[ ERR] SYSTEM FOR DETECTI NG THE DEGREE OF COVPACTI ON OR RESI STANCE TO
PENETRATI ON OF SOIL The present invention relates to a syst@@4Q@[y to a
5 system for detecting the novenent of a conpactor head or other article :
driven onto or into the groUnd by a rechgrocatlng “Wei ght, so as to _
determine the extent of conpaction of The ground by a bl ow of the wei gl‘for
the resistance of the ground to penetration by the article being 10 driven
intoit. Ground is often of |nadequate strength for the purpose to which it
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conpaction foot can be driven onto the 35 SP806 . A2 11 Cctober 1993

Ground is often of inadequate strength for the purpose to
which it is to be put, for example where it has been
disturbed or infilled, and is to be used to support a

15 building, roadway .or other structure. It. is therefore
necessary to compact the ground to provide a firm substrate
upon which the structure can be constx::ucted.

Conventionally, this has been done by dropping a heavy

20 weight from a height of several metres onto the ground. The
objective of such a system is to achieve impact on the
ground at a high impact velocity since it has been believed
that this is necessary to achieve compaction to any (..
significant depth in the ground. This system has the

25 disadvantages that it impoée’s particularly onerous loads on
the operating machinery and that it is dangeréus to people
and equipment in the immediate vicinity of the falling
weight. '

30 We have found that satisfactory results can often be
achieved and a significant extent of depth of compaction can
be achieved if the ground is struck repeatedly with a
smaller weight. We have devised a mechanism whereby a
ground engaging compaction foot can be driven onto the

35
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-2- ground by neans of a reciprocating ramdriving a weight which inpacts
with the foot - see our co-pending British Patent Application No 2,241, 461
A. This enables the ground to be |evelled and conpacted using a conpact and
readi ly 5 manoeuvrabl e systemwhich is inherently nore safe and causes |ess
wegy ‘on the operating equi pnment than prei eus net hods of operation. _
However, it is desirable to ensure that the ground is 10 conpacted to a
substantially uniformextent across the area of a site to avoid the risk of
differential settling of the ground. This is usually done by an oper at or
driving a pgéfs'@nﬂntlaytneaagms&’:t@d recipresatdng Krndripieg vei daighhd

observing tghiekt aipddtavwibht BRePft IS deevelr fHdlﬁéiﬁil %Qﬂﬁﬂsh

This is ti cons and ca n_indication_o ext ent
conpaction . ggﬁ?@\‘fegpgﬁ'a %%@%%ﬁ"’?ﬁe%onﬁﬁ%ﬁ%& €8 chre groun

Al ternati vekp, hehelsvekleG andpzmmmcrhech usimyn aecempact |and sreadibgd

t hat thegex | L, 4 ' ' e t 20
the 1oad  BrostvzeRTRiCpEentin ol £ thatity Hore BatErlUE Srules™)
since groundessy#eRgd oy the: apenakinge equibnentahan orecipas tnethoda
greater or bgsgper@ti®m. than other areas of. ground el sewhere on the site.
25 W have devised a systemfor detecting the extent of novenment of the
conpaction foot at each bloow of the driving weight of a conpaction device

SO as to prHowedweg, dli'ectls ndeedrableoftd hensurent that ciiwmchgroandf ise

encnif BoBaktae B8 o GpREHIALIRI IS BRI HLERLLRE SETREK AR oen

means wher ebf ansmperaooavoad aheesssklneﬁ diffecernt talpset thingaef btke
oo’ oo oo gBStedlYSmE S SUSALEY WngRs A Bpeehebbeacsonas g pratd |
need to int épitepttrltﬁ] Fﬁ@P@@#ﬁéctﬁQﬂ- p‘#%-'e’égsaa knovmcimpactpyed gkt ond
Cctober 199@bserving the extent to which the probe is driven into the
15- ground. This is time consuming and cannot give an
indication of the extent of compaction achieved during
operation of the compaction system. Alternatively, the site
is compacted to a given level and it is assumed that the
extent of compaction at any given point will be adequate for
20 the 1load which it is to bear.  However, this is
unsatisfactory since ground levelled to the common level may
_ - have been compacted to a greater or lesser extent than other
\/ areas of ground elsewhere on the site.

25 We have devised a system for detecting the extent of
movement of the compaction foot at each blow of the driving
weight of a compaction device so as to provide a direct
indica_tion of the extent of compaction of the soil onto
which the foot is being driven and thus when compaction

30 reaches a desired level. The invention provides a simple
and effective means whereby an operator can assess vhen
adequate compaction has been achieved at any given point
during the operation of the compactof, and thus when the
compactor should be moved to a different location, without

35 the need to interruption the compaction process as hitherto.
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-3- SUMMARY OF THE | NVENTI ON: Accordingly, the present invention provides a
systemfor detecting the degree of conpaction or resistance to .5
penetration of soil during the operation of the system which system
conmprises an hydraulic ramfor repeatedly reciprocating a weight in a guide.
menber so as to inpart repeated inpact bl @w-to an inpact nmenber which is™~/ .-
to be driven onto or into the ground by the said repeated inpacts; 10 a o
sensor means adapted to give an electrical output responsive to the:

rel ati ve novenent of the inpact menber with respect to another menber whose
vertical posiSUMMARD|QR |THE  INVENBION&ce of the ground into or onto which.
the inpact nenber is drlven remains substantially. constant -or .15 varies in.

