2118869 METHOD FOR MANUFACTURI'NG A DRI LLI NG NON- MAGNETI C STABI LI ZER -<j%§
OR A"BLANK THEREFOR This invention relates te a nethod for nmaniffacturing '
stepped round rod-1ike bl anks which .are suitable for the non-magnetic
stabilizer for oil drilling as one typlcal exanpl e of appllcatéﬁgt pore ..
particularly 5 to a method for inparting a high strength to 83£0£)|ke_

bl aitks uni formy by cold working. Takijng the;stabilizer for oil drilling as
ab—exanpl e, in the case of-a directional drilling nethod in which 10 'a

number of bored holes extend in different directions froma single rig,. .

I s necessary to Moy FOR MANUFAC TURANGPTA & NonprATRANG NOR-MAGHETONE! the
| ength of about %90 mfromthe tip end of the tool in order to elimnate
‘the influences & ”tBe?rIé{%Fr ipﬁ NP g M} n nonitori ng the position of
the drilling tip end by neans of a nmagnetic sensor., and therefore the
stabilizer nust be of high strength and toughness and non-nagnetic as shown
in Figures 1 an&tds Zowertiign el adiesndon as siedingd Eore maingflactaatingn of an
oi | well drill, Afoed gt %dd&lakéc%q%ﬁascwm% \er%ws% ;‘bfbeﬁestﬁ@ lizer

-end bl ank. 25 The target values I'n properties _of. e izer 1 2 are. " .
areat er than abdihe PO GagRetic (?ti’%lﬂfl&@fr Forepdl Qﬁd— @%a®e 01 in

speci fic magnet itggieiaIpaddngle of RPplgdaridn ! hedltidHe paotciandadagh
& 5 to a method for imparting a high strength to such

a

rod-like blanks uniformly by cold working.

: Téking the stabilizer for oil drilling as an example,
in the case of a directional drilling method in which
10 a humber of bored holes extend in different directions
from a single rig, it is necessary to employ a '
drilling tool of a non~magnetic material over the
length of about 500 m from the tip end of the tool in
- order-to.élimihate the influences of terrestrial
15 magnetism 'in monitoring the position_of the drilling .
tip end by means of a magnetic sensor, and therefore
the stabilizer must be of high strength-and'toughness
and non-magnetic as shown in Figures 1 and 2.

20 Flgure 1 shows a schematic vertlcal sectlon of an oil
- well drill, and, '

_ - Figure 2 is a schematic side view of the stabilizer_'
. end blank,:-' o |
- 25 L
_~The target values in the propertles of the stabilizer 1
.;are greater than about 70 kg/mm in 0.2% proof
Sstress : and less than 1.0l in specific magnetic
permeability. In Figure 2, the double-dot-and-dash -



I|ne |nd|cates t he shape of a blank 2 for forn1ng t he stablllzer 1
bﬁ -h sten1port|ons 3, an inter- nediate. bulged portion 4 and shoul der
rtions 5. 5 It has hitherto -been difficult to produce stepped round’
rods’ of high strength and toughness, and hi gh resistance to stress'.corrosion’
- cracking by .precip-- itation hardening, unless hardening by cold working is
. resorted to. However, the cold working involves 10 various technical

restrictions amilfikkef fihatilaate% due. tsaabbeoﬁarat L aind zsh%&e iy mat eri al \,_/
‘and the severe vy; |n tar erties. e fol low ng * -
problens or diff a@sﬂa‘hz& hvgﬂlg Stem I?@ n&ué'c@ﬁ\/éﬁ’ttletfnal cold

© working net hodSmeiﬁa(l:@ btdyeldo pgirtd.ofia@ fanﬂglsm@ul\derdlpommgmssﬁ.vel y
~ stretches a rod axially-by applying forces in the radial direction 20 = on.
aforging machine |ike a press equi pped with a tool having a curved surface

.' conpl ement aBy t &t hasshdfhegto heeny ddfificadly &%@W@Gem_t he

probl em that t. hgosﬁé:aldd%d oqgemgimts%lre\f@tﬁh Whnd¥e G Wilgh har deni ng
because of the restriction. of ‘plastic fl%ﬁ%@%?&%f rictional force
" between the cont&SHSTFISH f'i?céé‘r(?ﬁst Y PRS- R ool .

- exists on the ciireitiorr mmmgfmﬂeﬁs &iaa-derﬁﬂg by werlidk picadeingBesi des, .

.ihe wor kpi ece undeg%g%%ted to. However, the cold-worklng involves
100 . various technicalrrestrictiens-and difficulties due &

to the particular shape of the material and the
severe values in target properties. The following
| preblems or difficulties are involved in the various
~ conventional cold working methods.

15 B o |
(a).'fap Forging

Tap forging, which progressively stretches a rod
'Laxially by'applyiﬁg ferces in the radial direction
20 on a forglng machine like a press equipped with a
ftool hav1ng a curved surface complementary to the
. shape of the stabilizer to be produced,_has the
problem that the so-called dead metal which does not
' underga work hardening because of the restriction
_25.1 of plastic flow by the frictional:force between the
' contacting surfaces of the working material and the

 tool.exists on the c1rcumferent1al surface of the ' ' : 9-
rod-like workpiece. Besides, the workplece undergoes
con51derable hardenlng by a large localised flow of ' -

30 material in the shear strain zone at the boundary
between an unloaded portion and a loaded portion
including the dead metal. The conspicuous localised




consi derabl e hardening by a large.localised flow of 30 material in theégégij.
sheaf™strain zone at the boundary between an unl oaded portion and a | oad
portion |nclud|ng the dead netal. . - The conspi cuous localised . -.3- flow
of material which takes place in the shear strain zone gives rise to fine
internal or surface cracking of the material which can be.detrinental.
ConSequently, it is difficult to effect uniform5 hardening in view of the
~irregul ar deformation regions in rhé material caused by the work hardening.
Further, unless the applied force effectively reaches the internal portion

of the material, there _wll r a Les in the p i es between the
internal 10 and gﬁﬂfagemﬁﬁﬁgFaBoWﬁgSh Eﬁke?hg Fklﬁs£§2r5 GRE of
surface-w se morbtmglnfzbhe gavesi zliise( by fimasihtefnbdl Yér bunfake Axi al

Direction 15 Qbﬂgbgnéf' @Ohﬁkggigﬁ %hi%ﬁpﬁﬁﬂ EQdaE£§§m@BEER'eCG it

s possi bl e to cause stic atio poriions of smaller
- di aneter but notcpasﬁﬁéeﬂﬁﬂgediﬁoiﬁléﬁfﬁi§P1FaF§eFfﬁﬁﬁﬁeﬂéﬂformf t he

wor ki ng oper abi ORar8efdhli 88 @4bwOBE! Eﬁebiﬁtég&QarOBeEbﬁmhﬁﬂ.gﬁ Qb_afrehgr

t t |1 d th
B hough there biPotbe,telrcial, Gaober” o ErbotPFboPaFIeRRr, | RUEEBeEs) o

~axial tensile wonhﬂegsothehappmdedtﬁercerefﬁECtmgemgrdeaeHesatBE|aI of ten

9065 hot POSSESS jnternal portion of the material, there will be
_irregularities in the propertles between the internal

10 and surface layer portlons of the work as a result

of surface—w1se working of the material.
(b) 'Tensile-Cold Wbrking In Axial_Direction

15 1In cold tensile working of a.stepped rod-like
workpiece, it is possible to cause plastic deform-
ation of the stem portlcns of smaller diameter but

Ii'not to the bulged portion 4 of larger diameter. If -
'the worklng operatlon is carried out on the basis

20  of the.large_diameter_port;on, it will cause a marked
drop in the yield of the material. Although there
barely occurs irregﬁlar distribﬁtion.of etrain'in'
the cold axial tensile working of the rod, the _
”resulting“hardened materiai often does not possess

25 the required strength due_to“the.Baﬁschinger effeét
-depending upon the direction of the acting force.

