n t ,  show2 in fjgure 1, is ficr the unloaded 
bobtail tractor as tested, ~XQ~R: :hat the hcig:,:: of :be :.efcrence itbove ground !,s eepe~dewt' orct 
1 - care speej.fi;~c tires .'.nstdlec, %e,r infi,zt,o~g. pressunc recomxqeaded ceid), \wear state 24 
"he LA, c.: & m e  ~f measure~zent. kdszs, nele Gh.di:i the WCZ"L~C~-1, p~si t isn lif the !,igk.tJy loaded 

sa;lspension (lrelativs to the :r,w,fercence point as ~rell 8s hc ';he ground) rnqy vay 2s r~i:cb 8s an 

inch depending on the state of sus~ensim .hetior. a n i  tke result.i~.:,g 7ssi::iasns of the had  
leveler and leaf spdngs, An effort was r a d e  ", c1ete:mine t h s e  aeasures at % neutri stti& 
(which ap:2ears A a to b ]!ow i~-r the range). {Add!.GLsn of !he erqpfy trsd,cr loxi appews to i.ower 

~ . ,  ::he &,assis ibout 3 2  izc:?,~s at "she 801rgnt,1:ic;lin8<; pos.i"r.on, ~ 3 f  the rear s . : s ~ ~ ~ s ~ B P ,  o;j 

' i ' :ztk i presents the aca~a! rsneas.hxaarne~~s m.ade wi Iefi 3.nd right side comp~nents, axtd 
~ 7 

also pravides the ave::ages of lee and righ:. s x e  miues. G~m.paison srf :eft and righ.: side 
v2ucs sl~ocld be genera:.$ indicative 01' ine accurrz,.,cy af the m e a ~ u ' ~ e ~ % " ~ c ~ ~ t s ~  X ~ t e ,  i ~ . ~ w e s ~ r ;  
that the Heft m.d right froat spri-ji.gs we?e no2 dentica; co~xt!,aonen!s, Also in this regxd, note 
that the x md the z d_ime~s\sicn.s of ::he cansqct go:ais between tke ends of :he reg 

" 

suspensio~ spis?;gs and ':he czr i  S ~ T ~ L C Q S  8t' cltge:: the sh-rpers .. L or j89ad, ~qua%izer arc \&!ery 
7,-?. 

,&PZcdt t~ identify on, the ach~zil pair:. ,. ~l~ie; ?,,scjr n , ~ , y  ~,s;?,sh $5 adjzst the x di~ie~ .s io~r~s  
:~x&icala5ly irpi_ csrder ao :~bt&c stetic load syua:izatksn of the tvm drive mBes= 



Figure I. Locations sf the joints sf the tractor eompsnents 

3 





'd he spmbang m a s  oC the trailer is composed si two elen~eirats: (1) the vm aody 1111;:Iu&ng 
fifilr vthecl a~d suspexlsaaal  slide^ frxne, md ( 2 )  the 1~1~7vea~le suspension su X ~ ~ I I I C ~  The 
suspcnsi;-n sub~~mie  sl~kkes fore and aft auld lnapr bt. fixed at m y  of twenty pc~sii~sns at 61- 

7 -1 ~ n c h  spacmys 4 hz geoanelry ml~d ine19*i.,iad pro~pei3ies of these two bodies were deberri~ined 
sepzateiy so I hai h.ne p~~pes t ies  of the complete sprdng mass cam be delerrined for ;my of 
%he t ~ r : ? % ~  s11~sxmsion q 1 3 ~ E t ~ ~ ~ ~ ~ ,  

Pigure 2 presents a sade vaew of the test trider md identifies the longihdind ~loea~hions 
of the k inp in  =is md I ~ 1 ~ 3  reference points, Tl.aese reference points ae: 

Van body refeiyeace. A $.mnt at the intersechon sf the x-z plme 01 S y m e k q  md the 
olme OF the Isii~~n edge of the .era1 bady sidt chat is dkect%'y below the cenl;er of h 

gnaiif~j ~f the T; in bs& (2'754 in;ches ak of *,hz l d n ~ i a s  ). 

Se~spension sul~;iipame nference. A point in the van body at the incerseccisn UF the x- 
z plair~e of syFmle! ry and the lateral axis defined by the center of the rear-most left 
and right side sllider-pzn lockii.sg holes (493 6 igches aft of the ldngpill); andor, a 
point a the suspension subfrarne at the intersection of the x-z plme of syrraaetgsy 
asd a IlaLecd liala though the centers of the slider locking pins, 

These deiiitions, dong with the heights of the reference points define the geomeq of 
ihc van body, The heig/.rls of the reference points above ground are for the emply viaarm in 
place on the test tractor the condition tested, includixsg the tires installed, ad theh 
i~f lat~ow (reco~~m~endec, cold) iind w e a  states at the time of meauremeaat. 

Figamre 3 and table 2 describe the geom-aeq of the suspension wbframe, saspensisn, 
and ulspmng masses, "The pois.ats u e  located to scde m the fig~ure, Note &&?at, as with the 
traceor, the v c h c d  pos;fion% of the lightly loaded triles- suspension is subject 10 vciation 
d,e 10 t lx  inflae;~.yce of ~oulomb ffricti3nL 

Ffgn~e 2, Locations of the sprung mass refereenee points 



i ry Figure 3, .~osaO,ioas o" the J~%29s  of the &sailer= components 





-7 Bnertial properties a$ t b ~  2, raac';~ - 

The tractor mass ard joeflidl mmeasure~nerg,fs were made aw ( T )  the w,n,& ..ciebjcj~, md. (7; 
3n 2 avaiety GI? eom~sr;e~t,ts SF the stev0ng slstew~, suss~nsioas, a:4i:3d uns3mng E-~WSS~S 

* 7 

j y j i ~ ~ ~  ~ E " P , ~ ~ s  qfjhe :b,qixolc ,;rac~f~~: 

. ,= i%z,:,ss a3.d i~~ertia properties of tbe csrrplete trz-cte~ are given sn ugure 4, 

* ~. Figures 5, 6, and 7 sbo,iv $kg llocatltrrjns of lbe cgnters af grgvjrjr 1 t:ne vxjsus 
coixpaiqents of :he ko;~! skspensissn sice?.a:2g system. da t ive  10 the points identified ir! 
table 1. (For dimensicns ncd sihosivn, assucac; ttae centel- of gravity is 3;~, the plux off 

* * : i P F I  

sy-amet~~i~) tab6e 3 s%svgs tke ,"jria,hg)aC a ? ~ ,  n~.tr:cirne:aa.s 01. 13e:'Raa o: these c~:n?o~?.e$ats, ";:'I,e 

components a ~ :  
I;;ont x i e  a x i  kingpins (~ons3in1zrrig)l 
spindlie/ba&.e (nonspi~wirg) 
brakc drum m.d ha3 {spinning coln;rr.o:.reir~ks) 

, a 

tire and whce8 $sp.nn~.;~g conpo:~ent> 
snspecsisr~ sp:hg lu~ioaded) 
pitmzn a~nm 
&ag 3.~k 
t e  T Q ~  



'i, , 4 
I I 

&---.--"& 1 

[ Axle and kingpim I 1 

1 SpfndT,e and brake 
I ' - 4 ~ 1  -* n " ilP1 

Dram amd hnhr ii 

Figure 5. liocations off the centers of gravity of components 
of the front suspensionm (front view) 



brake I 

v-72 
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,ergnae 6, B,aaes$40as of the centerrs of gravity of components 
af the :T;aa~t s u s ~ e ~ s % o n  (sfd~ view: 



-Y 8 slgnare "$ Locations of the centers 09 gravity of components 
QP &he steering system 

Table 3, Weights and moments of inertia of the components of the ste!erfng 
syateni: amd front suspension and unsprung mass 

lwasses and ineri9as q f h e  componena oj'ike rear suqpension 

Figures 8,9,  and 1@ show ihe ~ O C ~ ~ I O P E S  of the centers of gravity of the various 
components of the rear suspension relative to the points identified in table 1. (For 
dimensions not shown, assume the center o l  gravity to be on the plane of sy:meey sf the 
part ) Tabk 4 shows the weight and moments of inzrtia of these componerats' 

" 

iead.srig cde ant: b~rdte~, (nonspinnir g) 
trailing axle anc brakes (nonspinning) 
brdlce ~hli-nn, hus, and hdf-shaft (spinning components) 
thes ~ n d  vheeb; (spinning csimponenf) 

0 slaspe:'~sions spricng (unlsaded, incluaies tsrqaz-rod leaf) 



jl 
L4.xhae and brakes 

I 

I 1 
13'25~: j 

,/-- 3) 

I I j j : i ~ u , a ~  tires agd, ;ii..aei.s 

I 

r 
li 49,L 1 

~- - ,  @ - , , . , , - . : -- 
j; 

I! 
I '1 
I 
I 

'-3 0 $agape 8" Locations of the c e n t e ~ s  o:f gravity of &he drive axles components 
(Bi-arr;"t ,+/few) 



]Drive axle 

Figalre 9, Locations of the centers of gravity sf the drive axles ssrnpconents 
(side v iev~)  



Table 41. FVeights and moments of inertia GB the components of the drive 
snspensio~ zrid unspsnng masses 

Lr= >*=: -.-:-=-.T - r::x-y.7- ,==: --- 

I Drive ,mcle assembjies 

- - . . . . . -~ .- - .  . 

