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FOR DI FFRACTI ON ANALYSIS .Field of the invention Thei pre ' ion
concerns a.diffractonmeter,' in particular a x-ray . di ffi@ﬂ’iwbmjlﬁm lj:n
more detail, it concerns a diffractonmeter perform ng non e
tests on elenentary conponents, whichlare not suited (or allowedy™ for

bei ng anal ysed by traditional diffractoneters or even on conponents 't hat.
cannot be displaced fromtheir original location. Prior art Di.ffraction '
techni ques are wi dely us al structure. -
10 ThquBFERJ‘}»zSBT W&@Bﬂ%%ﬁ%?ﬁ%méﬁ@qﬂ%ﬁgﬁgl n. several
field r tallurgy and metal | ography, extractive industry,
transpgﬁ‘%@ gﬁﬂ}' Hé‘??%ﬁment aeronautics, aerospace, buildings and even

~ conser v?m,o regeﬁulih%ﬁthon beﬁd:dragea Séi\fﬁaaﬂonteyqn-esmf pasticular op X¥EYsed
for dif onetric' analysis. Very common are 15 the, - diffraction =

t echni qdﬁ’ﬁ'ably)meteayln m@etﬂ@iﬁﬂ, a}ﬁdcmn% diffagtemetara b Wtﬁ?ﬂ are
t he techni ques X- diffraction, ena i fopent
are %seée%bdmél’éf?e@ﬁtso?’t FY%WW ?‘?18310%%@# gl ke nﬁg%gtre és | ‘e oI i ds.
Anal ysi g .on piffidstomidteRSheSlenl dycdipnasts ltna-cmdnehbe

I nvesti g%‘f‘goa%glhg W%f“ﬁ-&agiéfd?gr conponents of industri gl I 'mpl ants and/ or

i npl ant disgfaced mrtheﬁmglﬂ'diéeentmn.li'pnent' require a x-ray source,. a

speci nen stage and a x-ray detector. The specinen is.requested to rotate,
so thatPriosax#rface is illuninated by the x-ray beam . <coning fromthe
source difd 46t SiEd19%is VFSnAREIdE Stracturs:0 -
rotate ﬁ% gé'ﬁéhf 1 onaﬁlﬁiﬁg égtﬁ?'%lct ratgglso that their relative
POShbi OThe?@btﬁiﬂa%‘I‘é t:hﬁarﬁﬁhent by thixs tecﬁnnque rage tilpodiafit rlacswmalb@@twfaér m t he

‘crystall ographic planes which ar e ri ght oS fqQr .-r i-on.
The x- -chemisti, f mntalémWr \Aods lneféﬁegﬂcpﬁmbﬁwq ‘5&%’6 %"F‘ﬁp$ ﬁgﬁ,

chem ca nvuonment., aeronautics, aerospace, bm]dmgs and even conservation of cu]tural

.- heritage. ‘
.Several types of radiation are used for diffractometric analysns Vcry common ‘are
15 the dlffractlon techmques by x-ray, ‘electrons and neutrons. Part1c111ar1y 1mportant
~ are the techmques of x-ray. dlffractlon _ o
Generally ‘this kind of eqmpment are used to detect dlffractxon from powders or
polycrystallme sohds Analys1s on polycrystallme solids areé- especxally mteresbng
when mvest: gatxon is requu'ed for components of industrial mplants and/or unplant '
20 in exercise.

- . ‘These equ1pment reqmre a x;ray source, a specimen stage and a x-ray dctector The |
specimen is.requested to rotate, so that its surface is ﬂlu:mnated by thee x-ray beam, .
coming from the’ source under dlfferent ang]es Spemmen and detector are requested
to rotate simultaneously (optlonally) at distinct rate so that their relatlve posmon

25 | allow the detector for recelvmg the diffraction beam form the crystallographxc :
planes wh:ch are in the right posmon for reﬂectmn _ '
‘The x- ray dlffractometry is useful to obtam information - in- field of chen:ucal
- composition, - physmal and mechamcal charactenstlcs of specunens (presence of
_“residual stress or compressmn) of metal manufactured or other material. It is- useful

30 even for precocious detection of defects or damages of crystalline structure for -
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! composition, physical and mechanical characteristics of specinmens (presence
of - residual stress .or conpression) of netal manufactured or other -
material.-1t is-useful 30 even for precocgi ous detection of defects or
damages of crystalline structure, f.or 11100 1111 01110121 1111Y O121 ‘1111
111 *@&0002* 2 exanple, in -welded conponents or under |oad or fatigue.
Cenerally, this stress causes preferred . orientation of crystalline lattice
that can bgagglscinetvdddedX componshisf | LG SulAL prpcedures are
adopt ed. Thi spti;chni que is ﬁ%ef Sillﬁeseélgﬁﬁtd gp I%\Argl%?g{lﬁl‘%r g%gegqlfyu &esgng

gl asses t eawEscprifemed gietation of ayssdlinatlattioe ahdt (he bs d‘e@%&a&ty X-1ay
[ ' e by“non

and- physi g&lﬁ?cga,ra teri Sr?'i Cf. It is sonetinmes useful to investiga
destructi & PPR{C{,}‘W IGHHaT PEOcRquges arecadopted; Giips tenbinquenis wyzfdndvenas
exerci se. [ P f Lfficult o i.npossi ble to, obtain
speci rrensaI?%]?’g?g?btr ?‘gszlﬁ%dg‘?\raek s‘lgﬁg]%sle_g térﬁlﬁg%? eo?tgpet ganservatioargnd; the

happerss t ¢tlzemidaé andphysieal claradtbdsticg! ant under anal ysis can not be 10
~ nmoved. Foy this reason, there is the necessity of a diffractometer, and in

