DESCRI PTI ON ULTRASONI C FLAW DETECTI ON METHOD FOR CAST STI CK AND ULTRASONI C
FLAW DETECTI ON DEVI CE TECHNI CAL FI ELD [ 0001] The present invention rel ates
to an ultrasonic flaw inspection nmethod for a cast bar with a circul ar
cross-section and an ultrasonic flaw inspection device for performng the

i nspection nmet hod. BACKGROUND ART (fyQQQ2dpenrgs al |y, a conti nuous cast bar is
manuf actured by casting nolten netal into a columar, rectangular col umar,
or hollow col ummar |ong ingot. Such casting nmethods include a float casting
met hod, a direct chill casting (DC casting) nethod, a gas- pressure appl i ed
Hot -t op ntinuous casting nethod. For a continuous _cast har i m nation
of e’ s IEREEEOThE, ERRH SErIRRTON ol EORL-RUR SutaR a8 prEzhPRRE: ki ng
is perforned, and inspection is conducted for surface defects and i nternal
defects after elimination of Ffifd SHRIGCIION PFHAE portion. (See Patent
Docunment 1). [0003]In the manufacturing process for the continuous cast bar
as disclosed in Patent Docunent 1, anon-disruptive inspection

TECHNICAL FIELD
[0001] The present invention relates to an ultrasonic flaw
inspection method for a cast bar with a cilrcular cross-section
and an ultrasonic flaw inspection device for performing the

inspection method.

BACKGROUND ART

[0002] Generally, a continuous cast bar is manufactured by
casting molten metal into a columnar, rectangular columnar, or
hollow columnar long ingot. Such casting methods include a float
casting method, a direct chill casting (DC casting) method, a
gas-pressure-applied Hot-top continuous casting wmethod. For a
continuous cast bar, elimination of the surface uneven layer which
may cause breaking during plastic working is performed, and

nspection is conducted for surface defects and internal defects
after elimination of the outer peripheral portion (See Pateni
Document 1} .
[0C03] In the manufacturing process for the continuous cast
bar as disclosged in Patent Document 1, a non-disruptive inspection
process for internal defects by ultrasonic flaw inspection is
performed between the continuous casting process and the outer
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process for internal defects by ultrasonic flaw inspection is perforned

bet ween the conti nuous casting process and the outer periphery elimnation
process. The ultrasonic flaw inspection is characterized in that the
inspection is high in detection capability for interior defects such as

br eakagepandphbal dihenimapest bescenabl esneagy raoniTrt  Caf UdgnRAIt iofn def ect s
by processing detected electric signals as conpared to an X-ray inspection

that requj, | 4RGeS W I 0t 1 GRabkl gsc st echpspest Lon
with a hig%gﬁgggggg%?lgbcuraggél%%?%%ﬁﬁ%&%%ﬁéggcting fg? de?e%ts gftg cast

bar in t Vi cinit f- the r.f t her eof i | ongitudin v s an
Cnci dont PongBEeRlpk ded it SUlh ASIARER oL AR TN NG KK T o8
echoes. Therefore, an inclined %p |l e wave i s conventio alk%:use as the
i nci dent SHAY &L PN ) BoSHFRREC 1%‘3%%15%2%?%%%%% PG FShBhEPEE it
Appl i cation Publication No. 2004-209516 SUMMARY OF THE | NVENTI ON PROBLEMS
TO BE SCEVARIRBY FHECPINVERTH O [ BB0%T FYieverPeqhedn obbal nF aguakne s nehased

angl e wave using
procegsing, which in turn enableg stable inspection with a high

degree of accuracy.

{00041 When ingpecting fordefectsof acastbarinthevicinity
of the surface thereof using a longitudinal wave as an incident
wave, abottomreflectionechoegaredetectedas falsedefect echoes.
Therefore, an inclined angle wave is conventionally used as the
incident wave.

[Patent Document 1}

Japanese Unexamined Laid-open Patent Application Publication No.

2004-209516

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION
[0005] However, when obtaining an inclined angle wave using
a conventional ultrasonic £law inspection probe, the obtained wave
becomes a transverse wave. In the case of performing inspection
of a surface or the vicinity thereof using a transverse wave slower
in sound speed than a longitudinal wave, there was a drawback that
falsedefect echoesweremore likelydetecteddue tothe longtemporal
axes.

10006} Furthermore, in the case of inspecting anentire region
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a conventional ultrasonic flaw inspection probe, the obtai ned wave becones
a transverse wave, In the case of performng inspection of a surface or the
vicinity thereof using a transverse wave slower in sound speed than a

| ongi tudi nal wave, there was a drawback that fal se defect echoes were nore

likely dgtectgd: B4e & Ordheat QRO-188P0EAL L BX8NisRPAGIJTrdherdmd B priohet, he
case of inspecting an entire region of a cast bar circular in

Cr 0SS- segfc'v@% S509: 8150 HENL! ORBRIRbe i S RRUIAL LA FOYELeDr obe

inthe circ rection conti nuous cast or arrange a
nunber of _ul.trasoni,c fIaM/lnsggctlon robes in th C|r u erentlal

di recti oRE Fift CRBFABHEUS| 35 Ledif PF AT 1T eE & PHRGET & himbd ™6t 668Y wi t h

a high degree of precision, and the | ow precision arrangenent of t he probes
caused alHEPRFTLPALIORES T KBS Hspadt i DFeRctt SAF eOVERNS FORE SPEVIRESTHE
PROBLEMS [0007] I n view of the aforenentioned technical background, the
present ihvers idgr faioms. tt boprovidee an nuinteas ofi BroPaw Whshec gl deckse for
a cast bar circular in cross-section capable of inspecting an entire region
of the casbprbanstishngral tieagbivugreal suave asararenact dénheymueheanduakso to
provide an ultrasonic flaw inspection device for performng the inspection

net hod. ;0808LIN8tat SontHe PHESEALpERYEBHI QRch@8cg.structure as recited in
the following itens [1] to [9]. %09][1] An ultrasonic flaw inspection

net hod for a cast bar,

MEANS FOR SOLVING THE PROBLEMS

[0007] In view of the aforementioned technical background,
the present invention aims to provide anultrasonic flaw ingpection
method foracastbar circular incross-sectioncapable of inspecting
an entire region of the cast bar using a longitudinal wave as an
incident wave, and also to provide an ultrasonic flaw inspection
device for performing the inspection method.
[0008] That is, the present invention has a structure as
recited in the following items [1] to [9].
[0009] [1}] An ultrasonic flaw inspection method for a cast
bar,

wherein, in performing ultrasonic flaw inspection by
arranging a plurality of phased array Gtype probes in a
circumferential directionof the cast bar circular incross-section
at a predetermined angle,

one of the phased array type probes and the other phased
array type probe are arranged such that an uninspected region by

a refracted longitudinal wave and a longitudinal wave of the one
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wherein, in performng ultrasonic flaw inspection by arranging a. plurality
of phased array type probes in a circunferential direction of the cast bar
circular in cross-section at a predeterm ned angl e, one of the
phased array type probes and the other phased array type probe are arranged

such thatram,dnjAsRecteds agyﬁél fp%@sr elr aghsdehOngl b Usitiahwayeand.a

| ongi t udi nal ve of the he phased array type probes is

o ongi t BEGR8 o B, B PRpP A G e -

uItrasonlﬁ f| aw i nspection_net hod as reC|t§d in the aforenmentioned item1,
wher ei n Phe*PGRo°pRaseB array2Fyp¥ p¥BBeBY8PE arranged at an arrangenent
angle a which satisfies following two forrmulas: 2 x (1800-202+03) S. a S
202- 03- 040880) [ 303+Bl18Fheodyragopic Here 1pgpesffagtTS e Phals hedihagl e of
a phased array type probe e3: central angle of OP 04: 1/2 of a
central angtiee dif@raleat Zoned of tan Vier tiheate iimdihde twongre sefl eheaphaged
array type probe

probes are arranged at an arrangement angle « which satisfies

following two formulas:

2 x (180°-20,+0;) = o = 20,-03-6,

180°- [30;+3(180° -28,)] = 9,

where

8,: effective inclined angle of a phased array type probe

8;: central angle of OP

B4: 1/2 of acentral angle of a dead zone of a vertical incident
wave of the phased array type probe

0: incident point of the vertical incident wave of the phased
array type probe

P: incident point of an inclined angle incident wave at the
maximum scanning angle of the phased array type probe.
[0011] [3] The ultrasonic flaw ingpection method for a cast
bar as recited in the aforementioned item 2, wherein the two phased
array type probes are arranged so that the incident waves travel
downward,
[oo12] {41 The ultragonic flaw inspection method for a cast
bar as recited in any one of the aforementioned items 1 to 3, wherein

a plurality of phased array type probes are arranged at a vicinity



0: incident point of the vertical incident wave of the phased array type
pr obe P: incident point of an inclined angle incident wave at the
maxi num scanni ng angl e of the phased array type probe. [0011][3] The
ultrasonic flaw inspection nethod for a cast bar as recited in the

af or enent i-opec. j.t..en i et ] A I

o anged hor it P M HENE S hable I S e P S PR R
ultrasonic _flaw inspection nethod for a,cast bar as recited in any one of
the af o BRENIT BRBRCRE Gt L3t 5190CRhaPB: HEaCPRERBPPRG 51 PRRASERoR: F49 By pe
probes are arranged at a vicinity . of a casting nold_outlet of a

hori zont EP1EbRVPRECUSSEabRE Ny #BNd LEnBedPEr §9B81-EVPHEWY| REF&ction is
continuously perforned for a continuous cast bar which is being
continuoli§by3tast. [F00IBle pbirThentttiaspinepeiwonnspeed e methoddas

recited in the aforenentioned item 4, wherein the continuous cast bar is

| oosel y insend etfdrdntera idiHalgh-dioke eheaedanthé keomeibesuara=angedapart
fromthe casting nold outlet at a downstreamside to interrupt flow of the

cool i ng wabgkiyatherted intWNEEaHBULHE HRNRSSE 805 AY 11 XE&MRRes rabBged
arranged in a State in which the probes are in contact wth the cooling

vater t hgﬁa}rgeflfémo%é %ais%ﬁ%gr%ﬂﬁggutlet at a downstream side to intexrupt

flow of the cooling water, and

wherein the phased array type probes are arranged in a state
in which the probes are in contact with the cooling water that
the flow ig interrupted.
[0014] {6] An ultrasonic flaw inspection device for a cast
bar, comprisging a plurality of phased array type probes arranged
in a circumferential direction of the cast bar circular in
c¢ross-section, and

one of the phased array type probes and the other phased
array type probe are arranged such that an uninspected region by
a refracted longitudinal wave and a longitudinal wave of the one
of the phased array type probes is complemented with an inspected
region by a refracted longitudinal wave and a longitudinal wave
of the other pvhased array type probe.
[0015] {71 7The ultrasonic flaw inspection device for a cast
bar as recited in the aforementioned item 6, wherein the two phased
array type probes are arranged at an arrangement angle o which
satisfies following twe formulas:

2 x (180°-20;+0;) = o = 20,-6;-6,
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[0014][6] An ultrasonic flaw inspection device for a cast bar, conprising a
plurality of phased array type probes arranged in a circunferenti al
direction of the cast bar circular in cross-section, and one of the
phased array type probes and the other phased array type probe are arranged
such that an unj ect ed | refracted | ongitudi nal wave and a

| ongi t udi nal mg€§§gff§ﬁ€{%§%hg?'?%%ﬁéhgéé% array type probes is

conpl emented with an inspected region by a refracted | ongitudi nal wave and
a | ongi t udi nal viewe of the other phased array type probe. [0015][7] The
ultrasonic flaw inspection device for a cast bar as recited in the

af or enent i onedgjt erffectiler dine ltired woagdleasdd aaphay etly pe rpryobggpeapecbe
arranged at an arrangenent angle a which satisfies following two fornmnul as:

2 x (180" 3- 202503)a2f3-L3-0418F dB03+3 (180 -202)]04 where B2:
effective inclined angle of a phased array type probe B3: central angle of
oP 0,: 1/2 of a central angle of a dead zone of a vertical incident

wave of the phased array type probe

0O: incident point of the vertical incident wave of the phased
array type probe

P: incident point of an inclined angle incident wave at the
maximum gcanning angle of the phased array type probe.
[0016] [8] A consistent manufacturing method for a forged product,

wherein, in a consistent production method of a cast product
in which a continuous cast bar circular in c¢ross-section which
is being continuously cast froma castingmoldoutlet of a horizontal
continuous casting device is subjected to short-length cutting,
peeling, and heat-treatment inanarbitrary order, and subseguently
subjected to forging, ultrasonic flaw inspection is performed
immediately after casting or between arbitrary processes, and

wherein the ultrasonic flaw inspection is performed by
arranging a plurality of phased array type probes in a
circunferential divectionof the cast bar circular incrosg-section
at a predetermined angle, and arranging one of the phased array
type probes and the other phased array type probe such that an
uninspected region by a refracted longitudinal wave and a
longitudinal wave of the one of the phased array type probes ig

complemented with an inspected region by a refracted longitudinal
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B4: 1/2 of a central angle of a dead zone of a vertical incident wave of

t he phased array type probe 0: incident point of the vertical

i nci dent wave of the phased array type probe P: incident point of
an inclined angle incident wave at the maxi num scanni ng angl e of the phased

array typevhrokga M{qgﬁéﬁkub%aﬁ wARSicH ent Jmuf aetdng- ey hodsd gr- b d or ged
pr oduct, erein, In a consistent production nethod of a“cast

product i i a gontinuous cast b ircular | r-0SS- i ichis
e ng contPhioadty TREboRFoHrshE el Kbr oG T 5P Fpingta e
continuous casting device is subjected to short-length cutting, peeling,
and heat #fr Bt weRt 1 Wzﬂf%ﬁeﬁ%%rytﬁ LY Bs'ut‘ﬂgﬁgi?elﬁil esﬁgjtgpﬁﬂ:‘tco
forging, ultrasonic flaw inspection is perforned i medi ately after casting
or bet weéhadr bnspaeyiprotessesioymed by arrangicteitiva miafad agemc Hrsaw
inspection is perfornmed by arranging a plurality of phased array type
probes i nrabeer atinfer entaafedenecangheot twhecbastthat igeisr Eolldowimae ross-
section at a predeterm ned angle, and arrangi ng one of the phased array

type probesmandsthe ot her phased array type probe such that an uni nspected
region by a refracted | ongitudinal wave and a | ongitudi nal wave of the one

of the phased arya pe, pr S« S, Co emented with an inspected region by
a refracted Io%g%tu%%%alzgﬁggz §ﬁdxé=rg%§ﬁ%héﬁnal wave of the other phased
array type probe. [0017] [9] The consistent manufacturingnmethod for a

f or gedpr oduct ®80?ecitedrd (ladre afrdnehtdoned item 8, wherein the
ultrasonic flaw inspection is perfornmed by arrangi ng two phased array type
probes at an agpapgenent angle a which satisfies following two fornulas: 2
x (180-202+03) ." a202-03-04 180- [303+3(180 -202)]04 where

8,: effective inclined angle of a phased array type probe

8;: central angle of OP

B4: 1/2 of acentral angle of a dead zone of avertical incident
wave of the phased array type probe

O: incident point of the vertical incident wave of the phased
array type probe

P: incildent point of an inclined angle incident wave at the

maximum scanning angle of the phased array type probe.

BEFFECTS OF THE INVENTION
fooig] According to the ultrasonic flaw inspection method asg
recited in the aforementioned Item {1li, a refracted longitudinal
wave and a longitudinal wave are injected to the cast bar circular
in c¢ross-gection using phased array type probes to perform
ultrasonic flaw inspection of the entire region of the cast bar

including the vicinity of the surface. Also, with a longitudinal



2: effective inclined angle of a phased array type probe 3: central angle

of OP 4. 1/2 of a central angle of a dead zone of a vertical
i nci dent wave of the phased array type probe 0: incident point of
the vertical incident wave of the phased array type probe P:

i nci dent QI 16 R sBGhaNeth 800LE, | AL denie Mane Athdde JrRXiEimegangi ng
angl e of the phased array type probe. EFFECTS OF THE | NVENTI ON

0018] A Lng.to the ut j T i th iteddn th
a1 or oontLoNEH PR 3 +E1Y SRPIT Chan (HIRa) dive T AP DS m Swave

are injected to the cast_bar circular jn cross-section usi hased . array
type proﬁ’éget SeHePPoF AT UPE r%%’éﬁ?@“ef‘?a"i’/&tﬂh?pegéﬂ FFEXFe & icﬁ’eeflé‘ 6 of

the cast bar including the vicinity of the surface. Also, with a

| ongi tudit@alatt\ﬂé@ehﬁgghipﬁp§§ﬁﬁ@nvélcﬁé¥ta§f}’-faI se defect echoes are not

likely to appear on a flaw inspection display and flaw i nspection of a w de

regi on cdfoBélperf ordedoniihg dcsithglel praheiwifilely enabesiop ratittabdiaki gh

I nspecti on accuracy.
recited in the aforementioned Item [2], an arrangement angle o
of probes which can complement uningpected regions of each of the
two phased array type probes can be derived.
[0020] According to the ultrasonic flaw inspection method as
recited in the aforementioned Item [3], the ultrasonic wave which
propagatedthroughwaterigsufficientlyattenuatedbeforereaching
the surface of the water, and therefore occurrence of false defect
signals can be reduced, enabling highly accurate flaw ingpection.
[0021] According to the ultrasonic flaw inspection method as
recited in the aforementioned Item [4], the inspection efficient
is excellent since horizontal continuous casting and ultrasonic
flaw inspection can be continuously performed, and the inspection
result can be reflected in the following processes, or can be fed
back for casting conditions. In addition, since there are no end
gsurfaces in the inspection target regions, there are no dead zones
in end surfaceg. Therefore, cut pieces cut after the inspection
can be treated as pleces inspected up to the end surfaces,
[0022] According to the ultrasonic £law inspection as recited
in the aforementioned Item [5}1, continuousg ultrasonice flaw

inspection can be performed with a simple device subsequent to

horizontal continuous casting.



[ 0019] According to the ultrasonic flaw inspection nmethod as recited in the
af orenentioned Item|[2], an arrangenent angle a of probes which can

conpl ement uni nspected regi ons of each of the two phased array type probes
can be derived. [0020] According to the ultrasonic flaw inspection nethod as

recited ifpobRe af or eqEALi@NLY d efkl3] v rd fion 1 t2SPNhELWRYEWHER: ce as

pr opagat edt hr oughwat er 1s sufficientlyattenuatedbefore reaching the surface
of the ter nd erefore occurre f gl fec
Peduced. TSRabPR HER Y e S M s B R Lo PR P f T o e
uItrasoniﬁ fIaM/,ns%ection nmet hod as regjted in the aforenmentioned |Item
[4], theYhEBECPIEnLERYi (PERECTOBXEEM &t PSYTOE™RSY i zont al conti nuous
casting and ultrasonic flaw inspection can be continuously performed, and
the i nspd@fréh resultceardbed ried |tded Pl SABHATT Pridtkdeddiodhrican
be fed back for casting conditions. In addition, since there are no end
sur f acesai hotpedi pspéct t ons taegeted egi driss affmerancartel ateedléddronidd iamdend
surfaces. Therefore cut, pieces cut after the inspection can be treated as
pi eces inspectLithddp tRet heEancthesitrifaees. ul £ 0822hAccandivngihopebeioht nasoni c
flaw i nspection as recited in the aforenentioned Item[5], continuous
ul t ras0nbgnﬁhewearé@@&ééﬁ%%@&@ﬁ%%fgda\mw AoshEnl sreevieg subsrquent
c

to horizontal continuous casting. cording to the ultrasonic flaw

i”SpeCtiﬁQn9§§E§ﬁ¥éa wgggi%ﬁghigf%q%igkgkgnentioned Items [6] and [7] , the

af orenentroné rasoni W I'nsSpection can be perforned.