,- .- . - -~ . .. 
I 
dvurd~heck ,hubhaif zkafi ,-.- . .- --. .. .. ... - .. . .. . .ii . . -.. ~ - - = 

1 real? bmk dmm 
1 -+o,~f dvfige g$p 
1 ~ 2 ! ~ - ~ r k . -  . ~ -  .. . . . ;. 

4 ma. drive a&- i-.- ~= .. .- -. 

I s~qpensia;oig, $R~Y;B 
I,.. ...~. _ c_._ .. _ 

\j@ eymiizey - ~- -. - ~ ~- ~ 

-. - .. - - ~~ - ~ --- -. 

IVlass a~;,d me"ra% measurements were made o:? 1ke sprurg masses md u~spmng masses 
c! !he b&i.lerr, indr~rldcraiii! y 

? Y 7 

I! he sprung nass ;f the !ra,ier consists :I.: b;;re p&s j  na~rnely, the 9,1m body and the 
- ,  szs~ension s ~ b f r m ~ t ~  MZSE 826 ~nefl:Sd. icfiea,s~ltrementts wexe made or1 each of these 

compowents %ndi./-iduaIly~ Results of "twese ;:~cieas,i~aermen.its a=e pi-ese~ted d2 figure i l . 

Masses and inertias qf the componenlx ,af [he :;rai$e:. ,;i.u~pension 

Figures 12, 13, md slyaw the jocatiolys of i:he centers 9% gravky of vmious joints 
betweec compsneip.,;s of t3e sus~enslo~? end ,s;nspxsig masses vf the trailer. Joint 
nambers a e   fro^ table 2, [For dimercsi~cs r;a",shs.t$rc, bssi;ime "te cetr,fes of gravity lo be 
G n  ~ l m e  of sym-_eWj-) 'Tabk 5 s h a ~ ~ s  t%~c :L~~cRg:zlt m.d ~T!~m.enl,ts of inef:ia of t3.ese 
components, The ~ a m y ~ o ~ e a f s  x:e: 

u * 

Z!.Xk ands ! D P P ~ ~ ~ X  (i7,:.09~~~3.24~g) 

kr&e dwrn and hc4 (spi .~~,ing cor~~rso:~ents) 



dMroment8 of ;inert~a 
85,3 10 in-ib- see2 

1 :  1,468,000 in- 9b- scc2 
i,: 1,546,000 in B=sec2 

t =  I . T ~ E ~  Sm~ewsioal sub SI 

Jdomenls of inei ika ----- 
9v11ei4h4: 520 Bbs ",,-&-nt~~i. : 682 in-lb-see2 

1560 in-It-ref2 
',. 2343 in-lb-sec2 

Figure If, Pllasses and momenis sf inertia of the sprung mass col~lponeats 



i 2 'Zocatfons of the cealers at gravity 3f the components 
~ " p e  tya9k27 sxtee Ifra~l; v4ewj 



Rear spring 02yn T 

Figure 13, Loeatisms of the centers of gravity of the components 
of the $ra%2enr axles (side vie.n,w) 



16 1.~oa6 equalize - 

(ires md wheels [spinning co~n~~snen!) 

saspenslou! %sad uzepamg :.masses 
~ . .  .~ -~ 

~ --. -. - - ~  -. 
~ =---. 

A l e  assemblie~ 

hub and brake - &hni -.-- ~ 

dual tires and whee6s i. 3 5 ,, 6, .: -.,- ~- ~ ~ - --= - = 

" ~. - - 

~GOA e~miizer 
_____A _ . . .. 



l he effccb7fe xorsional sbfiness about a Uongituci~naJ a~s of the [Tachor mai bailer 
ciaashis ~ J I I ~  01 La2 fnikh- ,$heel conpier TbJifere rneasur!c~d, The srliPdii.~ess of h e  trai;lcr Imme 
be:clieeai hhe af5:lsriit sansp~ il~srslu anld tine rear suspension vl!as found to be 10,7013 i. n-lbideg. 
Tk e doca,l tlor~iicnd stiC 1 ~ s  01; 1k1e IijhIi~-~wheel coup;lnj!: bet \~~~een tlh~ fifih-alheel plake auld 
tile illtar,! on Lroini e (erFJp,c%:! vely betv~eeril 1.11~ tnacbr u.J frailer lra,rnes) was 248~300 in-Bb/clegg. 
7 Pe ei!ec:ive iors~and il, 11fi11bss~ s l  ihe trailer from the rlAk-~~~ll~eel conpfing to the rec= 

C' sa-py ~ ; , a ;  A , 1 5 0 i ~ ~ l J 0  in I l~~ldeg 

i'esting ot the ~ B X H I I C ~  tonal pt~.rfomxice of the tractor md ~ ~ I c I "  s~s~ensior is  was %!one to 

measure the ~ierrticd spnrsg rats:, suspension roll stilfness (including a u x i l i q  stiffness), the 
ml;1 censer he~gat, $he 1c.1 ;xeer perIo:mmce, the Balerad ccsn~plia~ee, the digdng lpnolnenlt 
steer, ~r~tcrude load das~~~ribeali~~n md ~ l ~ t e r d e  load wmsfer during 3rsrC.ng ([cis the drive arid 
trailer ai.:les), the d;.crang s js te~n pe~fonmance (for the steer axle). Table 6 desenbes Lbe 
measureaslent prograrv "or the 4beer axle, IFOH the steer a l e  the roll motion, lal.erd face ,  md 
lo ,~g i~~~c l lnd  l o r ~ e  tests were I~eriomed at suspensnsn loads of 14,000, 12,000, and BO,OOD 
~ool.rds, The steering ratlo ant1 dignliag moment tests were perfanned at a suspension ioad 
of i24,008 psiiia ds, 'Fablii; $7 l~l~sclibes the measurement progrm for abe trailer dnve 
ades3, l'ne 40111 motion, lateral .(o~rce, digwing monlent, md hldlongihdind force tests were 
perfarmed at sosensic 11 luaus of 40,000, 25,000, 110,000 pocnds for the: kraller axle 
and lbl,3Cl0, 38,0001, a1 il I fllC33 -pounds for the dnlle axle, 

d'hc test results conesponding to each e - u q  In tne tables are repofied in reduced ,md 
grapkcd form. Tae greo?icai data, ptesented in the appendix to this repod, provide the 
h n c t i ~ n a  relaiaonshps between the independent and aegendewt vdables off tnterest, The 
rcd~ce$ paaneters, plresented klz ths section, represent idealized (sasudly linear) 
cornslr mnace, kiinematiic a11c1 o ~ k e r  propeiqnes derived fron h e  g r a p ~ c d  data. 

,All suspension measurements were csuzduceed using the UWH keaq-vehlcie- 
suspews1on-n1easu~eme3t faclliity. The Fdculrv ns desckbed in d e t d  in SAE Teckmicai Paper 
800906 dl :es%s, the 6m1e of the vehscle is held fixed and the suspension is exercised 
by nlovnng ithe faicibLy iab%e (simulated ground) .(den-~acdsllly md in roll, or by appbing ire  
shear Fo~rces using the f acii'lity -iVvheel pads. 

Force measurements xe maoe with !oad cell systems hoca~ed in each of the whet:] pads. 
Thi~s;, in generd md except where noled, the fepoated,forces in the data are abbszulufe values 
meascfred at th"~elire/io~u~ in~eyface. Resulii qg motions off the suspension md vdheds xe 
rnezsured with severd polentiornetis devices. Genem&iygr, these motion ~neasarerfi~sni5 are 
reZo5vc ('60s absolute) cad are referei iced to the fiacec! jPrame of $he vehicie. 



?hibPe go Steer Axle Suspension Measurement Program, 
r- =ra*=7z -.----=";. - '~ L.L-.--L :. .:: .;r , ---'""̂ =;I -=----~-- -~. 
"i 1 est ldewsuremenl 

--- 
Reduced iVumeric3 L-~ata Plots i- --.-= -;- ---.--- L .-.-=-.-~=~----. I .  -.-- . -,----.. .- ,d.2.G-=.--- 1 I vedcd j ~ / b ~ , ~ ~ . c d  rate ~ ~ s n ~ < ~ ' t a b ~ e e ,  beta [ Fz ITS Z 

Table 'T $," . . . sailer and Drive ,Ax;@ Br~spenslonw Measurement Programo 
'- - ------ ' =-iTl ~~. ~ - - z%---7z --=.=.=..: =?.-- - ~~ T - - - - - .~~=.A=,  ~,= 

I 1 
i T(g3; T- - jMg,,,~e,,,t 1 Reduced N u ~ ~ ~ c s  * Data .R!QI& ,I ___A ,_%. - - ~- .- --.*-..- ~.== ~- - 4 = -~ ->.=->..: -.*------.. -1. --- --- ,, , -1 

-T---= 
I 

T,:,im. ,, ~,m?-ic;d, jrak 1 ~ s n n d a r y  :.ablcs, ba:a 
I I 1 

1 loa6 2is~i$uk~zsn, / jkea~ coe:Rcjent 1 F ~ L D  vs l?r~ 
$--. - .. - -,. -. - . . - f -- - -  

! .," 
YG. .~  !rate / atdl :el), stiffness, 1 314:~ us Ron I 

I 
i suxi.lk7 -ail stifk.css 

I 

p* a linear c o e f i ~ c ~ e ~ t  Steer vvs i4hIz 

The following pxagrapbs o~~tlin:: rhb; .;m ~ o c w u r e  fa +he six phj/sic~i test Qoes listed 

in tables 5 and '". 

