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Abstract. Carburizing is the most common heat treatment process for hardening
ferrous alloy. The quality assurance of carburizing process requires metallo‐
graphic analysis of case depth, retained austenite, intergranular oxidation, and
carbide network by means of metallographic sample. Metallographic preparation
consists of sectioning, mounting, plane grinding, polishing to mirror surface. It
is difficult for non-expert to prepare metallographic sample with global mirror
surface because preparation skill needs long time experience in this field. In this
study, the difference of EMG activity during handheld grinding motion for metal‐
lographic specimen between expert and nonexpert execution was analyzed. The
expert’s abductor pollicis brevis, extensor carpi radialis brevis, and triceps brachii
were working activity than the other muscles. We considered that these muscle
activity balance by the expert contribute to the stable grinding conditions and
good surface finish.
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1 Introduction

Carburizing is one of the most common case hardening techniques used for ferrous gear
part. In addition to a surface hardness measurement by Rockwell hardness tester or Micro
Vickers hardness tester, the quality of test specimens was evaluated by effective case
depth measurement and a metallurgical examination. The metallurgical examination
includes retained austenite; network carbide, inter-granular oxidation depth; and grain
size measurements [1]. A near surface microstructure is required to accurately examine
test specimens acquired from a heat treatment lot. The preparation process of the test
specimen consists of sectioning, hot-mounting with epoxy resin, and grounding by SiC
papers and alumina suspension. After the grinding, the test specimen is inspected with
microscope ×100–1000.
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During the preparation process, if the test specimen is altered, or edge rounded,
accurate metallographic information cannot be obtained. Resin or core perlite is softer
than the case martensite, and therefore can be ground quicker. If this occurs, the surface
of the specimen becomes rounded which prevents a microscopic, near surface micro‐
structure analysis. Difficulty arises when pin-pointing the exact cause of process failure,
especially when evaluating the quality of the heat-treatment process. The preparation
process of this specimen is standardized by ASTM E3 [2]. LE Samuels established the
foundation for the theory of preparation of a specimen [3]. And Smith MF compared
the outcome of thermal sprayed specimens created by different abrasives [4]. However,
a study was not conducted on how skills are acquired when handling a specimen, which
experts obtain through long-term experience. In fact, the obtained near surface micro‐
structure may differ dependent on the skill of an expert, or non-expert. The hardness and
shape characteristics of the specimens vary depending on their components. Experts
change their grinding and polishing processes according to the specimen’s respective
components. For the efficient transfer of the skills from expert to non-expert, it is neces‐
sary to compare and clarify the difference between the expert and non-expert execution.
In this study aim to analyze the difference in muscle activity during the grinding motion
of metallographic samples between expert and non-expert.

2 Experimental Method

2.1 Subjects

Four males were joined in the experiment. 20 years of experience in grinding was called
as an expert. 5 years of experience in grinding process was called as a non-expert 1.2
years of experience in grinding process was called as a non-expert 2. 0 year of experience
in grinding process was called as a beginner.

2.2 Motion Analysis Method

Gear shape made of 9310 Steel NiCr–Mo alloy (AMS6265) were used as the sample to
be ground. One grinding machine (Refine Tec Ltd, STO-228B) was used for the experi‐
ment. This machine has one rotating table. The grit P120 SiC abrasive which was usually
used for plane grinding process was used for the experiment. To analyze each techni‐
cian’s technique, each subject grasped a specimen for metallographic examination and
pressed it down on a rotating disk (300 rpm) to grind the surface of the specimen. The
activity of the upper limb on the subject’s dominant side, which operated the grinder,
was recorded from a side view using a digital video camera (HC-V520 M, Panasonic)
for analysis. In order to measure actual motions and muscle activities during the grinding
process, we carried out the recording in synchronization with the EMG and behavior
measurements.
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2.3 Electromyographic Measurement System

Electromyography analysis was conducted using an EMG multi-channel telemeter
system WEB-1000 (NIHON KOHDEN CORPORATION). It is a machine to capture
and measure the electrical activity for change of muscle electric potential and the marks
possible an investigation of muscle synergies, as well as muscle predominance in
specific patterns of movement.

The sampling frequency rate was fixed at 1000 Hz and the data loaded into computer
via A/D converter for analysis. In order to evaluate the relationship between hand and
upper limb while holding a metallographic sample, we attached EMG markers at eight
positions: on the middle fibers of the deltoid (D), the pectoralis major (PM), the biceps
brachii (BB), the triceps brachii (T), the extensor carpi radialis brevis (ECRB), the flexor
carpi radialis (FCR), the abductor pollicis brevis (APB), and the 1st dorsales interossei
muscles (1/D) as shown in Fig. 1. The grinding motion, conducted in 5 s for three times,
was subject to EMG waveform analysis.