BRIEF DESCRIPTION OF DRAWINGS
[o025] [Fig. 1] Fig. 1 is a explanatory view showing uninspected
regions of phased array type probes inanultrasonic flaw inspection
of a cast article with a circular cross-section.

[Fig. 21 Fig. 2 is a view showing propagation of an
ultragonic wave in ultrasonic flaw inspection of a cast article
according to the present invention and an arrangement angle of
two phased array type probes.

[Fig. 3] Fig. 3 isanenlargedviewof anessential portion
shown in Fig. 2.

[Fig. 4A] Pig., 4A ig a schematic front view showing an
embodiment of an ultragonic flaw inspection device according to
the present invention.

[Fig. 4B] Fig. 4B is a side view of the ultrasonic flaw
inspection device shown in Fig. 4A.

{Fig. 5] Fig. % is a perspective view including a partial
crogs-section schematically showing another embodiment of the
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[ 0024] According to the consistent manufacturing nethod of a forged product
as recited in the aforenentioned Itens [8] and [9], since the

af orenenti oned ultrasonic flaw inspection is conducted between processes,
hi gh quality forged products can be manufactured with high efficiency.

BRI EF DESCRI PTI . ON_OF W. [\ | i 1L.E g... 1 | e n I i ew
show ng §g§ﬁ§"58€tlgd %@oﬁ?%?tggzégedégxf%% ][aggg)réiﬁo ese?n%\éu?’%(r%gég\rﬁ C
flaw i nspection of a cast article with a circular cross-section. [Fig.

" 2]Fig. 2¥YeRYNPBw showi ng propagation of an ultrasonic wave in ul trasonic
flaw i nspection of a cast article according to the present invention and an

arrangenent angFégef6dhwo dasedPaifay RYPEDF dbed sty CBPFrgs3 sitendn
enl arged view of an essential portion shown in Fig. 2. [Fig. 4A|Fig. 4Ais
a schemateoufrontirihgwstiont g ant @ndedipreducdf Laamutasasonite foawing,
i nspection device according to the present invention.
wherein an inspection process using an ultrasonic flaw inspection
device according to the present invention is employed.

[Fig. 6B] Fig. 6B is a process flowchart of a consistent
manufacturing method of a forged product from casting to forging,
wherein an inspection process using an ultrasonic flaw inspection
device according to the present invention is employed.

[Fig. &C] Fig. 6C is a process flowchart of a consistent
manufacturing method of a forged product fxom casting to forging,

wherein an inspection process using an ultrasonic flaw inspection

device according to the present invention is employed.

BRIEF DESCRIPTION OF THE REFERENCE NUMERALS

{0026]1: phased array type probe

1A, 2A: out-of-scanning region (uninspected region)

18, 2B: dead zone {uninspected region)
10, 40: ultrasonic flaw inspection device
33 casting mold

35: cooling water

41 through-hole
42 dam-like member

S cast bar (continuocus cast bar)
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[Fig. 4B]J]Fig. 4B is a side view of the ultrasonic flaw inspection device
showmn in Fig. 4A. [Fig. 5]Fig. 5 is a perspective view including a parti al
cross-section schematically show ng anot her enbodi ment of the wultrasonic
flaw i nspection device according to the present invention. [Fig. 6A]Fig. 6A
is a process flowhart of a consistent manufacturing nethod of a forged
product fromcasting to forging, wherein an inspection process using an

ultrasonic flaw ins [ %e ' eggg ' U@piﬁﬁfgﬂﬁﬁﬁﬁﬂg jnvention is

enpl oyed. [FBE%EGQ?D iéb%G |§§§§%$g% ssS mchart‘%ﬁ a consi stent

nanufacturin% met hod of a forged product fromcasting to forgLng, wherein
an i nspedfP8r!pr ocesd PRSISEE ahr Y thyRSonRt el UsRd he fd& PERS gl ildyeiddsi ng
to the present invention is enployed. [Fig. 6C Fig. 6Cis a process

f | onchar hagf aapdumsildtenpinprobast arivagoest Hod pefrad edr gadIp reedic o thagm

casting to forging, wherein an inspection process using an ultrasonic flaw

i nspect i dprdéei becakEorandgi s ecldetplesEhy cowendl abls sanfanedd point,

BRI EF DESCRI PTI ON OF THE REFERENCE NUMERALS [ 0026] 1: phased array type probe
which enables wmulti-focusing (combination of vertical £law
inspection and inclined angle flaw inspection) during the
inspection and wide region inspection. In the case of a
longitudinal wave having a faster sound speed than a transverse
wave, false defect echoes are lesg likely to appear on a flaw
inspection display, and therefore the inspection accuracy is high.

A single probe block can conduct a wide range flaw inspection and
thereforedeteriorationof inspectionaccuracydue todeterioration
of positional accuracy cased by arranging a number of probesg in
a clircumferential direction in a conventional ingpection method
will not occur, resulting in high inspection accuracy.

[G028] The aforementioned phased array type probe can perform
a wide range of inspection for flaws with a longitudinal inclined
angle (including vertical}) wave, but uninspected regionsg still
remain inevitably. Inthe present invention, aplurality of phaged
array type probeg are arranged around a cast bar circular in
cross-gection in a circumferential direction thereof at
predetermined angles so as to complement each other’ s uninspected
region, which enableg inspection covering an entire region of the
cast bar including the vicinity of the surface.

f0029] Fig. 1 shows an example in which two phased array type

11



1A, 2A: out-of-scanning region (uninspected region) 1E, 2B:dead zone

(uni nspected region) 10, 40:ultrasonic flaw i nspection. device 33:casting
nol d 35:cooling water 41: through-hole 42: damli ke nmenber S:cast bar
(continuous cast bar) BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0027] A

phased a&ﬁ%%e%eraﬁﬁngxgsggrgﬂgggewpﬁﬁ%ﬁﬂ&m&ﬂy%Q}EO@aSt bar 8 circular
in cross-section.
fco3ol With respect to the first phased array type probe 1,
“1A” and “1A"” denote out-of-scanning regions deviated froma maximunm
scanning range, and “1B” denotes a dead zone which occurs since
the bottom echo that appears when an incident light is injected
in a vertical direction cannot be distinguished from a defect echo.
These regions 14, 1A and 1B are uninspected regions that the first
phased array type probe 1 cannot inspect for flaws. The
out-of-gcanning regions 1A and 1A can be reduced by enlarging the
scanning region, but such regions cannot be completely eliminated
because the scanning target is circular in cross-section. Also,
the aforementioned dead zone 1B is a region which is inevitably
created. Similarly, with respect to the second phased array type
probe 2, “2A" and “2A"” dencote out-of-scanning regions deviated
from a maximum scanning range, and “2B” is a dead zone due to a
false defect echo, or anuninspected region that cannot be ingpected
for flaws by the second phased array type probe 2.
[0031] Agunderstood fromFig. 1, by arranging the £irst phased
array type probe 1 and the second phased array type probe 2 go
as to avoid overlapping of their uninspected regions, an entire
region can be ingpected. Specifically, if the margin C between
the out-of-scanning region 1A of the first phased array type probe
1 and the out-of-scanning region 2A of the second phased array
type probe 2, and a margin D between the out-of-scanning region
2A of the second phased array type probe 2 and the dead zone 1B
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has a plurality of probes arranged in parallel with each other (probe

bl ock), and is electrically controllable in focal point, which enabl es

mul ti-focusing (conbination of vertical flaw inspection and inclined angle
flaw i nspection) during the inspection and wi de region inspection.In the
case of “I i i.ha i.0g fa sqQu S an_a transverse
wave, fa?géggéfgggsgch§§§%§r§§ & stﬁ?ﬁe%§%%§ gp%ggrggﬁggg Va%%ﬁngﬁgéfﬁbn

di spl ay, _and therefgore .the inspection accuracy is high. A single probe

bl ock caﬁe§GH@u€9na%ﬁi&Espﬁﬁﬁg%flaM/inspection and therefore
deteriorationof inspectionaccuracydue to_deterioration of positional
accur acy !€83ed by arferginafbehuibercPrdretrYifh tharfeipnerbhenad way
direction in a conventional inspection nethod will not occur, resulting in
hi gh i nspdcthorkarruracyt hod 60281Then i ceomdntionsd: phtas etear rlay mbype npr obe
can performa wi de range of inspection for flaws with a | ongitudi nal

i ncli nedcangl eqianctaidi Ngnaverild €alg)) wane, mhutitndrispeshesd ¢Rg O S bk
remain inevitably. In the present invention, a plurality of phased

e probesyare ﬁﬁé?ﬂ&% apouUNd- & GastoRale LLEGULAE &M the08Fo AL QD 2lR o8
circunferential direction thereof at predetéerm ned angles so as to

conpl ene r. } C i on; i I i i

cover | ng ARCaTRE FagbA U PR Ract AR, LAt SRR TR R e
surface. [0029]Fig. 1 shows an exanple .in which tw phased array type

ot obes 1ERntS it P Mg deh B RN BokPo LA IbaN SIaY it e ns
cross-section. [0030]Wth respect to the first phased array type probe 1,
"] A" and [9PA3] denot & Bait - dfShowe ghrf tE S g oRsde g é@rﬂrlém% L gikam
scanni ng range, and "I B" denotes a dead zone which occurs since the bottom
echo t hatoappessywh€r0an andi demtouti ght-Sasrirmjrer tred iiom aAvef tihealfirst
direction cannot be distinguished froma defect echo. These regions 1A I|A
and 1B aphasstinapeaiedypegpbebbet habntihenhki bsit -pliasednat hay reypenppaberl
cannot inspect for flaws. The out-of -scanning regions 1A and 1A can be

reduced byeesd s gaa%%@ SEARPING B9LOR 2 Bk SHERTRGIONS L RAMNG! oPRer
conpletely elimnated because thé scanning target is circular

n
Cross-seclion. SQ, r io ﬁgpﬁ regi on ichis
inevitabF% %ﬁe%$%d8v%$2§P§%§y§g§?%h ?@g%ec 0 éégég%ﬁgtﬁﬁgégéoggﬁag type
probe 2, "§A" ﬁnd "2A" denotg ouaﬁof -sca ning rggions devi ated . froma
maxi mum 8B4nAi ﬁv?aﬁgg,sﬁﬂa YRCtilgng gahy Yond GheSrB81dirarsEedbfelteecho,
or an uni nspected region that cannot be inspected for flaws by the second
phased afREy E§PETPPEBeSTMOPAO31] As understood from Fig. 1, by arranging

the first phased
(0034} The symbols in Fig. 2 denote as follows. In Fig. 2,

only the left half propagation path in the cast bar S is shown,

and the right half propagation path is not illustrated.