Y~r&ieal motion: The susgensioa is exe:;.c!,se, by vertical rfi:otiow sf the table: Ta5e 
* " ? .  ~ - j.~6:6t:o~, IS C D Q ~ T O ! ~ ~ C ,  q~ a f9ri;e and n ~ m c c t  feedback servo-systen so that ~rall~: 

m,orflene appiicC to $e suspeo,sicsi. 'is held constant at zero svbile .iertisal load on the 
suspension is .o;ar:.ed over the ia7gi: of iate~est; Farce and mo:mcnt coa2mi scrvr: 

~. 
~ g e m ~  81, ~ S S  :O -a~.fz!n 7 , t ~ ~  :eveIs CB ekz shear fo?cc m,d ~omeni-.. 



load applied to the suspension is held eeansea-at at the desared value while toed roll 
I n3raefi k *;ri the suspension is vaf~ed O J ~ C ~ '  tne range of /ntelresl, Fol'cz z,mld r~oment  
LC:, tr1,l ssrl~r~-s:~slerni; <re a l s ~  ils~dl t~ rnajtdam zero levelis sf tire s l e x  force ana 
~lisrnen:, ' r l - is fl,ircr, aind r~losraeinl cuntrzil rngdt, d lo l~s  ihe nvlsfisn ailif lilt snspensnma 
ro be Icts;rmdne li by  tie suspension geon1t;ti y, _;i_llher aha1 lby Sacil;lty ~:ec.nr~ena~, 

T- Lateral iicllrce: The suspension is exercised by the application of larerd fir:c shear 
fo~-s~e, B:'rj4t,~r tlllle test, the suspeaasit.sln is lsa8de8d, ~lrejr?iica~JiiJriy to tlle desi~eiil Lev8el (~ilvith 

jy~]] ,~:li~mcl~r~). During T.~,L.: lest, the tab'1.e is c'oniks;olled by feedb'ack. d t h e  .vertical 
B 

;:~fisliiin~aw 0.f the rlgh.1. a.~~~cii left zlaxk spindles seri d:iat the ve~~fia7~1 and roll! ,pcar'tio,u (of'ihe 
ad:& i.s ~ i 6 ~ ~ $ . j f i j t , : . i ~ i E ,  (Lfi\,,5 8 resc~?i, veflial and roll motions,: an'd c2spf:cially th'eir 
inflne~a~ce on sii~:c.r, arc not allowed to ii~fIn.nence the lest, hut verti;:all load ow 
i:mdi~:.~dae ,, lire:, will change sorrle during the test, Total vertical I ~1a.d may idso 
@h!ange sliglh1Lly L,d . ) . 'The force an8 mcmerst esntrs..~l serx,~o-syste~yls ;sf IJue ~ivll~e~ei pads 
%re M S ~ I ~  i8.:i v a p  rhe !la-r;,eral force at each ,~iir,e w:hile Longihdinal k11li.a;c and sligwing 
morrleltt are ht;/cll fiae:d at 'eerlsjl. Lateral !force loading is equaV :I.[ e;ii,ch wheel 
t!h~roazg;t~ou% the 

~lignisrag momenir, The sus~ensboa is exercised by the appiicatieon o f  aligning 
uxoinenis ;it eac 1 I~nlre pair, Pa-~,or kg the test, the suspension is loaded i~ediedly to the 
dg;sdrh:~~ ie71~eJ1 ( r  th zero roll momt:n%), D u r i ~ g  the tesf, the table ns cswltrolIed by 
ie~.,alback of the \~crt i~al  position of the right and left axle spindles so aha the veaefical 
grid u>d;l;c~sii!lo qr;grfhe axle ss hebd$~red, (As a result, vertical and roll rootioris, a d  
espec~alp theali. influence on steer, are not dls+ved to influence the tt,st, but userL",iaI 
load ,~~~d:viaila'l Sires will change some du iag llne test, Total ve~ t i cd  load may 
2150 change sli~htly ,) The hrce and n~orneral control se~~o-syste~~-~nis of thc: whcd 
;si~Gs xr~z used Ir vary 'tile ajilgnilig mloment at each tire 7"vhile Iaangifn~di~ns I and laterdl 
force sue aeld ft',;:ed ae eero. Al~gnlwg rrsomeni: is equal at each x;vheel t,vo~:ghsnt the 
rei t ,  

Longitudinal f011'ce: The suspensaon is exercised by the application of a 
langihndinal ksce  under the tires Prior to the test, the sbspemnsion 1s loaded 
vertically to the desireld level (with zero roll moment). During ah%: tesl, the table is 
controllea: by ft ededbacla; of the vertical position of the right anrd left axle spirtidles so 
rhat thz ?~trr ica~ and yo6lposieion q/ a,de i,a keidJ6xed. (As a rest~hc, vrild~al and 
rcli rml;ions are noL alltswed ao ~nflikuence lhc tes1, but v~rtical load on nndljividr~al tires 
w-ll change sori~z dunng [he lest T.ljeal vertacal load 1na.y also chasg,: slightly ) The 
force aad mon~gmi clanjtrol sew-systems of the wheel pads are used to .vary the 
:ongisnduld f o r x  at each tire while lateral force xrid digsning momens a e llzeld fixed 
at zerlcl, Ll~~ngihdind force ins :quad a!, each vheel lslvoughout "Ihe test, 

Siee~ing ratio: Tze suspension 1s loaded wert~caIBy le the desired level (with zero 
rslE nilol~nnent), The $jeering sys t e~ l  is e,iercjsed by movi~%ig the steering wheel 
tkrougn jss sfrf,ke in Broth dsrecrluns. Du-ing the test, the sable is contrai2ied.I by 
]feedback of the venica-I poos, tion of the righ; and left a l e  spia-adles so hat ihne vea9ica-l 
a ~ d  rol, position of eht: axle .s held fixed. The Iorces 2nd mlsrnents unocr Ihe tires 
xe he14 fixed a1 zero, zmd are KIL dloyv~lii~ed to ~ir~fluence the test. 



The graphic& data coIlesne6 for the s:1snensio~s are provided in an appendix to 2hs 

repod. At -east one graph is 2rodilced 50rn mc'n ;esl Zsch graph identifies the data filei 
test type, ve~t:cd %sad (3 zplicable), axid c~:-bei perhazeat '~fom.atio;-. 7%:: graphs dsn 
provice defilitiocs of the dependent md irdepe~dsnt vmabiee, mcluding the units md egr 

conwentaon, Any expka-~a:tonl fieeded f a a  i ~ t e ~ ~ r e t a l i ~ ~  3E the graplhs 1s w~~vided i~ fhs  
secticx, 

2ehced  datz appear I= 'abies E tik.ot~g? 6, am5 are d:echs.ssed i-i. this section, Miany ST 
the :educed ~drnerics are s'mply linez c""8~fF~i~nts  b&catjng t5e 3 0 m ~ n d  skpe of the 
related g r ~ p ~ c a l  data, rr.hc sapes pres~ated r e  tdcen from the dgtz ay'tlrrie n ~ n i n d 4  
suspension opc~ating po'rut 6 r  Ihe uesi, o f i e ~  zt   ti^ 0rigd7 of the a a t ~  graph. Note tha: cue 
to no~innee:a!y of :bc gradxnscd ddeta, atme-r )dues <?nay be ~p7rovr i~k  Tor ~f f -ce r te~  
~oaeditio~s 

The v e ~ t c d  force-defiectiow bekyaaviar is e3azcterheQ during the oerticd motion test, 
I-* 

,A sae haetlonil reiationsbip ti-?.at results :?omb the test is a ~ i o t  of verti,c& load versus 
saspewsjidsn deflectisas,, '.Th plots provide the suspension spring rate as measwed as t&e 

" ~ * 7 ~~pindle; that is, they $0 not iccf.j&e caar?Ii&~~ce of't3.e I;~rg: h1 ~j.1~ ~S;ots, the ~iefikd 
~~ * -  : ~ a $  is measured at rhe ground, not af ehl; sp~i:,lng; so r': mc:,kzcies the nlrspru;ng weight of &he 

suspension, 

''1rh.e neumefi,cs dedved from :he vefl,iczl: :notion testare smiag rate md C O U ~ O ~ ~  

fJk"ri~:d'e~e: air"; 8 specified 'yeraticg ~ G H w ~ , ,  :a$ks descfikklng she coc?~rassion a d  extensio~~ 
T ~onndaies  of the fs~ce,der'.e~ction d&a, %cd the com~pression a~d extension s6hetaso9j I,,, I-v-, 

Y 

v-n . "  had dis&i.batbr!, is dss derived for aae ':;i'G.!e~: 81~,d drive s>~sj~ensj~~n,s ,  1. he Inne8.r spria-,g rat-, 
. > 

is s ~ r n ~ l y  the slope 04" the vei+tiezl f~.--cc-.defl~~c' ,,,~:oz< pht  a:: the operating point, The bela 

pzme4er i s  am ex~onentaj, csef5cient used te mode! the beh,avior :he saspensicn 
betweep "re co6h~ressior! ?zd exPe1~sic:11 ~ o u E c ~ ~ ~ ~ s ,  This !.s de$cr&ed i:?. detail in S)", 
T ~ s h l c a l  Papec 800965. ':'he load d i s & ~ b u ~ ~ o ~ ~  is g?%e ddva m.d h~le- 
suspensions from the intem"sle load dis~ributio~ .,lots. 3': remeseats the shae of the ?atail 
s:,.:spensio.r !load tba: is picked ua by tlhe Teadhg ax:,e: 



wheie F ~ L  is :he load the Beadnng axle a d  PZT is the load on the ~ i l i n g  mile, IT eke 
vaxtrca'n load 1s evenly sustributed, botSci c,wpl-ehsnajns t tvn l  ' ~ l c%d a value si" .5 Nots Ghat Ihe 
resuifs a:re Yi,re,y sensitive to  he fore-a& leveling sE the lrame, md arc seponted for tiat kevel 
co ~d ilbl xi] a 

The jounee,"remouno steer md wrap-up lrates are de&ved from the veaical motion test of 
the sleer ssiEe Fcr the joonce/rt;bsond steer, a second-order C U I T , ~  ireis fit to the 
jsunceJrel~ound~ steer pa, which charactekzes the stee: a a fu.ncfion of vertic:d suspension 
pxiirioll, The eggntior f f ; ~ ~  ahe curve is: 

aver age steer angle = 2.436 - .891702 -i- .0604.Z2 

The slope of ttLs cuwt. at a given operating point is its jounceJrebound steer coefficient. 
The Z values that cf11rleespond to the three test loads for the steer axle end the 
jsnccckebou~nd steer cuelficients are given in iabk 9. To derive the jossnceia.ebsua31 steer 
c~efficcien"lar o:ker loads, use the spring tables provided in table 14 and .he above 
eq-aation, (paabss3ute v ~ i u e s  ~f Z are impodant in evaluating this quantity. The above 
equait"un as apprepriate 1~1nl;i the zero reference of Z kTnplied by fablel4.) 

