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O ABSTRACT 0O

The use of ultrasonic as a non-destructive method is usually understood to be an
inspection of castings, forging and welds, for internal defects. However, ultrasonic, can
be used for other kinds of qualitative evaluations, for example assessment of physical,
mechanical and structural properties.

In this paper, pulse echo amplitude attenuation method with respect to sound
traveling distance have been used as one technique of microstructure and mechanical
properties of metals. The technique involves measurements of either ultrasonic velocity
or attenuation through the metals. In this article an attempt has been made to correlate
echo amplitude response of both amplitude height and amplitude attenuation with
selected common mechanical properties such as hardness, tensile strength and elongation
of different heat- treated conditions of high carbon steel.

The ultrasonic approach is based on how waves are influenced when they are
propagated within the material being tested. These waves undergo changes which can be
measured and the material can be evaluated accordingly. The evaluation of properties of
the material can then follow indirectly, by means of graphical or empirical correlation.
Hence on can interpret certain changes in the ultrasonic signal as a change in the structure
of the material.

*Prof, Faculty Of Mechanical And Electrical Engineering -Tishreen University- Lattakia-Syria.
54




:doAdo

=gl arenaill (8 ol gl Clapkaill (8 4y s salall A8l Galdll las Gyl i
salall LSl (alsall Gl saaa 3yl pysdai o Jeall L)) sl i€l aiil) ady 885 leind) xie
o (Lerkans) L83 5

1ia 8 Aled At e A S0al) Gals ) aaatl Agigall (558 715y alasinly Ayl oda Jiais
Jlaal

Aagiine boshd s Al alual) e Sl ki Ll Aseall (358 z15aY) pailiad aal G
Osdlide (yinle G Caadll dan die LglSad) sy alua¥l o288 laysje o L (il Lgind of e Ly
ol & dulaie e Gl ddsliae dic

: [2] Z_ALJ\ 43l (e L e \A)}.ﬂ‘. .Aa.\'é)\..ﬁ}“ Ak &_ILm; 6373

I=l,exp(-ad)

*

R GEEEN

. Bt/m? 0 Sl Lo pun Wype a3 Saial) 5L3Y) 305 — |

. BYm® Lo pun (3 Lay5e J Alusyall 5)LEY) 3001
. dB/m 2adill Jules—a

m RVEN [ CNPWET
s3a 22a3 Cua (Jimd) OB aioail) sam g aladind 5LEY) add e e auill Jel) e
2 Al ADall e Basll
D= 10 log (I, /1)
oda il 13 el eyl a5 4l e Jay 135 Aange et aalgll e JT To/] dpuail] clS 138
SHLEY) aneds Sl e Jang Al it aalgl) e ST Al
Gaall 5l sad ol Agall G zlseVl limll HLEaY il gaall Ak aadiul diey

Iy
|

- He
H

t o) Al s3a Cangs
A0 Y Ay sl leall SIS alsal) apaas -
SIS il Al B e saall B8] s (o A Al

55



:Saall §yhg slgo

sdasdiicall Slgall

paxiosall bl el Sl (3-1) Jsaal Gaws ¢ gistSH cbiall il 138 b Zeiineal) 3alal

padical)l qlall Shasl QoS Al cpw (3-1) Jsaa

3alall %  dysiall Al
CK-60 | C Si Mn S Mo P Cr Ni Cu Fe
Steel 067| 020| 0.67| 0.008| 0.01| 0.01| 0.159| 0.07| 0.35 Bal.

(e sl JLE) DA Apeal (358 )l 5Ll (sl o disall ASLe figs 1 LARY) el ppuiant
C_;A}..}ALQS:\AXBMQISMQL\;\Q )&..a;ﬂeﬁgﬂ].ﬂ su‘)m‘g]:&_}\u'édjﬂ\} ‘:\_::\ﬂ\clas.qd»\éu)w

.

el = e

s gall (338 134l JLASY1 e alaf (3-1) S

.(3-1) Jsa

AU A g 280 8 8 u2at] andaa] dpalial a8 Lol clie slal (3-2) Jeall ek

T s

I
Tl
[ES

salally 23]l il Slie e (3-2) 85

56

e
I

sl y



sda il e gite il e Jymall saraia Gylay Lha 5LidY) cilue dallae coa s4 )l 4alleal)
. (Tempering)datiaa s)lys Cila o die dxalyall — (Hardening) dwssill- (Normalized) el 3,k

Jymanll LannsY) 2810 A1) Jal (e gl 3ale e el C¥say cilial) Jiim o3 Zallaall 2y
cAggall 35 75l Lo lilaa) LuSlaS AL mhaul) Alales cad Allall o3 g L Adda <ol e
Calaall e RSl digl) A0S s Aasls b colaalls olal 3 Aggual) (38 71l SLSAY) dles
Sbss g (SITESCAN) g5 (e Aiigaall (358 z13a¥ 1 sl (a8 Slea phainle dghall cilalladly
rall Tan rnliit Cuay ol 23 aladiuls Sleadl 3plae s (Krautkramer) g5 sasee (S
LSl AL £ ) e AusSaiall 2530

