
1,500.-

),000.-

i,OOO.-

1,600.-

·,000.-

,800. -

,000.-

,000.-

000.-

800. -

000.-

400.-

700. -

)50.-

)00.-

)00.-

350. -

00. -

00. -

• su su SU f3 SU f3 IV .c9 

n .... 'j'2:lmE1uttlirlO~t~m .... 'a«Jl?1u .... n .... 'j61U 1n61 
f3 

2.IeJ\1~nLt 1II~RtI710'j 

~ "" , 
lJl111 Vltll(lCJ'lJ tJUUflU 

lJi'lf1'Jl~~;VU~ '\l::'Y'J fl~.jl;'J"~mj;u 'tClt'l~tJ.jjCl u ;nmflD1 UlJlJ 1 VI~ l~rJ 1; 
'll 

l~ 1fl j'L'Jyj ;mJ I, U t'l"~:rf I, jfll.f 1limjfl~n~1'Jnfl D 1;1, j~l-h'lfl.jfl"''J 'J"~Vllfl'Jl~ I, 1'J~ 1,1, Yl 
A ff d .2..-~CV';': I g ~ 

'\l~ .j~tJ.jjml, Yljf1 I,flflj I,Lt'l::fl'Jl~ I, j'JjDlJ'J.j~ El.jt'l flYl "lJlJ I,flt'l flU t.lt'lm.j~'EJ.jfl'Jl~ I, ~ 'J'Yl.j 

~ ~ IV ct l/ d G) I A ~ 1 ... 
b'ltJ.j I,~ m YltJlJnlJfldl~ I, jdjfllJ'J.j~fl.jt'lfln'\l::L UUfllnldt'l U bblt'l~rn:: ~~ rn::-V'I'U.j"lltJ.jjCl 

1,1, Yljmflfl1 b1"qJqJl rn ~'tf:j"'lJ'\llnl,jm';:~m::~r11mj'Ylflt'lfl.j 1 U field Ut:U L~b1 nfl"~l,fJll1 
'll 

1 ULfl; tJ.j1, Yl"UI, ~mi lmll,fljl::~ 1 UVI"fl.jYlflt'lD.j 1m) 1; Lfl;tJ.j~fl'Yll.jVI,;fl1 Yl'jUfl~ 1,1,t'l:: 

flfl~~';lbm)';: ~t'lmjYl?1t'l'EJ.j~L~1 ~ ~t'lflj.jn"'lJ~t'lrnjYl~t'l'EJ.j 1~rJ 1 ;llil.LlJjj:njj~m ~.j L~ 

n1::'Yi 1 'tU'Y'JiD~ 1 n"'u 

o 

1l'tlU1 

rllU ~fiUl,fwl,~rJ'Jn"lJmj 1; jm!, Yljmfm';fl.j'\l::YnliJ~11 l,~mmL Yljmflfl'; , 
Qflmmfl;tJ.j~fl lCl'Y'Jj'JUfll.j '1 '\l::l,n~UjlnlJnlj~L1rJn11 nlj;U LClt'l (Slip) Vl1fl , 
fl1l~ LU~rJUI,I,Ut'l.j~D.jj::rJ::i'll.j~jmfl~flU ~'\lln~l~fldj'\l::I,Uu ( Travel reduction) 

nljt'lm VI~Dmjf1'JlJfl~ mj~U Lblt'l1 ~ D~ 1 U~ l.j~ I, VllJl::t'l~ 'Ut:U'\l::t'l1~ljCl;111~ Uj::~Ylli , ~ 

1 0 (~~ QJ %" Q",I ~ A I tdl 

Jll'Y'J UmjYll.jlU ~D.j~ml, Yljmflfld~~U U j::Vmmb l~UI, ~m 'Y'Jt'l.j Ut'l::~1rJt'lflnljt:ln 

Vljfl"ll'EJ.jt'l"DrJl.j b~m .y)tJUfllJf.11 ;~ 1rJ~b rl1n .... uti 1 Vlj"lJ'Y'Jt'I"'.j.j1Unt'l ( mechanical energy) 
I .. I l.!\ '" d' 

flflVlU.jVlU 'JrJ'Y'JUYl b j1t'l1~ntlUt'H).j 1~ I, VlU L~11nnb ~~lh::~Ylli Jll'Y'J 1 Unlj;11.jlU 2 

<t <t I '" ~ '" l.!\ "" ~" It <t 1 .... o.f " 
I,Ufljl, ~Ufl '\l::~JrJl.h::VltJ~U l~UI, 'lfm 'Y'Jt'l.j bf:Uj::~ 1 m 1 I,Ufl~ I, ~Ufl Ut'l~rJlJ'\l'\llJU , 
fl .... UI,UUJll'J::~J1~ .... Ub ~m 'Y'J~.j~j1mbL 'Y'J.j Ut'l::~U U 'J i l.t~~'\l::b'l.j;UL~mJ '1 b j1 1~fl1j 

'II 

I A~ 1 "" I 1 " ~ " 
t'l::bt'Wflm:nmj ~ '1 'YJ'\l::'lf'JrJ UnljU1::Vl£J~U llJU 



r.,1~1;1mI,Yl1mrltJ';~'mdJ1nriih'm1V1i1;J1fJ "1 ~lVl1<VUVll~1'1immd~U Lem 
'iI • ~ l!.'. t , 

mfJ l~~m~mdr1TJlwjJ'ehn!;l m1~u Lm'll~fllj"il~~lJlmnu LU Yl~tinI,YltJ.yj"il~ 1~\1~ 

Uj~~YlimV11um1ril.,llUl.Jln~~ rt l,l,~~~rW~rtmj~nVljtJ'1im;mJl.,l~"1J"'ul,f1~tJu 1m] , 
Yl"'l l 1u 1,1,b'1""1 U1~~Yl~ mV11 Umjril.,llU 'lJEl.,ljml, lnm(9ltJ~1l~~fil~ln~~m~tJm1~u 1m'l 

lVAV d &::II I I ~ ff': A A 0 

"1JtJ.,l~tJYl'1i1JI,f1~tJU ~mElfJj~V111.,l 10 m 15 I,UtJdl,"lfUrl U1~~Ylj)m~m1Yl1 
t1J i t..-

.,llU'1Jmjm~~rt"illn~l~ .,l~rtl,~tlnld~U lrm~~llJlmnu luVl1mtumnu llJ V1~uvurilViln 
'lI ~ 

~1~l,fl~m~tl,;;vmJj1m1~u1!;l~ (Slip meter) ~1,~Uiltll.~;]V1rl~Hn"'U1ml,'Yl1mrltl'; 1,11 

<t I '" "1 , ~", '1 ''''' "1'" , t "" "".: n~11J11b1fll1Jfl~m'1itl.,lrnj~U uw bVl'EltJ U'lfl.,l'Yl1, VI~l~~~ bV1tJm.,lb'l~rt1n V1mU~fJUl,mJd 
, 'lI 