a known nanner angd, dis means respopsive {o sai.d sensor means for. '

i ndicating t REGE ﬁdﬂﬁe%ﬂél HRYSREEQR c RECYLARE AreRYSERM [fOT

i mpact rrenberde'aetdrtirx@peuietoaé 5ur6ﬁcecefnpaaemﬁouad %@s;.@'t%ﬁﬂe’imﬁb

t he syste cQ rlse Aan hégrauhﬁfall¥ driven.ram ad Qﬁ)ﬁﬁ procate the
wei ght in~a é{%) 2SS SERERRT, TS ORGP ?Bh € FYFYMinto

t he ground orwlucchstsyistem coapprisee farot hydirelis dramerfairmit «repmtgecmmd
surface to | gyygéggg§i Far, n n ny.en

be descri bed%ﬁﬂ Inafter Tn ter ht q'ncg ?-65]&3 gl%ﬁb%%eﬁl%% Etsl::ll an
hydraul i ¢ rameReatad piseackt b W@’Fgl*to ﬁhl #Epagtc pepher (’Nhlfq;btlﬁaitpl é?)eat

L he base of giﬁwaiecfnmr\é\u?hbntn@ ghothe myltﬂh? sdid Yepe | atﬂ?%i %piﬁ:ﬁﬁﬁ”e
ein carrle upon a_groun rav. i n or or exgnpl.e a craw . er
trac'?or - g TSRS, Rﬁe‘f’h}g rgdéi(,ec i GR d?@'e(?&nﬂ?é' hPHERRY ¢ o
ramlifts theequﬁslvs)tbet@e(kalatumedmovementedffﬂhstimbacﬁfmemberun'
and all ows t | L a 5 | .. str:Qke of

the ramto stqv‘rg'lt\l?ie Egphﬁt +ace : - ﬁf‘fmg’?% Y’Hﬁéé %%%ﬁéaai p%s""q"l&

. relative to the surface of the ground:into or onto which - the :

_ impact member is dr:!.ven remaJ.ns substant::.ally constant or

15 varies in a known manner, and - display means responsive ‘to
.-said sensor means for J.ndlcatlng the J.ncremental -and/or
cumulative extent of- movement of the :meact member with
respect to the surface of the ground. - . L

20 Preferably, the system comprises an hydraul:.cally drlven ram
| adapted to reciprocate the. we:.ght in a gu:.de ‘frame S0 -as to
-strike a pile cap which dr::.ves a p:Lle into the ground, or to -
strike a compact:.on foot wh:.ch is driven onto the ground
- surface to level and oomp____act it. For conve_m_ence ; the
25 Jinvention will be described ‘he'reina'fter in terms of a soil
compaction device utilising an- hydraul.lc ram to rec:Lprocate
-a. weight agaJ.nst a compact:l.on foot carried at the base of a
guide frame within which the we:Lght travels, the guide- frame'
being carried upon a ground travelllng support, for example
30 a crawler tractor chassis. ' - :

. During operation "o.f : -th‘e compaction device, the hydraulic ram

- 1lifts the weight up the guide fram"e"during'the' 1ift stroke

. of -the ram, and allows the wen.ght to fall under gravity
35 during the fall stroke of the’ ram to- str:Lke ‘the upper face
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-4- of the conpaction foot. e stroke of the ram occurs
when hi gh pressure fluid is not fed:to the- ram and the weight falls under
gravity. However, the ram may be a double acting ramso that the weight is
drjven domnmardly 5 by the ramduring its fall stroke. For convenience, the
i nention will be described hereinafter &n~terns of a single acting ramin
whi ch high pressure fluid is fed to the cylinder of the ramduring its lift
stroke. 10 The ramlifts theiweights and allows it *t@"fall onto the

conpaction fqot_resting on t he ground. The conpaction foot is driven into
the ground ﬂﬁdtPBbSGHB§°§FPBh€P9t deBEpfeEabLFonthactall sskreke cofiphlei on

of thet soi ljr%ﬁd ob:a,ﬁr{satwnax Hid tmepﬁeféxtnﬁe beu%ﬁotiﬁrnbhefw Ittohlﬁ;etf&nl ess
conpac an astl C ure, o e ..50l e eatl er e re

v have “ronft EimrusbShbFabis it SR LHEREYSE.o s AT B ohBent
of the footafdoubmeeabtmngtnamhsonEhatpthelwhmghb.iSLdr1vmhchWHwandlyhe

