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Effect of Time-Related Parameters on Rockwell Hardness Measurement
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Abstract: The effect of time-related parameters such as loading velocity, load application time, gauge reading time on
Rockwell hardness measurement was investigated for PE, PP, PVC, and PMMA. It was found that keeping the specific
requirements in the same condition is very important to obtain reliable and repeatable data in polymer hardness
measurement. The optimum condition for hardness measurement was 4 sec for load application time, 15 sec for test load
application net time, and 15 sec for gauge reading time after unloading. Using thess conditions, round robin test was carried
out for 6 laboratories and it was shown that the testing machine should be one in which time-related variables are
controllable. Indirect verification of hardness tester using brass reference block was not enough to guarantee the test results
for polymer.
Keywords: polyethylene, poly(vinyl chloride), polypropylene, PMMA, Rockwell hardness, round robin test.
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Figure 1. An example of real time measurement of time-displacement
during hardness test.

Table 1. Selected Test Conditions for Hardness Measurement

Test condition Loaq application Test Foad holding Beadmg
time(sec) time(sec) time(sec)
Standard 4 15 15
. 2
Vanz?tlor.l of lload 6 is 15
application time
10
Variation of test load 4
none 4 10 15
holding time
16
Variation of readin; 2
aron & 4 15 10
time after test 20
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Fignre 2. Comparison of HRR and HRL hardness values for the 4 kinds of
polymer.
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Figure 3. Variation of hardness value depend on the load application time,
i.e., loading velocity. Deviation of hardness from test condition of 4-15-5 sec.
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Figure 4. Effect of load application time on the hardness measurement.
Deviation of hardness from test condition of 4-15-5 sec.
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Figure 5. Effect of reading time on the hardness measurement. Deviation
of hardness from test condition of 4-15-5 sec.
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Figure 6. Result of indentation depth measurement.
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Figure 7. Amount of elastic recovery for each polymer materials after
release of test load.
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Figure 8. Amount of elastic recovery expressed in percentage after
hardness measurement.
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Figure 9. Results of indirect verification of hardness tester using brass
reference block. (a) HRL hardness scale and (b) HRR hardness scale.
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Figure 10. Results of round robin test for HRR and HRL Rockwell
hardness scale. (a) PE and PP, HRR scale. Deviation from KRISS value.
(b) PVC and PMMA, HRL scale. Deviation from KRISS value.
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Table 2. Comparison of ISO, ASTM, JIS, and KS Standards for Rockwell Hardness Measurements

Norm 1SO 2039-2(1987)

ASTM D 785(1993, Proc. A)

JIS K 7202(1982), K 7202(1995) KS M 3037(1983)

R :12.7£0.0025

112.740.015 R :12.700
IE '63;i3 315 L 16.35£0.0025 L 6350 R :12.700
Indenter diameter(mm) " N 6‘ 35 io. 015 M :6.3520.0025 . : 6‘350 L :6.350
PR E :3.175£0.0025 D M :6.350
E :3.1751£0.01 ti han 0.002
3.175+0.015 K : 3.17520.0025 deformation less than 0
Preliminary load 98.07N£ 2% 10 kgf 10 kgf {98.07 N} Same as left
Calibration of preliminary load Not specified Not specified £2% at (Measurement position; 130) Same as left
R :588.4 +2% i ggg){
L 15884 2% ; R&L :60kgf {588.4N}
Test load(N : S left
estload(N) M :980.7 +2% M- 100 ket M 100 kef {9807 N} ameas’e
E 9807 +2% E - 100 ket
e K : 150 kgf
I . - 60 kgf; £0.7(Measurement position; 100+5)
Calib ft t left
alibration of test load Not specified Not specified 100 kef: 2% (Measurement position; -0+ 5) Same as le
At30,50,70,90 & 110
I ) : . | 1 3 » 4 S l f[
ndicator accuracy 0.001 mm 0.001 mm Less than £0.5 Hardness value ame as le
4~5 s with 4~ i i
Adjustment of load application specsin‘:leln alzo 3 WItIhOEOk;eumen a About 5 s with no specimen at 100 kgf 4~5 s with no specimen at
locit, . load 100 kgf {980.7 N} load
veloetty 980.7 N load {980.7 N} load (980.7N] loa gl {980.7N} loa
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