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rel ates generally to a nethod-for accurately determ ning e condition df a

work vehicle 5 suspension, and nore particularly to a nethod which
detects a collapsed strut by nonitoring struty pressures. In the field of
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visual ly inspect each of, the struts before operatin t he_ vehicle.
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col lapsed strutgy, Bt BroRC At | NALLE0EEC0aR"Be' AW 'ddcdbate indicator of

15 payload. The apparatus ,disclbsed therein includes an

electronic control’ which monitors each of the  strut

pressures, compensates for various inaccuracies introduced

by load distribution and vehiclé_ attitude, and correlates

this information into actual payload. However, proper

20 . operation of the payload monitor requires that all of the

struts be in good working order. - For example, theoretical

calculations for a particular family of struts have shown

that a loss of 125 ml of oil from a single strut can

_ generate a 22% error in calculated payload. No provision
(7 25 has been made for monitoring the condition of the struts (

and indicating the condition of a faulty strut.




to recogni ze a collapsed strut are contributing factors to erroneous
eperati on; however, even with proper inspections the strut qay al so

col I apse during operation. In large 10 _off-highway trucks, a single

col l apsed strut wll not have significant effect on the ' ‘feel " of the truck
dnd caw easily go unnoticed by an experienced operator. Operation of the
vehicle wi'th a coll apsi ng sPribrw systems ohaveusreliedt uupon t theacsehicie
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accordance with one aspect esent nventl on, et ect I ng
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t he internal pressur e, of sel ect ﬁﬁ ‘h #ts and_del i veri 39,2 ﬁ Jérallty of
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15 mom.tor owing to the change in the relationship between

strut pressure and payload. . Other serious consequences.
also result from such operation. For example, uneven tire
wear is an undesirable result of extended vehicle operation
with a collapsed strut. Tires are a major operating
20 expense of off-highway trucks and any change in their
' replacement schedule can have serious impact on
. ‘profitability. | Thus, a collapsed strut can have economic
impact: “other than replaéement of the damaged strut.
Moreover, a completely collapsed strut results in repeated
\_ - 25 metal-to-metal coritact; and the possibility of eventual
-major structural failure. Frame damage can occur after
- relatively short periods of operatibn_ and the resultant

~ repair costs can be exorbitant.



col | apsed strut in response to the pressure signals being outside a

presel ected range. In accordance wth another aspect of the present
invention, a nethod for detecting a collapsed strut of a 15 work vehicle,
which has a plurality of left and right stgut nounted wheels, i ncl udes Ahe
steps of periodically sensing the internal pressure of each of 't he- stﬁuks
-and -del i veri. ng a pI ural ity eledoranncd guith <o) depect ofTEghet piesent
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rati os bei ng out sl er and [ower set nts
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correlative to e I nternal pressure o respective®*s StOI’In
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Cdelivered firQUtSifmIa P’FF?%¥$ST1§ fie first 'signal s remaining \j .
substantially stabl e at Insscerrdangsi wikls dmstitenragrict ol the priesent

time; computi r}% enet:l.on, Fh&ﬂ%ﬁs for 'detecting"a coilapsed strut of a-
15 work vehicle, which has a plurality of left and right strut
mounted wheels, includes the steps of per:lodically sensing
. the internal pressure of each of. the struts and delivering
a plurality of first signals each having a magnitude
. correlative-to the internal pressure of each respectlve
20 strut; calculatxng ratios of the first s:l.gnals of selected
pairs of the struts; comparing the magnitu_c_i_e __of each of the
.ratios to an upper and lower setpoint '_-a'nd delivering a
second signal in response to at least one of the ratios
being outside the upper and lower setpoints; and delivering
25 a third signal indicative of a collapsed strut in response \/
to receiving the second signal..



S for each of the-struts in response to the difference in magnitude between
fhe first and second sets of periodically delivered first signals; :
corrparlng the stiffness of- each of the struts to the stiffness of another
of thhe:selected 5 struts, and delivering 4econd signals each having a
nagniyude correlative to the stiffness di fferential; and delivering a
signal. indicative of a col Eapsadcordancen withorse further nagReetdeof o the
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-6- supporting relation to a load carrying portion 20 of the work vehicle

12. The prefe
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escribed herein. It is suffi@ent in the understanding of..

atus 10 to recognize that the pressure of the fluid is i
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suspension monitor;

Fig. 3 1llustrates a portion.of one embodiment of
the software flowchart for implementing the suspension
monitor during a static portion of a truck cyele,

Fig. 4 illustrates a port:.on of one embodiment of
the software flowchart for implementing the suspension
monitor during a loading portion of a truck cycle; and

Fig. 5 ‘A and B illustrates a portion of one
embodiment of the software flowchart for implementing the
suspension monitor during a roading portion of a truck
cycle. _ | .

Referring now to the drawings, wherein a

 preferred embodiment of the present apparetus 10 is shown,

30

Fig. 1 illustrates a work vehicle 12 which can be, for
example; an off-highway truck 14. The truck has at least
one front and rear strut 16,18 disposed in

ng
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engagi ng portion 32 and the |oad carrying portion 20. The suspensi on neans
34 includes a rear axle housing 36 and an A-franme nonent arm 38. The
A-franme nonent arm 38 has a first end portlgn 40 pivotally connected to 5
t he. vehi cul ar frame 22 by a socket 42 and a’second end portion 44 fixedly
connecged to the rear axle hou5|ng 36. The first end portion 40 of the

f Chape and 1 orSuBPUr i FLPAR %@éﬁ?@gﬁe Ehrarhid BOELEORY2BPORL 7L
strut 18 has a fpstwarkl whickh us. plvﬁ%apt? ebredcenbodbment bafi tWpar

frame 22 and a segomed andl &%tré’é‘r %mwtﬁttylmnpsmmnt@hwﬁ 5?6099ee“d
portion 44 of the A-franme nonepnt arm 38 gy g??oad ng. o
p

the payload 15 JIRTOUERTLITHER | HERE SOTIOR Rringeie {ngushiE sraded
in a directidn tooardeddwilged e eigagi by porsadhiSPent The tikar strut 18

b . ' d
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of the arm 38. %ﬁ@&é"oftt ”1$’§dsé‘ﬁﬁ‘flé@aéot9ﬁer§@fu§tIbtlﬁrsﬁéure

differential is uncti on of e suspensi on nmeans 34. Nbreover t he _rear
strut pressure 2BRa%iY¥d8 cfings chh %er%F'é?EcPE%s%%ée?e%E?l RACPaLcang

between a WArk sewémcexpesh éded @t Diddaeogayi ngosoingon 3ﬁoreévéﬁ;ce S
experienced by the rear stthﬁ18 cag be determ ned neas

internal pressur®-Dit (R} uBEF AR F RGP Ehe ?gﬁ PPRt ufggyﬁssure 30
correspondi ng tcpzntlﬁﬂmnﬁnmhseub« amddnuqflpiyhnglgmetdcaﬁElEnleas

T Tre pay! onsofSEERElah ey Hule Meesfureec LORLOLERT bg propor | onel
cent er unaerlnflated tire will increase the frequency of the .
15 strut pressure variations within the strut supporting
that tire. The underinfiéted tire has a lower spring
coefficient than a properly inflated tire and will
resultantly inCrease the oscillatory:response of the
suSpension with corresponding variations in the damping
20 strut pressure. '_
The load carrying portion 20 includes a
vehicular frame 22 and dump body 24. The dump body 24
is connected to the frame 22 by pivot pin 26 and a
nydraulic cylinder 28 such that the contents of the
dunp body 24 can be removed by controllably |
pressurizing the cylinder 28 to effect ‘pivotal movement
of the dump body 24 about the pivot pin 26. In the
_transport mode, the ¢cylinder 28 is not pressurized and
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the weight'of the dump body is transferred to the frane
30 through the pivot pin 26 and a support pad 30 fixed to
the frame 22.

