1 -, METHOD AND APPARATUS FOR DETECTI NG FLAWS | N THE THREADED END OF
ELCNGATE MEMBER SUCH AS A PIPE This invention relates to detecting I n
theffhreaded end of an el ongate nenber such as a pipe, and mor &g \y
particularly to a nethod and apparatus therefor. The steadily |néréaﬁ?ng
demand, for energy in the formof gas 5 and oil has required the drilling of
wel |'s at ever-increasing depths. The loss of a rotary bit, drill collar,. or

“the lower portion of a drill string in these wells is very costly ("The

| nportance of Quality Tubul ar Inspections” by M C. Myer, et al., Ol &
Gas Journal, April 13, 1981). Because flaws occur in drill pipes and
collars as.a result of tensile, conpressive, torsional and bendi ng stresses
encountered during the drilling operathqan, it is not unconmon for each

| ength of drill pipe and each drill collar to be inspected prior to use in
drilling a new wel|. HETHOBNANIY APPARATUSOFGH DETECIING FLAWSEIN@REI s used for
the inspection of drifHREADPE ENDJOE QIN BLGNGATEI MEMBER (BiiCHeAR @ PIRE 15 shown
resul ts obtained using the - nagnetic particle nmethod are generally better
than nost,. increased flaw detection sensitivity is necessary, particularly
in the threaded regi ofislmpfinyerdiiopgredatesitio detrdting £irvws de the thpeded

signi fi cant bua [ da Qilon g3tk  heuber MUB APEL pip&akhy doPe PpiticuTbrig €00

j oi nt, qgﬂated enerallﬁﬁﬁt 20, conprises a pin 21 of one drill pipe
22 threadabP? Eef¥ 23 of a second drill pi pe 24 so that
the end of the.box 23 butts against the shoulder 25 of the pin 21. A thread
I ndi cated. generally at 26 conprises a helical root 27 bordered by crests 28
and 29. Flaws in the threads of the tool joint 20".tend to 25 occur in the
| ast engaged t hr eadFhefsteadidynincreasing tdemand diprgeresyy dn thecform oft g3%ads
of the bex g gei %Qerémreaga&edr{fm@ofvwﬂl st B L0 -1hQkBhsing @8 hs.

failures occur primrily. t he threads of the pin 21 rather than t

threads of The 19s% o8 be&ﬁﬁ@ bty héerPeﬁ?&Aea, or the lower portion of a

drill string in these wells is very costly ("The Importance of Quality
Tubular Inspections by M. C. Moyer, ‘et al., 0il & Gas Journal, April

13, 1981). Because flaws occur in dr:.ll p:.pes and collars as.a result
of tensile; compress:we, torsional and bending stresses encountered
during the dr:.ll:.ng operatzon s it is not uncommon for each length of
drill pipe and eeeh drill collar to be inspected prior to use in
dr:.lling a new well. Currently, the magnetic particle method is used.
for the inspection of drill pipe and collars. While experience has '
15 . shown results obtained us:mg the magnetic particle method are-
generally better than most,. increased flaw-detection sens:l.tivity is
necessary, part:cularly in the threaded regioms of tool joints, if
costly failures are to be s:.gnifieantly reduced.
.Referring more specifically to Figure 1, a tool joint,
20 indicated generally at .20, compr:.ses a pin 21 of one drill pipe 22
threadably engaged within the box 23 of a.second drill pipe 24 so that
the end of the box 23 butts against thé shoulder 25 of the pin 21. A
thread indicated generally at 26 comprises a helicall root 27 border.ed
by crests 28 and 29. Flaws in the threads of the tool joint 20 tend to
25 occur in the last engég’ed threads of the pin 21 near the shoulder 25
-oxr the last threads of the box 23 outside the engaged .re_gion. ¥When
the tool joint is new, failures occur primarily in the threads of the

Pin 21 rather than the threads af .the box 23 because of the preloaded



»,-2->stress distribution and the pfesence of initiating sources such a Qol
mar ks, ni cks, gouges, corrosion, etc. ,However, as the tool joint 20 é?
useq i;n service, failures occur nmore frequently in the threads of thebosk

23 because of the wear on the outside dianeter. Consequently, the threads
of both the pin 21 and the box 23 nysj Jbe inspected. Since the inspection

activities nust be conducted primarily at the drill site, adequate
consi deration nust be given to the undesirable environment and operational .
conditions at the drill site. As mentioned above, the magnetic particle

method is used for the inspection of the threads of box and pin joint

regi ons. Thisdrkas déestribotimphidiibe preseagmetfi initdating segraes suchprsvi di ng
Lowih a T abfudlndRdigkEs ddifed RBfrddighealiel WisklRg, Tidamatbhe! es of
iron or iron oxides on the’regron to ascerfarn whether of -not there are any
defects of tisdntyp@ iefuspdeln serviseyefailynes opcur Mpse tfygauestt ynihélei on has
selri ogs Itl mth@éé@%flwaﬁﬁmsﬁse_éa@@é@f ?ﬁgswéﬁés&n Itﬂé%ut@@d&!{@ﬁiﬁa@@rc)f any
oil, dirt, corrosiop, or i ke. itionally i.nspectj.on is, very
Gependent | o SOHETERk the Frgatt o Eot L3R dD 21 h EsabEn o Besb857 205
grant ed Junenskpééted. F.Sivice\bd, irépadtiondasti obciesappat abeiscdraductrdpect i ng
t he threade i k ri i Uk t he
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housing and tadtir efadesiraple anvirenment and- gparabirnglt kopdibiens a8 the
central axi Yr®i] tdieepi pe, and a search shoe noved |longi- tudinally by the
rotor with respect to the pipe and having a threaded portion for engagenent

with the threads of the pipe to be inspected. Magnetic responsive neans
such as search coil sAarmentioneddatiove} hithet hnagretdic paot iclenmefhddhés sised and

g][rﬁ‘ﬂgegi ;wéf#artn@ inGleigh GPXERe BN Al BrPBoR A ptht §oldE fAfflbRE! axis
This has been accomplished by magnetizing the region or providing
it with 'a residual magnetic field and thereafter dusting fine
particles of iron or iron oxides on the region to ascertain whether
or not there are any'defects of the-type referred to above.
Howéver, this type of inspection has serious limitations inasmuch
as the threads must first be cleansed of any o0il, dirt, corrosion,
or the like. Additionally, the inspection is very dependent on the

visual acuity of the inspector.

U.S. Patent No. 3,327,205 granted June 1967 to F. M.
Wood, et al., discloses apparatus for inspecting the threaded.end
of a pipe which comprises a housing for securing to the outer
diameter of the pipe being'inspécted, a rotor connected to the
housing and adapted for circumferential rotation with respect to
the central axis of the pipe, and a search shoe moved longi-
tudinally by the rotor with respect to the pipe and having a
threaded portion for engagement with the threads of the pipe to be
inspected. Magnetic’responsive means such as search coils are
mounted in the threaded portion of the shoe and arranged with their

central axes generally parallel with the central axis of the pipe.



to the root of the pi pe thread on which- the shoe rides. The inspection
apparatus does not include any nmeans for magnetising the pipe, althoug

t hreaded end of the pipe will need to be nagnetised to enable the thread to
be inspected. In addition, no nention iss.made of the magnetization field.
required to accurately identify flaws via the magnetic responsive neans.

It s, however, remarked that in one enbodi nent, the magnetic responsive
means conprise search coils connected to a suitable eddy current detection
circuit. According to the invention fromone aspect there is provided

appar at us forTItéemeghehg:fdmmsnva magnetmxsstblbe phs tateederid eéryarlesengat e
menber, conpr vre fo y f oL a ce a
nagnetlc fleﬂ%%%ﬁﬂ% gg€§¥gl oaggfahngpggctlo éﬁ?bu ﬁﬁégﬁﬁ %H%gagégg%nd SO
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- to deviate frg@ Sfled geARIgh! thethdkalbd eEdd UT %Ehp?pé adial nkkal €o be
conmponent, magnetic field sensi nggneans arranged to generate first and

second Si gnaI"1'5‘-‘9(5?@bé?\ﬁl‘én"to dinablge the (thyrged tor be niospeshedr edh@ghtion: 172 d
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each foll ow. a'eparlkecbtbhaiespormengnboduinent hrided megnshic tdwpoadédeemeansand
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signal relate erence bétween said first and second si ghals to
provi de an i rdtiteskiapncercuits| aw in the threaded end. A preferred enbodi nent
of the invention is an apparatus for detecting flaws-in the threaded end of
an el ongat e nenber, ri sing a haousing capabl e of being secured to, the
t hreaded end of said égg g fghoidie ’r?g’ﬁﬁyf’ﬁr?‘é‘ﬁbl‘iﬂend’s&eﬁﬁgﬁﬁﬂ'% Force

so as to genqmwdai magmitue f‘dte|ddt@ﬂ:r1€igaf'153ﬂsai<rl al hygmwmhesahdeshedeaded
end, said rragen for L n'gegﬁ)a abl De gf 1'.s“ubstaannt %glr la}é fait ur at| g(% ggi d
t hr eaded end, a&pﬁ g ST et MG AT PTER piying 2 etac

force so as to produce a magnetic field in a generally axial

-, The-magnetic responsive means nust be positioned in very close proxi m@-

L direction through said threaded end, so that the presence of a flaw
in said threaded end causes said magnetic field to deviate from
said generally axial direction with a radial field component,
magnetic field sensing means arranged to generate first and second
signals depehdenthon”the strength.of the deviated magnetic field
acting at respective selected ax1ally separated positions relative
to said threaded end, means fbr effectlng relatlve movement between
said magnetic field sens1ng means and said threaded end so that
said selected pesitions each follow.a path corresponding to the
thread of said threaaed end, and means responsive to said first and
second signals for-generating an output signal related to the
difference between.said first and second signals to provide an

indication of a flaw in the threaded end.

A preferred embodiment of the invention is an apparatus
for detecting flaws in the threaded end of an elongate member,
comprising a housing capable of being secured to the threaded end
of said elongate member, means for applying a magnetic force so as
to generate a magnetic field generally axially through said
threaded end, said magnetic force being capable of substantially

saturating said threaded end, said applying means being supported



“+4- wWithin said housing so that said field forns a substantially clos
magnetirc circuit passing through said threaded end and sai d housing, KQe#
for Sensing a generally radial nmagnetic field and generating first and
second.signal s corresponding to sensed portions of said field at sel ected
positions of said threaded end, neans resb%onsive to said first and second

. signals for generating an output signal related to the difference between
said first and second signals to provide an indication of a flawin the

t hreaded end, and neans for generating relative rotational novenent between
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t hreaded end of the elongate nenb resence 'aw1n said
t hr eaded end cal%eé'§r§§i“é|9 nbyftk | and | e9qpndo sdOPRAS ecoF RRRRANIAE Nge tor Senged
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signal s dependent on the stren Jthe devi at ed ma\gq e |c field acting at
. padt g
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hand and sai d t@e@ﬁ%@éﬁﬁgsoﬂgt v2id'g ﬂ?&l@a?ﬁt Bt s,-e%q fﬁ'ﬁ?et ettqﬁead

positions each fol rrespondi ng to e threa said Feaa
end, and conpar i%§>s8nd '!"?af"§t fom@eaerabing iedabive ﬁmteevalamawmeatemeeen

bet ween sai d fi rsaadasua,ssﬁg:mdnelagaaéﬁdl shidadeddEr@at i on of a flawin the
t hreaded end. The term"flaw', as used herein, includes any discon- tinuity

or irregularity in the threaded end of the pipe such as, for exanple,
fati gue cracks, pin strethh inyentiom|providiesheir iaskether aspect, a method for

detecting flaws in a magnetisable threaded end of an elongate
member, comprising the steps of applying a magnetic force so as to
generate a magnetic field in a generally axial direction through
the threaded end of the elongate member, so that the presence of a
flaw in said threaded end causes said magnetic field to deviate
from said generelly axial direction with a radial field component,
generating first and second signals dependent on the strength of
the deviated magnetic field acting at respective selected axially
separated positions relative to said threaded end effecting
relative movement between said selected positions on the one.hand
and said threaded end on the other hand so that said selected
positions each follow a path corresponding.to the thread of said
threaded end, and comparing said first and second signals whereby a
difference between said first and setond signals is an indication
of a flaw in the threaded end.

The term "flaw", as used herein, includes any discon--
tinuity or irregularity in the threaded end of the pipe such sas,
for example, fatigue cracks, pin stretch, box swell and the like.



the crests of the thread for sensing a radial nmagnetic field and gener

a first and second signal corresponding to the sensed magnetic fields,
means for 5 differentially conparing the signals generated by said first
and second sensing neans. The apparatus al<®& eonprises neans for applying a
magnetic force to produce a field generally axially through the threaded
end of the pipe by a closed magnetic circuit. constructed to mnimze the
reluctance and 10 t he denmagneti zati on due to isol ated magnetic poles so
that the force is large enougﬁ NS RERANEEPERH| Yhe APRREAtA!St RRTRIIGeBI TiNEE Fide
during a first inspection nmade. The apparatus further includes nmeans to

mai ntain a resi dual S&fRPANG2RSt B dagert thGgrrestReot e ldeE28ntProrePit &P pe by
t he sanme magnetic cirguit 15 _ duyy.i a . second de i.nspection ecause
the sensing rmeans &% ﬁgtmﬁﬁS‘gH‘? glr’fgggiaﬁdc?ﬂ? ab*%x?nﬂ’?tt ‘frﬁ?cf’%ts éf’gfhe
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means can be nechanica I'SO rom Féads of t'he pi pe 0

facilitate tesly Ng ditrdrldld19PEifk 8 0K S0eflls kiR 8oy 2d¥4ANREL OF

cl eaning the threads before i1 nSpection. anrca ation’is

.acconpl i shed by i nsg{4 sB8orf BEASEE nbiftls.C THY ppatatlStaRBNod} 1868 SicRds
means and the crests of the threads to prevent damage to the fornmer
during inspection ifordappBlithgonaiaghetit foreklitbi pruwduby,a tfheididdnerergy al

out put signal produces a distinct signature identifying the existence of a
specific flaw occuratiadlpecthreeph tthe threatied Gindt 6 thergipe by a dlesed

i nspect ed. The art does not suggest a nethod or apparatus for detecting
flaws by specific i ckeEnpet ¢ cirpwit wonstructed to minimize the reluctance and

-I'n ene arrangenent, the apparatus conprises first and second neans adj :@
a

10 the demagnetization dile to isolated magnetic poles so that the
force is large enough to magnetically saturate the end of the
pipe during a first inspection made. The.apparatus further

U includes means to maintain a residual magnetic force through.
ﬁhe threaded end of the pipe by the same magnetic eircuit

15 during a second mode of inspection.

