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Evaluation Technology of Degradation of Metallic Alloy using
Electrical Resistivity
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Abstract : Developments of nondestructive evaluation techniques for reduction of strength or toughness by aging of material
have been carried out, and the method using electrical resistivity is one of them. In this study, to examine the application of
electrical resistivity to the evaluation of degradation of metallic alloy, ten different non—magnetic materials were selected as
test materials. Electrical resistivities measured by DC two-point probe method and those measured by non-contact type eddy
current method were compared with each other. In addition, to examine the application possibility of four—point probe
technology in field, the electrical resistivities for 1Cr-1Mo-0.25V steel measured by DC two-point probe method and
four-point probe method were compared with each other. Differences between two measured values for the 1Cr-iMo-0.25V
steel were 06%. Therefore, the four-point probe method can be applied to the estimation of the degradation of metallic
alloy.ect.

Keywords : electrical resistivity, DC two-point probe method, eddy current method, four-point probe method,
1Cr-1Mo-0.25V steel
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Fig. 1 Measurement method of electrical resistivity
using DC two-point probe
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Fig. 2 FElectrical resistivity of metallic alloys measured
by DC two—point probe
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Fig. 5 Electrical resistivity of metallic alloys measured
by eddy current method
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Table 1 Measurement results of electrical resistivity of metallic alloys
specimen Measured value *ua(%) Measured value *ua(%) Error
(two-point probe) ©, %IACS (Sigmatest D) @, %IACS [(D-@)DIX100 (%) &

Pure-copper 99.60x0.071 100.09+0.015 - 049
Copper Cu-1 78.10+0.059 79.28+0.035 - 151

(Deoxidized Cu-2 84.45+0.066 84.77£0.564 - 0.38

Copper) Cu-3 84.00+0.096 82.9210.244 +1.39

Al 6061(Al - Cu) 4253+0.047 42.04+0.026 + 115

Al 2024(Al - Mg - Si) 30.02%+0.059 30.04+0.192 - 0.07

Brass Brass-1 22.98+0.064 2294+0.072 + 017

(Cu - 7n) Brass-2 22.86+0.044 22.78+0.139 +0.35

Brass-3 2282+0.074 22.81£0.028 + 004

(TiJ(; gf /ﬂ:\é 5’_1311 0 1.016£0.098 1.021+£0.055 - 049

( ua : Type A standard uncertainty)
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A7 WA 2442)= Fig. 739 7%0] four—point probe
(%= Jandel =9¢] TC-100-100, probe spacing : 1.59mm)
9} Y AFA(SY Burster 6426, A8= 1 01%) = AY
A=, Datron 1281, A= : 0.001%6)2 €k

High insulation
resistance

i constant current —7 |
supply

Power supply

Probe
electronics

[; Digital 1| Microcomputer

T
Four- point probe voltm etar

Fig. 7 Block diagram of KRISS measuring system

3.1.3. AlgH

Aol AL ZAE shEdds EIZE] gol A}
E5HE 1Gr-1Mo-0.5V Zolw, dAlz dstg Az
nAzAT FALEE vAzAE 2E AlRE 47] A
d9Hen A4 AMREGRTIRT £ 2E6300)
oM T2 <3 ALstges, F 5mm, FA 1mm, 2o
somm$] Y AldRE AT

AR ARl me AR wae L)
slsted Fig. 8% o] AWML AT,

105mm

I(;)adinc s o I:adina
irection =t/ i irection
=g el
O O
/
Fig. 8 Sampling orientation of electrical  resistivity

specimens

3.2.1. Jlskety 2Hoixte| ZH

75,0003+ 100,000 Azt A& Gsld 2alAle d7)H)A
g qgdyeon ZAslgon o AMSE AlFHe
e £ vojuo] AaHa(00mme] FEEE &
gelgem 43S Table 29 2ok A¥#He| g 47
3 &AL 73 BAS "o E 3 4 mm o5
FAZ = A 5 9439 AR dete 2 A
go| mv|gt T 2 B@NA w2 s1sErE 1Al
A7b FEA Qe Smits®] BA E[13]0] WeslE o]
ElZ polynomial fitting(9th order)dle] RAAAE -8}
dom 2 AN Table 29] 71259] ek z8lx
BAAA Co FA 4L g 2tk

C = -0.14571 + 1.08141X + 0.08871X2 - 0.07738X3 +
0.01451X4 - 0.00136X5 + 0.00007X6 - 1.6983X7
+ 15867X8 + 1.014GXQ ccrovvreerrrssassssrmnanens (10)

71 Xe (1R B)probe A Uehde,
probe 7H4& 150mmolth.  AH&- probe heade] typed
tungsten-carbide tip°] L, tip WA 1004m, tip 3L
100gelith