]

'_, o For example, application of a compreésive load
' - cannot impart a strength comparable to that attained

- by application of a_tensile load., - Since the stabiliser
30 is subjected to axial-eompression'stress during

- operation, this working method is also unsuitable.



__the required strength due to the Bauschlnger ef f ect dependlng upon the

g _t|on of. the acting force. For exanple, application of a conpressive

/ cannot inpart a strength conparable to that attained by application of-
Lensile load. Since the stabiliser 30 is subjected to axial conpr essi on

- stress during operation, this working,method is also unsuitable. -4- (c)
Rot ational Forging, Rolling & Extru5|6n I n nost cases, the surface |ayer Q&~j
material only is worked, so that it is difficult to strengthen 5 t he ’
material over its epfire | O ' ase of a

- wor kpi ece of a shanglkg8 €g% ?%géing nggkahegegggf§gﬁ8ﬁprOV|de

-~ speci al working equi pnent, and it is difficult to strengthen the boundary -

- portions betweegntpgstagaged) Lhengu.%ﬁahé dhgupt 8 ﬂQtE&:@Hi etnghe rod.
‘According to thgﬁpresent i nventi on, a nethod for

~ manuf act uri ng at®l WAkkedr 804 FFlﬁE %Fa%?#f%@FgEoﬁﬁrFEFﬁﬁStQSn hot
- working a pSecethé maazﬁgm%versttesl ehfii peaseedibhkd &eemwi th a bul ged

Pesulting rod'| tRE EEPRs: d8c hs 8885 bF Sn*REkPLPP8aPhofk BARS nmohi ni ng
- operation 20 1lskebthenstabihizérn2shét mernecessauy peeprowdidened shape
e-relatlve to thesﬁaeigf QgrkﬁﬁguE&hHBﬁénﬁrogﬂﬁtlt is difficult to

| strengthen the- boundary portions between the large

.10 and small dlameter portlons of the rod.

AcCording to the present invention, there is prov-
ided a method for manufacturing a blank for a
drllling stabilizer. comprisings- | _

15 hot working a piece of non—magnetic steel ‘into
a rod-like form with a bulged portion at a p01nt '
_between the opposite ends thereof°

 -subjecting the resnltlng rod-llke workplece to
a solution heat treatment and a.machlning ‘operation

20 . to obtain a semi-finished workpiece of predetermined
‘shape relative to the shape oftthepultimate product;
and . o A

subjecting said semi—finished workpiece to cold
-_axial-éomp:eSsive.WOrking at a work hardening

25 temperature'range in a die cavity substantially of
a complementary shape to the desired shape of said |
'blank ' '

Fnrtherﬁore; the~invention"a;so'provides a method
30 - for manufacturing a drilling stabilizer, said
- . method comprising:
hot working a piece of non-magnetic-steel'into _
a rod-like form with a bulged portion at a p01nt
between the’ opposite ‘ends thereof;



_ and SUb] ecting said seni-fini shed workpiece to cold axial conpressive .
" working at a.work hardening 25 tenperature range in a die cavity o

substantially of a conplenentary shape to the de5|red_shape of said. blank.
" Furthernore, the-invention al so prOV|des a method 30 'for manufacturing .a -

.drilling stablllzer sai d met hod .conprising:. hot working a piece of
" non- magnetic steel |nto a rod- Ilke roﬁnrmﬁth a bul ged portion at a p0|nt
Retween the opposite ends thereof, - 5 - subjectlng the resulting -

~-rod-1i ke workpiece to sol yti on heat t t ment a machi nin eration
to obtain a seni-finF?Eé&cﬁ&?ﬁp?@ﬁerﬁﬁu%FgﬂgtEPﬁfﬂéﬁesﬂﬁﬁﬁpﬁﬁthFge to the
. shape of the desiar sdluktibnmaheak trpatsent; ardbpembchgniagdoperationi shed
wor kpi ece to cold.a 0 i n rkeh erature

e o o R PRI RERT e RR L BBk p 8oL B BLARgL A0 RS 21

subj ecting said ﬁbﬁ?ﬁl§§éaFéV§tFés§h¢e5héPeaﬁﬁe§hﬁn§e§¢r©ﬁ ﬂbtamﬂtﬁlsh

“machi ni ng opgratbggduzﬁe above features and advantages of "the present

i nvention wll econe&ggparent er t he follomheg Wm:kpdescrl‘gtlon t aken fn_

:.conjunctlon with the® BR5ARI sald semi-#ini lece t
& axidal compressive working at a work hardening
| | temperature range in a die cavity substantlally of
s ' a predetermined shape; and _
10 o subjecting said workpiece to stress relief

annealing prior to a finish machining operation.

The above features and advantages of the present
-1nvention will become apparent from the follow1ng -

15 description taken in conjunction with the accompan~-
yihg drawingé which show illustrative embodiments |
of the invention. '



~drawi ngs which show illustrative embodi ments of the invention.. = -6-
he acconpanying drawi ngs: Figure 1.is a schematic vertically sectioned
of oil well drilling, showi-ng the positjon of a stabilizer; 5 Figure 2’
_ a schematic side view of an oil "drilling stabilizer and a bl-ank as
obtai ned according to the * method of the present invention.; 10 Figure.3
Is a flowsheet of a mnrking'process“iﬁcruding t he method of the present e
“invention, Figures 4(a) to 4 (c) are vertically sectioned side * views
- showi ng the wdiikk the diddemsniyisiqagbsawingse col d 15 conpressive working
- operation according to the present .invention, of which Figure 4(a.) shows
 the work setting stage, Figure. 4(b) shows a first phase of the *
. conpressive witigwee |1 okl Fighemakiy wrerdprretimed e imessi ve
- working; 20 Figil 11 Sa25 i 80§ ATBIGWRING LR SIPIGS O F G d0dsh Tizdng one
'jconpre55|vg;defornat|on; Figure 6. is a diagramshow ng the strength in
~relation 25 to the working rate; Figure 7 is a vertically sectioned side
vi ew of a toolFimpwfell2 .13y 4 hechoarhade o ngpidis sview vaf kamg st adrdihipg o t he

dEthOd of the éégg{iiigE_and:é-blank as-obtained?éccordingjto the
method of the present invention;

o

'19 Figure 3 is-a flowsheet of'a'wOrking process in¢iuding
the method of the present invention; '

Figures'4(a) to 4,(c) are vertically sectioned side
views showing the work.in-different stages 6f the cold
15 compréséive'working operation according to the present
invention, 6f Whiéh,Figure 4 (a) shows the work setting
stage, Figure 4(b) shows a first phase of the
- compressive working, and Figure 4(c) a second phasé of
- the compressive working; ' |
Figure S'iéda diagram showing the:compfessive.load
during one compressive deformation; '