The jounce~rebsund wrap-up rate ns the slope of the jounce/rebound wrap-up rate doe at 
a giver, speraisimg point, The coefficient ~ndicates the clkmge m steer axle wra~p-up foa a 
cliaa~gs., In suepernslon ~rc~-t-llcd positio-2 

The suspension toed roll stifl~~ess, aux i l i q  roll steflness, roll center height, and roli 
steer cxfficien, are dl -educed from the results of the roll motion test. 

The plots entilled '%%e Roll RatePY present roll msn~eaat about the suspension :roll center 
veisus the roll angle of the axle, The slope of this plot is the told roll stiflrnness of m axle. 

'The total fol: stlfffness sf the drive arle 1,ncreased with nominal suspension load. 'Flus is 
beczdse the s:iffness of the sprvazgs increased with Load. In addition, the roll stiffness, of the 
drive axle decreased a1 large roll angles. Thus, a separate raie was repo~qed for s~lda31 md 
lia~-gi= roil mges 

For the trak,er a l e ,  at a suspension load of 10,000 pounds the roll rate decreases 
s~gn~fiemlly ?or roll angles greater shan 0.5 degrees. This is because the low-side spring is 
extesaded Ih~ough its stroke at greater 1-018 angles, and does not contribute to roll stiffness. 
The same rs true a t  a suspension load of 25,000 pounds for 1-011 angles greater t1ra~tn-1 1-2 
degxes 



The -011 stiffness oF xxflast F, rspenswqs i s  nig0e.r :ham ehe stiffness d:ctaied by the 
vertical spewg rate of the sbspefisnop aat  tile spung spacrng. Soxe  aortisn O F  the evcdl; 
sola s",Ifness of a suspePsbcrr C ~ I I  dsudii~i be $trkmted tc 8,xiBiwy me~hanisms, S L C ~  2s 

iak::er& iiaks ar &wtnoii bars -motaoz~ test 3ata md ver? ed-motao~ test data are apglied c 
e sampk snspensisr rodel  (basec erfi he liWq'K[ expowectid sFr:Eg rnoCe8) :a de:e.-~nine 
wnat pofi!o:?i of 3 e  toid -01 S ~ I  ffness IS ~ ~ C F , ~ - ~ T ~ ' I C O  f3r by toe \i~c%4ca' q k n g  r a ~  a26 w b t  

pwiiozl der,ves 6 e ~  a- x!lizLr y S Y ~ F  '~~ZSS 

The mil c-,wter is defined as the i:;~,sf~n! ceafer ?!the ;~ igg  mie roll nosion wifh reqpecj 
to the$xed,fiame qf :he bse,hic,le. The ~311 c~T~",:P is &ssu~.ed :;o be OQ lhe ~ e n t e r l i ~ e  G? the 

~, . ., vcbicle tind ?S heigk: s re1223,i'~e fc *,he ssxmurzted grounc plsne. Rcrl-eectes hagh'~ is 
determined ;[TOE the siope c." the KolE PLS:nte:r Xeig3.t ?lot (&era% vs, rol l  mmtisn of the 
axEe), "~e slope of the plot a zero roll angle is delerrieeL asd .used EIC the followi~g 
f ~ ~ n u l a  i ; ~  8calenlate hr,, ;:he ?.eight of thz s u ~ s ~ e n s ~ s a  TO%] center 8 b o ~ ~  the si%alatei. grm:?d 
plaE'co 

where i s  the K O % ~  motjcr?, DF the 2x',e",l yz> 1:s the 1atcr83 ~cn~tion gf $he 8xJe at an xbitrzry 
a a 

heaght, 'b0~5: fhe sirncla:ed gl-:?u.nd. p:ai.-e: .As ex.pecsed, :he :oil e n t e r  height sf the 
I 1 , *.,," 

suspension lowelred wlfk Sncreaslng ..ozlc, !.:as, chznge is due Uageliy ID rhe eomprssio~. 9" 
11 the suspension springs and ri:'~s Q - C R P ~ ~ ~ D ~  S P , ~  !EX& ?r.r;s,m;c ckaser tc ~ ~ O . J ~ C Q J ,  

'7, ?? 1 we ro88-steer eoeffBc:.er?t is tke s ; ,~?c  ":3e ~oll-sker +;8.0ts at zerc roi; angle, T k s  
eoefficien'i indi'cates ibe steer resgesese CC i-he suaspenslo:n :'hiit x ~ ~ J t s  from $311 motio:~~ 

The later& compiia~ce caeffi.cier!i giver, ,is tk,e skope cf the 1,inea portior. of $he L~:terd, 
Force "oa~ i aace  bw- ,. plot. ',Tq?a.t !isj the coe?I~c',iec~, isidica~es ;he atera: mo",ion response sf ih,e 

~. axle 3s res~ik,s horn the sup,  0Qf t:".e i.wz ",!re a,tcTa,j farces, 

,AJLhough the Bater~-~I~~~~ee-c~mpFF~ja~D~c tr~effici.r;n'; i*s given as 2 !.inex ~oefficient, the 
] e ; e ~ ~ l . - f o r c e - ~ o ~ p 1 i ~ ~ ~ e  belz,afivi~r is ~ f t m  ~~t:w%,inea,, 3-1 sis~ch cases, E portion ~f tk.e !atera! 

motbog cf the s~spexi,ow 1r ?response ~s %atertii,l fmcc 3s d.~e ac lash (restrpieieed by ,couJo~xib 
P .  . :ne"ian). Far the steer 2xJ.z-:, !:;his v a l ~ e  was ~ s * . ! . ; ~ ~ ~ e i ,  rather than tested, 

r-7, B ne laterd-force-siec csefEkient is the slope of the ~aterd.-for~e-,corn~~imce--s"Gecr  of 
at the zer2 lateral-force c ~ ~ . d i t i ~ n .  The csefficieni indicaks ':he steer ~es~ha~qse c$ th: 



saaspensioq that results xrom the from the sum of the two iire Baterd forces. h ssoirwe cases, 
&i:e atlcr~i hseco, sv~~s eliher bery lol,i/ ol aieglig~blc, ',Therelore, d vaue  of Eeli"ir "~vas 
T{>TI!C "1 f a r  1 

l'he digmng-moanerit-steer eoeffnc~ent for the trailer and drive a l e s  is the slqse aaf I he 
d.~gn~a.g-momen6-co'rnpi~mce-~tee~ plots, Note that the digning moment used is :he mtal 
app,~efJ iu the PYvo whet,] sets. The coefficient indicates :he steer response of :he suspension 
trial . esu~tr  Irzrlrl the sum of tire aligning mcrnennts. at'ssough the digning-m~~ment- 
~om13i~mr:e sxeu is $wen as a linear c3efficient, the aligning moment behavior is s,onnedmes 
~~onliinaea~~ In S L I C ~  cases, a podon  si the steen sf tl-e suspension in response lo digning 
n:omemt: i s  da, e 10 lash. 

- 
k he aiignsng-moment-com~3Bimce steer of eke steer axle was measured at a. suspension 

lo&$ sC 12,000 pounds. The steering gear and tie-rod stiffr~ess values are derjved lrom the 
slopes sf the linear port ons of the aligning-momenf -compliaqce-steer plo~s. The cdculated 

71aJalanes v7ere dedunced from the model shown in fqyrel5 and the follov~ing 

'Tzble 8 provices the rcsuits 

Figure 15, Aligning moment compliance steer model, 



Tabhe 8, Steering System- XWodel Parameters, 

. ~. - - - j  - - - . . 

average ,, 5 7, 
L . .  . .  L .- ~~. -~ . - . ~ - - ~ -  ~ -~ - 

'The i3~termk im.6 taa~sfer coeXfiePen.1 :tcr !be frkle: and &=i.ve a l e s  Is the siope of the 
plots eatitled "I~terade !.Aoa.d T~:m.sfer Dnue :,c BraIlrig". Yote ,:hat the k n g i & ~ n & <  fxce 

- a 

wes: ;s the fofal brake fi.3~~5 zc~iled ,, .. i rs the suspe.rpsiow (lead and @iLI), The csef5cient 
Indica~es the s?.if'i. ir~, ve~qi.cz,:l !,lo2d firo~i3 'he ~~ea&.ng a!.e 10 the hailing axle that resnits ~ ~ O E J I  

tke appllcatnftian 3f a brake fo-ce. 