- parti .tcul 1s gometiges wsefnl Eﬁtilmﬁ:téﬁgatétbjjlano?aielsbgctémtdsﬁ?g&tggt%\ﬁ{cggﬁbc@gi ng-
any structgr : nent, o e inpl.an 's inportan a is
di ffract o‘?rfét"g’r"%?o"enrez‘?%gt H“BIBPL% 785 XSS ol éiﬂse CAStagH & dftemodifficultnofi . e.-
equi val enimpaxsidle foabbfadt hdfor . 0 lyse ers and
~ pol ycryst aII? i rsle material s;b.i))élcﬁmfoﬂasr ?%:ui ar ,Jllﬁ?n%ls-aﬁé@? I a’?‘gq\iqg°mgfﬁs§e t he
~ presence @ften; itbappensethat dht immponemt @t ten smpkiat Ugidef %ﬂf}é@%ﬁﬁ o phe
at the '

mat erj.al that nstitute t caonponent apal ysed, avoiding t
par ti ul £°V%-f€?fﬁb‘568ﬁ%ﬂ% Eﬁ?{%? thaaeenssity o€ e liffrastonveter, amd i particalag, 4 i i t

for the aitaf NBP&ctomafer’ i OR kit that.it IS necessary to develop a

di ffract orrehfyer thatf ;Ls usfgdgl c]?_re s%?%%asadwathom RVBEHANpTBIFSuEher

~ perf or narfospdnenh @ aﬂhplanndt’slimtmwattﬂﬁd:lhfriétaﬁ—fe@é@. &S mey. of

the inventi on, Taﬂﬁ above geg{}t i oned problens are overcone by a Eisltﬁfuc;rge%%loanet er
conpr i si FPSIICERP G FARER PEHHOURANOR (pporquitigleat ta thieldbomatooy diffrdctorhagrs:
col I'i mat &9%@&% p@%ef’s and -polycrystalline matérials"). In particular, it is useful to
15 rec'ognise thf: presence of stress, prefereht_ial orientations, structural &efects of the
matgﬁal that constitute the component analysed, avoiding that the particular

working gondition of the diffractometer will constitute a limit for the -attainable

information. It means that it is necessary to develop a diffractometer that is useful

| for being used in place and improve the performance of the traditional labofator};
: - 20 diffractometers. | '

Summary of the invention
The ab_ovg_ meg_ﬁoned problems are o_vércome by a diffractometer co_mprising:
- an analytical unit supporting a radiation source having a collimation axis; and a
. radiation detector having a reception axis, said collirnaﬁon and reception axis
25 | converging in a centre, named centre of the diffractometér, which is fixed w1th
respect to the analytical unit;
- .means for moving _said analytical unit;

- means for rotating said source and detector around said centre of the

diffraétometer



radi ati on detector having a reception axis, said collimation and reception .
axi-s 25 converging in a.centre, naned centre of the diffractoneter, which
is fixed with respect to the analytical unit; nmeans for noving said '
anal ytical unit; neans for rotating sai d®source and detector around said
centre of the diffractometer 3 Preferably, said neans for noving said
anal ytical unit permt to change the p05|t|on I n space of the centre of

di ff t i nent of the invention, the’
G 111 act oet orbfes Holls 1 Aol MM PR Brmmityo change Amprsiiion

‘rotating Haspbcecufrthecamwb epdgheforadter.Sui table to .rotate source and
‘det ector, 14 tEaI the axis of collimtion and receptlon are contained in a
af*cpP

equat ori BE tqpifaveurita enbo diment ofithdrinvesies,itht dithRtGnaley id E%' ray
unit. Aﬁﬁﬁ%@ rrllgetgo a favourite enbodi ment of the i nvention, said
anal ytlca un| "supported by a supporting and novenent structure and

nmeans sar ePfo@x\éfbﬁedsal& meah® ﬂaP‘bean@aéél as%%l %’%égcgﬂgﬁeﬁr %qut sqmag 92 %trp{ggal ge

structure of support and novenent, hat
ar ound anSQ;Jrceanddetaetbreqmdtarthwax@(bﬁcoﬁﬁﬂitﬁin“ﬁﬂl re'chttnﬁlﬁaFqué’ﬁtQ eﬁl R ane

and. pas t hr.o centre of the diffractoneter
corres pon%cggtt?}j%l Pﬂg‘ledhq’éhpléﬂetlﬁﬁxédmln)mwbcmbaheaﬁz[lgtlaﬁll ddie .equat ori al

axis. Thi vant possi bl e for an arc of at
Teas 107 R 3, 4 Pl LhopdBmORT e Suknben, Rrighanalyhracsit i
parti cul auppostestth al t Aﬁﬁ@ el erred enbodi of the
i nventi on, Ptphe rmv}gmemﬁgf IF;ahd anal %nga %ﬂ%t Hiqaggpaé'gtprp [Ee%fm
suppdft &Hﬂv%v@h‘iaﬁ@ayﬁﬁddlmt witlpesspetstd the stfukhﬁ’el Htp@lzﬂ:ldn‘l’l

t axi s

pl ane wi td g uatorial axis, w_.thout changl ng
posi tion antﬁ? ﬁ&% 6’3@&"“@6”@%@“ pPiatearpundanads| %ﬂed@qsatoahaéqufs; containedxi s
and cont anﬁhé@qhh&;rl‘a@ﬁbli& Qfld 'plagsxpg(}ﬁgé@% Elﬁlear#étte oﬁ- ?\rl‘fm trg%rqlgs Ct to

the anal ytical .unit, and it's ca
constit utfé‘c aF%SPﬁﬂ@md%/tom lavmildmof tire @tltmlmhaltplﬁﬁé arétthd the equatorial axis. This
type of rotation is advantageously possible for an arc of at least’ 10°, preferably of

15  atleast 20° or even far higher values, for particular analytical necessity.

‘According to a preferred embodiment of the invention, the movement of this

" analytical unit with respect to the support and movement structure, permits the
rotation of the equatorial plane with respect to the equatonal axxs, thhout changing .
‘the axis position in the space. |

20-  The plane perpendicular to said equatonal axis and containing the centre of the

. diffractometer, is fixed with respect to the analytical unit, and it’s called axial plane.

