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Abstract: A dead weight type Rockwell Hardnessis figured out by the information instantaneousligen from

Standard Machine with a laser interferometer opyistem
was established to provide traceability in the dfiabf

hardness measurement for Rockwell Hardness scdles

UME (National Metrology Institute of Turkey). Treaaility
of each component constituting Rockwell scales sash
force, depth measuring system and testing cycleatmnal
standards was provided by direct calibration. Talize

performance tests of the machine as a whole, hasdne

reference blocks calibrated by PTB were used. impghper,
Rockwell Hardness Standard Machine of TTUBK UME
Hardness Laboratory is introduced and its perfocaaest
results are interpreted.
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1. INTRODUCTION
With the demand of Turkish Industry a Rockwell heesss

standard machine had been decided to be established

provide traceability in the field of Rockwell Harelss
measurements.

In this project the force application system wasidied to
comprise mass stacks realizing force under theitgtanal
acceleration and a frame transferring this forcépgmf the
indenter. The frame was designed to apply 3 kgf Ehégf,
separately, as the pre-load of Superficial Rockvaeid
Rockwell scales, respectively. The forces of allciReell
scales are realized with 6 mass stacks and twdiawiali
preliminary loads provided by the frame connectihg
masses to the indenter, including the indentelf.itse

A laser interferometer optic system is integratedttie
machine as an indentation depth measurement uhé.
depth measurement system is composed of laser livezat,
interferometer and suitable optics mounted on tbphe
indenter.

Testing cycle is managed by making use of a loddtae
which the whole force application system is mounfEke
force application durations are measured with thenge in
the force value of the load cell and Force-Timatieh is
recorded. Indenter approach and penetration speees
measured by the laser system and Depth-Time infiwma
is taken from this system. Also the Force-Veloc#iation

Hardness Standard Machine,application and depth of

the laser and load cell equipments.

'I:,jlo realize performance of the machine as a wholghich
non-measurable parameters are also taken
consideration, hardness reference blocks calibriayeB TB
were used. Hardness measurement results and d¢attula
uncertainties were compared with blocks’ certifieglues

and uncertainties.

into

2. DESIGN OF THE MACHINE

It was planned to design the machine such thatyever
component constituting Rockwell Hardness to be with
highest accuracy and minimizing side effect durfogce
indentation measurement.
Furthermore, all parameters affecting Rockwell hass
measurements were aimed to be controlled and adjust
automation of the system.

2.1. Force Application System

To realize the force with the highest accuracy stadbility,

deadweight type application system design was pexfe
Force application is composed of two steps: prelaad
additional load to attain a certain amount of tdéald. The
force values are realized by 2 preloads and 6 iadditmass
stacks to cover all scales present in ISO 6508-ar given
in Tablel.

Table 1. Forces Generated by the Rockwell Machine

Pre-load Add. Load | Tot. Load Hardness

(N) (N) (N) Scales

98.07 490.3 588.4 HRA, HRF, HRH
98.07 882.6 980.7 HRB, HRD, HRE
98.07 1373 1471 HRC, HRG, HRK
29.42 117.7 147.1 HR15N, HR15T
29.42 264.8 294.2 HR30N, HR30T
29.42 411.9 441.3 HRA45N, HR45T

The smaller preload (29.42 N) is realized by makisg
of a hardened Aluminium frame. The 98.07 N prelégad
applied by mounting three masses, each having g¥3t&
the three legs of the frame manually to make d tftd 0
kgf preload. Beside these preloads, six mass staekie up
of AISI 304 stainless steel are added to the fraamse



additional loads. To prevent the frame from anydugmm
and rotational motions during load application vihiwill
affect penetration performance of the indentemas guided

With the laser system, movement of the indenterhman

recorded and all information present in Figure 3 ¢ee
controlled. Here V represents velocity and T doratf the

by two air bearings at the two ends. One of the twdndenter movement.

airbearings is square and the other is cylindrafzdped,
both are working with (4-6) bar air pressure. Igue 1, the
frame constituting the preloads and mass stackstitating
additional loads for HRC scale (1471 N) and airrlmggs are
given.
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Fig. 1. The frame and masses of the machine fot M7