Because the sensing means aré not positioned in
close proximity to the root of the thread like Wood, but
rather adjacent the crests of the thread, the sensing means
can be mechanically isolated from the threads of the pipe to

20 facilitate testing in a field operation and to eliminate any
requirement of cleaning the tﬁreads before inspection.
Mechanical isolation is accomplished by inserting a nonmag-

netic material between the sensing means and the crests of



at .the sanme tinme nechanically isolating the apparatus fromthe pipe bei
i nspected. The invention will now be described in nore detail, 10 by ‘we
of exanple, with reference to the acconpanying draw ngs, in which:- FlGURE
1 is”’a vertical sectional vi ew of a tool joint, FIGURE 2 is a perspective
vi ew of one form of inspection system 15 6 - FIGURE 3 is a bl ock
di agram of the inspection system FIGURE 4 is a partially schemati c,
vertical sectional view of nmeans for sensing a magnetic field, FIGURE 5 is
a partially schematic, vertical sectional view of a magnetizing head of the
system shown in FlI GUReé Bhrtead8(to pirevapscdanage %o rthef farmer tdwwhing dinapedtion

FI GURE 1, -7- FIGURE 6 is an electrical schematic of the anplifier, slip
ring assenbly and di¥¥ ar &inldaprarpiien.t Hdditgenadlys cihes ALShereptial coylipul
FIGURE 7 is an electrical schematic of the control Qf the system

5 - uni t
shown i n FI GURE 3, FHEDRE PROAESS: acHahipsh siemrtore deatiiwlps the, etatahes e
magneti c sensing nea of FI 4 shown_ jn eratiqn and.a h show, ng
the resul tant out put° sfg?Paﬁcg'PfJ%Rgﬂ'g'f rCHTENG E?ﬂﬁﬁﬁ 9 ‘s:r%f’tﬁa?{ i%EFIé"'ead
- schematic, vertigal [ Lew etizi e fat system
shown in FI GURE to&?ﬁép%é?g%%%'boxvfhgf t ggfoo jo%‘@tggg‘% QF?%}%E%&E
Referring now in ”Drfpgqgiﬁisl £ det&ddihg2r1 A8 by SpELir1RN1dRYr Bt on while

positioned by a boom 31, which is supported on a truck 32 or other

mechani cal 1ifting sdt 8aé Wate 1fime hébhafl&d11yl i$62at ey Bhe apbafdtusherdi PRe 22,
lying on a rack 33 at a renpote field site. The head 30 is nechanically
connect ed pipe being inspected. :

The invention will now be described in more detail,
16 by way of example, with reference to the accompanying drawings,
in which:=~

FIGURE 1 is a vertical sectional view of a tool joint,

FIGURE 2 is a perspective view of one form of

inspection system,
15 FIGURE 3 is a block diagram of the inspection systenm,

FIGURE 4 is a partially schematic, vertical sectional

view of means for sensing a magnetic field,

FIGURE 5 is a partially schematic, vertical sectional
view of a magnetizing head of the system shown in FIGURE 3 to

20 inspect the pin of the tool joint in FIGURE 1,



- ,to the boom 31 by a wire yoke 34 and electrically connected to eIectrongééi)

eqU|annt 35 in the truck 32 by a cable 36 which runs up the yoke 33,

thrqugh the boom 31 and into the truck 32. 20 The el ectronic equi prment

35, operated by a person 37 seated -8- in the truck 32, is powered. by a

portabl e generator (not shown) which prOV|qes apprOX|nater 115 VAC thereto

at a termnal 38 shown in FIGURE 3. It is t'o be understood that the

i nspection head 30 is not limted to a portable configuration, but could

al so be configured as a 5 fixed station. The el ectronic equipnent 35 is

‘represented by the el ement : EP &&tgmegcﬁédlﬁiéifaﬂﬁe GREPIFAeRS @
a contro

magneti zi ng power supply 3 unit 40 and a signal power . supply

41, each of which resqebvmglééemﬁ tdha OB T e bt 28T Firealit 3. tHé ystet BAGW
35 further 10 conprises a differential circuit 42 powered by the signal

power supply 41, andmarsturep3ghart 43 powered through the control unit 40
for receiving the output fromthe differential circuit 42 at a term nal 44.
One function of the control unit 40 is to properly sequence the
magneti zi ng power supply 39. The inspection head 30 is represented by 15
the el enents shown within ZIGERHEJLS iancebBtaierl schprratic Rfelhe ¢oPERd nal i ze
the pin 21. The cable 36 (FIGURE 2) conprises the nine |ines shown in

FI GURE 3 which Bun i tPﬂe”H‘éa’H =pova it FREREydr prent 35 t hrough
connectors 45 through 53. The'inspection head 30 conprises a magneti zi ng
circuit 54 20 energized by the nagnetizing power supply 39 through the

connector 45 for applying ‘i‘g&%% %%ggg%aQEl 5 v%LLi/c&‘iXLéJuX?% QU he

pin 21, and two sensing uni OSI ned a crests 28

and 29 of the thread26p tiérb%h H@@.@Afﬂf FRARLLA Cshw?':si. 85¢ha8 258 Rk 19

signals S1 and S2, respectively, correspond to the sensed 25
magnetic. fields. Thegrsgﬂssﬂamwlths &iugeﬂnﬁauegs& BOgHA1 8 CeHape firdil,a8ket S7.

The head 30 al so conprises- an anplifier 58 for increasing the
'FIGURE.Q is a partially schematic, vertical sectional
. 10° view of a magnetizing head of the system shown in FIGURE 3 to

inspect the box of the tool joint of FIGURE 1.

"Referring now in more detail to FIGURE 2, an

inépection head 30 is positioned by a boom 3i5 which is

sﬁpported on a truck 32 or_other mechanical lifting structure
15 to internalise the pin 21 of the pipe 22, lying on a rack 33

at a remote field site. The head 30 is mechanically connected

to the boom 31 by a wire yoke 34 and .electrically connected to -

electronic equipment 35 in the truck 32 by a cable 36 which

runs up the yoke.33, through the boom 31 and into the truck 32.

20 The électronic egquipment 35, operated by a person 37 seated



-,anpl-i tude of the signals S1 and S2 and a slip ring assenbly 59 for C;E;
transnlttlng those signals fromthe anplifier 58 to the differenti al

- cirauit 42, through the connectors 51 and 52, respectively. The slip 30
“ring assenbly 59 also transmts power, P[err] fromthe signal power supply
41 through the connector 50 to the sensing units 55 and 56 and the
_anplifier 58. The head 30 further conprises a notor 60 and a clutch 61,
~both powered by the control unit 40 through connectors 49 and 48,
respectlvely The motor 60 drives the=c8utch 61 as indicated by 35 dotted
Wllne 60a, which when enabled by the control unit 40 rotatably -9 -

-‘engages the hinagkeirick 325 w%eai-&ﬂ bbya%&t:emel ga&:ﬁi&.—. (86t shatm} bliich
sensing units 55 and 56 fqllo b ath carre g.to the Ehreads
of the pin 2P PP?fé’ ﬁ@t%iryaclagt é@ tl}g"f&f%s % A ggﬂ'ﬁ E 3&1

|d| spl 3cerrent RIGUREDBL o>aitrms etoy beOuntegyseesd thhae ﬁq jnspeagidn heaés?ﬁibymﬁs}
provi des a noneni.ar c

strip chart m}j %e% X‘f(e‘;l %%%ké%%&sgﬂgl r?gl? f(igg%%r%és}{efgét ﬁ%@ﬁ; & _
swi tches &3 afidedstetiomtrically connected through the connectors 46 and 47,

respectively, to the fghihigkestik él?xip% I35 QQ@%@@E%@& By Rhg COmagtaini t
- bracket 57 is positioned 10 _over the end threads in 21 and he

- other is enatibeun YAERIn Alashed Jdnes3s paad r‘fBE’P{'ﬁ?ﬁeﬂ mﬁ%’é"r“? Pﬁ?’%ﬁ(fé’pp
adj acent the shoul étwitrdd @iitt 4@ phd ejsmal epsweseBimdybyl | lkachost etlith ne

57a. Referrin a hg, se n
nount ed on th’geL 5?‘53&2?5 %Eh%ll‘fsegﬁaﬁe tf’min i 9%5 gﬁ% e%g&'ﬂnieéé §respect ?vel Y,
whi ch canlObe,conprisesomditferentipl cBEcTI042mowkoed by é‘@ewgﬁal \RowBE | SuppPIne

preferred origntgid Cm s2Eip h&ﬁteas%&ae@eahtﬁ&%ﬁcehé QohbfoPivhie 146 eguyl I es
that the sensing-surface of each elenent 65 an be in a cylindrical

~ pl ane coaxi alTesPivirg Ehe Putpet if2ep thefiftereptisth iTeHE #2 At 2oteti®adr est s
28 and 29 ands4 hanet fenctash asd r:aeSccm‘trbtlauﬁJ:emrirssuﬁfpraﬁdrﬁG equdhcacthe

? nggfgt gxg; n12a0g titzr:?.rexg %%‘3:%? rsupp1§ '53 CI;l‘?lst:l‘.snspet:@i‘.nl on hea’d 3630 ercé[pk\éseg&/ﬁedsgyt hat
15 the elements shown within a dashed line 30 and is positioned to
U internalize the pin 21. _'I'he cable 36 (FIGURE 2) comprises the nine.
lines shown in FIGURE 3 which run between the head 30 and the
equipment 35 through conhect_ors 45 through 53.
" The iri_spect:fon head 30 comprises a magnetizing circuit 54
20 enei'gized by the magnetizing power supply 39 through the connector 45
for applying a magnetic force generally axially through the pin 21,
and two sensing units 55 and 56 positioned adjacent the crests 28 and
. 29 of the thread 26 for sensing a radial magnetic field and generating
signals S1 and S2, respectively, which correspond to the sensed
25 magnetic fields. The sensing units 55 and 56 are mounted on a bracket
57. The head 30 also comprises an amplifier 58 fo?.' increasing the
amplitude of the signals S1 and S2 and a slip ring assembly 59 for
transmitting those signals from the amplifier 58 to the differential
circuit 42, through the connectors 51 and 52, respectively. The slip
30 ring assembly 59 also transmits power, P, from the signal power supply
41 through the connector 50 to the sensing units 55 and 56 and the
amplifier 58. The head 30 further comprises a motor 60 and a clutch
61, both powered I;y the control unit 40 through connectors 49 and 48,
respectively. The motor -60 drives the clutch 61 as indicated by
35 dotted line 60a, which when enabled by the control unit 40 rotatably



_ therebetween is approxinmately equal to the pitch (p) of the thread ZGéZD
*the*pin 21. It is to be understood, however, that other neans responsive to
magnetic flux can be used such as, for exanple, coils, nagnetoneters,

maghet odi odes, and simlar devices. 25 Referring in nore detai
to FIGURE 5, a head for inspecting the pin 21 is indicated generally at 30
and represents the enbodi ment of the head 30 descri bed above with respect
to FIGURE 3. The head 30" (FIGURE 5) conprises a tubular housing 67, a

sol enoid 68 positioned longitudinally within the housing 67., a plate 69

closing the Qﬂgk%é’s“@hé%:a‘%icet 9% BOUSId1dabdy %dd%‘éhnﬂi:?e 6@9“%“%!;@ thel e
70 drilled there hrougt an annul us. 71 closing_the other end’ of the housi ng
i

67 and havi n§eaHnenHBitiS2n8re 565 fp}iaw én’c"ﬂ/iqaérgéﬂl FarEespndipgetdithe 22
and a retai nltl\ﬁeﬁﬁnbkUﬁme7§1ﬁt2HChm}CQﬁlﬁ€mHel 5Pddett 97 tmatmlt@eosgﬁ faace of

t he .receivin and haV|n I.n |C|ently
large to recgf@g{]‘trhgisiﬁ?’t"zei“e(‘}f' Phe E’?rpﬁ’é“ﬂtgﬁhdéohg%&r%ﬁs’ the’ sf@
conpri ses5a @gbentdyi Gal psbebtdes &3 nvdentigryoroneaci aﬂgr(ahedm othha:ghnshde

surface of t k _pl.at n [ i gn t. th
therethroughrlgag%gﬁfng {‘?4Q§et£kt‘§% gﬁgr}o‘trjrft%e%lt ! Egﬂm}n e?‘é‘g%g got he
hol e 70 t hr ofghallye chmpidsgsateo Ggml'a seupclsmpéchr@uﬁ’d@lﬁgmagly&Ona%tﬁg a

base att ache(ih&&,gw%her&n%cim Jaeuax{@lu74:@9}@&&0415,%@%@5&%@ aidrer

end of the sleeve 73, and a cylindrical guidé 76 seafed within the cavity
of the nount %P5 A &t eneRled whem the Fﬁéﬂs’f& yrit Pracketa’eie pasigioned

concent r izgal loyepastiet e thrébddidE the ginl 21 CéhdOthd RtheeCRi ehaBlan bl Thél.
The gui de is.attach

| ongi t udi nal IR72¢¥&h g? h’r%&é’ﬁ‘“%eﬁa‘ﬁr‘g#mt‘?ég’?% ?Btagk‘%ﬁé'?ttﬁ ¢ g’lr’ﬂ‘g?f 7% °4nd

~the nount 75 the mint 2k lhedrdpret et edt byerthentbtakdtHae] S nal 74 t he axi al

position of which is ﬁé%&%—‘hﬁ%f h‘?&%&% ?ett a‘rgg&ﬁ?ﬁ thes %tegs d Retd 1589

agai nst the outside surface A portion o he 1 nside .
surface of aandb8f apoupted grrehs Syatkets deépuaﬂd*ailé al errrited 68 oanthbbout si de

surface @k t h@sp@dtiSely, which can be, for example, a type BH-700 manufactured by

F. W. Bell. The preferred orientation of the elements with respect to
- the pin 21 requires that the sensing-surface of each element 65 and 66

be in a cylindrical plane coaxial with the cylindrical plane containing
the flats of the crests 28 -and 29 and
that the centerlines of the eleménts 65 and 66 each be aligned over

20 the center of the crests 28 and 29, respectively, so that the distance
therebetween is approximately equal to the pitch (p) of the thread 26
of the pin 21. It is to be understood, however, that other means
responsive to magnetic flux can be used such as, for example, coils,
magnetometers, magnetodiqdes, and similar dev;ces.

