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A Study on the Evaluation of Uncertainty of Rockwell Hardness C Scale
According to the Korean Industrial Standards(KS)

G. W. Bahng and Nae-Hyung Tak
Div. of Chemical Metrology and Materials Evaluation, Korea Research Institute of Standards and Science,
#1, Doryong-dong, Yusoung-gu, Taejon, 305-600, Korea

Abstracts Recently, uncertainty of hardeness became a major concem for the people working on the laboratory
evaluation and accreditation. It is required to indicate uncertainty of hardness tester on the report after calibration. In
addition to this, uncertainty of certified hardness reference block is also required to indicate on the certification sheet.
Method on the evaluation of uncertainty in hardness measurement is agreed only recently for Rockwell hardness C
scale. In this paper, a preliminary calculation of uncertainty based on type B evaluation has been made for hardness
testers which satisfies the requirements of Korean Standards. It was found that the tolerance limit of mean value
specified in KS should be increased to be compatible with the calculated uncertainty.
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Table 1. Sensitivity coefficients at different hardness
levels for each parameter in Rockwell hardness C scale.

Sensitivity coefficient at different

hardness levels, il

ox;
lelj:d(‘}‘f;é) 20~25 40~45 60~65
F,(N) 12107 7.010° 5.010”
FQN) -4,0 107 -3.010% -2.010?
o) 1.310%° 8.0101 4010
r (mm) 1510* 3.010%! 5.010%!
d (um) -5.0 10! 50101 5.0 10
v (um/s) 2.0 10° 0.010%° 3.010%
t, (s) 1.010* 5.010° 4.010°
t(s) -7.0 10 4.0 10 -3.010%

ul(H) = G%)Zuz(i‘p )+ (g—i,I)ZuZ(Fi) + (%L:)Zuz(r)
+ (%Dzuz(a) + (g—g)zuz(tp) + (%zuz(t)
+@i;)2u2@) +( @ ®

ASAFE A3 598l HFHE 71E712RE
TaloF 35 WeF 19 7= HY| dudArt #4FHC
2 B3E 7 00 28 vRdle 78 4% gl
d24 4 Hol dum)t F= HHRC) o] #A L
ol 23l H =100-0.5d °J7] o1& wj¥ald ¢
fold P A= F=AGTE BoiAT 1 e

-50x10" o} B}, 239 ATHRCS Aol= z+
A A=A97 Rug vl lovi[4,5] Table 1&
olF AXATE Ax STHEE Y Aot

22 BELKRIBEKSHl iR HE Alf7| &%
8}To| At

2 (3y% ol83ld A4 EFE EBIAEE FIEdE 7
LA BE EYTE Tl $t & QA BF
BT dojee] F/Fu 24 we) AY 718 A
AAY BE W7le AX 73t £ =EdMe §=
AAEE HAFHY de= = AENY e FAE
o2 BY W/E AX 734 Table 2= AE
Al@719 F2o0e dis $=4RI¥FE KS B5526 (2
34 Zx AE7hieFt KS B5530 (34 A% 71E
B)[711K Lut A1d7Ie} 7120 sk A3t
= Y AIgolel tis] BAEY] e 38 FAE
g gl Reloh

71&E8E, AIEE, =20 4%, y2A) g v,
A AN Fol Uizt 54 Fh= Table 2614 B
Fo] = ARIFF E£931A FAHo ). 2B
M &, 7IESS FRAARL, A1BEE SR 59
Az A dxie FEE U8l diside ol sigst
€ 7742 KS B 0806 (349 A= AlY W8I
Avirols 38 Iz} PAEHY A gt HHes
ol UAIES] 3& FAE olsl e WHos 73}
.

KS B 0806 (2329 A= Alg i) 7340 23}
H =7} tig HRC 60 S A8 C Hx A8
S W TEA Y]] A8AZ0] 2~3 U} HES

Table 2. Tolerance limits(ta) according to the Korean Standards(KS).

% KS B5526" 3 KSB5530" 3
F,™) +0.20 kg (+1.96 N) 196 1% (£0.1 kg, +0.98 N) 0.98
FON) 1090 kg (8.8 N) 838 0.3 % (£0.45 kg, +4.4 N) 44
) £30' (+0.5) 05 £10' (£0.17) 0.17
r (mm) +0.02 mm 0.02 10.003 mm 0.003
d (um) 0.5 HRC (1 mm) 10 0.3 HRC (0.6 um) 06

[Calculated from the indentation

[Calculated from the indentation time for HRC 60

V)| e specified in KS, 2~3s] | S 18/135 || ook as specified in KS, 3 s at HRC 60] 54
t, (s) Not specified. 2 Not specified. 2
tE) 26 2 10s. 01

*For Rockwell and Rockwell Superficial Hardness Testing machines
**For certified reference blocks of Rockwell and Rockwell Superficial Hardness
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Table 3. Evaluation of the uncertainty propagation in the case of conformity assessment for the hardness testing machine
and for the indenter according to the KS B 5526-1981, for general purpose of use.