Th1s plane can constltute a symmetry plane for sa1d analytlcal unit.
As “source collimation axis” is commonly defined the axxs of the radiation beam
that the source can emit and as receptmn axis”, the axis of the radiation beam that
25 canbe detected by the detector. _
The invention also concerns a 'methqd of diffractometry, preferably of. ﬁc—ray

 diffractometry comprising positioning a diffractometer as.previously described with
.the ‘centre of the diffractometer at a pomt of the surface of an element to be

analysed



As "source collimation axis" is comonly defined the axis of the radiation
beam that the source can enmit and as "reception axis", the axis of the -
radi ati on beamthat 25 can be detected by the detector. The invention al so
concerns a nethod of diffractonetry, preferably of: x-ray diffractonetry
conprising positioning a diffractoneter as previously described with the
centre of the diffractoneter at a point of the surface of an .elenent to be

anal ysed. cco din si bl e enbodi nent of the invention, the
axi al. pl aﬁé’ g’\‘?ﬁﬁpggggi’é’ﬂ}mﬁma@@dhﬁeﬂb’@n@omuﬂm yiabi pllanc esamedt to

the surf a"é:&"é?’ftaé%s%?g&%ﬂ% '@éﬁﬁgﬁfl&t W%tlﬂel}% #&C}ﬁ' nci @Egto \%@PYSG a

centre of. diffracto

sai d anal glsamtnt aptlenpaint coiricident Peth tHe ceiBeNAHiERAdYmeRENect ed to the
diffractoneter, wth which, nore preferably, is. not . even in contact.. 'List

of the fléﬁ%féhng gifr e elné‘iﬁch@ént sOfscthenmtven'abmysahdleadaayseﬁalejem@m 19fnoi
x-ray . "diffract. rese_nt i nvention 1o Figure 2

- represent®® 5@‘“’&% cé’f’lpf/gtfﬁg‘)&bf')rgﬁiﬂg%a B§ WiHb wigh, |ra@reopmfezrablnfxsmcg L

Fi gure ‘3 eveflheoatd. - Schematically a det ail of the diffractoneter :of.

Fig. - 1, more_specifically, the extremty of the diffractometer t hat

i ncl udes IListeofthsfgm'as ytical unit supporting the source and the x-ray

| detector ure 4 reégrese&gs schematically the'lateral view of the detail
.of the cF’ adt SFRISSFOLS. gehegnatgally Ih@ohiﬁralsmgwt of 4 ix-say adiffrgtionadter)ni t

' supportl ng etector and the structure for supporting
and novi ngcéﬁgﬁm%gﬁsﬂg%. ]_gl gure 5 represents schematically an

art i -aol atHigure Ztepresants schemagicdlythe frotial %%wafmel&?fﬁaat@t Ios%@ige ,
al. '

accordi ng,.to. a parti cul ar, enbodi ment. of the invention

descri pt Ho8s3 IePERSEnts) ¥hegmaticallyi meéaﬂamfaﬂueomferOmtanoexml B, fofer ay
descri bed.

diff ract, Qﬁg&ﬁﬁal‘i’}? Ctﬂ[acyx%rﬁlpy BPﬁre ﬁﬁ-agtrogruetgr/ &ne[t In%]udes thesilirst analytical unit -
suppotting the source and the x-ray detector. '
Fzgure 4 represents schematically the lateral view of the detail of the diffractometer
_rs of Fig. 1 compnsmg the ﬁrst analytlcal 1m1t supportmg the source and the x-ray:
. detector and the structure for supportmg and movmg the- analyhml umt
) Frgure 5 represents schematically an articulation -able for moving said analytxcal '
umt in the space; accordmg toa partlcular cmbodrment of the mventlon |
Detaﬂed descnptlon ofa possxble form of 1mplementahon
20 As an example a x-ray dlffractometer accordmg to the present mventron is
descnbed
' The Frgure 1 shows a lateral vxew of a x-ray drffractometer accordmg to the ;-;resent'
invention. The equrpment mcludes a base (1), that can be equxpped with two wheels
| ‘or other means for transponauon and positioning and can also contain an e]ectnc
25 generator capab]e of generating the energy required for the use; ) a tank of coohng_
| hqmd for the x-ray source and the electric components for posrnomng the movable
parts and collecting data from the measurement equrpment and also to process .
these data.
The equrpment includes a support (3), an arm (4) supported by said support (3) and
30  rotatable with respect to the arm, to perm]t a vertical positioning of the extremity (6)_



- The Figure 1 shows a lateral view of a x-ray diffractonmeter, according to
t he present invention. The equi pnent includes a base (1), that can'be
equi pped with two 'wheels or other neans for transportation and.
positioning and can al so contain an electric 25 generator capabl e of
generating the.energy required for theduse,) .a tank of cooling. |iquid
for the x-ray source and the electric conponents for positioning t he
‘Movabl e -parts and collecting data fromthe measurenent 'equi pment and

al so to prhateinstudes tthe sealgticad. unit!hesugmntqdnbyitthq: aoh (dpsLeckup sisvices 3p) .

arm (4) s orte sai d 3):..and- ot at abl h t to the

arm to pERRPL B Gl B () SBRERhH REreTeR e I wPry BFeite EERERE

i ncl udes fge a?soa«iﬁm&ﬁlthérmgt 2 abd PR3, ftldies h&er@rm:éeb)q) lLioglthypgesewsrces (5)

permit to fI'x the arm (4) positioned vvrth respect tQ the su ort@&k) The

_extrenity(3) end Cﬁhgopw%qmdi?ﬁcﬁqérw eﬂcaﬁiein qindg, ths el eFﬁ’@F‘E d ray

source_(7 EPE& 3%

devi ce§( %’E‘%é#"ﬁe elenk ?IPM @&@ﬁﬁm@?oﬁ?ag; h may

advant agea&s«btydhe suppdrh ehef 0tay sofurce (f)i)randlthc detectior (S)démdtaec{esmb@dpqme,t t he
ra sorceé E t he ‘detegto | n,.t he de b ase, ..t he primar

