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system for generating and transmtting the desired seismc signals into the
earth. An 60 overland carrier truck 10 has an engine and cab 12

nmount ed ' ' . ' '

percussive or inpact device serves as a force pul se generator 16. A

framework 18 mounted on the bed 14 by neans of flanges 20 supports the

pul se gengrator 16. A hydraulic power supply 22 is also mounted on the bed 513
14. This power supply tontains a suitable hydraulic punp, reservoirs and 65
filters for deveioplng pressurlzed hydr aul i gslgyd d, such as hydraulic oi

s ot e b T
5 supplied to and re % E@ 4 and
25. Qther hoSes 26 cg %&"“ﬁh@&ﬁﬁ HE hfar iR bw s REITY 227 ay) Bt
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rai sed, the saddle 3 mnagpmpsbm&f&éeaﬁ&somm& sildblg @t S
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cylinder 40 | owers t [haseplat ereammteﬂenambed t%a&fama tl blea chabpor! 128 to
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of the ground, ﬂﬁllssw.. hln t e transmtte force pu se spectrum The use
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t of valy € uni
40 The control gener aidfil 1fea"r§$f§&nm! woi 110k G fE hATAREr 600THe kit histogynal S
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master clock which pr \&(ﬂn ¥ T 8pr6viding” Jc&lrmﬂ'n sequénc&N@f Sforce pulses havmg
45 Fig. 2 shows the fmédheermuied;ammnﬂsaﬁ the sicﬁxemdluwln bassted ithat £ &0 us

in greater detaff. A displdcement c astrboes iy Fiss Haand265undprapesrap abaunt shafge oh o 63
hamrer 60 can oscillate in a direction axially of the housing 56. The

hammer 60 has a mass Merr] which is driven to produce an inpact event
during each cycle of its oscillation. 50 Fromthis inpact event the
force pul se i s generat ed. 50 The hammer 60 has a
p| ston portlon 62. It aI SO has end sectlons 64 and 66 V\:hl ch sl | de |n -
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55 Pressurized hydraulic fluid is fed into the cavities 74 and 76
fromthe controI 55 un|t 50 Wnlch IS connected thereto via ports 78 and

return by rreans of valves in the un|t 50 to effectuate the cycIrcaI

venment or oscillation of the hamrer 60. The time history of the notion of
@ hamrer 60 in relation to the electrical signals which control -‘Qg

h/ s hamrer notion and the resultant force pulses are illustrated

herginafter in Fig. 60 25. Thi§79rgppon history is al so shovvn6|n Fig. 26
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end 64 of the piston 60, such that the signal fromthe coil 120 which is
I nputted to the paraneter generator of t he tlntng S|gnal generator 112 is
proportiofs . ~ Hor—a
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the initial response of the load circuit when the switch 146 is placed in
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t hat wascompares o tHosdlused ir tribratoma g gmre toum(etgh égosem) dhis haspact . Equation

shovpsen Hene in peder Hdk*’& ithsrbage-plpts igl ?Jﬁ Y5 “"Gfth err],is 15

préﬁortltﬁﬁﬁjﬁ:"t’%f% g ﬂl ‘{tdtfﬁl“‘g nve gﬂ,&h he r&tio of [err]

[err]vlo QFsbrEutesit fomqrvaaﬁe ase a&ens mt:a givaiiriss to | N order to
| ncr easgbrabheﬁ ﬂas%e/;@g’lteothercﬁemr jout d&cmvdsl: t r%ags toa %r adi ati on
ti verappp h g“ ! rall desr-rable
h't h oils Yo
t hn.:iﬁﬁs IR N @méélé? ‘”erm‘ae'iti”ns a&@ WRRIA |t Géidred 20 i's
a feat uraﬁxa@ils ghkﬁwdtliw&éﬂotdﬁlmly, 6i aarslremsh transmufedtthmdof the i rrpact
spring, dap@gsto therhaby nlate prd hﬁ@l fé?taém@%‘ MW@C%HH"IF*’APQ@ th¢ 0ss section. Base

pl es u‘§é ‘ieﬂ 33 t echns ques have
onnsnd ‘;ggﬁg‘%m f’ bEé ;‘ﬂdtﬂ’é for quﬂg’do'ﬂgf

ge ithinGRE RS idihab e &1 gnal generators
(e. g \/ﬁ»ahd osmaqs)nmel'bttmdhmfrobeﬂnw ﬂmnemyrvf ﬁrtdehlslt bednew of fae base plate |ight

in weight, Kasowwe b‘;{ ﬁh EPlate'fsﬂi '%?%d Pherein, and to
oy (ot e i SRR L T [
spring plschN accordance wth the 1 nvention absorbs the bl ow force and
di stributes th|s force over the base plate 28 without giving rise to

t rapped str é‘é) ;gé ot her del eterious effects which m ght cause danage to
the base pl‘3Q nd gr the hamrer. The tenporal distribution of the force
(viz., the 30 tailoring or sha n of ther npul se with ti which is
acdérrpl i sheldsingsthesg valves amBﬁmMP%@ﬁg ﬁg °(§ wiffnep ¥’és"°%'%@‘°énerg transfer
and pl ac@'§sef‘t"d\mtﬂl'ﬁ rovnddo dhss# faoy diamste ‘Ts IH8 A% dt h. Accordingly, the
signal strength transmttedpis d, damage to the base plate and the
hanmer is avoi ded, and eff?%@%%éug ﬂﬁgatlon of the generated energy is

obt ai ned, through the use of the inpact spring Consi ders now
hog t he }W eahrra engv\/f o“(?%’( Efe"é'alﬂ’%sr f’O'ﬁF? Re-Akthisn of 5035 ener gy
Rst erfrefiuetey Sfepsy "&ndwi dth. Take the band width to be a

band of frequenci es ext engi ng,fegn @ | ow frequency of [err] to a high
frequency of f2. For pyrposes of exmspivesecdnet the base€s)pl ate 28 radi us,
rferr] be two feet and tlag ba2s@s5 pl ate nass, [err] be 2400 pounds, whi ch
s a conser atlve Z “'Ijlgg s%allat al ues 40 of the density, p, shear
nmodul us, a'& & AsSpETesa f5°F T €rr], of the earth are given 40 bel ow
G=5340 Ibs/| n2 p=2.1 x [err]Ibszl4¢d13

Xpu=w,M=2775 =2930 Ib sec/in (6)

386



,u= 1/3 45 Usi ng these val ues and Equations (2) and (3), the

stiffness and resistance 45 presented by the ground to the 4 foot dianeter
basepl at e—aFe—R—=3-6+060—t—seett—it=/+/—060—b5 R 4
Consi der the case where the upper frequency of analysis, [err], is 75 Hz.

At this 50 .. frequency, the stiffness reactance of the ground is

50 K, 777,000 [err] 777,00 1650 |b sec/in (5) [err] and the H
mass reactance of 'the base plate is 2400 [err] 386 ~ 9

1,579, 842 9 |5799;2In t he VICI nity of [err] g

t he ground resi T T e T
the base plate mss ondtbiduet d RG] ?t“;:::;* 13 e e
t herefore, \t/o si npl i byssib ethaqr&e{aJ ﬁm&mﬁt quhh alé?t dufl -of tt(ifh'!‘ ktlr&?é&&ﬁ
in Fig. 5A ~valid dufFigndA.tvhlid duoing the tcomtant donation dfthetHamrdeammM rvﬁrshshe[xmbic} WI t h

the inpact 5 spfRf
5 This contact durati or:gh'f &gt dmatmnppf’o&?%‘f"é’?%’“’i’p - [err]

71 where [werr] is the parallel resonant {requen§§ 31 e hanmer mass [err]

with the inmpact spring stiffness K,T EF S lka p® esul ting fbfke pul se
will be approxinately that 10 aIf Si d, with the hamer
lifting okd the sprin accel eratlon 10 becorres ositive upward.
For a half sinusoi d g‘lg‘f’gﬂgfﬁ Isgiéa{%tfgs'oeﬂﬂf?g%ﬁpﬁ O?g 258 Kithighe i pact hat

il lustrated by jphe s CSHEAG ivAth LD harin wgg?: 'ﬁeé‘mef g’j‘ﬁ ki ch o
the spectral |evel E()écpmesmsmduemhr B bel ow that of requency

asynptote is 15 g oid force pulse the corresponding energy spectrum is that
15 fo = 0.6 [err lev lgﬁ] IZI eﬁg %B%B 61(1%1&(#. ﬁteqcy, q!}e uenc as m?:&tﬁ’én 80%
of the energy i t heaﬁpecrxﬁﬁatayr se Is con | neé req enc§ ’é b&l ow 15

[err]. Thus, the frequency [err], which is 20 ¢ intimately t|ed to | mpact
spring stiffness-hamrer mass ratio, can e=@eﬁ1a Bd to the 20 frequency f

which is the upper frequency of the analysis bardd. The force pulse is thus

tailoredto place the mgjority of the energy of npact bl ow bel ow t he
upper frequency of the analysis band, |egd] Apn ef ficient proélks. At
the sane tine, the broadened force pulse ednc tresses I n the hamrer' and
base plate, confining 25 such stresses to the | evel s required for

pn

adequat e si gnal ener gy I It e (sne Fig. 6)tmmbtpeh¢rdﬁ%rofﬂm l!fl!llBﬂ@Sh qmrqulsef t he
anal ysi s band ig set ;B m&éﬁ@ ﬁl{ffg‘tfguﬁgffﬁ%neg - ‘%‘r % Grsthe o
ground begins to excaegheh pbepq 1sn
Appr oxi matsel y, then thustwuil dﬁaxulannt e joriy3of there ftHe lmp ceblb belowthe upper
30 [err] [err] 1  4frequen Yg%o?e apﬁdsadmgrtom lc time,

S

appr oxi matel y [gfr] tﬁf sﬁt@sié m&.& 'gﬁ'f" al | s

flat, with [err] and erne]robarmut 9f anfaB/sis &ndl fbsltheeaﬁaiwn
[err] may exi st, hovvettf&wss rﬁayrane« the attoumhqums poewseed the msletaudvelssoblawémth 35

dja
transmtted energy f& F ;rﬂm &eétrf’maétqﬁattmhjez)a%)enétgg| on of energy within

the 35 ground reduces Soci R definitive

limtation on [$fr] may be the | onest te ition frequency of a force pul sgg
sequence as w |l be described hereina EierR For the exanple given above, the
resonant frequency of the base plate nass 40 with the ground stlffness
i s 1 4 G _1pa g 20 [err] 1
[err] 777,D00 306 1 [err] B lormiryw.cio aanuati (1 =56 Hz

-

Thus, in this example, between approxrmately f;= 12 Hz and f,= 25 Hz the
energy spectrum is essentially flat, with f, and f, bemg the -3 dB pomts Useful
_ energy below f, may exist, however, for exploratlon purposes, since the slope of
® 35 transmitted energy fall-off is modest, and the attenuation of energy within the 35
ground reduces with reducing frequency A more definitive limitation on f, may be
the lowest repetition frequency of a force pulse sequence as will be described
hereinafter. ‘
For the example given above, the resonant frequency of the base plate mass
40 with the ground stiffness is 40

( [ K 171,000x 386
B* 21: z7t 2,00

: .
| (0]
]
)
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10 which falls within the chosen anal ysis band. However, at this frequency
the—resonant--Q of -the-seriestoadeci+redit—is gwen-by—[—er—r—]—-[—e#e]——ﬁ-er—r]

[err] -0.22 1 O 00Ox386 5 For this case, then, the

resonant |oad is highly danped and its inherent 5 L resonant
aracter can be ignored. The sel ection of appropriate values for

@m’er mass [err] and inpact spring stiffness K, will result in a parallel
ghant circuit [err] QP 10 spdypr the circuit of Fig. 5A fqaving val ues

ge - -

hal f - si rhi g“-‘c Fadf"ércl?% h‘%ysfso‘?"t‘} avever &b hip drequsareed. The val ues for

t he gr odFg"§: 1o 08 BBV FYTY v pi cal | yet subject to substantial

variation fromlocation to bgdation. Their variations wll however have
little, if any, effect uﬁﬁn—gl-re—upper frequency, [err], V\/nich S Iargely
determ ned by [err] 15 ahd K,. They may, however, have nore effect upon
the lower frequency, [err]. 2k%%8%2400 15 Equation (9), it can be seen,that
when extension of anal ysQs-bangdw-d+h=0.22 | ower frequefld) es is desi red base
plates of large radius are dO9¥aBty used. The spectrumlevel E(f) as shown
i nsFig. 6 ipgr MOPAEL! iheH)ahe tQokddf 1dali T8 niHly AdatnBly Qhd hhm@reatce pulsse [grr] and
the pealtessdnti @hdictérivas be Ggmeedp Thé eeldceion fa;fﬁpmm el vahuks for 2
E (f)[erhp.]nmer mass M, and impact gpiring stiffness K, will pgyulyjnea gﬁﬁ@[ebyesqqqntan i npul se event
E, is pr¥p¥ttional to the squase of he peak force and the duration of the
force or Ef[err] romthe rel ati onships as set forth
|n Equations (I1) and(lg)’lt Elhn Mq;e that if the energy of the
ul serﬁeqvegt&l c|u€}4orf1el d constagltu whi | el%!t he glér atron |s g,%lluﬁd éS t he
p tru ! um‘"%‘ is is shown in
Fig. 6,  Whehevied o "gga d ﬁﬁﬂiﬁ bggeslee tybieAll ef bideh® spectral width
has doubhtsdmaﬂdarl jen Erp:edncammnt Rma lonBieirlvadiations wilk hgwevér,laeens t he spectrum

resul tirig }Q,g? effpst ¢ l@‘fe ‘Ehgéﬁog fzr‘ﬁ*ﬂcigfla{m rdF'G fdép M, pul ses at a
cohst antel Anatibt Tt DSy mé’ﬂi ai,d“w{‘dti rmwwt erval [err]

bet ween freqfﬁéﬂcl Qi’sQiesut&tl 5286 plats £ 6f gg radiys drédéshﬂny e®dal for the entire force
pul se tr ai iThe $pestrumnlgved E(fhasshown inkrin6 is pravertionahtathe ewalrriw tianp t he cut of f

f r equend® YedPTop PHES Sndiith therpek ypluegof ‘f‘ﬁe“%‘pe‘l‘fierlfrms‘?% i538ken up into a series
of 44 i ne corrponents spaced apgm ~qu1r gt ance [err] and(epnfined 3o an

envel ope a3 eSeIPewny in an 1m;9.|lse ve t 'eC pro ogo a mthe 5 Xo“i'l h(ape of 35 the
i ndi vi dqr@,lceg dQH 1§,eof@5|(§,&1 ,t:h L the” envel o e of the spectrum
of 35 the sequence of force LS events. For a gi vgﬁ ener gy per inpulse,
the line levels for repetitiv "rnlg{l }ses are proporti AW to the repetition
frequenc Fﬂ'dmetlsoblnmbnbhxmeasectvfettb quratlcﬁlsgll) #nd (1Pt tandteseent he cgse where t he

arrer'r ajf th ngt Yationdphalvedi on 4
frequenéSfe ?’ ngﬁ ;%Z‘:gﬁé (}?(’r% Eﬁﬂiﬁfﬁo PE‘% line envel ope.

|nce thﬁdrc&um4€»eahae med. as many |nes wrt in the enveI ope where the
? ti t i on Figr 2shownthe SP@trfl esyltigs ﬁeéamlleatmlfo e fpgceany y i4mpul ses per
rl:: ges‘%;ﬁjgﬁggqﬁ T‘%‘La" rc e n8 WP hi ghet” t han those
for [er Ichati a8 ﬁrrre uernsyf egﬁows FkOg, thot h cases, the
enveI Opepea:ndmtrhb'okﬂnttmfrhtofarse esexﬁhnee&nmneentshea@dtmrt aedmeptt ffor the 6 dB 45
,— en@ad ¢£9p ap el oge, shown in Fig. 6 which is determined by the shape of
he r‘%:gogg i@ r,% llﬁufs “\mﬁ'l etaRishesithe puFlPPL.ofitht T"ﬁ“b“é‘é? for resql ution
o refl ect Foga siveh 36&8y pdét mﬁnpehym el leRIPoP Feptiitive, impulies @redNy Qi ven
refl ect mropmiOhalbrethememtmdrealsenseﬂ'he@hd)ﬁnereefdlmuldf §70Huse demal strength spaced

in,timeft s} "ﬁlr NFI% e uti}g zed,
reﬁaet it f'?:‘ﬁ' "C’é?#agm upiiﬁcth{%r d%@hﬁ%r?g%{ieu&?n@&éd%é%mﬁ% ?erre such that al |

acoust i emrcefhle&cm icel a5 @nmping ulsem:ef omcﬂm UllheSledmdlml Bpe leﬁtﬁs foecor ded before the

next pulfaarogdB higher thpaghkose ‘J{ym E& fdentic gglgghsum ng and

usgj?l ly é&%ﬂ"t E":@g@umg%f‘f‘? i H‘f'esrf’éﬁgy‘e Is'ﬂﬁeatef%ﬂ oheF S 45 11
The repetitive spectrum would not be particularly usdfill for resolution of
reflecting surfaces in geophysical exploration, since any given reflector will be
observed as series of reflectors of equal strength spaced in time T, apart, Past
lmpact producmg techniques have utilized repetitive events but wrth sufficient

50 spacing in time such that all acoustic reflection from a given force pulse can be 50

recorded before the next pulse occurs. These techniques are, however, time
consuming and usually require many repetitions at many locations before an




adequate signal to noise ratio is obtained (viz., survey tinme is quite
prolonged). Wile the nmethods and apparatus for providing shaped force

pul ses

produci ng techni ques as have been used for seism c exploration heretofore,
substantial .i nprovenents ean be 5 obt ai ned by providing sequences of
shaped fogge pul ses having predetermn ned 5 formats as wll be describedé}i)
hereinafter in connection with Figs. 8 though 23A. Returning now to Figs .