[0035] & arrangement angle of the two phased array type probes
Oy maximum scanning angle of the phased array type probe
EPE effective inclined angle of the phased array type probe
By central angle of the OP
By 1/2 of the central angle of the dead zone by a vertical

incident wave of the phased array type probe
Og: central angle of the margin D

O: incident point of the vertical incident wave of phased
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array type probe 1 and the second phased array type probe 2 so as to avoid
over |l apping of their uni .spected regions, an entire region can be

i nspected. Specifically, if the margin C between the out-of -scanning
region | A of the first phased array type probe 1 and the out-of-scanning

regi on 2A of the sec h r type probe 2, and a margin D between
t he out - of -scanningggga'og§§% @%O?Ee second phased array type probe 2 and

the dead zone 1B of ,the first phased array type_prohe 1 are secured, the
entire region ¢an belpﬁ%BEEFéHQBT%6§%fE@r%%ﬁgﬁﬁﬁﬁfuﬁﬁfh&BSFﬂﬁﬁéewﬁY?ﬁﬂihe
af orenmentioned way of thinking, a method of obtaining conditions that, when
the margin Cis equaPhf&ed pKaRYi fyYReOprobehatndng §1ipehedords agueinum 0
or nore (margin D, or uninspected regions of the two phased array type
probes 1 and 2 do notceuwsihgpangilkl be explained with reference to the

ul trasoni c wave propagation path diagramshown in Fig. 2. [0033] Fig. 2

shows a state i whigbrtheamaighe Cis equal to O (margin C=0) , and the
out-of -scanning region | A of the first phased array type probe 1 and the

out-of - scanning regLan 2A-ef +he~geeond,phased array type probe 2 are in
contact with each other in an non-overl apped state. The two phased array

type probes 1 2.have,t j , san i expl.ai.ned, ysi ng

t he sane refergggg ggﬁﬁo%fnﬁ&%%ﬁ?*%geé%ﬁggﬁgl?ng%¥%# Egg%noi% %n?%#ﬁOMB.
In Fig. only the left half propagatjon path jn the cast bar. S is shown,
bnd the FRGHOEHANISEPEpLEES 1o B hEst et B deddC T PBogEpbes © and
a:arrangenent angle of the two phased array_type probes el :maxi mum

scanni ng ZahgleRfeasfs piaserl farrapimgphEcprobe Obkf Fedt Fhe sanfrrl iamed eangl e

of the pha sed array type probe 03:central angle of the OP
9; of the dead zone 1B in which the dead zone 1B of the first phased

array type probe 1 and the out-of-scanning region 2A of the second
phased array type probe 2 do not overlap must satisfy the following
formula {(ii).
[0036] o= 2 X (180° - 20,+ 03} ..(i)
180°~ [36; + 3 (1é0° « 263)] Z 84 ..(11)
The aforementioned formula (1) expresses the minimum value
(cmin) of the arrangement angle o of the two phased array type probes
1 and 2, and therefore,
Clgin = 2 % {(180° - 208, + 03) L(ddd)
From the formula (ii}, the central angle 8; of the wmargin
D is expressed by the following formula {iv).
[0037] Og= 180°- [36; + 3 (180° - 203}] ~ 04 w (dv)
The aforementioned arrangement angle o« can be enlarged until
the margin D becomes 0 {(margin D= 0}, and therefore the maximum
value o of the arrangement angle o is expressed by the following

formula (v).

14



041/ 2 of the central angle of the dead zone by a vertical incident wave of
t he phased array type probe 95:central angle of the margin D O:incident
poi nt of the vertical incident wave of phased 13 array type probe P:

i ncident point of the inclined angle incident wave of phased array type

probe at {thgghime of the npximymscanning angle Q vertical line riradius
of the cast bgr max = Hwin 5

= 20, = 83 =~ Oy w{v)

Consequently, the range of the arrangement angle o for
inspecting the entire region of the cast bar S can be defined by
a range that satisfies the aforementioned formula (ii) and falls
within the range covering from the minimum value ogmin expressed
by the formula (iii) to the maximum value omp. expressed by the
formula (v) . That is, by arranging the two phased array type probes
1L and 2 so as to satisfy the following two formulas, the entire
region of the cast bar S circular in cross-section canbe inspected.
[0039] 180°- [36; + 3 {180° - 20,)] = 06,

2 x (180°-20,+83) = oS 20,-0:-84

Next, the numerical values to be substituted into each of
the aforementioned formulas will be explained.

[0040] The maximum scanning angie ¢, is an angle to be
determined according to the specifications of the phased array
type probe.

f00471] The effective inclined angle €, is an angle that is
determinedby the angle of refractionand the aforementioned maximum
scanning angle 0., preferably considering the degree of attenuation
of the ultrasonic wave and the defect gize to be detected.
[0042] The central angle 6; of OP, as shown in Fig. 3, can
be expressed by the following formula (vi) with the distance x,
between the OP and the radius r of the cast bar S.

[0043] 9= Sin™t(x./x) vy
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FromFig. 2, when the margin Cis equal to O (margin C=0) , the arrange
angle a of the two phased array type probes 1 and 2 is expressed by the
following formula (i) , and the central angle 04 of the dead zone 1B in
whi ch the dead zone 1B of the first phased array type probe 1 and the

out-of -scanni pg. Ledlon;2A, o eJiQSréxﬁ&%’E‘d P e%ﬁ!r[ag’\é%c%] a_ng‘Q’g%?ngo £

overl ap
03) -(1)
formul a

nmust satlsfy fhe f 01 O h or mula

B bl gg?ﬁ?ﬁu@% %F@t(l(%?*ﬁ%P PEETIL Rt

of the two phased array type probes 1 and 2, and therefore, = 2 x (180
202 + 03)the phiagpd array tyPeoprohe dar ivel axpregsﬁetiﬁw eefixal thagtentsa bf
the margin D is expressed by the following formula (iv) [0037] 05= 180-

+ 3 (180 anc@@2d] curO8e-dekivdd from1ng@ﬁﬁfgﬁﬁﬁ

ment

ot
202+

[ 303

Aned (@nF @”Qgﬂﬁ@tt@é@ e

a can be enlarged until the margin D becones 0 {(rmargin Et 0)
therefor%I%@%I%%x&nun1value a,"" of the arrangenent angle a is expressed by
the foll owng fmala (v) . [0038]amax = anmin + 05 = 202 - 03 - 04

[0044] Os= 8in ' (x./t) o vis )

The 1/2 of the central angle of the OP (i.e., 8,) expresses
the size of the aforementioned dead zone 1B, and can be derived
by the actual measurement.

[0045] Therefore, from the actually measured value, formula
(iii), formula (iv), and formula (vi’ ), the arrangement angle «
of the two phased array type probes 1 and 2 that can inspect the
entire region can be determined.

[0046] The aforementioned formula for calculating the
arrangement angle « is based on two phased array type probes having
the same specifications. However, when using phased array type
probes different in gpecification, the arrangement angle can be
derived based on the injectionposition of each probe and/or various
angles. Furthermore, when using three or more phased array type
probes, they shouldbe avranged inaway such that the out-of ~scanning
regions of the adjacent probes do not overlap and the dead zone
of one probe do not overlap with the out-of-scanning regions of
other probes.

[Example of the arrangement angle of two phased array type probes]

For ultrasonic flaw inspection for a cast bar $ having a

radius r of 215 mm, when the effective inclined angle 6, of the

16



Consequently, the range of the arrangenent angle a for inspecting the
entire region of the cast bar S can be defined by a range that satisfies
the aforenentioned forrmula (ii) and falls within the range covering from
the m ni num val ue ane expressed by the fornmula (iii) to the maxi mum val ue

() coax expressed, by, theol A a; (Vlng TELL 7o bY ALHARY] nguLhes L po phased

array type pro SO as to satis | owi ng two t he
entire region, of he cast bars c Cros ectlon be |nsp t ed.
(00367 180° Pagsed KrEty g Bugbif b d(%sﬂaﬁo";%é)’“ms ay%z (g e
Next, the nunerical values to be substltuted into each of

th
aforenenﬁh%ﬁ&?qﬁfﬁmﬁﬁﬁ@ﬁ?@zﬁ@%ﬁ&ﬁépnéa €%6é30ff eéﬁmﬁlﬁnﬁg%éﬁﬁiﬁﬁdangle

01 is an angle to be determ ned according to the specifications of the
phased arfray tipe fprobéa [(0041]) The effective inclined angle 02 is an angle
that is determned by the angle of refraction and the aforenentioned

maxi mum doaartiing angtireBdfope effevabilye consudesi figl i)hendegrn eexqf,= att.ertyat i on
of the ultrasonic wave and the defect size to be detected. [0042] The

central angl g, 03: af408e Ass oMy dd, Ficensdqueait 1B BYPALSSRLNY e two
following fornmula (vi) with the distance x|l between the OP and the radius r

of the c ﬁ%sggr ﬁ% %qgﬁﬁgg§ob§bnl%n&%blﬁiéﬂiﬂél%?nge of tHVEY E ngkhefit

nmeasure nt 0 between OP IS Icult, then use t he
relati On%fl)llg}ie%f oc)gl 9%”% the 13142690)(2 tq'le entire region can be inspected.