2.2. Indentation Measurement System

For indentation depth measurement, a laser intarfeter
optic system was equipped on to the machine. Ther la
head was placed on its original tripod holder n#s
machine, the linear interferometer is placed omdjostable
plate on the machine and a corner cube which ipcagd to
move as far as the indenter moves was placed dheto
indenter and fastened to the indenter. By this regnn
movement of the indenter is recorded by automagimtem
of the machine and Depth—Time graph is plotted.o®igy
of the indenter penetration is also taken from flyistem In
Figure 2 indentation depth measurement principtgvien.

beam splitter

stationary corner
cube

=

Laser head

rmoving
carner cube

hardness

reference
hlack

Fig. 2. Depth of Indentation Measurement Principle

Rockwell hardness test

Indentation

Tl
-l —

Tidp

Fig. 3. Movement of the Indenter During RockwelkTe

2.3. Testing Cycle
Beside the force applied on the indenter and depth

measurement, the cycle through which the testakzed is

also critical and has effects on measurement sedultr this
reason, some velocities and durations should béaitau

and standardized. To make such a control and arstacgnt
a load cell is equipped on to the machine and bimyause
of this load cell, force application times are nefsl. Force—
Time is matched with Velocity-Time which is takerorh

the laser system to figure out the Force-Velocityiol is

effective on the measurement result. In this waye ocan
check the final application velocity between 80%9% of
the total force. With this force application manneris

possible to realize the testing cycle given in Fégd.
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Fig. 4. Force-Time Graph Possible by the Machine
3. CALIBRATION OF THE MACHINE

3.1. Force Calibration — Testing Cycle Verification

Mass stacks used in Rockwell Hardness Standard iltach
were calibrated at UME Mass Laboratory at Ix1ével of
uncertainty. After mounting the machine the forteha tip
of the indenter was checked by another load ceikator
assembly.

Force application is automatically controlled bysarvo
motor. Since the mass stacks are applied by a flanged
to a load cell as shown in Figure 5, the preloadflo



application and dwell times in Rockwell scales dam Here Hg and Hyye are the hardness measurements;sU

controlled. Indenter approach and load applicagpeeds and Uy are the uncertainties belonging to PTB and UME,

are also controlled by the servo motor and candpested. respectively. E calculated for every block and the
achievement were accepted for €1 for each block.

.I o matar activating

J I ' mechanism 4, UNCERTAINTY CALCULATIONS

- Measurement uncertainty of the hardness standasds i
load cel estimated in accordance with EURAMET/cg-16/v.01:200

[5]. The destination quantity hardness can be ddfias a
function of influencing parameters as follows:

H = f(Xq, Xp, -0, X)) (2)

where H is the hardness measured ancox ... , % are the

L square influencing parameters. The sensitivity coefficgeng, can
% air bearing be determined by either partial derivation of thedel
e J i functionf or empirical investigation of the relationship=
= =al --{Laemieﬁggzt't”mg f(x). If the standard uncertainty of each parameter;),u(x
|' . "/ F then contribution of each parameter is calculated b
¢ hardness
[ [ ] ;er:irlence block u, (H) — Ci U(Xi) 3)

e

The combined standard uncertainty is calculated by:
Fig. 5. Force Application System of the Machine

N
3.2. Indenters u?(H) =X uf(H) (4)
i=1

Tungsten carbide ball and sphero-conical diamoddnters
in accordance with EN ISO 6508-3 standard [4] wesed.
The ball indenters with 1,5875 mm and 3,175 mm di@m
and sphero-conical diamond indenters were all il at U = k.u(H) (5)
UME in accordance with EN 1SO 6508-3.

At the end the expended uncertainty is calculated b

where k is the expansion factor.
3.3. Depth Measurement System

In Rockwell method hardness is determined by Once the uncertainty of the machine is calculatezht

measurement of depth of indentation and it is zedliwith a  the uncertainty of the blocks is calculated by rigkihe

laser interferometer optic system. For calibratimnthis  uncertainty of the machine and the standard deviadf the

assembly another laser interferometer optic systemsed blocks into account as follows:

as a reference and by movement of the frame dispiant xS

of the indenter is recorded by the two lasers amdpared. u(s) = \/_b (6)
5

where u(g) is uncertainty of the mean of 5 hardness
After calibration/verification of each componentstituting  measurement mae on the block and t is the coafficieming
Rockwell hardness scale, the hardness machine dsti®ul from the Student-T for n=5. Then the combined utadety of
checked by hardness reference blocks to figure itsut the block is calculated by:;

performance including non-measurable effects. A alet

hardness reference blocks calibrated at PTB weee ts > 5

check the performance of the machine. All measungsnef U= /Uy, TU(S,) (7)
the same set of blocks were made with UME Rockwell

Hardness Standard Machine. Measurement results Wefghere \, is the uncertainty of the HSM,, s combined
compared with certificate values of the blocks amdsaw a yncertainty of the block.

significant consistency between the results. Thelte were g

compared by including the uncertainties via thefdmula  ypended uncertainty of the block is,

given below.