)Iéul er/ Cr;ﬂ}?ep %d aﬁ‘?‘ﬂ ﬁ‘eﬁ‘ﬂ‘“@yg% E Zﬁdﬂtfgl g%‘EF‘ES’F @y ran zi% be

conveni enthyvdHRl MoPedalong: WE&&M 69| For Shch positioATeadtadi | | on
reached on the primary Eul er cradle source_ and detector, the source

col 1'i mat i on th&pemery E cmﬁ!éplemomee AetgctaR @esmcmqnawéii)ected

t owar %c@% d%[j,{nr and |
can agvan?'ggeous col nC| I?szfre ?ﬁécentre curvaat re g?f-he pri nar-y Eul er

cradl e (9kentfhef abmd@'&@pmam (12)1&:)4 cam advantagerutlycoincide with thvecandret r e-
(12) in a_plape eguatori a that is substantially parallel to
the pri naF@rvEﬁﬁr%rO%élfc di"gz?'g#& T‘%’ﬁgf Is Fig. 3 the equatorial plane

coi nci desThetdxes I‘(éOphnde(lb)‘, dahethais arotate) around thei céntret élﬁ ini & planpeth cul ar

Accor i ngeatstapa) R Fis S StERaRY PRFIERE R BIERS E O aN [atd B o

- cradl g (9 B&he eqm&anﬂrﬁlhﬁe cdipEdes dthhtie pamwmﬂietmewmmrmetampam
. {Tﬁ\e/eg?mmi(sw mé:d s{(;g)%cggkgm%r@&n’wE ora%/St em per mts to
According toa preferred embodiment of the invention, said pnmary Euler mdle )
is conveniently supported by. a structure-supporting and.- movem_ent (14), called
secondary Euler cradle. A special system permits to the primary Eulex cradle (9) to
200 be moved_'wi&i respect to the secondary Euler cradle (I-Aj to execixte. a rotation
around the equatorial axis (15). This equatorial axis (15) is contained in the
_ equatoml plane and is perpendicular to the exploration axis (13). In this way, the -
* whole equatorial plane can rotate of a certain angle with respect to the equatorial
' ax.ts(lS) andthusthecolhmanonams(ll) andtherecephonms(l())canrotate- : .
25 -because the source (7) and the detector (8) are suppotted by the ‘primary the Euler |
| cradle (9).
Fig. 4 shows a lateral view of the extremity (6) that includes the two Euler cradles,
and shows a possible implementation of the erticulation mechanism of the pnmaty'
Euler cradle () with respect to the secondary Eula‘ cradle (14). The primary Euler
30 cradle (9) iricludes two cog arcs (21) and'(21°), suitably joined. The source (7) and




» 20 be noved with respect to the secondary Euler cradle (14) for execute a
rotation around the equatorial axis (15). This equatorial axis (15) is-
contained in the equatorial plane and is perpendicular to the exploration
axis (13). I.n this way, the whole equatorial plane can-rotate of a certain
angle with respect to the equatorial axis (15), and thus the' collimtion,
~axis (11) and thereception axis (10) can rotate 25 because the source (7)
~and the detector (8) are supported by the primary the Eul'er cradle (9).

Fig. 4 sgxg efbcktt @)ahovk ewngfthééaearemrspgﬁx & md\Ru o lca.%%ﬁl Bfors Y

Eul er cr .and“shows a possible inp ati1on of t e articul ation
- nmechani sr:mdf 20hewﬂnu¢hrmry partof eourmeadhé dedctu. tah suppoﬂct(m); jolited etwotistar y
Eul er 30 cradle I ncl udes two cog arcs .

Eul er cradle (14);, The ry
(21) andprimagy E §lﬁrt%¢@ @gﬁ Bﬂortﬂrﬁewstbause@n(dayy r@raéllﬁe(lébtﬂxﬁ BIPROSY

D0 o 2L B8 Bl (el G acRISY Pl SEUFRSEL PG Al

prl Mgy Eithiectiadl Gortep onaenp&rvﬁ%ﬁ)t@agm REERROAY ¥f %é RbcGidRsy Bidr 4) -

The support 22% has. a portion havi ng a dovetall shaped structure
' (24), salcdadie r{dép,uthmsspermittingy tha movcmemspf)mokﬂtlbnooﬁ/theyeqm&)nﬂqﬂahe,das n

Fig t he,.sec cradle (14), thus permtting the vengnt
of rot at ?gﬁvefdlﬁqﬁ’ésefguéﬁm%iﬂss peEaTe (nglshopsm), s st Raraleddo the %Fﬁd(?g 1 ew

(not. sh tm r N

(27) and% es %h 89’30@2?;?&5’% ?ﬂh%gdcorg%s%% gﬁoﬁﬁ%&q}b%‘meeél dsﬁjrh?ace
(28) of - hb?eﬂeuﬁbae K28} oﬂdiajdeva(tm)sm&n-s (ra Yl EB. exﬁnéss\/\sd@éwrmbﬁsbtwuae 1o
rotation of the primary L&T:er cradle (9). This, like other types of .
mechafi sFetatian. éheéﬁgpw T ernsin (- Flis likecothex mes of s @repopamb

series Of?{r}g‘}é%{]ﬁm‘?&ﬁg%%?%égﬁmg%l&t%mi% in the space the extrenm'ty - (6)

that inC &roeradie FHsI oreseen. Wth reference to. Fig.