2, 3, 25 and 26,“the manner in which the pqusma,generat or system serves topy

generate the siraped | Fru S ITaryr gu nu I o eaUentes pmlo TLSES

havi ng predeterm nedy 1¥|t§ oﬁéqgfg)FﬁﬁsggHé& ??{Hﬁﬁv M&% ses wrlla )ll now

be discussed-in gr eaiu@ﬁt Rl iadp ovements if applied to such impact producing technrquesashavé.O The

tinme hist orQy’ o:‘,\% not i bw:;loﬁettheShmrexpk&éhqn;herdtbfgstosmtéﬁtlai ;‘mrﬁfp ?:HQB;‘%FI

Fig. 25(a) shows the QUERFES to

the piston 62 Fig. %Tﬁga Fiéglgr%? terl cong:cet S§'§ i’%‘s;?ma 23525( c)

shows t he; reI ative t gemenagpr @jst swenmgdnemeenhe ShapW t‘dncermﬂes mrdtveluillyrami ino

Fig. 25(b), h sh@ﬁ{se Ises havms: eerarnesrreteahomfawerma aahraelisydent |
oM

he zero ofdi nife &'ﬁ"“bﬁ.ﬁ“m.‘;‘,‘ﬁfﬁﬁ HARAEES0 i© Bulehuedah Figdlas GRDIGRC
with the geceiver pi FIgQIS(aS&nothlﬁQ G bf théhydreRlieRELRF, WElidd (ithesiitoree;
corresponds to drivi {rg Zﬂﬁldt;heveqh%{;wu %hgm?motmgn%@?& Ri(bghgﬂnéﬂ;# elativef t he
cavity 92, as shown HPINR{OfIeIMPARY gvants. wl'dIFlS f %‘ EI awa
Fom The-houst 1558, B0y ppds T dita I §§ﬁk s onhir cHtelals 0 2
il lustrated in Fig.  Agativp- x et naamnidsaé dhhﬁg hrarrleerGﬂstomSFi thegigid, in

the plus- 20 X di remlil hﬁg Qipdlsﬂ?“ﬁ’ah‘t?&he a‘Pr3 m t he
i mpact positiong, | np&EY Of" lpl

*f.ﬁﬁféﬁ%éé g& in §ﬁ§“rs 20
at time [err] Foll OWXQﬁl'ed:tﬁbhEb sp&ﬂﬁlf(ﬂﬁétlonto AN awa)) froin 35 imGRs posmon
negatively, follow n thvar:teciethc:elra est60non8mp rgwll 1 pistoncidoengurs g tinkee T,
pot enti al energy sto %Shamm" difnlaces §°Pg Y°E31 a(P'F ingether ned

%rﬁ’%aﬁ.nfp °‘%&§r°é}f

to the hammer Th@f;ﬁﬁgﬁsél @r\égm PRE zer o
ordinate |i ne. a fdtiinas toand zeﬁtdr&ﬁaté T,rom Shmarmh@mrby and

has transferr ed | ts K¢l |aed é el ith kingt espigtent, he
hydraul ic force on t %{ ﬁfvﬁa'}‘r t° °r°tbj§ereby
accel eratisng thg ha Wﬂﬁralﬂ ni, ssr 1§t6H'H1sp rﬁen$iM ﬁ&dt I me 30
[err] is 30 des aloacbtcyaweaanyt ﬂeéucrnan lirr te pubse onagy Fasfeosd ibp ghef nnechrnat on

di spl acenent under r &%8 to avo uctro |n th

chefoy ¢ anst o1 od Dyupll FRUELD L r-:’cté@fr‘?armr tﬁitaund
vel ocity and thg upwamdm :caoeeacﬁaatﬂra;snt e,e t’?l’(ﬁ:rns &mtaeexﬁemm drams)

i npact at an ever inthe f onse e pnt the hathm WBQledtothehmml@rdl

prescr i bed zftscrtrrft%@?a%ﬁ%% i &rrpﬁ‘t&?%??at?égf‘wé%‘l gt

direction (seedBig pldtdneb prdrraatarbi ar& titheoveithesead foore apbliddnat |a| st orf0

motion. This swi tchr st‘i“ﬁ*és ; 3 é] icf ?rge is ?)PPIIY?\L

50t hen decel orat 65 JBRLLS t.r.,sremé%%m Pl e T T oo
shown as [err] in Fi gontedbifals e]aad amméan Of tha systems tamyd reatafta.omrtron
[err] for an arbi trarcymwwe WAihtl’r‘thZéf’fmdeIAc égl i ed. At 40 subs%{%uent
switching time [err], g, 'El [ﬁ' E’mquo "‘?@“a\b%i“ﬂt%tﬁﬁwté'&f' Bt he
hammer accel erates towar |r‘rpact| ngithe receiver piston 82 at
time [errlk. The holding tines and SWi tchFr?g;=t—r—HMsVare predet erm néd i n
accordance with the control signals [err] and? [err] by neans of the systens

to be descri bed her ewhek} By isithe Bydraulic forcoom ¢luet hapmmeri60in meﬁawngqrdamgctgap\

45 The Kki«etic 58ner gfasyumed sﬁ%ﬁm\?é ‘;'@Frﬁ‘p‘&lj ":I%;é lg’f 2 &%‘%;pral 30
energy it held at po%v'hfl Sﬁﬁlé dtion 1S aﬁgxﬂ%{l velocltyV which is indi EL
where, FD is the hydrsla 6fCth ﬁirﬁxﬁer&rtuiétlﬁst 15(b)£ aetide®gyar d di rectron
50 (assumed const anfs wepudmtddaamenead Etort raghigforge Fpg‘ sig

vel ooty "50% por diinichung Qg e R ey o
transferred to the t,éon appears as fe ound vel oCity
V., which is indi cated as the sIope of the hanmer's tine history curve
(Fig. 25(b)), at time [err]. As pre ust ﬂD_&_E_d at or bk time [err] the
hydraul i ¢ force FD changes si qn tgo_ Hiirye 4 e IHa r 60 upwgsp. The
switching tine [err], at vvhrchlhefF Bgai 55 d§|a ges sign, to

enabl e the piston to reach position: err] and zer ocity simultaneously,
can be shown to be (15) [err] [err]
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12 The tine that the hammer 10 then takes to reach [err] is [err] [err]
(18)—ferr] The ti-ne deJ—ay—bet—ween—t—h%w_

subsequent inpact event at time [err]' becones 5

To [err] (17) 5 The total peri od,
err], in the absence of any delay between [err] and [err], is TR {gr]
8) [err] If VR is zero, the maxi numrepetition frequency becones
er] 0.292 1,579842 (19) [err] 10 for a given
1 on 10 of

the del ay tThpdime dhat the ‘F%“B‘Pﬁrdﬂy‘/"e\‘)éi"ﬁé bEadeEniszer o and that given by
Equation (19) (for [err]. This changjgpg repetition rate as a function of
delay tine [err] is shown m—Eg,gTs,Qé—ﬁ g. 26(a) shogws)a varying répetition
frequency W|th [err] held constant Fb (constant bl ow energy). Fig.

26(b) sho Y e pgi ng Xs. Wen the
pr oduct e[‘,grh ti eﬁ%%&?ﬁﬁgl{ glgt:égﬁ&%{? ‘%pgﬁg‘é‘wt'ﬁm‘?ﬂ“ﬁs& dehe ﬁJL;}?put results, In
order to provide hlgh resolutlon and hi gh si gnal to noi se in the
tragnsmission of the force_pulses deddy¥ped above, it ({as been found, in
accordance with the 20 Toim éht on p.‘ﬂﬁat such force 'pdl ses should Re
transmtted in non-repetitive or aperiodi ¢ sequences. Such sequences
nmay al so bdhe tnalinddee datin thrcabsande of yrdiztag bethees s, sedTanses or formats may
be transmtted over a short transm ssion intervag]l which also leads to

i ncreasi ng the speed of sei s uy veyi ng F 1/[2 rposes of illustration,
thefoIIovvlng Y f aq ormats will be

herei nafter di £c’:6§; FVRQ' 5 5||_ e} 25 1. Linear
frequency nodul ati on of the orge uls repe tipn frequency. 2. Non-Ilinear
frequency Wodul ation, such as lggarithm c nodul ati on, of the force pul se

repetition fY"e‘Elﬁ‘Eﬂ'c‘?e “W‘"‘EF‘rfé&"r‘"‘B‘éf’F%"ﬁ‘o‘?fﬁ?'&?sl on of the force pul se
repetition period. 30 - 14. Dou ul ati on sweeps whi ch synt hesi ze
| ower frequency sweepsfa:@ﬂp ﬂﬂpﬁﬂlzgggﬂgv\ept over al®Bind of higher
frequenci es. The above d seqt# QSS or formats can, in accordance
with the inventjon, 0be carried Qut wt ach i ndi vi dyal force uIse
cof ai “'&%eﬂﬁégﬁ"@ %5&9’1‘%‘@@1 ‘%‘%‘sﬁ%ﬁ“ Fﬁ‘d‘i‘é‘i dg&ﬁp‘ﬁgﬁ% fe), O the energy
can be va vy )ac&‘ord’ance requency Such
varlatlon |Thlsmhm ram«iudneratmdfnrmtnqmo}\derdgtnfneﬂ‘.,——SE;,xsdrmmamt power out put
ﬁe at lan%ﬁmF i26(a) shew %%rfeﬁ‘%ﬁ&d % ‘i"ﬂbﬁt btlt’ ce%sé%“tthe ansmi ssi on
nferval o Rt é%é* O doREE, ety ﬂié&ﬂa%‘p”%spec' Iy
swtabler lmg usé& en it 1s de5|red to match t he power transfer
char act er i dniogdsr wrprw1Mrres9 d\mhc;tundmmutﬂhetrmmogener ator (viz.

16 A g. Ofl%z (é‘gg at sug)hd oicsﬁgu??es shoul t::eetr;afr-%nﬁ? \@9 ccg‘v Jla twe og:h st ?(i'es ener gy

ccu quences. Such sequences may also be considere e energy of
t he f Or CPhepedegiemcediof fongats may be ramsimitad bexn ai shbre rrmkmsaimymsﬂrm be used to

cont r ol vlneh alsoy/lehdsdp mpm mthﬁgwelﬂe’é ic sl{sveryng uenc of the force pul se

sp tru ir EqUipyingpreseatly °r‘?e‘° HAAfENnt al ,pand (by
‘39 %"Mfs % ﬁ?e sﬁodlELuf. nz) ‘STah@rorceOfulse @ERtitidn REyubigguency vgrl ations)

may be 45 2 Non-rlmcamflaqmcb' ae&ﬁatton,adubtyasclommmnc mowlatnoat ofdhein the force

pul se en@l’ “b?éﬂpetﬂﬁ?ggél ) 03} ssi OnlsL rrlépe yal Jmy also be used to
m g{}m ze di Etﬁ:@ saiegg 1@0& ze low requency swceps using 30

9 841?ulses swept over a band of higher frequencies. bet ween t he fundanent al and t he
second har rithei zbotmmdstmpd pamedcss or fdwamm m\accordance Wlthhtl‘n her har nonic
bands or"#ﬁi‘ﬂ H fﬂ"cf s of such bands

erms o orce am lltudez e ene f %l‘s ne
or 39ane|3$.m Cep ot THqhehcs B BAHvaHbtio seae mp fregyency will
sweep at cdn%ﬂ@oﬁ/he)ut‘pat @eﬂé trimemis$ mmdamarmadnu&\meqmout vbhhe d harnmonic will 5

sweep attﬁ g@q Inm‘!ﬂ'tﬁe Iptter sasgfof fallingf daﬁ‘é ‘!t so forth. The

spectru wﬁm‘: ﬁj& o ﬁ ML Ui?'lsl?“ o gmd?‘a 3 fromthe

fumd NyhichOdtdresSée decipulaior arnoni c w | ko be down 5
dB, and so \famati uFthe energy\eth e«ﬁdrcct huisefs dmuimrtbﬂtra:ismissl @ of one octave, a

j oi nt ocwgalsode used fﬁl”‘?\h SPFq"Pﬁm D a f Fns t he second
har moni ch 4t R 'ﬁ@uni@ctﬁv?gc 1Ry Hay wele of Lhe
di gsont i ﬂhihiaihed’-tesie aﬂy]c@hsﬂint VWdrﬂatl pethd fofern {sb&ner]gﬁ) over the

transmission interval may also be used to minimize discontinuities at the joints




type of sweep enployed. At the point where the second and third harnonic
panel s overlap, rapid oscillations of the spectrumlevel comence due to
successi- ' ' ' —s—

appears as "grass" in the diagrans, illustrating the :spectrum (see for
exanple Fig. 10). The envel ope 15 shape of the spectrumis controlled /4y
by the shgpe of the force putses such that the 15 spectral energy is

constrained to lie in the anal ysis band. It has been found in accordance
with the inventign that the auto-correlation shyggtion of the transm ssiong,

whi ch function
t B e e

mean spectrum | evel , A
and is relatively |n ﬂShﬂthﬁpaTn&s & SRondHak odldﬂ rﬁlfé BMitHl r t hat

appear as ~20 gr ass. Willns“&em@trmimcxhe wité bf ﬂmlaéundlmanillswae,p tlhethbdm o&iadmglm nt
di scontinuitiesdin t §{°FHWF heratq of ffndaepm%* qurﬂlﬁ‘a sot fexth. @e sppctrym 5

obtain a substanti al 3’{.?‘,9 TR (sVikhr) 'sﬁ)ﬁ'gr f ’g‘;ﬁ% . nh?‘ﬁ"éy
auto-corral ation functi Bdialsﬁedprﬂllﬂﬂ\fﬁ&am&ﬁﬁltﬂeﬁ t BétavelBolnt ¥R uk@sthef
delay tine, yi eI di ngpéintgkh erfetheleur!mmn@mnm mnmtlm deam éamzﬁuc of theapeginging t vy

25 Consi der nowPt he  [iofamentah rH!@? g&%ﬁhfﬁh“rﬁ“ 1y a4 %.5 P°““‘¢ 10
modul at i o, and ||neaﬁu\?eﬂ Giliiohd O Vthe Lspittrain bt uﬁn.ea)ce gh‘ﬂ%‘{ Lt ‘is
governed by an equat r.tmstmiwé htilla?ﬂl;ml{eéﬁﬂ'el]feéences Thfls interferdnd ri0b1§1' is I:rass in
Logarithm c freguenc msi | falsﬁ (spe fone 3] ¢ em 30
t [err] 1 g‘ape of the ;?g ‘Eflgﬂ gﬂlﬂfﬁ: ,?@g'g’é et%‘l’(’é?ﬁ“f"b%‘/gép onel?

-spectral ener;
octave in frequency. leﬁafbelaxerdu #Hck Aith bR i Hﬁnﬂﬂﬂt@amc&mbhon of

the formJ[err] function of the transmlssmn, which fu ciﬁ ista nkeasurelof 3Esolution, isisensggivd i s a

constant et o1 ned IS reat%eyms%; T e
ener gy spectrurl’l evegmss| & dckorda n'% élth HeS § gﬁ &ﬁ?ﬂ sdlscontmumes in the

(23) dt where [err], speStrﬁdﬂ&efsﬁh’sﬁ&uﬂy |eB:ﬁm temgi ,to {)lﬂilﬁ]lsubhtsmta cdnfthrit nenl| Se

anpl i tude (see Fig. th repult, thhé“tp'rc MISF exeds nagiularly
frequency as gayerne E “I8?1§elf3265“° yid ’°s° ‘HP“(rgg)m‘“‘m““‘ target ’s
40 Equation (23) can E0pbackht eela@mwmgaerﬁ.mowmﬁ.e HeyRh&PRoduthtibrre
fundanent al band forartdimemarenodlmod vigtam. t ypes, as as the dependence of

level on force pul se anlp‘P‘FaFl‘j"G@w&%mPW%’@“M%@“W EM?P'(%‘E'@“a‘?fébF Fat i on
(12)). Table I is a listing of various types aof s ps of the fundanental
repetition 45 frequency, fR over dplidsef, éti-a% band, with as$#¢i at ed
anplitude functions, and 45 the resultant spectrdm slope in the

fundament al barsd, magni {sdfthaic fridushcyl l@ddﬂfﬂtl&i ﬁ(‘ggﬂtrﬁdaLHytaM eq@diidn o the@OMEr . 30
characteristic over the sweep duration. .