The brdce-force stee-u. m.6 spring w a s -  up coeffi.cieets for fh.e steer ax:e are the siqpes of 
the :Tira?s-ap-stee: and wrap ;1;i~3.-ratn: pXots, res1~eciive:y. They krdleate tche steer respG;;r.se 

" -  * 

and !vragr;.-u;p 01' the suspe-asisn t%at x e s ; ~ l ~  smn. the eppzxfxxi cf tke brake forces, 

1k.dividud resrmnse 0% !he left and r!.gh",:.oad wheel ::o the steering wbeei rotatior. ~~c;re  
P -  rAeasu:ed fcr the a11 rage cf steering, '"['he ~[r~leasnre-ients was nade 2: ::.a steer a.'le :oad af 

!27~CkG0 pounds, and .;lade:r 2- coediaiar: of zere ':.ir-e-shear f~rcce a ~ d  rnomen6 loadicg; ']'he 
p1cts of %e& steering ratio, rEgM steer:Jng rzt:or., P O ~ C  .xvkieel steer, acd road wheel difTere:3,ee; 
ehxaeterize the ~esui;l"t of lh\js ies!. a~ s ~ x i : n 2 n  steer mgle 0f zero degrees, the ~"8;j.o of 

. n f?  stee~ing wk,ee! angle rtsj ;mad viik:ee! ax~gNc :.s , /,. 8, 



Table 10, Redneed Data, Leading Drive Axle 

11 IL k , ~  a ) J ~ ! ~ k a i  .~ . Srispensian Load of. 4?3,00(~ jbs 1 
-----,------ -- mmm- 

J 

I tsfai raid st if the;^ (rn- lb/deg)T - -- -- - - A 55,000 I 76,200 I 96,400 1 --- 

1 auxi:iar: roll ri..ifiFn'ess (in,-lbiiieg) 1 0 0  3 0  I2,CiOO 1 i ,---..l_l.-..- _- -up 

1- inten-arle ies d transfes (lbii b) -- I 161 .I26 L .I4 -- 
" io r  roll 3.ngles Res elnan X degree -- ; ; For rolt singles greater ,hnn 2 degrees. 



Table XI, Reduced Datg, 'T~af%%ng Drive Axle, 
I, 

' 

07 

,extewsl.oki, 3 '('i9) I . . ...~. ... . r -- -. coujortb frictjo~. .. . .  . . ((~bs; .- . .- . . - . 

tot4 raB1 stiffness ( in-~$/de~)~f  
- . - - -- - . . . . -. .. - . 

- * -  'cota, Ron). stifdaess jln-1b4deg)t: 
1 - . 

a ~ x i l l q  roll stiffness - (in-ibs'deg) 

:oil center height, above ground (51 2'7.5 L _ -llll___..-.- ~_ I _ 

%3temJ com~liwice coefficient l'ir~"W33 

1 a&nsng-:ee: (dediw-$b) -T,~o-s i 
- A=- -- I ..89x13-5 .LL 209x LC-) 1 

5-_1__- -- - _ _ - - - _ - _  - 

j Ysr -3-1 mg9es less fh80 ' degree , Fcr 1-0'1 angles grca:eP %bar 2 deg:ee 

ai"abEe X2" Reduced 19aiZs, ~ e a ~ i n g  Trraile- Axle 

A: a !Vomtaa; Sussedsion Load 0," / .!GOB0 lbs / 25,CQO Ibs ' 48,080 Ebs 

7imticd stiffiqess [lbh 
. ~ 

comp:essic~. fl i n )  
. - "~ ..- . -.. ". ~ . . - 

I 

1 b -- -- - - aux~%i~ry  - - - ro2 A stiffness $~-:bideg> 
mi: - center height, iibove grounc (in; + L C *  

roll steer coeffic;ea: (degdeg) 
t _ _ --I_. ^ _ ^ _  -- - . -. 

ka;ri, corn Bimce cceficleaf (F~lk) L- _- A_:_ -- _ __I?-- . --_ -_ _ --4__!2 : -- . . - - - -- - 

? i ~ ie rd  fxce steer (in/Bb: 
C- -----A" ----I----- - - -- - 

"2 1 lx 2-4 
d,igasFing . xcment - - steer (deghn - Ib: 

"4 'nter-ale Bsad 5iskibu"lon (:b/lF-,> 5%" a - - -- -- - - - - - 

1 in",e$-mBgle 1o~d transfer ilb/lbl A/*! 
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T'abl~ ;?1:113, Rejdnced Data, Trailing Trailer Axle 
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Tabk 94, Steer Axle S p r f ~ ~ g  Bouinmdary Tables 

1 ap$lefiec Force 
{in) ill&$ I 

- L---L 
1 -86 1.668 

De&c ' JToy.ce 
(in) (k'bs) 

--- --?---- 
I 854 



Table 15, Drive Axle Spring Boundary Tables 

R P  sable IB TrpsiEe- Ax!ie Sp~rfng Boundary Tables 
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Measured by UMTRl for NHTSA 10 Oct 95 
Volvo Tractor Model WIA64T Single Steer Axle Suspension Suspension: Taper-Leaf (3) 

Data file: NHTSAS21.ERD Left Wheel Aligning Moment Compliance Steer Suspension Load: 12000 lb. 

SAL 

Abscissa (X): Average axle aligning moment (MZAV); in-lb per wheel; applied to both wheels simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Left wheel steer angle (SAL); degrees; steer toward right, positive. 
*Note: Brakes on. Engine on. Position Control. 





Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Single Steer Axle Suspension 

Data file: NHTSAS41 .ERD Left Wheel Steering Ratio 

SAL 

10 Oct 95 
Suspension: Taper-Leaf (3) 

Suspension Load: 12000 lb. 

-600 -400 -200 0 200 400 600 

STEEP. 

Abscissa (X): Steering wheel angle (STEER); degrees; steer toward right, positive. 

Ordinate (Y): Left wheel steer angle (SAL); degrees; steer toward right, positive. 

'Note: Brakes on. Position control. No applied tire shear forces. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Single Steer Axle Suspension 

Data file: NHTSAS41 .ERD 

SAR 

10 Oct 95 
Suspension: Taper-Leaf (3) 

Right Wheel Steering Ratio Suspension Load: 12000 Ib. 

-600 -400 -200 0 200 400 600 

STEER 

Abscissa (X): Steering wheel angle (STEER); degrees; steer toward right, positive. 

Ordinate (Y): Right wheel steer angle (SAR); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. No applied tire shear forces. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Single Steer Axle Suspension 

Data file: NHTSAS41 .ERD Road Wheel Steer 

SAR 

10 Oct 95 
Suspension: Taper-Leaf (3) 

Suspension Load: 12000 Ib. 

-40 -30 -20 -1 0 0 10 20 30  40 

SAL 

Abscissa (X): Left wheel steer angle (SAL); degrees; steer toward right, positive. 
Ordinate (Y): Right wheel steer angle (SAR); degrees; steer toward right, positive. 
*Note: Brakes on. Position control. No applied tire shear forces. 
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Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

20 Nov 95 
Suspension: 4-SpringlTaper(3) 

Data file: NHTSADOI .ERD Average Vertical Spring Rate 

FZAV 

Abscissa (X): Average vertical wheel displacement (ZWAV); inches; spring compression, positive. 

Ordinate (Y): Average vertical wheel load (FZAV); pounds; spring compression, positive. 

*Note: Brakes on. Force control. 





Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

20 Nov 95 
Suspension: 4-Spring/Taper(3) 

Data file: NHTSADOI .ERD Trailing Axle Vertical Spring Rate 

FZTRA 

0 .5 1 1.5 2 2.5 3 3.5 4 
7 \ A l T D A  
L V V  I I V-\ 

Abscissa (X): Average trailing axle vertical wheel displacement (ZWTRA); inches; spring compression, positive. 

Ordinate (Y): Average trailing axle vertical wheel load (FZTRA); pounds; spring compression, positive. 

"Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T 

Data file: NHTSADO1 .ERD 

FZLDA 

Tandem Drive Axle Suspension 

Inter-Axle Load Distribution 

20 Nov 95 
Suspension: 4-SpringlTaper(3) 

FZTRA 

Abscissa (X): Average trailing axle vertical wheel load (FZTRA); pounds; spring compression, positive. 

Ordinate (Y): Average leading axle vertical wheel load (FZLDA); pounds; spring compression, positive. 
'Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringlTaper(3) 

Data file: NHTSADI 0.ERD Leading Axle Roll Rate Suspension Load: 40000 lb. 

ROLLMRCL 

-4 -3 -2 - 1 0 1 2 3 4 

DAI I A V I  n 
nVLLMALU 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle roll moment about the roll center (ROLLMRCL); in-lb; right side compressed, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

Data file: NHTSADI 0-ERD Trailing Axle Roll Rate 

ROLLMRCT 

20 Nov 95 
Suspension: 4-Springnaper(3) 

Suspension Load: 40000 Ib. 

-4 -3 -2 - 1 0 1 2 3 4 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle roll moment about the roll center (ROLLMRCT); in-lb; right side compressed, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringlTaper(3) 

Data file: NHTSADIO-ERD Leading Axle Roll Center Height Suspension Load: 40000 Ib. 

YAXLELD 

-4 - 3 - 2 - 1 0 1 2 3 4 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 
Ordinate (Y): Leading axle reference point lateral translation (YAXLELD); inches; motion toward right, positive. 