2, the syskered bﬁ)meqememedewwest forex ?Bﬁhgfu in gS ¥phce thdextremity () Mblaet €
rotati.on,-around the_armaxis (4 this extremty (6). This permts a
very ! inslude W&EP}%MEM edpraseem.ng, and al so provides the

OSST b1 | ot s RERLOTS P, 65 Bskleh 16 L i AP AREY o936 DS e
15 comp]ete rotation, around the arm axis (4) of thxs extremity (6) This penmts a very .
advantageous instrument pos:txomng, and also prowdes the possibﬂlty of exp]onng |
- ~ the material to be ana]ysed a]ong dlfferent duectlons _ o
With reference marks (31) and (32), two slides are ldenuﬁed tbey permlt mutually
| _ perpend:cu]ar trans]atlon movements; this movement is also perpendxcular to the
20 arm axis (4), these slides are also moved by speclal motors. -
- The motor (33), trough a screw mechanism, perrmts the translation of the arm 4 .-
Jong its ax1s ' ) , ,
~ Other movmg dev:ces couId be prowded to facxhtate the pos:tzomng of the '
extrexmty (6) For examp]e an artlcu]at:on can be provided, preferably between the
25 device (16) and the system of slides (3 1) and (32), perrmttmg a rotatlon around an
axis pexpend:cu]ar to the arm axis (4) In Flg 5, this artlcula'aon is: schemat:cally__ -
represented by mark (35) and is set above the ‘pivot (16) (schematically mdlcated) |

This art:culatlon penmts a rotation of 180° and can be convemenﬂy moved by a

specxal motor.



. Wth reference marks (31) and (32), .two slides are identified; they permt
mutual |y perpendi cul af translation nmovements; this novenent is al so
perpendicular to the-. 20 armaxis (4) these slides are al so. noved
by-special notors. The 'notor (33), t7rough a screw nechanism permts the
translation of the arm4 1long its axis. Qther noving devices could be-
provided to facilitate the positioning . of the extremty (6). For exanple
an articul ation can be provided, preferably between.the 25 devi cerélG) and
the sys ft?c?a) Ssubpbi dahi tigpravidedatliony whivhnarmafdhxi s
per pendﬁ‘ﬁrﬂsg 0? ? %ﬁfn)(géi?gle( 4). IgﬁFl g.- S}j,bgft) hi s a?t |dg%l ati or]
schenat inea) {rxnslﬁwweeealﬂyaﬂmhks bma lspe@B) devige.i Bhis gertisBbsERorECqH 969‘3(“’1 6)

h t || d t ed Thi t t 80 d .
(o E%ﬁ&aﬁs'm&lﬁg&év@g o, I, GRreStd el R bbfifofing: 50 a0
(3).a vertical ?gp@ gq‘ng i g%@ %ﬁ&aexﬁéﬂe@mgﬁf@eﬁt ffds sRynéviags! at e

verti callfy 3P3H evi ce I's vertical support could rotate .

ar OU?d | {3 @51 focorBing tBitHe feveatigatidrharquiresrsn degree to the structure
- posifioning. “It's apparent that equipnent can_be |}rz'lgl Sgent ed WIIh
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15 mdlcate the correct: posmomng of the eqmpment with respect to the element

analysed Advantageously, the. movmg part may be moved by. spec1a1 motors,
s controlled by electromc systems These systems can col]ect data from the pomtmg
dewce and manage completely the posmon.mg ‘of the eqmpment.
Also the movement of the source and of the x-ray- detector may be managed by an
20_‘ electromc system, as well -as the movement of the primary Euler cradle can be _
- e]ectromcally control]ed respect to the secondary
' Source and detector can be of different types chosen among those commonly used
: in the dlffractlon ﬁeld. These types include all the su]table collimation system (shts '
| .beams condmomng, and also monochromators if necessary) In particular, the
es | ‘detector can include a shde system that permits the movement of the collimation
system (i.e. “capillary Optlc”, “poly-capillary”, etc.) along the recept_lon axis of the
" beam, from and towards the centre of the dlffractometer '
The choice depends on the type of radiation used and on the. charactenstlc of the:
“element ana]ysed, as well as constructive problems of the equipment. In pa.rtlcular :

30 in the case of x-ray diffraction, the detector can be eijther a scintillation detector, a



controll ed by el ectronic systens. These systens can collect data fromthe
poi nting device. and nmanage conpletely the positioning- of the equipnent
-Al so the novenent of the source and of the x-ray-detector may be managed
by an 20. electronic system as well -as the novenment, of the prinmary

Eul er.cradl e can be el ect ronically cohtrol | ed respect to the secondary.
Source and detector can 'be of different types, chosen anong those comonly
used in the diffraction f eld. These types include all the suitable

col I'i mat | §Ser i JAl rs if
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their- sh-eflﬁirag;ehhsa col lirmati on and reception. axes respect | veI y, 'to

regul ate, outside salg source and. detector, - the optic h..of .the beam
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‘and be.pasti6iilat, f‘a?stfaalals thhpndmry&ﬂem:edmﬁst@&ﬂc&nﬁmpoﬁdyednustlbe sufﬁv:ientul ar,
as far. as t he i mary Eul er- cradl-e -is concerned; they nust. be. suff|C|ent
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and to. Fle?s Ty sufiith | Koo 0k &8 HBAG HSeP LR VitsdHE ShPE 81891 €

itself.
15 1mportant to keep in mmd that, by mcreasmg the size, the requu'ed power of the

motors mcreases, to move the structures w1thout the risk of vibration.
For examp]e, it has been possible to implement an eqmpment as descnbed \mth an
o extemal radms of the pnmary Eu]er cradle of about 22 cm, an excursion’ of source -
and detector, of the proportxonaI 1omsat10n kind, of about 135° th a d:stance of :
20 about 11 cm between the centre of the. dlffractometer and'the source and between 3
" the. centre of the d1ffractometer and  detector. Trough analysis - of reference'
‘specimen, results were obtained in armony with those of traditional dlfﬁactometers '
The structure can also include e]ectnc connec’oon and connectmns for transrmttmg'
data between the electromc control systems ‘and the ‘various devices of movement or
25 detectlon above described, and also plpes for the coohng 11qu1d for the source of X-
~ ray. _ o | |
According to a possible method of using"the 'diﬁ';actometer-, the latter is -'p]aoed so
that a poirt of the surface of the element to be analysed is at the centre of the
d1ffractometer (12). When starting, that surface shall be perpendlcular to the.
30 - .exploratlon axis (13); when the surface is not ﬂat the p]ane tangent to the surf'ace -