However, considering wobbles caused by the traveling of the cast
bar 8 during the inspection, it is preferable to arrange the probes
at the intermediatepoint of the aforementionedrangeor thevicinity
thereof by avoiding the arrangement at opin and Ogpax-

{0048] Also, the plurality of phased array type probes can
be arranged at angles that complement the uninspected regions with
eachother,andthereforethephasedarraytypeprobescanbeérranged
anywhere inthe circumferential directionof the castbar. However,
as shown in the ultrasonic flaw inspection device 10 and 40, it
is preferable that the phased array type probes 1 and 2 are arranged
obliquely upward of the cast bar S to inject ultrasonic waves from
upward to downward. If ultrasonic waves are irradiated from
downward to upward, the ultragonic wave that did not enter the
cast bar 8§ will be reflected by the surface of the water and its
echocanbe detectedasa falsedefect signal. However, by injecting
ultrasonic waves from upward to downward, the ultrasonic waves
that propagate the surface of the water sufficiently attenuate
before reaching the surface of the water, and therefore its echo

17



t he phased array type probe can be expressed by x14x2, the central angle 03
can be derived fromthe followwng formula (vi' ) using the neasured x2.
[0044] 03= sin ( 2/r)) The 1/2 of the central angle of the OP (i.e.
04) expresses the size of the aforenenti oned dead zone 1B, and can be

derived th ct.ua renent,. 5 ref qr firo . I
neasuredg§§ﬁu§?%f%gnéfggé?%ﬁi%E %bF%ggé FE%F%a%&%Pgﬁﬁuggg?gﬁgﬁﬁ%Sﬁﬁéy
arrangenment. angle..a of the two phased array type probes 1 and 2 that, can
Cnopeat | CHEUSAEr FOgR RS aroBe. dot? i hot =P oY er Ao ar 61 BT BReaT
formula for calculating the arrangenent angle a is based on two phased
array t ySQrp‘F%tb%%n%fa‘i/it%@ PRl shARa s gecliFh i ms O L Hdve PBA S et 4 itige
phased array type probes different in specification, the arrangenent angle
can be derpied bawwl 2oavehel f Mjtecciast basit ilenddtréachdproberardfolevar i ous
angl es. Furthernore, when using three or nore phased array type probes,

t hey shouaktzbhegecarnangedii-atdonay wiieoh thikatprohe soatre- afr rasigadniahgvieeghens of
t he adj acent probes do not overlap and the dead zone of one probe do not

overlap whkh Bdresoutyrof +36anRE g0k 4ioNs pe retBen «Pf & Besankexendh apefset he
arrangenment angle of two phased array type probes] For ultrasonic flaw

i nspectiep.for t gbar S having a radius r of 215 mm when the effective
i nclined aﬁgIeSgZEQ? ?he phased array type probes 1 and 2 was 700 (02=40),

(he o1 ze 570, L e PRIReg.SLoBK YOO I 0RSBN, 2R 08 T I XaZES 7

gg?ivgg f[Oﬁ\tLéefornula (vi' ). " . o , )
distance (WD) between the cast bar S and the phased array type
probes 1 and 2 so that repetitive echoes of the surface wave do
not become false defect echoes.
[0050] Furthermore, a reflection echo from a wall surface of
the inspection tank can become a false defect signal, and therefore
it is preferable that the tank is large enough to prevent a false
defect signal. It is preferable that the distance from the
peripheral surface of the cast bar S to the wall surface of the
tank is sufficiently enough to attenuate the ultrasonic wave that
propagates through the water. Also, sound absorbent material can
be arranged on the wall surface of the tank to eliminate the sound
waves that become the cause of false defect echoes.
[0051] It should be undersitcood that Fige. 1 te 3 show, for
the convenience of explaining, that the first phased array type
probe 1l is arranged directly above, but do not show the most suitable
positions of the phased array type probes 1 and 2 for the cast
bar §. In the ultrasonic flaw ingpection device 10 and 40, the

phased array type probes 1 and 2 are arranged in such a way that
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[ 0047] Therefore, fronthe formulas (iii) and (v),am,h "=95.20, and amax =
114.9 was derived. Consequently, by arranging the two phased array type
probes 1 and 2 within a range of the arrangenment angles a: 95.2 to 114.9,
the entire region can be inspected. However, considering wobbl es caused by
the traveljdngeet;the £ oPBhown B g st Ne 4 NSREECE I Oalded %e&rt%f%rlﬂg) £ to
arrange the probes at the internedi até point of the aforenentioned range or
the vicinity thereof by avoiding the arrangenent at amn and amax

[ 0048] Al so, the plurality of phased array type probes can be arranged at
angles t onpl enent the uninspected regions with eachother, andtherefore
t he phasDiﬁﬂﬁﬁggFQEé5P6Hé§N€§ﬁE§%QFfEﬁﬁg nywhere in the circunferenti al
directionof the cast bar . However, as shown in the ultrasonic flaw

i nspect i OFIRET EMBODIMENTIO, it is preferable that the phased array type
probes 1 and 2 are arranged obliquely upward of the cast bar S to inject

ul trasoni ¢ wav&sefubtrapwaid flawcwsperatidif deivticasdfi showmuesbn dtigys . 4A
irradi ated fromdownward to upward, the ultrasonic wave that did not enter
the cast zbar 48 W ldoipgeaf heeted Bycéheaait hacanal chbepdded andy ttgprcho
can be detected as a fal se defect signal However, by injecting ultrasonic
waves fromouawand b dowawar dontehguiklr 280Dk FRa%eS nshal caIpRgate Lhe

surface of the water sufficiently attenuate before reaching the surface of

the water, and, phererore it specha il not be detected as a false def ect
si gnal , éenabl’i ng highly Hécarat & I"aw i nspection . Al so, when enploying a

copyi ng chanismfor retainin he positiopal relationship of the phased
ot oy Cynd0seanes 1 SAR VASVeRIRK § hBoCaSt bR S AP SoF AREanat e e o

| ess arrangenent limitations when the probes are arranged above the cast
bar S. FéFavkild ingadbrection ohEbpetabl daoSaranthfe et Neml aove Privdigest bar
S. [0049] Furthernore, it is preferable to set a sufficient distance (VD)
bet ween whéehcabtrohgh-Boadad 1hephdsedcaridpwt ppespgebes thandhx st isat
repetitive echoes of the surface wave do not becone fal se defect echoes.

[ 0050] Fumtahiet-mahe cha ikekl eehiapteabailimonsa stalkkedasunf age ohtkhe tapgpeaat i on
tank can becone a fal se defect signal, and therefore it is preferable that

t he tankjisl aLgge-€ evept19 takse dehaet +5i0pal A referabl e
t hat theadi2tanc§rf?%ﬁ??h%gggﬁgp%eréﬁ su?face of tﬁeecasfcgg%'giﬁgst%% wal |

surface t tank i.s suffici.ently. en h enuat h |.trasonic wave
t hat pro%iélga g‘s t reOl}g‘j’ﬁ) P 8‘5\%& aelf.rg)S\I tsgé]g oéuo%cfaaéat&s8?1§e%térrr§ta;£ﬁaaﬁ%ecé;ﬁ “be
arranged. on the_wal| surface of  the tank to elinmnate the, sound waves _t hat

beconme t RELERRIS 6F 7 9&%%%9%%&aE@ﬁﬁ%grﬁﬁégfﬁTF:§hBﬁPdﬂﬁ%ogﬁH¥F§F68&1that

Figs, 1 to 3 show, for . _
arm 15 of a sugpension system via brackets 17 in an angle adjustable

manner so that ultrasonic wavesg are irradiated against the cast
bar 8 travelling below the probes from diagonally upward portions
of the probes. Acopyvingroller 18 configured to come into contact
with the cast bar 8isattached tothemiddle portionof the horizontal
arm 16 in the right-and-left direction to control movements of
the arms 15 and 16 corresponding to positional displacements of
the cast bar 8 to always keep a certain positional relationship
of the cast bar S8 and the phased array type probes 1 and 2.

[0053] The ultragonic¢ flaw inspection device 10 can inspect

the travelling cast bar $ regardless of the length of the cast
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t he conveni ence of explaining, that the first phased array type probe 1 is
arranged directly above, but do not show the nost suitable positions of the
phased array type probes 1 and 2 for the cast bar S. In the ultrasonic flaw
i nspection device 10 and 40, the phased array type probes 1 and 2 are

arrangedy) uc \ ical.line i-N El apd. 3 is
arrangedh%g}?FcQT?§wQ%%i§$%$K§§§?1§§Q$%§Eﬁé%%§%§%§igﬁﬂagﬁ FEF%%$mEﬁB%%FNENT)
The uItr%§8niE.flam1ingge&}iog q§vic%_1% ﬁhomm Egiﬁigﬁ'l4ﬁz%ﬁgf48 igh

equi pped Wk PREETRRER rCTEnI03 1 Sald o HRSedd SPPEV EYPE ¥riobs T 4hd"s, and
configured tgo perform.inspection of a cast bar S while npving the cast bar
S. [0052Ff&1Rate?ld gkl BPTRZONNAL Ty YEHYEH Céﬁﬁﬁ&@o@%‘{lfi%agr?ecaﬁ‘ﬁévg| ling
direction of the cast bar S, and the walls are provided with through-hol es
12 and 18preedal | Bhepassagy: clasthbagasanphe Sisyaeerd Wit aioviisiaa thenrast
mediumis stored in the water tank 11 at a water |evel sufficiently higher
t han t hebahr®agha holee tEdnant:d 8pedtiend vy phasethadeay ceypelpridhieswiyand 2
are attached to both ends of a horizontal arm 16 provided at a tip end of a

verti cal pgr b tbngfrite TUSRERSFOD SYSIRMHA tBhACKe] Sa;llﬂégye@ti@ﬂaghgrﬁet
adj ust abl e manner so that ultrasonic waves are irradi ated agai nst the cast

bar S trayglld agphelewst hie -wsgﬁ%.%iforn%gwa%@g |3 LRYWAT PO t i ﬁ@éd%gsghe
probes. A copying-roller 1§ configured to cone into contact with the cast
bars is attached,to_t dl eporti.onof the hquZO %E %%gh%%rgﬁag%gthe

hem t
ri ght - and®l BFY / di Pt Ton o tont™ of HhVenent s 0f° 1 he “arns
correspondi hg to positional displacenents of the cast bar S to always keep
a cert ai h?Pbsi tHOREPSPE FATINHPS BFOPRR Bisbemaves! ¥l pRaBedtarray
type probes 1 and 2. [0053]The ultrasonic flaw inspection device 10 can
i nspect thtgetalékeidng cast bar S regardless of the length of the cast

[0054] The phased array type probes 1 and 2 are controlled
by a control device (not shown} to detects flaws of the cast bar
S. The signal emitted from the phased array type probes 1 and 2
are outputted to a signal processor 20, and then outputted to an
ultrasonic flawinspectiondevice2l afterpredeterminedprocessing.
The ultrasonic inspection judgment device 21 determines whether
or not defects or flaws are present based on the inputted signals,
and decides whether or not the cast bar S is a non-defective product.
Further, in the case of continucus inspection of a continuous cast
bar 8§ continuously cast from a casting mold of a horizontal casting
device, efficient inspection can be performed. In addition, a
judgment result can be fed back to the casting conditions, or
defective portions can be marked with spray or the like and removed
after cutting the cast bar into predetermined lengths witha cutting
device (not illustrated) arranged at a downstream side.