Figure 6 is a diagram showing the strength in relation
25 _to the working rate; | |

Figure 7 is a vertically sectioned side view of a tool

- useful in the cold ¢ompressive.WGrkingiaécording to the

_ method-of.the.iﬁvention;" '

30 | | -
l-Eigufe'B is a diagrammatic view showing the gqualitative
- hardness .distribution across a vertical section of a

stabilizer obtained by the method of the present

" invention; and, ' ' ' '

35 |



30 Figure 8 is a diagrammatic view showing the qualitative hardness .
distribution across a vertical section of a stabilizer obtained by the
met hod of the present invention; and, -35 - 7 - Figures 9 to 12.are
~diagrammatic -vi ews showi ng the shape, sanpling positions of specinens, -
hardness distribution and qualitative characteristics of strength
respectively of the stabilizer blank preduced 5 by the nethod of the
piesent invention. As already indicated, the material of the stabilizer
shoul d. be non-nmagnetic and have a high strength. Thus a non-magnetic steel
i's used as a ne¥EgnEes f Hrte hiare iiagrammatelqorieis showgickhe o secure

the prope[FieS éﬁ&p‘?, aé&pﬁﬁﬁu_'twrwaéiéﬂlﬁ éfaé{bé{tﬁ@énsmt?&aheééwt ,

non- magneti c prope i stren and. corrosion resistance, it is
necessary to md$£§%5¥h%€1¥%émﬂéﬁqgﬁﬂﬁﬁ%ﬁ*Y?sﬁQﬁﬁ?C?%ff%?hﬁ§}°$ngh M- Cr-
austenite steelstiéndishfpaspedetivel-ofi the Mtdlyiklizet hildrk epoosdiesd col d
wor ki ng hardenabd | {4y, Lid r e . steel with a basic
conpositiond%fa%?otlg%.lg%ﬁéo ,&1‘2‘52{3%*@5.%&?0%’?‘%%% ¢ 0.12 C- 18 M - M
5 Cr steel. 20 Referring to Figures 3 to 12 of the acconpanying draw ngs.
and fl'rst_to fAQ%Er@ad heh@idst SO Vehd a6 L1851 W f A NOT ¢ AW DL AGESS -
rh?orpora 'ng -nggigggg non-magnetic and-have a high strength. Thus

& a non-magnetic steel is used as a material for the

10 blank to be worked. 1In order to seéure_the properties
which are-reqﬁired of the stabilizer, namely} the
non—maghetic property, high strength and corrosion

' résistance, it is necessary to work-harden the non-

. magnetic steel, ie, low C+ high Mn-Cr austenite steel.
15 As for the low C: high Mn-Cr steel with excellent cold
working hardenability, it is preferred to select a
steel with a basic composition of 0.05-0.3% C, 16-25%

- Cr, for example, 0.12 C - 18 -Mn - 15 Cr steel.

20 Referring to Figures 3 to,lz'of the.accdmpanying-
drawings- and first to Figure 3, there is shown the
steps of a working proceSS“inéorporating the present
invention, in which a workpiece in the form of a steel
ingot 6 from a casting stage (I) is formed by a hot

25 working-stage {(IT1) at 800 - 1200°C into a first

Loe _ rsemi-finished workpiece 7 of a rod-like shape with a

o bulged large~diameter poftion 7' .at the centre thereof.
® - In the hot working stage (II), hot working cracks would

' occur if the temperature was lower than5800°C,'and on the

30 contrary hot brittleness would occuxr if the témperature
was-higher_than.12oooc. Therefore, the hot working (IT)
should be carried out at a temperature in the range of
800-1200°C. Further, the hot working may be effected



‘htron in which a workpiece in the formof a steel i ngot ‘6 froma

|ng stage (1) is formed by a hot 25 working stage (I1.) at [err] into
irst sem -finished workpiece.7 of a roed-Iike shape with a bul ged '

| ar ge-di ameter portion 7' at the centre thereof. In the hot working stage
(I'1)., hot working cracks would occur if the tenperature was | ower than

[err], and on the 30 contrary hot -brg tt1eness woul d occur if the

tenperature was higher than [err]. Therefore, the-hot working (I1) shouldi_)
"be carried out at a tenperature in the range of 800-1200 C. Further, the. *=°
. hot working fmyoche epéeatédn'or-ﬁrognesaevemgrhyiannumbﬁrogfessively by a

nunber’ of opeés%hggion TheTﬂgrggkgggﬁe ngFE§ Lgrgb cgaabsbs of austenite

steel, so th & “Work rate ng st age shoul d be
greater 5 t hagoBeISLS ﬁﬁkeuﬁhenéﬁgtéﬁﬁ?érgS9rhbatrhbﬁ wppking next stage

(stage L), EHEeSQH‘tBénfihﬁﬂ H@EkﬂbQRQn§ bgas Ebbﬁéhﬁd ba %Beﬁ&@&”ary
sol uti on hgat rea&nent L whi ch thé wor Qlec is heated to 10 and
nakb. R

ret ai ned- af, QﬁpFS r 3PgFendte19581RSahdNeEen watercooled to -

obtain a second seni - frnrshed wor kpi ece. The solution -heat treatnment is

preferably caggi §leONbr LeacLOTBELALLESh Y L LR0dC 4L,1000° 1150 C 1

because the hgating re-s ove err I'n order. to form
a solid sol ut workpfece daibi gubjenteBetonanl sgdtnanyosadntionpheasnt

coarseni ng of treatment (III) in which the workpiece is heated to o »

10 and retained at, for example, a temperature'Of'lloooc |
and then watercooled to obtain a second semi—fiﬁished
workpiece. The solution heat treatment is preferably
carried out at a temperature in the range of 1000-1150°C
because the heating temperature should be above

15 1000°C in order to form a solid solution of Cr'carbides
and below 1150° C in order to prevent coarsening of
‘crystal grains. o

Subsequent to the £exture control by the solution heat -
20 treatment and water toughening, the second semi-finished
work is machined (stage IV) into a rod 8 to form a
third sémi—finished'product which generally conforms
with the stabilizer 2 of the ultimate product in shape
and strength. This machining operation is intended’
.25 to accurately apportion the material_(weighﬁ calculation)
in accordance with the theory of cold-working of the o
present-inﬁeﬁtion.