ﬁ)(;:i ngyoéocgyﬁe%glteé hi'g f?’%ggflg\g:(l‘::glnt eagllovétﬂle&(ex’t e:? ountf%?"{?re uced

since the sénvensionn¥ilbchedescribed heneinaftey encﬁgﬁma aé axzinglef

conpaction agthiabl eedwd mn &ﬂfcebsﬁg;ﬁ epPB¥EHPE! Miuildeigonmast ken £Rat
fromone blow,to"the ex| erred to us 8&% system of the
i nventi on ofiYidPASToR & preferably on soils

whi ch do not exhibit a plastic as opposed to elastlc ‘behavi our, and to

[0, raBot b SR LS FRYCURELEE SR SPIVAR Y, £80Eata” ity e

‘movenent. ofcompactmpacﬁpom testingron thebgroundeciEheconpachion, foot/ or
the extent g¢f Ehgvbﬁb‘iﬁ'%@ he oﬂ?ﬁgn&%ﬁ détélql@aﬁfyt% cg.t'ﬁ gare
am ¢ forces.an

nmonitored. I n order to reduce t

cts n
reactions o¥PPRetBE; ﬁfﬁgnﬁeeﬁaﬁpmﬁsswapeﬁ H%% %‘E%ler% the Ratare’fiion
of the sensghé @®dd.to The looser the soil, ie. the less compact and

15 elastic the nature of the soil, the greater the rebound. We
‘have found that by :monitoring the rebound and/or the
absolute movement of the foot from one blow to the next
provides, a true indication of the extent of compaction of
- the soil is provided. However, for some soils, notably
20 those high in clay content, the extent of rebound is reduced
since the so0il does not behave elastically._-In this case,
f the extent of compaction is reflected in the absolute
\/ : movement of the compaction foot from one blow to the next.
It is preferred to use the system of the invention on soils
25 which exhibit elastic behaviour, preferably on soils which
do. not exhibit a plastic as opposed to elastic behaviour,
and to monitor both the absolute movement of the compaction
foot and the rebound at each impact blow. '

30 1In the system of the invention, the absolute movement of the
compaction foot, or a member associated therewith, and/or
the extent of the rebound at the end of the fall stroke of
the weight are monitored. In order to reduce the effects of
the dynamic forces and reactions of the driving mechanism

35 upon ‘the observed relative position of the sensors used to
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SP806. A2 27 COct ober 1992 -5- nonitor the rebound and absol ute position
of the foot it is preferred to nonitor the absolute position of the
conpaction foot or a nenber associated therewith when there is no force
fromthe ramacting on the weight. Thus, the nonitoring of 5 the rebound-~

—~

and absol ute position of the conpaction foét tan be carried out at the en‘d'e.-:..,_..-_.
of the Iift stroke of the ramwhen the weight is still rising, but under :
its own inertia (the overrun), or during the free fall of the weight; in

both cases there.is _ng dynam c_reaction betyween the.ram 10. cqnpagti.on
Govi co which PGS BBFVFeBoRRAoaRd, ABSGTUbR PasHELPR OF the dptnadois
used. Thel oagreferiredytoumdnisorhthenabsolutécposigivn dhehgcdmphetionand

Constant. dur | R905p8Faf BRASeE  Aebeki ated Lhe eyt B Vildn W€ s o borep |
or no addi ti ofixbmdgheniren estimg oaatheweighthe FhusndtheThonjboringnodf
However -t fle. SRSt poiph pfl SuB1MEL! pbORE1 R oF M Rnprlot AN THRR can |,
moni t ored at BBhERTERREsOHYr AkgthReeRICPE BRe opttlaisigipks ofp thenzamywhepyt
Toeo e \ASheielon 0 duLrE EBeSas) bar SMeToNCEolLske:gotsae
cgﬁveni ence, _P&?rgméﬁt i%"%ﬁ'nge% sc'?”?%%dg?l%iep af i 'Y?qulg?hsiﬂf LOth
sensing the pcasesorntiérehdsconpadymmiooreactjondddtwesn whhe nam5and
OYTIA ) 360 ESpREIAcO AL Sl i ERlerliGe RESELTERRS sbBoTute
that its posi PPEAtioMapEyEheoSgRE0KE 1EGL: r@hﬁ-i’i@ﬁ&lﬂ%tﬂ?ﬁ'%@%éﬁsﬁh@t
30 during thpagamB@cthenweight§ €Ré!guid8Usrand iR remaioided o the
ouTLed 0 2 SSROREGH deblcl’ (HRLcR RSkl bl BB TR Y *Bondted
. during operation of the .compaction' device) &nd there is
15. little or no additional ‘dynamic. load or 'reacti'o_n"._on the
- ground. The position of the sens_or 'ﬁe_lat_ive_'to -the ground
. will thus be substantially_-CQns_tant, - However , the absolute
position of the compaction foot or -guide frame may be
. monitored at other times during the cycle of operation of
‘20 the ram, but means. will then be required. :tp._cbmpensaté for
any movement of the sensor ‘due.to the : vai:ying' ‘dynamic load
| exerted on the sensor mounting. -For convenience, the —
invention will be des¢r-ib_ed hergi'nafter.---in' terms of- éensing o/
the position of the compaction-' foot or guide frame when no
.25 dynamic load is being applied to it-by the ram.