25 Referring in more detail to FIGURE 5, a head for inspecting
the pin 21 is iﬁdicated generally at 30' and represents the embodiment
of the head 30 described above with respect to FIGURE 3. The head~30'
(FiGURE S) compriées a tubular housing 67, a solenoid 68 positioned
longitudinally within the housing 67, a plate 69 closing the back end

30 of. the housing 67 and having a concentric hole 70 drilled
therethrough, an annulus 71 closing the other end of the housing 67
and having an inner diameter sufficiently large to receive the pipe
22, and a retaining annulus 72 attached concentrically to the inside
surface of the receiving annulus 71 and having an inside diameter

35 sufficiently large to receive the pin 21 of the pipe 22. The head 30'



of the mount 75, the remaining portion of the inside surface being thrg%%ip
to engage the end of the pin 21. Wen the pin 21 of the pipe 22 is ins d
into the head 30", it is piloted through the orifice of the receiving '
annhfhs 71 by the gui de 76 and threadably engaged by the 20 tubul ar screw
80 as the handle 79 is rotated so that tﬁg shoul der 25 of the pin 21 noves
toward the retaining annulus 72. The nmagneétTzing circuit 54 (Fl GURE 3)
conprises all the above-nentioned el ements which are ferronagnetic except
the handle 79 (FIGURE 5), the chanfered end of the guide 76, and the
retaining 25alsoddtipriiSes’d sylinbr i §ﬁywcm edvtﬁgrana endragached tontles i al .

Th | d, 68 t RE 3
whon sapp! | 28 1dh B Fe Ee e T RETES i AInRRIE S PRl heR? R o1 <
to achi eve aha‘lleum dha:satthyough,aargomrrnappﬁommhbly nd0otghuwish{rB the EOere

Tesla) Wi F | th W thi
20 e roalt S tHg e I REth L BRHERTE: gl I iDL Ao BREA i (11
ener gi zed, aﬁwﬂgne’t&cﬂ fHage Bttashedria edeténdwfhthédonsnabidgaed Rutsirgrent s

of the magneiiAnbg tGle’ 6thdr éﬂdatﬂd th@%]}%'e{)eya 2120892 doyhAYE ca B EQ math
approximated 1 n cross-section ¥"t¥ ashed lines 81 and 82, as wel the

magnet i ¢ endSeated neithingdheg cayity jof t(?ebé'%ﬂﬁe?%t% egrendipg axﬁ 1%
modi fi ed arreegerEd tol @echimberke8 &Ml oheht Hiyally apos:.tdbﬁ&!ltdﬁﬂzﬁpﬂ%l te

t hat i ndi cat ed, ashed Ji.ne 81 gnd . S |s accor

reversing th&™x 5?¥%c? og' of SEHI T RA a‘?’?“g\wstﬁfbuéﬁ ¢t fL S sollenggi{d‘cé S:C%ul')télté"' pat h
i's i’i magtﬂet i mounitr25uby arheltei7i d:dtendixigﬂ:bmdamﬂltyhehm%ezh zaQ ihandlrie to
i sol at ed magpget e r Sguc Y r ng
the fhux O Aok POLARTRTNG ety s BRI he REGHC 99, 18 Vees3BRER Lol Bhe 1O
pin .21 fornethes|enseaf cthpc.tmrnﬁh\?ﬁngt h*imil pesitigapef vhickest L by a

resul t, the pAGRRL: G&f REE&NHRE ﬁmii-%'izé dridl Bﬁt@fr&dh‘g@ﬁmﬁy tia@%xﬂ:@héé\@\ﬂ-fﬁ& to
nagnetlcal |y saturat ge pin 21 greatly redu%)refij Conseq ntI i. the
head 30 i s ShabF TarkPIRtE Al & BPTISR BE Ehey FREHE FUTAR fo8 SHPHIS | o
I.e., ap¥ OX$¢’m;hetty fditghdveanped @8.attached to the outside surface of the walls
of the mount 75, the remaining portion of the inside surface being
\_s  threaded to engage the end of the pin 21. When the pin 21 of the pipe
22 is inserted into the head 30', it is piloted through the orifice of
the receiving annulus 71 by the guide 76 and threadably engaged by the
20 tubular screw 80 as the handle 79 is rotated so that the shoulder 25
of the pin 21 moves toward the retaining.annulus 72.
The magnetizing circuit 54 (FIGURE 3) comprises all the
~ above-mentioned elements which are ferromagnetic except the handle 79
(FIGURE 5), the chamfered end of the guide 76, and fhe retaining
25  annulus 72 which are fabricated from a nonmagnetic material. The
solenoid 68 is connected to the magnetizing power supply 39 (FIGURE 3)
which supplies up to 15 ameeres of direct current at approximately 20 volts
to achieve a flux density in air of approximately 300 gauss (3 x 10-2 Tesla),
When the pin 21 (FIGURE 5) is engaged by the ‘tubular screw 80 within
‘30 the head 30', as described hereinabove, and the solenoid 68 is
energized, a magnetic flux is generated through the ferromagnetic .
elements of the magnetizing circuit 54 and the pin 21 along doughnut-
shaped path approximated in cross-section by dashed lines 81 and 82,
as well as the magnetic end of the guide 76. (It is to be understood

35 that, in a modified arrangement, the flux is made to flow in a



" . The.notor 60, which has a peak torque rating of approxi- mately 140 o
‘(0.99 Nm, and the clutch 61 which can be, for exanple, an el ectrical
friq/i_on type are nounted on the outside surface of the 15 back plate 69.
The motor 60 rotates a pulley 83 which turns a belt 84 to drive a pulley 85
mount €d on the shaft of the clutch 61. Wen the clutch 61 is enabl ed by
the control unit 40, it engages the journhglied end of an el ongated spur gear
86 which extends through the back plate 69 and is rotatably supported
therein by a bearing 87. The other end 20 of the spur 86 is journal ed on
;i_hbear ing BSifESEgE!Bﬁd:ppBBiﬂe bﬂﬁtkﬁ:diiigggd Wbﬁdddaﬁhéﬁlelih@tai Ia?agszanlrmligs_ 72|.

: e spur gear engages .2 gear whee yount e n one end of _.a cylindrica
Cube BT Lhis incotr LSRR Hoe PErenpIne ipherd Rty of myageut dev B arEd tBer cv,
80. A nonnaggikdnodd feel)l Tie pavhnis tahsagrieaje efrécaitorecalinftheselyctahceh 25
corresponds e r of the pin - e, outer _dja r .Qf |
crests, iIs 5‘% a%%ed‘teg'tgg?%%zﬁgégntg“? ﬁé’ g’%:ifl%g%do 48?‘?% Jr:e{;'glltef]‘sl r?%sah%u us 72
and t ape¥s sveatlyi repdwgeRi rky O%opesrairening mheintfddxarkhropah echdieeentn t he

i nside surfage Qheddiact WUhektsS Ghekh S8ProndNEtell GiePbBn 231 Oford@ RESGd22 1S
inserted into the head 30" to threadably 30 engage the tubul ar screw 80,

the handl e $&rqudts beuing) winimelt gér ¢ serRFacFhereletyesn. ( A8 pt ir P 18eathagai nst
the inner spigtecOfotbe 82Niampbr&itakhs IgrodRedobeknendonéndie 6g8ykbndri cal

tube 91 has a rimQ’g(l ext endi ng adi,al-li putwarc&:)/ t here roEto su f}{t a

pair of canPPRISOFRL SAFUEENY AOE RID 2%t &R I Tadtr sdect FORF SBRBERE o

t he 35 10 cuthathead B0’ t he snmlilcih sdlzel ind2equiltes . bessc katrrént ftor athieveensi ng
- 12 - unit ad 56 LS ri 95 so that the sensing

units 55 angaé'g}ag?%”a?é%'ta gg%’?g'tagg%%relgﬁgni?ggg?ﬁetI 92 at the point of

contact. The torsiondhe eokpri&hcehich bdm aspedkngerd petinigt of tappreeinsi ng

uni ts 55 andya@ly 0140062-0N (DY RAES aRl tHaCcRutch 61 SRELY 3R, bdS %Ffeac'ggﬁ’fe,gl

is rotated on the tubular screw 80 by the gear wheel 90, which s
axially wit ﬁntelJrécfﬁ"lfélQiﬁaﬂtd.H@ type are mounted on the outside surface of the

15 back plate 69. The motor 60 rotates a pulley 83 which turns a belt 84
. to drive a pulley 85 mounted on the shaft of the clutch 61. VWhen the
\/ clutch 61 is enabled by the control unit 40, it engages the journaled
end of an elongated spur gear 86 which extends through the back plate
69 and is rotatably supportéd therein by a bearing 87. The other end
20 of the spur 86 is journaled on & bearing 88 mounted. on a bracket 89
attached to the retaining annulus 72. The spur gear 86 engages a
'gearwheell 90 mounted on one end of a cylindrical tube 91, the inside
surface of which threadably engages the tubular screw 80. A
nonmagnetic shell 92 having the shape of a conical frustum, which
25 corresponds. to the taper of the pin 21 and the outer diameter of its
crests, is attached at its base to the orifice of the retaining
~annulus 72 and tapers to a ring bushing 93 rotateably mounted and
sealed within the inside surface of the tubular screw 80. When the
pin 21 of the pipe 22 is insertéd into the head 30' to threadably
30 engage the tubular screw 80, the handle 79 is rotated until the thread
crests of the pin 21 seat against the inner surface of the conical
shell 92. The other end of the cylindrical tube 91 has a rim 94
extending radially outwardly therefrom to support a pair of
cantilevered leaf springs 95 extending in a direction tangent to the

35 curvature of the conical shell 92. The bracket 57 for the sensing



-fhe teeth of the spur gear 86 as it is being driven by the notor 60. The@
t hreads of the tubular screw 80 which engage the 10 cylindrical tube 91
have\_/ pltch equal to the horizontal conmponent of the pitch of the pin 21
so that the sensing units 55 and 56 follow the helical path defined by the
threads of the pin 21 with the shell 92 di spaged therebetween. The position
of the sensing units 55 and 56 with respect to the thread 26 is the same 15
" as expl ai ned herei nabove with respect to FIGJRE 4. Because the reluctance
and demagneti zi ng effiest55ohnd 36 Fmagoented onrthgi tprinends sodhaytbg pynsing

reduced as discuss -ﬂbacl}o% ahdS63d 3o kﬁn%@decmsb%hcadﬂ ¥helr 92 ratggrel
to enhance its reliability when used in the

el d by. i nser t he. shel 92
bet ween the pin 21 epigttdfeconfact. (The t%F%’rf’éﬁtISCS'!‘sp Hpge® %\A{lﬁe % (L 95
~accept abl e anbunt OfersigBathat seiuiaigi anits Bise anh 6l tdXodbow lsbe n‘acplereoéan’ptt e,

brass,  phospher br ofizgy BE L) M GAPBET140LoALa 0L REF QUIRIAC LS P8 6745

havmgalow rictron w t ubul ar screw 80
and has a thi cknesstl« )zelaat weeeh %pﬁbxtmle'ldyﬁsoa%llhﬁ’dt‘ZEFhe tube Sk RlQpg

(0.010 and 0.050 ingh) ;ee&}hefmh%f@%regesmskﬁese isS bajHyr @xiveat B \thQ. a8form
(0.015 inch) when considering the bal ance between signal attenuation and
mechani cal durabi | i?%r, As can be seen, the pin 21 and the outside

envi ronnent are rrechani cal | yhiesthedaic bEOtME hesbiuh 8t dec onPd bt epgaghdhe
head 30" durigg 30, coridddIURELLaDe CYPIEDOUGpLEE PLgLAL i SIS iovizoncan

i ncorporated hto tﬁ ic Clfc since the pin 21 is
i solated fromthe sequnglmnift@l%sl%ﬂ%’d%(?h&n@“c Bbrso Fhat,she enpingwpits 8°
position the el emeniss 68 #1dodGenel l@é;chED pfa]ﬁﬁ de¥fhied By Ofhet kierelahis el the, pihe

01 AL can, be nevegfed LU, GlenS e dietias. BRI ShiLAROGF kO
attached between t heergpdag wndes SESOaad\ciGt ht!:hr FerP34t gfo the thyead a6 isgthe As@e 91
and, therefor s rotgg eéxplalned hereinabove with respect to FIGURE 4. Because the
reluctance and demagnetizing effect of the magnetic circuit 54
has been.greatly reduced as discussed above, the head 30' is made
o mechanically more rugged to enhance its reliability when used in
the field by inserting the shell 92 between the pin 21 and the
20 Hall elements 65 and 66 with an acceptable amount of signal
attenuation. The shell 92 can be, for example, brass, phosphor
bronze,_beryliium,copper or any other nommagnetic material having
a low coefficieﬁt of friction with respect to the tubular screw
80, and has a thickness (t) betweewn approxxmately 0.254 and
25 1.270 mm (0.010 and 0.050 inch). ‘The preferred thickness is
approximately O. 381 mm (0. 015 1nch) when considering the balance
between signal attenuatxon and mechanxcal durability. As can be
seen, the pin 21 and the outside enviromment are mechanically
isolated from the inside components of the head 30' during
30 inspection even though the pin 21 itself is incorporated into the
magnetic circuit 54. Also, since the pin 21 is isolated from the
sensing units 55 and 56 and there is no requirement to position
the elements 65 and 66 close to the root 27 of the thread 26, the

pin 21 can be inspected without cleaning the threads.