1b11~1, VI~l~b'l~ Vl1tJ tmmn 1~"1J'EI.,l1, VI~1U1.,l'jfUV1~.,lhJlum.,l;':lfJU1~lru~Y4m VI~l~ 
( ballasting) 

lTI bl,1JUj)jj~m (con ventional methods) ~1-ifVl1~1 m1~u lblmlfiuu"'u 

~lU 1U jU1J'1Jm;tl~I,f1~tlU~flb'1UV1j~fJ~m.,l~nlVlUV11 ~ tV1fJ~ jml, 'Yljf1l,rltl~uiJl Ut'lJl1V1 
'lI 

, .. "" 75/ 0'1 """""k "" \II ' 
l,Lrllj)UI,UU1j)'Yl~UI,U~ml, lb'111,1,~~1, 11 b~ 

1 U1uU~UiJ~t:-;lU1Jl l~~u"'nl"il'iJVlmfJf1U 

V1fJlm~Vl11TInld 1 VI~ "1 ~11;1 Unnfll1Jfl~~lm1~u i.bI~"lJm1b11,1, "rnfl brlU; tl~l.J 1 1n~ , 
1TIm1~'t~r11~ lbl,rnnfJ~ 1~'1~ bb~m 1 Vlb ~ U~lbDUU1~ tfJ'jf~1 U'Yl1.,lU~1J~~tl;;1 ;1b1i.b 'Yl1fl 

'lI . 

bmrhb~tl~l.,l lrt 

. U"'UI,UUl, 1~1 Vlt'llfJU~ 1~ tfl1b l"yJ rt"'mlbut'l"'tl~ I, 1f11~ L~b1ml1lJl1;1 um1b~U 
• 'lJ. 

1,1 El nl1Ull,fl1mUU fll1Jfl~mj"iljl"il1 I,I,~~ l;"il"'U"lJ t~fJ~mbmu1U~mu~n 1 ~~Yi 
, '11 

\II .... "'l "'l ... "" ~ "" ~ ~"1'" "" ~ <t 

bflf1m~lmf1 ruL'l~Url U~~'lJrtfll1~b'l1~11b1'1JU.,lbfljtl.,l~tl'jfuU b1UfJ1.,lt'l~LUfJrt l,~m111 , 
~U1~flUU lbUl ;uubll~"'El1 I, 1rt11 111 1;1VrtVllfl111Jb11"1Jm1b1fJU~ "ilUl,ilU~~~11,1"il 
;tlUb U~""tl1 l, 1f11; ~t':llJl1b11;1~rtVllfl11~1, 11"lJElJfJlrtfJ1U l~Yln'!furt tV1fJ~l~;u.Jfhii.,l , 
~{Ji:'lQJm~ru~ VI~mlmY4"1Jm~U~l~uVI:rtlblUU~1J"'Ul,fl;tlu~lu rt"'tlUI,Ut'l"'tl1 I,jm~ ~j1m 
i.~I,I,V~.,l~ln"ilUbnu'hJ lU'1Jru~~1J1'M"''Yl Microwave Associates ~~fl"lJlfJlujlm;lt'l~ 
l.lJ~~lru 2,000 my I ~1UU;iY1 General Electric "1JlfJ1u'Jlmrlvlt'l~ 1.000 UTYl rJ--:r 
~ A V fAt.- ~ ft 2.J' (/ le:i IV i:t 
~ ·lJd 'tiYl1Jl.,lbbVi.,l~t'lifl rttlUI,Ut'lEld b 1rtl1 "lllfJ lu11mem .1 I,bifl'1Jflfll1dJbn~l1b1"lJm~U'lJt.1, 

• . 'II 

·tii l'l1J"1f.urt"llthl.,llU~"il~U 1 t111; b -imiullan t~~U"1J"lJVlm~ 11fll'lJEl..1~"'U"il~b1nt'l.,l l,y.jj1::' 
OJ 'lJ 
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, ..... 
1111~Ulnl'J"lltl.,l SoH 

IV dj I ::=:i. 

'tlU!,UUf:lllUUj~ntlU'Yl ! 

u 0 

"amHHn1'nl1~lU 

1 UifltlUbb 1n 

bbUU~m~tlJ (Conti 
~ ~ I v 

"\l~1Jl,mU.,lt'lJ~bJJbJJ1UI,I, ~ 

signals) Ut'l~~bfl;'tl{ 
~ 0 ~ ~ F 

mU"il:::u lbm"1!tl~t'lmr 
.., ~ <tJ ~ 'lI 

tlUm'IJU~mu El..1JJllll r 

bb y.j1V1t'llfJ 1 U!.; tlJb~fJ.,l 
fl11dJ 1,1J~fJUI,I,1.lt'l.,l 1 u~, 

iJ 6' IV -=i 

b 1mj bl,b'l~~bJJbJJ1ru Yl' 
... '" 

"il1nfl11~!;l "1Jtl.,l~bJJbJJ1 ru 
1V ~Q.1 t.,.. 

blt'l~b'lbJJbJJlm YljU I, "lll~ 1 
G 2,."~ ~ . 

b jl"1JtlJl, jrtl1'Ylbflt'ltlU i 
!!,..r 'i-' ft t,.. 6" cv 

rtmlb11fttl1b 'Jm1 1V1V 

VEHle 
CW I) 

RADAf 

tn7171777 



... 
1~u'tm'l 

'iJ~ 1~'t~ 

lU tvw 
d 

m'm'trlt'l 

~ t:::i ( 

WULnrJi 

ImVl~l~ 

"Pl "" 
lntH)UU 

lut'lm~ 

;'1~nl't~ 

Vl~lrJflU 

;lJhn~ 

HlbL'Yl1fl 

1 ~c.J'Yl 
, 'tI . " 
Jmj1 '1 . " 
J~t'llLj'iJ 

, ." 

'~ 

, ~i1fl1 

"" U1'Yl tJ.J 

IAV I 

1111~Ulmi"llm Solid-state devices L"lfU Gunn diode Ut'l:: Schottky diode 

U"'ULUu~'mlh::nuu~r;i 1fi'q}"lIUJ f)"mJL Ur1"U1 L jfi11 i,;]n"11V1ul LULUUU~lJmn 
01 0 

'''lnUfHn1j't11~1U 

1 urmULL in'iJ::~rJ~Jmjvi lJ1Ufl111 ., "lItJJ ;UULUt'l"tJ.J L 1m1 ~~Jt'lovq}q}lm 
l..l ( ) I L- Lo ft 9;' A !sa 