..15 inportant to keep in mind that, by increasing the size, the required
power'. of 'the notors increases, to nove.the structures w thout the risk
of vibration. For exanple, it has been possible to inplenent an equi prment
as described with an- external radi.us of -the primary Euler cradle' of
about '22 cm an excursion of source ahd detector, of the proportional

i oni sation kind, -of about 135, with a distance of 20 about |1 cm between
the centre . of ‘the diffractonmeter-and,the source and between-: the centre
of the di fcfaﬂ@&tsg&ﬁéu Bide, JRAIE Bl perpdidilt RNAkYSlptodiion 'sRise "FRECthe
speci nmen, resul wer e obtained in arnony with those of traditional

di f f r act orcoftimaation axisKhé) sorocsmangle rwith ﬁiespemqﬁmeeﬂhemepuemmsct i on

and connections for tran t dat a between th ctronl c. control
syst ens' ar(élol el v be‘é’ﬂhcﬂ‘e (FBTRAMER P Sﬂl g:c

descri bed,. 04,4 ﬁﬁés @%&%’Aléi@d&b&ltpéaggtomer rﬁﬁm&&f ray.

VAccordlngtoaposs [e mefhod of using the d the latter ‘is
' pl aced S(brygmafograﬁpop]nnes;fthamhawnfmhﬁmt Hshaberdeﬂlaxt,ofdremrmig}se&j is at

t he centre of the dlffrac mater en starti t hat. sur shal |
be per pen&oEgsrendepp o V&B?%P%‘% %V&ﬁ quﬂ%‘ﬁ“t IF898 éﬁi&"e
not flat, eliag% d;@%i@mm 0! Whif& usmhareqms‘er aaaleﬁ@vsae oblge,

shall be p ndi cul ar to the exploration axis. ' Thus the collimation axis
(11) for m-m‘aeginenaﬂvﬁﬁvmﬁsssp@m men pl ane. The receptl on aXI s. (10)

' \(,:Mo: : i ];nca):lm gf'ﬁﬂglg em%u‘gtlughg%%%%?&ito dg@g%%goﬁn ray@ yeﬁ ect et:lhgy
fﬁnl I |ﬁfo?é%?ugnyfgatlﬂ)gmmnhamben tdmhohﬁlﬂtﬁﬁ?dmngrtgd?sehmm d
tsoﬁrce andYH&R & mﬁ?ﬁ%‘fmggﬁé ”%f’ﬁ gﬁ?iﬂ‘# ‘t’ﬁdﬁg%ﬁ :r‘teéﬁ is a
whol e nunieRffafign beatn o] oas Fimilitk oma'awplaneysdmemgmet_nﬁga‘ Lownat he

source: According to a possible operating nmethod, the collimtion axis (11)

-and ' the &n axis (10), perform the above ment i oned- r ot ati on by
keepi gt RAIBE Ve Spechit A R R1s dsSit 4 3) ;
~thus, it is posm%ﬂ ete%t{ t dlffractlon be%ﬂromvarlousfamlles‘

of 1 atisi CGOMSthSale frgnilige ‘B'r Bl§gey apyabe randomly ériented in all the
directions. So by scanning various angles 8, the various famihes of plana that
_satisfy the Bragg law can be detected. By a rotation of the equatorial plane, around -
the equatorial axis (15), as above mentioned, and by keeping tnvaried the position
of the source and detector with respect the 'axis of explomhon (13) (that will be
20 rotated of o together with the equatorial plane), The equatorial plane will be no .
longer:perpen'dicnlai" to the specimen plane. It is thus pos&iBlc to scan again the
 different angles 6, and detect signals from the planes inclined of an angle @ with
respect to the specimen plane. The comparison at different © angles of diffraction
intensities at the same © angle (oormpondmg to pline families with the same .
25 interplapar distance), gi#c an information on the possible preferred orientations in,
the crystallive structure. This is equivalent to explore for a certain arc the Debye
circle. .
Alteratively, the collimation and }ecepﬁon axes can be kept symmetrical with
rcspcct to an axis laying on the equatorial plane and different from the exploration




:_dlfferent angles 6. . \Wen the specinen is a polycrystalline solid with
enough smal'l crystals, aS it is. 15 common, the various fanilies of, planes
‘may be randomly oriented in all the directions. So by scanning various
angles 0, the various famlies of planes. that satisfy_the Bragg |aw can
be detected. By a rotation of the equatgrial plane;, around the equatorial
axis (15), as above nentioned, and by keeping unvaried the position of 'the
source and detector with respect the axis of exploration (13) (that wll be
20 rotated of a together with the equatorial plane), The equatorial plane
will be rxis tongrilysedamdlied ofiplmes ovithediffeasit HB6lipAtIL. with tespédiun the
possi bl e-to scan again the  different angles 0, and.detect signals from
the. pl arR@lomEPRnatsefl lf iarigipereat when - mengerystalline toatepals heve 0 e

sane 0 ArTPDEEoPF dbdbRATRG TR Fem Y S IRratph RS SRRRrndiginn %&I,zﬁ
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t he cryst l-1 ne tructure IS 1s equlvalent to exp ore for a ertaln ar c

- the DsbyéI'he:munﬂmr of tdifferdnit iedsyibld lp@sitivningredf! the 256 pctdxrfarsaaegreaan be
kept syrmetrlcal wth re ﬁ%?(r:1 to an axis-laying-on t e equatorlal pl ane
and di fféieéfrﬁt Wéﬁﬂ"ﬁé‘s"eQ diffraptometeraxis. to anal yse fanilies of pl anes .