Fig. 1. The measured muscle

2.4 Data Analysis

Average Rectified Value of EMG (mVsec) during the three plane grinding motions for
5 s was calculated. The above mean value (mVsec) was divided by the maximal volun‐
tary capacity corresponding to each muscle.

2.5 Surface Roughness

The final surface roughness and profile were examined with a surface profile measuring
device (Taylor-Hobson, Talysurf PGI +; Taylor Hobson; x-direction resolution:
0.25 μm, and, y-direction resolution:0.8 nm). The measuring speed was 0.5 mm/s. We
performed seven measurements respectively. Four measurements were from the epoxy
on each gear tip to the other side of the epoxy. Three measurements were from the epoxy
on each gear root to the other side of the gear. After the measurement, Rmax, was
calculated by the software in accordance with the profile data.
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2.6 %MVC Mean EMG of the Subjects

The %MVC Mean for each of the subjects is shown in Fig. 2.
The maximum overall muscle activity of the beginner was about 20 %, and even in

his triceps brachii muscle and the flexor carpi radialis muscle, the muscle activity
percentage remained in the 30 s, which is considered quite low.

The non-expert 1 exhibited a maximum muscle activity of 100 % in his triceps brachii
muscle, and showed 66.2 % muscle activity in his flexor carpi radialis, which is quite
high. As for his other muscles, the values for his 1/D and APB were slightly high, but
all other muscles were only up to 20 % and hardly exhibited any muscle activity.

The non-expert 2 exhibited over 50 % muscle activity in his triceps brachii. However,
he only exhibited just under 40 % muscle activity in his flexor carpi radialis, and less
than 20 % in all other muscles, not exhibiting any significant muscle activity.

The expert exhibited just under 50 % muscle activity in both his triceps brachii and
flexor carpi radialis, and an increase in muscle activity of approximately 70 % was
observed in his abductor pollicis brevis. The muscle activity in his interossei dorsales
was approximately 30 %. However, no significant increases in muscle activity were
observed in any other muscles. His shoulders, elbows, hand joints and thumbs were
effectively fixed in position, and activity in the antagonist muscle decreased effectively
in reciprocation to this, achieving a balance in muscle activity.

Fig. 2. %MVC Mean EMG for each muscle on each subject

2.7 Comparing MVC Percentages Per Muscles Among the Subjects

The %MVC Mean per muscles among the subjects is shown in Fig. 3.
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Deltoid. Beginner - 17.2 %; non-expert 1–12 %; non-expert 2 - 19.5 %: 4 %; expert - 4 %.
Excluding the expert, the subjects showed just over 10 % of muscle activity, making

it clear that very little muscle activity was occurring. In comparing these values to the
4 % muscle activity observed in the expert, it was clear that no notable muscle activity
occurred in the deltoid. The deltoid is the muscle that is used when the shoulder joint is
turned outwards, and in comparing the expert to the other subjects, it was clear that he
hardly used his.

Pectoralis Major. Beginner - 13.3 %; non-expert 1–5.5 %; non-expert 2–20.5 %;
expert - 13.7 %.

The expert had slight muscle activity with a value of 13.7 %, a value that was
considered significantly different to the other subjects. This indicates that the expert used
the pectoralis major to hold the shoulder joint in position when the rotational force from
the rotating grinder’s disc acted upon the specimen.

Biceps Brachii. Beginner - 10.5 %; non-expert 1–8.8 %; non-expert 2–9 %; expert -
4.9 %.

The non-experts showed less than 10 % muscle activity while the expert showed
slight muscle activity with 4.9 %.

This muscle is the muscle that bends the elbow, but it was clear that each of the
subjects did not actively bend their elbows to press the specimen against the grinder
disc. Furthermore, the expert showed less than 5 % muscle activity, a value that was still
significantly lower than the other subjects, making it clear that he hardly used it.

Triceps Brachii. Beginner - 31.7 %: non-expert 1–100 %; non-expert 2–56.1 %;
expert - 46.2 %.

The expert’s muscle activity in the triceps brachii was 46.2 % and no significant
difference was observed to both the beginner and the non-expert 2. However, it was
confirmed that the non-expert 1 had significantly high muscle activity with a value of
100 %. This indicates that the non-expert 1 was over-extending his elbow when pressing
the specimen against the grinder disc. All of the other subjects extended their elbows
with about 30 % to 50 % muscle activity.

Extensor Carpi Radialis Brevis (ECRB). Beginner - 21.3 %; non-expert 1–15.4 %;
non-expert 2–6.1 %; expert - 14.2 %.

The maximum muscle activity for all the subjects was less than approximately 20 %.
The expert was observed to have 14.2 % muscle activity, which was not significantly
different to the other subjects. The ECRB is the muscle that flexes the hand joint, but it
was clear that less than approximately 20 % of muscle activity occurs when pressing the
specimen against the grinder disc.