*on the tube 91 with the sensors 55 and 56. The slip ring assenbly, Cé%%
i ndi cated generally at 59 conprises a collar 97 rotatably nounted by
bearkpngs 98 on the sleeve 73, a gearwheel 99 nounted on the collar 97 and
rotatably engaging the spur gear 86, successive slip rings |OCa 5 through
100d concentrical ly aligned and nmounted on-—thk®ewol | ar 97, and successive
brush assenblies 10la through A d nounted on a bracket 102 attached to.the
back plate 69 and in slidable electric contact with the slip rings
100a. t hrough 100d, respectiye the_r on . of the slip rings |I00a
t hrough 100d is synchroni zeg éﬂvﬁ’h K’éfk H'F%R?O% éh‘bl?“??‘b“r‘eSBE)% e Ryt ehe
gear wheel s 99 and 9¢n ar e'sqpsctlhpet'tj'.% Heixhuse altoatziteldob’euwﬂersy:hél‘gdirﬁw!iedl dde
slip rings |O0a -thg | {3 n t t er
58 through a condU|t&€gg% mhléﬁggrgtlg%guﬁggg¥h&g% f@ggﬁgikgﬁﬁgér t@éfSQO
and each of the sli{P thaidube

axially along the 15 teeth of the spur gear 86. Although only four slip
rings 1 00a through 10OQd are illustrated, an additional four 100e through
100h (not shown) are used in operation along wth correspondi ng brush
assenblies 101e through 101h. Referring only to one brush assenbly | d a,
~each of the brush assenblies 10la through 101d conprises a term nal 103
nmounted on 20 the bracket 102, an electrically conductive |eaf spring 104
havi ng one end el ectrically and mechanically attached to the term nal 1083,
and a brush 105 nounted on the other end of the leaf spring 104 which hol ds
the brush 105 in slidable electric contact wth the corresponding slip *
ring 100a. The term nal 103 of each brush assenbly |0la through 101d * 25
is electrically connected to a corresponding wire extending through a
grommet 106 in the back plate 69 as part of the cable 36. The rim 94 of
the cylindrical tube 91 also supports an arm 107 extending axially '
therefromtoward the retaining annulus 72 and carrying a cam 108. A bracket
assenbly 109 attached to the retaining 30 annulus 72 supports a NEAR |imt
switch 110 and a FAR limt smntch



rotating the cylindrical tube 91, the cam 108 rotates away from and

rel eqses the actuating roller 11Ca of the NEAR limt switch 110. After the

cylindrical tube 91 has rotated to the end of the helical 35 path, the cam
108 rotates under the roller Illa of the FAR limt 15 switch 111 which

I s actuated thereby. Both of the switches 110 and 111 and the sol enoid 68

al.so are electrically connected to wires ext‘_(éndi ng through the gronmmet 106.
In FIGURE 3, the signal power source 41 is ‘s ovvn as applyi ng 5 voltage

tothe dlffe nt circuit, 42 a h, t he
((:E)/Zmect or {ﬁ\a bén§?’ﬁ§'ﬁn1&§ 8 ’éggnd ’13‘83 ﬁ g &4 he
slip ring asWa}lﬁ&.f: Skicempt 1x@si o cobler dEtmhtdhlyF:ﬁdﬂdREdﬁay bd&&mggrﬁl
power supply 41 0, gula a | ff thal
anplifier ci rg'w ?{ e%@ 3?\? eLu%E%"\c{T%%I aggo GL&)(% %hde cﬁﬁagp bﬁ and
assenbl i es | @osatabdy| @a;zéfnzth'ee s$Hur geay 86scsusicpsSiyet sldpghingmid@eor s

SCa and 5@c ighrédih Y66UEBhcektE 105115181 394 moIklfeaSLﬁ Rhki ek G2 A

| 00c are each connected to resistors 112 and whi ch are each serially
connect ed t o SEPEASHYSPEush Asgpmblies l%acwr&rlsmmﬂ mountgd, AR feBr ket Wer
polarity to tdteachednts thel’md!ﬁblﬂfe 6beand 1nssniaabw(azvaétﬁ¢p|abytéh1t tieough

- the brush 20Dl Ly t t
_ grgm*nratjslogso eiphqé'&sg@% h:I"'n unroédtjlq'aefgac ?%1 Oﬂ'(ec tonr Ii?’f’l"rck?ent
magni t ude to tdwesldpn'einm 1088 stisrouigh ol@d tihesmmhlren%d( EL’GUF&@) of the
ext endi n%betaasmmasat EHEKug’i:Z tﬂ@dgetabﬁhgélgmtan&% (fés?é@é@ly‘)f BeBSudiead

30'". A positive and a negati ve voltage regul ator are

connect ed acrig§8tione is aﬁ&’&?*’tref‘ézidlﬂ thedsiie, r%pé@?? v@%?“g'ﬁnélo?ﬁ offiede

regul at ed voldlagericy)1ynGonfisctud ot the npllioier 388t1mﬁgﬁ19 codduipetsdavel y,

I n parallel G I nat i nvmth nd 121 ect, ve

differential Ublf Pf?‘@r seslazfa’éﬂwylgémé‘ﬁ v%ﬁ’gaéefgglﬂ“gt%% lhl%l t?’fh%ht?ut put

25 . capaci tmisgs_ﬂaoandtrénﬂl 08@duse dhe cgearphenk 90 hmovies aarsiaddly albmgotise,

15 . teeth of the spur gear 86. Although only four slip rings 100a through
-100d are illustra.te&,' an'addition_al _four 100e through 100h (not shown)

are used in operation along-.with corres'p'onding brush assemblies 1l0le

111, - .each of which can be act uat ed by the cam 108. Wen the notor 60 @ts

through 101h. Referring only to one brush aséembly 101la, each of the
brush assembl:.es 101a through 101d comprises a terminal 103 mounted on
20 the bracket 102 s &n electrically conductive leaf spring 104 hav:.ng one
end electr:.cally and mechanically attached to the terminal 103, and a
brush 105 mounted on the other .end of the leaf spring 104 which holds
the brush 105 in slidable electric contact with the éorresponding slip
ring 100a. The terminal 103 of each brush assembly 10la through 101d
25 is electr:.cally connected to a.corresponding wire extendmg through a
' grommet 106 in the back plate ‘69 as part of the cable 36.
The rim 94 of the cyhndr:.cal tube 91 also supports an arm
107 extending 'a.xialiy therefrom toward the retaining annulus 72 and
carrying a cam 108. A br_acker assembly 109 attached to the retaining
" 30 annulus 72 supports a NEAR limit switch 110 and a FAR limit switch
~ 111, each of which can be actuated by the cam 108. When the motor 60
starts rotating the cylindrical tube 91, the cam 108 rotates away from
and releases the actuating roller 110a of the NEAR limit switch 110.
After the cylindrical tube 91 has rotated to the end of the helical
35 path, the cam 108 rotates under the roller 1llla of the FAR limit



Whi | e the capacitors 114 and 115 are used to filter the input to the di:i)
vol tage regul ators 116 and 117 which can be, for exanple, types 78MG an :
79M5 r espectively, manufactured by Fairchild. The input of the voltage
regul ator 124, which can. also be 30- type 78MG is filtered by a grounded
capacitor 125. A capacitor 126 and a resistor 127 are connected in-
paral | el across the output and common term nal of the voltage regulator 124
to provide a constant current source thré8gh a resistor 128 which provides
a rated input control current (I ) of approxinmately 200mA to the serially
connected 35 Hall elenents-65 and 66. An out put tern1na| from each of the

el enment s 6 ' onne r u res or d 130
respectively, é%%ra?h@qngﬁf’%/grgt ?%tuqfer nﬁ?‘ng%bsy ﬁ‘%%‘ g % efg ‘f‘%ﬁs g\}r?)ﬁ"fil ers
122 and 123, iEspmadtthe|splenpid cﬁtshelsmmrpuema:rﬁrmbly foooneeteesh tof wites

el enents 65 amegﬁiﬂﬁstgpgmcheéjg{.&m;elgeldsnvert| ng termnal of the

differential 5 fiers 122 and 123 Differences in the offset_voltage
of the el enents 65 an&na%l% Sothmpisndd pRreasrech] Asljshowrean 2RRINIBRK

corrpr: |SI NG vavéRriage chStstﬂfeSd:tlBﬂergﬂd;ale%%ﬁﬁr%ﬁaAi xn&%nﬁﬁsﬁdiagrﬂ&& lt(|?9
serially conngcte el enent s an e W varj abl e
resistors 131%3%5@' A FEPRETHOX| P 6 il 8cf‘é‘%f"f‘ﬁr8ﬁ§’ﬁ %5 ée‘gé A $he33 and
134, respectismpljifidm S8heinchensddpt ring tesenbigl 59.0f Rdfleer i linf maresdétaz 1 and

123, respecw@&xsuﬁ; anat;s ersi;%g;f'sxasflyztﬁt &go‘f,hdegoqeg a%#e%r fveitthe

of fset differences can exa
type AD-521 nffi &%tﬁ!’\eeﬂig%;fﬁmﬁ#ﬁigﬂm}lfees cigtuit e2ndyunreguiatad vmtase

adj ust mento et ko (Uhet bekuhVaYschib116D 1004 "Bldi 1614 b2 SR T1kpVidng afsaRab

channel . The the anplif ) 23 i s adj bet we
appr oxi mat el y %%hﬁ?ﬂ? 56'.“‘“{“1%8’?) Qﬁﬂﬁéééﬁ:f’fne?‘éﬁt&reﬂ“‘“%tlﬁgtﬁdg e hFFgrﬁQt he
anplifier 122Thesstipindogedl00ar and)100c aeei @chr esm&tcmédlﬂﬁrbsiﬂb&sslim ahdng

100e, and they fﬂﬁ{%’rﬁe%ﬁu%@lﬁ%ﬁﬁ%&%t td e rsrﬁi}g QQf the

positive diffetentli out put 3%7s Igbner?ect ed
t hrough a ser?fegh#“é's%t&}?“&%i mPFhEeﬂsPP}ﬁmltMgtq' @@g cmnt berwigiadr o dbe

out put i siongiRmbehduert Sigppllyi #1 thP&ugh the brush assembly 101b and the slip
\_ ring 100b via connector 50b in the grommet 106 of the head 30'. The

‘unregulated voltage (iP) is of sufficient magnitude to overcome the
losses through the cable 36 (FIGURE 2) extend:.ng ‘between the truck 32
and the grommet 106 (FIGURE 6) of the head 30'.' A positive and a

20 negative voltage regulator 116 and 117 are connected across ‘the
capacitors 114 and 115, respectively, and provide regulated voltage

. (V) across output capacitors 118 and 119, 'respecti\‘rely, in parallel
combination with diodes 120 and 121, respect:.vely, for differentlal
amplifiers 122 and 123 and a voltage regulator 124. The output

. 25 capacitors 118 and 119 are used to improve the transient response,

- while the capacitors 114 and 115 are used to filter the input to the
voltage regulators 116 and 117 which can be, for example, types 78MG
and 79MG respectively, manufactured by Fairchild.

The input of the voltage regulator 124, which can. also be

30 type 78MG, is filtered by a grounded capacitor 125. A capacitor 126
and a resistor 127 are connected in parallel across the output and
common terminal of the voltage  regulator 124 to provide a constant
curren‘l; source through a resistor 128 which provides a rated input
control current (Ic) of approximately 200mA to the serially connected

35 Hall elements 65 and 66. An output terminal from each of the elements



| OCh. The slip rings |00e through 100h transmt these signals via t
correspondi ng brush assenblies 10le through 1O h and connectors 51a, —51b,

52a and 52b, respectively, in the grommet 106 of the head 301. 25 The
cabte 36 (FIGURE 2) routes these signals into the truck 32 where they are
connected to the differential circuit 42 (FIGURE 6). The differenti al
circuit 42 conprises resistors 137 and 138 which are serially connected
bet ween the resistors 135 and 136, respmﬁﬁively, and grounded to | oad the.
outputs of the anplifiers 122 30 and 123, respectively, so that the

out put vol t aéfe aag féais cpnnexted thughsesiktored 28 tandsl 303 7renpect 8@ 1yTho

reterence ouplinoh bR ARhELL ol Thedffs fiint 2o 'aamgfmed@ﬂz e

differential circul SO conprises a d erenti a fier 139 having
a noni nvert i WP t eespentivedysitie 9‘%9@'&1@%"?%%@hffa’mr%%qhs?f)l*hilﬁ)leﬂ'emfﬁe

junction 35 petngeds [8Stsinakted 3D NE dr¥ert Ml tARmikMICLE 12 LEFfdeatkial
serlally connected through a resistor 141 to the nctlog bet t he
+ \% t% 521

resi stor & 138PRAdEiearsg 122 Tand Afgi-i 1 PEFEersocetuinc i8I 8T SEhnVhE 48

enpl oyi ng anetepts 63 fanat 66 rnra adgruslmat bpebioskEsenohd plsawayt mwtobriact s
the anplified signals nd_S2, .an plies e_out.put 2 0SS
resistors 14'2°"5’ﬁgs’1'1§3"afhaebq uﬁ%ﬁ’lsgﬁrf)e é’ﬁgv&u c flsalg nﬁ%n@t(e% %h%corﬁg t he
term nal 44 the tseeigtlyi ponmt:ted4ﬂa11 Tekemgats 6 andeb6GnpThé |vepe189>fcahe be
set 1o 1 Or J&sliag Sylibehnd Ny SRRPN} o 0aBp ke 1Y, OULRILCRadiagpn Lhe

Stl‘lp chart rlng asse SO CO rlsesa5|pr|ng
10 whi c}P supsiisters lﬁémm 3fy, c@ﬁpaetiter%w@ufghtbheomwtagséﬁﬁwynaﬂelﬂfto

the common texdringhiOlerkhe28i ghd! 11@Wes§@@91%14 ¥hd ¢4 BY Wepaaseaybl y
101b each tinge the slip ring | O rotate r % an angg_bar dh gl ace ?ﬁ
of “appr oxi maf&iurred t&e(j?‘@i?é‘sa‘fﬁef"ﬁ the %5 (586 PEESine e F™PhE
connect or 53and) 12B¢ WBiiehTein KM “dbrt b;eads;ﬂad 80tyge> ADas2il tnnhlﬂecttxa-rem lml 62.
An input rel associ d with the &t

P g% Cl1orgA1)ev:|.ces %tl.gp em ?% Fa ? Pm %g%étmig e&?&??ﬁ%g

term nal 62 energl ze eac
t he s||p1$|ngplﬂﬁjmahgnenﬂgy|ﬂeysit1vxty of each channel The gain of the

amplifiers 122 and 123 is .edjusted between approximately 60 and 200. The
positive differential output, S1, from the amplifier 122 is connected through
-a series resistor 135 to the slip ring 100e, and the reference output is
connected to the slip-ring'100f;:the positive diffetrential outppt, S2, from
20 the amplifier.123 is connected through a series resistor 136 to the slip
ring 100g, and ‘the reference output is connected to the sl;p ring
100h. The slip rzngs 100e through IOOh ‘transmit these s1gnals via the
corresponding brush acsembl1es 101e through 101h and connectors Sla,
51b, 52a and 52b, respectively, in the grommet 106 of the head 30'
25 The cable 36 (FIGURE 2) routes these signeis into the truck 32 where
they are connected to the differeutial_circuit 42 (FIGURE 6).
The differential circuit 42 comprices resistors 137 and 138
vhich are serially connected between the resistors-135 and 136,
respectively, and grounded to load the outputs of the amplifiers 122
.30 .and 123, respectively, so that the output voltage appears primarily
across the resistors 137 and 138. The reference output from each
amplifier 122 and 123 is also grounded. The differential circuit 42
also comprises a differential amplifier 139 having a noninverting
terminal serially connected through a resistor 140 to the junction

35 Dbetween resistors 135 and 137 .and an inverting terminal serially



-conptetes the circuit through the brush assenply 101d. When the relay 1
I s energized by the nmonentary contact signal (M, it actuates a 20 sSwi

145 yhjch provides a signal that is recorded on the strip chart 43 each _
time the slip ring |O0d rotates 60 degrees. Since the rotation of the slip
ring assenbly 59 is synchronized with the rotation of the elenents 65 and
66, the signal fromthe switch 145 scales the differential output - signa
(S1-S2) for each 60 degrees of 25 angul ar di splacenent. Consequently,
when the differential output signal (SIJRZ) i ndi cates the exi stence of a
flawin the pin of a pipe . the fIaM/ mhich m ght not be readily visible,

" can be easil Iocgggth fyl .St IQ?O nunber qc&enents

0
recorded on t xémsﬁtrl %ﬂ a4?s %ﬂa'é?ts’t" Qf"ﬁﬁ?g%'esc 3t or
ot her than 3036whégﬁeegheanmmufdsedlih th)tdt aalaof bawhenat hypplm-éﬂla

pi pe. Power a5, )k dggl &pcptutee oszk;w «.cmr tadi JmQBPUQ&JoQE Qﬂ&%ratom't 40.

