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Research on hybrid GR&R method of automatic hardness testing system

based on process decoupling

MENG Wei, SHI Wei", CHEN Shilin
(AVIC Changcheng Institute of Metrology & Measurement , Beijing 100095, China)

Abstract: To systematically solve the application problems of Measurement System Analysis (MSA) in the auto-
matic hardness detection system, the particularity of its MSA is expounded, and points out the limitations of the tradi-
tional Gauge Repeatability and Reproducibility (GR&R) method in the identification of variation sources and experimen-
tal design. On this basis, a "process decoupling hybrid GR&R" experimental strategy is proposed, which decouples the
hardness testing process into two sub processes: indentation generation (destructive) and indentation measurement (non-
destructive). Nested design and cross design are used to separate and quantify the variation sources, respectively. Through
the construction of an automation platform with double detection units, the systematic MSA experiment was conducted,
and the analysis of variance was used to evaluate the influence of equipment repeatability, reproducibility and interaction.
The results show that the proposed method can effectively identify the dominant variation sources, and provide a feasible

analysis framework for the performance evaluation and optimization of the automatic hardness testing system, which has
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strong engineering applicability and popularization value.

Key words: measurement system analysis; hybird GR&R; process decoupling; destructive test; automation hardness

testing; repeatability; reproducibility ; nested design
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Fig.1 Schematic diagram of automatic Brinell hardness

testing system
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Fig.2 Workflow of automatic Brinell hardness testing system
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Tab.2 GR&R experimental measurement data

(indentation diameter)

T il #c A/ mm RS0 ¢
1 A 1.491 1
2 B 1.499 1
3 A 1.495 1
4 B 1.502 1
5 A 1.492 1
6 B 1.506 1
7 A 2.009 1
8 B 2.064 1
9 A 2.030 1
10 B 1.964 1
11 A 2.066 1
12 B 1.971 1

£3 RATF E5HERGRE x B4)
Tab.3  Results of two factor analysis of variance

(equipment X parts)

SRR DF SS MS FI&

EOEEEMEETT) 1 0.000494 0.000494  0.006

T (55 ) 10 0.820 127 0.082 013

)=yl 11 0.820621

. DF A H HE (Degree of Freedom); SS A 77 22 M1 (Sum
of Squares) ; MS A /7 2 (Mean Square )

k4 MNIRARFFTENFSMER
Tab.4 Measurement system variance component
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Tab.5 GR&R experimental measurement data (indentation diameter)

£ Rl o0 4 F / mm I T A LoRlE T AR/ mm -t 5T
1 A 1.496 1 7 A 2.020 1
1 A 1.496 2 7 A 2.020 2
1 A 1.496 3 7 A 2.024 3
1 B 1.499 1 7 B 2.033 1
1 B 1.499 2 7 B 2.033 2
1 B 1.499 3 7 B 2.037 3
2 A 1.496 1 8 A 1.963 1
2 A 1.496 2 8 A 1.958 2
2 A 1.492 3 8 A 1.958 3
2 B 1.492 1 8 B 1.970 1
2 B 1.494 2 8 B 1.974 2
2 B 1.490 3 8 B 1.970 3
3 A 1.490 1 9 A 1.951 1
3 A 1.496 2 9 A 1.947 2
3 A 1.496 3 9 A 1.951 3
3 B 1.492 1 9 B 1.951 1
3 B 1.492 2 9 B 1.951 2
3 B 1.490 3 9 B 1.951 3
4 A 1.510 1 10 A 1.978 1
4 A 1.506 2 10 A 1.978 2
4 A 1.506 3 10 A 1.978 3
4 B 1.501 1 10 B 1.978 1
4 B 1.503 2 10 B 1.978 2
4 B 1.503 3 10 B 1.978 3
5 A 1.495 1 11 A 1.999 1
5 A 1.496 2 11 A 1.999 2
5 A 1.495 3 11 A 1.999 3
5 B 1.499 1 11 B 2.003 1
5 B 1.501 2 11 B 2.007 2
5 B 1.501 3 11 B 2.007 3
6 A 1.503 1 12 A 1.943 1
6 A 1.497 2 12 A 1.939 2
6 A 1.503 3 12 A 1.943 3
6 B 1.501 1 12 B 1.943 1
6 B 1.501 2 12 B 1.949 2
6 B 1.503 3 12 B 1.949 3




124 - HBig5HF* 2025 F 5% 45K F 64

6 REFIEHpHERCEME x AR ET)
) : 99.97%
Tab.6  Results of two factor analysis of variance 100
(equipment X parts) 30l
P DF  SS MS FIE /P S o
A 11 4.18103 0.380094 8116.10/0 55
. K 40t
) BT 1 0.00017 0.000165 3.52/0.087
Tk x KA 11 0.00052 0.000047  11.63/0 20k
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Tab.8 GR&R evaluation index results
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Fig.5 Sample mean control chart
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Fig.6  Distribution of measured values of each workpiece
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