. Nextly; the third semiffinished workpiece 8 is subjected
30 to'cbld}compression working (stage V) axially in a die
with a cavity of a substantiaily complementary Shépe
to obtain a blank 2 for a stabilizer for oil drilling.
The temperature of the workpiece in. this cold



crystal gralns . Subsequent to the texture control- by the sol.ution heat 20 24>

treatnent and wat er toughening, the second senm-finished work i s machi ned
- (stage IV) into a rod 8 to form a. third seni-finished product which
general ly conforms with the. stabilizer 2 of the ultimte product in shape
"and strength. This. nachlnlng operation is intended 25 to accurately
apportion the material (weight cal cul ati®rm) in accordance with the theory
Of~col d working of the present invention. Nextly, the third sem -finished

wor kpi ece 8 i s gksggeQPBQQrkgngogeaggneﬁsaiaOBew@ﬁkangaﬁiaage V) axially

in adiewthac a su anti | enent ar e to obtain a
bl ank 2 for .a §F&§hlP§€P°P§rhérﬂe§FP9IPMgC°¢ﬂeW?§h$@gaE%§ea f thie 'wor kpi ece

~in.this cold gam8- tsﬁgpaeéélﬁatwgikéngigéaas ﬁh@ﬂfdlbﬁrealﬁitaﬂég whi ch

i nduces har deni_ng cold rklng and at £ FE does glve rlse
to harnful pre&Ppitsr £85¢ R RenERsRAgRE] ﬁoﬁ ﬁ%gne% l§t8€? eFF |
preferred 55 toocanddubtthhecobmdccompeessmeemwokkmggaataatEGpper-O ature
ange, bel v 358:froPLehGLaRLY o 3580 raggsfeiaﬁignhﬁogﬂat9&9&éaafre to 350

C. -The tenperature ran €SSV IS°I'n Sonme cases.
«det er mi ned by ﬁﬁ@mc§9§@|F?mﬁﬁrﬁheréqﬁPpﬁﬁﬁtcio Thﬁléﬁm9§r9§u§@ actually

used for the cekfdgeoBRr easi e81d compressive working is in -some
& ' cases determined by the capacity of the equipment
' 10 which is to be aotually used for the cold compression
working, but it is desirably to be from 150°C to 350°C
in view of the thermal stability of the strength of
the blank resulting from the cold compre551on working
. and/or the stabilizer.
15 '
o The btank 2 whlch is obtained by the method of the
fpresent 1nventlon in the above—descrlbed mannexr is
then.subjected.to stress relief anneallng (stage VI)
. for several hours at 200-350°C to prevent softéning
20 of thé stabilizer. It is assumed that the raximum
temperature at which the stablllzer will be operated in
jserv1ce is 150°C. The annealed workplece is then
-finished in a flnal machlnlng stage (VII) to obtaln a
~stabilizer 1. .

.25 o S :
. T Axial compressive working is effected in the stage of
cold worklng vy accordlng to the present invention.
. The technical po;nts and the reasons in support of

~such cold working are glven below, along w1th illustrat-
30 ive Examples. '

In the cold compressive working stage (V),'the third
semi~finished workpiece has a portion in which the
.ratio of its length (£) to its diameter (d), Lsa, is




morkrhg, but it is de5|rably to be fron1[err] in view of the t her mal
,blllty of the strength of the bl ank - resultlng fromthe cold conpreSS|on
ing and/or the stabilizer. 15 The blank 2 which.is obtained by the

od of the present invention .in the above-described manner’ i s:-t-hen

wj ected to stress relief anneallng-{smﬁge VI) for several hours at

200-350.C tlo prevent softening 20 of the stabilizer. It is:assumed that ;'

the maximumtenperature at which the stabilizer will be operated in’
" service is 15@reaterhEhgaAndaled WERRERAAY (i YhERe FORMPARSHARTI # a fi nal

- machi ni ng st age16¥l ¥hiehohhkal anaes'aahauéegrbate%tﬁ&hals ooHRr @gSi ve

present | nvenPASRIoHE FOCARPLE) SBoPALe LaRATERESP RboRC ot MISRBR of such

- cold working aaasgngebehdlbwpkahngg wiLthisl Qisfiaudt3evenvd fERFdpl es. In -
the.cold cgmpressikveg Ehagyséﬁgg % &F@ Ehhhg %Fb ShiRi ghgd wor kpi ece
t ItS t

has a portion in whiC o 1ts dianeter (d),
[err]/d, is £facespof gheacedumnanrs. pot set@@partsgi (menoeommsé:smt@

~ colum which hag 2Rel 2bak 4 Abit0 appeakLar abbaradely hlbhglichle @Hils 1O appl y:
:an axi al Conpr%sihon liad Wltgnce bend buckling occurs, the bend is

i rapidly magnified by an increase in the rate of

10 working.

To cope with this problem, the cold compressive
-working stage (V) employs a tool including an upper
die 10 and a lower die 11 which axre axially guided in
15 an outer-oylinder 9, and a punch lziwhich islalso _
guided by the outer cjlinder_ll, as illustrated in
Figure 4. The-third semi-finished workpiece 8 is
mounted .in.the die as shown in Figure 4(a), and a
compression load (P) is applied in the axial direction
20 (X) of the'WOrkﬁiece as shown in Figure 4(b) by means.
- of a forging press -or the like. At this'time the
" compressive stress (d) which occurs in a workpiece
with a sectional area (A) is expressed by the equation
= P/A ceeneens (1)
25 S
| The outer end portion of the tapered stem 3 of small
 diameter reaches the piastio_deformation range first
and begins,tofunaergo_ﬁiastic deformation and
. hardening by working. As the load is increased, the
30 plastic working progresses toward .the inner end of
the stem 3, so that the entire portion of the stem 3
is uniformly subjected to plastic working. |

k4



causi.ng bend buckling. It is difficult even'if [err]/d 5 = 2’5 especial
in a case where the opp05|te end faces of the colum are not supported
not testricted) and the load is nat _applied accurately along the axis of
the colum. - Once' bend buckling occurs, the bend is rapidly magnified by an
increase in the rate of 10 working. To fope with this problem the cold
conpressi ve working stage (V) enploys a tool including an upper die 10 and
axlLower die 11 which are axially guided in 15 an outer cylinder 9, and a
punch 12 which-is also guided by the outer cylinder 11, as illustrated in
Figure 4. The ?*F# rePERyession sfeeking it ot ithemeed i¥8 the die. as

- shown in.Fi gur &étee&&@acmeﬁed&apmh (B ﬁriseaga:m eelé“stdle axi al
~direction 20 IQE |ece as omm in Fi neans of a
forging press o %ﬁ%lﬁ‘ Qlfﬁ@“f? tqﬁ"’”bo‘?ﬁ?? g\/éa ﬁ YT 1 ]
whi ch occurs |mrsed\m¢<mpmxesmxt hz@rleetglmialo,arﬁaa (P)rdts phawees®d by the
equation [erg ] f er t 3..0f, smal
&P e Ol SULDUSLOMS o 8 dAReILY S A S

di aret er reaches t orna range T1rst and ed |ns‘%o under go
plastic defor mm@ntlmmm:deam&nglqygemmmglo ansd tle gl a%msdz eased,
the 30" plasti Ctﬂ@riﬂ&ﬂl.&ﬁfg@séfstﬁé"%@éﬂc idee 'a{H‘ethd%Hij 1f ﬁlhﬁu:% em3, so

that the entire ortlon of the stem3 is unlfor sub cted to plastic
‘wor ki ng. {% ‘there then follows an increase %1 P

s _ compression load to start the compression working of

10 the bulged portion 4 of large diameter in the centre
‘portlon of the work so as to force the bulged portion
4 to the shape of the die cav1ty which is formed
complementary to the shape of the desired ultlmate
product. As soon as the woxrkpiece fills the die
15 cav1ty as ShOWn ‘in Pigure 4(c), the compression load
increases abruptly due to the increase of the reaction
force, and ‘the last phase;bf-the working of Figure 5
is then.terminated..hIn.anwaetuai operation, the cold
WOrking is performed.by a single action and in an
20 extremely efficient manner. As is clear from the
smooth compreSSLQn curve of Figure 5 which plots the
compress;on load on the ordinate agalnst a time period
of one compressive deformatlon on the abscissa, the
- compressive working of the first and second phases |
25 can be effected ea51ly and contlnuously.