LLUUrlmt.bm Continuous Wave Doppler radar nuu 71tJULUt'lU1 L 1fll1 "lfUrJU 

'iJ::~Lfl~m~Jt'lovq}q}lULl~L Vlftn 't yj~lLLumlm~m (Continuous electromagnetic 

signals) Llt'l::~Lfl~m,:rUt'l"'q}q}lU~b'l::'Y,"tJUlJ1'iJlmovrl~ (target) rl"'q}q}lm ~t'l::YI"tJunt'l"'U 
~ 0 2,.0 ~,::J v r:Jevcv': ~ft .dI,;:::I VIV !V 2,.-

mu 'iJ::U 1L 'EJ1"1!UlJt'l'YllmnnUfl11lJ L'j1t'llJ'Y'J'Yl'll "lImL j7111 LlJm 'YltJumnrm l'ij'llJl711tJ 
v ~ G1 ~ '\J !V ~ r: d a) ~ ~'\J v I 

Uuul,uuc.Jm U ?JJJ1"illn flUlh Ut'lU1 I, Uyh yjfl (Doppler ef~ ect) "1f",l,lm~;'.lnnUU~lJ 
I 1 '" ~ ( ) 1 .." 6' "" '" ~ "" "" LI, 'Y'J1Vlt'i1t1 Ub 1mLb'ltJ" sound applications u"lIm::°r1l, 1711jl,flt'itJUm 'YltlUnU1rltl , 

fl'J1lJ I,]J~tlUI,I,Ut'lJ 1 U~1Jfl11lJm1"l1tJJfl~U (Path length ) 'ilmt'l""q}q}lm ~~JtJtJmJ1f1 
I, jm';: Ut'l::t'l<Vq}q}lV), ;1j"'UL 'illlJl "il::vi11 ~fll1lJ~"lImt'l<Vq}q}lill ~jOJUI, "lIl~lI,U;tJUUUt'lJ 'tU 

,=C cv AI I I .:=:t cv t=il 'LIC 

"il1nfl11lJ tl "lImt'lq}q}l ill 'Ylt'lJtJtJn (:.,Jt'lmJj::Vl1 1Jfl1 1~ tl 'iI'tJJt'lqJq}l ill 'Ylt'lJUUn'iJl m jfll1 

1,lt'l::t'l"'q}qJ1ill~j"'UI,'j)llJl~L 111,1rJn11 Doppler frequency ;JI,~Ut'l~~':lU 1rJtlrljJrl1Jfl~llJ 
L 11 'iI tJJ I, 1m;~l,fl~tJU ~ I, "1Jl""lVl1m)tJn~lJ"illm"'fln jU~ 1 I.I.t'1rJ,mt'l""nn1j'1Jmm~ 1 if 

!1,,1 i/ft 2,.o(fv " ~ 

mlUI,UrltJ'H 17111 1rJ".,lfl11lJ!,jl'i1mjtltlUrl 

VEHICLE WITH 
CW DOPPLER 

RADAR 

v 
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VIV( I d 1.-6' 

fi'JldJt'ldJ'VfUtiJ~Vl'Jl,Jfi11dJ b j1"!Jmb jfi1j Ufl~ Doppler freq uency 

V= A 
2 cos e 

1..= 
~ Q.J ,c:( I ~ I GI 

fn1dJtll1fi~U "!JD,Jt1!qJqJ1ru 'Ylt1!,JDDndJVlU 1mUU bdJrlj 

dJdJj~W~l,JbbDUb 'YlUU 1 (antenna) n<Vu~u~1~t'l~iDU , 9 = 

t'lvqJqJlrulu~~b1rln11 Viewing angle 
f '" I <i1 • 
d = Doppler frequ ency dJVl'tnmuu Hz 

rlnVlvrJfJ~l,Jtil~dJdJ~~l e = 45 bb~~l~fidldJ~<JJDJ~vqJqJlru~~Jtmm~u 10.525 , 
GHz b jl'\J~ i,~11fi'JldJ b 1'J"lID,Jjbl 1 fldJ./ 'lfdJ. '\J~~~lb ~rlUb rl1n"'Ufil1dJ~ Doppler 

a 

frequency '\J1U1U 13.78 Hz . 

lu~'\J'\Juu~b jlUrldJ 1.]5 solid state oscillator 
G'I ~ I Q,.f 

b UUbfijDJt'lJtllqJqJ1 ru DD n , 
'\J1 m j~l~~l i'J<V~Vl1fi11dJ b11"l1DJjbl V1mJ,J1U LiJ lfl1b ,;)"'yj (microwave energy) ;,Jnj~ 
'\JlrlDtJndJl'\J1fl bLtJUb'YlUUl '\J~i,l.lm~'Yl1JnvU~U~1~U~dJiJ Viewing angle iJdJVl~,JL~D , , 
L ~tJunvU~U~1 Ej'UU~U 1 U ~~'\J~~'vIj~~,J1u~~JtJtJn Ll.l~1U Vl~Jt'l~'Y'~tJu;UdJl Lbt'1~nt'1<VUL <JJl 

ft bbtJUbrlUUl f1vlb;dJb~~~b"1Jl~~m"1ftJ1 (mixe r ) mdJ~l~<VU lubdm1u1J'lfU71 b~U 
~ ~ 

~ ,.do 2.-~'"'l 0 g.,.&JQJ 

Self-de tecting radar LfI"H]J~J"1fJ'Yl1V.U l'YlLUU local oscill a t or tJT'il'\J~'YllViU l'Ylb UU 