The work vehicle lZ further includes a ground
engaging portion 32 and a suspen51on means 34 for
suppérting the load carrying pértion 20 in a manner to

35 provide damped oscillatory motion between the ground
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of the rear axle housing 36 such that a sunmation of 35 the nonents about
the pivot point of the king bolt would derive the foll ow ng equation: ¢
- (egn. 1.1) R=S * L2/L3 where the horiZzontal distance between the :
first end portion 40 pivot point and the center of rear axle 5 housi.ng 36
~is defined to be L3. Simlarly the front strut 16 will be conpressedwds M
the load increases; however, the front™strut is connected directly betmeen
the frame 22-and a front axle housi ng 50. A nore stralghtformard 10

rel ati onship . idh thatady f :gﬂﬁﬁ ont strut
' 16 can be det nagrﬁ%%drbggﬁr%e&;’suﬁng a{ecﬁ]t ern?ffae{ r'ess ff 5}Eeﬂjstrut 16,
subtracting e srwmn@mmtnqﬁms?zﬁ elwtitia%i)omdmﬂgf ti)‘ﬂem heuSERBd36 r uck.
and nmul tipl yif0 dren i oaed ifoBhd Neem! 28, of ri d1ea 16y &k Uhordnt Themr eact i on
force F between the ground e agl%ﬁl OLAQOH BZE%Qﬂche mork $urface S
subst anti al 138 Sff VaIEHRSt &1 ¥ BEY? RNREESIoF? strut 16.
ghe app® ﬁt us:aelgvers;hafmml ffemia). 22 B 20sockétisd2 admd thiesecdmd i endhip
etween the rk. ve t on : ' Sy A nore
dotai |l ed bl B9 &S fe"liz%@pa é:ﬂf 2 068 6T eRe e ERE 8‘33}93
dlagrannatlcaﬁly ThéLﬁmnsneﬁndi9&%&&0524&hmﬁhtmeerﬁr@®¢Iwomenteérmhe

ressures of t agﬁ% of
glgnals respectlv Jﬁasﬁéﬁﬂﬁzfgﬁgt ni %géh%?éf%g'g%?%?%g%xstrut
pressures. Mesmwhsarsiz 5§13 LRrd %f?iﬂulﬁaWWJ onoyeRerkireY skr@ors 54,

56, 58, 6G f é&@éwpezcormécwééys@y@tlﬁ@lﬁaérgnfmgtssﬁd oP@ibnnunber
PT306. The 3 essuie SEensors ‘56,58, 60 are iespgctlve ¥ aSSOCIated \_J_

with the tmo To&3 %XEFQRR?Q. aF% the venlcu rame

second end portion 48 plvotallv connected to the second
end portion 44 of the A-frame monent arn 38.
During loading of the truck, as the payioad

15 increases, the load carrying portxon 20 will be
dlsplaced in a direction toward the ground engaglng
portion 32.  The rear strut 18 beglns to compress while
the A-frame moment arm 38 pivots about first ®nd
portion 40. A distance L2 is defined'to be the

26' distance between the flrst end portxon 40 prOt point
and the second end- portxon 44 prOt po;nt of the arm
38. Therefore, it can be shown that the rear strut
pressure clfferentlal is a functlon of the suspens1on '
‘means 34. Moreover, the rear struc oressure

25 differential can be related to’ the reactlon force R
between a work surface_and tbe ground engaging portion
32. A force S experienced by_the:reak strut 18 can be
deternined by'ﬁeasuring the internal pressure of the
strut 18, subtractlng the rear strut pressure

30 corresnondxng to an unloaded truck, and nultlplylng the

| differential pressure by the area of the strut 18. A
reactlon force R ls proportlonal to tne payloaa of the
venlcle_lz and can be assumed to act through tne center
of the rear a#le'houSing 36 such that'a'sumnétion of

(a3
wm

the moments about the pivot point of the king bolt
would derive the following equation: '



two rear struts 18L,18R  Each of the pressure sensors 54,56, 58,60 delivers
an anal og signal proportional to the magnitude of the pressure of the
respective strut 35 16L, 16R 18L,18R to regpective analog to digital -9-
converters (A/D) 62,64,66,68. The A/D s 62, 6466, 68 can be of the type
&omrer ially avallable from Anal og Devices as part nunber AD575A. O her

types of A/D converters have ontyenplLated by t entor and 5
t he choice of the particular‘%ﬁ% dﬁsgﬁosegaheggln |Qg¥j2%ly a matter of

desi gner discretion. The selection of a device which provides an analog to

frequency out pufnd e Petid | Kok BEbNL X! i Stiahed setﬁésndtSétehrstceaerocessor
envi ronnent di scl osed uféhghéohomever 8 other sinilar devices could

be easily substPEEEP bR RE RN r BRT L FRASHFrPE BFAFNBXIRvention. A
Mot or ol a prpgr ateedireg | 36 ef § ad€f briedytd Pbé) LID receives the digital

f tput by t 66, 6 d ' th
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the Mtorola Cogpeyt THe @@W@é@£Q§ %Qr@ééﬁ DELYEES @hgef?ﬁm%4zghbﬁa a

recei ves the control st gnal and L vers n I'ndrcatiron_o

magni t ude of t hErwt KRXEhi keespag| 68ed i A ReEpomsEaightfRINAEAI t ude of the

Cﬁntrolh si gml :ememm%tteﬂgsﬂsaﬁér@mneha@lgs lsclaﬁeeoadel?bégi’eneeanect ed

through a driv rcu to_a ndi,vi dua e zahl e

|ncandescent ISP st %ﬁpntTﬂﬁgﬁt g §3Bt %Zdﬁ#ﬁrﬂéﬁéd E geasurépge
dication to bothé inmﬁtmmbkpn@esareroﬁndhehetnpérhSorsnbtthethogdthg

eqTprent of t ngr éﬁftwngg pPEsLORd LBLALLYENEONGALEah' U oGRRACT 1Y A

third i ncandescent S connec
‘truck, and nultlplylng the pressure by the area of the

15 strut 16. The reaction force F between the grouna
engaging portlon 32 and the work surface is .
substantxally equlvalent to ‘the force F experlenced by
the front strut 16. ) - o
: ' The apparatus 10 is shown in ,Fig. 1 to

20 lllustrate the relationship between the work vehlcle 12
and the location of the apparatus 10. A more detailed
block'diagram of the apparatus 10 is shown in Fig. 2

- and diagrammatically illustrates a means 52 which _
 periodically senses the pressures of each of the struts
—— 25 16,18 and delivers a plurality of signals respectively
| cbr:élative to the magnitude of the internal strut
' pressures. The means 52 includes a plurality of
pressure sensors 54,56,58,60 of the ;ype commercially
available from Dynisco as éart number PT306. The

30 pressure sensors 54,56,58;60 are respectively
associated with the two front struts 16L,16R and the
two rear struts'18L,18R. Each of the'pressUre sensors
54,56,58,60 deiivers'an'analog signal proportional to
:he_magni;ude of the pressure of the respective strut

35 16L,16R}18L,18R to respective analog to digital



via the driver circuit 78. The third |anp 84 30 1s
gggrgséagfe by the m croprocessor 72 to indicate either a coIIapied sﬁ;ggr
or an underinflated tire and can be viewed primarily by the truc I?)_pe
Referring now to Figs. 3, 4, and 5, subroutines are dlagrann?tlca le-'
il lustrated via flowharts which disclose software routines IO[ f-IefF?
detecting a coll apsed strut of a work vehi TPg having a plurali ytod e
and right strut nounted wheels. Each of the routines is associate

| ¢ d only be executed when the 5
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wi t hout furthergp %dﬁ%r I5S Ve croproce sof
f or execution of, Fﬁ% mai n co 41EN€%3 *99?&%|5|0n bl ock 86,

the val ue of aM™SFCRRIOSeRSCT swem;mewa@us:memm@mmn héwévapt all of
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ck 88
‘at | east one o u routlnes Cbntrol pass _
whi ch checks t%lﬁfg%u% gFEltme frem fhe SPimE Kb | inseemien been

execut ed. ~ A Motorola programmable 1nterface array (PIA)
70 receives the dlgltal frequenc;es output by the A/D
converters 62, 64,66,68 and dellvers these 51gnals to a
- 15 . mlcroprocessor 72 under software control. In the
"_preferred embodlment the mlcroprocessor 72 is part
. humber 6809 prov1ded by the Motorola Corp. The
apparatus 10 also includes a means 74 which receives the
' contrel signal and delivers an lndlcatlon of the
magnltude of the work vehlcle payload in response to the
magnitude of the control 51gnal.. The 1nd1cat1ng means
74 includes a second PIA 76 connected through a drlver
circuit 78 to a pair of 1nd1v1dually enerqlzable ' -
incandescent lamps 80,82. These lamps 80,82 are used to
25 give 1nd1catlon to both the truck operator and the
operator of the loadlng equlpment of the status of the
load relative to rated truck capacity.