Eiéure 6fis a diagram'showing the relation of strength

R _ .~ with working'ratiq.in a cold working of an exemplary -

' material, the.diegram plottihg_the desired strength

30 on the ordinate and the distortion ratio of E=In(lo/f)
(in which Lo = the length before working and L= the
length after worklng) on the abscissa at various
temperatures which act as a parameter.



~-. The conpression working ratio of the stem3 is predeternined in

yqs deration of the properties of the blank to be produced. Upon reaching
' priedeterm ined conpression working ratio,. the first phase (F) 5 of the
- ression working of Figure 5 is finished, -and the upper and | ower dies

10 and 11 abut agai nst the shoulders 5 of_the workpiece as shown 'in Figure
4(b); theére then follows an increase of Jt?}'e"corrpressi on load to start the .-
- conpression working of 10 the bul ged portion 4 of |arge dianeter in the .K{

centre portionofid hﬁn%@ﬂﬁarﬁ@ 85 e fSXE ddiprulapre RAsEk g 4y 0 the shape
- of the die caV|tg'mhrc _is_farmed coqglenentaﬁ¥ tqQ the shape g% t he desired
Cultimate prodddt® methe} Rf Jfhe RFSRFKD PR HIoR 19 LW 1 EERA Ry as
~shown in Fi gursldéit)c dédoxmapiessimnvdbsus neess asf atiepréykpiieceéo t he
~-increase of t eact i : . ' o | [png.of Figure
5-is then ter_%%%t%%g %\E&%%&,ac U<C';1]|]f'g gg%‘%%?%%ﬁ?ﬁ?‘ﬁé%%% gg ?A%\ér):&##\ﬁg?s
" perfornmed by ales kg echrt¢orrelrtion detweer heniigrefef ckat mnner. As
i's cl.ear._frOPﬁE@nﬁgny évaimfxf‘é&lﬁwﬂtﬂ@effbﬂ:ﬂwg gcd%%é?&p&h&iﬁgi_ he
conpression .load on the ordipate against a tinme period of one conpressive.
def or mati on ort® heh% %%eef't?ftée'c‘gﬁ%r%%%&/@ v%rf‘glihlbe oFR4RR ¥4 st and
- second phases @fmersiidies abf etiee dvrisplecans ot touchus | goldiworleiBgj s a
- di agram showi’ rel at, . St fFenat hew iy wor ki atig in a cold .
. wor ki ng of anqgié%aréén%?ger%+§ét%%g%i%%ﬁ%%‘%&o%‘%ﬁggét heﬁodll:eésli red strength &
B Ko particularly, a;though the shape of the die cavity is :

¢

provided with a taper of 0.5 to 5° to facilitate the
withdrawal of the wo:kpiéce after completion of the
cold working operation, it is required to maintain
- the same compressive_working ratio at different
15 positions along the axial direction of the workpiece
. in spite of the existence of the taper. It is also
necessary to take into consideration the fact that
the application of the compressive.strain in the
axial directioh causes additional tensile strains in
20 the radial and circumferential directions of the
workpiece. Further, -the bend buckling which may affect
the workpiece has to be restricted within the die.
while shaping'énd hardening the wbrkp%ece into tﬁé-
appropriate shape and'dimensions. For this purpose, -
25-'it'is-necessaryfto calculate beforehand to determine
the correct volume and dimensions of the workpiece.

'.The.calculatiOHStfqrwthe stem-pbftions;B-at the'
opposite ends of the workpiece are made separately
30 from the bulged_centre portion 4. ‘Taking one stem
iportion 3,as_an.exampl§,_it'is pbsitigned in the die
_ with the outer and inner ends théreof'ih-the“smaller
and larger diametét pdrtions of the tapered die'cavity,
respectiveiy.~ With régard.to the-lengih of the work,



30 on<the ordinate and the distortion ratio of E=[err] (in which [err] = _

- the ‘length before working and L the length after working) on the abscisgg? ¥y
at -various tenperatures which act. as a paraneter. = -~ - 12°- It is inportan N

~in the col'd conpressive working by the nethod of the present invention to

cause uni form plastic deformation |n ngOUS parts of the workpiece. For

this purpose, it is necessary to give nsiderat- 5 ion to the correlation

between the shape of the ultinmately obtained stabiliser blank 2 :

(corresponding to the shape of the die cavity) and the shape and dlnen3|ons-

of the workpi e®dn&& or to the cold working, nanely, .of the third

sem -finished work 8. Mre 10 particularly, although the shape of the die

cavity is provided wt [err] to cilitate the wi thdrawal of

t he wor kpi ece after coﬁbrégP@ﬁ&K?Bthé “¢coras ﬁé king operation, it is

.required to maintain the sane conpre55|ve working ratio at different 15

~ Posi i ons al:ongrengeAkdl plicsel |82Kkdha! 18 URLIALEER b sPite of the

‘exi stence of the tape is also neCessary to take Tnto consideration

‘the fact that the application of the conpressive strain in the axial

li rection causes additgenal egerfsi.l.e. straing)in 20 the radial and

circunferenti-al directions of the workpiece. Further, the bend buckling

mhlch may affect t he wor kpi ece has to be restricted wi-thin the die
Let the diameters of the outer end before and after

10 working be-do and 4, and the diameters of the inner
end before and after working be Do and D, respectively,
" we obtain

" from E =£n(da/do)? ........ (4)
15 5 ' |
do = (eE)"’5 ‘A veneenne (5)
--énd
20 . from E =$n(D/Do)2 G eens (6)

O o

Therefore, from Equations (3),'(5) and (7), the. taper
25 angle 8 of the work before cold working is expressed
by

e.='t&n(D0u- do/2 L o) ;;1..;.. (8)

30. ‘The value of e'aoes.not'coincide.with the taper anglé of
the todl which is determined so as to prevent a |
contacting restriction of the workpiece. The reason
why logarithmic strain .is used in the fOregoihg '

" calculations is to provide the axial compressive
35 working rate ;nd the radial and circumferential tensile

working rates on the same scale.



shapi.ng and hardeni ng the workpi ece into the appropriate shape and
lons. For this purpose, 25 it iIrs necessary to cal cul ate beforehand
_ termne the correct volume -and di mensi ons of 'the workpiece. The

cal cul ations for the stemportions 3 at the opp03|te ends of the.workpiece
are made separately 30, fromthe bulgen4centre portion 4. Taking ohe stem
portion 3 as. an exanple it is positioned in the die with the outer and - sz
inner ends thereof in the smaller and | ar ger di amet er portions of the :x*j
‘tapered die cavity, respectjvel regard to the Ien th_of the work,