Referri ng now I n°“nore detail e control unit conprises two
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. other elestr qsncszgomwaenfesﬁhew M2t Bhd Be B joRied BdtReedhilERkhi £ al SO
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e T e R TOAE CUE O S P
when ener gi zatle dmplifierdidheragi bedsedt tbel orhiO byr avduipel| (xxd shuwd)x ltol48b
connects a "'é'cIlJ W§3€&4 QeLJ‘ﬁxgp%EeWE%yc\b%%@ QMhich illumnates the |anp

149. The inspection uence€ 1's starte en the operator 37 (not
shown) depresses and "3!30519%1’ Fingransiepbly ponalarearrrises ohisddp wiga 400450

. whi ch i s 100nRAcdiLdugl ibh @ RONGItasy idnY add @htbighUghe Ebra@n nBske¥bh} Q984 to
nonent ary di }gonnect svmtch 51 ang whjch_in turn c ?‘i a,latch relay 152
2ac

to be energi Re *pHtEA sﬁﬁplt 1%¥Bna},ROYSE| FYPR: viaiehe SfptRhes 10
152a t hrough assetblirrm?rbaeaehrtltniel Vhosdip poiagt 100d rotates| tinmhgbom tangtl snd

e R onnat WAl WeBEOSaR-RE7 | b0 Wekled TS FROIhE Mool 8a 500 L O

152d connects ower ‘sup ot re- del ay I ch d'oes
not actuate Fhenemeé ehéeuam%e Houneataly $%rmaﬂpesrwne6f 106 of the head 30

15 and to the terminal 62. An input relay 144 associated with the strip
o . chart 43 is connected ‘to the terminal 62 and is energized by the
signal power supply 41 (+P) each time the slip ring 100d momentarily
completes the circuit through the brush assemply 101d. When the relay
144 is energized by the momentary contact signal (M), it actuates a
20 switch 145 which provides a s1gna1 that is recorded on the strip chart-
43 each time the' -slip ring 100d rotates 60 degrees. Since the
_rotatzon of the sl:p ring assembly 59 is synchronized with the
| rotation of the elements_ds and 66, the signal from the switch 145
scales the.differential output signal (Sl-SZ) for each 60 degrees of
25 angular displacement. Consequently, when the’ differential output
signal (S1- SZ) indicates the existence of a flaw in the rin of a pipe,
“the flaw, which might not be readily visible, can be easily located by
first counting the number of 60 degree increments recorded on the
strip chart 43. It is to be understood that a scale factor other than
30 60 degrees can be used to locate a flaw in the pin of a pipe.
' Power is provided to the strip chart 43 through the control
unit 40. Referring now in more detail to FIGURE 7, the control unit
40 comprises two power supplies 146 and 147 provided with 115 VAC at
the terminal 38 and other electronic components shown within the

35 dashed line which is also indicited by the numeral 40. A time-delay



, appr.oxi mately 2.5 seconds after being energized. Therefore, the 15 Cg;b
‘l'at ching switch.152a, which connects the junction between the two nonent
swi tches 150 and 151 through the closed switch 148a to the relay 152, wll
keeﬁ‘fhe relay 152 energized after the nonentary contact switch 150 is
rel eased. The |l atching switch 152a al so conpgcts an I N TIATE [anp 153 to
the power supply which illum nates 20 the*Manmp 153. The switch 152b
- connects the power supply 146 to a relay 154 having three normally-open

swi tches 154a, 154b and 154e and two nornmally cl osed sw tches 154c and
154d. The powéuayswppytq%mdm swdtchafel§pa cand 48l | frpm 185 nogmal 1y cfesed

nor nal | y- opegbsitied irl tanswpéspfbolshmxﬁ wHeAS@der equent ine deﬁﬁeﬁ%\iieﬁh 152¢
connects the power after

toatl elay rela 5 whic
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nor mal | y- opepoue@ssipply 106 aﬂﬁlcased1msmteentheTmn@wmsh e i@i@ﬁéeﬁtoa t he

clutch 61 to_the Lover _gu hr ou 3 ot, shown t he
connect or’s 4?69“5“03 48b 56 PP%"%ePh h%e? ngugn%t sg ﬁ‘é’p)cldﬁf’ tH° Y %5 enég;age
t he not or 60clcses he snpunaljevapp&s @amintshy)mppttdte switmh Q00| whéth Hes not

~yet been energized. Ibe:r&u;,wg;g SRR} 198 {ichlf £RbANANY-OfbeRkeloNy DY

t he magnetizing power su é set at ue or a low v
dependi ng ordigeperecsf S‘H/VG 1 and whieh jactexp ceusest erlétibefeéﬁn :!L—‘E??tPsbe

shorted. Theemd3gizdP®y Bi¢ tp%beiwpp@fmt efhd Relay AlshehctiidtBs thgitkRSd stors
156 and 157 | ows_ t he ngrmall osed switch 154d to short  the

al LOW
FI ELD r &9 stbﬁzaﬂs’vm% e fren wmﬁlzcm%mm%%s &t SF‘F‘ne"“‘tmn

magnet I zi Ng pANVewitchppSYE IRok Ca rifo@biaﬂt}’-eﬂﬁﬂgth p(bulitﬁﬁi tbOart ha@eﬁqumndn.%

" (not shovvn) a at e the ot
before two 5 see?:%ngﬂe#az? e%ﬁggﬁ%%er%‘ﬁ&ﬁ d' ?‘ﬁé% ")e di{;@' y153
respectivel y}4tawbidh does metedctuatet Hee solitches] 1682 (arit llsﬁh)\ﬁm) aandr:toldeof
clutch 61 arg,paetaieed. 2 endBe etay ﬂ{ﬁs Cehg?%fz%dt herslele RS 5a and

155b after a{) proxi mately two seconds has el apse he nmotor 60 and f!
strip chirt. latshing syiikgh t liddeushich conpaces "c}'G duneiiogebatween the two

momentary switches 150 and 151 through the closed switch 148a to the
relay 152, will keep the relay 152 energized after the momentary
contact switch 150 is released. The latching switch 152a also
connects an INITIATE lamp 153 to the power supply which illuminates
20 the lamp 153. .The switch 152b connects the power supply 146 to a’
relay 154 having three normally-open switches 154a, 154b and 1S54e and
two normally closed switches 154c and 154d. The power supply 146 does
not energize the relay 154 until the normally-open FAR limit switch
111 is closed. Consequently, the switch 152c connects the power ~ ~
25 supply 146 to a time-delay relay 155 which after approximately 2.0
seconds actuates switches 155a and 155b from a normally-open position
to a closed position. ' | '
The switch 152e connects the clutch 61 to the power supply
146 through the cable 36 (not shown) and the connectors 48a and 48b of
30 the head 30' causing the clutch to engage the motor 60 to the spur
gear 86 (not shown); the motor 60 itself has not yet been energized.
The current supplied to the solenoid 68 (not shown) by the magnetizing
power supply 39 can be set at a high value or a low value depending on
which of two serially connected resistors 156 and 157 is shorted. The

35 open switch 152f connected in parallel with the resistors 156 and 157



.10 :forward. scan cycle. The switches 155b and 155a connect the power
*supply 146,to-the strip chart 43 and a relay 158, respectively. The -I
158 actuates switches 158a and 158b from a nornally-open position to a
cl osed position so'that the power supply 147 is connected to the notor 60
through the cable 36 (not shown) and the 15 connectors 49a and 49b of the
head 30'. When the notor 60 starts rotating the cylindrical tube 91
(FI GURE 5), the cam 108 supported thereofqratates away from and rel eases
the actuating roller 110a of the NEAR limt svvitch 110 to return it to the
nor el | y- cl osed p05| tion. The NEAR [imit_ sw tch 110 connects _the junction -
bet ween the 2@1164i theRermakly %Wsteérﬁ%*tfbol%ﬁd"%shm(tFF’ﬁJ@ FIELD refistof ch
SW tﬁh 152a- thlswgég ther ﬁablmsg%%m rshﬁm): ; svlae uh§mﬁwgeke1ﬁxfg6?&@ﬁiAéTlgb
in the .gromet e so that the,re
| anp 153 rerralsﬁpéﬁ' Pg tfe ERRugh FRITRNE ay ° the; a]fﬂ%?‘glﬁ?e& «%p °8'§3> it el y
2.5 seconds amtaametasalhesam:taﬂe tHS pihr 2In(nbe stowndl | Fhud5 just|befode two
position tg th n Va t t 148b
Rhich di scannast %"‘*?hé‘%k%é“ng“ Hig BALTvaplt IrbeTahge 18 A 333 er at or
37 (not shown)respratively.f sradl Wﬁew@ﬁethesw%ns%gﬁaesgot Ahe#r) @Rd the

f:yl I Pﬂr I ]g:alt ht a8kl G&Fh@%%eégim r phéi Q.dxeaﬂéla?yo 158 ra%‘éﬁéﬁ.%dtﬁb%wfilﬂl:ﬁes
eng 0] e

rwar.d an_of the pin t he cam ort er eon
rotates under légé 4nd } stl(i‘ Bfter Gpr‘E?b{“‘FﬁRIX |tﬁf’ts“sﬁﬁf‘%%ﬁ‘ gh ﬁs‘;‘ Tetefat ed
froma nor nal lep- afik the Gstirtip ochare . 43 dressimyltahédusiy aatevm L6 Mohmenté ah
111 (FlaU t i d
ShOWI(’]) an connec%yle%%? &%Iée %e gé}i{c%e 9#’gl’r 0%?&%8@%@? ﬁt&ﬁeg%e%n
so that the reupplyl346ite thersfiripochartpé3 tand eowémwplyesmsti\rﬁrlcugﬂhehe

switch 152b. A3ap 158Sdetuatdic swibinds hxda QRENIsEY kreAUaCRoldlA1ySbpa 155
to deenergi ze-which in turn_causes the notor 60 apd the strgé)]ty[}l rt 43 to
(o

shut down, nmameFttioPhECefdcdPsehPordriRh F% SRt TRE cPOVERe S 548 opens

and the sw t cleoinectk84to ¢h69ﬁﬂ:otro6¢$ M&buglutthehaﬂ-llleaﬁ Hinbt Dskced) sead  tiho.
Thus, the JsOWeonnectors 49a and 49b of ‘the head 30'. . When the motor 60 starts
Totating the cylindrical tube 91 (FIGURE 5), the cam 108 supported

N~ thereon rotates awvay from and releases the actuating roller 110a of .

_ the ‘NEAR limit switch 110 to retuin it to the normally-closed

. 'position The NEAR l'imit switch 110 connects the junction Betweeh the

20 two momentary switches 150 and 151 (FIGURE 7) to the latch switch 152a

"+ through- ‘the cable 36 (not shown) and the connectors 46a and 46b in the
. grommet 106 of the head ‘30" 80 that the relay 152 and ‘the INITIATE

. lamp 153 remain energized when the time-delay relay 148 after

: approx:.mately 2.5 seconds actuates the switch 148a from the normally-
25 closed posit:.on to the open pos:.tion. The relay 148 also opens the
switch 148b which disconnects the HALT lamp 149 providing an
md;cat:.on to the operator 37 (mot shown) that the forward scan cycle
is in progress. - '
- After the cylxndr:.c.al tube 91 (FIGURE S) has rotated and
30 traversed the full length of the forward scan of the pin 21, the cam
108 supported thereon rotates under the roller 11la of the FAR limit
switch 111 which is actnated from a normally-open position to a closed
position. The FAR LIMIT switch 111 (FIGURE 7) connects the relay 154
to ground through the cable 36 (not shown) and connectors 47a and 47b
35 in the grommet 106 of the head 30", so that the relay 154 is energized



‘anouht. of current in the sol enoi d 68 (not shown) to a value near zero

t hat_t he magnetlc field in the pin 21 (not shown) decreases to its re

val ue. The switch 154b energizes a tine-delay relay 159 10 which after
approxi mately ten seconds actuat:es switches 159a and 159b from a

nor nel | y- open posi‘ti.on to a closed position. After the ten- second peri od
of inactivity during which the operato# (not shown) readjusts the

scal i ng of . the strip chart. 43 t he -actuated switches 159b and 159a cause
the strip chi 3andthe r..60. 10 eo re yated so
t hat thepm)t 0 y ¢ BYWRTe SVPR 3f ﬁé’s g%‘?“‘b‘g‘ Eﬁ"t? égif‘gﬁ #ggto#ﬁe%&? gﬂ ?se.
scan cycl e. TiaeltshilséhapensHndooahstsdhecoelaycls5s ke deenergizepiichl ff tuont he
strip "chart 4 6 S 0

SW tg hes 160a° glsggd%%bkg%)r/nsé %‘odr rtrgF ,.Rﬁﬁ e%‘%"lﬁ:)c{;'sll'%rlh%nHt?"E)é%ma'lQ "ﬁgwﬁél tron
so that the pestepfsthepforwayd sasn |¢§°¥Qe-co swdtich 3544 coneps opndsghe %{Hﬂc n

-reverse ppl agddey c14:08S€8uhakt Yout! BRe HIGR! FIEIDALESiskBe 1l I MihuisGadne Lowe 91
(FIGURE 5) in_the reverse_direetiqQn so that, the cam 108 reI eases .t he

actuating rol FHLD1ZepistIr AR sekr theppganshizing Pa4e% SPRRYN 17 to F8IpfR the
nornal | y- opeanqmmdﬂ aﬁrredi:veﬂ theosigfienbld 68AGdt shdwn) Ved ehralﬂlé r(elarGdzb, 7)
|s 25 opened, tr.ﬁg [tﬁl Whedbsd ?%n te%erghgezq gmctagﬁgw etaCsQI nQT gLt ch

"154a prOV|des | 0 grotnd everse scan cC I's conpl et'ed,
t he cam 108 (ﬂ@éﬁ&l 3)alpet afThe swikoh 356b centeraizes tahém%ﬂdeé#YI r<deyofl5? he