*Note: Brakes on. Force control. Reference height of 7.56 inches. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringTTaper(3) 

Data file: NHTSADIO-ERD Trailing Axle Roll Center Height Suspension Load: 40000 Ib. 

YAXLETR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle reference point lateral translation (YAXLETR); inches; motion toward right, positive. 
"Note: Brakes on. Force control. Reference height of 7.69 inches. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringKaper(3) 

Data file: NHTSAD1 O.ERD 

SALDA 

Leading Axle Roll Steer Suspension Load: 40000 Ib. 

-4 - 3 -2 - 1 0 1 2 3 4 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 
'Note: Brakes on. Force control. Reference height of 7.56 inches. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringlTaper(3) 

Data file: NHTSADI O.ERD Trailing Axle Roll Steer Suspension Load: 40000 Ib. 

SATRA 

-4 -3 -2 - 1 0 1 2 3 4 

R G L M T R  

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 
Ordinate (Y): Average trailing axle steer angle (SATRA); degrees; steer toward right, positive. 
*Note: Brakes on. Force control. 
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Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-Springnaper(3) 

Data file: NHTSAD11 .ERD Trailing Axle Lateral Force Compliance Suspension Load: 40000 Ib. 

YAXLETR 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Trailing axle lateral translation (YAXLETR); inches; motion toward right, positive. 
*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringlTaper(3) 

Data file: NHTSADI 1.ERD Leading Axle Lateral Force Steer Suspension Load: 40000 Ib. 

SALDA 

-4000 -2000 0 2000 4000 

FHLDA 

Abscissa (X): Total leading axle lateral force (FHLD); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 
'Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T 

Data file: NHTSADI 1 .ERD 

SATRA 

Tandem Drive Axle Suspension 

Trailing Axle Lateral Force Steer 

20 Nov 95 
Suspension: 4-SpringKaper(3) 

Suspension Load: 40000 Ib. 

0 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

20 Nov 95 
Suspension: 4-Spring/Taper(3) 

Data file: NHTSAD12.ERD Leading Axle Aligning Moment Compliance Steer Suspension Load: 40000 Ib. 

SALDA 

Abscissa (X): Total leading axle aligning moment (MZLD); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 

'Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringlTaper(3) 

Data file: NHTSAD12.ERD Trailing Axle Aligning Moment Compliance Steer Suspension Load: 40000 Ib. 

SATRA 

MZTR 

Abscissa (X): Total trailing axle aligning moment (MZTR); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 
"Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

20 Nov 95 
Suspension: 4-Springnaper(3) 

Data file: NHTSAD13.ERD Inter-Axle Load Transfer Due to Braking Suspension Load: 40000 Ib. 
FZ 

-8000 -6000 -4000 -2000 0 2000 

FHTOT 

Abscissa (X): Total longitudinal force (FHTOT); pounds; applied to all wheels simultaneously; force toward front, positive. 

Ordinate (Y): Total leading axle vertical wheel load (FZLD); pounds; spring compression, positive. 
Total trailing axle vertical wheel load (FZTR); pounds; spring compression, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

Data file: NHTSAD20.ERD Leading Axle Roll Rate 

ROLLMRCL 

20 Nov 95 
Suspension: 4-SpringlTaper(3) 

Suspension Load: 28000 Ib. 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle roll moment about the roll center (ROLLMRCL); in-lb; right side compressed, positive. 

"Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

Data file: NHTSAD20.ERD Trailing Axle Roll Rate 

20 Nov 95 
Suspension: 4-SpringTTaper(3) 

Suspension Load: 28000 Ib. 

ROLLMRCT 

-4 -3 -2 - 1 0 1 2 3 4 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle roll moment about the roll center (ROLLMRCT); in-lb; right side compressed, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringlTaper(3) 

Data file: NHTSAD20.ERD Leading Axle Roll Center Height Suspension Load: 28000 lb. 

YAXLELD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle reference point lateral translation (YAXLELD); inches; motion toward right, positive. 

*Note: Brakes on. Force control. Reference height of 7.81 inches. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringlTaper(3) 

Data file: NHTSAD20.ERD Trailing Axle Roll Center Height Suspension Load: 28000 Ib. 

YAXLETR 

-4 -3 -2 - 1 0 1 2 3 4 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle reference point lateral translation (YAXLETR); inches; motion toward right, positive. 

*Note: Brakes on. Force control. Reference height of 8.00 inches. 



Measured by UMTRI for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

20 Nov 95 
Suspension: 4-Spring/Taper(3) 

Data file: NHTSAD20.ERD Leading Axle Roll Steer Suspension Load: 28000 Ib. 

SALDA 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Average leading axle average steer angle (SALDA); degrees; steer toward right, positive. 

'Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringlTaper(3) 

Data file: NHTSAD20.ERD Trailing Axle Roll Steer Suspension Load: 28000 Ib. 

SATRA 

-4 -3 - 2 - 1 0 1 2 3 4 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Average trailing axle average steer angle (SATRA); degrees; steer toward right, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRI for NHTSA 
Volvo Tractor Model WIA64T 

Data file: NHTSAD21 .ERD 

YAXLELD 

Tandem Drive Axle Suspension 

Leading Axle Lateral Force Compliance 

20 Nov 95 
Suspension: 4-SpringlTaper(3) 

Suspension Load: 28000 Ib. 

FHLD 

Abscissa (X): Total leading axle lateral force (FHLD); pounds per wheel; applied to all four wheel sets simultaneously; force 
applied toward right, positive. 

Ordinate (Y): Leading axle lateral translation (YAXLELD); inches; motion toward right, positive. 

"Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-Spring/Taper(3) 

Data file: NHTSAD21 .ERD Trailing Axle Lateral Force Compliance Suspension Load: 28000 Ib. 

YAXLETR 

-6000 -4000 -2000 0 2000 4000 6000 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per wheel; applied to all four wheel sets simultaneously; force 
applied toward right, positive. 

Ordinate (Y): Trailing axle lateral translation (YAXLETR); inches; motion toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WlA64T Tandem Drive Axle Suspension Suspension: 4-Spring/Taper(3) 

Data file: NHTSAD21 .ERD Leading Axle Lateral Force Steer Suspension Load: 28000 lb. 

SALDA 

-6008 -4000 -2000 0 2000 4000 6000 

FHLD 

Abscissa (X): Total leading axle lateral force (FHLD); pounds per wheel; applied to all four wheel sets simultaneously; force 
applied toward right, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRI for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-Spring/Taper(3) 

Data file: NHTSAD21 .ERD Trailing Axle Lateral Force Steer Suspension Load: 28000 Ib. 

SATRA 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per wheel; applied to all four wheel sets simultaneously; force 
applied toward right, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-Springnaper(3) 

Data file: NHTSAD22.ERD Leading Axle Aligning Moment Compliance Steer Suspension Load: 28000 Ib. 

Abscissa (X): Total leading axle aligning moment (MZLD); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 
*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringlTaper(3) 

Data file: NHTSAD22.ERD Trailing Axle Aligning Moment Compliance Steer Suspension Load: 28000 lb. 

SATRA 

MZTR 

Abscissa (X): Total trailing axle aligning moment (MZTR); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 
*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringRaper(3) 

Data file: NHTSAD23.ERD Inter-Axle Load Transfer Due to Braking Suspension Load: 28000 Ib. 
FZ 

-4000 -3000 -2000 -1 000 0 1000 2000 

FHTOT 

Abscissa (X): Total longitudinal force (FHTOT); pounds; applied to all wheels simultaneously; force toward front, positive. 
Ordinate (Y): Total leading axle vertical wheel load (FZLD); pounds; spring compression, positive. 

Total trailing axle vertical wheel load (FZTR); pounds; spring compression, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T 

Data file: NHTSAD30.ERD 

ROLLMRCL 

Tandem Drive Axle Suspension 

Leading Axle Roll Rate 

20 Nov 95 
Suspension: 4-Spring/Taper(3) 

Suspension Load: 16000 Ib. 

-3 -2 - 1 0 1 2 3 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle roll moment about the roll center (ROLLMRCL); in-lb; right side compressed, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

Data file: NHTSAD30.ERD Trailing Axle Roll Rate 

ROLLMRCT 

20 Nov 95 
Suspension: 4-SpringlTaper(3) 

Suspension Load: 16000 Ib. 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 
Ordinate (Y): Trailing axle roll moment about the roll center (ROLLMRCT); in-lb; right side compressed, positive. 
*Note: Brakes on. Force control. 





Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringlTaper(3) 

Data file: NHTSAD30.ERD Trailing Axle Roll Center Height Suspension Load: 16000 Ib. 

YAXLETR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle reference point lateral translation (YAXLETR); inches; motion toward right, positive. 

*Note: Brakes on. Force control. Reference height of 8.31 inches. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

20 Nov 95 
Suspension: 4-Springnaper(3) 

Data file: NHTSAD30.ERD Leading Axle Roll Steer Suspension Load: 16000 Ib. 

SALDA 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Average leading axle average steer angle (SALDA); degrees; steer toward right, positive. 

*Note: Brakes on. Force control. 





Measured by UMTRI for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringTTaper(3) 

Data file: NHTSAD31 .ERD Leading Axle Lateral Force Compliance Suspension Load: 16000 Ib. 

YAXLELD 

-4000 -2000 0 

FHLD 

Abscissa (X): Total leading axle lateral force (FHLD); pounds per wheel; applied to all four wheel sets simultaneously; force 
applied toward right, positive. 

