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Effect of Micro structure on Acoustic Softening of CK45 Steel
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ARTICLE INFORMATION ABSTRACT

Vibration waves with frequencies greater than 20 kHz, known as ultrasonic vibrations, are used in many
manufacturing and engineering processes. This paper studies the occurrence of acoustic softening in
steel specimens with three different microsiructures. For this purpose, specimens with bainite and
martensitic microstructures were created by Austempering and Quench heat treatments. The final
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dimensions of these specimens were obtained with Modal finite element analysis using ANSYS
software so that the resonance frequency of the specimen is equal to the resonance frequency of
transducer. Given that ultrasonic vibration induces a tension called vibrational stress to the crystal, this
stress causes movement of dislocations and reduces the yield strength of specimens. In this paper 55 w /
em? ultrasonic vibration, 18%, 12% and 8% vyield strengths of specimens are reduced with ferrite-
perlite, bainite and martensitic microstructure. Due to the absorption of vibrational energy by
dislocation, the metal forming of these materials takes place with less energy. Also, in this paper, a
numerical model for acoustic softening was investigated and it was found that there is a good
correlation between numerical modeling and experimental ¢ results.
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Table 1 Chemical Composition of 1.1191 Steel (mass %)

Ni Si Mn C

)‘a.'.ﬂ

0.56 0.214 0.76 0.437 KW
Fe Cu Cr Mo aie
98.347 0.021 0.46 0.05 aays
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Table 2 Mechanical properties of 1.1191 steel
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Continuous Cooling Transformation (CCT) Diagram
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Fig. 1 Time-Temperature Transformation Diagram of 1.1191[7]
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Fig. 2 Heat Treatment cycle performed on 1.1191
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Fig. 10 Analysis of resonance frequency in assembly of ultrasonic and
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Fig. 11 Experimental setup for acoustic softening evaluation
s (Fod o sy Gl slr o sl acgeme 11 JSG

09 o louds 18 009> 1397 )..)T WhISw Sl [

S (903 Aiged (>15b g Jalowi -2-3
20kHZ ilig;, 558 5 SlsslS 1 o5 b gl 5 ) gy cal 5o
g o salind AT Cuud 8 g8Veh digas 4 SLika3,) JUind o Slow) (ol
4 dged yo olabsl JEsl gSlos omen g eojl 2STas a5 cpl ol
SlaisSa Jloge sgame Glall Lol Lawgs aigad e olal il 052
slp gl s iy il 3 L digas uilig; lS ) a5 a2k
asls g 2hb L8 5l eolinulsjge puganils aSenl & azg b asl
5l g a8 iy 20kHzZ 1) aiges iy, G52 Galals o9 oad
Olell Jolos gz g 08 bl dgama plodl iluad 900 Jloge
ool (gany e (sl 186 (gamans fladl b ] Sl58l8 5 51 Sgas
"8 S etmen el oad 00,5l T S o g ams oS W F
o ool SemwsST Sase,s cud Cya oV diged slal earmoslis
03l Gesd ASTM o il Joalljgmns 3 Gilisee glacwnd s
spame izl (giluacd ) eolinal b i 4 e slash o o
A8l Gl agasd wged jo B ol o slaisSay
WS oo et 53 Sl ) atels (alaie mhaw s L ATl 4 4z b
g lanl o Slals)l aels ply 6.25 aiges awg o SLal )| asls plly
Jsb o ololes ) azels &l s sazmolis "9 8" ool diged gl
sl il aboliae o dised
NODAL SOLUTION
STEP=]
%&119998.!
USUM  (AVG)
RSYS=0
DMX=1.63087

SMN=,132202
SMX=1.63087

132202 465239 798277
20872 8 064795

113131 1464
1.29783

LH]
£3175 1.63087

Nodal solution (Displacement)
Fig. 7 Modal simulation of tension specimen designed for acoustic
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Fig. 12 Stress reduction of 1.1191 with Ferrite-Perlite microstructure
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Table 3 Calculation results of acoustic energy density and stress ratio
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I
46 03142 19672 0252 0.09 54 28
90 0.6274 19672 0252 0.163 98 55
0.17 : . ' . .
0.16 [ s
015 + §
014 | .
013 | / |
012t .
o b ]
o1 | ]
0.09 1
0.08 .
03 035 04 045 05 055 06 065
Eu.s
A

Fig. 16 Dependence of stress ratio on acoustic softening density of
1.1191(ferrite-perlite)

g e S b 3V g (65 Al 5 25 25 10903 16 S

09 o louds 18 009> 1397 )..)T WhISw Sl [

JSa" Sjgen | gk opl 0 ealed plSol falS g oVgs s
505 s 15

Goue (g ibw Jowe -2-5
SeimsST (Falp 5 6lp B Lamgs 0ad &) siloue Ao cnl
Sty S5 i g 2led Dl wly 2 Sz ge Jus 355 00 035
[3] sl oas )] oy iiioe lagi 318 Jliws S
Cond (2,70 bl (55908 go0e oo cul 3l okl (6l
ool &bl Jow g aisley goae Jow sla el ailxe (gl S
3 (£) Sgo &5 amils cunp (AA) pold o5 ol5 gl lawgs
e ol ) A5 25
E m
AA = —-B(=) 1
T

Ced & 225 sla bl 5l a5 wmes olam g f dslas ol o
alinl T0gd o drle T/T Syl 5l &5 Cannd 5 g5 A bl
g o duwlze (2) alal; 5l a5 coll Slgs  SlS
)
lfKT]n(Lz)/ﬂF] 2)
¥y
S sSEYE sl sles a0 T ey cuys Kby (ol o
EAYE oimen 2l 108 1] Jade oS ol Jae o ead &I a5
ot ynolgiS1 6531 AF 2l 0.1 1 jlade a5 el Sy 158
20,5 o0 dnle 3 akl, 5l a8
AF = 0.5Gb* 3)
352 er Jsb b g (JELLISS 78) o¥g (p Jsoe G alal; (ol o
Iy SeiasST 5o 5 oo oliigo wy290 Jas 4 425 b ol
.a',si oo 45 (4) akal,

T =1/

ncosic = —B M ()" @
Sl Jleel 31 50 g 02,55 Cod jo Vgd plud plSnul ol AS),
Pl mils cus o LM =5, /7 alal ) 4 am g b ool Sigel 25l
M T e Ceusdy 196.72 GPa (B A5 Mie jgls 7Sl g pulus
Jsb 9G = 78X 107 ;28ls cews ;o b 5 B) alay, I (ygetasST (g3,
J950.6241x 10718 L1, b =0.225x 1077 a¥sd gl ;55 Jon
Ol s o by @) abayly 513 T SIS ailia] lads ] e cessa

20 - v - T T T

18 |

16 +

14 t g

Reduction of Yield Stress (%)
=1

6 M I M i i I
20 25 30 35 40 45 50 55

Hardness Number of Ck45 ( HRC)
Fig. 15 Dependence of acoustic softening and hardness number of
1.1191
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