Sensitivity coefficients at different | Contributions to #’(H) at different hardness
2
2 4; oH 20y = (OHY,2
% 3 u“(z,) = 3 hardness levels, o, levels, ™ (H) = Bxi u(x;)

20-25 40-45 60-65 20-25 40-45 60-65
F,) | 196 1.310*° 1210" | 7010% | 50107 1.910* 6.410° 3310°
F(N) 88 2.610 -4010% | -3.010% | -2.010% 42107 2310 1.010%
al®) 0.5 8.3107 1310" | 8010 | 4.010" 1.4 10" 5310 1310%
r{mm) | 0.02 1.310* 1.510%" | 3.010* | 5010 2.910% 1.2 107 3310
d (um) 1.0 3.310" 50107 | 50107 | -5.010" 8310% 8.310% 8.3 102
v(um/s) | * x 2010% | 00107 | 3.010% 4110 0.0 10%° 5.5 10
t, (s) 2 13107 1010 | 5010° | 4010° | 1310* 3310° 2.110°
t(s) 2 1.310%° 70107 | -4010% | -3.010% 6.410° 21103 1210°
Total u) = Y u? 0.36 0.288 0.50
Combined standard uncertainty, u, 0.60 0.54 0.70
Expanded uncertainty, U = ku, 1.20 1.07 1.40

* It is 17.5, 16, and 13.5 for each hardness level, respectively.

** It is 1.02x107, 8.5x10", and 6.1x10" for each hardness level, respectively.
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Table 4. Evaluation of the uncertainty propagation in the case of conformity assessment for the hardness testing machine
and for the indenter according to the KS B 5530-1981, for calibration of standard blocks.

, Sensitivity coefficients at different | Contributions to #*(H) at different hardness
% 3 uz(x,-) = 3’ hardness levels, %ﬁ—f levels, u’(H) = (gg)z“z(xi)

20-25 40-45 60-65 20-25 40-45 60-65
F,Q) | 098] 3210" 1.210" 7.0 10 5.0 102 4610° 1.610° 8.010*
FQD) 4.4 6.5 10*° -4.010% -3.010* -2.010% 1.0 102 5910 2.610°
al®) 0.17 9.6 103 1.3 10%° 8.010? 40101 1.610% 6.110° 1510°
r (mm) | 0.003 3.010° 1.510%! 3.010%! 5.010%! 6.810* 2.710° 7510°
d(um) | 0.6 1210? 5010 50107 5.0 10 3.010? 3.010% 3.0 10
v (um/s)| 5.4 9.7 10*° -2.010? 0.0 10%° 3.0 102 3910° 0.0 10%° 8.710°
t, (s) 2 1.310*° 1.010* 5.010° 4010° 1310* 3310° 2110°
t(s) 0.1 3310° -7.010% -4.010% 3.010% 1.610% 5.310° 3.010°
Total u? = Yul 0.065 0.046 0.051
Combined standard uncertainty, #, 0.26 0.22 0.23
Expanded uncertainty, U = ku, 0.52 0.44 0.46
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Table 5. Tolerance limit of average value(average-nominal
value) and scattering range(max.-min.) after 5 times of
measurement on certified reference block at different hard-
ness level specified in KS B 5526 and ISO 6508-2.

Tolerance limit of | Tolerance range of
Hardness level average scattering
(HRC)
KS ISO KS ISO
60-65 0.8 +1.5 0.8 12
45-50 +0.8 +1.5 0.8 1.8
30-35 $1.2 +1.5 1.0 2.1
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Table 6. Comparison of Rockwell hardness C scale standards.

. 1SO (97) EN(94) ASTM (97) JIS (92/93) KS 91)
Preliminary test force (F,) 12.0% 12.0% 10.2kgf 12.0% 0.2kgf
Test force (F) 11.0% +1.0% 10.9kgf 10.7% +0.9kgf
Indenter angle (o) +0.35° +0.35 10.35 0.5 +30'
Indenter radius (y) 10.01 nm 10.01 nm 1+0.01 nm 10.02 nm 10.02 nm
Indentation depth (d) 10.001 nm 10.001 nm 10.001 nm 0.5 HRC 0.5 HRC.
Indentation velocity (v) 1~-8s 2~8s 1~8s 2~3s 2~3s
Preliminary test force dwell time within 3 s over2s within 3 s Not specified. | Not specified.
Test force dwell time 442s 442s within 3s, 5~6 s 2~6s 2~6s
gml}gl:nt:iei:t::vjznte? ﬁ(ﬁ:ia;u;l;isoone within 0.5° within 0.5° Not specified. | Not specified. | Not specified.
m’g‘“@ g e and it D0 | Not specified. | Not specified. [within £0.5 HRCyithin £0.5 HRC
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