3.4. Calibration By Hardness Reference Blocks

U=k 8
E = |HPTB_HUME| (1) * (®)

n 2 2
\/UPTB + UUME




5. CALIBRATION RESULTS
HRBTOTAL LOAD MEASUREMENTS
5.1. Force Calibration _ 2
. A 1+ - —e—totalload
Although the masses were calibrated at Mass Latwyrat &
of UME, after mounting of the machine the force E T folerace
application system and testing cycle were calilobaloy b -1 i 23 a0 0 T8 O OIS 1orerance
making use of a load cell-indicator assembly. Tdwedl cell ",
was placed instead of the block and Rockwell téstsall TEST MO
scales were performed. Measurement results belgrfgin )
different forces are given below. Fig. 10. Total Load Measurements for HRB Scale
HRC TOTAL LOAD MEASUREMENTS
2
HRA PRELOAD MEASUREMENTS E 1 ——total load
‘2‘054 g 0‘!"!"‘H!i!!!ii§m tolerance
g 02 ==~~~ —*+— 1 preload % 4112345678 9101112131445 o lerance
e —®— 2 preload A
Lﬁ U1 tolerance -2
E'U.-Q 11234567 8 9101112131415 tolerance TEST NO
-0.4 Fig. 11. Total Load Measurements for HRC Scale
TERT NO
Fig. 6. Preloads Measurements for HRA Scale
5.2. Calibration by Hardness Reference Block
HRBPRELOAD MEASUREMENTS To see performance of the machine as a whole, afset
_ 04 hardness reference block was used. Below thaugnbers
E 02 - | —+—1 preload and graphical view for each block are given.
% 0 ,W —#—2 preload Table 2. E Values Between UME and PTB
tolerance
E 02+ 234567 8 9101112131413 tolerance Scale Hre Hume Upte | Uume En
04 23,12 23,42 0,32 0,4 0,5¢
TEST NO HRA 57,35 57,45 0,30 0,4 0,2(
Fig. 7. Preloads Measurements for HRB Scale 71,54 71,65 0,30 0.4 0,23
87,12 87,44 0,30 0,4 0,64
29,71 30,22 0,54 0,6 0,63
HRC PRELOAD MEASUREMENTS hre | -20.76 | 5047| 051) 06| 03]
0.4 73,52 73,95 0,50 0,6 0,55
Z0a L _’_émload 100,37 | 10055/ 050 06] 0,28
5 ' - reload 19,85 20,10 0,31 0,4 0,49
L O ey olerancs 3547 | 3559| 0,30 04| 024
5-0,2 112545618 9 1GIT12131413 HRC [ 4569 | 4580 031 04 0,22
04 57,60 57,87 0,31 0,4 0,53
TESTNO 70,30 70,60 0,31 0,4 0,5¢
Fig. 8. Preloads Measurements for HRC Scale 74,55 74,63 0,40 0,6 0,11
HR15N | 85,25 85,40 0,40 0,6 0,21
90,38 90,24 0,41 0,6 0,1¢
IIRATOTAL LOAD MEASUREMENTS 50,83 50,89 0,42 0,6 0,08
= 1 HR30N | 68,67 68,92 0,40 0,6 0,35
05 ——total laad 77,93 78,35 0,42 0,6 0,57
R e e o - e
5-0‘5 1 2345678 0104112134415 Lolrace
- -1
TEATHO

Fig. 9. Total Load Measurements for HRA Scale



PTB-UMEMEASUREMENTS IN HRA SCALE
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Fig. 12. Block Measurements for HRA Scale
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Fig. 13. Block Measurements for HRB Scale
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Fig. 14. Block Measurements for HRC Scale
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Fig. 15. Block Measurements for HR15N Scale
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Fig. 16. Block Measurements for HR30N Scale

6. CONCLUSION

At the end of the work explained above we endedh Wit
following conclusions;

* We have completed the establishment of Rockwell
hardness scales.

At the end of direct calibration of the machines,
we saw all scales met the EN ISO Hardness
Standards Part:3 Requirements.

* With the measurements done with hardness
reference blocks we reached good results.
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