Alternatively, it can be configured such that detected defective
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bar S. For exanple, continuous inspection can be perforned for a continuous
cast bar S which is being continuously cast fromthe casting nold of a

hori zontal continuous casting device at a casting speed. Al so, a cut cast
bar can be inspected by noving the cast bar S at a predeterm ned speed

using a npys g sy iage. otBrbhAi Snd@he BY FOMANG 4 %tpaﬁkob@rpx%aé@&%%éskg of

tank 11, an inspection target can be subjected to inspection regar

thelengtﬂai@ﬁ 1655 t . o | target i.s snaller
than the tank, %es%hargae alrnrg‘a&rtgl pg&lpro e%cgé}r}}%}%mvleog{]swk% hceutst:m“5r

i nspecti on. Larget fixed. [0054] The phased array type probes 1 and 2 are
control | ed y & control device (not shown) to detects flaws of the cast bar

S. The si ?nal emtted fromthe phased array type probes 1 and 2 are

out put t ed Y Y si gnaFupkoeE8esE 20! thrdut Hersout pfleediperaat ipnrasoitie
flaw i nspecti ondevi ce 21 af ter predeterm nedprocessing The ultrasonic

i nspect i oF | Gdgneant deviee s tdmer Ai s wheuhdectedde Wefegssnde flans
are present based on the inputted signals, and deci des whet her or not the
cast bar singpartnion dehetti e ipigoducted Fur tieise iokd heinapecef ogontd mpous

i nspection of a continuous cast bar S continuously cast froma casting nold

of a horigantiangasidingedawi eaa ehiEsbent whnspechi OfrgaReigs Retforiged.. I n
addition, a judgnent result can be fed back to the casti ng conditions, or

defective Doyt hOAY £8R. b Marked Wil SRy Ot pthe %Ekﬁo q &R aede af ter
g &V ¢e not

cutting the cast bar 1nto predetermned Tengths wth a cutting

il lustrat .arranged at a downstreamsjde. Alternatively, it can be

confi guretglde)sﬁ%ﬁp?%gfo%gttag&egcdpaﬁké8pi'veA’S 80%??"[‘33 ssiiﬂgg%s bFea® SRF ARt ast

bar is c%fy into,a predeterm ned length while renoving only the defective
y

port i ons BYCHEIRE i Hebhee NFRoSE] FucthePfrreeatefl fifel f ¢ ¢ asarfne dtiegy

i nspection device 10, the continuous cast bar S can be subjected to

ul t rasoniu® fdcawhienspettsivgrantsisi.e bei ng noved. Therefore, inspection target

portions include no end surface, which in turn neans that there is no dead

zone on efECONY FEODIMENE )t here is no end surface in the inspection target
portion. As a result, short pieces obtained by cutting after the inspection

can be treated as pi eaesulsPast £4 R OnbPeceREnSiET 6L 0 EPEGRNR | st
EMBODI MENT) [ 0056] The ultrasonic flaw i nspéction device 10 of the first

crbod) reunpieRheRnIaLeG (eRk B SNSRI 1 st 12
secured. LAOSTLHOUEN Ly 16 WSSO Snld BV L PRPECLLEMIBINOD P S ¢
medium can be secured.
f0c057] However, the ultrasonic flaw inspection method of the
present invention canallowinspectionusing coolingwater supplied
Lo a cast bar froma casting mold of a horizontal continuous casting
device, without using awater tank. Usingcoolingwater simplifies
the structure of the inspection device.
{o058] Fig. 5 shows a horizontal continuous casting device
30andanultrasonic flawinspectiondevice 40 installed immediately
at the downstream side of the casting mold.
[0C59] In the continuous casting device 30, the molten metal

M flows into a cylindrical casting mold 33 from a tundish 31 via
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present invention can allow inspection using cooling water supplied to a
cast bar froma casting nold of a horizontal continuous casting device,

wi t hout using a water tank, Using cooling water sinplifies the structure of
the inspection device. [0058]Fig. 5 shows a horizontal continuous casting

device 30 adcam Mbtaasest£1d 1AW | RsPesti O 08ViGRABsi pst ald 8d; b iptely
at the downstream side of the casting nold. [0059]In the continuous casting

device 3 t t: ] indrd cal i nol d .33 from
2" undi R 1 i S T T e B $hs3 0k RSt SR Y SRl
casting l.d 3 a cooling, water | yi ng .passage 34 for supplying cooling
water 95 T Gnas o2 EBRAI G conbr e E Far t o sor b B aethe

di scharge op%ning 34a of the cooling water supplying passage 34 is forned
into an anffufaFciREPE SRFFSUAC Ry HhéNCoRPPALBESRERY P 1y inmpadgisesst ed
in the casting direction of the continuous cast bars. The cooling water 35
ej ect ed Prioftirmdihapgen epenilag Shape sswupplidicha sheheorntinveuperssther y
of the continuous cast bar S, and flows in the casting direction on the

surface dfart Ite comt idiueusecast hare Sashiichy idd reeitigrc @it ithidousIny: i¢Rstud 0
cool the continuous cast bar S. [0060] The ultrasonic flaw i nspection device

40 is equiapResar Wit hriad cadyhaf walest biske; JBher 42 ﬁ?@ﬂiﬂ%ﬁa%@é%’;h%‘?fﬂﬁ%l e 4l
pha

t hrough which the continuous cast bar Sis loosely inserted and two sed
array tyg%apri%b%%lpéla@§ 2o -Eh]l% %%}?ilfek?e'ﬁg;?%ﬁ:ﬁﬂ%f’ $hk Xeg i3 R %tafs%r m
via a supporting g 43 at a height level t he continuous cast bar ™S, and
t he i nne I amet er. i t he.t hrough-hol e %%.is formed tq be | er than the
outer di %r?’%t g’r’ 8Pdtﬁ Uttt 235t Ha llé?c%%e?fbetﬁﬁ VU S GYit iHRGous
cast bar S which is being continuously cast travels through the
t hr ough- FEPE1AHOWEL REGL Bakt SctiPrAGht AE HEAFFhEFRTINUONSE lvhFas§h thokeodl and
the cool ing water 35 flows through the gap between the outer peripheral
surface &het gengdncngogsstaberbar. S and the inner peripheral surface of
t he through-hole 41. [0061]In the inspection device 40, the cooling water
35 di schdpged]fr om thiee dischargel o fErw dndde candnf Hewedei 40 tike cgasbbaa
with an annular dam-1like member 42 having a through-hole 41 through
which the continuous cast bar S is loosely inserted and two phased
array type probes 1 and 2. The dam-like member 42 is fixed to a
platformvia a supporting leg 43 at a height level of the continuous
cast bar 8, and the inner diameter of the through-hole 41 is formed
to be larger than the outer diameter of the continuocus cast bar
S. Consequently, the continuous cast bar § which is being
continuously cast travels through the through-hole 41 without
contacting the periphery of the through-hole 41, and the cooling
water 35 flows through the gap between the outer peripheral surface
of the continuous cast bar S and the inner peripheral surface of
the through-hole 41.

[0061] In the inspection device 40, the cooling water 35

discharged from the discharge opening 34a and flowed in the casting
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22 direction on the surface of the continuous cast bar S hits against the
dam|i ke nmenber 40 , and a part of the cooling water is accunul ated at the
upstream side of the dam |ike nenber 42, and the rest thereof flows

t hrough the through-hole 41. [0062] The two phased array type probes 1 and 2

are suppoy.ted hy su rting_nenbers .(not illustrated) with the tip end
Do t 1 one rEEgen PR itk SHELHCRI0 s Gapbr MICUANT AL S e Bhes A iy
side of the damljke nenber 42 at a predeterm ned arrangenent angle a. The
i nspect i &ﬁler%%rm]tl}?%m%iﬂ]f’ﬁﬁﬁtoedﬂt‘%aﬁ’ﬁé‘tﬁ%ﬁﬁﬁ ICesEH? 90 L 8RF THER 224 he
ultrasoni c inspection judgnment device 21. The ultrasonic inspection

j udgnent adevieapzlréates Miaed presance ite ndseard 2of adéftérst seahdtmrddfans
based on the inputted signal to decide the quality of the continuous cast

bar S, aridcwize tjhudgr@ntheestrougt-Ihdies fzad back to the casting conditions.
[ 0063] The ultrasonic flaw i nspection device 40 uses the cooling water for

cooling theezasting @Hédm&?gﬁ%s@@ﬂéﬁf&yWﬁ&kﬂ@ko@@@ i.hetehos e Mipported
transferring equi pment for transferring the cast bar S to the inspection

device 1Q,.r gagjggfgingg@ﬁéf@'(goitef}mgtpsﬁgay%ﬂh ct%ve!bgﬁgeér@% ﬂ&"&ﬁ% on.