1,579, 842 : 14 IABLE | Sweep

Arrpl i tude Spectrum Sl ope Joi nt Povﬁ(t)—'ﬁyﬁe Fufdl i on
(1st Cctave) Dlavﬁ&e %L 08 thiled 88 wdas P nst ant

o s b e g

-3 dB 0 dB fIat 5 Log I:M f-1

-3 dB 0dB -3 dB Log FM ° f-1/2 flat

3 dB flat Log FM constSHE—  3dB 22 648
3dB Li near FM Const ant 6 1dB- 9 dB 6 dB 10

Of the six sequences listed in Table 1, the onds yielding the | east side

| obe 10 ener gy3sr el atvhate Ttio a tchaistant daemﬁmld tyabeemlig ffdquercy anthefswespt h | i st ed, 35
which yield the flat spEistenamsy ispectrpm levgl Ebmeistofithefarm, yet retain a 3 dB
joint discontinuity. The spectrum can be nneha‘pa@@h)lf t he sweep of the
fundanental repetition rate, fR 1is contE(lai)l-ed—be-y-en the first octave, as

wi || be digscussed hereinafter. 15 For 96§t poses of il | ust r 63 on,

consi der the exanple of a shaped force pul se havi ng a repetltlon
frequency swept nom naII overf t he baseto tavEFtf and from5 tf 1 uch
force pul ses may be gh *ix ]?‘ §$l§ |on
with Figs. | tog3. TEl hett edggnﬁ ‘?r i Rﬁ% QTS rrean s eégltora rgy 40

Equatton (23) can be employed to determine the spectrum slope in the
fundamental band for the various sweep types, as well as the dependence of level
on force pulse amplitude and force pulse width (see also Equation (12)).
Table | is a listing of various types of sweeps of the fundamental repetition
45 frequency, f,, over a base octave band, with associated amplitude functions, and 45
the resultant spectrum slope in the fundamental band, magnitude of first joint
discontinuity, and the power characteristic over the sweep duration.




in the base band and in the individual harnonic bands or panels. As shown
i n Table 20 1, either a |inear period nodul ati on at constant

i ; i ' uH-ati-on-wi-th—anp-tude—varyi ng
as [err], may be used. Fig. 10 shows the coherent devel opnent of the
spectrum E (f), for the logarithmfrequency nmodul ation sweep wth
anpli tude varying as f-112. The flat base band from5 to 10 is gvjdent,

¥ Js the initiation of the flat 2nd harnonic 25 panel at a reduced

Igg of 3 dB, and the com*rencursgggh the interference 215 fluctuations
at =I5 rz—duoT to overtap of—t1e beeunu arrd T d—trarmomrcpamets:  Shown al so
in Fig. 10 is the autocorrel atTARLE nctlon p(T for this swept

transm ssio e har moniMIP 'éfﬁ% S under st ood_ by

consi derhmi%q\hoéo QE] p fﬁﬁ one |!_3 he ,gj?l y, Wi thout™t he

rapi d i Miireaf Parcvied f | uctﬂ:‘&t [ ons gdksent Fogs 8 mmhows the devel opnent

of the fliogEM twel ve harnfpjic panel s—-8fBt he bas%dlband—hmeep As the

f undamenrt? weeps fromg,t@a.10 Hz, %Qe second c sweeps from,10 to

20 Hz atLideatEM t he rate. cgdgtaatny g| veanrequencyd |n ahi n the 35 sweep
r&ge t he econd har no lc WI ﬁ | but e n ﬁ}geb ener gy that the
f“”d%ﬂé’r atl tgj dF d‘ﬂs clﬁav%l & he second,, -

harmonl Gpec ﬂr.e lﬁrtﬂnda etasma erPGt {©W 8 dBDjoirk dBcsn@AMEB har noni ¢ panel is 1/2

(or 3 dB Iehsspbham) cmmenfodﬁdtatﬁﬁmtsu«tep athelfunldemeital re@etitidnagatey, the third
’élutsfﬁé‘gret %"'r ate of thg fundanental

ha nmoni
R TR e e R
|s 1/ 3 (1orH hﬁaspﬁlkea aytthege 618 amem e mnﬁtus déﬂ:nbavml The energy

spectruwpllr@vteqnvm’qllbgs give flatjmea FW yerr]
(g n R e e R B R B e nconer o
es

sum of tfaguenep pnt € viiging Q45 V1) 16 bs quOVl ‘he 45 resul t
shown in FiF 19. shcﬁvsgthe 9:oh¢remtd;vdbrimam toh tl& @eethi IIMID uht iten bet ween t he

first agrity I ARl | it nen tenos Lo
osgd | | atieaiisihy ﬁeﬁémvééi I ntmblﬁ 'éﬁ He mﬁme alapid an 2 timate
| evel ofﬂu&paro(nx T8 HE \ué to/ o{eelaus ]of th'Eh;Ecoan aad taddi wnsoridpdniely. 9 are

fl uct uatShowss abp inhEBignd@ris $hee @utoeerrelasipn | funcrigp K¢ for thisppugpt | evel

f | uct uati2pyuss f el ect ed bands.
503Fi g. s.lafnﬁiﬁwgﬁﬁ%ﬁaﬁ‘éﬁﬁ%@#&éﬁ?@ﬁﬁﬁ?ﬁ%Egiﬁaﬁgi‘fh a spect rum
| evel i nbretshe fundament al band of }err V\hen th| S transm ssion i s added

i ncoher e f‘b’]"“-‘ﬁ at of the ic P ctrumof Fig. 12
eoul o o e A e i Fipt O e PR AR Cr o7 2

it by, %
tresm Sﬁé@ﬁ'a the second thefebniRgwill rcoitrib lytlﬁlf e drhergRitha tlieevel wf 1/6E, in
t he fundenvemenial datibuted e md\’?@gsandwglc% etqf a P%Ol!dﬁhefm@ iSe has nean
rd

oot ua e ML) HE SRR G i, e v ee
g

transmi %@ [APthide t egﬁler ¢ of AtaCsider) A cEoh he%@&@ﬂ’u agie tines and
sugored, lekl dfhieythirahafmohicpand isel/XBfot & B desothamrthaBindaveeniahpangk at e 40

transmi deyelofhe gEergy spectrum leygh figiofjthe nifphrrmanigwpgel ifcfivenbYt he i ntegrated | og FM
sweep exanpl e. The 60 15

1,579, 842 E,=—E, 15 equatispn governing the
variation of repetition frequencynwith time for the logarithmc sweep is

gi ven |n E t.i RLEV noted, the flat-topped panels occur
with thi' quha 'sak léve}?’mﬁ""éﬁe@ﬁﬁ (E\Jé{f N Gridd pBRIGHNiAd URE vari es Wit h
[e45]. Tresult bl&ﬂgen Fige9. Fpee itinuoffl veithen 3 dBofluctuadorsteoaeeal tharitst bid r d 145t er medi ate 5
bands, tﬂqmn@megmét@fm elqoetrneutlonTh [themg tendy, léo sweill#el Vit er nedi at e panel
wher et HBPnownically deprgasing lyetpations aboyt podlimate lvel of approxigiately 0.4 oy o) e of T
(the ting trge aUAERIOANINOGE AV EE Mithihtidd€ oDiNe viear Epeethﬁﬁ levéieThd N the first band.
Si 56 | ar Inyean fepel ﬂhheattohs catl bc netdecadmdlttataddn emdlenwhnemeel«tctﬂ bspt;ct runtd evel is
reduced f 1} sk 155 s g‘ép?@‘ m] ?ato sixth that used
' the. fiftageniiaild EZ At %wm' GHEHCT AR, or e at e bands
are SWEIOt "Fige 19Ddnal NEGh ﬂm furtherOinksHe Adint Qﬁdl(lé}ﬂ.))f laytrirﬁlhismg'l t he | ogarithm of
boish si cetendiasirérol1b dzgo REHe ]t { %! OEHQEaFmdm fgdamgntah g@g?he the $weep tine
[err] tdumBedppeetum i this;catscliag iead fesiyagopsgn 1y Hp Q0sa gendnot

exceeding 0
[err] The three transmissions of Figs. 8( £6and 13 can be madeld séb)iraﬂﬁfnﬁda hAd on.
summed, or they can follow one after another as one integrated transmission.
60 Con5|der now in more detail the integrated log FM sweep example. The 60




Since [err] [err] [err] 20 or

20 T2 0.293 T1 (27) Al so, [err] and

[err] oOr—=25— +—=0—3220feF+]

(281 25 Now, take for exanple the total integrated transm ssion
duration T as being 15 sec., [err] [err] (29) 30 Thus

30 T=10. 6\§£C T2= 3.1 sec T3'- 1.3 sec (30) [err]=15 @\
sec 35 Tabl e 2 which follows, summarizes the beginning and endi ng <

times for each q§ 35 the internediate svveqmﬁm t he begi nni ng and endi ng1s
- |

force pulse a tion g‘gﬁ@ﬁﬂ‘,‘gt A ney
Range Begi nni f(fg‘g“hm i ‘E k !

given usly noted, the flat-topp
0. 707 0= 10. 6 SepankBlobdur with this logarithiic séep when the fbr&%ﬁllse akiglitadél variés Sec

[err] g : 0. Sgr'ﬂ;j fa ;"‘ To cl&;}ﬂeélﬂlc sp%‘pg_lrﬁﬁi léﬁ\)‘%&fﬂt %G@d{ﬁe X Eé@%éh%‘?g%aég r
spect rum and aut ocor pasdathesweapipie fsjaligred. Jhusg, ] ol L fro
5to 10 Hz. Fig. 15 éﬁcm’ eveﬁlelss;ﬁgﬁ‘ilf H'ﬁla rm thélflrsz ido Slgmlar?y, for the third
1,579, 842, mtermedlate panel where the spectrum levél @ redlfcatlﬁyrdfedtatdf slxlth‘elwaloél ons
for the first apd seefdsayeiwil be nmvawlabawdsn thmftrﬁ fundarrer]Jﬁ

repetition fredfency @/ﬁg‘d ﬁvt?ag e??ga?:&.::'?flate anesafﬁ f‘s‘ig aned fisi t e 10
spectrum gnd autocorrelation functron three ban S conbi ned,
extending from5 to 25 Hz, in one integrateofgweep of 15 seconds durati on.
The 5 i mprovenent in the auto-corréf T nction quality,
particularly for small delay 5 tines, as t h&“mean spectrumis successively
snoot hed, is evident byFromrBaaktiond2%),) 46 swekp time T, &nebvditihe Kkt detaae fremesnpliar y
force puI se w dth [eHFPST of 8 ns, the envet_ge of the spectrum b&al ns to
roll off around Hg th)as a m ni mum ar ouhd" 250 Hz. For thrs
| ogari t hmic frequen Y Bil°%t ed sweep with force pul se arrplrtude 10

varying as f-112, the power output has previougly been shown to be constant

over the entire sweep duration, therebys = ggTa driving power supply to
be | oaded to its maxi mum capacity over t e fuII p duration. In addition

to the exanple illustrated in connectio éﬂ££658-14 of 15

| ogarithmc frequency nodul ation (Log F fo? cé pul se anplitude

varying as 15 f-112, consider another exanple where al so the nean | evel of

t he spectnunrré smoot hed. This occur 8 h “f?ﬁﬁ period nodul atifgp}w th
constant force pul se anplitude over each znt Jiate band. Tine durations

for the sweep are, for purposes of the illustration, set at 15 seconds. The
repetitiom frequency [err] is swept 20 inthis total tine over
three internedi ate bands, first, Afseom 5 'q-lzidtrz=1§ 'Hz at  20aaé¢vel E, ;
second, from10 Hz to 15 Hz at 1/2 [err] nally from15 Hz to 25 Hz
at 1/6 E1. The individual pul se durati o& e.|r Rrg/maken for purposes of

this illustration as 8 ns. The governin yeguati on (Equation 22)
becones 93.75 25

(31) 23 18.75-t Table 3 sets f'prtrnmeg lrhrres for the thr¢gl) 25
i nternedi ate sweeps, based upon Equation (31), the force pul se

anpl i tudes in each bandNowl#Bt for 8xarpleahe totl MEgred3fAnsmission duration T as beingdiliency

Range  Pul se Anplit¥#e Sweep Ti r'PiT,+T2+T,=15 sec 30
. . =1.416T, (29)
30 Thus, _ ' 30
I _ : T,=10.6 sec
T,= 3.1 sec
T L3 sec (30)
.T-—lS sec .
he 35 Table 2 which follows, summarizes the beginning and endmg times for each of 35
the intermediate sweep and the beginning and ending force pulse amplitudes.
TABLE 2
Relative Force Pulse Amplitude
Frequency Range Beginning Ending Sweep Time
40 : 5<f,<I0Hz 1 0.707 0—10.6 sec 40
10<fa<15Hz 0.707 0.577 10.6—13.7 sec
15<f,<25Hz 0.577 0.447 . 13.7—15sec

Fig. 10 shows the spectrum and autocorrelation function for the first
intermediate band, from 5 to 10 Hz. Fig. 15 shows the spectrum and



[err] 1 0-9. 375 sec [err] 0. 707

9.375-12.5 sec [err] 0. 408 12.5-15 sec Fig. 17 shows the
tiopnfunction for the first 35  internediate
band, from5 to 10 Hz of the linear period sweep. 35 Fig.

18 shows the spectrum and autocorrelation function for the first and second

i nternedi ate bands, with the fundanental repetition frequency svveepvng from
to 15 Hz. Fig. 19 shows the conposite spectrum and autocorrel ation

X nggion for all 40 three pa@cﬁsz conbl ned of the I|near peréod sweep,

| Tteyt aL cu avvcc 15 aeconds

dr at | o esli atggwm &ttf e gl Yt b and 15, 2 oreat
sinilariqf eI rfncﬁ‘b@fareaﬁu EE eIy
aut ocor redtatimmfroﬁnﬁtmtzsmsnfmnﬁtbﬁatbm&meps teyrls dutatiod@hé) | nst ances t he

spettr um@rﬁyemmt th gutorcqpselatian fupation quality, particulgrly foxamaldeleel ati on functi on
fromt heﬁ?ﬁqﬁsﬁl FS% fpefﬁqg‘gf‘ﬁ PEEESTNRY ﬁ“WPgF?réﬂF‘ﬁ‘teét g¥18°‘5‘<’fﬁ‘d% i s acconpl i shed.

In Figs &1m MFYUTBRE pllSERi@Y AT BIY md, HeRhicle 8L tpe@und the third band
is |less lmtns teesill] off arburtd 'ZSSsttndIltas SI mmﬁxmczmtnd Et) 20 shows the relative

podRr in tHerd '?;;&Wgﬁi&: emusl bee"g\%ﬁ eaF'WB'a‘S peri 4 nodul ati on
has a poliiie heep bl Kilp ahrivioy pﬁtﬁﬂ’eﬁm the syeep.

The freqmemﬁyrnrmdwh)ab&dtl&vmmpwdeﬁ duﬁtﬁonﬁ ove note characterized by a 50

const ant igny (9 1t Dlel i‘“lItt nqsmrse'lthrfiml Budésf are matched for

t hé’ t wo Lﬁgﬂé‘é fd 2 g‘“ “%gég}@g ‘i[jé{ % i neal® peri od
sweep l Ssnﬂiaméa ddEFsawith .o oa lammcdnaa fiVere ithmic frequency
svvee gplitulie qmdeat@ jinterep dletsdnhd me lderaci ostltee;wsémmrEd sweep f or the

B R E

h| s desi/é abime lamo.ﬂwbmsmmbﬁ ﬂeaﬂt&ﬁfo urwsesdnﬁiisumﬁlradoaraer to the Spectrum

due to fbomee pul se shaping. Fig. 21, shoms for conparison, a conventiona
"box car ViBFdourung twénqv.%awnﬁﬁeauehw e 0g si ne- 17
1,579, 842 ' 17 wave sweep of 15 seconds

dumtlon over the 5-75 I—|zf..4ea-nd—wh+ch is the band esséddially c¥vered by the
two exanpl es above di scussed®7&tbbs phenonenon is evident at the ends of
the sweep al'?tgle'3Sscfsq{)}tlcr'Qﬁeet%'lésrf‘ott e tmgmtérglfﬂj‘“l pg 3% Ngoen the N

COr r espOExfliatich @ BdOthe Eordd pifle dntplifiidesOifl-ea eug a cosine-squared taper can
5 be applied to the analo _g}m ne-wave sweep to reduce the ringing, it
is seen that the 5 autocorrel IF3functions of Fi gs. 16 and 19 are in
every respect conpetitive V\ntﬁeoﬁ“’elféfcfer than those provided by the

i n¥ar - fr equenEfFY 98] Y RERSi nBultrd\RPliige 32 Siees pondi ng sha%)ed force

pul se transm ssn@ﬁ ¢, howeveope m)re . 12 g,jy generated and can be
nore effectivel yIS&Qszﬂmd to ea|0t4bsfornat|ozts-,-liasﬁc not ed above. 10

The formats used as exarrpl es to develop the results shown in Figs. 16 and
19__10 are Rxelp dtng A mpwrmlgm fmamonbe"oxptlwvﬁded in accordance

\M h t héntie g %q ms € § ec?rum anﬁ”( g:?eal; 10on c\:‘(lon for tgr lirl‘as aléﬂ::l Ch OVI des
simlar GRadtieimedil EARBOGh Hie tﬁ#damamamp itioh @équeta WL& exhi bi ts
di f f er erftonpSwe 15 Hequi renment s over the sweep, is a l'inear period nodul ation

ich f u:é9 hnvgsetha qsudwer- nh @ndjauteeorrelatio Her dler the total
smé@“ 245

\A/H[mg gﬁg m‘gg tgg‘;’gﬁ A8 srispdingfom et e 1% band. For
the |inear d 16 Pigela 7018V &1 10Ya FeatainiRAty(20) , the syeep