NEAR 11 m o SWl£R JthQrV!]inQxﬂﬂﬁ'&i ad SUba8s Jc'ﬂﬁai&' ééliéc'ix%s(ﬂﬁJEEd Asgh0 be
30 deenergized and the_  INTI ATEy 153 ~extingui shed

anp
Consequent | y, £¥9fe 2w 61)-°Ptenemi&tieh fmaaﬁ%PSteﬁeP%%iFftgnnhé tex; bg ten-
deact i vat ed aad-_ohbepelﬂba’ dﬁ&aae:ga;lmylddﬁﬁgrkaﬁed ﬂce opethitoat 87 t(hot stoommhi Ng
has been conpl elf n t hat, t he trol S t,e as it
was .bef ore th%ea érgll g:rhe 2o % _°g af tfgf) % ?‘L‘%?&ae@err%sssegc % the
operator 37 (&b sh@vﬂr@% th%sscﬁkmmtgineqMé-':cand thbemqmrmﬁﬁattedbat any

time by depr e§ﬂﬁgdeﬁs@%gcﬂ%t@8w9ﬂﬁcihe motor 60 rotates in the reverse

direction to commence a reverse scan cycle. The switches 159b and

- FI EL.D resi stor 157 sets the 'magnet|2| ng power supply 39 to reduce the ’
si dual

N 159a connect the power supply lk6 to the strip chart 43 and a relay °
_.160 'respectiyely. .The.relay 160 actuates switches 160a and 160b from
. a normally-open position to a closed position so that the power supply
20 147 is reconnected to the motor 60, -but in -reverse polarity.
Consequently, the motor rotates ‘the cyl:uxdrical tube 91 (FIGURE 5) in
the reverse dxrection so that the cam 108 releases the actuating -
roller 11la of the FAR lim:l.t switch 111.to return it to the nomally- ' -
open pos1tn.on. Even ‘though the FAR limit sw:.tch 111 (FIGURE 7) is '
25 opened, the relay 154 remains energized because the latch:.ng switch
1542 provides a path to ground. : : -
When the reverse scan cycle is completed, the cam 108
(FIGURE 5) rotates under and actuates the roller 110a of the NEAR
limit switch 110 which _opens and causes the relay 152 (FIGURE 7) to be
30 deenergized and the INITIATE 1lamp 153 .to be extinguished.
Consequently, the motor 60, the clutch 61 and the strip chart 43 are
deactivated and the HALT lamp again illuminated to.indicate that
scanning has been completed and-that the control unit 40 is at the
same state as it was before the momentary contact switch 150 was first

35 depressed by the operator 37 (not shown). The scanning sequence can



-swi tch 151, at . ‘which tinme the HALT lanp 149 is illuninated. Scanning is
reini‘tiated by depressing the nonentary contact switch 150. During the
forward scan cycle, the magnetizing circuit 54 5 (FIGURE 3 and 5)
generates magnetic flux through the pin 21 along the path approxi mated by
the dashed lines 81 and 82. The current through the solenoid 68 is set
sufficiently high by the nagnetizing power supply 39, so that the flux 81
and 82 is of sufficient magnitude to maguetically saturate the pin 21.
Saturation is required to detect 10 small flaws such as, for exanple, the
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Second% cSERdi BYnbBhi1 (égl)poﬁ@nt ﬂtﬂnkmé &ngr&pethcg fpflgr Qi‘t negag QUt '
S1-52, 1s direction) on the other side of the crack C. Referring back to FIGURE
4, the elements 65 and 66 produce an ontput voltage (V ) proportiocnal
20 to the product of the control current (Ic) and the component of
magnetic flux (B) perpendicul.ar to the surface of the elements 65 and
.66. Therefore, when the éensing units 55 and 56 begin the forward
scan toward the crack C as shown in FIGURE 8(a), the positive normal
component of the perturbation B' causes a positive potential, VH’ to
25 develop across the element 66 of the second sensing unit (82) 56,
while no voltage develops -across the element 65 of the first sensing )
unit (S1) 55. As a result, the differential output signal, S1-82, is
equal to a negative voltage, - VH’. as graphically illustrated at (a)
in FIGURE 8(e). After the sensing units 55 and 56 rotate a full
30 revolution to the position directly over the crack C as shown in
FIGURE 8(b), the positive normal eomponent of the perturbation B’
causes a positive potential, V., to develop across the element 65 of
the first sensing unit (S1) 55, while the neéative. normal component
causes & negative potential, = Vy» across the element 66 of the second

35 sensing unit (82) 56. In this case the differential output, S1-82, is



.equal to twice the positive voltage, [err] as graphically illustrated
(b) in FIGJRE.8(e).” After another revolution away fromthe crack C sho n
JRE ' 8(¢), the. negative normal conponent of the perjurbation B' causes a -
negalive potential, -VH to develop across 5 the elenent 65 of the first
sensing unit (SI) 55, while no voltage devel ops across the el enment 66 of
t he second sensing.uni.t (S2) 56. Thus, the differential 'output, SI-S2, is
again equdl to a negative voltage, [err]a@s graphically illustrated at (c)
in FIGURE.-8(e). The .conposi te graph of (a) (b) and (c) represents a
si gnature identifying 10, :the crack £-as‘a flawin the pin 21, Qher

di sconti nui i eg,dd H,]f%%ﬂs Oédsqgiﬁéj%%@f%eqoﬂ es 4an V@Vg{nﬁw k{l}]ﬂtﬁ%ﬁ‘é&? a

S|gnature sim uce rac aw | n
the pin 21 is e (bhdni EIGREGD (et | Mteawedhmrsmﬁuéém Byay Erom thrcenpsk @

tension or Corm{oaﬁsmnrmnzndamt Edttﬁt Rg’lﬁivé nngrﬁiREcd‘%Q}mné hgf the
def ormati on causes a | ocal, change in pernea |I|t¥ whi ch Can_be _ detected

during the. reRAFFuEPatiom, %yEFEs?ﬁhénn? iys ratsrlide (HGhrREI%)S1PR across
deenergi zeds Wwaéienerawotl the if@ksk 's@hs figl nB2t SGEUYT 58 cwhiille 1 'voltaged i s

- subsequently r the field through.th in 21 coll apses t f gpent
resi dual "val ue‘g vfe ps”t RE™ OE 5?‘me ! "% 26 Pﬁ?‘&)ﬁf ] d3 nsanﬁ ur?&%dgégc?r r%éd

portions. 1t hBwshethe ditfeogential bhmutal Slrti?ghh hagadaf equadt itona Dhegatdves
unkdentified dygyrBge t hevf Ora%%{!apmemfyy&hﬁ;serm& all:dF&t 15 iFABURE @¢e) NoThdE

reverse scan cycle ure. skm t- l'ust r at ed raphlcally
at (d) in Fi amswf srmsof £adnilP) gk () reprpsents amwgrwaé pridifying
~obt ai ned fImm%cr@kashgm dﬁﬁ)riﬁwheoﬁﬁ\ eiih or w thout associated cracks

dotai Fo FLGRE o o ROk Foreonruuiien pme ety Rties oo il potibe pd™ ©
general ly at whtamllenar@&eqtas stigeataireodimidar td tbh‘e Froduc&D by FtIGUREaS)
descri bed above, fueGly C38HhEd 1Rk ﬁ}%L in3$) lgtm?&ﬁé&cwaef @9&@%@&@
The head 30" conprises. a first tub ousin avi n
one end direct®¥ sP‘é\iﬁ“ﬁl"‘F% itrﬁmeﬁe}s31ve tension or compress:.on as :md:.cated at D
15 in FIGURE 8(d), the deformation causes a local change in permeability
U which can be detected during the. reverse scan cycle when the solenoid
"68 (FIGURE 5) is deenergized. When the magnetic field 81 and 82
saturates the pin 21 and is subsequently removed the field through
the pin 21 collapses to different res:.dual values for the deformed (D
26 " in FIGURE B(d)) and nondeformed portions. It has been discovered that )
C although the deformation D remams unidentified dur:mg the forward
scan cycle, it is :|.dentifiable during the reverse scan cycle by a
signature. smilar to that illustrated graphically at (d) in FIGURE
" 8(e). Thus, significant ‘and detectable signatures are obtained from
- . 25 .plastic defomations with or without associated cracks in the pin 21
 .as well as from very small fatigue cracks.

_ " Referring in more detail to FIGURE 9, a head for inspecting
the box 23 is indicated generally at 30" and represents the embodiment
of the head 30 (FIGURE 3) described above as represented by similar

30 numerals where appropriate. The head 30" comprises a first tubular
housing 161 having a flange 162 on one end directed radially inwardly,
a solenoid 163 i:ositioned longitudinally within the housing 161, a
second tubular housing 164 lxaving a closed end 165 and having a flange
166 on the other end directed radially outwardly and bolted to the
35 flange '16_2 of the _first housing.lSI, .and an annulus 167 closing the



f ubul’'ar housi ng.164 having a cl osed end 165 and having a flange 166 on

- ot he{_end girected radially outwardly and bolted to the 35 flange 162 o
the frrst housing 161, .and an annulus 167 cl osing the ot her end of the
first housing 161 and haV|ng an inner dianeter sufficiently large to
receive the box 23 which noves toward the exposed inner surface of flange
162 when inserted into the head.30" through the orifice of the outer
annul us 167. The head 30" also 5° conpri s@g a support tube 168 having one
end nounted by -a rolling- contact bearlng~ 69 in the closed end 165 of.the

second housi NGl ol o 4B SR TR0knd i GhCL Y. froflkplige 171
F 1R

extending radially therefrom.and, rot %%nnun I'ng-con act
bearing 172 weekfigientdyr |lange t®oreseivect chdehowisiqhgmesqs tawardhthet her

end 10 threadgsbsed ﬂﬂ;‘éQ Quﬂaﬁ:@hoﬁcﬂangé Q6b “?‘g?v°i‘%%9?§@;ﬁ'{‘§2ﬁ§ﬂq*§gd°5°" he
SC
PR t ed

itch of the box 2
ﬁountl ng flan§&rops g ’E}Tet 3@8 R‘F ﬁ'é“erl%““ lug\r 167 + hdhe heass 305
into the. hfadcafprises mgluppdsna: cuubél 168 Gavidg dhecemdumnaémww& J:&hmg- I's

t hr eadabl y engé,&%gttlyea & ti‘%}; kﬁll‘ P?ec ﬁ%e%negn §6£ h% Jfﬁe Sheaénd ‘-} Hél’]'% ange

rotated so tha e.en noves omar € ex
162 of the firad extending ﬁbﬁmthgoqmto aT hendieyi3@e; za r@a@secwl &t e @ir@URE

3 tyea | d nd
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The sol engi d i%zsw;ghi?oah%cﬁ% B6 ©of % es?ﬁi’gﬂéﬁ“ﬂ% 166 wendsthm|orhey end
( FI GURE 3)0 anthreatied tadiagez e dpitedy abnm tgl ¥Ré horrasenﬁaq campammeBECtﬂe! ux

: h th [ t n

box 29 (FI CURESY 5 SRS thx A e o oF 5 RHAE ackag 7R, 15 achecheslEO 228; | on
by dashed | i neeuntiag aﬁ@nﬂslws»f the support Tinbend6&q ﬂﬁen stiepboike @3 ofs t he
flange 171 of sihgesdpaRbt tr.ubeeaw%oan@h:@héecehedrar\mcé "Gt i Glacllylig 2

' the _clutch 61 i s enable es a drive s
ts ng E)t héZGendy‘\%“feu us 167, 11: is threadably engaged by the tubular screw 173 as the

15 Thandle 170 is rotated so that the end of the box 23 moves toward the
W exposed inner flange 162 of the first tubular housing 161. The
magnetizing cirecuit 54 (FIGURE 3) comprises the outer annulus 167
(FIGURE 9), the f:u:st housing 161 and its flange 162 which are all
) "'.ferromagnetic, as we11 as the box 23 itself. The solenoid 163 is
20 . ‘connected to the magnet:.zing power supply 39 (FIGURE 3) and, - when
energ:.zed thereby, g:wes rise to .a magnetic flux through the
: ferromagnetic elements of the magnetizing circuit 54 and the box 23
(FIGURE 9) along a doughnut-shape path ‘approximated in cross section
_ by dashed lines 174 and 175. . .
25 The motor 60 is mounted -on the flange 171 of the support -
- tube 168 and direct dr:wes the clutch 61 by a shaft 176. When the
clutch 61 is enabled, it engages a drive shaft 177 the other end of
which is rotatably mounted by a rolling-contact bearing 178 on a
bracket 179 attached to the support tube 168. An elongated spur gear
30 180 is housed within the support tube 168 on a shaft 181 rotatably
mounted at each end by journal bearings 182 and 183, and engaged
. through an opening 184 in the support tube 168 by a gear wheel 185
~ mounted on the drive shaft 177. The end of the shaft 181 extending
through the bearing 183 is attached to the inside base of a cup 186,
35 the inside walls of which threadably engage the threaded end of the

»a sol enoi*d 163 positioned longitudinally within the housing 161, a secoggga



-whireh i§ rotatably rmounted by a rolling-contact bearing 178 on a bracket
179 attached to the support tube 168. An el ongated spur gear 30 180

houagg within the support tube 168 on a shaft 181 rot,atably nounted at h
end by journal bearings 182 and 183, and engaged through an opening 18

t he support tube 168 by a gear wheel 185 mounted on the drive shaft 177.