Ordinate (Y): Leading axle lateral translation (YAXLELD); inches; motion toward right, positive. 
*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WlA64T 

Data file: NHTSAD31 .ERD 

Tandem Drive Axle Suspension 

Trailing Axle Lateral Force Compliance 

20 Nov 95 
Suspension: 4-SpringDaper(3) 

Suspension Load: 16000 Ib. 

0 2000 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per wheel; applied to all four wheel sets simultaneously; force 
applied toward right, positive. 

Ordinate (Y): Trailing axle lateral translation (YAXLETR); inches; motion toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension 

Data file: NHTSAD31 .ERD Leading Axle Lateral Force Steer 

SALDA 

20 Nov 95 
Suspension: 4-Springnaper(3) 

Suspension Load: 16000 Ib. 

-4000 -2000 0 

FHLD 

Abscissa (X): Total leading axle lateral force (FHLD); pounds per wheel; applied to all four wheel sets simultaneously; force 
applied toward right, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 
'Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-SpringRaper(3) 

Data file: NHTSAD31 .ERD Trailing Axle Lateral Force Steer Suspension Load: 16000 Ib. 

SATRA 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per wheel; applied to all four wheel sets simultaneously; force 
applied toward right, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-Spring/Taper(3) 

Data file: NHTSAD32.ERD Leading Axle Aligning Moment Compliance Steer Suspension Load: 16000 Ib. 

SALDA 

Abscissa (X): Total leading axle aligning moment (MZLD); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 20 Nov 95 
Volvo Tractor Model WIA64T Tandem Drive Axle Suspension Suspension: 4-Springmaper(3) 

Data file: NHTSAD32.ERD Trailing Axle Aligning Moment Compliance Steer Suspension Load: 16000 lb. 

SATRA 

MZTR 

Abscissa (X): Total trailing axle aligning moment (MZTR); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 
"Note: Brakes on. Position control. 
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Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-SpringTTaper(1) 

Data file: NHTSATOI .ERD Average Vertical Spring Rate 

FZAV 

Abscissa (X): Average vertical wheel displacement (ZWAV); inches; spring compression, positive. 

Ordinate (Y): Average vertical wheel load (FZAV); pounds; spring compression, positive. 

'Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSATOI .ERD Leading Axle Vertical Spring Rate 

FZLDA 

7 Aug 95 
Suspension: 4-SpringlTaper(1) 

0 .5 1 1.5 2 2.5 3 

ZWLDA 

Abscissa (X): Average leading axle vertical wheel displacement (ZWLDA); inches; spring compression, positive. 

Ordinate (Y): Average leading axle vertical wheel load (FZLDA); pounds; spring compression, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRI for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSATO1 .ERD Trailing Axle Vertical Spring Rate 

FZTRA 

7 Aug 95 
Suspension: 4-SpringlTaper(1) 

Abscissa (X): Average trailing axle vertical wheel displacement (ZWTRA); inches; spring compression, positive. 

Ordinate (Y): Average trailing axle vertical wheel load (FZTRA); pounds; spring compression, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSATOI .ERD Inter-Axle Load Distribution 

FZLDA 

7 Aug 95 
Suspension: 4-SpringTTaper(1) 

FZTRA 

Abscissa (X): Average trailing axle vertical wheel load (FZTRA); pounds; spring compression, positive. 

Ordinate (Y): Average leading axle vertical wheel load (FZLDA); pounds; spring compression, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-Spring/Taper(l ) 

Data file: NHTSAT30.ERD Leading Axle Roll Rate Suspension Load: 40000 Ib. 

ROLLMRCL 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 
Ordinate (Y): Leading axle roll moment about the roll center (ROLLMRCL); in-lb; right side compressed, positive. 
"Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-SpringRaper(1) 

Data file: NHTSAT30.ERD Trailing Axle Roll Rate Suspension Load: 40000 Ib. 

ROLLMRCT 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle roll moment about the roll center (ROLLMRCT); in-lb; right side compressed, positive. 

"Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSAT30. ERD Leading Axle Roll Center Height 

YAXLELD 

7 Aug 95 
Suspension: 4-SpringlTaper(1) 

Suspension Load: 40000 Ib. 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle reference point lateral translation (YAXLELD); inches; motion toward right, positive. 

*Note: Brakes on. Force control. Reference height of 12.75 inches. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-Spring/Taper(l) 

Data file: NHTSAT30.ERD Trailing Axle Roll Center Height Suspension Load: 40000 Ib. 

YAXLETR 

-2 -1.5 - 1 -.5 0 .5 1 1.5 2 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle reference point lateral translation (YAXLETR); inches; motion toward right, positive. 
*Note: Brakes on. Force control. Reference height of 12.69 inches. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSAT30.ERD 

SALDA 

7 Aug 95 
Suspension: 4-SpringTTaper(1) 

Leading Axle Roll Steer Suspension Load: 40000 lb. 

-2 -1.5 - 1 -.5 0 .5 1 1.5 2 

ROLLAXLE 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 
Ordinate (Y): Average leading axle average steer angle (SALDA); degrees; steer toward right, positive. 
*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSAT30.ERD Trailing Axle Roll Steer 

SATRA 

7 Aug 95 
Suspension: 4-Spring/Taper(l) 

Suspension Load: 40000 Ib. 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Average trailing axle average steer angle (SATRA); degrees; steer toward right, positive. 

"Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringTTaper(1) 

Data file: NHTSAT31 .ERD Leading Axle Lateral Force Compliance Suspension Load: 40000 Ib. 

YAXLELD 

FHLD 

Abscissa (X): Total leading axle lateral force (FHLD); pounds per axle; applied to both axles simultaneously; 
toward right, positive. 

Ordinate (Y): Leading axle lateral translation (YAXLELD); inches; motion toward right, positive. 
"Note: Brakes on. Position control. 

force applied 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-Spring/Taper(l) 

Data file: NHTSAT31 .ERD Trailing Axle Lateral Force Compliance Suspension Load: 40000 Ib. 

YAXLETR 

-.-t - 
-4000 -2000 0 2000 4000 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Trailing axle lateral translation (YAXLETR); inches; motion toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-SpringTTaper(1) 

Data file: NHTSAT32.ERD Leading Axle Aligning Moment Compliance Steer Suspension Load: 40000 Ib. 

SALDA 

Abscissa (X): Total leading axle aligning moment (MZLD); in-lb per axie; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 
"Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-SpringlTaper(1) 

Data file: NHTSAT32.ERD Trailing Axle Aligning Moment Compliance Steer Suspension Load: 40000 Ib. 

SATRA 

MZTR 

Abscissa (X): Total trailing axle aligning moment (MZTR); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 
*Note: Brakes on. Position control. 
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Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSAT20.ERD Leading Axle Roll Rate 

ROLLMRCL 

7 Aug 95 
Suspension: 4-Spring/Taper(l) 

Suspension Load: 25000 Ib. 

-3 -2 - 1 0 1 2 3 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle roll moment about the roll center (ROLLMRCL); in-lb; right side compressed, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame  ande em Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-SpringTTaper(1) 

Data file: NHTSAT20. ERD 

ROLLMRCT 

Trailing Axle Roll Rate Suspension Load: 25000 ib. 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle roll moment about the roll center (ROLLMRCT); in-lb; right side compressed, positive. 

'Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringTTaper(1) 

Data file: NHTSAT20.ERD Leading Axle Roll Center Height Suspension Load: 25000 Ib. 

YAXLELD 

-3 -2 - 1 0 1 2 3 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle reference point lateral translation (YAXLELD); inches; motion toward right, positive. 
"Note: Brakes on. Force control. Reference height of 13.1 3 inches. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-Spring/Taper(l) 

Data file: NHTSAT20.ERD Trailing Axle Roll Center Height Suspension Load: 25000 Ib. 

YAXLETR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle reference point lateral translation (YAXLETR); inches; motion toward right, positive. 

*Note: Brakes on. Force control. Reference height of 13.13 inches. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSAT20.ERD Leading Axle Roll Steer 

SALDA 

7 Aug 95 
Suspension: 4-SpringTTaper(1) 

Suspension Load: 25000 Ib. 

-3 -2 - 1 0 1 2 3 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Average leading axle average steer angle (SALDA); degrees; steer toward right, positive. 
'Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame 

Data file: NHTSAT20.ERD 

SATRA 

Tandem Trailer Axle Suspension 

Trailing Axle Roll Steer 

7 Aug 95 
Suspension: 4-SpringlTaper(1) 

Suspension Load: 25000 ib. 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Average trailing axle average steer angle (SATRA); degrees; steer toward right, positive. 
*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringlTaper(1) 

Data file: NHTSAT21 .ERD Leading Axle Lateral Force Compliance Suspension Load: 25000 lb. 

YAXLELD 

FHLD 

Abscissa (X): Total leading axle lateral force (FHLD); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Leading axle lateral translation (YAXLELD); inches; motion toward right, positive. 
*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-SpringfTaper(1) 

Data file: NHTSAT21 .ERD Trailing Axle Lateral Force Compliance Suspension Load: 25000 Ib. 

YAXLETR 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Trailing axle lateral translation (YAXLETR); inches; motion toward right, positive. 
*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-SpringKaper(1) 

Data file: NHTSAT21 .ERD Leading Axle Lateral Force Steer Suspension Load: 25000 Ib. 

SALDA 

,2000 0 

FHLD 

Abscissa (X): Total leading axle lateral force (FHLD); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-Springmaper(1) 

Data file: NHTSAT21 .ERD Trailing Axle Lateral Force Steer Suspension Load: 25000 lb. 