I‘ at e I S sgemlwrexisybedtf/een the resdltant spectra and autocorrelation functions fqr3@9 dt T
r é\"t% ty gltlmbgthclan% ces e fpegiaym smeathing. aidomPEpveEe V:P ¢ ected for each
s %ﬂt a Fi s and 21 thiar '1" 'ﬁtﬂtémﬁﬁn@ fphop: as governed by
Equat [ onh baﬁdﬁlébﬁhbﬁﬁé g4le, but is still 51g il S constant force-pul se anplitude

case is cheFmaéQ shojvy the rd&lvonewetrhratthe eﬂdmnelslsmne ovegthesween. The generator (e. g.,

e The g %‘3& giﬁté%@ Eris 2@"'*‘;?’. Wébyﬁiﬁﬂ’ﬁd%%b@"&; °V55““ njously over

AR IRt O e oMl 6 1vd her ey provi di ng

Cddnstdtit
t he maxisweep typdsat tlma&-E(QWeltb’tal&ngngyﬁﬂthé linear périod sgeepenattoot m°/ 25 energy in
t he Ieas‘thfFl th%totatlneer 3 bmic feeld ncwmpee a pover. s ply viewpoint 25
thlsilzlatﬁe%f"% %ﬁ;f&ggf; "gse & ‘t(ﬁ& E i hd’ oyer the 5 to

I 8Rehd gqmeﬁ @ledide Wbes Th.baaﬁal aﬂsba-anevser demand over the

nore reshe nﬂumdtaﬁerltitﬂdzspbmudl dug to farce mebmshamt Fige3lcshdwsdoexanpl es, maki ng
ener gy seBwisen.gerientionglbopear Yibseseiy tvee'mserfreque"cwa"a'qﬁféwabove descri bed
exenplary formats or sequences provide a spectrum 30 wi dth extendi ng
from5 Hz to about 75 Hz, although the inpul se sequence repetition rate
sweeps over a nuch smaller band from5 Hz to 25 Hz (or even to



only 15 Hz (see Figs. 15 or 18)). It may be desirable to generate the force

pul ses over a h| gher band (e.g., 20- 35 80 Hz). In accordance with the

I nvent i of—stre Trratty—ht-gire S e Rey—SHee A B

a |l ow frequency rate t hereby to synthesize spectral ener gy at frequencr es

bel ow t hi s nom nal hi gher sweep band. This aspect of the invention provi des@
A\

several adveat ages;, First, over a given sweep duration, the concentration
of inpulse events at the higher range of repetition sweep rates can enable
a hi gher 40 fot al nurrber of events to 0gGw.842t hereby enabling a snall gn

energy per evenT tor =70 [ or e S band
Second, smal er_ener il B T e,
gener ati on_equi pnent . ev'Ehmraﬂtheteans alicgﬂ’eeﬁl efeﬂ Edtedoiv Eifel tﬁglﬂ?dau Y finging on
beneficial eff egt updhe sqwndmaalr%moselaam &mctmc&d qus{l}na etﬁsmh?lasm taper can s
H H € re € ringing, 1t 1s

signal s in the procesiiB g ﬁ, ‘E%ﬁ% e 18 219 eﬁr‘ive re’s‘pe%t come%um%ﬁ e
nodul ation sweep is er%&t'téi aé'ﬂ:’clthe lﬁﬁaﬁrgr fog sine wav eep The

nodul ati on i nposed upw®rrespofidish orm) gulbectiranemissotoap h(mrrewﬂ, yranore @fficiently

ot swen o e%““‘“e?%hgq%ﬁ%f‘%mrﬁ KERTT T Er’ra o "
¥

at a | ow forequency r dhentidr)AfEEher GRRBIeE tmrwemweﬁnﬁra%ect d1and
particular, if the | depreejation d§0ws, but wbxtcbexmmts idiffetent mwesmpirememtsmvsr t o

20 Hz, energy ig therf fS¥eP ﬂ}, rﬂel" ‘;g o) Gh f‘H 1:3\?

20 1e” anere 1 oI SUTACHL SO et
second to 20 sweeps pete isgieemtsy. A f or mat, V\/nr chis pre erred by reason of
its sinplicity is illustrated in Fig. 244 |ch1a basic repetition
frequency sweep of force pul ses which sweep repet i t{8dn
frequency of 20 Hz to 80 Hz is modi fi eddto extlu ternate pul se pairs.
55 The process acts as a four-fold fre uency div de to synthesize a | ower

frequency svveepzof s>1 ggl gl é%jdtff’ ;& ?ﬁ'df“a‘r‘?&l ng
oS o R e e e
(Fig. 24) by |ogi c crtﬁe:mdermlseﬁmtasdrl(ﬂg, 11P=3) toopesstrased @ats@tax

inhibit the alternat d Lilcgngin swsovrcntltehwebrasnrodt@m maxinge B:u lable nerEQ):elvmr ch

s generated by, varg, ﬁf&?f? oﬁﬁ%‘& usf?r%fﬁ"’ﬁ%“""’ %?“10“5 25
t he energy SpeC rum Q %Qfe'h@i l&‘@ e 5 t

1,579, 842 repentlon rate band, or a three-fold chanlan ewratemdndl\/bidn tioel

pairs renoved, as shdgfiriqted boke %(ﬁé aﬂdl’heth? iprrvioysly d@spmdwamﬂe, meep °$°5£Y15

d-th W 1es
?g(s:m tagf Ehg Eyntsﬁetwl iﬁ enb ?a Forilht )&? q§ncg§) viEiQa ggt&ruﬁxs a 30

&Wn 15EQ‘WSYH§ ub 99 7, l&ft vgh' - the>¥mpllse !
simlar to that expl aemdon utecmmodveMmmltdmallérdaasdrmmHmtodﬁ Ha (or even panel s

shown in Figs. 9, 1 1°“1Ya Gee Figy. t‘h@fle E}‘,’g’t‘"}? u* t he ,FEC” m of
the 5 svveep of 3‘FI g. 883-[2 té&%{ilﬁlaﬁnt s% l{? moﬁﬂélﬁ weep
reduction in the autafsie oaﬁlmem 410w Frequidncyl rike[ théreHQB Syin tmsiidseebnefent:

80 Hz sweep, the for deapencice below Ithls oheindl igherosveen bandnTlis aspect OF thei lmtmrhe

anpl i tude used for t@ﬁ,ﬂﬁ@!ﬁe g’(;§r‘§§§°“°¢? o 1:r°°2:;$yr@%qhamgg"r ol O
19. However, thg nMeaneRPRimbetoh evedty a‘éeu'il t e ﬁ‘ﬁﬂialler energy Pet

Thi s occurs since theiivenaota eaagealitpulo eytﬂe\meep Sdvend) smidier erefgypet eyentcemebﬁ s
(N=320) in the 20-80 ﬁelﬂefm swﬂie lrlﬁ op £ 'E'ﬂtﬂ?e itdg $he lptgen é‘?

the 5- 25 Hz conposi t%‘,’ gg.ﬁg Ji s’ﬁ;‘g' H10F gitef EccERtioB ese'sm'c
transm sskons. 4{ius, The do ﬂE lﬁ’dllﬁraﬁéfd 8215 exffslE,’ &l a frequency 45
characteristics, the m@lﬂnoemmo meafrh@em-modumﬁorBﬁrebtz. ocaneripd mmaw

| eading to-a snaller, pn modpiation FREED. FRE FHTRIE: i | ava wer
ratings fer the tWosrla Ere (Hﬁ éi.fﬁ rtfc anftﬁe?l

synthetic sweepsp can B ig RNBnad: we mrzem CeNErigeis tite thtedo tﬁiuo\p fmms

el imination from a bagise HayEhe20 ttaﬂbﬂwveemmm mgeyetgmmts Wbﬁ@nwlf@@ %0
elimnation is invol vsgaeps per second to 20 sweeps per secon
orm t w 1ch is rreferred b reason of 1ts simplicit yls illustrated in Fi

20 Wiile sweeps are |1{,Ivmﬁ£, geg)ah, h SWBep )f,apver _
t he transm ssi ops i nt eepeitipn &éctuenaya:f IZO/Hi sorm- erdtm exoluﬂc ﬂqmatmulsnagarsbe 55
schedul ed to decr easeT Hf?feisl ap g fqu fqu P‘"e'fl

necessary only to prog Vi%‘é.ﬂ‘ﬁ"ag ﬁ"§4 %‘“E,iﬁ {Qrm
signal generator (Fi onn gaﬁfh Sésl’aﬁ gat hich lnhlblt th blﬂﬁ air: 1h€he basic
interference fbact uamecmﬂﬁrgq\g 9h is Rerteraresicloyngp wavia bletfteeucncy clo¢ks(26+-80 Hapi ng 60
harnoni ¢ panels in the Jjedts PYPH‘F°?%@%’9\‘éﬁ¥”§'€dﬂ!@%@lwnf‘ﬁﬁm“§@‘@%m% can
be elimnated within a frequency band of arbitrary upper limt by insuring
that in any one transm ssion the frequency sweep does not create harnonic
panel overlap at any frequency up to the aforenentioned arbitrary limt. 30
Overlap occurs first when, in any one transm ssion, the nth harnonic of the
30 Iowest repetltlonfrequencytransmtted [err] , corncrdes wrththe

1. . o L T T Y, 1




occurs when [err] (33) 35 Equation (33) may be
solved for [err], and expressed as follows for the case for 35 avoiding
overkap-n [er+] - 34) ferri—H—retattonship—34) is
obeyed, then overlap is avoided in any one transm ssion for all frequencies
bel ow an upper frequency limt, [err], where 40
dLerr] (35) 40 A series of transuofssions
n then be defined;, where the value of f,[err] for t he: jth transmi'ssion is
Y rrldfor the i medi ately precquguor (|I)th transm ssion, thegyeby
veeptrg—a w..[. nuots set u mprvdm—c-h—ext—eﬁd—wer—at—l-ea-s-t one octave

in exterﬂener#tnd Da'fh zér'@“: S?P\ia on dh“achl eve the octave
cover ageg™ed S“ e Fﬁtﬁ%ﬁ% BAG“Phe octav

€ syn C

range
may be des re pr Sdss. sxmllar to 1ﬁddQﬂabnn$&ﬁﬁtﬁlmﬁh6§UﬁQﬁdﬁbmgf The [EI‘Q—]

transm smmmhodwaml . 9. dpand 13 amthén seqotbing plcthe pectvmepfethé err] should be
processeyeee aIF‘at “f ‘?eo?ﬁhlet’%d We?‘tﬁﬂbé"r‘g’" 1 gbﬁé%ﬁ‘fgt"{"h‘att eception of all
arri val SRR L {‘3’.3 of thASEH S0 65, SHie 1BRe GaREhHSIRSeNGf Or e the (it |
Ylerr] téeas tdkes a¢ OTO7nes the amydiCude ised for the low frequency (5—35 Hz)

50107 he esﬁvtaz:shqm imuFigc Ut ribgwevéro thef meant Prsptrum levels aspapseriatie set 10f

| ndependéfftiits an UG RRL e o %{,%d@dleegeasqmmert b uise| cvefien the sum of the

aut ocor r(ﬁl—gi Bith IHYivedd st peidis Yersbvad thak B areSH RS- Si nce t he
sunmmat i 013 }mmsstelswedcmelaonbohmemmdl lideeanphaamlssmaaﬂ'h@r ences_t hat

imajely s ctral ent ene 5

Ce)lt her wi fﬁd&%ﬁbrg?al e:é?' ?(g a :ﬂlaqﬁgﬁﬁﬁ{ v1ce ote that ta@l B??ﬂer en F[ OC]?SS are
i m na power ratings for the two signal generators compared can be 1dent1 € penalty tor

achi evi NQ  tthés syriiRutio VedEpsitan bo génofated b @ides doipitk sneddiesiatpulber i S an i ncr ease

in the taitddation Lrosmias basim swéeme ahy byneambining peamgpiar where pulse t he L4 me between
1920 elimination is involve :;L t? 0%41%
ile_sweeps are illustrated as i creﬁmg i %ﬂh%)olﬂ )S enc%&l Tr the
a u

19 the et%snﬂim@n infedV2B HlternAtively @ reb Rioh @€ ed3é arrival from
that t rade‘afshﬁsmmmmec‘masm d efandntissioh @itéroali In ¢ nexeasapl enlyoto pepmm overl ap

produm n'gefl apigtregpense gloelninghe SigTbEan e “g 41%5 sifed- 30 For thls
§Z %F@ iy @Qﬁgéﬁ%ﬁ crteaty e 50, s L
li

||Stl ng év@nt kel WithinOD Frafueack bﬁHaeof 1ﬁ'ﬁ|§ial’p&£rehrmp6¢tl’a| bands of t he
| ndi vi duiasuring ahumnsmyoww taarmm18$l¢mslter &G@dnqyns“FEF gj mtaifefﬁ Wit h t he

0Si t‘@"ﬁ qnﬁlrﬂ"efi rgaysac E m A0 15 and band
Coe e T D S BRI 17 8, % e,
furt her ﬂmbmngﬁﬁweéﬁeumn ﬂréqubxs:yttmnhmtetbtfecExbhssbd auatgicalfy, byeelabar noni ¢ bands

Wit hi n téesurs@hen i ndi vi dual transm ssions of Fig. 23A overlap bel ow 30 Hz.
10 TABLE 4 5 to 30 Hz Bands Ggp ajyed by 5 Transnmi ssig @gs (Non- over | appi ng)
Band [err] (Hz) f, (Hz) n _e({];1 Hz) A, (Hz) Sweep duration gt) ( Sec)

(a)ss 30 Equatidn (33) nfzy be sﬂved for fu, anﬂ expressed as follows f@r thggcass for (b)
30 goidingmverlap7 5 1.5 - 3.33 15 (c) 30
7.5 4 10 2.5 3.33 (d) 30 10 3 15 5
(e) 15 25 Ez:pj_ogaf ng the same sweep34)el ati onship,

f R=100/ ( 20- t) t he svveep times asd 20 t hose devel oped in the right-hand

colum of T 0 €8ded Rk hAiRioran be used with
di ffer enfor § l? Ia%oﬂs" 4)95 © %@hhgﬁ ,IL‘; m}‘@f r%@\nth t he Illonear peri od

nmodul ati on of repetltlon rate the tine for each transm ssi on, gxcept t he

trd4hcated | ast one, i s constant f=faBLE 5 25 (3Y.60 Hz éands
Generated by i_l“é Jfrt?ara Egaﬂlsthé Ne@NeR! WiRRPh O Giue of £, for the i 25 Ave. Rner gy
Band [ efrﬁt]sm 1sff fi= ‘ 1mrHed|at lﬁﬁﬂé}ed(rhb) (1-f-1)'(' h’&ﬁsm’isé:&:ﬁ(tl)ereby( ft 1lbs) 1 60
5.00 1<2evelop115g 45ontm®ous5et of sw@eps which ex@igdl o tthg:ast one gq’g\r/:gm5 45 11 6. 00
0.5 Xtent. In genex: apsmjgsions are required to ac 1 % e ocC vpego v 6 66 0.66
1073 i%ﬁ" "hﬁ@,,?:::ﬁ}z;fs‘;:ﬁ::;s bty the oy e e o er ] 0. 84

10 141THeOR pansmissiéf) having .r&tition SequendiesHy, whe]:t: 67 <fafQ", 160, 700 6
60 8. ghpuld be pmcessg‘d]_sgpqyately fromats neighpors. This me: ?Rﬁceptlon of aBO 10. 0. 6
12 '5(3 221(.:0‘0:1?15 fr(j_rﬁ,the i tr'irfausgelbmust be concluded bcfore e (i+ )™ transmission %

The effective autocorrelation function of the composite set of independent
transmissions, properly aligned in time, is then the sum of the autocorrelation
functions of the individual transmissions. Since the summation process is done
mcoherently, the phase interferences that otherwise lead to the rapid fluctuations

55 in the coherent process are eliminated. 55

The penalty for achieving this improvement in the autocorrelation function is

an increase in the total transmission time by (n/2)T,, where T, is the time between
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presented for non-overl appi ng bands running fromb5 to 60 Hz. The 40
basi c octave sweep fromb5 to 10 Hz takes 6 transm ssions, while 4 @
<

addi tional \40 transm ssions-are used over the 10 to 25 Hz repetition rang
for spectral smpofhing. These last four transnissions are at reduced
spectrum | evel br ¢ ansni ssions 6 and 8 beingsajgsd/ 2 level, and 9 and 10 at 19

1/6 | evel. For -etrmesr—pertTod—rodutatTon h )

transni ssi ons can be"%lcﬁ?dely;%& gnspissiony apthd %a%ptﬂnﬁ s ]aSt a"‘girgéﬁ"i‘ S as
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separate s, l#V élt‘gwﬂﬁﬁ“fh 7 6—%19 I-izhat

as above noted. 50 along with
depicted in Fig. 14. andband (e) d?@iﬂﬁfhdéﬂ&[ 1/2kndOVs danplitudé Fesp mrea,tto fateh
sweeps of Table 5 is futheuthe Spettoim] It e b weteds thal tdne tof the | harnonic rbwfermthls tl§weep
over band 9 V\/no'é’e e &flividvgletransmissions of Figy 334 ﬁ‘é?f'abf’elg‘fi\égﬁlzﬁ This power

vari ati ongmy be acconplished by a power Syamlhg 4/Si ng accunul ator energy

storage. Alternatively a Ff3t) ﬁz%rndss@@tﬁpaté@l;m TRMsthiQiods @bn-dverlappingSUCh as a

fsggarr tzgm c fr equency rro %ﬁd o,n(m)t (}azrjrp d tHERz )vaém)ngswaspdl@gtro],(t) {sacyt hi s
30

