Chapter 8 Influence of Coating Streson Surface of

GO Steel on Magnetostriction and Loss

8.1 Mechanical Properties of CGO and HiB Steel

To investigatethe effect of coating stredsy application of several coatings
the GOsteel surfaceand also to create a thernsaintraction model of coating stresses,
measurements ofechanical propertiesuch as Young's modulus, yield point and
expansion coefficiendf GO steel along thRD and the TD were carried out.

8.1.1 Measurement of theYoung sModulus

The elastic modulus, ascalled Young's modulus (E) is the linear relation
between stress and strain values in the range of the material elasticity. This modulus is a

constant value and can be expressddjas

(8.1)

where U is the strain whose values can b
To evaluateYoung smodulus 0f0.30 mm thickCGO and the HiB steel in tHeD and

the TD directiors, two sheets were cut in to strips with dimensions 305 mm x 24 mm in

the RD [001] and the TD [110] direction. After cuttingthe strips were stress relief
annealed and then pickled in to 20% sodium hydroxide to remove top coatings from the
strip surfacesThe uncoated bare steel strips were finally tested oA¥hey-Denison

tensile testing machinghich is shown irFig 8.1.
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Fig 8.1 Tensile ésterused to evaluat¥ oungs modulus of the CGO and HiB steel.

The average values ¥bung smodulus of 2 strips are presented in Tiadble8.1.

Table8.1. Young snodulus (E) 00.30 mm thickCGO and HiB stden the RD and the TD

Type of the Silicon Steel Young'sModulus (GPa)
CGO in theRD 114
HiB in theRD 113
CGO intheTD 196
HiB in theTD 195

The long axis of precipitates in the steel, elongated due to the process of hot and cold
rolling (chapter 2, is aligned close to the [001] direction of the cubic crystal as shown

in Fig. 4.1Forthisreasorthe Young's modulus along the [001] direction is smaller than
along the [110] direction. Therefore the increase of the elastic energy is lower when

participates elongate parallel to the [001] direction.
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8.1.2 Measurement of the Yield Strength

The yield strength is the stress at which a material begins to deform plastically.
To find a position of a limit of proportionality on the stress vs. strain curve a proof
stress was definefl]. The 0.2 % proof stress is required to produce a permanent strain
of 0.002 mm.

The yield strength based on the tensile test results fhensectior8.1.1 was
estimated by the 0.2 % proof strassthe rolling and the transverse directitum the

samesteel used to evalua¥ung smodulus and is presented in tHable8.2.

Table8.2. Yield strength masired in the RD and TD by 0.2 % prodfess

Type of Steel Yield Strength (MPa)
CGO in theRD 289
HiB in theRD 310
CGOin theTD 295
HiB in the TD 320

8.1.3  Measurement of the Thermal Expansion Coefficient

The linear thermal expansion coefficidtof the material is defined by [2]:

Y0 8.2)

0= 555y

C:l =

whereYL is the increase in length of a unit length L for an increase in tempe¥ature
A dilatometer shown in shown Fig 8.2 wasdesignedo teststrip with dimensions 10
mm X 4 mm.The size of a strip tested in the dilatometesin the range of a single
grain of the HiB steel. Thereforeat obtain the average value of thermal expansion
codficient a part of the bar€GO shee(top coating was removedyith the smallest

selected grains was cumtto strips
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Fig 8.2 Chamber of dlatometerused to heatnd measure thermal expansion of the C&Qp s

Two strips 0f0.30 mm thick CGQwith the long axis parallel to the rolling and the
transversedirection were tested. The strips werethen pickled in a 20% sodium
hydroxidesolutionand stress relief annealed. During the measurement each strip was
heated up to 850eC and an expansion of

curves of the expansion due to change in the temperature are preségegi3n

T
-«

Fig 8.3 Thermal expansion characteristic in the rolling and the transverse directite @GO
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