The sensor méa-n-s -is preferably mounted on the support
structure carrying the guide frame so that its position
relative to ground level J_:feniains sqbst.a’ntial_ly-_ ‘constant.

30 during the .compaction of the soil. ' Thus , the . sensor -is
~ conveniently mounted on a second gene_:_éﬂly- upright'.- support
frame upon .whic.h ‘the g_'uide__" fr__,ame.'- is mounted so that the
guide frame travels generally parallel to the longitudinal

_ axis of the support frame as the. compaction.foot moves
35 downwardly with .the ground level : as: it is compacted, the
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guide frame travels generally 'pakfa_l- el _:_-_tj'_b""tiﬁe | ongi tudi nal axis of the
support frame as the conpaction foet-noves 35: downwardly with the ground
level as it is conpacted, the SP806.A2 27 Cctober 1992 -6- support frame
remaining at substantially the same height with respect to the ground |evel
dgping the conpaction process. However, 6t he sensor can be nounted on a
ground travel ling chassis upon which the support frame is nmounted, 5 or

el sewhere vvhblere its positiomsrelative to the groung:.surface during the
conpaction bl ow remai ns substantially constant., For exanple, a|aser, can be
mount ed -onSHPPEFForkrane vERMAARANGH &ty SHpSEaRtiR pkéﬁﬁt SRre I‘Fée%g]{‘E so

; hat t{]e WL ,ﬂi%h.bpegp'e@tt]Ewtihtnemgﬁmﬂmse]?vpuoxdum @ theuncompattion

gai nst whi ch novene Q e npaction t L.e _cap c

r ef er encedPXPESRS | %%%e%%rapﬁﬁgcisf%‘g L Kz nt}% @Qﬁg@%hcgﬁl %e' %%ﬁﬁ%d on

é h te corrpﬁc tiravelddngo chalssiguugent whichathet suppentofraset he morrtedo

et ect € oROSsi L t R P | PEsC idh Fetktevedugsle : tive
to the %os#i on o%?%g _E?latlc Es‘!ggp rt, raérme, %&asgﬁg (L)ll%<Sl thréglr?ﬁéﬁhaported
sensor. Feurfgescfurirg the iGARRAGPT PLOYe IfIEdnS, ?%?Ela?igg

é S[ gf;t_ gf;t ﬁc%%%é&glt;mgf@bed eXaipl1es! h}’lg_ﬁ@_& tha Beppouhtédaon, a 2fuppoeh
ne or re,indicia carrie : i f oot
or, nore pﬁé’&é’ﬁé’b&?tol FgeggFBBn r FrEs%’F?lc%OJflﬁf 1 S%@/eﬁé'l%% %ﬁn?ﬁé*:cgﬁsact i on
:‘Nﬁpt has i t lasedr ibesm i elnbttod gn:o(tju1d:he25].a§en pravidess aprdgtambl gvehe
~whi ¢ ns s S e eLaLn lat ~an I r
Garryi B9t RGBT fopfnBhEr6HEHL SonPactiol SO, e (¥ho | Bie
i denti fi edcap saphdegeeaferangesd.or physical nature of the guide frame, for

exanpl e one or nore notches on the frame or 30 a specified cross nenber of

the frame which_are detected as |,
It will also be appreciated that the sensor can be mounted

on the compaction foot or the guide frame and the sensor

15 then used to detect the position of the moving compaction

foot or-guide frame relative to the position of.the static

support frame, chassis or a ground supported sensor. For

convenience, the invention will be described hereinafter in

terms of a sensor mounted statically upon the support frame,

20 which detects the passage of one or more indicia carried by

the compaction foot or, more preferably, its guide frame

‘ since this travels with the compaction foot as it is driven
Y into the ground. '

in

25 The sensor is preferably one which senses the passage of a
predetermined point -on the guide frame carrying the
compaction foot past the sensor. ~This point can be
identified by a change in shape or physical nature of the
guide frame, for example one or more notches on the frame or
30 a specified cross member of the frame which are detected as
they travel past a contact or non-contact sensor, for
‘example an optical sensor , carried by the support frame.
Alternatively, the sensor can detect one or more indicia
affixed to the guide frame, for example a - series of
.35 reflective strips or discs’ whose passage is detected
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they travel past a contact or non-contact sensor, for exanple an optical
sensor, carried, by the support frane. Alternatively, the sensor can detect
one or nore indicia affixed to the guide frame, for exanple a series of 35
reflective strips or discs whose passage is detected SP806. A2 27 Cctobep~

1992 -7- optically,or a series of magmet’s -whose passage is detected by =sf ..

Hal| effect sensor, a reed switch or the like. Alternatively, the sensor
can be a transducer not ably a linear transducer for exanple a i ne'
connected to th ui -~ frame which t 0 _cayse

nWi. 00l
spool to rotat®PH 'sc‘?ré\ﬁe(?es‘ﬁaﬁﬁ rkﬁ‘i ?’R@&SP ssggealgudgg.ected
generator or Wy ki kBEald aeffecprusre:thbﬁn & eceeticaswitghhalomhade valike.