20 event, each t¥ansni ssi on(st 3@ nt ar‘hed 5at st% power , gﬁg t he 15
transm ssion tine will be ddfer t fi(f sAn additi | feature
arising out of the use of sgguences o force psrl ses in accordance with the

invention is rrore efficient coupl | of se ol

formation, thana 6:1‘5!5’ itk gsﬁ?? "° 'Bg gﬁyz qﬁr’b ﬁégi ‘me ep 20
se ope m thc ri f

fundanental 5 reasorbr g%fms h Be used Wi e € ds FeQuifdSN tlldf]wﬁt ﬂ're

i ncrenental conpact i dinedripatiodrasdutation bf reaatinyn raite, thernsdqnmdc@qnsmesm. excapt i n

i nproved coupling of tentrurpptedlast onehis cop¥Anénce wi t hout signifi cant

del eterious effect on the signal processingagpgtypical Vibroseis contact

will involve a g9pr essi \0/59—6%0]-?2;3;&; Q}%n Lte& B? l@qfﬁﬁsr&glons (N&L@Lﬁa EQQ)' nst the 25

earth of, «f or eXanple, ounds. Superi nposed upon thigye g

conpressive force is a tipgauVvalmzng, (Hey Cen Of £, (Hay f (7, ASdd) P O Lfedliss) peak
anpl i tude. The instant aneous fd0ce, StOBer d2or e 545ar945 f tbm a 1046%0val ue of

10, 000 pounds tg, a peak:vallue 505 0 Is u |dat'é%@0 terials 3
bel ow t he base %fate can exhi b%@ t6 vlgryr gg%strg;j ne@ to| pl ate

wi th the inpedance being | Gwest60durr7rs 158 gishe pet i oth of HEQTO

i nst ant aneous force and hi ghestﬁ)durl8 th peld- d 310 }8

i nst ant aneous fg This tgi me 28ary£ eda tribftes lé 35
di stortion of the transm t iged sgogna 5oext gact p0y esler gy 10* om E#)&3avai | abl e
power at the fundamental fiequesdcy, 20.0ereBy e?f.ect$Qely ¢*educiHhepot he
fundamental power comwgy gugad@hdrgyi ency, and sinul taneously contributing
energy to other frequency regions 20 Wi thin the transm ssi on band

whi ch energy w I4I cont arfiablat ds rrésentedfog mmowdmwandszw'a:gfeaéc 40
| ner eased noi se*hackdrdhtn ReThyER e ot ik B R <.

sequence, the sanme tifikseask Ydub ansMRGERUeEat rédudELsp eau,m tﬂi&MmEk sdeﬁdsic
fromthe power convermir@ratpzm&sadmeadll atd® lmblﬁ'oaaslmemrnehed mpdléatwawePMase

nor may it contri but ewsep edyged ipvel transny de ieyed ﬁgb’ﬁhﬁ 45
pul ses, the maxfium |dr‘|'§‘l ﬁ%‘gﬁgeﬁﬁj’@‘ _ﬂagg;,fafh; Wpe MRS BEPDE ween

100, 000 and 200, 000 poun orce as contrasted to the 50, 000 pound maxi mum
force of the sinusoidal vibrator. Wth the conpaction that can ocg from

the higher peak force, better seismc endr§ ing can be achi &fad. The

hi gher peak forces arising fromthe unipolar force pul se can result
initially 30 I N Ydaett @lans@issidn it hiemisallyl10 seeonds imduraioh texcapythatfthe lag 4 loms be
plate. As the plate dfungatebes abgge natebhes a ref usal condl ti on with

conpact ed soi | B@l ow, a Tirecempasitp meetmm |t9ﬁ‘§“ ig. o} namic. 50
Greray. e term r o u2 b R IR e e e ool S

the base plate or Otrtﬁsw pcgj This pSw&-' hﬁfon YOO aRcdhiphistied Ibh @holvat Qippl lusihg

non-exi stent. Since tdeumylaed enefly soeat. Slahtivelpa, diffdnar slgeprfom may bewusedo
further 35 S8vancach as adwerhnwfreqrawaroédamw@sq&mmdf ¥arying @5'Grla by 55
nonl i near | oad 35 condition, it may be desirable to reduce the '
force anplitude thereafter to obtain a nore linear load. In this event,

nore of the energy can go into radi ated seism c energy as contrasted to

near field internal |oss nmechanisns.



In one preferred enbodi nent of this invention, such force reduction occurs
40 naturally ThIS Is the case mhere as above descri bed, the power is

S| nce t he povver S the pr oduct of t he bI ow ener gy and the frequency of

bl ows, as the repetition frequency increases, the bl ow energy nust reduce.
If the frequency of inpacts increases by a factor- or two, for exanple, over
he pul se train, for constant power, the blow 45 - energy mnust halve in
hi gpsanme time. At the end of tlrgegg;;\@/eep, the force pul se 45 gnplitude

I £ Lo o
LU O 70T o Tts—vatte—at—thehegtrmtrg—ef—tRe—sweep. Thus,

utrd—e-Teduced
conpact i L%Eﬂm l;ﬂguf‘ e ef’ﬁb"°é%i?‘1‘9°‘f‘ﬁ"g‘h"@ﬁé’?’g‘?“%‘%me with a nore
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been desmcoddmd:p with@hecintdntien tsmmnsefﬁtnémdonimm@]uedaﬁmlcsqaam tddie i S generated 50
by &ach tor;mrt Po@wasl&‘zﬁyggg 'ﬂ[%g ‘eave atewf Reratio. Aﬁledamermlvaryr fig i npedance
s o sl e Thal oba ned
C n
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wi t hi n t peak delae besh,000 sy EHeunbais |daﬁ niafepiels belo@She plaRtagnergy. 55 The
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62 whi chehin, the B deleteFiole _
retssrn pﬂe&sugyafaandnmﬁ thdﬁésnﬁﬁtaﬁ y%ba{nelan applars IDtaéﬁteﬂl‘eﬁ H'il pusl ySSAP is

proportronaT COHWE@S the P“‘%ﬁ@flﬂqfé styliustr ?4: Fig 2¢.nkbehanmrer 60 as
Dol el paoe TR B RBS o gnal orr].
t he hamgnavelvacsttcu 51 Gk here e iagN ol foH Gnstht | Nputed to the
ti néong emﬂltwded'brcéﬁﬁlsesleea stairoase g h rierfertco ul ampilldldsvmegflelhs at 60nstant s

[err], [eP to jplew).|Eac the gai E“efrehﬁe pulseamplitgdeiari on fr equency
[err] an 'lgl%rv Hv‘ﬁﬁy thﬁrﬁ‘ji‘t AT bEasbe me%‘é’& tB?/‘pfrhg' timng generator
168 are The contralsfghﬁé’ ¢, afidl g/ tRbéndabon mecﬁEHﬁllsEeé’qﬁl]:ncaBdfom-fz These dit her
si ggsal s arhnehuﬁ flésiredcand may fateaxamplp be @neliof teacxemplary ssawmmess drncre®éntal ly to
execute a stroke comrensurate with the desired force pul se anplitude and
energy. These signals at [err] and TDT2 are digital signals which have but
three levels, [err], a positive level, -[err], a negative level, or [err] a

null or zero level. They are anplified in a valve driver 30 anplifier
170 and appl [ ed to a servo vaI ve 172 As di ct at ed by the_ val ve control _30

- A — o~ o " o .. o, .



35 el ectrohydraulic valve; which is part of the control unit 50 (Fig.
1. A connerC|aIIy 35 avallable vaIve such as of type No. 30 supplied by
MOOG, | , o a8 Rre A

168 is operatrve such that the srgnal correspondrng to val ve ports closed,
I.e., e[err]=0 does not occur when the hanmer has any appreciable 40

velocity suah that hydraulic-fluid would be flow ng through the valve 172@
2

The 40 condition that' the valve not be put into thé closed state when th
hamrer has appregi able velocity is predi catesizg;sm)n avor dance of the

i ntroduction of “TNST Lpg’gcld?setp b%n pl'rhg cgnt s1gnall ecorcpﬁg ma ne atene

val ve cl oses whi ch cghdl fpfodiis i £ QPR & ,ect gwher e

in the pul se gener at gnncrat% The SIgnals ma)T bﬂgnfimrat inemmgaolmsshgawheh i tsrdeiu;ed Ler r],

[err], and Terr]. ar @“%‘HW“Y f°’ ol scugalagric!
di scussed above’in cﬂﬁ ?"gﬁ" tc r ﬂ#‘;ﬁ. i%ﬁ@,ﬂ]%ﬁ'tfém n(lpﬁ) gbrough
(19). How the tim ngmwaraatrﬂfterlk ytivzry, at: opag@np&neratog%nam Pmayl6ba and
the timng generatormmyc tap%plaxmhlewemr duncoomncra@rtsrd@s:ebsi apnee, i usedgo
illustrated in E g. g&l’c‘ :{t““i' trol signal. A doyble-pole | d° PF{% ‘H’égé"r“?cbt ion,
nals, elther from, the réc enerator
proceeds that e COMPOOMER mpdtbite o colivrol WatemDive BloYME ,g“@.@ersa«tehettls%n@re
conventiogal digital lmranaﬂmlpogswoapsmt-sen4h H6¢sa apignBNTie tiwhihg Signabgentrator

procured in int egraté‘Glthﬂé‘t}P&ede)%mfemtdfem“%ﬂﬁc%lfﬁr adi@&#&"f'ﬁ@ﬁ% Flts in

accordance withs teChtgl.ijth 'égerﬁﬁ'g(&fnﬁaffﬁgm "8i gnalys

X. is applied tO ad anmed v, aThe Whtputs of thel, pr g%sors 114 bid €1 Qreﬁnﬁﬁz%ﬂ'ﬁitﬁ
generator 166 to pr owardeettrrmmhm tv ettmdre oslpgnaulrre!sbondmﬂ' tme;he f0r65onhacrrre

Eh

cycle begins with hapistan 6 ¢ supply “" g -
25(b) is determgned 5& l?ﬁl;z Raélg 3} sncate "til g}irevmgs &5&5& lona Bvel 20
by the hammer di spl acenemt dlﬁjIQBﬂEnt[s&hil mmmtvamnyr sigrdbV g rand madxby a
conparator 176 whi chs-ma | ifip eta@rjé%TNV@m.Stgalt tvgmml

(err], signal or ossefHs %e‘fﬁt B T §m,§ A
lift-off occursk. ThHgthes 2 indedhis Brg, and & qsaes*eldréer sabiald ruGlized RIbrey t he 25

out put from the conparditptace fli gmmrenmeremaeany?to eirwutd |afsfrdre®ntnn&hsurahputt tsthe

thereof is the [err] desir, sg émP nﬁéﬁef Psﬁﬁﬁ eTgr '{]w%}'nﬂl*’é'?el ).
[err] is adjusted su glml ":‘wgﬁﬁ“ Beii?‘,l)agl l:ﬁ A Baive abld
signal lewel. Te re lAnaHG rappl Qelatsyrv Qiilvd 172N Bﬂi‘itateﬂtb@ tn&rQMctmmrat i 0r30
of [err],. VRis 65 sngnal evmasdveele threcistatesy lamelys setvﬁ‘ nwhish the valve panist

d forggto the mer 60, a second state where the valve ports are
178. The sarrpl ing ev%dlag Yégrd stat€ where valve grt_sl_are reversed frgm the first state to

1,579, 842« supply "downward ‘force to the hammz &' bd. .anWhi Ch
is obtained framthe erearqhmrailtcrval&e?&rhxc]ilinaaamofmurcOmﬂoY&ntﬂﬂehg slairzﬁpdoememlyhol dgs

the velocity [err] I¢ Eﬂl‘te lﬂ% g Neebbwpelipd by MORG NG East Augpsa

noted above that the rfi torY168' B dp%raubl‘?su%h HRE 11 sighf & oftedpBRding to

di spl acenent at the Mlﬁﬂap Elb ed, ire., e,=0, does not bb&ir whé&i théhaningdr hds.any appekeiableni ned

utilizing the stOgnal V¢lomnsu¢tethebmaaua¢ @pid would besflgwink dmugh e Yadvet li7elheer r ] 40

the rebound vel oci tycqug ?kﬁi t‘r alyer Rotoe [put i o P Elogades ke Fﬁ@f’bt‘l‘f ﬂ"g‘%’,’t‘
enlt

differential pressur §ania eisdpﬁsewﬁan% cebi\Aien 8¢ hllve d16%s [Which]
control signal may beouldibawdfabgrrem thetvalnd campehaits dr ewlEram thopnﬂstgen&mor

noni nal bl ow erfér gy Ehe foprpiming psanieT e |Ts € s F‘Z ul se 4
generator. The ‘AP si %Eav Sj"e 's"“sggm 1}‘? ﬁ&%ﬁg & der
182 in the paramneter tl&&ﬂﬁﬁﬁﬁéﬂéraﬂo%@&) emprem ed tasiearath semm}almymbeated in
re-expressed in terrrfmtu(a)he energy control signal err

di f f tial pr¥ e 50
(1" o) ettt o, S U QAL ?i;‘;%:té’&mi BT t"r:%ﬂ% s

generat or «168. In 5compo:kﬁ1s:mm yiice ernht &scknbeh driithe a»tel ocity SI naI sV

is inverted in an |nvert1'hth mmes disp NLD!l @Wal‘Bf@"E'!Sla

The signal is also a w& ngg%ﬁ rgw tle,,gf ficy tha gﬁgc}fg ;ﬁtv

[err]. The [err] sig etdrﬁun (5sﬁ|v5 ssirfp/of the z6Q 1k [Wisplatenfenglew by ﬁheﬁarﬁ:ﬂéﬁn ng
circuit 192. The squdtsalatmht gfnat Xg Thisrivstag ic idetexmitedobyt pu@mnasatmawénwmq’m a

square root cirguit Fhangesrhs ‘F‘é’e %"d?t”hi \J| i t h
ferd e oS A Bl i R L o
di vided by the AP si Gipals théteof 4k lsmh iwh@e merdmurts FhE si amedemg;,, is
circuit 198 provides aﬂiueecbmcpmat pqrrg GDINQIJWB.I IStrcprQSInlLted bm zefofsigngl et ween
[err], and [errls The cANSTante tpmarperidysiamuit seecieim e Frr by s
gain adj ust ment® in the T ndrvidua conﬁ’uet a'trona err],

a one-shot nulti-vibrator 202 IS used. The one-shot delay tine |s 25

set by the output of the subsystem 184 taken fromthe dividing circuit 198
and 25 applied to the control or Cinput of the one shot 202. The

one-shot delay is initiated by the [err], signal which is applied to the
trigger |nput T thereof Accordr ngly, the one shot provides, at its Q

o o o o " - o e M v o




30 subsystem 184, by a transition froma logical "1" to a |ogical "0".
30 The timng instant [err] is determned by the zero value for the

returned to the center or off position. [err] i s obtained through the use
of a conparator 204 which conpares the velocity signal [err] to zero

round). The conparator 204 provides a |evel having a 35 trapsition
@)m "1" to "0" when [err] passes through "0". An inverting arrpllfler 206
gsovides a positive logical {47988 tion from"0" to "I" at bhe timng
s-t-aﬁ-r-‘Fs-Z-—?he—t-r-m-rrg—r-rrsmn't—[-e , |> een T_r —23(b) and 26,
the | nsttisies i higing d{“%’t %F Z@ iy s to generate the
next forf" g e mnpr‘,@'&t. k' dopd @Haaﬁteant when_the next
contr ol dqg,_r,iasan raf etmc:;[;s it is provr ded a del ay [err; aTter the
occ:urrence m mktent 'éwq dplsrtrmeed Thlrzmsr athe tCGmP%F 0Kt abi 11 ze the
control § s e dﬁ‘fﬁ%’t‘i’ﬁ t ?ﬂfeﬁ% t of the hammer's
dOVW‘War : l\taé ' Hfﬁe U@Hs@%ow iRaVbRWaneRdy Si gnal [err], and
t he acc leraimn;gxl Qihﬁ;ﬁtuﬂt) aheAamcmlar auls;baztea attor rithe A si alrls obt a| ned by
est0 mat | ltlddefrm ffefF@Iela wa%erﬂfagat?f lea ?rected for
the sensﬁ gﬂ ss '“e ter 5 aRgoa b Pt B ng T’te faII tige 45
froma fiXe ch |s |xed |nterval after occurrence of the

control pul se eR S| nce the forﬁe cur a fixed delay later than the
control pulses, the gnly_g ol aqud eBr"sl(t t the for{38) pul ses are
transmtted a tine de$1ay ‘I“lpat eAPt han the control pul ses which originate

fromt he Cont rol a8l alem n%gdebryaéts%sys%?n%lM%thte B%Eng%er%ra (())r 168.In recei \Slegob¥htehe

6 lS
re lve rted i
T8 e SR e W e loch g My e R it 0520 T
time [ el’d‘n]cmt T88a0 detloavyowderﬁa’ H‘he \é,ngm saddeddo fherey Ii})él'trol signal in a

(37) Thesumarmrcr ?2 A Eﬂf ’rr t§¢%‘?"\ﬁ)‘{:gel ationshi ps (see
2%, J@%‘r%”??oo fr‘,')i.“ ffd’ °"°“'a at wa ORFgnaianal i t 2o
?er r ] a dmdmg circuit 198. The dividing circuit 198 provnd(',saﬂé output%&)pomonal to
1 579, 84the time glffer%nce between Ty, %nd T11 Thg cgnstlants indey 3 t g ull}pgqrg, t he desired
¢ individual com ua:
del ay t |q:f§o_r.l|.nge }f‘gr y &gt Iitf-\lril rator 202 is Tl?e one-sh ng s rel ationship
expkessegy by“t Qﬁt bsPstenhl P ﬁérn%he diViging Bind tmg198|ar1¢ur trgsconsi sting

of a squéppledtodic contral o € 1@??:{3 ouie shodzm Th@roneshdt dezaﬂ@s lma#ed nverting
1
Tgo

anplifiepy t!aeT SIEHQI’QH g&"r'sr;'g’tsﬂgt SJ. ‘ﬁfﬁ%"ﬁgﬁ é root of. the
energy 3§58k 1 th 3 Byits Qquiny eﬁ%‘; @bythe 00t Ci rcuit 208
andgi s dduks r%nﬂ&ﬁ&bﬂ niﬂr‘e’ntd alogﬁﬂ “0M. t he dividing3@ircuit 210.