‘wWith dlff o) pe to the Ior |on Xi S, is
i rrportant %Jocr y&st{1 ‘P‘ﬁ% ﬁée En;%% |%§@yhr§\9¥e rb8 hezta % %ISP% Fiflgl t's
| MPOSSi b'aﬁaiﬁlso‘b}jﬁoh'ﬁimﬁiéb? 28X Pl s P Mt aerpﬁg@ ol ﬁfoﬁﬂaﬁ&iﬁ th&td gk MeN

pl ane, or when-spécial directions .in the materials have to be analysed. s
The, nun@empamiﬂedmffépemtohiwsdbfren:pdsadmomln@ahﬁratdm mytruprests . maynbers a

reat ve o the use of the dlffract en.t.he .spe. rren can
ge atio eé’ %‘%9@51@ LI INents ¥ g‘g'asé"? me ri‘é §F Ci’
oppor t unlf}éeggnpa@gmggrm&u Egﬁé‘:ﬁéﬂ%eﬁi’f’bﬁf or mati on t hat are
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ch the rad1atzon used are x-ray "This consﬁtutes a preferred embochment of the )
invention. Anyway, with equlpment built thh spec1a1 dlmensmn and features, it’s
15 possible to use dlﬁ'erent kirids of : sources and detectors of other’ kmds of rad:ahon.,"

such as elecu'omagnetlc acousl:lcs or consm’ung of parucle beams



m degrees for orienting the specinen in the space.. Itlhas been _
;;gg??bed-gin particular -a giffractoneper, and a method for' its. use, in
whi ch the radi ation used are x-ray., Thl% constitutes a preferred
enbodi nent of ..the invention.. Anymay} -with. equipnent built with
speci al dinension and features, it's 15 possible to use different kinds of
sources and detectors of other kinds of radiation, such as
el ectromagnetic, acoustics or consisting of particle beanms.. 11 NEW CLAI MS
1. Diffrachepediqimgonprising: - an analytical unit (9) supportlng a source
(7) of a radiation beam having a collimtion axis 5 (10); and a radlatlgn
beam det ect.or DifigctdmtdriR@mprisii@cepti on axis (11), said collimation (11) an
reception (10) axes converging in a centre of the diffractoneter (12),

whi ch is f1xedn whalfticalrues @ cupfoatingal sburBahHH bGaiatkdR ibkarh Raving MRARS iG-S 31
32, 33). for nmpving said analytical unit in the space; - TEans @% 2?5‘5) for
rotating sai d('98Ae & rafiationehean dstector @)rtuvisgiadeapdn &if1 15, Reid cbRmation (1)

diffractometer,, K so tt.ha said collimation axis (11) and said r'ec._eptl on “axi s
(10) are kept 2THC5H '°’bﬁﬁb?>@?icafrvef9|'r5nre§ centrecaf thi diffactarsaterd 12)! whicraib e witt

| ytical unj - ort..and novenent structure (14) supporting
22?dyalnal yti c?lgpéucg?otsa'{j@??@%’gﬁ%’gk% (27) for nmoving said analytical unit with

' he
spect to sambarsupd el 132088 (dFoVR : - re (14), so that t _
;ﬁaryti cal uni ta ( gi)pepcan rggt;a({rgyar Sgn'?jaié' t'g%ha}ﬂ B aﬁpl’%ﬁ(l s (15) 15 contained

in said equatmearal (20| 209 BACoRA%SIsEE Sdir@UARY Shtediof e ; t he ¢ _
Idinffract ogeter (12)2};ﬁ char acterians?gtsad in that said neans '{@7% '? o B ntBesal d

1 riifragipmeter; e fat said colimtion agsIPNPaid SreBEMIGTERN (195 EMGLHE of 14)
t'Pcal u _

ggﬁlmyt the rotation of t,ﬁg equatorial plane around said equatorial axis
(15), wi t hout*¥'ABEa PiRBe et Win respapigesaid first anelyfical wit () t he space, and said
mean,s for _nmovj a{aéd anal yti ?al unit in the space being capable to change
t he position %p h ’ldh"éw&BéE‘ "BFUTE R BYRRPTYBO &Aid anatytieR! emir @kt omet er . 2.

: : i i ing said
anal v cal untt 1 U “Speeeet eV APy B Sl B Bodlimemen
anal yti cal urstructerequag sanhaixhs aﬁé‘}tic@leﬁrme@g'cgr\" lr(ﬂ{atetaQoun§aéndeqeu%‘fjo?igloauisalmS?XI S
15 contained in said equatorial plane and passing through said centre of the diffractometer (12);
characterised in that said means (27) for moving said analytical unit with respect to said
support and movement structure (14) permit the rotation of the equatorial plane around said
equatorial axis (15), without that the latter changes its position in the space, and
said means for moving said analytical unit in the space being capable to change the position
20 in the space of the centre of the diffractometer.
2. Diffractometer according to 1, wherein said means for moving said analytical unit in the
spéce (16, 30) are capable to rotate said analytical unit around an axis (4) perpendicular to
said equatorial axis.
3. Diffractometer according to claim 1 or 2, wherein the source (7) is a source of
25 electromagnetic or acoustic radiation or radiation consisting of particle beams and the
detector (8) is a detector of electromagnetic or acoustic radiation or radiation consisting of

particle beams.

4.  Diffractometer according to any of the preceding claims, wherein the source (7) is a x-ray

source and the detector (8) is a x-ray detector.



3. Diffractometer according to claiml or 2, wherein the source (7) is a
source of 25 electromagnetic or acoustic radiation or radiation consisting
of particle beanms and the detector (8) .i,s a detector of electronmagnetic or
acoustic radiation or radiation consi stilﬁg of particle beans. 4.

D ffractometer according to any of the preceding clains, wherein the source
(7) is a X5 QY SC urege and the detector (8) is a x-ray detector. 12 5.