SATRA 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringlTaper(1) 

Data file: NHTSAT22.ERD Leading Axle Aligning Moment Compliance Steer Suspension Load: 25000 Ib. 

SALDA 

MZLD 

Abscissa (X): Total leading axle aligning moment (MZLD); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 

'Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-Spring/Taper(l) 

Data file: NHTSAT22.ERD Trailing Axle Aligning Moment Compliance Steer Suspension Load: 25000 Ib. 

SATRA 

MZTR 

Abscissa (X): Total trailing axle aligning moment (MZTR); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 
*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-Spring/Taper(l) 

Data file: NHTSAT23.ERD Inter-Axle Load Transfer Due to Braking Suspension Load: 25000 Ib. 
FZ 

FHTOT 

Abscissa (X): Total longitudinal force (FHTOT); pounds; applied to all four wheel sets simultaneously; force applied toward 
front, positive. 

Ordinate (Y): Total leading axle vertical wheel load (FZLD); pounds; spring compression, positive. 
Total trailing axle vertical wheel load (FZTR); pounds; spring compression, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSAT24.ERD 

ROLLMRCL 

7 Aug 95 
Suspension: 4-Spring/Taper(l) 

Leading Axle Roll Rate Suspension Load: 25000 Ib. 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle roll moment about the roll center (ROLLMRCL); in-lb; right side compressed, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSAT24.ERD Trailing Axle Roll Rate 

ROLLMRCT 

7 Aug 95 
Suspension: 4-Spring/Taper(l) 

Suspension Load: 25000 Ib. 

-1 -5 - 1 -.5 0 .5 1 1.5 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle roll moment about the roll center (ROLLMRCT); in-lb; right side compressed, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-Springmaper(1) 

Data file: NHTSAT24.ERD Leading Axle Roll Center Height Suspension Load: 25000 Ib. 

YAXLELD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle reference point lateral translation (YAXLELD); inches; motion toward right, positive. 

'Note: Brakes on. Force control. Reference height of 13.1 3 inches. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-SpringTTaper(1) 

Data file: NHTSAT24.ERD Trailing Axle Roll Center Height Suspension Load: 25000 lb. 

YAXLETR 

-1 -5 - 1 -.5 0 .5 1 1.5 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle reference point lateral translation (YAXLETR); inches; motion toward right, positive. 

*Note: Brakes on. Force control. Reference height of 13.13 inches. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringTTaper(1) 

Data file: NHTSAT24. ERD Leading Axle Roll Steer Suspension Load: 25000 lb. 

SALDA 

n n a  I a111 n 
nVLLHALU 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 
Ordinate (Y): Average leading axle average steer angle (SALDA); degrees; steer toward right, positive. 
*Note: Brakes on. Force control. 



Measured by UMTRI for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringTTaper(1) 

Data file: NHTSAT24.ERD Trailing Axle Roil Steer Suspension Load: 25000 Ib. 

SATRA 

-1.5 - 1 -.5 0 .5 1 1.5 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Average trailing axle average steer angle (SATRA); degrees; steer toward right, positive. 
'Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSAT1 O.ERD Leading Axle Roll Rate 

ROLLMRCL 

7 Aug 95 
Suspension: 4-SpringTTaper(1) 

Suspension Load: 10000 Ib. 

-.6 -.4 -.2 0 .2 .4 .6 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 
Ordinate (Y): Leading axle roll moment about the roll center (ROLLMRCL); in-lb; right side compressed, positive. 
*Note: Brakes on. Force control. 



In- k 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringKaper(1) 

Data file: NHTSATI O.ERD Leading Axle Roll Center Height Suspension Load: 10000 lb. 

YAXLELD 

-.5 -.4 -.3 -.2 -. 1 0 -1 .2 .3 .4 .5 

ROLLAXLC 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle reference point lateral translation (YAXLELD); inches; motion toward right, positive. 
*Note: Brakes on. Force control. Reference height of 13.56 inches. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-Spring/Taper(l ) 

Data file: NHTSAT1 O.ERD Trailing Axle Roll Center Height Suspension Load: 10000 Ib. 

YAXLETR 

-.6 -.4 -.2 0 .2 .4 -6 

ROLLAXTR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle reference point lateral translation (YAXLETR); inches; motion toward right, positive. 

*Note: Brakes on. Force control. Reference height of 13.50 inches. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringTTaper(1) 

Data file: NHTSAT1 I .ERD Leading Axle Lateral Force Compliance Suspension Load: 10000 Ib. 

YAXLELD 

FHLD 

Abscissa (X): Total leading axle lateral force (FHLD); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Leading axle lateral translation (YAXLELD); inches; motion toward right, positive. 
*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringlTaper(1) 

Data file: NHTSAT11. ERD Trailing Axle Lateral Force Compliance Suspension Load: 10000 Ib. 

YAXLETR 

.2 

.15 

.1 

5x 1 o ' ~  

0 

-5x1 o ' ~  

-. 1 

- .I  5 

-.2 
-2000 -1000 0 1000 2000 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Trailing axle lateral translation (YAXLETR); inches; motion toward right, positive. 

*Note: Brakes on. Position control. 





Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-Spring/Taper(l) 

Data file: NHTSAT11 .ERD Trailing Axle Lateral Force Steer Suspension Load: 10000 Ib. 

SATRA 

-2 

0 

FHTR 

Abscissa (X): Total trailing axle lateral force (FHTR); pounds per axle; applied to both axles simultaneously; force applied 
toward right, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-Spring/Taper(l) 

Data file: NHTSAT12.ERD Leading Axle Aligning Moment Compliance Steer Suspension Load: 10000 Ib. 

SALDA 

Abscissa (X): Total leading axle aligning moment (MZLD); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average leading axle steer angle (SALDA); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringlTaper(1) 

Data file: NHTSAT12.ERD Trailing Axle Aligning Moment Compliance Steer Suspension Load: 10000 Ib. 

SATRA 

MZTR 

Abscissa (X): Total trailing axle aligning moment (MZTR); in-lb per axle; applied to both axles simultaneously; downward 
(right hand rule) moment vector, positive. 

Ordinate (Y): Average traiing axle steer angle (SATRA); degrees; steer toward right, positive. 

*Note: Brakes on. Position control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-Spring/Taper(l) 

Data file: NHTSATI 3.ERD Inter-Axle Load Transfer Due to Braking Suspension Load: 10000 Ib. 
FZ 

FHTOT 

Abscissa (XI: Total longitudinal force (FHTOT); pounds; applied to all four wheel sets sim~!tane~us!y; fbrce app!ied toward 
front, pos~tive. 

Ordinate (Y): Total leading axle vertical wheel load (FZLD); pounds; spring compression, positive. 
Total trailing axle vertical wheel load (FZTR); pounds; spring compression, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

7 Aug 95 
Suspension: 4-SpringlTaper(1) 

Data file: NHTSATI 4.ERD 

ROLLMRCL 

Leading Axle Roll Rate Suspension Load: 10000 Ib. 

-2 -1.5 - 1 -.5 0 .5 1 1.5 2 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle roll moment about the roll center (ROLLMRCL); in-lb; right side compressed, positive. 
'Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 
Mounted on a bare frame Tandem Trailer Axle Suspension 

Data file: NHTSAT14.ERD Trailing Axle Roll Rate 

7 Aug 95 
Suspension: 4-SpringlTaper(1) 

Suspension Load: 10000 Ib. 

ROLLMRCT 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle roll moment about the roll center (ROLLMRCT); in-lb; right side compressed, positive. 

*Note: Brakes on. Force control. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-SpringDaper(1) 

Data file: NHTSATI 4.ERD Leading Axle Roll Center Height Suspension Load: 10000 Ib. 

YAXLELD 

-2 -1.5 - 1 -.5 0 -5 1 1.5 2 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Leading axle reference point lateral translation (YAXLELD); inches; motion toward right, positive. 
'Note: Brakes on. Force control. Reference height of 13.56 inches. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-Spring/Taper(l) 

Data file: NHTSATI 4.ERD Trailing Axle Roll Center Height Suspension Load: 10000 Ib. 

YAXLETR 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Trailing axle reference point lateral translation (YAXLETR); inches; motion toward right, positive. 

*Note: Brakes on. Force control. Reference height of 13.50 inches. 



Measured by UMTRl for NHTSA 7 Aug 95 
Mounted on a bare frame Tandem Trailer Axle Suspension Suspension: 4-Spring/Taper(l) 

Data file: NHTSAT14.ERD Leading Axle Roll Steer Suspension Load: 10000 Ib. 

SALDA 

- 2 -1.5 - 1 -.5 0 .5 1 1.5 2 

ROLLAXLD 

Abscissa (X): Leading axle roll angle (ROLLAXLD); degrees; right side compressed, positive. 

Ordinate (Y): Average leading axle average steer angle (SALDA); degrees; steer toward right, positive. 
*Note: Brakes on. Force control. 



Measured by UMTRI for NHTSA 
Mounted on a bare frame 

Data file: NHTSAT14.ERD 

SATRA 

Tandem Trailer Axle Suspension 

Trailing Axle Roll Steer 

7 Aug 95 
Suspension: 4-SpringlTaper(1) 

Suspension Load: 10000 Ib. 

Abscissa (X): Trailing axle roll angle (ROLLAXTR); degrees; right side compressed, positive. 

Ordinate (Y): Average trailing axle average steer angle (SATRA); degrees; steer toward right, positive. 

*Note: Brakes on. Force control. 