Gh’a senor ARl (PieOdedad W {5514 WAl HSEIRIL TR
frame and can larmmer@g@ﬂwnmm mml%adWMMeMr@ &het guided
of the falls stf Qe OfhibR Vtﬁivﬁ!ﬁd nfréﬁl' 2 spool to. caus seﬁgorsg@&faryosm

are cConmerci a c anism . suit forns of sensor mechani sm
comrercially WPh P r%ﬁﬂée‘ﬁ%‘erﬁ%%@a o dpiveuhi Ehepstal PrcpsPUdSe
measure the pqerienatoﬁ dme:rimrmnre W @i toeprovidet anaemeberi&alsslgnallo

trol th h f h
(r;(r)gssare f?u? r‘%téaﬁ rom%ﬁ'—é' ydr%@uﬁl ?ﬂg;@&%ﬂo‘ﬁ ﬁ&&&% ‘#“ﬁlvé ﬁhlagl
appl i cati ons, nelatiyve toerthe ssum@rt)eénameed Sucheaesensoneobseevasl tthe
rel ated rqloat inggraoL IS ©for YE MENG e 61*? ﬁlég?ﬁlﬂgeffaﬁ a8 Ead e\

pile driver so_asto’ en ure a uni ormdftelg t of e wel ght at eac
stroke of the 3R H@ used to,feasune the, upd, which pesnrsdagt &he: end

relate to an oft ep&alfady sﬁﬁ]{é)rofamdet‘b@i%hﬁel ative position to the
ground | evel has been of no relevance In the present |nvent|on the

position
Many su:r.table forms . of sensor mechan:r.sm are commerc:r.ally

15 available and - have. been used in. hydraullc pJ.le drz.vers to
measure the pos.tt:.on of the hammer we:r.ght relatlve to.a pile
. cap so as to. control the operatlon of the valve mechanism
_ regulatlng the ‘flow of high pressure flu:r.d to and from the
5 ,hydraullc cylinder. However, in such appl:r.catlons, the
20 sensors have been used to detect the J.nternally related'
-relative pos:r.tmns of two moving members w:r.th:.n the envelope
of the pile dr:r.ver so as to ensure a unJ.form heJ.ght of lift
of the weight at each stroke of the hydraul:.c cyllnder. The -’
sensors have not been adapted to relate to an external o
25- factor, and their relative pos:l.t:r.on to the ground 1eve1 has
been of no relevance. In the present invention the position
- of the compaction foot or its guide frame above the ground
level is determined and this will vary 'during operation of
- the compactor. The sensor detects the decrease in movement
30 of the compactor foot or the gulde frame as the soil
resistance increases as it becomes more compact and the
- output from the sensor thus prov1des a direct measure of the
extent of compaction of  the so:._l. -As stated _ab__ove, ‘the
movement being monitored can be. -solely- the 'progress-ive
35 - vertical movement of the guidé frame .or the compaction. foot
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of the conpaction foot or its guide:frame above the ground level is
determined and this will vary during operation of the conpactor. The sensor
detects the decrease in novenent 30 of the conpactor foot or the guide '
frame as the soil resistance increases as it becomes nore conpact and the
ogtput fromthe sensor thus provides a @ rect neasure of the extent of

conpaction of the soil As stated above the novenent being nonitored
can be solely the progressiye, 35 vertical novenent.of the guide frame or
t he conpaction foot SP806. A2 27 Cctober 1992 -8- 'which becones snall er

f r om one . biyRWcho betomesx smad lidte fyonl one blowatbettheHpesteas theisoil
preferred to nmonitor both sol.yt ng .t JURG+1 O

Accor di ngl g,s cf’ﬂ‘galcﬁ\??r?!t [ g%@:%v%% ! prl L&v?‘&gg’%%%ﬁgdg?o@sﬁ%teégt ?ﬁght Elele :

r esi st anceabsoflukes gidvemendn anthdde mebeundiv i ven into or onto it, which
met hod conprises observing the novenent of a reference point on the inpact

menber relative to the ground,|evel .using,a system of the inyention. 10
Pref er aBl yACEREGRHYy i & pF-Pé(&nP&OPhegazﬁﬂpaﬁf‘?‘Eff?%ﬁ $bi peﬁ&gpngggﬁ
el astic chaegectingndtibet peshetaheel Wi tive t soal fovearenimpackt t hembebound
of the article at.th nd each | il ' I : +apd
conpacti ondFé'Vﬁé’l f‘éa'%vxﬁgnoﬁﬁg gﬁf e'ﬂii.éoﬁ %e#%%ﬁﬁgﬁég?ﬁgkgﬁﬁgarg &rence
poi nt and mbvenientdedr e referenanen poiaicienptheddmpasitnBEmaeEi Fehdbavees. |t
'S also Preberind 19-ghag! Weddt Rig OB Obybtén' B! thee PRYERtELNA
monment during operation of the nechanism driVving the in a%t,. menher i.pto or
\wito t ke sBrefgmablyo dheamethadt dss appd 184 ithy ﬁQg‘ggF &%ReChafiPdm and
2? tﬂe | MRAGH neE EiE fe 1 4R EHAFACEEr Tald DRAUI NERe dbsodutle wedtieaandi ng
gescﬁi gedl %%\%tgig%%ﬁnad ﬁ{ee f:?er}gggn 50f eErR(e)d'ar f&letQErEﬂé eiﬂiI sz QQthe

driving impulse are measured and compaction is halted when

the extent of vertical movement of the reference point and

15 the degree of rebound reach pre-determined minimum values.