[ 0064] Furthernore, t trasonic aw I nspection can _

The.t br OQIRSE A1 STt AG°Bane TR NENGar 55 OCHRASAY CHEL ARA NSPRCT! O

| N CONSI STENT CCNTINUQpS OPERATIOMI The ultrasonic flaw i nspecti on net hod

of the pﬁéggdyﬁthedam like member 42 at a predetermined arrangement angle
o. The inspection result is outputted to the signal procegsor 20
and then to the ultrasonic inspection judgment device 21. The
ultrasonic inspection judgment device 21 determines presence or
absence of defects and/or flaws based on the inputted signal to
decide the quality of the continuous cast bar $, and the judgment
result will be fed back to the casting conditions.
[0063] The ultrasonic flaw‘inspection device 40 uses the
cooling water for cooling the casting mold 33 as contact medium,
and therefore no trangferring equipment for transferring the cast
bar S to the inspection device ig required. This simplifies the
peripheral devices for ingpection.
[o064] Furthermore, the ultrasonic flaw inspection can be
performed by arranging the phased array type probes 1 and 2 on
the peripheral surface of the through-hole 41 of the dam-1ike member
40,
[ULTRASONIC FLAW INSPECTION IN CONSISTENT CONTINUOUS OPERATION]

The ultrasonic flaw inspection method of the present

invention can be applied not only to inspection of a continuous
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i nvention can be applied not only to inspection of a continuous cast bar
imedi ately after the casting, but also can be applied to inspection of a
continuous cast bar at any step between consistent continuous operation
steps until the cast bar is shipped after various processing steps

Furt her moPe. PREC RONGALE B F BECr 5ot e i RO S r out et by s SREght 1

performng fromthe continuous castin 0 production of a forged  product
D er t e CC R L G TS HO PARE PR C 617 OB pBh FERTIGLent

i medi ately after casting or between arbitrary steps. [0065]Figs. 6A to 6C
show a pfFeR&dauPLsWOBRratieRssserst Witdduétro ﬁaﬁl"—ogﬁaéaétsi FG1PE Forditsd.
(FIG 6A) A |l ong continuous cast bar obtained by horizonta

cont i nuowsréastsi pgotsssihgi stepa pholadiny oittshoyt hsisdt égeadmkrithe agldor t
piece is heat treated for honogenization, and then peeling is perfornmed to

el i m nat @ekhenbl @ khekidkt Barharsutast ingrsKiih tiod chbe Stinhaceaacayeling
portion. The short piece fromwhich the black skin was elimnated is

shi pped af ¥8LqkRCHAPREAE ANE & dSPECLAON, RItRINALR] BrddeehethtRheesaf ter
t he appearancé inspection is subjected to forging.” The forging step

ol udes GULLLAO: CREOUNGL o0, Of & REELLI DALY BE oL ) c R ELIJBORTY e

heat i ng, rge formng. onsi stent “continuous "op€r ation,
t he ultyazgnicofL%M/ins ectioqzqan belggéforneg b%t%een agxagtggs, gnd t he
i nspect i BN "EARCHE pdr St MEFPRCE Fl igt’e of BRG] r tPBRE-ATREYr 8EEFence
synbol "K' denotes a process for inspecting a travelling
casting or between arbitrary steps.
[0065] Figs. 6A to &6C show a process flow of a consistent
production from casting to forging.
(FIG. 64)

A long continuous cast bar obtained by horizontal continuous
casting is cut into a plurality of short pieces, and the short
pliece is heat treated for homogenization, and then peeling is
performed to eliminate the black skin, or hard casting skin, of
the surface layer portion. The short piece from which the black
skin was eliminated is shipped after the appearance inspection.
Alternately, the short piece after the appearance inspection is
subjected to forging. The forging step includes cutting
{(production of a preliminary product), preliminary heating, and
forge forming.

[0066] Inthe congistent continuous operation, theultrasonic
flaw inspection can be performed between any steps, and the

inspection can be performed at a single or plural portions. The

reference symbol “K” denotes a process for inspecting a travelling
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continuous cast bar which is being cast fromthe casting nold of the

hori zontal continuous casting device, and the inspection can be perforned
by either the ultrasonic flaw inspection device 10 equi pped with a water
tank or the ultrasonic flaw inspection device 40 using cooling water of the

casting nold.. The reference . “L" de Sr r S I tinhg a
| ong conggﬁgéﬂgoggs?a%éﬁb%ﬂfﬂ|% o:gﬁé?fj%ﬁggég ﬁgogtg g ?%%gi% a é%%ﬂgkin
i s not el'niﬂated. The reference synbol "M denotes _a process for

| nspoct i G aNSREFPTBR P VO S HiG1F SYifich BT BY Ok IekE i R san
elimnated. In the processes "L" and "M " an ultrasonic flaw i nspection
devi ce 1Ocegairpprocdi by of Weetrthiank! eas pelestlv (mepe@pon deviceylghg
continuous cast bar obtained by horizontal continuous casting is cut into a
pl ur al i t pgofipgkdrti i eces;eandnsuly) ebeeadl tioaperl ¢ Mg awoletpatnave deheldd ack
skin of the surface |ayer. The short piece fromwhich the black skin was

el i m nat ed iwsihgatodireat edtker ochotmgenRisAdicpmo1and Thstihelfe paeheatatbdlo
performa forging process. [0067]1n the consistent continuous operation,

the ul trasenienftaw é%ﬁ@&éé@%&@m&%@@ﬁ% ned Mg & nghe @t R alay
portions between arbitral processes. The reference synbols "K " "L," and

"M showq itrln@cgsl'll_o?rg:- Sg?éggpséagggé ih%j!&%eﬁ)ﬁggicﬂ%kﬁ{nofgﬁgg%i'ilé{i"nételd

and "nt shown in ng cont1nuous cas ar

roduced hori zontal continuous casting is cut into,a pluralit f short
Bi eces ﬁgétr? SLEFRCE de/rm%Ol QMQ’ aenotes agprocess for :LnsBect:?ng 3/ S%Olf‘t

piece after peeling from which the black skin was eliminated. 1In
the procesges “L” and “M,” an ultrasonic flaw inspection device
10 equipped with a water tank can be used.

(FIG. 6B)

A long continuous cast bar obtained by horizontal continuous
casting is cut into a plurality of short pieces, and subjected
to peeling to eliminate the black skin of the surface layer. The
short piece from which the black skinwas eliminated is heat treated
for homogenization, and further preheated to perform a forging
process.

[G067] Inthe congistent continuous operation, theultrasonic
flaw ingpection can be performed at a single or plural portions
between arbitral procegsses. The reference symbols “K,” “I,, 7 and
“M” shown in Fig. 6B are the same as the inspection processes “K,”
“L,” and “M” shown in Fig. 6A.

(FIG. 6C)

A long continuous cast bar produced by horizontal continuous
casting is cut inteo a plurality of short pieces, heat treated for
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honogeni zati on, and then subjected to peeling to elimnate the black skin
of the surface |layer. The short piece fromwhich the black skin was
elimnated is subjected to forging. [0068]1n the consistent continuous
operation, the ultrasonic flaw inspection can be performed at a single or

plural portions.between arhitral proce . .The ref.erence ls "K." "L,"
B+t P BT g Sn R e BB ST Resd TR E et e e
and "M shown in Fig., 6A [0069] As expl ai ned ove, b er form_ng

ultr asoni%’&af’lkaﬁ}{ﬂﬁsggcfi}?%r?[‘?rrﬁ % dfitiStual Tsﬁogﬁ%ﬁ d?ﬁ%%? AR M g he
continuous casting to forging, high quality forggg roducts can be

manuf act legki gkan wBbi eleminghrderis FOOICLCHsE | 1% -met hod for a
continuous cast bar according to the present invention can be applied to
casting dfooalsll ki ndsIonthestaisistkort eranphepuitopeam thempphd ed trasonic
continuous casting of alum numor alum numalloy. [0071] This application

clai ms prEilak inshecdapaness B@h@tfﬁﬁﬂé&c&& i201s MRy 1 2 QA7 p336:453 phirtadren
Decenber 27, 2007, the entire disclosure of which is incorporated herein by

ref erencecRekhSa et EL81 Yord 00724 U shuld rReuadesshnadsthat~ the -4 grjgs and

expressi ons
“M” shown in Fig. CB are the same as the inspection processes “K,”

*L,” and “M” ghown in Fig. 6A.

[0069] As explained above, by performing ultrasonic flaw
inspection in a continual production performed f£rom continuous
casting to forging, highquality forged products canbemanufactured
in an efficient manner.

[0070] The inspection method for a continucus cast bar
according to the present invention can be applied to casting of
all kinds of metals. For example, it can be applied.tOc:ontiﬁuous
casting of aluminum or aluminum alloy.

[0071] This application claims priority to Japanese Patent
Application No. 2007-336453 filed on Decembexr 27, 2007, the entire
disclosure of which is incorporated herein by reference in its
entirety.

foo72] To should be understood that the termg and expresgsiong
used herein are used for explanation and have no intention to be
usedtoconsgtrue ina limitedmanner, donoteliminateanyeguivalents
of features sgshown and mentioned herein, and allow various
modifications falling within the claimed scope of the present

invention.
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used herein are used for explanation and have no intention to be used to

construe in a limtedmanner, do not elimnate any equival ents of features

shown and nentioned herein, and allow various nodifications falling within

the clained scope of the present invention. |NDUSTRI AL APPLI CABI LI TY

[ 0073] According to the ultrasonic flaw inspection nmethod for a cast bar

according to the present invention, since a refracted |ongitudi nal wave or

| ongi tudi nal wave are used i.0GI i plurality of phased

array type probes conplenen?aﬂﬁﬁﬁggﬁgﬁé%%€Q%$%§£Eﬁf¥h each other, an entire

region of the cast bar circul ar incross-sectioncanbei nspected.