~m"1ftJ1 i1miL~ !;'l<VqJqJ1ru~Hl'\J1n b~l~'Yl "lim ~m"1ftJ1 '\J~b~U~"'qJqJ1ru;J~fnldJ 
~~~mvulin<VUfi11iJb11<JJtJ,Jjbl (Vehicle ground speed) 

~dJflljb~m;~I"1Jm~lmj~U I.mn jlt'lldJ1jblb;tJU i,~~~~ 
V - V 

S= o 

luL~tJ S = filn1j;ui,bl~ 
V 0 = fl11dJb11b1dJvlU 1 Uflljbfl~tJu~<JJmjtl 

V = fi11lJb;11Uflljbfl~tJu~"lImjbl<JJru~~bn~nlj;u i.bl~ 
<I <'I.., V <'II '''' <I OJ ( 

fi ':11dJb j'JbddJrlU 0 '\J~lJmb 'Yl1nUfl11lJ b 11jDU1J<JJmt'ltJ1tl circumferential 

vdoc ity) ~~"1JOJUbfl;tJU'Yln '1 "!Jru:; f.1nlj;U '1.m;m1'\J'\J~Vll'1.~'\J1m:;rl:;'Yll,'j~jmfl~m.j,~~J~ , . 
S ~ D;; d (~) 
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'" 1.l1mru D bb~~ d b" 

~U \ttl~ lUt'liJfllj~ 3 

II~ <-

<JJmjmb'Yljmflm~,J~ 

Vl;m"'~~lmj~U Lm'l7 

~ "~ 6' ~ 
f1tJU'YlLUUf!'iUiU U , 

~ 

(zero drawbar pull 

(ASAE R 296 .1) 

lufll1'J
v

m 
OJ QJ a 

2 Vl1 171Vllfll1~H j ' 

<I "" v 
b j1jDU1,J<JJmt'1tJ"1JUb 

"" f f ( bl d l bbt'1~ d2 

i,fiulbm.ntJiJ m~L~tJ · 
'lI 

I I 

fl11iJ lbrlnm,Jj:;Vld1 ~ 

Lml"l1mjblbb 'Yljf1bfltJ: 

c! 
nJV1 2 l1 i 
" 



'" '" J I 1'U TYl 

U 10.525 

Doppler 

JqJ1Ul.tnm 

r) ;.jm~ 
.d .. 

I~VI'U.jb~tl 
I 

lierential 

~ ~ ~ AI=i 
d = 1~fJ~'Y1lJYl'jllbflt'ltl'Ui1"1Jm~i1~mdQmnn , 

U1mUl. D m'l~ d bdlYhm11"'1?l1I?lfJl~~lUdUdtlU"1JtlJt'l~tl~"1J<VUbfl~tlU~rlW(;lnOJu rllnl1 

;1,1, 'lnt'llu!;'l~m1~ 3 u\t VI~ltJ~.j r.ltnl~bU~tJ'UbbUt'l.j"1Jtl.j1~tJ~i11.j~1mfl~tlU~ 
'.Jlnrll~fldd'\l~biJu (travel reduction) tl"'U~'\l; .jbbt'l"l ~t1J°v'l11 um11~Vllrllmd~U lnt'l 

"1JtJ-j1mb Yl1m~t11~.j~t'l~tltJ1.j"1l"'1Jbfi~t1UrltluilJ'\l~tJ'JtJ1 m~ tJ-j'\lln11 b 111~~l"~ In<Vl?lfldl~ , 
Vl1m"'l?lrllmd;U \lnt'l~tlu~b ~'Uf!1,1,~'l~~l1Jln 11,1,~~t:-rb;tJW~~n lV1UI?l11rllmJ'~1,1, i,nt'l 

~ ~ 

~t1'U~biJUf!mtu&-;u rllm1d"'l?l b~t11mb 'Yl1fl b~tl;l~~ bb 1.,']~.,']~ m~rll~mfl~tl.j~tl lnvrn1,1, 

( 

~ )" 0 OJ ~\II" 0 

zero drawbar pull "1Jtln1V1Ul?ltl'UU LI?l't),llJl'\lln A.S.A.E. Recommendation 

(ASAE R 296.1) 

1 1,1,nTdd<Vl?llbt'l~fldUfl~rllnl1~U lm'lll?ltJ 1~1?l"'t1UbU;fr;b J'm<{u&-;u b 111~b 1m'; , 
2 ~"'d dOJI?lVllfldl~b1d~bbYlil1.j"1ln.:l1mb'Ynmmr;: (true ground velocity) bbt'l~fldl~ 
b1d1t1Ud.j"1ltJ-j;t1"1J"'ULfl~t11,1, (circumferential velocity of the drive wheel) fldl~ 
~ fd

l 
bbt'l~ fd 2 (1u1u~ 2) "1Jm~"'qJqJ1Ul.'\lln bal~i1"1JtI.j 1?l"t1UbU;tl1 bJ'm';:i1~ b'ltJ-j 

.t,..o 2,.0 ~~ v d ~!J~ d i/ 2.t !,.;o I 

lm.J. ibm'1JtI~ t1mnWmUfll1~bJ'di1bbYl'\1d.j bbt'l~fldl~b1d1tlUd.j"1ltl.Jt'lm"1JlmrldtJ fll 
~ 

I I ""t;:"'" '" d "QlI'" 
fldl~ bb~mnJd~l!IJl.jfl dl~ b 11Yl.Jt'!m b~m YltJun Ufld l~ b dl1t1Ud.,']"1JtJ-jt'ltl'\1~bU1,1,fl1m1t'lU 

tnt'l"1JtJ.jJ'nbli11f1btflt),;: (!;'l~m1~ 2) 

49. 



~ ... 
'J fin 111UliUI ~ 

lumd'Y171t'lm~Lj11;Wi"~tJ61Jt'l~tl';: Ldr."l~ model MA-86656 A 

v'llt1tl 1mJ1J~'MQJ'Yi Microwave Associates ltlUflQJ1~,ilLt'l:;j""lJ~QJqJqnru ft11dJ~'lJm~""qJqJ1ru 

~~,itltlml1nl,j71l1f1""1~iJj:;dJ1ru 10.525 GHz bjll~lyj'lJUl71 7.~ 1dt'l~ bbt'l:; 120 

'" '" rt ( ) <>1 rt " '-' " 
dJt'lmbtldJiJ DC blJUV-l11b1tlj'.llV-lVlt'lltl'ilEl,ib1ftlj 

fI":'Jm~,\)lmrqJqJ1ru (radia'tor) U~U b j1l.nlltlUl'YlUUl';Um1tl, model AT 

d ~ AI;i1 e:I 

245/ APG-30, ".6>'ldJLllmlJ71blJU~Ul,ij fll1dJtJ11'i1tl>'l lbtlUL 'YlUUlL!d:;mru 23 '.lldJ . 
'II 

bbtlUbrIUU1fl"'1~~'ilUl71nj:;'Yl"'m''''71 ~~lbnU (gain) t<j,ilbt'l:;fl1ldJndl>'l'YlnJUdJ (beam) 
'\I 

~~>ltltlnfitlWlJl,i,\):;bbfllJ bbtlUb 'VlU U lo/1">'ln~11 L~~flfI~ l11n~ r~lJ,\)71fi U~ ~1,i'lJtl,i ·mbL·rtjfl 
, '\I 

bf!fr;: b ~ tl~ ~::f,'lflfll1dJflt'l171 bfl; tlU 1 Umjl"'flnlmj~U lblb'l fl1ldJflm~ bfl~tlU~bnml1n 
~ oi,. r-l ~ ~ 

mjnj:;~n~l'l,b "1 f,'l,i"1 blt'l::mjt'lU~~ b 'Y1tlU 'Ylmjblbb 'Yl1flbfltld b tl.J dJdJ"lJmbbtlUb 'YlUU 1'Yl , 