20

_ A thlrd incandescent lamp 84 is connected to

the PIA 76 via the driver c1rcu1t 78. The thlrd lamp 84
'is addressable by the mlcroprocessor 72 to indicate
either a collapsed strut or an underlnflated tire and
can be viewed primarily by the truck operator

Refervlng now to Flgs. 3,_4, and 5, _
subroutines are dlagrammatlcally illustrated via
flowcharts which disclose software routines for

30
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The variables F11, F22, and F33 are respectively set to the value "1" at
t<he successful conpletion of the static, |oading, and roadi ng subroutines.
If all of the subroutines have been executed, control passes to a 30
deci si on bl ock 90. An unexecuted subrouti &% esults in the decision bl ock
90 beivrg bypassed in favor of a decision block 92. In decision block 90,
the variables Fl1, F2 nd E3 _a c ared to the valye "1"... A."1". in these
variables is ind?%g??ﬁgngfaa°8éﬁF8%§§ds§FP%t°Ean§9§ Vék ?&ﬁxﬁﬁq\ﬂﬁ)F

detected by the pluratityoadi heftarddr vdghtgstauti mesinted Iwheedlss .corBidh on

FI =F2=F3-1 i s safkstiigd akia s 1 et, s r to
the main routi nga\f/-i Iz_.ii.‘g'l 58E§E§2§9%E Qéﬁﬁ?&?ﬁgﬁt %lg%e%uﬁg%rﬁgmi%e F{:hgén% 0
routine will resYeRiche: apegationoAnsl Yéklgendy ber sxsicatedhyhamithe to a
bl ock 98 swhere thgnhtener @k Beteawed gdbebk bpewaRatgl Grf e praideldutdddie W th
none of the subroutines b?ing eXecited. ésgungg n%w t hat not .all of the
subrouti nes have™BP8Er edF X cEKABR8d OFFTR1T F HEUENS RN P 1o
the deci sion bl oogefate in ahparhicutart routinet and cam,oat ey Ipging lin be
set in response {o_either | t L ' d er. _Qr,_. essure
fluctuations of gg%gésggegggﬁhggénF%ugg]%Fggﬁgqﬁgﬁ ?%%ﬁ#%;ﬁ%éﬁ%ﬁﬁés%

i ndi cation that ®hetQefinBpeaj 30adtudbhding wheadiasgually \reqedwing ® . n
the roading flag sa85esrCceBhA®hg! AhehaBEE¢4nkO thid® veddd1¥ Hetiiddit tHe Fi 0.
5. Alternatively .a zero in the foading flag i's,indicative of a static

vehi cl e and contY%?dbégséétFOaBFoERelgﬁmﬂﬁgﬁe5&§Frables COUNTER, TURN, and
F333 are all set to 20 zera.théhegatiar sabreatdhe alf rigad 3,n dHee roading
rodti ne and are resgt_here.in_anticjipatio f _the ne r.qadi cycl e.
Control'subsequeﬂ??éw?Fﬁngfﬁﬁg F%eﬁkg to%lelernine{¥ 1170 Y

- subroutines have been executed and whether each

15 subroutine has detected a Collapsgﬁ strut. If all of
' the routines are in agreement that a strut has

collapsed,_thenscontrpl returns to the main control loop
without further processing. In this way microprocessor
time is conserved for execution of the main control
20 routine. In decision block 86, the value of a variable
'R is checked. R=0 is an indication that not all of the
routines have detected a collapsed strut and it is
desirable to execute at least one of the subroutines.
_ Control pésses to a decision block 88 which checks to
\— 28 determine if each of the subroutines have been executed.
' The variables F11, F22, and F33 are respectively set to
the value "1" at the successful completion of the
static, loading, and roading subroutines. If all of the
subroutines have been executed, control passes to a
30 decision block 90. An unexecuted subroutine results in
 the decision block 90 being bypassed in favor of a
decision block 92. In decision block 90, the variables
'F1, F2, and F3 are compared to the value "1". A "1" in
these variab1es is indicative of a collapsed strut being
35 ~ respectively detected by the static, loading, and
roading routines.



deci sion block 102 in which a variable PASS is checked to determine if the
static subroutine is inits first 25 cycle at initial startup. |If not,,
and the variable PASS is-equal to the value zero, control transfers to the

|l oading routine of Fig. 4. On the first cycle of the static subroutine,
control will pass to block 104 wher e thg variable FIl is set to 1 as aw’.
indication 30 that the static subroutlne has been perforned. Thereafter,
in a block 106 the pressure ratios for the diagonally associated vehicle

struts 16L, 187 1R ‘@n ol F1d e £h=1 Fpy ﬁ(@{@fﬁedth@héefririéﬂné 16L and
right rear struts 18R correspond respectively to the 35 gressures P1 and

P4 sanpl ed i R titfe SRE FQchidtd contmol rekNin®. ta Hhe Rt

FPREIRYht front

16R and | eft vieamlidksStI4i9er esswsaeqwtrﬁsawdutnomoandh%cofrheom agonal-
pressure ratios are used to enhance the ressurg ?t ﬁ;? tial: caused by a
t

col | apsi ng sthQRt+ne "5t 11 Z8UbS; Y $RY (I9FE7LC affect the
cor r esporgli ng rangfie reimg stontr ol ess ia 1ddkis9 8 whhézet hbe pcesbned is

di f1orential Sinddiea 6ol A0S B £ do ' E0 St UofelndCullehehbhl othe

pressure dlfferentl

r ont %%g Fear ratio
si gni fi cant| yehm seittneneeRy |gxerteded. Sinilar reasoning can be
applied Lo each of thenedumdsg afdly | Ogke ok 1200008 ere dbagenat iegssur e

rati os. Contr,ol ses. to.a decjsion bloc mnation is
made whet her q§m§2§%§%ﬁﬁ%gl% %&iiiﬁ?% %‘%Ff|?%Ft58§swfziogﬁﬁnfh8 Istatic
routine dunlmptﬁHE|ded1sdomtm¢¢mm 9. thenl the nélnheoneho¢leouA1nau|able P

has i nitially, BRRSe] A0a8N0 YR KE dets N ePhebsnbl EbaLiabiogn ThUS

0 bl'ock 110

the first pass, con ers ron1deC|S|o
wher e input from a speedoneter or by strut pressure

fluctuations of a preselected magnitude or :recuency,

either being an indication that the vehzcle is actually
15 roading. ' A value of "1* in-the-roadihg-flegfcauses

control to transfer to the roading routine of Fig. 5.

‘Alternatively, a zero in the roading flag is indicative

of a static vehicle and control passes ‘to block ‘100
where variables COUNTER, TURN, and F333 are all set to
20 zero. These variables are all used in the roading
routine and are reset here in anticipation of the next
roading cycle. Control subsequently transfers to a
“decision block 102 in which a variable PASS is checked
~ to determine if the static subroutine is in its first
25 cycle at initial startup. If not, and the variable
PASS'is equal to the value zero, control transfers to
the loading routine of Fig. 4. On the first cycle of
the static subroutlne, control will pass to block 104
where the variable FI11 is set to 1 as an indication
' 30 :hat the static subroutine has been performeq.
.~ Thereafter, in a block 106 the pressure ratios for the
diagonally associated vehicle struts 16L,18R;16R,18L
are calculated.- For exémple,'the left front'lGL ang
right rear struts 18R correspond respectlvely to the
essures ?1 and °4 sanplea in the main contro1
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20 the upper and lower limts of the pressure ratio diagonals are set.

Jhe upper diagonal.limts are set to 125% of the previously cal cul ated

val ue while the | ower diagonal limts argyset to 75% of the previously

cal cul ated value. Additionally, the variable:P is set 25 to the value 2.