- 13 .- since RefEETENG & S qﬁleo&"o@e\ﬁ?r I€1sn5&¥ °[€rr] Let
the dianeters a9f dppareitiey g wleffure muri:y&frigeroulﬂtwbd]gi be do and d, and
the dianmeters of t er bef fter e

respectlvely, SREESHY 5;_'3!7 WO%qng a‘?{c%r%ﬁ%f ]t(h%)p r%é%]%g’ngigq?"o

[err] Do (eEppluding an ugpgr die 10 and a lower die 11. The

5 wupper die- 10 comprises an outer supporter 10a and an

inner impression member 10b (a core die) with a
shaping cavity on the inner side, which are connected '._,?
by a recessed supporter 10c and a hexagon socket 1l0d. |
Similarly, the lower die is constituted by an outer 8
10 supporter lla and an inner impression member 1lb
'r-Wthh are connected by a recessed supporter llc’ and
a hexagon socket bolt 11d. The impression member .
'10b and 1llb are replaceable according to the shape
of the work to be handled. The upper .die 10 is fixed -
15 to a pressing die 12 by bolts 13, while the lower die
11 is fixed to the outer cylinder 9 by bolts 14. There -
-are. supporters 15 and .16 for the upper and lower dies
IOHand_ll,.respectively, and rams 17 for adjusting
_the position of the die.
20 | o R o
_ Thus, the work is preadjusted by predétermined~.
procedures and in consideration of working conditions
prior to the cold compressive working stage. As a
‘result of actual”measurement-of_hardneés at 1264
25 different points over the entire surface of a vertical

section of a stabilizer 2, it has been confirmed that _ - F
' the work is hardened substantially uniformiyfby the .
coldicompressive.working.' Upon studying the strain »

distribution in greater detail, it is observed that '
30 - the stem portions 3 are substantially uniform, and .
non—deformea soft portions only exist in a shallow
surface layer of shoulders 5 and in the centre dead
metal zone 18 which are softer by about 10%. The



Ther etor e,
wor k' before cold working is expressed hy [err] 30 The value of e does no
coincide with the taper angle of the-tool

from Equations (3), (5) and.(7), the.taper 2:5 anglé e of th

&

“prevent a cantaeting restriction of the workpiece.. The reason why
-l ogarithmc strain is used in the foregﬁ%n calculations is to provide the
t

axi-al conpressive 35 working rate and”

radi al and circunferenti al

which is determned so as to

&gpS|Ie wor ki ng rates on the sane scale. - 14 - Referring to Figure.7,

there is shown an exanple ‘of an apparat us usef ul

for carrying out the cold

Conpr essi ve wordy dlasg?x%ﬂi "%}r{é’sﬂ‘%ﬂ Q?agmeg 1 YETE 0y | éi%rﬁg an upper -

die 10 and a Iomer

upper conprises an .outer

supporter |Ca aki hardemdly iahnussion deringd quy-qidbws= afifectnith a
- shaping caVI ty DBreipad K Stdlgoturdl cdtﬁr@_ftqpnn%ee%d%t PpIrAGRTEL

supporter

constltuted by

bol t

J he shape of th

| 1d.

The

d agon socket | Qd. Si arly, t dieis |
by Bt £ Ghe RS t0mG (BRI STE renber
1'1b which ar% oum;ecam duyt soute Cias Stk |yEEduEnt Mimingh ansuhdadgory socket

é%ﬁ) ‘menber 10b and I 1b are replaceable according to
e e handl ed. The upper die 10 is fixed 15 to a

preSS|ng die 12 by bolts 13 mhlle the lower die

]

30

10

Example

A non-magnetic steel havihg a basic compositibn of
0.12%C~-18%¥Mn-15%Cr was hot-forged in a temperature
range of 1000 - 850°¢C and then subjected to a solution

heat treatment and a machining operation to obtain a

15

20

25.

seml—flnlshed workpiece. The semi-finished workplece
was formed into.a stabilizer blank, as shown in Figure
9, by cold compressive working (cold die forging)
applying a compressive load in the axial direction of .
the "work. |

-FigureflO-Shows Ehe'sampling pdsitions of specimens
which were used to determine the properties of the
stabilizer blank obtained. Each specimen was bisected

in the axial direction, using one half for measurement

of hardness distribution and the other half for the
measurement of mechanical properties and specific

' magnetic permeability.

‘a) Hardness Distribu@idn

'Figure 11 shows. the hardness distribution of each spec—

imen along with hardness (Hv) of the measured points.
Generally, -this sort of product manufactured by a
conventional method is hardened only in its surface



'11-is fixed to the outer cylinder 9 by bolts 14. There are -supporters 15
.gRd 16 for the upper and lower dies 10 and 11, respectively, and rans 17
of) ‘adj usting the position of the die. 20 Thus, the work is preadjusted by .
p ¢det er mi ned procedures and in consi der at’i on of wor ki ng condi‘tions prior
t6 the col.d conpressive working stage. As a result of actual neasurenent

of- hardness at 1264 25 different poipgs~over the entire surface of a.

- vertical section of a stabilizer 2, it has been confirmed that the work |;\-/?
 hardened substantially unifornly by the-cold conpressive working.. Upon :
st udyi ng thesﬁagﬂr1ahdﬂe#hihitﬂlirrqgu%amﬁtikﬁeﬁn the h&rdnﬂxsved that' 30
~the stem portiPNse 3L bﬁ.}améa}é{ 5 40 rpérgua:?_q“ prmed soft '

|n a sh %ou

- portions only exist OM/sur ace ders 5 and in the

- centre dead mdHregkirnsg and it ke dbfirully W RAhaEs the - 15 -
shear strain zomeend nrts:f %@goﬁiwg?edlééxe&r@qsdrﬁbn std1ad degvdly about 10- 15% -

~and contri hut sliect to. the Struct { The. sof t
porcfons' 5 Sndudier vhins by S et iek WAoo ol setbEeStley e
~cut out in thesubsesieat fromstherduinrdness siigfer {Mitjon Emadpralids A

- hon-magneti ¢ sf£e],0ayd 4 ﬁ{?ﬁséﬁovﬁ?@%iéﬁboh, the method of:

‘the present invention can increase the strength of

the bulged centre portion more than the stem
10 portions with a uniform hardness distribution in
the radial'énd-circamferential directions. Also, .
the cold compressive working according to the method
of the present inventidn éan ¢ontrol the hardneSS'of
the bulged:centre portion and the stem portions
lsiindependently if desired,  ' |

| b) Mechanical Properties

' From each one of sections A to H located at different
20 positions in the axial direction of the stabilizer
blank shown in Figure 10, spec1mens were sampled at
radial sampllng p051tions 1 to 5. ‘As shown in Figure
10, the longltudlnal sides of spec1mens sampled from
_:,the blank sections A to C, E, G and H lay in the axial
' 25'directidn at the respective sampling positions 1 to 5.
On the 6thér hand,'the longitudinal sides of specimens
saﬁpled from the sections D and F lay in the.radial
direction at the sampling positionl and in the
 circumferential direction at the sampling position- 2.
30 Table 1 shows the results of compression and tensiie.
tests of the specimens obtained from'the aboveQmentioned'
sampling positions of the respeétive blank sections.