The sign i sTltehmn stam Ttshedﬂmmetirh! heaerst Yapqe Pft ELFI%WFMSI& lied to the

summ ng Y rlblil lsiﬁ;‘“%ﬁt‘ﬁ:ﬁﬂﬁ Fgg&g&%‘?’ eareohme esponding to the

fixed dego 1t ¥ todro (ground). T gréVides @evSlLHWhﬂ@ circuit is

progorti @ihaiuoi &o@enr 0,02 Mtlers &} ;mssehrhmteh Aftﬁwtmmealmcfhﬁar 296e- shadb

mul ti vi bpravlé*rs amctsltlvq lc atﬂFlWbef P 2‘ a Hrpige taﬁ [err] pul se and
e1 sta en the Lt

gener at e§ :ﬁdf; Eﬁ&h 1" in the

| evel at th st@:nen Heh Qhe éx@ coﬂihﬂ puﬂe tel;lebcurss mghal S at [err] and

[ erqo] whpmhdexr eaeley A, sfeerrlteesowﬁrrmb\pétlv mUhgsThlSls done %!m?i teever 48l s which

cause t hitahiligates "ﬁﬂ\a gﬂﬁ‘? e mgg? ntof the o yorived usi ng
t he ener%f\f'tﬁfefm"é%rié (gz eh VAR 'rltlgr'agcel er ] ?‘or%e l evel which is
i ndi cate ARy Qi elteidﬂtdin&dtﬂyestdmmgﬂdhdmm fakd i Iaﬂ',br edchrmer stroke X, .

[ erqs] |se.de<trm<=t%rl ferdhdose n&ﬂealﬂ@g@wpﬁ itéh ﬁﬁ‘i%ﬁ‘}ﬁpﬂﬂ :’g}l uﬁ 45

(40) AP @“ag"&e‘gg Thihick g Blontri Julies the ohlyt N hammer hei ght
is obta dnce in@ﬂde'}ﬂls sed’rE rans\!hit &mmﬁtednh&pihacerrent si gnal
[err]. aadmde pulde phich odgm&terfromr admmbflgr@ljzeapnam 165 9nthat eret he desired val ue

|nc50errentea¢1VQ§‘ sense. of -t hese si gnals, whet her
| ogi cal p) T rThr%ag?t b '°ﬂ%tq-e'° el Tanhi e h‘%"agﬁa}‘n rol valve will
be open |nthe or war dII’eCtI.?n heflrst state) t 5 provi de
upvvard acceleration to the hammer ol reversed to prOV| e downward 25
accel erat i Ofhet Runini® flAREME rmay Thteddived fredl tht reodrgy fedatiohshinis (seobt ai ned by

di v§sdi ngEquaeomsnidrayy 1Peandtis givenshyghepropertiepality, t he AP signal in &3di vi di ng
circuit 218. This desired drop heig IS subtract e& Lrom t he actual
hanmer di spl acenent [err] thrgug@:t e_ﬂrse of a summ n ircuit 220 30

and an inverting anplifier 222f Wen the desired drop height is reached the
30 difference signal fromthe sumnmng circuit 220 becones equal to "0". The
I ncremental dither signals at [err] and T[err] which are digital signals
are obtained by



a dither signal generator 224. At the input of the generator 224 are a pair
of conparators 226 and 228 Posrtrve and negatrve reference voI tages +[err]
and - ED 3% d 2 f v v
fromthe summ ng cr rcurt 35 220 is of such an arrpl [ tude elther posrtlve
or negative as is greater than the dead band, either the conparator 226 or é

t he conpara{or 228 will provide an output. The dead band voltages [err],
are selected to be larger than the incremental dithér step. Thus, hunting
(alternate raisizng and | oweri ng of the hampr9,8ai ch can waste 40 poweR3
and cause unnecessar wed ub |al .y el m nated. 40
The dither system 22 °‘f°§ tﬁaYot'rea‘i‘ é'l“}?c signal s havi ng a period equal
to one- haLf the desired period [err] of t he drthﬁf—s These clogk.
signals aré applied to the clock i nput $ Qf yf oug I-@-p flops of thel3Pk type
230, 232, 234 and 236. Al of these fllb-flops ‘are initially re-set, as by

appl ying a reset pul zf &%igns% eXPressed inEqktlo &%9‘%59 E.@ﬁt@@ &@Qﬁmﬁ&@%u&o

sinplify the illustr of a square root circuit 208 inkftingZmphferand

to nove the hamser u mndlayummmgbtrautrma Thegavar ot ofithex crmmrrfo v leyel g § 5
AND gate 238 is thend 53 'ere aﬂvaree giruiti@ and jed gr'ri? 'rﬁ‘t‘{ fge ﬁ?‘aggt by
the next gl ock pul Se tolthd samn kmpﬂh etelh it iS'added Qév rgtehe Q
output of flip-flop heQixed déipplihe throug an CR gate 240 an

enabl ed AND gatle 244 an&eawtmf t@mmz lelh@vr pﬂ?ﬂﬂbfo h doFF he delay 10

anpl i fier 170 50 whf! ﬁﬁl&% %né)m hr% Wﬁ h e'g;'ﬂ

val ve 172. The AND ¢ tween timng Instants err
and [err] by neans of aTlieI‘r dithér’ G ndlaattdh, MTM;I'hbcbcrte et sérieg of valve opPuingy
240 thus provi dés th “‘U’Wf&'ﬁ ’HFh en ‘a1°ss' @@Y"r P‘”"?S“ d°‘”“‘”a’d g\h
wle a ler elw ich
flip-flop 230 is set béteé 'get the ddd é&)d 48
55 is enabled. A NOR ﬁﬂoﬁﬁ@ﬁtdﬁeﬁloﬁal pgl ca " " eve |ch
i nhi bits anot her AND gate 252 The down out put fromt he downward control
conparator 228 is G 1,579, 84

24 thereby inhibited from causing a domnwar’dAporrrrand t hus preven |ng t he

generation of c nflic | ng val ve cont 1Ok S4;0 The | at t er act | o |
precauti on agai st a @ﬁh RE,, St ﬂlsﬂ‘fce “(:EE %
di t her sequence. The g su-saaog A mﬁe i t her

sequence) sets flip- sénse of thede haasmnam vdmthnr togumta‘rh’d of glpﬂé‘ﬂ” Idpt@dmtl@ t he
negative input Qf thaheth dF °°°“5"°!a ”Y” § opepgn d%{{'f ; ﬂég nzlsg and 5
AND gat e 256, |ch e hﬁﬁ'ﬁﬂ%ﬁtﬁqﬁ ﬁéont'ﬂ be ?m' PethEes Tt na 1s

the latch 246, and anot mﬁedeﬁﬂdg;&btae2580bt£iuedb}giutﬂla;meenmﬂgyneﬂslo\kslpndls.eby
period, the NOR g ateéﬁﬂ ?m;‘:’g‘z?tﬂttés ’lr‘hls}eg drw "ﬁ@i‘E“ |
flip-flop 232 sg thatf gﬁéi % ?Kﬁtu %%

i nhi bited by thjeb AND gfiek e?E E'aar $£Cﬂzﬂﬁmﬁ o seca Ssoecrtesat S0 NEhe
flip-flop 10 230 andheoammt;dlﬂxheslgdﬁlsam;mndﬂ;,pwbeh mrdtgeatlsrgdalsa@wlttmedﬂn rd
clock pulse in the diatditer & tort & Aq th M“& Reperato are | DA 9
therefore be o rvefﬁst‘rﬁ’ﬂé?”? B, 'Ff °§§.%‘r° ﬁgf“rihﬁm “"etvauval vess

172 is presente WIch(Bﬁo cE&{TIﬂi’qﬂ ﬂﬁthfr vmrte wsmo ate:ilthmk pdésle

period by a 15 hfdconnm fd?Gﬁ R l'at°F
The hamer then will The g ?Ef c“ﬂ'ﬁ% t.y to
"0" velocity sugh tha, w;r s¥ nm&s,ﬁa %,,s hm corrpl etes one 40

di ther seguence with t hEhd"ldltlﬁesysthm\ZiZ‘h pmvxdediwntlnclp hlhh gLnesiod equat tot he

end of the sequence, °t“h ? iod Bof the “E‘H tepq G E‘ﬂ“tf anplied to
reset states. If the™9% ﬁﬁgg W‘iﬁ “r':_set w ﬁ ﬁ g%tos;bbl

present, gnotheys UpWsd: reae-qsuemm mpliBethe Mluk

hammer will have m)vedﬁh?g td rUPn mmdnemoveﬂm o

upwar d accel erati on iﬁ lg;w a to
"0" during the succeggﬂu ?ﬁ%g% o ge,fnp, [flop as:ﬁ E\e # ,ﬁ.rgn
agar n be cl osedsg |t cmmdde\NSIBgﬁetz é moagateazuz tmmmpuhmmd dmrka ulﬁfse r| 0dso

is equal 25 to a“t!ﬂcb Itsiin the UPpr revgomm ¢ serygvalyg
to move at a control L ﬁ “‘e Eglﬁ’gg#& ‘élls
, 1S reac e Then

I ncrements, until thq- esr re evat | on st ro
t he out put fronsdoth comhanﬂrpcfropzzoz&eauhelABII&aarZéSis ibzed. AzletrhorAPéDe#ts%SThe 55

dith whi blgd. g3ty &5 give 1" bi her
FTAA e PRy A S e e g AR

flip-flop 234 30 and 236, the AND gate 252, another OR gate 258 and

anot her NOR gate 260. The sequence of dither signals at instants [err] and
[err] (TDT1 follows [err]for the DOM dither sequence) is generated in a
manner simlar to that described above in connection with an UP dither
sequence. 35 The control of the harrrrer 60 through t he act uatlon of

o o I A e~ ~ - I T o Y 1




to the drive anplifier 170. The one shot 202 output is a pul se having
Ieadrng and trailing edges at [err] and [err] respectively. This pulse is
y , M wil |
be seen that t he control of the 40 val ve 172 beglns betmeen [err] and
[err] when the control valve 172 is opened in a 40 forward direction so as
<f§ provide pressure differential with respect to the piston drive_areas of

e hammer 60 resulting in forces to drive the hammer in the upwar d
yregction. Between [err] and [_gbrglzthe valve 172 is reversed,po as to
pr ovrue—for bEb ot 11 mately zero

vel oci t)ﬂhefert °};‘f§§1‘ causing a s @{' 9 (‘:J}Pst H@r’efég:% hfl s are generat ed.

Fr om [eriggmﬁq t,éé reggsafﬁﬁ c%?rtr 1 flﬁ@%lthglge&%ﬁ 173 is opened agai n
in the fOrVINe Qe icloBE bulselithe Gecdhid MleckipdBe WAHEEhe el@afente) sétEm@Ct posi t i on.

Between flop aﬁdA ctyrwn command érthen als’herbnt tha gk pigthe o n[elﬁ ovi de® t he maxi num

ener gy Hl‘f}r?'r Yete 3b“"’ty éa a;"'t o E‘\g@ tlz’g‘ghr' %’é%o E gerr] such t hat
the Q oy pgﬁc &I p Gate es a log and 266. _The
posi ti vethéo jucpalt of' fhp-ﬂb;emlso thaomttdtefr@xmt mparator 228acontivme t&0 shot 202 i s

t héth ap bited %Nl?ﬁa‘e: ﬁ\?tl CEBQS%@TF%WM‘E;H?% 24210t o generate
o rov oo P s é%'ﬂ.‘t& Bt by 82 k7dsed, Ry forvard,

di rect i OflertRredbed e.eed QﬂﬁQﬁst ulﬁﬁfﬂ»e‘{ﬁd eharmree 18Qs-upwar dl y. At
[err] arntes[: fe¢dRyithoart ]Jﬂtcommartdh(eeoned sm(dte se@Rd iglodkopulss ngrigdy "1" level and

paddes t hd“"“ 1$ b2 '}fmﬁm&_ %{igatelSZSB to the
mi nus i gL %&ﬁ% Vi iy alﬁ;c S dner e whf ik himnter gnal i s t hen
gener at etthviap choodaiihdrexflerit dly mewadsﬁﬁdmdeemv&quaicvehe]ma ﬂouﬁst23([ ERR] , t he

fl | ogmd 2208 hage rretg dsmcthelt gt ttetteh E&‘%@?Q@mé 266,@

|nﬁ |tegm°§:[1‘§m2rﬁ%§ g‘?ﬁﬂg‘,‘;ﬂ lﬁgﬁgﬂ; ﬁ‘l};\g’e h ?ﬁé ﬁsd zero veI ocity, as
te,wlaegat:ewﬁn&.r &dnfrhdnl br@tel QM@ the rdeemar ed conpar at or 204.
The |nveerghmng“m‘rmirmt tlersmﬁ;eedmg clde® Gulpe mlpdlgsha_h teivelve E2sagnal at [ ERR]
S forerth ertw hhed] %her'se Regjod s r»;gf s at ,[ ERR] and
N

€ hamme 1s cau, ed t a con

dReiinrbrhdred ufll t he h&ight [ERR],

whi ch wi dtdokdx ny&ractte eTlreaqmlesbntpat bbmWoﬁrt&h'gyradxrs:ZZ&taedizmlarf ERR] on the next

I mpact . Wl gevshe fI| 246 |s reset a&d}ﬁé‘t’ he AND at es 264 and 266

ar g agai p, Eg‘é 4| s thgn aal ogi cal
0% :Qéng@% Dgate b@f ety Egtéuésema R0 awél the OR gate 258

SO as t ose e of éttltehelgﬁﬂiRR insta8% Toy, 886 Toyy (Tor, follows Tm, for the

1,579, 84DOWN dither sequence) is generated in a manner similar t?glagq%&)pd g\lmve h causes t.he
t
haqgrer tlB cﬂﬁ?edﬂ?l lﬂ} m TICT usﬁgtggmﬁgﬁct&ﬁhn Bhﬂe ke'mtvetl*lﬂ? whi gg‘ ext endS
from| Epﬂtilﬁkd[bﬁaﬁlym itk of th€oreakibt ZDDﬁﬁ:Ere gaees 242 dnll@s8sequence i s
gener at ew. thé-driye mhﬁtl‘mw:fhehm dﬁé?@m@ﬂ is arpy hm 1“-4"!‘13 \%r ates the control

val ve Sygté’%“‘fk?@nﬁ“ *n%‘?#«'i%';”{%[ ﬁ%ﬁ}% B At Ae oA 172 and a
f oyp- Waygmvﬁf b gﬁt\\%@ﬁ)qﬁ an ntr Iv%ﬂ@pis 0\6 edén 60 i80driven at
spool enfdnedré disectiod scasdo PhRide |paesqnaesd;ﬁgem Y witlB GSpeanitd tBEistbinr ough t he servo

val ve 17 lve?msﬁéhwﬂwrﬂgp Elﬂrl eyloglriy 'éeb‘?"elﬁ!'r*?@plup%ﬁtrol si gnal i nput

[ERR] at m?ﬁigk}ﬂﬁﬁ’éice%? o '5§r o) Bewwdashed |ines, a

f eaglbackaddAn i@ titKeR sighals a e@rF}tﬁh tW&ﬁﬂT nﬂdeOMH'(, t&éOOl ¥al ve
posi t i onvah@ 173 is ostewmdlan jn fir an@mwrdn@a@ma(adntm@e demmer dopinpte 172 for cl osed

| oop opet"ti’ﬁ?'cﬂ‘?mwft °13l§°ehve ‘]%Jg f(‘)l: cesis gpptinped dowgpardiie pio¥ider spool val ve

360. An dfich) WicH thatttheQiRBADRG! tRRbNedaBles®E t he gai n.
t haoeof . Aﬁb&afeé%hﬁdﬁﬁlss?n:gned’ [ al naov&lg)r%sumdum:dmtzmccont p®| srgnals