‘Thereaiter, the upper and lower diagonal limts will remain at the.
Cinitially cal coirahesal lSinﬁSléﬂq( VaHeld gt r@@om@emeandomm ved e 2

and decision bl %r %ﬁg ass block 110 Sub % ecutlng bl ock

110, a block 1 &Rt REG# ﬁ&%?%%l? ? 'Utl > During the

next iteration d]fagdma]stmiegst&w)rmeaa athaisiatitsd o&nmm W8 will pass

control to a s C OsvhgL e the

di agonal 'press "Jeesss ‘lrogcel;ér Jhw?plfgeﬁégﬁﬁ& #%%fé@l&%ndl ng upper and
lower limts. qqlk&RSLHQ Iﬁﬁt(ﬁiqnneﬁ%ﬁ#%ﬂ%&ﬁ#ﬁﬂf%ﬁ%%sﬂﬁ% rati os exceed .
these limts, cotsdlpdddihy ﬁfgﬁ@ ALkt WesSs i e, varngd) evithhs is set

to the value "2" to pr event e static rou i ne froELQelqg rf ﬁfcgted Vi a
bl ock 102. 5 %%@rwq%ﬁ)ldalﬂfleq%n@eﬁ tQF thee SR teAPI NG LT | 1EPREt i on |
that the stati GHmil ideh e ddaiad, akolprossdrstdifferdoriabl opasses to
a block 124 wh re gcontrol is returned to. the main c o] f,
however, none dftith ?ﬁQﬁxﬁﬁﬂhﬁwiﬁﬁﬁuifﬁﬁﬁ|%%fg Re ¢ %ﬁ%é %bég#%igg%%ég their
corresponduﬁgIaﬁﬁecxedfznﬂ(nxﬁrly detosesed o bSimkldeoreweoringecqar babl e
PASS is set to ] ARG U ‘dacRE USSR Yah® EnblPokod 2EsybRaLGON! I O
n.control roull ne

returns.to the errlng nowto Fig. 4 where't
| oadi ng 15 SuBHAq ML | RressWEe reakPsand control wil | ul ti mately pass

aftef the variable PASS se PEpSSted 0cdNe d@kuSion block 108 where a
determination is made whether the software is executing
15 a first pass through the static routine during the
initial startup in the life of the vehicle. A variable
P has initially been set to the value 1 at vehicle
‘initialization. Thus, on the first pass, control
'transfers from decision block 108 to block 110_where
'20' the upper and lower limits of the pressure ratio )
diagonals are set. The upper diagonal limits are set.
to 125% of the previously calculated value while the
iowet diagonal limits are set to 75% of the previously
calculated value. Additionally, the variable P is set
o 25 to the value. 2. Theregfter,'the'upper and lower
diagonal limits will remain at the initially calculated
- value as the variable P has been set to the value 2 and
decision block 108 will bypass block 110. Subsequent
to ékecuting block 110, a blockL112 returns control to
30 the mazn control routine. |
During the next lteratlon of the statlc .
subroutine, the decision block 108 will pass control to
a series of decision blocks 114, 116, 118 and 120 where
the diagonal préssure’ratips are compared to their
35 cdrresponding'uppetland lower limits. If the



"2". "In a decision block 129, the variable F222 is checked to deternine if.
its value is equal to the value "1". The variable F222 is set to the value =
~"1" at the 20 conpletion of the loading routine and reset by the roading -
subroutine. |If the variable F222 is equal.to the value "1", then the -
subroutine "knows" that the |oading subggutine has been execut ed wi t howt: a
subsequent roadi ng subroutine and there is no-value in 25. reexecutind t he

| oadi ng subroutine. Thus, control transfers to block 130 which returns
control to tmaynmyausandxagdnanlpthsédréfxaa&ﬁse&&ceERZQheseequal to the

I t | sfe 1 0O Inth
brock 131 n VATIL e atihas AR Slfes £y RO THReE 1 22 (et e e 0o T
deternmine if %drm@hﬂ;eclihks& ishesdtren tiie avapkiue it aro | poeventchyheée. |f the
| oadi ng soft |cs ,_1 ffzrrfrﬁ 5&@,5%1%%%(&% a‘#é cyj_@é Igggl ng cycl e,

and VARIABLE oes eq e val ue zer e variable PCLR is set
equal toSLR a’H@Qhé’arlabl]@ Rhrigpset ForEhe ‘é%lu%quh\' 2% ®Re variable RR

in block 132.;ndhhe 04 HUAS M%@adwcﬁﬁx@f@emws caétepeeaf at he
_previously calc:lated left and rlgkr rear -strut -pres uresh%hat correspond

to the strut. 9% g8 [EEYHer 5 CONLIQL PIFFEF ©F %B 4 Wh8L48ing
cycle. VAR ARIrt il rissefetdwridd wal tige Inain btoskrdB4rbdotiment alfi, PCLR and

PO 2t he VAR FOUIGRRUE s 91405 0L PEL RG0! LbeoL 0Bl ngoig © o
Duri ng sd@secﬂ;&rﬂxqqaﬁ dheois ofrrespondinagl snbrout then YAREABLE has been _
reset ‘to the yaldies 'dd pidule Dreckndad vhilvPRssprenbRsk 18 dedeghsion
block 138 whel e e S o d s o S L u bR e TS L 5% R 68 2L S5 oRRaL .
control returns to the main control routine.
Referring now to Fig.'4”wherefthe léading
15 subroutine is illustrated, and control will ultimately
' pass after the variable PASS has been set tblthe-value
_"2". 'In a decision block 129, the variable F222 is
checked t6 determine if its value is equal to the value
"l". The variable F222 is set to the value "1" at the
20 completion of the*loading”routine'and reset by the
'roading subroutine. If the variable F222 is equal to
the value "1", then the subroutine "knows" that the
loading subroutine has been exécutéd with6ut a -
subsequent roading subroutine and there is no value in
25 reexecuting the 1oadihg subtoutiﬁe. ;hus,'control
transfers to block 130 whlch returns ‘control to the
main control routine. _
If the variable F222 is equal to”the value
zero, then control transfers to a'dééision block'131;
30 In the block 131 a variable naned VARIABL; is conpa*AG
' to ‘the value zero to determine if this cycle is the
first of a particular loading cycle. If the loading
software is in the first iteration of a particular
loading cycle, and VARIABLE”dqes”equal'theIValue'Zero,
35 chen the variable PCLR is set equal to LR and the



to the initial strut pressures PCLR,PCRR In the 15 il lustrated

enbodi nent, a difference of I ess than 30 psi resul.ts in control being
returned to the main control routine via block 140. It is recognized t hat
the values used herein are for illustrative purposes only and are kmnown to
vary DBetween vehicle fanilies. Decision bl ockd420 138 attenpts to ensure
that a bucket |oad of material has been added to the vehicle and that

slight changes in the rear strut pressures_are not due to_minor
oscillations of tYRFiabhle| BCRRshRSebnequal tRetheevanippleaRBuiar &dackar

ts:] rut prtessrrtes eK:f??EdSl‘ﬁélevﬁﬁlables NpELR aﬁéanhﬁert:eEﬁ.ﬁaiééQioh‘s 3t R¥e
en contro ransfers to a ere_ the rear pressure
differential is d%ﬂ%%}%ﬁﬁ{¥>%§ikﬁii£?8 ??ggraﬂélﬁFQEEtﬁsFﬁt Eﬂa i fferential
of greater than Iffegsares Ehahecontespendeeu theussratupeessarer alt tthe30
pass to blsock 14 g&gﬁ VAg i [ a L
deci si on bl ock 12% é@l@% @%d%t §#£ o%?ﬁeg§é§g§8 ?g E¥144V§%gisg%e%%ts to
ensure that the r%ﬁﬁ#ﬁmﬁprﬁQgsﬂﬁbu%alueB Bieckt 3B etpymadnpainngCliRe and
variable INC to tﬂ"@aﬂaé@etﬂ@ovalﬁés ecéPfésﬁén&!ﬂﬁ?r€3rtﬁerHE?@hﬁ§.ﬁﬁr ®f the

differentials have ceeded g erations o I"oadi ng
subroutine, then {Rﬁn?¥ﬁl%. °?E§?1th§ Fecuroed EPeEQErE?lQre stabl e
and control transdaitrédb bdweind4fn blockhesblock 148 variable F22 is set

to the valge "1" as an 5 [ NgeSYRLO _
been successful ly. conpletedDuri h%@%%nguégét%%%g?éggg%oggl E %éBQQnE? t he
riable I'NC is |s¥eroyking Q0VARFABLE hdagoheen| ragsetinbe thatvﬁﬁeepfé§sure

i s ot stable andtﬁ@é WScie o1 ohii P %Qés NBbAL£EMt EG' al QUL BEoH B1BIRClK 350
152. |If neither pressure differentia rgreater han 100 _psi, then the

control assumes t'RATEHERYASHLEERRE Strut pressures LR,RR are compared
to the initial strut pressures PCLR,PCRR. In the

15 illustrated embodiment, a difference of less than 30 psi
‘results in control being returned to the main control
' routine via block 140. It is recognized that the values
used herein are for illustrative purposes only and are
known to vary between vehicle families. Decision block
.20 138 attempts to ensure that a bucket load of material
has been added to the vehicle and that slight changes in
the rear strut presshres are not due to minor
oscillations of the vehicle suspension. If the
/. presently calculated rear strut pressures exceeds the
25 initial rear strut pressures by 30 psi, then control
transfers to a decision block 142 where the rear
pressure differential is compared'to a 100 psi
differential setpoint. A differential of greater'than
100 psi in either of the rear struts causes control to
30 pass to block 144 where a variable INC is incremented by
' a value of "1". A decision block 146 receives control
from dec151on block 144 and attempts to ensure that the
recelved pressure values are stable by comparing the
variable INC to the value 100, If either of the rear
strut pressure dlfferentlals have exceeded
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taken at the
vehicle and |
Thus, control
reset to the

via bl ock 156.

function of t
rati o. Moreo
~stiffness (k)
rel ationship
. P2**2/ (P2-P1) -
corresponds t
dynam c throu
difficult to.
al | owabd e ran
simlarly to
of novenent.