[ 2



0.12% | 8%h- 15%r was hot-forged in a tenperature range of 1000 - 850 C
and then subjected to .a solution heat treatnent and a nmachi ni ng operation
to obtain a sem -finished workpi ece., ‘The sem -fini shed workpiece 15 was
formed into.a stabilizer blank, as shown in Ei gure 9, by cold conpressive
wor ki ng (col d die forging) appl ying a conpressive |load in the axial :
direction of -the work. 20 Figure 10 shows the sanpling positions of
sbedl mens which were used to determine the propertles of the stabilizer

bl ank obtai ned. Each _specinen was bisected in the axial direction, using
~one half for neasurenent] of hardness di ptri butj onand |t he dqther half or' t he
25. neasurenment of ngchapigcal propeptiep agqospe%f&cg%gnetl
perneability. a.) Herdné% Ibsarlbutl-oh Fi qure 11u§h f\he h rdgess
di stribution of each {spefqai e 4l ong.-aw th.-chardr%eas-a(l—#a).-qcf the& Measlur :
points. Generally, tHis pdt D product | manuf actured |by a Jconventi onfal &
nmet hod i s hardened orjfl y {TTT{T TS gurtace —IOF - rayer and {exni brts 8 .
irregularities,in thg hafdnes%jlﬁmbu DR Pnf e R ddPad larjdHio N~ |
circunferentiale dirédqti ops, {amee i toy kseod ﬁgwmul ttstcooerhramé tbheashrengtﬂ of
#he bul ged cente porftGoh t AT ANRICR hiDRP L IR Y UP B¢l PR AP o
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Ar dness (Hv) shown in Figure 1.1, the néthod of the present invention

ncrease the strength of the bul ged.centre portion nore than the stem

pPrtions with a uni formhardness.distribution in the radial and

: Zunferential directions. Al so, the cold conpr essi ve worKi ng. accor di ng
to the nethod of the present invention-&&n control the hardness of the

bul ged .centre portion and the stem portions 15 independently if desired. b). ..
- Mechani cal Properties Fromeach one of sections Ato Hlocated at difterenﬁ\_/
20~"positions in the axial direction of the stabilizer blank shown in Figure

10, specinmens were sanpled at radial sanpling positions 1 to.S. As shown

in Figure 10, ‘the | ohgi tfudi jpal sy des pi spec nens Janpl ed from the bl ank
sections Ato C E,G'andhgi ay—~i h thel axi al {25 dirgction at fhe respective
"sanpling positions 1]to}59 IR Fhe“cThen RdAdd, (+R& llongitudi nal sides of
speci nens sanpl ed frpm 4hg BB pfs20 ar@ F || ay?th |t he radial direction at
the sanpling positiopl grd § n th clrcunferantial direction at the sanpling
"position 2. 30 Tablejl ghows the LFSU‘TQQOT reqgsion and tensile. tests
of the specifens obtained.frankthafaboVb ﬁ%dﬁﬁo &Y |sanpl.i ng positions of
the respective bl ank{segti opsz.i’;- oS oBrEe S '
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-18 - [err] -19- As is clear from T Table 1; the conpressive -0.2% proof . (éﬁ/
streS§s.. in the axial direction of the bl ank sections Ato C, E, Gand H .
vari ed dependlng upon the radjal sanpling p05|t|on of- the specinen but all
speci mens 5 showed a high l'evel of strength in the range of 85 - 110 kgf/nm
s The tensile 0.2% proof stress . in the radial and circunferential
directions of the bl.ank sections D'and F was at a high level of 81 - 94
K m?2 whi ch was hi gher that the-tkEnhstle O. 2% proof stress.. 10 in the
.axial direction of the blank sections Ato C . E G'and H: It is afeature
-of .the described cold conpressive working nethod to provide a product with
such strength @haracidardt ifiom Mkl eSpgCithieC dlomprelsa vet alhili f:@'bo@ ank
produced by the nethod qf the 15. &rﬁgent |nven%|%$ﬁp%i a tendgI as shown
qualitatively i ShI@ssur e 1o Hh5; 3X4G g 2% FES Sstress
in the axi al di&r dmt in Egnd tagudsiH aas:meésslepnnﬂlmgcmpomtheemadalaland radi al
directions. | n nd ke I ki ng 20
%ggrl}qe?%sﬁqbo@;.él% IR0\ %g:efcqu% %u% d 1he3lla Mol

nmet hods nenti on ore thejgro ct mou Ssess- the opp05|te
strengt h char agheves jachigh Fiapigey of
110 kgf/mm". The.ten51le 0. 2% proof.stress in the

radial and circumferential-directions 6f the blank

¢ sections D and F was at a high level of 81 - 94 kgf/mm2

_ which was higher that the tensile 0.2% proof stress.

10 in the axial direction of the blank sections A to C,
E, G and H. . It issa feature of the descrlbed cold
compressive working method to provide a product with
such strength characteristics. More specifically,
the stabilizer blank produced by the method of the

15 present invention has a tendency as shown qualltatively
in Figure 12, of a hlgh strength agalnst compressive
stress in the _ax:.al-dir-ec.t:.on and tensile stress in
the circumferential and radial directions. In the’
~case of the known tap forging'and tensile working

20 methods mentioned-hereinbefcre,tthe product WOuld.
possess-the opposite strength Characteristics.

c).Specific.Magnetic Permeability

v | 25 The measurement of specific magnetic permeability (i)
- revealed that all specinens had a specific magnetic
. . permeability of m7® 1.002<1.01, retaining a suitable
‘ ' non-magnetlc property even after the cold compressrve
working.
30 o
Asris clear from the foregoing deécription, the method
of the present invention can manufacture a stepped-
. rod-1like blank of non-magnetic steel suitable for a



25 H'ihe measur ement of speci fic magneti c pefrreabi lity (n) revealed that all-
- A ens had a specific rragnetic permaability of [err], retaining a

s cl ear fromthe f oregoi ng description,  the nethod of the pl:esent _
i nventi on can manufacture a stepped rod-1i ke bl ank of non-magnetic steel ¢
- suitable-for a -20 - stabilizer=f#f vil drilling in such a manner that \J
the bl ank has high strength and uniform toughness, inproving the service ™.
life of the sws&bbiliger Fox widkdyidddngein such 2] magnaxivghat A net hod for
menuf act uri ng+gebhAninf 8as2ndighl lsthen g&abhhaZ%ammgmes@ot working a

pi ece of non-magnetic st eel INto a ra eformvmthabulged portion at -a
point 5  bet WBBFOVABI0kHSs SEEVaEs 1ifer o8t theyFteditdg &S &sul ting -
rod-1ike workpiagked degrreel.uti on heat treatment and a machi ni ng operation

5

.ﬁ)
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t.o obtain a sem -finished workpiece of predeterm ned shape relative to t,
shape of the ultimte product; 10 and subjecting said sem -finished "
workplece to cold axial conpressive: working at a work hardening tenperat
range in a di,e cavity substantially of a conplenmentary shape to the desi ré&d
>shape of sai d

: sald col d. axi a

.15 blank. - 2.. -The nethod as clainmed in claim1, wherein
conpressive working is effected in a tenperature range

bMLOM/SSO C. 20 3. The nethod as clagped in claim-1 wherein said cold
conpressive working is effected in a tenperature range of from room
tenperature to [@Aims 25 4. The method as clained in claim1, wherein:

Caxi al

- said cold axi al conpressive working is effected in a tenperature range of
150 to 350 C. 5.

The net hod as clalned |n any of clains 1 to 4, 30

wherei.n said hot Wor fected atln e ture of 800 to .
1200 C. -22 - '6 & hg?h%drar%a%‘f %gc?q?]rﬁr? %in the rate of

" said hot worKki ngdxtlhxmtﬁtabilhrzet)%cmprﬂmgmt hod as cI al med in any of

clains 1 to 6, 5 1 f f din
a:tenperature rangev%g£ 1000 jt?ﬁ(gI é%%ﬁé&%ﬁ%n Iﬁ%m stedd fifte
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a rod-like form w1th a bulged portion at a point
between the opposite ends thereof; '
subjecting the resulting rod-like workpiece to
a solution heat treatment and a machining operation
to obtain a semi-finished workpiece of predetermined
shape relative to the shape of the ultimate product;
and : - o _ ,
subjecting said semi~finished workpiece to cold
axial compressive working at a WQrk'hardening :

- temperature range in a die cavity 5ubstantially'of-a

complementary shape to the desired shape of said

blank.