ERR] asshoh@aris then @p 1edzm R gae2dtivack b d
Lo St ST e R e ey oo

Pat e hot 202 becomes a logical “I” level and passes through the

15 53'he pemekda at G)GﬂdthaOReatBBﬁBtDﬂlemnmmedthﬂla@n!lﬁ%‘WQ nes 394 and 106

to recer#e-es si Egl;g‘::h’% + from the

hydr aul i h;bepe S U ‘SQ?'Z‘, hes anand return paths
are the @Q&H idnaih QReSlevd) & oﬂm e nmamr;emanﬁdrs t hen present at

poréds BGZDGa:ndnde?@pmmve |s1tztraéat 'Est dblctbfesezthéie ﬂtv-ﬂop 246;é'ht=ferhe riam of e spool

tO a | tlo
val ve 365{%‘]& r]'ml%ffz" [, 5 i the edmste E@ ;%"‘:,?@g’ d 20 371 on the

i nner  ed Bp 4%'] resél an GﬁretdﬂﬁnSpom val ve 360
isin |t$naBEﬂltSlﬁ§et fH@Sdnk st , 202 heh toslcaee iBpMses370, 371 are in

| i réS-t o- thrgugh ﬂ@leaabltmslﬂpr!ateﬂ“ %WéhSQBGPte\Z speas GERENErate i ven up\?/ar ds as
viewed in Fig. 27, ports 368 and 370 25 wi || be opened while ports 369
and 371 wi ||l remai n cl osed. Then supply pressure is 25 presented to the

| ower side of the piston 62 of the hammer 60 and return pressure is
presented to the upper side of the piston 62. If the areas of both sides of
the p| ston 62 are the sanme and equal to [ERR] the driving force [ ERR] on

-, o o —p— I OSSN NS —p—



and [ ERR] (42) 35 Wth zero control signal applied
(e,=0), the power spool 360 remai ns in its 35 centered posrtron Al |l of

PSLe Yadle] 200 Lo T Na

t he por ts—368;—369—7-370—amt~3Ft—are—ctosed—and—the—prston—Tstocked—such
that, over the short term it can not nove. The response tinme of the
hydraulic force-swi tching anplifier (servo valve 172 and power state valve
360) is desxably short conpared to the intervals between 40 swi t chi ng@
times [ ERR] and [ERR] ‘as shown in Figs. 25 and 26. 40 By using
hanmer rebound »elocity [ERR] the tihe thesmrd accel erating force
[ERR], is applfed—T0. 1 rec flon |EnRR|;tgan agef Ii-] Qted

ik ot rﬁ%’" viﬂ%% thorée p

and the switchi ng t|t xten nth &,ug @etion

in the duration [ER enét med.t he advance of® i°S acconp anl ed a reductlon

in the work done 45  Fih7,tdel &cﬂnpcls 1 Stmmeé%tﬁé"

recover to position aﬁ%‘, 3%‘63' bg@rﬁ’g’ as&

the inpact system Wef6 'a cpﬁ h@&&hﬁ{%d@rtv @al\Feﬂ Ptﬂﬂ vQFlb Mre eelﬁﬂ‘ﬁbﬁi

t he i npact vel oci tyH{ EﬁRsngmtllmputsaMata:ﬂermgalB(’»ﬁnﬁp asmwtbvedaslt#éhmscﬁl to
&

vol une di spl ac er spool vaIve & sh éu'rﬁﬁl the
gener at or 4400 havi Ngheeabuel st ot f aidﬂhérecffﬂl‘herfe ammar rishibe qumamyd povier

st age spool val ve 40®tht$)eewpﬂ0b§lmlsea'mh9¢nle§4mé ﬁwaumv ray| ‘[E‘Bagmts

via a line 404 o t hga m)‘[bﬁ‘ ég\@‘%bﬁ)‘z?%’“o?ﬂ‘g’/ymﬁ?é% drehpigus; desosipe fineds
i i e ;fanexsi'gze

[ERR], "there woyl d ﬁi&% h:r%ceg 'gnmr «rgrmi erlengg'%eée%r verposition| i ¢
thelg

in the housi ng 6 by spSb! valle 8608s Pormb&ed ¢if)GheOfinet 163 dnanmoe ko 60.
The | ower cavity 76 tegeieGuppdCh ¢ [Pgaral deluneprddaﬁp Pafroratﬂe h(vdmds powgr smbvéy

supply pressure |inef2 (‘fm 'Beeg;mmth”lt ly@apdretys sl mend!

o1 hon 0615 oo 1 LERRRER M aw’rﬁ"‘r%w W ek g ,,409 2
drive surface o the37ﬂ”oﬁilﬁﬁhn4 uehmrcma@amme Al G360, |wu¢amsyodmah&upm y
pressure in the | oweis nrcwmetusralm clqssi mosigibi, dhe vqﬂsa‘éﬁ%éﬁﬁ [33h 37 Ihare iplinedpdise 407

drive surface. The s{ﬂ"*!' sed to
Sultably. The agea ragibs R R g D Sl G e e
is two to one (2:1).p @nted to the lowbrfsndclmetharpimnci oftthechasuref Mddﬂ&nmsssﬁre ns hen

the area of the surf eenm@wqhsumrsnde@@hemﬁg@

swit ches the pressur® 3 the e gnd sauahio Ap %’“&ﬁ%ﬁb"vmﬁ‘rﬁ 'b‘\[ﬂ“?%‘ is

force-statses result 26 Fo=—(Ps—Py) A, 1, 549, 842

26 [ERR] [ ERR] 3 ! hree wa over
portst lves 30

spool varve b2 s o ey e b B
receive supply pr essuﬁ'?hes[ lve 380 no&@ mowweﬁ‘&&hld’ﬂter aEe% tsareopen5d rom
t he hydraulic power sidpply (22, Fig. 1). The accumul ators 108 and 110 are

teed into these lines 104 and 106. Suppl )FoﬁlPeSBilJAe [ERR] is ther4Present
at a port 469 |Ie ret 1 recssure I a‘no(‘)l;teher Pﬂf)t %sm ese 35
por =00 ama o e, MRS B Gt Bl e 8,

160kedGu

402. \Wen the spool that, over4hlshiot teri, mté‘anrneuhb or c osed posrtlon
the ports 468 and 469 afle rpswonsremmetobtueuhméraulmdonces\atqhm ‘f ertrsnerovavq/lé?uoz

is dri Ay b [ $tatg valve 3¢ twaeh
e e e O B e eT T

462 of the valve 402—F;[hempnslieﬂ 1) rinspfee&sme' tosmsmnmé(*.t@d heoshbhmed theavi ty
74 via the |line 404 Ghinst &ehﬁt“e‘?f e 0;&5‘?

a0’ Supply 157 Gl R A L
the Iine 408 ang is leﬁ emplefif ehd impact aﬁenﬂe&ewssleshempmton
406. The hanmer 60 |sebbhmblelsimtw§m eunplled/ﬁremnabteleloanv‘é me)swcbmsmmvg 5 would
downwar dl y the ports 6'9“‘ F’é gf’%“%%“@[‘ﬂ%‘éf Fyyiad the ayssang hydradis e

i's applied to the up %@ W&“J g@.rieiféfrmoqwl ﬁ[v@%orﬁfolhﬁlﬁsﬁh%mﬁ@7 i s 50
twice the area of thenréd- sﬂvoBiMMsbmpl erdv'Elrtt breevway sboel vhlve 42s 20

applied to the pi stomlmp@s'asah@tmmthal‘m vroe ercav'gy7g(;sd°§';gd in

20 A feedback connecf'l‘q[g‘;g'%dhgétg:ﬁfg w ggm s S0 TheJPReld by
way of a positign tr@(n ,@ frérefdial 4 puaemﬁrthapool 55
402 to the servo val vl&bb&amfs(de Wﬁvemﬁumrtm:so:atlﬁﬁl whicht is mosedlcomtnheqsy
stabi |l i zati on neans %ﬂ“g’ 8Y{76, js smalisrde ) awt ‘ °4 7. 25
SRR Vs Sttty e e
25 concentric r atlonstfltﬂeh@ JIthén thalavea o the shﬂa:eaO‘slsr

fit to the bore 58 offhoshas tpu#nsel bne(i%st«vochehﬂmymsyrﬁe cavity 423chstvsea Py #ﬂdtpn-e

m d-section of the vé&tefelloyioe [°F‘ies‘taf“1§ result ep 506 of the bore 58 so as to
provide two drive cavities 510 and 512 for the valve 502. These drive
cavities 510 and 512 are coupled via lines 514 and 516 to 30 the outl et
ports of the servo valve 172. The servo valve 172 al so receives supply and
30 return pressure fromsupply and return lines 104 and 106. The |ines

whi ch connect




the valve 172 to the supply and return lines 104 and 106 are not shown to

sinplify the illustration. G rcular grooves 520 and 522 are cut in the bore

58 to provide ports—524—and—35 526 These—ports—524—ana—526—cennect

t he upper cavity 528, which is defined in the 35 housing bore 58 by the

hamver piston 530, to return and supply galleries 532 and 534. The supply
<Egllery 534 connects to the supply line 104 and is closely coupled/to a

pply pressure accumul ator 536. The return gallery 532 is coupled to the

tggn line 106 and is also coypgs to a return accurrul ator 538. 40
he—operatTomof—th ——trg—20—ts—=imlar to
the 40 operation of the t éep Fabve shown in FI? 28. The control
signals [ERR], which are a AL pplAle servo valve 473? swi tch th\e/
pressure in the val ve drive caV|t|es *510 and 512 so as to cause the val ve
504 to rmvgh'ggmed#gv cppwctommnardlllvy Wﬁerlebgonmqsmdl @ amd linkosi ng the ports

524 and 18462 c/furnhe B3 t'PRéf"drUI’?F TQLSP cavity 528
el P B o

t
from SUplFﬂ) Yretél éssﬁreacgfl?wgm ta%j’ ea piston.. The
45 | owerposti 48 while refuen priesti@ris fréddnt £ and Ipﬂﬂ@6$ esplbe;ssameﬂh to Suppl y

ssure4 nreattheweprqsia of the gyter lapdsofithe yal h@dhq&poqlh Vsupp gal lery
ﬂieimgﬂm FHe w%%mg . %mg@"ﬁwr - hamdt 60 i1 be
d 'Ven b re M@isﬁﬁ applie |96 dl‘l\ﬁs dceen downwardly the
.port 52460 pei 62 afitbie v ﬂ’harretumﬁﬁssurenscdnnwedt mw;xdf gavigy ong the return

ke t'8 vtaﬁbe Efé’s‘iof'é'éfi 407pf the plston t f
anlf the AL giFafe T e e ség‘:o'g",jgﬁf g@ﬁe?a't@f 500 can

t her ef ore IwheaQnd v sldﬁvé waRirdly TR puets 46Bop@i h rg lags pur poses
descri beccbbsaﬂ'(bvresupﬂv ressaalsdmhgitoﬁeusm pavity 7o Bines th udm@ genér ator provided by

t hg, i nvefit BefoRs twice ihe ezt dbe 9503 he ylﬁeﬂ Undrdendewt fhe

lie plston are orth 1

{:fﬁ%ll I in
appl i cat’ Br).'Sfee l@édﬁﬁeo% %@uﬂﬁ%& thé das% RS Bt &RUedBY whe glne desi gn
descri bed alpnsmmrtmedulcermswaﬁ ﬁer258 fram thitGowkr spBoli402 farthe/ | ded W th

hydr aul iserva ugip Q%Zéwcpumqagfé oYy O&tvystéﬂhmnmeaee@axand 604. The
tiging o d'ﬁd %?sﬁi"-?{ % g Eﬁ;&ﬁl Fé&%?gé‘m'daﬁl S thes pul se
gener at %n&ﬂﬂlctrhﬁhdﬁﬂﬂﬁfoq % ngdit © thavpect ed to the
gener at c5|8 06&6 palse neacrlaionhthsmﬁﬁrﬁ A&&p 504 i m tlarrddﬁwpn o thevahatsozlel y, the timng

si gnal rlaeff nvec v ﬁ‘d 4 g‘}&ﬁ 51 °urface, amd the
cogﬁrol tﬁé %h FSME ﬁzgé‘p,é' nd The ggenerator 600

has a haetar présibt m& nlymﬂcrétamumemoaﬁnd 106 2THe liaafwm qahmett d by a receiver
pi ston 6 QWWH 1c'lihtq the snppkyand eetyrn tinesd 04/ 2ndUife ag not abpwmmrannfy c f | uid, suitably

hydr aul i'8® EREThe. woliangg 637200 i iE tdkesdsql p pfibRe 308 LLEg: 2 wtha 27

1. 949, 8%36. These ports 524 and 526 connect the upper cavity 528, w 16 whs ch
I nt er f adessing tidne S&isy mahanmermlsmnvﬂao ad remkre asd gmallysalmnes 130 ahrb proj ected. The

base of 5t3ﬁé”1'FatPPb(tﬂé‘Fef36¥? %ﬂdl 1&&@"!"%& slides along a
bore 62(; B %ﬁsﬁﬁﬁim&?{ °nfji rﬁﬂ b‘rc T4 e seals, shown as
angg O' ringhe 6erati(ﬁlodf&ﬁ£cdn wal\keyst@r shd nti.hs.ggmea.aﬁlartoﬁﬂé) fros the

surr ounchpnrgtwmfehe tBree-way valyeshovorimEist 28. 'l'lms:omolengmald evpyhichsoyr e Wi t hi n t he

housi ng %8 ebséf" hi2, switch the pressyfe inthe, valve di B85l pressure at the
o0 ST AR T ST DRl reeu: o

to4sanabloav1tyrﬁes rratnen topEﬁSrE crhep istomiB5d its@dh‘&re&ﬁil a&taptid&ﬁl The f ace45 Thi s
|nternallovmre|§sgfrtée mstomﬁwosmn pregesétqqﬂaﬂy e upﬂ% e of the

under watG}itelt gg‘fg&;@?ﬁ ‘frég‘@p Chiherely. As sgown in
Fig. 311w}ié9@lﬂe \‘aWP. isWriv lsf)pdibeﬁ £hdltRE Bdnvidr il Ston 10 612,
t hé0 r adidaiver uﬁ&aﬁdlysalaﬂgltlweremrutsvmkdt th\detited didpreabantl Xar €ssure $th the liquid

spring dER?tlt'?P ‘.jﬂr fdhe @IEC pyiges aeppsate g)t'ut vol ume 614. As

t he radlﬁf;tg e&”o’ﬂﬁ et I he 4R AR A5 20d B84M% i ve pressure

pul se is gepe skappdiFdi& pulisci dehétsior Biovided By HieGinveddlon The magni tude of
t hés pul sa\da;aécbfmg ntahee amdeswattr) sigealling applicationdi Afagre PG aeser pven apdproxi mately
by the % f\a“ \'n?g of the design d::dcr;l;esrm c;r;:sfetlon with F‘E&% "ERR]

(44) 4r Véﬁ wéllgh giarhéatju%guloﬂﬁm in't safn@qlb{%% ulsé? hératbf1€ accel eration of
the radiaal ﬂfemoﬁﬂﬂs&naﬂ &, dnd e, 4t &dnaetel takhepgnedriier 60X at3eraiinalsléds r adi ator to the
obs@r vatam Altemativgly| the tlm@gdlem EQ raéﬁf ée ﬁmoad qmp bluﬂﬁdt ng t# generator

a—-ﬂ

600. Thdhg fuskacsyapdthe gontsel si piied 10 ntroI led by the
durat|orbrW|defi "ergi‘ ﬂwéé?? ?3’11.%6& ﬁamﬁm&gg evol Fﬂt TRV Eg 16, which in turn

I s cont rilid, afta hydia-lmssrh@fvomhupt atl olre ﬂ\qtortmeanamsgrdfwmhm radi ator 616

i ncluding the receiver piston 612, the liquid volunme 614 and the other
parts which are novable wth the radi ator 616. This mass is MR Al so
determ ning the pulse duration is the 25 inertia of the water |oad
[ERR] and the stiffness of the liquid spring K,. The pressure 25 *
differential P -P re-seats the radiator 616 agai nst the generator housing

P~ N Y T



- -7 | JEEoote A

eack | se. The radiator is formed with a flange 628 which nmay engage a

ring ghi oning material 630 attached to the forward end of the housing
622. ng 630 serves to cushion the inpact of the reseating event. 30 (j)
VHAT CLAIMIS: -

30 1. Qeismic & nerat i 1819, ' ' Vi 27
medi um a t ransm Ssi m.&&naastuldhgrn&frra@essmuaﬁ%taf infOLWRIEI theS AprfAlsSAe e bee

bei ng usef in a coronetetedt Thmbapc of:dssradn@tror Aléginay besmlculindonalsenfamthm slides
explorati ®, said aﬁ

F 6 H? fort e generat seals,d shown as

rin
P ot moant cauk O R A BENer o he g R R LA v oo
a trajectory away flbamumrﬂammé afbssufﬂi)actth@(lﬁdficlepnThen‘B&Bsim aﬂibnrxae}elbv i ng
i npacts fromsaid h “‘Pbeaal WSG mabblth@gterr@tcles UI%E@% tataj d
recei ving’ medi um s ¢ ':‘[fg 'r}fgg S0 fs‘%‘b' 1§53 thag the gessure of the

controlling the spect rlélmhbﬁvnh uﬁ&féﬁoﬂ e RaMrhler(810 §R0% the receiver piston 10
40 sai d housi ng and6éHatheeraddwf |6m rs rtyervpmwesilyfwth retrsstud lpzeesjirényrdhalhhurd

fluid whi%th is appl SRifpgdue tolhee Piston 642 Tsai d
trajectory, valve rréccelelrsalr:s ouII mto he wa:w;m%tvu_ l.,éfer ﬁ;rgéit?i 5§ iti es
for switching tshe plh&l%dtﬂ‘&%ﬁsfguieh&p r;odihﬁu:lly by the lekpresion! | ed to t he hanmmer,

and 45 control nmeans for said valve neans to tinme said sequence of
pul ses such that 45 the autocorrel atiop ;uf’f‘bt ion of said transm( i on
exhibits | ow side | obes. 2. Apparatus as 13 arrred in Caiml wherein said
val ve neans is eIectrrcaII control |l ed, and sai d control means i s

resporgi ve to an inf{y '°%ls 4 ?ﬁ'&%?ftﬁgﬁ)ﬁf’ ﬁ?‘ﬁ' 3‘25%) eggofrtt;lrr Wl:dtfl"
sai d sequence of puligRsy bf tHeaterdtEroui ?h%T Beids 6002 The thid Barsbe of the
el ectrical corrol stegsned ptﬂequeﬁkﬁﬂxlled by the duration of the outward acceleration of the 20