Byusi ngt ht % Fi¥lpect | oAFSORGE Pohealthif L East s Pt g fdaw beshantiae matded for

efficiently. CLAI M5 1. An ultrasonic flaw inspection nethod for a

cast bar,&@ cast baghereprding pertflor muegpartt drayemtd o, awingspactébmabyed

arranging a plurality of phased array type probes in a circunferenti al

di recti ontwigitheliocast whae @f lowgdnudinerlossve eatd apedtafiipredener 1 died,

angl e, one of the phased array type probes and the other phased

array typmd@aoPeuie Bf bangess saeh rhat 88 JmsPecked ch8dkoth s dectea

refracted | ongitudi nal wave and a Iong|¥ud|nal wave of the one of” the

Phased anidyi dikbe: PhODES, It ANPLENBIL 6k, W) AN okNSReCLed hegl o dy 2,
i mal wave of the ofher

refracted l'ongitudinal wave and a longitu phased

array ty [ obe. . 2. . The ultrasoni¢ flawi ection nethod as
Feci T ed” P B GR% dooien 6RR AR ARES Tk e e ERE SpeaBet iaraiel athged
at an arrangenent angle a which satisfies follow ng two fornulas:

hedlthy cast” bars can be manufactured efficiently.
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2 x (1800-202+03) 5. a 5_ 202-03-04 180- [302+3(1800 -202)]04 where

2: effective inclined angle of a phased array type probe 3: central angle
of OP 4. 1/2 of a central angle of a dead zone of a vertical

i nci dent wave of the phased array type probe 0: incident point of the
vertical incident wave of the phased éﬁ type probe P: incident

;
point of an inclined angle incident wa £ the maxi mum scanni ng angl e of

t he phased array type probe. 3. The ultrasonic flaw inspection
met hod fora cast bar as recited in claim2, wherein the two phased array

type probes are arranged so that the incident waves travel downward.
1. An ultrasonic flaw inspection method for a cast bar,

wherein, 1in performing ultrasonic flaw inspection by
arranging a plurality of phased array type probes in a
circumferential directionof thecastbarcircular incrosg-gsection
at a predetermined angle,

one of the phased array type probes and the other phased
array type probe are arranged such that an uninspected region by
a refracted longitudinal wave and a longitudinal wave of the one
of the phased array type probes is complemented with an inspected
region by a refracted longitudinal wave and a longitudinal wave

of the other phased array type probe.

2. Theultrasonicflawinspectionmethodasrecitedinclaim
1, wherein the two phased array type probes are arranged at an
arrangement angle « which satisfies following two formulas:

2 x (180°-20,48;) = o = 20;-03-0,

1809~ [30;+3(180° -208,}]1 = 0,

where

0;: effective inclined angle of a phased array type probe

@i: central angle of OP

85: 1/2 of acentral angle of a dead zone of a vertical incident
wave of the phased array type probe

0: incident point of the vertical incident wave of the phased
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4. The ultrasonic flaw inspection nethod for a cast bar as recited in
anyone of clains 1 to 3, wherein a plurality of phased array type probes
are arranged at a vicinity of a casting nold outlet of a horizontal
continuous casting nold and ultrasonic flaw inspection is continuously
performed for a continyous cast bar which is being continuously cast.

5. Theul t¥4&dniePCali*rsifect i onnet hodasr eci t edi ncl ai m 4, wherein the
continuous cast bar is loosely inserted into_a through-hole of a damlike
menber arrangef :apafFtdERbRIHE CAsEPNY FbHECdRIE e AfC3gamneRY e difde to
interrupt flow of the cooling water, and wherein the phased array
type probesiane sceanged iamoh.e stfattdd phasiech anrayprioss raadd .n cont act
with the cooling water that the flowis interrupted. 6. An ultrasonic flaw
i nspection device for a cast bar, conprising a plurality of phased array
type probes arranged in 29 a circunferential direction of the cast bar

circular in crgss-sgetiltivasiitic flaw 18P0t ibhendfIRS@E B hayaby Ry PLRbES
and the other phased array type probe are arranged such that an uni nspected

regi on biea kel agt edulgngl tslnal, Wake RdaAa LenoL g nal, dque g, Lhe one

of the phased array type probes i's conpl erreﬁ e regi on by
a refracted_|l ongi tudi nal ve .and |.ongi. t udi_nal ve of the other phased
array ty%é“’S‘thS’ , SO that %%H@C&d?efﬁzsé‘%ivcesf Itéﬂﬁ"?e\rllxgpeo&qwﬁr?(gevi ce for a
cast bar as recited in claim®6, wherein the two phased array type probes
are arranged at an arrangenent angle a which satisfies followng two

formulas: 2 x (1800-202+03) 5. a S202-03-04 180- [303+3(180 -202)]84 where
4. The ultrasonic flaw ingpection method for a cast bar as

recited in any one of claims 1 to 3, wherein a plurality of phased
array type probes are arranged at a vicinity of a casting mold
outlet of a horizontal continucus casting mold and ultrasonic £law
inspection is continuously performed for a continuous cast bar

which is being continuously cast.

5. Theultrasonic flaw inspectionmethod as recitedinclaim
4, wherein the continuous cast bar is loosely inserted intoc a
through-hole of a dam-like member arranged apart from the casting
mold outlet at a downstream side to interrupt flow of the cooling
water, and

whereln the phased array type probes are arranged in a state
in which the probes are in contact with the cooling water that

the flow is interrupted.

6. An ultrasonic flaw inspection device for a cast barx,
comprising a plurality of phased array type probes arranged in
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2: effective inclined angle of a phased array type probe 3: central angle

of OP 4. 1/2 of a central angle of a dead zone of a vertical
i nci dent wave of the phased array type probe 0: incident point of
the vertical incident wave of the phased array type probe P:

i nci dent i nt of i ncli X i nci t t th ' - [
angl o of & nE RABSA AP Ag Y B PR GBE™ BT A BOneTE bt Wand] HOGIT g Tt hod

for a forged product, wherein, in a consistent production method of
a cast pro@fct Sashiseh @ %ont i nuous cast bar circular in cross-section '
whi ch is being continuously cast froma casting nold outlet of a horizontal
conti nuous casviggodetieephssedbpeciyd types baobase ggich thg dtmgr pBeldar,
and heat- treatnment in an arbitrary order, and subsequently subjected to
forgi ng, ardavasgpecpibaw 4 1S paotdrered Sueer tannedni umkbdsptet yd afé@togast i ng
or between arbitrary processes, and wherein the ultrasonic flaw

i nspecti enrkgraetbar 188y Pyual AANGDE: & W abhbY toliipRasedvar 68Yc ey Rie
probes in a circunferential direction of the cast bar circular in

cross- secld BRealy A 2dale) giﬁgrsd%%g@é&i P08y 30ARAICAG, §RERL, L hasey

array type probes and the sed array-type pr

uni nspected .region_b refracted |ongitudinal wave and a .l ongitudi nal wave
of the ofGUBPTT R BHESEERGrFay TyBb. RHBEE 1o ROt craeet L n "ave

i nspected region by a refracted | ongitudi nal wave and a | ongitudi nal wave
of the otfellighesbgraPrayedypergrohePe Probe. 9 The consi st ent

manuf acturing nmethod for a forged product as recited in claim@8, wherein
the ultrasonic flaw inspection is performed by arranging two phased array

type probes at an arrangenment angle a which satisfies follow ng two
formulas : 2 x7(1808e 202+G3)adQ?2 £03w0dnspection device for a cast bar as

recited in claim 6, wherein the two phased array type probes are
arranged at an arrangement angle o which satisfies following two
formulas:

2 x (180°-283+83) = o = 20,-0;-04

180°- [363+3(180° -20,}] 2 8,

where

0;: effective inclined angle of a phased array type probe

0;: central angle of OP

B4: 1/2 of acentral angle of a dead zone of a vertical incident
wave ol the phased array type probe

O: incident point of the vertical incident wave of the phased
array type probe

P: incident point of an inclined angle incident wave at the

maximum scanning angle of the phased array type probe.
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180- [383+3(180 -202)]04 where e2: effective inclined angle of a

phased array type probe e3: central angle of OP e4: 1/2 of a
central angle of a dead zone of a vertical incident wave of the phased
array type probe 0: incident p0|nt of the vertical incident wave of

t he phased arr y t pr. nci dent of .an_inclined angle
i nci dent wave oﬁ‘ﬁ)%l 2’5??\ ‘Bﬁﬂﬂlfﬁﬁtgﬁépg ”(‘)eftkfcﬁg %{age%o%ﬁ? Q%’e r obe.
wherein, in a consistent production method of a cast product
in which a continuous cast bar circular in cross-section which
isbeing continuously cast froma castingmoldoutlet of a horizontal
continuous casting device is subjected to short-length cutting,
peeling, and heat-treatment inanarbitrary order, and subsequently
subjected to forging, ultrasonic flaw inspection is performed
immediately after casting or between arbitrary processes, and
wherein the ultrasonic flaw inspection 1is performed by
arranging a plurality of phased array type probes in a
circumferential directionof the cast bar circular incross-section
at a predetermined angle, and arranging one of the phased array
type probes and the other phased array type probe such that an
uninspected region by a refracted longitudinal wave and a
léngitudinal wave of the one of the phased array type probes is
complemented with an inspected region by a refracted longitudinal

wave and a longitudinal wave of the other phased array type probe.

5. The congistent manufacturing method for a forged product
as recited in claim 8, wherein the ultrasonic flaw ingpection is
performedbyarranging twophasedarray typeprobes at anarrangemeant

angle o which gatigsfies following two formulas:
2 x (180°-20,+0;3) S0 = 20,-03-04
1809~ [303+3(180° -20;)] 2 8,

where
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0,: effective inclined angle of a phased array type probe

- 83: central angle of OP

0,: 1/2 of a central angle of a dead zone of avertical incident

wave of the phased array type probe

O: incident point of the vertical incident wave of the phased

array type probe

P: incident point of an inclined angle incident wave at the

maximum scanning angle of the phased array type probe.
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