Table 2 Geometric correction factor

Specimen | Thickness (mm)|Width (mm)| Correction factor
75,000 -1 1.04 520 2.863

-2 1.03 5.08 2.819

-3 1.12 5.02 2.7%6

-4 0.95 498 2.782
100,000-1 1.04 5.13 2.837

-2 1.05 5.08 2.819

-3 114 504 2.804

~4 10.94 495 2.770

3.2.2. ARRRIH]| of8t H|NE &R}

A4S AR HIAE SR A @A Tk 4
@l B A3Ee] AYgke dw BAdAet AR
FARNH AL APHER WA AgE A 54
& on 1 A7E Table 30 YERIITE Table 39 v}
e a, b, ¢ o] S0mm AlFHA tid 4839 FHAA
& vehlle 2024 a9t o= A1EH EollA 10 mm "o
Aol bE FYNA ZHE AXelth Table 3ellA
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Table 4 Average value of electrical resistivity of 1Cr- .
IMo-0.25V steel by four-point probe method

Sk gkt Table 2004 788 574 ¥ BA/NAZHE]

A AEe et on Table 4°ﬂ I ATE YeRRgl
. Average resistivity Tk o714, Table 39 REX ghE& v ksl vlsio
Specimen a b c [
{ & cm) I 9 okl MAE we 1 %1%3 Wy om Folx
75,000712 29;2 27?33 26.68 27.85 ERd 3150 zhzte] o A|olA] 34 24T gk HF
- 4. 5. 2577 2552 —_ . E b hER] b e
B ol Bved el e Qsolt). Table 494 78 71 AR 94F G5
-4 | 2563 | 2543 | 2556 25,54 Type A BEFH=E AA AR 01 - 1.3% ol 2
100,000-1 | 2829 | 27.74 | 27.14 2772 I el AR 4R 54 AlARle] Type B 23
-2 | 2562 | 26.19 | 2558 25.80 T Table 59 2t) = ﬁ'E«] AL 1992
3 | 2538 | 2574 | 2562 0558 R
4 | 2% | %500 | 2298 2509 ISO/IEC/OIMI/BIPMe 4] & 7FsE “Guide to the

expression of uncertainty in measurementx‘”ﬂ] ZA sk
Feigint, 18 Tatelal A FHEIREE Type A

Table 5 Uncertainty estimation of KRISS resistivity Type Be RSS(Root Sum Square)Q] 1.34%0]H, A4 &

measurement system

gy o 37 Bive dAEEY T oujol 268%7)
Type B uncertainty ] ek Taple 40014 LIS o] 1 wkakell A 71 2 zho)
— probe spacing accuracy 0.3 % vgton the whskoAe] A 7] Bl & gkghol] Ble ok 10%
- geometrical correction <0.1 % 45 e yo. . -~
- electrical circuit accuracy 0.1 % B ke o Nl S Alelehan Snisk 4 v
- thickness accuracy 0.3% ol Ae] A7Iv)Agle] 7H ﬂL A ek Wk AlE
Total Uncertainty : 0.45 % (RSS, 10) A AR el fefsior gt
X 3 SF EX{7
Table 6 Uncertainty of thickness(t),  width(w), probe 3.2.3. 2EAdol oigt WM HHEM
spacing(s),  electrical  resistance(R)  and
resistivity( ©) by DC two-point probe method oo zuo] E 4 Wk} 7B,000-49 A@HE BT
t TwlsT R’ T (o of WAL s AFe 006 44 AYE
(mm) | {mm) | (mm) | (m®) [(£ L2 cm) 2 71X Fluke 382 A AAFYeE dF 1 AE &9
Measuring value| 0.95 | 498 |17.81| 09675 257 I AL 001 % AFEEE 714 Datron 1281 DVMe
Uncertainty | 2 % | 06 %02 %| 0.06 % ég;fm 2 23890 Table 6& 283l & A

Table 3 Electrical resistance of Cr-Mo-V steel by four—point probe

Resistance value (unit : m&) Resistance value (unit : m&)
Sample a b o Sample a b c
0.09765 0.09305 0.09005 0.09490 0.09365 0.09185
75,0001 0.09740 0.09230 0.08945 100,000-1 0.09650 0.09330 0.09315
0.09890 0.09360 0.08930 0.09630 0.09460 0.09100
0.08775 0.09065 0.08840 0.08700 0.08860 0.09085
75,000-2 0.08490 0.08880 0.08875 100,000-2 0.08485 0.08205 0.08585
0.08525 0.08740 0.08905 0.08780 0.08830 0.08260
0.07965 0.08005 0.08280 0.07910 0.08215 0.08065
75,000-3 0.08035 0.08000 0.08235 100,00-3 0.07975 0.07985 0.07950
0.08000 0.0761 0.08270 0.07935 0.07960 0.08030
0.09660 0.09555 0.09590 0.10120 0.09555 0.09660
75,0004 0.09660 0.09595 0.09755 100,0004 0.09695 0.09560 0.09570
0.09770 0.09715 0.09665 0.09640 0.09535 0.09400
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Fig. 9 Dependency of electrical resistivity on aging time
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