Cp) (e Adaday Aipal) mhass dlast o clguand alyall dadadlly Jlowall G (SFisaal) Gulail) Gaiails
LalS

daadll aaly Caila (e 245 LY el LAY ) ganall Ak aladii) 3 Al s3a 4y
Al o (gagee JS0 Byl Aisa (58 Cliay ) dakill gyt b Adphall o3 jeanti L a)lial) sl
(3- JSi R Jaisall Sleall ) dgasally Jliall jlaall e AuSaiall ganall L) daasiy T &l Slea (1
3)

I
A=

el saally JLASY) Ak (3-3) g

L

S\l Y|

ki Jadis ) 53 siasalion o 358l & 10T daw ol dale a3 sl Al Aasin) 2 :afl lsa
- (3-2) Jsnall b bl i 5 (1/100Mm) dswluas (el il gy ilisel

DSl Jsaally daim g eililly (VICKER) S8 Sleae s0lall Jlia) 5 duhll oda b ssdlall L

Gl
A Gailadlly &l Aalleal) (3-2) Jgsa

Aphall allaall g5 | Bl a | s A S alSal) ailnsl
e R U D lea i s

(HV) | (MPa) | (og)aiua.yl

Normalized el 820 75 248 840 16.5
Hardened il 820 60 685 2240 35

350C°  sypa aic daaldll 820 40 560 1834 8.5

57




Tempered
450C° 5))a aie dzalydll 820 40 447 1422 12.0
550C° 3ylya aic dxalyall 820 40 373 1181 13.0

: difaiLiolly adliall
s ddigall 3gd il Ll

amall 3yl A o sy aadiuall LAY ays o (4-1) IS b A sl il s

a5, IMHZ miiie 03y5 Jlasiasd 230 dadipe 3] A o Jyaandl 4l Jaadl Cuac duSaiall 71530

sl sanall )Ll A J85 ASLaual) 50l asl Jaadl Capm asts JSEN Y dan o 4S8 ASlandly (3lay

Lokl iy gl (358 2 )saY) Al 6 e Ll 3005 () conaad) 3smyga3 il LS e Auaial

Gliaiall by e Jalgal) o3 i) Gamy 3831 Ciag GlA ¢ ey Ll 43 il b laalaials

-20

-25 - ‘\‘\‘\0\‘\‘ .
‘:;_u -30 A —— (e
3 35 M —m—Y0.C e gal
:—-3‘-407 —a— §0+C dc aal

45 |
9 00, Jie aal
m 50 - o0 el
© 554 1MHz TR O

-60 T T T T T T

20 30 40 50 60 70 80 90
mm ASteud)

-20

J -25 A
= 30 - ‘\‘\‘\’\,\‘ —— (il
3 i
@ =35 —a—Y0.C dic aal e
"j? -40 - - &
3 -45 —a— £0.:C dic xal
-50 —%—00.C aic aal
& -55 1 4MHz . e
'60 I I I I I I +W
20 30 40 50 60 70 80 90

-

mm  4Sladl

Labie¥) ol 5)LE) Aan (4-1) Jsi
A ) al) dalleall/dsisall (360 7 )aadd laiuy)
58




1aag ¢ 350)SU calall dyjhall Aalleall Al jadi] Agiguall (358 gz lsaY g 3y0ka (4-1) JSa
- Aaliaa) Ayl Aadledl s DA Ay S sSeall ) gty Lagiy

Uada S dinalye dieg ¢ ndal) Clall Al 65508 05$ saall 5L8) o) Badl bl Ja) o
LGmiall bl Alla 8 55 A s sanal) 5L da Aaaball 5)ha dapal b sauall 3)L) daw

Cutially Ferriteac Ll cogpdll o (gotial g 1 )sdall Aagate Goiall calall Ay ()5S
Dbl Gaagy Al o2l uiladll ane g Pearlite culyll oS5 4 ohshall olaa Jaxs Cemintite
- Usisd) anall 508 daw paliasl ) gagiciilall Lala) sled ) 635 Les Aisaall (358 dasall

&I alall s e sl (Austenite) pulaial) cutingY) 38 e 08 el cliall 3 W
. (Martensite) cuuiijle A LS Joaiid LoD 35 5al) daall ) 2lialia oy sanyiig adeaill 35 daya
- Adisall (36 dasall e dille Apd GulSadl ) (g% Al & il s

ay Lia | LIS (Sorpite) Cupses sf (TroOStite) Cafives 5 ) sy Capmsilall dnalye vie
dagiie Liad cumypadly a5l A o) Bhall o2a tie Al el Jalas il Bha A o daing
- ASaiall 3)LaY) A Jig AUl (palisial) 5508 alag G Cuginandly Capyall il dabide LSty skl

o Al Al (e 3aanll Al Lealadind Say gaall diph o [4,5] Jlee¥) cayelal 2
e ) Ll o il cawg ¢ (Annealed steel) alalls (Normalized steel) Guidll clall 4
il S 8 paall das