50 3. Apparatus as !%‘%;ﬂ‘?fe 16} r\r‘;‘@ha_l%twmv\heroemll@abd tbomasvolofrnBarmstme.r,ldes
reans 101 enang no Wftidndls of SIS VRIS RER B O
repetition frequencyadm orSEl6d TRid! S&88 ik MSVE ma;rg

Appar at us as c5ai medheitia oCittei wat lrbasﬂrMhmd tho essroﬁgrerliaausmi:mrx emestsurag 55 25
second control si gn&lf%'ﬁ“{é@ﬁpfqﬁeﬁg }é’h '??5 EI'ESt ﬁ%ﬁ BP‘S‘@KK’F\Z %féﬁfd
sequence of 55 pul Eﬁﬁrohfﬂgﬁﬁte 2l 430 A h lrfg Fﬁlﬂﬂn means
i ncl udes neans respe63tsdertes toocushion therifbadt @ tHeOd ese‘iir sar control

si gnal sequencg and said second control srgnals for operatrng sa|d vaIve
means to time The sw t (AL YR CLAMISes s t d r u 0
least sai d one cavi kniiEeRn T SO L pies 1§e‘§"la,£‘ “ “s‘n;%ﬂcil. dae o

said pul ses in sai dceﬂqm}mcmocess for high resolunon seismic exploratﬁﬁ sardZpraratus
1,579, 842 comprising 27 radi ator 616 whr ch

nterfaces with the wafdfudlh RoIL o B0 SLARR:? o Solsia15e By aThe
base of the radi at okrafedtory'Bray BRniardylowhidl dnCigtpadt Podiasits 1 at s a ong a
bore 620 of the housi nge&RZorf wreivihge inyma 8 feuto said BhumSLant! i a:pmlcsptrelhdvm as
an "0" ring 624, is&raspulieio rahterrlrr g rgfddg;nlesa \f’r Ia ganginsludigg @n fmesst setsige for

fi 1 £

surroundi ng water 5°°n sa,d sp@aﬁ”qrmm éggu&&dmyhﬁhﬂc U

housi ng 622 may be artrtthemztpphcd to sard haﬁmraf &ﬁaublecu IEaiinidr Iofer3aid3fajcorpt t he

surface). The pressur}jﬁl Zlfdtei 'D?tm lc ﬂ'eg nt gafid cavitieptor 6wiching as
(o' e 2 (he i or 8 2GERE e S B U ety Tl
internal pressure ish ut&@ﬂél&l%nnﬂdﬁ ion€F Sail ﬁsxﬁxgﬁn%ﬁrswro e If%t@

under wat er envi ronnent ZMwuahtusasrcMnehmadamsl B satilO/alve means is el&smsrhm/m in

Fig. 31, ‘upon i npactodioliehandisidrontr maa?erfsn everte g inputelgsirigalgontrolyiggaly

the radiator 66 is ﬁ%‘ﬁ%ﬁ?ﬁ"@glvﬁﬁﬁfﬁ '&‘ T YIS My BT ST PRGN A qui o

spring due to the entry, Arﬁparaheamratxﬁmr £im NERrdiNQid dofit#blGneand iHETRdeS AréansAS
t he radi ator accel erf@tt d@nmmt Mr tim;nrsztsaldt mumt:e‘rf puasep@mht lhvettpr epstition

pul se i s generated. "Fﬁ‘f‘ ? °Mﬂ§t’¥l§%rlzdg‘@;:’§ ni t ude of

35

nsm mea s for peneratl
the pul se al ong the sé‘é&h&cd?r presentingthed hm%fgr ePéh 1s€ sa?&ﬁg bt el y ss
by the expression pulses in said transmrssron and whereihSsajde Edinitrol afd‘a]rs includes means

(44) 4r where a is f4jeo aentmheoﬂirst pantroh signalsoef 9@@6¢°"R0i ssrtaheewertcelaerlatmrion of

the radiator, and r "f%’su f‘%‘;ﬁ ﬂk é ﬁ‘pi atfaggeé "é‘%'g‘aﬁ ¢ J}tglere%y t?]com“{ °t he

observation pqgont mr,,@ dageqséhrcgo enerat or 60
600. The time duration of the pressure pul se is controlled by the

duration of the outward acceleratron of the 20 radiator 616, which in turn
is controlled by the mass of the piston M the mass of the radiator 616
including the receiver piston 612, the liquid volume 614 and the other
parts mhrch are novable with the radrator 616. This mass is [err]. Al so
determni'ng the pul se duration is the 25 i nertia of the water |oad M
and the stiffness of the liquid spring K,. The pressure 25



differential [err] re-seats the radiator 616 agai nst the generator housing
622 after each pulse. The radiator is formed with a flange 628 whi ch may
engage a ring of cushiommg matera—630—attacted—to the forward—end—of—the
housi ng 622. This ring 630 serves to cushion the inpact of the reseating

event. 30 VWHAT WE CLAIM | S: -
30 Seisnc si gnal generatlon apparatus for producing in a recei vﬁ _9’)

nmedi um a transm ssion consisting of a sequence of pulses, said seq
being ugeful in a correlation proces®gpr high resolution seismc27

expl or arT Cm’raéi:’ &b f %Dgﬁlchaﬁnlt'erfaceosn;g{ &' nxgatcr into. whi h the. si naf are pog be
35 a hanmmer ek Bhse!df the faliatdr 61 Imhybe & cﬁm Hehp s tHat Sited | | at i on over
a‘traject oryalmg/a \bofer6Q0vfthelhdusing 622 forthe generator OIS Siitable seameﬂmm hor receiving

| mpact s, fron#ns&)"mﬂhé ¢latath9 lﬁtefwr‘%& @;’ﬂo @Qtftomlth%ﬂﬂp HQT ses tp sai d

receivitng ] AR, gL o
control l'ing aairﬁ wraswtmm bo/dsds! a;tabmﬁesme nabpte urQ'P t%%setat
40 sai d houshegpriapd Thiamremal dedssund is fctawsetm\eh le‘sothanpﬂaes:snasurtzddhd"lydraul iC

fluid phi ch ynderay FF@’GF%‘B“%M“&“H% ) &g sal d _hanmer oyer said
(v ol SRR T RS e O R AR OV, 7
fer SV\A t chi regrihighdtie o6 QSSME)&)fﬂfe dishﬁ 6|13/ tatte liquid \tdlund: 6ARnAsitkecradigtot he hamrer,

and 4 acceleratonoutwardlydatn ghef ersapdsnvvalmsmeaﬁsp is genetated. Bi§ d sequence of
puI ses ysuch ﬁa“ﬁf sr‘6' %’aéﬂg‘ tﬁi ﬂ%ﬁfe i e#ﬁg‘?‘i's&r?l%‘ﬁ the 3 fthsis i s$§ on
exhlbltslow5| obé: ratus as clarnmed in Caiml wherein said
val ve neans is eI ectrically cont rol p&d, and said control neans is
responsive to an input electri cReortA ol si gnal sequenc&¥or providing
sai d sequence of pulses in the same #ime rel ati onshi p as said 50

el ectrical otk Dib the irgiidlof he eHARIGEG16, A is the acceleration of the radiator, and r
50 3. Appar ds the distanct along thei axnscbfahmddlamaoehmolz;awmoomwtm isteeans i ncl udes

means % Iols ctﬁgﬂgﬁ{e ult“hga":tf)};l rol&g‘“gz‘&é‘g‘ug‘l’géqqﬁ éthf“ ‘é?" %Fet hat 6he

repeti €1 on fLgQUFIEY, whick ah G ﬁeSS%?ni ?»/aéf il S, ge oct Ave.
Appar at us asthe| masseds Ithe Gaaiam- 6lf6uﬁ:t ngccma)rrb&ivlag m&n%morthegeneratl ng 55
second cont rltSlI“ldS| l't iChtel&emflaNﬁaoht thse in said
Seauenge of TSGR Hi st R LB Cont 51 eans
i mcl udés rreadmeraﬁﬁppnwé@e gaiEtthefensraf 25a4ef confTol

si gnal sequeaaclep‘awdﬁmradnam omthracﬂlanse eatrmngf said val ve
nmeans to ti n‘égo ioping o !¢ he tFRg dB‘f“‘Sh‘P‘tﬂmH?@% FPFBE fluid in at

| east sai d one cavi 8 HYPPeE SN AR ?“n’éveﬁto timng and anplitude of
sai d pabdses i n waad wgqu_ennmals_ 60 C L 30 28
1,579, 842 1. Seismic signal generatlon apparatus for producmg inZgreéeiviogopedium s as cl ai ned
in Claim4 fi&?‘tsﬁ??w‘bﬁmﬁ‘?ﬁf H‘%‘ ofcnulsesy 83id éelqt'ﬁfcf I‘?é“‘glf‘ pgi gnent of said
hamT_er for pCOI‘I' 10! l'? SSr d)l' I' SOllthl'l lSl‘l’llC e poa sai arg.élﬁt rOl means

respongbve to wm sthiu rd S|gnals aI SO for vary| ng the t| m ng of th@és
swi t chi ng of -vj‘z! nteé f@ migr 9tmslms@d|hnusam fpreessillation e¥ebme cavity to
talsm

means

5 6. Appar at fégcedul cv.-nm ﬂé:ﬁtb thchiding af SthpacOdprif@fRs i ncl udes
nmeans ﬁ@sponmntrelhtlmtlsapd:tmhlqfdndwl hbn;sfobsal pules.at i n fourth and fi40t h

signals corres Ping cavities\fay prepsurjze fmer along its
(18 Sotory, | SRR e e e R %taum“’l" bk :.@alo? e 212
varying the lhb risrdagmo&f thhaydkﬁhhc fluid #ppliddCto] theg hami meaa draulic fluid

pressurd in at qoetigltmeaas w}bvm q%%todlmmﬂ ueltqq@f mi‘tcssudntwg and 45

anpl i tude o §%‘"§t “f‘a‘@% e S CRgTy e I n shid VARD Hlethel1y pieSiricd fgr Ted I, Sarm
Saf urther CO&mErbﬁdd d%ﬁé@&xtioﬁﬁ%@ﬁkééﬁo Ve fiﬁuﬁﬁ@e‘t&mﬁl& trél g |hydraul ic
fluid for prsuuenlcentgr progiding kmd:saquemod ofa;ulgewi themempmﬂahomgumasmue pressure

di ffer &fce atle §‘H‘i" 1§ 'Eit aj d control nmeans including al 98 15
means respongj iy %&ti"d o 5‘&5&.3’8& }/‘&iﬁ‘?* Bl B e Rt t he

swi t chi ng of freqakkty sﬂdBﬁl%Sﬂ{v&pﬂ ovedlht |h@asﬁe5@a one cavity to control the
timng and arrpl4 mua;at@i assclainied uﬂ@elmmr@m cnbmspeqmemws @ genkppying at us as
claimed®in @ prtga] r;%i'ml‘;;&:)&lﬁeﬂ‘ dhe amniindn of qaphpylsedussaid sequease of 5| ve S3per at ed
by said el ect’etaoﬁaie & b 5 émola.gm%t”sa%ﬁ BHfrol’ SERAE scEd cg Al said 20
first val ve feeéndscontrslRighgls for bpkriting S4idl valve Mean$ tol tiwesSthe Svﬁtcﬁmﬁlﬁﬁtheaw ty.

20 9. \%ﬁpar apressuref edidi hydeahlic fluidiinahle®t wirberesi caviyailereby iecontrobihe val ve is a
four- WAy valifiee apdiampljtydenf sud r?@ls‘ﬁdg sajd Sequencgs. cavities with whi ch ®aid
hamrer is in comunication and in which the pressure of said fluid is

swi tched. 10. Apparatus as cl ai ned ‘E Hlﬁl n sai d power stage
valve is a three- 25 way val vu“]“ﬂum'lm um n with said one cavity.
25

control the ‘5"““” hm‘ S £ p%ﬁ'ﬁm i BnSdieq Sequence.



11. Apparatus as clained in Claim8 wherein said power stage valve is a

t ubul ar val ve di sposed in said one cavity and around said hamrer. 12.
Apparatus as claimed T CrainTt7 whereim said contro—reans—t+netudes—eans
operated by said first control signal and said second, third and sixth
signals 30 to produce digital electrical control signals for operating-
said valxye means to any of 30 first, second, and third positions two of _~
whi ch ¢ WO spond to application of hydraullc pressure forces in opposite
senses asd hammer, and the thlrd ofi,sy¢B4gh corresponds to the closeg

posi tion~0f sard val ye means T3 - s a5 Tl armEd T Crar T ro—wherei n
sai ¢ control “meag T L R
control signal agshtroRmeans @€sp we'ft kdiditharﬂ 1gnal§3 o)('fvhyﬁj;mallrﬁn 4 efthgener at i ng .
di ther signals aﬂrdtcalppbg/aa ygaublc fdpiid htsssusug;ntdb@t@@l@@ma“ﬂaltycdmosmd val ve
means. 14. ?prar'é‘f‘ 2 a'B si“ﬂp S P! said rec i\“ ing means’
aratus as ¢ erem Sal congro meanSI Ul S

conpri ses a COUpJ‘ek;Qﬂsx Hﬁmm gemlﬁ@om ﬁ&? ‘5‘3} Bdhgcei vi ng
medi um and nmean® 4@ location fand v béis'l ofgsaiiahdinme Ufddrignics mﬁ y, and fmbansdi recti on .
towards said int @Flf ?3?9 to said fourth and dfifthSsign e{scafqusfaary\zcmautm ofnth€l ai m 14

wherei n sail® |rrp§§ gﬁfiﬁgﬂg%@ﬂgﬁg@ r(gom s@f"d’"&(ﬁﬁ‘fﬁ‘l"l‘?\&"'\‘@h‘ﬂér 189

Appar atus as cl al meg fafhh SfubBirEompPIsRizimeai eddnsive téxhk i qui d .
spring conprisin eaudeMmcthyﬁrahlnceﬂind:ﬂanmdmgnsmhcdltmbmgnhllcn esmmrdnwtoand an

i npact 45 sgig hammeraand saig r‘i o havi
opposi e 1 dtes :.f;:z:::ﬁ?::'ra? e e R St o
sai d hammer. 17. piepar @ldigqidace| al ned Carm 1o ere| n sal Spl’l ng has a
stiffness K, and s a8. drharatye as mgethmrﬁalg@ ll\r{/hmu} sapyalvegndahd indludes affigst sai d nass

€ S, d a power stage valve operated by said
bei ng rel at28 d byﬁrsﬁgmﬁhrps@v ﬁg lgaﬁtp S@Lssure in at least said ohe cavit

[err] 9. Apparatus as clalmed in Claim 8 wherein said power staéQIaW@ & Erohr 1] | %

t he upper f requewawvaluerma said haaing h cphrr whravitigs wﬁb whith caid hgndér igdner ati on
appar at us subst afRm tl%mﬁ’e‘ﬂé‘ih rsiﬂﬁ id\i pwitched: er ence to and as
i | lustratedgin the ke p%ﬁb?‘?"tféfﬂf"(‘é? FENANN, LELT

& CO Char @red Pat ADAppA w«stasaala\l-d ﬁe:aummrmae foln's@i@ powddsfagy divoikla taR:  Pr i At ed
for Her Majesty’ @I‘Stthsppwdem ldf)fniq @&lty atrblde@IdmaemePr ess Leani ngt on Spa.

1980 Publ i shed by T g‘g axfiaime m 3?5"@18%5# eApisinclidsidon.  We2A
eans operdte sal tcohtro s:gn said' se ond nd s signa
I AY. from which fbcﬂ?écﬁa% éfﬁ)’al!b@ctﬂéi ednt¥eSignals for operatm‘;; said valveameans to zlliy of 30 -

first, second, and third positions two of which correspond to application of
hydraulic pressure forces in opposite senses to said hammer, and the third of which
corresponds to the closed position of said valve means.
13. Apparatus as claimed in Claim 12 wherein said control means further
35 includes means responswe to said first control signal and said second, third and 35
sixth signals for generating dither signals and applying said dither signals selectlvely
to said valve means.
14. Apparatus as claimed in Claim | wherein said receiving means comprises a
coupling member which defines an interface with the receiving medium, and means
40 for biasing said coupling member in the direction towards said interface. 40
15. Apparatus as claimed in Claim 14 wherein said impact spring is contained
within said coupling member.
16. Apparatus as claimed in Claim 15 wherein said impact spring is a liquid
spring comprising a liquid filled chamber in said coupling member and an impact
45 piston movably mounted in said coupling member and having opposite faces 45
respectively opposed to said chamber and to said hammer.
17. Apparatus as claimed in Claim 15 wherein said spring has a stiffness K, and
said hammer has a mass M, said stiffness and said mass being related by the
following equation <

£ . O K
50 f = Ay 50

where f, is the upper frequency limit of said spectrum.
_ 18, Seismic signal generation apparatus substantially as hereinbefore described
with reference to and as illustrated in the accompanying drawings.
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