The end of 'the shaft 181 extending through the bearing 183 is attached to
the inside base of a cup 186, 35 the inside wal|ls of which threadably
engage the threaded end of ‘the . . Ts@gport tube 168. A nonmagnetic
shel.| 187 havirig:-i'he’ shape:0of “a copi.cal . f r ust um whi ch’ corresponds:to the
taper of - t'he sbppor23tubel X68e | A rommagnetsteshell 183 bawngsthe shapeacficnl at

s base 1o g ddibphen Siityldd ARLIAPEL SO eAped B0t PR 2 IR

seat within the 'S se Into the 30"
t o t hr eadabl yinaexyddanetes efiitsaeresteevisi 2itached Abnihscbas® tPsﬂ?‘btt&’t"éJcF’unti |
the threads isgséwlazlhahddes: %&% $6d c1g9dd1ehdl Fsundud SidigestifigRen Ghet bk shel |

187. The_bracgket 57 ensi uni t nd . 56.i s.,jounted o pi ston
assenbl y 308 2x1 é“ &&?‘a?i? %Lﬁ\géﬁﬁ‘ﬂ/if‘mrﬁ%%ém&ﬂti? HForshreateplet | o
rotati ng cupehBége thIha:hulatosnmséMJ ythe88andlec dTDalsexhtated mntid thel i cal

Spring 189 diviDOSRTPEIACER. LIS G4PedfD 0doliGne QEAHCLuPrackOokNBle L N

sensi ng units are urge agal.ns e 1 nSI surface o
187. As the shelk meerrhgdmclseatsésfemeheamnsmi@apﬁsedtsé wmunteﬁe

Sensing unit gn5p mn5§ssféah:h9w8§t@¢l§d1ﬂ§eﬂ&ﬂn Etmwdé‘chyn%nbfhé lRets fdecads
of the box 23 t} e:.shel |- 187 ch[a d there etvve ]\%lle t he $‘Eﬁé 180
and the dfaf ¥8 SEhg FoLgting GURv Boﬁs gis in

units 55 and vﬁGh:Bﬂdl hbbidall%irarg msnd:tsgmsedl ba:wdeﬁuhdoeﬂpabwema the
(S0t 0 Mg Lo AR By et g 30 g, PROCHBR
out si de wal | sinafde Furfaseaof rkhecahellaey, Thés §Ihep8¢4mg'hea¥§éﬁb#9ﬁ8tﬁﬁch1@at ed
general |y at cafsed %hé'éﬂ_ﬂ 286 to'turn, the sensing units 55 and 56 follow the
15 helical path defined by the threads of the box 23 with the shell 187
disposed therebetween, while the spur 180 and the _saaft 181 slide
axially within the support tube 168. The sensing units 55 and 56 and
shell 187 are configured as described above with respect to the head
] 30* (FIGURE 5). T : .
20 Lo . The amplifier 58 (See also FIGURE 9) is mounted on a circuit -
board 190 attached to the outside walls of the rotatmg cup 186. The
,.slip ring - assembly,_ ind:.cated generally at 59, is similar in
construction to that described above wzth respect to the head 30'.
‘However, in th:ls embodment the ‘.brush assembl:.es 101a through 101d are
» 25 not mounted on a bracket but rotate synchronously with the amplifier

58, while the slip rings 100a through 100d are stationary with respect
- _ to the support tube 168 on which they are mounted.. The brush
assemblies 101la through 101d are mounted on .a bracket 191 which is
supported by the table 192 of a s11de bearing extending radially
30 _ inwardly from its bed 193 within the tubular screw 173. The table 192
rides in the bed 193 which extends the full circumference of the
tubular screw 173. A cylinder 194 is attached to the bracket 191 and
houses a piston 195 which extends axially from the rim of the cup 186
to which it is attached. 'I'hus, as the cup 186 is turned by the shaft
35 181, the piston 195 causes the .brush assemblies 10la through 1014 to



.construction to that described above with respect to the head 30'. Howev
‘in this enbodi nent the brush assenblies |Oa through 101d are 25 not -
nounted on a bracket, but rotate synchronously with the,anmplifier 58,

t he ip rings 100a through 100d are stationary with respect to the
support tube 168‘on which they are nounted... The brush assenblies 10la

t hrough 101d are‘nounted .oh .a bracket 191 mhlch IS supported by the table
192 of a siide béaring extendlng radial ly 30 inwardly fromits bed 193
within the tubular scr'ew.173. 'The tabl'e 282 .rides in the bed 193 which
extends the ful |l ‘circunferente of the tubular screw 173. Ac I|nder 194 is
attached to t hetma#ketleﬁmi@&rldcmséswt;hpthe @iiposingsi 100ackhrongd 39Qda |y

fromthe rim e 8l (RpNesh réPMSes @Fay RS0l Uhel86
Is turned by ?{.}%ngﬁdﬁ%gl% 1giev®1%hdéfsdtsgﬁ 19%$causgs thes br?ﬁsh gsser?bl i es

101a t hrough -28segbly 59. rei%h@zhnoﬂs@cﬁqurcalria:aﬁﬁa%tlwt thxonghs 100d (arRgs
100a through %R&h, aﬂda&dﬂtdeﬁaplﬂouef 100w ﬂ#hﬁg}daborisn&m@hGMD %6 ukod atnes

away fromjihe ass I h onl sI| r S roug

I MX are'’ ZhofRe® ng%éﬁfﬂgoﬁé%ﬂ dsfvi A/:'t"ﬁrg’ hg:?e ﬁ@%ﬁ %F ed in
5 operation lalh)ngnw tatnpliﬁileesiﬂ)ridl qyednrﬂsmlassmua’a (46t ehoim o tytoughl h.
The anplifier £%t e n ) h p
ring assenbly Eg s|1 ano% éér%{bll% %)EB gltése Q,iifqgwg ag;(}hgie[%erﬁ{aﬁ‘:ﬂaétd 196,
t hrough a hol se&qpllm athd26 éhgeus}vf k37 risrth@h%lmsolﬂleol’aﬂartné theut ch
61, the pover nbfdr 66 addttHeNENFtcEEY,S thSpowad GP) €2)anktl €48 EhgnANBYE] isE 58

and 't he nppent. y. cont.act e.transmtted through
ri ngs 1981‘<§mds efrEBrtﬁ’@s Bﬂid&ﬁﬁré‘g{f’ﬁ ’B?T@’ia’é%scé’ﬂﬁ?‘fteg T@gl 635 ‘g'fe the
head 30" via a:mﬁeﬁd)rtmﬁghnthhesliﬂnufﬁrgssﬁ@l&l ah84 the Akcbhmespondirigy t hr ee

sliprings 198, a8 Pﬁ%"‘ﬂ!@-ﬁsﬂ‘d&'s rr%ﬁ%ls g%t?%u@%f TAE VML A" S04 mgggm ation

wi'th 15 addifiona asse I n operation to accono e

above- menti o389 1) theatubulapneshei AR §4.1i Althapgle ipnly (Fhiree phimt sinas 106 are
i nsi de surfacgngin,! NAGkELUHAT hekeWod 73nand ANe FAR lihMbbnitiat Sdhn hdikni S

mount ed Orll.s additional brush assemblies 199 in operation to accomodate the above-

mentioned signals. )

The NEAR limit switch 110 is mounted on the inside surface-
of the tubular screw 173 and the FAR limit switch 111 is mounted on
the inside surface of the shell 187. - An arm 20] extending axially

20  from the rim of the cup 186 toward the flange 171 supports a cam 202
; ._which rotates away : from and releases the actuating roller 110a of the '
. NEAR limit switch 110 when the ‘motor 60 starts rotating the cup 186.
After the cup 186" has rotated to the end of the helical path, the cam
202 rotates under the roller 1114 o:E ‘the FAR limit switch 111 which is
25 act_uéted thereby. Both -switches .110 and 111 are electrically
connected outside the head 30" through the hole 197 in the flange 171
v and the slip ring assembly 196 via the connect‘or 200. The solenoid
163 is also electrically connected outside the head 30" through the -
connector 200 and forms, along with the other oonnections ‘
30 therethrough, the cable 36 to the truck 32 (FIGURE 2). The amplifier

58 (FIGURE 6), slip ring assembly 59, differential circuit 42 and the

control unit.loo (FIGURE 7) are constructed and operated as described

hereinabove with respect to the embodiment of the head 30' for

inspecting the pin 21 of the pipe 22.



the'inside surface of the shell 187. An arm 201 extending axially 20 from
“thesrimof the cup 186 toward the flange 171 supports a-cam 202 which
rotates.away from and rel eases the actuating roller Il Ca of the NEAR
swi teh 110when the notor 60 starts rotating the cup 186. After the cup 86
has ‘rotated to the end of .the helical path, the cam 202 rotates under. the
erol-ler 111la of the FAR Iinit switch '111 which is 25 actuat ed thereby.
= Both switches .110 and 111' are electrically connected outside the head 30"
t hrough the hole 197 in the flange 171 @@ the slip ring assenbly 196 via

t he connector 200. The solenoid 1 s al so electrlcally connect d out5|de
the head 30" through TSH‘F %"S“"Ed'i'ﬁ?geilcfP‘ ‘lﬁfﬁcté‘l’ﬁj £1pws o thy
ot her connecpilmszzser ﬂﬂerwxl”nzeugh tiehpipabe ﬁﬁoneeé fstEfamlstaﬁs( FTIGJRE
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to FIGURE 5 en th h‘Pln 21 of the pi pe 22|S|nserted| tQ_the head
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and t hr eadabRyfaigagemd FYCURE 9t,uﬁwrathswo&mzﬁ%&saankﬁﬂtdaamdteltm héacY eo'at ed

so that e threads 26 of,.th n 21.se t he conigca
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in a correspestknd?3 ashilenhandle 370 hsemtaltley mg&gedﬂwthheadmbﬁlﬁre qu ew

173 as the h 1 r ha Ofat t
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agai nst the The control- unit then causes
magnet i ¢ for EBUSBLaPRENELIE rfcprr-ed:@é gnd f? An/FEGUREI 55 and H‘cumed 975t§1 be

appl i ed wher gugeHRE bb&mn@ﬁdﬁqeame@ﬁmﬁe&a@n&ﬂ Fote pro@sohIfield

axially S..D roy rrx]e}aq?y aralcrlg yt :?Q\(xjghdt rel Q réarcli%df eOrEdV\%{;gufgC at%e ?omard scan as
described hereinabove with respect to FIGURE 7. Consequently, the

Noret sensing units 56 and 57 generate' ‘the signals S1 and S2 which
correspond to the sensed magnetic fields described hereinabove with
respect to FIGURE 8a through ¢, &and which are .amplified,

20 differentially conmnected, and recorded as described in FIGURE 6 to -
produce an output signal or signature shown in FIGURE 8e whenever a
flaw is detected. The control unit 40 (FIGURES 3 and 7) finally cause
the magnetic force to be removed whereby the field in the threaded end
of the pipe decreases to its residual value during the reverse scan as

.25 described hereinabove. Consequently,' the sensing units 56 and 57
generate the signals S1 and S2 to produce a differentiai output signal
or signature, as described hereinabove with respect to FIGURE 8d and 8e
whenever a deformation is detected.

It will be apparent that various changes may be made in de-

"30 tails of construction _from those shown in the attached drawings and
discussed in conjunction therewith without departing from -

the scope of this invention as defined in the appended claims. For

example, the apparatus and method can be used to detect flaws in any

piece of threaded pipe regardless of the specifiC"application.
35 '



units 56 and 57 generate the signals SI and S2 whi cummmmﬂml he
sensgd magnetic fields described hereinabove with riek 8a
through ¢, and which are anplified, 20 di f f erent al*l y*cofinetted, and
recorded as described in FIGURE-6 to produce an output sighal or signature
- shown in FI GURE 8e whenever a flaw is de ted. The control unit 40
(FIGURES 3 and 7) finally cause the nmagnetic force to be renoved whereby
the field in the threaded end of the pipe decreases to its residual value -
during-the reverse scan as 25 described hereinabove. Consequently,- the
sensing units 5@-AIM8: 57 generate the signals S1 and S2 to produce a
differential output signal or signature.. as described herei nabove with
respect to FIGURE 8d and 8e whenever a deforpation is, detected. It wlJl be
apparent that various cHanges fpﬁéa‘f‘fﬁ’dgc’f rﬁggg?t’@@ Pla‘t"'ﬁi f1 8 pagnetdsalie i on
fromthose showthneadédendt dfa@heelamate ngsband cdnmdisise cheans donj sppdiyiog a
therewith wtho rig] f { f .S o ' a ' in
the appended ol AAHti, 0Bl LPRd 15 BEOBGLE a wighgt I RIENPALCE, GIRCLBER, |
detect flaws inaxin} direckien thpeughdegigthoseadegaentl,cse thettthe ppesenge of

application. 35z f1dW-AhMBaid threaded P aaaddsS shi mdgieraki Aidk1bl ByvaelDate
magnet i sabl e thg{eaded, nd_of lin el oegggte nenber,
r

X . congéj §! Pge Jeans for
appl yi ng a magnX9csalf genetplly otial direction wibhé redialeffeldcompentntal | y
axial directi onmadwetigh fSald seheirggadarenarragetinat geherabeetimst caref sacdridaw
i n said threadeg; god (ARSASeRAbA (RROBELdBeh| 6F LrbOdUGYIAIS B 38! Fie1y
general |y axi al rection wth a radiral Fireld conponent, ma et c erT
sensi ng nmeans afehinge@tt segpactive seleetnd axirldycenparategharsitdepemedativen
the strength of ¢4 haigdeHrab8si BRI Helahs ffop! B Actinl rélatiSe Phcemft HREREdEd
axially separated, positions relative to said threaded pld, Jreans for

ﬁgﬁ{: gJe?Jvé‘ % readed

- deseri bed herei nabove with respect to FIGURE 7. Consequentiy, the—sensi -a.

effecting rel at? &gnsing means and said end so that
said selected positions each follow a path corresponding to the
thread of said threaded end;.and means responsive to said first and
_ second.signals for generating an output signal related to the
.-Evg difference between said first and second signals to provide an
' indication of a flaw in the threaded end.

2, Apparatus according to claim 1, comprising a
housing capable of being secured to the threaded end of said
elongate member so that said magnetic field passes around a
substantially closed magnetic circuit passing through said threaded
end and said housing. |

3. Apparatus éccording to claim 2, wherein said
magnetic force applying means is supported within said housing.

4, ' Apparatus according to any preceding claim,
comprising means capable of reducing said magnetic field to a
residual value.



. said magnetic field sensing neans and said threaded end so that said @

“sel ected positions each follow a pat h correspondin f s
t hreaded end, and neans responsive to said first aﬁﬂlﬂﬂ m [ fo
genéﬂa;ing-an output signal related to the differe L first

and second signals to provide an indication of a flaw in the threaded end.
2. : Appar atus according to claim1, §orrpri sing a housi ng capabl e of
bei ng. secured to the threaded end of sai dzel ongate nenber so that said
magnetic field passes around a substantially closed magnetic circuit

passi ng through said threaded end and said housing. 3. Appar at us
according to claim2, whékei n saiAppamghes i acdandiegappl gngpresading sclaim,
supported within i ugi i a jn (o] ;
precedi ng cl ai mc%@lrrrg?{l]% %g%éﬁsdlggoséeglg 0 rnegggﬁﬁ%&g%ﬂ? kqugn_%%gc/raft_ilg d
to a residual vaPerns andsthe crestsaphasaidithreadedi erd tfor fpprhanricaddy nigo-
claim anﬂ,i Si nm?ngg@udg&fﬁ@sﬁgagetm?? thl Grﬁgﬂé?id’ilgls%ﬂ_d ﬂﬁﬂ@éféd Red .
means an e crests sai r e n aor _mechanical Iy iso-.lating.sai
sensing means {rErnane enaefaieidy A riuating BRad ransnics IRRIARY FR43
attenuati ng sai dselkeghed ipositimngl. at sai d sel ected positions. 6. :
Appar atus according to claim5, wherein said shield is a nonmagnetic

material . 7. Appar at us accordi ng to claim®6, wherein the nonnagnetic
meferial’ is brass. 8. 6.  Appdireerstuscercnnfdingotel alains 3 ,wiarein said
nonmagneti c mat eghidlldi f5 BehoHmabhebicORatrialb. Appar atus according to

any preceding claim wherein said nagnetic field.sensing neans includes at
| east two sensors |located so as to be adjacent successive crests of said
7. ~ Apparatus according to claim 6, wherein the

nonmagnetic material is brass.