nnrlln"lJ~U~1~h.J,fl1j'\)~tlilu~1.J1::Vl1l.J 20° ~>'l 45° tlldJdJfI~n~11~r11U~tltl,\)~~1m1l 

'\I , 

1~ noise tl .... Ubn~'\)lflmjt'!~Ut'l~b~tlU~filU .... tltlt;'h'l tl~l.Jhn~dJdJ viewing angle L~fl11 , 

~ 91 91 d v d OJ 91 " "'l t li] 'JI v ' 'JI c:i .., 
1tJ'Vl 3 ~m.htJm)j L'j~1'j ffe:J ,'1mw Hl1J1?l 1mLe:JU1'Vl't.l'Wll?l 1?]?1\! D I01'5\1'I1Ulfltl'Hl'Y!'UU 

~ lfl~flU ffll1{u.yhfl1'jl'1\?l~tl~1U field. 
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/ 

~ I i,.; I 

'il::dJfllU tltlnJl 15 

""" , "lJm1tlL\''Yl1fllfltl1dJf, 

... ~" 
'.llVlWt'llm jr.l~ b j 

(voltage regulator 

v G OJ 2,..0 2-

L jf!11t'1tl.Jfl1WjtldJf. 

t'lm 1 U field (~l~l 
'llY 

<J 

fl11dJbjT 

l1r."lJt'l"titll.Jb;n 'l ( 
ft ~ . 

bfltlj Utlfl'illnUb j1t. 

n 4) system tl"''L-b~l 

.... , .... 
1llnflb'llJ bbt'l:;~ l'L-bb 'ill 

dJl'Yln 'l j:;m~ 3 yjfl , , 
b,j''L-bt'i .... ~~1'L-b 171 tlfl1.Jf 

.. '" "-

pickup n'\l::~·n.J~ 

wave 1~tl~fl11dJ~'i 
V QJ (IV 

'\l~t'!~Vl'L-b1l fllJfl11iJb 

171tJl; microswitc 

U1::mllJ) microsw 

, '" .. 
pulses bU'lJn!,'::'Ylb'l 

.... <i 

171tlm.Jr.lJfl1lJJ ',11 



~L~:: 120 

mod el AT 

nm 23"/flJ. 

UlJ (beam) 

i ~ ~ 

I(]U'ULmriJln 

" '0 
.J. tJ£.J 'il :: "lf1 £.J Yl 1 

mgle 1~fl1d 

z 

'il ::~fil ';tJ£.J nll 15 ~V,::'U~'ULLt1"'1t11<VqJqJl m ~t;;j<VU'il::~m1.1:'I-.1mnrll1~~Lfljl~~t~~lUln 

1~n~11 bb1:'l"111;mJ b 111:'l~eJ1 b d~l'; H't Vhbr1 7.5 t 11:'1~ 1 W~I rn~~t 1m~'il "lItJ-.1bb u~bmr;:~ 
€~ I I I .::! t ~ IV l:: ~ coif v,::J !V 

"lImdmbYldm~tJ1 lJfIltJrJd::Vl11-.1 10 b).j 14 11:'1'1'1 ~-.1'U'Ub'Y'JmuunT:nJd::VlrJ~'hi'Y11"lf 
'II 

"/f<V'Y'J'Y'J1:'llm dr,l~ b 11t'11dJ11t11-if't ~~t~rJm-.1'illnbL 1Jm~tJ~ t~rJ~l'U t 11:'lb<fl'ilL 1nnLm~tJf 
'll 

(voltage regulator) ntJ'U 

m111~t'1m~'t~m::'Y1°1n<V1J·Hlbl'Y11mfltJ1 Massey Ferguson mod el 150 

b 1~11t'1tJ-.1<fl<V1'Y'J1"'m,Jf~"mbb tJUL 'Y1U 'U llrl~~fl~ 't ~ fl1-.1V1'Ul1:"'tl'~ "1I<V1Jbfl~tJ'U ~ 1'~n<VU'nlm1l1~ 

1:'ltl-.11'U field (~nll~ 3) bb tJUL 'Yl'U 'U lfl<V1V1~-.1~m ltJrJ~~U~U ~1uiln <fl<V1V1~-.1~m 't11 
'lIlJ 

~l" <v" <I ( ) 1n1J1:'ltJm-.1b1:'ln 1 fifth w.heel 

bfl tJ f UtJmln~b11t1~'t~1; measuring tape system 1<Vi'flVllfl11lJb;1~bbYl'il1-.1;1 tJ ( m tJ 
'll'll 

n 4) system tJ1,b~tJ1::n[)1J~"lm'Y1"tJ~lVl1<V1JJ"'~fll1~tnl;\)b'<il1::1't;'Y1n 1 3 Y1mbt'l:: tJ t'll tJ 
'll' • 

VI~-.1'1JtJ-.1b 'Y1"'tJ~~ Hr~1Jn'fJUb VI~n ~~tJ'Hlbb 'Y11m~tJ1bfl;'tJ'U~'ttJ '1J"1-.1V1';lb ;tJn'il::fl~ tJ tJ n 
cv I 2..; Q,;' ~ .2,..0 ~ 

'il ln fl1:'lUbW::mUb'1Jl Photoelectrical system bbt'1:: system tJ UU'il::tII11-.1 pulse "lJ 'U 

lJ1Yln 11::£.J:: 3 'Y'lfl . ~"Hlbb'Y1dm~tJfbfl;tJU~'ttJ fl11lJ~ fgl '1JtJ-.1 pulse b Vl~I~'il :: , , 
b ii''Ut'l<V~~1'U t~£.J<fl1-.1n""'1Jfll1lJ L 11~ bb Y1 'il1-.1'1Jm1mb Yl1mrm1 

, .,. <V 

b"lf'Ub~£.J'"m'U magnetic 

- d .2,..oo IV '4 i? ~ Q,.f QJ !!l &:i QJ !,.; IV 

pickup n'il::t'l11-.1t11t}!qJlmm-.1 bvJ'Y'J!"CUm t'lqJqJlmtJ'UU'il::dJt'1m~ ru::mntJ 1 n 1J sine 

wave 1~tJ~fl11lJ~ '1JtJ-.1dJ1,l,b ~Ut'l<V~~1U 1~tJ<fl1-.1n"'Ufl11~ b 111,; -.1dJlJ'1Jmt'1"tJm-.1b~ n '1 lbt'1 :: , 
'il ::t'l<Vlj'Y'Jvu; n<V1Jfl11~b 1T~J.L Y1'il; -.1'1JtJ-.11nwl1£.J fl11lJ b 11b; -.1dJdJ'1Jm;tJ~"1J"'1Jbfl;tJUb 111"'i'fl 't~ , 

1 1" At:" ""' <'l "",,d,d "" "1" ""' " ( ..l 
~ tJ "If micros witch Wl~mb"lllllUb y.jmfl1V1'U-.1"if-.1flJ-.1 b1n1JbbnWlItJ-.1t'1tJ1n ~ntJYl 4 

~'lJ 

) 

V~I t,..cv r-::lO A': ~ i..-' ~ 

tJj::mJ1J microswitch ~1'UWlm'1JlnU1"'il"HHt'1f1Yl1fl1J.j>1t'l b'Y'J'Elbr:n-.1 pulse "lJUdJl 36 

pulse s lU"1Jru~~b'l"'tJ1nVl"JUltJlf. 1 dtJU ~""'JU~UflJ1JJ~"lJVj Pulse LVI~l~'il~tllvlJV'l""U; 
I 

t~£.J<fl1-.1 r.""'Uf111 jJ', 11 b; \)dJlJ '1JtlJb'l"v 
I 