Flexor Carpi Radialis (FCR) Beginner - 33.1 %; non-expert 1–66.2 %; non-expert
2–37.6 %; expert - 47 %.

The FCR is the muscle that operates the hand joints and fingers. It is a muscle that
is necessary when grasping the specimen. It was clear that the expert had 47 % muscle
activity (approx. 50 %) when grasping the specimen while holding it against the grinder
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disc. For the other subjects, the beginner and the non-expert 2 both gripped the specimen
with a muscle activity percentage in the 30 s, which was roughly the same as the expert.
However, it was clear that the non-expert 1 had just under 70 % muscle activity when
grasping the specimen.

Interossei Dorsales (1/D) Beginner - 9.7 %; non-expert 1–66.2 %; non-expert 2–22.7 %;
expert - 27.6 %.

The 1/D is one of the muscles that stabilizes the thumb when grasping an object.
However, it was clear that the expert only showed 27.6 % muscle activity (approx. 30 %)

Fig. 3. %MVC per Muscles among the Subjects
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in his 1/D. Both the non-experts also used between approximately 20 % and 40 %. And
the beginner hardly used his, with only 9.7 % activity.

Abductor Pollicis Brevis (APB) Beginner - 27.3 %; non-expert 1–29.7 %; non-expert
2–18.7 %; expert - 67.8 %.

The APB is one of the muscles that stabilizes the thumb when grasping an object.
However, the beginner and the non-experts only used between 20 % and 30 % muscle
activity in their APBs, while the expert had 67.8 % muscle activity in his APB, making
it clear that he used his much more in comparison to the other subjects. It is clear that
the muscle activity that occurred in the expert’s APB was entirely different to the other
subjects.

2.8 The Final Surface Roughness of the Sample Ground by Each Subject

Figure 4 shows the final surface roughness mean of the sample ground by each subject.
Rt is Sum of height of the largest profile peak height Rp and the largest profile valley
Rv within an evaluation length. The variability of the surface roughness by the expert
was significantly smaller than that by the other subjects (P < 0.05).

Fig. 4. The final surface roughness of the sample ground by each subject

3 Discussion

The expert’s decreased muscle activity in his deltoid and biceps brachii, and his signif‐
icantly increased muscle activity in his abductor pollicis brevis distinguish him from the
other subjects. In comparison to the other subjects, the expert showed hardly any use of
their deltoid and abductor pollicis brevis while grinding.

The deltoid is the muscle that turns the shoulder joint outwards, and the biceps brachii
is the muscle that bends the elbow. When all of the subjects in this experiment pressed
the specimen against the grinding disc using the positioning of their arms, they hardly
used their deltoid and biceps brachii. However, the expert showed exceptionally low
muscle activity in these two muscles.
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The expert also showed the most activity in the abductor pollicis brevis in compar‐
ison to the other subjects. Figure 4 shows the schematic diagram of the expert’s grasping
hand. The abductor pollicis brevis is the muscle that acts when the thumb is in the palmar
abduction position, and it is imperative when grasping objects. The position in which
this muscle acts is called the “intrinsic plus position”. The intrinsic plus position flexes
only the MP joint. The PIP and DIP joints flex in the extension position. This is a position
that is typically observed in experts of all occupations. However, holding an object in
this position and maintaining the position is extremely difficult. This is because this
position is significantly different to the regular position in which a person holds an object
using their fingers. The display of significantly increased muscle activity in the expert’s
abductor pollicis brevis meant that this muscle was being actively used when grasping
the specimen. The fact that this activity was not observed in the other test subjects
indicates that they were not grasping the specimen in this position. Having a steady
thumb is also extremely important in maintaining this position, and keeping the thumb
in a fixed position requires use of the abductor pollicis brevis. The abductor pollicis
brevis has Type 1 characteristics and is typically highly resistant to fatigue. It is clear
that the expert was able to continue to press the grinding specimen against the grinding
disc effectively because of this (Fig. 5).

Fig. 5. The schematic diagram of the expert’s grasping hand

4 Conclusion

The following results were obtained in this experiment by comparing the difference in
muscle activity of an expert when grinding to subjects who were not experts:

1. The expert had low muscle activity in his deltoid and biceps brachii compared to the
other subjects.

2. The expert had significantly high muscle activity in his abductor pollicis brevis and
grinded in the intrinsic plus position.

3. An increase in muscle activity was observed in the expert’s abductor pollicis brevis,
extensor carpi radialis brevis, and triceps brachii compared to his other muscles.
Activity in the antagonist muscle also decreased effectively in reciprocation to this,
achieving a balance in muscle activity.
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