Di ffract ondt er accordr rgCYYNainyEny pf theereprdisg stsirney woerainrseid meaes @b/61532, d3)Teans
(16, 31, 32, E3mdRE sFRVLHAS S nalytical unit (9) in the space, are
suitable to permt P Sgg\éﬁﬂgé’g't ng( 6’%{'1 SBIFe: YP suigple t aefMitdo ehanggthe position

di ffract onet ebf {alPoentpy off tRd @ra@Bmee ion of said analytical unit. 6.
Diffractoneter according to cl ai'm &@5’35&2#@?%%&5?”&'a§%{hgt88@iaa%/'yt§i'iL@'ts (15) is
per pendi cub-ar Difpactonssyenaedorgingo @iaen 0fwherirtkafnalitbifaks unit (9). 7.

D ffractometer according to claim1, wherein said around said equatori al
axis (15), is(iSbssrmredicilastnp symneaty pahe atsaldemaitickOhit (@r ef er abl y at | east
20. 8. Dif.;raBErorTE)ter according to claim3, wherein said detector (8) is a
proportional ORI GACCOLEGHP BRIM . whereinSaidfaraupt saigt er according to any of
t he preceding OB, Lsin ointing device placed on said

anal yti cal un?@aﬁg%?gm%gﬁ’sﬂb%rﬁ%ﬁ'gagafcd’fgti'?qsfQ'R:t@’ﬁfétaéky apleest 2pespect to an
el enent t . beDiﬁfgla@h%&@qccol@ng Bééiﬁwaftv&?@?éneéiaiaaﬁégét%' (?gEt o claim8, wherein

sai d pointing device conprises two I'asers and ePEEhRieROrtians! tppization

Di ffract onet ecouatecor di ng to any preceding claim wherein said anal yti cal
unit has the formof a circular arc. 12. Diffractonmetry method conprising

posi t il8ni gy aDidiartomatet agvetding teanypf tteipReding imaNadptidids p&ifting g8 JLing a
source of a radiation beam having a collimation axis and a “radiation beam
det ect or havi W3y anakisst vit9ater Bositioaing said biffiantatneenwitnespeerto ph ieRMeAi§5e 20
converging i ningl gentre of the diffractometer, which is fixed with respect

to said analy AT ‘unit; - means for noving said analytical unit in the

fﬁgCgi; ¢ ]: ; g’g.?gﬁnfér%g?métgrt i&rﬁ{%{teﬂg ﬁ)aci,lgm%f)\%ecrgn %‘5}9 pcglr?t}[ng%te%ée c%%%ﬂ?ecl tv?/cfajl iager(s: gr?dt z: e of
telecamera.
15 11, Diffractometer according to any preceding claim, wherein said analytical unit has the form of
a circular arc.
12.  Diffractometry method comprising positioning a diffractometer comprising:
- an analytical unit supporting a source of a radiation beam, having a collimation axis and a
radiation beam detector having a reception axis, said collimation and reception axes
20 converging in a centre of the diffractometer, which is fixed with respect to said analytical unit;
- means for moving said analytical unit in the space;
- means for rotating said source and detector around said centre of the diffractometer so that
said collimation axis (11) and said reception axis (10) are kept in an equatorial plane, fixed
with respect to said first analytical unit (9);
25 - a support and movement structure (14) supporting said analytical unit (9);
- means (27) for moving said analytical unit with respect to said support and movement

structure (14), so that the analytical unit (9) can rotate around an equatorial axis (15)

contained in said equatorial plane and passing through said centre of the diffractometer (12);



said collimation axis (11) and said reception axis (10) are kept in an
equatorial plane, fixed wth respect to said first analytical unit (9); 25
- a support and novenent structure (14) supporting said analytical unit
(9); - neans (27) for noving said anal yt]i3cal unit with respect to said
support and novenent structure (14), so that the analytical unit (9) can
rotate around an & uazz%i al axis (15) contained in said equatorial plane

( . Lal
and passing t RFOUGH "8 & /0 ¥ @ving sgifl apsigicali unit with resectdo s{id 2)pport 3nd HavEdREANS

(27) for novi ' 1 cal it with respect to said support and
novenent str&g%ﬁ%g1(q§%g¢ tﬁ? f".L"aR'anP eF?&P&Y’g'd%‘finéfa“{uﬁ@S@é]ﬁ@i{aéﬂfiiabaxis;jll@ne

around sai d equtaée thadihe AXeSchadgds its pdlithol fithe L{1RL. J,0e | atter changes its
position in the space; and said nmeans Tor VI'ng Said analytical unit in

t he space bei 1$gdoEpabloemboneduangaiytidd®uias theis i f th
centre of the diffractoneter; charact eri seq ?f\bett%g r&?é%%o‘?rg??q@%g‘e posifon

posi ti ohi ng s&lthe 8rRase pltheeentrof bk fiffraatotmeteet er on a point of the surface of
an element to _he cgnal seﬁﬂél& Met hod according to claim 12, wherein said
anal ytical unit hag s W t GPPRges ROsiRNingswaidctentd aftbe didfraotoaeetd on a point of

per pendi cul ar ky ¢, of the elenent to be anal ysed at the point
10 coi nci dent vm'st hactgg)?‘fége%?hﬁgo %PTarF ®dYiffractoneter. 14. X-ray

di ffract ons r method Besd Q@@c@rcq,i-rﬁlgzt .ai r 13 .15. Method according to
any claimfrom12 to 54, Whe_r'ei n @gféc'{%éémer;réar'ﬁ'c?'6‘”5588%?@?"9@@8' Rlanepd said
mechani cal |y Plamkischidced pa@erbidulaiptd BB AECe of the element to be analysed at the point

10 coincident with said centre of the diffractometer.
14.  X-ray diffractometry method according to claim 12 or 13.

15. Method according to any claim from 12 to 14, wherein said element to be analysed is not

mechanically linked to the diffractometer.