2. The method as claimed in claim 1, wherein said

~cold axial compressive working is effected in a

temperature range below 350%.

3. The method as claimed in claim_l wherein said
cold axial compressive working is effected in a
'temperaturefrange of from room temperature to 350°¢c.

4. The method. as claimed in claim l;'wherein said
cold axial compre551ve working is effected in:a

"temperature range of 150 to 350° C._

5. -The method as claimed. in any of claims 1 to 4,
wherein said hot working is effected at a heatlng
temperature of 800 to 1200 c.
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8. A nethod for manufacturing a dril'l'ing stabiliser, said nethod

6y i sing: 10 - ‘hot working a piece of non-magnetic steel into a .

%i ke formwi th a bul ged portion at a point between the opposite ends -

_ bof ; subjecting the resulting rod-1ike workpiece to a sol'utign heat

. tredatnment and .a machi ning operation 15 to obtain a sem -finished - ot
wor kpi ece of predeterm ned shape relatpye_to the shape of the desired '

ultimate product.;. subjecting said sem -finished workpiece to cold axial \ul,.

conpressi ve working at a work hardening .20 tenperature range in a die

cavity substantially of a predeterm ned shape; and subjecting said

morkpiece to stﬁessTha mefthadhed iclgimeidodint ¢laif 3i,sWheselinnithg oper ati on

25 9. The ne i YAdRbt Rthdin® G5 Waes e'} a% Soeess reli ef -
_anneallng i s ef cte In a tenperature range o [err 10." The method as

. claimed in claim8 or 9, wherein 30 . said cold aX|aI conpr essi ve wor ki ng

i's effected in g, temmerah&meare&genmﬂm@a 35Da§y of A¥imkll tth& irethod as
claimed in Ial 8 rei,n,said.cold axi mr_es klng is
ef fect ed in a t & Fﬁﬂggﬁﬁgugﬁopr§ﬁFﬁb5ﬁFat g}dfiﬁé?ﬁé?%%ﬁ

a: temperature range of 1000 to 1150°C. »

8. A method for manufacturing a  ° drilling §
- stabiliser, said method compr151ng. )
10 - hot working a piece of non-magnetic steel 1nto
a rod-like form with a bulged portion at a point
between the opposite ends thereof;.
'subjecting.the-resulting rod-like workpiece to
a solution heat treatment and a machining operation
15 to obtain a_semi—finished workpiece of predetermined
shape relative to the shape of the desired ultimate
product; . ' . '
subjecting said seml-flnlshed workpiece to cold
axial compressive working at a work hardenlng _
'~ 20 temperature range in a die cavity substantially of
a predetermined shape; and
subjecting,said workpiece to stress relief .
annealing prior to a finish machining operation.

25 . 9. The method. as claimed in claim 8, wherein said s
stress relief annealing is effected in a temperature .
range of 200 to 350°C. : B ' o _ L

10. The.method'as'claimed.inaclaim 8 or 9, wherein
30 said cold.axial.compressive working is effected in
a temperature'range below 350°C.
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5 12 The. nethod as clalned in claim8 or
conpressrve working is effected in a tenperature range of 150 to 350 C. 10
‘13, The nethod as claimed in any, of -clains 8 to 12 wherein said hot
working is effect’'ed at a heating tenperature of 800 to 1200 C. 14. The
nelhod .as claimed in claim13, wherein the 15
greater than 30% 15. The rethod.as clainmed in any of clains 8 to 14,
rein said solution heat treatment +s28ffected in a tenperature range of
[err] .20 16.

bl ank for
.70 kg/ mm

said bl ank for
perneability
clains 8 to 15,

gr eat ercdnfpdratidee i 3509c24. - 19.

~ of claims 85§o 15, wherein said drilling stabilizer has a.specific

stress

25

The method as clainmed in any of'claims 1 to 7, wherein said
-drilling stabilizer has 2 a 0.2% proof stress greater than
4. Tihe metthod @s cllaiimed iim sipiof Scloxi 9% 1 to 7, wherein
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12. The method as clalmed in claim 8 or 9, wherein
said cold axial compressive working is effected in
a tempereture range of 150 to 350°¢.

13. The method as claimed in any of claims 8 to 12
~ wherein said hot working is effected at a heating
temperature of 800 to 1200°c.

14.. The method as claimed in claim 13, wherein the

rate of said hot working is greater than 30%.

‘15. The-method.as:claimed-in eny of claims 8 to 14,
" wherein said solution heat treatment is effected in

a temperature range .of 1000 to 1150°cC.

16. The method as claimed in any of claims 1 to 7,
wherein said blank for - drilling stabllizer has
a 0.2% proof stress .. greater than 70 kg/mm .

17. The method as.claimed in any of claims 1 to 7,"

wherein said blank for drilling stabilizer has

- a specific magnefic.permeabilitﬁ smaller than 1.0l.

18. The method as claimed in any of claims 8 to 15,
‘wherein said o drilling stabilizer has a 0.2%

proof stress . greater than 70 kg/mmz.
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9, wherein said cold axial

rate of said.hot working



3 0. The method as claimed in claim1 or cla|n18 substantial |y ‘as
4e&§{nbefore described. 21. A blank for an ~drilling stabilizer

xanuf act ured according to any of-clains 1 to.7. 10 * 22. An. drllllng
abi | i zer manufactured according to any of clains 8 to 15. 23. A .
“met hod-for manufacturing a blank for an oil 15 drilling stablllzer

conprising: hot working a stock of nanggagnetic steel into a.rod- Ilke form/
‘with a bulged large di aneter portion at a nedi an poi nt between the opposite

- ends thereof; subjecting the resultlng rod like work = to 20 a solution
‘heat treatnent and a mmchinin o era 0, obtai n m -fipi shed work
with a shape subk?antThe|5eth %%ea%$d$€ ota1mR B tPm ate

- product; and SUElEptwK@régndssﬂm fl MﬁhEﬂlM@rftéblbmdrahaﬁa 25
conpressi ve wor ki adec Vlt su a I tary shape
and in a work ha?%éﬁ+ﬁbct%ﬁ%%?§}%r 3% fié?’éﬁafie? EQQR £T5L

:-5 - 20. The method as-claimed in claim 1 or cléim 8
- substantially as hereinbefore described.

21. A blank for an drilling stabilizer
- manufactured according to any of claims 1 to 7.
10 | : o 5
22. an_ = drilling stabilizer manufactured according
to any of claims 8 to 15. '

23. A method for manufacturing a blank for an oil
15 drilling stabilizer, comprising:
hot working a stock of non-magneétic steel into
' a rod-like form with a bulged large diameter portion
at a median'point between the opposite ends thereof;
subjecting the resulting rod-like work . -+ to
20 a. solutlon ‘heat treatment and a machlnlng operation
to -obtain a semi-finished work with a shape
substantially conform;ng with the shape of the ultim—'
ate product; and - _
~ subjecting said semi finished work to cold axial.
25  compressive worklng in.a die cav1ty substantially
of a complementary shape and in a work hardening
temperature . range.
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