The equation
PCLR) * ( RR* * 2)

some effgct o
~there is an u
differenti al
coIIapS|ng st

15

20

30

)
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time a bucket |oad of material is bei ng dunpéd into the

arge oscillations in the pressure differential are appearing..
15 transfers to block 154 where both I NC and VARI ABLE are-
val ue zero. Control then returns to the main control routi:ne

In the block 150, the variable LOTEST is cal cul ated as a
he left and right rear 20 =15strut pressure differential ~

ver, a relationship can be shown to exi'st between the rel ative

of each ‘'strut ang the. strut pressure djfferential., This
i 0 9eP§ﬁe§°55198l Gﬁgatggns of the loading subrou tine,

vhenethe conteepoassumest khatuthenretiorided HAsEs &egaraiké’l

rbaeLf§agtanttp cBRgRRLE, (RRILRE, o8 1 il i TR 1o

dré &rvanbtabhbet F2R ascsketultat dlieswviaflyeed'd"was vt hin an-

a I ona oadi n

Ifnai FOUBUA' engaCEng’ 1bUIHEABLLULI BRI pRgipCt ed o react

simlar range

3successfal Yofaempéa&ﬁds@mt the pow&x@latraraﬁerzﬁetg simlar
to the other apgogkr 869 of £t BRet %r\lfablleymbd 1@ uals%et@{azﬁram@w’fpérel y 1.

for such el ationshi s foll LR -
| Fhe pentBolra S buRes bhaty B3, bERsSATS 45 ot S and
stiffness corresporns ¢tonthelvaoi ahkemh@RESEntYHIll eoutdthedivsia idlddion has

f { hat
L0 eineLithr BLBARNFe Wi sARRE AR AIRLAE endd®)
i hogtpsi, sthennths §9ﬁt§@1a§§§ﬁﬂﬁst6hbé &her idahedas keen
rt'akéﬂdath@ﬁéf@lﬁel 8 buexke 1%8q20¢ %@Qetﬂl%lLQ'sEstei’rﬁ} ue is

dumped intc the vehlcle and large osc111atlons in the
pressure dlfferentlal are appearing Thus, control
transfers to block 154 where both INC and VARIABLE are
reset to the value zero. Control then returns_to the
maln control routlne via block 156. _

In the block 150, the varlable LOTEST is
calculated as a functlon of the left and rlght rear
strut pressure differential ratlo._ Moreover, a
relatlonshlp can be shown to exist between the relative
stiffness . (k) of each strut and the strut pressure
dlfferentlal. Thzs relatlonshlp is deflned as follows:

'k = P2##2/(P2-P1)

where P2 correspohas to the current.strut:pressure: and
\ hPl_correspondsgto the'preVious strut pressure.
Because the'strut stiffness is dynamic throughout the
range of strut ﬁovement, it would be difficult to
determlne whether a calculated stiffness was within an
allowable range. However, each of the rear struts can
be expected to react 51mllarly to. addltlonally loading
and, in fact will be in a 51m11ar range of movement.
Therefore, each str_ 'w111 have a

V
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conpared to the range .7 to 1.3. Any value outside this 15 range
transfers control to block 162 where the variable F2 is set to the val ue
"1" as an indication of a collapsed strut. Control passes to block 164 and
the variable F222 is set to the value "1" to prevent the |oading subroutine -
from Bei ng reexecuted absent a 20 i nt er véi®i-ng roadi ng cycle. Further,
the variables INC and VARI ABLE are also reset to zero in anticipation of

t he next |oading cycle. Block 166 then receives control and transfers that
control to the maPRifSRLES| SEBddpRe LRI AtREIHARS @ MaF1S Hhethe cove r ol

25 ul timatel yyinangfiena anvagweorye apprididmadzdyf 1190 ideqeition . the
~value "1" via the_decision;block g?. N eck;i n_block 168 of the roading
subroutine, the vﬁPngﬁerﬁé§§lP§S e % qﬁl?“ﬁﬂue zero and if not

equal to zero causes control to pass to block 170 and 30 then returnto

the mai trol ting. _ ar | F333 4.5 i M Al ] Yo 56
e i ooty of RLER - Tendr ek SR el st S ride e o

static subroutine. Thus, the decision block 168 prevents the roading

subroutine to indygate €RBPLRLLGNoFS the sRrulth@tllfdessS UL ddkndd oB -
-17- bei ng executed prlogeéieexecutlon of the_ sta-ti,c sybroutine. wth the

vari abl e F333 set *B8 VAE eLOTESToy Mihd1le dcrd StFibutdon dins gjome
transfers to a bl ecked€lonheangehefvartiraltl movandants 44 dam tee apprsciated

o e CrEpLe ey bR SR LBk 5B 0SSR 5 romest
i ndi gation of thevalupsesceeddnggat 398, difdexentiadedm isbrutbEtiffress the
subToutines is cogghshENhssifletNeorbb! et tabited €18 IIUYA AP WAL | S
' ' and therefore in blocks 158 and 160 the LOTEST value jis
compared to the range .7 to 1.3. Any value outside this
15 range transfers control to block 162 where the variable
F2 is set to the value "1" as an indication of a
collapsed Stnut.' Control passes to block 164 and the
variable F222 is set to the value "1" to prevent the
' 1oadingisubroutine from being reexecuted absent a
20 intervening roading cycle. Further, the variables INC
and VARIABLE are also reset to zero in anticipation of
_the next loading cycle. Block 166 then receives control
and transfers that control to the main control routine.
R Referring now to Fig. 5 where control
25 ultimately transfers in response to the road flag being
set to the value "1" via the decision block 92. 1In
decision block 168 of the roading subroutine, the
variable F333 is compared to the value zeroc and if not
equal to zero causes control to pass to block 170 and
30 then return to the main control routine. The variable
F333 is initially set to the value "1" by the main
control routine and reset to the value zero during the
static subroutine. Thus, the decision block 168
prevents'the roading subroutine to indicate completion
of the static subroutine from

W
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i ndi cation of elapsed time. For exanple, a counter value equal to 40,000

is equivalent to an el apsed roading tinme of -approxi mately -6 nminutes, 40 4
seconds. Therefore, in decision block 174, the variable counter 15 is:
conpared to 40,000 and if the elapsed tinme is less than 6 m nutes, 40-r~
seconds; control transfers to decisionJlJyhack 176 when the varlable TU
conpared to the value zero. If the variable TURN is equal to the val ue
zero, then the control assumes that the 20 software routine is on the

first cycle efeilnte axnsitgl Shionitideetashepo rof th@nststscto bl ock 178

“wh th ble . TLF  TRE,,.T d T. § th the -
prg\r/eouseyvgrr 2“3: e‘e’ss E'r}'sh Lﬁl{nﬁﬁﬁ%f&%i@%pecshg? %//hé %fg?i\rlv: abl'e ©
TURN i s set tZ@rtdnd)Weﬂhm 44t D5 subnbuine pl costrel uenansfers heondi n
control routifiea a Pl méé%ne/*&a@ls@w'ﬁ%gi {8esyeriahtpe TURIbCI ng. set

to the val ue "1" uent 1terations of ng -routine result.
deci si on 5bl 0 REEP7EQ rf bRy kepding %%béQEEE$%|6% be oe¥eabed3p

In the deC|mdurﬂﬁgxﬁhéiﬁbxgrmbgdiﬁgf 1estrut pressure is conpared to the
previous left front s essur nﬁpﬁ differential reate gn 30
psi results in a varld% %%Iféﬁ# eh%nf%ﬁr%9e%t9§ g f°°&"igalf t he

| eft -front pmsxanennﬂid&ﬁfnﬂla& Bhe  @bepsedt rexdernd S8Omesi , Bébausbl ock 184

(s bypassed Aoy 8- 4die VAR A0k oL P oL BOLIRRET ACBLRGL s BB L AT Y. It

the LF pressure % zer o, ecrsro ypasses otk 184 and
t he var.i a8 e thSF agtyml Y&kﬂ%n@ﬁt@@ﬁ vt sapteveennhepr é9ealls the variabl e

frombeing 5 indidEiERtE dlapdea evEns . th?&rtgﬁaﬁﬁiét gudggnty ! oses
pressure and col | apses. Allownng 6he vari abl e to be .incr nentgd when t he

strut is col I'ARI Sk ek 1@ 000 s equivalent to an e anse
. roading time of approximately 6 mxnutes, ‘40 seconds.