- It is also preferred to observe the position of the
reference point at a moment during operation of the
mechanism driving the impact member into or onto the soil
when no dynamic forces are acting between the mechanism and

20 . the impact member. '

DESCRIPTION OF THE DRAWINGS:

To aid understanding of the invention, a preferred
25 embodiment thereof will now be described by ‘way of
illustration with respect to the accompanying drawings in
which Figure 1 is a diagrammatic side view of a compactor
for use in the invention; Figure 2 is a diagrammatic
detailed view of a sensor for use in the compactor of Figure
30 2; and Figure 3 is a diagrammatic representation of the
output from the sensor of Figure 2. -

DESCRIPTION OF THE _PREFERRED EMBODIMENT :
35 A compactor comprises a crawler or wheeled tractor chassis
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illustration with respect to the acconpanying drawings in which Figure 1 is
a diagrammtic side view of a conpactor for use in the invention; Figure 2
is a diagranmatic detailed view of a sensor for use in the conpactor of
Figure 30 2; and Figure 3 is a diagrammtic representation of the output ~

fromthe sensor of Figure 2. DESCRI PTION OF THE PREFERRED EMBODI MENT: 35 A*f :

conpactor conprises a crawl er or wheeled tractor chassis SP806. A2 27

Cct ober 1992 -9- 1 carrying a generally upright support tower 2 by neans
of arnms or hydraulic rans 3, 4which can be raised or |owered to adjust the
hei ght and till e&rryieg a. gﬁoﬂﬂIZYCmtaSQmMﬁ rtowers % bylergans of

mount ed or JOUélﬂﬂglsil hga&samlaoa-aﬁs @XI a wmvsﬂr%a&a dé*}a{féélf%r tfb&éfed'_;"

tower. A wnc aps.(not sh dwn fgrowde for rarsing o

| owering the g'ﬁ?d@dﬂpﬁﬁet & hrdghbnepd dovere 5 -Javern agarrles
hydraulic ram@ eﬂramelsxnmewpfrmmé@gﬁ fn&sumané‘d)rwéré&mator

fluid trol t d ty h

bi ston rod 9 deHah BOURPERE T HENCaPRPG L EOdFRScEaMRES b WG (R fer

journal | ed formeansal (noteshownin Jtmqngwmdrﬁar Saishegf oot lawertimg)uihie

frame 5 carr|q$¥§d50fggﬁglgﬂ tﬂgtto§g 9 agai nst which the wei ght 8 strikes:
0

at the end of ownward travel o0t 9 bears against the ground surface
and progressively conpact's thesoil with each blow of the weight 8- agai nst

(e s [aco ghbosiond'y, Scsipres s clbn v 117
Fal1 ort ockd camdeet 190, Eadetlinn WEbsCRBYRDtIGNeY 214 Fonak TaLIRE,

. noves upon towwmcﬁmulatorsuhadsoomﬁﬁomisystansxmhotlsﬂownoe tmhenpisﬁoﬁﬁ
travel of the %és’ddel 168 et 62 Uktdlids ' 6whGh 1§ @9SaEL08 U LREhERE

and t he reboun
slldeably journalled for ax1al movement on the guide frame -

5. The foot of the gulde frame S5-carries a compactlon foot

15 9 agalnst which the weight 8 strlkes at the end of its
downward travel. Foot 9 bears: agalnst the ground surface
and progress1ve1y compacts the ‘soil with- each blow of the
weight 8 agalnst the upper face of the foot.