Al ailadll/Adsall (56 z1sdMd Alaia)

A 2l 553 APl Jhe LSSl (alliadl) po ganall 530 505 (o Lyl A glae
oailadll e IS 2 A pla) il a8l a5 (4-2) S s el 35S aliall AlUaiuy)
2355 aladiul i Aaliy gaall gae Ayt maals S0 (4-2) JSall jekay . 3800 Y Ak 4SS
o Jsanll oyl L 13 Slie 1 Gans o341 Camy 3 Jalaill Gee 58 age AT dule o IMHZ (aidic
Jgle alaie Y (Say Ale

clall e (S Lo 58T (558 sl apesill (o dabda) dhal) dalled) eV 40)laallys
ST Al alaial e )08 65 UM dlle sy dcaidie 590y aleall 138 Aty i Cua usiall

e ST sl e s 1Y) e saal G0l Ll LS il (el J<sel) o505
Sl Ul 8 sl o Cagas o3 050Kl €l la 13 (il Allall b Lgglbesind gl 3 Ayl
L g et oy L mitie A3y lle 85ty i By5l) Joas Balen) Alla b 4naial

Gy Bgludl) Bl daalyall Ba dapa 3ol ¢ Al (4 Qlpaaill G daalyall A 35ludl)
Aagalll 2Ll e @l @5 aliall Jlaadl e (5080 g Bl Cufiand) Glgia 43584

ST alaiel e 1ol el oy 2nedill 5,08 50l Llls dislll ol 41 oY

A3 83l ae Jig ¢ pabiall ilial) Ala e J81 (5S0 oudal) iliall Alla b apedl) (b Aagi
Azl 3

59



(cast La)l aas (e e by (Suen) cpus(lee) d dd e anbiall Jaall Guiiy oLl 5 S

15l ) 55nlly . 6] £SalSiall ailiaslly sl B0 835 (i sk ADle 355 4 Ly irON)

Lty an Ryt Al Al LS Al (8 2l5) oo 28l (e oS 3 [7,8]
el e g el a)gell A0

:n;ilel.. XD ul

Adle gaa 3l daw Je Jpasll IMHZ (aidie 235 pladiul meair-]

iy Jalall Bamy Slay 315 A SalSal) (ailiadlly gaal) daw (p sk A0l aag a4l a2

Y iy LSSl pailamdl) ik s Ayl dalladdl llag ()5S (syine (a IS ddpra -3

e aainy 4830

:;g ] —-o—- -30mm sk
356 | 1MHz 2 -
ii"-so . — m — -30mm iSked)
+2-35 AMHz22 5-
%ﬁﬁg | —e—-80mm Skl
50 1 1MHz 2 -
o-55 —a— --80mmAsteud

60 T AMHZ 2 5

150 250 350 450 550 650 750
HY solall

60



—-e—- -30mm asleudl

6

8 10 12 14 16 18
0 AdUaiad) A

; IMHz 2 5-
5 — = — -30mm aSledd)

) AMHz2 -
1 —— -80mm aSLaudl

@ - 1IMHZz 22 5-
:60 | | | | | | | —m— --80mmAstesdl

800 1000 1200 1400 1600 1800 2000 2200 2400 AMHZ 2 3

MPa &) dgal

— ¢ —-30mm Asledd)

j 1MHz 22 yi-
3 — m— -30mm A4St

= AMHz2 -
% —— -80mm A<Lawill

aa) IMHz 22 5-
° —— --80mm-ASteud!

-60 B — AMHZ 2253

30mMmM&B80MM cilslawd!

2- T'ynkoB A.A.,Cnosckuii FO.U., Meroau wusmepeHus

crutaBoB,MockBa, Meramryprusi,1982

Press London (1980) pp .150-220 .

61

IMHZ&AMHZ oyl alaiia) sis Aiul) duudy 30 slgals 35ually s auall BLE) da cp Aidlal) (4-2) 0

:pal yoll

1-BeibopuoB b.U.,YneTpa3BokoBas aedexrckonus, Mocksa, Meramnyprus,1984

TBCPAOCTU MCTAJJIOB U

3-Sharpe ,R ,S. " Research Techniques in Non- Destructive Testing " Vol .4 Academic




4-Prasad, R, & Kumer, S ." All Investigation into the Ultrasonic Behaviour of Cast and
Heat-Treated Structures in Steel " British Journal of NDT ,Vol.33 No. 10
,OCT.1991 pp.506- 509 .

5- V.F. Byzov, V.S. Morkun .Ultrasonic Testing of the Milled Material Characteristics.
Krivoy Rog Technical University, Ukraine 2003

6 - Lee ,s & Suen, J. " Ultrasonic Non- Destructive Evaluation of Matrix Structure and
Nodularity in Cast Irons " Journal of metallurgical transaction Vol .20A.1989, pp
2399-2405 .

7- http://www.ndt.net/article/wcndt00/index.htm

8- http:// www.ndt.net/article/wcndt00/papers

62


http://www.ndt.net/article/wcndt00/index.htm
http://www.ndt.net/article/wcndt00/papers