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TO TAP;:: 
RECORDER f 9 , 

~---+--

m TAPE RECORDER 

FiFTH S:=:>OCKET 
WHEEL ' Lb' l-./T.J.?£ AS~EMSLY 

---';::""'-=:':~ __ ":::"'.:L _ _____ ~ K~ AN:,,",I):': 
~ ~C1-

I,~ m'illn11U'U 'HllL 'Yl1m~'El1~~~~l,fl~'El,j 'hiLfl~'El,j~'El '~1lln'U"'n 1.Lt'l~1, ~'El~"\l~ 
fl~~l'U'J'Ul,fl;m~'El~l~l 'Um 1'Yllmj'Yl~t;m,j 1 'U field l~umJt'l,j I, 1l~,j l'1fLfl ~'El,j'El"'~b 'Yl"tJ 

'El"'m'l"'qJqJlm~l7l'\ll n output "lJ'El,j sensor 'Y)nl ~"''JYn·'''mJn''''Ul11 m1'El"'~t"l"'qJqJlml'Ub'Yl"'11~ 

~'J tJ11 j~vm"'m 'Jt'l11'Um 1'Yl~t'lm 't~)iJln 'U'Elmln~1li~~~ 't~"1i'JtJvillv;"m1'J~IVll111~lm 
~ I 0 .-::: ~ "1 A ,c::i,::.j v L-

~l,j 1 ~fl'Jl~ l.b~'UrJ l~lmJ,j'i!'U ll.t'l~b1J'U'Ji3''Yllh~VltJ~~ltJ 

t'l"'qJqJlm~ 'El"'~t'l,j l'Ub v1iJ 'U~'U '1.~i 1~11bfljl~~1 'UVI"'El.J'Yl~t'lm 11m l'nbfl~'El,j~'El'Yll" 
" "" d "" ~ """" A ~ .., t: d ciI "'.., 't ~V'llbbt'l~mt'lmn 'El 'Uflt"l 'J1inl1';j bfl1'1~Vlt"lqJqJlmu 'Un I, u'Um1V1lfl'Jl~n "lJrJ"t"l~qjlm 

~l" 1 ~'El"'~~lb ~'mi 1~11;1'Um1fll'U'Jm Vllfl'Jl~b1'J~1" 1 ~~~n~l'J~ll.b~"'J t1j"qJqJlm ~ 

i.7l'il ln·b 1~il1'Ut:'Ub jl ri~ I,~viln 111 bfl11 ~~ l~tJ 1 i min icomputer PDP 1'; 40 '\l~111:: -, 
t"l,j~~vi1m11bfl d1~~;'JtJfl'El~~'Jb~'El';~ iiI, ~'El~'\l~ 1 i~t'lb 111£JUb.y; tJun"'U~t'lm11I.fl1l~~ 

~" "" r-!l ,.," , ""..... d r-!l 1~£J L '1fbfldm~ 'El'Yll,j L Y'lV'l1 I, V'l1l~ L'U'YlI,,11 lJum 11t'l1~11n'El'El nbb UlJbfld'El"~mbt'l~'J"'\ld'Yll" 

i. ~~l~~~~ '1.1n"'u1mb Yl1m~'El~'1.; U~b 1l;tl,jl.Luh11bfl~El,j~ tl~'EltlmblJU~'U~l'Ut:'U 1';; 

Q.I .:::C.t..- I CI ..d -=l v A ( 

tmn 111 ~'Yl n n~'El"bLt'l~ bb~'UtilV'ltlt"l~fl'J 11.~fJ I, 'Yl m.JnUfl tl~V'l'J b~'Eld 
~ 

'I" 0 t: ... "" 'I ,<>I 

m1'Yl~t'lml'U field 1,11 Lrlm~'Yl l'Yl,j~tl'U'Yl~m1ilmnmbt'1:; L~~m1U~t'lln , , 
~'El'U~~m1il~t'lln I, 1l1'n"'1nbb"rnflb~{];'~nfl""'t Vlct,jt'llnvh" '1.11r,"'U1Clbb "rl1f1b~'El~~v11m1 , 
'Y1 ~t'l tJ,j (~1U~ 5) I, ~m LJ~ tJ'Ull.Ut'l,jfl'Jlm 1'J"lJtl,j'W1.1, 'Yl1flb~'El1fl"''U Vlt'l"''' "\l~vi llVlLb 1,jil~ 

'IJ ~ , 

fll n"lJ'El ,j1m l,'Y1 1m~'El1fl"''Ubb 1nbU; £J'UbI,Ut'l,j '111 
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'\lr\U1 , 
cl \' n l'dt'l'U LClt'l"lltlJ1C 

~t'l~'t;'\llnl;l.l.t 
nical systems ~ 

~ 1V!,; t.- ( IIV 

'Y1'J~ fnm 1m1n1 
o " 

terns m~t'll~U 
o '" 0 

t'llVl"J UVl1m 1,1. VI'\. 

'1.m'l ~ tl'tu 

m11~ 

( ... 

1mL'Y11m~tl1 -: 

'1.fl1 1fl'J1~ 1.1'J~' 
'" ~'I ... 

'Yl~t'1tlJ'El'U'U brll. l. 



:D.H'lL'( 
..,O~ 

:~ 

, 
J ~ tV 2,.t 

L m IhHJ m ,,(l1J 

~ .., j,;j 

qJlru b'Ub 1'l1.JU 

''d~IVll1.J1mill 

t.; ~ ~ 

iLffHJ\!'lJtJ'Yll\! 

'" '" WlltJ\!t;'lqJqJltl,t 

v ~ ~ 

'd ~qJqJlru'Yl 

/ 40 '\lfl1.Jj~ -
~ .. ~ 

;mlj'dLf111~VI 

JLl.1.'l~'d\!'\}j'Yl1\! 

~ ~ 2.<-

lJ"llU'lJl'U 'U 1 VI 

uan1')'t1mHH 

,\}rl1.Jj~t'l\!~"lltJ\!m1,\,lmm\!n b ~ []~'\}~rl11'\}~m.H1111"J5b jrll11"'rlVllf111'lJ b 11bbl.'l:: 
~ . 

mj~'U l bll.'l'lJtJ\!jbl LI. 'Yljf1brltJ11rl"Vl1 tJ l~ C-ltmlj'Ylifl~tl\!rl"'\!n~11,\}~U 1 't1.J1.1.J1tllJb ~tllJn"'lJ 
~1.'l~\h1'\Jlnl~l.l.lJlJ1)11'lJm (conve ntional method) ;~1u~~1.Jj~ntJlJ;1tl mecha­

nical systems ~1\! 'l rl"'\!~'tr~n~1111bl.!.'l"'1 

mj'Ylrl~tJ\! 1 UifltJ'U~'t~~ m1u mnn 't;m~Yil1mJ"ll"'lJjml. 'Yl1fl Lrltl1'tl)lJU~U 
~ 

~.., ~ j,ld d '" r-I d 

bl'U uum:vm VlqJl '\l ifl1.Jj~t'l\!f1 'lJtJ\!nlj"llrl!.'ltJ\!rltJ'U'U m Yl m~b 1.J1 tjlJb 'Yl tllJf111'lJ b11"lJtJ\!jbl 
.-::C1V1-' f."t/v G ~Vi,..o 

'Yl 1iflfl 1mjmjnlJfl11'lJbj1"lltJ\!jbl'Yl'difl~ldtl fifth wheel bbl.'l~ me asuring tape sys-

tems m'lJt'i lrl"'lJ 'UtJmln~mj'Ylrl!.'ltJ\!tJ"''U~tJ<V\! l~~rlDtlb U'U '\l11 tJ"l\!"EJ\! ( reference point) , 