- Therefore, in decision block 174, the varieble counter

15 is compared to 40,000 and if the elapsed time is less
than 6 minutes, 40 seconds, control transfers to -
decision block 176 when the variable TURN is compared
to the value zero. If the variable TURN is equal to
ehe value zero, then the control .assumes that the

20 software routine is on the first cycle of the roading

subroutine and control transfers to block 178 where the

variable TLF, TRF, TLR and TRR a:e respectlvely loaded
with the previously detecte& pressures of LF,RF,LR,RR.

Additionally, the varlable TURN is set to the value “l"

and control is returned to the main control routine via

block 180, As a result of the varlable URN belng set
to the value "l', subsequent lteratzons of the roadxng
routine result in- decxsxon block 176 transrerr1ng

control to a decision block 182. _ ,

10 : In the dec¢ision block 182, the left front
strut pressure is compared'te'the-p;eviouS;leftjfront_
strut pressure and a differehtialfof greater than 30
psi results in a variable CLF being intremented'by a

N
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w

value of "1". 1If the left front pressure differential
35 does not exceed 30 psi, then block 184 is bypassed and

e



count differential and increases the possibility that the collapsed strut

Il go undetected. At the end of 10 the six mnute, 40 second period, the
~variable CLF will contain a count of the qtnber of tines the differenti al

- between two adj acent pressure readings of e left front strut exceeds 30

Psi . “Cont r ol sequentially passes to bl ocks 186, 188 15 and 190 where

simlar operati d; £o a ema t;pr urés
p Cfﬁ? §§§§5§§$z ﬂ? é ﬁo@ ﬁ@c?&méﬁ@eé 5DhDUaslipyt ip Eﬁé

The vari abl es each contaln counts c rresgondln
t he number of tL?er%ﬁﬁ%k%ntsp?%é%urEh?%a@$ﬁb§1%&c€é668 483obyppsses

di fferential Intﬁélebiééaatléaralﬁa @H@' fapPabse @QFdiéfﬁbeninakemantba.rear
struts. In decision block Erevkous gres f readb gs TLF, TRF, TLR
and TRR are updap&d) Hﬁ?ﬁ1§h%“n55?v? E8nEnpr BeEiRRIPEAPRG8S * er caf ter |

bl ock 194 retur fisceonérivédt Dnt bkenaventobhavl theustnet 8Gddenly 1oseShi s

process repeats Lng t f | uti h ep@ount er
vari abl e val ue. %g%%%ﬁge €§60§89;§9§%§ t?g%ggihétéHﬁ Y%ggg g?sEPob%I ck 196
where the vari abheréBsntedsehenothfesttntelis geliaprpadi §86u6RSoENE

| et ed di b t th
o) 5P BuAagetApens 8y AR shetgasadesag Brsussey B sheee e

front counts CRFheI?°%hQP§%Gn§tFHF|Blié ﬁPtHPﬁeFﬁEtFQngeAﬁf 5 FBdZ t hen

the roadi ngieoubtpetspg msaubes ubaketbadl petiaad thghba&ﬁabuesmnmtylaae not
35 collapsing as_the

h m | I d
condi i ons. FbmﬁQ%Falghﬁﬁ¥§“%ﬁsggogﬁ? PQFPS%;?¥eéém?ﬁ q1§§§¥%ﬁ$f¥i
deci si on bIocksoéﬂ@eendtQGZadUhbentapséesucenteaﬂLngsbbdcKhSOAEWﬁere t he

varvable F3 is S?SnquékuEOe&BEeﬁg'%ﬁ p%l as an indication of a
Control sequentially passes to blocks 186, 188

15 and 190 where similar operations are performed for each
of'the remaihing strut pressures. The variables CLF,
CRF; CLR and CRR each contain counts corresponding to
the number of ﬁimes adjacént pressure readings exceeded

- a 30 psi diffe:ehtial in the front struts and a 60 psi

20 differential in the rear struts. 1In decision block
192, the previous pressure readings TLF, TRF, TLR and
TRR are updated with the mOSt'recent pressure '
reédings. Thereafter, block_l§4 returns_control to the
waln control routine. '

A 25 This process repeats during the roadlng
routine-untzl such time as the counter. variable value
ekceeds 40,b00. At such time, control transfers to
‘block 196 where the variable F33 is set to the value 1

- as an indication of a completed roading subroutine.

30 Control transfers to bloék_l98 where the variable CLFRF
is set equal to'the ratio of the lefﬁ front CLF to the
right front counts CRF. If the count ratio is within
the range of .5 to 2, then the roading subroutine '
aSsumeé that the left and right front struts are not

35 collapsing as they have responded similarly to similar



5 coll apsed strut. Simlarly, the.count ratio of the left and right rear
. struts is stored in the variable CLRRR in bl ock 206. In bl ocks 208 and q
210; the rear count ratio is conpared to the range .5 to 2. |f the count
rati o exceeds that preselected range, then 10 control again transfers-to
the bl ock 204 and the variable F3 is sq{ to the value 1. If the rear ~bunt
ratiois within the prescribed limts %uwlcontrol bypasses the bl ock 204
and transfers directly to the block 212 where the variable F333 is set to
e e Mo, cSREFE POGY 20! BokBe k020101 SUBRQUERNAL' EATLRC! N0
reexecut ed absent an |n ervenin oadf I's transferred to.
bl ock 214 arrkceged nbhess velueﬁs tbe@héeﬁhShoaohﬂpéksrnglﬁéd 262 ndustria

Appl.icabilityiip Eb@nefefaébn@?SEa&boale&ktba4oﬁhebbghneyva&§aklé4 assume
that the vehicle 12 is not_bein the fi,r ine in

producti ve I$?elsb%?th%3u%%e99085 VBZBﬁ usedaFnaB t?gﬂEQFlﬁﬁnﬁérawhlch 25

lncludessthecslﬁapsedleadueg Eﬂﬂll@ﬁﬂypgtﬁérbbﬁﬁ& ehtdonefmehehaul i ng
cycle. At s s f| t tur, n_far i1y

hic
oper at i on, iﬁﬁ%ﬁ# chh?EBTrgﬁﬁfﬁh ??ré? F asdtﬁgengsgafééggt each of
the struts 1GLRRBRiA8h}1A8R 204.st dneblobkse208| aad 24 Oyhéh80reaari abl es

Pl P2, P3, P4 codh 18 g £0N1 Ok o BELECLbNEReCRhhe! 18 $habic sybgutine where

a detern1nat|on 'S he ‘subrouti nés have défected a
col | apsed stfeMnt ratipcexaeeds tpaSsPrAFBLEAtERAe £3NGLI/c E88Prouti ne, the

d'agona|}@re@éﬂt?ola&t9§n35rahEBBrBFh8 ehe seb@ulemadaeadt%@npared to the
previously

ei ther of th%aﬁ+3©5ﬁa SuggggﬁFggBaﬁpgggﬁ ﬁﬁ EF fe @%%%s%%%n%|n1ts N
ratio is w1th1n the prescribed llmlts, then control
bypasses the block 204 and transfers dlrectly to the
block 212 where the varlable F333 is set to the value
15 1. F333 prevents the roading subroutine fron belng
' reexecuted absent an 1nterven1ng loadlng cycle. _
Control is transferred to block 214 and ultlnately

returns to the maJ.n control rout:.ne.