20 As shown in Flgure 2, the gulde frame 5 can. carry a- serles
of magnets 10 which trlgger electrlcal pulses as they pass
a Hall effect sensor 11 mounted on the" support tower 2 as
the guide frame moves upon tower 2. The pulses emltted by
sensor 11 indicate the extent of travel of the guide' frame
.25 and thus the termlnal pos1tlon of the frame and the: rebound
which may occur at the end of the fall: stroke. Alterpatlv-'
ely, the guide frame 5 can be connected by a wire or-line 20
- to a spool 21 rotatably mounted on a screW:threadedﬁrod 22
_ carried by tower 2. As the guide frame S rises and falls
30 with respect to the tower 2, the spool 21 is rotated. The
" spool 21 can be spring biassed so: that the line 20 is
rewound as the guide frame 5 rises. This can be used to
move rod 22 axially to adjust a rheostat to vary a -voltage
or current to provide an electrlcal s;gnal correspondlng to
35 the terminal position reached during movement of the frame
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whi ch may occur at the end of ‘the fall stroke. Alternativ- ely, the guide
frame 5 can be connected by a wireg or=line 20.to a spool 21 rotatably
mounted on a screw threaded rod 22 carried by tower 2. As the guide frane
S5 rises and falls 30 wth respect to the tower 2, the spool 21 is rotated.
Thegs spool 21 can be spring biassed so fl@at- the line 20 is rewound as the
guide frane 5 rises. This can be used to nove rod 22 axially to adjust a
rheostat to vary a voltage or, current to provide an_electrical signal
corresponding to 35 the terfinal position reached duri ng novenent of the
frame SP80%: A2Riterpadivelygothe rorafiom ok, FRPPYeRY  CRRe ACHIRLSIR of
spool 21 ceduRtérabe PoLAteicarmwiRDER! €dn Ben wded iasctley Usegidieé gt |y to
gi ve a visual disal.a§ to B_rhet?_gqerator or_can be uged t o .generate other
signal's = u%+Age! cBAFRAEY oD SIRETatRn, Ok FRR BE, BERA (0 FFCHRNT t or
“the tern nathepsi tsignalst hasjmgle toawvenSiomhd ouspynalr opudeesssimgdr 11
or the gh : b r 'deﬁ'nﬁ aln L r&fd or of
t he con%agg(é){:ﬁﬁigﬁlaﬁd%%miﬁ% gte%rg;e 0 h?gn&l%ir%&n&gc ?e&ieig %(Iﬁe(géch bl ow

of the wei§%@m8. 5The operator can thus readily perceive when the conpactor
has achi eved the desired effect and shoul d be noved to conpact anot her

el oot r oni cThe GHHRHE TEroR RS RPRHGH Lin OF P8 SREVFERE) S8R JHRIUSHEED he
change. i n peovidel apvishadndisglay tebdied operaitorygeifdche aompgactmches a
bion abfi cvidteRbrhE PheReired df Uchilnrld pbhisVen o hofiato Y 1as
future refthenveighhe820 FTheeoperptosmeas ithnsc eagd 1yb mersedyenvihrut
i nterruptiplet 86mPAEESE Ris CdchiEvEQERELASE FEY | eEf SR drite shderd B¥
compact| Cmmovcg ntobe.conatfia.ccl:J ata%'o e%oqorgaltl.fgn. toTh I Voeutput from the
sensor or rheostat can be fed to an electronic or other
15 means to give an audio or visual signal when the change in
terminal position and or rebound of the guide frame 5
reaches a pre-determined minimum value to indicate when the
desired compaction has been achieved and/or to provide a
record of the compaction process for future reference. The
20 extent of compaction can be monitored. without interrupting
the operation of the compaction device and the extent of
._ compaction can be accurately controlled to give
Y substantially uniform compaction. over the area of a site
directly by the operator of the compactor. |
25 g _
As shown in Figure 3, the output from the rheostat driven by
the linear transducer 20, 21, 22 of Figure 2 will have
values A and B for each impact blow of the weight,
corresponding respectively to the position of the frame 5 at
30 the lowest point on its travel at each blow and the rest
position of the frame after any rebound and before the
weight is raised by the ram. As the ground becomes more
compacted, the change in the value of the signals A
approaches a constant indicating that little movement of the
35 frame 5 occurs at each blow. ‘The difference between values
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substantially uniform conpaction over .the area of a site directly by the
operator of the conpactor. 25 As shown in Figure 3, the output fromthe
rheostat driven by the linear transducer 20, 21, 22 of Figure 2 will have
~values A and B for each inpact blow of the weight, corresponding —
respectively to the position of the frame 3ijat- 30 the | owest point on its b
travel at each blow and the rest position of the frame after any rebound
and before the weight is raised by the ram As the ground becones nore
conpacted, the change in the value of the signals A approaches a constant

i ndi cating thad andt Bewiddermkso ofechease &saftbes apotuts off mmajtmn Cfﬁe

difference betyge nc¥ﬁ#ﬁ%§eﬁp@.ﬁl%§€w%ﬁ OBEbw)92nd l'én"iﬁ‘éd tha -

decrease as the anoun rel axation o he compact ed soi |l between
and hence the decEeases.dediddher orppotdy of bheseoreintionships; cﬁ%llﬂ%

can be used tq,gled e£8i aetehailneaitst | th@Ss8£ENhasbeent €dnpddted #esthed
extent. It vmleé be a pﬂﬁgla ed that the signals of the-type shown in Figure

3 can be pr%c sing conventional signal processing technol ogy

and equi pment to provide a d| gital or 10 |inear d| spI ay to the operator. -
SP806. A2 27 r
detecting the degreell?j?ga JIEI%% or reaéﬂfeanc ?nfe#lgt?: %ﬁ&ﬁ@ 18

during the opdft@nee %fcsnthe meeﬁe%f%ntb%teﬁm@rwn%%%tmnﬂ@mab
ram for - processing technology and equipment to prov:Lde a dJ.g:Ltal or