~lVl':l~lJ Vll~lb1. VIl-i\!~tllmj~'U lbl!.'l~ b U'Ufl'UJ I. ~tJ1.Jj:; ltl"J5Ul 'Um1r) l'U1nt Vlltllmj~'U 

'll 

mjl\!~l.'lmjYlmW\!~ 1 t~bl.t'lmmjb1l1tJlJb YirJlJj~Vl11.:Jf111'lJ b 11~ bl.'Yl"''\}1 \!"lJtJ\! 

~~"'11'" ' <I 
j ml.'Yljf1bVltJ1 "1f\!1rl rw "J5 f ifth wheel bbt'l~ meas uring tape systems b11'\l~bVl'U 

l rl11fl'dl'lJ b 11~,;;vrll;'\Jln'Yl~t'ltJ\!1 ~~ fl'dl'lJ ~brlml1\!n<V'U 't~bn'U ~ 0 ,6 blltJ1 b ~'U~ ~1.'lm j 
'Yl rll.'ltJ\!tJ"''U~l~bbt'lm 1 ~ L ~'U11mj'd"'iflfl'dl'JJb 11"lJtJ\!1mb'Yljf1brm1 l~rJ hr fifth Wheel ', ~ 
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wnllbb~U~lLbt'1~b1nrlm'VfElt'lllfl11 u~l'U'Y11']u~1J~-OU;,]1 LL~"1b11L~Url1l1'!S" fifth wheel 
'IJ 

Lyn::11b 1~1~~1']~rl Lun"'1J1mL'Yl1flL~'El';: 1J1,]~~j'U'OjJ::n1:: 1rlrl~U~J Vl1'El '1.~n l.~rlJI.1JU 
\iU'Y11,]"1flrlVl1'El'lJ11Um'lU'ElmUUll1l1h::mrn 2° _ 3° Vl1m~rlJ'lrl 1 t'l"'El fifth wheel L~ 

, 'lJ 

I.fl~'Elu~~lumli LLU1m1Lfl~tlU~~tlJ1ml. 'Yl1flLWltl1-OU; J '1 1 um1~ -ou::vi11V1"fl1111 LI.~ucil 

lum1'J"'mi'tlrlt'lJ'tu Utlmln~t'l"tl fifth wheel £jJ~nJfl1111'J'U11rl1ml.n~'l'li"·mLL'Yl1fl 
, 'IJ 

1.~'El';:I.~m 1~1~'OjJ::b1tlrlVlt'l'J L W1i::rlmfl 'El rlrln('] "'El;mlt'ltlm 1~1 fl1111 L~t'l~rl1n lum11~ 
~ J..; d 'JIll,; '" 0 A I 

fifth wheel U (:,J1."lWU brl11Jf11tl15'IJlrJ'OjJln Dr.G.E . Paulson I.I.VlJ Univeasity of 
11 

Saskatchewan U1::1. 'Ylflfl1mm ~;J't~r11nn1'OjJ"'rl lul.~mm1fl11JfllJ~lm1~U Lm'l"iJ'ElJ 
'Il , 

~ , 
1ml.~1flL~tl~llln tlU 

'" c:I (1 9 t,. J.,.oo 2/ f/ t... ~ 

(:,Jt'l~mm11rlfl11lJI.11"lJtl.j1mI.Y11flI.Wlm ~W b'lifmUI.Ut'l'El11.1m1 LI.t'l:: fifth 

wheel 'tml.t'lm't11um11J(:,J~mj'Ylflt'1'ElJ~ 2 'OjJ::I.~U 't~111mJ'Yl';11 LU rl"m.l!.Ut'l"m'(1.1rll{ 

1V1"(:,Jt'llumj1"'f1fl11111.11~mjbl~jJn"''IJ(:,Jt'1~'t~1f1rl t<n" fifth wheel 1mj~filfl11lJl.I.~n 
'VI ' A + (c:I~ ";0 

mJ blJl.nU _ 1. 5 I.Utl11."1fUfl lllJ viewing angle "lJ'ElJI.I.'El'UI.'YlUUl 'lJru::'Yl'Ylln11'Ylrl , 
~ I 0 

t'l'ElJlJfl11h::lllru 48 

al.;fl'Yl1tliifl~ (analOg syste mp) 1.1.t'l~1"'f11f1rl 1; d Igita l minicompute r 'tml.~f1J 't~ 

1 Um11J(:,Jt'1mj'Ylflt'ltlJ~ 3 fl1111I.l.~n~1']1::WJ1']fl1111~"lJm~"'qJqJlm; J1"'fl1mJ1~'Yl~t'l'ElJ 
'El~~1']U1::11111i ~ 1 I.U'El';I.~U~1mil.'i::b~rl lum1'Ylfl~mfl1t:,]~ 8 t'l"'qJqJlru~ml.jm';:~ 

'IJ 

'ti-OUl fI~U~UbU~ rlUbl.U~,] 'tU 'OjJl n I. ~:!JUfl VlU tl rlVl;']-OUln~ 'Eltl nlJl-OUln I.fl~m'El""fll. 'Yl"~ 

I. cttl']-OUlnf1ru~lllif1 (character istic) ~m ampl ifier lUl.f'~'El']1. vlUb m f1'El f r equency , 
response "lJtl{J amplifier L1lJ'OjJlnfl1111~~t:JUfi 50 Hz LU-OUU~'] 10kHz f1Jut:Ut'l"'qJ 
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Table 1. Compa 

by t h e 

tes t, ]:: 

True Gro 
Test 

by the T. 
No. 

1 

2 

3 

4 

* Normalized to t 

Tab le 2. Groun 

by th 

Velo 
Test 

Fi W 
no . (r 

1 

2 

3 
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4 

5 

* Nor malized t( 
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fifth wheel 

t~nl.~~Jl.iJU 
h wheel 1~ 
.., I 0 

1f111~ l.l.~'\.l.~ 1 

liveasity of 

d 
l1til'il. tblt'l'1ltlJ 

~ 

J l.l.t'l~ fifth 

l!.Ut'l"m·"1.1vil{ 

'" I 

tl frequency 

<V !:;; <V 

Z mU'\.l.~qJ 

lU'illm~~iJlJ 

f111 tl~lJh 
I 0 d 

~'\.l.ull.l.t'l~I.'1ftl 

* 

Table 1. Comparison of the true ground velocity of the tractor measured 

by the fifth wheel and by the measuring tape systems (no-load 

test, paved road) 

True Ground Velocity True Ground Velocity 
* Test Difference 

by the Tape Systems by the Fifth Wheel 
No. 

(m/s) (m/s) % 

1 1.37 1. 37 0 

2 1.72 1.73 +0.6 

3 2.00 1.99 - 0. 5 

4 2 .57 2.57 0 

Normalized to the velocity determined by the measuring tape. 

Table 2. Ground speed of the tractor measured by the Doppler radar and 

