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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, PR, 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
gpplication 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.
Keywor ds: polyethylene, poly(vinyl chloride), polypropylene, PMMA, Rockwell hardness, round robin test.
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Figure 1. An example of red time measurement of time-displacement
during hardness test.

Table 1. Sdected Test Conditionsfor Har dness M easurement

- Load application Testload holding  Reading
Test condition time(sec) fime(sec) time(sec)
Standard 4 15 15
- 2
i 10
. 4
wmdees . wom
9 16
- " 2
Variation of reading
time after test 4 15 ;8
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Figure 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.

Indention depth(um)
g

204
£ MRS N D N K O

PE PP PVC PMMA  Brass
Materials

Figure 6. Result of indentation depth measurement.



AR B2 mad Bl nA s 9% 539

o o
o
f
rlr

e
ol
o
¥

Uﬂ pES} PP 71<) x}om Hg e AL o5
%k ol 7} 714 2 21
A=l J—H}MIH AEZAe| nHE o

E h,]. o] gJorm g Bl 3|Haks

571 flete] Flekes 2 Vs s frAlehe LEHOﬂ

o5 & SAsKIE 21 A3} Agure 79 22 A

&’12111 PES| 8153o] 719 ik PESH PRS vl wahe A

Zol= 1@ & ASb LA B shuge T 2 Ao
= Pre] Ak Aol Fi 24wWHel

o 3

B o
N
E
1o

>,
N
oy
0 o
rw.

F

¢
o?L
J

o JE H

5 o

3 o
o

Q0
o
N

2 2

12
N

N
~+ g

X
8
fl
K
2
>M
rlo

R AL qmw = pES) PP7 B4 WRge ulv:—om
@ FES] el PR 2 sl 4 990 2 o
o] f1gle] slo] kel olsk A H Aol ol Ak Fgure

off that g Ak Aol pPe] 75 &

w2 AORHEE RIS o gl
PVCS PMMAZS nwabd okxlzke] Hul 9elzlo):= w|%sh}
B 3] 5eke] glojAE PVCrt A Ao Uelsith ey 4=
A= PMMAZE PVCETE 2 2o Yepdsd o3l
PMMA®] 79, T 3]5ake] Wobx vk Alskshs <t ¢
o7} ¥ wol E01E3laL oAl A= Ajole] o] HdEE
th. PMMAS] gd WslsFo] pyCHUE & 212 Fgure 8ollA =
& Qi olzfd AyE Fal & u) iAo EAS s
| =ohal &tod PMMAZ} PYCET} 3 €] Hu

160
1407
1207
807
60
404
207
OA

PMMA Brass
Matenals

Figure 7. Amount of elastic recovery for each polymer materias 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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Table 2. Comparison of 1SO, ASTM, JIS, and KS Standardsfor Rockwell Har dness M easurements

Norm 1SO 2039-2(1987)

ASTM D 785(1993, Proc. A)

JISK 7202(1982), K 7202(1995) KSM 3037(1983)

R ©12.7£0.0025

: +0. 112,
R . 12.70.015 L :6.35+0.0025 R .12 700 R :112.700
) L :6.350.015 . L :6.350 .
Indenter diameter(mm) . M :6.35£0.0025 . L :6.350
M - 6.35£0015 E :3.175+0.0025 M - 6.350, M :6.350
: +0 1 3.17520. . . 1 6.
E :3.175%0.015 K :3.175£0.0025 deformation less than 0.002
Preliminary load 98.07 N+ 2% 10 kof 10 kgf {98.07 N} Same as left
Calibration of preliminary load Not specified Not specified +2% at (M easurement position; 130) Same as left
R 15884 +2% T gg :g:
L :588.4 2% i R& L :60kgf {588.4N}
Test load(N M @100 kgf left
estload(N) M :980.7 +£2% - 100k M : 100 kgf {980.7 N} Same as|e
E : 980.7 2% E - 100 kof
T K @150 kgf
I - . 60 kgf; £0.7(M easurement position; 100+5)
Calibration of test load Not specified Not specified 100 kgf: +29%(M easurement position; 704 5) Same as left
. At 30,50, 70,90 & 110,
Indicator accuracy 0.001 mm 0.001 mm Less than +0.5 Hardness value Same as left
: - 4~5swith no 4~5 swith no specimen at ) ) ) )
Adjustment of load application specimen et 100 kgf About 5 swith no specimen at 100 kgf 4~5 swith no specimen at
locit 980.7 N} load 100 kgf {980.7 N} load
veloatty 980.7 N load {980.7 N} load { } loa o ) loa

Z2|H, A297 A6Z, 200550
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