20 Industrial Apbllcablllgl

- In the overall operatlon of the off -highway
truck 14, assume ‘that the ‘vehicle 12 is not ‘being
operated for the iltst tlme_ln_lts_productlve life, but ' k;)
has previously been used in a typical manner which

Ny
wn

includes the static, loading, and roading portions of a
normal haullng cycle. At start—up, when the vehicle is
- first turned on for cazly operatlon, the 1a1n control
routine flrst reads the oressures of each of the st'uts
16L,16R,18L, 18R and stores tnese values in the
30 -varlaolesePl P2,P3,P4. ‘A main control routine then
calls the static subroutlne where a determlnatlon is
‘made that none of the subroutlnes have detected a
ﬂOllapsed strut. On the initial pass through the
static subroutine, the diagonal pressure ratios
L7RR,RFLR are calculated and compared to the previously

(Y8 )
n

g .



are outside the upper ‘and lower linits, the variable FI' is set to the val ue
1" indicating a collapsed strut. 5 The -di agonal pressure ratios are
conput ed and conpared to the upper and lower limts only once during
initiak daily start-up. Wile the vehiclgguerator waits for the vehicle to
Teachséperating tenperatures and pressures, 10 ‘the main control routine
periodically sanples the pressures of the struts and calls the static

subrouti ne. ﬁﬁééic&r@té@i&é@érca@ael@&efh@iﬁgahhm pubssutentimibe. | oadi ng
subroutine wil]l _thereafte

e called. At the initial Lt [ f the '
| oadi ng 15 roﬁﬁiﬁbﬁh?ﬁe°_aF?%b&%%g?Qf%Q%ﬁﬁsﬁﬁﬁﬁ ﬁ?glggteggkfgngéft and
ri ght rear  stratepoessidestiorupseonandgloweanlénpts,t tbekvasubbdquEht
iterations of fhe [ ng, Loyt i cowpar 8. : ARS r gssures
Lo the ompty (FBcReErihrUnkcHRLDE “EFPERGi LREL AT, PEATRSRN, BEcBEE LR
A pressureddi f Tee chiaapnal preaseret rahiasoapsi cparused apdi RAPEAF&Yt hat a

load of materigy £ Gﬁg@;agﬁédléQeEhfiﬁitshbamyawnbéua&ciﬁg Rhe¢eal an
unst abl e pressure_from bel ng recorded, the |oading subroutine will not

calcul ate the #2h}Ys8FaFtstPtfness 25 ratio until after the vehicle has
stabilized. The | oadi ngwgubeouhéneehtqler epetrhabrt kaipsesour €hei fferenti al

' t t 10 L _f total - ' ' . S gl i th
response of cheeTirtearg Frare plskatiba: cepdtrhttidiea Rort el e arca
to 30 eachl@thEheamdihfcghgnbiicautﬁyedpssinﬁﬁ&a}lwhéﬁm@le§lFaﬁsed strut is
assunmed and th§t£§98r5§ bf SRL LehLbs ﬁhuES%%SIQggngqQ@E of whether a

IS detected €.

col I apsed strut I , the variable. is.also set to the value "1"

t3~ﬁ$event t heSHBBEANRENSubr dEEPRethROATBELRG SEClLeOfebBfed BE G e an

intervening rogdbpgusyReQUEhBEloading subroutine will thereafter be
called. At the initial iteration of the loading

15 routine, the variables PCLR and PCRR are set to the
left'and right rear strut pressures corresponding to an
empty truck. Subsequent iterations of the loading
réutine compare the nost recent strut pressures to the
enpty truck strut pressures stored in variables PCLR

20 and PCRR. Atpressure'diffe:ential of greate;'than_lco
psi is used to indicate that & load of material has
been added to the off-highway truck. To prevent an
unstabie'pressute from being recorded, the loading
subroutine will not calculate the“rear strut stiffness

25 ratio until after the vehicle has stabilized. The
loading subroutine requires that the pfessure
differential remain greater than 100 psi for a total of
100 iterations. At this tinme ;he response of the left
and right rear struts to the added load are compared to

30 eaéh other and if significantly dissimilar, then a
collapsed strut is assumed and the flag F2 is set to
the value l. Independent of whether a collapsed strut
is detected, the variable F222 is also set to the value
"1" to prevent the loading subroutine from being . |

35 reexecuted before an intervening roading subroutine.



-21- However, in the instant exanple, the operator is sinply waiting for

the vehicle to attain operating status and does not "at this tine expect a .
| oad to be delivered to the bed of the truck. . Therefore, the 5 | oadi ng’
routine will be periodically called; however, t he pressure differential:

wi |l not exceed the required 100 psi. Zhu the next portion of the operhflng
cycle where the operator drives the vehicle to the loading site, the main
control routine will.recognize that the 10 vehicle is roading, but an

i nt erxem Rg | oadi ng q?j@d@vaaﬁ ﬂ@ttlQGCilﬂiseﬂnﬁndxélhpléofldhégopéagtm| I nolt be
set t the prescribed intervals:t main, r conti o sanple
the strut prlg%ﬁ}r“l%f)aﬁff’cra’m 9 tht s‘f%?l‘(:etsh%f %?n%ma’rﬁeog?é?ﬁén ubI’OlrF[)I ne
will respondstifug anhelcdsence at thisrobnefézpeandacabadt he beadi ng-.
subroutine yptqdy é?t&“%&”ﬂhéoﬁga”95C¥ﬁée%£§$96rf@ﬁ&?ggoIQe yghicle will

ultimately cease Foadi m reaches-t oad Necessarily, as
t he vemiﬂealQ#anﬁkﬁPutin?r%%#lsb$uﬁeb¥@§§9¢béYcaﬂl&@dzohoeﬁﬁééted to

respond wit e RS GSsdl ié@éﬁ@atﬂl0&191eaéerekéa@dleﬁep%qasraaterI al is
| oaded onto the truck g o % greater gressure ifferentia
nB*s

i s detect ed HHY Bisuneth sthe) REXENROFH BRoAPPRABERPE| C¥SHEul ate t he
di agonal struHed tisd I&;ﬁé\@@ﬁoﬁndrw@@awetheﬁecle tbetheetbadshy di scussed

limts. Aft th |.0adi t t dth
vemicle to e S are YEhEroTF ANE fhev h° r8BERR] 26 Bhab, FRE W T
once agai®i beelBicleals enbadumakebatdenemteaVenmngf lbhdiggatyslef the -
struts. = Ovef éVEEtFE%é@P @ﬁ é?&ﬁthé Eegain Sfl&b”h@h&eﬂoto egel  of theﬁ\,

struts |nd|cat|ng t he pfessure readings for eac
strut exceed%tt¢ﬂﬁrﬁtﬁﬁ#éb?%@ barasvalag bﬁeﬂéhé sPutpae 3511per|od t he

counts for téﬁhifﬁﬁg §6rs&ﬁp§éetﬁénﬁafﬁd pressures and call the
‘static subroutzne.,.mhe static subroutlne will respond '

15 to the absence of the road flag and call the loading
subroutine until an actual loadlng cycle is performed.

" The venlcle will ultlnately cease roading as
J.t reacnes the loacu.ng site. - uecessarlly, as tne
s | vehlcle is loaded, the rear strut pressures can be.

20 expected to respond wzth a pressure drfferentlal of
greater than 100 ps1 as naterlal is loaded onto .the
truck. When thlS 100 psz or greater pressure
drfferentlal is detected and assumed stable, the
loaaxng subroutlne will calculate the diagonal strut

25 stiffness and conpare tnese to the prev1ouslj discussed
limits.

¥

| After the loading cycle is eomplete,'the |
operetor-willwroad;the_vehiqle'to the dumping site over
which time the roading subroutine will once again be
- 30 called to make a determination of the status of ‘the
_ struts. Over that period of time, a count is
'nalntained for each of the struts indicating the ntnner
of times adjacent pressure readings for each strut
exceeds the preselected value. At the end of that
period} the COuﬁts_fbr the front struts are compared

W
w



22 and -used as an indication of a collapsed strut if the counts are
stgnificantly different. Simlarly, the rear strut counts are conpared to
one anot her and used as an indication of a collapsed rear strut if the
_Coun& s-are 5 significantly different. For22xanple, in a vehicle where
fhe stwuts are properly charged, each of the struts can be expected to
respond to the rand Med oa8 @moindiaatiany ofarmecodilapsed tsknutat if stthe

on the sane axl ecefmthea‘t%hléiiéiufld@ﬂ?ﬁ"ediffér&'i'@ of siﬁﬂsﬂ?;stﬁa Hear
axleis 10 part ky col | apsed ressur§ ari ations of Slﬁq?‘% | cant
n

smal | er magni tud§ GEURES. AkK CIRRAred, tg, ohe,another, ?egoP\F/aﬁ‘é\ed
strut wi'll see ain@doationntdfy aowvellapsedburdar ostrit dEl Itzmsedoahtst axed

t
At ohes om0 BigAL R plntag 9?‘52%*8{%3’@?&%%?% 102 0 R Ep it wiete
subroutine wi | |- thei struts| grerpnoperlyoahavgedp ea@mﬁmhﬁg shywts cane be

The | oadi ng_subr gpbeeli to Hlspiine® s UKE HOAA! ahie)dhaVeb amaﬁe g he

| oadi ng ‘site and e next cycl e begi ns erea
process.repeats W’PﬁeEacﬁfmj&ﬁﬁ ng"an 5%&% Wclthe sane. axlen of( kb
for detecting avenitdgsed Moredver, ai\_cordne/edst ctnehatrngsaq@i udm| ak¥eofis

el g B ok b AHRAY! B s MR i Yl A T gy ricantay
delivering a plusmailer magnfituge qargrm sexmtedhav!l‘ms, aanrragihet wdth a
33@ a1V 10 thget9ne1aLaINERUE SirdEo0s1o0EE! hV81R4RELAHRY Hoer
- count for the collapsed strut and a corresponding greater
differential between the struts on that axle.