by the fifth wheel assembly (no-load test, grass-covered field) 

Velocity by Velocity by * Test Difference 
Fifth Wheel Doppler radar 

no. (m/s) ( m/s) 
% 

1 1.33 1.35 +1.5 , 

2 1.92 '1.93 +0.5 

3 2.50 2 .49 -0.4 

4 2.89 2.85 -1.4 

5 3.73 3.7 1 - 0.5 

* Normalized to the velocity determined by the fifth wheel assembly. 
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Table 3. Comparison of the Doppler frequency determined by the analog system and by the digital computer. 

DOPPLER SIGNAL FROM THE TIRE DOPPLER SIGNAL FROM THE GROUND 

Test Frequency by Frequency by * Frequency by Frequency by 
Difference Difference 

no. AnalogSystem Digital Computer Analog System Digital Computer 

(Hz) (Hz) 
% 

(Hz) (HZ) % 

1 129.6 130.5 -0.7 107. 2 108.0 -0.7 

2 130.3 131.5 -0.9 109.1 110 .1 -0.9 

3 117.7 117. 8 -0.1 84.8 84.r +0.8 

4 115.3 114.3 +0.9 86.3 86.3 0 

5 105.2 105.5 -.03 

6 143.8 144. 8 -0.7 118.4 116.9 +1.3 

7 11 9.9 I 120.2 -0.2 91.4 90.9 +0.9 

8 105.9 
I 

105.5 +0.4 74.0 71.8 +3.1 I 

* Normalized to the Doppler frequency determined by a digital Computer. 

* 

CD 
LO 



I 
01 
-.J 

',J<llndmo:> lRl!1j!P <lql iq "pUR UI <l l SAS ~opwe ;;) tp iq paU!Ullal<lp A;manbalJ J<llddOa ;:nIl JO uospedUIo:) ' 8 <l{qeJ, 

* Tab!e 4. Comparison of the: slip measur'ed by two Doppler radars and by th e conventi.onal method . 

Tractbr .1 
DOPPLER FREQUENCY (Hz) 

I 
SLIP (%) 

Test - -
speed Reflection from Re flection from Two Doppler Con ven tiona! 

no. 
(km / h) 

,,* , the tire the ground radars method 

1 8.1'4' 130.40 107. 58 : 7.01 . 6.66 

2 8 .24 , 130.61 108 .32 6.52 6.05 , 
\J 

, 
3 6.53 ' , 118.37 86.76 17 .38 17.55 

4 6.81 
,~ 119.2'9 89 .72 

; 
15.23 14 .93 

5 5.25, 105.58; TO. 65 : 24 .55 26 .25 · , 
, 

\ 

6 9. 14' 143.78 118 .. 98 6.7.5 5.90 
I 

7 7.00 1 121.6'7, 91 :93 14 .83 15.68 
I 
f 

8 5.47 1 107.06 73 .32 22 .8 1 24 .85 
~--~~ '--- -

* Consisting of' the· microswitch and the fifth wheel assemblies. 

. 
I 

I 

I 



switch sys­

ethod) ,:jVrl'Vll 

V I 

~onventional 

CJ I d 
1~rlmm1t'lU 

~ 1 U 'Yll ,:l1J ~ jJ~ 

,;l 

t'lU bnt'l~nJ.J·H1 

;rJjJn"'jJ~t'l~H1 

o 

j~1~l1nv., l~ 1 

rJl.J 1 'Vl",IflrJt'l.J b;U~U b dl'OJ:;;m~n11fl'djJfl~ nTd~'t-bbn1,'l1;fl~~'d.J~ b 'Vl~l::tUJ ( lh::mru 
. . ~ 

10 n.J 30 bUfl';b;U~ ) Cf1-:'u~um1t'l"n.Jbfl~fl.J~fl "Doppler radar slip monitor" ~.J 
.,j 1 ~ dl I I Sof1 ~ (~ :;::; 0'\1 2.1-

4Jlh:: rJ"1fUbjJUflt.Jl.J4Jlmlfl~ "1f'dlHb'Yl1mflfl1 "Ilm:;U'Yl University of Manitoba n Lrl 
~ 

~1L'UUn1jl"iJ""rJ Doppler radar slip monitor fl~ lrlrJ~'i'1l.Ju1~"''Yldmbrtj~bifm; Ver 
~ 

1" 1 ... ..,0<1 '-f ""<va d ¢I .... 

satile 'Vlfl'dl4J~U "iJ "1f.Jm~lb j'<\lflTIJ bjJl'Vl4JlV 'Y!lJ1Jj~'Ylm)::flflnmJjJbfljm4Jmrl'Vll 

n11~U '1.m'llf1 rJ 1'; ~ "mJ b 11 t'l"fl 1\ d7)"'1{LLt'l::~rlflt:;.J '1.iJ n"'UHUL YIJfHflfl1 fllj'E)flmbjJjJbfl~flJ 
~ fl Doppler radar slip monitor "i):;"n4J L11n.Jn11'Vll1::V::'Yll.J;'dV ~m~mmb 'Yl dflbflfl; 

b1~rll.JlUflU"II""iJ1i nrl Switch b ~fl1 'Vl~fl~fl-J~fll.~U"'U1::rJ::'Yll-J~ 1mfl~'E)u~'1.11 b~'E)~U 
Q V d ~ £:: d ~ t:S c:J IU V ~ 

t'lrl nlj'Yll-J1U flWllUn nrl Switch fl nflj -J'VlU-J b fl1'E)-J~ flr;"iJ::VI~rlU jJ 1:: V:: m-Jfl'd bt'l"Il'Yl 
• • 
Ujln?J'E)~ UUbfl~m~'E) n jJBnl11::rJ::m-J~ bfl~flU ~'Yl~-JVl4Jrll U~'d-J1::tJ:;b It'll~ri lVl'U7) 1 ~ 

iJ 

bUUb vll '1. 1 bllt'l4J~~llb jl'Yl1lUfll1~fI"'fl-Jnlj"lJfl.JVlm~u~i,nV>l nu'1.11Ut'l"l b 11nmlm1n 
• 

"i)::filU'dm 1;fl~1-Jfl11'd 'l11~U~~i'i1nn'1.nV>lj'dU L11 bbt'l'"'lb vll h tl"'U~ri bllu~!:'l~~nfl~lJ 
d. 0 QJ t..-~ 2..- , 

'VlU-J(;'11'Vl1U~ L "1f1mb 'Yl1flb f1flj . 
\J 
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