10 - linear. dlsplay to the operator.- ' - g ' \/
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repeatedly reciprocating a weight in a guide nenber sao as to inpart
repeated i npact blows to an inpact nenber which is to be driven onto or

into the ground by the said repeated inpacts; a sensoermmgmmﬂjlm|
givve an electrical output 10 responsive to the relativ

i“gact nmenber with respect to anot her genber whose vertical® p05| i on
relative to the surface of the ground into or onto which the inpact nenber
is driven remains substantially constant or varies.ijn a known manner; and
di spl ay neans responsive to 15 said sensor neans for indicating the

i ncrement MEAR B COAEMBATBee extent of novenent of the inpact nenber with

respect to the surface of the ground for successive inpact blows of the
wei ght on the inpact nmenber 20 2. §stem as claiped in clal m 1,

wher ei n t e systienf¥SHEM dar ang?Ftb’égrp bej GeTRRR RT uCPMPachdom or
hydraul i c Fedidtaniesi RoOPEnRtatiiontofigeoibt daringpehei operetictarst ed at

he base qf i de f hinwhi ch
bei ng. car P ESBHOR - Bhhan o £ VLA, Pl Bk, ThERI G, FeR £ (3T
as cl ai nedcepeatedhy 2rechprecating a avetightt moai guddeahembertsa\vas b the

Sompace! St Fenddd ffpd L8R s 200 BC inback naRBEL PRI PO O €

sensors 3 on or SSocl at1 on action oot an OI’
gui de frafke wirdNear corbap3d mt@b§bevegwd)rbyortélq n8Réda repeated by the

suppor.t ”&‘iﬁ%&@ﬁ) P's S eI aflapted QMS%%% @radEs ¢l ddtit of
cl ai ns or wherein 35 t he fOélthﬂ of t ﬁ(ﬂfga#ch rrenber I's sensed by a
\Li neaﬂ%PQ’(ﬁ?W%’?"?xi‘:@o § o§9-ative ) yovement e %ﬁ%ﬁ"ﬁ as
clai med i wiilai mekperttbstant anbthens nembmbehose dmtbeallvm;idsiﬁe’&mct to
Figures 1,090 8% we MEFRA S End" §46083 into or onto which the
impact member is driven remains substantially constant or
varies in a known manner; and display means responsive to
15 said sensor means for indicating the incremental and/or
cumulative extent of movement of the impact member with
respect to the surface of the ground for successive impact
blows of the weight on the impact member

20 2. A system as claimed in claim 1, wherein the system
comprises a soil compaction device utilising an hydraulic
ram to reciprocate a weight against a compaction foot

— - carried at the base of a guide frame within which the weight
- travels, the guide frame being carr:l.ed upon a ground
25 travelling support mechanism.

3. A system as claimed in claim 2, wherein the terminal
position of the travel of the compaction foot or the guide
frame is adapted to be observed by one or more sensors
30 mounted on or in association with the compaction foot and/or
the guide frame which are adapted to observe one or more
indicia carried by the support mechanism, or vice versa.

4. A system as claimed in either of claims 1 or 2, wherein
35 the position of the impact member is sensed by a linear
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6. A et hod for detecting the resistance of the som en

into or onto it, which nmethod conprises observing theJMnm
reference point on the article 10 relative to the gr ! , OQIHQP

system as clainmed in any one of the preceding clains.

claimed in claim®6, wherein nethod is appli®d- to the corrpactlon

soil having an elastic 15 character and both the absolute vertlcal .
novenent and t he rebound of the weight at the end of each driving inpul se

are neasured and conpaction is halted when the extent of vertical novenment

of. the refer cht@ng@neerand/ or the degree of rebound reach.pre-determi ned
m ni mum val ues. 20 8. A method as claimed in either of clainms 6 or 7,

bper ot on of "Bne. harSYFEER, 47 AR hiteS IR i SbsteRtaRd 156 R
when no dynanherémnbefoaeedecrn.bgadZGu.theraspecth’eOrm“gmfdsttlmnﬁalngtf tle
her of nbef of e SeceRPRBYifer R, o the- Sicofﬁsiﬁ;fiﬂg' i ;zm ngs. 30
SP806. A2 27 Cctober 1992 .. .. -
6. A method for detectlng the res:.stance of the soil to an .
article driven into or onto it, wh:l.ch method compr:.ses
observing the movement of a reference poz.nt on the. article
10 relative to the ground level. using a sys_tem as claimed in '
any one of the preceding claims. '

7. A method as claimed in claim- 6, wherein method is

.applled to the compact:.on of soil hav:Lng -an- elastlc
15 character and. both the absolute vertical movement and the -
rebound of the welght at the end of. each drlv:.ng :meulse are
measured and compac_tJ.on is halted - when the extent of
vertical movement of the reference point and/or the degree
of rebound reach pre-determined' minimum values. '
20 | - . ' ’
8. A method as claimed in either of claims 6 or 7, wherein
the posit_ion_of the .re_ference'_-point is observed at a moment
during operation of the hydraulic ram driving the weight
. into or onto the soil when no. dynamic. forces ~are acting
25 between the ram and the weight. - - '

9. A method. for operatlng a- so.1.1 compaction device,
substantially as hereinbefore described with reference to
. the accompanylng draw:mgs.
30

SP806.A2
27 October 1992

’NE .