15 : - . At the dumping site, after the roading cycle has
been completed, the static subroutine will periodically
transfer control to the Ioading. subroutine. The loading
subroutine will not be executed until the driver returns to
the 1loading site and the next 1loading cycle begins.

20 Thereafter, the process repeats with each roading and

loading cycle.



10 each of the struts responsive to the pressure of the selected struts;
~and delivering a signal indicative of a coIIapsed strut in response.to the

pressure signals being outside a presel ected Inupulmmlr met hod f or-
detecting.a col | apsed strut of a work velgxl ty of left
and right strut nounted wheels, the nethod conbr|5| g Perfodically samking

t he i nternal

“pressure of each of the stCLAIMSand delivering a plurality

first signals each .having - a magnitude 20 - correlative to the interna

pressure of each respective strut;

of sel ected phirs2ofmethod £ors; ei@qﬁmmgatqelhaaae@ua‘e‘rmt @fcha oworke
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strut in resmmsermlrmssmtbt seebected gatiruts. amnﬁdwwwdang to
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the ratio of ¢¢mre1§miv¢r&m:thgiLeternehrpressurelgﬁﬂeacm.respegtmud for

claim 2, mher

the rati o of
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- remaining 5 outdideraiprégeleabed mangefirst nmagnitude for a presel ecte

duration of time;, storing a second set. of the periodically dellvered flrst
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2. A method for detecting a° collapsed strut of a work
vehicle hav;ng a plurality of left and right strut mounted
wheels, the method comprising periodically sensing the
internal pressure of each of the struts and delivering a
plurality of 'first signals each " having a magnitude
correlative to the internal pressure of each respective
strut; calculating ratios of the first signals of selected
pairs of the struts;-comparing the magnitude of each of the
ratios to an upper and lower setpoint and delivering a
second signal in response to at least one of the ratios
being oﬁtside the upper and lower setpoints; and delivering
a third signal indicative of a collapsed strut in response
to receiving the second signal.: '

3. A method according to claim 2, wherein the step of .
calculating ratios includes calculating the ratio of the

left front and right rear first signals and calculating the
ratio of the right front and left rear first signals.

4. A method for detecting a collapsed strut of a work

35

vehicle having a plurality of left and right strut mounted
wheels, the method comprising periodicaliy sensing the

‘internal pressuré of selected struts and delivering a

o~
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renai ni ng substantlally stable at a second nagnltude for
Guration of tinme; conputing the stiffness for eacu ‘ﬂﬁﬂﬁt 3
response to the difference in magnitude betmeen the fi ) sets
@f periodically delivered first signals; conparing the stiffness of each of
the stdits to the stiffness of another of the selected struts and

~del i vering seconplurgldiky eefh ﬁéwsmg sighalsmmeachudbavdngel at i maghdtude

Stiffness differ gaiighatatd 48 4661 Birgrabgge 35@%&%&%.»;/%9&11%&% L 3R364
strut in responsetothemanltu e secC nal's exc

presel ected set p§FRuti2&tordng Rrﬁ&#ﬁﬁis%kc%fdthg PeréPﬁiﬁﬁ11YwﬂGﬂéNnr?ﬁe

step of conparingirgel ucigs:aq%rmr Imﬁméttéfﬂi‘éswfs@néighmsl Etahaaﬁéng
right rear s%ruts cordln to. clai rein the ste

052" compar By | REPAERECALLY SteRES HE o BiratonagnLeuts tiar.upkesel ecker
and right rear sﬂnnatlandoﬂetime;mgoningcmrsbamgnaiet ofpthe periodieally

magni t ude of the t A%C r n ep
~of 30 dellverlﬁéiaggrea £i Fg% g@' %b?‘(#ggéi 4f¥ég§%em9¥#gt sﬁ?ﬁa@% .
conparing the r aremauolagps@bst@ntéanxng'eabBe at raetslmndammrtmglet &ozl ai m
7, wherein the pﬁféﬁbiéééédréﬁﬂﬁtiﬁnooftEQm&~3coﬁ§u@ingAtH5tQQQfQﬁEQEdEBQ

to claim2, wherein_the_step of cal cul he ratiosof the first signals
of sel ect ed10 pgpFR sttlh.?c sSERukEq c&lﬁﬂ%%gtf’he he L Eprance { Anst

signal s of sel echegnitade bétwéen rthalfiivet antihSedond iseti< dF §e9fioa§b69.l9d
rear struts. to claim

copparing incl udgggégﬁﬁsae%érfﬁegﬁﬁagh?gdgoﬂpaﬁii;lf?ﬂzg?e Fﬁ&%f-ﬁftﬁgg % qo%°f

di sti nct correspbhdi mEmdis stof thppatififihdssicof sanpthers ofantheleselected
the second sigpgiytk" and delivering second signals each having a
15 magnitude correlative to the stiffness differential; and
- delivering a signal indicative of a collapsed strut in
response to the magnitude of the second signals exceeding

a preselected setpoint.

20 5. A method, according to'claim 4, wherein the step of
comparing includes comparing the stiffness of only the left
and right rear struts. ' :

6. A method, according to claim 5, wherein the step of

L,/ 25 comparing includes calculating the ratio of the stiffness
of the left and right rear struts and delivering a second
signal responsive to the magnitude of the ratio.

7. A method, according to claim 6, wherein the Step of
30 delivering a signal indicative of a collapsed strut
. includes comparing the ratio to a preselected range.

8. ' A method, according to claim 7, wherein the preselected
range is 0.7 to 1.3. '

35 o
9. A method according to claim 2, wherein the step of
calculating the ratios of the first signals of selected



response to at |east one of the ratios being odfside the 10 respective
upper and | ower setpoints. 11. A nethod accordi ncl udi ng
the step of calculating the upper setpoints cOrm w m‘mlmum
respective rati.o at the beginning of the bgfe o *vehicle -

increasing the calculated ratios of the first signals by a presel ect edv"
per cent age, arphﬁts)r ofig sthatisnt inclades healenapattinge thmweratdbpoiot sthé

each ratto. 1 AdeLigladecaisl g 40 Shaletold. JOAlU g1 b0EVS! &, OLn20

cal cul ating t ower corresp on ec Ve Tatro at
t he begi nni ng t)trsmesiqnaalsfoﬁ rﬂieMRed'elrﬁ@ @Wtﬁcream ng the cal cul ated
ratios of the first signals by a presel ected percentage, and storing the
rati os as the respective |l qwer setpoints of_ each ratijo. iS» 13. A nethod as

set forthSn % mé nethedgaqearting &P F1aiment Whgre nc the i 2FeRf%f he
rati os in respssifsa We@fcéﬁlﬁaﬁmg( siedimdgnititie dft eadh st heHe

: di t | d the st t the first
S gnal rati os TG p%tnﬁ*x“ kratien RerenbiE iy Rfire | oF; dhbéncand®
for detecting Iower | mebpbint=| axd utded.fivariﬁg thek sebonde, sighalaninal ly

as descrl bed Vﬁ'ésbc;rfgér@clcgttfeége BREOBRARN Fa iR 'Hﬁng outside the

10 respective upper and lower setpoints. '

11. A method eccording to claim 16, including the step of
calculating the upper setpoints corresponding to each
respective ratio at the beginning of the life of the work
15 vehicle by increasing the calculated ratios of the first
- signals by a preseleci:-ed. percentage, and storing the ratios

as the respective- upper setpoints of each ratio.

12. A method according to claim 10, including the step of
20 calculating the lower setpoints corresponding to each
respective ratio at the begi'nning of the life of the work
vehicle by decreasing the calculated ratios of the first
signals by a preselected_percentage, and storing the ratios
as the respective lower setpoints of each ratio. '

-13. A method as set forth in claim 2, including the step
of preventing calculation of the ratios in response to
movement of the work vehicle.

30 14. A method accoi:'ding--to claim 2, including the step of
~ preventing coinparin‘g the first signal ratios in response to
movement of the work vehicle.

. 15. A method for detecting a collapsed' wheel strut of a
35 work vehicle, substantially as described with reference to
the accompanying drawings. '
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