8. Apparatus according to claim 6, wherein the
nonmagnetic material is beryllium copper.

Nt : 9. Appafatus according to any preceding claim,
wheréin said magnetic field sensing means includes at least two
sensors located so as to be adjacent successive crests of said
threaded end. -

10 - --- Apparatus according to any one of claims 1 to 8
for which the crests of said threaded end are formed with flats
which be in a cylindrical plane, wherein said magnetic field
sensing means includes at least two Hall elements each having a
sensing surface in a cylindrical plane which is coaxial with the
cylindrical plane containing the flats of. the crests of said
threaded end.



t hreaded end. 10. Appar atus according to any to 8 for .
which the crests of said threaded end are forned \th ' ina
cyliqQdrical plane, wherein said magpetic field sensi "HWH'{'HHE’I%& at

| east two Hall el enments each having a sensing surface*irf aLCyki ixeal

pl ane which is coaxial with the cylindrical plane containing the flats

of -the crests of said threaded end. 11 Appar atus according to
~claim 10, wherein the sensing surface of each of said Hall elenents is
~axially aligned with an associated crest of said threaded end so that the

di stance between successiye pairs,  of aligned Hall| el ement, and crest is
substantially equal to tﬂé'pi tch %ﬂpﬂ‘}%"ghﬁ’é%?f ipg to claim,ll, wherein the
according to cl asensitg sur€aes roft bach ef addideHallv etenbnes f BCtdxiglpaskigned d.
conpri ses tubul ar:.screw i | n t thre sai
in:lrgr t hr eads bg‘iuntapcag'paa Fg&géf'ttef' E%geggaﬁ%ag%gtgggﬁ%dggg%%t% h?’éaa{:dg%e %ﬁ%,tanace
cylindrical cup bekMesp svccapeive radze ofirebinnsidy Hehdaglemprdaipddoerest is
thread of said s&bRtaStINIYleqiRANE theigiteNfSURPhkEad, said Hall el enents,
and notor nmeans supported within said housing and fixed thereto, thereby
prohi biting novenent of said notor nmeans relative to the transverse axis of
sai d el ongate nenber, sail@d.notor Appmpatusaecedr diegr toeehsincaigbwBepéin the
engagi ng said cu sLha ' ' ' r en
200G he. Long: { eneAveS oYth € foll Bicf el Bhipflabd BlLfsr BEEAT RIS |,
of said Hall el eRIAEshIENBORNBRF Anseloptar hrendsor saidointiary theeade hisgt

of the thread ofcépabe tdfr eAsRMaBIf .enddging said ARPEIRY UshdiCE WydiiAdr il @i M
11 for detecti ng?f l.aws in_a %Bzgead{g box 'oflan el ongat e%%“aenb r, P/nerel nft he
rel ative novenen?®'¢l8c¥l itRGCHERR8aE FRSPRARRIY fRAEgE N sqh‘SﬁBr hrgado |
havi ng first outsaid sceadssoppatt eneahs | wadddaipl suppogtipggasdiiHall elements,
‘and motor means supported within said housing and fixed thereto,
thereby prohibiting movement of said motor means relative to the

transverse axis of said elongate member, said motor means having
gear means capable of engaging said cup so that said cup rotates
relative to said threaded end .along the longitudinal axis of said
elongate member, thereby enabling each of said Hall elements to
follow a helical path corresponding to the crest of the thread of
said threaded end. | |

13, Apparatus according to claim 11 for detecting
flaws in a threaded box of an elongate member, wherein the relative
_movement effecting means comprises tubular screw support means
having first outer threads capable of threadably engaging said
threaded box, a cylindrical cup having inner threads threadably
engaging second outer threads of said screw support means, said cup
supporting said Hall elements, and motor means supported within
said housing and fixed thereto, thereby prohibiting movement of
said motor means relative tc_i the transverse axis of said elongate
member, said motor means being driveably connectable toc said cup so
that said cup rotates relative to said threaded box along the



.threaded box, a cylindrical cup having inner threa "
‘'second outer threads of said screw support neans, mmﬁm g SILM
Hal I, el ements, and notor means supported within sai ru,,glm H'

t hereto, thereby prohibiting novenent of said notor neéns‘reﬁat?ve to the
transverse axis of said el ongate nenber, said notor neans being driveably
connectable to said cup so that said cuBgotates relative to said threaded
box al ong the | ongi tudi nal axis of said el ongate nenber, thereby

enabl ing each of said Hall elements to follow a helical path correspondi ng
to the crest of the thread of said thyreaded par at us
according to cheR %2 ?aﬁ’?’soﬁg fpidopigngste "Eetﬂ‘éi%' ége%ﬁ?ﬁeﬁ'&@’glf'g gach; of 2,
wherein the nesasd Helu alphyntegte foldoetd telbcsk parthl vdesespaaliagotd the
posi tioned | on i hal Appar atus for
det ecti ng flawgr sn gpn%%nlé%(re\ggb?#%tg?e%éggy %gof an el ongat e nenber, .
substantially as herelnbefore described with reference to the acconpanying

draw ngs. 16. A nﬁt hod f oppglgtated Iaeeotbmgss tloncaam%esﬂ %alpl Bné hgeaded
end of an el on net

te nprisin
force so as tog&ﬁ&’r et°a 1ﬁa§ﬁePPBe?$%‘§gk lélﬁ'egerﬁl ‘?Sf;/ Ie H'F Eﬁtf%
t hrough t he thrapﬁnadgemdxagihett;hedegabeudeabersoMoﬁhaposftaomedseuogi-of a
flaw in saidt gnhetic field to deviate fromsaid
general ly axi aPﬂﬁﬁgggt %thr? QE rﬁ)%ggrﬁﬁf el d conponent, generating first
and second signals dependent on the strength of the deviated nmagnetic field

acting at respective sellsect ed axppireYus FBA" JEtRetiMPFlivPRA 4 HaghétiRabPe sai d

t hr eaded end, fectin ativ ene bet aid. sele sitions
e e ihisaged shd B can. &LoPaRS Meflrerr SVBSRAN HALKY & Rared noaT oS
sel ected posit umma«ttwﬂtbliafarmqiath ther eesgrpadyirg tivewinhgsi hr ead of sal'd

t hreaded end, .and conparing said first and second signals whereby a

di fference betmeen said first and second _
16. A method for detecting flaws in a magnetisable

threaded end of an elongate member, comprising the steps of
applying a magnetic force so as to generate a magnetic field in a
A generally axial direction through the threaded end of the elongate

.

member, so that the presence of a flaw in said threaded end causes
said magnetic field to deviate from said generally axial direction
with a radial field component, generating first and second signals
dependent on the strength of the deviated magnetic field acting at
respective selected axially separated positions relative to said
threaded end, effecting relative movement between said selected
positions on the one hand and said threaded end on the other hand
so that said selected positions each follow a eath corresponding to
the thread of said threaded end, and comparing said first and
second signals whereby a difference between said first and second
signals is an indication of a flaw in the threaded end.

17. - A method according to claim 16, comprising the
further steps of removing said magnetic force, whereby said field

decreases to a residual value, sensing deviations in said residual



. Sighals is an indication of a flawin the threaded epd, 17. A et hod
‘according to claim 16, conprising the further steps Biu mmuﬁﬁ _ \
magneti c force, whereby said field decreases to a re acarhdical si ng 50

devrdtions in said residual 3" magnetic field fromsaid axial direction

at at least two selected axially separated positions relative to said

t hreaded end, gener- ating third and foytth signals corresponding to the

sensed devia- tions in said residual magnetic field at said

second- menti oned sel ected positions, effecting relative novenent between

sai d second-nentioned sel ected positions_and said threaded end so_that said

second- nent i onBagreliiscfdalgobram sedd cndplidireshion phiat tepstelypfgiertedo t he

thread of saidakiyiepdapaphtbd pBSita8AP AH1BE:veRid ddibl thddlebOBhd ) Gdrital S

wher eby a dlffeFencmetV\een goal third_and fou&%@,& naJ,s i s an I,ndication

of a flaw in s2F{9 HaZgegndntPurty signals cornreeppnging fo ke ge0sRy PP in a

magneti sabl e t bie®sdén said oésidual magateiceftxdd adcsaidlisegohd-sémt innkd and

Substantial LY S3106GH BBSHPEEdIeArERe Tt L1 JANET REGSdrt BUEHEGEOBADYI O

drawi ngs. 19. aratus for detectTng aws I n a nmagnetisabl e

t hreaded end ofeeandepetdaned seherted pesibipas ngnd feid| beepdndaghd 3¢ thatns

for applying asgp@ngéidnd Men€ibled 8ilE&HddP hosiRibA!t badH YrdialoM l£lpatnt h

the | i tudi nal ' )f ' I t mb d tic ,
el d i n said ERPEARRRAEACES the eednel BYLd, Tiragard o “PH caRRRr iy
causi ng said naghétidrid ehd fourdvisigealsowhemxby gedififakenceaketdeedi s=ick i on
ith di al {j - gl ly- ! ' :

wih a radla Eh?{-&' &r?{deJeU\’}{éh .sHﬁfs%alf‘%' eé(?r;gﬁde‘ut%fécti‘%r&f%”?im {Fadkid

arranged to deteCt sucC atio
: threaded end.

18. A method for detecting flaws in a magnetisable
threaded end of an elongate member, according to claim 16 and
substantially as hereinbefore described with reference toc the
accompanying drawings.

-‘::V o 19. Apparatus for detecting flaws in a magnetisable
threaded end of an elongate member; comprising: ' : '

an electromagnetic means for applying

a magnetic force in a direction substantially parallel

with the longitudinal axis of said elongate member so as

. to produce a magnetic field in said threaded end, the

presence of a flaw in said threéded end causing said

magnetic field to deviate from said generally axial
direction with a radial field component;

two axially-spaced apart sensing
means arranged to detect such deviations in the magnetic
field from said axial direction and to generate first and
second signals corresponding to the strength of said



~fiekd fromsaid axial direction and to generate frF“_5ﬁ6‘§€EUnd~3ana
corr'esponding to the strength of said: L detectegﬂ Lmn uﬂﬂ y C d
at §e/lect ed axially separated positions relative t ca ﬂmmm each
sai d,sensing means being radially aligned in spaced relation8hi$h with
respect to the surface of the crests of the thread of said threaded end;
means for effecting relative rota- tionalznovenent between sai d sensing
nmeans and said threaded end, said rotational nmeans including: a first

support means having a helical -shaped portion, a second support neans

havi ng sai d sensing neans attached thereto and having a helical - shaped
portion, said helical - detartedpdevistedimagaetiei fiald @tpseieriachexdallsai d

hel i cal - shaped portion g9épatatéh pBSHIBnS URNQE v RaNSa i itRGeded@ndGakach
rotational engagenent,

-, -, - nmeans,_for attgching said readed end
to said first support-n%%ﬁ%,siﬂii”érP?@“ﬁeaﬁﬁpq(ﬁﬂqgégngFibﬁﬁﬁﬂ: s 8RBR
_support means rel ative telatdoskHipreithsoggpect treahs sofadmtof etleh coéstsaof
sel ected positions fol l%tﬁréﬁ? bf a.ga{,ﬂ.e%g)&teggti ally simlar to the
i &d end: and "’

crests of the thread of said threa
»

means for effecting relative rota-
. " tional movement between said sensing means and said

threaded end, said rotational means including:

a  first support means

having a helical-shaped portion,

a second support means
having said sensing means attached thereto and
having a helical-shaped portion, said helical-
‘shaped portion of said first support means and
said helical-shaped portion of said second

" support means being in helical rotational
engagement ,

- : "~ -means -for attaching said
threaded end to said first support- means, and '

. ' : S drive means for revolving
said second support means relative to said
first suppbrt means so that each of said
selected positions follows a helical path
substantially similar to the crests of the
thread of said threaded end; and



-C & S 33 neans responsive to said first and se | @
‘generating an out put si gnal related to the di fferenimmﬂmmﬁﬂm Illl’
andé/econd signals to provide an indication of a fl sea ed end. -
20. A nmethod for detecting flaws in a nmagneti sable threaded end of an
el ongate nenber, conprising the steps of: applying a. magnetic force in
a direction substantially parallel with the |ongitudinal axis of said

el ongate member so as to produce a magneti 8% ield in the threaded end of
the el ongate menber, so that the presence of a flawin the threaded end
causes said magnetic field to deviate fromsaid general | y axial direction
with a radial field conponent; sensing deviations | ngt f
fromsaid axial direction at at | east two ot seé?e"’am 25 I y sg glriE rsd: %LS'
positions relative to sasecdndr sigheds diod mrtelratmusﬁngmteahss1geal cdedetrd bhg of

devi ations occurring in Eﬁ&“ﬂff’%‘rbﬂ@é‘%@tv}@ehhséﬁsl??ﬁt bAd té%%oﬁd”s;aﬁﬁsoi:ot he

crests of the thread of the threaded end; generating first and seCond
si gnal s correspondi ng t oPFd §t?’bﬁ@‘?’r?56f°%é’ifda Seieetn 4B HrreaderhgRdt i c
field at said selected positions; effecting relative rotational

novenent of a first support rreansmhaw ng @t g:ho%alfoihggggcgﬁ}%'ﬂ%w n

second support means having a helT tal - shape portion, sail I sﬁaped
portion of said mMagnstisablgthreagrdoend nfaren addngatel ﬂh@lblecal campbisingotbe on

of said steps of:

applying- a. magnetic force in a
direction substantially parallel- with the longitudinal
axis of said elongate member so as to produce a magnetic
field in the threaded end of the ‘elongate member, so that
the presence of a flaw in the threaded end causes said
magnetic field to deviate from said generally axial
direction with a radial field component;

sensipg' deviations in said magnetic
field from said axial direction at at least two selected
axially separated positions relative to said threaded end
with sensing means, said sensing of deviations occurring
in radial alignment with respect to the surface of the
crests of the thread of the threaded end;

generating first and second signals
corresponding to the strength of said sensed deviated

magnetic field at said selected positions;

effecting relative rotational
movement of a first support means having a helical-shaped
portion and a second support means having a helical-

shaped portion, said helical-shaped portion of said first



- second suppoit neans being in helical rotation _ Saf
- first support nmeans being attached to sai.d thread i e
means. beihg attached to said second support maansﬂ“mmmmmammgmd
selhett ed position follows a helical path substantialley i mwl aF to the
crests of the thread of said threaded end; and comparing said first and

second signals so that a difference betweerB@gaid first and second signals
is an indication of a flaw in the threaded end.

support means and said helical-shaped portion of said

second support means being in helical rotational engage-

ment and said first support means being attached to said

threaded'end and said sensing means being attached to

said secpnd support means so that each said selected

position follows a helical path substantially similar to
. the crests of the thread of said threaded end; and

comparing said first and second
signals so that a difference between said first and
second signals is an indication of a flaw in the threaded
end. '




